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ALASKA POWER AUTHORITY
BOARD OF DIRECTORS MEETING

Juneau Borough Chambers
Friday, May 3, 1985
8:30 a.m.

OLD BUSINESS
I. A. Action Itemsa

5. Licensing Review and Consideration of Proposed Staging of

Construction of the Susitna Hydroelectric Project

SUPPLEMENTAL INFORMATION

Supplement 1 - ENGINEERING

Supplement 2 - PROJECT COSTS & ECONOMICS
Supplement 3 - POWER & ENERGY PRODUCTION
Supplement 4 - FINANCIAL ANALYSIS

Supplement 5 ENVIRONMENTAL ANALYSIS



STAGED CONSTRUCTION OF THE SUSITKA HYDROELECTRIC PROJECT.

A.

Action [tem

Approval to incorporate staged construction of the Watana facilities into
the Susitna Hydroelectric Project, and to update and/or optimize other
features, as appropriate. See Figure 1, Plan and Schedule,

Background

The Application for License before the Federal Energy Regulatory Commiss-
fon (FERC), submitted February 1983, proposes a two-stage project on the
Susitna River, The first stage would be a facility at the Watana site
with the dam built to an elevation of 2,205 feet, a second facility at
the Devil Canyon sfite would have a dam buflt to an elevation of 1,465
feet. Several planning studies determined that this arrangement optimi-
2es the power development of the Susftna River.

At the February 1985 Board meeting, Staff reported on a preliminary
analysis of staged construction of the Watana facility which' indicated
that the Project, as presented in the FERC License Application, {s still
the optimum plan, however, the staged construction would (1) result in
lesser {nitfal cost (and thereby might facilitate “*inancing), (2) require
a smaller State contributfon, and (3) provide additional decision points
in the project plan and schedule that would allow project development to
be more closely aligned with actual system growth. The benefits of

staging would be at the expense of a somewhat higher eventual total
project cost. _ ' .

Staff recormended, and the Board authorized, further studies be completed
to confirm the preliminary assessments of the staged project in the areas

of engineering, economics, finance, and environment. This Action I[tem
reports on those studies. -

Issues

1. Eng1neer1na. The staged project would be constructed in three
stages Tnstead of the currently proposed two stages. The stages
would be:

Stage I - Watana Initial Dam - Dam Crest Elevation 2025
Stage Il - Devil Canyon Dam - Dam Crest Elevation 1465
Stage III - Watana High Dam - Dam Crest Elevation 2208

Supplement 1 describes the engineering aspects of construction

stagirg, and contains the report of the Engineering External Review
Panel on Staging.*

2, Project Cost and Economics. Staging the Watana development would
reduce 1nitial construction costs and the required state contribu-
tion for rate stabilization. However, total construction costs of
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the three-stage development will be higher than those of the two-
stage development, and bonding requirements will be greater.
Staging the Watana Dam reduces the benefit/cost ratio of the License
Application scheme by a modest degree as reported in February.

Supplement 2 provides estimated construction cost in both real and
nominal dollars and provides an economic comparison between the
two-stage and three-stage projects.*

Power and Energy. The three-stage project would provide the oppor-
tunity to align project capacity and enerqy more closely with actual
regional demand growth as 1t occurs in the future. There would be
tncreased flexibility in timing the Susitna project {ncrements to
match the uti{lity needs.

Supplement 3 describes enerqy and capacity data for the staged
project, and provides a comparison between the two-stage and three-
stage projects.*

Finance. The amount of bonds required to fund the construction of
the first two stages of the three-stage project 1s lass than that
required under the FERC concept. However, due to inflation and some
real cost differences, the bonds required to construct all three
stages {s greater than that required under the FERC concept.

Due to the relatively greater usability and lower initial costs, the
three-stage project reduces the amount required for the utilities to
be fully rate stabilized.

Supplement 4 provides an analysis of financing alternatives for the
two and three stage project, the cash flow requirements, and an
analysis of state contributions.®

Environment. The aquatic 1impacts of the Stage I[II of the project
{Watana High Dam and Devil Canyon Dam) would remain essentially the
same as the currently proposed project. The intermadiate stages,
Stage I (Watana Inftial Dam) and Stage Il (Watana Initial Dam and
Devil Canyon Dam) would have different downstream effects because of
less capability to reregulate the annual river flows, and
consequently, a somewhat different thermal regime for the Watara
reservolr, During the early years of the Project this cooler
thermal regime results fn an increased ice cover downstream from the
dams as compared to the full developme t, with a resultant increase
in overtopping flows of cooler water into aquatic habitat in the
side sloughs of the middle river. This may have a negative {impact
on the survival of {ncubating salmon in these sloughs. However, it
is possible to mitigate for this impact by placing berms and dikes
so as to completely protect the slough from overtopping flows.

A decisfon to pursue three stage development of the Susitna
Hydroelectric Project would generally have no major adverse impacts
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or any wildli{fe or botanical resources within the project area.
From a wildlife or botanical resource viewpoint, three stage
development would in fact have several advantages over the current
1icense application project. Under this plan approximately 15,000
acres of wildlife habitat, which would be {nundated by the High
Watana impoundment, would not be {nundated for roughly 10 years.
Construction acttvities would continue over a longer period of time,
and thus disrupt wildlife for a longer period. However, the level
of disturbance to wildlife during Stage Il construction would be
less due to the reduced magnitude of the construction effort, the
presence of an existing infrastructure developed during Stages I and
11, and the extension of the time period during which public access
would be prohibited. Since Devil Canyon pool would {nundate one of
the principal borrow areas for fi11 material for the Watana Damsite,

it would be necessary tog open additional borrow areas when Watana
Dam 1s raised in Stage 11!,

The primary effect of staged construction on cultural resources are
twofold. First, 1t would reduce the number of archeogical sites
initially {impacted by reservoir flooding. Second, it would allow
more time for studying those sites and for implementing the cultural
resources mitigation plan. While the total construction workhours
would be less and the construction period would be less, and the
construction perfod would be reduced by one year for Stage ! as
compared to High Watana, the total number of workers required at
peak construction would be similar., Workforce requirements for
Stage Il (Devil Canyon) would not change. A workforce (which would
be smaller than for Stage !) would be required to construct Stage
111. Therefore, the general size and timing of sociceconomic
effects are not anticipated to differ substantially for Stages I and
[T than for the License Application. Adding Stage IIl would result

in continued but smaller project-related employment opportunities
and attendant socioeconomic effects.

Supplement 5 provides an assessment of the environmental effects of

the staged project and a comparfison with the currently proposed
project.* '

Licensing. The staged project will require additional environmental
evaluation by FERC staff to permit preparation of a Final
Environmental Impact Statement (FEIS). This additional period of
evaluation could deltay the completion of the FEIS, resulting in a
corresponding delay in the current hearing schedule. FERC has asked
to be promptly apprised of Board action so that appropriate resource
planning can take place.

Costs of Revising License Application

A decision to proceed with revising the application is anticipated to
increase the Power Authority project licensing costs by approximately
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$972,000 not {including legal fees. Table 1 shows the source of the
additional costs.

Table 1. Estimated Additional Consultant Costs for Licensing
to Cover Project Staging

FY85 FY86
Engineering R $238,000
Environment 56,000 149,000
Geotechnical ce ~am
Licensing and Permitting 20,000 20,000
Logistics ~-e .-
Need for Power 85,000 59,000
Transmission 56,000 46,000
Hydrology 54,000 5,000
External Review Panel 30,000 --a
Management and Administration --e -—a
Total : 355,000 577,000
6rand Total $972,000

Project Schedule

Considering only the 1{censing delays accumulated to date, the project
full power on-line date has slipped from 1993 to 1997; this latter date
can be changed to 1996 with staging. Table 2 shows on-11ne dates for the
current and staged projects.

