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ANCHORAGE. A L A S X A  99501

IN REPLY •UE~~ ~ O

NPAEN-PR-R 13 November 1965

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

TO: Division Engineer I1~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. PreliminE ry estimated cost of the second
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.

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

1 m c i  (under sep cover) CLA RE F. FARLEY
as (16 cys of 2 volumes ea) Colonel, Corps of Engineers

District Engineer

~~~~~

U: ~s d~~iient has h~on o~~roved
~~ ~ub itc re1~~~ and sok; i~sis ur~limited.

______ ______ ~~~ ~~~~~-~~~~ =~~ -- , ~~~~~~‘~
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NPDEN—TE (13 Nov 65) 1st m d
SUBJECT: Snettisham Project , Alaska; Design Memorandum No. 7, General

Design Memorandum

North Pacific Division, Portland , Oregon, 4 January 1966

TO: Chief of Engineers, ATTN: ENGW~—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.~ ith 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) 1st m d  4 January 1966
SUBJECT: Snettisham Projec t, Alaska; Design Memorandum No. 7, General

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. Paragrap~s 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
exist ing 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 1.0w 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 i~or the maximum section
will be at approximate Elevation 810 for Plans A and B and 185 for Plan C.
A standard gravity section should be designed for the maximum height.
This section will be satisfactory f’r 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.

i. Paragraph 7.05. Reference to timber sets should read
“steel sets”.

3
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NPDEN—TE (13 Nov 65) 1st m d  4 January 1966
SUBJECT: Snettisham Project , Alaska ; Design >~emorandum No. 7, General

Design Memorandum

j. Paragraphs 7.06 and 8.06. The amount of ro..t bolting is
considered conservative for the apparent good rock tha t 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. Lictie is believed to be gained
in designing the tunnel linings from the rock mechanics tests described
in these paragraphs. The testp should be held to a minimum or eliminated.

1. Paragraphs 7.10 and F.14. Minimum penstock thicknesses
should be based on buckling loads from external pressure. These may be
determined by the methods of Vauch~n or ~mstutz. To facilitate fabrica-
tion Type A—537 steel with a yL~Lu point of 50 ksl should be considered
in lieu of Type A—5l7 . Allowance for support from surrounding rock cover
can be provided by designing the penstock liner for full internal .pressure
including dynamic head at 80% 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 off ice
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 ~~2 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 cont including head loss for the
recommended plan is $11,469,000 compared to a cost for an underground
powerhouse sited to provide the shortest connection between surge tank
and powerhouse of $12,859,000.

o. Paragrapis 10.05 and 10.06. Reference is made to the attached
copy ( m d .  3) of NPAEN—PR letter dated 28 October 1965, subject: “Criteria

4
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NPDEN—TE (13 Nov 65) 1st m d  4 January 1966
SUBJECT: Snettisham Project , Alaska ; Design ~emorandun No. 7, General

Design Memorandum

for Establishment of Plant Capacity, Snettisham Project , Alaskat’ . 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 poo1 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 corresponding ly d ecreased efficiencies.
A larger generator will provide greater flexibility and permit the turbine
to operate at correspondingly higher efficiencies as well as provide
secondary capacity wh ich 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 KVI\ at 0.9 power factor , with capability of operating continuously
at 115 percent rated KVA . No increase in ost of equipment other than
generators is anticipated by this change .

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

q. Paragraph 11.06. Ref - t i l c e  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 off ice
should be reserved until staffing is known and a layout has been submitted.
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NPDEN—TE (13 Nov 65) 1st m d  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.

t. Paragraph 13.01. The princip les 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 ~he 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 1st Indorsement, ENGCW—EZ to basic letter —

from this off ice, subject: “Snettisham Pcoject, 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 1st Indorsement thereto, copy attached.
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NPDEN -TE (13 Nov 65) 1st m d  4 January 1966
SUBJECT: Sn ett isham Project , Alaska;  Design Memorandum No. 7, General

Design Memorand um

( 2 ) Tota l be nef its of $6 ,119 ,000 g iven 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 theref or should be included . The foot
bridge could possibly be located across the stream downstream from the
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 lOc, 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
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
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 /J.N ) ,  there is no need to assume that the load on the joint plane is
supported at two points. In order to determine the sliding resistance
owing to friction on tile 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 ( 6’ ‘-

~~~

‘ ) 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:

~~~ 
~~~~~~~) ~tar, Co~ ? 

~~~~~2I~~~~ 
/~~,7 

0 
SI/7(O.~ OC)CO~~(6~2OC)

ff. Plates 24, 25 and 26. The upstream faces of the spiliway
sections and nonoverf low sections should lie in the same plane using

— . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ . ~~~~ — - _____________________ - J



~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NPDEN—TE (13 Nov 65) 1st m d  4 January 1966
SUBJECT: Snettisham Project. Alaska ; Des1,~n Memorandum No. 7, General

Design Memorandum

the same bat ter .  The fact  that the spi llway ogee will be in a different
plane from the nonoverf low downstream face will be masked by the training
walls. The upstream lip on the spillway ogee should not be required .

gg. Plate 28. Althoug h 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 f or the latter and coul’d
consist of reinforced concrete beams. The need for an emergency f ixed
wheel gate for the outlet tunnel should be considered further si ace this
tunnel will rarely be used when the project is in operation (draining
lake only).

hh. Plate 29. 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 par t of the power-
house building.

jj. Hydrau].~c 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 memorandunu :

(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 control 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”,

8
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NPDEN—TE (13 Nov 65) 1st Ind 4 January 1966
SUBJECT: Snettisham Project , Alas ka; De sign 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 g~iides 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 :

~~~~~~~~~~~~ / .~~~3 m d  ANDREW V. INGE
1. wd 8 cys Colonel, Corps of Engineers
Added 2 m c i  Deputy Division Engineer
2. Cy ltr 7 Jun 65,

NPDEN—TE, w/lst m d  thereto
3. Cy ltr 28 Oct 65, NPAEN—PR

9
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ENGCW EZ (13 Nov 65) 2nd Ir,d
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 l5Al and 15A2 , there is a reluctance to support
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
amplitude is not specified . Figure IOA 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 .
There is general concurrence with the continued investigation of Plans B
and C to provide a firm basis for design. Consideration should be given
to a revised alignment for Plan C which moves the north half upstream
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 darn
upstream on Sections 11 , I, J , and K on Plates 13 and 14. In general, the
rock contact at the bottom of concrete should be sloped approximately 10
degrees to cross the p lanes 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
elements , such as special drainage provisions and foundation shaping between
high and low areas at the island and channel locations .

b. Paragraph 6.12 and 1st indorsement paragraph I 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 . In either event , in this instance , a rock cover
in feet of 1 to 1½ times the maximum internal tunnel head in feet , subject
to the quality of the rock is believed ample for resisting the tunnel head .

10 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
-
- - 

-



- _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—- ----— --~~~~~~ - --~

--
~~~

ENCCW-EZ (13 Nov 65) 2nd m d  24 >~arch 1966
SUBJECT: Snettisham L’rojeLt , Alask a; Design Ne~ orandum ::o. 7, Genera l

Design Memorandum

d. Paragraphs 7.10 and 8.14. The guide specification for p~ ns tock
steel is being revised to ASTM-A516, Grade 60, Firebox quality. The r~ew
specification is equivalent to A201 modified to include fine grain practice ,
which is considered worth the sm~ 1l additional ~ost . This steel should be
specified when the thickness of p late does not exceed l~ inches . In 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 807~ of yield or 50°!. of the ultimate , wh ichever
is smaller , under the assumption of no rock rLstraint .

e. Paragraph 14 .03. It appears from the l imited data presented
in Appe ndix C , Part  1 , that p lus 3-inch material is pract icall y 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
ma ter ials , as well as differences in temperature development withi i the
concrete which would result if 3-inch maximum size were considered in lieu
of 6-inch maximum size.

f. Paragrap h 14.05. It is assumed that detailed information will
be presented on the deposit of apparentl y suitable sand that exists “within
a few hund red 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 . It imp lies that thermal tests will be
conducted involving coarse aggregate from sources A and B and rel iance
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 .

Ii. Paragraph 14 .07 . It is doubtful that it would be economically
feas ib le  to u t i l i z e  two sources of aggregates for this project. The
preliminary proposal  for  use of ma t e r i a l s  f rom source C will  involve
approximately 70°!., of the total project volume of concrete . Therefore , only
307. of the total project volume of concrete would incorporate materials
from source B as tentativel y 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
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ENGCW-EZ (13 ~ov 65) 2nd m d  24 March 1966
SUBJECT: Snettisha:~ Project , ~½ laska ; Design Ne~ rcncu :c ~o. 7 , Ceneral.

Design Memorandum

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

j .  Fi gure 20 , pa rag rap h 1 j j  of 1st indorsement and E’~ 1110-2-1150.
It is roted that this design memorandum contains no specific sections
devoted to hydraulic design infc’rm~ tion . These studies are necessary to
insure satisfactory sizing and u; cration of many of the project features
such as tunnels , su rge tanks , pens tocks , va lves , gates , and for determination
of generator and turbine characteristics. If approval of this information
is delayed until the feature desi gn memorandum stage , the alread y tight
time schedule shown in Figure 20 become s impossible. Attentic.i is here
invi ted spe ci f icall y to the scheduled submittal of design memorandums 13
and 16 , and the preparat ion o1 p lans and spec ifications based on them.
Preparation and approval times should be more realistic. While the
typical outline for general design memorandum shown in paragraph 9 of
~4 1110-2-1150 does not ccn~ ain a specific item devoted to hydraul ic
des ign , subparagrap h b of paragrap h 7 states “The vario us des ign
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 orderl y design and construction of the project”
and paragrap h 9 indicates that “any udditior’~ req u ired for the specific
case at hand” should be included in th:~ gen.~ra l  des ign memorandum . In
view of this , unless sufficiunt time can be allowed between approval of
feature design memorandum s and preparation of p 1a~-is and spec ifications ,
hydraul ic  des ign infornation sufficient for revie’., 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 .

i. Append ix C . M ixe r grind ing studies should be made as suggested
on page 4 of the petrographic repoct .

m . Exp~inding the dig ital computer program on Hydro-Power Plant
Transients prepared by MIT under contract No. DA-25-O75-ClVE !,~G-59-1 wit’~
the Missouri River Division to suit the Snettisham Project requirements
would furnish a very necessary de sign tool . The necessary modifications
can be accomp l ished by the Missouri River Division under a contrac t with
Mr . Fr ank Perk in s, the author of the comp leted MIT computer program . Direct
contac t with the Missouri River Division to accomplish the necessary work
is authorized .

n. 1st Indorsement paragraph In. 1~’irther planning and design
should be based on the conventional surface powerhouse .

o. Altho ugh references are made to use of costs of a comparably
financed al ternative for scop ing the pri ject, no costs figures f r  the

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

Des ign ~-temorandum

al ternative are included in the economic analys is or elsewhere in the
memorandum . These cos ts , the derivation thereof , and the comparability
ratio should be included in the economic analysis. In the deveropment
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 Lest is , bas ica l l y, an e f f ic iency tes t to
eetermine 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 997. of required projec t lands are currently governmen t owned•,
and , therefore , no costs for these lands are included in the project costs.
To mee t the objective of the comparability test an economic value for
these lands should be included in the economic anal yses. It is noted that
contiguous tracts are valued at $500 per acre , which , if applied to the
governmen~: lands , would increase the project economic costs by about
$7 ,500 ,000. Al though no comparabiliLy test results were included in the
design memorand um comp ut a tions , it appears that the project would still be
economically justified . In future analyses , a value should be de termined
for these landr for  purpos es of econ omic ev alua tion . However , the financial
anal yses should continue to exclude this value .

q. References to division of responsibility for the cons truction ,
operation and maintenance of the project should be consistent in citing
the authorizing Act as the authority for the d~ vision .

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
requiremen ts of the area or are limited to the requirements of po ten tial
power purchasers . Usual procedures call for demonstrating the need for
project power based on the total power requirements of the area. Clari-
fica t ion is reques ted 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 proj~ct power, the
entire load of the area would be supp lied 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 insufficien t to meet this
requirement and , further , would not be able to supply the estimated load
requiremen t indicated in Table 3. Therefore, unless additions are 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 da ta
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 m d  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. 1st Indorsement , paragraph le. A freeboard allowance of 1 .5
feet on the proposed Long Lake concrete dam was approved in OCE 2nd tndors-
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 increas~ 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 sp illw’ay 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. 1st Indorsement , Paragraph 1 o. The increase in generator
ratings will also increase the cost of the turbines.

FOR THE CHIEF OF ENGINEERS:

(T

£fr ~~~~~~~~~~~

. ~~~~~~~~
m c i  w/d /

‘WENDELL E. JOHNSON
)~‘Chief , Engineering Division

Civil Works

14 

.



—

~

----.—-----.—--- - -  — 
~~~~~~~~~~~

-‘ - - - 
~~~~~~~~~~~~~~~~~~~ 

- - ----
~ 

- -—- — -. --- - - - ----.-
~~

-- ----
~~
----

copy

NPDEN—TE (13 Nov 65) 3rd Lad
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 estimat~e 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. Par~graph 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.

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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NPI)EN—TL (ii Nov 65) 3rd m d  29 Apri l 1966
SUBJECT: Snet t i sham P ro jec t , Alaska ;  Design Ncmurandiini Nu. 7, Ceucral

Desigu Memorandum

1969. Standb y requirements based en present p lann ing would be 23,350 kw
by July 1971. It should be ascertained if a f irm 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 Re c lam at ion of 23 A pr i l  1965 , ( E x h i b i t  No.  15 , Design
Memora ndum No. 3) is s u f f i c i e n t ly d e f i n i t e .

g. Pa ragraph u. This of f i ce  agrees tha t  1.5 fe”t of free-
board is adequate.

h. Paragraph v. OCE has c l a r i f i ed  this  p a r a4 t a p h by pointing
out tha t  increases in tu rb ine  cos t wou’d be those rc~;’~1ting f rom in-
creased shalt diameter , bea ring size , and in c iden ta l  inc reases.

4. Request th is o f f i c e  be advised by separate  correspondence of
the date rep ly requi r ed by t h e  above will b~ rece ’ ed.

FOR ‘IlIE DIV I SiON ENGINE ER :

t,

- 
( / ‘/

(~~i~ )ON II .’ FLRNA 1,D ,~ Jr.
C1aj~’f , Engiaeering Division
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SNETTIS}IAM PROJECT, ALASKA

Schedule of Design Memorandums

No. Subject Date

1 Hydrology 15 October 1964

2 Hydropower Capacity 31 October 1964

3 Selection of Plan of Development 22 January 1965
(Rev ised) 7 May 1965

4 Preliminary Maste r Plan 22 Apr i l  1965

5 Access and Construction Facilities November 1965

6 Deleted

7 General Design Memorandum October 1965

8 Preliminary Design Report on Powerhouse June 1966

9 Transmission Facilities December 1966

10 Power Intake Works May 1966

11 Real Estate December 1966

12 General Geology June 1967

13 Main Dam and Spillway September 1966

14 Permanent Operating Equipment February 1966

15 Buildings , Grounds and U t i l i t i e s  October 1966

16 Diversion and Outlet Works May 1966

17 Tailrace and Powerhouse Area Grading July 1966
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SNETTISHAN 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 ,
Alaska)

AUTHORIZED: —

Flood Control Act of 1962 , providing for design and construct ion
by the Corps of Engineers and for operation and maintenance by
the Bureau of Reclamation .

~ / 5J’~ -~~ ~ r~~~ c r co, ; 
~~~~~~~~ ~~. 

-
~ ~~~~•

construct a concrete gravity dam at t~~. out le t  of Long Lake
‘to raise the lake to elevation 895)q~~ri11 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 FEATURE S:

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 . sedimentat ion , acre-feet  247 ,000

Reservoir - Crater Lake

Elevation of normal ful l -pool  water  surface , feet 1,022 —

Elevation at minimum operating level , feet 828
Initial active storage capacity , ac re- fee t  81,000
Active storage a f t e r  50-yr. sedimentation , acre-feet  75 ,000
Active storage after 100-yr. sedimentation , acre-feet 70,000

PERTINENT DATA
Sheet 1 of 3 
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Hydrology~

Long Lake Crater Lake

Drainage area, square miles 30.2 11.4
Annual runoff , average (1916-1963) ,

acre-feet 324,300 147,200
Annual runoff , maximum (1943) , acre-fee t 421,000 192 ,000
Annual runoff , minimum (1951), acre-feet  252 ,000 113 ,000

Long Lake Dam

Type Concrete Gravi ty
Length , feet 800
Height of maximum section , fee t  110
Crest of dam elevation , feet 903.5
Spillway crest elevation , feet 895.0
Spillway length , feet 225
Mass concrete volume , cubic yards 65,000

Power Tunnels

Long Lake Crater Lake

Length , feet 8 , 175 6 ,000
Diameter (lined), feet 9.0 7.0
Capaci ty, cubic feet per second 1,000 450
Intake invert elevation , feet 700 815

Su rge Ta nks

Long Lake Crater Lake

Diameter , feet 25 25
Top elevation , feet 950 1 ,050
Tunnel invert elevation , feet 660 795
Height above tunnel invert , feet 290 255

Penstocks

Long Lake Crater Lake

Length , feet 1,710 1,690
Tunnel diameter , feet 11.0 10.0
Steel penstock diameter , feet 7.0 6.0

PERTINENT DATA
Sheet 2of 3
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Powerplant

Number uni ts  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 , MGI - 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

PERTI NENT DATA
Sheet 3of 3 
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SNETTISRAN PROJECT, ALASKA

FIRST STAGE DEVELOPMENT

• DESIGN NE14)RANDUM NO. 7

GENERAL DESIGN MENORANDUM

TABLE OF CONTENTS

SCHEDULE OF 1~ SIGN MEMORANDUMS
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SNETPISHAN PROJE ~, ALASKA
FIRST STAGE DEVELOP MENT

DESIGN MEMORANDUM NO. 7

GENERAL DESIGN MEMORANDUM

SECT ION I - GENE RAL

1.01 Authorization. - Snettisham Project was authorized by the
Flood Control Act of 1962 , Pub l ic Law 87-874 , in acco rdance with the
p lan 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 wil l  be constructed by the
Secr eta ry of the Army acting through t~’e Chie f of Engineers and that
it wil l  be operated and maintained by the Secretary of the Interior.
Pertinent text of the authorizing act is quoted in Design Memorandum
No. 1, Hyd rology , Snett isham Project , Alaska . This Genera l Design
Memorandum , the seventh in a series covering de f in i t e  project st udies
fo r the Snett isham project , is prepared and submitted in accordance
with EM 1110-2-1150.

1.02 Purpose. - This design memorandum outlines the studies that
led t o the selection of the p lan proposed her ein including a l l  per t inent
features of the dam , power intake works, powerhouse and transmission
faci lities. It also includes an estimated construction schedule out-
lining the desi r able r ate of construction in or der to meet th e incr ea sing
needs for power in the Juneau area. Also inc luded is a discussion of
local views and cooperation and the coordination with other Federal
agencies.

1.03 Scope.- The Snettisham Froject will be constructed in two
stages. This General Desi gn Meinerandum c~ -iers the first stage of
d evelopment which wil l  include the cons~:ruct ion of the Long Lake dam
and power intake works ; the powerhcuse structure and the tailrace
facilities; the installation of uwo tur:b ines , genera tors , and appurte-
nant facilities; all switchyard and substa tion structures and improve-
ments as well as necessary stat i- n 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 instafla i -~n~ will be. the subject of another
General Design Mem randum at a later date .

1.04 The reconui~endat icns contained 1 €rein are based on detailed
mapping in the project area and on ex~e-’sive foundation explorations
and geological evaluations. Design s~ud ies were made of the dam found-
ations and the stabilit.y cf the st:r~c:~~:e . Additional studies were made
of the transmission facilities and of t1- e features of the power intake
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work s and power p lant , includi ng 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
of Plan of Development; therefore , this stud y 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 initiall y investigated by private interests , the
first in 1913 with subsequen t studies made in 1922 and 1928. Although
applications were filed with the ~~~. 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 , Soettisham 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 modified
by the reappraisal report , provided the basia for project authorization.

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 cinstructio n . The
proposed project has been explained to and discussed with loc4l groups
on numerous occasions , and has been unanimously 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.
City officials are faced with the prospect of adding additional diesel
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 installat-Lon of the second additional unit.

1.09 Project Location.- As shown on Plate l~ the Snettisham project
aLte is located In southeastern Alaska near the mouth of Speel River in
the Tongass National Forest. It is 28 airline miles southeast of Juneau
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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.
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SECT ION 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 par t ia l ly from
r ev ised ope ra t ional p lanning by the Bureau of Rec lamation, 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 f eet 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 spiliway 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 d iversion tunnel during the draining of the lake.

2.03 Reservoir .- Pretic’inary area-storage curves for the Long
Lake reservoir are shown in Figure 1. After the lake has been drawn

F 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 m ay ,  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-foo t
diameter s tee l - l ined riser w i l l  connect the bottom of the surge tank
to the penstock. The butterfly valve , which will serve as the pen-
stock emergency gate , w i l l  be located immediately downstream from the
surge tank. This valve will be installed in a vault , which will also
allow acce ss to the tunne l 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 s tee l - l ined  penstock wi l l  begin
at a point 25 feet upstream from the surge tank riser. This will be
reduced to 7 fee t  throug h the butterfly valve and the compound bend
at the upper end of the inclined section . App roxima tel y 60 feet  f r om
th e powerhouse , a wye branch wi l l  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
insta l led at the time of in i t ia l  construct ion.  Hi gh-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 tailvater elevation
will be maintained at minus 3.0 by a contro l 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 s tructures wi l l  be used for a distance of 5.3 miles
near the Snettisham end . Wood-pole H-frame s t ructures  wi l l  be used
over the remaining 39.3 miles of the overhead portion of the line .
Taku Inlet wi l l  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  wi th  one of the other cables under
normal operating conditions . The total length of the crossing wil l
be 2.7 miles . Transformers and switchgear at both terminals of the
transmission line will be installed as required in coordination with
the instal lat ion of generating uni ts  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 norma l ful l  pool elevation of Long Lake from 815 to 895 by t he

2-2 

~- - ~~- -~
— 



- 
— -- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--.--- -r~~~~r~~~ r’~~~~~~~W 
- — — —uuI~~~

cons t ruc t ion  of a dam. Studies pr ior  to au thor i za t ion  of the Snettisham
project indicated the desirability of a dam at  the ou t le t  of Long Lake.
A l though l imi ta t ions  of time and funds  for adequate field investigations
precluded the recommendation o f a dam at  tha t time , i t  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 cons t ruc t ion  of the dam.

2.10 Another depar ture  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 slightl y
longer coastal route. Economic studies performed during preparation
of this desi gn memorandum also resul ted  in a change in the recommended
transmission voltage from 115-Ky to 138-Ky.

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 In 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 p lan are
conside red wi th in  the scope of the Project  Documen t p lan and gene ral l y
have been app roved 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 - HYD ROLOGY AND WATER CONTROL

3.01 Basin Description. - The area of the Long Lake drainage
basin is 30. 2 square miles ;  of th is , 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 ter rain 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 mari t ime influence which prevails over the coastal
a rea of southeastern Alaska . Consequentl y the area has l i t t l e  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.  Norma l annual preci pitation
for these two basins is estimated to exceed these values by 10 per-
cent. Temperature variations , both daily and seasona l, are usually
confined to rather narrow limits by t he dominant mar i t ime influences.
Va r iat ions considered on a seasona l basis range from a monthl y no rmal
t emperature of 25°F in Janua ry to 55°F in Jul y. Extremes cover a
range of 105°F; from the Ju ly maximum of 84°F to the December minimum
recorded of -21°F. The average annual tempera ture is approx ima tel y 40°F.

3.0 3 Snow surveys were in i t ia ted at four locations in the Long
Lake area during the f a l l  of 1964. The results of one course , which
may be considered typical of the powerhouse area , are tabulated below :

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
normal ly  expected to accumulate , 27.95 inches of precip itation was
recorded at the Juneau airport. This value compared to the norma l of
23.48 inches represents an increase of 19 perce n t .  Assuming the same
ratio app lied to snowf a l l  at Snettisham , the normal snowpack would be
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somewhat lower than the values given above. A more comp lete 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 genera l, 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 ma inly 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 exceeding ly low. The average annual
runoff of Long River is 336,900 acre-feet , with 430,500 as maximum and
276,500 as minimum . Average , max imum 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
Figu re 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
Outlet 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 inc ludes 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 hydrolog ic factors are concerned . In order to
examine the project under more realistic assumptions , forty independ-
ent 50-year periods of monthl y 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 norma l 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 norma l, 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 period s and is shown on Chart 4 of the Power Append ix. 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 descend ing 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 spiliway 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 gu idance provided by the ir Wa ter
Control Branch . Criteria used in the study are as follows :

a. May, three-day probable maximi~m precipitation of 24.4 inches.

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

c. Snowpack water equ ivalent of 52 inches on 15 May.

d. Losses to groundwater and atmosphere consid ered negl ig ible
due to the underly 4 r~tg rock, high humidity and preliminary snowmelt.

e. Tw~ routings of the May flood were made with initial lake
stages at 875 f~~ t and 895 fee t, respectively.

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

g. Routing phases were var ied 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 hydroTneteorological data were supp lied 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 Snowtnelt.” The snowmelt computations are
shown on Table 1. The block diagram which dep icts 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 -~s it is quite probable that th e lake will be drawn down low
every spr ig. 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 w i l l  be up to the sp il iway crest
elevation of 895 feet .  At the s tar t  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 maxim~’in 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 ma intained 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 90 2 .9

3.12 Ice. - Long Lake no rmally freeze s over in November and is
usually free of ice by late June although isolated blocks of ice
still exist in late July. Ice 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 origina l
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 stream s tributary to Long
Lake reservoir. The streams are predominately glacial and as such
carry suspended sed iment 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 fi rst set of observations were made in March 1965 through
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5 to 6 feet of ice cover. Tiw second set of ohserv~tions were madc in
July 1965 after virtually a1~ 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 materia l is water borne and a fairly
rap id rate of deposition is ind icated . This material ranges in size
from 4 inch cobbles to fine sands. In addition to the material being
transpor ted to the lake by wa ter , a subs tanti al amoun t is in troduced by
the action of snow slides. Some of this latter material is organic and
most of the ma ter ial is depos ited in the portion of the lake that will
become inactive storage.

3.14 Because of the lack -1 i nformat ion on the actual sed iment
load carried into Long Lake reservoir , it is not possible to compute
the annual storage dep letion ~~ 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 par ts per million . App lying this ratio
to Long Lake ’s average annual inflow of 324,300 acre-feet yields an
annual sed iment inflow of 37 acre-feet per year. Measurements of the
suspended sed iments near the lake outlet indicate an average concen-
tration of about 5 parts per million . This would indicate a suspended
sed iment outflow of about 2 acre-feet per year. Thus about 35 acre-
fee t per year are contr ibuted to the reservo ir by suspended sed iments.
No data are available concerning movement as bed load; however , for
the purpose of th is stud y an average annual contribution of 15 acre-
fee t has been assumed , thus y ield ing an average annual total storage
dep letion of 50 acre-feet . Observation of the uniformity of the
suspended sediment concentration throughout the lake indicates that
almos t al l  of the inflow ing mater ia ls  are depos ited shor t ly af ter
reaching the lake waters; therefore , it may be assumed tha t al l  of
the storage dep letion will occur in live storage. It is tentativ2ly
p lanned to establ ish seven “Detailed Study Ranges.” A stream gaging
station is proposed at. the location shown on Plate 2. Suspended sedi-
men t and bed load samp les 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 exp ecte d tha t the inflowing wa ters w ill wash some of
the sediments out of the active storage area and deposit them in the
dead storage area. In order to exam ine this it is p lanned to map the
exposed f loor of th e reservo ir immed ia tel y af ter drawdown and jus t
pr ior to refilling . A revised storage area curve will be prepared .
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3.16 Hydrometeorological Data Instrumentation .- In order to
insure e f f ic ien t  u t i l i za t ion  of the projects water resources , it ~s
considered necessary to instal l  instruments to measure and telemeter
precipitation , temperature , wind , reservoir stage, tailwater and
tide stage and the accumulated snowpack in the area.tributery 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 gage w l l  be installed during the con-
struction of the dam and ou t1e~ 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 Ekiutna
project or a bubble r type gage wi l l  probably be installed . It will
be necessary to transmit this information to the powerhouse either
by a:cotitrôl chble or a :rem~te radio 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 cond itions
are quite similar. This information will be telemetered to the power-
house. Additiona l 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
Tailwate r Stage Reco rde r 3,000
Pressure Pillow and Snow Courses 5,000
Tide Stage Recorder 3,000
Telemetering Net~.iork 24,000

Contingencies 7~O00

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 l~uil t is rock ,
not susceptible to erod ing, and overtopping of the dam would be non-
damag ing.

c. The fetch for wave build-up is qu ite shor t , with 40 - 
-

miles p~ r hour winds producing two-foot waves. However , as the Pro-
bable Maximum Precip itation storm comes from the sea , the wave pro-
duc ing 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 sp iliway or outlets will not affect these designs. The power-
plant housing and operating facilities will be located slightly above
sea level in the area indLcated on Plate 3. In order to accurately
determine the range of tides to be expected in the project area , a
recording t ide gage was installed on Speel Arm at the point indicated
on Plate 2. This gage was p laced in opera t ion on 11 January 1965
and tidal records from that time to 24 August 1965 were collected and
analyzed. Highes t and lowes t expec ted tides were ob ta ined by a d i rec t
correlation with the highest and lowest tides observed at Juneau. Ihe
resul ts of these stud ies are presen ted in the following tabula t ion :

Snettisham Juneau
Local Datum MLLW

Hi ghest 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 -9.52 1.60
Mean Lower Low Water -11.14 0.00
Lowest Expected Tide -16.8 -5.8
Tidal Range 28.2 28.4
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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.

:
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SECTION 4 - GENERAL GE-3LO~Y 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 ~~aciuary 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~irnportant
features which will have a significant influence on the planning ,
design , construc tion and ultimate operation of the project. The
following summarized presen ta tion of this environmental setting is
based upon background 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 TL rlgass National Forest on the Alaska mainland , approxi-
mately 28 aLr miles s~~ theast of T~ieau (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
clima te , 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 annua l ra in fa l l  averages approxi-
mately 140 inches at the project and snowfall during winter months some-
times accumulates to depths of ten feet or more . Forest cover with
accompany ing 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 comp lete t reatment of a l l  aspects of
the regional geology and of its application to the development and
operation of the Snettisham project will be s~ bntitted 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 geological
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 clogg ing 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 tida l 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
eccur as streams emerge and cascade down from steep mountain fronts
which parallel the irregular coastline . Most major streams have active
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 moraina l deposits.

