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EXHIBIT B - PROJECT OPERATION AND RESOURCE UTILIZATION

1 - DAMSITE SELECTION

This section summarizes the previous site selection studies ¢nd the
studies done during the Alaska Power Authority Susitna Hydroelectric
Project Feasibility Study. Additional detail on this topic can be
found in Reference 1.

1.1 - Previous Studies

Prior to the undertaking of the Susitna Hydroelectric Project Feasi-
bility Study by the applicant, the nydroelectric 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-
electric potential in Alaska and issued a report of the results in
1948. Responding to a recommendatior made in 1949 by the nine-
teenth Alaska territorial legislature that Alaska be included in
the Bureau of Reclamation program, the Secretary of Interior prc-
vided funds to update the 1948 work. The resulting report, issued
in 1952, recognized the vast hydroelectric potential within the
territory and placed particular emphasis on the strategic location
of the Susitna River between Anchorage and Fairbanks as well as
its proximity to the connecting Railbelt (Figure B.1).

A series of studies was commissioned over the years to identify
damsites and conduct geotechnical investigations. By 1961, the
Department of the Interior proposed authorization of a two-dam
power system on the Susitna River involving the Devil Canyon and
the Denali sites (Figure B.2). The definitive 1961 report was
subsequently updated by the Alaska Power Administration (an agency
of the USBR) in 1974, at which time the desirability of proceeding
with hydroelectric development was reaffirmed.

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

1-1




natural gas which had been discovered and developed in Cook
Inlet.

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

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

U.S. Bureau of Reclamation - 1953 Study

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

Gold Creek;

O0lson;

Devil Canyen;

Devil Creek;

Watana;

Vee;

Maclaren;

Denali;

Butte Creek; and

Tyone (on the Tyone River).

Fifteen more sites were considered below Gold Creek. However,
more attention has been focused over the years on the Upper
Susitna Basin where the topography is better suited to dam con-
struction and where less impact on anadromous fisheries is ex-
pected. Field reconnaissance eliminated half the original Upper
Basin 1ist, and further USBR consideration centered on Olson,
Devil Canyon, Watana, Vee, and Denali. A1l of the USBR studies
since 1953 have regarded these sites as the most appropriate for
further investigation.

U.S. Bureau of Reclamation - 1961 Study

In 1961 a more detailed feasibility study resulted in a recom-
mended five-stage development plan to match the load growth curve
as it was then projected. Devil Canyon was to be the first
development--a 635- foot-high arch dam with an installed capacity
of about 220 MW. The reservoir formed by the Devil Canyon dam
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alone would not store enough water to permit higher capacities to
be economically installed, since long periods of relatively Tow
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 invoived adding
generating capacity to the Devil Canyon dam. Geotechnical
investigations at Devil Canyon were more thorough than at Denali.
At Denali, test pits were dug, but no drilling occurred.

" Alaska Power Administration - 1974

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

Kaiser Proposal for Development

The Kaiser study, commissioned by the Office of the Governor in
1974, proposed that the initial Susitna deveilopment consist of a
single dam known as High Devil Canyon located on Figure B.2. No
field investigations were made to confirm the technical feasibil-
ity of the High Devil Canyon location because the funding level
was insufficient for such efforts. Visual observations suggested
the site was probably favorable. The USBR had always been uneasy
about foundation conditions at Denali, but had to rely upon the
Denali reservoir to provide storage during long periods of low
flow. Kaiser chose to avoid the perceived uncertainty at Denali
by proposing to build a rockfill dam at High Devil Canyon which,
at a height of 810 feet, would create a large enough reservoir to
overcome the storage problem. Although the selected sites were
different, the COE reached a simiiar conclusion when it later
chose the high dam at Watana as the first to be constructed.

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

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

1-3
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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

4 seasonal storage and would permit continued generation during low

flow periods.

The COE recommended an earthfill dam at Watana with a height of

E

. 810 feet. In the longer term, development of the Denali site re-
mained a possibility which, if constructed, would increase the

3 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-
N e dorsement of the COE request for Congressional authorization, but
i | 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
+he Watana site as well as the validity of the economics. The
apparent ambitiousness of the schedule and the feasibility of a
thin arch dam at Devil Canyon were also questioned. Further in-
vestigations were funded and the COE produced an updated report in
} 1979.  Devil Canyon and Watana were reaffirmed as appropriate
\\ | | sites, but alternative dam types were investigated. A concrete
gravity dam was analyzed as an alternative for the thin arch dam
at Devil Canyon and. the Watana dam was changed from earthfill to
rockfill. Subsequent cost and schedule estimates still indicated
economic justification for the project.

Wi
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1.2 - Plan Formulation and Selection Methodology

The proposed plan which is the subject of this Ticense application was

= selected after a review and reassessment of all previously considered
sites. Additional detail in support of the findings in this Exhibit is
found in Reference 5.

x This section of the report outlines the engineering and pianning
V- - studies carried out as a basis for formulation of Susitna Basin devel-
opment 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: :

v

Damsite - An individual potential damsite in the Susitna
. Basin, referred to in the generic process as
1 "candidate."
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Basin Development - A plan for developing energy within the Upper

Pian 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.

Generation - A specified sequence of implementation of power

Sceinario 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-
glectric and coal, gas or o0il- fired thermal.
These generation scenarios were developed for the
comparative evaluations of Susitna Basin genera-
tion versus alternative methods of generation.

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

Throughout the planning process, engineering Tayout studies were made
to refine the cost estimates for power generation facilities or water
storage development at several damsites within the basin. These data
were fed into the screening and plan formulation and evaluation
studies.

The second objective, the detailed evaluation of the various plans, is
satisfied by comparing generation scenarios that include the selected
Susitna Basin development plan with alternative generation scenarios,
including all-thermal and a mix of thermal plus alternative hydropower
developments.

1.3 - Damsite Selection

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

The Tongitudinal profile of the Susitna River and typical reservoir

levels associated with these sites are shown in Figure B.4. Figure B.5
illustrates which sites are mutually exclusive, i.e., those which can-
not be developed jointly, since the downstream site would inundate the
upstream site.




It can be readily seen that there are several mutually exclusive
schemes ¥or power development of the basin. The development of the
Watana site precludes development of High Devil Canyon, Devils Creek,
Susitna [II 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.

A1l 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.
Detailed analyses were also undertaken to assess the power capability
and energy yields. At the Gold Creek, Devil Creek, Maclaren, Butte
Creek, and Tyone sites, no detailed engineering or energy studies were
undertaken; data from previous studies were used with capital cost
estimates updated in 1980 levels. Approximate estimates of the
potential average energy yield at the Butte Creek and Tyone sites were
undertaken to assess the relative importance of these sites as energy
producers.

The data presented in Table B.1 show that Devil Canyon, High Devil Can-
yon, and Watana are the most economic large energy producers in the
basin. Sites such as Vee and Susitna III have only medium energy pro-
duction, and are slightly more costly that the previously mentioned
damsites. Other sites such as 0lson and Gold Creek are competitive
provided they have additional upstream regulation. Sites such as
Denali and Maclaren produce substantially higher cost energy than the
other sites but can aiso 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
criteria 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 feiling to meet the energy contribution criteria
were also eliminated unless they had some potential for upstream
regulation. The results of this process, described in detail in
Reference 5, are as fcllows:
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(b)

- - The "unacceptable site" environmental category eliminated the

Gold Creek, Olson, and Tyone sites.

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

- No additional sites were eliminated for failing to meet the
energy contribution criteria. The remaining sites upstream from
Vee, i.e., Maclaren and Denali, were retained to insure that
further study be directed toward determining the need and viabi-
lity of providing flow regulation in the headwaters of the
Susitna.

Engineering Layouts

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

The basic objective of these layout studies was to establish a
uniform and consistent development cost for each site. These lay-
outs dare 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 decisjons had to made on the appropriate founda-
tion and abutment treatment. The accuracy of cost estimates made
in these studies is of the order of plus or minus 30 percent.

(i) Design Assumptions

In order to maximize standardization of the layouts, a set
of basic design assumptions was developed. These assump-
tions covered geotechnical, hydrologic, hydraulic, civil,
mechanical, and electrical considerations and were used as
guidelines to determine the type and size of the various
components within the overall project layouts. As stated
previously, other than at Watana, Devil Canyon, and Denali,
little information regarding site conditions was available.
Broad assumptions were made on the basis of the jimited
data, and those assumptions and the interpretation of data
have been conservative.

It was assumed that the relative cost differences between
rockfill 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 this assumption. Therefore, a
rockfill dam has been assumed at all developments in order
to eliminate cost discrepancies that might result from a
consideration of dam-fill unit costs compared to concrete
unit costs at alternative sites.
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General Arrangements

A brief description of the general arrangements developed
for the various sites is given Lelow. Descriptions of
Watana and Devil Canyon in this section are of the prelim-
inary layouts and should not be confused with the proposed
layouts in Exhibit A and Exhibit F. Figures B.6 to B.12
illustrate the Tayout details. Table B.3 summarizes the
crest levels and dam heights considered.

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

- Devil Canyon (Figure B.6)

The development at Devil Canyon, 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 powerhkouse, 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-
lar construction. The dam would be 675 feet above the
lowest foundation level with a crest elevation of 1470 and
a volume of 20 miilion cubic yards.

The spillway would be located on the north bank and would
consist of a gated overfiow structure and a concrete-1ined
chute linking the overflow structure with intermediate and
terminal stilling basins. Sufficient spiliway 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
individual tunnel penstocks. The powerhouse would house
four 150-MW vertically mounted Francis type turbines driv-
ing overhead 165 MVA umbrella type generators.

As an alternative to the full power development in the
first phase of construction, a staged powerhouse
alternative was also investigated. The dam would be com-
pleted to its full height but with a initial plant
installed capacity in 300-MW range. The complete power-
house would be constucted together with penstocks and a
tailrace tunnel for the initial two 150-MW units, together
with concrete foundations for the future units.




- Watana (Figure B.7 and B.8)

For initial comparative study purposes, the dam at Watana
is assumed to be a rockfill structure lecated on a similar
alignment to that proposed in the previcus COE studies.

It would be similar in construction to the dam at Devil
Canyon with an impervious core founded on sound bedrock
and an outer shell composed of blasted rock excavated from
a single quarry located on the south abutment. The dam
would rise 880 feet from the lowest point on the
foundation and have an overall volume of approximately 63
million 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 similar intake, underground powerhouse, and water
passage concepts to those at Devil Canyon would
incorporate 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 wera 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 Tower
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
commences the top 400 feet of the first stage dam would be
removed to ensure the complete integrity of the impervious
cort for the raised dam. A second spillway control struc-
ture would be constructed at a higher level and would in-




corporate a downstream chute Jeading 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
constructed. The existing 135-MW units would be upgraded
to 200 MW.

High Devil Canyon (Figure B.9)

The development would be Tocated between Devil Canyon and
Watana. The 855 feet high rockfill dam would be similar
in design to Devil Canyon, containing an estimated 48
million cubic yards of rockfill with a crest elevation of
1775. The south bank spillway and the north bank
powerhouse 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 Devil Canyon, with the
dem initially constructed to its full height.

Susitna II1 (Figure B.10)

The development would involve a rockfill dam with an
impervious core approximately 670 feetl 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.11)

A 610 feet high 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 further 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 ~onsist of a 400-MW underground
powerhouse located in the south bank with a tailrace
outlet well downstream of the main dam. A secondary
rockfill dam would also be required in this vicinity to
seal off a low point. Two diversion tunnels would be
provided on the north bank.




- Maclaren (Figure B.12)

The development would consist of a 185 feet high earthfill
dam founded on pervious riverbed materials. The crest
elevation of the dam would be 240Q5. This reservoir would
essentially be used for reguiating purposes. Diversion
would occur through three conduits focated in a open cut
on the south bank and floods would be discharged via 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 earthfii] construction, and would
have a crest elevation of 2555. As for Maclaren, no
generating capacity would be included. A combined diver-
sion and spillway facility would be provided by twin con-
Crete conduits founded in open cut excavation in the north
bank and discharging into a common stilling basin.

(c) Capital Costs

For purposes of initial comparisons of alternatives, construction
quantities were determined for items comprising the major works
and structures at the site. Where detail or data were not suffi-
cient for certain work, quantity estimates were made on the basis
of previous Acres' experience and the general knowledge of site
conditions reported in the literature, In order to determine
total capital costs for various structures, unit costs have been
developed for the items measured. These have been estimated on
the basis of review of rates used in previous studies, and of
rates used on similar works in Alaska and elsewhere. Where appli-
cable, adjustment factors based on geography, climate, manpower
and accessibility were used. Technical publications have also
been reviewed for basic rates and escalation factors.

The total capital costs developed are shown in Tables B.1 and B.2.
It should be noted that the capital costs for Maclaren and Denali
shown in Table B.1 have been adjusted to incorporate the costs of
generation plants with Capacities of 55-MW and 60-MW, respec-
tively. Additional data on the projects are 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-
Towing sites:




Devil Canyon;

- High Devil Canyon;
Watana;
Susitna III; or

- 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 that are
most economic as those of Devil Canyon/Watana or High Devil Canyon/Vee.
In addition to these two busic development plans, a tunnel scheme which
provides potential environmental advantages by replacing the Devil Can-
yon dam with a long power tunnel and a development plan involving
Watana Dam was also introduced.

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

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

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

- For energy requirements of up to 1,150 Gwh, the High Devil Canyen,
Devil Canyon or the Watana sites individually provided the most eco-
nemic energy.  The difference between the costs shown on Table B.4 is
around 10 percent, which is similar to the accuracy that can be
expected from the screening model.

For energy requirements of between 1,750 and 3,500 Gwh, the High
Devil Canyon site is the most economic.

For energy requirements of between 3,500 and 5,250 Gwh the combina-
tions of either Watana and Devil Canyon or High Devil Canyon and Vee
are most economic.

The total energy production capability of the Watana/Devil Canyon
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 6,000 Gwh range.




Tunnei Alternative

A scheme involving a long power tunnel could conceivably be used

5 to replace the Devil Canyon dam in the Watana/Devil Canyon
development plan. It could develop similar head for power genera-
tion and may provide some environmental advantages by avoiding

] inundation of Devil Canyon. Obviously, because of the Tow winter

) flows in the river, a tunnel alternative could be considered only
as a sccond stage to the Watana development.

d Conceptually, the tunnel alternatives would comprise the following
major components in some combination, in addition to the Watana
dam reservoir and associated powerhouse:

Power tunnel intake works;

: One or two power tunnels of up to forty feet in diameter and up
: to thirty 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 initial Watana development with full reservoir supply
level at Elevation 2200 and the associated powerhouse with an
installed capacity of 800 MW. Table B.6 Tists 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
estimate.

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

A review of the environmental impacts associated with the four
tunnel schemes indicates that Scheme 3 would have the least
impact, primarily because it offers the best opportunities for
requlating daily flows downstream from the project. Based on this
assessment and because of its almost 2 to 1 economic advantage,
Scheme 3 was selected as the only scheme worth further study (see
Development Selection Report for detailed anaiysis). The capital
cost es:iimate for Scheme 3 appears in Table B.8. The estimates
also incorporate single and douhle 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 variation than those associated with the dam
schemes due to geotechnical uncertainties. In an attempt to
compensate for these uncertainties, economic sensitivity analyses
using both higher and lower tunnel costs have been conducted.

Additional Basin Development Plan

As noted, the Watana and High Devil Canyon damsites appear to be
individually superior in economic terms to all cthers. An
additional plan was therefore developed to assess the potential
for developing these two sites together. For this scheme, the
Watana dam would be developed to its full potential. The High
Devil Canyon dam would be constructed to a crest elevation of 1470
to fully utilize the head downstream from Watana.

Selected Basin Deve1opment Plans

The essential objective of this step in the development selection
process is defined as the identification of those plans which
appear to warrant further, more detailed evaluation. The results
of the final screening process jndicate that the watana/Devil
Canyon and the High Devil Canyon/Vee plans are clearly superior to
all other dam combinations. In addition, it was decided to study
further Tunnel Scheme 3 as an alternative to the High Devil Canyon
dam and a plan combining Watana and High Devil Canyon.

Associated with each of these prans 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 reasen-
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 involved staging hoth dam and powerhouse construction, or
alternatively just staging powerhouse construction. 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
several alternative subplans were identified, each involving a
different staging concept. Summaries of these plans are given 1n

Table B.9.



(i) Plan 1
. - Subplan 1.1: The first stage involves constructing
: Watana Dam to its full height and installing 800 MW.

Stage 2 involves constructing Devil Canyon Dam and
installing 600 MW.

- Subpian 1.2: For this Subplan, construction of the
Watana Dam is staged from a crest elevation of 2060 to
- 9995, The powerhouse is also staged from 400 MW to 800
i 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.

(ii) Plan 2

- Subplan 2.1: This Subplan involves constructing the High
z Davil Canyon Dam first with an installed capacity of 800
MW. The second stage involves constructing tne Vee Dam

with an installed capacity of 400 MW.

-

For this Subplan, the construction of High
st elevation of 1630 to

also staged from 400 to
follows with 400 M of

: - Subplan 2.2:
Tevil Canyon is staged from a cre
1775. The installed capacity is
800 MW. As for Subplan 2.1, Vee

jnstalled capacity.

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

. Devil Canyon is staged.

(ii1) Plan 3
- Subplan 3.1: This Subplan involves initial construction

oF Watana and installation of 800 MW capacity. The next

he downstream re-

regulation dam to a crest elevation of 1500 and a 15 mile
- Tong 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 jnstalled

at the Watana powerhouse to facilitate peaking
operations.

Subplan 3.2: This Subplan is essentially the same as
Subplan 3.1 except that construction of the initial 800

MW powerhouse at Watana js staged.




A\

L

(iv) Plan 4

This single plan was developed to evaluate the development
of the two most economic damsites, Watana and High Devil
Canyon, jointly. Stage 1 involves constructing Watana to
its full height with an installed capacity of 400 MW. Stage
2 involves increasing the capacity at Watana to 800 MW.
Stage 3 involves constructing High 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 High Devil Canyon. This dam would
be located just upstream from Portage Creek so as not to
interfere with the anadromous fisheries and would have a
crest elevation of 1030 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 overali objective of this step in the evaluation process was to
select the preferred basin development plan. A preliminary evaluation
cf 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 El to E4, are
listed in Table B.10.

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

(a) Evaluation Methodology

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

- 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
detailed evaluation process incorporating economic,
environmental, social and energy contribution aspects is taken
into account.

Fconomic evaluation of any Susitna Basin development plan requires
that the impact of the plan on the cost of energy to the Railbelt
area consumer be assessed on a systemwide basis. Since the con-
sumer is supplied by a large number of different generating
sources, it is necessary to determine the total Railbelt system
cost in each case to compare the various Susitna Basin dJevelopment

options.

The primary tocl used for system costs was the mathematical model
developed by the Electricity Utility Systems Engineering Depart-
ment of the General Electric Company. The model is commonly known
as 0GP5 or Optimized Generation Planning Model, Version 5. The
following information is paraphrased from GE literature on the

program.

The 0GP5 program was developed over ten years to combine the three
main elements of generation expansion planning (sysiem reliabil-
jty, 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 0GP5 to study load management,
unit size, capital and fuel costs, energy storage, forced outage
rates, and forecast uncertainty.

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

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

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



A minor limitation inherent in the use of the 0GP5 model is that

the number of years of simulation is limited to 20. To overcome

this, the s+*udy periocd 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
modeling, all costs of fuel and operation and maintenance of all
generating 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
number 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:

- A1l 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
limitations on forecasting energy and load requirements for this
period. The additional period to 2040 is required to at leasi
take into account the benefit derived or value of the addition of
a hydroelectric power plant which has a useful 1ife of fifty 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 scenarioc 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
during 1990 to 2010 and the third the PWC of the scenario in 2010
assumed to recur for the period 2010 to 2040. 1In this way the
jong-term (60 years) PWC of each generation scenario in 1980
dolilars can be compared. - ’

A summary of the inpdt data to the model and a discussion of the

results follow.

(i) Initial Economic Analyses

Table B.1l 1ists the results of the first series of economic
analyses undertaken for the basic Susitna Basin development
plans listed in Table B.10. The information provided
includes the specified on-1ine dates for the various stages
of the plans, the 0GP5 run index number, 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 E1, E2, and E3 is shown in Figure 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 tneir full impact
on the cost of the generation system is taken into account.

