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6 - SUSITNA BASIN STUDIES

6.1 - Introduction

This section outlines the preliminary Susitna Basin studies that have been
carried out. The objective of these studies is to generate cost and energy
yield information on the more promising Susitna Basin hydroelectric development
options as input to the railbelt generation planning studies described in
Section 7. More detailed engineering studies of the selected “atana/Devii
Canyon development are des<ribed in Sections 8 and 9.

The first part of this section deals with pertinent climatcloagic, hydrologic,
geotechnical and seismic aspects. A discussion of the site selection and
screening process follows. It incorporates the results of the preliminary
engineering layout studies used to develop capital cost estimates associated
with development of the hydro potential at various sites within the basin. The
results of detailed energv simulations for the more promising development
options are also presented. The section concludes with an evaluation of a

proposed tunnel scheme which could be substitutad for the Devil Canyon dam
scheme. :

More detailed backup to the results presented here are contained in Appendices A
through G. -

6.2 - Climatology and Hydrology

(=

This section briefly summarizes the available .information for the Susitda Basine.
For a more detailed outline of the existing data networks and data analyses -
carried out the reader is referred to Appendix E.

602.1 w C.{ imate
(a) General

" The climate of the Susitna Basin is generally characterized by cold,
dry winters and warm, moderately moist summers. The upper basin up-
stream from Talkeetna is dominated by continental climatic conditions
while the Tower basin falls within a zone of transition between
maritime and continental climati~ influences.

Historical records of precipitation, temperature :#°d other climatic
parameters are collected by NGAA at several stations in and around the
basin. However, there are na sta’ions Tocated upstream from '
Talkeetna. Therefore, no long-term records are available at or near
the dam sites. The closest stations where long-term climate data is
available are at Talkeetna to the south and Summit to the north.

" Typical data collected at the various stations is presented in Table
6.1. A summary of all historical data collected in the basin is
presented in Table 6.2. ‘ ' .
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(b)

- (c)

(d)

R&M Consultants have established six automatic climate stations in the
upper basin during 1980 (see Figure 6.1). The data conllected at these
stations includes air temperature, average wind speed, wind direction,
peak wind gust, relative numidity, prec*~itation, and solar radiation.
Snowfall amounts are being measured in a heated precipitation bucket
at the Watana station. Data are recorded at thirty minute intervals
at the Susitna Glacier station and at fifteen minute intervals at all
other stations.

Precipitation

Precipitation in the basin varies from Tow to moderate amounts in the
lower elevations to heavy in the mountains. Mean annual precipitation
of over 80 inches is estimated at higher elevations (E1 +3000 ft) of
the Talkeetrna M 4 tains and the Alaskan Range whereas at Talkeetna
station (E1. 3 .. ft) the average annual precipitation recorded is
abnut 28 inches. The average precipitation reduces in a northerly
direction as the continental climate starts to predominate. At Yummit
station (E1. 2397 ft), the average annual precipitation is only 18
inches. The seasonal distribution of precipitation is similar for all
the stations in and surrounding the basin. At Talkeetna, records show
the 68 percent of the total precipitation occurs during the warmer
months - May through October while only 32 percent is recorded in the
winter months. Average recorded snowfall at Talkeetna is about 106
inches. "Generally, snowfall is restricted tc the months of October
through April with some 82 percent snowfall recorded in the period
November to March. :

The U.S. Soil Conservation Service has established a network of snow
course staticas in the basin and records of snow depths and water '
content are ¢vailable for varying periods extending from 1964,
Stations within the Upper Susitna Basin are generally located at
elevations below 3000 ft and indicate that annual snow accumulations
are around 20 to 40 inches and that peak depths cccur in late March.
There is no historical data for the higher elevations. The basic
network was expanded during 1980 with the addition of three new snow
courses on the Susitna glacier (see Figure 6.1). R&M are cooperating
with SCS in collecting information from the network during the siudy
period. :

Temperature

Typical temperatures oubserved at the Talkeetna and Summit stations are
presented in Table 6.3. It is expected that the temperatures at the
dam sites will be somewhere between the values observed at these
stations.

River ice

The Susitna River usually starts to freeze up by Tate October. River
jce conditions such as thickness and strength vary according to the
river channel shape and siope, and more importantly, with river
discharye. Periodic measurements of ice thicknessness at several
tocations in the river~ have been carried out during the winters of
1961 through 1972. Tae maximum thicknessses obser sed at selscted




locations on the river are given in Table 6.4. Ice breakup in the
river commences by late April or early May and ice jams occasionally

occur ar river constrictions resulting in rises in water level of up |
tao 20 ft. )

Detaiied field data collection programs and studies are underway to
identify problem areas and develop mitigation measures. The field
programs involve undertaking extensive observation of current
freeze-up ana breakup processes. This data will be used to .4librate
computer models which can be used to predict the ice cover regime
under post project conditions. It will then be possible to anticipate
potential problems and to develop solutions to them.

LS
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6.2.2 - Hydrology

(a) Water Resources

The Tength of streamflow records at the gaging stations on the Susitna
River and its tributaries vary from 30 years at Gold Creek to about
five years at the Susitna station. There are no historical records of
streamflow at any of the dam sites. The records at the gaqing
stations were extended using a multisite correlation technique (see
Appendix E for details). Tne procedure used 30 year recorded data at
Gold Creek and shorter records at other stations tu fill in 30 year
flows at each of the stations. The derived flow sets have been used

to estimate streamflows at the dam sites using drainage basin areas as
a basis.

A gaging staticn was established at the Watana dam site in June 1980
and continuous river stage data is being callected. It is proposed to
develop a rating curve at the station with streamf’iow measurements
taken over 1980 and 81 seasons. The flows will be calculated and used

to check the procedure used to extrapolate streamflow data to the
Watana site. |

- The: Susitna River above the confluence wih the Chulitna River
contributes approximately 20 percent of the mean annual flow measured
near Cook Inlet (at Susitna station.) The average annual flow at Gold
Creek is approximately 9300 cfs. Average annual flow and maximum and .

minimum values at other stations within the study area are given in
Table 6.5. , ‘
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Seasonal variation of flows is extreme and ranges from very low values
in winter (October to April) to high summer values (May to September).
For the Susitna River at Gold Creek the average winter and summer
flows are 2100 and 20,250 cfs respectively (i.e. a 1 to 10 ratio). On
avarage, approximately 86 percent of streamflow recorded at Gold (reek
station occurs during the summer months. At higher elevations in the
basin the distribution of flows is concentrated even more in tha
summer months. For the Maclaren River near Paxson (El. 4520 ft) the
average winter and summer flows are 144 and 2100 cfs respeciively
(i.e. a 1 to 15 ratio). The monthly percent of annual discharge anc
mean monthly discharge for the Susitna River at the gaging stations
are given in Table 6.6, '
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(b) Floods

The most common cause of flood peaks in the Susitna River Basin is
snowmelt or a combination of snowmelt and rainfall falling over a
large area. Annual maximum peak discharges generally occur between
May and October with the majority, approximately 60 percent, occurring
in June. Some of the annual maximum flood peaks have also occurred in
August or later and are the result of heavy rains over large areas

augmented by significant snowmelt from higher elevations and glacial
runoff.

Flood frequency analyses have been carried out for the recorded floods
in the Susitna and its tributaries, Copper, Matanuska and fTosina-
Rivers. These analyses were conducted for two different time periods
within the year. One period selected was the open water period, i.e.
after the ice breakup and before freezeup. This period contains the
largest floods which must be accomodated by the project. The second
period represented that portion of time cduring which ice conditions
occur in the river. These floods, although smaller, can be accom-
panied by ice jamming, and must be considered during the construction
phase of the project and used to check the size ofd cofter dams.

Using the results of the frequency analysis, a regional index curve =
has been developed which may b¢ used for estimating floods in ungaged B
rivers and streams and to c¢heck the accuracy of the Gold Creek Station .
curve which is important in determining spillway design floods for L
Susitna River prcjects. "Muitiple regression equations have been

developed using physiographic parameters of the basin such as catch-

ment area, Stream length, mean annual precipitation, etc. to assess

flood peaks at the dam sites and intermediate points of interest in :

the river. Detailed discussion of the analyses are presented in | 2

Appendix E. Some of the results are summarized in Table 6.7. 2

Estimates of the probable maximum floods in the Susitna Basin were

made by COE in their study in 1975. A river basin simulation model .
(SSARR) was used for the purpose. A detailed review of the input data v

to the model has been undertaken and discussicns held with COE ’

engineers to improve understanding of the model parameters used. A

series of computer runs witn the model were undertaken to study the

effects of 1ikely changes in the timing and magnitude of the three

important parameters, i.e. probable maximum precipitation, snow pack

and temperature. The objective of these runs was to examine the

sensitivity of the estimated flood flows to changes in the principal

parameters causing the floods. The results of these studies indicated

that the changes in input data djd not increase the floed peats calcu-
~ lated by the COE by more than { )percent. Consideration is therefore

being given to re-evaluating the PMF for purposes of prOJect design.

The sensitivity analyses are described in more detail in Appendix E.3.

Table 6.7 indicates the COE PMF values which are currently used.




(c)

River Sediment

Periodic suspended sediment samples have been collected by the USGS at
the four gaging stations upstream from Gold Creek (see Figure 6._ )
for varying pericds between 1952 and 1979. Except for three samples
collected at Denali in 1958, no bed load sampling has been undertaken
at any stations. Data coverage during high-flow high sediment -events

is poor and consequently any estimate of total annual sediment yield
has a high degree of uncertainty.

The most comprehensive analysis of sadiments had in the river to date
is that undertaken by the COE in 1975. Table 6.8 gives the COE
estimates of sediment transport at the gaging stations.

6.3 - Geology and Geotechnical Aspects

6.3.1 - Geology

(a)

‘Regiona1 Geology

The Upper Susitna Basin Ties within what is geologically called the
Talkeetna Mountains area. This area is geologically complex and has a

_history of at least three periods of major tectonic deformation. The

oldest rocks (250-300 m.y.b.p.)* exposed in the region are volcanic
flows and limestones which are overlain by sandstones and shales dated

approximately 150-200 m.y.b.p. A tectonic event approximately 135-180

Mey.bep. resulted ir. the intrusion of large diorite and granite
plutons, which caused intense thermal metamorphism. This was follwed
by marine deposition of silts and clays. The argillites and phyllites
at Devil Canyon were formed from the silts and clays during faulting
and folding of the Talke?t a Mountains area in the Late Cretaceous
period (65-100 m.y.b.p.) °). As a result of this faulting and
uplift, the eastern portion of the area was elevated, and the sidest
volcanics and sediments were thrust over the younger metamorphics and
sediments. The major area of defrrmation during this period of
activity was southeast of Devil Canyon and included the Watana area.

"The Talkeetna Thrust Fault, which trends northwest “hrough this

region, was one of the major mechanisms of this overthrusting fr.m
southeast to northwest. The Devil Canyon are . was probably deformed
and subjected to tectonic stress during this period, but no major
deformations are evident at the site (Figure 6.2).

*m.y.b.p.: million years before present

©




(b)

The dibrite pluton that forms the bedrock of the Watana site was
intruded into sediments and volcanics about 65 m.y.b.p. The anzesite
and basalt flows near the site may have been formed immediately after

this plutonic intrusion, or after a period of erosxon and minor
depositisn.

During the Tertiary period (20-40 m.y.b.p.) the area surrounding the
sites was again uplifted as much as 3,000 faet. 3ince then widespread
erosion has removed much of the older sedimentary and volcanic rocks.
During the last several million years at Tmast two alpine glaciations
have carved the Talkeetna Mountains into the ridges, peaks, and _
broad glacial plateaus &s seen today. Pott-glacial uplift has induced
downcutting of streams and rivers, resulting in the 500 to 700 feet
deep V-shaped canyons that are evident toddy, particulariy at the Vee
and Devil Canyon dam sites. This erosion is believed to be presently
active and so virtually all streams and rivers 'n the ragion are
considered to be actively downcutting. This continuing erosion has
removed much of the glacial debris at higher elevations but very
1ittle alluvial deposition has occurred. The resulting landscape
consists of barren bedrock mountains, glacial till covered plains, and
exposed bedrock cliffs in canyons and along streams. The arctic
climate has retarded development of topsecil.

Site Geoloygy o | B

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 Zluton 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 6.3). 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 downsiream
of the site, and the andesite flows over the pluton at the dam site.
There is no indication of basalt flow:. 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-zndesite contact will be further 1nvestwgated in the 1981
program. The surficial material at the dam site is pradominantly
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 up to 80 feet of alluvial deposits derived
from till and talus material. The drilling and seismic lines indicate
that the bedrock weathering averages ten to twenty feet, with a very
distinct gradation from weathered to unweathered rock. The surficial.
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 remed1a1 treatment
]1ke1y to be 1imied to shear zones.




