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EXHIBIT B - PROJECT OPERATION AND RESOURCE UTILIZATION

1 - DAMSITE SELECTION

This section summarizes the previous site selection studies and the
studies done during the Alaska Power Authority Susitna Hydroelectric
Project Feasibility Study (Acres 1982c, Vol. 1).

1.1 - Previous Studies

Prior to the undertaking of the Susitna Hydroelectric Project Feasi­
bility Study by the applicant, the hydroelectric 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
electrlc 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 the Interior
provided 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 (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 Interi or proposed authori zat i on of a two-d am
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 Al aska 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 envi ronmental concerns and the uncertai nty of market i ng
prospects for so much energy, particularly in light of abundant
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natural gas which had been discovered and developed in Cook
In 1et.

The energy CrlS1S 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 complete
the Alaska Power Admini5tration ' 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.

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

(b) U.S. Bureau of Reclamation - 1953 Study

The USBR 1952 report to the Congress on Al aska' s overall hydro­
electric potential was followed shortly by the first major study
of the Susitna basin in 1953. Ten damsites were identified above
the railroad crossing at Gold Creek. These sites are identified
on Figure B.2, and are listed below:

- Gold Creek
- Olson
- Dev i 1 Canyon
- Dev i 1 Creek
- Watana
- Vee
- lY1ac 1aren
- Denal i
- Butte Creek
- Tyone (on the Tyone River).

Fifteen more sites were cons i dered below Go 1d Creek. However,
more attention has been focused over the years on the upper Sus­
itna basin where the topography is better suited to dam construc­
t i on and where 1ess impact on anadromous fi sheri es is expected.
Field reconnaissance eliminated half the original upper basin
list, and further USBR consideration centered on Olson, Devil
Canyon, Watana, Vee, and Denal i. All of the USBR studies since
1953 have regarded these sites as the most appropriate for further
investigation.

(c) U.S. Bureau of Reclamation - 1961 Study

In 1961 a more detailed feasibil ity study resulted in a recom­
mended five-stage development plan to match the load growth curve
as it was then projected. Devil Canyon was to be the first devel­
opment--a 635-foot high arch dam with an installed capacity of
about 220 MW. The reservoir formed by the Devi 1 Canyon Dam
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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
igations at Devil Canyon were more thorough than at Denali. At
Denali, test pits were dug, but no drilling occurred.

(d) Alaska Power Administration - 1974 Study

Little change from the basic USBR 1961, five-stage concept ap­
peared in the 1974 report by the Alaska Power Administration.
This later effort offered a more sophisticated design, provided
new cost and schedul e est imates, and addressed marketing, econ­
omics, and environmental considerations.

(e) 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 Denal i, 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 bu"ild a rockfill dam at High Devil Canyon which,
at a hei ght of 810 feet, woul d creat,e a 1arge enough reservoi r to
overcome the storage prob 1em. A1though 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 suggest~~ by Kaiser included a downstream
dam at the 01 son site and an upstream dam at a site known as Sus­
itna III (Figure B.2). The information developed for these addi­
tional 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 energy provided economic justification at
some later date.

(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
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energy 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 would form a large enough reservoir for
seasonal storage and would permit continued generation during low
fl ow 'per iods.

The COE recorrmended an earthfi 11 dam at Watana with a hei ght 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 Congress iona1 authori zat ion, 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 ambi t iousness of the schedu1 e and the feas i bi 1ity 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 Devi 1 Canyon and the Watana Dam was changed from earthfi 11 to
rockfill. Subsequent cost and schedule estimates still indicated
economic justification for the project.

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 (Acres 1982c, Vol. 1).

This section of the report outlines the engineering and planning stud­
ies carried out as a basis for formulation of Susitna basin development
plans and selection of the preferred plan.

In the description of the planning process, certain plan components and
processes are frequently discussed. It is appropriate that three par­
ticular terms be clearly defined:

Damsite - An individual potential damsite in the Susitna
basin, referred to in the generic process as "can ­
didate."
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-Basin Development
Plan

Generation
Scenario

- A plan for developing energy within the upper
Susitna basin involving one or more dams, each of
specified height, and corresponding 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.

- A specified sequence of implementation of power
generation sources capable 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 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
generation versus alternative methods of
generat i on.

-
-

-
.....

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 (Figure B.3). The objective is to
determi ne the opt imum Susitna bas in development pl an. The vari ous
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 stud­
i es.

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.

1.3 - Damsite Selection

In previous Susitna basin studies, twelve darnsites were identified in
the upper portion of the basin, i.e., upstream from Gold Creek. These
sites are listed in Table B.1 with relevant data concerning facilities,
cost, capacity, and energy.

The longitudinal profil e 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 exclusive, i.e., those which can­
not be developed jointly, since the downstream site would inundate the
upstream site.
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It can be readily seen that there are several mutually exclusive
schemes for power development of the basin. The development of the
Watana site precludes development of High Devil Canyon, Devils Creek,
Susitna III and Vee but fits well with Devil Canyon. Conversely, the
High Devil Canyon site would preclude Watana and Devil Canyon but fits
well with Olson and Vee or Susitna III. These downstream sites do not
preclude development of the upstream storage sites, Denali or Butler
Creek and Maclaren.

All relevant data concerning dam type, capital cost, power, and energy
output were assembled and are summarized in Table B.1. For the Devil
Canyon, High Devil Canyon, Watana, Susitna III, Vee, Maclaren, and
Denali sites, conceptual engineering layouts were produced and capital
costs were estimated based on calculated quantities and unit rates.
Detai 1ed analyses were al so undertaken to assess the power capabi 1ity
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
est imates updated in 1980 1evel s. Approximate esti'mates 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 Wat ana are the most economi c 1arge energy producers in the
basin. Sites such as Vee and Susitna III have only medium energy pro­
duction, and are slightly more costly that the previously mentioned
dams ites. Other sites such as 01 son and Go 1d Creek are compet it i ve
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.

(a) Site Screening

The objective of this screening process was to eliminate sites
which would obviously not be included in the initial stages of the
Susitna basin development plan and which, therefore, did not
deserve further study at this stage. Three basic screening cri­
teria were used: environmental, alternative sites, and energy
contribution.

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 criteria
were al so el imi nated unl ess they had some potent i al for upstream
regulation. The results of this process were as follows:
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- 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 via­
bility of providing flow regulation in the headwaters of the
Sus itna.

(b) Engineering 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 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 be made on the appropriate
foundation and abutment treatment. The relative accuracy of cost
estimates made in these studies is on 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, civil,
mechanical, and electrical considerations and were used as
guidelines to determine the type and size of the various
components withi n the overall project 1ayouts. 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 cost differences between
rockfi 11 and concrete dams at the site would either be
marginal or greatly in favor of the rockfill. The more
detailed studies carried out subsequently for the Watana and
Devil Canyon sites support th is assumpt ion. 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. '
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(ii) General Arrangements

Brief descriptions of the general arrangements developed for
the various sites are given below. Descriptions of Watana
and Devil Canyon in this section are of the preliminary lay­
outs and should not be confused with the proposed layouts in
Exhibit A and Exhibit F. Figures B.6 to B.12 illustrate the
layout details. Table B.3 summarizes the crest levels and
dam heights considered.

In laying out the developments, conservative arrangements
have been adopted, and whenever poss i b1e there has been a
general standardization of the component structures.

- Devil Canyon (Figure B.6)

The development at Devil Canyon, located 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 tunnel diversion.

The rockfill dam would rise above the valley on the south
abutment and terminate in an adjoining saddle dam of simi­
1ar construct ion. The dam woul d be 675 feet above the
lowest foundation level with a crest elevation of 1470 and
a volume of 20 million cubic yards.

The spillway would be located on the north bank and would
consist of a gated overflow structure and a concrete-lined
chute linking the overflow structure with intermediate and
terminal stilling basins. Sufficient spillway capacity
would be provided to pass the Probable Maximum Flood
safely.

The power facilities would be located on the north 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 indi­
vidual tunnel penstocks. The powerhouse would house four
150-MW vertically mounted Francis type turbines driving
overhead 165 MVA umbrella type generators.

As an alternative to the full power development in the
first phase of construction, a staged powerhouse alterna­
tive was also investigated. The dam would be completed to
its full height but with a initial plant installed capa­
city in the 300-MW range. The complete powerhouse would
be constructed together with penstocks and a tailrace
tunne 1 for the init i al two 150-MW units, together with
concrete foundations for future units.
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- 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
ali gnment to that proposed in the previ ous COE studi es.
It would be similar in construction to the dam at Devil
Canyon with an impervi ous core founded on sound bedrock
and an outer shell composed of blasted rock excavated from
a single quarry located on the south abutment. The dam
would rise 880 feet from the lowest point on the founda­
tion and have an overall volume of approximately 63 mil­
lion cubic yards for a crest elevation of 2225.

The spillway would be located on the north 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 south abutment
with simi 1ar intake, underground powerhouse, and water
passage concepts to those at Devil Canyon would incorpor­
ate four 200-MW turbine/generator units giving a total
output of 800 MW.

As an alternative to the 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 I installation 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 (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 stilling
basin would form the first stage spillway.

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
commenced, 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 struc­
ture would be constructed at a higher level and would
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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 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 additional 200-MW unit would be installed and the
required additional penstock and tailrace tunnel con­
structed. The existing 135-MW units would be upgraded to
200 MW.

- High Devil Canyon (Figure B.9)

The development would be located between Devil Canyon and
Watana. The 855-foot hi gh rockfill dam woul d be simi 1ar
in design to Devil Canyon, containtng an estimated 48 mil­
lion cubic yards of rockfill with a crest elevation of
1775. The south bank spillway and the north bank power­
house facilities would 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
undertaken in the same manner as at Devi 1 Canyon, with the
dam initially constructed to its full height.

- Susitna III (Figure B.lO)

The development would involve a rockfill dam with an
impervious 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 would be located underground, with the two
diversion tunnels on the south bank.

- Vee (Figure B.ll)

A 6l0-foot hi gh rockfill dam founded on bedrock with a
crest elevation of 2350 and total volume of 10 million
cubic yards was considered.

Since Vee is located farther upstream than the other major
sites, the flood flows are correspondingly lower, thus
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 south bank with a tailrace out­
let 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
north bank.
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(c)

- Maclaren (Figure B.12)

The development would consist of a 185-foot high earthfill
dam founded on pervious ri verbed materi al s. The crest
elevation of the dam would be 2405. This reservoir would
essentially be used for regulating purposes. Diversion
woul d occur through three conduits located in a open cut
on the south bank, and floods would be discharged vi a a
side chute spillway and stilling basin on the north bank.

- Denali (Figure B.12)

Denali is similar in concept to Maclaren. The dam would
be 230 feet high, of earthfill construction, and would
have a crest elevation of 2555. As for Maclaren, no gen­
erating capacity would be included. A combined diversion
and spillway facility would be provided by twin concrete
conduits founded in open cut excavation in the north bank
and discharging into a common stilling basin.

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 development of similar sites and 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 est imated on
the basis of review of rates used in previous studies, and of
rates used on similar works in Alaska and elsewhere. Where
applicable, 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 Tables B.1 and B.2.
It should be noted that the capital costs for Macl aren and Denal i
shown in Table B.1 have been aqjusted to incorporate the costs of
generation plants with capacities of 55 MW and 60 MW, respec­
tively. Additional data on the projects are summarized 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:
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- Dev i 1 Canyon
- High Devil Canyon
- Wat ana
- Susitna III
- Vee.

Supplementary upstream flow regulation could be provided by structures
at Maclaren and Denali.

Cost estimates of these projects are itemized on Table B.4.

A computer-assisted screening process identified the plans of Devil
Canyon/Watana or High Devil Canyon/Vee as most economic. In addition
to these two basic development pl ans, a tunnel scheme which provides
potential environmental advantages by replacing the Devil Canyon 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 were mainly economic (Figure
B.3). Environmental considerations were 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 tab 1e.

The most important conclusions that can be drawn are as follows:

- For energy requirements of up to 1750 GWh, the High Devil Canyon,
Devil Canyon or the Watana sites individually provided the most econ­
omic energy. The difference between the costs. shown on Table B.5 is
around 10 percent, which is similar to tile accuracy that can be
expected from the screening model.

- For energy requirements of between 1750 and 3500 GWh, the High Devil
Canyon site is the most economic.

- For energy requirements of between 3500 and 5250 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
development is considerably larger than that of the High Devil
Canyon/Vee alternative and is the only plan capable of meeting energy
demands in the 6000 GWh range.
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(a) Tunnel Alternatives

A scheme involving a long power tunnel could conceivably be used
to replace the Devil Canyon Dam in the Watana/Devil Canyon devel­
opment plan. It could develop similar head for power generation
and may provide some environmental advantages by avoiding inunda­
tion 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 components in some combination, in addition to the Watana
Dam, reservoir and associated powerhouse:

- Power tunnel intake works;

- One or two power tunnels up to 40 feet in diameter and up to 30
miles in length;

- 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 bypassed river reach.

Four basic alternative schemes were developed and studied. Figure
B.13 is a schematic illustration of these schemes. All schemes
assumed an initi al Watana development with full reservoir supply
level at Elevation 2200 and the associated powerhouse with an
installed capacity of 800 MW. Table B.6 1ists all the pertinent
technical information. Table B.7 lists the power and energy
yields for the four schemes. Table B.8 itemizes the capital cost
est imate .

'Based on the foregoing economic information, Scheme 3 (Figures
B.14 and B.15) produces the lowest cost energy by a factor of
nearly 2.

A\ review of the environmental impacts associ ated with the four
tunnel schemes indicates that Scheme 3 would have the least im­
pact, primarily because it offers the best opportunities for regu­
1at i rig daily. flows downstream from the project. Based on thi s
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
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because of its superior reliability. It should also be recognized
that the cost estimates associated with the tunnels are probably
subject to more vari at ion than those associ ated 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.

(b) Additional Basin Development Plan

As noted, the Wat ana and Hi gh Devil Canyon dams ites appear to be
individually superior in economic terms to all others. An addi­
t ional pl an was therefore developed to assess the potent i al 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 to fully
utilize the head downstream from Watana.

(c) Selected Basin Development Plans

The essential objective of this step in the development selection
process was defined as the identification of those plans which
appear to warrant further, more detail ed eval uat ion. The results
of the 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
Tunnel Scheme 3 further as an alternative to the High Devil Canyon
Dam and a plan combining Watana and 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 development 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 invol ved stagi ng both dam and powerhouse construct i on or,
alternat i vely, just staging powerhouse construct i on. Powerhouse
stages were considered in 400-MW increments ..

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 concept, and
Plan 4 the Watana/High Devil Canyon sites. Under each plan sever­
al alternative subplans were identified, each involving a differ­
ent staging concept. Summaries of these plans are given in Table
B.9.
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("i) Plan 1

- Subplan 1.1: The first stage involves constructing
Watana Dam to its full height and install ing 800 MW.
Stage 2 involves constructing Devil Canyon Dam and
installing 600 MW.

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

- Subplan 1.3: This subplan is similar to subplan 1.2
except that only the powerhouse and not the dam at Watana
is staged.

( i i ) 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 Canyon is staged from a crest elevation of 1630 to
1775. 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 th at on ly the powerhouse and not the dam at Hi gh
Devil Canyon is staged.

"'""

(iii) Plan 3

- Subplan 3.1: This subplan involves initial construction
of Watana and installation of 800-MW capacity. The next
stage involves the construction of the downstream re­
regulation dam to a crest elevation of 1500 and a IS-mile
long tunnel. A total of 300 MW would be installed at the
end of the tunnel and a further 30 MW at the reregulation
dam. An additional 50 MW of capacity would be installed
at the Watana powerhouse to facilitate peaking opera­
tions.

- 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.
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(i v) Pl an 4

This single plan was developed to jointly evaluate the
development of the two most economic damsites, Watana and
High Devil Canyon. 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 MW.
St age 3 i nvo 1ves construct i ng Hi gh Devil Canyon to a crest
elevation of 1470 so that the reservoir extends to just
downstream of Watana. In order to develop the full head
between Watana and Portage Creek, an additional smaller dam
is added downstream of Hi gh Devil Canyon. Th i s dam woul d
be located just upstream from Portage Creek so as not to
interfere with the anadromous fi sheri es, and woul d have a
crest elevation of 1030 and an installed capacity of 150
MW. For purposes of these studies, this site is referred
to as the Portage Creek site.

1.5 - Evaluation of Basin Development Plans

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 was 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 these
potential problems while still maintaining operational flexibility 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 E4, are
listed in Table B.10.

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

(a) Evaluation Methodology

The approach to evaluating the various basin development plans
described above is twofold:

- For determining the optimum staging concept associated with each
basic plan (i.e., the optimum subplan), only economic criteria
are used and the least-cost staging concept is adopted.
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- For assessing which plan is the most appropriate, a more de­
tailed evaluation process incorporating economic, environmental,
social and energy contribution aspects is taken into 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 systemwi de bas is. Si nce the con­
sumer is supplied by a large number of different generating sour­
ces, it is necessary to determine the total Railbelt system cost
in each case to compare the various Susitna basin development
options.

The primary tool used for system costs was the mathematical model
developed by the El ectric ity Ut il ity Systems Engi neeri ng Depart­
ment of General Electric Company. The model is commonly known as
OGP5 or Optimized Generation Planning Model, Version 5. The fol­
lowing information is paraphrased from GE literature on the pro­
gram (General Electric 1979).

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

The OGPS program requires an extensive system of specific data to
perform its planning function. In developing an optimal plan, the
program considers the existing and committed units (planned and
under construction) avail able 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 IIhow much ll capacity to add and II when ll 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 IIwhat
kind ll 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 .
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A minor limitation inherent 'in the use of the OGP5 model 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 to 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 period of mod­
elin.g, all costs of fuel and operation and maintenance of all gen­
erating units included as part of the system. In addition, the
completed production costs include the annualized investment costs
of any production plans added during the period of study. A num­
ber of factors which contribute to the ultimate cost of power to
the consumer are not included in this model. These are common to
all scenarios and include:

All investment costs to plants in service prior to 1981;

- Costs of transmission systems in service both at the transmis­
sion and distribution level; and

- Administrative costs of utilities for providing electric service
to the public.

Thus, it should be recognized that the production costs modeled
represent only a portion of ultimate consumer costs and in effect
are only a portion, albeit major, of total costs.

The third period, 2010 to 2040, was modeled by assuming that pro­
duction costs of 2010 would recur for the additional 30 years to
2040. This assumption is believed to be reasonable given the lim­
itations on forecasting energy and load requirements for this per­
iod. The additional period to 2040 is required to at least take
into account the benefit derived or value of the addition of a
hydroelectric power plant which has a useful life of 50 years or
more.

The selection of the preferred generation plan is based on numer­
ous factors. One of these is the cost of the generation plan. To
provide a consistent means of assessing the production cost of a
given generation scenario, each production cost total has been
converted to a 1980 present worth basis. The present worth cost
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of any generation scenario is made up of three cost amounts. The
first is present worth cost (PWC) of the first ten years of study
(1981 to 1990), the second is the PWC of the scenario assumed dur­
ing 199Q to 2010, and the third is the PWC of the scenario in 2010
assumed to recur for the period 2010 to 2040. In this way the
long-term (60 years) PWC of each generation scenario in 1980
dollars can be compared.

A summary of the input data to the model and a discussion of the
results follow.

(i) Initial Economic Analyses

Table B.ll lists the results of the first series of economic
analyses undertaken for the basic Susitna~ basin development
plans listed in Table B.I0. The information provided in­
cludes the specified on-line dates for the various stages of
the plans, the OGP5 run index numb~r, the total installed
capacity at year 2010 by category,\ and the total system
present worth cost in 1980 for the period 1980 to 2040.
Matching of the Susitna development to the load growth for
Plans El, E2, and E3 is shown in Figures B.16, B.17 and
B.18, respectively. After 2010, steady state conditions are
assumed and the then-existing generation mix and annual
costs for 2010 are applied to the years 2011 to 2040. This
extended period of time is necessary to ensure that the
hydroelectric options being studied, many of which only come
on line around 2000, are simulated as operating for periods
approaching their economic lives and that their full impact
on the cost of the generation 'system is taken into account.

- Plan El - Watana/Devil Canyon

Staging the dam at Watana (Plan E1.2) is not as economic
as constructing it to its full height (Plan El.l and
E1.3). The present worth advantage of not staging the
dam amounts to $180 million in 1980 dollars.

The results indicate that, with the level of analysis
performed, there is no discernible benefit in staging
construct i on of the Watana powerhouse (Pl an ELI and
E1.3). However, Plan E1.4 results indicate that, should
the powerhouse size at Watana be restricted to 400 MW,
the overall system present worth costs would increase.

Additional runs performed for variations of Plan E1.3
indicate that system present worth would increase by
$1,110 million if the Devil Canyon Dam were not con­
structed. A five-year delay in construction of the
Watana Dam would increase system present worth by $220
million.
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- Plan E2 - High Devil Canyon/Vee

. The results for Plan E2.3 indicate that the system pres­
ent worth is $520 million more than Plan E1.3. Present
worth increases also occur if the Vee Dam stage is not
constructed. A reduction in present worth of approx i­
mately $160 million is possible if the Chakachamna
hydroelectric project is constructed instead of the Vee
Dam.

The results of Plan E2.1 indicate that total system
present worth woul d increase by $250 mi 11 ion if the
total capacity at High Devil Canyon were limited to 400
I'1W.

- Plan E3 - Watana-Tunnel

The results for Plan E3.1 illustrate that the tunnel
scheme versus the Devil Canyon Dam scheme (E1. 3) adds
approximately $680 million to the total system present
worth cost. The availability of reliable geotechnical
data would undoubtedly have improved the accuracy of the
cost estimates for the tunnel alternative. For this rea­
son, a sensitivity analysis 'was made as a check to deter­
mine the effect of halving the tunnel costs. This analy­
sis indicates that the tunnel scheme is still more costly
than constructing the Devil Canyon Dam.

- Plan E4 - Watana/High Devil Canyon/Portage Creek

The results i nd icate th at system present worth assoc i ated
with Plan E4.1, excluding the Portage Creek site develop­
ment, is $200 million more than the equivalent E1.3 plan.
If the Portage Creek development is included, the present
worth difference would be even g~eater.

(ii) Load Forecast Sensitivity Analyses

The plans with the lowest present worth cost were subjected
to further sensitivity analysis. The objective of the anal­
ysis was to determine the impact on the development decision
of a variance in forecast. The load forecasts used for this
analysis were made by ISER and are presented in Section 5.1
of this Exhibit. These results are summarized in Table
8.12.

At the low load forecast, full capacity development of
Watana/Devi 1 Canyon Scheme 1. 3 is not warranted. Under
Scheme 1.4, the most economic development includes a 400-MW
development at each site, as compared to Watana only.
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(b)

Similarly, it is more economic to develop High Devil Canyon
and Vee, as compared to High Devil Canyon only, but at a
total capacity of only 800 MW.

