
- .... - ...............

FEBRUARY 1981. .

Acres American Incorporated
1000 Liberty Bank BUilding
Main at Court
Buffalo, New York 14202
Telephone (716) 853-7525

ALASKA POWER AUTHORITY

T.~SK 6 - DES IGN DEVELOP~1ENT

SUSITNA HYDROELECTRIC PROJECT·

SUBTASK 6.01 - CLOSEOUT REPORT
REVIEW OF PREVIOUS STUDiES AND REPORTS



r

,...
;

r

-

OEC 1 S 1981

ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

ARLIS
Alaska Resources

Library & Information SerVices
Anch - (b :d\ldska

TASK 6 - DESIGN DEVELOPMENT

SUBTASK 6.01 - CLOSEOUT REPORT
REVIEW OF PREVIOUS STUDIES AND REPORTS

FEBRUARY 1981



r
r

"....
i
i
i.

ALASKA POWER AUTHOR ITY
SUSITNA HYDROELECTRIC PROJECT

TASK 6 - DESIGN DEVELOPMENT

SUBTASK 6 .01 .~ CLOSEOUT REPORT
REVIEW OF PREVIOUS STUDIES AND REPORTS

TABLE OF CONTENTS

LIST OF TABLES
LIST OF FIGURJ:::S ................ •' ~ ..

Page
iii
iv

r
!

1 - INTRODUCTION
1.1 - Background ..........•........••....•............•........ 1.:..1
1.2 ~ Report Contents......................................... 1-1

2 - SUMMARY
2.1 - Previous Studies •....•....•....... .. . ....• . .. . . 2-1
2.2 - Design Parameters ........•....•.....•..........•......•. 2-2
2 .3 - Cost Co mp ar i son s .................•.............•........ 2- 2
2.4 - Conclusions............................................. 2-2

3. - SCOPE e, ,I .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 3-1

4 - PREVIOUS STUDIES
4.1 - U.S. Bureau of Reclamation - 1953 4-1
4.2 - U.S. Bureau of Reclamation - 1961 '........ 4-2
4.3 - Alaska Power Administration - 1974 ....••................ 4-2
4.4 - Kaiser Engineers - 1974 4-2
4.5 - Corps of Engineers - 1975 . ...........•...•...•.•........ 4-3
4.6 - Corps of Engineers - 1979 .................•.......•..... 4-4

5 - DESIGN PARAMETERS
5,"1 - General ~ - ..
5 .. 2 - Ci vi 1 ' ..
5.3 - Hydrology II ................ • , "" ..

5.4 - Geot.·echnical ..
5 .. 5 - M.e chan; cal ......................................................................'..
5 .. 6 - Hyd'ropower ..
5.7 - Environmental ...•...........•...•....•..................
5.8 - Generation Planning ..•........•........••..•...•........

5-1
5-1
5-4
5-4
5-7
5-8
5-8
5-9

6 - CONSTRUCTION COST INFORMATION
6.1 - Avail ab1e Dat a 6-1
6.2 - Basis of Cost Estimates ....•.......•.................... 6-1
6.3 - Prelimi~ary Ranking of Sites •.•.....•................... 6-2

i



,....
!

-
-

r
!

r,

r

ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

TASK 6 - DES IGN DEVELOPMENT

SUBTASK 6.01 - CLOSEOUT REPORT
REVIEW OF PREVIOUS STUDIES AND REPORTS

TABLE OF CONTENTS (Cant I d)

BIBLIOGRAPHY

APPENDIX A - PROJECT LAYOUTS
B - CORPS OF ENGINEERS (7) CRITERIA FOR EVALUATION OF

ALTERNATIVES
C - CORPS OF ENGINEERS 1975 INTERIM FEASIBILITY REPORT (7)

COST DATA
D - CORPS OF ENGINEERS 1979 SUPPLEMENTARY FEASIBILITY

REPORT (8) COST DATA AND SCHEDULE

ii



,- LI ST OF TABLES

Hydrological Parameters................................. 2-4

Devil Canyon Project - Denali Dam Mechanical
Equipment ••• ~ ••••••••••••••••••••.••••••••••••.••••••.•. 2-10

I""'"

I

Number

2.1

2.2

2.3

2.4

2.5

Title

Civil Design Parameters •••••••••••••••••••••••••••••••••

Devil Canyon Project - Mechanical Equipment •••••••••••••

Watana Project - Mechanical Equipment •••••••••••••••••••

2-3

2-6

2-8

-

r

r

r

2.6

2.7

2.8

3.1

4.1

4.2

5.1

5.2

Hydropower Parameters ••••••••••••••••••••••••••••••••••• 2-11

Upper Susitna Environmental Data Base for Input into
the Selection of Development Sites •••••••••••••••••••••• 2-13

Cost Comparison •••••••••••••••••••••••••••••••••.•••.••• 2-14

Corps of Engineers - Evaluation of Alternatives ••••••••• 3-2

Corps of Engineers - "Scoping Economic Analysis 'l •••••••• 4-5

Corps of Engineers - Data Pertaining to Promising
Susitna Developments •••••••••••••••••••••••••••••••••••• 4-6

Data Ava.ilable for Alternative Hydroelectric
Development Schemes •••.•.•••••..•••••••••••••••.•.•••••• 5-11

Environmental Ranking of Sites •••••••••••••••••••••••••• 5-12

iii



.....

LIST OF FIGURES,

Number

2.1
r- 2.2I

5.1
r
i

5.2

-

r

.-

-

Title

LClcat i on of Dam Sites Proposed by Others •••••••••••••••• 2...:15

River Profile through Alternative Sites ••••••••••••••••• 2-16

Southcentral Railbelt, Loads and Resources -
Medium Load Forecast ••.•••.•••••••••.••••••••.••••.•.••• 5-13

SCluthcentral Railbelt, loads and Resources -
Low Load Forecast ....•..•........•..•.•.....•.....•...•. 5-14

iv



­I

r

~.

,...'t

,....

1 - INTRODUCTION

1.1 - Background

The development of hydropower in the Susitna Basin has been under study for the
past 30 years. The objective of Subtask 6.01, as stated in the February 1980
Plan of Study for the Susitna Project is to "Assemble and review all available
engineering data, siting, and economic studies relating to the Susitna hydro­
power development and .alternative potential sites". Alternative potential sites
have been assumed to include only sites in the Susitna River Basin upstream from
Gold Creek. For study purposes, this area is referred to as the Upper Susitna
River Basin.

Other sites and developments both on the lower Susitna and other rivers are
included in Subtask 6.33 - Hydroelectric Generation Resources. Collection of
geotechnical and hydrological data is dealt with separately in Subtask 5.01 ­
Data Collection and Review and Subtask 3.01 - Review of Available Material.

1. 2 - Report Contents

This report contains a brief review of the previous studies pertaining to hydro­
electric development in the Upper Susitna River Basin and sumarizes the signifi­
cant findings.

Section 2 contains a summary of the report and Section 3 outlines the discussion
and conclusions. Section 4 outlines the scope of work associated with Subtask
6.01. A chronological review of the previous studies is dealt with in Section
5. Section 6 outlines the civil, hydrological,geotechnical, environmental,
hydropower and pl anning parameters associ ated with each of the previously
identified sites. Cost comparison between alternatives is given in Section 7.

1-1
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2 - SUMMARY

2.1 - Previous Studies

The major engineering studies conducted during the past 30 years are briefly
discussed below:

- A 1953 study by the US Bureau of Reclamation (USSR) (11) identified a total
of 10 sites in the Susitna Basin upstream from Gold Creek. Preliminary
schemes of development including dam types and heights were presented for
seven of the sites. Based on these studies the USSR proposed that the
ultimate development consist of dams at Olson, Devil Canyon, Watana, Vee and
Denali with a total installed capacity of 1010 MW.

- The first stage of this USBR proposal was the subject of the 1961 follow-up
study (10) of the Devil Canyon Project. In this study designs for the Devil
Canyon Dam and the Denal i Dam were developed. Devi 1 Canyon was to have an
installed capacity of 580 MW and Denali was to be used for flow regulation
purposes only.

In 1974 the Alaska Power Admi ni strat i on, Department of Interi or, issued a
report on the status of the Devil Canyon Project (1). This involved an update
of information in the 1961 USBR study and included some minor design
changes.

- A report issued by Kaiser Engineers (4) in 1974 suggested the construction of
a dam approximately five miles upstream from the Devil Canyon site known as
Susitna I (or High Devil Canyon) as an alternative to the Devil Canyon
Project. Unlike Devil Canyon, this site has the advantage that sufficient
storage is available for utilization of the maximum power potential without
an additional upstream reservoir. Ultimately this scheme called for three
other dams to be constructed for full basin development.

- To date, the Interim and Supplemental Feasibility Studies by the Corps of
Engineers {7,,8} issued in 1975 and 1979 respectively represent the most
extensive studies on development of hydropower on the Upper Susitna river.
Several different schemes involving six dam sites were considered. A scheme
inclUding dams at Watana and Devil Canyon was selected as being the most
economical development as well as the best from an environmental viewpoint.
It was shown that the Benefit Cost Ratio for this scheme was 1.4 using
alternative coal-fired energy to assess project benefits (1979 value).

The above studies identified a total of eleven sites upstream from Gold Creek
(see Figure 2.1)., Figure 2.2 illustrates the river profile, indicates heights
and shows which site would be el iminated by development at other sites.

Other studies that have been conducted have dealt more specifically with
environmental issues and geotechnical investigations.

(1) Indicates the reference number.
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2.2 - Design Parameters

The desi gn parameters associ ated with the various developments are di scussed in
Section 6. Tables 2.1 to 2.6 summarize the civil, hydrological, mechanical and
hydropower parameters contained in the previous studies. Table 2.7 summarizes
the environmental data pertaining to various reaches of the' Upper Susitna River. ~

2.3 - Cost Comparisons

The following major items were identified in this review of previous studies:

The level of detail on the potential development at each site varies signifi­
cantly. Standardization of this information and some upgrading of informa­
tion pertaining to the less intensively studied sites would facilitate a more
formal and convincing site selection study.

- The Devil Canyon and Watana sites appear to be the most economic combination.
The Devil Canyon site requires upstream regulation for economic power genera­
tion.

- The Kaiser plan proposed a dam located in the vicinity of Devil Creek (High
Devil Canyon). It provides both a high head and storage and consideration
should be given to studying it in more detail.

The economics of the project as proposed by the Corps of Engineers is very
dependent on the assumed rate of retirement of existing plants and, to a
lesser degree, on the rate of load growth. The val idity of their assumptions
with respect to these aspects should therefore.be carefully reviewed in any
further studies.

2-2
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TABLE 2~1: CIVIL DESIGN PARAMETERS

*Discrepancy probably due to better information in the 1961 study (Denali - 2552)
than in the 1953 study (Denali - 2590)



TABLE 2.2: HYDROLOGICAL DESIGN PARAMETERS

Site (Pool E1.)
Mean Annual Mln. Avg. Max. Avg. Spillway
Iri-Flow Monthly In- Monthly In- Design

(Ae-ft/year) Flow (Mareh)* flow (June)* flood
(efs) (efs) (efs) (efs)

Reservoir Stotage
lCifiir--·-- Usable
(Ac-ft) (Ae-ft)

Data Sources
(Ref. No.)

;~-"-l

N
I

.j::>

Gold Creek

Olson (920/1020)

Devil Canyon (1450)

High D.C. (1750)

Devil Creek

Watana (1905)

Watana (2050)

Watana (2200)

Susitna III

Vee (2300)

Maclaren

Denali (2535)

Denali (2552)

Denali (2590)

6,965,000
(9620)

6,815,000**
(9410)

6,682,000**
(9230)

6 617 000**, , ..
(9,140)

6,487,000**
(8,960)

5,893,000**
(8,160)

5,893,000
(8,160)

5,893,000
(8,160)

4,590,000**
(6,350)

4,481,000
(6,190)

3,150,000***
(4,360)

2,386,000***
0,290)

2,386,000*
0,290)

2,386,ODO
0,290)

,~.... _.,..I

710

690

660

650

640

570

570

570

440

430

70

55

55

55

).~ol

50,580

49,600

47,800

47,600

46,600

42,800

42,800

42,000

35,300

34,630

18,000

14,110

14,110

14,110

"-~" -J

228,000

165,000

,,-",~J

6,600

1,050,000

4,730,000

2,480,000

5,300,000

9,425,000

1,000,000

210,000

4,250,000

5,400,000

6,700,000

NIL

790,000

3,930,000

2,310,000

4,575,000

8,125,000

820,000

158,000

3,770,000

5,300,000

5,700,000

._""J

USBR (11)

u.s. Corps (7)

u.s. Corps (7)

u. S. Corps (7)

u.s. Corps (7)

u.s. Corps (7)

u.s. Corps (7)

USBR (11)

u.s. Corps (7)

USBR (10)

USBR (11)

b ..J.J _J
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TABLE 2.2: (Continued)
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Site (Pool £1.)
HeailAnn'u'ar M1n:-Avg. Max. Avg.Spil1way

In-flow Monthly In- Monthly In- Design
(Ae-ft/year) flow (March)* flow (June)* flood

(efs) (efs) (efs) (efs)

Reservoir ~torage

Tot"Eir-'" ------usaoIe
(Ae- ft) (Ac- ft)

Data Sources
(Ref. No.)

Proration not appropriate

Butte Creek

lyone (2385)

2,064,000
(2,B50)

222,000
000)

55 12,200

700,000 700,000 USSR (11)

N
I

U'1

~

lhe mean annual, m1n1mum and maximum average monthly inflows
were calculated as part of subtask 6.01 by prorating available
streamflow records

* Unregulated
** Inflows prorated from gaged flow at Gold Creek using drainage basin area ratios.
*** Inflows prorated fran gaged flow at Denali using drainage basin area ratios.



TABLE 2.3: DEVIL CANYON PROJECT - MECHANICAL EQUIPMENT

1. GENERAL
eapac~E~ •••••••••••••••••
Total Head •••••••••••••••
Powerhouse t~pe ••••••••••
Number of units ••••••••••

USSR March
1961 (10)

580 MW
530 ft

surface
8

Alaska Power
Administration

May 1974(1)

600 MW
550 ft

underground
4

Corps of
Engineers

1979(8)

776 MW
520 ft

underground
4

2. HYDRAULIC CONDIT IONS
Headwater level
- maximum ••••••••••••••••
- normal ...
- minimum .
Tailwater level
- maximum •••••••••.••••••
- normal •••••••••••••••••
- minimum ••••••••••••••••
Gross Head
- maximum ••••••••••••••••
- minimum ••••••••••••••••
Net Head
- maximum ••••••••••••••••
- rated ••••••••••••••••••
- minimum ••••••••••••••••

3. TURBINES
T'ype ...

Rated power (each) ••••••

Rated net head•••••••••••
Centerline distributor •••
Submergence (minimum)•.••

4. GENERATORS
type ••••••••••••••••••••

Rated power •••••••••••••

5. POWERHOUSE CRANES
T~pe •••••••••••••••••••••
Numbe r ' ..
Capacity (each) •••••••••••
S.psn ..

6. PENSTOCK VALVES
Number •••••••••••••••••••
T~pe •••••••••••••••••••••
Diameter •••••••••••••••••
Head to centerline

7. INTAKE GATES
Number •••••••••••••••••••
Type •••••••••••••••••••••

Width ••••••••••••••••••••
Height •••••••••••••••••••
Head to centerline••••••••
Hoist •••••••••••••••••••••

8. INTAKE BULKHEAD GATES

EL 1455 EL 1455 EL 1455
EL 1450 EL 1450
EL 1275 EL 1275 EL 1275

EL 897 EL 924 EL 924
EL 875
EL 870 EL 878 EL 878

585 ft 577 ft 577 ft
405 ft 351 ft 351 ft

570 ft
530 ft 550 ft 520 ft
395 ft

vertical vertical vertical
Francis Francis Francis

100,000 hp 205,000 hp 265,000 hp
(best gate)

530 ft 550 ft 520 ft
EL 881 EL 867 EL 867
- 11 ft 11 ft 11 ft

vertical vertical vertical
s~nchronous synchronous synchoronous

72.5 MW 150 MW 194 MW

overhead travelling bridge
2 2

350 tons 235 tons 425
68 ft 72 ft

eight none none
butterfly

11.5 ft
355 ft

2 4 4
fixed wheel bonneted bonneted

fixed wheel fixed wheel
26 ft (approx) 15 18
26 ft (approx) 15 18
210 feet 588 ft. 588 ft.
hydraulic hydraulic h~draulic

none 3 sets of slots
with several
sets of stoplogs
to premit water
to be drawn from
various eleva-
tions.

2-6



TABLE 2.3; (Continued)

USBR March
1961 (10)

Alaska Power
Ackninistration

May 1974(1)

Corps of
Engineers

1979(8)

9. TRASHRACKS
NUm'bea: - .- It .

Configuration •.•.••••••••
2

sloping, semi­
circular

2
vertical,

semi-vertical

2
vertical,

semi-circular

10. DRAFT TUBE GATES
Number of openings per
turbine ••••••••••••••••••
Type of gate•••••••••••••
Handling ••••••••••••••••

11. TAILRACE TUNNEL STOPLOGS
Number of openings••••••••
Sill beam •••••••••.•••.••
Stoplog handling ••••••••••

12. SPILLWAY CREST GATES
Number •••••••••••••••••.
Type ••••••••••••••••••••
Width •••••••••••••••••••
Height ••••••••••••••••••
Ho ist •••••••••••••••••••

13. LOW LEVEL OUTLETS
(Main Gates)

Number ••••••••••••••••••
Type ••••••••••••••••••••

Width .
Height •••••••••••••••••••
Head to centerline .•••••
Hoist .•.•••••••.••••••...

3 2 2
bulkhead bulkhead bulkhead

5 ton cantry powerhouse powerhouse
crane outside) crane crane

None
2 2

El 850 El 850

2 none 2
radial radial

64 ft (approx)
64 ft. 42.5 ft

wire rope wire rope

none 6 4
vertical bonnetted

fixed wheel slide
7.5

11 ft
70 380 ft

hydraulic

-

­,

14. LOW LEVEL OUTLETS
(Emergency Gates)
Number ••••••••••••••••••
Type .

15. LOW LEVEL OUTLET
TRASHRAtks

16. OUTLET VALVES
Number ••.••••••••••••••••
Type •••••••••••••••••••••
Diameter ••••••••••••••••••
Head to centerline •.•.••••

17. OUTLET VALUE CLOSURE GATE
Type •••••••••••••••••••••

Size ' 0.
Head to centerline ••••••••

18. OUTLET VALVE TRASHRACKS
Number of sets •.•.•••••••
Configuration •••.•.•••••••

19. DIVERSION CLOSURE GATES
Num'ber •••••••••••••••••.••
Type ••••••••••.•.•••••••••
Width ••••••••••.••••••••••
He ight ••••••••••••.••••••
Head to centerline:
- during closure .•.••••••
- after closure ••••••••••

none

none

1
hollow jet

66
575 ft

ring follower
gate

66 in.
575 ft.

1
vertical

semi-circular

2
vertical

2-7

none

none

1
jet flow

ring follower
gate

1
vertical

semi-circular

2
vertical

4
as per main

gate

none

none

none

1 set
wheeled bulkhead

26 ft
36 ft approx

18 ft approx
594



TABLE 2.4: WATANA PROJECT - MECHANICAL EQUIPMENT

Corps of
1. GENERAL Engineers 1979(8)

Total Capacity ••••••••••••••••••••••••••••••••••••••••••
Head .
Powerhouse type••••••••••••••••••••••••••••••••••••••••••
NUnDer of units••••••••••••••••••••••••••••••••••••••••••

2. HYDRAULIC CONDITIONS

Headwater level:
m'aximum 0- ..

- nortnal .
- minimu'm ..
Tailwater level:
- normal 0- ...... • ' ..

Gross head:
- rnaximu'm .
- minimum .
Rated net Head ..

3. TURBINES

Type ••••••••••••••••••••••••••••••••••••••••••••••••••••
Rat ed power (each) ••••••••••••••••••••••••••••••••••••••

Rat ed net head -.
Centerline distributor•.....•.........•................••
Subrergence (average) '••.••

4. GENERATORS

792 MW
580
underground
3

EL 2190
EL 2185
EL 1940

EL 1465

725 ft (approx)
475 ft (approx)
580 ft

vertical francis
362,000 hp (best
gate)
580 ft.
1460
5 ft.

Type '•••••••••••••••••••••••••• • \lert ical
Rater power.............................................. 264 MW

5 • POWERHOUSE CRANES

synchronous

NuRtler .
Capacit y ( each) -. II ..

Span 0- .

Type overhead travelling
bridge
2
600 tons
72 ft

,
.]?

6. PENSTOCK VALVES None

7. INTAKE GATES

NufRb-e r•••••• - _•••••••••• ' .
Type .
Width .
Heig,t - .
Head too center line .
Hoist. '•••••••• -•••••••

3
bonnetted fixed l'41ee 1

18 ft.
18 ft.

730 ft.
hydraulic

8. INTAKE BULKHEAD GATES

9. TRASHRACKS

Number _.
Configuration......• ~ .

10. DRAfT TUBE GATES

Number of Openings per turbine••••••••••••••••••••••
TYfle of Gate _ .
Handling ...••..•.•..•..•••.......•.........•.......

2-8

2
vert ical semi­

circular

2
bulkhead

overhead travelling
case
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TABLE 2.4: (Continued)

11. TAILRACE TUNNEL STOPLOGS

Number of openings •••••••••••••••••••••••••••••••••
Sill beam ••••••••••••••••••••••••••••••••••••••••••

12. SPILLWAY CREST GATES

Number •••••••••••••••••••••••••••••••••••••••••••••
Type •••••••••••••••••••••••••••••••••••••••••••••••
Width ••••••••••••••••••••••••••••••••••••••••••••••
Height •••••••••••••••••••••••••••••••••••••••••••••
Head to sill •••••••••••••••••••••••••••••••••••••••
Hoist ••••••••••••••••••••••••••••••••••••••••••••••

13. SPILLWAY STOPLOGS

Number of sets of guides ••••••••••••••••••••••••••••
Number of sets of stoplogs ..
Sill beam ••••••••••••••••••••••••••••••••••••••••••••
Width •••••••••••••••••••••••••••••••••••••••••••••••
Height •••••••••••••••••••••••••••••••••••••••••••••••

Corps of
Engineers 1979(8)

1
El 1405

3
radial

55 ft.
45 ft.
44 ft.

wire rope

3
1

EL 2147
55 fto
46 ft.

r~

14. OUTLETS (Main Gate)

Number •••••••••••••••••••••••••••••••••••••••••••••
Type •••••••••••••••••••••••••••••••••••••••••••••••
Width •••••••••••••••••••••••••••••••••••••••••••••••
He ight ••••••-••••••••••••••••••••••••••••••••••••••••
Head to centerline••••••••••••••••••••••••••••••••••
Hoist ••••••••••••••••••••••••••••••••••••••••••••••

15. OUTLETS (Emergency Gate)

Number •••••••••••••••••••••••••••••••••••••••••••••
Type •••••••••••••••••••••••••••••••••••••••••••••••

Width ••••••••••••••••••••••••••••••••••••••••••••••
He ight .••••••••••••••••••••••••••••••••••••••••••••••
Head to centerline •••••••••••••••••••••••••••••••••
Hoist ••••••••••••••••••••••••••••••••••••••••••••••

16. OUTLET TRASHRACKS

High
Level

2
radial

10 ft
14 ft

250 ft
hydraulic

2
bonnetted
slide gate

10 ft
14 ft

250 ft
hydraulic

Low
Level

2
radial

10 ft
14 ft

490 ft
hydraulic

2
bonnetted
slide gate

10 ft
14 ft

490 ft
hydraulic

~
I
I

Number of sets •••••••••••••••••••••••••••••••••••••
Con figur at ion ••••••••••••••••••••••••••••••••••••••

17. DIVERSION CLOSURE GATES

Number •••••••••••••••••••••••••••••••••••••••••••••
Type •••••••••••••••••••••••••••••••••••••••••••••••
Width •••••••••••••••••••••••'•••••••••••••••••••••••
Height •••••••••••••••••••••••••••••••••••••••••••••
Head to centerline••••••••••••••••••••••••••••••••••

18. DIVERSION PLUG SLIDE GATES

Type •••••••••••••••••••••••••••••••••••••••••••••••
Number •••••••••••••••••••••••••••••••••••••••••••••
Width ••••••••••••••••••••••••••••••••••••••••••••••
He ight •••••••••••••••••••••••••••••••••••••••••••••
Head to centerline:
- for control •••••••••••••••••••••••••••••••••••••••
- after closure ••••••••••••••••••••••••••••••••••••
Ho ist ••••••••••••••••••••••••••••••••••••••••••••••

2-9

2
flat, slightly

sloping

1 set
wheeled bulkhead

30 ft
38 ft (approx)

239 ft

bonneted slide gate
2

6.75 ft
10 ft

255 ft
730 ft

hydraulic



TABLE 2.5: DEVIL CANYON PROJECT - DENALI DAM - MECHANICAL EQUIPMENT

OUTLET WORKS CONTROL GATES

Number •••••••••••••••••••••••••••••••••••••••••••"•••••
Type •••••••••• ~ •••••••••••••••••••••••••••••••••••••••
Width •••••••••••••••••.••••••••••••••••••••••••••••••••
Hei.,;jlt .
Head to Centerline ••••.•••••••••••••••••••••••••••••••
Hoist ......•-. -....•........•...............•..........•

OUTLET WORKS EMERGENCY GATES

NurrtJ.er.••••••••••••••••••••••••••••••••••••••••••••••••
Type •••••••••••••••••••• "••••••••••••••••••••••••••••••

Width ••••••••••••••••••• .,; '••••••••••••••.••
Height •••••••• ~ .
Head -to center line ....................... • '•••••.••••. 'Ii ••

Haist •••••.•••••••••••••••.•••••••••••••••••••••••••••

2-10

USSR
March 1961( 10)

3
radial

10
12

210 ft
hydraulic

3
bonnetted slide

gates
10
16

208 ft
hydraulic
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Site/Scheme
(Pool E1. ft.)

Gold Creek

TABLE 2.6: HYDROPOWER PARAMETERS

~pendable
Average

Approx Installed Annual Firm
Max Head Capacity Capacity Enl}rgy Enl}rgl'

(ft ) (MW) (MW) (x1O kWh) (xl0 kWh)

190 260 1.139

% of
River
Potential*

17%

Remarks

Referred to as Gold
Site by the federal
Power Commission(J)

N
I......

......

Olson (920)

Olson (1020)

Devil Canl'0n(1450)

High D.C. (1750)

Devil Creek

Low Watana (1905)

Mid Watana (2050)

High Watana (2200)

Susitna HI

Vee (2300)

Vee (2350)

45

145

570

720 700

425 420

570 500

720 792

600 445

375

425

187

206

600

252

457

686

300

0.915

1.489

3.346

1.550

2.601

3.346

1.450

0.821 13%

0.900 21%

2.628 47%

1.104 22%

1.997 36%

3.004 47%

1.840 28%

1.310 20%

With U/S Regulation

Data obtained from
Kaiser(4)

With U/5 Regulation

Maclaren

Denali (2535)

Butte Creek
----------------------------------------- NO POWER GENERATION --------------------------------------------~-----------

Tyone

Devil Canyon (1450) 570 - 575 3.300 2.500 46%
Denali (2535)

Devil Canyon (1450) 995 .- 730 4.485 3.200 62~~

Low Watana (1905)

Devil Canyon (1450) 1,140 - 1,062 5.630 4.650 78%
Mid Watana (2050)

Devil Canyon (1450) 1,290 1,568 1,404 6.850 6.150 95%
High Watana (2200)



TABLE 2.6: (Continued)

Average
Approx. Installed Dependable Annual Firm % of

Site/Scheme Max Head Capacity Capacity En9rgy En9rgy River Remarks
(Pool £1. ft.) ( ft) (MW) (MW) (xl0 kWh) (x10 kWh) Potential*

Devil Canyon (1450) 1290 1,552 6.911 6.800 96%
High Watana (2200)
Denali (2535)

Susitna I 1455 1,308 6.309 88~o Data obtained from
Susitna II Kaiser(4)
Susitna HI

Devil Canyon (1450) 1370 1,427 6.881 6.252 96% USSR four dam proposal
Low Watana (1905) (10)
Vee (2300)
Denali (2535)

Olson (1018) 1238 1,347 6.511 5.900 91% Kaiser four dam proposal
High Devil (4)

Canyon (1750)
N Vee (2300)
I Denali (2535)I-'

N
Dev i.l Canyon 7.181* 6.552 100%
Watana
Vee
Denali
Olson

NOTES:

All data obtained from US Corps 1975 Study (7) unless otherwise indicated.

* Percent of Average Annual Energy with Devil Canyon, Watana, Vee, Denali; Olson assumed to be 100%

f,=:,...,J ",.. ,J -.~.J ".J ,,,,,.. ,J ,,,".:-"J <",.",) ,) __J
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TABLE 2.7: UPPER SUSITNA ENVIRONMENTAL DATA BASE fOR INPUT. INTO mE SELECTlONOF DEVELOPMENT SITES
(Includes only information that varies between reaches)

N
I......