Table 2. Online Dates for the Current and Staged Projects
Assuming Finai Design Authorization in December 1985

Current Project Staged Project

Watana Initial Dam

First Unit Power N/A Oct. 1995

Full Power Dec. 1996
Cevil Canyon Dam

First Unit Power 2002 2002

Full Power 2002 2002
Watana High Dam |

First Unit Power Oct. 1996 2008

Full Power Dec. 1997 2008

The shortar construction time f>~ Watana Initial Dam results in a one
year reduction for the on-line date of the first stage. In addition,
there is 1increased opportunity to adjust on-line dates of the several

stages to more closely match project energy and capacity with system
demands.
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The on-line dates suggested here reflect the {nitiation of design and
geotechnical programs {n December 1985. The design and geotechnical
programs are critical path activities and projected on-1ine dates are as

sensftive to delays 1n {nitiating these programs as they are to the
Vicensing date.

Staff Findings.

1. Staged construction {s practical from an engineering point of view.

2. Although the Project, as presently incorporated 1in the Licensing
process, has the optimum dam hefght from an economic¢ perspective,
staged construction would provide several benefits:

A)

B)

c)

0)

Options

Staged construction would lower initial development costs, but
would increase real project costs about 9%.

Staged construction would align project energy and capacity
more closely with actual system demands, and would provide
greater flexibility in responding to future rates of system
growth.

Staged construction would lower the required state {nvestment
{n the project and could facilitate financing of the project.

The environmental impacts of the staged project are only
modestly greater than the current project and are within
acceptable bounds with mitigation.

1. Approve:

A)

8)

c)

D)

Incorporation of staged construction of the Watana facilities
as part of the proposed project; and

Completion by staf of required studies and preparation of
materials necassary for their submissfon to FERC, {including
those revisfons to the physical arrangement of the project
other than staging, which are considered to be desireable means
of reducing the project cost; and

Staff enli{sting advice from counsel for procedural actions with
FERC to the extent necessary to assure orderly and expeditious

pursuit of the EIS process and, ultimately, the FERC license;
and

Staff approaching FERC with counsel to submit necessary
documentation to allay FERC's concerns with budget and
schedule, and to determine FERC License schedule implications
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of staging. These implications will be communicated to the
Board as soon as they are determined; and

E) Taking funds for the License revision from the $1.2 million

Board Contingency Fund.
2.

A) Disapprove {ncorporation of staged construction of the Watana
facilities and thereby confirm the Board's commitment to the
currently proposed project, and

B) Authorize staff to prepare materfals necessary for updating the
Application for License to reflect realistic on-1ine date.

Recommendations
Option 1.



Supplement 1

ALASKA POWER AUTHORITY
SUSITNA EYDROELECTRIC PROJECT
STAGED CONSTRUCTION

ENGINEERING

I. Staged Construction Concept

The Application for License before the Federal Energy Regulatory Commis-
sion (FERC), submitted Pebruary 1983, proposes a two-stage project on the
Susitona River. The first stage would be a facility at the Watana Site
with the dam built to an elevation of 2205 feet (see Figure 1-1), and a
second facility at the Devil Canyon site, with the dam built to an eleva-
tion of 1463 feet (see Figure 1-2). Planning studies indicate that this

arrangement optimizes the power development of the Susitna River.

While the proposed dam height provides the most cost effective approach to
achieving the optimum powver developmedt of the river, it requires a large
initial investment in the Watana stage of the project and would result in
a period duriang which it is anticipated there would be some excess capa-

city.

A three-astage project could be initiated by the construction of Watana Dam
to a crest elevation of 2025 feet (see Pigure 1-3). With its crest at
elevation 2025, the dam would require substantially less material, con-
struction time would be reduced and only four of the planned six uvnits
would be installed. Development of the transmission system would also be
staged to match transmisaion capacity with generatinog capacity (see Figure

1-4). These changes would allow Stage I of the project to be brought on

®3820.10
850426



line st & lower cost, although with reduced capacity and energy. After
completion of Stage 1, Stage II, consisting of Devil Canyon Dam, would be
constructed. The Devil Canyon facility is identical with that in the FERC

Application for License.
When load growth indicates the need, Stage 111, Watana High Dam, would be
coastructed by raising the Watana Initial Dam to the full height des-

cribed in the FERC Application for License (see Figure !-5).

J1. External Review Panel of Consultants

The staged construction concept was presented in detail to the External
Review Panel of Consultants on 15 April 1985, Their report (copy
attached) confirms the feasibility of the staging concept. The report
also raises the issue of the surface powerhouse in place of the under-

ground facility included 1in the FERC Application for License.

The possibility of a surface powerhouse was evaluated in the summer of
1983, 1t was decided at that time not to attempt this change to the
FERC Applciation for License in view of the potential for delay in the

licensing process,

Inasmuch as staging will involve a significant change in the FERC License
process, it is believed appropriate now to study the cost effects of a
surface poverhouse and, if warranted, include such a change to the FERC

Application for License along with staging.

111, Description of Facilities - Staged Concept

Watana - Stage I

The Watana Initial Dam would be built to elevation 2025 with a maximum

normal reservoir elevation of 2000 (see Figure 1-5). The internal zoning

LY
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of the earthfill dam would incline the impervious core. The iaclination
of the core would reduce the amount of shell material required for
stability of the Stage III dam that would be subamerged by the Stage I
pool, and therefore placed during Stage I construction. Whea the dam is
being raised, all the additional fill could then be placed in the dry
during the seasonal drawdown of the reservoir, The raising of Watana
Dam involves no adverse effects oan the safety of either the Stage I or
Stage III dam, and a0 unusual construction operation is required during
raising. An additional five feet of freeboard is added in Stage I to

facilitate flood coatrol with the smaller reservoir storage volume.

The spillway and approach channel excavations would be deepened by
approximately 185 feet below that shown ir the FERC license concept in
order to accommodate the reservoir during Stage 1 (see Figure 1-6). The
rock excavated from these areas would be uged in the construction of the
dam and would wminimize or eliminate the need for opening a quarry site
during Stage 1. The deeper excavation would be designed with suitable
rock reinforcement and berms. The spillvay in either coaocept would pass

the potential maximum flood.

For Stage 1, there would be one outlet facility structure and two power
intake structures (see Pigure 1-3). The iavert elevations would accom-
modate the lower reservoir elevations. The outlet facility in conjunc-
tion with the four powerhouse units in Stage I would be designed to dis-
charge a 50-year flood before flow would be discharged over the spillway.

The same applies to the current two-staged project.

The powerhouse in Stage I would have four uanits, With the lower head

available in Stage I, each unit would generate 130 MW for a total of 520
MW,

M3820.12




The construction echedule for Stage I has been shortened by one year over
that which was plaoned for in the FERC license coancept. The shortening
of the schedule is & result of a decrease in the quantities of the fill

material necessary for the Stage I coustruction.

Devil Caayoo - Stage IX

Devil Canyon has not changed from the FERC license concept.

Watana - Stage III

The Watana Initial Dam would be raised to elevation 2205 with a maximum
normal reservoir elevation of 2185 (see Figure 5). During 8easonal
drawdown when the Stage I reservoir elevation is belov elevation 1925
(the elevation of the upstream berm) rockfill would be in the dry on the
upstream side of the dam. The material for the rockfill would be exca-
vated from quarry A and the material for the core and filters from borrow

areas D, E, and PF.

The concrete apillway ogee crest would be raised to El. 2135 (see Figure
7).

The outlet facility structure and the two pover iotakes would be raised
to elevation 2201. A third power intake would be built in Stage III with

an invert elevation at 2012,

Two additional units would be added to the Powerhouse bringing the total
number of units to six, After completion of Stage IIl, the capacity of
the Powerhouse would increase from 520 MW to 1020 MW because of the

increase in head on the four Stage I units and the addition of two more
units at 170 MW each.

