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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT -

INTERNAL REVIEW BOARD MEETING NO. 4,
NIAGARA FALLS, CANADA

SEPTEMBER 8, 1981

AGENDA
1 - 0830 - General Remarks - Dr. D. MacDonald
- 0845 - Status of Studies - J. D. Lawrence

0915 - Status of Seismic Studies - V. Singh

0945 - Status of Geotechnical Field Work - S. N. Thompson
1015 - Coffee and Discussion
1030 - Approach to Spillway Designs - Dr. J. W. Hayden
1115 - Devil Canyon Layout Studies - R. K. Ibbotson
1200 - Lunch and Discussion
1300 - Devil Canyon Arch Dam Analyses - R. K. Ibbotson
1330 - Approach to Watana Layout Studies - J. D. Lawrence
1345 - Watana Dam Design - D. W. Lamb
1500 - €offee and Discussion

10 - 1515 - Watana Dam Layout Studies - R. K. Ibbotson

il 1630 - Watana Relict Channel Studies - V. Singh

ATTENDEES

Review Panel - Dr. D. H. MacDonald L. Wolofsky
Dr. I. McCaig H. Eichenbaum
J. G. S. Thomsan
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Presenters

Observers

V. Singh ' o @,?,Jr

J. D. Lawrence ~ : -
J. W. Haydenv G A
S. N. Thompson .

R. Ibbotson
D. ¥W. Lamb

A. Burgess (afternoon only)
G. Krishnan

D. Meilhede

R. Miller (afternoon only)
L. Duncan

R. Shery

D. Shandalov (10:30 - 13:30)
M. Dumont

T. Gwozdek (afternoon only)-

D. Willett
M. Vanderburgh
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General Remarks (Dr..D.H. MacDonald)

In view of the restricted time available and the amount of material to be
presented and discussed, Dr. MacDonald suggested that only pertinent

remarks be raised at the meeting. Separate meetings shou}d be arranged
later for detailed discussion of points of interest.

Status of Studies (J.D. Lawrence)

General

J.D. Lawrence reiterated the tight schedule of the Agenda, and requested
close adherence to it, without wishing to prevent useful discussion. He
also requested that the Review Board members summarize and confirm in
writing their major concerns and points raised during the meeting.

Minutes -

M.F. Dumont would be recording the Minutes of the Meeting; J.D. Lawrence

requested all presenters should provide him with copies of aill pertinent
documentation, slides and figures.

1981 Progress

(i) Hydrology:

- Field recording of flows and sedimentation studies
- Floed analysis continues

- Energy studies continue based on reservoir simulation program
(ii) Seismic:

- 13 features have been identified as significant for study. Geo-
logic mapping continuing.

(ii1) Geotechnical:

- Intensive program of seismic refraction studies and auger boring
continues at both sites.

- Field studies continue on foundation conditions and material from
*the borrow areas.

- In addition, further study of the relict channel is anticipated.
(iv) Design:

- The developmert of design for the dam and power facilities at
each site continues.

o




Environment:

in the reservoirs with particular emphasis for design, and on
fish and game impacts.

- Access roads
- Transmission line route
(vi) Costs/Schedule:

- An upper limit cost estimate was prepared earlier this year.

-Prepared in October/November for ve
consultant (to be elected by APA}.

(vii) Licensing:
- On schedule
(viii) Finance/Risk:

- The State has passed legislation which should ensure the
financial viability of

the project. The implications are being
Tocked inta.

Dead]ines

(i) Development Selection Report:

- The draft has now been revie
Agencies and is being revise

wed by Client, Federal and State
d for general issue.

(i) W.C.C. Fieldwork:

- On schedule

R&M Fieldwork:

- On schedule

APA External Board:

- Meeting scheduled for October 6-8
recommended layouts at Watana and
environmental aspects are not sche

» in Buffalo, to consider

Devil Canyon. (Economics and
duled for discussion. )

(v) Cost Estimates:

- Preliminary cost estimates will be provided as follows:

Devil Canyon: End of October ©1981
Watana: End of November 1981




(vi) Geotechnical Report:

- 1980 Program - September 1981
- 1981 Program - February 1982

(vii) Feasibility Report:

i - First draft due February 1982

L - Final draft must be available by March 15, 1982 for general
circulation. (Certain environmental aspects will, however, be
studied further between March 1982 and June 1982; APA are aware

of this),
(viii) FERC License:

- Submit tu APA by May 1982, for both Watana and Devil Canyon, (as
a result of a previous Review Board recommendation).

Previous Points of Discussion (for reference)

- g! (i) Acres Internal Review Board Meeting No. 3 (February 1981):
T - - Watana Dam slopes of 2.5H4:1y U/S, 2.0H:1V D/S reviewed

= ii - Fingerbuster (downstream shear zone) to be included in WCC
. studies -

. - Nitrogen supersaturation problem highlighted (spillways)
L !g - Low Tevel outlet design concepts discussed

SR - Multi-level intake design requirements

R ' - Earthfill dam at Devi Canyon considered

B - Watana dam schedyle tight for the volume involved

=y i§ - License application should include Devil Canyon

(1) Acres External Review Board Meeting (Februaryj:

- Seismic activity along Talkeetna Thrust, KD 37 (1ine along
river), Susitna feature, Benjoff Zone, and "floating" eg
- Nature of the andesite/diorite contact
- Relict channel
. - Depth of alluvium at the upstream cofferdam
< - Devil Canyon: Concern about shear zones
. - Design of underground powerhouse, surface powerhouse, dam f
L section, Watana arch alternative. "

(iii)  APA Review Board Meeting (June)

A ~ Fieldwork in the relict channel

| Underground powerhouyse exploration

‘ Downstream erosion

. Seismicity and nitrogen supersaturation problems highlighted _
The Oroville dam slope was considered acceptable for upper limit
cost estimate for Watana (2.75 H:1V)

: - Downstream water quality concerns emphasized
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Current Layouts

These would be described in detail later by R.K. Ibbotson but'hajor changes
would be:

Devil Canyon: Orifice spillways changed to HB valves

Watana: Dam slope upstream amended to 2.4 major structures on the
right bank

status of Seismic Studies (V. Singh)

Previous Work

Thirteen features had been identified as requiring further study; 9 at
Devil Canyon, 4 at Watana.

Three features were accepted as having a major effect on the sites:
- Denali Fault (8.5 M)

- Castle Mountain Fault (7.5 M)
- Benioff Zone (8.5 M)

W.C.C. Findings from 1981 Studies

- Watana:

- Talkeetna Feature: Considered to be inactive.
- Susitna Feature: No evidence of a fault.
- KD37 (River Feature): No evidence of a fault.
- Fins: A fault but size is insignificant.

- Devil Canyon

- 3 faults identified, but jnactive. |
- 6 others may be faults, but also considered inactive.

W.C.C. Conclusions

- Three major features identified are Denali, Benioff, and Castle
Mountain.

- "Floating" earthquake, is related to the Benioff Zone, (5 to 5.5 ™).

- Report may propose probabilistic approach to potential movements near
structures.

Panel Comments

- On what basis was Talkeetna considered inactive? S. Thompson explained
good evidence available to the South (50 million years), less good to the
north (only 12,000 years).




-~ The panel were concerned with a probabilistic approach to prediction of
likely earthquake motions near structures.

- It was note’ that fault inactivity was presumed on a basis of lack of
specific etidence of activity. :

4.  Status of Geotechnical Field Work (S. Thompson) -

Summary of 1981 Work

(a) Watana:

- BH 12 (powerhouse left bank) drilled.

BH 1 (powerhouse right bank) drilled.

[

BH 3 (powerhouse right bank) drilled.

Seismic refraction studies in the river upstream and downstream to
assess the depth of alluvium.

- A summary of rock quality (RQD values) with depth was presented; the
right bank powerhouse will be in good quality rock.

