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AGENDA

OCTOBER 6 - Moderator: D. Wozniak

08:30
08:45
09:15
10:15
10:30
11:30
12:00
13:60

Introductory remarks - E. Yould

Meeting objectives and study status - J. Lawrence

Report on seismic studies - J. Lovegreen

Coffee

Discussion

Report on geotechnical field program - J. Gill

Lunch (brought in)

Geotechnical interpretation: Watana - S. Thompson

(Geology, borrow area investigations, bed rock conditions, underground
structures, relict channel investigations)

Discussion

Geotechnical interpretation: Devil Canyon - S. Thompson

(Geology, borrow area investigation, bedrock conditions, underground
structures) i
Coffee

Discussion

Earthfill dams - D. W. Lamb

(Embankment/cofferdam designs, construction materials, foundation
treatment, relict channel treatment)

Discussion

Adjourn

Dinner - courtesy of Acres (M&T Plaza Suite, Jim Gill to organize "how
to get there" from the Hilton)




AGENDA (Cont'd)

OCTOBER 7 - Moderator: J. Gill

08:30 - Introductory remarks - J. Lawrence

08:45 - Report on hydrologic field program - J. Hayden

09:15 - Report on hydraulic studies - J. Hayden
(Power/energy estimates, flood estimates) .

10:00 - Coffee

10:15 - Report on hydraulic studies (cont'd) - J. Hayden
(Reservoir level optimization, sedimentation studies)

11:15 - Discussinn

12:00 - Lunch (brought in)

13:00 - Watana spiilway studies - J. Hayden

13:45 - Watana Tayout studies -~ J. Lawrence

14:30 - Discussion

15:00 -~ Coffee

15:15 - Watana/Devil Canyon diversion/low level outlets - R. Ibbotson
15:45 - Watana/Devil Canyon power developments - J. Hayden

16:15 - Discussion

17:15 - Adjourn
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AGENDA (Cont'd)

OCTOBER 7 - Mederator: J. Gill

08:30

08:45
09:15

10:00

10:15

11:15

112:00

13:00
13:45
14:30
15:00
15:15
15:45
16:15
17:15

Introductory remarks - J. lLawrence

Report on hydrologic field program - J. Hayden

- Report on hydraulir studies - J. Hayden

(Power/energy estimates, flood estimates)

Ll

- Coffee

- Report on hydraulic studies (cont'd) - J. Hayden

(Reservoir level optimization, sedimentation studies)
Discussion

Lunch (brought in)

Watana spillway studiesi- J. Hayden

Watana layout studies - J. Lawrence

Discussion

Coffee

Watana/Devil Canyon diversion/low level outlets - R. Ibbotson
Watana/Devil Canyon power developments - J. Hayden

Discussion

Adjourn




AGENDA (Cont'd)

OCTOBER

8 - Moderator: D. Wozniak

08:30 -
08:45
09:30
10:00
10:15
10:45
11:30
12:00

Introductory remarks - J. Lawrence

Devil Canyon dam design - R. Ibbotson

‘Discussion

Coffee

Devil Canyon spillway studies - J. Hayden
Devil Canyon layout studies - J. Lawrence
Discussion

Lunch (as required)

Afternoon for panel to prepare report

16:30 - Closing statements: E. Yould/panel
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M. Copen

Dr. J. Douma
Dr. A. Merritt
Dr. H. Seed

Acres External Panel Members

PDr. A. Hendron
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October 6, 1981

General

Dr. Seed and Dr. Hendron were delayed. dJ. Lawrence proposed that the Agenda be
adjusted accordingly; Geotechnical Field Program and Geotechnical Interpretation
brought forward, and Seismic Studies Report postponed until later this morning.

1. Introductory Remarks (E. Yould; Executive Director, APA)

- Would be primarily a technical session.
- APA board has been reconstituted.
Other studies are in hand to assess the viable alternatives to Susitna:
(i) Tidal power at Cook Inlet - studies by Acres.
(ii) Chakachamna -~ studies by Bechtel.

(1ii) Battelle/Ebasco - energy requirements and demand growth studies in
the Railbelt area.

(iv) Long-term planning of potential industrial expansion in the
state.

- A1l results of the studies will be available to the legislature by April
1982 for a final decision on FERC application.

- $5 billion commitment for state development has already been approved
under the "Energy Program for Alaska" legislation.

- At the federal level, negotiation is underway to accelerate the FERC
Ticensing procedure for the Susitna application.

Meeting Objectives and Study Status (J. D. Lawrence)

- five major objectives: i) Status report
ii) Review field studies
Review proposed layouts
Address previous Board comments
Study completion requirements

2.1 Status of Study

- Power Studies Acres study 1is complete; results of Battelle
forecasts will be incorporated in the
Feasibility Report.

- Camp/access Survey and report completed. Meeting with APA
' lTater this month to consider the recommended
access route.
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Environmental

Transmission

Cost Estimates
Licensing
Marketing/Finance/
Risk

Public Participa-
tion

Field Studies

Proposed Layouts

Previous Board Comments:

Studies continue - to be discussed with APA on
Friday, October 9.

Corridor Selection Report has been issued.

To be issued to Ebasco for independent assess-
ment .

Will be filed in accordance with new Regula-
tions.

This work has been on hold. To be discussed
with APA next week (12-16 October).

PPO work continues, monthly news ietters.

To be detailed at this meeting.

To be detailed at this meeting.

- 10 comments were listed. These will be dealt with during the course

of this meeting.

Completion Requirements

- Cost estimates will be given to Battelle by end October 1981.

Preliminary costs for

preferred developments will be available to

Ebasco by end of October (Devil Canyon), November (Watana).

Geotechnical Report (1981 Studies) by February 1982.

Feasibility Report

License Documents

First Draft by 15 February 1982.
Final Draft by 15 March 1982.

By May 1982.

Geotechnical Field Work (dJ. Gill)

2.1 Watana

- Previous investigations were summarized, (USBR & Corps of Engineers,
1950-1978,); a total of 28 boreholes, 18 auger holes and 27 test
pits, plus extensive seismic refraction survey (in excess of 70,000

Tinear feet).

- Acres 1980 investigations: 3 boreholes and 21 auger holes. Seismic
survey extended in the dam abutments and the relict channel area.
Also in the river alluvium to assess its depth (60 to 70 feet near

the dam axis).




- Acres 1981 investigations: 4 boreholes and 18 auger holes, plus 21
test pits to assess the material availabie from the borrow areas.
Two of the boreholes (BH3 and BH4) were drilled at the powerhouse
location on the north abutment. Seismic refraction survey extended
farther (38,200 feet).

- Relatively deep permafrost in the south abutment (170 feet in BH8).
Alse in the low-Tying area to the south.

Devil Canyon

Previous investigations were summarized: 22 boreholes, 19 trenches
and test pits, 1,300 linear feet seismic lines.

[

Acres 1980 and 1981 investigations: 7 boreholes, 8 auger holes, 6
test pits, 1,600 linear feet seismic refraction lines.

E f*!mﬁé

1980 - BH1 and BH2 on the north abutment, and BH4 drilled across the
pond areas to locate the suspected shear zone; not found.

gl
%";

1981 - BH7 did locate the pond shear feature; BH3 drilled through
open shear features; two further holes at the river and the north
abutment .

e
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4. Geotechnical Interpretation (S. Thompson)

; }Wii%ﬂll o

4.1 Watana

Fins structure is not a single feature, hut a series of ribbed- shear
zones. The diversion portal should be downstream from the Fins.

. Major dam foundation is a granodiorite, overlain by andesite. The
contact has been mapped.

Downstream Fingerbuster structure is more complex, not a single dir-
ection but multidirectional; mainiy N-S and at 300°.

Hydrothermaily altered zone of weak rock also exists, running NE-SW.

Some weathering of the contact between the andesite and the diorite
(1-2 feet); no deep zones. Fracturing goes through both rocks, but
the hydrothermal alteration is in the diorite only. The contact
zone is well healed, conformable, and extrusive.

Many slide blocks in the Fingerbuster area.

Some felsic dykes, but these are not a significant problem.
Boreholes BH3 and BHé4 were drilled into the present powerhouse loca-
tion; an altered zone was detected, which may require minor adjust-

ment of the powerhouse position. The altered zone cannot be identi-
fied with any surface feature.




Rock quality is generally good; RQD vaiues increase with depth.

Borrow Areas

A: quarry in andesite for rockfill.

D:  impervious fill.

E: filter material and concrete aggregates.
H: alternative to D, farther downstream.

general discussion on materials; core material from area D has iow

plasticity; core material from area H would be preferable despite
the longer haul distance.

Relict Channel

1981 survey limited to seismic refraction survey to assess the ex-
tent of the problem. Becker drill rig not used because of budget
limitations.

Now known to extend to a maximum of 450 feet in depth, with an over-
all length approaching 15,000 linear feet at present full reservoir

level (2,215).

Only information on material at depth is from Corps of Engineers'
boreholes, which indicate wide diversity of alluvial deposits, rang-
ing from cobbles and boulders through to gravels, sands, and lacus-
trine clays. No data on permeability are available.

. Serious problem for potential seepage loss and possible piping fail-
ure unless preventive measures are adopted. Acres has allowed for
the construction of a continuous cut-off trench in the feasibility
design.

Further field investigations are planned for the next phase
(1983/1984).

No advantage in moving the damsite upstream.

E. Yould (APA) expressed concern at the possible serious impact on
licensing, despite the assurance that feasibility would not be af-
fected.

Devil Canyon

- Predominant rock is an argillite; the strike of the bedding plane is
parallel to the river.

- Felsic dvkes run N-S, interspersed with other shear zones.

- USBR drill Togs were correlated with the 13 series holes to assess a
potential linear shear zone along the river on the north abutment.




COE holes were relogged also - "gouge" contirmed the linear shear
zone in the river which is not &s significant as the known shear
zone through the ponds area. Tnought to be an extension of the N-S
shears across the river. May require local treatment during con-
struction.

The Argillite at the site is a good quality rock; RQD values good to
excellent from 100 feet down.

Tension relief fractures are evident on the south abutment; cost
will be allowed for these during construction, but feasibility will
not be affected.

Any evidence of a buried channel on the northside? Nothing found to
indicate this, although there is deep alluvium on the ponds shear
feature.

Report on Seismic Studies (J. Lovegreen, WCC)

A brief summary of Task 4 objectives was given.

Known major earthquake sources in the area are the active crustal faults
to the north and south, and the Benioff zone beneath the surface.

Total of 200 known faults and lineaments were studied and assessed for
potential seismic activity; a screening model reduced these to 13
features requiring further study - 4 at Watana, 9 at Devil Canyon.

Summary of methodology for assessing seismic geology was given, together
with the methods used - these included:

geology

field mapping

magnetic and seismic refraction surveys
discussions with other research groups
remote sensing imagery

aerial and low-sun-angle photography

Approach: What is likelihood of a fault?
Age and distribution of quaternary units.
Identify most fault-like scarp.
Trench the scarp.
Any detectable earthquake within 100,000 YBP?
Judgment and experience with other active faults.
What is the likelihood it is an active fault?

Quaternary dates were confirmed by Ciq datwng, oxidation, and
weathering depth.




Watana

Talkeetna Thrust Fault

To the north, a 5-foot tertiary displacement was located in coal
deposits, dated at 20 million YBP, close to the Denali fault.

At Watana Creek some evidence of no activity in 10-20 million YBP,
based on folding.

In the Susitna River, iron-stain deposits show no tectonic movement
across the fault, only small-scale slumping.

The most significant feature was trenched 15 km from the river;
fluvial gravels (20,000-40,000 years old), with no evidence of fault
movement. Resolution down to 1 cm.

Talkeetna Hill; the fault is vertical. No evidence of a fault scarp
or movement expressed in the morphology.

In summary, the fault is considered to be inactive.

(Dr. Seed) If the fault were active, what magnitude of earthquake
would be anticipated? J. Lovegreen would not comment on this
question, since it was judged not to be an active fault.

Susitna Feature

Evidence for the fault: to the north, Turner & Smith's work on age
dating of fault material and differential cooling rates: middle
area, some mapping by Turner; seismic activity in the lower area
(magnitude 5-5.2)

Rock outcrop mapping does not agree with the "fault" alignment.
Magnetic tracelines give no evidence of a fault.

No evidence of tectonic movement along the fault in Tsusena Creek.
Trench excavation across the most likely surface feature, determined
by low-sun-angle photography, showed glacial origin. No evidence of
fault movement.

Joint orientation studies? No hard evidence.