At this level of projected demand, the Watana/Devil Canyon
plan is more economic than the High Devil Canyon/Vee plan or
any singular development ($210 million, present worth ba­
sis). As individual developments, however, the High Devil
Canyon only plan is slightly superior economically to the
Watana project ($90 million, present worth basis).

At the high load forecast, the larger capacities are clearly
needed. In addition, both the High Devil Canyon/Vee and
Watana/Devil Canyon plans are improved economically by the
addition of the Chackacharnna project. This illustrates the
superiority of the Chackachamna project to the addition of
alternative coal and gas projects using the study price pro­
jections. Similar to the low load forecast, the Watana/
Devi 1 Canyon project is superi or to the Hi gh Devi 1 Canyon/
Vee alternative but the margin of difference on a present
worth basis is much greater ($1.0 billion, present worth
bas is) .

Evaluation Criteria

The following criteria were used to evaluate the short-listed
basin development plans. These criteria 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.

( i) Econom i c

Pl ans were compared us i ng long-term present worth costs,
calculated using the OGP5 generation planning model. The
parameters used in calculating the total present worth cost
of the total Railbelt generating system for the period 1980
to 2040 are listed in Tables B.13 and B.14. Load forecasts
used in the analysis are presented in Section 5.1(b).

(ii) Environmental

A qualitative assessment of the environmental impact on the
ecological, cultural, and aesthetic resources is undertaken
for each plan. Emphasis is placed on identifying major
concerns so that these can be combined with the other eval­
uation attributes in an overall assessment of the plan.
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( iii) Soc i a1

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 econ­
omic variables.

(iv) Energy Contribution

The parameter used is the total amount of energy produced
from the specific development pl an. An assessment of the
energy development foregone is also undertaken. The energy
loss that is inherent to the plan and cannot easily be re­
covered by subsequent staged developments is of greatest
concern.

(c) Results of Evaluation Process

The various attributes outlined above have been determined for
each plan and are summarized in Tables B.15 through B.23. Some of
the attributes are quantitative while others are qualitative.
Overall evaluation is based on a comparison of similar types of
attri butes for each plan. In cases where the attri butes assoc i­
ated with one plan all indicate equality or superiority with res­
pect to another plan, the decision as to the best plan is clear
cut. In other cases where some attributes indicate superiority
and others 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 were
relatively straightforward, and the decision-making process can
therefore be regarded as effective and consistent. In addition,
these trade-offs are clearly identified so that independent
assessment can be made.

The overall evaluation process is conducted in a series of steps.
At each step, only two plans are compared. The superior plan is
then taken to the next step for evaluation against a third plan.

(i) Devil Canyon Dam Versus Tunnel

The first step in the process involves the comparison of the
Watana/Devi 1 Canyon Dam plan (n. 3) and the Watana-tunne1
plan (E3.1). Since Watana is common to both plans, the
evaluation is based on a comparison of the Devil Canyon Dam
and the Scheme 3 tunnel alternative.
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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 B.15.
This information illustrates the breakdown of the total sys­
tem present worth cost in terms of capital investment, fuel,
and operation and maintenance costs.

- Economic Comparison

From an economic point of view, the Watana/Devil Canyon
Dam scheme is superior. As summarized in Tables B.15 and
B.16, on a present worth basis the tunnel scheme is $680
million more expensive than the dam scheme. For a low
demand growth rate, this cost difference would be reduced
slightly to $650 million. Even if the tunnel scheme costs
are halved, the total cost difference would stil1 amount
to $380 million. As highlighted in Table B.16, considera­
tion of the sensitivity of the basic economic evaluation
to potential changes in capital cost estimates, the period
of economic analysis, the discount rate, fuel costs, fuel
cost escalation, and economic plant life do not change the
basic economic superiority of the dam scheme over the tun­
nel scheme.

- Environmental Comparison

The environmental comparison of the two schemes is sum­
marized in Table B.17. Overall, the tunnel scheme is
judged to be superior because:

· It offers the potential for enhancing anadromous fi sh
populations downstream of the re-regulation dam due to
the more uniform flow distribution that will be achieved
in this reach;

It would inundate 13 miles less of resident fisheries
habitat in the river and major tributaries;

· It has a lower potenti al for inundating archaeological
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 aesthe­
tic and recreational resource.

- Social Comparison

Table B.18 summarizes the evaluation of the two schemes in
terms of the soci al criteri a. In terms of impact on state
and local economics and risks because of seismic exposure,
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the two schemes are rated equal. However, due to its
higher energy yield, the dam scheme has more potential for
displacing nonrenewable energy resources and therefore has
a slight overall advantage in terms of the social evalua­
tfon criteri a.

- Energy Comparison

Table B.19 summarizes the evaluation in terms of the en­
ergy contribution criteria. The results show 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 en­
ergy contribution standpoint.

- Overall Comparison

The overall evaluation of the two schemes is summarized in
Table B.20. The estimated cost saving of $680 million in
favor of the dam scheme plus the additional energy pro­
duced are considered to outweigh the reduction in the
overall environmental impact of the tunnel scheme. The
dam scheme is therefore judged to be superior overall.

(ii) Watana/Devil Canyon Versus High Devil Canyon/Vee

The second step in the development selection process in­
volves 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 Table B.15 and
B.16) the Watana/Devil Canyon plan is less costly by $520
million. Consideration of the sensitivity of this deci­
sion to potenti al changes in the various parameters con­
sidered (i.e., load forecast, discounted rates, etc.) does
not change the basic superiority of the Watana/Devil
Canyon plan.

Under the low load-growth forecast, the Watana/Devil
Canyon plan is favored by only $210 million, while under
the high load-growth forecast the advantage is $1,040 mil­
lion.

- Environmental Comparison

The eval uat ion in terms of the environmental criteri a is
summarized in Table B.21. In assessing these plans, a
reach-by-reach comparison was made for the section of the
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Sus itna Ri ver between Portage Creek and the Tyone Ri ver.
The Watana/Devil Canyon scheme would create more potential
environmental impacts in the Watana ~Creek area. However,
it is judged that the potential environmental impacts
which would occur above the Vee Canyon Dam with a High
Dev i 1 Canyon/Vee development are more severe i n overall
comparison.

Of the seven environmental factors considered in Table
B.21, except for the increased loss of river valley, bird
and black bear habitat, the Watana/Devil Canyon develop­
ment plan is judged to be more environmentally acceptable
than the High Canyon/Vee plan.

The other six areas in which Watana/Devil Canyon was
judged to be superior are fisheries, moose, caribou, fur­
bearers, cultural resources, aesthetics, and land use.

- Energy Comparison

The evaluation of the two plans in terms of energy contri­
bution criteria is summarized in Table B.22. The Watana/
Devil Canyon scheme is assessed to be superior because of
its higher energy potential and the fact that it develops
a higher proportion of the basin's energy potential.

The Watana/Devil Canyon plan annually develops 1160 GWh
and 1650 GWh more average and firm energy, respectively,
than the High Devil Canyon/Vee plans.

- Social Comparison

Table B.18 summarizes the evaluation in terms of the so­
cial criteria. 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. In other social impact areas
there are minimal differences between plans.

- Overall Comparison

The overall evaluation of the two schemes is summarized in
"Table B.23. The $520 million estimated cost saving cou­
pled with the lower environmental impacts and a marginal
social advantage make the Watana/Devil Canyon plan super­
ior to High Devil Canyon/Vee.

8-1-25



1.6 - Preferred Susitna Basin Development Plan

One-on-one comparisons of the Watana/Devil Canyon plan with the Watana­
tunnel plan and the High Devil Canyon/Vee plan are judged to favor the
Watana/Devil Canyon plan in each case.

The Watana/Devil Canyon plan was therefore selected as the preferred
Susitna basin development plan, and the basis for continuation of more
detailed design optimization and environmental studies.
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2 - ALTERNATIVE FACILITY DESIGN, PROCESSES AND OPERATIONS

2.1 - Susitna Hydroelectric Development

As originally conceived, the Watana project initially comprised an
earthfill dam with a crest elevation of 2225 and 400 MW of generating
c'apacity scheduled to commence operation in 1993. An additional 400 MW
would be brought on line in 1996. At Devil Canyon, an additional 400
MW would be installed to commence operation in the year 2000. Detailed
studies of each project have led to refinement and optimization of
designs "in terms of a number of key factors, including updated load
forecasts and economi cs. Geotechni cal and envi ronmental constrai nts
identified as a result of continuing field work have also greatly
influenced the currently recommended design concepts.

Plan formulation and alternative facility designs considered for the
Watana and Devil Canyon developments are discussed in this section.
Background information on the site characteristics as well as addition­
al detail on the plan formulation process are included in the Support­
ing Design Report of Exhibit F and the referenced reports.

2.2 - Watana Project Formulation

This section describes the evolution of the general arrangement of the
Watana project which, together with the Devil Canyon project, comprises
the development plan proposed. The process by which reservoir operat­
ing levels and the installed generating capacity of the power facil­
ities were established is presented, together with the means of hand­
ling floods expected during construction and subsequent project opera­
tion.

The main components of the Watana development are as follows:

- Main dam
- Diversion facilities
- Spillway facilities

Outlet facilities
- Emergency release facilities
- Power facilities.

A number of alternatives are available for each of these components and
they can be combi ned ina number of ways. The fo 11 owi ng paragraphs
describe the various components and methodology for the prel iminary,
intermediate, and final screening and review of alternative general
arrangement of the components, together with a brief description of the
selected scheme. This section presents the alternative arrangements
studied for the Watana project.
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(a) Selection of Reservoir Level

The selected elevation of the Watana Dam crest is based on consid­
erations of the value of the hydroelectric energy produced from
the associ ated reservoi r, geotechnical constrai nts on reservoi r
levels, and freeboard requirements. Firm energy, average annual
energy, construction costs, and operation and maintenance costs
were determined for the Watana development with dam crest eleva­
tions of 2240, 2190, and 2140. The relative value of energy pro­
duced in terms of the present worth of the long-term production
costs (LTPWC) for each of these three dam elevat ions was deter­
mined by means of the OGP5 generation planning model described in
Section 1 of this Exhibit. The physical constraints imposed on
dam height and reservoir elevation by geotechnical considerations
were reviewed and incorporated into the crest elevation selection
process. Finally, freeboard requirements for the Probable Maximum
Flood (PI~F) and settlement of the dam after construction or as a
result of seismic activity were taken into account.

(i) Methodology

Firm and average annual energy produced by the Susitna
development is based on 32 years of hydrological records.
The energy produced was determined by using a multi- reser­
voir simulation of the operation of the Watana and Devil
Canyon reservoirs. A variety of reservoir drawdowns was
examined, and drawdowns producing the maximum firm energy
cons i stent with engi neeri ng feas i bi 1ity and cost of the
intake structure were selected. Minimum flow requirements
were established at both project sites based on downstream
fisheries considerations.

To meet system demand, the requi red maximum generat i ng
capability at Watana in the period between 1994 and 2010
ranges from 665 MW to 908 MW. For the reservoir 1evel
determinations, energy estimates were made on the basis of
assumed average annual capacity requirements of 680 MW at
Watana in 1994, i ncreas i ng to 1020 MW at Watana in 2007,
with an additional 600 MW at Devil Canyon coming on line in
the year 2002. The long term present worth costs of the
generation system required to meet the Railbelt energy
demand were then determi ned for each of the three crest
elevations of the Watana Dam using the OGP5 model.

The construction cost estimates used in the OGP5 modeling
process for the Watana and Devil Canyon projects were based
on prel iminary conceptual 1ayouts and construction sched­
ules. Further refinement of these layouts has taken place
during the optimization process. These refinements have no
significant impact on the reservoir level selection.
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(ii) Economic Optimization

Economic optimization of the Watana reservoir level was
bas"ed on an evaluation of three dam crest elevations of
2240, 2190, and 2140. These crest elevations applied to
the central port i on of the embankment with appropri ate
allowances for freeboard and seismic settlement, and cor­
respond to maximum operating levels of the reservoir of
2215, 2165, and 2115 feet, respectively. Average annual
energy calculated for each case using the reservoir simula­
tion model are given in Table B.24, together with corres­
ponding project construction costs.

In the determination of LTPWC, the Susitna capital costs
were adjusted to include an allowance for interest during
construction and then used as input to the OGP5 model.
Simulated annual energy yields were distributed on a month­
ly basis by the reservoir operation model to match as
closely as possible the projected monthly energy demand of
the Rail belt and then input to the OGP5 modeL The LTPWC
of meeting the Railbelt energy demand using the Susitna
development as the primary source of energy was then deter­
mined for each of the three reservoir levels.

The results of these evaluations are shown in Table B.25,
and a plot showing the variation of the LTPWC with dam
crest elevation is shown in Figure B.19. This figure indi­
cates that, on the basis of the assumptions used, the mini­
mum LTPWC occurs at a Watana crest elevation ranging from
approximately 2160 to 2200 (reservoir levels 2140 to 2180
feet). A higher dam crest will still result in a develop­
ment which has an overall net economic benefit relative to
thermal energy sources. However, it is also clear that, as
the height of the Watana Dam is increased, the unit cost of
additional energy produced at Watana is somewhat greater
than for the displaced thermal energy source. Hence, the
LTPWC of the overall system would increase. Conversely, as
the height of the dam is lowered, and thus Watana produces
1ess energy, the unit cost of the energy produced by a
thermal generation source to replace the lost Susitna en­
ergy is more expensive than Susitna energy. In this case
also, the LTPWC increases.

( iii) Geotechnical Considerations

On the north side of the reservoi r created by the Watana
Dam, a relict channel reaching 400 feet deep connects the
reservoir to Tsusena Creek. The potential problems caused
by the relict channel are:
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breaching of the reservoir rim resulting in catastrophic
drawdown of the reservoir; and

- subsurface seepage resulting in potential downstream
piping and/or loss of energy.

Breaching of the reservoir rim could be caused by satura­
tion of the unconsol idated sediments within the channel
resulting in surface settlement or by liquefaction during
an earthqu ake.

Excessive subsurface seepage could be caused by a highly
permeable unit(s) within the channel that could provide a
continuous flow path between the reservoir and Tsusena
Creek.

Details of the geology and potential impacts of the relict
channel are addressed in Acres 1982a and ~982e reports.

As a result of these potential problems, extensive con­
sideration was given to defining the reservoir level with
respect to the relict channel.

Raising the water surface up to and beyond Elevation 2200
would require the construction of a costly retaining dike
in a low area of the rel icit channel. Due to the uncer­
tainty of foundation conditions in this area (to include
materi a1 propert i es, groundwater, and permafrost) it was
determi ned that the normal reservoi r 1eve1 of 2185 woul d
provide the best energy development without incurring ex­
cessive costs in construction of additional water retaining
structures in the relict channel. This reservoir level
would require the construction of a small freeboard dike in
this area. The following conditions would exist for a
reservoir level of 2185:

- For flood magnitudes up to the 1:l0,000-year event, there
would be no danger of overtopping the lowest point in the
relict channel.

- For the PMF, a 10-foot freeboard di ke in the low area
would provide adequate protection. This dike would be
wetted only a few days during the PMF event.

- If seismic settlement or settlement due to permafrost
melting did occur, the combination of the 10-foot free­
board dike constructed on a suitable foundation plus
normal reservoir level of 2185 feet would ensure that
breaching of the relict channel would not occur.
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(iv)

Lowering the reservoir to Elevation 2185 does not, however,
lessen the possibility of subsurface seepage that could
result in loss of energy and/or downstream piping. Prelim­
inary analyses performed during the study (Acres 1982e)
showed that an average permeability of 10-2 cm/sec
would be required in the relict channel to significantly
affect project power economics. No such continuous hori­
zons of low permeable materials have been found in the
relict channel to date. However, if future geotechnical
explorations find such a permeable unit(s), conventional
remedial work to include grouting and cutoffs can be imple­
mented to contain leakage. To facilitate the potential for
pipi ng, a contingency of more than $100,000,000 has been
provided in the cost estimate for the construction of a
downstream filter blanket.

In summary, no further consideration was given to lowering
the reservoir below the inlet to the relict channel be­
cause:

This would require lowering the reservoir by more than
300 feet which would severely impact the energy provided
by the basin development plans.

- Costs for remedial work in the relict channel were con­
sidered small with respect to the economics of the proj­
ect.

Conclusions

It is important to establish clearly the overall objective
used as a basis for setting the Watana reservoir level. An
objective which would minimize the LTPW energy cost would
lead to selection of a slightly lower reservoir level than
an objective whi ch woul d maximi ze the amount of energy
which could be obtained from the available resource, while
doing so with a technically sound project.

The three values of LTPWC developed by the OGP5 computer
runs defined a relationsh"ip between LTPWC and Watana Dam
height which is relatively insensitive to dam height. This
is highlighted by the curve of LTPWC versus dam height in
Figure B.19. This figure shows that there is only a slight
variation in the LTPWC for the range of dam heights in­
cluded in the analysis. Thus, from an economic standpoint,
the opti- mum crest elevation could be considered as vary­
ing over a range of elevations from 2140 to 2220 with
little effect on project economics. The main factors in
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establishing the upper limit of dam height were
consequently the geotechnical considerations discussed in
( iii) above.

The normal maximum operating level of the reservoir was
therefore set at Elevation 2185, allowing the objective of
maximizing the economic use of the Susitna resource still
to be satisfied.

(b) Selection of Installed Capacity

The generating capacity to be installed at both Watana and Devil
Canyon was determined on the basis of generation planning studies
together with appropri ate cons iderat i on of the fo 11 owi ng (Acres
1982c, Vol. 1):

- Available firm and average energy from Watana and Devil Canyon;
- The forecast energy demand and peak load demand of the system;
- Available firm and average energy from other existing and com-

mitted plant;
- Capital cost and annual operating costs for Watana and Devil

Canyon;
- Capital cost and annual operating costs for alternative sources

of energy and capacity;
- Environmental constraints on reservoir operation; and
- Turbine and generator operating characteristics.

Table B.26 lists the design parameters used in establishing the
dependable capacity at Watana.

( i ) Install ed Cap ac ity

A computer simulation of reservoir operation over 32 years
of hydrological record was used to predict firm (depend­
able) and average energy available from Watana and Devil
Canyon reservoirs on a monthly basis. Seven alternative
reservoir operating rules were assumed, varying from a max­
imum power generation scenario which would result in signi­
ficant impact to downstream fisheries (Case A), through to
a scenario that provides guaranteed minimum summer releases
which minimize the impact on downstream fisheries (Case D).
For the preliminary design, Case C predicted energies have
been used to assess the required plant capacity.

The computer sirnul ation gives an estimate of the monthly
energy available from each reservoir, but the sizing of the
plant capacity must take into account the variation of
demand load throughout each month on an hourly basis. Load
forecast studies have been undertaken to predict the hourly
variation of load through each month of the year and also

B-2-6



.­
I

r

.....

-

....

( i i )

the growth in peak load (MW) and annual energy demand (GWh)
through the end of the planning horizon (2010).

The economic analysis for the proposed development assumes
that the average energy from each reservoir is available
every year. The hydrological record, however, is such that
this average energy is available only from a series of wet­
ter and drier years. In order to utilize the average ener­
gy, capacity must be available to generate the energy
available in the wet years up to the maximum requirement
dict ated by the system energy demand, 1ess any energy
available from other committed hydroplant.

Watana has been designed to operate as a peaking station,
if required. Tables B.27 and B.28 show the estimated maxi­
mum capacity required in the peak demand month (December)
at Watana to fully ut il i ze the energy availabl e from the
flows of record. If no thermal energy is needed (i.e., in
wetter years), the maximum requirement is controlled only
by the shape of the demand curve. If thermal energy is
required (i n average to dry years), the maximum capacity
required at Watana will depend on whether the thermal ener­
gy is provided by high merit order plant at base load
(Option 1, Table B.27), or by low merit order peaking plant
(Option 2, Table B.28).

On the basis of this evaluation, the ultimate power genera­
tion capability at Watana was selected as 1020 MW for de­
sign purposes to allow a margin for hydro spinning reserve
and standby for forced outage. This installation also pro­
vides a margin in the event that the load growth exceeds
the medium load forecast.

Unit Capac i ty

Selection of the unit size for a given total capacity is a
compromise between the initial least-cost solution, gener­
ally involving a scheme with a smaller number of large cap­
acity units, and the improved plant efficiency and security
of operation provided by a larger number of smaller capa­
city units. Other factors include the s;-ze of each unit as
a proportion of the total system load and the minimum anti­
cipated load on the station. Any requirement for a minimum
downstream flow would also affect the selection. Growth of
the actual load demand is also a significant factor, since
the installation of units may be phased to match the actual
load growth. The number of units and thei r i ndivi dual
ratings were determined by the need to deliver the required
peak capacity in the peak demand month of December at the

B-2-7



mi nirnum December reservoi r 1evel with the turb i ne wi cket
gates fully open.

An examination was made of the economic impact on power
plant production costs of various combinations of a number
of units and rated capacity which would provide the sel­
ected total capacity of 1020 MW. For any given installed
capacity, plant efficiency increases as the number of units
increases. The assumed capitalized value used in this
evaluation was $1.00 per average annual kWh over project
life, based on the economic analysis completed for the
thermal generation system. Variations in the number of
units and capacity will affect the cost of the power in­
takes, penstocks, powerhouse, and tailrace. The differ­
ences in these capital costs were estimated and included in
the evaluation. The results of this analysis are presented
below.

Capital i zed
Rated Value of

Capacity Add it ional Additional
Number of Unit Energy Capital Cost Net Benefit

of Units (MW) ($ Millions) ($ Millions) ($ Millions)

4 250
6 170 40 31 9
8 125 50 58 -8

It is apparent from this analysis that a six-unit scheme
with a net benefit of approximately $9 million is the most
economic alternative. This scheme also offers a higher
degree of flexibility and security of operation compared to
the four-unit al ternat ive, as well as advantages if unit
installation is phased to match actual load growth. The
net economic benefit of the six-unit scheme is $17 million
greater than that of the eight-unit scheme, while at the
same time no significant operational or scheduling advan­
tages are associated with the eight-unit scheme.

A scheme incorporating six units each with a rated capacity
of 170 MW, for a total of 1020 MW, has been adopted for all
Watana alternatives.

(c) Selection of the Spillway Design Flood

Normal design practice for projects of this magnitude, together
with appl icable design regulations, require that the project be
capable of passing the PMF routed through the reservoir without
endange~ing the dam.
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In addition to this requirement, the project should have suffi­
cient spillway capacity to safely pass a major flood of lesser
magnitude than the PMF without damaging the main dam or ancillary
structures. The frequency of occurrence of this flood, known as
the spillway design flood or Standard Project Flood (SPF), is gen­
erally selected on the basis of an evaluation of the risks to the
project if the spillway design flood is exceeded, compared to the
costs of the structures required to safely discharge the flood.
For this study, a spillway design flood with a return frequency of
1:10,000 years was selected for Watana. A list of spillway design
flood frequencies and magnitudes for several major projects is
presented below.

