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STAGED COllSTRUCTIOH OF THE SUSITNA HYDROELECTRIC PROJECT.

A. Action Item

Approval ~ incorporate staged construction of the Watana facilities into
the Sus1tna Hydroelectric Proj~t, and to update and/or optimize other
features, as appropriate. See Figure I, Plan and Schedule.

B. Background

The Application for License before the Federal Energy R!9ulatory Commiss
ion (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 f~t, a second facility at
the Devil canyon site would have a dam built to an elevation of 1,465
feet. Several planning studies determined that this arrangement optimi
zes the power development of the Susitna River.

At the February 1985 Board U'leeting. Staff reported on a preliminary
analysis of staged construction of the Watana facility which' indicated
that the Proj~t, as presented in the FERC License Application, is still
the optilllJm plan, however. the staged construction would (1) result in
lesser initial cost (and thereby might facilitate financing), (2) require
a smaller State contribution, and (3) provide additional decision points
in the project plan and schedule that would allow project development to
be more closely al igned with actual systelll growth. The benefits of
staging would be at the expense of a sClllleWhat higher eventual total
project cost.

Staff ~ommend~. and the Board authorized, further studies be completed
to confirm the preliminary assessments of the staged project in the areas
of engin~ri ng, eceneetes, f1 eance , and envirolUllent. This Action Item
reports on those studi es.

C. Issues

1. Engineering. The staged project 'IfOUld be constructed in th~

stages instead of the currtntly proposed two stages. The stages
would be:

Stage I - Vatana Initial Dam - Dam Crest Elevation 2025
Stage II - Devil Canyon Dam - Dam Crest Elevation 1465
Stage III - Vatana High Dam - Dam Crest Elevation 2205

Supplement 1 descri~es the engineer ng aspects of construction
staging, and contains the report of the Engi~eer1ng External Review
Panel on Staging.-

2. Project Cost and Economics. Staging the Watana development would
reduce lnltal ccns truct icn 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 construct ion cost in both real and
nominal dollars and provides an economic comparison between the
two-stage and three-stage projects.·

3. Power and Energy. The three-stage project would provide the oppor
tunity to align project capacity -and energy more close ly with actual
regional demand growth as it occurs in the future. There would be
increased flexibility in timing the Susitna project increments to
match the utility needs.

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

4. Finance. The amount of bonds required to fund the construction of
the first two stages of the three-stage project is less than that
required under the FERC concept. However, due to inf l at i on and some
real cost differences. the bonds required to construct all three
stages is 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 requi rements, and an
analysis of state contributions .·

5. Environment. The aquatic impacts of the Stage III of the project
(Watana High Dam and Devil Canyon Dam) would remain essentially the
same as the currently proposed project. The intermediate stages.
Stage I (Watana Initial Dam) and Stage II (Watana Initial Dam and
Devil Canyon Dam) would have different downstream effects because of
less capabf1ity to re regu1ate the annual river flows. and
consequently. a sorriewhat di fferent thenna1 regime for the Watana
reservoir. During the early years of the Project this cooler
thermal regime results in 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 incubating 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 decis ion to pursue three stage developw~nt of the Susitna
Hydroelectric Project would generally have no major adverse impacts



or. any wildlife or botan1cal resources within the project area.
From a wild11fe or botanical resource viewp01nt, three stage
deve1opment woul d 1n fact have several advantages over the current
11cense app11cation project. Under this plan approximately 15,000
acres of wl1dlife habitat, which would be inundated by the High
Watana impoundment, would not be inundated 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 III construction would be
less due to the reduced magnitude of the construction effort, the
presence of an existing infrastructure developed during Stages I and
II, and the extension of the time period during which public access
would be prohib1ted. Since Devil Canyon pool would inundate one of
the principal borrow areas for fill material for the Watana Damsite,
it would be necessary to ·open additional borrow areas when Watana
Dam is raised in Stage III.

The primary effect of staged construction on cultural resources are
twofold. F1rst, it would reduce the nuniler of archeogical sites
initially impacted by reservoir flooding. Second, i t would allow
more time for study1ng those sites and for 1mplementing the cultural
resources mitigation plan. While t~e total construction workhours
would be less and the construction period would be less, and the
construction period would be reduced by one year for Stage I as
compared to High Watana, the total nuniler of workers required at
peak constructi on woul d be s1ml1 ar. Workforce requ1rements for
Stage II (Devil Canyon) would not change. A workforce (Which would
be smaller than for Stage I) would be required to const ruct Stage
III. Therefore, the general size and timing of socioeconomic
effects are not anticipated to differ substantially for Stages I and
II than for the License Application. Adding Stage III would result
1n 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 compari son with the currently proposed
project.; .

6. L1censing. The staged project will require additional environmental
evaluation by FERC staff to pennit preparation of a F1nal
Environmental Impact Statement (FEIS). This additional period of
evaluation could delay the completion of the FEIS, resulting in a
corresponding delay in the current hearing schedule. FErt~ has asked
to be promptly apprised of Board action so that appropriate resource
planning can take place.

D. Costs of Revising L1cense 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. Est1mated Addit10nal Consultant Costs for Licensing
to Cover Project Staging

FY85 FY86
Engineering $94,000 $298,000
Environment 56,000 149,000
Geotechnical
Licensing and Perm1tt1ng 20,000 20,000
Logistics
Heed for Power 85,000 59 ,000
Transmission 56,000 46,000
Hydrology 54,000 5,000
External Rev1ew Panel 30,000
Management and Admin1s~ration

395,000Total 577,000
Grand Total $972,000

E. Project Schedule

Considering only the licensing delays accumrlated to date, the project
full power on-11ne date has s11pped from 1993 to 1997; this latter date
can be changed to 1996 with staging. Table 2 shews on-line dates for the
current and staged projects.

Table 2. Online Dates for the Current and Staged Projects
Assuming Final Des1gn Authorization 1n December 1985

Watana Initial Dam
First Unit Power
Full Power

Devil Canyon Dam
First Unit Power
Full Power

Watana High Dam
First Unit Power
Full Power

Current Project

H/A

2002
2002

Oct. 1996
Dec. 1997

Staged Project

Oct. 1995
Dec. 1996

2002
2002

2008
2008

The shorter construction time f ·)- \Iatana Init1al Dam results 1n a one
year reductton for the on-l1ne date of the first stage. In addit1on,
there is 1ncreased opportunity to adjust on-li ne dates of the several
stages to more closely match project energy and capacity with system
demands .
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The on-I ine dates suggested here reflect the initiation of design and
geotechnical programs in December 1985. The design and geotechnical
programs are critical path activities and projected on-line dates are as
sensitive to delays in initiating these programs as they are to the
licensing date.

F. Staff Findings.

1. Staged construction is practical from an engineering point of view.

2. Although the Project, as presently incorporated in the Licensing
process, has the opt teum dam height from an economic perspective,
staged construction would provide several benefits:

A) Staged construction would lower initial development costs, but
would increase real project costs about 9~ .

B) 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.

C) Staged construction would lower the required state investment
in the project and could facilitate financing of the project.

