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DEPARTMENT OF THE ARMY / /

U.S. ARMY ENGINEER DISTRICT, ALASKA

CORPS OF ENGINEERS
P.O.BOX 7002
ANCHORAGE. ALASKA 9950!

IN REPLY REFER YO

NPAEN-PR-R 13 November 1965

SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7,
General Design Memorandum

TO: Division Engineer
North Pacific Division

1. Transmitted under separate cover are 16 copies of subject
design memorandum, each consisting of two volumes.

2. Estimated project cost of the first stage of the Snettisham
Project is $40,300,000. Benefit-to-cost ratio based on 100-year
project life is 2.20 to 1. Preliminéry estimated cost of the second 1
stage development is $13,000,000. When combined with the more accu- ]
rately determined cost of the first stage of the project, the estimated
project cost of the total development is $53,300,000. Benefit-to-
cost ratio for the total project based on 100-year project life is
2,57 to 1.

B

! 3. Because of the desirability of awarding one contract to cover
| all excavation work, and the heavy design load associated with such

i procedure, your early approval of the General Design Memorandum is
requested. In the interim, this office proposes to continue final
design studies in accordance with the plan recommended therein.

| @g& &&uﬁg/
1 Incl (under sep cover) : CLARE F. FARLEY

as (16 cys of 2 volumes ea) Colonel, Corps of Engineers
District Engineer

ORI STAIN PLATES: ALL PDO .
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REPRODUCTIONS WiLL BE IN BLACK AND WHITH

| s document hos baen agproved
for nublle relasse and scle; iis
“rtrikotion is unlimited.
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NPDEN-TE (13 Nov 65) "~ 1st Ind
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

North Pacific Division, Portland, Oregon, 4 January 1966
ep
TO: Chief of Engineers, ATTN: ENGWE-EZ

1. The design memorandum is recommended for approval subject to
the comments which follow. Some of the material is presented in con-
siderable detail for a general design memorandum, particularly that
dealing with geology, transmission lines, and stability analyses.

Studies in these areas are continuing and the following comments will
be used in the preparation of the appropriate feature design memorandums.

a. Section 5.

(1) This section presents a very conservative approach to
the treatment required to stabilize the foundation. Paragraph 5.13
assigns a shear strength of only 25 and 15 psi to the joint surfaces.
Considering the irregularity of the joint surfaces and the load applied
if prestressing is to be used, a much higher shear strength possibly in
the order of 150 to 200 psi appears appropriate. The inclusion of founda-
tion prestressing is satisfactory for estimating purposes but a decision
on the use of prestressed tendons should be withheld until additional
foundation explorations confirm the need for this type of treatment.

(2) The desirability of area grouting in the foundation
area in connection with Plan B (prestressed foundation) is questionable
because of the adverse effects on natural drainage. More consideration
should be given to the need for area grouting if prestressing is included
in the final plans by a study of six inch cores across the joints and
the bore hole photographs. If these indicate that the rock matches
perfectly, the area grouting should be deleted. Curtain grouting should
be the same for all plans considered.with the apparent openness of joints
as indicated by water losses during drilling, a line of drainage holes
as planned in paragraph 4.18 in the grouting and drainage gallery along
with the daylighting of the joints downstream should provide adequate
drainage.

(3) The further investigations discussed in paragraph
5.19 should not preclude continuation and possible completion of the
concrete dam design in the interim. It can be assumed that a satisfactory
foundation will be provided and whether it is at Elevation 785 or 800 +
should make little difference except for quantities.
|
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NPDEN-TE (13 Nov 65) 1lst Ind 4 January 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, Genera
Design Memorandum :

b. Paragraphs 5.10 and 5.14. Use of the average slope of the
undulations in the low angled joint planes is believed overly conserva-
tive in analyzing the foundation strength. Resistance to sliding increases
rapidly as the slope increases. Undulations steeper than about 60 degrees
have a shear friction factor of safety greater than 4 without regard to
shearing strength of the rock. Thus any tendency to slide is resisted
by the steeper irregularities by shear through the rock.

c. Paragraph 5.13. Prestressing tendons cannot resist shear
in this application because of overstress of rock or concrete in side
bearing.

d. Paragrapls 5.19 and 6.12.

(1) As indicated above, final determination on the founda-
tion for the dam should be deferred at least until the time of submittal
of the specific design memorandum.

(2) Although prestressing has been used to strengthen
existing dams, its use accompanied with a reduction in the dam cross
section for this project is not recommended in the interest of safety.

e. Paragraph 6.06. The basis of selecting 1.5 feet of free-
board was not given. This amount appears inadequate and a freeboard of
approximately 3 feet is recommended.

f. Paragraph 6.09. The unusually low design shear values used
in the stability analyses should be reconsidered on the basis of additional
subsurface studies as indicated in paragraph a(l) above.

g. Paragraph 6.12. The foundation for the maximum section
will be at approximate Elevation 810 for Plans A and B and 785 for Plan C.
A standard gravity section should be designed for the maximum height.
This section will be satisfactory for any foundation elevation finally
selected. The final concrete quantities can be adjusted at any time
prior to advertisement to fit the foundation grade finally selected.

h. Paragraph 6.14. The need for concrete paving on the invert
and pneumatically-applied mortar on the side should be based on an
economic analysis.

1. Paragraph 7.05. Reference to timber sets should read
"steel sets".




NPDEN-TE (13 Nov 65) 1lst Ind 4 January 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

j. Paragraphs 7.06 and 8.06. The amount of rock bolting is
considered conservative for the apparent good rock that is expected
However, it is satisfactory for preliminary estimating. Rock bolting
should be based on requirements during construction on the basis of
safe practices.

k. Paragraphs 7.11 and 7.13. Lictle is believed to be gained
in designing the tumnel linings from the rock mechanics tests described
in these paragraphs. The tests should be held to a minimum or eliminated.

1. Paragraphs 7.10 and &.14. Minimum penstock thicknesses
should be based on buckling loads from external pressure. These may be
determined by the methods of Vaug¢han or Amstutz. To facilitate fabrica-
tion Type A-537 steel with a yield point of 50 ksi should be considered
in lieu of Type A-517. Allowance for support from surrounding rock cover
can be provided by designing the penstock liner for full internal -pressure
including dynamic head at 807% yield strength.

m. Paragraph 8.12. Studies conducted by this office show the
optimum diameter for the Long Lake penstock to be 7.5 feet and for Crater
Lake penstock to be 6.75 feet. Selection of penstock diameters will be
resolved prior to submittal of the powerplant preliminary design report.

n. Section 9. An independent study conducted by this office
confirms the selection of the conventional surface powerhouse. This
study differed from that given in the report by inclusion of additional
variables:

(1) Use of a different optimum penstock diameter for each
of the four locations studied varying from 7.5 to 9.0 feet for Long Lake
and 6.75 to 7.75 for Crater Lake.

(2) Different WRZ values and crane sizes for each study.

(3) Use of a 15 percent contingency for aboveground
work and 20 percent for underground work.

On this basis the total capitalized cost including head loss for the
recommended plan is $11,469,000 comparec to a cost for am underground
powerhouse sited to provide the shortest connection between surge tank
and powerhouse of $12,859,000.

o. Paragraphs 10.05 and 10.06. Reference is made to the attached
copy (Incl. 3) of NPAEN-PR letter dated 28 October 1965, subject: '"Criteria

s ﬂ




NPDEN-TE (13 Nov 65) lst Ind 4 January 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

for Establishment of Plant Capacity, Snettisham Project, Alaska'. The
referenced letter requests advice concerning sizing the generators to

suit Bureau of Reclamation policy of not marketing capacity in the

15 percent generator overload range. We do not recommend sizing the
generators to suit the marketing policy for the reason that the overload
capacity is continuous and as such is marketable. However, we do recommend
an increase in the generator rating for other reasons. The gross
operating head associated with Long Lake will range from 720 to 895

feet and for Crater Lake it will range from 828 to 1,022 feet. It has
been requested by the Bureau that special interconnections be provided

at the powerhouse so that the turbines will operate from either lake in
which event the operating head on the turbine will be from 720 to 1,022
feet. The arrangement of Unit 2 provides for operating from either lake.
The turbines for Units 1 and 2 will be sized and matched with generators
to provide dependable capacity at minimum pool or 720 feet gross head.

For heads greater than 720 feet the generator will limit the plant output
which will require the turbine to be operated at lesser gate openings

over the head range resulting in correspondingly decreased efficiencies.

A larger generator will provide greater flexibility and permit the turbine
to operate at correspondingly higher efficiencies as well as provide
secondary capacity which has some benefit although we have no method for
its evaluation. These intangible assets have been recognized at other
projects and at Dworshak the generator size was arbitrarily increased

by 10 percent. In view of the above it is recommended that the nameplate
ratings of the generators for Units 1 and 2 be increased 15 percent or

to 26,000 KVA at 0.9 power factor, with capability of operating continuously
at 115 percent rated KVA. No increase in c¢ost of equipment other than
generators is anticipated by this change.

p. Section 11. Costs and real estate requirements for helicopter
pads for servicing the transmission line should be included.

q. Paragraph 11.06. Refc ¢nce to Plate 3 in second sentence
should be Plate 1.

r. Paragraph 12.10. The Bureau of Reclamation in Exhibit 1.1
has requested access to the dam for wheeled vehicles and is opposed to
maintaining a tramway. Accordingly, a permanent project road extending
to the damsite should be considered and included as a separate contract
bid item. Necessary transfer of feature account from Construction Facility
to 08, Roads should be accomplished prior to the next budget submission.

s. Paragraph 12.11. Approval of the Resident Engineer's office
should be reserved until staffing is known and a layout has been submitted.

i
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NPDEN-TE (13 Nov 65) 1st Ind 4 January 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

Normal space is 60 square feet per person. The proposed building with
3,200 square feet appears to exceed this amount considerably.

G t. Paragraph 13.01. The principles of good architectural
design quoted in this paragraph have not been exhibited by Plates 31

through 39 which depict building concepts lacking in originality and con-
tinuity in character between the various structures. Intensive architectural
design effort and close coordination between the various design offices

are required to attain a unity-of design in che vicinity of the powerhouse.

u. Paragraph 16.06. The last sentence is no longer applicable
because of deferment of construction start for the project.

v. Section 17. Scheduling and funding given in this section
are no longer applicable

w. Paragraphs 17.04 and 17.05. It is essential that the work
indicated as Contracts A-9 and B-9 be accomplished in one contract to
obtain the benefit of the most economical and practicable operation.

The tolerances prescribed for tunnel excavation and foundation excavation
as shown are more respected by the contractor if he is responsible for
the concrete that replaces overbreak. The overlap of contracts as now
shown in such a restricted area is highly undesirable. Furthermore,

the Army Audit Agency has recently been critical of the use of multi-
contracts for project construction.

x. Paragraphs 20.10 and 20.12. The District Engineer will be
requested to justify the increases in E&D and S&A costs which are reported
in these paragraphs.

y. Paragraph 21.06. New power values are being developed by
the Alaska District pursuant to lst Indorsement, ENGCW-EZ to basic letter
from this office, subject: '"Snettisham Project, Alaska; Design Memorandum
No. 3, Selection of Plan of Development', dated 29 July 1965. These
revised power values will be included in the FY 67 Congressional submission.

z. Paragraph 21.07.

(1) The explanation of the 61 percent increase in benefits
presented in this paragraph is inadequate. The explanation was covered
in an exchange of correspondence between this office and the Alaska
District in letter NPDEN-TE, subject: ''Snettisham Project, Alaska;
Design Memorandum No. 3, Selection of Plan of Development', dated 7 June
1965 and 1lst Indorsement thereto, copy attached.




NPDEN-TE (13 Nov 65) lst Ind 4 January 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

(2) Total benefits of $6,119,000 given in paragraph 21.07
do not agree with the $6,026,000 total given in paragraph 21.08. |

aa. Figure 20. Schedule is no longer applicable.

bb. Exhibit 1,1. The foot bridge to reach the left abutment of
the dam as requested by the Bureau of Reclamation has not been indicated.
This should be shown and costs therefor should be included. The foot
bridge could possibly be located across the stream downstream from the s
dam.

cc. Plates.

(1) Preparation of original tracings for plates should
assure legibility of the report-size reproductions.