. Spi 11 way
Spillway Design Flood Basin Capacity

Peak PMF After Routing
Project Frequency Inflow (cfs) (cfs) (cfs)*

Mica, Canada PMF 250,000 250,000 150,000

Churchill Falls,
Canada 1: 10,000 600,000 1,000,000 230,000

New Bullards, USA PMF 226,000 226,000 170,000

Oroville, USA 1:10,000 440,500 711,400 440,500

Guri, Venezuela
(final stage) PMF 1,000,000 1,000,.000 1,000,000

Itaipu, Brazil PMF 2,195,000 2,195,000 2,105,000

Sayano, USSR 1:10,000 480,000 N/A 680,000

*All spillways except Sayano have capacity to pass PMF with surcharge.

The flood frequency analysis produced the following values:

Flood

Probable Maximum
Spi 11 way Des i gn

Frequency

1: 10,000 years

Infl ow Peak

326,000 cfs
156,000 cfs

Additional capacity required to pass the PMF will be provided by
an emergency spillway consisting of a fuse plug and rock channel
on the right bank.

B-2-9



(d) Main Dam Alternatives

This section describes the alternative types of dams considered at
the Watana site and the basis for the selected alternative.

(i) Comparison of Embankment and Concrete Type Dams

The selection between an embankment type or a concrete type
dam is usually based on the configuration of the valley,
the condition of the foundation rock, depth of the over­
burden, and the relative availability of construction
materials. Previous studies by the COE envisaged an
embankment dam at Watana. Initial studies completed as
part of this current evaluation included comparison of an
earthfill dam with a concrete arch dam at the Watana site.
An arrangement for a concrete arch dam alternative at
Watana is presented in Figure B.20. The results of this
analysis indicated that the cost of the embankment dam was
somewhat lower than the arch dam, even though the concrete
cost rates used were significantly lower than those used
for the Devil Canyon Dam. This preliminary evaluation did
not indicate any overall cost savings in the project in
spite of some savings in the earthworks and concrete struc­
tures for the concrete dam layout. A review of the overall
construction schedule indicated a minimal savings in time
for the concrete dam project.

Based on the above and the likelihood that the cost of the
arch dam would increase relative to that of the embankment
dam, the arch dam alternative was el iminated from further
consideration.

(ii) Concrete Face Rockfill Type Dam

The selection of a concrete face rockfill dam at Watana
would appear to offer economic and schedule advantages when
compared to a convent ional impervious-core rockfi 11 dam.
For example, one of the primary areas of concern with the
earth-core rockfill dam is the control of water content for
the core material and the available construction period
during each summer. The core material will have to be
protected against frost penetration at the end of each
season and the area cleared and prepared to recei ve new
material after each winter. On the other hand, rockfill
materials can be worked almost year-round and the quarrying
and placing/compacting operations are not affected by rain
and only marginally by winter weather.

The concrete face rockfill dam would also require less
foundation preparation, since the critical foundation
contact area is much less than that for the impervious­
core/rock foundation contact. The side slopes for faced
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rockfill could probably be on the order of 1.5H:lV or
steeper as compared to the 2.5 and 2.0H:lV for the earth­
core rockfill. This would allow greater flexibility for
layout of the other facilities, in particular the upstream
and downstream portals of the diversion tunnels and the
tailrace tunnel portals. The diversion tunnels could be
shorter, givin~ further savings in cost and schedule.

However, the height of the Watana Dam as currently proposed
is 885 feet, some 70 percent higher than the highest con­
crete face rockfi 11 dam bui lt to date (the 525-foot high
Areia Dam in Brazil completed in 1980). A review of con­
crete face rockfill dams indicates that increases in height
have been typically in the range of 20 percent; for exam­
ple, Paradela - 370 feet completed in 1955; Alto Anchicaya
- 460 feet completed in 1974; Areia - 525 feet completed in
1980. Although recent compacted .rockfill dams have gener­
ally performed well and a rockfill dam is inherently stable
even with severe leakage through the face, a one-step in­
crease in height of 70 percent over existing structures ,is
well beyond precedent.

In addition to the height of the dam, other factors which
are beyond precedent include the seismic and climatic con­
ditions at Susitna. It has been stated that concrete face
rockfill dams are well able to resist earthquake forces and
it is admitted that they are very stable structures in
themselves. However, movement of rock leading to failure
of the face slab near the base of the dam coul d result in
excessive leakage through the dam. To correct such an'
occurrence would require lowering the water level in the
reservoir which would take many years and involve severe
economic penalties from loss of generating capacity.

No concrete face rockfill dam has yet been built in an
arctic environment. The drawdown at Watana is in excess of
100 feet and the upper sect i on of the face slab will be
subjected to severe freeze/thaw cycles.

Although the faced rockfill dam appears to offer schedule
advantages, the overall gain in impoundment schedule would
not be so significant. With the earth-core rockfi 11 dam,
impoundment can be allowed as the dam is constructed. This
is not the case for a concrete face rockfi 11 since the
concrete face slab is normally not constructed until all
rockfill has been placed and construction settlement taken
place. The slab is then poured in continuous strips from
the foundation to the crest. Most recent high faced rock­
fill dams also incorporate an impervious earth fill cover
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over the lower section to mlnlmlZe the risk of excessive
leakage through zones which, because of their depth below
normal water level, are difficult to repair. Such a zone
at Watana might cover the lower 200 to 300 feet of the slab
and require considerable volumes of impervious fill, none
of which could be placed until all other construction work
had been completed. This work would be on the critical
path with respect to impoundment and, at the same time, be
subject to interference by wet weather.

The two types of dam were not costed in detail because cost
was not considered to be a controlling factor. It is of
interest to note, however, that similar alternatives were
estimated for the LG 2 project in northern Quebec and the
concrete face alternative was estimated to be about 5 per­
cent cheaper. However, the managers, on the recommendation
of their consultants, decided against the use of a concrete
face rockfill dam for the required height of 500 feet in
that environment.

In summary, a concrete face rockfill dam at Watana is not
considered appropriate as a firm recommendation for the
feasibility stage of development of the Susitna project
because of:

the 70 percent increase in height over precedent; and

the possible impacts of high seismicity and climatic
conditions.

(iii) Selection of Dam Type

Selection of the configuration of the embankment dam cross
section was undertaken within the context of the· following
basic considerations:

- The availab"ility of suitable construction materials with­
in economic haul distance, particularly core material;

- The requirement that the dam be capable of withstanding
the effects of a significant earthquake shock as well as
the stat ic loads imposed by the reservoir and its own
weight;

- The relatively limited construction season available for
placement of compacted fill materials.

The main dam would consist of a compacted core protected by
fine and coarse filter zones on both the upstream and down-
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stream slopes of the core. The upstream and downstream
outer supporting fill zones would contain relatively free
draining compacted gravel or rockfill, providing stability
to the overall embankment structure. The locat ion and
inclination of the core is fundamental to the design of the
embankment. Two basic alternatives exist in this regard:

- A vertical core located centrally within the dam; and
- An inclined core with both faces sloping upstream.

A central vertical core was chosen for the embankment based
on a rev i ew of precedent des ign and the nat ure of the
available impervious material.

The exploration program undertaken during 1980-81 indicated
that adequate quantities of materials suitable for dam con­
struction were located within reasonable haul distance from
the site. The well-graded silty sand material is consid­
ered the most promising source of impervious fill. Compac­
tion tests indicate a natural moisture content slightly on
the wet side of optimum moisture content, so that control
of moisture content will be critical in achieving a dense
core with high shear strength.

Potent i al sources for the upstream and downstream shell s
include either river gravel from borrow areas along the
Susitna River or compacted rockfill from quarries or exca­
vations for spillways.

During the intermediate review process, the upstream slope
of the dam was flattened from 2.5H:1V used during the ini­
tial review to 2.75H:1V. This slope was based on a con­
servat ive est imate of the effect i ve shear strength para­
meters of the available construction materials, as well as
a conservative allowance in the design for the effects of
earthquake loadings on the dam.

During the final review stage, the exterior upstream slope
of the dam was steepened from 2.75H:1V to l.4H:IV, reflect­
ing the results of the preliminary static and dynamic
design analyses being undertaken at the same time as the
general arrangement studies. As part of the final review,
the volume of the dam with an upstream slope of 2.4H:IV was
computed for four alternative dam axes. The locations of
these alternat i ve axes are shown on Fi gure B. 21. The dam
volume associated with each of the four alternative axes is
listed below:
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Alternative
Axis Number

1
2
3
4

Total Vol um3
(mill ion yd )

69.2
71. 7
69.3
71.9

A section with a 2.4H:IV upstream slope and a 2H:IV down­
stream slope located on alternative axis number 3 was used
for the final review of alternative schemes.

(e) Diversion Scheme Alternatives

The topography of the site generally dicta\es that diversion of
the river during construction be accomplished using diversion tun­
nels with upstream and downstream cofferdams protecting the main
construction area.

The configuration of the river in the vicinity of the site favors
location of the diversion tunnels on the north bank, since the
tunnel length for a tunnel on the south bank would be approximate­
ly 2000 feet greater. In addition, rock conditions on the north
bank are more favorable for tunneling and excavation of intake and
outlet portals.

(i) Design Flood for Diversion

The recurrence interval of the design flood for diversion
is generally established based on the characteristics of
the flow regime of the river, the length of the construc­
tion period for which diversion is required and the prob­
able consequences of overtopping of the cofferdams. Design
criteria and experience from other projects similar in
scope and nature have been used in selecting the diversion
design flood.

At Watana, damage to the partially completed dam could be
significant or, more importantly, would probably result in
at least a one-year delay in the completion schedule. A
preliminary evaluation of the construction schedule indi­
cates that the diversion scheme would be required for four
or five years until the dam is of sufficient height to per­
mit initial filling of the reservoir. A design flood with
a return frequency of 1:50 years was selected based on
experience and practice with other major hydroelectric
projects. This approximates a 90 percent probability that
the cofferdam will not be overtopped during the five-year
construction period. The diversion design flood together
with average flow characteristics of the river significant
to diversion are presented below:
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Average annual flow
Maximum average monthly flow
Minimum average monthly flow
Design flood inflow (1:50 years)

(ii) Cofferdams

7,990 cfs
42,800 cfs (June)

570 cfs (March)
87,000 cfs

For the purposes of establishing the overall general
arrangement of the project and for subsequent diversion
opt imi zat i on stud i es, the upstream cofferdam section adop­
ted comprises an initial closure dam structure approxi­
mately 30 feet high placed in the wet.

(iii) Diversion Tunnels

Concrete-lined tunnels and unlined rock tunnels were com­
pared. Preliminary hydraulic studies indicated that the
design flood routed through the diversion scheme would re­
sult in a design discharge of approximately 80,500 cfs.
For concrete-lined tunnels, design velocities on the order
of 50 ft/sec have been used in several projects. For
unlined tunnels, maximum design velocities ranging from 10
ft/sec in good quality rock to 4 ft/sec in less competent
material are typical. Thus, the volume of material to be
excavated using an unlined tunnel would be at least 5 times
that for a lined tunnel. The reliability of an unlined
tunnel is more dependent on rock conditions than is a lined
tunnel, particularly given the extended period during which
the diversion scheme is required to operate. Based on
these considerations, given a considerably higher cost,
together with the somewhat questionable feasibility of four
unlined tunnels with diameters approaching 50 feet in this
type of rock, the unlined tunnels have been eliminated.

The following alternative lined tunnel schemes were exam­
ined as part of this analysis:

- Pressure tunnel with a free outlet
- Pressure tunnel with a submerged outlet
- Free flow tunnel.

(iv) Emergency Release Facilities

The emergency release f aci 1it i es i nfl uenced the number,
type, and arrangement of the diversion tunnels selected for
the final scheme.

At an early stage of the study, it was established that
some form of low-level release facility was required to
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meet instream flow requirements during filling of the res­
ervoir, and to permit lowering of the reservoir in the
event of an extreme emergency. The most economical alter­
native available would involve converting one of the diver­
sion tunnels to permanent use as a low-level outlet facili­
ty. Since it would be necessary to maintain the diversion
scheme in service during construction of the emergency
facilities outlet works, two or more diversion tunnels
would be required. The use of two diversion tunnels also
provides an additional measure of ~ecurity to the diversion
scheme in case of the loss of service of one tunnel.

The low-level release facilities will be operated for
approximately three years during filling of the reservoir.
Discharge at high heads usually requires some form of
energy dissipation prior to returning the flow to the riv­
er. Given the space restrictions imposed by the size of
the diversion tunnel, it was decided to util ize a double
expansion system constructed within the upper tunnel.

(v) Optimization of Diversion Scheme

Given the considerations described above relative to design
flows, cofferdam configuration, and alternative types of
tunnels, an economic study was undertaken to determine the
optimum combination of upstream cofferdam height and tunnel
diameter.

Capital costs were developed for three heights of upstream
cofferdam embankment with a 30-foot wide crest and exterior
slopes of 2H:1V. A freeboard allowance of 5 feet for set­
tlement and wave runup and 10 feet for the effects of down­
stream ice jamming on tailwater elevations was adopted.

Capital costs for the 4700-foot long tunnel alternatives
included allowances for excavation, concrete liner, rock
bolts, and steel supports. Costs were also developed for
the upstream and downstream portals, including excavation
and support. The cost of intake gate structures and asso­
ciated gates was determined not to vary significantly with
tunnel diameter and was excluded from the analysis.

Curves of headwater elevat ion versus tunnel di ameter for
the various tunnel alternatives with SUbmerged and free
outlets are presented in Figure 8.22. The relationship
between capital cost and crest elevation for the upstream
cofferdam is shown in Figure 8.23. The capital cost for
various tunnel diameters with free and submerged outlets is
given in Figure 8.24.
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The results of the opt imi zat ion study are presented in
Figure B.25 and indicate the following optimum solutions
for each alternative.

Cofferdam Crest
Elevation (ft) Total Cost ($)Type of Tunnel

Two pressure tunnels

Two free flow tunnels

Two free flow tunnels

Di ameter
(feet)

30

32.5

35

1595

1580

1555

66,000,000

68,000,000

69,000,000

The cost studies indicate that a relatively small cost dif­
ferential (4 to 5 percent) separates the various alterna­
tives for tunnel diameter from 30 to 35 feet.

(vi) Selected Diversion Scheme

Based on the preceding considerations, a combination of one
pressure tunnel and one free flow tunnel (or pressure tun­
nel with free outlet) was adopted. This will permitini­
tial diversion to be made using the lower pressure tunnel,
thereby simplifying the critical closure operation and
avoiding potentially serious delays in the schedule. Two
alternatives were re-evaluated as follows:

An important consideration at this point is ease of coffer­
dam closure. For the pressure tunnel scheme, the invert of
the tunnel entrance is below riverbed elevation, and once
the tunnel is complete diversion can be accomplished with a
closure dam section approximately 10 feet high. The free
flow tunnel scheme, however, requires a tunnel invert
approximately 30 feet above the riverbed level, and diver­
sion would invoJve an end-dumped closure section 50 feet
high. The velocities of flows which would overtop the cof­
ferdam before the water 1evel s were rai sed to reach the
tunnel invert level would be prohibitively higher, result­
ing in complete erosion of the cofferdam, and hence the
dual free flow tunnel scheme was dropped from considera­
tion.

-

-
Tunnel Diameter

(feet)

Upstream Cofferdam
Crest Elevation Approximate Height

(feet) (feet)

-

30
35

1595
1555
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More detailed layout studies indicated that the higher cof­
ferdam associated with the 30-foot diameter tunnel alterna­
tive would require locating the inlet portal further
upstream into liThe Fins ll shear zone. Since good rock con­
ditions for portal construction are essential and the 35­
foot diameter tunnel alternative would permit a portal
location downstream of liThe Fins ll

, this latter alternative
was adopted. As noted in (v), the overall cost difference
was not significant in the range of tunnel diameters con­
sidered, and the scheme incorporating two 35-foot diameter
tunnels with an upstream cofferdam crest elevation of 1555
was incorporated as part of the selected general arrange­
ment.

(f) Spillway Facilities Alternatives

As discussed in subsection (c) above, the project has been de­
signed to safely pass floods with the following return frequen­
cies:

Flood

Spi llway Des i gn
Probable Maximum

Inflow
Frequency Peak (cfs)

1:10,000 years 156,000
326,000

Total Spillway
Di sch arge (cfs)

120,000
150,000

Discharge of the spillway design flood will require a gated ser­
vice spillway on either the left or right bank. Three basic al­
ternative spillway types were examined:

- Chute spillway with flip bucket
- Chute spillway with stilling basin
- Cascade spi llway.

Consideration was also given to combinations of these alternatives
with or without supplemental facilities such as valved tunnels and
an emergency spillway fuse plug for handling the PMF discharge.

Clearly, the selected spillway alternatives will greatly influence
and be influenced by the project general arrangement.

(i) Energy Dissipation

The two chute spillway alternatives considered achieve ef­
fective energy dissipation either by means of a flip bucket
which would direct the spillway discharge in the form of a
free-fall jet into a plunge pool well downstream from the
dam or a stilling basin at the end of the chute which would
dissipate energy in a hydraulic jump. The cascade type
spillway would limit the free-fall height of the discharge
by utilizing a series of 20- to 50-foot steps down to river
level, with energy dissipation at each step.
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All spillway alternatives were assumed to incorporate a
concrete ogee type control section controlled by fixed­
roller vertical lift gates. Chute spillway sections were
assumed to be concrete-lined, with ample provision for air
entrainment in the chute to prevent cavitation erosion, and
with pressure relief drains and rock anchors in the founda­
tion.

Environmental Mitigation

,....

-

During development of the general arrangements for both the
Watana and Devil Canyon Dams, a restriction was imposed on
the amount of excess dissolved nitrogen permitted in the
spillway discharges. Supersaturation occurs when aerated
flows are subjected to pressures greater than 30 to 40 feet
of head which forces excess nitrogen into solution. This
occurs when water is subjected to the high pressures that
occur in deep plunge pools or at large hydraulic jumps.
The excess nitrogen would not be dissipated within the
downstream Devil Canyon reservoir and a buildup of nitrogen
concentration could occur throughout the body of water. It
would eventually be discharged downstream from Devil Canyon
with harmful effects on the fish population. On the basis
of an evaluation of the related impacts and discussions
with interested federal and state agencies, spillway facil­
ities were designed to limit discharges of water from
either Watana or Devi 1 Canyon that may become supersat­
urated with nitrogen to a recurrence peri od of not 1ess
than 1:50 years.

(g) Power Facilities Alternatives

Selection of the optimum power plant development involved consid­
eration of the following:

- Location, type and size of the power plant
- Geotechnical considerations
- Number, type, size and setting of generating units
- Arrangement of intake and water passages
- Environmental constraints.

(i) Comparison of Surface and Underground Powerhouse

Studies were carried out to compare the construction costs
of a surface powerhouse and of an underground powerhouse at
Watana. These studies were undertaken on the basis of pre­
liminary conceptual layouts assuming four or six units and
a total installed capacity of 840 MW. The comparative cost
estimates for powerhouse civil works and electrical and
mechanical equipment (excluding common items) indicated an
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advantage in favor of the underground powerhouse of
$16,300,000. A summary comparison of the cost estimates
for the two types of powerhouses is in Table B.29. The
additional cost for the surface powerhouse arrangement is
primarily associated with the longer penstocks and the
steel linin.gs required.

The underground powerhouse arrangement is also better suit­
ed to the severe winter conditions in Alaska, is less
affected by river flood flows in summer, and is aesthetic­
ally less obtrusive. This arrangement has therefore been
adopted for further development.

(ii) Comparison of Alternative Locations

Preliminary studies were undertaken during the development
of conceptual project layouts at Watana to investigate both
right and left bank locations for power facilities. The
configuration of the site is such that south bank locations
requ ired longer penstock and/or t ail race t unne 1s and were
therefore more expensive.

The location on the south bank was further rejected because
of indications that the underground facilities would be
located in relatively poor quality rock. The underground
powerhouse was therefore located on the north bank such
that the major openings 1ay between the two major shear
features ("The Fins" and the "Fingerbuster").

(iii) Underground Openings

Because no construction adits or extensive drilling in the
powerhouse and tunnel locations have been completed, it has
been assumed that full concrete-lining of the penstocks and
tailrace tunnels would be required. This assumption is
conservative and is for preliminary design only; in prac­
tice, a large proportion of the tailrace tunnels would
probably be unlined, depending on the actual rock quality
encountered.

The minimum center-to-center spacing of rock tunnels and
caverns has been assumed for layout studies to be 2.5 times
the width or diameter of the larger excavation.

(iv) Selection of Turbines

The selection of turbine type is governed by the available
head and flow. For the design head and specific speed,
Francis type turbines have been selected. Francis turbines
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have a reasonably flat load-efficiency curve over a range
from about 50 percent to 115 percent of rated output with
peak efficiency of about 92 percent.

The number and rating of individual units is discussed in
detail in subsection (b) above. The final selected
arrangement comprises six units producing 170 MW each,
rated at minimum reservoir level (from reservoir simulation
studies) in the peak demand month (December) at full gate.
The unit output at best efficiency and a rated head of 680
feet is 181 MW.

(v) Transformers

The selection of transformer type, size, location and step­
up rating is summarized below:

- Single-phase transformers are required because of trans­
port limitations on Alaskan roads and railways;

- Direct transformat ion from 15 kV to 345 kV is preferred
for overall system transient stability;

- An underground transformer gallery has been selected for
minimum total cost of transformers, cables, bus, and
transformer losses; and

r

-

-

(vi)

- A grouped arrangement of three sets of three single-phase
transformers for each set of two units has been selected
(a total of nine transformers) to reduce the physical
size of the transformer gallery and to provide a trans­
former spacing comparable with the unit spacing.

Power Intake and Water Passages

The power intake and approach channel are significant items
in the cost of the overall power facilities arrangement.
The size of the intake is controlled by the number and min­
imum spacing between the penstocks, which in turn is dic­
tated by geotechnical considerations.