(b) Devil Canyon:

- Pond feature has been confirmed as a shear alignment (inactive)
- BH 5, BH 5A drilled in and near the river.

- A feature in the river at the Devil Canyon arch dam site has been
identified from Acres drilling and confirmed by interpretation of
Corps of Engineers cores as probably an inactive fault, thought to
be small at this time. Not sufficient evidence to Jjustify changing
from arch dam design to rockfill at this time. Further
investigations are in progress to obtain more data on this feature.

(c) Layouts:

- Watana: Avoid Fins structure with upstream diversion portal.
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5. Approach'to Spillway Designs (J. Hayden)

Current Design Concepts

- Philosophy:

(i) Diversion flow - 1 in 50 years

{i1) Nitrogen supersaturation - accepted 1 in 100 years
(i11) Design flood - 1 in 10,000 years

(iv) Probable Maximum Flood




- Devil Canyon:

Values allow for routing through Watana, which is assumed constructed.
(a) Watana

Diversion:

2 tunnels 35 feet diameter

Lower tunnel pressure, upper free flow which can be converted to low
level outlet. Both concrete lined, design velocity 50 ft/sec.

Upper tunnel would be clear of possible upstream sedimentation

Emergency capacity of 10-30,000 cfs, capacity dependent on head,
and energy dissipator for flood during construction.

Service Spillway (tunnel and values):

- 6 H.B. valves designed to mitigate nitrogen supersaturation for any
Tlood up to the 1 in 100 year occurrence. Also provides mid jeve]
release for drawing down top 200 feet of reservoir.

Power Flow:

- Allowed in flood routing up to 1 in 100 year flood. Not for any
higher flow. .

Auxiliary Spillway (headgates, chute and flip bucket):

- Used for floods greater than the 1 in 100 year occurrence, when
nitrogen supersaturation is considered acceptabie, up to the 1 in
10,000 year flood, with some surchanging of the reservoir (up to 7
feet).

Emergency Spillway:

- Fuse plug dam fails, passing the PMF.

(b) Devil Canyon

Diversion: One tunnel

Service Spillway: 5 HB valves in the face of the dam
Auxiliary Spillway: Chute and stilling basin on the right bank
- Emergency: Fuse plug dam as at Watana

Panel Comments

- Precedents should be established for diversion tunnel velocity of 50
ft/s, HB operation requirements and spillway design concepts.
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- Dam break analysis of cofferdam required in view of volume of water
retained; possible costs of damage downstream would affect optimization
of tunnel diameter, and te.d toward larger tunnel with lower cofferdam.

- A1l chutes will require aeration.
- Possible to design a cofferdam that can safely be overtopped.

- Fuse plug dam must be stable up to a fixed level and collapse thereafter;
a gated structure would be more expensive, but more reliable.

- Stilling basin walls at Devil Canyon are subject to dynamic water
loading.

- HB valves would cause icing problems in winter; although normal spillway
operation would be in summer, it could also occur at unscheduled times.
Loss of load owing to major industrial ac+1on was cited as a precedent
for forced spilling.

Devil Canyon Layout Studies (R.K. Ibbotson)

Options Considered

(a) Powerhouse on right bank, 2 diversion tunnels on left bank, 4 orifices
in the dam for auxiliary spillway discharging into a plunge pool at
the dam toe, chute and flip service spillway on right bank.

(b) As {a) but service spillway replaced with chute and flip on left
bank «

(c) As (a) but service spiliway replaced by stilling basin on the right
bank.

The preferred option was the stilling basin, to avoid extensive
erosion downstream of the dam, and consequent high maintenance costs.

Nitrogen Supersaturation

Because of the nitrogen supersaturation problem, the orifice sp111way has
been changed to 5 H.B. valves as a service spillway; the stilling basin
now will be used as the auxiliary spillway for floods in excess of the 1 in
100 year occurrence.

Extension to Portage Creek

Cost/benefit analysis for the tailrace extension to Portage Creek hkas been
done, indicating CBR of about l. Difficult tunnelling with little
geotechnical data available.

Panel Comments

- Stilling basin walls are too thin if unsupported by rock.




- Need for precedeht/experience report on HB valves particularly with
regard to vibration and winter operation. Model studies will be required
in design stage.

- Recommended at Teast 10D straight section before the valve to establish
linear flow pattern, (particularly at Watana).

- To avoid supercooling the trashracks on the intake should not be exposed
above W.l.

- Switchyard position is on opposite bank to powerhouse.
- Tailrace shown is freeflow; one extra set of gates?

7. Devil Canyon Arch Dam Analyses (R.K. Ibbotson)

Previous Work

- Static analysis was completed.

Current Studies

- Dynamic.analysis has now been completed plus minor geometry changes to
achieve a more symmetrical distribution of stress.

- Crest elevations are 10 feet lower than present thinking, (1445 EL).
- A1l work is done by Trial-load method.
Results
Static Cases:

| (i) Self weight + normal hydrostatic

(1) S.W. + drawdown (1295)

(i11) Full reservoir + temperature

(iv) Drawdown + temperature
Tensions stresses were as follows:

(i) -27 psi

(i) =97 psi

(iii) =393 psi
Dynamic:
0.5g and 5%’damping ratio: -2470 psi in arch
These results were discussed with Merlin Copen who stated 10% damping ratio
was applicable. Design earthquake was also reduced to 0.4g and the
analysis repeated.

Revised stresses (maximum tension): -1390 psi in drch
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Allowing for redistribution of tensile stresses by cracking, the maximum

tensile stress is -322 psi in the arch. If the water dynamic load is |
reduced 60% for valley shape and constricted approach, the maximum tensile
stress is -251 psi. : '

Panel Comments

(Italy) D. Shandalov stated F.E. analysis does not allow for stress
relief by cracking. - : ,

~ Consider possible ?inite element analysis check on design by ISMES

- Plastic non-recoverable deformation of abutments. This may be offset by
grouting, which would tend to strengthen rock and give a more eiastic
response under load. ‘

Approach to Watana Layout Studies (J. D. Lawrence)

It nad been agreed that until the rockfill dam design had advanced
sufficiently to warrant steeper dam slopes, conservative Oroville dam
slopes would be adopted for layout studies on the other major structures,
(2.75:1 upstream, 2:1 downstream). These slopes were also used to prepare
the upper 1imit cost estimate. Field data are now being used to firm up
the design with a view to steepering the side slopes to ease the site
congestion.

Watana Dam Design (D.W. Lamb)

Borrow Areas

(a) Till from borrow area D has hio: jermeability (20°9 cm/sec) but is
otherwise suitable for the core. On the wet side of optimum moisture
content by 2-5%. Control on come.ction will be difficult. Estimates
are to be adjusted to allow for naul distance, placing and compaction
methods. Low P.I. on most samples. Some evidence of nc clay at
depth. Borrow area H is also available; longer haul distance.

{b) Filter material (Area E) must be processed for use, probably from a
dragline operation, in 2 bands:

- Fine grained
- Coarse

Some of fine grained may be syifable for the core.
(c) Rockfill - This will be from quarry.

(d) Minimal data on river alluvium. Core and filter specs may need to be
tightened up, which will affect costs. |

(e) Quantities - An average of 2 to 5 times the volume requirements, which
is on the low side. Fine filter material may be tight.
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(f) Quarry is in the andesite (at least at the surface), which may not be
suitable for concrete aggregates.

Design Factors

{a) Core thickness will be about 50% of the head of water acting. Core
'will be central and essentially symmetrical. Filters are a minimum of

15 Teet thick. Crest width currently 50 feet for provision of a
road.

(b) Present slopes follow Orovilie dam which sustained 5.8M in 1975
without damage. Checks suggest it is safe up to 8.25M. Design work
‘currently assessing stability of upstream slope of 2.25.

(c) Failure under earthquake loading was discussed, as described in Seed's
Rankine Lecture, together with design detajls which would avoid

possible failure mechanisms, e.g., use of rounded gravels as upsiream
fill.