- Plan E1 - Watana/Devil Canyon

. Staging the dam at Watana (Plan E1.2) is not as economic
as constructing it to its full height (Plan E1.1 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
construction of the Watana powerhouse (Plan E1.l and
E1.3). However, Plan El.4 results indicates 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 was not
constructed. A five year delay in construction of the
Watane 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 pre-
) ! sent 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 approxi-

mately $160 million is possible if the Chakachamna

) f‘ o hydroelectric project is constructed instead of the Vee
| | dam.
R | . The results of Plan E2.1 indicate that total system
) -~ i present worth would increase by $250 million if the
' total capacity at High Devil Canyon were limited to 400
4 MW.

- Plan E3 - Watana/Tunnel

The results for Plan E3.1 illustrate that the tunnel
schame versus the Devil Canyon dam scheme (E1.3) adds
approximately $680 million to the total system present
B worth cost. The availability of reliable geotechnical
i data would undoubtedly have improved the accuracy of the
cost estimates for the tunnel alternative. For this

| reason, a sensitivity analysis was made as a check to
g determine the effect of halving the tunnel costs. This
= analysis indicates that the tunnel scheme is stili more
costly than constructing the Devil Canyon dam.

i

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

The results indicate that system present worth associated
with Plan E4.1, excluding the Portage Creek site develop-
ment, are $200 million more than the equivalent E1.3 plan.
If the Portage Creek development is included, the present
! worth difference would be even greater.

RS

(ii) Load Forecast Sensitivity Analyses

The plans with the lowest present-worth cost were subjected
s to further sensitivity analyses. The objective of the
A analysis 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 B.12. |

At the low load forecast, full capacity development of
Watana-Devil 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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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
basis). As individual developments however, the High Devil
Canyon only pian is slightly superior economically than 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-Yee and
Watana-Devil Canyon plans are improved ecoromically by the
addition of the Chackachamna project. This illustrates the
superiority of the Chackachamna project to the additon of
alternative coal and gas projects using the study price
projections. Similar to the low Joad forecast, the Watana-
bevil Canyon project is superior to the High Devil
Canyon-Vee alternative but the margin of difference on a
present worth basis is much greater ($1.0 billion, present
worth basis).

Evaluation Criteria

The following criteria were used to evaluate the shortlisted basin
development plans. These criteria generally contain the require-
ments 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 potantial
developed by the various plans.

(1)

»
o

Economic

Plans were compared using long-term present worth costs,
calculated using the OGP5 generation planning model. The
parameters used in calculating tha total present-worth cost
of the total Railbeit generating system for the period 1980
to 2040 are Tisted in Table B.13 and B.14. Load forecasts
used in the analysis are presented in Section 5.1(b).

Envirenmental

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 could be combined with the other
evaluation attributes in an overall assessment of the

plan.




(c)

(iii) Social

This attribute includes determination of the potential non-
renewable resource displacement, the impact on the state
and local economy, and the risks and consequences of maior
structural failures due to seismic events. Impacts on the
economy refer to the effects of an investment plan on eco-
nomic variables.

Energy Contribution

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

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
attributes for each plan. In cases where the attributes associ-
ated with one plan all indicate equality or superiority with
respect te 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 tne 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.

(1) Devil Canyon Dam Versus Tunnel

The first step in the process involves the comparison of the
Watana-Devil Canyon dam plan (E1.3) and the Watana-Tunnel
plan (E3.1). Since Watana is common to both plans, the
evaluation is based on a comparison of the Devil Canyon dam
and tha 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 0GP5 computer runs is shown in Table B.15.
This information iljustrates the breakdown of the total
system present worth cost in terms of capital investment,
fuel, and operation and maintenance costs.

- Economic Comparison

From an economic poirit 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 Tow
demand growth rate, this cost difference would be reduced
slightly to $650C million. Even if the tunnel scheme costs
are halved, the total cost difference would still 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 1ife do not change the
basic economic superiority of the dam scheme over the
tunnel scheme.

Environmental Comparison

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

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

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

. It has a lower potential for inundating archeological
sites due to 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 in terms of the
social criteria of the two schemes. In terms of impact on
state and local economics and risks because of seismic




exposure, the two schemes are rated equal. However, the
dam scheme has, due to its higher energy yield, more
potential for displacing nonrenewable energy resources,
and therefore has a slight overall advantage in terms of
the social evaluation criteria.

Energy Comparison

Table B.19 summarizes the evaluation in terms of the
energy 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
energy 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 ¢  reduction in the
overali environmental impact of th. wunnel scheme. The
dam scheme js therefore judged to be superior overall.

Watana-Devil Canyon Versu$ High Devil Canyon-Vee

The second step in the development selection process
involves an evaluation of the Watana-Devil Canyon (E1.3) and
the High Devil Canyon-Vee (E2.3) development plans.

- Economic Comparison

In terms of the econumic criteria (see Table B.15 and
B.16) the Watana-Devil Canyon plan is less costly by $520
million. Ccnsideration of the sensitivity of this deci-
sion to potential changes in the various parameters con-
sidered (i.e., load forecast, discounted rates, etc.) does
not change the basic superiority cf the Watana-Devij
Canyon plan.

Under the low Toad-growth forecast, the Watana-Devil
Canyon plan is favored by only $210 million. While under
the high load-growth forecast the advantage is $1040
million.

Environmental Comparison

The evaluation in terms of the environmental criteria is
summarized in Table B.21. In assessing these plans, a
reach-by-reach comparison was made for the section of the




Susitna River between Portage Creek and the Tyone River.
The Watana-Devil Canyon scheme would create more potential
environmental impacts in the Watana Creek area, Howaver,
it is judged that the potential environmental impacts
whizh would occur above the Vee Canyon dam with a High
Devil Canyon-Vee development are more severe in overall
comparison.

Of the seven environmental factors considered in Table
B.17, except for the increased loss of river valley, bird
and black bear habitat, the Watana-Devil Canyon
development plan is judged to be more environmentally
acceptable than the High Canyon-Vee plan.

The other six arezs in which Watana-Devil Canyon was
judged to be superior are fisheries, moose, caribou,
furbearers, 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 Waftana-

Devil Canyon scheme is assessed to be superior because of

its higher energy potential and the fatt 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.

- Soz1al Comparison

Tagie B,18 summarizes the eviluation in terms of the
social criteria. As in the case of the dam versus tunnel
comoarison, the Watana-Devil Canyon plan is judged to have
a slight advantage cver the High Devil Canyon-Vee plan.
This is because of its greater po.ential for displacing
nonrenewable resources. In other social impact areas
there are minimal differences between plans.

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 plans are judged to favor the
Watana-Devil Canyon pian 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 DESIGNS, PROCESSES AND OPERATIONS

2.1 - Susitna Hydroelectric Development

As originally conceived the Watana project initially comprised an
eartnfill dam with a crest elevation of 2225 and 400 MW of generating
capacity scheduled to commence operation in 1993. An additional 400 MW
would be brought on-line in 1996. Al 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 economics. Geotechnical and environmental constraints
sdentified 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
additional detail on the plan formulation process are included in the
Supporting Design Report of Exhibit F and the referenced reportis.

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-
itjes 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;

Qutlet facilities;

Emergency release facilities; and
Power facilities.

A number of alternatives are available for each of these components and
they can be combined in a number of ways. The following paragraphs




describe the various components and methodology for the preliminary,
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.

(a) Selectjon of Reservoir Levels

The selected elevation of the Watana dam crest is based on consid-
erations of the value of the hydroelectric energy produced from
the associated reservoir, geotechnical constraints on reservoir
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 (LTPW) for each of these three dam elevations was determined
by means of the 0GP5 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 PMF and settle-
ment 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 are based on 32 years of hydrological records.
The energy produced was determined by using a multi-
reservoir simulation of the operation of the Watana and
Devil Canyon reservoirs. A variety of reservoir drawdowns
were examined, and drawdowns producing the maximum firm
energy consistent with engineering feasibility and cost of
the intake structure were selected. Minimum flow require-
ments were established at both project sites based on down-
stream fisheries considerations.

To meet system demand the required maximum generating capa-
bility at Watana in the period 1994 and 2010 ranges from
665 MW to 908 MW. For the reservoir level determinations,
energy estimates were made on the basis of assumed average
annual capacity requirements of 680 MW at Watani in 1994,
increasing to 1020 MW at Watana in 2007, with an additional
600 MW at Devil Canyon coming online in the year 2002. The
long term present worth costs of the generation system
required to meet the Railbelt energy demand were then
determined for each of the three crest elevations of the
Watana dam using the 0GP5 model,




The construction cost estimates used in the 0GP5 modeling
process for the Watana and Devil Canyon projects were based
on preliminary conceptual iayouts and construction sche-
dules. Further refinement of these layouts has taken place
during the optimization process. These refinements have no
significant impact on the reservoir level selection.

Economic Optimization

Economic optimization of the Watana reservoir level was
based on an evaluation of three dam crest elevations of
2240, 2190, and 2140. These crest elevations applied to
the central portion of the embankment with appropriate
allowances for freeboard and seismic settlement, and
correspond to maximum operating levels of the reservcir of
2215, 2165, and 2115 feet, respectively. Average annual
energy calculated for each case using the reservoir
simulation model are given in Table B.24, together with
corresponding project construction costs.

In the determination of LTPW, 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 y1e1ds were distributed on a
monthly basis by the reservoir operation model to match as
closely as possible the projected monthly energy demand of
the Railbelt and then input to the GGP5 model. The LTPW of
meeting the Railbelt energy demand using the Susitna devel-

opment as the primary source of energy was then determined
for each of the three reservoir levels.

The results of these evaiuations are shown in Table B.25,
and plots showing the variation of the LTPW with dam crest
elevation are shown in Figure B.12, This figure indicates
that on the basis of the assumptions used, the minimum LTPW
occurs at a Watana crest elevation ranging from approxi-
mately 2160 to 2200 (reservoir levels 2140 to 2180 feet).

A higher dam crest will still result in a development 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 costs of
additional energy produced at Watana is somewhat greater
than for the displaced thermal energy source. Hence, the
LTPW of the overall system would increase. Conversely, as
the height of the dam is lowered, and thus Watana produces
less energy, the unit cost of the energy produced by a
thermal generation source to replace the lost Susitna
energy is more expensive than Susitna energy. In this case
alsao, the LTPW increases.




Geotechnical Considerations

On the north side of the reservoir created by the Watana
dam a relict channel of considerable depth connects the
reservoir to Tsusena Creek. As the water surface elevation
of the reservoir is increased up to and beyond 2200 feet, a
Tow area in the relict channel would require costly water
retaining structures to be built and other measures to be
taken. In addition to the cost the technical feasibility
of these measures is not as certain as desired on a project
of this magnitude. Because of the considerations relating
to seismic stability, seepage problems and permafrost con-
ditions in the relict channel area, the hydraulic head at
the upstream end of the relict channel should.be ]imited
wherever possible. By comparing normal reservoir levels
plus flood surcharge to ground surface contours, it was
determined that with normal reservoir level of 2185 and a
small freeboard dike the following conditions would exist:

- For flood magnitudes up to the 1:10,000-year event, there
would be no danger of overtopping the lowest point in the
relict channel.

For the PMF a freeboard dike in the low area of up to 10
feet in height would provide adequate protection. This
dike would be wetted only a few days during a PMF event.

If seismic settlement or settlement due to permafrost
melting did occur, the combination of the 10 feet free-
board dike constructed on a suitable foundation plus
normal reservoir level of 2185 feet would ensure that
breakthrough in the relict channel area would rot occur.,

With this approach, the Watana project will develop the
maximum energy reasonably available without incurring the
need for costly water retaining structures in the relict
channel area.

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 which would maximize the amount of energy
which can be obtained from the available resource, while
doing so with a technically sound project.

The three values of LTPW developed by the 0GP5 computer
runs defined a relationship between LTPW and Watana dam




height which is relatively insensitive to dam height. This
is highlighted by the curve of LTPW versus dam height in
Figure B.19. This figure shows there is only a slight var-
iation in the LTPW for the range of dam heights included in
the analysis. Thus, from an economic standpoint the opti-
mum crest elevation could be considered as varying over a
range of elevations from 2140 to 2220 with little effect on
project economics. The main factors in establishing the
upper Timit of dam height were consequently the geotech-
nical 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.

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
described in Sections 6 and 8 of Reference 4 together with appro-
priate consideration of the following:

- 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 1ists the design parameters used in establishing the
dependable capacity at Watana.

(i) Installed Capacity

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

The computer simulation 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
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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

the growth in peak load (MW) and annual energy demand (GWh)
through to the end of th eplanning horizon, 2010.

R

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
wetter and drier years. In order to utilize the average
energy, capacity must be available to generate the energy
available in the wet years up to the maximum requirement
dictated by the system energy demand, less any energy
available from other committed hydro plant.

¥
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% Watana has been designed to operate as a pedking station,
' if required. Tables B.27 and B.28 show the estimated
maximum capacity required in the peak demand month
(December) at Watana to fully utilize the energy available
from the flows of record. If no thermal energy is needed
(i.e., in wetter years), the maximum requirement is
contrelled only by the shape of the demand curve. If
thermal energy is required (in average to dry years), the
maximum capacity required at Watana will depend on whether
the thermal energy is provided by high merit order plant at
hase load (Option 1, Table B.27); or by low merit order
peaking plant (Option, Table B.23).

f
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In the basis of this evaluation, the ultimate power genera-
tion capability at Watana was selected as 1020 MW for
design purposes to allow a margin for hydro s3inning
reserve and standby for forced outage. This installatian
also provides a margin in the event that the load growth
exceeds the medium load forecast.

(ii1) Unit Capacity

d
|

Selection of the unit size for a given total capacity is a
compromise between the initial least cost solution, gener-
ally iavolving a scheme with a smaller number of large
capacity units, and the improved plant efficiency and
sacurity of operation provided by a larger number of
smaller capacity units. Other factors include the size of
each unit as a proportion of the total system load and the
minimum anticipated load on the station. Any requirement
for a minimum downstream flow would also affect the selec-
i tion. Growth of the actual load demand is also a signifi-
cant factor, since the installation of units may be phased
to match the actual load growth. The number of units and

b i




their individual ratings were determined by the need to
deliver the required peak capacity in the peak demand month
of December at the minimum December reservoir level with
the turbine wicket 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 tota: 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
intakes, 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.

Capitalized
Rated Value of
Capacity Additional 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 alternative, 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 tota] of 1020 MW, has been adopted for all
Watana alternatives.

(c) Selection of the Spiliway Design Flood

Normal design practice for projects of this magnitude, together
with applicable design regulations, require that the project be
capable of passing the Probable Maximum Flood (PMF) routed through
the reservoir without endangering the dam.
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In addition to this reguirement, the project shculd have
sufficient spiliway capacity to safely pass a major flood o7
lesser magnitude than the PMF without damaging the main dam or
ancillary structures. The frequency of occurrence of this ‘lood,
Known as the spillway design flood or Standard Project Flood
(SPF), is generally 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 requirad 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
Tist of spillway design flood frequencies and magnitudes for
several major projects is presented below.

Spillway
Spillway Design Flood Basin Capacity
- Peak PMF After Routing
Project Frequency Infiow (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

*AT1 spillways except Sayano have capacity to pass PMF with surcharge.
The flood frequency aralysis produced the following values:

Flood Frequency Inflow Peak

Probable Maximum - 326,000 cfs
Spillway Design 1:10,000 years 156,000 cfs

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

Main Dam Alternatives

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

2-8




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 cof 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
2arthfill 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
ror 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 Tayout. 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 eliminated from further
consideration.

Concrete-face Rockfill Type Dam

The selection of a concrete-face rock fill dan at Watana
would appear to offer economic and schedule advantages when
compared to a conventional impervious-core rock fill dam.
For example, one of the primary areas of concern with the
earth-core rock fill 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 receive new
material after each winter. On the oth:.' hand, rock fill
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 rock fi11l dam would also require less
foundation preparation, since the critical foundation
contact area is much Tess than that for the impervious-
core/rock foundation contact. The side slopes for faced
rock fill could probably be of the order of 1.5:H to 1:V or
stezsper as compared to the 2.5 and 2.0:H to 1:V for the
earth-core rock fill. This would allow greater flexibility
for layout of the other facilities; in particular, the

2-9
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the upstream and downstream portals of the diversion
tunnels and the tailrace tunnel portals. The diversion
tunnels could bhc shorter, giving 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
concrete face-rock fill dam built to date (the 525-foot
high Areia dam in Brazil completed in 1980). A review of
concrete face rock fill dams indicates that increases in
height have been typically in the range of 20 percent; for
example, Paradela - 370 feet completed in 1955, Alto
Anchicaya - 460 feet completed in 1974, Areia - 525 feet
completed in 1980. Although recent compacted rock fill
dams have generally performed well and a rock fill dam is
inherently stable even with severe leakage through the
face, a one-step increase in height of 70 percent over
existing structures is well beyond percedent.

In addition to the height of the dam, other factors which
are beyond precedent include the seismic and climatic
conditions at Susitna. It has been stated that concrete
face rock fill 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 could result in excessive leakage through the dam. To
correct such an cccurrence 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 rock fill dam has yet been built in an
arctic environment. The drawdown at Watana is in excess of
100 feet and the upper section of the face slab will be
subjected to severe freeze/thaw cycles.

Although the faced rock fill dam appears to offer schedule
advantages, the overall gain in impoundment schedule would
not be so significant. With the earth-core rock fill dam,
impoundment can be allowed as the dam is constructed. This
is not the case for a concrete faced rock fill since the
concrete face slab is normally not constructed until all
rock fill 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
fi11 dams also incorporate an impervious earth fill cover
over the lower section to minimize the risk of excessive
leakage through zones which, because of their depth below
normal water level, are difficult to repair. Such a zone
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at Watana might cover the lower 200 to 300 feet of the slab
and require considerable volumes of jmpervious fi11l, 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 jmpoundment 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
percent cheaper. However, the managers, on the
recommedation of their consultants, decided against the use
of a concrete face rock fi11 for the required'height of 500
feet in that environment.

In summary, @ concrete face rock fi1l dam at watana is not
considered appropriate as a £3ipm recommendation for the
feasibility stage of development of the Susitna project
because of:

the 70 percent increase in height over precedent; and

the possibie jmpacts of high sejsmicity and climatic
conditions.

Selection of Dam Type

selection of the configuration of the embankment dam
cross-section was undertaken within the context of the
£01lowing basic considerations:

- The availability of suitable construction materials
within economic haul distance, particular]y core
materials

- The requirement that the dam be capable of withstanding
the effects of a significant earthquake shock (2) as vell
as well as the static 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 oOn both the upstream and down-




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 location 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 review of precedent design and the nature 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.

Potential sources for the upstream and downstream shells
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, tne 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-
servative estimate of the effective 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 2.4H:1V, 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:1V was
computed for four alternative dam axes. The location of
these alternative axes are shown on Figure B.21. The dam
volume associated with each of the four alternative axes is
listed below:
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Alternative Total Volume
Axis Number (million yd3)

A section with a 2.4H:1V upstream slope and a 2H:1V down-
stream slope located on alternative axis .number 3 was used
for the final review of alternative schemes.

Diversion Scheme Alternatives

The topography of the site generally dictates that diversion of
the river during construction be accompliished 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 Tength for a tunnel on the south bank would be approximate-
ly 2,000 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 pro-
bable consequences of overtopping of the cofferdams.
Design criteria and experience from other projects similar
in scope and nature have been used in selecting the diver-
sion 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
indicates that the diversion scheme would be required for 4
or 5 years until the dam is of sufficient height to permit
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 5-year
construction period. The diversion design flood together
with average fiow characteristics of the river significant
to diversion are presented below:
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Average annual flow 7,990 cfs
Maximum average monthly flow 23,100 cfs (June)
Minimum average monthly flow 890 cfs (March)
Design flood inflow (1:50 years) 87,000 cfs
Cofferdams

For the purposes of establishing the overall general
arrangement of the project and for subsequent diversion
optimization studies, the upstream cofferdam section
adopted comprises an initial closure dam structure approxi-
mately 30 feet high placed in the wet.

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 of the order
of 50 ft/s have been used in several projects. For unlined
tunnels, maximum design velocities ranging from 10 ft/s in
good quality rock to 4 ft/s 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
examined as part of this analysis:

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

Emergency Release Facilities

The emergency release facilities influenced 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 Tow Tevel release facility was required to




meet instream flow requirements during filling of the
reservior, and to permit lowering of the reservoir in the
event of an extreme emergency. The most economical
alternative available would jnvolve converting one of the
diversion tunnels to permanent use as a low level outlet
facility. 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 security to
the diversion scheme in case of the loss of service of one
tunnel.

The Tow 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
river. Given the space restrictions imposed by the size of
the diversion tunnel, it was decided to utilize a double
expansion system constructed within the upper tunnel.