4.06 The country rock of this portiol 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 (approximatel y 120 million
years ago) probably during the “Laramide Revolution.” ThLS 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-up lifted 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 ic~ 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 i-iitia l 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 take -, rlace 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 r~sultiri g from ccoliag 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 de terioratic-t~ few deep pockets or area-wide
zones of deep resid ual wea thering are be l ieved to ex i st throug hou t
the extensive reaches of the Coast Range mountains . This is believed
to be due primar ily to the very rece nt advance and re trea t of reg ional
glaciation in the area . Such a noticeable lack of widespread , deep ly
weathered zones in bedrock in an area of 142 inches of annual rainfall
is a very rare -phenome non and can onl y be explained by the e f f i c i en t
removal of nearly all regolithic materials by glacial scour. This
scouring has been suf f i c i e n t ly recen t to prevent a build-up of
significant further residual weathering products on the bedrock surfaces.
Accumulations of unco~ solidated 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. - T e  predominant rocks which occur
within the immediate area of the S-iettisham project consist of quartz
d ior ite , gneiss~ and some localized phases of biotite schist which
all occur in a somewhat interwoven and random distribution pattern
throug hout the main rock bod y at the site ~Photo 24. Due to recent
glacial scour in this area and resultant removal of most weathered
surface rock materials , the maj ority of the bedrock which will be
encoun tered by proposed eng ineering s t r uc tures will be rela tivel y
f resh , dense and of durable qual ty. Localized exceptions to this
will definitely occur , c h i e f ly in association with the several major
shear zones which occur in the area. These relativel y narrow zones
in which the rock has been crushed and broken have allowed much easier
access to percolating ground waters and tne~ e waters have imposed a
subs tan tially hi gher degree of chemi cal al tera tion 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
hi gh percentages of the feldspar minera l plagioclase which upon chemical
decompos ition by ground waters wi th dissolved carbon dioxide (carbonic
acid) yield the clay mineral kaoli’i . T.i connection wi th this feature ,
there has been fo-~nd to exist in surface exposures from one to six
fee t of plastic fault gouge , mylonite a-id associated lesser quality
rock materials alcng the centra l porti~~ns of the larger shear zones .
Borings which have pene trated these same fault zon€S at depth have
shown less clay gouge than at s~~rface exposures (Photo 20; . This is
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probably due to the greater amount of weathering and kaolinization which
oc~~~rs at the ground surface than at depth. Adjacen t to and occurring

~~ rela tivel y narrow belts parallel to the central clay gouge seams are
br:keri and weathered zones of less competent rocj , which represent
border phase fracturing within the stress in f l uence of a given shear
z ne. Because of the overall lesser quality rock materials associated
w ith the larger shear zones and to some extent t~iu c lose sys tems of
j u t s, exact locations and orientations of all such pertinent rock

~,tr~.ctural features with respect to the locations of proposed eng ineering
str ictures is a factor of considerable design importance. (See geologic
map~ Plate 6.)

