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1 - INTRODUCTION

This Feasibility Report has been prepared by Acres Amer1Cdn Incorporated (Acres)
for the Alaska Power Authority (APA) under the terms of an Agreement, dated
December 19, 1979, to conduct a feasibility study and prepare a 11cense applica-

~tion to the Federal Energy Regulatory Comm1sswon (FERC).

The feasibility study was undertaken in accordance with the Plan of St udy (POS)
for the Susitna Hydroelectric Project, which was first issued by APA for public
review and comment on February 4, 1980 “Three revisions to the POS were issued

~ in September, 1980, December, 1981 and January, 1982 to take account of public,
federal, and state agency comments and concerns. The POS describes in detail

the many and complex studies to be undertaken from January, 1980 through June,
1982 to assess the feasibility and the environmental impact of the proposed
Susitna Project. The POS also addresses the requirements for filing a FERC
license appllcat1on which is currently scheduled for September 30, 1982. The
filing of the FERC license application is coﬂt:ngent upon acceptance of the
findings of this report in terms of project feasibility and environmental

acceptability by the state, and a decision to proceed w1th construct1on of the
development. ; . . A

Studies by Acres through March, 1981 were mainly concerned with,evaiuation of
the need for electric power in the Alaska Railbelt Region and preliminary
consideration of the alternatives for meeting these power needs both with and
without a Susitna Basin hydroelectric development. This work was undertaken in
parallel with Railbelt power demand forecasting studies undertaken by the
Institute for Social and Economic Research (ISER) for the State of Alaska. The
results of these studies were presented in June, 1981, in a Development
Selection Report which described these initial steps in the POS process and-
provided recommendations and justification for continuation of study of basin
development at two sites, Watana and Devi] Canyon. ~

'Subsequent to selectwon of this basin development pTan engineering studles were

continued to develop preliminary design and cost information for the Watana and
Devil Canyon sites. These design development studies were performed concurrent-
ly with ongoing site surveys and investigations, and environmental studies were
updated in conjunction with an independent study of alternatives for meeting
project Railbelt electric power reguirements by Battelle Pacific Northwest, and
also for the State of Alaska. Al1 of this information was used to establish
definitive~project'arrangements for Watana and Devil Canyon as well as for the
associated transmission facilities, to'develop estimates of construction and
operating costs, to undertake an economic and financial evaluation for the
Susitna Hydroelectrlc Project, and to assess the environmental impact of the

project and appropiate mitigation measures. The remainder of this section deals

with a description of the study area and the proposed Susitna development and a

‘summary of the objectives and scope of the current studies.

1.1 mlThe Study Area

The main stream of the Susitna River originates about 90 miles south of
Fa1rbanks where melting glac1ers contr1bute much of its summer flow.



~ inate or offset negatlve environmentai consequences of hydroenectrwc develop-
ment. ‘

“US Army Corps of Engineers (COE), as well as H.H. Kaiser and Company. The more

~mined by the COE to comprise two major developments. The first of these would
~and the second, a dam at the Devil Canyon site, approximately 31 miles down-

~development was found to be eccnomically viable and would provide the Railbelt

- ferred Susitna development plan should consist of two large hydroelectric dams

 studies indicated that an earthfill dam, roughly 880 feet maximum height, would
‘be construc ed at Watana first. The large reservoir volume created wou]d

The Susitna River system, w1th a drainage area of more than 19,000 square m1l°s,

Meahderingafor‘thevfirSt;SO miles in a southerly direction across a broad allu-
vial fan and plateau, the river turns westward and begins a 75 mile plunge be-

tween essentially continuous canyon walls before it changes course to the south-

west and flows for another 125 miles in a broad lTowland to Cook Inlet, about
30 miles west of Anchorage. The vast hydroelectric potential of this river has
been recognized and studied for more than 30 years. Strategically located in

the heart of the South Central Railbelt, the Susitna Basin could be harnessed to

produce about twice as much electrical energy per year as is now being consumed
in the Railbelt region. The general locat1on of the Susxtna Basin within the
Railbelt area is shown on PTate 1.

is the sixth largest in Alaska. Major tributaries include the Yentna, Chulitna,
Talkeetna, and Tyone rivers. A substantial portion of the total annual stream-
flow occurs during spring and summer and is generated by glacial melt and rain-
fall runoff. The water during this period is turbid. Winter flows consist al-

most entirely of ground water supply and are generally free of sediment. Freez-

ing starts in October in the upper reaches of the basin; by late November, ice
covers have formed on all but the most rapidly flow1ng stretches of the river.
Breakup generally occurs during early May. -

The Susitna River and its tributarles are important components of Alaska's
highly prolific fishery resource. Salmon, Dolly Varden trout, grayling, and
whitefish are found within the Basin. Waterewl habitat in the glacial outwash
plain supports trumpeter swan and migratory fowl. Bear, moose, and caribou
thrive there. Extensive studies are necessary to determine the total value of
these extensive wildlife resources, the impacts which any development may have
upon them, and the nature of mitigative measures which might be taken to elim-

1.2 - PPOJeCt Descr1pt1on

The Susitna Bas1n has been under study since the m1d 19405 by agencies such as
the U.S. Bureau of Reclamation (USBR), the Alaska Power Administration, and the

recent and most comprehensive of these studies was carried out by the COE. The
optimum method of develop1ng the hydroelectr1c potential of the basin was deter-

require a dam at the Watana site at approximately mile 183 of the Susitna River,
stream of Watana. The locations of these sites ara shown on Plate 1. This
area with a 1ong-term supply of re]atxvely cheap and reliable energy.

Development se1ect10n studlos completed by Acres in 11981 confirmed that the pre-

at Watana and Devil Canyon. The Development Selection Report recommended fur-
ther study of hydroelectric installations at these two sites. The preliminary
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- required.

provide adequate storage for seasonal regulation of the flow.. Initially,
approximately 400 MW of generating capacity would be installed at this site.
This would later be expanded to around 800 MW to allow for additional peaking
Capacity. The Devil Canyon dam would be the next stage of the development. It
would involve a 675-foot maximum height double curvature concrete arch dam and
incorporate a 400 MW powerhouse. The total average annual energy yield from
this development was estimated as 6200 GWh. The Watana and Devil Canyon

~developments together comprise the Susitna Hydroelectric Project.

Design studies undertaken subsequent to the selection of the Susitna develop-
ment plan confirmed that the optimum installed generating capacity for Watana
should ultimately be 1020 MW, and that first power should be available in 1993.
Devil Canyon would add 600 MW to the system by 2002. The most suitable access
route to the site would involve a road from the Parks Highway west to Gold
Creek, then along the south side of the Susitna River to Devil Canyon and along
the north side of the river to Watana. The power from each of the two sites
would be conveyed by double 345 kV transmission lines to the proposed |
Anchorage-Fairbanks intertie at Gold Creek. The connection to Fairbanks would
finally consist of double 345 kV lines, and to Anchorage triple 345 kV lines via
a cable crossing at Knik Arm near Point Mackenzie. The economic evaluation
confirmed that the project would have a favorable benefit-cost relationship over
a range of probable economic and financial conditions, and that the necessary
financing and power marketing arrangements were feasible.

1.3 - Objectives and Scope of Current Studies

The assessment of feasibi]ityrof'an undertaking as important and as significant

as the proposed Susitna Hydroelectric Project required an appropriately high

level of effort in terms of field and office activities. Three primary

objectives were first identified:

-~ To establish technicai, economic and financia1'feasibi1ﬁty'of the Susitna
Project to meet future power needs of the Railbelt Region of the State of
Alaska; : :

- To evaluate the environmental consequences of designing and constructing the
Susjtna Project; and '

Commission.

- - To file a completed license application with the Fedéra],Energy Regulatory

The scope of work was carefully structured to meet these objectives in the
available time frame in a manner appropriate to the scale, variety, and complex-
ity of the problems involved. The POS was originally prepared and revised three
times to address in almost exhaustive detail the numerous work tasks and the
many engineering, scientific, administrative, and associated supporting skills




- and comparison of . development plans. Emphasis was placed on consideration of

A total bf twelve major areas of study or tasks were identif%ed:

- Task 1: Power Studies |

- Task  2: Surveys and Site Facilities

- Task 3: Hydrelogy

- Task 4: Seismic Studies

- Task 5: Geotechnical Exploration

- Task 6: Design Development

- Task 7: Environmental Studies

- Task 8: Transmission | |

- Task 9: Construction Cost Estimates and Schedules

- Task 10:  Licensing | »
- Task 11: Marketing and Financing
- Task 12:  Public Participation Program

Two further tasks, 00 (Project Management) and 13 (Administration) were also
established. These tasks were originally further subdivided into a total of
150 subtasks, ranging from five to 31 subtasks on a task-by-task basis. Revis-
ions to the POS resolved in an additional 10 subtasks, the largest task then
accounting for 39 subtasks. .

Activities ranged from engineering and scientific data acquistions, literature
review, research, dam studies, design computations and analysis, to field sur-
veys, hydraulic measurements, seismologic observations, geologic mapping, geo-
technical exploration, environmental data gathering, and the necessary logisti-
cal support services. The study directly involved up to as many as 300 partici-
pants at one time and drew upon a broad cross-section of contributions from

expert specialists to the ordinary person. ' ~

1.4 - Plan Formulation Selectﬁon Process

A key element in the studies undertaken was the prccess_appiied for formulation

every important perspective which could influence the selection of a particular
course of action from a number of possible alternatives. An essential caomponent
of this planning process involved a generalized multi-objective development sel-
ection methodology for guiding the planning decisions. A second important fac-
tor was the formulation of a consistent and rational approach to the economic
analyses undertaken by the studies. »

(a) Planning MethodoIogy

A generalized plan formulation and selection process was developed to guide
the various planning studies being conducted. Of numerous planning decis-
ions made in these studies, perhaps the most important were the selection
of the preferred Susitna Basin development plan (Task 6) and appropriate
access and transmission line routes (Tasks 2 and 8).

The basic approach involved the identification of feasible candidatés -
and courses of action, followed by the development and application of an
appropriate,scteening process. In the sCreening'process,,less~favorab]e
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candidates were eliminated on the basis of economic, environmental, social,

and other prescribed criteria. Plans were then formulated which incorpor-

ated the shortlisted candidates individually or in appropriate combina-
tions. F1na11y, a more detailed evaluation of the plans was carried out, ,
again using prescribed criteria and aimed at selecting the best development

T e

piari. F1cure 1.1 111ustrates this general process.

In the final evaluation, no attempt was made to quantify ail the attributes

‘used and to combine these into an overall numerical evaluation. Instead,

the plans were compared utilizing both quantitative and qualitive
attributes; where necessary, judgmental tradeoffs between the two types
wersa madavand«hxghllghted This allows reviewers of the plann1ng process
to quickly focus on the key tradeoffs that affect the decisions. To
facilitate this prccedure, a paired comparison technique was used so that

at any one step in the planning process, only two p]ans were being
evaluated. ‘ | -

Economic Aha]yses

Since the proposed Susitna development is a public or state projéct, all

planning studies described were carried out using economic parameters as a
basis of evaluation. This ensured that the resulting investment decisions
maximized benefits to the state as a whole rather than any 1rd1v1dua1 group

or groupa of residents.

The economic analyses 1nc0rporated the f0110w1ng prwncxpleS‘

- Intra—state transfer payments such as taxes and subs1d1es were exrladed

- 0pportun1ty values were used to establish the costs for coal, oil, and
natural gas. resources used for power generation in the a1ternat1ves
considered. These opportunity costs were based on what the open market
is prepared to pay for these resources. They therefore reflect the true
value of these resources to the state. . These analyses ignored the

. existence of current term-contractual commitments which may exist, and
which fix resource costs. at values dlfferent from the opportun1ty costs.

- The analyses were conducted using "rea]“ or inflation-adjusted para-
meters. This means that the interest or discount rate used equaled the
assessed market rate minus the general rate of inflation. Similarly, the
fuel and construction cost escalation rates were adjusted to reflect the

: rate over or under the general inflation rate.

- The major impact caused by the use of these inflation adjusted parameters
was the improvement of the relative economics of capital intensive

: progects (such as hydro generation) versus the high fuel consumption

-~ projects (such as thermal generation). It also led to the selection of

 larger economic optimum sizes of the capital intensive projects. These °
shifts toward the capital intensive projects were. consistent with maxi-
mizing total benefits to the state |




. the feasibility of the Suswtnavﬁynroelectrlc Prooect

 report is organized as follows:

1, 5 - Orgahizafion of Repcrt

The obaective,of this report is to descrxbe the studies undertaken to establlsh

In order to improve the cont1nu1ty aﬂd clarify the report, much of the detailed
technical and environmental material is lnc]uded in separate appendices. The

Vo.ume‘l -TEnglneer}_g and,Economic Aspects

~ Section 1: IntroduetiOn

A brief summary of the background of the Fea51bx]1ty Report is presented in

-Section‘Z: Summarg

This section contains a complete summary of Sections 4 through 19 of Volume 1.

'Th1s section outlines the scope of work associated with the results of the
~ Feasibility Study presented in this report

‘Section 6: Rai}belt System and Future Power Generating Options

- envxronmenta] aspects

this section.

Section 3: Scope of Work

Section 4 Prev1ous Studies

A brief summary of prev1ous Susxtna Basin studies undertaken by others is gaven,‘

in this sectwon

Section 5: Railbelt Load Forecasts

In this section, the results of the energy and load forecast studies undertaken
by ISER, Woodward-Cliyde Consultants, and Battelle are summarized. It concludes

with a d1scussxon of the range of load forecasts used in the Susitna Basin
planning studies. ,

This section describes currently feas1ble alzernat1ves considered in this study

for generating electrical energy to meet future Railbelt needs. It incorporates

data on the performance and costs of the facilities.

Section 7: | Susitna,Basin

This section provides a description of the physical charact°r1stics of the
Susitna Basin including c11matolog1c, hydro]oglc geoiog1c seismic, and

e1-5ev‘ |
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Section 8: Sus1tna Bas1n DeveTopment SeTect1on

This section outllnes the engineering and p1ann1ng stud1es undertaken for
formulation of Susitna Basin Development Plans and selection:of the preferred
plan. The selected plan is compared to alternative methods of generating
Railbelt energy needs on the bas1s of technical, economic, environmental and
socla] cons1deratwons

Section 9: SelectTon of'watana GeneraT Arrangement

Thts section describes the evolution of the general arrangement of the Watana
Project. The site topography, geology, and seismicity of the Watana site is

outlined relative to the design and arrangement of the varjous site facilities.
The process by which reservoir operatings levels and the jnstalied generating

~ capacity of the power facilities is presented a]ong with the selection of
project design floods.

Section 10:  Selection of Devi Canyon General Arrangement

The development of the general arrangement of the Devil Canyon Project is.
described in this sect1on, 1n a manner swmllar to that outlined for Section 9.

Sect1on 11: Selection of Main Access Plan

This section describes the process for selection of the main access plan,
together with a discussion of the various economic, technical, environmental
- and socioeconomic factors which influenced the se]ected p1an

Sect1on'12 Watana Development

' The various structures, permanent equnpment and systems which comprise the
Watana Development are descrlbed in this sect1on

Section 13. Devil Canyon Development

This section presents a description of the structures, permanent equipment, and
systems which comprlse the Devil Canyon Development. . ,

Sectlon 14. Transm1ss1on Facilities

- The studies undertaken to select a power delivery syStem from the Watana and
Devil Canyon Deve]opments to the major load centers in Anchorage and Fairbanks
are described in this section.

Section 15: Project Operation

This section describes the proposed operation of the Watana and Devil Canyon
developments within the framework of the various requirements of energy demand
and physical and environmental restraints. The dependable capacity and annual
energy production for both developments are presented, together with a descrip-
tion of operating and maintenance facilities and procedures and proposed perfor-
mance nonxtor1ng of the various project structures.

1.7
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| Section 16: E £imates cf‘Cost

This section summarizes construct1on costs, mwtwgat1on costs, operating,
‘maintenance and replacement costs, as wel] as indirect costs such as engineering
and -administration costs, and allowance for funds used during construction.

Section 17: Development Schedu1e

The schedule for planning, licensing, design, procurement, construction, and

startup of the Watana and Devil Canyon Developments, together with transmission
facilities, is presented.

Section 18: Economic ahd Financial Evaluation

This section presentsythe:economic and financial evaluation for the Susitna
Hydroelectric Projegtt A discussion of power marketing options is also given.

Section 19: Conclusions and Recommendations

. This section presents the main conclusions of the feas1b111ty study, together

with recommendat1ons regarding further action which should be undertaken by
APA. ,

Volume 2 - Environmental Aspects

This volume of the Feasibility Report-describes the environmental resources of
the Upper Susitna Basin with specific emphasis on the proposed Watana and Devil
Canyon impoundment areas. Section 1 comparises a general description of the
locale. Sections 2 through 9 contain detailed information on water use and
quality; fish, wildlife, and botanical resources; historic and archaeological
resources; socioeconomic impacts; geological and soil resources; recreational
and aesthetic resources; and land use. This information is then utilized to -
predict impacts of the construction and operation of the reservoirs, transmis-
sion lines, and access road on the natural resources and socioceconomic condi-
tions in the project area. In Section 10, alternatives to the proposed project
are discussed and evaluated from the env1ronmenta1 point of view. These
alternatives include hydroelectric development within and outside the Upper
Susitna Basin and thermal and tidal power development. A Tist of Titerature
relative to the study is presented in Section 11.

Velume 3 - Plates

This volume contains all of the plates pertaining to the Feasibility Report.

Volume 4 - Electrical Supply and Demand Studies |

This volume contains the 0GP data used to support and develop the electrical
supply and demand studies.

Volume 5 - Hydrological Studies

This volume includes detailed hydrological and meteorolegical data, suppertive
data for water resource studies and fiood studies, ice studies, sediment yield
and river morphology studies, climatic studies for transmission lines, and lower
Su51tna R1ver studies.

3
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Volume 6 - Project Land Studies

This volume contains land status information, an inventory of private and public
lands required for the project, and marketability and disposal studies for the
reservoir areas. ‘

Volume 7 - Design Development Studies

This volume contains background and support1ng data for dam selection studies,
project ]ayout studies, and power fac111t1es selection studies.

Volume 8 - Transmwss1on Line Stud1es

3

This volume includes electric systems studies, a report on transmission line
corridor screening, and maps of the transmission line route.

Volume 9 - Cost Estimates

Detailed cost estxmates and support1ng cost data are presented in this voldme.

Volume 10 - Agency Consultation

This volume contains a list of agencies contacted and copies of correspondence
from agencies relative to the study. It also explains the programs developed to

ensure agency 1nput into planning and decision making associated with the
project.

Volume 11 - Coordination and Public Participation

"~ This volume describes the public participation program and presents a summary of
public participation meetings conducted during the study program.
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3 - SCOPE OF WORK

3.1 - Evolution of Plan of Study

Tﬁevoriginal Plan of Study (POS) for the Susitna Project Feasibility assessment
was submitted by Acres on September 11, 1979 in response to the Reguest for Pro-

posal issued on June 25, 1979, by Mr. Eric Yould, Executive Director of the
Alaska Power Authority. | , .

Acres initiated study planning activities in accordance with the original POS
under the terms of a contract with APA dated December 19, 1979. In response to
suggest1ons from interested citizens as well as public and private organizations
and agencies, a number of revisjons were made to the original POS. A revised
POS was issued for further public review an comment on February 4, 1980, prior
to commencement of major portions of the work (1). Further revisions to the POS
were subsequently issued September, 1980 (Revision 1,[2]), August, 1981 (Rev1s-
jon 2, [3]) and January, 1982 (Revision 3, [4])

~ a3} «P0OS Revisions

The original Acres POS was prepared to include a wide range of comprehen-
sive studies necessary to assess the technical and economic feasibility of.
the’ project and the environmental impacts which construction of such a pro-

ject would cause. Details of the revised POS are presented in subsequent
sections.

Revisions which were made to respond to questions and concerns raised by
reviewers included: - ,

- To ensure objectivity in Railbelt electric load forecasting and genera-
tion planning, the State of Alaska entered into separate contracts with
the Institute of Social and Economic Research (ISER) to develop inaepen-
dent forecasts, and with Battelle Northwest to study alternatives for
meeting future Railbelt electric energy requirements;

- Significant increases in the amount of effort devoted to fisheries and
other environmental studies were introduced in response to comments from

the Alaska Department of Fish and Game and the U.S. Fish and Wildlife
Service;

- To ensure objectivity in the conduct of the public participation program,
.1t was decided that the public participation aspects of the study should
be conducted under the direction of the Alaska Power Authority rather

than by Acres; ,

- The level of effort associated with marketing and finance studies was re-

duced in the first phase of the study, thereby deferring certain financ-
ing subtasks until initial questions as to proaect v1ab111ty'and concept
~ had been- more thoroughly addressed;

- Some changes were made in logistical and administrative support efforts

both to accommodate the increased level of environmental activity and to
ensure efficiency and responsiveness as the study progressed; and
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(b)

(c)

- Additional effort was prescribed for in-stream flow studies downstream of
Talkeetna in response to concerns expressed by the Alaska Department of
Natural Resources.

Basis of POS

Prior to preparation of the Acres POS, numerous studies of the hydroelec-

mendation in 1976 by the Chief of Engineers that the Susitna Project be

tric potential of the Susitna River Basin had culminated in a major pre-
feasibility study by the U.S. Army Corps of Engineers which led to a recom-

authorized. The Corps p1an recommended two high dams, the first of which
would be built as a massive earthfill gravity structure 810 feet in height
at the Watana site. The second Corps dam was to be a 635-foot-high thin

arch concrete structure at the Devil Canyon gorge, more than 30 miles down-
stream.

By June 1978, the Corps of Engineers had prepared a plan of study describ-
ing a program leading to completion of a detailed feasibility study for the
preject (5). Further investigations by the Corps confirmed the adequacy of

the Hatana site, though they did reveal that some design changes were re-
quired. ‘

Data, analyses, and reports collected and prepared by the Corps of Engi-
neers were used throughout the course of the work undertaken by Acres. The
Acres POS comprised an initial series of tasks and subtasks, aimed at sel-
ecting an appropriate concept for development, if development were found
appropriate, by the end of the first year of study. This was followed by a
more detailed series of tasks and subtasks to prepare and assess the feas-
ibility of designs for each site development. ,

Specific Objectives of Study

As a basis for structuring the scope of work for the overall study, the-
three primary objectives of feasibility assessment, environmental evalua-
tion and preparation of FERC license were further subdivided into a series
of more specific objectives, as follows:

- Determine the future electric power and energy needs of the south-central

Railbelt area, based upon independent analysis by ISER;

- Assess alternative means of meeting the load requirements of the Railbelt
area, consistent with independent analyses by Battelle;

- Prepare an optimal development plan for the Susitna Project wherein power
costs and probable impacts are minimized, safety is enhanced, and financ-
ing is achievable;

- Establish a definitive estimate of the total cost of bringing power on-
line, together with a statement of cash flow requirements;

- Evaluate the physical, economic, and financial risks of the Susitna Pro-
ject and determine ways and means to avoid or minimize their conse-
quences;

3
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Evaluate existing environmental and social factors as they now exist in
the proposed project area, assess the impacts of the proposed project,
enhance environmental values to the extent posswae, and recommend miti-
gat1nc measures;

Estimate the annual system power costs in the south-central Railbelt with
and without the project, study the integration of Susitna power into the
Railbelt ut)11ty system, and assess power marketability;

Subject to confirmation of feasibility and State authorization to pro-
ceed, prepare a complete license application and file this with the Fed-
eral Energy Regulatory Commission; |

Ensure that the needs and desires of the public are known, keep inter-
ested parties and the public informed, and afford an opportunity for pub-
lic participation in the study process; and

Determine an optimal program for achieving financing, including resolu-

tion of issues regarding tax-exempt status of bonds which may later be
of fered. ,

In formulating a logical approach to the study of a major hydroelectric
development in a relatively hostile climate and environmentally sensitive
region, it was necessary to identify the particular problems to be addres-
sed and to place these in proper perspective with the more routine elements
of technical and economic feasibility assessment. To ensure an optimal
development, it was essential to recognize and allow for all constraints
imposed, and address such vital issues as environmental acceptability at
the proper stage to allow it to be considered adequately through public
participation and other processes to satisfy licensing procedures. The .
financial viability of the project is also a vitally important considera-
tion which lies beyond the strict technical and economic parameters of the
proposed development. The approach taken in the overall studies was such

that a confident determination of the financibility of the project could be
accomplished.

¢

A summary of the activities undertaken in the twelve major tasks is pre- |
sented in the following sections.

3.2 - Task 1: PowerkStudies

As conceived in the February, 1980 issue of the POS, the objectives of this Task
were essentially defined as the determination of the need for power in the
south-central Alaska Rajlbelt region and the development of a technically, eco-
nomically and envifonmental]y feasible plan to meet that need. Subsequent re-.

visions to the POS resulted in significant modifications to these obaect1ves and
the corresponding scope of work.
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(a) Demand Forecasts for Development Selection

The derivation of forecasts of demand for electric energy in the Railbelt
was based on work performed for the APA and the state in early 1980 by the
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Institute for Social and Economic Research (ISER). Reviews of this work
were the subject of a report issued in December, 1980 (6), which formed the
basis of initial Susitna development selection stud1es This report dealt
with energy forecasts alone. The determination of the corresponding peak
load forecasts appropriate for use in generat1on planning studies was the
subject of further studies culminating in a second report also issued in
December, 1980 (7).

(b) POS ReV1510n 1

As of June 6, 1980, following changes in State Legislation, all Task 1 work
relating to study of Susitna alternatives by Acres was terminated, with the
exception of the review of ISER work and derivation of peak load forecasts.
Revision 1 to the POS to formalize these scope revisions, was issued in
September, 1980 {(2). A final Task 1 Closeout Report to document the re-
sults of partially complete activities in studies of alternatives was
issued in September, 1980 (8).

As a result of these legislative changes, the State of Alaska selected
Battelle Pacific Northwest Laboratories to undertake an independent study
of alternatives for meeting future Railbelt region demand for electricity.
The scope of the Battelle study includes an update of the ISER forecast for
electric energy as well as an independent assessment of peak load. The
incorporation of the results of these studies into Susitna planning studies
in late 1981, is discussed under Task 6.

3.3 - Task 2: Surveys and Site Facilities .

The essential objective of Task 2 was to provide all necessary logistical sup-
port and other related services for successful accomplishment of field activ-
ities for completion of the feasibility studies and license application prepara-
tion during the January, 1980 through June, 1982 period. Although the scope of
this Task was expanded from time to time dur1ng the period of the study, the
basic nature of the work iid not significantly change.

These services included:

- Procurement, erection, and continued operation of camps with assoc1ated per-
mitting requ1rements,

- Appropriate provisions for surface and air transportation, communications, and
fuel supplies;

- Aerial, ground and hydrographic surveys;
- Access roads studies;
- Reservoir area reconnaissance, slope stability, and erosion studies; and

- Reservoir clearing and disposal studies.
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(a)

(b)

(c)

Fie}a Accommodation

A 40-man camp supplied by Arctic Structures Inc. of Palmer, Alaska, was
erected and placed in service by March, 1980. The camp bu11d1ng modules
were designed in compliance with state ordinances and requirements for use
in an arctic environment. The modules together with other equipment and
materials necessary for camp construction were transported to the site by
means of Catco Rolligon vehicles, in strict compliance with federal ard

state permit restrictions, during the wwnter months when there was adequate
snow cover on the ground.

The camp comprised bedroom units and associated bathroom, kitchen/dining,
recreation and fuel/materials storage facilities, and was used throughout
the study period to house personnel engaged in numerous field activities.
Self-contained water supply, electric power generation, sewage treatment,
garbage disposal and helicopter landing facilities completed the installa-
tjon. During peak activity periods, particularly during the summer months,
personnel were also accommodated 2t three local hunting lodges and in more

~ remote tent camps.

Transportation Arrangements

With the exception of initial surface transportation of camp modules and
construction equipment and materials, all transpurtation of personnel and
resupply of materials to the study area was accomplished by means of heli-
copters and small fixed-wing aircraft. Contractual arrangements were made
at various times during the conduct of the study with five different com-
panies for the supply and operation of helicopters and fixed-wing aircraft.
These aircraft operated mainly from Anchorage and Talkeetna, the fixed-wing
aircraft utilizing existing landing strips at those locations together with
existing strips in the project area, lakes, and helicopter pads constructed
at the camp and key working areas.

_An effective system of radio and telephone communications was established

to facilitate the operation of the aircraft and the camp itself. At peak .
periods, air transportation requirements for personnel traveling to numer-
ous different locations on a daily basis, and for relocation of drilling
and other heavy equipment, put a severe strain on logistical planning ef-
forts. Particular attention was paid to safety and personnel security in
all aircraft and helicopter operations.

surveys

Detailed topographic surveys were undertaken for the entire area of the
project including reservoirs, damsites, access and transmission line corri-
dors. Hydrographic surveys of important reaches of the Susitna River were
also performed as a basis for Task 3 hydrologic and hydraulic design ‘
studies. These surveys were based on aerial photography and a comprehen-
sive system of horizontal and vertical ground control which was established

~to complement USGS and Corps of Engineers mapp1ng which already existed for

parts of the project area.



The bulk of the field survey work was undertaken during the first 18 months
of the study period. The processing and reduction of data for production
of topographic maps was essentially completed by late 1981. The scheduling
of field work and aerial photography was made particularly difficult by the
need to avoid periods of snow cover and tree foliage. Susitna River sur-
veys were also hazardous, particularly at Devil Canyon. Oetailed results
of the mapping were provided to the USGS for incorporation into their over-
all data base for the State of Alaska, and were used as a basis for design
and feasibility assessment of the Suswtna project.

(d) Access Roads

A comprehensive design and feasibility assessment of alternative access
corridors and routes was undertaken in Task 2. The objective of this study
was to select an appropriate mode and route for access to the proposed
Susitna development and a plan for implementation to meet the project sche-
dule requirements. This work was undertaken in parallel with associated

engineering, environmental, cost and scheduling studies in Tasks 6, 7, and
9. s

The final product of this study is a report entitled "Access Planning
Study" dated January, 1982 (9).

(e) Reservoir Studies

Reconnaissance of the Watana and Devil Canyon reservoir areas was under-
taken first by means of aerial photography and overflying, and finally by
on-the-ground inspection. The purpose of these studies was to identify
areas of potential instability or susceptibility to erosion during filling
and subsequent operation of the reservoirs.

Basic information acquired during this phase of the study was used as input
to Task 7, environmental studies of impacts of the reservoir impoundment.
The information was also used as a basis for determination of requirements
and costs for reservoir clearing and disposal of materials. A further
activity undertaken during the course of the study was to identify the
ownership and status of land in and adjoining the project and associated
access and transmission corridors. This information was duly incorporated
1nto the appropriate project p1ann1ng and perm1tt1ng processes.

3.4 - Task 3: Hydrology

The original objective and scopz of Task 3, as proposed in the February 1980
POS, was to undertake all hydrologic, climatic, hydraulic and ice studies neces-
sary to complete the feasibiiity assessment and designs for the Susitna Project
as a basis for the FERC license application. Under Revision 2 of the POS, which
was issued in December, 1981, the scope of Task 3 was expanded to include addi-
- tional hydrologic and design studies in response to perceived public concerns.

Work commenced in this Task early in 1980 with the initiation of data collection
and monitoring and continued throughout the study period. Comprehensive results
of Task 3 studies are presented in Appendix B to this report.




(a) Data,Compi1ation

A comprehensive network of climatic and hydrologwc data collection systems
with appropriate processing and distribution arrangements were established
early in 1980 and operated for the duration of the study period. These.
data provided a continuing basis of hydrologic and hydraulic studies and
designs for assessment of project feasibility and environmental impact.

Water Resources and Flood Studies

These studies involved the processing of available and newly acquired cli-
matic and hydrologic data for purposes of determination of streamflow
availability for hydroelectric generation, reservoir operation simulations,
and estimates of flood frequency and magnitude. These studies then formed
the basis of project economic planning analysis and spillway designs under
Task 6. Under Revision 2 to the POS issued in December, 1981, in respaonse
to perceived public concerns, the scope of this activity was expanded.
Additional activities included a re-evaluation of the probable maximum
flood on the basis of more comprehensive data and the dam break analysis.

Hydraulic and Ice Studies

The scope of these studies included the determination of water levels and
ice cover conditions upstream and downstream from the project sites for
pre- and post-project conditions, making use of available and newly ac-
quired hydrologic and hydrographic survey data. These studies were used as
a basis for establishment of reservoir freeboard and operating constraints,
and pre- and post-project water temperature and quality conditions as input
to fisheries and related studies under Task 7.

Sedimentation and River Morphology

These studies were undertaken to determine the rate of sediment accumula-
tion in the proposed reservoirs and prediction of the effects of project

operation in the downstream river channel morphology from Devil Canyon to
below Talkeetna. Appropriate river sampling procedures were establishead

during the sutdy period as a basis for these evaluations.

Transmission and Access Studies

Climatic design cr1ter1a, including wind velocity and ice accumulation
estimates, were developed on the basis of available climatic data and ob-

servations for transmission line designs together with evaluation of design
flood requirements for access road steam crossings.

3.5 Task 4: Seismic Studies

This Task 1nvo1ved a wide range of f1e1d and office studies aimed at developing
an understandlng of the seismic sett1ng and potential earthquake mechanisms of
the region and determining the seismic design criteria for the structures to be
built. The original February, 1980 POS for Task 4 included a two-year program
of of activities for 1980 and 1981 to meet the study objectives. Some expansion




of field activities in 1981 was made under Revision 2 of the POS.

(a) 1980 Studies

The essential purpose of the 1980 studies was to install and operate a
microseismic network in the project area and to identify, from historigal
and available remote sensing imagery data, potential tectonic features to

~ be considered in establishing the seismic setting of the project. The 1980
studies also included a preliminary geologic reconnaissance, an assessment
of recsrvoir-induced seismicity, and preparation of a report (10).

(b) 1981 Studies

The 1981 studies involved a more detailed investigation and evaluation of a
number of potential tectonic features identified in the 1980 studies. The
work involved a large.degree of field mapping of quaternary geology in the
project area and trenching of significant features. Revision 2 of the POS
increased the extent of the trenching work. Evaluation efforts included
detailed studies of regional and similar worldwide earthquake characteris-
tics, estimation of potential earthquake magnitudes and probability of oc-
currence associated with important tectonic features, an assessment of the
corresponding potential ground motions, and the development of appropriate
earthquake design criteria for use in design of project structures. A
manual was aiso prepared for installation and continued operation ofsa
permanent seismic monitoring system.

The results of the 1981 studies were incorporated into a comprehensive
report (11). ,

3.6 -’Task 5: Geotechnical Exploration

The objective of Task 5 as conceived in the February, 1980 POS was to determine
the surface and subsurface geology and geotechnical conditions for the feasibil-
ity studies of the proposed Susitna Hydroelectric Project, including the access
roads and the transmission lines. This was accomplished by a comprehensive pro-
gram of field exploration, geotechnical evaluation, and dam studies over more
than two years, commencing in early 1980. The scope of Task 5 was increased in
1982 in terms of additional field work under Revision 2 to the POS, to respond
to concerns raised by the Power Authority's external review board.

(a) Field Work Programs

Programs of field work were developed and undertaken in summer and winter
seasons in both 1980 and 1981, each of which culminated in a detailed re-
port (12, 13). The field work was essentially designed to provide input to
the Task 6 design studies and to provide support to the Task 4 studies.

- A wide range of geotechnwca] exp]orat1on was undertaken at the Devil Canyon
and Watana sites, reservoirs, and access roads and transmission line
routes, together with comprehensive evaluation and documentation of the
rnsults Th1s work included preparat1on of:
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Geo1ogic‘maps,‘both regional and sftE'specific;
. Geologic sections;
Descriptive and graphic borehole logs;
Descriptive test trench logs;
Field inspection borehole and test trench logs;
Photogeologic maps;
Borehole rock core photographs;
Low level air photointerpretation;
Seismic and resistivity bedrock profiles;
- Radar imagery interprefation maps;

&eotechn1ca1 exploration program summar1es for proposed structures and
material borrow areas (1980 1981, 1982);

Data summaries for:
- In-hole seismic testing.

- Borehole camera studies.
- Laboratory testing of construction materials.

1980 Program

Thé geotechnical exploration programs in the field were severely con-
strained by difficulties of access and maneuverability of equipment 3Imposed
by weather conditions and the requirements for environmental preservation.

The 1980 geotechnical exploration program was designed to identify amd in-
vestigate in limited detail those geological and geotechnical conditions
which were likely to significantly affect the feasibility of the proposed
dam projects. Limited preplanning opportunities, requirements for permits
from state regulatory agencies, and climatic constraints were such that
investigations in 1980 were somewhat limited in scope, and the data timited
in detail. Emphasis was therefore placed on identifying and investigating
to the maximum extent the most adverse geotechnical conditions encountered.

1981 Program

The obaectives of the 1981 geotechnical exploration program were to invest-
igate in more detail those geological and geotechnical conditions, both

general and adverse, which significantly affected therde51gn and construc-
tion of the proposed dam projects, and to obtain the maximum amount of geo-
technical design data as possible in the time available. The scope of the
exp1oratory work and the data produced in 1981 was by no means intended to




be fully comprehensive for project designs, but rather to establish with
reasonable confidence the feasibility and total cost of the project,. access
roads, and transmission Tines. The exploratory programs in subsequent
years will be yet more detailed, and aimed at prOV1d1ng greater certainty
in the desigr of major dams and structures with a view towards further en-
suring the safety of structures while minimizing potential project cost
overruns because of unforeseen geotechnical design conditions.

3.7 - Task 6: Design Deve1opment

As originally conceived in the February, 1980 POS, this Task involved the ini-
tial planning studies and selection of an appropr1ate Susitna development, in-
cluding the evaluation, analysis and review of all previous engineering studies
related to hydroelectric development of the Upper Susitna River Basin, and the
development of preliminary engineering design and cost information for the sel-
ected Watana and Devil Canyon Dam projects with all associated intake, outlet

works, spillways, and power facilities to a]]ow preparation of the project feas-
ibility report.

Further expansicns of the scope of Task 6 studies were included in Revisions 1
and 2 to the POS to give added consideration to Rai]belt region generation
planning studies with and without the proposed Susitna project, and to develop
additional estimates of project construction cost for planning purposes.

Activities under Task 6 were essentially divided into two phases. The first was
devoted to consideraticn of alternatives and selecticn of an optimum plan for
development of the Susitna River Basin, the second to pre1iminary design and

assessment of the technical and economic feasibility of the selected develop-
ment.

(a) Development Selection

The first phase of studies culminated in a recommended Susitna Basin devel-
opment- plan in March, 1981 (14). These studies involved consideration of
development of all identifiable hydroelectric sites in the Susitna River
Basin 80 as well as elsewhere in the Railbelt. Alternatives involving
staged developments were also evaluated. Pre11m1nary comparisons were un-
dertaken on the basis of conceptual project designs at each site in terms
of technical, economic, and env1r0nmenta1 aspects.

Early consideration was g1ven to the technical feasxb111ty of construction
of an arch dam at the Devil Canyon site, as proposed in earlier studiass by
the USBR and COE. Alternative Susitna developments, involving construction
of tunnels up to 30 miles long in lieu of a Devil Canyon dam and reservoir,
were also evaluated (15). ,

(b) Feasibility Assessments

The second phase of studies is essentially the subject matter of this re-
port. The work undertaken involved a comprehensive evaluation of the pro-
ject developments at the Watana and Devil Canyon sites. These studies in-
cluded consideration and selection of optimum solutions for a variety of
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~ project arrangements as well as alternatives for major structures such as
- dams, spillways, power facilities, and river diversion schemes at each

site, in terms of technical feasibility, cost, and environmental impact.
Appropriate criteria were established for hydraulic seismic, geotechnical
and structural designs on the basis of the data developed under other areas
of the study. These designs were also intended to be used for inclusion in
the FERC license application. \

3.8 - Task 7: Environmental Studies |

The overall objective of the environmental studies;wasAto describe the existing
environmental conditions, evaluate alternatives in light of the existing condi-

~tions and, for the selected alternatives, predict future conditions with and

without the proposed project so that changes (impacts) caused by the project may
be assessed. |

(a)

Basis of Studies

To accompliish the overall study objectives, the following activities were
undertaken by the environmental study team:

- Participation with the design team in selection of the best alternatives
for power generation, access road and site facility locations, and power
transmission corridor based on the environmental impact of the proposed
facility; '

- Preparation of the exhibits required to support the FERC license applica-
tiong ' ,

- Responses to inquiries from local, state, and federal agencies, and pub-
1ic participants at the request of the Power Authority;

- Appropriate execution and coordination of field and office activities for
all environmental base line studies and impact assessment; :

- Monitoring of all field activities for environmental acceptability; and

- Bevelopment of environmental mitigation plan in consultation with the
design team and external agencies.

Intensive baseline and impact-related investigations were performed over a
two year period with the work progressing from general to specific as the
project definition was developed. Because of the magnitude of the proposed
action, the 1ife cycle of some of the resources to be impacted, and the
time required to evaluate alternatives and develdp design specifications,
it was recognized that some environmental studies should be continued be-
yond the time of license application. Thus, one important element of the
early studies was to initiate baseline studies and to develop detailed
plans of study for the further environmental impact analysis that will be
completed after the license application submission, but prior to a final
FERC decision on the license application.

3-11



,(b) Studiés Undertaken

The environmental program was primarily designed to evaluate the Susitna
Hydroelectric Project and associated facilities, with respect to environ-
mental impacts. To accomplish this, a comprehensive program of field and
office studies was developed in the February, 1980 P0OS to address the fol- -
lowing topics: :

- Water Resources (Quality) Analysis:

- Socioecnomic Analysis;

- Cultural Resource Investigation;

- Land Use Analysis;

- Recreation Planning;

- Susitna Transmission Corridor Assessment;
.- Fish Ecology Studies;

- Wildlife Ecology Studies;

- Plant Ecology Studies;

- Geological Analysis;

Access Road Environmental Analysis; and
Preparation of FERC License Application Environmental Exhibits.

The scope was also structured to provide appropriate coordination of the
various environmental study topics and groups and to monitor field activ-
itijes for environmental acceptability.

As a resource to concerns expressed by some agencies, the scope of work was
further expanded in Revision 2 to the PUS to provide for additional data
collection and evaluation activities for sediment data for the lower
Susitna River, water quality, further quantification of project socio-
economic impacts, inclusion of sociocultural impact assessments, fish ecol-
ogy dissolved gas investigations, downstream river plant ecology assess-
ments, and alternative access corridor environmental assessments.

Periodic progress reports summarizing the activities, results, and conclus-
jons of the studies performed were issued at appropriate stages of the
major study topics. These reports formed the basis of submittals to vari-
ous state and federal agencies, whose responses have been and will continue

to be considered in formulation of Susitna project designs and in the FERC
1icense application.

3.9 - Task 8: Transmission

The work undertaken under Task 8 was essentially to consider alternative trans-

mission corridors, select the transmission route, and produce conceptual designs
and cost estimates for the feasibility report and FERC license application for

the following components of the Susitna Proaect

- Transmission line linking the project damsites to Fairbanks and Anchorage,
with potential intermediate substations to feed local communities;

- Substations, with particular reference to the two major terminals serving

Fairbanks and Anchorage, together with a suitabie design for intermediate load
p01nts, and
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- Dispatch center- and communications system.

The basic approach to the work in this task included review of earlier reports
prepared by IECO and -the. COE with respect to their approach and their level of
detail. Following this, more detailed study and conceptual design was under-
taken up to a level appropriate for the FERC 1icense submission and for assess-
ment of basic technical and economic feasibility.

Inciuded in this work was the utilization of geologwc and climatologic f1e1d
data obtained during the study period.

(a) Corridor Selection Studies

The main thrust of studies undertaken through early 1981 involved selection
and evaluation of alternative transmission corridors for the proposed
Susitna project {16). Associated with this work were studies related to
transmission lines for power generation alternatives also under considera-
tion, together with preliminary assessments of design requirements for the
Susitna Transmission system.

(b) Transmission Line Design and System Studies

Subsequent studies involved transmission line route selettion, transmission
system analysis, and development of basic design information dealing with
the following aspects:

- Transmission Line Voltage Level

. Tower types;

. Route map;

. Conductor data;

. Insulation levels;

. Construction access;

. Construction schedule; and
. Cost estimates.

- Substations

. Single-line diagrams for each main type of substation;
. General arrangement drawings;

. Transformer criteria;

. Circuit-breaker criteria;

. OQutline of relay protect1on philosophy; and

. Cost estimates.

