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SUSITNA HYDROELECTRIC PROJECT

UPDATE OF DESIGNS FOR
WATANA DAM AND RELICT CHANNEL TREATMENT

1 - INTRODUCTION

The approach to the Watana Dam design and treatment of the relict channel
immediately downstream of the Watana Dam have been revised to take account of
comments resulting from the consultant review meetings held in Buffalo in
October (APA Panel) and November (Acres Panel). The major changes from the
presentation made in October are as follows.

2 - WATANA DAM

2.1 - Upstream Shell

The Acres panel were strongly of the opinion that quarried rock i1l would be subject
toAmore settlement due to crushing of point contact between individual rock pieces
during reservoir filling than a compacted river gravel. Such settlement tends to
produce longitudinal cracks along the core. In addition, the compaction of rock

fi11 would tend to produce fines which would result in lower permeabilities than would
be expected from the initial gradation of the material. It is now proposed that the
upstream shell be constructed of compacted processed river alluvium extracted from
borrow areas along the Susitna river. The river gravels will be processed to remove
all material finer than 1/2" and all pieces larger than 18". It is proposed that
this material be compacted in 3-foot 1ifts to provide a dense, free draining upstream
shell. The objective is to provide a strong relatively incompressible shell of high
permeability such that there wil] be no build up of pore pressures in the saturated
upstream ione of the dam during seismic shaking and relatively minor seismic stumping.

2.2 - Downstream Shell

The downstream shell wil] consist of compacted unprocessed river gravels except

that material larger than 18 will be removed. Since this zone will be unsaturated,
there is no Possibility of pore Pressures developing during seismic 10ading and hence
Tow permeability is not a requirement. However the compressibility characteristics of
the downstream shell will be comparable to those for the upstream shell.




The saturated toe of the downstream shell below maximum tail water level will
be constructed of processed gravel, similar to the upstream shell, to eliminate any
risk of instability in this area underseismic loading.

2.3 - Core Material

Questions were raised at the October meeting regarding the suitability of material
from Borrow Area D for the core. Although this material is marginallaly SM by
classification, it is relatively well graded with typically 75 to 85% passing

No. 4 sieve and 35 to 45% passing No. 200 sieve. The grading is very similar to
tills utilized in a number of large dams in Canada, for example Mica, and the
James Bay dams. Additional testing has been carried out on composite samples from
Areas D & H, particularly Standard Proctor compaction on material passing No. 4
sieve, which as expected, gave a higher optimum moisture content.

2.4 - Filter Zones

Granular material from borrow area E will be used for both fine and coarse filters.
The Acres panel emphasized the need for carefyl design of filters in accordance with
current practice to ensure that core material could not pass into the filters.

2.5 - Core Geometry

The essentially central core has been maintained to ensure higher vertical stresses
in the core as a result of downdrag from the shells, which will tend to shake down
more than the core.

2.6 - Dam Design

The design criteria are discussed in the attached draft entitled "Watana Dam -
Design Criteria" while the methodology proposed for dynamic analysis of the dam

is discussed in attachment entitled "Qutline of Methodolcgy for Stability Analysis -
Watana Dam". Both of the above are dated December 198].




3 - RELICT CHANNEL

3.1 - Introduction

At the October meeting it was proposed that the relict channel treatment
should include an extensive grouted slurrywall cut-off and saddle dam at

the critical section. Available soils data is limited but in view of high
permeabilities in some boreholes it was considered necessary to provide a
positive cut-off to 1imit leakage. Other problem areas identified in the
relict channel include zones of permafrost and soils which may be subject

to liquefaction under earthquake loading. As the permafrost thaws due to
heat flow from the reservoir, the effective permeability may increase, there
could be settlement due to drainage following thawing and the risk of lique-
faction would increase.

However it is not possible now and in any event would require extensive site
investigation to completely define the nature of the problems outlined above.
It was proposed to make allowance for settlement by over-building the saddle
dam, and on the basis of the results of further investigations, locate the

dam clear of any foundation materials with high potential for 1iquefa~tion.
Even so, any settlement due to thawing permafrost or Tiquefaction would not

be uniform along the saddle dam and there would be a risk of transverse crack-
ing of the dam.

The only method of completely eliminating the potential problems associated
with the saddle dam is to eliminate the need for the dam by Towering the top
water level in the reservoir. The 1imiting level is then that level which
will provide sufficient width of natural ground above water tnat local settle-
ment in that area due to thawing and drainage will not produce a channel which
would allow Teakage. This width is somewhat arbitrary but grades are very
flat in the natural saddle.

It is proposed that the maximum reservoir level under PMF conditions should
not exceed lowest ground Tevel at the natural saddle. Under normal] conditions,
this will provide at Teast 1000 feet of "dry" ground at the saddle.
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With such an arrangement; surface flows are controlled but subsurface leakage
must also be controlled. Of the three alternatives considered - upstream
blanket, grouted/slurry cut-off, downstream filter, - the upstream blanket

is costly and probably impractical, the cut-off wall as previously proposed
is costly and its effectiveness cannot be demonstrated until permafrost has
thawed throughout the channel area. However major initial costs are incurred
during initial construction.