The preferred penstock arrangement comprises six individual
penstocks, one for each turbine. With this arrangement, no
inlet valve is required in the powerhouse since turbine
dewatering can be performed by c10sing the control gate at
the intake and drai ni ng the penstocks and scroll case
through a valved bypass to the tailrace. An alternative
arrangement with three penstocks was considered in detail
to assess any possible advantages. This scheme would
require a bifurcation and two inlet valves on each penstock
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and extra space in the powerhouse to accommodate the inlet
valves. Estimates of relative cost differences are sum­
marized below:

Cost Difference ($ x 106)
6 Penstocks 3 Penstocks

Intake Base Case -20.0
Penstocks 0 - 3.0 """"-",

Bifurcations 0 + 3.0
Valves 0 + 4.0
Powerhouse 0 + 8.0
Capitalized Value of Extra Head Loss 0 + 6.0

Total 0 - 2.0

Despite a marginal saving of $2 million (or less than 2
percent in a total estimated cost of $120 million) in favor
of three penstocks, the arrangement of six individual pen­
stocks has been retained. This arrangement provides im­
proved flexibility and security of operation.

The preliminary design of the power facilities involves two
tailrace tunnels leading from a common surge chamber. An
alternative arrangement with a single tailrace tunnel was
also considered, but no significant cost saving was appar­
ent.

Optimization studies on all water passages were carried out
to determine the minimum total cost of initial construction
plus the capitalized value of anticipated energy losses
caused by conduit friction, bends and changes of section.
For the penstock opt imi zat ion, the construct ion costs of
the intake and approach channel were included as a function
of the penstock diameter and spacing. Similarly, in the
optimization studies for the tailrace tunnels the costs of
the surge chamber were included as a function of tailrace
tunnel diameter.

(vii) Environmental Constraints

Apart from the potential nitrogen supersaturation problem
discussed, the major environmental constraints on the de­
sign of the power facilities are:

- Control of downstream river temperatures
- Control of downstream flows.

The intake design has been modified to enable power plant
flows to be drawn from the reservoir at four different lev­
els throughout the anticipated range of reservoir
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drawdown for energy production in order to control the
downstream river temperatures within acceptable limits.

Minimum flows at Gold Creek during the critical summer
months have been studied to mitigate the project impacts on
salmon spawning downstream of Devil Canyon. These minimum
flows represent a constraint on the reservoir operation and
influence the computation of average and firm energy pro­
duced by the Susitna development.

The Watana development will be operated as a daily peaking
plant for load following. The actual extent of daily peak­
ing will be dictated by unit availability, unit size, sys­
tem demand, system stability, generating costs, etc.

2.3 - Selection of Watana General Arrangement

Preliminary alternative arrangements of the Watana project were devel­
oped and subjected to a series of review and screening processes. The
layouts selected from each screening process were developed in greater
detail prior to the next review and, where necessary, additional lay­
outs were prepared combining the features of two or more of the altern­
atives. Assumptions and criteria were evaluated at each stage and add­
itional data incorporated as necessary. The selection process followed
the general selection methodology established for the Susitna project
and is outlined below.

-

( a) Selection Methodology

The determination of the project general arrangement at Watana was
undertaken in three distinct review stages: preliminary, inter­
medi ate, and final.

(i) Preliminary Review (completed early in 1981)

This comprised four steps:

- Step 1: Assemble available data, determine design cri­
teria, and establish evaluation criteria.

- Step 2: Develop preliminary layouts and design criteria
based on the above data including ~ll plausible
alternatives for the constituent facilities and
structures.

- Step 3: Review all layouts on the basis of technical
feasibility, readily apparent cost differences,
safety, and environmental impact.
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- Step 4: Select those layouts that can be identified as
most favorable, based on the evaluation criteria
established in Step 1, and taking into account
the preliminary nature of the work at this
stage.

(ii) Intermediate Review (completed by mid-1981)

This involved a series of 5 steps:

- Step 1: Review all data, incorporating additional data
from other work tasks.

Review and expand design criteria to a greater
1eve1 of det ail.

Review evaluation criteria and modify, if neces­
sary.

- Step 2: Revise selected layouts on basis of the revised
criteria and additional data. Prepare plans and
principal sections of layouts.

- Step 3: Prepare quantity estimates for major structures
based on drawings prepared under Step 2.

Develop a prel iminary construction schedule to
evaluate whether or not the selected layout will
allow completion of the project within the re­
quired time frame.

Prepare a preliminary contractor's type estimate
to determine the overall cost of each scheme.

- Step 4: Review all layouts on the basis of technical
feasibility, cost impact of possible unknown
conditions and uncertainty of assumptions, safe­
ty, and environmental impact.

- Step 5: Select the two most favorable layouts based on
the evaluation criteria determined under Step 1.

(iii) Final Review (completed early in 1982)

- Step 1: Assemble and review any additional data from
other work tasks.

Revise design criteria in accordance with addi­
tional available data.

Finalize overall evaluation criteria.
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(b)

(c)

(d)

- Step 2: Revise or further develop the two layouts on the
basis of input from Step 1 and determine overall
dimensions of structures, water passages, gates,
and other key items.

- Step 3: Prepare quant ity take-offs for all major struc­
tures.

Review cost components within a preliminary con­
tractor's type estimate using the most recent
data and criteria, and develop a construction
schedule.

Determine overall direct cost of schemes.

- Step 4: Review all layouts on the basis of practicabil­
ity, technical feasibility, cost, impact of pos­
sible unknown conditions, safety, and environ­
mental impact.

- Step 5: Select the final layout on the basis of the
evaluation criteria developed under Step 1.

Des ign Data and Criteri a

As discussed above, the review process included assembling rele­
vant design data, establishing preliminary design criteria, and
expanding and refining these data during the intermediate and
final reviews of the project arrangement. The design data and
design criteria which evolved through the final review are pre­
sented in Table B.30.

Evaluation Criteria

The various layouts were evaluated at each stage of the review
process on the basis of the criteria summarized in Table B.3l.
These criteria illustrate the progressively more detailed evalua­
tion process leading to the final selected arrangement.

Preliminary Review

The development selection studies (Acres 1982c, Vol. 1; Acres
1981) involved comparisons of hydroelectric schemes at a number of
sites on the Susitna River. As part of these comparisons a pre­
liminary conceptual design was developed for Watana incorporating
a double stilling basin type spillway.

Eight further layouts were subsequently prepared and examined for
the Watana project during this preliminary review process in
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addition to the scheme shown on Figure B.7. These eight 1ayouts
are shown in schematic form on Figure B.26. Alternative 1 of
these layouts was the scheme recommended for further study.

This section describes the preliminary review undertaken of al­
ternative Watana 1ayouts.

(i) Basis of Comparison of Alternatives

Although it was recognized that provision would have to be
made for downstream releases of water during filling of the
reservoir and for emergency reservoir drawdown, these fea­
tures were not incorporated in these preliminary layouts.
These facilities would either be interconnected with the
diversion tunnels or be provided for separately. Since the
system selected would be similar for all layouts with mini­
mal cost differences and little impact on other structures,
it was decided to exclude these facilities from overall
assessment at this early stage.

Ongoing geotechnical explorations had identified the two
major shear zones crossing the Susitna River and running
roughly parallel in the northwest direction. These zones
enclose a stretch of watercourse approximately 4500 feet in
length. Preliminary evaluation of the existing geological
data indicated highly fractured and altered materials with­
in the actual shear zones which would pose serious problems
for conventional tunneling methods and would be unsuitable
for founding of massive concrete structures. The original­
ly proposed dam axis was located between these shear zones;
since no apparent major advantage appeared to be gained
from large changes in the dam location, layouts generally
were kept within the confines of these bounding lones.

An earth and rockfi 11 dam was used as the bas is for all
1ayouts. The downstream slope of the dam was assumed as
2H:1V in all alternatives, and upstream slopes varying
between 2.5H:1V and 2.25H:1V were examined in order to
determine the influence of variance in the dam slope on the
congestion of the layout. In all preliminary arrangements
except the one shown on Figure B.7, cofferdams were incor­
porated within the body of the main dam.

Floods greater than the routed 1:10,000-year spillway
design flood and up to the probable maximum flood were
assumed to be passed by surcharging the spillways, except
in cases where an unlined cascade or stilling basin type
spillway served as the sole discharge facility. In such
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instances, under large surcharges, these spillways would
not act as efficient energy dissipators but would be
drowned out, acting as steep open channels with the possi­
bility of their total destruction. In order to avoid such
an occurrence, the design flood for these latter spillways
was considered as the routed probable maximum flood.

On the basis of information existing at the time of the
prel iminary revi ew, it appeared that an underground power­
house could be located on either side of the river. A sur­
face powerhouse on the north bank appeared feasible but was
precluded from the south bank by the close proximity of the
downstream toe of the dam and the adj acent broad shear
zone. Locating the powerhouse further downstream woul d
require tunnel ing across the shear zone, which would be
expensive and would require excavating a talus slope. Fur­
thermore, it was found that a south bank surface powerhouse
would either interfere with a south bank spillway or would
be directly impacted by discharges from a north bank spill­
way.

Description of Alternatives

- Double Stilling Basin Scheme

The scheme as shown on Figure B.7 has a dam axis loca­
tion similar to that originally proposed by the CaE, and
a north bank double stilling basin spillway. The spill­
way follows the shortest line to the river, avoiding
interference with the dam and discharging downstream
almost parall el to the flow into the center of the
river. A substantial amount of excavation is required
for the chute and stilling basins, although most of this
material could probably be used in the dam. A large
volume of concrete is also required for this type of
spillway, resulting in a spillway system that would be
very costly. The maximum head dissipated within each
stilling basin is approximately 450 feet. Within world
experience, cavitation and erosion of the chute and
bas ins shoul d not be a problem. if the structures are
properly designed. Extensive erosion downstream would
not be expected.

The diversion follows the shortest route, cutting the
bend of the river on the north bank, and has inlet port­
als as far upstream as possible without having to tunnel
through "The Fins." It is possible that the underground
powerhouse is in the area of liThe Fingerbuster," but the
powerhouse could be located upstream almost as far as
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the system of drain holes and galleries just downstream
of the main dam grout curtain.

- Alternative 1

This alternative (Figure B.26) is recommended for fur­
ther study and is similar to the layout described above
except that the north side of the dam has been rotated
clockwise, the axis relocated upstream, and the spillway
changed to a chute and fl ip bucket. The revised dam
alignment resulted in a slight reduction in total dam
volume compared to the above alternative. A localized
downstream curve was introduced in the dam close to the
north abutment in order to reduce the length of the
spillway. The alignment of the spillway is almost par­
allel to the downstream section of the river and it dis­
charges into a pre-excavated pl unge pool in the river
approximately 800 feet downstream from the flip bucket.
This type of spillway should be considerably less costly
than one incorporating a stilling basin, provided that
excessive pre-excavation of bedrock within the plunge
pool area is not required. Careful design of the bucket
will be required, however, to prevent excessive erosion
downstream causing undermining of the valley sides
and/or buildup of material downstream which could cause
elevation of the tailwater levels.

- Alternatives 2 through 20

Alternative 2 consists of a south bank cascade spillway
with the main dam axis curving downstream at the abut­
ments. The cascade spillway would require an extremely
large volume of rock excavation, but it is probable that
most of this material, with careful scheduling, could be
used in the dam. The excavation would cross liThe Fing­
erbuster ll and extensive dental concrete would be re­
quired in that area. In the upstream portion of the
spillway, velocities would be relatively high because of
the narrow configuration of the channel, and erosion
could take place in this area in proximity to the dam.
The discharge from the spillway enters the river perpen­
dicular to the general flow, but velocities would be
relatively low and should not cause substantial erosion
problems. The powerhouse is in the most suitable loca­
tion for a surface alternative where the bedrock is
close to the surface and the overall rock slope is
approximately 2H:IV.
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Alternative 2A is similar to Alternative 2 except that
the upper end of the channel is divided and separate
control structures are provided. This division would
allow the use of one structure o~ upstream channel while
maintenance or remedial work is being performed on the
other.

Alternative 2B is similar to Alternative 2 except that
the cascade spillway is replaced by a double stilling
basin type structure. This spillway is somewhat longer
than the similar type of structure on the north bank in
the alternative described above. However, the slope of
the ground is less than the rather steep north bank and
may be eas i er to construct, a (actor which may part 1y
mitigate the cost of the longer structure. The dis­
charge is at a sharp angle to the river and more concen­
trated than the cascade, which could cause erosion of
the opposite bank .

Alternative 2C is a derivative of 2B with a similar
arrangement, except that the double stilling basin
spillway is reduced in size and augmented by an addi­
tional emergency spillway in the form of an inclined,
unlined rock channel. Under this arrangement the con­
crete spillway acts as the main spillway, passing the
1:lO,OOO-year design flood with greater flows passed
down the unlined channel which is closed at its upstream
end by an erodible fuse plug. The problems of erosion
of the opposite bank still remain, although these could
be overcome by excavation and/or slope protection. Ero­
sion of the chute would be extreme for significant
flows, although it is highly unlikely that this emer­
gency spillway would ever be used.

Alternative 2D replaces the cascade of Alternative 2
with a lined chute and flip bucket. The comments rela­
tive to the flip bucket are the same as for Alternative
1 except that the south bank location in this instance
requires a longer chute, partly offset by 10wer con­
struction costs because of the flatter slope. The flip
bucket discharges into the river at an angle which may
cause erosion of the opposite bank. The underground
powerhouse is located on the north bank, an arrangement
which provides an overall reduction of the length of the
water passages.

- Alternative 3

This arrangement has a dam axis location slightly up­
stream from Alternative 2, but retains the downstream
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curve at the abutments. The main spillway is an unlined
rock cascade on the south bank which passes the design
flood. Discharges beyond the 1:10,000-year flood would
be discharged through the auxiliary concrete-lined chute
and flip bucket spillway on the north bank. A gated
control structure is provided for this auxiliary spill­
way which gives it the flexibility to be used as a back­
up if maintenance should be required on the main spill­
way. Erosion of the cascade may be a problem, as men­
tioned previously, but erosion downstream should be a
less important consideration because of the low unit
discharge and the infrequent operation of the spillway.
The diversion tunnels are situated in the north
abutment, as with previous arrangements, and are of
similar cost for all these alternatives.

- Alternative 4

This alternative involves rotating the axis of the main
dam so that the south abutment is relocated approxi­
mately 1000 feet downstream from its Alternative 2 loca­
tion. The relocation results in a reduction in the
overall dam quantities but would require siting the
impervious core of the dam directly over liThe Finger­
buster" shear zone at maximum dam height. The south
bank spillway, consisting of chute and flip bucket, is
reduced in 1ength compared to other south bank loca­
tions' as are the power facility water passages. The
diversion tunnels are situated on the south bank; there
is no advantage to a north bank location, since the tun­
ne1s are of s i mil ar 1ength owi ng to the overall down­
stream relocation of the dam. Spillways and power
facilities would also be lengthened by a north bank
location with this dam configuration.

Selection of Schemes for Further Study

A basic consideration during design development was that
the main dam core should not cross the major shear zones
because of the obvi ous prob 1ems with treatment of the
foundation. Accordingly, there is very little scope for
realigning the main dam apart from a slight rotation to
place it more at right angles to the river.

Location of the spillway on the north bank results in a
shorter distance to the river and allows discharges
almost parallel to the general direction of river flow.
The double stilling basin arrangement would be extremely
expensive, particularly if it must be designed to pass
the probable maximum flood. An alternative such as 2C
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would reduce the magnitude of design flood to be passed
by the spillway but would only be acceptable if an emer­
gency spillway with a high degree of operational pre­
dictability could be constructed. A flip bucket spill­
way on the north bank,· discharging directly down the
river, would appear to be an economic arrangement, al­
though some scour might occur in the pl unge pool area.
A cascade spillway on the south bank could be an accept­
able solution provided that most of the excavated mater­
i al coul d be used in the dam, and adequate rock condi­
t i on s ex is t.

The length of diversion tunnels can be decreased if they
are located on the north bank. In addition, the tunnels
would be accessible by a preliminary access road from
the north, which is the most likely route. This loca­
tion would al so avoid the area of liThe FingerblJster ll and
the steep cliffs which would be encountered on the south
side close to the downstream dam toe.

The underground configuration assumed for the powerhouse
in these preliminary studies allows for location on
either side of the river with a minimum of interference
with the surface structures.

Four of the preceding layouts, or variations of them,
were selected for further study:

A variation of the double stilling basin scheme, but
with a single stilling basin main spillway on the
north bank, a rock channel and fuse plug emergency
spillway, a south bank underground powerhouse and a
north bank diversion scheme;

Alternative 1 with a north bank flip bucket spillway,
an underground powerhouse on the south bank, and north
bank diversion;

A variation of Alternative 2 with a reduced capacity
main spi llway and a north bank rock channel with a
fuse plug serving as an emergency spillway; and

Alternative 4 with a south bank rock cascade spillway,
a north bank underground powerhouse, and a north bank
diversion.

Intermediate Review

For the intermediate review process, the four schemes selected as
a result of the prel iminary review were examined in more detail
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and modified. A description of each of the schemes is given below
and shown on Figures B.27 through B.32. The general locations of
the upstream and downstream shear zones shown on these plates are
approximate and have been refined on the basis of subsequent field
investigations for the proposed project.

(i) Description of Alternative Schemes

The four schemes are shown on Figures B.27 through B.32.

Scheme WP1 (Figure B.27)

This scheme is a refinement of Alternative 1. The up­
stream slope of the dam is flattened from 2.5:1 to
2.75:1. This conservative approach was adopted to pro­
vide an assessment of the possible impacts on project
layout of conceivable measures which may prove necessary
in dealing with severe earthquake design conditions.
Uncertainty with regard to the nature of river alluvium
also led to the location of the cofferdams outside the
limits of the main dam embankment. As a result of these
conditions, the intake portals of the diversion tunnels
on the north bank are a1 so moved upstream from liThe
Fins ll

• A chute spillway with a flip bucket is located
on the north bank. The underground powerhouse is lo­
cated on the south bank.

Scheme WP2 (Figures B.29 and B.30)

This scheme is derived from the double stilling basin
layout. The main dam and diversion facilities are sim­
ilar to Scheme WP1 except that the downstream cofferdam
is relocated further downstream from the spillway outlet
and the diversion tunnels are correspondingly extended.
The main spillway is located on the north bank, but the
two st ill i ng basins of the pre1imi nary scheme (Acres
19B1) are combined into a single stilling basin at the
river level. An emergency spillway is also located on
the north bank and consists of a channel excavated in
rock, discharging downstream from the area of the relict
channel. The channel is closed at its upstream end by a
compacted earthfill fuse plug and is capable of dis­
charging the flow differential between the probable max­
imum flood and the surcharged capacity of the main
spillway. The underground powerhouse is located on the
south bank.
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Scheme WP3 (Figures B.28 and B.29)

This scheme is similar to Scheme WP1 in all respects
except that an emergency spillway is added consisting of
north bank rock channel and fuse plug.

Scheme WP4 (Figures B.31 and B.32)

The dam location and geometry for Scheme WP4 are similar
to that for the other schemes. The diversion is on the
north bank and discharges downstream from the powerhouse
tailrace outlet. A rock cascade spillway is located on
the south bank and is served by two separate control
structures with downstream st ill i ng basins. The under­
ground powerhouse is located on the north bank.

(ii) Comparison of Schemes

The main dam is in the same location and has the same con­
figuration for each of the four layouts considered. The
cofferdams have been located outs i de the 1imits of the mai n
dam in order to allow more extensive excavation of the
alluvial material and to ensure a sound rock foundation
beneath the complete area of the dam. The overall design
of the dam is conservative, and it was recognized during
the evaluation that savings in both fill and excavation
costs can probab)y be made after more detai led study.

The diversion tunnels are located on the north bank. The
upstream flattening of the dam slope necessitates the loca­
tion of the diversion inlets upstream from liThe Fins ll shear
zone which would require extensive excavation and support
where the tunnel s pass through this extremely poor rock
zone and could cause delays in the construction schedule.

A low-lying area exists on the north bank in the area of
the relict channel and requires approximately a 50-foot
high saddle dam for closure, given the reservoir operating
level assumed for the comparison study. However, the fi­
nally selected reservoir operating level will require only
a nominal freeboard structure at this location.

A summary of capital cost estimates for the four alterna­
tive schemes is given in Table B.32.

The results of this intermediate analysis indicate that the
chute spillway with flip bucket (Scheme WPl) is the least
costly spillway alternative.

The scheme has the additional advantage of relatively sim­
ple operating characteristics. The control structure
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has prOV1Slon for surcharging to pass the design flood.
The probable maximum flood can be passed by additional sur­
charging up to the crest level of the dam. In Scheme WP3 a
similar spillway is provided, except that the control
structure is reduced in size and discharges above the rout­
ed design flood are passed through the rock channel emer­
gency spi 11 way. The arrangement in Scheme WPl does not
provide a backup facility to the main spillway, so that if
repairs caused by excessive plunge pool erosion or damage
to the structure itself require removal of the spillway
from service for any length of time, no alternative dis­
charge facility would be available. The additional spill­
way of Scheme WP3 would permit emergency discharge if it
were required under extreme circumstances.

The stilling basin spillway (Scheme WP2) would reduce the
potential for extensive erosion downstream, but high veloc­
ities in the lower part of the chute could cause cavitation
even with the provision for aeration of the discharge.
This type of spillway would be very costly, as can be seen
from Table B.32.

The feasibility of the rock cascade spillway is entirely
dependent on the quality of the rock, which dictates the
amount of treatment required for the rock surface and also
the proportion of the excavated material which can be used
in the dam. For determining the capital cost of Scheme
WP4, conservative assumptions were made regarding surface
treatment and the portion of material that would have to be
wasted.

The diversion tunnels are located on the north bank for all
alternatives examined in the intermediate review. For
Scheme WP2, the downstream portals must be located down­
stream from the stilling basin, resulting in an increase of
approximately 800 feet in the length of the tunnels. The
south bank location of the powerhouse requires its place­
ment close to a suspected shear zone, with the tai lrace
tunnels passing through this shear zone to reach the river.
A longer access tunnel is also required, together with an
additional 1000 feet in the length of the tailrace. The
south-side location is remote from the main access road,
which will probably be on the north side of the river, as
will the transmission corridor.

(iii) Selection of Schemes for Further Study

Examination of the technical and economic aspects of
Schemes WPl through WP4 indicates there is little scope for
adjustment of the dam axis owing to the confinement imposed
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by the upstream and downstream shear zones. In addition,
passage of the diversion tunnels through the upstream shear
zone could result in significant delays in construction and
additional cost.

From a compari son of costs in Table B.32, it can be seen
that the flip bucket type spillway is the most economical,
but because of the potential for erosion under extensive
operation it is undesirable to use it as the only discharge
facility. A mid-level release will be required for emer­
gency drawdown of the reservoir, and use of this release as
the first-stage service spillway with the flip bucket as a
backup facility would combine flexibility and safety of
operation with reasonable cost. The emergency rock channel
spillway would be retained for discharge of PMF flows.

The stilling basin spillway is very costly and the operat­
i ng head of 800 feet is beyond precedent experi ence. Ero­
sion downstream should not be a problem but cavitation on
the chute could occur. Scheme WP2 was therefore eliminated
from further consideration.