- Dispatch Center and Communications

. Location and size of center; | '
. Level of automation proposed for remote stations;
. Extent of real-time functions required;
. Type of communication channel proposed together with appropr1ate data
transmission rates;
. Basic type of software; and
. Man-Machine interface.
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3.10 - Task 9: Construction Cost Estimates and Schedules

The basis of Task 9 was the deveiopment of comprehensive, contractor-type, con-
struction cost estimates for each major element of the proposed Susitna Hydro-

electric Project, detailed engineering and construction schedyles, and an asso-
ciated analysis of potent1al contingency constraints and impacts.

The deve]opment of these estimates and schedules took place in parallel with
design development, and included assembly and preparation of:

Cost and schedule data, .

Preliminary cost estimates; , ' -~ e
Cost estimate update; ‘

Engineering/construction schedule; and

Contingency analysis.

The  final products of this task were developed for the project as proposed in
this report.

(a) Task vutput

The primary outputs of Task 9 were the cost estimate summary reports and
construction schedules appropriate for the assessment of feasibility of the
selected Susitna project and for inclusjon in FERC licensing documentation.
These documents were also prepared to be suitable for continuous updating
and/or modifications during the subsequent study period through commence-
ment of construct1on They are also appropriate for use in preparation of
engineers' estimates during the construction and equipment supply cantract
bidding phases of the project.

(b} Description of Work

The work undertaken in Task Y provides the basic framework for more de-
tailed planning, marketing, and financing of the Susitna Project to be un-
dertaken during the period following submission of the FERC License &ppli-
~ cation through commencement of construction. This portion of the study was
divided into two parts. During the jnitial part of Task 9 activities, the
information systems and basic mechanisms necessary to develop the cost
estimates and schedules were established as a basis for selection of the
optimum Susitna development. The second part of Task 9 activities was de-
~ voted to the incorporation of more up-to-date information and appropriate
revisions of the estimates and schedules for feasibility assessment of the
project, prior to submission of the FERC License Application. For ongoing
cost estimating and scheduling purposes, a continuous exchange of informa-
tion was necessary with Task 2 - Surveys, Task 5 - Geotechnical Explora-

tion, Task 6 - Design Development, Task 7 - Environmental Studies, and Task
8 - Transm1ssxon Act1v1t1es.

3.11 - Task 10: Llcens1ng

The overali basis for Task 10-and, in fact, the u1t1mate onjective of the entire
POS, was to provide for timely preparation and assembly of all documentation
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| necessary for app11cat1on for license to the Federal Energy Regu1atory Commis~-
- sion {FERC). Should the feasibility assessment addressed in this report be
accepted by the State, the output from this task will be used as a basis for

submission of a comp1eted app11cat1on for licensing the Susitna Hydroelectric
Project.

‘(a) Basis of PUS

As originally conceived in the February, 1980 POS, preparation of the
license would have been based on the then-current FERC regulations which
required submission of Exhibits A through W (less F and Q, WhICh were not
required for 11cens1ng a major hydroelectric proaect)

Assuming that technical and economic feasiblity of the project were estab- .
lished and that environmental impacts and proposed mitigatory actions were
acceptable, the major target toward which all other work in the POS was
aimed was the successful comp1etion of a license application to FERC. In-
deed, the entire POS was prepared in such a manner that only those tasks
and subtasks considered to be the minimum necessary for acceptance by FERC
of the license application were included in the first 30 months of effort.
Although it was recognized that a s1gn1f1cant amount of follow=on work
would necessarily have to be accomplished prior to eventual project con--
struct1on, the historically lengthy periods associated with federal pro-
cess1ng of applications clearly suggested that the earliest possible sub-
mission was in the best interest of the Power Authority. It was decided
entirely appropriate to file an application which meets minimum requxre~
ments for submission, while at the same time detailing plans for initiation

or continuation of studies whose results may be required before the XECense
itself was actually awarded.

. . ¥ (I o
. ' : : .

(b) ~Revised FERC Regulations

The revision of the FERC requirements in late 1981 to five exhibits), A
through E, did not effectively alter the scope or direction of the study.
The rev1sed regulations altered the format rather than the total content of
the application. However, encouraging indications of a speed-up in the
FERC licensing process and a desire to allow agencies additional time for
constructive input to the project p]annlng process led to revision 3 to the
POS in February, 1982. In this revision, the scheduled date for the 1i-
cense submittal is postponed by three months to September 30, 1982. This
also allows for incorporation of add1t1ona1 env1ronmenta1 data wnto the
application documents. '

In accordance with FtRC requirements, s1gn1f1cant efforts have been made by
the study team to assist the Power Authority in setting up a constructive
Formal Agency Coordination process. This process is designed to allow
feder.i, state, and local agencies the opportunity to participate in appro-
priate decision phases of the study and to ensure that acceptable mitiga-

tion measures are 1ncorporated in the development of project des1gns where
- necessary. ‘

o ; N O D S N (]
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? 3.12 - Task ll Market1ng,and Fxnanc1ng

Activities to be undertaken in this Task were aimed at exam1n1ng in some detail ~

the potential Railbelt market for Susitna Power, the possible mechanisms through'“

which the Power Authority might obtain adequate financing for this large under-
takwng, and an appropriate return on the investment. Direct state part1c1patlon
in the financial support of the Susitna and other hydroelectric developments in
-Alaska, has been the subject of a number of proposed and enacted state legisia-

tion over the period of the feasibility study. This, along with the inevitable
- uncertuainty intrinsic to the financing of such large projects under current '
‘market conditions, has made it somewhat difficult to determine spec1f1c financ-
ing mechanisms. The scope of this task was the subject of a major modification

under Revision 1 to the POS in September, 1980, and has been further mod1f1ed
from time to time during the feasibility study.

(a) Basis of Studies

The determination of power and energy outputs from the proposed project,
the matching of this input with Railbelt demand over the life of the pro-
ject, and the cash flow requirements for construction of the project were

- key products.of -the feasibility assessment wh1ch prov1ded the basis of
market1ng and financing stLd1es

It was recogn1zed that if the Su31tna PrOJect is se]ected as an appropriate )

element in the growth of generating capacity in the Railbelt region, it is
1ikely to proceed on the basis of a partial or complete project financing.
Essential to this is a reasonably accurate determination of revenues and

properly established energy sales agreements. Furthermore, all project

risks must be identified, their potential impact assessed, and appropriate

contingency plans and provisions made.

(b) Risk AssessmEnts

As the various e}ements of the project study reached the appropr1ate Tevel
of complet1on, a rigorous ana]ysxs of risk was applied as a basis for
recommended contingency provisions. The approach used involved modern
techniques of analysis and probability assessment and dealt with cost,
schedule, technical, and other controlling elements of the project.

Risks assessed included those associated with the b1éﬂhih§, design and con=
struction of the project, as well as the financing of it. There were a
number of basis project financing risks which were addressed, including:

. .= Lost nverruns prior to completion;
- Late completion and non-completion;
- Partial or total post-completion outages;
- Customer failure to provide anticipated cash flows;

- Reguiatory risks, particularly insofar as new regulations affect the op-‘f"

eration (and, therefore, of course,- the profxtabw]xty and/or consumer
costs); and

- Technological risks, partxcu]ar]y 1nsofar as the extent to which new or
~ relatively unproven technology may increase Financing. difficulties. ’

. -I;
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3.13 - Task 12: Public Participation Program

f;The essent1a1 cbjective of the Pub11c Participation Program was and is to keep
the public fully informed of plans, progress, and findings associated with con-
duct of the detailed feasibility study. The program also provides a means

wheveby the public (1nc]ud1ng indjviduals, public and private organizations, and
various government agenc1es) can 1nf1uence the course of the work

The program has been conducted effect1vely since commencement of the study and B
outputs have 1nc1uded

Records of the proceedings of pub]1c meet1ngs together with written comments
. and proposed action lists derived from pub11c inputs;

= Periodic newsletters to address specific topics of public concern;
- Records of workshop meetings;
- Records of deliberations of external'environmental’and engineering‘bdérds;

- Written responses to individual letters of inquiry addressed to the projett
information office; =

- Action lists, togetherwith notes as to status of pending actions;

- News releases; |

- Audio visual recordings; and

- Displays set up with periodic update. |

The management of the Pub’ic‘Participation Program has been undertaken through-
out the study by the Power Authority staff. .Members of the study team partici-_

pated in the program as necessary by attendance at meetings and preparation of
appropriate information documents and responses to questions.
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4 - pREvmus STUDIES

In this section of the report a summary is presented of stud1es undertaken by

~ the USBR, the COE and others over the per1od 1948 through 1979.

4,1 - Earlj Studies of Hydroelectr1c Potent1a1

Shortly after World War I ended the USBR conduc ed an 1n1t1a] 1nveat1gatton of
hydroelectric potential in Alaska, and jssued a report of the results in 1948.
Responding to a recommendation made in 1949 by the nineteenth Alaska territorial
legislature that Alaska be included in the Bureau of Reclamation program, the
Secretary of Interior provided funds to update the 1948 work. The resulting
report, issued in 1952, recognized the vast hydroelectric potential within the
territory and placed part1cu1ar emphasis on the strategic location of the
Susitna River between Anchorage and Fa1rbanks as well as 1ts proximity to the
connecting Ra11be1t (See Figures 1.1 and 4.1). =

A series of studies was commissioned over the years to identify dam sites and
conduct geotechnical investigations. By 1961, the Department of the Interior

~ proposed authorization of a two dam power system involving the Devil Canyon and

the Denali sites (Figure 4.%1). The definitive 1961 report was subsequently
updated by the Alaska Power Administration (an agency of the USBR) in 1974, at
which time the desirability of proceed1ng with hydroelectric development was

- reaffirmed.

The COE was also active in hydropower investigations in Alaska during the 1950's
and 1960's, but focused its attention on a more ambitious development at Rampart
on the Yukon River. This project was capable of generating five times as much
electric enerqy as Susitna annually. The sheer size and thée technological chal-
lenges associated with Rampart captured the imagination of supporters and
effectively diverted attention from the Susitna Basin for more than a decade.
The Rampart feport was finally shelved in the early 1970's because of strang
environmental concerns «nd the uncertainty of marketing prospects for so much

energy , part1cu1ar1y in 11qht of abundant natural gas which had been discovered
and developed in Cook Inlet.

The energy crisis prec1p1tated by the OPEC oil boycott in 1973 provided some
further impetus for seeking development of renewable resources. Federal funding
was made available both to complete the Alaska Power Administration's update
report on Susitna in 1974 and to launch a prefeasibility investigation by the
COE. The State of Alaska itself commissioned a reassessment of the Susitna Pro-
ject by the Henry J. Kajser Company in 1974,

Although the gestation period for a possible Susitna Project has been lengthy,
Federal, State, and private organizations have been virtually unanimous over the
years in recommending that the project proceed. Salient features of the various
reports to date are out]xned in the following sect10ns.

e

£,2 - U.S. Bureau of Reclamat1on - 1953 Study

The USBR 1952 report to the Congress on Alaska's overall hydroe]ectr1c |
potent1a1 was followed shortly by the first major study of the Susitna Basin in
1953. Ten dam sites were identified above the ra11road cross1ng at Go]d Creek
(see also Flgure 4.1): . ~



'Go1d Creek
Olson
- Devil Canyon
- Devil Creek
Watana
- Vee.
Maclaren
- Denali .
- Butte Creek
- Tyone (on the Tyone RTVEP)

Fifteen more sites were considered below Gold Creek. However, more attention
has been focused over the years on the Upper Susitna Tasin where the topography
is better suited to dam construction and where less impact on anadromous fisher-
jes is expected. Field reconnaissance eliminated half the original Upper Basin
list and further USBR consideration centered on Olson, Devil Canyon, Watana, Vee
and Denali. Al1 of the USBR studies since 1953 have regarded these sites as the
most appropriate for further investigation.

4.3 - U.S. Bureau of Reclamation - 1961 Study

In 1961 a more detailed feasibility study resulted in a recommended five stage
development plan to match the load growth curve as it was then projected. Devil
Canyon was to be ‘the first development--a 635 feet high arch dam with an
installed capacity of about 220 MW. The reservoir formed by the Devil Canyon
dam alone would not store enough water to permit higher capacities to be econom-
ically installed since long periods of relatively low flow occur in the winter
months. The second stage would have increased storage capacity by adding an
earthfill dam at Denali in the upper reaches of the basin. Subseaquent stages
involved adding generating capacity to the Devil Canyon dam. Geotechnical
investigations at Devil Canyon were more thorough than at Denali. At Denaii,
test pits were dug, but no drilling occurred.

[¢]

4.4 - Alaska Power Administration - 1974

Little change from the bas1c USBR-1961 f1ve stage concept appeared in the 13974
report by the Alaska Power Administration. This later effort offered a more
sophisticated design, provided new cost .and schedule estimates, and addressed
marketing, economics, and environmental considerations.

4.5 - Kaiser Proposal for Deve}opment

The Kaiser study, commissioned by the Office of the Governor in 1974, proposed
that the initial Susitna development consist of a single dam known as High Devil
Canyon (See Figure 4.1). No field investigations were made to confirm the tech-
nical feasibility of the High Devil Canyon location because the funding level
was insufficient for such efforts. Visual observations suggested the site was
probably favorable. The USBR had always been uneasy about foundation conditions
at Denali, but had to rely upon the Denali reservoir to provide storage during
Tong periods of Tow flow. Kaiser chose to avoid the perceived uncertainty at
Denali by proposing to build a rockfill dam at High Devil Canyon which, at 810

feet, would create a large enough reservoir to overcome the storage prob]em.
Although the selected sites were different, the COE reached a similar conclusion
when it later chose the high dam at Watana as the first to be constructed.




Subsequent developments suggested by Kaiser included a downstream dam at the
Olson Site and an upstream dam at a site known as Susitna III {see Figure 4.1).
The information deveIOped for these additional dams was confined to estimating
energy potential. As in the COE study, future development of Denali remained a
possibility if foundation conditions were found to be adequate and if the value
of additional firm eneray provided economic JUStTf1C8L]Oﬂ at some later date.

Kaiser did not regard the development of an energy consumptive aluminum plant as

necessary to economically justify its proposed project.

4.6 - U.S. Army Corps of Engineers - 1975 and 1979 Studies

The most comprehensive study of the Upper Susitna Basin prior to the current
study was completed in 1975 by the COE. A total of 23 alternative developments
were analyzed, including those proposed by the USBR as wzll as consideratien of
coal as the primary energy source for Railbelt electrical needs. The COE aureed
that an arch dam at Devil Canyon was appropriate, but found that a high dam

the Watana site would form a large enough reservoir for seasonal storage and
would permit continued generation during low flow periods.

The COE recommended an earthfill dam at Watana with a height of 810 feet. 1In
the longer term, development of the Denali site remained a possibility which, if

constructed, would increase the amount of firm energy available, even in very
dry years. .

An ad-hoc task force was created by Governor Jay Hammond upon completion of the
1975 COE Study. This task force recommended endorsement of the COE request for
Congressional authorization, but pointed out that extensive further studies,
particularly those dealin¢ with environmental and socioeconomic questions, were
necessary before any construction decision could be made.

At the Federal level, concern was expressed at the Office of Management and Bud-
get regarding the adequacy of geotechnical data at the datana site as well as
the validity of the. economics. The apparent ambitiousness of the schedule znd
the feasibility of a thin arch dam at Devil Canyon were also questioned.

Further investigations were funded and the COE produced an updated report i=n
1979. Devil Canyon and Watana were reaffirmed as appropriate sites, but zlter-
native dam types were investigated. A concrete gravity dam was ana]yzed 8% an
alternative for the thin arch dam at Devil Canyon and the Watana dam was changed
from earthfill to rockfill. Subsequent cost and schedule estimates still imndi-
cated economic justification for the project.
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5 - RAILBELT LOAD FORECASTS

In this section of the report, the process of development of electrical demand
forecasts for the Railbelt region is described. Historical and projected trends
in the factors which influence such demand are identified and discussed, and the
basis of forecasts used in Susitna generation planning studies is presented.

The feasibility of a major hydroelectric project depends in part upon the extent
the available capacity and energy are consistent with the needs of the market to
be served by the time the project comes on line. Attempting to forecast future
energy demand is a difficult process at best; it is therefore particularly
important that this exercise be accomplished in an objective manner. For this
reason, the APA and the State of Alaska have authorized load forecasts for the
Alaska Railbelt region to be prepared independently of the feasibility study.

5.1 - Scope of Studies

There have been two forecasts developed and used during the feasibility study.

In 1980, the Institute for Social and Economic Research (ISER) prepared economic
and accompanying end use energy demand projections for the Railbelt. The end use
forecasts were further refined as part of the feasibility study to estimate
capacity demands and demand patterns. Also estimated was the potential impact

on these forecasts of additional load management and energy conservation

efforts. These forecasts were used in several portions of the feasibility

study, including the development selection study, initial economic and financial
analysis, sensitivity analyses, and capacity staging. These forecasts are dis-
cussed in more detail in Sections 5.2 to 5.7.

In December, 1981, Battelle Pacific Northwest Laboratory produced a revised
series of load forecasts for the Raiibeit. These forecasts were developed as a
part of the Railbelt Alternatives Study, done by Battelle under contract to the
State of Alaska. Battelle's forecasts were a result of further updating of
economic projections by ISER and some revised end-use models developed by
Battelle, which took into account price sensitivity and several other concerns
not included in the 1980 projections. The 1981 Battelle forecasts were used in
this feasibility study for the final economic znd financial analyses presented
in Section 18, as well as for reviewing the project staging. The Battelle fore-
casts are presented in Section 5.8.

5.2 - Electricity Demand Profiles

This section reviews the historical growth of electricity consumption in the
Railbelt and compares it to the national trend. Railbelt electricity consump-
tion is then disaggregated by regions and by end-use sectors to clarify past
usage patterns. '

(a) Historical Trends

Between 1940 and 1978, electricity sales in the Railbelt grew at an average
annual rate of 15.2 percent. This growth was roughly twice that for the
naticn as a whole. Table 5.1 shows U.S. and Alaskan annual growth rates-
for different periods between 1940 and 1978. The historical growth of
Railbelt utility sales from 1965 is illustrated in Figure 5.1.
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(b)

Although the Railbelt growth rates consistently exceeded the national aver-

age, the gap has been narrawing 'n later years due to the gradual maturing
of the Alaskan economy. Growih in the Railbelt has exceeded the national

average for two reasons: popuiation growth in the Railbelt has -been higher
than the national rate, and the oroportion of Alaskan households served by
electric utilities was Tower than the U.S. average so that some growth in =

the number of customers occurred independénuly of popuiation growth. Table |

5.2 compares U.S. and Alaskan growth rates in the residential and commer -
cial sectors.

Regional Demand

Electricity demand in the Railbelt, disaggregated by regions, is shown in
Table 5.3. During the period from 1965 to 1978, Greater Anchorage account-
ed for about 75 percent of Railbelt electricity consumption followed by
Greater Fairbanks with 24 percent and Glennallen-Valdez with 1 percent.

The pattern of regional sharing during this period has been quite stable
and no discernible trend in regional shift has emerged. This is mainly a
resuit of the uniform rate of economic development in the Alaskun Rail-
belt.

End-Use Consumption

Railbelt electricity consumption by majcr end-usz sector:is shown in Table
5.4. In the residential sector, electricity consumption is largely attrib-
uted to space neating; utilities sucnh as refrigerators, water heaters,
1ights and cooking ranges rank next in order of usage. In the commercial-
industrial-government sector, end-use consumption is less clear because of
a lack of data; however, it is reasonable to assume that electricity is
used mainly for lighting, space heating, cooling and water heating. Con-
sumption in the miscellaneous sector is attributed mainly to street light-
ing and usage in second homes.

The distribution of electricity consumption in these end-use sectors has
been fairly stable. %y 1978, the commercial-industrial-government and
residential sectors accounted for 52 percent and 47 percent respectively.
In contrast, the 1978 nationwide shares were 65 percent and 34 percent res-
pectively. ,

5.3 - ISER Electricity Consumption Forecasts

This section briefly discusses the methodology used by ISER to estimate electric
energy sales for tha Railbelt, and summarizes the results obtained.

(a)

Methodal ogy

The ISER electricity demand forecasting model conceptualized in computer
lon?: the Tinkage between economic growth scenarios and electricity con-
sty oM The output from the model is in the form of projected values of
efec.-icity consumption for each of the three geographical areas of the
Railbelt {Greater Anchorage, Greater Fairbanks and Glennallen-Valdez) and
is classified by final use (i.e., heating, washing, cooling, etc.) and con-
suming sector (commercial, residential, etc). The model produces output on
a five-year time basis from 1985 to 2010, inclusive.

L3 '.na. N
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The ISER model consists of several submodels linked by key variables and
driven by policy and technical assumptions and state and national trends.

- These submodels are grouped into four economic models which forecast future
levels of economic activity and four electricity consumpt1on models which
forecast the associated electricity requirements by consuming sectors. For
two of the consuming sectors it was not possible to set up computer models

and simplifying assumptions were made. The models and assumptions are
described belaow. ,

(i) Economic Sumede]s

- The MAP Econometric Model

MAP is an econometric model based on forecasted or assumed levels
of nationai sconomic trends, State government activity, and

developments in the Alaska resource sector. These economic indi-
cators are translated into forecasted levels of statewide pobula-
tion by age and sex, employment by industrial sector, and income.

- The Household Formation Model
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- The household formation wmeost groups individuals into household
uniss on the basis of national and state demographic trends. The
output is the forecast numbar of household heads by age and sex,

" which is in turn an input tu the housing stock and electricity
consumption medels.

- Regional Allocation Model

This model disaggregates MAP's projections of population and
employment into regions of the Railbelt. The model uses econo-
metric techniques to structure regional shares of state popula-
tion, the support sector, and government employment.

- Housing Stock Model

The housing stock model utilizes the output from the household
formation model, the regiacnal population information from the
regional allocation model, and the results of an independent
survey on housing choice. These outputs are combined to produce
the number of housing units by type (e.g. single family, duplex,
multifamily, etc.) and by region for each of the forecast years.

(i1) Electricity Consumption Submodels

These submodels are structured to determine electricity requirements
for various demand components:

- Residential Non-space Heating Electricity Requirements

This mode1»estimates electricity requirements for household
appliunces utilizing the following information:
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. number of households
. appliance saturation rate
_« fuel mode split
. average annual consumptwon nf app11ance
. average househcld size

Residential non- space heating electricity requirements are

obtained by summing the electricity requirements of all appli-
ances.

- Residential Space Heating

This model estimates space heating electricity requxrements for
four types of dwelling units: single family, duplex, multi-
family, and mobile home. The space heating electricity require-
ment for each type of dwelling unit is calculated as the product
of the number of dwelling units, fuel mode sp11t and specified
average levels of consumpt10n.~

- Commercial-Industrial-Government

Total electricity requirements for the commercial-industrial-
government sector are defined as the product of non-agricultural
wage and salary employment and average electricity consumption
per employee. Electricity consumption per employee is a function
of time and application of conservation standards. This implies
that new electricity users in this sector will have different
electricity requirements than previous customers.

- Miscellaneous

This model estimates twc remaining sectors of electricity con-
sumption: i.e. street lighting and recreational homes.

Consumption Sectors Not Modeled

Electricity reguirements were not modeled for two sectors of demand:
- Military | B
For many reasons, including a lack of historical data, no model
is included to correlate military electricity consumption with

causal factors. Hence, future electricity requirements for the
military are assumed to be the same as the current level.

- Self-Supplied Industrial

No model is included to project future self-generated electricity
for industry. Existing users are identified and current elec-
tricity consumption determined “for APA sources. New users and

future consumption Teve]s are identified from economic scenar-
ios.

. 5__4

e o, a




® .

-t

. . » Ty a - - N g -
. . . R . . o . N ‘ . .. N .
. - N . . . R : - s . .o N : . .
‘ . . . to . . . . . . . . .
. . . . . N . L. . . .. - . - . . .. R _
N i N g . . AN . . . - > N . . . . . .
. . . . . . . . . . . . . . . . B . . s h
. . PN R . L. . . . - . . . - . L2 _ .,
. Ce P R . . . D e - . . . ] YA _ - . ’ L e S C——— G
R . s X . N . SR .
. -
1 ] .

(b}

Assumptions

To make these models operational, a number of additional assumptions are
incorporated:

~ The electricity market is presently in a state of relative equilibrium
except for Fairbanks where a shift away from electric space heating is
underway. This equilibrium is expected to remain in effect throughout
the forecast period because of relatively constant fuel price ratios.

- The price of energy relative to other goods and services will continue
to rise.

. - Rising real incomes will act to increase the demand for electricity.

- Federal policies will be effective in the area of appliance energy con-.

servation, but will have a much smaller impact on building stock thermal
efficiencies. | |

- No state conservation policies directed exclusively toward electricity
will be implemented.

- NO'significant state policies designed to alter the price or availabil-
ity of alternative fuels will be implemented.

- No new electricity technologies will be introduced.
- In terms of residential appliances:

. Saturation rates will follow national trends; |

. For some appliances, reduced household size will act to reduce
average electricity requirements;

. Consumption is a function of the appliance scrapping rate as the
average age affects efficiency; '

. Unspecified appliance consumption will increase to accommodate the
possibitity of new domestic electricity applications.

- In terms of residential spaCe heat ing:

. A slight trend toward single family homes is projected;

. Average housing unit size will continue to grow;

. Natural gas availability will not significantly increase; |

. Space heating alternatives such as oil, wood or coal will not greatly
affect aggregate space heating demand;

. No significant increase in the number of heat pumps will occur.

- In terms of commercial-industriai-government use:
. Employment will grow more rapidly than the popuiation;

. No major energy conservation measures are anticipated;
. The distribution of electricity end-uses will not shift significantly.




(c)

@

- Miscellaneous utility sales (street lighting and second home use} will
grow at rates consistent with predicted total utility sales.

Forecasting Uncertainty

To adequately address the uncertainty associated with the prediction of
future demands, a number of different economic growth scenarios were con-
sidered. These were formulated by alternatively combining high, moderate
and Tow growth rates in the area of special projects and industry with
State government fiscal policies aimed at stimulating either high, moderate
or Tow growth. This resulted in a total of nine potential growth scenarios
for the state. In addition to these scenarijos, ISER also considered the
potential impact of a price reduced shift towards increased electricity
demand. As outlined below, a.short list of six future scenarias was
selected. These concentrated around the mid-range or "most 1likely" esti-
mate and the upper and lower extremes.

Initial ISER Forecast Results

The results of the ISER forecasts prepéred in -1980, which were used as the
basis of Susitna development selection studies, were as follows:

(i) Base Case

The ISER forecast which incorporates the combination of moderate
economic growth and moderate government expenditure was considered
to be the "most 1ikely" load forecast. This has been identified for
the purpose of this study as the "Base Case Forecast". The results
of this forecast are presented in Table 5.5 and indicate that
utility sales for the Railbelt will grow from the 1980 Tevel of 2390
GWh to 7952 GWh in 2010, representing an average annual growth rate
of 4.09 percent. Over the period of the forecast, the highest
growth rate occurs from 1990 to 2000 at 4.76 percent, followed by a
decline to 3.33 percent during the 2000 to 2010 period.

(i1) Range of Forecasts

In addition to the base case, the initial ISER results incorporated
a higher and lower rate of economic growth coupled with moderate
government expenditure, and they also incorporate the case where a

shift to electricity takes place. These forecasts did not provide a

complete envelope of potential growth scenarios because the impacts
of high industrial growth/ high government expenditure and low
industrial growth/low government expenditure on electricity demand
have not been included. Estimates of these impacts have been
computed by the method of proportionality as approximations to the
model runs. A summary of aggregate Railbelt electricity growth for
the range of scenarios is presented in Table 5.6 and in Figure 5.2.
The medium growth rate of 4.1 percent is shown to be bounded by
Tower and upper limits of 2.8 percent and 6.1 percent respectively.
In comparison, historical e]ectr1c1ty demand in the Railbelt has
increased by 11 percent.
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5.4 - Past_?rojections,ofARainelt Electricity Demand

A number of electricity projections have been developed in the past. The dis-
cussion here js confined to work conducted since 1975 in order to compare ISER's
forecasts with previous work and to rationalize any differences that occur.

 Forecasts of electric power requirements developed since 1975 (excluding ISER's

latest forecast) are summarized in Table 5.7. A cursory examination indicates
that differences which occur in the early years progressively increase within
the forecast period. The performance of these forecasts can be ascertained by
comparing them to 1980 utiiity sales. Table 5.8 shows the percent error in the
forecasted growth rate to 1980. As can be seen, all of the forecasts
significantly overestimated 1980 consumption.

These forecasts are also signiticantly d1fferent from those developed recently
by ISER; the differences are mainly attributed to assumptions concerning
economic growth and electricity consumption rates. Although the economic growth
assumptions incorporated in previous studies have varied widely, they have been

‘generally more optimiStic with respect to the type, size and timing of projects

and other economic events. This has consequently resulted in higher projections
of economic activity compared to the recent ISER study.

:1ectr1c1ty consumpt1on rates in the ISER studies are generally 10wer than those
in previous studies. This is essentially because ISER has been the first to

incorporate estimates of appliance saturation rates, end-use patterns and con-
servation measures.

5.5 - Demand Forecasts

An important factor to be considered in generation planning studies is the peak
power demand associated with a forecast of electric energy demand. The averall
approach to derivation of the peak demand forecasts for the Railbelt Region was
to examine the available historical data with regard to the generation of
electrical energy and to apply the observed generation patterns to existing
sales forecasts. Information routinely supplied by the Railbelt utilities to

the Federal Energy Regulatory Commission was utilized to determine these lpad
patterns.

(a) Load Patterns

The analysis of load patterns emphasized the identification of average pat-
terns aver the 10-year period from 1970 to 1979 and did not consider trends
or changes in the patterns with time. Generally, ‘the use of average values
was preferred as it reduced the impact of yearly variations due to variable
weather conditions and outages. In any event, it was not possible to
detect any patterns in the available data. |

‘The average hour1y distribution of generation for the fwrst weeks of April,
August and December was used to determine the typical average lcad pattern
for the various utilities. As a result of the relatively limited data
base, the calculated load duration curve would be expected to show less
variation than one computed from a more complete data base resulting ir an
overestimation of the load factor. In addition, hourly data also tend to
~average out actual peak demands occurring w1th1n a time interval of less
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Utilities nationwide are currently paying increasing attention to the implemen-

than one hour. This'cdu]d also Tlead to overestimation of the load factor.
It is, however, believed that the accuracy achieved is adequate for these

studies, particularly in light of the relatively much greater uncertainties

associated with the load forecastse.

(b) Sales Allocation

Although the above load data are available by utility, the kWh sales fore-
casts are based on service area alone. The kWth sales data were allocated

~to the individual utilities utilizing a predicted mix of consumer cate-
gories in the area and the current mix of sales by consumer category for
the utilities serving the area.

(c) Peak Loads

The two data sets were combtned to determine composite peak Toads for the
Railbelt area.

The firsc step involved an adjustment to the allocated sales to reflect
losses and energy unaccounted for. The adjustment was made by increasing
the energy allocated to each utility by a factor computed from historical

sales and generation levels. This resulted in a gross energy generation
for each utility.

The factors determined for the monthly distribution of total annual genera-

tion were then used to distribute the gross generation for each year. The
resulting hourly loads for each utility were added together to obtain the
total Railbelt system load pattern for each forecast year. Table 5.9
summarizes the total energy generation and the peak loads for each of the

~ low, medium, and high ISER sales forecasts, assuming moderate government
expenditure. ,

The load factors computed in this stuay aQerage seven percentage points

higher than the average load factors observed in tine four utilities over
the 10-year period. »

5.6 - Potential for Load Management and Energy Conservation

tation of load management and conservation measures in an attempt to reduce or
shift peak load and to reduce energy demand. Load management is defined as the
"shifting” and corresponding reduction of peak demands and the alteration of
daily load shapes by means of appropriate measures. Although some load manage-
ment technques can result in a slight increase in daily energy demand, the

objective is essentially to accomplish a reduction of peak demand with no signi-

ficant difference in total energy demand. lLoad management may generally be
achieved by one of two methods: direct control, in which the utility controls
the end-use devices; or indirect control, in which price incentives are used to

motivate load shzft*ng hy the consumer. Conservation is defined as a net reduc-

tion in energy demand by means of appropr1ate measures, W1th a corrESpond1ng
reduction in peak demand. .
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The potential benefits of power demand control and reductxon measures require

careful evaluation before implementation on a major scale. A considerable
amount -of research and development work has been undertaken in the Lower 48 to
develop methods and cost strategies, and to assess the potential impact of such
strategies on demand. As a result of this work, 1oad management and energy con- -
servation concepts have either been implemented or are being planned by many
utilities. The -anticipated effects on the growth of future peak load and eneragy
consumption in the utility systems have been included in their forecasts.
Currently in Alaska, at least one utility, Anchorage Municipal Light and Power,
is known to have instituted an experimental time-of-day rate for electricity.

Although conservation is essentially accomplished by a reduction in demand, it
may also be regarded as a means of diverting available energy to other uses, or
creating a "new" source of energy. A recent study by the Alaska Center for
Policy Studies indicated that conservation was the most economically attractive
source of new energy available to the Railbelt area. This conclusion was based
on evidence from existing weatherization programs and projections from the
Alaska Federation for Community Self Reliance in Fairbanks. However, the total
amount of energy that can be made available by such means is relatively small
compared to the total Railbelt system energy demand up to the year 2010.

The ISER forecasts incorporated the impacts of certain energy conservation
measures, but did not include any l1oad management. In this study, opportunities
for implementation of additional programs o7 intensified conservation and load
management measures are considered in the generation planning studies. These
are discussed in more detail in the following section.

5.7 ~ Load Forecasts Used for Development Seiection Studies

This section outlines the adjustments that were made to produce the total Rail-
belt system e]ectr1c1ty forecasts to be used in the development selection stud-
ies described in Section 8.

(a) Adjusted ISER Forecasts

Three of the initial ISER energy forecasts were considered in generation
planning studies for development selection studies (see Table 5.6). These
included the base case (MZS-GM) or medium forecast, a low and a high fore-
cast. The low forecast was that corresponding to the low economic growth
as proposed by ISER with an adjustment for low government eXpend1ture
(LES-GL). The high forecast corresponded to the ISER high economic growth
scenario with an adjustment for high government expenditure (HES-GH).

The electricity forecasts summarized in Table 5.9 represent total utility
generation and include projections for self-supplied industrial and mili-
tary generation sectors. Included in these forecasts are transmission and
~distribution losses in the range of 9 to 13 percent depending upon the gen-
eration scenario assumed. These forecasts, rang1ng from 2.71 to 4.76 per-
cent average annual growth, were adjusted for use in generation plannxng
stud1es. '
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(b)

The self-supplied industrial energy primarily involves drilling and off-
shore operations and other activities which are not likely to be connected
into the Railbelt supply system. This component, which varies depending

upon generation scenario, was therefore omitted from the forecasts used for
planning purposes.

The military is likely to continue purchasing energy from the general mar-
ket as 1ong as it remains economic. However, much of their generating
capacity is tied to district heating systems which would presumably
continue operation. For study purposes, it was therefore assumed that 30

percent of the estimated military generat1on would be supplied from the
grid system.

The adjustments made to power and energy forecasts for use in self-supplied
industrial and military sectors are reflected in Table 5.10 and in Figure
5.3 The power and energy values given in Table 5.10 are those used in the
generation planning studies. Annual growth rates range from 1.99 to 5.96

percent for very low and high forecasts with a medium generation forecast
of 3.96 percent.

Forecast Incorporating Load Management
and Conservation

In order to evaluate generation plans under extremely low projected energy
growth rates, the low forecast was further adjusted downward to account for
additional load mecnagement and energy conservation. The results of this
scenario also appear on Table 5.10.

- ISER Conservation Assumptions

For the residential sector, ISER assumed the federally-mandated efficien-
¢y standards for electrical home appliances would be enforced from 1981
to 1985 but that target efficiencies would be reduced by 10 percent.
Energy saving due to retrofitting of homes was assumed to be confined to
single family residences and to occur between 1980 and 1985. Heating
energy consumption was assumed to be reduced by 4 percent in Fairbanks, 2
percent in Anchorage and between 2 and 4 percent in the Glennallen-Yaidez
area. Enforcement of mandatory construction or performance standards for
new housing was assumed in 1981 with a reduction of the heat load for new
permanent home construction by 5 percent.

In the commercial-industrial-government sector, it was assumed by ISER
that electricity requirements for new construction would be reduced by &
percent between 1985 and 1990 and by 10 percent during the period 1990 to
2000. It was assumed that retrofitting measures would have no impact.

- Impacts of Recent Legislation

The National Energy Conservation Policy Act includes a variety of incen-
tives and mandates for energy conservation and alternative energy use by
individuals, state government and business. The new programs consist of
energy audits of residential customers and public buildings, insulation
and retrofitting of homes through loan and grant programs, improvement of
energy efficiency of schools and hospitals, and use of solar energy.

- 5-10
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The Public Utilities Regulatory Policies Act (PURPA) of November 9, 1978,

requires state public utility commissions to consider certain rate-making
standards for utilities if they have sales in excess of 500 million

'-kilowatt hours. The established standards to be considered are:

Rates to reflect cost of service;
Aholition of declining block rates;
Time-of-day rates; and

Seasonal rates.

Both Chugach Electric (CEA) and Anchorage Municipal Light and Power

Department (AMLPD) are affected by the provisions of PURPA regarding rate

and service standards for electric utilities. According to the report by
the Alaska Center for Policy Studies, the Alaska Public Utilities Commis-
sion (APUC) intends to deal with the rate and load management considera-

tions called for by PURPA in 1981.

Study Assumptions
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The programs of energy conservation and load management measures that
could be implemented in addition to those included in the ISER forecast
are the following:

+ Energy programs provided for in the recent state energy conservation
legislation;

. Load management concepts now tested by utilities, including rate
reform, to reflect incremental cost of service and load controls.

These measures could decrease the growth rate of energy and winter peak
progected in the ISER forecast and the forecasts used in generation plan-
ning. The impacts would be mainly in the residential sector.

The impact of state energy conservation legislation has been evaluated in
a study by Energy Probe which indicated that it could reduce the amount
of electricity needed for space heating by 47 percent. The total growth
rate in electricity demand over the 1980-2010 period would drop from an
average of 3.98 percent per annum (projected by ISER in the MES-GM.fore-
cast) to 3.49 percent per annum. Energy Probe indicated that the elec-
trical energy growth rate could be reduced even further to 2.70 percent
per annum with a conservation program more stringent than that contem-
plated by the State legislature.

The low forecast case assumed in development selection studies incorpor-
ated an annual growth rate of 2.71 percent. This rate would be reduced
with enforcement of energy conservation measures more intensive than
those presently in the State Jdegislature. An annual growth rate of 2.1
percent was judged to be a reasonable lower 1imit for electrical demand

~ for purposes of this study. This represents a 23 perfent reduction in

growth rate which is similar to the reduction developed in the Energy

~ Probe stu@y.




The implementaticn of load management measures would result in an
additional reduction in peak load demand. The residential sector demand
is the most sensitive to a shift of load from the peak period to the
offpeak perlod. Over the 1980-201C period, an annual growth rate for
peak load of 2.73 percent was used in the low forecast case. With load
management measures such as rate reform and load controls, this growth
rate could be reduced to an estimated 2.1 percent. The annual load

vactor for year 2010 would be increased from 62.2 percent in the low
forecast to 64.4 in the lowest case.

5.8 - Battelle Load Forecasts.

As part of its study of Alaska Railbelt Electric Energy Alternatives, Battelle
did extensive work in reviewing the 1980 ISER forecasts, methodology, and data,
and produced a new series of forecasts. These forecasts built on the base of
information and modeling established by ISER's 1980 work and, with the assis-
tance of ISER, developed new models for forecasting Railbelt economic activity
and resulting electrical energy demands. The resulting forecasts were adopted
directly for use in final generation planning studies under this feasibility
study. :

These revised forecasts included both an energy and peak capacity projection for
each year of the study period (1982-2010). The projection left out portions of
electrical demand which would be self-supplied, such as much of the military
demand and some of the industrial demand. In addition, these forecasts tock -
into account the conservation technology and market penetration 1ikely to take
place. Details of the Battelle forecasts and methodology are available imn =
series of reports produced by Battelle in early 1982..

The Battelle forecasts are based on energy sales, and have therefore been
adJus+ed by an addition of an estimated 8 percent for transmission losses %o
arrive at the supply forecast to be used in generation planning. Table I.1%1
presents the three Battelle forecasts which were prepared to bracket the range
of electrical demand for the future.

The Battell= forecasts were used in second stage generation planning studies.
Th> second stage studies focused on the economic and financial feasibility of
the selected Susitna project and the sensit:vity of the analyses to variation of
key study assumptions. The differences between the earlier ISER forecasts used
in development selection studies and the revised Battelle forecasts are not con-
sidered to be significant enough to have altered the conclusions of those
studies. The Railbelt generation pianning studies undertaken for Susitna fTeasi-
bility assessment were therefore based on the Battelle medium forecast. The
high and low Battelle forecasts were used as a basis for sensitivity testing.

No additional information on load patterns relative to monthiy and dai}y‘shift—
1ng nf load shapes was developed in the Battelle forecasts. Thus, the histori-

cal data developed to use with the 1980 ISER forecasts were also used w1th the
Batte]!e forecasts. |

. Q

5-12




” ;
- i

. . o, . .
: . . .

TABLE 5.1:»,HISTBRICAL ANNUAL _GROWTH RATES OF ELECTRIC UTILITY SALES

Anchorage and Fairbanks

Period » ~U.S. Areas
1940 - 1950 8.8% 20.5%
1950 -~ 1960 8.7% 15.3%
1960 - 1970 7.3% 12.9%
1970 - 1978 4. 6% 1%.7%
1973 - 1978 3.5% 10.9%
1940 - 1978 7.3% 15.2%

Q



TABLE 5.2: ANNUAL GROWTH RATES IN UTILITY CUSTOMERS AND CONSUMPTION PER CUSTOMER

Greater Anchorage Greater Fairbanks , U.S.
Customers Consumption per Customers Consumption per Customers Consumption per
{Thousands) Customer (MWh)  (Thousands) Customer {(MwWh) (Millions) Customer (MwWh)

Residential

1965 2.7 6.4 8.2 4.8 57.6 4.9
1978 7.7 10.9 17.5 10.2 77.8 0.8
Annual Growth - ;

Rate (%) 8.4 4.2 6.0 6.0 2.3 4.6
Commercial

13¢5 4.0 - 1.3 - 7.4 -
1978 .2 - o 2.9 - 9.1

Annuial Growth




TABLE 5.3: UTILITY SALES BY RAILBELT REGIONS

treater Anchorage treater Fairbanks Glennallen-Valdez Raxrlbelt lotal
1 1 , 1 o 1
Sales No. of Sales No. of - Sales Na. of Sales No. of
Htegional  Cusbomers Regional = Customers Regional Customers ' Customers
Year Gh  Share (Thousands) GWh Share (Thousands) GWh Share (Thousands) GHWh {Thousands)
. 1965 369 78% 31.0 98  21% 2.5 . 6 1% .6 473 41.1
1966 - 415 32,2 108 - 9.6 NA : NA ' 823 - 41.8
- 1967 461 34.4 66 NA ‘ NA : NA 521 34.4
1968 519 39.2 141 10.8 NA NA 661 30.0
1969 587 ' 42.8 170 11.6 NA NA 758 54.4
1970 684 75% 46,9 213 24% 12.6 9 1% «8 907 - 60.3 e
1971 7917 49.5 251 13.1 10 +9 1059 - 63.5
1972 906 54,1 262 3.5 6 4 174 68.0
1973 1010 56.1 290 13.9 11 1.0 311 71.0
1974 1086 61.8 322 15.5 14 1.3 1422 78.6
1975 1270 5% 66.1 413 24% 6.2 24 1% 1.9 1707 84.2
1976 1463 71.2 423 7.9 33 2.2 1920 91.3
1977 1603 ~ 81.1 447 20.0 42 2.1 2092 103.2
1978 1747 79% 87.2 432 19%. 20.4 38 2% 2.0 2217 109.6
Annual ‘ ; '
Growth 12.7% 8.2% 12.1% 6.1% 13.9% 2.7% 12.6% 7.8%
NOTES:

(1) Includes residential and commercial users only, but not miscellaneous users.

; Source: Federal Energy Reqgulatory Commission, Power System Statement.
- ‘ NA: Not Available.