The downstream filter concept was originally rejected on grounds of cost,
assuming that a very large area would have to be protected. However, the
Acres Review Panel considered that since the estimated water loss is not eco-
nomically significant, control of downstream seepage is the most positive
control measure. It would not be necessary to treat the whole area, but only
those zones of emergence if piezometric observations indicate potential pip-
ing. The observational approach has the advantage of only treating critical
areas and hence minimum cost. However it may be many years before equilibrium
with respect to permafrost is established in the relict channel area following
reservoir filling. Monitoring throughout this period by suitably qualified
personnel will be essential, and there must be a continuing ability to treat
any areas. This would involve the placement of granular material excavated
from borrow area E, downstream of the main dam.

In summary, the treatment of the relict channel area presently proposed will
involve:

1. Monitoring of piezometric levels and temperature throughout the
relict channel.
Inspection of the potential area of seepage emergence to identify
critical zones and any zones now showing signs of seepage and
piping.
Development of access roads from borrow area E to the area.
Treatment of active zones of seepage discharge.
Establishment of stockpiles of filter material for emergency use.
Monitoring of ground elevation in critical areas of the channel
and making good any "lost" ground following thawing of permafrost.
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1 - MAIN DAM EMBANKMENT

1.1 - General

The main dam will consist of a compacted core protected by fine and coarse fil-
ters on the upstream and downstream slopes. The downstream outer shell will
consist of a1luvium gravel; and the upstream outer shell of clean alluvium
gravel. - The dam is designed to provide a stable embankment under ali condi-
tions.

1.2 -~ Design Philosophy

1.2.1 - General

The design of the embankment is dependent on the type of core chosen,
either a vertical core or an inclined core, and its location, upstream or
central in the embankment.

1.2.2 - Impervious Core Design

rd

The advantages to both types of cores are as follows:

(a) Vertical Core

- Provides better contact with the foundation;

- Provides slightly more thickness of the core for the same quantity
of the core material; and

- Settlement of the core will be independent of the post-construction
or seismic displacement settlement of the downstream shell,




(b) Inclined Core

- Can place bulk quantity of downstream shell before placing core
material;

- Can carry out foundation treatment during placement of shell
material; and

- Pore pressure resulting from rapid drawdown are lass.

The major disadvantages for each type of core are as follows:

(a) Vertical Core

- Placement of core material controls placement of filters and shell
materials; and

- Possible arching of a thin core by transferring weight to adjacent
filters and shell materials during settlement or seismic
displacements.

(b) Inclined Core

- Excessive post-construction settlement or seismic displacement of
downstream shell may cause rupture of core.

- Location of core may effect upstream slope by making it flatter for
stability reasons.

A central vertical core was 'chosen for the embankment based on a review of
previous designs and the nature of the proposed impervious material. The
majority of rockfill dams in high seismic areas have a central vertical
core with slopes ranging from .25 to .7 horizontal to 1 vertical for the
upstream slope, and .1 to .75 horizontal to 1 vertical for the downstream
slope. For preliminary design, slopes of 1.0 horizontal to 3.0 vertical
for the upstream slope and 1.0 horizontal to 6.0 vertical for the
downstream slope were chosen (see Figure NoAl).
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The impervious material is a glacial moraine material with a wide grain
size distribution. This material is nonplastic and would tend to crack
rather than deform under tensile stress and may be ve?y susceptible to
erosion. For a sloping core the possibility exists of cracks developing
in the core for a nonplastic material due to lateral settlement or dis-
placement during a seismic event. It also becomes difficult to avoid high
tensile and shearing stresses in an inclined core. Settlement data indi-
cates that the magnitude of water lcad settlements in rockfill dams may
increase at a rate greater than direct proportion to the height of the
dam. For these reasons a central vertical core will be used in the Watana
Dam cress section.

1.2.3 - Earthquake Resistance Design Features

Due to the apparent low plasticity of the material to be used in the im-
pervious core and the requirement for an earthquake resistance design, the
following design features will be incorporated into the main dam cross
sections:

(a) The core-foundation contact will be widened near the ends of the em-
bankment to ensure seepage control during normal operating conditions
and any seismic event.

(b) Thick filter zones will be placed upstream and downstream of the im-
pervious core to prevent breaching of the core from either post-
construction settlement and cracking or from any cracking resulting
from a seismic event.

(c) The filters will be designed to be self-healing in case of transverse
cracks in the core resulting from either post-construction settlement
or a seismic event. '

(d) The downstream filters will be designed to be capable of handling any
abnormal flows which could result from transverse cracking at the
core from post-construction settlement or a seismic event.




-4

(e) The proposed width of the core will prevent arching of the core
caused by transfer of load to the shell or filter materials.

(f) Compacted river alluvium gravel will be used to construct the down-

stream outershell and compacted clean river alluvium gravel will be
used to construct the upstream outershell to minimize settlement and
displacement that could be caused by a seismic event.

1.2.4 - Freeboard‘and Static Settlement

The maximum required crest elevation of the Watana Dam, not including
static and seismic settlement, was determined for each of the following
conditions.

Condition (1) - top of core settles under dynamic loading to reservoir
- 10,000 year flood level.

Condition (2) - minimum crest elevation based on normal operation

conditions.