Devil Canyon is a very narrow V-shaped canyon cut through relatively
homocgeneous a~gillite and graywacke. This rock was formed by .
low-grade metamorphism (application of tectonic heat and pressure) of
marine shales, mudstones, and clayey sandstones. The bedding strikes
about 15° northeast of (subparallel to) the river alignment through
‘the canyon and dips at about 65° to the southwest. The rock has been
deformed and moderately sheared by the southeast to northwest acting
regional tectonic forces, causing shearing and jointing parallel to
this force (Figure 6.4). The glaciation of the past few million years
apparently preceded the erosion of the canyon by the river. Glacial
deposits blanket the valley 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 boulder and taius deposits at the base of
- the canyon walls.

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. ‘e major joint set strikes about North 30° West across the
canyon, and may be an indication of shear zones in this direction.
WPRS mapped shear zones at this orientation, with 80-90° dips. Two
minor sets strike roughly North 60-90° 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 clarify this.

6.3.2 - Geotechnical Aspects

The evaluation of the Watana and Devil Canyon dam sites required assessment
of geology, rock mechanics, foundation ¢onditions and foundation treatment
requirements. In addition, the influence of permafrost and site
configuration on construction feasibility were considered and sources of
concrete aggregate, impervious core material and embankment fill were
investigated. The summary of data from these investigations is discussed
by site. A deacr1pu1on of the 1980 field investigations and geologlc maps
to date is presented in Appendix G.

{a) Watana Site

The Watana dam site 1ies predominantly on sound diorite with some

- portions of the downstream shell being on andesite. The upper ten to
forty feet of rock is weathered. Currently, a high rockfill dam with
impervious core is planned at the sita. The seismic considerations
for the site, as discussed in Section 6.4.3 dictate that the
relatively loose alluvium (up to 80 feet in depth) will be removed
from underneath the entire.dam. In addition, up to 40 feet of rock
excavation will be required under the impervious core and the
supporting filters 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,
and may necessitate the inclusion of dra1nge features within the
foundation and the abutments. Permafrost is present on the left




abutment and may also be present under the river channei. The data
indicates that this is a "warm" permafrost and can be economically
" thawed for grouting. _

A deep relict channel exists on the right abutment. The overburden
within this relict channel centains 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 this relict channel will have any major
impact on the feasibility of the site.

The rock conditions in the left abutment, where the underground power- /"
house is proposed, are favorabie Tor an underground structure. The -
powerhouse cavern will require nominal support. The rock conditicn is
expected to be favorable; although, additional 1nvest1gat1ons will be
conducted to determine the exact location and orientation of the
features, so as to minimize the impact of joints and any poss1b1e
unfavorable stress orientation.

Materia1s for construction of either a rockfill dam or related
concrete structures are available within economical distances. Imper-
vious and semi-pervious core and filter materials are available within
three miles (4.8 km) upstream (Figure 6.5), and a geod source of fil-
ter material and concrete aggregate is available at the mouth of
Tsusena Creek just downstream of the dam. Rockfill is available
immediately adjacent to the dam in the left abutment where rock is
removed froam the core 2xcavation and excavation for tunnels, the .
powerhouse, and spillway structures. There is also a possibility of R
using rounded riverbed material for the shell if adequate quantity is .
available. Further investigation will be conducted to better define .
the quantity and characteristics of material in each source area and
the relative economics of each borrow location.

4‘?.‘.@&{. e .
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(b) Devil Canyon Site

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, alteration, and fractured rock
were caused during the major tectonic everts of the past, in addition
to the folding and internal siippage during 1ithification and metamor-
phism. Consequently, zones of deep weathering and alteration 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 recck will be necessary to
provide adequate bearing surfaces for either a rockfill or concrete
dam. Overburdea within the narrow V-section of the valley is minimal.



The left abutment plateau, which is the location of a saddle dam, has
a buried river channel paralleling the river (Figure 6.6). The

ovirburden reaches 90 feet under a small lake in this area, so
construction of the saddle dam will requirs excavation of cons1derab?e
amounts of fill 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 consolidaticn grouting to
control flow at the dam foundation contact, and second by a deep grout
curtain with corresponding drain hole curtain to 1imit downstream flow
through the foundation. Permafrost has not been detected at th= site,
.but if it does exist, it is not expected to be substantial or

widespread. A thawing program can be 1ncorporated with th grout hole
installation if necessary.

Construction materials for a concrete dam are available in the large

- gravel bar immediately upstream of the dam site (Figure 6.7). The
materials in this bar are adequate in quantity for all the neads of a
concrete dam, or can fill all concrete aggregate and filter
requirements for an earthfill dam. The lakebed and till deposits in
Cheechako Creek (approximately 0.25 miles upstream), may be sources of
a substantial portion of impervious material requirements for an
earthfill dam, and are felt to be fully adequate for construction of
an earthfill sadd!e dam in the concrete main dam scheme.

Sufficient 1oca1 rock for rockfill shell materlai is available shouid
a rockfill dam be decided on for Devil Canyon. However, testing will
be performed to ensure that it is suitable for continuous exposure to
water and freeze-thaw cycles. Additional sources of impervious fill

material are needed before the feasibility of a rockfill dam at this
site can be determined.

6.4 - Seismic Aspects-

6.4.1 - Seismic Geology

The Talkeetna Mountains region of south-central Alaska 1ies within the
Talkeetna Terrain. This term is the designation given to the immediate
region of south-central Alaska that includes the upper Susitna River basin

. {as shown on Figure 6.8). Tie region is bounded on the north by the Denali
Fault, and on the west by the Alaska Peninsula features that make up the
Central Alaska Range. South of the Talkeetna Mountains, the Talkeetna
Terrain is separated from the Chugach Mountains by the Castle Mountain
Fault. Susitna Hydroelectric Project dam sites are located in the western
half of the Talkeetna Terrain. The eastern half of the region includes the
relatlvely inactive, ancient zone of sediments under the Copper River Basin
and is bounded on the east by the Totschunda section of the Dena]1 Fault”
and the volcanic Wrangell Mountains. |

The studies and research conducted to date indicate that the Talkeetna
Terrain is a relatively stable section of crust with most of the seismic
activity in the area attributed to the Denali and Castle Mountain Faults,
which have a record of recent displacements, and to the Benioff Zone.




The Talkeetna Terrain is being underthrust by the Pacific Plate, which is
moving in a northwest direction in this area. The Benioff Zone is the
contact Surface between the crustal (North American) plate and the

subducted \Paczr1c) Plate, and 1s the source of the most of the large
seismic events in Alaska.

Within the Talkeetna Terrain, numercus lineaments and suspected featires
were 1nve5u1gated by Woodward-Clyde Consultants as part of their 1980
seismi. siudies. Utilizing available air photos, satellite imagery and
airborne remote sensing data, a catalog of reported and gbservable
discontinuities and linear features (lineaments) was cumpiled. After
elimination of those features that were judged to be caised by glaciation,
bedding, river processes, or man's impact, the 216 remaining features were
-screened and those passing the screen were classified as either being
features that could positively be identified as faults, or features which

could possibly be faults but ‘or which a definitive origin could not be
identified. '

S
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The following criteria were used in the screening process:

(1) A1l lineaments ar faults that have been defined by the geologic and
seismologic communities as having been subjected to recent
displacement should be included in assessing the s¢ismic design
criteria for the project and are not screened out.

(2) If a lineament exists within 6 miles of a structure site, or if a
branch of a more distant lineament is suspected of passing through a
structure site, then a more detailed investigation should be made to
establish whether the feature is a fault, whether or not it can be
considered to have recent displacement, and whether the potential for

displacement in the structure foundation exists. It is therefore not
screened out. :

(3) Investigation of features identified in Item 2 should determine
whether these features have experienced displacement in the last
100,000 years. If they have not then they are screened out.

(4) Lineaments more distant than 6 miles from a structure site, and for
- which deterministic impact on the site may control the design of a
structure, shouid be investigated to determine if the lineament is a
fault and if it has moved within the last 100,000 years.

(5) All features identified as faults which have experienced movement in
the last 100,000 years should be considered to have had recent
d1sp1acement. All faults with recent displacement warrant
consideration when assigning design criteria for ground motions or for
surface displacement at the structure sites.

These guidelines were formulated after‘réview of regulatory requirements of
the WPRS, COE, U.S. Nuclear Regulatory Commission, Federal Energy
Regulatory Commission, and several state regulations.




To support these studies, a 10-station microseismic network was installed
in June of 1980 and operated fer three months. The results were integrated
with the seismic geology and the historical seismicity data.

As a result of the 1980 field investigations and microseismic network, the
resultant group of 48 significant features were identified and analyzed for
potential impact to the project even though these features are faults and
lTineaments for which no recent displacement (which is an index of activity)
was found. They were selected as there is no direct evidence showing lack
of displacement. This approach is conservative and compatible with the
conservative design philosophy used for design of large projects. Of these
48 candidate features, only 13 features were judged to be significant for
the design of the project. These thirteen features include four features
at the Watana site (including the Talkeetna Fault ard the Susitna feature)
and nine features at the Devil Canyon site. It is worth noting that no
evidence of the Susitna feature was observed during the 1980 studies.

These thirteen features will be further investigated during 1981 %o
establish their impact on the project design.

€.4.2 - Seismology

The regionai earthquake activity is closely related to the plate tectonics
of Alaska. 7The Pacific Plate is underthrusting the North American Plate in
this region. The major earthquakes of Alaska, including the Good Friday
earthguake of 1964, have primarily occurred along the boundary between
these plates.

The historical seismicity W1th1n the site region is associated with the

following sources: the crustal earthquakes within the North American Plate
and the shallow and deep earthquakes generated within the Benioff Zone.

The historical earthquake records for south-central Alaska and the site
region, in particular, were reviewed. The data reveals that the major
source of earthquakes in that region is the shallow portion of the Benioff
Zone. Several large earthquakes during the twentieth century have been
related to this source. The next major source of earthquakes in the site
region is in the deep portion of the Benioff Zone, with depths ranging
between 24 to 36 miles (40 to 60 km) below the surface. Several moderate
‘Size earthquakes have been reported to have been generated at these depths.
The crustal seisinicity within the Talkeetna Terrain is very low based on
historical records. Most of the earthquakes are reported to be related to
the Denal1-Totschunda Fault or Castle Mountain Fault.

As mentioned previously, a short-term microseismic monitoring network was
installed and operated for three months. The objective of this study was
to collect microearthquake data in order to cvaluate the locations and
focal depths of microearthquakes, study the types of faulting and stress
orientation within the crust, study the association of m1cr0earthquakes
with surface faults and 11neaments and to understand wave propagation
¢iaracteristics. A total of 265 earthquakes with sensitivity approaching
magnitude zero were recorded. Qut of these events, 17Q were recorded at
shallow depths, the largest being magn1tuae 2.8 (Richter Scale). Iinety-
eight events were related to the Benioff Zone, the largest being magnitude
3.68. None of the m1croearthquakes recorded at shallow depths were found
to be related to any fault or .ineament within the Tal&getna Terrain,




including the Talkeetna Fault. The depth of the Benioff Zone was
distinctly defined by this data as being 36 miles (60 km) under the Devil
Canyon site and 39 miles (65 km) under the Watana site.

The subject of Reservoir Induced Seismicity (RIS) was studied on a
preliminary basis using a worldwide RIS study and site specific
information. The phenomenon of RIS has been noticed in numerous large
reservoirs with accepted correlation “cuween seismic tremors under or
immediately adjacent to the reservoir and periods ¢f high filling rate. In
recent years, this subject has drawr considerable attention within the
engineering and seismic community. It is thought that RIS may be caused by
the increased weight of the water in the reservoir or by the increased pore
pressure migrating through joints in the rock and "lubricating” and acting
hydraulically upon highly stressed rock. Studies indicate that for a
reservoir system to trigger a significant earthquake, a pre-existing fault
with recent displacement must be under or very near to the reservoir. The
presence of a fault with recent displacement has not been confirmed at
either site. The analysis of previously reported cases indicated a high
probability of RIS for the Susitna system on the basis of its depth and
volume, if faults with recent disp]acement exist nearby. Most RIS is felt
to be 2n early release of stored energy in a fault, so in sirving as a
mechinism for energy release, the resultant earthquakes are likely to be
smailer than if full energy buildup occurred. In no case studi?d has an

- RIS event exceeded the maximum credible earthquake or any fault

Theretore, RIS of itself does not control the design earthquake

determina 1§n and is considered only for purposes of estimating recurrence
intervals(4

6.4.3 - Preliminary Evaluation of Design Ground Motion

On the basis of the geologic and seismic studies, three main sources of
earthquakes have been identified. These sources include the Denali Fault
(39 miles) north of the sites, Castle Mcuntain Fault less than 60 miles
(100 km) south of the site and the Benioff Zone 30 to 36 miles. The
thirteen other faults and lineaments considered significant for the project
design were not included in assigning earthquakes, as no evidence was found
to indicate that these faults and lineaments experienced displacement
during recent geologic times. However, fTurther field studies will ke
conductad on these features due to their proximity to the sites and
resultant potential dround rupture considerations.

