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1 - INTRODUCTION

1.1 - General

This supplement to the Feasibility Report has been prepared by Acres
American Incorporated (Acres) for the Alaska Power Authority (the Power
Authority) under the terms of Revision 4 to the Agreement, dated
December 19, 1979, to conduct a feasibility study and preparation of a
1icense appl ication to the Federal Energy Regulatory Commission
(FERC) •

The original feasibil ity study was undertaken in accordance with the
Plan of Study (POS) for the Susitna Hydroelectric Project, which was
first issued to the Power Authority in February 1980 and subsequently
revi sed four times since the ori gi na1 issue to account for scope
changes and public, federal, and state agency comments and concerns.

A draft of the FERC license application was filed with FERC on November
15, 1982. Similarly, a draft of Exhibit E - Environmental Studies for
the FERC license was submitted to the various state and federal
agencies for review and comment. Comments regarding this draft were
received during the month of December and January with the final
submittal of the FERC license application in February 1983.

The Feasibility Report was issued for public review and comment on
March 15, 1982 (Acres 1982a). Subsequent to that time, ongoing work
continued in the areas of: .

- Hydrology
- Environmental studies
- Survey and site facilities
- Geotechnical exploration
- Design development
- Transmission line
- Cost estimates and schedules
- FERC licensing
- Marketing and financing

As a result of this ongoing work, changes, additions, and modifications
have been made to the original Feasibil ity Report. This Supplemental
Report is intended to provide an update of information through January
1983. A comprehensive environmental study has been submitted as
Exhibit E to the FERC license. Since extensive ongoing studies
continue to be done in this area, no supplement to Volume 2 
Environmental Studies of the original Feasibil ity Report has been
prepared for thi s submittal. Readers interested in the envi ronmental
studies to include environmental impacts and recommended mitigation
measures are requested to consult Exhibit E to the FERC license.

This report is intended as a supplement to the March Feasibility Report
and should be used in reference to that document.
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1.2 - Objectives - Scope

The objective of the work performed from March 15 through December
1982, was to continue ongoing studies and submit the draft FERC license
application. The work has been undertaken in a series of tasks which
are:

Task 72 - Access Pl an
Task 73 - Hydrologic Studies
Task 75 - Geotechnical Studi es
Task 76 - Design Development
Task 77 - En vi ronmenta1 Studies
Task 78 - Transmission
Task 79 - Construction Cost Estimates and Schedul e
Task 80 - Licensing
Task 81 - Marketing &Finance
Task 82 - Public Participation Program

These ongoing studies have resulted in some modifications to the design
and development schemes for the Susitna Hydroelectric Project as set·
forth in the March Feasibil ity Report. Project parameters and design
criteria are shown in Table 1.1. Details of these changes are pre
sented in the preceding section. The principal changes to the Feasi
bil ity Report are in the areas of access, environment, and transmis
sion. In addition, changes have also been made in the hydrologic flow
regime of the dams to minimize downstream environmental impacts. These
modifications have resulted in redesign of the intake structures which
are presented in Volume 2 of this submittal.

1.3 - Organization of the Supplemental Report

The supplement to the Feasibility Report is presented in 11 sections.

Section 1 - Introduction
Section 1 is a brief summary of the project background and
a general introduction to the report.

Section 2 - Summary
This section provides a summary of the results of Sections
4 through 11.

Section 3 - Scope of Work
This section outlines the scope of work undertaken in each
of the tasks.

Section 4 - Access Roads
Section 4 is a detailed discussion of the access road al
ternative studies and the final access recommendation.

Section 5 - Refinement of Susitna Development
This section presents the refinement to the Susitna Devel
opment based on work carri ed out from March to December
1982.

1-2
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Section 6 - Transmission Facilities
Section 6 addresses the recommended transmission routing
for the Susitna Development.

Section 7 - Project Operation
This section presents the revised flow regime for the
Susitna Development.

Section 8 - Reservoir and River Temperature Studies
Thi s secti on presents refi ned reservoi rand ri ver
temperature studies.

Section g - Estimates of Costs
This section presents the revised project cost estimate
which incorporates the changes in the design scheme.

Section 10- Development Schedules
Section g presents the revised project schedule to reflect
principally the changes in access routing.

Section 11- Economic, Marketing and Financial Evaluation
This section presents the revised economic and financial
evaluation for the Susitna Development.
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* Modified from March 1982 Feasibility Report.
** Area control center for both Watana and Devil Canyon plants.

*** Based on a minimum reservoir level in peak demand month (December).

TABLE 1.1: PROJECT PARAMETERS AND DESIGN CRITERIA

7,990 cfs* 9,050 cfs*

326,000 cfs 346,000 cfs (routed
through Watana)
362,000 cfs (unrouted)

156,000 cfs 161,000 cfs (unrouted)
165,000 cfs (after
routing through
Watana)

(increase attributed
to the assumed overlap
of Watana peak outflow
and peak flow from
intermediate catchment)

76,000 cfs 37,800 cfs
85,000 cfs (unrouted)

87,000 cfs 39,000 cfs (after
routing through
Watana)
98,000 cfs (unrouted)

2,185 ft MSL 1,455 ft MSL*

1,455 ft MSL 850 ft MSL

2,065 ft MSL* 1,405 ft MSL

38,000 acres 7,800 acres

3.74 x 106* 0.35 x 106
acre ft acre ft

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
IJ
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Item

River Flows

Average flow (over 32 yrs
of record)

Probable maximum flood
inflow

Maximum flood inflow with
return period of 1:10,000
yrs (unrouted)

Maximum flood inflow with
return period of 1:25 yrs

Maximum flood inflow with
return period of 1:50 yrs
(unrouted)

Normal maximum operating
1evel

Average TWL

Minimum operating level

Area of reservoir at
maximum operating level

Reservoir live storage

Watana Devi 1 Can on



TABLE 1.1 (Cont'd)

Item

Reservoir total storage

Dam

Type

Crest elevation

Crest length

Hei ght

Cut-off and foundation
treatment

Upstream slope

Downstream slope

Crest width

Saddle Dam

Type

Crest El evat ion

Crest Length

Height

Cut-off and Foundation
Treatment

Upstream Slope

Downstream Slope

Crest Width

\1atana

9.47 x 106*
.acre ft

Ro ckfi 11

2,210 ft MSL at
center
2,207 ft MSL at
abutments

4,100 ft

885 ft above
foundation at
core

Core founded on
rock, grout
curtain and down
stream drains

IV:2.4H

IV:2H

35 ft

None

Devil Can on

1.09 x 106*
acre ft

Concrete arch

1,463 ft MSL (+3 ft
parapet wall)

1,650 ft (arch dam
incl uding
thrust blocks)

646 ft above
foundation

Founded on rock, grout
curtain and downstream
drains

20 ft

Earth/Rockfi11

1472 ft MSL

950 ft

245 ft

Core founded on rock,
grout curtain and
downstream drains.

IV:2.4H

IV:2H

35 ft

r
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TABLE 1.1 (Cont'd)

Item Watana

Diversion

Cofferdam types Rockfi 11

Cut-off and foundation Founded on all u
vium with slurry
trench to rock

Upstream cofferdam crest 1,545 ft MSL
elevation

Downstream cofferdam crest 1,472 ft MSL
elevation

Maximum pool level during 1,536 ft MSL
construction

Water passages 2 concrete-l ined
tunnels, 38 ft
di a.

Outlet structures Low-l evel struc
ture with hi gh
head slide
closure gates

Di version capacity 80,500 cfs

Final closure Mass concrete
plugs in line
with dam grout
curtain

Releases during impounding 6,000 cfs maximu
via regulating
gates in
di version pl ug

Emergency Reservoir
Drawdown

Low level outlet
tunnel

Maximum capacity 30,000 cfs

Devil Can on

Rockfill

Founded on alluvium
with slurry trench
to rock

947 ft MSL

898 ft MSL

944 ft MSL

1 concrete-lined
tunnel, 30 ft dia.

Low-level structure
with high head slide
closure gates

36,000 cfs

Mass concrete plugs
in line with dam
grout curtain

6,000 cfs maximum
via low-level fixed
cone valves

Fixed cone valves

38,500 cfs



Main Spillway
capacity 115,000 cfs 125,000 cfs

- control struc. Gated ogee crest Gated ogee crests

- energy dissip. Flip Bucket Fl i P Bucket

- crest elev. 2,148 ft MSL 1,404 ft MSL

- gate sizes 3 - 49 ft H x 3 - 56 ft H x 30 ft W

36 ft W

TABLE 1.1 (Cont'd)

Item

Outlet Facilities
- capacity

- control struc.

- energy di ss i p.

Spillway

Des i gn Fl oods

Emergency Spillway
- Capacity

- type

- crest el ev.

- chute wi dth

Watana

24,000 cfs

Fixed cone valve

Six 78" dia.
fixed cone valve

Passes pmf pre
serving integrit
of dam

Passes routed
1:10,000-yr floo
(156,000 cfs)
with no damage t
structures

Pmf minus
1:10,000-yr floo
140,000 cfs

Fuse plug

2200/2201.5

310/200

Devil Can on

38,500 cfs

Fixed cone valves

3-90" dia., four 102"
dia. fixed cone valves

Passes pmf preserving
integrity of dam

Passes routed
1:10,000-yr flood
(165,000 cfs) with
no damage to
structures

Pmf minus routed
1:10,000-yr flood
160,000 cfs

Fuse pl ug

1464/1465.5

200
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Transformer area

Number of intakes

Number of penstocks

TABLE 1.1 (Cont'd)

3,670 cfs

4*

50 ft

4

Devil Can on

Un der gro un d

Multi-level

Rock tunnel
Elevator from
surface

Underground

Separate gallery

20 ft conc/15 ft steel

Concrete-lined rock
tunnels with down
stream steel liner

Massive concrete
structure embedded
in rock

360 ft x 74 ft x
126 ft

3,870 cfs

6

Watana

6*

120 ft*

Multi-level

17 ft conc/15 ft
steel

Rock tunnel
El evator from
surface

Underground

Separate gallery

Surface**

Massive concrete
structure
embedded in rock

455 ft x 74 ft x
126 ft

Concrete-l ined
rock tunnels wit
downstream steel
liner

- vehicle
- personnel

Powerhouse

Access

Maximum discharge/unit

Drawdown

Diameter

Penstocks

Contro1 room &
administration

Draw-off requirements

Type

Cavern size

Type

Type

Power Int ak e

Item

o
o
o
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TABLE 1.1 (Cont'd)

Item

Power Pl ant

Number of units

Nominal unit output***

Turbines

Rated net head

Rated full gate output

Rated discharge

Station output @rated hea
- best gate
- full gate

Generator

Type

Rated output (60 a C)

Overload (80 a C)

Power factor

Vo 1tage

Frequency

Speed, rpm

Tr ansformers

Tailrace

Water passages

Elevation of water
passages

Surge

Watana

6

170 MW at 652 ft
net head

680 ft

250,000 hp

3,490 ft 3/s*

936 MW*
1,098 MW*

Vertical
synchronous

190 MVA air
cooled

218 MVA

0.9

15 kV .:. 5%

60 Hz

225 rpm

9 x 145 MVA
15/345 kV, singl

phase

Two 34 ft di a.
concrete-l ined
tunnels

Below minimum
tailwater

Single surge
chamber

Devil Can on

4

150 MW at 542 ft
net head

575 ft

225,000 hp

3,680 ft3/s*

560 MW
656 MW

Vertical
synchronous

180 MVA air-cooled

210 MVA

0.9

15 kV .:. 5%

60 Hz

225 rpm

12 x 70 MVA
15/345 kV, single

phase

On e 38 ft di a. con
crete-lined tunnel

Below minimum tail
water

Single surge chamber
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2 - SUMMARY

This section presents a summary discussion of the work performed on the
Susitna Hydroelectric Project since the submission of the Feasibility
Report (Acres 1982a) in March 1982.

2.1 - Scope of Work

The scope and objective of the work are set forth in Amendment No. 4 to
the Acres Plan of Study (POS). Principal areas of work were:

- Access Pl an;
- Hydrologic Studies;
- Geotechnical;
- Design;
- Environmental;
- Transmission;
- Construct ion Costs and Schedules;
- Licensing; and
- Marketing and Finance.

The scope of work performed in these areas are presented in Section 3.
The comprehensive environmental studies undertaken during this period
are presented in Exhibit E of the FERC license application (Acres
1983). These envi ronmental studi es supersede those presented in the
Feasibility Report (Acres 1982a). Readers, therefore in these studies,
are advised to consult the FERC license application.

2.2 - Access Plan

The access plan presented in the Feasibility Report (1982a) recom
mended, for reasons of project schedule, that the construction of a
pioneer road into the site be completed prior to issuance of the FERC
license. Subsequent to the submittal of the report, this concept was
found unacceptable by the various resource agencies and the plan was
di scarded.

Consequently, the original evaluation criteria was refined and addi
tional alternatives were developed. The most responsive plan in each
of the three corridors was identified and subjected to a multidisci
pline assessment and comparison. After detailed consideration of these
alternatives, the Power Authority Board of Di rectors formally adopted
the Denali-North Plan (Plan 18), as the Proposed Access Plan in
September 1982.

This route originates at a railhead in Cantwell and follows the exist
ing Denali Highway to a point 21 miles east of the junction of the
George Parks and Denali Highways. A new road would be constructed from
that point due south to the Watana damsite. Most of the new road would
traverse relatively flat terrain, resulting in a minimum of disturbance
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to areas away from the alignment. This was found to be the most easily
constructed route for initial access to the Watana site. Access to the
Devil Canyon development would consist primarily of a rail road exten
sion from the existing Alaska Railroad at Gold Creek to a railroad
facility adjacent to the Devil Canyon camp area. To provide access to
the Watana damsite and the existing highway system, a connecti ng road
would be constructed from the Devil Canyon railhead following a nor
therly loop to the Watana damsite. Access to the north side of the
Susitna River would be attained via a high-level suspension bridge con
structed approximately one mil e downstream from the Devil Canyon dam.
In general, the alignment crosses terrain with gentle-to-moderate
slopes which would allow road bed construction without deep cuts.

2.3 - Refinement of Susitna Development

(a) Geotechnical Design Considerations

(i) Damsite

Work performed in the damsite consisted of geologic mapping
and seismic refraction. Results of that work confirmed and
refined work performed during 1980-1981. No additional
information was found that woul d aversely affect project
arrangement or costs.

(ii) Watana Relict Channel

Additional drill ing and seismic refraction surveys were
performed in the Watana Relict Channel to better determine
site stratigraphy and material properties. Previous work
in this area raised several questions regarding the poten
tial of either breaching of the reservoir and subsurface
seepage resulting in potential downstream piping and/or
loss of energy.

Although the work performed in 1982 did not totally el imi
nate these concerns, it did provide additional information
in evaluating these potential problems. Based on this
work, the likelihood of such catastrophic events to occur
appear small considering (a) the materials within the
channel are relatively competent; (b) no widespread perma
frost has been found; and (c) low surface gradients.

(iii) Fog Lakes Relict Channel

Additional seismic refraction and geologic mapping was
performed in the Fog Lakes relict channel to determine the
channel's configurations and assess the potential for
1eakage and breachi ng of the reservoi r rim. Although
drill ing in the area remains to be done to confirm the
seismic data, seepage through the Fog Lakes relict channel
is not considered to have any significant economic impact.
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Similarly, breaching of the reservoir rim was considered
impossible due to the more than 100 feet of freeboard above
Maximum Pool Elevation.

(b) Main Dam Alternatives

In addition to the alternative dams addressed in the Feasi
bility Report (Acres 1982a), a concrete-faced rock-filled dam
was eval uated. Al though the concrete faced rock-fi 11 ed dam
appears to offer some advantages over the earth-filled dam,
it was not considered appropriate for the Susitna Project
because of:

- Increase of 70 percent in height over precedent; and
- Potential impacts on high seismicity and climate condi-

tions.

(c) Refinement of General Arrangement

Based on design considerations since March 1982, changes were
made in the following areas:

- Watana project power and outlet facilities intakes;
- Devil Canyon project power intake;
- Devil Canyon project main spillway gates;

Devil Canyon project compensation flow discharge pipe; and
Devil Canyon main access road.

2.4 - Transmission Facilities

The principal work with transmission facilities since March 1982 in
cluded a reassessment of the transmission 1ine corridor within the
Central Study Area, and a land acquisition analysis in the northern,
southern, and central study areas for the purpose of fine-tuning the
alignment and to determine the legal descriptions of the rights-of
way.

The routing of the transmission line corridor in the Central Study Area
was changed so that it showed the same corridor as the access road
between the dams and the rail road extensi on between Devil Canyon and
Gold Creek. The final al ignment within this section was chosen to
parallel the access road and railroad extension to the maximum extent
possible so as to minimize the mileage of new access trail development.
The selected alignment represents the optimum alignment of the trans
mission line based on existing data.

Land acquisition and environmental studies performed in the transmis
sion corridor resulted in the al ignment being refined to the extent
t hat most of the problem associ ated with these two areas woul d be
avoided.
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2.6 - Reservoir and River Temperature Studies

2.5 - Project Operation

Changes to the Watana cost estimate made subsequent to the submission
of the Feasibility Report (Acres 1982a) included:

J
o
o
o
o
o
o
o
o
o
o
o
o
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annual water volume was proportioned on a monthly basis
the long-term average monthly distribution. This

WY 1969 average annual discharge at Gold Creek 1600 cfs
to 7200 cfs, and increased the average annual discharge
for the 32 years of record by 0.5 percent.

The 1: 30-year
according to
increased the
from 5600 cfs
at Gold Creek

Proj ect operati ona1 flows have been schedul ed to sat i sfy the water
requirements in the slough spawning areas during the critical period
when the salmon must gain access to the spawni ng areas in August and
early September.

Additional studies undertaken since March 1982 included refinements to
operating rule curves, downstream flow, and energy demand. Based on
these studies, it was determined that the Watana reservoir will be
operated at a normal operating level of El 2183 with an annual drawdown
to El 2093 with Watana operation and EL 2080 with WatanajDevil Canyon
operati on. The Devil Canyon reservoi r wi 11 be operated at a normal
operating level of El 1455 with an average annual drawdown of 28 feet.

The dynamic reservoir simulation model DYRESM was used to predict
reservoir temperature stratification and outflow temperature for Watana
and Devil Canyon reservoirs. The temperature structure for Watana was
found to follow the typical pattern for reservoirs and lakes of similar
size and climate conditions. In general, stratification occurs during
June, July, and August, with maximum surface temperature of 10.9°C
occurring in July and August. The model, which includes natural inflow
temperature and simulated outflow temperature, shows that, during
summer months, the outflow temperature foll ows natural temperature
trends but is cooler during July and slightly warmer in August.

- Access Plan 18 replacing Plan 5;
- Work leading up to diversion was recosted for an accelerated

schedule;
- Storage facilities were provided at Cantwell;
- Material prices were revised to reflect larger transportation route;
- Quantities were revised for the intake and spillway;

A model of the Devil Canyon reservoir shows that reservoir stratifica
tion is weak in June but builds during July and August. Cooling at
Devil Canyon is delayed to late September and early October due partly
to the warmer inflows to the Devil Canyon reservoi r from Watana.
Maximum outfl ow temperature from Devi 1 Canyon occurs in 1ate July to
mid-August and is about 8°C. Temperature from mid-September to
December 31 falls from a high of 8°C to a low of 3.5°C.

2.7 - Estimates of Cost
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- All work (other than noted) was estimated on basis of 10-hour
shifts;

- Construction power was re-estimated based on direct generation at
site; and

- Contingencies were evaluated for each account.

Changes to Devil Canyon cost estimate included:

- Access Plan 18 revision;
- Intake quantities revised;
- 10-hour work shifts; and
- Cash flow curves revised.

In addition, a number of features designed to mitigate potential
impacts on the natural environment and on residents and communities in
the vicinity of the project were addressed. These mitigation costs
have been estimated at $153 million. Costs for full reservoir clearing
at both sites have been estimated at $65 million.

2.8 - Development Schedule

The project schedules as shown in Section 17 of the Feasibility Report
(Acres 1982a), have been updated as a result of on-going studies and
span the period from 1983 until 2004.

Principal revisions to the Watana schedule include the following:

- Replacement of the pioneer road with the Denali Access Plan 18. Work
prior to receipt of the FERC license was eliminated.

- Activities leading up to diversion were revised for an accelerated
schedul e; and

- The pre-construction of one circuit of the permanent transmission
line from Gold Creek was eliminated.

Revision to the Devil Canyon schedule included the following:

- Incorporati on of the Denali Access Pl an 18 and the start of access
construction was advanced accordingly.

2.9 - Economic, Marketing, and Financial Evaluation

Several changes and modifications to the economic, marketing, and
fi nanci al eval uat ions have been made subsequent to the Feas i bil i ty
Report (1982a) based on on-going studies and FERC license requirements.
These changes and additions are presented below.

(a) Financing

The Feasibil ity Report presented several pl ans for financing the
Susitna project. Since that time, one plan has emerged as the
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most likely. This involves a combination of direct state-of
Alaska appropriations and revenue bonds issued by the Power
Authority. Watana is expected to be fi nanced by issuance of
approximately $0.9 billion (1982 dollars) of revenue bonds.

The completion of the Susitna project by the building of Devil
Canyon is expected to be fi nanced on the same bas i s wi th the
issuance of approximately $2.2 billion of revenue bonds over the
years 1994 to 2202.

(b) Cost Estimate Changes

Cost estimates have been changed to reflect adjustments to the
project since the Feasibil ity Report. These changes, however,
were relatively minor and made no change in the financial
analysis.

(c) Comments on the Tussing Report

Following submittal of the Feasibility Report, a report entitled
"Alaska Energy Planning Studies - Substantiative 1ssues and the
Effects of Recent Events," a review by A.R. Tussing and G.K.
Ericson, was prepared for the Division of Pol icy Development and
Planning, Office of the Governor of the State of Alaska. A
detailed response to that report has been provided in Section 10.

(d) Generating Planning Studies

The generating planning studies which formed the basis of the
project economic analysis has been updated since the Feasibil ity
Report, based on comments and review of the March report.
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3 - DBJ Ecn YES

3.1 - Introduction

The scope of work undertaken from the March 15, 1982, submittal of the
Susitna Hydroelectric Feasibility Report to present is set forth in
Amendment No.4, dated September 27, 1982. The principal technical
tasks undertaken during this period included:

- Access Plan;
- Hydrologic Studies;
- Geotechnical Explorations;
- Design Development;
- Envi ronmenta1 Stud i es;
- Transmission;
- Construction Cost Estimates &Schedules;
- Licensing; and
- Marketing and Finance.

3.2 - Access Plan

The March 1982 Feasibility Report recommended an access plan which, for
reasons of proj ect schedul e, woul d necess itate the construct i on of a
pioneer road prior to the FERC license being issued. Subsequent to the
issuance of the Feasibility Report, this concept was found unacceptable
by the various reviewing agencies.

Consequently, this study involved the development of a new access cri
teria and the development of additional access alternatives within the
three potential corridors detailed in 1981 studies. The objective was
to delineate the most responsive plan in each corrider and to subject
these plans to a multidisciplinary assessment and comparison to ulti
mately arrive at the most acceptable route. Results of this study are
presented in Section 4.

3.3 - Hydrology Studies

Work performed under this subtask involved:

- The continued collection of baseline climatic, water quality, sedi
ment, discharge, ice, thermal, ground water, stage, and snow creep
data;

- Preparation of reports on ground water analyses, sedimentation, and
post-project esturine effects;

- Further refine ener9Y and minimum flow requirements for downstream
fi sheri es;

- Prepare ground water report with ground water contours of the study
slou9hs, ground water sources, and ground water inflow rates; and

- Cont i nue reservoi rand i nstream flow studi es to enable the proj ect
impacts to be assessed and a mitigation plan to be adopted.
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3.4 - Geotechnical Exploration

The following tasks were performed:

Additional soil drill ing and testing in the Watana relict channel;

- Prepare an amendment to the 1980-81 Geotechnical Report;

- Develop a scope of a 1982 winter program; and

- Prepare necessary contracts to perform the work.

3.5 - Design Development Update

The scope of this subtask involved the continued updating of various
design aspects of the project with particular attention directed to
those design changes necessary to meet changing environmental criteria
and improve application. Particular areas to be addressed were:

- Intake structures;

- Construction haul roads;

- Transmission line routing; and

- Access roads.

3.6 - Environmental Studies

(a) Introduction

The principal objective of the environmental studies was to con
tinue coordination among environmental study subtasks and subcon
tractors, establish and maintain reporting schedules, continue
informal agency contact, and prepare Exhibit E for the FERC
license application.

(0) Cultural Resource Investigations

Work under this program involved:

- Conducting a reconnaissance Level 1 survey along the proposed
transmission corridor from Fairbanks to Healy, Willow to
Anchorage, and Watana damsite to the Intertie;

- Conducting a Reconnaissance Levell survey at the "new" segment
of the proposed access route on the north side of the Susitna
River, from Devil Canyon to the Parks Highway;

- Conducting archaeological evaluations of areas to be impacted by
geotechnical testing;
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Conducting reconnaissance Level 2 survey on the Tsusena Creek
"cat trail" from the Watana Camp area to the mouth of the Tsusena
Creek; and

- Preparing the cultural resource components of the FERC 1icense.

(c) Land Ownership and Acquisition

To further define land ownership and acquisition in connection
with access road and transmission 1ine corridor and assist in
preparation of Exhibit G for the FERC license application.

(d) Land Use Analysis - Mitigation of Aesthetic Impact

To further assess aesthetic impacts and develop a draft plan for
mitigation of impacts of the Project on the aesthetic resources
of the upper Susitna River Basin.

(e) Recreation Planning

To develop specific proposed sites for recreation facilities to
include cost and schedules for development of the facilities.

(f) Aquatic Impact Assessment

To analyze and interpret available baseline knowledge of the
Susitna River aquatic system and examine and present in models
and reports the impacts on fi shery resources of hyd roe1ectri c
development in the upper Susitna Basin. Work undertaken during
this period included:

- Coordination with the Alaska Department of Fish and Game and the
Susitna Hydro Study Group on the fishery and aquatic habitat
studies and other groups and agencies involved in assessing
impacts on fishery.

- Assemble an information management program to collect and
compile available knowledge of the Susitna River aquatic system
relating specifically to the examination of project impact on
fishery resources.

- Construction of a dynamic model -of the Susitna River Basin
which will be used to develop quantitative relationships
between aquatic habitats and resources pursuant to various
hydro operational scenarios.

- Establish a format, schedule, and content of periodic briefings
on aquatic study, analysis, and impact assessment efforts to the
Alaskan resource agencies.
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(g) Fisheries Mitigation Planning

To develop a mitigation plan consisting of quantified mitigation
options for each phase of the project as well as to identify
deficiencies and prioritize studies needed to fulfill the quan
tification requirements of the mitigation plan.

(h) Fisheries Mitigation Planning

The primary objective of the fisheries mitigation planning effort
was to develop a mitigation plan consisting of quantified mitiga
tion options for each phase of the project with the ultimate goal
of providing the mitigation documents required by the FERC for
license approval.

(i) Susitna Hatchery Siting Study

To determine if it is appropriate that consideration be given to
the feasibility of siting an enhancement hatchery to insure main
tenance of the existing stocks at or above their present popula
tion levels.

(j) Wildlife and Habitat Impact Assessment and Mitigation Planning

To continue with ongoing data collection and workshop and field
studies; prepare supporting reference documents; assess various
project impacts; and develop final comprehensive mitigation plans
for inclusion in FERC license application.

(k) Transmission Line Survey

To locate the centerl ine of the transmission 1ines to include
width and location of right-of-way:

- Define all points of intersection (P.I.) along the centerline by
measuring the station for each P.I. and its bearings;

- Provide information regarding the transmission equipment and
appurtenance; and

- Prepare drawings and documentations as required to meet the FERC
requirements for license application.

3.7 - Cost Estimate Update

To update project cost estimate in connection with the elimination of
the pi onee r road and the selected access route and to update other
planning and design changes for inclusion in the FERC license applica
tion.

3.8 - Update Engineering/Construction Schedule

To update construction schedules in connection with the elimination of
the pioneer road and the selected access route and other planning and
design changes for inclusion in FERC license application.
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Marketing and finance work was directed to:

3.9 - Preparation of FERC License Application

- Further review A. Tussing's draft report "Al aska Energy Planning
Studies"; hold meeting to resolve outstanding differences between
Tussing's and Acres reports on Susitna project risk analysis; and
prepare appropriate responses; and

To prepare and coordinate all engineering and support activities
necessary for the preparation of the FERC license application.

3.10 - Marketing and Finance

sources and extent of financing and annual
for preparing applicable portions of

- Resolve issues concerning
revenues as the basi s
Exhi bit D.
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4 - ACCESS PLAN

4.1 - Introduction

This section describes the development of alternative access plans from
the original Acres POS of February 1980 through to the final selection
of the proposed access plan as approved by the Power Authority Board of
Directors in September 1982. The main body of this section is con
cerned with the access planning studies which have taken place subse
quent to the issuance of the Susitna Hydroelectric Project Feasibility
Report in March 1982 (Acres 1982a). In the latter part of this sec
tion, the modifications and improvements that have been made since the
selection of the proposed plan in September 1982 are discussed. In
addition, the general guidelines that have been developed for roadway
construction and mining of borrow sites are described.

4.2 - Background

The original POS proposed that a single access route would be selected
by May 1981, to be followed by a detailed environmental investigation.

Early in the study, three main access corridors were identified. Plans
developed within these three corridors were evaluated on the basis of
available information, comments and concerns of various state agencies,
and recommendations from the Susitna Hydroelectric Steering Committee
(SHSC). After an initial evaluation, the decision was made to assess
all three alternative corridors in more detail throughout 1981 and re
commend a selected route later in the year. This assessment included
environmental studies, engineering studies, aerial photography, and
geologic mapping of all three alternative routes.

In March of 1982, the Power Authority presented the results of the
Susitna HYdroelectric Feasibility Report to the public, resource agen
cies, and organizations. This report recommended an access plan which,
for reasons of project schedule, would have necessitated the construc
tion of a pioneer road prior to the FERC 1icense being issued. The
construction of a pioneer road, however, was considered unacceptable by
the resource agencies and the plan was discarded.

Consequently, the evaluation criteria were refined and additional ac
cess alternatives were developed. The most responsive plan in each of
the three corridors was identified and subjected to a multidisciplinary
assessment and comparison. After consideration of these alternatives,
the Power Authority Board of Di rectors formally adopted the Denal i
North Plan, Plan 18, asthe Proposed Access Plan in September 1982
(Figure 4.5).

4.3 - Objectives

Throughout the development, evaluation, and selection of the access
pl ans, the foremost objective was to provide a transportation system
that woul d support construction act i vit i es and a11 ow for the orderly
development and maintenance of site facilities.
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Meeting this fundamental objective involved the consideration not only
of economics and technical ease of development but also many other di
verse factors. Of prime importance was the potential for impacts to
the environment, namely, impacts to the local fish and game popula
tions. In addition, since the Native villages and the Cook Inlet
Region will eventually acquire surface and subsurface rights, their
interests were recognized and taken into account as were those of the
local communities and general public.

With so many different factors inf1 uencing the choice of an access
plan, it was evident that no one plan would satisfy all interests. The
aim during the selection process was to consider all factors in their
proper perspective and produce a plan that represented the most favor
able solution to both meeting project-related goals and minimizing
impacts to the environment and surrounding communities.

4.4 - Existing Access Facilities

The proposed Devil Canyon and Watana damsites are located approximately
115 mil es northeast of Anchorage and 140 miles south of Fai rbanks
(Figure 4.1). The Alaska Railroad, which links Anchorage and
Fairbanks, passes within 12 miles of the Devil Canyon damsite at Gold
Creek. The George Parks Highway (Route 3) parallels the Alaska Rail
road for much of its route, although between the communities of Sun
shine and Hurricane the highway is routed to the west of the railroad,
to the extent that Gold Creek is situated approximately 16 miles south
of the intersection of the rail road and highway. At Cantwell, 51 miles
north of Gold Creek, the Denali Highway (Route 8) leads easterly
approximately 116 mil es to Paxson where it intersects the Ri chardson
Highway. To the south, the Glenn Highway (Route 1) provides the main
access to Glenallen and intersects the Richardson Highway which leads
south to Valdez. A location map with the proposed access route is
shown in Figure 4.1.

4.5 - Corridor Identification and Selection

The Acres POS, February 1980, identified three general corridors 1ead
ing from the existing transportation network to the damsites. This
network consists of the George Parks Highway and the Alaska Railroad to
the west of the damsites and the Dena1 i Highway to the north. The
three general corridors are identified in Fi9ure 4.2.

Corridor 1 - From the Parks Highway to the Watana damsite via the north
side of the Susitna River.

Corridor 2 - From the Parks Highway to the Watana damsite via the south
side of the Susitna River.

Corridor 3 - From the Denali Highway to the Watana damsite.

The access road stud i es i dent i fi ed a total of ei ghteen alternat i ve
plans within the three corridors. The alternatives were developed by
1ayi ng out routes on topog raphi ca1 maps in accordance wi th accepted
road and rail design criteria. Subsequent field investigations resul
ted in minor modifications to reduce environmental impacts and improve
alignment.

4-2
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The prel iminary design criteria adopted for access road and rail
alternatives were selected on the basis of similar facilities provided
for other remote projects of this nature. Basic roadway parameters
were as follows:

- Maximum grade of 6 percent;
- Maximum curvature of 5 degrees;
- Design loading of 80k axle and 200k total during construction;

and
- Design loading of HS-20 after construction.

Railroad design parameters utilized were as follows:

- Maximum grade of 2.5 percent;
- Maximum curvature of 10 degrees; and
- Loading of E-72.

Once the basi c corri dors were defi ned, alternat i ve routes whi ch met
these design parameter.s were established and evaluated against
technical, economic, and envi ronmental criteria. Next, within each
corridor, the most favorable alternative route in terms of length,
alignment, and grade was identified. These routes were then combined
together and/or with existing roads or rail roads to form the various
access plans. The development of alternative routes is discussed in
more detail in the R &MAccess Planning Study (R&M 1982).

4.6 - Development of Plans

At the beginning of the study, a plan formulation and initial selection
process was developed. The criteria that most significantly affected
the selection process were identified as:

- Minimizing impacts to the environment;
- Minimizing total project costs;

Providing transportation flexibility to mlnlmlze construction risks;
- Providing ease of operation and maintenance; and
- Preconstruction of a pioneer road.

This led to the development of eight alternative access plans.

During evaluation of these access plans, input from the public, re
source agencies, and Native organizations was sought and their response
resulted in an expansion of the original list of eight alternative
plans to eleven. Plans 9 and 10 were added as a suggestion by the SHSC
as a means of limiting access by having rail-only access as far as the
Devil Canyon damsite to reduce adverse envi ronmental impacts in and
around the project area. Plan 11 was added as a way of providing
access from only one main terminus, Cantwell, and thus alleviate socio
economic impacts to the other communities in the Railbelt (principally
Gold Creek, Trapper Creek, Talkeetna, and Hurricane).
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Studies of these eleven access plans culminated in the production of
the Acres Access Route Selection Report (Acres 1982b) which recommended
Plan 5 as the route which most closely satisfied the selection cri
teria. Plan 5 starts from the George Parks Hi9hway near Hurricane and
traverses along the Indian River to Gold Creek. From Gold Creek, the
road continues east on the south side of the Susitna River to the Devil
Canyon damsite, crosses a low 1evel bridge, and continues east on the
north side of the Susitna River to the Watana damsite. For the project
to remain on schedule, it would have been necessary to construct a
pioneeer road along this route prior to the FERC license being issued.

In March of 1982, the Power Authority presented the results of the
Susitna Hydroelectric Feasibility Report, of which Access Plan 5 was a
part, to the publ ic, agencies, and organizations. During April, com
ment was obtained relative to the feasibility study from these groups.
As a result of these comments, the pioneer road concept was eliminated,
the evaluation criteria were refined, and six additional access alter
natives were developed.

During the evaluation process, the Power Authority staff formulated a
further plan, thus increasing the total number of plans under evalua
tion to eighteen. This sUbsequently became the plan recommended by
Power Authority staff to the Power Authority Board of Di rectors, and
was formally adopted as the Proposed Access Pl an in September 1982
(Acres 1982c).

A description of each of the eighteen alternative access plans, toget
her with a breakdown of costs, is given in Table 4.1.

4.7 - Evaluation of Plans

The refined criteria used to evaluate the eighteen alternative access
plans were:

- No pre-license construction;

- Provide initial access within one year;

- Provide access between sites during project operation phase;

- Provide access flexibility to ensure project is brought on-line with
in budget and schedule;

- Minimize total cost of access;

- Minimize initial investment required to provide access to the Watana
damsite;

- Minimize risks to project schedule;

- Minimize environmental impacts;

4-4
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- Accommodate current land uses and plans;

- Accommodate agency preferences;

- Accommodate preferences of Native organizations;

- Accommodate preferences of local communities; and

- Accommodate public concerns.

All eighteen plans were evaluated using these refined criteria to de
termine the most responsive access plan in each of the three basic
corridors. An explanation of the criteria and the plans which were
subsequently eliminated is given below.

To meet the overall project schedule requirements for the Watana devel
opment, it is necessary to secure initial access to the Watana damsite
within one year of the FERC license being issued. The constraint of no
pre-license construction resulted in the elimination of any plan in
which initial access could not be completed within one year. This con
straint led to the elimination of the access plan submitted in the
Susitna Hydroelectric Project Feasibility Report (Plan 5) and five
other plans (2, 8, 9, 10, and 12).

Upon completion of both the Watana and Devil Canyon dams, it is planned
to operate and maintain both sites from one central location (Watana).
To facil itate these operation and maintenance activities, access plans
with a road connection between the sites were considered superior to
those plans without a road connect ion. Pl ans 3 and 4 do not have
access between the sites and were discarded.

The ability to make full use of both rail and road systems from south
central ports of entry to the rail head facil ity provides the project
management with far greater flexibil ity to meet contingencies and
control costs and schedule. Limited access plans utilizing an all rail
or rail link system with no road connection to an existing highway have
less flexibility and would impose a restraint on project operation that
could result in delays and significant increases in cost. Four plans
with limited access (Plans 8, 9, 10, and 15) were eliminated because of
this constraint.

Residents of the Indian River and Gold Creek communities are generally
not in favor of a road access near their communities. Plan 1 was dis
carded because Plans 13 and 14 achieve the same objectives without im
pacting the Indian River and Gold Creek areas.

Plan 7 was eliminated because it includes a circuit route connecting to
both the George Parks and Denali Highways. This circuit route was
considered unacceptable by the resource agencies, since it aggravated
the control of public access.
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The seven remalmng plans found to meet the selection criterion were
Plans 6, 11, 13, 14, 16, 17, and 18. Of these, Plans 13, 16, and 18 in
the North, South, and Denali corridors, respectively, were selected as
being the most responsive plan in each corridor. The three plans are
described below and the route locations shown in Figures 4.3 through
4.5.

4.8 - Description of Most Responsive Access Plans

Pl an 13 "North" (See Figure 4.3)

This plan utilizes a roadway from a railhead facility adjacent to the
George Parks Highway at Hurricane to the Watana damsite following the
north side of the Susitna River. A spur road seven miles in length
woul d be constructed at a 1ater date to servi ce the Devil Canyon
development. Travel i ng southeast from Hu rri cane, t he route passes
through Chulitna Pass, avoids the Indian River and Gold Creek areas,
then parallels Portage Creek at a high elevation on the north side.
After crossing Portage Creek, the road continues at a high elevation to
the Watana damsite. Access to the south side of the Susitna River at
the Devil Canyon damsite would be attained via a high-level suspension
bridge approximately one mil e downstream from the Devil Canyon dam.
This route crosses mountainous terrain at high elevations and includes
extensive sidehill cutting in the region of Portage Creek.
Construction of the road, however, would not be as difficult as Plan
16, the South route.

Plan 16 "South" (See Figure 4.4)

This route generally parallels the Susitna River, traversing west to
east from a rail head at Gold Creek to the Devil Canyon damsite, and
continues following a southerly loop to the Watana damsite. To achieve
initial access within one year, a temporary, low-level crossing to the
north side of the Susitna River is required approximately twelve miles
downstream from the Watana damsite. This would be used until comple
tion of a permanent, high-level bridge. In addition, a connecting road
from the George Parks Highway to Devil Canyon, with a major high-level
bridge across the Susitna Ri ver, is necessary to provi de full road
access to either site. The topography from Devil Canyon to Watana is
mountainous, and the route involves the most difficult construction of
the three plans, requiring a number of sidehill cuts and the construc
tion of two major bridges. To provide initial access to the Watana
dams i te, thi s route presents the most di ffi cult construct i on problems
of the three routes, and has the highest potential for schedule delays
and related cost increases.

Plan 18 "Denal i-North" (See Figure 4.5)

Thi s route ori gi nates at a ra il head in Cantwe 11, and then follows the
existing Denali Highway to a point 21 miles east of the junction of the
George Parks and Denali highways. A new road would be constructed from
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this point due south to the Watana damsite. Most of the new road would
traverse relatively flat terrain which would allow construction using
side-borrow techniques, resulting in a minimum of disturbance to areas
away from the alignment. This is the most easily constructed route for
initial access to the Watana site. Access to the Devil Canyon develop
ment would consist primarily of a railroad extension from the existing
Al aska Rail road at Gold Creek to a railhead facility adjacent to the
Devil Canyon camp area. To provide access to the Watana damsite and
the existing highway system, a connecting road would be constructed
from the Devil Canyon railhead following a northerly loop to the Watana
dams i teo Access to the north side of the Susitna Ri ver woul d be
attained via a high-level suspension bridge constructed approximately
one mile downstream from the Devil Canyon dam. In general, the align
ment crosses terrain with gentle-to-moderate slopes which would allow
roadbed construction without deep cuts.

4.9 - Comparison of the Selected Alternative Plans

To determine which of the three access pl ans best accommodated both
project-related goals and the concerns of the resource agencies, Native
organizations, and affected communities, the plans were subjected to a
multidisciplinary evaluation and comparison. Among the issues addres
sed in this evaluation and comparison were:

- Costs;
- Schedule;

Envi ronmental issues;
- Cultural resources;
- Socioeconomics/Community preferences;
- Preferences of Native organizations;
- Relationship to current land stewardships, uses and plans; and
- Recreation.

(a) Costs

The relative cost of the three access alternatives is presented in
Table 4.2. This table outlines the total costs of the three plans
with the schedule constraint that initial access must be completed
within one year of receipt of the FERC license. Costs to complete
the access requirement for the Watana development only are al so
shown. The costs of the three alternative plans can be summarized
as follows:

Estimated Total Cost ($ x 106)

Devil Discounted
Plan Watana Canyon Total Total

North (13) 241 127 368 287
South (16) 312 104 416 335
Denali-North (18) 224 213 437 326
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Schedul e

The costs are in terms of 1982 dollars and include all costs asso
ciated with design, construction, maintenance, and logistics.
Discounted total costs (present worth as of 1982) have been shown
here for comparison purposes to del ineate the differences in
timing of expenditure.
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6 months
9 months

12 months

Dena1i-North
North
South

The schedule for providing initial access to the Watana site was
given prime consideration, since the cost ramifications of a
schedule delay are highly significant. The elimination of pre
license construction of a pioneer access road has resulted in the
severe compression of onsite construction activities in the
1985-86 period. With the present overall project schedul ing,
should diversion not be completed prior to spring runoff in 1987,
dam foundation preparation work would be delayed one year and,
hence, cause a delay to the overall project of one year. It has
been estimated that the resultant increase in cost would likely be
in the range of 100-200 million dollars. The access route that
assures the qUickest completion and, hence, the earliest delivery
of equipment and materials to the site has a distinct advantage.
The forecasted construction periods for initial access, including
mobilization, for the three plans are:

For the development of access to the Watana site, the Denali-North
Plan has the least cost and the lowest probability of increased
costs result i ng from unforeseen condit ions. The North Pl an is
ranked second. The North Plan has the lowest overall cost while
the Denali-North has the highest. However, a large portion of the
cost of the Denali-North Plan would be incurred more than a decade
in the future. When converting costs to equivalent present value,
the overall costs of the Denal i -North and the South pl ans are
simil ar.

It is evident that, with the Denali-North Plan, site activities
can be supported at an earl ier date than by either of the other
routes. Consequently, the Denal i-North Plan offers the highest
probability of meeting schedule and the least risk of project
delay and increase in cost. The schedule for access in relation
to diversion is shown for the three plans in Figure 4.6.

Environmental issues have played a major role in access planning
to date. The main issue is that a road will permit human entry
into an area which is relatively inaccessible at present, causing
both direct and indirect impacts. A summary of these key impacts
with regard to wildlife, wildlife habitat, and fisheries for each
of the three alternative access plans is outlined below.

(b)

(c)
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(i) Wildlife and Habitat

The three selected alternative access routes are made up of
five distinct wildlife and habitat segments:

1. Hurri cane to Devil Canyon: Th i s segment is composed
almost entirely of productive mixed forest, riparian,
and wetlands habitats important to moose, furbearers,
and birds. It includes three areas where slopes of
over 3D percent will requi re side-hill cuts, all above
wetland zones vulnerable to erosion-related impacts.

2. Gold Creek to Devil Canyon: This segment is composed
of mixed forest and wetland habitats, but includes less
wetland habitat and fewer wetland habitat types than
the Hurricane to Devil Canyon segment. Although this
segment contains habitat suitable for moose, black
bears, furbearers, and bi rds, it has the 1east poten
ti a1 for adverse impacts to wil dl ife of the fi ve seg
ments considered.

3. Devil Canyon to Watana (North Side: The following
comments app y to ot t e Dena l-North and North
routes. This segment traverses a varied mixture of
forest, shrub, and tundra habitat types, generally of
medium-to-low productivity as wildl ife habitat. It
crosses the Devil and Tsusena Creek drainages and
passes by Swimming Bear Lake which contains habitat
suitable for furbearers.

4. Devil Canyon to Watana (South Side): This segment is
highly varied with respect to habitat types, containing
complex mixtures of forest, shrub, tundra, wetlands,
and riparian vegetation. The western portion is mostly
tundra and shrub, with forest and wetl ands occurring
along the eastern portion in the vicinity of Prairie
Creek, Stephan Lake, and Tsusena and Deadman Creeks.
Prairie Creek supports a high concentration of brown
bears, and the lower Tsusena and Deadman Creek areas
support lightly hunted concentrations of moose and
black bears. The Stephan Lake area supports high
densities of moose and bears. Access development in
this segment would probably result in habitat loss or
alteration, increased hunting, and human-bear
confl i cts.

5. Denali Highway to Watana: This segment is primarily
composed of shrub and tundra vegetation types, with
1ittle productive forest habitat present. Although
habitat diversity is relatively low along this segment,
the southern port i on along Deadman Creek conta i ns an
important brown bear concentration and browse for
moose. This segment crosses a peripheral portion of
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Fisheries

These segments combine, as illustrated below, to form the
three alternative access plans:

Table 4.3 summarizes the three alternative access plans
with respect to potential adverse impacts on wildl ife and
their supporting habitat.
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Segments 1 and 3
Segments 1, 2, and 4
Segments 2, 3, and 5

the range of the Nelchina caribou herd; and there is
evidence that as herd size increases, caribou are like
ly to migrate across the route and calve in the vicini
ty. Although it is not possible to predict with any
certainty how the physical presence of the road itself
or traffic will affect caribou movements, population
size, or productivity, it is 1ikely that a variety of
site-specific mitigation measures will be necessary to
protect the herd.

North
South
Denali-North

All three alternative routes would have direct and indirect
impacts on fisheries. Direct impacts include the effects
on water quality and aquatic habitat, whereas increased
angling pressure is an indirect impact. A qualitative com
parison of the fishery impacts related to the alternative
plans was undertaken. The parameters used to assess
impacts along each route included the number of streams
crossed, the number and length of lateral transits (i.e.,
where the roadway parallels the streams and runoff from the
roadway can run directly into the stream), the number of
watersheds affected, and the presence of resident and
anadromous fish.

The North route has the 1east potent i al for creat i ng ad
verse impacts to wildlife and habitat, for it traverses or
approaches the fewest areas of productive habitat and zones
of species concentration or movement. The wildlife impacts
of the South Plan can be expected to be greater than those
of the North Plan because of the proximity of the route to
Prairie Creek, Stephan Lake, and the Fog Lakes, which
currently support high densities of moose and bl ack and
brown bears. In particular, Prairie Creek supports what
may be the highest concentration of brown bears in the
Susitna Basin. The Denal i-North Plan crosses the periphery
of the Nelchina caribou range and movement zone between the
Denali Highway and Susitna River. In addition, this route
h~s the potential for disturbances to brown and black bear
concentrations and movement zones in the Deadman and
Tsusena Creek areas. Dverall, however, the potential for
adverse impacts with the Denal i-North Plan is similar to
the South Plan.

(i i )
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The three access plan alternatives incorporate combinations
of seven distinct fishery segments.

1. Hurricane to Devil Canyon: Seven stream crossings will
be requlred along thlS route, including Indian River,
which is an important salmon spawning river. Both the
Chulitna River watershed and the Susitna River water
shed are affected by this route. The increased access
to Indian River will be an important indirect impact to
the segment. Approximately 1. 8 mil es of cuts into
banks greater than 30 degrees occur along thi s route
requiring erosion control measures to preserve the
water quality and aquatic habitat.

2. Gold Creek to Devil Canyon: This segment crosses six
streams and is expected to have minimal direct and
indirect impacts. Anadromous fish spawning is 1ikely
in some streams, but impacts are expected to be
minimal. Approximately 2.5 miles of cuts into banks
greater than 30 degress occur in this section. In the
Denali-North Plan, this segment would be railroad,
whereas in the South Plan it would be road.

3. Devil Canyon to Watana (North Side, North Plan): This
segment crosses 20 streams and 1aterally transits 4
rivers for a total distance of approximately 12 miles.
Seven mil es of thi s 1ateral transit parall el s Portage
Creek, which is an important salmon spawning area.

4. Devil Canyon to Watana (North Side, Denali-North Plan):
The difference between this segment and Segment 3
descri bed above is that it avoids Portage Creek by
traversing through a pass 4 miles to the east. The
number of streams crossed is consequently reduced to
12, and the number of lateral transits is reduced to
2 with a total distance of 4 miles.

5. Devil Canyon to Watana (South Side): The porti on
between the Susitna Rl ver crossing and Devil Canyon
requires nine steam crossings, but it is unlikely that
these contain significant fish populations. The por
tion of this segment from Watana to the Susitna River
is not expected to have any major direct impacts; how
ever, increased angling pressure in the vicinity of
Stephan Lake may result because of the proximity of the
access road. The segment crosses both the Susitna and
the Talkeetna watersheds. Seven miles of cut into
banks of greater than 30 degrees occur in thi s seg
ment.
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The three alternative access routes comprised the following
segments:

With any of the selected plans, direct and indirect effects
can be minimized through proper engineering design and pru
dent management. Criteria for the development of borrow
sites and the design of bridges and culverts together with
mitigation recommendations are discussed in Exhibit E of
the FERC License Application.

The Denali-North Plan is likely to have a significant
direct and indirect impact on grayling fisheries, given the
number of stream crossi ngs, 1ateral transi ts, and water
sheds affected. Anadromous fisheries impact will be
minimal and will only be significant along the railroad
spur between Gold Creek and Devil Canyon.
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Segments 1 and 3
Segments 1, 2, and 5
Segments 2, 4, 6 and 7

North
South
Denali-North

6. Denal i Highway to Watana: The segment from the Denal i
Highway to the Watana damsite has 22 stream crossings
and passes from the Nenana into the Susitna watershed.
Much of the route crosses, or is in proximity to
seasonal grayling habitat and runs parallel to Deadman
Creek for nearly 10 mil es. If recruitment and growth
rates are low along this segment, it is unlikely that
resident populations could sustain heavy fishing
pressure. Hence, this segment has a high potential for
impacting the local grayling population.

7. Denal i Highway: The Denali Highway from Cantwell to
the Watana access turnoff wi 11 requi re upgrading. The
upgrading will involve only minor realignment and neg
ligible alteration to present stream crossings. The
segment crosses 11 streams and 1aterally transits 2
rivers for a total distance of 5 miles. There is no
anadromous fish spawning in this segment, and 1ittle
direct or indirect impact is expected.

The South Plan is likely to create significant direct and
indirect impacts at Indian River, which is an important
salmon spawning river. Anadromous fisheries impacts will
occur in the Gold Creek to Devil Canyon segment the same as
for the Denal i-North Plan. In addition, indirect impacts
may occur in the Stephan Lake area.

The North Plan, 1 ike the South Plan, may impact salmon
spawning activity in Indian River. Significant impacts are
likely along Portage Creek because of water quality impacts
through increased erosi on and because of i ndi rect impacts
such as increased angling pressure.
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(d) Cultural Resources

A Levell cultural resources survey was conducted over a large
portion of the three access plans. The segment of the Denal i
North Pl an between the Watana damsite and the Denal i Hi ghway
traverses an area of high· potential for cultural resource sites.
Treeless areas along this segment lack appreciable soil desposi
tion, making cultural resources visible and more vulnerable to
secondary impacts. Common to both the Denali-North and the North
Pl an is the segment on the north side of the Sus i tna Ri ver from
the Watana damsite to where the road parallels Devil Creek. This
segment is also largely treeless, making it highly vulnerable to
secondary impacts. The South Plan traverses less terrain of
archaeological importance than either of the other two routes.
Several sites exist along the southerly Devil Canyon to Watana
segment; however, since much of the route is forested, these sites
are less vulnerable to secondary impacts.

The ranking from the least to the highest with regard to cultural
resource impacts is South, North, Denali-North. However, impacts
to cultural resources can be fully mitigated by avoidance, protec
tion or salvage; consequently, this issue was not critical to the
selection process.

(e) Socioeconomics/Community Preferences

Socioeconomic impacts on the Mat-Su Borough as a whole would be
simil ar in magnitude for all three pl ans. However, each of the
three plans affects future socioeconomic conditions in differing
degrees in certain areas and communities. The important
differences affecting specific communities are outlined below.

(i) Cantwell

The Denali-North Plan would create significant increases in
population, local employment, business activity, housing,
and traffic. These impacts result because a railhead
facility would be located at Cantwell and because Cantwell
would be the nearest community to the Watana damsite. Both
the North and South Plans would impact Cantwell to a far
1esser extent.

(ii) Hurricane

The North Plan would significantly impact the Hurricane
area, since currently there is little population, employ
ment, business activity or housing. Changes i'n socioecono
mic indicators for Hurricane would be less under the South
Plan and considerably less under the Denali-North plan.
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(iii) Trapper Creek and Talkeetna

Trapper Creek would experience slightly larger changes in
economic indicators with the North plan than under the
South or Denal i-North Plans. The South Plan would impact
the Talkeetna area slightly more than the other two plans.

(iv) Gold Creek

With the South Plan, a railhead facility would be developed
at Gol d Creek creati ng a s i gnifi cant increase in soci 0
economic indicators in this area. The Denali-North Plan
includes construction of a railhead facility at the Devil
Canyon site which would create impacts at Gold Creek, but
not to the same extent as the South Plan. Minimal impacts
would result in Gold Creek under the North Plan.

The responses of peopl e who will be affected by these potential
changes are mixed. The peopl e of Cantwell are generally in favor
of some economic stimulus and development in their community.
Some concern was expressed over the potential effects of access on
fi sh and wil dl ife resources, but with stri ngent hunt i ng regul a
tions implemented and enforced, it was considered that this pro
blem could be successfully mitigated. The majority of residents
in both Talkeetna and Trapper Creek have indicated a strong pre
ference to maintain their general lifestyle patterns and do not
desire rapid, uncontrolled change. The Denali-North Plan would
impact these areas the least. The majority of landholders in the
Indian River subdivision favor retention of the remote status of
the area and do not want road access through their I ands. This
and other feedback to date indicate that the Denali- North Plan
will come closest to creating socioeconomic changes that are
acceptabl e to or des i red by 1andho I ders and res i dents in the
potentially impacted areas and communities.

(f) Preferences of Native Organizations

Cook Inlet Region Inc. (CIRI) has selected lands surrounding the
impoundment areas and south of the Susitna River between the dam
sites. CIRI has officially expressed a preference for a plan pro
viding road access from the George Parks Highway to both damsites
along the south side of the Susitna River. The Tyonek Native Cor
poration and the CIRI village residents have indicated a similar
preference. The South Pl an provides full road access to thei r
lands south of the Sutina River and thus comes closest to meeting
these desires. The AHTNA Native Region Corporation presently owns
land bordering the Denali Highway and, together with the Cantwell
Village Corporation, has expressed a preference for the Denali
North Plan. None of the Native organizations support the North
Plan.
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(g) Relationship to Current Land Stewardships, Uses and Plans

Much of 1and requi red for project development has been or may be
conveyed to Native organizations. The remaining lands are gene
rally under state and federal control. The South Pl an traverses
more Native-selected lands than either of the other two routes,
and although present land use is low, the Native organizations
have expressed an interest in potentially developing their lands
for mining, recreation, forestry, or residential use.

The other land management plans that have a large bearing on
access development are the Bureau of Land Management's (BLM)
recent decision to open the Denali Planning Block to mineral
exploration and the Denali Scenic Highway Study being initiated by
the Al aska Land Use Counci 1. The Denal i Hi ghway to Deadman
Mountain segment of the Denali-North Plan would be compatible with
BLM's plans. During the construction phase of the project, the
Denali-North Plan could create conflicts with the development of a
Dena1i sceni c hi ghway; however, after construct i on, the access
road and project facilities could be incorporated into the overall
scenic highway planning.

By providing publ ic access to a now relatively inaccessible, semi
wilderness area, conflict may be imposed with wildlife habitats
necessitating an increased level of wildlife and people management
by the various resource agencies.

In general, however, none of the plans will be in major conflict
with any present federal, borough, or Native management plans.

(h) Recreation

Following meetings, discussions, and evaluation of various access
plans, it became evident that recreation plans are flexible enough
to adapt to any of the three selected access routes. No one route
was identified which had superior recreational potential associa
ted with it. Therefore, compatibility with recreational aspects
was essentially eliminated as an evaluation criterion.

4.10 - Summary of Final Selection of Plans

In reaching the decision as to which of the three alternative access
plans was to be recommended, it. was necessary to evaluate the highly
complex interplay that exists between the many issues involved.
Analysis of the key issues described in the preceding pages indicates
that no one plan satisfied all the selection criteria nor accommodated
all the concerns of the resource agencies, Native organizations, and
publ ic. Therefore, it was necesary to make a rational assessment of
tradeoffs between the sometimes conflicting environmental concerns of
impacts on fisheries, wildlife, socioeconomics, land use, and recrea
tional opportunities on the one hand, with project cost, schedule,
construction risk, and management needs on the other. With all
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these factors in mind, it should be emphasized that the primary purpose
of access is to provide and maintain an uninterrupted flow of materials
and personnel to the damsite throughout the 1ife of the project.
Should this fundamental objective not be achieved, significant schedule
and budget overruns will occur.

(a) Elimination of "South Plan"

The South route, Plan 16, was eliminated primarily because of the
construction difficulties associated with building a major low
level crossing 12 miles downstream from the Watana damsite. This
crossing would consist of a floating or fixed temporary bridge
which would need to be removed prior to spring breakup during the
first three years of the project (the time estimated for comple
tion of the permanent bridge). This would result in a serious
interruption in the flow of materials to the site. Another draw
back is that floating bridges require continual maintenance and
are generally subject to more weight and dimensional 1imitations
than permanent structures.

A further limitation of this route is that, for the first three
years of the project, all construction work must be supported
solely from the railhead facil ity at Gold Creek. This problem
arises because it will take an estimated three years to· complete
construction of the connecting road across the Susitna River at
Devil Canyon to Hurricane on the George Parks Highway. Limited
access such as this does not provide the flexibility needed by the
proj ect management to meet conti ngenci es and control costs and
schedule.

Delays in the supply of materials to the damsite, caused by either
an interruption of service of the railway system or the Susitna
River not being passable during spring breakup, could result in
significant cost impacts. These factors, together with the
realization that the South Plan offers no specific advantages over
the other two plans in any of the areas of environmental or social
concern, led to the South Plan being el iminated from further
consideration.

(b) Schedule Constraints

The choice of an access plan thus narrowed down to the North and
Denal i-North Pl ans. Of the many issues addressed during the
eval uati on process, the issue of "schedul e" and "schedul e ri sk"
was determined as being the most important in the final selection
of the recommended plan.

Schedule plays such an important role in the evaluation process
because of the special set of conditions that exist in a subarctic
environment. Building roads in these regions involves the consi
deration of many factors not found elsewhere in other environ
ments. Specifically, the chief concern is one of weather and the
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consequent short duration of the construction season. The roads
for both-the North and Denali-North plans will, for the most part,
be constructed at elevations in excess of 3,000 feet. At these
elevations, the likely time available for uninterrupted construc
tion in a typical year is five months, and at most six months.

The forecasted construction period for initial access, including
mobilization, is six months for the Denali-North Plan and nine
months for the North Plan. At first glance, a difference in
schedule of three months does not seem great; however, when con
sidering that only six months of the year are available for con
struction, the additional three months become highly significant,
especially when read in the context of the 1ike1y schedule for
issuance of the FERC license.

The date the FERC 1i cense wi 11 be issued cannot be accurately
determined at this time, but is forecast to be within the first
nine months of 1985. Hence, the interval between 1icensing and
the scheduled date of diversion can vary significantly, as shown
graphically in Figure 4.6. This illustrates that the precise time
of year the license is issued is critical to the construction
schedule of the access route, for if delays in 1icensing occur,
there is a risk of delay to the project schedule to the extent
that river diversion in 1987 will be missed. If diversion is not
achieved prior to spring runoff in 1987, dam foundation prepara
tion work will be delayed one year, and hence, a delay to the
overall project of one year will result.

(c) Cost Impacts

The increase in costs resulting from a one-year delay has been
estimated to be in the range of 100-200 million dollars. This
increase includes the financial cost of investment by spring of
1987, the financial costs of reschedu1 ing work for a one-year
delay, and replacement power costs.

(d) Conclusion

The Dena1 i-North Plan has the highest probabil ity of meeting
schedule and least risk of increase in project cost for two rea
sons. Fi rst, it has the shortest construction schedule (six
months). Second, a passable route could be constructed even under
winter conditions, since the route traverses relatively flat
terrain almost its entire length. In contrast, the North route is
mountainous and involves extensive sidehi11 cutting, especially in
the Portage Creek area. Winter construction along sections such
as this would present major problems and increase the probability
of schedule delay.
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(e) Plan Recommendation

It is recommended that the Denali-North route be selected so as to
ensure completion of initial access to the Watana damsite by the
end of the first quarter of 1986, for it is considered that the
risk of significant cost overruns is too high with any other
route.

