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EXHIBIT B - PROJECT OPERATION AND RESOURCE UTILIZATION

1 - DAMSITE SELECTION
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This section summarizes the previous site selection studies and the
studies done during the Alaska Power Authority Susitna Hydroelectric
Project Feasibility Study. Additional detail on this topic can be
found in the Development Selection Report, Reference 1.

1.1 - Previous Studies

Prior to the undertaking of the Susitna Hydroelectric Project Feasi-
bility Study by the applicant, the hydroeiectric development potential
of the Alaskan Railbelt had been studied by several entities.

(a) Early Studies of Hydroelectric Potential

Shortly after World War II ended, the United States Bureau of
Reclamation (USBR) conducted an initial investigation of hydro-
efectric potential in Alaska and issued a report of the results in
1948. Responding to a recommendation made in 1949 by the nine-
teenth Alaska territorial legislature that Alaska be included in
the Bureau of Reclamation program, the Secretary of Interior pro-
vided funds to update the 1948 work. The resulting report, issued
in 1952, recognized the vast hydroelectric potential within the
territory and placed particular emphasis on the strategic location
of- the Susitna River between Anchorage and Fairbanks as well as
its proximity to the connecting Railbelt (see Figure B.1).

A series of studies was commissioned over the years to identify
damsites and conduct geotechnical investigations. By 1961, the
Department of the Interior proposed authorization of a two-dam
power system on the Susitna River involving the Devil Canyon and
the Denali sites (Figure B.2). 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 proceeding
with hydroelectric development was reaffirmed.

The Corps of Engineers (COE) was also active in hydropower invest-
igations in Alaska during the 1950s and 1960s, 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
annual electric energy as the prior Susitna proposal. The sheer
size and the technological challenges associated with Rampart cap-
tured the imagination of supporters and effectively diverted
attention from the Susitna Basin for more than a decade. The
Rampart report was finally shelved in the early 1970s because of
strong environmental concerns and the uncertainty of marketing
prospects for so much energy, particularly in light of abundant




-natural gas which had been discovered and developed 1in Cook

Inlet.

The energy crisis precipitated by the OPEC oil boycott in 1973
provided some further impetus for seeking development of renewable
resources. Federal funding was made available both to compliete
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
Project by the Henry J. Kaiser Company in 1974.

Although the gestation period for a possible Susitna Prbject has
been lengthy, federal, state, and private organizations have been

virtually unanimous over the years in recommending that the proj-
ect proceed.

Salient features of the various reports to date are outlined in
the following sections. '

U.S. Bureau of Reclamation - 1953 Study

The USBR 1952 report to the Congress on Alaska's overall hydro-
electric potential was followed shortly by the first major study
of. the Susitna Basin in 1953. Ten damsites were jdentified above

the railroad crossing at Gold Creek. These sites are identified
on Figure B.2.

- Gold Creek;
- Olson;

- Devil Canyon;

- Devil Creek;

- Watana;

- Vee;

- Maclaren;

- Denali;

- Butte Creek; and

- Tyone (on the Tyone River).

Fifteen more sites were considered below Gold Creek. However,
more attention has been focused over the years on the Upp--
Susitna Basin where the topography is better suited to dam cor-
struction and where less impact on anadromous fisheries is ex-
pected. Field reconnaissance eliminated half the original Upper
Basin 1ist, and further USBR consideration centered on Olson,
Devil Canyon, Watana, Vee, and Denali. A1l of the USBR studies

since 1953 have regarded these sites as the most appropriate for
further investigation.
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(c)

(e)

U.S. Bureau of Reclamation - 1961 Study

In 1961 a more detailed feasibility study resulted in a recom-
mended five-stage development plan to match the load growth curve
as it was then projected. Devil Canvon was to be the first
development--a 635~ foot-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 economically 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. Subsequent stages involved adding
generating capacity to the Devil Canyon dam. Geotechnical invest-
igaticns at Devil Canyon were more thorough than at Denali. At
Denali, test pits were dug, but no driiling occurred.

Alaska Power Administration - 1974

Little change from the basic USBR-1961, five-stage concept
appeared in the 1974 report by the Alaska Power Administration.
This later effort offered a more sophisticated design, provided
new cost and schedule estimates, and addressed marketing, eco-
nomics, and environmental considerations.