Condition (3) - minimum crest e]evatjon based on 1:10,000 year reservoir

level.

Condition (4) - fuse plug crest based on 50 year flood and overtopping and
additional freeboard on main dam.

Condition (5) - fuse plug based on 10,000 year flood and overtopping and
additional freeboard on main dam.

Table I shows the resulting crest elevations for each condition.

The required crest elevations shown in Table I are at the maximum section
of the dam and are based on a normal operating water level of 2185. The
governing crest elevation excluding static and seismic settlement is 2205
at the maximum section and 2201 &zt the abutments.
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TABLE 1
CONDITION

REQUIREMENT (1) (2) (3) (4) (5)
Normal Uperating Level 2,185 2,185 2,185 2,185 2,185
1:50 year resecvoir |
elevation (6 ft. sur-
charge) -~ 6 - 6 -
1:10,000 year reser-
voir elevation (8 ft.
surcharge) 8 -- 8 -- 8
Wave run-up - 6 ft 6 ft 6 ft |6 ft fuse

plug
Dry freeboard -- 3 ft -- 3 ft fuse -

plug

Water depth over use -- -- -- 2 ft 2 ft
Road base 3 ft 3 ft 3 ft 3 ft 3 ft
Crest Elevation 2,196 2,203 2,202 2,205 2,204
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The expected static settlement of 1 percent of the height of the dam (and
seismic settlement of 0.5 percent of the height of the dam) will be incor-
porated in the design by locally steepening the slopes of the top of the
dam to obtain 15 feet additional freeboard at the maximum section and 3
feet additional freeboard at the abutments. The expected static settle-
ment will result from post-construction settlement and does not include
any construction settlement. The expected seismic settlement will result
from the postulated earthquake event.

1.3 - Typical Cross Section

The typical cross section would be as shown in Figuredl. The impervious core
slopes would be, on the reservoir side, 1.0 horizontal to 3.0 vertical sloped
upstream, and on the tailwater side, 1.0 horizontal to 6.0 vertical sloped down-
stream with a crest width of 15 feet. Minimum core-foundation contact would be
50 feet requiring flaring of the cross section at left end of the embankment.

The upstream filters will have the following slopes:

(a) Fine filter zone will he 1.0 horizontal to 2.7 vertical sloped upstream on
the reservoir side, and on the core side 1.0 horizontal to 3.0 vertical
sloped upstream.

Coarse filter zone will be 1.0 horizontal to 2.35 vertical sloped upstream
on the reservoir side, and on the fine side 1.0 horizontal toc 2.7 vertical
sloped upstream.

The downstream filter zones will have the following slopes:

(a) Fine filter zone will be 1.0 horizontal to 4.5 vertical sloped downstream
on the tailwater side, and on the core side 1.0 horizontal to 6.0 vertical
sloped downstream.

Coarse filter zone will be 1.0 horizontal to 3.75 vertical sloped down-
stream on the tailwater side, and on the fine filter side 1.0 horizontal to
4.5 vertical sloped downstream.
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The upstream and downstream filters are sized to provide protection against pos-
sible leakage through transverse cracks in the core that could occur due to
settlement or resulting from displacement during a seismic event. The wide fil-
ter zones provide sufficient material for healing of any cracks in the core and
the size of the downstream filter zones will ensure its capability to handle any
abnormal ieakage flows.

The shells of the dam will consist of compacted river alluvium gravels. To min-
imize pore pressure generation and 2nsure rapid dissipation during a seismic
event, the saturated upstream shell will consist of compacted clean river aliluv-
ium gravels. This material will be processed to remove all fines less than 1/2"
size. The downstream shell will consist of compacted unprocessed alluvium
gravels since it will not be effected by pore pressure generation during a seis-
mic event.

Slope protection on the upstream slope will consist of a 10 foot zone of over-
size aterial up to 6 feet in diameter placed and compacted by suitable equip-
ment.

The typical crest detail is shown in FigureAZ. Because of the narrowing of the
crest dam, the filter zones are reduced in width and thé upstream and downstream
coarse filter is eliminated above elevation 2230. A layer of filter fabric is
incorporated to protect the core material from damage from frost penetration and
dessication, and to act as a Coarse filter where required.

1.4 - Core Material

1.4.1 - General

The core material will be obtained from Borrow Area "D" which consists of
a series of glacial tills separated by alluvial and lacustrine materials.
Processing and blending will be necessary to provide the required moistuke
content and gradation and to remove any oversize material. Obtaining the
required moisture content may prove difficult because of sensitivity of
material to changes in moisture content. Frozen material will either be
hauled to a waste area or left in place.
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1.4.2 - Basic Data

1.4.2.1 - Gradation

The proposed gradation will be as shown in Figure 1. Maximum size

particle will be 6 inches in greatest dimension. Composite grada-
tion curves are shown in Figures 2 and 3.

1.4.2.2 - Atterberg Limits

The Atterberg Limits will be within the following limits:
a) Plasticity Index - 0-20

b) Liquid Limit - 10-45

c) Above the "A" line

1.4.2.3 - Permeability

iy
o

Initial permeability tests indicate a permeability of 10=9¢cm/
sec. Comparison of the proposed core material to other gltacial

tills used in various dams indicate an inplace permeability range
) of 10°7 to 10~9cm/sec.