4.10 Seismic Considera tions .- While the presence of major faul t
zones does testify to the existence of seismic activity in this imme-
d iate area during the geologic past , it is gene ra l ly believed tha t all
s.ch movemen ts along these faults are sufficiently remote in geologic
time as to preclude concern of their further adjustments during the
l ife of the project. To the extent possible , attempts to confirm this
premise have been made by searchi ng for obvious offsets in recent
glacial or alluvial strata at points wht~re they cross known major faults ,
but thus far no such evidence of recent faulting activity has been
f-~~nd anywhere near the immediate project area. The proximity of the
Soettisham Project to a major zone of crustal weakness does , however ,
make it prudent to design important -structures at the project for
f a i r ly substantial earthquake accelerations . Part of this major
cr~~stal 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. rld’s major earthquakes occur in addition to appreciable amcunts of
volcanic activity (Figure 7). The Pacific belt starts below the southern
t i p  of South Mierica , extends northward along the entire southeastern
a.d southern coast of Alaska and continues along the Aleutian Chain
fLiall y curving to the southwest toward Asia . The 1957 seismic proba-
bility map by the Coast and Geodetic Survey has p laced the area in
w~ icti the Snettisham Project lies in seismic Zone I ~P1ate 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 - l i 80 miles of the project. the Snettisham Project is considered
a~. being in Zone 11. for  whi ch magnitudes of 6.0 acid above would be
anticipated . ~ se of Zone I I ~ magnitude was recommended in Design Memo-
raci d~.m NL. 3 and approved by higher authority . This means that the
desi gn of all major rigid structures such as a dam will include horizon-
tal  ear thquake accelerations of 0.1 gravity or greater . and other more
fl-x ible works such as building structures will assume minimum “Z”

~~~~~~ of 1.0 (EN 1110-345-150).

4.11 Except for the L~ng Lake tunnel, no impor tant structures will
be constructed across major fa-Jt zones. This tu:oel will pass through

-~~at a~ e considered to be three major faults (Plates 6 and 20). A dam
at L~ng 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 , renw’di~i1 t reatment
will generall y be directed toward leakage control and replacement
of lesser qua l i ty  rock mater ia ls  wi th  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 Pla tes  6 and 6A show the locations and types of a l l
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 Dis t r i c t  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, under-water TV camera study
(Photo ii), 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-geolog ists from Scripps Ins t i tu te  is
in c luded 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 feas ib i l it y
of the projec t . The rela tivel y res tricted level area available at the
outlet of Long Lake , combined with several adverse effects of the valley
geometry, has sharp ly limited the choi ce o f dam des igns 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 rid ge where any dam axis would have to
be located (Photos No . 2 and 5). This rather narrow rock rid ge remnant
now remaining at the lake outlet after the last glac ial retreat has
caused a serious pr oblem in ob tain ing adeq ua te base wid ths for proposed
dam s truc tures .

5.02 One of the f irs t fea tures of this unique dam site that required
investiga tion was the true nature of the rock mass , the topmost portions
of which now form the present dam site rid ge . The chance that this rock
mass migh t have been a landslide rather than a resistant rid ge of true
bedrock was a possibility that warranted close investigation . However,
subsequen t geol ogic and founda tion stud ies show the rock mass a t the
outlet to Long Lake has an observed and pr oven con tinu ity of s truc tural
geology and lithology across the dam site and well into the abutment~’.
In addition to this principal me thod of proof , the fol low ing o ther l ines
of evidence are believed to definitel y substantiate the premire that Long
Lake dam site is not a rock s l ide  mass:  (1) there are no v isible scars
on either mountainside where such a large slide migh t have ori ginated;
(2) in-p lace bedrock can be followe d by eye along outcrops  f rom the dam
site rid ge 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 carefu l note cf glacial grooving and
stria tions along the underwa ter ups tream face of the da m si te r id ge .
(See Photo 10 and Diving Report , Append ix C .) Only in-p la ce rock cou ld
have resis ted and def lec ted the advancing glacier upward at this point .

5.03 Suitable Dam ~~~~~~~ Because of the narrow and s teep dam si te
ridge , both earth and rockf il l  type dams with their re la t ive l y large base
wid th to hei ght requirements have been eliminated from consideration as
feasible developments at this si te . Some prel im inary s tud ies were made
on the possibility of constructing a rockfill dam , ch ie f l y because of the
unlimited quan tit ies of excellen t quar tz d ior i te bedro ck ava i lable a t
the site for the manu facture of rock shell materials . Even wi th a low
estimated unit price per cubic yard for rock, the engineering problems
connected wi th  such a desi gn at this  site would make it of doubtful
physical and economic feasibility. Impor tan t among these engineering
design problems would be the required construction of concrete retaining
wa ll s on s teep rock surfaces to catch 4’sp lin ter f il ls” 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 leve l , but remain to a sufficiently important
degree for all other lesser dam heights studied , therefore , no f- rt h cr
consideration has been given to rockfi ll or earth fill type dam designs
in this memorandum .

5.04 Long Lake outlet was also sr~.died as a p o ss ib l e  s i t c  for  a
th in arch or gravity-arch type dam . Unfavorable va1iey geometry,
encountered at a prominent topographic break in t}’e rock slope on the
l e f t  abutment  (See P l a t e  7 and Photo  2), wo~ 1d req;ire thrust block
construction . The curved axis for any arch dam would also have to be
sh ifted substantiall y upstream into Lcrig Lake in rder to asso~rt- a
su f f icien t l y massive left abotm ent of r-,ck whiu w-: ild be capable of
resist ing the arch thrust (Photos 4 and 7). ~is req- :ired upstream
sh i f t ing o f any pr oposed ar ch da m ax is wou ld p lace major central port ions
of the arch structure in Long Lake where adequate bedrock foundation has
been shown by barge dr illing to lie at infeasible depth s (Photos 12 and 14).

5.05 With virtual elimination of ear th , rockfill , thin arch and
gravity-arch type dam designs for the forego ing reason , all efforts were
directed toward concrete dams with minimu m base width-to-hei ght requirements .
The most obvious design form the combined standpoints cf simplicity,
conserva tism , and minimum likelthocd of hidden costs arising from latent
founda tion conditions is the concrete gravity dam . Much o f the f ield and
design effor t 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 st -dies of  the
dam site r id ge for a concrete gravity dam foundation hav e been carried
on for two f ie ld  seas ons~ The results c-f these investigations have tended
to demonstrate that the quartz diorite bedrock is higri ly competen t from
the standpoint of almost any vertical loading which migh t he impar ted
from a proposed dam structure . Th e pr incipal problem that has emerged
from these studies is the question of dam site stability with respect to
the horizontal loading forces impar ted fr om the reservo i r and ~y po tentialear th quake accelera tions . There are two important aspects of this dam
si te r id ge which , when cons ide red  toge ther , serve to reduce its inherent
res is tance to these sl ide inducing forces: (1) the hereto fore mentioned
rid ge charac ter of the dam site which results in lack of downstream
restraint or toe support for the upstream portions of the dam foundation
(this type of suppor t can usuall y be taken for granted in the average dam
site) and (2) the proven existence of low ang led to a sl igl- t l y downs trea m
dipp ing joints which “dayligh t” in both upstream and downstream areas
o f the da m si te rid ge , and which are po tential p lanes o f weak ness w it h in
the foundation (See Photos 7 and 9 and Plates 11 throug h 14)
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5 .07 A great d eal of investigative effort has therefore been ex-
pend ed to ascertain the true nature of all major low angled joint sur-
faces that exist within the zones of foundation influence of the proposed
grav ity dam . The results of these investigations may be br ie fiy sum-
marized as follows : (1) the overall structural attitude of the more
impor tan t low ang led joints varies from a 3 degree di p upstream (island
area) to a 15± degree dip downstream (south of island area); (2) the
persistence with depth of the more cont inuous 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 jo in t s  are open at leas t  in some areas .  Sur-
face exposures of these joints (Photos 7 and 8) indicate rather tight
openings but with a thin zone of decomposed granitic rock which is
al tered to a sand or “grus .” In a few drill holes , the joints in
question would appear to have r e l a t i v e l y  good in te r lock  with associated
fresh rock inunedia te ly ad jacent to the joint surface . The soft uncon-
solidated clay-type material encountered on low-angled joints in two
dr ill holes is considered to be a purely local condit ion not important
to the foundation , since additional borings to d e f i n e  t h i s  condit ion
d isclosed noth ing but clean joints at the same elevation ,

5.08 Explorations and observations at the dam site show strong
evidence tha t the low ang le jo ints ar - e continuous or so nearly cont inuous
that hard rock cohesion across the joint cannot be assumed . Observed
undulations in the hard rock structures along the joints have not
attained ang les anywhere close to 90 degrees , wh ich would be a further
requirement to insure shear resistance, Op enness and continuity of
joints is further demonstrated by two instances where pressur e tests
caused cuttings to be washed into ~.oles being p hotograp h ed 20 and 26
feet distant (Photo 25), It must  be assumed , therefore , ‘:hat the low
ang led joints are gen era l l y cont inuous , lack appreciable cohesion , and
that the overall average shearing resistance along any major low angle
jo in t  s u r f a c e  w i l l  be of a r e l a t i v e ly low o r d e r  of m a g n i t u de .  (See
Figure 9 and associated notes.)

5.09 Because these major low angled joint surfaces are suspected
as being potent ial  p lanes of weakness , two additional “sl id ing p lanes”
have been analysed in stability analyses. (Figures 8, 9, 10, lOA and
l5A). In the island area of the dam site the major sliding p lane as
mentioned in paragraph 5.07 is found at Elevation 785 and is approxi-
mately horizontal over the central one third of the site (Area I). In
the area of the dam site south of the island (also approxip~ate1y one
third of site), the major slid ing plane dips downstream a~- an approx imate
15 degr ee angle (Area TI)- -These two design sliding stability p lanes
within the foundation of the dam site are in addition to the standard
p lanes analyzed thro ugh rh o concrete of the dam and at tri e reck—concrete
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con tac t a t the base of the dam sec tion . As descr ibed in the following
paragraphs and demons trated on stability analysis plate l5A the two
po ten tial sl idi ng p l anes in the foundation offer the least net design
resis tance to sl id ing and are , there fore , considered the most critical
ones to s tud y .

5 . 10 Three Al te rna te  Plans for Foundation t r ea tmen t .- in general
recognition of the potential problem of dam site sliding stability, three
basic p lans with accompanying cost estima tes are presented in this Design
Memorandum . Plan A (See Pla te 24) would build a concrete gravity dam
along the highest level areas of the dam site ridge with a minimum of
rock excava tion . No spec ial foundation treatment would be performed other
than the standard curtain grouting, dra inage , and surficial foundation
prepara tion . A design safety fac tor against sliding equal to at leas t
4.0 wou ld be ob ta ined onl y by taking sufficient tangible credit for shear
res is tance  along the appropr ia te  low ang led j o i n t s . This maximu m shear
requirement approximates 60 pounds per square inch without earth quake
considera tion . Plan B , the recom mended plan , also involved a minimum of
rock excava tion but take s considerable lesser amoun ts o f des ign cred it
for shear along a given low angled jo in t . Plan B devel ops su f f icien t
add i t iona l  f r i c t i o n a l  r e s i s t ance  on these joints by foundation pro-
stressing to ob tain a safe ty factor against sliding equal to 4.0 (withou t
earthquake). The pre-stressing would be accomp lished over the more
critical central two thirds of the dam site (Figures 9 and 10 and Plate 25)
Pla n C would remove rock down thr ough the lowest major low angled joint
(Eleva tion 785 ±) 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
trea tmen t varies appr ox ima tely in the ord er , Plan A , Plan B and Plan C .
As mi gh t be expe cted , the cost for foundation treatment increases in the
same order (Table 6) . Al though Plan A has the least cost and requires
relativel y small  shear values for des ign adequacy , s tudies clea r l y
demons tra te tha t even the nominal shear value of 60 ± psi cannot be rel ied
upon . Furthermore, such studies have been conducted to a point that it
is very  doub tful  if  addi tional exp lora tions could de mons tra te the exis tence
of that strength . Wi thou t such conclusive ev idence , Plan A canno t be
recommended . Plan C is an admittedl y conservative approach that would
probabl y insure a sufficien t safe ty fac tor agains t sliding, but at a higher
cost . Plan C would also remove a subs tan t i a l  load on the f o u n d a t i o n  dur ing
required rock excavation and this “unloading” could result in new openings
and extension of existing minor low ang led joints deeper into the foundation .
This risk could not occur in Plan A~ nor p a r t i c u l a r ly in Plan B . Theref ore ,
Plan B migh t be recommended over Plan C even if there were no appreciable
cos t difference . Pla n B , the recommended plan, would provide the essential
elements of bo th safety and economy in one overall scheme .
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5 . 12 Foundat ion  T rea tmen t  - Plan B .- When onl y nominal  des ign
credit is taken for shear along a low ang led joint s u r f a c e , the grea ter
amoun t of des ign  r e s i s t ance  to movement mus t  be developed from frictional
fo rces . I t  has been de termined f rom s t a b i l i t y  analyses that the natural
f r i c t i o n a l  force  alone i s  i n s u f f i c i e n t  to y ield a 4 .C s a f e t y  fac tor
agains t 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 app lied norma l to the surfaces .
The most favorable me thod of increas ing this normal loading force is by
pre-stressing the foundation with high tension cable strands . The
foundation pre-stressing p lan shown for Plan B on P l a t e  25 and Figures
9 and 10 has tailored the amount of pro-stressing required in a given
area of the dam foundation to yield a saf ety factor against sliding of
4.0 (without earth quake) .

5 . 13 Recogniz ing  that  reduced shear ing  s t r e n g t h s  do ex i s t  along
most of these join t surfaces and in order to introduce reasonable
economies into the pre-stressing p lan , it has been deemed advisable to
assign minima l shear s t rength  values  to the major  low ang led j o in t
sur faces . The allowable design shear val ues considered rea sonable at
this time are 25 psi in the pro-stressed island area of the dam site
(Area I on Plate 25), and 15 ps i in the pro-stressed area south of the
island (Area II of downs tream dipp ing joints). These minima l design
shear s t r eng ths  are based genera l l y on q u a l i t a t i v e  i n f o r m a t i o n
ob tained fr om bo re hole pho tography and field examinations of the actual
joint surfaces . Future detailed and more comprehensive studies may
warran t favorable r e f inemen t  of these shear va lues  wi th  resultant
reductions in pro-stressing requirements and associated costs .
Appropria te reco mmenda tions will be included in the Specif ic Des ign
Memorandum for the dam . No tangible credit is taken in the current
sl iding s tab il it y anal ysis fo r shea r through the pre-s tressing cables
or through any grout-filled seams along the low angled joints (See area
grou ting p lan in paragr aph 5 .15) or for added resistance due to
undula tions on these joi nt surf ~ ces . Intangible shear resistance from
these and other sources add an important degree of conservatism to the
overall stability analysis shown in this desi gn memorandum and is considered
su f f i c i e n t to more than o f f s e t ear thquake force considerations in
arriving a t a 4 .0 sa fe ty f ac to r .

5.14 Of the several types of intangible shear or frictional
resis tances s tudied , one of the mo st promising fro m the s tand poin t of
fu ture des ign usage is the added resis tance to sl iding due to undula tions
on the joint surfaces , An approximate quantitative determination of
these undu la t ions  is d e f i n i t e l y poss ib le  b y use of bore hole  pho tography
and stereo net plots . For this and other reasons , a considerable  number
o f bore hole pho tographs were taken at the dam site and the results
thereof  are presen tly unde r s tud y .  Prel imina ry f inding from the bore-
hole pho to s tud y indicate that undulations in hard rock do exist along
the low angled joints , at leas t in the island area of the dam site
(Area I) , These u n d u l a t i o n s , which would o r d i n a r i ly be expected to
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occur in connection with the theorized tensional and “unloading ” type
or igin of the joints , appear to average ar ound 22 degrees in s teepness
of slope . A very pre liminary theoretical anal ys i s ~-.‘as performed to obtain
a tentative quantitative de termination of the additional sliding resistance
due to any prove n undula to ry  e f f e c t on an h ypothetical loo angled joint
su r f a ce and is shown on Pla te 14A . An approximate model stud y as
demonstrated on Photos 21 through 23 has give n a relatively close empirical
confirmation to the sliding resistance Iornrila derived on Plate 14A .
Emp loying this formula and the above tentatively determined 22 degree
average undulation value in the island area of the dam s i t e  r e su l t s  in
almost doubling the natural sliding resistance . Shou ld f urt her comprehensive
bore hole pho tography confirm the undulation ang les on the major low ang led
joints throughout specific areas of the dam sit e , appr eLiable reduc tion
in the proposed pre-s tressing treatment will be possible j~ the fina l
design (Figure lOA)

5.15 Depth of anchorage for the pro-stressing cables is based upon
a depth r equ i rement  needed to engage a mass of q u a r t z  d io r i t e  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 , wh ichever value
is the lesser . In most cases this sets the depth of anchorage at approxi-
ma tel y 60 fee t dep th bel ow the na tura l  ro ck su r f a ce . Beca use o f the
proclivity in this dam site for low ang led p lanes of weakness , even the
“p lane” of anchor tips at their terminal depths will be stepped or other-
wise caused to descr ibe an i r r egu la r  sur f ace  ~‘ithin the dam foundation
(Figures 9 and 10) . Prior to pre-stressing the dam foundation , an area-
grouting pro gram will be initiated to make sure all voids and open joints
within the dam foundation are filled . This p rocedure  ~-.‘i l l  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 accomp l ished . The cost for this
are a grou ting wi l l  be grea t ly reduced since the pre-stressed anchor holes ,
wh ich would be alread y dr i l led on a gr id  pattern , could be ut il ized for
the grouting . Each anchor hole used for groucing would then be redrilled
af ter grou ting, but be fore the grou t had time to attain full set , thereby
permitting the use of a drilled hole for two purposes . The combination
of pre-s tressing and area-grouting called for in Plan B will collectively
yield an important additional benefit to enhance the overall dam sitP
stability . This somewhat intang ible benefit is the as-~urance  tha t the
dam si te r id ge will tend to act in a more monolithic manner and enable
more efficient stress trans fer from one point to ano ther under future
load ing from the reservo ir ~nd earthquake .

5.16 Be cause of the area grout ing ca l led  for in Plan  B , it is
possible that the curtain grouting program for Plan B may be el imina ted
or sharp ly reduced in scope . Al thoug h th is may r esu l t in s ign i f i c a n t
saving in curtain grouting costs , it ma x’ also he necessary to increase
the scope and corresponding cost of the foundation drainuge program due
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to the “tigh ter” bedrock conditions which are sure to result ft ~n
the area grouting program (Plan B only).

3 .17 Curtain Grouting .- Cur tain gro ut ing is p lanned for Plans
A and C and , as men tioned above , to a much reduced ex ten t for Plan B .
The purpose of curtain grouting for a l l  p lans is to prov ide a
def initi ve method of mak ing sure tha t any unde tec ted wa ter passageways
under or around the dam are tested and pl ugged b y grou t a t pressures
wh ich can simula te reservoir head . Plates 15 and 16 show a section
of the dam wi th the proposed grou t hole dep ths and ang les (Plan A and C).
A grouting and drainage gallery is p lanned toward the heel of the dam
as show n for bo th grouting and d rainage purposes and for use as an
inspection gallery during opera tion of the comp le ted projec t .
Preliminary curtain grouting estimates have been based on a line of
grout holes five feet on center , ang led upstream from the grouting
gallery at a 3 vertical to I horizontal slope and penetra ting a maximum
of 75 fee t of bed rock below the base of the dam . Grou t take has been
estima ted at 0.15 sack of cement per linear foot of grout hole .

5.18 Foundation Drainage .- Because of the pred ic ted low ove ra l l
permeabil ity of the bedrock in Plans A , C and par ticular l y B, founda tion
drain holes will be spaced at least 5 feet on centers along the down-
stream ed ge of the grouting gallery and angled at a 30-degree ang le
off the vertical in a downstream direction . Average dep th of each
drain hole will be 50 feet penetration into bedrock . Since 33-1/3
percen t reduc tion in up lif t was assumed in the stability analys is fo r
the concre te struc tures and 25 percent  r educ t ion  was assumed for the
stabili ty p lanes in bedrock , it is impor tan t tha t a l ine o f 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 wil l  insure read y access for per iod ic dra in hole reaming
and inspec tion of the drainage sys tem . In connection with this feature ,
up lift 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 drai n holes . Some consideration vill also be given to the
dri l l ing of add itional dra ins fro m the gal lery  a t even f la tter ang les
in order to provide drainage under some of the toe por tions of the dam
as well . This may become necessary to over come an increase in up lif t
pressures under the downstream portions of the dam during winter
months , when free discha r~ e f rom seepaga areas immedia tel y downs tream
from the dam will be temporaril y restr icted or stoppe d because of
freezing . Some consideration will also be give n to provid ing a
drainage rel ief  gallery within the rock foundation at or near the
location of the critical low angled joint on which up l i f t in stabil i ty
anal ysis is based (Figure Il) . This would insure a sufficientl y low
eleva tion for the da tum re l ie f  plane (floor of drainage gallery) so
that up l ife reduc tions assumed in desi gn wou ld be assured . Such a
ga l l e ry  would f u r t h e r  reduce the p r e s e n t l y assume d 75 percen t up l i f t,
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and its inclusion wil l  be thoroughl y cons idered in prepar ing the speci f ic
des ign memorandum for the dam .

5.19 Future Design Memorandum for Dam .- A spec ific Design Memorandum
on the dam will be submitted in December 1966 . That memorandum will include
more de tailed and speci f ic  desi gns for bo th the founda tion trea tmen t and
the dam struc ture . Further stud y as a result of 6-inch drilling, comp le ted
evaluations o f bore hole photography, and more ref ined cost es tima tes ,
could possibly even show a combination of Plans B and C to be the most
feasible  developmen t . The island area of the dam site , Area I for
examp le , may be pre-stressed while  the area of the dam si te wi th downs tream
di pping joints (Area II) may be excava ted and rep laced wi th concre te .
Th is finalized stud y wil l  also have the benefi t of an addi tional season
of f ield work and will provide the technical bas is for prepara tion o f
con trac t p lans and spec i f ica tions . Also included among next year ’s
studies will be the economic and engineering feasibility of constructing
a pos t tensioned dam a t this dam si te . This would be an added beneficial
and supplemental feature to the basic Plan B pro-s tressing scheme .

5 .20 Reservoir  Evaluat ion .- The basin in which Long Lake is si tua ted
is a comp le tel y rock-lined enclosure which has been deep ly scoured by
glacial  erosion S There are thick accumulations of alluvial and glac ial
deposits at the upper end of the lake, and in all probability along portions
of the bottom (See Photos I and 2) . The proposed Long Lake reservoir ,
with  a water  surface some 80 feet higher than present Long Lake , wil l  be
contained in essentially the same rock-lined basin . Wa ter in the proposed
reservo ir wi l l  be confined b y rela tively t igh t quar tz dior it ic bedrock
throug h whi ch onl y mino r amounts of leakage are likely to occur . Equally
important to this premise {s the fact that the leakage cracks in the rock
which do exis t  will never beco rro app rec iab ly  enlarged b y in ternal eros ion
or p ip ing processes due to the durab le  na ture  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 , excep t in the upstream
por tions of the lake where ex tens ive al luvial  sands and gravel overl ie
the bedrock . No major slide problems are anticipated along the rock or
overburden portion of Long Lake reservoir , al though some minor adjustments
in reservoir slopes will undoubtedly occur during and after pool raising .
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SECTION 6 - LONG LAKE DAM

6.0 1 Select ion of Type of Dam. - Design Memorandum No. 3, Selec-
tion of Plan of Development , des cribed extensive studies undertaken to
determine the recommended type of dam. P re l iminary  considerat ion was
given to various types of dams inc luding  conc re te gravi ty ,  multiple-
arch , massive-head buttress , concrete-arch , rock-and earthfill structures.
Of these the concrete-arc~ type was eliminated from considera tion by the
unfavorable  conf iguration of the abutments , which would require massive
thrust blocks and gravity wing wal l s  on both abutments .  The ea r th !i ll
type was elimina ted early in the studies of dam types because of the
lack of su i tab le  embankment mate r ia l  in any q u a n t i t y  in the v i c i n i t y .
Because of the unlimited availabiiity 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 tha t 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 heigh t of dam grea ter
than approximately 200 feet the massive , unreinforced concrete , multiple-
arch dam appeared to have an advantage , ma in ly due to the lesser quan-
tity of rock excavation required. However , for  any lower hei ght this
advan tage would no t be real ized beca use of the closer  spa cing of
buttresses. For the massive-head buttress-section , a maximum head
wid th of 80 fee t was indi ca ted beca use of the poss ibi l ity of cracki ng
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
sec tion.

6.03 The concrete gravity dam was found to be lower in cos t 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 Selec tion of Height of Dam .- Design Memorandum No. 3 also
describes the scop ing anal ysis per for med to ac cura tel y de termine the
optimum pool elevation of Long Lake . In this analys is the ann ual cos ts
and benefits were determined for each additional 10-foot incremental
increase in dam height. The scop ing anal ysis 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 loca ted to utilize most advantageousl y the topograp hy of the site ,
and is therefore ang led in p lan . 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 s i t e  p lan , P la te  23 ,
shows the dam and its relationship to other project features. The lay-
out and details of the recommended dam , Plan B ax e  shown on P l a t e  25.
The dam w i l l  have a t o t a l  c r e s t  l e n g t h  of appr ox ima tel y 800 fee t , with
a cres t eleva tion of 905 and a he ight of 110 fee t  above the lowest po in t
of the foundation . Crest width will be 12 feet. An ungated spillway.
in two sec tions total ing 225 feet in length , will discharge into the
exis t ing bif urca ted channel of Long River. The spillway crest eleva-
tion wi l l  be 895 , correspond ing wi th the max imum norma l opera ti ng 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
traffi c across the dam is contemp la ted , th e r e f ore sp i l lway br idges are
not provided. A grout and drainage gallery will be provided near the
ups t r eam face , c lose ly  following the base of the dam .

6.07 A l t e r n a t i v e  P l ans  Considered.  - In addition to the recommended
p la n dis cussed above , two al terna tive p lans have been studied in comparable
de tail. 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 Pl a te 26 , d if f e r s  f rom p lans A and B in that the rock is excavated to
the foun da t ion  j o i n t  p lanes , wh ich results in a straight axis dam. The
spiliway is con tinuous rather than two separate sections as Lfl Plans A
and B.

6.08 Stability Analyses , Dam.- The stability studies of the dam
above the founda t ion p lane were of prel iminary scope and were carried
only to the point where structurall y sound and reasonabl y economic sec-
tLons were developed. In general . the procedures outlined in EM 1110-2-
2200 , 25 September 1958. were followed , excep t fur changes in the shear
friction factor equation and the elimi nation 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.- Because of the unjsual
foundation conditions at the damsite. stability studies of greater than
norma l scope have been requi red  in order to determine the most economical
method of foundation treatment. In these ana lyses the sliding shear
frict ion equation as shown in Paragraph 3.04 of EM 1110-2-2200 has been
used. These studies are summarized as follows for each of the alterna-
tives considered:

a. Plan A: A mi nimum of rock excavation would be performed.
wi th no special foundation treatment other than standard curtain grout-
log, dra inage and surficial foundation preparation~ Us i ng the des ign
shear val ues of 25 ps~ for the foundation joints in the island area and
15 ps i for those on the r ig ht abutment (See Section 5), wi th a slithng
f r i c t i on  fac tor  of 0 . 6 5 .  a min imum shear  f r t c t i o n  f a c t o r  of s a fe t y  equal
to 1.69 was determined (Figure 1 5A).
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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, i t  was determined
that  an increase in the ver t i ca l  force would be required to increase
the shear f r i ct ion fac tor under the given parame ters . 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 fric tion 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 fric tion 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
safe ty would be achieved by excavating the rock to the le-~el of the
lowest majo r low ang led joint  plane ac ross the cen tra l  two- th i rds  of
the foundation .

6.10 Cost Comparison.- Cost estimates were prepared for each of
the three alternative plans considered in sufficient detail to allow
co st 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. 275.0 275.0  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 , Rei n f .  & Misc.  39.0 39.0 40 .2
Prestressing None 772 .2  None

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

Orde r of Inc reasi ng Cost 1 2 3

6.11 It is apparent from the foregoing cost comparison that
Plan A , which requires onl y minor amounts of foundation treatment ,
would have the lowest cost. However , it is not believed that sufficient
shea r strength would be developed in the low angled foundat ion 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 dril1~.ng and grouting. Plan C would
avoid most pr oblems connected with the foundation joint planes by
removing all rock above such joints beneath the dam. The cost of th is
plan would be significantly higher than either Plan A or Plan B.
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6. 12 Recommendat ion .-  I t  is bel ieved tha t the inadequate safety of
the  mini mum Plan A and the excessive cost of Plan C make the intermediate
Plan B t h e log ica l choice for continued planning and design . It is there-
fore recommended tha t Plan B, substantiall y as shown on Plate 25 and
described herein , be adopted. During preparation of the forthcoming
specific desi gn memorandum on the dam fur ther  s tudies  wi l l  be made to
more accurate ly  determine the amount of p res t res s ing requ i red .  Considera-
t ion wil l  also be g iven to the economic feasibility of extending the post-
tension tendons within the concrete dam .

6.1 3 Diversion Tunnel . -  The divers ion tunne l Shown on Plate  27 is
~pa t t e rne d  a f t e r  a method of lake- tapp ing much used in Norway . 1/ A
tunnel wil l  be driven toward the bot tom of the lake from a point at a
suitable elevation downstream from the lake outlet. A short distance
from the p iercing poin t a pit will be excavated in the tunnel bottom to
accommodat e the rock from the f inal  plug . After careful investigation ,
both from the surface and from the tunnel , the final p lug wi l l  be
drilled and blas ted. Either before or immediately after the fina l blast
the control gate , subsequently discussed in paragraph 6.17 , will be
lowe red to regulate the ou t f low from the lake .

6-14 The inle t of the 750-foot long diversion tunne l will be
loc ated at elevation 680 , twenty feet  below the power tunflel entrance
and approxima tely 100 feet below the lowest foundation excavation for
the dam . The diversion tunnel will have a horseshoe section 9.5 feet
wide and 10 feet high, and a slope of 3 foot per thousand feet. Except
for a short distance near the downstream portal the tunne l will be
essen tiall y unlined . A 6-inch minimum thickness of concrete paving will
be placed on the invert , and the sides wi l l  receive a 2-inch nominal
thickness of pneumaticall y applied mortar to improve hydraulic character-
ist ic s at low flows . The dimensions , slope and elevation of the diversion
tunnel were determined by the requirement for passing the projected 10-
yea r s torm wi thou t  raising the lake leve l enough to inte r f er e  wi th  construc-
tion operations . The par ameters so determined proved adequate  to l ower
the lake surface initially in a period estimated at from two to three
months .

6.15 Outlet Tunnel. - The Bureau of Reclamation , who will opera te
and maintain the project , has indica ted a requirement for a permanent
low-level lake outlet , for use in draining the lake for maintenance of
the intake structure and trashrack. Studies have been made of the possi-
bility of utilizing the diversion tunnel for this purpose . However , the
requirement for an emergency gate and bulkhead as well as a regulating
gate for  any reservoir outlet  other than a power condui t  made th is  p lan
impracticable.

1/ Underwater Piercing of Lakes, by Chr. F. Groner , Water Power, 1 July 1960
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6.16 As shown on Plates 27 and 28 , and as desc r ibed in paragraph
8.03 , the out le t  emergency gate , bulkhead and trashrack have been com-
bined with the power intake s t ruc ture . The concrete-lined outlet
tunnel will be circular in section with a diameter of 9 feet through-
out most of its 470 foot length , with a transition to a 9.5 by 9.5
foot ho rseshoe section where it joins the previously constructed
diversion tunnel. The invert elevation at the inlet will be 690,
ten feet below the power tunne l entrance .

6.17 Outlet Contro l Gate. -  The gate for the regula t ion  of dis-
charge from the reservoir outlet tunnel will be placed at the down-
stream portal of the tunnel as shown on Plates 27 and 28. This gate
and its associated structure and operating mechanism , together with
the adjace nt section of tunne l , wil l  be constructed as part of the
diversion works. The gate will be used initially to control the out-
flow during the draining of the lake.

6.18 The gate will be of the jet-flow type . It will consist of
a leaf moved ve r t ical ly  on wheels , by mean s of a hydraulic  motor , gea r
reduct ion unit , and a pair of th readed stems , wi th the leaf and sur-
rounding housing shaped so that the water will issue from the orifice
in a j e t  at a l l  leaf posit ions . Power for operation of the gate wil l
be prov ided by a portable diesel-driven hydra u lic pump, which may also
be used for ope rat ion of other gates on the project. Anchor bars ,
drilled and grou ted into the roèk surrounding the tunnel , will  be used
to resist downstream movement of the gate and control structure .
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SECTION 7 - GEOLOGICAL EVALUATION OF POWER INTA KE WORKS

7.01 General Bedrock Charac te r .  - Explorations and studies con-
ducted to date indicate the quartz diorite bedrock which will be
encountered by the power tu nne l , penstock tunnel , surge tank , and
tailrace control structure , will  be genera l ly  of good to excellent qual-
i ty .  As mentioned in Section 4, localized exceptions to this genera l
premise will definitely occur at known major fault zones. These infre-
quent zones of highly broken and weathered rock have been identified
with relative accuracy as to their precise position along the tunnel
alignment as a result  of s t ra tegic  d r i l l i ng  in overl y ing f a u l t  zones
(Photo 20) and detai led f i e ld  mapp ing of the rock struc tures above
tunnel grade . To the extent  possible , a l l  major  structures have bee n
located or al igned so as to minim ize if  not comp le tel y avoid knowo
fau l ts or close ly spaced joint systems in the rock.

7.02 Power Tunnel Faults. - The 8,175-foo t long power tunnel will
cro ss three known major and several minor fault zones (Plate 20). A
small sh i f t  in ali gnment  of the tunne l from that shown in Design Memoran-
dum 3 allows it to cross these fault zones more nearly at righ t ang les ,
thereby minimizing required contact with fault zone materials. In
the order of their anticipated occurrence along the power tunne l align-
ment and beginning from the upstream portal , the three fault zones
are identified as “First Fault ,” “Second Fault” and “Glacier Creek
Fault ” (Plate 6A) .

7.03 Nature of Fault Zones. - The central p-~rtions or “crush
zon es” in each of these f a u l t s  are charac ter ized by closely broken ,
mylonitized , and weathered rock , intermixed with definite lenses or
stringers of plastic fault gouge . Adjacent to each central crush zone
are border phases of Less severely broken or wea the red  rock w h i c h , in
turn, progressively grade back into the relative ly f resh  and unbroken
main body of rock, completely untouched by faulting. Althoug h all
three fau l t  zones possess generall y s imi la r  types of lesse r qual i ty
rock materials , the Galcier Creek Fault is by far the largest of the
three. More extensive corrective measures are therefore anticipa ted
in connection with tunneling operations through this particular fault
zone .

7.04 Tunne l Water.- It is anticipated that the presence of water
under rela tively high pressures will be most likely bu t no t l imited to
areas associated with  f au l t i ng.  Furthermore , it is expected that border
phases of the major fault zones will be the largest producers of such
high pressure seepage . This expectation is based o~ the premise tha t
the fault-broken rock immediately adjacent to the highly weathered
centra l  crush zones wi l l  be more pervious because of lesser amounts of
secondary weathering products filling the joints. Whenever water is
encoun tered during tunne l ing opera ti ons , in terceptor grout and/or
d rain holes wil l  be dr i l led  to e i the r  seal off or drain off this flow.
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An exp lora tory “gu ide ” hole will also be drilled in advance of the tunnel
heading on approaching any of the major fault zones to signal the occur-
rence of high pressure flows or unfavorable ground conditions. Drilling
of this guide hole will be phased with the blast hole drilling, shooting,
and muck removal operations .

7.05 Other Remedial Measures .- Because generally good rock con-
di t ions are expected throughout a major part of the tunneling operation ,
it is not anticipated that an appreciable number of timber sets will
be required. It is considered tha t requirements for timber sets will
be limi ted principally to where rock conditions are closely a-~sociated
with faulting. It is conservatively estimated tha t steel sets on a
five-foo t spacing will be required over approximately ten percent of
the power tunnel length (Plate 20).

7.06 Rock Bolting .- A pa ttern of rock bolts will be p laced from
spring line to spring line across the arch of the power tunnel through-
out a major portion of its length. For current estimating purposes , it
is p lanned that the rock bolts will be approximatel y one inch  in diame ter ,
placed 4 feet on centers , and pene trate 6 feet into rock. Rock bolting
wil l  be performe d immedia tel y af ter tunne l ex cava tion to min imize s tress
re l ief , overbreakage and rock falls .

7.07 Overbreaka~ e .- In sound granitic rock , such as genera l l y
exist s at Snet t isham , prope r use of conventional tunne l dr iving methods
should control overbreakage to 20 percent or less. This percentage of
overbreak is expected to be somewhat higher where the tunnel pene tra tes
major fault zones. Utilization of pre-sp lit blasting methods or special
boring machines would minimize or possibly eliminate overbreakage . A
rela tively smooth circular bore would not only reduce rock bolting
requirements by putting the tunnel perimeter in compression . it would
also reduce the quantity and cost of concrete tunnel lining.

7.08 Design Rock Restraint.- Inasmuch as a greater part of the power
tunnel length will be confined at a deptl of several hundred feet in highly
competent granitic bedrock , it is anticipated that this bedrock will ulti-
ma tely provide seventy-five percent or more of the design latera l res-
traint required to resist iuternal hydrostatic tensile stresses in the
tunne l lining. Full tensile reinforcement of the tunnel lining will be
undertakin wherever poor ground conditions such as fault zones occur or
where tunnel cover is inadequate (Plate 20). Adequate tunnel cover is
presen t ly based on the ru le of thumb tha t whenever the cover in fee t of
good rock over the tunnel is less than th ree t imes the max imum in ternal
tunne l head in feet of water , full tensile reinforcement will be pro-
vided in the tunne l l in ing . Where the rock is good quality quartz
dio r i t e  as a t  the Sne t t i sham project  and the cover is adequate , this
rule of thumb should provid e a safe ty fac tor of approximately 4.4 ,
based on considera tion of the rock as a homogeneous and isotrop ic medium.
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S.F. = 250 x 62.4 x 3.0 = 4.4
250 x 2.75 x 62.4 x ). k x 0.75

l-~t4~

Where : 250 ft = Design Head
2.75 Sp.Gr. Quartz Diorite

Poisson~’s Rat io (Rock = 0.25)
3.0 = Cover-head Ratio
0.75 = Restraint by Rock

The Bureau of Reclamation considers adequate cover in highl y competent
rock to be 1.5 times the maximum internal tunnel head. If this cri-
terion were used , onl y 14 percen t of the power tunne l lining would need
to be fully reinforced. This would prov ide a factor of safety of 2.2
based on the above theoretical approach. For the purpose of this design
memorand um , the more conserva tive rule has been app li ed with the result
that approximately 50 percent of the power tunne l lining has bee n
designed as fu l l y reinforced pressure conduit. The other 50 percent
is designed with the lining absorbing 25 percent of th e internal hydro-
static loading, and the competent granitic rock absorbing the other 75
percent .  These inte rnal stress design conditions adequately provide
for reverse loading on the lining , which could occur from ground water
pressures with the tunnel empty.

7.09 Geology of Other Watereays Features .- As stated in para-
graph 7.01 , current knowledge of the general proje ct site geology has
enabled many of the project features to be advantageously placed in
speci f ic  areas of highely competent granitic bedrock. A few major
structures such as the dam and power tunnel mus t aciept l imited zones
of lesser quality rock because of their relativel y f i xed posi ti ons
within the project scheme . Accordingly, the mos t detailed d iscussions
on geolog ical problems have been cen tered princi pall y on these struc-
tures . No geologically related problems of a serious nat’ire are anti-
cipated with the intake structure , surge tank , penstock . or access
adi ts .  Except fo r the penstock , which will cross three miri~ r fault
zones a t nearl y right angles (Plate 21), generally high quality grani-
tic rock is expected to be encountered. Information on recommended
powder fac tors , shot hole patterns , firing delays , etc. , w ill be sub-
mitted in future specific design memoranda for these structures . The
close similarity in basic rock type s between this project and Dwor-
shak Dam in Idaho permits utilization of much useful andlogous informa-
tion on accomplished tunneling methods and costs.

7. 10 Penstock and Access Ad i t . -  For the purpose of t h i s  design
memo randum , i t  is p lanned that  rock bo l t i ng  w i l l  be per formed in the
penstock tunnel and access adit in the same basic pattern and propor-
tional quantities as outlined for the tunne l in paragraph 7.06. Over-
b rea k cond i t ions  are general ly s imi la r  to tho se discussed in paragrap h
7.05. The steel lining of the penstock will be designed for 25 per-
cent restrain t by the surrounding rock except adjacent to surge tank
and powe rhouse or where rock cover is relatively light. In these 
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spec i f i c  areas the s teel  l ining will be designed for 100 percent of the
in te rna l  pressu re. As in the power tunnel , it can be generall y stated
that whenever the penstock lining is adequate for the internal press ure ,
it will also be adequate for any external press ures f r om gr ound wa ter
when the pens tock may be empty.

7.11 State of Stress in Bedrock. - It is tentativel y planned tha t
the access adit to the power tunnel , just upstream from the surge
t anks (Plate 30), will be driven prior to award of the major construc-
doii contract. This will prov ide the opportunity to observe an open
bore and to perform at least a limited program of rock mechanics tests
at or near the exact locations and depths of the power tunne l , penstock ,
and surge tank structures. There are several rock mechanics tests
which , if  performed in appropriate locations in the adit , can have an
important bearing on the economics of tunnel lining and required pens tock
steel. In-place elas tic constants of the rock are almost always less
than those determined from rock cores and can be determined by standard
jacking tests. These field values are the determinations which must be
made in order to corre ct ly ascertain the minimum amount of design restraint
which can be expected of this rock , and to adjust steel and tunnel lining
thi cknesses accord ing ly. The prin cipa l field studies p lanned for the
access adit work are : in-place jack tests to obtain typ ical f ield val ues
for the modulus of elasticity (or compression), Poisson ’s rat io , and the
3-d irectional residual s~~ess f ield exis t ing in the ro ck body. In connec-
t ion wi th this las t fea ture , experience from other projects in granitic
rocks and near major seismic zones (See Section 4.10) has sometimes
shown the rocks at depth to be subjected to residual or “foss il” stresses
up to several thousand psi .  These unusual l y high stresses have in p laces
been locked into the rock in past geologic times by g lacial “un loading , ”
mountain making processes or seismic load transfers through the earth ’s
crust , and can be many times the stress magnitude that could be accounted
for by the overlying rock load . Full advantage can sometimes be taken
of this na tureal pre-s tressed condition within the rock if known to
provide required lateral restraint.

7.12 The resultant strain from cutting a tunnel, penstock, or
surge tank openings into highl y stressed rock could cause the rock walls
to move in to the newly created opening. If a joint system were to
exis t a t nearl y righ t ang les to one of the principa l stresses , the rock
walls  could become unstable  and slab off along such joints . Determina-
tion of joint systems and of principal stress directions could therefore ,
provide impor tan t informa tion on prefer red  d irc tions for making rock
cut s and upon required positioning depth and spacing of rock bolts. The
quasi-elastic flow of bedrock into all such openings has been shown on
some other projec ts to decrease as a s trai gh t line when p lo tt ed along
a logarithmic scale of time . It can be important to plot this rock
st rain against  t ime in order to choose a time for concreting (tunnel
l ing ing,  etc.) when the ratural shrinkage rate of the emplaced concrete
is equa l to or g reater  than the inward ra te  of strai ’i  of the rock wa l l s .
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The original state of stress in the rock does not disappear , but I s
transferred back into the rock surrounding the opening which is better
able to sustain the stress because of its unbroken and tn -axial state.
If permanent support is put in too soon , Lhi~ s t r e s s  d i s t r i b u t i o n  w i l l
not be allowed to fully mobilize in the rock and the full stress will
be transferred to the permanent supports and lining.

7.13 In addition to the standard methods of measuring these
residual stresses in rock , such as strain rosettes , de forme d bore
holes etc. , a rela tivel y new method which has been proven successfu l
in Australia and which employs the Freysinnet type jack is approxima-
tely as follows :

A slot is cut in the rock and allowed to ç~artially close by
the strain resulting from the locked-in stre-sse~ A fla t jack is
then inserted into the slot and the rock is forced back into its
ori ginal position a-s determined by 2 or more precisely measured
points on either side of the slot. Ihe unit stress required to jack
the rock back into its origina l posLtion is taken as the maximum
residual unit stress acting in a direction perpendicular to the flat
jack. Three mutually perpend icular slots or slots paralleling pro-
posed excavation cuts are used to determine specific directions of the
residual stresses .

7.14 Divers ion and Intake Structure .- Plate 27 sh ws the res-
pec tive locations for the upstream portals of the diversion outlet and
power intake structures recommended in this design memorandum . These
locations have been selected after extensive studies of lake bottom
condi tions by dr il l i n g  barge , underwater l:~

) camera , SCUBA d iver-
geologis ts , and lead line  sur v e y s  (Pho tos  6 , 10 , Il and 13). It will
be noted tha t the upstream portal (underwater lake tap location) for
the diversion tunnel is located on the righ t abutment rock slope
approximately 300 fee t upstream from tlie dam axis.

7.15 Studies have been made of an alternate diversion tunnel
location adjacent to the power tunnel intake location at the dam site
(Plate 22). The alternate location would be consid erabl y shorter ,
but is not recommended because , (1) some 40 feet of overburden includ-
ing large water-logged trees (Photos 12 and 14) would have to be
excavated from present lake bottom , ar~i (2) the dam foundation might
be damaged from a rel at ively large uncontru lled blast in the last 20
feet of diversion tunne l required to effect the lake tap . It is
considered advisable at avoid the pcs~~ible propagation uf shot
shatter cracks up into the pre-stre~ sed anchorage areas of the most
crit ical por t ion of the dam s it e .

7.16 The presently sele cted I cation on the rig ht abutment
bare rock slope has an additional advantage in that it does not require
mobilization of special barge-mounted excavating equi pme nt to per f o r m
the deep and difficult underwater removal of debris from the present
lake bottom.
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7.17 Remedial rock trea tment for the diversion and reservoir out-
let tunnels will be similar to tha t discussed for the power tunnel in

paragraphs 7.04 through 7.08. In addition to this treatment , an NX
guide hole will be drilled in advance of the diversion tunne l heading
as a constant precautionary measure. This will enable exact determina-
tion to be made of the last 20-foot critical section to be blasted in
executing the actua l lake bottom tap .
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SECTION 8 - POWER INIAKE WORKS

8.01 General. - The power int~ ke works include the intake
structure , power tunne l , surge tank , penstock and appurtenant features.
These structures constitute the waterways which convey the waters of
Long Lake to the powerhouse. Their location and relationship to each
other and to the rema inder of the project is shown on Plate 3.

8.02 Intake Structure.- The intake structure , as desc r ibed in
the Project Document , would have consisted of a trashrack at the
tunnel entrance and a vertical shaft at the shore of the lake to
allow closing the tunnel by the use of stop logs. During preparation
of Design Memorandum No. 3, the Bureau of Reclamation indicated a
req uirement for p la cing the in take bu lkhead as near to the tunnel
entrance as feas ib le , to allow dewatering of the entire tunnel for
inspection and repair. The revised intake structure shown in Design
Memorandum No. 3, therefore , consisted of an incl ined track on the
slope of the reservo ir , extend ing upward from the tunnel entrance to
a bench at an elevation above the maximum flo d poo l . Th is p lan was
approved by the reviewing authorities . However , doub t was expressed
concerning the location of the intake s’r~ cture because of the diffi-
cul ty of access , and the possible effect of snows l ides.

8.03 During preparation of this General Design Memorandum,
additiona l lake bottom soundings and investigations were made. These
indicated the feasibility of an alternate site for the intake
structure , immed iatel y upstream from the dam , near the right abutment.
As shown on Plates ‘7 and 28, the intake structure will inc lude the
bulkhead and emergency gate for the out let tunnel , as we l l  as the
bulkhead for the power tunnel. Two trashracl< panels , each 14.5 feet
wid e and 27 feet h igh , will be positioned in an extension at ~he f ron t
of the structure , covering th~ bell—mouth entrances of both the outlet
and power tunnels. Each of th~~se tunnels will be nine feet in diameter.
Invert elevation of the outlet tunnel will be 690, that of the power
tunnel 700. The reinforced concrete shaft: which houses the gate and
bulkhead slots will be 10 feet by 27 feet in p lan , and approximatel y
215 feet in height. Also housed within the shaft will be the air vent
pipes for each tunnel. TI~e base of t:he structure will be founded on
a bench cut into the rock , approximately 40 feet upstream from the
face of the dam. Anchor bars will be drilled and grouted into the
rock to anchor the base of the structure. Lake ho’ torn sediment and
debris will be excavated to elevation 675 in the area in front of the
intake structure to allow free passage of the water into the trash-
racks.
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8.04 The emergency gate and bulkhe ads will be operated by cab l e
hois ts , housed in an enclosure at the top of the shaft . The operating
deck will be at elevation 905, level with the crest of the darn, and a
12—foot wide brid ge will provide access. The gate hoists will be
dr iven by hydraulic motors. Power for their operation will be provided
by a portable diesel-driven hyd r a u l i c  pump , wh ich may also be used for
operation of the outlet control gate. Prov is ion w i ll be made in the
intake structure for a remote-reading reservoir water level indicator ,
connec ted by cable or rad io to the powerhous e.

8.05 Power Tunnel.- Alignment of the power tunnel is shown on
Pla te 3, profile and details on Plate 29. The length will be approxi-
mately 8 ,175 f eet, from the intake structure to the beginning of the
steel penstock lining. Invert elevation will be 700 at the intake and
660 at the downstream end , w ith a sl ope of approx ima tel y 4.9 feet per
thousand . The tunnel will be circular in section , with a finished
diameter of 9 feet. This was determined to be the most economical
d iameter by stud ies simi lar to those descr ibed for  the pens tocks in
Paragraph 9.07.

8.06 The lining will be reinforced concrete with a minimum thick-
ness of 12 inches. Full tensile reinforcement will be provided wherever
requ ired by poor rock cond itions or inadequ a e cov er . Elsewh ere , the
tensile re inforcement will be des igned to res ist 25 percen t of the
hydrostatic head . Need for steel tunnel supports is expected to be
limited to short sections in the vicinity of faults. However , rock
bolts will be installed in the roof of the tunnel throughou t most of
its length to reduce rock falls and overbreakage.

8.07 Surge Tank. - The surge tank will be located at the down-
stream end of the power tunnel , as shown on Plate 30. Preliminary
stud ies ind ica ted tha t the res tr icted or if ice type would be the mos t
econom ical , pr inc ipally beca use of the larg e res ervoir drawdown wh ich
must be provided for. These studies determined the upper and lower
limits of the maximum surge to be elevations 946 and 705 respective ly.

8.08 As shown on Plate 29, the surge tank will consist of a 25-
font diameter concrete—lined shaft with a height of 250 feet. A
9-foot diameter steel—lined riser will extend from the penstock at
el evation 660 to the bottom of the surge t O f lA  at elevation 700. At
the top of the shaft will be an excavated bench at elevation 940. The
top of the surge tank , w ith a re inforced  concr ete cove r and a i r ven ts ,
w ill extend another ten feet to elevation 950. Provisions will be made
for a remote-reading water level indicator in the surge tank , connec ted
by cable to the powerhouse.
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8.09 Butterfly Valve. - The butterfl y va lve , which will serve as
the penstock emergency gate , will be located approximatel y 60 feet
downstream from the surge tank riser. Its diameter will be selected
to provide minimum hydraulic loses , wh ile red uc ing the pens tock
diameter from 9 feet to 8 feet. The valve will be power-operated ,
and controlled from the powerhouse, An air inlet valve and a by-
pass line for penstock filling will be included in the butterfly
valve installation.

8.10 Valve and Access Vault.— The butterfly valve will be
installed in a 26-foot by 30-foot concrete-lined vault. This
vault will also inclose an 8-foot removable length of 9-foot diameter
pens tock , connected to the upstream end of the valve by an expans ion
joint. Removal of this section will allow full-section access to the
tunnel and pens tock for repairs  and ma intenance . A 24-inch manhole
in this section will provide personnel access for inspection .

8.11 Access Ad it.- Access to the valve and access vault will
ne provided by a 350-foot unlined adit . The adit will have a horse-
shoe section 10 feet wide and 12 feet high, d imens ions de termined
by the requirement for passing the 9-foot penstock sect ions and the
butterfly valve. The adit floor will have a 6-inch concrete paving ,
and the roof will be covered with chain link fabric secured by rock
bolts to provide protection from rock falls. The adit will be
driven initially to provide access during construction and if
possible to provide a site for a limited rock mechanics testing
program. (See Paragraphs 7.11 thru 7.13)

8.12 Penstock.- Al ignment and profile of the penstock are
shown on Plate 30 , and details on Plates 29 and 30. The optimum
diameter of the penstock was determined to be 7 feet by the
economic studies descr ibed in Paragrap h 9.07. The prof ile was
selected to provide a minimum of 200 feet of rock cover , except at
the lower end where the penstock approached the powerhouse.

8.13 The penstock will have a total horizontal length of
approximately 1,520 feet, beg inning at a po int 25 fee t upstream
from the surge tank riser and ending at the back wall of the
powerhouse. Centerline length will be approximately 1 ,710 feet.
Diameter will be 9 feet from the beginning of the penstock to the
upstream end of the butterlfy valve. A 900 tee sec tion w i l l  conn ec t
the surge tank riser. Diameter will be reduced to 8 feet in the valve ,
with a further reduction to 7 feet in the compound bend at the upper
end of the inclined section . Approximately 60 feet from the power-
house a wye branch will be installed , with two 4-foot diameter penstocks
continuing to the powerhouse .
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8.14 The penstock lining at the upper end will be of type A-516
steel , with an allowable tensile stress of 17,500 ps i. Minimum thick-
ness of steel l ining wi l l  be 3/8-inch . Type A- 5l7 s teel , wi th  an
allowable tensile stress of 28,700 psi , will be used where justified
by increasing hydrostatic pressure. Maximum steel lining thickness at
the powerhouse , using type A-5l7 steel , will be approximatel y 3/4 inch .
Since pressure regulators will be used to limit pressure rise , des ign
of the penstock lining will be based on a maximum of 20 percent over-
pressure from water hammer . In all cases where rock cover exceeds 200
fee t the steel lining will be designed to resis t 75 percen t of the
internal hydrostatic pressure. In areas of lesser cover near the surge
tank and powerhouse , the lining will be designed for the full internal
pressure.

8.15 Crater Lake Penstock, First Stage. - The Crater Lake surge
tank and penstock will be located as shown on Plate 30. Approx imatel y
200 feet of the Crater Lake penstock tunnel will be excavated simulta-
neously with that for Long Lake. At this point the two tunnels will
be approximately 100 fee t apar t , a sa fe  d istance f rom which to commen ce
excavation of the second stage portion of the Crater Lake penstock.
Approx imately 50 feet of the steel lining for this penstock , including
the horizontal bend and the wye branch for the cross-connection to Long
Lake turbine No. 2 will also be installed in the first stage , since
construction of the powerhouse will preclude their later installation .
It is anticipa ted tha t an ad it will be construc ted , beg inn ing at a
po int near the switchyard , to intersect the first stage tunnel during
construction of the remainder of the Crater Lake penstock.

8.16 For the purpose of this Design Memorandum , the pr ev iously
selected diameter of six feet for the Crater Lake penstock has been
used . However , during prepara t ion of the spec i f ic des ign memorandum
for the Long Lake power intake works additional studies will be made
to de term ine the d iameter and l ining th ickness requ ired for  the in itial
portion of the Crater Lake penstock.
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SECT ION 9 - COMPARISON OF ALTERNATIVE POWERPLANTS

9.0 1 General. - Previous p lanning has been based on construction
of a convent iona l su r face powerhouse , at the si te proposed in the
Project Document. However, the limited area available , the foundation
condit ions and the danger of snowslides at this site ind icated the
des irab i l i ty  of an underground powerhouse. Rock conditions appear
favorable for such an installation. Studies have therefore been
made of these two alternatives during prepara t ion of this Design
Memorandum . These stud ies were carried out in sufficient detail
to provide real is t ic  costs for each of several alternative layouts
fo r both sur face and underground powerp lan t s , and to allow select ion
of the mos t favorable p lan for further study.

9.02 Geology of Surface Powerhouse Sites. - Various sites for
a surface powerhouse have been investigated with core drilling and
seismic surveys (See Plates 17 and l8)~ Because of the difficulty
in determining accurate bedrock contours in this area of fault
valleys , steep natural drop-offs in rock surface, and large boulders
overlying the true rock surface , much mor e exploratory effort than
usual had to be expended on site investigat ions. Indications are
that if known fault zones; are avoided the occurrence of good
competent granitic rock for powerhouse foundations near the immediate
bed rock surface can be confidently predicted . In each case where
true bedrock was penetrated during the power-house investigations, the
rock was hard , fresh quartz diorite from the surface downward . There-
fore the primary purpose of core drilling in siting the surface power-
houses has been to roughly identif y the t rue bedrock surface.

9.03 Two surface powerhouse sit:es selected for more detailed
study are designated as Sites A and B on Plate 17. Site A , almost the
same site selected by the USBR in it- s preliminary studies , was in-
vestigated by five core dr-ill holes. The bedrock at this site is
covered to an average depth of 15 feet with unconsolidated material.
Approximately 50 percent of the rock surface at Site B is exposed.
As a resu lt t:he preliminary investigations required at this sit:e were
reduced to two holes. Site B was found to be tIfle better location
beca use it is located closer to the  surge tank , the r eby r educ ing
penstock length . It also requires less rock and overburden exca-
vation and t:he necessity of concre~:e backfill is eliminated .
Preliminary drill ing has been comp leted for initial site selection ,
but addi t ional exp loratory work wi l l  be requi r ed dur ing t h e 1966
f ie ld season .

9~l



—V- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

9.04 Undergr ound Powerhouse Investigations. - Investiga tions for
underground powerhous e s it es h~ ve been p e r f o r med b y the d r i l l ing of four
core holes , approx ima tel y 1 ,000 feet in total length (Plate 19). From
the se and from rock s tud ies p e r f o rmed f or other fea tu res of the projec t ,
it can be predicted that the bedrock for any underground powerhouse site
would be of good to excellent quality for this purpose. There are no
anticipated adverse geological features that would require unusual con-
t ingencies in cost , or otherwise affect the decision as to the type
c-f powerhouse.

9.05 For comparat ive studies , two underground loca tions as shown
on Plate 38 were studied . Plan B would be located near the surface ,
with a minimum depth of rock cover and short tailrace tunnel. Plan C
would be located immediately below the surge tank with the shortest
possible penstock length .

9.06 Powerhouse Layouts.~ Pr eliminary layou t draw ings for both
conven tiona l and underg round pow erh ouses were prepared by the Hydro-
Electric Design Branch of the North Pacific Division . These drawings
formed the bases for preparation of comparative cost estimates. For the
und erground powerhouse p lans , addi tional prel iminary des igns and cos t
estimates were prepared for access tunnels , for ta ilrace tunnels and
for ventilation and cable tunnels which would be essential par ts of
such plans. Preliminary studies by H .E.D.B. indicate that pressure
regulators would be required for the conventiona l powerhouse to provide
acceptable speed regulation most economically. Similar requirements
would exist for an underground powerhouse with pens tocks of sim ilar
length. However , for an undergr ound powerhouse located directly beneath
t~’e surge tank , the redu ced leng th of pens tocks would mak e pressure
regulators unnecessary .

9.07 Penstocks.- It was apparent that the penstock costs would be
an important point in the final location of the powerhouse. Studies
were performed to determine the most economical penstock diameter for
each plan. In these st-id Les the total constniction cost for penstocks
of several different diameters were determined , These costs were then
reduced to equivalent annual costs , usi ng 3-1/8% interest and amorti-
zation for a 50-year period . Head losses for each size penstock were
also determined and evaluated on an annual cost basis . The sum of
tnese two annual costs for each d iameter of penstock considered allowed
selec t ion of the mos t economic al d iame ter , i.e., that which resulted in
the lowest total annual cos t- . 1-n all cases this economical diameter was
closest to seven feet, Similar studies were performed independently by
H,E.D.B., producing identical results . All fur be r penstock studies
were therefore based -jn a un i form diameter of seven feet. For the
purpose of this Design Memorandum , the prec iously selected diameter of
six feet for the Crater Lake penstock has been used .
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9.08 For the conventional powerhouse two penstock layouts were
considered~ one with the penstocks located in tunnels , and the other
with the penst ;ocks on the surface.  For the tunnel penstock layout a
prof i le  was selected which provided a minimum rock cover of 200-feet ,
except at the lower end where the penstocks approach the powerhouse.
This layout is shown on Plate 30. For the surface  penstock layout the
profile would be horizontal from the base of the surge tank to the
surface , then foliow the slope of the mountainside to the powerhouse.
Excavation of a t rench would be required to provide as straight a
grade as~ possible both to reduce the number of bends and anchor blocks
required and to reduce head losses. The trench would accommodate both
the Long Lake and Crater Lake penstocks . This layout is shown as
Plan “A ’ on P l a t e  38.

9.09 As the penstocks for t:he underground powerhouse would also
be installed in tunnels , they were sii:ed so as to provide the shortest
possible connec~ i3n between surge t ank and powerhouse. In each case
the Crater Lake penstock was located in a separate tunnel , paral lel
to the Long Lake penstock . These layouts are shown as Plans “Ba and
“C” on Plate 38.

9.10 Tailrace. - For a l l  p lans considered an ident ical  t a i l r ace
channel was assumed , providing a bo~ ::om elevation of (-) 1.0 at the
upstream end. For the conventional power-house a control sill at this
elevation determined the elevation of t~ie powerhouse.

9.11 For the underground plans , a tailrace tunnel would be re-
quired. Considerable effort was devoted to determination of the most
advantageous design for this tunnel, balancing excavation cost against
head loss. A single horseshoe tunnel 17 feet in height and width and
with a slope of 3 feet per thousand was selected , wi~h separate  smaller
tunnels from each of the three unit draft tubes converging i~ianediate1y
downstream from the powerhouse. A sill at this point would control
the minimum tailwater elevation. The length of the tailrace tunnel
at the selected slope , p lus the head loss at the control sill , deter~-
mined the powerhouse elevation .

9.12 ~~~~~~~~~~~~~~~~ Cost-s for- powerhouse structure and equip-
ment were developed from informat ion furnished by H.F.D.B, These
costs were adjusted to ref lect  t r anspo r t a t i on  charges and the increased
cost of on— siie labor in Alaska . C- oses icr other items were developed
froni preliminary designs carried o—~~ in sufficienr detail to provide
comparable cos~:s for each of t h e  se.ier al a l t e rna t ive  p la ns.  Unit  costs
were developed by the same methods described in Section 20.

9.~
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9.13 Economic Comparison .-- C omparisons between the alternative

~iwerhouse plans considered were based on the total economic cost of
eac~- , combining the construction cost with the present-worth value of
t- tal head losses.  The a l te r n a :i v e s  considered are tabulated as follows :

Recommended Plan: C~ n en ti ona l Fowe r~ cu se , underground penstocks.

Plan A: Conventional Powerhouse , s~ r face penstocks.

Pla n B: Und ergr ound Powe rhouse , rninrT.Am cover.

Plan C: Underground Powerhouse , maximum cover.

~~i e Recommended Plan is illustrated on ~ la~~ 30 , and Plans A , B and C on
1- late 38.

9.14 The economic comparison of t~-ese four alternative p lans is
shown in the fol - wing tabulation :

Cost in Thousands of Dollars

It em Rec. Plan Plan A Plan B Plan C

fens tocks & Gate 3 , 2 2 1 . 0  3 ,418.3 2 ,480.0 1,817. 3
Powerhouse & Equip 5 ,920.0 5,920.0 6,173.6 6,173.6
Press ice Regulator-s 274.9 274.9 274.9 None
:iiI race 31 .4 31.4 496.0 1,282.1
Access & Cable Tunnels  None None 555.2 1,485.1
L t al Cons tru ct ion Cos t 9,~ 47,3 9,644.6 9,979.7 10,758.1
-rde r of Increasing Cost 1 2 3 4
value of Penstock Head Lisses 3 19, 1 344,3 245.1 167.4
value of Undeveloped Tailwa ec

Head 35,2 135.2 321.0 430.9
~. t a l  Economic Cost 9 , 901.6 10 , 124.1 10 ,545.8 11,3564
:‘rder  of Increasing Cost 1 2 3 4

9.15 The abcve ~:ah~ la tion shows that !*e order of increasing cost
a~ d~- i e r . -mined by coci s~~ruc tion  cost alone is n t  altered by the add it ion

f -ead  loss values .  ~t also shows u h a ~: w~- i l h  t he re  would be a con-
s id er a b l e  saving in pens tock cos ts b y loca~ ing t~-e  powerhouse under-
gr ind , this  sav ing would n o t  o f f s e t  the a d d i t i cn al  cost of tunne l and
I werhouse excavation . I h e  cost of -t he  sur face pens tock plan (Plan A)
is sr. -Dwn to be less ::t an t~~at of t h e  undergr~ un d p lans , though
s i g n i f i c a n t l y  grea t er t - a n  ~ ie c c ’t  c f  the rec- omn-ended p lan .  The
for ego ing  e s t ima t e s, h o w e v e r , do n~~t m d - ide ma in t tn a n c e  cos ts.  These

-
~~ I d be hi gher f o r  ~:be s i r  f a c e  pen s~ ;‘ck because ~f the periodic painting
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which would be required . The additional problems resulting from ice
formation in the penstocks and the danger of snowslides following the
penstock trench and endangering the powerhouse would also make the
use of su r face  penstocks undesirable.  More detai led desi gn st udies
and fu r ther  refinement of cost est imates wi l l  very l ikely resu lt in
changes in the estimated cost of some of the ind ividual features.
However , since the studies for each of the alternative plans were
carried out in equa l detail it is not believed that the results of
the economic comparison would be modified by further studies.

9. 16 Recommendation .- It is therefore recommended that  the
conventional  sur face  powerhouse with underground penstocks , essential ly
as contained in the Project Document and in Design Memorandum No. 3,
Selection of Plan of Development , be retained for further p lanning
and de~~i .ir~.
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SECTION 10 - POWER PLANT

10.01 Gene ra l. - Powerhouse plans , ba sic data for  cost estimates
and text material concerning the power facilities in this General
Design Memorandum were prepared by the Hydroelectric Design Branch of
the Nor th Pacif ic  Division . Proposed p lans co nta ined herein cannot
be cons idered f ina l but do a f fo rd  a sound basis for cost determinations .
The number of un i t s  and ki lowatt  capacity of in i t ia l  and ul t imate
installations are considered firm ; however , further study will be
required to select f ina l  type , size and se t t ing  of t urbines and unit
spaci ng.  Resul ts  of detailed analyses of Snettisham power facilities
and f i nal recommendations for a f i rm basis of desi gn wi l l  be contained
in a fu tu re Preliminary Desi gn Report on the powerhouse . Location of
th e powerplant w i t h  respect to other  f ea tu res  of the project  is shown
on Plate 3. Powerhouse foundat ions  are discussed in paragrap h 9.03 .

10.02 Basic Data. -

Plant capaci ty ,  in i t ia l , KW (nameplate rating) 40,600
Plant capacity, ultimate , KW (nameplate rating) 60,900
Type of turbine Francis
Tu rbine r a t i ng ,  hp 32 ,000
Rating of generating unit , KW (namepla te) 20 ,300

Maximum pool elevation . Long Lake , fee t 895
Maximum pool elevation , Crater Lake, feet 1,022
Minimum pool elevation , Long Lake , feet 720
Minimum pool elevation , Crater Lake. feet 828

Maximum tailwater elevation , feet 11.0
Minimum tailwater elevation , feet (-)3.0
Elevation centerline turbine distributor , feet 4.5
Elevation bottom of draft tube , feet (-)9.0

Diameter of penstock, Long Lake, feet 7.0
Diameter of penstock , Crate r Lake , feet 6.0
Diameter of uni t  penstocks , feet  4.0
Spaci ng of main units , feet  34.0

10.03 Layout and Size .- The powerhouse will  be a reinforced
concrete indoor type structure equipped with a 75-ton bridge crane to
serve for erect ion and maintenance of the uni ts.  Initially ,  the
powe rhouse wi l l  consist of two generator bays for the Long Lake units ,
a skeleton bay for the fu ture  Crater  Lake unit , and an assemb ly bay .
a l l  comp lete  with superstructure . The plans, sections and elevations
of the powerhouse and space allocations and location of powerhouse
equipment are shown on Plates 32 through 37.
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10.04 The generat :r bays will bL 48 feet 6 incies in width from
c~.t,!de to ~-ur ~~ide of t o  pc~ er t :uso ‘eal~~s. a w idth great enough to
i -~ci~ de the sf~ e r ic a ] valves t a t  t’ . cc valv~ s may be hand l ed  by the
ht- iJg ~ crane . ge nerator bays o:ce and two will have a total length of
68 r o o t  6 incoe- s, t i c -  s i u - h t n  bay will be 44 f ee t  in length and the
as~~orinly bay will be 45 l o t  6 j o L te r  ii  length. The total length of
th e  ç- we . hcruse w i J i  be ~58 fcc~t~ A thr ee-ton mo -orai l hoist attached
t - u- c d~- wnstream ex te r l- r face :‘f t ie po,ierhouse wall , complete with
Ufting beam and clin g. w~ 11 be - .-;ed fo r  h a n d l i n g  the d r a f t  tube  bulk-
heed. b e  awd liurv a- d co - t rol area will be Licated in the assembly
bay.

— 10.05 Turbiie.~~ Gen~ rat :rs and Electrical Egoipment. - Th accordance
w i t h  the results of s t u d i e s  p r e s e n t e d  in  Appendix A , each un i t  w i l l
be de.sigrLed to prov id~ a d e p en d a b l e  capac i ty  of 23 , 350 KW. The generators

~~li be de~~igned to ç~r :;d .ce this load at 115 percent generator name-
old te rating at 0.9 f- o;ee r fact-: r. The tu rbi ne s will be of the vertical
shaft. Fra~ cia-ty~e with ~teel ~~-~ ral ca~ e-s a d  c- . -ic rete elbow draft
t’~h~ -s. E~ach ~~it will he de~~igred to produce a guaranteed o u t p u t  of
32~ 000 ~~~~ (23,350 KW at mi - im ~n pc-L i elevat i o .  F€st efficiency will
be acr1ieved at the  average poo l elevation . Spherical gpard valves
w ill be provided upstream from each unit ñ r emergency shutdown and
ma L-ntenance. I-i accordance with c:nunents by the Bureau of Reclamation
coitairied in their letter of 11 February 1965 (Exh ibit l’- , a va lved
c:- . -~~c tfon will be provided between the Crater Lake penstock and the
a d j a c~~:it Long Lake uoL t I- i assure the -perat ion of teo units when the
L ~g l~ake waterway is -shut down fcr inspection or maintenance. Prelimi-
iiar~ stud ies ind i cate that pressure regulators will be required to
ç rovLde acceptable speed regulation without the need for abnorma l
am’~.-~ts ~f ge ’~e ~arcr ~~~~ The f ina l sele cti- : -i - f  the type and size of
g~ a r d  valves aid pre~~-.- .re regulators will be the subject of further

~t~ dy in the 1- weric .~ se Freli mi - -a cy De-~ign Repor t.

10.06 The vertical ge -er at - r~ w t i L  be 22.600 K- -A . 3.9 1-F 13.8 KV
at 63 ’C temperat .re rise wt t i cac’s b ilit y of •~~er at~~~g c-yitinuousiy at
i _ I S p~-~~ce-~t rated KVA . ~~d .vid- .al t hr -~~ Jcd-5t~~ 13.8/ i38 kilovol t,
26- 1J0~ KVA poweL t r e c i ; f . r r n ~ i~5 f~~ t eac’~ u - it t w :Il be 1 :’cat~,d ii a 138 KV
s~- t ct~ ’ard n e a r  t t e  W~~~~’iO s i.  A~ t fC i j..5t€d stat~~~-i service power
~~~~~~~~~~~~~ I., a l3.8~ vic~80 v - i t  double -en d ed s~ bstati~~ su~ p l ied  f r om the
g~ -~~~ato ( t~~rm i - a I s .  w~ t~ a d~ r- ’~~1~~frtVi emerge cy generator capable
f r i ~ Dl~~iO~ esc entc dl luad~ :- i e.

