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Please Return To 25 October 1880
DOCUMENT CONTROL ’

Mr, John lLawrsnces

Project Managsr ©
Acres Amzrican Inc.

900 Liberty Bank Building

Buffalo NY 94202

Subject: Susitna Project
First Spzcialist Consultants Panel Meesting.
October 20 through 24, 1980

Dear Mr. Lawrsnce:

. Introduction

I

The undersigned members of the Panel visitad the site on

' October 22, were briefed in the office of Acres American In-

corporated on October 21 and 23, and had previously reviawad

a package of information dated October 1980. This report pre~
sents our consensus of the information cbtained and suggestions:
regarding futurs investigations on the project.

We consider the Susitna Project, as now conceivad, to bhd
viable and worthy of continued invastigation.

Gensral Geology and Seismology -

The WCC prasentation ds=alt with ths w21l known fzatures
such as ths Dznali fault, the Castle Mountain fault, the EBor-
dar fault and the Talkestna fault; as well as the hypothesized '
"Susitna fault" and other linears defined in the WCC study to
date. The DP=nali fault, Castl=z Mountain fault, and the Bordsr -
fault are all wz1ll known, recent, active featurss that show
evidence of displacing or offsestting Plecistocznz features.

The magnituds and minimum distancaes to the site of credible
events on thes2 structures are not controversial and dasign
motions predicts=d f~om zvants on these structures ars rzla%ivs=
ly straightforward. Th= possibls influence of the Talkestna
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fault and the Susitna linear on the design motions needs more
study. The Talkeetna rault is a relatively old thrust fault
which brings Triassic volcanics and Permian strata from the south-
east over Cretaceous argillites on the northwest side of the
fault. Although this feature does not appear to cut Pleistocene
deposits, WCC has tentatively assigned to the feature a magnitude
7.5 to 7.9.event at a distance 0of 4 mi from Watana Dam, There is
a good possibility that this is an old feature that mav not be

a “capable" structure., Thus it is of very high priority to per-
form detailed field work along this structure to investigate the
" age of overlying materials not displaced by tnis fault or to de-
fine the observed cffsets of formations of known age that cross
the fault. Observations in the Watana c¢reek area may prove to
be of great value since Tertiary deposits appear to cover both
the Cretaceous argillites and the Triassic volcanics in this
&rea.

Field studies also need to be condv:oted along the Susitna
linear to establish if it is a real feature which has experienc-
ed offset and, if so, what is the evidence of the tlme of last
movement and of the magnitude of the offset.

Other linears or possible faults close to Watana Dam should
be investigated to such an extent that a statement can be made as
to whether the feature is truncated by Pleistocene or older geo-
logic formations.

If possible, a statement snould be made regarding an§ pos-
sible structural explanation for the :wo clusters defined from
the micro-earthguake observations.

Engineering Geology and Rock Engineering

The "fins" and "finger busters" in the Tertiary diorites as
well as other rock ribs exposed in the canyon indicate that
there are wide shear zones in the diorite intrusion. More ex-
ploration in the form of borings and possibly adits are necessary
in the right abutment area to confirm that the rock quality is
good enough to permit a reasonably accurate estimate of the cost
of an underground powerhouse., Preliminary observations indicate
that the construction of an underground powerhouse at Watana may
be difficult cor infeasible due to the wide snhear zones. Reorien-
. tation of the powerhouse to minimize wall and rcof instability
may lead to unfavorable orientations for the penstocks.
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clastic volcanics and andesites to the underlying diorite down-
stream of the dam on the right abutment is also necessary to
evaluate the possible effects on the tailrace tunnels and on the

possible long power tunna2l, The andesites may £fill an old buried
valley in the diorite.

An estimate of the tunneling difficulty for the long powsr
tunnel alternativa can only be made after the various formations
and the nature of the contacts betwsen formations ars mapped £rom
Watana Dam to the downstream end of the tunnel. First priority
should be assigned to this mapping for Scheme 3.

I ) additional exploration of the rslationship of the Tertiary

The argillite formation of Devil Canyon appears suitable for
an underground powerhocuse. More exploration is needed to d=lin-
eate the rock gquality and orientation of fractures and shears to
permit an optimization of the orientation and to aid detailed
roof and sidewall design.

The nature of the shsarsd and weathzred zone of the band in
the river just upstream of the Devil Canyon site needs to ba stu-
died to determine the nature and possible origin of the feature.

Watana Site

E‘ General. Although an embankment dam with a height of about
800 ft would be comparablzs o the highest in Horth America and

EL“ among the highest in the world, we consider the topography and

( availabls materials favorabls to the construction of Watana Dam,

Ths foundation and abutment conditions, although not yst fully

l explored, prasent no known unusual difficultias., s believe that
further investigations of seismicity are most unlikely to indi-
catz unfavorable featurss for which adeguate provisions cannot ba

! made in design. We believe that emphasis in the next exploratory
phase should be placed on defining the boundaries of the pluton
and tha nature and effescts of its contacts with the -adjacent éggruﬁ

I rocks in the gesnaral vicinity of the damsite. : 1

Spillway. We concur that the spillway should not discharge
into or through the buried valley to the right of the dam, and
beslieve that a layout sntirely in rock, closer toc the dam,
should bs adoptsd. As tha geologic situation bscomes better de-

fined, an upstream shift in the axis of the dam may provs advi-
sable.
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Reservoir Slides., Our overflight of the resesrvoir area for
several miles upstrsam of the dam indicated to us that the topoc-
graphy and the nature of the materials near the reservoir rim are
such that major landslides into the reservoir, such as to endan-
gesr the dam or control works, is remote even under seismic condi=-
tions. Therefors, we consider that special investigations of
this possibility are not needcd to #stabllsh the feasibility of
the project.

Cross Saction and Materials. We concur that a convant;onal
embankment dam section with near-cantral core is appropriate.
For estimates, the upstream and downstream slopes of 2.25:1 and

- 2:1 are reasonable. We would prefer that the downstream slope of

the core be at lsast slightly positive to assure that settlement
of thz shills would induce compression in the core,

We consider that the riverbed alluvium should be removaed be-
nz2ath the cors, filters, and transitions, and within a zons dz-
fined by lines extending from the outer =sdges of the crest down-
ward at slopes of 1l.5:1. For ths fsasibility studies ws consider
it advisable to assum= that the material will be removed beneath
the remainder of the embankmsnt =xcept where nes=dsd to support
the cofferdams. Whzther somz of this material can remain can
best bs decidsd during the reguired excavation of the central
portiocn.

We consider rounded gravesls, cobbles, and bouldsrs to be
superior to rockfill fer the shells of such a high dam and sug-
gest that the upstream shell, in particular, should consist pri-
marily of rounded material besnsath a near-surfacs zonsz of rock-
f£i1l that may s=2rve as riprap. Such matsrial, which dces not
suffer corner-breakage on saturation, reduces the likelihood of
longitudinal cracking near the crest and t=nds to dilate under
small strains. The latter property substantially increases the
resistances during seismic shakirg. Downstream of the core, ussz

of rogwded materials nsar the transitions is also advantagsous,

but compacted rockfill in a substantial portion further down-
stream will be satisfactory to accommodate suitable material from
structural or other rzquired excavation.

In our judgment, static and dynamic analysz2s can be daferred

until the genaral quality and availability of borrow materials

has besn established. To this end the emphasis in the next ex-
ploratory phases should be placed on determining thz charactzsr of
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the riverbed materials, particularly their grain-size, and on
the extent and thickness of lodgment till deposits that might be
suitable for cora. Attention should be given to locating desposits
of sufficient thickness to permit expleitation in near-vertical
faces so that the moisture content will be incrzased as little as
possible before and during excavation and transportation. The
possibility of routinely processing all or most of the alluvium
for optimum use in thz dam should bz considered,

Continuing investigations of the psrmafrost conditions in
the south abutment are considered of high priority.

Devil Canvon Site

We have visited Devil Canyon Site and have examined the en=-
gineering and geologic data pertinent to it. We consider the
site to be well suited for the construction of an arch dam.

Adits arz not considersd to be essential for further defini-
tion of foundation characteristics prior to a feasibility dstermi~
nation., Additional boring and laboratory investigations will be
necessary to define the locations, dirsctions and Characterlstlcs
of joints and shears.

The possibility of surface rupturs at ths Devil Canven Site
must be resolved,

2 more sophisticatad arch dam design baszd on well formulat-
ed critsria should be preparsd. Such a dssign should bz supplas-
mznted by well documznted and gsnerally accepted analytical meth-
ods., This is considered to be necesssary to establish ths sconomic
feasibility of the project.

i)

Yours very sincerely,

st (T p/gﬁe«»

M=rlin D. Copon

ol 3 Wewdrom -

Ao J. Handran, Jr,

¢ Bluk

RBP/ajj




Jdanuary 24, 1981

SUSITNA HYDROELECTRIC PROJECT
EXTERNAL REVIEW PANMEL

REPORT NO. 1

INTRODUCTION

The Panel met with repfesentatives of the Alaska Power Authority Board
and its staff and representatives of Acres American in Anchorage on
January 2Z-Z4, 1981 for discussions on studies for the Susitna Hydro-
electric Project. On January 22nd, Power Authority staff members gave
the Panel a general background of the project and studies which are
underway, and Acres representatives described the current status of
these studies. A site inspection of the project was made on January
23rd. Discussions of the Panel's findings were held in the morning of
January 24th, and this report which summarizes the Panel's opinions and

recommendations was prepared that afterncon.

GEOTECHNICAL INVESTIGATIONS

We recognize that the field exploratory program for the 1981 season may
be modified somewhat depending upon relative priorities assigned to the

Devil Canyon vs Watana damsites as well as FERC requirements. With this




in mind, we would like to offer the following suggestions for your con-

sideration.

Davil Canyon Site

The general geotechnical conditions at this site are reasonably well
known as a result of the availabiltiy of rock outcrops and the borings
done to date. The field geologic mapping scheduled for the coming
season will provide further basic information and should be carried out
as planned. At this time local geologic structures will be mapped and
can be projected to those borings aiready completed. The geometry of
these geologic features can then be used to orient the proposed under-

ground structiyre tc a degree adequate for this stage of the project.

We believe that the proposed borings could be reduced or eliminated
entirely based upon the above comments and especially because Devil
Canyon may be deferred well into the future. It appears that the field
program at Watana requires a greater degree of study and the borings

planned for Devil Canyon might better be drilled at the upstream site.

Watana Site

The field exploration program at the damsite consists primarily of
geologic mapping, borings, and locating sources of borrow material. We
agree with the general approach of Acres; however, we would like to see

more emphasis placed upon defining the properties of the materials in




-

Fp ’f“rﬂ :

. ¢
1, =
o e
- I e
PR B
: g ‘i
i
.
F e
i
i
N:
: :E

s v eam
Py u}

, .

- iy

-

la

HN_wg.mm,f..

s w tomey

» . ) i .
: . [ . N
a— T g~ —_—— — e e N

-
N

the old river ¢hannel on the right abutment and upon the rock conditions

at the proposed underground chamber location.

The buried channel leaves the existing river valley just upstream of the
damsite and crosses the right abutment exiting downstream in Tsusena
Creek. The base of the channel is believed to be about 400 feet be1ow‘
reservoir Tevel and is likely filled with pervious alluvial deposits and

perhaps some glacial till.

Once the proposed seismic profiling has been completed we suggest that
at least two borings (rather than the one currently planned) be driiled
into this feature. Sampling of the alluvial materials shouid be done to

a degree sufficient to obtain an estimate of permeability and a flow

net analysis made. This will serve to check the initial Corps of Engineers

estimate that seepage through the channel is of no importance to the
project. At a future stage in the project development a deep well

pumping test may be advisable.

The proposed underground chambers are located in the left abutment and
lie between recognized zones of poor quality rock. At present 1ittle is
known of the rock conditions in the actual chamber site. We therefore
recommend that two deep angle holes be drilled early in the summer
program to cross the chamber site. If rock conditions are generally
good, then the design can proceed to feasibility level. If not, and if
serious concern exists about the technical feasibiltiy of the chambers,
then exploratory adits will be required. In our experience adits provide
much more precise information on actual rock conditions than a larger

number of borings.
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In summary, it appears that more borings will be required at Watana than
currently planned. If those included for Devil Canyon are relocated to
Watana, our preliminary estimate might be a net increase of about $250,000

in drilling costs.

SEISMIC STUDIES

Since Alaska is one of the most seismically active areas in the United
States, the investigation for the Susitna Project has appropriately
devoted much attention to the seismicity of the region in which it would
be constructed, the location of active faults which could affect the de-
sign of the dams and the determination of the intensity of ground shaking

to which the project facilities might be subjected.

The study is on-going but to date no faults with known recent displace-
ment (i.e. displacement in the last 100,000 years) have been found to
pass through the proposed sites for the dams. However, four features in
the vicinity of the Watana site and nine features in the vicinity of the
Devil Canyon site have been judged to reguire additional investigations

to better define their potential effect on dam design considerations.

In the vicinity of the Wétana dam site these features are:

(1) The Talkeetna thrust fault,

(2) The Susitna feature,

(3) The Fins feature, and

(4) a feature designated KD3-7 which follows the channel of

the Susitna River in this area.
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Of these features, the Talkeetna thrust and the KD-7 feature are likely
to have greatest significance for the design of a dam at the Watana

site - the Talkeetna thrust because it could well determine the level of
design earthquake shaking if it were found to be active and the KD3-7
feature because its passes directly through the proposed dam and could

lead to a significant off-set potential if its activity were established.

In genara],'however, both the Watana dam and the Devil Canycn dam appear,
on the basis of present evidence, to be located within a tectonic unit
designated the Ta]keeﬁna Terrain whiéh seems to be a coherent unit, free
of known active fault displacements within the crust and subject only to
major strain releases {major earthquakes) along the fault systems
bounding the Terrain. Within the Terrain minor strain releases, causing
small earthquakes, appear to be occurring randomly within the crust. If
these conditions are confirmed by subsequent investigations, they could

be considered a highly favorable feature of the project location.

Under these conditions, the étrongest earthquake shaking which could
affect either of the proposed dams would be caused by a major earthquake
gener.ted on the Benioff zone which underlies the Terrain at depths
varying from 25 miles in the southeastern part of the region to over 60
miles at the nortnwestern part of the region. The maximum accelerations

at the proposed dam sites for such an event are of the order of 0.4g.

Present assessments of the seismic geology and the potential intensity
of ground shaking could be changed considerably, however, if some of the
more prominent features, currently considered to be inactive, but con-

cerning which considerable uncertainty on this question exists, were
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found to have undergone recent displacements. For the Watana dam, the

most important of these features appear to be the Talkeetna thrust anrd
KD3-7 and it is therefore suggested that primary attention be directed
to determining the potential activity of these features as early as

possible in the 1981 study program.

It is also important to establish that no active faults pass through cr
in very close proximity to the Devil Canyon site since the presence of
such faults could have a major effect, not only on the design criteria,

but also.on the type of dam which could be constructed at this site.

At the present time, reservoir-induced seismicity does not appear to be

a significant problem in view of the coherence of the Talkeetna Terrain.
This would change however, if active faults were found to exist irn the
vicinity of the dam sites and the clarification of the potential activity
of the 13 features about which uncertainty exists is important for this

reason.

Once the seismic geology of the Talkeetna Terrain is established, the

seismic design criteria for the dams can be established and suitable
design sections seiected and validated. In the meantime, for prelim-

inary planning purposes, it would seem appropriate to use a design

cross-section for the Watana Dam similar to that used for the Oroville

R R TR T T
$ o RN . E e IR

Dam in California which has already been subjected to a detailed in-

vestigation of seismic stability and found to be adequately strong to o

TR

withstand the strongest levels of earthquake shaking which can currently




be anticipated for the dams of the Sujiitna project.

HYDRAULICS AND HYDROLOGY

The field program for surveys and collection of hydrolegi¢ data, generally,
appears to be adequate. After analysis of available existing and collected
data, it may be found necessary to collect some additional field data,
particularly with respect to downstream river channel conditions.

Special attention should be given to reservoir capacities, reservoi-
timber, reservoir slides, nitrogen supersaturation and downstream river

channel conditions.

Reservoir Capacity

The reservoir capacity curves which have been used in the studies to
date are based on survey maps with 50 and 100 foot contour intervals. -
Recent surveys have been completed from which more accurate capacity

curves will be developed. If those curves show actual reservoir capa-
cities to be substantially less, (say 10 per cent or more), than capa-
cities which wera used, then the effect of the smailer capacities on

project costs and benefits should be determined. In the case of Watana 5
Dam, the dam would need to be raised somewhat to retain the same power g,
benefits. If the dam is not raised, greater reservoir drawdown would be ;
required to maintain a high level of power production. Sufficient check
studies should also be made to determine whether the smaller reservoir

capacities would affect the best system development.
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Reservoir Timber

Consideration should be given to the possible blockage of spillways and a

reservoir outlets by large masses of floating timber which in ail pro-

bability would occur if a large amount of the reservoir is not cleared.
,f§ T ' " Masses of floating timber will have deirimental environmental effects as
discussed later in this report. A determination will need to be made on

what extent ¢~ reservoir should be cleared.

o=

Reservoir STides

Although a potential for slides in the reservoirs which would cause

excessive height waves at the dams is not evident, this should be veri-

fied by field investigations.

MNitrogen Supersaturation

- ;=

There should be no major problems with the hydraulic design of the

spillways and outlet works, except possibly for detrimental effects due

_—

to nitrogen supersaturation. The deep stilling basins and high-velacity

flow with entrained air may cause excessive nitrogen to be introduced

into the flow which would be harmful to downstream fish. A flip bucket

which produces a deep plunge pool may also produce a nitrogen super-
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saturation problem. A flip bucket which would deflect flows horizon-

-

tally into the downstream channel would minimize this problem but may
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cause excessive channel erosijon downstream of the dam. It is suggested
that studies by the Corps of Engineers to minimize the nitrogen super-
saturation problem on the Columbia River be reviewed for guidance on
whether there will be such a problem on the Susitna River and, if so,

how best to resolve it.

Downstream River Channel

The determination of future project effects on the downstream Susitna
River channel configuration is an extremely difficult task. Estimates
can be made of thé possible changes in channel regime due to flow changes
by sediment transport and flow analyses, but localized conditions often
significantly affect channel changes. This may be particularly true in
cold climates. It would be well if analytical or other contemplated
studies were supported by studies of actual channel conditions pefore

and after project construction elsewhere in Alaska or Canada.

SYSTEM DEVELOPMENT

The Panel is impressed with the many combinations of project units being
considered for determining the best system development. We believe that
all viable combinations are being considered. The depth of studies for
the alternatives, subject to modifications and additions suggested in

this report, should be sufficient for selecting the optimum development.

ENVIRONMENTAL QUESTIONS

Environmental questions concern fisheries, wildlife and recreation.
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Additional comments on environmental matters will follow receipt of

reports of on-going studies.

Fisheries

The two impoundménts will change many miles of running grayiing stream
into impounded still water that will probably support many grayling and
other species such as lake trout. The sport fishing in Devil Canyon
reservoir might be substantially enhanced. Water levels in tha Watana
reservoir will fluctuate tco much to support a desirable recreational
fishery. Fortunately, few salmon reach the upper Susitna River for
spawning. Possible effects of the impoundments will be down river,
where breeding salmon spawn in many tributaries. The altered flow re~

gime, following impoundment, may change the topograpy of the channel as

welil as the chemistry of the water. Dissolved nitrogen would be particu-

larly harmful. Settling out of particulate matter might alter the

summer behavior of salmon fry. Winter flows might be milky whereas now

they are clear. Data derived from other similar impoundments should be

examined to anticipate and miniwize problems. We urge that relevent
records from all over the world (Canada, Scandanavia, Russia, Argentina,

etc.) be assemble and scrutinized.