¥3820.13
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LIST OF PIGURES

FERC License Plan Layout for Watana

FERC License Planm Layout for Devil Canyoan

Watana Plan Layout - Staged Coastruction

Staged Construction Transmission Line

Watana Dam Embankment Cross Sections - Initial and High Dam

Watana Dam Spillway Cross Sections - FERC License Concept and

Initial Dam

Watana Dam Spillway Cross Sections - Initial and High Dam
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FIGURE 1-§

SUSITNA HYDROELECTRIC PROJECT
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April 16, 1988
1.8.2/9.3.3

Mr. James B. Dischinger
Project Manager

Alaska Power Authority
334 West S5th Avenue
Anchorage, Alaska 99501

Sub ject: Susitna Hydroelectric Projact
Externsa! Review Panel
Engineering Sub-Panel Meeting
Report Ro. 2

Dear Mr. Dischinger:

This letter is to transmit Report Ko. 2 of the External Revievw Panel,
Engineering Sub-Panel for the Susitna Hydroelectric Project prepared
by the undersigned members.

Very truly yours

Andrew B, Merritt

(3L

Ral B. Peck

-

Enclosure



SUSITNA HYDROELECTRIC PROJECT
EXTERNAL REVIEW PANEL
ENGINZERING SUB-PANEL MEETING
REPORT MO. 2

April 16, 1988

1. INTRODUCTION

The undersigned three memmbers of the UIxternal Reviev Panel met in
Anchorage on April 15 and 16, 1985 to consider a series of design refine-
ments to the Project license application. Primary eaphasis vas given to
staged construction of the project. In oddition, information was pre-
sented on the project schedule, some aspects of the project layout, and

future exploratory work, This report presents our views on the princi-
pal matters presented.

2. STAGED CONSTRUCTION

A proposal wvas presented to conmstruct Watane Dam in two stages, first
(Stage 1) to operate with the reservoir at El 2000, and second (Stage
1II) at a final elevation of 21885. Devil Canyon Dam would be construct-
ed (Stage II) at an intermediate time. The advantages of staged con-
struction vere indicated as reducing the initial financial commitment of
the State, and allowing wmore flexidility in meeting local growth, Wa
agree that the proposal would accomplish these objectives, The olti-
mate cost, with Stage III iovestment, will be higher.

Technically, the proposal includes a modification of the internal zoning
of Watana Dam to allow raising the dam safely and economically, and deep-

ening the spillway and approach channel to accommodate the reservoir at

the Stage 1 elevatioan.

M3730
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The cote of the modified cross section has been inclined upstream to
reduce the amount of shall wmaterial, required for stability of the Stage
I1 dam, that would ba submerged by the Stage 1 pool and therefore must be
placed during Stage I coastructioun. When the dam is ralised, all the
sdditional fill can thus be placed in the dry with ouly & drief, modest
lovering of the" reservoir, We regard this wmodification to be appro-
priate. It iovolves no adverse effects on the safety of either the
Stage 1 or Stage 111 dam, and no unusual coanstruction operations during
raising, We would anticipate that further wodifications of the cross
section will be found advantageous as more detailed information is devel-

oped regarding the borrov materials.

The spillway and approach channel must bae deepened about 200 feet for
operstion during Stage I. In our judgment the quality of the rock will
permit the deeper excavation with. safety wvhen designed with suitadle
slopes and berms, and with the anticipation that more tham routine rock
reinforcement will be required to meet local conditions that msy be dis-
closed by observation and inmstrumentation, When the dam is raised, both
the powver intake and spillvay structures will requira exteusion upward.

The conceptual schemes described to us appear reasonadble.

3. POWERBOUSE

In the Panel's report of August 1963, wve wrote that recent studies had
shown sigoificant cost sdvantages for a surface poverhouse as compared to
the underground layout presented in the feasibility report. It was also
mentioned that tha surface alternate required some msjor open cuts, tha
cost of which were difficult to assess because of the lack of subsurface
information in this area. It is still our view that the outdoor pover~
house design has many advantages principally becsuse it avoids the major
unknowns inherent in the excavation of three large underground chambers
and numerous tunnels and intersections which is not without problems
even in the best rock conditions. We recognize that cousiderable veight
was given to the seasonal advantages of undergound excavation in the
feasibility report. Bowever, experience with similar etructures in
Canada bhas shown that outdoor construction can c¢ontinue efficiently

throughout the winter with proper protection of the works.

¥3730.1
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At preseat, there are three deep borings in the right abutment in the
general area of the proposed chambers., While much of the core indicates
favorable rock conditions, there is ample evidence of clay-filled joints,
altered diorite, and small shear :zones. Doder these conditions, the
rock cannot be assumed to be a relatively homogeneous mass but rather a
rock possessing numerous planes of weakness, the geometry of which is
uoknown at this time,

Geotechnical investigations for finsl design would require several addi-
tional borings and an exploratory adit whose total length could be in the
range of 2000 feet. This program would be expensive and require a major
block of time on the overall exploration schedule. Ixploration for the
outdoor layout would require relatively short borings principally to
determine the depth of overburden and possibly two or three short adits,
whose totel length would probably not exceed 150-200 feet. v

In conclusion we believe that the surface powerhouse alternate has signi-
ficant cost sdvantages and should be studied in wmore detail by the Engi-
neer, An early decision on the preferred layout would result in a

redirection to the proposed exploration program.

4. SCHEDULE

An overall schedule of exploration, design and construction, including
detail on support facilities, was presented. This schedule shows first
pover on line in 1997, 12 years from now. The schedule is constrained
by the decision to do oaly odpport facility (access and camp) exploration
and study before pover sales agreements are obtained, and to do wirtually
no counstruction of access, camp or permanent works before the FERC
license has been issued. A two-year period is shown between issuance
of the FERC license and comrencement of first permanent work at the
diversion tunnels. Total construction time of ths permanent works is

showvn a&s seven and cne-half years to first generation,

M3730.2
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We agree thet the imposed restraints are reascnsble and appropriate. We
vould recommend, howvever, that coostruction of the temporary airetrip
should be advanced at least a year {(to mid 1987) to minimize access and
support costs for exploration work, aund that exploration should be asccel-
erated with as much asccomplished in 1986 and 1987 as possidble {n the
predesign stage defore FERC licensing. Ve feel that much of the explo-
ration must be coapleted defore the Harza-Ebasco general project design
memorandum is final, and wost completed befora feature design memorsgnda
are begun, Such exploration is also required to develop reliable cost
estimates. Watana is an importent major project and site data are still

quite limited.

The seven and one-half year construction schedule for permaneat works
teems excessive. Based on our experience on other similar projects in
similar enviromments, it is our predent judgment that this echedule can

be shortened by at least one year,
We also believe that the two-year interval between issuance of the FERC
license and start of diversion tunnel construction can be reduced by

several months.

5. EXPLORATION PROGRAM

Additional exploration was done in 1984 at the request of FERC. Eleven
borings were drilled in the Pina, channel, proposed underground power-
house, and the spillvay and diversion tunnel outlets. During this meet-
ing Harza-Fbasco presented a schedule for the overall exploration program
vhich shows work being done for the support facilities in the summer of
1985. " Beginning in early 1986 and continuing essentially through 1989,
exploration is done for access roads, the airstrip, and all civil works

including diversion, the dam, required open cuts, and waterwvays.