The Denali Fault has been assigned a preliminary conservative maximum
credible zarthquake value of magnitude 8.5. This earthquake, when
attenuated to the sites, is postulated to generate a mean peak acceleration
of 0.21g at the Hatana and Devil Canyon sites. The Castle Mountain Fault
has heen assinned a preliminary conservative value of magnitude 7.4, which
will cgenerate a mean peak acceleration of 0.05g to 0.06g range at the
sites. The Benioff Zone has been assigned an upper bound conservative
value of magnitude 8.5, which will generate a mean peak acceleration of
0.41g at the Watana site and 0.37g at the Devil Canyon site. The duration
of strong motion earthquakes for both the Denali and Benioff Zone is
estimated *» be 45 seconds. It is evident that out of these three
potential sources, the Benioff Zone will govern the design. However,
further studies will be undertdken to finalize these maximum credible




earthquake magnitudes and to evaluate faults and features within the
Talkeetna Terrain. Due to their distant locations, none of these faults
have any potential for ground rupture at the site.

Large dams have been designed to accommodate ground motions from relatively
large earthquakes located close to the dam. In California, dams are
routinely designed to withstand ground motions from magnitude 7.5 to 8.5
earthquakes at distances of 12 miles. Dams have also been designed to
accommodate up to 20 feet of horizontal displacement and three feet of
vertical displacement 2), A1l of these conditions are more severe than
those anticipated at the Susitna sitess Oroville Dam in central California
was designed to high seismic loadings and has been progressive]y analyzed
as new data and methods become available. Curreéent evaiuations indicate
that the dam, which is comparable size to Watana, can withstand seismic
loadings comparable to those postulated for Watana.

6.5 - Susitna Basin Planning Studies

The objective of the planning exercise is to systematically evaluate all alter-
native plans for developing power from the Susitna Basin upstream from Goid
Creek aad to select the most promising plans for more detailed study. The
process adopted involved several steps which included indentifying potentiai dam
sites within the basin and then proceeding through several screening exercises
to eliminate most of the less economic and environmentally less acceptable
sites. Finally a more detailed evaluation of the costs and energy benefits of
the shortlisted plans was carried out. Throughout this planning process,
engineering layout studies were conducted to refine the cost estimates for

- developing power at specific sites. As it became available this cost data was

fed into the =creening process to ensure that earlier decisions based on
previous data were still valid.

Th2 basic planning steps are listed below and are aTso illustrated on Figure
6.9:

Site selection
Preliminary screening

(a)

(b)

(c) Final screening

(d) Refinement of Susitna Basin development options.

Step 1 involved selecting previously identified sites and desk studies aimed at
identifying any additional sites. The preliminary screening (Step 2) exercise
involved eliminating from further consideration the obviously less attractive
'sites based on economics and potential environmental impact. This exercise was
initially based on published cost and energy data for the sites. As the
in-house studies progressed, more up-to-date costs and energy values were
incorporated. Final screening (Step 3) involved the application of a computer
program to systematically investigate all possible combinations and permutations
- of dam site, dam height, and installed capacity and the determination of the
economic optimum development for specified total power and energy production.
The plans, thus identified, were then further refined utilizing a computer
model to simulate monthly energy and power production and detailed reservoir
operating rule curves. These refined plans were then utilized as input to the
~generation planning and development selection studies described in Sectian 7.

]




The planning process is described in more detail in the sections that follow.

6.6 - Site Selection and Preliminary Screening

6.6.1 - Site Selection

In the previous Susitna Basin studies discussed in Section 4, twelve dam
sites were identified in the upper portion of the basin; i.e., upstream
from Gold Creek (see Figure 6.10). These sites are ]isted below:

(1) Gold Creck

(2) Olson (alternative name: Susitna II)
(3) Devil Canyon

(4) High Devil Canyon (alternative name: Susitna I)
(5) Devil Creek

(6) Watana

{7) Susitna III

{8) Vee

(9) Maclaren

{10) Denali

(11) Butte Creek

112) Tyone

Figure 6.11 shows a longitudinal section th . agh the basin and the
~reservoir levels associated with theze sites. Table 6.9 shows which sites
are mutually exclusive and which can be grouped to develop the full
potential of the basin. Study of these sites indicated that they covered
the total basin and there was no evidence of any additiona%siteso
potentially economic: ”
Al1 relevant data concerning dam type and capital cost, height, power and
energy output was assembled and is summarized in Table 6.10. In obtaining
the information for these tables, the latest source was used in each case.
At the Gold Creek, Devil Creek, Maclaren, Butte Creek and Tyone sites, no
engineering or eneray studies were undertaken by Acres and only data from
previous studies was used. Costs were updated to 1980 Tevels. The results
of the engineering and cost studies performed by Acres at other sites were
used to review these costs. For all the other sites Acres developed sizw
conceptual enyineering layouts and the capizal cost estimates have been
revised using calculated quantities and unit rates. For the sake of

completeness, Table 6.11 compares the costs developed by Acres with those

developed in previous studies. DEYIL Canyony

The results in Table 6.10 clearly show thatﬂ.égh Devil Canyon and Watan are
the most economic large energy producers in the basin. Sites such as Vee
and Susitna III are medium energy producers although s1ightly more costly
than these dam sites. Other sites such as Devid—-Canyons. Ol1son and Gold
Creek are competitive provided they have additional upstream streamflow

regulation. Sites such as Denaii and Maclaren are expensive compared to
other sites.

Preliminary environmental impacts associated with the various dam sites .
were derived from a review of available information and from the results of
field reconnaisance trips. The type of information assembled is general in
nature, but does serve to rank the impacts at the various sites.
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To facilitace synthesis and presentation of the environmental information,
the river is divided into six study reaches starting with reach A at the
downstream end and finishing with reach F located upstream of Denali
(Figure 6.11). Within each of these reaches, the environmental .spects are
assumed constant for the Tlevel of study »* this stage. The major
environmental features for each of these r..ches are summarized as

follows.

Reach A - Talkeetna to Devil Canyon

‘Under existing conditions, salmon migrate as far as Devil Canyon,
utilizing Portage Creek and Indian River for spawning. The
development of any dam downstream of Portage Creek wWould result in-a
Toss of salmon habitat. The necessary FERC license and permits for
such development would probably be difficult to acquire.

Reach B - Devil Canyon to Watana

The concerns associated with development in this secti- y of the river
relate mainly to the inundation of Devil Canyon, whicl is considered 2
unique scenic and white water reach of the river, and has dam safety
aspects associated with the occurrence of major geological faults. In

addition, the Nelchina caribou herd has a general migration crossing
in the area. :

Reach C - Watana to Vee

There are concerns which relate to the loss of some mogse habitat in

the Watana Creek area and the inundation of sections of Deadman and
Lokina Creeks.

Other aspects include the effect on caribou crossing in the Jay Creek
area, and the potential for extensive reservoir shoreline erosiom and
dam safety aspects because of the possibility of geological faults.

Reach D - Vee to Maclaren

The inundation of moose winter range, waterfowl breeding areas, the
scenic Vee Canyon-and the downstream portions of the Oshetna and Tyone
Rivers are all potential environmental impacts associated with this
reach of the river. In addition, caribou crossing occurs in the area
of the Oshetna River. The area surrounding 7is section of the river
is relatively inaccessible and development would open large areas to
hunters.

Reach E - Maclaren to Denali

Environmentally, this area appears to be more sensitive than Reaches B
and C. Inundation could affect grizzly bear denning areas, moose
habitat, waterfowl breeding areas and most alpine tundra vegetation.
Improved access would open wilderness areas to hunters.
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Reach F - Upstream of Denali

This area is similar to Reach E with the exception of grizzly bear
denning areas. Human access to this area would not impact to the same
extent as in Section D and F. However, due to the proximity to the
Denali highway, the inflow of people could be greater.

This informatioﬁ Qés used in Table 6.12 for environmental site ranking,
Environmental impacts are divided into three basic categories, i.e.
hiological (impact on fish and wildlife), social (local and regional

impacts) and institutional aspects which include Ticerses and perm1tt1ng
requirements.

6.6.2 - Preliminary Screening

To reduce the number of sites for further detailed study, several were
screened out. The screening criteria used included energy cost and
potential environmental impact. One site . :5 automatically screened when

~alternative sites are located clcse to each other. This exercise resulted
in elimination of the following sites:

Devil Creek - This site is close to the High Devil Canyor site and for
planning purposes can be assumed to be an alternative for the latter.

Butte Creek - This site is close to and alternate to the Denali site.

Gold Creek - Severe problems would be encountered in obtaining an FERC
license because of tbe potential “environmental impact, particutariy one
anadromous fisheries.

Olson - As for Gold Creek.

Tycne - Re]ative?y low energy and nower potential and anticipated
severe environmental impact.

6.7 - Engineering Layout and Cost Studies

In order to develop a more uniform and reliable data base for studying the seven
sites remaining after the preliminary screening exercise, it was necessary *o
develop engineering layouts for these sites and re-evaluate the costs. In

addition, it was also necessary to study staged developments at several of the
largest dams.

The basic objective of these layout studies was to establish a uniform and
consistant cost of development at each site. These layouts are conceptual in
nature and do not represent definitive and optimum project arrangements at th«
sites. Also, because of the lack of geotechnical information at several of the

sites, these layouts do not imply that all devele¢ ients are necessarily
technically feasible.



6.7.1 ~ Design Assumptions

In order to maximize standardization of the layouts a set of basic design
assumptions were developed. These assumptions were used as guidelines to

determine the size of the various project components and are described
below.

(a)

(b)

(c)

Geotechnical Considerations

- Main and Saddle Dams

The geotechnical considerations are summarized in Table 6.13.

- Temporary Cofferdams

It is assumed that all cofferdams are of a fill-type. Since much of
the original riverbed material under the main dam shell may have to

be excavated, all cofferdams are located outside the upstream and
downstream 1imits of the main dam. :

Hydrologic and Hydraulic Considerations

Table 6.14 1ists certain key hydrologic parameters. It should be
noted that at this conceptual stage spillways were sized for the peak
inflow and no benefit of flood peak attenu :ion due to reservoir
storage was taken into account. The spillways were sized for the
10,000 year flood and the energy dissipation in the stilling basins
limited to a maximum of 45,000 horsepower per foot width. This

maximum 1imit is based on international experience with other large
dams. ’

Table 6.15 summarizes the normal operating freeboard requirements. 1In a
addition to these freeboard requirements checks were undertaken to -’
ensure that the dam was not overtopped during a PMF event and that the

spillway design flood could be passed even after a major seismic event

had induced a further 1-1/2 percent settlement on a fill dam.

Lngineering Layout Considerations

Table 6.16 Tists guidelines for determinirg what components are
incorporated in the engineering iayouts. The dam crest and full
supply levels associated with each site are listed in Table 6.17. It
should pe noted that two different heights are considered at the Devil
Canyon, High Devil Canyon, and Watana sites. In the case of the
Watana site, a staged development is considered and the lower dam
freeboard has, therefore, been increased by 40 feet for cost
estimating purposes. It is assumed that this top layer would have to
be "stripped before construction of Stage 2 commences.




(d} Mechanical

- Number of Units

In general, a decrease in the number of urits will result in a
reduction in power plant cost. For these preliminary studies it was

assumed that a minimum of two and a maximum of four units would be
installed.

»

Turbines

Vertical Francis type with steel spiral cases are used. It is
assumed that the turbines will be directly connected to vertical
synchronous generators.

Spillway Gates

The spillway gates are fixed wheel vertical 1ift gates operated by
double drum wire rope hoists located in enclosed tower ard bridge
structures. Maximum gate size for preliminary design are:

- width: 50 ft
- height: 60 ft

A three-foot freeboard is provided for gates over maximum operating
water level. The gates will be heated for winter operation.

Miscellaneous Mechanical Equipment

Cost estimates provide for a full range of power station eguipment
including cranes, gates, valves, etc.

(e) Electrical Considerations

- -Powerhouse

Separate transformer galleries are provided for main and station
transformers. Provision is made in the cost estimates for a .1
range of miscellaneous operating and control equipment includiag
where necessary ailowance for remote station operation.

Switchyard and Transmission Lines

Switchyards are located on the surface and as close to the
powerhouse as possible. The size of the yards is approx1mate1y 900

by 500 feet. Cost estimates should allow for transmission iines and
substations (see Table 6.16).

6.7.2 - S1te Layouts

A brief descr1pt10ﬁ of the site layouts is given below. ODrawings 1 to
at the end of this report iilustrate the layout details.




(a)

(b)

Devil Canyon

(Note: At this stage the dam costs incorporated in the graeration .
planning is a rockfill dam. The concrete dam costs will be substitu-

ted as soon as they become available and will be incorporated in the
final report).

In order to provide a common basis for cost comparisons between the
various sites a common rockfill dam type has been assumed for all
development exgcept Olson. The dam at Devil Canyon comprises approxi-
mately {88 x 10° in yards of rock, gravel, and impervious materials,
has a maximum height of approximately 650 feet above foundation
level.