W

Biological:

fisheries

Wildlife

Vegetation

Talkeetna
to Devil Canyon

(Reach A)

- Resident &migratory
salmon

- Provides salmon access
to Portage Creek and
Indian River

- Moose habitat in river
valley downstream of
Portage Creek

- Mainly upland or
lowland spruce­
hardwood forest

Devil Canyon
to Watana

(Reach B)

- No 'anadromous fish

Nelchina Caribou herd
- Summer range north of

Susitna River
- Summer &winter range

south of Susitna
River

- Migrat ion in the area
of Fog Creek

Watana
to Vee

(Reach C)

- Inundation of part
of Deadman &Koaina
Creek

Caribou
- CalVing area south

of Susitna River
in the area of
KosinaCreek

- Migration in the
Jay Creek area

- Ranges as stated
for Reach B

- Moose habitat
Watana Creek

Vee
to Maclaren
(Reach D)

- Inundation of part
of Oshetna and
Tyone River

- Inundat ion of
posible moose
winter range

- Medium waterfowl
density

- Caribou migration
in the area of
Oshetna River

Maclaren
to Denali

(Reach E)

- Brown Grizzly
bear denning
adjacent to
reservoi l' area

- Good moose
habitat

- Medium wate r­
fowl density

- Fragile moist
& alpine
tundra

Upstream
from Q:lnali
(Reach F)

- Waterfowl
nesting area

- Good moose
habitat

- Medium
waterfowl
density

- Fragile
moist & al­
pine tundra

Social:

Aesthetic

Recreation

- Unique Devil Canyon - - Moderately unique
__ __ Vee_CElnYol1__

- White water
kayaking
Class IV
Devil Canyon

Access - Access road would
open up minimal
area of wilderness

- Access rpad would
open up moderate
area of wilderness

- Access road would
open up moderate
area of wilderness

~ Access road would
open up la rge
areas of wilder­
ness presently
inaccess ib Ie

- Access road
would open up
large areas of
wilderness
presently
inaccess ib Ie

- Reservoir
could have
access from
the Denali
Highway,
therefore
impact on
wilderness
area
minimal



TABLE 2.8: COST COMPARISON

Site
(Pool El.)

Estimated
Cost (1~
($ x 10 )

Year of
Estimate

Escalation
factor (Whitman
Index)

1980
Cost

($xl06)

Dependable
Capacity

(MW)
Cost
$/kW

Avg.~6t/Avg.

Annual Energy Cost
Engrgy Cost (9) Notes

(10 kWh) ($/1000 kWh)

Gold Creek 338 1968 550/210 885 260 (4) 3,404 1,139 (5) 117 (J)(6)

High Devil Canyon (1750) 1,266
1,015

Devil Creek

Low Watana (1905) 668
N 420
I
I-'

Mid Watana (2050)~ 877
628

High Watana (2200) 1,088
837

1,765

Susitna III ''''
Vee (2300) 477

Vee (2350) 527

Maclal'en

Denali (2H5) 340

Denali (2552) 134

Denali (2590) 80

Butte Creek

187 2,964 915 91

206 5,056 1,489 105
695 906 3,340 28
206 3,277 1,489 68

206 3,286 1,489 79
695 1,122 3,340 35
695 1,315 3,340 41

600 3,078 3,346 83
600 2,470 3,346 67

- - -
252 3,868 1,550 94
252 2,431 1,550 59

457 2,800 2,601 74
457 2,004 2,601 53

686 2,31J 3,346 71
686 1,780 3,346 55
686 2,859 3,346 88

----- ----
300 2,320 1,450 72

Olson (920)

Olson (1020)

Devil Canyon Arch
( 145ll)

Devil Canyon Gravity
(1450)

380

714
432
463

535
535
82J

1975 550/377 554

1975 550/377 1,042
1975 550/377 630
1975 550/377 675

1975 550/377 780
1975 550/377 780
1978 550/495 914

1975 550/377 1,846
1975 550/377 1,481

-

1975 550/377 975
1975 550/377 61J

1975 550/377 1,279
1975 550/377 916

1975 550/377 1,587
1975 550/377 1,221
1978 550/495 1,961

--- ---_ .... - ----
1975 550/377 696

1975 550/377 769

- -
1975 550/377 496

1960 550/170 433

1953 550/122 331

None

None

None·

None

None

None

*(3)(6)

*(2)
*(3)(6) with H. Watana
*(8)

*(7)
*(7)(6)(3)
(3)(6) with H. Watana

*(2)
*(8)

*(2)
*(3)

*(2)
*(3)

*(2)
*(3)
*(2) Revised Estimate

*(3)(6)

*(3)

*(3)

Tyone

* Estimated in same base year therefore best for comparison purposes

1

1 Generally includes contingencies but not IDe
2 Constructed first (i.e. includes main access road and transmission line)
3 SUbsequent development
4 Installed capacity
5 fl rm energy
6 With U/S Regulation

(7) 1978 cost adjusted back to 1975 using relative costs of
Arch Dam and Gravit~ Dam, Page B-9, Corps 1979 Report (7)
and escalted to 1980 costs

(8) Constructed first but excludes common costs of trans­
mission lines and roads ($251,000,000 - 1975 $'s)

(9) Based on annual cost equal to 15% of Capital Cost.

f;L} "<:jccJ "" ."" ..J ~.,...J ",,,,"._~J 'do: .J
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3 - SCOPE

The publications listed in the Bibliography of this report were reviewed.
Discussions were held with the engineering staff of the Corps of Engineers
in Alaska. Data was collected from the reports and from material such
as working files and drawings obtained from the Corps. The type of
information obtained ranges from detailed layouts to merely an identi­
fication of a potential site. Table 3.1 lists what data is available in
terms of engineering layouts, topographic mapping, geotechnical field
drilling, and air photos. The available engineering layouts are included
in Appendix A.
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TABLE 3,1; CORPS OfENGJNEERS - EVALUATlON
OF ALTERNATiVES (Reproduced from (l))

IL/dl A ,\JdI a 'lldl C 'WI 0

Wl1l10tJT CO::DUtOH ItAtlOOA.L [C-ofJoltlC DEVEL01'HEHf (HEG)
""VlkOfl11"'TAL quALITY (P,Q) 'ws MXDtllt f'OUER DEVELOl'tttHT PlAN PltUOUSl;Y U:Cott1&NDf.:D FLAIl

USDa lour-».tlt 'vu"",Devil Cat1)"JII~Wd.t\f-DeMllDaM'Dull Canvttn-WIUN 0....Con.,."tlcmll' Cod 'I1lenul Pint

I I - I I I --I
A. PIAIIIl£SCR,PTIOlI Hon-federa' Hnandl19 o( " JOO-17M co.l ..

;~i~~-~n~~:~~tYr:~.;ta~'l ~~a~: I:~~.·
The plants kOvid hillye 15-Yll!at' service
Itve!;, Project WQuid 'nclude co~U 'fOr
ttl!ltl .'A'ng .tnd sep.r.te Heotly-to-
Fa h:blnh alld 8eluga.to ..Al\ct'torICJe trGlns~

JIIhSIon s"tellls.

fedel',1 fln,nclng: of the total syslem
to 'nclude • thin-arch dim Ind under ..
ground Ifowerphnt at the Dnt' C.nyon
sH-e t and an, el/llrttJrtl1 dam Ind under­
groU"d ,potilerphrtt at the Wotanl s Itt.
Doth projects would proyjde it-lite
power: gefltlratliJl'l. WaUn. would provide
the senon,,' storage 'ot' the 'YUelR.
""an wquld .Iso Include tUnsmlss 10ft
systenl betweeA projects ',nd to the
Anchorage ,nd hlrba"k5 load centerS.

Ihl$ pl.n h ".,Icolly the ...... th.
Phn 11. 'but with the Iddltlon or the
De"tH Projt1ct liI~uld hive no at~slte

POWI' generatlDll .nd would be used onlt
for low ntH lu~mentat Ion of the tw­
dow~strea. DroJects.

Thl$ Is the .y,t•• pr'po,.d by th.
Bureau 0' R,eclatilltlon In hs 1952 report
OR hydt'opQWe:r resources 01 thl Upper
Susltnl River B.sf.". Federal rtnanelng.
of the tot., system to (rtcl!,lde I,
thtn·arch dam ,'nd etQwerpI.nt ,t tht
Oe~tI CIPYorI ,ne. I 1010' head e.rth~
ffll dalll lind powerphnt .t the HltlPa

:{t:hea~e:l~t~~,~I:1l~A:. ;~:w~:~:~~:~
lion rnervatr it the benalt Itte.
Plan would .ho Include transllliulon
$YHl!ln between projects Ind to the
tlll'O load centers.

1. Dim H~lghU

~. Oap.nd.ble C.p.elty

B. SIGNIfiCANT IIlPACTS

No OIms

'.500.000 kllo••U,

(Included In Meht lon~hlp tID four
Accounts)

I. DevU Canyon .. f»]5 feet
2. H.lona - 810 reet

',)94.000 kilowatt,

(Included In Relatlons'htp to '(Iur
Accounts)

~ II. 0•• 11 C.nYOn - 6JS fe.l
- 2. W.t••• - 810 f ••,

). Oen.11 - 260 r•• t

1,5\2.000 kll""'lts

(hc'ud~d 1ft tlehtlonsl',tp to Four
Accounts)

t, Dev II Caf'yvn • US fee t p.
2. lrIatMI .. 515 'eet
). Vet. 455 'eet
4. O.n.lI· ~60 , •• t

1,404.000 kilowatts

(lnclud.d In R,'allon,hlp 10 f.ur
Account,) .

0 $J),8SI.000 $29.611 ,000 "6.195,000
1.0 I.) I.J 1.2

10,000 50.550 lD',5S1l 84.950
0 l]'oOD 45,000 45,000

IID-'~D Bt 116 UO
0 ,

9 9

'0,000 4.000 4.000 I 10,000
2,II<lO 0 52,000 52,000
21000 acrt' 0 .00 400

Unquant I tied .rea ~a, very ''''gh 40 60

I
BS

potent II I
0 D 0 ,
0 , 4 4

5,850,000 S,a50.000 I 5,8)0.000

26.4 _ )1.4 I 21.1 ~I.O J ~4.J

W
I .

N

C. PLAN [VALUAtiON

\, COntribution to PI.nnlng Obj.ctly,
I, Firm ""AUO' E"erg)'
b. Average An.,ua' lnenJY
c. hrtent of eutn Potent'"
d. Sy.l... O....nd.blllly

2. Rehttonshtp to Four Account$
a. 'lal1onal Economic Developmel'lt (tfED)

.NET NED 8Um IS
OEN[rlT.TO-CllST 1lA1I0

b. [n.lro..,.nt., QUality (Eol
Acreage IntindatJ!d or Oe'itroyed
Drawdown ZOne Acreage
stl'dll iUI@oge Inllndaled or Deg"iIIded
WhllewUel' Mileage Inundated
HaJor ,[C05YSlefnS. Acreage Inundated

or Otlslroy.d
Important Hoose flaM tat
Import'Rt C.rltJl'lU ~ablt.t
Important W.ltr,,,,,1 H.blt.t
'nuMbet' 0' pothole Ides)

Are~••0109Ical '.n., Pr.tludtd
t-rom Post.Construction 5tudfes

Prehhtorlc: SUes In~ndated or
lleUroyed

Mhtorll; Situ Inundated or
Destroyed

c. Socl.1 H.II-b.ln9 (s\/tJI
fnergy Re~out'c:e$ (onut'ved 1ft

Tons I:Jtr Year
d. R'910nal O••• 'opment (1lIJ)

Cost or Power hi HU is/KwhI'

l. PI,," Responsf to ASlOcli/llted [vJJlu"Uon
Cr'terti

•• Ae<.pt.bliity

6.800.000.0!Nl kllowUI·h.u...
6.910.0110 ,000 k/low'll-hou••
Not Applleable

ti~ grid Intertle of ""Jor lod center;,
~,d.tld dep.nd.blllty.

Thh I:Jhn 15 the worst trlJ;l~ thp "tand­
poi"t of (Onserval lOA of POI.t"enew"ble
res.f)urces. It ha' large Idv'!!ne (Q
effects In that It requires strlp-
mlntng of 20,000 acres of hnaorta t
.lldllf. h.bltat. It d'9rod .. wtl ..
qUlllty by chemfcal Inputs and $uspellded
sedtlllents lind It degrede!. .. II" qui tf ty
by Inputs Qf parltcuhtes .nd chelllical
pollutants. Its N£D' perfor~nce h
<1C1;~ptahh. It prov'de~ no flood
control or rec::reat ionll (JJlportunft)'.

6,100,000,000 UI"".tt.hour.
6,910,000,0<10 U1QWltt~hour.

9n
Prowldes grid Intertle of meJor toad
centers.

MaxlfIlUIIl beneftcll' Imp,cts or options
studied in NED and [Q lccounts.
Supported b)' ,consen~us of IIldst pubHc:s.
P'.n 11'$ drawn some coucern bet.use 0'
possibility for IndUCed populatIon
9row1h Is~oclUtd \IIIlth inHtal. power on
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4 - PREVIOUS STUDIES

The earliest studies were undertaken by the Corps of Engineers in 1950 and
ident ifi ed several potent i al sites for hydroel ectr ic power development in the
Susitna River Basin as part of a reconnaissance level survey of Cook Inlet and
tributaries. A second study; the Bureau of Reclamation IIReconnaissance Study on
the Potential Development of Water Resources in Alaska ll was completed in January
1952.

Subsequently, the feasibility of hydropower development of the Susitna River has
been the subject of several more detailed studies. The most significant of
these were conducted by the fa 11 owing agenc ies (or company):

- U.S. Bureau of Reclamation (11) - 1953
U.S. Bureau of Reclamation (10) - 1961

- Alaska Power Administration (1) - 1974
- Kaiser Engineers (4) - 1974
- U.S. Corps of Engineers (7) - 1975
- U.S. Corps of Engineers (8) - 1979

The above studies are discussed in more detail in the following sections.

4.1 - U.S. Bureau of Reclamation - 1953

This represented the first major study and was completed in 1953. The following
ten sites were identified above the railroad crossing at Gold Creek (see also
Figure 2.1):

- Gold Creek
- Olson
- Dev i1 Canyon
- Devil Creek
- Watana
- Vee
- Macl aren
- Denal i
- Butte Creek
- Tyone (on the Tyone river)

An additional 15 dam sites were identified within the remainder of the Susitna
Basin downstream of the Gold Creek railroad crossing.

The sites at Butte Creek, Devil Creek, and Gold Creek were eliminated from
detailed study on the basis of field reconnaissance. The other sites were
included in desk studies involving the development of conceptual engineering
layouts and costs. Selection of the development plan was based on maximizing
energy output for the least cost. This plan included the development of the
fall owing sites:
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Olsen:
Devil Caynon:
Watana:
Vee:
Dena1i:

Max. pool e1ev. = 920 ft.
= 1,417 ft.
= 1,900 ft.
= 2,330 ft.
= 2,590 ft.

Installed capacity = 50MW
= 390MW
= 310MW
= 260MW

No power generation
facilities

The first stage of development involved a dam at Devil Canyon with an initial
installation of 195 MW of generating capacity. To meet subsequent increases in
demand the dam at Denali would be built. This would provide sufficient regula­
tion to allow dOUbling the capacity at Devil Canyon to 390 MW. The sequence of
construction for the remaining developments would depend on future load growth.

It should be emphasized that this USBR study was very preliminary in nature. At
the time of the study, 1imited mapping and geotechnical information as well as
only two or three years of hydrological records were available.

4.2 - U.S. Bureau of Reclamation - 1961

In 1961 a more detailed feasibility study dealing specifically with the Devil
Canyon-Denali development was completed. It recommended' a five-stage construc­
tion scheme be used to match the load growth curve. The first stage would
consist of a 635 ft high arch dam constructed at Devil Canyon. Initially, 3
units totaling 217.5 MW were to be installed. The second stage involved build­
i ng an earthfi 11 dam wi thout a power house at Denali to increase the depend ab 1e
energy at Devil Canyon. Stages 3 and 4 each involved a,dding two units and stage
5 one unit, to the Devil Canyon powerhouse, leading to a total installed capa­
city of 580 MW.

The increase in installed capacity over the value derived in the previous study
resulted from the greater level of detail to which the development at Devil
Canyon was studied. The full pool elevation of the Devil Canyon Reservoir was
increased by 33 ft to 1,450 feet. The larger period of streamflow data (10 year
vs 2 years) allowed a more accurate determination of the mean annual flow which
was 12 percent higher than the previous estimate. The proposed development was
also sized for a lower plant factor.

4.3 - Alaska Power Administration - 1974

The status of the Devil Canyon Project was reviewed in a report which was
essenti ally an update of the USBR 1961 report. One major change from the 1961
report on Devil Canyon Dam was the change from a single curvature arch to a
double curvature thin arch dam. Revised load forecasts as well as revised cost
estimates and schedules were included in this report.

4.4 - Kaiser Engineers - 1974

This study suggested an alternative to the USSR scheme of development. It was
proposed that the initial development consist of a single dam known as Susitna
1* located at at site approximately 5 miles upstream from the USBR Devil Canyon
site. ' A 810 ft high rockfill dam at this site with a pool elevation of 1750 ft

*Note: Subsequently this name has been changed to High Devil Canyon.
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would provide sufficient storage for 600 MW of dependable capacity without an
additional upstream reservoir. Because of the perception that foundation condi­
tions at Denali are questionable, this scheme was preferred to the USBR Devil
Canyon-Denali scheme.

Kaiser suggested the ultimate development would incorporate Susitna II located
downstream at approximately the same location as to the USBR Olson Site, and
Susitna III located at the upstream end of the Susitna I reservoir. The exact
location of the Susitna III site was not identified but it was determined that a
head of 600 feet could be obtained. Information developed for the Susitna II
and III site was limited to an estimate of the energy potential. The report
also mentioned that the future addition of Denali, if foundation conditions
proved to be adequate, would increase the energy generation potential of the
other three sites. .

4.5 - U.S. Corps of Engineers - 1975

The most comprehensive study of the hydroelectric potential of the Upper Susitna
Basin was completed in 1975 by the Corps of Engineers. In this study several
schemes of development were considered including combinations of dams of various
heights at the following sites:

- Olsen;
Dev i 1 Canyon;'

- High Devil Canyon (Susitna I from the Kaiser Plan);
- Watana;

Vee; and
Denal i

A total of 23 alternative developments were identified and evaluated using a
II scop ing type" economic analysis. The results are shown in Table 4.1. Alterna­
tives were selected for final evaluation based on "max imizing net benefits
consistant with engineering judgementl/. The more promising of these alterna­
tives are listed in Table 4.2 together with their respective firm annual energy,
dependable capacity values, and comments relating to further study.

The four most promising alternatives for meeting the future power needs of the
Railbelt Area were selected for futher studies. These were:

- Coal (considered to be the IIwithout" Susitna condition or the base case);
Devil Canyon (1450) Watana (2200);
Devil Canyon (1450) Watana (2200) - Denali (2535); and
Dev; 1 Canyon (1450) Watana (1905) - Vee (2300) - Denal i (2535)

Note: The numbers in brackets refer to the maximum pool elevation in feet.

Each of these alternatives were evaluated using the following four criteria (See
Appendix B for a more detailed definition of the terms):

- Techn i ca1 Cr iter i a;
National economic development (NED);
Environmental quality criteria (EQ); and
Social well-being and regional development
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Table 3.1 gives a summary comparison of the four alternatives in terms of the
above criteri a.

The scheme finally selected by the U.S. Corps was the Devil Canyon (1450) ­
Watana (2200) option. It maximized the National Economic Development and also
minimized environmental effects. The scheme involved the first stage construc- "
tion of an earthfi11 dam at the Watana site with a height of 810 feet. Three
264 MW units would be installed giving a total capacity of 792 MW. The second
stage involved a 635 high thin arch dam at Devi 1 Canyon and would be constructed
to meet future local growth. The Devil Canyon site would have an installed
capacity of 776 MW. Firm annual energy was estimated as 3.0 x 109 kW-hr for
Watana and 3.2 x 109 kW-hr for Devil Canyon. The benefit-cost ratio for the
total development was computed as 1.3 with power benefits based on the cost of

. the coal alternative.

4.6 - U.S. Corps of Engineers - 1979

In 1977 the Office Management and Budget (OMB) questioned the economic justifi­
cat i on of the project. Concerns expressed were that the cost est imates for
Watana were not based on any geotechnical investigations. Also the construction
schedule required higher construction rates than had ever been achieved. These
concerns~ as well as several other comments~ were addressed in 1979 in a
lISupp1ementary Feasibility Report". Highlights of this later study include: ~

- At the uevi 1 Canyon s ite~ a concrete gravity dam was analyzed as an alterna­
tive to the thin arch dam. This was done to provide a more conservative
basis for economic evaluation in the event that subsequent more detailed
field data collection and engineering design studies proved an arch dam to be
technically infeasible.

Results of additional geotechnical exploration at the Watana site performed
in 1978 were incorporated. As a result~ the Watana dam \'Ias changed from
earthfi11 to rockfi11.

- The total construct i on peri od for both dams was increased to more accurately
reflect historical construction rates.

New cost estimates were developed and the economic analyses redone. The
revised benefit-cost ratio was found to have increased to 1.4 because the
value of power~ as assessed by the coal thermal alternative~ had increased
more in the five year period than the construction costs.

Sensitivity analyses were carried out to determine the effect of different
rates of local growth on the economics of the proposed scheme. These
revealed that the local growth rate would have to fall below 0.8 percent
annually before project costs exceed benefits. This lack of sensitivity was
due in-part to a large number of fossil-fuel plants which were specified to
have planned retirements close to the proposed on-line dates for the Susitna
development and should therefore be interpreted with caution.
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TABLE 4.1: CORPS or ENGINEERS - "SCOPING ECONOMIC ANALYSIS"

Systemof-----m ---10ta1 AI/erage lota1Average
Development Annual Costs Annual Benefits Net Benefit

($1000) ($1000) ($1000)

Devil Canyon, Denali, Vee (2300), Watana (1905) 102,491 109,461 6,970
Devil Canyon, Denali, Vee (2350), Watana (1905) 104,445 112,407 7,962

High Devil Canyon, Olson, Denali, Vee (2300) 139,984 113,654 -26,330

Devil Canyon, Watana (2200), Denali 110,091 133,188 23,097
Devil Canyon, Watana (2050), Denali 99,094 118,615 19,521
Devil Canyon, Watana (1905), Denali 88,150 98,727 10,577

Devil Canyon, Watana (2250) 104,336 126,262 21,926
Devil Canyon, Watana (2200) 96,600 126,188 29,588
Devil Canyon, Watana (2050) 85,604 103,193 17 ,589
Devil Canyon, Watana (1905) 74,660 78,222 3,562

Watana (2250), Devil Canyon 106,379 127,147 20,768
Watana (2200), Devil Canyon 101,776 3/ 126,523 24,747

.po WatanB (2050), Devil Canyon 86,834 - 102,547 15,713
I Watana (1905), Devil Canyon 72,034 77,168 5,134c.n

Devil Canyon, Denali 69,651 63,858 - 5,793

Del/il Canyon 51,561 29,644 -21,917

High Devil Canyon 90,651 67,397 -23,254

Watana (2200) 78,046 73,029 - 5,017
Watana (2050) . 63,104 54,741 - 8,363
Watana (1905) 48,304 31,574 -16,730

1. Number in parenthesis represents the normal maximum pool elel/ation of the project.
2. Project staging in sequence as shown and each project was assumed to have a five-year construction time.
3. Six-year Watana construction and IDC based on annual expenditures would have resulted in an Annual Cost of $103,920,000.



TABLE 4.2: CORPS OF ENGINEERS - DATA PERTAINING TO PROMISING SUSIlNA DEVELOPMENTS

.j::>
I

O'l

Firm Annu~l
Energy x 10 kWh

Devil Canyon (1450) 0.9

High Devil Canyon (1750) 2.6

High Watana (2200) 3.0

Devil Canyon (1450) - Denali (2535) 2.5

Devil Canyon (1450) - High 6.1
Watana (2200)

Devil Canyon (1450) - High 6.8
Walana (2200) - Denali (2535)

High Devil Canyon (1750) - Olson 5.9
(1018)- Vee (2300) - Denali (2535)

Dependable
Capacil:y-MW

206

600

686

575

1,404

1,552

1,347

CORPS OF ENGINEERS COMMENTS

Not economic by itself

Not economic by ilself

Economic, however, same environmental
impacl as project twice its size

Nol economically feasible

Economic - should be studied further

Economic - environmental affects
greater than Devil Canyon - Walana
- should be sludied further

Develops less than basin potential ­
Not economically justified
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5 - DESIGN PARAMETERS

5.1 - General

For each of the twelve sites identified in the basin (Figure 2.1), information
has been gathered and tabulated. At several sites various heights have been
studied, although, not always to the same degree of detail. At other sites,
such as the Susitna III site, very little information is available. Table 5.1
summarizes available topographic, engineering layout, subsurface investigation
and air photo information for each site and the source of such information.

In the sections that follow, some of the more pertinent parameters associated
with the various sites are discussed in more detail.

5.2 - Civil Engineering Parameters

Preliminary engineering layouts are available for the following dam alterna­
tives:

Max. Pool
Site Elevation Dam Type

Devil Canyon 1417 Concrete Arch
Devil Canyon 1450 Concrete Thin Arch
Devil Canyon 1450 Concrete Gravity

r Hi gh Devi 1 Canyon 1750 Concrete Faced Rock-
(Susitna I) fi 11

Watana 2200 Earthfill
Watana 2185 Rockfill
Vee 2300 Earthfill
Denali 2535 Earthfill
Denali 2552 Earthfill

Copies of these drawings are included in Appendix A.

For other levels of development, and dams at the other seven sites, information
is limited to descriptions in the text of the reports.

Civil detailed design parameters such as dam type, height, length, length-to­
height ratio, reservoir area, gross storage, spillway type and provision for a
low level outlet are listed in Table 2.1. A brief description of the more
important aspects associated with dams at each site follows:

(a) Gold Creek

A 135 feet high earthfill dam constructed at this site would cause water to
back-up to the Olson site. A spillway and power plant could be constructed
on either abutment.

Diversion of the Chulitna River (by two tunnels) and of the Indian River
into the reservoir would considerably increase the energy generating
potential of this site.
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(b) Olson

A concrete gravity dam at the Olson site would raise the water level 50
feet without encroaching on the tai1water level at the High Devil Canyon
site. The spillway could be a gated overflow section in the center of the
dam.

(c) Devil Caynon

At the Devil Canyon site~ three dam designs have been proposed. Each of
these designs has a maximum pool elevation of 1450 feet with a dam height
of approximately 650 feet. These designs each consist of a main concrete
section and an earthfi11 embankment 200 feet high and 950 feet long at the
south end of the main dam.

As proposed by the USBR (10) in 1961, the main concrete section is a single
curvature arch dam. The Devil Canyon Project Status Report, prepared by
the Alaska Power Administration (1) in 1974 included an updated design of
the dam using a double curvature thin arch section. This design was also
utilized by the Corps in their 1975 Interim Feasibility Study (7). In the
1979 report, the Corps (8) substituted a concrete gravity section as it was
considered less sensitive to foundation conditions and led to a more con­
servative (higher) cost estimate. It was pointed out that further geotech­
nical investigations would be required to firm up the feasibility of an
arch dam.

The USBR design includes a tunnel spillway through the north abutment. The
thin arch dam design has a chute-type spillway with a flip bucket located
on the south canyon wall. For the gravity dam option the spillway is in­
corporated in the center of the dam.

(d) High Devil Canyon (Susitna I)

A 810 foot high concrete-faced rock fi 11 dam was proposed for the High
Devil Canyon site. The crest elevation was set at 1755 feet givi~g a maxi­
mum pool elevation of 1,750 feet. Upstream and downstream slopes of the
rockfi11 dam were 1.4 and 1.3 to 1 respectively. On preliminary examina­
tion it appears that these slopes may be too steep for this type of dam in
the area; particularly because of the high seismicity.

The spillway is located on the south abutment. It is a channel type and
incorporates a series of steps excavated in the rock to form a cascade.

(e) Devil Creek

Located just below the mouth of Devil Creek, the Devil Creek site appears
sutiable for the Construction of a low dam. The maximum height would be
limited to 350 feet by the right abutment. No layouts are available for
this site.
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( f)

(g)

(h)

Watana

Rockfill dams of various heights have been proposed at the Watana site.
The most recent Watana Dam design presented in the Corps of Engineers 1979
report is a rockfill dam with a crest elevation of 2,195 feet and a maximum
water pool elevation of 2,185 feet. This is essenti ally the same dam as
proposed in 1975 (7) which has a maximum pool elevation of 2,200 feet. The
discrepancy was due to corrections in topography made during field investi­
gations. The dam is 810 feet high and incorporates a sloping impervious
core.

A saddle spillway is provided across the right abutment discharging into
the Tsusena Creek. Twin diversion tunnels are also located in the right
abutment. These tunnels would be converted to a high and low level outlets
before completion of the project. The powerhouse is located underground
below the left abutment.

Susitna III

The SLisitna III site is defined by the H.J. Kaiser Company (4) as a point
above the headwaters of the High Devil Canyon (Susitna I) reservoir where a
head of 600 feet could be obtained. There is no engineering information
available at this site.

Vee

At the Vee site, any structure higher than 250 feet requires a saddle dam.
Above height 480 feet water starts to spill into the Copper River Basin to
the south. The USSR originally proposed a gravity-arch concrete structure
with a crest elevation of 2,340 feet. Further work by the USBR, and the
Corps of Engineers which included some site investigation, resulted in an
earthfill dam being selected with a height of 410 feet and a maximum pool

r- elevation of 2,300 feet. No reference has been found detailing the ration­
ale for this design. A geotechnical investigation report (12) for the Vee
Canyon site refers to a tunnel type spillway; however, this is not shown on

F"" the available plan.

( i) Macl aren

In the initi al USBR studies, a concrete dam with a height of not more than
100 feet flanked by earth embankments was considered. The concrete river
section incorporated an overflow spillway. No engineering layouts are
available.

(j) Denal i

~ The primary purpose of the Denali reservoir was considered to be the pro-
t; vision of storage for regulating releases to downstream power facilities.

As the mode of operation for this type of reservoir involves no downstream
water release for several months each year, it was not considered feasible
to install a powerhouse at this site. A 260 foot high earthfill dam was
proposed. The spillway is a 19 foot diameter Glory Hole type with the out­
let conduit passing through the embankment.
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(k) Butte Creek

A dam at the Butte Creek site was consi dered by the USBR. A fi el d
reconnaissance led to the rejection of this site in favor of the Denali
site which was found to have better foundation conditions. No engineering
1ayouts are ava il ab1e.