4.11 - Modifications to Recommended Access Plan

Following approval of the recommended plan by the Power Authority Board
of Di rectors in September 1982, further studies were conducted to
optimize the route location in terms of both cost and minimizing
impacts to the environment. Each of the specialist subconsultants was
asked to review the proposed plan to identify specific problem areas,
develop modifications and improvements, and contribute to drawing up a
set of general guidelines for access development. The results of this
review are capsulized below.

(a) An important red fox denning area and a bald eagl e nest were
identified close to the proposed road alignment, so consequently
the road was realigned to create a buffer zone of at least one
half mile between the road and the sites.

(b) Porti ons of the access road between the Denal i Hi ghway and the
Watana damsite will traverse flat terrain. In these areas, a berm
type cross section will be formed with the crown of the road being
"two to three feet" above the elevation of adjacent ground. Steep
side slopes would present an unnatural barrier to migrating
caribou, exaggerate the visual impact of the .road itself, and
ag9ravate the problem of snow removal. To reduce these problems,
the side slopes will be flattened using excavated peat material
and rehabilitated through scarification and fertilization.

(c) The chief fisheries concern was the proximity of the proposed
route to Deadman Creek, Deadman Lake, and Big Lake. For a dis
tance of approximately 16 miles, the road parallels Deadman Creek,
which contains good to excellent grayling populations. To
alleviate the problem of potential increased angling pressure, the
road was moved one half to one mile west of Deadman Creek.

(d) The preliminary, reconniassance-level, cultural resource survey
conducted on the proposed access route located and documented
sites on or in close proximity to the right-of-way and/or
potential borrow sites. The number of these sites that will be
directly or indirectly affected will not be known until a more
detailed investigation is completed. However, indications are
that all sites can be mitigated by avoidance, protection, or
salvage.
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- Speed restrictions be imposed along the above segment;

(ii) For safety reasons, it is recommended that:

- A bike path be provided along the same segment, since the
school is adjacent to the access road; and

For the efficient, economical, and safe movement of supplies, the
following design parameters were chosen:

6 percent
5 degrees

SOk axle, 200k total
HS-20

(i) The plan was modified to include paving the road from the
railhead facility to four miles east of the junction of the
George Parks and Denali Highways. This will eliminate any
problem with dust and flying stones in the residential
district.

- Improvements be made to the intersection of the George
Parks and Denali Highways including pavement markings and
traffic signals.

The community that will undergo the most growth and socioeconomic
change with the proposed access plan is Cantwell. Subsequent to
the selection of this access plan, the residents of Cantwell were
sol icited for their comments and suggestions. Their responses
resulted in the following modifications and recommendations:

The main concern of the Native organizations represented by CIRI
is to gain access to their land south of the Susitna River. Under
the proposed access plan, these lands will be accessible by both
road and rail, the rail road bei ng from Gol d Creek to the Devil
Canyon damsite on the south side of the Susitna River. After com
pletion of the Watana dam, road access will be provided across
the top of the dam to Native lands. Similarly, a road across the
top of the Devil Canyon dam will be constructed once the mai n
works at Devil Canyon are completed. In addition, alternative
road access will be available via the high-level suspension bridge
one mile downstream from the Devil Canyon dam.

- Maximum grade
- Maximum curvature
- Design loading:

• during construction
• after construction

From an environmental standpoint, it is desirable to 1imit the
number of people in the project area in order to minimize impacts
to wildlife habitat and fisheries. In comparison with a paved
road, an unpaved road would deter some people from visiting the
area and thus create less of an impact to the environment. An un
paved road would also serve to maintain as much as possible the
wilderness character of the area. An evaluation of projected
traffic volumes and loadings confirmed that an unpaved gravel road
with a 24-foot running surface and 5-foot wide shoulder would be
adequate.

(e)

(f)

(g)

(h)
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Adhering to these grades and curvatures, the entire length of the
road would result in excessively deep cuts and extensive fills in
some areas, and could create serious technical and environmental
problems. From an engineering standpoint, it is advisable to
avoid deep cuts because of the potential slope stability problems,
especially in permafrost zones. Also, deep cuts and large fills
are detrimental to the environment, for they act as a barrier to
the migration of big game and disrupt the visual harmony of the
wi lderness setting. Therefore, in areas where adhering to the
aforementioned grades and curvatures involves extensive cutting
and fill ing, the design standards will be reduced to allow steeper
grades and shorter radius turns.

This flexibility of design standards provides greater latitude to
"fit" the road within the topography and thereby enhance the
vi sual qual ity of the surrounding I andscape. For reasons of
driver safety, the design standards will in no instance be less
than those applicable to a 40-mph design speed.

(i) One of the most important issues associated with the construction
of the access road is the development of borrow sites. Potential
impacts can be mitigated through selective siting of borrow sites
and the use of state-of-the-art gravel-removal techniques. After
close consultation with fish and wildlife, recreational, aesthe
tic, and cultural resource specialists, the following guidelines
were developed to ensure that any impacts are minimized.

- Active floodplain and streambed locations should be avoided;

- In locating borrow sites, first priority is to be given to
well-drained upland locations, and second priority to first
level terrace sites;

- First-level terrace sites should be located on the inactive side
of the floodplain and mined by pit excavation rather than by
shallow scraping;

- If wet processing is required, water withdrawal and discharge
locations should be carefully sited to minimize fish and
wildl ife disturbance. Drawdown in overwintering pool s used by
fi sh or aquatic mammal s and any di sturbances to spawni ng areas
are to be avoided. In addition, water intake structures should
be enclosed in screened boxes;

- All material sites should be developed in phases by al iquots,
and portions of the site which are more sensitive from an
environmental standpoint should be left until last;
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- For rehabilitation purposes, sites should have irregular
boundaries, including projections of undisturbed, vegetated
terrain into the site. Where ponding will occur, as in first
level terrace sites, islands of undisturbed vegetated terrain
should be left within the perimeter of the operational site; and

- Organic overburden, slash, and debris stockpiled during cleaning
should be distributed over the excavated area prior to fertili
zation. The rehabilitation of sites is to be completed by the
end of the growing season immediately following last use.

The modifi cat ions and improvements to the proposed access plan,
together with the general guidelines that have been developed for
roadway construction and mining of borrow sites, have been fully
incorporated into the draft FERC License Appl ication. A more
detailed description of specific mitigation plans is given in the
relevant sections of Exhibit E of the Application.

4.12 - Description of Proposed Access Plan

(a) Watana Access

Access to the Watana damsite will connect with the existing Alaska
Railroad at Cantwell where a railhead and storage facility
occupying 40 acres will be constructed. This facil ity will act as
a transfer point from rail to road transport and as a storage area
for a two-week backup supply of materials and equipment. From the
ra i 1head fac il ity, the road wi 11 follow an exi st i ng route to the
junction of the George Parks and Denali Highways (a distance of 2
mil es), then proceed in an easterly di rection for a di stance of
21.3 miles along the Denali Highway. A new road, 41.6 miles in
length, will be constructed from this poin!: due south to the
Watana campsite. On completion of the dam, access to Native lands
on the south side of the Susitna River will be provided from the
Watana campsite, with the road crossing along the top of the dam.
This will involve the construction of an additional 2.6 miles of
road, bringing the total length of new road to 44.2 miles.

The majority of the new road will traverse relatively flat terrain
involving only isolated sections of cut and fill. Where it is not
possible to locate the road on sidehill slopes of gentle to
moderate steepness, the road will be formed using side borrow
techni ques; with the crown of the road being two to three feet
above the elevation of adjacent ground. By balancing cut and fill
and using side borrow techniques, the need for borrow material
from pits and consequent disturbance to areas away from the
alignment will be minimized.

It has been estimated that it will take approximately six months
to secure initial access, with an additional year for completion
and the upgrading of the Denali Highway section.
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(b) Devil Canyon Access

Access to the Devil Canyon development will consist primarily of a
railroad extension from the existing Alaska Railroad at Gold Creek
to a rail head and storage facil ity adjacent to the Devil Canyon
camp area. To provide flexibility of access, the railroad
extension will be augmented by a road between the Devil Canyon and
Watana damsites.

(i) Rail Extension

Except for a 2-mile section where the route traverses steep
terrain alongside the Susitna River, the railroad will
cl imb steadily for 12.2 miles from Gold Creek to the
rail head facil ity near the Devil Canyon camp. Nearly all
of the route traverses potentially frozen, basal till on
side slopes varying from flat to moderately steep. Several
streams are crossed, requiring the construction of large
culverts. However, where the railroad crosses Jack Long
Creek, small bridges will be built to minimize impacts to
the aquatic habitat. In view of the construction
conditions, it is estimated that it will take eighteen
months to two years to complete the extension.

(ii) Connecting Road

From the railhead facility at Devil Canyon, a connecting
road will be built to a high-level suspension bridge
approximately one mile downstream from the damsite. The
route then proceeds in a northeasterly direction, crosses
Devil Creek and swings round past Swimming Bear Lake at an
elevation of 3500 feet before continuing in a south easter
ly direction through a wide pass. After crossing Tsusena
Creek, the road continues south to the Watana damsite. The
overall length of the road is 37.0 miles.

In general, the al ignment crosses good soi 1 types with
bedrock at or near the surface. Erosion and thaw settle
ment should not be a problem, since the terrain has gentle
to moderate slopes which will allow roadbed construction
without deep cuts. The connecting road will be built to
the same standard and in accordance with the design para
meters used for the Watana access road. However, as is the
case for the Watana damsite access road, the design
standards will be reduced to as low as 40 mph in areas
where it is necessary to minimize the extent of cutting and
filling. The affected areas are the approaches to some of
the stream crossings, the most significant being those of
the high-level bridge crossing the Susitna River downstream
from Devil Canyon.
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The 1, 790-foot-l ong, high-level suspension bridge crossing
the Susitna River is the controll ing item in the
construction schedule, requl rlng three years for
completion. Therefore, it will be necessary to begin
construction three years prior to the start of the main
works at the Devil Canyon damsite.

Fi gure 4.7 shows the proposed access pl an route. Fi gure
4.8 shows deta il s, for both the Watana and Devil Canyon
developments, of typical road and railroad cross sections,
railhead facilities, and the high-level bridge at Devil
Canyon.

&,LASKA RESOURCES LTBRARY
U.S. DEPT. OF INTEt:.!OR

4-23



J
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

REFERENCES

Acres American Incorporated. I982a. Susitna Hydroelectric Project
Feasibility Report. Prepared for the Alaska Power Authority.

1982b. Susitna Hydroelectric Project Subtask 2.10 - Access
Route Selection Report. Prepared for the Alaska Power Authority.

I982c. Susitna Hydroelectric Project Access Plan Recommenda
tion Report. Prepared for the Alaska Power Authority.

R&M Consultants, Inc. 1982. Access Planning Study. Prepared for Acres
American Incorporated.



[.=:J c:J c...:J c:J c:J c:J c:J c:J c...:::J c:J c...:J c...:J c...:::J c...:J c...:::J c:J c...:::J [~~-J c..=..J

Plan 2

TABLE 4.1: ACCESS PLAN COSTS

3 4 5

Revision: E
Page 1 of 3

6

Description

Mil eage Road
Rail

Design and Construction Cost
($ x 1,000,000)

MaIntenance Cost
($ x 1,000,000)

Log Ist Ics Cost
($ x 1,000,000)

Tota I Cost
($ x 1,000,000)

Construction Schedule
for Inittal Access (Years)

Construction Schedule
for Full Access (Years)

Bridges Major (>1000 tt)
Minor «1000 ttl

Roadway: Parks
Highway to Devl I
Canyon & Watana
on South Side ot
Susltna

62

170

9

214

393

3-4

3
2

Rail: Gold Creek
To Devil Canyon &
Watana on South
Side of Susltna

58

149

5

214

368

3-4

3-4

2
o

Roadway: Dena I I
Highway to Watana
Parks Highway to
Devil Canyon on
South S I de of
Susltna. No
Connecting road.

91*

157

7

228

392

2-3

Roadway: Denali
Highway to Watana
Rail: Gold Creek
to Devil Canyon
on South Side of
Susitna. No
Connecting road.

65*
16

123

5

228

356

2-3

o
o

Roadway: Parks
Highway to Devil
Canyon on South
S ide of Susltna
Dev II Canyon to
Watana on North
Side of Susltna.

81

160

8

216

384

2-3

3-4

2
I

Roadway: Denal'
Highway to Watana
Ral I: Gold Creek
to Dev II Canyon
on South Side of
Susltna. Connec
ting road on North
Side of Susltna.

107*
16

180

12

228

420

3

o
o

* Includes upgrading 21 mi les of the Denali Highway.



* Includes upgrading 21 miles of the Denali Highway.
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TABLE 4.1 (Page 3 of 3)

Plan

Description

Mil sagB Road
Ral I

Design and Construction Cost
($ x 1,000,000)

Maintenance Cost
($ x 1,000,000)

Log I st i cs Cost
($ x 1,000,000)

Tota I Cost
($ x 1,000,000)

Construction Schedule
for Initial Access (Years)

Construction Schedule
for Fu 11 Access (Years)

Bridges Major (>1000 ft)
Minor «1000 ft)

13

Roadway: Par ks
Highway to Watana
on North Side of
Sus itna wj th
Branch Road TO
South Bank at
Dev 11 canyon.

59

115

7

223

345

3

1
2

14

Ra i IIRoadway:
Gold Creek Rai 1
road Extens Ion.
Roadway: To
Devil Canyon and
Watana on South
Side of Susitna.
Connectl"9 Road
tp Parks Highway.

64
7

174

9

215

398

3-4

2
2

15

Ra i IIRoadway:
Gold Creek Rai 1
road Extension.
Roadway: To
Dev j J Canyon
and Watana on
South 51 de of
Sus itna.

49
7

128

6

215

349

3

16

Roadway: Gold
Creek to Watana
on South Side of
Susitna. Con
neCTing Road TO
Devil Canyon and
Parks Highway.

69

156

10

216

382

3

2
2

17

Roadway: Dena! I
Highway TO
Watana. Con
nect i ng Road to
Dev i I Canyon on
South Side of
Sus Itna. Ra i I:
Gold Creek to
Dev II canyon on
South SIde of
SuslTna.

102"
14

200

12

227

439

3-4

Revision: E

18

Roadway: Denal i
Highway to WaTana
Connecting Road to
Dev i r Canyon on
North Si de of
Sus lTna. Ra i I :
Gold Creek TO
Dev i I Canyon on
South Si de of
Susitna.

97"
14

188

11

227

426

3

* Includes upgrading 21 miles of the Denal i Highway.



TA8LE 4,2: ACCESS PLAN COSTS

INITIAL ACCESS WITHIN ONE YEAR

Nor.th Plan 13 South Plan 16 Dena I I-North Plan 18
Devil Devil Devil

Oeser I ot I on Watana Canyon Combined Watana Canvo Combined Watana Canvo Combined

Mileage Road 52 7 59 69 a 69 61" 36 97"
Ra II a a a a a 0 a 14 14

Construction Cost
($ x 1 000 000) 95 20 115 156: a 156 82 106 188

Logistics Cost
($ x 1 000 000) 118 105 223 115 101 216 127 lOa 227

Maintenance
($ x 1 000 000) 5 2 7 7 3 10 4 7 11

Subtota I
($ x 1 000 000) 218 127 345 278 104 382 213 213 426

Impact of Accelerated Schedule
($ x 1 000 000) 23 a 23 34 a 34 11 a 11

Total
($ x 1,000,000) 241 127 368 312 104 416 224 213 437

Construction Schedule for
Initial Access (Years) 1 1 1

Construction Schedule for
Fu II Access (Years) 3 3 3

* Includes upgrading 21 mt las of the Denal i Highway.
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TABLE 4.3: SUMMARY OF WILDLIFE HABITAT ISSUES
ASSOCIATED WITH ACCESS ALTERNATIVES

Issue North (131

Waterfowl No waterbodJes of high relative
importance along route.

Raptor Nests Avoids known nest sites.

Breeding Birds Least amount of productive forest
habitat removed.

Aquatic Avoids Fog Lakes-Stephan Lake
Furbearers wetlands.

Crosses h!ghly productive habitat
in Chulitna Pass area.

Near productive habitat along
Portage Creek.

Avoids Jack Long Creek beaver
concentration area.

South (16)

Stephan Lake Is of high relative
importance to waterfowl.

Avoids known nest sites.

Greatest amount of productive
forest habitat removed.

Near Fog Lakes-Stephan Lake
wet lands.

Crosses highly productive habitat
In Chi Iitna Pass area.

Avoids Portage Creek area.

Disturbs Jack Long Creek beaver
concentration area.

Denali-North (lB)

No waterbodies of high relative Importance
along route.

One-ha If mile froo bald eag Ie nest on
Deadman Creek.

Amount of forest removed less than South
Route but greater than North Route.

Avoids Fog Lakes-Stephan Lake wetlands.

Avoids Chulitna Pass area.

Avoids Portage Creek area.

Disturbs Jack Long Creek beaver
concentration area.

Red Fox Den:
Concentration
Areas

Within 1/4 ml Ie of SWimming Bear
Lake den 5 i tas.

Avoids Deadman Creek and Deadman
Lake den areas.

Avoids red fox den concentration
areas.

Within 1/4 mile of SWimming Bear Lake
den sites.

One-half ml Ie from Deadman Creek and
Deadman Lake den concentration areas.



TABLE 4.3 (Cont'd)

Issue

Brown Bears

North (13) South (1 6)

Avoids Prairie Creek concentration Near Prairie Creek concentration
area. area; crosses movement corridor

between Prairie Creek and Susltna
River.

Avoids Deadman Creek concentration Avoids Deadman Creek area.
area.

Dena II-North (18)

Avoids Prairie Creek concentration area.

Crosses Deadman Creek concentration area.

Black Bears

Caribou

Moose

Secondary
Effects:

Avoids den sites.

Traverses important south-facing
slopes.

Least amount of forest is removed.

Avoids caribou range and movement
corridor between Denal i Highway
and Susltna River.

Avoids Fog Lakes-Stephan Lake
caribou range.

Traverses important south-facing
slopes.

Least amount of forest Is
removed.

Avoids Fog Lakes-Stephan Lake
area.

Least potential for secondary
effects through publ Ie access
and recreational development.

Near several den sItes west of
Tsusena Creek.

Fewer south-facing slopes are
traversed.

Removes greatest amount of
forest.

Avoids caribou range and movement
between Denal j Highway and
Susltna River.

Near Fog Lakes-Stephan Lake
caribou ranges.

Fewer south-facing slopes are
traversed.

Removes greatest amount of
forest.

Near Fog Lakes-Stephan Lake
wetlands.

Potential for secondary effects
through public access less than
Denali-North Route but greater
than North Route. High potential
for secondary effects through
recreational development of lands
south of Susitna River.

Near several den sites west of Tsusean
Creek.

Traverses Important south-facing slopes.

Removes more forest than North Routh but
less than South Route.

Crosses caribou range and movement
corridor between Denal I Highway and
Sus Itna River.

Avoids Fog Lakes-Stephan Lake caribou
range.

Traverses important south-facing slopes.

Removes less forest than South Route but
more than North Route.

Avoids Fog Lakes-Stephan Lake wetlands.

Highest potential for secondary effects
through public access and recreational
development.
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5 - REFINEMENT OF SUSITNA DEVELOPMENT

5.1 - 1982 Geotechnical Design Considerations

The purpose of this section is to update the Feasibility Report (Acres
1982a) based on the results of the geotechnical investigations per
formed during the 1982 summer field season.

Details of the geotechnical program are provided in the 1980-81 Geo
technical Report (Acres 1982b) and the 1982 Supplement to the 1980-81
Geotechnical Report (Acres 1982c). The reader should refer to these
referenced reports for a comprehensive understanding of the site geo
technical conditions. Information provided in the following sections
is a summary of that provided in those reports.

(a) 1982 Geotechnical Exploration Program

The objective of the geotechnical program was to determine the
surface and subsurface geology and geotechnical conditions for the
feasibility of constructing the proposed Susitna Hydroelectric
Project, including access roads and transmission line corridors.
This was accomplished by a comprehensive program of field explora
tion, geotechnical evaluation, and dam studies over more than a
three year period, commencing in early 1980. The scope of the
geotechnical program was increased in 1982 under Amendments 4 and
5 of the Acres contract to respond to concerns raised by Acres and
the Power Authority's External Revi ew Board. The foll owi ng sub
sections discuss the objectives and results of the 1982 program.

(i) Watana

Studies performed during the 1980-81 investigations raised
a number of unanswered geologic and geotechnical questions
regarding the Watana damsite, the Watana rel ict channel,
Borrow Site D, and the Fog Lakes rel ict channel. The
objective of the 1982 geotechnical exploration program was
to supplement the results of the previous investigations by
performing additional detailed explorations of the particu
lar areas of concern. These explorations consisted of:

- Watana Damsite

Geologic Mapping to determine:

Extent of geologic features identified in previous in
vestigations to include shears, alteration, and frac
ture zones;

Bedrock conditions in the upstream and downstream por
tal areas; and

Geology of "The Fi ns" and "Fi ngerbuster" shear zones.

5-1



- Watana Relict Channel

Geologic mapping, seismic refraction surveys, laboratory
testing, and subsurface drilling to depths of 250 feet to
determine:

Channel geometry;
Stratigraphy of the channel sediments;
Continuity of stratigraphic sequence;
Material properties;
Ground water conditions; and
Permafrost conditions.

- Borrow Site D

Geologic mapping, seismic refraction surveys, laboratory
testing, and subsurface drilling to depths of 250 feet to
determine:

Material properties;
St rat i graphy;
Material quantities;
Ground water conditions; and
Permafrost conditions.

- Fog Lakes Relict Channel

Performing geologic mapping and seismic refraction sur
veys to determine:

Channel geometry;
Stratigraphy of the channel sediments;
Ground water conditions; and
Permafrost conditions.

(ii) Devil Canyon

1982 Geotechnical explorations for the Devil Canyon site
were limited to the completion of the long-term laboratory
testing of quarry and concrete aggregate materials begun in
1981 and reading of borehole instrumentation installed in
1980-81 for monitoring ground water and permafrost regimes
at the damsite.

(b) Results of Geotechnical Investigations - Watana

The results of the summer of 1982 geotechnical explorations for
the Watana damsite, Watana relict channel/Borrow Site D, and Fog
Lakes relict channel are summarized below. Detailed descriptions
of the geology at the Watana site are given in the 1980-81
Geotechnical Report (Acres 1982b) and the 1982 Supplement to the
1980-81 Geotechnical Report (Acres 1982c).
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(i) Damsite

The Watana damsite refers to the main dam area, as well as
the upstream and downstream cofferdam and portal areas.

- Overburden

The 1982 study found no significant differences in over
burden thickness or material types from those previously
reported. A map showing the top of bedrock surface con
tours and the type and distribution of surficial sedi
ments is shown in Figure 5.1. This map is based on addi
tional seismic refraction surveys and geologic mapping.

- Bedrock Lithology

No significant additional information pertaining to bed
rock lithology was found during the 1982 investigation.
A geologic map, showing bedrock lithology, is shown in
Figure 5.2.

- Bedrock Structures

Joi nts

The addition of mpre than 500 joint measurements to the
statistical joint plots has resulted in minor changes
to the average orientations and dips of the four joint
sets found at the site. Table 5.1 is a summary of
joint orientations for the overall damsite area as well
as the specific areas of the proposed upstream and
downstream portals. Joint plots of the damsite area
are in the 1982 Supplement to the 1980-81 Geotechnical
Report (Acres 1982c). Plots for the upstream and down
stream portal areas are in Figures 5.3 and 5.4. Sets I
and II remain the major sets with Sets III and IV being
minor, although locally pronounced. Set I trends
northwestward with high angle to vertical dips and is
the most prominent set. Set I parallels most discon
tinuities at the site. Set II trends northeastward and
is best developed upstream from the dam centerl i ne.
Set II is parallel to fracture zones in this area. Set
III joints trend northward with moderate to steep dips
to east and west. Set II lis not present in the up
stream portal area; however, it is well developed in
the downstream portal area where it parallels shear and
fracture zones. Set IV joints are generally discon
tinuous and appear to be caused by stress reI ief.
Orientations are quite variable, but many trend east
west with shallow to moderate di ps to the north and
south. These joints are discontinuous and appear to be
related to stress reI ief from glacial unloading.
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The Susitna River is joint controlled in the damsite
area. Upstream from the dam centerl ine, the river
parallels Set II joints. Near the dam centerline it is
controlled by both Sets I and II; and in the downstream
area it is controlled by shear and fracture zones
related to Set I joints.

Shears, Fracture Zones, and Alteration Zones

These features are defined in the Acres Reports 1982a
and 1982c. A geol ogi c map showi ng the extent of these
features is shown in Figure 5.3. Significant geologic
features are discussed below.

Three structural features, geologic structures pre
viously identified in the damsite as having potential
impact on civil design, are "The Fi ns," "Fi ngerbuster,"
and a wide, hydrothermally altered zone. "The Fins"
and "Fingerbuster" were explored in more detail during
the 1982 field season. The following paragraphs are a
summary of the findings. No additional explorations
were performed in the area of the left bank alteration
zone.

"The Fins" is shown in relation to the damsite in
Figure 5.2 and in detail in Figure 5.3 This is located
on the north bank near the present planned location for
the upstream cofferdam and diversion" portals. Recon
naissance mapping in this area indicated major shears
underlying a series of deep gullies separated by intact
rock ribs. Detailed mapping showed that most struc
tural discontinuities crosscut the gullies rather than
lie within them. "The Fins" is an area of major
shears, fracture zones, and alteration zones of various
ori entati ons. The strongest trend of these discon
tinuities is northwest southeast parallel to Set I
joints and northeast-southwest parall el to Set I I
joints. Minor shears were also found trending at
various orientations. The northwest trending struc
tures are near-vertical to vertical and consist of
shears, fracture zones, and alteration zones from less
than 1 foot up to 10 feet wide. The most significant
of these features are found upstream from the proposed
portal area. The northeast trending structures consist
of fracture zones which are discontinuous and only
occur downstream from the proposed portal cuts. These
features are up to 6 feet wide and dip mOderately
southeastward, towards the river, to vertical. A
series of low angle (less than 45°) shears dipping
towards the river were mapped primarily above the por
tal area. These shears may cause rock stabil ity pro
blems during excavation.

5-4

J
J
J
o
J
J
o
J
J
o
J
o
J
J
J
J
J
J
J



o
o
o
o
J
o
o
J
o
o
o
o
o
o
o
o
o
o

"The Fi ns" structure trends generally from 300° to
310°. To the southwest, the structure trend across the
Susitna Ri ver beneath the upstream cofferdam and is
exposed to a limited extent on the south bank. To the
northwest, "The Fins" is inferred to correlate with a
hydrothermally altered zone on Tsusena Creek.

The "Fingerbuster" is an area of shears, fracture
zones, and alteration zones which are best exposed on
the north bank of the Susitna River in the area of the
proposed downstream diversion and tailrace portals
(Fi gure 5.4). Exposure shows two strong trends of
di sconti nuiti es: northwest-southeast and north-south.
The northwest trending discontinuities consist pri
marily of shears and associated alteration zones
parallel to Set I joints. These structures are up to
2 feet wide. Related to the northwest trending struc
tures are areas of open joints and loose unstable rock.
Large blocks of detached rock are slumping along the
intersection of Sets I, III, and IV joints. The most
significant of these areas occurs in the proposed area
for the spillway flip-bucket.

The north trending discontinuities are primarily frac
ture zones with minor shears which parall el Set I
joints. An exception to this is a major shear zone
labeled GF7Q, which corresponds with the andesite
porphyry/diorite contact (Figure 5.2). This feature is
up to 30 feet wide; however, most of the north trending
structures are less than 5 feet wide.

The main trend of the "Fi ngerbuster" is northwest
southeast. To the southeast, the "Fi ngerbuster" is
projected beneath the river and tentatively correlated
with shears on the south bank. The extent of this
feature to the northwest is uncertain because of lack
of bedrock exposure

- Ground Water Conditions

Results of the 1982 geotechnical explorations support the
findings and conclusions set forth in the Feasibility
Report (Acres 1982a) except for the depth of water levels
on the right abutment. The previously reported (Acres
1982b) ground water levels of 110 to 280 feet deep were
erroneous and should read 110 to 150 feet. In addition,
geologic mapping revealed additional springs on slopes at
the overburden/bedrock contacts (Figure 5.2), and
persistent 1-2 gpm ground water flows from all boreholes
except DH-24 and DH-28 on the south abutment.
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- Permafrost Conditions

The interpretation of the permafrost regime at the dam
site remains unchanged from that presented in the Feasi
bility Report, except that the instrumentation in BH-6
indicated permafrost in the "shadow zone" of the north
abutment.

- Permeabil ity

No additional data pertaining to rock permeability was
gathered during 1982. The interpretation presented in
the Feasibility Report remains unchanged.

- Reservoir Geology

Geologic mapping in the proposed Watana Reservoir area
was undertaken as part of the regi onal mapping of the
Watana and Fog Lakes Relict investigations. The results
of this investigation are discussed in Section 5.1(b);
5.1(c)(ii), and 5.1(c)(iii) and are shown on the damsite
area geologic map (Figure 5.5).

(ii) Watana Relict Channel/Borrow Site D

During the course of investigations carried out by the U.S.
Army Corps of Engineers (COE) and Acres, subsequent studies
in 1980-81 confirmed the existence of a possible buried
relict channel running from the Susitna River gorge imme
diately upstream from the proposed damsite to Tsusena
Creek, a distance of approximately 1.5 miles.

The major potential problems associated with the relict
channe1 are:

Breaching of the reservoir rim resulting in catastrophic
failure of the reservoir; and

Subsurface seepage resulting in potential downstream
piping and/or loss of energy.

Breaching of the reservoir rim can be caused by saturation
of the unconsolidated sediments within the channel result
ing in surface settlement or by 1 iquefaction during an
ea rt hquake.

Excessive subsurface seepage can be caused by highly per
meable unit(s) within the channel that would provide a
continuous flow path between the reservoir and Tsusean
Creek.

As a result of these potential problems a supplemental geo
techni ca1 invest i gat i on was undertaken in the summer of
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1982 to define this feature in more detail. This investi
gation was to be followed by a more detailed investigation
to be performed in the winter 1982-83. Results of that
invest i gati on are not expected to be completed until 1ate
spring 1983.

- Location and Configuration

The Watana relict channel is located between the present
course of the Susitna River and Tsusena Creek and fills
an area from the emergency spi 11 way location to Deadman
Creek. Borrow Site D is located in the southeast quarter
of the channel and overlies the major portion of the in
let area near the Susitna River. The location of the
channel is shown on the top of bedrock map (Figure 5.6).
The orientation of the relict channel is somewhat irregu
lar, but overall it trends northwest southeast. Maximum
overburden thickness is 45D feet.

- Geology

Twelve stratigraphic units have been delineated in the
Watana rel ict channel/Borrow Site D area (Figure 5.7).
These units were differentiated by their physical charac
teristics, as identified in the field, and by their mate
rial properties. These characteristics and properties
were used to identify the basic modes of deposition which
are described on Figure 5.7. The sediments in the relict
channel are interpreted to be Quaternary (Table 5.2) in
age and are primarily glacial or glacially related in
origin. The oldest sediment in the relict channel are
unconsolidated boulders, cobbles, and gravels (Unit K)
found in the deepest part of the thalweg (Figure 5.8).
Following deposition of this Unit K, a major glacial
advance deposited the basal till (Unit J). It is likely
that during this time the Susitna River was blocked from
its old channel and forced south to its present day
courses. As this 9lacier retreated, a peroglacial envi
ronment of ponded lakes and braided streams developed and
deposited Unit J'. Further glacial retreat accompanied
by a minor readvance is shown by the deposition of Unit
I. Following deposition of Unit I, the area experienced
an interglacial stade which resulted in the erosion of
the surface of Unit 1. Stream channels cut into this
surface and later infilled with Unit H alluvium. At the
close of the interglacial stade, a new ice front advanced
across the area depositing the dense basal till of Unit
G'. As melting occurred, a proglacial environment de
veloped. Meltwaters appear to have been blocked, result
ing in the formation of glacial lakes at or near the ice
margin. The varied clays and silts of Unit G were de
posited in these 1akes. As the glaci er retreated the
lakes drained eroding the upper Unit G, eventually de
positing the outwash silty sands and gravels of Units [
and F.
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After retreat of the glacier, the area was again sub
jected to an interglacial period. During this time,
erosion took place, resulting in surface streamflows and
inception of lakes in lowland areas. Unit D alluvium and
Unit D' lacustrine clays and silts were deposited during
this time. Al so, a minor readvance of the glacier
occurred in the southeastern portion of the Borrow Site D
area which resulted in the deposition of the Unit Mbasal
till. At the end of the D/D' interglacial, glaciers
again advanced, reworking the upper sediments of Units D,
D', E and F. The glacier became stagnated resulting in
the in-place mass wasting of the ice and deposition of
the ice disintegration Unit C. Meltwater from this ice
mass reworked Unit D. The mass wasting of this last ice
mass resulted in the formation of the hummocky knob-and
kett 1e features which form the present topography.
Recent geologic events in the area are confined to post
glacial erosion and frost heaving, as represented by Unit
A/B.

- Ground Water Conditions

The ground water regime in the relict channel is complex
and poorly understood because of the presence of inter
mittent permafrost, aquicludes, perched water tables, and
confi ned aquifers. Based on 1imited drill ing i nforma
tion, it appears that possible artesian or confined water
tables exist in Units Hand J', while several other units
appear to be unsaturated.

A perched water table exists locally on top of the
impervious Unit G, and possibly on top of Units M, I and
J. Limited permeabil ity testing shows an average val ue
of 10-3 cm/sec for most gravelly materi al s, and
10-4 to 10- 5 cm/s ec for till sand 1acustri ne
deposits.

- Permafrost Conditions

Drillhole samples and ground temperature envelopes from
thermistor installations indicate that permafrost in the
Watana reI ict channel/Borrow Site D area is primarily
freezing temperature soil rather than solid phase ice.
Maximum observed depth of permafrost is about 40 feet.
Most of the visible ice is confined in the annual frost
zone (averaging 10 to 15 feet deep) in Units C, D, E, and
F; and to Units G, G', and H in permafrost zones.
Average ground temperature at depth, with the exception
of several frozen shallow holes, range from 0.5°C to
about 1.5°C.
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- Engineering Impacts

As previously stated, the principal impacts of the relict
channel on project design is the potential of breaching
the reservoir rim and excessive seepage resulting in
either downstream piping or loss of energy. Although the
1982 work has not totally el iminated these concerns, it
did provide additional information in evaluating these
potential problems. The results and prel iminary con
clusions derived from this program are presented below.

- Reservoir Rim Stability

Breaching of the reservoir rim may occur by either
settlement and/or slumping under static or dynamic condi
tions. Static failure may be either progressive or
catastrophic. Several conditions must exist for sl ides
to develop. These are:

Widespread, relatively pervious, loose unconsol idated
material;
Widespread permafrost in granul ar material; and/or
Slide surface with gradients sufficient to cause move
ment.

A sl ide occurring in the Watana reI ict channel is con
sidered unlikely because of the following:

A low potential slide gradient exists in the narrow
thalweg section near "The Fi ns" as the resul t of the
rise in the bedrock surface in this area. A slide
further upstream near Deadman Creek woul d requi re an
extremely 1arge quant ity of materi al movi ng on a low
gradient to result ina breaching of the reservoi r.
Similarly, a failure on the Tsusena Creek side of the
channel would 1ikewise be on a low gradient and would
involve a large volume of material.

The density of the sediments within the relict channel,
as determined by the Standard Penetration Tests (SPT)
method, are in excess of 60 per foot below unit C,
indicating a relatively dense compact material. This
is supported by field observations which show that the
majority of units exposed on bank cuts are, for the
most part, free standing in steep forests.

As previously stated, only localized permafrost exists
within the relict channel thereby minimizing the possi
bility of large-scale slides or settlement resulting
from thawing and sediment.

Although only prel iminary data is available, the per
meability of the upper units appear to be relatively
low (10-3 to 10- 5 em/sec).
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Work performed during 1982 failed to show any contin
uous uniform unconsolidated material in the relict
channel.

In conclusion, although work performed to date does not
fully eliminate the potential for static failure within
the relict channel, the likelihood of such a catastrophic
event occurring appears to be small considering: (a) the
materials within the channel are relatively competent;
(b) no widespread permafrost; and (c) low surface gra
dients.

An alternative method for rim failure may be caused by
dynamic shaking by an earthquake resulting in 1ique
faction of the channel sediments. Liquefaction generally
occurs in loose, unconsolidated, well-sorted, saturated
materials. Earthquake shaking results in the decrease of
the shearing resistance of a cohesionless soil and is
associated with a sudden, but temporary increase of the
pore fluid pressure. The liquefied material is then
temporarily transformed into a fluid mass that could
settle and/or flow.

To initiate a major liquefaction failure within the
Watana relict channel requires the existence of a rela
tively continuous liquefiable material throughout the
area.

Although a few sorted sands and silts occur in the
various units such as Units D, D', E/F, H, and J' (Figure
5.7), these materials occur only as discontinuous lenses.
In addition, the high SPT indicates that the material
below Unit C is relatively dense compact material.

The majority of material in Unit C has blow counts below
20 per foot. This unit, however, is not a critical unit
to the reservoir rim stability as it is relatively freely
drained on the surface and makes up only a small portion
of the rim near ~aximum pool elevation.

Results of work performed in 1982 show that there are no
large-scale, liquefiable materials in the upper 250 feet
of the relict channel. However, additional drilling and
testing will be required during FY83 to further
characterize the units at depth and provide further evi
dence against potential for liquefaction.

- Leakage Potential

Tests performed during the 1982 program gave permeabil i - .
ties of the units in the upper 200 to 250 feet in the
range between 1x10-3 and 5x10- 4 cm/sec. These
tests were performed in those port ions of the borehole
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which appeared to have very coarse gradations, or where
drill fluid was lost. Therefore, these results represent
the high permeability range within these units.

For the purposes of estimating the maximum probable flow
whi ch coul d 1eak out of the reservoi r under full head,
the following assumptions were made, all of which repre
sent worst possible cases.

That a continuous flow path exists from inlet to outlet
on each unit;

That units are not blocked or occluded at inlet or out
let;

That the average gradient is 9 percent (Elevation 2200
pool to Elevation 1675 at Tsusena Creek, over minimum
flow path of about 6000 feet);

That the inlet section can provide all the flow that
the critical "weir" section can pass; and

That average permeability over the entire cross-section
is 10- 3 cm/sec.

Under these assumptions, for the known channel width of
about 14,000 feet and average depth of 200 feet, the loss
at full pool would be about 9 cfs. This loss was not
considered to have significant effects on project power
economics. Therefore, unl ess one or more of the perme
able units (such as H, J', and K) are found in subsequent
drill ing to extend continuously in significant cross
sections and are exposed to the reservoir, the chance of
high flows that would impact project economics is consi
dered highly unlikely.

- Potential for Fail ure by Piping

Major leakage through the relict channel could result in
piping along Tsusena Creek that would cause erosion and
progressive fail ure worki ng back up the channel.
Although the geologic model to date does not indicate
piping to be a problem, further geotechnical studies
planned for the winter of 1983 are intended to determine
permeabilities of the lower stratigraphic units in the
relict channel. If, subsequent to this program piping is
considered a potential problem, then discharge points
along Tsusena Creek will 1 ikely be controlled by the
placement of properly graded materials to form a filter
blanket over the zones of emergence.
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(iii) Fog Lakes Relict Channel

During the 1980-82 geotechnical investigation, a review of
the site and regional geology was undertaken to determine
if there were any other pl aces in the Watana reservoi r
where bedrock dropped below maximum pool elevation. The
results of that study indicated that bedrock drops below
reservoir level in several areas on the south bank of the
Susitna River in the area of Fog Lakes (~gure 5.9). Pre
liminary seismic refraction surveys were undertaken in this
area during 1981 with supplemental refraction surveys per
formed in 1982 (Acres 1982c).

- Location and Configuration

The location of the Fog Lakes Relict Channel is shown on
Figure 5.9. The relict channel lies between the bedrock
high of the proposed Quarry Site A and the hills of the
Mount Watana area approximately seven miles to the east.
For discussion purposes, the relict channel can be
divided into three sections: west, central, and east.
The west section lies between the bedrock high of Quarry
A and the bedrock high of the central section. The bed
rock surface in this area appears to be a series of
ridges and valleys. Three of these valleys (from 200 to
800 feet wide) fall below reservoir level.

The central section extends for approximately 4.5 miles
east-west. Bedrock in this area is relatively shallow
with the majority of the section having bedrock surface
above maximum pool level.

The east sect ion of the channel is the 1argest wi th a
wi dth of from 6000 to 7000 feet wi de. Th i s secti on of
the channel consists of a broad area of bedrock above
Elevation 2000 flanking a steep sided bedrock gorge trend
northeast-southwest.

- Geology

Based on seismic refraction surveys and limited soil out
crops, three types of sediments were del ineated in the
Fog Lakes relict channel:

• Surficial deposits
• Poorly consolidated glacial sediments, and
• Well consolidated glacial sediments

The surficial deposits generally varies from 0 to 40 feet
and overlies bedrock and the glacial units. The glacial
sediments range up to a maximum thickness of 580 feet
with seismic velocities from 4,300 to 10,000 feet per
second. The higher velocity material may be partially to

5-12

J
J
J
o
J
J
J
J
o
o
o
o
o
J
J
o
J
J
J



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

completely frozen. Outcrops of glacial sediments are
rare. Only till was observed in outcrop; however, it is
likely that other types of glacial and/or glacially
derived sediments, similar to the Watana relict channel,
may be present.

Bedrock in the relict channel area consists of the Creta
ceous argillite and graywacke on the west side and
Triassic metavolcanic rock to the east (Figure 5.5 and
Table 5.2). The contact between these two units is the
Talkeetna Thrust Fault whose location and trend is nearly
coincident with the main thalweg of the Fog Lakes relict
channel.

- Ground Water Conditions

The ground water table in the area appears to be rela
tively shallow, as evidenced by poor surface drainage and
numerous ponds, lakes, and bogs. Drainage of the area is
toward the Susitna Ri ver to the north and Fog Creek to
the south. Ground water gradients are expected to be
steep in the Sus itna drai nage area and very low toward
Fog Creek.

- Permafrost Conditions

Permafrost conditions are likely to be sporadic through
out the area, as evidenced by the existence of typical
permafrost features which include black spruce, hummocky
tundra, perched ponds on hills, and skin flows. Higher
seismic velocities of sediments at depth indicate par
tially to completely frozen material.

(iv) Engineering Impacts

As with the Watana relict channel, the potential engineer
ing impacts of the Fog Lakes relict channel are seepage and
liquefaction potential. Surface flow are not considered a
potential problem in that the topographic low in this area
is at a minimum of Elevation 2300, one hundred feet above
maximum flood level.

- Leakage

Estimated maximum gradient from maximum pool level to Fog
Creek is about three percent over a maximum possible flow
area 8000 feet wide, 150 feet deep, and 5 miles long. To
achieve a flow in excess of 60 cfs, the average perme
abil ity over this area would have to be approximately
5xlO- 1 cm/sec. This high an average permeability
would requi re an extremely cl ean sorted gravel or sand
over the ent ire a rea. Although no bori ngs have been
performed in this area, the geologic history and seismic
velocities measured in this area indicate significant
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presence of densely compacted glacial tills which are
expected to exhibit permeabilities in the range of
10- 3 to 10- 5 cm/sec. Although drill ing should be
carried out in this area to confirm the seismic data, the
Fog Lakes re1 ict channel is not considered to have any
significant economic impact on the project as a result of
leakage.

- Piping

The potential for plplng failure is not considered 1 ike1y
because of the low gradient and long flow path (about 5
miles).

- Liquefaction

Liquefaction failure would require that three conditions
be present: (a) material of low relative density which is
saturated, and could thereby be shaken to a denser state
or trend to "flow" under earthquake vibrations; (b)
exposure of this unit to or near a free surface so that
it can escape confinement; and (c) cuntinuity of the unit
from the free surface to the point where the topography
is low enough to cause breaching.

For the Fog Lakes relict channel, it is highly unlikely
that a liquefiable unit exists in adequate continuity,
thickness, and susceptibility that a section of reservoir
rim could fail to a depth of more than 100 feet. This
magnitude of failure, on a ground surface with a slope of
not more than 5 percent, would involve probable quanti
ties in excess of 30 million cubic yards. Field verifi
cation by drilling will 1ike1y dispel any concerns
regarding liquefaction.

(v) Construction Material Investigation

Investigation of quarry and borrow sites continued during
1982; however, the emphasis on this work was in Borrow Site
D. Detailed discussion of these sites is presented in
Acres (1982b).

- Rockfi11 Material

Long-term freeze thaw durability testing was completed in
1982. The rock samples from Quarry Site A consisting of
andesite showed a maximum loss of just over 2 percent
after 150 cycles. It is concluded that Ouarry A is a
good source of thermal and water-deterioration resistant
rock; for construction material, however, reactivity
tests on the andesite shou1 d be performed to determi ne
its suitability for concrete aggregate.
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No further direct exploration or testing was conducted in
Ouarry B. However, mapping in the area related to the
Watana relict channel confirmed the previous conclusions
regarding the general unsuitability of this site.

- Core Material

Two potential sources (Borrow Site [l and H) of impervi
ous, semi pervious core material were previously identi
fied (Acres 1982b). In 1982, exploration of Borrow Site
D consisted of geologic mapping, drilling, and laboratory
testing. Results of this investigation showed that most
stratigraphic units above Unit G are suitable borrow
material with Unit ElF exhibiting the most consistent
suitable properties. Total volume of borrow material is
about 180 million cubic yards over an area of 1130 acres
with an excavated depth of 100 feet. The borrow mate
rials consist of nonplastic silty to silty gravelly sands
derived from ice disintegration, alluvial outwash
deposits (Units C, D, ElF); and local zones of till (Unit
M) and lacustrine deposits (Unit D'). Detailed material
properties for Borrow Site D are included in Acres
Reports (1982b, 1982c).

The material properties for Borrow Site D as presented in
Section 12.6(e)(v) of Acres Report (1982a) remains valid.
Although I iquid limits range from a low of 4 to greater
than 25 with plasticity indexes as high as 16 percent,
the majority of samples lie between the non-plastic and
2 percent plasticity index range. The material water
contents were found to range from 5 to 29 percent, with
an average of 11.6 percent. Therefore, in selective
mining, the average moisture content of 10 percent or
less should readily be obtained.

Thermometer readings indicate that a significant portion
of the borrow materials are below freezing in the natural
state; however, no temperature below _0.2°C has been
detected. In addition, little evidence of ice was
observed in the boring. Based on the above, permafrost
is not considered to be a problem in borrow site develop
ment.

No work, with the exception of continued thermistor read
ings, was performed in Borrow Site H. These readings
showed that in all but one hole, the temperatures below
the active zone are about +l°C.
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- Granular Material

Granular material for filter, shells, and concrete aggre
gate will come primarily from Borrow Sites E and I. Work
in these areas consisted of geologic mapping of surficial
deposits and completion of laboratory testing. Mapping
did not reveal any conditions which would change the data
assumptions or reserve calculations presented in Acres
Report (1982c).

Freeze-thaw tests performed on aggregate from the Borrow
Sites E and I showed losses of 2.3 to 7.8 percent after
140 cycles. The results of the absorption, soundness,
and abrasion tests show that the aggregate meets the
appl icable standards for general structural and dam con
struction. Reactivity test results of the aggregate with
cement show negligible adverse reactivity.

(c) Devil Canyon Site

Thi s sect i on summari zes the result s of the 1982 geotechn i ca1 i n
vestigations for the Devil Canyon damsite. The work during this
time involved completion of laboratory testing of quarry and con
crete aggregate material begun in 1981 and reading of borehole
instrumentation installed in 1980-81 for ground water and tempera
ture monitorin9 at the damsite. Detailed discussions of the
results of this work are in Acres Report (1982c).

(i) Geologic Conditions

No geologic investigations were performed at the Devil
Canyon damsite in 1982.

(i i) Ground Water Condit ions

Ground water readings durin9 1982 continued to show a
seasonal fluctuation in the two north abutment holes (BH-1
and BH-2) with the level in BH-1 fluctuating from about 50
to 150 vertical feet below the surface, and BH-2 showing
water levels equal to or slightly exceeding the collar ele
vation of the hole. Until failure of the BH-4 piezometer
near the lake on the south bank, the readi ngs indicated
water levels varying only a few feet from lake level.

(iii) Permafrost Conditions

Thermistor readings in BH-1, BH-2, and BH-3 during 1982
confirm the previous data presented in the 1980-81 Geotech
nical Report (Acres 1982b). No permafrost was found in
either the bedrock or surficial material at or around the
damsite. The depth of annual frost penetration in bedrock
is about 10 to 18 feet, with the deepest frost penetration
occurring in May and June. Depth to zero annual amplitude
ranges from 40 to 100 feet.
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(iv) Permeability

No additional data pertaining to rock permeabi1 ity were
gathered during 1982. The interpretation presented in the
Acres Report (1982b) remains unchanged.

(v) Devil Canyon Reservoir Geology

Geologic mapping was performed in the upper reaches of the
proposed Devil Canyon reservoir as part of the Watana dam
site area regional mapping. This area is discussed in
Section 5.1(b).

(vi) Construction Material Investigation

Construction material investigation during 1982 was limited
to the completion of laboratory testing begun during 1981
of granular materials for filters, shells, and aggregate.
No further investigation for core material for the saddle
dam was undertaken.

- Granular Material

Granular materials will come from Borrow Site G and pos
sibly Quarry Site K (Acres 1982b). Samples from both
areas were tested for suitability as a construction
materi al.

- Borrow Si te G

This area was identified as the source for all concrete
aggregate, grout sand, and filter gravels and sands. The
results of general aggregate suitability tests show that
the materials are well within the limits for general con
struction use in concrete, and the low absorption and
high abrasion resistance indicate probable suitability
for general aggregate use in roads, filters, and related
uses. The freeze-thaw durability tests show only moder
ate losses up to 150 cycles.

Petrographic analysis of the various material types in
Borrow Site G show that the material near river level has
a more favorable composition and quality than the
material in the upper terrace. Chemical reactivity tests
to determine the effect of free sil icates on concrete
were run on this lower level material. Results indicate
the aggregate may have an adverse sil icate reaction.
Based on these test results, Borrow Site G appears suit
able for all uses at the damsite.
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- Quarry Site K

Laboratory testing of granodiorite from Quarry Site K
consi sted of freeze-thaw durabi 1ity tests. The tests
results showed an 8 percent loss after 150 cycles, which
is generally considered unacceptable. However, these
samples, which were obtained from a surface exposure,
were weathered and not bel ieved to be representative of
clean, fresh quarry rock.

5.2 - Main Dam Alternatives - Watana

(a) Introduction

Assessment between an embankment type and a concrete arch type dam
for Watana was presented in Section 9.8 of Acres Report (1982a).
Subsequent to the submittal of the Feasibility Report, questions
arose regarding the potential feasibility of a concrete-faced dam
at Watana in lieu of an embankment type. A comparison of these
two dam types for Watana is presented in the following section.

(b) Concrete Face Rockfill Type Dam

The selection of a concrete-faced rockfill dam at Watana would
initially appear to offer economic and schedule advantages when
compared to a conventional impervious-core rockfill dam. For
example, one of the primary areas of concern with the earth-core
rockfill dam is the control of water content for the core material
and the available construction period during each summer. The
core material will have to be protected against frost penetration
at the end of each season and the area cleared and prepared to
receive new material after each winter. On the other hand, rock
fill material s can be worked almost year-round and the quarrying
and placing/compacting operations are not affected by rain and
only marginally by winter weather.

The concrete-faced rockfill dam would also require less foundation
preparation, since the critical foundation contact area is much
1ess than that for the impervi ous-core/rock foundati on contact.
The side slopes for faced rockfill could probably be on the order
of 1.5:H to I:V or steeper as compared to the 2.5 and 2.0:H to I:V
for the earth-core rockfill. This would allow greater flexibility
for layout of the other facilities, particularly the upstream and
downstream portals of the diversion tunnels and the tailrace
tunnel portals. The diversion tunnels could be shorter, giving
further savings in cost and schedule.

However, the height of the Watana dam as currently proposed is 885
feet, some 70 percent higher than the highest concrete-faced
rockfill dam built to date (the 525-foot high Areia [lam in Brazil
completed in 1980). A review of concrete face rockfill dams
indicates that increases in height have been typically in the
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range of 20 percent; for example, Paradela - 370 feet completed in
1955; Alto Anchicaya - 460 feet completed in 1974; Areia - 525
feet completed in 1980. Although recent compacted-rockfill,
concrete-faced dams have generally performed well and are
inherently stable even with severe leakage through the face, a
one-step increase in height of 70 percent over existing structures
is well beyond precedent.

In addition to the height of the dam, other factors that are
beyond precedent include the seismic and climatic conditions at
Susitna. It has been stated that concrete-faced rockfi11 dams are
well ab1 e to resi st earthquake forces, and it is admitted that
they are very stable structures in themselves. However, movement
of rock leading to failure of the face slabe near the base of the
dam could result in excessive 1eakage through the dams. To
correct such an occurrence would require lowering the water level
in the reservoir which would take many years and involve severe
economic penalties from loss of generating capacity.

No concrete-faced rockfill dam has yet been built in an arctic
environment. The drawdown at Watana is in excess of 100 feet and
the upper section of the face sl ab wi 11 be subjected to severe
freeze/thaw cycles.

Although the faced rockfi11 dam appears to offer schedule advan
tages, the overall gain in impoundment schedule would not be so
significant. With the earth-core rockfi11 dam, impoundment can be
allowed as the dam is constructed. This is not the case for a
concrete faced rockfill since the concrete face slab is normally
not constructed until all rockfill has been placed and construc
tion settlement completed. The slab is then poured in continuous
strips from the foundation to the crest. Most recent high-faced
rockfi11 dams also incorporate an impervious earthfi11 cover over
the lower section to minimize the risk of excessive leakage
through zones which, because of their depth below normal water
level, are difficult to repair. Such a zone at Watana might cover
the lower 200 to 300 feet of the slab and requi re considerable
volumes of impervious fill, none of which could be placed until
all' other construction work had been completed. This work would
be on the critical path with respect to impoundment and, at the
same time, be subject to interference by wet weather.

The two types of dam were not cos ted in detail because cost was
not considered to be a controlling factor. It is of interest to
note, however, that similar alternatives were estimated for the
LG 2 project in northern Quebec and the concrete face alternative
was estimated to be about 5 per cent cheaper. However, the
managers, on the recommendation of their consultants, decided
against the use of a concrete faced rockfi11 dam for the required
height of 500 feet in that environment.
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In summary, a concrete-faced rock fill dam at Watana is not con
sidered appropriate as a firm recommendation for the feasibility
stage of development of the Susitna project because of the follow
i ng:

- Increase of 70 percent in height over precedent; and
- Possible impacts of high seismicity and climatic conditions.

5.3 - Refinements to General Arrangement

(a) Introduction

This section describes refinements made to the general arrange
ments of'the Watana and Devil Canyon projects since the presenta
tion of the Susitna Hydroelectric Project Feasibility Report
(Acres 1982a). Changes have been made in the following areas:

- Watana project power and outlet facilities intakes;
- Devil Canyon project power intake;
- Devil Canyon project main spillway gates;

Devil Canyon project compensation flow discharge pipe; and
- Devi 1 Canyon main access road.

Table 5.3 is a correlation of the Feasibil ity Report drawings
with those contained in the report. Revisions to the drawings are
noted on the table.

(b) Watana Project Power and Outlet Facilities Intakes

Based upon the change in minimum operating level of the Watana
reservoir from Elevation 2045 to Elevation 2065, as described in
Section 7, the invert elevation of the approach channel and in
takes has been raised by approximately the same amount to El eva
tion 2025 minimum (Plate F4). This change saves in rock excava
tion while still maintaining the required degree of submergence.
Also, the cross section of each intake was revised to ensure con
stant velocity from the intake gate through the transition to the
17-foot-diameter, concrete-l ined penstock. It was thus possible
to reduce the power intake gate nominal width by 3 feet 7 inches
to 13 feet 5 inches, and the bulkhead gate nominal width by 2 feet
to 19 feet.

A further change incorporated into the power intake was the pro
vision of a common headpond for all intakes. This additional
requirement was deemed necessary to provide better water tempera
ture control and mixing, thus further mitigating the environmental
impacts on downstream river temperatures (see Section 8). A low
level splitter wall between groups of two intakes has been re
tained to facilitate dewatering and maintenance of the lowest
shutters.

(c) Devil Canyon Project Power Intake

A common headpond has been created for each intake penstock simi
lar to the Watana project power intake (Plate F62). In addition,
in order to draw from the reservoir surface over a drawdown range
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of 50 feet, two openings have been introduced in the upstream con
crete wall for each of the four independent power intakes. The
upper opening will always be open, but the lower opening can be
closed by a sl iding steel shutter. Trashracks are located up
stream from the openings, and a heated ice bulkhead will operate
in guides upstream from the racks following the water surface,
thus keeping the racks free from ice. The approach channel for
the power intake has also been raised by 6 feet to Elevation 1361,
thereby reducing the required quantity of rock excavation.

(d) Devil Canyon Main Spillway Gate

A minor refinement has been made to the height of the main spill
way fixed wheel gates. An increase in height of 2 feet has been
incorporated after further revi ew of the detail ed arrangement.
This results in gates 56 feet high by 30 feet wide.

(e) Devil CanYon Compensation Flow Discharge Pipe

The compensation flow discharge pipe has been eliminated from the
design. Environmental studies performed subsequent to March 1982
show no need to maintain minimum flows in the river bed from the
downstream toe of the dam to the tailrace discharge.

(f) Devil Canyon Main Access Road Realignment

The feas i bil ity study previ ous ly i ndi cated an access route whi ch
followed the crest of the main arch dam, saddle dam, and fuse plug
channel bridge. As a result of the introduction of the Susitna
river crossing, the al ignment of the main access road has been
modified from the vicinity of the Devil Canyon switchyard to the
railhead. The previously proposed access route has been retained
but downgraded to a permanent site road providing access to the
dams and an alternative means of access to the railhead.

(g) Haul Roads and Disposal Areas

Plates F35 and F71 have been added to the drawings showing pro
posed construction roads and disposal areas. This information has
been added to assist in a more detailed environmental assessment
of the project area.
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TABLE 5.1: WATANA DAMSITE
JOINT CHARACTERISTICS'

JUINI Silo ~ IKo UI ~~Ac;1 Nb'" ~UKFAc;o C NUll uNS REMA"",
SET QUADRAN RANGE AVERAGE" RANGE AVERAGE"' RANGE AVERAG TEXTURE COATIN~_

1**** All 255°-335 300° 55°NE- 55°SW 75°NE 1"-15' 2' Planar, smooth t Paral lei to major shears,
locally rough, fracture zones, and
continuous alteration zones.

NE 280°-345 330° 55°NE-7005W BOONE 2"-10' .2' Same as above Carbonate and
3100 80 0 NE a Iteration,

locally. Major
carbonate at WJ-6

SE 270°-350 320° 6O o NE-70oSW 800NE 2"-10 1 2' Same as above

SW 270°-340 325 0 500NE-700SW 90° t11-15' 2' Same as above Major carbonate
295 0 75°NE at WJ-7

NW 255°-335 325° 45°NE-OOoSW 85°SW 1"-15' 2' Same as above MI nor carbonate
295 0 75°NE and alteration,

locally. Major
carbonate at
WJ-4

II All 015°-075 055 0 60o NW-60oSE 85°NW 1"-5' 1-2' Paral lei to fracture zones
In NE quadrant; no shears
or alteration zones.