Spillway facilities consist of a gated overflow structure, intermedi-
ate and downstream stilling basins and concrete line chutes and are
Tocated in the right abutment. The power intake structure is also
founded deep within this abutmant and consists of multi-level intakes
serving individual penstocks leading to the underground powerhouse.
The powerhouse accommodates 4-100 MW turbine/generator units. The
switchyard is situated at the surface fill cofferdam.

Diversion is effected by an upstream rock and earth cofferdams and
twin concrete lined tunnels on the right side of the river.

As an alternative to the full power development, a staged alternative
has been investigated with the dam completed to its full height, but
with an initiai installed capacity o 200-300 MW. The complete
powerhouse would be excavated together with penstocks and tailrace
tunnel for 2-150 MW units. The compliete intake would be constructed
except for gates and rocks required for the second stage. The second
stage installation would include installation of the remaining gates,
construction of the corresponding penstocks and tailrace tunnel for .
the new 2-150 MW units and completion of civil, electrical and
mechanical installation within the powerhouse area together with
enlargement of tha surface switchyard.

Watana

The development is comphised of a 900 f height rockfill dam with an
overall volume of approximately 70 x 10° cu. yd. and a crest
elevation of 2,225 ft.

The spillway facilities are similar to those at Devil Canyon and are
located in the right abutment. The power facilities are located
within the left abutment and are similar in concept to Devil Canyon
with 4 units giving a total installed capacity of 800MW. The
switchyard is on the surface. The diversion consists of an

earth/rockfill cofferdam and twin lined tunnels within the right
abutment. (



As an alternative staged version, a raduced height, broad crasted fill
dam has been investigated for a 200 ft. lower surface elevation in the
reservoir. The first stage powerhouse would be completely excavated
and would house three oversized 135 MW units. A low level control
structure and twin line tunnels leading into a downstream stilling
basin would form the first stage spiilway.

For the second stage the dam would be completed in its full height
with addtional rockfill being placed on the downstream face and crest.
It is assumed that before construction commences on the second stage
the top 40 ft. of the f1r§§ §tagsrqre§t is rqggzi? to prevent any
danger of o0 7™ " deXecwXp— o . \wpatiiou S
toca. wcow 3\‘\ S‘x-v!;\st b= - ;5_«3;&:&_?,

Two additional 200G MW units would be installed and corresponding
penstock and tailrace tunnels constructed. The rurners on the first
stage units would be replaced and the turbines upgraded to provide 200
MW each giving a total of 800 MW with the new unit. Rotors on the
existing generators could be altered to cater for the new operating
speads by making predetermined connections within their windings.

High Devil Canyon

The development is located between Devil Canyon and Watana 8nd is
comprised of an 850 ft high rockfill dam containing 48 x 10° cu.

yds. of rockfill with a crest elevotion of 1775 ft. The left abutment
spiliway and the right abutment powerhouse facilities are similar in
concept to Devil Canyon and Watana. The installed capacity is 800 MW,
The Teft hand diversion is formed by an upstream earth/rockfill
cofferdam and twin lined tunneis.

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

Susitna TII

Tha development is comprised of a rockfill dam approximately 650 ft.
high with a volume of approximately 55 x 10° cu. yds. and a crest
alevation of 2360 ft. |

The spillway consists of two-staged spilling pasin as for Devil Canyon
end Watana, located on the right abutment.

A surface powerhouse of 350 MW capacity is located on the left bank
and diversion is through twin tunnels in the right abutment.

Vee
A 650 ft high rockfill dam has been considered with foundations on

bedrock. The spillway in the form of a chute and f1ip bucket is
situated within the ridge forming the right abutment.
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The‘power facilities consisting of a 400 MW underground power station
are located beyond the left abutment with the intake founded within a

Tow saddle which is filled by a rockfill secondary dam at its Tow
poiat. ‘

oW

(f) Maclaren

The development consists of a 1f'J ft high earthfill dam founded on
pervious riverbed materials. Uras’ elevation is 2405 ft. The
reservoir is purely for regulating purposes and no generating capacity
is included. Flood diversion is via a side chute spillway and
stilling basin on ‘the right abutment.

| (g) Denali

Denali is similar in concept to Maclaren with a 200 ft high earthfill B
dam of crest elevation 2555 ft. A combined diversion and spillway
facilily is formed by twin concrete conduits fourded in open cut

excdvation in the right bank and discharging into a common stilling
basin.

Capital Costs
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Quantitics were determined for items comprising the major works and

structures at the sites. Where detail or data was not sufficient for

certain work, estimates have been made based on previous experierce. In

order to determine total capital costs for verious structures unit costs .
have hbeen developad for the items. These have been determined after a }
review of rates used in previous studies, a review of rates used on similar )
works in Alaska, and elsewhere with an adjustment factor where applicable

based on geography, climate, manpower, accessability, etc. Technical

publications have also been reviewed for basic rates and escalacion
factors.

An overall mobilization cost of 5 percent has been assumed and camp and
catering costs have been based on a preliminary review of construction
manpower and schedules. An annual construction period of 6 months has been
assumed for placement of fil1l materials and 8 months for all other
eperations. Night work has been assumed throughout.

{ 20 percent allowance fer non-predictable contingencies has been added as
a lump sum together with 12 percent for engineering and administration.
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6.8 - Final Screening

A computer screeiiing model was developed to undertake the next, more detailed
screening process. Basically, the model selects a least cost basin development
scheme for a given total basin power and energy demand; i.e. it selects the

sites, approximate dam heights and installed capacities.

3




6.8.1 - Screening Model Description

‘The model incorporates a standard Linear Programming (LP) algorithm for

determining the optimum or least cost solution. It is provided with basic
hydrologic data, dam volume-cost curves at all the sites, an indication of
which sites are mutually exclusive and a total power demand required from
the basin. The model then incorporates a time pericd by time pericd eneragy
simulation process for individual and groups of sites and 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 A. A summary of this information is presented below.

6.8.2 - Input Data

Input data to the model takes the fo]]owing form:
(a) Streamflow

in order to ~educe the complexity of the model, a year is divided into
two periods, summer and winter, and flows are specified for each. For
the smaller dam sites such as Denali, Maclaren, Vee and Devil Canyon
which have little or no overyear storage capability, only two typical
years of hydrology are input. These correspond to a dry year (90
percent probability of exceedence) and an average year (50 percent
probability of exceedence). For the other larger sites, the fult
thirty years of historical data are specified.

(b) Site Characteristics

For each site, storage capacity versus cost curves are provided.

These curves were developed from the engineering layouts presented in
Section 6.7. Utilizing these layouts as a basis the quantities for
Tower level dam heights were determined and used to estimate the costs
associated with these: lower levels. Figures 6. to 6.__ depict the
curves used in the model runs. These curves incorporate the cost of
the generating equipment. Interactive computer model runs were
required to ensure that the installed capacities calculated by the
model are reflected on the r¢servoir storage capacity versus cost
curves fed into the model.

{c) Basin Characteristics

The model is supplied with information on the mutually exclusive sites
as outlined in Tabie 6.10.

(d) Power and Energy Demand

The model must be 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.



6.8.3 - Model Runs and Results

A review of the energy forecasts discussed in Section 5 reveals that
between the time a Susitna project could come on Tine 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, medwm> 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 MK - 1750 Gwh

- Run 2: 800 MW - 3500 Gwh
- Run 3: 1200 MW - 5250 Gwh
- Run 4: 1400 MW -

6100 Gwh

The results of these runs are shown in Table 6.18. Because of the
simplifying assumptions that are made in the screening model, both the best
and second best solutions from an economic point of view are presented. It

will be noted that in terms of economics these two qoiut1ons are extremely
close.

The most important conclusions that can be drawn from the results shown in
Table 6.183 are as follows:

(a) For energy requirements of up to 3500 Gwh the High Devil Canyon and
Watana sites are the most economic; -

(b) Up to energy requirements of 5300 Gwh the combinations of either

Watana and Devil Canyon or High Devil Canyon and Vee are the most
economic;

(c) The total energy praduction capability of the Watana/Devil Canyon
developments is considerably larger than that of the High Devil
Canycn/Vee alternative.

The reasons whv this screening process rejected the other sites is as
follows.

Susitna III was rejected aue to its high capital cost. The marginal cost
of the energy production is very high in comparison with Vee, even ailowing
for the 150 feet of the system head that is lost between the neadwaters of
High Devil Canyon and the tailwater of Vee. Maclaren has a very small
impact on the system's energy and is very expensive.

A scheme involving Denali and Devil Canyon or Denali and Vee giving 400-500
MW are not competitive with Watana or High Devil Canyon for the same
installed capacity. Both Watana and High Devil Canyon have encugh
regulating capacity even at smail heads.



6.9 - Susitna Basin Development

6.9.1 - Potential Susitna Schemes

The results of the final screening process indicate that the Watana - Devil
Canyon and the High Devil Canyon - Vee plans warrant further, more detailed
study. Associated with each of these plans are several options for staging
the development. These include staging construction of the dams and/or the
power generation facilities. For this more detailed analysis of these two
basic plans, a range ¢f different approaches to staging the developments
are consider=4. In order i.o 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 larger two dams, i.e. Watana
and High Devil Canyon, is considered. Powerhouse stages are considered in
400 MW blocks.” The basic staging concepts adopted for these two large dams

involve staging both dam and powerhouse construction or alternatively just
staging powerhouse construction.

A te*al of nine basic plans were developed. These are summarized in Table
6.1v and are briefly described below. Plans 1 to 3 deal with the Watana -
Devil Canyon sites and Plans 4 to 6 with the High Devil Canyon - Vee sites.
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The first stage involves constructing Watana dam to its full height
(2,225 foot crest elevation) and installing 800 MW. Stage 2 imvolves
constructing Devil Canyon Dam (1,470 feet) and installing 600 MY.

Plan 2

For this plan, construction of the Watana Dam is staged from a crest

elevation of 2,060 feet to 2,225 feet. The powerhouse is also staged
from 400 MW to 800 MW. As for Plan 1, the final stage involves Devil
anyon with an installed capacity of 600 MW.

Plan 3

This plan is similar to Plan 2 except that only the powerhodse and not
the dam at Watana is stage-- :

Plan 4

This plan involves constructing the High Devil Canyon Dam first with a
crest elevation of 1,775 feet and an installed capacity of 800 Mu.

The secona stage involves constructing the Vee reservoir to a crest
e;evation of 2,330 feet and installing 40U MW of capacity.

Plan 5

For this plan, the construction of High Devil Canyon dam is staged
from a crest elevation of 1,63u to 1,775 Feet. The installed capacity
1s also staged from 400 to 800 MW. As for Plan 4, Vee follows with
400 MW of installed capacity.
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Plan 6

This plan is similar to Plan 5 except that only the powerhouse and not
the dam at High Devil Canyon is staged. .

In addition to thase six plans, several additional plans were studied for
othier specific reasons. These include:

(g) Plan

This plan was studied to invescigate the feasibility of constructing
the Devil Canyon dam first ancd then the Watana dam. Due to the
shorter construction period associated with Devil Canyon dam, this
plan can be brought on line approximately 2-3 years before plans
involving Watana as a first stage.

The plan involves constructing the Devil Cany¢ dam toc a crest
elevation of 1,470 feet and installing 250 MW generating capacity.
The second stage involves constructing Watana to a crest level of
2,225 feet with an installed capacity of 800 MW. The final stage
involves adding 350 MW capacity to the Devil Canyon dam.

Plan 8

As discussed in more detail in the following Section 6.10, the Devil
Canyon dam in Plans 1 to 3 could be replaced by lower re-regulation
dam located between the Devil Canyon and Watana site and a tunnel
leading from this dam to the currently proposed Nevil Canyon dam site.

The plan involves constructing Watana to a crest elevation of 2,225
feet and installing 800 MW of capacity. The next stage is the
construction of the downstream re-reguiation dam to a crest elevation
of 1,500 feet and a 15 mile long tunnel. A total of 300 MW would be

installed at the end of the tunnel and 4 further 30 MW at the
re-regulation dam.

(i) _Plan.9

This plan was developed in order to assess the econcmics of developing
the two most economic dam sites, Watana and High Devil Canyon jointly.
Stage 1 involves constructing Watana to a crest elevation of 2,225
feet with an installed capacity of 800 MW. Stage 2 involves '
constructing High Devil Canyon to a crest elevation of 1,470 feet. 1In
order to develop the full head between Watana and Portage Creek, a
smaller dam is added downstream of High Devil Canyon. It would be
Tocated just upstream from Portage Creek so as not to interfer with
the anadromous fisheries and would have crest elevation of 1,030 feet
and an installed capacity of 150 MW.

