

























































































































































































































































































































































































(iii})

penalty in one or perhaps both stages of operation. Unless the head
change is relatively small, the energy loss due to reduction in
efficiency would outweigh the additional capital expenditure associ-
ated with the other alternatives for staging.

The second option involves increasing the generator speed when the
reservoir level is raised so as to maintain turbine operation at or
near the best efficiency point during both stages of operation. For
the first stage operation, the unit speed may be selected slightly
lower than normal to avoid excessive speed for the higher head oper-
ation. The generator speed change can be accomplished by changing
the stator winding connections and also changing the rim and rotor
winding electrical connections to reduce the number of poles. A
change in generator speed would result in a marginal reduction in
generator efficiency. ’

The third approach involves installing a new runner with a higher
optimum operating head once the dam is completed to its full height.
Such a option has been used on other projects. For very large
changes in head however, the shape and dimensions of the initial and
final runners vary considerably. This may result in difficulties in
designing the turbine distributor to accommodate both runners with-
out a sacrifice in turbine efficiency.

The fourth method is essentially a combination of the second and
third options, resulting in a change both in the turbine runner and
the unit speed after the dam is raised to its full height. Such an
approach would be suitable for a staging scheme involving a signifi-
cant increase in head.

In addition to the above considerations it should be noted that the
generators, transformers, circuit breakers, bus bars, power trans-
mission cable and ancillary equipment must be selected to accommo-
date the higher capacity which will be available in the final stage
of operation.

For the staged dam construction at Watana, maximum operating head
would increase from about 520 feet to 720 feet. The units would be
required to operate for part of the time under substantial drawdown
conditions under both stages. Option one would not in this case be
appropriate because of the large range in head involved. Option
four on the other hand is not warranted because it is designed to
cope with much Targer head changes than are currently envisaged at
Watana. Preliminary analyses indicate that of the two options re-
maining, the third would provide the more cost effective solution
for Watana. However, should staged development appear economic,
more detailed studies would be required for the selection of genar-
ating equipment. This refinement is not expected to significantly
affect the overall economics of the staging concept, and therefore,
is not considered necessary for this phase of the study.

High Devil Canyon (Plate 4)

The development is located between Devil Canyon and Watana. The dam
is an 855 feet high rockfill dam similar in design to Devil Canyon
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(v)

(vi)

and containing an estimated 48 million cubic yards of rockfill with a
crest elevation of 1775 feet. The left bank spillway and the right
bank powerhouse facilities are also similar in concept to Devil
Canyon. The installed capacity is 800 MW. The left bank diversion
system is formed by upstream and downstream earth/rockfiil cofferdams
and twin concrete-lined tunneis with typical cutoff and downstream
release facilities.

Staging is envisaged as two stages of 400 MW each in the same manner
as at Devil Canyon with the dam initially constructed to its full
height.

Susitna III {Plate 5)

The development is comprised of a rockfill dam with an impervious
core and approximately 670 feet high. The dam would have a volume of
approximately 55 million cubic yards and a crest elevation of 2360
feet.

The spiliway consists of a concrete lined chute and a single stilling
basin and is located on the right bank.

An underground powerhouse of 350 MW capacity and the two diversicn
tunnels are located on the left bank.

Vee (Plate 6)

A 610 feet high rockfill dam founded on bedrock with a crest elevation
of 2350 feet and total volume of 10 miilion cubic yards, has been con-
sidered.

As Vee is located further upstream than the other major sites the
flood flows are correspondingly lower thus allowing for a reduction in
size of the spillway facilities. A spillway utilizing a gated over-
flow structure, chute, and flip bucket has been adopted and is lccated
within the ridge forming the right abutment of the dam.

The power facilities consist of a 400 MW underground powerhouse
located in the left bank with a tailrace outlet well downstream of the
main dam. The intake is founded in a rack shoulder to the left of the
dam. A secondary rockfill dam is also required in this vicinity to
seal off a low point. Two diversion tunnels are provided on the right
bank.

N

Maclaren (Plate 7)

The development consists of a 185 feet high earthfill dam founded on
pervious riverbed materials. Crest elevation is 2405 feet. This
reservoir would essentially be used for regulating purposes. Although
generating capacity could be provided a powerhouse has not been shown
in the proposed layout. Diversion is through three conduits located
in an open cut on the left bank and floods are discharged via a side
chute spillway and stilling basin on the right bank.
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(vii) Denali {Plate 7)

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

Capital Cost

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

An overall mobilization cost of 5 percent has been assumed and camp and
catering costs have been based on a preliminary review of construction man-
power and schedules. An annual construction period of 6 months has been
assumed for placement of fill materials and 8 months for all other
operations. Night work has been assumed throughout.

A 20 percent allowance for non-predictable contingencies has been added as
a Tump sum together with a typical allowance for large projects of 12
percent for engineering and administration costs.

The total capital costs developed are shown in Tables 8.1, 8.2, and 8.4 .
It should be noted that the capital costs for Maclaren and Denali chown in
Table 8.1 and 8.2 have been adjusted to incorporate the costs of 55 MW and
60 MW plants respectively.

8.6 - Formulation of Susitna Basin Development Plans

The results of the site screening exercise described in Section 8.3 indicate
that the Susitna Basin development plan should incorporate a combination of
several major dams and powerhouses Tocated at one or more of the following
sites:

Devil Canyon.

High Devil Canyon,
Watana.

Susitna III.

- Vee.
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In addition, the following two sites should be considered as candidates for
supplementary upstream flow regqulation:

- MaclLaren
- Denali

To establish very quickly the likely optimum combination of dams, a computer
screening model was used to directly identify the types of plans that are most
economic. Results of these runs indicate that the Devil Canyon/Watana or the
High Devil Canyon/Vee combinations are the most economic. In addition to these
two basic development plans, a tunnel scheme which provides potential environ-
mental advantages by replacing the Devil Canyon dam by a long power tunnel and a
development plan involving the two most economic dam sites, High Devil Canyon

and Watana, were also introduced. These studies are outlined in more detail
below.

The criteria used at this stage of the process for selection of preferred
Susitna Basin development plans, are mainly economic (see Figure 8.1). As
discussed below, environmental considerations are incorporated into the further
assessment of the plans finally selected.

(a) Application of Screening Model

Basically, this computer model compares basin development plans for a given
total basin power and energy demand and selects the sites, approximate dam
heights, and installed capacities on a least cost basis.

The model incorporates a standard Mixed Integer Programming (MIP) algorithm
for determining the optimum or least cost solution. Inputs essentially
comprise basic hydrologic data, dam volume-cost curves for each site, an
indication of which sites are mutually exclusive, and a total power demand
required from the basin. A time period by time period energy simulation
process for individual sites and groups of sites is incorporated into the
mcdel. The model then systematically searches out the least cost system of
reservoirs and selects installed capacities to meet the specified power and
energy demand.

A detailed description of the model as well as the input and output data is
given in Appendix E. A summary of this information is presented below:

(i) Input Data
Input data to the model takes the following form:

- Streamflow: In order to reduce the complexity of the model, a year
1s divided into two periods, summer and winter, and flows are speci-
fied for each. For the smaller dam sites such as Denali, Maclaren,
Vee, and Devil Canyon which have little or no overyear storage capa-
bility, only two typical years of hydrology are input. These corres-
pond to a dry year (90 percent probability of exceedence) and an
average year (50 percent probability of exceedence). For the other
larger sites, the full thirty years of historical summer and winter
flows are specified.
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- Site Characteristics: For each site, storage capacity versus ccst
curves are provided. These curves were developed from the
engineering Tayouts presented in Section 8.4. Utilizing these
layouts as a basis, the quantities for lower level dam heights were
determined and used to estimate the costs associated with these
Tower Tevels. Figures 8.4 to 8.6 depict the curves used in the
model runs. These curves incorporate the cost of the appropriate:
generating equipment except for the Denali and Maclaren reservoirs
which are treated solely as storage facilities.

- Basin Characteristics: The model is suppiied with informaticn on
the mutually exclusive sites as outlined in Figures 8.4 to 8.6.

- Power and Energy Demand: The model is supplied with a power and
energy demand. This is achieved by specifying a total generating
capacity required from the river basin and an associated annual
plant factor which is then used to calculate the annual energy
demand.

Model Runs and Results

A review of the enerqy forecasts discussed in Section 5 reveals that
between the earliest time a Susitna project could come on line in
early 1993 and the end of the planning period 2010, approximately
2200, 4250, and 9570 Gwh of additional energy would be required for
the low, medium, and high energy forecasts, respectively. In terms of
capacity, these values represent 400, 780, and 1750 MW. Based on
these figures, it was decided to run the screening model for the
following total capacity and energy values:

Run 1: 400 MW - 1750 Gwh.
- Run 2: 800 MW - 3500 Gwh.
Run 3: 1200 MW - 5250 Gwh.
Run 4: 1400 MW - 6150 Gwh.

The results of these runs are shown in Table 8.5. Because of the
simplifying assumptions that are made in the screening model, the
three best solutions from an economic point of view are presented.

The most important conclusions that can be drawn from the results
shown in Table 8.5 are as follows:

- For energy requirements of up to 1750 Gwh, the High Devil Canyon,
Devil Canyon or the Watana sites individually provide the most eco-
nomic energy. The difference between the costs shown on Table 8.5
are around 10 percent which is similar to the accuracy that can be
expected from the screening model.

- For energy requirements of between 1750 and 3500 Gwh, the High Devil

Canyon site is the most economic. Developments at Watana and Devil
Canyon are 20 to 25 percent more costly.
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- For energy requirements of between 3500 and 5250 Gwh the
combinations of either Watana and Devil Canyon or High Devil Canyon
and Vee are the most economic. The High Devil/Susitna III
combination is also competitive. Its cost exceeds the Watana/Devil
Canyon option by 11 percent which is within the accuracy of the
model.

- The total energy production capability of the Watana/Devil Canyon
developmenis is considerably larger than that of the High Devil
Canyon/Vee alternative and is the only plan capable of meeting
energy demands in the 6000 Gwh range.

The reasons why this screening process rejected the other sites is as
follows:

Except for the one case, Susitna III is rejected due to its high capi-
tal cost. The cost of energy production at this site is high in com-
parison with Vee, even allowing for the 150 feet of the system head
that is lost between the headwaters of High Devil Canyon and the
tailwater of Vee.

Maclaren and Denali have a very small impact on the system's energy
production capability and are relatively costly.

Tunnel Scheme

A scheme involving a long power tunnel could conceivably be used to replace
the Devil Canyon dam in the Watana/Devil Canyon Susitna cevelopment plan.
It could develop similar head for power generation at costs comparable to
the Devil Canyon dam development, and may provide some environmental advan-
tages by avoiding inundation of Devil Canyon. Obviously, because of the
low winter flows in the river, a tunnel] alternative could be considered
only as a second stage to the Watana development.

Conceptually, the tunrel 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.

Arrangements for compensation for loss of flow in the bypassed river
reach. .
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Four basic alternative schemes were developed and studied. All schemes
assume an initial Watana development with full reservoir supply level at-
elevation 2200 feet and the associated powerhouse with an installed capac-
ity of 800 MW. Figure 8.7 is a schematic illustration of thece schemes.

- Scheme 1: This scheme comprises a small re-regulation dam about 75 feet
high, downstream of Watana, with power tunnels leading to a second power-
house at the end of the tunnel near Devil Canyon. This power station
would operate in series with the one at Watana since the storage behind
the re-regulation dam is small. Essentially, the re-reguiaticn dam pro-
vides for constant head on the tunnel and deals with surges in operation
at Watana. The two powerhouses would operate as peaking stations result-
ing in flow and level fluctuations downstream from Devil Canyon.

- Scheme 2: This proposal also provides for peaking operation of the two
powerhouses except that the tunnel intake works are located in the Watana
reservoir. Initially, the powerhouse at Watana would have 80U MW in-
stalled capacity which would then be reduced tc some 70 MW after the tun-
nels are completed. This capacity would take advantage of the required
minimum flow from the Watana reservoir. The power flow would be diverted
through the tunnels to the powerhouse at Devil Canyon with an installed
capacity of about 1150 MW. Daily fluctuations of water level downstream
would be similar to those in Scheme 1 for peaking operations.

- Schemes 3 and 4: These schemes provide for base load operation at Devil
Canyon powerhouse and peaking at Watana. In Scheme 3, the tunnel devel-
ops only the Devil Canyon dam head and includes a 245 feet high re-
regulation dam and reservoir with the capacity to requlate diurnal fluc-
tuations due to peaking operation at Watana. The site for the re-
regulation dam was chosen by means of a map study to provide sufficient
re-regulation storage, and is located at what appears to be a suitable
dam site. In Scheme 4, the tunnel intakes are located in the Watana res-
ervoir. The Watana powerhouse installed capacity for this scheme is 800
MW, as for the Watana-Devil Canyon development, and is used to supply
peaking demand.

Table 8.6 lists all the pertinent technical information and Table 8.7, the
energy yields and costs associated with these four schemes.

In general, development costs are based on the same unit costs as those
used in other Susitna developments. Little geotechnical information is
available for much of the proposed tunnel routes. Nevertheless, on the
basis of precedent, tunnel construction costs are estimated on the assump-
tion that excavation will be done by conventional drill and blast opera-
tions and that the entire length may not have to be lined. Tentative as-
sumptions as to the extent of lining and support are as follows:

31 percent unlined.

34 percent shotcrete lined.

26 percent concrete lined.

9 percent lined with steel sets and concrete.



(d)

Based on the foregoing economic information, Scheme 3 produces the lowest
cost energy.

A review of the environmental impacts associated with the four tunnel
schemes indicates that Scheme 3 would have the least impact, primarily be-
cause it offers the best opportunities for regulating daily flows down-
stream from the project. Based on this assessment, and because of its
economic advantage, Scheme 3 was selected as the most appropriate, More
detailed general arrangement drawings for this alternative were produced
(Plates 8 and 9) and costed. The capital cost estimate appears in Table
8.8. [t should be noted that the cost estimates in this table differ
slightly from those in Table 8.5 and reflect the additional level of de-
tail. They also incorporate single and double tunnel options. For pur-
poses of these studies, the double tunnel option has been selected because
of its superior reliability. It should also be recognized that the cost
estimates associated with the tunnels are probably subject to more varia-
tion than those associated with the dam schemes due to geotechnical uncer-
tainties. In an attempt to compensate for these uncertainties, economic
sensitivity analysis using both higher and Tower tunnel costs have been
conducted.

Additional Basin Development Plan

As noted above, the Watana and High Devil Canyon dam sites appear to be in-
dividually superior in economic terms to all others. 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. However, the High Devil Canyon dam would be constructed to a
crest elevation of 1470 feet to fully utilize the head downstream from
Watana.

Costs for the lower level High Devil Canyon dam were developed by assuming
the same general arrangement as for the higher version shown in Plate 4 and
appropriately adjusting the quantities involved.

Selected Basin Development Plans

The essential objective of this step in the de'elopment selection process
is defined as the identification of those plaris which appear to warrant
further more detailed evaluation. The resul*ts of the final screening pro-
cess indicate that the Watana/Devil Canyon a~d the High Devil Canyon/Vee
plans are clearly superior to all other dam combinations. In addition, it
was decided to study further the tunnel scheme as an alternative to the
Watana/High Devil Canyon plan.

Associated with each of these plans are several options for staged develop-
ment including staged construction of the dams and/or the power generation
facilities. For this more detailed analysis of these basic plans, a range
of different aproaches to staging the developments are considered. In
order to keep the total options to a reasonable number and also to maintain
reasonably large staging steps consistant with the total development size,
only staging of the two larger developments, i.e., Watana and High Devil
Canyon, is considered. The basic staging concepts adopted for these devel-
opments involve staging both dam and powerhouse construction or alterna-
tively just staging powerhouse construction. Powerhouse stages are consid-
ered in 400 MW increments.
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Four basic plans are considered. These are summarized in Table 8.9 and 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 are identified, each involving
a different staging concept.

(i) Plan 1

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

- Subplan 1.2: For this Subplan, construction of the Watana dam is
staged from a crest elevation of 2060 feet to 2225 feet. The power-
house is also staged from 400 MW to 800 MW. As for Subplan 1.1, the
final stage involves Devil Canyon with an installed capac1ty of 600
MiW.

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

(ii) Plan 2

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

- Subplan 2.2: For this Subplan, the construction of High Devil
Canyon dam is staged from 3 crest elevation of 1630 to 1775 feet.
The installed capacity is also staged from 400 to 800 MW. As for
Subplan 2.1, Vee follows with 400 MW of installed capacity.

- Subplan 2.3: This Subplan is similar to Subplan 2.2 except that:
only the powerhouse and nct the dam at High Devil Canyon is staged.

(iii) Plan 3

- Subplan 3.1: This Subplan involves initial construction of Watana
and installation of 800 MW of capacity. The next stage involves the
construction of the downstream re-regulation dam to a crest eleva-
tion of 1500 feet and a 15 mile long tunnel. A total of 300 MW
would be installed at the end of the tunnel and a further 30 MW at
the re-regulation dam. An additional 50 MW of capacity would be in-
stalled 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
is staged.
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(iv) Plan 4

This single plan was developed to evaluate the development of the two
most economic dam sites, Watana and High Devil Canyon, jointiy. Stage
1 involves constructing Watana to its full height with an instailed
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 feet so that the reservoir extends to just
downstream of Watana. In crder to develop the full head between
Watana and Portage Creek, an additional smaller dam is added down-
stream of High Devil Canyon. This dam weculd be located just upstream
from Portage Creek so as not to interfere with the anadromous fisher-
ies and would have a crest elevation of 1030 feet and an instalied ca-
pacity of 150 MW. For purposes of these studies, this site is refer-
red to as the Portage Creek site.

8.7 - Evaluation of Basin Development Plans

The overall objective of this step in the evaluation process is to select the
preferred basin development plan. A preliminary evaluation of plans was ini-
tially 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.