NE 015°-055 040 0 60o NW- 60 0 5E 800NW 1"-10' 1-2 1 Planar to Minor carbonate
irregUlar, smoot
to sl'Qhtly rouQI

SE 025°-080 050 0 55°NW-oooSE 85°NW 1"-10' 1-2' Same as above Same as above

SW 040°-080 055° 700NW-700SE 85°NW l"-tO' 1-2 Planar, smooth t Same as above
rouQh

NW 050°-070 065 0 OOoNW-700SE 90° lll-tO' 1-2 1 Same as above Same as above

* Surface data only
** Major Joint concentration

*** Where set Is present
**** Includes Subsets la and Ib (see Section 5.1)



TABLE 5,1 (Cont'd)

~~~NT SiTE 5 IKE IP SeACING'" SURFACE CONDITIONS REMARKS
QUADRAN RANGE AVERAGE RANGE AVERAGE"' RANGE AVERAG TEXTURE COATING

III All 335°-035° 350 0 45°E- 60 0 W 7SoE 0.511-5' 1-2' Planar to 51 Ightl Paral leI to minor shears,
curved, smooth to fracture zones, and
sllahtlv rouah alteration zones.

NE 325°-025° 350 0 55°E- 60 0 W 6Q·E 2"-10' 1-2' Same as above M I nor carbonat Weakly developed.
and alteration
local Iv

SE --- --- --- --- --- --- --- --- Not observed.

SW 340·-020· 345· rooE-80oW BODE 0.5"-10 1-2' Planar to MJ nor carbonat Strongly developed.
IrregUlar smooth and alteration
to rouah loca Ilv

NW 335°-035° 005 0 45·E-6Q·W BODE 0.5"-10 1-2' Same as above. Same as above Same as above.

IV All Variable Shal low to Moderate Planar to Probably stress relief,
Irreouiar near surface.

NE 0750 15·S 2"-5'+ 1-2' Same as above. --- Same as above.
lOoN

SE 090 0 25°5 2"-5 '+ 1-2' Same as above. --- Same as above.
310 0 40 0 NE

SW 000 0 05·E 6'1-10' 2' Same as above. --- Same as above.
090' 25°N 611-10

' 2'

NW 090· 10·N-l0·S --- 2"-5 '+ 2-3' Sarna as above. --- Same as above.

* Surface data only
** Major joint concentration

*** Where set is present
**** Includes Subsets la and Ib, (see Section 5.1)
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TABLE 5.2: GEOLOGIC TIME SCALE

MILLION OF
ERA PERIOD EPOCH GLAC IATION YEARS AGO

Quaternary Holocene
Wisconsinan

Pleistocene Illinoian
Kansan
Nebraskan 1.8

Cenozoi c Pliocene
Miocene

Tertiary 01 i gocene
Eocene
Paleocene 70

Cretaceous
Mesozoic Jurassic

Triassic 230

Permi an
Pennsylvanian
Mississippian

Pal eozoic Devonian
Si 1uri an
Ordovician
Cambrian 600

Precambri an



TABLE 5.3: CORRELATION OF PLATE NUMBERS

Plate Number

March
Current Feasibility Report Title

WATANA

Revised Item

F1
F2
F3
F4

F5
F6
F7
F8
F9
FlO
Fll
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
F25
F26

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Railbelt Area
Reservoir Plan
Site Layout
General Arrangement
Hydrological Data - Sheet 1
Hydrological Data - Sheet 2
Simulated Reservoir Operation
Main Dam - Plan
Maim Dam - Section
Main Dam - Profile &Detail
Main Dam - Grouting &Drainage
Diversion - General Arrangement
Diversion - Sections
Diversion - Intake Structures
Main Spillway - General Arrangement
Main Spillway - Control Structure
Main Spillway - Chute Sections
Main Spillway - Flip Bucket
Outlet Facilities-General Arrangement
Outlet Facilities - Gate Structure
Emergency Spillway
Emergency Release - Sections
Downstream Portals - Plan &Section
Power Facilities - General Arrangement
Power Facilities - Access
Power Facilities - Plan &Sections
Power Intake - Sections
Powerhouse - Plans
Powerhouse - Sections

Main access road. Permanent airstrip.
Intake approach channel

Intake approach channel
New drawi ng
Crest elevation profile
Power intake

Intake structure
Intake structure invert elevation

Power intakes

Intake invert elevation
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TABLE 5.3 (Page 2)

Pl ate Number

March
Current Feasibility Report

F27 29
F28 30
F29 31
F30 32
F31 33

34

F32 35
F33
F34 36
F35

F36 37
F37 38
F38 39

Title

Transformer Gallery - Plan &Section
Surge Chamber &Tailrace - Sections
Electrical Legend
Powerhouse - Single-Line Oiagram
Switchyard-Single-Line Dia9ram &Plan
Block Schematic Computer-Aided

Control System
Access Plan - Proposed Route
Access Plan - Typical Details
General Layout - Site Facilities
General Layout - Construction and

Haul Roads
Main Construction Campsite
Village and Town Site
Watana and Devil Canyon - Construction

Camp Details

DEVIL CANYON

Revised Item

Switchyard Plan

Drawing deleted
Access road. Transmission line.
New drawing
Access road. Permanent airstrip.

New drawing

F39
F40
F41

F42
F43
F44
F45
F46
F47
F48
F49

40
41
42
43
44
45
46
47
48
49
50
51
52
53

Reservoi r Pl an
Si te Layout
General Arrangement
Hydrological Data - Sheet 1
Hydrological Data - Sheet 2
Simulated Reservoir Operation
Dams - Plan &Profile
Ma i n Dam - Geomet ry
Main Dam - Crown Section
Main Dam - Sections
Mai n Dam - Thrust Blocks
Main Dam - Grouting &Drainage
Main Dam - Outlet Facilities
Saddle Dam - Section

Main access road. Transmission lines
Main access road



TABLE 5.3 (Page 3)

Plate Number

March
Current Feasibility Report--

F50
F51 54
F52
F53 55
F54 56
F55 57
F56 58
F57 59
F58 60
F59 61
F60 62
F61 63
F62 64
F63 65
F64 66
F65 67
F66 68
F67 69
F68 70
F69 71
F70 72
F71

F72 73
F73 74

F74
F75

F76

F77

Titl e

Saddle Dam - Profile &Detail
Diversion - General Arrangement
Diversion - Cofferdam Sections
Diversion - Sections
Main Spillway - General Arrangement
Main Spillway - Control Structure
Main Spillway - Chute Sections
Emergency Spillway - General Arrangement
Emergency Spillway - Sections
Power Facilities - General Arrangement
Power Facilities - Access
Power Facilities - Plan &Sections
Power Intake - Sections
Powerhouse - Plans
Powerhouse - Sections
Transformer Gallery - Plan &Sections
Surge Chamber &Tailrace - Sections
Tailrace Portal - Plan &Sections
Powerhouse - Single-Line Diagram
Switchyard - Single-Line Diagram
General Layout - Site Facilities
General Layout - Construction &

Haul Roads
Construction Camp - Pl an
Temporary Village

TRANSMISSION

Railbelt 345 kV Single-Line Diagram
Ester Substation - Single-Line

Di agram & Pl an
Gold Creek - Single-Line Diagram

&Plan
Willow Substation - Single-Line

Diagram & Plan

Revised Item

New drawing

New drawing

Compensati on f1 ow system

Power intake. Compensation flow system
Compensation flow system

Common head pond • Invert e1evat ion.
Compensation flow pumps
Compensation flow pumps

Compensation flow inlet

New drawing
Access road. Transmission 1ine.

New drawi ng
Main access road

New drawi ng

New drawi ng

New drawing

New drawing
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TABLE 5.3 (Page 4)

Plate Number

March
Current Feasibility Report

F78

F79

F80
F81

75
76

Title

Knick Arm Substation - Single-Line
Diagram &Plan

University Substation - Single-Line
Diagram & Plan

Typical Transmission Line Structures
345 kV System Single Diagram &

Transmission Corridor

CONSTRUCTION SCHEDULES

Watana - Construction Schedule
Devil Canyon - Construction Schedule

New drawi ng

New drawi ng
New drawi ng

New drawing

See Figure 9.1
See Figure 9.2

Revised Item



Fv!<'i IDIORITE PORPHYRY

CONTOUR LINES:
TOP OF BEDROCK,CONTOUR INTERVAL 100 FEET,
50' CONTOURS DASHED

FIGURE 5.1

SPRINGS

TOP OF BEDROCK, CONTOUR INTERVAL 20 FEET

TOPOGRAPHY, CONTOUR INTERVAL 50 FEET

OTHER:

?

CONTACTS:
SURFICIAL DEPOSITS

BEDROCK ISURFICIAL DEPOSITS
BEDROCK

~ OVERBURDEN: AREAS OF TALUS, OUTWASH, TILL
~ AND ALLUVIUM, AS SHOWN

I '. i.· i . ,I DIORITE TO QUARTZ DIORITE, INCLUDES MINOR
. ; GRANODIORITE

~'TI ANDESITE PORPHYRY, INCLUDES MINOR DACITE
I~·.·.- AND LATITE

LEGEND
LITHOLOGY:

§
~

g
0.

~

TALUS, TILL

___ 2\00 ..---
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~
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-... I_f---1-
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N 5,225,000 -- --t-,
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8
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w

o
o
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I. OUTCROPS SHOWN ON FIGURE 5.1.

2. GEOLOGIC SECTIONS IN ACRES,1982c.

3. JOINT PLOTS IN ACRES 1982c.

LEGEND
LITHOLOGY:

DIORITE TO QUARTZ DIORITE, INCLUDES
MINOR GRANODIORITE

ANDESITE PORPHYRY, INCLUDES
MINOR DACITE AND LATITE

DIORITE PORPHYRY

FIGURE 5.2



FIGURE 5.3

SURFICAL DEPOSITS'

ALLUVIUM

TALUS I, AREAS OF THIN
VEGETATION, GREATER THAN 50%
OF TALUS EXPOSED.

TALUS 2, AREAS OF DENSE
VEGETATION, LESS THAN 50%
OF TALUS EXPOSED,

DIORITE TO QUARTZ DIORITE INCLUDES
MINOR GRANDIORITE,

7. EXTENT OF SHEARS AND FRACTURE ZONES
ARE INFERRED BASED ON GEOLOGIC
MAPPING AND SUBSURFACE EXPLORATIONS
AND ARE SUBJECT TO VERIFICATION
THROUGH FUTURE DETAILED INVESTIGATIONS,

LITHOLOGY:

II
I' , 1'1~ DIORITE PORPHYRY.

\
\

50

\ *'
l;os. 0 \1/%

0, . 0 1/ /

\.~ \J.5\...~··41 ~
! ~\ • ' /' --------'"\ ~ <: L:=? I J'.. '\-
, ,/:;r-. ~¥ TALus 2

WATANA DAMSITE
UPSTREAM COFFERDAM AND PORTAL AREA

GEOLOGIC MAP
UP-I4'

@D
liTHE FIN"

AREA OF AJOR SHEARS,
FRACTUR ZONES AND
ALTERP; N ZONES.

UP-I 4\

UP-24\

z

o:>~:. \ ~""'<: , "" --- ~- - -~- ,t.,~~'· -..-- '/-",~~1'~/'~:" "'"
.., ~ ''-'''' ''',. . ..... g "" " ../ '" \'"\ --~>=~~~~g~-_~-- -__-=Z~:(:~~

". " .....~ ~" ..,~LLUVIUM -', /1 ", t..\ \ ...... , -........,'-'-,. -"'" / ...,..).~ '".\-: "-
\\ '-".""-. ~" -..., .... / I" '? "" \

\
""" -- '<:~~~< ", -_>--zl--. I. '. ' ......... ". "\t .. "..\~~ \ \

ALLUVIUM... ' '"....... ' '.. _ •••• "'..'" \ • v,?:>. \... / "'-1' ". ",., \7 ..., ._ ..J./ ... '- " " "', \ ". TALU,S 2 \ "'"
47,500 ...~ / ' '_ '-.---.... '-,- ,,:-... \ \ \ ' -X- FELSIC DIKE.

'.

' -,-- "'-..~ " / --"'- \',.. ~'-

/ --.. -', "'''' '" _" /(3'-...... ""-"''-~""", ,'" ,,~ \.' \ \\~, CONTAC:;i:~~:~SURFICIAL DEPOSITS,

.~ / '" j. ''''.. -..:\ \.' \':#:.. DASHED WHERE APPROXIMATE.

'''''. 1 "''- / ". '" ", '~, \.. SURFICIAL DEPOSITS, APPROXIMATE.

~ "/,,,/11 "I"~ '-' .... \ \ .. A '. STRUCTURE:
.~,''', _.. ;';1./::::.'\\~'"\ .',\_'f7 ''-~.: SHEAR, WIDTH GREATER THAN 5 FEET,

.. .. " ~ NEAR .. VERTICAL TO VERTICAL UNLESS'
DIP SHOWN; EXTENT WHERE KNOWN AND;

..~.. "',..,;-/ ... l--.. >- / '\ .. ~ 7r'~/ ~;~L~i:i~J~Ril~~~ ~NTL~:SFgl~T,
-..-. ",;l.. ' .. ''j] -- -- I........ . ---- ~" '-, . .r SHOWN, EXTENT WHERE KNOW AND lOR

-........ / .. - .. -- -_ --c' --- .--c.... I. .. ::..... ...... 'I I INFERRED .

./-.... '.. _. .., --. . ! ;-1.'" ,...,..-----_.. ...~, ~ ~ FRACTURE ZONE, WIDTH GREATER/ ....; . .. ~..... __ ~ THAN 5 FEET, NEAR -VERTICAL TO
1 "- .. ~__ . '" / -"'L VERTICAL EXTENT WHERE KNOWN ANDI

..1 #- '''~ /.1 OR INFERRED.". l,p . 72,-' ~ FRACTURE ZONE, WIDTH FROM I TO
. 4.° 'f ~ 5 FEET, INCLINED, VERTICAL; EXTENT

.... 1 ~ / ' ;' / WHERE KNOWN ANDIOR INFERRED.

/ "I" 7) J:. .. JOINTS: INCLINED, OPEN INCLINED
1 J /- 7 ~O~ AND VERTICAL.

ZL.Q't...... I /''1'' I 11. ~ SLUMP IN SURFICIAL DEPOSITS.

/

" I OTHER:

I ~I I t j. GEOLOGIC SECTION LOCATION.

1 65 ~ GEOLOGIC FEATURE DESCRIBED IN

II
~ ACRES 19B2 c.

1/'" 1 ~ SPRING.

/11 ~T~

dJ
l /' / I. LOCATION OF EXPLORATIONS IN ACRES,19B2c.

C
2, GEOLOGIC SECTIONS ON IN ACRES 19B2 c.

,.~\ ~ 3. JOINT PLOTTING METHOD IN ACRES, 1982 c.

-r-,-,....,..J;6~7__85 , .....•// .~__- 4. TOPOGRAPHY FROM COE, 1978,1"-200'.

"7-5:, -.----~-'-..., 5. {gf'~R.OXIMATE EDGE OF RIVER, AUGUST

........ 6. SEISMIC LINE SECTIONS IN ACRES. 1982•.

S

E

W

JOINT PLOT
UPSTREAM PORTAL AREA

N - 540

N

TAL

]

]

~l

]

]

]

l

J
J
J

l

J
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J
J
J
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FIGURE 5.4

FELSIC DIKE.

SURFICAL DEPOSITES:

ALLUVIUM,INCLUDES MINOR AMOUNTS
OF ANGULAR TALUS MATERIAL.

TALUS I, AREAS OF THIN VEGETATION,
GREATER THAN 50% OF TALUS
EXPOSED.

TALUS 2, AREAS OF DENSE VEGETATION,
LESS THAN 50% OF TALUS EXPOSED.

DIORITE TO QUART2 DIORITE, INCLUDES
MINOR GRANODIORITE.

ANDESITE PORPHRY, INCLUDES MINOR
DACITE AND LATITE.

--

OTHER
DP-It joGEOLOGIC SECTION LOCATION.

rGF7i\'I GEOLOGIC FEATURE DESCRIBED IN ACRES,
~1982e.

C;; SPRING.

-x-

o
f22]

LEGEND
LITHOLOGY

CONTACTS
BEDROCK, DASHED WHERE APPROXIMATE.

BEDROCK / SURFICIAL DEPOSITS DASHED
WHERE APPROXIMATE.

SURACIAL DEPOSITS, APPROXIMATE.

STRUCTURE
~ SHEAR; WIDTH GREATER THAN 5 FEET, NEAR
~ VERTICAL TO VERTICAL UNLESS DIP SHOWN;

EXTENT WHERE KNOWN AND/OR INFERRED.

70~/ SHEAR, WIDTH FROM I TO 5 FEET,INCLINED,
/" .•/I~~:ftD~·' EXTENT WHERE KNOWN AND/OR

/' FRACTURE ZONE, WIDTH GREATER THAN
~~ 5 FEET, NEAR VERTICAL TO VERTICAL
~~ UNLESS DIP SHOWN, EXTENT WHERE

KNOWN AND/OR INFERRED.

.A.••/' .•,FRACTURE ZONE, WIDTH FROM I T05 FEET,
,"" • INCLINED, VERTICAL; EXTENT WHERE KNOWN

--; "." AND / OR INFERRED.
<J-.-~ JOINTS; INCLINED, OPEN INCLINED, VERTICAL.
~ BEDROCK SLUMP.

ALLUVIUM

I-- ~AREA OF EXTENSIVE OPEN JOINTS
AND LooSE,UNSTABLE ROCK --- ..

//NOTES

Il LOCATION OF EXPLORATIONS SHOWN
IN ACRES, 1982 e.

2) GEOLOGIC SECTIONS SHOWN IN ACRES,
1982e.

3) ~J'~~TePLOTTING METHOD IN ACRES,

W

S

N

E

-- "- --,~ JOINT PLOT
'""- .•.• DOWNSTREAM PORTAL AREA

-.~ N-411
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WATANA DAMSITE AREA
GEOLOGIC MAP
SHEET I OF 2

+
LEGEND:

LITHOLOGY:

CENOZOIC

QUATERNARY
~ SURFICIAL DEPOSITS, UNDIFFERENTIATED, GENERALLY
~ THIN.

~ ALLUVIUM, ALLUVIAL TERRACES AND FANS.

~ ICE DISINTEGRATION DEPOSITS.

~ OUTWASH.

o TILL.

TERTIARY

15::::::1 CONGLOMERATE, SANDSTONE AND CLAYSTONE.

m~\iiJ,i;)M VOLCANICLASllC SANDSTONE, SILTSTONE AND SHALE.

1;:~':j:+J ANDESITE PORPHYRY, MINOR BASALT.

_ DIORITE TO QUARTZ DIORITE, MINOR GRANODIORITE.

I~~:~x:;·j BIOTITE GRANODIORITE.

MESOZOIC

CRETACEOUS

~~~~~~~~j ARGILLITE AND GRAYWACKE.

TRIASSIC

~~~~~~ BASALTIC METAVOLCANIC ROCKS. METABASALT AND SLATE

PALEOZOIC

f+::+::+JIL..L.LJ BASALTIC TO ANDESIllC METAVOLCANIC ROCKS.

CONTACTS:
BEDROCK, DASHED WHERE INFERRED.

BEDROCK / SURFICIAL DEPOSITS, DASHED WHERE
APPROXIMATE.

SURFICIAL DEPOSITS, APPROXIMATE.

STRUCTURE:
........ THRUST FAULT, TEETH ON UPTHROWN SIDE.

~f~tN~~RVl~~:f':k 1~~5~1l~~h:UR~lf~S DIP SHOWN

JOINTS, INCLINED, VERTICAL.

BEDDING, INCLINED, VERTICAL.

SYNCLINAL AXIS.

NOTES:
I. GEOLOGY MODIFIED FROM CSEJTEY AND OTHERS, 1978.

2.DETAIL MAPS OF THE WATANA DAMSITE IN ACRES, 1982 c

3. BASE MAP MODIFIED FROM U.SG.S. TALKEETNA MOUNTAINS 0-3
AND 0-4 QUADRANGLE MAPS, SCALE liNCH = I MILE.

4. EXTENT OF LITHOLOGY AND STRUCTURE ARE BASED ON AIRPHOTO
INTERPRETATION AND LIMITED FIELD INVESTIGATION AND ARE
SUBJECT TO VERIFICATION THROUGH FUTURE DETAILED
INVESTIGATIONS.

O~~~2000ii§iiiliiiiiiiioi4iiiopoi FEETSCALE c •

FIGURE 5.5
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WATANA DAMSITE AR
GEOLOGIC MAP EA

SHEET 2 OF 2

Qt
2250
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NOTE:
I. EXPLANATION FOR SYM SOLS ON SHEET I.

SC 0 2000ALE ~i~~~ii.~4~~00 FEET

FIGURE 5.~



0~~~4~iiiiiiiiiiiiil~ MILES
SCALE I: ,

CONTACT:

o 1000 2000 FEET
SCALE ~I~~~~iiiiiii~1

BEDROCK / SURFICIAL DEPOSITS APPROXI MATE.

CONTOUR LINES:
TOP OF BEDROCK, CONTOUR INTERVAL 50 FEET

50 FOOT CONTOURS DASHED.

TOPOGRAPHY, CONTOUR INTERVAL 100 FEET.

I. EXPLORATION LOGS AND SEISMIC LINE SECTIONS SHOWN IN
ACRES,19820 AND ACRES,1982e.

2. DETAILED TOP OF BEDROCK IN DAMSITE AREA SHOWN IN
ACRES, 1982 e.

3. GEOLOGIC SECTIONS SHOWN ON FIGURE 5.8.

LEGEND

LITHOLOGY:

1,.':1 BEDROCK OUTCROP, UNDIFFERENTIATED,

NOTES:

OTHER:

A At j. GEOLOGIC SECTION LOCATION.

LOCATION MAP

WATANA RELICT CHANNEL / BORROW SITE D
TOP OF BEDROCK MAP

~l

]

J

J
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J
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]

J
J
J FIGURE 5.6



REMARKS

HUMMOCKY TOPOGRAPHY, KNOB a. KETTLE
FEATURES, NO OVERCONSOLIDATION.

DESCRIPTIONTHICKNESS
STRATIGRAPHIC COLUMN

BORROW SITE D RELICT CHANNELGEOLOGIC EVENT

LAKES a. FLOATING ICE. ICE MASS PARTIALLY DETACHED

( FLOATINGl.

TYPE OF DEPOSIT

GLACIOLACUSTRINE

a. WATERLAIN TILL

BASAL TILL

1-- --

©

®

UNIT

r- -

SURFICIAL DEPOSITS POST GLACIAL EROSION a. FROST HEAVING. 0~~8~~·:i::J,-,::o·;·,C<.:~~;;·2Q"-..·.:>.~'-":\~:.S:::?",,':'=.'::-L:':+- _R_A_A~_~_~_3_0F_-~_._FT._'+~:.c~_G--=~--=~--=I;--=~--='A--=~--=~--=~~:.cN--=S_IL_T_a._B_O_U_L_D_E_RS_R_A_IS_E_D_t-S_U_RF_I_C_IA_L_BO_U_L_D_E_R_F_I_EL_D_S_' _S_W_A_M_P_S_a._BO_G_S-j'

CI - .. -" _ .. CJ ....- TAN-BROWN SAND WITH SOME COBBLES a.
ICE DISINTEGRATION ~~~:~~N OF LAST GLA AL ADVANCE a. MELTING OF ICE =-DO.. _t:::/.. -'O~©O." ....C:J Q ....= RAA~~~ ~~~~FT. GRAVEL. LOOSE TO DENSE, CONTAINS LESS

SILT THAN OUTWASH UNITS E a. F.
t-----+----------j-------MAJoR GLACIAL ADVANCE - ...0---··-- 0----,,- UPPER LIMIT OF OVERCONSOLIDATION-

@ ALLUVIUM
INTERGLACIAL, ICE FRONT A LONG DISTANCE FROM JrI:O.:~::: 0 ....:.~~~.- RANGE GRAY STRATIFIED SAND, GRAVEL a. COBBLES, CONFINED TO TOPOGRAPHIC LOW AREAS ON
DEPOSITIONAL AREA. /; ·@.O:·' -- ~--=----~~~O- ~ 0-40 FT. _VE_R_Y D_E_N_SE. ~P_O_F_UN_IT_"E_" _a._RE_LA_TE_D_FLOW C_H_ANNE~

~ -; - ::S~E- -- -:C'::ED PONDING OF LAKES DURING~E::CI~ o<3;Od-=~o .. 0 ~o·- ~7~ ~~~~/D~~~~.N LAMINATED CLAY a. SILT, ~6~~~~EL~T~~~TI~%~ ~~~~~~.~~~ERALLY
~T OF GLACIATION "M" /~;-.,~o® .0." 0 0.. THIN.

'--' GRAY CLAY WITH ANGULAR TO SUBANGULAR FOUND NEAR SUSITNA VALLEY. PEBBLES a.
VALLEY TYPE GLACIAL ADVANCE CONFINED TO FORMER - -- -0-- ·0-- - (;). RANGE GRAVEL a. COBBLE, VERY DENSE. COARSE COBBLES SUBANGULAR a. STRIATED.

BASAL TILL - 0 -- ---.0-- '. 0.' \ FRACTION MAINLY PHYLLITE a. f,RGILLITE. APPEARANCE SIMILAR TO "G" BUT MUCH
SUSITNA VALLEY. -- --0- .. '1.":5 0·... ·, 0-79 FT. HIGHER PERCENTAGE OF PHYLLITE a.

- 0=0 ~ , .', b . a a·'· -. :'. \ ARGILLITE FRAGMENTS.

® OUTWASH GLACIAL MELTING a. RETREAT·, ICE FRONT AT A DISTANCE =0 - -~~ : 0:'0'6:::G \ ~~~:~LT~ ~~:~~~~~WN SILTY SAND WITH ~~~~~Gg~:~L~~ ;U:~~~~~RE~ :r':t~~T~~~S.
_ _ _ _ _ FR_OM _S_IT_E. - " .0 "0' 'D'. ~. '. .;. L __:AR_T_ICLE_S_SUB_AN_GUL_AR_TO_SU_BRO_U_NDE_D_,_ ~"_B_ELO_W._PA_RT_IALL_Y_SOR_T_ED_, _

. . 0 0'" .'. "0'" 0 RANGE ElF BROWN SILTY SAND WITH GRAVEL a. MANY LARGE COBBLES a. BOULDERS INDICATES
. :0 :". . ®: _.'.'. : .. :. COBBLES a. BOULDERS, POORLY SORTED. HIGH ENERGY ENVIRONMENT WITH ICE

. .0 "O·~". 0.' • '0'0:. 0.' "0,.0-.'. 0-131 FT. SIZE OF COARSE FRACTION INCREASES WITH FRONT NEARBY. LARGE BOULDER ZONE AT® OUTWASH GLACIAL RETREAT;ICE FRONT NEAR SITE. AVG. 37 FT. DEPTH. OFTEN CONTAINS A ZONE OF BASE GRADING TO SMALLER FRAGMENTS

f-- + ----1 -<f"'ID'-'.RA""I"'N"'IN=G OF LAKE "G" 7~----__If_a-=::::·--=·.-··o_·.--=--=·_·._··._~_~·_.. _.::....:.._._.:_:·b_--_......::,'"'""'::...:+- -+_CO_B_B_L_E_S_a._B_O_U_L_D_ER_S_AT_B_A_S_E_O_F_U_N_IT_·_-t_~_~_~_:_;_I~_G_T_~C_~_.T_O_P_O_F_U_N_1T_I_N_D_IC_A_T_ES __---I

GLACIAL RETREAT BEGINS \ - - - - - - - -., _ .. - GRAY CLAY, LAMINATED, VERY DENSE. ORGANICS FOUND IN LAMINATIONS OF UNIT
'J -_--=--=--_--===-~ _"_-_ ....= CONTAINS SILTY OR SANDY "G". WOOD FOUND IN UPPER HORIZONS OF

- -®- - - - - -' " '.', RANGE INTERLAMINATIONS WHICH ARE MORE UNIT "G".
- _G _ _ _ _ ,_ ~:'. ':.: :.: PREVALENT IN RELICT CHANNEL AREA.
- - - - - - ··0 - ..:... .. --' 0-74 FT. OCCASIONALLY VARVED. LACUSTRINE LAMINATIONS a. VARVES
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6 - TRANSMISSION FACILITIES

6.1 - Introduction

This section describes the development of transmission facilities from
the original Acres American Incorporated POS of February 1980 throu9h
to the filing of the FERC License Application in February 1983.

The major topics covered in the transmission studies include:

- El ectrical system studi es;
- Transmission corridor selection;
- Transmission route selection;
- Transmission towers, foundations and conductors;
- Substations; and
- Oispatch center and communications.

The main body of this section is concerned with the transmission
studies that have taken place subsequent to the issuance of the Susitna
Hydroelectric Project Feasibility Report in March 1982 (Acres 1982a).
These studies included· a reassessment of the transmission line corridor
within the Central Study Area, and a land acquisition analysis in the
northern, southern and central study areas; the purpose of which was to
fine-tune the alignment and determine the le9al descriptions of the
rights-of-way. The ways in which these studies have affected each of
the six major topics mentioned above are discussed in the following
sections.

6.2 - Previous Studies

The two previously published reports which contain the most information
relevant to the transmission line studies are:

- The Upper Susitna River Basin Interim Feasibility Report, prepared by
the COE (1975).

- The Economic Feasibility Study for the Anchorage-Fairbanks Intertie,
prepared by International Engineering Company, Inc., and Robert
Retherford Associates. (IECOjRWRA 1979).

The COE report consisted primarily of an evaluation of alternative
corridor locations to aid in the selection of those which maximized
reliability and minimized costs. Utilizing aerial photographs and
existing maps, general corridors connecting the project site with
Anchorage and Fairbanks were seiected. This study was general in
nature and was intended only to demonstrate project feasibility.

The IECOjRWRA report utilized the COE report as background information
for both economic feasibil ity determination and route selection. The
corridor selected by IECOjRWRA was very similar to that selected by the
COE with further definition. The route selected was based on shortest
length, accessibil ity, and environmental compatibil ity. The report
also presented a detailed economic feasibility study for the Anchorage
Fairbanks transmission intertie.
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These two reports, together with the various subtask reports published
by Acres since the POS February 1980, served as the data base for the
Susitna Hydroelectric Project Feasibil ity Report (Acres 1982a), to
which this report is a supplement.

6.3 - Electric Systems Studies

Subsequent to the publication of the Feasibility Report (Acres 1982a)
the route of the Intertie between Willow and Healy has been finalized.
As a result of this, the transmission system has undergone the follow
ing changes:

At the time the Feasibility Report was published, the intertie inter
connected with the Susitna transmission system at Devil Canyon. Since
then the intertie has been rerouted to the extent that it now passes
approximately eight miles to the west of the Devil Canyon damsite.
Studies indicated that the optimum arrangement for connecting to the
intertie was to construct a switching station on the south bank
terraces of the Susitna Ri ver at approximately river mile (RM) 142.
The location of this station, referred to as the Gold Creek Switching
Station, together with the location of the intertie and other project
features, is shown in Figure 6.1. A single-line diagram a.nd plan of
the switchyard is presented in Figure 6.2.

Following a land acquisition analysis conducted in the latter half of
1982, the transmission line routing was finalized and the lengths of
the various 1ine sections recalculated. Thus Tabl e 14.3 of the Acres
Feasibility Report (Acres 1982a) summarizing the transmission system
characteristics has been revised to include these updated mileages and
the additional switching station at Gold Creek. These revisions are
presented in Table 6.1.

Figure 14.1 of the Feasibility Report, showing the configuration of the
recommended system, was al so changed accordingly and is presented as
Fi gu re 6.3.

6.4 - Corridor Identification and Selection

Development of the proposed Susitna project requi res a transmi ssi on
system to deliver electric power to the Railbelt area. The pre
construction of the intertie system will result in a corridor and route
for the Susitna transmission lines between Willow and Healy. Therefore
three areas were identified as needing further study:

- Northern study area, to connect Healy with Fairbanks;
- Central study area, to connect the Watana and Devil Canyon damsites

with the intertie;
- Southern study area, to connect Willow with Anchorage.

The identification of candidate corridors was based on the considera
tion of previous studies, existing data, aerial reconnaissance, and
limited field studies. Corridors 3 to 5 miles wide, which met the
criteria discussed in paragraph (a) below, were then selected in each
of the three study areas.
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(a) Selection Criteria

The objective of the corridor selection conducted by Acres was to
select feasible transmission line corridors in each of the three
study areas, i.e., northern, central, and southern. Technical,
economi c, and envi ron menta1 criteri a were dev!! loped to select
potential corridors within each of the three areas. These cri
teria are listed in Table 6.2.

Environmental inventory tables were then compiled for each cor
ridor selected, 1 isting length, number of road crossings, number
of river and creek crossings, topography, soils, land ownership/
status, existing and proposed development, existing rights-of-way,
scenic qual ity/recreation, cultural resources, vegetation, fish,
birds, furbearers, and big game. These tables and a more thorough
discussion of the technical, economic, and environmental criteria
in Table 6.2 above, are included in the Transmission Line Corridor
Screening Closeout Report of September 1981 (Acres 1981).

Based on this analysis, 22 corridors were selected: 3 in the
southern study area, 15 in the central area, and 4 in the northern
study area. Three of the corridors in the southern study area run
ina north-south direction, whil e one runs northeast to Palmer,
then northwest to Willow. Corridors in the central area are in
two general categories: those running from the Watana damsite
west to the intertie, and those running north to the Denali High
way and the Chul itna River. Corridors in the northern study area
run either west or east to bypass the Alaskan Range, then proceed
north to Fairbanks. The location of these corridors is shown in
the Feasibility Report (Acres 1982a).

(b) Screening Criteria

The selected corridors were then subjected to a further evaluation
to determine which ones met the more specific technical, economic,
and environmental criteria described in Table 6.3. The rationale
for the selection of these criteria is explained in the Closeout
Report of September 1981 (Acres 1981).

In addition to these criteria, each corridor was screened for re
liability. Six basic factors were considered:

- Elevation: Lines located at elevations below 4000 feet will be
less exposed to severe wind and ice conditions which can inter
rupt service.

- Ai rcraft: Avoi dance of areas near ai rcraft 1anding and take
off operations will minimize the risk of power failures.

Stability: Avoidance of areas susceptible to land, ice, and
snow slides will reduce the chance of power failures.
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- Topography: lines located in areas with gentle relief will be
easier to construct, repair, and maintain in operation.

- Access: Lines located in reasonable proximity to transportation
corridors will be more quickly accessible and, therefore, more
quickly repaired if any failures occur.

The screening criteria and reliability factors for each corridor
were evaluated util izing topographic maps, aerial photos, aerial
overflights, and published materials. Each corridor was then
assigned four ratings (one each for technical, economic, and
environmental considerations, and one overall summary rating).
Ratings were defined as follows:

A - recommended
C - acceptable but not preferred
F - unacceptable

From the technical point of view, reliability was the main objec
tive. An environmentally and economically sound corridor was
rejected if it would be unreliable. Thus, any line which received
an F technical rating was assigned a summary rating of F and
eliminated from further consideration.

Simil arly, because of the critical importance of envi ronmental
considerations, any corridor which received an F rating for
environmental impacts was assigned a summary rating of F, and
eliminated from consideration.
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(c) Selected Corridors

In the Feasibility Report (Acres 1982a) the selected transmission
corridor consisted of the following segments:

Descriptions of these corridors and reasons for the rejection of
the other corridors are presented in Section 2 of Exhibit B, FERC
License Application (Acres 1983a). More detail on the screening
process and the specific technical, economic, and environmental
ratings of each alternative is included in Chapter 1D, Exhibit E
of the FERC License Application (Acres 1983).

However, at the time the Feasibility Report was published, the
routi ng of the proposed access road between the damsites was
undecided. The location of the access road is of major importance
in relation to the transmission line within the central study
area, both in terms of economics and environmental impact. There
fore, -following the selection of the Denali-North Plan as the pro
posed access route in September 1982, the transmission line corri
~or alternatives in the central study area were reassessed.

o
o
o
o
o
o
o
o

o
ADFC
ABCD
ABC

Corridor (2)
Corridor (1)
Corridor (1)

- Southern Study Area
- Central Study Area
- Northern Study Area
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Of the 15 corridors originally considered in the central study
area, 11 were found to be unacceptable, since they had an overall
rating of "F." The 4 remaining corridors were then subjected to a
more detailed evaluation and comparison to determine which corri
dor most closely satisfied the screening criteria.

6.5 - Corridor Reassessment: Central Study Area

The four corridors identified as being acceptable in terms of the
technical, economic, and environmental criteria described in the Feas
ibil ity Report (Acres 1982a) are corridors 1, 3, 13, and 14. The 4
corridors comprise the following segments:

- Co rri do r One ABCD
- Co rri dor Th ree AJC F
- Co rri dor Th i rteen ABCF
- Corridor Fourteen AJCD

Segments ABC and AJC link Watana with Devil Canyon and, similarly, Seg
ments CD and CF link Devil Canyon with the intertie.

In order to compare the four corridors more directly, a preliminary
route was selected in each of the segments. These routes are shown in
Figure 6.4. On closer examination of the two routes between Devil
Canyon and the i ntert ie, the route in Segment CD was found to be
superior to the route in Segment CF for the following reasons:

(a) Economic

A four-wheel-drive trail is already in existence on the south side
of the Susitna River between Gold Creek and the proposed location
of the rail head facil ity at Devil Canyon. Therefore the need for
new roads along Segment CD, both for construction and operation
and maintenance, is significantly less than for Segment CF, which
requires the construction of a pioneer road. In addition, the
proposed Gold Creek to Devil Canyon rail road extension will also
run parallel to Segment CD. Another primary economic aspect con
sidered was· the length of the corridors. However, since the
1engths of Segments CD and CF are 8.8 mi 1es and 8.7 mi 1es,
respectively, this was not a significant factor. Amongst the
secondary economic considerations is that of topography. Segment
CF crosses more rugged terrain at a higher elevation than Segment
CD and would, therefore, prove more difficult and costly to con
struct and maintain. Hence, Segment CD was considered to have a
higher overall economic rating.

(b) Technical

Although both segments are routed below 3000 feet in elevation,
Segment CF crosses more rugged, exposed terrai n wi th a maximum
elevation of 2600 feet. Segment CD, on the other hand, traverses
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fl atter terrai n and has a maximum e1evat i on of 1800 feet. Th e
disadvantages of Segment CF are somewhat offset, however, by the
Susitna River crossing that will be needed at RM 150 for Segment
CD. Overall, the technical difficulties associated with the two
segments may be regarded as being similar.

(d) Environmental

One of the main concerns of the various environmental groups and
agencies is to keep any form of access away from sensitive ecolo
gical areas previously inaccessible other than by foot. Creating
a pioneer road to construct and maintain a transmission line along
Segment CF would open that area to all terrain vehicle and public
use, and thereby increase the potential for adverse impacts to the
environment. The potential for environmental impacts along Seg
ment CD would be present regardless of where the transmission line
was built, since there is an existing four-wheel-drive trail,
together with the proposed railroad extension, in that area. It
is clearly desirable to restrict environmental impacts to a single
common corridor; for that reason, Segment CD is preferable to
Segment CF.

Because of potential environmental impacts and economic ratings,
Segment CF was dropped in favor of Segment CD. Consequently,
Corridors 3 (AJCF) and 13 (ABCF) were eliminated from further con
sideration.

The two corridors remaining are, therefore, Corridors 1 (ABCD) and
14 (AJCD). This reduces to a comparison of alternative routes in
Segment ABC on the south side of the Susitna River and Segment AJC
on the north side. These routes were then screened in accordance
with the criteria set out in the Transmission Line Corridor
Screening Closeout Report of September 1981 (Acres 1981). The key
points of this evaluation are outlined below:

(d) Economi c

For the Watana development, two 345-kv transmission 1ines will be
constructed from Watana through to the i ntertie. When compari ng
the relative lengths of transmission line, it was found that the
southern route utilizing segment ABC was 33.6 miles in total
length compared to 36.4 miles for the northern route using Segment
AJC. Although a difference in length of 2.8 miles (equivalent to
12 towers at a spacing of 1200 feet) seems significant, other fac
tors were taken into account. Segment ABC contains mostly wood
land black spruce in Segment AB. Segment BC contains open and
woodl and spruce forests, low shrub, and open and closed mixed
forest in about equal amounts. Segment AJC, on the other hand,
contains significantly less vegetation and is composed predomi
nantly of low shrub, and tundra in Segment AJ and tall shrub, low
shrub and open mixed forest in Segment JC. Consequently, the
amount of clearing associated with Segment AJC is considerably
less than with Segment ABC, resulting in savings not only during
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Env i ronmenta1

Technical

construction but also during periodic recutting. Additional costs
would also be incurred with Segment ABC because of the increased
spans needed to cross the Susitna Ri ver (at RM 165.3) and two
other major creek crossings. In summary, the cost differential
between the two segments would probably be marginal.

The route along Segment AJC traverses generally moderately sloping
terrain ranging in height from 2000 feet to 3500 feet, with 9
miles of the route being at an elevation in excess of 3000 feet.
Ro ute ABC traverses more rugged terrai n, c rossi ng several deep
ravines, and ranges in elevation from 1800 feet to 2800 feet. In
general, there are advantages of rel iabil ity and cost associated
with transmission lines routed under 3000 feet. The nine miles of
Route AJC at elevations in excess of 3000 feet will be subject to
more severe wind and ice loadings than Route ABC, and the towers
will have to be designed accordingly. However, these additional
costs will be offset by the construction and maintenance problems
with the more rugged topography and major river and creek cross
ings of Route ABC. The technical difficulties associated with the
two segments are therefore considered similar.

Conse
(AJCD)
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From the previous analysis, it is evident that there are no signi
ficant differences between the two routes in terms of technical
difficulty and economics. The deciding factor, therefore, reduces
to the environmental impacts. The access road routing between
Watana and Devil Canyon was sel ected because it has the 1east
potential for creating adverse impacts to wildlife, wildlife habi
tat, and fisheries. Similarly, Segment AJC, within which the
access road is located, is environmentally less sensitive than
Segment ABC, for it traverses or approaches fewer areas of produc
tive habitat and zones of species concentration or movement. The
most important consideration, however, is that Tor ground access
du ri ng ope rat i on and mai ntenance, it wi 11 be necessa ry to have
some form of trail along the transmission line route. This trail
would permit human entry into an area which is relatively inacces
sible at present, causing both direct and indirect impacts. By
placing the transmission and access road within the same general
corridor as in Segment AJC, impacts will b~ confined to that one
corridor. If access route and transmission 1ine are placed in
separate corridors, as in Segment ABC, environmental impacts would
be far greate r.

Segment AJC is thus considered superior to segment ABC.
quently, corridor 1 (ABCD) was eliminated and Corridor 14
selected as the proposed route.

(e)

(f)
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6.6 - Final Corridor Selection

Table 14.6 of the Feasibility Report (Acres 1982a), which gives the
summary of ratings for each of the three corridors, was revised
following the change to the proposed transmission line corridor in the
central study area. The revised table is presented as Table 6.4.

The transmission line corridor presented in the FERC License Appl ica
tion thus changed to:

D

D
o
o
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6.7 - Route Selection

(b) Studies Subsequent to Publication of Feasibility Report

The ori gi na 1 corri dors whi ch were three to fi ve mil es in wi dth
were narrowed to a half mile and, after final adjustment, to a
finalized route with a defined right-of-way.

D

o
o
o
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J

ADFC
AJCD
ABC

Co rri dor 2
Co rri dor 14
Corridor 1

As discussed earlier, the routing of the transmission line corri
dor in the central study area was changed so that it shares the
same general corridor as the access road between the dams and the
railroad extension between Devil Canyon and Gold Creek. The final

Many specific routing constraints were identified during the pre
liminary screening, and others were determined during the 1981
field investigations. These constraints were collated, placed on
a base map, and a route of least impact selected.

- An up-to-date land status study;
- Existing aerial photographs;
- New aerial photographs produced for selected sections of the

previously recommended transmission line corridors;
- Environmental studies including aesthetic considerations;
- Climatological studies;
- Geotechnical exploration;
- Additional field studies; and
- Public opinions.

- Southern Study Area
- Central Study Area
- Northern St udy Area

A more detailed explanation of the screening and final selection pro
cess, with particular reference to environmental constraints, is given
in Chapter 10 of Exhibit E, of the FERC License Application (Acres
1983).

(a) Studies Prior to Publication of Feasibility Report

The route selection methodology followed in Section 14.3 of the
Feasibility Report (Acres 1982a) resulted in the development of
recommended routes for each of the three study areas. The data
base used in this analysis was obtained from:



6-9

b.8 - Towers, Foundations, and Conductors

(c) Right-of-way

These ri ght-of-way wi dths were developed assum i ng the fall owi ng
parameters:

190 feet
300 feet
400 feet
510 feet

1 tower
2 towers
:3 towers
4 towers

Preliminary studies have indicated that for a hinged-guyed x-con
figuration tower the following right-of-way widths should be
suffi cient.

The selected transmission line route for the three study areas is
presented in Exhibit G of the FERC License Application (Acres
1983b). This route will be subject to some minor revision during
the final design phase once the detailed soils investigations and
engineering design are completed.

- Height from tower cross arm to ground 85 feet;
- Horizontal phase spacing, 33 feet; and
- Level terrain (less than 10° slope).

In the latter half of 1982, a land acquisition analysis was con
ducted along the length of the transmission line corridor, the
purpose of which was to identify areas where land acquisition
would present a problem. Additional environmental studies identi
fying environmentally sensitive areas were also undertaken. These
studies have resulted in the alignment being refined along the
northern and southern corridor stubs to the extent that most of
the land acquisition problems and environmentally sensitive zones
have been avoided.

a1 ignment within this section was chosen to parallel the access
road and railroad extension to the maximum extent possible so as
to minimize the mileage of new access trail development. It is
also desirable to minimize the number of bends in the corridor to
keep the number of special structures and, therefore, the cost to
a minimum. With both these objectives in mind, the selected
alignment, as shown in Figure 6.1, represents the optimum align
ment of the transmission line based on existing data.

During final design, these right-of-way widths may vary slightly
where difficult terrain is encountered or the need for special
tower structures dictates.

The types of towers, foundations, and conductors to be utilized in the
transmission system have not changed since the pub1 ication of the
Feasibility Report. In general, hinged-guyed, x-configuration towers,
of the type selected for the intertie, will be used. Guyed pole-type
structures will be used on larger angle and dead end structures; and a
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similar arrangement used in especially heavy loading zones. A span of
1200 to 1300 feet is expected with final spans varying to greater and
lesser values in specific cases depending upon span ratio and loading
zone. Typical tower and foundation details are given in Figures 14.6
and 14.7 of the Feasibil ity Report. (Acres 1982a).

6.9 - Substations

As discussed earlier, the intertie has been re-routed since the Feasi
bility Report was issued; and the Gold Creek switching station added to
the transmission system. The switching station will be located in a
wooded area on the south bank terraces of the river at approximately RM
142. The location of the switching station is shown in Figure 6.1. A
single-line diagram and plan of the switchyard is presented in Figure
6.2.

6.10 - Dispatch Center and Communications

The operation of the transmission facility and the dispatch of power to
the load centers will be controlled from a central dispatch and Energy
Management System (EMS) center. It is recommended that the center be
located at Willow since a suitable site could be developed at the
Willow Switching Station site. The center will operate in conjunction
with northern and southern area control systems in Fairbanks and
Anchorage. The generation at the Susitna Hydroelectric sites would be
cont ro11 ed at the Watana power facil i ty. Th e En ergy Management Center
would orchestrate the overall operation of the system by request to the
three local generation-control centers for action and direct operation
of the Gold Creek Switching Station and the four 345-kv switching and
substations along the transmission system.

As recommended in the Feasibil ity Report (Acres 1982a), the system
communi cat ions requi rements wi 11 be provided by means of a mi crowave
system. The system will be an enlargement of the facil ity being pro
vided for the operation of the intertie between Willow and Healy.
Communications into the hydroelectric plants will be via a microwave
extension from the Gold Creek Switching Station.
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1982a. Susitna Hydroelectric Project Feasibility Report.
Prepared for the Alaska Power Authority.

1983a. Susitna Hydroelectric Project FERC License Applica
tion-Exhibit B. Prepared for the Alaska Power Authority.

1983b. Susitna Hydroelectric Project FERC License Applica
tion-Exhibit G. Prepared for the Alaska Power Authority.

1983. Susitna Hydroelectric Project FERC License Application
Exhibit E. Prepared for the Alaska Power Authority.

Project
Prepared
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TABLE 6.1: TRANSMISSION SYSTEM CHARACTERISTICS

Length Number of Voltage
Li ne Sect ion (mi ) Circuits (kV)

Watana to Gold Creek 37 2 345
Devil Canyon to Gold Creek 8 2 345
Gold Creek to Willow 79 3 345
Willow to Knik Arm 44 3 345
Knik Arm Crossing* 3 3 345
Knik Arm to University 19 2 345
Substation (Anchorage)
Gold Creek to Ester 185 2 345
Substation (Fairbanks)



TABLE 6.2: TECHNICAL, ECONOMIC, AND ENVIRONMENTAL
CRITERIA USED IN CORRIDOR SELECTION

1.

Type

Technical
- Primary

Criteri a

General Location

Selection

Connect with Intertie near Gold
Creek, Willow, and Healy. Connect
Healy to Fairbanks. Connect Willow
to Anchorage.

J
J
o
o
o

Elevation Avoid mountainous areas.
r
i I

~

Topography Select gentle relief.

Elevation Avoid mountainous areas.

Vegetation Avoid heavily timbered areas.

River Crossings Minimize wide crossings.

o
o
o
J
o
[]

J
o
[]

o
[]

o
[]

Select gentle relief.Relief

Access Locate in proximity to existing
transportation corridors to
facilitate maintenance and repairs.

Access Locate in proximity to existing
transportation corridors to reduce
construction costs.

River Crossings Minimize wide crossings.

Wetlands Minimize crossings which require
special designs.

Existing Transmission Parallel.
Ri ght-of-Way

Development Avoid existing or proposed developed
areas.

Timbered Areas Minimize such areas to reduce
clearing costs.

Land Status Avoid private lands, wildlife
refuges, parks.

- Secondary

- Secondary

- Secondary

2. Economi cal
- Primary

3. Envi ronmental
- Primary
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TECHNICAL

Primary

Secondary

ECONOMIC

Primary

Secondary

ENVIRONMENTAL

Primary

Seconda ry

TABLE 6.3: TECHNICAL, ECONOMIC, AND ENVIRONMENTAL
CRITERIA USED IN CORRIDOR SCREENING

Topography
Climate and Elevation
Soil s
Length

Vegetation and Clearing
Highway and River Crossings

Length
Presence of Right-of-Way
Presence of Access Roads

Topography
Stream Crossings
Highway Railroad Crossings

Aesthetic and Visual
Land Use
Presence of Existing Right-of-Way
Existing and Proposed Development

Length
Topography
Soil s
Cultural Resources
Vegetation
Fi she ry Re sou rces
Wildlife Resources



C C A C
F C C F
C C C C
F F F F
F F F F
F C F F
F F C F
F F C F
F F C F
F F C F
F C C F
F F C F
C C C C
A A A A
F C C F

TABLE 6.4: SUMMARY OF SCREENING RESULTS

* Indicates selected corridor.

A = recommended
C = acceptable but not preferred
F = unacceptable

J
o
J
o
o
o
o
o
J
o
o
o
o
o
o
o
o
o
J

C
A
F

A
C
F
F

Summary

A
C
F
F

C
A
A

Ratings

A
A
C
C

C
A
C

Economlc Technical

A
C
F
F

C
A
F

EnvironmentalCorridor

- Southern Study Area

(1 ) ABC'
(2) ADFC*
(3) AEFC

- Central Study Area

(1) ABCD
(2) ABECD
(3) AJCF
(4) ABCJHI
(5 ) ABECJHI
(6) CBAHI
(7) CEBAHI
(8) CBAG
(9) CEBAG
(10) CJAG
(11) CJAHI
(12) JACJH I
(13 ) ABCF
(14) AJCD*
(l5 ) ABECF

- Northern Study Area

(1) ABC*
(2) ABDC
(3) AEDC
(4) AEF
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7 - PROJECT OPERATION

7.1 - Introduction

The energy potential of the Sus itna Hydroel ectric Project was assessed
using a monthly energy simul ation model developed specifically for the
project. Studies made to determine optimum height, drawdown, and
impact of downstream flow requirements are reported in Appendix A,
Hydrological Studies of the Susitna Hydroelectric Project, Feasibility
Report (Acres 1982a). Extens ion of these studi es was made in 1982 to
i ncl ude refi nements to operating rul e curves, downstream fl ow, and
energy demand. Downstream fl O~'J requirements were refined duri ng the
fishery mitigation plan development and particularly affected flow
timing to ensure coincidence with critical spawning periods. Further
details of the mitigation plan are given in the Susitna Hydroelectric
Project, License Application, Exhibit E (Acres 1983).

Complete output for the selected operations is given in Attachment A of
this report for Watana operation and Watana/Devil Canyon operation.

7.2 - Simulation Model

A multi-reservoir energy simulation model was used to evaluate the
optimum method of operating the Susitna Hydroelectric Project for a
range of post-project flows at the Gold Creek gaging station 15 miles
downstream from the Devil Canyon damsite.

The simulation model incorporates several features which are satisfied
according to the following hierarchy:

- Minimum downstream flow requirement;
- Minimum energy demand;
- Reservoir operation rule; and
- Maximum usable energy (demand).

Input to the model includes the reservoir storage-elevation relation
ships, powerhouse characteristics, streamflow at the damsites and at
the reference downstream location, system demand for a given year,
system demand pattern, and reservoir operating rules, plus other minor
operating and program specific values.

Weekly and monthly energy simulation programs were developed. However,
their only difference is in the basic time step. Both programs have
the following solution path:

- Meet minimum energy demand;
- Check reservoir levels against rule curve;
- Check energy production against energy demand; and
- Meet downstream flow requirement.
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The mlnlmUm energy demand was determined as a fraction of the monthly
energy demand. This fraction was iteratively derived so that the mini
mum energy is produced at all times and all available reservoir storage
is used. The monthly energy is based on the energy pattern developed
by ISER/Woodward Clyde (ISER/Woodward Clyde 1980).

During periods of above average runoff, the reservoir 1evel s remain
substantially higher than average. This results, during periods of
back-to-back wet years, in spi 11 age during summer months. To reduce
this spillage and waste of energy, it is worthwhile to draw the reser
voir down during the winter months of wetter periods. This is achieved
by the rul e curve. The rul e curve check wi 11 compare reservoir 1evel s
after minimum energy production with the rule curve. If reservoir
levels are above the rule curve level, more water is released through
the powerhouse. The amount of the release is the quantity of water in
storage over the rule curve level times a fraction. This fraction is
usually equal to one and is used to maintain additional storage in the
reservoirs, particularly in early summer months.

To ensure that the above release does not result in energy production
in excess of system needs, a check is made aga i nst system energy
demand. This demand is for a given year and is equal to the forecast
for that year (Battell e 1982). The period demand pattern is based on
studies by Acres American (Acres 1983a). If overproduction occurs,
powerhouse flows are reduced and the water is saved in storage.

Energy requirements are met within a given percentage (generally one
percent) whenever the minimum or maximum energy routines are evoked.
This, however, can be negated by downstream flow requirements which
could cause excessive powerhouse flows. In this situation, flows are
shifted to the spillways in a specifi ed manner so that Watana power
house fl ow is reduced first, or the majority of the spill age is at
Watana. Since the downstream flow requirement is applied last, it
takes precedent over the energy production requirements. Downstream
flow requirements are met by releasing as much flow from Devil Canyon
as possible, given drawdown limits. Releases from Watana to meet down
stream flow requirements occur only when Devil Canyon is at its lowest
permissible water level.

7.3 - Project Reservoirs

(a) Watana Reservoir Characteristics

The Watana reservoir will be operated at a normal maximum opera
ting level of El 2183 above mean sea level but will be allowed to
surcharge to El 2190 in 1ate August during wet years. Average
annual drawdown will be to El 2093 with Watana operation and El
2080 with Watana/Devil Canyon operation. The maximum drawdown for
either operation scenario will be to El 2065. During extreme
flood events, the reservoir will rise to El 2193.3 for the
1:10,000 year flood and El 2200.5 for the probable maximum flood.
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At El 2185, the reservoir will have a surface area of 38,000 acres
and a total volume of 9.47 million acre-feet as indicated in the
area-capacity curves in Fi gure 7.1. Maximum depth wi 11 be 735
feet, the mean depth wi 11 be 250 feet, and the shore1i ne 1ength
will be 183 miles. The reservoir will have a retention time of
1. 65 years.

Within the Watana reservoir area, the substrate classification
varies greatly. It consists predominantly of glacial, colluvial,
and fluvial unconsol idated sediments and several bedrock 1itholo
gies. Many of these deposits are frozen.

(b) Devil Canyon Reservoir Characteristics

Devil Canyon reservoir will be operated at a normal maximum opera
ting level of El 1455 above mean sea level. Average annual draw
down will be 28 feet,with the maximum drawdown equaling 50 feet.
At El 1455, the reservoir will have a surface area of 7800 acres
and a volume of 1.09 million acre-feet. Figure 7.2 illustrates
the area capacity curve of the reservoi r. The maximum depth wi 11
be 565 feet, the mean depth will be 140 feet, and the shorel ine
length will total 76 miles. The reservoir will have a retention
time of two months.

Materials forming the walls and floors of the reservoir area are
composed predominantly of bedrock and glacial, colluvial, and
fluvial materials.

7.4 - Flow Range

(a) Pre-Project Flows

The 32-year discharge record at Gold Creek was combined with
regional analysis of streamflow records to develop a 32-year
record for the Cantwell gage near Vee Canyon at the upper end of
the proposed Watana reservoi r. The flow at Watana and Devil
Canyon was then calculated using the Cantwell flow as the base and
adding an incremental flow proportional to the additional drainage
area between the Cantwell gage and the damsites (Acres 1982a).

The avai 1ab 1e 32-year record was consi dered adequate for deter
mining a statistical distribution of annual energies for each
annual demand scenario considered; thus, it was not considered
necessary to synthesize additional years of record.

The 32 years of record contai ned a low flow event (water year
[WY] 1969) with a recurrence interval of approximately 1000 years,
as illustrated in Figure 7.3. This WY was adjusted to reflect a
low flow frequency of 1:30 years, since a 1:30-year event repre
sents a more reasonable return period for firm energy used in
system reliability tests.
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Although the frequency of the adjusted or modified year is a 1:30
year occurrence, the two-year, low-flow frequency of the modified
WY 1969 and the succeeding 10\'1 flow, WY 1970, is approximately
1:100 years. The unmodified two-year, low-flow frequency is
approximately 1:250 years. This two-year, low-flow event is
important in that, if the reservoir is drawn down to its minimum
level after the first dry year, the volume of water in storage in
the reservoir at the start of the winter season of the second year
of the two-year sequence will be insufficient to satisfy the mini
mum energy requirements. Hence, the modified record was adopted
for use in the energy simulation studies.

The 1:30-year annual water volume was proportioned on a monthly
basis according to the long-term, average monthly distribution.
This increased the WY 1969 average annual discharge at Gold Creek
1600 cfs, from 5600 cfs to 7200 cfs, and the average annual dis
charge at Go 1d Creek for the 32 years of record by 0.5 percent.
The resulting monthly flows at Watana, Devil Canyon, and Gold
Creek ar~ presented in Tables 7.1, 7.2, and 7.3, respectively.

Weekly flows at the damsites were determined from daily records at
Gold Creek prorated in proportion to drainage basin area at the
damsites and Gold Creek.

(b) Project Flows

A range of project operational target flows from 6000 to 19,000
cfs at Gold Creek was analyzed. The flow at Gold Creek was
selected because it was judged to be representative of the Devil
Canyon-to-Ta lkeetna reach where downstream impacts wi 11 be the
greatest. Addit iona 11y, the flows can be directly compared with
the 32 years of discharge records at Gold Creek.

The range of project flows analyzed included the operational flow
that woul d produce the maximum amount of usabl e energy from the
project neglecting downstream flow considerations (referred to as
Case A) and the operational flow which would result in essentially
no impact on the downstream fishery during the anadromous fish
spawning period (referred to as Case D). Between these two end
points, five additional flow scenarios were analyzed.

In Case A, the minimum target flow at Gold Creek for the month of
August and the first half of September was establ ished at 6000
cfs. Flow was increased in increments of 2000 cfs for the August
September time period, thereby estab1i shi ng the target fl ow for
Cases AI, A2, C, Cl, and C2. The August-September flow for Case D
was established at 19,000 cfs. The resulting seven flow scenarios
were adequate to define the change in project economics resulting
from a change in project flow requirements. The monthly minimum
target flows for all seven flow scenarios are presented in Table
7.4 and Figure 7.4.
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In the reach of the Susitna Ri ver between Tal keetna and Devil
Canyon, an important aspect of maintaining natural sockeye and
chum salmon reproduction is the provision of access to the slough
spawning areas hydraul ically connected to the mainstem of the
river. Access to these slough spawning areas is primarily a
function of flow (water level) in the main channel of the river
during the period when the salmon must gain access to the spawning
areas. Field studies during 1981 and 1982 have shown that the
most critical period for access is August and early September.
Thus, the project operational fl ow has been schedul ed to sati sfy
this requirement; i.e., the flow will be increased the last week
of July, hel d constant duri ng August and the fi rst two weeks of
September, and then decreased to a 1evel speci fi ed by energy
demand in mid-September.

7.5 - Energy Production and Net Benefits

(a) Energy Production

The reservoir simulation model was run assuming 120 feet of draw
down at Watana and 50 feet at Devi 1 Canyon for the seven flow
cases given in Section 7.4(a). Additional runs were made for
Watana drawdowns of 80, 100, and 140 feet for Cases A and C.
Monthly average and fi rm energi es for the seven flow cases for
Watana and Watana/Devil Canyon operation are given in Tables 7.5
through 7.11. Case A and Case C energies for 80,100, and 140
feet drawdown are given in Tables 7.5 and 7.8, respectively.
These tables show the variation in average and firm monthly
energies.

(b) Net Benefits

The energies given in Tables 7.5 to 7.11 were used as input to the
generation planning model which determines the long-term, present
\'iorth cost of producing energy for the Railbelt. The present
worth cost is determined by using the Optimized Generation
Planning Model, Version 5, (OGP5) (General Electric 1979). This
model determines, in 1982 dollars, the present-worth cost of
supplying the Railbelt energy needs by various means of generation
(thermal or thermal and hydroelectric). The best all-thermal
option has a present-worth cost of $8,238 million (1982 dollars),
and this value is used to measure the net benefit of the Susitna
Hydroel ectric Project. The present-worth cost of each of the
seven flow cases is given in Table 7.12 and the net benefit in
Figure 7.5. Variation in present-worth cost with Watana down
stream is given in Tables 7.13 and the net benefit variation in
Fi gu re 7.6.

In the OGP analysis, no change in construction costs has been
assumed for the various drawdown scenarios. This provides, there
fore, a comparison of net benefit from energy production only and
does not refl ect the actual net benefit from the scheme. The
proj ect cost is based on the scheme gi ven in the Feas i bi 1ity
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Report (Acres 1982) which had an intake structure providing facil
ity to draw to 140 feet. Consequently, for drawdowns less than
140 feet, an additional benefit would result due to savings in
intake construction. It has been estimated that intake cost
difference between 80- and 160-foot intakes is about $0.5 million
per foot of intake. Above 160 feet drawdown, substanti al costs
are incurred due to excessive excavation and rock support.

Another adjustment to net benefit resul ts from the analysis made
in OGP with respect to loss-of-load probability (LOLP). This
quantity determines the reliability of the system and, consequent
ly, the need for additional capacity.

In the OGP analysis for the 140-foot drawdown (Case C), the LOLP
for the year 2010 is 0.0954 days/year. In the 120-foot drawdown
case, the LOLP is 0.0527 days/year in 2010. This large difference
is due to the addition of a gas turbine in February 2010 in the
120-foot d rawdown case. Si nce OGP a ssumes system costs a re con
stant from year 2010 to 2040, the difference in cost (due to
number of gas turbine units) is significant. Therefore, assuming
a gas turbine is added in January 2011, this would result in an
additional cost in the 140-foot drawdown case of about $41 million
or a reduction of the net benefit to $1,227 mill ion. Adjusted
drawdown/net benefit relation is given in Figure 7.6. Present-
worth cost and net benefit for the two flow cases with drawdowns
assumed are given in Table 7.13.

The incremental difference between Watana drawdowns of 120 and 140
feet is approximately $60 mill ion. This value represents about 5
percent of the net benefit and about one percent of the present
worth cost. The uncertainties associated with rock support costs
and the inc rease in envi ronmental impact wi th increased drawdown
result in the sel ection of 120-foot drawdown at Watana. Further
analyses into envi ronmental impacts, primari ly with respect to
out flow temperatures, power studi es, and geotechn i ca 1
investigations, may result in modification to this drawdown.

The OGP analysis for the seven flow cases (Table 7.12 and Figure
7.5) shows an impact on the net benefit between Case A and Case C.
This is due to August powerhouse flows being generally below the
usable energy 1imit for that month. Between Case A and D, how
ever, the net benefit is reduced by about $550 million, or 45 per
cent. This is mainly due to the loss in average annual energy as
a result of spillage in August to meet downstream flow require
ments. The spillage associated with the higher flow cases pre
vents storage of water in August-September for release during
winter months. Also, flows are generally in exceedance of power
requirements.
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The impacts of the various flow scenarios on fisheries, tributary,
downstream water rights, and other downsteam use are discussed in
detail in Exhibit E of the Susitna License App1 ication (Acres
1983). Based on the environmental impacts (Acres 1983) and the
economic analysis discussed above, it was judged that while Cases
A, AI, and A2 flows produced essentially the same net benefit, the
loss in net benefi ts for Case Cis of acceptable magn itude. The
loss associated with Case Cl is on the borderline between accept
able and unacceptable. However, as fishery and instream flow
impacts (and hence mitigation costs associated with the various
flow scenarios) are refined (Acres 1983), the potential decrease
in mitigation costs associated with higher flows will not offset
the loss in net benefits. Thus, selecting a higher flow case such
as Cl cannot be justified by savings in mitigation costs. The
loss in net benefits associated with Cases C2 and D is considered
unacceptable, since the mitigation cost reduction associated with
these higher flows will not bring them into the acceptable range.
Therefore, the Case C flow scenario has been selected.
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TABLE 7.1: WATANA PRE-PROJECT HlNTHLY FLOW (CFS) HlDTFlEO HYDROLOGY

YEAR OCT NOV BEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1 4720. 2084. 1169. 815. 642. 569. 680. 8656. 16432. 19193. 16914. 7320. 6648.1
2 3299. 1107. 906. 808. 673. 620. 1302. 11650. 18518. 19787. 16478. 17206. 7733.7
3 4593. 2170. 1501. 1275. 841. 735. 804. 4217. 25773. 22111. 17356. 11571, 7776.7
4 6286. 2757. 1281. 819. 612. 671, 1382. 15037. 21470. 17355. 16682. 11514. 8035.2
5 4219. 1600. 1184. 1088. 803. 638. 943. 11697. 19477. 16984. 20421. 9166. 7400.4
6 3859. 2051, 1550. 1388. 1051. 886. 941, 6718. 24881, 23788. 23537. 13448. 8719.3
7 4102. 1588. 1039. 817. 755. 694. 718. 12953. 27172. 25831. 19153. 13194. 9051,0
8 4208. 2277. 1707. 1373. 1189. 935. 945. 10176. 25275. 19949. 17318. 14841. 8381.0
9 6035. 2936. 2259. 1481. 1042. 974. 1265. 9958. 22098. 19753. 18843. 5979. 7769.4

10 3668. 1730. 1115. 1081. 949. 694. 886. 10141, 18330. 20493. 23940. 12467. 8011 .0
11 5166. 2214. 1672. 1400. 1139. 961, 1070. 13044. 13233. 19506. 19323 • 16086. 7954.0
12 6049. 2328. 1973. 1780. 1305. 1331, 1965. 13638. 22784. 19840. 19480. 10146. 8602.9
13 4638. 2263. 1760. 1609. 1257. 1177 • 1457. 11334. 36017. 23444 • 19887. 12746. 9832.9
14 5560. 2509. 1709. 1309. 1185. 884. 777. 15299. 20663. 28767. 21011. 10800. 9277.7
15 5187. 1789. 1195. 852. 782. 575. 609. 3579. 42842. 20083. 14048. 7524. 8262.7
16 4759. 2368. 1070. 863. 773. 807. 1232. 10966. 21213. 23236. 17394. 16226. 8451,5
17 5221. 1565. 1204 t 1060 • 985. 985. 1338. 7094. 25940. 16154. 17391, 9214. 7374.4
18 3270. 1202. 1122. 1102. 1031. 890. 850. 12556. 24712. 21987. 26105. 13673 • 9095.7
19 4019. 1934. 1704. 1618. 1560. 1560. 1577. 12827. 25704. 22083. 14148. 7164 • 8032.2
20 3447. 1567. 1073. 884. 748. 686. 850. 7942. 17509. 15871. 14078. 8150. 6100.4
21 2403. 1021. 709. 636. 602. 624. 986. 9536. 14399. 18410. 16264. 7224. 6114.6
22 3768. 2496. 1687. 1097. 777. 717. 814. 2857. 27613. 21126. 27447. 12189. 8588.5
23 4979. 2587. 1957. 1671. 1491. 1366 • 1305. 15973. 27429. 19820. 17510. 10956. 8963.4
24 4301. 1978. 1247. 1032. 1000. 874. 914. 7287. 23859. 16351. 18017. 8100. 7112.0
25 3057. 1355. 932. 786. 690. 627. 872. 12889. 14781, 15972. 13524. 9786. 6313.7
26 3089. 1474. 1277 • 1216. 1110. 1041. 1211, 11672. 26689. 23430. 15127. 13075. 8402.7
27 5679. 1601. 876. 758. 743. 691. 1060. 8939. 19994. 17015. 18394. 5712. 6834.8
28 2974. 1927 t 1688. 1349. 1203. 1111, 1203. 8569. 31353. 19707. 16807. 10613. 8232.6
29 5794. 2645, 1980. 1578. 1268. 1257", 1408. 11232 .. 17277. 18385. 13412. 7133. 6992.2
30 3774. 1945. 1313. 1137. 1055, 1101. 1318. 12369. 22905. 24912. 16671. 9097. 8183.7
31 6150. 3525. 2032. 1470. 1233. 1177 • 1404. 10140. 23400. 26740. 18000. 11000. 8907.9
32 6458. 3297. 1385. 1147. 971. 889. 1103. 10406. 17017. 27840. 31435. 12026. 9580.4

MAX 6458. 3525. 2259. 1780. 1560. 1560. 1965. 15973. 42842. 28767. 31435. 17206. 9832.9
MIN 2403. 1021. 709. 636. 602. 569. 609. 2857. 13233. 15871. 13412. 5712. 6100.4

MEAN 4523. 2059, 1415. 1166. 983. 898. 1100. 10355. 23024. 20810. 18629. 10792. 8023.0



TABLE 7.2: DEVIL CANYON PRE-PROJECT fllNTHLY FLOW (CFS) HJDIFIED HYDROLOGY

YEAR OCT NOV [IEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1 5758. 2405. 1343. 951. 736. 670. 802. 10491. 18469. 21383. 18821. 795(. 7537.8
~ 3652. 1231. 1031. 906. 768. 697. 1505. 13219. 19979. 21576. 18530. 19799. 8615.9
~

3 5222. 2539. 1758. 1484. 943. 828. 879. 4990. 30014. 24862. 19647. 13441. 8918.0
4 7518. 3233. 1550. 1000. 746. 767. 1532. 17758. 25231. 19184. 19207. 13928. 9356.4
5 5109. 1921. 1387. 1224. 930. 729. 1131. 15286. 23188. 19154. 24072. 11579. 8866.9
6 4830. 2507, 1868. 1649. 1275. 1024 t 1107. 8390. 28082. 26~13. 24960. 13989. 9707.4
7 4648. 1789. 1207. 922. 893. 852. 867. 15979. 31137. 29212. 22610, 16496. 10608.2
8 5235. 2774. 1987. 1583. 1389. 1105. 1109. 12474. 28415. 22110. 19389. 18029. 9668.7
9 7435. 3590. 2905. 1792. 1212. 1086. 1437. 11849. 24414. 21763. 21220. 6989. 8866.8

10 4403. 2000. 1371. 1317. 1179. 878. 1120. 13901. 21538. 23390. 28594. 15330. 9649.6
11 6061. 2623. 2012. 1686. 1340. 1113. 1218 t 14803. 14710. 21739. 22066. 18930. 9084.4
12 7171. 2760. 2437. 2212. 1594. 1639. 2405. 16031. 27069. 22881. 21164. 12219. 10021.3
13 5459. 2544. 1979. 1796. 1413. 1320. 1613. 12141. 40680. 24991. 22242. 14767. 10946.5
14 6308. 2696. 1896. 1496. 1387. 958. 811. 17698. 24094. 32388. 22721. 11777 • 10431.8
15 5998. 2085. 1387. 978. 900. 664. 697. 4047. 47816. 21926. 15586. 8840. 9250.7
16 5744. 2645. 1161. 925. 829. 867. 1314 • 12267. 24110. 26196. 19789. 18234. 9555.5

17 6497. 1908. 1478. 1279. 1187. 1187. 1619. 8734. 30446. 18536. 20245. 10844. 8697.0
18 3844. 1458. 1365. 1358. 1268. 1089. 1054. 14436. 27796. 25081. 30293. 15728. 10460.4
19 4585. 2204. 1930. 1851. 1779. 1779. 1791. 14982. 29462. 24871. 16091. 8226. 9175.4
20 3976. 1783. 1237. 1012. 859. 780. 959. 9154. 19421. 17291. 15500. 9188. 6800.1
21 2867. 1146. 810. 757. 709. 722. 1047. 10722. 17119. 21142. 18653. 8444. 7063.9
22 4745. 3082. 2075. 1319. 944. 867. 986. 3428. 31031. 22942. 30316. 13636. 9657.2
23 5537. 2912. 2313. 2036. 1836. 1660. 1566. 19777 • 31930. 21717. 18654. 11884. 10199.0
24 4639. 2155. 1387. 1140. 1129. 955. 987. 7896. 26393. 17572 • 19478. 8726. 7738.3
25 3491. 1463. 997. 843. 746. 690. 949. 15005. 16767. 17790. 15257. 11370. 7160.5
26 3507. 1619. 1487. 1409. 1342. 1272. 1457. 14037. 30303. 26188. 17032. 15155. 9606.6
27 7003. 1853. 1008. 897. 876. 825. 1261. 11305. 22814. 18253. 19298. 6463. 7705.5
28 3552. 2392. 2148. 1657. 1470. 1361. 1510. 11212. 35607. 21741. 18371. 11916. 9438.8
29 6936. 3211. 2371. 1868. 1525. 1481. 1597. 11693. 18417. 20079. 15327. 8080. 7765.1
30 4502. 2324. 1549. 1304. 1204. 1165. 1403. 13334. 24052. 27463. 19107. 10172 • 9023.0
31 6900. 3955. 2279. 1649. 1383. 1321. 1575. 11377. 26255. 30002. 20196. 12342. 9994.5
32 7246. 3699. 1554. 1287. 1089. 997. 1238. 11676. 17741. 31236. 35270. 12762. 10577.9

MAX 7518. 3955. 2905. 2212. 1836. 1779. 2405. 19777. 47816. 32388. 35270. 19799. 10946.5

MIN 2867. 1146. 810. 757. 709. 664. 697. 3428. 14710. 17,291. 15257. 6463. 6800.1
MEAN 5324. 2391. 1664. 1362. 1152. 1042. 1267. 12190. 26078. 23152. 20928. 12414. 9129.7
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TABLE 7.3: GOLD CREEK PRE-PROJECT flJNTHL Y FLOW (CFS) flJOTFIED HYDROLOGY

YEAR OCT NOV DEC JAN FEB liAR APR IIAY JUN JUL AUG SEF' ANNUAL

1 6335. 2583. 1439. 1027. 788. 726. 870. 11510. 19600. 22600. 19880. 8301. 8032.1
2 3848. 1300. 1100. 960. 820. 740. 1617. 14090. 20790. 22570. 19670. 21240. 9106.0
3 5571. 2744. 1900. 1600. 1000. 880. 920. 5419. 32370. 26390. 20920. 14480. 9552.1
4 8202. 3497. 1700. 1100. 820. 820. 1615. 19270. 27320. 20200. 20610. 15270. 10090.4
5 5604. 210O. 1500. 1300. 1000. 780. 1235. 17280. 25250. 20360 • 26100. 12920. 9681.6
6 5370, 2760. 2045. 1794. 1400. 1100. 1200. 9319. 29860. 27560. 25750. 14290. 10256.4
7 4951. 1900. 1300. 980. 970. 940. 950. 17660. 33340. 31090. 24530. 18330. 11473.3
8 5806. 3050. 2142. 1700. 1500. 1200. 1200. 13750, 30160. 23310. 20540. 19800, 10384.1
9 8212. 3954. 3264. 1965. 1307. 1148. 1533. 12900. 25700. 22880. 22540. 7550. 9476.4

10 4811. 2150. 1513. 1448. 1307. 980. 1250. 15990. 23320. 25000. 31180, 16920. 10559,9
11 6558. 2850. 2200. 1845. 1452. 1197. 1300. 15780. 15530. 22980. 23590. 20510. 9712.3
12 7794. 3000, 2694. 2452. 1754. 1810. 2650. 17360. 29450. 24570. 22100. 13370. 10809.3
13 5916. 2700. 2100. 1900. 1500. 1400. 1700. 12590. 43270. 25850. 23550. 15890. 11565.2
14 6723. 2800. 2000. 1600. 1500. 1000. 830. 19030. 26000. 34400. 23670. 12320. 11072.9
15 6449. 2250. 1494. 1048. 966. 713. 745. 4307. 50580. 22950. 16440. 9571. 9799.6
16 6291. 2799. 1211. 960. 860. 900. 1360. 12990. 25720. 27840. 21120. 19350. 10168.8
17 7205. 2098. 1631. 1400. 1300. 1300. 1775. 9645. 32950. 19860. 21830. 11750. 9431.8
18 4163. 1600. 1500. 1500. 1400. 1200. 1167. 15480. 29510. 26800. 32620. 16870. 11218.5
19 4900. 2353. 2055. 1981. 1900. 1900. 1910. 16180. 31550. 26420. 17170. 8816. 9810.6
20 4272. 1906. 1330. 1086. 922. 833. 1022. 9852. 20523. 18093. 16322. 9776. 7200.1
21 3124. 1215. 866. 824. 768. 776. 1080. 11380. 18630. 22660. 19980. 9121. 7591.2
22 5288. 3407. 2290. 1442. 1036. 950. 1082. 3745. 32930. 23950. 31910. 14440. 10251.0
23 5847. 3093. 2510. 2239. 2028. 1823. 1710. 21890. 34430. 22770. 19290. 12400. 10885.5
24 4826. 2253. 1465. 1200. 1200. 1000. 1027. 8235. 27800. 18250. 20290. 9074. 8086.2
25 3733. 1523. 1034. 874. 777. 724. 992. 16180. 17870. 18800. 16220. 12250. 7631.0
26 3739. 1700. 1603. 1516. 1471. 1400. 1593. 15350. 32310. 27720. 18090. 16310. 10275.4
27 7739. 1993. 1081. 974. 950. 900. 1373. 12620. 24380. 18940. 19800. 6881. 8189.3
28 3874. 2650, 2403. 1829. 1618. 1500. 1680. 12680. 37970. 22870. 19240. 12640. 10109.0
29 7571. 3525. 2589. 2029. 1668. 1605. 1702. 11950. 19050. 21020. 16390. 8607. 8194.5
30 4907, 2535. 1681. 1397. 1286, 1200. 1450. 13870. 24690. 28880. 20460. 10770. 9489.3
31 7311. 4192. 2416. 1748. 1466. 1400. 1670. 12060. 29080. 32660. 20960. 13280. 10747.7
32 7725. 3986. 1773. 1454. 1236, 1114. 1368. 13317. 18143. 32000. 38538. 13171. 11255.3

IIAX 8212. 4192. 3264. 2452. 2028. 1900. 2650. 21890. 50580. 34400. 38538. 21240. 11565.2
IIIN 3124. 1215. 866. 824. 768. 713. 745. 3745. 15530. 18093. 16220. 6881. 7200.t

IIEAN 5771. 2577. 1807. 1474. 1249. 1124. 1362. 13240. 27815. 24445. 22228. 13321. 9753.3



TABLE 7.4: MONTHLY FLOW REQUIREMENTS AT GOLD CREEK (CFS)

MONTH A Al A2 C C1 C2 D

Oct 5000 5000 5000 5000 5000 5000 5000

Nov 5000 5000 5000 5000 5000 5000 5000

Dec 5000 5000 5000 5000 5000 5000 5000

Jan 5000 5000 5000 5000 5000 5000 5000

Feb 5000 5000 5000 5000 5000 5000 5000

Mar 5000 5000 5000 5000 5000 5000 5000

Apr 5000 5000 5000 5000 5000 5000 5000

May 4000 5000 5000 6000 6000 6000 6000

Jun 4000 5000 5000 6000 6000 6000 6000
1

Jul 4000 5100 5320 6480 6530 6920 7260

Aug 6000 8000 10000 12000 14000 16000 19000
1

Sep 5000 6500 7670 9300 10450 11620 13170

NOTE:

1. Derivation of transitional flows.

DATE CASE
Jul Sep A Al A2 C C2 C2 D

25 7 4000 5000 5000 6000 6000 6000 6000
26 6 4000 5000 5000 6000 7000 7000 7500
27 5 4000 5000 5000 7000 8000 8500 9000
28 4 4000 5000 6000 8000 9000 10000 10500
29 3 4000 5000 7000 9000 10000 11500 12000
30 2 4000 6000 8000 10000 11000 13000 14000
31 1 5000 7000 9000 11000 12500 14500 16000
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TABLE 7.5: MONTHLY ENERGY PRODUCTION: CASE A, VARIABLE DRAWDOWN

ENERGY ( WH)
B DRAWDOWN 100' DRAWDOWN 120 DRAWDOWN 1 0' DRAWDOWN

MONTH watana Alone watana/Devl' Canyo WBTana Alone WaTanafDev, I Canyo Watana Alone WaTanatDeVI I Canyo watana Alone Watana/Oevl I Canyon
Firm AveraQI Firm AveraQe Firm AveraQe Firm Averaqe Fi rm AveragE Firm Averaqe Firm Average FJrm Average

Oct 215 279 459 557 238 290 459 551 244 296 482 548 259 294 505 553

Nov 234 291 503 568 263 334 503 683 269 340 528 678 285 332 553 672

Dec 277 383 588 710 307 379 587 809 315 407 617 801 334 378 647 797

Jan 287 357 537 657 281 357 537 746 288 356 564 742 305 355 591 744

Feb 295 307 417 575 218 279 417 640 224 291 438 637 237 278 459 631

Mar 238 248 467 480 244 279 467 619 250 290 490 627 265 279 514 623

Apr 184 186 392 391 204 260 392 396 209 253 409 515 222 257 430 511

May 233 276 499 499 196 248 451 451 200 266 423 484 212 250 417 480

Jun 161 277 345 509 179 245 345 475 183 236 363 440 194 249 381 447

Jul 164 311 353 470 182 216 353 434 187 216 371 424 198 224 390 430

Aug 173 365 370 520 192 317 371 469 196 286 390 454 208 305 408 441

Sep 175 250 375 520 195 307 375 485 200 239 394 461 212 298 413 473

Annual 2636 3530 5305 6456 2699 3511 5257 6758 2765 3476 5469 6811 2931 3499 5708 6802



TABLE 7.6: MONTHLY ENERGY PRODUCTION: CASE AI, 120' DRAWDOWN

ENERGY (GWH)

Month Watana Alone Watana/Devil Canyon
Fi rm Average Fi rm Average

Oct 232 265 520 561

Nov 256 350 538 661

Dec 300 440 629 801

Jan 274 382 575 737

Feb 213 330 447 606

Mar 238 307 500 608

Apr 199 249 418 448

May 191 222 406 492

Jun 174 241 370 488

Jul 178 197 378 454

Aug 187 240 397 464

Sep 190 218 401 477

Annual 2632 3441 5579 6797
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TABLE 7.7: MONTHLY ENERGY PRODUCTION: CASE A2, 120' DRAWDOWN

ENERGY (GWH)

Watana Alone Watana/Devil Canyon
Firm Average Fi rm Average

223 252 592 592

246 338 507 674

288 431 593 787

264 379 542 738

205 324 421 625

229 303 471 624

191 248 396 451

184 218 399 479

168 239 349 446

171 191 357 421

229 288 435 491

210 229 400 469

2608 3440 5462 6797



TABLE 7.8: MONTHLY ENERGY PRODUCTION: CASE C. VARIABLE DRAWDOWN

ENERGY ( WH)
8 ' DRAWDOWN 100' DRAWDOWN 120' DRAWDOWN 140' DRAWDOWN

MONTH Watana Alone WatanatOev II Cenyo Watana Alone Watana/Devll Canyo watana Alone Watana/Dev i I Canyo Watana Alone Watana/Dev i I Canyon
Firm AveraQE FI rm AveraQe Firm AveraQ6 Firm AveraQe FI rm Average Fl rm Average Firm AveraQ6 Firm AVeraQ8

Oct 218 266 594 594 215 258 593 593 221 263 610 610 233 263 640 640

Nov 238 335 441 685 237 328 431 612 243 322 472 635 256 320 497 650

Dec 281 332 516 718 277 375 504 761 285 388 551 769 300 387 581 791

Jan 257 310 471 627 253 337 461 708 260 346 504 716 274 345 531 732

Feb 199 216 367 477 197 257 358 589 202 283 392 615 213 283 413 599

Mar 223 232 410 507 220 273 400 615 226 286 438 613 238 285 462 569

Apr 186 189 344 413 184 256 336 447 189 250 366 507 199 248 386 497

May 179 200 382 382 177 250 479 479 182 258 401 445 192 256 376 425

Jun 163 357 303 458 161 240 296 480 165 227 324 429 174 229 339 471

Jul 167 324 310 477 164 246 303 434 169 205 332 406 185 209 347 416

Aug 316 482 468 538 309 397 462 513 303 373 479 520 333 370 502 512

Sep 276 30B 492 545 270 283 489 523 266 274 469 508 197 273 396 489

Annual 2703 3551 5099 6421 2664 3500 5112 6754 2711 3475 5338 6773 2794 3468 5470 6791
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TABLE 7.9: MONTHLY ENERGY PRODUCTION: CASE Cl, 120' DRAWDOWN

ENERGY (GWH )

Watana Alone Watana/Devil Canyon
Fi rm Average Firm Average

209 237 603 603

230 303 447 572

270 377 522 753

246 337 477 699

191 279 370 610

214 283 415 598

179 249 346 499

172 255 334 460

157 223 340 418

160 201 316 396

377 434 543 542

304 295 569 553

2709 3473 5282 6703



TABLE 7.10: MONTHLY ENERGY PRODUCTION: CASE C2, 120' DRAWDOWN

ENERGY (GWH)

Month Watana Alone Watana/Devil Canyon
Fi rm Average Fi rm Average

Oct 200 218 590 590

Nov 221 272 421 518

Dec 258 361 492 719

Jan 236 330 450 683

Feb 183 274 350 600

Mar 205 279 391 584

Apr 171 248 327 487

May 165 253 318 453

Jun 150 220 322 413

Jul 153 198 311 389

Aug 448 496 543 543

Sep 323 321 567 567

Annual 2713 3470 5082 6546
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TABLE 7.11: MONTHLY ENERGY PRODUCTION: CASE D, 120' DRAWDOWN

ENERGY (GWH)

Watana Alone Watana/Devil Canyon
Fi rm Average Fi rm Average

188 193 587 587

208 236 410 473

243 321 480 645

222 314 439 646

172 265 341 513

193 274 381 527

161 245 319 483

156 250 338 425

141 214 282 441

144 197 288 398

556 597 543 543

321 359 569 569

2705 3465 4977 6250



TABLE 7.12: NET BENEFIT VARIATION WITH
DOWNSTREAM FLOW REQUIREMENT

CASE $1982 x 106
PWC NET BENEFIT

Thermal 8238

A 7023 1215

Al 6998 1240

A2 7012 1226

C 7097 1141

C1 7189 1048

C2 7357 881

D 7569 669

Note: Assuming 120' drawdown at Watana.
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1. OGP Analysis assumes no change in project costs.

TABLE 7.13: NET BENEFIT VARIATION WITH WATANA
DRAWDOWN (CASE A AND CASE C)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

CASE

A

C

NOTE:

$1982 x 106
1

DRAWDOWN PWC NET BENEFIT

80 7197 1041

120 7023 1215

140 6944 1294

80 7380 858

100 7148 1040

120 7097 1141

140 6970 1268

160 7035 1203
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NOTE,

I. NET BENEFIT BASED ON
THERMAL OPTION COST
OF $ 8238 x 106.

2. MINIMUM FLOW AT GOLD CREEK.

VARIATION IN NET BENEFIT WITH
DOWNSTREAM FLOW REQUIREMENT
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FIGURE 7.6
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ATTACHMENT A

DETAILED OUTPUT
WATANA OPERATION

WATANAjDEVIL CANYON OPERATION



o

2181.0 2171.0 2154.0 2137.0 2122.0 2107.0 ?093.0 2100.0 2135.0 2165.0 2180.0 2190.0

:10~!THLY DISCHARGE F:El1UIREMENT

2000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 6000.0 ~OOO.O 6484,0 12000.0 9300.0

0./o.s0.80.90.9

9':.5,.;~OOO+0

25500000.0
3330000.0
4250000,0
531C000.0
6650000.0
8189999.5

10020000.0
12210000.0

5733000.0 MAXIMUM STORAGE

EL
1900.0
19::'0.0
2000,0
2050.0
2100.0
21~O.O
2200.0
225().O

SUSITN~) HEP
WATM:A c185
CASE C 120' ~mh:R4:

O.262393~10h O.214418EtOh O.~?9~OOF.{O~ Ot226821E{O~ O.238298E{06 0.250537E+06

0.297968E+06 0.337748E+06 O.382500E+06 0.349605:+06 O+3006~5r.+06 0.304088E+06

HO. YEARS or SIMULATION = 32

1.0

MONTHLY L.F. ~ 0.375

MONT::LY FLOW ",STRIBUTION

MONTKLY WAT~R LEVEL

iHNIMUM STORAGE=

Hm!THI Y f:ASELOAD DEMAND

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



L..J

PDS~ 0 NSF.:C" 318 NI!EF~ 66 NDFF\= 0 NDSFl.= 0

YEAR TOTE TOTSEC TOTflcF

1 0.337171':+10 ". 87162F.·: 09 Ot?4103E:·Ot·
2 0.27670E+10 0.26989Et09 0.31644Et07
~1 0.34t32F,tl0 0, 9129-1Et09 0.22797F.:t05
4 0.36156E+10 0.11153E+10 O.OOOOOrtOO
~ 0.3t830F,+10 0,6831.1.F.t09 0.37742[t06"
" 0.36494£+10 0.11."11EtJO 0.19579Et07
7 0.39160F.tl0 0,144:)7E+10 O.OOOOCF,lOO
8 0.36573E+10 o .11570E+10 O,OOOOO~tOO
9 0.3."947F,t10 O,119-1-1Etl0 O.OOOOOE·lOO

10 0.31765E+10 0.67861Et09 0.24329F+07
11 O.35h~18F.:+l.O 0.1.0.>45Etl0 O.OOOOOEIOO
12 0.37044E+10 o•12041E+10 O.OOOOOEtOO
13 0, 11957F,+10 0,1695-1E+l0 O.OOOOOEtOO
14 o .41354E+10 o.16351E+10 O.OOOOO~tOO
15 O. 38732F,+1 0 0,13729Etl0 O.2·1889F:~:05
16 0.32976E+10 0.79900H09 o.17246Et07
17 0.3-1867F.+l0 0.9877P,F,t09 0.13662Ei07
18 0.36868E+10 0.11893E+l0 0.278:<,,[t07
19 O. 3fl!'i9.SF,+10 0.13593E+l0 O.OOOOOEtOO
20 0.30244E+l0 0.52784Et09 0.37"12E+07
21 0.<711.1F,+10 0.21258Et09 0.14333F,107
')'") 0.27529E+10 0.25585Ct09 0.31947Et07~~

23 0.·10701F,+10 0,1.5700F,+10 O. OOOOOE1·00
24 O. 33210E+1 0 0.82235Et09 0.lM06f+07
25 0.30t57F,+10 0,51811Et09 0.30281Et07
26 O.29076E+10 0.40827Et09 0.98166E+06
27 0.34785F.+10 0.97820Et09 O.OOOOOEiOO
28 0.31772E+10 0.67993Et09 0.30018E+07
29 O. 3Ci385F, +1 0 o.10382E+10 O.OOOOOF,too
30 0.29781E+10 0.48066Et09 0.280,4Ft07
31 0.37,i,69F.+l0 0.126.'.."E+10 O.OOOOOF,tOO
32 0.41730E+10 0.167780+10 O.OOOOOF.tOO

L..J L..J c:::::::.J CJ CJ L:J c.::.J c:::::::.J L..J L..J L..J L..J c:J L..J c:::J c.:::J L..J L....J



c=J c=J c=J c=J [:=J c=J [:=J c:::J c:::J c:::J c:::J CJ c:::J c:::J c:::J c:::J CJ c=J ,1

AVF.RAGF. MONTHLY F.NF.RI1Y ~ND PO!,!ER

MONTH TOTAl PEAK OFFPEAK TOTAL OFFPEA~: PEAK
Pf)WER POWER Pf)WER n·1F.RI1Y F.NF.RGY ENERGY DF.FICIT SEC

rlW MOl MW GWH GWH GWH MOl MW

OCT 352.793 352~793 152,793 262.478 262.478 0.000 0.360 55 t 186
NOV 447.625 447.625 447.625 322.290 ~2?t290 0.000 0.80·' 110.681
DEf, 52::!+Of)~ 52.~. 1)02 ::i2'2~OO2 :'.88.369 388.3.b9 0.000 0,017 139.519
JAN 465.451 465.451 465.451 316.296 316.296 0.000 0.015 115.861
FEB 120.705 120.705 420.705 ~82t71~ 282.713 0.000 0.009 120.068
MAR 383.747 383.747 383.747 285.507 285.507 0.000 0.009 79.668
APR 346.805 3~16. R05 3..'16.80::; 249.700 249.700 0.000 0.007 84.417
11AY 346.974 346.974 316.974 258.149 258.149 0.000 0,232 102.788
JUN 315.l.;'2 315.15,' 31.:;'152 226.91.0 226.910 0.000 0.000 85.652
JUL 276.054 276.054 276.054 205.381l 205.384 0.000 0.000 49.232
AUG 501.703 :';01. 703 50L703 :;73.267 373.267 0.000 0.000 263.406
SEP 380.197 380.197 380.197 273.742 /73.742 0.000 0.000 129.660

AVERAGE MONT::LY DISCHARGES AND HEAD

MONTH INFLOW P.H.FLOW PEAK OFFFH:K HEArl SPILL HLOSS

OCT 45~2.81 ,,766.07 67M>.07 67/;6.07 722.36 0.00 0.00
NO,' 2059.05 8667.67 8667.67 8M7.67 7l5.0l 0.00 0.00
DEC 1414.81 10300.9~ 10300.9·1 10100.94 701.89 0.00 0.00
JAN 1165.55 9399.18 9399.18 9399.18 ABb.?8 0.00 0.00
FEB 981.27 a6S5t3~ 8681,35 8685.35 671. 40 0.00 0.00
rIAF: 898.33 8098.33 8098.33 8098.33 657.1R 0.00 0.00
APR 1099.71 7478.08 7478.08 7478.08 643.20 0.00 0.00
l1AY 10354.69 7519.61 7519.61 7519.61 639.76 0.00 0.00
JUN 23023.72 M28.3~ .',628.34 0,,28.31 659.07 0.00 0.00
JUL 20810.12 5549.63 5549.63 5549.63 689.41 0.00 0.00
AUG 18628.5~ 9778.77 9778.77 9778.77 711.24 0.00 0.00
SEP 10791.97 7310.72 7310.72 7310.72 721.58 0.00 0.00

AVEF:AGE ANNUAL F.NF.RGY = 0.347180F.t10 KWH

DELMASS = 0.18298725[+06
STORfND = O. 9f>510000F.·: 07
BTORSTAF:T = O.96540000E+07
INFI.OW MASS ' O.1.8591851f+09
OUTFL. MASS = O.18573549E+09



INFLOW CFS

YF: OCT NOV DEC JAN FEB MAr: AF'F: MAY JlIN JUL AUG SEF'
1 471.9;·9 :'>083,6 l1.~H:. 9 81:},1 641.7 569.1 6AO.l 86~5+9 16432.1 19193.4 16913.6 7320.42 3299,1 1107.3 90l~ f 2 808.0 673.0 619.8 1302.2 116~918 18517.9 19786.6 16478.0 17205.53 159",9 :'>1/0,1 l~OLO 1274.5 841.0 735.0 803,9 4216.5 ~5773+4 22110.9 17356.3 11571.04 6285.7 2756.8 1281.2 818.9 611.7 1:-70.7 1382.0 15037,221469.8 17355.3 16A8~.6 11513.55 4~J.:'L 9 1:';99,6 1.181".8 1087.8 HO:L1, 638.2 912.6 11696.8 19476.7 16983.6 20420.6 91bS.56 3859.2 2051.1 15"9,5 1388~3 1050.5 886.1 9~10.8 6718.1 24881.4 23787.9 23537.0 13147.87 -1 t 0~ (. :'~ 1~88,1 1O~8+,,, 816.9 754.8 694.4 718.3 12953.3 27171.8 25831.3 19153.4 13194,48 4208,0 ..,"')-J' , 1707.0 137:1.0 1189.0 9:\5.0 945.1 10176.2 252700.0 19948.9 17317.7 14841.1

..:...:.:OiO
9 M3·1,9 2933~9 22:::':Bt~ 118(:~.6 1041.7 973.5 1265,4 9957.8 22097.8 19752,7 18843.4 5978.71 • 3668.0 172S\5 1115.1 1081.0 949,0 694tO 885.7 10140.6 18329.6 20493.1 23940.4 12466.9

.• V
11 :)1.1:) t J ·2.~1.:Z: ~~j 1..~72 t 3 1"00.4 1138.9 91:,1..1 1069.9 13044.2 13233,4 19506.1 19323.1 16085.61.2 6049,3 2327t8 1973.2 1779.9 :1.304.8 1331.0 1965.0 13637.9 22781.1 19B39.8 19480.2 10146.213 ·M37 •.~ ';!~~~ +.~ 1.760.1 1.608,9 1.257.1 1176,8 1457.4 11333.5 36017.1 23443.7 19887.1 12746.214 5560+1 2508.9 1708.9 1308.9 1184.7 RR3 fl~' 776.6 15299.220663.4 28767.4 21011.4 10800.015 ?j187 ,1. 1789,1 119-1. 7 S5~fO 781.6 1.7--:'1.7 r. 609.2 ~578.S 42841t9 20082.8 1~O~8.2 75~4.2

oJ),,) • .::.16 4759.4 2368.2 1070.3 863.0 772,7 807.3 1232.4 10966.0 21213.0 23235.9 17394,1 16225.617 ~221.,2 15~i';, 3 n03,6 10t·1} .4 92.4t7 984.7 13~8f''l- 7094.1 25939.6 16153.5 17390.9 9214.1.18 3269.8 1202.2 1121. 6 1102.2 1031 .3 889.5 849.7 12555.5 24711.9 21987.3 26101.5 13672.919 VH9t l) 19,·1.3 1.70·1., 1.617l.6 1560 t 1 1560.4 1576.7 12826.7 25704.0 22082.8 14147.5 7163.6'.M 3447.0 1567.0 1073.0 884.0 748,0 686.0 8000.0 7942.0 17509.0 15871.0 14078.0 815:).0
._"
21 ,10:\ .1 1.0,,) ,9 709.3 631;.2 602.1 624.1 986,1 9536.4 14399.0 18410.1 16263.8 7224.l22 3768.0 .2496.4 1687.4 1097.1 777.4 717.1 813.7 2857.2 27612.8 21126.4 27446.6 12188.923 4979,1 27:87.0 1957.4 167i),9 1491. 1 lU6.C, 1~,05.4 1.5973.1 77429.3 19820.3 17509.5 10955.724 4301.2 1977.9 1246.5 1031.5 1000.2 873.9 914.1 7287.0 23859.3 16351.1 lB016.7 8099.7'1~

~O36.5 t134~7 931.6. 78,~· ~-4
l. ...,n /"1 627.:\ 871.9 12889.0 14780.6 15971.9 13523.7 9786.2

~" ,.,07 ~ 72t, 3088.8 1474.4 1276.7 1215.8 1110.3 1041.4 1211.2 1167?2 26689.2 23130.4 15126.6 13075.3'1" :),,79 f 1 1,~()1., 1, 87'1~ ~ 757fR 741.::? 690.7 10~9.8 8918f8 19994fO 17015.3 18393.5 5711.5
~I

28 2973.5 1926,;' 1687~5 1348.7 j202~9 1110.8 1203.4 8569.4 31352.8 19707.3 16807.3 10613.129 5791~9 264~.3 1.979.7 1577,9 1.267.7 1256.7 1108.4 112:\1.5 17277.2 18385.2 13412.1 7132.630 3773.9 1944.9 1312.6 1136.8 1055.4 1101.2 1317.9 1?369.3 22904.8 24911.7 16670.7 9096.731 6100,0 3:-)25 t 0 ~O32.0 1470.0 1233.0 1177.0 1104.0 10140.0 23400.0 26740.0 18000.0 11000.032 6458.0 3297.0 1385.0 1147.0 971.0 889.0 1103.0 10406.0 17017.0 27840.0 31435.0 12026.0

L...Jc...:.Jc...:.Jc:.::.Jc..:.Jc..:.Jc...:.Jc:::Jc..:.Jc:.::.JL...JL...J c...:.J c.:.::J c:::J c..:.J c..:.J c.....J L..J



CJCJCJCJc:.::JCJCJCJc:Jc:Jc:Jc:JCJc.::JCJCJc:.::JCJCJ

POWERf:OUSE FI.fJW CFS

YR OCT NOV DEC JAN FEB MAF: APF: MAY JUN JUL AUG SEP

1 56,~4 ~ ~ 971.6.3 J.12H'i.3 9703.6 8958.2 8080.8 7383.7 5632.5 4853.9 ·1617.4 9033.6 8301. 0
~ 5840.9 -5640.7 7716.0 7189.9 6/90.0 6468.3 5674.3 7874.1 4835.5 4778.1 8808.0 5265.5~

3 708~.9 1016~.1 11~17.~ 10163.0 9157.~ 8216.7 7:::07.5 ~326+8 5002.3 4797.2 8436.3 6391.0
4 8269.3 10750.7 11397.6 9709.4 8928.2 8187.4 808~.6 11375.6 4959.6 4560.9 8071.6 55·13.5
5 5691>~ ,"~S'l~'" 1.t100.2 9978.3 9119 •., 8149.9 7646.2 8369.3 4962.2 4590.8 6320.6 5545.5
6 5684.0 7246.1 11665.9 J0278.8 9367.0 8397.8 7644.4 5258.9 5174.6 6849.6 14063.1 8457.8
7 7.,20.0 95S~}1 1.113~.f) 9707.1 9071.3 8206.1 7421.9 9500.1 9088.6 8818.7 10055.4 8275.0
8 7778.5 10270.5 11823.4 10263.5 9505.5 8~46.7 7M8.? 7000.7 7123.4 4748.4 8777.7 7254.1
9 9603.1 10929.9 12374.9 10371,1 9358.2 8·185.'2 7%9.0 6804,2 4963.6 4755.7 8303.4 7550.0

:[0 5731.9 6512.7 7772.5 9971.5 9265.5 8205.7 7589,3 6968.7 4838.2 4780.9 8969.2 7390.3
11 87~6tO 10207f4 117R8.7 10290.9 9455.4 8472.8 7773.5 9581.9 1870.4 ·1812 f 9 7733.1 4875.6
12 6482.7 10321.7 12089.6 10670.4 9f.21 +?( 8812.7 8668.6 10116.3 5203.3 4747.4 9:':80.2 !:.·O76.2
13 60~O.3 10237.3 1187~.8 10499.1 9573.9 8688.5 8161.0 8042.3 16898.9 7579.4 11004.0 7286.0
14 9130.6 10502.9 11825.3 10199.4 9501.2 8395.3 7480.2 11611.4 4959.4 9515.9 12488.0 7780.0
15 .,51.,.0 9783.1 11311.• J. 974~.5 9098.1 8086.9 731.2.8 5333.1 18353.5 5020.1 9608.2 7253.2
16 5759.3 6535.8 7538.2 9560.5 9089.2 8319.0 7936.0 7711.6 4962.8 5167.4 8274.1 10381.7
17 8791.,7 9~59+3 l1.320.() 9950,9 930L? 8496.1 8042.0 5258.9 6476.3 4555.1 7560.9 6764.1
i8 5722.3 650'1.8 7606.3 9992.7 93117.8 8~Ol.2 7553.3 9142.1 6837.7 5550.2 16)88.9 8753.5
19 7589t~ 99~8>~ 11820.6 10508,1 9876.9 9072.1 8280.3 938612 7755.8 5705.5 8977.5 7647 flo)
20 5756.8 6543.1 7573.0 763~.5 9064.5 8197.7 7553.6 525R.9 4851.7 4629.7 9756.0 7674.0
21 5907.9 6809 )·1 785At~ 731f)~4 .'420.~ 6619.0 5826.~ 5428.1 4982.6 4747.2 8283.8 7403-.1
'"j'1 5971.4 t,790 .2 7879.0 7336.3 ~419.1 6614.8 5823.1 5501.8 5166.8 4938.7 8f.8S.6 7048.9,,:.,,:.

23 78hO.2 10580.9 1~073.8 10561.4 9807.9 8877.7 8009.0 1.221.8.0 9601. 0 4742.3 10219.5 7855.7
24 5697.0 6589.5 11362.9 9922.0 9316.7 8385.6 7617.7 5258.9 4973.6 4585.1 9726.7 8325.7
25 ;';7BO. ~j .~57~ )~ 7.S~~~.2 709'1, t7 ~638 .:c 8139.0 7575.5 9442.3 ~1859 .5 -1654.8 9303.7 683t·.2
26 5901.1 6782.7 7811.4 7274.2 6358.6 6537.0 5739.0 5346.7 7869.7 b791.1 9036.6 6065.3
27 773h,l 9!Wo.l 1.0992", 9/,'18.~ 9059.7 8202.4 7763.4 5887.1 4964.3 4587.9 10593.5 6881.0
28 5827.7 6628.1 7f,77.0 7135.9 6231.4 7~93.1 7907.0 555'L 6 12444.1 4745.4 9~67.3 7273 .1
29 ~692)1 9188.0 1209~>1 101~8.4 9584.2 8768.4 8112.0 7950.5 4844.1 ·1608.4 9022.1 7825.6
:,0 5881.8 6683.9 7750.7 7215.6 6306.8 6477.9 5679.0 8309.9 5122.8 7742.0 8210.7 7626.7
31 ~~81.~ 11303.1 12148.~ 10360>~ 9~49.:; 8M:~8. 7 8107.6 69,:'8,2 5432t6 9231.9 9070.3 7020.0
32 9053.3 11290.9 11501.4 10037.5 9287.5 8~00.7 7806.6 7207.6 4874.0 5632.0 19391.0 9316.0



-'.....
"
'-"

"w
'"

-':::>-,

z
:::>...,

Z
<I:,

u
w
o

:>
oz

>
u
o

00000000000000000000000000000000.........................................................................................
00000000000000000000000000000000

00000000000000000000000000000000............................................................................................
00000000000000000000000000000000

00000000000000000000000000000000

~ooooooooooooooooo~ooooooooooooo

00000000 0 0000 0000000000000000000

00000000000000000000000000000000

00000000 0 000°0000000000000000000

ooooooooooooOooooo~ooooooooooooo

00000000000000000000000000000000

o~oooooooooooooooooooooooooooooo

00000000000000000000000000000000... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. .. ... ... ... .. ... ... ... ... ... ... ... ... ... ...
00000000000000000000000000000000

00000000000000000000000000000000

ooooooooooooooo~oo~ooooooooooooo

00000000000000000000000000000000
~ . . ~ ... ... ... ... . ... ... . ... ~ . ~ ... ... ~ ... . . ... ... ... . ... ... ... ... ... ...

00000000000000000000000000000000

00000000000000000000000000000000

cooocooooooooooo~o~ooooo~ooooooo

00000000000000000000000000000000..................................................................................
OOOOOOOOOOOOCOOCOOOOOOOOOOOOOOOO

00000000000000000000000000000000... ... ... ... ... ... ~ ... ... ... ... ... . ... ... ... ... . ... ... ... ... ... ... ... ... ... ... . ... ... ...
00000000000000000000000000000000

~NM~~~~OO~O~NM~~~~OO~O~NM~~~~OO~O~N
~~~~~~~~~_NNNNNNNNNNMMM