Seismicity? Strike-slip and crust faulting suggested by Gadney &
Schapiro at a peak distance of 80 km. Benioff zone is only 50 km--
this evidence appears to be incorrect.

Conclusion: no surficial evidence for activity of the Susitna fea-
ture within the last 10,000 years.




River Feature (KD37)

- No evidence of morphology of a structural feature, either upstream
or downstreanm.

Fins Feature

- This is a fault, but not considered an active fault, in view of its
length (about 2 km).

Devil Canyon

- Of the 13 features considered, only 3 are faults: KC55, KD5'2, and
KD5'43; the rest are lineaments.

- There is no evidence of fault activity within the last 40,000 years;
dyke feature shows a complete outcrop across the fault line; also
confirmed by terrace deposits.

Seismic Geology

- Magnitude of anticipated maximum earthquakes:

Castle Mountain 7.5
Denali 8 to 8+
Benioff 8+
Talkeetna Terrain 5.75+

Seismology

- A new model has been developed for the Benioff zone activity; this
indicates maximum intensities up to 8.5 on the interplate zone, and
up to 7.5 on the intraplate zone, with a transition between.

Could the 1943 earthquake (7.3) have originated on an extension to
the Talkeetna Thrust Fault? This is outside the area of the present
WCC study. Thought that this earthquake originated in the Denali or
Castle Mountain faults, but an extended study program would be
required to consider this. Did the Review Board consider that a
further study would be necessary?

Floating Terrain earthquake? WCC considers an earthquake magnitude
5,5-6.0 would give noticeable surficial expression within 10 km.
This is based on Alaskan and worldwide data source,

What magnitude earthquake couid occur just below the damsite?
5.5-6.0, with a focal depth of about 10 km.

- A11 5.0-5.5 considered had active faults associated with them.




- General discussion on the anticipated magnitude of the floating ter-
rain earthquake followed. Ground acceleration corresponding to
5.5-6.0 would be 0.35g. Dr. Seed considered that the magnitude
selected would not affect feasibility, only the extent of dam
material compaction and, hence, costs.

General consensus was more than 5.75, say 6.25-6.50. Decision on
magnitude would be made outside the present meeting after further
studies and consultation.

Reservoir induced seismicity: from a worldwide study all reported
instances were related to active faults; hence, RIS impacts are
expected to be minimal.

Earthfill Dams (D. W. Lamb)

6.1 Materials

- Core (D, H) factor of 10 on required volume

- Fillers (E) factor of 8-10

- Rockfill (A) factor of 5 (within 11 miles)
Grading curves for material D were shown: 20-30 percent passing 200.
Optimum moisture content 6-7 percent. Permeability 10-5 cm/s.

Material is on the wetter side of optimum and drainage will Le necessary.

Higher compaction will reduce OMC and accentuate the probilem.

Area E material will be separated into two materials for fine and coarse
filters; many cobbles must be removed.

Area H is a core alternative source, with good grading and nigher plasti-
city. "

General: ice conter’. may be a construction problem for handling and com-
paction.

(Dr. Seed) Core material selection: should avoid differential compressi-
bility in the core, which causes arching action between the shells.

Devil Canyon: a problem with the Saddle dam. No core matarial is avail-
able. It must either be transported from Watana or material available at
site will be treated with bentonite.

6.2 Relict Channel Treatment

- Hydr§u11c gradient is 1 in 10 along the shortest route (6,200
feet).




General discussion on the anticipated magnitude of the floating ter-
rain earthquake followed. Ground acceleration corresponding to
5.5-6.0 would be 0.35g. Dr. Seed considered that the magnitude
selacted would not affect feasibility, only the extent of dam
material compaction and, hence, costs.

General consensus was more than 5.75, say 6.25-6.50. Decision on
magnitude would be made outside the present meeting after further
studies and consultation.

Reservoir induced seismicity: from a worldwide study all reported
instances were related to active faults; hence, RIS impacts are
expected to be minimal.

Earthfill Dams (D. W. Lamb)

6.1 Materials

- Core - factor of 10 on required volume
- Fillers factor of 8-10
- Rockfill factor of 5 (within 11 miles)

Grading curves for material D were shown: 20-30 percent passing 200.

Optimum moisture content 6-7 percent. Permeability 10-° cm/s.

Material is on the wetter side of optimum and drainage will be necessary.
Higher compaction will reduce OMC and accentuate the problem.

Area E material will be separated into two materials for fine and coarse
filters; many cobbles must be removed.

Area H is a core alternative source, with good grading and higher plasti-
city. '

General: dice content may be a construction problem for handling and com-
paction.

(Dr. Seed) Core material selection: should avoid differential compressi-
bility in the core, which causes arching action between the shells.

-

Devil Canyon: a problem with the Saddle dam. No core material is avail-
able. It must either be transported from Watana or material available at
site will be treated with bentonite.

. s

6.2 Relict Channel Treatment

- Hydraulic gradient is 1 in 10 along the shortest route (6,200
feet).
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Saddle dam is required, 2,300 feet long and up to 40 feet deep.

Material in the channel is a diverse mixture of sands, gravels,
boulders, and lacustrine clays with unknown permeabilities.

An assessment of seepage loss using an average value of 1072

cm/s gave an annual energy loss of 23 GWh, worth about 323 million
capitalized. There is also the danger of piping at the downstream
exit.

. Alternative solutions were considered: upstream blanket treatment

would cost $100 million, but these are notorious for not being
effective: downstream filter would control the seepage loss but not
prevent jt: continuous grout/slurry cutoff trench would prevent
seepage loss at an estimated cost of $50 million.

Length of cutoff trench about 15,000 feet, depth up to 450 feet.

A11 available data is based on Corps of Engineers' boreholes, dril-
led to rock: no material samples were taken.

Do-nothing option is not acceptable; Acres considers continuous cut-
off trench to be best solution at feasibjlity stage.

More investigations along cutoff wall possible during feasibility
study? Would cost $500,000 - $700,000 for a Becker drill rig to
provide large bulk samples. Schedule? If decision November 1,
February 1, 1982, onsite, offsite in 2 months.

It was suggested that both cutoff wall and downstream filter should
be included for FERC license application.

Dam Design

Shell is currently assumed to be river gravel, not rockfill, using
material properties from Oroville dam. Preliminary results indicate
up- to 100 percent p.w.p. buildup. Upstream drainage will be pro-
vided to dissipate excessive p.w.p. Gravel properties not known in
detail but control of placing will govern permeanility.

Rockfill may be used if it proves to be safer, or a combination of
the two.

Slopes being analyzed are 2.25:1 upstream, 2.0:1 downstream.
Layouts are being based on 2.4:1 upstream.

Core width is 50 percent of head; filters 60-80 feet at base of
dam.

- 10 feet excavation in rock everywhere, increasing to 40-50 feet

under the core.




- Allowance is being made for static and seismic settlements.

- Devil Canyon Saddle dam: assumed same design and slopes as Watana.

- (Panel Comments) core material from area D has M gradings: possi-
bility of piping, since it is not plastic. Design totally reliant

on the filters to prevent piping. Material from area H is a better
option and would have fewer problems in placing.

October 7, 1981

1. Introductory Remarks (J. D. Lawrence)

- Dr. Sykes and Dr. Hendron will not be attending the final day (10/8/81)
and will be reporting to Acres separately.

- (Panel Comment) Are permafrost and ice lenses found in the abutments at
Watana? VYes, mainly in the left abutment. How does this affect the
foundation treatment? Ice would be thawed prior to grouting and founda-
tion treatment. Have costs been allowed for? Yes. Will river alluvium
be removed? Yes.

Hydrologic Field Program (J. Hayden)

2.1 Data Sources

Basin data up to Talkeetna.

Gold Creek has 30 years of records, other stations have usually a
minimum of 10 years.

Work carried out under two main headings:

(i) Regional Flood Studies - R&M.
(ii) Long-term, average monthly flows and daily flows for energy
predictions - Acres.

A fill-in program was used to formulate stochastic 30-year flows at
other stations of interest; e.g., Vee Canyon where only 10 years of
records were available.

Long-term flows at Watana and Devil Canyon were then derived, based
primarily on area--secondary effects were precipitation, snow melt,
and topography.

Flood Studies

- R&M flood studies were based on other basins in Alaska with similar
characteristics. The results were incorporated with the Gold Creek
resuits for 30 years of records to derive flood flows at Devil
Canyon and Watana for various return periods.




- There are two flood peaks per year; a snownelt flood in June, and a
less severe glacial melt/precipitation flood in August. Control
structures needed for the summer flood only.

- Watana floods were presented: the PMF is now 315,000 cfs, compared
with Corps value of 230,000 cfs. The increase is caused by a re-
vised PMP from the NWS, sharper temperature rise, etc. Work was
done by Acres and will be incorporated in the Feasibility Report.

- Devil Canyon floods were also presented (based on Watana being con-
structed).

Water Quality

- Recording stations were summarized.

Wi1l there be degradation of the downstream channel? No, it is al-
ready sufficiently armored.

Temperature and river-level modeling studies continue.

Sediment entrapment is about 100 percent.

Bedload is less than 5 percent of the suspended sediment load; the
total annual load figure is similar to the Corps value. Load dura-

tion curves shown for the major rivers; Chulitna and Susitna about
the same, Talkeetna much less.

Ongoing Work

Site flows continue to be recorded; these are used to confirm the
nfil1l-in" program (v.s.).

HEC program has been calibrated for use in predicting river levels.
River morphology report is now available.
Ice modeling is completed.

Temperature modeling has been revised to allow for surficial heat
loss, but still indicates extensive open water downstream from Devil
Canyon.

Fisheries now want extensive water releases in summer, up to 18,000
cfs. For power releases only, the releases are in excess of 9,000
cfs for 17 out of 30 years. Some compromise will be possible after
negotiation with the Fisheries Mitigation Task Force. Reservoir
operation may also need to be modified.

- Water temperature? A multi-level intake is being designed at Watana
to maintain water temperature as close to normal regime as possible.
Releases from Devil Canyon will be sensibly at a constant tempera-
ture of 39°F.




Energy Simulation (J. Hayden)

- Energy output from the model is assumed to match the shape of the demand
curves. Peak load is in December; peak flows are in summer; seasonal
storage is used to maximize firm energy.

Watana reservoir provides almost total regulation.

Critical dry periods? For a singie dry year, the return period is about
1 in 100 years; for 2 consecutive dry years, the return period is about 1
in 400 years.

Constraint is externally applied that the reservoir should be full at the
end of the 30 years of hydrological record.

With both Watana and Devil Canyon constructed, the total energy demand
can be met with no thermal backup from 2,000 to 2,003 (medium load growth
forecast.)

Further extension of the tailrace tunnel at Devil Canyon has been found
to be cost-effective. The net head is increased by about 30 feet and
annual firm energy is increased by about 100 GwWh.

Post-project flows from Devil Canyon vary from 6,000 to 10,000 cfs be-
cause it is operated as a base load station; peaking only at Watana.

(Panel comment) What are temperature and flow impacts on the salmon?
Temperature effects concern the incubation of the eggs, predation, and
thermal shock. Flow impacts concern the possible isolation of spawning
salmon in minor tributaries, owing to low power releases in critical

months.

Reservoir Level Optimization (J. Hayden)

- Firm energy can be increased by two methods:

(a) increased dam height; and
(b) dincreased drawdown.

- (a) Firm energy variation with dam height: the flow is 98 percent reg-
ulated; hence, a linear variation of firm energy with dam height.
Dam height was optimized using incremental costs compared with
incremental system costs from OGP5 runs. The curve is very flat,
and any level between 2,175 to 2,215 would be acceptable. Upper
1imit of about 2,240 determined by flooding 1imitation upstream at
Fog Creek.

- Results will be checked tater using the Batelle load growth forecast, es-
calation rates, coal values and so on.

- Devil Canyon reservoir Tevel fis fixed at Watana tailwater level, 1,455,
to fully utilize the available head.




- (b) Firm energy increases with drawdown up to 190 feet. Above this
level there is 1ittle or no improvement because of low head energy
loss in the dry years. The maximum drawdown (190 feet) is
cost-effective; i.e., the capitalized extra firm energy value
exceeds the increased cost of intake works and approach channel.

System Model Studies {John Hayden)

- Economic parameters have been used (0 percent inflation, 3 percent dis-
count rate.) The OGP5 model incorporates all existing and planned power
developments in the Railbelt Area, and allows for annual costs of fuel,
operation and maintenance, and financing charges.

Watana is assumed to come on-line in the fall of 1993; Devil Canyon on-
line in the year 2000. The Intertie is allowed for by increasing the
system load factor from 0.52 (present) to 0.62.