"""I
i

5.3 - Hydrology

The following USGS gaging stations have been operated by the USGS:

USGS Gaging Stations

Gold Creek
Vee
Dena1i
Maclaren
Talkeetna

Period of Record

1949 - present
1961 - 1972
1957 - present
1958 - present
1964 - present

Obviously~ the earlier studies were based on very limited flow records. In
particular~ the initial USBR studies had at most~ two years of record. Extended
flow estimates were obtained by correlation with long term rainfall records at
Ta lkeetna.

The most comprehensive study in which hydrological parameters are given for the
various site is the 1975 Corps of Engineers report. Monthly flow data for the
Devil Canyon and Watana sites were generally prorated from the Gold Creek using
factors based on drainage basin areas. Flood estimates were derived both from
frequency analyses of recorded flood flows and by utilizing the SSARR computer
model to develop Probable Maximum Flood values. Table 2.2 lists pertinent
hydrological parameters such as annual and monthly flow rates~ spillway design
floods and reservoir volumes for each of the sites.

Detailed hydrological information is contained in Subtask 3.01 - Review of
Available Material.

5.4 - Geotechnical

.,
I

Geotechnical investigations at the sites have ranged from aerial reconnaissance
to drilling pr09rams atWatana~ Devil Canyon~ Vee and Denali. A preliminary
assessment of the seismicity of the area indicated tht the maximum credible
earthquake for all sites is a 8.5 Richter magnitude located at a distance of .,
approximately 40 miles. Available geological and geotechnical information is
discussed in the 1980 Interim Report Task 5 - Geotechnical Explorations.
However~ for the sake of completeness~ a brief review of geotechnical aspects
pertaining to each site is included in this report.

(a) Gold Creek

Available information is very limited. It is known that a very deep
cut-off wall of the order of 70 feet will be required and that construction
material suitable for the earthfill dam may be difficult to obtain.
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(b)

( c)

Olson

Available information is very limited. The abutments appear to be a sound
graywacke format ion•

Devi 1 Canyon

Exploration performed by the Bureau of Reclamation in 1957 consisted of 22
borings, 19 trenches and test pits and geologic mapping. The Corps of
Engineers did a limited amount of additional seismic work in 1979. The
significant aspects resulting from these investigations include:

About 35 feet of alluvium overlying bedrock in the channel;

- The abutments will require extensive dental work;

- The foundation will require grouting;

- Shear zones exi st in both abutments;

- A buried stream channel or shear zone exists near the saddle dam location
(to the south of the main dam);

- The maximum Credible Earthquake was estimated to be 8.5 Richter magnitude
at 40 miles or 7.0 at 10 miles;

- Materials for a concrete dam are available in sufficent quantity but the
aggregate shows marginal freeze-thaw resistance; and

~

r - Sporadic permafrost may exist in the left (south) abutment.

(d) Watana

Exploration of Watana has taken place as follows:

.....

Date-
1950 - 1953
1974
1975
1975

1978

1978

Agency

Bureau of Reclamation
USGS
Corps of Engineers
Dames and Moore
(under contract to the
Corps of Engineers)
Corps of Engineers

Shannon &Wilson
(under contract to the
Corps of Engineers)

5-5

Scope

Reconna i ssance
Reconnaissance and mapping
Reconnaissance
Ri ght abutment sei smi c

28 borings, 27 test pits.
18 auger holes
Sei smi c



The significant aspects resulting from these investigations include:

- ·Overburden thickness varies from 40 to 80 feet in the valley bottom and
10 feet to 20 feet on the abutments.

The river channel alluvium thickness varies from 40 feet to 80.

- It is suspected that a buried stream channel incorporating an aquifer
under artesian pressure occurs near the spillway location.

It is suspected that a slide block exists on the right abutment.

- The "Finger Buster" and "Fins" are pronounced shear zones located just
downstream and upstream of the dam on the right abutment.

- Re 1at i ve ly deep permafrOst occurs in the 1eft abutment.

Sufficient borrow material is available. Although engineering properties
of the fine-grained materials are not well defined they are known to be
very sensitive to water content.

Once the reservoir is filled the "warm " permafrost which occurs in the
banks may will thaw and may cause local slumping.

- Linear features located approximately 2.5 miles· to the west and 5 miles
to the southeast of the site have been. identified and tentatively named
the uSus itna Fault" and the uTa lkeetna Thrust " .

(e) Susitna III

The location of this site has not been firmly fixed and therefore no
geotechnical information is available.

(f) Vee

Investigations consisting of thirteen borings and 16 dozen trenches were
performed by the USR duri ng 1960 - 1962.

- Deposits in the river bottom are estimated to be 125 feet deep.

- A buried streambed is located at the site of the saddle dam and could be
as deep as the present Susitna River channel.

Considerable amounts of talus and weathered rock must be removed from
abutment areas to expose good quality rock.

- Permafrost is present at the saddle dam location.

(g) Maclaren

Bedrock outcrops indicate a potential site. The presence of deep alluvium,
particularly on the left bank, was reported by the Corps of Engineers.
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(h) Denali

,In 1958 - 1959 the USBR performed investigations consisting of five borings
and 14 test pits. Significant features include:

- Deep permafrost occurs in both abutments;

- Pervious sand and gravel occurs in the right abutment;

Low density, potentially liquifiable, fine grained sands occur in the
river bottom;

- Layers of compressible silt are found in both abutments;

- Maximum Credible Earthquake is estimated as a Richter Scale of 8.5 at
40 miles;

- A deep cutoff excavation and extensive foundation treatment will be
required; and

- Impervious materials may be difficult to obtain.

( i )

(j)

Butte Creek

Limited information is available. Glacial silts occur on the right abut­
ment and wi 11 require removal for dam construct ion.

Tyone

No information available.

r­
I

5.5 - Mechanical

Preliminary project layouts showing the major mechanical equipment were develop­
ed in the recent studies by the Corp of Engineers, and also to a lesser extent
in the studies by the Alaska Power Administration and the USBR.

The major mechanical equipment is summarized in Tables 2.3, 2.4 and 2.5 and a
brief description of the arrangements is presented below.

(a) Devil Canyon

The underground power house has four 194 MW units with Francis turbines
(rated head - 520 ft). Access to the powerhouse is by a 550 ft. vertical
shaft. The units have bonnetted fixed wheel intake gates located in a
separate gallery upstream of the powerhouse cavern. Two penstocks are
provided and the intake has three stoplog slots with provision to place
stoplogs at various elevations to permit water to be taken from different
levels.

The spi llway has radi al crest gates and bonnetted sl ide type low 1evel
outlet gates. Wheeled bulkhead gates are provided for closure in the
single diversion tunnel.
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(b) Watana

The underground powerhouse has three 264 MW units with Francis turbines
(rated head - 580 ft). The units have bonnetted fixed wheel intake gates
located in a separate gallery upstream of the powerhouse cavern. Two
penstocks are provided, one supplying water to two units, the other for the
third unit.

The spillway has radial crest gates. A high and low level outlet each with
two radi al control gates and two bonnetted sl ide type emergency gates are
incorporated in the spillway. The outlets are provided at two levels to

. reduce the operating head on the control gate.

Wheeled bulkhead gates are provided for diversion closure. Two slide gates
are also provided in a temporary plug in one of the diversion tunnels.
These are used for final closure of the second diversion tunnel.

(c) Denali Dam

Denali Dam, described in the USSR March 1961 report, has a morning glory
type spillway with no gates, as well as a single outlet works tunnel with
radial control gates and vertical lift emergency gates.

5.6 - Hydropower

Table 2.6 lists available hydropower parameters for each of the sites as well as
the parameters for the multi-site schemes developed by the Corps of" Engineers in
1975. As hydroelectric potential at a given site is not only dependent upon th~

site characteristics but also upon the degree of upstream regulation, the
hydropower parameters are related to specific schemes of development.

5.7 - Environmental

The majority of baselfne environmental information for the Upper Susitna River
was acquired from U.S. Corps of Engineers Environmental Impact Statement Report
(9) and the Jones and Jones (5) March 1975 Report.

To faci 1itate synthes is and presentation of the environmental information in
this report the river is divided into 6 study reaches starting with reach A at
the downstream end and finishing with reach F located upstream of Denali (Figure
2.2). Within each of these reaches the environmental aspects can be assumed to
be constant for the general level of study at this stage. Major environmental
features for each of these reaches are tabulated in Table 2.7 and are summarized
below.

(a) Reach A - Talkeetna To Devil Canyon

Under existing conditions, salmon mirgrate as far as Devil Canyon,
utilizing Portage Creek and Indian River for spawning (Figure 2.1). The
development of any dam downstream of Devil Canyon would thus result in a
direct loss of salmon habitat. It can therefore be anticipated that
approval for such schemes would be extremely difficult to acquire.
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(b) Reach B - Devi 1 Canyon to Watana

The concerns associated with development in this section of the river
relate mainly to the inundation of Devil Canyon which is considered a
unique scenic and white water reach of the river, and dam safety aspects
associated with the occurrence of major geological faults. In addition,
the Nelchina caribou heard has a general migration crossing in the area of
Fog Creek (Figure 2.1).

(c) Reach C - Watana to Vee

There are concerns which reI ate to the loss of some moose habitat in the
Watana Creek area and'the inundation of sections of Deadman and Kosina
Creeks.

(d)

Other aspects include the effect on caribou crossing in the Jay Creek area,
and the potential for extensive reservoir shoreline erosion and dam safety
because of the possibility of geological faults.

Reach D - Vee to Mac 1aren

r

r
l

Inundation of moose winter range, waterfowl breeding areas, the scenic Vee
Canyon and the downstream portions of the Oshetna and Tyone Rivers are all
potenti al environmental impacts associ ated with thi s reach of the river.
In addition, caribou crossing occurs in the area of the OshetnaRiver. The
area surrounding this section of the river is relatively inaccessable and
development would open large areas to hunters.

(e) Reach E - Maclaren to Denali

Environmentally, this area appears to be more sensitive than Reaches Band
C. Inundation could affect grizzly bear denning areas, moose habitat,
waterfowl breeding areas and moist alpine tundra vegetation. Improved
access wou Id open wi 1derness areas to hunters.

(f) Reach F - Upstream of Denal i

This area is similiar to Reach E with the exception of grizzly bear denning
areas. Human access to this area would not impact to the same extent as in
Section D and F, however due to the proximity to the Denali highway, the
inflow of people could be greater.

I n an attempt to put the above i nformat i on in perspect i ve, the reaches were
ranked relative to each other in terms of biological, social and physical impact
potential. This is summarized in Table 5.2.

5.8 - Generation PI anning

A substantial portion of each of the previous studies has been devoted to
generation planning studies and the consideration of how the Susitna development
would fit into the total electrical system. The initi al USSR report showed that
Susitna power would be required to meet load growth in the 1960·s. As the
Susftna project was del ayed, fossil fuel pI ants were bui It to meet the demand.
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In 1970 the Corps of Engineers showed the need for Watana in 1994 followed by
Devil Canyon in 1998. Figures 5.1 and 5.2 demonstrate how the proposed
development was to fit into the total system subject to medium and low load
growth rates.

As can been seen from these figures~ the retirement of the existing plants has a
pronounced effect on the timing of introducing Susitna power. By assuming the
relatively rapid retirement rates shown~ the U.S. Corps found that for load
growth rates as low as 0.8 percent annually~ the Susitna development would still
be economical. Preliminary sensitivity calculations as part of Subtask 6.01
indicate that without any planned retirement of existing plants~ admittedly an
extreme case~ the benefit-cost ratio for the low range growth curve would reduce
to 0.75 as opposed to 1.4 with the planned retirement shown.
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TABLE 5.1: DATA AVAILABLE FOR ALTERNATIVE HYDROELECTRIC DEVELOPMENT SCHEMES

SITE (Pool £1.)

Gold Creek

High Devil Canyon
( 1750)

Devil Creek

Low Watana (1905)
Mid Watana (2050)
High Watana (2185/

2200)

Susitna III

Vee (2300)
Vee (2350)

Maclaren

Denali (2535)
cenali (2552)
Denali (2590)

Butte Creek

Tyone

TOPOGRApHIC
MAPPING**

Y - COE*

Y - COE*
Y - COE*
Y - COE*

N - CoE
N - CoE

ENt1NEERINt SUBSURfACE
LAYOUTS (Date) INVESTIGATION AIR PHOTOS

-

-

r-
I

KEY:

N:
Y:
APAd:
COE:
USBR:
Ka:
*:
**:

No information available
This information may be available, but could not be traced.
Information obtained
Alaska Power Administration
Corps of Engineers
United States Bureau of Reclamation
Kaiser Engineers
Reproducible drawings
Other than USGS 1 inch to the mile with 50 or 100 ft contours.
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TABLE 5.2: ENVIRONMENTAL RANKING OF SITES

~pe of Biological Social
River Section velop. Fish Wilalife Local Reg. Institutional Overall

Gold Creek a M M M L X M-H
b

Olson a M M M L X M-H
(Susitna II) b

Devil Canyon a L L M-H M-H M M-L
b

Devil Canyon a L M M-H M-H M M
(Susitna I) b

Devil Creek a L M M-H M M M
b

01 Watana a L M-H M-H L-M M MI b......
l'\,)

Susitna III a L-M M-H M-H M-H M-H M-H
b

Vee a L-M M-H M M-·H M-H M-H
b

McLaren a L-M M-H M L-M M-H M
b

Denali a L M-H M M M-H M

Butte Creek a L M-H L-M L-M M M

Tyone a L M-H L-M H M-H M-H

Type of development: a) independent development
b) development with upstream regulation

Type of impact: L: Potential for Low Impact H: Potential for High Impact
M: Potential for Moderate Impact X: Potentially Unacceptable
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6 - CONSTRUCTION COST INFORMATION

6.1 - Available Data

The cost of development at a partic!Jlar site is dependent on whether that site
is the first to be developed in the basin or whether it constitutes a second or

. third stage of development. The initial development is usually burdened with
the major proportion of the access and transmission costs and with higher flood
diversion costs. For this reason the available cost data is referred to as
being applicable to either an initial or a subsequent stage of development.

The most recent cost estimates for development of the Susitna were performed in
October 1978 by the Corps of Engineers (8). Detailed engineering type estimates
were developed for the Watana (2200) and the Devil Canyon Concrete Gravity
(1450) alternative only.

More comprehensive cost information is incorporated in the 1975 Corps of
Engineers report (7). This includes detailed quantities and unit costs for. the
Watana (2200) and Devil Canyon thin arch dam (1450) alternatives constructed in
that order. Also included are summaries of cost estimates performed on a
s imil ar bas i s for the fo 11 owi ng deve 1oprnents:

- 01 son (1020) subsequent stage.
- Devil Canyon (1450) initial stage.
- High Devil Canyon (1702) initial stage.
- Low Watana (1905) initial stage.

Low Watana (1905) subsequent stage.
- Mid Watana (2050) initial stage.
- Mid Watana (2050) subsequent stage.
- Hi ghWatana ( 2200) sUbsequent stage.
- Vee (2300) subsequent stage.
- Vee (2350) subsequent stage.
- Denali (2535) subsequent stage.

Except for Olson these costs are given as summary costs for individual accounts
such as Lands and Damages, Reservoir, Dams, Power-Plant, Roads and Bridges,
Recreational Facilities, Buildings, Grounds and Utilities, Permanent Operating
Equipment, Engineering and Design, and Supervision and Administration.

Since the 1975 data incorporates the most complete set of alternatives, this
information is included in Appendix C. For information the detailed cost
estimate sheets and construction schedules from the 1979 COE report are also
included in Appendix D.

Some limited cost information is available for developments at other sites. It
is based on relatively crude estimates performed between 1953 and 1968 and is
not included in this report.

6.2 - Basis of Cost Estimates

Both the 1975 and 1978 Corps of Engineers estimates used unit prices derived
from bid prices of other major hydroelectric projects in the Pacific Northwest
and Canada. These bid prices were adjusted to reflect the following:
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Current price levels;
- Alaska labor costs; and
- Transportation costs for material and equipment to the site.

6.3 - Preliminary Ranking of Sites

A11 estimates have been brought toa 1980 basis using the Handy-Whitman Index.
Table 2.8 lists the costs for the various alternative developments as well as
the years of the original estimate. It also includes costs per kilowatt and
costs per kilowatt hour. This data is briefly summarized below. The sites have
been ranked in ascending order of energy costs. The capital cost estimates
include allowances for contingencies, engineering and design, and supervision
and administration. They also include the main access road and major transmis­
s ion faci 1i ti es to transport the power to Anchorage and Fairbanks.

Cost ($)
per kW

Dam Site Capital Cost Dependable Cost ($)/1000
Rank (Maximum pool e1evati on) ($ x 106) Capacity kWh Energy*

~

1 High Watana (2200) 1587 2300 57
,;

,,;1

2 Mi d Watana (2050) 1279 2800 59
3 High Devi 1 Canyon (1750) 1846 3100 66
4 Low Watana (1905) 975 3900 75
5 Devil Canyon (1450) 1042 5000 84

The ranking of dams for subsequent development stage (i.e. including the cost of
the main access road and major transmission facilities) is as follows:

1 Devi 1 Canyon (1450) 630 900 22
2 I~id Watana (2050) 916 2000 42 .,
3 High Watana (2200) 1221 1800 44
4 Low Watana (1905) 613 2400 47 J

5 Vee (2300) 696 2300 58

*Based on an assumed annual cost factor of 12 percent of Capital Cost.

The above results should be regarded merely as a ranking of currently proposed
developments and not necessarily as being indicative of the most economic
schemes to meet future load demands. To accomplish the latter requires
additional studies aimed at assessing the best methods of staging development to
meet a range of possible future load forecasts. Such a study should also
incorporate a review of the potential at sites for which currently very little
information is available and should incorporate the environmental impacts
associated with the various developments.

The 1979 COE study involved a more detailed assessment of the capital costs
associated with the Watana-Devil Canyon dam scheme. As indicated the Devil
Canyon costs were based on a concrete ground dam. These estimates were updated
to 1980 levels and are listed below:
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Dam Site
(Maximum pool elevation)

High Watana (2200)
Transmission Facilities
Devil Canyon (1450)
Total

6-3

Capital Cost
($ x 106)

1590
371
914

2875
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,...
USSR (1960) Dev i1 Canyon Oem and Power P1 ant - P1 an View A-2...........
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APAdmin (1974 ) Dev i 1 Canyon Dam and Power P1 ant - General Dam Site
Layout .•.......•...•..•.••.••••••.•..••••••...•.••.••..• A-4

Watana Dam - Detail Plan ••••.••••••••.•.•..••....•••..•. A-18

Watana Dam - Details •..•.•.••...•••.•..•...•.•.•.....•.. A-21

Watana Dam - Saddle Spillway and Penstock Details ••..•.• A-17

Devil Canyon Dam and Power Plant - Dam Elevations and
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A-19

A-20
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Dev i 1 Canyon - Site P1 an and Explorations •••••••••••••.•• A-9

Dev i1 Canyon Dam - Concrete Grav ity Dam Detail P1 an ..... A-10

Watana Dam - Detail P1 an ..•••.•..••......•.......•...•.• A-15

Watana Dam - Sections ••..••••.••••••..••••••....•••••.•. A-16

Dev i 1 Canyon Dam and Power P1 ant - Power P1 ant P1 an
and Sections ...•....•.•.........•..•..••...•......••..•. A-6

Dev i 1 Canyon 0am - Concrete Gr av i ty 0am
Elevation and Sections ...•...••.•...••.•...•...•.•....•• A-ll

Susitna I - Site Location Plan •.•...•.••••••......••.•.. A-12
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COE (1975 )

CaE (1979)

CaE (1979)

CaE (1979)

CaE (1979 )

CaE (1975 )
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- Site Pl an A-25





­1

JlII!iJlIl,

.,

A-I

..
;
0:g
0:...
VI

~

-





-

-

~..

..
I
a!

!..
~

• Ii!
a !
" ..
'"

...
lC

..
~

~ H.,
~"t ..

;)
.~

~..
~ .J
t=
~

'"

A-3

a;::
::..



A-4

~~
iEi=
IIIC"'a::Z ...
-(I)
111-
;z:Z... ­
1&.2
0 0

C

"'a::ZIII
III~2 0t:a.
~C
111:11:
00
.C

U)..J

:i C

\

It

f- §
Z l-
e:( ::)
...J 0
Q.. ~>- 8
a:: <l<l •

a:~ 1&1

LL1, ..J
laJ C

3= ZUJ u

0 laJl-
en

Q.. C)- ~en
0

:E
<l az 0

e:(
a

I
I /~

{ (
\\

\
\ '\
\

..
.~
•••II:



1
"}

..~
-
'
1

"'
~·
·.
·l

1
1

]
-
.
~
c
l

2-
1/

2I
t
_

M
a
~
:

1.
W

.·
E

l9
2

4

I.r-
:.L ::re

i?
.7

JU
S

_.
«'S

S"
·"·

~i
:r

4
un

its
op

er
at

in
g

I
un

it
op

er
at

in
g

S
ec

tio
n

th
ro

u
g

h
e

a
rt

h
da

m

....".
-

S
ec

tio
n

th
ro

ug
h

pe
ns

to
ck

an
d

po
w

er
pl

an
t

2
0
~
6
"

D
io

.
pe

ns
tO

ck

Et
.

14
55

S
ec

tio
n

th
ro

ug
h

ou
tle

t
w

or
ks

S
ec

tio
n

th
ro

ug
h

sp
ill

w
ay

M
a
~
.

to
ilw

ot
er

el
.9

25
_

_
l

_
_

To
p

of
ac

ti
ve

co
ns

er
va

ti
on

co
po

ci
tr

-e
l.1

45
0

\
M
a
~
.

w
at

er
su

rf
ac

e
el

.1
45

5
\

I

-"
""

""
'm

ll
.

W
he

el
'm

ou
nt

ed
ga

te

~
~

-

To
p

01
in

ac
tiv

e
c
o
p
o
c
i
t
r
·
e
l
.
~
.
l
'

To
p

of
de

ad
co

po
ci

tr
-e

l.I
08

1

')
;:

0
,',

I u1

D
A

M
E

L
E

V
A

T
IO

N
S

A
N

D
S

E
C

T
IO

N
S

S
C

A
LE

b-
10

0
20

0
30

0
4

0
0

=
;)

b
Ft

.

D
E

V
IL

C
A

N
Y

O
N

D
A

M
A

N
D

P
O

W
E

R
P

LA
N

T

U
.S

.
D

E
P

A
R

T
M

E
N

T
O

F
TH

E
IN

T
E

R
IO

R
A

LA
S

K
A

P
O

W
E

R
A

D
M

IN
IS

T
R

A
T

IO
N

I1
ns

to
ck

in
lo

ke
sl

ru
ct

ur
es

M
et

ol
tr

os
h

ro
ck

U
ps

tr
ea

m
e

le
va

tio
n

D
ev

el
op

ed
al

on
g

a
xi

s
o

f
th

e
da

m

O
ri

gi
na

l
gr

ou
nd

su
F

fo
c,

c.
::

,-
'II

A
ss

um
ed

lin
e
o

f
­

u
co

.o
li

o
n

I_
R

ef
er

en
ce

pl
an

,
To

p
01

em
bo
nk
~n
t·
el
.

14
61
;:
>~
Th
rU
$1

bl
oc

k
i

To
p

of
d

o
m

.'1
.1

4
5

5
jj

To
p

of
p

ar
ap

et
·.

..
1

4
5

9
,

_
_

-
1<

:::
:1

i
i
i

i
i
q

i
l
l
"
.

_
'
i
i
i

i
i
'

l_
z
j$

f

FI
G

U
R

E
6

A
P

A
2-

74



F
IG

U
R

E
7

U
.S

.
D

E
P

A
R

T
M

E
N

T
O

F
T

H
E

IN
T

E
R

IO
R

A
L

A
S

K
A

P
O

W
E

R
A

D
M

IN
IS

T
R

A
T

IO
N

P
la

n
fl

.9
0

1
I

P
la

n
fl

.8
9

1
i

P
la

n
£1

.
8

1
1

D
EV

IL
CA

N
Y

O
N

D
A

M
A

N
D

PO
W

ER
PL

A
N

T

P
O

W
E

R
P

LA
N

T

P
L

A
N

A
N

D
S

E
C

T
IO

N
S

SC
A

L
E

..
.,

..
..

..
d

o
ZO

'1
0

6
0

eo
10

0
12

0F
t.

G
en

er
al

p'
la

n
S

ec
ti

on
8-

B

L
!
!
Y
Y
J
~
.
n
d
e
d
_
!
!
!
!
.
I
m
.

..I
!W

!!
tl

iv
e
c
e
l
l
i
n
a
~

....
...f

H
lM

_
.

-
-
-
j

~..
..

:
t
.
"
-
.
i
~
I
'
~
$
-

.....
_

_
...n

...
!!.

?9
_

_
._
..

_
.._

.••
...

...
..'

..
"...

.
.'

-r
__.

3
•

,

.V
S

us
es

'
~
~
~
~
-
-
.
.
,
-

~
.
.
.
.
.
.
.
.
.
.
.
.
.
.
=
-
-
-
=

...
·
-
-
-
·
-
-
-
-
3

8
5

-
0

H.
V.

Po
w

er
ca

bl
e

tu
nn

el

=
'
~

I

..

.
~ I '"

lJ
>

ng
itu

di
na

l
se

ct
io

n
S

ec
li

on
A

-A

T
ra

ns
ve

rs
e

se
ct

io
n

th
ro

ug
h

Ci
of

un
its

A
P

A
2

-1
4

.~
,,

~,
;J

.L
.E

1«I
,;,

,,,
,,,

,J9
a.C

4~,
,,;

,.,
"J

'.."
dE

8
-5

,:
·.

;"
,4



]
""

--
1

e
~

-1
~
.
,
-
~

-1
-
~
1

l
-J

)
'-

--
-]

J

r
'
:
~

.:.
I~'

"
/~.

:'
~"t

·'
"

ij
.......

.I.....
.

.
.
.t

«
'I

"
D

"
lr

n
.'

"
r

,"
H'.

ptfU
.f"t

l'::3
.

.J-

.
(l

lO
1

3

_
C
"
"
"
"
"
~
·
"
N
'

'-
';

"

.o
t

f.

...
t'
.~
,~
~

..."
..

"

A
Ir
.
.
..

.,
.

..-
...

.,
'.

:;

S
£C

T
D

f

/.
'•

.,1
1'

",
..,

...
,..

...
".

..,
,.

.
,

(
f
ll
'"

.J-
1v

t..,".~
~...-'.

...
-

, /
A

."
M
.
.

"1

.6
tJ

T
lO

N
T

"l
tU

'oM
""

""
It"'

"
"""

1'-
.1]

0'

t
,,

-.
,.

,.
.,

,u.M
t

I'
..

..
..

.,
r
-
"

••
-,.

"..
-l

,.
.

__
'.

-
n

I
..

.,
..

,.
,.

,.
-
."

.
.

,

If
,-=

:
:
:
:

1.
k"

":
;c

+
.....

-..
...,.

.,...
.

P
U

tt
.
~
(
:
"
O
l
/
l

rH
It

U
,
.
~
"
.
r
Q
G
I
t

A
N

D
1

-0
"'

6
«

"
..
~
l
t
I
r

,s
n

;t
lo

N
lO

W
lC

V
E

l
$L

U
O

CC
/l

C
T

.1
L

I
O

.
I
O

I
.
D

..
.

I
,

•
Kl

.".,
J,

nJ
.

'
I

-
....-

1
-"

,«
1

,.
"
.

,-
....

..

1
M

Q
1

Q
Il
..

..
..

..
..

..
..

'

IlE
C

fN
IE

R
'll

ll
S

I
I

I
oN

'ol
G

_
~

S
/'

/l
lJ

l"
Y

SE
C

TI
O

N

A
LA

SK
A

D
lS

TI
IIC

T,
C

O
llI

'S
O

f
E

N
G

IN
E

E
llt

E
LE

V
A

T
IO

N
A

N
D

S
E

C
T

IO
N

S

SO
U

T
ItC

E
N

T
II

A
l

II
A

IL
IE

L
T

A
Il

E
'"

A
LA

SK
A

IN
TE

R
I"

R
EP

O
IIT

N
O

.
I

U
P

P
E

R
S

U
S

IT
N

A
R

IV
E

R
B

A
S

IN

D
E

V
IL

C
A

N
Y

O
N

D
A

M

,
,

..
1"

,
~

..'
,

,
,

"
I

,
,

,

~
::"

J.
~

"

"
JI

M .
~
~
~

....,
..

!.
!!

! ...i'.
".

,~
"

-'
!L .... it
io

sP
IL

L
"'

",
st

c;
rl

O
N

...
...

.
G

O
D

.t
o

..
..

.I
·
,
~

...
,rtI

I·
.

., i

tl
.1

t(
;H

L
A

Y
Q

U
T

Q
A

'.

-
C

I
I
Q

I
(
I
r

1
.-

.
_

_1
'1

1"
"-

..
..

._
,.

.

. ..
, -

~

"
,;
~

.....
-
-
-
-
~

....,
.J

..

U
I'

.r
It

6
t1

U
I

,
..

e
v

..
r
/
o
~

"W
."'

"
.&

..
,
..

..
.

_
"

ti
'

...
.i1

1

--
-,

,/
--

--
--

'

--
,-

..-
,

I /
h

,,
/

\
/

\
"

;/
-.

.J
..

.-
-.

II
''

',
~_

''
''

''
''

''
''

tf/
C
"
~

,>
:t

.
-

:•
•,

-

:
;

=
-
l.

.•
•

..
..

..
.

1
-
-

I
I

I
I

I
•

-
-

...
D

IV
E

R
SI

O
N

TU
N

N
E

L
rR

O
F

&
'

1
"
'
~
l
'
d
"
"
'
i

,""
»-

,
'\i

t

'-'
M

""
".