J
o
o
o
o
o
o
o
o
o

o
o

o
o

o
J



C:JC:JC:JC:JC:JC:Jc:::JC:JCJCJCJCJc::Jc::Jc::Jc::JCJc::JC:J

PRE-PROJ~GT FLOW @ DIS LOGATION

YR OCT NOV DEC JAN FEB MAR APF: MAY JUN JUL AUG SEP

6~3:;.O 258~.0 1.419.0 lO27.!) 788.0 726.0 870.0 1.1510.0 19600.0 22600.0 19880.0 8301.0
:;818.0 1300.0 1100.0 960.0 820.0 740.0 1617.0 14090.0 20790.0 22570.0 19670.0 21240.0
5:'i7LO 27-11.0 1.900.0 l600,O 1000.0 880.0 920.0 5419.0 32370.1 26390.0 20920.0 14480.0
8202.0 3497.0 1700.0 1100.0 8/0.0 8/0.0 1615.0 19270.0 27320.1 20200.0 20610.0 15270,0
5h04.0 21.00.0 1.S()O.f) noo./) 1000.0 780,0 1215.0 17280.0 25250,0 20360.0 26100.0 12920.0
5370.0 2760.0 2045.0 1794.0 1400.0 1100,0 1200.0 9319,0 29860.0 27560.0 25750.0 14290.0
495l,O 1900.0 1.300.0 980,0 970.0 9AO.O 950.0 l7660.0 33340.0 31090.1 24530.0 18310.0
5806,0 3050.0 2142.0 1700.0 1500.0 1200.0 1200.0 13750,0 30160.0 23310.0 20510.0 19800.0
8~t2.0 1954.0 12M.O 1.9b5.1) n07.0 11-18.0 15~3tO 12900.0 25700.0 22880.0 225~O.O 7550.0
4811.0 2150.0 1513.0 1448.0 1307.0 980.0 1250.0 15990.0 23320.0 25000.0 31180.0 16920.0
6~~~!8. () ~8~f).O 2200.0 1.845.0 1452.0 1197.0 1300.0 1.5780.0 15530.0 22980.0 23590.0 20510.0
7794.0 3000.0 2694.0 2452.0 1754.0 1810.0 2650.0 17360.0 29450.0 24570.0 27100.0 13370.0
591~.O 27CO.f) 2100.0 1900,O 1500.0 1100.0 1700.0 12590.0 43270.0 25850.0 23550.0 15890.0
6723.0 2800.0 2000.0 1600.0 1500.0 1000.0 830.0 19030.0 26000.0 34400.0 23670.0 12320.0
6449,1) ~~~O.f) 1.494,0 1.0 ~3. 0 966.0 71.3,0 745.0 4107.0 50580.0 22950,0 16410.0 9571.0
6291.0 2799.0 1211.0 960.0 860,0 900.0 1360.0 12990.0 25720.0 27840.0 21120.0 19350.0
720~+O 2098.0 1.61LO 1.400.0 1300.0 1300.0 1775.0 9645.0 32950.0 19860.0 21830.0 11750.0
4163.0 1600.0 1500.0 1500.0 1400.0 1200.0 1167.0 15480.0 29510.0 26800.0 32620.0 16870.0
4900.0 23:::1.0 205:') +0 1981,0 1.900,0 1900.0 1910,0 16180,0 31550.0 26420.0 17170.0 8816.0
4272.0 1906,0 1330.0 1086.0 922.0 833.0 1072.0 9852.0 20523.0 18093.0 16322.0 9776.0
3124.0 12n.0 866.0 824.0 7·S8.0 776.0 1080,0 11380.0 18630.0 22660.0 19980.0 9121.0
5289.0 3407.0 2290.0 1442.0 1036.0 9:=;0.0 1082.0 3745.0 32930.0 23950.0 31910.0 14440.0
58 w17.0 1093.0 2510.0 ~239f0 ~O~8ff) l823.0 1710.0 21890.0 34430,0 22770.0 19290,0 12400.0
4826,0 2253.0 1465.0 1200.0 1200.0 1000.0 1027.0 8235.0 27800.0 18250.0 20290.0 9074.0
3731.0 15~3+f) 1.034.0 874,0 777.0 724.0 992.0 16180.0 17870.0 18800.0 16220.0 122'00.0
3739.0 1700.0 1603.0 1516.0 1471.0 1400.0 1593.0 15350.0 32310.0 27720.0 18090.0 16310.0
7739.0 1991.0 1.081..0 974.0 9~O.O 900.0 1373.0 12620.0 24380.0 18940.0 19800.0 6881.0
3874.0 2650.0 2403.0 1829.0 1618.0 1500.0 1680.0 12680.0 37970.0 22870.0 19240.0 12640.0
7571..0 35~3tO 2589.0 2029.() lM8.1) 1.605.0 1702.0 11950,0 19050.0 21020.0 16390.0 8607.0
4907.0 2535.0 1681. 0 1397.0 1286.0 1200.0 1450,0 13870.0 24690.0 28880.1 20160,0 10770.0
71l1.• 0 4192.0 241~.0 1718.0 1466.0 1400.0 1670.0 1.2060.0 29080.0 32660,0 20960.0 13280.0
7725.0 3986.0" 1773.1 j453.6 1235.6 1114.3 1367.5 13316.7 18143.0 32000.0 38538.0 13171.1



POST-PROJECT FLDW @ D/S LOCATION crs

YF: OCT NO'! DEC JAN FEB MAR APR i1AY JUN JUL AUG SEF'

1 7279>7 102t~17 tt55~:·' 9917, " 9104.:; 8237.7 7573.6 8186.6 8021.8 8024,0 12000,0 9281.6
" 6389.8 6833.4 7909.8 73,H .9 6437.0 6588.5 5989.1 10314,3 7107,6 7561.5 12000.0 9300.0,-
3 8061.0 107~8~O t~Ot~~~ 10190,~ 911.6.3 8391.7 7623.6 6529.3 11599.0 9076.3 12000.0 9300.0
4 10185.6 11490.9 11B16.4 9990.5 9~3f,~5 8::31.7 8~18.6 15608.4 10809.9 7405.6 1::'000.0 9300.0
5 71)7,St~ 709<,0 tt~t~,1 10190,c. 9316.~ 8291.1 7938.6 13952.5 10735.5 7967.2 12000.0 9300.0
6 7194.8 7955.0 12161.4 10681.5 9716.5 8611. 7 7903.6 7859.8 10153.2 10621.7 16276.1 9300.0
7 8,168.7 9894,0 t141~.4 9870,~ 9286.~ 8451.7 7\~53+6 1.4206.8 15256.8 11077.5 15432.0 1341.0.6
0 9376.5 11044.0 12258.4 10590.5 9816.5 8711. 7 7903.6 10574.5 12008.4. 8109.5 12000.0 12213.0~

9 It78~~5 11948.0 13381),~ 10855{S 9,623.:; 8659.7 8236.6 97 M16.4 8565.8 7883.0 12000.0 9121.3
:to 6874.9 t.933.2 8170.4 10338.5 9623.5 8'191 ,7 795~.6 12818.1 9828.6 9287.8 16208.8 11843.4
11 10128~5 1084J}9 12316+4 10735~5 9768.:i 8708,7 8003.6 12317.7 7167.0 8286.8 12000.0 9300.0
12 8227.4 10993.9 12810.4 113~2.~ ~O~70.5 9321.7 9353.6 13838.4 11869.2 9477.6 12000.0 9300.0
13 7~28+7 t0691~0 1221~+1 10790.5 9816.c. 8911. 7 8403.~ 9298.8 24151.8 9985.7 14666,9 10429.8
14 10293.5 10794.0 12116.4 10490+5 9816.5 8511 .7 7533.6 15342.2 10296.0 15148.5 15146.6 9300.0
15 7777)9 10241.0 t1610.4 9938.~ 9282.5 8224.7 74~~8.\~ 6061.3 26091.6 7887,3 12000.0 9300.0
1.6 7290,9 6966.6 7678.9 9657.5 9176.5 8411. 7 8063.6 9735.6 9469.8 9771.5 12000.0 13506.1
17 1077c..5 10092.0 lt747.4 1.0290.5 9616.c. 8811. 7 8478.6 7809.8 13486.7 8261.6 12000.0 9300,0
18 6615,5 69·02.6 7984.7 10390.5 9716.5 R711. 7 7870.6 12066.6 11635.8 10362.9 2270~.4 11950.6
19 8470t~ 103~6+9 12171.4 10871,5 10216.~ 94U,7 8613.6 12739+5 13601.8 10042.6 12000.0 9300+0
~w ,~,58L8 6882.1 7830.0 7838.5 9238.5 8344.7 7725.6 7168.9 7865.7 6851. 7 12000.0 9300.0
21 ,~628t8 7001}5 8012}9 75HL~ 6586.J. ,~770t9 591.9+8 7271.7 9213.6 8997.1 12000.0 9300.0
'l~ 7491.4 7700.8 8481.6 7681t2 f:,677~7 6847.7 6091.4 6389.6 1048·~.0 7762.3 13149.0 9300.0,:....:.

23 8728,t 110P.~l9 1~6?~~1 11129}5 10344t5 9334t7 8413,6 18134.9 16601.7 7692.0 12000.0 9300.0
24 t,22L8 6864.6 11581.4 10090.5 9516.5 8511.7 773().6 6206.9 891.4.3 6484.0 12000.0 9300.0
25 6457~0 6741.~5 7724+c. 7179,3 6725.3 8235~7 7,~95.6 12733'.3 79'~8.9 7482.9 12000.0 9300tO
'..~6 6551.3 7008.3 8137~7 7~74.4 019.3 6895.6 6120.8 9024.5 13190.5 11080.7 12000.0 9300.0
27 98t·:\.0 9987,0 :1.1.1'i'7 , 4 986'L~ 9266.~ 8411. 7 8076." 9568.3 93::':0.3 6512.6 12000.0 80~O +~)

28 6728.2 7351.4 8392t5 7616.2 66"1-6.5 7982.3 8383.6 9665.2 19061.3 7908.1 120()O~O 9300.0
29 7169.2 t0067~7 1270~,4 10919.5 9984." 9116t 7 8·105.,':, 8669.0 6616,9 7243,2 12000.0 9300.0
30 7014,9 7274.0 8119.1 7475.8 6537.4 6576.7 5Rl1.1 9810.6 6908.0 11710.4 12000.0 9300,0
31 684~~~ 11972~1 t25~~l4 10638.5 9782,~ 8911.7 8373.6 8888.2 11112,6 15151+9 12030.3 9300.0
32 10320.3 11979.9 11889.5 1031,.1 9~52 .1 Bf,2f..O 8071.1 10118.3 6000.0 9797.0 26194.0 10461.1

C-J c..J L..J c.:J L..J L..J L..J c.:J L..J c:.:J LJ c:.....J L..J c.....J L..J c.:J c.:J L..J LJ



c.:Jc.:Jc.:JCJc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:Jc.:J

AVER(,GE HF:AD FT

YR OCT NOV DEC JAN FEB MAf': APR MAY JUN JUL AUG SEP
1 7'29t~ 72~.~ 707.5 690.5 A74.5 659.~ 645.0 641.5 656.3 6811·9 702.9 708.8,.,

705.8 699.2 687.8 674~7 ' I'''' '1 652.3 6"11.6 611,2 658.8 \~86 .4 707.3 723.5.~. t·o,:, • ..:., T)1".1. -......... t:::"
7f)7t~ 690.5 ,,74. :'i 659.5 645.0 636.7 656.2 692.9 716.4 728.1" ! <.-: >..J

4 730,7 722.5 "1"-' e:: 690.5 674.5 659.5 t:·~5.0 642.2 662.3 690.3 709.6 721.7IVI h.1

5 72~ +-1 720 ~ 1 71''l? ~ 691)~~ ,S74~5 659.5 645.0 641.8 659.7 685.8 709.8 724.6
6 72t·.O 720.2 707.5 690.5 674.5 659.5 6-15.0 639.7 660.7 695.5 718.8 730.9
7 73~,0 7~~.5 707.5 690.5 674t~ 659.5 645.0 642.0 663.4 696.3 719.4 731.0
8 732.0 722.5 707.5 690.5 674.5 659.5 645.0 Ml.7 662.9 694.4 715.5 728.8
9 73~ ./) '"1'1'1 ~ 707.5 69{).5 .~74t~ 659.5 645.0 641.7 661.9 692.4 715.1 722.7I ........ ->.!

10 719.7 714.1 70'1.6 690.5 674.5 659.5 615.0 6~1.7 658.4 686.5 714.2 730.9
11 73~~O

""1")'1 t:::" 707.3 690~5 .674.5 659.5 645.0 642.0 654.0 676.8 701.5 720.6I ~....~ •. }

12 ?29.4 ""'1'1 e: 707.5 690.5 674.5 c·:=;9.5 645.0 642.0 663.1 693.9 716.3 728.1I ..:...:.. I'.!