Sensitivity analysis has been carried out on discount rates, fuel costs,
rate of load growth, etc.

"Devil Canyon first" option was also considered, with suitable adjustment
of costs (access road, extra cost of spillway facilities). Slightly in
favor of "Watana first" but not a lot.

(APA comment) Could Devil Canyon be brought on line earlier, if required,
for a major industrial expansion program? This would be addressed in the
Feasibility Report. Could be justified only by a significant increase in
demand; would have significant impact on manpower and other key resources
in Alaska.

Reservoir levels: the June flood is absorbed, but the August flood
causes some spilling.

Filling: time taken is deﬁendent on inflows and compensation flow down-
stream. Freeboard will be maintained sufficiently to absorb the
1-in-500-year flood during filling.

(Panel comment) Regarding the optimum dam height, can the cost of the
dyke/saddle dam be justified? A 25-foot dyke constructed on 25 feet
permafrost could suffer slumping failure under earthquake shaking. De-
sign of the dyke should be carefully considered, particularly the cutoff
wall below the dyke. Earthquake and permafrost conditions are the major
design concerns for foundations in Alaska.

Installed Capacity (J. Hayden)

- Assessed by estimating the peak load on Susitna, knowing the peak demand,
and the available system energy from alternative sources. Susitna used
at peak (Watana) or base (Devil Canyon).

- Using the medium load forecast, the peak load on Watana increases from
567 MW (1993) to 626 MW (2000).




S

Peak load on (Watana + Devil Canyon) increases from 1,029 MW (2000) to
1,119 MW (2010), again using the medium load forecast.

i

- By extension of the method beyond 2010, the Susitna demand would increase
to about 1,600 MW by the year 2040.

- From these stud’es the following capacities have been selected for over-
all developmes®: :

£ - T P

Watana 900 MW (6 x 150 MW)
Devil Canyon 600 MW (4 x 150 MW)

; ey
b g
e “I.,rs

- Surface powerhouse or underground? Costs favor the underground power-
house, basically because of increased cost of penstocks wi:h a surface
powerhouse.

- Number of units instailed? Minimum requirement at Watana is 4 units; 6
.%lf units give greater flexibility of operation, i.e., higher efficiency at i/
1 & part load conditions. Extra cost, about $30 million, can be justified by .
{alue of extra energy generated. Present layouts are based on 6 units of !
al? 50 MW. ¢

- At Devil Canyon, 450 MW is required to generate all available energy at
100 percent load factor. Final design requires 600 MW. Hence, 4 units e
of 150 MW were selected. e

7. Dykes on Permafrost (M. Vanderburgh)

- In view of Panel concern over the dyke at Watana, details were given of
design of dykes constructed on 40 feet permafrost in north Manitoba; 30 .
feet high, constructed on varved clays/silts. Sand drains were used to s
facilitate settlement resulting from permafrost thawing. Up to 6 feet E
settlement has been measured over 20 years.

! " 8. Spillway Design (J. Hayden)

w - Summary was given of flood flows under 4 main headings: ?lé

(i) Diversion flood 1 in 50 years. i%

(ii) Environmental 1 in 100 years (nitrogen problem). -

N . (iii) Design flood 1 in 10,000 years. o
| 1 (iv) PMF -

Structures have to be designed to handle these flows.

- Watana: design requirement is to avoid nitrogen supersaturation problems
for floods up to the 1-in-100-year event. This can be achieved either by
a cascade spillway on the left bank or by a tunnel spillway on the right
bank with Howell Bunger valves. Cascade spiliway is more expensive, and
quality of the rock is very doubtful; hence, high maintenance costs are
anticipated. Also, the spiliway is pushed downstream by the known shear
zones which again increases cost.




Powerhouse flow is included for flood routing up to the 1-in-100-year
event; above this flood the powerhouse flow is not included.

Flows up to 10,000-year floods are taken partly by surcharging the reser-
voir (up to 4 feet); then the main spillway gates are opened and excess
flow is discharged to the river by chute and flip bucket.

For floods in excess of the 1-in-10,000-year event, reservoir surcharge
is increased (7 feet) and excess flow is taken by the main spillway and
an emergency spillway; a fuse plug dam in the emergency spillway retains
water to the 10,000-year flood. Emergency spillway discharges into
Tsusena Creek.

(Panel comment) Design of fuse plug dam to fail at a critical level is
difficult; may be better to have positive control, e.g., gated structure,
but at higher cost. Also, depth of fuse plug is excessive and could lose
valuable water when plug fails.

Operating characteristics shown for two floods:

(a) 1 in 100 years - Howell Bunger valves opened for about 14 days.

(b) 1 in 10,000 years - Main spillway operates full bore for 3 days
(reservoir initially empty) or 5 days from 2,215
level.

In the event of seismic or other emergency, reservoir could be drawn down

200 feet by service (tunnel) spillway and powerhouse, then low-level out-
let would be opened.

Watana Layout Studies (J. D. Lawrence)

Original layouts showed 2 diversion tunnels, crest level 2,225; 2.75:1
upstream slope, 2.0:1 downstream.

Points of design concern were tabulated for Watana and Devil Canyon.

Major design variations concern the types of spillway.
Copies of the current design criteria were issued to the Panel Members.
Basic methodology for scheme selection was described:

(i) From DSR--8 layouts.
(ii) Screened to give 4 best options.
(ii) Further developed to select 2 best options, of which the
chute/f1ip bucket spillway is the current preferred option.

Selection procedure and layout variations were described in detail, to-
gether with broad conclusions drawn from each layout.




»
9.1 Preliminary Layouts (8 alcernatives)

- Dam centerline should be as far upstream as possible.

- Minimize upstream dam slope.

- Diversion, 2 tunnels on right bank with low-level outlet.

- Powerhouse underground.

- Single spillway unacceptable; use separate emergency spillway.
- Chute/f1ip spillway preferred.

- Cascade spillway to be investigated further.

9.2 Preferred lLayouts (4 alternatives)

- Considered from the following aspects:

technical feasibility
construction methods
component size

cost

environmental impact
operation

schedule

" - Four Tayouts were described in detail, the main differences being
associated with the spillway location and type and the powerhouse
location.

- Cost comparisons were shown, favoring the chute/f1ip spillway op-
tion. '

- Conclusions drawn:
(i) Lower upstream cofferdam to reduce general site congestion.
(ii) M™ajor structures on the right bank.
(ii1) Keep left-bank spillway as an option.

- Dam design is now being carried out, and upstream slope has been re-
duced to 2.4 to ease congestion and reduce diversion costs.

9.3 Arch Dam Alternative

- Layout shown, geometry pTus main structures.

- Cost estimates show the rockfill dam to be cheaper, with a concrete
unit rate of $150 per cubic yard. (Compared with $210 for Devil
Canyon.) This is 1ikely to be low; hence, rockfill alternative was
selected.

10. Low-Level Outlets (R.K. Ibbotson)

10.1 HWatana

- Flows: dijversion--the routed 1-in-50-year flood, 76,000 cfs.
reservoir filling--up to 10,000 cfs.
operation--up to 30,000 cfs for emergency drawdown.




Current layout was described in detail. The upstream diversion
portal will be kept downstream from the Fins feature.

Two options were initially considered:

(a) 2 pressure tunnels
(b) 2 free-flow tunnels

Optimum diameters were 30 feet (a) and 35 feet (b), with maximum
design velocities of 50 feet/second.

Plugs and gates will be constructed in one tunnel in the winter
while the diversion flow passes through the other.

Selected scheme has one pressure and one free-flow tunnel with
suitable energy d1ss1pat1ng devices for emergency releases. The
right diversion tunnel is also used as an outlet for one of the two
tailrace tunnels, to ease site congestion downstream. ~

Operating curves shown for emergency drawdown condition. Four
months would be requ1red to level 2,000; about 30 months to 1,800
level. The reservoir can be held at 1,800 level if necessary.

Gates would be needed on the pressure tunnel to construct the con-
crete plugs; these could be designed for emergency use to give
extra drawdown capacity.

Summary of recommended layout:

50-year flood, (83,000 cfs) routed flow 76,000 cfs. Optimum
cofferdam he1ght reduced 40 feet to ease s1te congestion; 2 x 35
feet diameter tunnels (1 pressure, 1 free-flow).

(Panel comment) The maximum cut on the upstream portal is about
300 feet. It would be worth reducing this by any possible means,
e.g., separate cofferdam across portal entrance.

Devil Canyon

- Single 35-foot pressure tunnel - no bypass flows required, these
will be provided by Howell Bunger valves in the dam. Design flow
js 52,000 cfs (routed through Watana).

- Portals will almost certainly b2 moved from the positions shown,
from topography considerations.

11. Power Development (J. Hayden)

- If Watana dam height were to be Jowered 100 feet because of problems with
the relict channel, $5.2 x 10° cou]d be spent on the Susitna develop-
ment; actual cost wou]d be $5.0 x 109: ; hence, the project would still
be viable, although annual firm energy would be reduced from




6,100 to 5,400 GWh. This represents a capitaiized value of $700
million in reduced energy from Susitna.

- Summary of power developments at present envisaged.

Watana - 6-unit powerhouse, underground, fed from multi-level
intake.

Devil Canyon - 4-unit powerhouse, underground, from single-level in-
take; one machine discharging at the dam, three machines
- discharging over 1 mile downstream to gain extra head.

12. Tidal Power (C. Debelius)

- Part of an overall study of energy alternatives, broken down as follows:
Site reconnaissance and selection.
Evaluation, based on medium and high load forecasts.

Tides - top of inlet 20 to 25 feet, maximum 40 feet.
Cascade alternatives, using time phase difference.

Computer model developed to assess energy output for a given con-
figuration.

Mils/kwh not sensitive to total energy generated over a wide range
from opt imum.

Caisson Construction - floated in and sunk on prepared sand bed.

Power available is large compared with the system requirements.
Hence, storage will be required to use the available pulses:

compressed air energy storage;

hydroelectric storage; or

industrial usage on same pattern as avajlable pulses.
General environmental considerations.
Risk analysis.
FERC licensing - similar to Susitna.

Costs? Same order mils/KWh as coal-fired thermal.

Further work? Sedimentation should not be a problem within the
first 50 years.




October 8, 1981

1. Introductory Remarks (J. D. Lawrence)

- Panel would be writing their report after the morning session; lunch
would be brought in.

Devil Canyon Dam Design (R. K. Ibbotson)

- Arch dam is to be constructed at the upstream end of the canyon in an
asymmetrical valley.

Tension cracks and general instability at the upper left abutment in-
crease excavation by about 100 feet in the area of the thrust block.

Geometry presented in graphical form.
Properties of materials assumed were presented.

Allowable tensile stresses: - 250 psi (normal)
- 750 psi (dynamic)

Rock modulus (2 x 10 psi) not altered, but work on other dams
indicates about 10 percent change in stresses for a change in modulus of
a factor of 2.

Details of assumed temperature variation and combined load conditions
were presented.

Normal loading results: Load case UL1 - 27 psi tension
+1100 psi

Load case UL3 -393 psi at left centilever
+1180 psi

Dynamic analysis: mean response spectrum was shown. Dr. Seed queried
the term "mean"; the normal acceleration used would be 0.84 percentile
(say 1.35 x 0.35g = 0.47g). Also, design earthquake may increase as a
result of discussions with WCC (v.s., Uctober 6th Report).

Extreme loading results: ELI(i) - 729 psi upstream crown centilever
+3600 psi.

EL1(i1) - 577 psi crown centilever
-2000 psi in arches.

EL2 -1392 psi in crown of upper arch.

(EL1 assumes 0.5g acceleration and 5 percent damping factor; ELZ2 assumes
0.4g acceleration and 10 percent damping factor.) 10 percent damping
factor is applicable for this type of arch dam, based on previous
experience.




- Pseudo-static analysis was then carried out assuming vertical cracks and
construct’on joints open up to 50% of the dam height: USER program on
reduced cantilevers gave maximum tensile stresses of -322 psi in the
arch; with reduction in hydrodynamic loading to 60 percent because of the
constricted approach and the valley shape, the maximum tensile stress re-

duces to -251 psi (EL2).

- (Panel Comment) M. Copen confirmed that Acres design approach was very
conservative.

Devil Canyon Spillway Studies (John Hayden)

- Synthetic flood flows, routed through Watana.

- Diversion flow, taken through a single-gated pressure tunnel, eventually
plugged.

- Flood-handling philosophy is similar to Watana:

) Up to 1-in-100-year event - 5 Howell-Bunger valves set in the dam.

) Above 1l-in-100-year event - chute/f1ip bucket on main right bank
spillway; alternative stilling basin has been rejected on cost
grounds, as well as lack of precedent for this head.