10.07 ~~ h j e ct  to c.m ~ let i ~~~ of d e t a L l c d  s t - i d i ~~~, the a n t i c  t~ -ated
li~ ~ t of the ~1ect cL 0a i f~ nt ~~s f the powern use will conform to

~-m e l  ac ce~~t~ d p r a c t t c ~ f , r  s~~cr p l a n t s .  Ai a u x i L a r y  and c o n t r o l
a r e a  i ,  L I - s - -n ed a t  t i f t  t u r h ~~it~ E L :r e l e v a t L n  E r : t i :e assembl y bay
w h e - - e st ~~t i  - ~- i t c~~g e a r .  s~~i t c h b o a r d $ , Cc r tr )l eq~~ omeit and other
eLctit cal eq tpm .-:- t w tl l he I: ~at ed iPlate 34. ( )~ tr -: l features

~~ ll  b~ de-~~igned t c i t . a i i e  for L -t r ~’lL zed c-o t t l tr ’n the powerhouse.
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This system wi l l  accommodate modi f ica t ion  to al low remo te con trol from
Juneau , should future developments make such an operation feasible.

10.08 Tailrace. - The minimum tailwater elevation will be main-
ta m ed at minus 3.0 (app roximate mean sea level datum ) by an 80-foot
cont rol s i l l  located 50 feet from the powerhouse as shown on Pla te  31.
The f loor  of the ta i l race will  slope upward from an e levat ion of minus
10 at the d r a f t  tube exits  to the minus 3 elevation of the control
sill. This area will be protected from erosion by reinforced concre te
paving up to eleva tion 5 , slightly above the average high tide level.
The con trol sill will consist of a vertical concrete wall with a
steel sheetpile cutoff to prevent underflow .

10.09 The tailrace channel , wi th a bo ttom wid th of 80 fee t
and a slope of one foot per thousand , wil l  ex tend approxima tel y
1,500 feet from the control sill into the tide flats. Bottom elevation
will be minus 3.5 at the sill and approximately minus 5 at the seaward
end. Side slopes wi l l  be 2 to I in the section between the powerhouse
and the access road bridge , a dis tance of approxima tel y 350 fee t , and
3 to 1 in the remainder of the channel.

10-3
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SECTION 11 - TRANSMISSION ~-\C ILITIES

11.01 General .- The major featur i s for the transmission line and
Juneau Subs tation ar e de termined in this d es ign memorand um and descr ibed
in greater detail in Appendix B. The 1 u t u T ~ spec ific Design Memorandum
on the Transmission Facilities will inclodi- line profiles , structure
loca tions , submarine cable location and fur thor substation design.

11.02 Aerial photograp hy and cont our maps have been comp leted
for the purpose of transmission route selection. The tentative route
was loca ted , marked in the field and clearing initiated . On Taku
Inlet shallow sediment samples have be en nb ained , fathometer profiles
run and a spa rker survey is under way t - ) obt a in da ta for the submarine
cable crossing.

11.03 W ind velocities were calculated for the transmission line
from data recorded at Point Retreat on Lynn Canal. The maximum wind
velocity from a 10,000-year return wind was 147 mph. Conductor icing

~as assumed not to be a problem on much of the line so the National
Elec tr ical Safe ty Cod e heavy load ing of 1/2 inch of radial  ice was
specified from Juneau to Mallard Cove . From Mallard Cove to Snettisham
1 inch of rad ial ice will be used beca’~se of more severe climatic con-
ditions. Maximum ice and wind loads are nc~ expected to coincide.
The relatively low-veloc ity-moisture--bearing winds come from the ocean
where as the high-velocity winds come from the continent. Lightning
levels are low along the transmission line. In Juneau the isokeraunic
level is about 0.33.

11.04 Criteria for the substation and the transmission line were
received from the USBR. Certain estiir1at ing data , sp ec if ica t ions and
drawings were also received and utilized.

11.05 Geology. - Most of the transmission structures will be
founded on granitic type bedrock. There is only one type of found-
ation failure which could occur in tiese a .eas , the result of slab off
on the steep slopes. Portions of tHe tran smission line will cross
muskeg areas. Where depths to firm ma~ erial are excessive , spec ial
foo tings will be u ti l ized . The submarine cable will require special
investigations to determine a route which will avoid brid ging the
cable over rocks. The Sparker Survey being run by the United States
Geological Survey should ind icate these c r i t i ca l  areas.  The proposed =
location fo r the Juneau Substat ion is on the former Juneau garbage
dump , two miles southeast of the hear~ of  Juneau. Extensive investi-
gation to determine the soil cond i .:L n s  in and under the dump are
scheduled . Set-~lement of the fill and mass i1 -e slide failure will be

lI--i
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in -- os tiga te d. l’ ore is also an active snow slide area just north of the
selec’ed site ~ri ich may create high wind pressure on the substation
s~ r-~ctures. this SlldL - çotent ial will be investigated . Further geo—
l~ gical investigations of the transmission line are scheduled for the
summer of 1966.

11.06 Routes. — ~ he route reconunended in the Project Document was
followed except icr two sections. Plate 3 shows the proposed route with
s:lid line and the Project Document ro~ te with a broken line. Studies
rndicated that the CoS~ of the additional length of the proposed route
was more than offsL- L by the added constriction , ma intenance and outage
costs associated with the higher elevations of the more direct route.

11.. 07 The submarine cable route t entativel y crosses Taku Inlet at
the point where thc- rran -smiss1~ n line will be the shortesr and the cable
length wilt also be a ncint n iurn . Fur~ ner submarine c-x~ b rat ion will
det erm ine whether m i.ncr adjusc-n~ n is of - he presently p lanned alignment
wiil be requ ired.

11.08 Voltage .- The voLtage recommended for the transmission line
is 138 K\T . After extersive investigation of voltages from 69 KV through
230 Ky , 138 KV was cal culated to have tt c lowest overall cost including
debt set cice , value of l isses . interim rep lac~~ ents and operation and
maintenance expenses. Early in che s~ - d y, t~~e 69 KV line was eliminated
because of excessive losses. The 230 KZ line was found to require too
h igh charging cur~ ent and much more ext ensive cable. The change in
voLage from that specified in the project document results from an in—
ct -ease in energy pr .cd c ion , the longLe 1:ransmission distance and the
increased value of lossbs,

11.09 ConducThr. -- I:ne 795 MC:N ASCR conduct:or proposed in 1JSBR
criteria was found to be toe most ec-on ’n ical choice for the line . An
ana lysis was trade ~m f diff om ent conduct.. r sizes their cost , their
effect on strucrur e ccso and ir e  value c-f th e losses. These were all
present worthed to obtai n tie most ec oc-mical conductor. The 795 MCM
c - -nductor has considerab ty more capacl i y than is required but the high
value of losses dic ated its choice,

l~.. 10 Stcuctures .- Wood H-fram e s;ru~ t:~ies will be used over
39.3 smiles of the line . T~-e r ema ining 5.3 m iles will be steel or
aluminum towers , Wo d p . les are used wi erever feasible because of their
lower cost. In rhe 5.3 t ile area near the p-iwv rp lant , me tal towers wi l l
be used because of space limi cat. icn ~~, diffic ulty of installing guys ,
s~~reng t h , adap~ abil it y ~ steep si pes and h’ e abiiity to maintain them
b y use of small hetico-1 :~~rs. This 5.3 mile area is very steep, has long
510:-is , and is at  a ~ igi -er  a l t i t u d e  than the c o st of the line as well as
be in g  i n a c c e s s i b l e  from t h €  beach .
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11.11 Taku Inlet Crossing .- Taki Inl i -t will be crossed by four ,
single-conductor , 138 ,000-vo l t subm arint cables. One cable would
serve as a spare and will be parall°led wit h one of the other cables
under norma l operating conditions. I0kj Inlet roaches a depth of
abou t 680 feet at the- cable cr c -s~~i ii 4 . ‘- un cable will rest on the
bottom and will be about 14 ,250 leer in ‘ n4lh.

11.12 An economic study of var1~~~ cd ’
~le types and sizes showed

that a 250 MCM oil-filled , pap er-insulated , ,ead-sheathed , steel-
armored cable was the best alterna tivi- . Th is cable would have the
capab il ity of carrying 113 MVA , howeoci , it is the smallest size
recommended f or th is vol tage by st ind-a r i s for manufacture . The
excess capaci ty  w i l l  permi t  the a d d i t i o n  of c-t iter power p lants to
the system if required at a later date. A~ o i c r h e a d  c rossing was
also investigated , but higher costs , less ~e1iability, hazard to
aircraft aixi ot:her factors led to early elimination .

11.13 Juneau Substation .- The recommended substation p lan ,
essentially the same as that outlined by the USBR , is shown on Figure
2, Appendix B. Trip le—ra ted , auto_transformers with a maximum
capac ity of 40 MVA are recommended . Wh en th e second t ransformer  is
added , it will be paralleled with the firs t with isolating disconnect
switches provided to facilitate ma intenance.

11.14 The substat ion will also be provided with a 3,096 square-
foo t bu ild ing whi ch will house of f ices , cont rol room , gar age and
warehouse. Space will also be provided for outdoor storage (

~ ~te 39).

11.15 Snet-tisham Switchyard.- Initiall y,  the switchyard at
Snettisham will consist of two transformers , two transformer bays
and one l ine bay and will generally con form to USBR construction
standards (Plate 31).

11.16 Communications.- The communications p lanned for the con-
struction period will consist of four voice channels and one teletyp e
channel on a VHF , UHF or microwave rad io link . This system will be
adequate for the operation of the project . Communications will be
covered in greater detail in a Communications Supp lement to Design
Memoran dum No. 5, “A ccess and Constr~ ction Facilities.’

11.17 Aaintenance.- Inaccessibility of large portions of the
line and ruggedness of terrain will cause operation and ma intenance
costs to be much higher than the average costs for lines of similar
vol tage located in other states. Much of the equipmen t requi red  for
line main tenance w ill be used onl y for emergency repairs and will
be used ra re ly during norma l operations. The line can be patrolled
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mos t economica l l y by helicopter. Roads are only prac ti cal for abou t
26 ~iles of the line . The ot t er 20 miles , would have to be maintained
by oti-ter means , pr obably  by h el icop ter . The des ign of the structures
will be such that they can be constructed and ma intained with a 4,000
lourtd capacity heL icoL :er. Storage space will be provided at Juneau
Substation and at Snettisham for various items of line maintenance
equipment , poles and o J e r  spare parts .
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S E c T i o N  12 - ACCESS AND L NSTRUCTION FAC 1L~J IES

12.01 General.-• This sect ion describes proposed developmen t of
facilities for access to and within r e project area . -Iriese include
the dock and f l oat s and permanent and temporary access roads. Discus-
sions of residency and camp facili~~ies and of fire control requirements
are also included. Diversion works are described in conjunction with
the dam in Sect i~ n 6. Locations of t h e  features discussed herein are
shown on Plate 3. Wherever possible , fac ilities required during the
cons truct ion per iod will be so desi gned and loca t ed tha t they can be
utilized to the maximum degree in development of permanent facilities
required for the operation and ma intenance of the project. The design
and location of many of the facilities associated with construction
activit ies wilL , within broad limits , be left to the discretion of the
contrac tor .

12.02 Docking_Fac ilities. - Transpor tation of materials , suppl ies
and personnel t- o the project will be pro-~ ided solely b y sea and air.
Fac ilities for the unloading of boats , barges and seaplanes will there-
fore be essential to operation of ‘he project. These facilities will
be located in a protected cove on the southerly side of Star Point
approx imately two miles south of the powerplant . Explorations in the
dock area showed fc-undation materials to be organic silt and fine rock
flour having low strength and buoyed up wi:h high artesian pressures.
Because of the l-~w strength and t~~c susce~~ ibilit y of the area to under--
water sliding, all  dock st ruc t ures w ill be loca ted near shore where
piling can rest on bedrock.

12.03 A barge dock suitable for the unloading of med ium-craft
barges will be constructed adjacent to the shore with a 40-foot by
350-foot timber deck at elevation 15. The maximum tidal range in
Speel Arm is about 28 feet. Therefore , dredg ing of an area in front
of the dock to an elevation of approximately minus 23 will be required
to allow entrance of barges at m in i mj r n  tides.

12.04 Adjaceflt to the barge dock , f loa ts will be prov ided for
the load ing and unload ing of seal lanes and of boat.s up to approximately
60 feet in leng th . The boar f loa , anchored by t imber guide p i les ,
will be 60 feet long and 16 fe~ wide and w ill be suppor ted by foamed-
plastic logs. The seap lane f loa t , secu-~:ed to the end of the boat float ,
will be 30 feet wide and 40 feet long.

12.05 A land ing craft will be c ilized ~or t ra nspor tation of
equipment and materials for transatissi-~n line main tenance and also
for moving vehicles and heavy supp~~ies between Juneau and Snet:tisham.
A timber ramp 50 feet wide , witri a si pe of 20 percen t , will be
provided for loading and unloading h is craft, The upper end of the
ramp will adjo in the deck of the barge dock and will undoubtedly be
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utilized extensively during project construction . In addition , the ramp
wil l  be suitable for beaching of amphibian aircraft for loading and
unloading during periods of unfavorable weather.

12.06 Addi tiona l facilities in the dock area will include a small ,
ele ctrically-opera ted crane with a capacity of approximately 4,000
pounds; storage facilities for gasoline and oil in 55-gallon drums ;
a small shelter building with a telephone connected to the project
system and area lighting to provide for night operations.

12.07 Permanent Access Roads. - An access road having a 24-foot
roadway and a gravel surface will be cons tructed to connect the dock
area with the powerplant and camp area. It will be about two miles in
length and will extend across the upper end of the tideflat on a
gravel fill. In this area the roadway surface will be at its minimum
eleva tion of 15. In the vicinity of Crater Creek the road will rise
to a hi gher elevation in a rock cut section , then descend to a fill
section at elevation 15 across the tideflats in the powerp lan t area.
Three brid ges of steel and concrete construction will be required for
this road. Single-span bridges of 88 and 45 feet will be used at
Crater Creek and Glacier Creek respectively, and a four-span bridge
to tal ing 155 feet will be used to cross the tailrace channel. Corrugated
metal culverts will be provided for cross-drainage where required.

12.08 A similar road will be constructed from the camp area to

~ staging area near Long River at approximately eleva tion 200. This
road will generall y follow the easterly edge of the bra ided stream
channe l of Glacier Creek on grave l fill , then rise to the saddle
above First Lake in a rock cut section . From this point to the staging
area the road will follow the westerly side of the valley of First and
Second Lakes on a gentle grade with a combination of cut and fill
sections . Throughout its length the permanent access roads will have
a maximum grade of ten percent and a maximum curvature of 57 degrees.

12.09 Foundation conditions are not expected to be critical
excep t in the tideflat area between Crater Creek and the powerplant.
In this section the foundation is composed of organic silts and
fibrous peaty soils having variable and relativel y low strengths .
Based upon vane shear tests and observations , the maximum fill height
has been set at 14 feet which provides a factor of s a f e t y  agains t
sliding of 1.2. Other sections will be founded either on bedrock or
granular materials and should present no stability problems . In the
Second Lake area , the road ali gnment crosses an area of varved silt.
No stability problems are expected hit excavated slopes will require
s tabi l iza t ion  to prevent  erosion from heavy rains. Granular material
for embankments is available at convenient locations along thc ali gnme n t .

12.10 Temporary Access Roads. -  Access from the Long River s tag ing
area to the Long Lake damsite , as well  as access to tunnel  por t a l s  an d
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surge tank. will be the reap cnsih: i ity cf the contractor and will not
be prov ided by the Government. :Fro~ is i ns will be made in tte contract
documents to contro l the c n s r r u e t t 2 n  of all temporary roads in order
to satisfy the requir erriecits of t i re c~. S. F- teat Service. Prior to
termination of the final co1s t ru ct i-~n co-’tract , a rev iew of a l l  the
then-ex isting roads ~~‘ r ’ the project will be made ii c:-rju -’ctio- -t with
representa tives ~f ti e Bureau uf Reclam atio-n and the Fe-rest Service.
All roads which are j~ dged a~~Ltable f or pt -- j e ct operation -will be
retained. All -other roath and trail a will be restored as nearl y as
possible to their original ct nd it i c i and treated t prevent erosi~-n ,
as spe ci f ied by the Fore~,t Se rvi ce .

12.11 Residency Facilit ie s .- Temp :rary facilities for the
operations of the Resident Engineer ’ s s ta f f  are proposed for earl y
construction and will be included in the first construction contract.
A firm locatio n for the~~ fac ilittes has not been selected, but it
is tentativel~ pla -ned that they ~vill be 11 the area which will be
graded for the contra ctor ’s camp . adjacent to the existing Government
camp . The Reside-nt Eng i- ee r ’ office b ui ldi n g will contain 3,200
square feet. Art 800 ~quare foot fi~~id la boratory and 800 square
fee t of s torage spa ce w i ll be prov ide d , eithe r in the same building
or in a separate building connected by a covered walkway. In addition ,
warm storage space for six Government vehicles will be provided.