(d) Grouting would be either from the surface or from a gallery under the
dam. The gallery is believed to be useful for instrumentation, access
for remedial works, and to avoid schedule delays. Disadvantage is
drainage and pumping necessary.

(e) Core contact. This will be flared to 100 feet minimum at the
abutments.

Analysis (A. Burgess)

(i) 2.25 slope dynamic analysis is being done at present by computer
analysis, using assumed rockfill properties. Variation in material
properties caused by current lack of realistic test data for fi11
materials will be subject of sensitivity analysis. Static analysis

~and slope stability studies will be done later.

(ii) Finite element methods are being used to assess the dynam1c stability
under earthquake Toading. Material properties under cyclic leading

are available only for sand, these have been uprated to estimated
gravel values.

Static analysis results shown (performed initially to determimes B
stress levels in dam) represent arching across the core, with some '
cantilever action of the upper core. Dynamic stress analysis shows

highest stresses in the upstream face of the core and the upstream

rockfill, using a simulated earthquake of record. This has to be

repeated later with the WCC predicted earthguake record. The last

phase of design will be amending these dynamic results to allow for

pore water pressure distribution.

Panel Comments

- Any problems with ;rost damage in the core ? Should be allowed for in the
unit costs
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- Widths of filters and transitions are too small.

- Several Chinese rockfill dam failures under earthquake have been analyzed
and failure modes reconstructed; the published work (ICOLD, 1980) should
be studied.

- Assumed 1ift height currently 3 feet for rockfill. This is very critical
to schedule. -

Watana Dam'Layout Studies (R.K. Ibbotson)

A1l layouts are governed by the requiremént to set dam and structures
between the major shear features (Fins and Fingerbuster).

(1) Cascade spillway on left bank. This layout has been kept in as a
means of resolving the nitrogen supersaturation problem. Trade off
in rockfill for use in the main dam was allowed for. Rockbolting and
other strengthening measures allowed for in cost estimates.

(i1) Preferred (least cost) layout has chute and f1ip on rignt bank;
nitrogen supersaturation up to 1 in 100 year flood eliminated by use
of HB valves as service spillway.

The upstream dam slope-is shown at 1 in 2.4. 1 in 2.25 is at present being
analyzed, which would give more flexibility with arrangements of structures

and position of dam centerline.

Panel Comments

- Downstream tunnel portals are too close together for construction.

- Precedent for use of HB valves as primary release devices? Need for a
report on their use was reiterated.

- Significance of upstream dam slope? Change from 2.75 to 2.40 reduces
cost by $10 million, with adjustment of dam center line.

Watana Relict Channel Studies (V. Singh)

- Since the channel may affect the feasibility of the project, a cost has
been assigned to cover investigation and remedial work.

- Seismic lines were extended to trace the extent of the channel. Cross
sections have been drawn, based on present information.

- 45 million dollars has been allowed for a continuous cut-off (slurry
trench) to avoid piping failure. Saddle dam slopes are flat to allow for
earthquake settlement and maintain stability. :

e



- Further study will be undertaken in Phase 2 (auger drilling, Becker
drilling). Rock surface coritours will be drawn based on 6 boreholes and
seismic refraction lines. Permeability measurements will be required in
Phase 2; alsc adits may be driven to assess rock conditions at depth.

Reported by:

. Dumont
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SUSITNA HYDROELECTRIC PROJECT

STATUS OF STUDIES (J. Lawrence)
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SEISMIC STUDIES (V. Singh)
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NOTES

1. Sse Figure 6-1 for location of Section A--A’,
2. Geologic data sources included in those cited
in Figures 4-1 and 5-1,

Prepared by: Woodward-Clyde Consultants, 1980
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GEOTECHNICAL FIELD EXPLORATION (S. Thompson) -




1381 WATANA PROGRAM

ADDITIONAL WORK

1) GEOLOGY MAPPING & EMPHASIZE SPECIAL FEATURES 7
2

.’

DRILL POWERHOUSE AREA

3) RELICT CHANNEL MAPPING, SEISMIC LINES

N

4) ROUNDED SHELL MATERIAL UPSTREAM OF THE DAM

RESERVOIR SLIDE POTENTIAL RECONNAISSANCE

NOTE: * RECOMMENDED BY APA EXTERNAL REVIEW BOARD

APA PANEL RECOMMENDED DRILLING TO DETERMINE
MATERIAL PROPERTIES IN BURIED CHANNEL,
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s00 L | SECTION A-A -
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LOOKING Uss Nis*w -
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3G RVER " RIVER ALLUVRRS
- ﬁmj DIORITE
- o ) DoRITE ANCEMTE DiE
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WATANA
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RAD SUMMARY

VERTICAL DEPTH
BELOW RCGCK |
SURFACE FEET DRILLED RED %

Q- 50 | quy,7 528
50’ - 150 1472.9 617
50 - 2507 7531 747
250’ - 350 | 167 .7 80%
3507 - 450" 338.2 83%
450 - 550° 233.,0

SITE AVERAGE 4405,8 67%

DATA BASE: DH-1, 4, 5, &, 7, 8, 9, 10, 11, 12, 21, 23, 24, Z8,
BH-2, 6, 8,

ReD SUMMARY TABLE

Z WITHIN RANCE  0-28  25-50 50-75 75-9C 90-95 g5-1C0
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DEVIL CANYON SITE

1981 GEOTECHNICAL INVESTIGATIONS

PREVIQUS
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B  TEST PITS

i SEISMIC LINES




ELEVATION # FSET

PROJKECTED: 200'tWS

DH-! { PROJECTED)

8H-1
BOTTOM 290' W2

LOOKING UsS N IIPE

ALFERENCES: £ BURTAU OF RECLAMATION, 1960
2 CORPS OF ENGINEERS , BT8
B SUNMER 158G INVESTIGAYION

GEOLOGIC CROSS -SECTION DEVIL CANYON

DFROXMATEE HueRRUSIEN DEPTH
BURIED: [DHANNEL

MODERATELY SRHCTURED

BH.'4
BOTTOM 250" D/S




DEVIL CANYON
RGD_SUMMARY

VERTICAL DEPTH
BELOW ROCK -
SURFACE FEET DRILLED
9" - 50 477 .60
50 - 150° . 924,90
150" ~ 250' 727.70
250" - 350" 626.1
350" - 450" 412.8
150" - 550° 223.9
550 - 650" 178,8
650" - 750" 34,5
SITE AVERAGE 3556.3

DATA BASE: BH—lJ‘ 2) 3; L%J'SAJ SBJ 7:

RQD SUMMARY TABLE

% VITHIN RANGE  C-25




APPROACH TO SPILLWAY DESIGNS (J. Hayden)




TABLE 1 - RIVER FLOWS (s 3/8)

WATANA DeviL Canvon®
INFLOW - AnNuAL SUMMER ANNUAL  SUMMER!
Return PERIOD YRS, _PEAK PEAK PEAK Peak

k)

‘MeAN ANNUAL | 36,000 | - . 41,000
11N 50 84,000 - + 53,207
11100 ;92,000 70,000 - 54,090
1 1~ 10,000 (Desien) 156,000 - 140,000
PMF 310,000 - {325, N30

* WiTH Watana DeverLopMENT UPSTREAM.
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TABLE 2 -

RETURN Periaop YRrs.

1:50
1:100 AnnuAL

1:100 SuMMER
l:lO)OOD
PMF

- - - -

aw

-8 ®
- .
A - B

.
4

‘ .

.