(2) Many of the plates and figures do not conform to
paragraph 10c, EM 1110-2-1002 nor standards of the International Commission
on Large Dams which require that general plans, elevations and cross
sections of hydraulic structures be oriented so that the direction of
flow of water is from the top to bottom of the sheet or from left to
right on the sheet. Drawings for future reports and contract documents
should conform to these-requirements.

dd. Plates 15 and 16. Depth for the drainage and grout holes
i , for Plan A do not extend to the same depth as for Plan C. Both plans
§ : are subject to the same reservoir pressures and have the same drainage
i requirements so they should be the same.

ee. Plate 14-A. The purpose of the calculations shown on this
sheet is not clear. Since friction is independent of area of contact
(F =MN), there is no need to assume that the load on the joint plane is
supported at two points. 1In order to determine the sliding resistance
owing to friction on the undulations and to the weight on an inclined
surface, it is necessary only to sum the forces acting normal to a plane
defined by angle ( & T A ) with respect to a horizontal plane and
extracting the horizontal resistance. This summation gives a result
differing somewhat from the equation of average angles shown on the
drawing and is as follows:

S.A = %:[/&,,(5 Z"}[‘) ~lor ?f(-os 2(0 50{2/* /:7,7 ¢ 5/}7/0:0(‘)(;03[930() |

ff. Plates 24, 25 and 26. The upstream faces of the spillway

" i

sections and nonoverflow sections should lie in the same plane using




NPDEN-TE (13 Nov 65) lst Ind 4 January 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

the same batter. The fact that the spillway ogee will be in a different
plane from the nonoverflow downstream face will be masked by the training
walls. The upstream lip on the spillway ogee should not be required.

gg. Plate 28. Although details have not been developed for this
report, the intake works should be more generously proportioned and
concrete members should be made more massive. Consideration should be
given to placing a divider wall behind the trashrack to separate the
power tunnel inlet and the reservoir emptying inlet. If this were done,
wider spacing would be used for the trashrack for the latter and could
consist of reinforced concrete beams. The need for an emergency fixed
wheel gate for the outlet tunnel should be considered further since this
tunnel will rarely be used when the project is in operation (draining
lake only).

hh. Plate 2%. Provide a man door on the penstock in the access
vault to permit inspection without removing the 8-foot length of removable
penstock.

ii. Plate 31 and Paragraph 13.05. Powerhouse operations would
be improved if the office and machine shop were made part of the power-
house building.

jj. Hydraulic Design. The feature design memorandums for this
project involving hydraulic features should include a section in the
text covering hydraulic design. The following comments should be con-
sidered in the appropriate feature design memorandums:

(1) Hydraulic design criteria including preliminary rating
curves for the diversion tunnel to be used both for draining the lake
and diversion during the active construction period should be included.
Similar information should be provided for the outlet tunnel.

(2) Bubbler-type gages for both pool and tailwater gages
should be considered.

(3) The outlet contrcl structure as now shown appears to
lie in the path of flow downstream from the spillway. Diversion of the
flow or relocation of the outlet structure may be required.

(4) On Pertinent Data Sheet 2 the term "deck elevation"
or "top of the dam" should be used rather than "crest of dam".




NPDEN-TE (13 Nov 65) lst Ind 4 Jénuary 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

(5) Operation of the combination of the emergency butterfly
valve, transition and vertical bend in the power penstock shown on
Plate 29 could produce damage to penstock. Consideration should be given
to incorporating and the full transition from 9 feet to 7 feet in the
vertical bend and installation of a 9-foot diameter butterfly valve.
This combination should minimize the head losses in this section of the
penstock. The air vent mentioned in paragraph 8.09 is not shown on the
downstream side of the valve on Plate 29.

(6) Consideration should be given to other types of outlet
control gates i.e., slide gate with offset guides to prevent impingement
of the jet. Criteria for selection of type of outlet control gate should
be provided.

(7) Since the outlet tunnel will be used only rarely after
the project is completed, the control gate should remain open with closure
provided at the intake. A bypass valve and pipe should be provided
between the power penstock and the outlet conduit to permit removal of
the outlet upstream bulkhead or the emergency gate if the latter is
retained.

2. Pursuant to paragraph 6c, EM 1110-2-1150, it is expected that
all design memorandums listed in the schedule of design memorandums will
be forwarded to your office for approval.

FOR THE DIVISION ENGINEER:

' i i/ .
5{ S \‘_..(..“,' l"/ .,}f;
3 Incl ANDREW V. INGE

1. wd 8 cys Colonel, Corps of Engineers

Added 2 incl Deputy Division Engineer

2. Cy 1ltr 7 Jun 65,

NPDEN-TE, w/lst Ind thereto
3. Cy 1tr 28 Oct 65, NPAEN-PR

N P SOOI | TR T 1 1130 1 <1 P e




COPY

ENGCW-EZ (13 Nov 65) 2nd Ind

SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

DA, CofEngrs, Washington, D, C., 20315, 24 March 1966

TO: Division Engineer, North Pacific Division

Approved, subject to the comments of the Division Engineer in the
first indorsemeut and to the following comments:

a. Section 5. In view of the limited cross section width of the

} foundation ridge, the high earthquake potential and the low safety factors

(1.69-2.43) shown in Figures 15A1 and 15A2, there is a reluctance to support
l further consideration of Plan A. The waviness of the weak joints is only

indicated in a very general fashion in the design memorandum data and its
E amplitude is not specified. Figure 10A indicates that the maximum slope
[ between nodes must range between 55 and 70 degrees to provide a safety
[ factor of 4,0 at a weak joint with 15 degrees dip which is filled with

sandy and silty materials. The potential for downstream movement induced
: by vertical earthquake vibrations is a further adverse consideration. 3
; There is general concurrence with the continued investigation of Plans B ]
| and C to provide a firm basis for design. Consideration should be given
i to a revised alignment for Plan C which moves the north half upstream
I about 25 feet from the left abutment to the neighborhood of DH-30 and angles
downstream across Section L to a point about 50 feet east of the end of
the right abutment shown on Plate 8. This alignment would move the dam i
upstream on Sections H, I, J, and K on Plates 13 and 14, 1In general, the
rock contact at the bottom of concrete should be sloped approximately 10
degrees to cross the planes of potential weak joints. Foundation investi-
gations should be adequate to provide assurance that the base of structure
is below all significant weak joints. Similarly the prestressed anchorage
oi Plan B should be of adequate depth to engage all significant weak joints. .
The final cost comparison of the two plans should contain all relevant
i elements, such as special drainage provisions and foundation shaping between
K high and low areas at the island and channel locations.

b. Paragraph 6.12 and lst indorsement paragraph 1 d.(2). The
use of prestressed tendons to reduce the concrete section of the dam in
Plan B does not appear inconsistent with the general safety criteria of
the more critical foundation sections below the rock contact and should
be considered in the analysis.

c, Paragraph 7.08., The cited rule-of-thumb for rock cover necessary
to resist internal tunnel head is unduly conservative. This was probably
meant to state a rock cover in feet equal to 3 times the internal pressure
in pounds per square inch, 1In either event, in this instance, a rock cover
in feet of 1 to 1% times the maximum internal tunnel head in feet, subject
to the quality of the rock is believed ample for resisting the tunnel head.

10




ENGCW-EZ (13 Nov 65) 2nd Ind 24 March 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

d. Paragraphs 7.10 and 8.14. The guide specification for penstock
steel is being revised to ASTM-A516, Grade 60, Firebox quality. The new
specification is equivalent to A201 modified to include fine grain practice,
which is considered worth the small additional cost. This steel should be
specified when the thickness of plate does not exceed 1% inches. 1In view
of high transportation costs for extra weight, consideration may be given
to higher strength steels for economy. Allowable stresses should not
exceed 25 percent of ultimate strength. Where rock restraint is relied
upon to limit penstock stresses to the normal working value of one-quarter
of the ultimate strength, a minimum penstock thickness should be provided
to limit steel stress to 80% of yield or 507 of the ultimate, whichever
is smaller, under the assumption of no rock restraint.

e. Paragraph 14.03. It appears from the limited data presented
in Appendix C, Part 1, that plus 3-inch material is practically non-existent
in source A. Since it is feasible to use 6-inch maximum size aggregate in
concrete for the dam and 6-inch maximum size can be produced from sources
B and C, further studies should consider differences in costs of cementing
materials, as well as differences in temperature development withia the
concrete which would result if 3-inch maximum size were considered in lieu
of 6-inch maximum size.

f. Paragraph 14.05. It is assumed that detailed information will
be presented on the deposit of apparently suitable sand that exists "within
a few hundred yards of source B proper."

g. Paragraph 14.06. This paragraph states that the testing
program will include thermal studies on coarse aggregates for future mass
concrete temperature studies. Tt implies that thermal tests will be
conducted involving coarse aggregate from sources A and B and reliance
will be placed on Dworshak Dam studies for source C. Sufficient testing
of source C materials should be performed to establish that the Dworshak
data may be used with confidence. It appears that only limited temperature
studies will be required due to the relatively small size of structure.

h. Paragraph 14.07. It is doubtful that it would be economically
feasible to utilize two sources of aggregates for this project. The
preliminary proposal for use of materials from source C will involve
approximately 707% of the total project volume of concrete. Therefore, only
307 of the total project volume of concrete would incorporate materials
from source B as tentatively proposed. In further consideration of usage,
estimates of costs should be based on quantities to be produced from each
source if it appears feasible to utilize more than one source of material.

11




ENGCW-EZ (13 lov 65) 2nd Ind 24 March 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

i. With respect to future submission of data, it is requested
that a feature design memorandum on concrete aggregate be submitted to
include all information on aggregate investigations and test results.

j. Figure 20, paragraph 1 jj of lst indorsement and EM 1110-2-1150,
It is roted that this design memorandum contains no specific sections
devoted to hydraulic design information. These studies are necessary to
insure satisfactory sizing and operation of many of the project features
such as tunnels, surge tanks, penstocks, valves, gates, and for determination
of generator and turbine characteristics. If approval of this information
is delayed until the feature design memorandum stage, the already tight
time schedule shown in Figure 20 becomes impossible. Attenticn is here
invited specifically to the scheduled submittal of design memorandums 13
and 16, and the preparation of plans and specifications based on them.
Preparation and approval times should be more realistic. While the
typical outline for general design memorandum shown in paragraph 9 of
EM 1110-2-1150 does not ccntain a specific item devoted to hydraulic
design, subparagraph b of paragraph 7 states "The various design
memorandums should be scheduled and submitted at appropriate intervals
in a manner which will meet the indicated purpose of the definite project
studies and facilitate orderly design and construction of the project"
and paragraph 9 indicates that "any additions required for the specific
case at hand'" should be included in the¢ gencral design memorandum. In
view of this, unless sufficient time can be allowed between approval of
feature design memorandums and preparation of plaans and specifications,
hydraulic design information sufficient for review and approval of the
proposed plan should be provided in the general design memorandum phase.

k. Plate 27. Consideration should be given to using control
gates at the intake of the flood control tunnel instead of the flow- jet
gate at the end.

1. Appendix C. Mixer grinding studies should be made as suggested
on page 4 of the petrographic report.

m. Expanding the digital computer program on Hydro-Power Plant
Transients prepared by MIT under contract No. DA-25-075-CLVENG-59-1 with
the Missouri River Division to suit the Snettisham Project requirements
would furnish a very necessary design tool. The necessary modifications
can be accomplished by the Missouri River Division under a contract with
Mr. Frank Perkins, the author of the completed MIT computer program. Direct
contact with the Missouri River Division to accomplish the necessary work
is authorized.

n. 1st Indorsement paragraph ln. Further planning and design
should be based on the conventional surface powerhouse.

o. Although references are made to use of costs of a comparably
financed alternative for scoping the pronject, no costs figures for the

12
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ENGCW-EZ (13 Nov 65) 2nd Ind 24 March 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

alternative are included in the economic analysis or elsewhere in the
memorandum. These costs, the derivation thereof, and the comparability
ratio should be included in the economic analysis. In the development

of these data consideration should be given to the greater reliability

of the at-site thermal alternative with the view to making the comparison
on more comparable terms.

p. The comparability test is, basically, an efficiency test to
determine whether benefits can be provided by means of a Federal project
at less cost in terms of economic resources (land, labor and materials)
than by comparably financed alternative means. In the instant case it is
noted that 99% of required project lands are currently government owned,
and, therefore, no costs for these lands are included in the project costs.
To meet the objective of the comparability test an economic value for
these lands should be included in the economic analyses. It is noted that
contiguous tracts are valued at $500 per acre, which, if applied to the
governmeni: lands, would increase the project economic costs by about
$7,500,000. Although no comparability test results were included in the
design memorandum computations, it appears that the project would still be
economically justified. 1In future analyses, a value should be determined
for these lands for purposes of economic evaluation. However, the financial
analyses should continue to exclude this value.

q. References to division of responsibility for the constructionm,
operation and maintenance of the project should be consistent in citing
the authorizing Act as the authority for the division.

r. There is some question as to whether or not the energy and
peak power requirements shown in Table 3 and Exhibit 4 are total power
requirements of the area or are limited to the requirements of potential
power purchasers. Usual procedures call for demonstrating the need for
project power based on the total power requirements of the area. Clari-
fication is requested and, if necessary, power requirement data should
be revised accordingly.

s. The design memorandum states that, since existing productive
capability would not be competitive with the cost of projzct power, the
entire load of the area would be supplied by the project power until fully
utilized. This implies that the existing capabilities, indicated to be
about 15,000 kw, will be standby or reserve capacity. The FPC recommends
that the minimum reserve in any system be equal in capacity to its largest
unit, The indicated reserve, therefore, would be insufficient to meet this
requirement and, further, would not be able to supply the estimated load
requirement indicated in Table 3. Therefore, unless additions «re made to
the existing system prior to installation of the first unit, consideration
should be given to concurrent installation of units 1 & 2. The load data
of Table 3 also indicates that in order to maintain adequate reserves,

installation of the third unit may have to be advanced two years,

13
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ENGCW-EZ (13 Nov 65) 2nd Ind 24 March 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

t. A definitive statement should be obtained from the Bureau of
Reclamation to indicate whether or not project power can be marketed at
rates sufficient to recover annual project costs, including interest on
investment, within 50 years.

u. 1lst Indorsement, paragraph le, A freeboard allowance of 1.5
feet on the proposed Long Lake concrate dam was approved in OCE 2nd Indors-
ement, 8 September 1965, on Alaska District letter, 13 August 1965, subject:
"Snettisham Power Project Spillway Design Flood,' on the basis of information
and recommendations presented by the District and Division Engineers in
that chain of correspondence and summarized in paragraph 3,21 of the subject
design memorandum. An increasé in the freeboard allowance from 1.5 feet to
3.0 feet would afford some increase in safety of the dam, including capability
to compensate for possible errors in the spillway design flood estimate,
errors in spillway rating curves or other factors. On the basis of
information presented, there appears to be little reason for increasing the
nominal freeboard allowance of 1.5 feet above the peak surcharge level of
903.5 feet expressly to prevent damages from possible wave action. Sur-
charge levels near the maximum would prevail for only a few hours and sur-
charge above normal full pool level of 895 should be infrequent. Unless
the Division or District Engineers conclude that a higher dam is needed
to assure overall safety, the approved 1.5 freeboard allowance should be
retained.

v. 1lst Indorsement, Paragraph 1 o. The increase in generator
ratings will also increase the cost of the turbines,.