12.12 Government Garnp .- ‘lie existing Government camp , constructed
for use during the pre— co~1stru ctiu: -i p lan~ i-g phase of the croject , wil l
be re tained fo r  use by c~ivernment person~ el duri ng project construction.
I t may be made available for tempo rary use by the first constriction
contrac tor during preparation of the contractor ’s camp . The existing
camp is a self-sufficient facility prov iding accommodations for 36
men together with a warehouse and a small office. Modification of
the existing water supply system w ill be required with a connection
to be provided from the cnntra ct :r ’-s camp . Electric p~wer and
operational service~ for tie- t;:~vernm~ nt camp w i ll be prov ided by the
contractor.

12.13 C-Jntrsctcr ’s Cam_E.- At area s itable for the cccitractor ’s
camp is available on the easterly side of ~la cte r Creek adjacent to
the permane nt access r oad and ti it ex st~ r-g ~~ve-rnm ent Camp . The area
is a gravel b i l l  partiall y c -ver e - d w i t h  ttmber and overlain with from
three to f ive fee t o f pea t. S~~it abI w material excavated during
construction of the camp will be ;ed a-, f ill for the access road.
Cleari ng and gradi g c f  the camp area t getber with - constr~ ct ion of
a water supp ly system and a sewage d t s c - -s a l facility, w ill be included
in the first project cc n st ruct io r i ccn tr a~ t. Iostallatioc of structures ,
water distr ibution and ~ewage c- :llecti ;y tems -, cower supply and
distribution system for his ow-i s-~ ei h l  be the responsibility of
the contractor. After comp le t i - -  ~f t —  ~- roject . the camp area will
be available for release t: - the FL e-,t Servi ce f r  possible recreationa l
developmen t.
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12.14 Fire Control . -  Because the area encompassed by the Snett isham
project lies within the boundaries of the Tongass National Forest ,
special fire control precautions during construction will be necessary .
An annual fire control plan will be prepared by the Forest Supervisor
of the Forest Service in agreement with the Corps of Engineers, and
this plan will be binding on the contractor and all sub-contractors .
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SECTION 13 - BUILDINGS, GROUNDS AND UTILI II ES

13.01 General.- Buildings and grounds development in the project
area wi l l  be l imi ted  to those f ac i l it i e s  required for  operation and
maintenance. Because of the isolated location of the site , more
extensive provisions for maintenance and repair will be necessary
than would be required for comparable projects in other areas. Rein-
forced concrete fire resistant construction will be used for all
projec t buildings . While all  buildings wil l  be of u t i l i t a r i an  design ,
the princip les of good archi tec tural des ign wi l l  no t be neg lected.
Heating will be all electric and, during the course of further studies,
the use of a combined heat-pump system for the powerhouse , dormi tory
and office-shop build ing will  be inves tigated.

13.02 Housing and Service Area. - The dormitory and the power-
house o f f i c e  and shop building will be constructed in proximity to the
powerhouse as shown on Plate 31. The area upon which these buildings
wil l  be loca ted , together with the switchyard area on the oppos ite
side of the tailrace channe l, wil l  be used ini tial ly as a disposal
area for materials excavated from the tunnels and powerhouse . Addi-
tional fill material from borrow will be used to complete the grading
of the area.

13.03 Housing. - On the basis of criteria outlined in ER 415-2-301,
it is believed that the provision of permanent housing for proje ct
employees is justified. The neares t community to the site is Juneau,
28 miles d is tant  by air and 45 miles by wa te r .  No roads exist or are
proposed to connect the site with Juneau. In the Project Document it
was proposed tha t f i f t e e n  dwel l ings  be const ructed for  the use of
perma nen t projec t emp loyees . Current p lanning by the Bureau of
Reclamation for operation of the project , however , indica tes that
personnel will be based in Juneau. Transportation from Juneau to the
site will be provided by the Government on a regular weekly shift
basis. Therefore , no famil y housing wi ll be provided and a dormi tory
will furnish accommodations during the regular tour of duty .

13.04 As illustrated on Plate 39, the 8,500 square foot two-
story dormitory will have a 20-man capacity with individual bedrooms
and semi—private baths . It wi l l  i nc l ide  k i t chen , d in ing ,  lou nge and
recreation facilities together with adequate food storage and refrigera-
tion . An underground passageway will connect with the office and shop
building and with the control room level of the powerhouse. By this
means the three buildings will be formed into an integral comp lex ,
facilitating traffic between them and assurir1~ all-weather availabili ty
of off-duty personnel in emergencies .

13.05 Powerhouse Office and Shop Building . - Off ice space fo r
the project superintendent,togethe r with shop and storage facilities ,
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w i l l  be provided in a 3 , 500 square foot  bu i l d ing  immedia te l y ad jacen t
to the powerhouse. The machine shop in this building will be adequate
in  size and equipment to allow for all except major powerplant repairs .
Storage space wil l  be inc luded  for  a stock of spare powerp la nt equi p-
meic. A vehicle storage and service area will allow for the storage
of three vehicles. It will include a vented grease pit , vehicle
ma in tenance tools and equipment and space for spare parts. In this
area will be located a 125-KW diesel-driven generator for emergency
;owcr supply.

13.06 Transmission Maintenance Building . - A 2,250-square foot
b- .ilding, located as near to the dock area as possible , w i l l  provide
storage for transmission line maintenance equipment , materials and
supp lies. It will be capable of storing a line truck , D-6 tractor ,
t r acke d snow vehicle and a hot s t ick  t ra i le r.  Warehouse space wi l l
be adequ ate for a l l  mate r ia l s  and supp lies re quiring covered storage ,
an d  a gravel surface  storage yard wi l l  be included.

13.07 Grading, Seeding and Plantiflg.- Because of the heavy rain
and snow-fall in the project area , care wil l  be taken in design of all
graded areas to preclude maintenance problems resulting from flood ing
or erosion. Gravel surfaced drives and parking areas will be provided
for all areas requiring vehicular access. A limited amount of seeding
and planting will be done in the housing and service area to enhance
the architectural appearance of the buildings . Consideration will
also be given to the possibility of seeding of excavated slopes in
areas of easily erodible materials.

13.08 Utilities.- Domestic water may be supp lied either from
s-~rface or underground sources. Several small streams exist in the
vic ini ty of the powerhouse and groundwa ter is p len tiful . A reliable
Source will be deve loped during subsequent studies , and trea tmen t
and storage facilities will be provided as required . Sewage disposal
facilities will also be provided in appropriate areas as required.

13.09 Electric power will be supp l ied by the station-service
strscem in the powerhouse , with a diesel-driven standby genera tor for
emergencies. A three-phase , 440-volt power line will provide power for
t h e  transmission maintenance boilding and the dock area. An inter-
connec ting projec t telep hone system will provide communications
tetween all the buildings as well as with the dock area.
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SECII ON 14 - CUNCR ET~ AG~RE~.AIES

14.01 Availability~of Construction Materials. 
- The S:iettisham

project has both advan tages and disadvantages with respect to avail--
ability of suitable construction materials . Relativel y hi gh qua l it y
natural deposits of sands and gravels have been laid down by past
stream deposi tion  and glac ial outwasti in many areas within short
distances of the project ~aee Sec tic-n 4- . The ruggedness and unusual
steepness of the terrain in this area , howeve r, has tended to enter
very strongly in determining the economic s~~it ab i l i ty of spec i f ic
concrete aggregate sources. Further complicating this study are the
long dis tances between various major concrete structures of the project
as well as the required sequence of construction (Plate 6A).

14.02 S urces Studied. Al though many initial sources of concrete
aggrega te have- hewn studied to some degree , three basic deposits have
entered into definite fina l consideration for proposed use at the project
(Plate 6 and Photos 15 though l 9 . These a eas of study are Source A ,
a natural deposit of glacial  outwash sand and grave ls  a t the head of
Long Lake; So ur c e B , a natural deposit of sandy oversized gravels in
the alluvial fan of Glacier Creek; and Source C, a ledge rock source
of manufactured aggregate just off the left abutment of the dam site.

14.03 Sources C~ompared. 
- Cost estimates and overall eco-n~-mic

compar isons of tire - three concrete aggregate 3o~ rces are Shown i-i

Append ix ~~~. Inasmuch as unit costs per yard are relatively clo- s~~,
esp - ciall y for S urces A and C, there could well be other factors -which
may u l t ima te l y determine final usage cf these construction materials.
A partial list of these factc-rs follows:

a. Res itS of t rial mix design st~ d ies which will be
performed by NPE) testing labo-ratcr )r on samp les from Sources A and B.
A trial mix study has been p0rformed for Sc~~r ce C with genera l ly  very
satisfactory results.

b. t is relati -
~ei-~ m-ccb easier t~ obtain 6-minus

materia l f o r  the m a s  concrete in the dam Sources B or (- as compared
with Source A. Ire cement factor in the mix could be r~ duc ted with
coarser aggrega te sizes in the mass concrete , but workabiiity Would
be corresponding ly decreased with the angular 6-inch material from
Source C-.

c. It is highly desira~~le to have rounded-particle ,
natural aggregates for the extensive pumpcrete operations for Ii— ng
over a mile and a half of tot~ oel. By far the best material for this
work would be from Sou c~- A at t~ e ie~ d of Long Lake. This same factor
would also appl y. h-u t to a le s se r  degreo to t~ e p lacing of other
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~tr~ ctural concrete where smaller natural aggregate sizes are preferred
areas where forms are tight and reinforcement steel is closely spaced.

d. Resul ts of prel iminary concrete aggregate tests demon-
stia te that for physical qua l ity, the aggregates are to be ranked in
t~.e app roximate order , Source  A , C and B. Beyond a certain point these
u~ f fe ren ces  may be only academ i c as l o ng as a l l  sources  are capable of
;~~- d i cing materials whic 1 r attair minimum prescribed test values.

e. Source C is most convenientl y located for the dam, in take
~t r ct~ire , diversion stracture and upper part of the power tunnel.
5 irce B is most conveniently Ic-cated for the powerhouse. penstocks ,

~~rge tanks and lower porti-c n cf powe r tunnel.

14.04 Testing Programs. - Append ix C shows the res ults of some of
u~~ aggregate tests perfc- rmed to date co materials from Sources A , B
a- -d C. Also shown are the results of the trial mix study on manufac tured
aggregates from Source C. Il-ic only tes t complete result not yet avail-
a tl e from the trial mix study of Source C is the mortar bar expansion
test , but from -preliminary indications the results of this test should
be favorable. It is not anticipated that alkali reactivity will be a
problem with any of the aggregate materials at Snettisham . Therefore ,
i .r  d e s not appear that it will be necessary to specify the use of low
sikali cements. Of interest and of poss ible f utu re usef ulness is the
ci: se similarity in test results from Snettisham Source C and test
re~ Jts from Dworshak Dam in Idaho where manufactured granitic led ge

~-cck is currently being utilized.

14.05 Some of the sand fractions from So- -ir ce B have fallen below
- ta- --1ciard strength in the ~mortar making propert ies T’ test. This deposit ,

-~~- i c~ is near tidal level shows evidence of hig her degree of wea thering ,
p r o babl y resul ting from humic acids in the nea rby pea ty topsoil as
i— d~ cated by bron limc-

--i tic coatings on many aggregate samples. As a
c. solt . only the gravels will be obtained from th is source and the sand
fr ,~c ti on wi l l  be scalped off. A depos it of apparently suitable sand does

~~ i ,t within a few hundred yards of Sco rce B proper Plate 6).

14.06 Full-scale trial mix studies will be under~ay this win ter
at tFi e NPD testing laboratory nn materials from Sc~~rces A and B. These
-t di es will include 7, 28 and 90 day breaking tes ts on concre te test
cvli -iders , flexure tests on test beams . mortar bar expansion test ,

~ othe r standard testu conducted co the aggregates themselves. The
t~- - ,t in g program will also include therma l studi~-s ‘n the coarse aggre-
g-3 te5 for future mass concrete temperature st~ die~ These lat ter tests

~i il  include conductivity, diff s ivity , and tf~ermal expansion tes ts on
tr e coarse aggregate from So-~rces A and B. :-:t is antici pated that useful

~~la ted information of this type for So-re e C co~ he ~btained by close
-~x-a’ni - --a tion of the test re~~ 1ts a--id theoretical thermal studies already

r f c r m e d  for Dworshak Dam .
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14.07 Sources Adopted for this Report. - For the purpose of
preparing cost estimates for this design memorandum , Source C, the
manufactured aggregate , is utilized for the dam , in take struc ture
and reservoir ou t l e t  tunnel .  Source B , the Glacie r Creek deposit ,
is utilized for powerhouse, surge tank and power tunnel. Other
economic and physical factors relating to site logistics and proven
aggregate qualities may change this presentl y proposed usage to some
degree. These important considerations will be thoroughly covered
along with  the f inal  results of al l  t e s t ing  programs in la ter  speci f ic
desi gn memoranda . Firm recommendations on individual or combined
usage of the various available concrete aggregate sources will then
be made .
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SECLu’~ is - RESERvO:R MANAGEMENT AND PJBLIC USE

15.01 ~eaera1. - Ibis sect i~-n of the -~-c neraI Design Memorandum
presents information on the res~ roes existing ii the proje ct area
and those trot may be created by the formation of the pool and related
works . along with the responsib~ hty of ma -ageme--ot of any natura l and
recreational resources , existing or f--rme d. ‘ftc data contained in the
fo l low ing pa ragr ap rm are sonmiarized from ti e Prel imi nary Master Plan
(Design Memorandum -N. . 4 dated Ap r i l  l965

15.02 ~~~~ J~ t cri ~~_and Arc heolugi c Resources.- The çroject
areas lie iii a very rugged and almost comp le tel y un~ cpulat ed reg ion
with no existing roads and is accessible only by boat or float plane .
The climate , tyrical of S- at he a s t e -n-n Alaska , is charac terized by
moderate temperat~ re-s at sea level , mild wi n ter s , cool suneners and
heavy prec ip itati o mostly i-n the form of rain . Dense forest cover
with accompanying thick ~~d erg r~ -wt extends from sea level to a maximum
altitude of approximately 2500 ft-ut . b-u t these timbered areas are often
broken by large muskegs wi tc ti are not conducive to tree growtto .

15.03 The entire sc~ thea-stern area is a mo-~ntainous mass
intricately cut by waterways which separate the islands from each other
and from the mainl~ -nd . affor din g int ermitte n t passage far into the
Coastal Range. l’ese seaways are deep, many ove r 400 feet , and have
rocky bottoms . Configura tion of t i e -  land mass prov ides one of the
most scenic areas of the continent . Ma -y peaks on t i e mainland rise
to between 6,000 and 8,000 feet or highe-r wh ile mar ry of the islaod~
have peaks 4,000 feet -or hig her. On the mainland , glac iers fill many
of the narrow canyons and attain gre-at size in ti-re northe rn part of
the area. Most of the higher peaks. b :t i1 0-ri the mainland and on the

islands , also c-~ nt~u i- glacier -s.

15.04 A colorful r is to rv has bee n f rged i n  Alaska b y ti~e re ite
man ’s effo rt to- expand the Eur :;pea in fi ~eoce to the ~orth Amer ica

Continent. Rcs~~ia claime d w
1 iat i~ r ow t h e  State of A 1asl< -~ and mu cr

of the west coast by reason of earle ~xpl ; ratio
-n and later attempts

at c o l - o n i z a t i - - , .  D u r i n g  the midd le - ei g’te~ ntr cent-u v~ Rn-s e ~ao s - i o s

pursued f r  s e a l  a : d  sea otter herds jr~ coastal w a t e r - s  a id  en gaged  in
extensive fur tr~sde with the nd ia n— . Eff:ri; at coloii zat i n
made to exp i- it m or e effectively tF e f r  trade of the region . -i 1799
the Russian Amer ican ~- - rii-p a~ y was cr g-sinize d to admi -i ste r Alaska a-u to
promote discovery . commerce arid agr i c -~1t~~re and to pr’pagate tre
Russian Orthodox faith . (~ unt Bara - 1 , tnt - c . mpa -n,- ’ s firet exe c. i r k - c
extended the- sphere of Rus~~iai influence from br i st ol Bay to- ‘i rthern
Califor nia. Sit ka. th tl the cap i t o l -  be~ ame a col:rful and cc :m :politan
port whe re s l i p r s  from m a - - - ,’ -rdtio s cane to  trade. ~~~i 1818. however ,
the Ru-s-s-ia-n Nav c as- - umed cont rd arid ce v er sod the policy of free trade.
Russia then attem Ftod ti rnon-:p i iz e all trai within thE area by

1 5 -i

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-_

-~~~~-- ~~~~~~~~~~~~~~~~~~ -



- 

~TU -
~~~

ci ~- i ug lice coaSt north of 51° lat t tude to all lot Rissian ships.
Sh - ’rr j ,’ ther eofter Russia was weakened by wars ari d internal trouble
a d  pc rm itted her iri f I - toiii ~ in Alaska to decline during the following
half cent ry . Tirer. , rather tha n lose the Territ ory to another power ,
Al o,~ 1 was sold ic the ~nited States ii 1867.

15 .0 5  P r i or  to p u r c h a s e  of A laska . Americans h ad entered the
r g r i to trade , prospec t for gold or- to fish and by the la te 1860’ s
wer fishi ng Alaskan coastal water s for cod and salmon. After the
fir st cannery was bAi t at Kiawak. Prince of Wales :sland , in 1879 ,
L ice industry grew steadil y a nd by 1899 the an n-ni salmon pack reached
a million cases. Tn the meaitime prospectors were coming into the
S -.theast to search for mi ocr als--p ri ncipa lly gold. Their success is
e~-idenced by the large lode geld mines -which were operating on Gastineau
t o  ~i~~l before 1900. Thus the two basic industries , fishing and mining,
u-o re well established by the turn of the century. Many communities
canu- into existence to serve as s~~p o l y and p roc -~-iog centers for
fi~~nermen . Other conrnunities , notabl y Thneau a-nd Doug las , develope d
a~~ m~ 

-r ing camps.

15.06 Southeastern Alaska not onl y ~os-~es-se~ an abund ance of
--a t-u ral resources upon which to base a tourist industry , but is also
rich i-ri historical associations of a colorfil past . Early tribal
life of the Indians is man i fested in totem poles ., grave houses , kitchen
m dd e - r s , community hou~ e-~ and native arts such as basketry . wood
a~ \/ing and blankets. Some of the best examp les of these may be fo und

L i  the v i c i n i t y  of S i tka . W~an~ ell aci d Ketchikanr . :-
~ Srtka , former

seat of Russia ’s colonial government, eviden ces of the occupation
ar t uidespread. Many of the srr- ct i rc~ built by the Russians are
still in use , among wh ich is the Cathedral of St. Michael , a Russian

rtI - t- d ~ x Church , comp leted in 1848. T’-c Indians . as well as the
R -~s~~ia’

-’ traders, American and canadian trapper s , did very lit tle
.etct r ~~ting of the small rivers along tne ma inland -5 C t r  as Speel River.
F - r the most -part , the ir act~ v i t t u~ were l ocated ‘.1 ma in navigation
ci-annels and islands. There wa -s littl e activi te in th€ Gastineau
C 0-LOt l area until the discov ery cf gold-bearing qua r-t~ and r i ch
grovel-s in the Cold (:reek basin in the summe r of 1880. Development of
t e large . low grade c-re bodie s was rapid and tFe -~o~

- t-au area soon
became the most important Iroduc er in Alaska . :~ 1900 the Seat of
g- ve r unent was officia lly transferred t.) -~r r~ ea~ f rom S.itka . although
c ’ e actu al move was made grad~ aily over several ~ears.

15 .07  F i s h e r i e s .  - fli~ ~‘r c  5: i t  econom y of Sni t t-ea st Alaska is
loc - goly based on its extensive fis~~etie~ in dustry which furnishes the
live l i hood for the large maj;- r i.tv of the pop o l a t i - r  eithe r directl y or
L c tirec tl y. Inc waters of S nt i € as t A iasi r -a are pr o lif ic producers of
f j 5 r , especiallo t i e pr o t: -c t e d ~-o t€~~-; -u~~ t c l - l i e  he- twee-n the hundreds
f island s whicn make uç~ mus t. of t i-ic coast line . i c  c-fishore waters

are- al ~ im nort ant ;rcd- cer5 ar~d h ave i i  recent y e a r s  sl own a s table
~~~
‘.c stead y growth ji thE- i r y i eld. i~~c p r cr t c cal t~~p r s  of fish caugh t in

t~ -e cegL --i a r e  sa1rn - ~~~. la) I - i  I rring , sa h lr f is ic a d  she-llfish.
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15.08 The salmon found in Southeast Alaska are of five species
which in their order of importance are the pink , chum . ccho , red and
king . Pink and chum salmon usually spawn in lower tributary or
coas tal streams often within a mile or so of the ocean . whereas kings
and cohos prefer the large r streams and travel much f a r t h e r .  The
reds i~se onl y streams with lakes in their watersheds and spawn along
the shores of the lakes or in the tributary streams above. The
canning of salmon in Alaska was iraugurated in 1878, a nd by 1889
there we-re a dozen salmon canneries in Southeastern Alaska . Their
1950 canned salmon pack am oirrnted to a little over 1,187 .000 cases
and haü a value of about $26 ,000,000 at the packing f lants. The
1963 pack amounted to 1 ,216 ,145 cases at a value of $28,123 ,360 .

15.09 W i l d l i f e .  - In Alaska wildlife is classified in three main
categories- -big game . fur animals and birds. The most abundant big
game in Southeast Alaska is the Sitkan black-tailed deer followed by
bear , mountaio goat a-n d moose. The deer , which are estimated to number
about 40,000 are ic-und in some 12 ,000 square miles of range extending
f rom Dixon Entrance to Cross Sound . The brown and gr izzl y bea r s ,
highl y pr ized by big game hun ters , are most numerous on Baranof and
Chichagof Islands and the black bear is found on Kuiu , Kupreanof , and
Prince of Wales Islands and along the mainland coast . The offshore
island s were dev oid of these animals until some were successfull y
t ransp lanted to Baranof Island by the J. S. Fish and Wildlife Service.
The mountain goat , by its way of living in remote and inaccessible
areas , is assured protection from all but the hardiest of human hunters.
The few moose tha t inhabit this region are confined to the mainland
coastal areas .

15.10 Fur animals have played an important part i-n the develc-pment
of Southeast Alaska since its early settlement by the Russians . Many
hundreds of tC-e native Indians and numerous professional white trappers
and old time reAdents depend on hunting arid trapp ing and the selling
of furs as a mainstay for their existence. li e princi pal fu r bear ing
animals a re mink , marten , beav er , land otter , muskrat and weasel.
Wol-c,es , though not strictly classed as fur arimals . have pelts of
sufficient vaIL e to warrant their mention . The average annua l fur take
for three years. 1948 to 1950 inclusive, was valued at more than
$450,000 . 80 pe rcen t of which -was mink .

15.11 Large numbers of migrat ory -water fowl and up la nd game
birds propagate in the area. Many kinds of ducks breed here , but
the most common are the p intail. mallard a-nd American w i g e c -n .  An
isola ted colray of the beautiful large Pacific etder duck nests in
the Glacier Bay National Monument area . The wi-Ltecheeked go ose is
predominan t en the many islands of this reg ion.

15.12 The most  a bu n d a n t  up land game b i r d s  a r e  g rouse  and p t a rm i g an .
Ptarmi gan . the Alaska State bird , is a form of grous e which nat- re has
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endowed with the ability to change its coloration between summer and
winter periods. Alaska grouse , including ptarinigan , are subject to
epizootic disease and periodically die off in large numbers. These
birds increase to great abundance every 8 to 10 years and then almost
vanish , after which the flocks slowly build up again from scattered
s~irvivors .

15.13 Economy .- The five most important sources of income in
Southeastern Alaska are government , fishing, forestry, tourism and
mining. The fishing and forestry industries have formed the major
part of the economy of the area. However, the Juneau area ’s economy
is based on Federal , State and local governments. Various agencies
of the governments provide jobs for approximately 1,500 people and
represents a payroll in excess of $8,300,000.

15.14 Fishing and Fish Processing.- In 1950 the fishing industry
employed almost half of the workers within the area at the peak of
the season. The main activity is concentrated within a few months
period , and off-season employment falls considerably below that during
the peak. Salmon and halibut fisheries now catch the maximum numbers
permissible in the interest of conservation , but the industry has some
c~pportunity to expand . Many streams and lakes now barren of salmon
r .:ts could be opened up to spawning and could produce large new runs
if channel obstructions were removed and , in some cases , ladders were
constructed to aid fish past waterfalls. Some further expansion is
possible through greater utilization of bottom fish , shellfish and
material now wasted.

15.15 Timber Resources.- Nearly all of southeastern Alaska,
including the Juneau area , is within the boundaries of the Tongass
National Forest. Total land area of this forest is approximately
16 million acres . The estimated saw-timber volume in this area
exceeds 143 billion board feet, surpassed by only three other states :
Oregon, Washington and California. The stand consists principally of
western hemlock, Sitka spruce and lesser amounts of cedar . Due to
steep slopes , commercial timber grows in relatively narrow bands along
shorelines of the mainland and island , rarely extending inland more
than five miles. The vast network of navigable waterways make much

~f the timber readily accessible. The Forest Service has estimated
t’-at 90 percent of this timber lies within three miles of tidewater.
Approximately 3 million acres of the Tongass National Forest is
presently estimated to contain timber of merchantable quality.
Average volume per acre of these stands is between 25,000 and 35,000
board feet. but volumes exceeding these are common over wide ’areas.
The majority of merchantable trees are from 20 to 40 inches in
diameter and from 85 to 150 feet in total height. Additional develop-
ment of timber resources promises to give a tremendous boost to the
.~~ieau area.
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15.16 Recreational Resources .- From a recreation standpoint ,
scenery is the foremost tourist attraction . The coas tal area of
Southeastern Alaska lies within a portion of an immense semicircle
of mountains that extend from the southern extremity of the State
to the Aleutian Chain. Hundreds of square miles of towering snow-
capped peaks have created a rugged terrain broken further by long
arms of the sea extending inland . The resulting fjords provide views
as spectacular as any in the world. Adding both interest and
magnificence to the scenery in this area are the tremendous glaciers,
several of which extend to tidewater and are among the most spectacular
on the North American continent. A few , such as the glacier of Le
Conte Bay, break off in enormous blocks to become icebergs . Alaskan
glaciers are particularly interesting in that they are remnants of the
extensive ice field which once covered much of the North American
continent.

15.17 Another important attraction for the recreationist is
the wildlife resource of the region which affords good hunting and
sport fishing. The area contains a variety of game animals including
big game, wild fowl and fresh and saltwater fish.

15.18 Because of its remoteness , the Snettisham project will
initially offer very little recreational val ie to the poeple of the
region. Crater and Long Lakes are such that no substantial recreation
use would be attracted to them. However, interest in the power plant
area at tidewater may attract some visitors via water transportation .
At the present there are an estimated 400 people a year that visit
the Speel River area in pleasure craft for the purpose of sport
fishing.

15.19 In view of the quality cf construction and depth of
dredging proposed for the project docking facilities , it is possible
that the Snettisham project be made an occnsional stopover point
on Alaska ’s Marine Highway System. SLice the State ’s ferries draw
only about 18 feet of water , they will easily be able to enter the
project harbor at any half-tide or better ; and they could layover
for as much as twelve hours permitting tourists to use available
roads , trails and camp facilities to obtaio views of the magnificent
scenery and to visit project features. land areas along the immediate
shoreline will be available for recreatio’ial use , such as campi -~g
and picknicking, with access principally by boat and amphibious
aircraft.

15.20 Views and Interests of Other Agencies. - Representatives
of the U. S. Forest Service and Bureau of Reclamatij’-i have visited
the Snettisham site , both pc’werho .se and reservoir areas , to consider
the recreational values and development possibilities. It was deter-
mined that although the area has only limited national or regional
recreation significanc e and boat lar~di.ng facilities should be maintained
and a suitable campsite provided fLr recreati-nal use.
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15.21 U. S. Forest Service.- In accordance with the provisions of
the Memorandum of Agreement by the Secretaries of the Army and Agricul-
tare relative to management of land and water resources at water develop-
ment projects of the Corps of Engineers located within or partly within
the National Forest , Appendix B of EM 1130-2-302, the U. S. Forest

• Service and the Corps of Engineers will cooperatively plan the development
of facilities needed for recreation , wildlife and other similar purposes
and ~i~ich would be compatible with the primary ~.roject functions .
Ma-~agement of the land and the use and develcpimnt of resources , including
water oriented recreation , will become the responsibility of the U. S.
Fcre.t Service. It is mutually agreed tha t since the entire project
1ie~ within the U. S. Forest Service boundaries, that since the U. S.
F~~res t Service has many existing recreation sites in operation in
Scitrteastern Alaska , that additional sites are under construction and
improvement and that the U. S. Forest Service has the qualified
perscr~nel and organization readily available to assume this responsibility,
it is to the best interest of the S. ~overnment , State and regional
area to allc~w the U .  S. Forest Service primary jurisdiction over any

~::~ o~ed recreationa l development in this area .

15.22 Bureau of Reclamation.- Funds were appropriated in fiscal
year 1964 for initial preconstruction planning of the Snettisham project.
Th accordance with the March 1962 agreement between the Department of
::—~tt- ri r and the Department of Army , The Corps of Engineers will design
and c- .nstruc t the project which , upon completicn , will be operated and
maintained by the &.reau of Reclamation . The B~reau of Reclamation has
agreed that the U. S. Forest Service be authorized the responsibility
of operating and maintaining all project features pertaining to public

~eed~ for recreation, wildlife and other ~ses compatible with the
primary purpose of the water storage facility. The Bureau ’s prime
;:~ s~.o~isibility will be to operate and maintain the reservoirs , pen-
3tocks , powerplant and ttansmissio~ lines including the sale of power
r:oduced.