The cascade spillway was also not favored for technical and
economic reasons. However, this arrangement does have an
advantage in that it provides a means of preventing nitro­
gen supersaturation in the downstream discharges from the
project which could be harmful to the fish population. A
cascade configuration would reduce the· dissolved nitrogen
content; hence, thi s alternat i ve was retai ned for further
evaluation. The capacity of the cascade was reduced and
the emergency rock channel spillway was included to pass
the extreme floods.

The results of the i ntermedi ate revi ew i ndi cated that the
following components should be incorporated into any scheme
carried forward for final review:

Two diversion tunnels located on the north bank of the
river;

- An underground powerhouse also located on the north
bank;

- An emergency spillway, COmprlSlng a rock channel exca­
vated on the north bank and discharging well downstream
from the north abutment. The. ch anne 1 is sealed by an
erodible fuse plug of impervious material designed to
fail if overtopped by the reservoir; and
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- A compacted earthfi 11 and rockfi 11 dam situated between
the two major shear zones whi ch traverse the proj ect
site.

As discussed above, two specific alternative methods exist
with respect to routing of the spillway design flood and
minimizing the adverse effects of nitrogen supersaturation
on the downstream fish population. These alternatives
are:

- A chute spillway with fl ip bucket on the north bank to
pass the spillway design flood, with a mid-level release
system designed to operate for floods with a frequency of
up to about 1:50 years; or

- A cascade spillway on the south bank.

Accordingly, two schemes were developed for further evalua­
t i on as part of the fi nal revi ew process. These schemes
are described separately in the paragraphs below.

(f) Final Review

The two schemes considered in the final review process were essen­
tially derivations of Schemes WP3 and WP4.

(i) Scheme WP3A (Figure 8.33)

This scheme is a modified version of Scheme WP3 described
above. Because of scheduling and cost considerations, it
is extremely important to maintain the diversion tunnels
downstream from liThe Fins." It is also important to keep
the dam axis as far upstream as possible to avoid conges­
tion of the downstream structures. For these reasons, the
inlet portals to the diversion tunnels were located in the
sound bedrock formi ng the downstream boundary of liThe
Fi ns. II The upstream cofferdam and mai n dam are mai nta i ned
in the upstream locations as shown on Figure B.33. As men­
tioned previously, additional criteria have necessitated
modifications in the spillway configuration, and low-level
and emergency drawdown outlets have been introduced.

The main modifications to the scheme are as follows:

- Main Dam

Continuing preliminary design studies and review of world
practice suggest that an upstream slope of 2.4H:1V would
be acceptable for the rock shell. Adoption of this slope
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results not only in a reduction in dam fill volume but
also a reduction in the base width of the dam which per­
mits the main project components to be located between
the major shear zones.

The downstream slope of the dam is retained as 2H:1V.
The cofferdams remain outside the 1imits of the dam in
order to allow complete excavation of the riverbed allu­
vium.

- Diversion

In the intermediate review arrangements, diversion tun­
nel s passed through the broad structure of liThe Fins, II an
intensely sheared area of brecci a, gouge, and infi 11 s.
Tunneling of this material would be difficult, and might
even require excavation in open cut from the surface.
High cost would be involved, but more important would be
the time taken for construction in this area and the pos­
sibility of unexpected delays. For this reason, the
inlet portals have been relocated downstream from this
zone with the tunnel s located closer to the ri ver and
crossing the main system of jointing at approximately
45°. This arrangement allows for shorter tunnels with a
more favorable orientation of the inlet and outlet port­
als with respect to the river flow directions.

A separate low-level inlet and concrete-lined tunnel is
provided, leading from the reservoir at approximate Ele­
vation 1550 to downstream of the diversion plug where it
merges with the diversion tunnel closest to the river.
This low-level tunnel is designed to pass flows up to
12,000 cfs during reservoir filling. It would also pass
up to 30,000cfs under 500-foot head to allow emergency
draining of the reservoir.

Initial closure is made by lowering the gates to the tun­
nel located closest to the river and constructing a con­
crete closure plug in the tunnel at the location of the
grout curtain underlying the core of the main dam. On
completion of the plug, the low-level release is opened
and controlled di scharges are passed downstream. The
closure gates within the second diversion tunnel portal
are then closed and a concrete closure plug constructed
in line with the grout curtain. After closure of the
gates, filling of the reservoir would commence.

- Outlet Facilities

As a provision for drawing down the reservoir in case of
emergency, a mi d- 1eve1 release is prov i ded. The i nt ake
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to these facilities is located at depth adjacent to the
power facilities intake structures. Flows would then be
passed downstream through a concrete-l ined tunnel, dis­
charging beneath the downstream end of the main spillway
flip bucket. In order to overcome potential nitrogen
supersaturation problems, Scheme WP3A also incorporates a
system of fixed-cone valves at the downstream end of the
outlet facilities. The valves were sized to discharge in
conjunction with the powerhouse operating at 7000 cfs
capacity (flows up to the equivalent routed 50-year
flood). Eight feet of reservoir storage is utilized to
reduce valve capacity. Six cone valves are required,
located on branches from a steel manifold and protected
by individual upstream closure gates. The valves are
partly incorporated into the mass concrete block forming
the flip bucket of the main spillway. The rock down­
stream is protected from erosion by a concrete facing
slab anchored back to the sound bedrock.

- Spillways

As di scussed above, the des i gned operat i on of the mai n
spillway facilities was arranged to limit discharges of
potent i ally nitrogen-supersaturated water from Watana to
flows having an equivalent return period greater than
1:50 years.

The main chute spillway and flip bucket discharge into an
excavated plunge poo 1 in the downstream ri ver bed. Re­
1eases are contro 11 ed by a three-gated ogee structure
located adj acent to the out let faci 1it i es and power i n­
take structure just upstream from the dam centerl ine.
The design discharge is approximately 120,000 cfs, cor­
respond ing to the routed 1: lO,OOO-year flood (150 ,000
cfs) reduced by the 31,000 cfs flows attributable to out­
let and power facilities discharges. Maximum reservoir
level is 2194 feet. The plunge pool is formed by exca­
vating the alluvial river deposits to bedrock. Since the
excavated plunge pool approaches the limits of the calcu­
lated maximum scour hole, it is not anticipated that,
given the infrequent discharges, significant downstream
erosion will occur.

An emergency spillway is prov i ded by means of a channel
excavated in rock on the north bank, discharging well
downstream from the north abutment in the direction of
Tsusena Creek. The channel is sealed by an erodible fuse
plug of impervious material designed to fail if over­
topped by the reservoir, although some preliminary exca­
vation may be necessary. The crest level of the plug
will be set at Elevation 2230, well below that of the
main dam. The channel will be capable of passing, in
conjunction with the main spillway and outlet facilities,
the probably maximum flood of 326,000 cfs.
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Power Fac i 1it i es

The power intake is set slightly upstream from the dam
axis deep within sound bedrock at the downstream end of
the approach channel. The intake consists of six units
with provision in each unit for drawing flows from a
variety of depths covering the complete drawdown range
of the reservoir. This facility also provides for draw­
ing water from the different temperature strata within
the upper part of the reservoir and thus regulating the
temperature of the downstream discharges close to the
natural temperatures of the river or temperatures advan­
tageous to fishery enhancement. For this prel iminary
conceptual arrangement, flow withdrawals from different
levels are achieved by a series .of upstream vertical
shutters moving in a single set of guides and operated
to form openings at the required level. Downstream from
these shutters each unit has a pair of wheel-mounted
closure gates which will isolate the individual pen­
stocks.

The six penstocks are 18-foot diameter, concrete-lined
tunnels inclined at 55° immediately downstream from the
intake to a nearly horizontal portion leading to the
powerhouse. This horizontal portion is steel-lined for
150 feet upstream from the turbine units to extend the
seepage path to the powerhouse and reduce the flow with­
in the fractured rock area caused by blasting in the
adjacent powerhouse cavern.

The six 170-MW turbine/generator units are housed within
the major powerhouse cavern and are serviced by an over­
head crane which runs the length of the powerhouse and
into the service area adjacent to the units. Switch­
gear, maintenance room and offices are located within
the main cavern, with the transformers situated down­
stream in a separate gallery excavated above the tail­
race tunnels. Six inclined tunnels carry the connecting
bus ducts from the mai n power hall to the transformer
gallery. A vertical elevator and vent shaft run from
the power cavern to the main office building and control
room located at the surface. Vertical cable shafts, one
for each pair of transformers, connect the transformer
gallery to the switchyard directly overhead. Downstream
from the transformer gallery the underlying draft tube
tunnels merge into two surge chambers (one chamber for

8-2-39



three draft tubes) which also house the draft tube gates
for isolating the units from the tailrace. The gates
are operated by an overhead traveling gantry located in
the upper part of each of the surge chambers. Emerging
from the ends of the chambers, two concrete-lined, low­
pressure tailrace tunnels carry the discharges to the
river. Because of space restrictions at the river, one
of these tunnels has been merged with the downstream end
of the diversion tunnel. The other tunnel emerges in a
separate portal with provision for the installation of
bulkhead gates.

The orientation of water passages and underground cav­
erns is such as to avoid, as far as possible, alignment
of the main excavations with the major joint sets.

Access

Access is assumed to be from the north side of the
river. Permanent access to structures close to the
river is by a road along the north downstream river bank
and then via a tunnel passing through the concrete form­
ing the flip bucket. A tunnel from this point to the
power cavern provides for vehicular access. A secondary
access road across the crest of the dam passes down the
south bank of the vall ey and across the lower part of
the dam.

(ii) Scheme WP4A (Figure B.34)

This scheme is similar in most respects to Scheme WP3A pre­
viously discussed, except for the spillway arrangements.

Mai n Dam

The main dam axis is similar to that of Scheme WP3A,
except for a slight downstream rotation at the south
abutment at the spillway control structures.

Diversion

The diversion and low-level releases are the same for
the two schemes.

Outlet Facilities

The outlet facilities used for emergency drawdown are
separate from the mai n spi 11 way for th i s scheme. The
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"utlet facilities consist of a low-level gated inlet
structure di schargi ng up to 30,000 cfs into the ri ver
through a concrete-lined, free-flow tunnel with a ski
jump flip bucket. This facility may also be operated as
an auxiliary outlet to augment the main south bank
spill way.

Spillways

The main south bank spillway is capable of passing a
design flow equivalent to the 1:10,000-year flood
through a seri es of 50-foot drops into shallow pre­
excavated plunge pools. The emergency spillway is
designed to operate during floods of greater magnitude
up to and including the PMF.

Main spillway discharges are controlled by a broad
multi-gated control structure discharging into a shallow
stilling basin. The feasibility of this arrangement is
governed by the quality of the rock in the area, requir­
ing both durability to withstand erosion caused by
sp-j llway flows and a hi gh percentage of sound rockfi 11
material that can be used from the excavation directly
in the mai n dam.

On the basis of the site information developed concur­
rently with the general arrangement studies, it became
apparent that the major shear zone known to exist in the

. south bank area extended further downstream than initial
studies had indicated. The cascade spillway channel was
therefore lengthened to avoid the shear area at the low­
er end of the cascade. The arrangement shown on Figure
B.34 for Scheme WP4A does not reflect this relocation,
which would increase the overall cost of the scheme.

The emergency spillway consisting of rock channel and
fuse plug is similar to that of the north bank spillway
scheme.

Power Facilities

The power facilities are similar to those in Scheme
WP3A.

Evaluation of Final Alternative Schemes

An evaluation of the dissimilar features for each arrange­
ment (the main spillways and the discharge arrangements at
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the downstream end of the outlets) indicates a saving in
capital cost of $197,000,000, excluding contingencies and
indirect cost, in favor of Scheme WP3A. If this difference
is adjusted for the savings associated with using an appro­
pri ate proportion of excavated materi a1 from the cascade
spillway as rockfill in the main dam, this represents a net
overall cost difference of approximately $110,000,000
including contingencies, engineering, and administration
costs.

As discussed above, although limited information exists
regarding the quality of the rock in the downstream area on
the south bank, it is known that a major shear zone runs
thro~gh and is adjacent to the area presently allocated to
the spillway in Scheme WP4. This would require relocating
the south bank cascade spi llway several hundred feet far­
ther downstream into an area where the rock qual ity is
unknown and the topography less suited to the gentle over­
all slope of the cascade. The cost of the excavation would
substantially increase compared to previous assumptions,
irrespective of the rock quality. In addition, the resist­
ance of the rock to erosion and the suitability for use as
excavated material in the main dam would become less cer­
tain. The economic feasibility of this scheme is largely
predicated on this last factor, since the ability to use
the materi al as a source of rockfi 11 for the mai n dam
represents a major cost saving.

In conjunction with the main chute spillway, the problem of
the occurrence of nitrogen supersaturation can be overcome
by the use of a regularly operated dispersion-type valve
outlet facility in conjunction with the main chute spill­
way. Since this scheme presents a more economic solution
with fewer potential problems concerning the geotechnical
aspects of its design, the north bank chute arrangement
(Scheme WP3A) has been adopted as the final selected
scheme.

Subsequent to adoption of this final scheme, minor changes
to the design criteria have been made and are presented in
Exhibit F.

2.4 - Devil Canyon Project Formulation

This section describes the development of the general arrangement of
the Devil Canyon projE7ct. The method of handling floods during con­
struction and subsequent project operation is also outlined in this
sect ion.

The reservoir level fluctuations and inflow for Devil Canyon will es­
sentially be controlled by operation of the upstream Watana project.
This aspect is also briefly discussed in this section.
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(a) Selection of Reservoir Level

The selected normal maximum operating level at Devil Canyon Dam is
Elevation 1455. Studies by the USBR and COE on the Devil Canyon
project were essentially based on a similar reservoir level which
corresponds to the average tailwater level at the Watana site.
Although the narrow configuration of the Devil Canyon site and the
relatively low costs involved in increasing the dam height suggest
that it might be economic to do so, it is clear that the upper
economic limit of reservoir level at Devil Canyon is the Watana
t ail race 1evel .

Although significantly lower reservoir levels at Devil Canyon
would lead to lower dam costs, the location of adequate spillway
facilities in the narrow gorge would become extremely difficult
and lead to offsetting increases in cost. In the extreme case, a
spillway discharging over the dam would raise concerns regarding
safety from scouring at the toe of the dam which have already led
to rejection of such schemes.

(b) Selection of Installed Capacity

_ The methodology used for the preliminary selection of installed
capacity at Devil Canyon is similar to the Watana methodology des­
cribed in Section 2.2(b).

The decision to operate Devil Canyon primarily as a base-loaded
plant was governed by the following main considerations:

Daily peaking is more effectively performed at Watana than at
Devil Canyon; and

- Excessive fluctuations in discharge from the Devil Canyon Dam
may have an undesirable impact on mitigation measures incorpor­
ated in the final design to protect the downstream fisheries.

-

.-

....

Given this mode of operation, the required installed capacity at
Devil Canyon has been determined as the maximum capacity needed to
utilize the available energy from the hydrological flows of rec­
ord, as modified by the reservoir operation rule curves. In years
where the energy from Watana and Devil Canyon exceeds the system
demand, the usable energy has been reduced at both stations in
proportion to the average net head available, assuming that flows
used to generate energy at Watana will also be used to generate
energy at Devil Canyon.

Table B.33 shows an assessment of maximum plant capacity required
at Devil Canyon in the peak demand month (December). The Dev; 1
Canyon capacity is the same whether thermal energy is used for
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base load or for peaking since Devil Canyon is designed for peak­
ing only.

The selected total installed capacity at Devil Canyon has been
established as 600 MW for design purposes. This will provide some
margi n for st andby duri ng forced outage and poss i b1e accelerated
growth in demand.

The major factors governing the selection of the unit size at
Devil Canyon are the rate of growth of system demand, the minimum
station output, and the requirement of standby capacity under
forced outage conditions.

The power facilities at Devil Canyon have been developed using
four units at 150 MW each. This arrangement will provide for
efficient station operation during low load periods as well as
during peak December loads. During final design, consideration of
phasing of installed capacity to match the system demand may be
des i rab 1e. However, the uncertai nty of load forecasts and the
additional contractual costs of mobilization for equipment instal­
lation are such that for this study it has been assumed that all
units will be commissioned by 2002.

The Devil Canyon reservoir will usually be full in December;
hence, any forced outage could result in spilling and a loss of
available energy. The units have been rated to deliver 150 MW at
maximum December drawdown occurring during an extremely dry year;
this means that, in an average year, with higher reservoir levels
the full stat i on output can be mai ntai ned even with one unit on
forced outage.

(c) Selection of Spillway Capacity

A flood frequency of 1:10,000 years was selected for the spillway
design on the same basis as described for Watana. An emergency
spillway with an erodible fuse plug will also be provided to safe­
ly discharge the probable maximum flood. The development plan
envi sages comp let i on of the Watana project pri or to construction
at Devil Canyon. Accordingly, the inflow flood peaks at Devil
Canyon will be less than pre-project flood peaks because of
routing through the Watana reservoir. Spillway design floods
are:

Flood

1:10,000 years
Probable Maximum
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The avoidance of nitrogen supersaturation in the downstream flow
for Watana al so will apply to Devil Canyon. Thus, the di scharge
of water possibly supersaturated with nitrogen from Devil Canyon
will be limited to a recurrence period of not less than 1:50 years
by the use of fixed-cone valves similar to Watana.

Main Dam Alternatives

The location of the Devil Canyon damsite was examined during pre­
vious studies by the USSR and COE. These studies focused on the
narrow entrance to the canyon and led to the recommendat ion of a
concrete arch dam. Notwithstanding this initial appraisal, a com­
parative analysis was undertaken as part of this feasibility study
to evaluate the relative merits of the following types of struc­
tures at the same location:

- Thick concrete arch
- Thin concrete arch
- Fill embankment.

(i) Comparison of Embankment and Concrete Type Dams

The geometry was developed for both the thin concrete arch
and the thick concrete arch dams, and the dams were anal­
yzed and their behavior compared under static, hydrostatic,
and seismic loading conditions. The project layouts for
these arch dams were compared to a 1ayout for a rockfi 11
dam with its associated structures.

Consideration of the central core rockfill dam layout indi­
cated rel atively small cost differences from an arch dam
cost estimate, based on a cross section significantly
thicker than the finally selected design. Furthermore, no
information was avai 1able to indicate that impervious core
material in the necessary quantities could be found within
a reasonable distance of the damsite. The rockfill dam was
accordingly dropped from further consideration. It is fur­
ther noted that, since this alternative dam study, seismic
analysis of the rockfil1 dam at Watana has resulted in an
upstream slope of 1:2.4, thus indicating the requirement to
flatten the 1:2.5 slope adopted for the rockfill dam
alternative at Devil Canyon.

Neither of the concrete arch dam 1ayouts was intended as
the final site arrangement, but were sufficiently represen­
tative of the most suitable arrangement associ ated with
each dam type to provi de an adequate bas is for compari son.
Each type of dam was located just downstream from where the
river enters Devil Canyon and close to the canyon's

B-2-45



narrowest point, which is the optimum location for all
types of dams. A brief description of each dam type and
configuration is given below.

Rockfi 11 Dam

For this arrangement the dam axis would be some 625 feet
downstream of the crown section of the concrete dams.
The assumed embankment slopes wou 1d be 2. 25H: 1V on the
upstream face and 2H:1V on the downstream face. The
main dam would be continuous with the south bank saddle
dam, and therefore no thrust blocks would be required.
The crest length would be 2200 feet at Elevation 1470;
the crest width would be 50 feet.

The dam would be constructed with a central impervious
core, inclined upstream, supported on the downstream
side by a semi-pervious zone. These two zones would be
protected upstream and downstream by fi lter and
transition materials. The shell sections would be
const ructed of rockfi 11 obt ai ned from blasted bedrock.
For preliminary design all dam sections would be assumed
to be founded on rock; external cofferdams would be
founded on the river alluvium, and would not be
incorporated into the main dam. The approximate volume
of material in the main dam would be 20 million cubic
yards.

A single spillway would be provided on the north
abutment to control all flood flows. It would consist
of a gate control structure and a double stilling basin
excavated into rock; the chute sections and stilling
basins would be concrete-lined, with mass concrete
gravity retaining walls. The design capacity would be
sufficient to pass the 1:10,000-year flood without
damage; excess capacity would be provided to pass the
PMF without damage to the main dam by surcharging the
reservoir and spillway.

The powerhouse would be located underground in the north
abutment. The multi-level power intake would be
constructed in a rock cut in the north abutment on the
dam centerl ine, with four independent penstocks to the
150-MW Francis turbines. Twin concrete-lined tailrace
tunnels would connect the powerhouse to the river via an
intermediate draft tube manifold.

Thi ck Arch Dam

The main concrete dam would be a single-center arch
structure, acting partly as a gravity dam, with a verti-
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cal cylindrical upstream face and a sloping downstream
face inclined at 1V:0.4H. The maximum height of the dam
would be 635 feet with a uniform crest width of 30 feet,
a crest length of approximately 1400 feet, and a maximum
foundation width of 225 feet. The crest elevation would
be 1460. The center portion of the dam would be founded
on a massive mass concrete pad constructed in the exca­
vated riverbed. This central section would incorporate
the main spillway with sidewalls anchored into solid
bedrock and gated orifice spillways discharging down the
steeply inclined downstream face of the dam into a
single large stilling basin set below river level and
spanning the valley.

The main dam would terminate in thrust blocks high on
the abutments. The south abutment thrust block would
incorporate an emergency gated control spillway struc­
ture which would discharge into a rock channel running
well downstream and terminating at a level high above
the river valley.

Beyond the control structure and thrust block, a low­
lying saddle on the south abutment would be closed by
means of a rockfill dike founded on bedrock. The power­
house would house four 150-MWunits and would be located
underground within the north abutment. The intake would
be constructed integrally with the dam and connected to
the powerhouse by vertical steel-lined penstocks.

The main spillway would be designed to pass the
1:10,000-year routed flood. The probable maximum flood
is passed by combined discharges through the main
spillway, outlet facility, and emergency spillway.

Th in Arch Dam

The mai n dam woul d be a two-center, double-curved arch
structure of similar height to the thick arch dam, but
with a 20-foot uniform crest and a maximum base width of
90 feet. The crest elevation would be 1460. The center
section would be founded on a concrete pad, and the
extreme upper portion of the dam would terminate in con­
crete thrust blocks located on the abutments.

The main spillway would be located on the north abutment
and would consist of a conventional gated control struc­
ture discharging down a concrete-lined chute terminating
in a flip bucket. The bucket would discharge into an
unlined plunge pool excavated in the riverbed alluvium
and located sufficiently downstream to prevent under­
mining of the dam and associated structures.
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The main spillway would be supplemented by orifice type
spillways located in the center portion of the dam which
would discharge into a concrete-lined plunge pool imme­
di ately downstream from the dam. An emergency spillway
consisting of a fuse plug discharging into an unlined
rock channel terminating well downstream would be loca­
ted beyond the saddle dam on the south abutment.