(a)

Preliminary Evaluations

Table 8.9 lists pertinent details such as capital costs, construction per-
jods and energy yields asscciated with the selected plans. The cost infor-
mation was obtained from the engineering layout studies described in Sec-
tion 8.4. The energy yield information was developed using a multireser-
voeir computer model. This model simulates, on a monthly basis, the energy
procduction from a given system of reservoirs for the 30-year period for
which streamflow data is available. It incorporates daily peaking opera-
tions if these are required to generate the necessary peak capacity. All
the model runs incorporate preliminary environmental constraints. Seasonal
reservoir drawdowns are limited to 150 feet for the larger and 100 feet for
the smaller reservoirs; daily drawdowns for daily peaking operations are
limited to 5 feet and minimum discharges from each reservoir are maintained
"at all times to ensure all river reaches remain watered. These minimum
discharges were set approximately equal to the seasonal average natural low
flows at the dam sites.

The model is driver by an energy demand which follows a distribution cor-
responding to the seasonal distribution of the total system load as out-
1ined in Section 5, Table 5.10.

The model was used to evaluate for each stage of the plans described above
the average and firm energy and the installed capacity for a specified
plant factor. This usually required a series of iterative runs to ensure
that the number of reservoir failures in the 30-year period were 1imited to
one year. The firm power was assumed equal to that delivered during the

"second lowest annual energy yield in the simulation period. This corres-

ponds approximately to the 95 percent level of assurance.

A more detailed description of the model, the model runs, and the average
monthly energy yields associated with the development plans is given in

Appendix F,
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(b)

A range of sensitivity runs was conducted to explore the effect of the res-
ervoir drawdown limitation on the energy yield. The results of these runs
are summarized in Table 8.10. They indicate that the drawdown limitations
currently imposed reduce the firm energy yield for Watana development by
approximately 6 percent.

Plan Modifications

In the process of evaluating the schemes, it became apparent that there
would be environmental problems associated with allowing daily peaking op-
erations from the most downstream reservoir in each of the plans described
above. In order to avoid these potential problems while still maintaining
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 operation-
al procedures. Details of these modified plans, referred to as El to E4,
are listed in Table 8.11.

The brief description of the changes that were made are as follows:

(i} El Plans

For Subplans 1.1 to 1.3 a low temporary re-reguiation dam is con-
structed downstream from Watana during the stage in which the generat-
ing capacity is increased to 800 MW. This dam would re-regulate the
outfiows from Watana and allow daily peaking operations. It has been
assumed that it would be possible to incorporate this dam with the di-
version works at the Devil Canyon site and an allowance of 3100 mil-
Tion has been made to cover any additional costs associated with this
approach,

In the final stage, only 400 MW of capacity is added to the dam at
Devil Canyon instead of the original 600 MW. Reservoir operating
rules are changed so that Devil Canyon dam acts as the re-regulation
dam for Watana.

(ii) E2 Pians

For Subplans 2.1 to 2.3 a permanent re-regulation dam is located down-
stream from the High Devil Canyon site at the same time the generating
capacity is increased to 800 MW. An allowance of $140 milTion has
been made to cover the costs of such a dam.

An additional Subplan E2.4 was established. This plan is similar to

E2.3 except that the re-regulation dam is utilized for power produc-

tion. The dam site is located at the Portage Creek site with a crest
level set so as to utilize the full head. A 150 MW powerhcuse is in-
stalled. As this dam is to serve as a re-regulating facility, it is

constructed at the same time as the capacity of High Devil Canyon is

increased to 800 MW, i.e. during Stage 2.

(ii7) E3 Plan

The Watana tunnel development plan already incorporates an adequate
degree of re-regulation and the E3.1 plan is, therefore, identical to
te the 3.1 plan.
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(iv) E4 Plans

As for the E1 Plans, the E4.1 plan incorporates a re-regqulation dam
downstream from Watana during stage 2. As for the E1 plans, it has
been assumed that it would be possible to incorporate this dam as part
of the diversion arrangements at the High Devil Canyon site, and an
allowance of $100 million has been made to cover the costs,

The energy and cost informaton presented in Table 8.11 is graphically
displayed in Figure 8.8 which shows plots of average annual energy
production versus total capital costs for all the plans. Although
these curves do not represent accurate economic analyses, they do
give an indication of the relative economics of the schemes. These
evaluations basically reinforce the results of the screening model,
that is, for a total energy production capability of up to approxi-
mately 4000 Gwh, Plan E2 {High Devil Canyon) provides the most eco-
nomic energy while for capabilities in the range of 6000 Gwh, Plan El
(Watana-Devil Canyon) is the most economic.

The plans listed in Table 8.11 are subjected to a more detailed analy-
sis in the following section.

Evaluation Criteria and 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) economic criteria only are used and the
least cost staging concept is adopted.

- For assessing which plan is the most appropriate, a more detailed evalua-
tion process incorporating economic, environmental, social, and energy
contribution aspects are taken into account.

Economic evaluation of any Susitna Basin development plan requires that the
impact of the plan on the cost of energy to the railbelt area consumer be
assessed on a systemwide basis. As the consumer is supplied by a large
number of different generating sources, it is necessary to determine the
total Railbelt system cost in each case to compare the various Susitna
Basin development options. The basic tool used to determine the system
costs is a computer simulation/ planning model (called 0GP5) of the entire
generating system. Input to this model includes the following:

Load forecast over a specified period of time (as contained in Section 5,
Table 5.10).

Load duration curves (as outlined in Section 5.5).

Details of the existing generating system {Section 6.2).

A 1ist of all potentiai future thermal generating sources with associated
annualized costs, installed capacities, fuel consumption rates, etc. (as
outlined in Section 6.5).
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- Fuel prices (as outlined in Section 6.5).

- A specified hydroelectric development plan, i.e. the annualized costs,
on-line dates, installed capacities, and energy production capability of
the various stages of the plan (as outlined in Sections 6.4 and 8.5).

- System reliability criteria. For current study purposes, a loss of load -
probability, (LOLP) of .l day/year is used.

Utilizing the above information, the program simulates the performance of
the system, incorporates the hydroelectric development as specified, and
adds thermal generating resources as necessary to meet the load growth and
to satisfy the reliability criteria. The thermal plants are selected so
that the present worth of the total generation cost is minimized.

A summary of the input data to the model and a discussion of the results
follows. A more detailed description of the model runs is presented in
Appendix G.

As discussed in Section 1.4, the basic economic analyses undertaken in this
study incorporate "real" discount and escalation rates. The parameters
used are summarized in Table 8.12. The economic Tives listed in this table
are the same as the assumed economic lives outlined in Section 6.2.

Initial Economic Analyses

Table 8.13 Tists the results of the first series of economic analyses un-
dertaken for the basic Susitna Basin development plans listed in Table
8.11. The information in Table 8.13 includes the specified on-1line dates
for the various stages of the plans, the 0GP5 run index number, the total
installed capacity at the year 2010 by category, and the total system pre-
sent worth cost in 1980. The present worth cost is evaluated for the
period 1980 to 2040, i.e. 60 years. The (OGP5 model is run for the period
1980-2010; thereafter steady state conditions are assumed and the genera-
tion mix and annual costs of 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

.operated for periods approaching their economic lives and that their full

impact on the cost of the generation system are taken into account.
The highlights of the results in Table 8.13 can be summarized as follows:

(1) Plan E1 - Watana-Devil Canyon

- Staging the dam at Watana (Plan E1.2) is not as economic as con-
structing it to its full height (Plans El.1l and E1.3). The economic
advantage of not staging the dam amounts to $180 million in 1980.

- The results indicate that to the level of analysis performed, there
is no discernable benefit in staging construction of the Watana
powerhouse (Plans El.l and E1.3). It is considered likely, however,
that some degree of staged powerhouse construction will ultimately
be incorporated due to economic considerations and also because it
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provides maximum flexibility. For current planning purposes, it is
therefore assumed that the staged powerhouse concept, i.e Plan EL.3,
is the most appropriate Watana-Devil Canyon development plan.

Additional runs performed for variaticns of Plan E1.3 indicate that
system costs would increase by $1,110 million if the Devil Canyon
dam stage were not constructed. Furthermore, a five year delay in
construction of the Watana dam would increase system costs by $220
million. These increases are due to additional higher cost thermal
units which must be brought on line to meet the forecast demand in
the early 1990's.

- Plan El1.4 indicates that should the powerhouse size at Watana be
restricted to 400 MW the overall system cost would increase by $40
million.

Pian E2 - High Devil Canyon-Vee

- Plans E2.1 and E2.2 were not analyzed as these are similar to El.1
and E1.2 and similar results can be expected.

- The results for Plan E2.3 indicate it is $520 million more costly
than Plan £1.3. Cost increases also occur if the Vee dam stage is
not constructed. A cost reduction of approximately $160 million is
possible if the Chakachamna hydroelectric project is constructed
instead of the Vee dam.

- The results of Plan E2.5 indicate that total system generating costs
would go up by $160 million if the total capacity at High Devil
Canyon were limited to 400 MW.

Plan E3

The results for Plan E3.1 illustrate that the tunnel scheme versus the
Devil Canyon dam scheme (Ei.3) adds approximately $680 million to the
total system cost. The availability of reliable geotechnical 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 determine the affect of halving the tunnel costs.
This analysis indicates that the tunnel scheme is still more costly by
$380 million.

Plan £4

The results indicate that system costs associated with Plan E4.1 ex-
cluding the Portage Creek site development are $200 million more than
the equivalent E1 plan. If the Portage Creek development is included,
a greater increase in cost would result.

Economic Sensitivity Analyses

Plans E1, E2, and E3 were subjected to further sensitivity analyses to
assess the economic impacts of various loadgrowths. These results are

summarized in Table 8.14.
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The results for low load forecasts illustrate that the most viable Susitna
Basin development plans include the 800 MW plans, i.e. Plan E1.5 and EZ2.5.
Of these two, the Watana-Devil Canyon plan is less costly than the High
Devil Canyon-Vee plan by $210 million. Higher system costs are involved if
only the first stage dam is constructed, i.e. either Watana or High Devil
Canyon. In this case, the Watana only plan is $90 million more costly than
the High Devil Canyon plan.

Plan E3 variations are more costly than both Plans El and EZ2.

For the high load forecasts, the results indicate that the Plan E1.3 is
$1040 less costly than E2.3. The costs of both plans can be reduced by
$630 and $680 million respectively by the addition of the Chakachamna
development as a fourth stage.

No further analyses were conducted on Plan E4. As envisaged, this plan is

similar to Plan E1 with the exception that the Tower main dam site is moved
from Devil Canyon upstream to High Devil Canyon. The initial analyses out-
lined in Table 8.13 indicate this scheme to be more expensive.

Evaiuation Criteria

As outlined in the generic methodology (Section 1.4 and Appendix A), the
final evaluation of the development plans is to be undertaken by a per-
ceived comparision process on the basis of appropriate criteria. The fol-
lowing criteria are used to evaluate the shortlisted basin development
plans. They generally contain the requirements of the generic process with
the exception that an additionail criterior, energy contribution, is added.
The objective of including this criterion is to ensure that full considera-
tion is given to the total basin energy potential that is developed by the
various plans.

{i) Economic:
The parameter used is the total present worth cost of the total Rail-
belt generating system for the period 1980 to 2040 as listed in
Tables 8.14 and 8.15.

(ii) Environmental: )

A qualitiative assessment of the environmental impact on the ecolog-
ic, 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 asses-
sment of the plan.

(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 major structural failures due to seis-
mic events. Impacts on the economy refer to the effects of an invest-
ment plan on economic variables.

8-24



L)

(iv) Energy Contribution:

The parameter used is the total amount of energy produced from the
specific development plan. An assessment of the energy development
foregone is also undertaken. This energy loss is inherent to the
plan and cannot easily be recovered by subsequent staged develop-
ments.

Results of Evaluation Process

The various attributes outlined above have been determined for each plan
and are summarized in Tables 8.16 through 8.24. Some of the attributes are
guantative while others are qualitative. Overall evaluation s based on a
comparison of similar types of attributes for each plan. In cases where
the attributes associated with one plan all indicate equality or superior-
ity with respect to another plan, the decision as to the best plan is clear
cut. In other cases where some attributes indicate superiority and others
inferiority, these differences are highlighted and trade-off decisions are
made to determine the preferred development plan. In cases where these
trade-offs have had to be made, they are relatively convincing and the
decision making process can, therefore, be regarded as fairly robust. In
addition, these trade-offs are clearly identified so the recorder can inde-
pendently answer the judgement decisions made.

The overall evaluation process is conducted in a series of steps. At each
step, only a pair of plans is evaluated. The superior plan is then passed
on to the next step for evaluation against an alternative plan.

(i) Devil Canyon Dam Versus Tunnel

The first step in the process involves the evaluation of the Watana-
Devil Canyon dam plan (E1.3) and the Watana tunnel plan (E3.1). As
Watana is common to both plans, the evaluation is based on a compari-
son of the Devil Canyon dam and tunnel schemes.

In order to assist in the evaluation in terms of economic criteria,
additional information obtained by analyzing the results of the 0GP5
computer runs is shown in Table 8.16. This information illustrates
the breakdown of the total system present worth cost in terms of capi-
tal investment, fuel and operation and maintenance costs.

- Economic Comparison

From an economic point of view, the Devil Canyon acam scheme is
superior. As summarized in Tables 8.16 and 8.17, the dam scheme
represents a savings of $680 miliion. For a low demand growth
rate, this cest saving would be reduced siightly to $610 million.
Even if the tunnel scheme costs are halved, the total cost saving
would still amount to $380 million. As highlighted in Table 8.17,
consideration of the sensitivity of the basic economic evaluation
to potential changes in capital cost estimate, the period of eco-
nomic analysis, the discount rate, fuel costs, fuel cost escala-
tion, and economic plant lives do not change the basic economic
superiority of the dam scheme over the tunnel scheme.
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Environmental Comparison

The environmental comparison of the two schemes is summarized in
Table 8.18. Overall, the tunnel scheme is judged to be superior
because:

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

- It inundates 13 miles less of resident fisheries habitat in river
and major tributaries.

- It has a lower impact on wildlife habitat due to the smaller in-
undation of habitat by the re-regulation dam.

- It has a lower potential for inundating archeological sites due
to the smaller reservoir involved.

- It would preserve much of the characteristics of the Devil Canyon
gorge which is considered to be an aesthetic and recreational re-
source. ,

Social Comparison

Table 8.19 summarizes the evaluation in terms of the social criter-
ia of the two schemes. In terms of impact on state and local eco-
nomics and risks due to seismic exposure, the two schemes are rated
equally. However, the dam scheme has, due to its higher energy
yield, more potential for displacing nonrenewable energy resources
and, therefore, scores a slight overall plus in terms of the social
evaluation criteria.

Energy Comparison

Table 8.20 summarizes the evaluation in terms of the energy contri-
bution 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 on Table
8.21. The estimated cost saving of $680 million in favor of the
dam scheme is considered to outweigh the reduction in the overall
environmental impact of the tunnel scheme. The dam scheme is
therefore judged to be superior overall.

Watana-Devil Canyon Versus High Devil Canyon-Vee

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

In terms of the economic criteria (see Tables 8.16 and 8.17) the
Watana-Devil Canyon plan is less costly by $520 million. As for
the dam-tunnel evaluation discussed above, consideration of the
sensitivity of this decision to potential changes in the various
parameters considered (i.e. load forecast, discount rates, etc.)
does not change the basic superiority of the Watana-Devil Canyon
Plan.

Environmental Comparison

The evaluation in terms of the environmental criteria is summarized
in Table 8.22. In assessing these plans, a reach by reach compari-
son is made for the section of the Susitna River between Portage
Creek and the Tyone River. The Watana-Devil Canyon scheme would
create more potential environmental impacts in the Watana Creek
area. However, it is judged that the potential environmental im-
pacts which would occur in the upper reaches of the river with a
High Devil Canyon-Vee development are more severe in comparison
overall.

From a fisheries perspective, both schemes would have a similar
effect on the downstream anadromous fisheries although the High
Devil Canyon-Vee scheme would produce a slightiy greater impact on
the resident fisheries in the Upper Susitna Basin.

The High Devil Canyon-Vee scheme would inundate approximately 14
percent (15 miles) more critical winter river bottom moose habitat
than the Watana-Devil Canyon scheme. The High Devil Canyon-Vee
scheme would inundate a large area upstream of the Vee site util-
ized by three subpopulation of moose that range in the northeast
section of the basin. The Watana-Devil Canyon scheme would avoid
the potential impacts on moose in the upper section of the river;
however, a larger percentage of the Watana Creek basin would be
inundated. ‘

The condition of the subpopulation of moose utilizing this Watana
Creek Basin and the quality of the habitat appears to be decreas-
ing, Habitat manipulation measures could be implemented in this
area to improve the moose habitat. Nevertheless, it is considered
that the upstream moose habitat losses associated with the High
Devil Canyon-Vee scheme, would probably be greater than the Watana
Creek losses associated with the Watana-Devil Canyon scheme.

A major factor to be considered in comparing the two development
plans is the potential effects on caribou in the region. It is
judged that the increased length of river flooded, especially up-
stream from the Vee dam site, would result in the High Devil
Canyon-Vee plan creating a greater potential diversion of the
Neichina herd's range. In addition, a larger area of caribou range
would be directly inundated by the Vee reservoir.
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The area flooded by the Vee reservoir is also considered important
to some key furbearers, particularly red fox. In a comparison of

this area with the Watana Creek area that would be inundated with

the Watana-Devil Canyon scheme, the area upstream of Vee is judged
to be more important for furbearers.

As previously mentioned, between Devil Canyon and the Oshetna
River, the Susitna River is confined to a relatively steep river
valley. Along these valley slopes are habitats important to birds
and biack bears. As the Watana reservoir would flood the river
section between the Watana Dam site and the Oshetna River to a
higher elevation than would the High Devil Canyon reservoir (2200
feet as compared to 1750 feet) the High Devil Canyon-Vee plan would
retain-the integrity of more of this river valley slope habitat.