(iii) Above 10,000-year event - fuse plug dam in an emergency spillway

channel is designed to fail: passes flow up to the PMF.

(1
i1

(

- (Panel comments). Main spillway on the right bank will require excessive
rock bolting and support work. Had consideration been given to a tunnel
spillway, possibly using part of the diversion tunnel? This would be
difficult to fit into the available space, and intakes would be a
problem. However, it would be given further attention.

- Concrete spillway structure on the left bank? Not advisable because of
the depth of alluvium.

- Fuse plug dam: same comments as for Watana. Height is excessive and
would result in extensive energy losses; better to be lower and wider,
with a flared approach.

- Erosion of river channel caused by chute and flip bucket would tend to
raise the tajlwater level, but with the proposed extension of the tail-
race tunnel 6,000 feet downstream the station output would not be af-
fected.

Devil Canyon Layout Studies (J. D. Lawrence)

- Position was summarized after the Development Selection Report (June
1981), with the Design Criteria being used at that time.

- Major design considerations and concerns were summarized.
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4.1 Dam Selection: (a) concrete thin arch dam (preferred option). 4
(b) fil11 dam alternative.

- For the fil1l dam alternative, a brief block estimate was carried out
based on steep upstream slope and assuming that all necessary mater-
ials would be available. The cost was about the same as the thin
arch dam, but likeiy to rise significantly because of lack of data
on materials (subsequently proved to be true). Hence, the fill dam
alternative was not considered further.

- (Panel comment) Was a concrete faced rockfill dam considered? Yes,
but rejected on technical grounds: settlement problems under earth-
quake motions and thermal movements and rotations of the abutment
concrete slabs in the extreme temperature range encountered in
Al aska.

- (Panel comment) Dr. Merritt and Dr. Seed did not agree that con-

crete faced rockfill dams were unsuitable in seismic areas, and con-

sidered seismic settlements were overestimated; only about 0.25 per-

cent settlement had been observed in a 400-foot dumped rockfill dam

subjected to 0.36g earthquake. The settlement for rolled rockfil]

would be even lower, about 12 inches, not 1-1/2 percent height; this

is very conservative. Concrete-faced rockfill dams are inherently

very stable; with upstream slopes of 1.3 to 1.8 because of no pore- B
water pressure problems. ‘

- Would only be worth changing if economically advantageous, in view
of present advanced stage of the work.

4.2 Layout Studies

- Three alternative layouts were described in detail and a tabular
presentation of costs was shown. The original orifice spillway
through the dam was removed to simplify the arch dam design, and
replaced by 5 Howell Bunger valves through the base of the dam.
These handle floods up to the 1-in-100-year event.

- Three alternative layouts are different in the location and type of
the main spillway, which handles floods in excess of the 100-year
event:

{1) chute/f1ip on right abutment
(i1) chute/flip on Tleft abutment
(iii) stilling basin on the right abutment

- Right bank chute/f1ip is the preferred option, based on cost
grounds. Further study will be carried out on the tunnel spillway
alternative mentioned this morning.

-~ Environmental flow, Devil Canyon to Portage Creek. In view of the
extension of the tailrace tunnel, compensation flow will be required
to maintain flow downstream from the dam. One small turbine will be
installed to pass an acceptable flow (1,000 cfs?).
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5. Generel

- Dr. Seed was given figures on cost for rockfill and gravel fill at Watana
(to determine relatjve suitability for 'design purposes). In response to
a query on the practice of alternate layering of rockfill and gravel
fi11, Dr. Seed considered this unacceptable; possibly a rationale of what
actually occurs when constructing dams, i.e., fines trapped on top of
layers of rockfill, giving low, vertical permeability.

- General presentations by Acres staff and discussion of matters arising
terminated at 11:30.

- Panel Report was presented at 15:15, in draft form.

6. Closing Statement (D. D. Wozniak, Project Manager, APA).

- Preliminary date for the fourth and final External Review Board Meeting
was scheduled for January 11, 1982, in Anchorage. This date will be con-
firmed by end of October 198l.

- Dr. Sykes and WCC are to discuss and confirm the anticipated intensity of
the Fioating Terrain Earthquake.

- Panel Report on Meeting No. 3 will be typed by Acres American in draft,
and returned to APA for issue.

Reported by:

o3

w2

M. F. Dumont

MFD/jgk
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WATANA
EXPLORATIONS SUMMARY

1950-1953 RECONNAISSANCE
1875 RECONNAISSANCE

22500 LF SEISMIC REFRACTION LINE
1978 28 BOREHOLES  (3C-€C0 FT DEEP)

- 18 AUGER HOLES

27 TEST PITS

47e€e5 L.F, SEISMIC LINES

10 PIEZOMETERS, 13 TEFMP. PROBES

o B |

Iy
g N

P
o

o |

o |

1980-1981 :
/ BOREHOLES (300-955 FT DEEP)

39 AUGER HOLES

41 TEST PITS (apprOX)
€3000 L.F, SEISMIC LINES
Ly PTEZOMETERS

3 THERMISTER STRINGS

MATERIALS TESTING

ROCK TYPE PETROGRAPHIC ANALYSIS
FILTER AND CORE MATERIALS GRADATIONS
CORE MATERIALS STRENGTH, CONSOL.,
ROCK STRENGTH

ACRES (IN PROGRESS) ROCK STRENGTH, PROPERTIES
FILTER AND CORE GRADATIONS
SAMPLE MOISTURE ANALYSIS
CORE MATERIALS PLASTICITY, PIPING

POTENTIAL, STRENGTH

FILTER MATERIAL ANALYSIS

™

S

"
L
P
Ld
e
f
L
™
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DEVIL CANYON
EXPLOPATIONS SUMMARY

1957-12€0 22 BOREHOLES (20-150 FT DEEP)
1% TEST PITS
1978 1300 L.F. SEISMIC REFRACTION LINE
1980-1981 7 BOREHOLES (15C-750 FT DEEP)
& AUGER HOLES
€ TEST FITS
1€00 L.F., SEISMIC LINE

MATERIALS TESTING
AGGREGATE SUITABILITY TESTS
AGGREGATE CRADATIONS

ROCK STRENGTH, PROPERTIES

ROCK TYPE PETROGRAPHIC ANALYSIS
ACRES (1IN PROGRESS) AGGREGATE SUITABILITY

AGGREGATE GRADATIONS

ROCK STRENGTH, PROPERTIES

ROCKFILL SUITABILITY (FoR SADDLE DAM)
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2) DEVIL CANYON DAMSITE GEOLOGY
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8 F HATANA

CORE MATERIAL
i PRELIMINARY DESIGN VALUES
i

OPTIMUM MOISTURE (S5% STD. PROCTOR) 6 % ( 4 IN.MOLD)
/.57 ( & IN,MOLD)

‘ g OPTIMUM DENSITY 129-133 pcF

1 E? RULK SPECIFIC DEWSITY 2.7 ]
B PERMEABILITY (mInus 1 INCH) 1077 cm/sec (B.4 IN DIA.)
I TRIAYIAL TEST DATA:

. TYPE & - UNSATURATED, UNCONSOLIDATED, UNDRAINED TEST
| E; (ANGLE OF FRICTION PHI, COHESION) 350 0,14 TsF
(OPTIMUM WATER -U47)

330 (0.B6F TsF
(OPTIMUM WATER CONTENT)

]
| 20 0,44 TsF
! (oPTIMUM PLUS 4%)

TYPE R - CONSOLIDATED, UNDRAINED WITH BACK-PRESSULRE

EFFECTIVE STRESS RESULTANT ANGLE 370

129 1.1 7TsF
(OPTIMUM WATER CONTENT)

139 0.52 TSF
(oPTIMUM MINUS LZ)

CONSOLIDATION TESTS: (4,4 IncH MOLD, 3/4 INCH MINUS MATERIAL)
REMOLDED, DRAINED, 957ZSTANDARD COMPACTION

PERCENT_STRAIN  OPT-4%  OPTIMUM OPT+4Z

1 TsF 0.857% 0.76%2 2.12%

10 2,38 2,4 4L

32 L, 82 L,83  €.8t
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TYPE OF FATERIAL

IMPERVIOUS

FINE FILTERS
COARSE FILTERS

ROCKFILL
GRAVEL FILL
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TOTAL
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CONCRETE AGGREGATE

{X 106 cy)

AMOUNT REQ.

EQ-%5
COMBINED

A
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65-75

WATANA DAM
EMBANKMENT QUANTITIES

EST. AVAIL. SOURCE

50-75+ AREA D
5-40 AREA H

12.5 AREA E

1€ AREA E

Lo+ RIVER

100+ QUARRY A
h7-100 RIVER-WITHIN € mr.,
160+ -WITHIN 11 m1.

10+ (SAME MATERIAL AS
AREA E FILTERS)
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AH-D1-5 SM
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Ali-D1-7 SM , |
Ali-D2-3 SM APPARENT VARIATION WITH DEPTH: WATER CONTENT DECREASES
— - GRADATION BECCMES COARSER
Ati-D2-4 SM NUMBER OF FINES DECREASES
Ail-D2-5 SM |
S - (SAMPLES FROM 0-21 FEET)
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- OPTIMUM DENSITY & MOISTURE

i _ S B

Fr—.

DRY DENSITY IN PCF

[ ]

|
-]

MAXIMUM DRY DENSITY (A) 139 PCF
OPTIMUM WATER CONTENT £=9.3

i

10 15

20 25

WATER CONTENT IN %

!
B

SIEVE ANALYSES:

COE -~ AREA D
ACRES - ARFA D
- AREA H

WATANA IMPERVIOUS MATERIAL

PROCTOR COMPACTIONS

% PASSING 2" #4

100 87
100 80
100 71

710 #200

unknown
76 27
64 38
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SAMPLE NO. | goryene | ofv LL Pl CLASSIFICATION 8 DESCRIPTION
. i DRAWN BY
Engineering & Geologlcal Consultants COMPOSITE GRADATION CURVES FOR BORROW AREA E APPROVED BY
‘ ANCHORAGE FAIRBANKS ALASKA JUNEAU SUSITNA HYDROELECTRIC PROJECT DATE 8/21/81
» FILTER & AGGREGATE SOURCE AREA PROJECT NO. 052506

g EVLSED 10/06/81
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v = - Y UNIFIED SOIL
COBBLES GRAVEL SAND SILT OR CLAY CLASSIFICATION
COARSE FINE COARSE MEDIUM FINE SYSTEM
LAB TESTNO.| BORING NO. | SAMPLE NO. DEPTH CURVE SYMBOL CLASSIFICATION  ACRES AMERICAN INCORPORATED
Agm BUFFALO , NEW YORK
WATANA FINE FILTER DESIGN CRITERIA
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/ATANA DAMSITE
RELICT CHANNEL

CHANNEL SPECIFICS:

MAXIMUM OBSERVED DEPTH
AVERAGE DEPTH

MINIMUM OBSERVED WIDTH

SHORTEST FLOW PATH (FromM RESERVOIR) €200
HEAD LOSS - MAX, OPER. PCOL 590
AVERAGE GRADIENT v 10

CUTOFF SCHEME SPECIFICS:

TOTAL LENGTH OF CLTOFF 14075  FeeT
MAXIMUM DEPTH 10
AVERAGE DEPTH | 200

i,

i
N

SADDLE DAI:

TOTAL LENETH
MAXIMUM HEIGHT
AVERAGE REIGHT
OVERBURDEN DEPTH - MAYINML¥
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ALASKA POWER AUTHORITY P5700.13

SUSITNA HYDROELECTRIC PROJECT
External Review Board Meeting No. #3

MINUTES OF MEETING HELD ON
October 6 - 8, 1981, BUFFALO, NEW YORK

Presentation on: Hydraulic Studies - J. Hayden
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DATA COLLECTION »PROGRAMS AT MAJOR STATIONS

IN THE SUSITNA -RIVER BASIN :

STATION

§Qs§t{'x,a River no;r De;iaill - | ;x X X X x X . | 1957-1966, 1968-Present

w Susitna Rlver pil Ves Canyon ' I X T x X X ' | 1961-1972, 1980-Present

Su:!‘tna River near ‘-Natana -D»aﬁ,v\sltl WX X xZ X X X X X | (1980-Present R&M)

i Susitna ‘Rlvor near 'Devil{ Cdfxst\n 1 o X x3 X X .

n Suzltn;,‘alv‘ar' at Gold g:r::alz;l;‘ X X. | X X 1949-Present
.Chhlllﬁr_u ‘R_lv-r near Talkeetna X L X X 1658-1972, 1980-Present
Tnlkqotr.\e River near Talkeotr;af' , X X X X “1964—Présent
Suili;w..(a.hlv‘-r‘ r.uar Sunihir;o,i X ] X X ]959“‘1971 Part., (1976-80 NWS)
Sk\;l‘r;tn) River no;r Skwentna X X ‘X X X 1959-Present
qutt’ika River near Susitna Statlon | X X X 1 1980-Present
Susitna’ River at Susitna Statlo‘n. X X X X 1974-Present

NOTES:

(1) Parameters Measured listed In Appendix F

(2) Continuoys water quality monitor Instalied
(3) Proposed i

(4) Proposed - datg collaction to 'begin 1981




SUMMARY OF PRE-PROJECT FLOW CONTRIBUTIONS BY MONTH AT TALKEETNA

‘ . N f . . )
s LV R -
N b . . - . .
e { . .
. . 3 ¢ i

Flow Contribution by: * Total
Flow D/S
Chulitna Talkeetna Susitna Talkeetna

N
N
N o
.
N, o N
. .
L v R -
P !