The concrete dam would terminate in a massive thrust
block on each abutment which, on the south abutment,
would adjoin a rockfill saddle dam.

The main and auxiliary spillways would be designed to
discharge the 1:10,000-year flood. The probable maximum
flood would be di scharged through the emergency south
abutment spillway, main spillway and auxiliary spill­
way.

Comparison of Arch Dam Types

Sand and gravel for concrete aggregates are believed to
be available in sufficient quantities within economic
distance from the damsite. The gravel and sands are
formed from the granitic and metamorphic rocks of the
area; at this time it is anticipated that they will be
suitable for the production of aggregates after screen­
ing and washing.

The bedrock geology of the site is discussed in the
1980-81 Geotechnical Report (Acres 1982a). At this time
it appears that there are no geological or geotechnical
concerns that would precl ude either of the dam types
from consideration.

Under hydrostatic and temperature loadings, stresses
within the thick arch dam would be generally lower than
for the thin arch alternative. However, finite element
analysis has shown that the additional mass of the dam
under seismic loading would produce stresses of a great­
er magnitude in the thick arch dam than in the thin arch
dam. If the surface stresses approach the maximum
allowable at a particular section, the remaining under­
stressed area of concrete will be greater for the thick
arch, and the factor of safety for the dam would be cor­
respondingly higher. The thin arch is, however, a more
efficient design and better utilizes the inherent prop­
erties of the concrete. It is designed around accept­
able predetermined factors of safety and requires a much
smaller volume of concrete for the actual dam struc­
ture.

The thick arch arrangement did not appear to have a dis­
tinct technical advantage compared to a thin arch dam
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and would be more expensive because of the larger volume
of concrete needed. Studies therefore continued on
refin"ing the feasibility of the thin arch alternative.

Diversion Scheme Alternatives

In this section the selection of general arrangement and the basis
for sizing of the diversion scheme are presented.

(i) General Arrangements

The steep-walled valley at the site essentially dictated
that diversion of the river during construction be accom­
plished using one or two diversion tunnels, with upstream
and downstream cofferdams protecting the mai n construct i on
area.

The selection process for establishing the final general
arrangement included examination of tunnel locations on
both banks of the river. Rock conditions for tunneling did
not favor one bank over the other. Access and ease of con­
struction strongly favored the south bank or abutment, the
obvious approach being via the alluvial fan. The total
length of tunnel required for the south bank is approxi­
mately 300 feet greater; however, access to the north bank
could not be achieved without great difficulty .

(ii) Design Flood for Diversion

The recurrence interval of the design flood for diversion
wasestab 1i shed in the same manner as for Watana Dam.
Accordingly, at Devil Canyon a risk of exceedence of 10
percent per annum has been adopted, equivalent to a design
flood with a 1:10-year return period for each year of crit­
ical construction exposure. The critical construction
time is estimated at 2.5 years. The main dam could be sub­
jected to overtopping during construction without causing
serious damage, and the existence of the Watana facility
upstream would offer considerable assistance in flow regu­
lation in case of an emergency. These considerations led
to the selection of the design flood with a return frequen­
cy of 1:25 years.

The equivalent inflow, together with average flow charac­
teristics of the river significant to diversion, are pre­
sented below:

- - Average annual flow:

- Design flood inflow (1:25 years routed
through Watana reservoir):
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(i i i) Cofferdams

As at Watana, the ·considerable depth of riverbed alluvium
at both cofferdam sites indicates that embankment-type cof­
ferdam structures would be the only technically and econom­
ically feasible alternative at Devil Canyon. For the pur­
poses of establishing the overall general arrangement of
the project and for subsequent diversion optimization stud­
i es, the up·stream cofferdam section adopted will compri se
an initial closure section approximately 20 feet high con­
structed in the wet, with a zoned embankment constructed in
the dry. The downstream cofferdam will comprise a closure
dam structure approximately 30 feet high placed in the wet.
Control of underseepage through the alluvium material may
be required and could be achieved by means of a grouted
zone. The coarse nature of the alluvium at Devil Canyon
led to the selection of a grouted zone rather than a slurry
wall.

(iv) Diversion Tunnels

Although studies for the Watana project indicated that
concrete-lined tunnels are the most economically and tech­
nically feasible solution, this aspect was reexamined at
Devil Canyon. Preliminary hydraulic studies indicated that
the design flood routed through the diversion scheme would
result in a design discharge of approximately 37,800 cfs.
For concrete-lined tunnels, design velocities of approxi­
mately 50 ft/sec would permit the use of one concrete-lined
tunnel with an equivalent diameter of 30 feet.
Alternatively, for unlined tunnels a maximum design
velocity of 10 ft/sec in good quality rock would require
four unlined tunnels, each with an equivalent diameter of
35 feet, to pass the design flow. As was the case for the
Watana diversion scheme, considerations of reliability and
cost were considered sufficient to eliminate consideration
of unlined tunnels for the diversion scheme.

For the purposes of optimization studies, only a pressure
tunnel was considered, since previous studies indicated
that cofferdam closure problems associ ated with free flow
tunnels would more than offset their other advantages.

(v) Optimization of Diversion Scheme

Given the considerations described above relative to design
flows, cofferdam configuration, and alternative types of
tunnels, an economic study was undertaken to determine the
optimum combination of upstream cofferdam elevation
(height) and tunnel diameter.
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Capital costs were developed for a range of pressure tunnel
di ameters and correspondi ng upstream cofferdam embankment
crest elevations with a 30-foot wide crest and exterior
slopes of 2H:1V. A freeboard a.llowance of 5 feet was
included for settlement and wave runup.

Capital costs for the tunnel alternatives incl uded allow­
ances for excavation, concrete liner, rock bolts, and steel
supports. Costs were also developed for the upstream and
downstream portals, including excavation and support. The
cost of an intake gate structure and assoc i ated gates was
determined not to vary significantly with tunnel diameter
and was excluded from the analysis.

The centerline tunnel length in all cases was estimated to
be 2000 feet.

Rating curves for the single-pressure tunnel alternatives
are presented in Figure B.35. The relationship between
capital costs for the upstream cofferdam and various tunnel
diameters is given in Figure B.36.

The results of the optimization study indicated that a
single 30-foot diameter pressure tunnel results in the
overall least cost (Figure B.36). An upstream cofferdam 60
feet high, with a crest elevation of 945, was carried for­
ward as part of the selected general arrangement.

Spillway Alternatives

The project spi llways have been designed to safely pass floods
with the following return frequencies:

-
Inflow Peak

Flood

Spillway Design

Probable Maximum

Di scharge
Frequency

1:10,000 years

Inflow
(cfs)

165,000

345,000

A number of alternatives were considered singly and in combination
for Devil Canyon sp"illway facilities. These included gated ori­
fices in the main dam discharging into a plunge pool, chute or
tunnel spillways with either a flip bucket or stilling basin for
energy dissipation, and open channel spillways. As described for
Watana, the selection of the type of spillway was influenced by
the general arrangement of the major structures. The main spill­
way facilities would discharge the spillway design flood through a
gated spillway control structure with energy dissipation by a flip
bucket which directs the spillway discharge in a free-fall jet
into a plunge pool in the river. As noted above, restrictions
with respect to limiting nitrogen supersaturation in selecting
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acceptable spillway discharge structures have been applied. The
various spillway arrangements developed in accordance with these
considerations are discussed in Section 2.5.

(g) Power Facilities Alternatives

The selection of the optimum arrangements for the power facilities
involved consideration of the same factors as described for
Watana.

(i) Comparison of Surface and Underground Powerhouses

A surface powerhouse at Devil Canyon would be located
either at the downstream toe of the dam or along the side
of the canyon wall. As determined for Watana, costs fa­
vored an underground arrangement. In addition to cost, the
underground powerhouse 1ayout has been selected based on
the following:

Insufficient space is available in the steep-sided canyon
for a surface powerhouse at the base of the dam;

- The provision of an extensive intake at the crest of the
arch dam would be detrimental to stress conditions in the
arch dam, particularly under earthquake loading, and
would require significant changes in the arch dam geo­
metry; and

- The outlet facilities located in the arch dam are de­
signed to discharge directly into the river valley; these
would cause significant winter icing and spray problems
to any surface structure below the dam.

(ii) Comparison of Alternative Locations

The underground powerhouse and related facilities have been
located on the north bank for the following reasons:

- Generally superior rock quality at depth;

- The south bank area behind the main dam thrust block is
unsuitable for the construction of the power intake; and

- The river turns north downstream from the dam, and hence
the north bank power development is more suitable for
extending the tailrace tunnel to develop extra head.

(iii) Selection of Units

The turbine type selected for the Devil Canyon development
is governed by the design head and specific speed and by
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economic considerations. Francis turbines have been adop­
ted for reasons similar to those discussed for Watana in
Section 2.2(g).

The selection of the number and rating of individual units
is discussed in detail in Section 2.4(b). The four units
will be rated to deliver 150 MW each at full gate opening
and minimum reservoir level in December (the peak demand
month) .

~

(iv) Transformers

Transformer selection is s imil ar to Watana (Section
2.2(g)(v)).

(v) Power Intake and Water Passages

For flexibility of operation, individual penstocks are pro­
vided to each of the four units. Detailed cost studies
showed that there is no significant cost advantage in using
two larger diameter penstocks with bifurcation at the pow­
erhouse compared to four separate penstocks.

A single tailrace tunnel with a length of 6800 feet to
develop 30 feet of additional head downstream from the dam
has been incorporated in the design. Detailed design may
indicate that two smaller tailrace tunnels for improved
rel i abil ity may be superi or to one 1arge tunnel since the
extra cost involved is relatively small. The surge chamber
design would be essentially the same with one or two
tunnels.

The overall dimensions of the intake structure are governed
by the selected diameter and number of the penstocks and
the minimum penstock spacing. Detailed studies comparing
construction cost to the value of energy lost or gained
were carri ed out to determi ne the optimum diameter of the
penstocks and the tailrace tunnel.

-,

-

(vi) Environmental Constraints

In addition to potential nitrogen-supersaturation problems
caused by spillway operation, the major impacts of the
Devil Canyon power facil it i es development are:

- Changes in the temperature regime of the river; and
- Fluctuations in downstream river flows and levels.

Temperature modeling has indicated that a multiple-level
intake design at Devil Canyon would aid in controlling
downstream wdter temperatures.
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Consequently, the intake design at Devil Canyon incorpor­
ates two levels of draw-off.

The Devil Canyon station will normally be operated as a
base-loaded plant throughout the year to satisfy the re­
quirement of no significant daily variation in power flow.

2.5 Selection of Devil Canyon General Arrangement

The approach to selection of a general arrangement for Devil Canyon was
a similar but simplified version of that used for Watana.

(a) Selection Methodology

Preliminary alternative arrangements of the Devil Canyon project
were developed and selected using two rather than three review
stages. Topographic conditions at this site limited the develop­
ment of reasonably feasible layouts, and four schemes were ini­
tially developed and evaluated. During the final review, the sel­
ected layout was refined based on technical, operational and envi­
ronmental considerations identified during the preliminary
review.

(b) Design Data and Criteria

The design data and design criteria on which the alternative lay­
outs were based are presented in Table B.34. Subsequent to selec­
t i on of the preferred Dev i1 Canyon scheme, the i nformat i on was
refined and updated as part of the ongoing study program.

(c) Preliminary Review

Consideration of the options available for types and locations of
various structures led to the development of four primary layouts
for examination at Devil Canyon in the preliminary review phase.
Previous studies had led to the selection of a thin concrete arch
structure for the main dam and indicated that the most acceptable
technical and economic location was at the upstream entrance to
the canyon. The dam axis has been fixed in this location for all
altern at i ves.

(i) Description of Alternative Schemes

The schemes eval uated duri ng the prel imi nary revi ew are
described below. In each of the alternatives evaluated,
the dam is founded on the sound bedrock underlyi ng the
riverbed. The structure is 635 feet high, has a crest
width of 20 feet, and a maximum base width of 90 feet.
Mass concrete thrust blocks are founded high on the abut­
ments, the south block extending approximately 100 feet
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above the existirig bedrock surface and supporting the upper
arches of the dam. The thrust block on the north abutment
makes the cross-river profi le' of the dam more symmetrical
and contributes to a more uniform stress distribution.

Scheme DC1 (Figure B.37)

In this scheme, diversion facilities comprise upstream
and downstream earthfill and rockfill cofferdams and two
24-foot diameter tunnels beneath the south abutment.

A rockfi 11 saddl edam occupi es the lower-lying area
beyond the south abutment running from the thrust block
to the higher ground beyond. The impervious fill cut­
off for the saddl edam is founded on bedrock approxi­
mately 80 feet beneath the existing ground surface. The
maximum height of this dam above the foundation is
approximately 200 feet.

The routed 1:10,000-year design flood of 165,000 cfs is
passed by two spillways. The main spillway is located
on the north abutment. It has a des i gn di scharge of
120,000 cfs, and flows are controlled by a three-gated
ogee control str ucture. Th is di scharges down a con­
crete-l ined chute and over a fl ip bucket which ejects
the water in a diverging jet into a pre-excavated plunge
pool in the riverbed. The flip bucket is set at Eleva­
tion 925, approximately 35 feet above the river level.
An auxiliary spillway discharging a total of 35,000 cfs
is located in the center of the dam, 100 feet below the
dam crest, and is controlled by three wheel-mounted
gates. The orifices are designed to direct the flow
into a concrete-lined plunge pool just downstream from
the dam.

An emergency spillway is located in the sound rock south
of the saddle dam. This is designed to pass, in con­
junction with the main spillway and auxiliary spillway,
a probable maximum flood of 345,000 cfs, if such an
event should ever occur. The spillway is an unlined
rock channel which discharges into a valley downstream
from the dam leading into the Susitna River.

The upstream end of the channel is closed by an earth­
fill fuse plug. The plug is designed to be eroded if
overtopped by the reservoir. Since the crest is lower
than either the main or saddle dams, the plug would be
washed out prior to overtopping of either of these
structures.

The underground power f aci 1it i es are located on the
north bank of the river, within the bedrock forming the
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dam abutment. The rock with in th is abutment is of bet­
ter quality with fewer shear zones and a lesser degree
of jointing than the rock on the south side of the can­
yon, and hence more suitable for underground
excavation.

The power intake is located just upstream from the bend
in the valley before it turns sharply to the right into
Devil Canyon. The intake structure is set deep into the
rock at the downstream end of the approach channel.
Separate penstocks for each unit lead to the power­
house.

The powerhouse contai ns four 150-MW turbi ne/generator
units. The turbi nes are Franci s type units coupl ed to
overhead umbrell a type generators. The units are ser­
viced by an overhead crane running the length of the
powerhouse and into the end service bay. Offices" the
control room, switchgear room, ma"intenance room, etc.,
are located beyond the service bay. The transformers
are housed in a separate upstream gallery located above
the lower horizontal section of the penstocks. Two ver­
tical cable shafts connect the gallery to the surface.
The draft tube gates are housed above the draft tubes in
separate annexes off the mai n powerhall. The draft
tubes converge in two bifurcations at the tailrace tun­
nels which discharge under free flow conditions to the
river. Access to the powerhouse is by means of an
unlined tunnel leading from an access portal on the
north side of the canyon.

The switchyard is located on the south bank of the river
just downstream from the saddle dam, and the power
cables from the transformers are carried to it across
the top of the dam.

Scheme DC2 (Figure B.38)

The 1ayout is gener ally s imil ar to Sc heme DCl except
that the chute spillway is located on the south side of
the canyon. The concrete-l i ned chute termi nates ina
flip bucket high on the south side of the canyon which
drops the discharges into the river below. The design
flow is 120,000 cfs, and discharges are controlled by a
three-g ated ogee-crested control structure simi 1ar to
that for Scheme DCl which abuts the south side thrust
block.

The saddle dam axis is straight, following the shortest
route between the control structure at one end and the
rising ground beyond the low-lying area at the other.
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Scheme DC3 (See Figure B.39)

The 1ayout iss imil ar to Scheme DC1 except that the
north-side main spillway takes the form of a single
tunnel rather than an open chute. A two-gated ogee­
control structure is located at the head of the tunnel
and discharges into an inclined shaft 45 feet in
diameter at its upper end. The structure will discharge
up to a maximum of 120,000 cfs.

The concrete-lined tunnel narrows to 35 feet in diameter
and discharges into a flip bucket which directs the
flows in a jet into the river below as in Scheme DC1.

An auxiliary spillway is located in the center of the
dam and an emergency spillway is excavated on the south
abutment.

The layout of dams and power facilities are the same as
for Scheme DC1.

- Scheme DC4 (See Figure B.40)

The dam, power facilities, and saddle dam for this
scheme are the same as those for Scheme DC1. The major
difference is the substitution of a stilling basin type
spillway on the north bank for the chute and flip buck­
et. A 3-gated ogee control structure is located at the
end of the d~n thrust block and controls the discharges
up to a maximum of 120,000 cfs.

The concrete-lined chute is built into the face of the
canyon and di scharges into a 500-foot long by 115-foot
wide by 100-foot high concrete stilling basin formed
below river level and deep within the north side of the
canyon. Central orifices in the dam and the south bank
rock channel and fuse plug form the auxiliary and emer­
gency spillways, respectively, as in the other alterna­
tive schemes.

The downstream cofferdam is located beyond the still i ng
basin and the diversion tunnel outlets are located far­
ther downstream to enable construction of the stilling
bas in.

Comparison of Alternatives

The arch dam, saddle· dam, power faci lities, and diversion
vary only in a minor degree among the four alternatives.
Thus, the comparison of the schemes rests solely on a com­
parison of the spillway facilities.

B-2-57



As can be seen from a compari son of the costs in Table
B.35, the flip bucket spillways are substantially less
costly to construct than the stilling basin type of Scheme
OC4. The south-side spillway of Scheme DC2 runs at a sharp
angle to the river and ejects the discharge jet from high
on the canyon face toward the opposite side of the canyon.
Over a longer peri od of operat i on, scour of the heavi ly
jointed rock could cause undermining of the canyon sides
and their subsequent instability. The possibility also
exists of deposition of material in the downstream riverbed
with a corresponding elevation of the tailrace. Construc­
tion of a spillway on the steep south side of the river
could be more difficult than on the north side because of
the presence of deep fissures and large unstable blocks of
rock which are present on the south side close to the top
of the canyon.

The two north-s ide fl i P bucket spill way schemes, based on
either an open chute or a tunnel, take advantage of a down­
stream bend in the river to discharge parallel to the
course of the river. This will reduce the effects of ero­
sion but could still present a problem if the estimated
maximum possible scour hole would occur.

The tunnel type spillway could prove difficult to construct
because of the large diameter inclined shaft and tunnel
paralleling the bedding planes. The high velocities en­
countered in the tunnel spillway could cause problems with
the possibility of spiraling flows and severe cavitation
both occurring.

The stilling basin type spillway of Scheme DC4 reduces
downstream erosion problems within the canyon. However,
cavitation could be a problem under the high flow veloci­
ties experienced at the base of the chute. This would be
somewhat alleviated by aeration of the flows. There is,
however, 1itt 1e precedent for still i ng bas in operat i on at
heads of over 500 feet; even where floods of much less than
the design capacity have been discharged, severe damage has
occurred.

(iii) Selection of Final Scheme

The chute and flip bucket spillway of Scheme DC2 could gen­
erate downstream erosion problems which could require con­
siderable maintenance costs and cause reduced efficiency in
operat i on of the. project at a future date. Hydraul i c de­
sign problems exist with Scheme DC3 which may also have
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severe cavitation problems. Also, there is no cost advan­
t age in Scheme DC3 over the open chute Scheme DC1. In
Scheme DC4, the operating characteristics of a high head
stilling basin are little known, and there are few examples
of successful operation. Scheme DC4 also costs consider­
ably more than any other scheme (Table B.35).

All spillways operating at the required heads and dis­
charges will eventually cause some erosion. For all
schemes, the use of solid-cone valve outlet facilities in
the lower portion of the dam to handle floods up to 1:50­
year frequency is considered a more reasonable approach to
reduce erosion and el iminate nitrogen supersaturation prob­
lems than the gated high-level orifiCe outlets in the dam.
Since the cost of the flip bucket type spillway in the
scheme is considerably less than that of the stilling basin
in S-cheme DC4, and since the 1atter offers no rel ative
operational advantage, Scheme DC1 has been selected for
further study as the selected scheme.

Subsequent to the adoption of this scheme, minor modifica­
tions to the design criteria were made as presented in
Exhibit F.

(d) Final Review

The layout selected in the previous section was further developed
in accordance with updated engineering studies and criteria. The
major change compared to Scheme DC1 is the elimination of the high­
level gated orifices and introduction of low-level fixed-cone
valves, but other modifications that were introduced are described
below.

The revised layout is shown on Figure B.41. A description of the
structures is as follows.

( i ) Mai n Dam

The maximum operating level of the reservoir was raised to
Elevation 1455 in accordance with updated information rela­
tive to the Watana tailwater level. This requires raising
the dam crest to El evation 1463 with the concrete parapet
wall crest at Elevation 1466. The saddle dam was raised to
Elevation 1472.

( i i ) Spillways and Outlet Facilities

To eliminate the potential for nitrogen supersaturation
problems, the outlet facilities were designed to restrict
supersaturated flow to an average recurrence interval of
greater than 50 years. This led to the replacement of the
high-level gated orifice spillway by outlet facilities in­
corporating seven fixed-cone valves, three with a diameter
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of 90 inches and four with a diameter of 102 inches,
capable of passing a design flow of 38,500 cfs.

The chute spillway and flip bucket are located on the north
bank, as in Scheme DC1; however, the chute 1ength was de­
creased and the elevation of the flip bucket raised com­
pared to Scheme DC1.

More recent site surveys indicated that the ground surface
in the vicinity of the saddle dam was lower than originally
estimated. The emergency spi 11way channel was relocated
slightly to the south to accommodate the larger dam.

(iii) Diversion

The previous twin diversion tunnels were replaced by a
single tunnel scheme. This was determined to provide all
necessary security and wi 11 cost approximately one-half as
much as the two tunnel alternative.

(iv) Power Facilities

The drawdown range of the reservoir was reduced, allowing a
reduction in height of the power intake. In order to lo­
cate the intake within solid rock, it has been moved into
the side of the valley, requiring a slight rotation of the
water passages, powerhouse, and caverns comprising the pow-
er f ac il it i es . -

2.6 - Selection of Access Road Corridor

(a) Previous Studies

The potential for hydroelectric power generation within the Sus­
itna basin has been the subject of considerable investigation over
the years as described in Section 1.1 of this exhibit. These
studies produced much information on alternative development plans
but little on the question of access.