15.23 Development &:nsidered Necessary. - D~ve1c.pment by the Corps
cf Engineers will be limited to these facilities that are to be
coqstr.jcted as part of the powerhouse a~d those needed for construction
p .rposes . Facilities for visitor viewing inside the powerhouse will
be part of the original design and construction of the structure. A

~,m~ tl boat dock, to be used for cc- ”struction purp-;~ e~ . will be left
i- -tact for future use of recreatic-nal boats wi.t~ an adjoining stagging

~~~ to be cleared and leveled fir camping purposes. Any other develop-
rn~ -~r ~il1 be by the F.~rest Servic~ c:n a programmed basis based on the

~~era1l needs of the entire .:.~~ea-.i area and the many recreational sites
c~~ rated by the F:res t Service .
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SECTION 16 - REAL ESTAT E

16.01 General.- The main project area is all Government owned
land and consists of approximately 14,022 acres which includes the
environs of two alpine lakes, Crater ~.-‘d Long Lake, together with an
area of the Speel River flats suitable for a power generating station
and housing facilities. An additional area will be required for the
location of a high-voltage single-circuit transmission line which will
carry project power to the load center at Juneau. Two general routes
have been considered both extending from the project area south - to
Mallard Cove after which one route would go overland to Taku Inlet
which it would cross by submarine cable to Bishop Point thence on
into Juneau. The alternate route would be the same except that at
Mallard Cove it would follow the coastline, instead of crossing over-
land , around to Slocum Inlet. Due to the construction and maintenance
problems associated with the higher elevations reached by the more
direct overland route, the alternate route along the coastline is
being recommended. This right-of-way will be approximately 44.6 miles
long and 200 feet wide containing some 1,083 acres. A general descrip-
tion of the recommended transmission facility is contained in Section
11. From its point of oI~igin at the project site to Bishop Point the
right-of-way is located entirely upon Government owned land with a
possible exception at Taku Harbor where it may cross a small portion
of private land. From Bishop Point to the Juneau Townsite Boundary ,
a distance of approximately 4½ miles, the -r ight-of-way is located
sufficiently inland to avoid all but some 180 feet of private land.
The distance from the Townsite Boundary to the termination of the
transmission line near Juneau is approximately 5 miles , the ownership
of which is held by private interests and the St-ate of Alaska. The
right-of-way extends approximately 900 feet across privately owned
small tracts, 18,600 feet across numerous mineral surveys and mining
claims most of which are patented and all owned by Alaska-Juneau
Industries, Inc., and 14,900 feet across State land . This State land
has been selected and granted tentati~;-e approval which is tantamount
to ownership. The mineral surveys and claims are lying idle and have
not been in production for several years. As near as can be deter-
mined there are no other such interests in either the main project
area or the remainder of the transmission line right-of•-.way. The
Juneau substation wiLl be situated on a 400’ x 400’ site approximately
one mile southeast of the City. Two tentative locations were inves-
tigated , however, one of them, the A--J Indust r ies’ rock dqmp , will
not be considered further due to the h igh cost of acquisition. The
other location is the abandoned City garbage dump which the City has
Indicated it would consider making a~ailable for use as a substation
site. The estimated total acreage for t~ie entire project is
approximately 15,109 acres and is br- ken down as follows:
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ACRES

FEDERAL STATE PRIVATE

Main Project Area 14,022.00
Transmission Line R/W 923.00 69.00 91.00
•Iuneau Substation _________ _____ 4.00

Totals 14,945.00 69.00 95.00

Grand Total 15,109.00

16.02 Type of Acquisition.- The Corps of Engineers is to acquire
all the land and rights necessary for the Snettisham Project and is to
construct said project after which it will be turned over tb the Depart-
ment of Interior, Bureau of Reclamation, for operation and maintenance.
Land in the main project area, totaling approximately 14,022 acres,
‘:ogether with 923 acres in the transmission line right-of-~iay is under
jurisdiction of the Forest Service, U. S. Department of Agriculture.
An app lication for the withdrawal of the 14,022 acres has been made with
fte concurrence of the Forest Service. The transmission line right-of-
way on Federal land will be acquired by use of Forest Service Construc-
tion and Use Permits. A Memorandum of Understanding has been drawn up
by the Forest Service wherein they grant permission to the Corps of
Engineers to occupy all the National Forest land necessary for planning
and construction of the project while they, the Forest Service, retain
jurisdiction over as much of the described lands as are not to be
occupied for proje’t purposes. Acquisition of the transmission line
right-of-way across State and private lands will be accomplished by
acquiring permanent easements. Since structures of a permanent nature
are to be constructed on the substation site this land will be acquired
in fee.

16.03 Relocations.- There will be no relocations of roads, rail-
roads , pipelines, utilities or cemeteries, etc. The principal roads

~o be constructed will be in the main project area and will connect the
dock area with the powerplant and camp areas, a distance of around two
miles. There will also be some access roads to the transmission line.
The camp will be connected by road to a staging area near Long River.

16.04 Resettlement. - None.

16.05 Real Estate Costs

a. Fee. - No land is to be acquired in fee other than the
Juneau substation site. Original interest had centered on a portion of
t~ e old Alaska-Juneau Industries ’ rock dump which is well located and
w: uld probably meet foundational requirements. This rock dump comprises
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around 80 acres, is located a short distance from downtown Juneau and
has water frontage. The owners of this land intend to develop it into
an industrial park, therefore, they are quite reluctant to sell any
part of it and would strongly contest any condemnation action. This
land is undoubtedly of considerable value as it is about the only
remaining land available for such use in the Juneau area. No comparable
sales were found , however, it is assessed at full value by the Borough
Assessor at $.60 per square foot which would give a value indication
for the 160,000 square feet of substation land of around $96,000. For
these reasons further consideration of this property has been dis-
continued. Present consideration is being given the abandoned City
garbage dump, an area of around 7 acres located approximately 3,000
feet southeast of the rock dump. The City has tentatively indicated
it would make the land available at no cost , however, this has not been
formalized. The market value of this land is considered to be sub-
stantially less than the rock dump site due to location and possible
development restrictions caused by unstable ground materials. Its
value is estimated at around $25,000 as compared with the rock dump
site which, once it begins to become industrially developed will no
doubt increase values in this area. A more complete study will be
made for Design Memorandum No. 11, Real Estate, to be issued at a
later date.

b. Easement. - Of the total 1,083 acres in the trans-
mission line right-of-way, it will be necessary to acquire permanent
easements covering approximately 160 acres. This includes 69 acres
of State land and 91 acres of private land . All but 5 acres of the
private land consists of mineral surveys and claims owned by A-J
Industries, Inc. The 5 acres involves the crossing of around four
smell tract ownerships of 4 to 5 acres each and a privately owned
U. S. Survey tract. The actual right-of—way location has not been
finalized . It is the policy of local power companies in both k~chorage
and Juneau to acquire this type of easement for no consideraticn unless
damages are incurred by the proper~y owner. In this case approximately
100 feet of the right-of-way will be kept clear of timber and brush
for purposes of maintenance and non-interference. Even though the
transmission line should be sufficiently above the road to be out of
sight its presence and the clearing of t imber may still result in a
loss of value to the private, land amounting to as much as full value
for the land involved. No sales of this land were found, however,
they are valued at around $500 per acre by the Borough Assessor which
appears reasonable. The mining claims have been the property of A-J
Industries for many years and have nc-t been offered for sale even though
they are not being operated . The Assesscr values them at $400 for a
standard claim cf around 20 acres or ~20 ~er acre. The State land has
not been valued by the Assessor and in all probability easements can
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be acquired across it for little or no consideration. For purposes of
this report, however, it will be valued at $25 per acre taking into
account the small amount of merchantable timber involved.

c. Administrative Costs.- These costs are based upon an
estimate of the actual work to be performed in acquiring the necessary
real estate rights. Included are mapping and surveying, appraising,
title evidence, negotiating and d osing. They are listed as follows:

MAPPING AND SURVEYING $4,000
APPRAISING 500
TITLE EVIDENCE 350
NEGOT IATING AND CLOSING 650

TOTAL $5,500

d. Summary.- The following is a summary of the estimated
real estate costs as of this time. Since the availability of the sub-.
station site at no cost to the Government is not presently known its
value will be included. A contingency factor of 25% is also included
to cover the possibility of having to aqquire easement rights over
additonal private land and to consider a possible increase in value from
the date of this report to final project acquisition.

LAND RIGHTS

GOVERNMENT OWNED LAND - 14,945 acres NO COST
(INCLUDES 923 ACRES TRANSMISSION LINE R/W)

STATE LAND - EASEMENT RIGHTS ONLY $1,725.00
69.00 ACRES @ $25/ACRE

PRIVATE LAND - EASEMENT R IGHTS ONLY 1, 720 .00
86 ACRES MINERAL SURVEYS @ $20/ACRE

5 ACRES SMALL TRACT OWNERSHIPS @ $500/ACRE 2,500.00

JUNEAU SUBSTATION SITE - FEE ACQUISITION 25 000.00
TOTAL COST OF LAND RIGHTS $30,945.00

CONTINGENC~~S - (25% of $30,945) 7,736.00

ADMINISTRATIVE COSTS - 5,500.00
ESTTh(ATED TOTAL OF REAL ESTATE COSTS $44,181.00

CALLED $44,200.00
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16.06 Acquisition Schedule.- Application has been made for the
withdrawal of Federal land in the main project area and approval is
now pending. A Memorandum of Understanding between the Alaska District
Engineer and the Regional Forester involving all the Federal land
needed for planning and construction of the project is currently under
study. It is presently the plan to have the transmission line, r ight-
of-way and substation site acquired by December 1966 and no later
than March 1967.

16-5

* ~~

p

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ----  -~~~ — -~



___________________ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,. = r , —’— — - 

______________

sEcT:ON 17 - DESIGN AND CONS TR , C:’IION SCHE DULE

17.01 General. - A condensed schedule for  design and construction
of the first stage of the Snettisham project is shown in Figure 20,
based on the appropriation, of $2,500,000 in construction funds for
fiscal year 1967. Previ~us project p lanning has been based on appro-
priation of initial construction funds in fiscal year 1966, with first
power to be available in December 1969. The demand for power in the
Juneau area is increasing steadily; additional diesel generation must
be added to the present system within the next year , and further
additional generation will be required in 1970; and the recent announce-
ment by the U. S. Forest Service of an extensive forthcoming timber sale
in Southeastern Alaska indicates the probability of construction of a
large wood and pulp processing plant in the Juneau area by 1971. These
are all factors which emphasize the importance of maintaining the pre-
viously sched~led date of December 1969 for initial power generation
at Snettisham. The present schedule , therefore , has been developed
with that objective. ‘however , it is recognized tha t the time avail-
able is limited and that this will be a difficult schedule to main-
tain. Critical path scheduling studies are currently underway , with
preliminary results to be available shortly. It is believed that with
the aid of this modern tool of management and with the full coopera-
tion of reviewing authorities , the ~-roposed schedule can be acheived .

17.02 Design Schedules. - The scheduled submission dates for
specific design memorandums and for contract plans and specifications
have been revised in accordance with the revised construction schedules
described below . The Preliminary Design Report on the powerhouse , to-
gether with the plans and specifications for the powerhouse and power
equipment , will be prepared by the Hydro-Electric Design Branch of the
North Pacific Division. Design Memorandum No. 10, Power Intake Works,
and the plans and specifications subsequent thereto , will be prepared
jointly by an Architect-Engineer and the Ala-ka District. All other
desi gn work will be performed ic--house by the Al aska District, with
review by a Board of Consultants .

17.03 Total engineering and de~ i g’n costs (exclusive of pre-
authorization fu-ads~ are estimated at $3.200,000 for the first stage
and $4,400,000 for the completed project. Of this amcunt $2.005.000
has been made available t~ ro-ugh fiscal year 1966 t~- date. Ihe remain-
ing requirement will therefc.re be $l.195 ,000 for the first stage , and
$2,395,000 for the completed project .

17.04 Construction Contracts. - Pcesert p1an’~ing is based on con-
struction f the major portions of the project in two contracts ,
Contract A9 will be primarily an excavation contract , including
excavation of al :, tunnels and the surge ta-ik , and the rough excava-
tion for the powerhouse. It will also include the diversion-outlet
control str.~cture a’-~d gate. docking facilities , access ruads, site
preparation for the co~itractor ’s camp, tail-race channel and powerhouse
area grading. A final item of particular importance to orderl y comple-
tion of the project , will be the foundation grouting and installation
of prestressitg tendons for the dam. Contract A9 is scheduled for
award at the end of April 1967, and for comp letlon in September 1968.
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17.05 Contract B9, the second major construction contract , will
consist primarily of concrete work. It will include the dam , lining of
all tunnels and the surge tank. Construction of the powerhouse , instal-
lation of powerhouse equipment , the switchyard , and construction of all
buildings at the site will also be in this contract. Award of contract
B9 is scheduled for November 1967 and completion for February 1970. It
will thus overlap contract A9 by about 10 months , and both contractors
will be at work on the site during the construction season of 1968. It
is recognized that this situation is likely to cause problems , particu-
larly if the two contracts are awarded to different -contractors. Con-
sideration will be given in the CPM studies currently underway to the
possibility of combining both into a single contract.

17.06 The transmission facilities will be constructed in three
separate contracts. A contract for clearing of the right-of-way will be
a-warded in April 1967, and completed in June 1968. A second contract
for the submarine cable section of the transmission line will be awarded
in December 1967, and completed in October 1969. Because of the unusual
nature of this work, and the long lead-time involved in the manufacture
of the cables, it is considered advisable to place this item in a separate
contract. The contract for the overhead portion of the line , including
the Juneau substation , will be awarded in April 1968, and completed in
February 1970.

17.07 Several procurement contracts will be required for the power-
plant and miscellaneous equipment , with schedules depending upon manufac-
turing lead-time and on installation schedules. The earliest award dates ,
for turbines and bridge crane, will be contingent upon appropriation of
construction funds and upon approval for advertisement prior to dlloca-
tion of such funds. These contracts are tentatively scheduled for award
in October 1966.

17.08 Construction Schedules. - Construction schedules are dis-
cussed in the above paragraphs concerning construction contracts. More
detailed schedules of the individual components of these contracts are
shown in Figure 20. Upon completion of the previously discussed CPM
studies , a revised and more detailed construction schedule will be sub-
micted by separate action .

17.09 Funding Requirements.- :~ accordance with the foregoing dis-cussions , fund requirements by fiscal years for the first stage of the —

Snettisham Project are as shown in the following tabulations :

Funds available prior to FY 1966 $ 1,205 ,000
Appropriation, Fiscal Year 1966 800,000
Requirement , Additional , FY 1966 400,000
Requirement , Fiscal Year 1967 2,500,000
Requirement , Fiscal Year 1968 13,000,000
Requirement , Fiscal Year 1969 14,200,000
Requirement , Fiscal Year 1970 7,700,000
Requirement , Fiscal Year 1971 

— 
495.000

TJTAL $40,300,000
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SECTION 18 - OPERATION AND MAINTENANCE

18.01 General .- The project ‘will be operated and maintained
by the Bureau of Reclamation . Preliminary studies by that  agency
indicate that all employees will work a regular tour of duty from
Monday through Friday, with the exception of the operators whose
tours will vary in such a manner as to provide 24-hour attendance.
All maintenance men will normally be stationed at the powerplant
from Monday morning through Friday afternoon. Commercial amphibious
ai~ transportation will be provided by the government each Monday
morning and Friday evening on a scheduled basis between Juneau and
Snettisham.

18.02 The tentative organization of the staff , as presently
proposed by the Bureau of Reclamation , is as follows :

Supervisory

1 Project Superintendent
1 Administrative Assistant

Powerplant Transmission

6 Powerplant Operators 1 Lineman
1 Powerplant Mechanic 1 Groundman
1 Powerplant Electrician/Lineman 1 Heavy Equip Operator/Bargeman
1 Meter and Relay Mechanic 1 Boat Captain

I Cook

As shown above, the staff would consist of 16 men . In the event of
an emergency , either the powerplant or transmission maintenance
crews would be qualified and prepared to assist the others in restoring
service.

18.03 Operation, Maintenance and Replacement Costs. - The annua l
operation and maintenance costs are estimated by the Bureau of
Reclamation to be $390,000 for the first stage and would not increase
with the addition of the second stage . The costs of interim replace-
ments are estimated to be $86,000 for the first stage and $94,000 for
the completed project , based on information furnished by the Bureau
of Reclamation . Annual OM&R costs would therefore be $467,000 for
the first stage and $484,000 for the completed project.

18-1
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SECIION 19 - COORDINATION WITH OTHER AGENCIES

19.01 Bur-aau of Reclamation. - Under terms of the authorizing
act , the Department of Interior will be responsible for operation
and maintenance of the Snettisham project upon its completion . The
Bureau of Reclamation of that Department has been designated as the
responsible agency, therefore , close coordination has been required
and maintained between the Alaska District offices of the Bureau of
Reclamation and the Corps of Engineers. The Bureau of Reclamation
has furnished functional design criteria for the transmission
fac ilit ies , as well as all available background ma ter ial relat ing
to the pre—authorization studies. Numerous conferences and exchanges
of data and information have taken place during the course of studies
lead ing to preparation of this design memorandum . All  prev iousl y
submitted design memorandums ha-1’e been reviewed by the Bureau of
Reclama t ion, and their cortunents thereun have been incorporated where
app licable.

19.02 Forest Service. - The project will be located almost
entirely within the boundaries of the Tongass Nationa l Forest.
Management of the project lands and the use and development of
r esources , includ ing water oriented recreation , will become the
responsib ility of the Forest Service upon completion. Criteria f-~r
land clearing , spoil d isposal , and road and trail construction has
been or will be determined by the Forest Service. Coordination has
been maintained through individual contact and correspondence con-
cerning these matters , as well as priject land withdrawals and trans-
mission line location. Previously submit :ed design memorandums have
been reviewed by the Forest Service , and the ir comments thereon have
been incorporated where app licable.

19.03 Fish and Wildlife Interests.- During preparation of the
Project Document, the U. S. Fish and Wildlife Service reported that
it was bel ieved that the project would not materially affect the
fish or wildlife resources of the area. Alaska Department of Fish
and Game concurred in these findings. Fol~owing initiation of pre-
construc tion p lanning , both agencies were again contacted . This
General Design Memorandum will be transmit:~ ed to both Federa l and
State agencies for comment .

19.04 Federal Power Commission. - The San Francisco office of
the Federa l Power Commission has been kept informed of the general
status of the Snettisham project ft.- ;ugh correspondence and telephone
contacts. In August 1965 the Chairman and Chief Engineer of FPC,
together with the Regional Engineer visited the project site and were
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briefed on the planning studies underway . The FPC furnished power values
fo r use in scop ing and economic analyses . This General Desi gn Memoran-
dum will be transmitted to the Federal Power Commission for review and
comment.

19.05 Other.- Various other Federal , State and Local agencies
have been contacted informally during the course of planning studies.
Bonnes~’i1le Power Administration shared results of their extensive experi-
ence in construction and operation of transmission lines including salt
water exposure and submarine cable installations . The U. S. Coast and
Geodetic Survey furnished information on survey monuments and bench
marks . The U. S. Geological Survey cooperated in the establishment
of a tide gauge, and in the gathering of hydrologic data. The Soil
Conservation Service assisted in the establishment of snow courses and
the U . S. Weather Bureau installed a climatological station on the site.
The U. S. Bureau of Land Management , the State Division of Lands and the
City of Juneau cooperated in the real estate studies described herein.
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SECTION 20 - PROJECT COSTS

20.01 Scope of Estimates. - The estimates in this memorandum
includes both initial and completion phases of project construction .
The former includes the Long Lake dam , powe r intake works , the power-
p lant with the two Long Lake power units , the t ransmission fac i l i t ies,
and all general features of the project. The latter includes the
Crater Lake intake works, the third power units and appurtenant
equipment.

20.02 Estimates. - Project costs are summarized by features
in Table 3, wherein costs of temporary construction items are dis-
tributed to project features and proportionate basis as shown in Table
4. The detailed estimate shown in Table ~ includes costs for both
stages and lists construction quantities and unit costs applied to
the various features of the project.

20.03 Bases for Estimates. - The majority of the unit costs
shown were developed from detailed studies of the labor, materials
and equipment required for the various items of work. For certain
items for which full design details were not available , unit costs
were developed from bid prices for other projects in the Pacific
Northwest. All unit costs based on projects in other areas were con-
verted to estimated Snettisham Project costs by applying varying
factors , averaging approximately 1.7, which includes the effects-of
increased transportation cost , higher wages and cold weather con-
struction requirwments. Costs for turbines , generators and other
powerplant equipment were furnished by the Hydro-Electric Design Branch
of the North Pacific Division . These costs were adjusted to include
transportation costs and the increased cost of on-site labor.

20.04 All costs in this design memorandum are based on estimated
price levels of October 1965. No escalation of prices during the con-
struction period has been provided for in the estimates. The contin-
gency allowance added to the cost of the various features varies from
15 to 25 percent, and averages about 20 percent for the total project.

20.05 Lands and Damages. - The costs of lands and damages were
divided between the features 01. “Lands and Damages ,” and 07.80
“Transmission Plant-Lands and Land Rights.” Since all of the project
site area and the major portion of the transmission line route lie
within the boundaries of the Tongass National Forest, land costs will
be nominal. The Juneau substation and a short portion of the trans-
mission line are within the Juneau townsite, and acquisition from
private interests will be required when final locations of these features
have been determined . Real estate costs are explained in detail in
Section 16, and summarized in Tables 3 and 5.
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20.06 Comparison of Present Estimate and Latest Approved Estimate.-
The estimates are compared in the following tabulation and differences
are discussed in the following paragraphs:

First Stage Development
(cost in $1 ,000)

Cost Present Latest Approved
Acct Estimate Estimate
No. Feature Oct 1965 Base July 1965 Base

01. Lands and Damages 3 20
04. - Dam s 16,698 19 ,435

.1 Main Dam & Spillway (6,463) (6,061)

.3 Outlet Works (372) none

.4 Power Intake Works (9 ,863) (13 ,374)
07. Power Plant 13,216 13,964

.1 Powerhouse (1,502) (1 ,736)

.2 Turbines & Generators (2 ,712) (3 ,047)

.3 Accessory & Misc. Equip . ,
Tail race (1,920) (1,466)

.8 Transmission Plant (7 ,082) (7 , 715)
— 08. Roads and Bridges 2,442 1,122

19. Buildings , Grounds & Utilities 814 923
20. Permanent Operating Equipment 827 580
30. Engineering and Design 3,200 2,755 -

31. Supervision and Administration 3,100 2 ,701
TOTAL COST , FIRST STAGE
DEVELOPMENT 40 ,300 41,500

Second Stage Development

04. - Dam s 8,412 9,770
.4 Power Intake Works (8 ,412) (9 , 770)

07. Power Plant 2,388 3,236
.1 Powerhouse (95) (472)
.2 Turbines and Generators (1,555) (1,706)
.3 Accessory & Misc. Equip.,

Tailrace (249) (420)
.8 Transmission Plant (489) (638)

30. Engineering and Design 1,200 1, 120
31. Supervision and Administration 1,000 974

TOTAL COST, SECOND STAGE
DEVELOPMENT 13,000 15, 100

TOTAL PROJECT COST , FULL
DEVE LOPMENT 53 , 300 56 , 600
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20.07 E~çplanation of Variat ions.-  The principal items accounting
for the $3,300,000 decrease in project costs indicated above are:
(a) more detailed investigation and design has resulted in reduced
diameters for power tunnels and penstocks; (b) the decision to utilize
high-strength steel in the penstocks resulted in greatl y reduced steel
quantities; (c) more complete analysis of the installed costs of power-
plant equipment; (d) changes in the transmission line route reduced
the length of steel tower section ; and (e) more detailed analysis of
unit costs , based on latest available information.

20.08 Three additional features have been added to the project
p lan at the request of the Bureau of Reclamation. These features and
the cost of each are as follows:

Reservoir outlet works $ 559,000
Penstock interconnection 173,000
Transmission access roads 1,788 ,000

TOTAL $2,520,000

20.09 The decision by the Bureau of Reclamation to forego con-
struction of family housing at the site , and the provision of a single
dormitory in its p lace , resulted in a reduction of approximately
$400 ,000 in the cost of th e project .

20.10 The principal factors accounting for the $525,000 increase
in estimated engineering and design costs are: (a) the isolated
location of the project , result ing in high transportation and camp
suppor t costs; (b ) the rugged terr ain , the disper sed ar rangement of
project f eatur es and the comp lete lack of r oads and t rai ls , requiring
helicopter support for p rac t ica l ly  al l  field operations ; (c) the
heavy forest cover which hampers normal survey activities , and
requires expensive clearing operations for even preliminary surveys;
(d) alt hough the cost of the project is not great in comparison with
many other multiple-purpose projects , it presents an unusual number
of factors requiring comparative studies of alternative plans; (e)
the unusually high relative cost of powerhouse and powerplant equip-
ment design, resulting from the fact that although the construction
cost of the plant is not great it is as complex and requires the
same degree of engineering effort as in the case of a much larger
and more cost ly p lant.

20.11 The engineering activit ies which have been performed to
dat e h ave r esu lted in considerable r edu ction in project costs and
in added project accomplishments. It is believed that additional
savings can be effected by continued expansion of the engineering
program. These activities constitute Value Engineering , and should
be so considered in the evaluation of overall engineering and design
costs.
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20.12 The increase of $425,000 in the estimated cost of super-

vision and administration is principally accounted for by the unfavorable

conditions of location and access discussed in paragraph 20.10 above.

An unusually large staff of inspectors will be required to maintain

continuity of observation , with contractors ’ operations in progress

at many locations simultaneously. The provision of helicopter trans-

portation to carry Government personnel to isolated feature sites ,

especially along the transmission line , will be an added item of cost.
The supervision and administratio n estimate also includes project and

district office costs , and therefore reflects the additional costs of

these items.
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SECTION 21 - PROJECT BENEFITS & ECONOMICS

2 1.01 General. - Benefits  creditable to the Snettisham Project
wi l l  be de rived solel y from sale of power in the Juneau area.
Optimum development of the project includes construction of a dam
at the Long Lake outlet which will raise the power pool elevation
to 895 mean sea level. Further studies to be made prior to develop-
ment of the Cra ter Lake phase of the projec t, may indicate the
desi rabi l i ty  of constructing a dam at that site also. However , this
memorandum is essentially concerned with proper development of the
Long Lake phase. The paragraphs following summarize and eva luate
benefits, preliminary cost allocations and establish a benefit cost
rat io for the p ro jec t .

21.02 Power Benefits. - As previously mentioned , all bene f its
will be attributed directly to power revenue. Studies detailed in
Appendix A show that Long Lake will have on-site dependable capacity
of 46,700 kilowatts and will produce a gross of 225 million kilowatt-
hours per year. The decision to make all generating units the same
size results in provision of 23,350 kilowatts of on-site dependable
capacity and a gross annual production of 106 million kilowatt-hours
for the Crater Lake phase. To determine the at-market values , station
use and transmission line losses were assumed to total 6 percent for
both capacity and energy. No benefits were assigned for secondary
energy in any of the computations.

21.03 Power Market. - All power or energy produced by the
Snettisham project will be transmitted by 45 miles of line and sub-
marine cable to the Juneau-Douglas market area. Although there are
definite possibilities of future heavy industrial use, the present
assumed use of the power will be primarily utility loads. Very minor
industrial demand in the area is the only exception .

21.04 Project and System Operating Conditions.- The 50-year
economical life of the project will span two general conditions of
operation. The first t~i1l be the period of growth which spans
approximately 13 years from 1970 to 1983. During this period the
three units will be brought on line as needed with the project
reaching full capability in 1983. The second period is the remaining
37 years during which time the project can be assumed to be operating
at full capacity and in conjunction with other projects or power
producing media. The project will be operated in such a manner as
to make maximum use of the available water and the installed units.
There is no other use for water at t~~e present time nor is one
visualized for the future. There are no water requirements for fish
passage , supply for existing streams, irrigation or flood control.
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21.05 Power Output Capabilities.-

a. Based on the project and system operating conditions, as
outlined above, the only restrictions on power output will be machine
capability and demand from the Juneau area in conjunction with the avail-
able water supply.

b. Consideration was given to the possibility of putting the
Crater Lake phase in service prior to Long Lake; however , such a proce-
dure - 

~p±oved to be uneconomical. Examination of Figure 19 shows that
if Crater Lake were added first in 1970 then the Long Lake phase would
be required in 1972, less than three years later. Such a sequence of
development would require both projects to be in service in 1972.
Conversely, the reconnnended schedule will allow a deferment of the
Crater Lake phase until 1979. Total investment may therefore be delayed
over 9 years by developing Long Lake first, as compared to under 3 years
if Crater were developed first.

21.06 Monetary Evaluation. - The at-market power valuation used
in the monetary evaluation of the above generation was 6.91 mills per
kilowatt-hour for net primary energy and $65.11 per kilowatt-year for
dependable capacity. These values were furnished by the Federal Power
Commission in their letter of 25 February 1964, Exhibit 2, which states,
“the value of hydroelectric power at Juneau based on cost of steam-
electric power estimated in 1960 was $65.11 per kilowatt—year for
dependable capacity plus 6.91 mills per kilowatt-hour for energy. The
total unit value of power for a 70 percent load factor delivery, amounts
to 17.53 mills per kilowatt-hour. This value was based on financing
of a 49,500-kilowatt steam-electric plant with cost of money at 7 per-
cent and with taxes of 6.77 percent of the investment. The cost for
fuel was based on bunker oil at Juneau delivered for $3.20 per barrel.”
The present wholesale rate for all distributor received power in the
Juneau area ranges from 17 to 27 mills per KWH which is greater than
the above unit value.

21.07 Differences from Project Document.- The difference in aver-
age annual benefits from project document are:

Project Document Present Evaluation

Firm Energy $3,709,000 $6,029,000
Secondary Energy 85,000 90,000

Total $3,794,000 $6,119,000

The major contributions to the above 6]. perce~it increase were:

(1) Different values for both energy and capacity.
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(2) Increased energy production due to the higher level of Long
Lake and slightly higher inflows.

(3) A different method of computing benefits.

(4) Other minor considerations included higher efficiencies,
more exact regulation studies and reduction of waste flow.

21.08 Economic Analysis and Justification. -

a. Average annual costs developed in Appendix A are sum-
marized as follows:

Average Annual Costs

50-year life 100-year life

Long Lake Phase $2,279,000 $1,966,000
Complete Project $2,748,000 $2,347,000

b. Benefit computations as developed in Appendix A are sum-
marized as follows:

Annual Benefits

Long Lake Phase $4,319,000
Crater Lake Phase $2,117 ,000

Total Project $6,026,000

c. Benefit/Cost Ratio - Benefit-to-cost comparisons for
the recommended project plan as derived from the above values are
summarized in the following tabulation:

Project 50-year life 100-year life

Phase 
- 

Ann.Costs Ann.Ben. B/CRatio Ann.Costs Ann.Ben. B/CRatio

Long Lake 2,279 ,000 4,319,000 1.90 1,966,000 4,319,000 2.20

Complete Project 2,748,000 6,026,000 2.19 2,347,000 6,026,000 2.57
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SECT ION 22 - DISCUSSION , CONCLUSIONS AND RECOMMENDAT ION

22.01 Discussion. - The project plan as described in this design
— memorandum is essentially the same as that recommended in Design

Memorandum No. 3. Alternative studies and analyses have been made of
several features of the project. Various methods of foundation
treatment for the Long Lake dam were considered , with the conclusion
that the use of steel prestressing tendons to assure stability of the
foundation was the most favorable alternative. The feasibility of an
underground powerhouse was extensively investigated . Economic
studies indicated that a conventiona l surface powerhouse would result
in the lowest overall cost for the power installation . Two alternative
routes for portions of the transmission line were studied . It was
concluded that the slightly longer coastal route would present fewer
construction and maintenance problems than the previously recommended
overland route , and that it would be significantly less costly. A
number of minor revisions in the location and characteristics of specific
features resulted from more detailed investigations and design analyses.
It is proposed that the project be constructed in two stages. The
second stage, consisting of the Crater Lake power intake works and
completion of the power installation , will be deferred for a period
dependent upon the growth of the market for project power.

22.02 Conclusions.- It is concluded that the project plan as
described in this design memorandum , and as discussed above, represents
the most favorable combination of alternatives which could be developed .
It includes a concrete gravity dam at Long Lake, with a minimum of
excavation , and with prestressing tendons as required to assure
stability of the foundation ; a conventional surface powerhouse with
underground penstocks ; and a coastal route for the transmission line .

22.03 Recommendation. - The District Engineer recommends that
the first stage of the Snettisham pro ~ct be approved for construction
in general accordance with the plans and designs presented in this
General Design Met,ioranc’im.
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TAB LE 1

SN0~~LLf C0-IPUTATIONS ~Ifl 1 Pk0~1ThL1~ MAXI!-!U 1 PRh CIP I TA TI (~ OCCURRING UN

Solar Mean Dew Wind Solar
Date Radiation Dai ly Point Velocity Radiation

Temp Temp Ta 32 1d 32 Melt

Ta Td v T~ T~ 0. O02 44I ~ 0.22T~ 0.78f~

Langley ’s °F ~tI’U Inches Incne s Inciies
Col 1 Col 2 Col 3 Col 4 Col S Col b Coi l Col S Coi 9

May 16 746 40 27 18 8 - 1.82 1.76 -
17 747 40 31 18 8 - 1. 82 1.76 -

18 130 43 43 50 13 13 .32 2. 86 10.14
19 130 42 42 39 10 10 .32 2 .20 7.8~)
20 130 40 40 35 8 8 .32 1.7o t,. 24 -
21 753 41 36 18 9 4 1. 84 1.98 3.12
22 755 39 36 18 7 4 1. 84 1.54 3.12
23 756 43 36 18 11 4 1. 84 2.42 3.12
24 757 43 3o 18 11 4 1. 85 2.4 2 3.12
25 759 48 36 18 lo 4 1.85 3.32 3.12
26 760 4o 37 18 14 S 1. 85 3.08 3.90 -

27 762 45 40 18 13 8 1.86 2 .8u o.24
28 763 46 39 18 14 7 1.8o 3.08 5.46
29 750 46 38 3~ 14 1.83 3.08 4.u8
30 700 46 33 25 14 1 1.71 3.08 .78
31 oOO 44 3~ 35 12 4 1. 46 2.o4 3.12

NUT1~S: 1. Column 1, Radiation was calculated using CRREL Research Report No. loU , “Daily Sums of

2. Column s 2 , 3 and 4 were taken from the report prepared by the ~tydroineteorologica1 Secti~

3. Column s S through 14 are obtained as indicated in each column heading.

4. Rain for 18, 19 and 21) ~Iay is 4.o , s. 5 and 14.3 inches , respective ly.

5. On 13 May there is an average of 32 inches water equivalent over the basin.

6. Average basin elevation above 900 feet elevation , exclud ing lake area , is 3000 feet. :~1

7. Generalized snowmelt equation for an open area is M= .00244i ~ + .00u7v( .22 T ~ + .78Tj) + •!
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18, 19 L~ 20 MAY

Convection gain Total
Conuensation ~4e1t Snownelt

~4e1t .007PA 1~ 
Cols,,.

Col 8 ((.01 10) 7+12+13
+ 0.0067v x

Col ~ (Ccl 11)
In C LICS inci~es Inches lnci~es 1nches/d~Col 10 Col 11 Lol 12 Ccl 13 Col 14

1.76 .12 .21 2.03
l.7o .1~ .21 2.03

13.00 .34 4.42 .2o
10.00 .26 2.oU .3 1  4 . 23

8. 0 0  . 23  1 .84  .8~)

5.10 .12 .~~1 2.45
4.uo .12 .~ u 2.40
3 . 34 .12 .66

5.j 4  .12 .uO 2 .31
.12 .80
.12 .84 2.o9

9.10 .12 1. 09
8.34 .12 1.02 2.88
7.7o .23 1.78 3.ul
3 .So  . 1 7  .66 2 . 3 7

5.7u .2 3  1. 3 2  2 . 78

Global Radia ti on for Cloudless Sk ies”.

on , U. S. ~eathcr iiureau.

Ii s~ow:nelt calculations were made at taiS elevation.

,007P1f~

TABLE 1 
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TA$LIi 2

LONG LAKIi WATER QUALITY OBSERVAT

Sahipl e Depth Sediment Temp. Si0 2 Ca Ng Na K ~IC03
Location I)atc Ft • PP’ I °F. PP~-I P1 ’i-I P I~ I PI ’~ 1 PP: I Pt ’ I

Lower 26Mar65 Composite 6 32 surface 1.6 2.4 0.4 0.9 0.3 7
39 bottom

Middle 26ilarô S Cohlposite 4 32 surface 1.2 2 . 0 0.2 1.4 0 .5 6
39 bottom

Up ’cr  2bMar(’S Composite 4 32 surface 1.4 2.4 0.1 1.2 0.4 7
39 bottom

L~~er 22Jul 63 Composite — - 1.1 2 . 2  3 . 1  3 . 8  - 7
3 2 42

“ 50 4 42
100 4 42

“ 150 4 42
200 3 41
253 3 41

“ 300 4 41
350 4 41
400 4 43 ,5
450 3 40.5

Middle 22Jul63 Composite — - 0.8 4.0 0 .5 1.1 - 8
5 3 41

50 4 41
“ 100 4 40.5

150 is 40
“ 2013 4 40

230 5 40
300 5 40
330 4 40
400 5 40
450 4 40

Upper 22Jul65 Composite - — 1.2 1.4 1.2 1.3 - 8 4I, 5 67 1/  4 1
50 6 44
100 6 41
150 400 2/ 41

Inflo w 22Jul65 Surf ace 10 4 1

1/ Organ ic ~--lateria1Ti Bottom disturbed while sampling
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Speci fic
is solved I a r&L ~e s s Con duct an cc

S0~ Cl Solids CaCU3 N on -Carb micro mhOS/C 1U pkl Colo r
s-i PPM I ’Pt I P~’~ I PPM PPM at 25°C

1.0 3. 5 13 8 2 21 i s . 7  S

1. 3 2 .8  12 1 17 u .8  5

r 1.3 3.2 13 6 0 23 i s. )  S

1.-) 2.~ 15 is ‘0 21 u .9  S
27
2u
18
22
18
19
18
18
18
23

1.4 2 . 8  19 is 0 21 6.9  5

21
1$
20
18
18
22
21
21
20

- 
20

1.9 4.3 23 7 1 27 7.0 5
17
17
17
17

17
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SNETTISHAM PROJECT, ALAS1IA

TABLE 3 - SUMMARY COST ESTIMATE
Price Level - October 1965

Cost Item Cost Feature Cost
Acct No~ in $1.000 in $1 000

FIRST STAGE DEVELOPMENT
01. Lands and Damages 3
04.- Dams 16,698
.1 Main Dam and Spillwav 6,463
.3 Outlet Works 372
.4 Power Intake Works - 9,863

07.- Power Plant 13,216
.1 Powerhouse 1,502
.2 Turbines and Generators 2,712
.3 Accessory & Misc. Equipt: Talirace 1,920
.31 Accessory Electrical Equipt . (1,116)
.32 Misc . Power Plant Equipt . ( 567)
.33 Tailrace ( 237)
.8- Transmission Plant 7,082
.80 Land & Land Rights ( 42)
.81 Clearing Land & Rights of Way ( 441)
.82 Structure s and Improvements ( 162)
.83 Station Equipmen t (1, 149)
.84 Towers & Fixtures ( 367)
.85 Poles & Fixtures (1,029)
.86 Overhead Conduc tors & Devices (1,216)
.88 Subsoarine Conductor & Devices ( 888)
.89 Roads and Trails (1, 788)

08 . Roads and Bridges 2,442
19. Buildings , Grounds and Equipment 814
20 . Permanent Operating Equipment 827
30 . Engineering and Desi gn 3, 200
31. Supervision and Administration 3,100

TOTAL COST , FIRST STAGE DEVELOPMENT 40,300

SECOND STAGE DEVELOPMENT
04 .- Dams 8,412
.4 Power Intake Works 8,412

07.- Power Plant 2,388
Powerhouse 95

.2 Turbines and Generators 1,555

.31 Accessory Electrical Equipment 249

.8 Transmission Plant 489
30 . Engineering and Design 1, 200
31. Supervision and Administration 1.000

TOTAL COST, SECOND STAGE DEVELOPMENT 13,000

TOTAL PROJECT COST, FULL DEVELOPMENT 53, 300

TABLE 3
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SNETrISHAM PROJECT , ALASKA

TABLE 5 - DETAILED COST ESTIMATE
Price Level - October 1965

FIRST STAGE DEVELOPMENT
Unit

Feature or Item Uni t Quantity Price Amount

LANDS AND DAMAGE

TOTAL COST, LANDS AND DAMAGE $ 3 , 000

DAMS

Main Dam and Spillway
Mobilization and Demobilization Job 1 275,000
Excavation , Rock CY 1,920 $ 5.50 10,600
Foundation Preparation SY 5,520 8.25 45,500
Drilling Drain Holes LF 12,350 9.90 122,300
Foundation Grouting CF 9,000 6.60 59,400
Concrete

Mass CY 65,040 40.70 2,647,100
Structural CY 130 88.00 11,400
Cement Bbl 49,000 14.30 700,700
Reinforcing Steel Lb 75,000 0.24 18,000

Miscellaneous Metal Lb 20,000 1.05 21 ,000
Prestressing Tendons , Installed LF 60,000 12.87 772 ,200

Subtotal - 4,683,200
Contingencies 15% 702,800

Total Cost , Main Dam and Spillway $ 5 ,386 , 000

Outlet  Wo rks
Outlet Tunnel

Excavation CY 1,590 $ 55.00 $ 87,500
Concrete , Lining CY 700 71.50 50,100
Cement Bbl 1,050 14.30 15,000
Reinforcing Steel Lb 152,400 0.24 36,600
Rock Bolts Ea 480 49.50 23,800
Pressure Grouting CF 80 6.60 500
Drilling Grout Holes LF 420 6.60 2,800
Subtotal 216,300
Contingencies 15% 32,700

Total Cost , Outlet Tunnel $ 249,000

TABLE 5
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FIRST STAGE DEVELOPMENT , Continued
Unit

Feature or Item Unit Quantity Price Amount

DAMS, Continued

Outlet Works (continued)
Outlet Control Gate

Excavation , Rock CY 580 $ 2.75 $ 1,600
Concrete , Structural CY 80 88.00 7,000
Cement Bbl 120 14.30 1,700
Reinforcing Steel Lb 4,850 0.24 1,200
Anchor Bars LF 500 12.90 6,500
Gate , Gate Hoists and Frame s Lb 25 ,000 1.20 30 ,000
Subtotal 48 ,000
Contingencies 25% 12,000

Total Cost, Outlet Control Gate $ 60,000

Total Cost , Outlet Works $ 309,000

Power Intake Works

Intake Structure
Excavation , Lake Sediment CY 15,800 $ 2.20 $ 34,800
Excavation , Rock CY 1,200 6.60 7,900
Concrete , Structural CY 1,380 110.00 151 ,800
Cement Bbl 2,070 14.30 29,600
Reinforcing Steel Lb 138,000 0.24 33,100
Trash rack ~.b 23,300 0.83 19,300
Power Tunnel Bulkhead , Complete Lb 20,000 1.20 24,000
Outlet Tunnel Bulkhead , CompleteLb 19 ,700 1.20 23 ,600
Outle t  Tun nel Emergency Gate ,

Complete Lb 36,400 1.20 43,700
Access Br idge

Concrete CY 30 110.00 3,300
Cement Bbl 50 14.30 700
Reinforcing Steel Lb 8,000 0.24 1,900
Subtotal 373,700
Contingencies 20% 74,300

Total Cost , Intake Structure $ 448,000

Power Tunnel
Excavation , Rock CY 34,300 $ 55.00 $ 1,886,500
Concrete , Tunnel Lining CY 15,000 71.50 1,072,500
Cement Bbl 22,500 14.30 321,800
Reinforcing Steel Lb 2,186,000 0.24 524,600
Structural Steel Tunnel

Supports Lb 79 ,000 0.46 36 ,300
Timber Lagging Mbm 21 550 .00 11,600
Rock Bolts Ea 10,230 49.50 506,400

TABLE 5
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FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amount

DAMS, continued

Power Intake Works (continued)
Power Tunnel (continued)

Pressure Grouting in Tunnel CF 2,500 $ 6.60 $ 16,500
Drilling Grout Holes LF 5,000 6.60 33,000

Subtotal 4,409,200
Contingencies 157. 661,800

Total Cost , Power Tunnel $ 5,071,000

Surge Tank
Excavation , Rock, Open Cut C? 4,050 $ 16.50 $ 66,800
Excavation , Shaft C? 5,680 77.00 437,400
Concrete , Lining CI 1,320 88.00 116,200
Cement Bbl 1,970 14.30 28,200
Reinforcing Steel Lb 375,300 0.24 90,100
Steel , Riser Lining (A-5l6) Lb 12,700 0.66 8,400

Subtotal 747,100
Contingencies 15% 111,900

Total Cost, Surge Tank $ 859,000

Valve Vault and Access Mit
Excavation

Surface CY 180 $ 6 .60 $ 1,200
Adit CY 1,440 55.00 79,200
Vault C? 730 71.50 52,200

Concrete , Lining CY 140 71.50 10,000
Concrete , Paving CY 110 55.00 6,100
Cement Bbl 370 14.30 5 ,300
Reinforcing Steel Lb 13,800 0.24 3,300
Rock Bolts Ea 490 49.50 24,300
Chain Link Fabric SF 14,340 0.99 14.200

Subtotal 195,800
Contingencies 15% 29 ,200

Total Cost, Valve Vault and Access Adit $ 225,000

Penstock
Tunnel Excavation CY 7,260 $ 55.00 $ 399,300
Concrete , Backfill in Tunnel C? 4,790 71.50 342,500
Cement Bbl 7,180 14.30 102,700
Steel , Penstock Liner (A-516) Lb 160,000 0.66 105,600
Steel , Penstock Liner (A-517) Lb 690,100 0.89 614,200
Steel , Tunnel Supports Lb 23,300 0.46 10,700
Timber Lagging Mbtn 7 550.00 3,900

‘-p
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FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amount

BANS, Continued

Power Intake Works (continued)
Penstock (continued)

Wye Branches (A-5l7) Lb 25,300 $ 0.94 $ 23,800
Butterfly Valve , Complete Lb 100,000 1.93 193,000
Rock Bolts Ea 2,190 49.50 108,400

Subtotal 1,904,100
Contingencies 15% 285,900

Total Cost, Penstock $ 2,190,000

Penstock, Crater Lake, First Stage
Tunnel Excavation C? 690 $ 55.00 $ 38,000
Concrete , Backfill in Tunnel CI 140 71.50 10,000
Cement Bbl 210 14.30 3,000
Steel , Penstock Liner (A-517) Lb 20,400 0.89 18,200
Steel , Tunnel Supports Lb 2,600 0.46 1,200
Timber Lagging Mbm 1 550.00 600
Rock Bolts Ea 250 49.50 12,400
Wye Branch (A-517) Lb 22,000 0.94 20,700

Subtotal 104,100
Contingencies 15% 15,900

Total Cost, Penstock, Crater Lake, First Stage $ 120,000

Total Cost, Power Intake Works $ 8,913,000

TOTAL COST, DAMS $14 ,608,000

POWER PLANT

Powerhouse
Excavation, Rock CY 9,050 $ 6.60 $ 59,700
Excavation, Common C? 50 2.20 100
Backfill CY 500 1.10 600
Concrete, Superstructure CI 2,300 110.00 253,000
Concrete , Substructure C? 2,450 30.80 75,500
Cement Bbl 4,650 14.30 66,500
Reinforcing Steel Lb 536,000 0.24 128,600
Doors LS 4,400
Walls , Ceilings & Floors LS 6,300
Painting LS 33 ,900
Plumbing Fixtures LS 2,100
Piping Systems LS 211,700

• Heating & Ventilating LS 45,600

TABLE 5
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FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Itern Uni t Quantity Price Amount

POWER PLANT, continued

Powerhouse (continued)
Miscellaneous Metals LS $ 6,000
Open-Web Roof Joists Ea 24 $330.00 7,900
Steel Roof Deck SF 7,250 0.24 1,700
Roofing LS 11,700

Subtotal 915,300
Contingencies 20% 182,700

Total Cost, Powerhouse $ 1,098,000

Turbines and Generators
Turbines Ea 2 564,500 $ 1,129,000
Generators Ea 2 296,700 593,400
Governors Ea 2 55,650 111 ,300
Spherical Valves Ea 2 121,450 242,900
Pressure Relief Valv~ Ea 2 91,650 183,300

Subtotal 2,259,900
Contingencies 20% 452J0O

Total Cost, Turbines and Generators $ 2,712,000

Accessory & Misc. Equipment; Tailrace
Accessory Electrical Equipment

15 KV 480V & Control Equipment LS $ 452,200
— Misc. Electrical Equipment LS 477,800

Subtotal 930,000
Contingencies 20% 186,000

Total Cost, Accessory Electrical Equipment $ 1,116,000

Miscellaneous Power Plant Equipment
75-Ton Bridge Crane LS $ 108,300
48” Dresser Couplings Ea 4 $990 00 4,000
Draft Tube Stoplog Lifting Beam LS 700
3-Ton Draft Tube Monorail LS 7,700
Draft Tube Gates LS 17,000
Draft Tube Gate Guides LS 42,400
Fans LS 73,200
Misc. Mechanical Equipment LS 219,500

Subtotal 472,800
Contingencies 20% 94,200

Total Cost , Miscellaneous Power Plant Equipment $ 567,000

TABLE 5
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FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amount

POWER PLANT, Continued

Accessory & Misc. Equipment; Tailrace (continued)
Tailrace

Unclassified Excavation CY 31,800 $ 3.85 $ 122,400
Rockfill from Req ’d Excavation CY 2,400 2.48 6,000
Gravel Base Course CY 220 6.60 1,500
Riprap CY 400 8.80 3,500
Concrete Lining C? 220 55.00 12,100
Concrete Sill CY 40 55.00 2,200
Cement Bbl 390 14.30 5,600
Steel Sheet Piling LF 2,700 16.50 44,600

Subtotal 197,900
Contingencies 20% 39,100

Total Cost, Tailrace $ 237,000

Total Cost , Accessory & Misc. Equipment; Tailrace $ 1,920,000

Transmission Plant

Lands & Land Rights $ 33,600
Contingencies 25% 8,400

Total Cost, Lands & Land Rights $ 42,000

Clearing Land & Rights of Way LS $ 353,100
Contingencies 257. 87,900

Total Cost, Clearing Land & Rights of Way $ 441,000

Structures & Improvements LS $ 129,800
Contingencies 25% 32,200

Total Cost, Structures & Improvements $ 162,000

Station Equipment
Conduit LS $ 35,300
Control Equipment LS 143,000
Conversion Equipment LS 232,700
Fences LS 21,800
Foundations and Settings LS 7,500
General Station Equipment LS 9,700
Primary & Secondary Voltage

Connections LS 232,800

TABLE S
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FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amount

POWER PLANT, Continued

Transmission Plant (continued)
Station Equipment (continued)

Switching Equipment LS $ 231,400
Tools & Appliances LS 4,600

Subtotal 918,800
Contingencies 257, 230,200

Total Cost, Station Equipment $ 1,149,000

Towers and Fixtures
Foundation Excavation and Backfill LS $ 49,000
Towers LS 244,200

Subtotal 293,200
Contingencies 257. 73,800

Total Cost, Towers and Fixtures $ 367,000

Poles and Fixtures
Anchors LS $ 213,500
Brackets LS 68,800
Crossarms and Braces LS 137,000
Excavation and Backfill LS 189,600
Poles LS 158,100
Settings LS 56,500

Subtotal 823,500
Contingencies 25% 205,500

Total Cost, Poles and Fixtures $ 1,029,000

Overhead Conductors and Devices
Conductors LS $ 697,400
Ground Wires and Clamps LS 4,400
Insulators LS 204,000
Other Devices LS 66,800

Subtotal 972,600
Contingencies 25% 243,400

Total Cost, Overhead Conductors and Devices $ 1,216,000

Submarine Conductors and Devices LS $ 710,600
Contingencies 25% 177,400

Total Cost, Submarine Conductors and Devices $ 888,000

TABLE 5
Sheet 7 of 14

-~~ _~~~~~~_ ii~~~ ~~~~~~~~~~~~~~~~~~~ —



-
- ~~~~~~~~~~~~ 