1.4.2.4 - Compaction Properties

Modified Proctor Compaction tests on material passing 3/4" sieve
indicate the optimum moisture content was 7.5 percent with a maxi-
mum dry density of 135.5. pcf. Standard Proctor Compaction test
on material passing No. 4 sieve indicate the optimum moisture con-

tent was 10.4 percent with a maximum dry density of 127.6 pcf.
See Figures 4 and 5.

1.4.2.5 - Consolidation Parameters

Consolidation tests indicate a compression index (CC) of *.

* testing in progress.




1.4.3 -

1.4.2.6 - Specific Gravity

Specific gravity tests indicate a specific gravity of 2.71.

1.4.2.7 - Natural Water Content

The natural water contents of samples tested ranged from 7 to 26
percent. The optimum moisture content ig 7.5 percent, based on
Modified Proctor Compaction tests. The material placed in the
core zone will be allowed to be a maximum of 3 percent above the
optimum (10.5 percent). It is anticipated that the blending and
processing of the core material will enable it to meet this re-
quirement.

1.4.2.8 - Shear Strength

Consolidated undrained test results, see Figure 6, at 95 percent
Modified Proctor Density at 2 percent above optimum moisture con-
tent, indicate the following strength parameters.

Unit Weight (pcf) c! ge!
126 0 37

1.4.2.9 - Dispersion Potential

Because of the nature of the core material, a glacial till, it is

not expected to be dispersive.

Placement and Compaction

1.4.3.1 - Excavation

The borrow area is approximately 40 to 60 feet in depth and will
be developed in three branches ranging from 13 to 20 feet. Pro-
cessing and blending of the material will be done during excava-
tion. Oversized material (greater than 6 inches) will have to be”
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removed by grizzlies. Frozen material will have to be left in
place or loosened by blasting and ripping for haulage to waste

area. Moisture conditioning should be deéne in the borrow area and

will have an effect on the placement and compaction operation.

1.4.3.2 - Placement and Compaction

Material will be placed in 8-inch 1ifts at a maximum moisture con-
- tent of 3 percent above optimum moisture content, and compacted to

95 percent of the maximum density obtained from the Modified Proc-
tor Test (ASTM D698). Type of roller, number of passes, thickness
of 1ift and moisture content can be adjusted based on field tests
and equipment to be used.

1.5 - Fine and Coarse Filters

1.5.1 - General

Fine and coarse filter material will be obtained from Borrow Areas
E, I, and J. The material will require processing to provide the
proper gradations for the fine and coarse filters as shown in

Figure 1. No frozea material is expected to be found within the
borrow areas.

Design of the fine and coarse filters are based on the following
Criterias and the average gradation. curve for the core material.

Criterion 1: The 15 percent size (D15) of a filter material must

be not more than four or five times the 85 percent
size (D85) of a protected soil.

Criterion 2: The 15 percent size (D15) of a filter material
should be at least four or five times the 15 percent
size (D15) of a protected soil.

G e e e e
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1.5.3 -
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Criterion 3: The 50 percent size (D50) of a filter material must
be not more than twenty-five times the 50 percent
size (D50) of a protected soil.

Basic Data

1.5.2.1 - gradation

The required gradation of the fine and coarse filter material are
shown in Figure 1. A1l filter material is to be well graded.
Composite gradations for Borrow Areas I, J, and E are shown in
Figures 7, 8, and 9, respectively.

1.5.2.2 - Permeability

Permeability of the fine filter and coarse filter will be greater
than 1 cm/sec and 100 cm/sec, respectively. Permeability will be
verified by large scale field or laboratory tests.

1.5.2.3 - Shear Strength

Assumed properties for the fine and coarse filter material are

based on available data:

Unit Weight

o
=

145 pcf 0 35°

Actual properties to be determined from large scale triaxial tests

and/or by modeling the gradation for standard triaxial tests for
rinal design.

Excavation, Placement, and Compaction

1.5.3.1 - Excavation

The borrow areas will be developed by a method which will supply

T S

D Av
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the required amounts of fine and coarse filter material for con-

struction. Material will be processed by screening and blending
using wet screening methods. Oversized material will have to be

removed and either used as an aggregate source or possibly used in
the outershell of the dam. |

1.5.3.2 - Placement and Compaction

The method of placement and compaction will depend on the results
i@ of full scale test fills to be done prior to construction using

the proposed equipment and materials. It is assumed that 12-inch
ig 1ifts with four passes of a large vibratory roller will provide
2

the required compaction.

1.6 - Alluvium Fill Material

1.6.1 - General

ag The alluvium fi11 will be obtained from Borrow Areas I and J. The up-
stream shell of the dam will be constructed using processed river alluvium
gravel with the material less than 1/2-inch removed. The downstream shel]
will be constructed using unprocessed alluvium fill material. Any over-

sized material (greater than 24 inches) will be stockpiled and used in the
rip-rap zones.

1.6.2 - Basic Data

1.6.2.1 - Gradation

The gradation of the alluvium fi1l will be as shown in Figures 7

and 8. Maximum size of river gravel will be 18 inches in the
greatest dimension.