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 4,700 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 elevation versus tunnel diameter for
the various tunnel alternatives with submerged and free
outiets are presented in Figure B.22. The relationship
between capital cost and crest elevation for the upstream
cofferdam is shown in Figure B.23. The capital cost for
various tunnel diameters with free and submerged outlets is
given in Figure B.24.




%g The results of the optimization study are presented in
Figure B.25 and indicate the fGilowing optimum solutions _
tor each alternative. @

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

, L
ig Two pressure tunnels 30 1595 66,000,000 i{'
(g aﬁ Two free flow tunnels 32.5 1580 68,000,000
Two free flow tunnels 35 ' 1555 69,000,000

™

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

Selected Diversion Scheme

b
—

<

-
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. i An important consideration at this point is ease of coffer-
= ' ;g 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 involve an end-dumped closure section 50 feet
high. The velocities of flows which would overtop the cof-
ferdam before the water levels were raised to reach the
. tunnel dnvert level would be prohibitively higher,
%ﬁ resulting in complete erosion of the cofferdam, and hence =
o the dual free flow tunnel scheme was dropped from

consideration.

heay

A Big. 1

§§ Based on the preceeding considerations, a combination of

‘ one pressure tunnel and one free flow tunnel (or pressure

. tunnel with free outlet) was adopted. This will permit

ig initial diversion to be made using the Tower pressure.tun-

s nei, thereby simplifying the critical closure operation and
avoiding potentially serious delays in the schedule. Two

ﬁ alternatives were re-evaluated as follows:
Upstream Cofferdam
. Tunnel Diameter Crest ETevation Approximate Height
@ (feet) (feet) (feet) Q
30 1595 150
H' 35 1555 110
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More detailed layout studies indicated that the higher
cofferdam associated with the 30 foot diameter tunnel
alternative would require locating the inlet portal further
upstream into "The Fins" shear zone. Since good rock
conditions for portal construction are essential and the 35
foot diameter turnel alternative would permit a portal
location downstream of "The Fins", 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 djameter
tunnels with an upstream cofferdam crest elevation of 1555
was incorporated as part of the selected general arrange-
ment.

Spiliway Facilities Alternatives

As discussed in subsection (c) above, the project has been
designed to safely pass floods with the following return fre-
quencies:

Infiow Total Spillway
Flood Frequency Peak (cfs) Discharge (cfs)

Spillway Design 1:10,000 years 156,000 119,000
Probable Maximum - 325,000 150,000

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

- Chute spillway with flip bucket;
- Chute spillway with stilling basin; and
- Cascade spillway.

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.

(1) Energy Dissipation

The two chute spillway alternatives considered achieve
effective 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
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the discharge by utilizing a series of 20 to 50 foot steps
down to river level, with energy dissipation at each step.

A1l spillway alternatives were assumed to incorporate a
concrete ogee type control section controlled by fixed
roller vertical 1ift 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
foundation.

(i1) 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
downs:ream Devil Canyon reservoir and a buildup of nitrogen
concentration could occur throughout the body of water. It
would even®ually be discharged downstream from Devil Canyor
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, spiliway facil-
ities were designed to 1imit discharges of water from
either Watana or Devil Canyon that may become supersat-

urated with nitrogen to a recurrence period of not less
than 1:50 years.

Power Facilities Alternative

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

A

Location, type and size of the power plant;
Geotechnical considerations;

Number, type, size and setting of generating units;
Arrangement c¢f intake and water passages; and
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 six units and a total
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installed capacity of 1020 Mu. The comparative cost
estimates for powerhouse civil works and electrical and
mechanical equipment (excluding common items) indicated an
advantage in favor of the underground powerhouse of
$16,300,000. The additional cost for the surface power-
house arrangement is primarily associated with the Tonger
penstocks and the stee] 1inings required.

The underground powerhouse arrangement is also better
suited to the severe winter conditions in Alaska, is Tess
affected by river flood flows in summer, and is aesthet-~
ically less obtrusive. This arrangement has therefore been
adopted for further development.

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
required Tonger penstock and/or tailrace tunnels and were
therefore more exnensive.

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 lay between the two major shear
features ("The Fins" and the "Fingerbuster"),

Underground»Openings

Because no construction adits or extensive drilling in the
powerhouse and tunnel Tocations have been completed, it has
been assumed that ful] 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 pro-
bably be unlined, depending on the actual rock quality en-
countered.

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

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 c* 5§80
feet is 181 MW.

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 transformation 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

- 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 oe performed by closing the control gate at
the intake and draining the penstocks and scroll case
through a valved bypass to the tailrace. An alternative
arrangement with three penstocks was considered in detail
te assess any possible advantages. This scheme would
require a bifurcation and two inlet valves on each penstock




and extra space in the powerhouse to accommodate the inlet
valves. Estimates of relative cost differences are sum-
marized below:

Cost Difference ($ x 100)
j}gﬁg 6 Penstocks 3 Penstocks

Intake Base Case -20.0
Penstocks .
Bifurcations

Valves

Powerhouse

Capitalized Value of Extra Head Loss

Total -

Despite a marginail saving of $2 million (or less than 2
percent in a total estimated cost of $120 milijon) 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
apparent.

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 iosses
caused by conduit friction, bends and changes of section.
For the penstock optimization, the construction costs of
the intake and approach channeil 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.

Environmental Constraints

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

- Controi of downstream river temperatures; and
- Control of downstreem flows.

The intake design has been modified to enable power plant
flows to be drawn from the reservoir at four different
levels 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 aiid subjected to a series of review and screening processes. The
tayouts selected from each screening process were developed in greater
detail prier 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-
jtional data incorporated as necessary. The selection process followed
the general selecticn methcdology 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-
mediate, and final.

(i) Preliminary Review (completed early in 1981)

This comprised four steps:

- Step 1: Assemble available data;
. Determine design criteria; and
Establish evaluation criteria.

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

Review all layouts on the basis of technical
feasibility, readily apparent cost differences,
safety, and environmental impact.




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:

- Step 5:

Review all data, incorporating additional data
from other work tasks.

Review and expand design criteria to a greater
level of detail.

Review evaluation criteria and modify, if neces-
sary.

Revise selected layouts on basis of the revised
criteria and additional data. Prepare plans and
principai sections of layouts.

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

Develop a preliminary 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.

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

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

(111) Final Review (completed early in 1982)

- Step 1:

Assemble and review any additicnal data from
other work tasks.

Revise design criteria in accordance with addi-
tional available data.

Finalize overall evaluation criteria.




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.

Prepare quantity 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.

Review all layouts on the basis of practicabil-
ity, technicai feasibility, cost, impact of pos-
sible unknown conditions, sarety, and environ-
mental impact.

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

(b) Design Data and Criteria

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.29.

Evaluation Criteria

The various layouts were evaluated at each stage of the review
process on the basis of the criteria summarized in Table B.30.
These criteria illustrate the progressively more detailed
evaluation process leading to the final selected arrangement.

Preliminary Review

The development selection studies described in Section 8, Volume 1
of Reference 4, involved comparisons of hydroelectric schemes at a
number of sites on the Susitna River. As part of these compari-
sons a preliminary conceptual design was developed for Watana in-
corporating a double stilling basin type spillway.

Eight further layouts were subsequently prepared and examined for
the Watana project during this preliminary review process in




addition to the scheme shown on Figuré B.7. These eight layouts
are shown in schematic form on Figure B.25. Alternative 1 of
these layouts was the scheme recommended for further study (1).

This section describes the preliminary review undertaken of al-
ternative Watana layouts.

(1)

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
enciose a stretch of watercourse approximately 4500 feet in
length. Preliminary evaluation of the existing geological
data indicated highly fractured and altered materials
within the actual shear zones which would pose serious pro-
blems for conventional tunneling methods and would be un-
suitable for founding of massive concrete structures. The
originally proposed dam axis was located between these
shear zones, and since no apparent major advantage appeared
to be gained from large changes in the dam location, lay-
outs generally were kept within the confines of these
bounding zones.

An earth and rockfill dam was used as the basis for all
layouts. The downstream slope of the dam was assumed as
2H:1V in all alternatives and upstream s.opes varying be-
tween 2.5H:1V and 2.25H:1V were examined in order to deter-
mine the influence of variance in the dam slope on the con-
gestion of the layout. 1In all preliminary arrangements
except the one shown on Figure B.7, cofferdams were
incorporated 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




instances, under large surcharges, these spiliways 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
preliminary review, 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 adjacent broad shear
zone. Locating the powerhouse further downstrean would
require tunneling across the shear zone, which would be
expensive and would require excavating a talus slope.
Furthermore, 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 spillway.

(i11) Description of Alternative

- 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 COE, 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 parallel 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
basins should 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
portals as far upstream as possible without having to
tunnel through "The Fins". It is possible that the
underground powerhouse is in the area of "The Finger-
buster", but the powerhouse could be Tocated upstream
almost as far as the system of drain holes and




galleries just downstream of the main dam grout
curtain.

Alternative 1

This alternative, Figure B.26, is that recommended for
further study (1) 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 flip 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 spiliway
is almost parallel to the downstream section of the
river and it discharges into a pre-excavated plunge pool
in the river approximately 800 feet downstream from the
flip bucket. This type of spiliway 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 build up of
material downstream which could cause elevation of the
tailwater levels.

Alternatives 2 through 2D

Alternative 2 consists of a south bank cascade spillway
with the main dam axis curving downstream at the
abutments. 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 "The Fingerbuster" and extensive dental
concrete would be required 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 *n this area
in proximity to the dam. The discharge from the
spiliway enters the river perpendicular to the general
flow but velocities would be reiatively low and should
not cause substantial erosion problems. The powerhouse
is in the mest suitable Tocation for a surface
alternative where the bedrock is close to the surface
and the overall rock slope is approximately 2H:1V.




Altertative 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 or 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 easier to construct, a factor which may partly
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 ar inclined,
unlined rock channel. Under this arrangement the con-
crete spillway acts as the main spillway, passing the
1:10,000 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.
Erosion of the chute would be extreme for significant
flows, although it is highly unlikely that this emerg-
ency spiliway would ever be used.

Alternative 2D replaces the cascade of Alternative 2
with a Tined chute and flip bucket. The commerits rela-
tive to the flip bucket are the same as for Alternative
1 except that the south bank location in this instance
requires a jonger chute, partly offset by lower
construction costs because of the flatter slope. The
f1ip bucket discharges intc the river at an angle which
may cause erosion of ihe opposite bank. The undergrcund
powerhouse is Tocated 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
upstream 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 f1ip bucket spillway on the north bank. A gatec
control structure is provided for this auxiliary
spillway which gives it the flexibility to be used as a
backup if maintenance should be required on the main
spillway. Erosion of the cascade may be a probiem, as
mentioned 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
approximately 1000 feet downstream from its Alternative
2 location. The relocation results in a reduction in
the overall dam guantities but would require siting the
impervious core of the dam directly over the
"Fingerbuster" shear zone at maximum dam height. The
south bank spillway, consisting of chute and flip
bucket, is reduced in length compared to other south
bank locations, 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 tunnels are of similar length owing
to the overall downstream relocation of the dam.
Spillways and power facilities would also be lengthened
by a north bank location with this dam configuration.

Selectiori 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 obvious problems with treatment of the
foundation. Accordingly, there is very little scope for
realigning the main dam apart from a slight rotatiorn to
place it more at right angles to the river.

Location of the spillway on the north bank resuits 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
emergency spillway with a high degree of operational
predictability could be constructed. A flip bucket
spiliway on the north bank, discharging directly down
the river, would appear to be an economic arrangement,
although some scour might occur in the plunge pool area.
A cascade spillway on the south bank could be an
acceptable solution providing most of the excavated
material could be usad in the dam, and adequate rock
conditions exist.

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 1ikely route. This loca-
tion would also avoid the area of "The Fingerbuster® 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 con 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 diversici;

. A variation of Alternative 2 with a reduced capacity
main spillway 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 preliminary review were examined in more detail

4 ‘




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 offAlternative Schemes

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

- Scheme WPl (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 also moved upstream from "The
Fins". A chute spillway with a f1ip bucket is located
on the north bank. The underground powerhguse is
located 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 coffeirdam
js relocated further downstream from the spiilway outlet
and the diversion tunnels are correspondingly extended.
The main spillway is located on the north bank, but the
two stilling basins of the preliminary OSR scheme 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
maximum flood and the 1:10,000-year design flood 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 stilling basins. The
underground powerhouse is located on the north bank.

Compariscn of Schemes

The main dam is in the same location and has the same con-
figuration Tor each of the four layouts considered. The
cofferdams have been located outside the limits of the main
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 probably be made after more detailed study.

The diversion tunnels are located on the north bank. The
upstream flattening of the dam siope necessitates the loca-
tion of the diversion inlets upstream from "The Fins" shear
zone which would require extensive excavation and support
where the tunnels 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
Tevel assumed for the comparison study. However, the fin-
ally 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.31l.

The results of this intermediate analysis indicate that the
chute spillway with flip bucket (Scheme WP1) is the least
costly spillway alternative.

The scheme has the additional advantage of relatively
simple operating characteristics. The control structure

B R R, R R R P
D e o~ gp o - ot A A S Y~




has provision 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
routed design flood are passed through the rock channel
emergency spillway. 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.28.

The feasibility of the rock cascade spiliway 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
placement close to a suspected shear zone, with the
tailrace tunnels passing through this shear zone to reach
the river. A longer access tunnel is alsu required,
together with an additional 1,000 feet in the length of the
tailrace. The south-side location is remote from the main
access road, which will probably e on the north side of
the river, as will the transmission corridor.

Selection of Schemes for Further Study

Examination of the technical and economic aspects of Scheme
WP1 through WP4 indicates there is littie scope for adjust-
ment of the dam axis owing to the confinement imposed by




the upstream and downstream shear zones. In addition, pas-
sage of the diversion tunnels through the upstream shear
zone could result in significant delays in construction and
additional cost.

From a comparison of costs in Table B.28, it can be seen
that the f1ip 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 reservair, and use of this release as
the first-stage service spillway with the f1ip bucket as a
backup facility would combine flexibility and safety of
operation with reasonable cost. The emergency rock channel
spillway wculd be retained for discharge of flows above the
routed 1:11,000-year flood.

The stilling basin spillway is very costly and the operat-
ing head of 800 feet is beyond precedent experience. 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 favorad for techrical and
economic reasons. Hcwever, 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
conten%; hence, this alternative was retained for further
evaluation. The capacity of the cascade was reduced and
the emergency rock channel spillway was included to take
the extreme floods.

The results of the intermediate review indicated that the
following components should be incorporated into any scheme
carried forward for final review:

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

» An underground powerhouse clso located on the north
bank; '

An emergency spillway, comprising a rock channel ex-a-
vated on the north bank and discharging well downstream
from the north abutment. The channel is sealed by an
erodible fuse plug of impervious material designed to
fail if overtopped by the reservoir; and




- A compacted earthfill and rockfill dam situated between
the two major shear zones which traverse the project

site.

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

- A chute spillway with f1ip bucket on the north bank to
pass the spiliway design flood, with a mid-Tevel release
system desigred to operate for floods with a frequency of
up to about 1:50 years; or 4

- A cascade spillway on the scuth barik.

Accordingly, two schemes were developed for further evalua-
tion as part of the final review 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 B.33)

This scheme is a modified version of Scheme WP3 described
above. Because of scheduling and cost considerations, it
js extremely important to maintain the diversion tunnels
downstream 7rom "The Fins." It is also jmportant to keep
the dam axis as far upstream as possibie to avoid conges-
tion of the downstream structures. For these reasons, the
inlet portals to the ..version tunnels were located in the
sound bedrock forming the downstream poundary of "The
Fins." The upciream cofferdam and main dam are maintained
in the upstream locations as shown on Figure B.33. As
mentioned previously, additional criteria have necessitated
modifications in the spillway configuration, and Tow-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




results not onily in a reduction in dam fill volume but
also in a reduction in the base width of the dam which
permits 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 limits of the dam in
order to allow complete excavation of the riverbed alluy-
vium.

Diversion

In the intermediate review arrangements, diversion tun-
nels passed through the broad structure of "The Fins," an
intensely sheared area of breccia, gouge, and infills.
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 tunnels located closer to the river 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
portals with respect to the river flow directions.

A separate low-level inlet and concrete-lined tunnel is
provided, Teading 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 Tow-level tunnel is designed to pass flows up to
12,000 cfs during reservoir Tilling. It would also pass
up to 30,000 ¢fs under 500-foot head to allow emergency
draining of the reservoir.

Initial closure is made by Towering 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 discharges are passed downstream. The
closure gates within the second diversion tunnel portal
are then closed and a concrete closure plug constructed
in Tine with the grout curtain. After closure of the
gates, filling of the reservoir would commence.

Outlet Facilities

As a provision for drawing down the reservuir in case of
emergency, a mid-level release is provided. The intake




to these facilities is located at depth adjacent to the
power facilities intaxe structures. Flows would then be
passed downstream vhrough & concrete-1ined tunnel, dis-
charging beneath the downstream end of the main spillway
flip bucket. In order to overcome potential nitrogen
supersaturation probiems, Scheme WP3A also incorporates 3
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). 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 downstream is
protected from ercsion by a concrete facing slab anchored
back to the sound bedrock.

Spiliways

As discussed above, che designed operation of the main
spillway facilities was arranged to 1limit discharges of
potentially nitrogen-supersaturated water from Watana to
flows having an equivaient return period greater than
1:50 years.

The main chute spillway and fiip bucket discharge into an
excavated plunge pool in the downstream river bed. Re-
leases are conirolled by a three-gated ogee structure
located adjacent to the outlet facilities and power
intake structure just upstream from the dam centerline.
The design discharge is approximately 114,000 cfs, cor=-
resporiding to the routed 1:10,000-year flood (145,000
cfs) reduced by the 31,000 cfs flows attributable to out-
let and power facilities discharges. The plunge pool is
formed by excavating the alluvial river deposits to bed-
rock. Since the excavated plunge pool approaches the
1imits of the calculated maximum scour hole, it is not
anticipated that, given the infrequent discharges, sig-
nificant downstream erosion will occur.

An emergency spillway is providad 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 materiai 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 the




excess discharge of floods greater than the 1:10,000-
year flood up fo the probable maximum flood of 326,000

cfs.

Power Facilities

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 &
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. For this preliminary
conceptual arrangement, flow withdrawals from different
Jevels a-e achieved by a series of upstream vertical
shutters moving in a single set of quides 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 isoiate the individual pen-
stocks.

The six penstocks are 18-foot-diameter, concrete-1ined
tunnels iaclined 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-
nead crane which runs the length of the powerhouse and
into the service area adjacent to the units. Switch-
gear, maintenance YOOm and offices are Jocated 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 main 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. OCownstream
from the transformer galiery the underlying draft .tube
tunnels merge into two surge chambers (one chamber for
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_,L% 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
h of the surge chambers. Emerging

the upper part of eac
from the ends of the chambers, two concrete~1lined, low-

pressure tailrace tunnels carry the discharges to the
river. Becausé of space restrictions at +he river, oOne
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.
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(i) Scheme Wp4aA (Figure B.34)

This scheme is similar iu most respects to Scheme WP3A pre-
viously discussed, axcept for the spillway arrangements.

- Main Dam

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

. Diversion
The diversion and low level releases are the same for

the two schemes.




Qutlet Facilities

The outlet facilities used for emergency drawdown are
separate from the main spillway for this scheme. The
outlet facilities consists of a low-level gated inlet
structure discharging up to 30,000 cfs into the river
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
spillway.

Spillways

The main south bank spiliway is capable of passing a
design flow equivalent to the 1:10,000-year flcod
through a series 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 ercsion caused by
spillway flows and a high percentage of sound rockfill
material that can be used from the excavation directly
in the main 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 have indicated. The cascade spillway channel
was therefore lengthened to avoid the shear area at the
lower end of the cascade. The arrangement shown on
Figure B.34 for Scheme WP4A does not reflect this
relocation, which would increase the overal. cost of the
scheme.

The emergency spiliway 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
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
L js adjusted for the savings associated with using an appro-
priate proportion of excavated material from the cascade
spillway as rockfill in the main dam, this represents a net
overall cost difference of approximately $110,000,000 in-
cluding 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
through and is adjacent to the area presently allocated to
the spillway in Scheme WP4. This would require relocating
the south bank cascade spillway several hundred feet
farther downstream into an area where the rock quality is
unknown and the topography less suited to the gentle
overall slope of the cascade. The cost of the excavation
would substantially increase compared to previous
assumptions, irrespective of the rock quality. 1In
addition, the resistance of the rock to erosion and the
suitability for use as excavated material in the main dam
would become less certain. The economic feasibility of
this scheme is Targely predicated on this last factor,
| since the ability to use the material as a source of

E rockfill for the main dam represents a major cost saving.