Wildlife

The impoundment areas will obviously be lost to occupation by moose,

caribou, bears and many small animals. Moose normally are forced off

=10=-
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the higher slopes by deep snow and resort to the river banks, but this
retreat will not be possible if the river banks are flooded. There will
be some definite loss in moose numbers around the impoundments. Down-
stream, the stabilization of flows may dampen the process of cut-and-
fi1ll which is the primary process of renewal of willow browse for winter

moose food. Additional reduction of moose numbers is possible there.

Caribou will be little affected by the impoundments if the water areas
are kept clear of debris. However, unless the timber is stripped from
the impoundments there might be an unsightly tangle of logs floating to
the surface which would endanger the lives of swimming caribou and de-

spoil the impoundments for boating, fishing, and general recreation.

Bears, other furbearers and carnivores, and many birds and small mammals
would lose the impoundment areas as habitat, but the effect would be
minimal in terms of regional populations of the more abundant species.

No rare or endangered species have been identified in the project area. :

Waterfowl might be adversely affected in the Susitna delta area by
reduction of flood flows in summer, which normally fill many potholes

and oxbows.

A11 the above problems should be addressed.

Recreational

Access roads to the dam sites will permit public entry to country that

-11-
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currently is de facto wilderness. This will give many people access to
the reservoirs for fishing and to the surrounding countryside for hunting
and general recreation. It will sacrifice the wilderness value, and
doubtless will lead to reduction in numbers of big game animals by
increasing hunting pressure. Planning for regulated recreational

deve]bpment is suggested.

Some Further Studies Recommended

(1) Design spiliways to minimize nitrogen intake.

(2) Assemble data on downstream effects on salmon and on moose

habitat at other impoundments in similar terrain.

(3) Study water regimes in Susitna delta to see if reduced
summer flows in the impounded watershed will materially

affzct waterfowl nabitat.

(4) Plan to strip impoundment areas of trees and compute added

cost to project.

(5) Plan recreational development of impoundment areas to opti-

mize public values and minimize adverse over-develcpment.

ECONOMIC FEASIBILITY AND FINANCING

The following are seme of our very preliminary thoughts and concerns

in the areas of:

-12-
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Demand and markets for electricity
Economic evaluation of the Susitna Project
Financial viability

Demands and Markets

Both the ISER and subsequently modified Acres' results show a degree of
uncertainty in the range of projected demands for electricity by consumers
in the Railbelt Region. These range from a low of 6,200 GWH by the year
2010 to a high of 13,500 GWH with a 1230 consumption of about 2,400 GWH.
Cimarly, this demand feorecast has a large impact on the need for the
Susitna project, where one dam site alone would generate about 3,100 GWH

per year,
Some of the fundamental questions are:

Under the low demand forecast is there an economic need for the

Susitna project at all?

If there is a need, can the project be substantially delayed

without an economic or environmental loss?

To refine the range of forecasts, the approach to forecasting could be

improved in several ways.

-13-




Specifically include the potential impact of upward trends in

the cost of electricity in the demand estimates for electricity.
Anchorage currently has some of the least costly electricity

in the nation, and as prices increase, this will clearly have

a moderating impact on demand. In the Fairbanks area, the ISER
report indicates that since 1375 there has been a per customer
decline in electricity use. Is this decline influenced by higher

electricity rates in Fairbanks?

Perform a more detailed investigation on the uses of electricity
in the commercial sector and the projected demand for electricity
by these office buildings, retail establishments, government
institutions and the like. A definition of use patterns and a
comparative analysis of trends in Alaska versus other states and
provinces in Canada would be helpful. This analysis is suggested
as a major share of the projected growth in electricity demand and
corresponding need for the Susitna Project in related to growth

in electricity use in the commercial sector. This growth is calcu-
lated to be a result of both employment gains and increased used
per employee. In the lower 48, with the advent of higher elec-
tricity prices there has been an acceleration in conservation
through technology. IBM, Honeywell, Johnson Control, etc., are
advertising and installing control computers in buildings which
reduce power requirements by upwards of 20%. Is a forecast that

assumes a definite increase on a per employee use basis appropriate?

-14-
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Test the sensitivity of the forecast to a reasonable set of
assumptiens in the growth in selected energy intensive indus-

tries such as:

- mining (Beluga coal, for example)

- petrochemicals

Because of the high level of variability in any forecast, this
panel recommends the "uncertainty" be specifically included in
all economic evaluations.

Economic Evaluations

The purpose of the economic analysis should initially be to test the
sensitivity of the conclusions to a reasonable range of assumptions con-
cerning the key variables. Since the economic tradeoffs are between a
capital project (Susitna) and lower capital but higher operating costs
of coal and gas units, the range of cost of capital needs to be fully
explored. In particular, since the probable economic alternatives to
the Susitna project are coal or gas generation, the reasoning and analysis
behind the estimates of the capital costs, fuel escalation rates and
hours of operation for each alternative need to be defined for review
and tests of reasonableness. Furthermore, since we are dealing with an
uncertain market, the size of any one power plant addition will impact

the economic choice and mix of power plants.

-15-




The proposed project will be paid for by the ultimate customer in actual

dollars; assumptions on inflation need to be included in economic aralyses.

However, from a comparison viewpoint, these inflatea dollars can be

[

discounted to a constant 1981 basis. The plea here is for consistency

between the economic and financial calculations. The availability of
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tax-exempt bonds for one alternative vis-a-vis the other will also
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influence the competitive economics.

e

There are also some primary concerns as they relate to costs and esca-
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lation rates of the coal and gas alternatives, together with assumptions
on federal policy as to the use of gas in power generation. Again, a

range of cases needs to be examined in this area.

—

We understand that Acres is employing a computer model to assist in this

3%

economic evaluation, and we are available to assist Acres in defining a
set of cases to be run by the model to explore the range of possibil-
ities. As any model has a set calculation procedure that may be in
error, it is advisable to test the model against other approaches. In

this respect EPRI (Electric Power Research Institute) has developed

-

other models that are currently being used by U.S. utilities.

-

Financial Viability

~
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The financing of the Susitna project will be of a scale and magnitdde
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that will challenge and possibly surpass the ability of any one under-
writer. Revenue bonds, guarantees by the state and other financing
mechanisms need to be fully explored. Every attempt should be made to
obtain funding through a tax-exempt vehicle, which will effectively
lower the ultimate electric rates to customers in the Railbelt Region.
In addition, the ability to obtain tax-exempt financing could signi-

ficantly increase the economic competitiveness of the Susitna project.

We understand Acres is working in this area, and we cannot comment
further on their work until we have an opportunity to review their
findings. However, we would 1ike to emphasize the importance of the

financing to the success of the project.

FUTURE MEETINGS

Further meetings of the External Review Panel are planned as follows:

March 20 and 21, 1981 San Francisco, California
June 3 to 6, 1981 Anchorage, Alaska
October 6 to 8, 1981 Anchorage, Alaska

-17-




The panel expresses its appreciation to the members and staff of the
Alaska Power Authority and the staff of Acres American Incorporated for

i]& the many courtesies extended to the Panel during the course of the 3 day

. E meeting.
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.l MerTin D. Copen ‘ Jacob H. Douma
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A. Starker Leopold Andrew H. Merritt
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March 20, 1981

Mr. Charles Conway

Chairman of the Board

Alaska Power Authority

333 West 4th Avenue, Suite 31
Anchorage, Alaska 99501

Dear Mr. Conway:

The External Review Panel met with representatives of the
Alaska Power Authority Board of Directors and its stazff and
representatives of Acres American in San Francisco on Harch 29,
1381 to discuss the feasibility studies for the Susitna Hydro-
lectric Project. Prior to the meeting, Panel members studied
Acres reports on Review of Available hydrology Material, Review
of Previous Design Development Studjes and Reports and Project
Overview. A first draft of the report from the Alaska Power
Authority to the Governor and Legislature was reviewed before the
meeting and a second draft was received during the meeting. APA
staff members briefed the Panel on the draft report and the
Acres representative presented an update of feasibility study
events since the January, 1981 meeting.

This letter expresses the Panel's opinion whether, based on
information available on four critical issues, the feasibility
studies should continue to completion in April, 1982, or be ter-
minated now. The Panel concurs that the four critical issues
concern the power demand forecast, seismic risk, environmental
impacts and economic feasibility. OQur present opinions concer-
ning these issues are summarized below.

The load forecasts have an inherent assumption of continued
growth in the commercial market for electricity, and implied
expansion in the service sector of the Rail Belt economy. If
the economy develops in this manner, and real electric rates do
not increase substantially and there is no major change in con-

servation, then the range of forecasts suggested by ISER seems
reasonable.

The Susitna Project is probably competitive on a direct
economic basis with power generated from coal- Insufficient
information is available at this time to evaluate the attactive-

ness of the Susitna Project vis-a-vis other alternatives such as
gas or tidal power.
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Charles Conway,
Chairman of the Board
March 20, 1981

Page 2

Based on the field investigations completed to date, both
the Natana and Devil Canyon sites appear to be weil suited for
the hydroelectric developments proposed. The initial studies
have defined the general site and rock conditions at the sites
and the general seismic geology of the area in which the pro-
posed dams are to be constructed. The seismic design require-
ments appear to be well within the state-of-the-art for csnstruc-
tion of facilities of this type. Important geologic features
have also been recognized which merit further attention and
investigation programs have been proposed which are well conceived
and should provide a sound basis for feasibility design and cost
estimates as well as insuring an amp 2 level of seismic safety.

Some excellent studies are under way concerning ecologic
conditions in the Susitna basin and possible environmental
erfects of hydro development. Above the dams there will be inun-
dation of habitats occupied seasonally by moose, caribou, bears,
and various lesser species, and there will be modification
of the stream flow below the dams which could affect the habitats
of salmon, moose and waterfowl. On-going studies should be con-
tinued, with amplification of hydrological studies in the Susitna
River to better understand possible downstream effects on flora,

fauna and the riverbed itself. Based on present knowledge however,

there are no obvious environmental threats so serious as to sug-
gest abandonment of continued planning for the hydro project.

Thus in non-econemic terms, Alaska is fortunate to have the
hydroelectric power potential in areas where the technical, social
and environmental impacts appear to be of a manageable nature.
The potential for developing renewable, non-polluting hydro-
electric power has definite advantages which, though the economic

implications require detailed study, are not always amenable to
direct economic evaluation.
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Charles Conway,
Chairman of the Board
March 20, 1981

Page 3

In summary, it appears that definite answers cannot yet be
given to all of the issues involved in evaluating the geo-
technical, environmental, economic and market aspects of develo-
ping the Susitna Project. However, we believe that the work
accomplished to date shows sufficient promise for the future
welfare and interests of Alaska and that it is clearly desir-
able to continue the present studies, supplemented ty appropri-
ate additional investigations, to their 1982 completion date.

Sincerely yours,

: : o
. . ,
// ) S52e” 2/‘?,.(‘( /j( /‘/. LD('?C. oy X { S
Merlin D. Copen .Jacob H. Douma

L

J£25é2%3é41526;hw5k, Absent but responded

A. Starker Le€opold Andrew H. Merritt
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Dennis M. Rohan H. Bolton TSeed
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June 5, 1981

SUSITNA HYDROELECTRIC PROJECT
EXTERNAL REVIEW PANEL

REPORT NO. 2
INTRODUCTION

The Panel met with representatives of the Alaska Power Authority, Acres
American, Terrestrial Ervironmental Specialists, Inc., and the Fish and
Game Department in Anchorage on June 3-5, 1981 for discussions of on-

going studies for the Susitna Hydroelectric Project. On June 3rd, repre-
sentatives of Acres American, TES and ADF&G described the current status of
these studies, after which separate group discussions were held on geotech-
nical, hydraulics and hydrology, and environmental subjects to review
specific problem areas in more detail. A site inspection was made by Dr.
Merritt on June 4th and 5th to review the field geotechnical exploration
program. Dr. Rohan met with representatives of Battelle on June 2nd,
Chugach Electric Association on June 4th and Union 0il on June 5th to
discuss alternatives to the Susitna project. This report, which summarizes
the Panel's opinions and recommendations, was prepared on June 4th and 5th
and discussed with representatives of the Power Authority staff and Acres.
Dr. Seed was not able to attend the meeting.

GEOTECHNICAL INVESTIGATIONS

Following Dr. Merritt's 1% day visit to the Watana and Devil Canyon sites,
discussions were held at High Lake concerning the on-going field program
and preparation of information appropriate for the feasibility design. The
following comments summarize these discussions and are offered to aid in
the timely completion of the field program.

General - The preparation of finalized geologic maps and profiles is not
keeping pace with the rapid accumulation of field information. This
situation is compounded by the recent acquisition of a large quantity of
field geologic data collected by previous Corp of Engineers work which was
never reduced and presented in final form by the Corps. Moreover, the
original Corps boring logs need to be reviewed (re-logged) to assure that
all field information is presented in a consistent manner.

A schedule for completion of the various phases of work for the summer
program has been prepared to assure that the necessary information is
analyzed in time for the next phase of feasibility design. The External
Review Panel will be prepared to review this work during our October
meeting.
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Watana Site

Field geologic mapping is underway, the results of which will be used to
best locate the remaining exploratory borings. Present structure Tayouts
indicate that the "Finrs" shear zone shouid not intersect any tunnels or
open cuts. Special attention is being given to the projection of the
"Fingerbuster” shear zone concerning its possible intersection of the
downstream portion of the tailrace tunnels. Present information suggests
that this zone lies downstream of the proposed underground powerhouse;
however, exploratory borings are planned to confirm this interpretation.

Additional seismic surveys will be done to better define the geometry of
the buried channel on the right abutment and additional borings and pumping
tests are planned for the next phase of exploration.

Devil Canyon Site

The geologic mapping is well advanced at this site and no new shear zones
have been identified on the abutments. Boring BH-7 has confirmed the
presence of a shear zone (previously recognized) beneath the topographic
lineation on the left abutment. This feature wll be receiving careful
attention during the upcoming Task 4 study.

Numerous open stress relief joints have been recognized in the upper por-

tion of both abutments and are apparently more prevalent on the left side.
The field geologists will be mapping these features in detail to assist in
preliminary layouts of the required excavation for the arch dam.

Four borings remain tc be drilled at Devil Canyon; 2 will pass beneath the
river to explore for geologic structures and 2 more drilled into the abut-
ments near the river to determine general rock quality. If the river hole
in progress encounters favorable conditions, then the second hole may not
be required for the feasibility design. Considering the excellent rock
exposures, the two remaining borings may best be drilled at the upper
elevations (on the left side) rather than close to the valley bottom as
presently planned. These holes should be directed to cross the stress
relief joints to determine their presence at depth. The drill advance can
be carefully watched to determine the presence of open joints. A borehole
camera would provide the most direct method of assessing the presence and
magnitude of these features and is being considered by Acres' personnel.

SEISMIC STUDIES

Seismic studies have evaluated all known and detectable faults and line-
aments in the project area. The 1981 field program calls for a study of
thirteen features identified as signifcant in the 1980 investigations.

In order to firm up design for the major structures in the project, it is
essential that conclusions regarding the significance and impact of each of
these features be reached as soon as practicable. Delay in completing this
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work and evaluating the parameters required for design will have an impor-
tant effect on meeting the project schedule. : .

HYDRAULICS AND HYDROLOGY

The field program for surveys and collection of hydrologic data is con-
sidered to be adequate for the current feasibility study. Modifications

to the original scope of work involve studies of navigation effects.
However, after analyses of available existing data and data to be collected,
it may be found necessary to collect some additional short-term information
to firm up tentative conclusions in one or more areas. Specific comments
on some areas of data collection are presented below.

Flood Flows

Stream flow data are being obtained at a sufficient number of existing,
reactivated and newly installed gaging stations throughout the drainage
area to enabie a reliable determination of flood flows. Studies to date
indicate that the Corps PMF is about 20,000 cfs too low. A report on flood
discharges will be issued for review in a few weeks. Scme 80 water level
cross-sections have been taken in the Susitna River. HEC programs are
being developed for free surface and ice covered water levels for various
size Tfloods. Reports will be issucd on free surface water levels in July
and ice covered conditions somewhat later. These studies should establish
reliable bases for determining river tailwater levels at the dams and water
surface profiles in downstream reaches of the Susitna River.

Sediment Data Collection

The river sediment measuring program has not been started. This program
should be defined and started as sonn as possible under the guidance of the
USGS or a private river sediment expert. It is essential that bed load
measurements be made during this runoff season to enable a reasonable
assessment of the effacts that depletion of sediment loads by construction
of the dams would have on downstream river conditions. The Panel is con-
cerned that the necessary sediment data may not be avaiiable in time for
inclusion into the June 30, 1982 feasibility report.

Reservoir Capacity

Recent reservoir surveys have been completed from which more accurate capa-
city curves have been developed. At Watana, the revised curve indicates
ones to two percent less reservoir capacity between elevations 1700 and
2100, but the capacity is essentially the same as shown by the original
curve at maximum pool elevation 2200. This small difference does not re-
quire revisions in the design developmant studies. However, the revised
capacity curve should be used in final design.

At Devil Canyon, the revised reservoir capacity curve based on the latest
survey indicates significantly greater capacity than the initial capacity
curve, being approximately 30 percent greater at elevation 1500. Since
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power operation would be near maximum pool nearly 100 percent of the time,
the revised greater capacity would have 1ittle influence on design develop-
ment studies. However, the greater capacity curve should be used in final
design and reservoir filling and drawdown studies.

Energy OQutput

The firm energy output for the Watana/Devil Canyon system has been deter-
mined by routing actual stream fiows which occurred for the 1969-79 period
through the system. Since this was by far the period of lowest stream flow
over 70 years of record, the Panel concurs that this is a satisfactory
basis for establishing firm energy output.

DESIGN DEVELOPMENT

Acres described various alternative schemes for optimizing design of the
main dams, coffer dams, saddle dams, spillways, power facilities and
diversion tunnels for the two dams. The Panel was very impressed with the
many specific alternatives which will be studied to arrive at the most
functionally satisfactory and economical plan. We desire to emphasize,
however, that full consideration should be given to the effects on ease of
construction and construction schedules, as well as costs, for the various
alternatives. Specific comments follow on some of the design features that
will be considered in the optimization studies.

Multiple Level Qutlets

There is some question whether multiple Tevel outlets will be required in
the power intakes, particularly at Watana Dam. Some experience in several
Alaska lakes indicates that a marked thermal stratification may not occur
in the two reservoirs and that the reservoir waters may never be free of
turbidity, in which case multiple level outlets would not effectively
enhance downstream water terperatures or quality. The Panel is of the
opinion that sufficient studies should be made of other Takes to make a
better assessment of wnat is most likely to occur in Watana and Devil
Canyon reservoir. If the studies are inconclusive, then the Panel suggests
that multiple level outlets be provided at both dams, since their costs
would not be excessive and prototype experience may prove them to effec-
tively enhance water temperatures and quality downstream of the dams. An
exception to this statement, however, is that in the event Devil Canyon
will be constructed earlier than anticipated due to greater power demand,
then muitiple level outlets may not be required at Watana Dam.