1.6.2.2 - Permeability

Permeability of the processed alluvium fill will be greater than
100 cm/sec.

1.6.2.3 - Shear Strength

Assumed properties for the alluvium fill material are based on
available data:

c 'y
0

Unit Weight
145 pcf

35°
Actual properties to be determined from large scale triaxial tests
and/or by modeling the gradation for standard triaxial tests for

final design.

Excavation, Placement, and Compaction

1.6.3.1 - Excavation

The alluvium i1l material will be obtained from the main dam
foundation excavation and from the river bed upstream and down-
stream of the main dam (Borrow Areas I and J). Method of excava-
tion would either be by hydraulic mining or dragline operation.
The material would have to be processed to remove the undersized
and oversized material.

1.6.3.2 - Placement and Compaction

The method of placement and compaction will depend on the results
of full scale test fills to be done prior to construction using
the proposed equipment and material. It is assumed that 24~1inch
lifts for the alluvium fill material with four passes of a large
vibratory roller will provide the required compaction.




1.7 - Rip-Rap Material

1.7.1 - General

The rip-rap material (slope protection) will be obtained from the oversize
material from the various borrow areas, Quarry A and any other rock exca-
vations. The rip-rap material will be placed on the upstream slopes and
in certain areas on the downstream slope of the dam.

1.7.2 - Basic Data

1.7.2.1 - Gradation

The gradation of the rip-rap material, Figure 1, is based on a
6-foot wave height using a nomograph, Figure 5-6, from EM111Q-2-
2300. The maximum size of rip-rap material wiil be 24 inches in
the greatest dimension.

Excavation, Placement, and Compaction

1.7.3.1 - Excavation

The rip-rap material would be obtained from Quarry Area A, over-
size from various borrow areas, and various rock excavations by
blasting or ripping. The material would have to be processed to
remove any undersized and oversized material.

1.7.3.2 - Placement and Compaction

The method of placement and compaction will depend on the results
of full scale test fills to be done prior to construction using
 the proposed equipment and material. It is assumed that 36-inch
1ifts for the rip-rap zone with four passes of a large vibratory

roller will provide the required compaction.




1.8 - Stability Analysis

1.8.1 - Introduction

Static and dynamic stability analyses have been performed to establish the
upstream and downstream slopes of the Watana dam. The analyses indicates
stable slopes under all conditions far a 2.25 horizontal to 1.0.vertical
upstream slope and a 2.0 horizontal to 1.0 vertical downstream siope.
Typical maximum cross section is shown in Figure 1.

The static analyses have been done using the STABL computer program devel-
oped to handle general slope stability problems by adaptation of the Modi-
fied Bishop method and a finite element program for static analysis of
earth and rockfill dams (FEADAM) to determine the initial stresses in the
dam during normal operating conditions. The results and conclusions are
presented in the Static Analyses Section.

The dynamic analyses* have been done using the QUAD 4 finite element
program which incorporates strain dependent shear modulus and damping
parameters. The design earthquake for the dynamic analyses was developed
by Woodward Clyde Consultants for a Benioff zone event. The results and
conclusions are presented in the Dynamic Analyses Section.

1:8.2 - Methodology

An assessment of the static and seismic response of the Watana dam for the
static and postulated seismic loading involves the following:

Static Analyses

- STABL program to determine general slope stability.

*These analyses have not yet been completed
See attachment for outline of proposed methodology.
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- FEADAM - Finite Element Analysis of Dams to determine the initial static
stresses in the dam by stage construction.

Dynamic Analysis

- QUAD 4 program to determine the dynamic shear stresses due to the postu-
lated earthquake.

~ GADFLEA program to determine the pore water pressure generation and dis-
sipation.

The data available on the site specific materials are limited, and there-
fore, the static and dynamic properties were assigned using the material
characteristics and published information.

1.8.3 - Static Analyses

1.8.3.1 -~ General

The slope stability analyses were done using the STABL computer
program for the general solution of slope stability problems by a
two-dimensional limiting equilibrium method. The calculation of
the factor of safety against instability of a slope is performed
by an adaptation of the Modified Bishop method of slices which
allows the analysis of trial failure surfaces other than those of
a circular slope.

1.8.3.2 - Sail Properties

The following soil properties were used in the analyses:

Unit Weight

(1b/ft3) ¥ ¢ (1b/Ftd)
Core Material 140 ' 0
Transition Material 145 ) 0
Shell Material 145 0




1.8.3.3 - Loading Conditions and Factors of Safety

The following conditions were analyzed:

Calculated Factor
Minimum Factor of Safety
Condition of Safety U/S Slope D/S Slope

Construction 1.3 2.2 - 2.2 1.7
Normal Operating 1.5 2.0 1.7
Rapid Drawdown 1.0 1.8 - 2.0 1.7
Normal Operating with

Max imum Pool 1.3 2.0 - 2.1 1.7

The calculated factors of safety as shown in the above table and
on Figures 2 through 5 indicate no general slope stability

problems.

1.8.3.4 - FEADAM Analyses

(To follow when analyses completed.)




Construction

1.9.1 - Climatic Effects

Construction of the embankment will pe controlled by the climatic condi-
tions at the site. The placement of river alluvium gravel all year round
appears to be possible and will control the construction schedule.