Kaiser Proposal for Development

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 located on Figure B.2. No
field investigations were made to confirm the technical feasibil-
ity 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 long periods of low
flow. Kaiser chose to avoid the perceived uncertainty at Denali

by proposing to build a rockfill dam at High Devil Canyon which,

at a height of 810 feet, would create a large enough reservoir to
overcome the storage problem. Although the selected sites were
different, the COE reached a similar conclusion when it 1later
chose the high dam at Watana as the first to be constructed.

Subsequent developments suggested by Kaiser included a downstream
dan at the Olson site and an upstream dam at a site known as
Susitna III (see Figure B.2). The information developed for these
additional dams was confined to estimating energy potential. As
in the COE study, future development of Denali remained a possi-
bility if foundation conditions were found to be adequate and if
the value of additional firm energy provided economic justifica-
tion at some later date.

I -
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(f) 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 well as consideration of coal as the primary
énergy source for Railbelt electrical needs. The COE agreed that
an arch dam at Devil Canyon was appropriate, but found that a high
dam at the Watana site wouid 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. In the longer term, development of the Denali site re-

mained a possibility which, if constructed, would increase the
amount of firm energy available in dry years.

An ad -hoc task force was created by Governor Jay Hammond upon com-
pletion of the 1975 COE Study. This task force recommended en-
dorsement of the COE request for Congressional authorization, but
pointed out that extensive further studies, particularly those
dealing 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 Man-
agement and Budget regarding the adequacy of geotechnical data at
the Watana site as well as the validity of the economics, The
apparent ambitiousness of the schedule and the feasibility of a
thin arch dam at Devil Canyon were also questioned. Further in-
vestigations were funded and the COE produced an updated report in §
1979.  Devil Canyon and Watana were reaffirmed as appropriate »
sites, but alternative dam types were investigated. A concrete
gravity dam was analyzed as 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 indicated
economic justification for the project

/4

1.2 - Plan Formulation and Selection Methodology

The proposed plan which is the subject of this license application was
selected after a review and reassessment of all previously considered
sites. Additional detail in support of the findings in this Exhibit is
found in Reference 5.

This section of the report outlines the engineering and planning
studies carried out as a basis for formulation of Susitna Basin devel-
opmnent plans and selection of the preferred plan.




In the description of the planning process, certain plan componen*s and.

processes are frequently discussed. It is appropriate that three par-
ticular terms be clearly defined:

Damsite - An individual potential daemsite in the Susitna
: Basin, referred to in the generic process as
"candidate."

Basin Development - A plan for deve]oang energy within the Upper
Plan Susitna Basin invoiving one or more dams, each of
B specified height, and correspond1ng power plants
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 period of time.

Generation - A specified sequence of implementation of power
Scenario generation sources capable of providing sufficient
) power and energy to satisfy an electric Tload
growth forecast for the 1980-2010 period in the
Railbelt area. This sequence may include dif-
ferent types of generation sources such as hydro-
electric and coal, gas or oil- fired thermal.
These generation scenarios were developed for the
comparative evaluations of Susitna Basin genera-

tion versus alternative methods of generation.

In applying the generic plan formulation and selection methodology,
five basic steps are required; defining the objectives, selecting can-
didates, screening, formulation of development plans, and, finally,, a
detailed evaluation of the plans (see Figure B.3). The obgect1ve is to
determine the optimum Susitna Basin development plan. The various
steps required are outlined in subsections of this section.

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 L comparing generation scenarios that include ‘he selected
Susitna Basin development p1an with alternative generation scenarios,

including a11-therma1,and a mix of thermal plus a]tern?cwve hydropower
developments




1.3 - Damsite Selection

In previous Susitna Basin studies, twelve damsites were identified in
the upper portion of the basin, i.e., upstream from Gold Creek. These
sites are listed in Table B.l with relevant data concerning facilitdes,
cost capacity, and energy.