FOR THE CHIEF OF ENGINEERS:

:

~ " A
4;///¢'{.
P -//.‘-:/"""/é' ¥ ,45‘»"; o

WENDELL E. JOHNSON
«€hief, Engineering Division
Civil Works

Incl w/d
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COPY

k NPDEN-TE (13 Nov 65) 3rd Ind
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

North Pacific Division, Portland, Oregon, 29 April 1966
TO: District Engineer, Alaska District

1. Forwarded to note approval and for action indicated in the
preceding indorsements.

2. Paragraphs o, p, r, s, and t or the 2nd Indorsement have been
discussed with OCE. Although these comments were generally covered
in Design Memorandum No. 3, some points require further clarification
and the general design memorandum should briefly summarize all aspects
of the project. The questions raised should be covered by indorsement
or letter report which would be incorporated in the subject design
memorandum.

3. The following comments pertain to the 2nd Indorsement:

a. Paragraph a. The revisions to Plan C proposed in the
2nd Indorsement should be developed as required to establish a cost
estimate of comparable accuracy with other plans being studied. The
results should be furnished either in the feature design memorandum
for the dam or with your reply to paragraph 2 above. The feature
design memorandum for the dam should present a thorough analysis and
cost comparison for dams having a prestressed and a non-prestressed
foundation. The estimate for rock excavation for the prestressed
foundation should provide adequately for removal of loose and open
rock.

b. Paragraph o. A paragraph summarizing alternative costs,
derivation thereof and comparability ratios should be submitted.

c¢. Paragraph p. If the project comparability test is favorable
; when a reasonable cost for lands is included in the analysis, no further
reply will be necessary.

d. Paragraph r. Reference in this paragraph should be to
Table 3 and Exhibit 4 of Appendix A. The comment is raised because
Bureau of Reclamation letter (Exhibit 9, Design Memorandum 3) is not
clear whether power requirements are the total for the Juneau area or
just for loads served by A/J Industries, Inc. and Alaska Electric Light
and Power Co.

i e. Paragraph s. Design Memorandum No. 3, Exhibit No. 10,

indicates local power supplying entities estimate there will be approx-
! imately 20,000 kw available standby capacity in Juneau by the end of

15
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NPDEN-TE (13 Nov 65) 3rd Ind 29 April 1966
SUBJECT: Snettisham Project, Alaska; Design Memorandum No. 7, General
Design Memorandum

1969. Standby requirements based on present planning would be 23,350 kw
by July 1971. It should be ascertained if a firm and realistic estimate
equal to or greater than this amount can be attained.

f. Paragraph t. OCE does not consider that the letter from
the Bureau of Reclamation of 23 April 1965, (Exhibit No. 15, Design
Memorandum No. 3) is sufficiently definite.

g. Paragraph u. This office agrees that 1.5 feet of free-
board is adequate.

h. Paragraph v. OCE has clarified this paragiaph by pointing
out that increases in turbine cost would be those resulting from in-
creased shaft diameter, bearing size, and incidental increases.

4. Request this office be advised by separate correspondence of
the date reply required by the above will be received.

FOR THE DIVISION ENGINEER:

-..
Lr /

/"‘
=y o AL
A7y vl © 7 /{

- Z'GORDON 1)) FERNALD, Jr.
Chief, Engincering Division
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SNETTISHAM PROJECT, ALASKA

PERTINENT DATA

(Based on Recommended Plan of Development in Design Memo #7)

LOCATION:

Near the mouth of Speel River, 28 airmiles southeast of Juneau,
5 Alaska) /

AUTHORIZED: ¢

Flood Control Act of 1962, providing for design and construction
by the Corps of Engineers and for operation and maintenance by

‘\\\\\\;:e Bureau of Reclamation.
7k ,gyle?/f/s//,@;;/ P/’o//l-*c'f' Co yi :;':;‘/: , 7 £ -

PLAN:" /¢ > ¥ a4 Qet 70

gonstruct a concrete gravity dam at t e outlet of Long Lakeésf”/’/
“to raise the lake to elevation 892,1 rill a 8,175-foot pow

tunnel and a 1,710-foot penstock from Long Lake to a 40,600 KW

powerplant at tidewater. Tunnel intake, trashrack and surge

tank are included in the waterways construction. From the

switchyard, adjacent to the powerplant, a 47.3-mile, 138,000-volt

transmission line will extend to a substation near Juneau. Drill

a 6,000-foot power tunnel and a 1,690-foot penstock tunnel from

Crater Lake to the powerhouse. Increase the powerhouse capacity

to 60,900 KW.

PROJECT FEATURES:

Reservoir - Long Lake

Elevation of existing lake surface, feet 815
Elevation of normal full-pool water surface, feet 895
Elevation at minimum operating level, feet 720
Initial active storage capacity, acre-feet 252,000
Active storage after 50-yr. sedimentation, acre-feet 249,500
Active storage after 100-yr. sedimentation, acre-feet 247,000

Reservoir - Crater Lake

Elevation of normal full-pool water surface, feet 1,022
Elevation at minimum operating level, feet 828
Initial active storage capacity, acre-feet 81,000
Active storage after 50-yr. sedimentation, acre-feet 75,000
Active storage after 100-yr. sgdimentation, acre-feet 70,000

PERTINENT DATA
Sheet 1 of 3




Hydrology

Drainage area, square miles

Annual runoff, average (1916-1963),
acre-feet

Annual runoff, maximum (1943), acre-feet

Annual runoff, minimum (1951), acre-feet

Long Lake Dam

Type

Length, feet

Height of maximum section, feet
Crest of dam elevation, feet
Spillway crest elevation, feet
Spillway length, feet

Mass concrete volume, cubic yards

Power Tunnels

Length, feet

Diameter (lined), feet
Capacity, cubic feet per second
Intake invert elevation, feet

Surge Tanks

Diameter, feet

Top elevation, feet

Tunnel invert elevation, feet
Height above tunnel invert, feet

Penstocks

Length, feet
Tunnel diameter, feet
Steel penstock diameter, feet

Long Lake Crater Lake
30.2 11.4
324,300 147,200
421,000 192,000
252,000 113,000

Concrete Gravity

800

110

903.5

895.0

225

65,000

Long Lake Crater Lake
8,175 6,000

9.0 7.0

1,000 450

700 815

Long Lake Crater Lake
25 25

950 1,050

660 795

290 255

Long Lake Crater Lake
1,710 1,690
11.0 10.0

7.0 6.0

PERTINENT DATA
Sheet 2 of 3
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Powerplant

Number units 3
Installed capacity, kilowatts 60,900
Operating head, Crater Lake, feet 828 - 1,022
Operating head, Long Lake, feet 720 - 895
Annual firm output, Kilowatt-hours 331,000,000
Gross Average annual non-firm potential, KW-hours 20,800,000

Switchyard

Capacity, kilovolt-amperes 78,000
Transmission Line
Voltage, volts 138,000
Conductor size, MCM - ACSR 795
Overall length overhead section, miles 44.6
Length of steel tower sections, miles 5.3
Length of wood pole H-frame sections, miles 39.3
Length of submarine cable, miles 2.7

Juneau Substation

Capacity - kilovolt-amperes 80,000

PERTINENT DATA
Sheet 3 0f 3
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FIRST STAGE DEVELOPMENT
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GENERAL DESIGN MEMORANDUM
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SNETTISHAM PROJECT, ALASKA
FIRST STAGE DEVELOPMENT

DESIGN MEMORANDUM NO, 7

GENERAL DESIGN MEMORANDUM

SECTION I - GENERAL

1.01 Authorization.- Snettisham Project was authorized by the
Flood Control Act of 1962, Public Law 87-874, in accordance with the
plan set forth in House Document No. 40, 87th Congress, First Session,
as modified by the reappraisal report dated November 1961. The author-
izing act specified that the project will be constructed by the
Secretary of the Army acting through the Chief of Engineers and that
it will be operated and maintained by the Secretary of the Interior.
Pertinent text of the authorizing act is quoted in Design Memorandum
No. 1, Hydrology, Snettisham Project, Alaska. This General Design
Memorandum, the seventh in a series covering definite project studies
for the Snettisham project, is prepared and submitted in accordance
with EM 1110-2-1150.

1.02 Purpose.~- This design memorandum outlines the studies that
led to the selection of the plan proposed herein including all pertinent
features of the dam, power intake works, powerhouse and transmission
facilities. It also includes an estimated construction schedule out-
lining the desirable rate of construction in order to meet the increasing
needs for power in the Juneau area. Also included is a discussion of
local views and cooperation and the coordination with other FBederal
agencies.

1.03 Scope.- The Snettisham Frejec* will be constructed in two
stages. This General Design Memcrandum covers the first stage of
development which will include the cons*ruction of the Long Lake dam
and power intake works; the powerhcuse structure and the tailrace
facilities; the installation of two turbines, generators, and appurte-
nant facilities; all switchyard and substation structures and improve-
ments as well as necessary staticn equipment to provide for two generating
units' capacity; all transmission lines; all dormitory, office, shop
and storage buildings; and all other general property and equipment
necessary for the operation cf the project. The second stage of develop-
ment, consisting of construction of the Crater Lake power intake works
and completion of the power installation, will be the subject of another
General Design Mem:randum at a later date,

1.04 The recommendations contained herein are based on detailed
mapping in the project area and on exiensive foundation explorations
and geological evaluations. Design studies were made of the dam found-
ations and the stability of the struciure., Additional studies were made
of the transmission facilities and of the features of the power intake
1-1
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works and power plant, including consideration of both underground and
* surface powerhouses. The studies were in sufficient detail to prepare
comparative cost estimates and to select the most economical plan.

1.05 A scoping analysis to determine the most economical type
and height of dam was contained in Design Memorandum No. 3, Selection
cf Plan of Development; therefore, this study does not include that
particular analysis. Economic studies were made to determine the most
favorable type, location and elevation of powerhouse and generating
equipment; the size and type of tunnel, surge tank and penstock; and
the most favorable route, voltage and conductor size for the transmission
line.

1.06 Prior Investigations.- The power potentialities of Crater
and Long Lakes were initially investigated by private interests, the
first in 1913 with subsequent studies made in 1922 and 1928. Although
applications were filed with the U. S. Forest Service and Federal
Power Commission,the applicants failed to make beneficial use of the
water and these applications lapsed. Reports by Federal Agencies
included the Federal Power Commission, the U. S. Forest Service, the
Corps of Engineers, the Bureau of Reclamation and U. S. Geological
Survey. The Bureau of Reclamation began more detailed studies in 1958
and completed a feasibility report in 1959. This report entitled
""Crater-Long Lakes Division, Snettisham Project, Alaska'" was published
in 1961 as House Document No. 40, 87th Congress, First Session. Shortly
thereafter the potential industrial power load upon which the power
facility had been based was eliminated by the decision of Georgia Pacific
Alaska Corporation to forgo a newsprint mill in the area. The project
was reanalyzed, and a reappraisal report was completed by the Bureau of’
Reclamation in 1961. The initial House Document No. 40, as mcdified
by the reappraisal report, provided the basis for project authorization.