. - - - g

In conjunction with the main chute spillway, the problem of

the occurrence of nitrogen supersaturaticn 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

i 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.

—

2.4 - Devil Canyon Project Formulation

L This section describes the development of the general arrangement of
the Devil Canyon project. The method of handling floods during con-

struction and subsequent project operation is also outlined in this

section.




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.

(a)

Selection of Reservoir Level

The selected normal maximum operating level at Devil Canvon Dam is
Elevation 1455. Studies by the USBR and CCE on tha Devil Canvon
Project were essentially based on a similar reservoir level which
corresponds to the tailwater level selected 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
tailrace level.

Although significantly lower reservoir levels at Devil Canyon
would lead to lower dam costs, the Tocation 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.

Selection of Installed Capacity

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

The decision to operate Devil Canyon primarily as a base-lcaded
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 jincorpor-
ated in the final design to project 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
record, as modified by the veservoir opevration 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 tha*
flows used to gererate energy at Watana will also be used to gen-
erate energy at Devil Canyon.
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Table B.32 shows an assessment of maximum plant capacity required
at Devil Canyon in the peak demand month (December). The Devil
Canyon capacity is the same whether thermal energy is used for
base Toad or for peaking since Devil Canyon is designed for
peaking only.

The selected total installed capacity at Devil Canyon has been
established as 600 MW for design purposes. This will provide some
margin for standby during forced outage and possible 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 cutput, 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 Tnads. During final design, consideration of
phasing of installed capacity to match the system demand may be
desirable. However, the uncertainty 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 spiiling and a loss of
available energy. The units have been rated to deliver 150 MW at
maximum December drawdown occuring during an extremely dry vear;
this means that in an average year, with higher reservoir levels

the full station output can be maintained even with one unit on
forced outage.

Selecticn of Spiilway 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
safely discharge the probable maximum flood. The development plan
envisages compietion of the Watana project prior to construction
at Devil Canyon. Accordingly, the inflow flood peaks at Devi]
Canyon will be less than pre-project flood peaks because of rout-
ing through the Watana reservoir. Spillway design floods are:

Flood Inflow Peak (cfs)

1:10,000 years 165,000
Probable Maximum 345,000




The avoidance of nitrogen supersaturation in ihe downstream flow
for Watana also will apply to Devil Canyon. Thus, the discharge
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.

e

i (d) Main Dam Alternatives

The location of the Devil Canyon damsite was examined during pre-

vious studies by the USBR and COE. These studies focused on the

narrow entrance to the canyon and led to the recommendation of a

concrete arch dam. Notwithstanding this initial appraisal, a com-

n parative analysis was undertaken as part of this feasibility study

i to evaluate the relative merits of the following types of struc-
tures at the same location:

b w.‘.« 3

g - Thick concrete arch;
' - Thin concrete arch; and
- Fi11 embankment.

5 (i) Comparison of Embankment and Concrete Type Dams
The geometry was developed for both the thin concrete arch
‘B and the thick concrete arch dam and the dams were analyzed
) and their behavior compared under static, hydrostatic, and
seismic loading conditions. The project layouts for these
i arch dams were compared to a layout for a rockfill dam with
a its associated structures.

‘ Consideration of the central core rockfill dam layout indi-
- | cated relatively small cost differences from an arch dam
cost estimate, based on a cross-section significantly
thicker than the finally selected design. Furthermore, noO
§ information was aveilable to indicate that impervious cove
‘ material in the necessary quantities could be found within
a reasonable distance of the damsite. The rockfill dam wa:
accordingly dropped from further consideration. It is
i further noted that since this alternative dam study,
seismic analysis of the rockfill dam at Watana has resulted
in an upstream slope 1:2.4, thus indicating the requirement
i to flatten the 1:2.5 slope adopted for the rockfill dam
£ alternative at Devil Canyon.

Neither of the concrete arch dam Tayouts were intended as
' the final site arrangement, but were sufficiently
representative of the most suitable arrangement associated
with each dam type to provide an adequate basis for
comparison. Each type of dam was located just downstream
from where the river enters Devil Canyon and close to the
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canyon's narrowest point, which is the optimum location for
all types of Jams. A brief description of each dam type
and configuration is given below.

- Rockfill 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 would be 2.25 H: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 filter and
transition materials. The shell sections would be
constructed of rockfill obtained from blasted bedrock.
For preliminary design all dam sections would be assumed
to be founded on rock; externail 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 dain by surcharging the reservoiy and spillway.

The powerhouse would be Jocated underground in the north
abutment. The multi-fevel power intake would be
constructed in a rock cut in the north abutment on the
dam centerline, with four independent penstocks to the
150 MW Francis turbines. Twin concrete-lined tailrace
turinels would connect the powerhcuse 1o the river via an
intermediate draft tube manifold.

Thick Arch Dam

The main concrete dam would be a single center arch
structure, acting partly as a gravity dam, with a
vertical cylindrical upstream face and a sloping
downstream face inclined at 1V:0.4H. The maximum height
of the dam would be 635 feet ith a uniform crest width of
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30 feet, a crest length of approximately 1,400 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 & massive mass concrete pad
constructed in the excavated river bed. This central
section would incorporate the main spilliway 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.

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

Beyond the control structure and thrust block, a low-
lying saddle on the south abutment would be clcsed by
means of a rockfill dike founded on bedrock. The
powerhouse would house four 150 MW units 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 with larger floods discharged
downstream via the emergency spillway.

- Thin Arch Dam

The main dam would 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 b2 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 Tocated 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.

B ) T
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The main spillway would be supplemented by orifice type
spillways located high in the center portion of the dam
which would discharge into a concrete-lined plunge pool
immediately downstream from the dam. An emergency
spiliway consisting of a fuse plug discharging into an
unlined rock channel terminating well downstream would
be Tocated 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 fiood. Larger floods for
storms up to the probable maximum flood would be dis-
charged through the emergency south abutment spillway.

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 Refer-
ence 3. At this time it appears that there are no geo-
logical or geotechnical concerns that would preclude
gither 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
greater 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 <or-
respondingly higher. The thin arch is, however, a more
efficient design and better utilizes the inherent pro-
perties 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.

.
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",' %; The thick arch arrangement did not appear to have a
distinct technical advantage compared to a thin arch dam
and would be more expensive because of the larger volume
of concrete needed. Studies, therefaore, continued on
refining the feasibility of the thin arch alternative.

(e) Diversion Scheme Alternatives

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

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 main construction
area.

" ' E (i) General Arrangements

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
approximately 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

* was established in the same manner as for Watana dam.
Accordingly, at Devil Canyon 2 risk of exceedence of 10

. percent per arnum has been adopted, equivalent to 2 design

J flood with a 1:10-year return period for each year of crit-
jcal construction exposure. The critical construction

~ , time is estimated at 2.5 years. The main dam could be

-\ j subjected to overtopping during construction without caus-

' ‘ ing serious damage, and the existence of the Watana facil-
ity upstream would offer considerable assistance in flow

g regulation in case of an emergency. These considerations
led to the selection of the design flood with a return
frequency of 1:25 years.

The equivalent inflow, together with averége flow charac-
cant to diversion, are pre-

teristics of the river signifi
sented below:

j& - Average annual flow: 9,050 cfs

| - Design flood inflow (1:25 years routed

i through Watana reservoir): 37,800 cfs
2-48
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(ii1)

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-
jcally feasible alternative at Devil Canyon. Fcr the pur-
poses of establishing the overall general arrangement of
the project and for subsequent diversion optimization
studies, the upstream cofferdam section adopted will com-
prise an initial closure section approximately 20 feet high
constructed in the wet, with a zoned embankment censtructed
in the dry. The downstream cofferdam will comprise a clos-
ure 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.

Diversion Tunnels

Although studies for the Watana project indicated that
concrete-lined tunnels are the most economically and
technically feasible solution, this aspect was reexamined
at Devil Canyon. Preliminary hydraulic studies indicated
that the design flood routed through thne diversion scheme
would result in a design discharge of approximately 37,800
cfs. For concrete-lined tunnels, design velocities of
approximately 50 ft/s 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/s in good quality rock would require four
unlined tunnels, =ach 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 associated with free-flow
tunnels would more than offset their other advantages.

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
diameters and corresponding upstream cofferdam embankment
crest elevations with a 30-foot wide crest and exterior
slopes of 2H:1V. A freeboard allowance of 5 feet was
included for settlement and wave runup.

Capital costs for the tunnel alternatives included 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 associated 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 2,000 feet.

Rating curves for the single-pressure tunnel ziternatives
are presented in Figure B.,35. The relationsnip 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.

(f) Spi1lwa& Alternatives

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

Inflow Peak Discharge Inflow
Flood Frequency (cfs)

Spiilway Design 1:10,000 years 165,000

Probable Maximum - 345,000

A number of alternatives were considered singly and in combination
for Devil Canyon spillway facilities. These included gated ori-
fices in the main dam discharging into a plunge pool, chute or
tunnel spiliways 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 spiliway 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

2-50

Ne




+
W
]

L o me R e e L e

into a plunge pool in the river. As noted above, restrictions

with respect to limiting nitrogen supersaturation in selecting

L acceptable spiliway discharge structures have been applied. The

) various spillway arrangements developed in accordance with these
C 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.

(1) 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 fav-

i ored an underground arrangement. In addition to cost, the

i underground powerhouse layout 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

- designed to discharge directly into the river valley;
B these would cause significant winter icing and spray

problems to any surface structure below the dam.

i (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.

(ii1) Selection of Units

The turbine type selected for the Devil Canyon development
is governed by the design head and specific speed and by

o
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(iv)

economic considerations. Francis turbines have been
adopted for reascons 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 'evel in December (the peak demand
month).

Transformers

Transformer selection is similar to Watana (Section

2.2(g)(v)).

Power Intake and Water Passages

For flexibility of operation, individual penstocks are pro-
vided to 2ach 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 6,800 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
reliability may be superior to one large tunnel since the
extra cost involved is relatively small. The surge chamber
design would be essentially the same with one or two tun-
nels.

The overall dimensions of the intake structure are governed
by the selected diametar and number of the penstocks and
the minimum penstock spacing. Detailed studies comparing
construction cost to the value of energy lost or gained
ware carried out to determine the optimum diameter of the
penstocks and the tailrace tunnel.

Erivironmental Constraints

In additjon to potential nitrogen-saturation problems
caused by spillway operation, the major impacts of the
Devil Canyon power facilities 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 water temperatures.
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Consequently, the intake design at Devil Canyon
incorporates two levels of draw-off.

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

2.5 Selection of Uevil 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 Methodoiogy

Preliminary alternative arrangements of the Devil Canyon project
were developed and selected using two rather than three review
stages. Topographic conditions at this site Timited 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.

Design Data and Criteria

The design data and design criteria on which the alternative Tay-
outs were based are presented in Table B.33. Subsequent to selec-
tion of the preferred Devil Canyon scheme, the information was
refined and updated as part of the on-going study program.

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 loc=tion was at the upstream entrance to
the canyon. The dam axis has been fixed in this location for ali
alternatives.

(i) Description of Alternative Schemes

The schemes evaluated during the preliminary review are
describea below. In each of the alternatives evaluated,
the dam is founded on the sound bedrock underlying 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 existing bedrock surface and supporting the upper
arches of the dam. The thrust block on the north abutment
makes the cross-river profile 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 rocktill saddle dam occupies 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 saddle dam is founded on bedrock
approximately 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 165,0C0 cfs is
passed by two spillways. The main spillway is located
on the north abutment. It has a design discharge of
120,000 cfs, and flows are controlled by a three-gated
ogee control structure. This discharges down a
concrete-lined chute and over a flip bucket which ejects
the water in a diverging jet into a pre-excavated plunge
pool in the riverbed. The flip bucket is set at
Elevation 925, approximately 35 feet above the river
level. An auxiliary spiliway 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 energency spiliway is located in the sound rock south
of the saddle dam. This is designed to pass discharges
in excess of the 1:10,000-year flood up to 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 js 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 facilities are located on the
north bank of the river, within the bedrock forming the




dam abutment. The rock within this abutment is of
better quality with fewer shear zones and a lesser
degree of jointing than the rock on the south side of
the canyon, and hence more suitable for underground
excavation.

The power intake is located just upstream from the bend
in the valley before it turns sharpiy 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 contains four 150 My turbine/generator
units. The turbines are Francis type units coupled to
overhead umbrella type generators. The units are
serviced by an overhead crane running the length of the
powerhouse and into the end service bay. Offices, the
control room, switchgear room, maintenance 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
vertical cable shafts connect the gallery to the sur-
face. The draft tube gates are housed above the draft
tubes in separate annexes off the main powerhall. The
draft tubes converge in two bifurcations at the tailrace
tunnels 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 :zanyon.

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)

L

The layout is genzrally similar to Scheme DC1 except
that the chute spillway is located on the south side of
the canyon. The concrete-1ined Chute terminates in a
flip bucket high o the south side of the canvon which
drops the discharges into the river below. The design
flow is 120,000 cfs, and discharges are controlled by a
3-gated, ogee-crested control structure similar to that
for Scheme DC1 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-1ying area at the other.
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- Scheme DC3 (See Figure B.39)

The layout is similar to Scheme [iC1 except that the
north side main spillway takes the form of a single
tunnel rather than an open chute. A 2-gated, 0gem--
control structure is located at the head of the tunnel
and discharges into an inclined shaft 45 feet diameter

at its upper end. The structure wili discharge up to a
maximum of 120,000 cfs.

The concrete-lined tunnel narrows to 35 feet diameter
and discharges into a t1ip 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 cmeérgency spillway is excavatad 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 DCI. The major
difference is the substitution of a stilling-basin type
spillway on the north bank for the chute and flip
bucket. A 3-gated, ogee-contro] structure is located at
the end of the dam thrust block and controls the dis-
charges up to 3 maximum of 120,000 cfs,

The concrete~Tined chute is built inio the face of the
Canyon and discharges 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 fyse piug form the auxiliary and

emergency spillways, respectively, as in the other
alternative schemes

*

The downstream cofferdam is located beyond the stilling
basin and the diversion tunnel outlets are located

farther downstream to enable construction of the
stilling basin.

Comparison of Alternatives

The arch dam, saddle dam, power facilities
vary enly in a minor degree among the four
Thus, the comparison of the schemes rests s
parison of the spiliway facilities.

s and diversion
alternatives.
olely on a com-




As can be seen from a comparison of the costs in Table
B.34, the flip bucket spillways are substanticlly less
costly to construct than the stilling-basin type of Scheme
DC4. The south side spiliway 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 period of operation, scour of the heavily
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 correspon i of the tailrace.
Construction of a spillway on the steep south side of the
river could be more difficult then 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 side flip bucket spillway 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
erosion 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
raralleling the bedding pianes. The high velocities en-
counterad in the tunnel spillway could cause problems with
the possibiiity of spiraling flows and severe cavitation
both occuring.

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, little precedent for stilling basin cperation at
heads of over 500 feet; even where floods of much less than
the design capacity have been discharged, severe damage has
occurred.

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
operation of the project at a future date. Hydraulic
design problems exist with Scheme DC3 which may also rave
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ii severe cavitation problems. Also, there is no cost
advantage in Scheme DC3 over the open chute Scheme DC1. In
Scheme DC4, the operating characteristics of a high head
:E stilling basin are little known, and there are few examples
s | of successful operation. Scheme DC4 also costs
considerably more than any other scheme (Table B.30).
Lg A1l spiliways operating at the required heads and dis-
charges will eventually cause some erosion. For al}
schemes, the use of solid cone valve outlet facilities in
ﬁg the Tower portion of the dam to handie floods up to
. ' 1:5CG-year frequency is considered a more reasonable
l | approach to reduce erosion and eliminate nitrogen super-
: saturation problems than the gated high lavel oritice out-
;E Tets in the dam. Since the cost of the flip bucket type
spillway in the scheme is considerably less tkan that of
- the stilling basin in Scheme DC4, and since the latter
) offers no relative operational advantage, Scheme DC1 has
been selected for further study as the selected scheme.

i
ig (d) Final Review
i

The layout selected in the previous section was further developed
in accordance with uprdated engineering studies and criteria. The
major change compared to Scheme DCl 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.

R

[ A

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

(1) Main Dam

%i 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

EE the dam crest to Elevation 1463 with the concrete parapet

wall crest at Elevation 1466. The saddle dam was raised to
Elevation 1472.

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 high
level gated orifice spillway by outlet facilities incorpor-
ating 7 fixed-cone valves, 3 with a diameter of 90 inches
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and 4 with a diameter of 102 inches, capable of passing a
design flow of 38,500 cfs.

The chute spillway and f1ip bucket are located on the north
bank, as in Scheme DC1; however, the chute length was
decreased 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 Tower than originally
estimated. The emergency spillway channel was relocated
slightly to the south to accommodate the larger dam.

Diversion

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

Power Facilities

The drawdown range of the reservoir was reduced, allowing a
reduction in height of the power intake. In order to
locate the intake within solid rock, it has been moved into
the side of the valley, requiring a slight rotation of the
water pacsages, powerhouse, and caverns comprising the
power facilities. :

2.6 - Selection of Access Road Corridor

(a) Previous Stulies

The potential for hydroelectric power generation within the
Susitna Basin has been the subject of considerable investigation
over the years as is described in Section 1.1 of this exhibit.
These studies produced much information on alternative deveiopment
plans but 1ittle on the question of access.

The first report to incorporate an access plan was that of the
Corps of Engineers in 1975. The proposed plaa consisted of a 24
focc-wide road with a design speed of 30 miles per hour that
connected with the Parks Highway near Chulitna Station, paralleled
the Alaska railroad south and east to a crassing of the Susitna
River then proceeded up the south side of the river to Devil
Canyon. 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
constructed at Gold Creek. This plan is similar to one of the
selected alternative plans, Plan 16 (Seuth), discussed later in
this section.
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Other studies cnncerning the Susitna Hydroelectric Project
mentioned access only in passing and did rnot involve the
development of an access plan.

Selection Process Constraints

Throughout the development, evaiuation and selection of the access
plans the foremost objective has been to provide a transportation
sysiem 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 alsy 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 InTet Region will eventually acquire surface and subsurface
rights, their interests were recognized and taken into account as
were those of the local communities and general pubiic.

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
factors in their proper perspective and produce a plan that
represents the most favorable solution to meeting both project
reiated goals and minimizing impacts to the environment and
surrounding communities.

Corridor Identification and Selection

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

Corridor 1 - From the Parks Highway to the Watana damsite via the
north side of the Susitna River.

Corridor 2 - From the Parks Highway to the Watana damsite via the
south side of the Susitna River.

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

The access road studies identificd a total of eighteeen
ailternative plans within the three rorridors. The alternatives
were developed by laying out routes on topographical maps in
accordance with accepted road and rail design criteria.

Subsequent field investigations resulted in minor modifications to
reduce environmental impacts and improve alignment.
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(d)

Development of Pians

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

Minimizing impacts to the environment;
Minimizing total project costs;

Providing transportation flexibility to minimize
construction risks;

Providing ease of operation and maintenance; and
’re-construction of a pioneer road.

During evaluation of the access plans, input from the public
agencies and Native organizations was sought and their response
resulted 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 (15) which recommended Plan 5
as the route which most closely satisfies the selection criteria.
Plan 5 starts from the Parks Highway near Hurricane and traverses
southeast along the Indian River to Geld Creek. From Gold Creek
the road continues east on the scuth side of the Susitna 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 jssued.

In March of 1982 the Alaska Power Authority presented the results
of the Susitna Hydroelectric Feasibiity Report (4), of which
access plan 5 was a part, to the public, agencies and
organizations. During April comment was obtained relative to the
Feasibility Study from these groups. 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 Alaska Power Authority (APA)
formulated a further 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 or Directors, and
was formally adopted as the Proposed Access Plan in September
1982.

Evaluation of Plans

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

- No prea-license construction

- Minimize environmental impacts

- Minimize construction duration

- Provide access Setween sites during project operation phase




Provide access flexibility to ensure project is brought
on-line within budget and schedule ,

Minimize total cost of access

Minimize initial investment required to provide ancess 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

A1l eighteen plans were evaluated using these refined criteria to
determine the most responsive 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 Devi] Canyon dams it is
planned to operate and maintain both sites from one central
location, Watana. To facilitate these cperation and maintenance
activites access plans with a road connection between the sites
were considered superior to those plans without a road connection.
“Plans 3 and 4 do not have access between the sites and were
discarded.

