
























































































































































































































































































































































































































































(v) Tailwater Elevation and Efficiency

Average tailwater elevations have been determined from topographical
maps and from information contained in reports of past studies.
Tailwater elevations are given in Table F.1. The assessment of more
precise tailwater elevation rating curves developed during later
stages of the studies and further definition of channel geometry at
selected development sites will be undertaken during detailed pro-
ject feasibility studies.

Combined efficiency of generators, turbines and penstocks, etc. has
been assumed to be 81 percent. This value is conservative and is
believed tc be a reasonable assumption for these initial assess-
ments.

~(b) Energy Demand Curve

This distribution has been taken from studies of the Railbelt region energy
growth as discussed in Section 5. The distribution selected is that for
1995 under a medium load growth scenario and is given in Figure F.I1.

(c) Inflow

The streamflow network of the Upper Susitna Basin consists of three gages
at Goild Creek (2920), Cantwell (2915) and Denali (2910) on the Susitna
River and one at Maclaren on the Maclaren River (2912). The longest record
is at Gold Creek, which has 30 years of record from 1949 to 1979. The
others have shorter, intermittent records.

The records at the three gages with less than 30 years have been extended
by correlation with streamflows at Gold Creek. To estimate the streamflow
at each of the proposed dam sites, a relationship between drainage area and
upstream and downstream gage streamflow was determined. Basically, this
relationship was used to estimate the streamflow at a dam site by adding
the nearest upstream gage records to the flow difference between the
nearest upstream and downstream gages which were prorated to reflect the
drainage area at the dam site with respect to the nearest downstream gage.
These streamflow relaticnships are given in Table F.2. Streamflows at each
dam site for the 30 year period are given in Tables E.1 to E.7 of Appendix
E.

| F.6 - Model Results

The screening model identified potential Susitna developments consisting of

~either single dams or multi-dam developments (Appendix E). The main dams con-

- sidered optimum for development are Devil Canyon, High Devil Canyon, Vee and

Watana. The optimization process indicated that Watana and High Devil Canyon
would be first stage developments in multi-dam development schemes. Second-

~ stage developments would result in a Watana/Devil Canyon plan and a High Devil

Canyon/Vee plan.
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Adjustment of the specified installed capacity would also adjust the energy
demand curve if the demand factor was held constant. Consequently, the demand
factor used coupled with installed capacity must be considered only as a means
of determining the energy demand that can be supplied by a ¢given hydropower
system. Environmental constraints and hydrology (shortages and surpluses) lead
to an actual plant factor which is slightly different than the nominal demand
factor specified to determine demand.

F.5 - Input to Simulation Models

Input to the simulation models has been determined from existing definitive
studies of the Susitna Basin hydro potential and from published and unpublished
USGS records. Input to the model can be classed under three main categories:
reservoir and power generation facility description, energy demand curve and
inflow records.

(a} Reservoir and Power Generation Facilities

(i} Reservoir Storage - Elevation Curves

The storage curves for the seven dams identified in the Susitna
Basin screening model have been determined from 50 foot contour maps
of the reservoir areas being studied.

{i1) Reservoir Storage Constraints

Due to the possible environmental limitations to seasonal and daily
draw down of the reservoirs, tentative values have been set to allow
consistency in comparisens. The maximum daily reservoir fluctua-
tion, due to peaking operation, has been set at five feet. Seasonal
fluctuations vary according to the sized reservpir. The fluctua-
tions assumed are given in Table F.1. These cornstraints may be
changed due to more information on, and analyses of, the
environmental impact of these fluctuaticns.

{ii11) Downstream Flow Constraint

This constraint only affects daily peaking operation. As such, it
occasionally limits the plant capability to produce either full or
demand power. The flow constraint has been set so that the plant at
least gives approximately the historical winter flow in the reach
immediately downstream of the dam site. Fiow constraints are given
in Table F.1.

(iv) Installed Capacity

Installed capacity for each of the dam sites has been determined
from the plans identified during the optimum screening of Susitna
Basin developments {Appendix E}. In some cases phased powerhouse
alternatives have been considered and are usually 50 percent of full
development. Installed capacities considered are given in Tables
F.3 and F.4.
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(v} Tailwater Elevation and Efficiency

Average tailwater elevations have been determined from topographical
maps and from information contained in reports of past studies.
Tailwater elevations are given in Table F.1. The assessment of more
precise tailwater elevation rating curves developed during later
stages of the studies and further definition of channel geometry at
selected development sites will be undertaken during detailed pro-
ject feasibility studies.

Combined efficiency of generators, turbines and penstocks, etc. has
been assumed to be 81 percent. This value is conservative and is
believed tc be a reasonable assumption for these initial assess-
ments.

(b} Energy Demand Curve

This distribution has been taken from studies of the Railbelt region energy
growth as discussed in Section 5. The distribution selected is that for
1995 under a medium load growth scenario and is given in Figure F.1l.

(c) Inflow

The streamflow network of the Upper Susitna Basin consists of three gages
at Goid Creek (2920), Cantwell (2915) and Denali (2910) on the Susitna
River and one at Maclaren on the Maclaren River (2912). The longest record
is at Gold Creek, which has 30 years of record from 1949 to 1979. The
others have shorter, intermittent records.

The records at the three gages with less than 30 years have been extended
by correlation with streamflows at Gold Creek. To estimate the streamflow
at each of the proposed dam sites, a relationship between drainage area and
upstream and downstream gage streamflow was determined. Basically, this
relationship was used to estimate the streamflow at a dam site by adding
the nearest upstream gage records to the flow difference between the
nearest upstream and downstream gages which were prorated to reflect the
drainage area at the dam site with respect to the nearest downstream gage.
These streamflow relationships are given in Table F.2. Streamflows at each
dam site for the 30 year period are given in Tables £.1 to E.7 of Appendix
E.

- F.6 - Model Results

- The screening model identified potential Susitna developments consisting of
either single dams or multi-dam developments (Appendix E). The main dams con-
sidered optimum for development are Devil Canyon, High Devil Canyon, Vee and
Watana. The optimization process indicated that Watana and High Devil Canyon
would be first stage developments in multi-dam development schemes. Second-
stage developments would result in a Watana/Devil Canyon plan and a High Devil
Canyon/Vee plan.
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The sipuiation models were run to estimate enerqy yields from the single reser-
voir developments {Watana and High Devil Canyon), and then from basin develop-
ments {Watana/Devil Canyon and High Devit Canyon/Vee}.

The average annual enérgy levels obtained from the various development plans
possible %staged powerhouse, staged dams, etc.) are given in Table F.3 and F.4.
Details of monthly average energy and monthly firm energy are given in Tables
F.5 to F.15.

F.7 - Interaction of 0GP5

The final plant factor and the monthly peak ratios or demand curve are deter-
mined in an interactive run with OGP5. Basically, the input of the simulation
results to OGPS can be assumed to apply to various installed capacities provided
the energy demand curve determined in the simulation procedure is not viclated.
OGP5 then selects optimum plant factors (and installed capacity} which then
forms the basis for new reservoir simulation work.




TABLE F.1 - RESERVOIR AND FLOW CONSTRAINTS

Max 1mum Downstream - Normal

Seasonal Compensation Tailwater Maximum

Drawdown Flow Elevation Elevation
Dam (ft) (cfs) (ft) (ft)
Devil Canyon 100 2000 asn 1450
High Devil Canyon 100 2010 1020 1750
Watana 150 2000 1465 2200

Vee 150 2000 1905 2350




TABLE £.2 - DAM SITE STREAMFLOW RELATIONSHIP

bralnage
Site Ares Discharge Felationship
Gold Creek {g) 6160 By
Cantwell (c) 4140 Q.
Denali {d} 250 By
Devil Tanyan {DC) 5810 QDC = 0,827 {Qg - QC} + Qe
High Devil Canyon (HOC) 5740 uﬁi}c = 0.B0Z (ag - ac) + QC
Watana (W) 5180 Qw = 0,515 {Qg - Qg} + Qc
Susitna IIL (5) 4225 q = 0.042 (ug - uci + {:zc
vee (V} 4140 Qy = Qc
Denali {D) 950 uD = (.153 (Qg - QC) + l:.*{i
2315

Maclaren (M}

OM:: 0,429 {chgd;‘ +Qd




TAGLE .3,

SUSTTNA DEVELOPMENT PLANS

Cumifat ive
Stage/ Incremental Data System Data
ANFEEaL
Maximmm Energy
Capital Cost Earliest Reservoir Seagonal  Production Blant
$ Hillions On-line Full Supply Draw- Firm Avg, Factor
Plan Stage Construction {1580 values} &at‘,&‘E Level - f£. down-fi GwWH  GWH. %
1.1 1 Watana 2225 ft BOOMW 1840 1993 2200 150 2870 325D 46
z Devil Canyon 1470 ft
&06 MW 4400 1996 1450 100 5500 6230 31
TOTAL SYSTEM 1400 My Zhe0
1.2 1 Watana 2060 FL 400 MW 1570 1992 2000 (1)) 1Mo 2110 60}
2 ¥Watana raise to
2225 ft 36N 1995 2200 150 2670 2991 a5
3 Watarna add 400 My
capacity 1302 1995 2208 154 2670 3250 46
4 Devil Canyon 1470 fi
&06) My 1000 1994 1450 100 5500 230 51
TOTAL SYSTEM 14000 MW man
1,3 1 Watana 222% ft 4Ng mw 1741 1993 2200 156 2670 7590 8%
Z Watana add 400 HW
capacity 150 1993 2200 150 2670 3250 a6
3 Pevil Canvan 1470 £t
060 My 1000 1994 1430 1an 5300 8230 5%
TOTA. SYSTEM 1400 Me piii




TABLE F.3 (Continued)

Tumz1lative
Stage/Incremental Data System Data
Arnual
Maximum Energy
Capital Cost  Earliest Reservoir Seasonal  Production Flant
$ Hilliens On-line Full Supply Draw- Firm Avy. Factor
Plan Stage Construction (1980 values) Da&e3 Level — ft, down-ft, GWH GWH %
2.1 1 High Devil Canyon
1775 ft 800 MW 1500 399&3 1750 150 24600 3400 49
2 Yep 2350 FL 400 MW 1060 1997 2330 150 3870 4910 47
TGTAL SYSTEM 1200 My AT
2.2 1 High Devil Canyon .
1631 ft 400 MW 1140 1993° 1610 1060 1770 2020 58
2 High Devil Canyon
add 400 WY Capacity ’
raise dam to 1775 ft 500 1996 1750 150 2460 3400 49
* Vee 2350 ft 400 MW 1060 1997 2330 150 370 4910 47
TOTAL SYSTEM 1200 MW L {HY
2.3 1 High Bevil Canyon
1775 fr 40 MW 1390 ?99&3 17560 150 2400 Z160 79
2 High Devil Canyon
add 400 ¥W capacily 148 1994 1750 150 2468 3400 45
3 Vee 23501 ft 400 MW 1860 1997 2330 150 3870 4910 47
TOTAL SYSTEM 1200 MW 75
3.1 1 Wakesna 2223 ft 800 MW 1860 1993 2200 150 2670 3250 46
2 Watena add 30 MW
tunnel 330 MW 1508 1995 1475 4 490 5430 53
TOTAL SYSTEM 1180 MW B34



TABLE F.3 {Continued)

Stage/Incremental Data

Cumuiative
System Data

Annual
Maximum Energy
Capital Cost Earliest Reservoir Seasonal  Production Plant
$ Millions On-line Full Supply Draw- Firm Avg. Factor
Plan Stage Construction {1980 values) Date1 Level - ft. down-ft. GWH GHWH %
3.2 1 Watana 2225 ft 400 MW 1740 1993 2200 150 2670 2990 85
2 Watana add 400 MW
capacity 150 1994 2200 150 2670 3250 46
3 Tunnel 330 MW add
50 M to Watana 1500 1995 1475 4 4890 5430 53
330
4.1 1 Watana
3
2225 ft 400 MW 1740 1995 2200 150 2670 2990 BS
2 Watana add 400 MW
capacity 150 1996 2200 150 2670 3250 46
3 High Devil Canyon
1470 ft ann MW B&0 1998 1450 100 4520 5280 50
4 Portage Creek
1030 ft 150 MW 650 2000 1020 50 5110 6000 51
TOTAL SYSTEM 1350 MW AT
NOTES:

(1) Allowing for 2 3 year overlap construction period between major dams.