TABLE 5.4: RAILBELT ELECTRICITY END-USE CONSUMPTION (GWh)

‘ Commerciél—lﬁdustriaik
Year Residential ’ - Bovernment

Miscellaneous

1965 214 248 9
1966 241 ‘ . 275 8
1967 208 - - 241 8
1968 294 , 355 "
1969 339 407 1Z
1970 402 489 14
1971 478 . 555 25
1972 542 , 613 17
1973 592 698 19
1974 651 749 20
1975 790 886 28
1976 879 i 1012 26
1977 948 1117 21
1978 1029 1156 27
Average
Annual

- Growth 12.8% 12.6% B8.8%
% of Annual
Consumption
1965 45% . 53% 2%
1970 44% 54% 2%
1975 46% 52% 2%
1978 47 ; 52% 1%




TABLE 5.5: BASE CASE FORECAST (MES-GM)T (GWh)

(1) Reproduced from ISER's {_) Medium Economic Gcowth/Moderate Government Expenditure Scenario

(without price induced shift to electricity).

Utlllty‘Sales o AIT tonsuming Sectors Sales Military Self-Supplied
Glennallen- A Net Industry Net
Year Anchorage Fairbanks Valdez Total Utility Generation Generation
1980 1907 446 37 2390 334 414
1985 2438 669 64 3 334 571
1990 2782 742 75 3599 334 571
1995 3564 949 a8 4601 334 5711
2000 4451 177 102 5730 334 571
2005 5226 1397 119 6742 334 T 5N
2010 6141 1671 140 7952 334 571
Average 7
Annual Growth
Rate (%)
1980-1990 3.85 5.22 71.32 4.18 0.0 3.27
1990-2600 4.81 4.72 3.12 4.76 0.0 0.0
2000-2010 3.27 3.57 3.22 3.33 0.0 n.0
1980-2010 3.85 4.50 4.54 4.09 0.0 1.08°
NOTES:



TABLE 5.6: SUMMARY OF RAILBELTY ELECTRICITY PROJECT IONS

4 Military Net o self-Supplied
Utility Sales to All Consuming Sectors (GWh) Generation (GWh) Industry Net Generation (GWh)

' MES-CH ‘ | ' MES-GH

LEs-gL1 MES-GM with Price HES-GH1 MES-LM ' _ - MES-GM with Price
Year Bound LES-GM (Base Case) Induced Shift HES-GM Bound = (Base i ase) LES-GM ° (Base Case) Induced Shift HES-GM!
1980 2390 2390 2390 ; 2390 2390 2390 334 414 414 4 414
1985 2798 2921 3171 VA 3561 3707 334 414 571 571 847
1990 3041 3236 3599 3599 - 4282 4443 334 414 571 s 981
1995 3640 3976 - 4601 4617 5789 6317 - 334 414 571 S71 981
2000 4468 5101 5730 . - 6525 7192 8010 334 414 571 571 981
2005 4912 5617 6742 8219 9177 10596 334 414 571 ) 571 981
2010 5442 6179 7952 10142 11736 14009 334 414 571 - 571 981
Average Annual
Growth Rate (%)
1980-1990  2.44 3.08 4,18 | 4.18 6.00 6.40 0.0 0.0 3.27 3.27 %0
19902000 3.92 4.66 4,76 - 6.1 5.32  &.07 0.0 0.0 0.0 0.0 0.0
2000-2010 - 1.99 1.94 3.33 4,51 5.02 5.75 0.0 0.0 0.0 0.0 6.4
1980-2010 2.78 3.22 4.09 4.94 5.45 6.07 g.0 0.0 1.08 1.08 2.9%

NOTES:

Estimates for LES-GL
- Estimates for HES-GH

Lower Bound
~Upper Bound

Hn

Low Economic Growth

Medium Economic Growth
- High Economic Growth

Low Government Expenditure
GM = Moderate Government Expenditure
GH = High Government Expenditure

=

m

13
Hououn

(1) Results generated by Acres, all others by ISER.
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TABLE 5.7: SUMHARY~UFiRECENT PROJECTIONS OF RAILBELY ELECTRIC FOWER REQUIREMENTS {Gih)

study Number/Source -

198U

1990
Low Med High

1995

2000 IS

1.

2.

3.

4.

South Central Railbelt Area, Alaska
Interim +easibility Report: Hydro-
electric Power and Related Purposes
for the Upper oSusitna River Basin,
Alaska District Corps of tngineers,
Department of the Army, 1975.

Electric Power in Alaska 1976-1995
Institute of Social and btconomic -
Research, University of Alaska, 1976.

Alaska Electric Power: An Analysis
of Future Reguirements and Supply

Alternatives for the Rallbelt’
Reglun, Battelle Pacific Northwest

‘Usboratories, 1978.

Upper Susitna River Project Power
Market Analyses, U.S5. Department of

Enérgy, Alaska Power Administration,
1979; South Central Railbelt Area,
Alaska, Upper Susitna River Basin,
aupplemental reasibllity Report,
Lorps of Engineers, 1779 and

Phase I Technical Memorandum:
Eleciric Power Needs Assessment,

South Tentral Alaska Water
Resources Committee, 1979.

Low Med High

3020 3240 3550

{

2478 - 3877

2600 - 3400

2920 3155 3410

5470 6480 8540

5415 - 12706

8500 - 10800

4550 6110 8200

Low Med High

6656 B688 12576

§092 - 20984

10341 - 17552

5672 8175 11778

Low Med High Low Med Higin

8100 11650 18520

16000 - 22500

7070.10940 16920 8110 17770@5%823,'




TABLE 5.8: PERFURMANCE OF PAST PROJECTIDNS
_ RAILBELT ELECTRIC POwER REGUIREMENTS

Annuyal Growth Rate of Percent Errcr“

, , _ Net Energy Between in Forgeast = - =
2 , Net Energy (GWh) Forecast Year & 1980 of Growth et
© Study Year of Year of -Forpcast ‘ ; 3 Rate to

Number Publipation Forecast fqr 1980 Fﬁrecast Actual 1980 (%)

1 1975 1851 3266 M.9 .3 .+ 63

2 1976 2093 2985 9.3 5.9 4 58

3 1978 2397 3000 11.9 4.8 + 168

4

1979 2469 3155 27.2 6.5 + 328

NOTES:

{1) Net Energy figures calculated from sales plus 10 percent for lcsses
(2) Corresponds to Table 5.7. :

(3) Assuming 1980 Net Energy consisting of 2390 of sales plus 10 percent losses.
(4) Indicates overestimation. ; ;

¥
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TABLE 5.9: -FORECAST TOTAL GENERATION AND PEAK LOADS ~ TOTAL RAILBELT REGIONT

1SER,Low‘(LES-GM)2’ ' ISER.Medium~(ME5:EM) T T5ER uigh'(HES:EHT“‘““
Peak : Peak ; SR Peak
: Generation Load Generation Load - Generation Load
Year (GWh) (W) ~ (GWh) (MW), ~ (GWh) (MW)
1978 3323 606 3325 606 - 3323 606
1980 N 3522 643 3522 643 4135 753
1985 4147 757 4429 808 5528 995
1990 4503 824 4922 898 6336 1146
1995 ; 5331 977 . 6050 1105 8013 1456
2000 : 6599 1210 7327 1341 9598 1750
2005 7188 1319 ~ 8471 1551 S 11843 2158
2010 . 7822 1435 3838 1800. 14730 2683
_Percent 2.71 2.73 . 3.45 . 3.46 4.76  4.76
Growth/Yr. : :
1978-2010
'NOTES:

(1) Includes net generation from military and self-supplied industry sources.

(2) All forecasts assume moderate government expenditure.



TABLE 5.10:

1980 RAILBELT REGION LOAD AND ENERGY FORECASTS USED FOR

GENERATION PLANNING STUDIES FOR UEVELOPMENT SELECTION

LOAD CASE

Tow Flus Load

Medium

High

(1) LES-GL:
(2) LES-GL:
(3) MES-GM:
(4) HES-GH:

Management and Low
Conservation ‘ ‘ 3 -
(LES-GL Adjusted)] - (LES-GL)2 (MES-GM) (HES-GH)4
_ Load - -. Load ] 7 Load " iLoad
Year MW GWh Factor MW GWh. Factor . MW GWh . Factor My GHh Factor
1980 510 2790 62.5 510 2790 62.4 510 2790 62.4 510 2790 62.4
1985 560 3090  62.8 - 580 3160  62.4 650 3570  62.6 695 3860  63.4
1990 620 3430  63.2 640 3505  62.4 735 4030 62.6 920 5090  63.1
1995 685 381N 63.5 795 4350 62.3‘ 945 5170 62,5 42%5 - 7120 62.8
2000 755 @ 4240 63.8 950 5210 62.3 1175 6430 62.4 1670 9170‘ 62.6
2005 835 4650 64.1 1045 5790 62.2 1380 - 7530 62.3 2285 12540 62.86
2010 920 5200 64,4 1140 6220 62.2 _ 1635 8940 62.4 2900 15930 62.7
Notes:

Low economic growth/low government expenditure with load management and conseryation.
Low economic growth/low government .expenditure.
Medium sconomic growth/moderate government expenditure.
High economic growth/high government expenditure.

‘Ill' ’ ﬂ.-i' ‘-lll i.'-' ’lIIll- !II!E i!‘..’ ‘-.-ii ‘-I"“ ]..-r:".'li‘i '-I-':j‘I-..,
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TABLE 5.11: 1981 BATTELLE PNL RAILBELT REGION LOAD AND ENERGY FURECASTS USED
o - FOR GENERATION PLANNING sruolas s zcowumxc ANALYSIS AND
_SENSITIVITY ANALYSIS :

T —COAD CASE

S Medium B ~Low i oo hagh

; . Lomad -+ Load , Load

" Year MW ___GWh Factor MW __ GWh Factor MW GWh  Factor
1981 574 2893 57.5 568 2853  57.3 598 3053  58.3
1985 687 3431 57.8 642 3234 57.5 794 4231  60.8
1990 892 4456 S57.0 BO2 3999 . 56.9 1098 5703  59.3
1995 » 983 4922 57.1 849 4240 57.0 1248 6464 59.1
2000 10846 5469 ST.4 921 4641 ST.4 1439 T45T  59.0
2005 1270 6428 57.8 1066 5358 ‘57.4 1769 9148  59.0

. A s

2010 | 1537 7791 57.9 12645 63063 57.8 2165 11,435  60.3

‘Average
. Annual
Growth -
Rate(%) ‘ :

1950-2000 2.0 2.1 N 2.7 2.7
2001-2010 3.6 3.6 3.1 3.1 o 4.2 44
1981-2019 3.5 3.5 2.7 2.8 45 4.6
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6 - RAILBELT SYSTEM AND FUTURE POWER GENERATIGN UPTIONS

This section describes the process of assembling the information necessary to
carry out the systemwide generation planning studies necessary for assessment of
economic feasibility of the Susitna Project. Included is a discussion of the
existing system characteristics, the planned Anchiorage-Fairbanks intertie, and
details of various generating options including hydroelectric and thermal. Per-
formance and cost information required for the generation planning studies 1is
presented for the hydroelectric and thermal generation options considered~

Effective planning of future electric power generation sources to meet the pro-
jected needs of the Railbelt Region must address a number of concerns. Apart
from the obvious goal of planning to meet projected power and energy needs of
the region, careful consideration must be given to the trade-offs which will be
required in satisfying those needs within the constraints of technical feasi-
bility, economic necessity, acceptable environmental impacts, and social prefer-
ences. The hydroelectric potential in the Susitna River Basin is but one of the
available options for meeting future Railbelt demand.

If constructed, the Susitna Basin Development Pian would provide a major portion
of the Railbelt Region energy needs well beyond the year 2000. The generation
planning studies for the Railbelt Region which were undertaken as part of the
Susitna development selection process were an essential first step in the study
process. These studies formed the basis for optimization of project components

as well as the economic and financial feasibility assessment for this major
development.

6.1 - Basis of Study

As with the load forecasts presented in Section 5, two sets of data were avail-
able during the feasibility study. The initial set of data was developed in
support of the development selection studies, as described in more detail in
Section 8. These studies were completed in 1980 and reflected a price level
estimated at January, 1981 and data available at that time. Emphasis in that
study was placed on currently feasible, economic generating sources. Other
options, including emergency technologies of wind, solar, and bio-mass-firad

- generation were not considered. Also not considered were commercially

unavailable technologies such as gasified coal, combined cycle plants, or
natural gas fuel cells.

The information developed in the subseguent feasipility study was used to
support generation planning efforts which compared alternative developments in
the Susitna Basin, alternative developments at Watana and Devil Canyon, and
project details such as dam height, installed capacity, tunnel diameters, and
reservoir operating rules. The information on non-Susitna generation options
has been dealt with only in sufficient detail to develop representative

performance and cost data for 1nc1uswon in the alternative Railbelt system
generation scenarios.




~estimates prepared under Task 9. Generation planning studies were thus, in some

The detailed Susitna optimization studies and economic and financial feasibility
and sensitivity assessments, described in Section 18 of this report, were based,
to the maximum extent possible, on updated information. This information was
made as consistent as possible with the Battelle Pacific Northwest Laboratories
data derived in the concurrent study of Kailbelt alternatives. Information used
in Susitna generation planning studies was thus adjusted appropriately for gen-
eral consistency with Battelle data for:

!

Load forecasts;

Capital costs of alternatives;

Fuel costs and escalation; and
Escalation of capital and O&M costs.

In addition to this, Susitna capital costs were adjusted to reflect most recent

cases, based on somewhat different basic data and assumptions from those used in
the earlier development selection studies. On the other hand, a great deal of
significant data is common to both evaluations: for example, the composition of
the existing generation mix in the Railbelt, the status of the Intertie, data
for the non-Susitna hydroelectric alternatives, and the selected non-Susitna
thermal alternatives. The differences in data values used in the development
selection studies are not considered to be large enough to have significantly
affected the conclusions of those studies. Thus, the current Susitna feasibil-
ity assessment as presented in Section 18 is also considered to be valid.

6.2 - EkiSting System Characteristics

(a) System Description

The two major load centers of the Rajlbelt Region are the Anchorage-Cook
Inlet area and the Fairbanks-Tanana Valley area (see Figure 6.1). At pre-
sent, these two areas operate independently. The existing transmission

- system between Anchorage and Willow consists of a network of 115 kV and 138

kV Tines with interconnection to Palmer. Fairbanks js primarily served by
a 138-kV line from the 28-MW coal-fired plant at Healy. Communities be-
tween Willow and Healy are served by local distribution. :

There are currently nine electric utilities (including the Alaska Power
Administration) providing power and energy to the Railbelt system.

Table 6.1 summarizes the total generating capacity within the Railbelt Sys-
tem in 1980, based on information provided by Railbelt utilities and then
reliable sources. This information has been subjected to minor adgustments
compared with that used in the development selection studies so as to main-
tain consistency with Battelle alternatives study data.

Table 6.2 presents the resuiting deta11ed listing of units currently oper-
ating in the Railbelt, information on their performance characteristics,
and their online and assumed retirement dates.

With the exception of two hydroelectric plants, the total Raﬁ]beit instal-
led capacity of 984 MW as of 1980 consists of 938 MW of thermal generation
| units fired by oi], gas, or coal, as summarized in Table 6.3.
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(b)

(c)

Schedule Retirements

In order to establish a retirement policy for the existing generating
units, several sources were consulted, including the APA draft feasibility
study guidelines, FERC guidelines, Battel]e s study, and historical
records. Utilltwes particularly those in the Fairbanks area, were also

consulted. Based on the above, the following retirement per1ods of opera-
tion were adopted for use in this study:

- Large Coal-Fired Steam Turbines (> 100 MW): 30 years
- Small Coal-Fired Steam Turbines (< 100 MW): 35 years

- Q0il-Fired Gas Turbines: 20 years
- Natural Gas-Fired Gas Turbines: 30 years
- Diesels: \ 30 years
- Combined Cycle Units: 30 years
- Conventional Hydro: | 50 years

~Table 6.2 lists the retirement dates for each of the current generating

units based on the above retirement policy.

Schedule of Additions

Six new projects are currently expected to be committed within the Raiibelt
system. The CEA is in the process of adding gas-fired combined-cycle
capacity in Anchorage at a plant called Beluga No. 8. When complete, the
total plant capacity will be 178 MW, but the plant will encompass existing
Units 6 and 7. Chugach is also p]annlng a 26.4 MW gas turbine rehabilita-
tion at Bernice Lake No. 4 in 1982. For study purposes, this plant is
assumed to come on line in January, 1982.

The COE is currently in the post-authorization planning phase for the
Bradley Lake hydroelectric project located on the Kenai Peninsula. As cur-
rently envisaged, the project includes 90 MW of installed capacity and
would produce an annual average energy of 350 Gwh. For study purposes, the

- project is assumed to come on line in 1988.

Three other units are also scheduled or have been added to the system since
1980. Anchorage Municipal Light and Power Department is adding a 90 MW gas
turbine in 1982 called Bernice Lake No. 4. Copper Valley Electric Associa-
tion is operating the new 12 MW Solomon Gulich Hydroelectric Project.
Finally, the 7 miW Grant Lake hydroelectric project is undergoing plannlng
for addition to the system in 1988 by the APA.

6.3 - Fairbanks - Anchorage Intertie

Engineering studies have been undertaken for construction of an intertie between
the Anchorage and Fairbanks systems. As presently envisaged, this connection
will involve a 345-kV transmission line between Willow and Healy scheduled for
complietion in 1984. The Tine will continually be operated at 138 KV with the
capab111ty for expansion as the loads grow in the load centers.

Based on these evaluations, it was‘concluded that an 1nterconnected system
should be assumed for all the generation planning studies outlined in this

report, and that the basic 1ntert1e.fac111t1es wou1d be common to all generation

scenarios considered.
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From this point, costs of transmission facilities were added to the scenarios,
as necessary for each unit added. In the "with Susitna" scenarios, the costs of

adding circuits to the intertie corridor were added to the Susitna project cost.

For the non-Susitna units, transmission costs were added as follows:

- No costs were added for combined-cycle or gas-turbine units, as they were
assumed to have sufficient siting flexibility to be placed near the major
transmission works;

- A multiple coal-fired unit development in the Beluga fields was estimated to
have a transmission system with equal security to that planned for Susitna,
costing $220 million. This system would take power from the bus back to the
existing load center; and

- A single coal-fired unit development on the Nenana area, using coal mined in

the Healy fields, would requ1re a transmission system rost1ng $117 million
dollars.

With the addition of a umit in the Fairbanks area in the 199055 no additions to
the 345 kV line were considered necessary. Thus, no other transmission changes
were made ito the non-Susitna plans.

6.4 - Hydroelectric Options

Numerous studies of hydroelectric potential in Alaska have been undertaken.
These date as far back as 1947, and were performed by various agencies including
the then Federal Power Commission, the COE, the USBR, the USGS and the state of
Alaska. A significant amount of the identified potential is located in the
Railbelt Region, including several sites in the Susitna River Basin.

As discussed earlier in this section, feasibility assessment of the selected
Susitna Basin DeveXopment Plan is based on comparisons of future Railbelt power
generat:on scenarios with and without the project. An obvious "without Susitna"
scenaric is one which includes hydroelectric developments outside the Sustina
Basin. The plan formulation and selection methodology discussed in Section 1
has been applied in the development of Railbelt generation plans which include
and exclude Susitna. Thoso plans which involve the Susitna Project are dis-
cussed in detail in Sections 7 and 8. "Those plans which incorporate hydro-

~electric developments studied during the development selection phase other than

Susitna are discussed in this section.

(a) Assessment of Hydro Alternatives

‘Tne application of the five-step methodology for selection of non-Susitna

~plans which incorperate hydrcelectric developments is summarized in this
section. Step 1 of this process essentially established the overall objec-
tive of the exercise as the seleciion of an optimum Railbelt ceneration

plan which incorporated the proposed non- Susitna hydroe]ectr1c deve‘opmentsk

for comparlson with other plans.

Under Step 2 of the selection process, all feasible candidate sites were
~identified for inclusion in the subsequent screening exercisa. A total of
- 91 potential sites (Figure 6.3) were obtained from inventories of potential

sites published in the COE National Hydropower Study and the APAd report

"Hydroelectric Alternatives for the Alaska Railbelt.".
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(b)

- Greater than 100 MW: 8 sites. S -

Screening of Candidate Sites

The screening of sites required a total of four successive iterations to
reduce the number of alternatives to a manageable short list. The overall
objective of this process was defined as the selection of approximately 10
sites for consideration in plan formulation, essentially on the basis of
published data on the sites and appropriately defined c¢riteria. The first
jteration in this process was based on a coarse screen in which sites which
were considered technically infeasible or not economically viable were re-
jected. For this purpose, economic viability for a site was defined as
energy production costs less than 50 mills per kWh, based on economic para-
meters. This value was considered to be a reasonab]e upper Tlimit ceas1s»

'tent with Sus1tna Basin alternatives (See Section 8).

Energy production costs were derived for each site considered, using the
capital cost data published in the cited reports updated to 1980 levels,
and using published cost escalation data and an appropriate contingency
allowance. Annual costs were derived on the basis of a 3 percent cost of
money, net of general inflation. Allowances for operation and maintenance
costs were also included in these estimates. For this initial screening
process, the reported erergy yield data for each site were then used as a
basis for estimating annual energy production costs in mills per kln.

As a result of this screen, 26 sites were rejected and the remaining 65
sites were subjected to a second iteration of screening. The additional
criteria established for this screening were environmental in nature.

Based on data published in the COE and APAd reports, reJect1on of sites
occurred if:

- They would cause significant impacts within the boundaries of an existing
National Park or a proclaimed National Monument area; or

~ They were located on a river in which:

. Anadromous fish are known to exist;

. The annual passage of fish at the site exceeds 50,000; or |

. A confluence with a tributary occurs upstream from the site in which a
major spawning or fishing area is located.

As a resuTt of this screen, 19 sites were rejected and the rema1n1ﬁg 46
sites were subjected to a third iteration of economic and env1ronne@ta1

screening. At this stage in the selection process, adjustments wers made

to capital and energy production costs for each site to take into actount
transmission line costs necessary to link each site to the Anchorage-
Fairbanks intertie. A representative list of 28 sites was thus derived by
Jjudgmental elimination of the more obviously uneconomic or less environ-
menta]]y acceptab]e sites. These sites were then categorized into sizes as

follows:
- Less thanf25 MH: 5 sites;
- 25 MW to 100 MW: 15 sites; and




The “fourth and final screen was then performed in which a more detailed
numerical environmental assessment was made. Eight evaluation criteria

were utilized:

- Impact on big game;

- Impact on agricultural potential;

- Impact on waterfowl, raptors, and endangered species,

- Impact on anadromous fish;

- Restricted land uses;

- Impact on wilderness areas;

- Impact on cultural, recreational, and scientific resources, and
- Impact generated by access.

The above environmental ranking criteria were assigned numerical weights,
and scale ratings for each site and each criterion were developed using

available data. Total scores were then calculated for each site by summing |

the products of the weight and scale ratings.

This process allowed the number of sites to be reduced to the ten sites

Plan Formulation and Evaluation

In Step 4 of the plan selection process, the ten sites shortlisted under
Step 3 were further refined as a basis for formulation of Railbelt genera-

tion plans. Engineering sketch-type layouts were produced for each of the

sites, and-quantities and capital costs were evaluated. These costs,
listed in Table 6.4, incorporate a 20 percent allowance for contingencies
and 10 percent for engineering and owner's administration. A total of five

plans were formulated incorporating varjous combinations of these sites as
input into the Step 5 evaluations.

Power and energy values for each of the developments were reevaluated in
Step 5 utilizing monthly streamflow and a computer reservoir simulation
model. The results of these calculations are summarized in Table 6.4.

The essential objective of Step 5 was established as the derivation of the
optimum *plan for the future Railbelt generation incorporating non-Susitna
hydro generation as well as required thermal generation. The methodology
used in evaluation of alternative generation scenarios for the Railbelt is
discussed in detail in Section 8. The criteria on which the preferred plan
was finally selected in these activities were least present-worth cost
based on economic parameters for development selection established in
Section 8.

The selected potential non-Susitna Basin hydro developments (Table 6.4)
were ranked in terms of their economic cost of energy. They were then in-
troduced into the all-thermal generating scenario during the planning an-
alyses (see Section 6.5), in groups of two cr three. The most economic

schemes were introduced first and were followed by the less economic
schemes.




~ The results of these analyses are summarized in Table 6.5 and illustrate

~that a minimum total system cost of $7040 million can be achieved by the
introduction of the Chakachamna, Keetna, and Snow projects (See also Figure
6.4). HNote that further studies of the Chakachamna project were initiated
in mid-1981 by Bechtel under contract to the APA. This study is producing
costs and project concepts different from the ones presented here.

Additional sites such as Strandline, Allison Creek, and Talkeetna-2 can
also be introduced without 51gn1f1cant1y changing the economics, and would

be beneficial in terms of displacing non- renewab]e gnergy resource consump-
tion. , ;

6.5 - Thermal QOptions - Development Selection

As discussed earlier in this section, the major portion of generating capability
in the Railbelt is currently thermal, principally natural gas with some coal and
oil-fired installations. There is no doubt that the future electric energy de-
mand in the Railbelt would teninically be satisfied by an all-thermal generation
mix. In the following paragrszns, an outline is presented of studies undertaken
to determine an appropriate all- thermal generation scenario for comparison with

- other scenarios in Section 8. These comparisons were used in selecting the

Susitna development and in establishing preliminary economic feasibility,
Information developed during later studies by Battelle and Acres used for eco-
nomic analysis is presented in Section 6.5.

(a) Assessment of Thermal Alternatives

The plan formulation and selection methodo1ogj discusSed in Section 1 has
been adopted in a4 modified form to develop the necessary all-thermal gener-
ation plans (see Figure 6.5). The overall objective established in Step 1

is the selection of an optimum all-thermal Railbelt generat1on plan for
comparison with other plans.

In Ster 2 of the selection process, consideration was given to gas, ceoal,
and oil-fired generation sources only from the standpoint of technical and
gconomic feasibility. The broader perspectives of other alternative
resources and the relevant environmental, social, and other issues involved
are being addressed in the Battelle alternatives study.

This being the case, the Step 3 screening process was therefore considered
unnecessary in this study, and emphasis was placed on selection of unit
sizes appropriate for inclusion in the generation planning exercise. Thus,
for study purposes the following types of thermal power generation units
were considered: ‘

Coal-fired steam;
Gas-fired combined-cycle;
Gas-fired gas turbine; and
Diesel.

To formulate plans 1ncorporat1ng these alternatives it was necessary to
develop capital cost and fuel cost data for these units and other “elated
operat1ona] character1st1cs




(b) Coal- F1red Steam

Aside from the military power plant at Fort wannwr1ght and the self-
supplled generation at the Un1ver51ty’of Alaska, there are currently two
coal-fired stean plants in operatlon in the Railbelt (see Table 6.1).

These plants are small in comparison with new un1ts under consideration in
the lower 48 states and in Alaska.

(1)

(11)

Capital Costs

' Based on the general magnitude of the Railbelt load requirements,

. incorporate provision for installation of flue gas desulfurization

three coal-fired unit sizes were chosen for potential capacity addi-
tions: 100, 250, and 500 MW. A1l new ccal units were estimated to
have an average heat rate of 10,500 Btu/kWh and invoive an average
construction period of five to six years. Capital costs and operat-
ing parameters are defined for coal and other thermal generating
plants in Table 6.6. These costs include a 16 percent contingency,
a 10 percent allowance for construction facilities and utilities,
and 12 percent for englneer1ng and owner's administration. The
costs were developed using published data for the lower 48 states
and approprxate Alaska scaling factors based on studies conducted by
Battelle. It is unllkely that a 500-MW plant will be proposed in
the Fairbanks region because forecasted demand there is insufficient
to justify placing this much capacity online at one time. There-
fore, costs for such a plant at Fairbanks are not included.

To satisfy the national New Performance Standards, the capita? costs

for sulphur control, nighly efficient combustion technology for con-
trel of nitrogen acids, and baghouses for particulate removal.

Fuel Costs

"and Idaho. Specified price escalation rates pertaining to the

This compcsite rate has been assumed to apply to the 1995-2005

The total estimated coal reserves in Alaska are shown in Table 5.7.
Projected opportunity costs for Alaskan coal range from $1.00 to
$1.33 per million Btu. A cost of $1.15 was selected as the base
coal cost for generation planning (see Table 6.8). The markei price
for coal is currently within the same general cost range as the
indicated opportunity cost.

Real growth rates in coal costs (excluding general price inflation)
are based on fuel escalation rates developed by the Department of
Energy (DOE) in the mid-term Energy Forecasting System for DOE
Region 10 which includes the states of Alaska, Washington, Oregon,

industrial sector were selected to reflect the bulk purchasing
advantage of utilities more accurately than equivalent rates
pertaining to the commercial and residential sectors. A composite
annual escalation rate of 2.93 percent has been computed for the
period 1980 to 1995 from the five yearly values given by the DOE.

period as suggested by the DOE. Beyond 2005, zero real growth in
the coal price is assumed. | , |
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(c)

(d)

(iii) Other Performance Characteristics

Annual operation and maintenance costs and representative forced
outage rates are shown in Table 6.6.

Combined Cycle

A combined cycle plant is one in which electricity is generated partly in a

gas turbine and partly in a steam turbine cycle, Combined cycle plants

achieve higher efficiencies than conventional gas turbines. There are two
combined cycle plants in Alaska at present. One is operational and the
other is under construction (see Table 6.1). The plant under construction
is the Beluga #9 un’t owned by Chugach Electric Association (CEA). A 60-MW
steam turbine will be added to the system sometime in 1982.

(i) Capital Costs

A new combined cycle plant unit size of 250-MW capacity was con-
sidered to be representative of future additions to generating cap-
ability in the Anchorage area. This is based on economic sizing for

plants in the lower 48 states and projected Toad increases in the
Railbelt. A heat rate of 8,500 Btu/kWh was adopted based on techni-
%a1 pgb}ications issued by the Electric Power Research Institute
EPRI).

The capital cost was estimated using the same basis and data sources
as for the coal-fired steam plants and is listed in Table 6.6.

(i) Fuel Costs

The combined cycle facilities would burn only gas with the opportun-
ity value ranging from $1.08 to $2.92 per million Btu. A gas cost
of $2.00 was chosen to refiect the equitable value of gas in Anchor-
age, assuming development of the export market. Currently, the
local incremental gas market price is about half of this amount due
to the relatively light local demands and limited facilities for
export. : ‘

Using an approach similar to that used for coal costs, a real annual
growth rate in gas costs of 3.98 percent was obtained from the DOE
studies for, 1980 to 2005. Zero percent was assumed thereafter.

(iii) Other Performance Characteristics

Annual operation and maintenance costs, along with a representative
forced outage rate, are given in Table 6.6.

Gas-Turbine

Gas turbines are by far the main source of thermal power generating
rescurces in the Railbelt area at present. There are 470 MW of installed
gas turbines operating on natural gas in the Anchorage area and approxi-
mately 168 MW of oil-fired gas turbines supplying the Fairbanks area {see
Table 6.1). Their low initial cost, simplicity of construction and
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(e)

and operation, and re?ativeiy‘short implementation lead time have made them

attractive as a Railbelt generating alternative. The extremely low-cost
contract gas in the Anchorage arca also has made this type of generating
facility cost-effective for the Anchorage load center,

(i) Capital Costs

A unit size of 75 MW was considered to be representative of a modern
gas turbine plant addition in the Railbelt region. However, the
poss1b111ty of installing gas turbine units at Beluga was not con-
sidered, since the Beluga development is at this time primarily
beingvconsidered for coal.

Gas turbine plants ¢an be built over a two-year construction period
and have an average heat rate of approximately 12,000 Btu/kWh. The
capital cost was evaluated using the same data source as for the
coalfired plants and incorporates a 10 percent allowance for con-
struction facilities and 14 percent for engineering and owner's

administration. This cost includes provision for wet control of air
emissions. '

(ii) Fuel Costs

Gas turbine units can be operated on 0il as well as natural gas.
The opportunity value and market cost for oil are considered to be
equal, at $4.00 per million Btu. Real annual growth rates in oil
costs were developed as described above and amounted to 3.58 percent
for the 1680-2005 period and zero percent thereafter.

(iii) Other Performance Characteristics

Annual operation and maintenance costs and forced outage rates are

shown in Table 6.6.

Diesel Power Generation

Most diesel plants in the Railbelt today are on standby status or are oper-
ated only for peak load service. Nearly all the continuous duty units were
retired in the past several years because of high fuel prices. About 65 MW
of diesel plant capacity is currently available.

(i) Capital Costs

‘The high cost of diesel fuel and Tow capital cost makes new diesel
plants most effective for emergency use or in remote areas where

small loads exist. A unit size of 10 MW was selected as appropriate

for this type of facility. The capital cost was derived from the
same source as given in Table 6.6 and includes provision for a fuel
injection system to minimize air pollution. :

(i1) Fuel Costs

Diesel fuel costs and growth rates are the same as 01] costs for gas
turbines.
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(iii) Other Performance Characteristics

Annual operation and maintenance and the forced outage rate is given
~in Table 6.6.

(f) Plan Formulation and Evaluation

- The six candidate unit types and sizes developed under Step 2 were used to
formulate plans for meeting future Railbelt power generation requirements
in Step 4. The gbjective of this exercise was defined as the formulation

of appropriate plans for meeting the project Railbelt demand on the basis
of economic preferences.

Two different cases of natural gas consumption policy were considered in
formulating plans. The first, called the "renewal" policy, allowed for the
renewal of natural gas turbines at the end of their economic lives, antici-
pating the possible exemptions that utilities may obtain from the Fuel Use
Act (FUA). The secornd policy, called the "no renewals" policy, assumed
that the utilities would not be allowed to reconstruct plants as they are
retired and that they would only be allowed to construct new plants with
not more than 1,500 hours of annual operation.

In the subsequent Step 5 evaluation of the two basic plans, the OGP5 gener-
ation planning model was utilized to develop a least cost scenario incor-
porating the necessary coal, oil, and gas-fired generating units. The
results for the very low, low, medium, and high load forecasts are summar-
ized in Table 6.5. They indicate that for the medium forecast the total
system present worth cost is slightly higher than $8,100 million.

As illustrated by the results displayed in Table 6.5, these two policies
have very similar economic impacts. The difference in present-worth costs
for the medium forecast amounts to only $20 million. For purposes of this
study, therefore, it is assumed that the "no renewals” policy is more
appropriate and is used to be representative of the all-thermal gene?at1on
scenario. Figure 6.6 illustrates this all-thermal generating scenario

graphically. These results were used as a comparison for deve]opmeaa sel-
ection as described in Section 8.

6.6 - Thermal Options - Economic Analysis

During the final stage of study, a revised set of data was available for the
selected Susitna project analysis. Much of these data was taken directly from
the Battelle Pacific Northwest Laboratories independent Railbelt Alternatiwves
study. The findings of this study are reasonably consistent with the findings
of the pre11m1nary studies presented in Section 6.4. The information presented

in this section is in support of the non-Susitna option presented in Sectten
6.6.

As a result of the Battelle study, it was found that in their base case, the

~most likely thermal generating opportunities would be coal-fired steam electric

plants, natural gas-fired combined-cycle plants, and gas-fired combustion
turbines. In addition, there are several hydropower nlants which would be
possible. '
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(a) Coal-Fired Steam Plants

A detailed cost study was done by Ebasco Services Incorporated as part of
Battelle's Alternative study. The report found that it was feasible to
site a plant at either the undeveloped Beluga field or near Nenana, using
Healy field coal. The study produced costs and operating characteristics
for both plants. Unit size was set at 200 MW. Details of the units are
listed in Table 6.6. .

It was found that, rather than develop solely at one field in the non-
Susitna case, development would be likely to take place in both fields.
Thus, one unit would be developed near Nenana to service the Fairbanks load
center, with other units placed in the Beluga fields.

Fuel costs based on long-term opportunity values were set at $1.43/MM Btu

for Beluga field coal and $1.75/MM Btu for Healy coal to be used at Nenana.
Real escalation on these values was estimated as follows:

1982-2000 2001-2010

Beluga/Coal 2.6% 1.2%
Healy Coal at Nenana 2.3% 1.1%

Details of the fuel cost information are included in Section 16 of this
report.

(b) Combined Cycle and Gas Turbines

The Battelle study also produced a cost estimate for combined cycle plants
which would be located near the Railbelt gas reserves near Cook Inlet. The
combined cycle plant would be similar to that envisaged by the preliminary
Acres study, but would have a heat rate of 8,000 Btu/kWh (as compared to
8,500 Btu/kWh). The estimated capital costs were significantly higher.

- Gas turbines, 1ike combined-cycle plants, had higher costs in the Battielle
study than the Acres study, but lower heat rates (10 000 as compared to
10,500 Btu/kWh).

6.7 - Without Susitna Plan

In order to analyze the economics of developing the Susitna project, it is nec-
essary to analyze the costs of meeting the projected Alaska Railbelt lcad fore-
cast with and without the project. Thus, a plan using the identified components
in Section 6.5 was developed. The basic tool used in identifying this plan was
a computerized generation planning model, Optimized Generation Planning (QGP),
Yersion 5. The model simulates production costs of meeting electrical demand,
given inputs of available generating resources, costs of fuel, characteristics

of plants, and potential new plants Details on the model are presented in
Appendix A. ’

Using the system model, a base case "without Susitna" plan was structured based
on middle range projections. The base case input to the model included:
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- Battelle's middle range‘forecast from Section 5.6
- Fuel cost as specified in Section 18.1;

- Coal-fired steam and gas-fired camblned -cycle and combustion turbine units as
future additions to the system;

- Costs and characteristics of future additions as specified in Section 6. 5;

- The existing system as specified in Section 6.1 and schedu}ed commi tments of
Table 6.3;

- Middle range fuel escalation as specified in Section 18.1;

- Economic parameters of three percent interest and zero percent general 1n:1a-
tion;

- Real escalation on operation and maintenance and capital costs at a rate of
1.8 percent to 1992 and 2 percent thereafter; and

- Generation system reliability set to a loss of load probability of one day in

ten years. This is a probabilistic measure of the inability of the generating
system to meet projected load. One day in ten years is a value generally
accepted in the industry for V planning generation systems,

The model was initially to be operated for a period from 1982-2000. It was
found that, under the medium load forecast, the critical period for capacity
addition to the system would be in the winter of 1992-1993. Until that time,
the existing system, given the additions of the planned intertie and the planned
units, appear to be sufficient to meet Railbelt demands. Given this

v_1nf0rmat10n, the period of plan development using the model was set as

1993-2010.

The following plan was established as the non-Susitna Railbelt base plan:

Existing System as of January, l§93:
Remainder of Existing System Plus Committed Additions: 1190 MW

Coal-fired steam: 59 MW
Natural gas GT: 452 MW
0il GT: | 140 MW
Diesel: | 67 MW
Natural gas CC: 317 MW
Hydropower: | 155 MW

System additions:

1993: First 200 MW coal-fired plan at Beluga field
1994: Second 200 MW coal-fired plant at Beluga field
1996; 200 MW coal-fired plant near Nenana using Healy coal
1997: 70 MW gas-fired gas turbine

1998: 70 MW gas-fired gas turbine

2001: 70 MW gas-fired gas turbine

2003: 70 MW gas-fired gas turbine

2004: 70 MW gas-fired gas turbine

2005: Two 70 MW gas-fired gas turbines

2006: One 70 MW gas-fired gas turbine

2007: Third 200 MW coal-fired unit at Beluga

2009: One 70 MW gas-fired gas turbine

Total system o |
additions: 800 MW coal-fired steam electric plants
o 630 MW gas-fired combustion turbines
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System as of 2010 (accounting for retirements and additions):

Coal-fired steam: 813 MW
Natural gas GT: 746 MW
0il GT: 0 MW
Diesel: 6 MW
Natural gas CC: 317 MW
Hydropower: 155 MW
TOTAL 2037 MW

The system costs attributable-to #his plan are discussed-in Section 18.2. There
is one particularly important assumption underlying the plan. The costs associ-
ated with the Beluga development are based on the opening of that ccal field for
commercial development. That development is not a certainty now and is somewhat
beyond the control of the state, since the rights are in the hands of private
interests. Even if the seam is mined for export, there may be some environmen-
tal problems to overcome. The greatest problem will be the availability of
cooling water for the units. This problem would be particularly severe with the
development of several units. The problem could be solved in the “"worst" case
by using the sea water from Cook Inlet as cooling water. Tnis solution would
add significantly to project costs.

Two alternatives which Battelle included in their base plan which have not been
included in this plan are the Cnakachamna and Allison Creek hydroelectric
plants. The Chakachamna plant is currently the subject of a feasibility study
by the APA. The current plan would develop a 330 MW plant at a cost of $1.45
billion at January, 1982 price levels. The plant would produce nearly 1500 GWh
on an average annual basis. Due to some current questions regarding the
feasibility of the Chakachamna plant, it has not been included in the

non-Susitna plan. It has been checked, however, on the sensitivity analysis
presented in Section 16.2.

The Allison Creek hydroelectric project was included on the non-Susitna base
plan by Battelle. It has not been included in this base plan due to its high
costs, $125/MWh (1981 dollars). |
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TABLE 6.1: TOTAL GENERATING CAPACITY WITHIN THE RAILBELT SYSTEM

Railbelt Utility

Abbreviations ; Installed Capacity1
AMLPD Anchorage Municipal Light & Power 221.6
Department
CEA Chugach Electric Association 395.1
GVEA Golden Valley Electric Assaciation 224.6
FMUS Fairbanks Municipal Utility System 68.5
CVEA Copper Valley»Electric Association 19.6
MEA Matanuska Electric Aséociation 1.9
HEA Homer Electric Associatioﬁ 2.6
SES Seward Electric System 5.5
APAd Alaska Power Administration 30.5
Uof A University of Alaska 18.6
TOTAL |  984.0

(1) Installed capacity as of 1980 at 0°F



TABLE 6.2: GENERATING UNITS WITHIN THE RAILBELT - 1989

Ralibelt ' atation Unit Unit Installation Heal Kate Installea —
Utility : Name No.  Type Year (Btu/kWh) Capacity (MW) Fuel Type Retirement Yasur
“Anchorage Municipal AMLPD 1 GI 1962 14,000 : 16.3 NG 1992
Light & Power AMLPD 2 GT 1964 14,000 16.3 NG 1994
Department AMLPD 3 GT 1968 14,000 18.0 NG 1998
AMLPD 4 GT 1972 12,000 32.0 NG 2002
(AMLPD) G.M. Sullivan 5,6,7 cc 1979 ‘ 8,500 139.0 NG 2011
Chugach Beluga 1 GT . 1968 15,000 ' 16.1 NG 1998
Electric Beluga 2 GT 1968 15,000 16.1 NG 1998
Association (CEA) Beluga 3 GT - 1973 10,000 53.0 , NG 2003
Beluga 5 GT 1975 15,000 58.0 NG 2005
Beluga 6 GT 1976 15,000 68.0 NG 2012
Beluga 7 GT 1977 15,000 68.0 NG 2012
Bernice Lake 1 GT 1963 23,440 8.6 : NG . 1993
2 GT 1972 23,440 18.9 : NG 2002
3 GT 1978 23,440 26.4 NG 2008 ¢
International
Station 1 Gl 1964 40,000 14.0 NG 1994
2 GT 1965 - 14.0 NG 1995
3 GT 1970 - 18.0 NG 2000
Copper Lake 1 HY 1961 el 16.0 ’ — 2011
Golden Valley Healy 1 ST 1967 11,808 25.0 ~ Coal 2002
Electric 2 iC 1967 14,000 2.8 0il 1997
Association North Pole 1 GT 1976 13,000 65.0 0il 1996
(GVEA) 2 - GT 1977 ’ 13,500 65.0 . 0il 1997
Zehander 1 GT 1971 14,500 18.4 0il 1991
2 GT 1972 14,500 17.4 0il 1992
3 GT 1975 14,900 - 3.5 0il 1995
4 GT 1975 14,900 3.5 0il : 1995
5 Ic 1965 14,000 3.5 0il 1995
6 IC 1965 14,000 3.5 0il ; 1995
7 IC ' 1965 14,000 3.5 0il 1995
8 IC 19465 14,000 3.5 0il 1995
9 1C 1965 14,000 3.5 0il 1995
10 IC - 1965 14,000 3.5 0il 1985
Fairbanks Chena 1 ST 1954 14,000 5.0 . Coal- 1589
Municipal 2 ST 1952 ; 14,000 2.5 Coal. 1987
Utility , 3 ST 1952 14,000 1.5 Coal 1987
System {FMUS) 4 GT 1963 16,500 7.0 -0il , 1993
5 ST - 1970 14,500 21.0 Coal 2005
6 GT 1976 12,490 23.1 0il 1997
FMUS 1 - IC . 1967 11,000 2.8 0il 1997
2 = IC 1968 11,000 2.8 0il 1998
3 IC 1968 11,000 2.8

S0l - 1998



[ABLE 6.2 (Continued)

CC = Combined cycle
HY = Conventional hydro
ICT = Internal combustion
8T = Steam turbine

= Natural gas
NA = Not available

*This value judged to be unrealistic For 1arne range plannlng and therefore is adjusted to
15,000 for generation planning studies.