The ability to make full use of both rail and road systems from
southcentral ports of entry to the railhead facility provides the
project management with far greater flexibility to meet
contingencies, and control costs and schedule. Limited access
plans utilizing an all rail or rail link system with nc road
connection to an existing highway have less flexibility and would
impose a restraint on project operation that could result in
delays and significant 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
generally not in favor of a road access near their communities.
Plan 1 was discarded because plans 13 and 14 achieve the same
objectives without impacting the Indian River and Gold Creek
areas.




Pian 7 was eliminated because it includes a circuit route
connecting 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 criterion
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
respectively were selected as being the most responsive plan in
each corridor. The three plans are described below and the route
locations shown in Figures B.43 through B.45.

(1)

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

This plan utilizes a roadway from a railhead facility
adjacent 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 elevations. In addition extensive sidehill
cutting in the region of Portage Creek will be necessary,
however construction of the road would not be as difficult
as Plan 16.

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

This route generally parallels the Susitna River,
travelling west to east form 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 wil be used until
completion of a permanent bridge. A connecting road from
the George Parks Highway to Devil Canyon, with a major high
Tevel bridge across the Susitna River is necessary to
provide full road access to either site. The topography
from Gold Creek to Devil Canyon is mountainous and the
route involves the most difficult construction of the three
plans, requiring a wumber of sidehill 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.

Plan 18 'Denali-North' (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




relatively flat terrain which will allow construction using
side borrow techniques, resulting in a minimum of
disturbance to areas away from the alignment. This is the
most easily constructed route for initial 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 Devil Canyon camp area. To provide access
to the Watana damsite and the existing highway Watana
damsite and the existing highway system a connecting road
will be constructed from the Devil Canyon railhead
following a northerly locp to the Watana damsite. Access
to the north side of the Susitna River will be attained via
a high level suspensicn bridge constructed approximately
one miie downstream of the Devil Canyon dam. In general
the alignment crosses terrain with gentle to moderate
slopes which will aliow roadbed construction without deep
cuts.

Comparison of the Selected Alternative Plans

To determine which access plan best accommodates both project
related goals and the concerns of the resource agencies, Native
organizations and affected communitites, the three selected
alternative plans were subjected to a multi-disciplinary
evatuation and comparison. The key issues addressed in this
evaluation and comparison were:

(i) Costs

For the development of access to the Watana site the
Denali-North Plan has the least cost and the lowest
probability of increased costs resulting 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 Derali-North and the South
plans are approximately equal. The costs of the three
alternative plans can be summarized as follows:

Estimated Total Cost (§ x 106)

Plan Watana Devil Canyon Total Discounted Total

North (13) 241 1277 - 368 287
South (16) 312 104 416 335
Denali-North (18) 224 213 437 326

The costs are in terms of 1982 dollars and include all
costs associated with design, construction, maintenance and
logistics.
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The schedule for providing initial access to the Watana
site was given prime consideration since the cost
ramifications of a schedule delay are highly significant.
The elimination of pre-license construction of a pioneer
access road has resulted in the compression of on-site
construction activities in the 1985-86 period. With the
present overall project scheduling, should diversion not be
compieted 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. 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 equioment and material to the site has
a distinct advantage. The forecasted construction period,
inciuding mobilizaticn, for the three plans is:

Denali-North 6 months;
North 9 months; and
South 12 months.

It is evident that, with the Denali-North Plan, site
activities can be supported at an earlier date than by
either of the other routes. Consequently the Denali-North
Plan offers the highest prebability 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.

Environmental Issues

OutTlined below are the key environmental impacts which have
been identified for the three routes. The specific
mitigaton measures necessary to avoid, minimize or
compensate for these impacts are discussed in Exhibit E.

- Wildlife 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, )
riparian, and wetlands habitats important to moose,
furbearers, and birds. It includes three areas
where slopes of over 30 percent will require
side-hill cuts, all above wetland zones vulnerable
to erosion related impacts.
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Gold Creek to Devil Canyon This segment is composed
of mixed forest and wetland habitats, but includes
less wetland habitat and fewer wetland habitat types
than the Hurricane to Devil Canyon segment.

Although this segment contains habitat suitable for
moose, black bears, furbearers and birds it has the
least potential for adverse impacts to wildlife of
the five segments considered.

Devil Canyon to Watana (North Side): The following
comments apply to both the Denali-North and North
routes. This segment traverses a varied mixture of
forest, shrub, and tundra habitat types, generally
of medium to Tow productivity as wildlife habitat.
It crosses the Devils and Tsusena Creek drainages
and passes by Swimming Bear Lake which contains
habitat suitable for furbearers.

Devil Canyon to Watana (South Side): This segment
is highly varied with respect to habitat types,
containing complex mixtures of forest, shrub,
tundra, wetlands, and riparian vegetation. The
western portion 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 concentration of brown bears and the
lower Tsusena and Deadman Creek areas support
Tightly hunted concentrations of moose and black
bears. The Stephan Lake area supports high
densities of moose and bears. Access development in
this segment would probabiy result in habitat loss
or alteration, increased hunting and human-bear
conflicts.

Denali Highway to Watana: This segment is primarily
composed of shrub and tundra vegetation types, with
Tittle productive forest habitat present. Although
habitat diversity is relatively Tow along this
segment, the southern portion along Deadman Creek
contains an important brown bear concentration and
browse for moose. This segment crosses a peripheral
portion of the range of the Nelchina caribou herd
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
presence of the road itself or traffic will affect
caribou movements, population size or productivity
it is Tikely 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
combinations of route segments:

North Segments 1 and 3
South Segments 1, 2, and 4
Denali-North Segments 2, 3, and 5

The North route has the least potential for Creating
adverse impacts to wildlife and habitat for it traverses
Or approaches the fewest areas of productive habitat and
zones of species concentration or movement. The
wildlife impacts of the South Plan can be expected to be
greater than those of the North Plan due to the
proximity of the route to Prairie Creek, Stephan Lake
and the Fog Lakes, which currently support high
densities of moose and black and brows 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.

Fisherijes
2>eries

A1l three alternative routes would have direct and
indirect impacts on the fisheries. Direct impacts
include the affects on water quality and aquatic habitat
whereas increased angling pressure is an indirect
impact. A qualitative comparison of the fishery impacts
related to the alternative plans was undertaken. The
parameters used to assess impacts along each route
included: the number of streams crossed, the number and
length of lateral 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
combinations of seven distinct fishery segments.

1. Hurricane to Devil Canyon: Seven stream crossings
Will be required along this route, including Indian
River which s an important salmon spawning river.
Both the Chulitna River watershed and the Susitna
River watershed are affected by this route. The
increased access to Indian River will be an
important indjrect 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
quality and aquatic habitat.

2-67




{Im

A S

=

Gold Creek to Devil Canyon: This segment crosses
six streams and is expected to have minimal direct
and indirect impacts. Anadromous fish spawning is
tikely 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 sectian.
In the Denali-North Plan, this segment would be
railroad whereas in the South Plan it would be

road.

Devil Canyon to Watana (North Side, North Plan):
This segment crosses twenty streams and laterally
transits four rivers for a total distance of
approximately twelve miles. Seven miles of this
lateral transit parallels Portage Creek which is an
important salmeon spawning area.

Devil Canyon to Watana (North Side, Denali-North
Plan): The difference between this segment and
segment 3 described above is that it avoids Portage
Creek by traversing through a pass four miles to the
east. The number of streams crossed is consequently
reduced to twelve, and the number of lateral
transits is reduced to two with a total distance of
four miles.

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 angling pressure
in the vicinity of Stephan Lake may result due to
the proximity of the access road. The segment
crosses both the Susitna and the Talkeetna
watershed. Seven miles of cut intc banks of greater
than 30 degrees occur in this segment.

Denali Highway to Watana: The segment from the
Denali 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 ten miles. If
recruitment and growth rates are low along this
segment it is unlikely that resident populations
could sustain heavy fishing pressure. Hence, this
segment has a high potential for impacting the local
grayling population.
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Denali Highway: The Denali Highway from Cantwell to
the Watana access turnoff will require upgrading.
The upgrading will involve only minor realignment
and negligible alteration to present stream
crossings. The segment crosses eleven streams and
laterally transits two rivers for a total distance
i of five miles. There is no anadromous fish spawning
in this segment and little direct or indirect impact
js expected.

-
s

> , i The three alternative access routes are comprised of
) - the following segments: ,
{ North ~ Segments 1 and 3
. i South Segments 1, 2, and 5
e } Denali-North 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

i ; to Devil Canyon segment as for the Denali-North
g ; 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 Tikely along Portage Creek
due to water quality 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 proposed access pian
§ together with mitigation recommendations are
discussed in Exhibit E.

(iv) Cultural Resources

e A level one cultural resources survey was conducted over a
large portion of the three access plans. The segment of
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the Denali-North Plan between the Watana damsite and the
Denali Highway traverses an area of high potential for
cultural resrurce sites. Treeless areas along this segment
lack appreciaple soil desposition, making cultural :
resources visible and more vulnerable to secondary impacts.
Common to both the Denali-Norch and the North Plan is the
segment on the north side of the Susitna River from the
Watana damsite to where the road parallels Devils Creek.
This segment is also largely treeiess making it highly
vulnerable to secondary impacts. The South Plan traverses
less terrain 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
mitigated hy avoidance, protection or salvage;
consequently, this issue was not critical to the selection
process.

Socioeconomics

Socioeconomic impacts on the Mat-Su Borough as a whole
would be similar in magnitude for alil three pians.

However, each of the three plans affects future
socioeconomic conditions in differ.ag degrees in certain
areas and communities. The important differences affecting
specific communities are outlined below.

- Cantwell: The Denali-North Plan would create
significant increases 1in 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 Plans would impact Cantwell to a far lesser
extent.

Hurricane: The North Plan would significantly impact
the Hurricane area since currently there is little
population, employment, business activity or housing.
Changes in socioeconomic indicators for Hurricane would
be less under the South Plan and considerably less under
the Denali-North plan.
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(vi)

(vii)

- Trapper Creek and Talkeetna: Trapper Creek would
experience slightly larger changes in economic
indicators with the North Plan than under the South cr
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 railnhead
facility at the Devil Canyon site, which would create
impacts at Gold Creek, but not to the same extent as the
South Plan. 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
community. Residents of Trapper Creek and Talkeetna have
indicated 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 residents in the potentially impacted areas
and communities.,

Preferences of Native Organizations

The Tyonek Native Corporation, Cook Inlet Region Inc.
(CIRI) and the CIRI Village residents ail prefer the South
Plan since it provides full road access to their iands
south of the Susitna River. The Ahtna Native Region
Corporation and the Cantwell Village Corporation support
the Denali-North Plan. None of the Native Organizations
support the North Plan.

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
lands 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.
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(g)

(h)

The other Tand management plans that have a large bearing
on access development are the Bureau of Land Management's
(BLM) recerit decision to open the Denali Pianning 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 BLM's plans. During the
construction phase of the project the Denali-North Plan
could create conflicts with the development of a Denali
Scenic Highway; however, after construction the access road
and project facilities could be incorparated into the
overall Scenic Highway planning.

By providing public a.cess to a now relatively inaccesible,
semi-wilderness area, conflict may be imposed with wildlife
habitats necessitating an increased level of wildlife and
people management by the various resource agencies.

In general, however, nont of the plans will be in major
conflict with any present federal, borough or Native

management plans.

Summary

In reaching the decision as to which of the three alternative
access plans was to be recommended, it was necessary to evaluate
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
concerns of the resource agencies, Native organizations and
public. Therefore, it was necessary to make a rational assessment
of tradeoffs between the sometimes conflicting environmental
concerns of impacts on fisheries, wiidlife, socioeconomics, land
use and recreational opportunities on the one hand, with project
cost, schedule, construction risk 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 1life of the project. Should this fundamental
objective not be achieved, significant schedule and budget
overruns will occur.

Final Selection of Plan

(i) Elimination of 'South Plan’

The South route, Plan 16, was eliminated primarily because
of the construction difficulties associated with building a
major Tow level crossing twelve miles downstream cf the
Watana damsite. This crossing would consist of a floating
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or fixed temporary bridge which would need to be removed
prior to spring breakup during the first three years of the
project, (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 flioating bridges reguire continual
maintenance and are generally subject to more weight and
dimensional limitations than permanent structures.

A further Timitation of this route is that for the first
three years of the project all construction work must be
supported solely from the railhead facility 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
management 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.

Schedule Constraints

The choice of an atcess plan 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 as being the
most important in the final selection of the recommended
plan,

Schedule plays such an important role in the evaluation
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 elsewhere in other environments . Specifically, the
chief concern is one of weather, and the consequent short
duration of the construction season. The roads for both
the North and Denali-North plans will, for the most part,
be constructed at elevations in excess of 3,000 feet. At
these elevations the likely time available for
uninterrupted construction in a typical year is 5 months,
and at most 6 months.
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(vi)

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,

Ceost Impacts

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

Summary

The Denali-North Plan has the highest probability of
meeting schedule and least risk of increase in project cost
for two reasons. First it has the shortest construction
schedule (six months). Second is that winter construction,
although difficult, would cause no significant delay for
the route traverses relatively flat terrain for its entire
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 presert major problems and enhance

the probability of schedule delay.

Plan Recommendation

It s recommended that the Denali-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 overuns is too

high with any other route. g

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
environmental subconsultants many of the impacted areas
have been avoided by both careful alignment of the road,
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and the deveiopment of design criteria which do not detract
from the semi-wilderness charac :ar of the area. Some
environmental impacts and conf’ cts are unavoidable
however, and where these impac. : occur, specitic mitigation
measures have been developed ti reduce them to a minimum.
These measures are outlined in jetail within the relevant
sections of Exhibit E.

2.7 - Selection of Transmission Faci1itie§

The objective of this section is to descr te the studies performed to
select a power delivery system from the Sisitna 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; and

- Dispatch center and communications.

(a) Electric System Studies

Transmission planning criteria were developed to ensure the design
of a reliable and economic electrical power system, with
components rated to allow a smooth transition through early
project stages to the ultimate developed potential.

Strict application of optimum, Tong-term criteria would require
the instaliation of equipment with ratings larger than necessary
at excessive cost. In the interest of economy and long-term
system 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 Susitna

potential.

The criteria are intended to ensure maintenance of rated power
flow to Anchorage and Fairbanks during the outage of any single
Tine or transformer element. The essential features of the
criteria are:

- Total power output of Susitna to be delivered to one or two
stations 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
Timits;

;g - System voltages to be within established limits during normal
‘ operation;

- Power delivered to the loads to be maintained and system
voltages to be kept within established Timits for system
operation under emergency conditions;

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

corrective measures are.to be taken.

(i) Existing System Data

Data compiled in a report by Commonwealth Associates Inc.
(16) has been used for preliminary transmission system
analysis. Other system data were obtained in the form of

j? - Where performance limits are exceeded, the most cost effective
ﬁg single-line diagrams from the various utilities.

;E (ii) 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 iransfer requirements of this
transmission system are determined by the following
factors:

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

Most of the electric Toad demand in the Railbelt area is
> located in and around two main centers: Anchorage and
gi 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 (Willow and Healy) are located along the Susitna
. transmission route. The only other significant load
— centers in the Railbelt region are Glennallen and Valdez,
: k however, their combined demand is expected to be less than
ﬁ! 2 percent of the total Railbelt demand in the foreseeable
future. A survey of past and present load demand levels as
Qi well as various forecasts of future trends ‘rdicates these

approximate load levels at the various c:ce
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Percent of
Total
Load Area Railbelt Load
Anchorage - Cook Inlet 78
Fairbanks - Tanana Valley 20
Glennallen - Valdez 2

Considering the geographic location and the currently
projected magnitude of the total load in the area,
transmission to Glennallen-Valdez is not 1ikely to be
economical in the foreseeable future. If it is ever to be
economical at all, it would Tikely be a direct radial
extension, either from Susitna or from Anchoirage. In
either case, its relative magnitude 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 tha generation at Susitna will
be transmitted to the Anchorage area and 20 percent to
Fairbanks. To account for the uncertainties in future
local load growth and Jocal generation development, the
Susitna transmission 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
expected to be developed in three or four stages as the
system load grows over the next two decades. The
transmission system must be designed to serve the ultimate
Susitna development, 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
duly 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. Howevar,
current studies indicate that no other very large projects
are likely to be developed until the full potential of the
Susitna project is utilized. The proposed transmission
configuration and design should, therefore, be able to
satisfy 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 locatjon.

The resulting power transfer requirements for the Susitna
transmission system are indicated in Table B.35.
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Transmission Alternatives

Because of the yeographic location of the various centers,
transmission from Susitna to £ nd Fairbanks wil]
result in a radial system con This allows
significant freed ‘ ice of transmission voltages,

rs for the two line sections,

tween them. Transmission

veloped for each of the two system

areas, including voltage levels, number of circuits
required, and cther parameters, to satisfy the necessary
transmission requireizents of each area.

To maintain a consistency with standard ANST voltages used
in cther parts of the United States, the following voitages
were considered for Susitna transmission:

0 Watana to Devi] Canyon and
on to Anchorage: 500 kV or 345 kv

0 Devil Canyon to Fairbanks: 345 kY or 230 kv

- Susitna to Anchorage

Transmission at either of two different voltage levels
(345 kV or 500 kV) could reasorably provide the
necessary power :ransfer capability over the distance of
approximately 140 miles between Devi] Canyon and
The required transfer Capability of 1,377
te generating capacity of
At 500 kV, two circuits would provide more
than adequate Capacity. At 345 kV, either three
circuits uncompensated or two ci i i
compensation are required to provide the rnecessary
reliability for the single contingency outage criterion.
r voltages, an excessive number of parallel
circuits are required, while above 500 kV, two circuits
are still needed tg provide service in the event of a
Tine outage,

Susitna to Fairbanks

Davil Canyon to Fairbanks. The 230 kV alf
requires serijes compensation to satisfy the planning
criteria in case of a line outage.




- Total System Alternatives

The transmission section alternatives mentioned above
were combined into five realistic total system
alternatives. 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: -

Susitna to Anchorage Susitna to Fairbanks
Number of Number of
Alternative Circuits Voltage Circuits Voltage
' (kV) | (kV)

345 345
345 345
345 230
345 230
500 230

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
alternative. A1l five transmiscion 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 series compensation (Alternative 2) offered
reduced complexity of design and operation and therefore
were likely to be marginaily more reliable. The
present-worth 1ife cycle costs of Alternatives 1 through

- 4 were all within one percent of each other. Only the
cost of the 500/230 kV scheme (Alternative 5 was 14
percent aoove the others. A sumnary of the life cycle
cost analyses for the various alternatives ic shown in
Table B.36,

A technical and economic comparisen was also carried out
to determine possible advantages and disadvantages of
HVDC transmission, as compared to an ac system, for
transmitting Susitna power to Anchorage and Fairbanks.
HVDC transmission was found to be technically and
operationally more complex as well as having higher 1ife
cycle costs.




(iv) Configuration at Generation and lLoad Centers

Interconnections between generatior and load centers and
the transmission system were developed after reviewing the
existing system configurations at both Anchorage and
Fairbanks as well as the possibilities and current
development plans in the Susitna, Anchorage, Fairbanks,
Willow, and Healy areas.

- Susitna Configuration

Preliminary development plans indicated that the first
project to be constructed would be Watana with an
initial installed capacity of 680 MW, to be increased to
1020 MW in the second development stage. The next
project, 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
overvoitages and reducing the impact of 1ine outage< on
system stability. Willow is a suitable location *ur
this intermediate switching station; in additior. it
would make it possible to supply local load when this is
justified by development in the area. This local load
is expected to be less than 10 percent of the total
Railbelt area system load, but the availability of an

EHV line tap would definitely facilitate future power
supply.

Switching at Healy

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

Anchorage Configuration

Analysis of system configuration, distribution of loads,
and development in the Anchorage area led to the
conclusion that a transformer station near Palmer would
be of little benefit. Most of the major loads are
concentrated in and around the urban Anchorage area at




the mouth of Knik Arm. In order to reduce the length of
subtransmission feeders, the transformer stations should
be located as close to Anchcrage as possible.

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

o 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
experience with existing cables, resulting in
questionable transmission reliability.

Overland Route North of Knik Arm via Pa]mer

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

. Submarine Cable Crossing of Knik Arm, In the Area of

Cake Lorraine and S1X File (reek

This option, approximately parallel to the new 230 kV
cable under construction for Chugach Electric
Association (CEA), includes some 3 to 4 miles of
submarine cable 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
transmission link, and one that does not have to cross
environmentally sensitive conservation areas.