{2} Plan 1.2 Stage 3 is less expensive than Plan 1.3 Stage 2 due to lower mobilization costs.
(3) Assumes FERC license can be filed by June 1984, ie. 2 years later than for the Watana/Devil Canyon Plan 1.



TABLE F.4.

SUSITMA ENVIRONMENTAL DEVELGPMENT PLANS

Cumulative
Stage/Incremental Data System Data
Anmial
Maximum Energy
Capital Cost  Earliest Reservoir Seasonal  Production Plant
$ Millions On~line Full Supply  Draw- Firm Avg, Factor
Plan Stage Construction {1980 values) tate Level - ft., down-ft GHH  EHWM, %
E1.1 1 Watana 2223 ft BOOMW
and Re-Regulation
[ram 1950 1993 2zno 158 2670 3250 46
2 Devil Canyon 1470 ft
4000 200 1994 1450 100 5520 8070 58
TOTAL SYSTEM 1Z200M4
£1.2 1 Watans 2060 ft A00MW 1570 1992 2000 100 1713 2110 60
2 Watana raise to
2225 ft 360 1395 2200 150 2870 2590 85
3 Watana add 4Dy
capacity and
Re~Ragqulation Dam 2382 1995 2200 150 2670 3250 46
4 Devil Canyon 1470 ft
A0 200 1996 1450 00 3520 &070 58
TOTAL SYSTEM 1200MW
£1.3% i Watana 222% ft 400MW 1740 1993 2200 150 2670 2990 a5
2 Watana add 400M%
capacity and
Re-Regulation Dam 256 1953 2200 150 2670 3250 46
3 Devil Canyons 1470 ft
490 MW 9010 1995 1450 100 5520 &07C 58

TOTAL SYSTEM 1200MW



Lumiriative

Stage/Incremental Data System Data
Anngal
Mo dmsn Energy
Capital Cest Earliest Reservoir Seasonal  Preduction Plant
$ Millions On-lime Full Supply  Drow- Firm Avg, Factor
Plsn  Stage Construction {1980 values) Date1 Level - ft,  down-ft, GWH GWH %
£2.4 1 High Devil Cenvon
1755 fu 40K 1330 599Q} 1750 151) 2400 2760 79
2 High Devil Canyon
add 4NMK capacilty
and Portage Uresk
[am 150 ¢t 790 1995 1750 150 370 4080 49
3 Vee 2350 ft
400M 1068 1997 2330 150 4430 5540 47
TOTAL SYSTEM 370
£3.2 1 HWat ana
2225 ft 400HW 17410} 1593 2200 1568 2670 7990 85
Z Watana add
406 MH capacity
and Re-Regulation
Dam 250 1594 2200 150 2670 3250 48
3 HWatarma add 50MM
Tunnel Scheme 330MW 15100 1995 1475 4 4890 5430 53
TOTAL SYSTEM 1180Mw i)
E4.1 1 Yzt ana
2225 fr 400MYW 17460 19953 2200 150 2670 2990 85
z Watana
add 400MW capacity
and Re-Regulation
Dam 254 1996 2200 150 2670 3250 46
3 High Bevil Canyon
1470 £t 40y 8&0 1998 450 1830 4520 5280 50
4 Partage Creek
1030 Ft 1504 £50) 2nna 1026 50 10 s0nn 51
TOTA. SYSTEM 1350 M
NOTES:

{77 Allowing for a 3 vear overlap construction pericd between major dams.
(2) Plan 1.2 Stage 3 is less expensive than Plan 1.7 Stege 2 due to lower mobilizabtion costs.
(3) Assumes FERC license can be filed by June 1984, ie. 2 years later than for the Watena/Devil Canyen Plan 1.



TABLE F.4 (Continued)

Cumulative
Stage/Incrempntal Data Svetem Data
Arsensal
Maximum Energy
Capital Cost  Earliest Reserveir Seasonal  Production Plant
% Millions On-line Fuyll Supply  Oraw- Firm Avg. Factor
Plan Stage Construction {1980 values) llfia’cgaE Level - ft. down-ft. GWH GWH %
£1.4 Watana 2225 ft 400MW 1740 1993 2200 150 2670 72990 a5
Devil Canyon 1470 ft
400M 900 1996 1450 106 5180 5870 4]
TOTAL SYSTEM BOMW 264(}
E2.1 High Bevil Canyon
1775 ft BODMW ang
Re-Regulation Dam 1600 199&} 1750 150 2460 3400 4
Vee 23501 a00MW 106 1097 2330 150 3870 4910 47
TOTAL 5YSTEM 1Z00MW 2667
£2.2 High Devil Canvyon
3
1630 FL 400MM 1140 1993 1610 1600 1770 2020 58
High Bevil Canyon
raise dam to 1775 ft
add 400MW and
Re-Regulation Dam 600 1994 1750 150 7460 3400 49
Vep 2350 ft 400 MW 15a0 1997 2330 153 1870 4910 47
TOTAL SYSTEM 2004w 2801}
E2.3 High Bevil Canyon
1775 fi 400MW 1350 1994} $730 150 2400 2760 79
High Devil Canyon
add 40MMW capacity
arwl Re-Regulation
Dam 2463 1995 750 150 2650 34010 49
Vee 2350 ft 400MW 1060 1997 2330 1840 |70 4910 47
THTAL SYSTEM 1200 2694




TABLE F.5 - PLAN 1,1 - ENERGILS

STAGE 1 “SIABE 2
i Add DeviY Canyon
MONTH Watana (2200) (1450}
BGO M 600 Mk
EA 13 EA tF
(GwH) {CWH) {GhH) (GHH)

JANUARY 264 263 542 538
FEBRUARY 250G 249 514 511
MARCH 224 224 452 458
APRIL 20 201 394 406
MAY 166 1866 418 40%
JUNE 187 83 437 383
JuLY 2685 183 473 373
AUZUST 499 120 07 394
SEPTEMBER 370 204 567 421
OCTOBER 233 233 468 478
NOVEMBER 266 266 544 540
DECEMBER 287 287 %1 587
TOTAL ANNUAL 3252 2669 6227 5494
Hotes:
EA: Average Monthly Energy
EF: Monthly Firm Lnergy

{2200): Reservoir full supply level



TABLE F.6 - PLAN 1.2 - ENERGIES

STAGE 1 STAGE 3t STAGE &
Watana {2000) Raise Watana (2200) Add Devil Canyon
MONTH 400 My Add 400 MW (1450) 400 MW

(Ggﬁ) (Gﬁz) (Gﬁa) (G&Z) <cﬁﬁ> (Gﬁz)
JANUARY 138 137 264 263 542 538
FEBRUARY 130 129 250 249 514 511
MARCH 117 116 224 224 452 458
APRIL 103 57 201 20 394 406
MAY 100 100 186 186 418 405
JUNE 154 102 187 183 437 383
JuLy 322 103 285 183 473 373
AUGUST 355 365 499 190 707 394
SEPTEMBER 269 188 370 204 667 421
OCTOBER 13 123 233 233 488 478
NOYEMBER 140 139 266 266 544 540
DECEMBER 150 149 287 287 591 587
TOTAL ANNUAL 2109 1708 3252 2669 6227 5494
Notes:
EA: Average Monthly Energy
EF: Monthly Firm Energy

(2000): Reservoir full supply level (ft)

(1) Stage 2 is as for Stage 1 on Table F.6 (Plan 1.3)



TABLE F.7 - PLAN 1.3 - ENERGIES

STAGE 1 STAGE 2 STAGE >
Watana (2200} Add 400 MW to Add Devil Canyon
MONTH 400 MW Watana (2200} {1450) 400 MW
EA i3 EA EF EA EF

(Gwh) _ (GWH) (GHH) (GWH) (GwH) __ (GHH)
JANUARY 263 263 264 263 542 538
FEBRUARY 250 249 250 249 514 51
MARCH 224 224 224 224 452 458
APRIL 201 201 201 201 394 406
MAY 186 186 186 186 418 405
JUNE 187 184 187 183 437 383
JuLy 245 183 285 183 473 373
AUGUST 333 190 499 190 707 394
SEPTEMBER 315 204 370 204 667 421
OCTOBER 233 233 233 233 488 478
NOYEMBER 266 265 266 266 544 540
DECEMBER 287 287 287 287 591 587
TOTAL ANNUAL 2990 2669 3252 2669 6227 5494
Notes:
EA: Average Monthly Energy
EF: Monthly Firm Energy

{2000): Reservoir full supply level (ft)



TABLE F.8 — PLAN 2,1 - ENERGIES

STAGE T STAEE
MONTH High Devil Canyon Add Vee {(2355)
(1750) 800 MW 400 My
EA 3 EA e
{ew) {GwH) {GHH) {GWH)

JANUARY 235 232 368 368
FEBRUARY 222 219 349 350
MARCH 197 151 303 313
APRIL 173 30 268 276
MAY 165 171 254 258
JUNE 231 172 250 47
JULY 480 173 526 319
AUGUST 554 307 752 298
SEPTEMBER 429 303 575 280
BCTOBER 219 213 394 366
NOVEMBER 239 233 403 393
DECEMBER 257 254 425 404
TOTAL ANNUAL 3405 2658 4907 3869
Notes:
EA: Average Monthly Energy
EF: Monthly Fiem Enevgy