October - 4858 2537 5580 12976
November 1994 1187 2435 5616
December 1457 836 1748 4043
January 1276 671 1438 3385
February 1085 S65 1213 2873
March 976 492 1085 2553
April 1158 557 1339 3054
May 8511 4176 13400 26087
June 22540 119710 ‘ 28150 62600
July 26330 10390 239580 60710
August 22180 9748 21850 53889
September 11740 5853 13770 31363

S
!

Annual 8748 4085 9707 22429

Discharge data from 1.5.G.S. records

¢ X s : . - .
[ v
% .
° . .
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N .
SRS G ) . .




MONTH

DEC

: FEB
— MAR

| APR
MAY
JUN
JuL
AUG
SEP

WATANA
POST PROJECT

AVERAGE MONTHLY FLOWS (FT3/s)

DEVIL CANYCN
POST PROJECT ~ PRE PROJECT ~ POST PROJECT  PRE PROJECT POST PROJECT

GOLD CREEK

/7095
8716
9346
8676
9238
/540
6919
5470
4765
6002
10920
9555

/7898
9070
9596
8872
9408
/683
/090
/341
/871
8259
13168
11208

5639
2467
1773
1454
1236
1114

. 1367

13317
27928
23855
21478
13171

8343
9250
9735
8982
9503
/764
/7184
8381
9598
9513
18424
12121

SUNSHINE
13,690 16,394
5,829 12,613
4,199 12,161
3,458 11,026
2,952 11,219
2,631 9,280
3,177 8,994
27,717 22,781
614,198 45,868
63,178 48,839
55,900 48, 845
32,304 31,253




AVERAGE RESERVOIR LEVELS

MONTH VIATANA DEVIL CANYOM
~ LEVEL (FT) UME LEVEL (FT)

1455
1455
1455
1455
1455
1455
1455
1455
1455
1455
1455
1455
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WA

3
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PEAK F1 00D FLONS

WATANA | DEVIL CANYON

RETURN PERIOD FLOW VOLUME DISCHARGE ROUTED DISCHARGE
. OF FLOOD IN FLOW
SEINS M ACRE FT SRS

1:50 YEAR

ANNUAL 81, 000 1.56 68,000 52,000 52,000
1:100 YEAR

ANNUAL 92,000 1,74 5, 000 514, 000 514,000

SUMMER 70, 000 45, 000 544,000 54, 000
1:10,000 YEAR

ANNGAL 156, 000 3,67 120,000 140,000 140,000
PMF 315,000 9,21 270,000 325,000 300,000
AVERAGE

ANNUAL 7,860 83,9601

(1) NATURAL INFLOW




WATER QUALITY - PREPROJECT

SUSTTNA RIVER AT GOLD CREEK

ENDED
S

NDED SEDIMENT
TONS/DAY

TEMPERATURE® F | Egig
5,639 35,2 1,600
2,467 33,6 230
1,773 32.0 100
1,454 32.0 70
1,236 32,0 45
1,114 32.0 40
1,367 37.0 | 50

13,317 41,9 12,200

27,928 45,5 69,900

23,853 50.9 48,200

21,479 49,6 | 37,700

13,171 42.3 11,900
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10> \ SUSITNA STATION
sﬂuuml\ RIVER
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— SUSITNA RIVER SUSITNA RIVER &F
— DENAL! AT GOLD CREEK
e SUSITNA RIVER AT
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MACLAREN RIVER
X NEAR PAXON
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e flr Ensina s S

WATANA SPILIMWAYS

FLOOD ELOWS (FT3/S)

| RETURN PFRIOD COST
g FacILITY 1:100 1:10,000 PMF MILLION $
| ié CASCADE aLLd 120,000 120,000 264
| *; HB arL ) 30,000 30,000 50
T Fup 30, 000 30,000 130

o

EMERGENCY - - 150,000 47

(D

ENVIRONMENTAL CONSIDERATIONS

=

DESIGN CONSIDERATIONS

(1) EXCEPT FOR FLOW THROUGH POWERHOUSE
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H

;a..,‘..m-.—a:
b s i,

)

DEVIL CANYON SPI[IWAYS

s

FLOOD FLOW (FT3/S)
RETURN._PERIOD
FACILITY 1:100 1:10,000 PYF

STILLING BASIN 0 90,000 90,000 85

3

3

pop———————
} :

o

™

‘i FLIP 0 90, 000 90, 090 47
Ll

ii : aLLL) 50, 000 50,000 COMMON
Y EMERGENCY 160,000 25

é; ENVIRONMENTAL CONSIDERATIONS

| DESIGN CONSIDERATIONS

(1) EXCEPT FOR FLOW THROUGH POWERHOUSE

wwwwwwwww
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ALASKA POWER AUTHORITY P5700.13

i SUSITNA HYDROELECTRIC PROJECT
é% External Review Board Meeting No. #3

| MINUTES OF MEETING HELD ON
g October 6 - 8, 1981, BUFFALO, NEW YORK

Presentation on: Power Developments - J. Hayden
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MONTHLY ENERGY DEMAND %

2.2L

1.1F

0.0
JAN FEB MAR  APR  MAY

JUN . JUL  AUG  SEP
MONTH

FORECAST MONTHLY ENERGY DEMAND

REF: WOODWARD CLYDE CONSULTANTS,

" FORECASTING PEAK ELECTRIC
DEMAND FOR ALASKA'S RAILSELT

ocT

NOV

DEC




FEB
MAR
i ~ APR
MAY
JUN
JUL
AUG
SEP
oCT
NOV

DEMAND (YEAR)

ENERGY DEMAND (GVWH)

MEDIUM FORECAST
POTENTIAL GENERATION (AVERAGE)

wAgANA wAgANA
, N/B'%UNNEL , .t
1993 2000 2020 WITH TUNNEL
18l 655 911 607 612
197 561 784 577 609
120 571 793 516 521
362 490 685 u55 168
335 160 638 425 430
310 128 599 407 420)
309 42?2 592 478 483
326 7 623 727 729
3u3 167 655 682 €95
410 558 777 528 533
166 881 607 621

633

€62

b€




k
8 POWER REAUIREMENT (HK)
o DECEMBER
. YEAR PEAK DEMARD— SHALL_HYDRO THERAAL & SUSTTHA
" 1993 860 144 ‘149 567
v 2000 1,173 1144 403/0M) 626/1029 1)
] 2010 1,635 144 372 1,119
N 2040 (gsT) 1,443 144 2,676 1,623
| 20101 2,901 144 1,422 1,335
20104 1,855 114 372 1,339

(1) HIGH LOAD FORECAST

(2) LOAD FACTOR OF 557

(3) BASE LOADED

(44)  WITH DEVIL CANYON ON-LINE




EXAMPLE CALCULATION
DECEMBER 2010

g MID RANGE HIGH RANGE
DEMAND FORECAST FORECAST
E& ENERGY (GWH) 998 1,779
) Peak Powex (M) 1,635 2,901
' 5 EnerGY SuppLy (GWH)
. § SMALL HYDRO 59 59
THERMAL 277 1,058
§§ SUSITNA 662 662
) E Power SuppLy (MW)
. gﬁ SmaLL Hypro 144 | 144
. ThermaL (L) 372 1,422
E Sus1TNA 2 | 1,119 1,335
| !E WATANA /750 900
| DeviL CANYON 450 450

(1> 100% Loap FACTOR
(2) Usine 150 MW UniTt Size

SR 3
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SlMMARY CdeARISON OF POWERHOUSFS AT HATANA

C
p . "_%%%réfﬁ—_ | ($UUU)UNDERGROUN?$UUD}
a - 1 TEM ‘ 4 x 210 MW 4 x 210 MW 6 x 140 MW
i CIVIL WORKS |
3 INTAKES | 54,000 54,000 70,400
: PENSTOCKS | 72,000 22,700 28,600
3 Powerrouse/ DRAFT TUBE 29,600 26,300 28,100

o SURGE CHAMBER | NA - 4,300 1y, 800

T | TRANSFORMER GALLERY NA 2,700 3,400

TAILRACE TUNNEL NA 11,000 11,000

L TAILRACE PORTAL | NA 1,600 - 1,600

o MaIN Access TUNNELS NA 8,100 - 8,100

o SECONDARY AcCEsS TUNNELS NA 300 300

I MAIN ACCESS SHAFT A it,200 14,200
. Access TUNNEL PORTAL NA 100 100

CABLE SHAFT NA 1,500 1,500

- Bus TUNNEL/SHAFTS | NA 1,000 1,200
: FirRe ProTECTION HEAD TANK NA 400 400
" MECHANICAL - FOR ABOVE ITEMS 54,600 55,500 57,200
s ELECTRICAL - FOR ABOVE ITEMS 37,400 37,600 41,200
SWITCHYARD - ALL WORK 14,900 14,900 14,900

TOTAL 262,500 246,200 277,000




(1000 GWhr)

5.5 '
FIRM ENERGY

(14) LH913H  WWvwQ
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ALASKA POWER AUTHORITY P5700.13

SUSITNA HYDROELECTRIC PROJECT

EXTERNAL REVIEW BOARD MEETING #
OCTOBER 6-8, 1981, BUFFALO, NY

Presentation on Watana Layout Studies - J. Lawrence




L8 WATANA LAYOUT - DSR
ok (JUNE, 1981)
i - DAM: | EARTH/ROCKFIL
o o CREST: EL. 2225 FT.
R o HEIGHT: 380 FT. ABOVE ROCK
- o VOLUME: | 63 MILLION CU. YDS.
Sy o SLOPES: 2.75H: IV U/S
G
L M. IV D/S
| | o COFFERDA!S: INTEGRAL
- SPILLWAY OGEE - 3 GATES
‘o CAPACITY: 235,000 CFS (PMF)
o TYPE: CHUTE AMD FLIP RUCKET
o LOCATION: RIGHT RANK
- POWER PLANT: 800 MW (ULT.), LEFT BAHK

- DIVERSION: 2 ~ 35 FT. DIA, TUNNELS, RIGHT BANK




MAJOR_DESIGN CONSIDERATIONS

- SEISMIC LOADING

- FLOOD HANDLING CAPABILITY

- - EMBANKMENT DESIGN

e | - ARCH DAM DESIGN

. - UNDERGROUND/FOUNDATION CONDITIONS
| - RELICT CHANNEL

- RIVER CONDITIONS DOWNSTREAM

- ENVIRONMENTAL DISTURBANCE

- OPTIMUM SIZE & SCHEDULE

- AVAILABILITY OF MATERIALS




ESTABLISH
PRELIMINARY
DESIGN
CRITERIA

8 ALTERNATIVE
LAYOUTS

ENGINEERTNG

LAYOUT  AHD
COST

STUDIES

SCREEN i

Iy PREFERRED
LAYOUTS

REVISE
DESIGN
CRITERIA

\

EVALUATE | RECOMMENDED

CRITERIA

TECH. FEAS,
CONSTRUCTION
COMPONENT SIZE
COST
ENVIRONMENTAL
OPERAT ING

L

PLANS

CRITERIA

TECH. FEAS,
COST
ENVIRONMENTAL

SCHERULE




A—
|

- DAM FOUNDATION, SLOPES, MATERIALS
- DIVERSION TUNNEL PORTALS, COFFERDAM

DESIGN CONCERNS - WATANA

FOUNDATION

SPILLWAY DESIGN CONCEPT, CAPABILITY,
PERFORMANCE, N, SUPERSATURATION

RESERVOIR LEVEL/FREEBOARD

LOW LEVEL RELEASES

RELICT CHANNEL

POWER DEVELOPMENT LOCATION/SIZE
COST OPTIMIZATION
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WATANA ALTERNATIVES