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

With this configuration a differen. option is possible
for the submarine cable crossing. To reduce cable costs
the crossing could be constructed with two cable
circuits 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
require increased costs and complications for
construstion and operation as a result of poor access.




- Fairbanks Configuration

Susitna power for the Fairbanks area is recommended to
be delivered to a single EHV/138 kV transformer station
located at Ester. No alternatives were given detailed
consideration.

(b) Corridor Selection

(i) Methodology

Development of the proposed Susitna project will require a
transmission system to deliver electric power to the
Railbelt 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
seiection: the northerr area to connect Healy with
Fairbanks; 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 3
to 5 miles wide were seiected in each of the three study
areas. These corridors were then evaluated to determine
which ones met 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 alsc indicated that the criteria listed
for technical purposes could reappear in the economic or
environmental classification. The technica’. criteria were
defined as requirements for the normal and safe performance
of the transmission system and its reliability.

The selection criteria are in three categories, technical,
economic and environmental. The criteria are listed in
Table B.37.

Identification of Corridors

As discussed previously, the Susitna transmission line
corridors studied are located in three geographical areas;
namely:




- 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.

Description of Corridors

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

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

The alternative corridors selected for each study area are
described in detail in the following paragraphs. In
addition, Tables B.38, B.39 and B.40 contain detailed
environmental data for each corridor segment.

- Southern Study Area

o Corridor One - Willow to Anchorage via Palmer

Corridor ABC', consisting of Segments AB and BC',
begins at the intersection with the Intertie in the
vicinity of Willow. From here, the corridor travels
in a southeasterly direction, crossing wetlands,
Willow 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 rolling with standing water and tall-growing
 vegetation in the vicinity of the creek drainages.

At a point northwest of Bench Lake, the corridor turis
in an easterly direction crossing the soutnern
foothills of the Talkeetna Mountains. The topography
here is gently to moderately rolling with shrub- to
tree-sized vegetation occurring throughout. As the
corridor approaches the crossing of the Little Susitna
River, it turns and heaads southeast again, crossing
the Little Susitna River and Wasiila Fishhook Road.




Passing near Wolf Lake and Gooding Lake, the corridor
then crosses a secondary road, some agricultural
lands, State Route 3, and the Glenn Highway, before
intersecting existing transmission Tines 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
occurring. After crossing the Glenn Highway, the
corridor passes through a residential area before
crossing the broad floodplain of the Matanuska River.

Just west of Bodenburg Butte, the corridor turns due
south through more agricultural land before crossing
the Knik River and eventualiy connecting with the
Eklutna Power Station. A1l of the land south of
Palmer is very flat with some agricultural
development. Just south of Palmer, the proposed
corridor intersects existing transmission facilities
and parallels 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
facilities, 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 this area. The Tand here is flat to
gently rolling with a great deal of residential
development. This corridor segment is the most
easterly of the three considered in the southern study
area and avoids an underwater crossing of Knik Arm.

Corridor Two - Willow to Point MacKenzie via Red Shirt
Lake o

Corridor ADFC, consisting of Segments ADF and FC,
commences again at the point of intersection with the
Intertie in the vicinity of Willow; but immediately
+urns to the southwest, first crossing the railroad,
then the Parks Highway, then Willow Creek just west of
Willow. 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
wetlands west and south of Red Shirt Lake. The
corridor in this area parallels existing tractor
trails crossing very flat lTands with significant




amounts of tall-growing vegetation in the better
drained locations.

Northwest of Yohn Lake, the corridor segment turns to
the southeast, passing Yohn Lake and My Lake before
crossing the Little Susitna River. Just south of My
Lake, the corridor turns in a generally southerly
direction, passing Middle Lake, and east of Horseshoe
‘Lake before finally intersecting the existing Beluga
230 kV traismission 1ine at a spot just north of
MacKenzie Point. From here, the corridor paraliels
MacKenzie Point's existing transmission facilities
before crossing under Knik Arm to emerge on the
easterly shore of Knik Arm in the vicinity of
Anchorage. The land in the vicinity of this segment
is extremely flat and very wet, supporting dense
stands of tall-growing vegetation on any of the higher
or better drained areas.

o Corridor Three - Willow to Point MacKenzie via Lynx
Lake

Corridor AEFC is very similar to and is a derivation
of Corridor ADFC; it consists of Segments AEF and FC.
This corridor aiso extends to the southwest of Willow.
West of the Parks Highway, however, just north of
Willow Lake, this corridor turns and travels southwest
of Wiliow and east of Long Lake, passing hetween
Honeybee Lake and Crystal Lake. The corridor then
turns southeastward to pass through wetlands east of
Lynx Lake and Butterfly Lake before crossing the
Little Susitna River. The land is well developed in
this area. It is very flat and, while it is wet, also
supperts dense stands of tall growing vegetation on
the better drained sites. Corridor Three rejoins
Corridor Two at a point south of My Lake.

Central Study Area

The central study area encompasses a broad area in the
vicinity of the damsites. From Watana, the study area
extends to the north as far as the Denali Highway and to
the south as far as Stephan Lake. From this point
westward, the study area encompasses the foothills of
the Alaska Range and, to the south, the foothilis of the
Talkeetna Mountains. Included in this study area are
Tands under consideration by the Intertie Project
investigators. The alternative corridors would connect
both Devil Canyon and Watana dams with the Intertie at




one of four locations, which are identified in Figure
£.48.

As for the southern study area, individual corridor
segments are listed in the text. This is to aid the
reider both in determining corridor locations in the
figures and in examining the environmental inventory
data listed for each segmernt in Tabkles B.38, B.39, and
B.40.

o Corridor One - Watana to Intertie via South Shore,
Susitna River

Corridor ABCD consists of three segments: AB, BC, and

CD. This corridor originates at the Watana Dam site
and follows the southern boundary of the river at an
elevation of approximately 2,000 feet from Watana to
Devil Canyon. From Devil Canyon, the corridor
continues along the southern shore of the Susitna

River at an elevation of about 1,400 feet to the point

at which it connects with the Intertie, assuming the
Intertie follows the railroad corridor. The land
surface in this area is relatively flat, though

incised at a number of locations by tributaries to the

Susitna River. The relatively flat hills are covered
by discontinuous stands of dense, tall-growing
vegetation.

o Corridor Two - Watana to Intertie via Stephan Lake

ABECD, the second potential corridor, is essentially a

derivation of Corridor One and is formed by replacing
Segments BC with BEC. Originating at Point B,
Corridor Segment BEC leaves the river and generally
parallels one of the proposed Watana Dam access road
corridors. This corridor extends southwest from the
river, passing near Stephan Lake to a point northwest
of Daneka Lake. Here the route turns back to the
northwest and intersects Corridor One at the Devil
Canyon Dam site. The terrain in this area, again, is
gently rolling hills with relatively flat benches.
Vegetation cover ranges from sparse at the higher
elevations to dense along the river bottom and along
gentler slopes of the Susitna River and its
tributaries.
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" Corridor Three - ‘Watana to Intertie via North Shore,
) . Susitna River

Corridor Three (AJCF), located on the north side of
- . the river, consists of Segments AJ and CF. Starting
) - i at the Watana Dam site, the corridor crosses Tsusena
Creek and heads westerly, following a small drainage
| tributary to the Susitna River. Once crossing Devil
if : Creek, the corridor passes north and west of High
. Lake. '
The corridor stays below an elevation of 3,700 feet as
! it crosses north of the High Lake area, east of Devil
Creek, on its approach to Devil Canyon. From Devil
Canyon, the corridor again extends to the west,
crossing Portage Creek and intersecting the Intertie
in the vicinity of Indian River. In the drainages, to
elevations of about 2,000 feet, tree heighls range to
60 feet. Between Devil Creek and Tsusena Creek,
however, at the higher elevations, very Tittle
vegetation grows taller than three feet. Once west of
Devil Creek, discontinuous areas of tall-growing
vegetation exist.

0 ' o Corridor Four - Watana to Intertie via Devil Creek
Pass/Fast Fork Chulitna River

Another means of connecting the two dam schemes with
the Intertie is to follow Corridor One from Watana to
Devil Canyon and then exit the Devil Canyon project to
‘ the north (ABCJHI). This involves connecting Corridor
) Segments AB, BC, CJ, HJ, and HI. With this
alternative, the corridor extends northeast at Devil
Canyon past High Lake to Devil Creek drainage. From
there, it moves northward to a point north of the
south boundary of the Fairbanks Meridian. The
corridor then follows the Portage Creek drainage
beyond its point of origin to a site within the
Tsusena Creek drainage. Likewise, it follows the
| ] Tsusena Creek drainage to a point near Jack River, at
: / which point it parallels this drainage into Caribou
Pass. From Caribou Pass, the corvidor turns to the
| west, following the Middle Fork Chulitna River until
d meeting the Intertie in the vicinity of Summit Lake.
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While along much of this corridor the route follows
river valleys, the plan also requires crossing high

d mountain passes in rugged terrain. This is especially
. . tvue in the crossing between Portage Creek and Tsusena

_ Creck drainages, where elevations of over 4,600 feet

A are involved. Tall-growing vegetation is restricted

to the lower elevations along the river drainages with




1ittle other than low-growing forbs and shrubs present

at higher elevations.

Corridor Five - Watana to Intertie via Stephan Lake

and the East Fork chulitna River

A variation of Corridor Four, Corridor Five (ABECJHI)

+ BC with Corridor Segment BEC (of

Corridor Two) with the previously described corridor.
orridor that extends from the

! This results in a C
Watana Dam site southwesterly to the vicinity of

\ Stephan Lake, and from Stephan Lake into the Devil
Canyon Dam site. From Devil Canyon to the Intertie,
the corridor follows the Devil Creek, Portage Creek,

and Middle Fork Chulitna drainages previously
mentioned. As before, the corridor Crosses rolling
terrain throughout the Jength of the paralleled
drainages, with some confined, higher elevation passes
encountered between Portage Creek and Tgusena Creek.

replaces Segmen

Corridor Six - Devil Canyon to the Intertie via

Tsusena (reek/Chulitna River

Ancther option (CBAHI) for connecting the dam projects
to the Intertie involves connecting Devil Canyon and
Watana along the south shore of the Susitna River via
Corridor Segment CBA, then exiting Watana to the north
on Segments AH and HI along Tsusena Cree% to follow
this drainage to Caribou pass. The corridor then
contains the previously described route along the dJack
River and Middle Fork Chulitna until connecting with
the Intertie near Ssummit Lake. The terrain in this

j corridor proposal would be of moderate elevation with
some confined, higner elevation passes between the
drainages of Tsusena creek and the Jack River.

Canyon to Intertie via Stephan

j ' o Corridor Seven - Devil
[ake and Chulitna River

3 This alternative uses Corridor Six but replaces
| Segment BC with Segment BEC from Corridor Two.

route would thus be designated CEBAHI. Terrain

features are as described in Corridors Two and SiX.

This

on to Intertie via

o Corridor Eight - Devil Cany
d Denali Highway

Deadman/Brushkana Creeks an

4
. Yet another option to the previously described
corridors is the interconnection of Devil Canyon with

Wwatana via Corridor One (Segment CBA), with a segment




then extending from Watana northeasterly along the
Deadman Creek drainage (Segment AG). The segment
proceeds north of Deadman Lake and Deadman Mountain,
then turns to the west and intersects the Brushkana
Creek drainage. It then follows Brushkana Creek north
to a point east of the Kana Bench Mark. This segment
of the corridor would parallel one of the proposed
access roads. From there, the corridor turns west,
generally parallel to the Denali Highway, to the point
of interconnection with the Intertie in the vicinity
of Cantwell. The area encompasses rolling hills with
modest elevation changes and some forest cover,
especially at the lower elevations.

Corridor Nine - Devil Canyon to Intertie via Stephan

Lake and Denali Highway

Corridor Nine (CEBAG) is exactly the same as Corridor
Eight with the exception of Corridor Segment BEC,
utilized to replace Segment BC. Each combination of
segments has been previously described.

Corridor Ten - Devil Canyon to Intertie via North

Shore, Susitna River, and Denali Highway

Corridor Ten connects Devil Canyon-Watana with the
Intertie in the vicinity of Cantwell by means of
Corridor Segments CJAG. Segment CJA is part of
Corridor Three and, as such, has been previously
described. Segment AG has also been described above
as part of Corridor Eight. As noted earlier, the
Corridor Ten terrain consists of mountainous stretches
with accompanying gently rolling to moderately rolling
hills and flat plains covered in places with
tall-growing vegetation.

Corridor Eleven - Devil Canyon to the Intertie via
Tsusena Creek/Chulitna River

Another northern route connecting Devil Canyon with
Watana is that created by connecting Corridor Segment
CJA (part of Corridor Three) with Segment AHI of
Corridor Six.

Corridor Twelve - Devil Canyon-Watana to the Intertie
via Devil Creek/Chulitna River

Another route under consideration is Corridor JA-CJHI.
From north to south, this involves a corridor
extending from the Intertie near Summit Lake, heading
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easterly along the Middle Fork Chulitna drainage into
Caribou Pass. From here, it parallels the Jack River
and connects with the Portage Creek-Devil Creek route,
Segment HJ. At point J, located in the Devil Creek
drainage east of High Lake, the corridor splits, with
one segment extending westerly to Devii Canyon and the
other extending east to the Watana Dam site along
previously described Corridor Segments JC and JA,
respectively. Terrain features of this route have
been previously described.

o Corridor Thirteen - Watana to Devil Canyon via South
Shore, Devil Canyon to Intertie via North Shore,
Susitna River

Corridor Segments AB, BC, and CF are combined to form
this corridor. Descriptions of the terrain crossed by
these segments appear in discussions of Corridor One
(ABCD) and Corridor Three (AJCF).

o Corridor Fourteen - Watana to Devil Canyon via North
Shore, Devil Canyon to Intertie via South Shor?,
Susitna River

This corridor would connect the damsites in the
directionally opposite order of the previous corridor,
and include Corridor Segment AJCD. Again, as parts of
Corridors One and Three, the terrain features of this
corridor have been previously described.

o Corridor Fifteen - Watana to Devil Canyon via Stephan
Lake, Devil Canyon to Intertie via North Shore,
Susitna River

Corridor Two (ABEC) and Corridor Three (CF) form to
create this study-area corridor. Terrain features
have been presented under the discussions of each of
these two corridors.

Northern Study Area

In the northern study area, four transmission line
corridor options exist for connecting Healy and
Fairbanks (Figure B.49).

o Corridor One - Healy to Fairbanks via Parks Highway

Corridor One (ABC), consisting of Segments AB and BC,
starts in the vicinity of the Healy Power Plant. From
here, the corridor heads northwest, crossing the
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existing Golden Valley Electric Association
Transmission Line, the railroad, and the Parks Highway
before turning to the north and paralleling this road
to a point due west of Browne. Here, as a result of
terrain features, the corridor turns northeast,
crossing the Parks Highway once again as well as the
existing transmission 1ine, the Nenana River, and the
railroad, and continues northeasterly to a point
northeast of the Clear Missile Early Warning Station

(MEWS).

Continuing northward, the corridor eventually crosses
the Tanana River east of Nenana, then heads northeast,
first crossing Little Goldstream Creek, then the Parks
Highway just north of the Bonanza Creek Experimental
Forest. Before reaching the drainage of Ohio Creek,
this corridor turns back to the northeast, crossing
the old Parks Highway and heading into the Ester
Substation west of Fairbanks.

Terrain along this entire corridor segment is
relatively flat, with the exception of the foothilis
north of the Tanana River. Much of the route,
especially that portion between the Nenana and the
Tanana River crossings, is very broad and flat, has
standing water during the summer months and, in some
places, is overgrown by dense stands of tall-growing
vegetation. This corridor segment crosses the
foothills northeast of Nenana, also a heavily wooded
area.

An option to the above (and nnt shown in the figures),
that of closely paralleling and sharing rights-of-way
with the existing Healy-Fairbanks transmission line,
has been considered. While it is usually attractive
to parallel existing corridors wherever possible, this
option necessitates a great number of road crossings
and an extended length of the corridor paralleling the
Parks Highway. A potentially significant amount of
highway-abutting land would be usurped for containment
of the right-of-way. These features, in combination,
eliminated this corridor from further evaluation.

Corridor Two - Healy to Fairbanks via Crossing Wood
River

The second corridor (ABDC) is a variation of Corridor
One and consists of Segments AB and BDC. At point B,
east of the Clear MEWS, instead of turning ncrth, the
corridor continues to the northeast, ./ossing Fish
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Creek, the Totatlanika River, Tatlanika Creek, the
Wood River, and Crooked Creek before turning to the
north. At a point equidistant from Crooked and Willow
Creeks, the corridor turns north, crosses the Tanana
River east of Hadley Slough, and extends to the Ester
Substation. North of the Tanana River, this corridor
segment also crosses Rose Creek and the Parks

Highway.

Where it diverges from the original corridor, this
corridor traverses extensive areas of flat ground,
with standing water very prevalent throughout the
summer months. Heavily wooded areas occur in the
broad floodplain of the Tanana River, in the vicinity
of the river crossing, and in the foothills around
Rose Creek.

Corridor Three - Healy to Fairbanks via Healy Creek

and Japan Hills

Corridor Three (AEDC), consisting of Segments AE and
EDC, exits the Healy Power Plant in an easterly
direction. instead of proceeding northwest, this
corridor, following its interconnection with the
Intertie Project, heads east up Healy Creek, passing
the Usibelli Coal Mine. Near the headwaters of Healy
Creek, the corridor cuts to the east, crossing a high
pass of approximately 4,700 feet elevation and
descending into the Cody Creek drainage. From Healy
to the Cody Creek drainage, the terrain is relatively
gentle but bounded by very rugged mountain peaks. The
elevation gain from the Healy Power Plant to the pass
between the Healy Creek-Cody Creek drainages is
approximately 3,300 feet. From here, the segment
turns to the northeast, following the lowlands
accompanying the Wood River. The corridor next
parallels the Wood River from the Ancderson Mountain
area, past Mystic Mountain, and out into the broad
floodplain of the Tanana River east of Japan Hills.
Near *he confiuence of Fish Creek and the Wood River,
the corridor turns north and intersects the
north-south portion of Corridor Two (Segment DC),
after first passing through Wood River Buttes. Much
of the area north of Japan Hills is flat and very wet
with stands of dense, tall-growing vegetation.
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(c)

o Corridor Four - Healy to Fairbanks via Wood River and

Fort Wainwright

Corridor Four (AEF) is a derivation of Corridor Three
and is composed of Segments AE and EF. Point E is
located just north of Japan Hills along the Wood
River. From here, the corridor deviates from Corridor
Three by running north across the Blair Lake Air Force
Range, Fort Wainwright, and several tributaries of the
Tanana River, before reaching the crossing of
Salchaket Slough. Corridor Four passes Clear Creek
Butte on the east. A new substation would be located
on the Fairbanks side of the Tanana River just north
of Goose Island. From Point E to Point F, the terrain
of the corridor is flat and very wet, and again, dense
stands of tall-growing vegetation exist both in the
better drained portions of the flat lands and in the
vicinity of the river crossing.

Corridor Screening

The objectives of the screening process were to focus on the
previously selected corridors and select those best meeting
technical, economic, and environmental criteria.

(1)

Reliability

Reliability is an uncompromising factor in screening
aiternative transmission line corridors. Many of the
criteria utilized for economic, environmental, and
technical reasons also relate to the selection of a
corridor within which a line can be cperated with minimum
power interruption. Six basic factors were considered in
relation to reliability:

Elevation: Lines located at elevaiions below 4,000 feet

will be less exposed to severe wind and ice
conditions, which can interrupt service.

Aircraft: Avoidance of areas near aircraft landing and

takeoff operations will minimize risks from
collisions.

Stability: Avoidance of areas susceptible to land, ice,

and snow slides will reduce chance of power

failures.
Existing Avoidance of crossing existing transmission
Power lines will reduce the possibility of lines
Lines: touching during failures and will facilitate
repairs.
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- Topography: Lines located in areas with gentie relief
will be easier to construct and repair.

- Access: Lines located in reasonable proximity to
transportation corridors will be more
quickly accessible and, therefore, more
quickly repaired if any failures occur.

(ii) Technical Screening Criteria

Four primary and two secondary technical factors were
considered in the screening of alternative corridors.

- Primary Aspects:

o Topography

o Climate and Elevation

Low temperatures, snow depth, icing, and severe winds
are very important parameters in transmissiun design,
operation, and reliability.