At this time, however, no document is available showving the required
exploration for each project feature. As vas explained, the production

of such a plan is not part of the Engineer's current work assigoment. We

M3730.3
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are concerned thet, without such & detailed plan, the exploration could
proceed in a manoer which is not guaranteed 2o produce the required

information at the appropriate time. We expressed similar concerns in
our report of August 1983,

Wa recommend that APA reconsider their current position regarding thae
expenditure of funds for engineering efforts. Ia our opinion the proj-
ect would benefit greatly from a caref«lly organized plan of exploration
which incorporates all  available geotechnical information and speci-

fically mentioos the additionsl informatiom required for design.

NEXT MEETIRG

It wvas tentatively agreed that the next meeting of the EZngineer Sub-Panel

will be held October 1 - &4, 1985, with arrival in Anchorage September 30.

Q//Xﬂ/ﬁ’ 7 /«3‘(?{7

d///Gcmel W. Libby - i

Andrev H, Merritt

Loi B2

Ralph B. Peck
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April 15,

1985

0900-0915

0915-0930

0930-1000

1000-1015
1015~-1030

1030-1100
1100-1130
1130-1200
1200-1300
1300-1415
1415-1430
1430-1500

1500-1530
1530-1600

1600-1700+

April 16, 1985

0900-1200
1300-1400

1400-1430

SUSITNA HYDROELECTRIC PROJECT

EXTERNAL REVIEW PANZL

MEETING ON STAGED CONSTRUCTION

April 15 and 16, 19893
Sixth Ploor Conference Room

AGERDA

Introductions - Opening Remarks
Susitna Project Description
Project Master Schedule
Project Status
s8) licensing Effort
b) Engineering Effort
Engineering Update
a) Design Refinements
b) 1984 Exploration Program
¢) Design Memorandum Concept
Lunch
Staged Construction Concept
1985 Engineering Work Effort
a) Staged Construction
b) Watana Support Facilities
Master Plan
c) Watana Camp EBxpansion
d) Puture Geotechnical
Investigations
Discussion

Consultants Prepare Report

Qutbriefing

Future Involvement of Consultants

Jo B- Dilcbing.r
& J. C. Stafford
C. D. Craddock

C. D. Craddock

w. !‘
w. E.

larson
Larson

C. D.
M. P.
C. D.

Craddock
Bruen
Craddock

Craddock

C. D. Craddock

C. D. Craddock
C. D. Craddock

M. P. Bruen

Consultants
Consultants

J. B. Diachinger
& C. D. Craddock



SUSITNA HYDROELECTRIC PROJECT
EXTERRAL REVIEW PANEL
ENGINEERING SU” -PANEL MEETING
REPORT RO. 2

Attendees April 15, 1985

Dr., Ralph B, Peck Consultant

Dr. Andrevw B. Merritt Cousultant
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1 Project Costs

ALASKA POWER AUTHORITY
SYSITNA HYDROELECTR1IC PROJECT
STAGED CONSTRUCTION

PROJECT COSTS AND ECONOMICS

Supplement 2

Feasibility level costs of the Susitna Project have been estimated based on

the FERC license coacept and on the otaged concept.

A cost comparison of

the two concepts shows that full development of the staged concept is more

expensive than the FERC license concept as shown below.

However, Stage 1

Watana of the staged concept is significantly leas expensive than the Watana

stage of the

Staae

I Watana

I Devil Canyoa
Subtotal

II1 Raise Watana
Total

license concept as indicated in Table 2-1.

TABLE 2-1
PROJECT COSTS
($ MILLION 1982)

FERC License

$3,371

1,475

§4,846

$4,846

Cost Differential

Staged

Conatruction

$2,528
1,492

$4,020

1,270

$5,290
+5444

Table 2-2 includes a more detailed summary cost comparison of the FERC

license concept versus the staged coacept.
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11 Economice

An economic analysis of the staged Susitna project has shown that it is
somewhat less attractive economically than the FERC license coacept, but is
still significantly lower in cost than the least-cost thermal alternative,
The benefit~cost ratios of the FERC license coacept compared to the least-
cost thermal alternmative and the staged concept compared to the least-cost
thermal alternative are essentially the same as those presented to the Power

Avthority Board in PFebruary (i.e., 1.5 and 1.4, respectively),
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TABLE 2-2

PROJECT COSTS

($ MILLIONS 1982)

Staged Construction Concept

PERC License

Stage 1 Stage 2 Stage 3 Total - VYatens
Watana Devil Watana Stages El, 2185 &
Item El1. 2000 Canyon El. 2185 1 to 3 Devil Canyon
Land & Land Rightsa 32 22 19 73 73
Powerhouse 75 72 21 168 144
Dam, Reservoir & River Diversion 947 561 589 2,097 1,928
Power Generation Equipment 71 67 36 174 172
Roads, Rail and Air Facilities 191 119 51 361 332
Electric Transmission Facilities 294 113 118 525 487
Construction Pacilities & Misc. 279 154 153 586 491
Total Direct Costs 1,889 1,108 987 3,984 3,626
Contingency Allowance 272 160 1462 374 533
Subtotal 2,161 1,267 1,129 4,557 4,159
Licensing, Engineering, 367 225 141 733 687
& Administration
Total Project Cost 2,528 1,492 1,270 5,290 4,846

30411
850429




Supplemeat I

ALASKA POWER AUTHORITY
SUSITRA HYDROELECTRIC PROJECT
STAGED CONSTRUCTION

POWER AND ENERGY PRODUCTION

Under the staged counstruction scheme, the initial Watana dam is about 180
feet lower than that proposed in the FERC license concept. This results in
lower head and less flow regulation capability at Watana. The lower head
reduces the Watang powver output, while the reduced reservoir storage reduces
both the Watana and Devil Canyon energy generation. After raising the
Watana project (Stage III), the power and energy generation from the two
concepts are identical. Table 3-1 provides a comparison of power and energy

production for the two concepts.

A distinct advantage of the staged conastruction concept is its ability to
more closely match the expected Railbelt loads without developing excess
capacity, Figures 3-1 and 3-2 demoanstrate this effect. Figure 3-1 shows
the relation between Railbelt peak power demand and installed capacity for

the leaat-cost thermal alternative.

FPigure 3-2 shows the pover demand and installed capacity relations for the
Susitna case. Both the FERC license concept and the staged concept are
shown. Excess reserve capacity exists with the Susitna project during ite
early gears, ‘The reserve capacity more closely matches system requirements
undez the staged concept than the FERC license concept. This is especially
true for the period 2002 through 2008.
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Supplement &

ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT
STAGED CONSTRUCTION

PINANCIAL ANALYSIS

The staging of the Susitna Project not oaly provides the means to better
match the load requiremeats of the Railbelt utilities, but it also reduces
required rate stabilizatioan funds. With the lover Watana Dam, in the
initial stages, fewer bondes are required to fund the construction of the
first two stages. However when Watana is raised to ite ultimate height,
inflation and real coet increases act to increase the overall boading

requirements of the staged concept versus the FERC licence concept.

The bond sizing analysis is based on the construction cash flow developed by
Harza-Ebasco and the assumptions listed on Table 4-1. It is important to
note that the analysis is based on the bonds having tax-exempt status and
therefore a lower interest rate. Because over 25 percent of the Project
output will be sold to non-exempt entities, the only way for the bonds to
have tax-exempt status is through specific legislation by the U.S. Coagress
exempting the Susitns Project (as was dove for Bradley Lake), State legisla-
tion authorizing the REA cooperative utilities to reorganize into publie
utility districts, or State legislation authorizing the Power Authority to
direct bill the consumers in the railbelt area for costs associated with the
Susitna Project. Even though the Project has been found to be economically
feasible, the utilities' system costs with the Project are higher thaa the
alternative in the early years due to the high capital costs of a hydro-
electric project. The staged approach reduces the capital costs duriag this
period, and the amount required to bring the utilities' costs down to the

alternative is correspondingly reduced.