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

G. Options

1. Approve:

A) Incorporation of staged construction of the Watana facl1 ities
as part of the proposed project; and

B) Co~letion by stafi of required stUdies and preparation of
lIIaterials necessary for their submission to FERC, including
those revisions to the physical arrangement of the project
other than staging, which are considered to be desireable means
of reducing the project cost; and

C) Staff enlisting 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

D) Staff approach ing FERC with counsel to submit necessa ry
documentation to allay FERC 's concerns with bUdget and
schedule, and to determine FERC License schedule implications

9217/1n7



of staging. These implications ..,ill be comncrrica ted 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 incorporation of staged construction of the Watana
facilities and thereby confinll the Board's corrrnitment to the
currently proposed project, and

B) Authorize staff to prepare materials necessary for updating the
Application for License to reflect realistic on-line date.

H. Recommendations

Option 1.

9217/:107



Supplement 1

ALASU POIlER AtrrBORITI

SOSI TNA HYDRO!LECTRIC PROJECT

STAGED CONSTRUCTION

ENGINEERING

1. Staged Construction Concept

The Application for License before the Federal Energy Regulatory Commis

sion (FERC) , submitted February 1983, proposes a tvo -stsge project on the

Susitna River. The first stage would be a facility at the Ilatana 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 fee t (see Figure 1-2). Plann ing studies indicate t hat this

arrangement o p t ici zes the powe r dev elopment of the Susitna River.

Ilh ile the propos ed dam he i gh t prov ides the most cost effective approach to

achie ving the optim um power de velopment of the river, it requires a large

init ial i nves t men t in t he Watana stage of the proj ect and would result in

a period during which i t is anticipated there wou ld be some excess capa

e i ty.

A t hree-stage project cou ld be init iated by the construction of \latana Dam

to a crest elevation of 2025 feet (see Figure 1-3). With its crest at

elevation 2025 , the dam would require substsntially less material, con

struction time would be reduced and only four of the planned six un its

would be installed. Development of the transmission system would also be

staged to match transmission capacity with generating capacity (see Figure

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

K3820.10
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line at a lower COlt, although with reduced capacity and energy. After

completion of Stage I, Stage II, con.i.ting of Devil Canyon Dam, would be

con.tructed. The Devil Canyon facility i. identical with that in the FERC

Application for Licenle.

Ilben load growth indicatee the need, Stage III, Watana High Dam, would be

constructed by rai.ing the Watana Initial Dam to the full height de a>

cribed in the FERC Application for Li c enae (.ee Figure 1-5>'

II. External Review Panel of Con.ultant.

The staged construction concept va. presented in detail to the External

Reviev Panel of Consultants on 15 April 1985. The ir report (copy

attached) confirms the f ea s i b i Li t y of the staging concept. The report
also raises the issue of the surface pove rhouse in place of the under-
ground facility included 1n the FERC Application for License.

The possibility of a surface powerhouse was evaluated in the SUllllller of

1983. It was decided at that time not to attempt this change to the

FERC Applciation for License in view of the potential for del .1y 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 powerhouse 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 1Il4ximum

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

113820.11
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of the earthfill dam would incline the imperviou. core. The inclination

of the core would reduce the alllOunt of sh e l l material required for

.tability of the Stage II! dam that would be .ubmerged by the St age I

pool, and therefore placed durin g Stage I ccas t rue t Lcn , Ilben the dam i .

being raiaed, all the additional fill could tben be p l a c ed in the dry

during the seasonal d r awdown o f th e reservoir. The rai .ing of Watana

Oa:n involve. no adverse effects on th e safety of either the Stage I or

Stage III dam, and no unusual construction operation i. required during

ra is ing. An additional five feet of freeboard i . added in Stage I to

fac ilitate flood control with the sma ll er reservoir storage vol ume.

The spillway and app roach channel excavations would be deepened by

approximately 185 feet bel ow that shown in the FlRC licenae concept in

order to accommodate t he r e servoir during Stage I (see Figure 1- 6 ). The

rock excavated from the se ar eas wou ld be used in the constructi on of th e

dam And would min i mize or el iminate the need for ope nin g a quarry s ite

during Stage I. The de eper excavat i on would be de signed with s uitab le

rock reinforcement and berms. The spillway in either concept would pass

the potential maximum flood.

For Stage I, there would be one ou t l e t faci lity struc ture and two powe r

i n t ak e structures ( s e e Figure 1-3) . The i nve r t e levations would accom

modate the l ower reservoir elevat i ons. The outlet facility in conjunc

tion with the four powerhouse units in Stage I would be designed to d is

charge a 50-year flood before flow would be discharged over the spillway.

The same appli es to the current tvo-staged project .

The powe rhouse in Stage I would have four units. Witb the lower head

available in Stage I, eacb un it would generate 130 MW for a total of 520

MW.

M3820.12
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The conatruct ion achedule for Stage I ba. been .bortened by one year ove r

tbat which vaa planned for in tbe FERC licenae concept. The sho r t e e i ng

of the achedu l e i. a re.ult of a decrease in tbe qlUntitie. of tbe fill

material necea.ary for the Stage I conatr~ction .

Devil Ca nyo n - Stage II

Devil Canyon haa not cbanged from tbe FERC licen.e concept.

Watana - Stage I I I

The Watana I ni t ial Dam 1I0uld be ra ised to elevation 2205 lIitb a maxim um

nonnal reservoir el evat ion of 2185 (see Figure 5). During seasonal

dralid ollD lIhen the Stage I re s e rv o i r el evation is be low elevat ion 19:<5

(the elevation of the upstr eam be rm) rockfill ~ould be in the dry on the

upatream side of the dam. The Ill4terial for the rockfill would be exca

vated from quar ry A and t he ca ter i al for the core and fi lters fr om bo r rc v

a ,eas D. E. and F.

The c ~ncrete sp il lway ogee crest 1I0uld be ra ised to !l. 2135 (see Figure

7>.

The ou t l e t fa cility st ructure and th e tvo power i n t ak e s 1I0uld be raised

to elevation 2201. A third power i n t ak e would be built in Stage III with

an i nvert elevation at 2012.

Two additional un ite would be add ed to the Powerhouae bringing the total

nuebe r of units to six. After co mp l e ti on of Stage III. the capacity of

tbe Poverhouse 1I0uld increase from 520 H\l to 1020 KW because. of the

increase in head on the four Stage I uni t. an d the &ddi tion of tvo more

units at 170 H\l each.

M3820.l3
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FIGURE 1-2

DEVIL CANYON GENERAL PLAN
FERC LICENSE OR STAGED CONSTRUCTION
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SUSITNA HYDROELECTRIC PROJECT
STAGEO CONSTRUCTION PRESENTATION

CROSS SECTION THRU THE DAM

FIGURE '-5
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April 16, 1985
1.8 . 2/9 .3 .3

Kr. Jame. !. Diachinger
Proj ec t Kall.Ager
Alaaka Pover Authority
334 Weat 5th Avenue
Anchnrage, Al aaka 99501

Subject : Suaitna Hydroelectric Project
External Reviev Panel
Engineering Sub-Panel Meeting
Report No. 2

Dear Mr. Diacbinger:

Tbia letter i. to tran.mit Report No .2 of tbe External Review Panel,
Engineering Sub-Panel for the Suaitll.A Hydroelectric Project prepared
by tbe under.igned member••

Very truly youra

/~ U!.~_ .._-::>(Jr J••••• Libb~

Q..dL •. lKJd... J zt>(

»:».~peclr.
pd
!nclo.ure



SOSITNA BYDRO!L!CTRIC PROJECT

EXTERNAL UVI!W PAN!L

!NGI~~ERINC SUB-PANlL MEETING

REPORT RO. 2

April 16, 1985

1. INTROD0CT10N

The und e r s i gaed three memmbeu of the lxtern.al Reviev Pane! met in

Anchorage on April 15 and 16, 1985 to con.ider a lerie. of delign refine

ment. to the Project licen.. application. Primary emphalil Val given to

s t a ged conatructlon of the projec t. In addi tion, infonu tion Val pre

aented on the project Ichedule, 'ollle ..pectt of the project layout, and

future exploratory York. Thi. report prelentl our viev. on the princi

pal matterl presented.