Low Level Qutlet

Acres has given preliminary consideration to providing low level outlets at
both dams for Towering the reservoirs in the evant of an emergency. Based
on general guidance information used by the Corps of Engineers, a Tow level
outlet capacity of approximately 100,000 cfs would be required. This would
require construction of an additional large gated tunnel at great cost. A
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Tow level outlet was provided at Mica Creek Dam in British Columbia by
providing a tunnel plug and gates in the diversion tunnel which would allow
substantial lowering of the reservoir in a pericd of 8 months. The Panel
believes that this type of Tow level ocutliet should be installed in the
diversion tunnels at Watana and Devil Canyon. This low level outlet would
provide for regulaticn of initial reservoir filling, minimum flow reiease
when the powerhouse is not in operation and emergency lowering of the
reservoir over a substantial period of time for repairs in the event that
seepage problems should develop.

Service Spillway

One alternative scheme for Watana provides for a service spillway with a
stilling basin designed for a 1 in 10,000 year flood and a fuse plug

spillway te handle additional flows up to the PMF. While there may be some
reduction in cost by reducing the size of the service spiliway and increasing
the size of the fuse plug spillway, the Panel is of the opinion that the
service spillway should not be made smaller than required for a 1 in 10,000
year flood. However, some reduction in cost can be made by designing the
stilling basin to function as a hydraulic jump basin for a smaller discharge,
say 50 percent of the 1 in 10,000 year flow, and sweep out of the basin for
larger discharges, if this would not endanger the stilling basin structure.

Spillway Outlets in Arch Dam

Although technically feasible, the Panel suggests that consideration bhe
given to eliminating the spillway outlets through the arch dam at Devil
Canyon and the concrete lined plunge pool near the toe of the dam by in-
creasing the size of the service spillway. If there is not a substantial
increase in cost, the Panel would prefer to eliminate the outlets through
the arch dam.

Watana Dam

An embankment structure has been selected for feasibility studies at the
Watana site. It appears that very little effort has been expended to study
other types of dams for this site. A preliminary design has been prepared
for an arch dam, but, to our knowledge, essentially no attempt has been
made to compare the cost of these two structures, to evaluate construction
time or difficulties, or to otherwise evaluate potential alternatives.

As a basis for proceeding with feasibility studies, we consider it important
that economic comparisons be prepared for viable alternative dam types for
the Watana site.

Devil Canyon Dam

An arch dam appears to be the most appropriate structure for the Devil
Canyon site. This conclusion has been reached by essentially all inves~
tigators, and, we assume, is based on comparisons with other dam types for
the site.




Acres has developed a satisfactery arch dam design for the Devil Canyon
site. Stress levels appear to be acceptable for all normal loading con-
ditions studies. A dynamic response spectrum analysis, assuming 0.5 gravity
ground acceleration and a 5 percent damping rate, was conducted. The re-
sulting stresses indicate that construction joints in the upper part of the
dam would open intermittently. Some horizontal surface cracking may also
occur on both faces.

We believe this loading to be extremely conservative. A damping rats of 10
percent is more appropriate for this situation, and a ground acceleration
no greater than 0.4 gravity appears to be more realistic.

ENVIRONMENTAL CONSIDERATIONS

Substantial progress is being made in the study of various environmental
considerations, such as the current status of fish and wildlife populations,
cultural resources (archaeologic remains), vegetation types, and alternative
location of access roads. Some crucial environmental jssues, however, have
not been adequately addressed. These will require extra attention in the
1981 field season. In this category are downstream effects of the dams on
the river channel itself with potential secondary effects on fisheries and
wildlife, effects of the dams on water turbidity, and possible effects of
leaving standing timber in the impoundment areas.

Fisheries

Studies of fish population in the Susitna River Basin were late in starting
in 1980, but considerable data were accrued through the fall and winter
(1980-81). An accelerated program is underway in June 1981, which by 1982
should yield a preliminary picture of the existing situation.

The Susitna River above Devil Canyon apparently supports a substantiai
population of grayling, but few if any salmon are able to ascend the stream.
Presumably, the grayling and probably lake trout will thrive in the impound-
ments. The question of whether they will constitute an important recrea-
tional fishery depends on the ultimate clarity or turbidity of the im-
pounded waters. Even if the water is turbid, there will be some sport
fishing at the moutuns of clear streams entering the impoundments.

The Tower Susitna River and its many tributaries and back waters carry
substantial populations of salmon that support an important commercial
fishery ir Cook Inlet, as well as a sport fishery in the river channels and
at the river mouth. There are additional populations of grayling and
rainbow trout in many of the tributaries. On-going studies are intended to
shed Tight on the relative importance of the various tributaries, backwaters
ana main channels in supporting fish 1ife. Of par.icular significance in
this regard is gaining an understanding of the possible effects of the
impoundments on downstream hydrology. This can best be prognosticated by
measuring the bed load of sediment now carried by the Susitna and its



various tributaries. When the silt load from the upper-Susitna is cut off
by the dams, what will be the changes ir the conformation of the lower
river and the chemistry and turbidity of the water? Data on bed load must
be obtained before this important issue can be predicted.

Wildlife

The Alaska Department of Fish and Game is making commendable progress in
studying populations of moose, caribou, black and grizzly bears, wolves and
dall sheep. The moose will be directly affected by loss of winter range in
the Watana impoundment. In time, there may be a compensatory development
of new willow stands bordering the impoundment. Black bears will be all
but eliminated from the Watana impounded area by flooding of denning areas
and 1oss of protective timber. Caribou may be somewhat affected by disrup-
tion of seasonal migration to calving grounds. Dall sheep, grizzly bears,
and wolves will probably be only peripheraliy affected by disturbance of
their wilderness habitat.

The University of Alaska and the Alaska Coop:rati&e Wildlife Research Unit
are studying pooulations of furbearers, non-game mammals, and birds. As
far as we kXnow these studies are progressing satisfactorily.

Downstream Hydrology

Change in the amount of bed load carried by the Susitna River may affect
fisheries and wildlife in a number of ways. There is some indication that
the backwaters and billabongs of the lower Susitna may be important rearing
areas for juvenile salmon. Summer flooding of these backwaters, sloughs,
and ponds creates extensive waterfowl habitat. Peak floods cut into

timber stands and deposit open bars which are colonized by willows that
constitute winter forge for moose. Understanding the dynamics of the lower
river is essential in predicting long-term effects of the Susitna project
on wildiife.

The need for additional hydrologic studies - especially bed load studies -
was discussed in the March meeting of the External Review Panel in San
Francisco. But as of June 1981, no firm plan of action has been imple-
mented. The Panel urges immediate action to assure that some useful data
on bed lead will be available for consideration in October, 1981. Without
it, there will be no way that downstream effects can be evaluated.

Water Chemistry and Turbidity

The water quality program is being prepared for Acres American by R & M
Consultants. No results have been made available to the Panel, nor even a
1ist of specific questions being investigated. From the standpoint of
fisheries it is important to know what may be the future turbidity of the
reservoirs and the Susitna River below.

In summer, a substantial flow of turbid water will enter Watana Reservoir
from the glacier above. Heavy materials will be deposited in the reservoir




head, and smalier particles will be carried on toward the dam. To what
extent will the water clear as it approaches Watana dam? Will the water in
Devil Canyon reservoir be clear or cloudy? And what of water passing Devil
Canyon dam into the mainstream of the river below through summer and
winter alike? Clouded water blocks the passage of light and reduces or
precliudes the growth of phytoplankton which form the base of the aquatic
food chain. The productivity of these waters for fish will be an inverse
function of turbidity. Are adequate studies underway to prognosticate
post-project water conditions?

Timber in Impoundment Area

At the January, 1981 meeting of the Panel, the suggestion was made that
consideration be given to stripping the timber from areas to be impounded,
for the purpose of reducing the load of fioating trash in the reservoirs.
Has this idea been considered? Has the cost been estimated?

Nitrogen Supersaturation

To protect fish 1ife in the Devil Canyon reservoir and in the river below,
the design of both dams - including penstocks and overflow structures -
must minimize or preclude the incorporation of nitrogen into solution if
current studies by Mr. Milo Bell suggest this possibility.

Access Roads

Selection of the route or routes for constructing access roads should
avoid, insofar as possible, disturbance of caribou or Dall sheep. These
two species are expecially susceptible to environmental disturbance. The
area south of the two reservoirs is of particular importance to sheep. The
calving ground of caribou adjoins the upper reaches of Watana impoundment
on the north.

ECONOMIC FEASIBILITY AND FINANCING

Battelle Pacific Northwest is responsible, under separate contract, to
review and analyze alternatives to the Susitna project. Dr. Rohan met on
June 2, 1981 at Battelle's office with Mr. Swift, the project manager and
several of his staff to review Battelle's progress and to g2in a better
understanding of their approach. Battelle has addressed its ini*tial effort
at understanding the gas supply situation, and in improving the demand
forecasting methodoiogy. Copies of working draft reports on these subjects
are being forwarded for review by the External Review Panel. Because the
results of the Battelle study will be employed in Acre's final report due
in April 1982, it is recommended that the Alaska Power Authority monitor
the timeliness and work quality of Battelle.

From the initial Battelle meeting it was learned that Battelle's approach
to comparing alternatives is not totally consistant with the work of Acres.
In this respect, it clearly is advisable that Battelle and Acres meet in
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the near future to arrive at a common basis to make economic comparisons of
the various alternatives.

Because of the high level of uncertainty in estimating a) the future

markets for electricity, b) the capital costs and construction time to

build power plants, c¢) the availability and prices for fossil fuels and,

d) future regulatory environments, it is recommended that all economic
analysis incorporate this uncertainty. Technigues for making economic
comparisons under uncertainty are well known and include sensitivity analysis,
probabilistic assessments and decision analysis. Acres' current approach
needs some improvement as it is narrowly focused. The External Review

Panel would 1ike to review in October, progress in developing a consistant
approach to evaluating alternatives under uncertainty.

The issue of financing mechanisms for the Susitna project and the corre-
sponding electric rates to the customers needs further analysis. Because
of the financial risks, it is likely that the Susitna project cannot be
financed without support in the form of equity participation, guarantees
and the 1ike by the State of Alaska. A determination of available and
1ikeily financing mechanisms needs to be further developed by Acres and
available for review in October.

If the Susitna project is financed through direct state funding, and the
corresponding rates for electricity are set less than the cost of gas or
011 heating, there will be economic incentives to convert to electric heat.
This would greatly accelerate the demand for electricity and have a major
impact on Susitna and other power projects. The full impacts of this case
need to be investigated.

From an economic viewpeint, it appears that gas is the competitive alter-
native to the Susitna project. Chugach Electric Association, which repre-
sents about half the power requirements for the Railbelt region, is favorably
disposed to this gas alternative. The gas reserve situation and future
prices for gas needs further investigation. Particular emphasis should be
given to understanding potential long term contracting agreements for gas
from the oil and gas companies.

The Panel would 1ike to examine the criteria that FERC will employ in the
market and economic area to be certain that Acre's report fully addresses
these issues.

AGENDA FOR NEXT MEETING

The next meeting of the Panel is tentatively scheduled for the week of October
5, 1981 at the Acres Buffalo location. The Panel desires to make the
following recommendations regarding this meeting:

1. A site visit should be made by Panel members who desire to do so
before the October 5th before the full meeting.

2. Geotechnical problems should be resolved and discussed in more
detail.
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3. Results of design development studies for various alternatives
schemes should be discussed in more detail.

4. Environmental study results should be presented and discussed
more fully.

5. Battelle should present the results of their studies for Panel
consideration.

6. Consideration should be given to having a FERC representative

attend the meeting if this will be useful in speeding up their
review process and earlier license approval.

CLOSING REMARKS

The Panel expresses its appreciation to the staff of the Alaska Power

Authority and the staff of Acres American Incorporated for the many cour-

tesies extended during the meeting.

Meriin D. Copen | Jacob H. Douma

A. Starker Leopold Andrew H. Merritt

Dennis M. Rohan H. Bolton Seed
10
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October 8, 1381
SUSITNA HYDROELECTRIC PROJECT
EXTERNAL REVIEW PANEL
REPORT NO. 3

INTRODUCTION

The third meeting of the External Review Panel for the
Susitna hydroelectric Proiect was convened on October 6-8,
1981 at the Acres American office in Buffalo. In addition
to Panel Members, representatives of the Alaska Power
Authority and Acres Americsn were present. Various members
of the Acres American staff presented discussions regarding
progress in geotechnical areas, seismicity, hvdraulics,
hydrology, and design. The discussions were well prepared
and presented in such manner as to give a maximum amount of
information in a reasonable time.

Prior to the meeting Panel Members received a document
entitled "Susitna Hydroelectric Project, External Review
Board, Meeting #3, Information Package, October 6-8, 1981",
During the meeting other printed information was presented
to the Panel as required.

The Panel appreciates the efforts of the Acres American
Staff in planning and preparing for this verv informative
and successful meeting.
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SEISMICITY AND SEISMIC GEOLOGY

Excellent progress has been made during the summer months in
resolving most of the uncertainties regarding the possible
presence of active faults in the vicinity of the dam sites,
in developing an adequate model of the seismic geology of
the region, and in assessing the maximum levels of
earthquake shaking which coculd result from events occurring
along the major seismic sources. These studies have led to
the following preliminary conclusions:

WATANA DAM SITE

Four major lineaments were originally identified as being
possible faults in the vicinity of the dam:

(1) The Talkeetna Thrust Fault
(2) The Fins Feature

{3) The Susitna Feature

(4) The Watana River Feature

Field geologic studies during the past several months have
developed evidence indicating that:

(1) The Talkeetna Thrust Fault is not an active fault.

(2) The Watana River Feature is not a fault.

{3) The Susitna Feature is not a fault.

and (4) The Fins Feature may well be a fault but it is

relatively short in length and, since there are
apparently no other active faults in the area, it
is very unlikely that it could be active. In any
case its length would preclude the possibility of
it being the source of a significant earthquake.

In consequence, there are apparently no active faults
crossing the site and the major sources of earthquake
shaking at the site may be attributed to earthquakes
occurring on the Benioff Zone underlving the site at depth,
the Denali fault, the Castle Mountain Fault, and smaller
local earthquakes occurring with no apparent surface
expression in the «crust of +the Talkeetna terrain.
Considerations of fault distances and possible earthquake
magnitudes leads to the conclusion that +the approximate
maximum levels of shaking from the different sources will be
as follows:

Source Closest Distance Magnitude (Ms) Peak Acc. (Mean)
Benioff Zone ~ 63 km = 8% = 0.35q
Benioff Zone ~ 48 km =~ 7% ~ 0.32g
Denali Fault ~ 70 km ~ 8+ ~ 0.22qg
Local Event ® * *

* Information to be provided in Final WCC Report
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Seismic geology considerations have led Woodward-Clyde
Consultants to suggest that the maximum local earthquake
which needs to be considered is a Magnitude 5% to 6 event
occurring at a distance of about 10 km from the site. Such
an event would produce a peak acceleration (mean value) of
about 0.35g and would therefore not be a controlling event.
However, the Panel believes that in view of the past seismic
history and other considerations it would probably be
prudent to consider the possibility of a somewhat larger
event at a slightly shorter distance. In this case the
local earthquake would be responsible for the maximum
accelerations likely to develop at the dam site. This does
not mean however, that it will necessarily control the
design.

For the Benicff Zone event, which seems to be controlling at
this stage, the motions recommended by Woodward-Clyde
Consultants for preliminary design evaluations appear to be
entirely appropriate.

DEVIL CANYON SITE

At the end of 1980, nine lineaments were identified in the
vicinity of the Devil Canyon site which could possibly be
active faults. Field geolcogic studies during the past 6
months have led to the conclusion that only 3 of these

features are faults, that the three features recognized as
faults are inactive, and that in any case they are so short
in length that they could not generate earthquakes which
would be controlling events with regard to earthguake
motions at the dam site. Thus since there are no active
faults in the vicinity of +the dam site, the design
earthquake motions will be determined by similar
considerations to those applicable for the Watana site. The
Panel agrees with these conclusions.

Consideration of the most significant seismic sources of
ground shaking leads to the following:

Source Closest Distance Mzgnitude (Ms) Peak Acc. (Mean
Benioff Zone ~ 90 km =~ 8% = 0,.3g
Benioff Zone ~ 58 km =~ 7% = 0.3qg
Denali Fault ~ 64 km ~ 8+ = 0,249
Local Event * * *

As for the Watana site, there is a need to establish very
soon the significant characteristics of the local earthguake
(in the crust of the Talkeetna Terrain) in order to finalize
the seismic criteria to be used for project design.

* To be provided in Final WCC Report




In light of the information presented at this meeting and on
the basis of past experience, the Panel believes that
through the use of appropriate design and construction
procedures, dams with ample margins of seismic safety can be
constructed at both sites. The Panel believes, however,
that the gquestion of seismic effects due to local crustal
earthquakes should be resolved in the next few weeks so that
more definitive design studies can be completed.

ROCK ENGINEERING CONSIDERATIONS

As a result of discussions during this meeting as well as
observations made in the field by Panel member Merritt
during the period of 23-25 September, we have the following
comments regarding present designs.

WATANA

Every effort should be made to reduce the height of the cut
slope at the inlet to the diversion tunnel. The structures
can probably be moved closer to the river and perhaps
shifted slightly in a downstream direction.

The surface excavation at the outlets of the tailrace
tunnels and spillway structures is likewise very extensive.
Further detailed examination 1is warranted to minimize
possible slope stability problems.

* To be provided in Final WCC Report

Recent borings in the proposed underground powerhouse site
encountered a zone of soft hvdrothermally altered diorite.
This is not acceptable material +to have in a major
underground excavation. Some shifting of these openings is
required. Considering all borings made in the right
abutment, the general quality of the diorite is quite high
and we foresee that acceptable rock can be found for the
proposed structures.

DEVIL CANYON

The graywacke and argillite at this site appear to be of
acceptable quality for the proposed underground structures.
No major shear 2zones have been recognized in these areas.
The underground openings have been oriented with respect to
the major known Jjoint svstems and bedding planes. The
present layout is acceptable and it is recognized that some
slight shift could result based upon the results of future
exploration. :

The axis of the proposed surface spillway on the right
abutment will nearly parallel the strike of the bedding of
the rock. The required cuts will daylight the bedding which
dips at about 50 degrees into the excavation. Potential
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major rock stability problems could result which might not
be solved by simple rock bolting measures. This design
likewise requires your review.

BURIED CHANNEL

The results of all geophysical surveys completed to date
have defined a major channel beneath the plateau on the
right abutment at the Watana site. The channel is
approximatelv 15,000 ft wide when measured with respect to
that portion of the bedrock channel below the proposed
reservoir pool level. The deepest portion of the channel
lies about 450 ft below pool level; however, perhaps as much
as 60-70% of the channel lies 100 ft or less below maximum
pool level.

The borings completed during the Corps of Engineers study
indicated that the channel is filled with glacial till,
outwash, and perhaps lacustrine deposits. The boring logs
show that boulders (some as large as 12 ft) can be expected
in these heterogeneous deposits, either as individual units
or as thick layers. Contour maps made of the bedrock
surface suggest a wide ehtrance channel or channels upstream
of the damsite and a relatively narrow exit into Tsusena
Creek downstream of the damsite.

The buried channel on the north slope of the reservoir at
Watana Dam is much greater in extent than was anticipated a
year ago and represents cone of the greatest uncertainties
associated with the Watana Dam project. Major problems
posed by the presence and extent of this channel are

(1) The magnitude of possible seepage losses through
the channel.

(2) The possibility of piping within +the channel
resulting from seepage from the reservoir towards
Tsusena Creek.

(3) The possibility of seismic instability in the
soils comprising the buried channel under strong
earthquake shaking.