13 7~O,~ 7::??5 707~'5 690.5 .674.~ 659.5 645.0 641.8 664.1 696.9 718.7 730.6
14 732.0 722.5 707.5 690.5 674~5 659.5 6,15.0 642.2 6<.1.6 694.4 719.2 728.8
15 730.l 7::?2.~ 707.5 690.5 674.5 659.5 645.0 635.9 658.4 696.5 713.8 717.8
16 717.2 712.9 704.1 690.3 674.5 659.5 6!l5.0 6~1.8 1'.61.2 693.6 717.8 730.2
17 71~.0 7~,;!.~ 707.5 .59f)f5 674~~ 659.~ 645~0 6·10.2 661.3 691.2 710.4 7~O.fJ
18 720,6 714.2 704.4 690.5 674.5 659.5 6~5.0 641.9 663.1 695.4 718.7 731.0
19 7~~l0 7~~2. ~ 707.5 69f)~5 674.5 659.5 645.0 642.0 663.3 695.5 714.7 718.7
20 716.4 710.4 700.9 688.7 674.5 . 659.5 6~5.0 641.1 656 •.5 680.1 695.2 699.5
21 69.4.9 6e8.3 67:J.5 661.7 649+8 637.4 624.9 624.2 639.3 663.3 684.9 692.7
'V~ 690.3 683.9 673.6 661.2 619.9 f.37.8 625.2 616.4 637.4 677.t· 709.6 729.7.i.":"

23 731.4 7-"1'1 ~ 707.~ 690.5 674.5 659.~ 645.0 642.3 663.8 694.8 714.7 723.3~ ,•••••• >.J

24 ?24.7 719.7 707.5 690.5 04.5 659.5 6·15.0 6~O.4 661.2 690.7 708.8 715.6
25 713.1 7(),6 t;' 696.3 684.0 672.4 659.5 645.0 642.0 655.5 676.-1 691.8 698.3
26 698+4 691.0 679.4 66619 65t· +1 645.4 634.4 636.7 662.4 695.7 716.0 726.8
27 7'J..O~7 7?:::~5 707.~ 690+5 674.:; ,~59. 5 645.0 641.6 659.7 686.3 704.9 710.0;
28 707.2 701.0 691.4 679.8 669.5 658.5 615.0 641.5 663.3 695t2 715.0 723.8
29 726,6 721..3 707,5 690.5 674.5 659.5 645.0 641.3 657.6 683.2 700.5 703.6
30 701.3 695.3 684.8 672+3 661.5 651.4 6,11.1 6·~1.0 662.9 695,6 718.4 726.7
31 728.1 7~;:: f:{ 707.3 "90.~ "74.3 6~9.5 645.0 641.7 662.7 696.0 719.4 730.1.
~52 731.2 722.5 707.5 690.5 674.5 659,5 r,'~5.0 641.7 657,2 689.6 720.5 732.8



TOTAL !;NERGY GWH

YR OCT NOV DEC JAN FEB MAr~ APR MAY JUN JUL AUG SEP

1 ?2L1 3M,1. 4~8.0 3:59,3 292.l; 285.7 247.1 193.7 165.3 168.8 340.4 30S.2
2 221.0 240.9 284.5 260.1 202~O 226.2 188.9 270.7 165,3 175.8 334.0 197.6
3 ?77 ~.h 381.0 '1~'1) f'~ 376,3 299.1 291.6 2~lf2 181.8 170.3 178.2 324.0 241.4
4 323.9 403.0 432.3 359,4 291.6 789.3 270.6 391 f ':. 170.4 168,8 307.1 207.6
~ 22L3 24.S ..2 428."; 369,4 297.9 288.1 2:)5.9 288.0 169,8 168.8 240.5 208 f~)-'6 221,2 270.8 442.5 380.5 305,9 296,9 255.8 180.4 177,4 255.4 542.0 320.7
7 ~99tO 139)2 4::>3,1. 359)3 296.3 290.1. 2'18.4 327.0 312.8 329.2 387,8 313.8
8 305.3 385.0 448,5 379.9 310.5 798.6 256.0 240.8 245.0 176.8 336.7 774.3
9 37·",9 ·109)7 ·169,·4 383.9 105.6 300.t) 266,7 234.1 170.4 176.5 318.3 283.1

10 221.2 241.3 293.6 369,1 302.6 290.1 25~.O 239.7 165.3 176.0 343.4 280.2
11 347.8 ~8~t6 1'17) 1. 380,9 308.8 299.6 260.1. 329.8 165.3 174.6 290.8 182 t;5
12 253.5 386.9 458.6 395.0 314.7 ~12~6 290.1 348.2 179.0 176.6 360.2 229.5
13 ~.1,S.:-1 .184.:') 450.5 388,7 312.7 3"07.2 273.1 276.7 582.2 283.2 424.0 276.2
14 358,3 393.7 448.5 377.6 310.3 296.8 250.3 399.8 170.2 354.2 481.5 294.2
15 253.0 ~66}7 479.0 360.6 297.2 285.9 244.7 181.8 626.9 187.4 367.7 270.1
16 22L4 241.7 284.5 353.8 296.9 294.1 265.6 265.3 170.3 197.1 :'<18.4 393.3
17 31~,0 :1:'8.3 429,·1 3,1,8,4 303.8 300,4 2."9.1 180.5 222.2 168,8 288.0 252.9
18 221.1 241.0 287.3 369.9 305.3 297.0 252.8 314.6 235.2 206.9 623.7 332.0
19 297.8 :;7~}::: 118.1 389.0 322.6 320.8 277.t 323.0 266.9 212.7 344.0 285.2
20 221.1 241.1 28'~ .5 282.0 296.1 289.8 252.8 180,8 165.3 168.8 363.6 278.5
21 220}! 743,1 284.5 260.0 202.0 226.2 188.9 181, 7 165.3 168.8 304.2 266.0
22 221.0 240.9 284.5 260.1 202.0 226.2 188.9 181,8 170,9 179.4 330.4 266.8
23 308,2 396.6 458.0 391.0 320.3 313;9 2,::8.0 420.7 330.6 176.6 391,6 294.8
24 221.3 246.1 431.0 367.3 304.3 296.5 25~t9 180.5 170.6 169.8 369.6 309.1
25 221.t) 741.,0 284.5 260,1 216,1 287.8 253.5 325.0 165.3 168.8 345.1 247.7
26 220.9 243.2 284.5 260.1 202~O ?/6.2 188.9 182.5 270.4 253.3 3,16.9 228.7
27 3Q3~8 1;;9,7 416,9 3~7~~ 295.9 290.0 2fs9.8 202.5 169.9 168.8 ·'.00.3 253.7
28 220.9 241.0 28·~ ,5 260.1 202.0 268.0 26/.',. 6 191,0 428.3 176.9 366,7 773.1
29 221~7 3·1:i.8 1:':8.8 387.5 313.0 310.0 27L5 273.6 165.3 168.8 338.8 285.7
30 221,1 241.1 284.5 260.1 202.0 226.2 188.9 285.5 17t,.2 288.7 316.2 287.5
31 't21 t:~ 123; 7 ·1.S0.8 383.5 311. 9 307.2 271.3 239.7 186.8 344.5 349.8 265.9
32 354.9 423.2 436.2 371,6 303.3 297.0 261.2 248.0 166.2 208.2 749.0 351.2

L-Jc..Jc.::.Jc::....:JL....JL-JL....Jc:.:...Jc::....:Jc::.Jc..JL....Jc..:Jc..:Jc::....:JL..:Jc::....:Jc::....:JL-.J



CJCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJ

WSEL (MONTH ~ND) FT

YF: OCT NOlJ DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 218:,,4 217I.0 2114.0 2H7.0 2122}O 2107.0 2093.0 2100.1 2122.5 2151.3 2164.6 2163.0
2 2158.7 2149.6 2136.0 212-3.3 2113.2 2101.5 2091.8 2100.6 2127.0 2155.9 2168.8 2188.2
3 2184.0 ~17t.O ::!1:=i4.l) 2t:17~O 21?2.0 2107.0 2093.0 2090.4 2132.0 2163.9 2178.9 2187.3
4 2184.0 2171,0 2154.0 2137.0 2122.0 2107.0 2093.0 2101. 4 2133.3 2157.4 2171.9 2181.6
~ 2t 79 d. 2171..0 '<1.:-;4.0 <1:P.0 211.2.0 21.07.0 2093.0 2100.7 2128.7 21~2.9 2176.6 2182.5J

6 2179.4 2171.0 2154.0 2137.0 2122.0 2107.0 2093.0 2096.4 213~,O 2165.9 2181. 8 2189.9
7 2184,0 2171.• 0 21:-;4.0 21~7.0 2122.0 21.07.0 2093.0 2100.9 2135.9 2166.7 2182.0 2190.0
8 2184.0 2171.0 2154.0 2137.0 7122.0 2107.0 2093.0 2100.4 2135.5 2163.3 2177.7 2190.0
9 '<181,0 '<171.0 ?1.~4JJ 2137~f) 2122,0 2107,0 2093.0 2100.3 2133.5 2161.3 2179.0 2176.4

10 2173.0 2165.2 2151.0 2137.0 2122.0 2107.0 2093.0 2100.4 2126.5 2156.6 2181.7 2190.0
11 21S"LO 217J.• 0 21:)4.l) 2117.0 2122~O 2107.0 2093.0 2101. 0 2117 f 1 2116.5 2166.5 2184.7
12 2184.0 2171.0 2J5'\.0 2137.0 2122.0 2107.0 2093.0 2101.1 2135.1 2162.8 2179.8 2186.4
13 2184.0 2171.0 2\:-;4.0 '<H7.0 2122.0 21.07.0 2093.0 2100.6 21~7.6 2166.2 2181.1 2190.0
14 2184.0 217~ .0 2151.0 2137.0 2122.0 2107,0 2093.0 2101. 4 2131.8 2167.0 2181.3 2186.2
15 2184,0 2171..0 21~4.0 2117.0 2122}O 2107.0 2093.0 2088.9 2137.9 2165.1 2172.6 2173.0
16 2171.3 2164.5 2153,7 2137.0 2122.0 2107.0 2093.0 2100.5 2131. 9 2165.2 2180.5 2190.0
17 2181.0 21.71.0 ~154.r) 2137.0 2122.0 2107.0 2093.0 2097.3 21~5.3 2157.1 2173.7 2177.6
1.8 2173.5 2164.9 2154.0 2137.0 2122.0 2107,0 2093.0 2100.9 213~.4 2165.3 2182.0 2190.0
19 21.84,O 2171.• 0 21.:-;4.0 2137.0 21~2.0 2107.0 2093.0 2100.9 2135.6 2165.4 2174.1 2173.3
20 2169.4 2161.3 215;).4 /1.37,0 2122.0 2107.0 2093.0 2099.3 2123.9 2146.3 2154.2 2154.9
21 2~..1A.9 ,<1.37.7 '<1<3.·\ 2110.0 2099~!) 2085.4 2074.4 2084.0 2104.6 2131.9 2147.8 2147.5
"~ 2143.1 213~t8 2122.4 2110.0 2099.8 208~.9 ?O74.5 2068.3 2116.4 2148.8 2180.5 2188.8,-~

23 2184)f) 2171. .'> 2134.0 2117,0 2122~O 2107.0 2')93.0 2101.5 2136.0 2163.6 2175.8 2180.8
24 2178.5 2171.0 215·1.0 2137.0 2122.0 2107.0 2093.0 2097.8 2131.6 2156.8 2170.7 2170.4
25 21.~5+8 21:'7.~ 2145.1 2112.7 2122.0 2107.0 2093.0 2100.9 2120.1 2142.7 2150.9 2155.7
26 2151.0 2141.0 2127.9 2115.8 2106.3 2094.6 2084.3 2099.1 2135.6 2165.9 2176.1 2187.5
27 2184,0 21.71 "! 21~4tf) 2137.0 2122.0 2107.0 2093.0 2100.1 2129.2 2153.4 2166.5 2164.6
28 2159.8 2152.1 2140.6 2129.0 2119.9 2107.0 2093.0 2100.1 2136.6 2163.9 2176.0 2181.5
29 2181,6 2171.• 0 2134.0 '<H7.0 2122.0 21·')7l0 2093.0 2100.6 2124.6 2151.8 2159.2 2158.0
30 2154.5 2146.2 2133.3 2121,2 2111. 7 2101.0 2091. 3 2100.7 2135.0 2166.3 2180.5 2182.9
31 2183,7 2l71..0 21:-;4.0 2137 J) 2122.0 2107.0 2093.0 2100.4 2135.1 2166.9 2181. 9 2188.4
32 2184.0 2171.0 2154.0 2137.0 2122.0 2107.Q 2093.Q 2100.4 2123.9 2165.4 2185.6 2190.Q



SUSlTNA HEF
WATANA 2190 DC 1455
CASE C 120': fflh: E2: 2P r+ t

EL STORAGE EL STORAGE

1900.0 25500~O~O 925tO 0.0
19~O.O 3330COO.O 1.0CO.(i 75CO~O

:~OOO f \) 4250000.0 :1.050.0 25000.0
2050.0 53-~OrOOf0 11.00.0 8501~O. 0
210('1,0 6650000,0 1200+0 132000.0
2150.0 8189999.5 1250.0 195000.0
2200.0 10020000.0 1300.0 292000.0
2250.0 12?10000.0 1350.0 456000.0

-·1.0 -1000000.0 1400.0 707000.0
-1.0 -1.000000.0 t4~OtO 1018000,0
-L0 -1000000l0 1500.0 1484000.0

MA;<. STORflGE = 9..sS·10CO.O 1092000.0
I-lI N. STORAGE = 5733000~O 741000.0

MAXIMUM P.H,Q" 19391.0 STflRT W'EL=2185.0 TWEL=1455.0 FMAX=.10200E+07
,IAXIMUM F.H.Q = 13763.2 STA~T WSEL=1455.0 TWEL= 850.0 FMAX=.60000E+06

MONTHLY WATER LEVEL

2185.0 2170,0 2150.0 2130.0 2112.0 2095.0 2080.0 2092.0 2125.0 2160.0 2180,0 2190.0
143~t0 1420,0 145:;.0 14~5t0 1153.0 14~5.0 1455.0 1455.0 1455.0 1455.0 1455.0 1455.0

rlONTHLY FLOW DISTF:IBUTION

1.0
1.0

1tO
1.• 0

1.0
1.0

1,0
1.0

1.0
1.0

1.0
1.0

1.0
:I. .0

,j.9
1.0

0.9
1.0

0.8
0.0

0.8
0.0

0.7
0.0

MONTHLY FLOW REQD
2000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 6000.0 6000.0 6184.0 12000.0 9300.0

t YE0RS OF SIMULATION" 32 TER = 0.0,00

DEMAND FACTOF: 0.460

MONTHL Y FOWcF: DEMoND

Of580511E+06 01658012E+06 0.745200E+06 0.681113E+06 0.585727E+06 0.592434E+06

0.c.U::'07F+06 0,.47~1.83F+O/, (,.4471.20F+06 0.441901E+06 0.·164260E+06 0.·188106E+%

L-.-JLJLJLJLJc.:Jc:....:.Jc.::Jc..:.Jc::Jc..:.Jc..:.Jc....:.:JL..JL..Jc:.:JL..:.JL..:.JLJ



c...:JCJCJCJc...:Jc::::::Jc::::::JCJc..JCJCJCJCJCJc::::::JCJc.:::Jc...:JCJ

UPPER RESERVOIR LOWER RF.SFF:VOIF~

MTH P. H. FI.O!,) HEM PC'.,.'ER nWRGY P.H,FLOW flEAli POWER ENERGY TOTAL ENERGY (GWH)
CFS FT MW GWH CFS FT MW GUH PROD [ISED

OCT 976414 ..,.,-. t:'
507~R 377.8 731.8~4 59048 112.2 232.3 610.1 610.1I,"•.') +. ,I

NOV 9112.0 713.2 469.8 338.2 9444,5 605.0 411.7 296.5 634.7 634.6
DEC 10881.2 ~99,1 549.7 W9,O 11128.2 6051·0 185.1 ~61tO 769.9 769.3
JMJ 1028'7.5 681.9 506,6 376.9 10484.6 605.0 457.1 340fl 717.0 716.4
FEB 9924.6 6M.8 476.3 320.1 10094.3 605.0 440.1 295.7 615.8 615.3
NAR 9059.2 648.2 423.6 315.1 9201.0 605.0 401.3 298,5 613.7 613.2
APR 7793~9 63:;>,1 355.3 255,8 8C0:-i,7 604.8 348.9 251.2 507.0 507.0
NAY 5826.6 629.8 264.6 196.9 7656.0 604,7 333.7 248.2 445.1 445.0
JUN :3123 +.S 631.2 241.5 173,9 81~6tl 604.9 355.1 255.6 429.5 4:;>9.4
JUL 4736.1 686.4 234.9 174.8 7094.4 60'1 + 9 309.2 230.1 404.8 404.7
AUG 5947t~ 71. ~ }!-; 30''1.,5 228}1 11128.1 591.5 474.5 353.0 581.1 519.9
SEP 7838.4 725.7 410.6 295,7 9424.8 577.4 393.9 283.6 579.3 508.0

ANN 80:;>1.~ ,:80 ~ 9 19:;.1, 288.5 909412 600.3 393.6 ~87t2 6908.1 6772.7

ENERGY (GWHi
OCT·N'R MAY-SEP nNNUAL

AVERAGE 4465.8 2306.9 677'2.7
FIRM 3375.0 2152.6 5527.6
(YEA::: 22 )

ENCRGY (OWH)
OCT NOV DEC JAN FEB MAR t,F'R MAY .JU:~ ,11IL AUG SEP ANNUAL

,WEF: 610.1 634.6 76913 716.4 6j5.3 613.2 507.0 445tO 429.4 404.7 519t9 508.0 6772+7

FIRM .-149.9 ·17< ~ ~ ~3L8 :;1)4~3 "'r\~ .... 438.4 3c.6.o4 "'T!=""" ,., 358.9 328t8 543.1 568+8 55?7.6..1 7 J. • '7 ,j"J";:'. '7

YR 22

PRESFNT WORTH COST BASED ON F:EGRESSION ANALYSIS

Rl .~ ·,0.8151050 R~ ~ ·,0.1259790 R3 = 13274.9

PRESENT WORTH COST ($*10**6) = 7056.1

INFI.DLJ MASS U'tC-FT) O.2115627~OE+09

OUTFLOW MASS tAC-FTl 0.21137931~E+09
DELTA STnR, 1 (AC-FT) O.183000000E+06
LiELTASTOR. 2 (AC-Fn o. 400000000r+03



RES:=RVflJ.F: 1

INFLOW (CFS)

OCT tlOt) DEC JAN FEB MAr: APR MY JUN JUL AUG SEP

1 4719,9 :::081~A 11.o'1L9 81.~~1. 641.17 569.1 680,1. 8h55.9 16432.1 19193.4 16913.6 7320.4
2 3299,1 110?3 906.2 808.0 673.0 ~,j 9.8 1302.2 11649.8 18",17.9 19786.6 16478.0 17205.5
3 4!)9~~'1 21.70,). 1.:,01.0 1274t~ 841.0 735.0 803.9 4216.5 25773.4 22110.9 17356.3 11571.0
4 6285.7 2756.8 1281.2 818.9 611.7 670.7 J~8?,0 15037.2 21469,8 17355.3 16681.6 11513.5
~ 4218,9 1.599", 11.,9.1,8 1087.8 803,1 638.~ 942.6 11696.8 19476.7 16983.6 20420.6 9165.5-'
6 ~359.2 2051.1 1549.5 1388,3 10:=iO.5 886.1 940,8 6718.1 24881.4 23787,9 23537,0 13447.8
7 410:<.3 1.5AH,1 tf)3B~A 816~'1 7:'4.8 694.4 718,3 12953.3 :<7171.8 :<5831.3 19153,4 13194.4
8 4208.0 2276.6 1707,0 1373.0 1189.0 935.0 945.1 10176.2 25275.0 19948.9 17317.7 14811.1
9 6034,9 29:!~L9 2258.1 1480,6 1041. 7 973.5 1265.4 9957.8 22097.8 19752.7 18843.4 5978.7

10 3668.0 1729,5 1115.1 1081.0 949.0 694.0 885.7 10140.6 18329.6 20493.1 23940.4 12466.9
11 316~t!1 2~t:L:=; 1.An.1 1.~fjOt1 1U8.9 9,S 1.. 1. 1069,9 13044.2 13213.4 19506.1 19323.1 16085.6
12 6049.3 2327.8 1973.2 1779.9 130~. 8 1331 .0 196c..0 13637.9 22784.1 19839.8 19480.2 10146.2
11 ·11,17, " ??'..s:-Z;~4 1760.1 1608.9 1?!)7.4 1176.8 1457,4 1.1333.5 36017.1 23443.7 19887.1 12746.2
).4 5560.1 2508.9 1708,9 1308.9 1184,7 883.6 776.6 15299.2 20b6~t4 28707.4 21011.4 10800.0
15 ')187,1. 1.789,1. 11.94,7 8:)?'.O 781.• ', 57~t2 609.? 1578.8 42841.9 20082.8 14018.2 7524.2
1.6 4759,4 2368.2 1070.3 863.0 772.7 807~3 123/.4 10966.0 21213.0 23235.9 17394.1 162?5.6
17 3?21.1~ J.5h:)(1 1.~Q1 •.~ 1.0~0.4 984.7 984.7 1.338,4 7094.1 25939.6 16153.5 17390.9 9214.1
1.8 3269.8 1202.2 1121.6 1102.1 10~1,3 889.5 849,7 12555.5 24711.9 21987.3 26104.5 13672.9
19 ·101.9,0 1.9~4l1 1.704.:< 1.,Q7 •.s 1560.4 1560.4 1576.7 12826.7 25704.0 22082.8 14147.5 7163.6
20 3H7.0 1567.0 1071.0 884.0 748.0 68A.0 850.0 7942.0 17509.0 15871,0 14078.0 8150.0
21. 2103,j, 1.020,9 709,3 h:;.S. ? t,O:<.1. 6?4.1 986,4 9516.4 14399.0 18410.1 16263.8 7224.1
'1'1 3768.0 2496.4 1687.4 1097.1 777.4 717.1 813.7 2857.2 27612.8 21126.4 27446.6 12188.9':"L

n 4979,1. 2~87.f) 1. 9~7,4 1670.9 1.491.4 1~.~.". f) 1.305,4 1~973,1 27429.3 19820.3 17509.5 10955.7
24 ~~301. 2 1977.9 1246.5 1031. 5 1000.2 873.9 914.1 7287.0 23859.3 163",1.1 1801A.7 8099,7
'1~

~o~")~ 1,3;-;4} 7 911..1, 786.,1 689.9 6-::::7.1 871,9 12889.0 14780.6 15971.9 13523.7 9786.2L'.'

~!6 3088.8 1474.4 1276.7 1215.8 1110,3 1041.4 1211.2 11672.2 26689.2 23430,4 15126.6 13075.3
27 5679.1. 1.601.,1. 871,,:< 737,8 741.:< 690.7 10~9.8 8918.8 19994.0 17015.3 1.8393.5 5711.5
28 /973.5 1926.7 1687,5 1348.7 1202.9 1.1JO,8 1203.4 8569.4 31352.8 19707,3 16807,3 10613,1
29 ,)79.l, 9 264:)1 1.979,7 1577.9 1.?67.7 1256.7 1408,4 11231.5 17277.2 18385.2 13412.1 7132.6
30 3773.9 1944.9 1312.t, 1136,8 1055.4 1101.2 1317.9 12369,3 22904.8 24911.7 16670.7 9096,7
31 61~f) ~ f) ~525~() :<032,0 1470.0 1:<31.0 1177.0 1404,0 10140.0 23100.0 26740.0 18000.0 11000.0
-''1 6'158.0 3297.0 1385.0 1147.0 971.0 889.0 1103.0 10406.0 17017.0 27840,0 31435.0 12026.0'>k