‘ l

Cos
R
. N
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AN
S,
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e
PR
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v
el
e R
e
l
-

ROUTED FLOWS FOR DISCHARGE FACILITIES (fr 5/5)

WaTANA DeviL Canvon

53,2001
50,000

63,0001
45,000

45,000 5C,000

120,000 140,000

270,000 300, 000

- Diversion CaPACITY
WaTaNA RESERVOIR STARTING

LEVEL AT 2172' (HIGHEST
SIMILATED TIME LEVEL)

D.C. MORMAL MAX- OPERATING
LEVEL

BOTH RESERVOIRS AT NORMAL
MAX. OPERATING LEVEL

BOTH RESERVOIRS AT NORMAL
MAX., OPERATING LEVEL

BOTH RESERVOIRS AT NORMAL
MAX., OPERATING LEVEL

1) Ficures TENTATIVE - OPTIMIZATION STUDIES UNDERWAY,




FACILITY

Ave. River FLow

Max. Ave. MoNTHLY FLow
(JUNE)

MiN. Ave, MoNTHLY FLow
(MaR)

SERVICE SPILLWAY

AUXILIARY SPILLWAY
EMERGENCY SPILLWAY

LowLEVEL QUTLET FOR)
CompensaTION FLow ;

Max. CAPACITY )

EMERGENCY DRAWDOWN

TABLE 3 - DISCHARGE CAPACITY OF OUTLET FACILITIES (et 3/8)

WATANA D.C.
7,860 8,960
23,100 26,200
290 1,030
33,000 45,000
37,000 97,999
150,000 160,090
10,0090 10,009
24,000 45,000
33,0C0 45,000

DRAWDOWN ,

REMARKS

1:100 YR. RATED FLOW
LESS 75% POWERHOUSE,
1:10,000 yr, FrLOW
LEss 1:109 rFLow (NO
POWERHOUSE AVAILABLE),
PMF LEss 1:10,000 vr,
FLOW (NO POWERHOUSE
AVAILABLE),

At 100" HeaD.

!
At E00 HeaD,
SERVICE SPILLWAY
USED FOR EMERGENCY




DEVIL CANYON LAYOUT STUDIES (R. Ibbotson)
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UEVTI! CANYON ARCH DAM ANALYSIS (R. Ibbotson)




4_- DESIGN CRITERIA

4,1 - Material Properties

a) Concrete

Frost Resistance Concrete Strength (365 day) 5,000 psi
Unit Weight 150 1b/ft3
Static Modulus of Elasticity (sustained) 3 x 106 psi
Dynamic Modulus of Elasticity (instantaneous) | 5x 100 psi
Poissons Ratio | , 0.2

Tensile Strength:

Static (for estimating cracking only) 5% of strength 250 psi
Dynamic Flexural 15% of strength 750 psi

Thermal Properties:

Conductivity 1.52 BTU/ft/hr/°F
Specific Heat 0.22 BTU/1b/°F
Coefficient of Thermal Expansion 5.6 x 10_0 ft/ft/°F
Diffusivity 0.046 ft2/hr

b) Foundation Rock

Deformation Modulus (sustained) 2 x 108 psi
Poissons Ratio 0.2

4.2 - Temperatures (°F)

Air Temperature:

Mean Annual 28.9
High Mean Monthly’  55.0
Low Mean Monthly 4.4
Highest Mean Monthly Maximum . 63.8

Lowest Mean Monthly Minimum
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Highest Maximum 91.0
Lowest Minimum -48.0
Lowest Difference Between Any Mean Monthly Maximum

and the Corresponding Mean Monthly Minimum. -14.5

RESERVOIR WATER TEMPERATURE

Depth Below M 0 N T H
Surface (ft) 4 5 6 / 8 91 101 111 12 1 21 3
0 - 50 32| 32| 46| 57| B3V 451 39 32| 32| 321 32| 32

70 to Reser-

voir Bottom . | 39| 39| 39| 39| 39| 39| 39{ 39| 39| 39| 39| 39

The effect of solar radiation has been at this stage neglected.

Grouting temperature of vertical construction joints: 39°F

4.3 .- Earthquake

For maximum credible earthquake conditiors *wo versions of the mean response

spectra for the Pemioff zone, developed by Woodward Clyde Consultants have been
used.

Peak Ground Acceleration| Damping Factor
0.5 g 5%
0.4 g 10%

4.4 - Hydraulic Data

Reservoir Water Levels:

Normal Maximum 1,455 ft
*Normal Minimum ' 1,430 tt
1:10,000 Yr Flood Level - 1,460 ft
Probable Maximum Flood 1,465 ft



Effect of tailwater, silt deposits, ice load, and uplift loads (internal pres-
sure within the dam) have been neglected. '

*This was assumed as 1,295 ft for stress calculations. However, minimum operat-
ing level has now been maintained at 1,430 ft from standpoint of firm energy

considerations. Hence, this condition will be far less extreme.

4.5 - Loading Combinations:

a) Usual Loading Combination - Combination of basic loads that can
cimultaneously occur during time design life of the dam (self-weight,
temperature and hydrostatic load condition.)

b) Unusual Loading Combination - Combination of loads that are possibie, but

which are unlikely to occur during the design life of the dam (probable
maximum flood conditions.)

c) Extreme Loading Combination - Are related to earthquakes.

The loading combinations cases are given in Table 4,1,

4.6 - Factors of Safety:

a) Usual Loading Case UL-1, UL-2

- Compressive stresses - F.0.S. > 4
- Tension stresses - not allowable.*

b) Usual Loading Case UL-3, UL-4, and Unusual Case

- Compressive stresses - F.0.S. >3

- Tension stresses not to excec: 250 psi. °

- Tensile stresses above 250 psi are to be redistributed to other resistance
mechanisms by local joint openings.

*These factors of safety correspond to the trial load method and are in line

with the previous practice. They do not necessarily apply to cther methods of
analysise.




c) Extreme Loading Case EL-1, EL-2

- Compressive stresses - F.0.S. >1.

- Tension stresses exceeding the tensile strength of 750 psi are to be
redistributed to other resistance mechanisms.

In case of horizontal tensile stresses across the arches the dam should be
considered as a set of unrestrained cantilevers 50 percent of full height,
because of opening vertical construction joints.




TABLE 4.1

Tombination Class | usuatd Unusual
Combination Combination Number UL-2| UL=3 ~ONL=1

DEAD LOAD X X X

Air and Reservoir February

Water Temperatures Aprit

Reservoir Water 1,455
1,460
Levels 1,295
T,a0)

Maximum Credihle

tarthguake

NOBPOMF MmZDZ<E {NETDOF et -t
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§ - METHOD OF ANALYSIS

5.1 - General

The Arch Dam Stress Analysis System (ADSAS) program which is a computerized
version of the trial load method, is used for static and earthquake dynamic
analysis. In the analysis the arch dam is assumed to be a continuous structure.
The'dead load is applied in the cantilever direction {construction joints
grouted at full height of sections). '

The computer program SAP IV is used for the unrestrained crown cantilever analy-
sis in cases where the dam is subjected to ctrong earthquake motions, causing
opening of the upper part of vertical construction joints.

o

5.2 - Method of Definition of Loads

a) Temperature Load

The two-dimensional heat transfer program (heatflow) is used for
determination of temperature distribution in the dam body.

The USBR Engineering Monography N34 is used for computation of the amplitude
of the sinusoidal cycles,

(Annual, 15-Day and Daily). The temperature loads input into ADSAS are
presented in Appendix A.

b) Hydrodynamic Load

The hydrodynamic pressure due to horizontal earthquake on the dam upstream
face ("added mass") is defined by using Westergaards Formula

P, =7/8 a, ¥ J H

and is reduced t0‘60%, due to the effect of narrowness of the gorge, inclination
of the dam face and water compressibility (see Appendix C.)




6 - ARCH DAM GEOMETRY

* The arch dam abutments are founded on the sound bedrock of the canyon. The
sound unweathered rock is determined as generally 40 feet below the bedrock
surface and the foundation is trimmed so as not to cause an abrupt change in the
dam prdfile and hence a concentration of stresses. -

At the bottom of the valley, the dam sits on a massive concrete plug which can
adjust to any disconformities of the bedrock at the valley floor without
changing the geometry of the dam. Sound bedrock does not continue above approx-
imately elevation 1350 feet on the left bank and a massive thrust block is con-
structed to take the thrust of the upper 100 feet of arches. A similar block is

founded deep in the rock on the right side in order to preserve the symmetry of
the dam profile.