{1750): HReservoir full supply level (ft)



TABLE F.9 - PLAN 2.2 - ENERGIES

STAGE 1 STAGE 2 STAGE >
Raise High Devil Add Vee (2330)
High Devil Canyon Canyon (1750) 400 Mw
MONTH ?1610) 400 MW Total 1200 MW
EA (13 - EA EF EA EF
(GwH) (GWH) (GHH) {GWH) (GHH) {GnH)
JANUARY 117 116 235 232 368 368
FEBRUARY 110 109 222 219 349 350
MARCH 929 28 197 141 303 313
APRIL 89 B7 . 173 30 268 276
MAY 92 87 169 1711 254 258
© JUNE 265 93 ) 231 172 290 247
JULY 292 291 480 173 526 319
AUGUST 290 292 554 307 752 298
SEPTEMBER 270 243 429 303 575 280
OCTOBER 150 105 219 213 394 366
NOVEMBER 120 119 239 233 403 393
DECEMBER 129 127 257 254 425 401
TOTAL ANNUAL 2023 1767 2759 2415 4907 3869
Notes:
EA: Average Monthly Energy
EF: Monthly Firm Energy

(1610): Reservoir full supply level (ft)



TABLE F,10 - PLANS 2,3 and EZ2.Y ~ ENERGIES

STALE 1 STAGE 2 IAGE 5
High Devil Canyon Add 4UH) MW to Add Vee (4330)
MONTH ?1758 } 400 MW High Devil Canyon 400 MW

tfsms) (G\EEI) EGNﬁ) (f;;i} ({;gﬁ} iagﬁ)
JANUARY 235 232 235 232 358 358
FEBRUARY 222 219 222 219 349 350
MARCH 197 141 197 152 303 313
APRIL 173 30 173 in 268 78
MAY 169 171 162 17 254 258
JUNE 200 172 3 172 290 247
JuLY 275 173 480 173 526 3y
AUGUST 288 286 554 37 752 298
SEPTEMBER 285 222 429 303 575 288
OCTABER ras) 213 219 213 394 346
NOVEMBER 239 232 233 233 403 393
DECEMBER 257 254 257 234 425 481
TOTAL ANRKUAL 2759 2415 05 2459 49407 3857
Notes:
EAs Average Moanthly Energy
EF; Honthly Firm Energy

(1750} Reservoir full supply level (ft)



TABLE F.11 ~ PLAN 3.1 - ENERGIES

STAGE 1 STAGE Z
Watana (2200) Add Tunnel
MONTH 800 MK 380 Hw

EA EF LA EF
JANUARY 264 263 490 438
FEBRUARY 250 249 463 467
MARCH 224 224 41 423
APRIL 201 201 364 376
MAY 186 186 345 351
JUNE 187 183 332 332
JuLy 285 183 390 321
AUGUST 439 150 633 337
SEPTEMBER 370 204 574 364
OCTOBER 233 233 419 417
NOVEMBER 266 266 485 481
DECEMBER 287 287 529 527
TOTAL ANNUAL 3252 2669 5433 4885
Notes:
EA: Average Monthly Enetgy
EF: Monthly Firm Energy

{2200): Reservair full supply level {ft)



TABLE F.1Z2 - PLAN 4.1 ~ ENERGIES

STAGL 1 STAGE £ STAGE 3
Yatana (2200} Add H.D.L, Add Portage Creek
MONTH 800 MW {1450) 400 M {1020) 150 MW

(oM (G ) @) (o) (o)
JANUARY 64 263 447 444 504 501
FEBRUARY 250 249 424 422 478 476
MARCH 224 224 379 378 428 426
APRIL 20 z0 334 33% 379 378
MAY 186 186 338 330 39 376
JUNE 187 1683 349 313 406 356
JULY 285 183 419 308 481 347
AUGUST 499 190 £70 323 799 366
SEPTEMBER 370 204 583 346 661 392
QCICBER 233 233 400 393 454 445
NGVEMBER 265 265 4959 446 507 503
DECEMBER 287 287 488 485 550 546
TOTAL ANNUAL 3252 2669 5281 4522 5997 5112
Notes:
EA: Average Hanthly Energy
EF: Monthly Ficrm Enerqgy

{2200): Reservoir full supply level {ft)



TABLE F.15 = PLAN E1.2 - ENERGIES

STAGE Zgi} STAGE 3 S5YAGE 4
Watana Halse btam Add 400 My o Add Ueyil Canvon
MONTH (2200) 400 MW Watans (2200) (1450) 400 MW
EA 133 EA B Ea EF
(GWH)Y  (GWH) {auH) (GwH) {owr)  (GWH)
JANUARY 2643 263 264 263 544 560
FEBRUARY 250 4% 250 49 515 516
MARCH 224 224 224 224 450 460
APRIL 20 M am 201 396 a0s
KAY 186 186 166 186 419 406
JUNE 187 184 iB7 183 436 385
JuLy 245 183 i85 183 4523 375
AUGUST 333 190 499 150 516 395
SEPTEMBER 315 204 370 204 £06 423
DCTOBER 233 233 233 233 430 480
NOVEMBER 266 265 286 56 Su7 545
DECEMBER 287 287 287 287 594 585
TOTAL ANNUAL 2950 2669 3252 26569 6065 5520
Notes:
EA: Average Monthly Energy
EFs Monthly Firm Energy

(2200): Reserveir full supply level {ft)}
S Stage 1 is as for Stage 1 on Tsble ? Plan {1.2)




JABLE .14 - PLAN E1.3 -~ ENERGIES

STAGE 1 STAGE 2 STAGE 3
Watans (2200} Add 400 MW to Add Devil Canyen
MONTH 400 MW Watana (1450) 400 MW
EA 43 EA EF EA EF

(GWH)  (GWH) (GWH) . (GWH) (GwH) _(GuH)
JANUARY 263 263 254 263 544 560
FERQRUARY 250 249 250 243 915 516
MARCH 224 224 224 224 450 460
APRIL 261 201 201 201 396 508
HAY 166 166 186 186 419 406
JUNE 187 184 187 183 436 385
LY 45 183 285 183 433 375
AUGUST 333 1590 499 5 616 395
SEPTEMBER 35 204 310 204 604 423
GCTOBER 233 233 233 233 4930 480
NOVEMBER 266 265 266 286 547 545
DECEMBER 287 287 287 287 594 589
TOTAL ANNUAL 2950 2689 3252 2689 £06% 5520
EA; Average Monthly Enetgy
EF: Monthiy Fiem Energy

{2200): HReservoir full supply level {(ft}



TABLE F.15 - PLAN E2.4 - ENERGIES

STAGE 1 STAGE 2 STAGE 3
Add 400 MW to High
MONTH High Devil Canyon Devil Canyon and Por- Add Yee (2350)
?1750) 400 MW tage Creek (150 MW) 400 MW
EA Ef EA EF EA EF

(GwH) _ (GHH) (GHH) (GWH) (GwH) __ (GwH)
JANUARY 235 232 317 37 432 435
FEBRUARY 222 219 296 302 411 415
MARCH 197 141 261 270 360 372
APRIL 173 30 23 239 318 328
MAY 169 171 220 221 287 290
JUNE 200 172 232 208 32 277
JULY 275 173 460 214 564 349
AUGUST 288 286 629 221 820 332
SEPTEMBER 285 292 452 241 646 315
OCTOBER 219 213 282 276 447 415
NOVEMBER 239 232 37 37 457 446
CECEMBER 257 254 346 346 480 456
TOTAL ANNUAL 2759 2415 4083 N 5543 4430
Notes:
EA: Average Monthly Energy
EF: Monthly Firm Emergy

{1750): Reservoir full supply level {ft)
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APPENDIX G - SYSTEMWIDE ECONOMIC EVALUATION

The Railbelt System will be developed in the future by means of an appropriate
continuation of existing and new proven generation alternatives to supply the
necessary demand.

The cbjectives of generation planning in the evaluation process is to determine
the preferred Susitna Basin development plan which will form part of the Rail-
belt System. The preferred Susitna Basin plan would be that plan which gives
the lowest system present worth cost of generation for the energy and capacity
demands and economic criteria selected.

5.1 - Introduction

Generation planning analyses were performed by making a comparison of Susitna
Basin development alternatives with the aid of a production cost medel to assess
the system costs for the various development aliternatives available. Standard
umerical evaluation techniques were then used to make direct comparzson of al-
ternatives. Initially, a set of variables was established for use in making
broad comparisens of available basin developments. In this preliminary evalua-
tion, the study focused on the medium load forecast to identify various plans; a
base plan which consisted of an all-thermal development, plans composed of ther-
al plus various Susitna developments, and a plan cowposed of thermal plus cher
hydrﬁeéectr1c developments.

The second phase of generation planning assessed the impact of varying the lcad
forecast. System generation plans with and without the Susitna Basin develop-
ment plan were identified for the high and Tow load forecasts. A plan was also
developed for the Tow load forecast considering an additional reduction in load
growth due to conservation and load management. Also under this phase, a plan
was developed considering a probabilistic forecast centered around the medium
load forecast.

Since it is recognized that the selection of a generation plan may be sensitive
to the underlying assumptions, the third phase of generation planning assessed
the impacts of variable planning parameters and the sensitivity of these para-
meters with respect to the generation plans. This analysis dealt with variable
interest rates, fuel cost and escalation, retirement policies, and capital cost
est imates.

G.2 ~ Generation Planning Models

{a) Selection of Planning Model

The major tool used in the economic evaluation of the various Railbelt gen-
eration plans is a computer generation system simulation program. There
are a number of generation pianning models available commercially and ac~-
cepted for use in the utility industry that will simulate the operation,
growth and cost of a electric utility system. Some of the more widely used
models include the following:
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GENOP by Westinghouse

-~ QGP5 by General Electric.
- PROMOD by Energy Management Associates.
- WASP by Tennessee Valley Authority.

The WASP program was not available for use at the start of this study so is
not considered or discussed further in this report.

Key considerations for use in selection of a model for this study are data
processing costs, method of production cost modeling, treatment of system
reliability, selection of new capacity, dispatching of hydroelectric capa-
city to meet load projections and ability of the model to address load
uncertainty. Although these items are handled differently in each program,
common traits of operation exist. Some of the salient features of each
model are shown on Table G.1l. Major differences in the models are given
below.

{i) Forced Outages

One significant factor which varies between the models is the method
of determining forced outages of the various units of system power
‘generation installations which are represented in the production cost
algorithm. The three methods used are:

- Deterministic methods which devote unit capacity by a multiplier or
by extending planned maintenance schedules.

~ Stochastic methods which can be reduced to deterministic methods.
Strictly speaking stochastic representations of ocutages is a random
selection of some units in each commitment zone to be put out of
service. The Toad previously served will be transferred to highsr
cost units.