The longitudinal profile of the Susitna River and typical reservoir
levels associated with these sites are shown in Figure B.4. Figure B.5

illustrates which sites are mutually exciusive, i.e., those which can-

not be developed jointly, since the downstream site would inundate the
upstream site. | |

A1l relsvant data concerning dam type, capital cost, power, and energy
output were assembled and are summarized in Table B.l. For the Devil
Canyon, High Devil Canyon, Watana, Susitna IIT, Vee, Maclaren, and
Denali sites, conceptual engineering layouts were produced and capital
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 detajled engineering or energy studies were
undertaken; data from previous studies were used with capital cost
estimates updated in 1980 levels. Approximate estimates of the poten-
tial 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 B.1 show that Devil Canyon, High Devil Can-
yon, and Watana are the most economic large energy producers in the
basin. Sites such as Vee and Susitna ITI have only medium anergy pro-
duction, and slightly more costly that the previously mentioned dam-
sites. Other sites such as Olson and Gold Creek are competitive preo-
vided they have additional upstream regulation. Sites such as Denali
and Maclaren produce substantially higher cost egnergy than the other

sites but can also be used to increase regulation of flow for down-
stream use.

(a) Site Screening

The objective of this screening process was to eliminate sites
which would obviously not feature in the initial stages of the
Susitna Basin development plan and which, therefore, did not de-
serve further study at this stage. Three basic screening criteria

were used: environmental, alternative sites, and energy contribu-
tion. | |

The screening process involved"eliminating all sites falling in
the unacceptable environmental impact and alternative site cate-.
gories. Those failing to meet the energy contribution criterig




were also eliminated unless they had some potential for upstream
regulation. The results of this process, described in detail in
Reference 5, are as follows:

- The *“unacceptable site" environmental category eliminated the
Gold Creek, Olson, and Tyone sites.

The alternative sites category eliminated the Devil Creek and
Butte Creek sites.

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 viabi-
1ity of providing flow regulation in the headwaters of the
Susitna. | :

Engineering Layouts

In order to obtain a uniform and reliable data base for studying
the seven sites remaining, it is necessary to develop engineering
layouts and reevaluate the costs. In addition, staged develop-
ments at several of the larger dams were studied.

The basic objective of these layout studies was to establish a
uniform and consistent development cost for each site. These lay-
outs are consequently conceptual in nature and do not necessarily
represent optimum project arrangements at the sites. Also, be-
cause of the lack of geotechnical information at several of the
sites, judgmental decisions had to made on the appropriate founda-
tion and abutment treatment. The accuracy of cost estimates made
in these studies is of the order of plus or minus 30 percent.

(i) Design Assumptions

In order to maximize standardization of the layouts, a set
of basic design assumptions was developed. These assump-
tions covered geotechnical, hydrologic, hydraulic, civii,
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 conditions 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 cbst differences between
rockfill and concrete dams at the site would either be
marginal or greatly in favor of the rockfill. The more
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detailed studies carried out subsequently for the Watana and
Devil Canyon sites support this assumption.  Therefore, a
rockfill dam has been assumed at all developments in order
to eliminate cost discrepancies that might result from a
consideration of dam=fill unit costs compared to concrete
unit costs at alternative sites. | |

Genera]\Arrangements

A brief description of the generai arrangements developed
for the various sites is given below. Descriptions of
Watana and Devil Canyon in this section are of the prelim-
Inary layouts and should not be confused with the proposed
Tayouts in Exhibit A and Exhibit F. Figures B.6 to B.12
illustrate the layout details. Table B.? summarizes the

~Crest levels and dam heights considered.

In laying out the developments, conservative arrangements
have been adopted, and whenever possible there has been a

general standardization of the component structures.,

- Devil Canyon (Figure B.6)

The development at Devil Canyon, Tocated at the upper end
of the canyon at its narrowest point, consists of a rock-
fill dam, single spillway, power facilities incorporating
an underground powerhouse, and a tunnei diversion.

The rockfill dam would rise above the valley on the left
abutment and terminate in an adjoining saddie dam of simi-
lar construction. The dam would be 675 feet above the
lowest foundation level with a crest elevation of 1470 and
& volume of 20 million cubic yards.

The spillway would be Tocated on the right bank and would
consist of a gated overflow structure and a concrete~1ined
Chute linking the overflow structure with intermediate and
terminal stiiling basins. Sufficient spillway capacity
would be provided to pass the Probable Maximum Flood
safetly.

The power facilities would be located on the right abut-
ment. The massive intake structure would be founded with-'
in the rock at the end of a deep approach channel and
would consist of four integrated units, each serving
individual tunnel penstocks. The powerhouse would house
four 150-MW vertically mounted Francis type turbines driv-
ing overhead 165 MVA umbrella type generators.