AVE 45~~~ I 8 2059,1. 141.4.B 11.,~~.5 983.3 898.1 1099.7 103~4.7 23023.7 20810.1 18628.5 10792.0

~~~c::.Jc::.JL..:.JL..:.Jc:.Jc:.JL..JL..JL.JL.Jc::.=Jc.:JL.JL.JL.:lL-J



C--, c::J CJ CJ CJ CJ c..:::J c..:::J CD c::::J CJ CJ CJ c.:.:.:.J CJ CJ c::::J c...:J IJ

POW[RHOUSE FLOW <eFS)

on NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 ~5h1l\ 104~:s~0 12314.6 114~8~4 1078S.R 8708.4 7""''' M 4470.2 101.1.0 3799.5 4080.9 75'16.7. •. '1.:.. , 7

2 11900.0 6948.4 7941.1 7345.6 6377.0 651:1 +7 6823.8 6~44.3 4283.0 3925.0 3994.0 6939.1
3 9061.,9 98301:S 12~76+~ 11401.1 11071.h 9708.1. 7106,7 4992.5 1198 ..'> 3628.9 5170.1 5760.3
4 9261.1 10916.8 12249.2 11408.5 1100~.3 9827.2 7984.8 7029.0 6219.4 3931.4 3767.8 4192.5
5 1.1477.9 67'.0.6 11380,1 11101.4 10782.9 8777.5 7545.4 6287.~ 3312.1 3779.9 3263.4 4123.9
6 10208.6 6683.3 12250.4 11376.7 10961.5 10315.6 7~43. f. 4~50.3 5182.45128.7 7015.6 12466.0
7 7077,7 10811,9 1,117,2 11435.6 10714.6 8831.7 7321,1 .'>881.3 611.4.0 5829.8 8243.3 13194.4
8 7183.4 10907.1 12248.1 11394.9 10967.3 10193.6 8572.1 4982.2 6537.0 3771,0, 5~21.8 8991.7
n 8805,9 10830,7 12128.6 11112.9 10942.6 10208.1 9197.8 60!)9 (. 5 5625.0 3854.8 4418.0 5853.27

10 J1673.8 6809.6 7783.9 9626.1 10928.8 8833.3 748R.:=; 4878.2 3432,3 3442.5 5550,2 10149.9
11 8140.9 tQ947.~ 1.2~~210 113AO.3 t09A710 t020~,{ 861.9.3 7501.6 4273.2 3790.8 3700.2 1009.2
12 10336.7 10068.4 12172.4 11373.7 11003.6 10125.2 9074.4 7178.1 5969.3 4106.5 6898.7 4894.6
13 9420,4 9619,6 12347.8 11410.1 10991.6 10209.5 8945,7 6097,0 57:;1+8 6625.6 138A8.6 127~6.2
:1.4 8535.5 11048.4 12289.7 11405.4 10966.2 10239.9 827?6 7186.8 6377.5 5757,0 8597.1 10800.0
1~ 8162,5 11.012,9 12105.9 11142.9 10999.7 8714.5 7212.0 ~142+5 5707.4 6499.0 6927.4 5163.5
.16 10477.4 8758.0 12353.0 11497.6 10752.5 8946.6 7835.2 S742.{) 4736.9 458711 5402.3 10487.7
17 8196.6 10789,) 12267,8 11199.3 10978.1 96~5.9 7941~? 4566.1 5895~8 3674.0 3623.9 4935.2
18 :11738.4 6814,9 7793.1 9300.0 11011,J 9028.8 745?~ 71A4.1 6562.7 5028.6 867A.3 13672.9
19 6991.4 11011.0 12386.3 11388.2 10961.3 10170.4 9185.:3 7298.8 62301.0 6134.6 4013.0 6880.4
20 11765.1 6839.6 7834.0 8~75.A 10727~8 8825.3 7452.8 4776.5 4079.7 4168.0 4335.2 7482.2
21 119~0.7 701~.2 8039,1 741.9.1 .'>418.0 6591.~ 5100.4 6241.5 3729.0 3592.5 3913.5 6028.6
22 ~1695.6 6814.1 7897.6 7352,2 6397.3 6537.0 5682.1 4624.2 4462.9 3926.8 6383.9 8999.6
23 7951.3 10981.4 12209,3 11299.8 10869.5 10123.9 9154.2 6463.1. 5819.1 6512.3 7118.4 9213.6
24 7715.4 10748.3 12329.9 11451.0 11014.3 9396.7 751A.9 50??9 "338.0 4230.3 4381.1 8325.7
25 1.1841,·1 6933~\1 7938.1. 733.~ .1 6370.2 8005.1 7474~7 7327.0 '1024.9 3978.8 4185.4 6234. c.
26 11900,1 6974.5 7942.4 733,1.7 63~j'.O 6~59+8 :::if-07.? 5809.6 6308.3 6148.0 5b1~.O 7336.6
27 86~1~~ t0824~9 12~33l9 11217.~ 107~~.0 8830.0 7662 •.6 4208.7 36~5.2 42~5/9 5226.4 81:!O.5
;·!8 11801. 3 6792.3 7775.9 7727.3 6272.0 8825.4 7806.2 4072.9 5981.5 6465.8 6985.7 5188.5
29 ~017~t~ t04\2,9 t~~0~,4 t13~915 \0940.\ \Ol~7.~ 9199.9 6261.4 4439.9 '027.5 4074.8 7047.3
30 '1758.0 6849.0 7903.9 7321.9 6356.0 f,.519.3 7233.4 7021.5 6458.3 6041. 3 5072.9 4971. 9
31 11612.2 8415.1 12272.0 11411.6 10992.6 10207.8 9084.8 5001.7 6626.9 5932.7 6652.7 7034.9
-,~ 9433.4 10950.5 12289.0 11452.9 11003.6 10223.1 8723.2 5239.:=i 4642,9 5011.1 140~3.2 12026.0,:...:;

AVE 97.'>4,4 911~t6 t088t.? 10~87.~ 99~4.~ 9059.2 7793.9 :;8~6 +,~ 5123.6 4736.1 5947+5 7838.4
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C=.J c::J c::J c::J c::J c::J c::J c::J i] c:J c:J c:.J c:.J c:.J c:J c:J c:.J r-J c...J

HEAfi (FT)

OCT NOV DEC JAN FEB MAi.: AF'F' MAY JUN JUL AUG SEF'
j 7'~9 ~ ~ 72t~8 70~L,~ ,~85+ 8 .~.66 t 1. '<\.-. ~ L"'!'i ~ 6~9.9 647.6 675.7 702.2 713.1O·.·.., .....t \.""'--+ .,.
2 705.7 693.1 680.8 ot.? .2 c·55. ~ 6'1~ 1 0 631.3 631.2 651.8 681.7 707.8 726.7
~

THl'~ 72L~ 70:}}9 687.0 ,~.s7.8 649.1 63215 6?4,1 64':, .6 687.6 715.3 730.3"4 732.5 723.4 707.:=i r.aR.O 668.4 649.5 632.5 634.4 658.6 686.4 710.3 727.1
5 72/,.9 71.6.7 703,7 685,t) ,~let-, t 0 618.~ 632}5 6~L3 653.9 683.1 710.6 729.1
" 727.9 718.8 706.0 687.2 t,,-58.5 6·\9.8 632.5 627.5 650.2 6RStO 719.5 734.2
7 T~~,~ 72~,3 70:},3 LOC:- 0::- ,~f.:6tf) 618.5 632.5 632d 660.0 698.7 725.8 735.0.~ '.' ..1.·1

"
..,..,.,.., C' 723.0 707.1 -~88.6 670.0 651 ,Po 633.7 631.1 655.9 689.8 715.2 730.20 /..:0.::,. ,...I

" 7~'~ 17 723,9 709:. ? .~.9t~7 67~.~ 6~~.~ 637}2 632.8 653.9 685.7 713,j 725.3,
10 718.? 707~9 1:.-97.9 1.""7 e' t.66.0 t,":? +5 632.5 631.2 LeI') 7 683.8 715.8 733,1,-,0,-,. ,J ..... ,JL .....

11 73)f~ 7~?~9 706:9 .'.:=::8 +·1 ·~6?, 9 6<;1.•." .:.:n 1\~ t.31 + 5 647.2 672.1 701.5 725.• ('I
12 731.2 721.3 706~4 688.c, ':,70.5 652.9 f.36.('1 .".35.5 659.5 690.6 715.9 730,7
13 THJi 7?1. J) 70/, , 1. .~P.7 .A ,~\~'7 f'~ 6~1..~ 613~5 631.1 667.0 710.8 729.9 735.0
14 732.5 723.1 707.2 688,6- ,1.70.0 651.6 633.5 634.5 657.9 693.0 774.6 735.0
15 7 ...." ,.: 72~~ t :j 70:;.7 .~85.9 ttl)t 2 t.18.5 632.5 623.2 .~~8.8 707.8 725.2 733.1I .j '. ~ . .1

1.6 730.2 720.2 705.5 685.5 666.0 648.5 .:'.32.:::i r·31.1 653.8 687.9 715.6 730.3
17 73?:) 7·.~2,,::; 70:),1 6~M~ ~ 067,1) 6·19.0 632.5 6?8.0 651.4 684.1 708.0 723.0
18 719.4 707.7 687,3 683.2 'i. I "- 648.5 632.5 631.4 c·55.8 689.8 720.4 735.00, '0. 'J

19 73?5 72?·6 70., •3 Lrt-, ...
,t,.~9" 7 6:)~ •.~. 635.:; 633.1 658.8 692.8 716.0 724.8.,.,/ • .1

20 718.0 706.7 696.4 c.82.7 6c·6.0 6'18.5 632.5 .:'28.7 646.3 c·71.9 692.7 702.3
21 69-1,1. ,~79 ,.') ,~6,~. !) ,SS2.1 639.~ 626.4 614.7 1')13.9 t.29.9 657.0 684.2 697.4
~~ 680.8 679.0 668.6 656.2 644.4 b32.0 619.7 612.1 A35.0 677.1 712.1 732.4'.k
23 73?~ 72~}? 707.7 089.9 67~!? 6!15.0 637.~ 639.4 671.0 703.3 723.4 733.6
24 732.1 722~1 705.7 68t, .1 66c.. 8 f,4f.L 9 c·3? .5 627.0 650.2 682.2 70~.8 717.2
~~ 709.6 697.:-; ·~83.A ..,7~. 3 t:.!;f).o 647.7 ,..,.., c,- 631.5 649.0 671.9 692.6 704.2.::..J 0 .."1..:.. ~ ...'
26 699.4 686.4 674.5 t.61.7 f,~;O. 9 639.9 628.6 630.5 A57 .• 7 c.93.8 717.7 730.3
~~ 73~~5

-,.,.... ~ 705,·1 t85 t·1 '~":'~fO 618.3 632,5 6:;0.6 652.6 681.8 705.7 714.8,:..! I ....-: ~.J

?8 705.4 693.6 683.1 671.2 660.7 648.1 632.5 630.3 660.8 697.8 7-17.9 730.6
29 THl3 721. ~ ~ 7% ,-1 688.1 '1/0.1. II::., ..,.

634~5 631.5 650.3 677.6 700.0 70812Q·JL .oJ

30 701.5 690.0 678,7 666,0 655.0 644.3 t·31.7 631.3 654.0 688.2 715.8 728.9
31 Tn •." 71.9.0 706, 1 .:88~1. ,:,19(.7 6!11.• 7 633f7 631.0 653.9 690.1 719.0 731.8-.., 732.5 723.8 /'08.4 689.:::: 670.4 6~1.8 633.7 631.1 ,~49 t 7 t.8-,~. 0 720.4 735.0J~

AVE 72J\:; 71~ l ;:~ 699.1. .,81 .... c·64.8 I-. /J rt ., 632.:1. 6~9.8 653.2 686,4 712.5 725.7_ ...,..:..



WATER SURFACE AT START Or- MONTH (FTl

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEF'

1 218!Lf) 21.8:L6 ~170,0 ~1.~H ~3 21:;0.3 2112.0 2095~O 20BO.0 2089.8 2115.3 21·16.1 2It·S.3
'l 2167.9 2153.5 214218 2128.8 2115.7 210~+4 209/.5 7080.0 209215 2121.1 2157.3 2173~3~

3 2190.0 '218'~ :.:; 21.70.0 2t;';1.9 2132.0 211:1.7 2095.0 2080.0 2078.2 2125,1 2160.1 2180.6
4 2190.0 2185.0 2171.7 2153.3 2132.8 2114.0 2095.0 2080.0 2098.8 2128.4 2154.4 2176.1
" 2188,0 217~t8 21.1,7 ~~j 21.~Oft) "1.30.0 211.2.0 "095,0 2080.0 "092.7 21~5tO 21;-;1.2 2180.0~

6 2188.2 21.77.5 2170.0 2152,0 2132.5 2114.6 7095.0 2080.0 2085.1 2125.4 2160.6 2188.4
7 2190,0 "18:',0 21.70~f) 2t~ltl) 21.:;rL0 ~11.2tO '2095)0 2080.0 2094.3 2135.8 2171.7 2190.0
8 2190.0 2185.0 2171.0 215~t3 21:n.9 2116.2 2097.3 7080.0 2092.2 2129.6 2160.0 2180.5
9 2190,0 2185.:1 ·~1.721~ .21. ~5~ 9 2117.4 ~11.9t5 21.0111 2083,3 2092.4 21'25.4 2156.0 2180.2

:lO 2180.4 2167,0 2158,7 2147.1 2130.0 211:<.0 ?09~tO 2080.0 2092,4 2122.3 215~.3 2186.2
11 2190,0 21.351'1) 21.70,8 2153~1. :;:1~~t8 211.6.0 2097+2 2080,0 20931'0 2111.4 2142.8 21701'2
:1.2 2189.8 2182.6 2170.0 2152~9 2:13·~.2 2116.7 2099.0 208?9 7098.1 2130.8 2160.3 2181,5
13 21',0,0 21.82}0 <1.70.0 21.32.~: ~n1:L t ?11.~1'~ "097,0 2080.0 2092.3 215LiJ 2179.9 2190.0
1.4 2190.0 2185.0 2171+1 2153.3 2133.8 ?116.2 2097.0 2Q80.0 2099.0 2126.8 ::'169,1 2190.0
15 2190,0 ';!t8~)O <1.70.0 21~1. ::) 2110.4 211".0 2095~O 2080+0 2076.3 2151.4 2174.2 2186.2
16 2190.0 2180.4 2170.0 2151~O 2130.0 2112.0 209~.O 7080.0 ?092.;:E; 2125.3 2160.5 2180.7
17 2190,0 21.85.1;· ~1.70.f) ~1.:)1.. 4 "1.11. .0 "113.0 2095,0 2080.0 2085<9 2126.8 2151.4 2174.6
1.8 7:181.5 2167.3 2158.2 2146.4 2130.0 ?117.0 209C:;.O 2080.0 2092.7 2128.9 7160.7 2190.0
19 <190,0 2185.f) 21.70.? 21.~~.::i 2n1.2 2116., 2098.9 2081. oS 2094.6 2133.0 21t-2.5 2179.5
~~O 2180.0 216"'.0 2157t~ 214~.4 2130.0 2112.0 2095.0 2080.0 2087.4 2115.3 2138.t- 215t·,S
21 2157~9 21.·10, -1 :::t?8.8 21.t4.? "100 •.s 2088.4 ?074.3 20,'>5.0 2072.7 2097.0 2127.0 2151.4
"" ?153.4 2138.2 2129.8 2117.4 2j01.9 209~.9 2080.2 2069.1 2065.0 211~.0 2149.3 2184.8..:.L.
23 2190,0 "lWi,O <1.71.1 21.:)4,1. 2131.7 "118.7 2101,3 2083.6 2105.1 2116.8 2169.7 2187.2
:!4 2190.0 2184.3 2170.0 2151~4 2130.8 211?~8 209~.O 2080.0 2085.2 2125.1 2149.3 2177.4"e 217:<,0 21;:;'7~2 <1.47.8 21.:;3.8 21~O.7 2110.5 2095,0 2080.0 2093.1 2114.9 2138.8 2156,3L.,)

26 7162.1 2146.7 2136.1 2122.8 21jO.6 :~10~ .2 2088.6 2078.7 2092.4 213?9 2164.7 2180.7
27 2190,') 218~~f) ""1.70,0 21.~Ot7 2t~0.0 "112.0 2095.0 2080,·0 2091.1 2124.1 2149.6 2171.8
28 2167.9 2153.0 2144.2 2132.0 2120.3 2111.2 ?O9~.O 2080.0 2090.6 2141.0 2161.7 218l.2
29 "190,0 218~ ", 21.70.0 21~2.8 2n3.8 211.s.4 2098,3 2080.6 2092.3 2118.3 2146.9 2163.1
30 7163.2 2149.8 2140.3 2127.1 2J14.8 2105.2 2093.4 2080.0 2092.6 2125.4 2161.0 2180.5
31 2187,2 ""178,0 21.70.1) ~t32.8 21~:;.:,i ?11.5.9 ;>097,4 2080.0 2092.1 2125.7 2164.5 2183.6
-,~ 2190.0 2185.0 2172.6 2154~2 2134.4 21:16~4 ;'097.3 ?O80.0 2092.1 2117.2 2160.8 2190.0~L

AVE 218~}0 2174,0 ~l·'2.~ ?1A5l9 21271.9 211:1..7 2094.7 2079.5 2090.1 2126.2 2156.7 2178.3

L--.J ~ c:.J L.::J c...::J ~ L.::J L.::J L.::J L.::J L.::J L.:.J ~1 L::J L.:.J c:::.::J c.:.:.J C-.J L.::J



Ci '---'~"\

'---' c-, c ) c:.:J c:.:J 1'-1 c:.:J CD c:.:J c:.:J ,-] c-' C] c::J c::J c::J c:.:J CJ

ENERGY FROM RESERVOIR 1 (GWH)

OCT NO'i DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN

1 ::?1. 7;.:; ~90t8 46~ :9 ~~f)t5 ~·17 .9 302.8 239,0 151.0 134.8 137 fe- 153.6 279.2 32,10.5
:~ 450.2 249.9 289.8 262.8 202,4 224.B 723.5 214.7 144.8 143.4 151.6 261.6 2819.5
3 3~~'j ~ ~ ~.!;8 ,Ii 1"4 •.,, 41.9.9 ~0llt4 337.9 243.1 167.0 107.3 133.8 198.3 218,2 3370.4
4 363.7 409.7 464.6 420.8 356.1 342.2 262.0 239.1 2.12.5 144.7 143.5 15S.1 3517.0
5 44;,~ ~~O ~,~ ,136 ~ 9 "107.8 347.7 305.2 ?47.6 212.8 1.12.4 138.4 124.3 156.0 3187.0
6 398.4 249.2 463.7 41.9,1 35·,.8 359,3 247.5 153.1 174.8 189.2 270.6 474.8 3754.7
7 277~9 1Q;J.1 ~.'!5 ~ IJ 4?1.,O ~4.'.? 307.1 2·10~ 2. 233.2 209.4 21.8.4 320.8 503.1 39.118.5
8 282.1 409.1 464.3 420.6 35?i.8 3;i6.2 281.8 168.6 222.4 B9.4 19f..4 340.7 3637.5
9 34~j, 9 101,.8 4.,1,,). 419.3 ~~,~ t 9 358.6 304,1 205.6 190.8 141.7 168.9 220.3 3580.1

10 449.8 250.1 291.2 .... C''1 ""I 352.4 307.1 245.7 165.1 116.2 126.2 2J3.0 386.1 3255.6j,J":"I!

11. 31,'7,7 "~1JL.1,. ')6~, ? 41.:1.3 3~;'!.7 356.4 283,3 254.0 143.5 136.6 139 t 1 150.8 34:32.2
12 405.2 376.8 461.0 419.8 357.3 3;i".4 299.4 244.5 204.2 152.0 261,.8 185.6 3725.0
13 369>~ 3~9~8 167> ·1 4~O.6 1;:;6.2 356.5 294>0 206.3 199.0 252+5 542.7 486.0 4310.3
:1.4 335.2 414.5 466.0 421.0 :;:15+8 357,7 271.9 244.5 217.7 213.9 333.9 411.8 40·43.8
15 320+~ ·H?8 1163 >~j 4,;!O.8 ~!)4f8 30:;.0 ~36~7 171.8 195tl 2·16.6 269.3 196+4 3593.3
16 'HO.1 327.2 467.2 422.~ ~~6+8 311.0 257.1 194.3 160.7 169.2 207.2 397+4 3670.8
17 3~L9 10k1 11,4,1. 1)9.4 1~4f6 334.9 260.6 1!13.7 199.2 134.7 137.5 185+1 3370.2
18 ~52.? 250;2 291.3 340.6 355.1 313,9 244+6 241.8 223.3 1Bt-. 0 33~. 1 521.4 3755.9
19 274:7 41.",8 'l,S9,1} 4t9~9 T13.~ 35:;.8 ~0?,7 247.7 ?12{.9 227+8 1~4.0 258.7 3691. 6
LO 452.9 250.8 292.5 313.9 346.0 306.8 244.b 161. 0 136.8 150.1 161.0 277.6 3088.9
21 14?,9 ~47~:; ~87.~ 239.~ 1.99.7 221..3 16?7 205.4 121 + 9 126.5 143.6 218.1 2636+2
22 433.1 240.0 283.1 258.6 199.6 221+5 18?,7 15~ .7 147.0 142.5 243+7 342.0 28'15.6
23 3t2>4 4t~~~ ·1·~3. '? 4t7+'7 131.8 "'~r:" r:"

302~7 '1'11 l:' 202.6 245.5 276.1 350.7 3914.1..jiJ·J • .) ......... \..J
" . 302.8 402.7 466.5 421.2 ~;:i:=i.6 326.9 246.7 170.7 146.3 154.7 165.8 309.8 3469.6.,:.,At
~~ ·1::;0> I> ':::~1.ff) ?9L':/ ?' 1"1 2l):1.8 278.") 24~L3 2~8,1 115.5 143.3 1~5t4 227.8 2894.9....J

26 446.2 248.4 287.2 260.2 199.7 221.6 182.9 196.4 '11C' '1 728.7 21b.0 278.0 2980.4,,:,,_,",,,,,

27 3~9~9 10~,8 '11~,,~4 41.~.~ 113~8 307.0 251,4 142.3 122+7 154+5 197.7 301.5 3447.2
28' 446.3 244.4 284.8 260.0 200.7 306.6 ~C, '1 137.6 205.1 241.7 268.9 196.7 3049.1.....1" +.(",

29 399,1 ~89,7 ~6~.2 41.9,2 3~~.O 3~~+6 302~8 212.0 149.8 116.3 152~9 258~9 3603.4
,j.'J 442.2 245.2 287t6 261.4 201.6 225.2 237.1 237.e.. 219.1 222.9 194.7 188.0 29t·2.6
31 454>t ~1~, ·1 H4,7 421..0 1?:~t~ 3~.s.6 298\.7 169.2 224.8 219.5 25,S.4 267.1 3804.0
32 370.4 411.2 466.7 423."3 357.2 357.2 286.8 177.3 156.5 183.8 542.4 458.6 4191. 3

AV::: :;77.8 3:!8~~ 109.0 17-~.9 1~() ~ 1. 31.5+1 'lC"!:." n 196.9 173.9 174.8 228t1 295.7 3,162.2.......'...1. "



RESERt!OIR 2

INFLOW (CFSl

OCT t1Ot,1 DEC JAN FEB MA~: APR MAY JUN JUL AUG SEP

1 ~A0~,1 107S~:~ ~~128~~ 11~74f~ 10879.8 88{)9 +3 740S.V 6305cO 604:7.5 5989.5 5987.9 8177 .1
:~ 1??52. 9 7072.3 8065.7 7443.3 t,"}71.5 6589,0 702Cot2 7913.0 5743.6 5714.3 t.;Jllff..O oC'-~ ""!,oJ,)..::..,

3 9690~7 1Q~t9t1 12~3218 116t0~6 ttl~ll8 980L~ 7181.3 5765.5 74~9+4 637'1.7 7~61tO 7630.4
4 10493.0 11392.6 12518.4 11589.2 11137.2 9973./ 8~3'~+6 975;).1 9980.3 5760.1 t·293 +2 6607.4
:5 123.~A,.1 70,£;';,.1 117R~.+.'i 112.19.8 109()9.5 ,qS.~81 7 7733~4 9876<4 70?3+~ 59~Of5 69.14.4 6537.5
6 11179,8 7139.0 12568.9 11637.5 1118~t? 10~53+1 7710.2 ''"''"'1'') ... 8:,82.9 7533.6 8438.2 13007.40"::'::',/..+':'

7 762~13 t101~l~ 1218~,~ tt~6011 10872.9 8991.+.~ 7470:1. 990/t!) 10079.3 9210.5 11699.7 16495.8
8 8210.7 11404~3 12527~7 11605~1 11167.2 1036~.O 873,',.0 7279.6 9677.4 5931,7 7193.3 12179.6
9 1020~t3 lt~83,~ 1277~)0 116~4t1 tltl~.l 103~0.1

..... ..,.t. ..... ..... 7950.9 7910.7 C" .... L~ .-, 6794.4 t.863.3,. .j. .... ,. • '" ...:C·'-'...! to::.
10 ~2408.6 7079.9 8039.7 98,~2~O 11138.9 9017.2 7722.7 8t,33.5 6',10.4 6339.8 10204.2 13012.6
11. 90~~~1 t11~~~4 l<;:hlt~ tlAfl,~.l t1t68t~ 103~~~1 8767,2 9~'10 t 3 5749.6 6024.0 6443.2 6853.5
12 31458.3 10500,5 12635.8 11805.8 11292.4 10~33.1 9~14.8 9570.9 10254.5 7147.3 8582.9 6967.0
13 1.024:>,2 9900tl 1~~~6}t 11~97~4 1'147.~ t03~1.0 9101}7 6904.7 1041.4.4 8172.5 16223.3 14767t2
:1.4 9283.1 11235t5 12476.8 11592}~ 11~b8.9 10314~7 8306,9 91585.2 98:08.2 9378.0 10306.2 11777.2
15 8973}7 \t309~~ 1249813 t'~~8t9 '1118.3 R80:L 1 72Q9.3 561.0.6 106Sl.9 8342t2 8~":,5.0 6479.3
16 11462,0 9034.9 12443~5 11559.9 10808.6 ,9006,2 7917~2 7043.1 7634.2 7546.9 7797.5 12496.3
17 9~7~,9 ltl~1~6 12~4~.~ t1617.h 11180t8 9828.~ 82~1~9 6206.0 10402.5 ,b056.7 6477.6 6565.4
:1.8 :12312.6 7070, l;;) 8036.4 9~55.7 11248.1 9228.4 7f.5f.t::i 9024d 9f.·P.2 8122.5 12864.8 15728.2
19 75~0~7 1'2SQt~ 12~t'ta tt~~1,R tl'/9.6 '0388.7 9399~6 94~4f5 99:=:8/·1 8922.8 5956.0 7942.7
20 '7294.1 7055t6 7998,0 8703.c. 108~8.8 8919.3 7~6' .8 5988.5 5991t7 5588.0 5757.2 8520.2
2' 1.2~~1, 1. 7t4~t0 8'..10.' ,. 7~·10f0 .~5~4 •.~ 6689.2 ~1C,O,.' 7426.7 6448.9 -5324. t, 6302.5 72·18tO
~~2 12672.8 7399.5 8785,0 -IC'.."... n t,563 •5 6686.7 5854.6 5194.9 7881.1 ::5742,0 9253. 2 10·1~6. 7/ ,I/·:n 7

21 8~1~~4 11110.7 t2~~4~7 tt~~~.O 11.~14,~ 10417.7 9414.~ t0266.8 10319.6 8/H'8.5 8263.0 101421·1
24 8052.8 10925.2 12470.4 11559.3 1114?f7 9477.8 7589.5 5682.3 6871.3 5,15j ,() 5P.~?f5 8952.0
2~ t2:::79~~ 7f)43t8 8~01,9 7~92H'; 64~06l~ RO,~7.1 7551~9 9442 f ,S t01.1.0 5796t9 5918.7 7818.5
~·!6 12318,1 7119,5 8152,2 752?? 6568.9 6690.3 5S~;\.2 "8~7~.9 9921,7 8905,6 7518+() 9416.0
27 9978~7 ~107h~8 12~~~}A ~l~~A,~ 108~~~O 89A4.~ 78tA.0 1;575~2 .~444.8 5~63.2 6130.6 8882.3
28 '.7380.2 ?257,3 8235.9 7536.0 6;:;:;S.8 '?()7~.6 8112,6 ~.715.4 10235.4 8~99.0 8549.6 6491.5
29 1.1.121..0 1.0978.4 1.2~97.1. 1.1.~49.~ 11.197.4 10391.1. 938816 6723.3 5579.5 5721. 3 5989.2 7995.1
;:10 1.2486.4 7228.4 8140.7 7489,2 6504.2 6582.8 7::18.:: 7986.2 7605.9 8592.4 7508.9 6047.6
31. 1.239~,~ 8885.1 1.~3t9~O tl~90.6 tl11~.6 103~1.A 92~5.8 62:z.8~7 9·~81.9 9194.7 88·18t7 8376.9
32 ~0221~4 11352.5 12458.0 11592)9 11121,6 10331~1 8858.2 6509.5 5366.9 8107.1 17878.2 12762.0

AVE 1056~~9 9141~~ 11.1~O}9 10184.0 1.0091.8 9202.9 7961.~ 76~2~~ 8178.0 7078.2 8247.1 9460.0

~L.Jc.::JL.JL.Jc.::JL.JL.Jc:JL.Jc::Jc..JL.Jc..:...Jc:.....Jc:...JL.Jc.::JL..J



CJ CJ CJ CJ CJ CJ CJ CJ CD. c::J c::J CJ c::J CJ c::J c::J CJ CJ c=.J

POWERHOUSE FLOW (CFS)
OCT NOV DEC .JAN FEf< MAR APR MAY .JUN .JUL AUG SEF'

1 660214 t07~~)t 12181,7 11~741~ 10887.0 8809.1 740510 6305.0 6047.5 5989.5 109·10.6 8949.8
" 6552.5 7072.3 80,~5 +7 7443.3 6471. 5 6589.0 702/:., .2 7913.0 5743.6 5714.3 10860.0 7859,1.~.:.

3 6189.8 10226.1 12~~hI3 t1~tO.6 111~1~8 9807.8 7'1811~
1:"""1:" C" 7439.4 6373.2 10727.2 8261.1...I/OJ.\)

4 bA23.0 11385.9 12518.4 11589.2 I1t37f2 9929.7 8134.6 9743,6 9980.3 3760.1 10597.0 7958,4
0 ,,7~71 () 70~9}0 1178111 11239.8 10909.:j 88f>lJ.7 7733,4 9876.4 70'23.5 59~O+5 9971 + Co 79~9+1.;

6 6746.9 7139.0 12562.4 11637.5 11186.2 101~9.6 7710.? 6222.3 8382.9 7547.1 11209.6 10143.6
7 7~29~R 1101~+4 12478./ lt~~A~9 10872.9 8991.~ 7470,1, 9900 •.C; 1.C079.3 9210.5 11699.7 13763.2
8 8217.2 11397.6 12527.7 11605,1 jl1~7+2 103A~+O 8742.8 7279.6 9(-,70.7 5931.7 10849.2 8401.8
9 10~03f~ t118~+~ 1~77S~O 116~4+~ tltl}~~ 103~0~~ 9~69.8 7957.4 7910.7 5865.2 1,0679.8 8738.8

10 6708.1 ,7079.9 8039.7 9862.0 11158.9 9017.2 7722.7 8/:138.5 6640.4 6339.8 10197.7 13012.6
11 9042~~ ~t349~7 1?~h1~2 ~~h1~~1 t11t8~1 ~03~~.1 8774,0 92~3t8 57~6.3 6024.0 10476.1 7719.9
:1.2 0580.5 10507,2 12629.3 11805.8 11?92.4 10433.1 9514.8 9570.9 102~1.5 7147.3 11064.4 8148.6
13 .~h1./ ~::: 9907>0 t2:'~9.A :l.1.~97.1 tt\47~h t0351.0 9108,4 6904.7 10107~7 8172.5 13763.2 13763.2
j4 9289.6 11228.8 12476.8 11592.5 11168.9 103~4.7 8;:Z:1~,t. 9~78.7 9808.2 9378.0 11050.5 11008.1
15 89A0~~ 113091~ 1?191,8 115h8.9 11.1~3.~ 8801.1 7299.3 5739.9 10541.6 8342.2 11145.8 8569.0
j • 67:i8.8 9041.7 12437.0 11566,4 10808.6 9006.2 7917.2 7043.1 7634.2 7540.4 10c,69. 3 9528.7,0

17 9178,4 11111,0 12~"~,1 11~17.~ 11180.8 981~, 1, 8221~9 \,,206(.0 10395.8 60561.7 10414.6 8394.3
:1.8 6..s.12~1 7070 ..5 8036.4 9555.7 11248.1 9228.4 7f.56.5 9024.1 9640.5 8122.5 12860.8 1~763.2

19 75~712 t1.~71.~ t~6111H t1~21.8 11.179.6 10388.7 9399.6 9454.5 '1988.1 8922.8 10920.5 8709.9
:'0 6593.6 7055.6 7998.0 8703.0 10838.8 8919.3 756~.8 5988.~ 5991.7 5082.0 11178.0 8712.0
21 66,~3 +is 71A:"L0 :~H 1'): l 7;:;~o.n ~:-;~.' H~' 66R9.~ /,544.4 ,5087.6 64'~8&9 6324.6 10672.8 862215
~:2 6972.3 7399,5 8285+0 7573. So' 6563.~ AASf..7 ::i851.6 6244.8 6796.2 5742.0 10'10~+9 9248.8
23 A~1A}9 1110410 12~64.7 1.t6A~~0 11~14.~ 10417.7 9414.3 10266.8 10319.6 8408.5 11364,1 8784.2
,.)& 6265.8 1093j ~9 12463.9 11~59.;.:i 11142.7 9484.3 7589.5 5682.3 6871.3 5805.8 11188.1 8952.0...:."t
25 657:1) R 7041,8 8~O~1'1 7:;9~ d~· ,£A?~. ~ 80.,7 •., 7!1~1,9 9416.1 6017,8 5796.9 11017.0 8420.1
26 6617.7 7119.5 8152.2 7527.7 .6568.9 6690.3 5853f2 8173.9 9915.0 8905.6 10941.6 8144.7
27 7791,9 1t076f8 t~459t1 113A~.A 108~~.0 89,~4.~ 7864.0 ·';575.2 6444.8 5796.6 11497.7 8882.3
28 6679,8 7257,3 8235.9 7536.0 6538.8 907~.6 8112.6 6715.4 10228.7 8499.0 11131.2 8576.1
29 6722~0 t09~~t1 t2~90~6 tt649.~ 11197,4 1039t.\ 9388~6 6729.8 c-c-.,n ~ 5721.3 10936.5 8773.4,..}..!,7.·)
:;0 ,~785+9 7228.4 8140.7 7489.2 650'1.? ·:"58/.8 7318,3 7986.2 7605.9 8585.9 10b~6.7 8702.4
31 ,~68;-j :'~ 8891.8 t25t2.~ tl~90fh 1t142.6 10351.8 9262.5 62;'8,· 7 9"81.9 9188.2 11236.0 8362.0
32 7855.0 1134~.7 12458.0 11~92.9 11121.6 10331.1 8861.9 t,509 •.5 5598.0 8176.9 13763,2 12762.0

AVe: 73.1.814 91~4l~ 11128~~ 101R4.h 1C094.1 9204.0 8005.7 76~6+6 8146.1 7094.4 11128.1 9424.8



SRIlI S (CFS)

OCT NO'! DEC JAN FEB MAR ARR MAY JUN JUL AUG SER

1 0,0 0.0 0,0 0.0 0.0 0,0 0.0 Ota 0.0 0.0 0.0 0.0
" 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0...:.
3 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 2732.6
8 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 OiO 0.0 01-0 O~O 0.0 0.0 0.0 0.0 0.0 0.0

10 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 241;0.1 1004.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0
15 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
1.6 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
17 010 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0 1965.0
19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0
22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
" ' 0.0 0.0 0.0 0,0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0,.0

27 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 0.0
31 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 411~tO 0.0

AVE 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 205.5 178.2

L--.J L..:-J L:::J c:..:J L:::J L:::J ~ c=J L..:-J. ~ [-l [J [-l r -l r- -l r J [-J C_.J [)



[-J CJ CJ CJ CJ CJ c:::.:.::J '-J c.:J c:.:..J CJ c.....J c.....J CJ ,--I CJ c=J C--J c.....J

HEAD (FT)

OCT NO') DEl. JAN FEB MAR APR MAY JUN JUL AUG SEP
1 60!1~O .:'Q~ ;f) fiO~,f) ,~0510 .60!1.0 605.0 605,0 605.0 605.0 605.0 583,·4 558.4
2 ~80.0 605.0 605.0 605.0 605.0 60~.O 605.0 605.0 605.0 605.0 ~84.0 570.3
3 59,,} h00~f) 60:=;>0 ,~f)5+f) I,.Q:i.C; 60~.O 605,0 605.0 605.0 605.0 591.0 574.2
4 588.2 605.0 605.0 b05.0 605.0 605.0 60~.O 1>05.0 b05.0 605'.0 586.3 561.7
5 580 l·1 hO:'.f) f.i)~ ~ f) 605.0 60~tO 6f)!=;,·O 605.0 605.0 605.0 605.0 591.9 572.6, 585.7 605.0 605.0 605.0 605.0 W5.0 605.0 605.0 605.0 605.0 593.3 593.30

7 60~lO 60:;. ') 60~+fj .~05. 0 605.0 60!1.0 605.0 605.0 605.0 605.0 605.0 605.0
8 605.0 60~.O 605.0 60S.0 605.0 605.0 605.0 605.0 605.0 605.0 589.3 589.3
9 605,0 .'JO;:; If) 005.0 ..;t)~.f) ,,0:1,0 605.0 A05l0 605.0 605.0 605.0 588.2 563.2

10 580.0 605,0 605.0 605.0 60S.0 60~.0 605.0 605.0 605.0 605.0 6\)5 I 0 605.0
11 .';'(5) f) ,~O~) f) ·~O5+0 ,'i05.0 6{)~ t 0 605.0 605tO 605.0 605.0 605.0 587.5 566.2
:;'2 583.8 605.0 605.0 bOS.O 605.0 605.0 t·o~.o 605,0 b05.0 605.0 594.6 578.9n .'089, .\ 1,0:;~0 ~O~.O M·,).O ~O:;.O 60!1.0 605.0 605+0 605.0 605.0 605.0 605.0
,4 f.O~.l) 605.0 605.0 605.0 A05.0 605~O 605.0 605.0 605.0 605,0 602.4 602.4
15 60:;,0 60~~f) 60!). () .-1f)~tf) .>0",.0 605.0 605,0 604.5 604.6 605.0 593.7 573.2
l6 584.5 60~.O 605.0 b05~0 605.0 605.0 60~.(I 605,0 605.0 605.0 592.8 592.8
17 6()~~f) 6f)!1.iJ ,!;O~lO ,';f)~ I 0 /;f)~lf) c·f)!).O 605tO 605.0 605.0 605.0 588.0 563.0
18 ~80+0 605~O 605.0 605.0 b05.0 605.0 605.0 605.0 605.0 c·os.a 60~.O 605.0
19 o1O:)I{) 1,05, {) ''105.0 ~O5.1) 605.0 60S.0 605.0 605.0 605.0 605.0 583.4 558.3
20 580.0 60~.0 605.0 605.0 605.0 60~.0 AO~.0 605.0 605.0 604.7 580.5 555.8
21, 580.{) 00,),0 60!).O 1,05.0 A05.0 6f)~.0 !)99 ,7 599.7 605.0 605.0 586.0 !)61.0
rj'1 580.0 605.0 605.0 605.0 605,0 605.0 605,0 601.0 601.0 605,0 600.5 600.5J • ..:-
'1~ .sO:»f) "O!1tl} 605. i) 605.0 001,0 6()~.O 605~O 605.0 605.0 C·05.0 591. 8 584.4.:. .J

24 597.7 605.0 605,0 605.0 605,0 605.0 605.0 605.0 605.0 603.7 578.7 555.0
25 58010 ~O!)~0 .~Q5., f) 605.t) 605.0 605.0 605.0 605.0 60S.0 605.0 582 •.~ 557.6
;~6 580.0 605.0 605.0 605,('1 605.0 C.05.0 605,0 605.0 f.-:>5 •0 605.0 590.3 581.1
27 59~~8 605.0 M)~>O 6f)~1f) f;O;:j~O 60~.O 60510 605.0 605.0 603.8 578.8 555.0
:'8 580.0 605.0 605.0 605.0 6()~.0 fo05.0 bOS.() 605.0 605.0 605.0 594,1 574.1
29 58:-;>0 ·"f)!11 f) 603.1) 605.f) .~O:j.0 605.0 605~O 605.0 605.0 605.0 583.4 558.4
:~O 580.0 605.0 605.0 605.0 A05.0 605.0 605.0 605.0 \.£,05.0 605.0 591.6 566.6
31 581)}f} 60:)}{) Mi510 ,S1)5 • f) ~O:;.O .~O~. 0 605.0 605.0 605.0 605.0 595.0 585.0
.~"1 595.0 605.0 605.0 605.0 605.0 605.0 605.0 605.0 604.2 604,2 605.0 605.0,) ..

AVF 59f)t~ 605.0 M)5I i ) ,~.1)5 }f) 6Q;:i.O 605.0 604.8 604.7 604.9 604.9 591.5 577.4



I~ATER SURFACE AT START OF MONTH (FTi

OCT NOV DEC J;l1'-1 FEB MAR ARI;: MAY JUN JUL AUG SEF'

1 11~;'.i ~ (', 1. r:;~:0 1.,153JI 1'13!=j t () 11~:)t() 1455+0 1.455,0 14~5+0 14~5+0 1455.0 14l5.0 1411.7
" 1405.0 1455.0 1455.0 145:;~O 14:,5.0 14'5~.O j 45~ +0 145S.0 1455.0 1455.0 145~+() 141:'.0
7 1.4c7~.~ :1.1;-;~ I () 1.·1~;-j+ ('j 14;-)5.0 11~~+O 14~5+() 1.455~O 1.4~5fO 1455.0 1455.0 1455.0 1427.0
"·1 142L5 1455.0 1455.0 1,45::;.0 14:::;5.0 1455.0 1455.0 145~.O 145:=;.0 145:=;.0 1455.0 1417.t.
• 1.'10:)-~8 1·1:-;5,0 1.·1~:;. I) 14;-';5. 1) 11~~.0 1.4:-;~.O 1.4~5-l0 1.4~5. 0 1415.0 1415.0 14:-;5.0 1428.8"h 1416,4 1455.0 1455.CI 1455.0 1455.f! 14~15.0 145~.O 1455.0 14:l5~O 1455.0 14:15.0 1431.5
" 1.4~:-i~1) t 1~~ ~ t) 1. 4~.1 +f) 1.4~~J! 1.4~:; 1.0 1455.0 .t455.0 1. 4~5 +(I 1455.0 1455.0 1455.0 1455.0!

H •• t.~e: .., 1455.0 1455.0 145:=i.O 14~;=i~(1 1455~O 1455.0 1455.0 145:=i.O 1455.0 1455~O 1423.51 "f._,,;) • IJ
n

t~:-;3}O i.4~;-;~1) 1, ,1S:-; ~ (i 1.'1~~.fj 1,4r.:;:i.0 14!)~.O 1.4~5~O 14::i5.0 14~5.0 1455.0 14:-;5.0 1421.47

10 1405.,') 1455.0 1455.(1 1455,0 14'55.0 1455.0 145;=i.O 14::i5.0 1455.0 1455.0 145~.0 1455.0
11 1~~::i~1) 1.1~:;~f) 1, .1~~ ~ r) 1.4:i~. f) 1.1:-::i • f) 14:.i::i.O 1455.0 1,455 t 0 14:-)510 1455.0 14~5.0 1420.0
12 1412.5 1455.0 1455.0 1455.0 1455 "J 1455.0 145c..O 1455.0 1455.0 1455.0 1455.0 1434.1
13 14?:'L8 1.43:;~1) 1.·15::i.1) 145~.f) 145~.O 1455.0 1.455.0 1455.0 1455.0 1455.0 14551,0 1455.0
14 :1455.0 1455.0 1455.0 1455.0 1455.0 1455.0 145~.(j 1455.0 1455.0 1455.0 1455.0 1449.7
15 1.4:3!-;} f) 1.4;-;5.f) 1.1!)~t0 1.4:';5 t Jj 14:-;~tO 1455.0 1455.0 1.4;-;5.0 1454.1 1455.0 1455.0 1432.3
16 1414~O 1455.0 1455.0 1455.0 1455.0 1455.0 145~.O 145:::i.0 1455.0 1455.0 1455.0 1430.6
17 1.4~~L0 'I, V=;:;. () 14~:-j:0 11;:;~.1) 145:;~O 1.4~~.0 1.455.0 14~51'O 1.455.0 14~5.0 1.4~5.0 1420.9
J.8 1405,0 1455.0 1455.0 1455.0 1455,0 l4~::i.O 1455.0 1455.0 1455.0 1455,0 145~i.O 1455.0
19 1. 4:=;~:i 1 f) 1, ..1~3: t) 1.4!1~tf) 1.43;';.0 1A~~.O 14~5.0 1.4~5fO 1455.0 145510 1455.0 1455.0 1411. 7
20 1405.0 1455~O 1455.0 1455.0 1455.0 1455.0 145~.() 1455.0 1455.0 1455.0 1454.3 1406.7
21 1-1/)!=; 11) 1. 4:-;~) > ij 1.4~~,f) 14:15.1) 14~~.O l4!15.0 1455:0 1444.3 1455~0 1455.0 1455.0 1417.0
22 :1405.0 1455.0 1455.0 1455.0 1455.0 145;i.O 1455.0 1455.0 1440.9 1455.0 1455,0 1446.0
23 1.4~!11f) 1.1:-i5f0 J.·153l f) 1A0~'; +f) 1,4!=;!=;.O 145~.O 1.455.0 14~5.0 1455.0 1455.0 1455,0 1428.5
:14 1440.3 1455.0 1455.0 1455~O 1455.0 1455.0 1455.0 1455.0 1455.0 1455.0 1452.5 j405.0
25 1.10~l0 1.45~.f) 1. '1!=;!=; + f) 1455.f) 1455.0 14;-j5,O 1455.0 1455.0 1455.0 1455.0 1455.0 1410.2
'l' 1405.0 1455.0 1455.0 1455.0 1455.0 :1455.0 1455.0 1455.0 1455.0 1455.0 145:=;,0 1425.6,,'.1:'
~7 1.41..,,7 1,4~5~1) 1'1!=;!=;: I) 1.415.1) 1.4!=;!=;.O 1455.0 1455,0 1,455.0 1455.0 1455.0 1452.6 1405.0-,
28 1405.0 145;-;.0 1455,0 1455,0 1455.0 145~.0 145~,O 1455.0 1455.0 1455.0 1455.0 1433.2
29 1.41.!=;Jj :l. ,1!)3 : 0 JA!1~ ~O t4:i5.f) 1,.1:-';:-;+0 14~:-;.{) 1.455~0 1.455.0 1455.0 1455.0 1455.0 14l.1.8
30 1405.0 1455.0 1455.0 1455.0 14~5.0 1455.0 1455.0 1455.0 1455.0 1455.0 1455.0 1428.2
31 1t,O:1l0 l·1~:1.1) 1.15!=;~0 1. 455 .i) 1.437:i.O 14~7:i.O 1.4~5 ~ 0 14~5.0 1455.0 1455.0 14!=j5.0 1434.9
-~ 1435.1 1455~0 1455.0 1455+0 1455.0 145~.O 145;;.0 1455.0 1455.0 1453.4 1455.0 1455.0~'). ...

AVE 1426}7 1455~i) ~.4~3 .0 1.4~5.(j 11~:-; to 14~5.0 1455.0 1454.7 1454.7 1455.0 1454.9 1428.2

L-J L......J L......J Cm-J L......J L-J L-J L......J 1- ·-1 L......J L-J L......J L......J L......J L......J L......J L......J c..:J L......J



c::::J c::::J c::::J c::::J c::::J c::::J c::::J c::.J c::.J c::::J c::::J c::.J c::.J [] c::.J c::.J c::.J

ENrRGY FROM RESERVOIR 2 (GWH)

OCT NOV DEC JAN FEB NAF: APR MAY JUN JUL AUG SEP ANN

1 ;».4 , !. 337,6 104,9 :;7~~4 31.9 +0 285.7 232.4 204.5 189,8 194,3 342.2 259.3 3359.2
" 203.7 222.0 261.6 241.4 189.6 2j3.7 220.~ 256.7 180.3 185.3 3~OtO 232.5 2747.4.,-:.
3 ~Q!-;l7 321. ~ 0 '~06 ,3 376,6 12:).9 318.t 214,8 187.0 233.5 206.7 339.9 246.1 3101. 7
4 208.9 357.4 406.1 375.9 326.3 32?1 25~.:; 31t·.O 313.3 186.8 333.1 231.9 3633.1
5 ;>,0,3 ?21;·9 :;82 ;.:7! :;64.6 31.9.6 287.7 242.7 320.3 220.5 193.0 316.4 236.4 3315.5
6 211.9 224.1 407.5 377.~ :;77+7 339.3 242.0 201.8 263.1 244.8 356.5 312.2 3508.3
7 ~47~?i 14517 10~ ,8 :;7~f? ::iUi.S 291.1) '234.5 121.1, 316.4 29.8.8 379.5 432.0 391>5.5
8 266.5 357.8 406.4 376.4 ;:\77.7 3;:\f..2 274.4 236.1 303.6 192.4 342.7 256.9 3676.5
9 3:\, ,0 ~.~f)+:; 114,1 ,77. ,I. 123 t'~ 3:;4.8 ;>94,1 2!18.1 ~49t2 190.2 3,6.8 255.3 3727.1

lO 208ft.. 222.2 260.8 319.9 3/6.9 29?~ .742.4 280.2 208.4 205,6 330.8 408.5 3306.7
11 293,3 :;~t)+:; ,107 t '1 377,8 :'i:,·~7 .2 335.9 275.4 300.2 180.7 195.4 330.0 226.8 3606.2
12 205.9 329.8 409.6 382.9 330.8 338.4 298.7 310.4 321.9 231.8 352.7 244.7 3757.9
13 ;>09, 1. 11.1.}O 107.·1 ~7.~~:~: 326." 3~5.8 ?85+9 223.9 :126.7 2·S5.1 4·16.4 432.0 3946.1.
14 301.3 352~5 404.7 376,0 327.2 334.6 261.0 310.7 307,9 304.2 356.9 344.0 3980,9
15 ;>91.• 3 3~;:;.0 '10;j~~ ~7:} ••; :r~~~ +9 285.5 229~1 186.0 310.6 270.6 354.7 254.8 36M.1
16 211,8 283.8 403,4 37~.? ::16.6 292 .1 248.5 228.4 239,6 244.6 339.1 293.1 3~176.2
17 107,·1 349~,'1 10.1 t.~ :;7".8 ~:-!7 ,/-, 319.0 ~58~1. ;>01., 326.3 196,5 328.3 245.2 3642.5
18 ?0~.6 221.9 260.7 309,9 379.5 299.3 240,3 292.7 302.6 263.5 417.3 432.0 3575.4
19 ~4:j ~.; 3~3~9 ~09,l 377.0 3~7.~ 317.0 295~1 306.7 313.~ 289.4 341,5 252.3 38'18.4
~~O 205.0 221.5 259.4 282.3 317.5 289,3 137.4 194.2 188.1 184.2 347.9 251.2 2977.9
21 ~1)7)~ ~241'~ ;>64,0 ~44tfl 1.9;>.0 217.0 203.6 195.7 ~()2.4 205,1 335.3 251.0 2742.1
"~ 216.8 '")"1'") ... 268.7 ?4~.7 192.3 216.9 183.8 201.2 211 t 9 186.2 335.0 288.2 2778.8.r•.t.. .t..wk t,~

23 27/h3 334>8 1071.1 378,1 3~8+6 317.9 295.5 333.0 323.9 272.7 360.5 266.3 3915.6
24 200.8 343,1 404.3 374.9 32,~,5 307.6 238.2 184.3 215.7 187.9 347.1 257.8 3388.2
25 ;>04.," ~~1. >1. ~~9 >.' ~19t8 188., 2.';1.7 237~O 306.1 1B8.9 188.0 344.7 243.6 2883.3
26 205.8 223.5 264.4 244.2 192.4 217.0 183.7 265.1 311.2 288.9 346.3 245.6 2988.0
27 2·18> 9 347,7 104 l ,1 3t8 •.1 318.0 290.8 :':!~1.'; t 8 213.3 202.3 187.6 3~6+8 255+8 3440,6
28 207.7 227.8 267.1 244.4 191.6 294.4 254.6 217.8 321.1 275.7 ::\5Jl.5 255.4 3112.1
29 ;>1.0,8 3-1'1.8 108.1 ~77t9 3'28. 1. 337.1 ~94~7 21.8.3 175.1 185.6 342.0 254.2 3476.9
30 211.0 226.9 264,0 242.9 190.5 2:\::\.5 729.7 259+0 238.7 278.5 337.7 255.8 2948.3
31 ~{)7>9 ?79~1. ·'O~ ~ B 376.0 32h.~ 3,5.8 290.7 ~O2.3 ?97.6 298.0 358.4 253.8 3631. 9
~32 250.6 35At 1 404,1 ::76,0 325.8 335.1 278.3 211.1 175.5 264.9 446.4 400.6 3824.6

AV::: '") ...., "! '")nL '::"
~61~f) 3~0.J. ~9:;.7 29B.!1 2~L2 248.2 ~~5+1S 230.1 353.0 283.6 3445.9,.,.=! .', ~ 'I ··,7'1 t d

c::.J c::::J



TOTAL ENERGY PRODUCED <Gw:n
on NOV DEC JAN FEB MAR APR' MAY JUN JUL AUG SEP ANN

1 -11t,7 128,4 870,7 791"Q ,~I::.~ +9 5B8~5 471}4 355.5 324.6 331.9 495.8 538.5 6599.7., 653.9 471,9 551.4 504.2 392.0 438.5 444.0 471.3 325.1 328.8 491,6 494.1 5566.9.,
3 5'11. 10 689.1, 870,9 7n.:'; ":B~f3 656.1 477~9 354.0 340.8 340.5 538.2 464,4 6772.1.
4 572.5 767.1 870.7 79A.7 682.4 664.3 517.4 555. j ~25+8 331.5 476,6 390.1 7150.2
5 6:';7,1, '17~)3 81.9,1. 7n.3 .~67+~ 592~B 490,3 533)1 332.8 331.4 440.7 392.4 6502.5
6 610.2 473.3 871.1 796fC, 682.6 698.6 489,6 354,9 438.0 434,0 627.1 787.0 7263.0
7 5~;';14 7S0~9 870.\'> 791,,2 ":.0'-1, 7 598.8 474.7 554.:1 525.8 517.1 700.3 935.2 7914.0
8 548.6 766.9 870.7 797.1 683.0 69::'.4 556.2 404,7 526.0 331.9 539.1 597.5 7314.0
9 671,,9 7.',7, ';', H75) ~') 7n.3 ~B2f4 693~4 5981~ 463,7 440.1 331.9 505.7 475.6 7307,3

10 658.4 472.3 552.0 672,6 679.4 599.6 488 f) 445.2 324.6 331.8 543.7 794.5 6562.3
11. 1,13,0 7/,6,8 870.1, 79/,0 "S:LO 692.3 558.7 554tl 324.2 332,0 469.1 377.6 7038,4
:1.2 611.1 IOf.tO 870.6 R02.R 688.1 692.8 598.1 555.0 526.1 383.9 617.4 430.3 7482,9
11 5781:1 670,8 87418 796.H ~8~t8 692.1 57919 430.2 525.7 517.6 989.1 918.1 82;-;6.4
14 63b.5 766.9 870.7 797.0 683.0 692.3 532.9 555.2 52~.b ~18.1 690.8 755.9 8024.7
1!1 .'>1 t)B 7,S7 ~ 8 870,7 791,.0 <\80.8 588.3 46c,.8 ';',c,7.8 525.7 517.2 624.0 451.2 12:'7.4
16 A22.0 611.1 870.6 797.7 f:·f,3.4 60:;.2 505.6 422.7 400.3 413.7 546,3 690.4 7147.0
17 629,';', 7~:;.8 870,7 7%,2 ":8:<,1. 6:11.9 51.8~7 35510 525.6 3;'1. 2 465.8 430.3 7012,7
1.8 658,3 4"'1 .., 552.0 650.6 684.6 6j~~2 484.9 534.5 525.9 449.4 752.4 953.4 7331. 3I .....

19 520)1. 706.7 878.1. 79-'.,9 .~8~ ~ 0 69'2.8 597.8 554.4 526.5 517.3 495.6 511.0 7540.0
20 657.9 472.2 551.9 596.2 663.5 590.• 1 481.9 355.7 324.9 334.3 508,9 523.9 6066.9
21 6~O~1. 471.,7 ~~~ ... ;:;04.1. 19tt7 4~8.3 166.3 401,1 324.3 331. 7 478.8 469.1 5378.3.!,,} I. ~. ')

22 649.9 472.3 551.8 50~.3 391.9 438.4 366.4 352.9 358.9 328.8 578.7 630.1 5624.4
23 58:~l7 7.9.0 870.8 796.3 08:<.4 691.4 c,98,3 5!)4 •.S 1:''')' '=' 518,3 636.6 617.0 7849.8,,} ...0.·1
24 503.6 745.8 870,7 796.1 682.1 634.5 484.9 355.0 362.0 312.6 512.9 567.5 6857.9
25 6~)::;~'. 47~,t 5;-jll~ 5f)'1.~ :W1.0 539,1, ~8~,3 ~54~1 324.4 331.3 5CO.l 471.4 5778.2
26 A52,0 471.8 551.6 504,3 ;':92.2 438.6 366.6 461.5 526.5 517.5 562.2 523.5 5968.4
27 !)88~8 75:;.1 870. :-j 780.7 A,~3. 8 597.7 498.';', ~55.~ 325.0 342.1 554.5 557.3 6887.8
:'·!8 654.0 472,2 551.9 504.5 392.2 601.0 510.8 355.4 52c.• l 517,6 673.4 452.1 6161.2
29 609,9 7';',,1.:' 870,6 797.0 ":83.0 692.6 597~5 430.3 324.9 331,9 495.0 513.1 7080.3
~10 653.2 472.1 551,6 504,3 392.1 438.7 466.8 496.7 457.9 501,4 532.3 443.8 5910.9
31 ~.s~~o 59 4 ~ 7j 870 "S 796,9 ":8:<,9 692.4 589.4 371.6 522+4 517.5 614.8 520.9 7436.0
32 621+0 767,3 870.8 799.3 A83.0 692.4 565.0 388.4 ::32.0 448.6 988.8 859.2 8015,8

AVF. 6tO,1. 63·1,7 7.S9,9 7l.7. 1} .~13.B 61~t7 507tO 445.1 429.5 404.8 581.1 579,3 6908.1

L-J c:..J L.....J C--J c=.J L.....J L.....J c:..J c.:J c::.:::...:J c:..J L-J c:.::J L..J c::::.::::J c::::.::::J c::::.::::J c...J L..J



C=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:JC=:J

TOTAl USABLE ENERGY (GWH)

on NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN

1 131.17 7"8.4 870f ~; 79h.0 U~.9 5B8.5 471.4 3~5t5 324.6 331.9 495.8 538.5 6599.5
2 653.9 471.9 551.4 ~Ot!.2 392.0 438.5 444.0 471.::1 325.1 328.8 491.6 494.1 5566.9
3 5~ 1., 0 689,~ 870,0) 796.1. ~82~1. 65".1. 477,9 3c,4,0 340.8 340.5 5~8.2 464.4 6771.0
4 572.5 760,.8 870.5 796.1 682.1 664.3 517.4 554.3 525.6 331.5 476.6 390.1 7147.7
5 6:-;7~!) 17~~~ 819,1. 77<.3 M7.3 592.8 490.3 533.1 332.8 331.4 ·\40.7 392.4 6502.5
6 610.2 473.3 870.5 796.1 682.1 691.9 489.6 354.9 438.0 434.0 5"3.1 568.8 6952.4
7 52!1~1 7~f).9 870 ~~) 796.1 hM.7 598.8 474,7 554.3 525.6 517.1 543.1 568.8 7390.0
8 548.6 766.8 870.5 796.1 682.1 691.9 556.2 404.7 525.6 331.9 539.1 568.8 7282.3
9 h7",9 7,~~ .8 870,3 796. j. .S82.1 691.9 597.6 4~3.7 440.1 331.9 505.7 475.6 7298.8

10 658.4 472.3 552.0 672.6 679.4 599.6 488.1 445.2 324.6 331.8 543.1 568.8 6335.9
11 6t3,0 7M,8 870,0) 796.1. 68~.1 691.• 9 5c,8.7 554.1 324.2 332.0 469.1 377.6 7036.0
12 611.1 706.6 870.5 796.1 682.1 691.9 ~97.f, 554.3 ~25.6 383.9 543.1 430.3 7393.1
13 578,3 670,8 870, :'i 796.1. 682.1 691.• 9 579,9 430.2 525.6 517.1 543.1 568.8 7454.4
1.4 636.5 766.8 870.5 796.1 682.1 691.9 532.9 554.3 525.6 517.1 543.1 568.8 7685.6
15 61.1.,8 7,£;1,.8 870.0) 796.0 680.8 588.5 465,8 3~7t8 525.6 517.1 543.1 451.2 7175.0
16 b22.0 611.1 870,5 796.1 663.4 603.2 505.6 422.7 400.3 413.7 543.1 568.8 7020.4
17 ~29,3 733.8 870.:,; 79h,l 68~.1 ' 6c,3. 9 518.7 3!)5.0 525.6 331.2 465.8 430.3 701.2.3
18 658.3 472.2 552.0 650.6 632.1 613.2 484.9 ~34.~ 525.6 449.4 543.1 568.8 6734.6
19 52f)} 1. 7~~,7 87O,;' 796 d. 68~.1 ~9L9 597.6 554.3 525.6 517.1 495.6 511.0 7528.5
20 657.9 472.2 551.9 596.2 663.5 596.1 481.9 ~55t2 324.9 334.3 508.9 523.9 6066.9
21 .S5Q l1. 47L7 3:=i1~3 504 d. 391.7 418-.~ 366,3 401.1 324.3 331. 7 478.8 469.1 5378.3
'l'l 649.9 472.3 551.8 504.3 391.9 43fl.4 ::166.4 ~52.9 358.9 328.8 543.1 568.8 5527.6~~

2~ ~8nl7 7·S~,8 870.3 79·S d. ,,82.1 691. 'r ~97t6 ~54.~ 525.6 517.1 543.1 568.8 7702.5
24 ~O3.6 745.8 870.5 796.1 682.1 63-~.5 484.9 355.0 362.0 342.6 512.9 567.5 6857.5
'l~ .S~:·j l 1. 47<,.1. 3~1.~J SI)4.? 392,0 5~9.6 482.3 554.l 324.4 331.3 500.1 471.4 5778.2,;..~I

26 ~52.0 471.8 551.6 504.3 392.2 43fl.6 366.6 461.5 525.6 517.1 543.1 523.5 5948.0
27 58818 701".4 870,:; 7AO~? M3.8 597.7 498.3 3!15.5 325.0 342.1 543.1 557.3 6876.3
28 654.0 472.2 551.9 504.5 392.2 601.0 510.8- 355.4 525.6 517.1 543.1 452.1 6079.9
29 M9,9 734.;, 870,3 79~.1 t8? ~ 1, 691.9 597t~ 430.3 324.9 331.9 495.0 513.1 7077.6
30 653.2 472.1 551.6 504.3 392.1 43fl.7 466.fl 496.7 45'7.9 501.4 532.3 443.8 5910.9
31. 6!)~lf) c,94,;, 870,3 796.1. 1>82 + 1. 691.9 58914 371.6 522.4 517.1 543.1 520.9 73~1.6
7~ 621.0 766.8 870.5 796.1 682.1 691.9 56Ci.0 388.4 332.0 448.6 543.1 568.8 7274.3,:...:.:

AV~ 61.0,1. "'~4~6 769. :l 716. ,) 61.!1.~ 613.2 507,f) 445.0 429.4 404.7 519.9 508.0 6772.7

FORFf.AST DEMAND ENERGY (GWH)

on NOV DEC JAN FEI< MAR APR MAY JUN JUL AUG SEP
677,0 7,~.,>.8 870.:i 796.1. ,~8? 1 691.9 597.6 5!14.~ 525.6 517.1 543.1 568.8 7790.9



PRE-PROJECT FLOW AT GOLD CREEK (CFS)
OCT NOV DEC JAN FEB MAF( APr.: MAY JUN JUL AUG SEP

1 ,,333,0 ~~8~~0 1.439.0 1027.0 788.0 72h.G 870.0 11510,0 19600.0 22600.0 19880.0 8301.0
2 3848.0 1300.0 1100.0 960.0 8?0.0 740.0 1617.0 14090.0 20790.0 22570.0 19670.0 21240.0
3 ::571.~O ::>744.0 1.900.0 (61)0.0 1.000.0 880.0 no,o 5419,0 32370.1 ::>6390.0 20920.0 1·1·180.0
4 8202.0 3497.0 1700.0 1100.0 870.0 820.0 lA15.0 19270.0 27320.1 20200.0 20610.0 15270.0
5 %04.0 2100.0 l.;;()O.O 1.100.0 1.000.0 780~f) 12~5+0 17280~O ~5~50tO 20360.0 26100.0 12920.0
6 5370.0 2760.0 2045.0 1794.0 1400.0 1100.0 1200.0 9319.0 29860.0 27560.0 25750.0 14290.0
7 49:1J.,0 1.900.0 1.300. () 980.0 970.0 910.0 950,0 176,,0,0 33340.0 31090.1 24530.0 18330.0
8 5806.0 3050.0 2142.0 1700.0 1500.0 120~)'0 1200.0 13750.0 30160.0 23310.0 20540.0 19800.0
9 8~12~f) 39~'i4. 0 3::>,,4.0 1965.0 1307.0 1118.0 1533~O 1.2900.0 25700.0 22880.0 22540.0 75~~O.0

10 4811.0 2150.0 1513.0 1448.0 1307.0 980.0 1250.0 15990.0 23320.0 25000.0 31180.0 16920.0
11. .,)558 ~ f) ~~8~O ~ f) ~:::O{L() 1.84:i.f) l.'n:::~o 1197.0 1300~0 t~780tO 155~OtO 22980.0 23590.0 20~1.0tO
12 7794.0 3000.0 2694.0 2452.0 1754.0 1810.0 265~.O 17~60.0 2945~tO 24570.0 22100.0 13370.0
13 591,',.0 :::700~O 2100,1) 1900.0 1500.0 1400.0 1700.0 1.2590.0 43270.0 25850.0 23550.0 15890.0
14 f.723.0 2800.0 2000.0 1600.0 1500.0 1000.0 830.0 19030.0 2AOOO.0 34400,0 23670.0 12320.0
15 f>149.0 2250.0 1194.0 10·~8.S) 9/:.,',.0 713.0 745>0 4307.0 50580.0 22950.0 16440.0 9571. 0
16 6291.0 2799.0 1211.0 960.0 8bO.0 900.0 1360.0 17990.0 25720.0 27840,0 21120.0 19350.0
17 n05.0 1098.0 1,Q1.0 1.400. 1) 1300.0 1300.0 1.775~O 9645.0 329~O.0 19860.0 21830.0 11750.0
18 4163.0 1600.0 1500.0 1500.0 1400.0 1200.0 1167.0 15480.0 29510.0 26800.0 32620.0 16870.0
19 1900.0 235~~{) ~O55.0 1981.0 1900.0 1.900.0 191010 16180.0 31550.0 26420.0 17170.0 8816.0
20 4272.0 1906.0 1330.0 1086.0 9?2.0 833.0 1022.0 9852.0 20523.0 18093.0 16322.0 977b.O
21 3124.0 l~l~j~f) 8M.0 82·1. f) 7'08.0 776.0 1080.0 11380.0 1.8630.0 22660.0 19980.0 91.21.0-,,, 5288.0 3407.0 2290.0 1442.0 103A.0 9~O.O 1082.0 3745.0 3?930.0 2395~.O 31910,0 14440.0~~

2~ 5847.0 3093.0 2310)1) ~~:19.t) 2028.0 18::>3.0 1710.0 )1890.0 34130.0 22770.0 19290.0 12400.0
24 4826.0 2253.0 1465.0 1200.0 1200.0 1000.0 1027.0 8235.0 27800.0 18250.0 20290.0 9074~0

"" 3733.0 1.523,1) 1.034.0 874.0 777.0 7::>4.0 992.0 16180.0 17870.0 18800.0 16220.0 122~0.0.:.. ...1

26 3739.0 1700.0 1603.0 1516.0 1471.0 1400.0 1~9~fO 15350.0 32310.0 27720.0 18090.0 16310.0
27 7739,0 1.993 ,0 11)81.• 0 971. <) 950.0 900.0 1373,0 12620,0 ::>43RO.0 18940.0 19800.0 6881.+0
28 3874.0 2650.0 2403.0 1829.0 1618.0 1500.0 lA80.0 1)680.0 37970.0 22870.0 19240.0 12640.0
29 7571.0 3!12~.f) 2:)89.0 20~9.f) 1·568.0 1605.0 1702.0 11950.0 19050.0 21020.0 16390.0 8607.0
;,0 ~907.0 2535.0 1681.0 1397.0 1286.0 1200.0 )450.0 13870.0 24690.0 28880.1 20460.0 10770.0
31 7311,0 41.9::>,0 ~/J1.!).0 1.718.0 1.1.~,6tf) 1400.0 1670~O 120~O.O ~9080.0 32660.0 20960.0 13280.0
32 7725.0 3986 •.0 1773.1 1453~6 1235.6 1114.3 1~67tS 1J~16t7 18143.0 32000~O 38538.0 13171.1

AV~ ~770.8 2577>1. l807>~ 1474'"'- 1249.1 11::>3.7 1361?7 11?40.0 27814.9 24445~1 22228~1 13320~~

L....JL....Jc..::Jc.::Jc.::Jc..:Jc....:Jc.::Jc...Jc.::Jc..:JL....Jc:::::JL....Jc:::::Jc..::Jc:.::JL....Jc:::::J



c.:::::J c.:::::J c.:::::J c.:::::J c.:::::J c.:::::J c.:::::J c.:::::J c:::J c:::J c.:::::J c:::J c:::J c:::J c:::J c:::J c:::J c:::J '-J

POST-PRO.IECT FLOWS AT GOLD CREEK (CFS)

OCT NOV DEC ,JAN FEB liAR APR MAY JUN JUL AUG SEP

1 7179)2 t09~1)4 1257g.~ t16~O~~ 109~9.~ 88f;~t1 7472,8 73·~4.3 7178~9 7206.1 12000.0 9300.0
2 6748.5 7141.1 8134,9 7497,6 6524.0 6631.9 7138.6 8784 I ~i 6555.1 6708.4 12000.0 ~?300.0
3 6819.( 10411,( 1~668.8 117~6.9 1(180.6 98~9 f'~ 7522.8 ,~195.0 9795.3 7901.5 12000.0 9300.0
4 7~07.4 11650.3 12668.0 11689.6 11211.6 9983.0 8217.8 1125~.3 12069,7 6776.1 12000,0 9300.0
~

72~i1..7 7247.7 l1R96>~ tl~l~~A 10979.8 8'~1,9.1 78:>7,8 1(870,1 9085.4 71'j6.4 12000.0 9300.0.'• 7?8t. +5 7392.2 12739.4 11782.4 11311.0 1053A.0 780?8 7J51.2 10161.0 8894.3 12000.0 10444.40
~ 79V.9 11123.8 P!'i72,1, 1l6~5,c 1.09.19.8 9079.3 755;:>8 1.1.581.5 12282,2 110B8f~ 13619+1' 18330.0I

8 8787.9 11673.8 12683.1 11721.9 11278.3 10458.6 8833.8 S;=iS6d) 11415.3 7132.1 12000.0 10172.8
9 (0983.0 1(84H,8 11114.( ((797.3 1(?07.9 (038c.6 94A5~4 9008.2 92271~ 6S'82.1 120CO.O 9300.0

10 7116.3 7230.1 8181.8 9993.1 11286.8 9119.3 7R524R 10727.6 8422.7 7949.~ 1278~.3 14603.0
11, 9519.9 1(577.0 lc749.7 11804.9 1(280.( 10419,1 88~,S >~ 10230 f 9 6576.5 7264~7 1:2000.0 9300.0
1.2 7203.6 10747.3 12886.7 12045.8 114~2.8 10604.2 9759.4 10900.2 12635.2 8836.7 12000.0 9300.0
13 7073,9 (0062.9 12680.9 (1701.4 1(~34,? (0432.7 9395,0 735315 12998.0 9011.9 1753115 15890.0
14 9704.9 11332.8 12580.8 11696.5 11281.5 10356.3 8~3?7 10911.1 11714.1 11389.6 12000.0 11550.9
15 943019 11473.8 1~~98.7 11618.9 11191.3 88~2~:; 7347.8 ,~OOO.0 13300;.2 9366.2 12000.0 9300.0
16 7305.8 9195.6 12487.2 11601.1 10839.8 9039.3 7962~8 7766.0 9243~9 9184.7 12000.0 10644.5
17 (0186.9 ((32(,8 12~98.7 117~8.9 11293.4 9947.7 R3?7f8 7117~O 12899.·1) 7:~80. 5 12000.0 93CO.0
18 ,,931.1 7212.7 B17L5 9697.8 11379.8 9339.~ 7769.8 10068.6 11354.1 98~1.3 15l9~.8 16870.0
19 7881}9 11423.0 12737.1 11731.6 11300.9 1051.0.0 9518.6 10652.1 12076.0 1047].8 12000.0 '1300.0
20 f.889.6 7178.6 8091.0 8777.6 10901.8 897?3 7624.8 A686.5 7093.7 6484.0 12000.0 9300.0
21 6nL1, 7~1.~.~ 8J.9.1.( 7607.J. 6M3.9 .~7 ~:-'L,4 657718 6746.0 79M.0 7842.4 12000.0 9300.0
'l~ 7~15 .1 7724.7 8500.2 7697,1 6655.9 ,,7,,9.9 5950.4 6561,9 8695.2 6750.4 12000.0 10~52~8.:....:.

23 9828.9 1.1484.7 1~76~,1 ((867.9 ((106.1 (0590.9 95~8f8 12380.0 1281?8 9~·~210 12000.0 9100.0
24 6153,2 11030.1 12541.9 11619.5 11214.1 9529>3 7,'.29.8 f.020. Q 8778,7 6484.0 1200~.O 9300.0
~~ MP0 l4 71,03,9 801') ~~ 74?~.9 ,';4:::7.1 8101..8 7~.i'r4~:3 1061.1.5 7121.1 68('6.9 12000 f 0 93C:0.0... 0

26 f.849.9 720001 8268.7 7634.9 66'i'7.7 6?'j8.4 5989.5 9487.4 1j922~4 10~37f6 12000.0 9300.0
27 8~27~~ 11~t,~~8 .1~3:1:?~~! t14FI.1} 1f)9~9f8 9019.3 797~"R 78:j9~9 80.11.2 6484.0 12000.0 93f}(I.O
28 7001.4 7515,6 8491.4 7707.6 e,687 f 1 9?1~~f6 8787.8 8)83.5 12592.0 9,S28 +5 12000.0 9300.0
29 73~6t7 1t299.3 1~808t2 11810.6 1.t3~Q.4 10515.~ 9493.::i 698c'f 4 6212.7 6662.3 12000.0 9300.0
30 7)90.6 7439.1 8272.3 7582.1 6~;86 ft. M18d ..,..,.'C" <:' 8522.2 8243.5 10003.2 12000.0 9300.0/,"'O"tJ
31 7096. ~ 9128lR 1~6491:~ 11689.6 t1~23t6 t04~O~8 9357.5 6921~7 12306.9 118~6.2 12000,0 9300.0
32 8334.0 11632+7 12677.1 11759.5 11268.2 10448.4 8994.4 8:1 5~)' 2 6000.0 8940.92114".2 13171.1

AVE 77A4~9 9A~O~8 1.1~70,9 10596.7 10190.9 9285.6 81.00.4 8706~3 9B82+9 8387.3 j2633.5 10510+3
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8 - RESERVOIR AND RIVER TEMPERATURE STUDIES

8.1 - Introduction

The objective of the reservoir temperature studies was to determine the
impact of project operation on water temperatures immediately down
stream from the damsites. Companion studies were made to extend these
outflow temperatures to critical locations between the damsites and
Tal keetna.

The results of these studies are used to determine the best outlet
works and power intake configuration to achieve downstream water tem
peratures consistent with the fishery mitigation plan and, when
possible, to maintain acceptable ice cover growth and stability.

Two models were used in the reservoir temperature study. Early studies
had used the Reservoir Temperature Stratification Program developed by
the U.S. Army Corps of Engineers (1972). Results from this study are
given in' Acres (1982). Review of these findings resulted in the recom
mendation to the Alaska Power Authority to continue reservoir tempera
ture modeling with a more detailed model and to verify this model with
collection of temperature profiles and other data at an existing
Alaskan lake or reservoir.

Several models were reviewed for availability and suitability for
Alaskan conditions. Of importance was the requirement to model reser
voir temperatures under ice-covered conditions and the ability to model
selective withdrawal intakes. The program Dynamic Reservoir Simulation
t10del (DYRESM), by Imberger and Patterson (1978, 1980), was sel ected as
a suitable model due to its general acceptance in the field of tempera
ture modeling and its application to lakes and reservoirs in Canada.
An ice-cover subroutine was developed by Dr. J. C. Patterson and Ac res
to model winter conditions.

Two programs developed in-house were used to predict water temperatures
in the downstream reach between the dams i tes and Talkeetna and to
establish ice cover formation and growth. Reservoir temperature model
ing, in conjunction with the project operation model, provided the
necessary upstream boundary condition of temperature and discharge
requi red for the downstream temperature model (HEATSM). Th i sin turn
provided the upstream boundary condition (ice generation section) for
the ice model (ICESM). Together, the three programs provide a complete
model of the reservoir and river reach thermal condition.

8.2 - Early Studies

The conclusion drawn from temperature studies finalized in 1981 (Acres
1982) was that single power intakes capable of drawing water to the
lowest operating level would not be able to provide the downstream tem
peratures required for fisheries. Consequently, intake structures with
the capability of withdrawing at variable levels were found to provide
acceptab1e temperatures duri ng the summer months. However, wi nter
temperatures were not as acceptable because of delay of ice-cover
formation and subsequent uncertainties of ice-cover stability.
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The operational philosophy of the power intake was to draw off water as
close to the surface as possible, given the intake layout and hydraulic
submergence criteri a. Th is operation was assumed for three weather
conditions of wet, average, and dry, and for two downstream flow condi
tions. Downstream conditions assumed were Case A (best power opera
tion, August minimum flow of 6000 cfs) and Case D (least environmental
impact, August minimum flow of 19,000 cfs).

Results of the temperature modeling for Case A for the reach from Devil
Canyon dam to Talkeetna with Watana/Devil Canyon operation are sum
marized in Tables 8.1 to 8.3 for average, wet, and dry weather condi
tions. Cross-section locations are given in Figure 8.1. Generally,
summer (July and August) water temperatures at Gold Creek are about
10°C for all weather conditions assumed. June and September tempera
tures at Gold Creek are about 8°C. Winter (October to May) tempera
tures at Go 1d Creek never fa 11 below 3°C for the three weather condi
tions assumed. Similarly, at Talkeetna summer water temperatures are
about 12°C, June temperatures are about lOoc, and September tempera
tures are about 8°C. Winter temperatures are such as to prevent the
establ ishment of a significant ice cover above the Susitna/Chulitna
confluence at Talkeetna.

Further details of the models and the results can be found in Appendix
A4 of Acres. (1982).

8.3 - 1982 Studies

(a) Introduction

During 1982, studies of reservoir temperatures were extended to
include recorded meteorological data at Watana and elaboration of
model ing techniques. Previous studies based on a monthly time
step were unable to provide the necessary details on possible
daily temperature fluctuations to the fishery mitigation plan.
The extended studies required the selection of a reservoir tem
perature model which coul d provide daily temperature results and
be able to accurately model meteorological forcing, wind mixing,
inflow dYnamics, and outflow dynamics on the same daily time step.
After review of several models with the above qualifications, the
program DYRESM was selected.

The selection of DYRESM was based on a general review of the
model's analogues of the physical system, the availability of the
model and of one of the authors (Dr. J.C. Patterson) for consulta
tion, and the verification or use of the model on deep, glacial
fed lakes in British Columbia, notably Kootenay Lake. A brief
general description of the model is given below in Section 8.3(b).
Detailed discussion of the model and its analogues is given in
Imberger and Patterson (1980). Modifications to the basic program
are discussed in subsequent sections of this section.
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Verification of DYRESM was accomplished by modeling the dynamics
of Eklutna Lake, Alaska, and by comparison of the results with
measured data. Details of this verification and of modifications
made to DYRESM to better model the temperature regime are given in
Section 8.4. Reservoir temperature results for Watana and for
Watana/Devil Canyon are given in Sections 8.5 and 8.6, respec
t i vely.

(b) DYRESM t10del

Predictions of reservoir temperatures stratification and outflow
temperatures have been made using a one-dimensional numerical
model developed by Imberger et al. (1980). The DYRESM model has
been modified to include ice-cover formation and outflow hydrau
lics associated with multiple intake structures.

DYRESM approaches the problem of reservoir temperature (and
salinity) modeling by parameterization of the physical process
rather than numerical solution of the appropriate differential
equations. The reservoir is modeled by a system of horizontal
layers with uniform properties which move up and down, in accor
dance with the volume-depth relationship, as inflow and withdrawal
increase and decrease the reservoir volume. Each model layer has
dimensions suited to the function or condition it is required to
represent. For example, the reservoirs mixed layer may be modeled
by a combination of several layers starting with a reasonably
coarse layer structure in the epilimnion and graduating down to a
very narrow fine layer in the transition zone.

The construction of the model DYRESM consists of a main program
with subroutines which separately model each of the physical pro
cesses of inflow, withdrawal, mixed layer dynamics, and vertical
transport in the hypol imnion. Other subroutines provide support
for handling frequently required data such as volumes, density,
etc.

The physical processes involved in the modeling require definition
of the time step over which they act. Inflow and outflow dynamics
generally change relatively slowly from day to day" whereas the
mixed 1ayer dynamics require a much finer time step. In DYRESM,
the base time step is set at one day for calls to subroutines
which deal with inflow and outflow. Calls to other subroutines
are based on the dynamics of the situation and range from fifteen
minutes to twelve hours.

Meteoro 1ogi ca1 data are generally assumed to be input as daily
averages, except for wind speed which is also given as six-hour
resultant wind speeds. Allowance is built into the program for
short wave radiation absorption between day and night. DYRESM
requires comprehensive data on wind speed, short- and long-wave
radiation, temperature, vapor pressure, and precipitation in
addition to physical characteristics of the reservoir and inflow
and outflow quantities.
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Detailed discussion of DYRESM is provided in Imberger et al.
(1978), Imberger and Patterson (1980) and Fischer (1979).

8.4 - Eklutna Lake Temperature Modeling

The program DYRESM has been extensively used in Canada and Australia to
predict thermal and salinity profiles within lakes and reservoirs. To
aid in assessing the acceptability of DYRESM for Alaskan conditions, a
data collection program was established in 1982 to obtain information
on the thermal structure of Eklutna Lake and to collect meteorological
data.

Eklutna Lake is located approximately 30 miles north of Anchorage
(Figure 8.2). It is a natural glacial lake formed by blockage of the
valley by moraine. In 1965, a hydroelectric project was developed at
the lake to utilize the flow and storage capacity.

Powerhouse facilities are connected to the lake via a single tunnel
with an intake located in the northern end of the lake (Figures 8.2
and 8.3). Elevation-area storage curves were developed by R&M
Consultants from the hydroelectric project construction drawings and
topographical maps (R&M 1982).

(a) Data Collection Program

The reservoir temperature model DYRESM requires detail ed daily
meteorological data. These data include on a daily basis:

- Mean temperature (OC);
- Mean wind speed (m/s);
- Air vapor pressure (mb);
- Total short-wave radiation (kj/m2);
- Precipitation (mm); and
- Long-wave radiation (kj/m2) or, as an alternative, cloud cover

as percent of sky.

In addition, the version of DYRESM used requires resultant wind
speed for six-hour increments. These variables were collected at
a weather station located near the southern end of the lake
(Fi gure 8.2). A "Weather Wi zard" s imil ar to those used in the
Susitna Basin was established.

In addition to cl imate data, information on the quantity and
temperature of inflow to the lake as well as powerhouse and over
flow quantities are required. The inflow data requirement was met
by establishing two gaging stations on the major tributaries which
measured temperature and stage; station locations are shown on
Figure 8.3. Periodic measurements were made at these stations to
determine the stage-discharge relationship so that daily flows
coul d be estimated. Temperatures were measured on a cont inuous
basis at the two locations. Powerhouse and overflow quantities
were obtained from records kept at the Eklutna powerhouse.
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Approximately at two-week intervals, measurements of lake tempera
ture profiles were made at up to seven stations. In addition,
measurements of turbi dity and conduct i vity were made at selected
locations.

On those occasions when either weather data or streamflow informa
tion was missing or not reliable, estimates were made based on
other sources. The periods covered by estimation are given in R&M
(1982).

Eklutna Lake Modeling Results

Before modeling commenced for Eklutna Lake, a review of DYRESM was
made to ensure that any site-specific parameters were accurately
represented. This review resulted mainly in adjustments to mete
orological variables, particularly wind speed.

vegetation (2 m);

R&M Consul tants and was
Their report (R&M 1982)

wind speed used in DYRESM;
measured wind speed;
gage height above ground and

and;
DYRESM assumed height (6 m).

This produces an increase of 17 percent in measured wind speeds.
Other key site-specific parameters used in DYRESM are given in
Table 8.4. These are based on measurements at the site and
recommended values (Patterson 1982 Personal communication;
Imberger and Patterson 1980).

The initial run of DYRESM for Eklutna Lake was made for the
periods June 1 to June 18 and August 25 to October 13. These
periods were selected for calibration of the model because of the
uncertainties associated with July and August meteorological data
(R&M 1982). The comparisons of measured and estimated profiles

The above information was collected by
reduced to the form required by DYRESM.
contains a summary of this information.

WSd = (~) 1/7 • WSg
hg

Where: WSd =
WSg =

hg =

hd =

In DYRESM, the wind speed is assumed to be measured at a height of
6 m and is adjusted within the program to provide an estimate of
the wind speed at the water surface. This adjustment is required
to correct for the velocity distribution within the turbulent
boundary layer usually existing at an air/water interface. The
Weather Wizard instrument, however, measures wind speed at about
2 m above surrounding scrub vegetation, so an underestimation of
wind speeds would occur if no correction was applied. Based on
boundary 1ayer theory, the wind speeds measured were adjusted by
the ratio given below.

(b)
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DYRESM has three conditions under which the assumption of one
dimensionality is valid (Imberger 1980). The most important
condition for Eklutna is given by the Hedderburn number:

The global vertical diffusion coefficient Ez is a measure of the
mixing caused by wind and inflows for a given stratification and
forcing history. Ez is computed as follows:

Hhere: H = Hedderburn number;
g' = effective reduced gravity across the thermocline;
h = depth of the mixed layer;
L = basin scale; and
U* = surface shear velocity.

within Eklutna Lake are given in Figures 8.4 to 8.6 for June 18,
September g, and Se ptember 21. Th ese results show acceptable
agreement between estimated and measured profiles for June 18 and
September 9. However, on September 21 the measured profile shows
substantial mixing to depth indicated by the warmer hypolimnion,
whereas the estimated profile remains substantially stratified.
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~ • .b.
;7LH =

Review of the meteorological data indicates that two periods of
hi gh winds occurred between September 9 and September 21. These
events would explain the mixing to depth of warmer surface water
with cooler hypolimnion water and could produce the profile
measured. In DYRESM, however, these wind events have only caused
deepening to about 50 feet. Consequently, the base version of
DYRESM would appear to be not strictly applicable during high wind
shear events. Fortunately adjustments can be made to the model to
provide adequate representation of the mixing process during high
wind shear. This is discussed below.

Spigel and Imberger (1980) have shown that for H>l, the departure
from one-dimensionality can be assumed minimal. For O<H<l, the
departure is severe but can be parameterized, and for H<O, the
lake overturns. To determine whether these criteria for one
dimensionality were violated, the Hedderburn number for Eklutna
Lake was determined for selected days from meteorological data and
the simulated temperature profile; these values are given in Table
8.5. This shows that for September 15 and 21 (periods of high
winds), the Hedderburn number is less than or close to one. Con
sequently, the one-dimensionality of DYRESM is not strictly valid
during these periods. Fortunately, the problem can be resolved by
modification of the vertical diffusion coefficient, which is a
scale of the efficiency of transport of mass and momentum.
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Simulated and measured profiles at the station in the approximate
center of the lake are given in Figures 8.9 to 8.19. In general,
most profiles are modeled to within 0.5°C. This is generally
within the observed variations of temperatures between measuring
stations (R&M 1982).

The parameterization affects only those periods of weak stratifi
cation or high winds. Periods with moderate-to-strong stratifica
tion or moderate wind speeds would result in DYRESM using the
recommended value of K1 ; 0.048. Obviously, this method
requires much more refinement and justification, but it is
believed the present method is adequate.

global vertical diffusion coefficient;
a function depending upon the basin shape, the

stratification, and the forcing history;
reservoir depth;

power introduced by wind at the surface;
power introduced by the inflowing streams;

potential energy of the stratification in the
whole lake; and
stability parameter.

E ;

z

Hhere: Ez ;

K1 ;

H ;

Pw ;

Ps ;

E ;

S

1mberger and Patterson (I 980) recommend a va I ue of K1 of 0.048.
However, Patterson (Personal communication 1982) proposed val ues
of K1 of 0.096, 0.24, and 0.48 during periods when the
Hedderburn number is less than one. Analyses were made with these
va lues, and it was found that K1 equal to 0.096 provi ded the
best fit of simulated profiles measured. Comparisons with
measured profiles for September 9 and September 21 are given in
Figures 8.7 and 8.8, respectively.

Hith the above parameterization of the mlxlng process during
periods of low Hedderburn numbers, a simulation was made of
Ekl utna Lake temperature for the period June 1 to December 31.
This was broken into two periods of June 1 to August 25 and August
25 to December 31 to model the system accurately. This·breakdown
isolated the estimated Eklutna meteorological data of July and
August and permitted better analysis of the August 25 to December
31 period. In addition, a reevaluation of meteorological and
other input was made to ensure accuracy. This review resulted in
changes in some meteorological variables in September through
December.
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Deviations in measured and simulated profiles can be explained
through an assessment of the meteorological variables used, the
reliability of the measurement of these variables, and the general
modeling techniques used in DYRESM. Reduction of the magnitude of
deviations could be achieved by a very fine tuning of the model to
meet specific conditions and adjustments to input data to produce
better resul ts. In most cases, however, the temperature profil es
are reasonably estimated; consequently, there appears to be no
justification to undertake a major reevaluation of estimated
meteorological data or modeling technique.

Outflow temperatures from Eklutna Lake are given in Figures 8.20
and 8.21. In general, the simulated outflow temperature is 1°C
below the measured temperature during July to mid-September. From
mi d-September to December, simu 1ated and measured temperatures
match well. In 1ate June and early July, severe devi at ions
between measured and simulated temperatures occur (Figure 8.20).
This deviation is believed to be a result of a combination of
DYRESM inadequacy in modeling a three-dimensional system and
possible underestimation of air temperature and solar radiation
and overestimation of wind speed, variables for which data were
not available during much of this period.

The configuration of Eklutna is such that the portion of the lake
near the intake structure is shallower than the rest of the lake
(Figure 8.3). This would result in a greater mixing influence
from the intake structure than is modeled by DYRESM. The major
portion of the temperature deviation is, however, believed to be
caused by uncertainties associated with data collected during this
period. The model results for June 18 (Fi gure 8.10) show a very
reasonabl e match to measured profil es as does that of July 14
(Figure 8.11) •. This indicates that average meteorological condi
tions over the entire period, June 18 to July 14, are suitably
measured. However, estimates of conditions on a· daily basis may
be in error. Errors in estimates of wind speed, in particular,
can have a major influence, since overestimation would result in
too much epilimnion mixing and subsequent deepening, which in
turn, would result in cooler outflo\1 temperatures. Errors in out
flow temperature measurements may a1so be present. Temperature
isopleths for June 18 and July 14 for the lake are given in
Figures 8.22 and 8.23, respectively. These demonstrate the tem
perature pattern throughout the lake and provide further documen
tation that DYRESM is modeling the system adequately.

The deviation in temperatures from July to mid-September is
believed to be caused by the model approach of assuming an average
lake temperature profile. Field measurements indicate that
Eklutna Lake is generally warmer in the intake aea than in the
mid-lake area. This would explain the higher measured tempera
tures.
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Ice-cover formation on Eklutna Lake began during the latter part
of November 1982 with a full ice cover bel ieved to have been
formed in mid-December. DYRESM, as the result of a slight daily
overestimation of cooling rates during late October and November,
estimated ice-cover formation to begin November 17 with a full ice
cover on November 29. Measurements made on January 14, 1983,
indicated an ice-cover thickness of around 18 inches. This com
pares favorably with an ice thickness of 21 inches predicted by
DYRESM.

The above discussion establishes the adequacy of DYRESM to predict
the winter and summer thermal stratification of a glacial lake
under Alaskan meteorological conditions. It is, therefore,
believed that the program DYRESM can predict an average reservoir
temperature profi 1e to withi n 0.5°C and outflow temperature to
within 1°C. It is likely that ice cover formation and ice
thickness is predictable to within five days and five inches,
respectively.

8.5 - Watana Reservoir Temperature

Detailed daily simulations were made of the temperature structure of
Watana reservoir operating under Case C power operation conditions
(12,000 cfs minimum August flow). Meteorological data collected at
Watana camp for June to December 1981 were used as input to DYRESM.

(a) Reservoir Temperature Profiles

Temperature profil es for the fi rst day of each month of June
through December are given in Figures 8.24 to 8.30, respectively.
A profile for December 31, 1981 is given in Figure 8.31. The
temperature structure at Watana follows the typical pattern for
reservoirs and lakes of similar size and climatic conditions. In
general, stratification occurs during June, July, and August.
Maximum surface temperatures occur in July and August. The maxi
mum surface temperature simulated was 10.9°C on July 3 and August
28.

Depths to the thermocline are variable with strong dependence upon
weather conditions, particularly wind speed. In June, typical
mixed layer depths are small, about 5 to 15 feet. During July and
August, the heat balance is positive into the reservoir and
mOderate-to-strong stratification occurs. Mixed layer depths dur
ing this period can be about 130 feet, with a sharp temperature
gradient of approximately 5°C in about 50 feet.

Multi P1e-mi xed 1ayers are est imated in Watana because of peri ods
of warm, calm weather that provide surface warming with 1ittle
mixing interspersed with windy periods which cause deepening by
mixing warm surface waters with cooler water below. The duration
and magnitude of the wind dictate the amount or depth of mixing
occurring; hence, the step-like appearance of some summer profiles
(Fi gure 8.27).
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Cooling in September results in the gradual destruction of summer
stratification and the deepening of the epil imnion to depths in
excess of 150 feet. This process continues until isothermal con
ditions occur which are simulated to occur in mid-October. Iso
thermal conditions continue until water reaches its maximum densi
ty, after which reverse stratification takes place.

For the Watana reservoir simulation with 1981 data, a weak reverse
stratification (Figures 8.30 and 8.31) occurs in late November and
remai ns reI ati vely stab I e throughout December. Under other
meteorological conditions, the simulated depth to the hypolimnion
of about 180 feet could be much less due to less surface mixing or
earlier ice cover formation.

Ice-cover formation on Watana reservoir was estimated to occur on
November 20 with a full ice cover on November 22. Ice thickness
on December 31 was estimated at 31 inches.

(b) Outflow Temperatures

The multiple-level intake at Watana allows the utility to provide
variable water temperatures within a range dictated by the thermal
structure within the reservoir. The philosophy of operating this
structure is to provide water temperatures as close to ambient
river temperatures as possible. In general, this results in the
intake closest to the surface being used, provided hydraulic sub
mergence c rite ri a a re met. However, on a few days, deeper intakes
are used to provide water temperatures which are closer to those
requi red.

The out fl ow temperature i mmed i ately downstream from Watana dam is
given in Figures 8.32 and 8.33. This temperature series repre
sents the temperature used as input to downstream temperature
model ing discussed later. Effects of spillage, when it occurs,
have been included in the estimate of outflow temperature.

The comparison of natural (inflow) temperature and simulated out
flow temperature shows that during summer months, the outflow
temperature follows natural temperature trends but is cooler dur