,,
,,

or
,

or
.,.

'
U
~
I

..
tl

l1

::r> I 0:
>

fi
L

E
lI

o.
i-

sO
U

-V
Z

-0
4-

O
I

A
PP

EN
O

lll
I

I'
U

lI
t

_



):
:> I 1.
0

,,
\

''''c
-

"\
'"

'" ..
.
"

oC
. '"..,

S
O

U
TH

C
E

N
TR

A
L

R
a

B
E

L
T

A
R

E
A

.
A

LA
S

K
A

s
.
>
P
L
E
l
C
I
H
~

fE
A

Sl
llI

U
T

Y
S

fW
I'

U
PP

ER
SU

SI
TN

A
R

IV
ER

B
A

SI
N

D
EV

IL
CA

N
Y

O
N

S
IT

£
PL

A
N

Il
"X

PL
O

R
4T

IO
liS

...
..A

II
lA

b1
St

Il
IC

T
.

C
O

R
P'

"
~
E
n

a.
.::

IIJ
III

I_
•

.u
a

&

.J
~~

b\
=J

--
L'

''
''

'.
~'

'L
",

~I
m-

~~
~-

j



--
J

'-
1

C
'

1
e
-
]

}
C

'C
"l

----
-1

,..
.."

.-
_
..~

,,
-

)
1

e
'l

"'
1

""
"1

-
'
~
"
J

t-
-.

-c
J

;

(
SWI

TC~
Y4R

O
£L

.)

);:
> I I
-
'

0
.
_

~
~
\

--
--

-...
\

"-

\
"
'/

'
/
/

::
>:

>~
,.

,!
\

'..
")

.\
~)

~~
,)

)/
/

.
~

..
.
---

---
'

.
-'-
~~
~<
":
'~
;~

-
~
'

>:
~:
-:
--
~.
~~
L

d
~
/

--
-/

1
-

-_
/

'
~
-
~
-

J
--

­
~
/

/-
--

/
/
"

?i
i~

.~
::

~;
l-

--
-

,
~

.
~
-
-
>
~

"
-

y
/.

<
.-

I
~.

:'
-;

::
'

/~
:C

'-
--

-
;'

,_
':

--
-;

/.
.'

',
~_
>_
.

_-
--

-:
__:
~
.
/
~
/
:

~,
/;
r-
-:
/-
-/

---:
,_

;
-
-
~

/'-
/-

--
--

--
--

--
/-

-~
~.

,-
/

/-
~r

-.
..

..
::

.·
'

S
W

1T
C

I-
iY

A
R

O
'/

/
~

_~
'

:
\

,,
~
-
-
-
'
.
/

/,
.-

_/
.-;

//5
)

'
~
A
C
C
E
S
S

R.
O~
.O

~
/
~
/
'

,
:

.
/

_
-
-
-
..

.-
-
-

.
/
"

_
_

_
_

.
--

--
-,.
..

--
/
/
~
-

[4
C

1-
"

/
l

"-
-"

/-=
=-.

---
.--

"/
/

'.
/
;
:
;
c
-
_
/
~
/
/
/
/
"

-
~
1

/
I
/(G

'-
~
<

-::
.::

:::
:=

.>
-;:

:::
..-

-//
,'

-.
//

,,
'

//
C

/
-,
-,
,<
.:
:-
-~
/.
..
-;
:
c.

--
.-

L;
.'

~J
,
/

",
~,

/1
(v
--
.:
::
:-
>,
,-
-~
..
:.
,~
-

......
.-
/

/
/

".i
f;

/
/
-
~

/
IJ

/
~

;
.
-
-
-
~
-
.
~
~
_
-
.
~
~
-
_
/

-
-
-

'-
.1

4
9

0
--

-"
"

/
.,

"" '" ,c
. \s-.

I

....
~
-
,
u
.
:
.

•.
(
'
~
_
~
·
·
o
·

~
-
_
·
~
.
"
:
;
_
z
j
j
~
~
~
'
;
,
,
~
~
·

..
.~
~
.
,
_
:
~

...
_:

_:
.";

~E
,~
~!
~~
~~
+~
~

~
·
-
,
.
o
E
V
I
l
.

C
A

N
Y

O
N

'O
A

M
'

..
S

C
O
N
C
R
E
T
E
~
R
~
I
T
Y
'
D
~
M
~
,

'i;
~

f
~
~
~
~
~
$
~
i
J

.P
LA

Tf
il4

'



"'S
SU

M
E

D
TO

P
o
~
R
O
C
~

IY
E

!C
A

L
N

O
N

-O
Y

E
R

F
L

O
W

S
E

C
T

IO
N

'!.
.J

l'
.,

tu
P

lI
C

.u
tl

'
\O

O
W

_o
"

S
P

IL
LW

A
Y

S
E

C
T

IO
N

~
r

T
'r

~ C
R

ES
T

E
~
.

14
,2

.S

A
X

IS
D
~

D
A

M

S
E

C
TI

O
N

TH
R

U
P

E
N

S
TO

C
K

AN
D

P
O

W
E

R
P

L
A

N
T

S
C
~
E
:

'''
'Io

d

fI.

;:f~
§~";

.

0.
71

II"
:

E
~
.
1
4
5
5

IW
!I

L
li~i

tl

i?i~
!

A
lG

$
O

F
D

A
M

-
_

IQ
&

.[
'
r
~

I
O
O
"
O
~

S
O
U
T
H
C
E
N
T
R
A
~
R
A
L
'
E
~
T

A
R

E
A

.
"
'
~
"
'
S
U

S
lI'

P
J.

E
U

E
N

T
A

L
~
E
A
5
1
8
1
L
1
T
Y

S
T

U
D

\'

U
P

P
E

R
S

U
S

IT
N

A
R

IV
E

R
B

A
S

IN

D
E

V
IL

C
A

N
Y

O
N

D
A

M
C

O
N

C
R

E
T

E
G

R
A

V
IT

Y
D

A
M

E
LE

V
A

T
IO

N
A

N
D

S
E

C
T

IO
N

S

P
E

V
IL

C
A

N
Y

O
N

A
U

X
IL

IA
R

y
E

A
R

T
H

F
IL

L
-O

A
.t

!L
-

lt
d

rI
..

.
.
,

.le
e

•
•

I

.0l"
Il:

te
,lo

LI
'

,_I
td·

..

o

P'
IN

E
FI

L
tE

R
'
"
"
'
A
r
&
.
'
:
:
-
-
I
~
;

7
7
r
~

zO
o

" 40
0

"
_

/,
'

16
0

li
u

j!
L

J
I/

"
'
N
T
A
~
E
r
~
.
1
1
1
0

.b
o

I I I

D
IIl

ll
ID

IIm

H
io

o

U
P

S
T

R
E

A
M

E
LE

V
A

T
IO

N
D

E
V

E
LO

P
E

D
A

LO
N

G
It

O
F

D
A

M
SC

AL
E:

1
-.

10
01

.20
0

1
4

0
0

LJ
.M

"'X
PO

OL
a

14
51

1'
11

"\

/.
i

'
-
-

\
~

\

I
'

-
/
/
-

.....
--

--
-/

\,
-
-
-
-
-
."

1
/

"
,

8
..

9
1

5
¢

-
-
-

\..
" \

,
I
I
~

""-
"

2 6
'

0
'..

..
O
I
\
l
E
R
S
~
.
A
.

T
U

N
N

E
.

"L
J

"'S
SU

M
EO

EX
CA

V
A

rIO
N

,/ (

~~
~:

5W
AI

~t
!:

(1
.

833.
1

C
2

1
'01....

{.'J
JG

SE
C

TI
O

H
.d

t
£

t.
8

4
1

:
,

"
,

,
_£

.I.
...

...
.H

L
-

~ I-
'

I-
'

o\
I.

oU
U

D
ln

lll
l!C

T
.

a
lII

P
S

a
t

1
D

II
IC

iD
'1

D
IV

E
R

S
O

N
T

U
N

N
E

L
P

R
O

F
IL

E
j

...,_
....A

U
O

<A

SC
A~
r:

"
"
0

0
'

I
4

,
,",

,"
,
r
"
"

,"
":

'
.

"
r

"
:

..
",

,:""
':

:'
<

:"
."

"
,
"
"

,
'
"
"
'
.

.
"

:
:
"
~
£
R
"
R
,
(

1
9

'.
,

.:
.

'''
:0,

~,,
J-'

4~,
,,I

---
,",

,,,
,",

,,"
...l
-b
L.
i'
';
~"
v4
::
,.
;,

..;J
--'

':.
(:'

;''
':'

~''
''!

i:'
;':

;"I
-J~

!i;
""_

·""
;,,

".:
J·-

"""
0;,

,j-
·<.

;:.
,',

,;.
)--

-"'
G:,

,,:
s;;

,:J
--i

."'
:.J

"
J;

--
-4

,,,
,,,

:J
-,,

,,,
,.,

,,,
1-

"h
~"
-'
~:
:i
Jl
.,
"J
-"

~.'
5.:

d:l
pLA

Ti~
iI"

ti;
•
•



•..
~

2

2
z
<
...I
II

z
~

~ <;I

~
...I

III on

t:

a

•r
•

•!!
of

",
•

..
o
..:

7

L

....
•

..
~

..
It..•,..

--
• '/.. (/• ,/

• '1'•
11/

j -

,"",'
i

""",! •..
•

•·•
I""~
"

c
••

rot a

i
•
11/

t-

C..... ..
, 11/

A-12



\

'.

"
\

\

\

\

A-13



­I

I 8
. it

--+-il--l---4 8!

; . I
, : ,8_. t--- i Q

j

I I
I .

I
!

.1- _. __

I
I
I

I 8
-- . .. -1-f--t-'-H--+ i

--+--t-r---H---':~-+ !....

~+
, I

i
I"
i

! '
I
i "-, I . I

I !
i

I I

§ g 8 , 1 i.. .. ..
.1..11_ N' 1'04"'.1......... .,,

o

..

:
s
a
II

I

i
I

P
I

: 8,+
I !t
I
I
I

!
I
I
~ t •

I J I I' I!!!

~
\

I

\ ;

~~- -' ~\
I

If"~fEi=I r\ I'
i \.1/ I

f--

f--

f-- I 1\ f\ ._-
r-...'

f-- '--

~~
o

a,..----+----+--+--+i

•

...

!"""

(""""

1"""'"

]1

A-14



vi
'

,#
'

,I
'-

~

~
,
,
<
p
~
1

·0
()

- -
to

O

..
"

If
•

~
..-
-

II
'f

a
rq

'
.
.
"
"

IN
TA

M
£

S
T

R
U

C
T

lR
£

M
'f

'R
(;

A
C

Ii
O

\I
W

£
L

Co
~
l
.
£

u
:J

L-
-..

...
...

.J
TY

PI
C

A
L

SE
C

Tt
O

N
A

Pf
'R

()
A

C
.H

C
H

,A
N

£l

11
11

11
n:

L
f
~
"

C
Q

II
If

O
U

lt
S

w
I'

"
1.

..
r_

,.
..

....
,
•
•

1
0

'0
''
''
''
'"

IU
L

i
I:

U
,M

O
.

ra
_

1
I

ff
ll
.

W
O

U
N

fa
.N

S
10

-'4
1.

..
..

..
S

d
.

Y
fl

tn
C

A
L

C
la

fU
M

It
W

U
N

S
U

L
IV

IL
ill

ll.
I.L

.1

I.
fH

lA
l
u

r
~

."
ow

"
IE

I,
rI

..
'

1"
~,
II
ll
ll
NI
I

ca
1"

",
1

..
..

..
..,

-1
.

'''"t
tl

N
O

.1

:;"'..~
~
~
=
-

U
P

P
E

R
$U

$I
T

N
A

R
IV

E
R

B
A

S
IN

C
A

JI
I't

O
N

O
N

D
T

t
)

•

/
W

A
TA

N
A

D
A

M

iO
It

£
A

.C
A

P
A

O
".

·A
U

)
~L

L"
AY

D
IS

C
H

AR
G

E
C

tF
J£

S
.
-
-
-
-
-
-
~
~
~I

"l
'

•
':'

"
D

ET
A

IL
PL

A
N

__
__

_
-
~

"'
J
~

""
'-I

G
'"'

A
L

A
S

K
A

O
lS

T
R

IC
T

.
C

O
R

PS
O

f
(
~
G
I
N
£
[
R
'

f
J
~

M
III

CM
Of

I:a
lil

t.
k.

".
I
-

-
•..."....

,1
---

--<
-
,

J
-
-

',
J-

--
--

;
-J
.
-
-
-
-
-
~
-
~
~
"
<
A
<

J!
=;

j~
..-

....
i'

.
.
.

'
..~,

~t
--
"'
d:

...
J-

'-I
'~
",
.,

\8
,,8

'''
,)

-''
'''

''_
'"

''_
"'"
~
.
J
-

~,
.I
-'
"

,
$

~•
•
;J

--
~"

-~
,.

..
C

C
_

_
•

.
,
-
-
-

-
"
,

--~
-\

Ct
.t

i;
;-

;-
':

''
mt

d2
-o

4~
Pl

'A
'l

t~
·J

."
,~

",
-J

tti
itl

II
I"

i''
''

''''''I
JH

111
L~

~
~'"

.4C
'''

1
N..

J..-
1

I
:
l
n

I
I

l.
o

W
j

,
I

'
l
~

sP
L

u
,,

",
Il

l!
lU

"K
.t

:

;
-

't
i1

\..
'iI

U
O

£
"

~
....

,"'"
n
~
J
T

~
,j

I
W

li
tO

H
O

O
'~
+-
rt

I
I
i
.

A
tt

U

lt
H

iD
II

b
IX

I

'"
-H

-
'

ii
'

,•.
,

ii
i

I
'

".
I'

'I'
·,

\'
'j'

G
$l

()
lU

l(
i(

l,;
&

P
III

C
l'.

..
f.'..

..l.1
OM

1£
.

f
U

-I

$
0

IJ
I)

e
o

_
n

.
o

xo

iP
II

..
1

..
f
I
J
I
~

l1l
i

fH
Q

lS
o.

tJ
C

)S
CE

C
.,

,
I.

:r I-
'

()
"I



1
'
-
~
~
~

'
-
~
~
J

.-
1

r
~

]
''
-1

1
~-
'.
""
']

,
'
)

1
l
]

...
.~

1
.....

....
J

.-
]

•
"

"O
IL

L
<

._
--

.._
-.

>.
.

-
"
"
\

....
.-

./01
1- -- ....
,- ..,,
-i ~

'10
0-

3i ~ I --~ ,.,
.-

.,
..
.

ti
l­

n
N

"
..

..
.....

."
•.

F
r"

.
.
.
.

,

C
O

F
F

E
R

D
A

M
-D

E
T

A
IL

"A
"

rr
P

lC
.L

eA
C

H
sl

D
£

~

,
I

"'"
'00

I
I

•
•

JO
O

IfO
O
~

6
0

0
I

I
7<,.

.
.
.

I
I

I
;o

Q
1

0
0

0
1

/0
0

,~
oo

'':'
0

11f
~

,,'0
0
~

11
~

';0
0
~

l
~

I
.tJ

~
2

:0
0

ZJ'
oo

1:0
0
~

z
~

Zl
~

Z~C
J()

it'o
o
~

"'
~
~
~

J
~
~
~

~
P

lf
T

A
ti

C
E

'
IN

F
F

E
F

M
A

X
IM

U
M

S
cr

;T
IO

N
O

F
IV

A
TA

N
A

D
A

M

:t:> I ~
I

H
«

>
'-

"
'
"
"
"
"
}
:
!
~

~
~
-
-
-
-

-
I
''
''
''

~,
~~

D
o

.

S
E

C
TI

O
N

S

U
P

P
E

R
S

U
S

IT
N

A
RI

VE
R

BA
SI

N
W

AT
AN

A
D

AM

I
I

I
JJ

O
O

»0
0

»
0

0

SO
V

T
tl

C
E

H
T

It
A

I.
R

A
ll

B
E

lT
A

R
E

.,
4

L
.S

K
4

IN
T

E
R

."
R

E
PO

R
T

N
O

.
I

I
I

I
I

I
Z

fO
O

"
()

{
J

1
1

0
0

.f
io

o
Ja

O
C

l

J
'.
..

.

fl
w

cl
fW

PI
I,

-
~
~
~
]
~

(1~
'60

I
\

r:
!"

P
'

·\
J-

r.
ll

i/
O

tE
i.

lO
G

O
t

..
-.

..
..

1«
1.

..
..

.

~
I-I

llI
.;:

H:.
:.l

W~t
l'!

I·_
mol

.
~
~

g
tJ

L
H
~

't1
J

-E
1

i9
6

0

-{
U

j!
fO

i
l
'
:
1
U
1
~
~

I
I

.2
4

0
0

1
5

0
0

I ....
I

J
Z

IO
O

fl
O

O
I '0"
"

,
.

"
0

0
,,

"
"

,
17

00
, "'"

W
$"

C
I.

H
7

0

D
I5

tA
'tC

C
11

1
F

e
tr

"0
0

. ."""
I

IS
""

. """
,

1<
00

I
10

00
I .""

I
.0

0
I ''''
'

I
<D

O
, ...

, ..,.,
, "'"

.to

"
0

0
-

,,,,
,,. --"""
-

lO
G

O
'

~ !
11

00
..

~ ~
/lS

O
O

""

~ ~'
0

0
0

-

W
A

TA
N

A
D

A
M

S
cr

;T
IO

N
A

-A
(F

R
O

M
/I'

8J
IN

T
A

K
E

:
S

T
R

U
C

T
U

R
E

LO
O

K
IN

G
D

O
W

N
S

T
IlE

:A
M

A
L

A
S

K
A

D
IS

T
R

IC
T

,
C

O
R

P
S

O
F

E
N

G
IN

E
E

R
'

'-
H

af
JA

.l
G

[.
"
l'

J
U

,

JU
N

E
/!I

n
F

il
E

N
O

.
Z

-$
O

U
-n

-0
4

-0
1

PL
A

T
E

8
-9

I
JU

liE
19
1~

J
P

£
N

S
T

O
C

Ir
I[

P
R

O
F

IL
.e

fi
lE

II
O

,Z
-S

O
lJ

-9
2

'0
4

-0
1

PL
A

T
E

&
-1

0
I

',;
or

TO
SC
A~

,._
-..

..
.,~

_
.



..
..

..
..

I»
tT

R
lC

T
,

CI
C.

ll't
PI

O
f

P
lI

M
O

I

~
l
C
I
I
a
I
I
I
t
,
"
'
-
"
"

SO
uT

lIC
E

N
T

R
A

l
IlA

L
IE

L
T

M
E

A
.

A
LA

IK
A

Sl
J'P

LE
M

EN
TA

L
F

U
S

..
..

IT
Y

ST
U

D
Y

U
PP

ER
SU

SI
TN

A
RI

V
ER

BA
SI

N

W
A

T.
N

A
DA

M

D
ET

A
IL

PL
A

N

-r
--

-:

W
AT

AH
A

PA
D

JlE
CT

D
IS

l:H
A

RG
E

C
_S

IL
IT

Y
D

U
RI

N
G

EM
ER

G
EN

CY
.l

llU
'W

D
O

W
N

.
A

LL
GA

TE
S

FU
LL

O
PE

N

K
IIH

L
lV

fL
~
n
.
C
T

N
O

In
IA

L
I"

Q
Q

L
n

..
..

.

I
r!

~~
1J

t!
Lf

i,
f~

o:
'

I
,

.
.

a.o
,O

CI
Q

.0
,0

0
0

U
IO

,O
O

O
1:

10
,0

00
1

4
0

.0
0

0
1

.0
.0

0
0

o
IN

C
FS

{
IQ

P
:IO

ad-
Oli

O
~

JD
OQ

L:
'~
~~
;:
O·
0I
1J
oO
o-
--
--
.o
AG
O

1
0

,.
..

:i
l"

W
AT

AN
A

'.-
I1

"..
..

.~
~:

~I
ON

"
••

",
1

G
U

lh
E

!

1
"
0

0
·"O

W
El

I
!"

LA
IiI

"
3:

.1
16

11
1

U
O

O .,.0
0

"00 .,G
O

O

1.
1-

00
,

N
O

TE
S:

I.
TO

PO
G

IlA
PH

I(;
C

O
N

TO
U

IS
_

lA
SE

D
ON

A
ER

IA
L

PH
O

TO
G

RA
I'I

1T
DA

TE
D

10
JU

N
E

15
75

.V
ER

TI
<:

A
L

DA
TU

M
IS

M
lA

H
IlE

A
LE

V
EL

1M
au

T.
:J .. ! .....
! I:

1
0

<:
l W 3 :I
: .. .. '"<:l

lIP
Il.

lII
IIl

iy
~
r
l
f

1,
14

1"



)
1

<
-

1
--

c
--J

1
~.

---
--'

)
~
-
-
~
l

-1
-
-
~
~
I

-1
-

1
-
~
-
l

1
-J

-I

-1
1

0
0
~ !

-'
8

0
0
B j II

I
-1

7
0

0
;;f

-2
2

0
0

-'
8

0
0

7
.4

0
0

-
'.

0
0

-
~

I

'6
0

0
I

16
00

,
14

00

S
N

If
1

(
G

RA
V

EL

~ .
..

-L
--

e
'(

O
F

F
E

R
D

A
M

1
1

/
,sic

D
ET

A
'L

A
l

I
12

00
I

10
00C
O

F
F

E
M

A
M

-P
E

T
A

IL
A

TY
Po

EA
CH

S'
O

f;
v

M
'N

'M
U

M
PO

W
ER

P0
6l

.
E

L
19

40

RO
CK

LI
N

E

I
8

0
0..~

.
/

.....
..."

....
...
~

::.
.."

-2
1

0
0

,2'
CO

A
RS

E
FI

LT
ER

"-
--

••
,
u
~
)

1 60
0

400
I 20

0

lW
rl

C
R

E
S

T
W

ID
TH

!

I
-

M
A

X
IM

U
M

.P
O

O
L

£1
...

21
85

I
I

2
0

0
0

D
IS

TA
N

CE
IN

FE
E

T

I
4

0
0

,
60

0

.&

eO
o

(
•.~
)

,
.0

0
0

.20
0

, .40
0

-
C
~

r
-

It
C

O
A

R
SE

FI
LT

ER

C
O

FF
E

R
D

A
M

IS
EE

oE
T

A
'L

A
)

::P I t-
'

1.
0

2
4

0
0

-

T
Y

P
IC

A
L

S
E

C
T

IO
N

3fo
o

,
54

0D

,
3

2
0

0

IO
U

T
N

C
E

N
T

U
L

Il
M

.I
E

L
T

_
..

..
..

.L
..

..
K.

..

s.
PI

'L
£l

II
E

N
T

A
L

F
lA

S
Il

lU
T

Y
S

T
_

U
PP

ER
S

U
S

IT
N

A
R

IV
E

R
B

A
S

IN
W

AT
AN

A
D

AM
S

E
C

TI
O

N
S

,
2

8
0

0
,

2
6

0
0

t,
P'

~'
~\

~~
~~

'1

t
D

IV
ER

SI
O

N
TU

N
N

£L
.
i
'
~
~

30
'D

1A
.(N

O
T

TO
S

C
A

L
E

)'

•
+

,
2

4
0

0
,

22
00

,
2l

lO
O

-, .B
O

D
I

,

.4
D

D
.6

00
D

IS
TA

N
CE

IN
FE

ET

,
'2

00

R
ET

A
IN

IN
G

W
A

LL

-
-
P

O
W

E
R

IN
TA

K
E

S
TR

U
C

TU
R

E

,
lD

OD
,

BO
D

8
0

0

S
TR

IP
P

E
D

'Y
O

S
U

R
FA

C
E

O
F

R
O

C
K

4
0

0

G
LA

CI
A

L
TI

LL
·

19
00

-

_
18

00
-

... .. ! m
1

1
0

0
-

~ ~
16

00
-

~
,=0

<)-

1
4

0
0

-

,
I

0
20

0

2
3

0
0

-

~
1

BR
ID

G
E

PI
ER

S
0

10
5'

-
-
~
~

~
.
-

--
-'

lf
lr

rf
1l

~=
=:

-~
~~

!l
A~

MCR!llI.
EST.!LEL.

~2'9'_
_
._

~
~~

~o
.-

--
--

.,
~
~

i
!
_

;
,

b'
''

U'
~

-

=-
._
--
~~
-

~

W
A

TA
N

A
D

A
M

A
N

D
IN

TA
K

E
ST

R
U

C
TU

R
E

LO
O

KI
N

G
D

O
W

N
ST

R
EA

M
10

1'
r

10
1'

IC
II

'
h

•
'
I

..
..

..
c.

c.
..r

.
(
.r

M
/'

"

,.
..

..
..

.l
n

n
eT

,
f6
.
-
.
.

&
lC

td
..

..
..

FE
BR

U
...

RY
..

1
9

P
LA

T
!

1
-5



N
O

TE
:

TH
E

H
IO

H
A

N
D

lO
W

L
E

V
E

'"
'H

&
K

1f
I1

..
..

C
T

U
ll

Il
A

R
I:

P
L

Q
T

T
IO

AT
TW

IC
E

H
O

R
M

A
l

lC
A

ll
rO

Il
tt.

....
a
tn

.

~
N

Q
R

yA
!

M
A

lt
fO

O
l

£1
E

Y
21

0$
-
2

2
0

0

-
2

1
0

0

~
..

=
=

.
~
'
{

3
"
=

:
~
~
I
"

IN
\I.

1
E

l..
1

4
tO

_
~~

=-
fd

!
:
L

:
:
.

-
=

:
t
o

'
D

IV
ER

SI
O

N
T
U
N
N
E
L
~

~-
El
_I
"l
t6
0

I
~

,
~
,

':.
,,

-
'.
.

'
E

pL
U

G

PR
O

FI
LE

LO
W

L
E

V
E

L
O

U
TL

ET
a

D
IV

ER
SI

O
N

T
U

N
N

E
L

.2

,...

-
2

0
0

0

-
t,

O
O

-
1

1
0

0

-
1

7
0

0

-
1

'0
0

-
1

1
0

0

-'
0

4
0

0

.,

D
I
V
£
"
S
I
O
t
f
~
o
£
L

I
~
T
A
t
c
E

S
IR

U
c;

tU
R

E

" "

LO
W

L
E

V
E

L
IN

TA
K

E
ST

R
U

C
TU

R
E

I~
,~

I~

~

,b
,~

,~
a\;

,~
lo

4.
J.

J.
l.

Jo

.....
.--

---
--

....
.
/

/'
/
'

/
/

/
'/

J,
J•

.~

/
E

X
IS

T
i,.

G
G

R
Q

l.
IN

D
Y

.../
..../

/
/

I ••
,1 0

''''''
:x:

­
I N o

..
..

-.
..

O
f,T

llI
te

l,
P

P
I

0f
L
~
D
I

..
..

.W
Q

II.
.
.

au
.:

a

SO
U

TH
C£

N
TR

A
l.

RA
Il.

IE
LT

A
RE

A
,

A
LA

SK
A

9.
f'P

t.E
M

E
N

T
A

L
F

£A
S

1l
llU

T
Y

IT
U

O
Y

U
PP

ER
SU

SI
TN

A
RI

V
ER

BA
SI

N
W

A
TA

N
A

DA
M

PR
O

FI
L

E
S

_
_

l'
IO

&
I'

II
I,

iE
lf

_
~
I
C
A
L
I
'

I
"
n

l
l

l
_~

";
:_

If
T

t
i
f

~
r

If
tl

l)
IZ

:

-2
2

0
0

-2
0

0
0

-I
lO

O

-'0
00-,"
"

~
1
7
0
0

-'00
<>

D
IV

E
R

S
IO

N
TU

N
lW

EL
I
'IN

U
K

E
S

fk
uC

T
U

it
E

'.
..

..
.

-
Ie

«
!

I "
I ..

I
II

f 2
0

I "
I ..

1 ••

~
I
N
V

~(
.

1l
,l$

O
-

...
...

...
...

...
...

..
,E

L
19

5~

-.......
---

I ,.
I

3
0

I ..
I ..

I ..
I ..

PR
O

FI
L

E
HI

GH
L

E
V

E
L

O
U

TL
ET

a
D

IV
E

R
SI

O
N

T
U

N
N

E
L

"
.

I
•

0
I .,

I ••

.
/
/
'.

-
-
-
­

,
>...

./.
/

E
X

IS
T

IN
G
G
R
O
U
N
O
~
.
r

/
/

/

/
/

/
.

I ••
I ••

I 00
I ..

1
'0

'
It

/
/

/
/

.
/

/
/

.
/

~~•
.,•

•J
L
~
.

....
....

....
,.,T

v•
••

L
~

:
:
:
:
:

10
'

p'
."

S
lQ

!j
!I

IN
•
•
~

1t:
=::

'J
';.L

Jq
,O

,
---

•
-

UG
-

•
F

lU
.

V
A

L
V

I
SE

E
D

i:T
A

ll
0l

Il
P

L
A

n
6

-1

~,
~"

,,
]-

~.
;.

,,
;j

--
-C..

..;
...J

-L
:"

..,
2"
')
-~
',
".
6'
.~
~~
"'
·S
]-
Z
0'
i.
~,

..
~"

;;
.I

-l
...,

.~.
,,,

,J-
,,

",
.;
J-
~'
''
'~
--
;(
;L
.~
J-
il
"'
0,
";
J-
Z;
:

...)
-[
("
",
;~
I-
L.
,

.....
•~
.;
~~
~~
~i
RY

197
~~..

..,"
.I

;L
A

T
[;

";
:;

""



--
1

~
-
,

----
I

--
'1

--
,

,'-
'I

1
c
-
~
-
l

-
1

1
]

-
~

~
-
l

~
-
~
1

C
"I

"°
'-1

r
~
'

._
)

•
•

•
._

-"

.....

·3
0'

Dl
.V

ER
9I

O
H

.,.
..

..
.L

.
.
.

..!
:

,!!
.
.
.