Table 6.19 also lists pertinent details such as capital costs, construction
periods and energy yields associated with these plans. The cost informa-
tion was obtained from the engineering layout studies described in Section
. 6+7. The energy yield information was developed using a multi-reservoir
computer model. This model simulates, on a monthly basis, the enerqy
production from a given system of reservoirs for the 30-year period for




‘which streamflow data is available. It incorporates daily peaking

operations if these are required to generate the necessary peak capacity.
A1l 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
cperations 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
ave: age natural low fiows at the dam sites and are Tisted in Table 6. .
The model is driven by an energy demand which Tollows the seasonal
distribution shown in Table 6.20. This distribution corresponds to the
seasonal distributien o7 the totail system load as discussed in Section 5.

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
piant factor. This usually required a series of iterative runs to ensure
that the number of reservoir failures in the 30-year period were limited

to one year. The firm power was assumed equal to that delivered during the
second lowest annual energy yield in the simulation period and corresponds
approximately to the 95 percent level of assurance.

A more detailed descr1pt1on of the model, the model runs and the average

monthly energy yields associated with the development plans is given in
Appendix B.

The above plans were subjected to economic analysis using the system
generation planning model (OGPV) discussed in Section 7. These studies
revealed that the staged Watana dam concept (Plan 2) was not as economic as
constructing the dam tec its full height. The additional capital cost
associated with staging the dam is higher than the savings in carrying

charges achieved by delaying construction of the second stage within the

schedule required to meet load growth.

As a result of these preliminary economic analyses, it became evident that

Pians 3 and 6 offered the best economic means of generating power from the
Susitna basin.

In the process of evaluating the schemes, it becomes apparent that there
would be environmental problems associated with allowing daily peaking
operations from the most downstram 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 schemes
were incorporated in the basic Plans 3 and 6. Detax]s of these new plans,
referred to as 3A and 6A, are listed in Tabie 6.21.

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




(@) Plun 3A

- This plan follows the same basic stages as Plan 3. A low temporary
re-regulation dam is constructed downstram from Watana during Stage 1.
This dam would regqulate the outflows from Watana and allow daily
peaking operations. In the final stages only 400 MW of capacity is
added to the dam at Devil Canyon. Reservoir operating rules are
changed so that Devil Canyon dam acts as the rz-iregulation dam for
Watana. The cost of the re-regulation dam has been estimaved at $100
million and is incorporated in the total plan cost.

(b) Plan 6A

This plan is eseent1a11y the same as Plan 6 except that a permanent
re-regulation dam is located downstream from the High Devil Canyon
site. As this re-regulation dam is permanent, it has been developed
as a power dam. To obtain the maximum head, it is located as far
downstream as poss1b1e, i.e. at the Portage Creek site. The crest
elevation of this dam is 1,030 feet and it would have a fotal
installed capacity of 150 MN.

6.9.2 - Sensitivity Analysis

A range of sensitivity runs using the multi-reservoir computer model were
undertaken to study the effects of the seasonal drawdown constraints on the
energy yield from the selected development plans (3A and 6A). The results
of these simulation rurs are given in Table 6.22 and indicate that drawdown
constraints of 50 to 150 feet severely effect firm and average energy
production. Relaxing the constraints to 200 foot or more does not yield a
significant increase in energy production.

6.10 - Tunnel Alternative to a Dam at Devil Canyon

A Tlong power tunnel could conceivably be used tou replace the Devil Canyon dam in
the Watana/Devil Canyon Susitna development scheme. It could develop similar
head for power generation at costs comparab]e to the second large dam.
Obviously, because of the low winter flows in the river, & tunnel alternstiva
could be conceived only as a second stage to the Watana development.

Conceptual]y, the tunnel alternatives would comprise the following major

components in some combination in addition to a 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 Tength;

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

A re-requlation dam if the intake works are located downstram from Watana;
Arrangements for compensation of the flow in the bypassed river reach.

o
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Four basic -alternative schemes were developed and studied. All schemes assume
an initial Watana development with full supply Tevel (FSL) at 2200 feet and
associated powerhouse with an installed capacity of about 800 MW. Figure 6.

is a schematic illustration of these schemes. Schemes 1 and 3 involve develop-
ment of the head available at the Devil Canyon dam site. Scheme 1 considers
peaking operaticn through the tunnels, while Scheme 3 considers base load
operation. Schemes 2 and 4 involve develcomant of the full head represented by
both the Watana and the Devil Canyon dams. These schemes involve locating the
major portion of the generating equipment in the tunnel. As before, Scheme 2

considers peaking operation through the tunnels while Scheme 4 considers base
load operation of the tunnel flow.

Scheme 1 comprises a small re-regulation dam about 75 feet high with power
tunnels Teading to a second powerhouse 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-ragulation dam provides for constant head on the tunnel and deals with surges
in operation at Watana. The twn powerhouses would operate as peaking stations
resulting in flow and level fluctuation downstream from Devil Canyon.

- Scheme 2 alsn provides for peaking operat1on of the two powerhouses except that

the tunnel intake works are located in the Watana reservoir. Initially, the
powerhouse at Watana would have 800 MW installed capacity which would then be
reduced to some 70 MW after the tunnels 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 provide for base load operation at Devil Canyon powerhouse and

peaking at Watana. In Scheme 3 the tunnel develops only the Devil Canyon dam
head and comprises a 245 foot high re-regulation dam with a capacity to regulate
diurnal fluctuations due to peaking operation at Watana. The site for the
re-requlation dam was chosen to provide sufficient re-requlation storage and
what appears to be a suitable dam site. In Scheme 4, the tunnel intakes are
located in the Watana reservoir. The Watana powerhouse remains at the stage-one
installed capacity of 800 MW and is used to supply peaking demand. Table 6.23
lists all the pertinent technical information, and Table 6.24 the energy yields
and costs associated with these schemes.

In general, development costj are based on the same unit costs as those used in
other Susitna developments Tunnel costs are estimated on the assumption
that excavation will be done by conventional drill and blast operations and that
the entire length may not have to be lined. Tentative assumptions as to the
extent of lining and suppeort are as follows: ~

(a) 34 percent unlined

(b) 33 percent shotcrete lined

(c) 25 percent concrete lined

(d) 8 percent lined with steel sets

Based on the‘foregoing7economic information, Scheme 3 produces the lowest cost
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A review of the relative environmental impacts associated with the four tunnel
schemes was undertaken. It revealed that Scheme 3 would have the least impact

primarily because it offers the best opportunities for regulating daily flows
downstream from the project.

Based on the above review of energy, costs and environmental impact, Scheme 3
was selected as the most appropriate alternative. Consequently, only detailed
engineering layout and cost studies were undertaken for Scheme 3 (see Drawings

_and _ :}. Energy calculations were undertaken using the same multi-reservoir
‘computer prcgram discussed in Section 6.9.1. A detailed comparison of tunnel
Scheme 3 with the Devil Canvon dam scheme is presented in Table 6.25.

‘A comparison of the costs of the dam scheme versus the tunnel scheme shows that
the tunnel scheme is the more costly. However, the tunnel cost estimates are
not as reliable as those associated with the dam schemes due to the lack of

available geologic information on the tunnel and the inherent lower accuracy
associated with estimating tunnel costs.

A comparison of the potential environmental impacts associated with the tunnel
and the dam scheme revealed that the tunnel scheme should have the lesser
effect. This is determined by the much smaller size of the second dam involved
(245 feet versus over 600 feet), producing less flooding of river length and
terrestrial habitat, as well as a lower aesthetic impact (see Appendix I}.

The tunnel scheme may, in fact, improve anadromous fisheries between the
re-regulation dam site and Portage Creek due to the regulation of flows. One
negative environment aspect of the tunnel scheme is that of the disposal of
tunnel muck. An increase in costs of up to 1 percent may be required to dispuse

of the excavation material in an environmentally acceptable manner.

A comparison of the costs of the dam scheme versus the tunnel scheme shows that
the tunnel scheme is the more costly. However, the tunnel cost estimates are
not as reliable as those associated with the dam schemes due to the lack of

available geologic information on the tunnel and the inherent lower accuracy
associated with estimating tunnel costs.

A comparison of the potential environmental impacts associated with the tunnel
and the dam scheme revealed that the tunnel scheme shouid have the lesser
effect. This is determined by the much smaller size of the second dam involved
(245 feet versus over 600 feet), producing less flooding of river length and
terrestrial habitat, as well as & lower aesthetic impact.

The tunnel scheme may, in fact, improve anadromous fisheries between the
re-regulation dam site and Portage Creek due to the regulation of flows. One
negative environment aspect of the tunnel scheme is that of the disposal of
tunnel muck. An increase in costs of up to 1 percent may be required to dispose
of the excavation material in an environmentally acceptabie manner.

The preliminary assessment of the tunnel scheme indicates that it should not be
ruled out as an ulternative for hydroelectric development at this stage. It is,
therefore, recommended that additional geologic and geotechnical work be done on
the tunnel alternative over the next few years to firm the cost estimates and

‘technical feasibility.
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TABLE 6.1 TYPICAL NOAA CLIMATE DATA RECORD

(Source:

Ref.

)