2. S'IAGED CONSTRUCTION

A proposal val presented to ccns t rue t Watana Dalll in tvo Itagea, fir.t

(Stage I) to operate vith the r e s e rvo Lr at El 2000, and s e c ocd (Stage

III) at a final elevation of 2185. Devil Canyon Dam vould be con.truct

ed (Stage II) at an inter=ediate t ime. The advantage. of ataged con

atruction vere indicated .. reducing the initial financial coazmitment of

the State, and allowing more flexibility in ..eting local growth. We

agree tbat the propoul would eccompli.h these ohjectiy... The nlti

mate co.t, witb Stage III inve.~nt, will be higher.

Tecbnically, the propoul includes a lIlOdification of the i nternal xoning

of Watana D.m to a l low rai. ing the dalll .afely and ecoDolllicelly, and deep

en i ag the .pillvay and approach channel to ac coeieod a t e the reservoir at

the Stage I elevation.
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lbe core of the modified croll lecdon hal been inclined upltreaa to

reduce the amount of .h.ll material, required for .tability of tb. SuS'

II da~. tbat would be .ublllersed by the Stag. 1 pool and therefore lIluH b.

placed durinl Suse I conltruction. When the daa i. rai.ed, all the

additional fill can tbu. be placed in 'the dry vith only a brief, modelt

lovering of the' relenoir. We regerd thil modification to be appro

priate. It involvel no &dverle effect. on the ufety of either tbe

Stase I or Suse III daa, and no unus ua L con.truction operation. durinl

rai.ins. We vould anticipate that further modification. of th e cr Oll

lecdon vill be found aduntaseou... more detailed infot"IUtion ia devel

oped regarding the borrov materiall.

lbe .pillway and approacb cbannel lIlu.t be deepened about 200 feet for

operation during Stage I. In our judgment the quality of tha roclt vill

permit tbe deeper excavation witb, aafety when delianed vith .uitabh

.lopel and berm., and witb tb anticipation that more than routine roclt

r e i nfo r eeaee t will be required to lIleet local condition. that may be di.

c l os ed by observation and ioltrumentation. When the da~ i. rai.ed I both

the power intake and 'pillway s t ruc cu r e s will require exten.ion upward-.

The conceptual scbene. de.cribed to u. appear rea.onable.

3. POWERHOUSl

In the Panel'. ' report of Aug-uH 1983, we wrote tbat recent Hudiea bad

.bOVD .ignificant co.t advantage. for a .urface powerhou.e a. compared to

tbe underground layout preaented in the fealibility report. It Val allo

mentioned that the .urface alternate required aOllle ujor open eute , the

co.t of ¥bich vere difficult to a.aeaa becauae of the laclt of .ub.urface

info~dOll in thil area. It ia Hill our view that the outdoor power

bou.e deaim bat Da0Y advantage. principally becauae it avoida the ujor

unknovaa inberent in the excavation of three large underground cballlbera

and numeroua tunnela and interaectiona which i. DOt without problem.

even in tbe best rock condition.. We recognize that considerable weight

WS8 given to the seasonal advantage. of undergound excavation in the

feasibility report. However, experience witb .imUar s t ruc tu r es in

Canada bal .hova th.\t outdoor cens t ruc t i c e can continue efficiently

througbout the vinter witb proper protection of tbe vorlt••

K3730.1
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At prenl1t, th.n are three deep borina. in th. dlht abutment in th,.

len.ral area ot the propo.ed chamber.. Whil. much ot th. ' co r . indicate.

favorable rock condition., there i. ample evidence of clay-filled jo int.,

altered diorite, and IlUll .hear zon... Onder then condition., the

rock cannot be a••umed to be a relatively hOlaOaeneou. ma.a but rather a

rock pollellinl nUlllllrou. plann of weunell, the aeometry of whic!. i.•

unknovn at thia tiae.

Geotechnical inveltiaation. for final de.ian would reqaire .everal addi

tional boring. and an exploratory adit who.e total length could be in the

range of 2000 feet. Thi. proar.m would be expen.ive .nd require a major

block of time on the overall exploration .chedal.. !.xploration for l:he

ou t dco r layout would require relatively .hort boring. principally to

detennine the depth of overburden and pouibly tvo or three .hort adit.,

whoae total length would probably not exceed 150-200 feet.

In concl uaion we believe that the .urface powerhou.e eltemate ba••iani

ficant co.t advantage. and . bould be .tudied in more detail by the lnci

ae er , All early ded. ion 011 the preferred layout would re su l t i c •

r edLr ec t i c a to the proposed exploration program.

4 . SCBE:DULE

All overall s cb edu Ie of exploration, de.igll and conatruction , including

de tail on .upport fad li tin , Wal prnen ted. Thi••cbedule .bow. fi n It

power on lille in 1997, 12 yean fro.. now. The .cbedale h con.trainei!

by the ded. ion to do ollly .upport facility (accell IIld call1Jl) exploration

and .tudy before power .aln aaresellt. are ob t a i ned , and to do virtuall"

no conltruct ion of accell, C~IlP or permanent verb before the Flill:

licenae ha. beell illaed. A two-year period ia .hovn between illuancll

o f tbe FlRC licell.e and cOlIIQence:ment of fint permanent work at the

di ve n i OIl tunnell. Total eone t eue ei en time of the permanent . work. i.

sbovn as s even and one-half year. to fir.t generation.

XJ730.2
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Ve agree that the impoled reltreintl ere realonable and appropriate. We

vould recollllllend, hovever, that ccne t rue t l ea of the temporlr, airatrip

Ihould be advanced at lealt a year (to mid 1987) to lIlinimiu ac ce s e and

lupport COltl for exploration work, and that exploration ahould be accel

erated vith .. much accomplilhed in 1986 and 1987 .. pollible in the

preduip Itage before TERC licenling. l'e feel that Iluch of the explo

ration muat be completed before the Baru-lbllco general project duigll

memorandum il final, and IIlOIt completed before feature duigll 1ll.I:l0randa

are begun. Such exploration il aho required to develop reliable colt

eltimatel. Watalla il all important major project and lite data are etill

quite limi ted.

The aeven and one-ha lf year eens t ruc t Lcn s cb edu l e for pe~nellt work.

lee=ol excellive. !ued on our experience on other limilar project. in

limillr environmentl, it il our pre.ent judpent thlt thil s eb edu l e can

be .hortened by at lealt one year.

We a lso believe that the tvo-year interval be cve ea i s sua e c e of the nRC

license and start of d i ver s Lcn tunnel ccne t ruc t i c e can be reduced by

s ev e r a l monthl.

5. !XPLORATION PROGRAM

Additional explorat ion VII done in 1984 at the requeat of nRC. !leven

boringl vere drilled in the rin., chanllel, propo s ed uooergroulld pover

ho us e , and the Ipillvay and diveraioll tunnel cu t l e t s , During thil ceet

ing Barza -lba.co pre.ented a Ichedule for the overall exploration program

vh ich Ihov. work beillg dOlle for the lupport faciliti .. ill the eUlIllller of

1985 • . !eg inning in early 1986 and continuing ellentially through 1989 ,

exploration it done for accell roadl, the airatrip, and all civil vorka

including diver.ion, the dam, required open cuta, and vatervayl.