~
.
.
.

0:
U

D
IV

E
R

S
IO

N
T

U
N

N
E

L
S

*
1

A
N

D
"

2
IN

T
A

K
E

S
TR

U
C

TU
R

E
P

L
A

N
"
E

L
1

4
8

5

H
IG

H
A

N
>

LO
W

1
1

E
i

IN
TA

K
E

e
L

A
N

'

I\
IL

K
M

lM
l

S
lO

T

):
:­ I N l-
'

..
~
~
'
.
'

_
,d

D
lV

fR
5

IO
W

T1
JI

iI«
L

,
,
'J

1
.£

.1
4

1
0

I I I I

[~
~t

li
:~

1
I I

~~
~V
~T
:(
~~
~~
rk
t:

:
"L

V
--

--
--

--
--

..j

-
-
i •(T

R
A

S
H

&
A

M

--
/"

/

-
p
*
~
;
(
"
,
~

,.
/

zo
o'

l
.'
=

"'
--

--
--

-

t
~
U
f
u

P
W

G
AN

D
F

il
L

VA
LV

E
D

E
TA

IL
N

O
T

TO
S

C
A

lE

P
IV

E
R

S
IO

N
T

U
N

N
E

lS
..

1
A

N
D

.2
IN

T
A

K
E

S
T

R
U

C
T

U
R

E

~
H

IG
H

AN
D

LQ
W

LE
V

E
L

IN
TA

K
E

S
SE

C
TI

O
N

S
O

U
TH

C
E

N
TR

A
L

R
A

LB
E

LT
A

R
E

A
.

A
L

A
S

"

!U
'P

LE
IlE

N
T

A
L

FE
A

S
M

llU
TY

S
TU

D
't

U
P

P
E

R
S

U
S

IT
N

A
R

IV
E

R
B

A
S

IN

W
A

TA
N

A
D

A
M

D
E

TA
IL

S

AL
AS

M
,A

D
11

1l
1t

C
T.

C
I;

lI
tP

t
"

,
IN

il
l!

IJ
tI

..1
1I

:1
01
..

..
.&

.-
..

F
E

lIR
U

A
R

Y
1

8
7

8

P
L

A
T

E
a·

a



1------'1~
y~

·
Q

o· .· .
~ ! :
~ ~ 8

A-22

,
~,{

\.\

'!.
I
I
I.,,,,

!
!
i
I



-

r

[~~~...j....LJl!

i~w...wJI
·ti..tt~~lAU~ ~

, ti
'r.~~~-N~.lJ ... f

i~
~~.J.+-,.c::;.bJ::::.td f
~rv""''-'''M'''''.'''''''''' "'I

-i '"
'\l

~

~
1 l..

i

"
4 ....

, ~ i
.:1. " "i,

~
~ .~ -
~ ~

...
. ) ~ ~

f\ ~
~

~~ ~ - i~ ....,- '-
~.



..

£1
.2

30
4

o
0

0
20

0
4

0
0

--
6

0
0

1
!
J
~
-
K
i
O
O

'.
.I

~
.
l

p
il

in
g

TW
.

E1
2S

G
nd

tr
o

w
.1

S
ec

ti
on

sc
al

e

M
ax

im
um

se
ct

io
n

S
ec

ti
on

th
ro

ug
h

ou
ll

et
w

or
ks

S
ec

ti
on

th
ro

ug
h

sp
il

lw
ay

G
Q

1,
ch

am
b

.r
C

on
lr

ol
"

'0
"

'.
SU

lli
m

;z
bo

ll
n

~,
.\

,.
,.

.
,'
£.

·:
JF

.~
.•~

\
E

I2
35

8l
",

,-
-M

O
L

TW
.

E
1Z

35
2

::t:
> I N ..p
.

G
en

er
al

da
m

si
te

pl
an

S
co

le
o

2
0

0
6

0
0

12
00

111
..

U
.S

.
O

E
P

A
R

T
M

E
N

T
O

F
T

H
E

IN
T

E
R

IO
R

A
L

A
S

K
A

P
O

W
E

R
A

O
M

IN
IS

T
R

A
T

IO
N

.

D
EN

A
LI

DA
M

-
-
-
-
-
-
-
-
-
-

P
L

A
N

B
S

E
C

T
IO

N
S

-.
"J

,~
>-

~~
--

-I
~.

"..
o._

]
"_
.~
c<

..1
.J

~_
~

.J
""'

~-"
"]

:~
,~

..-_
I



i-
(

I

.
Ir

­I

A-25





,.... I i
'

1""
"'

,
/""

'"

AP
PE

ND
IX

B

CO
RP

S
OF

EN
GI

NE
ER

S
(7

)
CR

IT
ER

IA
FO

R
EV

AL
UA

TI
ON

OF
AL

TE
RN

AT
IV

ES



\>7 ,



- ,,-1 fl"
I'I

IIl
I I""

" I

r
V
A
l
U
~
T
I
O
N

OF
AL

TE
RN

AT
IV

ES

S
el

ec
ti

on
of

th
e

be
st

pl
an

fr
om

am
on

g
th

e
al

te
rn

at
iv

es
in

vo
lv

es
ev

al
ua

ti
on

of
th

ei
r

co
m

pa
ra

tiv
e

pe
rf

or
m

an
ce

in
m

ee
tin

g
th

e
st

ud
y

ob
je

ct
iv

es
as

m
ea

su
re

d
ag

ai
ns

t
a

se
t

of
ev

al
ua

ti
on

cr
it

er
ia

.

.T
he

se
cr

it
er

ia
de

ri
ve

fro
m

la
w

)
re

gu
la

ti
on

s)
an

d
p

o
li

ci
es

go
ve

rn
in

g
w

at
er

re
so

ur
ce

pl
an

ni
ng

an
d

de
ve

lo
pm

en
t.

Th
e

fo
ll

ow
in

g
c
ri

te
ri

a
w

er
e

ad
op

te
d

fo
r

ev
al

ua
ti

ng
th

e
al

te
rn

at
iv

es
.

T
ec

hn
ic

al
C

ri
te

ri
a:

Th
e

gr
ow

th
in

el
ec

tr
ic

al
po

w
er

de
m

an
d

w
il

l
be

as
pr

oj
ec

te
d

by
th

e
A

la
sk

a
Po

w
er

A
dm

in
is

tr
at

io
n.

T
ha

t
po

w
er

ge
ne

ra
ti

on
de

ve
lo

pm
en

t)
fr

om
an

y
so

ur
ce

or
so

ur
ce

s.
w

il
l

pr
oc

ee
d

to
sa

ti
sf

y
th

e
9

ro
je

ct
ed

ne
ed

s.

A
pl

an
to

be
co

ns
id

er
ed

fo
r

in
it

ia
l

de
ve

10
pm

en
t

m
us

t
be

te
ch

ni
ca

ll
y

fe
as

ib
le

.

N
at

io
na

l
Ec

on
om

ic
D

ev
el

op
m

en
t

C
ri

te
ri

a:

T
an

gi
bl

e
be

ne
fi

ts
m

us
t

ex
ce

ed
pr

oj
ec

t
ec

on
om

ic
co

st
s.

Ea
ch

se
pa

ra
bl

e
un

it
of

w
or

k
or

pu
rp

os
e

m
us

t
pr

ov
id

e
be

ne
fi

ts
at

le
as

t
eq

ua
l

to
it

s
co

st
.

Th
e

sc
op

e
of

th
e

w
or

k
is

su
ch

as
to

pr
ov

id
e

th
e

m
ax

im
um

ne
t

b
en

ef
it

s.

Th
e

be
ne

fi
ts

an
d

co
st

s
ar

e
ex

pr
es

se
d

in
co

m
pa

ra
bl

e
q

u
an

ti
ta

ti
v

e
ec

on
om

ic
te

rm
s

to
th

e
fu

ll
es

t
ex

te
nt

po
ss

ib
le

.
A

nn
ua

l
co

st
s

ar
e

ba
se

d
on

a
lO

a-
ye

ar
am

or
ti

za
ti

on
oe

ri
od

.
an

in
te

re
st

ra
te

of
6-

1/
8

pe
rc

en
t.

an
d

Ja
nu

ar
y

19
75

pr
ic

e
le

v
el

s.
Th

e
an

nu
al

ch
ar

ge
s

in
cl

ud
e

in
te

re
st

;
am

or
ti

za
ti

on
;

an
d

op
er

at
io

n.
m

ai
nt

en
an

ce
.

an
d

re
pl

ac
em

en
t

co
st

s.

Po
w

er
be

ne
fi

ts
ar

e
ba

se
d

on
th

e
co

st
s

of
pr

ov
id

in
g

th
e

en
er

gy
ou

tp
ut

of
an

y
pl

an
by

co
nv

en
ti

on
al

co
al

-f
ir

ed
th

er
m

al
ge

ne
ra

ti
on

.

B
-1





..... ,....
, -, 1""
."

.
I

I_
nv

ir
on

m
en

ta
l

Q
ua

li
ty

C
ri

te
ri

a:

C
un

se
rv

at
io

n
of

es
th

et
ic

s,
na

tu
ra

l
v

al
u

es
,

an
d

o
th

er
d

es
ir

ab
le

en
vi

ro
nm

en
ta

l
ef

fe
ct

s
or

fe
at

u
re

s
.

Th
e

us
e

of
a

sy
st

em
at

ic
ap

pr
oa

ch
to

in
su

re
in

te
g

ra
ti

o
n

uf
th

e
na

tu
ra

l
an

d
so

ci
al

sc
ie

nc
es

an
d

en
vi

ro
nm

en
ta

l
de

si
gn

ar
ts

in
pl

an
ni

ng
an

d
u

ti
l

iz
at

io
n

.

Th
e

ap
p

li
ca

ti
o

n
of

o
v

er
al

l
sy

st
em

as
se

ss
m

en
t

o
f

op
er

at
io

na
l

ef
fe

ct
s

as
w

el
l

as
co

n
si

d
er

at
io

n
of

th
e

lo
ca

l
p

ro
je

ct
ar

ea
.

'Ih
e

st
ud

y
an

d
de

ve
lo

pm
en

t
o

f
re

co
m

m
en

de
d

al
te

rn
at

iv
e

co
ur

se
r

of
ac

ti
o

n
to

an
y

pr
op

os
al

w
hi

ch
in

vo
lv

ed
co

n
fl

ic
ts

c
o
n
c
c
'
~
i
n
g

us
es

of
av

ai
la

b
le

re
so

u
rc

es
.

Tv
a

lu
a

t
io

n
of

th
e

en
vi

ro
nm

en
ta

'l
im

pa
ct

s
o

f
an

y
pr

op
os

ed
~
c
t
i
o
n
,

in
cl

ud
in

g
ef

fe
ct

s
w

hi
ch

ca
nn

ot
be

av
oi

de
d,

al
te

rn
at

iv
es

to
pr

op
os

ed
ac

ti
o

n
s,

th
e

re
la

ti
o

n
­

sh
ip

of
lp

ca
l

sh
o

rt
-t

er
m

us
es

an
d

o
f

lo
ng

-t
er

m
p

ro
d

u
ct

i-
'

vi
ty

,
an

d
a

de
te

rm
in

at
io

n
of

an
y

ir
re

v
er

si
b

l
e

an
d

ir
re

tr
ie

v
ab

le
re

so
ur

ce
co

m
ni

tm
en

t.

A
vo

;J
an

ce
o

f
de

tr
im

en
ta

l
en

vi
ro

nm
en

ta
l

ef
fe

ct
s,

bu
t

w
he

re
th

es
e

ar
e

un
av

oi
da

bl
e,

th
e

in
cl

us
io

n
of

p
ra

ct
ic

ah
le

m
it

ig
at

in
g

fe
at

u
re

s.

S
oc

ia
l

W
el

l-
B

ei
ng

an
d

R
eg

io
na

l
D

ev
el

op
m

en
t

C
on

si
de

ra
ti

on
s:

In
ad

d
it

io
n

to
th

e
ba

si
c

pl
an

ni
ng

c
ri

te
ri

a
,

co
n­

si
d

er
at

io
n

w
as

gi
ve

n
to

:

Th
e

p
o

ss
ib

il
it

y
of

en
ha

nc
in

g
or

cr
ea

ti
n

g
re

cr
ea

­
ti

on
al

va
lu

es
fo

r
th

e
pu

bl
'ic

;

Th
e

ef
fe

ct
s,

bo
th

lo
ca

ll
y

an
d

re
g

io
n

al
ly

,
on

su
ch

it
em

s
as

in
co

m
e,

em
pl

oy
m

en
t,

po
pu

la
ti

on
,

an
d

bu
si

ne
ss

;

Th
e

ef
fe

ct
s

on
ed

uc
at

io
na

l
an

d
cu

lt
u

ra
l

o
p

p
o

rt
u

n
it

ie
s;

T
he

co
ns

er
va

ti
on

of
no

nr
en

ew
ab

le
r
e
s
o
u
r
~
e
s

.

B-
2





r i -

AP
PE

ND
IX

C

CO
RP

S
OF

EN
GI

NE
ER

S
19

75
IN

TE
RI

M
FE

A
SI

BI
LI

TY
RE

PO
RT

(7
)

CO
ST

DA
TA





SU
MM

AR
Y

CO
ST

ES
TI

M
AT

E
.

fI
""

JA
NU

AR
Y

19
75

PR
IC

E
LE

VE
L

WA
TA

NA
DA

M
AN

D
RE

SE
RV

OI
R

22
00

FE
ET

NO
RM

AL
PO

OL
EL

EV
AT

IO
N

(F
IR

ST
-A

DD
ED

)

r-
FE

AT
UR

E
AC

CO
UN

T
CO

ST
NO

.
IT

EM
($

1,
00

0)

01
LA

ND
S

AN
O

DA
MA

GE
S

16
,3

92
03

RE
SE

RV
OI

R
9,

18
0

04
DA

MS
47

9,
77

5
.....

.
M

ain
Da

m
19

4,
17

2
Sp

ill
w

ay
57

,6
65

O
ut

le
t

W
or

ks
44

,5
44

r--
Po

w
er

In
ta

ke
12

3,
29

8
C

on
st

ru
ct

io
n

F
ac

il
it

ie
s

60
,0

96
07

PO
W

ER
PL

AN
T

43
9,

23
8

~
Po

w
er

ho
us

e
67

,2
29

T
ur

bi
ne

s
an

d
G

en
er

at
or

s
50

,6
49

A
cc

es
so

ry
E

le
ct

ri
ca

l
an

d
Po

w
er

pl
an

t
Eq

ui
pm

en
t

11
,1

21
,..

T
ai

lr
ac

e
47

,2
87

Sw
itc

hy
ar

d
15

,7
17

T
ra

ns
m

is
si

on
F

ac
il

it
ie

s
21

9,
60

0

-
C

on
st

ru
ct

io
n

F
ac

il
it

ie
s

27
,6

35
08

RO
AD

S
AN

D
BR

ID
GE

S
48

,8
75

14
RE

CR
EA

TI
ON

AL
FA

CI
LI

TI
ES

39

r-
19

BU
IL

DI
NG

S,
GR

OU
ND

S,
AN

D
U

TI
LI

TI
ES

3,
56

5
20

PE
RM

AN
EN

T
OP

ER
AT

IN
G

EQ
UI

Pf.
1E

NT
1,

80
0

30
EN

GI
NE

ER
IN

G
AN

D
DE

SI
GN

39
,6

38
31

SU
PE

RV
IS

IO
N

AN
D

AD
M

IN
IS

TR
AT

IO
N

49
,4

98
.....

.
TO

TA
L

PR
OJ

EC
T

CO
ST

1,
08

8,
00

0

fI"
": !""
"

T
ab

le
B-

1
v

,....
.

A
pp

en
di

x
I

B
-2

0

C
-l



SU
MM

AR
Y

CO
ST

ES
TI

M
AT

E
JA

NU
AR

Y
19

75
PR

IC
E

LE
VE

L

DE
VI

L
CA

NY
ON

DA
t~

AN
D

RE
SE

RV
OI

R
14

50
FE

ET
NO

RM
AL

PO
OL

EL
EV

AT
IO

N
(S

EC
ON

D-
AD

DE
D)

FE
AT

UR
E

AC
CO

UN
T

CO
ST

NO
.

IT
EM

il
l

,0
00

)

01
LA

ND
S

1,
44

4
03

RE
SF

.R
VO

IR
S

3.
45

6
04

DA
MS

21
9,

54
3

M
ain

Da
m

14
0,

97
1

Sp
ill

w
ay

19
,7

92
Po

w
er

In
ta

ke
s

42
.1

36
A

ux
i1

ia
ry

Da
m

3,
89

7
C

on
st

ru
ct

io
n

F
ac

il
it

ie
s

12
.7

47
07

PO
W

ER
PL

AN
T

14
7,

97
7

Po
w

er
ho

us
e

42
,7

02
T

ur
bi

ne
s

an
d

G
en

er
at

or
s

57
.8

08
A

cc
es

so
ry

El
ec

tr
ic

a1
an

d
Po

w
er

pl
an

t
Eq

ui
pm

en
t

10
,4

75
Ta

i1
ra

ce
13

.9
21

Sw
itc

hy
ar

d
19

.5
18

C
on

st
ru

ct
io

n
F

ac
il

it
ie

s
3.

55
3

08
RO

AD
S

AN
D

BR
ID

GE
S

8.
52

8
14

RE
CR

EA
TI

ON
AL

FA
CI

LI
TI

ES
51

2
19

.
BU

IL
DI

NG
S,

GR
OU

ND
S.

AN
D

U
TI

LI
TI

ES
2.

51
9

20
P
E
R
~
~
N
E
N
T

OP
ER

AT
IN

G
EQ

UI
PM

EN
T

1.
80

0
30

EN
GI

NE
ER

IN
G

AN
D

DE
SI

GN
26

,9
62

31
SU

PE
RV

IS
IO

N
AN

D
AD

M
IN

IS
TR

AT
IO

N
19

.2
59

..,
TO

TA
L

PR
OJ

EC
T

CO
ST

43
2.

00
0

11
U

f,
'$

T
ab

le
B-

2
A

pp
en

di
x

I
B-

21

C-
2



r""
'

SU
MM

AR
Y

CO
ST

ES
TI

M
AT

E
JA

NU
AR

Y
19

75
PR

IC
E

LE
VE

L

W
AT

AN
A

CA
M

AN
O

RE
SE

RV
OI

R

r
22

00
FE

ET
NO

RM
AL

PO
OL

EL
EV

AT
IO

N
(S

EC
ON

D-
AD

DE
D)

I""
'"

FE
AT

UR
E

AC
CO

UN
T

CO
ST

NO
.

1.
m

1
($

1,
00

0)
,....

.
01

LA
ND

S
AN

D
DA

MA
GE

S
16

,3
92

03
RE

SE
RV

OI
R

9,
18

0
04

DA
MS

47
9,

77
5

-.
M

ain
Da

m
19

4,
17

2
Sp

ill
w

ay
57

,6
65

O
ut

1
et

W
or

ks
44

,5
44

F
-

Po
w

er
In

ta
ke

12
3,

29
8

C
on

st
ru

ct
io

n
F

ac
il

it
ie

s
60

,0
96

07
PO

W
ER

PL
AN

T
23

2,
30

5
Po

w
er

ho
us

e
67

,2
29

T
ur

bi
ne

s
an

d
G

en
er

at
or

s
50

,6
49

A
cc

es
so

ry
E

le
ct

ri
ca

l
an

d
Po

w
er

pl
an

t
Eq

ui
pm

en
t

11
,1

21
Ta

i1
ra

ce
47

,2
87

Sw
itc

hy
ar

d
15

,7
17

T
ra

ns
m

is
si

on
F

ac
il

it
ie

s
12

,6
67

,-
C

on
st

ru
ct

io
n

F
ac

il
it

ie
s

27
,6

35
08

RO
AD

S
AN

D
BR

ID
GE

S
26

,1
37

14
RE

CR
EA

TI
ON

AL
FA

CI
LI

TI
ES

39

-
19

BU
IL

DI
NG

S,
GR

OU
ND

S,
AN

D
U

TI
LI

TI
ES

3,
56

5
20

PE
RM

AN
EN

T
OP

ER
AT

IN
G

EQ
UI

PM
EN

T
1,

80
0

30
EN

GI
NE

ER
IN

G
AN

D
DE

SI
GN

30
,1

42
31

SU
PE

RV
IS

IO
N

AN
D

AD
M

IN
IS

TR
AT

IO
N

37
,6

65
-

TO
TA

L
PR

OJ
EC

T
CO

ST
83

7,
00

0

T
ab

le
B

-3
A

pp
en

di
x

I
8-

22

,....
.

\ i

C-
3



SU
MM

AR
Y

CO
ST

ES
TI

M
AT

E
JA

NU
AR

Y
19

75
PR

IC
E

LE
VE

L

DE
VI

L
CA

NY
ON

DA
M

AN
D

RE
SE

RV
OI

R
14

50
FE

ET
NO

RM
AL

PO
OL

EL
EV

AT
IO

N
(F

IR
ST

-A
DD

ED
)

, j

AC
CQ

Ut
n

NO
. 01 03 04 07 08 14 19 20 30 31

FE
AT

UR
E

CO
ST

"
IT

EM
($

1,
00

0)
~

-
'1

LA
ND

S
1.

44
4

'1
RE

SE
RV

OI
RS

3.
45

6
D
A
~
1
S

23
6,

72
8

M
ain

Da
m

14
0,

97
1

Sp
ill

w
ay

19
,7

92
Po

w
er

In
ta

ke
s

42
.1

36
A

ux
i1

ia
ry

Da
m

3,
89

7
C

on
st

ru
ct

io
n

F
ac

il
it

ie
s

29
,9

32
PO

W
ER

PL
AN

T
35

9,
70

0
Po

w
er

ho
us

e
42

,7
02

T
ur

bi
ne

s
an

d
G

en
er

at
or

s
57

,8
08

A
cc

es
so

ry
E

le
ct

ri
ca

l
an

d
Po

w
er

p1
an

t
Eq

ui
pm

en
t

10
,4

75
T

a;
lr

ac
e

13
,9

21
Sw

itc
hy

ar
d

19
,5

18
T

ra
ns

m
is

si
on

F
ac

il
it

ie
s

20
6,

93
3

Co
ns

tr
u

ct
io

n
Fa

ci
li

ti
es

8,
34

3
RO

AD
S

AN
D

BR
ID

GE
S

31
,2

66
RE

CR
EA

TI
ON

AL
FA

CI
LI

TI
ES

51
2

BU
IL

DI
NG

S,
GR

OU
ND

S,
AN

D
U

TI
LI

TI
ES

2,
51

9
PE

RM
AN

EN
T

OP
ER

AT
IN

G
EQ

UI
PM

EN
T

1
,8

0
0

EN
GI

NE
ER

IN
G

AN
D

DE
SI

GN
44

,6
48

SU
PE

RV
IS

IO
N

AN
D

AD
M

IN
IS

TR
AT

IO
N

31
,9

27

TO
TA

L
PR

OJ
EC

T
CO

ST
71

4,
00

0

T
ab

le
8-

4
A

pp
en

di
x

I
8-

23
.

C
-4





TA
BL

E
&

-5
--

D
E

T
A

IL
E

D
CO

ST
E

S
T

IM
A

T
E

--
C

on
ti

nu
ed

W
AT

AN
A

DA
M

AN
D

R
ES

ER
V

O
IR

G
ua

t
A

cc
ou

nt
N

um
be

r
D

e
sc

rl
p

ti
o

n
o

r
It

er
n

D
A

M
S

M
A

IN
DA

M
(C

an
tI

d
)

D
ri
l
l
i
n
~

an
d

g
ro

u
ti

n
g

D
ra

in
ag

c
sy

st
em

R
ig

h
t

ab
u

tm
en

t
~
c
e
p
a
g
e

c
o

n
tr

o
l

S
u

b
to

ta
l

C
o

n
ti

n
g

en
ci

es
20

%

TO
TA

L,
M

A
IN

D
AM

U
n

it

LF .L
S LS

Q
ua

nt

14
5,

00
0

U
n

it
C

o
st

($
) 1

8
.7

5

T
o

ta
l

C
o

st
($

1
,0

0
0

)'

2
,7

1
9

28
3

2
,0

0
0

.,
~ ,}

1
6

1
,8

1
0

3
2

,3
6

2

1
9

4
,1

7
2

0
4

.1

0
4

.1

SP
IL

LW
A

Y
C

le
ar

in
g

an
d

st
ri

p
p

in
g

F
o

u
n

d
at

io
n

p
re

p
a
ra

ti
o

n
E

x
ca

v
at

io
n

C
o

n
cr

et
c

M
as

s
S

tr
u

c
tu

ra
l

C
em

en
t

R
ei

n
fo

rc
in

g
st

e
e
l

A
nc

ho
r

b
ar

s
D

r!
lU

n
g

an
d

g
ro

u
ti

n
g

D
ra

in
ag

e
sy

st
em

T
a
in

te
r

~
a
t
e
s

(
3
~
,

cu
m

pl
C

'te
S
t
o
p
l
o
g
~

(1
se

t)
E

le
c
tr

ic
a
l

an
d

m
ec

h
an

ic
al

w
or

k

S
u

b
to

ta
l

C
o

n
ti

n
g

en
ci

es
20

%

TO
TA

L,
SP

IL
LW

A
Y

O
U

TL
ET

W
O

R
KS

In
ta

k
e

st
ru

c
tu

re
E

x
ca

v
at

io
n

ro
ck

F
o

u
n

d
at

io
n

p
re

p
a
ra

ti
o

n
C

o
n

cr
et

e
M

nE
lR

S
tr

u
c
tu

rl
ll

C
em

en
t

R
ei

n
fo

rc
in

g
s
te

e
l

AC
15

0
CY

8
,5

0
0

CY
1

0
,5

3
0

,0
0

0

CY
9

7
,0

0
0

CY
1

5
,1

0
0

C
w

t
2

4
0

,0
0

0
L

b
s

1
•5

10
,0

00
L

b
s

3
7

,0
0

0
LF

6
,2

0
0

L5 LS LS LS CY
41

,0
00

5Y
8

,0
0

0
'

CY
2

0
,4

0
0

CY
1

8
,5

0
0

C
w

t
8

2
,0

0
0

L
b

s
3

,0
5

5
,0

0
0

1
,5

0
0

.0
0

1
6

.0
0

3
.0

0

5
0

.0
0

3
2

5
.0

0
4

.0
0

.6
0

1
.

25
2

1
.5

0

1
5

.0
0

1
0

.0
0

5
0

.0
0

3
2

5
.0

0
4

.0
0

.6
0

22
5

13
6

3
1

,5
9

0

1"
,8

50
4

,9
0

8
96

0
90

6 46 13
3

25
0

3,
25

0
30

0

50
0

4
8

,0
5

4
9

,f
>

1
1

5
7

,6
6

5

61
5 80

1
,0

2
0

6
,0

1
3

32
8

1
,8

3
3

C
-'5

A
pp

en
di

x
I

~

8.
..2

5
jj



r
T

A
B

LE
B

-5
-D

ET
A

IL
ED

CO
ST

E
5T

IM
A

T
E

--
C

on
t1

nu
ed

W
AT

AN
A

DA
M

AN
D

R
ES

ER
V

O
IR

C
ns

t
A

cc
ou

nt
U

n
it

T
o

ta
l

N
um

be
r

D
e
sc

ri
p

ti
o

n
o

r
It

em
U

n
it

Q
ua

nt
C

o
st

C
o

st
r-

($
)

($
1

,0
0

0
)

04
DA

M
S

/"'
".

0
4

.3
O

U
TL

ET
W

OR
KS

(C
o

n
t'

d
)

E
le

c
tr

ic
a
l

an
d

m
ec

h
an

ic
al

w
or

k
LS

10
0

G
nt

e
b

o
n

n
et

s
EA

4
1

3
3

,0
0

0
.0

0
53

2
f""

'1
G

at
e

fr
am

es
EA

4
1

3
0

,0
0

0
.0

0
52

0
,

G
at

es
(s

li
d

e
)

EA
4

2
8

5
,0

0
0

.0
0

1
,1

4
0

T
ra

sh
ra

ck
s

EA
4

9
6

,0
0

0
.0

0
38

4
T

n
in

tc
r

g
a
te

s
EA

4
3

9
5

,0
0

0
.0

0
1

,5
8

0
ex

ca
v

at
io

n
T

u
n

n
el

s
CY

95
,3

00
1

2
5

.0
0

1
1

,9
1

3
C

o
n

cr
et

e
CY

21
,7

00
30

0.
00

6
,5

1
0

C
em

en
t

C
w

t
10

0,
00

0
4

.0
0

40
0

R
ei

n
fo

rc
in

g
s
te

e
l

L
he

4
,7

9
0

,0
0

0
.6

0
2

,8
7

4
E

le
v

at
o

r
L5

1
20

0
S

ta
ir

s
L5

1
10

0
S

te
e
l

se
ts

&
la

g
g

in
g

L
bs

34
9,

00
0

1
.0

0
34

9
R

oc
k

b
o

lt
s

EA
3,

70
0

1
7

0
.0

0
62

9

S
u

b
to

ta
l

37
,1

20
C

o
n

ti
n

g
en

ci
es

20
7-

7
,4

2
4

!""
";

TO
TA

L,
O

U
TL

ET
W

OR
KS

4
4

,5
4

4

U
4.