Meteorological Data For The Current Year

NE SOE MR N OGN NS NE AU B3 N OGN M BN B0 e
: iq t

Station:  SUNMIYT, ALASKA SUMMIT AIKPORT Standard tima used: ALASKAN Latitude:  43° 20° N Longitude: 149° 08 ° W Elevstion {round) ¢ 2397 Yeet
§ 284348
¢ » . Relative
Yempeesture °F Frecipitation In inches humidity, pet Wind ,g Number of days
Degree days ! S
Bose 65.°F - . ) 2
Avatapes Extreres Water equivalent Snow, Ice pallsts . | Resultant Fastast mils 518 Suneicz to sumet £ .
: HHEHE Ll {H =
Moath P : il# = | S £z sElEE ESEm
IRIE : P I AR R ) HEHE S EE P i
r5|2E % § ¥ gl E0s! 2 |E5 1z |3 |8 s {Local 1 }ra gﬁ §‘ ¥ 5 5 §§ 3158 3 185l da e é hﬁ
IEIERE: 3jay £ e [e&) &8 | 2 (s8] & Local timak 5lag|de|e| 8 £dl g 23| 0 t&a1a2]  |£«|B X
Jak | s.0) -3.8] 2.8)] 34] 30 1<28] 3] 1931 6] 217 1.13{18-19) 49,7 21051 K8e19] &7 7oP ul n 281 23|23 .0 13] 4} ] 12! 1} of 2} o] 2 %
fEe | a.2]e10ua] 3.1 33] 5 {-28f 21 { 18780 of 1.11] 0.%50] & | 1e.8] 8.7 -S-s &S} 65] 68 a1 o7] 23 3.9 17 4 2] 1| &l o] ef o 27 %
RAR | 18,2} 2.2{ 10.2] 30) & |~14] 18] 1898] o] 1.85] 0.43) 3-8 | 41.1] 8.7 3 18| o1 35| o7f 17 8.0f 4 & 23] 11 8! ol & of 3N 331
APK | 38,3] 16.3] 2%5.4) 331) 30 -3] 137 Y16 Of 0.1a] 0.G8{ 28 ( .8 3. 36 Y 20] 03jfla &2 L o] 18] 2} 2§ of o} o & 38
WAY | 43,00 29.4) 38.08) sa) 2] arl 7 3187 Of  2.98) 1.%0| 8 K7 2.6 LR ) 49 17| 24] s T.3) 8 6 20f 7] &} of o} o} ©
Jud, | so.e) Ao e} So.8f 74} 27 | 34| &) w20f o] 0.3} 0.30] 30 0.0 0.0 49 e ) 2817 6.9 s s} 6] 4} of o] of 3] o !
UL G21] 43,81 52,90 T8} 23 33 [ 380 [+ ] 1.08{ 0.23 23 0.0f] 0.0 lll 29 23§ 17 8.8 3 z 21 14 0 0 1 4 0 {
A6 | d2.A] ax,.8) 52.3) 18} 2] 31 29} 3e3] o] o.96f o0.20f 7 8.0] 0,0 a0 0] 2] 1 , 13 6 3} o Y
SEp | &9.a] 31,7] a0.8) 39 14| 28] 300 Tiaf o] 1.839f o0.48] 9} 0.4 0.3 20 18 231 23] e 7.t 3 o 18| 13¢ of of 2| o] of 17} ai
ger 2wl o8] 12 ‘ ,f;
1t
YEAR ’3:
§ i
Normals, Means, And Extremes - mwouen 19750 .
— .
Torperatures °F Pracipltation In Inches Aetative Wind : Masn number of da ;
Normat reciplistion. k humidity pet. 2 £ number of days Rverage
7 Degree i E E I3 Temwb stures "B { previure
Norenisl Extrames Bam 85°F Water equivalent Snow, [c2 pellats M . Faztent mila 4 17 o [ Sunrie 10-minmet f§ ,,E Z W Y Min jrirey
: HE 2 § 2 B .
‘ $ c HEIRE g §3 .55:3 ;.-g b} ; Elev.
£ el » : _ > € > > | g s six BelE &5 ;
gl o1 ,.E £ ’eg 36l » £l 2] % Es .| E% ¥ ,éf' 3 Es| | Eé y [caloeiasizo §§'§3§ “§ y |3 gg 3 >§ ] n.§§3 ;és gi‘gg?g ‘§§ paos
= b3 - o - fedt
§ EE a § 3& 3 xE = i 3| & gg $ '"é > §; > ié > §s » | lLocsitime) SS g‘s el 2 {E{E: E g zq = sg,‘é‘l‘aibn mal,
(» 35 35 b1 38 33 34 1 si 7] 74 & s sf 1 1 ol owp o3 20] sl Al ] 3af 3¢f 3ef 38 2
S e Jeted | 1.8 ] a4 1945 Raafi971 | 1988 o} 0.91] 338 1948} 0,09 1oas] o.00l194a | c4sniioas]ts.3l1973l0a]cnlocionlin, i {Ne | 48] 03[1968 S.zl 13f i 13l 9] e} o] el of 30 31F 23% 92t
F L1338 «ch | 6.8 {43 o2 145 1947 | 1835 o 1.2/ 4.3y host] v [leso} 2.79 (1951 | 44.5[1951{20.0{1084 (761751751761 11,9 (ME | 48] 0711974 1.0} 6] S} z7) 10§ s o} 1} ol 26] 28f 13} §18.5
H119.4 1 3.0 11,2 )49 8961 }38 1o71 { 18068 0 1.08]4.53 1986 ] 0,07 Jles) | 3,67 1546 1 595111988 10,1 1948178 TF6[ 72731101 NE | 48} 10]1971 6e2f 91 6] i8] 10] 8§ ol 3P of 27| I\ 14} 917.2
Al32.9 L 1a.1 23,51 57 hose k3o losa | 1243 0] D.6T | 4.45 fp6d | 0,08 [Io44 ] 097 {1963 | 20.T]1970} 9, 7{1963{00[ 757631751 1,6(NE | 33| 0811971 To2) 5P 75 181 7] A4F 0 1Y 0y 131 30] 3 %20
R AS T vy { 7.4 [ 76 [1ee0 Ria f10as | 438 o 0.77) z.85 ives J 0.04 ltags ) 0,98 igas | 17.4[1858) T 5]194s83| 75 scler| 17N | 28] 07]1969 T81 30 9p 19} 2 e 3] el 3 221 #f w235
J138,0139.9 ) e9.0 |89 noet | 23it9a7| 480 0] 2,19 4,43 n0A% | 0041 [loaz | 2,02 1967 [ 9.4119741 8.T7]1974|84 7:[57 el Wl Sw | 29 22{1970 8.2} 27 6] 22) 12} -y 2} 1] 3] el 2l of 24,7
31602 J <348 ] 5250 ] 81 [i961 |32 fiv70 ] 403 of 3.09]3.38 1939 | 1.17 hess | 1.9 lteas | 9,711970] e, 7{1970(0niTa(82{72] 7.0isw | 30 23]1974 so2l 21 ) 22| aef ) 2l 1) i o] el o} wiv.
AlSe.0]at.1 40,8 |01 five8 {20 1985 508§ O 3.3016.33495510,70 [losl | 2,10 1944 | 9.0]19551 6,011955)0u 10110621761 T,4{Su | 311 22]1973] (&3] 2] 6] 23] 14 of e 1} 1} Of 2f qy 930.3
S 1avet 132,86 139.9 173 9sr ] & fiose| 735 o 2.01]6.43 19s5| 0.29 [iveo | 2,07 1oas | 21,31 1950014,0{1985]05.31[59175( 7.5 [Ne | 32] 22[1972 7.4) sp s} 20] V&) 2] e} 1] e} 1] 1a) 0] w2a,1
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NI1%.7§ 347§ 9.7 Fa8 1962 F20 J1943 | 1859 O} 1a23 | 4,08 1952 | 0,08 [Ledd | 1,30 {1964 | T5.111967121,9{1970{79/79{78179111.3[NE | 39} 23]1870 Tl 74 4l 19] &) sl ol 1} o} 27} 3o0] 3] el
D] ®.2ledes | 2.9042 foey bas [tys1 11923 0 3.20] 4463 1951 12,26 Hoas | 1,00 J1987 | 50.7}1970127,4|19701756] 78|76 TT|12.T|NE | 44} 111970 .50 o 31 7] v} sl ¢l 1] of 30} 31| 19f wia.7
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NOTE: Due to less than full time operation e & variable achedule, mnu-n)l recorded elemeénte ave

{a) Length of record, years, through the
current year unless otherwise noted,

bised on Janwary data.
(b) 70* and adove st Rlaskan statfens.
* Less than ong half.

T Trece.

Gceurrence.

HORMALS - Based on record for the 1941-1970 pertod.
OATE OF AN EXTREME - The wost recent in cases of multiple

PREVAILIRG WIND. DIRECTION - Record through Y963, ,
WIND DIRECTION: - Numerals fndicate tens of degrees clocksise

) from true north,
FASTEST MILE WIND

00 indicates calm,
« Spesd {5 fastest obSarved 1-mlnute value
wher the direction {3 in tens of degrees.

from broken sequences in incomplete recorda.
totals for portions of the record may be for other than a calendar day.

for some elements {s for other than consecutive years,

¢ For calendar da
For the period
for full year.
t For .the period

for full year,

P R e Dt i

{ggﬁor ta

1968,
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1942-1953 and January 1968 to date when avaLlable
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TABLE 6.2 - Summary of Climatological Data

MEAN MONTHLY PRECIPITATION IN INCHES

STATION | JAN FEB MAR APR MAY JUNE JULY | AUG SEPT 0CT NOV DEC_ | ANNUAL
Anchorage 0.84] 0.56] 0.56| 0.56| 0.54] 1.07 2.07 2,321 2.37 1.43] 1.02] 1.07 ]
Big Delta 0.36 0.27] 0.33] 0.31] 0.94] 2.20 2,491 1.92] 1.23 0.561 0.41] 0.42 ] 11.44
Fairbanks 0.60] 0.53] 0.481 0.33] 0.65}| 1.42] 1.90 2.191 1.08 U.731 0.66] 0.65 ‘§1.22
Gulkana 0.581 6.47] 0.34] 0.22] 0.63| 1.34 1.84 1.5 1.72 0.881 0.75] 0.761 81.11
Matanuska Agr. ; ‘ R

Exp. Station] 0.79] 0.63{ 0.52}) 0.62} 0.75} 1.61 2.40 2.62 1 2.31 1,39 0.93] 0.93] 15.49
McKinley Park 0.68f 0.613 0.60} 0.38] 0.82] 2.51 3.25 2.48 ] 1.43 0.421 G.901 0.96} 15,54
Summit WSO 0.891 1.191 0.86| G.72| 0.60| 2.18 2.97 3.09| 2.56 1.57) 1.291 1.11 fﬁg 03
Talkeetna 1.631 1.791 1.54] 1.12] 1.46] 2.1! 3.48 4,891 4,52 | 2.64] 1.79 1.71,Jw3 64

MEAN MONTHLY TEMPERATURES _
: ; ,

Anchorage 1.8 17.81 23.7 1 35.3| 46.2| 54.6 57.9 55.9 | 48.1 34.8) 21.1] 13.0}
Big Delta - 4.9 4.31 12.31 29.4] 46.3] b57.1 59.4 54.81 43.6 D2 6.9 - 4.2127.%
Fairbanks -11.91-2.51 9.5} 28.9}1 47.3] 59.0] 60.7] 55.4]| 44.4 25.2 2.81 -10.4 1 25.7
Gulkana - 7.3 3.9 14.5] 30.2| 43.8] 54.2 56.9 53.21 43.6 26.8 6.1} - 5.1126.8
Matanuska Agr. ~ | 7

Evp. Station 9,9 17.8] 23.6] 36.2 ] 46.8| 54.8 57.8 56.31 47.6 33.8| 20.3] 12.5134.7
McKinley Park | - 2.7 4,81 11.5] 26.41 40.8] b5l1l.5 54.2 50.2 | 40.8 23.0 8.9 ] - 0.10,?5,8v
Summit WSO - 0.6 5.5 9,71 23.51 37.51 48.7 hZ.1 48.71 39.6 23.0 9.8 3.012%.0
Talkeetna 9.4 15.3| 20.0f 32.6| 44.7t 55,0 5/.9 54,6 | 46.1 32.11 1/.5 9.0‘f3§.8

Source: Reference




TASLE 6.3 - Recorded Air Temperaturss at Talkeetna and Summit in °F

Talkeetna o . Summit

Daily Daily Monthly Daily Daily Monthly
Month Max. Min.  Average Max. Min. Average
Jan 19.1 - 0.4 9.4 | 5.7 - 6.8 -0.6
Feb . 25.8 4.7 15.3 12.5 - 1.4 5.5
Mar 2.8 7.1 20.0 | 18.0 1.3 9.7
Apr 44.0 ~ 21.2  32.6 32.5 14.4 23.5
May - 56.1 33.2 44.7 45.6 29.3 37.5
“June 65.7 44.3 55.0 52.4 39.8 48.7
Jul 67.5 48.2  57.9 60.2 43.4 52.1
Aug 64.1 45.0 54.6 56.0 41.2 48.7
Sept 55.6 36.6 46.1 | 46.9 32.2 39.6
Oct 40.6 23.6 32.1 | 29.4 16.5 23.0
Nov 26.1 8.8  17.5 15.6 4.0 9.8
Dec 180 - 0.1 9.0 9.2 - 3.3 3.0

Annual Average 32.8 ' 25.0
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TABLE 6.4 - Maximum Recorded Ice Thickness on the Susitna River

L.ocation

Max imum Ice Thickness
in Feet

Susitna Rivér at Gold Creek
Susitna River at Cantwell
Talkeetna River at Talkeetna
Chulitna River at,TaTkeetna

Maclaren River at Paxson
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TABLE 6.5 - Streamflow Summary

Max imum Instan-

Minimum Instan—

"~ Drainage Average Annuail taneous Stream- taneous Stream-

_Gage Area-mile? Streamflow - cfs flow - cfs Date flow - cfs Date
Maclaren River near Paxson 280 976 9,260 8-11-71 40 3-1-65
SuSitna River near Denali 950 2,695 38, 200 8-10-71 34 3-15-59
Susitna River near Cantwell 4,140 6,295 55,000 8-10-71 400 3-16-64
Susitna River near Go]d Creek 6,160 9,288 90,700 6-7-64 600 2-18-50
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TABLE 6.6 - Monthly Percent of Annual Discharge and Mean
Montiily Discharge at Susitna River Stations

— —_ STATION. |
Susitna River | Susitna River | Susitna River | Maclaren River
MONTH at Gold Creek | Near Cantwell | Near Denali Near Paxson

”

% Mean(cfs) % Mean{cfs)| % Mean(cfs) 4 Mean(cfs)
JANUARY 11,438 1 84 | 1 25 1 90

FEBRUARY 1 1,213 722 1 204 1 78
MARCH- 1 1,085 | | 1 187 1 71
APRIL 1 1,338 | 1 | 1 233 1 82
MAY | 12 13,800 6 2,063 7

z - '

JUNE 24 28,150 23 7,431 25

L, ®

JULY 21 23,990 | 29 9,48 | 27
AUGUST 19 21,950 | 2t 24 7,813 22
SEPTEMBER | 12 13,770 10 . 3,343 |- 10
OCTOBER =~ | 5 5,580 ' 1,138 | 3
NOVEMBER 2 2,435 > 502 1

]

DECEMBER 2 1,748 1 318 1
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TABLE 6.7 - Flood Peaks at Selected Locations on the Susitna River

— , T Flood Peak cofs PR
Drainage Mean | Summer - Spring
- Location Area-mile? _ Amnual _1:100 yr 1:10,000 yr  (Aug) (June)

Gold Creek Gage 6,160 53,006 118,000 185,000 ~ 232,000 236,000

Devil Canyon 5,810 50,000 103,000 175,000  223,000% 226,000%
Dam Site .

Watana Dam Site 5,180 44,600 91,000 155,000 213,000 233,000
Cantwell Gage 4,140 . 33,700 68,000 118,000 94,000 156,000
Denali Dam Site 950 17,800 43,600 63,000 60,800 61,700

* Incorporating attenuation by the Watana Dam.
#* COE estimates for Watana and Gold Creek; others were interpolated based on drainage
basin area. | , .

TABLE 6.8 - Suspended Sediment Transport
| (Sources: Ref._ )
Sediment Initial
| A Transport - Unit Weight
Station o | | (Tons/year) (Lb/ftB)

Susitna at Gold Creek 8,734,000 65.3
Susitna near Cantwell 5,129,000 70.6°
Susitna near Denali | 5,243,000 70.4
Maclaren near Paxson S 614,000 68. 6

-
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TABLE 6.10 - Potential Hydroelectric Development

et

4

. ‘.-

T S

Ty e

s I

am

Site

~Propesed

Type

He1ght
Ft.