T——

1.07 Local Cooperation.- The authorizing act does not require
local cooperation for the project.

1.08 Views of Local Interests.- The State of Alaska has expressed
approval of the project and has urged the early ceonstruction. The
proposed project has been explained to and discussed with locgl groups
on numerous occasions, and has been unarnimously approved by those in
attendance. Officials of the City of Juneau and the local power marketing
agencies have expressed a keen and favorable interest in the project.

i City officials are faced with the prospect of adding additional diesel
i generation to the present system within the next year, and further

| additional generation will be required by 1970. For this reason they
are extremely anxious that this lower cost hydroelectric power be
available to avoid installation of the second additional unit.

| 1.09 Project Locaticn.- As shown on Plate 1. the Snettisham pro ject
' site is located in southeastern Alaska near the mouth of Speel River in
| the Tongass National Forest. It is 28 airline miles southeast of Juneau

| Ll




and 45 miles from Juneau by water. The project and all immediate
surrounding areas lie in a rugged and almost completely unpopulated

region with no existing roads and is accessible only by boat or
float plane.

1-3
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SECTION 2 - PROJECT PLAN

2.01 General.- The principal features of the project plan are
described and are compared with the Project Document plan in this
section., The recommended project plan, as described hereinafter, is
shown on Plate 3. Certain modifications of the Project Document
plan are recommended. These changes have resulted partially from
revised operational planning by the Bureau of Reclamation, who will
operate and maintain the project. Additional changes have been made
as the result of detailed planning studies and more specific field
information.

2.02 Long Lake Dam.- Construction of a dam at the outlet of
Long Lake to raise the existing level of the lake by approximately
80 feet to elevation 895 was recommended in Design Memorandum No. 3.
Details of the dam are shown on Plate 25. The dam will be a gravity
type concrete structure having an overall length of 800 feet and a
maximum height of 110 feet. The spillway will be in two sections
totaling 225 feet in length, with a crest elevation of 895. The 905
top elevation of the non-overflow sections will provide 1.5 feet of
freeboard above the maximum flood pool elevation of 903.5. The
outlet works will consist of a 9-foot diameter concrete-lined tunnel.
The outlet control gate will be located:.'at the downstream portal of
the tunnel. It will be used initially to control the flow through
the diversion tunnel during the draining of the lake.

2.03 Reservoir.,- Pretiminary area-storage curves for the Long
Lake reservoir are shown in Figure 1. After the lake has been drawn
down during construction of the dam, more accurate surveys will be
made and final area-storage curves prepared. The reservoir at full
pool elevation 895 will have a surface area of about 1,960 acres.
The initial active storage capacity will be about 252,000 acre-feet.
No clearing is planned in the area to be flooded by construction of
the dam. Further coordination with the Bureau of Reclamation and the
Forest Service may, however, indicate the desirability of selective
clearing to reduce the amount of debris to be collected at the dam
during operation.

2,04 Power Intake Works.- The intake structure will include
the trashrack and entrance transitions for both the outlet and power
tunnels. The 10 by 27 foot reinforced concrete shaft which will
house the bulkhead and gate slots will be approximately 215 feet in
height. The operating deck and hoist enclosure at the top of this
shaft will be connected to the top of the dam by a 40-foot long bridge.

2,05 The nine-foot diameter concrete-lined power tunnel will
extend approximately 8,175 feet from the intake structure at Long
Lake to the surge tank, The surge tank will consist of a 25-foot
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diameter concrete-lined shaft with a height of 250 feet. A 9-foot
diameter steel-lined riser will connect the bottom of the surge tank

to the penstock. The butterfly valve, which will serve as the pen-
stock emergency gate, will be located immediately downstream from the
surge tank. This valve will be installed in a vault, which will also
allow access to the tunnel and penstock. Access to the valve and access
vault will be provided by a 350-foot unlined adit.

2.06 A section of 9-foot diameter steel-lined penstock will begin
at a point 25 feet upstream from the surge tank riser. This will be
reduced to 7 feet through the butterfly valve and the compound bend
at the upper end of the inclined section. Approximately 60 feet from
the powerhouse, a wye branch will be installed with two 4-foot diameter
penstocks continuing to the powerhouse. A short section of the Crater
Lake penstock tunnel will be driven, and a portion of the steel lining
installed at the time of initial construction. High-strength steel
will be used in the lining of the lower portions of the penstocks.

2.07 Powerplant.- The powerhouse will be a conventional reinforced
concrete structure located at sea level. The initial installation will
consist of two 20,300 KW generating units supplied by the Long Lake
penstock. Provisions will be made for future installation of a third
unit of equal size to be supplied from Crater Lake. An additional valved
connection between the Crater Lake penstock and the second Long Lake
unit will be included, as requested by the Bureau of Reclamation. This
will allow continued operation of two units from either lake during a
shutdown of either tunnel or penstock. The minimum tailwater elevation
will be maintained at minus 3.0 by a control sill. An excavated
channel will convey the water from the powerplant at low tides. It
will have a bottom width of 80 feet and a slope of one foot per thousand.

2.08 Transmission Facilities.- A 138,000-volt, single-circuit
transmission line will carry project power to the load center at
Juneau. Total line length will be 47.3 miles. The nature of the
topography of the route dictates three types of construction. Steel
or aluminum tower structures will be used for a distance of 5.3 miles
near the Snettisham end. Wood-pole H-frame structures will be used
over the remaining 39.3 miles of the overhead portion of the line.
Taku Inlet will be crossed by submarine cable using four, single-
conductor, 138,000-volt cables. The fourth cable is included as a
spare and will be used in parallel with one of the other cables under
normal operating conditions. The total length of the crossing will
be 2.7 miles. Transformers and switchgear at both terminals of the
transmission line will be installed as required in coordination with
the installation of generating units in the powerplant.

2.09 Departures from Project Document Plan.- The major departure
from the plan presented in the Project Document is the increase in
the normal full pool elevation of Long Lake from 815 to 895 by the
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construction of a dam. Studies prior to authorization of the Snettisham
project indicated the desirability of a dam at the outlet of Long Lake.
Although limitations of time and funds for adequate field investigations
precluded the recommendation of a dam at that time, it was indicated
that further studies of the feasibility of such a dam should be made.
Detailed planning studies have therefore been made which resulted in

the present recommendation for the construction of the dam.

2.10 Another departure from the Project Document plan is the
routing of the transmission line. Planning studies concerning the
construction and maintenance problems presented by the previously
recommended overland route resulted in the selection of the slightly f
longer coastal route. Economic studies performed during preparation
of this design memorandum also resulted in a change in the recommended
transmission voltage from 115-KV to 138-KV.

2.11 Also of significance was the decision by the Bureau of
Reclamation to forgo the construction of family housing for employees
at the project site. This resulted in the recommendation of a single
20-man dormitory in place of the fifteen family dwellings included in
the Project Document plan.

2.12 1In addition to the changes in the project resulting from
the above-described major departures from the Project Document plan,
numerous other changes in the location and characteristics of specific
features resulted from detailed planning studies subsequent to project
authorization. All of the changes in the Project Document plan are
considered within the scope of the Project Document plan and generally
have been approved during the course of the pre-construction planning
studies.

2.13 Estimated Costs.- The estimated construction cost for the
recommended project plan, based on October 1965 price levels, is
$53,300,000, excluding interest during construction. Of this cost the
first stage development constitutes $40,300,000 and the second stage
$13,000,000. These estimated costs are summarized in Table 3 and
detailed in Table 5.
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SECTION 3 - HYDROLOGY AND WATER CONTROL

3.01 Basin Description.- The area of the Long Lake drainage
basin is 30.2 square miles; of this, about 8.4 square miles or 28
percent is covered with permanent snow and ice fields. The elevations
range from 814 feet at the existing lake level to 5,193 feet at the
highest point. The reservoir is confined between steep rock walls,
except at the upper end where a glacial delta slopes gently to the
rough terrain beyond. Figure 1 presents the area elevation and stor-
age curves for the Long Lake reservoir. The basin is shown on Plate 2.

3.02 Climatic Data.- The Long Lake drainage lies well within
the area of the maritime influence which prevails over the coastal
area of southeastern Alaska. Consequently the area has little sun-
shine, generally moderate temperatures and abundant precipitation.
The months of April through July mark the period of lightest pre-
cipitation with monthly averages at the lower elevations ranging from
4 to 8 inches. After July, the monthly rainfall increases until the
peak month averaging about 20 inches is reached in October. Monthly
precipitation averages then tend to decline from October to April.
Normal annual runoff from Long River basin and Crater Creek basin is
194 inches and 230 inches, respectively. Normal annual precipitation
for these two basins is estimated to exceed these values by 10 per-
cent. Temperature variations, both daily and seasonal, are usually
confined to rather narrow limits by the dominant maritime influences.
Variations considered on a seasonal basis range from a monthly normal
temperature of 25°F in January to 55°F in July. Extremes cover a
range of 105°F; from the July maximum of 84°F to the December minimum
recorded of -21°F. The average annual temperature is approximately 40°F.

3.03 Snow surveys were initiated at four locations in the Long
Lake area during the fall of 1964. The results of one course, which
may be considered typical of the powerhouse area, are tabulated below:

Date 3 Mar 65 1 Apr 65 30 Apr 65 5 May 65
Depth, inches 92 73 64 62
Water Content, inches 34 31 29 28

From 1 November 1964 to 30 April 1965, the period during which snow is
normally expected to accumulate, 27.95 inches of precipitation was

recorded at the Juneau airport. This value compared to the normal of
23.48 inches represents an increase of 19 percent. Assuming the same
ratio applied to snowfall at Snettisham, the normal snowpack would be
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somewhat lower than the values given above. A more complete description
of the climatology of the Snettisham area is included in Design Memo-
randum No. 1, Hydrology.

3.04 Runoff Characteristics.- Runoff characteristics of streams
in southeastern Alaska are subject to maritime influence. This in-
fluence greatly increases the runoff per square mile and also changes
the timing of high flood flows from that experienced in central or
interior Alaska. While flood peaks do occur in May and June, due to
snowmelt runoff, the yearly peaks generally center around the month of
September. These peaks are due to the intense fall rains. The peak
discharge frequency for Long River is shown on Figure 2. Normally,
about 75 percent of the annual runoff occurs during the six-month
period of May through October. In general, there is very little soil
over the underlying rock in the area; hence the facilities for ground-
water storage are exceedingly scant and the major components of runoff
are mainly surface flow with some subsurface flow and almost no ground
water or base flow. Therefore, during dry spells the flow in small
surface water streams becomes exceedingly low. The average annual
runoff of Long River is 336,900 acre-feet, with 430,500 as maximum and
276,500 as minimum. Average, maximum and minimum annual runoff for
Crater Creek are 139,800, 165,000 and 117,000 acre-feet. Maximum and
minimum instantaneous peaks for Long River are 5,970 cfs and 2,400 cfs.
Crater Creek's maximum and minimum annual peak discharge are 3,100 cfs
and 1,270 cfs. The summary hydrograph for Long River is shown on
Figure 3.

3.05 Recorded Streamflows.- The U. S. Geological Survey collects
streamflow records at Long River and Dorothy Creek, near Juneau. Stream-
flow records used in this study are as follows:

Station Period of Record Drainage Area (sq mi)

Crater Creek at Crater Lake
Qutlet Feb '13 to Dec '20 11.4
Jun '23 to Sep '23
Jun '24 to Sep '24
Jun '27 to Dec '32
Dorothy Creek Oct '29 to Oct '41 15.2
Sep '42 to Dec '43
Jun '44 to present
Long River Oct '15 to Sep '24 32.5
Oct '26 to Dec '26
Jun '27 to May '33
Oct '51 to present
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3.06 Simulated Monthly Flows.- The present practice in design
of water resource projects includes the routing of monthly streamflows
based on past records through project facilities in order to determine
project accomplishments. A system of synthesizing monthly runoff is
used to overcome some of the deficiencies in the present practice of
assuming that historical runoff will be repeated. Synthesizing per-
mits a reasonable mathematical determination of expected project
benefits insofar as hydrologic factors are concerned. In order to
examine the project under more realistic assumptions, forty independ-
ent 50-year periods of monthly records were generated synthetically.
The procedure followed is outlined in "Technical Bulletin No. 1,
Simulation of Monthly Runoff,'" published by the Hydrologic Engineering
Center of the U. S. Army Corps of Engineers, Sacramento, California,
in November 1964. The project was then examined using higher than
and lower than normal flows for a 50-year period. The results of
this examination shows that should the 50 years be wetter than normal,
the effect on prime power would be negligible. However, should the
50 years be dryer than normal, the effect would be a reduction of up
to 3 percent in the amount of prime power that could be generated. A
frequency curve was derived using the values of the developed forty
50-year periods and is shown on Chart 4 of the Power Appendix. As
may be seen from this chart, there is a 90 percent chance that the
average annual volume in acre-feet for the next 50 years will be in
the range of 316,500 to 330,400 acre-feet. The following is a tabu-
lation in descending magnitude of the average flows in acre-feet per
year of the forty 50-year periods:

AVERAGE ANNUAL FLOWS
PER 50 YEAR PERIOD

ACRE FEET
333,700 325,600 323,400 320,800
331,800 325,500 322,900 320,800
328,600 325,500 322,700 320,500
327,200 325,300 322,700 320,100
326,900 325,100 321,900 319,200
326,700 324,500 321,800 319,000
326,300 324,400 321,500 318,400
325,900 324,200 321,300 318,000
325,800 323,800 321,300 318,000
325,600 323,500 320,800 311,200

3.07 Spillway Design Flood.- Since a dam will be constructed
at the outlet of Long Lake, derivation of a spillway design flood is
necessary. Both a spring flood due to rain and snowmelt and a fall
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flood due to rain were developed to determine which would be more criti-
cal. The IBM 1920 computer in the North Pacific Division office was used
in these developments with general guidance provided by their Water
Control Branch. Criteria used in the study are as follows:

a, May, three-day probable maximum precipitation of 24.4 inches.

b. September, three-day probable maximum precipitation of 33.2
inches,

c. Snowpack water equivalent of 52 inches on 15 May.

d. Losses to groundwater and atmosphere considered negligible
due to the underlying rock, high humidity and preliminary snowmelt.

e. Two routings of the May flood were made with initial lake
stages at 875 fcet and 895 feet, respectively.

f. September flood routed using an initial pool elevation of
896.3 feet.

g. Routing phases were varied until a reasonable lag time was
found.

h. A high base flow of 1,400 cfs was assumed during the September
storm to account for glacial melt and anticedent rains.