4
PO

W
ER

IN
TA

K
E

W
OR

KS

-
In

ta
k

e
st

ru
c
tu

re
E

x
ca

v
at

io
n

CY
22

2,
00

0
1

5
.0

0
3

,3
3

0
F

o
u

n
d

at
io

n
p

re
p

a
ra

ti
o

n
SY

3
,7

0
0

1
0

.0
0

37
r-

M
aR

S
co

n
cr

et
e

C
y

39
,S

OO
5

0
.0

0
1

,9
7

5
S

tr
u

c
tu

ra
l

co
n

cr
et

e
Cy

69
,2

00
32

5.
00

2
2

,4
9

0
C

em
en

t
C

w
t

37
6,

00
0

4
.0

0
1

,5
0

4
R

cs
te

cl
L

bs
4

,8
3

9
,0

0
0

.6
0

2,
90

4
I"

""
Em

b.
m

et
al

L
bs

35
,0

00
3

.0
0

10
5

T
ra

sh
ra

ck
LS

1
2

,0
0

0
S

ta
ir

s
L5

1
75

-
E

le
v

at
o

r
L5

1
20

0
B

ul
kh

ea
d

g
a
te

s,
LS

1
1

,5
0

0
S

to
p

lo
g

s
L5

1
1

,5
0

0

fI""
':

E
le

c
td

c
a
l

an
d

m
ec

h
an

ic
al

w
or

k
L5

1
1

,6
0

0
T

ru
ck

cr
an

e
LS

1
22

5
B

ri
d

g
e

L5
1

2
,5

0
0

r'"
'

T
ra

sh
bo

om
L5

1
30

0
T

un
ne

l
ex

ca
v

at
io

n
CY

79
,0

00
1

2
5

.0
0

9,
87

5

r
A

pp
en

di
x

I
I

8-
26

,

C
-7



TA
BL

K
B-

S
--

D
ET

A
IL

ED
CO

ST
E

ST
IM

A
T

E
--

C
on

tin
ue

d

lol
AT

AN
A

DA
M

AN
D

RE
SE

RV
O

IR

(;
u

sl
A

,'
,:

u
lln

t
U

n
it

T
o

ta
l

N
um

ht
.·r

D
e
sc

ri
p

ti
o

n
o

r
It

em
U

n
it

Q
ua

nt
C

o:
::;

t
C

o
st

($
)

($
1

,0
0

0
)

04
D

M
l5

., ,
0

4
.4

PO
W

ER
IN

TA
K

E
W

OR
KS

(C
e
n

t'
d

)
',\1

.
.]1

C
o

n
cr

et
e

CY
1

6
,6

5
0

3
0

0
.0

0
4

,9
9

5
C

em
en

t
C

w
t

8
4

,0
0

0
4

.0
0

33
6

"""
!

R
e
st

e
e
l

L
bs

3
,7

4
5

,0
0

0
.6

0
2

,2
4

7
l 's

S
te

e
l

li
n

e
r

L
bs

2
1

,0
0

0
,0

0
0

2
.0

0
4

2
,0

0
0

,"
d
~

B
on

ne
tt

ed
g

a
te

s
LS

90
0

E
le

c
tr

ic
a
l

an
d

m
!.

'!c
ha

ni
ca

1
w

or
k

L5
15

0

S
u

b
to

ta
l

1
0

2
,7

4
8

.,
C

o
n

tl
n

g
E

'n
ci

es
20

%
2

0
,5

5
0

l
TO

TA
L

PO
W

ER
IN

T
A

K
E

W
O

RK
S

1
2

3
,2

9
8

~
:t

TO
TA

L
D
A
M
~

4
1

9
,6

7
9

1

07
Po

\o
lE

R
P

LA
N

T
0

7
.

1
PO

W
ER

H
O

U
SE

H
ob

tl
iz

a
t1

on
an

d
p

re
p

n
ra

to
ry

w
or

k
LS

1
3

,5
0

0
E

x
c;

Iv
at

io
n

,
ro

ck
C

y
'0

2
,0

0
0

1
1

0
.0

0
2

2
,2

2
0

C
on

cr
£>

tc
C

y
5

7
,6

0
0

3
2

5
.0

0
1

8
,7

2
0

C
em

en
t

C
w

t
2

6
1

,0
0

0
4

.0
0

1
,0

4
4

R
ei

n
fo

rc
in

g
s
te

e
l

L
bs

5
,2

2
8

,0
0

0
.6

0
3

,1
3

7
A

rc
h

I
tl

'c
tu

ra
1

fe
a
tu

re
s

L5
1

,0
0

0
E

le
v

at
o

r
LS

20
0

M
ec

h
an

ic
al

an
d

e
le

c
tr

i
C

O
O

'll
w

or
k

LS
3

,3
0

0
S

tr
u

c
tu

ra
l

s
te

e
l

L
bs

1
,2

5
0

,0
0

0
1

.5
0

1
,8

7
5

M
is

ce
ll

an
eo

u
s

m
et

al
w

o
rk

L
bs

1
5

0
,0

0
0

3
.0

0
45

0
D

ra
ft

tu
b

e
b

u
lk

h
ea

d
g

a
te

s
L5

38
0

R
o

ck
h

o
lt

s
EA

56
3

1
7

0
.0

0
%

S
tp

.e
l

se
ts

L
bs

1
0

2
,0

0
0

1
.0

0
10

2

S
u

b
to

ta
l

5
6

,0
2

4
C

o
n

ti
n

R
en

cl
cs

20
%

1
1

.2
0

5

TO
TA

L,
PO

W
ER

H
O

U
SE

6
7

,2
2

9

"""
A

pp
en

di
x

I
f!

B
-2

7
;~

C
-8



TA
BL

E
B

-S
--

D
E

T
A

IL
E

D
CO

ST
E

S
T

nt
A

T
E

--
C

on
ti

nu
ed

W
AT

AH
A

DA
M

AN
D

R
ES

ER
V

O
IR

-
r:m

lt
A

cr
nu

nt
N

um
bt

"'r

07 0
7

.2

D
e
sc

rl
p

ti
o

n
o

r
It

em

PO
W

ER
P1

..A
N

T
(C

an
t

f
d

)
TG

R
B

TN
F.

S
A
~
I
D

G
F.

N
E

R
A

TO
R

S
T

u
rb

in
es

G
oV

p.
rn

or
R

G
en

er
at

o
rs

S
u

b
to

ta
l

r
.
o
n
t
t
n
~
e
n
c
i
e
s

20
%

U
n

it

LS LS LS

Q
ua

nt
U

n
it

C
o

st
($

)

T
o

ta
l

C
o

st
($

1
,0

0
0

)

2
0

,6
0

8
76

'5
2

0
,8

3
4

4
2

,2
0

7
8

,4
4

2

,.... r

0
7

.3

0
7

.4

T
O

T
A

L
.

TI
JR

B
TN

E
S

A
N

D
G

E
N

E
R

A
TO

R
S

A
CC

ES
SO

RY
EL

EC
TR

IC
A

L
EQ

U
IP

M
EN

T
A
~
c
e
~
s
o
r
y

E
le

c
tr

ic
a
l

E
qu

ip
m

en
t

LS
r
.
o
n
t
i
n
~
e
n
c
i
c
s

20
%

TO
TA

L,
A

CC
ES

SO
RY

E
L

E
C

T
R

IC
A

L
EQ

U
IP

M
EN

T

tH
SC

F.
L

L
A

N
E

O
U

S
Po

\-l
ER

PL
A

N
T

EQ
U

IP
M

EN
T

~
1
i
8
c
e
l
l
a
n
e
o
u
s

P
tw

er
p

la
n

t
E

q
u

ip
m

en
t

LS
C

o
n

ti
n

g
en

ci
es

.

T
O

T
A

L
,

U
IS

C
E

L
L

A
N

E
O

U
S

PO
W

ER
PL

A
N

T
E
Q
U
I
P
~
f
E
N
T

5
0

,6
4

9

4
,0

6
5

8
1

3

4
,8

7
8

5
,2

0
2

1
,0

4
1

6
.2

4
3

0
7

.5
TA

iL
R

A
C

E
E

x
ca

v
at

io
n

.
ta

il
ra

c
e

tu
n

n
el

CY
C

o
n

cr
et

e,
ta

il
ra

c
e

tu
n

n
e
l

I1
n

in
g

CY
C

em
en

t
C

w
t

R
l>

in
fo

rd
n

g
st

e
e
l

L
b

s
R

oc
k

b
o

lt
s

EA
S

te
el

se
ts

L
b

s

S
u

b
to

ta
l

C
o

n
ti

n
g

e
n

c
ie

s
20

%

TO
TA

L,
TA

IL
RA

CE

2
2

3
,0

0
0

2
1

,0
0

0
1

0
4

,0
0

0
5

,2
0

2
,0

0
0

3
,4

0
0

1
,1

1
5

,0
0

0

1
2

5
.0

0

3
0

0
.0

0
4

.0
0

.6
0

1
7

0
.0

0
1

.0
0

2
7

,8
7

5

6
,3

0
0

41
6

3
,1

2
2

5
7

8
1

,1
1

5

3
9

,4
0

6
7

,1
8

1

4
7

,2
8

7

0
7

.n
SW

JT
CH

Y
A

RD
T
r
n
n
s
f
o
r
m
e
r
~

In
su

la
te

d
c
a
b

le
s

L
S LS

5
,8

2
6

1
.0

3
0

A
pp

en
di

x
I

8-
28

C
-9



T
A

R
L

E
8

-5
--

nE
T

A
IL

II
D

C
O

ST
E
S
T
I
~
·
f
A
T
r
;
-
-
C
o
n
t
i
n
u
e
d

\o
lA

TA
N

A
DA

M
A

N
D

R
E

SE
R

V
O

IR

/

~
H
s
l

A
n

°(
It

tt
lt

N
lt

m
lw

r
[}

N
;c

ri
p

ti
o

n
o

r
It

em
U

n
it

Q
u

an
t

U
n

it
C

o
st

($
)

T
ot

i'
l1

C
o

st
($

1
,0

0
0

)

07 0
".

(,
PO

W
F.

R
PI

.A
ill

'
SH

IT
G

llY
A

IlD
(C

on
t

I
d

)
S

w
i
tc

h
y

n
rd

LS
6

,2
4

1

S
u

b
L

o
ta

l.
C

n
n

tl
n

R
c
n

c
[c

s
20

%
1

3
,0

9
7

2
,6

2
0

'f
O

T
A

l.
,

S\
oJ

IT
C

IIY
I\R

.D
1

5
,7

1
7

0
7

.8
T
R
i
\
N
S
r
l
l
S
S
I
O
l
~

F
A

C
IL

IT
IE

S
T

rn
n

so
iH

si
n

n
F

a
c
il

it
ie

s
C
o
n
t
i
n
~
w
n
d
c
s

20
%

LS
I8

3
,n

o
o

3
6

,~
o
o

T
O

T
A

L
,

1'
R

A
N

S
lt

IS
S

IO
N

F
A

C
IL

IT
IE

S
2

1
9

,6
0

0

T
O

T
A

L
,

PO
W

I;:
R

PL
A

N
T

4
1

1
,6

0
3

5
,0

9
6

1
,5

1
5 80

29
3

2
,2

3
2

2
,4

8
8

11
4

3
,(

,4
8

3
,7

0
0

1
,5

8
5

20
3

1
,3

0
2

1
,7

7
0 81

2
,5

9
2

1
0

,n
oD

3
,0

0
0

1
,5

0
0

.0
0

6
.2

0
2

.0
0

3
0

.n
o

1
2

.0
0

1
,5

0
0

.0
0

6
,2

0
2

.0
0

3
0

.0
0

1
2

.0
0

1 1 1 1

1
3

5
2

1
0

,0
0

0
8

8
5

,0
0

0
2

,7
0

0
2

1
6

,0
0

0 1 1

19
5

3
6

0
,0

0
0

1
,2

4
4

,0
0

0
3

,8
0

0
3

0
4

,0
0

0

L
S LS LSA
C CY C
Y CY CY LS LS

27
m

il
e
s

C
an

yo
n)

A
C

C
'f Cy CY C
'f LS LS m
il

e
s

R
O

A
D

S
A

N
n

B
R

lD
r.E

S
1'<

.'r
m

;u
w

n
t

h
c

c
e
ss

R
a<

ld
­

(l
li

g
h

w
n

y
N

o
.

3
to

D
e
v

il
C

]c
a
ri

n
g

r
:
:
x
(
~
:
l
v
a
t
i
on

E
m

b:
m

kr
nc

nt
R

ip
rn

p
R

ua
d

su
rf

a
c
in

g
(c

ru
sh

e
d

)
B

r
il

..
I~

es

C
u

lv
e
rt

s
nn

d
g

u
a
r.

d
ra

il
P

er
m

:1
I1

cn
t

A
c
c
e
ss

R
oa

d
-

3
7

(U
p

v
ii

C
an

yo
n

to
W

at
an

a)
C

1.
(':

lr
1

n
g

E
xc

<
lv

nt
in

ll
E

m
hn

nk
r.

lc
nt

R
ip

rn
p

R
an

d
su

rf
rt

c
in

g
(c

ru
sh

e
d

)
B

ri
d

g
e
s

C
u
l
v
~
r
t
s

R
nd

g
u

a
rd

ra
il

P
en

n
n

n
f'

n
t

o
n

-B
it

e
ro

a
d

s
P

o
w

er
p

I
a
n

t
:t

c
c
e
ss

tu
n

n
e
l

P
o

w
er

p
ln

n
t

a
c
c
e
ss

ro
ad

D
am

c
re

s
t

ro
ad

O
R

A
pp

en
di

x
I

8-
29

C
-I

0



C
-1

1



TA
BL

E
B

-5
--

D
E

T
A

IL
E

D
CO

ST
E

S
T

IM
A

T
E

--
C

on
ti

nu
ed

W
Al

'A
NA

D
.\

ll
A

N
i.)

R
ES

ER
V

O
IR

C
o

st
1\

('
I"

ou
n

t
U

n
it

T
o

ta
l

N
u
m
h
(
~
r

U
C

'l'
lc

ri
pt

io
n

o
r

It
em

U
n

it
Q

ua
nt

C
o

st
C

o
st

($
)

($
1

.0
0

0
)

2
0

P
E

R
f-

tA
N

E
l'i

T
O

PE
RA

TI
N

G
EQ

U
IP

M
EN

T
O

p
er

at
in

g
r:

qu
ip

m
en

t
!1

nd
F

a
c
il

it
ie

s
LS

1
1

,5
0

0
C

o
n

ti
n

g
en

ci
es

20
%

30
0

., ~

~.
~

TO
TA

L,
P

ER
.!t

i\N
EN

T
O

PE
RA

TI
N

G
E
Q
U
I
P
~
1
E
N
T

1
.8

0
0

~

50
CO

N
ST

RU
CT

IO
N

FA
C

IL
IT

IE
S

Ii
lJ

iv
(!

rl'
li

on
tu

n
n

el
s

,;}

E
xc

\l
va

ti
on

CY
2

8
1

,0
0

0
1

1
5

.0
0

3
2

,3
1

5
C

o
n

cr
et

e
CY

4
8

,7
5

0
2

7
5

.0
0

1
3

,4
0

7
C

em
('n

t
C

w
t

2
4

4
,0

0
0

4
.0

0
9

7
6

R
(
.
~
s
t
c
c
l

"L
bs

1
1

,5
4

4
,0

0
0

.6
0

6,
Q

27
S

te
el

se
ts

an
d

la
g

g
in

g
L

bs
1

,4
0

4
,0

0
0

1
.0

0
1

,4
0

4
R

oc
k

b
o

lt
s

EA
7

,8
0

0
1

7
0

.0
0

1
,3

2
6

D
iv

er
si

o
n

o
u

tl
"t

w
or

ks
E

xc
:n

va
ti

on
CY

1
4

,0
0

0
1

5
.0

0
2

1
0

,.,
C

o
n

cr
et

e
CY

7
,5

0
0

3
2

5
.0

0
2

,4
3

8
')

C
em

en
t

C
w

t
3

0
,0

0
0

4
.0

0
12

0
R

es
tc

e
1

L
bs

1
,5

0
0

,0
0

0
.6

0
90

0
A

nc
ho

rl
'l

LS
1

50
0

D
iv

er
si

o
n

in
le

t
w

or
ks

E
:x

ca
va

ti
on

CY
4

3
,0

0
0

1
5

.0
0

64
5

C
o

n
cr

et
e

CY
1

6
,5

0
0

3
2

5
.0

0
5

,3
6

3
C

em
('n

t
C

w
t

5
8

,0
0

0
l~

.
00

23
2

R
cs

tc
el

L
bs

2
,4

7
5

,0
00

.6
0

1
,4

8
5

G
at

e
fr

am
es

.'\
nd

g
at

es
LS

1
86

1
..

U
iv

cr
si

o
n

tu
n

n
el

p
lu

g
LS

1
3

,0
0

0
i

C
ar

e
o

f
LS

I
1

,0
0

0
~¥

'
\U

lt
er

S
u

b
tu

ta
l

7
3

,1
0

9
C
o
n
t
i
n
~
e
n
c
i
e
s

20
X

1
4

,6
2

2

TO
TA

L,
Cf

lN
ST

RU
CT

IO
N

FA
C

IL
IT

IE
S

8
7

,7
3

1

TO
TA

L
CO

N
ST

RU
CT

IO
N

CO
ST

9
9

8
,8

6
4

'30
E
N
G
~
t
J
E
E
R

lN
G

AN
D

D
ES

IG
N

3
9

,6
3

8

31
SU

Pr
.R

V
IS

IO
N

AN
D

A
D

M
IN

IS
TR

A
TI

O
N

4
9

,4
9

8

TO
TA

l.
P

R
O

JE
C

T
CO

ST
1

,0
8

8
,0

0
0

W
AT

AN
A

DA
M

AN
D

R
E

SE
R

V
O

IR
EL

EV
A

TI
O

N
22

00
(F

ir
st

-A
d

d
ed

)

C
-1

2



D
ET

A
IL

ED
CO

ST
ES

Tn
1A

TE

I)
I~
V

lL
CA

NY
ON

DA
M

A
N

D
R

ES
ER

V
O

IR
,

EL
EV

A
TI

O
N

1
4

5
0

.JA
NU

AR
Y

1
9

7
5

PR
IC

E
LE

V
EL

(S
EC

O
N

D
-A

D
D

ED
)

C
ll

st
h

l'
l'

lI
ll

l1
l

N
u

m
h

e
r

0]

l)
N

H
'r

1
p

t
1o

n
0

r
1

te
rn

I.
A

N
U

S
AN

D
D

M
1A

<;
I£

S
H

I-
s
e

rv
o

Ir
l'l

Ib
I

k
tlo

m
a

In
l'

r!
v

.,
rt

'
In

n
d

S
IU

:
an

d
o

th
e
r

1
~
C
'
c
re

n
t
io

n

U
n

it

AC AC AC AC

Q
ua

nt

8
,3

5
0

8
5

0
25

0
7

4
0

U
n

it
C

o
st

($
) 3

0
0

.0
0

3
0

0
.0

0
6

0
0

.0
0

6
0

0
.0

0

T
o

ta
l

C
o

st
($

1
,0

0
0

)

(2
,5

0
5

)
25

5
15

0
44

0

Si
lO

t
n

t:
l

I
C

n
n

t
1
n
~
c
n
c

ie
s

20
i?

(
;
(
l
V
I
~
r
n
m
c
n
t

.1
d

m
in

ls
tr

a
ti

v
e

c
o

st

T
O

T
A

l.,
LA

N
D

S
A

N
D

DM
1A

GE
S

C
o

n
s
tr

u
c
ti

o
n

c
o

st
F

co
nu

m
1

c
c
o
~
t

3
,3

5
0

6
7

0
43

0

(4
,4

5
0

)
1

,4
4

4
C3

,0
0

6
)

, \

01
In

:S
E

R
V

U
IH

C
lc

:l
ri

n
p

,
C

on
t·
[
n
~
{
'
n
c
i
c
s

20
%

'rO
T

A
L

,
R

E
S

E
R

V
O

lR

DA
HS

M
il

IN
D

M
!

M
o

h
l1

.1
?a

tl
o

n
n

n
d

p
re

p
a
ra

to
ry

w
o

rk
I'

rt
·v

cm
t
iu

n
o

f
w

a
te

r
p

o
ll

u
ti

o
n

S(
':l

1
j
n
~

o
f

ca
n

y
o

n
w

a
ll

s
E

x
c.

,v
n

t1
0

n
E
:
<
p
l
o
r
~
t
n
r
y

tu
n

n
e
ls

ll.
,m

F
o

u
n

d
a
ti

o
n

tr
e
a
tm

e
n

t
D

r
il
li
n

g
J

In
C

'
h

o
le

s
fo

r
ro

e
k

l
~
X
(
,
i
1
V
n
t
io

n
11

ri
11

in
g

a
n

d
g

ro
u

ti
n

g
D

r.
1

1
n

ag
e

h
o

le
s

C
o

n
c
re

te
D

am
T

h
ru

st
b

lo
c
k

F
o

u
n

d
at

Io
n

tr
e
a
tm

e
n

t

AC LS LS CY CY CY CY LF LF LF CY CY CY

1
,9

2
0

2
1

,0
0

0

3
,5

0
0

3
2

7
,0

0
0

3
,0

0
0

3
4

,0
0

0
6

4
,0

0
0

2
9

,5
7

0

99
4,

00
0

2
5

,6
0

0
3

,0
0

0

1
,5

0
0

.0
0

7
5

.0
0

1
9

0
.0

0
1

5
.0

0
6

0
.0

0

4
.6

0
2

2
.0

0
1

5
.3

0

5
0

.0
0

6
0

.0
0

1
2

5
.0

0

2
,0

8
0

57
6

3
,4

5
6

2
4

,1
0

0

50
0

1
,5

7
5

66
5

4
,9

0
5

18
0

15
6

1
,4

0
8

45
2

4
9

,7
0

0
1

,5
3

6
37

5
T

ab
lc

B
-6

A
pp

en
di

x
I

B
-3

2

C
-1

3



TA
BL

E
B

-
6

-"
'D

E
T

A
IL

E
D

C
O

ST
E

S
T

IM
A

T
E

--
C

on
ti

nu
ed

D
EV

IL
CA

NY
ON

DA
M

AN
D

R
ES

ER
V

O
IR

C
C

lA
t

A
t'c

ou
nt

:
~
u
m
b
e
r

0
4

.2

D
e
sc

ri
p

ti
o

n
o

r
It

em

D
A

M
S

M
A

IN
OA

M
(C

o
n

t'
d

)
F

ou
m

l;
lt

"i
on

,
m

as
s

S
tr

u
ct

u
T

.'
ll

C
oo

li
nJ

;
c
o

n
c
re

te
C

o
n

tr
ac

ti
o

n
ju

in
t

an
d

co
o

li
n

g
sy

st
em

g
ro

u
ti

n
g

C
em

en
t

P
O

Z
7.

0)
an

R
~
i
n
r
o
r
c
i
n
g

st
e
e
l

G
a

tt
!s

S
li

d
!.

'
g

a
te

s
,

fr
am

es
,

g
u

id
es

,
an

d
o

p
e
ra

to
rs

H
iS

C
l
~
1

Ja
n

co
u

s
Il

tJ
;h

st
re

n
g

th
s
te

e
l

st
rn

n
d

s
1
~
1
r
t
h
q
u
a
k
e

an
ch

o
ra

g
es

G
;m

tr
y

cr
an

e
G

n
n

tr
y

cr
n

n
e

ra
il

s
E

le
v

a
to

rs
S

ta
ir

w
ay

s
In

st
ru

m
en

ta
ti

o
n

R
uc

k
b

o
lt

s
C

h
n

ln
"'

Ji
n

k
fe

n
ce

E
l
ec

tT
ic

;)
l

nn
d

m
ec

h
an

Ic
al

w
or

k
M

is
ce

ll
an

eo
u

s
m

et
al

w
o

rk

S
u

b
to

ta
l

C
o

n
ti

n
g

en
ci

es
20

%

T
O

T
A

L
,

M
A

1
N

D
A

M

SP
IL

LW
A

Y
E

x
c
a
v

a
ti

o
n

,
a
J
l

c
la

ss
e
s

F
o

u
n

d
at

io
n

p
re

p
a
ra

ti
o

n
D

ri
ll

in
g

nn
d

g
ro

u
ti

n
g

A
n

ch
o

r
b

n
rs

D
rn

in
'l

g
e

sy
st

em
C

o
n

c
re

te
M

as
s

S
tr

u
c
tu

ra
l

C
('

m
cn

t

U
n

it

CY CY L5 L5 C
w

t
C

w
t

L
bs

L
h

s
1

5 L5
-

L
b

s
L5 L
b

s
L5 LF L

F L5 L
5 CY 5Y LF LF L5 CY CY C
w

t

Q
ua

nt

3
,7

7
9

)0
00

9
2

2
,0

0
0

1
,2

0
0

,0
0

0 4

2
9

0
,0

0
0

3
9

,0
0

0

1
0

5
,5

0
0

5
0

,0
0

0
1

,5
3

5

1
7

0
,0

0
0

2
3

9
,0

0
0

7
,5

2
0

8
,0

0
0

4
8

,0
0

0 1

3
7

,0
0

0
1

2
,0

0
0

1
5

2
,0

0
0

U
n

it
C

o
st

($
) 5

0
.0

0
3

2
5

.0
0

4
.0

0
3

.0
0

.6
0

3
4

5
,0

0
0

.0
0

2
.0

0

l.
0

0

5
.2

0

1
0

.7
0

1
5

.0
0

3
,0

0

1
5

.0
0

1
0

.0
0

2
5

.0
0

1
.2

5

5
0

.0
0

3
2

5
.0

0
4

.0
0

T
o

ta
l

C
o

st
($

1
,0

0
0

)

76
3

3
,3

2
8

2
,0

0
0

1
,1

3
5

1
5

,1
1

6
·

2
,7

6
6

72
0

1
,3

8
0

58
0

~
O
O

38
5 39

28
0

54
9

11
5

53
5 23

1
,0

0
0

51
0

1
1

7
,4

7
6

2
3

,4
9

5

1
4

0
,9

7
1

3
,5

8
5 75

20
0 60 50
0

1
,8

5
0

3
,9

0
0

60
8

C
-1

4

A
pp

en
di

x
I

B
-3

3



C
-1

5



TA
BL

E
B

-6
--D

ET
A

IL
ED

CO
ST

E
S
T
~
T
E
-
-
C
o
n
t
i
n
u
e
d

D
EV

IL
CA

NY
ON

DA
M

AN
D

RE
SE

RV
O

IR

C
O

H
t

i\
t'

co
u

n
l

N
ll

m
O

l'r
[
)
~
s
c
r
l
f
l
t
i
o
n

o
r

It
em

U
n

it
Q

u
an

t
U

n
it

C
os

t
($

)

T
o

ta
l

C
o

st
($

1
,0

0
0

)

D
A

M
S

A
U

X
ll.

lA
R

Y
DA

M
(E

AR
TH

FI
L

L
)

C
o

n
t'

a)
C

l'm
r!

1
t

ew
t

1
3

,5
0
a

S
uh

to
t<

11
C

o
n

ti
n

g
e
n

c
ie

s
20

%

TO
TA

L,
A

llX
Ti

..I
A

RY
DA

M

T
O

T
A

l..
D

A
M

S

4
.0

0
54

t

3
,2

4
7

65
0

3,
89

7

20
6,

79
6

07 07
.1

0
7

,2

PO
W

ER
PL

A
N

T
PO

W
ER

IIO
US

l::
M

ob
i

r1
70

11
l
io

n
an

d
p

rC
'p

ar
n

to
ry

w
or

k­
E

xe
'!

W
lt

io
n.

ro
c
k

C
o

n
cr

et
e

C
em

en
t

R
C

'i
n

fn
rc

in
g

s
te

e
l

A
rc

h
it

e
c
tu

ra
l

fe
a
tu

re
s

E
h

!v
at

u
r

M
cC

'h
:m

ic
al

an
d

l'
ll

~t
:
l
ri

c
a
l

w
o

rk
S

tr
u

c
tu

ra
l

s
te

e
l

M
is

c
rl

la
n

e
o

u
s

m
et

al
w

o
rk

S
ub

t0
t

,11
C
o
n
t
i
n
K
~
n
c
j
c
s

20
%

TO
TA

L.
PO

W
ER

HO
US

E

TU
R

B
[N

E
S

A
N

D
G

EN
ER

A
TO

RS
T

u
rb

in
es

G
n
v
c
r
n
u
r
~

(;
<

.'T
lc

ra
to

rs

S
lI

b
tl

\t
;}

1
C

o
n

t
!
n
g
~
n
c
L
c
s

20
%

L5
1

CY
1

2
0

,0
0

0
CY

2
0

,0
0

0
C

w
t

1
0

0
,0

0
0

Lb
s

4
,6

0
0

,0
0

0
L5 L5 L8 L
b

s
1

.2
0

0
,0

0
0

.
Lb

s
15

0
t
00

0

L5 LS L5

1
1

0
.0

0
3

2
5

.0
0

4
.0

0
,6

0

1
.5

0
3.

00

5
,0

0
0

13
,2

00
6

.5
0

0
4

0
0

2
,7

6
0

1
,0

0
0 75

4
,4

0
0

1
,8

0
0

45
0

35
,5

85
7.