Upslream

Regulation

Capital
- Lost
73 x 10

6-,

Capacity

Installed

Average

fnnual
Energy

Gwh

Economic®
Cost of
caergy

Jource
of

Data

Gold Creek

{ Olson -
| (Susitna II)

',Eevi]'Canyon

I {Susitna 1)
| Dévil Creek
Watana

| Susitna 1II
| Vee
Maclaren

{ Denali

Butte Creek

Tyone

High Devil Canyon

Fill

Concrete

Concrete

Fill
Fill
RN
Fill
Fill
Fill
Fill
Fill

Fill

190

160

- 660

430
830
860
665
650
50
200

Approx
100

35

Yes

Yes

No
No

No
No
No
No
No
No
No
No

R

900

600

809
1,000

1,530
1,530

1,860
1,500
1,060
500
500

()
. 260

200

250
€00

800
800

800
350
400
10
70

v

1,140

915

$/1000 kWh

41.9

USBR 1953

USBR 1953 |
KAISER 1974
COE 1975 |
Thiis St udy

L]
u

1]
1]
1"
1

USBR 1953

USRR 1953 '»'

*Includes AFDC, Insurance and Amortization, and Operation & Maintenance Costs.




TABLE 6.11 - Cost Cowmparisons

Acres 1980

Capital Cost Estimates (1980 §)_

Others

Site

Type

Tnstalled

~Capital Cost

$ x 10°

Installed
Capacity - MW

Capital Cost
$ x 10°

Source and
Date of Bata

Go]d‘Creek

Olson
(Susitna 1I)

Devil Canyon

'High Devil Canyon
| (Susitna I)

»Devi! Creek
Jatana
Susitna III
"Vée
Maclaren

Denali

Fill

Concrete

Concrete

Fiil

Fill
Fill
Fill
Fill
Fill
Fill

Capacity - My

. 260

200

900

609

USBR 1953

USBR 1953

 KAISER 1974

COE 1975

1 COE 1978

COE 197%

COE 1978

COE 1975

*Dependable Capacity
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TABLE 6.12 - Environmental Ranking of Sites

- ‘h_ ] _.Bjolygica] Social .

iver Section Fisn Wildlife LoEET“fﬁég, 'nstitutional Qverall
Gold Creek M Mo M L X : M—H
0lson (Susitna II) M M M L X M-t
Devil Canyon L L M-H M-H M M
Devil Canyon L M M-H  M-H M M

(Susitna I) |
Devi; Creek L M M-H M | Mo M
Watana L - M-H M-H LM M | M
Susitna III LM M-H M-H  M-H M-H M-H
Vee | L-M M-H M-H M M-H M-H
Maclaren L-M M-H M L-M M-H M
Denali L M-H MM M-H M
Butte Creek L M-H L-M  L-M M M
Tyone L M-H L-M H M-H - M-H

Degree of 1impact: Potential for Low Impact
Potential for Moderate Impact
Potential for High Impact

Potentially Unacceptable

=T =rr
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GENERAL CONDITIONS

Dam Type
U/S Slope
B/S Stope

General Foundation Conditions

T

Required Foundation Excavation
(in addition to overburden)

Required Foundation Treatment & Grovting .

Seismic Considerations
(MCE = Maximum Credible Earthquake)

Powerhouse lLocation

Permafrost

Construction Material Availability

—

L
e, el '3

GEOTECHNICAL DESIGN CONSIDERATIGNS

DENALT
Earth-Rockfill
4:1 (H/V)
a:1

A1l structures would have soil
foundations. Depth to bedrock
is believed to be 200'+. Inter-
Stratit:ed ti11 and alluvium
foundation material, local

liquefaction potential. 40'+

alluvium in vailey.

Total Excavation Depth

- Core Shell
Abutment 30 10"
Channel ‘ 70! 50°

Assume core-grout in five rows of
boles to 70% of head up to a maxi-
rmum of 300'. Probable drain curtain
or drain blanket under downstream
shell. Foundation surface - no
special treatment.

High exposure, no known site faults.

MCE = Richter 8.5 @ 40 miles.

Jnderground powerhouse unsuitable.

> 100* deep in abutments, probable
lenses under river. ‘

No borrow areas jdentified. Assume
suitable materials are available

within a five-mile radius. Proces-
sing of impervious material will be

required.

Remarks

NOTE:

2) Data compiled prior to Jdanuary 1, 1981.

Based on Kachadoorian, 1959,

- Assume soil foundations.

- No report on site.

MACLAREN

Earth-Rockfill

4:1 ‘

4:1 .

Depth
to bedrock estimated at 200'.

Compressible, permeable and
Tiquefiable zones probably exist.

Unknown. Assume same as for Denali.

Assume same as fTor Denali.

~ High exposure, no known site Faults.

MCE = 8.5 @ 40 miles.

. Uncerground powerhouse unsuitable

Probably > 100°'.

Assume same as for Denali.

on regional geology.

1) Actual estimates on.Vatana & Devil Canyon have been_takém from overburden‘cohtour maps.

Estimates made after this date have used updated excavatibn criteria.

is 10-40' thick.

Parameters based

VEE

£l

Earth-Rockfil1

-2.25:? | "
2:1

River alluvium 125", drift or talus on abutments

Saddle dam Tocated on deep
rermafrost alluvium.

Core -
Shell -

Romove average of 50' of rock

Assume: ‘
' Remove top 10' of rock

Assume grouting same as for Watana. No special
treatment under shell. Assume extensive sand
drains ip saddle dam permafrost area.

High exposure, no known site faults.
MCE = 8.5 @ 40 miles.

Unknown,_ Assume suitable for underground with
substantial rock support. .

> 60' in saddle area, sporadic in abutments.

Assume available 0.5 to 5 mile radius.
Impervious will require processing.

Based on USBR studies.



GENERAL CONDITIONS

1.

N w N
M

Dam Type

" U/S Slope -

D/S Slope

General Foundation Conditions

Required Foundation Excavation
(in addition to overburden)

Reguired Foundation Treatment & Grouting

Seismic Considerations
(MCE = Maximum Credible Earthquake)

Powerhouse lLocation

Permafrost
Construction Material Availahility

Remarks

5-12 |
Z (cont'd)

TABL

TS
- :

GEOTECHNICAL DESIGN CONSIDERATIONS

SUSITNA 111

Earth—RockfiI]

2.25:1

2:1

Unknown but rock probably over 50"

in depth. Possible permeable
compressible and liquefiable strata.

Assume same as for Watana.

Assume grout and drain system full
width of dam, dependent on founda-
gg?gsquality. Drain gallery & drain

High exposure. MCE = 8.5 @ 40 miles.
Also near zone of intense shearing.

Unknown. Assume suitable for under-
ground with substantial rock support.

Probably sporadic and deep.

Assume available within five miles.
Processing similar to that at
Watana. ’ :

No reports available. Parameters |
based on regional geology of the area.

WATALA

Earth-Rockfill or concrete arch
2.25:1 (for earth)
2:1

Abutments - assume 15" overburden(0B)
Valley bottom - 48-78° alluvium .
Assume 70°. Right bank upstream -
appreximately 475' deep relict
channel on right bank, upstream o<
dam site.

Core:  Remove tob 40' of rock
Shell: Remove top 10' of rock

Extensive grouting to depth = 70%
of head but not to exceed 300°.
Drain gallery & drain holes.

MCE = Richter 8.5 @ 40 miles or
7.0 @ 10 miles.

Undérground favorable, extensive
support may Ebe required.

- > 100 feet on left abutment. More

prevalent and deeper on north facing
slopes.

Available within 0-5 miles.
Processing required.

- Based on Corps studies and 1980

Acres exploration.

,EarthnRockfi]]

Assume same as for Watana.

HIGH DEVIL CANYCN

2.25:1 | |

2.1

Assume 30-60' overburden and alluvium.

Core:  Remove top 40" of rock

Shell: Remove top 15' of rock

Same as for Watana.
Probably favorable for underground but assume
support needed.

Sporadic, possibly 100" +.

il

No borrow areas defined. Assume available
within 5 miles. | | |

No geotechnical deta available. Parameters

based on regional geology.

<
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1. Dam Type

2. U/S Slope

2
3. D/S Slope
3

. General Foundation Conditions

5. Required Foundation Excavation
(in addition to overburden)

7. Seismic Considerations

8. Powerhouse Location

@, Permafrost

Remarks

Construction Material Availability

6. Required Foundation Treatment & Gfoﬁting

(MCF = Maxinum Credible Earthquake)

TABLE 7

612

(Eont’d)

GEOTECHNICAL!DESIGN CONSIDERATIONS

DEVIL CANYON

Concrete arch or gravity

Assume 35' alluvium in river bottom.
ments, 35-50' of weathered rock,

Remove 50' of rock. FExtensive
dental work and shear zone over-
excavation will be required. .
Saddle dam: Excavate 15' into rock

Extensive grouting to 70% of head,
limited to 300'. Allow for long
anchors into rock for thrust blocks.
Extensive dental treatment. deef
cutoff under saddle dam, 15' into
rock. |

Same as for Watana.
Favorable for undery.ound powérhouse,
assume moderate support.

None expected, but possibly sporadic.

Concrete aggregate within 0.5 miles, .

embankment material - assume within
3 miles,

Based on USBR, Corps and 1980
Acres exploration.

“treatment under core.
- under saddle dam, 15' into rock.

DEVIL CANYON

Rockfill
2.25:1

z2:1

Shears and fault zones in both abut-
Saddle dam overburden up to 90°
Assume excavation for spillway totals.9Q®

deep.
to sound rock on valley walls,

Core: Excavate 40' into rock
Shell: Excavate 15' into rock

Allow Tor surface treatment.
Saddle dam: Excavate 15' into rock.

Extensive grouting tov 70% of head,
Timited to 300'. Extensive dental
Deep cutoff

Same as for Watana.

~Favorable for underground powerhouse,

assume moderate support.

None expected, but possibly sporadic,
Concrete aggregate within 0.5 miles,
embankment material - assume within
3 miles,.

Basod bn USBR, Corps and 1980
Acres exploration.

o a -

,,,,,

PORTAGE CREEK

Concrete gravity

—— —

——

Unknown - assume same as for Devil Canyon.

Rock type is similar to Devil Canyon, so
assume foundation conditions are similar.

Assume same as Devil Canyon.

MCE = Richter 8.5 @ 40 miles or 7.0 at 10 miles.

Probably favorable for underground powerhouse,
assume moderate support.

None expected, may be local areas on north exposures
Oor 1n overburden.

Unknown - expect adequate sources 2-5 miles
downstream. ‘

No previous investigations are available on this
site. :

. ‘.‘."‘




Parameter

Catchment area—sq.mizz

Mean annual flow-cfs:

Inflow flood peaks* -
cfs - 50 year:

Inflow flood peaks* -
cfs - 10,000 year:

Inflow v1ood peaks* -
cfs - PMF:

50-year sediment

accumulation Acre-ft:

* Not accounting for any reserv
** After upstream dam has been ¢

Denali

1,269

3,280

43,000

89,800

290,000

TABLE 6.14 - Hydrologic Design Considerations

Maclaren Vee
2,320 4,140
4,360 6,190

&
50,000 63,000

106,000 133,000
-~ 189,000

243,000 162,000

Susitna III
4,225
6,350

65,000

137,000

165,000

oir attenuation unless indicated otherwise.
omp leted

Watana

5,180
8,140

83,600

175,000

235,000

204,000

High Devil
Canyon

5,760
9,140

94,000
198,000
262,000

248,000 -

Devil

Canyon

5,810
9,230

94,000
200,000
270,000

252,000

Portage

Creek

5,840
9,730

20,200%*
200,000

270,000

Tunnel
Alternative

20,000**

175,000

Remarks

assumes no up-
stream development



TABLE 6.15 - Freeboard Requirements

Fill Dam Concrete Dam

Allowances for: dry freeboard - 3 ft. 3 ft.
wave runup & wind setup 6 ft. 6 ft.
spillway design flood |
surcharge (10,000 year flood) 5 ft. 5 ft.
post-construction dam |
settlement O 14 dam height nil

_ Total difference between full supply " 14 ft. + 1% 14 ft.