3.08 Critical hydrometeorological data were supplied by the Hydro-
meteorological Section of the U. S. Weather Bureau. Solar radiation was
calculated using CRREL's Research Report No. 160, '"Daily Sums of Global
Radiation for Cloudless Skies.'" Snowmelt rates were calculated using
EM 1110-2-1406, "Runoff from Snowmelt.'" The snowmelt computations are
shown on Table 1. The block diagram which depicts the sub-basin divi-
sions used in the computer program is shown on Figure 4. These sub-
basins are also shown on the Basin Map, Plate 2.

3.09 Two lake stages, 875 and 895, were used in the May flood
routing as it is quite probable that the lake will be drawn down low
every spr 1g. Pool regulation and power studies indicate that the
maximum May elevation would be 855 feet. Twenty feet was arbitrarily
added to this as a safety measure. During the September flood, it is
reasonable to assume that the pool will be up to the spillway crest
elevation of 895 feet. At the start of this flood, it was also assumed
that of the 1400 cfs base flow, 1000 cfs would be passing over the spill-
way, with 400 cfs passing through the powerhouse. This 1000 cfs makes
an initial pool elevation of 896.3 feet.
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3.10 The September flood is the most critical with a peak in-
flow of 30,400 cubic feet per second (cfs), a peak outflow of 21,300
cfs and a maximum pool elevation of 903.5 feet. The May flood, with
starting pool elevation of 875, produced a peak inflow of 22,800 cfs,
a peak outflow of 14,700 cfs and a maximm pool elevation of 901.8.
With starting elevation at 895 and a peak inflow of 22,800 cfs, the
peak outflow is 16,100 cfs and the pool reaches a maximum elevation
of 902.1 feet. The above values are for a 225 foot wide spillway.
The September and May floods are shown on Figures 5 and 6, respec-
tively.

3.11 Spillway crest elevation is 895 feet and the width is 225
feet. A width of 225 feet was originally chosen working with a
design head of 10.5 feet. When the floods were developed and routed,
widths of 200, 225 and 250 were used. This narrow range in width
selection was maintained because of the physical characteristics of
the dam site. The results of these routings of the September flood
with initial lake stage at 896.3 feet and a spillway crest of 895
feet are as follows:

Spillway Width Peak Outflow Elevation
Feet cfs Feet
200 20,000 903.8
225 21,300 903.5
250 21,300 902.9

3.12 Ice.- Long Lake normally freezes over in November and is
usually free of ice by late June although isolated blocks of ice
still exist in late July. 1Ice measurements made in March of 1965
revealed thicknesses between 4 and 5 feet over the entire lake.

The upper foot was composed of layers of snow and ice saturated
with water and partially refrozen. It is believed that the
saturated upper layer is caused by the depression of the original
ice layer by the weight of subsequent snowfall. This allows lake
water to overflow onto the original ice surface. This overflow
water then freezes and the process is repeated. This ice cover will
have no significant effect on project operations due to the depths
at which the intakes will be located.

3.13 Sedimentation.- There are no data presently available
concerning sediment loads carried by the streams tributary to Long
Lake reservoir. The streams are predominately glacial and as such
carry suspended sediment and bed loads. Measurements of the sus-
pended sediments in the existing lake were made in the spring and
summer of 1965. The results of these data are summarized in Table
2. The first set of observations were made in March 1965 through

3=5




5 to 6 feet of ice cover. The second set of observations were made in
July 1965 after virtually all of the ice cover had melted from the lake
and overturning had occurred. These observations indicated an extremely
low concentration of suspended sediments. Observations of the delta
formed at the head of the lake indicates that a large amount of bed load
material is being deposited. This material is water borne and a fairly
rapid rate of deposition is indicated. This material ranges in size
from 4 inch cobbles to fine sands. 1In addition to the material being
transported to the lake by water, a substantial amount is introduced by
the action of snow slides. Some of this latter material is organic and
most of the material is deposited in the portion of the lake that will
become inactive storage.

3.14 Because of the lack of information on the actual sediment
load carried into Long Lake reservoir, it is not possible to compute
the annual storage depletion v direct methods; however, a reasonable
estimate may be made by indirect methods. The Tonsina River, located
in the Copper River Basin, has a drainage area with characteristics
similar to that of Long Lake. Forty-seven suspended sediment measure-
ments made during the last few years indicate an average suspended
sediment concentration of 113 parts per million. Applying this ratio
to Long Lake's average annual inflow of 324,300 acre-feet yields an
annual sediment inflow of 37 acre-feet per year. Measurements of the
suspended sediments near the lake outlet indicate an average concen-
tration of about 5 parts per million. This would indicate a suspended
sediment outflow of about 2 acre-feet per year. Thus about 35 acre-
feet per year are contributed to the reservoir by suspended sediments.
No data are available concerning movement as bed load; however, for
the purpose of this study an average annual contribution of 15 acre-
feet has been assumed, thus yielding an average annual total storage
depletion of 50 acre-feet. Observation of the uniformity of the
suspended sediment concentration throughout the lake indicates that
almost all of the inflowing materials are deposited shortly after
reaching the lake waters; therefore, it may be assumed that all of
the storage depletion will occur in live storage. It is tentatively
planned to establish seven '"Detailed Study Ranges.'" A stream gaging
station is proposed at the location shown on Plate 2. Suspended sedi-
ment and bed load samples will be collected at this station.

3.15 An interesting phenomenon may be observed when the lake
is drawn down for construction. It is planned to draw the lake
level down to elevation 680. This is well below the minimum power
pool and it is expected that the inflowing waters will wash some of
the sediments out of the active storage area and deposit them in the
dead storage area. In order to examine this it is planned to map the
exposed floor of the reservoir immediately after drawdown and just
prior to refilling. A revised storage area curve will be prepared.
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3.16 Hydrometeorological Data Instrumentation.- In order to
insure efficient utilization of the projects water resources, it is
considered necessary to install instruments to measure and telemeter
precipitation, temperature, wind, reservoir stage, tailwater and
tide stage and the accumulated snowpack in the area.tributary ‘to
the reservoir, It is presently proposed that the telemetered infor-
mation will be received and recorded in the powerhouse control room.

3.17 Two permanent climatological stations are proposed: a
standard cooperative station in the camp area and a second station
to be in the area tributary to the reservoir. Information from the
second station will be telemetered to the powerhouse. An anemometer
will be installed near Taku Inlet., Data from this installation will
be used in the transmission line design and the site will be abandoned
when this need is fulfilled.

3.18 A reservoir stage gdge will be installed during the con="
struction of the dam and outle: works. Because of the wide range in
reservoir elevations it will not be feasible to install a vertical
shaft for the float gage. An inclined gage similar to that developed
by the U. S. Bureau of Reclamation for operation of their Eklutna
project or a bubbler type gage will probably be installed. It will
be necessary to transmit this information to the powerhouse either
by accontrol cable or a remote radia system. A standard float tail-
water gage will be installed on the downstream side of the powerhouse.
This information will also be telemetered to the powerhouse.

3.19 The snowpack in the area tributary to the reservoir will
be measured by a Pressure Pillow of the type recently developed by
the U. S. Soil Conservation Service. This device has been tested
and has worked well on Mt. Hood, Oregon, where the snow conditions
are quite similar. This information will be telemetered to the power-
house. Additional snow courses may be established, if needed.

3.20 The estimated costs for the above instrumentation are as
follows:

Climatological Stations $ 5,000
Anemometer 3,000
Reservoir Stage Recorder 5,000
Tailwater Stage Recorder 3,000
Pressure Pillow and Snow Courses 5,000
Tide Stage Recorder 3,000
Telemetering Network 24,000
Contingencies 7,000

Total Cost $55,000
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3.21 Freeboard Allowance.- The freeboard allowance is 1.5 feet,
giving a top of dam elevation of 905 feet. This allowance is based on
the following criteria:;

a. The pool will be at maximum elevation for only a few
hours during the Maximum Probable Flood.

b. The material upon which the dam will be huilt is rock,
not susceptible to eroding, and overtopping of the dam would be non-
damaging.

c. The fetch for wave build~up is quite short, with 40 .-
miles per hour winds producing two-foot waves. However, as the Pro-
bable Maximum Precipitation storm comes from the sea, the wave pro-
ducing winds during the storm would send waves to the opposite end of
the lake.

d. The downstream channel and vicinity is steep, rocky, un-
populated and has a short distance of five miles to tidewater.

3.22 Tailwater Data.- The powerhouse and operating facilities
are not located in the valley below the dam; therefore, releases from
the spillway or outlets will not affect these designs. The power-
plant housing and operating facilities will be located slightly above
sea level in the area indicated on Plate 3. 1In order to accurately
determine the range of tides to be expected in the project area, a
recording tide gage was installed on Speel Arm at the point indicated
on Plate 2, This gage was placed in operation on 11 January 1965
and tidal records from that time to 24 August 1965 were collected and
analyzed. Highest and lowest expected tides were obtained by a direct
correlation with the highest and lowest tides observed at Juneau. The
results of these studies are presented in the following tabulation:

Snettisham Juneau

Local Datum MLLW

Highest Expected Tide 11.4 22.6
Mean Higher High Water 4.76 16.40
Mean High Water 3.73 15.40
Half Tide Level -2.90 8.50
Mean Low Water =952 1.60
Mean Lower Low Water -11.14 0.00
Lowest Expected Tide -16.8 -5.8
Tidal Range 28.2 28.4




The tide data described above is based on a seven-month period of
record. This is not considered to be enough record for an abso-
lutely accurate determination of the tidal characteristics; therefore,
after one Lunar year of record has been obtained, another analysis
will be made. It is not expected that these latter values will
differ from the previous values by an amount significant enough to
affect the project design.

3.23 Design Wave on Speel Arm.- A storm wave of 2.9 feet has
been computed for the camp and powerhouse area. This is based on a
60 mile per hour southerly wind. This wind is considered to be
sufficiently rare for design standards.



SECTION 4 - GENERAL GEJOLOGY AND SITE INVESTIGATIONS

4.01 Background Information.- Although much of the following
general geologic background information is similar to that submitted
in Design Memorandum No. 3 (January 1965), a number of significant
changes or modifications have been developed as a result of further
evaluations and studies performed during the recent 1965 field
season. This report presents results of the most recent explorations
and office studies and, therefore, supersedes the geological informa-
tion contained in Design Memorandum No. 3.

4.02 Introduction.- Both the geographical and geological settings
for the Snettisham hydro-electric development present many important
features which will have a significant influence on the planning,
design, construction and ultimate operation of the project. The
following summarized presentation of this environmental setting is
based upon backgrouand data contained in United States Geological Survey
publications, and upon extensive field investigations and studies
conducted by Alaska District during the 1964 and 1965 field seasons.

4.03 Geographical Setting.- The Snettisham project is located
within the Toagass National Forest on the Alaska mainland, approxi-
mately 28 air miles southeast of Juneau (Plate 1). The project area
lies in a very rugged and almost completely unpopulated region with
no existing roads, and is accessible only by boat or float plane. The
climate, typical of southeastern Alaska, is characterized by moderate
temperatures at sea level, mild winters, cool summers and heavy precipi-
tation, mostly in the form of rain. The annual rainfall averages approxi-
mately 140 inches at the project and snowfall during winter months some-~
times accumulates tc depths of ten feet or more. Forest cover with
accompanying dense undergrowth extends from sea level to a maximum
altitude of approximately 2,500 feet, but these timbered areas are often
broken by large muskegs which do not support tree growth.