The dam geometry is shown on Plate 6.2. It is a double curvature structure with
the cupola shape of the crown cantilever defined by vertical curves of approxi-
mately 1352 feet and 869 foot radius. The horizontal arches are prescribed by
varying radii moving along two pairs of center lines. The shorter radii of the
intrados face cause a broadening of the arches at the abutment reducing the con-
tact stresses. The dam reference plane is approximately central to the bottom
of the valley and the two center configuratiqn assign longer radii to the arches
on the wider side of the valley thus providing comparable contact areas on both
sides of the arches at the concrete/rock interface. The longer radii will also
allow the thrust from the arches to be directed more into the abutment rather
than parallel to the river. The net effect of this two center layout will be to
improve the symmetry of the stresses right across the dam.

The crown cantilever is 635 feet h%gh. It is 20 feet thick at the crest and 90
feet thick at the base. The bottom mass concrete plug is 50 feet high. The
slenderness coefficient of the arch is equal to 90/635 = 0,142 and the radii of
the dam axis at crest level are 710 feet and 780 feet for the left and right
angles of the dam, respectively. The central angles vary between 51.5 DEG»at
El. 1300 and 25 DEG at the base for the left side of the arch dam and 58 DEG to
30 DEG for the right side. The ratio of crest length to height for the dam is
1260:635 = 1.98:1 (thrust blocks not included).




The left bank thrust block is 105 feet high and 170 feet long at the base. The
right bank thrust block has a maximum height of 100 feet and a length of 155
feet and is adjacent to the spillway contral structure, which will behave as a

continuation of the thrust block, transferring the thrust directly into the
rock.
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7 - STATIC LOAD CONDITIONS

7.1 - Dead Load

In all analyses, the vertical construction joints within the dam are assumed to
be uﬁgrouted and hence the weight of the dam is considered as confined within
the cantilevers, with no distribution through the arches, and directed verti-
cally downwards into the foundation.

7.2 - Hydrostatic

Hydrostatic loadings induced by the reservoir at specified levels were consid-
ered in all load combinations. The effect of tailwater and uplift pressures

will have 1ittle effect on the overall stresses and are not considered at this
time.

7.3 - Temperature

(a) Solar Radiation

The dam orientation, running north-south, and the narrow vailley will cause

solar radiation to have only minor effects on concrete temperatures and
hence stresses from radiation wili be neglected at this time.

(b) Air Temperatures

Because of absence of temperature records, temperatures at the Devil {anyon
site have been interpolated from records taken at two stations: Summit
(E1. 2405 feet) and Talkeetna (E1. 345 feet). The stations are equidistant
from Watana and their average altitude is similar to river level at Watana.
The temperatures from the two stations were averaged to obtain the
following temperatures at the dam site:

£




AMBIENT AIR TEMPERATURE (°F)

Mean Annua} D"s.'fl...".a‘.il.q,‘b!.'.ihvﬁ,gta oooooo .9 &8 28-’9
High Mean Monthly ........ Creeeseia ekt reteaserencaninee 55.0
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Lowest Difference between any Mean Monthly
Maximum and the Corresponding Mean |
Monthly Minimum ........ooiiieeinninnn . see. 145

Three sinusoidal temperature cycles - annual, 15-day and daily are
developed based on USBR ENG MONOGRAPH No. 34.

The temperatures obtained are as follows:

EXTREME CONDITIONS USUAL CONDITIONS

Above Below Above ~ Below
Mean (DEGF) Mean (DEGF) Mean (DEGF) Mean (DEGF)

Annual - 26.1 24.5 26.1 24.5
15-day 28.8 42.15 15.15 22.95
Daily 7.25 7.25 7.25 ‘ 7.25

(c) Reservoir Water Temperature

Average monthly reservoir temperatures are given below. Temperatures
throughout the top 50 feet are as shown and below 50 feet they vary
lineraly to 33°F at a depth of 70 feet.



o Top 50 ft Below 70 ft
Month (°F) From Surface (°F)-

April | 32 39
May 32
June 46
July 57
August 53
September 45
October 39
November 32
December 32
- January 32
February ~ 32
March . 32 39

(d) Grouting Temperature

On account of the cold climate and the possibility of freezing, grouting
temperature was selected at 39°F, as low as considered practicable, in

order to reduce tension in the dam induced by shrinkage at lower tempera-
tures.

(e} Temperature Distribution

The temperature distribution in the dam body was determined using the two
dimensional heat transfer program "HEATFLOW" obtained from the U.S.
Department of the Interior (formerly USBR) and was input as a uniform tem-
perature combined with a linear distribution as described in Appendix A.




7.4 - Load Combinations

Static analyses were performed for the following normal loading combinations:

sl

3

Faety
1

Hydrostatic and dead loads at normal reservoir level 1445 feet

UL-2 - Hydrostatic and dead loads at maximum drawdown reservoir Tevel 1295 feet

S

'y

(%
]

The same as UL-1 plus temperature (February)

[

v

9
'

The same as UL-2 plus temperature (April)

UL-1 and UL-2 Conditions

The cantilever and arch stresses along the face of the dam are shown in Figures
B7-1 to B7-4 in Appendix B. In both the arch and cantilever directions, the
.entire structure is in compression and below the allowable stress of 1250 psi,
except for a few isolated areas where small tensile stresses occur. Maximum

(compression) and minimum (tension) stress for conditions Ul-1 an UL-2 are shown
in Table 7.1.

The arch and cantilever stresses for loading combinations UL-3 and UL-4 are
shown in Figures 7.5 to 7.12.

The maximum and minimum stresses along the rock/concreteé 1nterface and in the
dam above the foundation are given in Table 7.2.

7.5 - Conclusion

(1) Under hydrostatic Toading, minor isolated tensile stresses occur up to a
maximum of 97 psi.

(2) In borh cases with temperature loadings UL-3 and UL-4, the compressive
stresses are below the allowable limit.




(3) In UL-3 case, tensile stresses are acting in isolated areas. The tensile
stresses is possible to eliminate by refining the shape of the arch.

(4) In UL-4 case, the crest of the dam is in the arch direction subjected to
almost axial tension. Tensile stresses up to 200 psi are found at the

whole height of the crown downstream face.

Prevention of these tensile stresses is possible only by application of special
measures such as:

- Low closure temperatures at the upper part of the arch which may be obtained
by using closure slots between adjacent blocks filled up with concrete in
spring time when the blocks are at minimum temperature.

- Thermal insulation of the downstream face.

- Prestressing the upper part of the dam by means of Tlat jacks.




TABLE 7.1

EXTREME_MAGNITUDES OF STRESSES

AT ROCK/CONCRETE INTERFACE

Loading Combination (stresses in psi)

UL-1
Arch

Max (D. E1 1100) 432 (U E1 900)
Min ' (U. E1 1000) | 3 (U E1 1000)

Cantilever

Max ' (D. E1 820) 760 (U E1 900)
Min , (D _E1 1370) -97 (D _E1 1200)

Principal

Max 1049 (D. 1000)
Min | -140 (D. _ 900)

-~ indicates tension
D indicates downstream face
U indicates upstream face

MAXIMUM STRESSES IN DAM ABOVE FOUNDATION

uL-1

Arch

Max 958 (U E1 1100) . 548 (U E1 1000}
Min 182 (D E1 1000) =36 (D E1 1370)

Cantilever

5 (D ET 1000) . 542 (U E1 1000)
Min : 0 (D E1 1370) » -44 (U E1 1295)

Max 57




TABLE 7.2
EXTREME MAGNITUDES OF STRESS

ALONG ROCK/CONCRETE IMTERFACE
Loading Combination

UL-3 (point) UL-4 {point)
~ Arch

Max : 747 (U E1 900) 381 éD 1100)
Min | -182 (U E1 1455) -157 (D 900)