At thi a time , hovever, no document il available ahovillg the required

exploration for each project feature . As \1&1 explained, the produc tion

of such a plan il not pa rt of the Engineer'l current vork a'lignment. We

KJ730. J

850416



are cODcerned that. without sueb a detailed plan, the uploration could

proceed in a maDaer which i. aot guaranteed to produce the required

iafo~tion at the appropriate tillle. We uprelled .illlilar concern. in

our report of Auguet 1983.

We recommead that APA recon.ider their current pontlon regarding the

expenditure of fund. for engineering effort.. In our opiaion the proj

ect would benefit greatly frolll a carefully organized plan of exploration

which incorporatee all available geotechaical iafonution and .peci

fically mention. the additiotlAl information required for deeign.

NtX'T XEEnNG

It Val teatatively agreed that the next meeting of the !ngiaeer Sub-Panel

vill be he ld October 1 - 4, 1985, with arrival in Aachorage Septelllber 30.

Andrew B. Merritt

Rd ph ! . Peclt

M3130.4
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Supplement 2

ALASKA POWER AtmlORIlY

SYSITNA HYDROELECTRIC PROJECT

STAGED CONSTRUCTION

PROJECT COSTS AND ECONOMICS

I Project Costs

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

the FERC license concept and on the staged concept. A cost comparison of

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

expensive than the FERC license concept as show below. However, Stage I

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

stage of the FERC license concept as indicated in Table 2-1.

TABLE 2-1

PROJECT COSTS

($ MILLION 1982)

Staged

Stage FERC License Construction

I Watana $3,371 $2,528

U Oevi 1 Canyon 1,475 1,492

Subtotal $4,846 $4,020

IU Rahe Watana 1,270

Total $4,846 $5,290

Cost Differential +$444

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

license concept versus the staged concept.
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II Economic.

An economic analysi. of the staged Susitna project has shovn that it i.

somewhat less attractive economically than the F!RC license concept, but is

still significantly lower in cost than the least-co.t thermal alternative.

The benefit-cost ratios of the FERC license concept compared to the least

cost thermal alternative and the staged concept compared to the leaat-cost

thermal alternative are essentially the same aa those presented to the Power

Authority Board in February (i.e., 1.5 and 1.4, respectively).
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TABLE 2-2

PROJECT COSTS
($ MILLIONS 1982)

StaRed Constru tion Concept YEIlC Licnse
Stage 1 Stage 2 St age 3 Total - lIatana
Watana Devil Watana Stages Ill. 2185 &

Item E!. 2000 Canyon si , 2185 1 to 3 Devil Canyon

Land 60 Land Righ.ta 32 22 19 73 73

Powerhouee 75 72 21 168 144

Da~, Reeervoir & River Divereion 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 Fscilities 294 113 118 525 487

Construction Facilities & Miec. 279 154 153 586 491

Total Direct Costs 1,889 1,108 987 3,984 3,626

Contingency Allowance 272 160 142 574 533

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
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Supplement 3

ALASU PO....n AlmiORITY

SUSITNA HYDRO!L!CTRIC PROJECT

STAGED CONSTRUCTION

POIo'ER AND ENERGY PRODUCTIOIl

Under the staged conatruction scheme, the initial W.~5n. dam ia about 180

feet lover than that proposed in the nRC license concept. This results in

lower head and l e.. flov regulation capability at Watana. The lover head

reduces the Watana pover output, while the reduce~ reservoir storage reduces

both the ....atana and Devil Canyon energ:v generation. After raising the

....atana project (Stage III). the power and energy generation from the tvo

concepts are identical. Table 3-1 provides a comparison of pover and energy

production for the tvo concepts.

A distinct advantage of the staged construction concept ;s its ability to

more closely match the expe c t ed Railbelt loads without developing excess

capacity. Figures 3-1 and 3-2 demonstrate this effect. Figure 3-1 shcvs

the relation betveen Railbelt peale pove r demand and installed capacity for

the lesst-cost t hermal alternative.

Figure 3-2 shovs the pover demand and installed capacity relations for the

Susitna case. Soth the FERC license concept and the staged concept are

shovn , !xce.. reserve capacity exists vith the Susitna project during its

early year.. The reserve capacity eo r e closely matches system requirements

under the staged concept than the FERC license concept. This is especially

true for the period 2002 through 2008.
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the mean. to better

but it also reduce.

Wat.sna Dalll, in the

ccna t ruc t i ou of the

it. ultilll8te height,

the overall bonding

SuppleClent 4

ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

STAGED CONSTRUCTION

FINANCIAL ANALYS IS

The ataging of the Su.itna Project not only providea

mat , :, . ' '! load requirements of the Railbelt utilitiea,

required rate .tabilization fund.. With the lover

i ni t i al at agee, fever bond. are req ui red to fund the

f i r s t two atage.. However vben Watana i. r a i sed to

inflation and real co.t increa.e. act to increa.e

requireClent. of the staged concept versu. the FERC licence concept.

The bond Si zi ng analysi. i. based on the construction cash flow developed by

Harza-Ebas co and the assumptions listed on Table 4- 1. It i. important to

note that the analysis is based on the bonds having tax-exempt status and

therefore a Love r interest rate. Because over 25 percent of the Project

output will be sold to non-exempt entities, the only vay for the bonds to

have tax-exempt status is thr~ugh specific legisla tion by the U.S. Congres.

exempting the Susitna Project (as vas done for Bradley Lake)~ State l eg isla

tion authorizing the REA cooperative utilities to reorganize i n t o public

utility di s r r i ct s , or State legislat ion aut horizing the Pover Authority to

direct bill the consumers in the railbelt area for cost. associated vith the

Susit na Project. Even though the Project haa been found to be economically

feasible , the uti l i t i es ' system cos t s vith t he Pro ject are higher than the

alternative in the early yesrs due to the high capital costs of a hydro

electric pro ject . The staged approach reduces the capital costs dur ing th is

period, and the amount required to bring the util ities' costs dovn to the

alternative is correspondingly :educed.

After revieving the revised construction costs, ve have found the required

rate stabilization to be in the same order of magnitude as presented

previously to the Board. As can be seen in Tables 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 f r om $4.5 billion

to $2.6 billion if they are not retained. Absent such rate stabilization ,

the ut ilit ies' cons umers vould be faced vith significant rate shock.
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TABL! 4-1

BONO SIZING ASSUMPTIONS

o General Inflation Rate - 6.5 percent

o Bond Interest Rate - 10.0 percent

o Reinvestment Ratea :

- short-term - 9.0 percent
- long-term - 11 .0 percent

o Amortizat ion Period - 35 years (level debt service)

o Bond proceeds will be used to fund construction costs, licens ing costs,
debt service reserve , working capital, and reserve and contingency .

o First bonds issued after FERC l i cense issued and all monies expende d to
da t e are re i mbursed an d depos i t ed into the Rate Stabilization Fund.
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TABLE 4-2

BOND ISSUE SUMMARY

(MILLIONS)

FERC
LICENSE STAGED
CONCEP'l' CONSTRUCTION

Bond Si ze :