After reviewing the revised coustruction costs, we have found the required
rate stabilization to be in the same order of msgnitude as presented
previously to the Board. As can be seen in Tablea 4~3 and 4-4, the three-
stage concept reduces rate stabilization from over $1.1 billion to $500-750
million if interest earnings are retained in the fund and from $4.5 billion
to $2.6 billion if they are not retained. Absent such rate stabilization,

the utilities' consumers would be faced with significant rate shock.
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TABLE 4-!

BOND SIZING ASSUMPTIONS

° General Inflation Rate - 6.5 percent
o Bond Intereet Rate - 10.0 percent
o Reinvestment Rates:

- short-term - 9.0 percent
- loung-term - 11.0 percent

o Amortization Period - 35 years (level debt service)

o Bond proceeds will be used to fund construction costs, liceasing costs,
debt gservice reserve, working capital, and reserve and contingency.

o First bonds issued after FERC license igsued and all monies expended to
date are reimbursed and deposited into the Rate Stabilizatiom Fund.
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Bond Size:

I WATANA

I1 DEVIL CANYON
SUBTOTAL

111 RAISE WATANA

TOTAL

Annua' Debt Service:

I WATANA

I1 DEVIL CANYON
SUBTOTAL

II1 RAISE WATANA

TOTAL

30451
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TABLE 4-2
BOND ISSUE SUMMARY
(MILLIONS)

FERC
LICENSE
CONCEPT
§12,300

7,000

$19,300

$19,300

$ 1,280
720

$ 2,000

$ 2,000

STAGED
CONSTRUCTION

$ 8,600

1,000

$15,600

8,400

$24,000

$ 890
720
$ 1,610
870

§ 2,480



TABLE 4-)

RATE STABILIZATION CONTRIBUTION

(MILLIONS)
FERC STAGED
LICENSE CONSTRUCTION
YEAR CONCEPT CONCEPT
1985 $ 100 $100
1986 200 200
1987 200 200
1988 200 100
1989 200 -
1990 200 -
1991 40 -
$1,140 $600

CONCLUSION: A TOTAL STATE CONTRIBUTION IN THE RANGE OF $500 to $750 MILLION
WILL MEET RATE STABILIZATION NEEDS

30451
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TABLE 4-4
STATE CONTRIBUTION

COMPARISON OF PAY IN AND PAY OUT OF FUNDS

(MILLIONS)
FERC LICENSE CORCEPT STAGED CONSTRUCTION
RATE RATE
CONTRI- STABILI-~ CONTRI- STABILI-
BUTION ZATION BUTION ZATION
YEAR (PAY IN) (PAY OUT) (PAY IN) (PAY ouT)
1985 $ 100 - 100 ——-
1986 200 _— 200 _—
1987 200 - 200 -—-
1988 200 —_—- 100 —_
1989 200 ——- - ~--
1990 200 —- —- —-
1991 40 -— -— -——=
1992 —- —_- —- -—-
1993 - - —-—- -=-
1994 - —— —- —-
1995 —--- ~— == -
1996 -—- —_— —- 250
1997 - 540 - 270
1998 --= 550 —- 240
1999 ~— 510 - 220
2000 -—- 450 —= 180
2001 -— 410 ~—— 150
2002 —- 740 -—- 460
2003 -— 670 -— 420
2004 —-—- 550 —- 380
2005 -— 80 -— -—=
$1,140 $,500 $600 $2,570
30451
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Supplement $

ALASKA POWER AUTHORITY
SUSTITNA HYDROELECTRIC PROJECT
STAGED CONSTRUCTION

ENVIRONMENTAL ANALYSIS

1. Introduction

Analyses have been made of the environmental implications of the staged

concept for the Susitna Project. These anaiyses considered the

potential environmental effects of the following factors identified as
major differences from the FERC license concept:

1. Smaller reservoir volume and reduced storage capacity for the
Stage I Watana reservoir,

2. Decreased flow stability for Stage I, and to & lesger extent for
Stage II in comparison to Stage [II and the FERC license concept.

3. Lower downstream river temperatures (about 1°C) and greater ice
cover development with resultant water level increases.

4, Reduced area of inundated land for the Stage 1 Watana Reservoir
wvhich delays the loss of wildlife habitat and culturai resources
due to inundation.

5. Possible need for different borrow areas and quarry sites for
Stage II1 development with attendent increase in wildlife and
cultural resource impacts.

424981 1
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6. Increased total time required for completion of the project would
prolong construction related impacts on wildlife, as well as

soclioeconomic impacts,
Findinge

In general, analyses of the differences between the staged and FERC license
concepts reveals no sigonificant impacts which would effect Susitna's overall
environmental feasibility. As detailed below, there are both positive and
negative differential impacts associated with the staged concept, most of
which are judged to be insignificaat. The major excepticn, increased
overtopping flows into side slough salmon habitats is the middle river, is
en impact already identified for the FERC license concept, albeit et reduced
frequency. As such, it has already beea accounted for im the project
wmitigation planning process and can be avoided by increasing the extent of

slough habitat protection,
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11. Reservoir Operation, Temperature and Ice Studies

Summary

Reservoir operation was simulated for Stages I, 11, and 111, Reservoir and
river tewmperature analyses and river ice simulations were made for a

representative climate year for Stages I and 1II,

These studies of reservoir operation, reservoir temperature, river
temperature and river ice were made to compare the enviroomental effects of
staged concept with the FERC license coacept. As summarized in Figures 5-1
through 5-6 and Tables 5-1 and 5-2, the changes resulting from the staged

cooncept would be:

1. Higher summer flows and lower winter flowe in Stage I than with

the FERC license concept.

2. Greater ice cover and higher winter water levels in the river

below the Project in both Stages I and II,

3. Approximately two weeks delay in the formation of a reservoir ice

cover (from mid November to late November).

Stage III of the staged concept and the final stage of the FERC license

concept would be the same.

Reservoir Operation

Stage 1 of the staged coacept has a smaller reservoir storage volume than

the FERC license concept. Less water can be stored in the reservoir for

424981 3
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vinter operation and the reservoir operating plan for the staged coacept
attempts to take advantage of the required higher summer flows to generate
energy. The result is that average summer flows are about 4000 cfe. higher

and average vinter flows are about 2000 cfs, lower than with cthe FERC

license concept.

For Stage 11 the Watana reservoir would fill earlier in the summer then in

the case for Stage 1I. Stage 11 flows would be very similar to the FERC

license concept.

Simulation of Stage Il reservoir operation indicates it would be the same
as the final stage of the FERC license concept. Flows at all times of the

year are nearly identical.

Reservoir Temperature/lce

Stage I reservoir temperature/ice simulations show the outflow temperatures
to be nearly identical to the FERC license concept in the summer. Winter
temperatures, however, are reduced from the FERC license concept by about 1°
to 1.5°C. Although this difference is small ita significance is in the
additional ice production which would occur Jdownstream of the project.

There are two apparent reasons for the reduction in winter temperatures.

1. More flow is passed through the reservoir in the summer carrying
heat with it, thus leaving l!ess heat available for the winter

aeason.

2. The reservoir ice cover tends to form about two weeks later than
with the FERC license concept. It is believed this is the result

of the additional wind induced mixing in the smaller resgervoir.

424981 4
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TABLE 3-1
COMPARISON OF CAPACITY AND ENERGY

INSTALLED AVG ANNUAL
CAPACITY ENERGY
(MW) (GWRR)
FERC LICENSE CONCEPT:
WATANA RIGH DAM 1020 3500
DEVIL CANYON 600 3400
1620 6900
STAGED CONSTRUCTION
STAGE 1-WATANA INITIAL DAM 520 2470
STAGE 2-DEVIL CANYON 600 3120
STAGE 3-WATANA HIGH DAM 500 1310
1620 6900

400782.3
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The ratio of surface area to volume is about 30X higher for Stage
1 Watans Reservoir. The delay in ice cover is important because
the reservoir ice cover insulates the reservoir and reduces heat

lose.