‘level and dam cost | dam height




Components

Dam

Spil lway

Sower Fao - Lties
Intake:

Power Tunnel:

Penstocks:
Powerhouse:

Tailrace Tunnel:

tow Level Outlet Morks
Intake and Tunnel:

Coastruction Facilities
B/S & u/S Cofferdams:

Diversion Tunnels:

Access
Road Access:

Transmission Line

Local

B

N R S RS

¢ Ho

a
TABL?;?’- Engineering Layout Considerations 38 Sintgle Developments

PDenali Maclaren Vee

Lo

&— Conventional earth/réckfi11

¢« Service: Gated, open chute with downstream stilling basin

¢ Emergency: (if required) as above with downstream flip bucket

¢&— Single level —» &~ Multilevel
Single concrete

Susitna III Hatana Hiaqh Devii Canyon Bevil Canyon Tununel Alternatiwss
,-Concrete Earth/rockfill

%ﬁ

>

Two partially Iimag

‘—"]ined - &— Hintmum of two, concrete lined

7 tunnels {1/3 con,
lined, 1/3 shot~
creted, 1/3 unkized)

& Underground if feasible

— One Vined/unlined — &—

<— One or iwo with gates - use diversion Lun

¢— Earth ay rockfill

¢— Minimum of two

e_,To Cantwell along

{— ,teel iining wheve necessary (near U.G. Powerhouse)(length=1/5 turbine head) - e
o lined/unlined SERPREN

¢— (Lined or unlined - based on cost/enerqgy loss optimization |
5) if possible ~n3

> «— TR — «—Fill -

<— To Denali Highway —>» ¢&——— to Gold Creek >
-3

— Roads/tunnels and bridges as required

Uy
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TABLEY (cont'd)

~ Coupenents Denali Haclaren Vee -Susitna TII Watana  lligh Devil Canyon Devil Canyon  Tunnel Alternatizuss

gsﬁgzgsaticn Flow ; <— Independant intake with control valve discharging through low level outlet works or independent conduit

».}

Surge Chamber <— Upstream surge tank required if net head on machines < 1/6 of distance between reservoir and machine - >
€ Downstream surge tank is required if tailrace is pressurized B

<— Size differential surge chambers for all jccations where required ' i e

NOTE: Portage Creek deyelopment wil) be similar to ﬂac]aren except that
access roads and transmission lines will be to‘Gold Creek,




. :

TABLE 6.17 - Dam Crest and Full Supply Levels o

Staged Fuﬂy~ Dam Average
Dam Supply | Crest Tailwater
Site Construction Level - Ft. Level - Ft. Level - ft.
Gold Creek ‘ No 870 880 680
Olson No 1,020 1,030 810
Portage Creek 1,020 1,030 870
Devil Canyon -
intermediate
height Nz 1,250 1,270 890
Devil Canyon No 1,450 1,470 890
: (rockfill)
1,860% 890
(concrete)
High Devil Canyon No 1,610 1,630 1,030
No 1,750 1,775 1,030
Watana Yes 2,000 2,060 1,465
Stage 2 2,200 2,225 1,465
Susitna I11 No 2,340 2,360 1,810
Vee No 2,330 2,350 1,925
Maclaren No 2,395 2,405 2,320
Denali No 2,540 2,555 | 2,405

* plus 4 foot hight wave wall.
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TABLE 6.18 - Results of the Screening Model

el e gt

Total Optimal Sojution ~First Suboptimal Solution
Demand . Max imum Inst. Total Maximum | Inst. Tota:
Cap Ener Site Water Cap. Cost Site Water Cap. Cost
Run MW  GHWH Names Level-fL MW $ x 109 Names Level-ft MW $ xryég-
1 400 1750 Watana 2060 400 770 High Devil 1640 400 78C
Canyon .
2 800 3500 High Devil 1750 800 1320 Watana 2200 800 | 1360
Canyon | '
watana 2200 800 1360 High Devil 1750 800 132¢
Canyon .
3 1200 5250 ,
. Devil 1450 400 850 Vee 2350 400 9@
Canyon .
| Watana 2200 | 800 1360
4 1400 6100
Devil 1450 600 1040
Canyon

Note: Values on this table are currentiy being revised to reflect
latest cost ‘nformation.

il

- R
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TABLE 6 &2. Susitna Development Plans

Incremental Annual G
Capital Cost

Earliest Reservoir Maximum Energy Fiant
$ Millions Construction On-Tine Full Supply Seasonal Productio Faztor
vg.

Watana 2225 ft 800MW

Devil Canyon 1465 ft
600MW

TOTAL SYSTEM

Watana 2060 ft 400MW

Watana raise to
2225 ft

Watena. add 400MW
capacity

Devil Canyon 1465 ft
600MW

TOTAL SYSTEM 1200Mi

Watana 2225 ft 400MH
Watana add 400MW
capacity

Devil Canyon 1465 ft

600 MM |
TOTAL SYSTEM 1200MM

High Devil Canyon
1775 ft 800MW

Vee 2350ft 400MW
TOTAL SYSTEM 1200MW

i

(1980 values) Periodf yrs. Date Level - ft. Drawdown Firm %
. I3

1860 9 150

1993 2200 2669 3252

1000
2860

1570

6-1/2  +1996 1450

- - -

150 2640
-~ 5309

100

2975
6227

1992 2109

2000 1708

®

360 150 961

881
150 0 262

150 2640

5309
2669

2975
6227

2990 85,
0 262

2975
6227

2790

1500
1060
2560

3615
1292
4907

St '}: . / 5

,.




-~

Sﬂwdﬁa:;bcﬁh?wwwdf;%muz CEQ*E““QdaX

| | it
Incremental | | Annual Gl

Capital Cost , Earliest Reservoir M&timum Energy YPlamt
. $ Millions Construction On-line Full Supply Seasonal Production factor
Plan Stage Construction (1980 values) Per7oquyrs Date Level - ft. Drawdgwn Firm Avg. %

S 1 High Devil Canyon 1140 7 1992 i610 100 "°1849 2106 60,1
lo2oft ool 5 High Devil Ganyon

add 400MW, Capacity |

X raise dayﬂko 1775 ft - 500+ v 1750 100 697 1509
Vee 2350 ft 400 MW 1060 | 2330 150 1323 1292
TOTAL SYSTEM 1200MW . 2700 L e -— 389 7907

High Devil Canyon ‘ : '

1775 ft 400MW < 13€ | . 1 2397
High Devil Canyon |

add 400MW capacity Tt 534
Vee 2350 ft 400MW | , | G | 1437
TOTAL SYSTEM 1200 = 3 . - 4428

1 ~ Devil Canyon | ‘
1465 ft 250MW ) ‘ 1250
Watana - |
222S @ ft 400MW i ' 2669
3 Watana _
add 400MW L5l | -
Devil Canyon ~
add 350MW ' D
TOTAL SYSTEM 1400MW 5309

Z

Watana

2225 ft 850MW
Tunnel 330MW

TOTAL SYSTEM 1180MW

Watana

2225 ft 800MW

High Devil Canyon
1410 ft 400MW
Portage Creek

1030 ft 150MW
TOTAL SYSTEM 1350MW
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TABLE 6-20 - Monthly Variation of Peak Power Demand

0CT NOV DEC JAN FEB MAR APR MAY JUNE - JULY AUG SEPT

.80 0.92 1.00 0.92 0.87 0.78 0.70 0. 64 0.62 0.61 0.64 0., ¢
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TABLE 6.21 - Selected Susitna Development Plans

Incremental ~ Annual Gkt
Capital Cost Reservoir Max imum Energy Plamt
: - $ Millions Full Supply Seasonal Production/ Factor
Plan Stage Construction (1980 values) Level - ft. Drawdown Firm AVg. %
}
2A 1 Watana 2060 ft 400MW 1570 2000 150 H. 1708 2109 6C.2
2 Watana Raise to 2225 ft 360 2200 150 961 881 85.3
3 Watana add 400MW capacity | ~
and Re-regulation claim dam 230 2200 | 150 0 262 46.%
4 Devil Canyon 1470 ft 400Md 900 1450 150 2640 2975 59.2
TOTAL SYSTEM 1200MW 3060 5309 6227
3A 1 Watana 2225 ft 400MW 1740 2200 150 2669 2990 85.2
2 Watana add 400MW capacity | , ‘
and Re-regulation etlaim dam 250 2200 150 0 262 46.%
3 Devil Canyon 1470 ft 400MW 900 - -- 2640 2975 9.2
TOTAL SYSTEM 1200MW 2890 5300 6227 -~
bA 1 High Devil Canyon 1775 ft 400Md 1390 1750 150 2397 2732 78.1
2A High Devil Canyon
add 400MW" capacity 140 1750 ~150_ 534, 1276  483-
2B Portage Creek 1030ft 150MW +650 1020 150" 534" 1276 = 48.3%
3 Vee 2350 ft 400MW 1060 2330 100 1437 1536 46.9
TOTAL SYSTEM 4428  5b44

4349



Development

Hatana 2225 Ft.

High Devil Canyon
1775 Ft.

TABLE 6.22 - nergy Simulation Sensitivity

Reservoir Maximum ,
Installed Full Supply Reserveir Annual Energy Gwh Plant
Capacity - Level Drawdown , . Factor
Mi FT FT Firm Average %
800 2200 100 2350 3260 - 48.5
800 2200 "150 2670 3250 46.4
800 2200 2000 2770 3230 - 46.1
800 1760 100 2930 3630 51.8
800 1760 150 2550 3620 51.7
800 1760 200 2550 3600 51.4



TABLE 6.23

Information on the Devil Canyon " anel Schemes

Tunnel Scheme

Devil Canyon

Dam | 1 2 3 v 4

Reservoir Area ]
(Acres) 7,500 320 0 3,900 0
River Miles '
Fiooded . ~ 31.6 2.0 , 0 15.8 0
Tunnel Length ' .
(Miles) 0 27 29 13.5 29
Tunnel Volume .
(yd3) 0 11,976,000 12,863,000 3,732,000 5,131,000
Compensating
Flow Release
From Watana '

(cfs) c 1,000 1,000 5001 1,000
Downstream 2
Reservnir Volume
(Acre-Feet) - 1,100, 000 9,500 - 350, 000 -
Height (feet) 635 75 - 245 Cem
Typical Daily | | :
Range of Discharge 6,000 4,000 4,000 8,300 3,900
from Devil Canyon to to to to to

~ Powerhoure (cfs) 13,000 , 14,000 14,000 8,300 4,200
Approx imate Max imum - |
Daily Fluctuations
in Downstyeam |
Reservoir (feet) 2 15 -- 4 .-

1 1000 cfs compensating flow release from the re-reguliation dam.

2 pownstre:m from Watana.

: ! * Downstream Dam
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- : TABLE 6.24

Devil Canyon Tunnel Schees

Costs,‘Power, Output and Average Annual Energy

Devil Canyon Increase | in Test? of
Installed  Increase ! in fverage Annual Average Tunnel Scheme fdditional
Capacity {MW) Installed Capacity Energy Annual Energy Total Project Energy!
Watana Devil Canyon (MW) ~ (GWH) (GwH) Cost ($ x10 3 4mills/kWh)
Scheme 1 800 550 550 - 2,050 ' 2,050 1,979,000 42.6
Scheme 2 , 70 1,150 420 4,750 1,900 2,317,000 52.9
Scheme 32 850 330 ’ 380 2,241 2,183 11,221, 000 24.8
Scheme & 800 365 365 2,490 890 1,494,000 73.6

1 Increase over single Watana (E1.2200) 800MW development with an average annual energy production of 3250 Swh.

8 .

2 Includes power an energy produced at re-regulation dam.

3 Energy cost is based on an economic analysis (i.e. using 3% interest rate) as discussed in Section 9.5.



Installed Capacity:
Watana

Devil Canyon
Re-regulation

TOTAL

Average Annual Energy:

Watana

Devil Canyon
Re-regulation

TOTAL

Annual Firm Energy:
Watana
Devil Canyon

Re-regulation

TOTAL

TABLE 6.25

Tunnel Scheme 3

2-30' Diameter
Tunnel

850MW
300MW
30MW

1,180MW

3,192
2,053
138

5,433
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1-40*' Diameter

Tunnel

850MW
300MW

30MK

1,180MW

3,194
2,064
195

5,453

Watana-Devil
Canyon Dam

800MW
400MW

1,200Mu

3,250
2,977

6,227

2,669
2,640

5,309
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/ - GENERATION EXPANSION PLAN
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7 - GENERATION EXPANSION PLAN <

<.
“<7.1 - Introduction

The Susitna Project will provide for the bulk power needs of the Railbelt Region
when it is implemented in the 1990's and early twenty-first century. Due to its
large size relative to the existing electrical system, proper planning of its
capacity and commercial operation date is an important activity toward insuring
maximum benefits from the project for the Railbelt. The generation planning
effort responds to this need by synthesizing the Railbelt electric system in the
1990's through 2010 dynamically evaluating the benefits of Susitna and other
generating resources under various power needs and levels of economic activity

~ in order to establish the best generation expansion plan.

Among the generation options available to the Railbelt, thermal generation based
on available Alaska fuels (coal, natural gas and oil) is cbviously an important
one, since it is currently the primary means of producing electricity and is a
convent1onal method worldwide of piroviding for new capacity and energy
requirements. Other undeveloped hydroelectric sites in addition to Susitna,
also provide significant potentials for providing for a diversity of capacity
and energy needs.

The generation expansion plan will define the type, capacity and schedules
inservice data for generating facilities needed to meet projected loads for the
Railbelt electric system between 1980 and 2010 inciuding basically thermal and
hydroelectric power projects. Hydroelectric includes Susitna and other smaller
projects which may be developed. Thermal includes coal-fired steam, gas-fired
combined cycle, and gas or oil-fired gas turbine and diesel electric generating
plants. The plan is a resul