I WATANA $12,300 $ 8,600

II DEVIL CANYON 7 ,000 7,000

SUBTOTAL $19 ,300 $15 ,600

III RA ISE WATA.'lA 8, 400

TOTAL $19 , 300 $24,000

Annual Debt Serv i ce :

I WATANA s 1, 280 s 890

II DEVI L CANYON 720 720

SU BTOTAL $ 2,000 s 1,610

III RA I SE WATANA 870

TOTAL s 2, 000 $ 2,480
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TABLE 4-3

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 7HE ~~GE OF $500 to $750 MILLION
WILL MEET RATE STABILIZATION NEEDS

30451
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TABLt 4-4

STAT! CONTRIBUTION

COMPARISON OF PAY IN AND PAY OUT OF FUNDS

(MILLIONS)

FERC LICENSE CONCEPT STAGED CONSTRUCTION
RATE RATE

CONTIlI- STAllILI- CONTRI- STABILI-
8UTION ZATION 8UTION 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 $4,500 $600 $2,570
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Supplement 5

ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

STAGED CONSTRUCTION

ENVIROh~NTAL ANALYSIS

1 . Introduction

Analyses h a ve been made of the env ironmental implications of the staged

concept for the Susitna Project. These analyses considered the

potent ia 1 env ironmenta 1 effec ts of the fo l l ov i ng fac tora ident i fied as

major differences from the FERC l i c e ns e concept:

1. Smaller r e s e r vo i r vo l ume a nd reduced storage c a pac i t y for the

Stage 1 Watana res ervoir .

2. Decreased fl ow stability for Stage I. and to a lesser ext ent for

Stage 11 in c ompar i s on to Stage III and the FERC l i cense conc e pt .

3. Lower dcvns t r eae river t empe r a t ur e a (about I·C) and gr eater i c e

c ov e r development with resultant water level i nc r e a s e s .

4. Reduced area of i nunda t e d land for the Stage 1 Watana Reservoir

whi ch delays the loss of wildl ife habitat and cu ltural r es ourc es

due to inundat ion .

5. Possible need for different borrow areas and q uarry sites for

Stage III development with attendent i nc r e as e in wi Id l i fe and

cultural res ource impacts.

424981
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6. Increued total t ime required for completion of t he pro ject wou ld

prolong con.truction related i mpa c t . on wi ldlife, a. well a•

• ocioeconomic impact ••

Finding.

In general, analyse. of the differences between the 'taged and FERC l i c en s e

concepts reveal' no sign ificant impact. which would effect Susitna'. overall

env ir onmental feasibility. As detailed belov, there are both posit ive and

negati ve differential impacts a es cc i e t ed with the staged concept. eos t of

which are judged to be insignificant. The major exception. increased

ove r t o ppi ng flows i nto side slough sa lmon habitats i n t he middle river, is

an impact a lrea~l i de n t i f i ed for the FERC license concept, albe it at reduced

fr equency. As such, it has alresdy been accounted for in the project

mit igat ion planning process and can be avoi ded by increas i ng the extent of

sl ough hab itat prot ection.
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11. Relervoir Opera t ion, Temperature and Ice Studiea

SUllllllary

Reae rvoi r operation Val limu lated for Stagea I, 11 , aDd 111 . Rue rvo i rand

r iver temperature analysea and river ice simulations vere made for a

representative c limate year for Stages I aDd II.

These studies of reservoir operation, r eservoir tem perature, river

temperature and r iver ice vere made to compare the environmental effects of

staged concept vith the FERC license concept. AI su~r ized i n Figures 5- 1

t hr ough 5-6 and Tab les 5-1 and 5-2, the changes resulting fr om the staged

concept would be :

I. Higher s UllllDer f lows and lower winter flowl in Stage I than with

t he FERC li c ense con cept.

2. Greater ic e cover and highe r winter water l eve l! i n the river

be l ow t he Pro j ect i n both Stages 1 and II.

3. Appr ox imately toIo we eks delay i n t he fonnat ion of a reservoir ice

cove r ( f r om mid November to late Nov ember) .

Stage 11 I o f th e Hag ed conc ep t and th e fi nal stage of t he ITRC li ce ns e

concept wo u ld be th e sace.

R ~servoir Operati on

Stage I o f the staged conc e p t ha s a smal l e r re servoir storage vol ume t han

the FERC li c en s e concept. Le ss vater can be stored in t he r es ervo ir for

424981
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winter oper8tion .nd tbe re ae rvo l r operat inl pl.n for t he It'led conc ept

.ttetlpt. to t.k••dv.nt.ge of the required bilber I UCllller flovi to gener.t.

enerlY. The ruult i. th.t .ver.ge IUDDer flovi .re .bout 4000 cta. higher

.nd .verage vinter fl_o_v. are .bout 2000 ch. love r than vi th the FERC
----~----

1icen.. concept.

For Stage tI the W.tana reservoir vould fill earlier in the su ...e r than in

the cu e for St.ge t. Stage tI flovi vould be very limil.r to the FERC

li cenle concept.

Simu lation of Stage tIt reservoir operation i ndi ca t e l it vould be the lame

as the final stage of the FERC license concept. Flovs at all timel of the

year are nearly identical.

Reservoir Temperature/Ice

Stage I reserVOIr t emperature /ice s imu lations show the outflov temperatures

to be nearly i den t i c a l to the FERC license concept in the s ummer. Winter

tem pe r a tu r e s , howeve r, are red uced fr om the FERC l icense co nc e pt by ab out l·

to 1.5·C. Although t hi s difference is saa l l its s ignificance is in the

additional i ce production vh ich would occur dovn st r e am of the pro ject .

There are two apparent reasons for the reduction in winter t empe ratures.

1. More flov is passed through the reservoir in the suanner carrying

h ea t vith it, thus leaving less heat available for the wi nter

seaSOD.

2.

424981
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The reservoir ice cover te nds to form ab out two weeks later than

vith the F!RC license concept. I t is bel ieved this ia t he res ult

of the additional wind i nduced lIlixing in the smaller rese rvo ir.
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TUL! 3-1

COMPARISON OF CAPACITY AND ENERGY

I NSTALLt:D
CAPACITY

ON>

AVG ANNUAL
ENERGY
(GWRR)

FERC LICENSE CONCEPT:

WATANA HIGH DAM 1020 3500

DEVl L CANYON 600 3400

1620 6900

STAGED CONSTRUCTION

STAGE l-WATANA INITIAL OAK 520 2470

STAGE 2-DEVlL CANYON 600 3120

STAGE 3-WATANA HIGH OAK 500 1310

1620 6900

400782.3
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The ratio of .urface area to volume i a about 30% higher for Stage

1 Watan a Reservoir . The del ay in ice cover i. important becaus e

tbe re.ervoir ice cover i n.ulate. t he reservoir and reduce. heat

1081.

In Stage II, sUalller outflow temperature. a re .imilar to the f1:RC license

concept. Winter temperature . are about 0.5 " to l"C Ie s s than for the f1:RC

1icense concept . Since flow. are about the "me for Stage II and the FERC

license project, the main renon for the winter temperature difference is

the delsy in reservoir ice cove r f ormation .

River Temperature

Sioulation studies show that river temperatures would follow the same trend

a s reservoir temperatures. That is, they would be similar in summe r to the

FERC license concept and about l"C colder in winter.

River Ice

Results of the ice modelicg studies show that because of the colder winter

reservoir outflow temperatures the ice cover for both Stage I and Stage II

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

license concept.