Cantilever

Max 689 (D E1 820) 804 (U E1 900)
Min | -393 (D E1 1370) -281 (D E1-1455)

EXTREME MAGNITUDES OF STRESSES
IN DAM ABOVE FOUNDATION

Loading Combination

UL-3 {point) UL-4 {point)

Arch q
Max 1180 (U ET1 1200) 717 {U ET 1100)

Min -134 (D E1 1000) -268 (U E1 1455)
, (U El 1455)

Cantilever

Max 515 (U E1 900) 608 {U E1 1000)
Min -75 (D E1 1370) -62 (U E1 1295)
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8 - DYNAMIC ANALYSES

Preliminary assumptions for purposes of analysis are as follows:

The assumedfrespoﬁse spectra input to ADSAS is from Figure 3-4 of the Woodward
Clyde Draft Report "Preliminary Earihquake Ground Motion Studies for the
Proposed Susitna Hydroelectric Project"; The mean response spectra for the
Benioff zone is scaled up to 0.5g peak from 0.37g. The damping ratio is five
percent. The response spectrum is shown in Figure 8.1. The response spectrum
analysis was initially attempted for 1 to 20 modes. A larger displacement mode
was encountered on mode 19. ‘The high displacement induced unreasonable stresses

in the dam and therefore made the results use]ess. The problem was re-analyzed
using 14 modes of vibration.

The response spectrum analysis assumed an instantaneous concrete modulus of
5,000,000 psi.

The results of positive and negative earthquake are presented in the following ;§
tables. The load combinations are hydrostatic and grvity + earthquake and ,
hydrostatic + gravity + uniform and linear temperature + earthquake: o

Table 8.1 - Response Sectrum Analysis - Arch Stresses
Table 8.2 - Crown Cantilever Stresses

The resultant tensile stresses of 2580 psi and 729 psi in the arch and canti-

levers, respectively, are greatly in access of the allowable tensile stress of
500 psi.

The results of a dynamic analysis of Devil Canyon Arch Dam based on a 0.4g peak
ground acceleration, 10% damping, the Woodward Clyde Consultants response
spectrum (see Figures 8.2) and using the ADSAS program are shown on Figures B.15
and B.16. For comparison, the results of dynamic analyses for a peak ground
acceleration 0.5g and 5% dambing are presented on Figures B.13 and B.14
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The -change of earthquake parameters to 0.4g and 10% damping has reduced the
compressive, tensile and shear stresses at all points on the dam faces by a
factor of 1.58 compared to the 0.5g acceleration and 5% damping case.

The case of upstream ground movement (hydrostatic, gravity and earthquake
Toads), the maximum cantilever tensile stress at the upstream face dropped from
729 psi to 427 psi (at elevation 1285 feet on the crown cantilever). The maxi-
mum compressive arch stresses at the upstream face (crown El. 1370) dropped from

3657 psi to 2551 psi. Stresses on the downstream face are much lower than on
the upstream. '

Downstream ground movement (hydrostatic and gravity minus earthquake load) shows
extremely high tensile stresses across the arches (see Table 8.3). The stresses
computed are not realistic. As discovered by field cbservations and model tests
on other projécts, earthquake induced ground movement in the downstream direc-
tion causes the radial construction joints at the upper part of an arch dam to
open. The tension induced in the upper part of these arches is relaxed and the

dam evolves into a set of independent, unrestrained cantilevers, deflecting
freely in the upstream direction. |

In order to accord more closely with the actual behavior of the Devil Canyon -
Arch Dam, when subjected to strong earthquake motions, dynamic analyses on the
unrestrained crown cantilever were performed using the computer program SAPIV.

Model test on other arch dams with simulated radial construction joints, per-
formed by "ISMES" have shown that opening of the joints take place over the top

1/3 to 1/2 (depending on the narrowness at the gorge) of the dam, while the
lower part remained intack.

The analyses are basad on:

(1) The Woodward Clyde Consultants response spectrum curves for the Benioff

zone with peak ground accelerations of 0.5g and 0.4g and damping rates of
5% and 10%. | |

N . — - 3 .
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The hydrodynamic stress distribution as proposed by Westerguard approach
and reduced to 60% due to the effect of narrowness of the gorge, inclina-
tion of the dam upstream face and water compressibility (see Appendix C).

Full reservoir water level 1445 feet computer program for dynamic analysis
has been used. |

The following combinations of earthquake parameters have been examined:

Peak Ground Damping Ratio Added Mass
Acceleration "G" (Percent) (Percent)

100
60

10

n

The results of the cantilever dynamic analysis are as follows:

(1) The natural period of vibration "T* 1s 0.62 sec, 0.15 sec and 0.09 sec.
(Various magnitudes of acceleration and added mass have little effect).
For comparison, a full height cantilever, which is slender, has been
computed. The periods were found 2.42 sec, 0.49 sec and 0.20 sec. The

stresses in the upper part of the arch in this case were smaller than in
the short cantilever.




(2) The stresses due to hydrostatic and gravity and dynamic loads are presented
separately and in combinations. In Tables 8.4 and 8.5 and in Figure 4,
maximum tensile stresses of 880 psi at the downstream face were obtained in
the case of 0.5g, 5% damping and full Westergaard's added mass at 170 feet
‘below crest level. Compressive stresses at the upstream face at that level
are 1100 psi. The maximum tensile stresses in case of 0.5g, 10% damping
and 60% of Westergaard's added mass are equal to 451 psi.

The change of damping from 5% to 10% decreases the maximum tensile stresses
approximately 1.6 times. The application of 60% added mass instead of fultl

Westergaard's provides a reduction of the maximum tensile stresses of about
25%.

In all combinations of dyanmic loads considered, the tensile stresses at the
base of cantilever have changed to compressive (except of case 0.5g, 5% damping
and full added mass, where tension is reduced to 55 psi) (Figure 8.4).

In the case of 0.4g, ground acceleration, the maximum tensile stresses at the
downstream face of cantilever dropped to 509 psi 120 feet below the crest with

5% damping and full added mass, and to 272 psi with 10% damping and 60% added
mass.

The effects of the change in damping and added mass are approximately the same
as in the case of 0.5g acceleration.
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i) Arch at Elv. 1455'

TABLE 8.%

RESPONSE SPECTRUM ANALYSIS

f HYDRO +| HYDRO + HYDRO + | HYDRO + GRV | HYDRO + GRV
STATION FACE GRAVITY | GRAVITY + EQ| GRAVITY-EQ! + TEMP + EQ | + TEMP - EQ
E 467 3404 -2470 3294 -2580
1000
1 313 1943 -1630 1784 -1476
E 516 3229 -2197 3122 -2304
1143
I 307 2304 -1690 2146 -1848
E 484 2948 -1980 2843 -2085
1259
I 366 2749 -2017 2611 -2155
E 406 2498 -1686 2383 -1801
1393 |
i 438 3019 -2143 2896 -2266
E 324 2033 -1385 1877 -1541
1526
I 417 2566 L1732 2376 1922
E 303 - 1591 - 985 1356 -1220
1638 » |
1 342 2232 -1548 1962 -1818
E 274 2513 -1965 2105 -2373
1711
I 576 2409 -1257 2465 -1201
E 267 2574 -2040 2125 -2409
1714
| I 607 2478 -1267 2596 -1146
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TABLE 8.2

RESPONSE SPECTRUM ANALYSIS

ii) Arch at Elev. 1370°

STATION

FACE

HYDRO +
GRAVITY

AYDRO +
GRV_+ EQ

HYDRO +
GRV - EQ

HYDRO + GRY
+ TEMP + EQ

HYDRO + GRV
+ TEMP - EQ

1000

642
255

3657
949

-2373
-439

4119
697

-1911
-€91

1143

(2

707
258

3222
1597

-1808
-1081

3677
1355

-1353
-1323

1259

593

2461
2247

-1275

-1455

2884
2021

-852
-1681

1393

m - M

1634
2558

-802
-1522

2006
2323

-430
-1757

1526

-

1188
2383

-598
-1387

1511
2111

~275
-1659

1638

1071
1978

-659
-1153

1297
1733

-433
-1399

1711

1220
1449

-1000
-701

1266
1345

-954
=305
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TABLE 8.2

RESPONSE SPECTRUM ANMALYSIS

CROWN CANTILEVER

ELEV.