1.9.2 - Impervious Core Material and Fine Filter Placement

The majority of the impervious core material and fine material will be

g% placed during the short summer periods. Sufficient amounts of this
" material will be placed each summer to allow placement of large quantities
Eg of coarse filter and exterior shells during the winter months without hav-

ing to stop work for extensive periods of time.

Placement of core material and fine filter material during the winter
months may be possible if sufficient quantities are stockpiied during the
summer months and prevented from freezing during the winter. The stock-

piled soil can be kept from freezing by various means suchas heating under
a tarpaulin cover. The placement of this material requires additional

steps during the winter months and would reduce the quantity ».d area that
can be placed and worked.

1.9.3 - Coarse Filter Alluvium Fil1l Placement

The coarse filter and alluvium il will be stockpiled during the summer
months and placed in the embankment during the summer and winter months.
The summer months will allow these materials to drain so that freezing of
the material during the winter months will not result. Once these mater-

ials drain it will not be necessary to prevent exposure of these materials
to freezing temperatures.
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1.9.4 - Schedule

The schedule for placement of material will have to be established so that
the available equipment and personnel will not vary extensively from the

summer period to the winter period. Extra equipment and personnel may be
§§ used during the summer period to provide the required stockpiled material.

The schedule will be controlled by the amount of placement of the coarse
gg filter and shell materials during the winter period. Placement of core

and fine filter material will be done during the summer period with suffi-
E% cient stockpiles to allow placement during the winter period if required.
U

1.9.5 - Longterm Exposure

n The effects of longterm exposure on the embankment will vary between the
Eﬁ upstream and downstream slopes. The exposed downstream shell and crest

) will be susceptible to forming a permafrost regime and possible related

gg ice lenses will develop due to rainfall and snowmelt. Any disturbances of
the downstream slopes due to ice lens build up can be corrected during
normal maintenance. Extensive disturbance of the shell material is not
expected. The upstream slopes depending on the reservoir level will be
unfrozen due to the reservoir water and will not be subject to ice lens
build up. If large variations in the reservoir level occur during the
winter period, possible ice and ice lens damage could result in the up-
stream slopes. The use of oversize material for slope protection should
minimize any damage. Minor corrective measures will have to be taken dur-
ing normal maintenance. The expected seepage will be minimal, however, it
will be of sufficient volume to prevent freezing of the drainage layers

and possible hydrostatic pressure build up within the downstream embank-
ment shell.

e

e

1.10 - Instrumentation

Instrumentation will be installed within all parts of the dam to provide moni-
toring during construction as well as during operations. Instruments for meas-
uring internal vertical and horizontal displacements, stresses and strains, and
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total of fluid pressures, as well as surface monuments and markers will be in-
stailed. The quantity and location will be decided during final design. Typi-

- cal instrumentation is as follows:

1.10.1 - Piezometers

Piezometers are used to measure static pressure of fluid in the pore

spaces of soil and rockfill.

1.10.2 - Internal Vertical Movement Devices

(a) Cross-arm settlement devices as developed by the USBR.

(b) Various versions of the taut-wire devices have been developed to

measure internal settlement.

(c) Hydraulic settlement devices of various kinds.

1.10.3 - Internal Horizontal Movement Devices

(a)
(b)
(c)
(d)

Taut-wire arrangements.
Cross-arm devices.
Inclinometers.

Strain meters.

1.10.4 - Qther Measuring Devices

(a)
(b)
(c)

Stress meters.
Surface monuments and alignment markers.
Seismographic recorders and seismoscopes.
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SUSITNA HYDROELECTRIC PROJECT

OUTLINE OF METHODOLOGY
FOR STABILITY ANALYSIS
WATANA DAM

1 - INTRODUCTION

A static and dynamic stability analyses of the proposed Watana Dam will be performed.
The static analysis will be done using the FEADAM computer program (Finite Element
Analysis of Dams) to determine the initial stresses, strains, and displacements in the
dam during normal operating conditions. The dynamic analysis wiil be done using the
QUAD 4 finite element program which incorporates the strain dependent shear modulus
and damping parameters with the results from the static analyses.

2 - FINITE ELEMENT MODEL

The finite element model will consist of 20 layers of elements with approximately 550
nodes and 520 elements. Different soil parameters as described in the following
sections have been chosen for the core, transition material and the shell material.
The trassition material will consist of the fine and coarse filter zones. A detailed
finite element mesh has not been developed at this time.

3 - STATIC ANALYSIS

The static analysis-using the finite element program for static analysis of earth

and rockfill dams (FEADAM) will be done to detcvmine the initial stresses in the dam
during normal operating conditions. The program calculates the stresses, strains and
dispiacements in the dam simulating the actual sequence of construction operations.
Appropriate nonlinear and stress-dependent stress-strain properties for the soils were
taken from information compiled in Table 5 in Duncan et al (1980). Table 1 presents
the values which will be used in the analysis. Two analyses will be performed to show
the effects of relatively soft versus stiff core material.