In Stage II, summer outflow temperstures are similar to the FERC license
concept. Winter temperatures are about 0.5° to 1°C less than for the FERC
license concept. Since flows are about the same for Stage Il and the FERC
license project, the main reason for the winter temperature difference is

the delay in reservoir ice cover formatioa.

River Temperature

Simulation studies show that river temperatures would follow the same treund
as reservoir temperaturesa. That is, they would be similar in summer to the

FERC license concept and about 1°C colder in winter.
River Ice

Results of the ice modeling studies show that because of the colder winter
reservoir outflow temperatures the ice cover for both Stage I and Stage 1II

would extend further upstream and cause higher river levels than the FERC

license concept.

Computer runs for Stage 1 suggest an ice cover about three miles further
upstream than for the FERC license concept. This ice cover, in turn,
results in an increase in water levels in the river. Water levels were up
to four feet higher in an eight mile reach of the river between river miles
115 and 123 and about the same elsevhere, Without mitigation Slough 11
would be overtopped with Stage I but not with the FERC license coacept.
Melt out of the ice cover would be delayed by approximately three weeks.

424981 5
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Computer runs for Stage II resulted in an ice cover about seven milea
further upstream at its maxiamum progression with water levels generally two
feet higher between river miles 101 and 126. Sloughs 8A and 9 would be
overtopped with Stage II where they were not overtopped in the FERC license

concept. Melt out would be delayed by about | week,

Stage III river ice would be similar to the FERC license coancept.

424981 6
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111, Aquatic Habitat Studies

Summasz

The estimated '"with project' flows, water temperatures and ice processes
discussed abcve were compared between natural, FERC license concept and
the staged coocept conditions for a preliminary assessmeat of impacts on

aquatic habitats due to project operation.

This comparison has shown only slight changes in anticipated project
impacts. These changes can be ameliorated by changes in the mitigation
plan. The major change necessary would be the need to increase the height
and extent of artificial berms iocluded 1o mitigation planas to protect side

slough habitats from overtopping flows during the winter.

Flow

Smaller reservoir storage capacity during Stages 1 and II would result in a
reductioca in flow coatrol during the summer and reduction of water available
for power gegeration during the winter. Summer flows would be greater and
less stable during Stages I and II than for the FERC license concept. This
would produce a slightly greater quantity (area) of rearing habitat for
fish wusicg the maiocstem and side chaonels, however, the loss of flow
stability would reduce its quality. These factors should balaance one
another and result 1in approximately equal production from summer rteariag

habitata for either the staged or FERC license coocepts.

Flows during August and September would be higher during Stages I and II
than for the FERC license <concept. These higher flows would provide
improved access conditions for spawning chum and sockeye salmon to move into
side slough spawning habitats. However higher, more extensive artificial

berms would be required to protect these chum and sockeye salmon habitats

424981 7
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from overtopping flows, in particular to protect the habitat modificatioa
structures which would be in place for witigation purposes. As discussed
below, these more extensive protective berums are also required to preveat

overtopping flows in winter.

Wioter flows would be {ower duriog Stage I and Il than for the FERC licenge
coacept. The difference between flows in August and September aand flows
through the winter would affect over-winter survival of salmon eggs io the
side slough spawniog areas. Decreasing flows during the fall would cause
dewatering and freezing of some spawning locations. These flow decreases
would be greater during Stage I and Il than for ihe FERC licease concept,
however, both cases are an improvemeat over natural counditions. The
improvement would simply be less with Stages I and Il so there would be a

loss of benefit until Stage IIl is operational.
Temperature

Water temperature during Stagea I and II would be similar to those during
the FERC license concept for the mid-summer and fall period. Temperatures
through the winter and early summer would be alightly less (1-1.5°C). Such
small temperature differences between the staged and unstaged projects are
not expected to effect survival of the evaluation species or productioa from

aquatic habitats.

Ice Processes

The reduced winter water temperatures duriag Stages 1 and II would result in
a longer duration of ice coaditions, further upstream progression of ice on

the river, greater ice thickness and greater ''river staging”l/ due to ice

1/ River staging as used herein refers to increases in water level io the
river. This is different from use of the term ataging ia relation to
Project conatruction,
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as compared to the FERC licease concept. These cooditione would have the
greatest impact on over—wintering and incubation eites in side sloughs.
Higher river staging would 1ancrease the frequency with which the natural
existing upstream berms on the sloughs would be overtopped and mainsten

water be passed through the slough habitats.

These winter overtopping events are considered deleterious to juvenile
salmon over-wintering aocd galmon eggs incubating io the aide slough
habitats. The placezent of artificial berms at the heads of important side
sloughs has been inocluded in wmitigation plaas to protect these habitata
during operation of the unstaged project. Protection of these habitats

during Stagea 1 and II would require higher, more extenaive artificial

berms.

Inupdated Tributary Habitat

Some minor benefits would be realized in that the Stage I Watana reservoir
would not inundate as much tributary mouth and tributary gdtream habitat
wvhich includes some good to exceilent grayling habitat in a number of the
streams draining into the proposed reservoir area. The Oshetra River, one
of the better grayling streams io the area would aot be affected at all by
the Stage 1 Watana reservoir. This habitat would be lost eventually, of

course, when the Stage [Il project is constructed.
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Iv., Wildlifs and Botanical Resources

Summary

A decision to pursue the staged coacept for the project would, in general,
reduce the net project impacts on wildlife and botanical resources during
the initial atages. The net effect would be positive from the standpoint of
wildlife and botanical resources for the time between Stages I and IIIl. The
poteantial impacts cof the development of Borrow Area F, & high quality
wildlife habitat area (which would eventually be rehabilitated), are aot
considered to outweigh the benefits of; 1) delayed habitat loss, 2) more
time for local wildlife populations to adapt to the habitat loss and
movement restrictions caused by the reservoir; and 3) more time to refine

and implement required mitigation programs, and the other advantagea of the

staged approach.

Habitat Inundation

The major changes with the ataged concept would be that approximately 17,000
acres of wildlife habitat, which would be inundated by the Watana High Dam,
would be preserved for roughly 10 years. Vegetatioa on the 17,000 acres of
preserved land counsists mostly of forests. On the south side of the
impoundment black spruce predominates with interaspersed vertical bands of
tall shrubs, South-facing slopes on the north shore of the impoundment have
greater areal extent and more diverse vegetation patterus., White spruce ia
the most common forest type, although open mixed forests (consisting of
white spruce and paper birch) and black spruce forests are also reprasented.
Birch shrub and mixed low shrub areas are present, eapecially near the mouth

of Watana Creek.

Much of this land area consists of the gentler sloping portions of the
eventual impoundment, which represents higher quality habitat than the

steeper canyon walls for most wildlife species, Extensive tracts on both
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sides of the Watana Creek confluence oun the north side of the impoundmeant
and bands of land on both gsides of the impoundment betveen Watana and
Desdman Creeks represent about helf of the 17,000 acres. These areas

provide valuable wildlife habitat, particularly for mcose and black bear.

In the case of the black bear, staged develoment would delay the loss of
important denning and foraging habitat. The Watana High Dam would inundate
about 55X of the known den sites in the vicinity of the Watana impoundment,

while the Stage I Watana Dam would inundate only 35Y of these den sites.

Another advantage of the staged development approach would be that local
wildlife populations would be alloved to adapt to the habitat loss and
movement restrictions resulting from impoundment, in stages over a greater
period of time. This could be particularly valuable to animals that are
expected to suffer carrying capacity losses such as moose and black bear,
since overpopulations of adjacent habitats and the accowpanying overutiliza-
tion of adjacent forage resources, would also occur in stages over a greater

period of time and may reault in less damage to these adjacent habitats.