From the archeological studies done to date, there tends to be an
increase in site intensity as one progresses towards the northeast
saction of the Upper Susitna Basin. The High Devil Canyon-Vee plan
would result in more extensive inundation and increased access to
the northeasterly section of the basin. This plan is therefore
judged to have a greater potential for directly or indirectly
affecting archeological sites.

Due to the wilderness nature of the Upper Susitna Basin, the crea-
tion of increased access associated with project developmert could
have a significant influence on future uses and management of the
area. The High Devil Canyon-Vee plan would involve the construc-
tion of a dam at the Vee site and the.creation of a reservoir in
the more northeasterly section of the basin. This plan would,
thus, create inherent access to more wilderness than would the
Watana-Devil Canyon scheme. As it is easier to extend access than
to limit it, inherent access requirements are considered detrimen-
tal and the Watana-Devil Canyon scheme is judged to be more accep-
table in this regard.

Except for the increased loss of river valley, bird, and black bear
habitat the Watana-Devil Canyon development plan is judged tc be
more environmentally acceptable than the High Devil Canyon-Vee
plan. Although the Watana-Devil Canyon plan is considered to be
the more environmentally compatible Upper Susitna development plan,
the actual degree of acceptability is a question being addressed as
part of ongoin¢ studies.

Energy Comparison

The evaluation of the two plans in terms of energy contribution
criteria is summarized in Table 8.23. The Watana-Devil Canyon
scheme is assessed to be superior due to its higher energy poten-
tial and the fact that it develops a higher groportion of the
basin's potential.
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- Social Comparison

Table 8.19 summarizes the evaluation in terms of the social criter-
ia. As in the case of the dam versus tunnel comparison, the
Watana-Devil Canyon plan is judged to have a slight advantage over
the High Devil Canyon-Vee plan. This is because of its greater po-
tential for displacing nonrenewable resources.

- QOverall Comparison

The overall evaluation is summarized in Table 8.24 and indicates
that the Watana-Devil Canyon plans are generally superior for all
the evaluation criteria.

(iii) Preferred Susitna Basin Develgopment Plan

Comparisaons 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 plan in each case.

The Watana-Devil Canyon plan is therefore selected as the preferred
Susitna Basin development plan, as a basis for continuation of more
detailed design optimization and environmental studies.

8.8 - Comparison of Generation Scenarios With and
Without the Susitna Basin Development Plan

This section outlines the results of the preliminary studies undertaken to com-
pare the preferred Railbelt generation scenario incorporating the seiected
Watana-Devil Canyon dam development plan, with alternative generation scenarios.
These studies are not intended to develop comprehensive and detailed alternative
generating scenarios but merely to obtain a preliminary assessment of the feasi-

bility of the Susitna plan in terms of economic, environmental, and social cri-
teria.

The main alternative generating scenario considered is the all thermal option
and a detailed evaluation of the "with Susitna" and the all thermal generation
scenarios is carried out. In addition to this, a less detailed asiessment of
the generating scenarios incorporating non-Susitna Basin hydro development is
also conducted. The objective of the latter evaluation is to assess the econom-
ics of developing alternative and generally smaller hydro projects. A more com-
prehensive comparison would require more detailed analyses of the environmental
and technical aspects at each of the sites which are not being undertaken under
the current studies.

(a) "Without Susitna" Generation Scenarios

The development and evaluation of Railbelt generation pians incorporating
all thermal and thermal plus non-Susitna hydroelectric alternatives, is
discussed in Section 6. Results of all thermal and thermal with Susitna
alternatives are given in Table 6.4.
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(b)

Comparison of All Thermal and
"With Susitna" Generation Scenarigs

(1)

Economic Comparison

In terms of economic criteria, the "with Susitna" scenario is $2280
less costly than the ail thermal option. In order to explore the sen-

- sitivity of this comparison in more detail, several additional runs

were carried out with the OGP5 model. For these runs, parameters such
as projected lpoad growth, interest rates, fuel costs, and fuel escala-
tion rates, economic lives and capital costs were varied and the im-
pact on the gverall system costs assessed. The detailed results are
presented in Table 8.25 and are summarized in Table 8.26. A brief
outline of these results follows.

The economic advantage of the "with Susitna" scenario decreases with
decreasing load growth but still amounts to $1280 million for the very
low forecast. A lower limit thermal plant capital cost estimate was
also considered. The cost estimate was based on the minimum Alaska
cost factor adjustment reported in the literature rather than the
average factor used for the standard cost estimates which appear in
Table 6.4. Even though this results in a 72 percent reduction in the
thermal capital cost, the “"with Susitna" scenario is still $1850
million more economic. The second type of capital cost sensitivity
run involved increasing the Susitna Basin hydro development cost by 50
percent to represent an extreme upper limit. Even with this cost ad-
justment, the "with Susitna" generating scenario costs are still less
than the all thermal scenario by $1320 million.

As shown in Table 8.26, shortening the period of economic analysis
from 60 to 30 years (i.e. to 1980-2010) reduces the net benefit to
$960 million. The interest rate sensitivity run results indicate that
the "with Susitna” scenario is more economic for real interest rates
of zero to eight percent. At rates above this, the thermal scenaric
becomes more economic. A fuel cost sensitivity run using an assumed
20 percent reduction to the estimated cost of fuel reduces the cost
difference t2 $1810 million.

Fuel cost escalation is an important parameter and the sensitivity
analyses show that for zero percent escalation on all fuels the dif-
ference in total system costs reduces to 3200 million. A zero percent
escalation rate for coal only reduces this difference to $1330
million.

The final sensitivity runs assumed the economic lives of all thermal
units is extended by 50 percent. This reduces the cost difference to
$1800 million.

The above results indicate that the "with Susitna" scenario remains
the more economic plan for a wide range of parameters. At real inter-
est rates exceeding 8 percent, the all thermal option becomes more
attractive. It is however, unlikely that such high rates would ever
materialize. Although the net economic advantage of the "with
Susitna" scenario is significantly reduced, a zero fuel cost escala-
tion rate still results in a more expensive all-thermal generation
scenarigo.
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(c)

(ii) Social Comparison

The evaluation in terms of social criteria is summarized in Table
8.27. The "with Susitna" scenario provides greater potential for
non-renewable resource conservation and is, therefore, regarded is
superior from this point of view.

There is insufficient information available at this time to fully
evaluate the impact on the state and local economics. The pattei'n of
power investment expenditures will probably tend to be mors regular
with the all-thermal plan and hence there is potentially a more jrad-
ual impact than with the Susitna-inclusive generation plan. The
timing of the Susitna type investment is probably more disruptivz in
relation to other large scale Alaskan projects. However, this could
result in countercyclical investment that would tend to reduce such
disruptions.

(ii1) Environmental Comparison

Table 8.28 broadly summarizes the environmental impacts associaled
with the two scenarios. As indicated, both hydro and thermal di:vel-
opment have potential for environmental impact. However, the e:tent
to which the potential impacts are realized is very site specif c.
As specific information on potential future coal-fired generatiig
scurces is not available at this time, the overall comparison i;
generic rather than site specific.

(iv) Overall Comparison

An overall evaluation is summarized in Table 8.29. This indicales
that the "with Susitna" scenario is clearly superior with regarc to
the econoriic <riteria and suggests that there is not a distinguish-
able difference between the evaluations based on environmental and
social criteria. It is therefore concluded that the scenario inzor-
porating the Watana-Devil Canyon plan is superior to the all the-mal
scenario.

Comparison of the "With Susitra" and
Alternative Hydro Generating Scenarios

Comparison of the "with-Susitna" and alternative hydro Railbelt generation
scenarios have been made only on the basis of economics. Although prelimi-
nary screening of the alternative hydroelectric developments is made as
described in Section 6, the absence of immediate site-specific data pre-
vents a more detailed assessment of non-economic aspects.

The "with-Susitna" scenario is generally $1190 million more economic th..n
the scenario incorporating the alternative hydro developments. Althougl
development of the Susitna Basin is more eccnomic than developing alterra-
tive hydro, this does not imply that alternative hydro should be neglected.
In fact, as several of the combination rumns involving both Susitna and ron-
Susitna hydro alternatives indicate, it may be economically advantageous to
consider development of several alternative hydro sites in conjunction with
Susitna.

8-31




2e-8

T S e R D I D R

TABLE 8.1 — POYENTIAL HYDROELECTRIC DEVELDPMENT

Average Economic’
Pam Capital Installed Annual Cost of Source
Froposed Height Upstream Cost Capacity Energy Energy of
Site Type FE. Regulation § million (MW) Gwh $/1000 kWh Data
Gold Creek? Fill 1913 Yes Inn 260 1,140 37 USBR 1953
Olsan
(Susitna 11) Concrete 160 Yes 6010 200 915 3 USBR 1953
KAISER 1974
COE 1975
Devil Canyon Concrete 675 No 83n 250 1,420 27 This Study
4 Yes 1,000 600 2,980 17 n.
High Devil Canyon "
(Susitna I) Fill B5% No 1,500 800 3,540 21 "
Devil Creek? Fill Approx No - - - -
850
Watana Fill 8an No 1,860 800 3,250 28 "
Susitna I11 Fill 670 No 1,390 350 1,580 41 "
Vee Fill 610 No 1,060 400 1,370 37 "
Maclaren? Fill 185 No 5304 55 180 124 a
Denal i Fill 230 No 4804 60 245 81 "
Butte Creek? - Fill Approx No - 40 1303 - USBR 1953
150
Tyone? Fill Approx No - 6 223 - USBR 1953
60
Notes:

(1) Includes AFDC, Insurance, Amortization, and Operation & Maintenance Costs.

{2)No detailed engineering or energy studies undectaken as part of this study.

{3)These are approximate estimates and serve only to represent the potential of these two dam sites in perspective.
(4)Include estimated costs of power generation facility.
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(1) Dependable Capacity

(2) Excluding Anchorage/Fairbanks transmission intertie, but including local access and transmission.

i 1 1 i i i I I | 1 i 1 O i 1
TABLE 8.2 - COST COMPARISONS
Capital Cost Estimate? (1980 $)
DAM AURES 1940 T HERS
Ingtaltied tapital Cost Installed Capital Lost Source and
Site Type Capacity - MW $ million Capacity — MW $ million Date of Data
Gold Creek Fill - - 260" 890 USRB 1968(_)
Olson
(Susitna 11} Concrete - _ 1901 550 COE 1975( )
Devil Canyon Fill 600 1,000 - - -
Concrete
Arch - ~ 776 630 COE 1975()
Concrete
Gravity - - 776 910 COE 1978(_)
High Devil Canyon Fill a0n 1,500 7m0 1,480 COE 1975( )
(Susitna 1)
Devil Creek Fill - - - - -
Watana Fill 800 1,860 792 1,630 cot 1978( )
Susitna 111 Fill 350 1,390 445 - KAISER 197&(_)
Vee Fill 400 1,060 - 770 CoE 1975( )
Maciaren Fiti 55 530 - -
Denali Fill &0 480 None 500 Coe 1975(_)
Notes:



TABLE 8.3 - DAM CREST AND FULL SUPPLY LEVELS

(1} To foundation level.

8-34

Staged tull Dam Average Uam 1
Dam Supply Crest Tailwater Height
S5ite Construction Level - Ft, Level - Ft. Level - ft. ft.
Gold Creek No 870 889 680 290
Olson No 1,020 1,030 810 319N
Portage Creek Ne 1,N20 1,030 871 250
Devil Canyon -
intermediate
“height No 1,250 1,270 891 445
Devil Canyon -
full height No 1,450 1,470 890 675
High Devil Canyon No 1,610 1,630 1,030 711
No 1,750 1,775 1,030 855
Watana Yes 2,000 2,060 7,465 &80
Stage 2 2,200 2,225 1,465 880
Susitna [II No 2,340 2,360 1,810 670
Vee No 2,330 2,350 1,925 610
Maclaren No 2,395 2,405 2,300 185
Denali No 2,540 2,555 2,405 230
Notes:
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TABLE 8.4 - CAPITAL COST ESTIMATE SUMMARIES
’ SUSITNA BASIN DAM STHEMES
€0ST IN $MILLION 1980
tevil Canyon High Devil Canyon  Watana Susitna Iil Vee Maclaren Penait
1470 ft Crest 1775 ft Crest 2225 ft Crest 2360 ft Crest 2350 ft Crest 2405 ft Crest 2250 ft Crest
Item 600 MW 800 MW 800 MW 330 MW 400 MW No power No power
1) lands, Damages & Reservoirs 26 11 46 13 22 25 38
2) Diversion Works 50 48 71 86 37 118 112
3) Main Dam 166 432 536 398 183 106 100
4) Auxiliary Dam N n 0 1] 40 -0 f
5} Power System 195 232 244 140 175 0 0
6) Spillway System 130 141 165 121 74 0 0
7) Roads and Bridges 45 68 96 70 80 57 14
8) Transmission Line 10 n 26 40 49 n n
9) Camp Facilities and Support 97 141} 160 130 100 53 56
10) Miscellaneous’ 8 8 8 8 8 5 5
11) Mobilization and Preparation 30 47 57 45 35 15 14
Subtotal 7517 1137 1409 1053 B3 379 333
Contingency (20%) 152 227 282 211 161 76 67
Engineering and Owner's
Administration (12%) 91 136 165 126 96 45 40
TOTAL 1000 1500 1850 1390 1060 500 440
Notes:

1

Ineludes recreational facitities, buildings and grounds and permanent operating equipment.
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TABLE 8.5 - RESULTS OF SCREENING MODEL
Total Demand Optimal Solutian First Suboptimal Solution Second Suboptimal Soultion
Max. Inst. Tatal ‘Max. Inst. Total Max. Inst. Total
Cap. Energy Site Hater Cap. Cost Site Water Cap. Cost Site Water Cap. Cost
Run MW Ghh Names Level MW $ million Names Level Myl $ million Names Level M $ million
1 400 1750 High 1580 400 885 Devil 1450 400 970 Watana 1950 40n 980N
Devil Canyon
Canyon
2 800 3500 High 1750 800 1500 Wat ana 1900 450 1130 Watana 2200 ano 1860
Devil
Canyon
Devil
Canyon 1250 350 710
TOTAL ann 1840
3 1200 5250 Watana 2110 700 1690 High 1750 ann 1500 High 1750 azn 1500
Devil Devil
Canyon Canyon
Devil 1350 500 800 Vee 2350 40n 1060 Susitna 2300 380 1260
Canyon [
TOTAL 1200 2490 TGTAL 1200 2560 TOTAL 1200 2760
4 1400 6150 Watana 2150 740 1770
NO SOLUTTION NO SOLUTTION
Devil 1450 660 1100

Canyon




TABLE 8.6 - INFORMATION ON THE DEVIL CANYON DAM AND TUNNEL SCHEMES

Vevil Canyan tunnel Scheme
Item Dam i ] 2 3 4

Reservoir Area

{Acres) 7,500 320 n 3,900 1
River Miles

Flocded 3.6 2.1 l 15.8 n
Tunnel Length ‘
(Miles) n 27 29 13.5 29
Tunnel Vglume

(1nnn vd”) 0 11,976 12,863 3,732 5,131

Compensating Flow
Release from

Watana (cfs) n 1,000 1,000 snp?! 1,000
. ?

Downstream™

Reservoir Volume

(1900 Acre-feet) 1,10N ‘ 9.5 - 350 _—

Dawnstream Daq

Height (feet) 625 75 -= 245 -

Typical Daily

Range of Discharge

From Devil Canyon 6,000 4,n0Nn 4,001 8,300 3,900
Powerhouse to to to Lo to
(cfs) 13,000 14,000 14,000 8,900 4,200

Approximate
Maximum Daily
Fluctuations in
Downstream
Reservoir (feet)

18]

15 - g -

Notes:
; 1,70 cfs compensating flow release from the re-requlation dam.