Railbelt Station Unit Unit  Installation Heat Rate Installed ,
Utility Name  No. Type Year (Btu/kWh) Capacity (MW) Fuel Type Relirement Yemr
Homer Electric Homer : )
Association Kenai 1 ic 1979 15,000 0.9 0il 2009
(HEA) Pt. Graham 1 IC 1971 15,000 0.2 0il 2001
Seldovia 1 IC 1952 15,000 0.3 0il 1982
2 1c 1964 15,000 0.6 0il 1994
3 IC 1970 15,000 0.6 0il 2000
University of University 1 ST 1980 >12,000 1.5 Coal 2015
Alaska (U of A) University 2 ST 1980 12,000 1.5 Coal 2015
University 3 ST 1980 12,000 10.0 Coal 2015
- University 1 IC 1980 10,500 2.8 0il 2011
University 2 1C 1980 10,500 2.8 0il 2011
Copper Valley CVEA 1-3 ic 1963 10,500 1.2 Dil 1993
Electric CVEA 4-5 IC 1966 10,500 2.4 0il 1996
Association (CVEA) CVEA 6-7 1 1976 10,500 5.2 0il 2006
CVEA 1-3 ic 1967 10,500 1.8 0il 1997
CVEA 4 IC 1972 10,500 1.9 0il -2002
CVEA 5 IC 1975 10,500 1.0 0il 2005
CVEA 6 IC 1975 10,500 2.6 0il 2005
CVEA 7 GT 1976 14,000 3.5 0il 1996
Matanuska Elec. Talkeetna 1 Ic 1967 15,000 0.9 0il 1997
Association (MEA) ‘
Seward Electric SES 1 1C 1965 15,000 1.5 il 1995
System (SES) 2 IC 1965 15,000 1.5 0il 1995
_ 3 1 1965 15,000 2.5 Dil 1995
Alaska Pawer - Eklutna - HY 1955 - 30.0 - 2005
Administration ' :
(APAd)
TOTAL 984.0
" Notes:
61 = Gas turbine




TABLE 6.3: SCHEDULE OF PLANNED UTILITY ADDITIONS (1980-1988)

Avg. Energy

Utility  Unit Type MW Year (GHh)
CVEA Solomon Sulch HY 12 1981 55

CEA Bernice Lake #4 6T 26.4 1982 g
AMLPD AMLPD T GT  90.0 1982 --

CEA Beluga #6,7,8 ce 42% 1982 -

COE Bradley Lake Hydro 90.0 1988 -
vAPA Grant Lake Hvdro 7.0 1988 33
TOTAL o | _267.4

* New Unit No. 8 will encompass Units é and 7, each rated
at 68 MW. Total new station capacity will be 178 MW.
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TABLE 6.4: OPERATING AND ECONOMIC PARAMETERS FOR SELECTED HYDROELECTRIC PLANTS

Max. ; Average (1981 $) Economic?
Gross Installed Annual Plant Capit§l .. Cost of

7
%,

LA B A e g

(1) Including engineering and owner's administrative costs but excluding AFDC.

(2) Including IDC, Insurance, Amortization, and Operation and Maintenance Costs.
(3) An indepedent study by Bechtel has proposed an installed capacity of 330 MW,
1500 GWh annually at a cost of $1,405 million (1982 dollars), including IDC.

Head Capacity Energy Factor Cosg Energy
Na.  Site River - Ft. (MW) (Gwh? (%) ($10°)  ($/1000 Kwh)
1 Snaw Snow 590 50 220 50 255 45
2 Bruskasna Nenana 235 30 140 53 238 13
3  Keetna Talkeetna 330 100 395 45 463 73
4 Cache Talkeetna 310 50 220 51 564 100
5 Browne Nenana 195 100 410 47 625 59
6 Talkeetna-2 Talkeetna 350 50 - 215 50 500 90.
7  Hicks Matanuska 275 60 245 46 529 84
8 Chakachamna3 Chakachetna 945 500 1925 44 1480 30
9 Allison Allison Creel 1270 8 33 47 54 125
10  Strandline ‘
Laks Beluga 810 20 85 49 126 115
Notes:



TABLE 6.5: RESULTS OF ECONOMIC ANALYSES OF ALTERNATIVE GENERATION SCENARIOS

Inatalled Capacilty (MW) by ~Total System  lotal System
. Cateqory in 2010 Installed Presanit Worth
Generation Scenario 0GP5 Run Thermal , ~ Hyaro Capacity in Cost -~
Type Description Load Forecast Ie. No. Coal Gas 011 2010 {MW) ($10%)

All Thermal No Renewals Very Low! L8T7 500 426 90 144 1160 4R

No Renewals Low L7E1 - 700 300 40 144 1385 S59%h

With Renewals Low L2C7 600 657 30 144 1431 S9:41h

No Renewals Medium LME1 900 801 50 144 1895 81358

With Renewals Medium LME3 900 807 40 144 1891 aTin

No Renewals High LIF7 2000 1176 50 144 3370 13528

With Renewals High L2E9 2000 576 130 144 3306 136510

No Renewals - Probabilistic LOF3 1100 1176 160 144 3120 8321
Thermal Plus No Renewals Plus: Medium L7w1 600 576 70 744 1990 a 70863
Alternative Chakachamna (500)2-1993 |
Hydro Keetna (100)-1997

No Renewals Plus: Medium LFL7 700 501 10 894 2005 7043

Chakachamna (500)-1993

Keetna (100)-1997

Snow (50)-2002

No Renewals Plus: Medium LWP7 500 576 60 X 822 1958 7064

Chakachamna (500)-1993

Keetna (100)-1996

Strandline (20),

Allison Creek (8),

Snow (50)-1998

"No Renewals Plus: Medium LXF1 700 426 30 822 1978 704%

Chakachamna (500)-1993 : .

Keetna (100)-1996

Strandline (20),

Allison Creek (8),

Snow (50)-2002 ‘

No Renewals Plus: Medium L403 500 576 30 922 2028 7088

Chakachamna (500)~1993
Keetna (100)-1996
Snow (50), Cache (50),
Allison Creek (8),
Talkeetna-2 (50),
Strandline (20)-2002

Notes:

(1) Incorporating load management and conservation.
(2) Installed capacity.
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TABLE 6.6: éUMMARY OF THERMAL GENERATING RESOURCE PLANT PARAMETERS USED IN DEVELOPMENT
SELECTION STUDIES - JANUARY 1981 PRICE LEVEL

S PLANT TYPE
, CUAL-r IRED STEAM COMBINED GAS )
Parameter . CYCLE TURBINE DIESEL 2
, 500 MW 250 MW 100 MW 250 MW 75 MW 10 MW
Heat Rate (BEu/th) 10,500 10,500 10,500 8,500 12,000 11,500
0&M Costs
Fixed O&4 ($/yr/kW) 0.50 1.05. 1.30 2.7% 2.75 0.50
Variable 0&M ($/MWH) 1.40 1.80 2.20 0.30 0.30 5.00
Qutages
Planned Outages (%) 11 11 1 14 1 1
Forced Outages (%) 5 5 5 é 3.8 5
Construction Period (yrs) 6 6 5 3 2 1
Start-up Time (yrs) 6 6 6 4 4 1
Total Capital Cost
{($ million)

Railbelt: - - - 175 26 . 7.7

. Beluga: . 1,130 630 - 290 - - -
Unit Capital Cost ($/kw)’
Railbelt: - - - 728 : 250 778
Beluga: : 2473 2744 3102 - - , -
Notes:

(1) Including AFDC at O percent escalation and 3 percent interest.




TABLE 6.7: ALASKAN FUEL RESERVES

‘ - : ; ~ Heating
. ‘ Approximate Value
Reserve . field ; Reserve — Btu/1lb
Coal (million tons) , Buluga 2400 7200 - BSOO
- Nenana : 2000 7500 ~ 9400
Kenai : : 300 6500 -~ 8500
Matanuska 100 10300 - 14000
: Gas (billion cubic feet) North Slape - 29000 plus —
) Cook Inlet 4200 plus -
0il (billion cubic feet)  North Slope 8400 plus -
‘ Coak Inlet 200 ‘ -

TABLE 6.8: FUEL COSTS AND ESCALATION RATES SELECTED FOR
; GENERATION PLANNING STUDIES

Fuel Type

Parameter v - Natural Las Loal oMl
Economic Cost - $/Million BTU 2.00 1.15 4.00

Annual Escalation Rate -k%
Period: 1980 - Z005 3.98 2.93 3.58
2006 - 2010 3] -0 0
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LASKA
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. F'INCH EQUALS AP?ROXWR@,% MILES

A (o | e
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7 - SUSITNA BASIN

The purpose of this section is to describe briefly the physical and biological
environment of the Susitna River Basin, particularly in the area of the proposed
development. This section was prepared utilizing existing literature, previous
studies, and field studies conducted in 1980 and 1981, specifically for the
Susitna Hydroelectric Project.

7.1 - Climatology

~The climate of the Susitna Basin is generally characterized by cold, dry winters

and warm, moderately moist summers. The upper basin above Talkeetna is domin-
ated by continental climatic conditions, while the lower basin falls within a
zone of transition between maritime and continental climatic influences. This
seccion summarizes available historical climatic data for the basin and programs
of field data collection and analysis undertaken during the study period.

(a) Climatic Data Records

Climatic data, including temperature, precipitation, wind, cloud cover,
hundity, etc., have been collected by the National Oceanic and Atmospheric
Administration (NOAA) at a number of stations in the southcentral region of
Alaska since 1941. Prior to the current studies, there were no stations
located within the Upper Susitna Basin above Talkeetna. The closest sta-
tions for which long-term climatic data are available are located, in rela-
tion to the upper basin, at Talkeetna to the south and Summit to the north.
Typically, NOAA records are presented as annual summaries with comparative
data for each station (see Table 7.1). Monthly summaries are available for
most of the parameters presented on a daily basis, with selected parameters
at three hour or one hour intervals.

Six climatic stations were established in the upper basin during 1980 to :
facilitate better definition and interpretation of the available historical
data. The locations of the stations were finalized after careful evalua-
tion of the basin characteristics and a reconnaissance field survey to en-
sure a good representation of basin climate and hydrologic characteristics,
and to accommodate the climate data requirements of the Alaska Department
of Fish and Game (ADF&G). The stations are located near the Watana camp,
Devil Canyon damsite, Kosina Creek (ADF&G), Tyone River near the marsh-
lands, at Denali, and adjacent to the Susitna Glacier, and are shown in
Figure 7.1. Each station equipment comprises a microprocessor-based con-
tinuous weather monitoring system - Weather Wizard Model 5100; manufactured
by Meteorology Research Inc. of California. The automatic recording system
was selected in preference to conventional mechanical recording instruments
due to considerable ease of operation and savings in data processing costs.
The data collected at these stations include air temperature, wind speed
and direction, peak wind gust, relative humidity, precipitation, and solar
radiation. Snowfall amounts are measured in a heated precipitation bucket
at the Watana Station. Data are recorded at 30 minute intervals at



(b)

(c)

the Susitna Glacier station and at 15 minute intervals at all the others.
A typical monthly summary of the data for the Watana Station is presented

in Table 7.2. Detailed summaries of data c01 lected at the six stations are
presented in Appendix Bl '

Prec1p1tatlon

Precipitation in the basin varies from low to moderate amounts in the lower
elevations to heavy in the mountains. Mean annual precipitation of over 80
inches is estimated to occur at elevations about 3,000 feet in the
Talkeetna Mountains and the Alaskan Range, whereas at Talkeetna station, at
Elevation 345, the average annual precipitation recorded is about 28
inches. The average precipitation lessens in a northerly direction as the
continental climate starts to predominate. At Summit station (Elevation
2397), the average annual precipitation is only 18 inches. The seasonal
distribution of precipitation is similar for all the stations in and

- surrounding the basin. At Talkeetna, records show that 68 percent of the

total precipitation occurs during the warmer months (May through October),
while only 32 percent is recorded in the winter months. Average recorded
snowfall at Talkeetna is about 106 inches. Generally, snowfall is
restricted to the months of October through April, with some 82 percent
snowfall recorded in the period November to March. Typical precipitation
recorded at various NOAA stations is presented in Table 7.3.

The U.S. Soil Conservation Service (SCS) Operates a network of snow ceurse
stations in the basin, and records of snow depths and water content are
available as far back as 1964. The stations within the Upper Susitna Basin

~are generally located at elevations below 3,000 feet; they indicate that

annual snow accumulations are around 20 to 40 inches and that peak depths
occur in late March. There are no historical data for the higher eleva-
tions. The basic network was expanded during 1980 with the addition ef
three new snow. courses on the Susitna Glacier (see Figure 7.1). A program
of data collection started in the winter of 1980 and will continue through
the winter of 1981-82. Results of the snow surveys are being publwshed by
SCS in their monthly bulletins. Selected information was used in the re-
evaluation of the probable maximum flood studies (see Appendix B5).

Temperature

Typical temperatures observed from historical records at the Talkeetma and

Summit stations are presented in Tabie 7.4. It is expected that the fem-

peratures at the damsites will be somewhere between the values obserwvad at
these stations. Typical values observed at Watana in 1981 are shown im
Table 7.2. Three hourly and monthly summaries of data recorded at the Six
climatic stations are presented in Appendix Bl.

Evaporation

The closest stations to the Upper‘Susitna Basin where pan-evaporation data
are collected are at the Matanushka Valley Agricultural Experiment Station

near Palmer and the University Experiment Station in Fairbanks. The period

of record for each station dates from 1944 to the present, with numerous
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gaps. Evaporation measurements are restricted to the summer months. A
standard Weather Bureau Class A plan was installed near the Watana Camp, _
and daily observations were made during the summer of 1981. An estimate of

potential monthly evaporation from the proposed reservoir surfaces was made
from analysis of the historical data and measurements at Watana. Table 7.5

presents a comparative picture. Details of this analysis are presented in
Appendix B2.

(e) Field Data Index

A Field Data Index of all available climatic and hydrolcgic data for the
Susitna Basin was compiled in June, 1980. Updates were wade every six
months to include data collected during the period of study. The latest-
update (January, 1982) may be consulted for a more detailed outline of
available data. The Index served the purpose of a formal transmittal of
information on data availability to study partvicipants and agencies.

7.2 - Hydrology

Historical streamflow data are available for several gaging stations on the
Susitna River and its main tributaries. Continuous gaging records were. avail-
able for the following eight stations on the river and its tributaries: Mac-
laren River near Paxson, Denali, Cantwell, Gold Creek and Susitna stations on
the Susitna River, Chu\xtna Stat1on on the Chulitna River, Talkeetna on the
Talkeetna River, and Skwentna on the Skwentna River. The longest period of re-
cord is availablie for the station at Gold Creek (30 years from 1949 to 1970).

At other stations, record length varies from 6 to 23 years. Gaging was
continued at all these stations as part of the current program, and continuous
streamflow data are available for an additional two years (1980 and 1981). A
gaging station was established at the Watana damsite in 1980, and streamflow
records are available for the study period. No historical streamflow data are
available for the proposed damsites at Watana and Devil Canyon. Partial
streamflow records are available at several other stations on the river for
varying periods; the stations are shown in Figure 7.1. For details of available
records at each station, see Field Data Index (Reference 1).

(a) Water Resources

Above its confluence with the Chulitna River, the Susitna contributes
approximately 20 percent of the mean annual flow measured at Susitna Sta-
tion near Cook Inlet. Figure 7.2 shows how the mean annual flow of the
Susitna increases towards the mouth of the river at Cook Inlet.

Seasonal variation of flow in the river is extreme and ranges from very low
values in winter (October to April) to high summer values (May to Septem-
ber). For the Susitna River at Gold Creek, the average winter and summer

- flows are 2,100 and 20,250 cfs respectively, 1.e., a 1 to 10 ratio. The
monthly average flows in the Susitna River at Gold Creek are given in
Figure 7.3. On the average, approximately 88 percent of the streamflow re-
corded at Gold Creek station occurs during the summer months. At higher.
elevations in the basin, the distribution of flows is concentrated even
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(c)

more in the summer months. For the Maclaren River near Paxson (E]evatxon
4520), the average winter and summer flows are 144 and 2,100 cfs respec-
tively, i.e. al to 15 ratio. The monthly percent of annua] discharge and
mean monthly discharges for the Susitna River and tributaries at the gaging
stations above the Chulitna confluence are given in Table 7.6.

Streamflow Extension

 Acres' inhouse FILLIN computer program was used to fill in gaps in histori-

cal streamflow records at the eight continuous gaging stations. The 30-

- year record {up to 1979) at Gold Creek was used as the base record. The

procedure adopted for the filling-in of data gaps uses a multi-site regres-
sion technique which analyzes monthly time-series data. Flow sequencas for
the 30-year period were generated at the remaining seven stations. Using
these flows at Cantwell station and observed Gold Creek flows, 30-year
monthly flow sequences at the Watana and Devil Canyon damsites were gener-
ated on the basis of prorated drainage areas. Table 7.7 shows recorded
monthly flows at Gold Creek for the entire period of 32 years. Synthesized
flows at the Watana and Devil Canyon damsites are presented in Tables 7.8
and 7.9. Flow duration curves based on these monthly estimates are pre-

‘sented for Watana and Devil Canyon damsites in Figures 7.4 and 7.5. De-

tails of the regression analysis are presented in Appendix B2.

Low Flow Fregquency Duration Analysis

A frequency analysis of run-off volumes at low flow periods of durations
ranging from 1 to 10 years was carried out for recorded annual streamflows
at Gold Creek. The lowest annual flow was observed in the Water Year 1969
with an average flow of 5,560 cfs. The return period of such an event is
estimated at about 1 in 10,000 years (see F1gure 7.4).

A monthly simulation of the proposed reservoirs and power development has
been carried out to estimate energy potential of the proposed reserveirs.
The critical low flow sequence for energy generation was observed to be the
32-month period between October, 1967 and May, 1970. The sequence com-

prises the lowest annual flow year described above and has a frequency of

recurrence of 1 in 300 years (see Figure 7.6).

- The results of the ana]ys1s have been used to determine dependable energy

potential of the proposed reservoirs (see Section 15.6).

Floods

The most common causes of flood peaks in the Susitna River Basin are snow-

melt or a combination of snowmelt and rainfall over a large area. Annual

maximum peak discharges generally occur between May and October with the
majority, approximately 60 percent, occurring in June. Some of the annual
maximum flood peaks have also occurred in August or later and are the re-
sult of heavy rains over large areas augmented by significant snowmelt from

higher elevations and glacial runoff. Table 7.10 presents selected f]nod
peaks recorded at d1fferent gag1ng statwons
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A regional flood peak and volume frequency analysis was carried out using
the recorded floods in the Susitna River and its principal tributaries, as
well as the Copper, Matanuska, and Tosina rivers. These analyses were con-
ducted for two different time periods: the first period, after the ice
breakup and before freezeup (May through October), contains the largest
floods which must be accommodated by the progect The second period
represents that portion of time during which ice conditiens occur in the
river (October through May). These floods, although smaller, can be
accompanied by ice Jamm1ng and must be considered during the construction

phase of the project in planning the design of cofferdams for river
diversion.

A set of multiple linear regression equations were developed using physio-
graphic basin parameters such as catchment area, stream length, prec1p1ta-
tion, snowfall amounts, etc., to estimate flood peaks at ungaged sites in

the basin. In conjunction with the analysis of shapes and volumes of re-

corded large floods at Gold Creek, a set of project design flood hydro-

graphs of different recurrence 1nterva]s were developed (see Figures 7.7
and 7.8). |

The resu1ts of the above analysis were used-for estimating flood hydro-
graphs at the damsites and ungaged streams and rivers along the access road
alignments for design of spillways, culverts, etc. Table 7.11 lists mean
annual, 50-, 100-, and 10,000-year floods at the Watana and Devil Canyon
damsites and at the Gold Creek gage. Details of the regional flood fre-
quency analys1s are presented in Appendix. B4.

The proposed reservoirs at Watana and Devil Canyon would be classified as
"large" and with "high hazard potential" according to the guidelines for
safety inspection of dams laid out by the Corps of Engineers. This would
indicate the need for the probable maximum flood (PMF) to be considered in
the evaluation of the proposed projects. Estimates of the PMF in the
Susitna River at several locations, including the proposed damsites, were
carried out by the Corps_of Engineers (COE), Alaska District, in their 1975
study of the Susitna Basin Hydroelectric Developments. A detailed review
of their work by Acres suggested that the PMF estimate made by the COE was
extremely sensitive to the three major parameters - probable maximum pre-
cipitation, available snow pack for melting, and the temperature sequence
during the PMF event. A reevaluation™of the PMF in the basin was, there-
fere, undertaken based on a more comprehensive climatological data base and
refined basin modeling parameters using the basin simulation program

‘"Streamflow Synthesis. and Reservoir Regulation" (SSARR) used by the €0E in

their study. The details of this study, including a review of the work
undertaken by the COE, are presented in Appendix B5. Estimated peak dis-
charges during the PMF at selected locations are included in Table 7.11,
and the PMF hydrograph is presented 1n Figure 7.9.

River Ice

The,Sus1bna River usually starts to freeze by late October River ice con-
ditions such as thickness and strength vary accordwng to the river channel
shape and slope and, more importantly, with river discharge. Periodic

measurements of ice thickness at several locations in the river have been
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carried out during the winters of 1961 through 1972. The maximum thick-
nesses observed at selected locations on the river are given in Table 7.12.
Ice breakup in the river commences by late April or ear]y May; ice jams

occasionally occur at river constrictions, resulting in rises in the water
level of up to 20 feet.

Detailed field data collection programs and studies were undertaken to
identify potential problem areas and to develop appropriate mitigation
measures should the Susitna project be undertaken. : The program included
comprehensive aerial and ground reconnaissance and documentation of freeze-
up and break-up processes during the 1980-81 season. These data were used
to calibrate computer models in order to predict the ice regime under post-
project conditions in the proposed reservoirs and in the downstream river.
Evaluations of the impacts of anticipated changes in ice conditions caused
by the project have been made and mitigation measures proposed. For de-

tails of field investigation programs and the analysis, see Appendices Bl
and B7.

River*Morpho]ogy and Sediment Yield

(i) Available Data

Suspended sediment data have been collected by the USGS at 13 sta-
tions on the Susitna and its tributaries for periods ranging from
one season at small tributaries is upto 22 years at Gold Creek Sta-
tion. Figure 7.1 shows location of the stations. Generally, sus-
pended sediment concentration, volume of transport and particle size
data is collected by the USGS. Most of the suspended sediment is
transported during the spring/summer months June through September.
Except for a few samples collected by USGS at Denali in 1958, bed
load data for the river and its tributaries are non-existent. Data
coverage during high flow-high sediment discharge events was poor
and consequentiy any estimate of total annual sediment yxeld has a
high degree of uncertainty.

(ii) Field Investigations

During the study period, several of the USGS sediment stations were
revitalized and suspended sediment data collected. 1In addition,
data was collected at Cantwell and Gold Creek Stations during
specific events such as rising and falling limbs of flood
hydrographs to fill gaps in historical information. During 1981,
three bedload samples were collected at four stations - Susitna
River at Gold Creek and Sunshine, Chulitna River near Talkeetna and
Talkeetna River near Talkeetna to enable better understanding of
river morphology below damsites.

(i11) Estimate of Sediment Yield

Historical data and those collected during the study period were
analysed to estimate sediment yield in the river at various loca-
tions and potential reservoirs sedimentation. Suspended sediment
rating curves have been developed for stations on the Susitna at
Gold Creek, Cantwell, Denali and at Paxson on Maclaren River (see
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River (see Figure 7.10). Estimated annual transport of suspended
materials at selected gaging stations is presented in Table 7.13.
Without adequate bedload measurements above the damsites, estimates
had te be made based on earlier studies (1975) by the Corps of
Engineers and data collected at Gold Creek for potential bedload
movement into the reservoirs. = Trap efficiencies for the proposed
reservoirs at Watana and Devil Canyon were made based on literature
surveys of worldwide experience under similar glacial river basins.
Table 7.14 presents estimated sediment deposition in the reservoirs.
Details of reservoirs sedimentation analysis may be found in
Appendix "BS. :

(iv) Morpho]ogy of River Below Dams

Preliminary studies of the morphology of the river below the pro-
posed dams have been made to evaluate potential changes caused by
post-project flow regime. A detailed report has been prepared on
the subject and is presented as Appendix B9. The study indicates
that significant changes in the lower river morphology are unlikely
to be caused by the projects proposed. :

7.3 - Regional Geology

The regional geology of the Susitna Basin area has been extensively studied and
is documented (1,2,3). The Upper Susitna Basin lies within what is geologically
called the Talkeetna Mountains area. This area is geologically complex and has
a history of at least three periods of major tectonic deformation. The oldest
rocks exposed in the region are volcanic flows and limestones which were formed
250 to 300 million years before present (m.y.b.p) which are overlain by
sandstones and shales dated approximately 150 to 200 m.y.b.p. A tectonic event
approximately 135 to 180 m.y.b.p. resulted in the intrusion of large diorite and
granite plutons, which caused intense thermal metamorphism. This was followed
by marine deposition of silts and clays. The argillites and phyllites which
predominate at Devil Canyon were formed from the silts and clays during faulting

and folding of the Talkeetna Mountains area in the Late Cretaceous period {65 to

100 m.y.b.p.). As a result of this fawlting and uplift, the eastern portion of
the area was elevated, and the oldest volcanics and sediments were thrust over
the younger metamorphics and sediments. The major area of deformation during
this period of activity was southeast of Devil Canyon and included the Watana
arega. The Talkeetna Thrust Fault, a well-known tectonic feature which has been
identified in the literature, trends northwest through this region. This fault
was one of the major mechanisms of this overthrusting from southeast to

~ northwest. The Devil Canyon area was probably deformed and subjected to

tectonic stress during the same period, but no major deformations are evident at
the site (Figure 7.11). | :

The diorite pluton that forms the bedrock of the Watana site was intruded into
sediments and volcanics about 65 m.y.b.p. The andesite and basalt flows near
the site may have been formed immediately after this plutonic intrusion, or
after a period of erosion and minor deposition.
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During the Tertiary period (20 to 40 m.y.b.p.) the area surround1ng the sites
was again uplifted by as much as 3,000 feet. Since then, w1despread erasion has
removed much of the older sedlmentary and volcanic rocks. Ouring the last sev-
eral million years, at least two alpine glaciations have carved the Talkeetna
Mountains into the ridges, peaks, and broad glacial plateaus seen today. Post-
glacial uplift has induced downcutting of streams and rivers, resulting in the
500-t0-700 foot deep V-shaped canyons that are evident today, particularly at
the Vee and Devil Canyon damsites. This erosion is believed to still be occur-
ring and virtually all streams and rivers iin the region are considered to be
actively downcutting. 7his continuing erosion has removed much of the glacial
debris at higher elevations but very little alluvial deposition has occurred.
The resulting landscape consists of barren bedrock mountains, glacial till-
covered plains, and exposed bedrock cliffs in canyons and along Streams. The
arctic climate has retarded development of topsoil.

7.4 - Seismicity

(a) General

The Talkeetna Mountains region of south-central Alaska is considered to be
highly seismic with numerous reported earthquakes of moderate-to-large
magnitude. Therefore, in order to assess the risk of seismic exposure of
‘the Susitna Basin deveXopment and to define the earthquake design
parameters for the critical project structures, a comprehensive study was
undertaken as a part of the feasibility study. A brief summary of this

study is presented in this section. Details of the study are contained in
References 1 and 2.

The scope of the study was developed to identify and evaluate all potential
sources of earthquakes with magnitudes larger than 5 on the Richter scale,
to determine the maximum credible earthquake (MCE) for each source and the
ground motions associated with the MCE at the project site, and to assess
the potential of ground surface rupture near the project structures that
could affect the safety and/or integrity of the structures. In addition.
sufficient geologic and seismologic studies were performed to evaluate the
probability of Reservoir-Induced Seismicity (RIS) and its impact on the
project design. A seismic monitoring network plan was also developed to

- monitor both micrc-earthquake and strong earthquake activities within the

Susitna Basin prior to and during the construction of the project and for a

period of approximately 15 years after the prOJect is completed and the
reservoirs are flooded.

(b) Regional Seismicity and Tectonics

Recent concepts of plate tectonics have been a major influence in the in-
terpretation of the current tectonics of Alaska. The earthquake activity -
in central and southern Alaska is caused by the subduction of the Pacific
Plate under the North American Plate at the Aleutian Trench (Figure 7.12).
The Pacific Plate spreads northward at a rate of approxwmately 2.4 inches/
year relative to the North American Plate. This movement in the Gulf of
‘Alaska is expressed as three styles of deformations: right lateral slip
along the Queen Charlotte and Fairweather Faults, underthrusting of the

7-8




oceanic Pacific Plate beneath the continental block of Alaska, and the
complex transition zone of oblique thrust faulting near the eastern end of

the Aleutian Trench. This subducting plate dips gently under the Upper
Susitna River region. ,

Historically, major earthquakes in Alaska have occurred primarily along the
interplate boundary between the Pacific and the North American Plate. For
example, three great earthquakes of September, 1899 (estimated magnitudes
8.5, 8.4 and 8.1) were felt near Yakulat Bay. Similarly, an earthquake of
magnitude 7.7 in Lituya Bay in 1958, one of magnitude 7.6 in 1972 near
Sitka, and the devastating 1964 Alaskan earthquake occurred along the plate
contact. Nevertheless, the overlying North American Plate is also disrupt-
ed by the rompress1ona1 and tensional forces caused by the interplate move-
ments (approximately 2.4 inches/year). The strain buildup and release ¢
caused by this movement within the crust takes place along a series of
faults and also generates earthquakes of small-to-moderately large magni-
tude within the crust with no surface expressions. Available information
suggests that the sum of the rates of displacement along faults in southern
Alaska is less than the rate of convergence of the Pacific Plate relative
to the North American plate and that a significant portion of that

"~ unaccounted-for convergence is transmitted northward. This has resulted in
bread folds and reverse faults, northward thrusting of the Alaska Range
northern front, and the overall uplift of the Alaska Range.

The site region of interest for the Susitna Basin development lies between

the Aleutian Trench and the A!aska Range and has been termed the Talkeetna
Terrain.

(c) Tectonic Model of Talkeetna Terrain

The Talkeetna Terrain is a subunlt of the larger tectonic un1t the
Wrangell Block (Figure 7.13). The terrain is defined by the McKwn]ey
strand of the Denali Fault on the north, the Denali-Totschunda Fault system
on the east, the Castie Mountain Fault on the south, and a zone of deforma-
tion on the west extending from the Aleutian volcanic chain to Mt. Denali
(formerly Mt. McKinley - Figure 7.13). The north, south, and east boundary
faults are faults with recent displacements, and the western boundary is
primarily a zone of uplift marked by Cenozoic volcanos. The subducting
Pacific Plate, called the Benioff Zone, bounds the base of the Talkestna
Terrain. At the southern boundary of the Talkeetna Terrain, the Benioff
Zone is decoupled from the North American Plate. Most of the deformation
in the Talkeetna Terrain caused by the converging plates appears along the
boundaries; the interior region is relatively stable. A schematic section
showing‘those boundaries is presented in Figure 7.14.

Much of the interplate convergence, in the form of strike-slip fau]ts
believed to lie within a broad area of deformation extending from Montague
Island east to Pamploma Ridge in the Gulf of Alaska. A small amount of
movement occurs within the Castle Mountain Fault, which is decoupled from
the Benioff Zone in the site region. This fault is a right-lateral,

- strike-slip Tault with a significant component of the northside up reverse
component. The Denali and the Totschunda faults are right-lateral, strike-
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slip faults that exhibit progressively lower s]ip rates northward and
westward, Within the Talkeetna Terrain, two major geologic structures, the
Broxson-Gulch Fault and the Talkeetna Thrust Fault, are present. The
Talkeetna Thrust Fault is an old geologic feature with no signs of recent

‘movements. The Broxson-Gulch Fault, although considered to be active in

accommodating some of the movement aTong the Denali-Totschunda Fault, is

outside the area of study and is not considered significant for the project
studies.

Most of the moderate- to-large earthquakes and all the large earthquakes

within the Talkeetna Terrain are associated with either the Benioff Zone or
the boundary faults. The terrain itself is relatively stable with no
brittle deformation related to the current stress conditions.

Historical Seismicity

Within 200 miles of the project site, the earthquakes generally originate
from three sources: the shallow Benioff Zone, the deep Benioff Zone, and
the crustal seismic zone within the North American Plate.

The shallow Benioff Zone is a major source of earthquake activities. The
major 1964 earthquake of magnitude 8.5 occurred on this source. Several
additional large earthquakes have been reported in the same vicinity during
the twentieth century. The focal depth of these earthquakes is generally

- 15 to 28 wiiles.

The deeper Benioff Zone dips gently under the North American plate and
reaches a depth of approximately 31 miles beneath the Watana site and 37
miles beneath the Devil Canyon site. - Moderate-to- 1arge size earthquakes
have been reported on this source within-the site region. The largest re-
ported event within the 60-mile radius has been magnitude 6.1. The crustal
seismicity is related to the Talkeetna Terrain boundary faults; namely, the
Denali and the Castle Mountain Faults and the strain release within the
crust with no surface faults. Moderate-to-large earthquakes have been

~reported along the two faults. Within the terrain, numerous moderate-size

earthquakes with a largest reported magnitude of 5.6 have been reported.

Identification and Screening of Faults

The project site is remotely located and the area had not been studied in

ydetall for hydroelectric developmen prior to this study program. There-

fore, a systematic and comprOhens1ve study was undertaken to identify
faults in the area. A fault-screening methodology was developed to direct
efforts in studying significant features (Figure 7.15).

A11 lineaments within 62 miles of either site were reviewed using this

- methodology. All available literature and remotely sensed data was re-

searched and reviewed. More than 400 features were identified from this
réview and were further screened using a length-distance criteria. All
features within 6 miles of either project site were identified for their
potential for surface rupture and during an earthquake. This first step
resulted in a 1ist of 216 features that required further study. Throughout
this screening process, the following criteria were used in identifying and

- studying the faults with recent d1sp1acement
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- A1l features jdentified as faults that have experienced movement in the

last 100,000 years were considered to have had recent displacement. All
faults with recent displacement were considered as potential sources for
ground motion and surface displacement.

- A1l lineaments or faults that have been defined by the geology and seis-
‘mology community as having experienced recent displacement were included
for further study in assessing the seismic design criteria for the pro-
ject. :

- If a lineament existed within 6 miles of the damsite, or if a branch of

more distant lineament was suspected of passing through a damsite, then a
more detailed investigation was made to establish whether the feature was
a fault, whether or not it was recently displaced, and whether the poten-
tial for displacement in the dam foundation existed.

- Lineaments farther than 6 miles from the damsites for which deterministic

estimates of ground motion at the site may control the design of a dam
were investigated to determine if the lineament was a fault and if it had
recently undergone displacement.

- Therefore, at a distance of less than 6 miles from the damsite, all .
faults or lineaments with a length of 3 miles or more were selected for
field study. A fault of this length has a potential for an earthquake
with a magnitude of 5 or greater. All faults or lineaments 6 miles or
Tonger at a distance of 6 to 31 miles, and 31 miles or longer at a -
distance of 31 to 93 miles, were also selected for field study. This
process resulted in a list of 216 features that were identified for field
study on a reconnaissance level.

Field Reconnaissance Studies

The 216 features were further studied in the field during the summer of
1980. Aerial and ground reconnaissance work was conducted for all these
features by experienced teams of geologists. Flights were made along these
lineaments in both directions looking for morphologic features. The
features were photographed at key locations for later studies and
documentation. For some long faults or lineaments, the feature was
examined in detail on the ground.

A systematic method was again used to identify significant features. Line-
aments that could be related to glacial or fluvial processes were elimin-
ated from further considerations. This resuited in a group of 106 features
for further screening (see Table 7.15) using the following criteria:

- Any feature less than 3 miles in length (potential a magnitude for 5-or-
less earthquake) was not studied any further unless that features was
within 6 miles of the project site.

- Features that would generate a peak acceleration of 0.15g or less if they
were faults were eliminated. This acceleration is less than the
acceleration caused by a Denali Fault earthquake of magnitude 8.5 at 40
miles from either damsite. 7The Denali Fault was recognized as an active
fault and therefore a source of earthquake concern.
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- Two features, KC 4-27 at the Watana site and KC 5-43 at the Devil Canyon
site, were less than 3 miles long; however, they were retained for

further studies because of their prox1m1ty to the damsites and assocxated
potential ground rupture

With this process, 58 Teatures were eliminated, leaving 4€ features for
further consideration. These 48 features were evaluated in greater detail
on tne basis of their potential impact on the design of the project and the
likelihood of a feature being a fault on the basis of field reconnaissance,
This evaiuation resulted in identification of 13 significant features that
could potentially impact the design of the project. These features and the
boundary faults are listed in Table 7.16 and were studied in detail during

the 1981 summer season. The four features located near the Watana site are

shown in Figures 7.16 and 7.17. The remaining nine features were near the
Devil Canyon site and are shown in Figures 7.18 and 7.19.

Detailed Field Studies .

The significant features identified during 1980 were studied in much more
datail during 1981. The approach used to guide the field studies was to:

- Study the bedrock along each feature to assess whether or not the feature
was a fault; and

- Examine the surficial units along the features to avaluate when the
displacement occurred.

The detectability of faults with recent displacement is dependent on the
age of sediments overlying the fault, the amount of displacement at the
surface during an earthquake, how often the earthquakes and the displace-
ments occur, the type of displacement, the length of fault that experienced
displacement, and the time that the displaced features are preserved. On
the basis of the site fault morphology, review of a select group of world-
wide data and a review of moderate-to-large historical earthquakes in
Figure 7.16 shows the boundary faults, Talkeetna Thrust Fault and the
Susitna feature. In California (where the studies are much more complete),

| it was judged that any fault which has experienced displacement for a

length of 9 miles or longer and a scarp height of 2 to 3 feet would be
recognized during the field studies. It was recognized that recent
displacement along a fault could go unrecognized if the length of

-displacenient was less than 9 miles and the scarp height was less than 2 to

3 feet or both; however, such a displacement would be aSSOC1ated W1th a
magnitude of 6 or less earthquake

The first step in this investigatior consisted of quaternary geology map-
ping in the site region tc determin: or estimate the age of surficial sedi-
ments and geomorphic surfaces near the 13 features. The extent, magnitude,
and chronology of the repeated glacial events affecting the Talkeetna
Terrain was reconstructed using stratigraphic and morphologic relationships
and relative and radiometric age dating techniques. The results of air
photo interpretation of ster=ographic aerial photographs, published works
by other investigators, and field mappiny were used supplemented by age
determinatior of soil samples from selected locations.
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The geclogic setting of the Talkeetna Terrain is largely one of crystalline
bedrock and bedrock overlain by thin glacial cover. No deep Neogene
subbasins exist that could conceal faults and the effects of recent
displacemerits. Thus the incidence of recognizing faults is rather high.

The Quaternary geology and bedrock geology studies were performed along

~ these 13 features using low level aerial reconnaissance and ground-tech-

nlques The data were integrated with the results of historical seismicity
and microseismic network data and ground mapping was conducted at 300

locations. Two trenches were excavated across the inferred location of the

Talkeetna Thrust Fault and one trench across the inferred location of the
Susitna feature (see Figure 7.13). In addition, magnetic surveys were
performed at locations across the TalkeetnajThrust Fault, locations across
the Susitna features, and locations on other features. During the ground
examination, 28 samples were collected from 15 different locations for age
dating, and five test pits were dug with a backhoe for relative age dating.
In additien, low sun angle photographs were taken of selected features to
improve the level of resolution. A ten seismograph station microseismic
network was operated during the period from June 25, 1980 to September 28,
1980 around the Watana and Devil Caﬂyon sites. The location of the network
stations is shown in Figures 7.20 and 7.21. The objective of this network
was to collect a large quantity of microearthquake data within a relatzvely
short period of time. A total of 268 earthquakes were recorded during “he
periods, 98 of which occurred below a depth of 19 miles (in the Benioff
Zone); the remaining 170 occurred within the crust. The largest magnitude
recorded was 3.65 for the deep earthquakes and 2.8 for the shallow earth-
quakes. The locations of the shallow earthquakes are shown in Figure 7.20,
and the deep earthquakes in Figure 7.21. The resuits of this microseismic
network were used in conjunction with geologic and seismologic studies to
determine current activity along known/wnferred faults, to determine the
Benioff Zone depth in the site region, and to develop frequency - magnitude
relationships for the study area. A cross-section through the site, show-
ing the shallow and deep earthquakes recorded during this pericd, is pre-
sented in Figure 7.22. The results of these studies were ured to assess

the recency of displacement along faults or features, with the follawzng
results: |

- From the 13 features selected for the study, only four features were
determined to be faults: the Talkeetna Thrust Fault and the Fins at the
Watana site, and KC5-5 and KD5-2 at the Devil Canyon site. The remaining
nine features were determined not to be faults. ,

- The features that are not faults were not considered to be significant in
the design of the project under earthquake conditions.

- The four features that were determined to be faults did not meet the
guidelines for a fault with recent displacement. Therefore, these are

not considered to be possible sources of earthquake activity for the
project

- The only known sources of earthquake activity are the Denali Fault, the
Castle Mountain Fault, the Benioff Zone, and a fault W1th1n the crust
wwth no detectable surface trace.
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- The Benioff Zone under the site is decouplnd from the crust, kThe
approximate depth to the upper boundary of this zone is estimated to be

miles under the Watana site and miles under the Dev11 Canyon
site. _

- There is a seismic belt of low seismic activity between the crust in the
site region and the shallow Benioff Zone.

- No microearthquake activity was found to be related to the Ta]keetna
Fault or any other feature.

(h) Sources of Earthquakes 1n Susitna Basin

Based on the studies conducted to date, four sources of earthquakes have
been identified for the design of the project. These sources and the asso-
ciated maximum credible earthquakes are summarized in Table 7.17 and brief-
1y discussed in Sections 9 and 10. :

(i) Denali Fault System

This strike-slip fault system lies to the north of the site region
and connects with the Totschunda and the Fairweather Fault system to
the east and the southeast. One section of this fault could be as
long as 670 miles; this fault is considered capable of causing a
magnitude 8 earthquake

(1) Castle Mountain Fault

| This strike-slip fault lies outside the limits of the area studied
| and forms the southern boundary of the Talkeetna Terrain. It is ap-

proximately 295 miles long and capab]e of generating a magnitude 7.5
o earthquake.

(1ii) Benioff Zone - , | | X

This is the most dominant of all sources. The Benioff Zone is
divided two discrete segments for earthquake considerations; ths
Interplate Zone and the Intraplate Zone. These zones are separated
by a transition zone of relatively low seismic activity.