ing July and slightly warmer in August. On most days, however,
outflow temperatures in July and August are within 0.5°C of
natural temperature. In June, outflow temperatures lag signifi
cantly behi nd natural temperatures because of reservoi r fill ing
and the heat requi red to warm the s i zab Ie Watana reservoi r. The
reverse is true in September, when cool ing is insufficient to
provide close to O°C outflow temperature (Figure 8.33).

During September to mid-November, the simulation shows a gradual
reduction of outflow temperature from 9.5°C to 2°C (Figures 8.32
and 8.33). Stable outflow temperatures of around 2°C start in
mid-November and conti nue throughout December. Temperatures are
expected to remain close to 2°C until spring breakup, which is
generally in May.
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8.6 - Watana/Devil Canyon Operation

(a) Reservoir Temperature Profiles

The DYRESM program was used to predict reservoir temperature pro
fil es and outflow temperatures at the Watana and Oevil Canyon
reservoirs. Case C power operation was assumed in both cases.
Watana inflow and meteorology were assumed to be the same as for
Watana operation. However, Watana outflow is changed as the
result of different power operation when Devil Canyon powerhouse
is on 1ine.

Watana outflow quantity and temperature plus flow and heat contri
bution from the area between the damsites is used as input to
Devil Canyon reservoir.. This provides a much more stable tempera
ture input to Devil Canyon than for Watana, with a delay in warm
ing of water in June and cooling of water in September. However,
Devil Canyon will exhibit the general pattern of early summer
warming, summer stratification, and fall-to-winter cooling through
an isothermal condition to reverse· stratification.

Stratification and outflow temperatures at Watana under the
assumed Watana/Devil Canyon operation scenario are essentially the
same as for Watana operation.

Typi ca1 reservoir temperature profil es at Devi 1 Canyon are gi ven
in Figures 8.34 through 8.40 for the first of each month from June
to December. Figure 8.41 shows the profile for December 31.
Devil Canyon reservoir, because it is smaller than Watana reser
voir, exhibits responses to meteorological conditions in a manner
more similar to Eklutna Lake. This is particularly true for
strong wind storms which result in stepped temperature profiles,
as shown in Figures 8.35 and 8.36. Generally, reservoir stratifi
cation is weak in June but builds during July and August. Typical

. mixed 1ayer depths are about 50 to 70 feet during the summer
months. For 1981 weather data, cooling at Devil Canyon is delayed
to late September and early October. This is partly because of
the warmer inflows to the Devil Canyon reservoir from Watana.

Isothermal conditions occur in 1ate November with cool ing until
maximum density water is present throughout the reservoir depth.
Reverse stratification begins in mid-December and the reservoir is
very weakly stratified on December 31. Mixed 1ayer depth in
December is about 30 feet; however, it would be greatly influenced
by severe cold weather, mixing events, and the outflow and
temperature of Watana.

The maximum Devil Canyon reservoir surface temperature of 8.8°C
occurred on August 28. The minimum surface temperature of 2.4°C
occurred at the end of the simulation period (December 31, 1981).
No ice formation was observed for the simulation of Devil Canyon.
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(b) Outflow Temperature

Devil Canyon outflow temperatures, 1ike Watana, are assumed to
follow the inflow temperature as close as possible. The two-level
intake structure at Devil Canyon provides some flexibility but not
as much as at Watana. This problem, however, is not acute, since
Devil Canyon operation provides a more stable water surface level.
Maximum outflow temperatures occur in late July to mid-August and
are about 8°C. Temperatures in June fl uctuate because of the
tendency for mixing and deepening of the thermocl ine during this
weak stratification period. Outflow temperatures for June to
September are given in Figure 8.42 and for October to December in
Figure 8.43.

For this simulation period, large summer runoff resulted in power
operation under full reservoirs, and spillage occurred at both
reservoirs. This is reflected by the depression of temperatures
to about 5°C during the maximum spillage period around August 19
(Figure 8.42). This coldest temperature occurs for only one day,
with temperatures rising to about 6°C after three days. As spill
age reduces, outflow temperatures increase and eventually return
to about 7°C by early September.

Devil Canyon outflow temperatures from mi d-September to December
31 exhibit a much more gradual fluctuation in temperatures than
those observed at Watana. Temperatures during this period fall
from a high of 8°C on September 14 to a low of 3.5°C on December
31 (Figures 8.42 and 8.43).

8.7 - Downstream Temperatures

(a) Watana Operation

The outflow temperatures estimated by DYRESM with 1981 meteorolo
gical data and Hatana operation have been used to determine the
water temperatures in the reach between Watana and Talkeetna. The
discharge and outflow temperatures from Watana are input to the
HEATSM program to make this estimate. Case C (12,000 cfs minimum
flow in August) has been assumed.

Resul ts of the HEATSM ana lysi s are presented in Fi gures 8.44,
8.45, and 8.46 for the period June to December. During June and
July, warming of the Watana discharge occurs between the damsite
and Talkeetna. For the two days in August, shown in Figure 8.44,
the heat bal ance between the water and atmosphere results in no
heating or cooling, and temperatures at Talkeetna are equal to the
Watana outflow temperatures.

In September, the heat bal ance in the reach becomes negat i ve,
resulting in cooling, and Talkeetna temperatures are below those
of the outflows at Watana. This cooling continues throughout the
winter months. Because of the gradual reduction in outflow
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temperature in September and October, the downstream temperatures
exhibit a similar trend, which is clearly demonstrated by the
upstream movement of the O°C front with time (Fi gure 8.46).
Coincident with stable outflow temperatures is the establishment
of a stable O°C water temperature at river mile (RM) 150 (Portage
Creek). Hence, this would be the probable upstream 1imit of ice
generation. Table 8.6 summarizes the temperature variation for
locations at Watana dam, Sherman, and Talkeetna for June through
December.

Because of the sensitivity of ice-cover formation and growth to
the mitigation plan selected and to uncertainties associated with
climatic conditions, sensitivity analyses have been performed to
determine downstream temperature conditions under two other out
flow temperature conditions. The first assumes a warm period with
selective withdrawal giving 4°C water continuously from October
through April. This scenario would result in water temperatures
being greater than O°C above RM 131 (near Sherman) at all times
under the assumed average weather conditions. Results are shown
in Figures 8.47 and 8.48.

The second scenario assumes a 1inear reduction from 4°C to 2°C
between November 1 and mid-January. This case also shows a trend
of upstream movement of the O°C front. The maximum movement is to
RM 150 (Portage Creek). Results are shown in Figures 8.49 and
8.50.

(b) Watana/Devil Canyon Operation

The temperature regime downstream from Devil Canyon dam is
different from existing conditions or conditions under the Watana
only operation. Similar studies, therefore, were made to estimate
the temperatures in the reach between Devil Canyon damsite and
Talkeetna. Three cases of outflow temperatures were assumed in
addition to two meteorological conditions.

The first scenario uses the temperature regime for 1981 meteorolo
gical records at Watana and Devil Canyon outflow temperatures
given by the reservoir temperature model for Watana/Devil Canyon
operation. Results of the HEATSM program are given in Figures
8.51 and 8.52 for June to September and October to December,
respect i vely. Genera11y, outflow temperatures are warmed with
distance downstream during June and July; this warming is about
2°C by Talkeetna. In August, climate and water temperatures are
in balance with no significant warming or cooling occurring.

Cooling begins slowly in September with a gradual 1°C reduction
between Devil Canyon damsite and Talkeetna on September 15. This
acce1erates as wi nter progresses, reachi ng a maximum coo 1ing in
January. On December 31, outflow temperatures of 3.5°C are cooled
to about 0.5°C at Talkeetna.

8-13



During the spill period in August and early September of 1981, the
minimum outflow temperature of 4.6°C observed on August 21 has
warmed to 4. rc at Sherman and to 4.9°C at Talkeetna. Tempera
tures at Devil Canyon, Sherman, and Talkeetna for the days shown
in Figures 8.51 and 8.52 are given in Table 8.7.

To assess the iMpact of other winter outflow temperatures on down
stream temperatures, two scenarios were assumed. The first
assumes a constant outflow temperature of 4°C throughout the
winter (Figures 8.53 and 8.54) and a linear reduction in outflow
temperature from 4°C on November 1 to 2°C on January 15 (Figures
8.55 and 8.56). The fi rst case produces temperatures above DOC
for the entire reach between Devil Canyon dam and Talkeetna until
January 15. On January 15, DOC water is estimated to occur at
RM 99, just upstream from Ta 1keetna. Du ri ng the 1atter pa rt of
January, less cooling occurs and water temperatures for the reach
remain above DOC.

With reduction in outflow temperatures to 2°C on January 15 and
the mai ntenance of thi s temperature to Apri 1 30, DOC water is
estimated to occur at about RM 119 on January 19 (Figure 8.55).
This is the most upstream location for this water temperature and,
hence, the probable upstream 1 imit of ice production. The DOC
water front moves downstream to about RM 104 in February and below
Talkeetna in March.
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TABLE 8.1: STREAM WATER TEMPERATURE FOR AVERAGE YEAR (OF) - "CASE A" OPERATION

Cross
Section January February March Apri 1 May June July August September October November December

LRX 68 39.0 39.0 39.0 39.0 42.3 44.8 49.6 49.3 45.7 39.7 39.0 39.0

LRX 61 38.8 38.8 39.0 39.0 42.4 44.8 49.6 49.5 45.7 39.7 39.0 38.8

LRX 54 37.9 38.3 38.7 39.2 43.0 45.5 50.2 50.2 45.9 39.6 38.3 38.3

LRX 47 37.4 37.8 38.5 39.4 43.2 46.0 50.4 50.5 46.0 39.6 38.1 37.9

LRX 41 37.2 37.8 38.5 39.4 43.3 46.2 50.5 50.7 46.0 39.6 37.9 37.8

LRX 34 36.7 37.2 38.1 39.6 43.7 46.8 50.9 51.3 46.2 39.4 37.4 37.2

LRX 27 35.8 36.5 37.9 39.7 44.2 47.5 51.3 51.8 46.4 39.4 36.9 36.5

LRX 21 35.1 36.1 37.8 39.9 44.6 48.0 51.6 52.3 46.6 39.2 36.5 36.0

LRX 15 34.0 35.2 37.4 40.1 45.1 48.9 52.2 53.2 46.8 39.0 35.8 35.1

LRX 9 32.9 34.5 37.0 40.5 45.9 49.8 52.7 54.0 46.9 38.8 35.1 34.3

LRX 3 32.2 34.0 36.7 40.6 46.2 50.5 53.1 54.7 47.1 38.8 34.5 33.6
Di scharge
Below
Devil
Canyon
(cfs) 10514.0 8883.0 8072.0 7903.0 9344.0 10288.0 9070.0 8665.0 6972.0 7403.0 9425.0 11864.0



TABLE 8.2: STREAM WATER TEMPERATURE FOR WET YEAR (OF) - "CASE A" OPERATION

Cross
Section Janua ry February March April May June July August September October November December

LRX 68 39.0 39.0 39.0 39.0 42.3 44.8 50.2 49.5 45.1 39.6 39.6 39.0

LRX 61 38.8 38.8 39.0 39.0 42.4 45.0 50.2 49.6 45.1 39.6 39.0 38.8

LRX 54 37.9 38.3 38.7 39.2 42.8 45.5 50.5 50.0 45.3 39.4 38.3 38.3

LRX 47 37.4 37.9 38.5 39.4 43.2 46.0 50.7 50.4 45.5 39.4 37.9 37.9

LRX 41 37.2 37.8 38.5 39.4 43.2 46.2 50.9 50.4 45.5 39.4 37.9 37.8

LRX 34 36.7 37.2 38.1 39.6 43.5 46.6 51.1 50.7 45.5 39.2 37.6 37.2

LRX 27 35.8 36.7 37.9 39.7 44.1 47.3 51.4 51.3 45.7 39.0 36.9 36.7

LRX 21 35.2 36.1 37.8 39.9 44.4 47.8 51.6 51.6 45.9 39.0 36.5 36.1

LRX 15 34.0 35.4 37.4 40.1 45.0 48.7 52.0 52.2 46.0 38.8 35.8 35.2

LRX 9 33.1 34.7 37.0 40.5 45.5 49.6 52.3 52.9 46.2 38.7 35.1 34.5

LRX 3 32.2 34.2 36.7 40.6 46.0 50.4 52.7 53.2 46.2 38.5 34.7 33.8
Di scharge
Below
Devi 1
Canyon
{cfs) 10708.0 9066.0 8004.0 7889.0 10606.0 11052.0 13763.0 14085.0 12783.0 6540.0 9680.0 12436.0

L.JL.Jc...::Jc...::JL.JL.Jc....:Jc...::Jc...::Jc...::JL.JL.JL.JL.Jc:..Jc...Jc...::JL.JL..J
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TABLE 8.3: STREAM WATER TEMPERATURE FOR ORY YEAR (OF) - "CASE A" OPERATION

Cross
Section January February March Apr; 1 May June July August September October November Oecember

LRX 68 39.0 39.0 39.0 39.0 42.3 44.4 48.9 48.6 45.3 39.7 39.0 39.0

LRX 61 38.8 38.8 39.0 39.0 42.4 44.4 48.9 48.7 45.3 39.7 38.8 38.8

LRX 54 37.8 37.9 38.7 39.4 43.2 45.3 49.5 50.0 45.7 39.6 38.3 38.1

LRX 47 37.0 37.6 38.3 39.6 43.7 45.7 49.8 50.7 45.9 39.4 37.8 37.6

LRX 41 36.9 37.4 38.3 39.6 43.9 45.9 50.0 50.9 45.9 39.4 37.6 37.4

LRX 34 36.1 36.7 38.1 39.7 44.2 46.4 50.4 51.8 46.0 39.4 37.2 36.9

LRX 27 35.1 36.0 37.8 39.9 45.0 47.3 50.9 52.9 46.4 39.2 36.5 36.0

LRX 21 34.3 35.4 37.6 40.1 45.5 47.7 51.3 53.6 46.6 39.0 36.1 35.4

LRX 15 33.1 34.5 37.0 40.5 46.4 48.7 51.8 54.9 46.9 38.8 35.2 34.3

LRX 9 32.0 33.6 36.7 40.6 47.1 49.6 52.3 55.9 47.1 38.7 34.5 33.4

LRX 3 32.0 33.1 36.5 41.0 47.7 50.4 52.9 56.7 47.3 38.7 34.0 32.7
D; scha rge
Below
Dev; 1
Canyon
{efs) 8353.0 6742.0 6914.0 5842.0 6079.0 10041.0 7988.0 4707.0 4474.0 6914.0 . 7934.0 9463.0



TABLE 8.4: DYRESM PARAMETERS FOR EKLUTNA LAKE

PARAMETER

Convective overturn, CK

Mechanical stirring, ETA

Temporal effects, CT

Shear production, CS

Shear instability, AKH

Diffusion constant

W> 1
W< 1

Dra~ coefficients

J
J
0

VALUE
0

0.125 0
1.230

0.510 0
0.200 J0.300

0
0.048
0.096 0
0.015

0
0
0
J
0
0
0
"
~

,~

I
~

C'

~
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TABLE 8.5: WEDDERBURN NUMBER FOR EKLUTNA LAKE
SIMULATION (RUN 1070)

DENS ITY (kgjm3)

DAY CNS CO (M) U* W
MjS x 10-3

Aug 25 999.348 999.958 2.64 0.635 10.6

Sept 1 999.955 999.955 4.51 0.954 10.2

Sept 9 999.645 999.953 5.99 2.098 2.5

Sept 15 999.785 999.952 12.84 8.932 0.3

Sept 21 999.856 999.951 16.40 4.699 1.2

Oct 1 999.909 999.951 22.95 0.992 22.5

Oct 7 999.937 999.952 30.24 1.383 7.2

Oct 14 999.955 999.951 50.01 1. 675 _3.51

Note: 1. Lake overturns.



DATE

June 15
30

July 15
31

Aug 15
31

Sept 15
30

Oct 15
31

Nov 15
30

Dec 15
31

TABLE 8.6: DOWNSTREAM WATER TEMPERATURES (OC)
WATANA OPERATION

LOCATION

Watana Dam Sherman Talkeetna

8.2 9.9 10.7
7.5 8.8 9.4

9.5 11.6 12.6
10.2 10.9 11.3

7.9 7.9 7.9
9.4 9.4 9.4

8.9 8.4 8.0
7.2 5.9 5.1

5.6 4.0 3.2
4.4 1.5 0.0

3.1 0.0 0.0
1.4 0.0 0.0

1.4 0.0 0.0
1.4 0.0 0.0

J
J
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



0
0
0
0 DATE

0
June 15

0
30

July 15
31

0 AU9 15
31

0 Sept 15
30

0 Oct 15
31

0 Nov 15
30

0
Dec 15

31

0
0
0
0
0
0
0
0

TABLE 8.7: DOWNSTREAM WATER TEMPERATURES (OC)
WATANAjDEVIL CANYON OPERATION

LOCATION

Devi 1 Canyon Dam Sherman Tal keetna

5.0 5.6 6.8
5.1 5.7 6.6

7.3 8.0 9.1
7.7 8.0 8.7

7.8 7.8 7.8
6.5 6.5 6.7

8.1 8.0 7.7
6.9 6.5 5.7

6.8 6.2 5.2
6.2 5.3 3.7

5.3 4.4 2.5
4.5 3.4 1.4

3.9 2.8 0.8
3.4 2.5 0.6
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NOTES,
I. MODEL ASSUMES 1981 METEOROLOGICAL

DATA RECORDED AT WATANA.

2. WATANA TEMPERATURES AND DISCHARGE
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9 - ESTIMATES OF COST

This section, originally included as Section 16 in the March 1982
Feasibil ity Report (Acres 1982a), presents estimates of capital and
operating costs for the Susitna Hydroelectric Project, comprising the
Watana and Devil Canyon developments and associ ated transmi ssion and
access facilities, which have been updated as a result of on-going
studies. The costs of design features and facilities incorporated into
the project to mitigate environmental impacts during construction and
operation are identified. Cash flow schedules, outlining capital
requirements during planning, construction, and startup, are presented.
The approach to the derivation of the capital and operating cost esti
mates is described.

Changes which have been made in the Watana cost estimate include:

- Access Plan 18 replaced Plan 5 (see Section 4);
- Work leading up to diversion was recosted for an accelerated

schedule;
- Storage facil !ties were provided at Cantwell, and an item for opera

tion and maintenance of these facilities was added to the estimate;
- Material prices were revised to reflect the longer transportation

route;
- Quantities were revised for the intake and spillway;
- All work, other than noted above, was estimated on ·a basis of la-hour

shi fts;
- Construction power was reestimated based on di rect generation at

site; and
- Contingen~ies were evaluated for each account.

Changes which have been made in the Devil Canyon cost estimate
include:

- Access Plan 18 replaced Plan 5 (see Section 4);
- Intake quantities were revised;
- All work was reestimated on the basis of la-hour shifts;
- The discussion of operation and maintenance costs was rewritten and

Table 9.5 was added to show the breakdown of costs; and
- The cash flow curves were revised and Table 9.6 was added.

The total cost of the Watana and Devil Canyon projects is summarized in
Table 9.1. A more detailed breakdown of cost for each development is
presented in Tables 9.2 and 9.3.

9.1 - Construction Costs

This section describes the process used for derivation of construction
costs and discusses the Code of Accounts established, the basis for the
estimates, and the various assumptions made in arriving at the esti
mates. For general consistency with planning studies, all costs
developed for the project are in January 1982 dollars.
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Code of Accounts

The estimates have been subdivided into the following main cost
groupings:

The detailed schedule of account items is presented in Acres
(1983).

J
J
o
o
o
o
J
o
J
o
o
o
o
o
D

o
o
J
J

Production Plant
Reservoir, Dam, and Waterways
Ma i n Dam
Ma i n Dam St ructure
Excavat ion
Rock

Description

Costs for structures, equip
ment, and facilities necessary
to produce power.

Costs for engineering and
administration.

Costs for structures, equip
ment, and faci 1ities necessary
to transmit power from the
sites to load centers.

Costs for equipment and facili
ties required for the operation
and maintenance of the produc
tion and transmission plant.

Costs that are common to a
number of construction activi
ties. For this estimate, only
camps and electric power costs
have been included in this
group. Other i ndi rect costs
have been included in the
costs under production, trans
mission, and general plant
costs.

Group

Indi rect Costs

Production Plant

General Plant

Overhead Construction Costs

Transmission Plant

Further subdivision within these groupings was made on the basis
of the various types of work involved, as typically shown in the
following example:

- Group:
- Account 332:
- Main Structure 332.3:
- Element 332.31:
- Wo rk Item 332.311:
- Type of Work:

Estimates of construction costs were developed using the FERC for
mat as outlined in the Federal Code of Regulations, Title 18
(Government Printing Office 1982).

(a)
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(b) Approach to Cost Estimating

The estimating process used generally included the following
steps:

- Collection and assembly of detailed cost data for labor, mater
ial, and equipment as well as information on productivity, cli
matic conditions, and other related items;

- Review of engineering drawings and technical information with
regard to construction methodology and feasibility;

Production of detailed quantity takeoffs from drawings in accor
dance with the previously developed Code of Accounts and item
1isting;

Determination of direct unit costs for each major type of work
by development of 1abor, materi al, and equipment requi rements;
development of other costs by use of est imat i ng gui des, quota
tions from vendors, and other information as appropriate;

- Development of construction indirect costs by review of labor,
material equipment, supporting facilities, and overheads; and

- Development of construction camp size and support requirements
from the labor demand generated by the direct and indirect con
struction costs.

The above steps are discussed in detail in the following:

(c) Cost Data

Cost information was obtained from standard estimating sources,
from sources in Al aska, from quotes by major equipment suppl iers
and vendors, and from recent representative hydroelectric pro
jects. Labor and equipment costs for 1982 were developed from a
number of sources (State of Alaska 1982; Caterpillar 1981) and
from an analysis of costs for recent projects performed in the
Alaska environment.

It has been assumed that most contractors will work an average of
two 10-hour shi fts per day, 6 days per week. Because of the
severe compression of construction activities in 1985-86, it has
been assumed that most work in this period will be on two 12-hour
shifts, 7 days per week.

The 10-hour work shift assumption provides for high utilization of
construction equipment and reasonable levels of overtime earnings
to attract workers. The two-shift basis generally achieves the
most economical balance between labor and camp costs.

9-3



Construction equipment costs were obtained from vendors on an FOB
Anchorage basis with an appropriate allowance included for trans
portation to site. A representative 1ist of construction equip
ment requi red for the project was assembl ed as a basi s for the
estimate. It has been assumed that most equi pment woul d be fully
depreciated over the 1ife of the project. For some activities
such as construction of the Watana main dam, an allowance for
major overhaul was included rather than fleet replacement. Equip
ment ope rat i ng costs were est imated from industry source data,
wi th app ropri ate modifi cat ions for the remote nature and extreme
climatic environment of the site;· Alaskan labor rates were used
for equipment maintenance and repair. Fuel and oil prices have
been based upon FOB site prices.

Information for permanent mechanical and electrical equipment was
obtained from vendors and manufacturers who provided guidel ine
costs on. major power plant equipment.

The costs of materials required for site construction were esti
mated on the basis of suppliers' quotations, with allowances for
shipping to site.

(d) Seasonal Influences on Productivity

A review of climatic conditions, together with an analysis of
experience in Alaska and in northern Canada on large construction
projects, was undertaken to determine the average duration for
various key activities. It has been projected that most above
ground activities will either stop or be curtailed during the
period of December and January because of the extreme cold weather
and the associated lower productivity. For the main dam construc
tion activities, the following assumptions have been used:

- Watana dam fill - 6-month season; and
- Devil Canyon arch dam - 8-month season.

Other aboveground activities are assumed to extend up to 11 months
depending on the type of work and the criticality of the schedule.
Underground activities are generally not affected by cl imate and
should continue throughout the year.

Studies by others (Roberts 1976) have indicated a 60 percent or
greater decrease in efficiency in construction operations under
adverse winter conditions. Therefore, it is expected that most
contractors would attempt to schedule outside work over a period
of 6 to 10 months.

Studi es performed as part of thi s work program i ndi cate that the
general construction activity at the Susitna damsite during the
months of April through September would be comparable with that in
the northern sections of the western United States. Rainfall in
the general region of the site is moderate between mid-April and

9-4
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mid-October, ranging from a low of 0.75-inch precipitation in
April to a high of 5.33 inches in August. Temperatures in this
period range from 33°F to 66°F for a twenty-year average. In the
fi ve-month peri od from November through March,. the temperature
ranges from 9.4°F to 20.3°F with snowfall of 10 inches per month.

(e) Construction Methods

The construction methods assumed for development of the estimate
and construction schedule are generally considered as normal and
in 1 ine with the available level of technical information. A
conservative approach has been taken in those areas where more
detailed information will be developed during subsequent investi
gation and engineering programs. For example, normal drilling,
blasting, and mucking methods have been assumed for all under
ground excavation. Al so, conventional equipment has been con
sidered for major fill and concrete work. Various construction
methods were considered for several of the major work items to
determine the most economically practical method. For example, a
comprehensive evaluation was made of the means of excavating
material from Borrow Site E and the downstream river for the
Watana dam shell s. A comparison of excavation by dragl ine,
dredge, backhoe, and scraper bucket methods was made, with
consideration given to the quantity of material available,
distance from the dam, and location in the river or adjacent
terraces.

(f) Quantity Takeoffs

Detail ed quantity takeoffs were produced from the engineering
drawings using methods normal to the industry. The quantities
developed are those 1 isted in the detailed summary estimates in
Appendix C of the Feasibil ity Report (Acres 1982b).

(g) Ind i rect Con st ructi on Costs

Indirect construction costs were estimated in detail for the civil
construction activities. A more general evaluation was used for
the mechanical and electrical work.

Indirect costs included the following:

- Mobil ization;
Technical and supervisory personnel above the level of trades
foremen;

- All vehicle costs for supervisory personnel;
- Fixed offices, mobile offices, workshops, storage facil ities,

and 1aydown areas, incl udi ng all servi ces;
- General transportation for workmen onsite and offsite;
- Yard cranes and fl oats;
- Utilities including electrical power, heat, water, and com-

pressed air;

9-5



- Small tools;
- Safety program and _equipment;
- Financing;
- Bonds and securities;
- Insurance;
- Taxes;
- Permits;
- Head office overhead;
- Contingency allowance; and
- Profit.

In developing contractor's indirect costs, the following assump
tions have been made:

- Mobilization costs have generally been spread over construction
items;

- No escalation allowances have been made, and therefore any risks
associated with escalation are not included;

- Financing of progress payments has been estimated for 45 days,
the average time between expenditure and reimbursement;

- Holdback would be limited to a nominal amount;

- Project all-risk insurance has been estimated as a contractor's
indirect cost for this estimate, but it is expected that this
insurance would be carried by the owner; and

- Contract packaging would provide for the supply of major mater
ials to contractors at site at cost. These include fuel, elec
tric power, cement, and reinforcing steel.

9.2 - Mitigation Costs

As discussed in previous sections, the project arrangement includes a
number of features designed to mitigate potential impacts on the natur
al environment and on residents and communities in the vicinity of the
project. In addition, a number of measures are planned during con
struction of the project to mitigate similar impacts caused by con
struction activities. The measures and facilities represent more costs
to the project than would normally be required for safe and efficient
operation of a hydroelectric development. These mitigation costs have
been estimated at $153 million and have been summarized in Table 9.4.
In addition, the costs of full reservoir clearing at both sites have
been estimated at $85 mill ion. Although full cl eari ng is cons idered
good engineering practice, it is not essential to the operation of the
power facil ities. 80th above cost items include direct and indirect
costs, engineering, administration, and contingencies, and have been
included in the accounts of construction costs in the estimate.
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- Account 76

. - Account 71

• Owner's Costs

The total cost of engineering and administrative activities has .been
estimated at 12.5 percent of the total construction costs, including

$32.0 million (approx.)
5.0 mill ion (approx.)

$37.0 million (approx.)

A number of mitigation costs are associated with facilities, improve
ments, or other programs not directly related to the project or located
outside the project boundaries. These would include the following
items:

Engineering and Project Management
Construction Management
Procu rement

Total Project •••••••••••••••••••••••••••

Watana ••••••••••••••••••••••••••••••••••
Dev; 1 Canyon ••••••••••••••••••••••••••••

- Caribou barriers;
- Raptor nesting platforms;
- Fish channels;
- Fish hatcheries;
- Stream improvements;
- Salt 1ids;
- Habitat management for moose; and
- Fish stocking program in reservoirs.

The costs of these programs, including contingencies, have been estima
ted as follows and listed under project indirects in the capital cost
estimate.

- Archaeological studies;
- Fisheries and wildlife studies;
- Right-of-way studies; and
- Socioeconomic planning studies.

The costs for the above work have been included under project over
heads and have been estimated at approximately $20 million.

9.3 - Engineering and Administration Costs

Engineering has been subdivided into the following accounts for the
purposes of the cost estimates:

Finally, a number of studies and programs will be required to monitor
the impacts of the project on the environment and to develop and record
various data during project construction and operation. These include
the following:
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contingencies. This is in general agreement with experience on
projects similar in scope and complexity. A detailed breakdown of
these costs is dependent on the organizational structure established to
undertake design and management of the project, as well as more defini
tive data relating to the scope and nature of the various project
components. However, the main elements of cost included are as
follows:

(a) Engineering and Project Management Costs

These costs include allowances for:

- Feasibility studies, including site surveys and investigations
and logistics support;

- Preparation of a license application to the FERC;
- Technical and administrative input for other federal, state, and

local permit and license applications;
- Overall coordination and administration of engineering, con

struction management, and procurement activities;
- Overall planning, coordination, and monitoring activities

related to cost and schedule of the project;
- Coordination with and reporting to the Power Authority regarding

all aspects of the project;
- Preliminary and detailed design;

Technical input to procurement of construction services, support
services, and equipment;

- Monitoring of construction to ensure conformance to design
requirements;

- Preparation of startup and acceptance test procedures; and
- Preparation of project operating and maintenance manuals.

(b) Construction Management Costs

Construction management costs have been assumed to include:

- Initial planning and scheduling and establishment of project
procedures and organization;

- Coordination of onsite contractors and construction management
activities;

- Administration of onsite contractors to ensure harmony of
trades, compliance with applicable regulations, and maintenance
of adequate site security and safety requirements;

- Development, coordination, and monitoring of construction
schedules;

- Construction cost control;
- Materi al, equi pment, and drawi ng control;
- Inspection of construction and survey control;
- Measurement for payment;
- Startup and acceptance test for equipment and systems;
- Compilation of as-constructed records; and
- Final acceptance.
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(c) Procurement Costs

Procurement costs have been assumed to include:

- Establishment of project procurement procedures;
- Preparation of nontechnical procurement documents;
- Solicitation and review of bids for construction services, sup-

port services, permanent equipment, and other items required to
complete the project;

- Cost administration and control for procurement contracts; and
- Quality assurance services during fabrication or manufacture of

equipment and other purchased items.

(d) Owner's Costs

Owner's costs have been assumed to include the following:

- Administration and coordination of project· management and
engineering organizations;

- Coordination with other state; local, and federal agencies and
groups having jurisdiction over or interest in the project;

- Coordination with interested public groups and individuals;
- Reporting to legislature and the public on the progress of the

project; and
- Legal costs (Account 72).

9.4 - Operation, Maintenance, and Replacement Costs

The facilities and procedures for operation and maintenance of the
project are described in Section 15 of the Feasibil ity Report (Acres
1982a). Assumptions for the size and extent of these facilities have
been made on the basis of experience at large hydroelectric develop
ments in northern climates. The annual costs for operation and mainte
nance for the Watana development have been estimated at $10.4 million.
When Oevil Canyon is brought on-line, these costs increase to $15.2
mill ion per annum. Interim replacement costs have been estimated at
0.3 percent per annum of the capital cost.

The breakdown in Table 9.5 is provided in support of the allowance used
in the finance/economic analysis of Susitna Hydroelectric Power
DeveloJl1lent. It is based on an operating plan involving full staffing
of power plant and permanent town site support with a total of 105
personnel at Watana and another 25 when Devi 1 Canyon comes on-1 i ne.
This provides manned supervisory staff on a 24-hour, 3-shift basis and
maintenance cr~ws to handle all but major overhauls. Overhauls would
involve contracted labor for which a nominal allowance has been made.
It recognized that major overhauls are normally unlikely .in the first
10 years or more of plant life. In earlier years, this allowance was a
prudent provision for unexpected startup costs over and above those
covered by warranty.
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The allowance for contracted services also covers helicopter operations
and access road snow clearing/maintenance.

Allowances have also been made for environmental mitigation as well as
for a contingency for unforeseen costs.

Estimates for Susitna have been based both on original estimate and
actual experience at Churchill Falls. It should be realized that
alternative operating plans are possible which eliminate the need for
permanent townsite facilities and rely on more remote supervisory sys
tems and/or operations/maintenance crews transported to the plant on a
rotating shift basis. Cost implications of these alternatives have not
yet been examined.

9.5 - Allowance for Funds Used During Construction

At current high levels of interest rates in the financial marketplace,
AFDC will amount to a significant element of financing cost for the
lengthy periods required for construction of the Watana and Devil
Canyon projects. However, in economic evaluations of the Susitna pro
ject, the low real rates of interest assumed would have a much reduced
impact on assumed project development costs. Furthermore, direct state
involvement in financing of the Susitna project will also have a signi
fi cant impact on the amount, if any, of AFDC. For purposes of the
feasibility study, therefore, the conventional practice of calculating
AFDC as a separate line item for inclusion as part of project construc
ti on cost has not been foll owed. Provi si ons for AFDC at appropri ate
rates of interest are made in the economic and financial analyses
described in Section 18 of the Feasibility Report (Acres 1982a).

9.6 - Escalation

All costs presented in this section are at January 1982 levels, and
consequently include no allowance for future cost escalation. Thus,
these costs would not be truly representative of construction and
procurement bid prices because provision must be made in such bids for
continuing escalation of costs and the extent and variation of escala
tion that might take place over the lengthy construction periods
involved. Economic and financial evaluations discussed in Section 18
of the Feasibility Report take full account of such escalation at
appropriately assumed rates.

9.7 - Cash Flow and Manpower Loading Requirements

The cash flow requirements for construction of Watana and Devil Canyon
are an essential input to economic and financial planning studies. The
basis for the cash flow are the construction cost estimates in January
1982 dollars and the construction schedules presented in Section 10,
with no provision being made as such for escalation. The cash flow
estimates were computed on an annual basis and do not include adjust
ments for advanced payments for mobilization or for holdbacks on
construction contracts. The results are presented in Table 9.6. The
manpower loading requirements were developed from cash flow projec
t ions. These curves were used as the basi s for camp 1oadi ng and
associated socioeconomic impact studies, and are presented in Figures
9.1 through.9.3.
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9.8 - Contingency

Contingencies on construction costs have been assessed for each account
within the 10 to 20 percent range and included in the cost estimates.
Contingency averages approximately 15 percent over the total construc
tion cost. The contingency includes cost increases which may occur in
the detailed engineering phase of the project after more comprehensive
site investigations and final designs have been completed and after the
requirements of various concerned agencies have been considered. The
contingency estimate also includes allowances for inherent uncertain
ties in cost of labor, equipment, and materials, and for unforeseen
conditions which may be encountered during construction. Escalation in
costs as the result of inflation is not included. No allowance has
been included for costs associated with significant delays in project
implementation.

9.9 - Previously Constructed Project Facilities

An electrical intertie between the major load centers of Fairbanks and
Anchorage is currently under construct i on. The 1i ne will connect
existing transmission systems at Willow in the south and Healy in the
north. The intertie is being built to the same standards as those pro
posed for the Susitna project transmission lines and will become part
of the licensed project. The line will be energized initially at 138
kV in 1984 and will operate at 345 kV after the Watana phase of the
Susitna project is complete.

The current estimate for the completed intertie is $130.8 mill ion.
This cost is not included in the estimates of this section.

9.10 - Check Estimate by EBASCO

An independent check estimate was undertaken by EBASCO Services Incor
porated. The estimate was based on engineering drawings, technical
information, and quantities prepared by Acres. Major quantity items
were checked. The EBASCO check estimated capital cost was approxi
mately 7 percent above the Acres estimate.

A meeting was held with the Power Authority, EBASCO, and Acres to
review differences in the estimates. It was generally possible to
reconcile the differences and it was concluded that no major changes
were required in the Feasibility Report Estimate.

9-11



J
J
J
o
J
o
o
J
o
o
o
o
o
o
o
o
o
[]

o



REFERENCES

State of Alaska. I982. Agreements of Wages and Benefits for
Construction Trades.

Acres American Incorporated. 1982a. Susitna Hydroelectric Project
Feasibility Report. Prepared for the Alaska Power Authority.

Government Printing Office. 1982. Conservation of Power and Water
Resources, Part 1 and 2. Code of Federal Regulations. Title 18:
Washington, D.C.

Regionalized Feasibility Study of Cold
Report 76-2. Cold Regions Research

Susitna Hydroelectric Project Feasibility Report 
Prepared for the Alaska Power Authority.

1982b.
Appendix C.

Roberts, William S. July 1976.
Weather Earthwork. Special
and Engineering Laboratory.

• 1983. Susitna Hydroelectric Project Feasibility Report 
------·Appendix C (Revised). Prepared for the Alaska Power Authority.

Caterpillar Tractor Co. 1981. Caterpillar Performance Handbook.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



J
J
J
o
J
o
o
J
J
o
o
o
o
J
J
J
J
J
J



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
[J

Category

Production Plant

Transmission Plant

Genera I P I ant

Indirect

Total Construction

Overhead Construction

TOTAL PROJECT

TABLE 9.1: SUMMARY OF COST ESTIMATE

January 1982 Dollars $ X 106

Watana Dev II canyon Tota I---
$2,293 $1,064 $3,357

456 105 561

5 5 10

~ ~ 649

3,196 1,381 4,577

400 ~ 573

$3,596 $1,554 $5,150



TABLE 9.2 JOB NUMBER P5700.00

iiJ
ESTIMATE SUMMARY WATANA ESTIMATE SUMMARY FILE NUMBER P5700.14.09

ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibil ity SHEET 1 OF 5CLIENT

SUSITNA HYDROELECTRIC PROJECT BY DATE
PROJECT APPROVED BY JDL

CHKD JRP DATE 2/82

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106 ) (x 106)

PRODUCTION PLANT

330 Land &Land Rights .................................................. $ 51

331 Powerplant Structures & Improvements ••••••••••••••••••••••••••••••••• 74

332 Reservoir, Dams &waterways •••••••••••••••••••••••••••••••••••••••••• 1,547

333 Waterwheels, Turbines &Generators ••••••••••••••••••••••••••••••••••• 66

334 Accessory Electrical Equipment ••••••••••••••••••••••••••••••••••••••• 21

335 Miscellaneous PowerplanT Equipment (Mechanical) •••••••••••••••••••••• 14

336 Roads &Ral Iroads •••••••••••••••••••••••••••••••••••••••••••••••••••• 214

Subtotal ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1,.987

Contingency •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 306

TOTAL PRODUCTION PLANT ••••••••••••••••••••••••••••••••••••••••••••••• $ 2,293

L...J L.J L.J C-J L.J L...J c.......J c.:.J L...J c.....:.J c.......J L...J L...J L.J L.J L.J L...J L.J L.J
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[ii] ESTIMATE SUMMARY TABLE 9.2 JOB NUMBER P5700.00
WATANA FILE NUMBER P5700.14.09

CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feas i bil ity SHEET 2 OF 5

PROJECT SUSITNA HYDROELECTRIC PROJECT JDL BY DATE
.APPROVED BY

CHKD ,JRP DATE 2/82
No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106) (x 106)

TOTAL BROUGHT FORWARO ................................................. $ 2,293

TRANSMISSION PLANT

350 Land & Land Rights ....................................., .............. $ 8

352 Substation &Switching Station structures & Improvements .............. 12

353 Substation &switching Station Equipment .............................. 131

354 Steel Towers &Fixtures .............................................., 131

356 Overhead Conductors &Devices ......................................... 100

359 Roads & Tra! Is ........................................................ 13

Subtotal ........................................•...................... 395

Conti ngency ........................................................... 61

TOTAL TRANSMISSION PLANT .............................................. $ 456

.

I·

$ 2,749



•
ESTIMATE SUMMARY TABLE 9.2 JOB NUMBER P5700 00

WATANA FILE NUMBER P5700.14.09
CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibil ity SHEET 3 OF 5

SUSITNA HYDROELECTRIC PROJECT JDL BY DATE
PROJECT APPROVED BY

CHKD ,JBP DATE 2/82
•

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106 ) (x 106 )

TOTAL BROUGHT FORWARD ................................................. $ 2,749

GENERAL PLANT

389 Land &Land Rights ...•••.............................................. $ - Included under 330

390 Structures & Improvements ............................................. - Included under 331

391 Office Furniture/Equipment ..................................•......... Incl uded under 399

Transportation Equipment " "392 ..............................................
stores Equ I pment " "393 ......................................................
Tools Shop &Garage Equipment " "394 ... , .....................................
Laboratory Equipment " "395 ..................................................
Power-Operated Equipment " "396 ..............................................
Communications Equipment " "397 •..•..•......................•.•..............
Miscellaneous Equipment " "398 ...............................................

399 other Tangible Property ............................................... 5

TOTAL GENERAL PLANT ................................................... $ 5

$ 2,754

[=---.J L.-J L.-J L:..J L.-J L:..J L:..J c...::J L:..J L..J L:..J L:..J L:..J L..J L..J L:..J L...:l l....J L..J
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[Ii] ESTIMATE SUMMARY TABLE 9.2 JOB NUMBER P5700,OO

WATANA FILE NUMBER P5700.l4.09

CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibility SHEET 4 OF 5

PROJECT SUSITNA HYDROELECTRIC PROJECT JDL
BY DATE

APPROVED BY
CHKD ,JRp DATE 2/82

No, DESCRIPTION AMOUNT TOTALS REMARKS

(x 106 ) (x 106 )

TOTAL BROUGHT FORWARD ........ '" ................................ , .... , $ 2,754

INDIRECT COSTS

61 Temporary Construction Facilities ...•.....•......................•..... $ - See Note

62 Construction Equipment ................................................. - See Note

63 camp &Commissary ...................................................... 373

64 Labor Expense ......••....•.....••.....•................................ -
65 Super Intendence ....................................................... - See Note

66 Insurance ...........•.........................•........................ - See Note

68 Mitigation ............................................................ 29

69 Fees ................................................................... - See Note

Note: Costs under accounts 61, 62, 64, 65, 66, and 69
are I nc I uded In the appropriate direct costs
listed above.

subtota 1 ...•....•......•....•.............•...............•........... 402

Contingency ......•.................................................... 40

TOTAL INDIRECT COSTS .................................................. $ 442

TOTAL CONSTRUCTION COSTS $ 3,196



[ii] ESTIMATE SUMMARY TABLE 9.2 JOB NUMBER P5700.00

WATANA FILE NUMBER P5700.l4.09

CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibility SHEET 5 OF 5

PROJECT SlJSITNA HYDROEI ECTRIC PRO,lECT
BY DATE

A'PPROVED BY ,lQ!
CHKD ,JRP DATE 2/82

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106 ) (x 106 )

TOTAL CONSTRUCT I ON COSTS BROUGHT FORWAR:> ••• "••• "••••• '.'"'' • " •••••••• '0" • $ 3,196

OVERHEAD CONSTRUCTION COSTS (PROJECT INOIRECTS)

71 Englneering/ Administration ••••••••••••••••••••••••••••••••••••••••••• $ 386

72 Legal Expenses •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 14 Incl uded in 71

75 Taxes ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• - Not applicable

76 Administrative &General Expenses ••••••••••••••••••••••••••••••••••••• - Incl uded in 71

77 Interest •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• - Not inc 1uded

80 Earnings/Expenses During Construction ••••••••••••••••••••••••••••••••• - Not included

Total overhead •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 400

TOTAL PROJECT COST •••••••••••••••••••••••••••••••••••••••••••••••••••• $ 3,596
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•
TABLE 9.3 JOB NUMBER P5700.00

ESTIMATE SUMMARY DEVIL CANYON ESTIMATE SUM~·1ARY FILE NUMBER P5700.14.09
ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibil ity SHEET 1 OF 5CLIENT

SUSITNA HYDROELECTRIC PROJECT JDL BY DATE
PROJECT APPROVED BY

2/82CHKD JRP DATE

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106) (x 106 )

PRODUCTION PLANT

330 Land &Land Rights •••••••••••••••••••••••••••••••••••••••••••••••••••• $ 22

331 powerplant Structures & Improvements .................................. 69

332 Reservoir, Dams &waterways .....................•..................... 646

333 Waterwheels, Turbines &Generators ................................... , 42

334 Accessory Electrical Equipment •••••••••••••••••••••••••••••••••••••••• 13

335 Miscellaneous Powerplant Equipment (Mechanical) ..................., ... 11

336 Roads &Ral I roads ••••••••••••••••••••••••••••••••••••••••••••••••••••• 119

Subtota I .............................................................. 922

Contingency ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 142

TOTAL PRODUCTION PLANT •••••••••••••••••••••••••••••••••••••••••••••••• $ 1,064



[iii ESTIMATE SUMMARY TABLE 9.3 JOB NUMBER P5700.00
DEVIL CANYON FILE NUMBER P5700.l4.09

CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibility SHEET 2 OF 5

PROJECT SUSITNA HYDROELECTRIC PROJECT JDL BY DATE
APPROVED BY

CHKD ,JRp DATE 2/82

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106 ) (x 106 )

TOTAL BROUGHT FORWARD ................................................. $ 1,064

TRANSMISSION PLANT

350 Land & Land Ri ghts .................................................... $ - Inc 1uded In Watana Estimate

352 Substation &switching Station structures & Improvements .............. 7

353 Substation & Switching Station Equipment .............................. 21

354 Steel Towers & Fixtures ............................................... 29

356 Overhead Conductors &Devices ......................................... 34

359 Roads & Trails ........................................................ - Included in Watana Estimate

Subtotal .............................................................. 91

Contingency ........................................................... 14

TOTAL TRANSMISSION PLANT ..............•...........••••................ $ 105

$ 1,169

L-J C-J C-J C-..J C-.J c.....-.J C-..J C-.J c.......J c.......J c.......J c.......J c.......J L..J L..J c....=J L..J c.......J L..J
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[iii ESTIMATE SUMMARY TABLE 9.3 JOB NUMBER P5700.00
DEVIL CANYON FILE NUMBER P5-700.14.09

CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibil ity SHEET 3 OF 5

PROJECT SUSITNA HYDROELE CTRI C PROJECT JDL BY DATE
APPROVED BY

CHKD ,JRP DATE 2/82

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106 ) (x 106 )

TOTAL BROUGHT FORWARD ..........................., ...... " ............. $ 1,169

GENERAL PLANT

389 Land & Land Rights ....•...........•...........................•....... $ Incl uded under 330

390 structures & 1mprovements .... " ........... , ........................... Included under 331

391 Office Furniture/Equipment ............................................ Included under 399

392 Transportation Equipment ................. '" .......................... " "
393 Stores Equipment " ..... , .............. , ... '" ...................... '" " "
394 Tools Shop &Garage Equipment ......................................... " "
395 Laboratory Equi pment " "....•.............................•...........•...
396 Power-Operated Equipment " "..............................................
397 Oommunications Equipment " "..............................................
398 Miscellaneous Equipment " "...............................................
399 other Tangible Property ............................................... 5

TOTAL GENERAL PLANT ................................................... $ 5

$ 1,174



•
SUMMARY

TABLE 9.3 JOB NUMBER P5700.00
ESTIMATE DEVIL CANYON FILE NUMBER P5700.l4.09
CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibility SHEET 4 OF 5

SUSITNA HYDROELECTRIC PROJECT JDL BY DATE
PROJECT APPROVED BY JRP 2/82CHKD DATE

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106) (x 106)

TOTAL BROUGHT FORWARD ......................, .......................... $ 1,174

INDIRECT COSTS

Temporary Construction Facll !tles $ - See Note61 ...................................,.
Construction Equipment - See Note62 ....................................... , .......
Camp &Commissary ......................................, .......... " .. 18463

Labor Expense - See Note64 ................., ........................, ............,.
Super I ntendence - See Note

65 .........................•.............................
- See Note

66 Insurance •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

68 Mitigation ...........................................................• 4

- See Note
69 Fees ..................................................................

Note: Costs under accounts 61, 62, 64, 65, 66, and 69
are included In the appropriate direct costs
listed above.

Subtotal ............................................................. 188

Contingency .......................................................... 19

TOTAL INO IRECT COSTS $ 207................. ~ ...............................

TOTAL CONSTRUCTION COSTS $ 1,381

c..J C-) C-.J c...J c...J c.......J L...J c:......:.J c...J c...J c:......J c...J c.......J LJ c...J c:......J L...J c...J L.:..J



c.::::J c.::::J c.::::J c.::::J c.::::J c.::::J c.:::J c.:::J c.:::J c.:::J c:..J c.:::J c.:::J c.:::J c.:::J c.:::J r-:J c.::::J c.::::J

[iii] ESTIMATE SUMMARY TABLE 9.3 JOB NUMBER P5700.00
DEVIL CANYON FILE NUMBER P5700.14.09

CLIENT ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feasibil ity SHEET 5 OF 5

PROJECT SUSITNA HYDROELECTRI C PROJECT JDL BY DATE
APPROVED BY

CHKD ,1RP DATE 2/82

No. DESCRIPTION AMOUNT TOTALS REMARKS

(x 106) (x 106)

TOTAL CONSTRUCTION COSTS BROUGHT FORWARD .............................. $ 1,381

OVERHEAD CONSTRUCTION COSTS (PROJECT INDIRECTS)

71 Engineerlng/ Administration .......................................... $ 167

Environmental Monitoring ............................................. 6

72 Legal Expenses .........•........•...............•.................... - Included in 71

75 Taxes ................................................................ - Not Applicable

76 Administrative &General Expenses .................................... - Included in 71

77 Interest ............................................................. - Not Incl uded

80 Earnings/Expenses During Construction ................................ - Not Included

Total Overhead Costs ................................................. 173

TOTAL PROJECT COST ................................................... $ 1,554



TABLE 9.4: MITIGATION MEASURES - SUMMARY OF COSTS INCORPORATED
IN CONSTRUCTION COST ESTIMATES

o

COSTS INCORPORATED IN CONSTRUCTION ESTIMATES

Outlet Fact I itles

Main Dam at Dev! I Canyon
Tunnel Spillway at Watana

Restoration of Borrow Site 0

Restoration of Borrow Site F

Restoration of Camp and Vii lage

Restoration of Construction Sites

Fencing around Camp

Fencing around Garbage Disposal Area

Multi level Intake Structure

Camp Facilities Associated with Trying
to Keep Workers out of Local Communities

Restoration of Haul Roads

SUBTOTAL

Conti ngency 20%

TOTAL CONSTRUCTION

Engineering 12.5%

TOTAL PROJECT

WATAN~
$ X 10

47,100

1,600

600

2,300

4,100

400

100

18,400

10,200

800

85,600

17 ,100

102,700

12,800

115,500

DEVIL C~NYON

$X 1O~

14,600

NA

NA

1,000

2,000

200

100

NA

9,000

500

27,400

5,500

32,900

4,100

37,000 152,500

o

o
o
o
o

o
o
o
J
o
o
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TABLE 9.5

SUMMARY OF OPERATING AND MAINTENANCE COSTS

WATANA DEV Il CANYON
($ DOD's Omitted) ($ 000'5 Omitted)

Expense Expense

Labor Items Subtotal Labor Items Subtota I

Power and Transmission Operatlon/
Maintenance 5,330 990 6,320 1,920 500 2,420

Contracted Services -- 900 900 -- 480 480

Permanent Townsite Operations 540 340 8BO 120 80 200

Allowance for Environmental
Mitigation -- -- 1,000 -- -- 1,000

Contingency -- -- 900 -- -- 500

.!.!Q...OOO $ 4,600

Additional Aliowance from 2002 to
Replace Communlfy Facl IItles 400 200

Total Operating and Maintenance
Expenditure Estimate
Power Development and Transmission
Facilities WATANA $10,400 DEVil CANYON $ 4,800



TABLE 9.6

WATANA AND DEVIL CANYON
CUMULATIVE AND ANNUAL CASH FLOW

JANUARY 1982 DOLLARS - IN MILLIONS
ANNUAL CASH FLOW CUMULATIVE CASH FLOW ITO END OF YEAR)

YEAR WATANA DEV IL CANYON COMB INED I WATANA DEV IL CANYON COMB INED

1981

82

83

84

85

86

87

8B

89

90

91

92

93

94

95

96

97

98

99

2000

2001

2002

TOTAL

27.6

12.9

28.7

4B.5

199.5

283.9

295.4

369.0

438.4

627.6

608.B

429.0

153.2

73.7

3596.2

27.6 27.6 27.6

12.9 40.4 40.4

28.7 69.2 69.2

48.5 117.7 117.7

199.5 317.2 317.2

283.9 601.1 601.1

295.4 896.5 896.5

369.0 1265.5 1265.5

438.4 1703.9 1703.9

627.6 2331.5 2331.5

4.9 613.7 2940.3 4.9 2945.2

47.9 476.9 3369.3 52.8 3422.1
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10 - DEVELOPMENT SCHEDULES

This section, originally included as Section 17 in the March 1982 issue
of the Feasibility Report (Acres 1982a), describes the development
schedules prepared for both Watana and Devil Canyon to meet the on-line
power requi rements of 1993 and 2002, respecti vely. These schedul es
have been updated as a result of on-going studies and span the period
from 1983 until 2004. Schedules for the development of both Watana and
Devil Canyon are shown in Figures 10.1 and 10.2. The main elements of
the project have been shown on these schedules, as well as some key
interrelationships. For purposes of planning, it has been assumed that
a license will be awarded by December 31, 1984.

Revisions to the Watana schedule include the following:

- The pioneer road was replaced by Denal i Access Plan 18 (Section 4).
Work prior to receipt of the FERC license was eliminated;

- Activities leading up to diversion were revised for an accelerated
schedule; and

- The preconstruction of one circuit of the permanent transmission line
from Gold Creek was eliminated.

Revisions to the Devil Canyon schedule include the following:

- Denal i Access Plan 18 was incorporated, and the start of access
construction was advanced accordingly.

10.1 - Preparation of Schedules

Preliminary schedules were first developed by estimating the durations
of the main construction activities and arranging these in logical se
quence. Some activity adjustments were then made to reduce excessive
demands on resources, such as underground excavation or concrete plac
ing. The preliminary schedules were then used as a basis for the prep
aration of cost estimates. The schedules were also reviewed for over
all compatibility with major constraints such as licensing, on-line
power requirements, and reservoir filling.

At both sites the period for construction of the main dam is critical;
other activities are fitted to the main dam work. A study of the front
end requirements of Watana concluded that initial access work should
commence immediately after receipt of license and be completed in the
shortest possible time to permit a sufficiently rapid buildup of man
power and equipment to meet construction requirements.

During development of the final project arrangement and preparation of
the cost estimates (Section 9), the preliminary schedules were modified
and refined. As estimating data were developed, the production rates
and construction durations were calculated. Networks were developed
for the main construction activities and the durations and sequences of
activities determined. The overall schedules were modified to suit.
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10.2 - Watana Schedule

Commencement of construction:

Commencement of commercial operations:

J
J
o
o
o
o
o
J
J
o
J
o
J
J
J
o
J
o
J

- April 1985
- April 1985
- July 1985

Initial access road
Site facilities
Diversion

Four of six units ready - January 1994
Six units ready - July 1994

Site facilities must be developed in a very short time to support
the main construction activities. A camp to house approximately
1000 men must be constructed duri ng the fi rst 18 months. Site
construction roads and contractors' work areas have to be started.
An aggregate processing plant and concrete batching plant must be
operational to start diversion tunnel concrete work by April 1986.
At site, power generating equipment must be installed in 1985 to
supply power for camp and construction activities.

Four of six units - January 1994
Six units - July 1994

- FERC license would be issued by December 31, 1984; and
- Four units would be on-line by the end of 1993.

Completion of construction:

The Watana schedules were developed to meet two overall project con
straints:

The critical path of activities to meet the overall constraints was
determined to be throu9h site access, site facilities, diversion, and
main dam construction. In general, construction activities leading up
to diversion in 1987 are on an accelerated schedule whereas the remain
ing activities are a normal schedule. These are highlighted as
follows:

(a) Access

Initial road access to the site is required by October I, 1985.
Certain equipment will. be transported overland during the preced
ing winter months so that an airfield can be constructed by July
1985. This effort to complete initial access is required to mobi
lize labor, equipment, and materials in 1985 for the construction
of site facilities and diversion works.

(b) Site Facilities



Main Dam

10-3

Diversion

The program for fill pl aci ng has been based on an average six
months season. It has been developed to provide high utilization
of construction equipment required to handle and process fill
materials.

1460
1865
2050
2185

(feet)

Reservoi r
El evat ion

1660
1810
1950
2130
2210

(feet )

Fi 11
Elevation

October 15
Accumul ated

Quantity Quantity

Year (yd\ 106) (Yd\ 10
6

)

1987 3
1988 6 9
1989 12 21
1990 13 34
1991 13 47
1992 12 59
1993 3 62

Construction of diversion and dewatering facilities, the first
major activity, should start by mid-1985. Excavation of the
portals and tunnels requires a concentrated effort to allow
completion of the lower tunnel for river diversion by October
1986. The upper tunnel is needed to handle the spring runoff by
May 1987. The upstream cofferdam must be pl aced to divert
riverflows in October 1986 and raised sufficiently to avoid
overtopping by the following spring.

The progress of work in the main dam is critical throughout the
period 1986 through 1992. Mobil ization of equipment and start of
site work must begin in 1986. Excavation on the right abutment,
as well as river alluvium under the dam core, begins in 1986.
During 1987 and 1988, dewatering, excavation, and foundation
treatment must be completed in the riverbed area and a substantial
start made on placing fill. The construction schedule is based on
the following program:

Spillways and Intakes

These structures have been scheduled for completion one season in
advance of the requirement to handle flows. In general,
excavation for these structures does not have to begin until most
of the excavation work has been completed for the main dam.

(c)

(d)

(e)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



Four units - October 2002

Four units - October 2002

Commencement of construction:
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J
J
o
J
o
o
o
o
o
o
o
o
o
J
o
o
J
J
J

- April 1992
- June 1994
- June 1995

Main access
Site facilities
Diversion

The first four units are scheduled to be on line by late 1993 and
the remaining two units in early 1994. Excavation of the access
tunnel into the powerhouse complex has been scheduled to start in
late 1987. Stage I concrete begins in 1989 with start of instal
lation of major mechanical and electrical work in 1991. In
general, the underground works have been scheduled to level
resource demands as much as possible.

Construction of the transmission lines and switchyards have been
scheduled to begin in 1989 and be completed before commissioning
of the first unit.

The schedule has also been developed to take advantage of possible
early reservoir filling to the minimum operating level by October
1992. Should this occur, power could possibly be generated by the
end of 1992.

The Watana schedule requires that extensive planning, bid selec
tion, and commitments are made before the end of 1984 to permit
work to progress on schedule during 1985 and 1986. The rapid
development of site activities requi res commitments, particul arly
in the areas of access and site facil ities, in order that con
struction operations have the needed support.

Completion of construction:

10.3 - Devil Canyon Schedule

Commencement of commercial operations:

The Devil Canyon schedule was developed to meet the on-line power re
quirement of all four units in 2002. The critical path of activities
was determined to follow through site facilities, diversion, and main
dam construction.

(f) Powerhouse and Other Underground Works

(h) General

(g) Transmission Lines/Switchyards



(a) Access

Arch Dam

Transmission Lines/Switchyards

Excavat i on of access into the powerhouse cave rn is schedul ed to
begin in 1996. Stage I concrete begins in 1998 with start of
installation of major mechanical and electrical work in 2000.

It has been assumed
Site roads and power

Diversion

Excavation and concreting of the single diversion tunnel should
begin in 1995. River closure and cofferdam construction will take
place to permit start of dam construction in 1997.

It has been assumed that site access facil ities built to Watana
will exist at the start of construction. A road will be construc
ted connecting the Devil Canyon site to the Watana access road
including a high-level bridge over the Susitna River downstream
from the Devil Canyon dam. At the same time, a railroad spur will
be constructed to permit railroad access to the south bank of the
Susitna near Devil Canyon. These activities will be completed by
mid-1994.

Site Facil ities

Camp fac i 1it i es shoul d be started in 1994.
that buildings can be salvaged from Watana.
could also be started at this time.

Spillways and Intake

The spillway and intake are scheduled for completion by the end of
2000 to permit reservoir filling the next year.

Powerhouse and Other Underground Works

The additional transmi ssion facil ities needed for Devil Canyon
have been scheduled for completion by the time the final unit is
ready for commissioning in late 2001.

The construction of the arch dam will be the most critical con
struction activity from start of excavation in 1996 until topping
out in 2001. The concrete program has been based on an average
8-month pl aci ng season· for 4-1/2 years. The work has been
scheduled so that a fairly constant effort may be maintained
during this period to make best use of equipment and manpower.

(c)

(e)

(b)

(d)

(g)

(f)

o
o

o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
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(h) General

The development of site facilities at Devil Canyon begins slowly
in 1994 with a rapid acceleration in 1995 through 1997. Within a
short period of time, construction begins on most major civil
structures. This rapid development is dependent on the provision
of support site facilities which should be completed in advance of
the main construction work.

10.4 - History of Existing Project

An intertie is planned to permit the economic interchange of up to 70
megawatts of power between maj or load centers at Anchorage and Fa i r
banks. Connecting to existing transmission systems at Willow in the
south and Healy in the north, the intertie will be built to the same
standards as those proposed for the Susitna project transmission sys
tem. It will be energized initially at 138 kv. Subsequent to con
struction of the Watana project, the intertie will be incorporated into
the Susitna transmission system and will operate at 345 kV.

Construction of the intertie is scheduled to begin in March 1983. Com
pletion and initial operation is planned for September 1984, well in
advance of the anticipated date for receipt of a FERC 1icense on
December 31, 1984.

10-6

o
J
o
o
o
o
o
o
o
o
o
o
J
J
o
o
[)

[)

J



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

REFERENCES

Acres American Incorporated. 1982a. Susitna Hydroelectric Project
Feasibility Report. Prepared for the Alaska Power Authority.



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
J

DESCRIPTION 1983 1984 1985 1986 1987 19BB 19B9 1990 1991 1992 1993 1994 I

01 nftCL~
011

02 INITIAL. ACCESS .. ..... 02!
o. 03!

O. MAIN ACCESS -...~.............. 04