As an alternative to the full power development in the
first phase of construction, a staged powerhouse




. a P . 5 - . . . R PR a . Lo . c
A N . . . . P N PEEN RN . N Ll . . . . . E : . . PR
. . . v i By . P . R . B v, . - .. . . . . Lo .
L. JAEN . . : . e e . . R . . .o N . i ke - . .- . . PR . . B o . R PR I . N : L
= a’ R .. < T - | ' L L “ i ‘o I R - . - . - - .@ | st T » > .
. 0 P s . e " [ . ; - . 4 B F A B . - L . v o o .. . o, Ve - N -
1 ] i . ’ ' ] ‘ ‘ g m ‘ i T
= o L R R o omtniis o TR o R e * i - h M - it - TR
; I
. o

alternative was also investigated. The dam would be com-
pleted - to its full height but with a initial plant
installed capacity in 300-MW range. The complete power-
house would be constucted together with penstocks and a
tailrace tunnel for the initiai two 150-MW units, together
wath concrete foundations for the future units. |

Watana (Figure B.7 and B.8)

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 would 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 gquarry located on the left abutment. The dam
would rise 880 feet from the lowest point on the founda-
tion and have an overall volume of approximately 63
million cubic yards for a crest elevation of 2225. .

The spillway would be located on the right bank and would
be similar in concept to that at Devil Canyon with an
intermediate and terminal stilling basin.

The power facilities located within the left abutment with
similar intake, underground powerhouse, and water passage
concepts to those at Bevil Canyon would incorporate four
200-MW turbine/generator units giving a total output of
800-My.

As an alternative to the 1initial 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 I 1nsta11atxon of 400-MW and a

further 400-MW in Stage II.

In order to study the alternative dam staging concept it
was assumed that the dam would be constructed for a maxi-
mum operating water surface elevation some 200 feet lower
than that in the final stage (see Figure B.8).

The powerhouse would be completely excavated to its final
size during the first stage. Three oversized 135-MW units
would be installed together with base concrete for an
additional unit. A low level control structure and twin
concrete-lined tunnels leading into a downstream st1111ng‘
basin would form the first stage spillway.
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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 was assumed that before construction
commences the top 400 feet of the first stage dam would be
removed to ensure the complete integrity of the jmpervious
core for the raised dam. A second spillway control struc-
ture would be constructed at a higher level and would in-
corporate a downstream chute leading to the Stage I spill-
way structure. The original spillway tunnels would be
closed with concrete plugs. A new intake structure would
be constructed utilizing existing gates and hoists, and
new penstocks would be driven to connect with the existing
ones. The existing intake would be sealed off. One addi-
tional 200 MW unit would be instailed and the reguired
additional penstock and tailrace tunnel constructed. The
existing 135-MW units would be upgraded to 200 My.

- High Devil Canyon (Figure B.9)

The development would be located between Devil Canyon and
Watana. The 855 feet high rockfill dam would 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 power-
house facilities would also be similar in concept to Devi)

. Canyon, with an installed capacity of 800-MW.

Two stages of 400-MW were envisaged in each which would be
undertakeri in the same manner as at Devil Canyon, with the
dam initially constructed to its full height.

Susitna III (Figure B.10)

The development would involve a rockfill dam with an
impervisus core approximately 670 feet high, a crest ele-
vation of 2360, and a volume of approximately 55 million
cubic yards. A concrete-lined spillway chute and a single
stilling basin and would be located underground and the
two diversion tunnels on the left bank.

Vee (Figure B.11)

A 810 feet high rockfill dam founded on bedrock with a
crest elevation of 2350 and total volume fo 10 nﬁ]}ion

cubic yards was considered.

Since Vee is located further upstream than the other major

sites the flood flows are correspondingly lower, thus
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allowing for a reduction in size of the spillway facili-

ties. A spillway utilizing a gated overflow structure,
chute, and flip bucket was adopted.

The power facilities would consist of a 400-MW underground
powerhouse located in the left bank with a tailrace outlet
well downstream of the main dam. A secondary rockfill dam
would also be required in this vicinity to seal off a low

point. Two diversion tunnels would be provided on the
right bank.