It appears that problems (1) and (2) above could be
eliminated by construction of a cut-off wall and grout
curtain through the soils filling the channel. However, the
provision of such a cut-off would not solve any problems of
seismic instability on the upstream side of the wall.

Since very little information is available concerning the
nature of the soils forming the channel £fill it is not
possible to assess the magnitude of the seismic instability
problem, if indeed it exists at all, or the need for an
extensive cut~off wall, currently projected to be about
15,000 feet long and varyving from a few feet to 450 feet in
depth. However, it is clear that both the possibility of
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seismic instability and the cost of a cut-off would be
dramatically reduced if the reservoir level were about 100
feet lower than currently planned. Such a lowering could
reduce the 1length of the cut-off to about 4,000 feet,
facilitate its construction, and by lowering the water table
in the soils, increase their seismic stability. In view of
these advantages, together with the fact that economic
advantages associated with the top 50 to 80 feet of Watana
Dam do not appear to be wvery great, the Panel believes that
careful consideration should be given to the potential
benefits of reducing the height of Watana Dam bv 50 to 100
feet. Such a reduced height might also facilitate layout
problems for the dam.

The Panel cannot be sure that a reduction in dam height
would be advantageous but believes that a careful study of
the question is warranted in the next several months.

WATANA DAM EMBANKMENT

The Panel believes that the preliminary design section
selected for Watana Dam is satisfactory and will produce a
stable and economical structure. It is suggested however,
that consideration be given to the following items:

(1) If the shells are constructed of densely compacted
gravel or rockfill and the core of a much more
compressible sandy=-silty-clay, there is a danger
of deleterious stress redistribution due to
differential settlements. Consideration should be
given to minimizing this possiblity bv:

(a) inclining the core slightly upstream,
providing this c¢an be done without
jeopardizing stability.

and/or (b) locating a relatively incompressible
core material which 1is adequately
impervious. Such a material appears to
be available as a GC material in one of
the borrow areas.

(2) Deformations of the upstream shell of the dam due
to strong earthquake shaking can be minimized
either by densifying the shell material to such
extent that high pore pressures cannct develop or
by using highly pervious rock-fill which will
dissipate any pore pressures resulting from
earthquake shaking almost as rapidly as they
develop. Consideration should be given to using
gravel-fill and rock-fill in the upstream shell in
such a way as to optimize their use from a seisnic
design point of view.
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(3) There is apparently ice in the rock joints in the
abutments at Watana Dam site and this will have to
be thawed before grouting. It would be desirable
to determine whether construction costs have
allowed for this.

(4) It appears that there may well be permafrost in
the foundation soils for the saddle~dam. When
this melts it could leave the soils in a very
loose condition which may be adequate for static
stability but inadequate for seismic stability.
It would be desirable to explore this possibility
further and examine the need £for excavation of
frozen foundation soils prior to saddle-dam or
dike construction.

DEVIL CANYON DAM

Sufficient study has been completed to adequately support
the present arch dam design for feasibility purposes.
However, the linear feature through the pond areas where the
wing dam will be located should be further explored in the
near future. Similar considerations to those discussed for
the Watana Site should be given to the foundation soils
under the Devil Canyon wing dam.

WATANA DAM DIVERSION TUNNELS

Two diversion tunnels are proposed for diverting up te a 1
in 5~year flood during construction of Watana Dam. One
tunnel would be located at a low level so that it wculd flow
full at all times. The second tunnel, located at a higher
level, would have free flow. After diversion +the lower
tunnel would be plugged. Two plugs would be constructed in
the upper tunnel with gated outlets through them to permit
release of low flows until Devil Canyon is completed and
serve to lower the reservoir in case of an emergency. The
Panel concurs in the general concept of the diversion
tunnels 2nd modification of the high level tunnel for use as
a low-flow and emergency release outlet; subject to
refinements discussed by Acres.

WATANA DAM SPILLWAYS

Spillway flows at Watana Dam would be handled by three
separate flow release structures. Discharges corresponding
up to a 1 in 100-year flood would be released through a
low-level tunnel controlled by three or more Howell-Bunger
or similar valves located at the downstream end of the
tunnel. Discharges corresponding to floods in excess of 1
in 100-years and up to 1 in 10,000~-years would flow through
an open chute spillway with a flip bucket. Discharges in
excess of the 1 in 10,000-year flood up to the PMF would
pass through a bypass channel controlled by a fuse plug.
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The Panel concurs in the proposed concept of handling
spillway flows. Release of floods up to 1 in 100-years by
low level valves would maintain the nitrogen supersaturation
level to an acceptable limit. The Panel suggests that fixed
cone wvalves as installed by the Corps of Engineers at New
Melcnes Dam be used, since their greater rigidity makes them
more suitable for high-head operation. The smaller chute
spillway flows would reduce erosion in the downstream river
channel. Hydraulic model tests will be required to
determine the extent of material that should be
pre-excavated ir the plunge pool area. In view of the
infrequency and short duration of spillway operation and the
relatively high quality of rock in the steep river banks,
the Panel is of the opinion that excessive erosion would not
occur due to service spillway operation. With respect to
the emergency spillway bypass channel, the Panel is
concernel over the 45~ft height of the fuse piug. This high
plug would need to be des:Lgned as a small earth dam to
retain the power pooJ at maximum levels and also be capable
of faiiure as a fuse plug when it is overtopped. It is
suggested that the entrance to the bypass channel be
widened, thereby requiring a smaller height of fuse plug.
This would also reduce the amount of reservoir lowering in
the event of fuse plug failure.

DEVIL CANYON DIVERSION TUNNEL

One diversion tunnel 1s proposed for Devil Canyon Dam to
divert flows up to a 1 in 50-year flood during dam
construction. The tunnel would he plugged after it is no
longer needed for diversion. The Panel suggests that this
tunnel could be used for spillway flow releases in an
alternative spiliway design disgcussed hereinafter.

DEVIL CANYON SPILLWAYS

As for Watana Dam, spillwav flows at Devil Canvon would be
handled by three separate flow release structures. Flows up
to the 1 in 100-year flood would be released by four or five
outlets through the base of the .- oncrete arch dam contrclled
by Howell-Bunger or other type high pressure va:ves.
Discharges in excess of 1 in 100-years and up to 1 in
10,000~-years would flow throuch an opern chute spillway with
a high level flip bucket. Discharges in excess of the 1 in
10,000-year flocd up to the PMF would pass through a bypass
channel controlled by a fuse plug.

The Panel concurs in the concept of handling the spillway
flows subject to the question raised below. Release of
small flows through valves at the base of the dam will
prevent excessive nitrogen supersaturation in the downstream
river channel, as well as reduce disclarges and flow
frequency and duration in the chute/flip bucket spillway,
thereby reducing plunge pool] erosion. Based on a ground and
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air inspection of the river channel at the Devil Canyon Site
by Panel member Douma and Acres representatives on

September 17, 1981, the Panel is of the opinion that the
very high quality rock in the canvon walls should not
experience excessive erosion due to spillway operation. In
this case, pre-excavation of streambed material and
weathered rock is probably not required. The Panel is
concerned, however, over the deep sidehill rock cut required
for construction of the spillway chute. It suggests that
consideration be given to providing spillway +tunnels, as
required, instead of the chute spillway. In this alternate
plan, the diversion tunnel and probably only one additional
tunnel would be required. With respect to the emergency
bypass channel spillway, the Panel is concerned over the
57=-foot high fuse plug for the reasons stated for the Watana
fuse plug. Consideration should be given to increasing the
length and reducing the height of this fuse plug as
described for Watana.

DEVII. CANYON POWERHOUSE TAILRACE

The Panel concurs in extending the tailrace for the Devil
Canyon powerhouse abocut 1% mile to take advantage of the
additional approximately 30 feet of head.

CLOSING REMARKS

The Panel requests that the topics raised in this report be
thoroughly discussed in the next External Review Board
Meeing tentatively scheduled for the week of Januarv 11,
1982 in Anchorage.

The Panel greatly appreciates the many courtesies extenced

to it by the staff of the Alaska Power Authority and :he
staff of Acres American, Inc.
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MerXin D. Copen ' Andrew H. Merritt
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18 November 1981

My, John Lawrence

Project Manager

Acres American Inc.

900 Liberty Bank Building
Buffalo NY 94202

Subject: Susitna Project
Specialist Consultants Panel Meeting No. 4

November 18, 1981

Dear Mr., Lawrence:

- INTRODUCTION

On this date, Profs. Hendron and Peck met in Buffalo to

discuss certain geotechnical features of the project. Brief-

ing and discussions followed the attached agenda.

This letter was drafted in the Acres American office at
the end of the meeting and was finalized by the undersigned

2

shortly thereafter.

WATANA CORE MATERIALS

The well graded materials from borrow area D are suitable
for use in the core of Watana Dam; current thought regarding
filter requirements for well graded materials should be taken

into account in the design of the filters (John Lowe III, 4th

: - . Ay P IO .
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Nabor Carrillo Lecture, 1979). The well graded materials from
borrow area H are also suitable and have some piésticity which
possibly makes them slightly more desirable when considering
‘design against piping. However, the clayey materials may be
more compressible than the materials from,érea D; also, they
may exist at water contents too high;to be placed at the de-
Sired densxtiesrand there will pe little possibility of drying
them during the construetion season. In surmary, both mater=
ials are acceptable on the basis of.present information.

More information is necessary on insitﬁ water contents and de-
sired densities in the dam before the final selection can be

made properly.

WATANA DAM SHELL MATERIALS

We feel that the dam would perform better statically if

river gravel and cobbles were used for the upstream shell,
because rock fill dams over about 500 ft high usually develop
longitudinal ?fégks upon first f£illing due to additional braak-
age at sﬂarp contacts on saturation. Zones of processed grae-
vel could be provided to eliminate the fines and assure higher
 permeabilities if excess pore pressures are thought to be av

problem during earthquakes.. It is possible that too low an
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assumed stiffness for the coméacted river gravels may be a
cause for the high pore pressures computed in dynagic analysés.
Stiffness values for these materials could be approximated by
back ﬁalculaticn from the observed settlement of Portage
Mountain Dam in which both procéssed,and pit-run compacted

gravels were used.

‘WATANA CORE GEOMETRY

| Although static analyses may indicate that a more favor-
I ,able stress distribution is achieved if the core is sloped
upstream {(on the assumption that the core is more compressi-

ble than the shells), we feel that a central core is prefer-

able under ezrthguake conditions because the shells will

probably shake down more than the core. Thus the downdrag on -

DEnN

the core will tend to produce higher vertical stresses in the

core and so reduce the probability of cracking.

WATANA RELICT VALLEY

Cont;ol of seepage through this buried valley @s required
'for saféty; the cost of thé lost water is of little import
becausg.the seepage loss merely offsets the regquirement for a
minimum downstream flow. Three alternatives have been consid-

ered:
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.1} An upstream blanket over the entire inflow area.

This would be costly and, in fact, impractical because of the
limitation on its extent imposed by the entrance to the di=-
version works.

2) A cutoff across the pervious channel. This would be
extremely costly and probably ineffective. For practical rea-
sons i£ would hardly be possible to construct a slurry wall
deeper than 200 ft. Attenmpts to create a grouted alluvial cut-
Off between the beottom of the wall and bedrock would have small
chance for success in view of the likelihoeod of encountering
permafrost and in view of the great variation of permeability
likely to exist. If such a cutoff were to be provided, it
would be necessary to monitor points of possible emergence of
seepage downstream in the ggéggggg;fvalley and, in all proba-
bility, to protect part of the area by filter blénkets. In
ocur judgment no further consideration should be given to the
cutoff alternative.

3) Prevention of piping or backward erosion by préviding
suitable filters in the zone of seepage emergence.in the Tal=
;ggetnégvalley. This can be done, as the need is demonstrated,

in the following steps:

J ‘

‘ *“h!‘;\’.&, Tgu\ﬁer\@ }‘.\.!."-«Eq‘ - ;;—:M /‘27*?1




,.,5...

a) Establish the location and regime of springs that-
presently exist in the area of possible emergence, and
install and observe piezometers at suitable locations
prior to reserveir f£illing,

b) - If discharges appear or increase &uring‘reservéir
filling (or theresafter as permaﬁéost zones melt), or if
piezometric levels‘sc indicate, cover the emergsnce areas
with filter drains. If seepage emerges high above the

1
Talkeetna valley bottom, consideration can be given to

directing the seepage into lower strata by means of £il-

ter wells and providing filter protection for the lower

strata.

We consider this alternative to be the most positive
control measure. It will, in addition, be the least éostly.
Similar treatment would be necessary ﬁo a lesser‘extent even
if one of the other alternatives were adopted. The procedure
requires a period of surveillance, adeguately funded, for sev-
eral years until conditions stabilize; including the melting
of permafrost untilﬁthermal equilibrium débelogs. It also
requires maintaining the ability at site to execute the mea=-
sures that may be found necessary. It should be noted, how=-
ever, that the requirements of surveillance and capability of
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remedial work would exist in any event, in view o¢f the remote-~

ness and rigorous climatic conditions at the site.

SADDLE DIKE AT WATANA RELICT VALLEY

In view of our preference to eliminate the cutoff in the
valley, the design of the saddle dike would not be premised on
the incorporation of the cutoff in its foundation. The rela-
tively low head across the dike would permit conventional
seepage control. However, consideration must be given to the
possible existence and thawing of permafrost zones in the-
foundation after the reservoir has risen and to the influence
of liquefiable zones. Exploration is presently inadequate to
dete;mine if such zones exist. 1If thé maximum reservoir level
would be no higher than the natural saddle, these considerao‘
tions would become insignificant.y We believe the prcpqseﬁ
studies of reservoir elevaticn will be useful to determine if
there is an optimum level at which most of the project bene-
fits may be retained while the problems of the dike can be’

substantially reduced.
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WATANA UPSTREAM COFI?E’RDAM

We are concerned about the space limitation that may re-
guire steepening the downstream slope of this cofferdam if the
bedrock in'the riyer~§heuld be lower than anticipated where
the main-dam excavation would occur adjacent to the cofferdam.
We also have concern that constructing the proposed cutoff to
rock beneath the cofferdam may involve delays due to its depth
and to obstructions in the aliuvium. We suggést that the

cofferdam design be studied further.

PERFORMANCE OF CONCRETE DaMS

We believe it would be pertinent to review the experience
in arctic climates of concrete dams, including the long=time
history of severazl dams in Norway. (For example, Heggstad and
Myran, Investigations on 132 Norwegian Concrete Dams, 9th Con=-
gress Large Dams, Q34, R28, Istanbul 1967; Berdal and Kiel,
Skogfoss Hydroelectric Power Station, Norway/USSR; Civil Engi-
neering Works, Proc. Inst. CE, Vol. 30, pp. 271-290, Feb.
1965, discussion Vol. 33, pp. 481-491, March 1966.) This in-
formation would be pertinent to several features of the pro-
ject, including possible consideration of a concrete-faced
rockfill dike at the side channel to the left ¢f the Devil Can-

yon site.
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Yours sincerely,

A. J. Hendron;.jr.

Ak

Ralph B. Peck
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January 13, 1982

SUSITNA HYDROELECTRIC PROJECT
EXTERNAL REVIEW PANEL
REPORT NO. 4

INTRODUCTION

The fourth meeting of the External Review Panel for the Susitna
Hydrcelectric Project was convened on January 12-13, 1982 at the Alaska
Power Authority office in Anchorage. In addition to Panel Members,
representatives of the Alaska Power Authority and Acres American were
present. Various members of the staff presented discussions regarding
progress in gectechnical areas, seismicity, hydraulics, design, and
economics.

Prior to the meeting Panel Members received documents entitled
"Susitna Hydroelectric Project, External Review Board, Meeting #4&,
Information Package, January 12-13, 1982"; "Susitna Hydroelectric
Project, Acres Specialist Consultants Panel, Report, November 18, 1981";
and "Final Report on Seismic Studies for Susitna Hydroelectric Project,
February 1982, prepared by Woodward-Clyde Consultants"”.

A separate meeting was held in Bellevue, Washington on January 14
and 15, 1982 to review Battelle's preliminary findings of alternatives
to the Susitna project, and to be briefed on the status of Acres' work
regarding demand forecasts, economic evaluation, risks analysis, and
financing considerations. Representatives from Alaska Power Authority,
Acres, Battelle, and Dr. Rohan from the External Review Board attended
the meeting. A report on that meeting is attached.

Similarily, a separate series of meetings v re held in Anchoiage,
Alaska to reviaw the project environmental a:s.ects. Representatives
from Alaska Power Authority, Susitna Hydroelectric Project Steering
Committee, Acres American Incorporated, various resource management
agencies and Dr. Leopold attended these meetings. A report of those
meetings is attached.

The Panel appreciates the =fforts of the Acres American staff in
planning this meeting and preparing the discussions presented therein.

SEISMICITY AND SEISMIC GECLOGY

The seismic geology and seismicity studies have progressed satis-
factorily since the last meeting of the Panel. At that time, the major
sources of earthquake ground motion had been determined and the only
remaining uncertainty was the establishment of the significant charac-
teristics of the Tlocal earthquake (occurring in the crust of the Tal-
keetna Terrain) which could affect the design of the dam.




Woodward-Clyde Consultants have addressed this issue in their draft
of the "Final Report on Seismic Studies for Susitna Hydroelectric
Project" and in their presentation at this meeting. They term this
source "the detection level earthquake" and conclude that such earth-
quakes would have a magnitude of €& and could possibly occur very close
to either dam site.

Based on this conclusion and other known sources of earthquake
ground motions, recommendations have been presented concerning the level
of ground motions which project structures should be designed te with-
stand. These are presented in terms of mean response spectra and the
Panel considers the recommendations for mean ground motions to be
entirely appropriate. We would note, however, that "critical" struc-
tures such as major dams are normally designed to withstand earthquake
motions at about the 80 percentile level and the characteristics of such
motions should be developed and considered in evaluations of the seismic
stability of the project structures.

. The Panel has considered the characteristics of possible motions
resulting from earthquakes on the various sources (Benioff Zcne, Denali
Fault, Castle Mountain Fault, and Talkeetna Terrain) and concludes that
it is feasible to design both the gravel-fill dam &t VWatana and the
concrete arch dam at Devil Canyon, as well as the appurtenant struc-
tures, to safely withstand the effects of such earthquake shaking.

WATANA DAM EMBANKMENT

The Panel believes that the design section for Watana Dam, presen-
ted at this meeting, is satisfactory and will produce a stable and
economical structure. With regard to the questions raised in our
previous report, we note that:

(1) It dis proposed to construct the core with the well-graded
glacial moraine material from Borrow Area "D". This material
is satisfactory for construction of an impervious core and
further studies of its properties can be made in the design
stage.

(2) It has been decided to use an essentially vertical core with a
width sufficiently large to prevent arching of the core caused
by differential settlements between the core and the shell
materials.

(3) It is proposed that the upstream sheil be constructed of
compacted clean river alluvium gravels, this material being
processed to ensure that not more than 10% of the material is
less than 3/8" in size, in order to provide a high coefficient
of permeability and thereby facilitate rapid dissipation of
any pore water pressures generated by a seismic event. This
treatment, together with placement in 2 ft. 1ifts, should
ensure adequate stability for static and seismic Tloading
conditions.




(4) The crest level of the dam and associated reservoir levels
have been lowered by 30 feet so that the saddle dike has no
water retaining function except in the case of the probable
maximum project flood. This change greatly reduces the
significance of foundation stability associated with the
thawing of permafrost zones in the foundation of the saddle
dike after reservoir filling.

BURIED CHANNEL

In our Report No. 3, we noted potential problems posed by the
buried channel to be as follows:

(1) Magnitude of seepage losses through the mixed glacial and
alluvial deposits.