- Probabilistic methods, which are described by the modified Booth =
Balerijaux method of production simulation which allows for
probability distribution of generation unit cutages.

The selection of one of these methods may be critical in the use of a
model for shori-term outage scheduling. However, it is gensrally found
that virtually no difference in planning results is obtained from
models using the three methods available over a long term period.

{i1) Dispatching Hydropower Resources

The method of dispatching hydropower resources to meet load demands is
another significant feature which affects the model's representation
of the system. The GENOP program will dispatch or select, from avail-
able units, hydroelecric units first to meet a given demand. Gen-
erally, the run-of-river units will meet load demand and units with
storage capability will be used to shave peak demands.
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The 0GP program uses a similar method, utilizing hydroelectric energy
as much as possible to minimize system operating costs. Hydropower is
scheduled first on a monthly basis fo account for seasonal conditions.
An additional feature of the program is the ability to use dry year or
firm energy on a monthly basis to determine system reliability, while
using average annual energy to determine system production costs.

The PROMOD program allows for three levels of annual runoff and
associated hydroelectric energy. These energy levels can be entered
into the program in a probabilistic manner to be used in determining
reliability and production costing. Run-of-river and storage units
are dispatched as in the other programs.

{(ther factors are also important such as program availability and ex-
perience of staff in using the models. On the basis of this
assessment of model features, model availability and Acres’' knowledge
of the intricacies of the model procedures, the 0GP5 model was
selected for use in this study. This model is believed to be the most
appropriate to accurately model the Railbelt generation system as it
exists today and in the future, with the various generation
alternatives available to the region.

) 0GP5 Model

The primary tool used for the generation planning studies was the mathema-
tical model developed by the Electric Utility Systems Engineering Depart-
ment of the General Electric Company. The model is commonly known as OGPS
or Optimized Generation Planning Model. The following information is para-
phrased from GE literature on the program.

The 0GP5H program was developed over ten years ago to combine the three main
elements of generation expansion planning {system reliability, operating
and investment costs)} and automate generation addition decision analysis.
0GP5 will automatically develop optimum generation expansion patterns in
terms of economics, reliability and operation. Many utilities use CGPS to
study load management, unit size, capital and fuel costs, energy storage,
forced outage rates, and forecast uncertainty.

The 0GPS program requires an extensive system of specific data to perform
its planning function. In developing an optimal plan, the program consid-
ers the existing and committed units {planned and under construction)
available to the system and the characteristics of these units including
age, heat rate, size and outage rates as the base generation plan. The
program then considers the given load forecast and operation criteria to
determine the need for additional system capacity based on given reliabil-
ity criteria. This determines "how much" capacity to add and “"when" it
should be installed. If a need exists during any monthly ifteration, the
program will consider additions from a list of alternatives and select the
available unit best fitting the system needs. Unit selection is made by
computing production costs for the system for each alternative included and
comparing the results.
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The unit resulting in the lowest system production cost is selected and
added to the system. Finally, an investment cost analysis of the capital
costs is completed to answer the question of "what kind" of generation to
add to the system.

The model is then further used to compare alternative plans for meeting
variable electrical demands, based on system reliability and production
costs for the study period. Further discussion on the load requirenents,
load uncertainty and plant reliability is given below:

{i) Load Representation

Besides generation unit data and system reliability criteria, the
program uses a model of the system load including month to year peak
lcad ratios, typical daily load shapes for days and weekends, and
projected growth for the period of study in terms of capacity and
energy supply.

Load forecasts used for generation planning are represented in detail
in Section 5, "Railbelt Load Forecast”, of the main report. Figure
G.1 depicts the four energy forecasts in the systemwide analysis.

The forecasts used for generation planning are based on Acres®
analysis of the ISER energy forecast. The energy forecast used by
Acres for establishing the "hase case" generation plan is the medium
load forecast {Table G.2). Sensitivity analyses have alsoc been
undertaken using variable loads developed from the ISER scenarios of
high and Tow levels of both economic activity and government spending.
Table G.2 gives the range of load forecasts considered.

The energy and Toad forecasts developed in Section 5 of this report
include enerqy projections for self-supplied industrial and military
sectors. These markets will not be a part of the future electrical
demand to be met by the Railbelt Utility Company. Likewise, the
capacity owned by these sectors will not be available as a supply to
the general market. A review of the industrial self suppliers
indicates that they are primarily offshore operations, drilling
operations and others which would not likely add nor draw power from
the system« The forecasts have been appropriately adjusted for use in
generation planning studies, as described in Section 5. Additionally,
although it is considered likely that the military would purchase
available cost effective power from a general market, much of their
capacity resource is tied to district heating systems, and thus would
be expected to continue operation. For these reasons only 30 percent
of the military gemeration total will be considered as a load on the
total system. This amount is about 4 percent of total energy in 1980
and decreases to 2.5 percent in 1990, This method of accounting for
these loads has no significant effect on total capacity additions
needed to meet projected loads after 1985. Table G.2 illustrates the
medium load and energy forecasts at five year intervals throughout the
planning period.



(1) Load Uncertainty

(ii1)

The load forecast used to develop a generation plan will have a signi-
ficant bearing on the nature of the plan. In addition, the plan can
be significantly changed due to uncertainties associated with the
forecasted loads. To address the question of the impact of load un-
certainty on a development plan, two procedures will be used. The
first procedure will be to develop plans using the high and Tow load
forecasts assuming no uncertainty to the forecast. This will identify
the upper and lower bounds of development which will be needed in the
Railbelt. The second method will be t¢ incorporate the variable foree
casts and uncertainty of the load forecasts into the planning pro-
Cess.

The medium load forecast {used in preliminary evaluation of plans) is
introduced into the program in detail. This would include daily load
shapes, monthly variability and annual growth of peaks and energy.
Additional variables are added which introduce forecast uncertainty in
terms of higher and Tower levels of peak demand and the probability of
the occurrence of these forecasts. For example, in the year 2000 the
medium Toad forecast demand entered is 1175 MW. Variable forecasts
are entered for 950, 1060, 1530 and 1670 MW, with associated probabil-
ities of occurrence of 0.10, 0.20, 0.20 and 0.10, respectively. The
middle level forecast of 1175 M{d would have a probability of occur-
rence of 0.40.

The OGP5 program uses this variable forecast in determining generating
system reliability only. A Toss of load probability is calculated for
each projected demand level as compared to the available capacity and
a weighted average is taken. This loss of load probability is then
used for capacity addition decisions. After capacity decisions are
wade, the program uses the medium load ferecast detail for operating
the production cost inodel.

This method of dealing with uncertainty is directly applicable to the
data available on Railbelt load forecasts. There are five forecasts
which could be plugged into the reliability calculations, three by
ISER and two extremes calculated by Acres represented in Table G.2.
Subjectivity is reduced to the decision of placing probabilities on
the load forecasts. Based on commmunication with the ISER group in
Alaska as well as General Electric 0PG5S personnel, the above example
probability set has been considered in the analysis. This is based on
the assumption that each extreme forecast is half as likely to happen
as the adjacent forecast which is closer to the medium. The Toads and
probabilities analyzed are given in Table G.3.

Generation Plant Reliability

In order to perform a study of the generation system, criteria are
required to establish generating plant and system reliability. These
criteria are important in determining the adequacy of the available
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generating capacity as well as the sizing and timing of additional
units. Plant reliability is expressed in the form of forced and plan-
ned outage rates which have been presented within the individual re-
source descriptions in Section 6. System reliability is expressed as
the Toss of load probability (LOLP).

An LOLP for a system is a calculated probability based on the
characteristics of capacity, forced and scheduled outage, and cycling
ability of individual units in the generating system. The probability
defines the likelihood of not weeting the full demand within a one
year period. For example, an LOLP of 1 relates to the probability of
not neeting demand one day in one year; an LOLP of 0.1 is one day in
ten years. For this study, an LOLP of C.1 has been adopted. This
value is widely used by utility planners in the United States as a
target for independent systems. This target value will be used both
for the base case plan and for sensitivity analyses dealing with the
effects of over or under capacity availablility.

Economic and Financial Parameters

As a public investment, it was determined that the Susitna project
should be evaluated initially from an economic perspective, using eco-
nomic parameters. Initial analysis and screening of Susitna alterna-
tives employed a numerical economic analysis and the general aid of
the OGP5 model.

The differences between econemic and financial {cost of power) ana-
lyses pertain to the following parameters:

- Project Life

In economic evaluations, an economic Tife is used without regard to
the terms (repayment period) of debt capacity employed to finance
the project. A financial {or cost of power} perspective uses an
amortization periocd that is tied to the terms of financing. A
retirement period {policy} is generally equivalent to project life
in economic evaluations; financial analysis may use a retirement
period that differs from project life.

- Denomination of Cash Flows and Discount Rates

Economic evaluations use real dollars and real discount raifes that
exclude the effects of general price inflation with the exception of
fuel escalation.

- Market or Shadow Prices

Whenever market and shadow prices diverge, economic evaluations use
shadow prices {opportunity costs or values). Financial analysis
uses market prices projected as applicable. Fuel prices are
discussed in detail in Section & and Appendix B.



It is important to note that application of the various parameters
contained herein will not necessarily provide an accurate reflection
of the true life cycle cost of any single generating resource of the
system. From the public {State of Alaska) perspective, the relevant
project costs are based on opportunity values and exclude transfer
payments such as taxes and subsidies. Further study into this
cgggarative analysis of project economics will be continuing during
1981,

Interest Rates and Annual Carrying Charges

The assumed generation planning study based on economic parameters
and criteria has a 3 percent real discount rate for the base case
anaiysis. This figure corresponds to the historical and expected
real cost of debt capacity. The issue of tax-exemplt financing does
not impinge on these economic evaluations.

In comparison, analysis reguires a nominal or market rate of inter-
est for discounted cash flow analysis. This rate is dependent upon
general price inflation, capital structure {debt-equity ratios) and
taxwexempt status. In the base case, a general rate of price infla-
tion of seven percent is assumed for the period 1880 to 2010. G&Given
a 100 percent debt capitalization and a three percent real discount
rate, the appropriate nominal interest rate is approximately 10
percent in the base case. The nominal interest is cowputed as:

Nominal Interest Rate = {1 + inflation rate)} x
{1 + real interest rate)
= 1,07 x 1.03

To calculate annual carrying charges, the following assumptions were
made regarding the economic life of various power projects. As
noted earlier, these lives were also assumed as the plant Tlives.

e Large steam plants - 30 years
e Small steam plants ~ 3b years
o Gas turbines, oil-fired - 20 years
¢ Gas turhines, gas-fired. - 30 vears
e Diesels - 30 years
# Hydroeleciric projects - 50 years

It should be noted that the b0-year Tife for hydro projects was
selected as a conservative estimate and does not include replacement
investment expenditures.