- Maclaren (Figure B.12)

The development would consist of a 185 feet high earthfill
dam founded on pervious riverbed materials. The crest
elevation of the dam would be 2405. This reservoir would
essentially be used for reglating purposes. Diversion
would occur through three conduits located in a open cut
on the left bank and floods would be discharged via a side
chute spillway and stilling basin on the right bank.

- Denali (Figure B.12)

Denali is similar in concept to Maclaren. The dam would
be 230 feet hnigh, of earthfill construction, and wouid
have a crest elevation of 2555. As for Maclaren, no
generating capacity would be included. A combined diver-
sion and spiliway fac111ty would be provided by twin con-
crele conduits founded in open cut excavation in the right
bank and discharging into a common stilling basin.

(c) Capital Costs

For purposes of initial comparisons of alternatives, construction

quantities were determined for items comprising the major works
and structures at the site. Where detail or data were not suffi-
cient for certain work, quantity estimates were made on the basis
of 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 review of rates used in previous studies, and of
rates used on similar works in Alaska and elsewhere. Where appli-
cable, adjustment factors based on geography, climate, manpower
and accessibility were used. Technical publications have also
been reviewed for basic rates and escalation factors.

The total capital costs developed are shown in Table B 1 and B.2.
It should be noted that the capital costs for Maclaren and Denali
shown in Table B.l have been adjusted to incorporate the costs of




generation plants with capacities of 55-MW and 60-MW, respec-

tively. Additional data on the projects are summar1zed in Table
B.3.

1.4 - Formulation of Susitna Basin Development Plans

The results of the site screening process described above indicate that
the Susitna Basin development plan should incorporate a combination of

several major dams and powerhouses located at one or more of the fol-
lowing sites:

Devi] Canyon;
High Devil Canyon;

- Watana; ' ‘
Susitna III; or
Vee. 0

Supplementary upstream f1ow regu]atwon could be prov1ded by structures
at:

- Matlaren; and
- Denali.

‘Cost estimates of these projects ars itemized on Table B.4.

A Lomputer assisted screening process identified the plans that are
most economic 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 Can-

yon dam with a long power tunnel and a development plan involving
Watana Dam was also introduced.

The criteria used at this stage of the process for selection of pre-
ferred Susitna Basin development plans are mainly economic (see Figure
B.3). Environmental considerations are incorporated into the further
assessment of the plans finally selected.

The results of the screening process are shown in Table B.5. Because
of the simplifying assumptions that were made in the screening model,
the three best solutions from an economic point of view are included in
the table.

The mbs+ important conclusions that can be drawn are as follows:

- For energy requirements of up to 1,150 Gwh the High Devil Canyan,
Devil Canyon or the Watana sites 1nd1v1dua11y provided the most eco-
nomic energy. The difference between the costs shown on Table B.4 is
around 10 percent, which is similar to the accuracy that can be
expected “rom the screening model. -
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- For energy requirements of between 1,750 and 3,500 Gwh, the High
Devil Canyon site is the most economic. '

= For energy requirements of between 3,500 and 5,250 Gwh the combina-

tions of either Watana and Devil Canyon or High Devil Canyon and Vee
are most economic.

- The total energy production capability of the Watana/Devil Canyon
developments is considerably larger than that of the High Devil Can-
yon/Vee alternative and is the only plan capable of meeting energy
demands in the 6,000 Gwh range.

(a)

Tunnel Alternativa

A scheme involving a long power tunnel could conceivably be used

to replace the Devil Canyon dam is the Watana/Devil Canyon

development plan. It could deveiop similar head for power genera-

tion and may provide some environmental advantages by avoiding
inundation of Devil Canyon. Obviously, because of the iuw 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 components 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 fortv feet in diameter and up
to thirty miles in Tength;

A surface or underground powerhouse with a capacity of up to
1200 MW;

A re-regulation dam if the intake works are located downstream
from Watana; and

Arrangements for compensation flow in the bypassedrriver reach.