(2) Piping of these materials towards Tsusena Creek.

(3) Seismic dinstability of the soils under strong earthquake
shaking.

Acres has addressed these concerns and has concluded that: a)
seepage losses are not significant, b) piping can be controlled if
necessary by filter blankets placed on the slopes adjacent to Tsusena
Creek, and c) seismic instability or liquefaction is not a problem,
especially since the saddie dam has been reduced in height and the
reservoir level lowered 30 feet.

At this stdge in the project, only Timited information is available
on the engineering and geclogical properties of the materials within the
channel. Thus any present assessment of seepage, piping, and Tlique-
faction potential is based upon the broadest assumptions.

The External Review Panel continues to believe that the behavior of
the buried channel under full reservoir as w#ll as seismic events is
important to the performance of the project. However, the lack of
specific knowledge of material properties at this time does rot compro-
mise project feasibility. In our opinion, technical sciutions are
available to handle the concerns .2ntionec above at a reasonable cost.
These solutions might dinclude « filter blanket, partial or complete
cut-off, pumping to reduce porewater pressures, or possible densifi-
cation of loose soils. The potential for liquefaction increases with
the height of the reservoir or increase in water level in the channel
soils. Thus any further economically Jjustifiable reduction in dam
height has positive geotechnical benefits.

The External Review Panel gives its unqualified support to on-going
exploration within the channel area. We agree with Acres that borings
are required to define the extent and properties of the various antici-
pated deposits. We also believe that once defined, large scale pumping
tests will be required to determine general values of permeability.
Acres has noted that buried channels have been found on other projects
which have not permitted large water losses or caused piping when the
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reservoir was filled. They have agreed to document these cases and
present this information prior to our receipt of the feasibility report.

DEVIL CANYON DAM

The Panel reguested in its Report No. 3 that the linear feature
through the pond areas adjacent to the Devil Canyon damsite, where the
wing dam will be located, be further explored in the near future. Acres
agrees that the investigation is necessary but, because of time limita-
tions, they are unable to conduct this work prior tc submission of their
Feasibility Report. Thay do not believe that delaying this inves-
tigation will affect the feasibility of the project. We concur.

WATANA DAM SPILLWAYS

In its Report No. 3 the Panel concurred in the concept of handling
spillway flows at Watana Dam by three separate flow release structures,
as follows: discharges corresponding to floods up to the 1 in 100-year
flood through a tunnel controlli.d by downstream valves; discharges
corresponding to floods in excess of 1 in 100 years and up to 1 in
10,000-years through a gated chute spillway with a flip bucket; and
discharges in axcess of the 1 in 10,000-year flood up tc the probable
maximum flood through an emergency fuse plug spillway.

The Panel suggested that fixed cone valves be used instead of Howel
Bunger valves for the tunnel spillway because fixed cone valves give
better service for high-head operation. The Panel also suggested that
consideration be given to adopting a wider entrance and lower fuse piug
for the emergzacy sgiliway. These two suggestions have been adopted.
The Panel concurs in the general layout of a manifold at the downstream
end of the 28-foot diameter low flow spillway tunnel with six 8-foot
diametei* conduits each terminating with a 96-inch fixed cone vaive. We
also concur in the proposed wider entrance to the emergency spillway
with the lower 31-foot high fuse plug. .

The service spillway is designed so that in combination with the
tunnel spillway the 1 in 10.000-year flood will have a maximum reservoir
elevation of 2193. The coryesponding service spillway discharge is
114,000 cfs. Since the fuse plug crest would be at efevation 2200,
discharge througi the service spillway would continue to increase until
the reservoir level reached about elevation 2202, at which level the
discharge would be 147.000 cfs, which is the discharge being used for
design of the service spillway. Thus, the low-flow tunnel spiliway and
service spillway would handle a flood somewhat larger than a 1 ir 10,000
year fload. The Panel suggests that consideration be given to reducing
the size of the service spillway so that in combination with the tunnel
spillway the 1 in 10,000-year flood would have a maximum reservoir
elevation of 2202, This should result in a substantial saving in
service spillway cost.

WATANA SERVICE SPILLWAY CHUTE

Consideration snould be qiven to providing concrete paving for a
short distance on the invert of the approach channel upstream of the
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ogee crest. Four aeration slots in the chute invert should be located
at approximately statioms 5+00, 10+00, 14+00 and 17+00. A small ramp
should be located just upstream of each slot. The 'slots should be open
on top and a bevelled curved surface should be provided from the down-
stream edge of the slots to the main invert slope. The slot design
should be similar to that develsped for Tarbela dam at Colorado State
University in a 1:12 scale model and found to function satisfactorily in
the prototype.

DEVIL CANYUN SPILLWAYS

In its Tast report, the P2nel suggesied that fixed cone valves be
used instead of Howell Bunger valves for th2 low level spiliway outlets.
The Panel aisc suggested that the entrance to the emergency spiliway
channel be widened and the fuse plug height be reduced. These sug-
gestions have been adopted.

The Panz! suggested that consideration be given to using cne
diversion tunnel and an additiona! tunnel instead of the gated chute
service spillway for release of spillway discharges between the 1 1in
100-year and 1 in 10,000-year floods. Acres has studied this alterna-
tive and found it to be significantly more costly. The Panel is satis-
fied that a tunnel spillway is not an eccnomic alternative.

SEDIMENTATION AND RIVER MORPHOLOGY STUDIES

Panel member Douma met with R & M Consultants, Inc. and Acres
representatives in Anchorage on Dezember 9 and 10, 1981 to review
reservoir sedimentation, sediment yietd and river morphology studies for
the Susitna Hydroelectric Project. A report dated December 10, 1981 was
prepared and submitted to the Alaska Power Authority.

The rep...t generally concurs with the study's main conclusions, as
Tollows:

(1) Reservoir sedimentation would bhe of 1ittle concern to the
praject as less than 5 percent of the reservoir storage would
be depleted in 100 years and much of the depleted storage
would be below the dead storage level.

(2) It will be important to identify locations in the Susitna
River main channei between Devil Canyon and the Chulitna River
confluence where post-project channel conditions may be
detrimental to the fishery and whether or not remedial work
can be accomplished at reasonable cost to minimize damage to
fish spawning areas.

{3) Sediment analyses indicate that there will be some change in
sediment joads 1in the river reach from Devil Canyon to the
Talkeetna confluence but sediment loads in the lower Susitna
River downstrear of the confluenzse will be essentially the
same for pre- and post-project cenditions due to the long,
wide, gravel flood plain and large sediment Toads transported
by other tributary streams into the lower Susitna River.



(4) Stages of 1.5 to 3.5 feet lower, depending on the reach in the
lower Susitna River, will occur after flow regulation which
should not cause major flooding and navigation jmpacts.

(5) Under post-project conditions, the frequency of occurrence of
dramatic changes in river morphology will decrease, resulting
in a more stabilized flood plain, a decrease in number of
subchannels and an increase in vegetative cover,

It should be recognized that changes in morphology of the lower
Susitna River due to project construction are extremely difficult to
quantify with a high degree of reliability. The analyses which have
been made, however, lead to a better understanding of the natural
processes and the changes that may occur due to project constiiction.
Future studies should include monitoring the river conditions by data
collection and observation of changes for a considerable period of time
after project construction.

The External Review Panel is impressed with the excellence ot the
studies made by R & M Consultants, Inc., and believe that the study
conclusions, in spite of the general sparsity of basic data, are quite
reasonable.

CLOSING REMARKS

The Panel is of the opinion that the outstanding topics discussed
in this report must be resolved in the very near future. It is there-
fore suggested that ranel Members meet with the Acres Specialists
Consultants Panel on February 17-18, 1982 1in Buffalo to reach agreement
with Acres American on the unresolved jssues.

The Panel appreciates the courtesies extended to it by the Alaska
Power Authority and Acres American, Inc.
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| February 4, 1982

B E SUSITNA HYDROELECTRIC PROJECT
f’"ﬁ ‘ EXTERNAL REVIEW PANEL

SUPPLEMENT TO REPORT NO. 4

| g During the three day period January 18-19-20, I visited the APA
. offices in Anchorage where I had the opportunity to confer with repre-
s © sentatives of Acres, TES, Mitigation Core Groups (both Fisheries and
. Wildlife), and the Susitna Hydro Steering Committee, consisting of
representatives of state and federal agencies. Additionally, T had
individual meetings with David Spencer and William Wilson of U of A, Al
Carson of Alaska Department of Matura® Resources, and David Cline of
National Audubon Society. Prior to tris trip I reviewed a number of
reports on Environmental (Task 7) and hydrology (Task 3) studies. The
notes which follow are a synopsis of my thoughts on some environmental
issues in the proposed Susitna project. Most of these concern fisheries
and the river itself below the impoundments.

i

n

1'_£§ Fisheries
i

The section of the Susitna River that will be most altered in flow
characteristics and in morphology is the reach from Devil Canyon dam
down to Talkeetna. The normal summer flow of 25,000 c¢fs will be with-
held behind the dams and released at a reduced rate which will alter the
shape and depth of the channel and will possibly preclude flooding of
side channels that are important for salmon spawning and rearing. I am
not clear as to the projected post-project flow. In various meetinags I
heard reference to flows as low as 5,000 cfs and as high as 12,000 cfs.
The adverse impact on salmon will be minimized if reasonably high summer
flows are permitted during the two months of salmon spawnina. Special
care will be required to maintain salmon spawning habitat during the
period when the reservoirs are filling. I would Tike to see a firm plan
of how flow is to be regulated from the time construction begins on
Watana Dam until Devil Canvon Dam is completed and filled.

Water temperatures in the river below Devil Canyon may be important
in stimulating or inhibiting salmon spawning and fingerling development.
I would Tike to see better data on present seasonal water temperatures
and a p1an for regulating temperature in released water after the
project is completed. It would appear to me that a multiplelevel inlet
from Devil Canyon reservoir would be essential if water temperature is
t? be manipulated. I understand that such an inlet 1is not currently
rlanned.

*

The vertical descent of water discharged from both Watana and Devil
Canyon dams is so great as to pose a threat of supersaturation of
nitrogen. I am told that outfiow structures can be designed to circum-
vent this problem. I want assurance that such is being done.

-

-

-
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Assuming that some spawning habitat will be Tlost between Devil
Canyon and Talkeetna, a mitigation plan should consider the possibility
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of creating artificial spawning channels along this stretch. Needed
first is & careful survey of possible sites where such c¢hannels might be
built. 1 have seen no such data nor any nlans for obtaining it.

Concern over changes in turbidity of post-proiect flows below Devil
Canyon is somewhat allayed by R&M report 3.10 (Jan. 1982). Apparently,
summer turbidity will be reduced by settling in the reservoirs, but
winter flows should be nearly clear, as at present. This change does
not seem to threaten salmon reproduction. QOn the other hand, elimina-
tion of bed load and heavy sediment now carried by the river will affect
the shape of the river below the dams as far down as Talkeetna. In-
stream flow assessments must ne continued for several years to fully
understand variations in flow. Some information on bed loading was
obtained in 1981 but more data are needed. BRelow Talkeetna the effects
on the river apparently will be minimal, but assurance on this point
will grow with additional study.

Data on salmon numbers in different parts of the Susitna Basin are
still fragmentary, but a rough estimate is now available of numbers of
fish that start up the river (Susitna Station) ar” those that pass
Talkeetna to spawn in the upper reaches below Devil Canyon. I have
summarized and averaged data given by Dana Schmict (report Dec, 22,
1981) as follows:

Approximate escapement above: % escaperent above:
Species Susitna Station Talkeetna Talkeetna
Coho 33,470 3,522 10.5%
Chinook 76,258 763 (5 yr. aver)
Sockeye 340,232 3,464 1.0%
Pink (odd yr.) 113,349 2,529 2.2%
Chum 286,363 {est.) 20,835 7.2%

Assuming that adverse effects on salmon will be felt largely or
entirely by the escapement above Talkeetna, the last column depicts the
portions of the total Susitna runs that might be impact.d adversely.
These fiqures, when improved over time, can serve to quide plans for
mitigation.

As the above table shows, most salmon in the Susitna basin spawn in
tributaries or in the Towsr river and its charnels and sloughs below
Talkeetna. Salmon hzbitat in the sloughs is probably requlated by water
level in the main river, but possibly also hy aauifers that flow through
the river-bottom aravels. Where do these aquifers oriaginate? Studies
of water dynamics in the sloughs are seriously needed.

Wildlife

By comparison with the comulexities of fisheries studies, the data
on wildlife are relatively straightforward and complete, Within the
areas of impoundment, there will be substantial losses of moose, black
bears, varicus fur-bearers and many small vertebrates. Caribou may be
troubled in reaching their traditional calving ground, and wolves wil]
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be disadvantaged by any decrease in moose or caribou. Caribou and some
other kinds of wildiife would be adversely affected by a rcad from
-Watana Dam to the Denali Highway, for this upper reach of the Susitna
basin is a richly productive habitat. (This road is not being recom-
mended by Acres.) In mv opinion, ongoing studies of wildlife species
and problems are generally adequate for purposes of project planning.

Mitigation

The "Draft Analysis of Wildlife Mitigation Options" is a well
prepared document that defines possible wildlife losses and lists quite
adequateiy the available cheices for mitication. For many species
compensation is the only form of mitication that is possible. In some,
however, Tike moose and beaver, habitat management procedures outside
the areas of inundation are recommended. This document can serve as a
guide to development of a specific program of mitigation.

By contrast, the "Draft Analysis of Fisheries Mitigation Qptions"
seemed to me cursory and incomplete. There are a substantial number of
mitigative measures that might be considered, but these are nejther
discussed nor evaluated in any meaningful way. Development of a usable
report on fisheries mitigation options is very much needed.

Respectfully submitted,
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February 18, 1982
SUSITNA HYDROELECTRIC PROJECT
ACRES AMERICAN EXTERNAL REVIEW PANEL
REPORT NO. 4

INTRODUCTION

The Acres American External Review Panel for the Susitna Hydroelectric
Project met with the Alaska Power Authority Review Panel on February 18,
1982. The Acres External Review Panei had convened independently on
February 17. Both meetings were conducted at the Acres American offices
in Buffalo. |

In addition to Panel Members, Robert Mohn of the Alaska Power Authority
and representatives of Acres American were present.

The objective of these meetings was to discuss the few remaining topics
regarding the project which require resolution. Various members of Acres
American staff presented discussions regarding geotechnical questions,
seismicity hydraulics and design. '

The Panel appreciates the courtesies extended to it by Acres American and
the planning and preparation of discussions presented in the meetings.




Buried Channel

Regarding the feasibility of Watana Dam, it is our opinion that the possible
seepage losses through the buried channel are not large enough to impact

the feasibility of the project. Moreover, possible piping of alluvial
materials can be controlled, if necessary, by weighted fiiter blankets
placed on the slopes between the reservoir and Tsusena Creek. The cost

of providing the downstream filter should be considered in the feasibility
report.

The present reservoir elevation of 2185 is low enough such that the water
is not required to be permanently supported by the freeboard dike. In .
fact, the free-board dike will not be required to resist differential water
" levels for the PMF (ei. 2202) bacause the lowest point above the relict
channel is elev. 2202.

Recently, the possibility of liquefaction of the uppermost layers of the
buried channel fillings has been raised. If these materials liquified,

and if large volumas of these materials could move under the gentle slopes
shown in attached section W-16 of Figure 6.34, Task 5 Report; then it would
be hypothetically possible to breach the reservoir. Recent stratigraphy
has been developed for the buiried channel which is shown in attached
Figure 1. As shown in Fig. 1, the lower unit K is the buried alluvium,
unit J is a preloaded till, unit J1 is an interglacial alluvium, unit I

is a preloaded till, unit H is an alluvium, unit G is a waterlain till

or lucustrine deposit, and units A,B,C,D,E and F are more recent outwash
deposits. It is highly unlikely that liquefaction could be a problem from
the top of unit I downward as shown in the cross section given in Figure 2.

The alluvium in stratum H will be saturated by the reservoir, however, and
more information is needed to conclude whether 1liquefaction is or is not a
problem in stratum H. Stratum H is buried beneath the water laid till unit
G, which indicates it was saturated under the water levels which produced
unit G and was probably subjected to earthquakes during that time period.
Further development of the pleistocene geology may clarify this point. The
strata above unit G are outwash materials and more information is required
on density, gradations, and blow counts in order to make definite comments
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on Tiquefaction susceptability. Because of the above, it is advisable to
consider the possible remedial action shown in Fig. 3 where in the worst
case, a compacted dike would be placad in a trench excavated down to the
top of the overconsolidated till, (Unit I). The costs of this remedial
action should be included in the feasibility report, but the decision to
employ or omit this possible remedial actior must be delayed until after
more investigations are conducted in the area of the buried channel.

At its meeting held on February 18, 1982 the APA review panei made recom-
mendations concerning the design earthquake motions for Devil Canyon con-
crete arch dam. We concur with these recommendations. ‘
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APA 2427 lacks the four illustrations accompanying the report "Susitha Hydroelectric
Project Acres American External Review Panel report no. 4" (February 18, 1982).
Those illustrated pages are included in APA 2954 and 2955 (documents very similar to
APA 2427).



February 18, 1982
SUSITMA HYDROELECTRIC PROJECT

ALASKA POWER AUTHORITY
REPORT NO. 5

IJNTRODUCTION

The Alaska Power Authority External Review Panel for the Susitna Hydro-
electric Project met with the Acres Review Panel on February 18, 1982.
The Acres External Review Panel had convened independently on Febru-
ary 17. Both meetings were conduc >d at the Acres American offices in
Buffalo.

In addition to Panel Members, Robert Mohn of the Alaska Power Authority
and representative of Acres American were present.

The objective of these meetings was to discuss the few remaining topics
regarding the project which required resolution. Various members of
Acres American staff presented discussions regarding geotechnical
guestions, seismicity, hydraulics and design.

The Panel appreciates the courtesies extended to it by Acres American
and the planning and preparation of discussion presented in the meetings.

Design Earthquake for Devil Canyon Dam

The studies conducted by Acres' consultants on seismology (Woodward-
Clvde Consuitants and Dr. Svkes) have indicated the need to design botn

. Watana and Devil Canyon Dams for an earthquake occurring in the Tal-

keetna Terrain very close to the damsites and having a magnitude of the
order of M = 6%,

For this purpose, it is recommended that hoth dams be designed to
withstand motions having a peak acceleration of 0.65g, a spectral shape
similar to that presented in the Woodward-Clyde reports, and a duration
of strong shaking of about 8 seconds. These are appropriately conserva-
tive motions for critical structures such as the dams of the Susitna
Proiect.

For the purposes of engineering analysis, the motions used for ex-
citation of an analytical model of a dam may well be different from
those of the Seismic Safety Evaluation Earthquake discussed above. For
the type of analysis being used by Acres to evaluate the seismic safety
3>f Devil Canyon Dam, the Panel believes that it is appropriate for this
structure to base the analysis on design motions having the following
characteristics:

Peak acceleration: 0.55¢g
Damping Ration : 10% |
Spectral Srape As recommended in Woodward-Clyde

report for 10% damping
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The use of these motions for analysis and design purposes is in keeping
with those used for similar earthquakes for critical structures in other
highlv seismic regions and will provide the required degree of assurance
of the abilitv of Devil Canyon Dam to withstand very strong motions
(peak acceleration = 0.65g) in the remote possibility that a local
earthouake of magnitude - 6% should occur.