{ - Interplate Zone: This zone represents the interface between the

| . : Pacific Plate and the North American Plate. The depth of this

| , - zone is estimated to be less than 35 km. The maximum <redible
earthquake for the source is estimated to be 8.5 magnitude at the
closest distance of 63 km from the Watana site and 90 km from the
Devil Canyon site. This magnitude is similar to that of the 1964
Alaska earthquake. |

- Intraplate Zone: This portion of the Benioff Zcne is detached
from the North American Plate Crust and dips beneath the crust.
The earthquakes occur within the subducting plate. The maximum
credible earthquake that can be generated by this intraplate zone
within the site region is estimated to be magnitude 7.5. The
closest this earthquake can occur to the Watana and Devil Canyon
‘sites is 48 km and 58 km, respectively.
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(iv) -Randem'Terrain Earthquake

As discussed earller the studies 1ndxcate that earthquakes do eccur ‘
in the crust without causing recogn1zabne surface faulting, The
magnitude of these earthquakes 1in similar seismic env1ronment is
moderate and the location is difficult to identify prior to the
actual earthquake, For conservative design purposes, it is assumed
that these earthquakes can occur very close to the site. For the
Susitna Hydroelectric Project, it has beeii conservatively selected
to consider, at the most, a magnitude 6 earthquake to occur thhin a
few Kllometers of elther prOJect s1te

(i) Reservoir Induced Seismxcxty'(RIS)

Dur1ng the past few decades, it has been accepted that the 1mpoundment of

farge reservoirs affects the seismicity of the region. This phenomenon was
first recognized during a study of Hoover Dam in the United States in the
early 1940s. Since then similar relationships have been reported for 63
other reservoirs around the world, of which 55 cases have been accepted as
either RIS or questionable cases of’RIS (see Figure 7.23). Several RIS
events have exceeded magnitude 6, 5 | |

Recent stud1es have suggested'that RIS is influenced by several considera-
ll tions; the most prominent ones are water depth and reservoir volume (see
Flgure 7.23), geologic sett1ng and faultlng (see Figure 7.24), and the
' state of tectonlc stress (Figure 7.25) in the shallow crust beneath the
. reservoir. | | |
The study of RIS suggests that the 1mpoundment of water acts as a trigger-
. ing mechanism for the seismic events that would occur at some point in time
|I under natural states of stress. Therefore, reservoirs do not reactivate
inactive faults or create new faults, but mere1y accelerate the release of
stored tectonic strains. This hypothesis forms the basis of statement that
- RIS is an important consideration only in those areas where active fauwits,
|I whether identified or not, exist. It also suggests that the largest event
caused by RIS would be Tess than or equal to the maximum credible eveat on
Il the fault. Further, it is recognized that RIS events occur mostly within

the first ten years of impoundment; after ten years the micro as welf as
macro seismicity return to their natura] state after that.

Mathematical mode}s have been deve]oped to assess the probability of RIS
under a given set of conditions. For the purpose of this study it has been
assumed that both the Watana and Devil Canyon reservoirs act as one hydro-
logic regime. Using this assumption and the results of geologic and seis-
mologic stuaies, it has been estimated that there is a 90 percent probabil-
ity of an RIS event of some magnitude occurring. The Iargest RIS eveni

that could occur is estimated to be magnitude 6, ‘which is the same as the
maximum credible earthquake with no recogn1zab]e trace of faulting at the
surface. This estimate is based on the finding that there are no active
faults present within the hydrologic regime of the combined reservoirs,
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(J)

Long-Term Seismic Mon1tor1ng Network

A seismic monitoring network will be 1nsta11ed at the Susitna Hydroe?ectrlc
project to monitor the seismic-activity in the region on a long term basis.
This network will be separate from the seismic instrumentation that may be
installed in the dam and other structures, although some components of the
network may be integrated and may become part of the permanent instrumenta-
tion. This system will be operated during the design and construction of

the project and for a perlod of 10 to 15 years after the reservoirs are
filled.

The major objectives of this network will be to monitor the natural seismic
activities within the region (both microearthquakes and strong motion), to
monitor the seismic activity after the reservoirs are filled (to study and
document any change in seismic activity caused by the project), and to

calibrate source-distance attenuation curves for this region for a proper

ground motion attenuation. The key requirements.of this network will be
to: : | ~

- Provide reasonably accurate hypocentral locations of 3 earthquakes within
15 to 20 km of the two reservoirs;

- Effect good control on the depth and local mechanism of earthquakes; and

- Provide a reasonably accurate magnltude of both small and 7arge earth-

quakes.

For maintenance and operatlon'conswderat1on, a system which provides con-
tinuous monitoring, quality data, and requires the least possible mainten-
ance and repair in this environment will be provided.

Such a network, as envisioned at this point, will include 11 vertical com-
ponent seismometers and two three-component seismometers. Six of the
eleven component seismometers will be strong motion instruments. The loca-
tions of these siesmometers (conceptual) are shown in Figure 7. 16~’they
were selected to provide the optinmum coverage within a region of 15 to 20
km of the reservoir limits. This network will provide good constraint on
the hypocentral locations of all earthquakes that occur within 20 km of the
reservoirs with a focal depth of greater than 5 km. The data from these
stations will be collected at a central Tocation at the Watana site and
transmitted by VHF radio or hard wire line. A central recording facility
will be located at the Watana site. The data will be compiled and pro-
cessed by a microcomputer which will continuously scrutinize incoming sig-
nals and store them on disc. When a seismic event is detected, the digi-
tized data will be copied from disc to tape for permanent storage. Data
from selected stations will also be recorded asanolog paper records. These
data will be accessible via a telephone telemetry 1ink for rapid transmii-

~tal of data to distant locations. Preliminary data analysis performed by

microcomputers w111 allow quxck and timely decision making.
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The instrument locations w11‘ be selected in the fleld and proper
protective measures will be designed to mitigate the effects of weather and
wild habitat. The number of stations included in the network will provide
a sufficient degree of redundency in the network. Although the
instruments and the system selected will require minimum maintenance and
repair, a well-planned regular maintenance and repair program will be .
developed to assure long term, uninterrupted data gathering.

7.5 - Water Use and Quality

(a)

(b)

Water Use

Water rights in Alaska are administered by the Alaska Department of Natural

Resources (DNR). The computer files of DNR's water management section were

searched to determine the amount and type of water appropriations recorded
for the Susitna River and surrounding area.

The mainstem Susitna corr1dor encompasses 30 townshwps from the proposed
impoundment area at Devil Canyon downstream to the estuary. Existing sur-
face and ground water appropriations are primarily for s1ng1e family and
mu]tl-fam1]y homes (Table 7.18). A small amount of water is used year-
round for watering livestock. Only 0.153 cfs, or 50 acre feet per year, of
surface water has been atoropriated for all purposes (Table 7.19). Uater
appropriations in other arec~s are even less significant. On a seasonal
basis, the greatest usage ocuurs during summer months for irrigating lawns,

gardens, and crops. The largest single use of surface water is for placer
gold operations. | | ‘

There are only five areas where water appropriations are located within one
mile of the mainstem Susitna River (Table 7.20). No surface water diver-
sions are recorded that draw water directly from the Susitna River or its
adjoining side channels and sloughs. Immediately downstream from the Delta
Islands, on the west bank of the Susitna River, a single-family dwelling
has a certificate for 650 gpd of ground water from a well of unlisted
depth. About six miles below Talkeetna and 0.25 miles inland from the west
bank of the Susitna River, a single-family dwelling has a certificate for
500 gpd of ground water from a 90-foot deep well. In Talkeetna, ground
water from three shallow wells has.been appropriated for a s1ng]e-fama]y
dwelling (500 gpd), the grade school (910 gpd), and the fire station {500
gpd). Near Chase, several unnamed streams, 1akes, and creeks have been
appropriated for single-family dwellings (1,250 gpd), lawn and garden irri-
gation (100 gpd), and crops (1 acre foot per year). Near Sherman, an un-
namea stream and Sherman Creek have been appropriated for two swngle-fam11y

~ dwellings (325 gpd) and lawn and garden irrigation (50 gpd).

Water Quality

The wide seasonal fluctuations in river discharge and glacial character of

the river have a significant effect on water quality. Suspended sediment
~ concentrations and turbidity levels are low during late fall and winter,

but increase sharply at breakup and remain high throughout summer durlng
the glacial melt period. Dissolved solids concentrations and conductivity
values are high durwng low flow periods and low during the high summer

: fTous
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The Susitna River is a fast-flowing, cald-water stream of the calcium bi-
carbonate type~containingvsofteto-mcderatETy hard water during breakup and
in the summer, and moderately hard water in the winter. Nutrient concen-
trations, namely, nitrate and ortho-phosphate, exist in low to moderate
concentrations. Dissclved oxygen concentrations typically remain high,
averaging about 12 mg/1 during the summer and 13 mg/] during winter. Per-
centage saturation of dissolved oxygen always exceeds 80 percent but aver-
ages near 100 percent in the summer; in the winter saturation levels de-
cline slightly from the summer levels. Typically, pH values range between
7 and 8 and exhibit a wider range in the summer as compared to the winter.

~ During summer, pH occasionally drops below 7, which can be attributed to
tundra runoff. True color, also resulting from tundra runoff, displays a
wider range during summer than winter. Color levels in the vicinity of the
damsites have been measured as high as 40 color units, The temperature re-
mains at or near 32°F during winter, and in summer the maximum is 55°F.
Alkalinity concentrations, with bicarbonate as the dominant anion, are low
to moderate during summer, and moderate to high during winter. The buffer-
ing capacity of the river is relatively low on occasion.

The concentrations of many trace elements monitored in the river were low
or within the range characteristic of natural waters. However, the concen-
trations of some trace elements exceeded water quality guidelines for the
protection of freshwater aguatic organisms. These concentrations are the
result of natural processes, since there are no man-induced sources of
these e]ements in the Susitna River basin.

Concentrations of organic pesticides and herbicides, uranium, and gross
alpha radiocactivity were either less than their respective detectiin Timits
or were below levels considered to be potentiaily harmful.

7.6 - Fisheries Resources

Both resident and anadromous fish occur. in the Susitna River system. Resident
fish species present are grayling, burbot, rainbow trout, Dolly Varden, three
spined stickleback, lognose sucker, slimy sculpin, whitefish, and Tampreys;
anadromous fish are sockeye, pink, coho, chinook, chum salmon and eulachon.

Arctic grayling -and rainbow trout, the primary resident game species, occur near
tributary mouths dur1ng the summer months and in the mainstem Susitna during
winter. Both specxes use the mainstem of the Susitna as a,mlgratory corridor

for moving between rivers and streams. Spawning likely occurs in the clearer
tributaries. . ' ~ ‘

Salmon utilize the Susitna River and its tributaries below Devil Canyon as a
spawning habitat. Data indicate that physical barriers prevent salmon from mi-
grating to the upstrean part of Devil Canyon.

Salmon migration begins in late spring and continues into the fall. Studies to
date indicate that the run of chinook salmon through the area above the conflu-
~ence of the Chulitna and Talkeetna Rivers begins arcund mid-June. Pink salmon
arrive in this region during late July and chum salmon migrate here in August
and early September. Sockeye salmon appear in Ju]y and August




‘ .

Following deposition in the fali, the eggs hatch in the‘spring? The young

salmon, depending on the species and a variety of unknown factors, either
migrate to the sea within a few months or remain in the river for one or two
years before migrating downstream.

7.7 - Wildlife Resources

Informat1on presented in the big game section below was taken from reports
prepared for this project by the Alaska Department of Fish and Game.

(a) Big Game

Species of big game which inhabit the upper Susitna basin are: black bear,
brown bear, wolverine, wolf, Dall sheep, caribou, and moose.

(i) Bears

Black bear distribution in Alaska coincide with the presence of for-
est habitat. Thus, within the Susitna basin most black bear are
found in steep terrain along the river and its tributaries. (Infor-
matio? on habitats, home range, population levels, density to be
added) . ,

Studies indicate approximately 55 percent of the population is
males. The average spring age is approximately 6-1/2 years for
males and 8 years for females. The population appears to be healthy
and producing. Dens utilized for overwintering were found primari]y
at an elevation of 1500 to 2500. Sixteen den sites were found in
the vicinity of the proposed Devil Canyon 1mpoundment 9only one of
which would be flooded) and 13 in the vicinity of the proposed
Watana impoundment (9 of which would be flsoded). Dens were also
found downstream of the Devil Canyon site. Bears typically entered
the dens from mid-September through mid-October and ex1ted from
April to mid-May.

Black bears are fairly abundant in Alaska and not heavily hunted.
Within the upper Susitna basin, only an average of eight per year
are harvested, primarily between the Talkeetna and Indian Rivers.
This number is below the hunter inflicted mortality rate which the
population could suffer and maintain its present population level,
i.e., 1t is below the maximum sustainable yield for the popu%ai?on.

Q

Browq bear occur primarily in open tundra and grass]and areas of
Alaska (Information or habitats, home range, density to be adéed)

- Preliminary estimates of brown bear numbers in the study area is 70
‘animals or one bear per 50 km? utilizing tre same f1gure would in-
d1cated '3 to 4 bears 1n the area to be flooded.

The brown bear populat1on of the upper Suswtna basin appears to have
a2 50:50 sex ratio. Average spring age is approx1mate]y 7-1/2 years
for both males and females. The population is young and healuhy,,
with litter sizes equivalent to know productive bear populations in

719



(i1)

other;areas. Dens were found at elevatlons ranging from 2330 to
5150, with an average elevation of 4,181 feet. (Informatlcn on
numbers of dens in area to be added, if available).

Harvest regulations for brown bears are more stringent than for
black bears. Only an average of 15 per year are taken by hunters
within the project area; this is believed to be below the maximum
substainable yield.

tolverine

Wolverine are present in the study area, found in all habitat types.
Their distribution appears to be re]ated to prey availability, con-

‘centratxmg in hilly areas above treeline in the summer and fall and

in lower elevations during winter and early sprwng

Population den51ty is estlmated between 1 per 109 kmZ2 (1/42 mi2)

~and 1 per 144 km? (1/56 mi2). The entire impoundment area of

(1i1)

(iv)

both Watana and Devil Canyon is approximately 206 km%, indicating
an area inhabited by two wolverines. Utilizing the same density
figures, the entire upper Susitna basin population is estimated at
150. Harvest data suggest the wolverine population of the upper
Susitna basin may be experiencing heavier trapping mortality than

~the population can sustain over a prolonged period.

Wolf

(To be written following receipt of report from ADF&G).

Dall Sheep

Three popu]at1ons of Dall Sheep occur in the upper Susitna basin:

the Watana hills herd, Watana - Grebe Mountain herd and the Portage
- Tsusena Cresk herd. Population levels are not known but surveys
conducted in 1980-1981 revealed 209 sheep in the Watana hills herd,

30 in the Watana-Orebe Mountain herd and 72 in the Portage - Tsusena

Creek herd, for a total of 311. A total of 13 sheep were harvested
by sport hunters in 1980 1n the Upper Susitna Basxn
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o

A mineral 1ick in the Jay Creek area appears to be an important area
for the Watana hills herd. Sheep were frequently observed utilizing

~the lick, which is located at Elevation 2200 and w11] be partially

1nundated by the Watana reservoir.

Caribou

The Nelchina caribou herd occupies an area of approximately 20,000
square miles in Alaska. This large range can be divided into 16
sub-ranges, including the upper Susitna basin (Figure 7.28). Por-
tions of the basin have been consistently .used, throughout the years
by large portions of the herd, with most use taking place in summer,
fall, and late winter. During some years, the entire herd, cur-
rently numbering 20,000 animals, has used this area. A small sub-
herd of approximately 1,000 animals appear to be residing perman-
ently in this portion of the basin.

During winter, carwbou were found primarily on the Lake Louise Flat,
foothills of the Alphabet hjlls and middle portions of the Gakona
and Chistochina Rivers.

| During the spr1ng migration, females moved from the Lake Louise

flats to the calving grounds in the eastern Talkeetna mountains.
Migration occurred over a wide area, with some caribou utilizing the
Susitna River in the upper area of the proposed Watana impoundment
as a travel route. A small potion of the herd appears to cross be-
tween Deadman and Jay Cresks None of the area utilized for calving
will be flooded.

The fall dispersal and mating period occurred as the caribou moved
out of the Talkeetna Mountains, across the Lake Louise f]ats and
into the Alphabet hills and westward.

Moose

(To be written following receipt of report from ADF&G)
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(c)

Furbearers

The major furbearer species inhabi ting the project area include red fox,
coyote, lynx, mink, pine marten, river otter, short-tailed weasel, least
weasel, muskrat and beaver. Red fox and pine marten are the most heavily
trapped of the species; coyote and lynx are not common in the area.

Foxes were found to utilize the shores of the Sus1tna River and deltas of
tributaries during summer and autumn, and alpine zones in the winter. All
fox dens located were found above the area to be flooded by the proposed
impoundment.

Pine marten are abUndant in the study area. They utilize areas both inside
and outside the impoundment zone, including closed forest areas and open
white spruce forests.

- Upstream from Gold Creek, most beaver and muskrat activity was found on
- plateaus between 2,000 and 2,400 feet above the river valley. No active

beaver lodges or bank dens were found on the Susitna River upstream from
Devil Canyon or on the lower reaches of the tributaries in this area.
Furbearer activity increases progressively downstream frea Devil Canyon.

As the river becomes more braided, there is a marked increase in the number

of beaver using the river, with the h1ghest concentrations occurring south
of Montana Creek.

Short-tailed weasels are common and locally abundant in the study area;
little information is available on least weasels.

Birds and Non-Game Mammals

A total of 132 species of birds were recorded in the Upper Susitna River
Basin study area. The most abundant _pecies are common. redpoll, savannah

sparrow, white crowned sparrow,,.qnxand longspur, and tree sparrow.

Fourteen species are rare in the region but are found in larger populations
in other areas of Alaska.

Generally, the forest and woodland habitats support higher densities and/or
biomass of birds than the shrub communities. Areas of upland cliffs and
block-fields and of mat and cushion tundra have the lowest bird usage but
support species not found in other habitats.

The ponds and lakes in the basin suppdrt relatively few water birds. The
most abundant waterfowl species are scaup spp., American wigeon, goldeneye
spp., mallards, and buffleheads. Trumpeter swans nest on a number of

lakes, but none within the impoundment zone.

- Ten golden eagle, six bald eagle, and four common ravin nests are located

within the study area, while two bald eagle and fcur golden eagle nests
occur within the impoundment zone. No endangered species (the bald eagle

~1s not endangered in A]aska) are known to occur in the study area.

'Sxxteen species of small mammals are found in the upper Sus1tna Baswn, the

most abundant being the northern red-backed vole and the masked shrew.
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Arctic ground squ1rrels are abundant in well-drained tundra habitats
throughout the high country. Collared pika and hoary marmots are relative-

1y common in rock habitats above the treeline. Red squirrels and porcupine
are found in forests and woodland habitats. :

7.8 - Botanical Resources

The Upper Susitna River Basin is located in the Pacific Mountain physiographic
division in south-centrail Alaska. The Susitna River drains parts of the Alaska
Range on the north and parts of the Talk=zetna Mountains on the south. Many
areas along the river in the upper basin are steep and covered with coniferous,
deciduous, and mixed coniferous and deciduous forests. Flat benches occur at
the tops of these banks and usually contain low shurb or woodland conifer com-

munities. Low rountains rise from these benches and are covered by sedge-grass
tundra and mat #nd cushion tundra.

(a) Habitat Types

The vegetation/habitat types found in the upper basin (above Gold Creek)
and flaodplain downstream to Talkeetna are classified and mapped accord1ng
to the Alaska Class1f1catlon System.

The major vegetation/habitat types found in the upper river drainage are
Tow-mixed shrub, woodland and open black spruce, sedge-grass tundra, mat
and cushion tundra, and birch shrub. These vegetation types are typical of
vast areas of 1nter10r Alaska and northern Canada, where plants exhibit
slow or stunted growth in response to cold, wet, and short growing seasons.
Deciduous or mixed coniferous forests wh1ch by contrast, have more robust
growth characteristics, occupy less than 3 percent of the upper drainage.
These types occur at lower elevations, primarily along the Susitna River,
where longer seasons of growth and better drained soils exist; they are

more comparable to vegetation/habitat types occurring further downstream on
the floodplain.

The downstream floodplain (below Devil Canyon) vegetation/habitat consists
primarily of mature and decadent cottonwood forests, birch-spruce forest,
alder thickets, and willow-cottonwood shrub communities. The willow
cottonwood shrub and alder communities are the earliest to establish on new
gravel bars, followed by cottonwood forests, and, eventually, birch-spruce

forest. Wetland areas, ponds, and lakes are present only in Timited
amounts within the impoundment area.

Table 7.21 lists the area of each habitat type present'in the Upper Susitna
Basin. Table 7.22 lists the area of each habitat type within the impound-
ment zones and borrow areas,

(b) Floristics

A total of 246 plant species in 130 genera and 55 families were found in
the upper basin and floodplain areas. Families with the most species are
Compositae, Salicaceae, Rosaceae, Grimineae, Cyperaceae and Eriecaceae.
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(c) Endangered Species

No plant species occurring in Alaska are listed as endangered by federal or
state authorities. None of the Spec1es under consideration for listing
vere found in the project area

7.9 - Historic and Archaeo]oglqa1 Rescurces

Surveys conducted located 43 archaeological sites within the area to be affected
either directly or indirectly by the Watana Dam ‘impoundment. These sites were
found to represent human occupation dating from approximately 10,000 B.C. in the
following culture periods: American Palecarctic, Northern Archa1c Tradition,
Arctic Small Tool Tradition. Late Prehistoric Athapaskan, and Historic. All of
these sites are believed to be eligible for the National Register of Historic
Places.

Three historic sites, all cabins built in the 1920s, occur in thz Watana

impoundment area. All three appear to be eligible for inclusion in the National
Register.

The Devil Canyon impoundment area includes seven archaeological sites discovered
during this study. These sites, representing various time periods in Alaska
prehistory including the American Paleocarctic and tne Northern Archaic Tradi-
tion, are all believed to be eligible for the Mational Register.

One historic site, also a cabin believed to be constructed in the 1930s, lies
within the Devil Canyon impoundment area. This cabin is believed to be eligible
- for the National Register. v

7.10 - Socioeconomics

Three areas are discussed to depict the socioeconomic settling of the project.
These areas are:

- The state of Alaska;

- The Railbelt region which includes Anchorage, Kenai-Cook Inlet, Seward, ,
Valdez-Chitina-Whittier, Matunuska-Susitna, southern Fairbanks, and the Yukon-
Koyukuk census d1v1swons~ and

- The local region of the Matanuska-Sus1tna Borough and the Valdez-Chitina-
Whittier census divisions, and seilected adjacent communities.

(a) State

The state of Alaska has experienced steadily increasing population sirnce
the 1940s, with accelerated growth during the 1970s. Current populacion is
approximately 400,000, with approximately 50 percent located in the jreater
Anchorage area (Figure 7.30).

Employment in Alaska rose dramatically during the construction of the
Trans-Alaska Pipeline System and has since leveled off; employment in 1979
equaled 1£6,400. Government is the largest employer in the state, respon-
sible for 33 percent of all jobs in 1979. Service industry employment has
increased recently, as has employment in transportation, communication,
utilities, retail trade, finance, insurance, and real estate. Unemployment
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(k)

"(C)

is typ1ca11y h1gher in A‘aska than in the lower 48 states; the highest rate
is associated with the native popu1at10ns (Figure 7.30).

Per capita personal income in Alaska rose from $4,638 in 1970 to $10,254 in

1976, and then rose more slowly to $11,150 in 1979 (F1gu«e 7.30).
Region

The Railbelt region of Alaska contained 70 percent of the state's popula-
tion, or approximately 285,000 people, in 1980. This is an increase from
200,230 in 1970 (Figure 7.30). S ~ :

Employment trends in the Railbelt region have been similar to overall
trends, but there has been a higher share of employment in the services and
support sector and a lower share in producing sections of the economy
(Figure 7.30).

Per capita personal income rose from $4,940 in 1970 to $11,245 in 1976,

then stabilized. 1978 per capita persona] income in the Rallbelt region
was $11,522 (Flgure 7.30).

Local

~ Increases in population between 1970 and 1980 in the Mat-Su Borough (175

percent) and the Valdez-Chitina-Whittier census division (71 percent) were
far higher than the state average. Population levels stabilized as the
Trans-Alaska Pipeline was completed.

The Mat-Su Borough's population rose steadily from 6,500 people in 197Q to
18,000 in 1980. Most of these people reside in the southern quarter of the
Borough. Palmer and Wasilia are the largest communities, with populations

of approximately 2,100 and 1,550, respectively. Wasilla experienced an

extraordinary growth rate of 510 percent during the past decade. Other

population centers in the Borough are Big Lake, EskaSutton, Houston, and
Talkeetna.

" The Valdez-Chitina-Whittier census rose from 3,100 in 1970 to approximately

13,000 during 1976 as work on the TAPS pipeline peaked and then tapered
off. The 1980 population was estimated at 6,225 (consistent demographic
information is limited because of the alterat1on of this census division
designation in 1980). Two trends are notable:

- Native population has represenned a significant port1on of total popula-
tion (22 percent in 1970); and

- Populatlon, along with economic activity in communities along the high-
ways in this division, has declirfed since the opening of the Parks
Highway in the early 19705 and the subsequent lessening of the traffic
a]ong the Richardson Highway (F1gure 7.31).

Virtually all employment in the Mat-Su Borough is government, service, and

support sectar oriented. Total employment has rwsen steadily from 1, 145 in
1970 to 3,078 in 1979, an increase of 169 percent. However. the Borouah
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conswstent]y has had high unemplavment rates (20 percent in 1970 and 13 8
‘percent in 1979), often the highest in the state. Employment opportun1t1es
have not kept pace with the growth of the labor force. The Borough is more

dependent on seasonal emp]oyment than 1arger population centers such as
Anchorage.

Resident civilian employment in the Valdez-Chitina-Whittier census division
also rose steadily in the 1970s from 831 in 1970 to 2,180 in 1979, an
increase of 162 percent. State/local governmeat and transportation/
communications/utilities represent the largsst sources of employment. The
Tatter includes employment associated with operation and maintenance of the
petroleum pipeline. This census division tends to have unemployment rates
~ slightly higher than state averages (Figure 7.31).

Nominal persoral income rose substantially in the 1970s, stabilizing as the
TAPS pipeline was completed. In the Mat-Su Borough, per capita income rose
from $3,957 in 1970 to 39,032 in 1977 and declined slightly to $8,878 in
1979. In the Valdez-Chitina-Whittier census division, the boom experience
of the 1970s is even more prominent. In 1970 the per capita personal = -
income of $3,822 was similar to the Mat-Su Borough level; with construction
of the oil pipeline, paer capita income jumped to $21,544 in 1976 and then
fell dramatically over the next few years. In 1979, per capita income
equalled $9,145 (Figure 7.31). ' ,

7.11 - Recreationa] Resources

Recreational activities currently available in the Upper Susitna Basin are those
associated with undeveloped facilities. Hunting, fishing, hiking, and camping
are the primary recreational uses, along with boating on the lakes.

There are no publicly developed recreation facilities in the project area.
Private facilities include three lodges: Stephen Lake Lodge (10 structures);
High Lake Lodge (9 structures); and Tsusena Lake Lodge. Those lodges are used

as bases for fishing, hunt1ng, skiing, boating, and hiking. Access is primarily
by air. ‘

There are no deve]oped facilities in the impoundment areas, nor are there any
areas in the vicinity of the project that are included or designated for inclu-

sion in the National Wild and Scenic River System, the National Tra1]s System,
or a federal or state wilderness area.

- 7.12 - Aesthetic Resources

The Upper Susitna River Basin comprises a diverse landscape composite, roadless
and relatively uninhabited. The combination of these factors creates a large
region that is aasthetxca‘ly renowned for its natural beauty, where, depending
upon a viewer's location in the basin, a variety of visual groupings free from
man-made structures are available. Compared with other areas in Alaska, the
aesthetic resources of the project area are, typically, not seen as outstandxng,
but because the area is a wilderness region positioned between the two major
population centers of Fairbanks and Anchorage, the aesthetic resources of the
Upper Su51tna Bas1n are 1mportant ‘
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The Upper Susitna Basin offers aesthetic dwver51ty rreated by the juxtaposition
of vegetation, water, and topographical features. The landforms of the area are

~defined by three major elements: the deeply incised Susitna River Valley and its

tributaries, the Northern Talkeetna and Chulitna Mounta1ns and the Northern
Talkeetna P]ateau The area‘s dominating landform is the Plateau. Its
features, textures and relief, northeast trending, rounded low mountains, and
h1gh1ands of generally rollxng terrain slope to meet adjacent landforms that are
moderate]y rugged, higher, and more mountainous. The remaining landform types
fall in the eastern project area and reflect the influence of the adjoining
Copper River Basin. These landforms are characterized by lower mountains and
hills wwdely spaced on the Plateau, and flat terrain 1nter5persed with numerous

ponds.

Vegetation is diverse and varies with elevation. A dense spruce-hardwood forest
blankets the lower drainages and slopes, while vast meadows of tundra cover
higher elevations. A variety of shrubs prcvides the transition between the two
biomes, adding texture and color to the setting. This diversity of vegetation

lends 1tse1f to the natural occurrence of edge effect found in +he more scenwc
visual groupings.

Color erhances the scenic composite, partwcularly in autumn when the leaves of
deciduous trees turn to golds and oranges, in direct contrast to the dominating

dark spruce green., Also in the autumn, the tundra bursts into its brief bloom,
adding color to the landscape.

The deeply cut canyons and gorges of the Susitna River scenically exhibit the
river's extraordinary power; the gorges are particularly striking at Devil and
Vee Canyons where turbulent rapids, rock outcroppings and cliffs, and enclosed
walls dominate the scene, The clear, wild, and scenic mountain creeks are
aesthetically st1mu1at1ng, many of them rush over and through steep rocky
embankments to form waterfalls. Lakes are numerous in the basin, ranging from
small, irregularly shaped lakes in the midst of park-like woods and mountain
peaks, to a complex of five finger- shaped lakes set in a black spruce and shrub

- wetland reg1on

Viewpoints overiooking the project and adjacent area which are found atop the
the higher mountain peaks include Deadman, Devil, and Chulitna Buttes, the
ridges above Vee Canyon, and Big Swimming Bear Lakes. On clear days, the
scenery includes extensive views of the Central Talkeetna Mountains and the
Alaska Range, focusing upon the often spectacular views of Mounts McKinley,
Deborah, and Hess, and the Eldridge, West Fork, and Susitna glaciers.

7.13 - Land Use

Existing land use in the area is typ1ca1 for that of interior undeveloped
Alaska. Broad expanses of wilderness areas are present with minimal man-made
developments or structures. Abandoned cabins and recreational lodges are the
primary man-made structures. Significant concentrations of res1dences cabins,
and other structures occur near other lakes, Portage Creek, High Lake, -Gold
Creek, Stephan Lake, Clarence Lake, and Big Lake. DNog s]eds and a]]-terra1n
vehlcles are used as modes of transportation in the area.

There is little land management in the area. Most land in the project area and
directly south has been selected by native corporations under provisions of the

Alaska Native Claims Settlement Act; lands to the north are generally managed by
the«U S. Bureau of Land Management . o ,




TABLE 7.1:

TYPICAL NDAA CLIMATE DATA RECORD

Meteorological Data For The Current Year

Standad thne used:

L'ongin‘nh‘ 149700’ ¥

Station:  SUMMIY, ALASKA SUHHIT AIRPDRY ALASRAN Latitucde:  83° 20° N . Elqvation fpound) ;. 2397 lemd Yeshi 1934
¥ 20414 . . : - v b o R TR L T S Py ..‘...‘ b <
Temperatune *F Precipitstion in inches MS:::: ive Wind -3 Humbar uf days
~ ! Y. pet, 12
Degres dfays §
. - Base 65 °F 3 5 - . ) F %
Averages Extiemes Water equivalent Snow, ce pellett N . | Besultam Fastest ile 5 Sunrise to sunget sl = . ;
’ : 3138|388 e |- - p—|E i3 ] EI 28| £ |5, Hehoum | Menen |
Month - . 22l = £ 2128 gg 8’5 s |3 Elm ( { :
‘ z E' %* g z k3 Eg gd 02 ol‘ 14} 201 6 o 5‘5 by 2 Eg §! =3 z .a§ ‘g § P g. §, E;, By DY
5|55 5§ | & & g1 213 3 1Ez| 8| B |85 3 ocal time) E|E5|55 gd Bz |B8i5c| n €3y 3 1eol3s| S BRI ndaligE] s
a3t 2 %] a 51 £ 18 e 13&1}1 & e 1Sxl & fLocal time nise|de|HE|l 5 |8 |€R|3a| S (&3] 5 |&ald2| & |E5k8 b BELBEf mat
- - . DO IDDU SR A e e i L SRR
3
JAN 9.0) -3.8} 2.8] 2a] 30 }<28f 9| 193y O 2.37) 1.18118-19] 49.7)21.5] 18-2¢! &3] 70| Y3 T 28| 23{ 20 6,6/ 11 4| 18] 12 7 0 2 ol 291 3 e
FEB | A,21-10,4) <3.1) 231 5 {-28; 11 | 1978] Ol .11 0.30] & ] 19.8] €. s-p 63] 631 &8 3| or}23 390 171 4 &l 71 &f of of ol 27 l"r‘g &
HAR 18,2 2.2] 10.2} 30 6 [~14) 13 1698 0 1.65] 0.45] 3-4 a1 1) 8,7 3 T3] 87 k 33 011417 8.0 4 & 23 11 ] 1] [} o] 3 31,"5 15 ¢
APR 35,3] 14.3] 25.4) 51 30 -31 15 1180 0 .14} 0,08 26 8.8 3.1 248 12 ] 20} 081} 14 &.2 ] ] 14 3 2 L] 4] 4] 8 e 24
niy 43,41 29.4] 36.3] Sa 2 17 7 e78 0 2,98} 1.%0 s A, .6 [ ] 59 17 261 18 TS -] & 20 7 & 0 0 [} o} 2T @
JUN | 60.A 40.9) S0.8] T4] 27 ] 34} B 420 0] 0©.51] 0.30f 30 0.0{ 0.0 49 s 22117 8,9 ] 8] 16 4 0 el o 3 0 * G
JUL 62.1] 43,6} 32.9) 18] 23 33 $ 268 9 1,081 0.3 23 0.0] 0.0 (3 29 327 84 3 ¥ 21 14 [ ] 4 2 o of
AUG 82.8] s1.8) 52,31 78] 3 It} 28 383 0 0.%61 0,20 T 0.0} 0.0 au 20 28 7 ) 13 0 s [+] 1 )
SEF | &9.81 31.7) 40,8} 59 14 18} 30 T8 o 1.5%] 0.40 9 0.4] 0.3] 20 T8 23 251 19 146 2 9 18 13 o (¢] 2 [} 0 L R LA
oer 20 08 12 |
Year
: L i
. 2
Normalis, Means, And Extremes - mrouwu 105
© Temperatuses °F Peeciplitation § lnchct Nelative < Wind . Mean rumber of d. - T
Notmal ¢ v in tmmidity pet, 2 i ean nuniber of days Avcrage
Dégree devs - «E T ; ] Sation
Noimat Entremes Dase 65.°F Water equivalent Saow, Ice pellets . 8 Fatest mile 2 g, Sl o wmet] t pin 3 ::an?uuluvq?;:: ‘ ‘.::"
HEE § 2 Sg tHep2 O .0 R
. $ 2|22 g § 55 gs g ;g 3] Elew. .
. € |3 > £ E 5 €Eg § > Ed g Eg § e 8l s s
2 ) = o g = = g* 3= I E g.g: =8 . e > >l5e ‘é = "'.E ? %vv
£ E gl =5 ¥ B £ £ g £s EEl | E Es e 02|08{146{20} c = 13 £ « 1% 1gM s 138l g losiyps] BlxSleselesiTnd®al 2408
R H I HEAR IR R H I IR I R R R e R e b 1 - W AR I P 3 B R N R T
2|88 |8E| & €5 2 [28] = x 2 = » | = > ss] > > =8 > 2 EIES[AE]l B8] » | & 2} O 5| O A <] = | o o ‘n_& X} mat
- R . LR e o o el tnaed Besentl Romd Entes - b o i
tal 3s s 3 38 as E 1) 1] s} 1) 7} 6] e} s v} 7 ot r] 1 20 8] al ] ac 3s) aed a« 2
4 TP | =bal 1.6 | 48 Ji945 ~43 hoTy | 1968 (] 0911 3,38 19468 ] 0,09 {1945 | 0. 80 J1948 | 6% 1948116,3]1973]68]6a]69]s0)18,1 (NE 441 03]3968 3.2 13 3 13‘ b ] 4 (] . of 30} 3\f 6] o21.4
Fl13.5 -sh 6.8] A5 942 a8 1947 | 1633 1] 1.231 3.31 1951 T 1950 1 2. 79 11951 | 4.5 (195)(28.0]1%84)76]23175] 78 Xl'.'”NE %0] 0T[197s 7.0 [ 5117} 1o S [+] 1 0} 26) 23: 3%) S13.8
Ml19.4 1 2.0 ]31.2 §49 hosr b3s o7y | 1668 0] 1.0414.53 1948 1 0,07 fLeal | 3.67 1946 | ses1]10ssi1nc111946)781 76703 10v 1 iHE | a0 10f19m) s.2f 9 e 18§ tof- 3] of 1} ol 2] 2§ 3} wniri2 .
A 1329 [ 1401 [ 23,5 | 87 11956 F30 Jiges ] 1243 0 0.6771 4,45 1936 1 0,08 {1944 | 0,57 {1963 | 28,7{1970] v.7{iva3|n0l7sfestral ,6]nE | 33] osf1om1 FTo2p 58 71 %81 71 4F of 1) ol 23) 30F a3t srple
HA%.7 12908 §37.4 1 76 hoso s Jioss | ese O V.7772.66 1968 10,06 11949 | 0,96 1948 | 17.411958] 7.5119%8183|T058|87] 7.7{0 | 28] o7|19¢9 T80 31 el 191 1) 2| e| A o} 122t e sa3n
J.f58s0 13949 1 49.0 ;89 11981 ] 25 Jtoar 480 ] 2197 4,45 11949 ] 0441 jLeaZ | 2.22 l1veT Pe4[1974F B.T11974]04173(BT]85| 8.3 $Woy 294 2211970 8.2 2] o) 22} 12 }§ 2 1 3 I Bl A 92e.?
J160:2 [43:0192.0 |21 five) |32 1970 | 403 0} 3.0713.56 1939 1,17 Jiess | 1.93 19«n 0, Tj1970; 9, 71970 aviTe}62{72] 7.8] 5K Sq 23{1974 8.2) 21 T 22 8] 21 4r o s|- o] ab  wf s2e
A 156:0 14ale) {40,381 Q0068 f 201935 ] 508 0f 3.30616.33 119351 0.70 Jload | 2.10{1944 | 9,01195%) s.0f193s]e8[01(62178] 7.4]5w | 31{ 22{197s 8.3) 21 &) 23} 18} of sf 1] i} of 2} of 93o.3
S 1at. {32:6 [ 39.9) 78 fiosT | o lisss | 1% O 2.81146.13 106510.29 1969 | 2,07 19as | 218119581 14,0]1955]188(01159} 7] 7.8 {NE | 32| 23|1972 Toal sl ospoao) 16l b el 1] cef ] 141 o} ey
013044 | 175 724,01 5% 1989 Fis h9?s (127 G 1 1.6213,79 19921 0.12 Jio67 ] .20 [ios3 | S4<¥{1570012.611970{0d]85176} 61| a.00uE | 25{ 23]1970 T.61 siosfo2r) 13) 7 of 2| o} 18} 3ot 2] sysly
Hy15.7 3.7 FoT | %84 5062 +29 1948 | 16089 0 1.3 4,89 1952 1 0,08 losd ] 1,30 l1oas | 7311967121, 9i1e70(79}19)78] 19 11.3 JNE 391 23§19%0 7.1 A I I Y S ] 0 1 of 211 30f i3l 921.3
[} 902 | =3ed 249 42 N9a% a3 l196) | 1925 ] 1.20 1 6,63 h9351 | 0,24 1n65 | 1,09 {1947 | S0.7]1910]27.a4t970] 267826 77|12, 7 |nE 447 11§1970 6.3 9 35 17 ‘H 8 0 1 of 30} 3} ¢l k.t
{y ] UG Fre cpy nOV FEB i , : HAR 1 B
YR 133,011840 | 25,3 89 1981 F45 19TY fad6d 0 1 20.06 | 6.T4 RSN T 1650 ] .79 Jiosy | T9.1{1967{26. 01198881 {70107 {74] 9. TiNE 48] 1ol1em T.2] 68] T0]23711138] 4 51 12 917320} @al 922.0
RUTE? Dic to less then full time operstlon on & varfable schedule, .mnmin,lly recordéd alementa ave
. - £rom broken sequences {n incomplete records, WVaily temperature extremes and precipitatim
v totals for portions: of the record may be for other than a calendar day. Tue period of yecord
for some elements is for other than tonsecutive years,
() Length of record, years, through the  NORMALS ~ Based on record for the 194)-1570 perlod. $ - For calendar dn{ grlor ro 1968. . :
Current year unless otherwise notad, - DATE OF AN-EXIRIME ~ The wost recent in cases of muitiple @ For the perfod 1950-1954 and January 1968 to date whien available.
based un January data. ) o occurrence, C = for full year,
- {b} 70° and above at Alaskan statfons. PREVAILING WIND BIKECTION - Record through 1963, ) N 1t Eor the perlod

* less than ene half.

T Trace.

HIND DIRECTION - Numerals indlcate tens of dagrees clockvise
; ) from true north, 00 tndicates calm, X

FASTEST HILE RIND - Specd s fastest chserved L-mlnute value

i when the direction 15 in tens of degrees,

-y

’ ._ j_

19%2-1953 and Janwiry 1968 to date when avallahle
for full year, : : ) :

# Data for thia statfon not aval lablke' for arclitving nor
publication of auvamary effective Oceobér 1976, :

Lo . i .