Although significant impacts to Dall gsheep use of the Jay Creek mineral lick
are oot expected to result from the Watana High Dam impoundment, the Stage I

Watana Dam would produce even fewer problems relative to the Jay Creek
lick.

Big Game Movement

The width of the Stage I Watana Reéervoir would also be significantly
parrover than the Watana Reservoir in the FERC license concept. The Watana
initial reservoir would be less than one mile wide throughout the majority
of its 1length, and would thus represent less of a barrier to big game

movements than the reservoir in the PERC license coacept.

424981 11
850426



Raptors

The delayed development of the Stage III Watana Dam would also benefit
raptors. One golden eagle and one bald eagle nesting location occur near
the el. 2200 contour and may be impacted by the devalopment of Stage III.
However, the Stage I development would produce a reservoir level low enough
to prevent impacts to these nesting locations during the approximately 10-
year period between Stage I and Stage III development. This would provide
additional time for developing and implementing the artificial nest program

to mitigate for loat raptor nest locations,

Impacts of Longer Project Construction Schedule

A more subtle, but real, advantage of the staged concept approach is that
data collected and experience gained through the monitoring of comstruction
and operation effects and wmitigatiom Bsuccess during Stages 1 and II would
permit refinements to comstruction, operation, and mitigation plans duriag
Stages 11 and III so that the ultimate impacts on wildlife and botanical

resources would be lessened.

One potential disadvantage of the staged approach is thar the construction
period 1is lengthened, thereby iacreasing the length of the periodl that
wildlife populations are exposed to comstruction-related wildlife
disturbance and mortality factors. However, the level of disturbance duriag
Stage II1I development would be less than during the eariier stages due to
the reduced magoitude of the construction effort and the presence of an
existing infrastructure and support facilities developed duriag Stage 1.
More importantly, assuming that public access 1is restricted during the
entire construction period, the elimination of publie access during Stage
111 and the resultant elimination of a variety of associated disturbance and

mortality factors would more thanm coumpensate for the construction-related

factors.

424981 12
850426



i

Borrovw Areas

The most important disadvantage of the staged development approach is the
probable requirement to obtain Stage III borrow materials from Borrow

Ares F,

Borrow Area E, a primary source for materials for Watena Dam in the FERC
license concept and for Stage I of the staged concept, would be partially
inundated by the Devil Canyon Reservoir during Stage II construction,
tncreasing the likelihood that Borrow Area P would need to be used during
Stage II1 (use of Area P 1is considered unlikely for the FERC license
coancept), Borrow Area F occup‘es csbout 5 miles of the middle stretch of
Tsusena Creek from just above the high waterfall to Tsusepa Butte. It
includes areas adjacent to the satream and extending up to about 1500 ft.
away. This area provides important habitat for a variety of wildlife
including moose, black bear, brown bear, and other species associated with
tritutary stream bottoms. Because of the areal extent of this bottom area
outside of the impoundment zones, extensive use of Borrow Area F could
substantially increase the total amouat of high quality wildlife'habitat
disturbed by the project, Although borrow area rehadbilitation woulc be

conducted, habitat impacts would be experienced for mauy y-ears.

Co the poaitive side, the ataged concept probably would reduce the amount of
material required from Quarry Site A because all quarry material for Stage I
would be obtainable through excavation of the deeper spillway required for
the staged concept. Although the habitat value of this area is not high,
the general level of habitat disturbance and loss in the general project

area would be less.
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v. Effects of Staging on Cultural Resources

Smnma:z

The primary effects of staging on cultural resource vould be to reduce, at
least initially, the oumbe. of archeoclogical sites impacted through
congstruction and reservoir flooding, and allow more time for study and
implementation of mitigation plans. Both are significant positive benefits
from the cultural resources atandpoint. Since staging does not alter the
achedule or design of the Devil Canyon Dam and Regervoir, its effect is

eageuntially neutral.

Use of Borrow Areas

The oaly poteantial effect noted is that Borrow Area E may be partially or
completely covered by the Devil Canyon impoundment prior to Stage IIl Watana
construction. Alternative borrow sites may have to be used for this latter
coastruction. This could have an impact on other archeological remains. In
particular, the likelihood of wutilizing Borrow Area P for Stage Il
congtruction would be high. As discussed below, this is an archeologically

important area.

Staging of the Watana Dam construction would make a greater difference to
cultural resources, though ou balance the effects are positive. A3 the
construction schedule in Stage I would be speeded up for a&a completion date
of 1996 instead of 1997, there would be aomewhat less time available 1in
which to implement mitigation plans. BRowever the gcaled-back counstruction
of Stage I would require less borrow, regulting in less damage due to
removal of fill, This is particularly important in Borrow Area F (the
Tsugsena Creek area), which contain a total of nine recorded archeological

sites (see Table 5-3).
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Reduced Area of Inundation

The Stage 1 impoundment level of el. 2000 would result in inundatiom of 49
recorded archeological asitee (see Table S5-4). This is ove-third fewer than
would be flooded permanently by reservoir level of el. 2185 in the FERC
license councept., The 24 sites between el. 2000 and el. 2185 contours would
be available for study for a much looger period under the staged concept
than io the FERC licease concept. Staging would allow additional time for
implementation of mitigation plans for these 24 sites, as Stage 111

construction is not scheduled for completion until 2008.

A fival consideration coacerns how staging would affect sites adjacent to
but outaside the actual project area. Adjacent sites 4dre defined as those
lying within one-half mile of a project boundary. Though not affected
directly, these sites are subject to impacts due to ancillary conmstruction
activity, improved access, greater likelihood of erosion, and increased
traffic. A lower reservoir level would reduce the reservoir perimeter
temporarily leaviag wore accheological sites outaide the one-half mile zone.
1t should be noted, however, that the adjacency distance is arbitrarily
defined, so that other factors such as topography may be more significant,
Nevertheless, approximately 15 adjaceat sites would fall outaide the one-
half mile zone for a el. 2000, reservoir level. This represents 31 percent

of the sites defined as adjacent in the FERC license concept.
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VI. Sociceconomic Analysis

Pmployment aod Population

In general, the staged coacept would slightly decrease peak conmstruction
employment to about 2,950 (inm 1994) and extend the length of employment to
the year 2008, The projected coanstruction employment peak for the FERC
license coacept would be about 3,000 (in 1994) and employment would end in
2002 (see Table 5-5).

Population iocreases generated by the Project generally follow the same
pattern as Project induced employment. The magoitude and duratioa of
population impacts would therefore follow the treads of employmeat impacts,
The duration of impact would be longer by five years under the staged

project but the magnitude at peak would not be significantly different.

Community Facilities and Services

Impacts on demand for facilities aand services are a consequeace of
population impacts. Since the magaitude of populatioca impacts are similar
in both the s8taged and FIRC license coocepts, impacts on community
facilities and services are likely to be aimilar, The major differeace
would be that impacts would occur more gradually and last longer for the
staged concept. The demand levels from 2002 uantil 2008 would be well below

peak demand for either the FERC license or staged coacepts.