It shouid be noted that the above recommendation applies only to the
proposed Devil Canyon concrete arch dam and that design motions for
other structures in the Project may be different from that recommended
above:, depending o6n the charactaristics of the structures and the
analysis procedure being used for evaluating their earthquake resis-
tance.

Hydraulic Design of Spillways and Outlets

Acres reponded to questions raised by the Externa! Review Panel in its
review of Watana and Devil Canvon drawings which are to be included in
the final draft of the Feasibility Report. The Panel concurs in the
answers to these questions and the design revisions that have been made
with the exception that it still is of the opinien that the Tarbela air
slot design for the spiliway chutes would be rmore effective than the
proposed aeration gallery with outlet ducts. However, this question
will need to be resolved by large-scale hydraulic model tests in the
final design of the spillways.

The Panel concurs that the revised emergency excavated spiliway channel
with a Tong relatively small dinvert slope to a pilot channel with a
steep slope 1is superior to the previously proposed excavated channel
with several invert drops. It 1is suqggested that in final design the
slope of the excavated channel be reduced as much as is practical in
order to decrease velocities and erosion in this channel.

Liguefaction Potential of Soils in Reiict Channel

At its last meeting in January, the Panel requested that Acres investi-
gate the possible effects of earthquake-induced 1liquefaction in the
surface soils of the relict channel. This question has been addressed
in the report of Acres External Review Panel, dated February 18, 1982.
We agree with the recommendations expressed in this report relative to
the Tiguefaction potential of the soil in the relict channel.
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March 1, 1982

SUSITNA HYDkucLECTRIC PROJECT
EXTERNAL PEVIEW PANEL
SUPPLEMENT TO REPORT NO, 4

Introduction

On ‘“anuary 14th and 15th, staff from Acres and Battelle met with
representatives of Alaska Power Authority and Dr. Rohan of the External
Review Panel to Access:

0 The preliminary results of the Rattelle study.
0 The status of Acres' Work in this area.

Prior to the meeting, draft reports w.re received for review from
both Acres ard Battelle and were reviewed by Dr. Rohan.

Battelle Report

The report from Battelle focused on the future demand for power in
the Railbelt region, alternative plans for power generation to meet this
demand, fuel avajlability and costs, and the comparative economics of
these plans.

In developing a range of Tload forecasts, Rattelle extended the
modelling approach of ISER and developed three basic cases each based on
a different level of economic growth in Alaska. (Each level of economic
arowth is related to state revenues and correspondinaly to the outlook
for world oil prices.)

Each case provided a projection of the demand for peak power and
energy on a vear-byv-vear basis to the vear 2010. Average annual arowth
in demand was projected to range from Z.2% to 4.5% per vear. This ranae
seems reasonable.

Price forecasts were developed for o0il, qas, and coal. The o0il
prices showed a real increase in price from 1% to 3% per year. Recause
of currently depressed o0il markets, actual oil prices over the next
several years could be lower than proiected. Future oas prices were
estimated for gas from the Cook.Inlet and the Morth Slope. These agas
forecasts were based on a combination of regulatory considerations and
market forces. Coal prices were forecasted to increase in real terms at
about 1% to 3% per vear. The range of price forecasts for oil, gas, and
coal is consietent with a consensus forecast of experts in 198Q0; how-
ever, the hic 'r ranges seem less likely in today's environment.

To meet the proiected demand for power, Battelle investigated a
wide variety of eneray sources. These sources included a combination of
thermal power from coal and das; hydropower from Bradley Lake, Chaka-
chamna and Susitna; and wind energy, tides, etc. Separate capital and
operating cost estimates were made for each of these alternatives.
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Battelle's economic analysis compared the levelized annual cost of
power generation for six technically feasible plans. Two of these plans
included the Susitna project as a source of power. Each of the six
plans was designed to meet the power requirements for the medium-load
growth forecast.

Battelle's primary conclusion regarding the economics was that the
cost of power for all six plans was essentially the same (58 mill/kWh
versus 59 mills/kWh in 1980 dollars). Comparisons of levelized annual
costs were made over a 30-vear period, 1980-2010. On a year-by-vear
basis, the two plans that dincluded the Susitna as a source of power
showed a slight decline- in annual electric costs starting in approxi-
mately the vear 2000. A1l plans would result in a near doubling ia the
real cost of electricity by the vear 2005.

Battelle's analysis of alternative generation schemes and conserva-
ti - potential was relatively complete. However, the time horizon of 30
years does not fully capture the true economic benefits of hydro-
facilities, which have useful 1lives of 50 vears or more. In February,
Battelle issued a draft comment report on its findings and incorporated
this longer time horizon.

Acres Report

Representatives from Acres presented their preliminary economic
analysis, risk assessment, and financial analysis of the Susitna pro-
ject.

Acres' economic analysis compared the present worth of the costs of
a Susitna project with a thermal plan using coal for base load gener-
ation.

Acres' analysis employed a more rigorous optimization approach to
systems planning_ than did Battelle's analvsis. Nevertheless, Acres'
findings are essentially consistent with Battelle's. OQOver a 30-vear
time horizon, both the Susitna and thermal unit projects would have
essentially the same cost.

On a 60-year time horizon, which is more appropriate, the Acres'
analysis indicated that for the medium-load forecast the Susitna project
would yield a net benefit over the thermal plan of about $1.1 billdion
(in 1982 dollars). FEoth Acres and BRattelle's analvsis excludes any
marketing or financial risks. These risks are substantial and could
alter the comparative economic advantages of the Susitna data.

Furthermore, the computed net benefits are highly sensitive to:

0 Load forecasts

) Fuel prices escalation

0 Real interest rates and discount rate
0 Capital cost of the Susitna project

For example, if the real discount rate is increasad from 3% to 4%
per yvear, then the net economic benefits of the Susitna project are



eroded to zero. As a second example, if the lower Toad forecast is
used, the benefits of the Susitna dam decreases to $0.2 billion.

Because of this high degree of sensitivity and uncertainty in these
key variables, it was agreed that Acres, in its final report, would (a)
show the sensitivity analyvsis, and (b) dincorporate a probabilistic
assessment of the 1ikelihood of the various economic outcomes.

Acres' analysis of risks was Timited, and focused on the capital
cost and construction risks in building the Susitna dam. Although the
quality of the work on these construction risks appeared to he excel-
lent, the concept of risk needs to be broadened fto incorporate the majior
load, marketing, and financial aspects of the Susitna proiect.

The fi- .iucial analysis and market assessment studvy was in fqts
preliminary stage. Even from its initial work, it is clear that the
financial and marketing risks are critical to the project feasibility.
Unless there is a form of state equity funding or guarantees on a least
50% of capital costs, the proiect feasibility becomes highly unlikely.
This implies state participation in the ramount of at least $2.5 billion
(1982 dollars).

This infeasibility 1is caused by the problems of marketing the
initial high cost of power generated by the Susitna dam, and general
problems of contracting to organizations with different economic inter-
ests. It is also related to the uncertainties in the market rate of
interest for bonds and the inherent risks of financing large capital
projects in an inflationary environment.

Subsequent to this meeting, there was another meeting with Acres,
the “nvestment advisors of Alaska Power Authority, representatives of
Alaska Power Authority, and Dr. Rohan. This meeting was held in Seattle
on February 19th to review the substantial progress on the financial and
marketing aspects of the Susitna project.

Respectfully Submitted

W '_K:o/ﬁrw

Dr. Dennis Rchan
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ALASKA POWER AUTHORITY

- > 334 WEST 5th AVENUE - ANCHORAGE, ALASKA 29501 Phone: (807) 277-7641

(807) 276-0001

April 14, 1982

Mr. Charles Conway, Chairman
Alaska Power Authority

334 West Fifth Avenue, 2nd Floor
Anchorage, Alaska 99501

Dear Mr. Conway:

In response to your letter of February 3 to members of the
Alaska Power Authority External Review Panel for the Susitna
Project and your request for a critical evaluation of the Acres
American Inc. Feasiblity Report and findings and the responses of
individual Panel members to specific questions, we offer the
following attached comments on the various aspects of the study.

It has been a pleasure working with members of the Alaska
Power Authority staff and Acres American, Inc. on this important
study and we would like to express our appreciation to you and
all concerned for the help and support we have received in
preparing our reports and recommendations over the past two
years.

Sincerely,

EXTERNAL REVIEW PANEL
MEMBERS

ol (D b Aot H s
Merlin D. Copen ob H. Douma

A. Starker Ledpold Andrew H. Merritt
T7 e srrrrn Fz;réhz~| *4 ﬂse%uk~0 ‘£2*4*
Dennis M. Rohan H. Bolton e

Attachment: as stated
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ENVIRONMENTAL COMSIDERATIONS

Development of the Susitna Hydroelectric Project will impact the
environment of the Susitna basin in a number of ways. The two reser-
voirs will inundate substantial areas which now support forests and
some kinds of wildlife; the construction camps, roads, and transmis-
sion lines will disturb various upland ecosystems; and the flow of the
Susitna River below the dams will be modified as salmon spawning and
rearing habitat. A number of on-going studies have shed considerable
light on existing animal populations and vegetational types. Although
some information is still far from complete, it 1is possible now toO
anticipate some of the impacts that the project will impose on these
communities. In the aggregate, the total impact will be relatively
small. Moreover, by judicious management, it will be possible to mit-
igate some of the habitat losses by improving habitats elsewhere. The
discussions which follow summarize the environmental problems as they
are now understood.

Reservolr Areas

The two impoundments, with an aggregate area of about 71 squar
miles, will obviously be converted froti terrestrial to lacustrine hab-
itat with a loss of all the plants and wildlife that use these areas
now. Among the larger animals whose numbers will be reduced are
moose, black bear, and several species of mustelid fur-bearers. A
wide variety of small birds and mammals will be evicted. Yet most of
these species are common in this part of Alaska; there are no known
endangered species of either plants or animals, In the case of the
moose, it 1s proposed to manipulate vegetation along the lower
Susitna, by burning or mechanical means, to create more winter range
and hence to increase moose populations there to compensate for losses
of moose in the impoundment areas. A somewhat reduced moose popula-
tion in the upper Susitna basin might mean some reduction in the
dependent. wolf population. The Watana impoundment intersects a migra-
tion route used by the Nelchina caribou herd. Although caribou swim
well, and easily cross natural water barriers, there is a possibility
that ice shelving along the shore of the Watana reservoir might inter-
fere with caribcu movements. If such a problem is detected, the ice
shelf could presumably be blasted. Of greater importance, perhaps, is
the necessity to clear and remove all the timber from the impocundment
areas to preclude the formation of floating log jams that could create
a truly dangerous barrier to migrating caribou.

The upper Susitna River supports several native £fish, of which-

the grayling is the primary game species. Although the river habitats
that are inundated will be lost to grayling production, it is possible
that the reservoirs themselves may support modest populations of gray-
ling and perhaps lake trout.
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Downstream Effects

Below the Devil Canyon dam the flow of the river will be substan-
tially altered from its natural <ycle. High summer flows will be
captured in the reservoirs to supply winter discharge. The reduced
summer flows in the river might adversely affect salmon spawning and
rearing habitat as far downstream on the confluence with the Chulitna
River, near Talkeetna. Side sloughs that are used as spawning areas
hy chum and sockeye and as rearing areas by juvenile coho and chinook
+-111 be cut off from flushing £flows which normally occur at high
levels of discharge. Considering the total runs c¢f salmon that spawn
in the Susitna drainage and its tributaries, the proportions that uti-
lize the reach between Talkeetna and Devil Canyon are as follows
(figures from Schmidt and Trihey):

Total Susitna ' Percentage spawning

Species runs (approx.) above Talkeetna
Coho 33,000 8%
Chinook 76,000 2%
Sockeye 340,000 1%
Pink (odd

vears) 113,000 3%
Chum 286,000 15%

Chum and coho salmon are the two species that might be adversely
affected by construction of the dams. There are good prospects for
mitigation of those potential losses. Thirty-two sloughs have been
identified along this stretch of the river. Mechanical opening of in-
take channels might permit flushing flows at discharge levels planned
for normal power producticn. Occasional higher flows might be re-
leased, if needed. Additionally, artificial spawning channels might
be constructed. If proper multiple ocutlet structures are installed in
the dams, water temperature can be regulated as well as flows. Much
of the silt in the upper river will settle in the reservoirs, result-
ing in clearer water flowing from Devil Canyon dam, which may be
highly advantageous for rearing of young salmon. All of these mitiga-
tion measures could preserve the salmon vruns at nearly pre-project
levels, or potentially at even higher levels, Below Talkeetna, no
significant changes in the salmon habitat are anticipated.

Elimination of peak floods may result in stabilization of bars,
islands, and river banks in the river bottoms below Devil Canyon Dam,
with the result thot riparian forest may develop in areas now in wil=-
low brush. Such advance in plant succession will be unfavorable to
moose, since willow is a prime winter food. This trend can be
reversed by a program . logging of the bottomland forest or by judi-
cious controlled burniig.
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Summarz

Considerirg the environmental impacts as a whole, and the possi-
bilities for partial mitigation, it does not appear that environmental
considerations should preclude the development of the Susitna
Project.

" GEOTECHNICAL CONSIDERATIONS

General

The External Review Panel, as a group and individually, has
visited the proposed dam sites, 1inspected the rock formations,
reviewed the results of the exploration program, and read the
interpretations and <conclusions presented by Acres in their
Feasibility Report. We recognize that the site exploration has been
done in various stages over the past years and note that the

Feasibility Report has included the pertinent portions of these |

earlier studies.

We conclude that the amount of site geologic investigaticns
completed for the Feasibility Report is adequate to effectively
preclude unknown geotechnical conditions which would have a major
adverse impact on project design and costs.

Geology and Project Layout

The geologic conditions revealed 1in outcrops and horings are
generally very favorable for the structures required for the project.
Where local shear zones or other areas of poorer quality rock have
been identified, the propssed project features have been positioned to
avoid them to the degree possible. For example, the diversion tunnel
inlet structure at Watana has been moved downstream to aveid the
"Fins" feature, the major underground chambers at Watana have been
moved to the right abutment to avoid the "Fingerbuster" shear zone,
and the orientation of the open cuts and underground chambers have
been located where possible to obtain the most favorable orientation
with respect to the joints and shear 2zones and thereby avoid major
rock stability problems.

The very good rock conditions revealed in the borings are
favorable for the major underground openings proposed and we foresee
that the excavation and support of the chambers will proceed using
well established construction methods. We expect that subsequent
exploration will provide the information required to establish the
most favorable final position for the chambers as well as providing
more detailed information on the mcst appropriate excavation and
support methods for the large diameter tunnels and high slopes.
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Special Geologic Conditions

The results of the exploration program at both sites have
revealed no geologic structures that can not be handled by
conventional methods. Moreover, the field work has been sufficiently
widespread to embrace the general geologic conditions so that no major
adverse feature is likely ¢o have been overlooked.

One of the most important geologic aspects that will receive
carefui attention during future field work is the buried or relict
channels on both abutments at Watana. To date the studies have
identified a deep channel on the right side that passes between
Deadman's and Tsusena Creeks that has been filled with wvaried glacial
deposits. The geometry of the channel and general nature of the
deposits have been defined by geophysical surveys and borings. More
recent studies on the left side in the Fog Lakes areas indicate that a
similar channel exists here also.

The importance of this channel and its deposits for the Watana
site are threefold: 1) magnitude of seepage, 2) piping of materials
towards Tsusena Creek, and 3) seismic instability of the soils under
strong earthquake shaking. These items have been fully addressed in
cur meetings with Alaska Power Authority and Acres and among other
icems, modifications have been made in the level of the reszrvoir to
decrease the height o©¢f water against the saddle dike on the right
side. It is clear that further field studies are required (and are

planned) to assess the importance of the above mentioned three

factors. However, as has been clearly pointed-out in previocus
reports, we believe that there are technically and economically viable
solutions to these potential problems. Acres and their External
Review Panel hold the same opinion. For the various possible

solutions, estimates have been developed and are reflected in the
project costs. We believe that the estimate is reasonable and should
cover possible contingencies that may develop as more information
becomes available.

SEISMIC DESIGN CONSIDERATIONS

The Susitna ?roject is clearly located in an area of potentially
strong seismic activity and must be designed to safely withstand the
effects of earthquakes. For this reason, a greater than normal effort
has been devoted during the feasiblity studies to determining the pos-




sible sources and magnitudes of seismic events which could affect the
presoct and the intensity of shaking which these events could produce
at the proposed sites for Watana Dam and Devil Canyon Dam.

The extremely comprehensive studies of the seismicity of the pro-
ject area are probably more extensive than those conducted for any
other hydropower project in the world. They have been ccnducted by a
highly competent group of earth scientists and engineers and they have
identified the major potential sources of seismic activity, the
potential magnitudes of earthquakes which oculd occur on these sources
and the levels of ground shaking which could occur at the project
sites as a result of the largest earthquakes likely to occur on these
sources.

Design ground mot‘ons for the required studies have been selected
with a degree of conservatism appropriate for critical structures,
taking into account the possibility of a great earthguake (Magnitude

8.5) occurring on the Benioff Zone underlying the dam-sites as well as.

the possibility of local earthquakes (Magnitude about 6 1/4) occurring
within a few kilometers of either of the sites.

Watana Dam

The preliminary design of the Watana Dam is a high embankment dam
with gravel shells and an impervious central core. The design is sim-
ilar to that successfully used for other very high dams (Oroville Dam
in California and Mica Creek Dam in British Columbia, for example) .nd
generally considered to be the most desirable for embankment dam con-
struction. Sources of the required types of soils have been located
and investigations have shown that ample quantities are available.

The proposed section of the dam is appropriately conservative
with a proven capability to withstand normal loadings and excellent
characteristics to enable it to withstand any anticipated earthquake
loading. The proposed design is in fact very similar to that of Oro-
ville Dam in California which has probably been subjected to more de=-
tailed analysis of seismic stability than any embankment dam in the
world. These studies have shown that the Oroville Dam would be stable
even if a Magnitude 8 1/4 earthquake should occur within a few
kilometers of the dam-site. The controlling design earthquake for
Watana Dam is comparable in magnitude but is source is located about
65 kms from the Watana site so that the shaking intensity is less than
that used in the Oroville Dam investigation. Furtnermore, the
proposed materials for construction of the upstream shell of Watana
have equally desirable characteristics as the Oroville Dam shell
materials. Consequently, there is no reason to doubt, and preliminary
analysis by Acres American, Inc., confirm that, with appropriate
attention to cngineering details, the proposed Watana Dam section will
be able to withstand the effects of the conservatively evaluated
earthquake shaking with no detrimental effects.
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Devil Canyon Dam

The proposed design of Devil Canyon Dam is a concrete arch and an
evaluation of the design is presented in the following section. With
regard to earthquake-resistant design, dynamic analyses have been made
to determine the stresses developed by conservatively-selected design
earthquakes: a magnitude 8 1/2 event occurring at a distance of 90
kms and a local earthquake of magnitude 6 1/4 occurring verv near the
dam-site. The romputed stresses are with the acceptable limits for
concrete arch dams.

Furthermore, the ability of such dams to safely withstand
extremely strong earthquake shaking has been demonstrated by the
excellent performance of the Pacoima Dam in California in the San
Fernando earthquake of 1971, This 350 £t. high dam safely withstood

the effects of a Magnitude 6 1/2 earthquake occurring directly below .|

the dam and producing some of the strongest earthquake notions ever
recorded. This full scale test of a prototype structure provides
convincing evidence that such dams can be designed to safely withstand
the effects of strong earthquake shaking.