Cost Escalation Rates

In the initial set of generation planning parameters, it was assumed
that all cost items except energy escalate at the rate of general
price inflation (assumed in the economic sense to be 0 percent per
year}. This results in real growth rates of zero percent for
_nen-gnergy costs in the set of economic parameters used in real
dollar generation planning.
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Base period {January 1980) energy prices were estimated based on
both market and shadow values. The initial base case analysis used
base period costs {market and shadow prices) of $1.15/million Btu
{(MMBtu) and $4.00/MMBtu for coal and distillate respectively. For
natural gas, the current actual market price is about $1.05/MMBtu
and the shadow price is estimated to be $2.00/MMBtu. The shadow
price for gas represents the expected market value assuming an
export market was developed.

Real growth rates in energy costs (excluding general price infla-
tijon) are shown in Table G.4. These are based on fuel escalation
rates from the Department of Energy (DOE) mid-term Energy Fore-
casting System for DOE Region 10 (including the States of Alaska,
Washington, Oregon and Idaho. Price escalators pertaining to the
industrial sector were selected over those available for the commer-
cial and residential sectors to reflect utilities' bulk purchasing
advantage. A composite escalation rate has been computed for the
period 1980 to 1995 which reflects average compound growth rate per
year. Since the DOE has suggested that the forecasts to 1995 may be
extended to 2005, the composite escalation rates are assumed to pre-
vail in the period 1996 to 2005. Beyond 2005, zero growth in energy
prices is assumed.

Table G.% summarizes the sets of economic and financial parameters
assumed for generation planning.

-~ Other Parameters

Other parameters considered in generation planning studies include
insurance and taxes. The factors for insurance costs (0.10 percent
for hydroelectric projects and 0.25 percent for all others) are
based on FERC guidelines. State and federal taxes were assumed to
be zero for all types of power projects. This assumption is valid
for planning based on economic criteria since all intra-state taxes
should be excluded as transfer payments from Alaska's perspective.
The subsequent financial analyses may relax this assumption if non-
zero state and/or local taxes or payments in lieu of taxes are iden-
tified. Annual fixed carrying charges relevant to the generation
planning analysis are diven in Table G.5.

G.3 =~ Generation Planning Results

Generation planning runs were made for each of the Susitna development plans
identified in Section 8.6 ~ Formulation of Susitna Basin Development Plans, and
for system generation plans without Susitna developments. Plans without Susitna
included alternative hydro and ali-thermal generation scenarios.

A minor lTimitation inherent in the use of the 0GP5 model is that the number of
years of simulation is limited to 20 years. To overcome this, the study period
of 1980 to 2040 has been broken into three separate segments for study purposes.
These segments are common to all system generation plans.
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‘The first segment has been assumed to be from 1980 to 1990. The model of this
‘time period includes all committed generation units and is assumed to be common
to all generaticn scenarios. This ten-year model is summarized in Table G-8.
This table shows the 1980 to 1990 system configuration and details on committed
units and retirements that occur during the period. The end point of this model
becomes the beginning of each 1990-2010 model.

-The model of the first two time periods considered (1980 to 1990, and 1990 to
:2010) provides the total production costs on a year-to-year basis. These total
‘costs include, for the period of modeling, all costs of fuel and operaticn and
‘maintenance of all generating units included as part of the system. In
‘addition, the completed production cost includes the annualized investment costs
of any production plans added during the period of study. A number of factors
‘which contribute to the ultimate cost of power to the consumer, are not included
in this model. These are common to all scenarios and include:

A1l investment costs to plants in service prior to 1981;

Costs of transmission systems in service both at the transmission and
distribution level; and ’

Administrative costs of utilities for providing electric service to the
public.

:Thus, it should be recognized that the production costs modeled represent only a.
‘portion of ultimate consumer costs and in effect are only a portion, albeit
major, of total costs.

‘The third period, 2010 to 2040, was modeled by assuming that production costs of
2010 would recur for the additional 30 years to 2040. This assumption is
believed to be reasonable given the limitations on forecasting energy and load
requirements for this period. The addition period to 2040 is required to take
into account the benefit derived from the value of the addition of a
‘hydroelectric power plant which has a useful life of fifty years or more.

The selection of the preferred generation plan is based on numerous factors.
One of these is the cost of the generation plan. To provide a consistent means.
of assessing the production cost of a given generation scenario each production
cost total has been converted to a 1980 present worth basis. The present worth
cost of any generation scenario is made up of three cost amounts. The first is
present worth cost (PWC) of the first ten years of study (1981 to 1990), the
second is the PWC of the scenario assumed during 1990 to 2010, and the third is
the PWC of the scenario in 2010 assumed to recur for the period 2010 to 2040.

In this way the long-term (60 years) PWC of each generation scenarijo in 1980
dollars can be compared.

The present worth cost of the generation system given by Table G.6 js $873.7
million in 1980 values. This cost is common to all generation scenarios and is
added to all PWC values for each generation scenario during the modeling of the
system in the period of 1990 to 2040.
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Generation scenarios analyses include thermal generation with Susitna Basin
plans, thermal generation with alternative non-Susitna hydro plans and all-ther-
mal generation. Details of the analysis of these three generation mixes are
given in the following sections.

{a) Susitna Basin Plans

(1)

Base Case Medium Load Forecast

Essentially the Susitna Basin plans were developed from the studies
described in Section 8. Some of the plans are similar in lccation
and size but vary in staging concepts. Others are at totally dif-
ferent sites. These various Susitna plans were modeled in the OGP5
mode]l as part of the Railbelt system. The characteristics of the
Susitna plans are summarized in Table G.7 and their formulation is
described fully in Section 8. The results of the 06Pb model runs
assuming a medium load forecast for all the Susitna plans identified
through the procedures outlined in Section 8 are given in Table

G. 8.

The plans developed included 800 MW and 1200 MW capacity plans in
addition to variation in these plans to determine the effects on PWC
of delaying implementation of the plan, the elimination of a stage
in the plan, or staging construction of a particular dam in the
plan. Inspection of the results given in Table 6.8 indicates the
following:

- The Towest present worth cost development at $5850 million is
either Plan EL.1 or Plan E1.3 (see Table G.7). This result shows
that there is no effective difference between full powerhouse
development at Watana and staged powerhouse development;

- The highest present worth cost development at $6960 million is
Plan 1.3 with Devil Canyon not constructed;

- Watana/Devil Canyon {Plan E1.1 or E1.3) is superior to Watana/
Tunnel (Plan 3.1) by $680 million;

~ Watana/Devil Canyon (Plan E1.1 or E1.3) remains superior to
Watana/Tunnel {Special Plan 3.1) when tunnel capital costs are
halved. Watana/Devil Canyon is superior by $380 million;

- Watana/Devil Canyon {Plan E1.1 or EL1.3) is superior to High Devil
Canyon/Vee developments (Plan E2.1 or Plan E2.3} by at least $520
million;

-~ Replacement of Vee Uam with Chakachamna development lowers pre-
sent worth cost of Plan 2.3 to $6210 million. Watana/Devil
Canyon remains superior by $360 million;



- Watana/Devil Canyon development limited to 800 MW (Planm E1.4) 1is
$140 million more than full 1200 MWd development (Plans El.1 or
E1.3} but remains superior to tunnel scheme or High Devil Canyon/
Vee plans;

- Delaying implementation of Watana/Devil Canyon Plan E1.3 by five
years adversely affects present cost by an additicnal $220
million;

- Staging powerhouse and dam construction at Watana (Plan £1.2)
costs $180 million more than Plans £1.1 or EL1.3; and

- Watana/High Devil Canyon/Portage Creek (Plan F4.1)} is $200
mitlion more than either Plar E1.1 or E1.3,

Yariable Load Forecast

As discussed in Section 5, the many uncertainities of load forecast-
ing provide a wide range of possibilities for future generation
planning. The medium load forecast (with moderate government expen-
diture) used above to show the present worth cost of the develop-
ments identified through site screening and plan formulation steps
is thought toc be the most likely Tload and energy forecast. However,
due to the uncertainty associated with the load forecasting, approx-
imate upper and Tower limits to the load forecast have been

defined.

The high forecast assumes high economic growth and high government
expenditure whereas the lower bound, or low forecast, assumes low
economic growth and low government expenditure. In addition to
these two forecasts, the results of a determined effort at lopad
management and conservation have been incorporated into a fourth
load forecast. This very low forecast also assumes low government
expenditure in addition to Tow economic growth with load management
and conservation. Further details of these forecasts are given in
Section 5 and Toad forecast values in five-year periods in Table
G.8.

The results of the QGP5 analysis of the Railbelt generation system
with Susitna under these various load forecasts are given in Table
G.9. The conclusions that can be drawn from inspection of Table
G.9 are: ’

- Watana/Devil Canyon development (Plan E1.4) has the least present
worth cost at $4350 million of all developments under a low load
forecast;

- Watana/Devil Canyon with Chakachamna as a fourth stage (modified
Plan E1.3} has the Teast present worth cost of $10,050 million of
all developments under a high load forecast;

- Plan El.4 is superior to special Watana/tunnel (tunnel cost
halved) by $380 million under a low load forecast;



(iii)

- Plan El.4 is superior to High Devil Canyon/Vee {Plan EZ2.1) by
$320 million under a low lvad forecast;

- Modified Plan E1.3 is superior by $650 million to Plan E1.3 under
a high load forecast; and

-~ Modified Plan EL.3 is superior to High Devil Canyon/Vee with
Chakachamna (modified Plan £2.3) by $930 million.

Economic Sensitivity

The Watana/Devil Canyon development known as Plan E1.3 has been
identified as the most economic develepment of Susitna alternatives
under a medium load forecast (Table G.8). In addition, variations
of the Watana/Devil Canyon develepment have been identified as the
most economical under Tow and high load forecasts {Table G.9).
Consequently, the Plan E1.3 is cobviously the most reascnable to
select as the one to determine the sensitivity of the plans to
variations in the economic parameters which are subject to
uncertainties.

Sensitivity analyses have been performed on critical parameters and
are based on Plan E1.3 with a medium load forecast. The results of
these analyses are summarized in Table G.10 and are discussed below.
Base values for the parameters assumed in OGPD modeling, particular-
ly with respect to thermal plant costs, etc. are given in Appendix

-

~ Interest Rates

In the base plan selected (alse in other plans) the interest rate
assumed is 3 percent. This rate represents the cost of money,
net of inflaticn. Variation of this rate to 5 and ¢ percent has
been assumed to determine the effect of interest rate variation
on this capital intensive development. The effect of a 5 percent
interest rate is to lower the present worth cost of Plan E1.3 by
$1620 million to $4230 million. The higher rate of 9 percent
lowers the present worth cost to $26%90 million.