TABLE 7.2: MONTHLY SUMMARY FOR WATANA WEATHER STATION DATA TAKEN DURING JANUARY 1981

- Res. Res. Avg. Max. Max. Day's
Max. Min. Mean Wind Wind Wind Gust Gust Mean Mean : Solar
Temp. Temp. Temp. Dir. Spd. Spd. Dir. Spd. P'val RH op Precip Energy Day
Day Deg C Deq C Deg C Deg M/S M/S M/S Deg Dir. % Deg C MM WH/SQM
01 3.4 0.4 1.9 on 5.7 5.9 85 14.6 ENE 37 - -11.7 0.0 *xk ()
02 2.2 -11.6 - 4.7 083 1.5 1.7 484 5.7 £ 45 ~15.6 0.0 it £ P
03 - 2.4 -13.3 - 7.8 074 3.5 3.7 051 8.9 E ' 41 -18.3 0.0 **x Q%
04 - 4.3 - 9.0 - 6.7 058 2.5 2.6 058 7.0 NE 49 -15.0 0.0 **x 04,
05 - 5.8 -11.8 - 8.8 074 2.2 2.4 081 5.7 E 51 -18.3 0.0 % Q5
06 - 3.6 -10.9 - 7.3 068 7.2 7.3 . 077 14.6 ENE 37 -18.0 0.0 % 06
o7 1.2 - 4.8 - 1.8 064 5.0 5.3 076 12.7 ENE 33 -16.0 0.0 **x Q7
o8 - 2.2 - 9.4 - 5.8 072 2,3 2.4 071 7.6 ENE 45 -15.9 0.0 08
a9 - 1.5 - 6.7 - 4.1 059 5.2 5.3 077 12.1 ENE 30 ~19.1 0.0 *xx O
16 - 1.8 - 9.2 - 5.5 59 4.0 4.1 073 11.4 ENE 45 -14.8 0.2 *%% 13
11 - 1.1 - 5.1 - 3.1 062 4.8 4.9 075 10.8 ENE 47 =13.3 0.0 L S &
12 - 1.9 - 9.2 - 5.6 053 2.0 2.1 an 7.6 ENE 48 -14.1 0.0 *Hx 12
13 - 1.2 - 9.9 - 5.6 049 3.8 4.2 099 12,7 ENE 33 -18.3 0.0 LLE S
14 3.4 - 3.5 - 0.0 061 5.3 5.6 a7s 14.0 ENE 46 -10.8 0.0 Rkl S £ %
15 3.5 - 0.9 1.3 079 3.2 4.1 081 12.7 ENE 51 ~ 7.3 0.2 *x% 1%
16 0.1 - 9%.7 - 2.8 as0 2.9 3.2 a7 12.1 ENE 45 -13.6 0.0 *E T4,
17 . 0.9 - 2.4 - 0.8 060 4.2 4.4 062 12.7 ENE 35 -15.1 0.0 **x 17
18 0.9 - 3.6 - 1.3 068 4.8 2.0 074 14.0 ENE 35 -14.3 6.0 e IR
19 1.3 - 6.5 - 2.6 109 0.4 3.9 242 13.3 ENE 40 ~-14.2 0.8 e 1B
20 - 5.8 -13.6 - 9.7 062 4.3 4.4 075 8.9 ENE - 38 -20.3 0.0 *Ex Py
21 - 4.8 -12.6 - 8.7 057 5.0 5.1 078 9.5 NE 35 -20.1 0.0 X 2%
22 - 1.1 - 5.3 - 3.2 052 4.9 5.0 083 9.5 NE 34 ~16.7 0.0 X 22
23 1.4 - 5.1 - 1.9 061 4.5 4.8 083 11.4  NE 40 -13.8 0.0 *xx 73
24 - 0.1 - 5.0 - 2.6 048 3.5 4.0 055 10.2 ENE 30 -18.3 0.0 2%
25 1.6 - 3.9 - 1.2 067 4.6 5.0 aso 12.1 ENE 23 -19.2 6.0 e 2%
26 - 4.2 - 8.3 - 6.3 342 0.6 1.4 088 3.8 WSW 52 -14.3 0.2 *x 28
27 - 6.2 -14.4 -10.3 062 1.0 1.2 as9 3.2 ENE 51 -17.8 0.0 **% 27
28 -11.3 -17.7 -14.5 065 4.5 4.6 065 14.6 ENE 44 -23.7 0.0 **x 28
29 - 2.2 -12.3 - 7.3 058 6.2 6.4 070 13.3 NE 38 -19.7 0.0 X 29
30 1.7 - 3.2 - 0.7 068 5.7 5.8 075 12.1 ENE. 26 -18.3 0.0 e 38
31 - 0.1 - 4.2 - 2.2 053 2.8 2.9 045 7.6 ENE 38 -14.7 0.2 e FY
MONTH 3.5 -17.7 - 4.5 062 3.8 4.2 ass 14.6 ENE 40 ~16.2 1.6 >k

Gust Vel. at Max. Gust Minus 2 Intervals 13.3
Gust Vel. at Max. Gust Minus 1 Interval 12,7
Gust Vel. at Max. Gust Plus 1 Interval 12.1
Gust Vel. at Max. Gust Plus 2 Intervals 12.7



TABLE 7.3: SUMMARY OF CLIMATOLOGICAL DATA

5 2
) ‘ MEAN MONTHLY PRECIPITATION IN INCHES ' PERIOD OF
STATIGN JAN FEB MAR APR MAY | JUNE JULY AMG SEPT ocT NOV DEC | ANNUAL | ~ RECORD
Anchorage 0.841 0.561 0.56} 0.56{ 0.59{ 1.07 2.07 2.323 2.37 1.431 1.021 1.07 . :
Big Delta_ 1 0.36) 0.27§ 0,33} 0.31{ 0.94{ 2.20 2,49 1.924 1.23 0.561 0.41] 0.421 11.44 1941 - 70
Fairbanks 0.60) DB.53} 0.481]1 0.33}] 0.651 1.42 1.90 2.19% 1.08 0.73{ 0.66} 0.65} 11,22 1941 -~ 70
Gulkana 0.581 0.471 0.344 0.22{ 0.63} 1.34 1.84 1,581 1.72 0.881{ 0.754 0.76} 11.11 1941 - 70

Matanuska Agr.
Exp. Station| 0.79} 0.63} 0.52] 0.62] 0.75}] 1.61 2.40 2,621 2.31 1.331 0.93} 0.931} 15.49 1951 - 75
McKinley Park 0.681 0.61{ 0.60}{ 0.38} 0.82}) 2.51} 3.25 2.481 1.43 0.42| 0.901 0.961 15.54 1951 - 75
Summit WSO { 0.89) 1.19{ 0.86{ 0.72] 0.60f 2.18 2.91 3.091 2.56 1.5741 1,291 1.111 19.03 1951 - 751
Talkeetna 1.631 1.791 1.54) 1.121 1.46] 2.17 3.48 4,891 4.52 2.241 1,791 1.71} 28.64 1941 - 70

__MEAN MONTHLY TEMPERATURES

Anchorage 1 M.8) 17.8] 23.7| 35.3| 46.2] 54.6 37.9 55.91 48.1 34.81 21.11 13.0 1941 - 704
Big Delta - 4.9 4.31 12,31 29.41 46.31 57.1 59.4 24.81 43.6 25.2 6.91-4.2127.5 1941 - 70 {
Fairbanks -11.9{ - 2.5 9.501 28.9) 47.37 59.0 60.7 55.41 44.4 25.2 2.81 -10.41 25.7 1941 - 70
N Gulkana - 7.3 3.91 14.51 30.2{ 43.8] 54.2 26.9 53.21 43.6 26.8 6.11~-5.1126.8 1941 - 70
Matanuska Agr. , ‘ : C
Exp. Station 9.91 17.81 23.61 36.2] 46.8%1 54.8 37.8 35.31 47.6 33.81 20,31 12.51 34.7 1951 - 75§
McKinley Park | - 2.7 4.81 11.51 26.41 40.81 51,51 54.2 50.2) 40.8 23.0 8.91-0.104 25.8 { 1951 - 75
Summit WSO - 0.6 5.0 9.7 23.5} 37.51 48.7 52.1 48.71 39.6 23.0 9.8 3.0125.0 1951 - 751
Talkeetna 9.41 15.31 20.0} 32.6] 44.71 55.0 57.9 24.61 46.1 32.11 17.5 9.0

32.8 1941 - 70




.
” . .
» :

i - :
1 .
i

TABLE 7.4: RECORDED AIR TEMPERATURES AT TALKEETNA AND SUMMIT IN °F

talkeetna | Summat .

Daily Daily Manthly Daily Daily Monthly

Month Max. Min. Average Max . Min,  Average
Jan 19.1 - 0.4 9.4 5.7 - 6.8 -0.6
Feb 25.8 4,7 15.3 12.5 - 1.4 5.5
Mar 32.8 7.1 20.0 18.0 1.3 9.7
Apr . ‘44.0. 21.2 32.6 32.5 14.4 23.5
May 56.1 33.2 44,7 45.6 29.3 37.5
June 65.7 44,3 55.0 52.4 39.8 48.7
Jul 67.5 48.2 57.9 60.2 43.4 52.1
Aug 64.1 45.0 54.6 56.0 41.2 48.7
Sept 55.6 | 36.6 46.1 46,9 32.2 39.6
Oct 40.6 23.6 32.1 29.4 16.5 23.0
Nov 26,1 8.8 17.5 15.6 4,0 9.8
Dec 18.0 - 0.1 9.0 9.2 - 3.3 3.0
~ Annual Average 32.8 25.0




TABLE 7.5: PAN EVAPORATION DATA

Average quthly Plan Evaporation, Inches

Matanuska Valley

Agricultural Expansion Station | Universaity Expansion Station ) Watana Camp

Month t.vaporation Jears Recorded Evaporation Years Recorded Evaparation Years Recorded
May 4.63 15 4.46 19 3.6 1

June 4.58 | 2 - 5.09 26 3.6 1

July 409 _ 29 4.50 - 30 3.3 1

August 2.99 29 ‘ 2.96 0 2.5 1
September 1.83 26 162 24 15 g
SUBTOTAL 18.12 18.43 14.3

"

¥
. - i A



TABLE 7;6: AVERAGE ANNUAL AND MONTHLY FLOW AT GAGE
‘ _IN THE SUSITNA BASIN*

TSTATION (USGS Reference Number )

Susitna River Susitna River = Susitna River Maclaren Rlvér

at Gold Creek Near Cantwell Near Depala ‘Near Paxson
(2920)" (2915) (2910) (2912)
MONTH 7
Drainage Area . 6160 4140 950 : 280
SQ. mi. % Mean(cfs) % Mean(cfs) % Mean(cfs) __% Mean(cfs)
JANUARY 1 1,453 1 824 . 1 244 | 1 36
FEBRGARY 1 1,235 1 722 1 - 206 1 84
MARCH 1 1,114 1 692 1 188 1 76
APRiL 1 1,367 1 853 | 1 233 1 87
MAY 12 13,317 10 7,701 6 2,03 7 803
JUNE 26 27,928 26 19,326 22 7,285 25 2,920
JuLY 21 23,853 23 16,892 28 9,350 27 3,181
AUGUST 19 21,478 20 14,658 24 8,050 22 2,573
 SEPTEMBER 12 13,171 10 7,800 10 3,350 10 1,149
OCTOBER 5 9,639 4 3,033 3 1,122 3 409
NOVEMBER 2 2,467 2 1,449 2 490 | 1 177
DECEMBER 2 1,773 1 998 1 314 1 118

ANNUAL - cfs 100 9,566 100 6,246 100 2,739 180 973

Period of Record - Gold Creek - 1950-79
Cantwell -~ 1961-72
Denali ~ 1957-79
Maclaren - 1957-79

* Ref. USGS Streamflow Data
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YEAR

1250
1251
1952
1853
1934
1935
19546
1957
1958
1959
19260
1941
19482
1943
19464
19865
1984
1967
19468
19469
1270
1971
1972
1973
1974
1975
1976
19727
1978
1979
19890
1981

AVE

0cT

533550
3848+O

95710

8202.0
a3604.0
33720.0
4951.0
38048, 90
B212.0
4811.0
46358.0
77924.0
S916.0
6723.0
6449.0
el2%1.0
7203.0
4163.0
49200.90
3822.0
3124.0
0288.0
9847.0
4824.0
3733.0
3739.0
773%9.0
3874.0
7571.0
4907.0
7311.0
7725.0

NOV

2383 .0
1300.,0
2744.0
3497.0
2100.0
27460.0
19200.0
3050.0
2954.0
2150.0
2850.0
3000.0
2700+0
2800.0
2250.0
2799.0
2098.0
1600.0
2353.0
1630.0
1215.0
3407.0
3093,.,0

2253.0

1523.0
1700.0
1923.0
2650.,0
3925.0

2535.0

- 4192.0
39846.0 °

25468.+4

* Long term average flows assumed

LEC

143%9.0
1100.0
1200.0

17000

1500.0
2045,0

1300.0 .

2142.0

- 3284.0

1513.0
2200.0
2694.0
210040
2000.0
1494.0

1211.0

1631.,0
1500.0
20535.0

882.0

8646.0
2290.0
2510.,0
1465.:0
1034,0
160300
1081.0
2403.0
25892.0

1681.0

2416.0
1773, 1%

1793 .2

JanN

1027.0
Q60,0

- 160G.0

1100.0

1300.0

1794.0
?80.0

1700.0

19650
1448,0
1845.0
2452.,0
19000
1400.0
1048.0

960.0

1400.0
1500.0
1981.,0

724.0
824.0
1442,0

2239,0

1200.0
874.0
15140
274.0
1829.0

2029.0
1397.0
1748.0
1453, 6%

14462.8

TABLE 7.7: GOLD CREEK NATURAL FLOWS

FER

FER.0
820.0
1600.0
820.0
10G0.0
1400.:0
70.0
1500.0

130740
1307, 0

145200
1754.,0
1500.0
1500.0
2546.+0
8460.0
1300.0
1400.0
1200.0
723.0
768.0
10346.0
2028.0
1200.0
77740
1471.0
P00
14618.¢Q
1468.0

‘1286«0

1464.0
1235, 8%

1242.8

MAR

- -*.

z.

(0 BT
(e o R

0
1§
0

s BRI

820.0
780.0
1100, 0
240.0
1200.0
1148.¢
280.0
1:197.Q
121Q.0
1400.0
1000.0
7132,0
200,90
13000
1200.0
1260.0
8146.,0
7746.+0
?5G6.Q
1823.0
1000.0
724,90
1400.0
?00.0
185000
1605.0
1200.90
1400.0

1114,3%

1123.2

AFR

870.0
1617.0

20,0

1515%@
1235.0
1200.0

- ?50.0

1200.90
1333.0
12350.0
1300.0
2650.0
1700.0

830.0

- 745.0

1360.0
1?7500

1167 .0

1910.0
1510.0
1080.0
1082.0
17100
10270

20240
1593.90
1373.0

1680.0

1702.0
1450.0
1670.0

MAY.

11510.0
14090,0
5419.0
19270.0
17280.0
$319,0
17440.0
137%50.0
12960,0
15990,0

15780.0

17340.0
12590.0
192030.0

4307.0
12990.0

2645.0
15480.0
14180.0
11050.0
11380.0

3745.0
218%0.0

8235.0

16180.0
153500
12620.0
12680.0
11950.0

13870.0

12060.0

JUN

124600.0
20790, 0
323701
27320.1
232300
298460.0
3334G.0
30160,0
25700.0
23320.0
13530.0
2945000
43270.0
26000.0
S0E80.0
25720.0
32950.0
223910.0
31550.0
13500.0
184630.0
32930.0
34430.0
27800.0
17870.0
32310.0
24380.90
37970.0
19030.0
24590.0
29080. 0

1367.5° 13316.7°18143.0

13277.4

27657 .9

JUlL.

22400.0
2R570.0
26390.0
202000
20360.0
27560 D
31090.1
33310, 0
22880.0
25000.0
22980.,0
243570.0
25850.0
34400.0
22950, 0
27840.0
19860.0
26800.0
264200
16100.0
22440.0
23950.0
22770.0
18250.0-
18800.0
27720.0
18940.0
22870.0
21020.0
28880.1
32660.0
32000,0

24382,8

AUG

19880.0
1287¢Q
20920.0
205810.0
26100.,0Q
25750.+0
24330, 0
20540.,0
2254000
31180.0
23520.0
22100.0

23550.0

23670.0
16440.,0
21120.,0
21830.90
325820.0
17170.0

8B?%.0
1¢%80.0
31%10.0
192%0.0

202%20.0

16220.90
180%90.,0
19800.0
19240, 0
143%0.0
20460, 0
20240.0
38338.0

219255

SEF

B301.0
21240.90
14480.0
13270, 90
1292090
142%0.0
1833¢.0
19800.0
- 7550.0
156%920.0
2051040
13370.0
18820.0
12320.¢0
95710
19350.0
11750.0
146870.0

88146.4
S5093.0

2121.0

14440,0
12400.0
074,90
12250.0
16310.9
68E81.0
126400
B&07.0
10770.0
13280.0
13171. 1%

13174.5

AVE

9716
PO&2, 1
FE16.2
10035.3
F&1e.1
10304.0
1i211.8
10344.,0
?412.8

- 10489.1

?649.3
1Q750.3
11530.5
1098%9.4

P792.8
10114.8

?39503
11130.8

P781.3

9580.8

7535.3
10205.8
10835, 8

8031.7

7381.4
10233 .5

B8135.9
10079.5

8142.2

2437.2
10686,9
11182,

651,07
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YEAR

1950
1951
1952

1953

1954
1935
1954
1957
19:8
1959
1960
19461
1962
1963
1964
1245
19264
1967
1948
1949
1970
1971
1972
1273
1974
1975
1976
1977
1978
19279
1980
1981

AVE

Notes: (1)

acT

4719,9%
3299, 1
4592, 9
5085, 7
4218.9
3859, 2
4102,3
4208.0
6034,

- 36468.0

3165.5

6049.3

48637 .8

oa60.1
5187.1
4759 .4
3221,2

3269.8

4019.0

3135.0
2403.1
3768.0

4979, 1

4301 .2
3056.5
3088.8

 5679.1

2973.5
9793.9
3773.9

6150, 0°

6458, 0

4513.1

NOV

20B3.46

1107.3.

2170.1
27536.8
2051.1
1588.1
2276.6
2935.9
1729.5
2213.5
2327.8
2263 .4
2308.9
178%9.1
2368.2
1365.3
1202,2
1934.3
1354.9
1020.9
24%94.4
25387.0
1977.9
1354.7
1474,4
1601.1
1926.7
2645.3
1944,9

3525.,0°

3297, 0°

205

2

¢4

Discharges based on Cantwell and Gold C
Watana observed flows

Flows based on Gold Creek
Watana long term average flows assumed

nEC

1168.9

1561.0
1281.2
1183.8
1549.5
1038.4
170749
2258.5
1115.1
1672.3
1973.2
1760.4
1708.9
1194.7
1070.3
1203.6
1121.6
1704.2
753.9
709.3
1687.4
1957.4
1246.5
231,68
1276.7
B76.2
1687.5
19797
1312.6
2032,0°
1385, 0%

1404.8

(1]

JAN

g08.0
1274.5
"818.9
1087 .8

816.9
1373.0

1480.46

1081.0
1400.4
1779.72
1608.9
13068.9
- 832.0
863.0
1060.4

1102.2

1617.4

519.2

6346 .2
10974
16709
1031.5

78644
1215.8

757.8

1348.7

1577.9
11346.8
1470.0°
1147.0%

1157.3

JABLE 7.8: WATANA ESTIMATED NATURAL FLOWS

FEE

s41 .7
6730
61147
80,1
1050.5
754.8
1189.0
1041 .7
949.,0
1128.,9
1304.8
1257 .4
1184.7
781.4
772.,7
84,7
1031.3
1560 .4
507 .5
50251
777 +4
1491 ,4
1000.2
689.9
1110.3
743.2
1202.,9
12677
1055, 4
1233.0°
271 .04

?78.%

reek flows unless specified

o
=
L
iy}

638.2

1331,¢
1174.8
8B83.+6
3752
BO7.3
?E4.7
88%.5

1560.4

65840
624.+1
717.1
1366.0
873.%
27 +3
1041 .4
&90.7
1110.8
1238.7

1101.2

1177.0°
889 . 04

898.3

AFR

#
)

80,1
02.2
803.%
1382.0
9426
240.8
71843
745.+1
12465.4

- -y

1

s

G L

19465.,0
1457.4
7748.+4
46092
1232.4
1338.4
849.7
1576.7
1261:46
285+ 4
1305.4
214.1
871.9
1211.2
105%.8
1203.4
1408.4

1317093

1404.0° 10140,0°
1103.0° 10406.0%

1112,

MAY

B&55.9

114649.8

4216.5

135037.2
1186%4.8
6718.1

132953.3

10176.2
$957,8
10140.4
13044.2
13837.9
11333.5
15299, 2
3572.8
10964.0
7094,1

12555.5

12824.7
?313.7
25364
2837.2

15%973.1
7287.0

1288%.0

11672.2
8938.8
8569 .4

113231.5

123469.3

1039746

JUN

16432,1
18517,

2077344

21449.8
1247647
24881.,4
27171.8

25275.0

22097.8

18329.4
13233 .4
227841
340171
20663.4
42841,9
21213.0
25939.4
24711,9
25704,0
13962, 1
14399,0
27612.8
27429 .3
23859 .3
14780 .6
246689 .,2
19994 .0
31352.8
17277.2
22904.8
23400.0

17323.0% 27840.0°

232922.4

JUL.

19193.,4
19788 .4
22110.9
173505, 2
186983, 4
2F7B7 .9
25831.3
19¢48.9
18752.7
20493.1
195041
19839.8
23443.7
28747 .4
20082.8
23I235.9
21987 .3
22082.8
14843.5
i8410.1

21126.4

19820,3
14351 .1
15971.9
23430, 4
17015, 3
19707.3
18385, 2
24911.,7
38740, 0

207780

AUG

14913.6

146478.0
173843
16868144
20420.6
23537.0
192153, 4
17317.7
18843.4
23940.4
19323.1
19480.2
19887.1
2:011:4
140482
17394.1
17390.9
26104.5
14147.5
77719
16263.8
27446.646
17509.5
18016.7
13523.7
151248.6
183%3.5
1468073
134121
164707
18000.0

31435,0%

184321.4

SEF

732044

17205:5

11571.0
1151345

214655
134478
13194.4
14841.1

5Q78.7
124468.9

1608G5.6

1014642

12746.2

7324.2

146225:6
2214.1
134672.%9
71863.6
42460.0
7224.1
i2188.9
10955.7
BOG?.7
2786.2
13075.3
97115
1046131
71324
20967
11000.0

12026 . 0%

10670.4

AVE

65929.5
769641
7745.5

7988.7

73%1:4
8474.8
PQOL. S
8349 .4
7718.4
T957.7
7901.2
BS51 &
e799.1
22046, 1
8255.4

8409.0

7345.9 «

$041,5
7991, 4
4880,8
4068.,0
8549,1
8920.4
7079.,9
4272.5
8367.7
4788 4
BROR. &
4947, 4
8133.0
8855 .G

P522.3

7943 .,1




, |

YEAR

1950
1951
1952
1953
1954
1955
1954

1957
1958
1959
1940
1961
1942
1963
1964
1945
1966
1947
1948
1969
19790
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

AVE

0cT

9738,2
3652.0
S221,7
7817.4
3910%.3
4830, 4
46479
9233.3
7434.5
4402.8
6060.7
7170.9
545%.4
6307.7
a928.3
9744.0

3844.0
4585.3
3537647
2866.5
4743.2
5937.0
4638.6
3491.4
33068
7003.3
35352+ 4
6936.3
435023
6£900.0
7246.0

5311.8

HOY

| 2404,7

1231.2
2539.0
3232.4
1921 .3
2504+ 8
1788.6
2773.8
3590.4
199%.8
2622.7
2759 .9
2544,1
2696,0
2085,4
2645, 1
1907.8
1457.,9

2203.5

1531.8

1145.7
3081.8
2912.3
2154.8
14462.9
1619. 4
1853.0
23%91.7
3210.8
2324.3
39558.0
3699 .0

2382,9

* Discharges based on Watana flows

LEC

T1342.5

1030.8
1757 .5
1550.4
1387.1
18&%,0
1206, 8
1986, 6
2204.9
1370.9
2011.5
24346 .6
1978.7
18946.0
1387.1
11460.8
14?804
13464,9
1929.7
83&6.3
810.:0
2074.8
2312.6
1387.0
G074
1486.5
1007.9
214745
2371.4
1549 .4
2279.0
1554.0

1652.0

——

JAN

231.3

905#?

1483 ,7
999 &
1224,2
1649 .1
921,7
158% .2

1792.,0

1314.9
1686.2
2212,0
1796, 0
1494.0
978.0
905.,3
1278.7
1357.9
1851.,2
48444
75649
1318.8
2038.1
1139.8
842,7
1408.8
896 .8
1457.4
18479
1304, 1
1649.0
1287.0

1351.9

TABLE 7.9: DEVIL CANYON ESTIMATED NATURAL FLOWS

FEE

733+7
74675
43,2
745: 4
P29.7
13735, 2
893.1
1388,9
1212.2
1179.1
1340.2
1323, 6
1413.4
1387.4
200.2
g28,.8
1187 .4
1248.3
17787
" 481,8
708.7
P43 .4
1836.4
1128.6
7459
1342.2
B748.2
146%.7
1325.0
1203, 6
1383.9
10890

11469

MAR

6700
69713
g2g.2
76867
7294
1023 .4
gE2.3
1105.4
1085.7

B77.9

1112.8
1638.9

1320.:3

958, 4
663.8
Bbb.9
1187.4
1089, 1
1778.7
769 .4
721.8
964.8
1659.8
955, 0
689 .5
1271.9

825.2

13410
1480 .4
1164,7
1321.,0
997, 0

1041.8

AFFR

BO2.2
150446
878.5
1521.8
1130.6
1107 .4
8&7.3

1109.0

1437.4
1119.9
1217.8
2405.4
1613, 4
810.9
496 .5

1314.4

1412.1
1053.7
17¢1.0
1421.3
10446.+4%
286 .2

C1365.5

9846.7
949, 1
14546.7
1261.2
1509.8
1597.1

1402.8

1575.0
1238.0

1281.5

MAY

10490.7
13218.5
4989 .5
17758.3
15284.0

8390.1
15$79.0
12473, 4
11849.2
13%00.9
14802.9
16030.7
12141.2
17697 .6
4046, %
12287.1
8734.0
14435.5
14982, 4
10429.9
10721.6
3427.9
19776.8
7894.4
15004.6
14036.5
11305.3
11211.9
11693.4
13334.0
11377.0
11676.0

12230.2

JUN

18468.6
12976.9
300142
25230.7
23188.1
28081.%
311371
28415.4
24413.5
21537.7

14709.8

2706%.3

4067947
24094.,1
47816 .4

24110.3

30446.3
2779264
29462.1
14950.7
17118.9
31031.0
31929.8
286392, 6
16766.7
30302.6
22813.4
356067
18416.8
24002.4
246235.0

19243640

Jul

21383.4
21S75.9
2484817
191R84.0
1?154%1
2&2132.8
29212:0
22109,6
217831
23370.4
217293
22880, 6

24990:6

323884
219260
2E195.7
1883&.2
25081.2
24871.0
158512
211422
22416
217146.9
17571.8
17279G. 0
246188.0
182524
217405
200790
274462, 8
2Q002.0
312346.0

23100.9

AUG

18820.6
18530.0
194847 .2
19207.0
24071 .4
FAPHQ LS
22460%.8
19389, 7
21219.8
285%4,4
22085.1
21184.4
22241.8
IR720.5
15585.6
19789.3
20244, 4
30293.0
160%90.5

8483, 6
18452.:8
03159
18454.,1
1247841
15257 .0
17031.4
1728972,7
183412
15328.5
191047
201940
33270.,0

2070920

SEF

72530.8
197991
13441.1
132284
1157¢.1
13¢89.2
16495.8
1802%.0

6788.8
15329.6
18229.9
12Z218:46
147872
117772

8840.0

18234.2

10844 .3
15728.2
BRR5.9
47955
8443.5
136386:0
11884.2
8726.,0
11370.1
15154.7

6363.3

112161
10172.4
13342.,0

134%3.0 .

1229?¢2

AVE

7481.6
8574 .2
2883 .8
$304.4
REDG . 2
9457 .8
10550.9
G433
BBO7.6
FEEG . 0
9025, 0
0945, 1
10912,2
10352.5
9243 .7
9504 .8
8663 .4
10397.5
9129 .2
S317.,9
7011.3
F614.1
10151.8
7704.,6
7113.9
9567 1
7654,7
9411 .3
7715.4
£965.,0
0934 (2

106835.1

?041 .6

o



TAB'ET 7.10: PEAK FLOWS OF RECORD

Gold Creek

Cantwell Denala Maclaren
Peak Pealk ' Peak Peak
3 3 3 _ 3
Date ft /s Date ft /s Date ft /s Date ft /s
B/25/59 62,300 6/23/61 30,500 8/18/63 17,000 9/13/40 8,900.
6/15/62 80,600 6/15/62 47,000 6/07/64 16,000 6/14/62 6,650
6/07/64 90,700 6/07/64 54,500 9/09/65 15,800 7/18/65 7,350
6/06/66 63,600 8/11/70 20,500 8/14/67 28,200 8/14/67 7,600
i 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 8/08/71 38,200 6/17/72 7,100
' TABLE 7.1%: ESTIMATED FLOOD PEAKS IN SUSITNA RIVER
' LocatklonN Peak Inflaw in Cfs for Recurrence Interval in Years
1:2 1:50 1:100 1:10,000 ‘PMF
l Gold Creek 48,000} 105,000 118,000 200,000 408,000
Watana Damsite 42,000 82,000 92,000 156,000 326,000
' Devil Canyon Damsate ) 12,600} 43,000 61,000 165,000 366,000
(Routed Peak Inflow )
‘ with Watana )




TABLE 7.12: MAXIMUM RECORDED ICE THICKNESS ON THE SUSITNA RIVER

Historacal Data

. Current Program

1 Mailmum Ice Thickness

Year of Maximum Ice Thickness

Location Period of Record | (Feet) Observation Observed in 1980

' ‘ - (feet)
Maclaren River at Paxson 1960-68 5.2 1964 -
Susitna River at Cantwell 1962-70 5.3 1967 10.0
Susitna ﬁlver at Gold Creek 1950-70 5.7 1963 3.2
Talkeetna Raver at Taikeetna 1966-71 3.3 1969 -
Chulitna River at Talkeetna 1961-72 5.3 1971 -
Watana Damsite 1980-81 NA ; 5.0
Devil Canyon 1980-81 NA - 23.0*%

* Ice shelf thickness - notice cover.

TABLE 7.13:

SUSPENDED SEDIMENT TRANSPORT IN SUSITNA RIVER

Location

_ Susitna River at Denali

Maclaren River near Paxson

Susitna River near Cantwell

Susitna River at Gold Creek

Average Annual Suspended
Sediment load (tons/year)

2,965,000

543,000

6,898,000

7,731,000

v . . . . :



ESTIMATED SEDIMENT DEPOSITION IN RESERVORS

TABLE 7.14:
Trap
Efficiency
Reservoir %
Watana 100
70
Devil Canyon - 100
-(with Watana 70
100%) ‘
Devil Canyon 100
(witn Watana 70
70%)

TABLE 7.15:

Sedament Degosition

50 - Year 100 - Year
Deposition % of Reservoir Deposition % of Reservoir
ac - ft Gross Volume ac - ft Gross Volume

240,000 2.5 472,000 5.0
170,000 1.8 334,000 3.5

8,600 0.8 16,800 1.5
6,100 0.6 12,100 1.1
79,000 7.2 155,000 14.2
55,000 5.0 109,000 10.0

d

LENGTH-DISTANCE CRITERIA FOR IDENTIFICATION OF FAULTS
AND LINEAMENTS FOR PRELIMINARY FIELD RECONNAISSANCE

Distance from damsite

Alignment
(km) (m1iles)
- 0 to 10 (0 to 6)
10 to 50 (6 to 31)
50 to 150 (31 to 93)

Hinlmdm Length of
Fault of Lineament

(km) (miles)
5 (3)
10 (6)
50 (31)



TABLE 7.16: SUMMARY OF BOUNDARY FAULTS AND SIGNIFICANT FEATURES

: Fault (F) Distance (km) from
Feature - or Linea- Length Devil
Nag. Feature Name ment_ (L) _(km) Canyon Watana
) BOUNDARY FAULTS

AD5-1 Castle Mountain ‘ : :

‘ ’ Fault F 200 500 115
-  Benioff Zone P - 60 50
HB4-1 Denali Fault F 2000 70 64
WATANA SIGNIFICANT FEATURES

KC4-1 Talkeetna Thrust F 354 25 6.5
KD3-3 Susitna Feature F 153 25 3.2
KD3-7 - L 50 35 g.0 .
KD&4-27 Fins Feature F 3.2 37 0.0

DEVIL CANYON SIGNIFICANT FEATURES

KC5-5 - L 20 7 #
KDS-2 - F 5 5.6 38
KD5-3 - L 82 5.8 23
KD5-5 SR - L 5 1.6 39
KDS-12 - L 24 2.6 28
KDS-42 - L 5 0.8 35
KD5-43 - L 2.4 0.0 38
KD5-44 - L 34 0.5 37
KD5-45 - L 31 - 1.3 41



. - " q .
’“ : Q
] . ; ) i - . 4 - . - o i - ? e & ”

-— am e

TABLE 7.17: SUMMARY OF EARTHQUAKE SOURCES CONSIDERED IN GROUND MOTION STUDIES

- Earthquake Source

Benioff Zone:

~ Intecplate
- Intraplate

Denalxr Fault
Cgstle Mountain Fault

Talkeetna Terrain

Maximum Magnitude (M)

8-1/2
7-1/2

7-1/2

Closest Distance to Dam
Sites {(km)

Watana Devil Canyon

63 90
48 58
70 64
105 115

within a few km
of either site



TABLE 7.18: WATER APPROPRIATIONS WITHIN THE SUSITNA TOWNSHIP GRID

SURFACE WATER APPRUPRIATIUNS

, DAYS —GROOND WATER APPROPRIATIONS [ DAYS
TYPE cfs apd aec-fe/yr |  OF USE cfs gpd | ac-ft/yr | OF USE
Certificates
Single-Family dwelling 4,500 365 5,440 365
75 214
2 to 4 unmit housing 1,200 365
Grade Schools 910 334
Fire protection 500 365
Animals 63.5 365 94 365
Lawn and garden irrigation 200 184
100 153 0.5 60
General Crops ‘ 12.5 153 5.5 91
Total 4,938.5 12.5 8,144 6.0
Permits
Single-family dwelling 202 365
VYegetables 1 153
Total 250 1
Pending
Single-family dwelling 75 365 1,000 365
250 214
Lawn and garden irrigation S0 183
Placer gold 0.1 184
Total 0.7 125 1,250

-
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- JABLE 7.19: SUMMARY OF WATER APPROPRIATION*

' SURTACE WATER EOQUIVALENT GROUND WATER EQUIVALENT
TOWNSHIP GRID . cfs ac-ft/yr cfs ac-ft/yr
Susitna .153 50.0 .0498 16.3
Fish Creek .000116 .021 .003 2.24
Willow Creek 18,3 5,660 153 128
Little Willow Creek 00613 1.42 .00150 1.37 |
Montana'Creek’ .0196 - 7.85 + 366 264
Chulina .00322 797 .000831 .601
Susitna Reservoir .00465 3.36 _
Chulitna .00329 2.38
Krote-Trapper Creek 0564 10.7
Kahiltna 125 37,000
Yentna .00155 .565
Skwentna .00551 1.90 .000775 5.60

* Figures from Table 7.18 all conv

follows:

1 gpd
1 efs

.00000155 cfs

1.98 ac-ft/day

erted to cfs and ac-ft/yr equivalents as



TABLE 7.20: WATER APPROPRIATIONS WITHIN ONE MILE OF THE SUSITNA RIVER

' ADDITIONAL , “SOURCE. | ‘ .
-LOCATION* NUMBER _TYPE (DEPTH) AMOUNT DAYS OF USE
CERTIFICATE
T19N RSW 45156 Single-family dwellaing well (?7) - 650 gpd 365

general crops same source 0.5 ae~ft/yq 91
T25N RSW 43981 - Single-family dwelling well (90 ft) 500 gpd 365
T26N RSW 78895 Single-family dwelling well (20 ft) 500 gpd 365
200540 Grade school - well (27 ft) 910 gpd 334
209223 Fire station well (34 ft) 500 gpd 365
T27N RSW 200180 Single-family dwelling unnamed stream 200 gpd 365
Lawn & garden irrigation same source | 100 gpd 153
200515 Single-family dwellang unnamed lake 500 gpd 365
206633 Single-family dwelling unnamed lake 75 gpd 365
206930 Single-family dwelling | unnamed lake 250 gpd 365
206931 Single-family dwelling unnamed lske 250 gpd 365
PERMIT

206929 General crops unnamed creek 1 ac-ft/yr 153
T30ON R3W 206735 Single-family dwelling unnamed stream 250 gpd 365

PENDING
209866 Single-family dwelling Sherman Creek 75 gpd 365
Lawn & garden irrigation same source 50 gpd 183

T L ORI e er PRI Ay AT o

*All locations are within the Seward Meridian.
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TABLE 7.21: HECTARES AND PERCENTAGE OF TOTAL AREA COVERED BY
VEGETATION/HABITAT TYPES ON 1:250,000 SCALE MAP

Percent of
Hectares Total Area

Total Vegetation 1,387,607 85.08
Forest 348,232 21.35
Conifer 307,586 18,86

' Woodland spruce 188,391 11.55
Open spruce 118,873 7.29

Closed spruce 323 0.02
Deciduous : 1,290 n.08
Open birch 968 0.06

Closed birch 323 . 0.02

Mixed 39,355 2.41
Open 23,387 1.43

Closed 15,968 0.98
Tundra ' 394,685 24,20
Wet sedge-grass 4,839 0.30
(Mesic) sedge-grass 184,358 11.30
Herbaceous alpine 8a7 0.05

Mat and cushion 65,001 3.99

Mat and cushion/sedge-grass 139,680 8.56
Shrubland , 644,690 39.53
Tall shrub 129,035 7.91

Low shrub 515,655 31.62
Birch 33,549 2.06

Willow 10,645 0.65

Mixed 471,461 28.91
Unvegetated 243,392 14,92
Water 39,840 2.44
Lakes 25,162 1.54

Rivers 14,678 0.90

Rock 113,712 6.97
Snow and ice 89,841 5.51
Total Area 1,630,999 100.00




TABLE 7.22: HECTARES OF DIFFERENT VEGEVATION TYPES 7O BE IMPACTED COMPARED WITH TOTAL HECTARES
OF THOSE TYPES IN THE ENTIRE UPPER SUSITNA RIVER BASIN

(Number in parentheses is the percent of the vegetation types as found 1in the entlreVUpper Basin)

Impoundments Borrow Areas
- o Upper Sussitna
Devil Canyon Watana A C D - H River Brmsan

Wocdland spruce 162 (0.09) 4766 (2.53) 228 (0.12) 77 (0.04) 15 (0.01) 227 (0.12) 188,,391
Open spruce 862 (0.73) 3854 (3.24) 48 (0.04) 7 (0.01) -125 (0.11) 118,873
Open birch 73 (7.54) 318 (32.85) BT
£l . (a) (a) (a) -

losed birch 470 491 1 ) 323
Open conifer-deciduous 300 (1.28) 1329 (5.68) 19 (0.08) 9 (0.04) 94 (0.40) 23,387
Closed conifer-deciduous 758 (4.75) 869 (5.44) 2 (0.01 15, %988
Open balsam popular 7(b)

Ciosed balsam popular 10(b) Z(b) '

Wet sedge-grass , 12 (0D.25) 100 (2.07) 6 (0.12) 1 (0.02) 4,539,
Mat and cushion tundra 78 (0.12) - 65,0 (e)
Tall shrub 19 (0.01) 580 (0.45) 18 (0.01) 23 (0.02) 8 (0.01) 129,835
Birch shrub 58 (0.17) 474 (1.41) 18 (0.05) 92 (0.27) 73 (0.22) 33,549
Willow , 16 (0.15) 55 (0.52) 7 (0.07) 10,645
-Low mixed shrub 6 (+) 785 (0.15) 101 (0.02) 113 (0.02) 109 (0.02) 55 (0.01) 46 (0.01) 471,461
Lakes 1 (+) 47 (0.22) 3 (0.01) i 1 (+) 21,62
Rivers 835 (5.69) 2106 (14.35) 10 (0.07) 6 (0.04) 14,878
Rock 14 (0.01) 63 (0.06) - 1 (+) , 113,702
Total Areas 3603 (0.22) 15839 (0.97) 500 (0.03) 322 (0.03) 228 (0,01) 71 (+) 499 (0.03) 1,211,532

(a) Hectares of closed birch are apparently greater in the impact areas than in the entire basin because the basin was mapped at &
much smaller scale, and many of the closed birch stands did not appear at that scale.

(b) Balsam poplar stands were too small to be mapped at the scale on which the Upper Susitna River Basin wss mapped.

(¢) Total hectares of mat and cushion tundra are much greater than this, but many hectares were mapped as a complex with sedge-grass

tundra.
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9
0863 S0
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Wl
STATION o
(A) SUSITNA RIVER NEAR DENALI X |x 1957= PRESENT |
: : ; ‘ - ; 1961 1972 &
{B) SUSITNA RIVER AT VEE CANYON X XX v [zﬁao- BreSenT
(C) SUSITNA- RIVER NEAR WATAK: DAMSITE |X x X 1980~ PRESENT
(D) SUSITHA RIVER NEAR DEVIL CANYON | ' | ,
{E) SUSITNA RIVER AT GOLD CREEK x| X X% + 1949~ PRESENT
(F) CHULITNA RIVER NEAR TALKEETNA X x {x|x et e
(G) TALKEETNA RIVER NEAR TALKEETNA X xixix} 1964 ~PRESENY
| (M) SUSITNA RIVER NEAR ~SUNSHINE 1% XXX 1981~ PRESENT
| (1) SKWENTNA RIVER NEAR SKWENTNA X X |x 11591980
{J) YENTNA RIVER NEAR SUSITNA STATION X X iX 1980~ PRESENT
{K) SUSITNA RIVER AT ‘SUSITHA STATION: 11X X i | 1974~ PRESENT
_ , . _ ; 3

§

&

DATA COLLECTED

® STREAMFLOW - CONTINUOUS RECORD 00
0 STREAMFLOW - PARTIAL RECORD 0200
€ WATER QUALITY 0300
‘T WATER TEMPERATURE A 0400
* SEDIMENT DISCHARGE o 0500
© CLIMATE : : Q600
>« FREEZING RAIN AND INCLOUD ICING oron
«  SNOW COURSE oo
A SNOW CREEP : - 0800
NOTES

I. PARAMETERS MEASURED LISTED IN APPENDIX 51

2. CONTINUOUS WATER QUALITY MONITOR INSTALLED
3. DATA COLLECTION 1SBI SEASON ’

4. THE LETTER BEFORE EACH STATION NAME I THE

TABLE IS USED ON THE MAP TO MARK THE
APPROXIMATE LOCATION OF THE STATIONS.
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8 - SUSITNA BASIN DEVELOPMENT SELECTION

This section of the report outlines the engineering and plarning studies carried
out as a basis for formulation of Susitna Basin development plans and selection
of the preferred plan. The recommended plan, the Watana/Devil Canyon dam
project, is compared to alternative methods of providing the Railbelt enerqy
needs including thermal and other potential hydroelectric developments outside

the Susitna Basin on the basis of technical, economic, environmental, and social
aspects. ‘

In the description of the planning process, certain plan components and process-

es are frequently discussed. It is appropriate that three particular terms be
clearly defined: :

(a) Damsite - An individual potential damsite in the Susitna Basin,
' equivalent to "alternative® and referred to in the
generic process as "candidate."

{b) Basin Development - A plan for developing energy within the basin involv-
Plan o ing one or more dams, each of specified height, and
correspondwng power p1ants of specified capacity.
Each plan is identified by a plan number and subnumber
indicating the staging sequence to be followed in

developing the full potential of the plan over a per-
iod of time.

{e} Generation - A specified sequence of implementation of power gen-
Scenario eration sources capabte of providing sufficient power
* and energy to satisfy an electric load growth forecast

for the 1980-2010 period in the Railbelt area. This
sequence may include different types of generation
sources such as hydroelectric and coal, gas or oil-
fired thermal. These generation scenarios are re-
quired for the comparative evaluations of Susitna

Basin generation versus alternative methods of genera-
tion.

8.1 - Plan Formulation and Se]ection Methodology

In the formulation of the generic plan and selection methodology, five basic
steps are required; defining the objectives, selecting candidates, screening,
formulation of deve]opment plans, and, flnally, a detailed evaluat1on of the
plans. The objectives are essent1a]1y twofold.

The first is to determine the optimum Susitna Basin.development plan, and the
second is to undertake a preliminary assessment of the feasibility of the
selected plan by comparison with alternative methods of generating energy. The
various steps required are outlined in subsections of this section.

8-1




Throughout the planning process, engineering layout studies were made to refine
the cost estimates for power generation facilities or water storage development
at several damsites within the basin. These data were fed into the screening
and plan formulation and evaluation studies..

The second objective, the detailed evaluation of the various plans, is satisfied
by comparing generation scenarios that include the selected Susitna Basin
development plan with alternative generation scenarios including all-thermal and
a mix of thermal plus alternative hydropower developments,

8.2 - Damsite Selection = A N

In previous Susitna Basin studies, twelve damsites have been identified in the
upper portion of the basin, i.e., upstream from Gold Creek. These sites are

listed in Table 8.1 with relevant data concerning facilities, cost, capacity,
and energy. |

The longitudinal profile of the Susitna River and typical reservoir levels
associated with these sites is shown in Figure 8.2. Figure 8.3 illustrates
which sites are mutually exclusive, i.e., those which cannot be developed
~jointly, since the downstream site would inundate the upstream site.

A1l relevant data concerning dam type, capital cost, power, and energy output
were assembled and are summarized in Table 8.1. For the Devil Canyon, High
Devil Canyon, Watana, Susitna III, Vee, Maclaren, and Denali sites, conceptual
engineering 1ayouts were produced and capwta] costs were estimated based on

calculated quantities and unit rates. Detailed analyses were also undertaken to

assess the power capability and energy yields. At the Gold Creek, Devil Creek,
Maclaren, Butte Creek, and Tyone sites, no detailed engineering or energy
studies were undertaken; data from previous studies were used with capital cost
estimates updated to 1980 Tevels. Approximate estimates of the potential

average energy yield at the Butte Creek and Tyone sites were undertaken to
- assess the relative importance of these sites as energy producers,

The data presented in Table 8.1 show that Devil Canyon, High Devil Canyon, and
Watana are the most economic large energy producers in the basin. Sites such as
Vee and Susitna III have only medium energy production, and are slightly more
cdstly than the previously mentioned damsites. Other sites such as Olson and
Gold Creek are competitive provided they have additional upstream regulation.
Sites such as Denali and Maclaren produce substantially higher cost energy than

the other sites but can also be used to increase regulation of flow. for
downstream use.

For comparative purposes, the capital cost estimates developed in recent pre-
vious studies, updated to 1980 values, are -1isted alongside the costs developed
for the current studies (Table 8.2). These results show that the current esti-
mates are generally siightly higher than previous estimates and, except 1n the
case of Vee, d]fferences are within 15 percent.
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At Devil Canyon, ¢ urrent tota} development costs were found to be s1m11ar to the

1978 COE estimates. Although the estimates involve different dam types, current

studies have indicated that at a conceptual level the cost of development at
this site is not very sensitive to dam type. The results in Table 8.2, there-
fore, indicate relative agreement. Costs developed for the High Devil Canyon
damsite are very c]ose, while those at Watana exceed previous estimates by about
15 percent. A major difference occurs at Vee where current estimates exceed
those developed by the COE by 40 percent. A large portion of this difference
can be ascribed to the greater level of detail incorporated in the current
studies as compared to the previous work and assumption that more extensive
foundation excavation and treatment would be required. This additional founda-
tion work is consistent with a standard set of design assumpt1ons used for
developing all the site layouts reported here.