11
7

4
2

,7
0

2

22
,5

75
2,

54
6

2
3

,0
5

2

4
8

,1
7

3
9,

63
5

TO
TA

L,
TU

R
B

IN
ES

AN
D

G
EN

ER
A

TO
RS

C
-1

6

57
,8

08

A
pp

en
di

x
I

B
-3

5



TA
BL

E
B

-6
-
~
D
E
T
A
I
L
E
D

CO
ST

E
ST

IM
A

T
E

--
C

on
t1

nu
ed



G
n

st
A

<
"c

nt
ln

t
N

um
be

r

OR

TA
B

LE
B

-6
--

D
E

T
A

IL
E

D
C

O
ST

E
S

T
IM

A
T

E
--

C
o

n
ti

n
u

ed

D
E

V
IL

CA
N

Y
O

N
DA

M
A

N
D

R
E

SE
R

V
O

IR

U
n

it
T

o
ta

l
I>

e
sc

ri
p

ti
o

n
o

r
It

e
m

U
n

it
Q

u
an

t
C

o
st

C
o

st
($

)
($

1
,0

0
0

)

RO
A

D
S

A
N

D
B

R
ID

G
E

S
(C

o
n

t'
d

)
C

u
lv

e
rt

s
LF

85
0

3
9

.0
0

33
T

u
n

n
c

I
L

F
2

.1
0

0
2

,9
7

5
.0

0
6

,2
4

8
R

oa
d

tn
o

p
e
ra

ti
n

g
fn

cJ
1
it

y
U

il
e

2
10

0,
00

q.
O

O
20

0

S
u

b
to

ta
l

7
,1

0
7

C
on

e
in

ge
nc

1e
l':

:
20

i.
1

,4
2

1

T
O

T
A

L
,

R
O

A
D

S
AN

D
B

R
ID

G
E

S
8

,5
2

8

R
E

C
R

E
A

T
W

N
F

A
C

IL
IT

IE
S

S
it

e
A

(B
O

C
lt

:t
n

"c
ss

o
n

ly
)

B
o

at
d

o
ck

FA
1

2
5

,0
0

0
.0

0
25

C
.1

m
pi

ng
u

n
it

s
£A

10
1

,8
0

0
.0

0
18

'I
'w

o
-v

:l
u

ll
to

il
e
ts

EA
2

2
,0

0
0

.0
0

4

S
u

b
to

tn
l

47
C

o
n

t
in

g
c
n

c
ie

s
15

%
7

T
o

ta
l

S
it

e
A

54

S
it

e
B

A
cc

es
s

ro
a
d

M
il

e
0

.5
1

0
0

.0
0

0
.0

0
~
n

O
v

c
rn

ig
h

t
ca

m
p

s
E

A
50

2
,5

0
0

.0
0

12
5

C
o

m
fo

rt
s
ta

ti
o

n
s

EA
2

3
5

,0
0

0
.0

0
70

P
o

w
er

L5
2

5
,0

0
0

.0
0

25
S

ew
er

ag
e

L5
5

0
,0

0
0

.0
0

50

S
u

h
to

t;
t1

32
0

C
o

n
ti

n
g

p
n

c:
ie

s
lS

i.
48

T
o

ti
1

1
S

it
e

R
36

8

S
it

e
C

T
r:

ti
lh

cn
cl

p
ic

n
ic

a
re

a
li

e
C

I!
S

R
ro

a
d

P
i.

cn
iC

'
u

n
it

s
w

/p
a
rk

in
g

T
ra

il
sy

st
e
m

T
w

o
-v

a
u

lt
to

il
e
ts

S
u
b
~
l
}
t
<
l
l

C
o
n
t
j
n
g
c
m
·
i
t
.
~
s

lS
i.

:
T

o
ta

l
S

it
e

C

M
il

e
E

A M
il

e
EA

0
.2

12 30 2

1
0

0
,0

0
0

.0
0

2
,0

0
0

.0
0

1
,0

0
0

.0
0

2
,0

0
0

.0
0

20 24 30 4 78 -1
2 90

T
O

T
A

L
,

R
EC

R
I::

A
TI

O
N

F
A

C
IL

IT
IE

S

C
-1

8

A
pp

en
di

x
I

B-
37

51
2



A
pp

en
di

x
1

8-
38

C
-1

9



T
A

B
L

E
B

-6
--

D
E

T
A

IL
E

D
C

O
ST

E
S

T
lH

A
T

E
--

C
o

n
ti

n
u

e
d

D
E

V
IL

C
A

N
Y

O
N

DA
M

A
N

D
R

E
S

E
R

V
O

IR

C
o

s
t

A
C

'c
'u

u
n

t
N

U
l1

lb
er

I
l
l
'
~
C
'
r

j
p

ti
o

n
o

r
It

e
m

C
O

N
ST

R
U

C
T

IO
N

F
A

C
IL

IT
IE

S

R
t.·

'"
t

t.'
"

l
A

n
d

lo
rs

C
a
re

o
f

W
'l

te
r

S
u

b
to

t
:.1

1
G

o
n

li
n
~
c
n
c
j

e
s

20
i.

U
n

it

(C
o

n
t'

d
)

L
b

s
L

S L5

Q
u

a
n

t

75
0,

00
0 1 1

U
n

it
C

o
st

($
)

.6
0

T
o

ta
l

C
o

st
($

1
,0

0
0

)

45
0

25
0

1
,0

0
0

1
3

.5
8

3
2

,7
1

7

'\
0

T
O

T
A

L
,

C
O

N
ST

R
U

C
T

IO
N

F
A

C
IL

IT
IE

S

T
O

T
A

L
,

C
D

N
ST

R
U

C
T

IO
N

C
O

ST

E
N

C
:1

N
E

f.R
IN

G
AN

D
D

E
S

IG
N

S
U

P
E

R
V

IS
IO

N
AN

D
A

D
M

IN
IS

T
R

A
T

IO
N

T
O

T
A

L
[)

R
O

JE
C

T
C

O
ST

O
IW

IL
C

A
N

Y
O

N
DA

M
A

N
D

R
E

S
E

R
V

O
IR

E
L

E
V

A
T

IO
N

14
50

(S
E

C
O

N
D

-A
D

D
E

o)

C
-2

0

16
.3

00

38
5.

77
9

26
.9

62

19
.2

59

43
2,

00
0

A
pp

en
di

x
I

8-
39



':P::J::o--I
I"'0PI
"""'0tT
Oft-'

:)(1)
C.
~"0'
:><,

....'

--

1),'I)"~'~"'l'~-'l··-····1'L"}']~..]~,.-1J





- - - -"i 1

AP
PE

ND
IX

D

CO
RP

S
OF

EN
GI

NE
ER

S
19

79
SU

PP
LE

M
EN

TA
R

Y
FE

AS
18

IL
IT

Y
RE

PO
RT

(8
)

CO
ST

DA
TA

AN
D

SC
HE

DU
LE





0-
1



.."
TA

BL
E

B
-l

--
D

£l
A

lL
cD

CO
ST

ES
TI

M
A

TE
--C

on
tin

ue
d

W
AT

AN
A

DA
M

Ar
m

R
ES

ER
VO

IR

Co
s-

t
A

cc
ou

nt
U

ni
t

T
ot

al
N

um
be

r
D

es
cr

ip
ti

un
or

It
em

U
ni

t
Q

ua
nt

"
-C

os
t

C
os

t
($

)
($

1,
00

0)

04
DA

M
S

04
.1

M
AI

N
DA

M
(C

on
t'd

)
Em

ba
nk

m
en

t
Se

m
i

P
er

vi
ou

s
Fr

om
st

oc
kp

il
e

CY
1,

33
5,

00
0

3.
50

4,
67

3
Fr

om
re

q.
ex

ca
va

ti
on

CV
4,

74
3,

00
0

1.
00

-
4,

74
3

Im
pe

rv
io

us
.

Fr
c:m

re
q.

ex
ca

va
ti

on
CY

3,
34

2,
00

0
1.

00
3,

34
2

Fr
om

bo
rr

ow
CY

4,
03

1,
00

0
4.

00
16

,1
24

Ro
ck Fr
om

ab
ut

m
en

ts
~
R
~
q
.

ce
xc

av
at

io
n

CV
1,

12
3,

00
0

-.
7

5
84

_2
S

to
ck

pi
le

CY
42

0,
00

0
3.

25
.

1,
36

5
Fr

om
S

pi
ll

w
ay

R
eq

.
ex

ca
.C

Y
13

,6
93

,0
00

.7
5

10
,2

70
.F

ro
m

ro
ad

s'-
(s

to
ck

p
il

e)
CV

-
2,

34
8,

00
0

3.
25

7,
63

1
Fr

om
gr

ou
t

-g
al

le
ry

-'
CV

36
,0

00
.7

5
27

Fr
om

st
oc

kp
il

e
m

is
c.

CV
80

0,
00

0
3.

25
2,

60
0

Fr
om

bo
rr

ow
.

.
CV

17
,8

76
,0

00
9.

00
16

0,
88

4
F

il
te

rs
fr

om
bo

rr
ow

CY
7,

82
2,

00
0

8.
00

.6
5,

57
6

R
ip

ra
p

CV
22

3,
00

0
22

.0
0

4
,
~
O
6

G
ro

ut
g

al
le

ry
E

xc
av

at
io

n
CV

26
,7

00
-

75
.0

0
2,

00
3

C
on

cr
et

e
(r

o
o

f-
si

d
es

).
CY

19
..0

00
37

5.
00

7,
12

5
C

em
en

t
.

Cw
t

87
,0

00
8.

00
69

6
~

R
ei

nf
or

ce
m

en
t

LB
6,

79
3,

00
0

.5
5

3,
73

6
tJ 1: 1

C
on

cr
et

e
fl

o
o

r
st

ep
s,

"

la
nd

in
gs

,
et

c
CY

2,
75

0
50

0.
00

1,
37

5
-V

en
ti

la
ti

on
.

37
5

A
cc

es
s

tu
nn

el
fr

om
Po

w
er

ho
us

e
.

E
xc

av
at

io
n

ro
ck

CY
10

,7
68

19
0.

00
2,

04
6

C
on

cr
et

e
CY

6,
52

8
60

0.
00

3,
91

7
_C

em
en

t
Cw

t
26

,1
09

-
8.

00
20

9
R

es
t.e

el
LB

2,
16

4,
00

0
.5

5
1,

19
0

S
ub

to
ta

l
38

7,
85

0
C

on
ti

ng
en

e;
es

15
%

58
,1

78

TO
TA

L,
M

AI
N

DA
M

.
44

-6
,0

00
. 04

.2
SP

IL
LW

AY
C

le
ar

in
g

&
st

ri
pp

in
g

AC
15

8
2.

50
0.

00
39

5
Fo

un
da

tio
n

pr
ep

.
" S

Y
3
3
~
7
0
0

50
.0

0
1,

68
5-

E
xc

av
at

io
n

Co
mm

on
CY

10
,5

68
,0

00
2.

00
21

.1
36

D
-2



D
-3



W
I\1

J\N
I\

O
N

'!
I\H

lJ
R

£S
EH

V
O

IR

C
os

t
A

cc
ol

Jn
t

N
um

be
r

D
es

cr
ip

ti
o

n
o

r
It

em
U

ni
t

Q
ua

nt
U

ni
t

C
os

t
($

)

T
ot

al
C

os
t
.
~

(S
1
.O
C~
)

04 04
.3

DA
M

S
OU

TL
ET

\-I
OR

KS
45

0
S

lo
pe

H
or

iz
on

ta
l

T
ai

n
te

r
g

at
es

(4
)

S
l1

de
g

at
es

(4
)

T
ra

sh
ra

ck
s

(2
)

C
em

en
t

E
le

v
at

o
rs

(5
0-

to
n)

M
ob

an
d

P
re

p
w

or
k

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

To
rA

L,
OU

TL
ET

W
OR

KS

LF
4,

80
0

20
.0

0
LF

4
,4

0
0

20
.0

0
LB

49
6,

00
0

~
.
O
O

LB
2,

20
0,

00
0

3.
00

LB
64

,8
00

2
.0

0
Cw

t
11

0,
70

0
8

.0
0

LS
2

2
5

0
,0

0
0

.0
0

LS
1

96 8
8
~
.

1,
48

8\
;~

6,
60

0"
:

13
0

.
88

6:
1\

50
0

&\;
'

1,
70

0

35
,0

81
.

7,
01

6

42
,0

00

2
.0

0
2.

00

1
~

30
.0

0
50

.0
0

10
0.

00
50

0.
00

8
.0

0
.5

5
4

.5
0

2.
00

.
6.

66
G

-;"
J!\

i
18

5
:,

3
,9

S
O

'!
51

,4
50

4
.4

4
5

5,
15

5
15

8
1,

87
6

10
0

30
0

7
,7

2
0

3,
18

8

2,
25

0
30

0
3,

50
0

42
5

16
,6

43
12

,3
20

1,
12

6
26

6
65

,7
45

5,
40

0
SO

D

22
2,

00
0

3
,7

0
0

.
39

,5
00

10
2,

90
0

55
5,

60
0

9
,3

7
2

,0
0

0
35

,0
00

93
8,

00
0 1 1

3,
86

0,
00

0
1

,5
9

4
,0

0
0 1 1 1 1

9
5

,1
0

0
·

1
7

5
.0

0
3

5
.2

0
0

35
0.

00
1

4
0

,8
0

0
8

.0
0

4
8

3
,0

0
0

.5
5

2
4

.3
5

0
.0

0
0

2
.7

0
3

1,
80

0,
00

0.
00

1

D
-4

PO
W

ER
IN

TA
KE

W
OR

KS
M

ob
an

d
P

re
p

W
or

k
LS

In
ta

ke
st

ru
ct

u
re

E
xc

av
at

io
n

{r
oc

k}
CY

F
ou

nd
at

io
n

p
re

p
ar

at
io

n
SY

M
as

s
co

n
cr

et
e

CY
S

tr
lJ

ct
ur

a1
co

nc
re

te
CY

C
em

en
t

C
w

t
R

es
te

el
LB

Em
b.

m
et

al
LB

'
T

ra
sh

ra
ck

LB
.

S
ta

ir
s

LS
E

le
v

at
o

r
LS

B
ul

kh
ea

d
ga

te
s

LB
S

to
pl

og
s

I
LB

E
le

c
tr

ic
a
l

an
d

m
ec

ha
ni

ca
l

w
or

k
LS

T
ru

ck
cr

an
e

LS
B

ri
dg

e
-

LS
T

ra
sh

bo
om

LS
T

un
ne

l
ex

ca
va

ti
on

CY
C

on
cr

et
e

CY
C

em
en

t.
C

w
t

R
es

te
el

LB
S

te
el

li
n

e
r

LB
B

or
.n

et
te

d
ga

te
s

EA
Lo

g
Bo

om
LS

04
.4



·....
.

,1
/\
l~
LL

B
-I

--
·I

JL
ll

\l
L

l.
lJ

C
O

:d
L~
T1
f1
1\
IL
--
Cl
lI
IL
iI
lU
l:
U

~
i
A
T
A
N
A

O
N4

AH
D

RE
SE

RV
Ol

R

C
os

t
A

cc
ou

nt
N

um
be

r
D

es
cr

ip
ti

on
or

It
em

U
r.i

t
Q

ua
nt

U
ni

t
C

os
t

($
)

T
ot

al
C

os
t

($
1,

00
0)

LSLS LB LB

-L
S

·
LF LB LS LS

15
,1

50
28

,8
00

2,
03

8
3,

80
2

1,
50

0
60

0

5,
00

0
2,

50
0

67
5

75
0

25
3

20
4

1
,0

00
'0'

25
0

90
0

66
,4

72
13

,2
94SO

D

20
3,

86
2

40
,7

72

24
5,

00
0

8
~
o
,
U
0
9

2.
00

4
.5

0

30
.0

0
2.

00

75
.0

0
50

0.
00

8.
00 .5

5

11

20
2,

00
0

57
,6

00
26

1,
00

0
6,

91
2,

00
0 1 1

1,
25

0,
00

0
15

0,
.0

00 1
'8

,4
4

5
.-

10
2,

00
0­ 1 1 1

CY CY Cw
t

LB lS lS

PO
W

ER
HO

US
E

M
ob

an
d

pr
ep

w
or

k
lS

Ro
ck

ex
ca

va
ti

on
,

tu
n

n
el

s,
P.

H
.

ch
am

be
r,

tr
an

s­
fo

rm
er

ch
am

be
r,

et
c

C
on

cr
et

e
C

em
en

t
R

ei
nf

or
ce

m
en

t
A

rc
hi

te
ct

ur
al

fe
at

ur
es

E
le

va
to

rs
H

ec
ha

nc
ia

1
an

d
el

ec
tr

ic
al

w
or

k
S

tr
u

ct
u

ra
l

st
ee

l
M

is
c.

~
1
e
t
a
l
w
o
r
k

D
ra

ft
tu

be
bu

lk
he

ad
ga

te
s

-
gu

id
es

R
oc

k
bo

lt
s

S
te

el
se

ts
60

0
to

n
br

id
ge

cr
an

e
JO

to
n

br
id

ge
cr

an
e

A
ir

sh
af

t
(t

ra
ns

fo
rm

er
.

ch
am

be
r)

31
OI

A
88

0
1

O
A
f
~
S

PO
W

ER
IN

TA
KE

W
OR

KS
(C

on
t1

d)
E

le
ct

ri
ca

l
an

d
m

ec
ha

ni
ca

l
\'/O

rk
LS

TO
TA

L,
PO

W
ER

IN
TA

KE
W

OR
KS

TO
TA

L
DA

t4S

PO
W

ER
PL

AN
T

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

04 04
.4

07 .0
7.

1

TO
TA

L,
PO

W
ER

HO
US

E
80

.0
00

0-
5



·
lA

B!
.!:

B
-I

--
U

ET
I\f

L[
[)

CO
SI

[S
Tl

f.1
I\T

[--
C

ul
lL

iI
lu

ct
l

W
AT

AN
A

D
N

1
Ar

m
RE

SE
RV

OI
R

C
os

t
A

cc
ou

nt
U

n
it

T
ot

J1
N

um
be

r
D

es
cr

ip
ti

on
o

r
Ite

m
U

n
it

Q
ua

nt
C

os
t

C
os

t
($

)
($

1,
00

0)
07

PO
W

ER
Pl

AN
T

(C
on

tl
d)

07
.2

TU
RB

IN
ES

AN
D

GE
NE

RA
TO

RS
T

ur
bi

ne
s

LS
1

18
,9

00
G

ov
er

no
rs

LS
1

81
4

G
en

er
at

or
s

LS
1

21
.6

00

S
ub

to
ta

l
41

,3
14

C
on

ti
ng

en
ci

es
15

%
6,

19
7

TO
TA

L,
TU

RB
IN

ES
AN

D
GE

NE
RA

TO
R:

.;
48

,0
00

07
.3

AC
CE

SS
OR

Y
EL

EC
TR

IC
AL

EQ
UI

PM
EN

T
A

cc
es

so
ry

E
le

ct
ri

ca
l

E
qu

ip
m

en
t

LS
1

3,
53

2
C

on
ti

ng
en

ci
es

15
%

53
0

TO
TA

L,
AC

CE
SS

OR
Y

EL
EC

TR
IC

AL
EQ

UI
PH

EN
T

4,
00

0

07
.4

M
IS

CE
lL

AN
EO

US
PO

W
ER

PL
AN

T
EQ

UI
PM

EN
T

M
is

ce
ll

an
eo

us
Po

w
er

p1
an

t
E

qu
ip

m
en

t
LS

1
1,

71
6

C
on

ti
ng

en
ci

es
15

%
25

7

TO
TA

L,
M

IS
CE

LL
AN

EO
US

PO
W

ER
PL

AN
T

EQ
UI

PM
EN

T
2,

00
0

07
.5

TA
IL

RA
CE

·
M

ob
an

d
Pr

ep
W

or
k

lS
1

2,
40

0
Tu

nn
el

ex
ca

va
ti

on
CY

23
3,

00
0

85
.0

0
19

,8
05

C
o
n
c
l
~
e
t
e

1i
n

in
9

CV
28

,2
00

25
0.

00
7,

05
0

C
em

en
t

Cw
t

11
2,

80
0

8.
00

90
2

R
ei

nf
or

ce
m

en
t

LB
5,

20
2,

00
0

.5
5

2,
86

1
Ro

ck
bo

1
ts

IF
51

,0
00

20
.0

0
1,

02
0

S
te

el
se

ts
lB

1,
11

5,
00

0
1.

50
1,

67
3

O
ut

le
t

P
or

ta
l

E
xc

av
at

io
n

ro
ck

CY
2.

50
0

75
.0

0
18

8
C

on
cr

et
e

CV
45

0
50

0.
00

22
5

C
em

en
t

Cw
t

1,
80

0
8.

00
14

R
ei

nf
or

ce
m

en
t

LB
20

7,
00

0
.5

5
11

4
""";'

~

S
to

p1
og

s-
st

ee
l

.
LB

73
7,

10
0

1.
50

1,
10

6
Jj

T
ai

lr
ac

e
ch

an
ne

l
E

xc
av

at
io

n
ro

ck
CY

.
17

6,
30

0
50

.0
0

8,
81

5
C

on
cr

et
e

CY
4,

42
5

30
0.

00
1,

32
8

C
em

en
t

Cw
t

17
,7

00
8.

00
14

2
R

ei
nf

o"
rc

em
en

t
LB

17
7

,0
00

.5
5

97
A

nc
ho

r
ba

rs
#9

LF
5,

70
0

15
.0

0
86

~
,

D
-6



"1
I\B

l.I
.

B
-I

--
D

E
1l

\l
ll

.1
J

CU
S

I
I.S

11
M

I\
n:

--
C

O
l\

L
ir

llw
d

W
l\l

l\N
A

DM
1

J\H
U

f{
[S

CR
VO

II
t

TO
TA

L,
SW

IT
CH

YA
RD

TR
AN

SM
IS

SI
ON

FA
C

IL
IT

IE
S

T
ra

ns
m

is
si

on
fa

c
il

it
ie

s
LS

C
on

ti
ng

en
ci

es
20

%

TO
TA

L,
TR

AN
SM

IS
SI

ON
FA

C
IL

IT
IE

S

TO
TA

L,
PO

W
ER

PL
AN

T

RO
AD

S
AN

D
BR

ID
GE

S
Pe

rm
an

en
t

A
cc

es
s

Ro
ad

-
27

m
il

es
(H

ig
hw

ay
N

o.
3

to
D

ev
il

C
an

yo
n)

C
le

ar
in

g
an

d
gr

ub
bi

ng
AC

E
xc

av
at

io
n

Ro
ck

CY
,C

om
m

on
CY

Em
ba

nk
m

en
t

CY
R

ip
ra

p
CY

Ro
ad

su
rf

ac
in

g
(c

ru
sh

ed
).

CY
B

ri
dg

es
lS

C
ul

ve
rt

s
an

d
gu

ar
dr

ai
l

lS
Pe

rm
an

en
t

A
cc

es
s

Ro
ad

-
37

m
il

es
(D

ev
il

C
an

yo
n

to
W

at
an

a)
C

le
ar

in
g

AC
E

xc
av

at
io

n
Ro

ck
CY

Co
m

m
on

'
CY

13
5

"1
,5

0
0

.0
0

,,
,,

",
,

C
os

t
A

cc
ou

nt
N

um
be

r

07 07
.5

07
.6

07
.7

08

D
es

cr
ip

ti
on

or
It

em

PO
W

ER
PL

AN
T

(C
on

t'd
)

TA
IL

RA
CE

(C
on

tl
d)

C
of

fe
rd

am

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

TO
TA

L,
TA

lL
RA

CE

SW
IT

CH
YA

RD
T

ra
ns

fo
rm

er
s

In
su

la
te

d
ca

bl
es

E
ar

th
w

or
k

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

U
ni

t

lS lS lS LS

Q
ua

nt

1

.
1 1 1 1

20
0,

00
0

60
,0

00
89

0,
00

0
2,

70
0

21
6,

00
0 1 1

19
5

30
0,

00
0

90
,0

00

U
ni

t
C

os
t

($
) 20

.0
0

3
.0

0
3

.5
0

30
.0

0
15

.0
0

1
,5

0
0

.0
0

20
.0

0
3

.0
0

T
ot

al
C

os
t

($
1,

00
0)

2,
00

0

49
,8

26
9,

9G
5

60
,0

00

5,
43

4
2,

83
2

1,
30

0

9,
56

6
1

;9
13

11
,0

00

25
5,

00
0

51
,0

00

30
6,

00
0

5i
l,O

O
O

20
3

4,
00

0
18

0
3,

11
5 81

3,
24

0
15

,0
00

1,
25

0

29
3

q,O
O

O
27

0

0-
7



"lf
lB

lJ:
1
~
-
I
-
-
l
J
n
A
l

LL
U

C
U

S:
I.S

T
U

.,J
\T

L
--

C
uI

IL
il

I\J
ed

W
AT

AN
A

DA
M

AH
O

RE
SE

RV
OI

R

C
os

t
flc

co
un

t
N

um
be

r
D

es
cr

ip
ti

on
or

Ite
m

U
r.

it
Q

ua
nt

U
ni

t
C

os
t

($
)

T
ot

al
C

os
t

(S
l,O

O
O

)

10
3,

00
0.

00
2

3
~
O
O
O
.
0
0

08 14

RO
AD

S
AN

D
BR

ID
GE

S
(C

on
tI

d
)

Em
ba

nk
m

en
t

CY
R

ip
ra

p
CY

Ro
ad

su
rf

ac
in

9
(c

ru
sh

ed
)

CY
B

ri
dg

es
LS

C
ul

ve
rt

s
an

d
gu

ar
dr

ai
l

LS
Pe

rm
an

en
t

o
n

-s
it

e
ro

ad
s

Po
w

er
pl

an
t

ac
ce

ss
tu

nn
el

LS
Po

w
er

pl
an

t
ac

ce
ss

ro
ad

lS
Da

m
cr

es
t

ro
ad

LS
M

ob
an

d
pr

ep
lS

S
pi

ll
w

ay
ac

ce
ss

ro
ad

LS
Sw

itc
hy

ar
d

ac
ce

ss
ro

ad
LS

Ro
ad

to
op

er
at

in
g

fa
ci

li
ty

lS
Po

w
er

in
ta

ke
st

ru
ct

u
re

ac
ce

ss
ro

ad
lS

A
ir

st
ri

p
ac

ce
ss

ro
ad

LS

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

T
O
T
A
L
~

RO
AD

AN
D

BR
ID

GE
S

RE
CR

EA
TI

ON
FA

CI
LI

TI
ES

S
it

e
0

Ca
m

p
un

it
s

(t
en

t
ca

m
p)

EA
V

au
lt

to
il

et
s

EA

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

·T
at

al
S

it
e

D

1
~
2
4
4
,
O
O
O

3,
80

0
30

4,
00

0 1 1 1 1 1 1 1 1 1 1 1

3.
50

30
.0

0
15

.0
0

4
~
3
5
4

11
4

4,
56

0
5,

00
0

2,
25

0

15
,4

59
1,

97
1

12
5

3,
50

0
56

0
30

0

30
0

37
5

65
0

73
,1

50
1
4
~
6
3
0

a8
,O

O
O 30 6 36
7 43

~
I

T
O
T
A
L
~

RE
CR

EA
TI

ON
FA

CI
LI

TI
ES

BU
IL

D
IN

G
S,

G
R
O
U
N
D
~

AN
D

U
TI

LI
T1

ES
li

v
in

g
qu

ar
te

rs
an

d
O

&M
fa

ci
li

ti
es

LS

19

S
it

e
E

T
ra

i1
.s

ys
te

m
C

on
ti

ng
en

ci
es

20
%

T
ot

al
S

it
e

E

M
I

12
15

,0
00

.0
0

1

18
0 36 21
6

l
~
O
O
O

'
2
~
5
0
0

0-
8



-..
..-

.....
....

"'J
\I

lL
l

B
-I-

-lJ
LT

I\J
LI

.U
C

O
SI

L
S

T
H

'IJ
\I

E
--

C
on

L
ll

lu
L

'd

W
f\T

I\N
I\

D
M

l
1\1

10
R

C
SU

W
O

I
R

C
os

t
A

cc
ou

nt
N

um
be

r
D

es
cr

ip
ti

on
or

It
em

U
n

it
Q

ua
nt

U
ni

t
C

os
t

($
)

T
ot

al
C

os
t

(S
l,O

O
O

)

­i

19
BU

IL
D

IN
G

S,
GR

OU
ND

S,
AN

D
U

TI
LI

TI
ES

(C
on

tl
d)

V
is

it
o

r
fa

c
il

it
ie

s
V

is
it

o
r

bu
il

di
ng

LS
1

P
ar

ki
ng

ar
ea

SF
12

,0
00

3.
00

"B
oa

t
ra

m
p

LS
1

V
au

lt
to

il
et

s
EA

2
3,

00
0.

00
Ru

nw
ay

fa
d

1i
ty

LS
1

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

10
0 36 20
0 6

25
0

3,
19

2
63

8

TO
TA

L,
PE

RM
AN

EN
T

OP
ER

AT
IN

G
EQ

UI
PM

EN
T

CO
NS

TR
UC

TI
ON

FA
C

IL
IT

IE
S

T
O
T
A
L
~

B
U
I
L
O
I
N
G
S
~

G
R
O
U
N
O
S
~

AN
D

U
TI

LI
TI

ES

PE
RM

AN
EN

T
OP

ER
AT

IN
G

EQ
UI

PM
EN

T
O

pe
ra

ti
ng

E
qu

ip
m

en
t

an
d

F
ac

il
it

ie
s

LS
C

on
ti

ng
en

ci
es

20
%

TO
TA

L,
CO

NS
TR

UC
TI

ON
FA

C
IL

IT
IE

S

20 50
D

iv
er

si
on

tu
nn

el
s

0
.5

.
B

ul
kh

ea
d

E
xc

av
at

io
n

Co
m

m
on

Ro
ck

T
un

ne
l

33
H

..S
:

C
on

cr
et

e
L

in
in

g
R

ei
nf

or
ce

m
en

t
S

tr
u

ct
u

ra
l

R
ei

nf
or

ce
m

en
t

Ro
ck

b
o

lt
s

V
er

ti
ca

l
fa

ce
T

un
ne

l
ro

of
B

ul
kh

ea
ds

C
em

en
t

Pl
ug

tu
nn

el
s

'C
ar

e
of

\.,
ra

te
r

M
ob

an
d

pr
ep

w
or

k

Su
b.

to
ta

1
C

on
ti

ng
en

ci
es

20
X

LS CY
.

CY CY CY LB CY LB LF LF LS C\
"t

LS LS LS

1 1

37
,7

00
17

3,
60

0
33

6,
20

0

58
,3

50
3

,1
5

5
,0

0
0

9,
15

0
1
~
0
4
5
,
0
0
0

24
,9

00
40

,0
00

1
38

6,
70

0 1 1 1

15
.0

0
50

.0
0

90
.0

0

27
5.

00 .5
5

50
0.