- Fuel Cost and Fuel Cost Escaltation Rate

The base plan has assumed a Tuel cost {($/million Btu) of 2.00,
1.15, and 4.00, for natural gas, coal and ¢il respectively. The
effect of reducing fuel costs by 20 percent to 1.60, 0.92 and
3.20 $/million Btu for natural gas, coal and oil respectively is
to reduce the present worth cost of Plan E1.3 by $590 million to
$5260. This reduction represents the lower cost associated with
operating the thermal generation component of the system.

Fuel cost escalation rates of 3.98, 2.93, and 3.58 percent have
been derived as typical for the Railbelt region {Appendix B).

The effect of lowering this escalation rate to zero percent for
all-thermal fuels is to Tower the present worth cost of Plan E1.3



to $4360 million. When coal cost escalation alaone is set at zero
percent the effect s much less, giving a reduction of only $550
million. Again the fuel cost escalation rate shows that the hy-
droelectric alternatives would become economically superior if
thermal operation costs are lowered.

- Economic Life of Thermal Plants

Increasing the economic Tives of thermal plants incorporated into
the generation system with Susitna Plan E1.3 results in an in-
crease of the present worth cost of the system of $250 million.
This result was for a 50 percent increase in thermal plant life
and shows that the increase results in greater operational

costs.

- Thermal Plant Capital Costs

The effect of a reduction in thermal plant capital costis by 22
percent, to 350, 2135 and 778 $/kw for natural cgas, coal and oil
respectively, results in a slight reduction in present worth cost
of the system. The reduction is $110 million and is a direct re-
sult of the lower capital costs of the thermal component of the
system.

- Hydro Plant Capital Costs

Yarious uncertainties in capital costs of the hydro developnent
exist due to possible variations in amounts of foundation treat-
ment, construction delays, etc. Tg take into account some of
these uncertainties, an assessment has been made of increased
hydro construction costs. An increase in construction cost of 10
percent to Devil Canyon results in an increase in present worth
cost of the system of $360 million. A 50 percent increase in
both Watana and Devil Canyon construction costs results in a $960
million increase in present worth cost.

The effects of the sensitivity analyses conducted above would be the same
for whichever development plan is selected; the relative ranking of the
various Susitna Basin development plans would remain essentially unchanged
and Plan E1.3 would still be the most economic in terms of present worth
cost under & medium load forecast.

Alternative Hydro Generation Plans

In Section 6 and Appendix C, alternative hydroelectric developments to
Susitna were identified. In Appendix C, the following ten sites were shown
to be the most economically viable and environmenially acceptable sites
outside of the Susitna Basin:

~ Chakachamna: 480 MW
- keetna: 100 M
~ Snow: 50 MW




{(¢)

Strandline: 20 Mu
Allison Creek: g M

1

- Cache: 50 MW
- Talkeetna-2: 50 MW
~ Browne: 100 MW
- Bruskasna: 30 MW
- Hicks: 60 MU

In the 0GP5 analyses these sites were combined into appropriate groups on
the basis of least cost energy and incorporated with thermal generation
spurces to meet the medium load forecast defined earlier [Section 5). The
results of the 0GP5 runms are given in Table G.11.

The lowest present worth cost of the system with alternative Susitne hydro
is $7040 million. This represents an increase of $1190 million over the
Towest cost Susitna development plan (Plan E1.3) for the medium load fore-
cast. This alternative hydro scenario includes Chakachamna, Keetna and
Snow developments. The addition of Strandline Lake and Allison Creek to
the system has minimum effect on present worth cost ($7041 million) but
would eliminate the need of 55 MW of thermal generating capacity, thus
saving a non-renewable resource.

The maximum development of alternative hydro considered has a present worth
cost of $7088 million. The six sites included in this plan are given in
Table G.11.

Thermal Generation Scenarios

The thermal generating resources reguired to meet Railbelt enerqy and power
demands can be identified through the use of the same production cost model
as that which identified the most economic plan of development with Susitna
Basin alternatives and non-Susitna hydro alternatives.

Using information developed in Appendix B for thermal generating resources
available to the Railbelt and the five load forecasts outlined in Section
5, the O0GP5 pregram was used to simulate the operation of the Railbelt
generating system over the 30-year study period. As in Susitna and non--
Susitna hydro alternatives, the long term present worth cost {in 1980
dollars) of the thermal system was determined.

The medium load forecast is currently believed to be the most likely load
to develop in the Railbelt over the next 40 years. Censequently, as before
for hydro developments, this forecast forms the basis of the majority of
0GP5 analysis.

(1} Medium Load Forecast:

The thermal generating plan for the medium load forecast is
oresented in Table G.1l. Two cases were modeled for the thermal
generation plan. The first model allowed the renewal of natural gas
turbines at the end of their economic life; the second assumed no
renewals and required the permanent retirement of the natural gas



turbines at the end of their useful lives. This policy affects 456
MW of existing gas turbine units. The rationale behind these two
renewal policies is related to the implementation of the Fuel Use
Act (FUA) which prohibits the building of new generating units oper-
ating on natural gas. The FUA is discussed more fully in Section
6.6 where it was shown that Railbelt utilities would probably be
restricted to new gas facilities for peaking applications only.

The policy of renewal or non-renewal of gas turbines has a minimal
effect on Tong-term present worth cost of the thermal system model.
This is clearly shown in Table G.11 where the present worth cost
difference between the two policies, under a medium load forecast,
is only $20 million. The natural gas turbines permanently retired
are in fact simply replaced by peaking-only natural gas turbines.
The long-term present worth cost of the thermal generating system is
$8110 million assuming gas turbine renewals.

The same 10-year generation plan (for 1981-199Q) applies to the
thermal generating scenaric as it does for the hydroelectric scenar-
ios given above. This period sees the installation of the Beluga
combine cycle Unit No. 8 by Chugach Electric Association and the 94
MW Bradley Lake hydro plant in 1988.

Under the medium load forecast the level of installed coal-fired
units increases from 54 MW in 1990 to 900 MW in 2010 with the first .
coal unit addition in 1993 to meet loss of load probability require-
ments. The model selects 100 MW coal unit additions over 250 and
500 MW units. This selection is due in part to a relatively slow
demand growth from year to year and the generous reserve capacity of
peaking units in the existing Railbelt region. The 2010 system mix
is comprised primarily of natural gas turbines and coal units,
although energy dispatched is more reliant on coal plants operating
at approximately 70 percent plant factor.

Other Load Forecasts

Section 5 identified load forecasts which took into account combina-
tions of levels of economic growth and government expenditure.

These load forecasts also included the cases with load management
and conservation and the probabilistic variation on the medium load
forecast. As in the medium forecast, the two cases of gas turbine
renewal or non-renewal were determined.

- High Load Forecast

The high load forecast requires the installation of a 100 MW
coal-fired plant in 1990. This is the same as was determined for
Susitna and non-Susitna hydro scenarios under the high load fore-
cast. The long-term present worth cost of the thermal generation
scenario under this load forecast is $13,630 million assuming a
renewal policy of gas turbines. There is a slight benefit of
$110 million if a policy of non-renewal is pursued. However, the
two cases can be assumed to be effectively the samwe.
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Low Load Forecast

The low load forecast requires approximately one third of the
capacity additions as the high load forecast (Table G.11). The
prasent, worth cost of the thermal system under the lTow Toad fore-
cast, and assuming renewals of gas turbine units, is $5910
million. With no renewals, the present worth cost is very
sTightly increased to $5920 million.

Load Management and Conservation Forecast

The thermal generation plan required to meet the low load fore-
cast with a determined policy of load management and conservation
was developed using the same principles and practice as for the
Susitna plans. As would be expected this forecast resulted in a
Tower cost system than that found under the unadjusted low load
forecast. The present worth cost was found to be $4930 million
for this scenario {no renewals were assumed).

Probabilistic Load Forecast

To complete the analysis of the thermal generation plan, the med-
jum load forecast was operated under the assumption of a prob-
abilistic Toad variation. The effect of assuming this variation
to the medium forecast results, as was found for Susitna Basin
developments, in an increase in long-term present worth cost.

The present worth cost for this system {Table G.11) is $8320
million. This assumes no gas turbine renewals and represents an
increase of $190 million over the comparable medium Toad forecast
case.

(i1i} Sensitivity Analyses

It is important to objectively determine the sensitivity of non-
Susitna or non-renewal resource dependent generation plans or
changes in costs and escalation of fuel, interest rates, construc-
tion costs, and plant life.

Interest Rate Sensitivity

As in the Susitna development scenario and the investigation into
the sensitivity of the plan to economic parameter changes, the
assumed underlying escalation rate for the base case thermal plan
is zero percent and the interest rate is three percent. Sensi-
tivity of the thermal plan to changes in the interest rate to 5
and 9 percent was determined, again assuming a zero percent esca-
Tation or inflatien rate. Table G.12 shows the change of the
present worth cost for the plan from $8130 million to $56170
million and $2610 million for five and nine percent interest
rates respectively.



If a comparison was to be drawn between thermal and Susitna scen-
arios studied under the sensitivity analyses, it would show that
the two plans would be economically comparable (in terms of
present worth cost) if interest rates were approximately eight
percent.

To provide reasonable comparisons between interest rate sensitiv-
ity analyses it was necessary to assume that the generation
system mix would be similar as that determined for the three per-
cent 0GP5 run. If this was not the case, then 0GPhH would select
cheaper generation units, particularly natural gas, which prob-
ably would not meet defined criteria on system components.

Fuel Cost

The reduction of fuel costs by 20 percent produces significant
reduction in present worth cost of approximately $1060 million to
$7070 million. This reduction is due to the lower expense of
supplying the plants with the necessary fuel to power the units.

Fuel Cost Escalation

Fuel cost escalation sensitivity was assessed in two methods.

The first was assuming zero percent escalation for all three
major fuels and the second was to assume zero percent for coal
only, with 0il and natural gas remaining at an escalation rate of
3.58 and 3.98 percent respectively. In both cases escalation
rates were assumed to apply between 1980 and 2005 and pregress-
ively dropping to zero in 2010.

The case of zero percent escalation for all fuels shows a dra-
matic reduction in present worth cost of $3570 mitlion over the
base case thermal scenario (Table G.12).

As would be expected for zero percent escalation in the cost of
coal, the reduction in production cost is less than for no esca-
lation in cost of any fuel. This reduction is, however, still
significant and amounts to an annual savings of $1210 million
over the base case therwal plan.

Economic Life of Thermal Plant

The uncertainty associated with the probable plant 1ife of in-
stallations in the Railbelt region naturally raises concerns. To
address these concerns the thermal plant 1ife, in each category,
was extended by 50 percent. The plant 1ife therefore became 4b,
45, and 30 years for coal, gas and oil facilities respectively.

The extension of the economic life results in a gain in cost of
approximately $280 million for the thermal generation scenario.



Thermal Capital Costs

Capital cost is ancther area of concern which has been addressed
in an attempt to negotiate the uncertainties associated with
costing work or structures in remote areas. Although the costs
developed are believed to be the best possible estimates that can
be made at this time, the costs of ali-thermal plant types have
been reduced by 22 percent.