4.04 Regional Geology.- A complete treatment of all aspects of
the regional geology and of its application to the development and
operation of the Snettisham project will be submitted in a "General
Geology Design Memorandum'" scheduled for completion in June 1967. The
following discussion provides a brief but overall geological background
of southeastern Alaska covering the essential features of the geolcgical
environment commensurate with the scope of this report.

4.05 The southeastern coast of Alaska is generally a coastline
of submergence resulting at least partially from geologically recent
rises in sea level. As such, it has well developed drowned river
valleys or "fiord" type features wherever westward flowing rivers meet
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the sea (Plate 4). These "fiord" type features have also been caused

by the unusually deep scouring of river valleys in their lower reaches

‘ by past glacial action. Extensive stream aggradation with resultant
valley clogging by alluvial sediments has occurred in many of the larger
river systems near their mouths. When combined with the unusually high
tidal ranges in the area, this has given rise to extensive tidal mud
flats along portions of the inundated coastline. As an overall result,
many streams have braided and meandering patterns throughout the lower
reaches of their drowned valleys. In sharp contrast to these gentle
stream gradients near the immediate sea coast, many precipitous stretches
cccur as streams emerge and cascade down from steep mountain fronts
which parallel the irregular coastline. Most major streams have active

y glaciers at their headwaters and their courses from these points of
origin to the sea are usually well marked by typical glacial erosional
features such as '"U'"-shaped valleys, cirque lakes, hanging tributary
valleys, truncated spurs, and morainal deposits. L

4.06 The country rock of this portica of scutheastern Alaska consists
of rock units derived from and associated with the Coast Range batholith.
This batholith is a very extensive and complex body of igneous and meta-
morphic rocks which generally parallels the Pacific coastline and trends,
therefore, in a roughly northwest-southeast direction (Plate 4). The
intrusion of the batholith into formerly existing sedimentary rocks is
believed to have occurred in Cretaceous time (approximately 120 million
years ago) probably during the "Laramide Revolution." This represents
an epoch of geologic time in which many such world-wide batholithic
intrusions and mountain making processes were taking place on earth. The
intruded area has since been re-uplifted by orogenic movements to form
the present Coast Range of mountains, and as such now contains igneous
rocks of the original batholith in addition to composite mixtures of
igneous and metamorphic rocks derived from alteration of the pre-Cretaceous
sedimentary rocks.

4.07 This entire uplifted igneous-metamorphic complex has since
been highly modified by the various agents of erosion. Most prominent ;
of such agents has been ice from all four of the major continental ice
sheets of the Pleistocene epoch and from associated alpine glaciation.
Water erosion by rivers and streams has also played an important role
in sculpturing the mountainous landscape of this general region, but
most of such subsidiary erosional patterns are superimposed on the more
dominant glacially carved features. To a large extent the most prominent
erosional features have been developed along joints, faults and lithologic
boundaries, which in past times have afforded initial degrees of differ-
ential erosion along which water courses and later glacial courses could
become firmly established. Most major valleys and even minor tributary
draws throughout this area are therefore topographic expressions of the
primary and secondary rock structures of the region. Major faulting
and much of the jointing reflected by this topographic expression has
resulted from crustal movements which have taken place after the intrusion
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and consolidation of the Coast Range batholith. These crustal move-
ments are believed to have taken place in conjunction with the latest
orogenic upheaval resulting in the formation of the present Coast
Range mountains, but some such rock cleavage may also be related to
earlier stresses resulting from ccoling of the original batholith.

4.08 Isolated zones of heavily fractured or decomposed bedrock
that are now seen to exist are almost always associated with faulting
or with close systems of jointing. With the exception of these
localized zones of rock deterioration, few deep pockets or area-wide
zones of deep residual weathering are believed to exist throughout
the extensive reaches of the Coast Range mountains. This is believed
to be due primarily to the very recent advance and retreat of regional
glaciation in the area. Such a noticeable lack of widespread, deeply
weathered zones in bedrock in an area of 142 inches of annual rainfall
is a very rare phenomenon and can only be explained by the efficient
removal of nearly all regolithic materials by glacial scour. This
scouring has been sufficiently recent to prevent a build-up of
significant further residual weathering products on the bedrock surfaces.
Accumulations of uncomsolidated materials derived from these sources
and transported from their points of origin may now be seen in debris
cones at the heads of glacial lakes, in alluvial fan outwash deposits
and as alluvial or moraine fillings in the canyons and valleys of
the region.

4.09 Project Site Geology.- Tre predominant rocks which occur
within the immediate area of the Snettisham project consist of quartz
diorite, gneiss, and some localized phases of biotite schist which
all occur in a somewhat iaterwoven and random distribution pattern
throughout the main rock body at the site (Photo 24,. Due to recent
glacial scour in this area and resultant removal of most weathered
surface rock materials, the majcrity of the bedrock which will be
encountered by proposed engineering structures will be relatively
fresh, dense and of durable quality. Localized exceptions to this
will definitely occur, chiefly in associaticn with the several major
shear zones which occur in the area. These relatively narrow zones
in which the rock has been crushed and broken have allowed much easier
access to percolating ground waters and these waters have impcsed a
substantially higher degree of chemical alteration on the sheared rock
than is to be found in other non-disturbed portions of the general rock
body. Granitic type rocks such as quartz diorite and gneiss contain
high percentages of the feldspar mineral plagioclase which upon chemical
decomposition by ground waters with dissolved carbon dioxide (carbonic
acid) yield the clay mineral kaolin. 711 connection with this feature,
there has been found to exist in surface exposures from one to six
feet of plastic fault gouge, mylonite and associated lesser quality
rock materials alcng the central portions of the larger shear zones.
Borings which have penetrated these same fault zones at depth have
shown less clay gouge than at surface exposures (Photo 20). This is
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probably due to the greater amount of weathering and kaolinization which
occurs at the ground surface than at depth. Adjacent to and occurring
in relatively narrow belts parallel to the central clay gouge seams are
br-ken and weathered zones of less competent rock., which represent
border phase fracturing within the stress influence of a given shear
z.1e. Because of the overall lesser quality rock materials associated
with the larger shear zones and to some extent the close systems of
juints, exact locations and orientations of all such pertinent rock
structural features with respect to the locations of proposed engineering
structures is a factor of considerable design importance. (See geologic
map. Plate 6.)

4.10 Seismic Considerations.- While the presence of major fault
zones does testify to the existence of seismic activity in this imme-
diate area during the geologic past, it is generally believed that all
sich movements along these faults are sufficiently remote in geologic
time as to preclude ccncera of their further adjustments during the
life of the project. To the extent possible, attempts to confirm this
premise have been made by searching for obvious cffsets in recent
glacial or alluvial strata at points where they cross known major faults,
but thus far no such evidence of recent faulting activity has been
fuund anywhere near the immediate project area. The proximity of the
Saettisham Project to a major zone of crustal weakness does, however,
make it prudent to design important structures at the project for
fairly substantial earthquake accelerations. Part of this major
crustal zone of weakness is called the "Pacific Ring of Fire" and is a
relatively narrow world-wide belt along which some 80 percent of the
w.trld's major earthquakes occur in addition to appreciable amounts of
volcanic activity (Figure 7). The Pacific belt starts below the southern
tip of South America, extends northward along the entire southeastern
a-d southern coast of Alaska and continues along the Aleutian Chain
finally curving to the southwest toward Asia. The 1957 seismic proba-
bility map by the Coast and Geodetic Survey has placed the area in
wtich the Snettisham Project lies in seismic Zone I (Plate 5). Inas-
much as these very arbitrary boundaries are very compressed in this
area and earthquake nagnitudes of 8 plus have been recorded within
c¢ily 80 miles of the project, the Snettisham Project is considered
as being in Zone IIL for which magnitudes of 6.0 aand above would be
anticipated. Use of Zone TII magnitude was recommended in Design Memo-
randum Nc. 3 and approved by higher authority. This meaas that the
design of all major rigid structures such as a dam will include horizon-
tal earthquake accelerations of 0.1 gravity cr greater, and other more
flexible works such as building structures will assume minimum "Z"
valies of 1.0 (EM 1110-345-150).

4.11 Except for the Long Lake tunnel, no important structures will
be coastructed across major fault zones. This tunnel will pass through
wrat ave considered to be three major faults (Plates 6 and 20)}. A dam
at L_.ag Lake outlet would have several minor faults in portions of its
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foundation (Plate 9). In all cases of such required association of
engineering structures with known fault systems, remedial treatment
will generally be directed toward leakage control and replacement
of lesser quality rock materials with dental concrete. No special
design is planned to compensate for any movement along such faults
within the life of the structures.

4.12 Geologic Explorations.- During the 1964 field season
22 holes were drilled (6,678 linear feet), 37 hand auger borings
and 68 test pits were dug. During the 1965 field season 40 holes
were drilled (2,884 linear feet), 36 auger borings and 58 test pits
were dug. In addition 6,000 feet of seismic line were run in the
1965 field season.

4.13 Plates 6 and 6A show the locations and types of all
explorations performed to date at the site. Sixty-one core drill
holes, comprising a total of 9,512 feet of NX and BX diamond
drilling and 50 feet of 6'" drilling have been completed to date by
Alaska District on all features for the project site investigation.
Of this total, 34 holes (4,309 feet) have been drilled at the Long
Lake dam site (Plates 7 and 8 and Logs in Appendix C); three holes
(552 feet) have been drilled at the Long Lake intake structure
locations; three holes (1,613 feet) have been drilled along the power
tunnel alignment; two holes (1,295 feet) along the penstock alignment
and 20 holes (1,700 feet) in the underground and surface powerhouse
areas (Plates 17, 18, 19 and Appendix C). In addition to these
exploratory borings, the Bureau of Reclamation had previously drilled
three holes (104 feet) in the Long Lake dam foundation and two holes
(92 feet) in the surface powerhouse area. Explorations conducted
for the purpose of natural concrete aggregate investigations to date
consist of shallow test pits and five drill holes (Appendix C).
Foundation investigations along possible access routes and at the
dock site consist of 61 hand auger borings, eight vane shear borings,
and 34 wash probe holes.

4.14 Other Types of Investigation.- All of the foregoing sub-
surface exploratory work has been augmented by geologic mapping,
seismic surveys, bore hole photography, underwater TV camera study
(Photo 11), SCUBA diver-geologist examination (Photo 10) and labora-
tory testing of materials obtained from drilling and test pitting
operations. Results of these other investigation studies are
included wherever appropriate along with the general treatment for
each of the project features discussed in this design memorandum.

A complete report on the lake bottom diving reconnaissance as
written by the SCUBA diver-geologists from Scripps Institute is
included in Appendix C.
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SECTION 5 - GEOLOGIC EVALUATION OF DAM SITE

5.01 Geologic Nature of Dam Site.- Power and economic studies have
shown that construction of a dam at the outlet of Long Lake to raise the
pool level to elevation 895 will enhance the overall economic feasibility
of the project. The relatively restricted level area available at the
outlet of Long Lake, combined with several adverse effects of the valley
geometry, has sharply limited the choice of dam designs which are
economically feasible at this site Foremost among these adverse features
are the fast drop-offs in rock slopes which occur both upstream and down-
stream of the site and which continue for several hundred feet below the
highest point of the lake outlet ridge where any dam axis would have to
be located (Photos No. 2 and 5)., This rather narrow rock ridge remnant
now remaining at the lake outlet after the last glacial retreat has
caused a serious problem in obtaining adequate base widths for proposed
dam structures,

5.02 One of the first features of this unique dam site that required
investigation was the true nature of the rock mass, the topmost portions
of which now form the present dam site ridge. The chance that this rock
mass might have been a landslide rather than a resistant ridge of true
bedrock was a possibility that warranted close investigation. However,
subsequent geologic and foundation studies show the rock mass at the
outlet to Long Lake has an observed and proven continuity of structural
geology and lithology across the dam site and well into the abutments,

In addition to this principal method of proof, the following other lines
of evidence are believed to definitely substantiate the premice that Long
Lake dam site is not a rock slide mass: (1) there are no visible scars
on either mountainside where such a large slide might have originated;
(2) in-place bedrock can be followed by eye along outcrops from the dam
site ridge to points several hundred feet lower on the downstream side;
(3) pressure testing of bore holes shows generally tighter rock with depth;
and (4) SCUBA diver-geologists made careful note of glacial grooving and
striations along the underwater upstream face of the dam site ridge.

(See Photo 10 and Diving Report, Appendix C.,) Only in-place rock could
have resisted and deflected the advancing glacier upward at this point.