Computer runs for Stage 1 suggest an rc e cover about three miles further

upstream than fo r the rERC license concept . This ice cover, in turn,

result. in an increase in water leve Is ln the river. Water levels were UP

t o four feet higher in an eight mil e re ach of the rlver between river mil es

115 and 123 and about the same elsewhere. Without mitigation Slough 11

would be overtopped with Stage 1 but no t with th e f1:RC license concept.

Melt out of the ice cover would be delayed by approximately three weeks.
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C01Ilputer run I for Staie II r esu l t ed in an ice cover about leven milei

further upltrealll at itl lIl&xilllua progrellion with water levell general ly two

feet higher between river milu 101 and 126. Sloughl 8A and 9 would be

overtopped with Stage I~ where they were not overtopped in the FERC li cense

concept. Kelt out would be delayed by about 1 week.

Stage III river ice would be similar to the FERC license concept.
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Ill. Aquatic Habitat Studies

The utimated "with project" flOWI, water temperature. and ice processel

discuased above were compared between natural, nRC l i cease concept and

the staged concept condition. for a preliminary aasesSlllent of impacts on

aq uatic habitats due to project operation.

This comparison hal shown only ~light changes in anticipated project

impacts. These changes can be amelior.a:ed by changes in the mitigation

plan. The major change neceaaary would be the need to increase the height

and extent of artificial benDS included in mitigation plans to protect side

slough habitats : r om overtopping flows during the winter.

Flow

Smaller reservoir storage capacity during Stages 1 and II would result in a

reduction in flow control during the summer and reduction of water available

for power generation during the winter. Summer flows would be greater and

less stable during Stages I and II than for the fERC licenae concept. This

would produce a slightly greater quantity (area> of rearing habitat for

fish using the mainste~ and side channels, however, the loss of flow

stability would reduce its quality. These factor. should balance one

another and result in approxilll4tely equal production frolll summer rearing

habitata for either the staged or FERC license concepts.

Flows · during August and September would be higher during Stages 1 and 11

than for the FERC license concept. These higher flows would provide

improved access conditions for spavning chum and sockeye salmon to move into

side slough spawning habitats. However higher, more exten.ive artificial

benDS would be required to protect these chum and sockeye salmon habi tat.

424981
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fr01ll overtopping flowl, in pa r t i cu l ar to protect the habitat llIOdification

Itructuru which would be in place for lIIitigation purpolel. AI discusaed

below, thele 1II0re extenl ive protective berml are also required to preve nt

overtopping fiowl in winter.

Winter flows would be .ower during Stage I and II than for the FERC license

concept. The di fference between flowl in August and September snd flowl

through the winter would affect over-winter lurvival of salmon eggs in the

side slough Ipa'olQing areas. Decreasing flows during the fall would cause

dewa te ring and f ree zing of some ~ ')a'olQing locat ions. ' The se flow decreasea

'IOU l d be greater during Stage 1 and II than for the FERC license concept;
"-

however, both cases are an improvement over natural conditions. The

improvement would simply be less with Stages I and II so there would be a

loss of benefit until Stage III is operational.

Temperature

Water temperature during Stages I and II would be simi lar to those during

the FERC license concept for the mid-summer and fall period. Temperatures

through the winter and early summer would be slightly less (l-l.S·C). Such

small temperature differences between the staged and unstaged projects ar e

not expected to
Ue1fect

survival of the evaluation species or production from

aquatic habitats •

. Ice Proces ses

The reduced winter water temperatures during Stages 1 and II would result in

a longer duration of ice conditions, further upstream progression of ice on

the river, greater ice thicknesl and greater "river staging"l! due to ice

11 River staging as used herein refers to increasea in water level in the
river. This is different from use of the tenD staging in relation to
Project construction.
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II c01llpared to the nRC l i c ens e concept. Thue e eed i t Icns would have the

gruteH illlpact on over-vintering and incubation litel in s i de Iloughl.

Bigher river Itaging would i cc r e as e the frequency with wh ich the natural

existing ups t r eaa berllls on the doughl would be overtopped and m.ainHelll

water be passed through the Ilough habitatl.

Thele winter overtopping eventl are conlidered deleterioul to juvenile

lalmon over-vintering and salmon eggl incubating in the side slough

habitats. The placement of artificial berm. at the head. of important side

sloughs hal been included in mit igat ion planl to protect these habitat.

during operation of the unstaged project. Protection of these habitat.

during Stages I and II would require higher. more extensive artificial

berms.

Inundated Tributary Habitat

Some minor benefits would be redized in that the Stage I Wetana reservoir

would not inundate as much tributary mouth and tributary stream habitat

which includes some good to e xc e l l e n t grayling habitat {n a number of the

streams draining into the proposed r eservoir area . The Oshetna River, one

of the better grayling streams in the area would not be affected at all by

the Stage I Watana reservoir. This hab itat would be lost eventually. of

course, when the Stage III project is constructed.

424981
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IV. Wildlife and Botanical Relourcea

SUIIIIIl&rI

A decilion to pursue the staged concept for the project would, in general,

reduce the net project impacta on wildlife and botanical re scur ce e during

the initial stagel. The net effect would be positive from the standpoint of

wildlife and botanical resourcel for tbe time between Stagea 1 and Ill. The

potential impacta of the development of Borrow Area F, a high quality

wildlife habitat area (whicb would eventually be rehabilitated), are Dot

considered to outweigb the benefits of; 1) delayed habitat l os s , 2) more

time for local wildlife population. to adapt to the habitat 1088 and

movement restrictions caused by the reservoir; and 3) more time to refine

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

staged approach.

Habitat Inundation

The major changes with the staged 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. Vegetation on the 17,000 acres of

preserved land consist. mOltly of forests. On the south side of the

impoundment black spruce predominates witb interspersed vert ica 1 bands of

tall shrubs. South-facing slopel on the north shore of tbe impoundment have

greater areal extent and more diverse vegetation patterns. White spruce is

the most cceaon forest type, although open mixed forests (consisting of

white spruce and paper birch) and black spruce forests are also represented.

Birch shrub and mixed low shrub area. are present, especially near the mouth

of Watana Creek.

Much of th il land area cons ists of tbe gent ler sloping port ions of the

eventual impoundment, which representl higher quslity habitat than the

steeper canyon wall. for most wildlife species. Extensive tracts on both

424981
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.idu of the lIatana Creek con fluence on the north .ide of the impoundment

.nd b.nd. of land on both .idea of the i mpoundment between II. t ana and

Deadman Creek. repreaent .bout half of the 17,000 ac re s , These are..

provide valuable vildlife hab itat, part icularly for moo.e and black bear.

In the ca ae of the black bear , .taged develolllent would delay the 10•• of

important denning and foraging habit.t. The lIatana High Dam would inundate

about 55% of the knove den .ite. in the vicinity of the lIatan. impoundment ,

while the Stage I lIatana Dam would inundate only 35% of the.e den . ites.

Another advantage of the Itaged deve Lopee nt approach would be that local

wildlife population. would be allowed to adapt to the habitat lOll and

movement restrict iona r eau l t i ng fr01ll impoundment, in Itage. over a greater

period of time. This could be particularly valuable to anilll&lI that are

expected to suffer carrying capacity losses such a. 1Il00se and blaclt be a r ,

since overpopulation. of adjacent habitats and t he accompsnying overutiliza

tion of adjacent forage resources, would also occur in stages over a gr eater

period of time and may resu lt in l e s s damage to t hese adjacent habitats.