Climatic factors become more severe in the mountains,
where extreme winds are expected for exposed areas and
passes. Alaska Power Administration believes that
elevations above 4,000 feet in the Alaska Range and
Talkeetna Mountains are completely unsuitable for
locating major transmission facilities. Significant
advantages of reliability and cost are expected if the
lines are routed below 3,000 feet in elevation. This
elevation figure was used in the screening process.

o Soils

Although transmission lines are less affected by soils
and foundation limitations than railroads and
pipelines, it is more reliable to build a transmission
line on soil that does not appear to be underlain by
seismically induced ground failures or on a swanpy
area where maintenance and inspection may create
problems. These factors were utilized in the
screening process. Because of the vast areas of
wetlands in the study area, particularly in the
southern portion, it was not possible to locate a
corridor that would avoid all wetland areas.
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o Length of Corridors

- Secondary Aspects:

0 Vegetation and Clearing

Heavily forested areas must be cleared prior to
constructicn of the transmission line. Clearing the
vegetation will cause some disruption of the soil. If
not properly stabilized through restoration and
vegetation, increased erosion will result. If the
vegetation is cleared up to river banks on stream
crossings, it may result in additional sedimentation.
During the corridor screening, those corridors
crossing through Targe expanses of heavily timbered
areas were eliminated.

Other

Highway and river crossings were avoided as much as
possible.

(iii) Economic Screening Criteria

Threa primary and one secondary aspect of the economic
criteria were considered.

- Primary Aspectc:

) Length
0 Right-of-Way

Whenever possible, existing rights-of-ways were shared
or paraleled to avoid the problems associated with
pioneering a corridor in previously inaccessible
areas.

0 Access Roads

Secondary Aspects:

In addition to the major considerations concerning
economic screening of corridors, some other aspects were
also considered. These include topography, since it is
more economical to build a 1ine on a flat corridor than
on a rugged or a mountainous one; and limiting the
number of stream, river, highway, road, and railroad
crossings in order to minimize costs.
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Environmental Screening Criteria

Because of the potential, adverse environmental impacts
from transmission line construction and operation,
environmental criteria were carefully scrutinized in the
SCreening process. Past experience has shown the primary
environmental considerations to be:

- Aesthetic and Visual (including impacts to recreation)

- Land Use (inc]uding ownership and presence of existing
rights-of-way)

Also of significance in the evaluation process are:
- Length
- Topography
- Soils
- Cultural Resources
Vegetation
Fishery Resources
WildTlife Resources

A description and rationale for use of these criteria are
presented below:

- Primary Aspects:

0 Aesthetic and Visual

The presence of large transmission line structures in
undeveloped areas has the potential for adverse
aesthetic impacts. Furthermore, the presence of these
lines can conflict with recreational use, particularly
those nonconsumptive recreational activities such as
hiking and bird watching where great emphasis ijs
placed on scenic values. The number of road crossings
éncountered by transmission line corridors is also a

factor that needs to be inventoried because of the




potential for visual impacts. The number of roads
anner in which th '
ting vegetation at the crossing site
-» potential visuail screening), and the number and
of motorists using the highway all influence the
i i one corridor versys another,

corridors, considerati

of recreationa] areas, hiking trails,

lakes, vistas, and highways where views of
transmission 1ine facilities would be undesirable,

Land Use

The three primary components of land yse
considerations ara: 1) Tand status/ownership, 2)
existing rights-of—way, and 3) existing and proposed
development .

. Land/Status/Ownership

The ownership gf and

game refuges a~:
military lands, among others, present poss ...
constraints to corridor routing. Private landowners
generally do not want transmission lineg on their

This information, when known in advance,

Existing Rights-of-Way

Paralleling existing rights-of-way tends to result
in Jess environmental impact than that which is
associated with a new right-of-way because the
creation of a new right-of—way may provide a means
of access to areas Y accessible only on foot.
i i tor if it opens sensitive,
rrain vehicles,




Impact on soils, vegetation, stream crossings, and
others of the inventory categories can also be
lessened through the paralleling of existing access
roads and cleared rights-of-way. Some impact is
still felt, however, even though a right-of-way may
exist in the area. For example, cultural rescurces
may not have been identified in the original routing
effort. Wetlands present under existing
transmission lines may likewise be negatively
influenced if ground access to the vicinity of the
tower locations is required.

There are common occasions where parallieling an
existing facility is not desirable. This is
particularly true in the case of highways that offer
the potential for visual impacts and in situations
where paralleling a poorly sited transmission
facility would only compound an existing problem.

. Existing and Proposed Developments

This inventory identifies such things as
agricultural use; planned urban developments, such
as the proposed capital site; existing residential
and cabin developments; the location of airports and
~of lakes used for float planes; and similar types of
information. Such information is essential for
locating transmission line corridors appropriately,
as it presents conflicts with these land use
activities.

- Secondary Aspects:

o Length

The length of a transmission line is an environmental
factor and, as such, was considered in the screening
process. A longer line will require more construction
activity than a shorter line, will disturb more land
area, and will have a greater inherent probability of
encountering environmental constraints.

Topography

The natural teatures of the terrain are significant
from the standpoint that they offer both positive and
negative aspects to transmission line routing. Steep




siopes, for example, present both difficult
construction and soil stabilization problems with
potentially ltong-term, negative environmental
consequences. Also, ridge crossings have the
potential for visual impacts. At the same time,
slopes and elevation changes present opportunities for
routing transmission lines so as to screen theni from
both travel routes and existing communities. When
planning corridors then, the identification of changes
in relief is an important factor.

Soils

Soils are important from several standpoints. First
of all, scarification of the 1and often occurs during
the construction of transmission 1ines. As a result,
vegetation regeneration js affected, as are the
related features of soil stability and erosion
potential. In addition, the development and
installation of access roads, where necessary, are
very dependent upon soil types. Tower designs and
locations are dictated by the types of soils
encountered in any particular corridor segment.
Consequently, the review of existing soils information
is very significant. This inventory was conducted by
means of a Soil Associations Table, Table B.41.

Table B.42 presents the related definitions as they
apply to the terms used in Table B.41.

Cultural Resources

The avoidance of known or potential sites of cultural
resources is an important component of the routing of
transmission lines. In planning for Susitna Project
transmission lines, however, ‘nformation on the
presence of cultural resources is, for the most part,
unavailable. An appropriate program for identifying
and mitigating impacts of the finally selected route *
is necessary. '

Vegetation

The consideration of the presence and Jocation of
various plant communities is essential in transmission
line siting. The inventory of plant communities, such
as those of a tall-growing nature or wetlands, is
significant from the standpoint of construction,
clearing, and access road development requirements.

In addition, identification of locations of endangered




and threatened plant species is also critical. While
several Alaskan plant species are currently under
review by the U.S. Fish and Wildlife Service, no plant
species are presently listed under the Endangered
Species Act of 1973 as occurring in Alaska. No
corridor currently under consideration has been
identified as traversing any location known to support
these identified piant species.

Fishery Resources

The presence or absence of resident or anadromous fish
in a stream is a significant factor in evaluating
suitable transmission line corridors. The corridor's
effects on a stream's resources must be viewed from
the standpoint of possible disturbance to fish
species, potential loss of habitat, and possible
destruction of spawning beds. In addition, certain
species of fish are more sensitive than others to
disturbance.

Closely related to this consideration is the number of
stream crossings. The nature of the soils and
vegetation in the vicinity of the streams and the
manner in which the streams are to be crossed are also
important environmental considerations when routing
transmission lines. Potential stream degradation,
jmpact on fish habitat through disturbance, and
Tong-term negative consequences resulting from
siltation of spawning beds are all concerns that need
evaluation in corridor routing. Therefore, the number
of stream crossings and the presence of fish species
and habitat value were considered when data were
available.

Wildiife Resources

The three major groups of wildlife which must be
considered in transmission corridor screening are big
game, birds, and furbearers. Of all the wildlife
species to be considered in the course of routing
studies for transmission lines, big game species
(together with endangered species) are most
significant. Many of the big game species, including
grizzly bear, caribou, and sheep, are particularly
sensitive to human intrusion into relatively
undisturbed areas. Calving grounds, denning areas,
and other important or unique habitat areas as
jdentified by the Alaska Department of Fish and Game




were identified and incorporated into the screening
process.

Many species of birds such as raptors and swans are
sensitive to human disturbance. Identifying the
presence and location of nesting raptors and swans
permits avoidance of traditional nesting areas.
Moreover, if this category js investigated, the
presence of endangered species (viz, peregrine
falcons) can be determined.

Important habitat for furbearers exists along many
potential transmission line corridors in the railbelt
area, and its Tloss or disruption would have a direct
effect on these animal populations. Investigating
habitat preferences, noting existing habitat, and
identifying populations through available information
are important steps in addressing the selection of
environmentally acceptable alternatives.

(v) Screening Methodology

Technical and Economical Screening Methodology

The parameters required for the technical and economical
analyses were extracted from the environmental inventory
tables (Tables B.38 through B.40). The tables, togetiher
with the topographic maps, aerial photos, and existing
published materials, were used to compare the
alternative corridors from a technical and economical
point of view. The parameters used in the analysis
were: length of corridors, approximate number of
highway/road crossings, approximate number of
river/creek crossings, land ownership, topography,
soils, and existing rights-of-way. The main factors
contributing to the economical and technical analyses
are combined and listed in Tables B.43, B.44, and B.45.
1t should be noted that .most of the parameters are in
miles of line length, except the tower construction. In
this analysis, it was decided to assign 4.5 towers for

each mile of 345-kV line.

In order to screen the most qualified corridor, it was
decided to rate the corridors as follows:

Corridor rated A - recommended
Corridor rated C - acceptable but not preferred
Corridor rated F - unacceptable
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(d)

From the technical point of view, reliability, is the
main objective. An environmentally and economically
sound transmission 1ine was rejected if the line was not
reliable. Thus, any line which received an F technical
rating, was assigned an overall rating of F and
eliminated from further consideration.

The ratings appear in each of the economical and
technical screening tables (Tables B.43, B.44, and B.45)
and are symmarized in Table B.46.

Environmental Screening Methodology

In order to compare the alternative corridors (Figures
B.47, B.48, and B.49) from an environmental standpoint,
the environmental criteria discussed above Were combined
into environmental constraint tables (Tables B.47, B.48,
and B.49). These tables combine information for each
corridor segment into the proper corridors under study.
This permitted the assignment of an environmental
rating, which jdentifies the relative rating of each
corridor within cach of the three study areas. The

f environmental ratings is a subjective,

e intended as an aid to corridor
screening. rridors that are recommended are
jdentified with and “A," while those corridors that are
acceptable but not preferred are sdentified with a uc."

Finally, those corridors that are considered
unacceptable are identified with an i

Selected Corridor

The selected corridor consists of the following segements:

. Southern Study Area: Corridor ADFC (Figures B.50 and B.51)
- Central Study Area: Corridor ABCD (Figures .52 and B.53)
- Northern Study Area: Corridor ABC (Figures B.54 through B.57)
Specifics of these corridors and reasons for rejection of others
are discussed below. More detail on the screening process and the
specific technical ratings of each alternative are in Chanter 10
of Exhibit E.

(i) Southern Study Area

In the southern study area, Coryidor Segment AEF and,
hence, Corridor Three (AEFC) were determined unacceptable.
This results primarily from the routing of the segment
through the relatively well-developed and heavily utilized

Nancy Lake state recreation area. Adjustments to this




route to make it more acceptable were attempted but no
alterations proved successful. Consequently, it was
recommended this corridor be dropped from further
consideration.

Corridor dne (ABC') was identified as acceptable but not
preferred, thus given the C rating. Its great length, its
traversing of residential and other developed lands, and
the numerous creek crossings and extensive forest clearing
involved relegaie this corridor to this environmental
rating. Economically and technically, this corridor has
more difficulties than the other two considered. This is a
longer line and crosses areas which may require easements
in the area north of Anchorage. ' .

Corridor Two (ADFC) was identified as the candidate which
would satisfy most of the screening criteria. This
corridor is shown in Figures B.50 and B.51, and stretches
from an area north of Willow Creek to Point MacKenzie in
the south. The corridor is located east of the lower
Susitna River and crosses i i

corridor also Crosses an exi

operated by Chugach Electric Association (CEA),

starts at Point MacKenzie and extends to Teeland
Substation.

Up to this point in the corridor selection study, Point
MacKenzie has been considered a terminal point for Susitna
; It was assumed that an underwater cable crossing -
would be provided at this location. Upon further study and
data-gathering it has become Known that the existing
crossing at Point MacKenzie has experienced power
interruptions caused by ship's anchors snagging the
submarine cables. CEA, which owns the submarine cables,
required additional transmission capacity to Anchorage.
After thoroughly s < it has opted for a
combined submarine transmission across Knik
Arm and onto Anchorage. i the most desirable option
to CEA, both from the environmental and technical point of
view.

The CEA crossing will be located approximately eight miles
northeast of Point MacKenzie on the west shore of the Knik
Arm and across from Elmendorf Air Force Base in the
vicinity of Six Mile Creek. This crossing is located
northeast of the Anchorage Harbor, away from the heavy ship
traffic, thereby reducing risk of anchor damage to the

cable.
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It is intended to terminate Corridor ADFC at this new
crossing point and extend the transmission corridor to
Elemendorf Air Force Base and beyond to Anchorage.

Although the crossing is approximately eight miles
northeast of Point MacKenzie, it does not influence the
results of this corridor selection and screening process.
The best corridor has been selected and screened. During
routing studies minor deviations outside the corridor will
have to occur in order to terminate at the revised crossing
point. However, preliminary investigations indicate it
will be possible to select a technically, economicaily, and
environmentally acceptable route, particularly since an
existing transmission line can 1ikely be paralleled from
the selected corridor to the revised crossing point.
Furthermore, CEA has received the necessary permits and is
constructing an underwater crossing at Knik Arm, indicating

acceptable levels of environmental impact.

Central Study Area

In the central study area, ceveral corridor segments and,
hence, their associated corridors were determined to be
unacceptable. The first of these, Corridor Segment BEC,
appears as part of Corridors Two (ABECD), Five (ABECJHI),
Seven (CEJAHI), Nine (CEBAG), and Fifteen (ABECF). The
reason for rejecting this segment is primarily that th2
developed recreation area around Stephan Lake would be
needlessly harmed, because viable options exist to avoid
intruding into this area. Again, modifying this route to
something more acceptable fajled. Consequently, it is
recommended that these five corridors be dropped from
furtner consideration.

Corridor Segment AG was also determined not to warrant
further consideration because of jts approximate 65-mile
length, two-thirds of which would possibly reguire a
pioneer access road. Also, extensive areas of clearing
would be required, opening the corridor to view in some
scenic locations. Finally, the impacts on fish and
wildlife habitats are potentially severe. These
preliminary findings, coupled with the fact that more
viable options to Segment AG exist, suggest that
consideration of this corridor segment and, therefore,
Corridors Eight (CBAG) and Ten (CJAG) should be
terminated.

Corridors Eleven (CJAHI) and Twelve (JA-CJHI) were
identified as acceptable. This rating arose from the fact
that, as shown in Environmental Constraint Table B.48,




numerous constraints affect this routing. Information from
recently completed field investigations suggest that these
constraints cannot be overcome and the routes should be
rejected. Furthermore, the technical and economical
ratings preclude these corridors from further
consideration.

Corridor Segment HJ has been moved so that it no longer
paraliels the Devil Creek drainage; the new location HC is
selected to avoid both High Lake and the Devil Creek
drainage. It then follows the Portage Creek drainage to
the point of intersection with Corridor Segment. JH, near
the creek's headwaters. Subsequent jnvestigations have
confirmed that this corridor segment is not viable and,
consequently, Corridors Four and Five are eliminated from
further consideration.

Corridors Six intrudes on valuable wildlife habitat and
would cross numerous creeks, none of which are currently
crossed by existing access roads. In addition, a high
mountain pass and its associated shallow soils, steep
slopes, and surficial bedrock constrain this routing.
Finally, its crossing of areas over 4,000 feet in elevation
makes it technically unacceptable, sO this corridor is
dropped from further consideration.

Corridors Three (AJCF) and Fourteen (AJCD) have been
identified as acceptable but not recommended because of the
cJ Corridor Segment. This corridor segment intrudes upon
an existing recreation area at High Lake and contravenes
existing views of the Alaska Range; it also Crosses
valuable habitat for sensitive big game species.

Corridor One (ABCD), as shown in Figure B.48, was one of
the three recommended corridors. Constraints to this
routing do exist, however, and will need to be further
evaluated before modifications to this corridor are
suggested. This corridor is one of the shortest-in length
(38 miles) of all corridors considered in this area. It is
recommended, therefore, because of its technical and
economical rating.

Corridor Thirteen (ABCF) is also an acceptable but not
preferred corridor. With the presence of the developed
recreation area at Otter Lake, Corridor Thirteen could
require special attention in Segment CF. The technical
rating for this corridor is attractive because of the short
Tength of transmission line and the fact that the lines
could be constructed within a reasonable distance to the

sccess roads. Because of crossings of deep ravines and




forest clearing, this corridor is not recommended
economically.

Figures B.52 and B.53 show the location of the recommended
corridor in the area from Watana to an area in the vicinity
of Gold Creek, and it essentially straddles the Upper
Susitna River. The area of the corridor between Watana and
Devil Canyon may be extended to the north and is dependent
en the route the access road may take. Every effort will
be made to coordinate the transmission lines with the
access road.

Northern Study Area

Corridors Three (AEDC) and Four (AEF) were determined
unacceptable because of many constraints, and thus, rated
F. They include: the lack of an existing access road;
problems in dealing with tower erection in shallow bedrock
zones; the need for extensive wetland crossings and forest
clearing; the 75 river or creek crossings involved; and the
fact that prime habitat for waterfowl, peregrine falcons,
caribou, bighorn sheep, golden eagle, and brown bear would
be crossed. In addition, Corridor Four crosses areas of
significant land use constraints and elevations of over
4,000 feet.

Corridor Two (ABDC) was identified as acceptable but not
preferred, and thus, rated C. Certain constraints
identified for this corridor suggest that an alternative is
preferable. Compared with Corridor One, Corridor Two
crosses additional wetiands and requires the development of
more access roads and the clearing of additional forest
lands.

Corridor One (ABC), shown in Figures B.54 to B.57, was the
only recommended corridor in the northern study area.
While many constraints were identified under the various
categories, it appears possible to select a route within
this corridor to minimize constraint influences. This
corridor is attractive economically, because it is close to
access roads and the Parks Highway. The visual impact can
be Tessened by strategic placement of the line. This line
also best meets technical and economical requirements.

(e) Route Selection

(1)

Methodology

After identification of the preferred transmission Tine
corridors, the next step in the route selection process
involved the analysis of the data as gathered and presented




on the base map. Overlays were compiled sO that various
constraints affecting construction oY maintenance of a
transmission facility could be viewed on a single map. The
map was used to select possible routes within each of the
three selected corridors. By placing all major constraints
(e.g., areas of high yisual exposure, private 1ands,
endangered species, etc.) on one map, a route of least
impact was salected. Existing facilities, such as
transmission 1ines and tractor trai

area, were also considered during

minimum impact route. Whenever possible,

selected near existing or proposed access roads,

whenever possible existing rights-of-way.

The data base used in this analysis was obtained fro
following sources:

An up-to-date 1and status study;
Existing aerial photos;
New aerial photos conducted for selected sections of the
previously recommended transmission 1ine corridovs;
Environmental studies including aesthetic considerations;
. Climatological studies;
- Geotechnical exploration;
- Additional field studies; and

- public opinions.

Selection Criteria

The purpose of this section 3¢ to identify three selected
4 from Healy to Fairbanks, the second 7yom the
Devil Canyon damsites to the intertie, and the
third from Willow to Anchorage.

The previous]y chosen corridors were subject to a process
of refinement and evaluation based on the same technical,
economic, and environmental criteria used in corvidor
selection. In addition, special emphasis Was concentrated
on the following points:

_ Satisfying the regulatory and permit requirements;

- Selection of routing that provides for minimum visibility
from highways and homes; and

- Avoidance of developed agricu]tura\ lands and dwellings.

Environmental Analysis

The corridors selected were analysed to arrive at the route
which is the most compatible with the environment and also




meet the engineering and economic objectives. The
environmental analysis was conducted by the process
described below:

L iterature Review

Data from various literature sources, agency
communications, and site visits were reviewed to
inventory existing environmental variables. From such
an inventory, it was possible to identify environmental
constraints in the recommended corridor locations. Data
sources were cataloged and filed for later retrieval.