As would be expected from a logical inspection at the system, the
raduction in coal plant costs results in coal becoming mere eco-
nomically viable as an energy scource. Capital costs reduction
therefore shows a gain in coal capacity generation of 200 Md over
the base case thermal plan. The long term present worth cost is
reduced to $7590 million, a reduction of $540 million from the
base case.
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TABLE G.1 - SALIENT FEATURES OF GENERATION PLANNING PROGRAMS

Program/ Load Generat lon Uptimization Helisbility rroguet on Availability and
Developer Modeling Madel ing Availabie Criterion Simulation Cost /Run
GENOP/ Done by two Done by one yes LOLP or Deterministic or  $500 to validate
Yest inghouse external external % reserve Modified Booth -~  Learning Curve
programs program Baleriaux Costs
$300 - $800/run
PROHDD/EMA Done by one Done by one no {OLP or Modified Booth ~  $2,500 to velidate
external extarnal % reserve Baleriaux on §YMSHARE
program program Learning Curve
fosts
$300 - $500/run
0GP/GE Dane by one Done by one yes LOLP or Deterministic or  AAY validated
external external % reserve Stachast ic Columbia & Buffalo
program pragram Experienced
Personnel

§50 - $800/run




TABLE 6,2 - RAILSELT RECION LOAD AND ENERGY FORECASTS
USED FOR GENERATION PLANNING STUDIES

LDADE CASE

tow Flus Loag

Menagement and Low Medium High
Conservat ion
(LES-GL Adjusted}?  (LES-BL)Z (MES-GM)> (HES-GH)®
Load Toad Load Load

Yepr iAW GiNn Fagtor il Gih Factor My Gith Factor My Gwhy Faetor

1980 Fi0 2790 $62.5 0 2790 62.4 516 27%0 62.4 510 2790 b2.4
1985 560 3090 62.8 580 3160 62.4 650 3570 62.6 695 3860 &3.4
1990 620 3420 63.2 640 3505 62,4 735 4030 62,6 @0 5080 3.1
1995 &85 3810 £3.5 P25 4350 62.3 945 3170 62.% 1295 NM20 62.8
2000 755 4240 63.8 950 5210 62,3 175 6430 62.4 1670 #1170 &2.6
2005 B35 4680 6.1 1045 5700 62,2 1380 7530 62.3 2285 12540 62,4
2010 920 5200 64.4 1140 8220 62.2 1635 B94O 62,4 %80 15930 62.7

Notes:

{1} LES-LL: Low economic growth/low government expenditure with load management and conservation,
{2} LES-GL: Low economic growth/low government expenditure.

(%) MES-BM: Medium econamic growth/moderate government expenditurs.

{4) HES-GH: High economic growth/high government expenditure.




TABLE G,3 - LDADS AND PROBABILITIES USED IN GENERATION PLANNING

FORECAST? PROBABILITY SET
LESLG L0
LES-Mi »20
HE 5-MG 40
HES~-MG <0
HES-HG L10

Nptes:

{1} LES: Low economic growth
MES: mediuw economic growth
HES:  high sconomic growth
LG: low government expenditure
HG:  moderate government expenditure
HG:  high government expenditure



TABLE D.4 - FUEL £OSTS AND ESCALATION RATES

Netural Les Coal TistiTlate
Bage Period {January 1980)
- Prices {($/million Btu)
Herket Frices $1.05 $1.15 $4.00
Shadow {Opportunity} Values 2.00 1.15 4,00

Real Escalation Rates (Percentage)

- Chenge Compounded {Annuslly)

1980 - 1985 1.79% 9.56% 3. 38
1984 - 1990 £,20 2,39 1,09
1991 - 1995 3.99 ~Z.87 4,27
Composite {sverage) 1980-1995 3.98 2.93 3,58
1996 -~ 2005 3.98 2.93 3.58
2006 - 2810 0 0 0




TABLE G.5 - ANNUAL FIXED CARRYING CHARGES USED IN
GENERATION PLANNING MODEL

Project Life/Type

SU-Year 35-Year 2U-Year ZU0-Year
Thermal Thermal Hydro Thermal
{%) (%) (%) {%)
ECONOMIC PARAMETERS (0%-3%)
Cost of Money 3.00 3.00 3.00 3.00
Amortizetion 2.10 1.65 0.89 3,72
Insurance 0,25 0.25 0.10 0.25
TOTALS 5.35 43.90 3.09 6.97
FINANCIAL PARAMETERS (7%-10%)
Non-exempt
Cost of Money 10,00 10,00 10,00 10.00
Amortization .61 0.37 0.09 1.75
Insurance 0,25 0.25 0.10 0,25
TOTALS TO0.B¢ MY 10,19 TZ.00
Tax-exempt
Cost of Money 8.00 8.00 8.00 8.00
Amortization 0.88 0.58 0.17 2.19
Insurance 0.25 0.25 0.10 0.25

TOTALS 5.13 B.83 B.Z7 10,38




TABLE BE.6 -~ TEN YEAR BASE GENERATION PLAN MEDIUM LOAD FORECAST

SYSTER (HH] TOTAL
YEAR H MW R ) (N 1) ( CAPABILITY

Committed  Retired CODAL  GT GT DIESEL  CC  HY ('
1980 - - 54 470 168 65 141 49 9471
1981 - - 54 470 168 65 141 49 947
1982 0 CC - 54 470 168 65 201 49 1007
1983 - - 54 470 168 65 201 49 1007
1984 - - 54 470 168 65 211 49 1007
1985 - 14 (NGGT) 56 456 168 65 201 49 993
1986 - - 50 456 168 65 201 4% 993
1987 - 4 {Ceal) 50 456 168 65 201 49 989
1968 95 HY m 50 456 168 65 201 144 1084
1989 - 5 {toal) 45 456 168 65 201 144 1079
1990 - - 45 456 168 &5 201 144 1079
Notes:

(1) This figures varies slightly from the %43.6 MW reported due to internal

computer rounding.



TABLE 6.7 - SUSITNA ENVIRONMENTAL DEVELOPHMENT PLANS

Lusuiglive
Stave/Incremental Dats System Data
Annual
Max imum Energy
Capital Cost  Earliest Reservoir Seasonal  Production "Mlant
$ Millions On-line Full Supply Draw- Firm Avg, Factor
Plan Stage Construction (1980 values) i}gte1 Level - ft, dewn-fi GHH B, %
E1.1 1 Watana 2225 Ft BODMK
and Re-Regulation
Dam 1960 1993 2200 150 2670 3250 46
2 Devil Canyon 1470 ft
400MW 900 1998 1450 1490 5520 eG70 5B
TOTAL SYSTEM 1200MW
E1.2 1 Watand 2060 Tt 400MW 1570 1992 2000 100 1710 2110 60
2 Hatana reise to
2225 ft 2ol 1995 2200 150 2670 2990 a5
) Watana add 400MW
capacity and
Re-Regulation Dam Z}Gz 1995 2200 150 2670 3250 46
4 Devil Canyon 1470 ft
00y 900 1996 1450 100 5520 6070 58
TOTAL SYSFEM 1200MkW el
£1.3 1 Watana 2725 ft L200MW 1740 1993 2200 150 2570 29390 g5
2 dWatana add 4004W
capacity and
Re-Regulal ion Dam 250 1993 2200 150 2570 3250 44
3 Devil Canyen 1470 FL
400 My 200 1996 1450 100 5520 AG70 58

TOTAL SYSTEM 120(M4W



TABLE G.7 {Cont inued)

Cumulsl ive
Stage/Incremental Dats ~ System Data
Annual
. Max imum Energy
Capital Cost  Earliest Resesrvaoir Sessonal  Production Flant
$ Millions On~line Full Supply  Draw- Firm Avg. factor
1
Plan Stage Construction {1980 values) Date  level -~ fL. down-ft, OGWH GWY %
1.4 1 ¥Watsna 2225 ft 400MW 1748 1893 2200 150 2670 2990 85
2 Devil Canyon 1470 ft
400w 200 1994 1450 106 5190 5670 81
TOTAL SYSTEM BOOME 2640
2.1 1 High Devil €anyon
1775 ft BODMW and
Re-Reqgulat ion Dam 1400 ‘!99&3 1750 158 2560 3400 49
2 Vee Z350ft &0TMW 1060 1997 2330 150 [0 as1) 47
TOTAL SYSTEM 1200MW 2660
£2.2 1 High Devil Canyon
1630 £t A0UMK 1140 1993} 1610 100 1770 2020 58
2z High Devil Canyon
raise dam to 1775 ft
add 400MW and
Re-~Requlation Dam 600 1996 1750 150 2460 3400 49
3 ¥ee 2350 £t 400 MW 1060 1997 2330 150 3876 4910 47
TBTAL SYSTEM 1200MW 2844
E2.3 1 High Devil Canyon
1775 Ft AO0MW 1390 199&3 1750 130 2600 276D 79
2 High Devil Canyon
add 400MW capacity
and fle-Regulat ion
Dam 248 1995 1750 150 2460 3400 49
3 Vop 2350 fL 400MH 1aa0 1997 2330 150 Jg70 4910 7
TOTAL SYSTEW 1200 2690



Cumulative

Stage/Incremental Dats System Data
Annusl
Max imum Energy
Capital Cost  Earliest Reservoir Seasonal  Production Plant
$ Millions ‘On-lire Full Supply Drew- Firm Avge. Factor
Plan Stage Construction {1980 values; I)ateT Level -~ ft. down-ft, GWH  GHWH %
E2.4 % High Devil Canyon
1755 ft 400HW 1390 ?99&} 1750 50 24060 2760 79
2 High Devil Canyen
add H0DM¥ capacity
and Portage Creek
Dam 150 ft 190 1995 1750 150 M0 408D 43
3 Yee 2350 ft
D0MY 1060 1997 2330 150 4430 5540 a7
TOTAL SYSTEM T8
£E3.2 1 Wat ang
2225 ft 400w 1740 1993 2200 150 2670 2990 85
Z Watana add
400 MW capacity
and Re-Regulatl ion Y
Dam 50 19%4 2200 150 2670 3250 45
3 ¥atana add 5SOMW
Turme ] Scheme 33I0MW 1500 1995 1475 4 4890 5433 53
TATAL SYSTEM T180MW g1
E4.1 i Watana
2225 T1 400MW 1740 1995} 2200 150 2670 2990 8%
2 Watans
add A0(MKW capacity
and Re-Regulstion
Dam 254 19%6 2280 150 2670 3250 46
3 High Devil Canyon
1470 ft 4DOMY B&0 1998 1450 168 4520 580 50
i Portage Creek
1030 fE 150MW 650 2000 102 50 5110 600D 51
TOTAL SYSTEM 1350 MW
NOTES:

{17V "Allowing for a J year overlap construction period between major dams.
{2} Plan 1.2 Stage 7 is less expensive than Plan 1.3 Stage 2 due to lower mobilization costs.
{3) Assumes FERC license tan be filed by June 1984, ie. Z years later than for the Watana/Devil Canyon Plan 1.