Four basic alternative schemes were developed and studied. Figure

B.13 is a schematic illustration of these schemes. All schemes
assumed an initial Watana development with full reservoir sugply
level at Elevation 2200 and the associated powerhouse with an
installed capacity of 800 MW. Table B.6 lists all the pertinent
technical information. Table B.7 1lists the power and energy

yields for the four schemes. Table B.8 itemizes the capital cost
estimate. ,

Based on the foregoing economic information, Scheme 3 (Figures

B.14 and B.15) produces the 1owes* CGst energy by a factor of
nearly 2
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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 downstream from the project. Based on this
assessment, and because of its almost 2 to 1 economic advantage,
Scheme 3 was selected as the only scheme worth further study (see
Development Selection Report for detailed analysis). The capital
cost estimate for Scheme 3 appears in Table B.8. The estimates
also incorporate single and double tunnel options. For purposes
of these studies, the double tunnel ‘option has been selected
because of its superior reliability. It should also be recogni zed
that theé 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 Tower tunnel costs have been conducted.

Additional Basin Development Plan

As noted, the Watana and High Devil Canyon dam sites appear to be

individually superior in economic terms to all others. An addi-
tional plan was therefore developed to assess the potential for
developing these two sites together. For this scheme, the Watana
dam would be developed to its full potential. The High Devil Can-
yon dam would be constructed to a crest elevation of 1470 feet to
fully utilize the head downstream from Watana. |

Selected Basin Development Plans

tae

essential objectives 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 final screening process indicate that the Watana/Devil Canyon
and the High Devil Canyon/Vee plans are.clearly superior to all
other dam combinations. In addition, it was decided to study
further tunnel Scheme 3 as an alternative to the High Devil Can-
yon dam and a plan combining a Watana,/High Devil Canyon.

Associated with each of these plans are several options for staged .
development. For this more detailed analysis of these basic
plans, a range of different approaches to staging the developments
was considered. In order to keep the total options to a reason-
able number and also to maintain reasonably large staging steps
consistent with the total developmen; size, staging of only the
two larger developments, i.e., Watana and High Devil Canyon, was
considered. The basic staging concepts adopted for these develop-
ments involved staging both dam and powerhouse construction, or
alternatively just staging powerhouse construction. Powerhouse
stages were considered in 400 MW increments.
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Four basic plans and associated subplans are briefly described
below. Plan 1 involves the Watana-Devil Canyon sites, Plan 2 the
High Devil Canyon-Vee sites, Plan 3 the Watana-tunnel] coneept, and
Plan 4 the Watana-High Devil Canyon sites. Under each plan
‘severai alternative subplans were identified, each involving a

different staging concept. Summaries of these plans are given 1in
Table B.9.

(i) Plan 1

- Subpian 1.1: The first stage invoives constructing |
Watana dam to its full height and installing 800 M.

Stage 2 1involves constructing Devil Canyon dam and
installing 600 My, '

Subplan 1.2: For this Subplan, construction of the
Watana dam is staged from a crest elevation of 2060 feet
to 2225 feet. The powerhouse is also staged from 400 MW
to 800 MW. As for Subplan 1.1, the final stage involves
Devil Canyon with an installed capacity of 600 MH.

- Subplan 1.3: This Subplan is similar to Subplan 1.2

except that only the powerhouse and not the dam at Watana
is staged.

~ (ii) Plan 2

~ Subplan 2.1: This Subplan involves constructing the High
Devil Canyon dam first with an installed capacity of 800
MW. The second stage involves constructing the Vee dam
with an installed capacity of 400 MW. |

- Subplan 2.2: For this Subplan, the construction of High
Devil Ganyon is staged from a crest elevation of 1630 to
1775 feet. The installed capacity is also staged from
400 to 800 MW. As for Subplan 2.1, Vee follows with 400
MW of installed capacity.

- Subplan 2.3: This Subplan is similar to Subplan 2.2
except that only the powerhouse and not the dam at High
Devil Canyon is staged.

(11i) Plan 3

- Subplan 3.1: This Subplan involves initial construction

- of Watana and installation of 800 My capacity. The next
stage involves the construction of the downstream re-
regulation dam to a crest elevation of 1500 feet and a 15
mile long tunnel. A total of 300 MW would be installed
at the end of the tunnel and a further 30 MW at the re-
regulation dam. An additional 50 MW of capacity would be
installed at the Watana powerhouse to facilitate peaking
operations. |
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- Subplan 3.2: This Subplan is essentially the same as

Subplan 3.1 except that construction of the initial 800
MW powerhouse at Watana is staged.

{(iv) Plan 4

This single plan was developed to evaluate the development
of the two most economic dam sites, Watana and High Devil
Canyon, jointly. Stage 1 involves constructing Watana to
its full height with an installed capacity of 400 MW. Stage
2 involVes increasing the capacity at Watana to 800 MH.