8.3 - Site Screening

The objective of this screening process was to eliminate sites which would
obviously not feature in the initial stages of a Susitna Basin development plan
and which, therefore, did not deserve further study at this stage. Three basic

screening criteria were used environmental, alternative sites, and energy
contribution. :

(a) Screening Criteria

{i) Environmental

The«potentia] impact on the environment of a reservoir, located at
each of the sites was assessed and categorized as being relatively
unacceptable, significant, or moderate.

- Unacceptable Sites

Sites in this category are classified as unacceptable because
either their impact on the environment would be extremely severe
or there are obviously better alternatives available. Under the.
current circumstances, it is expected that it would not be
possible to obtain the necessary agency approval, permits, and
licenses to develop these sites. L e

The Gold Creek and Olson sites both fall into this category. As
salmon are known to migrate up Portage Creek, a development at
either of these sites would obstruct this migration and inundate

- spawning grounds. Avaijlable information indicates that salmon do
not migrate through Devil Canyon to the river reaches beyond
because of the steep fall and high flow velocities.

Development of the mid-reaches of the Tyone River would result in
~the inundation of sensitive big game and waterfowl areas, provide
‘access to a large expanse of wilderness area, and cont”1uut€ only

a small amount of storage and energy to any SuSItna development.

. Since more acceptab}e alternatives are obviously available, the

Tyone site is also considered unacceptable.




 ~"Sites With Significant Impact

Between Devil Canyon and the Oshetna River, the Susitna River is
confined to a relatively steep river val]ey Upstream from the
Oshetna River the surrounding topography flattens, and any
development in this area has the potential of flooding large

~ areas, even with relatively low dams. The area is very sensitive
in terms of potential impact cn big game and waterfowl. The sites
at Butte Creek, Denali, Maclaren, and, to a lesser extent Vee, fit
into this category. :

- Sites With Modérate Impact

Sites between Devil Canyon and the Oshetna River have a lower
potential environmental impact. These sites include the Devil
Canyon, High Devil Canyon, Devil Creek, Watana and Susitna sxtes,-
and, to a lesser extent the Vee site.

(ii) Alternative Sites

Sites which are close to each other and can be regarded as alterna-
tive dam locations were treated as one site for project definition
study purposes. The two sites which fall into this category are

Devil Creek, an alternative to the High Devil Canyon site, and Butte
Creek, an alternative to the Denali site.

(111) Energy Contribution

The total Susitna Basin potential energy production has been
assessed at 6,700 GWh. Forecast future energy requirements within
the Railbelt region for the period 1980 to 2010 range from 2,480 to
13,100 GWh. It was therefore decided to limit the minimum size of
any power development in the Susitna Basin to an average annual
energy production in the range of 500 to 1,000 GWh. The upstream
sites such as Maclaren, Denali, Butte Creek, and Tyone do not meet
this minimum energy generation criterion.

(b) Screening Process

The screening process involved eliminating all sites falling in the un-
acceptable environmental impact and alternative site categories. Those
failing to meet the energy contribution criteria were also eliminated un-
less they had some potential for upstream regulation. The results of this
process are as follows: |

- The "unacceptable site" environmental category eliminated the Gold {reek,
Olson, and Tyone sites,

- The alternative S]tes category e]1m1nated the Devil Creek and Butte Creek
sites.
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- No additional sites were eliminated for failing to meet the energy
contribution criteria. The remaining sites upstream from Vee, i.e.,
Maclaren and Denali, were retained to insure that further study be
directed toward determining the need and viability of providing flow
regulation in the headwauers of the Susitna.

- 8.4 - Engwneer1ng Layouts

In order to obtain a uniform and reliable data base for studying the seven sites
remaining, it was necessary to develop engineering layouts and reevaluate the

costs. In addition, staged developments at several of the larger dams were

The basic objective of these layout studies was to establish a uniform and con-
sistent development cost for each site. These Tayouts are consequently concep-
tual in nature and do not necessarily represent optimum project arrangements at
the sites. Also, because of the lack of geotechnical information at several of
the sites, judgmental decisions had to be made on the appropriate foundation and
abutment treatment. The accuracy of cost estimates made in these studies is
probably plus or minus 30 percent.

(a) Design Assumptions

In order to maximize standardization of the layouts, a set of basic design
assumptions was developed. These assumptions covered geotechnical, hydro-
logic, hydraulic, civil, mechanical, and electrical considerations and were
used as guidelines to determine the type and size of the various components
within the overall project layouts. As stated previously, other than at
Watana, Devil Canyon, and Denali, little information regarding site condi-
tions was available. Broad assumptions were made on the basis of the

limited data, and those assumptions and the interpretation of data have
been conservative.

. It was assumed that the relative cost differences between rockfill and con-
crete dams at the sites would either be marginal or greatly in favor of the
rockfill. The more detailed studies carried out subsequently for the
Watana and Devil Canyon site support this assumption. Therefore, a rock-
fill dam has been assumed at all developments in order to eliminate differ-
ent cost discrepancies’ that might result from a consideration of dam- fil1l
rates compared to concrete rates at alternative sites.

(b) General Arrangements

A brief description of the general arrangements developed for the vérious
sites is given below. Plates 2 to 8 illustrate the layout details. Table
8.3 summarizes the crest levels and dam heights considered.

In laying out the deve]opments, conservative arrangements have been

adopted, and whenever possible there has been a general standardization of
the component structures.




(i) Devil Canyon (Piate»Z)

- Standard Arrangement

The development at Devil Canyon located at the upper end of the
canyon at its narrowest point consists of a rockfill dam, single

spillway, power facilities incorporating an underground power -
house, and a tunnel diversion.

The rockfill dam will rise above the valley on the left abutment
and terminate in an adjoining saddle dam of similar construction.
The dam will be 675 feet above the lowest foundation level with a
crest elevation of 1470 and a volume of 20 million cubic yards
involving an inclined imperviocus core, filter zones, and an over-
lying rockfill sheli.. It is anticipated that the shell core and
filter materials will be available locally. Contact grouting,
curtain grouting, and drainage via a network of shafts and galler-
jes was ailowed for, and all alluvium and overburden material will.
be removed from the shell foundation area.

Diversion will be effected by two concrete-lined tunnels driven
within the rock on the right abutment. Upstream and downstream
rockfill cofferdams, with aqueous trench cutoffs, will be founded
on the river alluvium and separated from the main dam. Final
closure will be achieved by lowering vertical 1ift sliding gates
housed in an upstream structure followed by construction of a
solid concrete plug within the tunnel in line with the main dam
grout curtain. Subsequent controlled downstream releases will
occur via a small tunnel bypass located at the gate structure and
a fixed core discharge valve housed within the concrete plug.

The sp111way will be Tocated on the right bank and will consist of
a gated overflow structure and a concrete-lined chute 1inking the
overflow structure with intermediate and terminal stilling basins.
Sufficient spillway capacity will be provided to pass the Probable
Maximum Flood safely.

The power facilities will be located on the right abutment. The
massive intake structure will be founded within the rock at the
end of a deep approach channel and will consist of four integrated
units, each serving individual tunnel penstocks. Each unit has

three outlets at different levels allowing for various levels of
drawoff and corresponding temperature control of releases from the
seasonally fluctuating reservoir.

S
5
2 P ‘ . . . - . - "

The‘penstoéks will be concrete-lined over their full length except
for the section just upstream from the powerhouse which will be
steel-lined to prevent seepage into the powerhouse area.

The powerhouse will house four 100-Mw (or 150-MW) vertically
mounted Francis type turbines driving overhead 110 (165 MVA)
umbrella type generators. The main power transformers will be
housed in an underground gallery located above the draft tubes.
The control room and offices will be situated at the surface adja-
cent to a surface switchyard.

'8-6




- Staged Pcwerhouse

As an alternative to the full power deve1opment in the first phase
of construction, a staged powerhouse alternative was also investi-
gated. The dam would be comp1eted to its full height but with an
initial plant installed capacity in the 200- to 300-MW range. The
complete powerhouse would be constructed together with penstocks
and a tailrace tunnel for the initial two 100-MW (or 150-MW)
units, together with concrete foundations for the future units.

(i) HatanaQ(P]ates 3 and 4)

- Standard Arrangement (see Plate 3)

For initial comparative study purposes, the dam at Watana is
assumed to be a rockfill structure located on a similar alignment
to that proposed in the previous COE studies. It will be similar
in construction to:the dam at Devil Canyon with an impervious core
founded on sound bedrock and an outer shell composed of blasted
rock excavated from a single quarry located on the left abutment.
The dam will rise 880 feet from the lowest point on the foundation
and have an overall volume of approximately 63 m11110n cubic
yards for a crest elevation of 2225.

The diversion will consist of twin, concreta-lined tunnels located
within the rock of the right abutment. Rockfill cofferdams, also
with impervious cores and appropriate cutoffs, will be founded on
the alluvium and separated from the main dam. Diversion closure
and facilities for downstream releases will be provided for in a
manner similar to that at Devil Canyon.

The spillway will be located on the right bank and will be similar

in concept to that at Devil Canyon with an intermediate and term-
inal st11]1ng basin.

The power fac111t1es located within the left abutment with similar
intake, underground powerhouse, and water passage concepts to
those at Devil Canyon will incorporate four 200-MW turbinefgenera-
tor units giving a total output of 800-MW.

- Staging Cohbept§

As an alternative to initial full development at Watana, staging
alternatives were investigated. These included staging of both

- dam and powerhouse construction. Staging of the nowerhouse would
be similar to that at Devil Canyon, with a Stage I 1nsta1]aa10n of
400-MY and a further 400-MW in Stage II.




- Staged Powerhouse

As an alternative to the full power development in the first phase
of construction, a staged powerhouse alternative was also investi-
gated. The dam would be completed to its full height but with an
initial plant installed capacity in the 200- to 300-MW range. The
compliete powerhouse would be constructed together with penstocks
and a tailrace tunnel for the initial two 100-MW (or 150-MW)
units, together with concrete foundations for the future units.

(11) Watana (Plates 3 and 4)

- Standard Arrangement (see Plate 3)

For initial comparative study purposes, the dam at Watana is
assumed to be a rockfill structure located on a similar alignment
to that proposed in the previous COE studies. It will be similar
in construction to the dam at Devil Canyon with an imper:ious core
founded on sound bedrock and an outer shell composed of blasted
rock excavated from a single quarry located on the Teft abutment.
The dam will rise 880 feet from the lowest point on the foundation
and have an overall volume of approximately 63 million cubic
yards for a crest e]evat1on of 2225.

The diversion will consist of tw:in, concrete-lined tunnels located
within the rock of the right abutment. Rockfill cofferdams, also
with impervious cores and appropriate cutoffs, will be founded on
the alluvium and separated from the main dam. Diversion closure
and facilities for downstream releases will be provided for in a
manner 51m17ar to that at Devil Canyon. .

The spillway will be located on the right bark and will be similar
in concept to that at Devil Canyon with an intermediate and term-
inal stilling basin.

The power facilities located within the left abutment with similar
intake, underground powerhouse, and water passage concepts to
those at Devil Canyon will incorporate four 200-MW turb1ne/genera-
tor units giving a ftotal output. of 800-MW. V

S}

- Staging Concepts

As an alternative to initial full development at Watana, staging
alternatives were investigated. These included staging of both

dam and powerhouse construction. Staging of the powerhouse would
be similar to that at Devil Canyon, with a Stage [ installation of
400-MW and a further 400-MW in Stage II.

In order to study the alternative dam staging concept it has been
assumed that the dam would be constructed for a maximum operating
water surface elevation some 200 feet lower than that in the final
stage (see Plate 4). | |




(iii) High Devil Canyon (Plate 5)

(iv)

(v)

The first stage powerhouse would be completely excavated to its
final size. Three oversized 135-MW units would be installed
together with base cencrete for an additional unit. A Tow level
control structure and twin concrete-lined tunnels leading into a
downstream stilling basin would form the first stage spiliway.

For the second stage, the dam would be completed to its full
height, the impervious core would be appropriately raised and
additional rockfill would be placed on the downstream face. It is
assumed that before construction commences the top 40 feet of the
first stage dam would be removed to ensure the complete integrity
of the impervious core for the raised dam. A second spillway
control structure would be constructed at a higher level and would
incorporate a downstream chute leading to the Stage I spillway
structure. The original spillway tunnels would be closed with
concrete plugs. A new intake structure would be constructed util-
izing existing gates and hoists, and new penstocks would be driven
to connect with the existing ones. The existing intake would be
sealed off. One-additional 200 MW unit would be installed and the
required additional penstock and tailrace tunnel constructed. The
existing 135-MW units would be upgraded to 200 MW.

- The development will be located between Devil Canyon and Watana.

The 855 feet high rockfill dam will be similar in design to Devil
Canyon, containing an estimated 48 million cubic yards of rockfill
with a crest elevation of 1775. The left bank spillway and the
right bank powerhouse facilities will also be similar in concept to
Devil Canyon, with an installed capacity of 800-MW.

Two stages of 400-MW were envisaged in each which would be under-
taken in the same manner as at Devil Canyon, with the dam initially
constructed to its full height.

Susitna IIT (Plate 6)

Vee (Plate 7)

ered.

The development will be comprised of a rockfill dam with an imper-
vious core approximately 670 feet high, a crest elevation of 2360,
and a volume of approximately 55 million cubic yards. A concrete-
1ined spillway chute and a single stilling basin and will be located
on the right bank. A powerhouse of 350-MW capacity will be lecated
underground and the two diversion tunnels on the left bank.

A 610 feet high rockf?l] dam founded on bedrock with a crest eieva-
tion of 2350 and total volume of 10 million cubic yards was consid-

Since Vee is located further upstream than the other major sites the
flood flows are correspondingly lower, thus allowing for a reduction
in size of the spillway facilities. A spillway utilizing a gated
overflow structure, chute, and flip bucket was adopted.
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The power facilities will consist of a 400-M¥ underground powerhouse‘

- located in the left bank with a tailrace outlet well downstream of
the main dam. A secondary rockfill dam will also be required in
~this vicinity tc seal off a low point. Two diversion tunnels will

be provided on the right bank.

(vi) Maclaren (Plate 8)

The development will consist of a 185 feet high earthfill dam found-
ed on pervious riverbed materials. . Crest elevation will be 2405.
This reservoir will essentially be used for regulating purposes.
Diversion will occur through three conduits located in an open cut
on the left bank and floods will be dlscharged via a side chute
spillway and stilling basin on the right bank.

(vii) Denali (Plate 8) o -

Denali is similar in concept to Maclaren. The dam will be 230 feet
high, of earthfill construction, and will have a crest. elevation of
2555. As for Maclaren, no generating capacity was to be included.
A combined diversion and spillway facility will be provided by twin
concrete conduits founded in open cut excavation in the right bank
and discharging into a common stilling basin.

8.5 - Capital Cost

For purposes of initial comparisons of alternatives, construction quantities
were determined for items comprising the major works and structures at the
sites. Where detail or data were not sufficient for certain work, quantity
estimates have been made based on previous Acres' experience and the general
knowledge of site conditions reported in the literature. In order to determine
total capital costs for various structures, unit costs have been developed for

the items measured. These have been estimated on the basis of reviews of rates

used in previous studies, and of rates used on similar works in Alaska and else-
where. Where applicable, adjustment factors based on geography, climatey man-
power and accessibility were used. Technical publications have also been re-
viewed for basic rates and escalation factors.

An overall mobilization cost of 5 percent has been assumed and camp and catering
- costs have been based on a preliminary review of construction manpower and
schedules. An annual construction period of 6 months has been assumed for
placement of fill materials and 8 months for all other operations. - Night work
has been assumed throughout.

A 20 percent a]]dwance for non-predictable contingencies has been added as a
1ump sum together with a typical allowance for large prcjects of 12 percent for
eng1neer1ng and administration costs.

The total capital costs developed are shown in Tables 8.1, 8.2, and 8.4 . It
should be noted that the capital costs for Maclaren and Dnna11 shown in Tabies
8.1 and 8.2 have been adjusted to incorporate the costs of generation plants
with capacities of 55-MW and 60-MW, respectively.
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8.6 - Formulation of Susitna Basin Development Plans

The results of the site screening exercise described in Section 8.3 indicate
that the Susitna Basin development plan should incorporate a combination of

several major dams and powerhouses located at one or more of the following
sites:

Devil Canyon;

High Devil Canyon;
Watana;

Susitna III; or

- Vee.

Supplementary upstream flow regulation could be provided by structures at:

- MaclLaren; and
- Denali.

A computer assisted screening process identified the plans that are most econom-
ic as those of Devil Canyon/Watana or High Devil Canyon/Vee. In addition to
these two basic development plans, a tunnel scheme which provides potential
environmental advantages by replacing the Devil Canyon dam with a long power
tunnel and a development plan involving the two most economic damsites, High
Devil Canyon and Watana, were-also introduced.

The criteria used at this stage of the process for selection of preferred Susit-
na Basin development plans are mainly economic (see Figure 8.1). Environmental

considerations are incorporated into the further assessment of the plans f}na11y
selected.

The results of the screening process are shown in Table 8.5. Because of the
simplifying assumptions that were made in the screening model, the three best
solutions from an economic point of view are presented here.

The most important conclusions that can be drawn are as follows:

- For energy requirements of up to 1,750 Gwh, the High Devil Canyon, Devil Can-
yon or the Watana sites individually provided the most economic energy. The
difference between the costs shown on Table 8.5 is around 10 percent, which is
similar to the accuracy that can be expected from the screening model.

- For energy requirements of between 1,750 and 3,500 Gwh, the High Devil Canyon
site is the most economic. Developments at Wataqa and Devil Canyon are 20 to
25 percent more costly. 7

- For energy requirements of between 3,500 and 5,250 Guh the combinations of
either Watana and Devil Canyon or H1gh Devil Canyon and Yee are the most
economic. The High Devil/Susitna 1II combination is also competitive. Its

cost exceeds the Watana/Devil Canyon optior by 11 percent, which is within the
accuracy of the model. ,

- The total energy production capability of the Watana/Devil Canyon developments
is considerably larger than that of the High Devil Canyon/Yee alternative and
is the only plan capable of meeting energy demands in the 6,000 Gwh range.
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(a)

Tunne]‘Schemef

- stream from the project. Based on this assessment, and because of its eco-

- single and double tunnel options. For purposes of these studies, the

A scheme involving a long power tunnel could conceivably be used to replace
the Devil Canyon dam in the Watana/Devil Canyon Susitna development plan.
It could develop similar head for power generation at costs comparable to
the Devil Canyon dam development, and may provide some environmental advan~
tages by avoiding inundation of Devil Canyon. Obviously, because of the
low winter flows in the river, a tunnel alternative could be considered
only as a second stage to the Watana development.

Conceptually, the tunnel alternatives would comprise the following major
compenents in some combination, in addition to the Watana dam reservoir and
associated powerhouse:

Power tunnel intake works;

One or two power tunnels of up to forty feet in diameter and up to thirty
miles in length;

- A surface or underground powerhouse with a capacity of up to 1,200 MW;

‘A re-regulation dam if the intake works are located downstream from
Watana; and

Arrangements for compensation for loss of flow in the bypassed river
reach.

Four basic alternative schemes were developed and studied. A1l schemes

assume an initial Watana development with full reservoir supply level at
Elevation 2200 and the associated powerhouse with an installed capacity of
800 MW.

Table 8.6 lists all the pertinent technical information; Table 8.7 lists
the energy yields and costs associated with these four schemes. ~

Based on the foregding economic information, Scheme 3 produces the lowest
cost energy.

A review of the environmental impacts associated with the four tunnel
schemes indicates that Scheme 3 would have the least impact, primarily
because it offers the best opportunities for regulating daily flows down-

nomic advantage, Scheme 3 was selected as the most appropriate. The capi-
tal cost estimate appears in Table 8.8. The estimates <iso incorporate

double tunnel option has been selected because of its superior reliability.
It should also be recognized that the cost estimates associated with the

tunnels are probably subject to more variation than those associated with
the dam schemes due to geotechnical uncertainties. In an attempt to com-
pensate for these uncertainties, economic sensitivity analyses using both
higher and lower tunnel costs have been conducted.

- 8-12
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(b)

(c)

Additional Basin Development Plan

As noted above, the Watana and High Devil Canyon damsites appear to be in-
dividually superior in eccnomic terms to all others. An additional plan was
theraefore developed to assess the potential for developing these two sites
together. For this scheme, the Watana dam would be developed to its full
potential. However, the High Devil Canyon dam would be constructed to a
crest elevation of 1470 to utilize fully the head downstream from Watana.

Selected Basin Development Plans

The essential objective‘of this step in the development selection process
is defined as the identification of those plans which appear to warrant

further, more detailed evaluation. The results of the final screening pro-

cess indicate that the Watana/Devil Canyon and the High Devil Canyon/Vee
plans are clealy superior to all other dam combinations. In addition, it
was decided to study further the tunnel scheme us an alternative to the
Watana/High Devil Canycn plan.

Associated with each of these plans are several options for staged develop-
ment, including staged construction of the dams and/or the power generation
facilities. For this more detailed analysis of these basic plans, a range
of different aproaches to staging the developments were considered. In
order to keep the total options to a reasonable number and also to maintain
reasonably large staging steps consistent witlk the total development size,
staging of only the two larger developments, i.e., Watana and High Devi}
Canyon, was considered. The basic staging concepts adopted for these
developments involved staging both dam and powernouse construction, ar

alternatively just staging powerhouse sonstruction. Powerhouse stages are
considered in 400 MW increments. ~

Four basic plans and associated subplans are summarized in Table 8.9 and
are briefly described below. Plan 1 involves the Watana-Devil Canyor
sites, Plan 2 the High Devil Canyon-Vee sites, Plan 3 the Watana-tungel
concept, and Plan 4 the Watana-High Devil Canyon sites.

8.7 - Evaluation of Basin DeveTopment Plans

The overall objective of this step in the evaluation process was to select the
preferred basin development plan. A pre11m1nany evaluation of plans was imi-
tially undertaken to determine broad comparisons of the available alternatives.

This was followed by appropriate adjustments to the plans and a more detaiied
eva]uat1on and comparison.

(‘a )

Preliminary Evaluations

Table 8.9 Tists pertinent details such as capital costs, construction per-
iods and enerqy yields associated with the selected plans. The energy
yield information was developed using a multireservoir ccomputer model.

This model simulates, on a monthly basis, the energy production from a
given system of reservoirs for the BD-year period for which streamflow data
are available. It incorporates daily peaking operations if these are
required to generate the necessary peak capacity. All the model runs
incorporate preliminary environmental constraints. Seasonal reservoir
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(b)

(c)

- Plan Modifications

drawdowns are limited to 150 feet for the larger and 100 feet for the
smaller reservoirs; daily drawdowns for daily peaking operations are
limited to 5 feet and minimum discharges from each reservoir are ma1ntained
at all times to ensure all river reaches remain watered., These minimum

discharges were set approximately equa1 to the seasonal average natural low
flows at the dams1ues. |

The model is driven by an energy demand which follows a distribution cor-
responding to the seasonal distribution of the total system load.

The model was used to evaluate, for each stage of the plans described
above, average and firm energy and the installed capacity for a specified
plant factor. This usually required a series of iterative runs to ensure
that the number of failures to provide required reservoir coverage in the
30-year period was limited to one year. The firm power was assumed equal
to that delivered during the second lowest annual energy yield in the

simulation period. This corresponds approximately to a 95 percent level of
assurance. |

A range of sensitivity runs was conducted to explore the effect of the res-
ervoir drawdown limitation on the energy yield. The results of these runs
are summarized in Table 8.10. They indicate that the drawdown limitations
currently imposed reduce the firm energy yield for Watana development by
approximately 6 percent.

In the process of evaluating the schemes, it became apparent that there
would be environmental, problems associated with allowing daily peaking op-
erations from the most downstream reservoir in each of the plans described
above. In order to avoid these potential problems while still maintaining
operat1ona1 flex1b1l1ty to peak on a daily basis, re-regulation facilities
were incorporated in the four basic plans. These facilities incorporate
both structural measures such as re-regulation dams and modified operation-
al procedures. Details of these modified plans, referred to as E1 to E4,
are listed in Table 8.11.

The plans listed in‘Tab1e 8.11 are subjected to a more detailed analysis in
the following section.

Evaluation Criteria and Methodology

- For determining the‘optimum staging concept associated with each basic

The approach to eva]uat1ng the various bas1n deVe10pment plans described
above is twofold: ~

plan (i.e. the optimum :uop]an), only economic criteria are used and the
least cost staging concept is adopted.

- For assessing which plan is the most appropriate, a more detailed evalua-

tion process incorporating economic, environmental, social, and energy
contribution aspects is taken into account.

8-14
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Economic evaluation of any Susitna Basin development plan requires that the
impact of the plan on the cost of energy to the railbelt area consumer be
assessed on a systemwide basis. Since the consumer is supplied by a large
number of different generating sources, it is necessary to determine the
total Railbelt system cost in each case to compare the various Susitna
Basin development options. The basic tool used to determine the system -

costs is a computer simulation/ planning model of the entire generating

system, General Electric's Optimized Generation Planning Model (OGPS5).

~ Input to this model includes the following:

- Load forecast over a specified period of timé;
- Load_duration curves;
- Details of the existing generating system;

- A list of all potential future thermal generating sources with associated
annualized costs, installed capacities, fuel consumption rates, eic.;

- Fuel prices;

- A specified hydroelectric development plan, i.e. the annualized cests,
on-1ine dates, installed capacities, and energy production capability of
the various stages of the plan; and

- System reljability criteria. For current study purposes, a loss of load
probability (LULP) of 0.1 day/year is used.

Ut111z1ng the above 1nformat10n, the program simulates the performance of
the system, incorporates the hydroelectric development as specified, and
adds thermal generating resources as necessary to meet the load growth and
to satisfy the reliability criteria. The thermal plants are selected so
that the present worth of the total generation cost over the study period

"is minimized.

The basic economic analyses undertaken in this study incorporated mragl!

discount and escalation rates, and the parameters used are summar1zeﬁ in
Table 8.12. -

A summary of the input data to the model and a discussion of the results

follows.

Initial Economic Analyses

Table 8.13 lists the results of the first series of economic ana1yses un-
dertaken for the basic Susitna Basin development plans listed in Table
8.11. The information provided includes the specified online dates for the
various stages of the plans, the 0GP5 run index number, the total installed
capac1ty at the year 2010 by category, and the total system present worth
cost in 1980. A present worth cost is evaluated for the period 1980 to
2040. The 0GP5 model is run for the period 1980-2010; thereafter steady

~state cond1t1ons are assumed and the then- ex1st1ng generation mix and
~annual costs of 2010 are appiied to the years 2011 to 2040. This e%tended
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period of time is necessary to ensure that the hydroe?ectr1c options being
studied, many of which only come online around 2000, are simulated as
operatlng for periods approaching their economic 11ves and that their full
impact on the cost of the generation system is taken into account.

¢

-

The highlights of the results in Table 8.13 can be summarized as follows:

(i) Plan E1 - Watana-Devil Canyon

A B

by

- Stagiﬁg the dam at Watana (Plan E1.2) is not as economic as
constructing it to its full height (Plans E1.1 and E1.3). The
economic advantage of not stag1ng the dam amounts to $180 million
in 1980.

The reSu]ts indicate that, with the level of analysis performed,
there is no discernible benef1t in staging construction of the
Watana powerhouse (Plans E1.1 and E1.3). It is considered 1likely,
however, that some degree of staged powerhouse construction will
u]twmately be 1ncorporated due to economic considerations and alsoc
to provide maximum flexibility. For current planning purposes, it
is therefore assumed that the staged powerhouse concept (Plan '
E1.3) is the most appropriate Watana-Devil Canyon development
plan. V

Additional runs performed for variations of Plan E1.3 indicate
that system costs would increase by $1,110 million if the Devil
Canyon dam stage were not constructed. Furthermore, a five year
delay in construction of the Natana dam would increase system
costs by $220 million. These increases are due to additional
higher cost thermal units which must be brought on Tine to mee+
the forecast demand in the early 1990's.

Plan E1.4 indicates that, should the powerhouse size at Watana be
restricted to 400 MW, the overall system cost would increase by
$40 million.

(ii) Plan EZ - High Devil Canyon-Vee

- Plans E2.1 and E2.2 were not analyzed, since these are s1m11ar to
El 1 and E1.2 and similar results can be expected.

The results for Plan E2.3 indicate 1t is $520 m1111on more cost]y
than Plan E1.3. Cost increases also occur if the Vee dam stage is
not constructed. A cost reduction of approximately $160 million
is possible if the Chakachamna hydroe]ectrlc prOJect 1s |
constructed instead of the Vee dam. :

| The results of Plan E2.5 indicate that Lotal system generating
costs would go up by $160 million if the total capacity at High
Devil Canyon were limited to 400 MW. |

L : e = - 2 X r 3 I3 Y 3 k .
. o N P ’ E g \ . .




(e)

(i1ii) Plan E3

The results for Plan E3.1 illustrate that the tunnel scheme versus
the Devil Canyon dam scheme (E1.3) adds approximately $68C million
to the total system cost. The availability of reliable geotechnical
data would undoubtedly have improved the accuracy of the cost esti-
mates for the tunnel alternative. For this reason, a sensitivity
analysis was made as a check to determine the effect of ha1v1ng the
tunnel costs. This analysis indicates that the tunnel scheme is
still more costly by $380 million.

~(iv) Plan E4

The results indicate that system costs associated with Plan E4.1,
excluding the Portage Creek site development, are $200 million more
than the equivalent E1 plan. If the Portage Creek development is
included, a greater increase in cost would result.

Economic Sensitivity Analyses

Plans El E2, and E3 were subjected to further sensitivity analyses to

assess the economic impacts of various load growths. These results are
summarized in TabXe 8.14. v

The results for low load forecasts illustrate that the most viable Susitna
Basin development plans include the 800 MW plans (Plans E1.5 and E2.5). Of
these two, the Watana-Devil Canvon plan is less costly than the High Devil
Canyon-Vee plan by $210 million. Higher system costs are involved if only
the first stage dam is constructed, (either Watana or High Devil Canyon).

In this case, the Watana only plan is $90 million more costly than the High
Dev11 Canyon p]an.

Plan E3 variations are more costly than both P1ans El and EZ2.

For the high Toad forecasts, the results indicate that the Plan E1.3 is
$1040 million less costly than E2.3. The costs of both plans can be re-

duced by $630 and $680 million respectively by the addition of the Chaka-
chamna development as a fourth stage.

No further analyses were conducted on Plan E4. As envisaged, this glan is
similar to Plan E1 with the exception that the lower main dam site is moved
from Devil Canyon upstream to High Devil Canyon. The initial analyses out-
lined in Table 8.13 indicate this scheme to be more expensive.

‘Evaluation Criferia

The following criteria were used to evaluate the shortlisted basin develop-
ment plans. They generally contain the requirements of the generic process
with the exception that an additional criterion, energy contribution, is
added in order to ensure that full consideration is given to the total

~ basin energy potential developed by the various plans.
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(4) Economic
The parameter used is the total present worth cost of the total
Railbelt generating system for the period 1980 to 2040 as listed in
Tables 8.14 and 8.15.

Environmental

A qualitative assessment of the environmental impact on the
ecological, cultural, and aesthetic resources js undertaken for each
plan. Emphasis is placed on identifying major concerns so that
‘these could be combined with the other evaluation attributes in an
overall assessment of the plan.

Social

This attribute includes determination of the potential non-renewable
resource displacement, the impact on the state and local economy,
and the risks and consequences of major structural failures due to
seismic events. Impacts on the economy refer to the effects of an
investment plan on economic variables. ‘

Energy Contribution

The parameter used is the total amount of energy produced from the
specific development plan. An assessment of the energy development
foregone is also undertaken. This energy loss is inherent to the
plan and cannot easily be recovered by subsequent staged
developments. :

‘Results of Evaluation Process

The various attributes outlined above have been determined for each plan
and are summarized in Tables 8.16 through 8.24. Some of the attributes are
quantitative while others are qualitative. Overall evaluation is basad on
a comparison of similar types of attributes for each plan. In cases where
the attributes associated with one plan all indicate equality or superior-
ity with respect to another plan, the decision as to the best plan is clear
cut. In other cases where some attributes indicate superiority and ethers

inferiority, differences are highlighted and trade-off decisions are made

to determine the preferred development plan. In cases where these trade-
offs have had to be made, they are relatively convincing and the decision
making process can, therefore, be regarded as fairly robust. In addition,
these trade-offs are clearly identified so the recorder can indepandently
answer the judgement decisions made.

The overall evaluation process is conducted in a series of steps. At each
step, only a pair of plans are evaluated. The superior plan is then passed
on to the next step for evaluation against ankaTternative plan.
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(1) Devil Canyon Dam Versus Tunnel

The first step in the process involves the evaluation of the Watana-
Devil Canyon dam plan (E1.3) and the Watana tunnel plan (E3.1).
Since Watana is common to both plans, the evaluation is based on a
comparison of the Devil Canyon dam and tunnel schemes.

In order to assist in the evaluation in terms of economic criteria,
additional information obtained by analyzing the results of the OGP5
.~ computer runs is shown in Table 8.16. This information illustrates
the breakdown of the total system present worth cost in terms of
capital investment, fuel, and operation and maintenance costs.

~ Economic Comparison .
From an economic point of view, the Devil Canyon dam scheme is
superior. As summarized in Tables 8.16 and 8.17, on a present
worth basis the tunnel scheme is $680 million (about 12 percent)
more expensive than the dam scheme. For a low demand growth rate, 14
this cost difference would be reduced slightly to $610 millicn. =
-Even if the tunnel scheme costs are halved, the total cost
difference would still amount to $380 million. As highlighted in
Table 8.17, consideration of the sensitivity of the basic economic
evaluation to potential changes in capital cost estimate, the
period of economic analysis, the discount rate, fuel costs, fuel
cost escalation, and economic plant Tives do not change the basic
economic superiority of the dam scheme over the tunnel scheme.

- Environmental Comparison

The environmental comparison of the two schemes is summarized in

Table 8.18. Overall, the tunnel scheme is judged to be superior
because:

- It offers the potential for enhancing anadromous fish
populations downstream of the re-regulation dam due to the more
uniform flow distribution that will be achieved in this reach;

« It dnundates 13 miles less of resident fisheries habitat in
river and major tributaries; o ‘

- It has a Tower impact on wildlife habitat due to the smaller
inundation of habitat by the re-regulation dam; |

- It has a lower potential for inundating archeological sites due
to the smaller reservoir involved; and ,

. It would preserve much of the characteristics of the Devil
Canyon gorge which is considered to be an aesthetic and
recreational resource.
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- Social Comparison

Table 8.19 summarizes the evaluation in terms of the social

criteria of the two schemes. In terms of impact on state and
Tocal economics and risks due to seismic exposure, the two schemes
are rated equally. However, the -dam scheme has, due to its higher
energy yield, more potential for displacing nonrenewable enerqy
resources, and therefore scores a slight overall plus in terms of
the social evaluation criteria.

Energy Comparison

Table 8.20 summarizes the evaluation in terms of the enerqy
contribution criteria. The results shown that the dam scheme has
a greater potential for energy production and develops a larger
portion of the basin's potential. The dam scheme is therefore
Judged to be superior from the energy contribution standpoint.

Dvéra]] Comparison

The overall evaluation of the two schemes is summarized in Table
8.21. The estimated cost saving of $680 million. in favor of the
dam scheme is considered to outweigh the reduction in the overall
environmental impact of the tunnel scheme. The dam scheme is
therefore judged to be superior overall.

Watana-Devil Canyon Versus High Devil Canyon-Vee

The second step in the development selection process involves an
evaluation of the Watana-Devil Canyon (E1.3) and the High Devil
Canyon-Vee (E2.3) development plans.

- Economic Comparison

In terms of the economic criteria (see Tables 8.16 and 8.17) the
Watana-Devil Canyon plan is less costly by $520 million. As for
the dam-tunnel evaluation discussed above, consideration of the
sensitivity of this decision to potential changes in the various
parameters considered (i.e. load forecast, discount rates, etc.)
does not change the basic superiority of the Watana-Devil Canyon
Plan. ‘

Environmental Comparison

The evaluation in terms of the environmental criteria is summar-
ized in Table 8.22. In assessing these plans, a reach by reach
comparison is made for the section of the Susitna River between
Portage Creek and the Tyone River. The Watana-Devil Canyon scheme
would create more potential environmental impacts in the Watana
Creek area. However, it is judged that the potential environmen-
tal impacts which would occur in the upper reaches of the river
with a High Devil Canyon-Vee development are more severe in
~ comparison overall. - | e |
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effect on the downstream anadromous fisheries although the High

‘than the Watana-Devil Canyon scheme. The High Devil Canyon-Vee
.scheme would inundate a large area upstream of the Vee site

east section of the basin. The Watana-Devil Canyon scheme would

Creek Basin and the quality of the habitat appears to be

scheme.
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From a f1sher1es perspective, both schemes would have a similar

Devil Canyon-Vee scheme would produce a slightly greater impact on
the.resident fisheries in the Upper Susitna Basin.

The High Devil Canyon-Vee scheme would inundate approxnmately 14
percent (15 miles) more critical winter river bottom moose habitat

utilized by three subpopulation of moose that range in the north-

avoid the potential impacts on moose in the upper section of the

river; however, a larger percentage of the Watana Creek basin
would be inundated.

The condition of the subpopulation of moose utilizing this Watana

decreasing. Habitat manipulation measures could be implemented in
this area to improve the moose habitat. Nevertheless, it is
considered that the upstream moose habitat losses associated with
the High Devil Canyon-Vee scheme would probably be greater than
the Watana Creek losses associated with the Watana- Dev11 Canyon

A major factor to be considered in comparing the two deve}ﬁgment
plans is the potential effects on caribou in the region. It is
judged that the increased length of river flooded, especially
upstream from the Vee dam site, would result in the High Deavil
Canyon-Vee p]an creating a greater potential diversion of the
Nelchina herd's range. In addition, a larger area of caribou
range would be directly inundated by the Vee reservoir.

The area flooded by the Vee reservoir is also considered igportant
to some key furbearers, particularly red fox. In a comparison of
this area with the Watana Creek area that would be inundated with

- the Watana-Devil Canyon scheme, the area upstream of Vee 1s judged

to be more 1important for furbearers.

As prev1ous]y mentioned, the area between Devil Canyon and the
Oshetna River on the Susitna River is confined to a relatively
steep river vailey. Along these valley slopes are habitats
important to birds and black bears. Since the Watana reservoir
would flood the river section between the Watana Dam site and the
Oshetna River to a higher elevation than would the High Devil
Canyon reservoir (2,200 feet as compared to 1,750 feet), the High
Devil Canyon- Vee plan would retain the 1ntegr1ty of more of this
river val]ey slope hab1tat.

From the archeolog1ca1 studies done to date, there tends to be an
increase in site intensity as one progresses towards the northeast
section of the Upper Susitna Basin. The High Devil Canyon-Vee
plan would result in more extensive inundation and increased
access to the northeasterly section of the basin. This plan is
therefore judged to have a greater potential for directly or

. 3;21_ 



- Due to the wilderness nature®of the Upper Susitna Basin, the crea-
tion of increased access associated with project development could
have a significant influence on future uses and management of the
area. The High Devil Canyon-Vee plan would involve the construc-
tion of a dam at the Vee site and the creation of a reservoir in
the more northeasterly section of the basin. This plan would thus
create inherent access to more wilderness than would the Watana-
Devil Canyon scheme. Since it is easier to extend access than to

limit it, inherent access requirements are considered detrimental

and the Watana-Devil Canyon scheme is judged to be more acceptable
in this regard.

Except for the increased loss of river valley, bird, and black
bear habitat, the Watana-Devil Canyon development plan is judged
to be more environmentally acceptable than the High Devil Canyon-
Vee plan. Although the Watana-Devil Canyon plan is considered to
be the more environmentally compatible Upper Susitna development
plan, the actual degree of acceptability is a question being
addressed as part of ongoing studjes.

- Energy Comparison

The evaluation of the two plans in terms of energy contribution
criteria is summarized. in Table 8.23. The Watana-Devil Canyon
scheme is assessed to be superior due to its higher energy poten-
tial and the fact that it develops a higher proportion of the
basin's potential. -

- Social Comparison

Table 8.19 summarizes the evaluation in terms of the social cri-
teria. As in the case of the dam versus tunnel comparison, the
Watana-Devil Canyon plan is judged to have a slight advantage over
the High Devil Canyon-Vee plan. This is because of its greater |
potential for displacing nonrenewable resources. -

- Qverall Comparison

The overall evaluation is summarized in Table 8.24 and inditates
that the Watana-Devil Canyon plans are generally superior for all
the evaluation criteria.

Preferred Susitna Basin Development Plan

Comparisons of the watana~Devi1 Canyon plan with the Watana-tunnel
plan and the High Devil Canyon-Vee plans are judged to favor the
Watana-Devil Canyon plan in each case.

The Watana-Devil Canyon plan is therefore selected as the preferred
Susitna Basin development plan, as a basis for continuation of more
~detailed design optimization and environmental studies.
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8.8 - On-Line Schedule

The project schedules have been deve1oped to allow substantial power production
capability at Watana by December 1993 and complete capability at Devil Canyon by
October 200z. |

8-23



TABLE 8.1: POTENTIAL HYDROELECTRIC DEVELOPMENT

: Avérage £conomic1
Dam ' Capital Installed Annual Cost of "~ Source
Proposed Height Upstream - Cost Capacity Energy Energy ' of
Site Type Ft.  Regulation _§ million (Mw) Gwh $/1000 kih Data
‘Gold Creek? _Fill 190 Yes 900 260 1,140 37 USBR 1953
Olson ‘
(Susitna 11) Concrete 160 Yes 600 200 915 31 USBR 1953
\ | KAISER 1974
| COE 1975
Devil Canyon Concrete 675 No 830 250 1,420 27 This Study
Yes 1,000 600 2,980 17 "
High Devil Canyon : i
(Susitna I) | Fill 855 No 1,500 800 3,540 21 o
Devil Creek® Fill Approx No - - - - -
850 .
Watana Fill - 880 No 1,860 800 3,250 28 "
| | Susitna I1I Fill 670 No 1,390 350 . 1,580 41 "
| Vee Fill 610 No 1,060 400 1,370 37 K
Maclaren? Fill 185 No 5304 55 180 124 n
Denali ~ Fill 230 No 480% 60 245 o8 "
Butte Creek? Fill Approx. No - 40 1303 - USBR 1953
150
Tyone? Fill Approx No - 6 22° - USBR 1953
60 |
Notes:

(1) Includes AFDC, Insurance, Amortization, and Operation & Maintenance Costs. s

{(2) No detailed engineering or energy studies undertaken as part of this study. : ‘ ‘
(3) These are approximate estimates and serve only to represent the potential of these two damsites in perspective.
(4) Include estimated costs of power generation facility.
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TABLE B.2: COST COMPARISONS

Capital Cost EstimateZ (1980 %)

DAM ACRES 1980 OTHERDS
Installed Capital Cost “Installed Capital Cost Source and
Site Type ~ Capacity - MW $ million Capacity - MW $ million Date of Data
Gold Creek - Fin - | - 26n? 890 USBR 1968
Olson : ‘
(Susitna I1) Concrete - o _ 1901 550 COE 1975
Devil Canyon -Fill 60N - 1,000 - - -
Concrete
Arch - - . 776 630 COE 1975
Concrete ' ;
Gravity - - 776 90 COE 1978
High Devil Canyon Fill ' 800 1,500 700 1,480 £OE 1975
(Susiﬁna I)
Devil Creek Fill - - - - -
Watana Fill 800 1,860 792 1,630 COE 1978
Susitna III Fill 350 ) 1,390 445 - KAISER 1974
Vee Fill 400 1,060 - 770 COE 1975
Maclaren Fill . 55 530 - -
Denali Fill 60 480 None 500 COE 1975
Notes:

(1) Dependable Capacity ‘ :
(2) Excluding Anchorage/fFairbanks transmission intertie, but including local access and-transmission.




TABLE B.3: DAM CREST AND FULL SUPPLY LEVELS

(1) To foundation level.