00 .5
5

20
.0

0
20

.0
0

8.
00

~
,
o
b
o

2,
50

0
50

0

3,
00

0 75 56
6

8,
68

0
30

,2
58

16
,0

46
1,

73
5

4,
57

5
57

5

49
8

80
0

90
0

3,
09

4
1,

35
2

1,
25

0
3,

50
0

73
,9

24
14

,7
85

09
,0

00

0-
9



lA
llL

L
U

-l
--

U
E

T
A

IL
E

U
CU

SI
lS

"l
lM

A
T

E
--

C
un

ti
fl

uc
d

W
AT

AN
A

DM
1

A
rm

R
[S

ER
V

O
rR

C
o

st
A

cc
ou

nt
N

um
be

r
D

es
cr

ip
ti

o
n

o
r

Ite
m

U
ni

t
Q

ua
nt

U
ni

t
C

o
st

($
)

T
o

ta
l

C
o

st
($

l
s
00

0)

TO
TA

L
CO

N
ST

RU
CT

IO
N

CO
ST

EN
G

IN
EE

R
IN

G
AN

D
D

ES
IG

N
4%

S
U

P
E

R
V

IS
IO

N
Ar

m
.A

D
M

IN
IS

TR
A

TI
O

N
5%

TO
TA

L
PR

O
JE

CT
CO

ST
WA

TA
NA

DA
M

AN
D

RE
SE

RV
OI

R
E

lE
V

A
T

IO
N

21
.:i

5
(F

ir
.s

t-
A

dd
ed

)

0-
10

1
s6

19
,0

00

65
s
00

0

B
L

O
O

D
.

ls
7

6
5

s0
00

'
.

.'
!" (
~

;;



0-
11



TA
GL

E
B

-2
--D

ET
A

IL
ED

CO
ST

E
ST

IH
J\

T
E

--
C

on
tin

uc
d

DE
VJ

L
CA

rlY
OH

UA
M

IiN
U

RE
SE

RV
O

IR
.

EL
EV

A
TI

O
N

14
50

.
GR

AV
IT

Y
OA

H

4
1
t
3
5
0
~
O
O
O
.
O
O

·5
,4

0
0

1,
84

5
20

.0
0

37
89

1,
56

0
.5

5
49

0

50
0.

00
1,

67
6

.5
5

2,
36

3

2,
75

0
8.

00
59

,5
20

15
,4

00

32
3,

44
5

64
,6

89
38

8,
00

0

C
os

t
A

cc
ou

nt
N

um
be

r

.0
4 04

.1

04
.4

D
es

cr
ip

ti
on

o
r

It
em

DA
MS M
AI

N
DA

M
(C

on
t'd

)
S

ca
li

ng
ca

ny
on

w
al

ls
S

to
pl

og
,
c
o
~
p
l
e
t
e

G
an

tr
y

cr
an

e
E

le
va

to
r

S
ta

ir
w

ay
s

r:o
ck

b
o

lt
s

E
le

ct
ri

ca
l

an
d

.m
ec

ha
nc

ia
1

w
or

k
M

is
ce

ll
an

eo
us

m
et

al
w

or
k

F
ou

nd
at

io
n

tr
ea

tm
en

t
D

ri
ll

in
g

an
d

gr
ou

ti
ng

D
ri

ll
in

g
-d

ra
in

ag
e

ho
le

s
C

on
cr

et
e

fo
r

p
ar

ap
et

an
d

ov
er

ha
ng

R
es

te
el

S
li

d
e

g
at

es
,

fr
am

es
,

gu
id

es
an

d
op

er
at

or
s

C
ha

in
'l

in
k

fe
nc

e
R

es
te

el
fo

r
sl

uc
e

co
nd

ui
ts

E
xp

lo
ra

to
ry

tu
nn

el
s

(e
xc

av
at

io
n)

R
oc

k
b

o
lt

s
C

on
tr

ac
ti

on
jo

in
t

&
co

ol
in

g
sy

st
em

gr
ou

ti
ng

C
em

en
t

M
ob

an
d

Pr
ep

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

TO
TA

L,
M

AI
N

DA
M

PO
W

ER
IN

TA
KE

W
OR

KS
M

ob
an

d
P
r
J
~
P

E
xc

av
at

io
n

O
pe

n
cu

t
T

u
n

n
e

ls
·

C
on

cr
et

e
M

as
s

S
tr

uc
tu

ra
1

an
d

ba
ck

fi
11

C
em

en
t

R
ei

nf
or

ci
ng

st
ee

l
P

en
st

oc
ks

U
ni

t

LS LS lS
'

lS lS
,

lS LS lb
.

IF LF LF CY Lb S
et

s
LF Lb CY LF LS C

w
t

lS lS CY CY Cy CY Cw
t

Lb lb D
-1

2

Q
ua

nt
it

y

1 1 1 1 1 1 1
2,

50
0

40
0,

00
0

70
,0

00
·

52
,5

00

3,
35

2
4

,2
9

6
,1

1
5

·'

3.
50

0
50

,0
00

1
7
,
4
4
l
~
O
O
O 1 1

7,
20

0
34

,4
00

7,
30

0
10

,4
30

74
,0

00
2,

47
8,

00
0

9,
58

2,
27

0

U
n

it
C

os
t

($
) 4.

50
5.

56
50

.0
0

35
.0

0

40
0.

00
20

.0
0

7
5

.0
0

1
7

5
.0

0

10
0.

00
50

0.
00

8
.0

0
.5

5
2.

25

""""
T

o
t?

l
C

os
...;'

($
1,

00
0;

:""
"\ 'b

1
,
O
O
O
~

1
,0

0
0

i.
75

0
60

0
""

,!,

68
6

1
,5

00

1,
50

0 11
2,

22
4

3,
50

0
1

,8
38

1,
40

0
1,

00
0

4,
49

6

.5
40

6,
02

0

73
0

5,
21

5
59

2
1'

,3
63

21
,5

60



TA
BL

E
B

-2
:-

-U
E

T
A

IL
[D

CO
ST

L
~
T
H
1
A
T
E
-
-
C
o
l
1
t
i
l
1
l
J
c
d

U
[V

IL
CA

NY
OH

UI
\M

AN
D

I{
[S

ER
V

O
IR

,
[L

EV
A

Tl
O

N
14

50
,

G
H

I\V
IH

DA
r·1

C
os

t
A

cc
ou

nt
N

um
be

r
U

cs
cr

ip
ti

ol
\

o
r

It
em

U
ni

t
Q

ua
nt

it
y

U
ni

t
C

os
t

($
).

T
ot

al
Co

s
t

($
1

,0
00

)

0
4

,
04

.4

:

DA
HS PO

W
ER

IN
TA
!~
E

W
OR

KS
(C

on
t1

d)
B

on
ne

tte
d

ga
te

s
an

d
co

nt
ro

ls
EA

.S
to

p
lo

gs
,

(9
36

00
0#

)
lS

T
ra

sh
ra

ck
s

(4
21

,0
00

#
ea

ch
)

EA
­

In
ta

ke
se

le
ct

o
r

ga
te

to
w

er
E

xc
av

at
io

n
ro

ck
CY

C
on

cr
et

e
st

ru
ct

u
ra

l
CY

C
em

en
t

C
w

t
R

ei
nf

or
ce

m
en

t
lb

S
el

ec
to

r
ga

te
s(

l,
50

0,
O

O
O

#)
EA

.
.

41
,8

0C
,O

O
O

.0
0

1 ·,2
L

5
0

7,
40

0
50

.0
0

47
,1

00
50

0.
00

18
8,

40
0

8.
00

7,
06

5,
00

0
.5

5
4

3,
37

5,
00

0.
00

7,
20

0
1-

,8
75

1,
26

3

37
0

23
,5

50
',

5
0

7
3,

88
6

T
3,

50
0

-

04
.5

S
ub

to
ta

l
.

C
on

ti
ng

en
ci

es
20

1
TO

TA
L,

PO
W

ER
IN

TA
KE

W
OR

KS

A
U

X
IL

IA
RY

DA
M

(E
A

RT
H

FI
L

L
AN

D
CO

N
CR

ET
E)

M
ob

an
d

Pr
ep

LS
E

xc
av

at
io

n
Da

m
fo

un
da

ti
on

CY
Fo

un
da

tio
n

pr
ep

ar
ea

ti
on

SY
Da

m
em

ba
nk

m
en

t
CY

D
ri

ll
in

g
an

d
gr

ou
ti

ng
IF

1

10
0,

00
0

2,
10

0
83

5,
00

0
8,

80
0.

·6
.0

0
50

.0
0

6.
00

60
.0

0

94
,4

17
18

,8
83

11
3,

00
0

31
2

60
0

10
5

5,
01

0
52

8

- -

07 07
.1

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

TO
TA

L,
AU

XI
LI

AR
Y

DA
M

TO
TA

L,
DA

M
S

PO
W

ER
FL

AN
T

PO
W

ER
HO

US
E'

M
ob

an
d

Pr
ep

w
or

k
E

xc
av

at
io

n,
ro

ck
C

on
cr

et
e

C
em

en
t

R
ei

nf
or

ci
ng

st
ee

l
A

rc
hi

te
ct

ur
al

fe
at

ur
es

•
LS CY CY C

w
t

Lb
s

LS
'

0-
13

1
20

8,
40

0
22

,0
00

88
,0

00
5,

40
0,

00
0 1

75
.0

0
50

0.
00

8
.0

0
.5

5

6,
55

5
1,

31
1

8,
00

0

50
9,

00
0

2,
00

0
15

,6
30

'1
,0

0
0

70
4

2,
97

0
1,

50
0



TA
GL

E
0-

2-
-D

ET
A

IL
ED

CO
ST

ES
TI

M
A

TE
--C

on
tin

ue
d

D
EV

IL
CA

NY
OH

0/
\1

1
AN

D
R

ES
ER

V
O

iR
,

E
L
E
V
A
T
I
O
r
~

14
50

,
G

RA
V

IT
Y

Ul
\t1

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

.T
OT

AL
,

TA
IL

RA
CE

1', d
j

-

T
ot

a
1

C
o
s
t
~
,

($
1.

00
0)

4,
81

2

2,
51

2
37

7
3,

00
0

1,
79

8
27

0
2,

00
0

20
0

20
,2

50
1,

05
3

22
,9

50

44
,2

53
6,

63
8

51
,0

00 76
6

6,
33

3
5,

25
0

56
2

1
,6

6
6

70
0

80
0

1
6

,0
7

7
3,

21
5

19
,0

00

2.
25

4.
50

67
5

42
,1

91
8,

43
8

51
..0

00

85
.0

0
30

0.
00

8.
00 .5

5
.

U
ni

t
C

os
t

($
)

1 1 1 11
-

1 J

Q
ua

nt
ity

1 1
1,

20
0,

00
0

15
0,

00
0 1

74
,5

00
17

,5
00

70
,2

00
3,

02
9,

00
0

U
ni

t

LS LSLS LS Lb Lb LS CV CV Cw
t

Lb
.

LS LS LS

D
es

cr
ip

ti
on

o
r

Ite
m

Po
\</

ER
PL

AN
T

PO
W

ER
HO

US
E

(C
on

tld
)

E
le

vt
lt

or
M

ec
ha

nc
ia

1
an

d
el

ec
tr

ic
al

w
or

k
S

tr
u

ct
u

ra
l

st
ee

l
M

is
ce

ll
an

eo
us

m
et

al
w

or
k

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

TO
TA

L,
PO

W
ER

HO
US

E

TU
RB

IN
ES

AN
D

GE
NE

RA
TO

RS
T

ur
bi

ne
s

G
ov

er
no

rs
G

en
er

at
or

s

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

15
%

TO
TA

L,
TU

RB
IN

ES
AN

D
GE

NE
RA

TO
RS

AC
CE

SS
OR

Y
EL

EC
TR

IC
AL

EQ
UI

PM
EN

T
A

cc
es

so
ry

E
le

ct
ri

ca
l

E
qu

ip
m

en
t

LS
C

on
ti

ng
en

ci
es

15
%

TO
TA

L,
AC

CE
SS

OR
Y

E
~
E
C
T
R
I
C
A
L

EQ
UI

PM
EN

T

M
IS

CE
LL

AN
EO

US
PO

W
ER

PL
AN

T
EQ

UI
PM

EN
T

.
.M

is
ce

11
an

eo
us

Po
w

er
p1

an
t

E
qu

ip
m

en
t

LS
C

on
ti

ng
en

ci
es

15
%

TO
Ti

L,
M

IS
CE

LL
AN

EO
US

PO
W

ER
PL

AN
T

EQ
UI

PM
EN

T

TA
IL

RA
CE

_M
ob

an
d

Pr
ep

E
xc

av
at

io
n

tu
nn

el
C

on
cr

et
e

C
em

en
t

R
es

te
e1

D
ra

ft
tu

be
bu

lk
he

ad
qa

te
an

d
gu

id
es

T
ai

lr
ac

e
tu

nn
el

st
op

1o
gs

(3
70

,0
00

#)

C
os

t
A

cc
ou

nt
N

um
be

r

07
.5

07 07
.1

07
.3

07
.2

07
.4

0-
14



...

TA
Ul

E
n-

Z-
-D

ET
A

IL
ED

CO
ST

ES
TI

M
A

TE
--C

on
tin

ue
d

UE
VI

L
Cl

\N
YO

N
DA

N
J\N

D
RE

SE
RV

OI
R,

EL
EV

I\T
IO

N
14

50
.

GR
AV

IT
Y

DJ
\M

C
os

t
A

cc
ou

nt
N

um
be

r
D

es
cr

ip
ti

on
o

r
It

em
U

ni
t

Q
ua

nt
it

y
U

ni
t

C
os

t
($

)

.T
ot

a
1

C
os

t
($

1,
00

0:

1"
"'

.
f

r

07 07
.6

PO
W

ER
PL

AN
T

SW
IT

CH
YA

RD
T

ra
ns

fo
rm

er
s

In
su

la
te

d
ca

bl
es

E
xc

av
at

io
n

Ro
ck

Co
m

m
on

Em
ba

nk
m

en
t

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

.
TO

TA
L,

SW
IT

CH
YA

RD

TO
TA

L,
PO

W
ER

PL
AN

T

LS LS CY CY CY

1 1

36
,0

00
75

7
00

0
47

0
7
00

0

20
.0

0
5.

00
4.

00

6,
54

5
3,

31
2

72
0

37
5

1,
88

0

12
,8

32
2,

56
6

15
,0

00

14
1,

00
0

LS
fa

c
il

it
y

M
ile

EA

6,
00

0
2

12
5,

00
0.

00
25

0
2

50
0,

00
0.

00
1,

00
0

-1
40

0

2
.3

30
0,

00
0.

00
69

0
2

.3
11

0,
nO

O
.0

0
25

3
85

0
10

0.
00

85 40 30 6 76 15 91

8,
67

8
1,

73
6

'1
0,

'0
00

40
,0

00
.0

0
3,

00
0.

00
3,

00
0.

00

1 10 2

EA EA EA
.

lS M
il

e
M

ile
IF

,
-,

RO
AD

S
AN

D
BR

ID
GE

S
M

ob
an

d
Pr

ep
O

n
-s

it
e

ro
ad

C1
ea

ri
ng

an
d

ea
rt

hw
or

k
Pa

vi
ng

C
ul

ve
rt

s
Po

w
er

ho
us

e
an

d
ta

il
ra

ce
ac

ce
ss

Ro
ad

to
op

er
at

in
g

P
o

rt
al

s

Su
bt

ot
a

1.
C

on
ti

ng
en

ci
es

20
%

TO
TA

L,
RO

AD
S

AN
D

BR
ID

GE
S

RE
CR

EA
TI

ON
fA

C
IL

IT
IE

S
S

it
e

A
(B

oa
t

ac
ce

ss
on

ly
)

B
oa

t
do

ck
C

am
pi

ng
u

n
it

s
T

w
o-

va
ul

t
to

il
e
ts

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

T
ot

al
S

it
e.

A

1408

,....
.-

S
it

e
B

A
cc

es
s

ro
ad

O
ve

rn
ig

ht
ca

m
ps

M
ile

EA
'

0.
5

15
0,

00
0.

00
50

4,
00

0.
00

75 20
0

i" '.

0
-1

5



TA
BL

E
U

-2
--

D
E

T
A

IL
E

lJ
CO

ST
E

ST
Ii

-1
I\

T
E

--
C

on
tin

ue
d

UE
V

lL
C

Ai
H

O
N

D1
\M

I\N
O

R
C

SE
R

VO
W

,
EL

EV
AT

IO
N

1
4

5
0

,
G

n1
\V

IT
Y

Ol
\l
~

C
os

t
A

cc
ou

nt
N

um
be

r

14

D
es

cr
ip

ti
on

o
r

It
em

RE
CR

EA
TI

ON
FA

CI
LI

TI
ES

S
it

e
B

(C
o

n
t'

d)
C

om
fo

rt
st

at
io

n
s

Po
w

er
Se

w
ag

e

S
u
~
t
o
t
a
l

C
on

ti
ng

en
ci

es
20

%
T

ot
al

S
it

e
B

U
n

it

EA LS LS

Q
ua

nt
it

y

2 1 1

U
ni

t
C

os
t

($
)

60
,0

00
.0

0

T
ot

a
1

.I!!l
!\l ';1'

C
os

t
($

1,
00

0)

12
0 40 75 51
0

10
2

61
2

S
it

e
C

.
.T

ra
il

he
ad

pi
cn

ic
-a

re
a

ac
ce

ss
ro

ad
P

ic
ni

c
u

n
it

s
w

/p
ar

ki
ng

T
ra

i1
sy

st
em

T
w

o-
va

ul
t

to
il

e
ts

S
ub

to
ta

l
C

on
ti

ng
en

ci
es

20
%

T
ot

a1
S

it
e

C

M
il

e
EA

­
M

il
e

EA

.2
-1

50
,0

00
.0

0
12

3,
00

0.
00

30
15

,0
00

.0
0

2
.

3,
00

0.
00

30 36 45
0 6

52
2

10
4

62
6

"1.

19 20

TO
TA

L,
RE

CR
EA

TI
ON

FA
CI

LI
TI

ES

BU
IL

DI
NG

S,
GR

OU
ND

,
AN

D
U

TI
LI

TI
ES

L
iv

in
g

.q
u

ar
te

rs
an

d
O&

M
fa

c
il

it
ie

s
..

LS
'

V
is

it
o

r
fa

d
1
it

ie
s

V
is

it
o

r
b

u
il

d
in

g
s

LS
P

ar
ki

ng
A

re
a

LS
B

oa
t

ra
m

p
LS

V
au

lt
to

;l
e
ts

·E
A

S
ub

to
ta

l
C

on
tin

ge
nc

ie
s-

Z
O

%
TO

TA
L,

U
U

IL
O

IN
G

S,
GR

OU
ND

S,
AN

D
U

TI
LI

TI
ES

.
PE

RM
AN

EN
T

OP
ER

AT
IN

G
EQ

UI
PM

EN
T

O
pe

ra
ti

ng
E

qu
ip

m
en

t
an

d
fa

e
i1

it
ie

s
LS

C
on

ti
ng

en
ci

es
20

%
TO

TA
L,

PE
RM

AN
EN

T
OP

ER
AT

IN
G

EQ
UI

PM
EN

T

D
-1

6

1

1,
00

0

2,
50

0

30
0 70 22
0

3,
00

0.
00

6

3,
49

6
69

9
4,

00
0·

2,
.2

00 44
0

3,
00

0



!
..

IA
U

lE
n-

2-
-U

ET
A

JL
ED

CO
ST

lS
T

IM
l\T

E
--

C
on

tin
ue

d

U
EV

Il
CI

\N
YO

H
UI

\M
I\N

lJ
R
E
S
E
R
V
O
I
R
~

EL
EV

AT
IO

N
14

50
,

GR
J\V

IT
Y

lJJ
\M

C
os

t
A

cc
ou

nt
U

ni
t

T
ot

al
N

um
be

r
O

es
cr

ip
ti

on
o

r
It

em
U

ni
t

Q
ua

nt
.i

ty
C

os
t

C
os

t
($

)
($

1,
00

0

50
CO

NS
TR

UC
TI

ON
FA

C
IL

IT
IE

S
M

ob
an

d
Pr

ep
w

or
k

lS
1

1,
88

5
.....

C
of

fe
r

da
m

s
S

he
et

p
il

e
.T

on
1,

02
4

1;
50

0.
00

1,
53

6.
E

ar
th

fi
11

.
CY

38
,0

00
15

.0
0

57
0

Pu
m

pi
ng

LS
'

.1
3,

50
0

r-
Re

m
ov

e
C

of
fe

r
da

m
s

lS
i

60
0

,
D

iv
er

si
on

w
or

kd
s

T
un

ne
l

ex
ca

va
ti

on
CV

35
,7

00
10

0.
00

3,
57

0
.....

C
on

cr
et

e
CV

9,
20

0
30

0.
00

2,
76

0
,

C
em

en
t

Cw
t

36
,8

00
8.

00
29

4
l' !

R
ei

nf
or

ce
m

en
t

Lb
1,

56
4,

00
0

.5
5

86
0

,-
S

te
el

se
ts

Lb
15

7,
00

0
3.

00
.4

71
Ro

ck
.

b
o

lt
s

EA
1,

15
0

30
0.

00
34

5
T

un
ne

l
Pl

ug
C

on
cr

et
e

Cy
·

l,
io

o
60

0.
00

66
0

C
em

en
t

Cw
t

.
4,

40
0

8.
00

35
R

ei
nf

or
ce

m
en

t
Lb

18
7,

00
0

.5
5

10
3

D
iv

er
si

on
In

ta
ke

S
tr

uc
tu

re
r-"

E
xc

av
at

io
n

ro
ck

C
y

10
4,

00
0

30
.0

0
3,

12
0

C
on

cr
et

e
st

ru
ct

u
ra

l
CY

3,
80

0
50

0.
00

1,
90

0
C

em
en

t
Cw

t
15

,2
00

8.
00

12
2

~
R

ei
nf

or
ce

m
en

t
Lb

38
0,

00
0

.5
5

20
9

B
ul

kh
ea

d
lb

96
0,

00
0

1.
50

1,
44

0
A

pp
ro

ac
h

C
ha

nn
el

L
in

in
g

C
on

cr
et

e
CY

1,
60

0
30

0.
00

48
0

C
em

en
t

Cw
t

6,
40

0
8

.0
0

51
R

ei
nf

or
ce

m
en

t
Lb

80
,0

00
.5

5
44

.
D

iv
er

si
on

O
ut

le
t

S
tr

uc
tu

re
""'"

·E
xc

av
at

io
n

Ro
ck

CY
27

4,
00

0
50

.0
0

13
,7

00
C

on
cr

et
e

Cy
1,

10
0

50
0.

00
55

0
C

em
en

t
Cw

t
4,

40
0

8.
00

.
35

R
ei

nf
or

ce
m

en
t

lb
11

0,
00

0
.5

5
61

St
op

-l
og

s
Lb

10
0,

00
0

1.
50

15
0

O
ut

le
t

C
ha

nn
el

L
in

in
g

C
on

cr
et

e
CV

90
0

50
0.

00
45

0
C

em
en

t
Cw

t
3,

60
0

8.
00

29
R

ei
nf

or
ce

m
en

t
Lb

.
.4

5,
00

0
.5

5
25

1""
'1

S
ub

to
ta

l
39

,5
55

C
on

ti
ng

en
ci

es
20

%
7,

91
1

TO
TA

L,
CO

NS
TR

UC
TI

ON
FA

C
IL

IT
IE

S
47

,0
00

-.
.

,.... ,....
0-

17
/.

i



TI
\B

LE
11

-2
--0

ET
A

IL
EO

CO
ST

f:.
ST

IM
I\T

E-
-C

on
tin

uc
d

OE
V

1L
CI

\N
YU

fi
DJ

\11
AN

O
RE

SE
RV

OI
R,

EL
EV

AT
IO

N
14

50
,

GR
AV

lT
Y

OM
l

,.,-

TO
TA

L,
CO

NS
TR

UC
TI

ON
"

CO
ST

EN
GI

NE
ER

IN
G

AN
D

DE
SI

GN
7%

SU
PE

RV
IS

IO
N

AN
O

AD
M

IN
IS

TR
AT

IO
N

5%

T
O
T
~
L

PR
OJ

EC
T

CO
ST

DE
Vi

L
CA

NY
ON

DA
M

AN
D

RE
SE

RV
OI

R
EL

EV
AT

IO
N

14
50

,
GR

AV
IT

Y
DA

M
(S

EC
ON

D-
AD

DE
D)

T
ot

al
C

os
t

($
1

10
00

)
~~
,

C
os

t
A

cc
ou

nt
N

um
be

r

30 31
.

D
es

er
ip

ti
o

n
o

r
It

em
U

ni
t

Q
u

an
ti

ty
U

ni
t

C
os

t
($

)

73
5,

00
0

51
,0

00

37
,0

00

82
3,

00
0

,·
-1

jI
II

I!
\ :l!" j,

D
-1

8



I'-
-1

,
-J

--
"1

J
)

J
~
~
]

"
-T

"'
.

'I
,
.
~
_
-
.
_
-
]

--
-J

-
1

-
_
.
,
~
]

C
-"

]
-"

-"
1

--
-1

""
--

'1

('
O

IW
.

0
"

'I
lI

t1
"I

t:
Jt

I

-e
A

(i
H

Q
l:

lt
~
l
t
.
l
S
l
9

I
C

hE
N

D
E

lt
'l

t
'''

C
A

l.
,I

t
--

-.
.

I
'IS

C
A

L
Of

R
Hl

o'
,
I
F
I
~
I
"
"
l
'
1'
lo
I_
I!
lI
Hp
~,

IF
M

oM
'I'l

oI
II

D
,

D
r

C
O

lE
H

D
n

V
llU

U
ll

J
C

O
U

H
D

EI
t

V
It

.u
.!

!,
!L

C
O

U
N

D
fl

t
V

It
~
J
J

C
A

U
H

D
E

lt
V

It
C

lJ
!!I

I
C

oU
H

F
I'C

O
l

V
lt

.
_
L
t
l
S
C
~
l

vp
_

_.
_

_.
I

"
t
~
~
l

vp
_

._
_

_
I
m
~
~
l
V
l
t

_..
I

"
'
C
~
l

'It
'J

IF
IN

1A
IN

IJI
Jlo

lsI
DI

Nl
o'J

IF
""

ol
.M

Jlo
l_

lo
IH

ID
;J

l'I
N

,oI
M

IJI
Jl

ol
'l
oI
Nj
)~
JI
'

IM
"I

M
'JI

*I
I1

0iN
lo'

JI
FI

~I
A

U
I

..
It
..

.,

U
lO

d
'[

R
yl

tl.
2.

11
i

('
L£

~!
)(

"
T

't
~

'C
I,-

_
y~

.•
!

'I
'C

A
I,

._
""

I
'I

S
C

A
l

V
It

I
,t

S
:J

l.
\'11

1

,IJ
lo

ls
lo

"'l
o:

JI
F"

'IA
i.<

I,I
,lo

ls
lo
I.
ID
~,
I,
"'
I.
IN
I

JI
Jl

oh
b"

I'
~

I'
\;

',
\01

'J
'J

""

l;
j

,-
L
~
C
-
:
E
L
t
C
C
f
}
J
1
P

C
l

I .-. \D

~
..

U
~
.

)1
."

..
)
;0

(
\"

,. '1-
\

~
T
U
W
~

L
n

\£
Ji

tl(
!

~
!
C
l
-

H
,,7

;;(
£

~
;
r
;
r
,
:
.
q
:
.
;
s
~

lI
lW

.e
.T

-r
;E

llf LA
:.

;;
tl

'.l
IM

Y
A

M

;-;
;....

-,

;w
.m

-+
-1

.,
;r
l~
!J
.,
F.
~l
~~
r<
I'
7

ttM
:
~

~i
l~
;~
~~
_r
,:

.
"
1

1
1

I ,,

·"F
f):
~
\

" if
'! I
t

~
~

I
•

~

,, "'.
....,
,
;
n
.
~

I
. r

I~ ~ 5
0

:\
';0

(:
.-

.1

C
"
~
...

(t
'J

<t
Yt

~E
5

\1
~
_
f
"
r
f
'
i
'

lV
....

=-
L

C
'F

=P
')';

-"
S

r~
~t
·~
_·
!'
!t
:1
'-
*:
%;
l~

."1
4"

,
1.

:1
(.

,'.
,
_~

~
'
f
~
,

"'
,"

';'
_/

'.
-!

-a
:

!f
•

,
,
~
~

n"'
'''n

~
M

10
4

-
I
I

..
..

.1
1.

W
A

Y
""

"
!W

I
I'l

lO
JE

C
Y

llf
Y

lL
C
N
l
Y
~

!W
I

PR
O

JE
CT

..

'1
~.
1'
.;
'

'-
I

C
~
T
R
U
C
;
Y
I
O
N

S
C

H
fD

U
l.

£

5
f£

el
I

O
F

3



4 -:l

.,

+ , :r
.,

.
,

-
J

,

-+

!<Ii
--

1.- •

...
".~_;- w.

~;

.~
;til,

=-:;

, j

" ,

+-

• .1. '

.
j:'i-

:;1. '

.~: -',
.~,'\Io 4 t

"
;~ I

.,...
., ott ,.. v,·II

.'.

<>
c ..

"I:
~ :-""
=~ii:

~ C

C;I
::~
itO

""&" ..',. ..
c ~

~

z
we .... :... ~
~~

~;::

~a::.. ~

C

~:
i: Q

~- ". I~
"c,. C

~ ~
<1(....

~. '"'t....
"

, i+-H
~ , :it1I-n ..

h -I-(

I:t ' +t= ..,j.. .+-'
:t"~ +- +-.1

0-20

..
:.. 1.J.

~-

1

t-f--:f+:ttl
~ i
:rl
i S

--,-,-,-,.J..!.J,.l.U.ill.LnlJ:illiUiULlM!lMIHl,:iJEll:lli·Iill~~C~IJ_J;