Stage 3 involves constructing High Deveil Canyon to a crest
elevatxon of 1470 feet so that the reservoir extends to
just downstream of Watana. In order to develop the fulil
head . between Watana and Portage Creek, an additional
smaller dam is added downstream of High Devil Canyon., This
dam would be located just upstream from Portage Creek so as
not to interfere with the anadromous fisheries and would
have a crest elevation of 1030 feet and an installed capa-
city of 150 MW. For purpcses of these studies, this site
is referred to as the Portage Creek site.

1.5 - Evaluation of Basin Development Plan

The overall objective of this step in the evaluation process was to

select the preferred basin development plan. A preliminary evaluation
of plans was initially undertaken to determine broad comparisons of the
available alternatives. This wis followed by appropriate adjustments
to the plans and a more detailed evaluation and comparison.

In the process of initially evaluating the final four schemes, it
became apparent that'there would be environmental problems associated
with allowing daily peaking operations from the most downstream reser-
voir in each of the plans described above. In order to avoid thess -
potential problems while still maintaining operational fiexibility 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 operational pro-
cedures. Details of these modified plans, referred to as E1 to £4, are
listed in Table B8.10.

The plans listed in Table B.10 were subjected to a more detailed
analysis as described in the following section.

(a) Evaluation Methodology

The approach to evaluating the various basin development plans
described above is twofold:
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- For determining the optimum staging concept asscciated with each

basic plan (i.e., the optimum subplan), on]y economic criteria
are used and the least cost staging concept is adopted.

- For assessing which plan is the most appropriate, a more
detailed evaluation process incorporating economic, envircnmen-
tal, social and energy contribution aspects 1is taken finto
account.

. 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 con-
sumer is supp11ed by a large number of different generating
sources, it is necessary to determine the total Railbelt system

cost in each case to compare the varicus Susitna Basin development
options.

The pwimary tool used for system costs was the mathematical model
deveioped by the Electricity Utility Systems Engineering Depart-
ment of the General Electric Company. The model is commonly known
as O0GP5 or Optimized Generation Planning Model, Version 5. The
following information is paraphrased from GE hterature on the
program.

The 0GP5 program was developed over ten years to combine the three
main elements of generation expansion planning (system reliabil-
ity, operating and investment costs) and automate generation addi-
tion decision analysis. 0GP5 will automatically develop optimum
generation expansion patterns in terms of economics, relijability
and operation. Many utilities use OGP5 to study load management,
unit size, capital and fuel costs; energy storage, forced ocutage
rates, and forecast uncertainty.

The 0GP5 program reguires an extensive system of specific data to
perform its planning function. In developing an optimal plan, the
program considers the existing and committed units (p]anned and
under construction) available to the system and the characteris-
tics of these units including age, heat rate, size and outage
rates as the base generation plan. The program then considers the
given load forecast and operation criteria to determine the need
for additional system capacity based on given reliability cri-
teria. This determines "how much" capacity to add and "when" it
should be installed. If a need exists during any monthly itera-
tion, the program will consider additions from a list of alterna-
tives and select the available unit best fitting the system needs.
Unit selection is made by computing production costs for the sys-
tem for each alternative included and comparing the results.

The unit resulting in the lowest system production cost is select-
ed and added to the system. Finally, an investment cost analysis
of the capital costs is completed to answer the question of ‘what

kind" of generation to add to the system.




The model is then further used to compare alternative plans for
meeting variable electrical demands, based on system reliability
and production costs for the study period.

A minor limitation inherent in the use of the 0GP5 modei is that
the number of years of simulation is limited to 20. To overcome
this, the study period of 1980 to 2040 has been broken into three

separate segments for study purposes. These segments are common
to all system generation plans. '

The first segment has been assumed to be from 1980 to 1990. The
model of this time period included all committed generation units

and is assumed %o be common to all generation scenarios.

The end point of this model becomes the beginning of each 1990-
2010 model. .

The model of the first two time periods considered (1980 to 1990,
and 1990- to 2010) provides the total production costs on a year-
to-year basis. These total costs include, for the pericd of
modeling, all costs of fuel and operation and maintenance of all
generating units included as part of the system. 