5 Downstream from Watana.
Estimated, above existing rock elevation.
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TABLE 8.7 - DEVIL CAMYON TUNNEL SCHEMES
COSTS, POWER DUTPUT AND AVERAGE ANNLIAL ENERGY
. 1., 3
Instal led 1 Devil Canyon Increase in Tunnel Scheme Cost™ of
Capacity (MHW) Increase’ in Average Annual Average Total Project Addit ional
“Watana Devil Uanyon Installed Capacity Energ Annual Energy Costs Energy
Stage Tunnel (MW) (Gwhg {Gwh) $ Million {mills/kWh)
STAGE 1:
Watana Dam 800 -—- ——— -— -—- - -—-
STAGE 2:
Tunnel:
- Scheme 1 800 550 550} 2,050 2,050 1980 42,6
~ Scheme 2 10 1,150 42n 4,750 1,900 2320 52.9
- Scheme 3 850 330 380 2,241 2,180 1220 24,9
- Scheme 4 800 365 365 2,490 8910 149N 73.6
Notes:

(1) Increase over single Watana, 800 MW development 3250 Gwh/yr
(2) Includes power and energy produced st re-regulation dam
(3) Energy cost is based on an economic analysis (i.e. using 3 percent interest rate)
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TABLE 8.8 - CAPITAL COST ESTIMATE SUMMARIES

TUNNEL SCHEMES
COSTS IN $MILLION 1980

Two 51 fL Une 41} tt

[tem dia tunnetls dia tunnel
Land and damages, reservoir clearing 14 14
Diversion works 35 35
Re-regulation dam 102 102
Power system 680 576
(a) Main tunnels 557 453
(b) Intake, powerhouse, tailrace

and swiktchyard 123 123
Secondary pawer station 21 21
Spillway system 42 42
Roads and bridges 42 42
Transmission lines 15 15
Camp facilities and support 131 117
Miscellaneous* 8 8
Mobilization and preparation 47 47
TOTAL CONSTRUCTION COST 1,137 1,015
Cantingencies (20%) 227 203
Engineering, and Owner's Administration 136 122
TOTAL PROJECT COST 1,500 1,340
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TABLE 8.9. SUSITNA DEVELOPMENT PLANS
Cumulat ive
Stage/Incremental Data System Data
Annual
Max imum Energy
Capital Cost Earliest Reservoir Seasonat  Production Plant
$ Millions On-line Full Supply  Draw- Firm Avg. Factor
1
Plan Stage Construction (1980 values) Date level - ft. down-ft GWH  GWH. %"
1.1 1 Watana 2225 ft BOMMW 1860 1993 2200 150 2670 3250 46
Devil Canyen 1470 ft
600 MW 1000 1996 1450 1069 5500 6230 51
TOTAL SYSTEM 1400 My 2860 -
1.2 1 Watana 2060 ft 400 MW 1570 1992 2000 100 1710 2110 60
? Watana raise to
) 2225 ft 360 1995 2200 150 2670 2990 85
3 Watana add 400 MW
capacity 13()2 1995 2200 150 2670 3250 46
4 Devil Canyon 1470 ft
600 MW 1000 1996 1450 100 5500 6230 51
TOTAL SYSTEM 1400 MW 3060
1.3 1 Watana 2225 Ft 400 MW 1740 1991 2200 150 2670 2990 85
2 Watana add 400 MW
capacity 150 1993 2200 150 2679 3250 48
3 Devil Canyon 1477 ft ‘
600 MW 1000 1996 1450 100 5500 6230 21
TOTAL SYSTEM 1400 MW 2890
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TABLE. 8.9 (Cont inued)
Cumylative
Stage/Incremental Data System Data
Annisal
Max imuim Eneroy
Capital Cost Earliest Reservoir Seasaonal  Production Plant
$ Miltions On-line Tull Supply Draw- fFirm Avg. Factor
1
Plan Stage Construction (1980 values) Date  level - ft. down-ft. GWH GWH %
2. 1 High Devil Canyon
1775 ft 800 MW 1500 199&3 1750 150 2060 3400 49
2 Vee 2350 Ft 400 MW 1N60 1997 2330 150 3870 491D 47
TOTAL SYSTEM 1200 MW 2560
2.2 1 High Devil Canyon
3
Cl’o 1631 ft 400 MW 1140 1993 1610 100 17700 2020 58
B 2 High Devil Canyon
add 400 MK Capacity
raise dam to 1775 ft ann 1926 1750 150 246N 3400 49
3 Vee 2350 ft 400 MW 1060 1997 2330 150 3870 4910 47
TOTAL SYSTEM 1200 MW 2700
2.3 1 High Devil Canyon
3
1775 ft 400 MW 1390 1994 17560 150 2400 276D 79
2 High Devil Canyon
add 400 MW capacity 140 1994 1750 150 2460 3400 49
3 Vee 2350 ft 400 MW 1060 1997 2330 150 . 3870 491D 47
TOTAL SYSTEM 1200 MW 2590
3.1 1 Watana 2225 ft BI0 MKW 1860 1993 2200 150 2670 3250 46
2 Watana add 50 MW
tunnel 330 MW 1500 1995 1475 4 4899 5430 53
TOTAL SYSTEM 1180 MM 3360



TABLE 8.9 (Continued)

Stage/Incremental Data

Cumulative
System Data

Annual
Max imum Energy
Capital Cost Farliest Reservoir Seasonal  Production Plant
$ Millions On-line Full Supply  Draw- Firm Avg. Factor
Plan Stage Construction (1980 values) Date1 Level - ft.  down-ft. GWH  GWH %
3.2 Watana 2225 ft 400 MW 1740 1993 2200 150 2670 2990 B85
Watana add 400 MW
capacily 150 1994 2204 150 2671 325N 46
Tunnel 330 MW add
50 MW to Watana 1500 1995 1475 4 4890 54310 53
3390
oo 4.1 Watana
1
3
i: 2225 Ft 400 MW 1740 1995 2200 150 2670 2990 85
Watana add 400 MW
capacily 150 1996 2200 150 2670 3250 06
High Devil Canyon
1470 £t 4NN MW 8an 1998 1450 100 45201 5280 51)
Portage Creek
1030 ft 150 MW 650 2000 1nzn 50 5110 6N00 51
TOTAL SYSTEM 1350 MW 3400
NOTES:

(1) Ailowing for a 3 year ouveclap construction period between major dams.
(2) Plan 1.2 Stage 3 is less expensive than Plan 1.3 Stage 2 due to lower mobilization costs,
(3) Assumes FERC license ean be filed by June 1984, ie. 2 years later than for the Watana/Devil Canyon Plan 1.
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TABLE 8.10 - ENERGY SIMULATION SENSITIVITY

Reservoir Max imum
Installed Full Supply Reservoir Annual Energy-Gwh Plant
Capacity Level Drawdown Factor
1
Development MW Feet Feet Firm (%) Average (%) %
Watana 2225 Feet 800 2200 100 2510 {8%9) 3210 (101) 45.8
800 2200 150 2670 (94) 3256 (103) 46.4
800 2200 175 2770 (98) 3200 (101) a5.7
800 2200 Unlimited 2830 (100) 3170 (100) 45,2

Notes:

(n

Second lowest energy generated during simulation period.
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TABLE 8.11. SUSITNA ENVIRODNMENTAL DEVELOPMENT PLANS
Cumulative
Stage/ Incremental Data System Data
Annuai
Max imum Energy
Capita) Cost Earliest Reservoir Seasonal Product ion Plant
$ Millions On-line Full Supply Draw- Firm Avg. factor
Plan Stage Construction (1980 vaiues) Date1 Level - ft. down-ft GWH  GWH. %
E1.1 1 Watana 2225 ft 800MW
and Re-Regulatiaon
Dam 1960 1993 22610 150 2670 3250 46
2 Devil Canyon 1470 ft
400MW 90 1994 1450 100 55200 6070 58
TOTAL SYSTEM 1200MW 78EN
£1.2 1 Watana 206f1 ft 40DMW 1570 1992 2000 100 1710 2710 &0
2 Watana raise to
2225 Ft 360 1995 2200 150) 2670 2990 85
3 Watana add 40MMk
capacity and
Re-Regulation Dam 27y 1995 2200 150 2670 3250 46
4 Devil Canyon 1470 ft
4O 900 1996 1450 1nn 5520 6070 58
TOTAL SYSTEM 1200MW Efir41)
£1.3 1 Walana 2225 it 4DOMW 1740 1993 2200 150 267 2990 85
p4 Watana add 4N0MW
capacity and
Re-Regulation Dam 250 1993 2200 150 2670 3250 46
3 Devil Canyon 1470 ft
400 MW Inn 1994 1450 10n 5520 &N70 58
TOTAL SYSTEM 1200MW 78917
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TABLE B.11 (Continued)
Cumulative
Stage/Incremental Data System Data
Annual
Max imum tnergy
Capital Cost Farliest Reservoir Seasonal Production Plant
$ Millions n-line Full Supply Draw- Firm Avg. Factor
1
Plan Stage Construction (1980 values) Date Level - ft. down-ft. GWH GWH %
£1.4 1 Watana 2225 ft 4D0MW 1740 1993 2200 150 2670 2990 85
2 Devil Canyon 1470 ft
400MW 900 19%¢ 1450 100 5190 5670 a1
TOTAL SYSTEM 800MW 26410
£2.14 1 High Devil Canyon
1775 ft 8OMMW and
3
Re-Requlat ion Dam 1600 1994 17580 150 2460 3400 49
2 Vee 25350Ft 400MW 11060 1997 2330 150 3870 4910 47
TOTAL SYSTEM 1200MW 2660
£2.2 1 High Devil Canyon
1630 Ft 40NHW 1140 19933 1610 10n 177 2020 58
2 High Devil Canyon
raise dam to 1775 ft
add 400MW and
Re-Regulation Dam 6nn 1996 1750 150 2460 3400 49
3 Vee 2350 ft 400 Mw 1060 1997 2330 150 3870 4910 47
TGTAL SYSTEM 1200MW 280n
£2.3 1 High Devil Canyon
1775 ft 400MW 1390 ‘l‘)%3 1750 150 2600 2760 79
2 High Devil Canyon
add 40(MW caparity
and Re-Regulation
Dam 240 1995 1750 150 2467} 3400 49
3 _Vee 2350 ft 400MW 1060 1997 2330 150 3870 4910 47
TOTAL SYSTEM 120N 2690
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TABLE. 8.1% (Continued)
Cumuiative
Stage/Incremental Data System Data
Annual
Max imum Energy
Capital Cost Earliest Reservoir Seasonal Product ion Plant
$ Miilions On-line Full Supply Draw- Firm Avg. Factor
Plan Stage Canstruction (1980 values) Date1 Level - ft. down-ft. GWH  GWH 5%
£2.4 1 High Devil Canyon
1755 Ft 4DOMW 1390 19943 1750 150 2400 2760 19
2 High Devil Canyon :
add 40DMYW capacity
and Portage.Creek
Dam 150 ft 790 1995 1759 150 70 4080 49
3 Vee 23500 7t
400MW 1060 1997 2330 150 4430 5540 47
TOTAL SYSTEM Eyi0]
£3.2 1 Watana
2225 Tt 4NOMW 1740 1993 2200 150 2670 2990 a5
2 Watana add
400 MW capacity
and Re-Regulat ion
Dam 250 1994 2201 150 2670 3250 46
3 Watana add 5(MW
Tunnel Scheme 330MW 1500 1995 1475 4 4890 5430 53
TOTAL SYSTEM 11B0MW 3490
£4.1 1 Watana
2225 £t 4NMMW 1740 1995} 2200 150 26700 2990 85
2 Watana
add 400MW capacity
and Re-Regulation
Dam 250 1996 2200 150 2671 3250 46
3 High Devil Canyon
1470 Ft 40NMW 860 1998 1451 100 4520 5280 50
4 Partage Creek
1030 ft 150MW 650 2000 1020 50 5110 6009 51
TOTAL SYSTEM 1350 MW 3510
NOTES:

{TJ" Allowing for a 3 year overlap construction period between major dams.

(2)

Plan 1.2 Stage 3 is less expensive than Plan 1.3 Stage 2 due to lower mobilization costs.

(3) Assumes FERC license can be filed by June 1984, ie. 2 years later than for the Watana/Devi! Canyon Plan 1.



TABLE 8.12 - ANNUAL fIXED CARRYING CHARGES

Economic Parameters

Tot al
Economic Cost of Annual
Life Money Amortization Insurance Fixed Cost
Project Type - Years % % % %
Thermal - Gas Turbine
{0il Fired) N 3.00n 3.72 0.25 6.97
- Diesel, Gas Turbine
(Gas Fired) and
Large Steam
Turbine 30 .00 2.10 1.25 5.35
- Small Steam Turbine 35 3.00 1.65 0.25 4.9n
Hydropower 50 3.00 .89 0.10 3.99
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TABLE 8.13 — RESULTS OF ECONOMEIC ANALYSES OF SUSITNA PLANS - MEDIUM LOAD FORECAST

s
[
et

Suaitna Uevelopment Plan Inc,

Installed Capacily (MW) Dy

~Total System

. total System

Unline Dates Category in 2010 Installed Present Remarks Pertaining ta
Plan Stages OGP5 Run Thermal Hydro Capacity In Worth Cos tne Susitna Basin
No. 1 > 4 Id. No. Coal Gas U011 Other Susitna 2010-MW $ Million DReve lapment Plan
£1.1 1993 2000 -- - LXE7 g 426 0 144 1200 2070 5850
E1,2 1992 199% 1997 2002 L5Y9 200 sMm 0 144 1200 2045 6030
£1.3 1993 1996 2000 - LB 300 426 0 144 1200 2070 5850
1993 1996 - - L7wW7 500 651 0 144 800 2195 6560 Stage 3, Devil Canyon Dam
not constructed
1998 2001 2005 — LAD7 400 276 30 144 1200 2050 6070 Delayed implementation
schedule
E1.4 1993 2000 -- - LCK5 200 726 50 144 ann 1920 5890 Total development limited
to 800 MW
Modified
£2.1 1994 2000 - - LB25 400 63 60 144 and 2055 6620 High Deviil Canyon limited
to 400 MW
£2,3' 1993 1996 2000 -— L6N1 00 651 20 144 1200 2315 6370
1993 1996 - —— LEOT 500 651 30 144 800 2125 6720 Stage 3, Vee Dam, not
constructed
Modified
£2.3 1993 1996 2000 LEB3 3N 726 220 144 13010 2690 6211 Vee dam replaced by
Chakachama dam
3.1 1993 1996 2000 - L&07 200 651 30 144 1180 2205 6530
Special
31 1993 1996 2000 -— L615 200 651 30 144 1180 2205 6230 Capital cost of tunnel
reduced by 50 percent
E4.1 1995 1996 1998 -- LTZ5 200 576 30 144 1200 2150 6050 Stage 4 not constructed
NOTES:

(1) Adjusted to incorparate cost

of re-regulation dam
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TABLE 8.14 - RESULTS OF ECONOMIC ANALYSES OF SUSITNA PLANS - LOW AND HIGH LDAD FORECAST

Susitna Development Plan Inc. Installed Capacity (MW) by Total System Total System
Online Dates Category in 2010 : Installed Present Remarks Pertaining to
Plan Stages 0GP5 Run Thermal Hydro Capacity In Worth Cost the Susitna Basin
No. 1 2 3 4 Id. No. “Coal Gas 0il  DOther Susitna 20710-MW $ Million Development Plan

VERY LOW FORECAST'
E1.4 1997 2005  -- - L787 0 651 50 144 800 1645 3650

LOW LOAD FORECAST

£1.3 1993 1996 2000 - - - - - - - - -— Lecw energy demand does not
‘ warrtant plan capacities

EV.4 1993 2002 - -- Lco7 - 0 35 40 144 800 1335 4350
1993 -— - - LBK? 200 S0 80 144 400 1325 4940 Stage 2, Devil Canyon Dam,
not constructed
£2.1 1993 2002 - - LGO9 100 426 30 144 800 1500 4560 High Devil Canyon limited
to 400 MW
1993 - - -— LBU1 400 50 0 144 400 1445 4850 Stage 2, Vee Dam, not
constructed
£2.3 1993 1995 2000 - - - - -- - - ~-- - Low energy demand does not
warrant plan capacities
Special
3. 1993 1996 2000 - L613 0 576 20 144 780 1520 4730 Capital cost of tunnel
reduced by 50 percent
3.2 1993 2002 - - L&609 0 576 20 144 780 1520 5000 Stage 2, 400 MW addition

to Watana, not conjtructed

H1GH LOAD FORECAST

£1.3 1993 1996 2000 - LA73 1000 951 0 144 1200 3295 10680

Modified 2

1.3 1993 1996 2¢00 2005 LBvV? 800 651 60 144 1700 3355 10050 Chakachamna hydroelecttic
generating station (480 MW)
brought on line as a fourth
stage

E2.3 1993 1996 2000 - LBV} 1300 951 90 144 1200 3685 11720

Modified

£2.3 1993 1996 2000 20032 LBY1 1000 876 10 144 1700 37360 11040 Chekachamna hydroelectric
generating station (480 MW)
brought on line as a fourth
stage

NOTE:

% e fom .

.

i‘p incor~""¢£ing:‘"71 manz=—~~2ant g:ﬁ_honserfﬂtjon
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TABLE 8.15 - RESULTS OF ECONOMIC SENSITIVEITY ANALYSES FOR GENERATION SCENARIO
INCORPORATING SUSITNA BASIN DEVELOPMENT PLAN E1.3 ~ MEDIUM FODRECAST

- Tatal Total
System System
Installed Capacity {MW) by Installed Present
Cateqory in 2010 Capacity Worth

Description Parameter 0GP5 Run Thermal Hydro In 2010 Cost
Paramefer Varied Values Id, No. Coal Gas 0il Other Susitna MW $ Million Remarks
Interest Rate 5% LF85 300 426 0 144 1200 2070 4230

9% LFB7 300 426 0 144 1200 2070 2690

Fuel Cost (% million Btu,

natural gas/coal/oil) 1.60/0.92/3,20 L533 100 576 20 144 1200 2040 5260 20% fuel cost reduction
Fuel Cosl Escalstion (%,

natural gas/coal/oil) 0/0/0 L557 0 &5 30 144 1200 2025 4360 Zero escalation

3.98/0/3.58 L5363 300 426 g 144 1200 2070 5590 Zera coal cost escalation

Economic Life of Thermal

Plants (year, natural

gaa/coal/oils 45/45/30 L585 45 367 233 144 1200 1989 C 6100 Economic lives increased

by 50%

Thermal Plant Capital

Cost ($/kv, natural gas/

coal/oil) 350/2135/778 LED7 300 426 0 144 1200 2070 2740 Coal cepital cost reduced

by 22%

Hatan?/Devil Canyon Capital

Cost”® ($ million, Watana/
Devil Canyon) 1990/1110 L5G1 300 426 0 144 1200 2070 6210 Capital cost for Devi’
Canyon Dam increased by 23%

2976/1350 . LD75 300 426 1] 144 1200 2070 6810 Capital cost for both dams
increased by 50%
Probabilistic Load Forecast L8T5 200 1476 140 144 1200 3160 6290
NOTLES:

(1) Alaskan cost adjustment factor reduced from 1.8 to 1.4 (see Section 8._ )
(2) Excluding AFDC




TABLE B.16 - £CONOMIC BACKUP DATA FOR EVALUATION OF PLANS

Total Present WOTER LOSE For 19871 = a0an
Period § Million (% Total)

Leneration Flan Generation Plan Leneration Flan

With High Devil With Watana - With Watana - All Thermal
Parameter Canyon - Vee Devil Canyon Dam  Tunnel Generation Plans
Capital Investment 2800 (44) 2740 (47) 3170 (49) 2520 (31)
Fuel 3221t (50) 2780 (&47) 3020 (46) 5240 (64)
Operation and Maintenance 350 (&) 330 (6) 340 (5) 370 (5)
TOTAL: 6370 (100} 5850 (1N0) ‘ 6530 (100) 8130 (100)
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TABLE 8.17 - ECONOMIC EVALUATION OF DEVIL CANYON DAM AND TUNNEL SCHEMES AND WATANA/DEVIL CANYON AND HIGH DEVIL CANYON/VEE PLANS

Present worth of Net Benetit (3§ millian) of total general ion
system costs for the:

‘Devil Canyon Dam over
the Tunnel Scheme

Watana/Devil Canyon Dams over
the High Devil Canyon/Vee Dams

Remarks

ECONOMIC EVALUATION:

Economic ranking: Devil Canyon

~ Base Case 680 520 dam scheme is superior to Tunnel
scheme. Watana/Devil Canyon dam
plan is superior to the High
Devil Canyon dam/Vee dam plan.
SENSITIVITY ANALYSES:
- Load Growth Low 650 210 The net benefit of the
High N.A. 1040 Wat ana/Devil Canyon plan remains

- Capital Cost Estimate

- Period aof Economic
Analysis

- Discount Rate

- Fuel Cost

- Fuel Cost Escalat ion

« Economic Thermal Plant
Life

Periad shortened to
(1980 -~ 2010)

5%
8% (interpolated)

9%
80% basic fuel cost

0% fuel escalat ion
0% coal escalation

50% extension
0% extension

Higher uncertainty assac-
iated with tunnel scheme.