FACE

"HYDRO + | HYDRO + HYDRO +

GRAVITY | GRAVITY + EQ | GRAVITY-EQ

T HYDRO + GRV
+ TEMP + EO

HYBRO + GRV
+ TEMP - EQ

1455

Q 0 0
0 Q Q

0
0

0
0

1370

108 -581 799
56 653 -561

-564
658

816
-576

1285

98 -729 925
222 1021 _ =577

-655
950

il

1200

7 -629 771
402 1117 | =307

-508
988

11100

102 -435 639
544 1110 -22

-282
948

{1000

223 -142 638
575 1026 124 .

851

900

383 -19 785
539 983 90

113
842

820

Lo oo o < (o L a L) { ot o Lus <

305 -402 1012
722 1541 -97

=373
1508
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TABLE 8.3

| DISTAHCE ALONG THE ARCH (FT) .
EARTHQURKE [ ELEVATYON OF FACE OF DAM | CROWN ABUTMENT
| ArcH (FT.) 0 143 394 638 — 714
0.5G | U -2470 -2197 -1686 -985 -2048
1455
D -1630 -1690 | -2143 -1548 -126F
5% Damp. U -2373 -1808 -803 -659 -1000
1370 |
D -439 -1081 -1522 | -1153 -70%
| U ~1392 -1203 -919 512 1149 )
0.46G 1455 B
) -720 -957 -1196 855 - -757 i
| u -1267 -887 -355 -341 -592 |
10% Damp. 1370 _ | ‘
D -185 -589 -774 -578 -306




DEVIL CANYON ARCH DAM RESULTS OF SINGLE CANTILEVER DYNAMIC

Table 8.4

ANALYSIS FOR 6.5 G PEAK GROUND ACCELERATION

Stresses Uue to Stresses Due to barthquake Loads Resultant Stresses Resultant Skxresses
Static Loads {Concrete Inertia & Added Mass at Downstream Face at Upstream Face
(Hydrostatic & of Water - Wester Gaard) (psi) ' _(psi)
Gravity) (psi) 100% Added Mass 60% Added Mass T00% Added Mass 60% Added Mass 100% Added Mass ~ &U% Added Mass
Elevation | Upstream | Downstrean , , v
(ft) Face Face % Damp{ 10% Damp! 5% Damp| 10% Damp} 5% Damp] 10% Damp % Damp | 10% Damp| 5% Damp| 10% Damp| 5% Damp|{ 10% Dampgit
Ry 2 1428 -5 29 + 180 + 144 + 177 + 141 -151 -114 -148 -112 175 139 172 136 '
= 3 1375 ~-72 148 + 760 + 604 + 685 + 546 -612 -456 537 -398 688 532 813 474
B 4 1322 -265 405 +1210 + 960 +1075 + B56 -805 ~555% -670 ~451% 945 695° 810 591°
. 5 1269 -~530 750 +1630 +1300 +1450 +1150 -880% -550 -700#* -400 1100° 770 920° 620
8 6 1216 -930 1230 +2060 +1635 +1823 +1440 -830 -405 ~593 -21C 1135 705 §93 510
R 7 1163 -1495 1885 +2620 +2081 +2300 +1825 ~7135 -196 415 60 1125 536 805 330
8 1110 -2295 2785 +2840 +2255 +2490 1570 -55 530 205 315 545 -70 195 =325

BNotes:

(-) indicates tension.

1. Resultant stresses are computed for dynamic loads applied upstream

2. "*" jndicates maximum tensile stresses; "°" indicates corresponding
compressive stresses at the opposite side of the same level.
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Table 8.5

DEVIL CANYON ARCH DAM RESULTS OF SINGLE CANTILEVER DYNAMIC
ANALYSIS FOR 0.4 G PEAK GROUND ACCELERATION

Stresses vue to Stresses bue to tarthquake Loads Resultant Stresses Resultant S¥ssses

Static Loaas ’ (Concrete Inertia & Added Mass at Downstream Face at Upstream: Face
(Hydrostatic & of Water - Wester Gaard) (psi) {psi)

Gravity) (psi) T00% Added Mass &60% Added Mass ded Mass 60% Added Mass 100% Added Mass | &0% Added Mass
Elevation | Upstream | Downstreani

(ft) Face Face 5% Damp | 10% Demp | 5% Damp | . 10% Damp 10% Damp | 5% Damp| 10% Damp| 5% Damp| 10% Damp | 5% Damp| 10% Damp

1425 -5 29 | +143 | + 114 « 140 | + 112 - -85 -1 -83 138 109 135 107
1375 -72 148 | 517 | F 459 T 528 | ¥ 420 ~311 ~380 ~272% . 505 382 456 348"
1322 ~265 405 | ¥914 | ¥ 727 ¥ 826 | ¥ 656 ~322% -621% | -251 o 649° 462° | sg1° 391
1269 -530 750 | ¥233 | T 977 ¥1110 | ¥ 88s -227 -360 -135 703 447 580 355
1216 930 ‘| 1230 | ¥547 | ¥F1230 1394 | F1105 0 -164 125 1 617 30 | aga 175
1163 [ -1495 1885 | %1971 | F1560 ¥1750 | ¥1390 325 135 495 476 65 | 255 -105
1110 -2295 2735 | 2130 | ¥1692 1897 | ¥1504 1093 888 1381 -165 -603 <398 -791

Resultant stresses are computed for dynamic leoads applied upstream

“*" jndicates maximum tensile stresses; "“°" indicates corresponding
compressive stresses at the opposite side of the same level.

(-) indicates tension.
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Spectral Acceleration, S_ (g)

b

0 1 ) ]

DAMPING RATIQ = 0.10
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Period (seconds)
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OF ARCH DAM

F’A

6

HYDROSTATIC ~

BN

EIGHT

E
CANTILEVER

S

—INTACT PART
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QF
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.
| DIRECTION OF GROUND MOVEMENT
ASSUMED: SCHEME OF ANALYSIS

NOTE:
[-211 (-272) ® (MINUS)INDICATES TENSILE STRESSH
@ (PLUS) INDICATES TOMPRESSIVE
STRESS. |

|-2272 (-251)

-227 (-125)

1135
O (125)

"zs , 225 (49%)
{1093 (1281)

545 %,
! €79Y)-603}” |
0.5 G § 58X DAMPING 0.4G & 10% DAMPING DEVIL CANYON ARCH DAM

100 % ADDED MASS 100 % ADDED MASS (4 50 7% IN BRACKETS) ; ;
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WATANA LAYOUT STUDIES

(J. Lawrence, R. Ibbotson)
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WATANA DAM DESIGN

1. General Considerations (W. Lamb)
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WATANA DAM SITE
RIVER ALLUVIUM AVAILABLE (x 1% cn)

LCCATICN DISTANCE TO AYXIS FROM LONGEST HALL

UPSTREAM

DOWNSTREAM

TOTAL C

HIGH CONFIDENCE ESTIMATE ON ABOVE QUANTITIES:

UPSTREAM o 7 I

DOWNSTREAM C 15 23

TOTAL | 7 W 20 37+




WATANA DA
ENBANKVENT QUANTITIES
(x1c€ cy)

(DEPENDENT ON FIMAL LAYOUT REFINEMENTS)
TYFE OF MATERIAL REQUIRED ~  EST AVAIL.,  SOURCE

S S I MM Y. S P N, vV S I W S WS St S A SR VI W SED S S W TS A S SN o WS SRS S W Ve . T S W D T U S U S D DY WS, W S S - ) T . VO . S

IMPERVIOUS 10-15 50-75 AREA D
510+ AREA H
FINE FILTERS 56 125 AREA E
COARSE FILTERS 1-2 1€ AREA E
ROCKFILL iy 10+ QUARRY A
GRAVEL FILL 47-104 wiTHIN € MILES oF

. AXIS, IN RIVER,

CONCRETE peg. 10+ AREA E

ROUGH TOTAL 71-83 KCY  2-5 TIMES REQUIREMENTS,

BASED ON PRELIMINARY
TAKEOFFS.