Other structures

In final design careful attention will have to be given to the
earthquake-resistant design of cther features of the project including
spillways, powerhouses, intake structures, etc. The safe design of
these structures is well within the state-of-the—-art of enginsering
design for the anticipated levels of earthauake shaking and should
present no major problems with regard to unacceptable levels of damage
or public safety.

Uncertainties in Design

Probably the greatest uncertainty with regard to seismic design
is in the required treatment of the buried channel on the right bank
of the Watana reservoir. This uncertainty stems mainly from the fact
that it has not been possible at this stage of project development to
ascertain by borings the types of soils filling the buried channel andg
their engineering characteristics.

However, this 1s not a major problem since even if very
unfavorable characteristics are assumed for these soils (and this will
not necessarily be the case), remedial design measures have been
explored and developed to eliminate any problems which could arise.
Provisions for the costs of these measures are included in the
cost-estimate even though the mitigation measures themselves, which
may not be required, are not presented in the feasibility design
reports.
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Conclusion

In summary, it may be stated that the feasibility studies for the
Susitna Project included an extremely comprehensive investigation of
the seismicity of the project area and the development of design
concepts for the major critical structures which, with appropriate
attention to details in the final design and construction, shcould
certainly eliminate any concerns regarding the provision of an
adequate level of public safety and the prevention of any significant
damage to the project as a result of earthquake effects.

DEVIL CANYON DAM

The Devil Canyon Damsite is ideally suited for an arch dam. The
canyon is narrow and V-shaped. The abutment rock is sound and compe-
tent.

Devil Canyon arch dam has been designed and analyzed by use of
the Arch Dam Stress 2nalysis System (ADSAS) computer program, which is
the computerized version of the Trial Load Method of Analysis. This
method was developed by the U. S. Bureau of Reclamation and has been
thoroughly examined by rigorous mathematical analyses. In addition,
results from this method have been successfully compared with
structural models and prototypes in service.

The design selected for Devil Canyon is a thin double curvature
arch. It is curved in both horizontal and vertical planes to produce
the most efficient distribution of stresses possikle under the site
and loading conditions to which it may be exposed at this site.

The static loading conditions examined are the most severe combi-
nations of gravity, reservoir and temperature loads anticipated at the
site. The resulting stresses indicate a factor of safety greater than
four, based on the anticipated compressive strength of concrete in the
structure. The maximum tensile stresses occur on the downstream face
of the arch, where, if cracking were to occur, no damage would
result. The magnitudes of tensile stresses indicated will not occur
since a redistribution of load in the dam will result as such stresses
develop.

The dynamic loads applied to the dam are considered to be very
conservative. Even so the resulting stresses will not cause serious
damage to the structure. The analytical method used for stress stud-
ies is based on elastic theory. If the stresses indicated should
occur, contraction joints in the upper part of the dam may open momen-
tarily but would not result in major release of water or permanent
damage to the structure.
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The preliminary design for Devil Canycn Dam does, in every re-
spect, respond to the seismic environment of the site.

With proper construction control, the dam will provide adequate
safety under all loading conditions. It is extremely important that
the very best construction techniques be employed in this dam. Proper
concrete mix designs, consistent consolidation of the concrete and
careful treatment of the rock contact and construction joints are of
the utmost importance. The resulting concrete must be a homogeneous
and isotropic product.

There are always risks of inadequate or inconsistent construction
practices which would present problems in the behavior of a dam. For-
tunately an arch dam has the capability of distributing load from
weak areas to stronger, more capable concrete. This is not meant toO
excuse any but the best concrete control possible, because any weak-
nesses are not acceptable in this important structure.

Additional foundation investigations and insitu measurements will
be required before a final design for Devil Canyon Dam is completed.
Deformation moduli, joint orientation and continuity, and shearing re-
sistance along joints will be required. Because of the preliminary
nature of the present studies, such investigations are not considered
necessary at this time. Instead, conservative assumptions have been
made to assure a safe and satisfactory structure.

The proposed foundation treatment;,; consisting of consolidation
and curtain grouting and adequate drainage, is satisfactory.

The engineering consultant has wused adequate conservatism
throughout the design for Devil Canyon Dam. Very little change from
the preliminary design is anticipated for a safe and efficient final
design for Devil Canyon Dam.

HYDROLOGY AND HYDRAULIC DESIGN CONSIDERATIONS

Flood Potzantial

The engineering consultant's assessment of the flood potential in
the project area has properly identified the potential magnitudes and
frequencies of flood flows.

The assessment utilized all available precipitation, snow survey
and stream gaging data for stations within and adjacent to the Susitna
River Basin. The probable maximum flood is based on the most critical
combination of precipitation, snow melt, infiltration losses and flow
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concentrations that is reasonably possible. The hydrologic analyses
are in accordance with accepted engineering practice which has been
developed in the United States and is being used in many parts of the
world.

Spillway Capacity and Dependability

The proposed des;ign adequately responds to the hydrologic envi-
ronment in terms of spillway capacity and dependability.

Both Watana and Devil Canyon dams will have low-level valve-
contrclled outlets to pass the once in 50-year flood, a2 gate control-
led chute spillway in combination with the valve outlets would pass
the once in 10,000-year flood and a fuse plug emergency spillway
in combination with the valve outlets and chute spillway would pass
the probable maximum £flood without overtopping the dams. Similar
valve outlets and emergency spillways have been c¢onstructed and
operated elsewhere with successful service. There is no reason to
believe that they would not be successful at the Susitna project.

Public Flood Safety

The proposed project adequately protects public safety in terms
of the flocd danger and there are no increased flood risks inherent in
building the project.

The reservoirs will be drawn down in winters providing signifi-
cant amounts of reservoir capacity for storage of summer floods.
Virtually all normal river flows would pass through the powerhouses
with very little spillway operation. Peak discharges for major f£loocds
would be reduced substantially. Consequently, project operation would
enhance the public safety by reducing the magnitude and danger of
floods in the lower Susitna River.

Spillway capacities and heights of dams are designed with conser-
vative safety factors. The dams and water conveyance structures are
designed and wculd be constructed with high safety factors in accord-
ance with best engineering practice. For these reasons, there would
be no increased flood risk inherent in building the project.

Project Damage or Shutdown

There is no reason to expect that the project would experience
damage and/or require shutdown as a result of floods.

Major floods may cause some cavitation erosion in spillway
chutes, river bank and bed erosion downstream of £lip buckets and
valve outlets, and erosion in the unlined emergency spillway channel.
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Because of the infrequent occurrence and relatively short duration of

major floods, none of these types of damage would become so extensive

during any single flood toc require project shutdown.

One or nore of the valve controlled low-level outlets may sustain
damage during a major flood requiring temporary shutdown for repairs.
This shutdown would not significantly affect flood regulation since
each outlet discharges a gsmall percentage of the total f£lood flow.

As the powerhouses will be underground, £floods would not cause
them tc be damaged or shutdown.

Design and Operation Assumptions

The engineering consultant has neot made any major assumptions re-
garding design, operational mode, etc. o¢f water conveyance structures
that lack a satisfactory level of conservatism.

The low-level outlets, main spillways, and fuse plug emergency
spillways have all. been designed in accordance with current engineer-

ing practice which is based on conservative assumptions. Fixed cone
valves are superior to any other type of valve for high-head opera-
tion. Air slots will be provided in spillway chutes to prevent

cavitation erosion by high velocity flow. Pre-~excavated plunge pools
and/or bank protection will be provided downstream of f£1lip buckets and
fixed cone valves to prevent excessive streambed and bank erosion.
The £fuse plugs are designed conservatively to withstand reservoir
pressures until they are overtopped and then wash out rapidly to
activate emergency spillway operation. The assumption that excessive
erosion would not occur in the unlined emergency spillway channel is
conservative in view of the mild channel slope and favorable rock
guality.

The proposed operation of the water conveyance structures is be-
lieved to be the most reasonable and practical operational mode which
provides a satisfactory level of conservatism with respect to down-
stream effects and project safety.

Reservoir Sedimentation

The effects of reservoir sedimentation have been properly assess-
ed in design of the project.

Based on conservative values of the sediment inflow and reservoir
trap efficiency, less than 5 percent of Watana reservoir would be
filled in 100 years, and deposits in Devil Canyon would be less than
25 percent of that deposited in Watana reservoir. A large percentage
of the sediment would be deposited in the dead storage portion of the
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reservoirs. Reservoir sedimentation 1is not a contrelling factor in
project design as larger reservoirs or higher dams are not required
and power production due to reservoir sedimentation would not be
affected for well over 500 vears.

Potential Downstream Effects

The proposed design and operation of the water conveyance
structures adequately addresses potential downstream effects on river
morphology, fisheries and wildlife.

Multi-~level intakes will be provided for the power intakes and/or
low-level outlets, as necessary, to permit release of reservoir water
in the temperature range suitable for the downstream fishery. The
valved outlets will discharge into relatively shallow basinas, thereby
preventing nitrogen supersaturation conditions harmful to £fish.
Spillway flip buckets and plunge pools will be designed to minimize
nitrogen supersaturatic. Their infrequent operation of once in 50
years would also greatly reduce any potential for serious effects on
fish by nitrogen supersaturation. Planned increased reservoir
releases during critical spawning periods together with remedial river
channel work in spawning areas would minimize detrimental effects
caused by lower river water levels due to project operation. While
turbidity levels of reservoir releases would be sharply reduced in the
summer, winter turbidity 1levels may be above natural levels due to
suspension of fine sediments in the reservoirs; but this is not
believed to be significant. Project operation will cause the
following addtional effects in the Susitna River downstream of Devil
Canyon Dam:

1) Eliminate and/or reduce thickness of ice cover for 20 to 30 miles
downstream of Devil Canyon Dam in the winter due to release of
resrvoir flows above freezing temperatures which would prevent
river crossings over ice by some wildlife and humans.

2) Sediment loads would be reduced in the Susitna River upstream of
the confluence with Talkeetna causing some degradation of river
channels.

3) Sediment loads would be @essentially unchanged below the
confluence because of the extremely large volume of sediment in
the flood plain and contributed by tributary streams belo. the
Talkeetna confluence.

4) Summer water stages in the lower Susitna River will be reduced by
1.5 to 3.5 feet which would reduce flooding in some areas and
should not cause major impacts on navigation and other river
operations.

11
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5) The Jlower river will become more stabilized, resulting in a
decrease in the number of small subchannels and an increase in
vegetative cover.

6) The absence of annual floods may result in some loss of new lands
for moose browse.

In summary, the potential downstream effects do not appear to be
of such significance as to seriously jeopardize project construction.

Mitigation Measures in Water Conveyance Sctructures

Based on successful experience at other projects, mitigation
measures that will be incorporated in the design of the water
conveyance structures should be reliable and effective.

Multi-level intakes would have ports at several reservoir levels
and a gate control system which would permit reservoir water to be
released at the best possible temperatures suitable to the downstream
fishery. The £fixed cone valve sizes and operating heads for the
Susitna project are well within their acceptable limits. Additional
reliability of operation is provided by the usa of 5 and 6 valved
outlets at Devil Canyon and Watana, vrespectively. This enables
continued operation at a high level of _servoir release in the event
that one or two outletr, would need to be closed. Operation of the
valved outlets, as proposed, will reduce operation of the main spille
way to once in 50 years, thereby reliably and effectively minimizing
nitrogen supersaturation effects on the downstream river fishery.

Conclusions

In summary, it may be stated that the feasibility studies for the
Susitna Project includes a thorough development of hydrologic aspects
of the Susitna River and the development of design concepts for the
major water conveyance structures which, with appropriate attention to
details in the final hydraulic design, would assure an adequate level
of public safety against flooding and the prevention of excessive
detrimental downstream effects on river morphology, fisheries and
wildlife.

MARFETS, ECONOMICS AND FINANCE FOR THE PROJECT

This section responds to the basic issues of the macroeconomic
forces impacting the economic viability of the project, the future de-
mand for power, economic measures and risks for the project, financial

12
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opportunities and problems, marketability of power and suggestions for
an overall strategy.

Macroeconomics

Two factors, future world oil prices and market rate of interest
strongly impact (if not dominate) the economic and financial viability
of the project. Both of these factors are in a large measure cuiside
the control of the Alaska Power Authority.

0il prices strongly affect the State's revenues, wh.ch in turn
influence the State’s economy, the rate of economic development in
Alaska and correspondingly the future demand for power. These prices,
through competitive market forces, establish the long run competitive
price of natural gas and influence the price of coal and thus strongly
influence the costs of thermal alternatives to the Susitna Project.
"hese same prices affect State revenues and available funding £rom the
State for the project, and the marketability of power.

More than 90% of the direct costs of operating a hydro facility
are interest charges. The market rates of interest, thus strongly de-
termines the «cost of the Susitna Project and its relative
economics.

The Susitna project is economically attractive in an environment
of rising oil prices and low interest rates. Interest rates for State
Government bonds are the highest they have been in fifty years. With
a growing surplus of crude on world oil markets, the spot prices of
crude have declined and future price trends are uncertain.

Demand For Power

We have reviewed the range of demand forecasts developed by ISER
and Battelle and employed by Acres in their report and it is our
opinion that these forecasts appear reasonable. Actual growth rates
will probably lie between the expected and low cases. This 1is true
because essentially all of the power will serve the residential and
commercial market, which tracks population and employment trends.

Economics of the Susitna Project

The present value of the cost of the Susitna Project versus
another source of power 1is related to the time horizon of the
evaluation and the discount rate. The time horizon is important
because the economics may be different depending on the period of
evaluation.

13
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Work done by Acres and Battelle, and supported by our independent
evaluation show that over a 30 year period through the year 2010, the
Susitna project would probably yield no net benefits. With current
interest rates and oil prices, over a thirty year period, power £from
the Susitna could very 1likely be more costly than a thermal
alternative.

However, hydro projects usually have long useful lives of many
decades, and over a 60 year period, the Susitna project appears to be
economicall: aifractive.

With this framework, there is a value trade-off for AaAlaskans to
choose between

* Receiving the current benefits from funds that would be
invested in the Susitna Project

or
* Investing and receiving the potential long term benefits of

hydro power in the next century.

Sensicvivity and Risk Analysis

The net economic benefits for the Susitna project versus
alternatives are highly sensitive to load forecasts, real discount
rates, fuel -escalation costs, capital costs of the project, and
financing strategies.

For the Acres' base case analysis, which has escalating energy
prices of 9-10% per year based on inflation of 7% per year and an
implied interest rate of 10%, the net gain over a 60 year period is
about $1.3 billion (1982). The investment in the Susitna Project
corresponding to this gain is $5.1 billion (1982). 1f the load
forecast follows a low growth scenario, the net gain 1is reduced to
nearly 2zero, or if the discount rate is reduced to 12% (5% real) the
project would yield a loss of $500 million or more.

If the fuel costs escalated at an inflation rate of 7% rer annum,
the impact would also be a loss of $l.1 billion dollars. Conversely,
if the escalation rate for fuel is 10%, the impact would be a net sum
of about $1.5 billion. If the capital costs of the project were 20%
more than estimated, the cost of the Susitna Project and a thermal
alternative would be essentially the same.

There is a wide range of possibilities for forecasts of these
variables and corresponding values for the net benefits or losses.
Through a probabiiistic assessment of each of these variables, Acres
estimated that there is about 25 - 30% chance for a net loss and a 70
- 75% chance for a net gain. These assessments were made 1in an

14
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environment of increasing oil prices and medium increases in load, and
did not directly account. for the financing and marketing risks in
these economic analysis. If we include these factors 1in todays
environment, the risks increase althouch the weight of the economics
still slightly favors the Susitna Project.

The major economic risks for the project are:

(1) 1Inability to obtain favorable bond rates and corresponding high
financing charges for the project.

(2) Lower than expected energy price increases could make the project
economlcally nonviable.

(3) Capital cost estimates may be too low, placing severe financial
strain on the project.

(4) Possible opportunity losses, that is, foregoing the benefits of
other investments in Alaska, for example, industrial development
in enterprises which might generate net revenues or a stable long
term employment base. The Susitna project would generate jobs
during construction. However, in the long term during operation,
the number of Jjobs added to Alaska's economy is minimal.

(5) Difficulty in entering into long term contracts for the power.

(6) A possible combination of the above.

Management of Economic Risks

Many of these risks can be managed, thereby substantially
increasing the possibility of favorable economics for the project.
The essence of this management is (1) timing and (2) additional
low=-cost studies.

A strategy of waiting patiently for favorable bond interest rates
and an increase of o0il prices would substantially reduce the risks.
Taking a long term view, over say ten years, there is a strong
possibility that interest rates will decline giving the Power
aAuthority a window to obtain inexpensive financing. Correspondingly
in the same time frame, it is likely that oil prices may start to rise
again. In order to finance and start construction when these
favorable events occur requires positioning now. This 1includes
obtaining in advance all permits and licenses, and completing the
engineering design and environmental studies.

To further reduce the risks, it is recommended that the Power
Authority develop a business plan which would, among other things,
identify wviable power alternatives if the Susitna project is delayed
or the demand forecast changes.
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Financing

In the current inflationary environment, the Susitna Project
would probably need state goverment participation of about 50% of the
project's value -- $2,500,000,000 in 1982 dollars and more than
$3,500,000,000 in actual costs. Because of the high level of risks,
the debt portion o©of the project would probably require implicit or
explicit state guarantees, or possible general obligation bonding.
The State of Alaska effectively takes all the risk on the entire cost
of the project including potential bonding of $2,800,000,000 in 1982
dollars and a correspondingly greater numbers of actual dollars.

A combination of escalating construction c¢osts: high interest
rates, and declining state revenues could put a revenue cash flow
squeeze on the project. Positioning, patience and timing are critical
to minimizing this risk.

These are some major opportunities in the financing area
including the arbitraging of £funds during the constrrction period or
obtaining low cost debt financing. For example, if the project could
be financed today at the lower rates that prevailed in 1977 and 1978
(7 to 8%), the present value of the costs could be reduced by abcut
$1,500,000,000 (1982 dollars). A recurrence of low rates wo.ld
markedly affect the financing of the project.

The tactics and strategy feor financing needs further study and
should be developed in the business plan.

Marketability

The power from the Susitna Project probably could not be swld
unless it were less costly than alternatives. Ancheorage, Fairbanks,
and other regions within the Rai :lt Area have different power
sources and, correspondingly, different cost bases for power. This
means that if uniform electric rates were used for Susitna power, the
cost of power may be pegged to the least costly alternative. This
would further exacerbate the financing and contracting problems.

A solution lies in organizational changes and a possible state
referendum to gain support from the interested parties. This problem
of marketing needs further study in the suggested business plan.
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PEPORT TO
BOARD OF DIRECTORS, ALASKA POWER AUTHORITY

From

EXTERNAL REVIEW PAMEL, SUSITMA HYDROELECTRIC PROJECT

After reviewing the comprehensive Feasibility Report prepared by
Acres American Inc., the External Review Panel offers to the Alaska
Power Authority the following unanimous comments on the proposed Susitna
Hydroelectric Project:

1.

It is recognized that the project will have environmental
impacts on wildlife, fisheries, and botanical resources.
However, the extent and severity of these impacts appear to be
relatively small and furthermore many of these environmental
losses can be mitigated in full or in part.

The high dams proposed for Watana and Devil Canyon can be
designed to safely withstand the maximum anticipated earth-
quake forces.

The proposed design adeauately responds to the hydrologic
environment in terms of spillway capacity and dependability.

If the project is financed at an opportune time when bond
interest rates and oil revenues are favorable, the potential
long term benefits of the Susitna project will be
considerable.

Accordingly we consider that the overall impact of the project
on the State of Alaska could be attractive.

To this end we endorse the plan to apply in September 1982 for
a permit from the Federal Energy Regulatory Commission.