-
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ‘.~~~~~~~~~~~~~~

— ----

FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amoun t

POWER PLANT, Continued

Transmission Plant (continued)
Roads and Trails $ 1,430,000

Contingencies 25% 358,000

Total Cost, Roads and Trails $ 1,788,000

Total Cost , Transmission Plant $ 7,082,000

TOTAL COST, POWER PLANT $12,812,000

ROADS AND BRIDGES

Docking Facilities
Dock and Ramp Structure LS $ 245,000
Excavation and Fill LS 70,000
Dredging CY 250,000 $ 1.05 260,000
Floats LS 15,000

Subtotal 590,000
Contingencies 20% 118,000

Total Cost, Docking Facilities $ 708,000

Access Road
Clearing and Grubbing LS $ 55,000
Rock Excavation LS 255,000
Earthwork LS 550,000
Surfacing LS 60,000
Riprap LS 55,000
Crater Creek Bridge LS 95,000
Glacier Creek Bridge LS 50,000
Tailrace Channe l Bridge LS 175,000
Culverts LS 150,000

Subtotal 1,445,000
Contingencies 207. 289,000

Total Cost , Access Road $ 1, 734 ,000

TOTAL COST, ROADS AND BRIDGES $ 2,442 ,000

TABLE 5
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FIRST STAGE DEVELOPMENT, Continued
Unit

Feature or Item Uni t Quantity Price Amount

BUILDINGS , GROUNDS AND UTILITIES

Site Preparation , Streets and Utilities
Clearing Ac 2 $1,650 $ 3,300
Excavation , Rock CY 1,020 6.33 6,500
Fill , Rock (from excavation) CY 17,620 3.03 53,400
Fill , Unclassified (from borrow ) CY 40 ,400 1.76 71 , 100
Streets and Utilities LS 93,500

Subtotal 227,800
Contingencies 20% 45,200

Total Cost , Site Preparation , Streets and Utilities $ 273,000

Housing and Service Buildings
Dormitory LS $ 192 ,500
Powerhouse Office & Shop Bldg LS 154,000
Transmission Maintenance Bldg LS 84,700
Underground Passageway LS 19,800

Subtotal 451,000
Contingencies 20% 90,000

Total Cost, Housing and Service Buildings $ 541,000

TOTAL COST, BUILDINGS, GROUNDS AND UTILITIES $ 814 ,000

PERMANENT OPERATING EQUIPME NT

Transportation Equipment
50-foot Personnel and Supply Boat Ea 1 $ 160,000
60-foot Landing Craft Ea 1 110,000
Station Wagon Ea i 4,000
Pick-Up, 1/2-ton 4WD Ea 1 4,400
Pick-Up, 3/4-ton 4WD Ea 1 5,000
Tracked Snow Vehicles Ea 2 8,800 17,600

Subtotal 301,000
Contingencies 20% 60,000

Total Cost , Transportation Equipment $ 361,000

Communications Equipment
Two-way Radio System LS $ 5,500
Interconnecting Telephone System LS 5,500
Carrier-Current Communications

System LS 165,000
Subtotal 176,000
Contingencies 20% 35,000

Total Cost , Communications Equipment $ 211,000

TABLE 5
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FIRST STAGE DEVELQPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amount

PERMANENT OPERATING EQUIPMENT , Continue d

Miscellaneous Operating Equipment -

Line Truck Ea 1 $ 13,900
Tractor Ea 1 30,800
Road Grader-Snow Plow Ea 1 29,700
Powerhouse Office Equipment LS 22,000
Maintenance & Machine Shop

Tools and Equipment LS 83,500
Warehouse Equipment LS 16,500
Fire Equipment LS 16,500

Subtotal 212,900
Contingencies 20% 42,100

Total Cost , Miscellaneous Operating Equipment $ 255,000

TOTAL COST, PERMANENT OPERATING EQUIPMENT $ 827 ,000

CONSTRUCTION FACILITIES

Diversion Tunnel
Excavation , Rock CY 2,700 $ 55.00 $ 148,500
Rock Bolts Ea 770 47.30 36 ,400
Concrete , Tunnel Lining CY 180 71.50 12,900
Concrete Plug CY 130 55.00 7,200
Cement Bbl 470 14.30 6,700
Reinforcing Steel Lb 48,000 0.24 11,500
Pneumatic Mortar Lining SF 6,500 3.85 25,000
Welded Wire Mesh SF 6,500 0.57 3,700
Blasting Rock Plug Job 1 71,500

Subtotal $ 323 ,400
Contingencies 25% 80,600

Total Cost , Diversion Tunnel $ 404,000

Temporary Field Facilities
Government Camp LS $ 275,000
Site Work, Contractor ’s Camp LS 137 ,500
Utilities , Contractor ’s Camp LS 88,000
Field Of f i ce  and Labo ra tory  LS 110 , 000
Communication Facilities LS 110 , 000

Subtotal 720,500
Contingencies 20% 144,500

Total Cost , Temporary Field Facilities $ 865,000

TABLE 5
Sheet 10 of 14 

-i - ~~

.

— 

— - - -—-  -- - - -_— - - - - -



- - ~~~~~~~~~~~~~ ~~~~- ~~~~~~~~~~~ 
_ .— 

Illuul

FIRST STAGF DEVELOPMENT, Continued
Unit

Feature or Item Unit Quantity Price Amount

CONSTRUCTION FACILITIES, Continued

Temporary Access Roads
Access Road , Long Lake LF 5,100 $ 99.00 $ 505,000
Access Road , Surge Tank LF 4,800 99.00 475,000

Subtotal 980,000
Contingencies 25% 245,000

Total Cost , Temporary Access Roads $ 1,225,000

TOTAL COST, CONSTRUCTION FACILITIES $ 2,494,000

TOTAL CONSTRUCTION COST $34,000,000

ENGINEERING AND DESIGN $ 3,200,000

SUPERVISION AND ADMINISTRATION $ 3,100,000

TOTAL PROJECT COST (First Stage Development Only) $40,300,000

SECOND STAGE DEVELOPMENT

DAMS

Power Intake Works
Intake Structure

Excavation , Service Area CY 5,910 $ 6.60 $ 39,000
Excavation , Intake Structure CY 2,340 6.60 15,400
Concrete , Structural C? 302 110.00 33,200
Cement Bbl 403 14.30 5,800
Reinforcing Steel Lb 20,000 0.24 4,800
Anchor Bars , Drill & Grout LF 1,900 12.87 24,500
Drill 30h1 Diameter Shaft LF 210 143.00 30,000
Steel Shaft Liner & Vent Lb 6,800 1.21 8,200
Grout Shaft Liner CF 380 6.60 2,500
Trashrack , Hoist and

Lifting Beam Lb 4,000 1.21 4,800
Intake Gate , Frame, Guides

and Hoist Lb 97 ,500 1.21 118 , 000
Subtotal 286,200
Contingencies 25% 69,800

Total Cost , Intake Structure $ 356,000

Power Tunnel
Tunnel Excavation C? 17,460 $ 55.00 $ 960,000
Concrete , Tunnel Lining CY 11 ,200 71.50 800,800
Cement Bbl 16,800 14.30 240,200
Reinforcing Steel Lb 1,632,200 0.24 391,700
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SECOND STAGE DEVELOPMENT, Continued
Unit

Feature or Item Uni t Quantity Price Amount

DAMS, Continued

Power Intake Works (continued)
Power Tunnel (continued)

Rock Bolts Ea 7,200 $ 49.50 $ 356,400
Steel Tunnel Supports Lb 66,600 0.46 30,600
Timber Lagging Mbm 20 550.00 11 ,000
Pressure Grouting in Tunnel CF 2,000 6.60 13,200
Drilling Grout Holes LF 4,000 6.60 26,400

Subtotal 2,830,300
Contingencies 25% 687,700

Total Cost , Power Tunnel $ 3,518,000

Surge Tank
Rock Excavation , Open Cut C? 4,050 $ 16.50 $ 66,800
Rock Excavation , Shaft CY 5,680 77.00 437,400
Concrete , Shaft Liner C? 1,320 88.00 116 ,200
Cement Bbl 1,970 14.30 28,200
Reinforcing Steel Lb 375,300 0.24 90,100
Steel , Riser Lining (A-5l6) Lb 12,700 0.66 8,400

Subtotal 747,100
Contingencies 25% 181,900

Total Cost , Surge Tank $ 929 ,000

Valve Vault and Access Adit
Excavation

Surface C? 180 $ 6.60 $ 1,200
Adit CY 1,440 55.00 79,200
Vault C? 730 71.50 52,200

Concrete , Lining C? 140 71.50 10,000
Concrete , Paving C? 110 55.00 6,100
Cement Bbl 370 14.50 5,300
Reinforcing Steel Lb 13,800 0.24 3,300
Rock Bolts Ea 490 49.50 24,300
Chain Link Fabric SF 14 ,340 0.99 14,200

Subtotal 195,800
Contingencies 25% 48,200

Total Cost , Valve Vault and Access Adit $ 244,000

Pens tock
Tunnel Excavation C? 5,250 $ 55.00 $ 288,800
Concrete , Backfill in Tunne l CY 4,030 71.50 288,100
Cement Bbl 6,040 14.30 86,400
Steel , Penstock Liner (A-5l6) Lb 89,000 0.66 58,700

TABLE 5
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SECOND STAGE DEVELOPMENT, Continued
- . Unit

Feature or Item Uni t Quantity Price Amount

DAMS, Continued

Power Intake Works (continued)
Penstock (continued)

Steel , Penstock Liner (A-517) Lb 610,000 $ 0.89 $ 542,900
Steel Tunnel Supports Lb 15,540 0.46 7,100
Timber Lagging Mbm 4 550.00 2,200
Rock Bolts Ea 1,790 49.50 88,600
Butterfly Valve, Complete Lb 60,000 1.93 115 ,800