230

Higher uncertainty associated with
H.D.C./Vee plan.

160

As hoth the capital and fuel costs associated with the tunnel
scheme and H.D.C./Vee Plan are higher than for Watana/Devil

Canyon plan any changes to these parameters cannot reduce the
Devil Canyon or Watama/Devil Canyan net benefit to below zero.

positive for the range of load
forecasts considered, No change
in ranking.

Higher cost uncertainties associ-
ated with higher cost
schemes/plans. Cost uncertainty
therefore does not affect
economic ranking,

Shorter period of evaluat ion

decreases economic differences.
Ranking remains unchanged.

Ranking remains unchanged.
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TABLE B.18 - ENVIRONMENTAL EVALUATION OF DEVIL CANYOWN DAM AND TUNNEL SCHEME

Environmental

Concerns

‘Appraisal
(Differences In impact

Ident il icet fon
of difference

Scheme judged 1o have
the least potential impact
¥ 1) T

unne

Attribute

ol two schemea)

Appraisal Judg it

fcologicals

~ Dawnstresm Fisheries
and Wildlife

Effects resulting
from changea in
water gquant ity and

‘quality.

No slgnificent differ-
ence between schemes

regarding effects down-
streem of Devil Canyon.

Diffarence in reach
between Devil Canyon
dem and tunnel re-
regulet lon dam.

Hith the tunnel scheme con-
trolled Flows between regula-
tion dem end downstream power-
housa of fers potential for
snadromous fisheries enhance-
ment In this 11 mile reach of
the river.

ot a factar in evaluat ion of
acheme.

1§ fisheries enhancement r-
tunity can be realized the tun-
nel scheme offers a positlve
mitigation measure not avalleble
with the Devil Cenyon dom
schema. (his oppertunity is
cons ldsred soderate and favors
the tumnel schems.

Reeldent Fisheries:

Loss of resident
fisherica hebitat.

Hinimal differences
bebween schemos.

Devil Canyon dem would inundate
27 miles of the Susitna River
and epproximately 2 miles of
Devil Creek. The tumnel acheme
would inyndaia 16 miles of the
Suaitna River.

This reach of river is not con-
sidered to be highly aignificant
for resident fisheries md thus
the difference betaeen the
achemes Is minor and favars the
tunnel echeme.

Wildlifes

Loas of wildlifa
hebitat .

Minimal differences
between schemea,

The most sensit ive wildlife ha-
bitet in lhis reach is upstress
of the tunnel re-regulation dem
where thare is no signiflcant
difference between the achemes.
The Devit Canyon dem scheme In
eddit lon inundates thae river
valley between the twn dom
eites resulting in a moderate
increase in impects to
wildlife,

The difference in loes of wild-
1ife habitat is considered mod-
erate and favors the tunnel
scheme.

Lultura) :

Inundat lon of
grcheological sites.

Potent lal differences
Ledween achemes.

Due to the larger srea inun-
dated the prabebility of tnun-
dat ing archeological sitea is
Inereased.

A significant archeologleal
site, if identified, can proba-
biy be exceveted. lhis concern
ia not conaidered & factor in
in_schems evalust jon.

£

Inundat ien of Devil
Canyon,

Significart difference
between schemes.

the Devil Canyon is considered
2 uniqua resource, 80 percent
of which would be inundeted by
the Devil Cenyon dem echeme.
This would result in a loss of
bath an assthetic valus plus
the polent ial for white waler
recreat ion,

The aesthet ic and to some extent
the recreat lonal losses sssoci-
oted with the develapment of the
Devil Canyon dam is the main

sspect favoring the tunnel schewe.

OVERALL EVALUATION: The tunnel scheme has overall & lower impact on the environment.
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TABLE 8.19 - SOCIAL EVALUATION OF SUSITNA BASIN DEVELOPMENT SCHEMES/PLANS

Social Tunnel bevil Uanyon High Devil Canyon/  Watana/Devil

Aspect Parameter Scheme Dam Scheme Vee Plan Canyon Plan Remarks

Potentinl Million tons an "o 170 210 Devil Canyon dam scheme

non-renewab le Beluga coal patential higher than

resoirce over 50 years . tunnel scheme. Watana/

displacement ' Devil Canyon plan higher
than High Devil Canyon/
Vee plan.

Impact on - -~

state economy

Impact on
local economy

All projects would have similar impacts on the state and
lacal economy. )

Seismic Risk of major All projects designed to similar levels of safety. Essentially no difference
exposure structural ' between plans/schemes.
failure
Potential Any dam failures would effect the same downstream
impact of population.
failure on ”J
human life.,
Overall 1. Devil Canyon dam superior to tunnel.

Evaluation

2. Watana/Devil Canyon superior to High Devil Canyon/Vee plan.
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TABLE 8.20 - ENERGY CONTRIBUT [ON EVALUATION OF THE DEVIL
CANYON DAM AND TUNNEL SCHEMES

Hemarks

rarameter Lam Tunne |
Total Energy Production
Lapabiliily
Annual Average Energy GWH 2850 2240
Firm Annual Energy GWH 2590 20%n

% Basin Pptential
Veveloped’ 43

A\t
~

Ener Potential Not
Deveﬁugea GWH 60 380

Devil Canyon dam annually
develops 611} GWH and 540

GWH more average and firm
energy respectively than

the Tunnel scheme.

Devil Canyon schemes
develops more of the
basin patential.

As currently envisaged,
the Devil Canyon dam does
not develop 15 ft gross
head between the Watana
site and the Devil Canyon
reservsoir. The tunnel
scheme incorporates addi-
tional friction losses in
tunnels. Also the compen-
sation flow released from
re-regulation dam is not
used in conjunction with
head between re-requlation
dam and Devil Canyon.

Notes:

(1) Based on annual average energy. Ffull potential based on USBR four

dam scheme (Reference J.
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TABLE B.21 - OVERALL EVALUATION OF TUNNEL SCHEME AND DEVIL CANYON DAM SCHEME

ATTRIBUTE SUPERIOR PLAN
Economie Devil Canyon Dam
Erergy
Contribution Devil Canyon Dam
Environmental Tunnel
Social Devil Canyon Dam (Marginal)
Bverall
Evaluation Devil Canvon dam scheme is superior

Tradeoffs made:

Economic advantage of dam scheme
is judged to outweigh the reduced
environmental impact associated
with the tunnel scheme.
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TABLE 8.22 - ENVIRGNMENTAL EVACUATION OF WAIANA/DEVIL CANYON AND HIGH DEVIL CANYON/VEE DEVELOPMENT PLANS

Plan judged to have The

least potentiel impact
Eovisonmental Attribute Pian Comparison Appraisal Judgement HIX7Y 351::
Ecologicals
1Y élsﬁries No significa:l difference in effects on downslream Due ta the avoidance of the ITyone River, X

2) Wildlife
a) Hoose

b) Caribgu

c) Furbesrers

d) Birds end Bears

anadromoua fisheriss,

HOC/V would inundate spproximately 95 miles of the
Susitna River and 28 milea of tributary streams, In-
cluding the fyone River. '

W/DC would inundate spproximately 84 miles of the
Susitna River and 24 miles of tribulas; streams,
including Watana Creck.

lesser Inundatiuon of resident fisheries
habitat and no significant difference in the
effects on anadromous Tisheries, the W/IX plan
is judged to have less iwpact.

HOC/V would inundate 23 atles of critical winter river
bottom habitat.

W/DC would inundate 100 miles of this river botiom
habitat.

HDC/V would inundate 8 large area upstream of Vee
utiilzed by three sub-populations of mnose that range
in the northesst section of the basin.

W/OC would inundate the Watana Creek area utilized by
moose. The condition of this sub-population of moose
and the quelity of the habitet they are using sppears
to he decreasing.

The increased length of river flooded, especially up-
stream from the Vee dam site, would result in the
HDC/V plan creating a greater potentisl division of
the Nelchina herd's ronge. In addition, an increase
in range would be directly inundated by tte Vee rea-
ervoir.

lhe ares flooded by the Vee reservoir is considered
important to some key furbearers, partirujarly red fax.
Ihis area is judged to be more impurtant then the
Watsna Cresk area that would be tmmdated by the W/DC
plan,

Forest habitat, importent lor birds and blsck bears,
exist along the valley slopes. The loss of this habi-
tat would be greater with the W/OC plan.

Due to the lower potentiel for direct impact X
o moose populat ione within the Susitna, the
W/0C plan ie judged superior.

[ue to the potential for a greater impact on X
the Nelchina ceribou herd, the HDC/V scheme
Is considered loferiar.

Due to the lasser potential for impact on Ffur-- X
besrers the W/OC is judged to be superior.

Ihe HDC/V plan is judged superior. X

Cultural:

lhere is & high patential for discovery of erchealogi-
cal sites in the easterly region of the Upper Susitna
Basin. The HDC/V plan hes a greater potential of
affect ing Lhese sites. For other reaches of the river
the difference between plans is considered minimal.

The W/OC plan is judged Lo have a lawer po- X
tential =ffect on archeslogical aites,
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TABLE B.22 (Cont inued)
viay judged Lo heve The
least polential impact
Environmental Attribute Plan Comparinon Appraisal Judgement HDC76 5906
Aeathet ic/
Lend tlge
With either schems, the sesthetlic quality of both Both plans lapoct the valley aesthetica. The - -
Davil Canyon and Ves Canyon would be impaired., The dilference ks considered minimal.

HDC/V plan would elso inundete Tsusena Falls.

Due to construction at Vee Dam mite and the esize of An §t la easlnr to exlend access lhan to

the Vee fleservoir, the HOC/Y plan would inherent iy limit it, Ilnherent access requirements were
create access to more wllderness erea than would the considered detrimental and the W/OC plan is
W/0C plan. Judged superior. The ecoclogical sensitivity

of the sres opened by the HDC/V plan rein-
forces this judgement.

OVERALL EVALUATION: [he W/DC plan is judged to be superior tu the HOC/V plan.
(The lower impact on birds and bears associated with HDC/V plan la considered to be outweighed by all
the other impacts which favour the W/OC plen.)

NOIES:

W = Watana Dam

DC = Devil Canyon Dam

HOC = High Devil Canyon Dem
V =z Ve2 Dam .



TABLE 8.23 - ENERGY CONTRIBUTION EVALUATION OF THE WATANA/DEVIL CANYON
AND HIGH DEVIL CANYON/VEE PLANS

Watana/ High Devil
Parameter Devil Canyon Canyon/Vee Remarks

Total Energy Production

Lapability

Annual Average Energy GWH 6070 4910 Watana/Devil Canyon
plan annually devel-

Firm Annual Energy GWH 5520 3870 ops 1160 GWH and
1650 GWH more average
and firm energy re-
pectively than the
High Oevil Canyon/Vee
Plan.,

% Basin Potential Watarna/Devil Canyon

5eve[ogea &P 91 81 plan develops more of

the basin potential

Ener§x Potential Not
evelope 80 650 As currently con-

ceived, the Watana/-
Devil Canyon Plan
does not develop 15
ft of gross head
between the Watana
site and the Devil
Canyon reservoir.
The High Devil
Canyon/Vee Plan does
not develup 175 ft
gross head between
Vee site and High
Devil reservoir.

Notes:
(1) Based on annual average =nergy. Full potential based on USBR four

dam schemes (Reference ).
(2) Includes losses due to unutilized head.
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TABLE 8.24 - OVERALL EVALUATION OF THE HIGH DEVIL CANYON/VEE AND
WATANA/DEVIL CANYON DAM PLANS

ATTRIBUTE ‘ SUPERTOR PLAN
Economic Watana/Devil Canyon
Energy

Contribution Watana/Devil Canyon
Environmental Watana/Devil Canyon
Social Watana/Devil Canyon (Marginal)
Overall

Evaluation Plan with Watana/Devil Canyon is

superior

Tradeoffs made: None
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TABLE 8.25 ~ RESULYS OF ECONOMEIC ANALYSES FOR GENERATION SCENARIO
INCORPORAT ING THERMAL DEVELOPMENT PLAN - MEDIUM FORECAST

29-8

Total System Total
Installed Capacity (MW) Installed System
by Category in 2010 Capacity Present
Description Parameter 0GPS Run Thermal In 2010 Worth Cost
Parameter Varied Value Id. No. Coal Las 01l Hydro Jatal MW $ Million Remarks
Interest Rate 5% LEA9 900 808 50 a4 1895 5170
9% LEBY 900 801 50 144 1895 2610
Fuel Cost ($ million Btu,
natural gas/coal/oil) 1.60/0,92/3.20 L1K7 BOG B76 70 144 1890 7070 20% fuel cost reduction
Fuel Cost Escalation (%,
natural gas/coal/oil) n/n/0 L547 ) 170 10 144 1855 4560 Zero escalation
3.98/0/3.58 L561 1100 726 10 144 1980 6920 Zero coal cost escalation
Economic Life of Thermal
Plants (year, natural
gas/coal/oil 45/45/30 L583 1145 667 51 144 2007 7850 Economic life increased
. 50%
Thermal Plant Capital
Cost ($/kW, natural gas/ 350/2135/778 LALY 1100 726 10 144 1980 7590 Coal capital cost reduced

coal/ail)

by 22%
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i IS j i
TABLE 8.26 - ECONOMIC SENSITIVITY OF COMPARISON OF GENERATION PLAN WITH
WATANA/DEVIL CANYON AND THE ALL THERMAL PLAN
Present worth of Net Benefit ($ million) of total generation
gsystem costs for the Watana/Devil Canyon plan over the all thermal plan.
Paramelers Sensitivity Analyses Fresent worth (3 miilion) iiemarks
LOAD GROWTH Very low 1280 The net benefit of the Watana/Devil Canyon Plan re-
Low 1570 maing positive for the range of load forecasts con-
Medium 2280 sidered.
High 2840
CAPITAL COST ESTIMATE Low Thermal Cost? 1850 System costs relatively insensitive. Capital cost
Higthydroelectric estimating sncertainty does not ef fect economic
Cost 1320 ranking.
PERIOD OF ECONOMIC ANALYSIS 1980 - 2040 2280 Shorter period of evaluation decreases economic dif-
1980 - 2010 960 ferences. Ranking remains unchanged.
DISCOUNT RATE 3% 2280 Below discount rate of 8% the Watana/Devil Canyon
5% 940 plan is economically superior.
8% (interpolated) n
9% -80
FUEL COST Low® 1810
FUEL COST ESCALAT{ON® % escalation for all Watana/Devil Canyon plan remains economically super-
fuels 200 ior for wide range of fuel prices and escalation
0% escalation for rates.
coal only 1330
ECONOMIC THERMAL PLANT 50% extension to all Economic benefit for Watana/Devil Canyon plan rela-
LIFE thermal plant life 1860 tively insensitive to extendsd thermal plan economic

life.

Notes: \

(1) All parameters, except load growth, tested using medium load forecast.

(2) Thermal capital cost decreased by 22%.
(3) tEstimated Susitna cost increased by 50%.

(4) A1l fuel costs reduced by 20%.

(5) Base case escalation:

Base case costs $/million Btu:
Coal 2.93%, Gas 3.98%, 0il 3,58%.

Cosl 1.15, Gas 2.00, 0i) 4.00
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TABLE 8.27 - SOCIAL COMPARISON OF SYSTEM GENERATION PLAN WITH

WATANA/DEVIL CANYON AND THE ALL THERMAL PLAN

mp

Social Aspect

Parameter

All Thermail
Generation Plan

Leneration Plan with
Watana/Devil Canyon

Remarks

Potential non-renewable
resource displacement

Impact on state ecanomy

Impact on local economy

Seismic cxposure

Million tons of
Beluga coal, over
50 years

Direct & Indirect
employment and in-
come.

Business investment.
Risk of major .
structural Failure
Potential impact of

failure on human
life.

Gradually, contin-
uously growing
impact.

210

Potentially more dis-
ruptive impact on
economics.

All projects designed to similar levels of

safety.

Failure would effect
only operating per-

sonnel, Forecast of
failure would be im-
possible.

Failure would effect
larger number of people
located downstream,

however, some degree of

forecasting dam failure
would be impossible.

With Watana/Devil
Canyon plan is
superior.

Available informatian
insufficient to draw
definite conclusions.

Both scenarios judged
to be equal.

Overall
Comparison

No significant difference in terms of
overall assessment of plans.
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TABLE 8.28 - GENERIC COMPARISON GF ENVIRONMENTAL IMPACTS OF A SUSLITNA
BASIN HYDRO DEVELOPMENT VERSUS COAL FIRED THERMAL
GENERATION IN THE BELUGA COAL FIELDS

tnvironmental
__Attributes

Loncerns

Suslina Basin Development

Thermal Leneration

Ecological:

Potent ial impact an fisheries
due to alteration of down-
steam flow distribution and
water quality. Inundation of
Moose and furbearer habitat
and potential impact on
Caribou migration. No major
air quality problems, only
minor microclimatic changes
would occur.

Potential for impact on
fisheries resulting from
water quality impairment of
logal streams and local
habitat destruction due to
surface disturbances both at
mine and generating Ffacili-
ties. Impact on air quality
due to emission of particu-
lates S0,, NG,, trace

metals and water vapours
from generating facilities.