Proloaging the duratioa of Project-induced demand would have one positive
effect. That is, it delays or reduces excess capacity of facilities that
would be built to meet peak demand. Since most communities im the impact
area have coostantly increasing baseline populations, the facilities con-
structed to ssrve peak project related demand would eveantually be needed
after the Project construction ends. The period of excess capacity, between
the time peak project demand ends and baseline demand catches up, produces a
financial burden for amsintenance and operation costs for underutilized

facilities. The staged concept would reduce or eliminate this financial

burden.
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TABLE 5-1

SOSITNA HYDROELECTRIC PROJECT
MAXIMUM SIMULATED RIVER STAGES

WINTER

PLOW CASE E-VI,

1981-82

INFLOW MATCHTYNG
2001 AND 2002 ENERGY DEMANDS

Stage I
Bigh Watana +
High Watana + Devil Canyon

Slough or Threshold Watana  Devil 50' Drawdown
Side Channel River Mile Plevation Alone Canyon 3 Levels
Whiskers 101.5 367
Gash Creek 112.0 Ookoown 458 456 459
6A 112.3 (Upland) 460 459 461
8 114.1 476 475 476 476
MSII 115.5 482 488 487
MSII 115.9 487 490 488 | 1490
Curry 120.0 Uoknown 524 520 522
Moose 123.5 Onknown 552 S48 533
BA West 126.1 573 575 571 [573]
3A Past 127.1 532 585 S81 584
9 129.3 604 607 606
9 u/s 130.6 Uaknown 621 616 619
4th July 131.8 Unknown 633 627 630
9A 133.7 651 (654 ] 649 649
10 u/s 134.3 657 660 655 655 K maximum up-
11 d/s 135.3 Uoknowan 668 667 667 stream extent
11 136.5 687 684 682 682 of ice froant
17 139.3 Ouknown 715 114 714
20 140.5 730 128 728 728
21 (A6) 141.8 747 747 746 746
21 142.2 755 754 752 752
22 1644 .8 788 1817 785 785
LRX-3 Ice Pront Starting Date 12-28 12-30 12-29
Haximum Ice Front Extent (River Mile) 134 126 133
Melt-out Date 3-23 3-19 4-1

exceeds a known slough threshold elevation

30421 /TBL
850426

All river stages in feet

Indicates locations where maximum river stage equals ot




TABLE $-2

SOSITNA HYDROEZLECTRIC PROJECT
MAXIMUM SIMULATED RIVER STAGES
WATARA ONLY: 2001 ENERGY DEMAND
CASE E-VI PLOWS, INFLOW-MATCHING
WINTER 1981-82

Stage 1
High Watana

Slough or Threshold Watana Infl-Match
Side Channpal River Mile Elevation Infl-Match Throughout
Whiskers 101.5 367 371]
Gash Creek 112.0 Unknown 458 458
6A 112.3 (Upland) 460 460
8 114.1 476 475 475
MS11 115.5 482 490
MSII 115.9 487 490 494
Curry 120.0 Unkaown 524 52
Moose 123.5 Unkoown 552 558
8A West 126.1 573 575 574
8A Past 127.1 582 585 584
9 129.3 604 1607 | 1607
9 u/s 130.6 Unknown 621 622
4th July 131.8 Onkoown 633 634
9A 133.7 651 654 658
10 u/s 134.3 657 660 665
11 d/s 135.3 Uokaoown €68 675
11 136.5 687 684 [688]
17 136.3 Unknown 715 715 t
20 140.5 730 729 729 | wmaximum up-
21 (AS) 141.8 147 747 747 stream exCent
21 142,2 755 154 753 of ice front
22 144 .8 788 787 787
Ice Froat Starting Date 12-28 12-12
Maximum Ice Front Exteot (River Mile) 134 137
Melt-out Date 2-23 4-12

londicates locatioos where maximum wiver stages equal or
exceeds a known slough threshold elevation

All river stages in feet
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TABMLE 3-3
SITES AFPECTED BY LICENSE APPLICATION CONSTRUCTION

BORROW AREAS:

A None*
None¥

c TLM 054, 055, 078, 081, 084, 085, 086, 087, 088,
094, 095, 096, 097, 201, 211, 213

D Noane*

E TLM 022, 023, 258
Adjaceat to E: 024, 035

F TLM 176, 188, 202, 203, 209, 210, 212, 214
Adjacest to F: 164

G Nooe*

2 None¥

I TLM 034, 178, 259

J TLM 080
Adjaceut to J: 043, 058, 063, 177, 200, 229, 230,
233

K TLM 030

L None¥

Devil Caoyoun Reservoir TLM 023, 034, 178, 252, 253, 258, 259

Adjacent to Devil Caunyoun Reservoir: 022, 024, 027,
029, 030, 118

*Noue: No recorded archeological sites
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TABLE 35-4
SITES AFFECTED BY STAGED CONSTRUCTION OF WATANA DAM/RESERVOIR

STAGE 1 (2000' Reservoir Level)

TLM 033, 040, 043, 050, 058, 062, 063, 065, 072, 075, 077, 079, 080
102, 104, 115, 194, 199, 200, 216, 220, 221, 222, 224, 225, 226, 227,
228, 229, 230, 231, 232, 233, 234, 235, 236, 238, 239, 240, 261, 242,
263, 246, 247, 248, 249, 250, 256, 257 (N=49),

STAGE ITI (2000 - 2185' Reservoir Level)

TLM 039, 048, 059, 060, 061, 119, 126, 169, 171, 173, 174, 175, 182
184, 196, 204, 206, 215, 217, 218, 223, 237, 244, 251 (N=24).

ADJACENT SITES (Within 1/2 Mi. of 2185 Reservoir Level)
TLM 026, 031, 032, 038, 042, 047, 049, 064, 073, 074, 076, 120, 121,
122, 123, 124, 125, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
139, 140, 141, 142, 143, 145, 147, 148, 159, 165, 166, 167, 177, 183,
185, 189, 190, 195, 198, 207, 219 (N=48),

Sites Outgide the One-Half Mile Zone, Stage I (2000' Reservoir Level)

TLM 026, 032, 038, 042, 049, 073, 074, 076, 120, 122, 159, 189, 195,
198, 207 (N=15).

Sites Adjacent to Watana Coustruction Area

TLM 016, 018, 160, 165, 166, 167, 172, 192, 197 (N=9)
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Curreat Project

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
01
02
03
04
05
06
07
08

424981
850426

Watana Devi’
-0~ -0~
1,017 -0~
1,512 -0~
1,047 -0~
1,082 -0~
1,776 167
2,142 167
2,721 321
2,069 501
938 482
259 1,182
-0- 1,181
-0~ 1,196
-0~ 1,572
-0~ 747
-0- 126
-0- -0~
-0~ -0~
-0~ -0~
-0- -0~
-0~ -0~
-0- -0~

TABLE

YEABRLY PEAK WORKFORCE

Total

1,017
1,512
1,047
1,082
1,943
2,309
3,042
2,570
1,420
1,641
1,181
1,196
1,572

747

126

3

Stage 1

-0~
637
825

1,028

1,164

1,384

1,837

2,625

1,831
350

Staged
Stage I1 Stage III Total
-0- ~0- -0~
-0 -0~ 637
~0- ~-0- 825
-0~ ~0- 1,028
~0- -0 1,164
167 -0 1,551
167 -0~ 2,004
321 -0- 2,546
501 ~0- 2,332
482 -0~ 832
1,182 -0~ 1,182
1,181 ~0- 1,181
1,196 ~0- 1,196
1,572 ~0- 1,572
747 -0~ 7417
126 410 536
-0~ 342 842
-0 1,055 1,055
-0~ 1,510 1,510
-0~ 1,446 1,446
-0- 1,057 1,057
-0~ -0~ ~0-
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Susitno River Temperatures — 2001 Demand, River Mile 130
Matching Inflow, 1981-1982

Natural
Stage
High

[ I 17 1 T I 1T 1 ! I T r 1 T
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUUN JUL AUG SEF

Month

$-S 38NOI4



R eOoNYQ OO

O

Susitna River Temperatures - 2002 Demand, River MIle 130
WT & DC, Matching Inflow, DD=50 ot DC, 3 Shutters, 1981-82
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