5.03 Suitable Dam Types.- Because of the narrow and steep dam site
ridge, both earth and rockfill type dams with their relatively large base
width to height requirements have been eliminated from consideration as
feasible developments at this site, Some preliminary studies were made
on the possibility of constructing a rockfill dam, chiefly because of the
unlimited quantities of excellent quartz diorite bedrock available at
the site for the manufacture of rock shell materials. Even with a low
estimated unit price per cubic yard for rock, the engineering problems
connected with such a design at this site would make it of doubtful
physical and economic feasibility., Important among these engineering
design problems would be the required construction of concrete retaining
walls on steep rock surfaces to catch "splinter filis" from rockfill
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slopes, and the thick accumulations of silt and debris which are known
to comprise the foundation conditions at the bottom of Long Lake, The
foregoing problems are most severe for dam design heights some 200 feet
above present Long Lake level, but remain to a sufficiently important
degree for all other lesser dam heights studied; therefore, no further
consideration has been given to rockfill or earthfill type dam designs
in this memorandum,

5.04 Long Lake outlet was also studied as a possible site for a
thin arch or gravity-arch type dam, Unfavorable valley geometry,
encountered at a prominent topographic break in the rock slope on the
left abutment (See Plate 7 and Photo 2), would require thrust block
construction, The curved axis for any arch dam would alsoc have to be
shifted substantially upstream into Leng Lake in order to assure a
sufficiently massive left abutment of rock which wculd be capable of
resisting the arch thrust (Photos 4 and 7). This required upstream
shifting of any proposed arch dam axis would place major central portions
of the arch structure in Long Lake where adequate bedrock foundation has
been shown by barge drilling to lie at infeasible depths (Photos 12 and 14).

5.05 With virtual elimination of earth, rockfill, thin arch and
gravity-arch type dam designs for the foregoing reason, all efforts were
directed toward concrete dams with minimum base width-to-height requirements.
The most obvious design form the combined standpoints of simplicity,
conservatism, and minimum likelinovd of hidden costs arising from latent
foundation conditions is the concrete gravity dam, Mich of the field and
design effort in this General Design Memorandum has been directed toward
proving up the foundation and material requirements for a concrete gravity
dam at Long Lake outlet which would raise the lake to elevation 895.

5,06 Gravity Dam Foundations.- Investigations and studies of the
dam site ridge for a concrete gravity dam foundation have been carried
on for two field seasons, The results of these investigations have tended
to demonstrate that the quartz diorite bedrock is highly competent from
the standpoint of almost any vertical loading which might be imparted
from a proposed dam structure, The principal problem that has emerged
from these studies is the question of dam site stability with respect to
the horizontal loading forces imparted from the reservoir and by potential
earthquake accelerations, There are two important aspects of this dam
site ridge which, when considered together, serve to reduce its inherent
resistance to these slide inducing forces: (1) the heretofore mentioned
ridge character of the dam site which results in lack of downstream
restraint or toe support for the upstream portioas of the dam foundation
(this type of support can usually be taken for graanted in the average dam
site) and (2) the proven existence of low angled to a slightly downstream
dipping joints which "daylight" in both upstream and downstream areas
of the dam site ridge, and which are potential planes of weakness within
the foundation (See Photos 7 and 9 and Plates 11 through 14),
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5.07 A great deal of investigative effort has therefore been ex-
pended to ascertain the true nature of all major low angled joint sur-
faces that exist within the zones of foundation influence of the proposed
gravity dam. The results of these investigations may be briefly sum-
marized as follows: (1) the overall structural attitude of the more
important low angled joints varies from a 3 degree dip upstream (island
area) to a 15+ degree dip downstream (south of island area); (2) the
persistence with depth of the more continuous and seemingly major low
angled joints appears to end below elevation 785 + . This would tend
to lend confirmation to the speculative origin of many such joints as
being associated with an unloading type phenomenon related to the
relatively recent withdrawal of several hundred feet of glacial ice
load; (3) drill water loss often encountered at low angled joints
demonstrates that these joints are open at least in some areas. Sur-
face exposures of these joints (Photos 7 and 8) 1indicate rather tight
openings but with a thin zone of decomposed granitic rock which is
altered to a sand or "grus." 1In a few drill holes, the joints in
question would appear to have relatively good interlock with associated
fresh rock immediately adjacent to the joint surface, The soft uncon-
solidated clay-type material encountered on low-angled joints in two
drill holes is considered to be a purely local condition not important
to the foundation, since additional borings to define this condition
disclosed nothing but clean joints at the same elevation.

5.08 Explorations and observations at the dam site show strong
evidence that the low angle joints are continuous or so nearly continuous
that hard rock cohesion across the joint cannot be assumed. Observed
undulations in the hard rock structures along the joints have not
attained angles anywhere close to 90 degrees, which would be a further
requirement to insure shear resistance., Openness and continuity of
joints is further demonstrated by two instances where pressure tests
caused cuttings to be washed into holes being photographed 20 and 26
feet distant (Photo 25). It must be assumed, therefore, that the low
angled joints are generally continuous, lack appreciable cohesion, and
that the overall average shearing resistance aleng any major low angle
joint surface will be of a relatively low order of magnitude. (See
Figure 9 and associated notes.)

5.09 Because these major low angled joint surfaces are suspected
as being potential planes of weakness, two additiomal '"sliding planes"
have been analysed in stability analyses. (Figures 8, 9, 10, 10A and
15A). 1In the island area of the dam site the major sliding plane as
mentioned in paragraph 5.07 1is found at Elevation 785 and is approxi-
mately horizontal over the central one third of the site (Area I). 1In
the area of the dam site south of the island (also approximately one
third of site), the major sliding plane dips downstream at an approximate
15 degree angle (Area II). These two design sliding stability planes
within the foundation of the dam site are in addition to the standard
planes analyzed through the concrete of the damand at the rock-concrete
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contact at the base of the dam section, As described in the following
paragraphs and demonstrated on stability analysis plate 15A the two
potential sliding planes in the foundation cffer the least net design
resistance to sliding and are, therefore, considered the most critical
ones to study,

5.10 Three Alternate Plans for Foundation Lreatment.- In general
recognition of the potential problem of dam site sliding stability, three
basic plans with accompanying cost estimates are presented in this Design
Memorandum, Plan A (See Plate 24) would build a concrete gravity dam
along the highest level areas of the dam site ridge with a minimum of
rock excavation, No special foundation treatment would be performed other
than the standard curtain grouting, drainage, and surficial foundation
preparation, A design safety factor against sliding equal to at least
4,0 would be obtained only by taking sufficient tangible credit for shear
resistance along the appropriate low angled joints, This maximum shear
requirement approximates 60 pounds per square inch without earthquake
consideration, Plan B, the recommended plan, also involved a minimum of
rock excavation but takes considerable lesser amounts of design credit
for shear along a given low angled joint, Plan B develops sufficient
additional frictional resistance on these joints by foundation pre-
stressing to obtain a safety factor against sliding equal to 4.0 (without
earthquake), The pre-stressing would be accomplished over the more
critical central two thirds of the dam site (Figures 9 and 10 and Plate 25),
Plan C would remove rock down through the lowest major low angled joint
(Elevation 785 t+) across the central two thirds of the dam site and result
in a substantial increase in mass concrete requirements for the dam
structure (Plate 26),

5.11 The order of increasing conservatism in foundation design
treatment varies approximately in the order, Plan A, Plan B and Plan C.
As might be expected, the cost for foundation treatment increases in the
same order (Table 6)., Although Plan A has the least cost and requires
relatively small shear values for design adequacy, studies clearly
demonstrate that even the nominal shear value of 60 + psi cannot be relied
upon, Furthermore, such studies have been conducted to a point that it
is very doubtful if additional explorations could demonstrate the existence
of that strength., Without such conclusive evidence, Plan A cannot be
recommended, Plan C is an admittedly conservative approach that would
probably insure a sufficient safety factor against sliding, but at a higher
cost, Plan C would also remove a substantial load on the foundation during
required rock excavation and this '"unloading" could result in new openings
and extension of existing minor low angled joints deeper into the foundation,
This risk could not occur in Plan A, nor particularly in Plan B, Therefore,
Plan B might be recommended over Plan C even if there were no appreciable
cost difference, Plan B, the recommended plan, would provide the essential
elements of both safety and economy in one overall scheme,
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5.12 Foundation Treatment - Plan B.- When only nominal design
credit is taken for shear along a low angled joint surface, the greater
! amount of design resistance to movement must be developed from frictional
forces, It has been determined from stability analyses that the natural
frictional force alone is insufficient to yield a 4.C safety factor
against sliding., The two principal factors which determine the frictional
force which can be developed between any two surfaces are the coefficient
of static friction and the total load applied normal to the surfaces,
The most favorable method of increasing this normal loading force is by
pre-stressing the foundation with high tension cable strands. The
foundation pre-stressing plan shown for Plan B on Plate 25 and Figures
9 and 10 has tailored the amount of pre-stressing required in a given
area of the dam foundation to yield a safety factor against sliding of
4,0 (without earthquake) ,

5.13 Recognizing that reduced shearing strengths do exist along
most of these joint surfaces and in order to introduce reasonable
economies into the pre-stressing plan, it has been deemed advisable to
assign minimal shear strength values to the major low angled joint
surfaces. The allowable design shear values considered reasonable at
this time are 25 psi in the pre-stressed island area of the dam site
(Area I on Plate 25), and 15 psi in the pre-stressed area south of the
island (Area II of downstream dipping joints). These minimal design
shear strengths are based generally on qualitative information
obtained from bore hole photography and field examinations of the actual
joint surfaces, Future detailed and more comprehensive studies may
warrant favorable refinement of these shear values with resultant
reductions in pre-stressing requirements and associated costs,
Appropriate recommendations will be included in the Specific Design
Memorandum for the dam. No ‘tangible credit is taken in the current
sliding stability analysis for shear through the pre-stressing cables
or through any grout-filled seams along the low angled joints (See area
grouting plan in paragraph 5.15) or for added resistance due to
undulations on these joint surfaces., Intangible shear resistance from
these and other sources add an important degree of conservatism to the
overall stability analysis shown in this design memorandum and is considered
sufficient to more than offset earthquake force considerations in
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arriving at a 4.0 safleiy factor,

5.14 Of the several types of intangible shear or frictional
resistances studied, one of the most promising from the standpoint of
future design usage is the added resistance to sliding due to undulations
on the joint surfaces, An approximate quantitative determination of
these undulations is definitely possible by use of bore hole photography
and sterec net plots, For this and other reasons, a considerable number
of bore hole photographs were taken at the dam site and the results
thereof are presently under study. Preliminary finding from the bore-
hole photo study indicate that undulations in hard rock do exist along
the low angled joints, at least in the island area of the dam site
(Area I), These undulations, which would ordinarily be expected to
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occur in connection with the theorized tensional and "unloading" type
origin of the joints, appear to average around 22 degrees in steepness

of slope. A very preliminary theoretical analysis was performed to obtain
a tentative quantitative determination of the additional sliding resistance
due to any proven undulatory effect on an hypothetical low angled joint
surface and is shown on Plate 14A, An approximate model study as
demonstrated on Photos 21 through 23 has given a relatively close empirical
confirmation to the sliding resistance formula derived on Plate 14A,
Employing this formula and the above tentatively determined 22 degree
average undulation value in the island area of the dam site results in
almost doubling the natural sliding resistance, Should further comprehensive
bore hole photography confirm the undulation angles on the major low angled
joints throughout specific areas of the dam site, appreciable reduction

in the proposed pre-stressing treatment will be possible in the final
design (Figure 10A) ,

5.15 Depth of anchorage for the pre-stressing cables is based upon
a depth requirement needed to engage a mass of quartz diorite bedrock
below the lowest critical joint equal to the mass of rock and dam above
this same joint or 25 feet penetration beyond the joint, whichever value
is the lesser. In most cases this sets the depth of anchorage at approxi-
mately 60 feet depth below the natural rock surface. Because of the
proclivity in this dam site for low angled planes of weakness, even the
"plane" of anchor tips at their terminal depths will be stepped or other-
wise caused to describe an irregular surface within the dam foundation
(Figures 9 and 10), Prior to pre-stressing the dam foundation, an area-
grouting program will be initiated to make sure all voids and open joints
within the dam foundation are filled., This procedure will insure proper
seating of the rock mass during the cable stressing operation and will
thereby reduce associated cracking of the bedrock, Area grouting is also
a prerequisite to insure that residual compression will exist across the
joint planes after the pre-stressing is accomplished, The cost for this
area grouting will be greatly reduced since the pre-stressed anchor holes,
which would be already drilled on a grid pattern, could be utilized for
the grouting, Each anchor hole used for grouting would then be redrilled
after grouting, but before the grout had time to attain full set, thereby
permitting the use of a drilled hole for two purposes, The combination
of pre-stressing and area-grouting called for in Plan B will collectively
yield an important additional benefit to enhance the overall dam site
stability. This somewhat intangible benefit is the assurance that the
dam site ridge will tend to act in a more monolithic manner and enable
more efficient stress transfer from one point to another under future
loading from the reservoir (and earthquake) ,