POSSIBLE WAYS IN WHICH AN EARTHQUAKE

- .

4

MAY CAUSE FAILURE OF AN EARTH DAM

1

‘movements. -

Disruption of dam by major fault movement in foundation.

Loss of freeboard due to differential tectonic ground

Slope'fé;lures—indubed by ground motions.

Loss of freeboard due to slope failure or soil compaction.
Sliding of dam on weak foundation materials.

Piping failure through cracks induced by ground motions.

-

-

Overtopping of dam due to seiches in reser oir.

Oovertopping of dam due to slides or-rockfalls inte
reservoir. '

Failure of spillway or outlet works.

(Seed, 1979 - 19th Rankine
Lecture)
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DEFENSIVE MEASURES ., * . - '

. -
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4

l - Alliow ample freeboard to allow for settlement, slumpiﬂg
or fault movements.

-

«
-

2 - Use wide transition zones of material not vulnerable
to cracklng.

-

- PR

- Use chimney drains near the central portion of embankment.

4 - Provide ample .drainage zones to allow for possible flow
of water through cracks.’

*

-~
»

~ Use wide core zones of plastic materials not vulnerable
to cracking. .

'y

6 ~ Use a well-graded fllter upseream of the core to serve
as a crack stopper. ~

7 - Provide crest details which will prevent erosicn in
the event of overtopping. , )

8 - Flare the embankment core at abutment contacts.

9 - Locate the core to minimize the degree of saturation
of materials.

|

Stéblllze slopes around t@e reservoir to prevent slides.

-

Provide special details if danger of fault movement ln )
foundation.

(Seed, 1979 - 19th Rankine
Lecture)
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(iﬁ} . and (;E) - Impervious core from main borrow area.
v\ h -
and (2;) - Transition zone consisting of well graded mixture of

silts,

Shell zone of predominantly sands, gravels, cobbles and boulders to
24-inch maximum size.

Imperious core from selected abutment strlpping.

and . - l)raxnage zones consisting of ‘gravels, cobbles and
boulders. .

FIG. 42  MAXIMUM LMBAKKME&T SECTION--OROVILLE DAM

ands, gravels, cobbles and boulders to 15-1nch maximum,SLZe.'

Concrete core block
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WATANA DAM DESIGN

2. Seismic Analysis (A. Burgess)
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SUSITNA HYDROELECTRIC PROJECT

BOARD MEMBERS'S SUGGESTIONS AS A

RESULT OF A MEETING WITH PROJECT

GROUP HELD IN NIAGARA FALLS ON
SEPTEMBER 8, 1981

1 - GEOLOGY AND SEISMICITY

Board members believe that every effort should be made to expedite final logs of
drill holes and drawings of geological plans and sections using old as well as
new data. Ear?y accompliishment of this will significantly aid the consideration
of the fractured zone under the river at Devil Canyon.

The seismic ground motion for use in preliminary design should be defined in a
manner which could be used in the license application.

2 - DAM DESIGN

Design of the Watana earth-fill dam is not yet a definitive stage but slopses
have been selected which would facilitate construction of diversion and ancil-
lary works. The adoption of these slopes in proposed arrangements should be
reinforced by analysis or by a statement of precedents used in other dams of
similar materials and in similar seismic terrain. Concern was expressed ower
the narrow width of filter zones at all elevations, and in particular nea: the
base where a poor transition at rock contact could lead to piping.

The Board suggested that reference be made to the filter criteria in use in the
James Bay structures. Board members suggested that grouting tunnels under the
dam can be shown on the drawings, but the probability of main use is still an
open question. |

‘Although the arch dam appeared to limit stress levels to satisfactory value

during earthquakes up to 0.4 g with a damping factor of 10 percent, some board
members felt that a more comprehensive examination was required of other para-
meters such as in situ rock stresses in the abutment.
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3 - RIVER DIVERSION, SPILLWAY AND OUTLET woRKs

Board members thought that precedents for each e]ement of deswgn in the river
diversion, spillway and outlet works should be clearly stated.

Tne river diversion works at Watana appeared out of balance. The height of the
upstream cofferdam was 140 feet and retained 125,000 acre feet of storage. The
velocity of flow in the diversion tunnels was 50 ft/s, a high value. The econg-
mic optimum arrangement(presented exceeded precedents and should be reviewed
with the object of reducing risks in.the event of the cofferdam overtopping.

The merits of free f]ow\tunne]s should be considered more fully.

The avoidance of nitrogen supersaturation downstream from the dams during
spillage or release of water from the reservoir has dominated the design and
stretched a precedent in a number of areas. In view of the design implications

of these criteria, the Board be11eves that every effort must be made to 3ust1fy
the need for these criteria.

The use of large Howell Bunger valves for spiliway discharge requires trashracks
upstream. The H.B. valves would cause an inordinate amount of spray in the

summer and ice in the winter and could be subject to vibration. A precedent for
Howell Bunger valves to be used for such duty had not been given. Neither had a

precedent been given for a chute spillway with as large a drop and unit dis-
charge.

The use of a fuse plug in the emergency spillway creates risks of accident al
failure with catastrophic release of water or no failure when needed. The Board

preferred a positive control of emergency releases by use of gates or similar
structures.

Board members stated that more consideration should be given to other types of
Tow and intermediate level outlet works. The Board suggested that "break head
orifices" could be used in these works as was done at Mica.

The use of cascade spillways for service and auxiliary use should be considered
in more detail at Watana.
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The structural adegquacy of the stilling basin at Devil Canyon was questicned.
The fuse plug in the emergency spillway should, if possible, be replaced by a
positive control.

Ian McCaig guestioned the necessity of a diversion tunnel at Devil Canyon. No |
diversion tunnel was used at Kariba. In many cases, diversion is made initially

through a channel and later through a port in the dam.

4 - INTAKE, POWERHOUSE AND TAILRACE TUNNELS

The Board considered that the intake trashracks projecting above the water sur-
face increases the probhability of trashrack blockage by frazil ice. Reference
should be made to the Churchill Falls design. The need for drawoff at various
reservoir levels at Watana requires better definition. Definition might allow
simplification of the design.

The location chosen for the underground powerhouse should be Justified by rock
quality, proximity to access and power lines, etc.

Gates or stoplogs in the draft tube and tunnel outlet would, as shown, be sub-
ject to freezing; some modification is needed.

Successful operation of the facilities during construction, and in service after
completion, requires that special attention be given to operating conditions and
problems resulting from the vigorous winter climate in Alaska.

5 - CONSTRUCTION AND CONSTRUCTION MATERIALS

At Watana, the tunnel outlets for diversion, tailrace and spillway are located
very close together. Cofferdam and penstock arrangements would be'hndulyfccm—
plicated. The construction sequence should be conéideredrin arriving at layout,
particularly at Watana, since close location of structures can create problems
for construction and for the operation of the facilities.

Borrow pits for earth dam construction have been established and the suitahility
of grading determined. Exploratory work is currently underway on concrete
aggregates and the results will soon be available. |




Some andesites are known tafproduce~aggregates subject to alkali-aggregate
reaction. The properties of all potential concrete aggregates that would be
used in the Devil Canyon and Watana dams and powerhouses should be established
soon.

J. Lawrence

J. G. Warnock

A11 Board Members
J. MacPherson
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