Alt hough significant impacts to Dall sheep use of t he Jay Cr eek mi neral lick

are not expec ted to result from the lIatana High Dam impoundment, the Stage I

lIatana Dam would produce even fewer problem. relative to the Jay Creek

licit .

Big Callie Movement

The wid th of t he Stage I lIatana Reservoir would also be signi ficant ly

narrower than the lIatana Reservoir in the FERC license concept. The lIatana

initial reservoir would be le•• than one mile wide throughout the lll&jority

of ita length, .nd would thus represent leu of a barrier to big game

movement. than the reservoir in the FERC license concept.

424981
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lapton

The delayed development of the Stale II I Watana Dalll would also benefit

raptora. One golden "Ile and one bald ealle nestinl locution occur near

the e l , 2200 contour sad lII&y be impacted by the development of Stage III.

Bowever, 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 I I I development. !hia would provide

additional time for developing and implementing the artificial nest program

to mitigate for loat raptor ne s : locations.

Impacts of Longer Project Construction Schedule

A more subtle, but real, advantage of the staged concept approach ia that

data collected and experience gained through the monitoring of construction

and operation effects and mitigation success during Stages I and II would

pet'1llit refinements to construct ion, operation, and aUtigation plans during

Stages II and III so that the ultimate impacts on wildlife and botanical

resources would be lessened.

One potential disadvantage of the staged approach is that the construction

period i s lengthened, thereby increasing the length of the per iod that

wildlife populat ions are exposed to construction-related wildlife

disturbance and mortality factors. Bowever, the level of disturbance dur ing

Stage II I deve lopment would be less than duri ng the ea rl Ler stages due to

the reduced magnitude of the construction effort and the presence of an

existing infrastructure and support facilities developed during Stage 1.

More importantly, assuaUng that public access is restricted during the

entire construct ion period, the elimination of public acce.. during Stage

III and the resultant elimination of a variety of associated disturbance and

mortality factors would more than compensate for the construction-related

factors.

424981
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Borrow Area.

The mo.t important diudvantage of the .taged deve Lopee nt approach i. the

probable requirement to obtain Stage III borrow material. from Borrow

Area F.

Borrow Area E. a primary s eur ce for IIUIterials for \latana Dam in the FERC

license concept and for Stage I of the .t.ged concept. would be partially

inundated by the Devil Canyon Reeervoir during Stage II construction.

increasing the likelihood that Borrow Area F would need to be used during

Stage III (use of Area F ie coneidered unlikely for the FERC licenee

concept). Borrow Area F occupiee about 5 miles of the middle etretch of

Tsusena Creek from just above the high waterfall to Tsueena Butte. It

includes areas adjacent to the stream and extending UF to about 1500 ft.

away. This area provides important habitat for a variety of wildlife

including moose. black bear. brown bear. and other speciee associated with

tributary 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 amount of high quality wildlife habitat

disturbed by the project. Although borrow area rehabilitation would be

conducted. habitat impacts would be experienced for many yeara.

On the positive side. the staged concept probably would reduce the amount of

caterial 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 leee.
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V. Effect. of Staging on Cultural Re.ource.

SUlllIlIarz

The primary effects of .taging on cultural resource would be to reduce, at

least initially, the number of archeological .ite. impacted through

construct ion and reservoir flooding, and allow more t ime for study and

implementation of mitigation plans. Both are significant positive benefit.

frOlll the cultural resource. standpoint. Since Itaging does not alter the

schedule or design of the Devil Canyon Dam and Reservoir, its effect is

essentially neutral.

Use of Borrow Areas

The only potent ial effect noted is that Borrow Area E 1IlIy be partially or

completely covered by the Devil Canyon impoundme n t prior to Stage III Watana

construction. Alternative borrow sites may have to be used for thi. latter

construction. Thi. could have an impact on other archeological rema ins . In

part icular. the likelihood of util i z i ng Borrow Area F for Stage III

construction would be high. As discussed below, this i. an archeologically

i mpor t an t area.

Staging of th e Wa t ana D8lII construct ion would make a greater difference to

cultural resources, though on balance the effects are positive. Aa the

construction schedule in Stage I would be speeded up for a complet ion date

of 1996 instead of 1997, there would be somewhat less time available in

which to implement mitigation plans. However the scaled-back construct ion

of Stage I would require less borrow, resulting i n l~ss damage due to

removal of fill. Thia is particularly important in Borrow Area F (the

Ts usena Creek area), which contain a total of nine r ecorded archeologi cal

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

The Stage I impoundment level of e l , 2000 would ruult in inundation of 49

r ecorde d archeological litel (lee Table 5-4). Thil il one-third fever than

vould be flooded perlDAnently by reservoir level of e l . 2185 in the FERC

license concept. The 24 lites betveen el. 2000 and el. 2185 contourl vould

be av .. i lable for Itudy for a much longer period under the staged concept

than in the FERC l i c enae concept. Staging vould allov additional time for

implementation of mitigstion plans for these 24 sites, al Stage III

construction il nol scheduled for completion until 2008.

A final consideration coee e rus hov stsging would affect sitea adjacent to

but outside the actual project area. Adjacent sites are defined as those

lying vithin one-half mile of a project boundary. Though not affected

directly, these sites are subject to impacts due to ancillary construction

act i vi ty, improved acceaa, greater like lihood of eros ion, and increased

traffic. A" lover reservoir level vould reduce the : e s e r vo i r perimeter

temporarily leaving lIlore archeological sites outside the one-half mile zone.

It should be noted, hovever, that the adjacency distance is arbitrarily

defined, so that other factors such as topography may be more significant.

Nevertheless, apprcx imat e Ly 15 adjacent sites vould fall outside 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..

424981
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VI. Soci oeconomic Analylil

!mployment and Population

In general, the Itaged concept would alightly de c r ea ae peak cons t ru c t Lcu

employmen t to about 2,950 (in 1994) and extend the length 0 f emplo ymen t t o

the year 2008. The pro jected construction empl ...yment peak for the FER':

Li cenae concept would be about 3,000 (in 1994) and employment would end h

2002 (.ee Table 5-5).

Population i ac r eaa e s generated by the Project generally follow the same

pattern as Pro ject induced employment. The magnitud~ and duration of

popu La t Lon impac t. wouId the refore foll cw the trend. of employment impac ee •

The duration of impact would be longer by five yean under the Itaged

project but the magnitude at peak would not be significant ly different.

Community Facilitie. and Service.

Impacts on demand for facilities and services are a conseq uence cf

population impact.. Since the magnitude of population impact. are similar

in both the stsged and FERC license conc e p t s , impact. on commu n i tr

facilities and services are likely to be .imi lar. The major d i f f e r en cu

would be that impact. would oc cur IIlOre gradually and last longer for thE

staged concept . The demand level. from 2002 until 2008 would be well belo~

peak demand for either the FlRC licenae or staged concepts .