Cultural:

Inundation of archealogical
sites.

Potential destruction of
archeological sites.

Aesthetic/
Land Use:

Inundation of large area and
surface disturbance in con-
struction area. Creates addi-
tional access to wilderness
areas, reduces river recrea-
tion but increases lake rec-
reat ional activities.

Surface disturbance of large
areas associated with coal
mining and thermal genera-
tion facilities. Creates
addit ional access and may
restrict land use activi-
ties.

§-65



TABLE 8.29 - OVERALL EVALUATION OF ALL THERMAL GENERATION PLANS
WITH THE GENERATION PLAN [NCORPORATING WATANA/DEVIL
CANYON DAMS

ATTRYBUTE SUPERTUR PLAN
Economic With Watana/Devil Canyen
Environmental Unable to distinguish difference in

this study due to site specific
nature of impacts

Social No significant overall difference

Overall Plan with Watana/Devil Canyon is
Jjudged to be superior

Evaluation Tradeoffs made: Not fully explored
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9 - SUSITNA HYDROELECTRIC DEVELOPMENT

The studies discussed in previous sections of this report conclude that, on the
basis of the analyses to date, the future development of Railbelt electric power
generation sources should include a Susitna Hydroelectric Project. Further work
is required to fully establish the technical and economic feasibility of the
Susitna project and to refine its design. The project as currently conceived is
described in this section.

9.1 - Selected Plan

As described in Section 8, the selected Susitna Basin development plan involves
the construction of the Watana dam to a crest elevation of 2225 feet with a 400
MW powerhouse scheduled to commence operation by 1993. This date is the
eariiest that a project of this magnitude can be brought on-line. A delay in
this date would mean that additional thermal units would have to be brought
on-line resulting in an increase in the cost of power to the consumer. This
first stage would be followed by expanding the powerhouse capacity to 800 MW by
1996 and possibly the construction of a re-regulation dam downstream to allow
daily peaking operations. More detailed environmental studies are required to
confirm the requirement for this re-regulation dam and it may be possible to
incorporate it in the Devil Canyon dam diversion facilities. The final stage
involves the construction of the Devil Canyon dam to a crest elevation of 1465
feet with an installed capacity of 400 MW by the year 2000.

Should the load growth occur at a lower rate than the current medium forecast,
then consideration should be given to postponing the capacity expansion proposed
at Watana and the construction of the Devil Canyon dam to the year 2002 or pos-
sibly even 2005. These latter two dates correspond respectively to the low load
forecast and the extreme low forecast incorporating an increased level of load
management and conservation. For actual load growth rates higher than the
medium load forecasts, construction of the Devil Canyon dam could be advanced to
1998.

Although it has been determined that this development plan is extremely economic
for a wide range of possible future energy growth rates, the actual scheduling
for the various stages should be continucusly reassessed on, say, a five year
basis. It should also be stressed that the dam heights and installed capacities
quoted above are essentially representative orders of maynitude at this stage of
project planning. These key parameters are subject to modification as the more
detailed project optimization studies are conducted during 198l. The dain type
selected for the Devil Canyon dam site has currently been revised from the
rockfill alternative described in Section 8 to a thin double-curvature concrete
arch dam. More detailed engineering studies carried out subsequent to the
planning studies described have indicated this dam type to be more appropriate
to the site conditions as well as slightly more cost effective. The results of
these engineering studies are contained in Appendix H.

9.2 - Project Description

At this stage in the development of optimum project designs, various alternative
project layouts are being produced for both the Watana and Devil Canyon sites.
These Tayouts are being compared from both technical and economic viewpoints and
this comparison will lead to the selection of possibly two or three basic
layouts at each site for study in more detail.
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At this early stage certain layouts are discerned to be more attractive than
their counterparts. Of these, a single layout at each of the Watana and Devil
Canyon sites has been selected as representative of the possible final develop-
ment, and is described in this section.

These layouts are indicative of the present stage of the study. Much field work
is still planned together with design and refinement studies, and these layouts
should on no account be regarded as the final developments at this time.

(a) Watana (Plates 12 and 13)

(i)

Site Geology

The dam site at Watana is underlain by a dioritic intrusion (pluton).
The site has a favorable configuration because the river has cut down
through the intrusion, resulting in a narrow canyon. The pluton is
bounded at the upstream and downstream edges by sedimentary rocks
that show evidence of being deformed and arched upwards by the
plutonic intrusion (Figure 7.4). The evidence to date indicates that
the sedimentary rock has been eroded from the top of the pluton at
the immediate site. Following intrusion, at intervals that have not
yet been determined, volcanics erupted into the area. These
volcanics form the basalt flows exposed in the canyon near Fog Creek
downstream of the site, and the andesite flows over the pluton at the
dam site., There is no indication of basalt flows within the
immediate dam site, but the andesite has been detected in several
borings in the western portion of the site. The nature and
characteristics of the diorite-andesite contact will be further
investigated in the 1981 program.

The surficial material at the dam site is predominantly talus and
very thin glacial sediments on the abutments, with limited deposits
of river alluvium and Take clay at isolated locations. The river
channel is filled with up to 80 feet of alluvial deposits derived
from till and talus material. The drilling and seismic lines indi-
cate that the bedrock weathering averages ten to twenty feet, with a
very distinct gradation from weathered to unweathered rock. The sur-
ficial weathering processes seem to be primarily physical rather than
chemical. Bedrock quality below 60 feet is uniform to the maximum
depths drilled. The pattern of sound, unweathered rock zones are
separated by shear zones of rock altered by injection of felsite and
andesite dikes, with subsequent deterioration of the broken rock by
groundwater. The basic conditions are favorable to construction of
both surface and underground structures, with remedial treatment
likely to be limited to shear zones.

Geotechnical Aspects

The Watana dam site lies predominantly on sound diorite while some
portions of the downstream shell overlay andesite. The upper 10 to
40 feet of rock is weathered. The seismic considerations for the
site, as discussed in Section 7, indicate that the relatively uncom-
pacted alluvium (up to 80 feet in depth) would have to be removed
from underneath most of the dam. In addition, it is assumed that up
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to 40 feet of rock excavation will be required under the impervious
core and the supporting fiiters to found the dam on sound competent
rock. This type of foundation preparation is considered normal for
large dams of comparable size. Shear zones and joints within the
rock foundation have been located and will require consolidation and
curtain grouting. These features may also necessitate the inclusion
of drainage features within the foundation and the abutments as indi-
cated in the present arrangement. Permafrost is present on the left
abutment and may also be present under the river channel. The data
indicates that this is "warm" permafrost and can be economically
thawed for grouting.

A deep relict channel exists on the right bank upstream of the dam.
The overburden within this relict channel contains a sequence of
glacial till and outwash interlayered with silts and clays of glacial
origin. The top of rock under the relict channel area will be below
the reservoir level. Further investigations will be undertaken to
precisely define the characteristics of the channel. However, the
data collected to date does not indicate that it will have any major
impact on the feasibility of the site.

The rock conditions in the left bank, where the underground power-
house is currently proposed, are favorable, and the powerhouse cavern
will require only nominal support. However, additional investiga-
tions will be conducted to determine the exact location and orienta-
tion of the features, so as to minimize the impact of joints and any
possible unfavorable stress orientation.

Materials for construction of a fill dam and related concrete struc-
tures are available within economic distances. Impervious and semi-
pervious core and filter materials are available within three miles
upstream of the site, (Figure 7.4) and a good source of filter mater-
ial and concrete aggregate is available at the mouth of Tsusena Creek
just downstream of the dam. Rockfill is available from a quarry
source immediately adjacent to left abutment of the dam and from
structure excavations. There is also a possibility of using rounded
riverbed material for the dam shells if adequate quantities are
available. Further investigations will be conducted to better define
the quantity and characteristics of material in each source area and
the relative economics of each borrow location.

Dam

The main dam is an earth/rockfill structure with the majority of the
materials excavated from selected borrow areas, but with a small
poertion derived from excavation for the structures at the project
site. The compacted impervious till core is protected upstream and
downstream by gravel filter and transition zones and supported by
shells formed from compacted layers of blasted rock and gravel
materials. The maximum height of the dam above the foundation is
approximately 880 feet, the crest elevation is 2,225 feet and the
developed crest length is 5400 feet. The crest width is 80 feet, the
upstream and downstream slopes are 1:2.75 and 1:2 respectively and
the overall volume of the dam is currently estimated as approximately
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(vi)

63 million cubic yards. The dam is foundad on sound bedrock.
Upstream and downstream cofferdams are founded on the river ailuvium
and integrated with the main dam.

A lTow lying area above the right abutment is closed with an approxim-
ately 25 foot high impervious fill saddle dam.

Diversion

During construction, the river is diverted through two concrete-lined
tunnels driven within the rock of the left abutment. The tunnels are
set low and will flow full at all times. Upstream control structures
at the tunnel inlets will reqgulate flows to maintain a near constant
water Tevel in the reservoir and allow formation of a stable ice
cover and to prevent ice buildup within the tunnel inlets. Control
will be affected by vertical fixed well gates housed within the up-
stream structures. These will also be utilized for final closure
together with mass concrete plugs constructed within the tunnels in
alignment with the dam grout curtain.

The river will be diverted upstream by means of a rock/earthfill
cofferdam founded on the riverbed alluvium. Cutoff beneath the cof-
ferdam is formed by a slurry trench to rock.

Sgillwaz

The spiliway is located on the right bank and designed to pass the
routed 1:10,000 year frequency design flood of approximately 115,000
cfs without damage to any of the project structures. The spillway is
also capable of passing flows cf up to 230,000 cfs carresponding to
the probably maximum flood at Watana. This would require a reservoir
surcharge up to 5 feet below the dam crest level. During passage of
this major flood some damage to the spillway chute and discharge
structures and some downstream ercosion within the river valley would
be accepted.

The spillway consists of a gate structure, with three vertical fixed
wheel control gates, a concrete lined chute and a flip bucket, simi-
lar to that at Devil Canyon (Section 9.2(b)), discharging into a
downstream plunge pool excavated from the alluvium within the river-
bed.

Power Facilities

- Intake

The intake is situated upstream of the right abutment of the dam.
It is set deep within the rock and is similar in structure to the
Devil Canyon intake with provision for drawing off water at ditfer-
ent levels within the fluctuating reservoir,
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Devil

- Penstocks

Four concrete-lined tunnel penstocks descend at an inclination of
55° and terminate in steel liners at the powerhouse feeding the
high pressure turbines.

- Powerhouse

The powerhouse complex is similar to that for Devil Canyon with
separate powerhouse and transformer bay caverns. The main cavern
houses four 200 MW turbine/generator units consisting of vertically
mounted Francis turbines driving overhead umbrella type generators
serviced by the main overhead crane. Major offices and the control
room are incorporated in the administration building at the
surface. An elevator descends from this building to provide
personnel access to the powerhouse. Vehicle access to the
powerhouse and transformer gallery is by unlined rock tunnel
leading from the bottom of the valley.

- Tailrace
The turbine draft tube tunnels lead from the powerhouse to a common
manifold supplying a single partly-lined tailrace tunnel which
emerges, below river level, downstream of the main dam.

Downstream Releases

At the present time there is provision made for emergency drawdown of
the Watana reservoir. This will take the form of an intermediate
Tevel reservoir outlet. Flows are controlled by high pressure gates
Tocated in an underground chamber, and a concrete-lined tunnel
discharges into the diversion tunnel, downstream of the concrete
plug. Small releases, during shutdown of the generating plant, are
made via a small diversion incorporated with the underground contro!l
structure.

Canyon {(Plates 10 and 11)

Site Geology

Devil Canyon is a very narrow V-shaped canyon cut through relatively
homogeneous argillite and graywacke. This rock was formed by low-
grade metamorphism of marine shales, mudstones, and clayey sand-
stones. The bedding strikes about 15° northeast of the river align-
ment through the canyon and dips at about 65° to the southwest. The
rock has been deformed and moderately sheared by the northwest acting
regional tectonic forces, causing shearing and jointing parallel to
this force (Figure 7.4). The glaciation of the past few million
years apparently preceded the erosion of the canyon by the river.
Glacial deposits blanket the valiley above the V-shaped canyon, while
deposits in the canyon itself are limited to a large gravel bar just
upstream of the canyon entrance, and bouider and talus deposits at
the base of the canyon walls.



o

SRR

R

(111)

Bedrock conditions at Devil Canyon vary within a limited range due to
changes of lithology, but the rock is basically sound and fairly
durable. Jointing and shears are frequently quite open at the
surface, but there is a general tightening of such openings with
depth. The major joint set strikes about North 30° West across the
canyon, and may be an indication of shear zones in this direction.
Two minor sets strike roughly Morth €C-90° East, with dips of about
50-60° south and 15° south. The orientation of the joints, and
particularly the shear zones, is not well defined. Further field
mapping in 1981 should c¢larify this.

Geotechnical Aspects

The Devil Canyon dam site lies on argillite and graywacke exhibiting
significant jointing and frequent shear zones. The nature of the
rock is such that numerous zones of gouge. aiteration, and fractured
rock were caused during the major tectonic events of the past, in
addition to the folding and internal siippage during lithification
and metamorphism. Consequently, zones of deep weathering and altera-
tion can be expected in the foundation. Excavation of up to 40 feet
of rock will expose sound foundation rock, and consolidation grouting
and dental excavation of badly crushed and altered rock will be nec-
essary to provide adequate bearing surfaces for the dam. Overburden
within the narrow V-section of the valley is minimal.

The left bark plateau, which is the location of a saddle dam, has a
buried river channel paralleling the river. The overburden reaches
90 feet under a small lake in this area and construction of the
saddle dam will require excavation of considerable amounts of till
and lake deposits or construction of a cutoff extending down to
bedrock. Seepage control will be effected by two methods: first, by
general contact and consolidation grouting to control flow at the dam
foundation contact, and second by a deep grout curtain with
corresponding drainage curtain to limit downstream flow through the
foundation. Permafrost has rnot been detected at the site but, if it
does exist, it is not expected to be substantial or widespread. A
thawing program can be incorporated in conjunction with the grouting
if necessary.

Construction materials are available in the large gravel bar immedi-
ately upstream of the dam site. The materials in this bar are
estimated to be adequate in quantity for all material needs of the
concrete dam. The lakebed and till deposits in Cheechako Creek
(approximately 0.25 miles upstream), may be sources of a substantial
portion of impervious materiai for the earthfill saddle dam.

Dam

The main dam is currently proposed as a thin concrete arch structure
with an overall height of 650 feet and developed crest length of
1,230 feet. The crest width is 20 feet and the base width at the
crown cantilever is 90 feet. The geometry of the arch corresponds to
a two center configuration which is compatible with the assymetric
transverse profile of the valley.
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(v)

The central section of the dam rests on a massive concrete plug,
founded deep within the valley floor and the upper arches terminate
in thrust blocks located high on the abutments. A concrete wall
extends 4 feet above the upstream edge of the crest to allow
additicnal surcharge during passage of the probable maximum flood.

A low lying area on the left abutment is filled by a saddle dam. The
saddle dam is a rockfill structure with an impervious core. It abuts
and surrounds the concrete thrust block with the core wrapping the
concrete to provide a seal. Overburden will be excavated to allow
the core to be founded on the deep underlying bedrock.

A continuous grout curtain and drainage system is provided beneath
the main and saddle dams linking with similar systems upstream of the
powerhouse and beneath the main spillway. Grout and drainage holes
are driven from a series of interconnecting shafts and galleries
which will allow continued access beneath the foundations of the

dam.

Diversion

River diversion during construction is similar to diversion for
Watana with twin concrete-lined tunnels and upstream control
structures. Cofferdams are as described previously. Full use of
storage at Watana will be used to safequard construction at Devil
Canyon.

Spillways

The main service spillway is located on the right abutment and is
designed for flows of up to 90,000 cfs. Discharges are controlied by
three vertical fixed wheel gates housed in a concrete overflow struc-
ture incorporated in a right thrust block. Flows are routed down a
steeply inclined concrete lined chute, founded within sound bedrock,
and discharge over a flip bucket into the river. The flip bucket is
a massive cnncrete structure contiguous with the chute. It imparts a
vertical velocity component to the discharges, training them along a
uniformly curved invert and ejecting them in a broad shallow jet into
the river well downstream of the dam. Alluvium within the river is
removed to bedrgck in the vicinity of the area of impact of the dis-
charge jet.

A secondary spillway system designed to discharge 40,000 cfs is pro-
vided within the dam in the form of four submerged orifices high in
its center section. These orifices are controlied by 15 feet x 15
feet vertical 1ift gates and discharges are thrown clear of the dam
into a downstream plunge pool excavated in the rock beneath the exis-
ting riverbed.

The combination of the above spillways is sufficient to pass the
routed 1:10,000 year frequency design flood of 130,000 cfs. Greater
discharges are possible by allowing surcharge of the reservoir to the
level of the dam crest wave wall.
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Beyond the rockfill saddle dam on the left abutment a channel is
excavated in the rock and runs approximately 1,400 feet downstream
discharging into a tributary valley to the main river. The channel
is closed by an impervicus fill fuse plug which can be overtopped
during excessive floods and will wash out, probably after some local
excavation has been carried out, to the full section of the rock
channel. Discharge down this channel plus surcharge over the main
spillways will allow for passing of the full probable maximum flood
in the unlikely event that this shouild ever take place.

Power Facilities

- Intake

The intake is located upstream of the right abutment of the dam.

It is a massive concrete structure set deep in the bedrock at the
end of a short upstream power canal. The intake is formed of four
adjacent units, each with the capability of drawing off water at
levels throughout and below a 150 feet range of drawdown witnin the
reservoir. These levels are controlled by large vertical shutters
operating in two sets of guides set one behind the other. By rais-
ing and lowering the shutters, openings can be created by varying
leveis over the height of the structure. These shutters will not
operate under pressure as closure of the intakes will be performed
by vertical fixed wheel gates set downstream of the shutters.