DAM ALTERMATIVES POWERPLANT _EMERGENCY SPILIMAY MAIN SPILLWAY
C/L NO.  SLOPES  LOCATION TYPE LOCATION TYPE LOCATION TYPE
1 A L UN - - R CH
2 CA/S
24 B R SU - - L CA/D
2B SB/D
e 2C B R SU L UC L SB/D
o 2D B R UN - - L CH
I 3 A L Ui R L L CA/S
I A L UN - . L CH
LEGEND:
A - 2.5:1U/S, 2:1D/S UN - UNDERGROUND CH - CHUTE & FLIP BUCKET
B - 2.25:1 U/S, 2:1 D/S SU - SURFACE CA - CASCADE
L - LEFT BANK S - SINGLE SB - STILLING BASIN
R - RIGHT BANK D - DOUBLE UC - UNLINED CHANNEL




WATANA DAM ALTERNATIVES (PRELIMINARY)




2

) et

STRUCTURE
DAM

DIVERSION

POWER FACILITIES

SPILLWAY

WATANA LAYOUT UAT1

DETERMINATION

- C/L ALTERNATIVE 1
- DESIGN SECTION
- STEEPEN U/S SLOPE

- TWO TUNNELS

- OPTIMIZE SIZE

- RIGHT BANK

- INCORPORATE OUTLETS

UNDERGROUND P/H
- LOCATE GOOD ROCK

|

- SINGLE DISCHARGE UNACCEPTABLE
- SEPARATE EMERGENCY FAC.
~ RIGHT BANK CHUTE/FLIP PREFERRED

- EVALUATE LEFT BANK CASCADE

OBJECTIVE

- REDUCE COST EASE CONGESTION
- TECH. FEASIBILITY
- REDUCE COST, EASE CONGESTION

- TECH. FEASIBILITY

- REDUCE COST

- REDUCE COST/ACCESS
ENVIRONMENTAL/FEASIBLE OPERATION

- REDUCE COST/OQPERATION
- TECH. FEASIBILITY (COST PENALTY)

- TECH. & ENVIR. FEASIBILITY

~ TECH, FEASIBILITY (COST PENALTY)

- REDUCE COST (ENYIRONMENTAL
PENALTY)

- ENVIRONMENTAL BENEFITS (COST
PENALTY)




GReRTRETERE Rt FERIEE

PREFERRED WATANA LAYQUTS

SCHEME POWERPLANT EMERG. SPILLHAY MAIN. SPILLYAY
NO. LOCATION TYPE LOCATION TYPE LOCATION TYPE
WPl ] N - ; R CH
W2 ] N R ue R SB
WP3 ] UN R uc R CH
P R UN _ ] ] CA

N ALL SCHEMES:

“ _ DAM C/L ALT. 1; 2.75H:1V U/S, 2H: 1V D/S SLOPES; SEPARATE COFFERDAMS. &
_ RIGHT BANK DIVERSION 2 - 35 FT DIA. TUNNELS. B
_ INSTALLED CAPACITY 800 M, 4 UNITS, 18 FT. DIA. PENSTOCKS, 2 - 30 FT DIA. TAILRACE ﬁ

TUNNELS.

L EGEND: |
L - LEFT BANK UC - UNLINED CHANNEL CA - CASCADE, DOUBLE GATE
R - RIGHT BANK CH - CHUTE & FLIP BUCKET STRUCTURE
UN - UNDERGROUND S8 - STILLING BASIN
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N

—+  LAYOUTS o

SCREEN E:::?

If PREFERRED

| REVISE
DESIGN
CRITERIA

N

EVALUATE .| REcoMMENDED

LAYOUTS

CRITERIA

TECH. FEAS,
CONSTRUCTION
COMPONENT SIZE
COST
ENVIRONMENTAL
OPERATING
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CRITERIA
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ENVIROMMENTAL
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PREFERRED WATANA LAYOUTS

COST _COMPARISONS

MILLIONS OF DOLLARS (82)

'E ITEN HPL NP2 HP3 WPl
e LAND & CLEARING 53 53 53 53
DIVERSION 101 113 101 103
MAIN DAM 1,221 1,201 1,214 1,160
¢ MAIN SPILLWAYS 128 208 122 267
—d EMERGENCY SPILLHAY _ 47 47 -
] PONER FACILITIES 288 288 288 283
I ROADS & MISC. 83 33 83 83
SUBTOTAL 1,871 1,993 1,908 1,949
CAMP, CONTINGENCY, ETC.* 1,061 1,128 1,079 1,102
TOTAL 2,935 3,121 7,987 3,051
* CAMP & SUPPORT: 16X
CONTINGENCY : 20
ENGINEERING/OWNER: 12.5%




WATANA PREFERRED LAYOUT EVALUATIGNS

;, STRUCTURE DETERMINATION OBJECTIVE
e DAM - OPTIMIZE C/L '} REDUCE COST, EASE CONJESTION
e - STEEPEN U/S SLOPE
DIVERSION - LOWER COFFERDAM }. EASE CONGESTION AT PORTALS
o - OPTIMIZE ALIGNMENT
— . - THO LEVELS - FEASIBLE OUTLET DESIGN
| | POWER FACILITIES - RIGHT BANK - TECH. FEASIBILITY, COST
f - OPTIMIZE INSTALLATION - REDUCE COST
| - OPTIMIZE TAILRACE ALIGNMENT - EASE CONGESTION
: SPILLWAY - RIGHT BANK CHUTE/FLIP - REDUCE COST, ENVIRONMENTAL
| | “ PENALTY
- RIGHT BANK EMERGENCY - TECH. FEASIBILITY, COST
- OPTIMIZE LEFT BANK CASCADE - POTENTIAL ENVIRONMENTAL

BENEFITS, MINIMIZE COST
PENALTY




ESTABLISH ENG TNEERTHG s
PRELIMINARY LAYOUT ~ AHD " [REVISE
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(R Ny
. | DSR 8 ALTERNATIVE SCREEN 4 PREFERRED EVALUATE | RECOMMENDED
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ALASKA POWER AUTHORITY P5700.13

SUSITNA HYDROELECTRIC PROJECT
External Review Board Meeting No. #3

MINUTES OF MEETING HELD ON
October 6 - 8, 1981, BUFFALO, NEW YORK
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HATANA_DLVERSION
PERIOD FURCT1ON T UAKLELON (CFS)

: CONSTRUCT 10N RIVER DIVERSION 76,000
RESERVOIR FILLING BYEPASS TO PROVIDE 10,000 c.F. 5.

D/S DISCHARGES

. OPERATION o EMERGENCY RESERVOIR . 30,000 c.r.s. ‘
' " DRAMDORN

. .

g
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i HATANA
¥y DIVERSION TUNNELS
‘ ECONOMIC DIAMETER OPTIMIZATION

PRESSURE TUNNEL

E? DIAMETER

N (ET TUNNEL €OSTS  COFFERDAM COST! (1)
RN T W @i S T L % (1
! 25 47,000 29,500 . 76,500
o 30 56,000 10,000 66,000
o L 35 66,500 3,500 70,000
40 83,000 1,500 - 84,500

FREE FLOW TURNEL
1AMETER UNMEL COSTS  COFFERDAM COSTS  TOTAL costs¢l) (2)
DIfEETER  TURMESGRRD O sCinol e CO3TR
30 52,000 17,500 70,000
35 63,500 5,500 69,000

40 80,000 2,500 82,500

(I)ToTaL €oSTS DO NOT INCLUDE INTAKE STRUCTURE AND GATES
OR OUTLET STRUCTURE, |

(Z)TOTA‘!L COSTS FOR FREE FLOW TUNNEL DO NOT INCLUDE ADDITIONAL
COSTS FOR CLOSURE.
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HATANA DIVERSION

PEAK INFLOW 83,000 CFS
50 YR RECURRENCE |
PERIOD DESIGN FLOW

PEAK OUTFLOW | 76,000 CFS
THROUGH DIVERSION
TUNNELS

TUNNEL DESCRIPTION 2-35 FT CONCRETE
' LINED TUNNELS

COFFERDAM HEIGHT ‘ | 80 FT-CREST EL 1540

CONVERTING ONE TUMNEL TO A LOW LEVEL bUTLET WITH AN
EXPANSION CHAMBER FOR ENERGY DISSIPATION.

OUTFLOW WITH RESERVOIR & EL 2020 (550’ HEAD)-30,000 CFS
OUTFLOW WITH RESERVOIR & EL 1600 (125’ HEAD)-15,0n0 CFS
OUTFLOW WITH RESERVOIR a EL 1550 (75° HEAD) -11,000 CFS
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DEVIL CANYON

DIVERSION TUNNELS |
ECONOMIC DIAMETER OPTIMIZATION B

DIAMETER | \
TUNNEL (OSTS ~ COFFERDAM COSTS  TOTAL €QSTSY
2 TUNNELS) VR 1605 $-3 1000 $x 1308
20 19,800 10,560 30,300
25 19,000 1,500 © 20,500
30 23,000 800 23,800

SUBSEQUENT TO OPTIMIZATION 1-35’ DIAMETER TUNNE we;
INVESTIGATED AND FOUND TO BE ADVANTAGEOUS OVER Z2-2
DIAMETER TUNNEL.

35 4,000 L0 150 0 f

€1) ToTAL COSTS DO NOT INCLUDE COST OF INTAKE STRUCTURE OR
GATES AND OUTLET STRUCTURE.,




PEAK INFLOMW

50 YR. RECURRENEE
PERIOD BESIGN FLOOD
ROUTED THROUGH WATANA

PEAK OUTFLOW 52,000 cFs
THROUGH DIVERSION
TUHNELS

TUNNEL DESCRIPTION 1-35 FT CONCRETE
LINED TUNNEL

COFFERDAM HEIGHT 50 FT-CREST EL 950
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PEAK INFLOW

. 50 YR. RECURRENCE
PERIOD DESIGN FLOOD
ROUTED THROUGH WATANA

PEAK OUTFLOW
THROUGH DIVERSION
TURNELS

TUNNEL DESCRIPFION

COFFERDAM HEIGHT

52,000 crs

- .

52,000 cFs

1-35 FT CONCRETE
LINED TUNNEL

50 FT-CREST EL 950
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A) CONCRETE
FRoST RESISTANCE CONCRETE STRENGTH (su5 DAY) 5,000 psI
UNIT WEl6HT 150 LB/FT3
Static MobuLus oF ELASTlchY (SUSTAINED) 3 x 106 psi

Dynamic Mopurus oF ELasTiciTy (INSTANTANEOUsS) 5 x 108 psi
Porssons RATIO ‘ 0.2

TENSILE STRENGTH:
STaTIC (FOR ESTIMATING CRACKING ONLY) 5% ofF

STRENGTH 250 ps1
DynaMic FLEXURAL 15Z OF STRENGTH . 750 ps1

THERMAL PROPERTIES: |
ConpucTIVITY | 1.52 BTU/FT/HR/°F
SPECIFIC HEAT 0.22 sTu/LB/°F
COEFFICIENT OF THERMAL EXPANSION 5.6 x 10°€ er/Fr/e
DIFFUSIVITY ' 0,046 FT2/HR

B} FounpaTion Rock
DerForMATION MopuLus (SUSTAINED) ﬁ 2 x 10F psi
Poissons RaTi0O 0.2
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.. IEMPERATURES (°F)

-~ (BASED ON AVERAGE BETWEEN SUMMIT AND TALKEETNA)
" Ef AIR TEMPERATURE:
B MEAN ANNUAL 23.9
HicH Mean MoNThey 55.0
Low Mean MoNTHLY .4

Y

TR w5 "€ " 0 wom w12 s

0 -50 32 45 39 32 32 3232 32

| 70 o Resene | | |
[0 TopRESER™ 34 39 33 33 39 3539 39

5 GROUTING TEMPERATURE OF VERTICAL CONSTRUCTION JOINTS:
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| ~ COMBINATION CLASS USUAL  UNUSUAL EXTREME
LOAD COMBINATION  COMBINATION NUMBER UL-1 UL-2 UL-3 UL-4 UNL-1 EL-1 EL-2

s B o

DEAD LOAD XX

4
)
i
§
‘
1
.