The first report to incorporate an access plan was that of the
Corps of Engineers in 1975. The proposed plan consisted of a 24­
foot wide road with a design speed of 30 miles per hour that con­
nected with the Parks Highway near Chulitna Station, paralleled
the Alaska Railroad south and east to a crossing of the Susitna
River, then proceeded up the south side of the river to Devil Can­
yon. The road continued on the south side of the Susitna River to
Watana, passing by the north end of Stephan Lake and the west end
of the Fog Lakes. In addition, a railhead facility was to be con­
structed at Gold Creek. This plan is similar to one of the selec­
ted alternative plans, Plan 16 (South), discussed later in this
section.
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(b)

(c)

Other studies concerning the Susitna Hydroelectric Project men­
tioned access only in passing and did not involve the development
of an access plan .

Selection Process Constraints

Throughout the development, evaluation and selection of the access
plans, the foremost objective has been to provide a transportation
system that would support construction activities and allow for
the orderly development and maintenance of site facilities.

Meeting this fundamental objective involved the consideration not
only of economics and technical ease of development, but also many
other diverse factors. Of prime importance was the potential for
impacts to the environment, namely impacts to the local fish and
game populations. In addition, since the Native villages and the
Cook Inlet Region will eventually acquire surface and subsurface
ri ghts, thei r interests were recogni zed and taken into account as
were those of the local communities and general public.

With so many different factors influencing the choice of an access
plan, it is evident that no one plan will satisfy all interests.
The aim during the selection process has been to consider all fac­
tors in their proper perspective and produce a plan that repre­
sents the most favorable solution to meeting both project-related
goals and minimizing impacts to the environment and surrounding
communities.

Corridor Identification and Selection

Three general corridors were identified leading from the existing
transportation network to the damsites. This network consists of
the Parks Highway and the Alaska Railroad to the west of the dam­
sites and the Denali Highway to the north. The three general cor­
ridors are identified in Figure B.42.

Corridor 1 From the Parks Highway to the Watana dams ite via the
F north side of the Susitna River.

Corri dor 2 - From the Parks Highway to the Watana dams i te via the
south side of the Susitna River.

Corridor 3 - From the Denali Highway to the Watana damsite.

-

-

The access road studies identified a total of eighteen alternative
plans within the three corridors. The alternatives were developed
by laying out routes on topographical maps in accordance with
accepted road and rail design criteria. Subsequent field investi­
gations resulted in minor modifications to reduce environmental
impacts and improve alignment.
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(d) Development of Plans

At the beginning of the study a plan formulation and initial sel­
ection process was developed. The criteria that most significant­
ly affected the selection process were identified as:

l\1i nimi zi ng impacts to the environment;
Minimizing total project costs;
Providing transportation flexibility to minimize
construction risks;
Providing ease of operation and maintenance; and
Pre-construction of a pioneer road.

During evaluation of the access plans, input from the public agen­
cies and Native organizations was sought and their response resul­
ted in an expansion of the original list of eight alternative
plans to eleven. These studies culminated in the production of
the Access Route Selection Report (Acres 1982b) which recommended
Plan 5 as the route which most closely satisfied the selection
criteria. Plan 5 starts from the Parks Highway near Hurricane and
traverses southeast along the Indian River to Gold Creek. From
Gold Creek the road continues east on the south side of the Susit­
na River to the Devil Canyon damsite, crosses a low-level bridge
and continues east on the north side of the Susitna River to the
Watana damsite. For the project to remain on schedule it would
have been necessary to construct a pioneer road along this route
prior to the FERC license being issued.

In March of 1982 the Alaska Power Authorfty (APA) presented the
results of the Susitna Hydroelectric Feasibi 1ity Report (Acres
1982c), of which access Plan 5 was a part, to the public, agencies
and organizations. During April, comment was obtained from these
groups rel at i ve to the feas i bil ity study. As a result of these
comments, the pioneer road concept was eliminated, the evaluation
criteria were refined, and six additional access alternatives were
developed.

During the evaluation process the APA formulated an additional
plan, thus increasing the total number of plans under evaluation
to eighteen. This subsequently became the plan recommended by APA
staff to the APA Board of Directors, and was formally adopted as
the Proposed Access Plan in September 1982.

(e) Evaluation of Plans

The refined criteria used to evaluate the eighteen alternative
access plans were:

No pre-license construction
Minimize environmental impacts
Minimize construction duration
Provide access between sites during project operation phase
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Provide access flexibility to ensure project is brought on
line within budget and schedule
Minimize total cost of access
l'1inimize initial investment required to provide access to
the Watana damsite
Minimize risks to project schedule
Accommodate current land uses and plans

- Accommodate agency preferences
Accommodate preferences of Native organizations
Accommodate preferences of local communities
Accommodate public concerns

All eighteen plans were evaluated using these refined criteria to
determi ne the most res pons ive access plan in each of the three
basic corridors.

To meet the overall project schedule requirements for the Watana
development, it is necessary to secure initial access to the
Watana damsite within one year of the FERC license being issued.
The constraint of no pre-license construction resulted in the
elimination of any plan in which initial access could not be
completed within one year. This constraint eliminated six plans
(plans 2, 5, 8, 9, 10, 12) from further consideration.

On completion of both the Watana and Devil Canyon Dams it· is
planned to operate and maintain both sites from one central loca­
tion, Watana. To facilitate these operation and maintenance ac­
tivites, access plans with a road connection between the sites
were considered superior to those plans without a road connection.
Pl ans 3 and 4 do not have access between the sites and were
discarded.

The abi 1ity to make full use of both rai 1 and road systems from
southcentral ports of entry to the railhead facility provides the
project management with far greater flexibility to meet contingen­
cies, and control costs and schedule. Limited access plans utili­
zing an all-rail or rail-link system with no road connection to an
existing highway have less flexibility and would impose a re­
straint on project operation that could result in delays and sig­
nificant increases in cost. Four plans with limited access (plans
8, 9, 10 and 15) were eliminated because of this constraint.

Residents of the Indian River and Gold Creek communities are gen­
erally not in favor of a road access near their communities. Plan
1 was discarded because plans 13 and 14 achieve the same objec­
tives without impacting the Indian River and Gold Creek areas.
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Plan 7 was eliminated because it includes a circuit route connec­
ting to both the George Parks and Denali Highways. This circuit
route was considered unacceptable by the resource agencies since
it aggravated the control of public access.

The seven remaining plans found to meet the selection criteria
were plans 6, 11, 13, 14, 16, 17 and 18. Of these plans, plans
13, 16 and 18 in the North, South, and Denali corridors, respec­
tively, were selected as being the most responsive plan in each
corridor. The three plans are described below and the route loca­
tions shown in Figures B.43 through B.45.

(i) Plan 13 'North' (see Figure B.43)

This plan utilizes a roadway from a railhead facility adja­
cent to the George Parks Highway at Hurricane to the Watana
damsite following the north side of the Susitna River. A
spur road, seven miles in length, would be constructed at a
later date to service the Devil Canyon development. This
route is mountainous and includes terrain at high eleva­
tions. In addition, extensive sidehill cutting in the
regi on of Portage Creek wi 11 be necessary; however, con­
struction of the road would not be as difficult as plan
16.

(ii) Plan 16 'South ' (see Figure B.44)

This route generally parallels the Susitna River, travel­
ing west to east from a railhead at Gold Creek to the Devil
Canyon damsite, and continues following a southerly loop to
the Watana damsite. Twelve miles downstream of the Watana
damsite a temporary low-level crossing across the Susitna
River wi1 be used until completion of a permanent bridge.
A connecting road from the George Parks Highway to Devi 1
Canyon with a major high-level bridge across the Susitna
River is necessary to provi de full road access to either
site. The topography from Devil Canyon to Watana is moun­
tainous and the route involves the most difficult construc­
tion of the three plans, requiring a number of sidehil1
cuts and the construction of two major bridges. To provide
initial access to the Watana damsite this route presents
the most difficult construction problems of the three
routes and has the highest potential for schedule delays
and related cost increases.

(iii) Plan 18 'Dena1i-North l (see Figure B.45)

This route originates at a railhead in Cantwell, utilizing
the existing Denali Highway to a point 21 miles east of the
junction of the George Parks and Denali Highways. A new
road will be constructed from this point due south to the
Watana damsite. The majority of the new road will traverse
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(f)

relatively flat terrain which will allow construction using
side borrow techniques, resulting in a minimum of distur­
bance to areas away from the alignment. This is the most
eas i ly constructed route for i ni t i al access to the Watana
site. Access to the Devil Canyon development will consist
primarily of a railroad extension from the existing Alaska
Railroad at Gold Creek to a railhead facility adjacent to
the Devi 1 Canyon camp area. To provi de access to the
Watana darnsite and the existing highway system, a connec­
ting road will be constructed from the Devil Canyon rail­
head following a northerly loop to the Watana damsite.
Access to the north side of the Sus itna Ri ver will be
attained via a high-level suspension bridge constructed
approximately one mile downstream of the Devil Canyon Dam.
In general the alignment crosses terrain with gentle to
moderate slopes which will allow roadbed construction with­
out deep cuts.

Comparison of the Selected Alternative Plans

To determi ne whi ch access pl an best accommodates both project­
related goals and the concerns of the resource agencies, Native
organizations and affected communitites, the three selected alter­
native plans were subjected to a multi-disciplinary evaluation and
comparison. The key issues addressed in this evaluation and com­
parison were:

( i ) Costs

For the development of access to the Watana sHe, the
Denali-North Plan has the least cost and the lowest
probabil ity of increased costs result i ng from unforeseen
conditions. The North Plan is ranked second. The North
Plan has the lowest overall cost while the Denali-North has
the highest. However, a large portion of the cost of the
Denali-North Plan would be incurred more than a decade in
the future. When converting costs to equivalent present
value, the overall costs of the Denali-North and the South
Pl ans are approximately equal. The costs of the three
alternative plans can be summarized as follows:

Estimated Total Cost ($x 106)

Pl an Watana Devil Canyon Total Discounted Total

North (13) 241
South (16) 312
Denali-North (18) 224

127
104
213

368
416
437

287
335
326

~.

I The costs are in terms of 1982 dollars and include all
costs associated with design, construction, maintenance and
logistics.
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(ii) Schedule

The schedule for providing initial access to the Watana
site was given prime consideration since the cost ramifica­
tions of a schedule delay are highly significant. The eli­
mination of pre-license construction of a pioneer access
road has resulted in the compression of on-site construc­
tion activities in the 1985-86 period. With the present
overall project scheduling~ should diversion not be comple­
ted prior to spring runoff in 1987~ dam foundation prepara­
tion work will be delayed one year~ and hence cause a delay
to the overall project of one year. It has been estimated
that the resultant increase in cost would likely be in the
range of 100-200 million dollars. The access route that
assures the Quickest completion and hence the earliest
delivery of equipment and material to the site has a dis­
tinct advantage. The forecasted construction period~ in­
cluding mobilization~ for the three plans is:

Dena1i-North
North
South

6 months
9 months

12 months

It is evident that~ with the Denali-North Plan~ site activ­
ities can be supported at an earlier date than by either of
the other routes. Consequently the Denali-North Plan
offers the highest probab-ility of meeting schedule and
hence the least risk of project delay and increase in cost.
The schedule for access in relation to diversion is shown
for the three plans in Figure B.46.

(iii) Environmental Issues

Outlined below are the key environmental impacts which have
been identified for the three routes. The specific mitiga­
t ion measures necessary to avoid~ minimize or compensate
for these impacts are discussed in Exhibit E.

Wildl He and Habitat

The three selected alternative access routes are made up
of five distinct wildlife and habitat segments:

1. Hurricane to Devil Canyon: This segment is composed
almost entirely of productive mixed forest~ ripar­
ian~ and wetlands habitats important to moose~ fur­
bearers~ and birds. It includes three areas where
slopes of over 30 percent will require side hill
cuts, all above wetland zones vulnerable to erosion­
rel ated impacts.
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2. Go 1d Creek to Dev il Canyon: Th is segment is com-
posed of mixed forest and wetland habitats, but
includes less wetland habitat and fewer wetland hab­
itat types than the Hurricane to Devil Canyon seg­
ment. Although thi s segment contai ns habit at suit­
able for moose, black bears, furbearers and birds,
it has the least potential for adverse impacts to
wildlife of the five segments considered .

3. Devil Canyon to Watana (North Side): The following
comments apply to both the Denal i -North and North
routes. This segment traverses a varied mixture of
forest, shrub, and tundra habitat types, generally
of medi um-to-l ow product ivity as wil dl ife habitat.
It crosses the Devil sand Tsusena Creek drainages
and passes by Swimming Bear Lake which contains hab­
itat suitable for furbearers.

4. Devil Canyon to Watana (South Side): This segment
is highly varied with respect to habitat types, con­
taining complex mixtures of forest, shrub, tundra,
wetlands, and riparian vegetation. The western por­
tion is mostly tundra and shrub, with forest and
wetlands occurring along the eastern portion in the
vicinity of Prairie Creek, Stephan Lake, and Tsusena
and Deadman Creeks. Prairie Creek supports a high
concentrat i on of brown bears and the lower Tsusena
and Deadman Creek areas support 1i ght1y hunted con­
centrations of moose and black bears. The Stephan
Lake area supports high densities of moose a~d

bears. Access development in thi s segment woul d
probably result in habitat loss' or alteration,
increased hunting and human-bear conflicts.

5. Denali Highway to Watana: This segment is primarily
composed of shrub and tundra vegetation types, with
1ittl e productive forest habitat present. Although
habitat diversity is relatively low along this seg­
ment, the southern portion along Deadman Creek con­
tains an important brown bear concentration and
browse for moose. This segment crosses a peripheral
portion of the range of the Nel chi na cari bouherd
and there is evidence that, as herd size increases,
caribou are likely to migrate across the route and
calve in the vicinity. Although it is not possible
to predict with any certainty how the physical pres­
ence of the road itself or traffic will affect cari­
bou movements, population size or productivity, it
is likely that a variety of site-specific mitigation
measures will be necessary to protect the herd.
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The three access plans are made up of the following com­
binations of route segments:

North
South
Denali-North

Segments 1 and 3
Segments 1, 2, and 4
Segments 2, 3, and 5

The North route has the 1east potent i al for creating
adverse impacts to wildlife and habitat, for it travers­
es or approaches the fewest areas of productive habitat
and zones of spec i es concentrat i on or movement. The
wildlife impacts of the South Plan can be expected to be
greater than those of the North Plan due to the proxim­
ity of the route to Prairie Creek, Stephan Lake and the
Fog Lakes, which currently support high densities of
moose and black and brown bears. In particular, Prairie
Creek supports what may be the highest concentration of
brown bears in the Susitna basin. Although the Denali­
North Plan has the potential for disturbances of
caribou, brown bear and black bear concentrations and
movement zones, it is considered that the potential for
adverse impacts with the South Plan is greater.

Fisheries

All three alternative routes would have direct and indi­
rect impacts on the fisheries. Direct impacts include
the effects on water quality and aquatic habitat whereas
increased angling pressure is an indirect impact. A
qualitative comparison of the fishery impacts related to
the alternat ive plans was undertaken. The parameters
used to assess impacts along each route included: the
number of streams crossed, the number and length of lat­
eral transits (i.e., where the roadway parallels the
streams and runoff from the roadway can run directly
into the stream), the number of watersheds affected, and
the presence of resident and anadromous fish.

The three access plan alternatives incorporate combina­
tions of seven distinct fishery segments~

1. Hurri cane to Dev i1 Canyon: Seven stream cross i ngs
will b~ required along this route, including Indian
River which is an important salmon spawning river.
Both the Chul itna Ri ver watershed and the Sus itna
River watershed are affected by thi s route. The
increased access to Indian River will be an impor­
tant indirect impact to the segment. Approximately
1.8 miles of cuts into banks greater than 30 degrees
occur along this route requiring erosion control
measures to preserve the water qual ity and aquatic
habitat.
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2. Gold Creek to Devil Canyon: This segment crosses
six streams and is expected to have minimal direct
and indirect impacts. Anadromous fish spawning is
1ikely in some streams but impacts are expected to
be minimal. Approximately 2.5 miles of cuts into
banks greater than 30 degrees occur in this section.
In the Denali-North Plan, this segment would be
railroad whereas in the South Plan it would be
road.

3. Devil Canyon to Watana (North Side, North Plan):
Thi s segment crosses twenty streams and 1aterally
transits four rivers for a total distance of approx­
imately 12 miles. Seven miles of this lateral
transit parallels Portage Creek which is an impor­
tant salmon spawning area.

4. Devil Canyon to Watana (North Side, Denal i-North
Plan): The difference between this segment and seg­
ment 3 described above is that it avoids Portage
Creek by travers i ng through a pass 4 mi 1es to the
east. The number of streams crossed is consequently
reduced to twelve, and the number of lateral trans­
its is reduced to two with a total distance of 4
mil es.

5. Devil Canyon to Watana (South Side): The portion
between the Susitna River crossing and Devil Canyon
requires nine steam crossings, but it is unlikely
that these contain significant fish populations.
The portion of this segment from Watana to the
Susitna River is not expected to have any major
direct impacts; however, increased angl ing pressure
in the vicinity of Stephan Lake may result due to
the proximity of the access road. The segment
crosses both the Sus itna and the Talkeetna water­
shed. Seven miles of cuts into banks of greater
than 30 degrees occur in this segment.

6. Denali Highway to Watana: The segment from the
Denal i Highway to the Watana damsite has' twenty-two
stream crossings and passes from the Nenana into the
Susitna watershed. Much of the route crosses or is
in proximity to seasonal grayling habitat and runs
parallel to Deadman Creek for nearly 10 miles. If
recruitment and growth rates are low along this seg­
ment, it is unlikely that resident populations could
sustain heavy fishing pressure. Hence, this segment
has a high potential for impacting the local gray­
ling population.
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7. Denali Highway: The Denali Highway from Cantwell to
the Watana access turnoff will require upgrading.
The upgrading will involve only minor realignment
and negl i gi b1e alteration to present stream cross­
ings. The segment crosses eleven streams and later­
ally transits two rivers for a total distance of 5
miles. There is no anadromous fish spawning in this
segment and little direct or indirect impact is ex­
pected.

The three alternative access routes are comprised of the
following segments:

F'--'

North
South
Denali-North

Segments 1 and 3
Segments 1, 2, and 5
Segments 2, 4, 6 and 7

The Denali-North Plan is likely to have a significant
direct and indirect impact on grayling fisheries given the
number of stream crossings, lateral transits, and watershed
affected. Anadromous fisheries impact will be minimal and
will only be significant along the railroad spur between
Gold Creek and Devil Canyon.

The South Plan is likely to create significant direct and
indirect impacts at Indian River, which is an important
salmon spawning river. Anadromous fisheries impacts will
also occur in the Gold Creek to Devil Canyon segment as for
the Denali-North Plan. In addition, indirect impacts may
occur in the Stephan Lake area.

The North Plan, like the South Plan, may impact salmon
spawning activity in Indian River. Significant impacts are
1i kely along Portage Creek due to water qual ity impacts
through increased erosion and due to indirect impacts such
as increased angling pressure.

With any of the selected plans, direct and indirect effects
can be minimized through proper engineering design and
prudent management. Criteria for the development of borrow
areas and the design of bridges and culverts for the pro­
posed access plan together with mitigation recommendations
are discussed in Exhibit E.

(iv) Cultural Resources

A level-one cultural resources survey was conducted over a
large portion of the three access plans. The segment of
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(v)

the Denali-North Plan between the Watana damsite and the
Denali Highway traverses an area of high potential for cul­
tural resource sites. Treeless areas along this segment
lack appreciable soil deposition, making cultural resources
visible and more vulnerable to secondary impacts. Common
to both the Denali-North and the North Plans is the segment
on the north side of the Susitna River from the Watana dam­
site to where the road parallels Devils Creek. This seg­
ment is also largely treeless making it highly vulnerable
to secondary impacts. The South Pl an traverses 1ess ter­
rain of archaeological importance than either of the other
two routes. Several sites exist along the southerly Devil
Canyon to Watana segment; however, since much of the route
is forested, these sites are less vulnerable to secondary
impacts.

The ranking from the least to the highest with regard to
cultural resources impacts is South, North, Denali-North.
However, impacts to cultural resources can be fully mitiga­
ted by avoidance, protection or salvage; consequently, this
issue was not critical to the selection process.

"

Socioeconomics

Soci oeconomi c impacts on the Mat-Su Borough as a whole
would be similar in magnitude for all three plans. How­
ever, each of the three plans affects future socioeconomic
conditions in differing degrees in certain areas and commu­
nities. The important differences affecting specific com­
munities are outlined below.

Cantwell: The Denali-North Plan would create signifi­
cant increases in population, local employment, business
activity, housing and traffic. These impacts result
because a railhead facility would be located at Cantwell
and because Cantwell would be the nearest community to
the Watana damsite. Both the North and South Pl ans
would impact Cantwell to a far lesser extent.

Hurricane: The North Pl an would significantly impact
the Hurricane area since currently there is little popu­
lation, employment, business activity or housing. Chan­
ges in socioeconomic indicators for Hurricane would be
less under the South Plan and considerably less under
the Denali-North Plan.
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Trapper Creek and Talkeetna: Trapper Creek would exper­
ience slightly larger changes in economic indicators
with the North Plan than under the South or Denali-North
Plans. The South Plan would impact the Talkeetna area
slightly more than the other two plans.

Gold Creek: With the South Plan, a railhead facility
would be developed at Gold Creek creating a significant
increase in socioeconomic indicators in this area. The
Denali-North Plan includes construction of a railhead
facility at the Devil Canyon site, which would create
impacts at Gold Creek, but not to the same extent as the
South Pl an. Minimal impacts would result in Gold Creek
under the North Plan.

The affected pUblic's responses to these potential changes
are mixed. The people of Cantwell are generally in favor
of some economic stimulus and development in their commu­
nity. Residents of Trapper Creek and Talkeetna have indi­
cated that rapid, uncontrolled change is not desired. This
and other feedback to date indicates that the Denali-North
Plan will come closest to creating socioeconomic changes
that are acceptable to or desired by landholders and resi­
dents in the potentially impacted areas and communities.

(vi) Preferences of Native Organizations

The Tyonek Native Corporation, Cook Inlet Region Inc.
(CIRI) and the CIRI Village residents all prefer the South
Plan since it provides full road access to their lands
south of the Susitna River. The Ahtna Native Region Cor­
poration and the Cantwell Village Corporation support the
Denali-North Plan. None of the Native organizations sup­
ports the North Plan.