- Penstocks

Four concrete lined tunnel penstocks lead from the intake and des-
cend at an angle of inclination of 55° to horizontal to the under-
ground powerhouse. Just upstream of the powerhouse the lining
changes to steel in order to prevent seepage intoc the main power
cavern and to contain the high internal pressures in the vicinity
of the fractured rock caused by blasting the powerhouse excava-
tion.

- Powerhouse

The powerhouse complex consists of two main excavations; the main
power cavern housing the generating units service bay and mainten-
ance areas, and the transformer and draft tube gate gallery.

The main cavern houses four 100 MW turbine/generator units. The
turbines are vertically mounted Francis type units driving overhead
umbrella type generators serviced by an overhead crane travelling
the length of the powerhali and end service bay. Switchgear, winor
offices, service areas and a workshop are housed in this area.
Upstream bus duct galleries are inclinea from generator floor level
at the power cavern to the transforier gallery running the length
of the powerhouse and set above the penstocks. Vertical shafts are
raised from the draft tubes to the downstream side of the power-
house and these incorporate vertical guides for the operation of
closure gates within the draft tubes and function as surge shafts
during changes of flow within the tailrace.
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Cable shafts rise from the transformer gallery to the surface and
the power lines are carried from these across the dam to the
switchyard on the left abutment. The contrcl rocm and main
administration building is located at the surface.

Vehiclie access to the powerhouse is via an inclined rock tunnel
driven from the bottom of the river gorge. Personnel access is by
means of an elevator operating between the powerhouse cavern ind
the administration building.

- Tailrace
Downstream of the gates, the draft tubes merge intc a single
concrete lined tailrace tunnei which will be set below river level
and will flow full at all times.

(vii) Downstream Releases

Releases downstream during shutdown of the power plant will b2 made
through Howell Bunger valves set close to the base of the dam and
discharging freely into the river valley.

9.3 - Construction Schedules

At this stage of the study, a preliminary assessment of the construction sched-
ules for the Watana and Devil Canyon dams has been made. The main objecti /e has
been tc provide a reasonable estimate of on-line dates for the generation
planning studies described in Section 8. More detailed construction schedules
will be developed during the 1981 studies.

In developing these preliminary schedules, roughly 70 major construction activi-
ties were identified and the applicable quantities such as excavation, borrow
and concrete volumes were determined. Construction durations were then estimat-
ed using historical records as backup and the expertise of senior schedule--
planners, estimators and design staff. A critical path logic diagram was
developed from those activities and the project duration was determined. “he
critical or near critical activity durations were further reviewed and ref:ned
as needed. These construction logic diagrams are coded so that they may be
incorporated into a computerized system for the more detailed studies to be con-
ducted during 1981.

The schedules developed are described below:

(a) Watana Rockfill Dam

As shown in Figure 9.1, it is expected to take approximately 1l years %o
complete construction of the Watana dam from the start of an access ro«d to
the testing and commissioning of all the generating units. Principal com-
ponents of the schedule include approximately 3 years of site and local
access, 1-1/2 years for river diversion and most of the remaining time for
foundation preparation and embankment placement. This period compares :o
15 years estimated in the COE 1979 report (___ ). The most important dii-
ferences that the COE provided for a 4-1/2 year period of access road con-
struction prior to any work being done at the site. In this study, becduse
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of the economic advantage to be gained from an early on-line date, a "fast
track® approach has been adopted durinyg the early stages of construction.
This involves overland winter access and extensive aircraft support to the
early activities associated with construction of the diversion system and
abutment excavation for the main dam.

Only about six months per year can be used for. fill placement due to snow
and temperature conditions. Fill placement rates have been estimated at
between 2.5 and 3.0 million cubic yards per month. This is somewhat higher
than the 1979 COE figure of 2.4 million cubic yards per month placement
over a five-month annual placement period. It has been judged that the
early on-line date would justify the implementation of construction systems
witk higher production rates. It is expected that the river can be im-
pounided as construction proceeds so as to minimize the time lag between the
completion of the dam embankment and the testing and commissioning of the
first power unit.

The schedule shows the eariiest cdate power production from the Watana dam
could start would be January 1993. This is based on starting construction
of access roads in early 1985 as soon as the FERC license is received.

Devil Canyon Thin Arch dam

As shown in Figure 9.2, it will take approximately 9 years to complete the
dam from the start of constructing access to the site to the testing and
commissioning of the power units. As far as construction of the dam is
concerned this schedule agrees with that developed by the COE (__ ) it
does, however, incorporate an additional 1-1/2 years for constiuction of a
main access road from the Watana site. '

The key elements in determining the overall schedule are the construction
of diversion tunnels, cofferdams, the excavation and preparation of the
foundation and the placement of the corcrete dam. For purposes of estimat-
ing activity durations, it is assumed that embankment and curtain grouting
will be done through vertical access shafts on each embankment.

Interpretation of Schedules

The attached figures represent an "early start" schedule and the majority
of the study effort to date has been expended in determining the "critical
path" which controls project duration. ODuring the continuing 1981 studies
the "non-critical" items will be scheduled to take into account resource
availability and financial and climatic aspects. This will result in the
“non-critical" items being more rigidly scheduled than is shown in the
attached figures.

9.4 - QOperational Aspects

Section 8 outlines the results of the power and energy evaluaticns for the
selected plan. This section supplements the information and illustrates some of
the monthly reservoir simulation results and highlights the downstream f1ow
characteristics which are important from an environmental point of view.
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Figures 9.3 through 9.5 illustrate the operation of the reservoirs for a typical
30 year period. Figure 9.1 shows the monthly energy production, inflow, out-

flows, and water levels for the Stage 1 Watana 400 MW development. Figures 9.4
and 9.5 illustrate similar results for the final fully developed two dam scheme.

The reservoirs have been assumed to be operated to produce monthly energy pro-
duction that follows the same general shape as the seasonal pattern of the total
Railbelt electricity demand. During the summer months, particularly during Jate
summer when the reservoirs tend to be full, additional or secondary energy is
generated in order to utilize some of the water that would otherwise be spilled.
The secondary energy production and spillage is clearly illustrated.

The figures indicate that during Stage 1 the Watana spillway would be operated 8
out of every 10 years and that in 7 of these years, flow would be discharged for
2 or more months. Once the total development is completed, the spillways would
only be operated for roughly 2-1/2 years out of 10 and most of the time for a
period of less than a month in a given year. At this stage of development, the
Devil Canyon spillway would be operated 7 out of 10 years, and during 3 of these
years spill would occur for 2 or more months.

Tables 9.1 to 9.3 summarize typical outflows from the downstream dam in the
preferred development. These flows include water coming from the turbines and
water passing over the spillway. It will be noted that daily fluctuations are
kept to a minimum for the Watana 400 MW development. Qutflows from the Devil
Canyon dam in the full development plan also show Timited fluctuations.
However, for the Stage 2 400 MW capacity addition at Watana substantial daily
fluctuations do occur and may require downstream regulation.

9.5 - Environmental Review

The environmental input into the Susitna studies has two major components; miti-
gation planning and impact identification. Mitigation planning includes avoid-
ance, reduction, and compensation. In participating in the Susitna development
selection, our objective was to identify what development scheme(s) was most en-
vironmentally compatable, thus, avoiding many potential impacts. In addition,
design features were recommended to reduce potential impacts even if the most
compatable sites were selected. Identifying compensation measures and the ac-
tual prediction of environmental impacts are the subject of ongoing studies.

The results of these studies will be included in our 1982 feasibility report to
be available prior to making the decision as to whether or not to proceed with
FERC licensing.

(a) Environmental Aspects

The Upper Susitna Basin has been considered as a potential hydroelectric
development site not only because of the economics and energy potential but
also because of its relative compatability with the environment. Compared
to other potential large hydro development sites (e.g. Rampart on the Yukon
River or Million Dollar on the Copper River). The Upper Susitna has less
potential environmental impact. A comparison of alternatives to Susitna is
outside the realm of these studies, however, they are being fully assessed
in a parallel study being conducted by Batelle.
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As with any type of major development, hydroeleciric projects can cause and
have elsewhere caused significant environmental impacts. In regard to re-
ducing or eliminating environmental impacts, probably the most important
factor is the selection of a development plan that is basically as inher-
ently compatible with the environment as possible. Retrofit type mitiga-
tion measures which are often of minimal success and usually very costly
are undesirable.

Development characteristics that have caused problems on other hydro pro-
jects that are not inherent to Susitna include:

The diversion of major rivers.

The direct blockage of anadromous fish migration due to the barrier
created by the dam,

The amplification of flow regulation problems caused by having a series
of reservoirs with minimal storage and poor spillway design.

Inundation of large areas of prime wildlife habitat.

Thus, although the Susitna Hydroelectric Project still has the potential of
creating environmental impacts, many of the major potential impacts often
associated with hydroelectric developments are avoided by the selection of
the Upper Susitna Basin.

For studies within the Susitna Basin it is still important that environmen-
tal input still be provided into the decision meking process. To date, the
major environmental imput into the Susitna studies has been directed to-
wards evaluation of alternatives, recommendation of design features, estab-
lishment of operating limits for planning purposes, and the collection of
baseline data. The major environmental objectives are to (1) ensure that
environmental compatibility is incorporated as a principle factor in devel-
opment selection and design, and (2) to present a clear picture of the en-
vironmental consequences of developing the final selected scheme. Parts of
objective (1) are presented in this report where an environmental compari-
son of alternative Susitna developments is presented. The product of cb-
jective (2) wilil be contained in the environmental section of the feasibil-
ity report prepared at tne end of Phase I studies.

It must be noted that although environmental compatibility has been incor-
porated as a desirable objective, it is not a sole factor in the decision
making process. The interrogation of economic viability, technical feasi-
bility, and environmental acceptability have necessitated judgements and
tradeoffs. To facilitate a rational assessment, these judgements and
tradeoffs have oceen defined as clearly as possible. In some instances,
economic and environmental preferences recommended similar action; an
example being the Watana/Devil Canyon plan where the reservoirs are basic-
ally confined to the river valley. In other instances a specific decision
has been made that an economic expenditure is required to retain environ-
mental compatibility; examples being multilevel intake structures to allow
for some temperature control of discharge water and the provision for down-
stream daily re-regulation of flows. In still other instances, the econom-
jc expenditure was not considered warranted to reduce or aveid resultant
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environmental impacts; an example being a tunnel scheme at a cost of $680
million to avoid the inundation of the upstream portion of Devil Canyon.

As design studies progress, continued environmental impact assessments will
be incorporated. An environmental assessment of the selected scheme will
be incorporated into the final feasibility report. This report will be
made available for government agency and public revizw prior to making a
decision as to whether or not to proceed with FERC license application.

In 1975 (updated in 1979) the COE produced an Environmental Impact State-
ment on the Watana/Devil Canyon Development. The information gathered by
the COE in this study is being enhanced by insight obtained from the 1980
studies and in areas where study effort is continuing as part of the pre-
sent study.

Hydrology

Under existing conditions seasonal variation of flows in the Susitna is ex-
treme. At Gold Creek the average winter and summer flows are 2,100 and
20,250 cfs respectively, a1l to 10 ratio. With requlated discharge result-
ing from a hydroelectric aevelopment, downstream flows between Devil Canyon
and the confluence of the Talkeetna/Chulitna rivers will be relatively con-
stant. Figures 9.3 - 9.5 show the differences between inflows and outflows
and the occurrence of -spilling with the project at various stages of devel-
opment. These changes in flow will be attenuated downstream due to the un-
altered inflow from tributaries. Percent contribution from these tributary
streams under existing conditions is shown in Figure 7.5.

The monthly flow and resulting stage at Gold Creek, Sunshine and Susitna
Station with and without the project are shown in Figures 9.6 to 9.8.

Under existing conditions the level of suspended sediment is very high in
the summer months (23 to 2620 ppm) and relatively low in the winter months
(4 to 228 ppm, ADF&G 1975). With the project, a glacial flow will result
year round with suspended solids in the releases at Devil Canyon Dam
projected to be in the 15-35 ppm range.

Changes in dissolved gasses, specifically nitrogen, will be dependent on
the spillage occurrence and the design of the spiliways. Although it is
considered that the majority of potential nitrogen supersaturation problems
can be avoided (or minimized) through design and operation, sufficient
study has yet to be conducted to confirm this,

Temperature of the discharge waters will be adjusted to approach the natur-
al river water temperatures through the incorporation of multilevel intake
structures. Even so, slight changes in discharge temperatures can be ex-
pected at cartain times of the year, the extent to be predicted by means of
a reservcir computer model presently being developed.

Although it is essential to alter seasonal flows in order to produce ade-
quate power during the winter when the demand is highest, it is possible to
avoid or dampen daily fluctuations in flow by means of operating the down-
stream powerhouse as a base load plant or incorporating a re-regulation
dam. As this constraint has been incorporated into the proposed Watana/
Devil Canyon development, potential impacts associated with daily fluctua-
tions due to peaking operations are avoided.
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Mitigating Measures

In developing the detailed project design a range of mitigating measures
required to minimize the impact on the environment will be incorporated.
This is achieved by involving the environmental studies coordinator as a
member of the engineering design team. This procedure ensures constant
interaction between the engineers and environmentalists and facilitates the
jdentification and design of all necessary mitigation measures.

There are two basic types of mitigation measures that are being developed:
Those which are incorporated in the project design and those which are in-
cluded in the reservoir operating rules. These are briefly discussed
beTow.

(1) Design Features

The two major design features currently incorporated include multi-
level power intake structures to allow some temperature control of
released water and provision of a downstream re-regulation dam to
assist in damping the downstream discharge and water level fluctua-
tions induced by power peaking operations at the dam, During the
1981 studies these two features will be designed in more detail and
other features incorporated as necessary. Of particular importance
will be the design of the spiliways to minimize the impact of nitro-
gen supersaturation in the downstream river reaches. Consideration
will also be given to developing mitigation measures to 1imit the im-
pact on the environment during the project construction period. The
access roads, transmission lines, and construction and permanent camp
facilities will also be designed to incorporate mitigation measures
as required.

(i1) Operating Rules

As outlined in Chapter 7, Timitations on seasonal and daily reservoir
level drawdown, as well as on downstream minimum flow conditions,
nave been imposed. Ouring 1981 more detailed studies will be under-
taken to refine these current constraints and to look at detailed op-
erational requirements to adequately contrcl downstream water level
fluctuations, water temperature, and sediment concentration.
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TABLE 9.1 -~ OUTFLOWS FROM WATANA/DEVIL CANYON DEVELOPMENT
STAGE 1 WATANA 400 MW

Average Outflow (cfs)1 Average

Monthly Average Average Daily Monthly
Month Inflow {cfs) Monthliy Peak Of fpeak Spills (cfs)
JAN 1147 7699 7834 7603 -
Ft8 9N 7409 7538 1316 -
MAR 889 6758 6873 6676 -
APR 1103 6168 6264 6100 -
MAY 104906 5689 5699 5682 -
JUN 23093 5571 55714 5571 -
JuL 20344 8227 8227 8227 1779
AUG 18012 14263 14263 14263 6582
SEP 10614 10299 10299 10298 2744
ocT 4394 6503 6523 6498 -
NOV 1962 7497 7578 7439 -

DEC 1385 8237 8369 8143 -

Note:

(1) Total outflow includes powerhouse Flows, compensaticn Flows and spills.
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i i i 1 i i i
TABLE 9.2 - OUTFLOWS FROM WATANA/DEVIL CANYOMN DEVELOPMENT
STAGE 2 WATANA 800 MW
1
Average OUTFLOW (cfs) Average
Monthly Average Average baily Manthly

Manth Inflow {(cfs) Monthly Peak Of fpeak Spills (efs)
JAN 1147 7599 15663 2011 -

FEB 971 7409 14979 2001 -

MAR 889 6758 13419 2000 -

APR 1103 6168 12003 2000 -

MAY 10406 5689 10703 2108 -

JUN 23093 5571 10524 2033 -

JuL 20344 8227 11337 6006 134

AUG 18012 14263 15224 13576 431

SEP 10614 10299 12358 8827 -

oCcT 4394 6503 12783 2017 -

NOV 1962 7497 15139 2039 -

DEC 1385 8237 16737 2166 -

Note:

(1) Total outflow includes powerhouse flows, compensation flows and spills.




TABLE 9.3 - QUTFLOWS FROM WATANA/DEVIL QANYUN DEVELOPMENT
STAGE 3 DEVIL CANYON 4nn MW

-
Average Average Average
Monthly Monthly Monthly

Month Inflow {cfs) Outflow (cfs) Spills (cfs)

JAN B595 8666 -

FEB 8280 9216 -

MAR 71576 7394 -

APR £988 6833 -

MAY 8235 7806 -

JUN 9294 8796 24

JuL 9524 8947 958

AUG 13534 16239 7129

SEP 11188 13491 4180

ocT 7838 7950 -

NDV 8462 8889 -

DEC 9211 9383 -

Notes:
) Operated as a base load plant. Minimal daily fluctuations.

(1
(2) Total outflow includes powerhouse flows, compensation flows
and spills.
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CONCLUSIONS AND RECOMMENDATIONS

10.1

(b)

(c)

(d)

(e)

(f)

- Conclusions

A standard methodology has been adopted to guide the Susitna Basin develop-
ment selection process described in this report. It incorporates a series
of screening steps and concludes with plan formulation and evaluation pro-
cedures. Both the screening and plan evaluation procedures incorporate
criteria relating to technical feasibility, environmental and socioeconomic
aspects, and economic viability.

The economic analyses are required to assist the State in allocating funds
optimally and are therefore conducted using a real (i.e. inflation adjust-
ed) interest rate of 3 percent and a cerresponding general inflation rate
of zero percent. Fuel costs are assumed to escalate at specified amounts
above the general inflation rate.

Previous studies over the past 30 years have thoroughly investigated the
potential of the basin and the most recent studies conducted by the COE
have concluded that the Watana-Davil Canyon development plan is the prefer-
red option. However, review of these studies has indicated that a certain
amount of revision is appropriate, both to develop a more uniform level of
detail for all the alternative sites considered and to reassess the earlier
planning decisions in the light of current load projections which are
generally Tower than those used in the eariier studies.