05 05

05 SITE FACIUTIES illdh
_..._...- ~'.......-r.rAl ............1 ............. 05

07 _. i =.~NEL ,nw••
07

--+...-.....I!tQ. '1
08 DIVERSION TUNNELS HIIIIIIIIIIIII ,-,_,_,'1 1.1. 00

09 ,
C. "" T . I O.

f·
10 COFFERDAMS M'.......IIII'IIIIIIIIIIIM Htllllll.;J I : I 10

II , -; ._._- -- c•. START ~. . ,!l.!!
,.

1"
....." • ,ou.' • EL.2 • II

12 MAIN DAM lIl'II~IHlI 1II11111l1ll;:r.1II11)."h~""iIllHMI m""l11iillllll'lilill1l.'h'h)i "....., ....., ....., .....,-.J ~....." .....,',.....' ." ...." .....",..... ,....."" ...."" ~.........." .....,.........~ 12

13 I 13

"
RELICT CHANNEL 11111111111II1111111ll1I ..." ....." .....",,- -- -- ~...............,"""'''

"I

15 I 15

IS MAIN SPILL.WAY 1II1111111111111t111111111111 lllllll"""",,""""""!!! ""111"""""""""""" """'" ••1"'1.1.1. IS

17 : .nO••'M
17

10 EMERGENCY SPIUWAY 111111111111111111111111 111111111..11111111111

~"'"
10

I' I I'

20 OUTLET FACILITIES 111111111111111111111 ~lllllllllllllllllllllllllllln'lllllllll ,., ••••••••1.'_._1 20

21 I 21

22 POWER INTAKE - - 1"""n""I.,_ _ 1_,_,_1.1••••• 22

23 I 23

2' PENSTOCKS V"lIIlIlIIHlIlIIlIllIIlIIlII IIl.lllllllllllllllllIIlllllllllllllllIIl 2'

25 lEI· I ...... ' IT'" 0
25....,

26 POWERHOUSE 1II1lllllllllllllllllll1ll11ll11lllllJII 11111111
26

Z1 • I , TRANSFORM • Z1

2B TRANSFORMER GALLERY/ CABLE SHAFTS I GALLERY/SHAFTS .'.1.'.'. 20
111111I111I11.1111111.t1ltHHIIHIIIIIIII I

29 I I :. I 2.

1111111111111111111111111111.1111111111111

--
I30 TAILRACE/SURGE CHAMBER IIII11IH

30

31 ! I 31

32 TURBINE / GENERATORS .1••_1_1•••••'.'.' 1•••1•••1.1.'.).'. .,.,.,.'.'.1.'_'.1 '-'-1 32.. PH ,..........
I I ..

34 MECH./ ELECT. SYSTEMS ......_.. •'_'.1_'_ •••1.1.1•••••1'1.' ......._._..........,.,"! 34

35 : I 35

36 SWITCHYARD / CONTROL BLDG. 1II1111t1111111111111111111IMlli""""'" "".IZ 1••• , •••1.1_, I 36

37 .e.... em.- J I I 37
T.. TRANSMISSION UNES ~I#"#.J

III .""",,'..•.. 1l.'.I.I.I.'~ i .0

39 • ,....,... !,Etu.i... ~ 5. I 39

40 IMPOUNDMENT ----------- I 40

'1 .!., -, ... -, • .1• -8 ON-LINE "
• 2 TEST AND COMMISSION , '.,., 1••• I.I.l•••••I•• ••••'-•••.1 '2

43 43

•• ••
LEGEND' ....- ACCESS/FACILITIES

1111111.111111111 EXCAVATION/FOUNDATION TREATMENT

...""", FILL- CONCRETE

.1.'.'. IIlECHANtCAL/ELECTRICAL-- IMPOUNDMENT

WATANA
CONSTRUCTION SCHEDULE

FIGURE 10.1



0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Jj
"

DESCRIPTION 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

01 01

02 MAIN ACCESS .......- ~.I"~~ 1Wm".!roll 02

03 03

04 SITE FACILITIES ....,................ ~,............~ "'.-- "'.. 04

O. DO. ""
O. DIVERSION TUNNELS 1Il1ll1ll1llllHH 06

07 .o, r I 07

o. COFFERDAMS :-.."i"'..........· .........,.....'" I
I 06

OS • _.._. i I OS

10 MAIN DAM Illllllllinft=nlallll 1II1111l1ll1ll1ll1111iiliilhliiiiiiii 10

" I I "
12 SADDLE DAM 1l1lllllllIIIlll1l1l1I1II11ll1ll1 :..."" ........................ ",.........................,.... I 12

13 i I 13

"
OUTLET FACILITIES a,•••••'.'.'. •• _ ••••1••• ' , I

"
15 I 15

"
MAIN SPIL.LWAY 1111I11111111111I1111111111111_ III"'''!!!'''''''''',,'''''' """'" .'.'••_'.'•.1.'. "

17
~,_ .. 'w 17

I. EMERGENCY SPILLWAY IllIlIlHIl,*lIIII11I11HIIII IIIl11ftfftllllllll~1111111111II ~.....,....." I.

"
I

"
20 POWER INTAKE 111111l111111111111111l1111111

_,_,_1_,.,.,_,.
I 20

21 , I 21

22 PENSTOCKS lllllllllllllllllllllllllll I 22

23 .. STAGE t STAGI! 2
I 23• T

2. POWERHOUSE 11I1111I11I1-.411111I11111111 "1"11I11I111I11111I 2

2.
.,. I

TIIANSFOIIM .. 25

2. TRANSFORMER GALLERY I CABLE SHAFTS 1I1111llmlllUlllmllmmlllllHIllI : _'.1•••'. 26

27 I I
I I 27

28 TAILRACE/SURGE CHAMBER 11I11I11I 1111111111I111111.. lm111ll1llHIIIIIII 1111I11I111111111I11111111111111 I I 28

2. I 28

'0 TURBINES/GENERATORS 1.,.1.'.'_1•••••1• • 1-._._._1_1 • •••• 1.1••••_./ I'"
" PH CRANE"

I
I I ".. MECH./ ELECT. SYSTEMS ••1.1.1_11 '1.'-1 •••• ~I_I.I_'.I.'''''I.II1•••1.1•• , '"

"
I I, i "EXCAVA , •.. SWITCHYARD / CONTROL BLDG. 11I111I111I11I1"""'" '.I.'_I.'.'~ I I"..

FOUNDATK'lNA TOWERS/STR~ 1
".

,. TRANSMISSION LINES 1111I1_11I11I11 lIIiII:::::::::: 1 ••••••••1_,
1 I'"

" ,j, I I ..,
'8 IMPOUNDMENT ---""'- ~--""'_. I'".. *'-' ',,- ,1,. ,,' IoIHIHE I..
.0 TEST 8 COMMISSION .1.1 1.1.1.1.1..1_._1

1
40., .,

.2 .2.. ..
•• ••

LEGEND
rllllA ACCESS IFACLrrES
1II11111l11ll11lt EXCAVATION/FOUNDATJON TREATMENT

~""'"
..:..- CONCRETE

•• _ ••1.1 MECHANM:A1..IELEOTRICAL--- "POUNDMENT

DEVIL CANYON
CONSTRUCTION SCHEDULE

FIGURE 10.2



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

11 - ECONOMIC, MARKETING, AND FINANCIAL EVALUATION

11.1 - Introduction

The purpose of this section is to document the changes and further
studies which have taken place since the publication of the Feasibility
Report (Acres 1982a). There have been few changes in the financial
studies presented. For the FERC license application, a calculation for
the cost of power was made and a financing plan was selected as the
most probable.

In August, a report reviewing the Feasibi1 ity Study from a financial
purview was pub1 ished by Ar10n Tussing and Associates. The findings
of this report prompted a reassessment and update of several underlying
factors in the financial and risk analyses. The results of those con
siderations are presented in Subsection 11.5.

The third area of update is in the generation planning studies which
formed the basis of the project economic analysis. One critical factor
of change is in the cost of the projects. The impact of the cost
change on the economic and financial analyses has been addressed.

Similar to project costs, a change in the proposed project operation
has been made since the Feasibility Report. The change resulted from
mitigation studies involving the maintenance of downstream flows for
fishery spawning. As a result of the operation change, the energy
produced by the plant and the monthly distribution has changed. The
impacts of this shift on project economics have been reviewed.

The primary tool used for generation planning studies is the General
Electric Optimized Generation Planning (OGP) simulation model. Version
5 of the model was used for the feasibil ity report ana1ysi s. In May
1982, GE released Version 6 of the program. The changes in the program
and its impacts on study results have been checked and documented in
Subsection 11.6.

Finally, there were several issues raised in reviews of the Feasibility
Report. These issues included the assessment of Watana, Devil Canyon,
and Chakachamna as single projects and an alternative staging from the
recommended plan. They are:

The impact of changing probabilities in the multivariate sensitivity
analysis;

A discussion of percent reserve margins;

- Annual system cost components; and

- Delay of the project.

The following subsections address each of the areas mentioned
individually.
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11.2 - Cost of Power

One requirement of Exhibit D of the FERC 1icense appl ication was for
an annual cost to be presented. As a two-stage (Watana and Devil
Canyon) development with varying levels of energy output and the
assumption of ongoing inflation (at 7 percent per annum), the real cost
of Susitna power will be continually varying. As a consequence, no
simple, single-value real cost of power can be used. For the purposes
of the application, the following cost was adopted.

Table D.9 in Exhibit D (Acres 1983) gives the year-by-year projected
energy level s on the first I ine; and on the second, the year-by-year
unit cost of power in 1982 dollars. Costs are based on power sales at
cost assuming 100 percent debt-finance at 10 percent interest. This is
seen to result in a real cost of power of 122 mill s in 1994 (first
"normal" year of Watana), falling to 73.95 mills in 2003 (the first
"normal" year of Watana and Devil Canyon). The real cost of power
would then fall progressively for the whole remaining life.

The cost of power given in Table D.10 in Exhibit D (Acres 1983) is
designed to reflect as fully as possible the economic cost of power for
purposes of broad comparison with alternative power options. It is,
therefore, based on the capacity cost which would arise if the project
were 100 percent debt-financed at market rates of interest. It does
not reflect the price at which power will be charged into the system.

11.3 - Financing Plan

In the Feasibility Report, several plans were presented for financing
the Susitna project. At this time, one plan has emerged as the most
likely. This plan is presented in the FERC license application (Acres
1983) •

The financing of the Susitna project is expected to be accomplished by
a combination of direct state-of-AI aska appropriations and revenue
bonds issued by the Power Authority but carrying the "moral obI igation"
of the State. On this basis, it is expected that project costs for
Watana through the end of 1989 will be financed by $1.8 billion (1982
dollars) of state appropriations. Thereafter completion of Watana is
expected to be accompl ished by issuance of approximately $2.4 bill ion
(1982 dollars) of revenue bonds. The year-by-year expenditures in
constant and then current dollars are detailed in Table 11.1. These
annual borrowing amounts do not exceed the Authority's estimated annual
debt' capacity for the period.

The revenue bonds are expected to be secured by project power sal es
contracts, other available revenues, and by a Capital Reserve Fund
(funded by a State appropriation equal to a maximum annual debt
service) and backed by the "moral obI igation" of the state of Al aska.
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The completion of the Susitna project by the bUilding of Devil Canyon
is expected to be financed on the same basis requiring (as detailed in
Table 11.1) the issuance of approximately $2.1 billion of revenue bonds
(in 1982 dollars) over the years 1994 to 2202.

Summary financial statements based on the assumption of 7 percent
infl ation and bond financing at a 10 percent interest rate and other
estimates in accordance with the above economic analysis are given in
Table 1l.2.

The actual interest rates at which the project will be financed in the
1990s and the related rate of inflation evidently cannot be determined
with any certainty at the present time.

A material factor will be securing tax-exempt status for the revenue
bonds. This issue has been extensively reviewed by the Power Author
ity's financial advisors, and it has been concluded that it would be
reasonable to assume that by the operative date the relevant require
ments of Section 103 of the IRS code would be met. On this assumption,
the 7 percent infl ation and 10 percent interest rates used in the
analysis are consistent with authoritative estimates (Data Resources
Inc. July 1982)' forecasting a Consumer Price Index (CPr) rate of
inflation 1982-1991 of approximately 7.percent and interest rates of AA
Ut il ity Bonds (nonexempt) of 11.43 percent in 1991 dropping to 10.02
percent in 1995.

11.4 - Change in the Cost Estimate

. As discussed in Section 9, the cost estimate has been revised to
reflect adjustments to the project made since the Feasibility Report.
The following summarizes those estimated changes.

January 1982 $ xl06

License
Feasibil ity Application Percent
Study Estimate Estimate Change Change

Watana 3647 3596 (51) (1.4)

Devil Canyon 1480 1554 74 5.0

Total 5127 5150 23 0.44

. Because of the relatively minor changes in the cost estimate, no
changes have been made in the financial analysis. Since the Watana
project cost has decreased and it is the more criti cal project to
finance, and, since it is the first to be constructed, the change would
in theory make financing easier. However, because of the minimal
change in numbers, the impact on the financial projections is insigni
ficant.
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11.5 - Comments from "Revi ew Report"

After pub1 ication of the Feasibil ity Report, a report entitled "Alaska
Energy Planning Studies - Substantiative Issues and the Effects of
Recent Events," a review by A. R. Tussing and G. K. Ericson, was pre
pared for the Di vi s i on of Pol icy Development and P1 anni ng, Offi ce of
the Governor of the State of Alaska.

This document, "Alaska Energy Planning Studies - Substantiative Issues
and Effects of Recent Events" (the review), covered four reports sub
mitted to Alaska state agencies including the draft Susitna Hydro
electric Project Feasibility Report.

After publication of the review, a commentary responding to comments
was prepared. This subsection is a summary of the key comments and
responses.

This summary confines itself to the review only of the feasibil ity
report study and re1 ated data. It does not respond to the comments
made in the review on data developed by Battelle and the Institute of
Social and Economic Research, University of Alaska.

The review commentary deals with:

World Oil Prices: long-term future of world oil prices.

- Alaskan Fossil Fuel Prices: market prices versus opportunity values,
1inkage between coal and oil prices, and 1inkage between gas and oil
prices.

- Reliability of Susitna Construction Cost Estimate: construction cost
estimates, and risk analysis.

- Financing Issues: real discount and interest rates.

These issues are identified as those requiring further treatment to
deal with apparent misunderstandings and need for further comment aris
i ng from the review. The summary here presents the issue and commen
tary in support of the feasibility report relative to the issues.

(a) World Oil Prices, Long Term

The review asserts that oil price forecasts are too high and
suggests that real (inflation-adjusted) prices will continue to be
below 19B2 levels for the remainder of the century.

Price forecasts used in the feasibil ity report were adopted from
the Battelle Alternatives Study. Nonetheless, an updated check of
forecasting was done to confirm or indicate the necessity for
changes in the oil price base used in the feasibility report. The
results of the survey of forecasts is presented in Table 11.3.
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The forecasts used in the report are in close agreement with those
of all the major forecasting organizations shown in Table 11.3.
The forecasts are all of recent date and take into account all
recent trends.

Thus, one piece of evidence cited in the review is that Data
Resources, Inc. (DRI) now forecasts a decline in Europe's oil con
sumption during the rest of this century, while today there is an
excess oil-producing capacity in the world. Such partial analysis
cannot 1ead to the conc1 us i on that oil pri ces will dec1i ne over
the next 20 years. This requires consideration of the future
levels of oil demand outside Europe: worldwide supply/demand con
ditions, etc. DRI, taking all such factors into account, supports
the position taken in the report with a forecast of 2.8 percent
growth in real terms.

A second factor cited by the review is the scaling down of oil
price projections by the Alaska Department of Revenues in its
Petroleum Production Revenue Forecast. The state's forecasts made
in the spring of 1982 point to declining real oil prices through
1998. Of the numerous eminent authorities engaged in long-term
energy forecasting, this alone is cited by the review.

Table 11.3 summarizes all the major forecasts for comparison with
the report's base case scenario of 2 percent real escalation,
bounded by low and high scenarios of 0 percent and 4 percent,
respectively. Of the 16 authorities surveyed, only one presented
a case with long-term dec1inirig real oil prices.

Although a wide range of oil prices is reflected in these projec
tions, it is clear that with the single qualification already
noted, they are ]11 calling for positive real growth in world oil
prices over the long-term horizon required for power planning
studies. The report did not, however, exclude the possibility of
zero real growth in oil prices; it merely assigned it a lower
possi bility of 25 percent compared with the 50 percent probabil ity
assi gned to the 2 percent growth case. It is Acres assessment
that the review does not present a case for rejecting this
assessment (and the similar forecasts shown in Table 11.3) and
effectively assigning 100 percent probabil ity to the zero growth
scenari o.

(b) Alaskan Fossil Fuel Prices

(i) Market Prices Versus Opportunity Values

An issue rai sed by the revi ew was the assessment of prob
able future costs of fossil fuels for generation in the
Rai1be1t from local coal or gas supply conditions.

Both the Feasibility Study and the Battelle study reviewed
the prior studies milde of Bel uga coal costs and worldwide
coal production cost estimates. The use of production
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costs for natural gas and coal would be wholly appropriate
and desirable for the financial analysis of a power project
from the narrow perspective of private investors or owners.
As a public project, however, Susitna should be, and was,
appraised from the point of view of the state as a whole
and valued the fossil fuels at its opportunity cost in
terms of potential exports.

It is for this reason that Acres supported the net-back
approach in which the value of coal and natural gas in
Alaska was determined as the c.i.f. (landed) price in the
most likely (East Asian) market less the cost of transpor
tation from Alaska to that market.

(ii) Linkage Between Coal and Oil Prices

The review is critical of the approach whereby "both con
tractors have deduced their price assumptions for Railbelt
coal and gas wholly from forecasts of oil prices in
Japan."

The statement may be misleading as, in fact, it is the real
growth rates in coal and gas export prices that are esti
mated, in the most 1ikely case, to equal real rates of
world oil price escalation. Base period (1982) opportunity
val ues of coal and gas were determi ned (as shown above)
independently of oil prices. In the most likely (base)
case, it forecasts that there would be no change in rela
tive prices; that is, the 1982 price ratios among oil, gas,
and coal would be maintained during the planning period.
This estimation is supported by forecasts of coal and
natura1 gas pri ces provi ded in the report. A movi ng
average of coal/oil price ratios exhibits relatively little
fluctuation over the 8-year period. (There is an estimated
probabi 1ity of over 65 percent that the rati 0 is 0.42
.:!:O. 04. )

(iii) Linkage Between Gas and Oil Prices

The emphasis of the criticism of Feasibility Report assump
tions relating to natural gas is centered on the fact that
the current price of Cook Inlet natural gas is signifi
cantly below the "opportunity val ue" suggested in the
report, and that this price is not expected to increase to
levels in line with the opportunity value. It is main
tai ned that "Cook In 1et gas pri ces will be estab1i shed
largely on the basis of factors loc~ to the region," and
thus, these prices will be insul ated from the effects of
world price movements.

Regardless of whether Cook Inl et gas prices do or do not
equal opportunity values, the results of the Susitna public
cost/benefit analysis would not be altered. In fact, it is
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only the opportunity values which are of relevance, and the
Cook Inlet domestic gas prices at any point in time should
not be an issue of any concern in, an analysis of net
economic benefits.

This results solely from the fact that, if export markets
exist for LNG at the prices which have been determined in
the Report, then it must be assumed that the rational gas
producer in Alaska would select the opportunity to receive
the highest price that is offered for the gas.

(c) Reliability of Susitna Construction Cost Estimates

(i) Construction Cost Estimates

A third area of concern expressed in the review was the reli
abil ity of the project capital cost estimate. The concern
appears to be based on generalizations stemming from the
'~ega project" experience of the last decade.

This questioning does not appear to be founded on any
detailed data or experience of hydroelectric power develop
ment engineering and construction. The only specific mega
projects cited to justify allegations of "misplaced specif
icity, subjectivity, and over-optimism, institutional blind
spots, and underallowance for noncompletion" in the Acres
construction cost estimate are the Trans Alaska oil pipeline
and the Washington Public Power Supply System nuclear reactor
program. It is Acres view that neither of these projects has
any practical bearing on a site-specific, basically conven
tional engineering hydroelectric power development such as
Susitna where the project est imate has been as extens i ve,
ev~uated and assigned as high a confidence level as in the
Susitna case.

Cost-estimate review on a risk basis was conducted in the
Feasibility Report by relating to a list of projects compiled
by an external source. It is recognized that this approach
did not include major hydroelectric projects in northern
areas, nor did it reflect the Acres experience in project
cost-estimating. To provide further support for the project
cost estimate, Acres experience on a project similar to
Susitna was reviewed. Table 11.4 provides in detail a review
of Acres Churchill Falls Hydroelectric Power Project estimate
versus outcome.

Two estimates of costs are-given. The first, for 1963, is in
the nature of an early stage feasibil ity estimate" while the
second, for 1968, is a final, pre-contract estimate broadly
comparable in confidence level to that produced 'in the
Susitna Feasibil ity Report. It is seen that, reduced to
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comparable purchasing power (1963 dollars), the 1963 estimate
is at variance from the final cost by 4.2 percent. This
favorable (negative) variance has to be viewed, furthermore,
in light of the fact that between 1963 and 1968 there was an
increase from 10 to 11 in the number of hydroelectric units
and an increase in the rating of all generators from 450 MW
to 475 MW.

The Churchill Falls Power Development in Labrador, Newfound
land, is a 5225 MW development in a remote area. It is
comparable to Susitna as a giant hydroelectric project. It
will be noted that in place of the single large dam which
creates the operating head and storage reservoir for Watana,
a large number of fill structures were constructed at
Churchill Falls with an aggregate length of over 42 miles and
volume of more than 40 million cubic yards. Construction
work spread out over 2500 square mil es of reservoi r area was
inherently more difficult to control than a concentrated
development area such as Watana.

Other examples of estimate/final cost comparisons uphold
Acres record of performance on major hydroe1 ectri c power
projects in northern latitudes and at remote sites.

(d) . Real Discount and Interest Rates

The review took issue with the standard methodology by which Acres
derived the 3 percent real discount rate used in the cost/benefit
analysis in the feasibility report (Section 18.3 to 18.21) and
argues for 4.5 percent as the appropriate rate.

The 3 percent discount rate was derived from two sources. First,
it was given as a guideline for economic evaluation by the Depart
ment of .Commerce of the State of A1 aska. The second source was
the generally accepted studies summari zed on page 18.4 of the
Feasibil ity Report.

It is clearly possible to question the standard methodology giving
ri se to thi s parameter. Here, as in other parts of the study,
however, it was study pol icy to avoid unnecessary controversy by
not questioning accepted methodology or guide1 ines unless the
alternative approaches materially affected Acres conclusions.

A more precise approach is that of determining the Project Speci
fic Rate (PSR). This is done by first estimating the weighted
average interest cost of proj ect borrowi ng and the opportuni ty
interest cost of any funds provided by the state of A1 aska, with
the weightings being the proportions of these two types of capi
tal. This weighted average is then converted into a real discount
rate (approximately) by deducting the relevant rate of inflation.
The interest rates used would be those obtained at the time that
the capital is to be raised; and the rate of inflation, the 10ng
term rate expected over the life of the borrowing.
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On the basis of the ORI forecasts and on the assumption that the
opportuni ty cost of state-provi ded funds is the interest rate
forecast for federal government securities while the project
borrowing is in the form of tax-exempt bonds (see Table 18.22 in
the Feasibility Report), the weighted averaged interest rate with
the state appropriation of $2.3 bill ion can be determined. The
ORI forecast interest rate on federal funds and on tax-exempt
bonds, both over the relevant capital raising periods and un
weighted, are 10.4 percent and 8.1 percent, respectively. This
gives a weighted average PSR of 9.1 percent in money terms.

The long-term forecast rate of CPI inflation from 1985 to 1995
(again as given by DRI) varies between 7.1 (1985-90) and 6.5 per
cent (1990-95). No forecast is given for the post-1995 period.
The implied real rate of interest relevant to the cost/benefit at
a long-term inflation rate of 6.5 percent is, therefore, approxi
mately 9.1 - 6.5 = 2.6 percent. At these rates of inflation,
therefore, this alternative methodology, using DRI data, does not
support a higher discount rate than the 3 percent discount rate
used in cost/benefit analysis carried out for the feasibility
study and dealt with in the report.

The position taken in the review is that the discount rate should
be that at which the project is financed. This is the PSR
approach just described. As such, it produces a lower (not
higher) rate than that used in the Acres analysis.

The review suggests, however, that the appropriate rate is 4.5
percent on the grounds that this is the DRI forecast of real
interest rates on corporate bonds* in 1992. Since the project is
not being financed by corporate bonds but by tax-exempt bonds and
by the state of Alaska, it cannot be argued that this 4.5 percent
has any relevance. The relevant tax-exempt and federal bond rates
consi stent with the 4.5 percent corporate bond rate gi ve the
result outlined above.

It would also be noted that the DRI 4.5 percent real interest rate
on corporate bonds is very much higher than the Wharton or Chase
forecasts or indeed any of the other ma in forecasting agenci es.
These are generally in the range of 3-2.4 percent. If these fore
casts, rather than the DRI forecast used above, are accepted,
then, taking into account the advantages of tax exemption, the 3
percent discount rate used for the Susitna cost/benefit analysis
is conservative in that the appropriate PSR should be significant
ly lower. Thi s became apparent in the course of the Acres
analysis but was not pursued, since it merely had the effect of
reinforcing rather than controverting the conclusions reached.

In summary, it appears to Acres that the review is mistaken as to
the outcome of the methodology which it proposes and that, cor
rectly stated, this methodology (which Acres stresses is only an
approximation) gives a result which would argue that the discount
rate promulgated by the Alaska Department of Commerce and used by
Acres is too high, not too low.

* Using the CPI and not IPD, the rate is 4.0 percent.
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11.6 - Generation Planning

After circulation of the feasibility report, several items of work were
accomplished in response to questions and comments. These involved the
following areas of analysis:

- Multivariate analy~is - sensitivity of load probability;
- Changes to the generation planning'model;
- Impacts of project changes; and
- Other issues.

Each of these areas is explored individually in the following'text.

(a) Multivariate Analysis - Sensitivity of Load Probability

To a'ccount for variance in forecasting, the economic analysis was
approached on a probabilistic basis. Several key variables were
chosen; a range of low, medium, and high variable values were

'estimated; and probabilities were assigned to each value. A pro
babil ity tree was constructed with each combination of vari abl es
assigned a resultant probability. The original analysis is
discussed in more detail in Section 18 of the feasibility report.

The multivariate sensitivity analysis analyzed the four variables:
load forecast, alternatives capital cost, fuel cost escalation and
Susitna capital cost; and assigned a range of probabil ities to
each. Some concern has been expressed regarding the likelihood of
the probabil ity di stri but ion bei ng different from the assumed
"base case" Of 0.20, 0.60, and 0.20 for the low, medium, and high
load forecast scenarios. A recalculation of the probabilities was
made using the distribution 0.60, 0.30, and 0.10. Tables 11.5 and
11.6 summarize the calculation for the non~Susitnaand Susitna
trees.

The results of the analysis show that the expected val ue of net
benefits is $971 million. This is a result of the difference in
the non-Susitna and Susitna plans ($7,624 - $6,653 = $971).
Compared to the base case multivariate analysis, the $971 million
expected value is approximately 33 percent less than the base case
value of $1,450 million. Figure 11.1 plots the net benefit
curves.

(b) Changes to the Generation Planning Model

In May 1982, General Electric released Version 6 of the OGP Pro
gram. Version 5 of the program was used as the primary tool for
the generation ,planning studies for the feasibility report.

Several changes were made to the program in Version 6 in response
to user comments. These include a possible 3D-year study period
(replacing 20), more options for maintenance scheduling, and
increased program flexibil ity. Two changes particularly relevant
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to the Susitna analysis are the possibility of economic overbuild
ing (adding units on an accelerated schedule) and carryover of
excess hydropower from wet months to dry months. The latter gives
a more favorable (and accurate) value to the potential hydro
energy produced by the project. .

In order to test the impact of these terms on the results of the
generation planning, the base case, with and without Susitna, was
reanalyzed with OGP-6. Table 11.7 summarizes the results. The
results were reduced to a long-term cost in a manner identical to
the feasibility report.

The revisions in the program had no impact on the non-Susitna
case. For the with-Susitna case, the increased value of the hydro
energy increased net benefits by about 5 percent.

(c) Impact of Project Changes

Two changes in the project affecting economic analysis have taken
place since completion of the Feasibility Report; a change in cost
estimate, and a change in operation schedule.

The change in the cost estimate is small. The most current esti
·mate for the total project.in 1982 dollars is $5,150 million, 0.44
percent higher than the feasibil ity estimate. The cost of the
Watana project went down $51 million, while the Devil Canyon cost
went up $74 million. These minor changes would have a negligible
impact on the results of economic studies. Therefore, no revision
in analysis or sensitivity to cost-change data tests were done.

After completion of the Feasibility Study, a major focus of in
stream flow study was the selection of a project operation scheme
with mitigation of downstream fill ing impacts as an objective,
along with optional power production. A series of cases were
tested with flows varying from optimal energy production to "no
impact" case. A case whi ch fell into the mi ddl e of these extreme
was selected. The net benefit of this case are $114 mill ion as
compared to $1176 million. This 3 percent difference in net bene
fit did not warrant a full revision of the economic study.

(d) Other Issues

After completion of the Feasibility Report, several comments were
raised which required additional study or explanation. Those
issues are presented in the following paragraphs.

(i) Discussion of Percent Reserve Margin

In planning system electrical need, there are a number of
methods that can be used to measure a system's reliability
and determine the need for the addition of capacity. It is
common utility practice to plan to a statistical measure of

11-11



11-12

Therefore, the calculation of percent reserve in this con
text is independent of the "need" for capacity which is
determined by the LOLP criterion.

Alternatively, the OGP model can plan to a percent reserve
margin and calculate LOLP after expansion has been made.
However, this option was not exercised because of the
variety of methods for computing percent reserve and the
difficulty in arriving at a consensus on a reliable percent
reserve resulting from the system size.

An alternative method of calculating reserve margins
involves subtracting the largest unit of capacity out of
the total available system capacity. Other methods sub
tract the largest "string" of intertied units from the
total capacity to arrive at a reserve margin. In any case,
the percent reserve is merely a simple statistic of avail
able capacity to meet load regardless of "acts of God" and
forced outages.
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in the peak month
(December in the

Ra i1be1t System)

capacity - loadpercent reserve = load

reliability: loss of load probability (LOLP) in conjunction
with some minimum percent reserve margin. Computation of
LOLP involves probabilistic forced outage rates, planned
maintenance, peak load, and reliable energy considerations.
LOLP is commonly expressed as a loss in days per year or,
in some systems, hours per year depending on the size of
individual units in the operating system. Percent reserve
margin can also be calculated in a variety of ways relating
capacity, load, contracts for power exchange, and the
largest units on the system to a single measure of avail
able capacity.

In modeling the Alaskan Railbelt System for generation
planning studies, the LOLP criteria of 0.1 day per year was
used as the "trigger point" for capacity additions. In
other words, in every year, the OGP model calculates the
system rel iabil ity LOLP without any additions. If the
system as it exi sts vi 01 ates the LOLP c ri teri on of 0.1
day/year, the model then examines combinations of available
alternative unit capacity additions that would meet this
reliability criterion. From these alternative system
mixes, the least cost (or production cost optimal choice)
is sel ected and the system is operated for the foll owi ng
year. At this time, the percent reserve margin is calcula
ted for that year using the equation:
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Table 11.8 summarizes the two sets of statistics for the
medium-load, forecast-base non-Susitna and Susitna plans.
The planning criteria were LOLP less than 0.1 day per year,
and percent reserve was calculated using the noted
equation. Figure 11.2 plots percent reserve versus time
for the two plans. The following paragraphs discuss the
variations among plans.

As previously mentioned, the system model examines the
available units for addition in a year when reliabil ity is
not met. In the first year of the study, 1993, the units
available for the non-Susitna plan are 200-MW coal, 200-MW
combined cycle, 70-MW gas turbine, and 10-MW diesel units.
Of these, a single 200-MW unit meets the LOLP criterion in
the most cost-effective manner. In the Susitna plan, the
Watana project added in a single stage is 680-MW, which is
considerable for that particular year; however, as load
grows and existing units retire, percent reserve decreases.
No other units are needed in the system. In year 2002,
additional capacity is needed. The Susitna. pl an adds the
600-MW Devil Canyon project which again raises the percent
reserve.

The non-Susitna plan has the capabil ity to add only small
increments of capacity relative to the Susitna project.
The addition of 200-MW or smaller units meets rel iabil ity
criteria with a smaller reserve margin. As Susitna is
added in 600+ MW increments to take advantage of its full
energy potential, the reserve margin becomes very 1arge.
Much of the reserve margi n capac i ty rests i dl e from 1993
on.

In year 2010, the non-Susitna plan has a calculated LOLP of
0.099 indicating that criterion is nearly violated in that
year. This LOLP corresponds to a percent reserve of 32.5
percent, which indicates the level of capacity installation
over LOLP needs. In both plans, the percent reserve is
always above this level, varying as the various size units
are installed.

(ii) Annual System Costs

Each year the OGP model dispatches available energy genera
tion to meet load. Table 11.9 shows the annual energy
dispatch in GWh by generating unit type for the two plans.
Figure 11.3 shows the annual system costs plotted for the
two plans. This figure represents the initial cost of the
Watana project having higher system cost during the first
few years, remaining about the same during the years 1996
to 2001, and showing significant savings in the years 2003
to 2010.
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Discussion of Delay of Project

Annual System Cost Components

The annual system costs consist of a number of components:
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Su si tna
NGGT

Su s itna
Combined Cycle
NGGT
Other Hydro
Diesels

Susitna

GT Natural Gas
CC Natural Gas

Non-Susitna

Coal
NGGT

Coal
Combi ned Cycle
NGGT
Other Hydro
Di ese1s

Coal
GT Natural Gas
CC Natural Gas
Oi 1

O&M:

Investment Costs:

Fuel Costs:

Tables 11.10 and 11.11 list the annual yearly costs by com
ponents for the non-Susitna plan and the Susitna plan.
Figures 11.4 and 11.5 depict the components graphically.
The most dramat ic compa ri son is the portion of Sus itna
investment cost versus the coal investment and fuel cost
components in the non-Susitna plan.

Figu,re 11.6 plots the annual system long-term costs for
both plans during the 1993 to 2010 system modeled period
and the 2011 to 2051 economic extension period.

The Railbelt system technically needs capacity installation
in December 1992 to meet the LOLP rel iabil ity criteria.
However, Acres has scheduled the study to start in 1993,
suggesting that the December 1992 peak woul d be met by
extending one or two retiring units until major new units
are on line in January of 1993. Delaying Watana Stage One
to 1994, therefore, poses a problem, since it is necessary
to have some type of capacity in 1993.

Two impacts occur when a Susitna project stage is delayed.
First, there is an increase in fuel costs during the year
of delay to make up generation not provided by Susitna.
For examp 1e, with Watana, in 1993, fuel costs are $25
million. Without Watana and using two ,new natural gas tur
bines, fuel costs are $128 million in 1993. Second, there
is a decrease in Sus itna investment cost present worth.
For example, $100 invested in 1993 is $76 in 1982 dollars.
One hundred dollars invested in 1994 is $74 in 1982 dollars
at a 3 percent di scount rate.

(i v)

(iii)
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Two notes on the calculation of net benefits and long-term
cost are:

The low-load forecast plan shows a negative net benefit of
$96 million for the Watana-only scheme.

(1) When comparing Watana-only project plans with the base
case alternative plan, it is necessary to compute the
LTC cost to year 2043, when Watana is installed in
1993 (medium-load case), and 2045, when Watana is
installed in 1995 (low-load case).

were examined in the medium
Table 11.13 summarizes these

Watana Project Alone

Only the Watana projections
and low-load forecast cases.
plans.

The lowest production cost alternative in 1993 is a 200-MW
coal unit. However, this unit, followed by the large
Watana project in 1994, is only used one year, hardly a
justification for building a large plant. Alternatively,
two 70-MW gas turbines can be installed in 1993, run to
meet peak until Watana comes on line, then used as standby
until the later years. This system plan (C3) is shown in
Table 11.12. This plan reduces net benefits approximately
4 percent to $1,133 million.

Oelaying both stages of the Susitna plan one year results
in essentially the same net benefit as the previous case.
This plan (C4) has a long-term (LTC) cost of $7,165
million. However, it must be compared to a without-Susitna
plan which has been extended to year 2053 rather than 2052,
since the Susitna project 1ife is 50 years from the year
Devil Canyon is installed. This modification makes the
non-Susitna plan LTC $8,299 million; therefore, net bene
fits are $1,134 million.

Delaying both stages of the project two years (plan C5)
increases fuel costs in years 1993, 1994, 2002, and 2003
as the result of dispatching of thermal units to meet load.
Again, the net impact is partially offset by the decrease
in present worth of Susitna costs; and the net benefits are
$1,130 million, 4 percent less than the base case.

Under the medium-load forecast, the Watana only project was
tested at two installed capacities: 680 MW and 1020 MW.
Although the larger capacity plan displaced some additional
capacity and since no additional average or firm energy is
associated with these units, the net effect is a negative
benefit of $102 mill ion. The second stage of Watana was
capital cost of the $58.8 million.

(v)

o
o

o

o
o
o
o
o
o
o
o
o
o
o
o
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o
o
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- Devil Canyon - Watana

Buil ding Devil Canyon fi rst increases the cost compared
to a later staging because of additional adjustments of
transmission, intakes, diversions, cofferdams, access
roads, and site facilities.

(2) When a Susitna plan installs a 200-MW coal plan in the
planning horizon, it is necessary to add in the cost
of a Beluga transmission tie in the year it is added,
calculated in 1982 dollars. This cost was estimated
as $53.5 mill ion (from the upper 1imit capital cost
report, July 1981), and is added to the long-term
cost.

J
J
J
o
o
[]

[]

o
[]

[]

o
[]

o
'0

o
[]

[]

[]

J

$5,761

Devil Canyon $2,203
Watana 3,558

1982$ x 106

$4,094
1,631

$5,725

- Watana
- Devil Ca nyon
- Watana

Total

Watana
Devil Canyon

Reverse stagi ng of the Sus i tna proj ect has some uni que
cost implications. First, the possibility exists that
the Devil Canyon project could be on 1ine sooner than
1993, perhaps as early as late 1991. This situation was
not modeled; however, in the without-Bradley Lake case,
it may reduce the long-term cost and increase net bene
fits over the value presented here. Second, the interim
years between Devil Canyon (1993) and Watana (2002)
require additional capacity to be added. Five 70-MW gas
turbines are needed to supply energy to the system.

Capital Cost (including IDC) impacts of Devil Canyon
first followed by Watana are summarized below:

Alternative Railbelt Hydro Assessment

Previously, the Development Selection Report (DSR) examined
various alternative developments of the Susitna Basin. The
Watana/Devil Canyon selection was chosen as the least-cost,
long-term generation plan. This assessment reviews some of
the possible alternatives, using the same criteria as the
Susitna feasibility study and updated data on the hydro
power alternatives. Generation plans were developed for
the following scenarios and long-term costs compared to the
base case without-Susitna plan.

- Devil Canyon
- Chakachamna
- Chakachamna
- Watana only
- Devil Canyon only
- Chakachamna only

(vi)



- Chakachamna - Susitna

Total energy impacts of Devil Canyon fi rst compared to
Watana/Devil Canyon are as follows:

Note that this is a tally of available energy which is
sl ightly greater than usable energy by year 2010.

. The results of the generation plans for the base case 
Watana/Devil Canyon and the reverse staging Devil Canyon/
Watana are summarized in Table 11.14. Lon9-term costs in
the 1atter case increase by 4 percent over the Watana
first case reducing net benefits to $896 million.

6,793 5,394

Devil Canyon 2,585 2,264
Watana 4,208 3,130

Available Energy, GWh

3,459 2,631
3,334 2,763

6,793 5,394

Watana
Devil Canyon

Total

The Chakachamna-Watana generation plan was staged as
1993-2000, respectively, si nce Watana alone is a 1arger
energy project than Devil Canyon. Additional capacity
added are three 70-MW gas turbines and a 200-MW combined
cycle unit. This plan has a 1993-2051 LTC of $8,241
million, with negative net benefits of $4 million when
compared to the base case non-Susitna plan.

The possi bil ity of a Chakachamna-Devil Canyon-Watana or
Chakachamna-Watana-Devil Canyon pl an was examined; how
ever, the excess capacity and energy provided in these
scenarios, given the medium load forecast, are over
1,000 GWh and were, therefore, not modeled as such.

The 330-MW Chakachamna hydroelectric project was also
examined in the DSR. Two updated generation plans--one
with the Chakachamna project in 1993 followed by Devil
Canyon, the other Chakachamna followed by Watana--were
analyzed under the same parameters as the feasi bil ity
study base case. Capital costs and energies were provi
ded by Bechtel, Alternative "B" with average annual ener
gy of 1,492 GWh, firm energy of 1,374 GWh, and a capital
cost of $1,450 million including IDC and transmission
costs.

With the addition of Chakachamna in 1993, Devil Canyon
can most effectively be staged in 1997 with further
expansion of Beluga coal units in 2003 and 2010. Six
70-MW gas turbines are added in the post-2000 period.
The total LTC (1993-2051) of this plan is $8,186 million
as shown in Table 11.15.

o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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- Single Hydro Project Developments

Three single development cases were examined under this
topic: Watana, Devi] Canyon, or Chakachamna alone.

Table 11.15 summarizes energies, capital costs, and long
term costs for each of these scenarios. LTCs are com
puted for 50 years of the project.
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$ Million

Interest Rate 10%
In fl at ion Rate 7%

1989 Revenue Bonds 140 84
90 " " 1564 880
91 " " 1418 746
92 " " 989 486
93 " " 396 182

Total Watana Bonds 4507 2378

1994 Revenue Bonds 230 99
95 " 386 155
96 " 364 136
97 " 325 114
98 " 1085 355
99 " 1346 412

2000 " 1513 433
01 " 1377 368
02 " " 269 67

Total Devil Canyon Bonds 6895 2139

TABLE 11.1: FINANCING REQUIREMENTS - $ MILLION
FOR $1.8 BILLION STATE APPROPRIATION

451711402

1982
Purchasing

Actual Power

404 318
473 348
480 331
500 323
798 480

2655 1800

1985 State Appropriation
86 II II

87 II II

88 II II

89 II II

Total State· Appropriation

TOTAL SUSITNA BONDS

o
o
o
o
o
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TABLE 11.2: $1.8 8ILLION (1982 OOLLARS) STATE APPROPRIATION SCENARIO Page 1 of 3
7% INFLATION ANa 10% INTEREST

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

CASH FLOW SUMMARY
($M111 ion)

73 Energy GWll a a a a a a a a 3387 3387
521 Real Prlce~Mil1s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.85 62.99
466 Inflation Index 126.72 135.59 145.08 155.24 166.10 177.73 190.17 203.48 217.73 232.97
520 PriceN M111s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 110.73 146.75

INCOME

516 Revenue 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 375.0 497.0
170 less Operating Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.9 29.3

517 Operating Income 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 348.1 467.7
214 Add Interest Earned on Funds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6
550 Less Interest on Short-Term Debt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.1
391 less Interest on Lon g~Term Debt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 411.1 444.4

548 Net Earnings From Opers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -63.0 12.8

CASH SOURCE ANa USE

548 Cash Income From Opers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -63.0 12.8
446 State Contribution 403.7 472.7 479.7 499.5 797.9 0.0 0.0 0.0 0.0 0.0
143 Long-Term Debt Oral'ldo\'ms 0.0 0.0 0.0 0.0 140.4 1564.4 1417.6 988.6 396.1 229.7
248 Uoreap Debt Drawdowns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.0 17.7

549 Total Sources of Funds 403.7 472.7 479.7 499.5 938.3 1564.4 1417.6 988.6 431.1 260.2

320 less Capital Expenditure 403.7 472.7 479.7 499.5 938.3 1564.4 1417.6 988.6 333.1 259.2
448 Less Worca~ and Funds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.0 17.7
260 less Debt epayments 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.4

141 Cash Surplus (Deficit) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -33.1
249 Short~Term Debt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.1
44.4 Cash Recovered 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

OALANCE SHEET

225 Reserve and Cont. Fund 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 56.5 61.6
371 Other Working Capital 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 41.5 54.1
454 Cash Surplus Retained 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
370 Cum. Capital Expenditure 403.7 876.4 1356.1 1855.6 2794.0 4358.4 5775.9 6764.6 7097.7 7356.9

465 Capital Employed 403.7 876.4 1356.1 1855.6 2794.0 4358.4 5775.9 6764.6 7195.7 7472.6

461 State Contribution 403.7 876.4 1356.1 1855.6 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5

mRetained Earnings 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -63.0 -50.2
Debt Outstanding - Short Term 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 161.0 211.8

554 Debt Outstanding - long Term 0.0 0.0 0.0 0.0 140.4 1704·.~ 3122.4 4111.0 4444.1 4657.4

542 Annual Debt Orawdown $ 1982 0.0 0.0 0.0 0.0 84.5 880.2 745.4 485.8 181.9 98.6
543 Cum. Debt Orawdown $ 1982 0.0 0.0 0.0 0.0 84.5 964.7 1710.1 2196.0 2377.9 2476.5
519 Debt Service Gover 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.99
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TAOLE 11.2 (Cont'd) Page2of3

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

CASH FLO~ SUMMARY
(IMillion)

73 Ener~ GHH 3387 3387 3387 3387 3387 3387 3387 5223 5414 5605
521 Real rice-Mills 61.36 69.57 65.59 61.68 58.03 54.61 51.40 63.57 59.90 62.52
466 Inflation Index 249.20 266.73 285.40 305.38 326.75 249.62 374.10 400.29 428.31 458.29
520 Price-Mills 152.95 185.56 187.18 188.34 189.61 190.92 192.30 254.47 256.58 286.53

INCOME

516 Revenue 518.0 628.4 633.9 637.9 642.2 646.6 651.3 1329.0 1389.0 1605.9
170 less Operating Costs 32.0 35.0 38.1 41.6 45.4 49.6 54.1 91.1 99.4 108.5

517 Operating Income 406.U 593.5 595.8 596.2 596.7 597.0 597.2 1237.9 1289.6 1497.4
214 Add Interest Earned on Funds 6.2 6.7 7.3 8.0 8.7 9.5 10.4 11.4 19.1 20.9
550 less Interest on Short-Term Debt 21.2 24.2 27.1 28.2 29.5 30.5 31.6 32.8 45.6 48.4
391 Less Interest on Long-Term Debt 442.8 441.0 439.0 436.8 434.4 431.8 428.9 1088.3 111.81 1105.3

548 Net Earnings From Opers 28.2 135.0 137.0 139.2 141.6 144.3 147.2 128.1 151.4 364.5

CASII SOURCE AND USE

548 Cash Income From Opers 28.2 135.0 137.0 139.2 141.6 144.3 147.2 128.1 151.4 364.5
446 State Contribution 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
143 long·Term Debt Orawdowns 386.1 363.6 324.8 1085.4 1346.9 1513.1 1377.3 269.3 0.0 0.0
248 Worcap Debt Orawdowns 8.1 29.3 11.2 12.2 10.6 10.4 12.3 128.0 24.7 42.8

549 Total Sources of Funds 422.4 527.9 473.0 1236.8 1499.1 1667.8 1536.7 525.4 176.1 407.3

320 less Capital Expenditure 418.2 478.8 440.0 1200.6 1462.1 1628.3 1492.5 362.3 90.9 99.2
448 less worca~ and Funds 8.1 29.3 11.2 12.2 10.6 10.4 12.3 128.0 24.7 42.8
260 Less Debt epayments 18.0 19.8 21.8 24.0 26.4 29.0 32.0 35.1 64.1 70.5

141 Cash Surplus (Deficit) -22.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -3.6 194.8
249 Short-Term Debt 22.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 -58.7
444 Cash Recovered 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 136.1

8ALANCE SIIEET

225 Reserve and Cont. Fund 67.2 73.4 80.1 87.4 95.4 104.1 113.7 191.3 208.8 227.8
371 Other Working Capital 56.6 79.7 84.2 89.1 91.7 93.4 96.2 146.6 153.8 177.6
454 Cash Surplus Retained 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
370 Cum. Cap' tal Expenditure 7775.1 8253.9 8693.9 9894.5 11356.6 12984.9 14477.4 14839.7 14930.5 15029.7

465 Capital Employed 7898.9 8407.0 8858.3 10071.1 11543.7 13182.5 14687.2 15177.5 15293.1 15435.1

461 State Contribution 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5
462 Retained Earnings -22.0 113.0 250.1 389.3 530.9 675.1 822.3 950.4 1101.8 1330.2
555 Debt Outstanding ~ Short Term 241.9 271.2 282.4 294.7 305.2 315.7 328.0 455.9 484.3 468.4
554 Debt Outstanding - long Term 5025.5 5369.2 5672.2 6733.6 8054.1 9538.1 10883.4 11117.6 11053.5 10983.0

542 Annua 1 Debt Drawdown $ 1982 154.9 136.3 113.8 355.4 412.2 432.8 368.1 67.3 0.0 0.0
543 Cum. Debt Drawdown I 1982 2631.3 2767.7 2881.5 3236.9 3649.1 4081.8 4450.0 4517.3 4517.3 4517.3
519 Debt Service Cover 1.02 1.25 1.25 1.25 1.25 1.25 1.25 1.08 1.07 1.25



TABLE 11.2 (Cant'd) Page30f3

2005 2006 2007 2008 2009 2010 2011 2012 2013 TOTAL

CASH FLOW SUMMARY
(!Million)

73 Ener9j: GlH 6092 6147 6250 6472 6544 6616 6638 6660 6682 104826
521 Real rice-Mills 53.98 50.38 46.72 42.59 39.74 37.11 34.95 32;91 31.02 0.00
465 Inflation Index 390.27 524.69 561.42 600.72 642.77 687.77 735.91 787.42 842.54 0.00
520 Price-Mi 115 264.68 2fi4.32 262.31 255.84 255.46 255.25 257.23 259.16 261.34 0.00

INCOME

516 Revenue 1612.3 1624.7 1639.3 1655.7 1671.6 1688.6 1707.3 1725.9 1746.1 24625.8
170 less Operating Costs 118.4 129.2 141.0 153.9 168.0 183.4 200.1 218.4 238.4 2202.0

517 Operating Income 1493.9 1495.5 1498.3 1501.8 1503.6 1505.3 1507.2 1507.5 1507.8 22423.8
214 Add Interest Earned on Funds 22.8 24.9 27.1 29.6 32.3 35.3 38.5 42.0 45.9 412.4
550 Less Interest on Short-Term Debt 46.8 50.5 55.6 61.5 66.1 70.7 75.9 79.7 83.8 925.8
391 Less Interest on Long-Term Debt 1093.3 1090.5 1082.0 1072.6 1062.3 1050.9 1038.4 1024.7 1009.6 16744.9

548 Net Earnings From Opers 371.5 379.3 387.8 397.2 407.5 418.9 431.4 445.1 460.3 5165.4

CASH SOURCE AND USE

548 Cash Income From Opers 371.5 379.3 387.8 397.2 407.5 418.9 431.4 445.1 460.3 5165.4
446 State Contribution 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2653.5
143 long-Term Debt DraW(lowns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11403.2
248 Worcap Debt Drawdowns 36.4 51.3 59.3 45.8 45.9 52.0 37.7 41.2 44.9 819.7

549 Total Sources of Funds 408.0 430.5 447.1 443.0 453.4 470.8 469.1 486.3 505.2 20041.9

320 Less Capital Expenditure 108.2 118.1 128.9 140.7 153.6 167.6 182.9 199.7 217.9 16447.4
448 Less worca~ and Funds 36.4 51.3 59.3 45.8 45.9 52.0 37.7 41.2 44.9 819.7
260 less Debt epayments 77.6 85.3 93.9 103.2 113.6 124.9 137.4 151.2 166.3 1410.7

141 Cash Surplus (Deficit) 185.7 175.8 165.0 153.3 140.4 126.4 111.0 94.3 76.1 1364.1
249 Short-Term Debt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
444 Cash Recovered 185.7 175.8 165.0 153.3 140.4 126.4 111.0 94.3 76.1 1364.1

OALANCE SHEET

225 Reserve and Cont. Fund 248.7 271.4 296.2 323.3 352.8 385.1 420.3 458.7 500.6 500.6
371 Other Working Capital 193.2 ~ 221.7 256.2 274.9 291.2 310.9 313.4 316.2 319.2 319.2
454 Cash Surplus Retained 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
370 Cum. Capital Expenditure 15138.0 15256.1 15305.0 15525.7 15679.3 15046.9 16029.9 16229.5 16447.4 16447.4

465 Capital Employed 15579.8 15749.2 15937.4 16123.9 16323.3 16542.9 16763.5 17004.3 17267.2 17267.2

461 State Contribution 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5 2653.5
462 Retained Earnings 1516.0 1719.5 1942.3 2106.3 2453.4 2745.9 3066.3 3417.1 3801.3 3801.3
555 Debt Outstanding - Short Term 504.8 556.1 615.3 661.1 707.0 759.0 796;7 837.8 882.7 882.7
554 Debt Outstanding - long Term 10905.4 10820.1 10726.2 10622.9 10509.4 10384.4 10247.0 10095.8 9929.6 9929.6

542 Annual Debt Drawdown $ 1982 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4517.3
543 Cum. Debt Drawdown $ 1982 4517.3 4517.3 4517.3 4517.3 4517.3 4517.3 4517.3 4517.3 4517.3 4517.3
519 Debt Service Cover 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 0.00
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* The 10 models are: Gately-Kyle-Fischer (New York Univ.), lEES - OMS (U.S.
Dept. of Energy), IPE (M.I.T.), Salant-ICF (U.S. Federal Trade Commission and
ICF, Inc.), ETA-MARCO (Stamford Univ.), WOIl (U.S. Dept. of Ener9Y and
Environmental Analysis, Inc), Kennedy-Nehring (Univ. of Texas and the Rand
Corp.), OIlTANK (Chr. Michelsen Institute), Opeconomics (BP Co. ltd.), OIlMAR
(Energy and Power Subcommittee, U.S. House of Representatives).

SUMMARY OF MAJOR FORECASTS OF OIL PRICE TRENDS

o
o
o
o
o
o
o
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o
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TABLE 11.3:

Source

Date Resources Inc.

International Energy Agency
- low
- High

US Energy Information
Administration

Energy Mi nes and
Resources Canada

Ontario Hydro

Energy Model i ng Forum,
World Oil Report*

- avera9~ of 10 models
- range of 10 models

Dr. F. Fesharaki,
Resource Systems Institute
East-West Centre, Honolulu

Date of
Forecast

Summer 1982

Spring 1982

Spring 1982

Summer 1982

Spring 1982

February 1982

Spri ng 1982

Forecast
Trend
(percent)

+2.8

-0.5
+2.0

above +3

+1.7

+1.8

+3.4
+1.9
+5.3

+1.7



TABLE 11.4: COMPARISON OF ACRES ESTIMATE AND ACTUAL
COST REDUCED TO COMMON (1963) LEVEL

NOTE: (1) 1963 Estimate was for 10 x 450 MW Units; 1966-68 Estimate
and Actual was for 11 x 475 MW Units.

(2) The project budget provided for a contingency allowance of
$41 million, i.e., approximately 8 percent of the base
construction cost estimate and a provision for escalation
of $102"million based on a rate of 4.5 percent per annum,
constant over the construction period.

1963 Estimate (incl.
contingency) (1)

1966 Estimate (incl.
contingency) (2)

Completion Cost

$ Mill ions
Current
Doll ars

488.2

563.3

665.6

1963
Doll ars

488.2

489.5

467.8

Percent
of 1963
Estimate

100.0

100.3

95.8

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
u
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0
0 TABLE 11.5: MULTIVARIATE SENSITIVITY ANALYSIS, LONG-TERM

COSTS AND PROBABILITY, NON-SUSITNA TREE

0
0 (1982~ )

1/$ x 10
Rank (Low- Long-Term Cumulative Incremental Cumulative

0 High) ID Cost Probability Probabil i ty LTC LTC

1 T27 4412 .03 .03 132.36 132

0 2 T24 4590 .09 .12 413.10 545
3 T21 4856 .03 .15 145.68 691
4 Tl8 5489 .015 .165 82.34 773

0
5 Tl5 5661 .045 .21 254.75 1,028
6 Tl2 5991 .015 .225 89.87 1,118
7 T26 6101 .06 .285 366.06 1,484
8 T23 6878 .18 .465 1,238.04 2,722

0 9 T09 7184 .005 .47 35.92 2,758
10 T06 7313 .015 .485 109.70 2,868
11 T20 7460 .06 .545 447.60 3,315

0 12 T03 7624 .005 .55 38.12 3,354
13 Tl7 7915 .03 .58 237.45 3,591
14 Tl4 8238 .09 .67 741:42 4,332

0
15 T25 8492 .03 .70 254.76 4,587
16 T22 8746 .09 .79 787.14 5,374
17 Tl1 8858 .03 .82 265.74 5,640
18 Tl9 9253 .03 .85 277.59 5,918

0 19 Tl6 10321 .015 .865 154.82 6,072
20 T08 10503 .01 .875 105.03 6,177
21 Tl3 10637 .045 .92 478.67 6,656

0
22 T05 10859 .03 .95 325.77 6,982
23 TlO 11272 .015 .965 169.08 7,151
24 T02 11569 .01 .975 115.69 7,267
25 T07 13742 .005 .980 68.71 7,335

0 26 T04 14194 .015 .995 212.91 7,548
27 T01 15058 .005 1.000 75.29 7,624

0 1.000

0 Y LTC - 1ong-te rm costs

0 Using probability distributions:

Low Load Forecast 0.60

0
Medium Load Forecast 0.30
High Load Forecast 0.10

0
1.00

0



J
TABLE 11.6: MULTIVARIATE 5EN5ITIVITY ANALY5I5

LONG-TERM C05T5 AND PROBABILITY, 5U5ITNA TREE 0
(1982~)

1/$ x 10 0Rank (Low- Long -Tenn Cumulative IncrementaT Cumulative
High) ID Cost Probabil i ty Probabil ity LTC LTC

1 545 5543 .09 .09 498.87 499 02 542 5757 .18 .27 1,036.26 1,535
3 536 5827 .045 .315 262.22 1,797
4 539 6097 .09 .405 548.73 2,346 05 533 6151 .09 .495 553.59 2,900
6 544 6437 .0375 .5325 241. 39 3,141
7 530 6477 .045 .5775 291,47 3,432

08 541 6650 .075 .6525 498.75 3,931
9 535 6738 .01875 .67125 126.34 4,058

10 538 6991 .0375 .70875 262.16 4,320

011 532 7062 .0375 .74625 264.83 4,585
12 527 7087 .003 .74925 21.26 4,606
13 518 7108 .009 .75825 63.97 4,670
14 509 7151 .003 .76125 21.45 4,691 015 543 7331 .0225 .78375 164.95 4,856
16 529 7388 .01875 .8025 138.53 4,995
17 540 7543 .045 .8475 339.44 5,334

018 534 7650 .01125 .85875 86.06 5,420
19 537 7884 .0225 .88125 177.39 5,598
20 531 7974 .0225 .90375 179.42 5,777
21 526 7986 .00125 .905 9.98 5,787 022 517 8008 .00375 .90875 30.03 5,817
23 508 8050 .00125 .91 10.06 5,827
24 524 8326 .006 .916 49.96 5,877 025 515 8347 .018 .934 150.25 6,027
26 528 8371 .01125 .94525 94.17 6,121
27 506 8390 .006 .95125 50.34 6,172

028 525 8886 .00075 .952 6.66 6,178
29 516 8908 .00225 .95425 20.04 6,199
30 507 8951 .00075 .955 6.71 6,205
31 523 9225 .0025 .9575 23.06 6,228 032 514 9247 .0075 .9650 69.35 6,297
33 505 9290 .0025 .9675 23.23 6,321
34 521 9614 .003 .9705 28.84 6,350

035 512 9758 .009 .9795 87.82 6,437
36 503 9784 .003 .9825 29.35 6,467
37 522 10126 .0015 .9840 15.19 6,482
38 513 10147 .0045 .9885 45.66 6,528 039 504 10190 .0015 .99 15.29 6,543
40 520 10514 .00125 .99125 13.14 6,556
41 511 10658 .00375 .995 39.97 6,596 042 502 10683 .00125 .99675 13.35 6,609
43 519 11414 .00075 .997 8.56 6,618
44 510 11558 .00225 .99925 26.01 6,644

045 501 11584 .00075 1.00000 8.69 6,653
1. 00000

11 Using probability distributions: 0Low Load Forecast 0.60
Medium Load Forecast 0.30
High Load Forecast 0.10

01.00



1/ 2010 annual cost is projected 41 years at 3% and present worth 26 years to
1982 at 3% to arrive at the 2011-2051 estimated present worth.

1982 Present
Worth of
System Costs

Cumulative 1/ $ x 106 Long-Term
Costs 2010- Estimated Cost Net

OGP-5 1993-2010 Annua1 2011-2051 1993-2001 Benefit

Non-Susitna 3,213 491 5,025 8,238

Susitna 3,197 385 3,943 7,062 1,176

TABLE 11.7: COMPARISON OF BASE CASES
REVISED OGP-5 PROGRAM

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

OGP-6

Non-Susitna

Susitna

3,213

3,066

491

384

5,025

3,929

8,238

6,995 1,243



TABLE 11.8: PERCENT RESERVE - MEDIUM LOAD FORECAST1/

Non-Susitna Susitna
Peak Total Total
Load Capability LOLP Capability LOLP

Year (MW) (MW) % Reserve days/years (MW) % Reserve days/year

1993 947 1373 45.0 0.063 1853 95.7 0.000
1994 965 1542 59.8 0.027 1822 88.8 0.000
1995 983 1495 52.0 0.077 1774 80.5 0.000
1996 1003 1624 61.9 0.059 1704 69.9 0.000
1997 1023 1620 58.4 0.084 1630 59.4 0.000
1998 1044 1635 56.6 0.092 1575 50.8 0.001
1999 1064 1635 53.6 0.055 1575 48.0 0.002
2000 1084 1591 46.8 0.059 1531 41.2 0.015
2001 1121 1661 48.2 0.038 1531 36.6 0.032
2002 1158 1608 38.9 0.062 2079 79.5 0.000
2003 1196 1625 35.9 0.087 2026 69.4 0.001
2004 1233 1695 37.5 0.057 2027 64.4 0.001
2006 1323 1794 35.6 0.049 1939 52.7 0.017
2006 1323 1794 35.6 0.052 1917 44.9 0.068
2007 1377 1994 44.8 0.023 1987 44.3 0.025
2008 1430 1968 37.6 0.066 2032 42.1 0.029
2009 1484 2037 37.3 0.051 2031 36.9 0.050
2010 1537 2037 32.5 0.099 2102 36.8 0.025

1/ As calculated in peak month: %reserve =
capac ity - load

load

o
o
o
o
o
o
o
o
o
o
o
o
o
'0

o
o
o
o
J



SUSITNA PLAN (GWh)

)j Medium Load Forecast.

NG NG OTHER
Year COAL GT CC OIL HYDRO SUSITNA TOTAL

1993 140 0 578 0 631 3387 4736
1995 183 2 719 0 631 3387 4922
2000 239 83 1129 0 631 3387 5469
2002 0 0 0 0 631 5222 5853
2005 3 0 0 0 631 5539 6428
2010 53 6 616 0 631 6485 7791

NG NG
Year Coal GT CC OIL HYDRO TOTAL

1993 1758 610 1733 4.0 631 4736
1995 2B87 226 1177 0.6 631 4922
2000 3983 68 787 0 631 5469
2002 4236 95 891 0 631 5853
2005 4283 300 1214 0 631 6428
2010 5486 434 1240 0 631 7791

o
o TABLE 11.9: ANNUAL ENERGY DISPATCH 1/

o NON-SUSITNA PLAN (GWh)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



TABLE 11.10: COMPONENTS OF ANNUAL COSTS - NON-SUSITNA PLAN II

..... • _ ..... T

Coal Coal Coal NGGT NGGT NGGT NGCC NGCC OIL
Year INV OIM Fuel INV OIM Fuel OIM Fuel O/M&Fuel TOTAL

1993 44.2 6.6 36.7 0 5.1 26.2 6.4 47.0 3.9 176.1
Cum. 44.2 50.8 87.5 87.5 92.6 118.8 125.2 172.2 176.1

1995 73.9 12.1 61.6 0 2.7 10.4 5.5 37.3 3.4 206.9
Cum. 73.9 86.0 147.6 174.6 150.3 160.7 166.2 203.5 206.9

2000 114.2 18.4 100.5 6.4 2.2 4.6 5.1 40.4 3.2 295.0
Cum. 114.2 132.6 233.1 239.5 241.7 246.3 251.4 291.8 295.0

2002 114.2 19.3 109.0 9.8 2.6 6.7 5.6 45.8 3.3 316.4
Cum. 114.2 133.5 242.5 252.3 254.9 261.6 267.2 313.0 316.3

2005 114.2 20.0 111.4 24.3 5.0 25.2 6.8 62.0 3.5 372.4
Cum. 114.2 134.2 254.6 269.9 274.9 300.1 306.9 368.9 372.4

2010 152.8 29.1 150.8 32.0 7.1 38.3 7.5 69.5 3.9 491.0
Cum. 152.8 181.9 332.7 364.7 371.8 410.1 417.6 487.1 491.0

11 Medium Load Forecast

L.:.:J L.:.:J c:=J c=:J c.::.:J c...::::J C:.:J c:::::J c.:J c.:J L::J c::..:.J c:.J c..J c...:J c:.J c:.J c....:J c....J



(Mill ion $)

TABLE 11.11: COMPONENTS OF ANNUAL COSTS - SUSITNA PLAN 11

1 Medium Load Forecast

Other
Susitna Susitna Hydro NGGT Thermal Coal NG

Year Investment OIM OIM Inv OIM Fuel Fuel Total

1993 199.1 12.2 2.8 0 7.3 4.7 20.4 246.5

1995 199.1 12.7 2.9 0 7.7 6.4 26.9 255.9
Cum. 199.1 211.8 214.7 214.7 222.4 228.8 255.9

2000 199.1 14.1 3.2 0 8.8 7.8 59.6 292.6
Cum. 199.1 213.2 216.4 216.4 225.2 233.0 292.6

2002 294.0 22.4 3.3 0 5.3 0 0 325.0
Cum. 294.0 316.4 319.7 319.7 325.0 325.0 325.0

2005 294.0 23.8 3.5 0 5.2 0.7 16.0 343.2
Cum. 294.0 317.8 321.3 321.3 326.5 327.2 343.2

2010 294.0 26.2 3.9 11. 9 7.7 1.9 39.7 385.3
Cum. 294.0 320.2 324.1 336.0 343.7 345.6 385.3

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



l/ Dates modeled are from 1993 through 2010 in all cases.

2/
2010 to 20XX Cost- 5,024.7 3,943.0 3,964.5 4,026.9 4,131.1

Long-Term Cost 8,238 7,062 7,105 7,165 7,230
8,299 C4
8,360 C5

Net Benefit $1,176 $1,133 $1,134 $1,130

Base Case Base Case
Non-Susitna Sus itna Susitna Delayed

A C C3 C4 C5

OGP ID L9J9 L9K3 LOW9 L2W5 L2W7

1/
DATES:- WATANA/DC 93/2002 94/2002 94/2003 95/2004

ADDITIONS 4 Coal 3 GT's 3 GT's 3 GT's 3 GT's
9 GT's 2007 1993* 1993* 1993*

2008 1993* 1993* 1993*
2010 2010 2010 2010

$ x IOn (198 2 PW)

1993 - 2010 $3,212.8 $3,199.4 $3,140.1 $3,137.9 $3,099.2

2010 Cost 491.0 385.3 387.4 388.7 394.1

y Factors:

TABLE 11.12: SliSITNA PROJECT DELAYED

2010-2051 ; 10.2336 (A, C, C3)
2010-2052 ; 10.3598 (C4)
2010-2053 ; 10.4824 (C5)

J
D
o
o
o
o
o
o
J
o
J
o
o
J
D
o
D
J
o



c:=Jc:=Jc:=Jc:=Jc:=Jc:=J[=:J[=:J[=:J[=:J[=:J[=:J[=:J[=:J[=:J[=:J[=:J[=:Jc:=J

TABLE 11.13: WATANA PROJECT ALONE

Medium Load Forecast Low Load Forecast
1280 MW 680 MW 1020 MW 1280 MW 680 MW

Non-Susitna Sus itna Watana Watana Non-Susitna Susitna Watana

OGP 10 L919 L9K3 Ll89 L671 Ll95 L9K7 L4R7

System 600 MW B 680 MW 93 680 MW 93 680 MW 93 400 MW B 680 MW 95 680 MW 95
200 MW N 600 MW 02 400 MW B 340 MW 02 200 MW N 600 MW 04 200 MW B
630 MW GT 210 MW GT 420 MW GT 400 MW B 560 MW GT 280 MW GT

350 MW GT

$ Mill ions

1/
2010 yearly- 491.0 385.3 479.8 485.5 404.3 359.5 394.2

1993-2010 3,212.8 3,119.4 3,295.3 3,344.4 2,639.9 2,881.9 2,805.9

LTC $82 8,238 7,062 7,571 8,313 6,878 6,650 6,447

2/
Transmission- -- -- 27 27 -- -- 23

Totals 8,238(A) 7,062 8,232 8,340 6,878(C) 6,650

7,589(B) -- 7,598 -- 6,374 (0) -- 6,470

Net Benefit -- 1,176(A) (9) (B) (102) (A) -- 228(C) (96)(0)

11 Economic Factors: Medium Load:

to 2051 10.2336
to 2043 8.9119

2/ $53.5 in 2005 = $27 1982 PW
- 2010 = $23 1982 PW

Low Load:

to 2054
to 2045

10.4824
9.2367



TABLE 11.14: ALTERNATIVE GENERATION PLANS

Non-Sus itna Watana IJevil Canyon Chakachamna Chakachamna
Case Plan Devil Canyon Watana DC Watana--

ID L9J9 L9K3 L5XZ9 L2Z3 L309

System Mix 800 Coal W/93 IJC/93 C/93 C/93
(Added capacity 560 GT DC/02 W/02 DC/97 W/OO
only) 210 GT 350 GT 400 Coa 1 200 CC

420 GT 210 GT

$ x 106 (1982)

1993-2010 $3,121.8 $3,119.4 $3,168.3 $3,206.6. $3,259.9

2010 491.0 385.3 407.8 486.6 486.7

2011-2051 5,024.7 3,943.0 4,173.3 4,979.7 4,980.7

Long-term cost
(1993-2051) $8,237 $7,062 $7,341 $8,186 $8,241

Net Benefit --- $1,176 $ 986 $ 51 ($4)

c...=Jc:Jc:Jc:...:..:Jc...Jc...Jc:...:..:Jc:...::Jc...Jc::.Jc:JL...JL...Jc.....:JL...Jc:...:Jc:.::::JL...JL..J
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o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

TABLE 11.15: SINGLE HYDRO PROJECT DEVELOPMENTS

Case Watana Devil Canyon Chakachamna

ID Ll89 L6I1 L9El

Capacity 680 MW 600 MW 330 MW
Avail able 1993 1993 1993

Aver age Energy 3459 GWh 2589 GWh 1492 GWh

Firm Energy 2631 GWh 2264 GWh 1374 GWh

$ x 106 (1982)

Capital Cost $4,094 $2,203 $1,450
(incl uding IDC
and transmission)

Long-term co sts $7,598 $7,656 $7,271
(1993-2042)

Net Benefits (9 ) ($67) ($317)
compared to
non-Susitna
pl an LTC
(1993-2042) of
$7,589 million
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MEOIUM LOAD FORECAST
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FIGURE 11.5
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