(vii) Relationship to Current Land Stewardships, Uses and Plans

Much of the land required for project development has been
or may be conveyed to Native organizations. The remaining
1ands are generally under state and federal control. The
South Plan traverses more Native-selected lands than either
of the other two routes; and, although present land use is
low, the Native organizations have expressed an interest in
potentially developing their lands for mining, recreation,
forestry or residential use.

8-2-72 J"----,



-

"...

i

The other land management plans that have a large bearing
on access development are the Bureau of Land Man agement IS

(BLM) recent decision to open the Denali Planning Block to
mineral exploration, and the Denali Scenic Highway Study
being initiated by the Alaska Land Use Council. The Denali
Highway to Deadman Mountain segment of the Denali-North
Plan would be compatible with BLWs plans. During the con­
struction phase of the project the Denali-North Plan could
create conflicts with the development of a Denali Scenic
Hi ghway; however, after construction, the access road and
project fac il it i es coul d be incorporated into the overall
Scenic Highway planning.

By providing publ ic access to a now relatively inaccess­
ible, semi-wilderness area, conflict may be imposed with
wildlife habitats necessitating an increased level of wild­
1ife and people management by the various resource agen­
cies.

In general, however, none of the plans will be in major
confl ict with any present federal, borough or Nat i ve man­
agement plans.

(g) Summary

In reaching the decision as to which of the three alternative
access pl ans would be recommended, it was necessary to eval uate
the highly complex interplay that exists between the many issues
involved. Analysis of the key issues indicates that no one plan
satisfied all the selection criteria nor accommodated all the con­
cerns of the resource agencies, Native organizations and the pub­
lic. Therefore, it was necessary to make a rational assessment of
trade-offs between the sometimes conflicting environmental
concerns of. impacts on fisheries, wildl ife, socioeconomics, land
use and recreational opportunities on the one hand, with project
cost, schedul e, construction ri sk and management needs on the
other. With all these factors in mind, it should be emphasized
that the primary purpose of access is to provide and maintain an
uninterrupted flow of materials and personnel to the damsite
throughout the 1ife of the project. Should this fundamental
objective not be achieved, significant schedule and budget
overruns will occur.

(h) Final Selection of Plan

(i) Elimination of ·SouthPlan '

The South route, Pl an 16, was el iminated primari ly because
of the construction difficulties associated with building a
major low-level crossing 12 miles downstream of the Watana
damsite. This crossing would consist of a floating or
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fixed temporary bridge which would need to be removed prior
to spring breakup during the first three years of the proj­
ect (the time estimated for completion of the permanent
bridge). This would result in a serious interruption in
the flow of materials to the site. Another drawback is
that floating bridges require continual maintenance and are
generally subject to more weight and dimensional limita­
tions than permanent structures.

A further limitation of this route is that for the first
three years of the project all construction work must be
supported solely from the railhead faGility at Gold Creek.
This problem arises because it will take an estimated three
years to complete construction of the connecting road
across the Susitna River at Devil Canyon to Hurricane on
the George Parks Highway. Limited access such as this does
not provide the flexibility needed by the project manage­
ment to meet contingencies and control costs and schedule.

Delays in the supply of materials to the damsite, caused by
either an interruption of service of the railway system or
the Susitna River not being passable during spring breakup,
could result in significant cost impacts. These factors,
together with the realization that the South Plan offers no
specific advantages over the other two plans in any of the
areas of environmental or social concern, led to the South
Plan being eliminated from further consideration.

(ii) Schedule Constraints

The choice of an access pl an thus narrowed down to the
North and Denali-North plans. Of the many issues addressed
during the evaluation process, the issue of "schedule" and
"schedule risk" was determined to be the most important in
the final selection of the recommended plan.

Schedule plays an extremely important role in the evalua­
tion process because of the special set of conditions that
exist in a sub-arctic environment. Building roads in these
regions involves the consideration of many factors not
found in other environments. Specifically, the chief con­
cern is one of weather, and the consequent short duration
of the construction season. The roads for both the North
and Denali -North Pl ans wi 11, for the most part, be con­
structed at elevations in excess of 3000 feet. At these
elevations the likely time available for uninterrupted con­
struction in a typical year is 5 months, and at most 6
months.
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The forecasted construction period including mobilization
is 6 months for the Denali-North Plan and 9 months for the
North. At first glance a difference in schedule of 3
months does not seem great; however, when considering that
only 6 months of the year are available for construction,
the additional 3 months become highly significant.

If diversion is not achieved prior to spring runoff in
1987, dam foundation preparation work will be delayed one
year, and hence cause a delay to the overall project of one
year.

(iii) Cost Impacts

The increase in costs resulting from a one-year delay have
been estimated to be in the range of 100-200 million dol­
lars. This increase includes the financial cost of invest­
ment by spring of 1987, the financial costs of rescheduling
work for a one-year delay, and replacement power costs.

( i v) Summ ary

The Denali-North Plan has the highest probability of meet­
ing schedule and least risk of increase in project cost for
two reasons. First it has the shortest construction sched­
ule (six months). Second, a passable route could be con­
structed even under winter conditions due to the relatively
flat terrain along its length. In contrast the North route
is mountainous and involves extensive sidehill cutting,
especially in the Portage Creek area. Winter construction
along sections such as this would present major problems
and increase the probability of schedule delay.

.....

.....

-.

-

(v)

(vi)

Pl an Recommendat i on

It is recommended that the Denal i -North route be selected
so as to ensure completion of initial access to the Watana
damsite by the end of the first quarter of 1986, for it is
considered that the risk of significant cost overruns is
too high with any other route .

Environmental Concerns - Recommended Plan

The main disadvantage of the Denali-North route is that it
has a higher potential for adverse environmental impacts
than the North route alternative. These impacts have been
identified and, following close consultation with environ­
mental subconsultants, many of the impacted areas have been
avoided both by careful al ignment of the road and the
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development of des i gn criteri a which do not detract from
the semi-wilderness character of the area. Some
environmental impacts and conflicts are unavoidable,
however, and where these impacts occur, specific mitigation
measures have been developed to reduce them to a minimum.
These measures are outlined in detail within the relevant
sections of Exhibit E.

2.7 - Selection of Transmission Facilities

The objective of this section is to describe the studies performed to
select a power delivery system from the Susitna River basin generating
plants to the major load centers in Anchorage and Fairbanks. This sys­
tem will be comprised of transmission lines, substations, a dispatch
center, and means of communications.

The major topics of the transmission studies include:

- Electric system studies
- Transmission corridor selection
- Transmission route selection
- Transmission towers, hardware and conductors·
- Substations
- Dispatch center and communications.

(a) Electric System Studies

Transmission planning criteria were developed to ensure the design
of a rel i abl e and economic el ectrical power system, with compon­
ents rated to allow a smooth transition through early project
stages to the ultimate developed potential.

Strict appl ication of optimum, long-term criteri a would require
the installation of equipment with ratings larger than necessary
at excess i ve cost. In the interest of economy and long-term sys­
tem performance, these criteria were temporarily relaxed during
the early development stages of the project. Although allowing
for satisfactory operation during early system development, final
system parameters must be based on the ultimate Sus itna poten­
ti a1.

The criteri a are intended to ensure maintenance of rated power
flow to Anchorage and Fairbanks during the outage of any single
line or transformer element. The essential features of the cri­
teri a are:

- Total power output of Susitna to be delivered to one or two sta­
tions at Anchorage and one at Fairbanks;

- "Breaker-and-a-half" switching station arrangements;
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- Overvoltages during line energizing not to exceed specified lim­
its;

- System voltages to be within established 1illlits during normal
operat i on;

- Power delivered to the loads to be maintained and system volt­
ages to be kept within established limits for system operation
under emergency conditions;

- Transient stability during a 3-phase line fault cleared by
breaker action with no reclosing; and

- Where performance 1imits are exceeded, the most cost-effective
corrective measures are to be taken.

......

,..

( i )

( i i )

EXisting System Data

Data compiled in a report by Commonwealth Associates Inc.
(1980) have been used for pre1imi nary transmi ss ion system
analysis. Other system data were obtained in the form of
single line diagrams from the various utilities •

Power Transfer Requirements

The Susitna transmission system must be designed to ensure
the reliable transmission of power and energy generated by
the Susitna Hydroelectric Project to the load centers in
the Railbelt area. The power transfer requirements of this
transmission system are determined by the following fac­
tors:

System demand at the various load centers;
- Generating capabilities at the Susitna project; and
- Other generation available in the Railbelt area system.

Most of the electric load demand in the Railbelt area is
located in and around two main centers: Anchorage and
Fairbanks. The largest load center is Anchorage, with most
of its load concentrated in the Anchorage urban area. The
second largest load center is Fairbanks. Two small load
centers (Wi llow and Healy) are located along the Susitna
transmission route. The only other significant load cen­
ters in the Railbelt region are Glennallen and Valdez; how­
ever, their combined demand is expected to be less than 2
percent of the total Railbelt demand in the foreseeable
future. A survey of past and present load demand levels as
well as various forecasts of future trends indicates these
approximate load levels at the various-centers:
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Load Area

Anchorage - Cook Inlet
Fairbanks - Tanana Valley
Glennallen - Valdez

Percent of
Total
Railbelt Load

78
20
2

Considering the geographic location and the currently pro­
jected magnitude of the total load in the area, transmis­
sion to Glennallen-Valdez is not likely to be economical in
the foreseeable future. If it is ever to be economical, it
would likely be a direct radial extension, either from Sus­
itna or from Anchorage. In either case, its relative mag­
nitude is too small to have significant influence on either
the viability or development characteristics of the Susitna
project or the transmission from Susitna to the Anchorage
and Fairbanks areas.

Accordingly, it has been assumed for study purposes that
approximately 80 percent of the generation at Susitna will
be transmi tted to the Anchorage area and 20 percent to
Fai rbanks. To account for the uncertai nt i es in future
local load growth and local generation development, the
Sus itna transmi ss ion system was designed to be able to
transmit a maximum of 85 percent of Susitna generation to
Anchorage and a maximum of 25 percent to Fairbanks.

The potential of the Susitna Hydroelectric Project is ex­
pected to be developed in three or four stages as the sys­
tem load grows over the next two decades. The transmission
system must be designed to serve the ultimate Susitna de­
velopment, but staged to provide reliable transmission at
every intermediate stage. Present plans call for three
stages of Susitna development: 680 MW at Watana in January
1994, followed by an additional 340 MW in July 1994 and 600
MW at Devil Canyon in 2002.

Development of other generation resources could alter the
geographic load and generation sharing in the Railbelt,
depending on the location of this development. However,
current studies indicate that no other very large projects
are likely to be develo~ed until the full potential of the
Susitna project is utilized. The proposed transmission
configuration and design should, therefore, be able to sat­
isfy the bulk transmission requirements for at least the
next two decades. The next major generation development
after Susitna will then require a transmission system
determined by its own magnitude and location.

The resulting power transfer requirements for the Susitna
transmission system are indicated in Table B.36.
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(iii) Transmission Alternatives

Because of the geographic location of the various centers,
- transmission from Susitna to Anchorage and Fairbanks will

result in a radial system configuration. This allows sig­
nificant freedom in the choice of transmission voltages,
conductors, and other parameters for the two line sections,
with only 1imited dependence between them. Transmi ss ion
alternatives were developed for each of the two system
areas, including voltage levels, number of circuits re­
quired, and other parameters, to satisfy the necessary
transmission requirements of each area.

_ To maintain a consistency with standard ANSI voltages used
in other parts of the United States, t~e following voltages
were considered for Susitna transmission:

o Watana to Devil Canyon and
on to Anchorage:

o Devil Canyon to Fairbanks:

Susitna to Anchorage

500 kV or 345 kV

345 kV or 230 kV

Transmission at either of two different voltage levels
(345 kV or 500 kV) could reasonably provide the necess­
ary power transfer capabi 1ity over the distance of ap­
proximately 140 mi 1es between Devil Canyon and Anchor­
age. The required transfer capabil ity of 1377 MW is 85
percent of the ultimate generating capacity of 1620 MW.
At 500 kV, two circuits would provide more than adequate
capacity. At 345 kV, either three circuits uncompensa­
ted or two circuits with series compensation are re­
quired to provide the necessary reliability for the
single contingency outage criterion. At lower voltages,
an excessive number of parallel circuits are required,
while above 500 kV, two circuits are still needed to
provide service in the event of a line outage.

Susitna to Fairbanks-
-
.....

Applying the same reasoning used in choosing the trans­
mission alternatives to Anchorage, two circuits of eith­
er 230 kV or 345 kV were chosen for the sect i on from
Devil Canyon to Fairbanks. The 230 kV alternat ive re­
quires series compensation to satisfy the planning cri­
teria in case of a line outage .
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- Total System Alternatives

The transmission section alternatives mentioned above
were combined into five realistic total system alterna­
tives. Three of the five alternatives have different
voltages for the two sections. The principal parameters
of the five transmission system alternatives analyzed in
detail are as follows:

Sus itna to Anchorage Susitna to Fairbanks
Number of Number of

Alternative Ci rcuits Vo ltage Circuits volta;e
(kV) (kV

1 2 345 2 345
2 3 345 2 345
3 2 345 2 230
4 3 345 2 230
5 2 500 2 230

Electric system analyses, including simulations of line
energizing, load flows of normal and emergency operating
conditions, and transient stability performance, were
carried out to determine the technical feasibility of
the various alternatives. An economic comparison of
transmission system life cycle costs was carried out to
evaluate the relative economic merits of each alterna­
tive. All five transmission alternatives were found to
have acceptable performance characteristics. The most
significant difference was that single-voltage systems
(345 kV, Alternatives 1 and 2) and systems without ser­
ies compensation (Alternative 2) offered reduced com­
plexity of design and operation and therefore were like­
1y to be marg ina11 y more re 1i ab 1e. The present worth
life cycle costs of Alternatives 1 through 4 were all
within 1 percent of each other. Only the cost of the
500/230 kV scheme (A lternat i ve 5) was 14 percent above
the others. A summary of the life cycle cost analyses
for the various alternatives is shown in Table B.37.

A technical and economic comparison was also carried out
to determine possible advantages and disadvantages of
HVDC transmi ss i on, as compared to an ac system, for
t ransmitt i ng Sus itna power to Anchorage and Fairbanks.
HVDC transmission was found to be technically and
operationally more complex as well as having higher life
cyc 1e cost s .
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(iv) Configuration at Generation and Load Centers

Interconnect ions between generat i on and load centers and
the transmission system were developed after reviewing the
existing system configurations at both Anchorage and Fair­
banks as well as the possibilities and current development
plans in the Susitna, Anchorage, Fairbanks, Willow, and
Hea1y areas.

- Susitna Configuration

Prel iminary development pl ans indicated that the first
project to be constructed would be Watana with an ini­
tial installed capacity of 680 MW, to be increased to
1020 MW in the second development stage. The next proj­
ect, and the last to be considered in this study, would
be Devil Canyon, with an installed capacity of 600 MW.

- Switching at Willow

Transmission from Susitna to Anchorage is facilitated by
the introduction of an intermediate switching station.
This has the effect of reducing line energizing over­
voltages and reducing the impact of line outages on sys­
tem stability. Willow is a suitable location for this
intermediate switching station; in addition, it would
make it possible to supply local load when this is jus­
tified by development in the area. This local load is
expected to be less than 10 percent of the total Rai 1­
belt area system load, but the avail abil ity of an EHV
line tap would definitely facilitate future power sup­
ply.

- Switching at Healy

A switching station at Healy was considered early in the
analysis but was found to be unnecessary to satisfy the
planning criteria. The predicted load at Healy is small
enough to be supplied by local generation and the exist­
ing 138 kV transmission from Fairbanks.

- Anchorage Configuration

Analysis of system configuration, distribution of loads,
and development in the Anchorage area led to the conclu­
sion that a transformer station near Palmer would be of
1ittle benefit. Most of the major loads are concen­
trated in and around the urban Anchorage area at
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the mouth of Knik Arm. In order to reduce the length of
subtransmission feeders. the transformer stations should
be located as close to Anchorage as possible.

The routing of transmission into Anchorage was chosen
from the following three possible alternatives:

a Submarine Cable Crossing From Point MacKenzie
to Point Woronzof

This would require transmission through a very heavily
developed area. It would also expose the cables to
damage by ships' anchors. which has been the experi­
ence with existing cables. resulting in questionable
transmission reliability.

a Overland Route North of Knik Arm via Palmer

This may be most economical in terms of capital cost
in spite of the long distance involved. However, ap­
proval for this route is unlikely since overhead
transmission through this developed area is considered
environmentally unacceptable. A longer overland route
around the developed area is considered unacceptable
because of the mountainous terrain.

o Submarine Cable crossin~ of Knik Arm. In the Area of
Lake Lorraine and six Mi e Creek

This option. approximately parallel to the new 230 kV
cable under construction for Chugach Electric Associa­
tion (CEA), includes some 3 to 4 miles of submarine
Cd6Te and requires a high capital cost. Since the
area is upstream from the shipping lanes to the port
of Anchorage. it will result in a reliable transmis­
sion link. and one that does not have to cross envi­
ronmentally sensitive conservation areas.

The third alternative is clearly the best of the three
options.

With this configuration a different option is possible
for the submarine cable crossing. To reduce cable costs
the crossing could be constructed with two cable cir­
cuits plus one spare phase. This option requires a
switching station at the west terminal of Knik Arm. A
switching station at the west terminal would clearly
requi re increased costs and compl icat ions for construc­
tion and operation as a result of poor access.
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Fairbanks Configuration

Susitna power for
be delivered to a
located at Ester.
consideration.

(b) Corridor Selection

(i) Methodology

the Fairbanks area is recommended to
single EHV/138 kV transformer station

No alternatives were given detailed

( i i )

Development of the proposed Susitna project will require a
transmission system to deliver electric power to the Rail­
belt area. The building of the Anchorage to Fairbanks
Intertie system will result in a defined corridor and route
for the Susitna transmission lines between Willow and
Healy. Therefore, three areas require study for corridor
selection: the northern area to connect Healy with Fair­
banks, the central .area to connect the Watana and Devil
Canyon damsites with the Intertie, and the southern area to
connect Willow with Anchorage.

Using the selection criteria discussed below, corridors
three to five miles wide were selected in each of the three
study areas. These corridors were then evaluated to
determine which ones meet the more specific screening
criteria. This screening process resulted in one corridor
in each area being designated as the recommended corridor
for the transmission line.

Selection Criteria

Since the corridors studied range in width from three to
five miles, the base criteria had to be applied in broad
terms. The study also indicated that the criteria listed
for techni ca1 purposes cou 1d reappear in the economi c or
environmental classification. The technical criteria were
defined as requirements for the normal and safe performance
of the transmission system and its reliability.

The selection criteria were in three categories: technical,
economic and environmental. The criteria are listed in
Tab 1e B.38.

(iii) Identification of Corridors

As discussed previously, the Susitna transmission line cor­
ridors studied are located in three geographical areas,

""'" namely:
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- The southern study area between Willow and Anchorage
- The central study area between Watana, Devil Canyon, and

the Intertie
- The northern study area between Healy and Fairbanks.

(iv) Description of Corridors

Figures B.47 through B.49 portray the corridors evaluated
in the southern, central, and northern study areas, respec­
tively. For purposes of simplification, only the center­
line of the three-to-five-mile wide corridors are shown in
the figures.

In each of the three figures, each corridor under consider­
ation has been identified by the use, of letter symbols.
The various segment intersections and the various segments,
where appropriate, have been designated. Thus, segments in
each of the three study areas can be separately referenced.
Furthermore, the segments are joined together to form cor­
ridors. For example, in the northern study area Corridor
ABC is composed of Segments AB and BC.

('---;-,

The alternative corridors selected for each study
described in detai 1 in the following paragraphs.
tion, Tables B.39, B.40 and B.41 contain detailed
mental data for each corridor segment.

Southern Study Area

o Corridor One - Willow to Anchorage via Palmer

area are
In addi­
environ-

Corridor ABC·, consisting of Segments AB and BC I
, be­

gins at the intersection with the Intertie in the
vicinity of Willow. From here, the corridor travels
in a southeasterly direction, crossing wetlands, Wil­
low Creek, and Willow Creek Road before turning
slightly to the southeast following the drainage of
Deception Creek. The topography in the vicinity of
this segment of the corridor is relatively flat to
gently roll ing with standing water and tall-growing
vegetation in the vicinity of the creek drainages.

At a point northwest of Bench Lake, the corridor turns
in an easterly direction crossing the southern foot­
hills of the Talkeetna Mountains. The topography here
is gently to moderately rolling with shrub- to tree­
sized vegetation occurring throughout. As the cor­
ridor approaches the crossing of the Little Susitna
Ri ver, it turns and heads southeast agai n, cross i ng
the Little Susitna River and Wasilla Fishhook Road.
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Passing near Wolf Lake and Gooding Lake, the corridor
then crosses a secondary road, some agricultural
1ands, State Route 3, and the Gl enn Hi ghway, before
intersecting existing transmission lines south of
Palmer. In the vicinity of the Little Susitna River,
the topography is gently rolling. As the corridor
travels toward Palmer, the land flattens, more lakes
are present, and some agricultural development is oc­
curring. After crossing the Glenn Highway, the corri­
dor passes through a residential area before crossing
the broad floodplain of the Matanuska River.

Just west of Bodenburg Butte, the corri dor turns due
south through more agricultural land before crossing
the Knik River and eventually connecting with the
Eklutna Power Station. All of the land south of
Palmer is very flat with some agricultural develop­
ment. Just south of Palmer, the propo$ed corr idor
intersects existing transmissi~n facilities and paral­
lels or replaces them from a point just south of
Palmer, across the river and into the vicinity of the
Eklutna Power House. From here into Anchorage, the
corridor as proposed would parallel existing facili­
ties, crossing near or through the communities of
Eklutna, Peters Creek, Birchwood, and Eagle River by
using one of the two existing transmission line
rights -of-way in th is area. The 1and here is fl at to
gently rolling with a great deal ~f residential devel­
opment. This corridor segment is the most easterly of
the three considered in the southern study area and
avoids an underwater crossing of Knik Arm.

o Corridor Two - Willow to Point MacKe.nzie via Red Shirt
Lake

Corridor ADFC, consisting of Segments ADF and FC, com­
mences again at the point of intersection with the In­
tertie in the vicinity of Willow but immediately turns
to the southwest, fi rst cross i n·g the rail road, then
the Parks Highway, then Willow Creek just west of Wil­
low. The land in the vicinity of this part of the
segment is very flat, with wetlands dominating the
terrain.

Southwest of Florence Lake, the proposed corridor
turns, crosses Rolly Creek, and heads nearly due
south, passing through extensive wetlands west and
south of Red Shirt Lake. The corridor in this area
parallels existing tractor trails crossing very flat
lands with significant amounts of tall-growing vegeta­
tion in the better drained locations.
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