Moreover, we endorse the proposal to proceed with site inves-
tigations and design of the project, with concurrent work on
some of the critical environmental studies, particularly those
concerning downstream effects of the dams on the stream and
its fish life.

The arrival of any opportune time to proceed with construction
will depend on critical issues of finance and marketing of
power which cannot now be accurately forecast. Our
recommendation is that tender documents with all supporting
geotechnical investigations and design studies be developed.
We estimate that a total period of three to four years will be
required for this phase of work. The project will then be
ready to be implemented whenever the financial climate for
contracting becomes favorable. The advantages of proceeding
in this manner are:
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1) The economic benefits of being ready for financing;
2) the momentum of the ongoing study and an informed

staff; and
(3) the ability to avoid a crash design program.

(
(

The disadvantage is the small risk of loss of the design costs
in the event that, for some reason, the project is never
built.

We recommend that the Alaska Power Authority develop a de-
tailed business pian which incorporates a financing and
marketing plan into an overall business strateqy. The plan
would describe the critical events that need to be iccom-
plished, the interrelationship of these events, the approach
to accomplishing these goals, the management and control
practice that are appropriate, the most economic financing
strategy, and power alternatives ¥ the Susitna proiec% is
delayed or the demand forecast cha«ges..

o)
-]

10. This Panel is of the opinion that the economic climate will
eventually indicate that it is advisable to proceed with the
construction of the Susitna project and at that time it will
be in the best interests of the State of Alaska to develop
this important natural resource.

o 474/f OE;;ﬂxﬂhﬂ»e&a TZ:774¢4¢4@;4 ;:5334244

/ZLacob H. Douma Pennis M. Rohan
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November 19, 13982 RECEIVED

NQV 2 2 1987

Mr. David D. Wozniak BLASKA FOwir
Project Engineer \ FOWER AUTHORITY,
Alaska Power Authority

334 West 5th Avenue

Anchorage, Alaska 99501

Dear Mr. Wozniak:

The undersigned met with staff members of Acres International, Harza-
Ebasco and APA on November 18 and 19, 1982, to review (1) the 1982
summer geotechnical exploration program and its impact on the feasi-
bility and design of the Susitna Hydroelectric project, and (2) the
geotechnical exploration program proposed for the winter of 1982-83.

Our comments ou these programs are presented below:

1. 1982 Geotechnical Program

During the summer c¢f 1982 geotechnical studies were made of:

The geology and rock conditions at the Watana damsite
The soil conditions in Borrow Area D

The stratigraphy, geoietry and characteristics of the
soils in the Watana Relict Channel, and

The configuration of the Fog Lakes Relict Channel.

B WRY e
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The scope of this program included 83,000 ft of seismic refraction
lines, 16 borings, geologic mapping at the damsite and a substantial
laboratory program of grain-size distribution tests and Atterberg
1imit tests in the sampies obtained.

Preliminary information on the program was presented during the meeting.

The program has provided a significantly improved basis for assessing
the geologic and soil conditions in the area of the Watana site.

0f special interest in this regard were the studies completed in the
Watana Relict Channel. Concerns to be addressed by this program of
investigation were (1) potential reservoir leakage and piping aiong the
channel; (2) potential for soil iiquefaction during earthquake shaking;
(3) potential settlements due to the saturation and permafrost thawing.

This summer's program did not provide information on the more permeable
unit of the soil deposits filling the relict channel (unit K) but it
provided useful data on the density of the soils in the upper 200 feet,
through the acquisition of penetration test data, and therefore, on the
liquefaction and settlement potential of these soils.
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A preliminary interpretation of this data was presented showing that
penetration resistance was generally high except in the surficial deposits
and in unit G at a depth of about 70 to 90 feet. However unit G was
also found to be generally cohesive {indicated by grain-size tests and
Atterberg 1imit tests). OQOverall these results are generally £ncouraging
with regard to the settlement and liquefaction problems, z:uce dense
cohesionless soils or stiff cohesive soils are not likely to be vulner-
able to either significant settiement or liquefaction due to saturation
or earthquake shaking. While more work remains to be done, the prelim-
inary results would seem to indicate that some of the present concerns
may ultimately prove to be unfounded.

2. Damsite

The principal objectives of the winter program are to improve
knowledge of the thickness and engineering properties of the alluvium
and the corresponding configuration of the underlying bedrock. We agree
with these objectives. These factors will have a considerable effect
on the design and layout, inasmuch as they control (1) the extent to
which the alluvial material must be removed from the area to be occupied
by the shells of the dam, (2) whether the upstream cofferdam could possibly
be incorporated in the main dam and, therefore, (3) whether the diversion-
tunnel portals might be located in more favorable rock downstream from
the present tentative position. The significance of these effects leads
us to suggest that consideration should be given to concentrating the
hammer-drill holes i1long a line near the upstream toe of the dam. This
will provide the maximum probability of learning the depth of the lowest
bedrock surface in this area, the most critical factor in establishing the
position of the cofferdam.

We concur in the intention to gather as much quantitative data as possible
by in-situ testing in the drill holes and accompanying refraction surveys
and believe that the correlation between the seismic and drillhole data
near the upstream toe will be useful in interpreting the results of
refraction surveys at the other proposed locations at the damsite. We
believe, however, that the design should take account of the likelihood
that conclusive information regarding the possibility of allowing part

of the alluvium to remain in place may not be obtained before the core
trench is excavated during construction. Consideration should, therefore,
be given to preparing the contract documents in such a way that deferring
the decision until that time will not adversely affect the cost and
schedule.

Diamond drillholes on the abutments and along the axis in the river bottom
will, of course, be necessary for detailed final design, but the rock -

on which the dam will be supported leaves no doubt regarding the feasi-
bi*ity of constructing an embankment dam at the site.
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3. Relict Channel

~ Acres presented a stratigraphic profile of the various deposits
believed to exist in the Watana Relict Channel which is a composite
section based upon the results of the Corps of Engineers and recent
exploration programs. Of the 14 different units shown on the profile,
the lowermost alluvial deposits (K) are believed to be the most
pervious and therefore the most 1ikely to allow higher seepage through

the right abutment.

The seismic refraction surveys completed during the past -summer have
basically confirmed the geometry of the buried channel as had been

revealed in previous programs.

The abutment drilling program for the coming winter will consist of
Becker drilling in the deepest part of the. buried channel where unit
K is believed to be thickest. Pumping tests are planned as well as

some in-hole geophysical logging.

We are basically in agreement with the proposed program and recognize
that some modifications may be proposed by the engineer as the work
proceeds. We suggest that consideration be given to exposing the
channel deposits in Deadman's and Tsusena Creeks by side-hill bulldozer
cuts to obtain a better idea of the channel deposits.

The next phase of exploration following the winter program has not yet
been refined. Such work would include, among other items, the explora-
tion adits and borings fer portals, underground chambers, and shafts.
We foresee that delays in this work could affect the ongoing ‘design
process and we would endorse an early start in this phase of the

explorations.

Please do not hesitate to call if you have any questions.

Sincerely yours,

ndr H Merr1tt

Ralph B. Peck

U [Fetbae Lon
H. Bo]ton Seed™ ¢




ALASKA POWER AUTHORITY

334 WEST 5th AVENUE - ANCHORAGE, ALASKA 99501 Phone: (907) 277-7641
(907) 278-0001
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August 12, 1983
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Alaska Power Authority
334 West 5th Avenue
Anchorage, Alaska 99501

ATTENTION: Mr. David D. Wozniak

On August 9 - 12, the Technical Subpanel of the newly expand-
ed Susitna External Review Panel met in Anchorage with all members
present except Mr. James W. Libby, whose schedule had an unavoid-
able conflict.

Briefings were presented by Harza-tbasco in Anchorage on
August 9. The site was visited on August 10 by the members except
Professor Seed, whose arrival in Anchorage was delayed and who was
briefed on the afternoon of the 10th. After further short brief-
ings, the attached report was prepared on August 11 and presented
on August 12.

We appreciate the excellent presentations and Took forward to
continuing participation in this challenging project.
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1. Economic Studies

Studies directed toward evaluating the need for power and the
benefit/cost ratio for the project were described briefly. It is
apparent that the eccnomic forecusts are highly sensitive to the
world price of oil, a figure not subject to rational determina-
tion. However, we note two important advantages of a hydro
development over equivalent thermal installations: the inflation-
proof character of a hydro plant once it has been constructed, and
the conservation of valuable irreplaceable resources such as
natural gas.

2. Exploration

We have been advised of the delays in continuing the explora-
tion program required for final design. The only field work in
progress 1is geologic mapping. Further drilling, test pits,
sampling, and testing will not be initiated until the summer of
1984, It is our understanding that this delay has resulted from
budget constraints imposed on the Alaska Power Authority.

We are concerned that the late acquisition of the necessary
field information will interfere with the orderly progress of the
final design. At this time Harza-Ebasco (H-E) has suggested that
major savings could result from the adoption of a surface power-
house scheme; however, the lack of expleratory borings in this
area leaves some question as to the final layout and potential
savings. The final design of the dam requires that sources of
suitable borrow material be located and the necessary laboratory
testing be carried out. On the basis of the current schedule, no
further information concerning materials for the dam will be
forthcoming for at least one year. Similar comments can be marde
for the tunnel portals, inlet structures, and waterways.

While the financial matters of the Alaska Power Authority are
beyond our terms of reference, we urge that all efforts be made to
continue with the field exploration, which at this time would
desirably give full attention to the main dam and powerhouse.

3. Excavation of River Channel Deposits

The panel members: reviewed at length the desirability of
removing the alluvial deposits in the river bed and the colluvium
on the abutment slopes under the shells of the dam, in relation to
the cost savings of Teaving these materials in place. Although it
is probable that the in-situ materials are relatively dense, it is
concluded that prudent design regquires the removal of the alluvium

9808/050 Page 1




and colluvium over most of the base of the embankment for the
following reasons:
a. Uncertainties concerning the characteristics of the
alluvium
b. The need to remove the alluvium under the core of the
dam and to provide seepage cut-off walls under the
cofferdam together with a dewatering system for this
purpose
c. Tne great height of the dam
d. The highly seismic environment in which the dam is to be
constructed, and :
e. The advantages of exposing the hydrothermally altered
rock under the downstream shell of the dam.

The alluvium and colluvium may be le " in place in the
following zones:

l. Under the upstream shell outside a T1ine drawn from the
upstream edge of the crest and sloping at about 1 on 2
to the horizontal

2. Under the downstream shell outside a 1ine drawn from the
downstream edge of the crest and sloping at about 1 on
1.5 to the horizontal

3. In deep pockets of 1imited lateral dimensions which may
be encountered under the upstream and downstream shells
when the major part of the bedrock surface is exposed

4. Under the upstream shell and under portions of the
downstream shell where it may be evident that no erod-
ible shear zones would be present in the bedrock, if
excavation in the core area discloses that portions of
the]a11uvium are more compact than the replacement fill
would be.

4, Rock Excavation Beneath the Dam

Numerous borings were made through the alluvium and into
bedrock along the axes of the main dam and cofferdams. The rock
encountered was principally a hard, jointed diorite; however, most
borings also encountered zones of hydrothermally altered diorite
which varied from hard and jointed to soft, sheared, and soil-
1ike. In two instances to date these altered zones are believed
to be related to thin shear zones mapped on the abutments during
the feasibility study.

H~E has cor :lided that the amount of rock excavation required
beneath the dam can be significantly reduced from that indicated
on the feasibility drawings. On the basis of our inspection of
much of the rock core, we concur that the initial allowance for
excavation, about 20 feet beneath the shells and up to 50 feet
beneath the core, is excessive and can be reduced substantially.

0808/050 Page 2
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As has been discussed, special attention needs to be given to the
soft, possibly ungroutable, hydrothermally altered diorite once
the foundation has been excavated and clieared. We foresee that
dental excavation and backfill concrete as well as special treat-
ment with filters may eventuaily be required for these zones.

5. Cross Section of Embankment

- H-E presented for consideration a drawing showing modifica-
tions to the proposed cross section of the main embankment dam.
Our comments are as follows:

The upstream slope is shown as 2.4:1 and the downstream slope
as 2:1, except for the customary slight steepening near the crest
to allow for camber in the central portion of the embankment.
These slopes appear to be reasonable at this stage of design.

The upstream shell is composed of two zones, an outer zone of
rock fill and an inner zone of processed gravel fill. The two
zones are separated by a 40-foot-wide transition zone of raked
rockfill. We do not consider this transition to be a necessary
element of design and recommend that it be eliminated. Any
oversize rock in the rockfill can be raked to the upstream slope
if desired.

The central impervious core is symmetrical about the axis and
has upstream und downstream siopes of 1:4; thus the maximum
hydraulic gradient through the core will be less than two. This
seems to be amply conservative, subject to verification based on
future laboratory testing.

The core is separated from the upstream gravel fill by a fine
filter and a coarse filter, both of varijable but ample thickness.

The downstream shell is composed of an outer zone of rockfill
and an inner zone of sand fill which constitutes the minus 3/8"
material removed from the processed upstream gravel zone. The
sand fil1l is separated from the impervious core by a fine filter,
and from the rockfill by a coarse fiiter followed by a 40-foot
zone of raked rockfill. A 30 foot thick fine filter underlies the
sandfill, separating it from the foundation.

The panel questions the necessity of the 30-foot-thick fine
filter on top of the exposed foundation rock downstream from the
core, suggests that its thickness be reduced to 5 feet, and that
it be placed over only those portions of the foundation that
appear to be erodible. We also suggest that below approximately
elevation 1500, the sandfill zone be replaced by compacted gravel.
We also suggest that the 40-7foot-wide raked rockfill be eliminat-
ed. ~

9808/050 Page 3
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Detailed specifications for zoning, gradation, placement and
compaction cannot be prepared until borrow explorations and
testing are completed.

6. Spiliway

H-E has refined the 1layout of the right-bank hydraulic
structures by eliminating the separate emergency spiliway contain-
ing a fuse plug, by enlarging the service spiliway sufficiently to
accommodate the PMF, and by combining the spillway and power
intakes into a single structure. We consider these refinements to
be a substantial improvement, and in particular are pleased by the
elimination of the fuse plug spillway.

7. River Ice Problems

The layout ~f the diversion works, particularly the provision
of two tunnels with intakes at different levels, has been influ-
enced at least to some extent by the need to avoid blockage by
ice. However, we have seen few other comments concerning ice
prcbiems and their influence on the design, construction, and
operation of a large hydroelectric plant in the Susitna region.

A wealth of experience concerning the behavior of ice under
similar conditions has recently been accumulated in Canada,
especially on the James Bay Project, and we believe that advantage
should be taken of this development by consultation with one or
more of the individuals having this expertise.

8. Powerhouse Type and Location

H-E has proposed a surface powerhouse because estimates have
indicated that substantial savings could be realized as compared
to the underground design presented in the feasibility report. It
was pointed out that the total of the construction contingency
items would be Tless for a surface structure than for an under-
ground structure. Initial Tlayouts show a surface powerhouse
located on the right abutment between the toe of the -dam and the
outlets of the diversion tunnels and spiliway discharge structure.
The possible need for slope stability treatment in the surface
scheme has been recognized by including a substantial contingency
for this possibility.

Without the benefit of much exploration in this area, we

agree in principle with H-E that a surface powerhouse would be
cheaper.
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However, we note that the combination of adjacent powerhouse
and discharge structures will require major open cuts. The impact
of these cuts on costs cannot be adequately assessed on the basis
of the current level of exploration. Also, it appears that the
surface powerhouse open cuts have led to a relocation of the
discharge structures to a position somewhat closer to the
"fingerbuster" area of sheared rock.

In our opinion, these matters should be carefully analyzed
using all available geotechnical information to assist in laying
out the desired open cuts. However, final layout studies will
require additional subsurface information.

9. Relict Channel

Preliminary results of the 1983 winter explcration program
were presented by H-E. This program included 9 hammer-drill
borings from which sampies were recovered for determination of
grain size and other index properties, and from which some infor-
mation concerning penetration resistance was obtained. The
results have improved knowledge of the stratigraphy and properti
of the deposits, and confirm our previous impression that earlier
concerns regarding liquefaction and settlement potential may be
unfounded. We understand that a report documenting the findings
will be available shortly. We note that the potential for insta-
bility of the saddle in the reservoir rim associated with the
relict channel, as well as any uncertainties caused by the pos-
sibility that permafrost in the saddle may be melted, would be
greatly reduced by a modest lowering of the reservoir level.

It is our understanding that the difficulties of drilling and
sampling the Tlowermost sedimentary unit in the channel, the K
alluvium, and the need to accomplish the river-bed exploratory
program while ice conditions were suitable, precluded the per-
meability studies planned for stratum K. We agree that it is
reasonable, however, to proceed on the premise that any seepage
can be controlled by downstream drainage. This can be deferred
until the need is demonstrated by instrumentation and surveillance
as the reservoir rises, especially because filling the reservoir
will require several years.

10. Concluding Remarks

A high level of technical information is required before the
final decisions on the concept and design of a complex hydroelec~
tric project can be developed. The budget reduired to obtain this
information may seem considerable. However, monasy well spent at
this time can make the difference between a successful project or
one beset with problems. We suggest the establishment of a budget
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§
commitment on a continuing basis for the necessary studies and the

§ development of proper access to the site. The Consultant needs
‘g the full support of the owner and his management group.
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Future Meetings

We recognize the difficulties in planning the activities of
the Subpanel for the future, but would suggest that our services
would be most effective if provided on a reasonably regular basis.
We feel it would generally be useful to include a trip to the site
during each visit. We suggest that our next visit be tentatively
scheduled during the first week of April 1984,

Respectfully submitted,

.‘ /
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.- Robert A. Boyd
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’Stan]éy?D;’WifSon

9808/033 Page 7



	0001-0001
	0001-0002
	0001-0003
	0001-0004
	0001-0005
	0001-0006
	0001-0007
	0001-0008
	0001-0009
	0001-0010
	0001-0011
	0001-0012
	0001-0013
	0001-0014
	0001-0015
	0001-0016
	0001-0017
	0001-0018
	0001-0019
	0001-0020
	0001-0021
	0001-0022
	0001-0023
	0001-0024
	0001-0025
	0001-0026
	0001-0027
	0001-0028
	0001-0029
	0001-0030
	0001-0031
	0001-0032
	0001-0033
	0001-0034
	0001-0035
	0001-0036
	0001-0037
	0001-0038
	0001-0039
	0001-0040
	0001-0041
	0001-0042
	0001-0043
	0001-0044
	0001-0045
	0001-0046
	0001-0047
	0001-0048
	0001-0049
	0001-0050
	0001-0051
	0001-0052
	0001-0053
	0001-0054
	0001-0055
	0001-0056
	0001-0057
	0001-0058
	0001-0059
	0001-0060
	0002-0001
	0002-0002
	0002-0003
	0002-0004
	0002-0005
	0002-0006
	0002-0007
	0002-0008
	0002-0009
	0002-0010
	0002-0011
	0002-0012
	0002-0013
	0002-0014
	0002-0015
	0002-0016
	0002-0017
	0002-0018
	0002-0019
	0002-0020
	0002-0021
	0002-0022
	0002-0023
	0002-0024
	0002-0025
	0002-0026
	0002-0027
	0002-0028
	0002-0029
	0002-0030
	0002-0031
	0002-0032
	0002-0033
	0002-0034
	0002-0035
	0002-0036
	0002-0037
	0002-0038
	0002-0039
	0002-0040
	0002-0041
	0002-0042
	0002-0043
	0002-0044
	0002-0045