4 - DYNAMIC ANALYSIS

The dynamic analysis will be done using the QUAD 4 computer program. The initial
values of shear modulus and damping ratio to be used in the analyses were derived
from typical values available in Banerjee et al (1979) and are as follows:




Damping Shear
ZONE Type Curve
Core Material

Soft L sand
Stiff sand

Transition sand
Material

Shell Material sand

The design earthquake time history was developed by Woodward Clyde Consultants and
is shown on Figure No. 1. The significant features are as follows:

(a) magnitude 8.5 Richter;

(b) Tlocation 40 kilometers below site (Benioff Zone);
(c) maximum acceleration of 0.35g;

(d) duration of strong motion - 45 sec; and

(e) significan: number of cycles - 25.

The preliminary dynamic analysis had peak output values occurring about 24 seconds
into the earthquake acceleration time history. Based on these results, the three

iterations for the proposed dynamic analysis will be performed using the following
sections of the earthquake time history (see Figure No. 1):

Iteration No. 1 - from 10 to 30 seconds
Iteration No. 2 - from 10 to 30 seconds
Iteration No. 3 - from 10 to 70 seconds

It is expected that this will minimize cost and provide the required output for
preliminary dynamic analyses.




TABLE 1

Unit Weight, pcf

Modulus Number, ksf

Elastic Unloading Modulus Mumber, ksf
Modulus Exponent

Failure Ratio

Bulk Modulus Number, ksf

Bulk Modulus Exponent

Cohesisn; psf

Friction Angle, degrees

Decrease in Friction Angle Perlog Cycle
Earth Pressure Coefficient

Increase in T3, degrees

CORE MATERIAL
Soft

Stiff

&

Tr aﬁ. 10
Materia

Shell Material
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WATANA DAM HEIGHT OPTIMIZATION

The level of Watana reservoir and hence the crest elevation of the rockfill dam
is determined on the basis of the relative costs of Susitna energy and the
energy produced from the alternative cheapest but acceptable source; a mix of
thermal installations and small hydroelectric developments. Average annual
energies and construction and operating costs are derived for a Susitna Develop-
ment with different Watana Dam heights and their impact is assessed on the over-
all cost of generation within the railbelt over a 50 year period.

Firm and average annual energies produced by the Susitna development are based
on 30 years of hydrological records and are determined from computer simulations
of both the Watana and Devil Canyon Reservoirs.

Operation of the Susitna development within the system is matched with existing
and new generating sources, constructed as required, to meet the load demand on

the system.

Different reservoir drawdowns have been examined at both developments and draw-
downs producing the maximum firm energy consistent with economic costs of the
intake structures have been selected. (See Sectian -

Certain minimun flows have been imposed at both project sites based on mechani-
cal plant and fisheries related restrictions. (See Section BE

In order to match system demand Susitna development is staged, with 900 MW of
capacity coming on line at Watana in 1993 and 600 MW at Devil Canyon in the
year 2000.

System demand and monthly and daily load patterns within the railbelt over a 50
ye?r perjod are based on forecasts developed by "ISER" and "Woodward Clyde Con-
sultants”.

System present worth costs with different levels of Watana development within
ghe system h?ve been assessed by means of the 0GP V computer programme. (See
ection . -

The overall development pattern of generation is determined for the railbelt
based on the load and load pattern forecasts and the introduction within the

system at required intervals of time of the most economic acceptable energy
source.

The costs for the Watana and Devil Canyon projects have been based on the final
conceptual layouts and latest construction rates and methods. Costs for con-
struction and operation of alternative sources have been provided by 'Batelle'.

Optimization of the dam height was initially based on three dam heights with
crest elevat1ons at the center part of the dam 2,240', 2,190', and 2,140'.
These crest elevations correspond to a maximum operating level of the reservoir
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of 2,215', 2,165', and 2,115', respectively. Firm and average energies were
determined from the simulation model and are given below together with corres-

ponding Susitna development costs.

The data from Table 1 was used as input to the OGP V computer programme to
determine pattern of development of the system over 50 years; thence, to defive
the present worth costs of constructing and operating the different system in-
corporating the corresponding levels of Watana development.

Present worths of the system are shown in Table 2.

The system present worths are plotted against dam height in Figure 1. The Tow-

est system present worth (cost of producing a specific energy demand) appears to

o~cur at crest elevation 2,190 ft (reservoir elevation 2,165 ft) and this repre-
sents the optimum elevation of the dam crest. At this point the cost benefit
ratio, relative to alternative energy sources, of additional energy produced at
Watana by raising the dam height is 1.0. As the dam height is raised above this
point the cost benefit ratio of additional energy gradually increases making it
uneconomic. As the dam height is lowered the cost benefit ratio of the incre-
mental decrease in energy falls below 1.0, indicating that economic energy is
not being developed.

REVIEW OF OPTIMIZATION

The three values of present worth from the 0GP V computer runs poorly define the
relationship between system present worths and Watana dam height. In order to
examine further the cost of energy increments with variation of dam height the
costs of the Susitna Development and the associated energies are examined sep-
arately from and compared graphically to the cost of usable alternative energy
over the period considered.

The costs of different levels of project development are determined and average
annual energies are determined from the simulation programme.

The costs of alternative energy were determined from the present worths already

T s T

obtained from the OGP V programme as shown in Table 3.