Avoidance Routing by Constraint Analysis

To establish the most appropriate locatiorn for a
transmission line route, it was necessary to identify
those environmental constraints that coula be
impediments to the development of such a route. Many
specific constraints were identified during the
preliminary screening; others were determined during the
1981 field investigations.

By utilizing information on topography, existing and
proposed land use, aesthetics, ecological features, and
cultural resources as they exist within the corridors,
and by careful placement of the route with these
considerations in mind, impact on these various
constraints was minimized.

Base Maps and Qverlays

Constraint analysis information was placed on base maps.
Constraints were identified and presented on overlays to
the base maps. This mapping process involved using both
existing information and that acquired through Susitna
Project studies. This information was first categorized
as to its potential for constraining the development of
a transmission line route within the preferred corridor
and then placed on maps of the corridors. Environmental
constraints were identified and recorded directly onto
the base maps. Overlays to the base maps were prepared
indicating the type and extent of the encountered
constraints.

Three overlays were prepared for each map: one for
visual constraints, one for man-made, and one for
biological constraints. These maps are presented as a
separate document (12).
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(iv) Technical and Economic Analysis

ettt o e

ves are to obtain an optimum
t with the fewest
these objectives

Route location objecti
combination of reliability and cos
environmental problems. In many cases,

are mutually compatible.

Throughout the evaluation, much emphasis was placed on
locating the route relatively close to existing surface
transportation facilities whenever possible.

ntributed heavily in the technical and

economic analysis were: topography, climate and elevation,
soils, length, and access roads. Other factors of less

importance were vegetation, and river and highway
crossings. These factors are detailed in Tables B.37 and

B.50.

Selection of Alternative Routes

The factors that co

The next step in the route selection process involved
the analysis of the data presented on the base maps.

The data were used to select possible routes within each
corridor. By placing all major constraints on one map,
routes of smallest impacts were selected. Existing
facilities, such as transmission lines and tractor
trails within the study area, were also taken into
consideration during the selection of a least impact

route.
- Evaluation of a Primary Route

The evaluation and selection of alternative routes to
arrive at a primary route involved a closer examination
of each of the possible routes using mapping process and
data previously described. Preliminary routes were

compared to determine the route of least impact within

the primary corridors of each study area. For exgmp1e,

such variables as number of stream and road crossings
required were noted. Then, following the field studies

and through a comparison of routing data, including the
xisting facilities,

route's total length and its use of e
one route was designated the primary route. Land use,
Tand ownership, and visual impacts were key factors in

the selection process.

(v) Route Soil Conditions

- Description

Baseline geological and geotechnical information has
been compiled through photointerpretation and terrain



unit mapping. The general objective was to document the
conditions that would significantly affect the design
and construction of the transmission line towers. More
specifically, the conditions included the forms o’
various origins, noting the occurrence and distrihution
of significatn geologic factors such as permafrosec,
potentially unstable slopes, potentially eordible soils,
possible active fault traces, potential construction
materials, active floodplains, organic materials, etc.

Work on the airphoto interpretation consisted of several
activities culminating in a set of terrain unit maps
showing surface materials, geologic features and
conditions in the project area.

The first activity consisted of a review of the
literature concerning the geology of the intertie
corridors and transfer of the information gained to
high~level photographs at a scale of 1:63,000.
Interpretation of the high-level photos created a
regional terrain framework which assisted in
interpretation of the low-level 1:30,000 project photos.
Major terrain divisions identified on the high-level
photos were then used as an aerial guide for delineation
of more detailed terrain units on the low-level photos.
The primary effort of the work was the interpretation of
over 140 photos covering about 300 square miles of
varied terrain. The land area covered in the mapping
exercise is shown on map sheets and displayed in detail
on photo mosaics (13).

As part of the terrain analysis. the various bedrock
units and dominant lithologies were jdentified using
published U.S. Geological Survey reports. The extent of
these units was approximately shown on the photographs,
and using exposure patterns, shade, texture, and other
features of the rock unit as they appeared on the
photographs, unit boundaries were drawn.

Physical characteristics and typical engineering
properties of each terrain unit were considered and a
chart for each corridor was developed. The charts
identify the terrain units as they have been mapped and
characterize their properties in numerous categories.
This allows an assessment of each unit's influence on
various project features.




Terrain Unit Analysis

The terrain unit is a special purpose term comprising
the land forms expected to occur from the ground surface

to a depth of about 25 feet.

The terrain unit maps for the proposed Anchorage to
Fairbanks transmission line show the aerial extent of
the specific terrain units which were identifed during
the air photo investigation and were corroborated in
part by a 1imited onsite surface investigation. The
units document the general geology and geotechnical

characteristics of the area.

The north and south corridors are separated by several
hundred miles and not surprisingly encounter different
eomorphic provinces and climatic conditions. Hence,
while there are many land forms (or individual terrain
units) that are comon to both corridors, there are also
some jandforms mapped in just one corridor. The
1andforms or individual terrain units mapped in both
corridors were breifly described.

Saveral of the Tandforms have not been mapped
independently but rather as compound or complex terrain
units. Compound terrain units result when one landform
overlies a second recognized unit at a shallow depth
(less than 25 feet), such as a thin deposit of glacial
£i11 overlying bedrock or a mantle of lacustrine
sediments overlying till. Complex terrain units have
been mapped where the surficial exposure pattern of two
landforms are so intricately related that they must be
mapped as a terrain unit complex, such as some areas of
bedrock and colluvium. The compound and complex terrain
units were described as a composite of individual
landforms comprising them. The stratigraphy,
topographic position, and aerial extent of all units, as
they appear in each corridor, were summarized on the
terrain unit properties and enginee"ing interpretations

chart (13).

(vi) Results and Conclusions

A study of existing information and aerial overflights,
together with additional aerial coverage, Wwas used to
Jocate the recommended route in each of the southern,

central, and northern study areas.

Additional environmental information and land status
studies made it possible to align the routes to avoid any

restraints.




Terrain unit maps describing the general material expected
in the area were prepared specifically for transmission
1ine studies and were used to locate the routes away from
unfavorable soil conditins whenever possible.

The selected transmission 1ine route for the three areas of
study is presented in Exhibit G. As a first step, the 3 to
5 mile wide corridor previously selected for each of the
three study areas was narrowed to a half mile-wide corridor
based on the previous criteria. This centerline represents
a right-of-way width of 500 feet. The width is adequate
for three, single-circuit, parallel Tlines with tower
structures having horizontal phase spacing of 33 feet.
However, between the Devil Canyon damsite and Gold Creek,
the width of the right-of-way is 650 feet which is needed
to accommodate four single-circuit lines. Enviromental
constraint analysis information was placed on base maps and
overlays (12).

Subsequent to the submission of the Feasibility Study (4) a
further refinement process on the Tine route has taken
place to reflect the possibility of Jand acquisition
problems at locations along the corridor. This process has
resulted in an improved routing, generally close to the
earlier proposal, in the Fairbanks to Healy and the Willow
to Anchorage line sections.

Also since the Feasibility Study the proposals for access
to the power development have undergone reassessment. This
has resulted in a decision to provide access to Watana from
the Denali Highway and not build the Watana to Devil Canyon
link until the latter site is developed. Because of this
Jack of early access to Devil Canyon the main Switching
Station for the transmission has been relocated at Gold
Creek. The earlier 1ine routing proposals were accordingly
reviewed to establish the optimum location for lines for
Watana to Gold Creek and from Devil Canyon to Gold Creek.
This route was established within the corridors examined in
detajl earlier, using the same methodology as before.

(f) Towers, Fpundations and conductors

The Anchorage and Fairbanks Intertie will consist of existing
1ines and a new section between Willow and Healy. The new section




will be built to 345 kV standards but will be temporarily operated
at 138 kV and will be fully compatible with Susitna requirements.

(i) Transmission Line Towers

Section of Tower Type

Because of the unique soil conditions in Alaska which
are characterized by extensive regions of muskeg and
permafrost, conventional self-supporting or rigid towers
will not provide a satisfactory solution for the
proposed transmission line.

Permafrost and seasonal changes in the soil are known to
cause large earth movements at some locations, requiring
towers with a high degree of fTexibility and capability
to sustain appreciable loss of structural integrity.

A guyed tower is well suited to these conditions; these
include the guyed-V, guyed-Y, guyed delta, and guyed
portal type structures. The type of structure selected
for the construction of the Intertie is the hinged-guyed
steel X-tower, a refinement of the guyed structure
concept; this type of tower is, therefore, a prime
candidate for use on the Watana transmission system.
Guyed pole-type structures will be used on larger angle
and dead end structures; a similar arrangement will be
used in specially heavy loading zones.

The design feature of the X-tower include hinged
connections between the legs and the foundation and four
longitudinal guys attached in pairs to two guy anchors,
providing a high degree of flexibility with excellent
structural strength. The wide leg spacing results in
relatively low foundation forces which are carried on
pile type footings in soil and steel grillage or rock
anchor footings where rock is close to the surface.

In narrow right-of-way situations, cantilever steel pole
structures are anticipated with foundations consisting
of cast-in-place concrete augered piles.

In the final design process, experience gained in the
construction and operation of the Intertie will be used
in the final selection of the structue type to be used
for the Watana transmission.




B11 tower structures will be constructed of "weathering”
type steel which matures to a dark brown color over a
period of a few years and is considered to have a more
aesthetically pleasing appearance than either galvanized
steel or aluminum.

Climatic Studies and Loadings

Climatic studies for transmission lines were performed
to determine probable maximum wind and ice loads based
on historical data. A more detailed study incorporating
additional climatic data was carriea out for the
Intertie final design. These studies have resulted in
the selection of preliminary loading for the 1ine
design.

Details of the climatic studies for Watana transmission
lines may be found in Reference 14.

Preliminary loadings selected for line design should be
confirmed by a detailed study, similar to that performed
for the Intertie, that will examine conditions for the
Healy to Fairbanks, Willow to Anchorage and Gold Creek
to Watana sections of the route together with an update
of the Healy to Willow study incorporating any data from
field measurement stations collected in the interim
period.

Based on data currently available, it appears that the
1ine can be divided up into zones as far as climatic
loading is concerned as follows:

- Normal Loading Zone
- Heavy Ice Loading Zone
- Heavy Wind Loading Zone

The heavy ice and heavy wind zones will have an
additional critical loading case including to reflect
the special nature of the zone.

Tower Family

A family of tower designs will be developed as follows:

. Suspension towers will be provided for both standari
span plus angle (up to 3°) application and for long
span or light angle (0° to 8°) application.

. Tension towers will be provided for light angle and
dead end (0° to 8°), for large angle and dead end (8°
to §O°) and for minimum argle and dead end (50° %o
90°). :




(ii) Tower Foundations

The maximum wind span and weight span ratios to be
utilized will be set in final design to reflect the
rugged nature of the terrain along the line route. Some
trial spotting of towers in representative terrains will L
be used to yuide this selection. Minimum weight span to o=
wind span ratio limits will be set during tower spotting .
and a "low temperature template” used to check that

unexpected uplift will not develop at low weight span 3
towers for very low temperatures. { &

The span to be used in design will be the subject of an
economic optimization study. A span of not less than B
1,200 ft is expected with spans in the field varying to .
greater and lesser values in specific cases depending e
upon span and loading zone.

. Rock material defined as material in which drilled-in

Geotechnical Conditions

The generalized terrain analysis (13) was conducted to
collect geologic and geotechnical data for the
transmission line corridors, a relatively large area.
The engineering characteristics of the terrain units
have been generalized and described qualitatively. When
evaluating the suitability of a terrain unit for a
specific use, the actual properties of that unit must be
verified by onsite subsurface investigation, sampling,
and laboratory testing.

The three main types of foundation materials along the
transmission line are:

. Good material, which is defined as overburden which
permits augered excavation and allows installation of K
concrete without special form vork; e

. Wetland and permafrost material which requires special »',ﬁ
design details; and

anchors and concrete footings can be used.

Based on aerial, topographic, and terrain unit maps, the
following was noted:

. For the southern study area: Wetland and permafrost
materials constitue the major part of this area. Some
rock and good foundation materials are present in this

area in a very small proportion.
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. For the central study area: Rock foundation and good
materials were observed in most of this study area.

. For the northern study area: The major part of this
area is wetland and permafrost materials., Some parts
have rock materials.

Types of Foundation

The types of tangent tower envisaged for these lines
will require foundations to suppot the leg or mast
capable of carrying a predominantly vertical load with
some lateral shear, and a guy anchor foundation.

The cantilever pole structure foundation is required to
resist the high overturning moment inherent in the
cantilever arrangement.

The greater part of the combined maximum reactions on a
transmission tower footing is usually from short
duration loads such as broken wire, wind, and ice. With
the exception of heavy-angle, dead-end or terminal
structures, only a part of the total reaction is of a
permanent nature. As a consequence, the permissible
soil pressure, as used in the design of building
foundations, may be considerably increased for footing
for transmission structures.

The permissible values of soil pressure used in the
footing design will depend on the structur2 and the
supporting soil. The basic criterion is that
displacement of the footing is not restricted because of
the flexibility of the selected x-frame tower and its
hinged connection to the footing. The shape and
configuration of the selected tower are important
factors in foundation considerations.

Loads on the tower consist of vertical and horizontal
loads and are transmitted down to the foundation and
then distributed to the soil. In a tower placed at an
angle or used as dead-end in the line, the horizontal
loads are responsible for a large portion of the loads
on the foundation. In addition to the horizontal shear,
a moment is also present at the top of the foundation,
creating vertical download and uplift forces on the
footing.
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To enable the selection of a safe and economical tower
foundation design for each tower site it is necessry to
select a footing which takes account of the actual soii
M conditions at the site. This is done by matching the

‘ soil conditions to a series of ranges in s0i1 types and

groundwater conditions which have been predetermined

5 during the design phase to cover the full range of soils
expected to be encountered along the 1ine length.
Preconstruction drilling, soil sampling, and laboratory
testing at representative locations along the Tine
enable the design of a family of footings to be prepared
for each tower type from which 2 selection of the
appropriate footing for the specific site can be made
f during censtruction.

The fondation types for structure legs and masts will be
grouted anchor wnere rock is very shallow or at surface
and steel grillage with granular backf¥ill where soil is
competent and not unduely frost sensitive. In areas
where soils are weak and where permafrost or
particu]ar1y forst-heave prone material is encountered
driven steel piles will be used.

Guy anchors will use grouted anchors in rock. Grouted
carth or helical plate screw-in anchors with driven
piles wiil be used in permafrost or Very weak soils.

proof load testing of piles and drilled in anchors will
be required both for design and to check on the as-built
capacity of these foundation elements during
construction.

(iii) Voltage Level and Conductor Size

Economic studies were carried out of transmission utilizing
500 kV, 245 kV, and 230 kV ac. At each voltage level an
optimum conductor capacity was developed. Schemes
involving use of 500 KV or 345 kV on the route to Anchorage
and 345 kV or 230 kV to Fairbanks were investigated. The
study recommended the adoption of two 345 kV units to
Fairbanks and three 345 kV units to Anchorage. Comparative
studies were carried out of the possible use of HVDC which
indicated no economic advantage of such a scheme.
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The 345 kV system studies indiiated that a conductor
capacity of 1050 MCM per phase was economical with due
account for the value of losses. A phase bundle consisting
of twin 754 MCM Rail (45/7) ACSR was proposed as meeting
the required capacity and also having acceptable corona and
radio interference performance. Detailed design studies as
part of the final design will compare the economics of ths
conductor configuration with the use of alternatives such
as twin 954 MCM Cardinal (54/7) ACSR and single 215.6 MCM
Bluebird (84/19) ACSR which could give comparabie
electrical performance with better structural performance.
Cardinal because of a 15 percent superior
strength-to-weight ratio can be sagged tighter than Rail,
to result in savings in tower height and/or jncreased
spans. Bluebird because of a smalier circumference and
projected area compared with a twin conductor bundle
attracts some 15 percent less load from ice or wind;
together with jts greater strength this leads to less sag
under heavyloadings and lighter loads for the structures to
carry. conductor swing angles will also be reduced thus
reducing tower head size requirements and edge of right-of-
way clearing.

2.8 - Selection of Project Operation

A reservoir simulation model was used to evaluate the optimum method of
operating the Susitna hydroelectric project for a range of past project

flows at the Gold Creek gaging station 25 miles downstream of the Devil
Canyon damsite. The process tnat led to the selection of the flow
scenario used in this license application includes the following

steps:

- Determination of pre-project flows at Gold Creek, Watana and Devil
Canyon for 32 years of record;

Selection of range of flows to be included in the analysis;
Selection of timing of flow releases to match fishery requirements;

Selection of maximum drawdown at Watana;

Determination of energy produced for the seven flow release scenarios
being studied;

Determination of net benefits for each flow scenario;

Selection of range of flows acceptable based on ecomomic factors;
and

Influence of instream flow and fishery considerations on selection of
project operational flows.
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A summary discussion of the detailed analysis is presented in the
following paragraphs.

(a)

Pre-Project Flows

The USGS has operated 2 gaging station (Station 15292000) at Gold
Creek on the Susitna River continuously since 1950. They have
also operated the Cantwell gage near Vee Canyon on the upper end
of the proposed Watana Reservoir since 196i. These two gaging
stations combined with a regional analysis were used to develop a
32 year record for the Cantwell gage. The flow at Watana and
Devil Canyon was then calculated using the Cantwell flow as the
base and adding an incremental flow proportional to the additional
drainage area between the Cantwell gage.and the damsites. The
resulting flows at Watana and Devil Canyon are presented in Tables

B.51 and B.52.

Range of Post-Project Flows

During investigation of the full range of flows appropriate for
use as operational target flows at Gold Creek, two factors were
considered: that operational fiow which would produce the max imum
amount of usable energy from the project neglecting all other
considerations (Case A), and that operational summer flow which
would have minimum jmpact on downstream fishery and instream flow
uses (Case D). Between these two end points five additional flow
scenarios were established. The minimum target flows for all
seven flow scenarios are presented in Table B.53.

Timing of Flow Releases

In the reach of the river between Talkeetna and Devil Canyon it is
presently perceived that the most important aspect of successful
salmon spawning is providing access to the side channel and slough
areas connected to the main stem spawning areas. Access to these
areas is primarily a function of water level (fiow) in the

main channel of the river during the period when the solmon must
gain access %0 the spawning areas. Field studies during 1981 and
1982 have indicated the access should be provided in late July,
August and early September. Thus, the project operational flow
has beenyschedu]ed to satisfy this requirement; i.e., the flow
will be increased the last week of July, held constant during
August and the first two weeks of September and then decreased to
a level specified by energy demands in mid to late September.

Max imum Dsawdown

In Reference 4 the maximum drawdown was selected as 140 feet for
Watana and 50 feet for devil Canyon. Because the Devil Canyon
maximum drawdown would be controlled by technical considerations
the 50 foot drawdown was not reconsidered and has been retained as
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anyon. On the other hand, the Watana

d by intake structure cost, energy

production, and downstream fiow considerations; thus, it was
refined during the 1982 studies. This refinemeni process resulted

in the selection of 120 feet as the maximum drawdown for the
Watana development.

the upper limit for Devil C
maximum drawdown is governe

)

(e) Energy Production

e Using the pre-project flows, the seven flow release scenarios, and
the maximum drawdowns established in subsections (a)-(d) above

were input to the reservoir simulation model. The amount of
N energy produced, the flow at Gold Creek and the reservoir levels
’ were determined for the 32 years of record. A summary of the
energy produced using the seven flow scenarios is presented in

Table B.54.
: (f) Net Benefits

To determine the net economic value of the energy produced by the
Sysitna Hydroelectric Project the mathematical model commonly
known as 0GP 5 (Optimized Generation Planning Model, Version 5)
was used to determine the present worth value (1982 dollars) of
the long-term (1993 to 2051) production costs (LTPWC) of supplyirg
the Railbelt energy needs by various alternative means of
generation. A more detailed description of the 0GP model is
contained in the Section 1.5. The analysis was performed for the
nhest thermal option" as well as for the seven flow scenarios for
operating Susitna. The results are presented in Table B.55.

The net benefit presented in Table B.55 is the difference between
| the LTPWC for the "best thermal option" and the LTPWC for the

various Susitna options. 1In Table B.55, Case A represents the
maximum usable energy option and results in a net benefit of $1215
million. As flow is transferred from the winter to the

o August-September time period for fishery and instrear flow

T ' mitigation purposes the amount of usable energy decreases. This
decrease is not significant until the flow provided at Gold Creek
during August reaches the 12,000 to 14,000 cfs range. For a flow
of 19,000 cfs at Gold Creek, a flow scenario that represents
minimum downstream fishery impact, approximately 45 percent