X X X X

AIR & RESERVOIR FEB,

Tt | Xmgx
>

HATER TEMPERATURES  APR,

O = » >
) >~ N

e A ,—.wm‘u-‘yv;‘ﬂ 3

e D

1,15
- LEVELS 1,795

RESERVOIR WATER 1,445  « X
1
i

- | 2<
>

><

o > o

MAX THUM 10,56 f B A |
CREDIBLE " 52 DAMP X =

e DD =<

C
A
S
E
S

L EARTHOUAKE 0.46 }
0 10 DAMP. ' . X
A
D
S
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EX]
AT_ROCK/CNCRETE INTERFACE,

LoaninG ComBINATION (STRESSES IN PSI)
UL-1

ArcH
Max | 792
MIn 23

CANTILEVER

Max
Min

- INDICATES TENSION
D INDICATES DOWNSTREAM FACE
U INDICATES UPSTREAM FACE

MAXIMM STRESES

i

o e e ~ g T it N . e —— iy sy T —
My : i . . . . Rl



EXTREME STRESSES
AT ROCK/CONCRETE INTERFACE
Loaping CovBINATION (STRESSES IN PSI)
U-1

ArcH |

Max /92 (D, E1 1100)

MIN 23 (U, E1 1000)
(ANTILEVER

Max 722 @, E1 80)

MIN -27 (0, &1 1370)

- INDICATES TENSION
D 1/DicATES DOWNSTREAM FACE
U INDICATES UPSTREAM FACE

IL-1
ArcH
Max 558 (U, E1 100) =~
Min 182 (D, E1 1000)
CANTILEVER
Mx 575 (D, E1 1000)
0 (. E1 1455

MIn
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DEVIL'S CTANYON ARCH D&M LOAD: Hydrmtntic & Gravity
ARCH STRESSES PARN.LEL 70 THE FACE OF THE DAM
LCOKING UPSTREAM
ey * .'k [ ] ® z) o # ". ' “"' ) l‘r ;’. 6 b. “ ‘. 2 a61.56 ~5‘5076
TAU 12. . ‘Zﬁo
1455, & 267, 274, 393, 324, 406, 484, 516. 467. 386. 3n. 342, 3. 344, 479, S01.
| 607, 576, 342, 417, 438, 366, 307, 313. 412, 446, 462. 448, 399, 550. 585,
‘ T‘U 110 . ‘2. TA“
1}701 E 1160 2060 295. 516. 593.' 7&?» 6Q2¢ 063. 355( 50‘. 282. 277. 2610
I 274, 413, 498, 518, 396, 256, 255, ASS, 508, . 550, 542, 70, 378,
TAU 76. 7. TAU
1285, £ 174, 237, 392, 521, p22. 799. a449, 362, -28%. 233, 271,
1 433, 558, 587, 467, . 282, 258, 521, 582, 622, 628, 545,
TA 162. 145, TAU
1200, < 174, 298, 562, 851%. 919, 487, 3%7, 230, 171.
i 632, 654, 540, 319, 266, 590, 674, 743, 159,
A 260. ¢ £ 210, TAU
1100, E 177. 372, 784, ‘958% 7 410, 237, 106.
1 704, 620. 357, 244, . €09, 127, 792, =S
, TAU 292, 227, TAU
1000, 1 3 110, $1?. - 073, . 258. 23, &
I 708, 429,  T°»82.% 532, 665,

=
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EXTREME STRESSES
AT ROCK/CONCRE
(STRESSES IN P.S.1.)
LoaDing CoMBINATION

BL-3 {poINT)

ARCH -
MAX 787 (E EL 900}
HIN -182 (E EL 1455)
CANTILEVER
MAX 689 (D EI 820) B
MIN =393 (D EL 1370y ="
MAXIMUM STRESSES
ABQVE FOUNDATION
LoADING COMBINATION
o UL-3 (poINT)
ARCH
MAX 1180 (€ EL 1200)
MIN - -134 (1 EL. 19007
(E EL 1455)
~ CANTILEVER ‘
 MAX 515 (U EL 900)
MIN

=75 (D EL 1370)

£
s

[V
My




~ DEVIL'S CANYON ARCH DAM - LOAD: Hydrostatic & Gravily
. : Uniform & Lincer Temperature

CANTILEVER STRESSET PARALLEL TO THE FACE OF THE DAM
LFIOKING UPSTREAM

AU 0. “ 0. TAU
1855, U 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
D 0. u. 0' DI 09 ﬂ. . 0. 0. 00 ..O.... ...... 0 [ 0. 0.
AU a9. 37, TAU
1370, U o 485, 192, 166. 183, 146. 180, 126. 187, 150.  156.  183. 208, . 43A.
D ~393; -60. =24, 10. 16, 26. a1, 15, 8. “4, =39, <75, =329,
TAU 83, | 87, TAU o
1285, U 287. 234, 214, 216, 207, 172.  210.  229.  258. 283, 313, s
D -47, 1g, 70, 85.  110. 151, 89. 58, 11, =31, =99, | =
TAU 195. . 1%.  TAU :
1200. U 213, 248, 238, 237, 192. 256,  303. 354,  316.
D 177. 158, 191, 218, 279. 161, 90. 7. 29.
: AU 328, 225.  TAU
1100, u 225. 25%. 207, 255. 311, 422, 415,
D 373, 332, 318, 382.  186.  105. 90.
TAU 407. 265. 1A
10690 2 U 252. 351 [} 386. 561 . 696. )
D 555, 401, ADO. 138,  198.
| : TAU 389, 230. 1A
0, U 403, $15.  679.
D 594, 393, 201.
TAU 139,
820, v 334,
D 689,




DYNAMIC ANALYSIS - CANTILEVER STRESSES (psi)
EARTHQUAKE ACTING UPSTREAM |

] 0,56 GROUND ACC'N - 5% DAMPING
o CROMN CANTILEVER

4 ELEVATION STRESS
o 1455 0
B 0
: 1370 -581

| 653

-729
1021
-629
1111
-435

ed ' 1285
1100

v 1110
- 1000 -142
| 1026
- 19
958
-1402
1541

990
820

FACE
U
D
U
D

U .
i D
U
D
U
D
U
D
U
D
U
D

i U - UPSTREAM
F D - DOWNSTREAM

"t».rt:fﬂ"




DYNAMIC AMALYSIS - ARCH STRESSES (psi)
EARTHQUAKE ACTING UPSTREAM

0.56 GROUND ACC'N - 5% DAMPING

EL. 1455 Ft STATION

FACE 1714 1711 1526 1259 1000
E 257 2513 2033 2948 304
I 2473 2409 2566 2749 1943

EL. 1370 7

E 1220 1188 2461 3657
I luhy 2383 2247 949

E - EXTRADOS
| - INTRADOS
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DYNAMIC ANALYSIS - CANTILEVER STRESSES (psi)
EARTHQUAKE ACTING DOUNSTREAM

0.56 GROUND ACC'N - 5% DAMPING g%%i

e

~ CROWN CANTILEVER
STRESS

-

0 f
799 i
561 -

925

-577 »
_367 e '-"
639

- 22 o
638 it
124 - ;;?:?
785 | -§fi
90 ~
1012
- 97

Tyt
>
(-
rrr

ELEVATION
1455

1370
1285
Ll 1200

1100

- w7
- 900

R e e R el o gy e ::c::::rc:E

: 820

,,,,,,,

U - UPSTREAM . o |
D - DOWNSTREAM ,




DYNAMIC ANALYSIS - ARCE STRESSES (psi)
EARTHQUAKE ACTING DOWNSTREAM

0.56 GROUND ACC'N - 5% DAMPING

EL, 1445 Fr STATION
FACE 171 1711 1526 1250
; -2040  -1965 -1385  -1980
I -1267 -1257 -173%2 -2017

EL, 1370 rt
E -1000 - 598 . -1275
! - 701 -1387 , -1455

E - EXTRADOS
I = INTRADOS




EARTHQUAKE

DYNAMIC ANALYSIS - ARCH STRESSES (ps1)

EARTHAUAKE ACTING DOWNSTREAM

EkEVATIO OF ER&E OF

i

STATION

1143

1394 1638

T

0.56

5% DAMP

AR T ST e P

0.46

- 107 DANMP

1455 U
D
1370

1455

1370 | U

-2u79
-1630

-2373

-

“woiea e 22 R g i

1392

- 720

-1267
- 185

-2197
-1690

-1808

-1081

- A AR e Uy i SO Sy ey e et o WL A

-1203
- 957

- 887
- 589

-1686 - 985
-2143 -1548

- 803 - 659

-1522 ~1153
- 919 - 512

~1196 - 855 .

- 355 - 341
- 77 - 578

P - e )

-2040
-1267

-1000
- 701
-1149
- 757

- 592
- 306
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ASSUMED ScHEMZ

HYOROSTATIC

——sa

OF  ANALYSIS

(107) 109

(248) 62
" (291) 462
{255) 441

(118) 200 |

(-105) &8

-85 (-33)
-311 (-272)

-322 (- 151)

1 -227 (~135)

O (125)

325 (49%m)
1093 (1381)

(-791)-603

050 § 2X DAMPING
10C % AODED MASS

CANTILEVER STRESSES (P81)
SECTION A.A

0.44 § 10% DaMPING
100 % ADOLD MASS (4 80 % N BRACKETS)

ADDED MASS

“ - .o - iuri' s ?
HYDRO STATIC ~’,1F‘x. &
o 29
4 g Iliig
p: 8 pe 15-)>
- flg ‘In
\ . ____FF gﬁj
:a%
g;lL
40
ey

DIRECTION Of GROUND m\//:—:MENT

NOTE
© (MINUS)INDICATES TENSILE STRESS

e (PLUS) INDICATES COMPRESSIVE
STRESS.

DEVIL. _CANYON ARCH DAM
EARTHQUAK.E DYNAMIC ANALYSIS

FIGURE 8.3 [“ml
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Fe - JUNE, 1981)
= - DAM: THIN ARCH/EARTHFILL SADDLE (LEFT)
: o CREST: EL. 1460 FT,
1 o HEIGHT: 650 FT.
- - MAIN SPILLWAY: OGEE - 3 GATES
] o CAPACITY: 90,000 CFS
j o TYPE: CHUTE AND FLIP BUCKET ]
1 o LOCATION: RIGHT BANK i
~ - AUXILIARY SPILLWAY: ORIFICE - 3 GATES o
N o CAPACITY: 40,000 CFS |
” o TYPE: CONC. LINED PLUNGE POOL .
o LOCATION: THRU DAM (15" X 15)
| - EMERGENCY SPILLWAY: FUSE PLUG
E o CAPACITY: 100,000 (FS MAX,
= o TYPE: UNLINED CHANNEL
,; o LOCATION: LEFT BANK
N - POWER PLANT: 400 MW, RIGHT BANK, UNDERGROUND
5 - DIVERSION: 2 - 26 FT, DIA. TURNELS LEFT BANK,

EARTH/ROCKFILL COFFERBAMS




~ SEISMIC LOADING

-~ FLOOD HANDLING CAPEBILITY

- EMBANKMENT DESIGN

~ ARCH DAM DESIGN -

- UNDERGROUND/FOUNDATION CONDITIONS
- RELICT CHRHNEL

~ RIVER CONDITIONS DOWNSTREAM

- ENVIRONMENTAL DISTURBANCE

- OPTIMUM SIZE & SCHEDULE

- AVAILABILITY OF MATERIALS




DEVIL_CAHYON LAYOUT SELECTION PROCESS

ESTABLISH ENGINEERING -

= PRELIMINARY LAYOUT AHD REVISE

- DESIGN COST DESIAN
E CRITERIA STUDIES CRITERIA

N N X

DSR 3 ALTERNATIVE | SCREEN — 2 PREFERRED EVALUATE :>' RECOMMENDED
. . LAYOUTS LAYOUTS PLAIS

| CRITERIA CPITERIA 1
| TECH. FEAS. TECH. FEAS, »

CONSTRUCTION COST

| COMPONENT SIZE ENVTROMMENTAL

| | COST SCHERULE

E  |ENVIRONMENTAL -

OPERATING 2
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DESIGN CONCERNS - DEVIL CANYON