It was anticipated that there would be little variation in the value of incre-
ments of alternative energy over a restrictad range of dam heights as this
energy would generally continue to be provided by a similar method of genera-
tion. A possible difference in the present worth would arise from timing of in-
§ta?1ation of generating capacity e.g. 200 GWH of coal fired thermal generation
if introduced in 2005 would have a smaller present worth when attendant operat-
ing costs were considered than the same installation introduced in year 2000.
Such a difference would be very minor however in the context of the 50 year
period considered and over the small range of energies examined. This is born
out by the values of $1.05 X 100 and $1.00 X 10% per GWH for incremental

energy (the difference is well within the accuracy of OGP V). Hence over, the

rangg 0: energies considered the value of equal increments of energy is assumed
constant.
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Average energies and costs for the Susitna Project corresponding to different

Watana dam heights are shown in Table 4.

Present worth of alternative energy = $1.05 X IOG/GWH.

The costs of the various levels of the Susitna Project are plotted against cor-
responding average annual energy in Figure 2. The value of a]ternative‘incrg-
ments of energy is also plotted as a straight line together with lower and high-
er present worths to show dam height sensitivity. The gradient of these graphs
indicates the present worth/GWH of incremental enercy at a particular level of
Susitna (or Watana) development.

The point at which the gradient of the curve matches the gradient of the altern-
ative energy line is the point of optimum development (optimun dam height) at
which the cost benefit ratio will be 1.

Results of the graphical solution of Figure 2 based on a replacement cost of

$1.05 X 10°/GWH for incremental energy show an optimum dam crest elevation of
2,193 ft.

As a measure of sensitivity, variations of approx imately 30 percent in the cost
of alternative energy were examined. A replacement enegy cost of $1.40 X 106
per GWH would give a crest elevation of 2,224 ft. #n energy cost of $0.70 X
106 per GWH would give an elevation of 2,137 ft. Similar crest elevating

would arise from approximately 30 percent decrease or increase, respectively in
the cost of materials for constructing the additional dam height.

Conclusions: From the above the optimum level would be 2,193 ft.

On the right side of the reservoir there is a low saddle which dips to an eleva-
tion of 2,000 ft. If water levels rise above this a saddle dam would be re-
quired. Although the cost of this saddle dam has been included in the project
estimates for higher elevations, it would involve construction in an area of the
site otherwise unworked and the point at which the dam becomes necessary, would
seem to provide a convenient physical limitation on reservoir and main dam
height (providing the cost benefit ratio of the final increment of energy from
raising the dam is close to 1.0). Hence, the elevation of the center of the dam
has been set at elevation 2,210 ft (coriresponding to 2,207 ft at the abutments).
At this elevation reservoir Tevels will not reach the low spot on the saddle for
floods of up to 1:10,000 year frequency.

Raising the dam to elevation 2,210 ft the cost of the last increment of energy

9a3n§;515 $1.20 X 109/GHH. The cost/benefit ratio of this energy is 1.05/1.50
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TABLE 1

Combined Watana and Devil Canyon Operation

Watana Dam Watana*+ Devil Canyon**  Total Average Firm
. Crest Elevation Cost Cost Cost Annual Energy Annual Energy
: (ft MSL) ($ X 106) (3 x 106) ($ X 109) (GHH) (GH)

2,240 (2,215 ft

h reservoir elevation) 4,076 1,711 5,787 6,809 5,809
e 2,190 (2,165 ft
S reservoir elevation) 3,785 1,711 5,496 6,586 5,401
L 2,140 (2,115 ft
reservoir elevation) 3,516 1,711 5,227 6,264

Watana Project alone (prior to year 2000)

Crest Elevation Average Annual Firm
(ft MSL) Energy (GWH) Annual Energy (GWH)
2,240 3,542 3,179
2,190 3,322 2,864
2,140 3,071 2,534

*Cost in January 1982 dollars.
+0riginal costs adjusted to exclude Watana relict channel cut-off but include drainage blanket.




TABLE 2

Watana Dam
Crest Elevation System Present*+
(ft MSL) Worth (§ X 109)

2,240 (reservoir 7,110
elevation 2,215 ft)

2,190 (reservoir 7,053
elevation 2,165 ft)

2,140 (reservoir 7,099
elevation 2,115 ft)

*January 1982 dollars.
+0riginal costs adjusted to exclude Watana relict channel cut-off
but include drainage blanket.




Watana Dam
Crest Elevation
(fFt MSL)

TABLE 3

System (a) Average
Present Present Susitna
Worth Worth Engery
(3 x 106) ($ X 10°)

2,240
2,190
2,140

*c-a
= Cost/GWH of
b

(GWH)

(b) Susitna
Susitna Capital
Energy Cost .

(GWH)  ($ X 10°)

7,110 57.0
7,053 -54.0
7,099

incremental alternative energy.

6,809
6,586
6,264

223 5,787
322 5,496
5,227

(c)
Watana
Cost

($ X 10°)

291

c-a*

P

b
($ X 10°/GWH

1.05
1.00




TABLE 4

Watana Dam Susitna
Crest Elevation Capital Cost Average Annual

(ft MSL) ($ X 106) . Energy (GWH)
2,240 5,787 6,809

2,215 5,635
2,190 5,496
2,165 5,357

2,140 5,227
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