Staged Full Dam Average Uam
Dam Supply Crest Tailwater Height
Site ’ Construction level - Ft. Llevel - Ft. Level - ft. ft.
Gold Creek No 870 880 680 294
Olson No 1,020 1,030 810 310
Portage Creek No 1,020 1,030 870 250
Devil Canyon - ,
intermediate , :
height No 1,250 1,270 890 465
Devil Canyon -
full height No 1,450 1,470 g9a 675
High Devil Canyon No 1,610 1,630 1,030 710
, o No 1,750 1,775 1,030 855
Watana Yes 2,000 2,060 1,465 680
Stage 2 2,200 2,225 1,465 880
Susitna III No 2,340 2,360 1,810 670
Vee . No 2,330 2,350 1,925 610
Maclaren No 2,395 2,405 2,300 185
Denali No 2,540 2,555 2,405 230
Notes:



TABLE 8.4: CAPITAL COST ESTIMATE SUMMARIES
SUSITNA BASIN DAM SCHEMES
COST IN $MILLION 1980

Devil Canyon  High Devil Canyon  Watana “Susitna 111 Vee Maclaren Dainali
1470 ft Crest 1775 ft Crest 2225 ft Crest 2360 ft Crest 2350 ft Crest 2405 ft Crest  22'50 ft Crest
ltem , ‘ 600 MW 800 MW 800 MW 330 MW 400 M No power Fﬁgfpuwep
1) Lands, Damages & Reservoirs 26 i1 . 46 13 22 25 ' 38
2) Diversion Wotks 50 48 no 88 37 118 12
3) Main Dam ) 166 432 536 © 398 183 106 10D
~4) Auxiliary Dam 0 0 0 0 40 7 0 g
5) Power System . 195 T 232 244 140 175 0 0
6) Spillway System 130 141 ‘ 165 121 74 0 0
7) Roads and Bridges 45 68 96 70 80 57 14
8) Transmission Line 10 ; 10 ' 26 40 49 0. 0
9) Camp Facilities and Support 97 140 160 130 100 53 50
10) Miscellaneous’ 8 8 8 8 8 5 5
11) Mobilization and Preparation 30 47 57 45 35 15 ; 14
Subtota]: ‘ 757 1137 1409 1053 803 379 333
Contingency (20%) ~ 152 227 282 211 161 76 67
Engineering and Owner's ’ v
Administration (12%) 91 136 , 169 126 96 45 40
TOTAL ' ; » 1000 1500 1860 1390 1060 500 440
Notes:

(1) Includes recreational facilities, buildings and grounds and permanent operating equipment.



TABLE 8.5: RESULTS OF SCREENING MODEL

v . : -
Total Demand Optimal Solution First Suboptimal Solution Second Suboptimal Soultiof;
N ] Max. Inst. = Total Max. Inst. Total Max. - Inst. Tatal
, Cap. Energy Site Water Cap. Cost Site Water Cap. Cost Site Water ~ Cap. Eost
Run MW GWh Names Level MW $ million Names Level MW $ million Names Level MW $ million
1 400 1750 High 1580 400 885 Devil 1450 400 970 Watana 1950 400 ‘9BY
: Devil : : Canyon ‘
Canyon '
2 800 3500 High 1750 800 1500 Watana 1900 450 1130 Watana 2200 800 %360
' Devil . S
Canyon
Devil
Canyon 1250 350 710
TOTAL 800 1840
3 1200 5250 Watana 2110 700 1690 High 1750 800 1500 High 1750 820 1500
Devil Devil
Canyon Canyon
Devil 1350 500 800 Vee 2350 - 400 1060 Susitna 2300 380 1250
Canyon . III
TOTAL 1200 2490 TOTAL 1200 - 2560 TOTAL - 200 2760
4 1400 6150 Watana 2150 740 1770 v _
; NCO SOLUTION ; NG SCLUTIGN
Devil 1450 660 1000
Canyon
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 TABLE 8.6: INFORMATION ON THE DEVIL CANYON DAM AND TUNNEL SCHEMES

; Devil Canyon , Tunnel Scheme
Item : Dam I T2 ‘ 5 ; [

Reservuir Area v '

(Acres) 7,500 320 , 0 3,900 0

River Miles , ‘

Flooded v 31.6 2.0 0 15.8 g

Tunnel Length , ' _
. (Miles) 0 27 29 C13.5 29

Tunnel Vglume | 7

(1000 Yd”) 0 11,976 12,863 3,732 5,131

Compensating Flaw
Release from ean
Watana (cfs) 0 1,000 ‘ 1,000 500 1,000

Downstream2
Reservoir Volume
{1000 Acre-feet) 1,100 3.5 - 350 —

Downstream D
)

Height (feet 625 ‘ 75 _— 245 ' _—

Typical Daily

Range of Discharge ,

From Devil Canyon 6,000 - 4,000 4,000 8,300 3,900
Powerhouse , to to to to (X
(cfs) 13,000 14,000 14,000 8,900 4,200

Approximate

Maximum Daily

Fluctuations in

Downstream

Reservoir (feet) 2 15 -

t

Notes:

; 1,000 cfs compensating flow release from the re-regulation dam.
Downstream from Watana.

3‘Es{:imated, above existing rock elevation.
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TABLE 8.7: DEVIL CANYON TUNNEL SCHEMES
___COSTS, POWER GUTPUT AND AVERAGE ANNUAL ENERGY

1 =
Installed ] Devil Canyon Increase in Tunnel Scheme C’osﬁ;z'3 of
Capacity (MW) - Increase’ in Average Annual Average Total Project Addi&ﬁnn?l
Watana Devil Canyon Installed Capacity Energy Annual Energy Costs Emesrgy
Stage Tunnel (MW) (Gwh) (Gwh) $ Million (midls/kWh)
STAGE 1:
Watana Dam 800 — —_—— —— — —— ——
STAGE 2:
Tunnel:
. = Scheme 1 800 550 550 2,050 2,050 1980 a2,
- Schene 22 70 1,150 420 4,750 1,900 2320 2.9
- Scheme 3 850 330 380 2,240 2,180 1220 2%4.9
~ Scheme 4 800 365 365 2,490 890 1490 T3.86
Notes:
=)

(1) Increase over single Watana, B0O MW development 3,250 Gwh/yr

(2) Includes power and energy produced at re-regulation dam

(3) Enerqy cost is based on an economic analysis (i.e. using 3 percent interest rate)




l_ TABLE 8.8: CAPITAL CpS'.f ESTIMATE SUMMARIES
TUNNEL SCHEMES
' COSTS 1IN $’MILLIUN 1980
l » Two 30 ft One 40 ft
» Ttem : ’ ' dia_tunnels __dia tunnel
' Land and damages, reservoir clearing 14 : 14
Diversion works 35 ; ‘ 35
h l ' Re-regulation dam , ' 102 ; 102
Power system 680 v 576
{a) Main tunnels 557 453
i (b) Intake, powerhouse, tailrace ,
| § and switchyard ‘ 123 123
~ Secondary power station . 21 21
l Spillway system _ 42 42
‘ Roads and bridges 42 42
l Transmission lines - 15 15
| Camp facilities and support 131 ’ 117
. Miscellaneous* 8 8
| Mobilization and preparation : 47 47
| TOTAL CONSTRUCTION COST 1,137 1,015
i Contingencies (20%) 227 ' 203
Engineering, and Owner's Administration 136 ‘ 122
TOTAL PROJECT COST 1,500 1,340

A :

i




TABLE 8.9: SUSITNA DEVELOPMENT PLANS

Cumulative
Stage/Incremental Data ‘ System Data
Annual
Maximum  Energy
Capital Cost Earliest Reservoir Seasonal = Production Plant
$ Millions On-line Full Supply Draw- Firm Avg. Factor
Plan Stage Construction (1980 values) Date1 Level - ft. down-ft GWH  GWH. %
1.1 1 Watana 2225 ft 800MW 1860 1993 2200 150 2670 3250 . 46
2 Devil Canyon 1470 ft
| 600 My 1000 1996 1450 100 5500 6230 51
TOTAL SYSTEM 1400 MW 2860 :
1.2 ! Watana 2060 ft 400 MW 1570 1992 2000 100 1710 2110 60
2 Watana raise to
2225 ft 360 1995 2200 - 150 . 2670 2990 85
3 ‘Watana add 400 MW ‘
capacity 1302 1995 2200 150 2670 3250 46
4 Devil Canyon 1470 ft ‘
600 MW 1000 1996 1450 100 5500 6230 51
TOTAL SYSTEM 1400 MW 3060
1.3 1 Watana 2225 ft 400 MW 1740 1993 2200 150 2670 2990 85
2 Watana add 400 MW .
capacity 150 1993 2200 150 2670 3250 . 46
3 .Devil Canyon 1470 ft ; _
600 MW 1000 1996 1450 100 5500 6230 51
TOTAL SYSTEM 1400 MW 2890 '
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TABLE 8.9 (Continued)

Cumulat ive
Stage/Incremental Data System Dat.a
Annual
; Maximum Energy ‘
Cap’ .al Cost Earliest Reservoir ‘Seasonal  Production ~ Plant
$ Millions On-line Full Supply  Draw- Firm Avg. Factor
‘ 1 ‘
Plan Stage Construction (1980 values) Date Level - ft. down-ft. GWH  GWH w
2.1 1 High Devil Canyan | |
3
1775 ft 800 MW 1500 1994 1750 150 2460 3400 49
2 Vee 2350 ft 400 MW 1060 1997 2330 150 3870 4910 47
TOTAL SYSTEM 1200 MW 2560
2.2 1 High Devil Canyon
1630 ft 400 MW 1140 19933 1610 100 1770 2020 28
2 High Devil Canyon
add 400 MW Capacity
raise dam to 1775 ft 500 1996 1750 150 2460 3400 49
3 Vee 2350 ft 400 MW 1060 1997 2330 150 3870 4910 47
TOTAL SYSTEM 1200 MW 2700
2.3 1 High Devil Canyon
3
1775 Ft.400 MW 1390 1994 1750 150 2400 2760 79
2 High Devil Canyon
add 400 MW capacity 140 1994 1750 150 2460 3400 49
3 Vee 2350 ft 400 MW 1060 1997 2330 150 3870 4910 47
TOTAL SYSTEM 1200 MW 2590
3.1 1 Watana 2225 ft 800 MW 1860 1993 2200 150 2670 3250 46
2 Watana add 50 MW '
tunnel 330 MW 1500 1995 1475 4 4890 5430 53
3360 : :

TOTAL SYSTEM 1180 MW




TABLE 8.9 (Continued)

Cumulative
Stage/Incremental Data System Data
Annual
. “Maximum Energy o
Capital Cost Earliest Reservoir Seasonal  Production Plant
$ Millions On-line Full Supply Draw- Firm Avg. Factor
Plan Stage Construction (1980 values) Date1 Level - ft. down-ft. GWH GWH %
3.2 1 Watana 2225 ft 400 MW 1740 1993 2200 150 2670 2990 85
2 Watana add 400 MW
capacity 150 1994 2200 150 2670 3250 46
3 Tunnel 330 MW add '
50 MW to Watana 1500 1995 1475 4 4890 5430 53
3390 :
4.1 1 Watana
. 2225 ft 400 MW 1740 19953 2200 150 2670 2950 85
2 Watana add 400 MW
capacity 150 1996 2200 150 2670 3250 46
3 High Devil Canyon
1470 ft 400 MW B&0 1998 1450 100 4520 5280 50
4 Portage Creek '
1030 ft 150 MW _650 2000 1020 50 5110 6000 51
TOTAL SYSTEM 1350 MW 3400
NOTES:

(1) Allowing for a 3 year overlép construction period between major dams.

(2) Plan 1.2 Stage 3 is less expensive than Plan 1.3 Stage 2 due to lower mobilization costs.

(3) Assumes FERC license can be filed by June 1984, i.e., 2 years later than for the Watana/Devil Canyon Plan 1.

X . 8 k . . : . : .
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TABLE 8.10: ENERGY SIMULATION SENSITIVITY

Reservoir Maximum
Installed Full Supply Reservoir Annual Energy-Gwh "Plant
Capacity Level Drawdown Factor
: |
Development MW Feet Feet Firm (%) Average (%) %
Watana 2225 Feet » 800 2200 100 2510 (89) 3210 7(101) 45.8
8C0 2200 150 2670 (94) 3250 (103) 46.4
‘800‘ 2200 175 2770 (98) 3200 (101) 45.7
800 2200 Unlimited 2830 (100) 3170 45,2

(100)

Notes:

(1) Second lowest energy generated during simulation period.



TABLE 8.11: SUSITNA ENVIRONMENTAL DEVELOPMENT PLANS

‘ Cumulat ive
Stage/Incremental Data . System Data
Annual
Maximum Energy
Capital Cost  Earliest Reservoir Seasonal  Production Plant
$ Millions On-line Full Supply Draw- Firm Avg. Factor
Plan Stage Construction : (1980 values) Date1 Level - ft. down-ft GWH  GwH. %
E1.1 ] Watana 2225 ft 800 MW
and Re-Regulation '
Dam 1960 ' 1993 2200 150 2670 3250 46
2 Devil Canyon 1470 ft
400 MW 500 1996 1450 100 5520 6070 58
TOTAL SYSTEM 1200 MW 2860
£1.2 1 Watana 2060 ft 400 MW 1570 1992 2000 - 100 1210 2110 60
2 Watana raise to
2225 ft 360 1995 2200 150 2670 2990 85
3 Watana add 400 MW :
capacity and
~ Re-Regulation Dam 2302 1995 2200 150 2670 3250 46
4 Devil Canyan 1470 ft
400 MW 900 1996 1450 100 5520 6070 58
TOTAL SYSTEM 1200 MW 3060
E1.3 1 Watana 2225 ft 400 MW 1740 1993 2200 150 2670 2990 85
2 Watana add 400 MW
capacity and
Re-Regulation Dam 250 1993 2200 150 2670 3250 - - 46
3 Devil Canyon 1470 ft :
400 MW 900 1996 1450 100 5520 6070 58
JOTAL SYSTEM 1200 MW 2890
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TABLE 8.11 (Continued)

Cumulative
Stage/Incremental Data : System Data
Annual
_ Maximum Energy
Capital Cost Earliest Reservoir’ Seasonal  Production Plant
$ Millions ° On-line Full Supply Draw- Firm Avg. Factar

; 1 .
Stage Construction (1980 values) Date Level - ft. down-ft. GWH GWH %

Watana 2225 ft 400 MW 1740 1993 . 2200 150 2670 2990 85
Devil Canyon 1470 ft ’

400 My 900 1996 1450 100 - 5190 5670 81
TOTAL SYSTEM BOO MW 2640

High Devil Canyon
1775 ft 800 MW and

Re-Regulation Dam
Vee 2350ft 400 MW
TOTAL SYSTEM 1200 MW

High Devil Canyon

1630 ft 400 M4
High Devil Canyon
raise dam to 1775 ft
add 400 MW and
Re~Regulation Dam
Vee 2350 ft 400 MW
TOTAL SYSTEM 1200 MW

High Devil Canyon

1775 ft 400 MW
High Devil Canyon
add 400 MW capacity
and Re-Requlation
Dam
Vee 2350 ft 400 MW
TOTAL SYSTEM 1200 MW




TABLE 8.11 (Continued)

Cumuiative
~ Stage/Incremental Data , System Data
o ‘ ~ Annual
. Maximum Energy ,
Capital Cost Earliest Reservoir Seasonal  Production Plant
$ Millions - On-line Full Supply Draw- Firm Avg., -  Factor
Plan Stage Construction {1980 values) Date1 Level - ft. down-ft. GWH GWH %
£E2.4 1 High Devil Canyon
- 1755 ft 400 MW 1390 19945 1750 150 2400 2760 79
2 High Devil Canyon
add 400 MW capacity
and Portage Creek
Dam 150 ft 790 - 1995 1750 150 3170 4080 49
3 Vee 2350 ft
400 MW 1060 1997 2330 150 4430 5540 47
TOTAL SYSTEM - 3240
£3.2 1 Watana : ; :
2225 Ft 400 MW 1740 1993 2200 150 2670 2990 85
2 Watana add
400 MY capacity
and Re-Regulation .
Dam 250 1994 2200 150 2670 3250 46
3 Watana add 50 MW
Tunnel Scheme 330 MW 1500 1995 1475 4 4890 5430 53
TOTAL SYSTEM 1180 MW 3490
E4.1 1 Watana ,
2225 ft 400 MW ~ 1740 19953 2200 150 2670 2990 85
2 Watana ‘
add 400MW capacity.
and Re-Regulation
Dam ' 250 1996 2200 150 2859 3250 46
3 High Devil Car,on :
1470 ft “ou MW ‘ 860 1998 1450 100 4520 5280 50
4 "Locaye Creek , ' ,
1030 ft 150 -MW 650 2000 1020 50 5110 6000 51
TOTAL SYSTEM 1350 MW 3500

NOTES:
(7Y Allowing for a 3 year overlap construction period between major dams.
(2) Plan 1.2 Stage 3 is less expensive than Plan 1.3 Stage 2 due to lower mobilization costs.

(3) Assumes FERC license can be filed by June 1984, i.e., 2 years later than for the Watana/Devil Canyon
Plan 1. _



. TABLE 8.12: ANNUAL FIXED CARRYING CHARGES
, Economic Parameters ,
2 ; , , Total
Economic  Cost of Annual
: , Life Money Amortization  Insurance Fixed Cost
Project Type = Years % 9 K %
Thermal - Gas Turbine : A .
- (0il Fired) 20 3.00 12 0.25 6.97
~ Diesel, Gas Turbine
(Gas Fired) and
Large Steam
- Turbine - 30 . 3.00 2.10 0.25 5.35
- Small Steam Turbine 35 3.00 - 1.65 0.25 4.90
Hydropower 50 3.00 0.89 0.16 3.99




TABLE 8.13: RESULTS OF ECONOMIC ANALYSES OF SUSITNA PLANS - MEDIUM LOAD FORECAST

Susitna Development Plan Inc.

Installed Capacity (MW) DBy

Tatal System

Total System

Online Dates : Category in 2010 Installed Present Remarks Péﬁﬁsining to
Plan ' Stages 0GPS Run Thermal Hydro Capacity In Worth Cos% the Susitnm Basin
No. 1 2 3 4 Id. No. _Coal  Gas Dil  Other ~ Susitna 2010-M $ Million Development Plan
E1.1 1993 2000 -~ - LXE7 300 426 0 144 1200 2070 5850
E1.2 1992 1995 1997 2002 L5Y9 200 501 0 144 1200 2045 6030
E1.3 1993 1996 2000 - L8J9 300 426 a 144 1200 2070 5850 v :
1993 1996 - - L7W7 500 651 0 144 800 2095 6960 Stage 3, Desxil Canyon Dam
not construmted
1998 2001 2005 - LAD7 400 276 30 144 1200 2050 6070 Delayed impl=mentation
schedule
E1.4 1993 2000 —-— - LCKS 200 726 50 144 £00 1920 5890 ~Total develwpment limited
- to 800 Mw
Modified o
E2.1 1994 2000 - - LB25 400 651 60 144 800 2055 6620 High Devil Qanyon limited
‘ to 400 My
£2.31 | 1993 1996 2000 - L6D1 300 651 20 144 1200 2315 6370
‘ 1993 1996 - - LEQ? 500 657 - 3C 144 800 . 2125 6720 Stage 3, Vea Dam, not
' ‘ constructedi -
Modified g L ,
£2.3 1993 1996 2000 LEB3 300 726 220 144 1300 2690 6210 Vee dam replaced by
. : Chakachamm& dam
3.1 1993 1996 2000 - L607 200 651 30 144 1180 2205 6530
Special : ; ;
3.1 1993 1996 2000 - L615 200 651 30 144 1180 2205 6230 Capital cost of tunnel
| reduced by 38§ percent
E4.7 1995 1996 1998 - LTZ5 200 576 30 144 1200 ’2150 6050 Stage 4 not constructed
NOTES:

(1) Adjusted to incorporate cost

R4

of re-regulation dam
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TABLE B 14 RESULTS OF ECUNDMIC ANALYSFS aoF SUSITNA PLANS - LOW AND HIGH LDAD FORECAST

Su31tna Development Plan Inc. - ' Installed Capacity (MW) by Tﬁtal System Total System
, Online Dates Category in 2010 Installed Present Remarks Pertaiinzmeg to
Plan Stages "0GPS Run Thermal Hydro Capacity In Worth Cost the Susitna Bawin
No. 1 2 5 4 Id. No. Coal Gas 011 Other Susitna = 2010-MW $ Million Development Plain

VERY LOW FORECAST*

E1.4 1997 2005 - - L787 N 651 50 144 800 : 1645 3650

LOW LOAD FORECAST

£E1.3 1993 1996 2000 - - - - - - - | - —— ; Low energy demaind does not
c warrant plan capacities

E1.4 | 1993 2002 - -_— Len7 n 35 40 144 800 1335 4350 C
1993 -= - -— LBK7 200 5Mm 80 144 400 1325 4940 Stage 2, Devil' Canyon Dam,
: : : not constructedi
CEZ24 1993 2002 - - LGN9 100 426 30 144 8no 1500 4560 : glghugpall Carmigon limited
; o a g W
1993 - — - LBUY 4n0  5Mm t] 144 400 . 1445 4850 Stage 2, Vee Dmm, not
, . constructed
£E2.3 1993 1996 2000 -~ — - - -- - - - - - . Low energy demaind does not
, warrant. plan cmpacities
Special ' « ,
3.1 1993 1996 2000 - : L613 n 576 20 144 780 1520 4730 Capital cost off tunnel
: . . : reduced by 50 percent
3.2 1993 2002 - — L609 0 576 20 144 780 1520 ‘ 5000 Stage 2, 4ND MW addition

to Watana, nott tonstructed

HIGH LOAD FORECAST

E1.3 1993 1996 2000 —- LA73 1000 959 N 148 1200 3295 10680
Modified | | | B
E1.3 1993 1996 2000 2005 LBY7 800 651 60 144 1700 3355 | 10050 .  Chakachamna hydvuelectric

generating station (480 MW)
brought on line as a fourth
stage

t2.3 1993

Modified | ‘ | |
E2.3 1993 1996 2000 2003 . LBY1 1000 876 - 1N 144 1700 3730 . - 11040 - Chakachamna hydroelectric
- o . » o . : : generating station (480N MW)
brought on line as a Fourth
stage

“NOTE:

(1) Incorporating load management~ahd conservation
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TABLE 8.15: RESULTS OF ECONOMIC SENSITIVITY ANALYSES FOR GENERATION SCENARIO ~

INCORPORATING SUSITNA BASIN DEVELOPMENT PLAN E1.3 - MEDIUM FORECAST

Total Total
: - System System
Installed Capacity (MW) by Installed Present
o Category in 2010 Capacity Worth
Description Parameter 0GP5 Run ~___Ihermal Hydro In 2010 Cost
Parameter Varied Values Id. No. Loal Gas Uil  Other  Susitna MW $ Million Remarks
Interest Rate 5% “LF85 300 426 0 144 1200 2070 4230
9% LF87 300 426 0 144 1200 2070 2690
Fuel Cost ($ million Btu, .
natural gas/coal/oil) 1.60/0.92/3.20 L533 100 576 20 144 1200 2040 5260 20% fuel cast reduction
Fuel Cost Escalation (%, .
natural gas/coal/oil) 0/0/0 L557 0 651 30 144 1200 2025 4360 Zero escalaltion . ,
3.98/0/3.58 L563 300 426 0 144 1200 2070 5590 Zero tcoal cost escalation
Economic Life of Thermal |
~ Plants (year, natural o , ‘
gas/coal/oil) 45/45/30 L.585 45 367 233 144 1200 1989 6100 Ebugomic liwes increased
by 50%
Thermal Plant Capital
Cost ($/kW, natural gas/ S . , _
coal/oil) 350/2135/778 LED7 300 426 0 144 1200 2070 5740 Coal capital cost reduced
. . by 22% ‘ :
| Watanﬁ/Devil Canyon Capital
- Cost® ($ million, Watana/ , » ;
Devil Canyon) 1990/1110 L5G1 300 426 0 144 1200 2070 6210 Capital cost for Devil
« Canyon Dam increased by 23%
2976/1350 - LD75 300 426 0 144 1200 2070 6810 Capital cost for both dams
increased by 50%
Probabilistic Load Forecast L8TS 200 1476 140 144 1200 3160 6290

NOTES:

(1) Alaskan cost adjustment
' (2) Excluding AFDC

factor reduced from 1.8 to 1.4




TABLE 8.16: ECONDMIC‘BACKU? DATA FOR _EVALUATION OF PLANS

Total Present YWorth Cost for 1981 - 2040

Period $ Million (% Total)

Generation P
With High De

lan Generation Plan
vil With Watana -

Generation Plan
With Watana -

A1l Thermal

Pardmeter Canyon - Vee Devil Canyon Dam  Tunnel Generation Plans

Capital Investment 2800 (44) 2740 (47) 3170 (49) 2528 (31)

fuel 3220 (50) 2780 (475 3020 (46) 5240 (6&)

Operation and Maintehancé 350 (6) 330 (6) 340 (5) / ’3?@ (5)

TOTAL: 6370 (100) - 5850 (100) 6530 (100) 8130 (100)
S
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TABLE 8.17: 'ECONDMIC EVALUATION OF DEVIL CANYON DAM AND TUNNEL SCHEMES AND WATANA/DEVIL CANYON AND HIGH DEVIL CANYON/VEE IPLANS

Present worth of Net Benefit ($ million) of total generation
system costs for the:

Devil Canyon Dam over Watana/Devil Canyon Dams over
the Tunnel Scheme the High Devil Canyon/Vee Dams Remariks
ECONOMIC EVALUATION:- Economi¢ ranking: ‘Bevil Canyon
- Base (ase 680 , 520 dam scheme is supsirior to Tunnel
; scheme. Watana/Dewil Canyon dam
plan is superior Em the High
_Devil Canyon dam/Y=e dam plan.
SENSITIVITY ANALYSES:
- Load Growth Low ' 650 210 | The net benefil of Lhe
High N.A. 1040 Watana/Devil Canyowy plan remains
- . ~ positive for the rainge of load
forecasts considersd. No change
in ranking. ‘ ,
- Capital Cost Estimate ~ Higher uncertainty assoc- Higher uncertainty associated with  Higher cost uncetkainties associ-
' iated with tunnel scheme. H.D.C./Vee plan. ated with higher cost
; schemes/plans. Cosit uncertainty
therefore does nok affect
economic ranking.
- Period of Economic Period shortened to ' Shorter heriod of @wvaluatian
Analysis (1980 - 2010) 230 160 decreases economic J{ifferences.
, : ' Ranking remains uncthanged.
-~ Discount Rate ' 5%
8% (interpolated)
9% ' ‘ »
As both the capital and fuel casts associated with the tunnel Ranking remains uncthanged.
-~ Fuel Cost 80% basic fuel cost  scheme and H.D.C./Vee Plan are higher than for Watana/Devil ~
‘ ‘ Canyon plan any changes to these parameters cannot reduce the
- Fuel Cost Escalation 0% fuel escalation Devil Canyon or Watana/Devil Canyon net benefit to below zero.
, % coal escalation
~ Economic Thermal Plant 50% extension
Life 0% extension



TABLE 8.18: ENVIRONMENTAL EVALUATION OF DEVIL CANYON DAM AND TUNNEL SCHEME

Environmental
Attribute

Concerns

Appraisélf
(Differences in impact
of two schemes)

Identification
of difference

Scheme judged to have

the least potential impact

Appraisal Judgsient

UL

Ecologicalz

~ Downstream Fisheries
and Wildlife

Effects resulting
from changes in
water quantity and
quality.

No significant differ-

ence between schemes

regarding effects down-

streem of Devil Canyon.

Difference in reach
between Devil Canyon
dam and tunnel re-~
requlation dam.

With the tunnel scheme con-
trolled flows between regula-
tion dam and downstream power-
house offers potential for
anadromous. fisheries enhance-
ment in this 11 mile reach of
the river.

Not a factor in evaluation of
schene.

., If fisheries enhancement oppor-

tunity can be realized the tun- .
nel scheme offers a positive
mitigation measure not available
with the Devil Canyon dam
scheme. This opportunity is
considered moderate and favors
the tunnel scheme. However,
there are no current plans for
such enhancement and feasibil-
ity is uncertain. Potential
value is therefore not signi-
ficant relative to additional
cost of tunnei.

Tunnel

Resident Fisheries:

Loss of resident
fisheries habitat.

Minimal differences
between schemes.

Devil Canyon dam would inundate
27 miles of the Susitna River
and approximately 2 miles of
Devil Creek. The tunnel scheme
would inundate 16 miles of the
Susitna River.

Loss of habitat with dam scheme is

less than 5% of total for Susitna
main stem. This reach of river is
therefore not considered to be
highly significant for resident
fisheries and thus the difference
between the schemes is minor and
favors the tunnel scheme.

Loss of wildlife
habitat.

Minimal differences
between schemes.

The most sensitive wildlife ha-
bitat in this reach is upstream
of the tunnel re-regulation dam
where there is no significant
difference between the schemes.
The Devil Canyon dam scheme in
addition inundates the river
valley between the two dam
sites resulting in a moderate
increase in impacts to wildlife.

Moderate wildlife populations of
movuse, black bear, weasel, fox,
wolverine, other small mammals
and songbirds and some riparian
cliff habitat for ravens and
raptors, in 11 miles of river,
would be lost with the dam scheme.
Thus, the difference in loss of
wildlife habitat is considered
moderate and favors the tunnel
scheme.

Inundation of
archeological sites.

Potential differences
between schemes.

Due to the larger area inun-
dated the probability of inun-
dating archeological sites is
increased.

Significant archeological

sites, if identified, can proba-
bly be excavated. Additionsl
costs could range from several
hundreds to hundreds of thousands
of dollars, but are still consider
ably less than the additional cost
of the tunnel scheme.

-

This concern

is not considered a factor in schenme

evaluation.

Wildlifes:
Cultural:
Land Use:

Inundation of Devil
Canyon.

Significant difference
between schemes.

The Devil Canyon is considered
a unique resource, B0 percent

of which would be inundated by

the Devil Canyon dam scheme.
This would result in a loss of
both an aesthetic value plus
the potential for vhite water
recreation. a '

The aesthetic and to some extent
the recreational losses associ-
ated with the development of the
Devil Canyon dam is the main
aspect favoring the tunnel scheme.
However, current recreational uses
of Devil Canyon are low due to
limited access.

Future possibilites

include major recreational develop-

m=nt with construction of restau-

~ rants, marinas, etc. Under such

conditions, neither scheme would be

more favorable. ‘

OVERALL EVALUATION: The tunnel scheme has errall a lowef‘impact on_thekenvironment.r‘_ -

)




TABLE 8.19:

SOCTAL -EVALUATION OF SUSITNA BASIN DEVELOPMENT SCHEMES/PLANS

Impact on

local economy

Iocal economy.

Social funnel Devil Canyon tigh Devil Canyon/ Watana/Devil

Aspect Parameter Scheme Dam Scheme Vee Plan Canyon Plan Remarks

Potential Million tons B0 110 170 210 Devil Canyon dam scheme

non-renewable Beluga coal potential higher than
-resource over 50 years tunnel scheme. Watana/

displacement Devil Canyon plan higher

' than High Devil Canyon/
Vee plan. '

" Impact on e

state economy . ]

All projects would have similar impacts on the state and

2. Watana/Devil Canyon superior to High Devil Canyon/Vee plan.

Seismic Risk of major All projects deéigned to similar levels of safety. Essentially no difference
exposure structural : between plans/schemes.
failure ;
Potential Any dam failures would effect the same downstream
impact of population.
failure on ]
human life. s
Overall 1. Devil Canyon dam superior to tunnel.
Evaluation




TABLE B8.20: ENERGY CONTRIBUTION EVALUATION OF THE DEVIL
CANYON DAM AND TUNNEL SCHEMES

“Parameler Dam Tunnel ' Remarks

Total Energy Production
CUapabiiity

Annual Average Energy GWH 2850 2240 Devil Canyon dam annually
. v develops 610 GWH and 540
Firm Annual Energy GWH 2590 2050 GWH more average and firm

energy respectively than
the Tunnel scheme.

% Basin Pgtential

Developed’ 43 32 Devil Canyon schemes
develops -more of the
basin potentaal.

Energy Potential Not

Developed GWH 69 380 As currently envisaged,
_ ~the Devil Canyon dam does
3. not develop 15 ft gross

head between the Watana
site and the Devil Canyon
reservsoir. The tunnel
scheme incorporates addi-
tional friction losses in
tunnels. Also the compen-
sation flow released from
re-regulation dam is not
used in conjunction with
head between re-regulation
dam and Devil Canyon.

Notes:

(1) Based on annual average energy. Full potential based on USBR four
dam scheme.




TABLE 8.21: OVERALL EVALUATION OF TUNNEL SCHEME AND DEVIL CANYON DAM SCHEME

ATTRIBUTE SUPERIOR PLAN

Economic Devil Canyon Dam

Energy :
Contribution Devil Canyon Dam

Environmental Tunnel

Social Devil Canyon Dam (Marginal)

Overall

Evaluation

Devil Canyon dam scheme is superior

Tradeoffs made:

Economic advantage of dam scheme
is judged to outweigh the reduced
environmental impact associated
with the tunnel scheme.
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TABLE 8.22: ENVIRONMENTAL EVALUATION OF WATANA/DEVIL CANYON AND HICH DEVIL CANYON/VEE DEVELOPMENT PLANS

Enyironmental Attribute

’lan Comparison

Plan judged to have the

least potential impact

HDL/V

Erological:
1) Elsﬁeries

2) Wildlife
a) Moose

b) Caribou

c) Furbearers

d) Birds and Bears

No significant difference in effects on downstream
anadromous fisheries.

HDC/V would inundate approximately 95 miles of the
Susitna River and 28 miles of tributary streams, in-
cluding the Tyone River.

W/DC would inundate approxiﬁately_Bé miles of the.
Susitna River and 24 miles of tributary streams,
includipg Watana Creek.

Appeaisal Judgement

Due to the avoidance of the Tyone River,
lesser inundation of resident fisheries
habitat and nu significant difference in the
effects on anadromous fisheries, the W/DL plan
is judged to have less impact.

_H/DL

X

HDC/V would inundate 123 miles of critical winter river
bottom habitat. ‘

=z

W/DC would inundate 108 miles of this river bottom
habitat.

HDC/V would inundate a large area upstream of Vee
utilized by three sub-populations of moose that range
in the northeast section of the basin.

W/DC would inundate the Watana Creek area utilized by
moose. The condition of this sub-population of moose
and the quality of the habitat they are using appears

to be decreasing.

‘The increased length of river flooded, especiaily up-

stream from the Vee dam site, would result in the
HDC/V plan creating a greater potential division of
the Nelchina herd's range. In addition, an increase
in range would be directly inundated by the Vee res-
ervoir.

The arza flooded by the Vee reservoir is considered
important to some key furbearers, particularly red fox.
This 'area is judged to be more important than the
Watana Creek area that would be inundated by the W/DC.
plan.

Forest habitat, important fer birds and black bears,
exist along the valley slopes. The loass of this habi-
tat would be greatsr with the W/DC plan.

Due to the lower potential for direct impact
on moose populations within the Susitna, the
W/DC plan is judged superior. '

Sue to the potential for a greater impact on
the Nelchina caribou herd, the HDC/V scheme
is considered inferior.

Du: to the lesser potential for impact on fur-
bearvrs the W/DC is judged to be superior.

The HDC/V plan is judged superior.

Cultural:

There is a high potential for discovery of archeologi~
cal sites in the easterly region of the Upper Susitna
Basin. The HDC/V plan has a greater potential of ‘
affecting these sites. For other reaches of«the river
the differcence between plans is considered minimal.

The W/DC plan is judged to have a lower po-
tential effect on archeological sites.
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TABLE B.2Z (Continued)

Plan judged to have the

; , . lesst potential impact
Environmental Attribute ) Plan Comparison Appraisal Judgement HOC/V B ‘DL
Aesthetic/ '
Land Use : o , ,
With either scheme, the aesthetic quality of both Both plans impact the valley aesthetics. The - -
Devil Canyon and Vee Canyon would be impaired. The difference is considered minimal.
HDC/V plan would also inundate Tsusena Falls. _
Due to construction at Yee Dam site and the size of As it is easier to extend access than to : X

the Vee Reservoir, the HDC/V plan would inherently 1imit it, inherent access requirements were

create access to more wilderness area than would the considered detrimental and the W/DC plan is

W/DC plan. " judged superior. The ecological sensitivity
of the area opened by the HDC/V plan rein-
forces this  judgement.

UVERALL EVALUATION: The W/DC plan is judged to be superior to the HDC/V plan.

(The lower impact on birds and bears associated with HDC/V plan is considered to be outweighed by all
the other impacts which favor the W/DC plan.) '

NOTES:

W = Watana Dam

DC = Pevil Canyon Dam

HDC = High Devil Canyon Dam
V = Vee Dam
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TABLE 8.23: ENERGY CONTRIBUTION EVALUATION OF THE WATANA/DEVIL CANYON

AND HIGH DEVIL CANYON/VEE PLANS

H#atana/ High Devil
Parameter Devil Canyon Canyon/Vee Remarks
Total Energy Production
Lapability
Annual Average Energy GWH 6070 4910 Watana/Devil Canyon
, plan annually devel-
Firm Annual Energy GWH ; 5520 3870 ops 1160 GWH and :
‘ 1650 GWH more average
and firm energy rg-
pectively than the
High Devil Canyon/Vee
Plan. :
% Basin Potential ' Watana/Devil Canyon
Developed (7) . 91 81 plan develops more of
the basin potential
Energy Potential Not
Developed GWH (2) : 60 650 As currently con-
ceived, the Watana/-
Devil Canyon Plan
does not develop 15
ft of gross head
between the Watana
site and the Devil
Canyon reservoir.
The High Devil
Canyon/Vee Plan does
not develop 175 ft
gross head between
Vee site and High
Devil reservoir.
Notes: ; c

(1) Based on annual average energy. Full potential based on USBR four

dam schemes.

(2) Includes losses due to unutilized head.



" TABLE B8.24: QOVERALL EVALUATION OF THE HIGH DEVIL CANY(GN/VEE AND
WATANA/DEVIL CANYON DAM PLANS

ATTRIBUTE SUPERIOR PLAN
Economic Watana/Devil Canyon
‘Ehergy :
" Contribution Watana/Devil Canyon
Environmental Watana/Devil Canyon
Social ' Watana/Devil Canyon (Marginal)
Overall
Evaluation Plan with Uatana/Dev;l Canyon is
: superior

Tradeoffs made: None




TABLE B.25: RESULTS OF ECONOMIC ANALYSES FOR GENERATION SCENARIO
INCORPORATING THERMAL DEVELOPMENT PLAN - MEDIUM FORECAST

Total System  Total

Installed Capacity (MW) Installed System
o by Category in 2010 Capacity Present
- Description Parameter 0GP5 Run , Thermal : In 2010 ‘Worth Cost
Parameter Varied Value Id. No. Coal ~Gas 01l Hydro Total MW ~ ~ $ Million Remariis
Interest Rate : 5% LEA9 S00 800 50 144 1895 5170
9% LEB1 900 801 50° 144 . 1895 2610
Fuel Cost ($ willion Btu, ;
natural gas/coal/oil) 1.60/0.92/3.20 L1K7 800 876 70 144 1890 7070 20% fuel cos¥® reduction
Fuel Cost Escalatien (%, - ; , '
natural gas/coal/oil) 0/0/0 L547 0 1701 10 144 1855 4560 Zero escalakzon
3.98/0/3.58 L561 1100 726 10 144 1980 6520 Zero coal cest escalation
Economiz Life of Thermal
Piants {year, natural
gas/coal/oil) : 45/45/30 Ls83 - 1145 667 51 144 2007 7850 "Economic 1ife increased

50%
Thermal Plant Capital

Cost ($/kW, natural gas/ 350/2135/778  LAL9 1100 726 10 144 1980 7590 Coal capital wost reduced
coal/oil) | , by 22% i




TABLE 8.26. ECONOMIC SENSITIVITY OF CDMPARISDN OF GENERATION PLAN WITH
' WATANA/DEVIL CANYDN AND THE ALL THERMAL PLAN :

Present worth of Net Benefit (§ million) of total generation
system: costs for the.Watana/Deyi1~Canyon plan over the all thermal plan.

Parameters Sensitivity Analyses  Present worth ($ million) Remarks
LOAD GROWTH i - Very low o 1280 The net benefit of the Watana/Devil Canyam: #lan re-
: ~ Low * 1570 mains positive for the range of load forecassts con-
Medium ‘ ~ 2280 sidered. :
High , ' - 2840
CAPITAL COST ESTIMATE Low Thermal Cost? 1850 System costs relatively ‘nsensitive. Capifital cost
High3Hydroelectrlc estimating uncertainty does not effect ecaﬂﬂﬁnlc
Cost - 1320 ranking.
PERIOD OF ECONOMIC ANALYSIS 1980 ~ 2040 : 2280 - Shorter period of evaluation decreaseseay;némickdiﬁ.'
1980 - 2010 960 ferences. Ranking remains unchanged.
DiSCOUNT RATE % | 2280 Belaw discount rate of 8% the Watana/Devil Tanyon
‘ 5% . 940 plan is econcmically superior.
8% (interpolated) -0
10 ‘ B R *Hu
FUEL COST ~ Low® | IR [ £1v
FUEL COST ESCALATION? % escalation for all Watana/Devil Canyon plan remains econcmicallly super—
fuels 200 ior for wide range of fuel prlces and 9scmﬁat10n
% escalation for rates.
coal only V 1330
ECONOMIC THERMAL PLANT 50% extension to all Econonmic beneflt for Watana/Devil Canyon plian rela-
LIFE o thermal plant life - 1800 tively insensitive to extended thermal plam economic

life.

- Notes:

(1) All patameters, except load growth, tested u51ng medium load forecast.
(2) Thermal capital cost decreased by 22%.
(3) Estimated Susitna cost increased by 505,

(4) ALl fuel costs reduced by 20%. Base case costs $/million Btu: Coal 1.15, Gas 2.00, 0il 4.00°




TABLE 8.27:

SOCIAL CUMPARISDN'DF’SYSIEM GENERATION PLAN WITH

WATANA/DEVIL CANYON AND THE ALL THERMAL PLAN

Social Aspect

Parameter

All Thermal
Generation Plan

GeneratiunkPian with
Watana/Devil Canyon

Remarks

Potential non-renewable
resource displacement

Impact on state economy

Impact on local economy

Seismic exposure

Million tons of
Beluga coal, over
50 years

Direct & Indirect
employment and in-
ceme.

Business investment.
Risk of major
structural failure
Potential impact of

failure on human
life.

Graddally, contin-

uously growing
impact.

210

Potentially more dis-
riptive impact on
economics.

All projects designed to similar levels of

safety.

Failure would effect
only operating per-
sonnel. Forecast of
failure would be im-
possible.

failure would effect
large: number of people
lacated downstream,
however, some degrtee of
forecasting dam failure
would be impossible.

With Watana/Devil
Canyon plan is
superior.

Availashle information
insufficient to draw
definite conclusions.

Both scenarios judged
to be equal.

Overall
Comparison

No significant difference in terms of
overall assessment of plans.




TABLE 8.28:

GENERIC COMPARISON OF ENVIRONMENTAL IMPACTS OF A SUSITNA
BASIN HYDRO DEVELOPMENT VERSUS COAL FIRED THERMAL
GENERATION IN THE BELUGA COAL FIELDS

" Environmental
Attributes

Conecerns

Susitna Basin Development

—Thermal Generation

Ecological:

Potential impact on fisheries
due to alteration of down-
steam flow distribution and
water quality. Inundation of
Moose and furbearer habitat
and potential impact on
Caribou migration. No major
air quality problems, only
minor microclimatic changes
would occur.

Potential for impact on
Fisheries resulting from
water quality impairment of
local streams and local
habitat destruction due to
surface disturbances both at
mine and generating facili-
ties. Impact on air quality
due to emission of particu-
lates S05, NOy, trace
metals and wager vapors from
generating facilities.

Cultural:

Inundation of archeological
sites.

Potential destruction of
archeological sites.

Aesthetic/
Land Use:

Inundation of large area and
surface disturbance in con-
struction area. Creates addi-
tional access to wilderness
areas, reduces river recrea-
tion but increases lake rec-
reational activities..

Surface disturbance of large
areas associated with coal
mining and thermal genera-
tion facilities. Creates
additional access and may
restrict land use activi-
ties.

o




TABLE 8.29:

OVERALL EVALUATION OF ALL THERMAL GENERATION PLANS
WITH THE GENERATION PLAN INCORPORATING WATANA/DEVIL

CANYON DAMS

ATTRIBUTE SUPERIOR PLAN

Economic With Watana/Devil Canyon

Environmental Unable to distinguish difference in
this study due to site specific
nature of impacts

Social No significant overall difference

Overall Plan with Watana/Devil Canyon is

: judged to he superior
Evaluation Tradeoffs made: Not fully explored
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