- DAM DESIGN, SEISMIC CONDITIOMNS
’% - ABUTMENT AND FOUNDATION INTEGRITY

- SPILLWAY DESIGN CONCEPT, CAPABILITY,
PERFORMANCE, Ny SUPERSATURATION

- POTENTIAL SCOUR CLOSE TO DAV
i\ - RESERVOIR LEVEL/FREEBOARD
H ~ LOW LEVEL RELEASES
- SADDLE DAM MATERIALS/FOUNDATION

- PUMER DEVELOPMENT LOCATION/SIZE

- COST OPTIMIZATION




DEVIL _CANYOM ALTERNATIVES
SCHEME MAIN SPILIWAY ___AUX. SPILLKAY __ EMERG, SPILIWAY

B
<
— ‘»“'
%
2
e
B

LOCATION TYPE LOCATION TYPE .  LOCATIOH TYPE

= 1 R D 0 ] e
E ; ] CH D 0 ] e
i 3 R B D 0 ] ue
i
|1 LEGEND:
B L: LEFT BANK CH: CHUTL/FLIP BUCKET
: R:  RIGHT BANK SB:  STILLING BASIN
* D: IN DA UC: UNLINED CHANNEL/FUSE PLUG
| POWERPLANT, ALL SCHEMES: RIGHT BANK, 400 MK, 4 UNITS, UNDERGROUND °
E DIVERSION, ALL SCHEMES: LEFT BANK 2 - 26’ DIA. TUNNELS.
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DEVIL CANYON
COMPARATIVE ESTIMATE SUMMARY - COSTS

(3000 JANUARY 1982) SCHEME 1 SCHEME 2 SCHEME 3
COMPARED TTEMS
DIVERSION 52,100 32,100 55,000
SERVICE SPILLWAY 46,800 55,300 85,200
SADDLE DAH 20,000 18,600 20,000
EMERGENCY SPILLWAY 25,200 25,200 __ 25,200
(COMMON IN ALL SCHEMES)
TOTAL COMPARED ITEMS 124,100 129,290 165,100
TOTAL ITEMS CONSIDERED /57,900 /57,900 /57,900
COMMON TO ALL SCHEMES
SUBTOTAL 332,000 887,100 925,300
167 CAMP & SUPPORT 199,290 502,100 522,600
zU% CONTINGENCY
12.5% OWNER COS7, ENGINEERING
PROJECT TOTAL 1,381,200 1,389,200 1,445,900

NOTE: UPPER LIMIT ESTIMATE IN
JANUARY 1982 DOLLARS -
$1,595, 000, 000"

* INCLUDED EXTENSION OF TAILRACE
TO PORTAGE CREEK AND AUXILIARY POWERHGUSE




DEVIL_CANYON LAYOUT EVALUATIONS

STRUCTURE DETERMINATION

] DAM - THIN ARCH DESIGN
4 - ELIMINATE ORIFICE SPILLWAY
POWER ACILITIES - LOCATE 600D ROCK

- OPTIMIZE ORIENTATION
- OPTIMIZE SIZE
- EVALUATE TATLRACE EXTENSION

RIGHT BANK MAIN SPILLHWAY
- SEPARATE EMERG. FAC.
EVALUATE CHUTE/FLIP
EVALUATE STILLING BASIN

SPILLWAYS

OBJECTIVE
- TECH, FEASIBILITY/COST

- TECH, FEASIBILITY

TECH. FEASIBILITY

- PEDUCE COST

TECH, FEASIBILITY

!

COST/SCOUR/ENVIRONMENTAL +
TRADE-OFFS I




DEVIL CANYON LAYOUT SELFCTION PROCESS
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ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT
External Review Board Meeting No. #3

MINUTES OF MEETING HELD ON
October 6 - 8, 1981, BUFFALO, NEW YORK

APPENDIX B Report of External Review Board
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October 8, 1981

SUSITNA HYDROELECTRIC PROJECT
EXTERNAL REVIEW PANEL
REPORT NO. 3
DRAFT
INTRODUCTION

The third meeting of the External Review Panel for the Susitna Hydro-
electric Projéect 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 American were present. Various members
of the Acres American staff presented discussions regarding progress in
geotechnical areas, seismicity, hydraulics, hydrology, and design. The
discussions were well prepared and presented in such a manner as to give
a maximum amount of information in a reasonable time.

Prior to the meeting Panel Members received a document entitled "Susitna
Hydroslectric 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 very informative and successful meeting.
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SEISMICITY AND SEISMIC GEOLOGY

Excellent progress has been made during the summer months in resolving

LD /1 ] 3
// most of the uncertainties regarding the possible presence of active ,

/" faults in the vicinity of the dam sites, in developing an adequate model

» A of the seismic geology of the region, and in assessing the maximum levels

of earthquake shaking which could 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

vhe

evidence indicating that:
(1) The Talkeetna Thrust Fault is not an active fault.

l“'“‘l'

(2) The Watana River Feature is not a fault. 3
(3) The Susitna Feature is not a fault. '
(4) The Fins Feature may well be a fault but it is relatively
short in'Tength 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 s
to earthquakes occurring on the Benioff Zone underlying the site at depth, f?
the Denali fault, the Castle Mountain Fault, and smaller Tocal earthquakes ?f
occurring with no apparent surface expression in the crust of the Talkeetna

terrain. Considerations of fault distances and possible earthquake mag-
nitudes leads to the conclusion that the approximate maximum levels of
shaking will be due to the following sources:




Source Closest Distance Magnitude (Ms) Peak Acc. (Mean)
| Benioff Zone = 63 km = 8 = 0.35¢
) | Benioff Zane = 48 km = 74 =~ 0,32g
Denali Fault > 70 km ~ 8+ = 0.22g § |
Local Event * * * ‘

Seismic geoiogy 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 con-
siderations it would probably be prudent to consider the possibility of

a somewhat Targer event at a slightly shorter distance. In which case

the local earthquake would be responsible for the maximum accelerations
1ikely to develop at the dam site. This does not mean however, that it

g

will necessarily control the design.

oA

For the Benioff 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 Tineaments were identified in the vicinity of
the Devil Canyon site which could possibly be active faults. Field
geologic studies during the past 6 months have led to the conclusion
that only 3 of these features are faults, that the three features recog-
nized as faults are inactive, and that in any case they are so short in ‘

3 length that they could not generate earthquakes which would be controlling
events with regard to earthquake 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 those conclusions.

* Information to be provided in Final WCC Report
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Consideration of the most significant seismic sources of ground shaking
leads to the following:

Source Closest Distance Magnitude (Ms) Peak Aci. (Mean)
Benioff Zone = §0 km = 8% = 0,39
Benjoff Zone = 58 km = 74 = 0,39
Denali Fault = 64 km = 8+ = 0,249
Local Event * * *

As for the Watana site, there is a need to establish very soon the signi-
ficant characteristics of the local earthquake {in the crust of the
Talkeetna Terrain) in order to finalize the seismic criteria to be used
for project design.

In the 1ight 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 question of seismic effects due to local crusted 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 spiliway
structures is likewise very extensive. Further detailed examination is
warranted to minimize possible slope stability problems.

* To be provided in final WCC Report
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Recent borings in the proposed underground powerhouse site encountered a
zone of soft hydrothermally 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 zones have been
recognized in these areas. The underground openings have been oriented
with respect to the major known joint systems 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 major rock stability problems could result which might not be
solved by simple rock bolting measures. This design likewise requires

your review.

BURIED CHANNEL

d~r~§7»‘~vw:»c4»-§“afﬂ roer i S e e e e T

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 approximately 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 Ties 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 til1l, 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

>4




wide entrance channel or channnels upstream of the damsite and a relatively
narrow exit into Tsusena Creek downstream of the damsite.

= e =

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 one
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.
The possibility of piping within the channel resulting from

==y

seepage from the reservoir towards Tsusena Creek.
(3) The possibility of seismic instability in the soils comprising
the buried channel under strong earthquake shaking.

~

Egy
Wi %

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

R NIy AR

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 varying from a few feet to 450 feet in depth. However, it
is clear that both the possibility of 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 ifowering could reduce
the Tength of the cut-off to about 4,000 feet, facilitate its construction
and by lowering the water table in the soils, increase their seismic sta-
bility. In view of these advantages, together with the fact that eccnomic
advantages associated with the top 50 to 80 feet of Watana Dam do not
appear to be very great, the Panel believes that careful consideration
should be gijven to the potential benafits of reducing the height of Watana
Dam by 50 to 100 feet. Such a reduced height might also facilitate Tayout
problems for the dam.

ETH ETR )
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The Panel cannot be sure that a reduction in dam height would be advanta-
geous but believes that a careful study of the question is warranted in
the next several months.,
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WATANA DAM EMBANKMENT

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

(1)

and/or

(4)

If the shells are constructed of densely compacted gravel

or rockfill and the core of a much more compressible sandy-
silky-clay, there is a danger of deleterious stress redistribu-
tion due to differential settlements. Thus consideration should
be given to minimizing this possibility by:

(a) 1inclining the core slightly upstream, providing
this can be done without jeopardizing stability.

(b) Tlocating a relatively incomaressible core material
which is adequately impervious. Such a material appears
to be available as a GC material in one of the borrow
areas.

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 cannot
develop or by using highly pervious rock-fill which wiil
dissipate any pore pressures resulting from earthquake shaking
almost as rapidly as they develop. Consideration should be given
to using gravel-fi1l and rock-fill in the upstream shell in such
a way as to optimize their use from a seismic design point of view.
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.

It appears that there may well be permafrost in the ~undation
soils for the saddle-dam. When this melts it could ° ‘ave 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 exacavatijon of frozen foundations soils prior to saddle-
dam or dike construction.

DEVIL CANYON DAM

Sufficient study has been completed to adequately support the present arch
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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

i

wing dam,

WATANA DAM DIVERSION TUNNELS

|

Two diversion tunnels are proposed for diverting up to a 1 in 50-year
" flood during construction of Watana Dam. One tunnel would be located at a
! Tow Tevel so that it would flow full at all times. The second tunnel,

Tocated at a higher level, would have free flow. After diversion the lower
tunnel would be plugged. Two plugs would be constructed in the upper

e g6 g
oo

tunnel with gated outlets through them to permit release of Tow flows until
Devil Canyon is completed and serve to lower the reservoir in case of an

Y

emergency. The Panel concurs in the general concept of the diversion
tunnels and modification of the high level tunnel for use as a lTow-flow

1AL

(L S 1E

and emergency release outlet, subject to refinements discussed by Acres.

WATANA DAM SPILLWAY

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 Tow-level tunnel controlled by three or more Howell-

i
5

2

Bunger or similar valves located at the downstream end of the tunnel.
Discharges corresponding to floods in excess of 1 in 100-years and ip to 1

B3

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 controiled by a fuse plug.

E-Z

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

&3

the nitrogen supersaturation level to an acceptable 1imit. The Panel
suggests that fixed cone valves, as installed by the Corps of Engineers at

Pt}

New Melones Dam be used, since its greater rigidity makes it more suitable
for high-head operation. The smaller spillway/chute flows reduce erosion
in the downstream river channel., Hydraulic model tests will be required
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to determine the extent of material that should be pre-excavated in 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 spilliway bypass
channel, the Panel is concerned over the 45-ft height of the fuse plug.

This high plug would need to be designed as a small earth dam to retain the
power pool at maximum levels and also be capable of failure 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 is nrnposed for Devil Canyon Dam to divert flows up to
a 1 in 50-year flood during dam construction. The tunnel would be plugged
The Panel suggests that this

tunnel could be used for spillway flow releases in an alternative spillway

design discussed hereinafter.

after it 1s no longer needed for diversion.

DEVIL CANYON SPILLWAYS

As for Watana Dam, spillway flows at Devil Canyon would be handled by three
separate flow release structures. Flows up to the 1 in 100-year flood
vould be released by four or five outlets through the base of the concrete
arch dam controlled by Howell-Bunger or other type high pressure valves.
Discharges in excess of 1 in 100-years and up to 1 in 10,000-years would
flow through an open chute spillway witn a high level flip bucket. Dis-
charges 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.

The Panel concurs in the concept of handling the spillway flows subject to
one question discussed 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 discharges and flow fre-
quency and duration in the chute/flip bucket spillway, thereby reducing
plunge pool erosion. Based on a ground and air inspection of the river
channel at the Devil Canyon Site by Panel member Douma and Acres repre-
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sentatives on September 17, 1981, the Panel is of the opinion that the very
high quality rock in the canyon walls should not experience excessive

erosion due to spillway operation. In this case, pre-excavation of streamed
material and weathered rock is probably not required. The Panel is con-
cerned, however, over the deep sidehill rock cut required for construction

of the spiilway chute. It suggests that consideration be given to an alternate
plan of providing spillway tunnels, as required, instead of the chute spillway.
In this alternate plan, the diversion tunnel and probably only one addi-

tional 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.

DEVIL CANYON POWERHQUSE TAILRACE

The Panel concurs in extending the tailrace for the Devil Canyon powerhouse
about 1 1/4 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 Meeting tentatively scheduled
for the week of January 11, 1982 in Anchorage.

The Panel greatly appreciates the many courtesies extended to it by the
staff of the Alaska Power Authority and the staff of Acres American, Inc.

Merlin D. Copen Andrew H. Merritt

Jacab H. Douma H. Bolton Seed