The current (1980) Railbelt System annual enercy requirement is estimated
to be 2790 Gwh and the peak demand 515 MW. Near future demands can be sat-
isfied by the existing generating system pius the committed expansion at
Bradley Lake (hydroelectric) and the combined cycle {gas fired) plant at
Anchorage ti11 1993 provided an Anchorage-Fairbanks intertie of adequate
capacity is constructed.

Energy and capacity forecasts for the year 2010 can be summarized as in
Table 10.1.

A range of technically feasible options capable of meeting future energy
and capacity demands have been identified and include the following:

- Thermal Units

. Coal fired steam generation: 100, 250, and 500 MW
. Combined cycle generation: 250 MW

. Gas turbine generation: 75 MW

. Diesel generation: 10 MW

- Hydroelectric Options

. Alternative development plans for the Susitna Basin capable of provid-
ing up to 1200 to 1400 MW capacity and an average energy yield of
approximately 6000 Gwh.

10-1



e

(g)

(3)

(k)

. Ten additional potential hydroelectric developments located outside the
Susitna Basin and ranging from 8 to 480 MW in capacity and 33 to 1925
Gwh annual energy yield.

Indications are that the utilities will be subject to the prohibitions of
the Fuel Use Act and that the use of natural gas in new facilities will be
restricted to peak load application onty.

The Susitna Basin development selection studies indicated that the 1200 MW
Watana-Devil Canyon dam scheme is the optimum basin development plan from
an economic, environmental, and social point of view. It involves a 880
feet high fill dam at Watana with an ultimate installed capacity of 800 MW
and a 675 feet high concrete arch dam at Devil Canyon with a 400 MW power-
house, and develops approximately 91 percent of the total basin potential.

Should only one dam site be developed in the basin, then the High Devil
Canyon dam which develops 53 percent of the basin potential provides the
most economical energy. This project, however, is not compatible with the
Watana-Devil Canyon development plan as the site would be inundated by the
Devil Canyon development.

Comparison of the Railbelt system generation scenario incorporating the
Watana-Devil Canyon Susitna development and the all thermal option reveals
that the scenario "with Susitna" is economically superior and reduces the
total system present worth cost by $2280 million. An overall evaluation of
these two scenarios based on economic, environmental, and social criteria
indicates that the "with Susitna" scenario is the preferred option.

The "with Susitna" scenario remains the most economic for a wide range load
forecast and parameters such as interest rate, fuel costs and fuel escala-
tion rates. For real interest rates above 8 percent or fuel escalation
rates below zern, *he all thermal generating scenario becomes more econom-
ic. However, it is not likely that such high interest rates or low fuel
escalation rates would prevail during the foreseeable future.

Economic comparisons of the generating scenarios "with Susitna" and the
scenario incorporating alternative hydro options indicate that the present
worth cost of the "with Susitna" scenario is $1190 million less.

Preliminary engineering studies indicate that the preferred dam type at
Watana is a rockfill alternative while a double curvature thin arch con-
crete dam is the most appropriate type for the Devil Canyon site.

10.2 - Recommendations

The recommendations outlined in this section pertain to the continuing studies
under Task 6 Design Development. It is assumed that the necessary hydrologic,
seismic, geotechnical, environmental, and tranmission system studies will also
continue to provide the necessary support data for completion of the Feasibility
Report.

Project planning and engineering studies should continue on the selected Susitna
Basin Watana-Devil Canyon development plan. These studies should encompass the
following:
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(a)

‘(C)

Project Planning

Additional optimization studies should be conducted to define in more
detail, the Watana-Devil Canyon development plan. These studies should be
aimed at refining:

- Dam heights

- Installed capacities: as part of this task consideration should also be
given to lacating the tailrace of the Devil Canyon powerhouse closer to
Portage Creek in order to make use of the additional head estimated to
amount to 55 feet.

- Reservoir operating rule curves

~ Project scheduling and staging concepts: a more detailed analysis of the
staging concept should be undertaken. This should include a re-
evaluation of the powerhouse stage sizes and the construction schedules.
In addition, an assessment should be made of the technical, environmental
and economic feasibility of bringing the Devil Canyon dam and powerhouse
online before the Wantana development. This may be an attractive
alternative from a scheduling point of view as it allows Susitna power to
be brought online at an earlier date due to the shorter construction
period associated with the Devil Canyon dam.

The general procedure established during this study for site selection and
plan formulation as outlined in Appendix A should be adhered to in under-
taking the above optimization ctudies.

Project Engineering Studies

The engineering studies outlined in Subtasks 6.07 through 6.31 should con-
tinue as originally planned in order to finalize the project general
arrangements and details, and to firm up technical feasibility of the pro-
posed development.

Generation Planning

As outlined in the original Task 6.37 study effort, the generation scenario
planning studies should be refined once the more definitive project datz is
obtained from the studies outlined in Sections (a) and (b} above and the
Railbelt generation aliernatives study is completed. The objective of
these studies should be to refine the assessment of the ecenomic, environ-
mental, and social feasibility of the proposed Susitna Basin development.
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TABLE 10.1 - ENERGY AND CAPACITY FORECASTS fOR 201N

Project Annual tnergy Demand

Fguivaient Peak
Annual Rate ODemand
Load Growth Gwh of Increase MW
Very low (i.e. incorporating additionat
load management and conservation
measures) 5,201 2.1% 921
Low 6,220 2.7 1,140
Medium 8,940 4.N% 1,635
Aigh 15,930 6.5 2,900
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APPENDIX A - GENERIC PLAN FORMULATION AND
SELECTION METHODOLOGY

On numerous occasions during the feasibility stuiies for the Susitna Hydro-
electric Project, it is necessary to make decisions in which a single or a small
number of courses of action are selected from a larger number of possible alter-
natives.

This appendix presents a generalized framework for this decision making process
that has been developed for the Susitna planning studies. It outlines, in gen-
eral terms, the approach to be used in screening a large multitude of options
and finally establishing the best option or plan. It is comprehensive in that
it takes into account not just economic aspects but also a broad range of envir-
onmental and social factors.

The application of this generalized methodology is particularly relevant to the
following decisions to be made during the Susitna studies:

- Selection of alternative plans involving thermal and/or non-Susitna hydro-
electric developments in the primary assessment of the economic feasibility of
the Susitna Basin development plan (Task 6).

- Selection of the preferred Susitna Basin hydroelectric development plan (i.e.
identification of best combination of dam sites to be developed) (Task 6).

- Selection of the preferred Railbelt generation expansion plan (i.e. comparison
of Railbelt plans with and without Susitna). °

- Optimization of the selected Susitna Basin development plan (i.e. determining
the best dam heights, installed capacities, and staging sequences) (Task 6).

- Selection of the preferred transmission line routes (Task 8).
- Selection of the preferred mode of access and access routes (Task 2).

- Selection of the preferred location and size of construction and operational
camp facilities (Task 2).

It is recognized that the above planning activities embrace a very diverse set

of decision making processes. The generalized methodology outlined here has

beeri carefully developed to be flexible and readily adaptable to a range of ob-

jectives and data availability associated with each decision.

The following sections briefly outline the overall decision making process and
discuss the guidelines to be used for establishing screening and evaluation
criteria.



A.l - Plan Formulation and Selection Methodology

The methodology to be used in the decision process can generally be subdivided
into five basic steps (Figure A.l):

Step 1: Determine basic objectives of planned course of action

Step 2: Identify all feasible candidate courses of action

Step 3: Establish basis to be used and perform screening of candidates

Step 4: Formulate plans incorporating preferred alternatives

Step 5: Re-establish basis to be used, evaluate plans and select preferred
plan

Under Step 2, the candidate courses of action are identified such that they sat-
isfy, either individually or in combinations, the stated objectives (Table Al}.
In Step 3, the basis of screening these candidates is established in items of
redefined, specific objectives, assumptions, data base, criteria and methodol-
ogy. This process follows a sub-series of 7 steps as shown in Table A.2 to pro-
duce a short list, ideallv of no more than 5 or 6 preferred alternatives. Plans
are then formulated in Step 4 to incorporate single alternatives or appropriate
combinations of alternatives. These plans are then evaluated in Step 5, using a
further redefined set of objectives, criteria and methodology, to arrive at a
selected plan. This 6-step procedure is illustrated in Table A.3, Tables A.2
and A.3 also indicate the review process that must accompany the planning pro-
cess. -

It is important that within the plan formulation and selection methodology, the
objectives of each phase of the decision process be redefined as necessary. At
the outset the objectives will be br2ad and somewhat general in nature. As the
process continues, there will be at least two redefinitions of objectives. The
first will take place during Step 3 and the second during Step £. As an exam-
ple, the basic objectives at Step 1 might be the development and application of
an appropriate procedure for selection of a singie preferral course of action.
Step 2 might involve the selection of those candidates which are technically
feasible on the basis of a defined data base and set of assumptions. The objec-
tives at Step 3 might be the establishment and application of a defined set of
criteria for elimination of those candidates which are less acceptable from an
economical and environmental standpoint. This would be accompliched on the
basis of appropriately modified data oase and assumptions. Having developed
under Step 4, a series of plans incorporating the remaining or preferred alter-
natives, the objectives under Step 5 might be the selection of the single alter-
native which best satisfies an appropriately redefined set of criteria for say
economic, environmental and social acceptability.

A.2 - Guidelines for Establishing Screening and Evaijuation Criteria

Definition of criteria for the screening and evaluation procedures will largely
depend on the precise nature of the alternatives under consideration. However
in most cases, comparisons will be based on technical, economic, environmental
and socioeconomic factors which will usually involve some degree of trade-off in
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making a preferred selection. It is usually not possible to adequately quantify
such trade-offs.

Additional criteria may also be separately considered in some cases, such as
safety or conservation of natural resources. Guidelines for consideration of
the more common overall factors are discussed in the following paragraphs.

(a)

Technical Feasibility

Basically all options considered must be technically feasible, complete
within themselves, and ensure public safety. They must be adequatel de-
signed to cope with all possible conditions including flood flows, scesmic
events, and all other types of normal loading conditions.

Economic Criteria

In cases where a specific economic objective can be met by various alterna-
tive plans, the criteria to be used is the least present worth cost. For
example, this would apply to the evaluation of the various Railbelt power
generation scenarios, optimizing Susitna Basin hydroelectric developments,
and selection of the best transmission and access routes. In cases where
screening of a large number of options is to be carried out, unit commodity
costs can be used as a basis of comparison. For instance, energy cost in
say $/kwh would apply to screening a number of hydroelectric development
sites distributed throughout southern Alaska. Similarily, the screening of
alternative access or transmission line route segments would be based on a
$/mile comparison.

As the Susitna Basin development is a State project, economic parameters
are to be used for all analyses. This implies the use of real (inflation
adjusted) interest rates and only the differential escalation rates above
or below the rate of general price inflation. Intra-state transfer pay-
ments such as taxes and subsidies are excluded, and opportunity values (or
shadow prices) are used to establish parameters such as fuel and transpor-
tation costs.

Extensive use should also be made of sensitivity analyses to ensure that
the conclusions based on economics are valid for a range of the values of
parameters used. For example, some of the mare common parameters consid-
ered in comparisons of alternative generation plans, particularly lend
thems2lves to sensitivity analyses. These may include:

Load forecasts

Fuel costs

Fuel cost escalation rates

Interest and discount rates

Economic 1ife of system components

Capital cost of system components
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(d)

Environmental Criteria

Environmental criteria to be considered in comparisons of alternatives are
based an the FERC ( )} requirements for the preparation of the Exhibit E
“Environmental Report” to be submitted as part of the license application
for the project. These criteria include project impacts on:

Physical resources, air, water and land

Biological resources, flora, fauna and their associated habitats

Historical and cultural resources

Land use and aesthetic values

In addition to the above criteria which are used for comparing or ranking
alternatives, the following economic aspects should also be incorporated in
the basic alternatives being studied:

- In developing the alternative concepts or plans, measures should be in-
corporated to minimize or preclude the possibility of undesirable and
irreversible changes to the natural environment.

- Efforts shouid also be made to incorporate measures which enhance the
quality aspects of water, land and air.

Care should be taken when incorporated the above aspects in the alterna-
tives being screened or evaluated to ensure consistency between alterna-
tives, i.e. that all alternatives incorporate the same degree of mitiga-
tion. As an example, these measures could include reservoir operational
constraints to minimize environmental impact, incorporation of air gquality
control measures for thermal generating stations, and adoption of access
road and transmission line design standards and construction techniques
which minimize impact on terrestrial and aquatic habitat.

Socioeconomic Criteria

Similarly, based generally on FERC requirements, the project impact assess-
ment should be considered in terms of socioeconomic criteria which
include:

Impact on local communities and the availability of public facilities and
services

Impact of employment on tax and property values

t

Displacement of people, businesses and farms

- Disruption of desirable community and regional growth
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A.3 - Plan Selection Procedure

As noted above, for each successive screening exercise, the criteria can be re-
fined or modified in order to reduce or increase the number of alternatives
being considered. As a general rule, no attempt will be made to ascribe numeri-
cal values to non-gquantifiable attributes such as environmental and social im-
pacts, in order to arrive at an overall numerical evaluation. It is considered
that such a process tends to mask the judgemental tradeoffs that are made in
arriving at the best plan. The adopted approach involves utilizing combinations
of both quantifiable and qualitative parameters in the screening exercise with-
out making tradeoffs. For example, the screening criteria used might be:
- ".... alternatives will be excluded from further consideration if their unit
costs exceed X and/or if they are judged to have a severe impact on wildlife
habitat ...."

This approach is preferable to criteria which might state:

- ".... alternatives will be excluded if the sum of their unit cost index plus
the environmental impact index exceeds Y ...."

Nevertheless, it is recognized that under certain circumstances, particularly
where a relatively large number of very diverse alternatives must be screened
very quickly, the latter quantitative approach may have to be used.

In the final plan evaluation stages, care will be taken to ensure that all
tradeoffs that have to be made between the different guantitative and qualita-
tive parameters used, are clearly highlighted. This will facilitate a rapid
focus on the key aspects in the decision making process.

An example of such an evaluation result might be:

- ".... Plan A is superior to Plan B. It is $X more economic and this benefit
is judged to outweigh the lower environmental impact associated with Plan B
n

Sufficient detailed information should be presented to allow a reviewer to make
an independent assessment of the judgemental tradeoffs made.

The application of this procedure in the evaluation stage is facilitated by per-
forming the evaluations for paired alternatives only. For example, if the
shortlist plans are A, B, and C then in the evaluation Plan A is first evaluated
against Plan B, then the better of these two is evaluated against C to select
the best overall plan.




TABLE A.1 - STEP 2 - SELECT CANDIDATES

Step 2.1 - Identification of candidates:

- objectives

assumpt ions

dala base

selection criteria
select ion methodolagy

Step 2.2 - List and describe candidates that will be used in Step 3.

TABLE A.2 - STEP 3 - SCREENING PROCESS

Step 3.1 - Establish:

- objectives

assumpt ions

data base

screening criteria
screening methodology

Step 3.2 - Screen candidates, using methodology established im Step 3.1 to
conduct secreening of alternatives.

Step 3.3 - Identify any remaining individual alternatives (or combinations of
alternatives) that satisfy the objectives and meet the criteria
established in Step 3.1 under the assumptions made.

Step 3.4 - Determine whether a sufficient number of alternatives remain to
formulate a limited number of plans. If not, additienal screening
via Steps 3.1 through 3.3 is required.

Step 3.5 - Prepare interim report.

Step 3.6 - Review screening process via {as appropriate):
~ Acres
- APA
- External groups

Step 3.7 - Revise interim report.
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Step

Step

Step

Step

Step

Step

5.1

5.2

5.3

5.4

5.5

5.6

1

TABLE A.3 - STEP 5 - PLAN EVALUATION AND SELECTION

Establigh:

- objectives

~ evaluation criteria

- evalustion methodology

Establish data requirements and d:-velop data base.

Proceed with the plan evaluation and selection process as follows:

- Identify plan modifications to improve alternative plans

-~ Basgsed on the established data base and the selection criteria, use
a paired comparison technique to rank the plans as (1)} the preferr-
ed plan, (2) the second best plan, and (3) other plans;

-~ Identify tradeoffs and assumptions made in ranking the plans.

Prepare draft plan selection report.

Review plan selection process via {as sppropriate):

- Acres

- APA

- External groups

Prepare final plan selection report.
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TABLE A.4 - EXAMPLES GF PLAN FORMULATION AND SELECTIGN METHODOLODGY
1. Define Z, Select 4, Plan
Activity Ob jectives Alternatives 3. Screen Formulation 5. Evaluation
Susitna Basin Select best All alternative Screen out sites Select several Conduct detailed
Development Susitna Basin dam sites in the which are too combinat ions of evaluat ion of
Selection hydropower basin, e.g.: small or are dams which have development plans
development known to have the potentisl
plan Pevil Canyon; severe environ- for delivering
High Devil Canyon; mental impacts the lowest cost
Wat ana energy in the
Susitna 1113 basin, e.g.:
Yee;
Maclaren; . Watana-Devil
Butte Creek; Canyon dams;
Tyone;
Denali; High Devil
Gold Creek; Canyon-Vee dams;
Olson; Watana Dam -
Devil Creek; Tunnel
Tunnel Alternative
%’ Access Route Select best All alternative Screen out links Select swveral Conduct detailed
o Selection access route road, rail, and which are either different access evalusztion of
to the pro- air transport mare costly or plans, e.g.: development plans

posed hydro-
power develop-
ment sites
within the
basin for
purpases of
construction
and operation

component links,
e.g.:

road and rail
links from Gold
Creek to sites
via north and
south routes;

Road links to
sites from Denali
Highway;

Air links to

have higher
environmental
impact than
equivalent
alternatives.
Ensure suffi-
cient links
remain to allow
formulation of
plans

gites and associated

landing facilities

Gold Creek road
access;

Gold Creek road/

rail access;

Denali Highway
road access
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