5.16 Because of the area grouting called for in Plan B, it is
possible that the curtain grouting program for Plan B may be eliminated
or sharply reduced in scope, Although this may result in significant
saving in curtain grouting costs, it may also be necessary to increase
the scope and corresponding cost of the foundation drainage program due
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to the "tighter'" bedrock conditions which are sure to result frum
the area grouting program (Plan B only) .,

5.17 Curtain Grouting.- Curtain grouting is planned for Plans
A and C and, as mentioned above, to a much reduced extent for Plan B,
The purpose of curtain grouting for all plans is to provide a
definitive method of making sure that any undetected water passageways
under or around the dam are tested and plugged by grout at pressures
which can simulate reservoir head, Plates 15 and 16 show a section
of the dam with the proposed grout hole depths and angles (Plan A and C).
A grouting and drainage gallery is planned toward the heel of the dam
as shown for both grouting and drainage purposes and for use as an
inspection gallery during operation of the completed project,
Preliminary curtain grouting estimates have been based on a line of
grout holes five feet on center, angled upstream from the grouting
gallery at a 3 vertical to 1 horizontal slope and penetrating a maximum
of 75 feet of bedrock below the base of the dam. Grout take has been
estimated at 0,15 sack of cement per linear foot of grout hole,

5.18 Foundation Drainage.- Because of the predicted low overall
permeability of the bedrock in Plans A, C and particularly B, foundation
drain holes will be spaced at least 5 feet on centers along the down-
stream edge of the grouting gallery and angled at a 30-degree angle
off the vertical in a downstream direction, Average depth of each
drain hole will be 50 feet penetration into bedrock, Since 33-1/3
percent reduction in uplift was assumed in the stability analysis for
the concrete structures and 25 percent reduction was assumed for the
stability planes in bedrock, it is important that a line of dependable
drains be maintained during the life of the project (Plates 15 and 16).
This provides further justification for a grouting-drainage gallery in
the dam which will insure ready access for periodic drain hole reaming
and inspection of the drainage system, In connection with this feature,
uplift pressure build-ups under existing dams have been shown to increase
over post-construction years due to accumulations of secondary
mineralization within the water producing cracks in rock along the walls
of the drain holes, Some consideration will also be given to the
drilling of additional drains from the gallery at even flatter angles
in order to provide drainage under some of the toe portions of the dam
as well, This may become necessary to overcome an increase in uplift
pressures under the downstream portions of the dam during winter
months, when free discharge from seepage areas immediately downstream
from the dam will be temporarily restricted or stopped because of
freezing, Some consideration will also be given to providing a
drainage relief gallery within the rock foundation at or near the
location of the critical low angled joint on which uplift in stability
analysis is based (Figure 11), This would insure a sufficiently low
elevation for the datum relief plane (floor of drainage gallery) so
that uplife reductions assumed in design would be assured, Such a
gallery would further reduce the presently assumed 75 percent uplift,




and its inclusion will be thoroughly considered in preparing the specific
design memorandum for the dam,

5.19 Future Design Memorandum for Dam.- A specific Design Memorandum
on the dam will be submitted in December 1966, That memorandum will include
more detailed and specific designs for both the foundation treatment and
the dam structure, Further study as a result of 6-inch drilling, completed
evaluations of bore hole photography, and more refined cost estimates,
could possibly even show a combination of Plans B and C to be the most
feasible development, The island area of the dam site, Area I for
example, may be pre-stressed while the area of the dam site with downstream
dipping joints (Area II) may be excavated and replaced with concrete,

This finalized study will also have the benefit of an additional season
of field work and will provide the technical basis for preparation of
contract plans and specifications. Also included among next year's
studies will be the economic and engineering feasibility of constructing
a post tensioned dam at this dam site, This would be an added beneficial
and supplemental feature to the basic Plan B pre-stressing scheme,

5.20 Reservoir Evaluation.- The basin in which Long Lake is situated
is a completely rock-lined enclosure which has been deeply scoured by
glacial erosion, There are thick accumulations of alluvial and glacial
deposits at the upper end of the lake, and in all probability along portions
of the bottom (See Photos 1 and 2), The proposed Long Lake reservoir,
with a water surface some 80 feet higher than present Long Lake, will be
contained in essentially the same rock-lined basin, Water in the proposed
reservoir will be confined by relatively tight quartz dioritic bedrock
through which only minor amounts of leakage are likely to occur. Equally
important to this premise is the fact that the leakage cracks in the rock
which do exist will never become appreciably enlarged by internal erosion
or piping processes due to the durable nature of the rock, Low permea-
bilities of the confining basin rock will also reduce the volume of bank
storage which will occur when the pool is raised, except in the upstream
portions of the lake where extensive alluvial sands and gravel overlie
the bedrock, No major slide problems are anticipated along the rock or
overburden portion of Long Lake reservoir, although some minor adjustments
in reservoir slopes will undoubtedly occur during and after pool raising.
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SECTION 6 - LONG LAKE DAM

6.01 Selection of Type of Dam.- Design Memorandum No. 3, Selec-
tion of Plan of Development, described extensive studies undertaken to
determine the recommended type of dam. Preliminary consideration was
given to various types of dams including concrete gravity, multiple-
arch, massive-head buttress, concrete-arch, rock-and earthfill structures.
Of these the concrete-arcir type was eliminated from consideration by the
unfavorable configuration of the abutments, which would require massive
thrust blocks and gravity wing walls on both abutments. The earthfill
type was eliminated early in the studies of dam types because of the
lack of suitable embankment material in any quantity in the vicinity.
Because of the unlimited availability of excellent rock in close prox-
imity to the damsite, greater consideration was given to a rockfill
dam. However, due to the steep slope of Long River immediately below
the lake outlet, and the even steeper slope of the lake bottom upstream,
it became evident that this type of structure would be impracticable at
this site. Thus, the three types of concrete structures remained for
further consideration.

6.02 Studies of each type in sufficient detail to establish
realistic cost estimates were carried out. For a height of dam greater
than approximately 200 feet the massive, unreinforced concrete, multiple-
arch dam appeared to have an advantage, mainly due to the lesser quan-
tity of rock excavation required. However, for any lower height this
advantage would not be realized because of the closer spacing of
buttresses. For the massive-head buttress - section, a maximum head
width of 80 feet was indicated because of the possibility of cracking
from shrinkage and from temperature stresses in a wider buttress head.
Combined with the large base width required for stability in a buttress
dam, this narrow buttress spacing resulted in considerably larger rock
excavation quantities for this type of dam than for a concrete gravity
section.

6.03 The concrete gravity dam was found to be lower in cost than
other types considered. Because of inherent advantages in simplicity
of construction and contractor familiarity, as well as minimum cost,
the concrete gravity type was recommended for construction.

6.04 Selection of Height of Dam.- Design Memorandum No. 3 also
describes the scoping analysis performed to accurately determine the
optimum pool elevation of Long Lake. 1In this analysis the annual costs
and benefits were determined for each additional 10-foot incremental
increase in dam height. The scoping analysis resulted in the conclu-
sion that development to a pool elevation of 895 provided for optimum
development of the resource.

6.05 Selection of Axis.- The axis of the recommended dam has
been located to utilize most advantageously the topography of the site,
and is therefore angled in plan. This layout results in the maximum
economy of construction, while assuring the stability of the structure.
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6.06 Description of Recommended Dam.- The site plan, Plate 23,
shows the dam and its relationship to other project features. The lay-
out and details of the recommended dam, Plan B are shown on Plate 25.
The dam will have a total crest length of approximately 800 feet, with
a crest elevation of 905 and a height of 110 feet above the lowest point
of the foundation. Crest width will be 12 feet. An ungated spillway,
in two sections totaling 225 feet in length, will discharge into the
existing bifurcated channel of Long River. The spillway crest eleva-
tion will be 895, corresponding with the maximum normal operating level
of the reservoir. The 905 top elevation of the non-overflow sections
will provide 1.5 feet of freeboard above the maximum flood pool eleva-
tion of 903.5. Information concerning the derivation of the spillway
design flood is contained in Section 3, Paragraph 3.07. No vehicular
traffic across the dam is contemplated, therefore spillway bridges are
not provided. A grout and drainage gallery will be provided near the
upstream face, closely following the base of the dam.

6.07 Alternative Plans Considered.- In addition to the recommended
plan discussed above, two alternative plans have been studied in comparable
detail. Plan A, shown on Plate 24, is identical tc the recommended Plan B
except for the method and degree of foundation treatment. Plan C as shown
on Plate 26, differs from plans A and B in that the rock 1s excavated to
the foundation joint planes, which results in a straight axis dam. The
spillway is continuous rather than two separate sections as in Plans A
and B.

6.08 Stability Analyses, Dam.- The stability studies of the dam
above the foundation plane were of preliminary scope and were carried
only to the point where structurally sound and reasonably economic sec-
tions were developed. In general. the procedures outlined in EM 1110-2-
2200, 25 September 1958, were followed, except for changes in the shear
friction factor equation and the elimination of the 0.65 sliding factor
requirements. Design criteria and loading conditions are outlined in
Figure 12. The results of the stability analyses are shown in Figures
13 through 18.

6.09 Stability Analyses, Foundation.- Recause of the unusual
foundation conditions at the damsite, stability studies of greater than
normal scope have been required in order to determine the most economical
method of foundation treatment. In these analyses the sliding shear
friction equation as shown in Paragraph 3.04 of EM 1110-2-2200 has been
used. These studies are summarized as follcows for each of the alterna-
tives considered:

a. Plan A: A minimum of rock excavation would be performed,
with no special foundation treatment other than standard curtain grout-
ing, drainage and surficial foundation preparation. Using the design
shear values of 25 psi for the foundation joints in the island area and
15 psi for those on the right abutment (See Section 5), with a sliding
friction factor of 0.65, a minimum shear friction factor of safety equal
to 1.69 was determined (Figure 15A).
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b. Plan B: Since the shear friction factor of safety for
Plan A was less than the recommended value of 4.0, it was determined
that an increase in the vertical force would be required to increase
the shear friction factor under the given parameters. In order to fur-
nish this large vertical force it was decided to use a method of founda-
tion prestressing as shown in Plan B, Plate 25. The number of prestres-
sing tendons was based on the following assumptions:

(1) Shear friction factor of safety of 3.0 for the earth-
quake loading condition, and 4.0 for all other loading conditions.

(2) Allowable shear stress of 25 psi in Area I, and 15 psi
in Area II (See Plate 25).

(3) Sliding friction factor of 0.65 for all loading condi-
tions.

More detailed discussion of the proposed prestressing system is con-
tained in Section 5.

c. Plan C: The objective of increasing the shear factor of
safety would be achieved by excavating the rock to the level of the
lowest major low angled joint plane across the central two-thirds of
the foundation.

6.10 Cost Comparison.- Cost estimates were prepared for each of
the three alternative plans considered in sufficient detail to allow
cost comparisons to be made. These estimates are shown in Table 6,
and summarized as follows:

Cost in Thousands of Dollars

Item Plan A .. Plan B «+ Plan C
Mob. & Demob. 2750 275.0 275.0
Excavation and Foundation Prep. 56.1 56.1 291.2
Grouting & Drainage 144.5 181.7 152.0
Concrete 3,359.2 3,359. 2 4,349.2
Steel, Reinf. & Misc. 39.0 39.0 40.2
Prestressing None 772.2 None

Total Construction Cost 3,873.8 4,683.2 5,107.6

Order of Increasing Cost 1 & 3

6.11 It is apparent from the foregoing cost comparison that
Plan A, which requires only minor amounts of foundation treatment,
would have the lowest cost. However, it is not believed that sufficient
shear strength would be developed in the low angled foundation joint
planes to produce a satisfactory factor of safety. The increased cost
of Plan B over Plan A is directly attributed to the addition of pres-
tressing tendons and associated drilling and grouting. Plan C would
avoid most problems connected with the foundation joint planes by
removing all rock above such joints beneath the dam. The cost of this
plan would be significantly higher than either Plan A or Plan B.
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6.12 Recommendation.- It is believed that the inadequate safety of
the minimum Plan A and the excessive cost of Plan C make the intermediate
Plan B the logical choice for continued planning and design. It is there-
fore recommended that Plan B, substantially as shown on Plate 25 and
described herein, be adopted. During preparation of the forthcoming
specific design memorandum on the dam further studies will be made to
more accurately determine the amount of prestressing required. Considera-
tion will also be given to the economic feasibility of extending the post-
tension tendons within the concrete dam.

6.13 Diversion Tunnel.- The diversion tunnel shown on Plate 27 is
Jpatterned after a method of lake-tapping much used in Norway. 1/ A
tunnel will be driven toward the bottom of the lake from a point at a
suitable elevation downstream from the lake outlet. A short distance
from the piercing point a pit will be excavated in the tunnel bottom to
[ accommodate the rock from the final plug. After careful investigation,
both from the surface and from the tunnel, the final plug will be
drilled and blasted. Either before or immediately after the final blast
the control gate, subsequently discussed in paragraph 6.17, will be
lowered to regulate the outflow from the lake.

6-14 The inlet of the 750-foot long diversion tunnel will be
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