Subtotal 1,478,600
Contingencies 25% 359,400

Total Cost , Penstock $ 1,838,000

Total Cost , Power Intake Works $ 6,885,000

TOTAL COST, DAMS $ 6,885,000

POWER PLANT

Powerhouse
Concrete Substructure CY 690 $ 30.80 $ 21,300
Cement Bbl 1,040 14.30 14,900
Piping System LS 33,100
Heating & Ventilating LS 7,300

Subtotal 76,600
Contingencies 25% 18,400

Total Cost, Powerhouse $ 95,000

Turbines and Generators
Turbine Ea 1 $ 564,500
Generator Ea 1 296,700
Governor Ea 1 55,700
Spherical Valves Ea 2 121 ,450 242,900
Pressure Relief Valve Ea 1 91,700

Subtotal $ 1,251 ,500
Contingencies 25% 303,500

Total Cost , Turbines and Generators $ 1,555,000

Accessory Electrical Equipment
15 Ky, 480V & Control Equipment LS $ 102,100
Miscellaneous Electrical Equip . LS 97,800

Subtotal 199,900
Contingencies 25% 49,100

Total Cost , Accessory Electrical Equipment $ 249,000
TABLE 5
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SECOND STAGE DEVELOPMENT, Continued
Unit

Feature  or Item ~~~~ Quantity Price Amount

?2WER PlANT. Con ticued

Transmission Plant LS $ 393,800
Contingencies 25% 95 ,200

Total Cost, Transmission Plant $ 489,000

TOTAL COST, POWER PLANT $ 2 ,388 ,000

CONSTRUCTION FACILITIES

Diversion Tunnel
Portal Excavation CY 230 $ 2 .75 $ 600
Tunnel Excavation CY 5,180 55.00 284,900
Shaft  Excavation C? 1,900 41.53 i8 ,900
Concrete , Structura l C? 250 88.00 22,000
Concrete Plug CY 170 55.00 9,400
Cement Bbl 630 14.30 9,000
Reinforcing Steel Lb 19,100 0.24 4,600
Gate and Gate Guides Lb 8,000 1.21 9,700
Rock Bolts Ea 1,200 49.30 59,400
Blasti ng Rock Plug Job 1 71 , 500

Subtotal 550,000
Contingencies 25% 134,000

Total Cost , Diversion Tunnel $ 684,000

Temporary Access Roads
Access Road , Surge Tank LF 550 $ 99.00 $ 54,500
Access Road , Crater Lake LF 6,300 99.00 623,700

Subtotal 678,200
Contingencies 25% 164,800

Total Cost , Temporary Access Roads $ 843,000

TOTAL COST , CONSTRUCTION FACILITIES $ 1 , 527 ,000

TOTAL CONSTRUCTION COST $10 ,800 , 000

ENGI NEERING AND DESIGN $ l,200,0(:0
SUPERVISION AND ADMINISTRATION $ 1,000,000

TOTAL PROJECT COST (Second Stage Development Only) $13,000,000

TO~~IL PROJECT COST (Full Development) $53,300,000

Table 5
Sheet 14 of 14

~~~— 
- - - ---  - - -~ — - - -  -— • _- - i ~~~~~~~~~~~~~~ - 

- 
—•——---- - —- -~~~~~~~~~~ -- ---—--~~~~~ -~~~~~~~~~~

-
~~~ -- - - - -  - --~~~~ ---- —-~~~~~~~~~~~~~~ 



4-’ 0 0 0 0 0 0 0  0 0 0 0  0 0 0
C 0 0 0 00 0 0  0 0 0 0  0 00
0 0 r— Lr~~-1- O ’.0 --~ -J- -~~~C--10 ‘.o -~ 0

Lr-, 
~~~~~~~~~~~~~~~~~ —0~~~~~0 ’— l

<: N- C’J ‘.0 0 -~~ -~ C’J — C’-1 0 ‘.0 N-
0 c~4 c~ .—‘ c-4 .-i N- 00

-S ‘S

z Lt~ Li’S)

5—’ 
<1~-

•.41 0 0 0 0 0 0 0 0 0 0
4.J I ‘-4 1- LP) Cfl 0 Ln c”~ c”) (N 0 0 W
CI ~~~~-~~~N- L t~~ Lf~~~~ -~~ -~~00 C
(01 .- - .- .‘ .5 .~ - .

~
0’ r— ~-o C —.1- 00 0 0 Z

01 s-4 O N . 0 0 C N
-4

4-) 0 0 0 0 0 0 0  0 0 0  0 0 0  0
C 0 0 0 0 0 0 0  0 0 0  0 0 0 0
0 0 ‘.0 Lfl Cf l -~~ -~~ —4 N- 0 0 (N (N 00 0

Li~ ~
;‘ Lr Q - N C C

N. ~~ (N L~~ ‘-4 -~r C ~~( (N N- 0 0 00 0
00 (N -1 ‘.0 N- N- ‘.0 N- (fl

0-, 4~1I 0 0 w 0 0 0 0 0 C 0 0
(N (N C Lfl C C~~ ~ - 0 0 0 0

4-11 5-4 0’ Lr~ O C f l C r-’ C 0 00  C- - z - .- - - - -(01 s—I Lfl (N 0’ L() 0’ LC~ 0 0
0] ‘—4 ‘.0 .~~~r~- c ’J ‘.0
01

4-’ 0 C 000000 000 00  C

~~~~~ 
C C C 0 0 0 0 00  0 00  0 00

~ z 0 0 ‘.~~ Lr) ~~ Lf~ ‘~0 -;J- ~~4 N- C 0 CC (N C
If) 0 ir~ -~1- ‘.0 Cfl s—I N- 0 CC —4 C’~ s--I if ~

P .O ~~ N- ~~f ~~ 0’ -4 ~~ 0 -4 (N N- CO If)
[-4 ~~ o 

(N ‘.0 N- CO L’~ .~~

N; c~~~~~~1~
0 - <,

~
-

~~ (,~~~, 0-4 C 0 0 0 0 0 0  C C C
~ II NI NJ Cfl Lr~ U—i m -zt 0 ~~ c~4-)I 0’ LN r— N- ifl —I C C C C  C
ci - - - - - - o

I—I > “
~ I s--I If) ‘.0 0’ Lfl 0’ ~~) C Z

— [-4 
~ 

‘.0 -,1 N- (N
( :  (1) —~4-4 ~~[ 4  4W

E-~~u
4~J Q )  0 L f) Lt~~ 0 0 C CC C C. ,0- Lfl N-
-~~~~ C r c C  CC

~~ I-~ Lf) C’~~ CC ’. 0 0’’ . 0 0 0 C C - 1-0 s--I (N
0-, o 0 -~1- m ,-i

‘.0

4-, —.0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~C 0 0Q~~~~~~~~~U 0 0Q 0 0~~-1 ,-l ,-1
~~ 

I-,

00

.0 5
E I U I U )  — ‘ C C  Cl)
4W 4W 4-’ 0) 0) C’s CO (0 Cd —‘ C
4~1 ~~ ~~~~~~~ - I C ~~~~~s--~~s--’ CO O
-4 ‘-~~~O O - ’ - I 0 0 ~~ 0., ,.. 4-1 ’0 UI

0 ) 0 ) 5
~4 C o  0. 0 0  0)>~~ 0)0 ( 0 0 0 0  w~~ - 1 c o o u c l )  ~~ (_)

0 s - 4~~~~~~~~Cfl (l) rJ~~~U) ‘0 C
C ‘ö 0-~~ O C O L) 4•1 C~~~(O

I-a 0 -  ~~~~~ ~~~~~~~~ 00 0 C , - 4 (0 00
0 s-~~ 5 < Q C Q ~~~~~C C - ’ C E 4
4-’ ‘-‘ 0 0 0 -
CO CO ’ . - I C C - , - 4 00 00 -.-4 W Q) 0) u C O ( 0 4-1 4-’ J-’ O
0) ~~~‘ - ‘ C O C O~~- ’ C C ~~-’ ’-’ ’-’~~-’ $-a —’ W C l ) .O C O

~~,
— 0-, 0-~ ‘0 — — ‘0 1-’ ~-‘ I-i 5 ~4-1 Q) 4-’ 1-4 00 0
..4 CO C . — —’ C ( 4 0 0 0 ) 5~~ _ U I
.0 0
O X  O~~ .’ ) - a O 0 0 O W W ’~4 I - 1

(-I

TABLE 6

— ~~~~~~~~~~~~~~~ — ‘ ~~~~~~~~~~~~ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~L__ _ -—



_________________ -- - - ------——--- — —----. — - - - - --- -;
~~

.------- --—------—- -—- -S---—.-~~~ -- — ----,- -— ~~- —5—--- - :; ~
-;-- —

FIGURES

_ _ _  ~~— ---— .: ~~~i~~
_ ---- - - —---—-- -- --—-- - ----



_ _ _ _ _ _ _ _ _ _ _ _ _ _  -- -
.~~~~~~~ --5—-

- - 5-—--—5~~ - - .- -’-’S-.’S --.-5- - --- — -—--- ---‘S - — - - ---

I
‘6~fl’~ S~ ‘uø~MV ’ .~~
4 - --  - _____________________________________________________________________________

vs I~~
-
~~3

— ‘-
~~ — 

~~~~~~~~~ 
- - ~~-1

- :: — 
-.

~~~~~. ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

--S 

.. —

~~~~~~~~~

5 - 5. 5— 5-- — 5 -  —-— -- - - — - - 
-

:~: ~~ . / ‘ l .  ; ‘1C# t..’.5~ .. ~~~~~
,, ,~~.

.
. _  . 5 - 5. - . -- .- - - -—_______

t, a ,.., 
5__

~~~

_

~ 

5 -

‘ a d

iI
7

~~~~~~~~~~~~~~~~~ 

__ _

i. ow t ~~~~~~~r 
(M~ U~V~ r.~ LAKE BOTTOM EL. 280’ 

- _ _ _ _ _ _ _ _  —

— I I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I _ _  _ _  _ _ _  —
4 , I’ ,’, ‘OO 300

STORAGE IN 000’S AC 

- ~~--9- — ———= ~~~-—-~-



— 5 -  -— 5-- 
5--

~~
—

~~~
-::-

~
---

~~
’S—-” ~~~~~~~~~ _~~~~~~~~

__ _5•~ — -5-~~
— -

~~
’—-

~~ -~~~~~~

u.S. ARMY

S
10 8 6 4 2 0 1000

900

—EXISTING NORMAL LAKE SURFACE EL. 814 ’ ±
800

K. MINIMUM POWER POOL EL. 720 ’
700 w

RESERVOIR AREA 

_ _ _  600 2

500

_ _ _  _ _ _ _ _  —_ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  400

_ _ _  -__ _  _ _ _  _ _ _

400 500 600
FEET 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SNETTISHAM PROJECT
FIRST STAGE DEVELOPMENT

LONG L AKE RESERVOIR
AREA STORAGE CURVES

U.S. ARMY ENGINEER DISTRICT, ALASKA

PIam*~ and R.ports Branch

Prsparsd by 01dM Dot . . S~~IfS ~~.

DESIGN MEMORANDUM NOT FIGURE 1 . .
~~~~

- -  _________



Pr - _ _ _ _ _ _ _ _ _ _

— — — — — — _____ _________  - - - — — —
C Uz •‘

_ _ _  _ _ _ _ _ _  - -  - — — —  I- ~~ cD
- I_ z -~~~

_ _ _  _ _ _ _ _ _  
0 p...

O

d w 4 ø z ~~~-

554 
_ _ _ _

~
‘I w

Z ) 0
U)~~~~~~~~ sC~~~~~~~~~~ - — — — ——  4

a- _ _ _ _

_ _ _  _ _ _ _ _ _

C,) 
_ _  _ _ _  _ _  _ _

0 -  ~~~~~~~~~~~~~~ -a.— —— — —  —
C-.,

LU

C ).- >~ 0

s O  -

—
.

~~~~~ 

-
~~

— — - v -  - -- - — - — — _ _  _ _ _  

-

~~

~~~~~~~ 
5N

~~~~~~~~~
_ _

~~~~
_

~

\ 
_ _ _  _ _ _ _ _  _ _ _  _ _ _ _LU ____  ________  ____

~~~0 ~~~~~~~~~~ 
- -- — —— —  -

~~

_ _ _  _ _ _ _ _  :::= _ _ _  _ _ _ _

‘ LU \ C51
~~~~~54~ 

C-”

0
LU

—
~~ III

15-

_ _  ____  :: i 

_ _  _ _ _C . ~~~~ _ _  — ___ ______ - :~~~~~~~~~~~_

I
SJ3 NI 39~VH 3S IO )IY3d 

FIGURE 2

5 - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -: - - - 
~~~-~~~_ ~~~~~~~~~~~~~ :

‘ 

~~~~~~~~~~ — -~~ 



5 - 
5- . - 

- -

J A N U A R Y  ~ EBRU*RY MARCH AP RIL  MAY JUNE JU LY A

5 ¶ 0 55 20 ~)5 5 ) O 5~~ 20 2~~ ~ 10 l~ 20 25 ~ 40 5 5  20 2~ 5 10 55 20 2~ 5 10 55 20 2 5 S ~~~ O l ~ 20 2~ ~ 50

~TT—:1•—•—— 
- ~ ~

—
~I~

—Ti-:———
~ 

-‘S’ST1T~•p :~
____ T__ •_ _

~
_ :SS5:_ 1_ S_ S__ _ 

~1 f
_ 

:.~ 
- :  

~~ -~ ;~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~ - ; ~~

~~~~~~~~~~~~~~~~~~~~~~~ 1~~
- —

~ 
— 

_
~~~

_ _ _
I ~ 

_

~~~~~ I
_

t ~~~~~ 1 
r — - - 

~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I: ~ 

~ 

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ w I:~
I
~~~

}:: :~T:~ 
T T ~ :~i} :  :~ IT -

~~~
:I-I

~~~~IIi:L ~~~~~~~ 1111 
~~~~~~~~~~~~~~~~~~~~:ft:~~~~~~~ 1 41

H-+
~~
± - - - -

~~~~~~~~

- -- -1
- - -f  

~~~~~~~~~~~~~~~~~~~ _ _ _  ::[::
~~~~~~~~~~~~~~~~~~~~~~ H--
; E~~EE E E EtE EE EE~E ~ . jEEt2 1 E~~ ~ ~ ~ E E ~ E
! ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~: ~~~~~

~2 E~EE ~~~~~~~~~~~ 

~tft1~
E
~ H H~ 

~~~~~~~~~~~~~~~~~~~~~ 
5-5-

L~~~~

5-

~~~~~~

= 
-

~~ ~~ :~~~~~~~ ‘ : . .. . : . : : t 4 ;  ~~~~~~~~~~~~ : : .  ~~~~ 
-
~ ~~~~~~~~~~~~~~~~~~~~~~ 

::: : .~ -~~~~~~ : ~~:
: 

~~~~ ~~~~

~ ~~~~~ 
t 4 

: ~~~~~ ~~~~~~~~~~~~ 

— 

~~~~~~~~~~~~ 

J~~ ~~~~~~~~~~~~~

L 
:~~ - : :~~ ~~~~ 

.~.. f : .: ~j:~:: :: 
~~~~~~ ‘ ( -  ~~~~~~~~~ ~~~~ ,: ‘ 

:‘ ° -. H :::~:,:~~ ~ 
~ ~ - ‘ .~ 

..i.~~~~~~
:;:

~~~~~~~ :::;: ,::: ..
•

~~~
S ~1 4 )

— ~ 
1

—
~~~~~  

t~ 
t 4 

~ ~ I ~ 

4 ~ 
C

0 5 _
I — , I l _ , _ 4 ; _  . - - _~~

- : — .r; :.. — . ~ : -  . :: - _ .~~::; ;i :: .~ _ ~ ::~~I~~~ : ::: j _ :: :::~ ~~~ 
_, I -a ~ 

- - _ ~ ~ • ::: ,: : : : — :: ‘~~‘ : . :  _ :: :.::
~ t—i ~ ~L ~~~~ ‘

5
~ -_____

4~~jf
1 

) _j - ~ ~~ —5 i_SJ I ~ 

~: ;; ~ ~~~~r :~~~~~
t r

~~~~ 
~~ ~ ~ ~ ~ 

~ 
4 l~~ 

~ :~ ~ ~ , L ~
-- ~~~~~: : : :~ ~; - ~ r :- -~ t ’ .-~~~ .~~~ ::, ~~~~~~~~~~ ~~~~~~ ~ ir ~ 

S ~~ . 

~~~~ :~ ~::. 
~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

- - ‘  ~~~~~~~ :H :~fl

4 :  

I 

~~ 

~t, 

t~~~ ~

, I 
~ 

-

L 

R 10 55 20 25 5 10 55  20 25 5 10 IS 20 25 5 10 IS 20 25 5 10 55 ~~0 23 5 50 I! 20 ~~~ 5 50 IS 20 25 5 10 45
J A N UARY FEPRUA RY MARCH APR41. MAY JUNE JU LY AUGL

I
-- -—5-” -- -—-~~~



rw~ 
-
~~~~~~~~ :~

- - — - - — - -

~~

- 5- 5- - - -—---5- -

~~~~

-

~~ 

- - 

~~~~

——.---- 5 -  - —- - -~~~~~~ - —

~~

IT SEPTC MU(R OCTOPER NOVEMBER DECEMBER
10 35 3 10 IS 20 25 5 10 45 20 25 5 10 I! 20 23 5 5 0 5 5 20 25

~~~~~~~~~~~ ~~~~~ ~i
-;-: i ~~

— - 1 -—•-—•—• 1
~

—
~
— i I I - i I I -~~~ 

S~~~~~~~~~~ •~~~~~5 S ~~

L~~
_ I

~~~~1:1L1
_
It~j1: ~~

11:1::: H~~~t ::±~ : ~~~~~~~~~~~~
•T• - .::J..:. - : : ;. I.:::~-:~:I:: •: - - - 

. S - S  ;i 5 5-h- 5 - -
~~~~~~~~~~~~ -

~~~~~~I
I— - - - - _ — I 1 I  — — 5 - — — — — —  _!_ _ _1_ _ _ .~I . -~~~ )—,--

ifil I—L4 i I I I :~:4::: ~~~~~~~~~

:T ELiE E . - E E E E E ~~ 
tr

4 : :1:1 1:  ~ I ::::: :~ ~~t 1 C ~
_

_;~ ~~ _ _ ~~~~~~~~~~~~~ _ _ -S

_ _ _  

S_S
_ _  ~~~~~~~~~ ~~ 

_ _ _  I 1”~~~~~~~~~~~~ 1: :::::i:: - -
- .: : : ;  ~~~ ~ .

~ 
-
~~~~ 

- ; I • l - . . . - :  ,4 _ ~~~
__ 

- -‘S -S1’S 
1.~

_ : : : ~ , :~~~
-: I _~~~L _ ~~ - 

5— 

~—+- - - - - 5 - i  
~~~~~~ 

1_S _ _ _  

: 
~

;

4 ~~

S_S 
~ ~ ii: :::: ~~::: 2 ~I 4 44

4
‘S.. 

~~~r (
~)- — ~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~
- -

~~~~~~ ~~~3O
— 5- z

5- 4 _l__ _ - - 5 - - - - -- -  U,
U- - 

- 
-

*41- - - - - -—
- 4  - - - -~~~~~~

5-
: I I ~~~~~. : . : , . .’ : _ ~~-~,.- ~~~~~~~ •

~~~~~~~~~~~~~~~~- F ~~~~~~- .:~~’ , .
- 

1 
: - — — — - --

~~~
- 

_ _ _  

- 

~~~~~~~~~~~~~~ - 

~JIJ - — - -
‘
:~~~~~~~~~~~~~~~~~~ .~~~ ~~~

_ _ _ _ _ _ _ _ _ _  
- - -- - - - _

_ 
_ _ _  

It
_ _  _ _ _ _ _ _ _ _  

~~~
_ _ _ _ _  _ _ _  

1 
_ _ _

~~~~~~~~~ 
- - - -

- 
~~~~~~ _ Tt Z~~~~-. •... .4 

SNETT~SHAM PROJECT ALASK A
FIRST STAGE DEVEL6PMENT• S ___________

- ~~~ 
;:: - SUMMARY HYDROGRAPII1 

LONG RIVER NEAR JUNEAU

U 
~ U S ARMY ENGU IEER DISTRICT, ALASKA

Ct :1 ‘ : :  PLANNUIG AND REPORTS BRANCH
I :

‘ PREPARED BY C.G.G. DATE SEPT. 904

*5 5 50 15 30 23 5 10 DESIGN MEMO NO.7 FIGURE 3
PEPtEMSE R OCT’

L~
_ 



CORPS OF ENGINEERS U. S ARMY

5.7 S5 I ...MJ,, 
S U B — A R E A  A

010 020

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~

060 062

‘5- —” i:.: SQ. M l .

~~~ 080 l

I I  (082 L_J

3. I SQ. M l. 090
S U B — A R E A  E L ... .J
( L A K E  S U R F A C E )  - 091

/— •
~\\ MOTE

R E S  
SEE PLATE 2 FOR DELINEA TION OF
SUB—AREAS.

L E G E N D
092 (SPILLWA Y )

O 

SUB— A REA FO R W H I C H  SN O W MELT

0 10  C O M P UT A T I O N S  WERE M A DE AN D
THE ASSIG NED S U B — A R E A  N U M B E R

[ S U B — A R E A  FOR W H I C H  R U N O F F

I 020 CO M P U T A T I O N S  WERE MADE A N D
THE ASS IGNE D  S U B — A R E A  N U M B E R

LONG L A K E  RESER V O I R T H ROUG H
WHICH FLOWS WERE ROU TED _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SNETTI SHAM PROJECT
FIRST STAOE DEVELOPMENT

SUMMAT I ON P 0111 15 USED IN THE SPILLWAY DESIGN FLOOD
Q 

COMPUTER P ROG RAM FO R W H I C H  FL O O
H Y D R O G R A P N S W E R E  C O M P U T E D  F LOW D IAGRAM

U. S. ARMY ENGINEER DISTR ICT, ALASKA
S U M M A T I O N  P O I N T ,  W H I C H  IS OUT— Planning and R.pcrts Br.nch

_ _ _ _  
FLO W OF LON G L A K E  R E S E R V O I R .  P~..p ,.,dbyCG0 D.t.3OS~~S6

DESIGN MEMORANDUM NO? FIGURE 4

- - - -~~~~~~ -- -- - • -~ - —  
~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -



~

5 11

CORPS OF ENGINEERS

~~~~~~~~~ 

~~~~~~~ PEAK INFLOW~~3O,4O~~CF$

z ‘-~~

_L~~~L~I
5

OUTFLOW =2I ,300 CFS

20000 — I—

INFLOW I

OUTFLOW
15000 

~
.-t 

~II ~
0~ 1 I \
Li~ / I I

~oooo 
(1  1

‘~~~~ ij \
o I I
-j I l  I I
U. 

~ )ç~ , i \ j
5000 I ‘ \~~

- .../“ — _________  _________  _________  _________  —

0

905 ~
,,
~~ç MAX1 POOL 9( 5.5 FEET MLLW

900 
_____ -

_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ____ —

~~~~~~!
ILLWAY_ CI EST

_ _

895 0 FEET 

6 7 
=

S E  P T E M B E R

___ SI 

- —- -5-- •.-~~~~~~~~ —5-- - — —-5--—--- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~

p
U.S. ARMY

N O T E S :
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B A S E  FLOW I S  1 000 cfs .
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Q~ ‘,s.C/4 UNITED STATES
0 U1 ~~~ ~ DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

ALASKA D ISTRICT HEADQUARTERS

P. 0- BOX 2567. JUNEAU. ALASK A 99301
IN REPLY
REFER TO: 620 February 11, 1965

Your reference :
AIRMAIL NPAEN -PR-B

NPP .EN-PR--P
District Engineer
U.S. Army Engineer District, Alaska
P.O. Box 7002
Anchorage , Alaska 99503.

Dear Sir:

The following are our comments by item as requested in your
December 1, 19611. letter , reference No. NPAEN-PR-R:

Paragraph a. Permanent access to the dam should be
provided for wheeled vehicles. If the contractor pro-
vides t’. road. for construction purposes, it should be
sufficient for our use. The high maintenance factor
associated with a tramway should preclude any thought
of its use for operational purpo~es.

Paragraph b. If a dam is to be constructed, an effort
should be made to construct one in -which gates are not
required for the spill-hay. The high maintenance costs
of gates and the lack of need for controlled spilling of
-water make them undesirable.

Paragraph c. There is no need for a vehicular bridge
over either type of spillway, but an adequate footbridge
should be provided.

Paragraph ci. A low-level outlet in the dam should be
provided. If the tunnel intake is below the bottom of
the dam, facilities to draw the lake below the tunnel
intake should. be substituted for the low-level outlet
in the darn .

Paragraph a. (Page 2) A single slot for the stoplogs and.
trash ra cks ‘would create many additional operating problems
of stacking and handling . In addition there is the serious

EXHIBIT 1,1
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possibility of trash being dislodged when the trash
rack s arc removed and. thereby preventing proper seating
of the stop1og~ . We therefore recommend a separate down-
stream slot for the stoplogs. We concur with the plan
to make access to the tunnel available only from an
edit near the surge tank. Wc assur ~ thet an air ven t
-will be provided at the lake en .i of the tunnel.

Paragraph b. (Page 2) It is our wish that two pen-
stocks be provided , one for each lake . These pen-
stocks should be interconnected near the units and
valved in such a manner that either main penstock may
be deactivated for repair or inspection without causing
the outage of more than one unit in the entire plant.

Paragraph c. (Page 2) Regarding our requirements for
housing for personnel , we still have this subject under
study. We hope to be able to provide you some definite
information on this in the near future .

The shop and storage space provided should be planned
ith the thought in mind that the Sncttisham plant will

be isolated. from all mean s of transportation for days
at a t ime . Also, since the project will be the supplier
of practically all po er in the area, we reco~~end a
very complete shop with ample storage space for spare
parts over and. above that usually provided.

In reference to your December 1, 196k letter, reference No . NPAEN-PR-P ,
-we are furnishing the following cormnents:

Paragrap h 1 and 2 - You may be assured that sufficient study
went into the choosing of the proper line voltage and con-
ductor size for the transmission line to best meet antici-
pated requirements. One of the specific responsibilities
of the Bureau of Reclamation, as outlined in the exchange
of letters between Assistant Secretary Holum and Mr.
Califano in September 1963, is the determinat ion of line
voltage and conductor size.

Paragraph 3 - Our plan for development of a Southeast Alaska
Transmission Grid does not envision further upgrading of
voltage of the Sriettisham -Juneau transmission line.

Paragraph 11. - There has been some concern regarding the
reliability of a single circuit line from Snettisham. How-
ever , con~ idering tne potential reliability problem versus

EXHIBIT 1.2
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cost involved for a ceconr~ circuit, it is our belief that
only a single , well planned and designed circuit should
be installed init ially with particular attention b’~Ing
given to tower locat ion and protection in kno~n slide
areas and danger trees.

As requested in the last para~’rap h of your letter there is
enclosed one reproducible prin~ of Drawings 864-D-1560 , -1562,
and. -i~66, showing plan-profiles with structure types and loca-
tions used on a section of the Curecanti-Midway 230-ky Trans-
mission Line. Also enclosed is an Abstract of Bids received
for this line under Specifications DC-6013. These drawings,
together with Specifications DC-6013, fu rnished with our letter
of November 10, 19611. and. data furnished with our letter of
November 13, 1964, should provide the principal details for the
section of line requiring steel tower construction. If there
are specific details or applications on which you ‘wish to have
our recommendations, please advise .

We appreciate the opportunity to comment on these matters and hope
that the necessary time taken to review these points has not
caused delay of your design memoranda.

Sincerely yours,
~~~~~

. A~~ ~~~~~~~~
-

- 
George N. Pierce
District Manager

Enclosures
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FEDERAL POWER COMM I 5cION
REGIONAL OFFICE

555 BA~~~~~ ERY STREET, ROOM 415

SAN FRA NC ISCO I I , CALIF.

February 25, 1964

AIR MAIL

Colonel K. T. Sawyer
District Engineer
U. S. Army Engineer District, Alaska
Corps of Engineers
P. 0. Box 7002
Anchorage, Alaska 99501

Dear Colonel Sawyer:

This is in answer to your letter of January 31, 1964 (your file
reference NP AEN—PR —TP) requesting comments on specific questions
which concern your study of the Snettisham Project.

a. The amount of reserve capacity required to maintain firm
service would be equal to the largest reduction in total system de-
pendable capacity which might result from an outage of a generating
unit or transmission circuit at the time of the system peak.

At the present time the power supply in the Juneau area con-.
sista of small hydroelectric and internal—combustion plant generating
units. The largest unit is 3,500 kilowatts. Another unit or a group
of units , in reserve , equal in capacity to this unit would permit lol~ds
to be served on a firm basis. No reserve capacity would be needed if
some loads could be dropped until the largest unit is returned to service,
in the event of a forced outage.

With the addition of generating capacity such as may be in—
stalled at the Snettisharn Project, firm service to the loads would be
maintained by providing standby capacity in other power plants in the
Juneau area equal to the dependable capacity of the largest project
unit, or the capacity of its largest transmission circuit. This
assum es that the greatest reduction in the supply to the Juneau area
would be due to the loss of a Snettisham unit or line. On the other
hand , it is conceivable that a thermal plant might be built or other
hydra installations may be constructed with units larger than installed
at Snettisham.

EXHIBIT 2.1
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Colonel K. P . Sawyer — 2 — Febrsary 25, 1964

b. No amount of project power would be firm at the Juneau market
if delivery Is to be by one t ransmission circuit .

c. The alternative source of power to the project is considered
by us at present to be a privately financed steam—electric plant
located at Juneau tidewater. If power can be made dependably avail-
able from outlying system sources at a lower market cost, this cost
would be a measure of the value of project power at market .

The value of hydroelectric power at Juneau based on cost of’
steam—electric power estimated in 1960 was $65.11 per kilowatt—year
for dependable capacity plus 6.91 mills per kilowatt—hour for energy.
The total unit value of power for a 70 percent load factor delivery,
amounts to 17.53 mills per kilowatt—hour. This value was based on
financing of a 49,500—kilowatt steam—electric plant with cost of
money at 7 percent and with taxes of 6.77 percent of the investment .
The cost for fuel was based on bunker oil at Juneau delivered for
$3.20 per barrel.

By our letter of February 1k, 1964, you were furnished at--
steam plant values for the southwest area of Alaska for various plant
sizes. These were based on cost of producing power at a 3 percent
rate of interest and with no taxes. If the alternative plant capacity
is to be Initially comparable in size to the Snettisham installation,
the value (because of the high cost of smaller units and other factors
than were used for developing estimates of values furnished) would be
somewhat greater .

Sincerely yours,

M. Boyc~/AustinReg ional Engineer

EXHIBIT 2 .2
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