Prolonging the duration of Project-induced demand would have one pos itive

effect. That i s , it delay. or reduce. excess capacity of facilit ies that

would be built to meet p~ak demand. Since molt cOllllDunitie. in the impact

are a l: ..",' !! constantly increasing baseline popu l a t i ons , tbe fa d i.itie. con

structed to ae rve peak project related demand would ever.tua11y be needed

after the Project con.truction end.. The period ·o f exce •• capacity, between

the time peak project demand end. and baseline demand catches up, produce. a

financial burden for maintenance and operation CO.tl for underutilized

facilities. The staged concept would reduce or eliminate this financial

burden.
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tA!LE 5-1

SOSITNA HYDROELECTRIC PROJECT
MAXIMUM SIHULATlD 8.1 V!Il STAGES

WINTER 19 81-82
FLOW CASE E-VI, INFLOW MATCHING

2001 AND 2002 ENERGY DD{ANDS

Stage I
High Watana +

Higb Watana + Devi 1 Canyon
Slough or 111 resho Id Watana Devil 50' Drawdovn
Side Channe 1 River Mile Elevation Alone Canyon 3 Levell

Whiskers 101. 5 367 ffiIJ 13691 1370 I
Gash Creek 112. 0 Onknovn 458 456 459
6A 112.3 (Opland) 460 459 461
8 114.1 476 475 476

[mJHSII 115.5 482 tmj 1
48 5

1
487

HSll 115. 9 487 490 488 490
Curry 120.0 Onknovn 524 520 522
Hoose 123. 5 Onknovn 552 548 553
8A West 126.1 573 575 571 573
8A Eas t 127.1 582 585 581 584
9 129.3 604 607 !ill] 606
9 u/s 130.6 Onknovn 621 616 619
4th July 131.8 Unknovn 633 627 630
9A 133.7 651 654 649 649

\. lll4Xilllum up-10 u/s 134.3 657 660 655 655
11 dis 135.3 Unknovn 668 667 667 strealll exten
11 136.5 687 684 682 682 of ice front
17 139.3 Onknown 715 714 714
20 140.5 730 729 728 728
21 (A6) 141.8 747 747 746 746
21 142.2 755 754 752 752
22 144.8 788 787 783 785

LRX-3 Ice Front Starting Date 12-28 12-30 12-29
Maximum Ice Front Extent (River Mile) 134 126 133
Melt-out Date 3-2) 3-19 4-1

•

•

c==J Indicates locations where lll4 Xilllum river stage equals or
exceed, a known slough thre shold elevation

All r i ver stages in feet
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tABU 5-2

SUSITHA HYDROEL!CTRIC PROJECT
MAXIMUM SIMULATED iIV!l STAGES

WAUNA ONLY: 2001 ENlRG'! DEMAND
CAS! E-VI riovs , INFLOW-HATCHING

WINTER 1981-82

Slough or
Side Channel River Mile

Threshold
Elevation

High
Watao.a
Iofl-Hatch

Stage I
Watana

Infl-Ha tcb
Throughout

Whiskers
Guh Creek
6A
8
MSII
MSII
Curry
Moose
8A West
8A East
9
9 u/.
4th July
9A
10 u/s
11 dIs
11
17
20
21 ( A6)
21
22

101.5
112.0
112.3
114.1
115.5
115.9
120.0
123.5
126.1
127.1
129.3
130.6
131.8
133.7
134.3
135.3
136.5
139.3
140.5
141.8
142.2
144 .8

367
Unknown
(Upland)

476
482
487

Unknown
Unknown

573
582
604

Unk nown
Unknown

651
657

Unknown
687

Unknown
730
747
755
788

!lliJ
458
460
475

I~~I
524
552

~
7 5

585
607
621
633
654
660
668
684
715
729
747
754
787

em
458
460
475

1
490

1494
528
555
574
584
607
622
634

1

658
1665

675 ·
688
715
729
747
753
787

maximum up
stream ez t en
of- ice front

Ice Front Starting Date
Maximum Ice Front Extent (River Mile)
Melt-out Date

12-28
134
2-23

12-12
137
4-12

•

•

Indicate. locations where maximum wiver stage' equal or
exceed. a known slough threshold elevation

All river stages in feet
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TABL! 5-3

SITES AFFECTED 5Y LICENSE APPLICATION CONSTRUCTION

BORROW AREAS :

A

B

C

D

E

F

C

B

I

J

It

L

None·

None·

TLK 054, 055, 078, 081, 084 , 085, 086, 087, 088,

094,095,096, 097, 201, 211,213

None·

TLK 022, 023 , 258

Adjacent to E: 024, 035

TLK 176, 188, 202, 203, 209, 210, 212, 214

Adjacent to F: 164

None·

None·

TLK 034, 178, 259

TLl! 080

Adjacent to J : 043, 058, 063, 177, 200, 229, 230,

233

TLl! 030

None·

Devil Canyon Reservoir TLl! 023, 034, 178, 252, 253, 258, 259

Adjacent to Devil Canyon Reservoir: 022, 024, 027,

029,030, 118

·None: No recorded archeological .ite.
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TABL! ~4

SITES AFFECT!D BY STAGED CONSTRUCT ION OF WATANA DAM/RESERVOIl

STAG! 1 (2000' Relervoir Leve l)

TLK 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, 24 1, 242,

243, 246, 247, 248, 249 , 250, 256 , 2S7 ( N-4 9).

STAGE III (2 000 - 2185' Re.ervoir Leve l)

TLK 039, 048, OS9, 060 , 061, 119, 126 , 169 , 171, 173, 174 , 175, 182,

184 , 196, 204, 206, 21S, 217 , 218, 223, 237, 244, 251 (N-24) ..

ADJACENT SITES (Withi n 1/2 Mi. of 2185 Reservoir Level)

TLK 026, 031 , 032 , 038, 042, 04 7, 049, 064 , 073, 074, 076 , 120, 12I,

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 (M-48).

Site. Outside the One-Balf Mile Zone, Stage I (2000' Reser voir Level )

TLK 026 , 032 , 038, 042, 049, 073 , 074 , 076, 120 , 122, 159 , 189, 195,

198 , 207 (Ma1S).

Site. Adjacent to Watana Con.truction Area

TLK 015 ,018, 160, 165, 166, 167, 172 , 192 , 197 (M-9)
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TABLE S-5

YEARLY PEAl WORKFORCE

Curr ent Project Staged

Watana Devil Total Stage I Stage II Stage III Total

1987 -0- -0- -0- -0- -0- -0- -0-

1988 1,017 -0- 1, 017 637 -0- - 0- 637

1989 "1, 512 -0- 1,512 825 -0- -0- 825

1990 1,047 - 0- 1,047 1,028 -0- -0- 1, 028

1991 1,082 -0- 1,082 1,164 -0- -0- 1,164

1992 1,776 167 1,943 1,384 167 -0- 1,551

1993 2 ,142 167 2,309 1,837 167 ~ O- 2,004

1994 2,72 1 321 3,042 2,625 321 - 0- 2,946

1995 2 ,069 501 2,570 1,831 501 -0- 2,332

1996 938 482 1, 420 350 482 -0- 832

1997 259 1, 182 1,441 - 0- 1.182 -0- 1,182

1998 - 0- I , 181 1. 181 -0- 1, 181 -0- 1,181

1999 -0- 1. 196 1,1 96 -0- 1,196 -0- 1,196

2000 -0- 1,572 1, 572 -0- 1. 572 -0- 1, 57 2

01 -0- 747 747 -0- 747 -0- 747

02 -0- 126 126 -0- 126 410 536

03 -0- -0- -0- - 0- -0- 842 842

04 -0- -0- -0- - 0- -0- 1, 055 1.055

05 -0- -0- -0- -0- -0- 1.510 1,510

06 -0- -0- -0- -0- -0- 1,446 1,446

07 -0- -0- -0- -0- - 0- 1,057 1. 057

08 -0- -0- -0- -0- -0- -0- -0-
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FIGURE 5-1
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