TABLE G.8 - RESULTS OF ECONOMIC ANALYSES OF SUSITNA PLANS - MEDIUM LUAD FORECAST

Suysiing bevelopment Plan Inc,

Tnsfalled Lapecily (MA] DY

fotal System

fotal System

tniine Dates Category in 2010 Installed Present Remarks Pertaining to
Plan Stages 0GPS Run ihermal Hydro Capacity In Worth Cnsq the Susitna Basin
No. 1 3 [ Jd, No. toal Gas )]  Other Susiina 20104 $ Million Development Plzn
E1.1 1993 2000 - - {XE? 300 426 0 144 1260 2070 5850
£1.2 1992 1995 1997 202 L5Y% 200 s5M 1] 148 1200 2045 £030
£1.3 1993 1996 20040 - 1.8J9 300 426 0 144 1260 2070 5850
1993 1994 ——— - L7W7 500 651 0 144 800 2095 6980 Stage 3, Devil Canyon Dam
not constructed
1998 200t 2005 - LAD? 400 2756 30 144 1200 2050 £070 Delayed implementation
schedule
£1.4 1993 2000 e — LEKS 00 125 20 144 800 1920 5890 Total development iimited
to 800 My
Modified
EZ.1 1934 2000 w— - LB25 ang e 60 144 ao0 2055 6420 High Devil Canyon limited
to 400 MW
£2.31 4993 1995 2000 wom L&0t 3o 651 20 144 1200 2315 6370
1993 1996 . o LEQO? 500 651 30 144 BOD 2125 6720 Stage 3, vee Dam, not
constructed
Modified
E2.3 1993 19%6 2000 LEB3 o0 728 22 144 1300 2690 6210 Vee dam replaced by
Chakachamng dam
3.1 1993 1986 2000 - L&0? 200 651 30 ta4 1180 220% 6530
Special
3.1 1993 1996 2000 - La13 200 651 30 144 1180 22005 6230 Capital cost of tunnel
reduced by 50 percent
E4.1 1595 1996 1998 - LTZ5 200 576 38 144 1200 2150 G050 Stage 4 not constructed
NOTES:

{1} Adjusted to incorporate cost

of re-regulat ton dam




. i N3N sLalleciLBpacily ¥ OL8LIIYE
riline Dates Category in 2010 Installed femarks Pertalning to
Blan Stages OGP5 Run Thermal Hydro Capncity In Worth Cost the Susitng Basin

Ho, | Z 3 [ Id. Nao, Coal  Las Uil UOther Susiina 20 % Million Development Plan

VERY LOW FORECAST!

E£1.4 1997 2005 - - L787 0 &6, 50 144 Bao 1645 3650

LO0W LOAD FORECAST

E1.3 1993 1996 2000 - ene e e - e - o - Low enerqy demaend does not
warrant plan capacities
£1.4 1993 2002 - — LED? g &0 144 800 1335 4350
1993 - e — LRKY o sm BOD 144 400 1325 4940 Stage 2, Devil Canyon Dam,
not conslructed
£2.1% 1953 2002 — -- L&0T 108 426 30 144 800 1508 45480 High Devil Canyon limited
to 480 MW
1993 e - - LBU1T a0 A 1] 144 400 1445 &850 Stage 2, Vee Dam, not
construeted
EZ.3 1993 19%6 2000 -— e - - -- - - - —— Low enerqy demard does not
warrant plan capecities
Speeial
3.1 1993 1996 2000 — L&13 0 578 20 144 T80 1520 4730 Capital cost of tumnel
reduced by 50 percent
3.2 1993 2002 e e L&Y 0 576 20 144 T80 1520 5000 Stage 2, 400 MW addition

to Wabana, not constructed

HIGH LOAD FORECAST

£1,3 1993 1996 2000 - LA73 was 93 a 144 1200 3295 10680

Modified

£1.3 1993 1996 2000 20052 LBYY aue 651 &0 144 1700 3355 10050 Chakachamna hydroelectric
genersting station (480 MW}
brought on line as s fourth
stage

£E2,3 1993 1996 ZGHU' - LBY3 1300 951 20 T4 1200 3685 11726

Hodified

£2.3 1993 1995 2000 20032 LAYl a0 876 10 144 1700 3736 1o4h Chakachamna hydroelectric
genarating station {480 MW}
brought on line as a fourth
stage

NOTE: *

{1} Incocporsting load management and conservation



TABLE G.9 - RESULTS OF ECONOMIC ANALYSES OF SUSITNA PLANS - LOW AND HIGH LOAD FORECAST

Susilna Developmenl Plan Inc. Tnstalled Capacity (MW) by Total System Total Syslem
Online Dales Category in 2010 Installed Present Remarks Pertaining Lo
Plan Stages 0GP5 Run Thermal Hydro Capacity In Worth Cost the Susitna Basin
No. T 7 B [ 1d. Na. Toal Cas Uil __ Dther  Susitna 2010-MW $ Million Deve lopment Plan

VERY LOW FORECAST'

Et1.4 1997 2005 - - L787 0 65 50 144 800 1645 3650

LOW LOAD FORECAST

| 1993 1996 2000 - - - - - - - - -- Low enerqgy demand does not
warrant plan capacities
£1.4 1993 2002 - -- Lco? 0 35 40 144 800 1335 4350
1993 - - -- LBK7 200 501 80 144 400 1325 4940 Stage 2, Devil Canyon Dam,
not constructed
£2.1 1993 2002 - - LGO9 100 426 30 144 800 1500 4560 High Devil Canyon limited
to 400 MW
1993 - - -—- LBuU1 ann 501 0 144 4ano 1445 4850 Stage 2, Vee Dam, not
const ructed
E2.3 1993 1996 2000 -- -- -~ -- - - -- - - Low energy demand does not
warrant plan capacities
Special
3.1 1993 1996 2000 - 613 0 576 20 144 780 1520 4730 Capital cost of tunnel
reduced by 50 percent
3.2 1993 2002 - - L609 0 576 20 144 780 1520 5000 Stage 2, 400 MW addition

Lo Watana, not constructed

HIGH LOAD FORECAST

EV.3 1993 1996 2000 - LA7 3 1000 951 0 144 1200 3295 10680

Modified

£1.3 1993 1996 2000 20052 LBV7 800 651 60 144 1700 3355 10050 Chakachamna hydroeleclric
generat ing station (480 MW)
brought on line as a fourth
st age

E2.3 1993 1996 2000 - LBV3 1300 99 90 144 1270 3685 11720

Modirl 1ed

E2:3 1993 1996 2000 20032 LBY1 1000 876 10 144 1700 3730 11040 Chakachamna hydroelectric
generat ing stat ion (480 MW)
brought on line as a fourth
st age

NOTE :

(1) Incorporating load management and conservat ion



TABLE G.10 - RESULTS OF ECONDMIC SENSITIVITY ANALYSES FOR GENERATION SCENARIO
INCORPURATING SUSITNA BASIN DEVELOPMENT PLAN E1.5 - MEDIUM FORECAST

fotal fotal
System System
Installed Capacity (MW) by Installed Pragsent
Categqoey in 2010 Capacity Horth
Uescription Parameter OGP5 Run thermal Hydro In 2010 Cost
Parsmeter Yaried ¥alues 1d. No, toal wag Dil Uthep  >Susitna My $ Million Remarks
Interest Rate 5% LF85 M0 426 g 144 1200 2070 4230
9% LFaz7 300 424 0 144 1260 2070 2650
fuel Cost {% million Btu,
natural gas/coal/oil) 1.60/0.92/3.20 L5323 100 576 20 14 1260 2040 5260 2% fuel cost reduction
Fusl Cost Escalation (%,
natural gas/cosl/oil) 6/0/0 L557 o 651 30 144 1200 2025 4360 Zera escalation
3.98/0/3.58 L563 30 426 & 144 1200 2a70 5590 Zero coal cost escalabion
Economic Life sf Thermal
Plants {vear, natural
gas/real/oil} 45/45/30 1585 4% 367 253 144 1200 198% 6100 Eeagomie lives increased
) by 0%
thermal Plank Capital
Cogt ($/k¥, natura) gas/
copalfoil} 350/2135/778 LED? ;0 426 0 144 1200 2070 5740 Coal capital cost reduced
by 22%

%atangfﬂevil Canyon Capital
Cost® {§ million, ¥Walana/
Devil Canyon) 199071110 L5G1} 300 426 g 144 1200 2070 6210 Capital cost for Devil
' Canyon Bam increased by 23%

2976/1350 LD?5 300 426 0 144 1200 2070 . 6810 Capital cost for both dams
ingreased by 20%

Probahilist ic ipad forecast LATS 200 1478 140 144 1200 260 6290

NITES:

(1; Alaskan cost adjustment faclor reduced from 1.8 tu 1.4 {see Section 8._ )
{2) Excluding AFOC




Generstion Sceparic

Type

Dezeriplion

Load Forecast

GGPS Bun
Id. Mo.

Tnetalled Lapacity (MW) by

Category in 2070

thermeal

Hydro

Coal

Las

it

1otal System
Installed
Capacity in
2090 (M}

Total System
Present Horih
Cogt -
{$10%)

All Thermal

Thermal Plus
Alternal ive
Hydro

MNo Renswals
Mo Renewals
With Renewals
No Renewals
¥ith Renewals
Ho Renewals
¥ith Renewals
No Renewals

No Renewals Plus:
(hakachamna (500)2-1993
Keetna {120)~1997

No Renewals Plus:
(hakachamna {5800}-19%3
Keetna (3120}-1997
Snow {50)-2002

No Renewals Plusg:
Chakachamna (500}-1993
Keetnas {120)-1996
Strandline (20),
Allison Creek (8},
Sriow (50).1998

No Renewsls Plus:
{hekachamna {580)~1993
Keetna (120}-1996
Strandline (20},
Allison Creek (B},
Snow {30}-2002

No Renewals Plus:
Chakachamna {500)-1993
Keotna {120}-1994
Snow (503, Cache {50),
Allison Cresk {8},
Talkestna-2 {50},
Strandline (201-2002

Very Low!

Low

Low

Hed Lum

Mediom

High

High
Probabilistie

Medium

Medium

Hediom

Hedium

Med ium

LRT?
L7E1
L2C7
LME1
LME]
LIET
L2EY
LOFZ

L7t

LFLY

LWP7

LXF1

L4032

300
700
460
S0c
60
2800
2600
1140

600

7ol

00

700

500

426
300
637
801
a7
176
576
1176

576

501

576

425

516

20
40
30
50
40
50

130
160

70

10

&0

30

30

144
144
a4
144
144
144
t44
144

764

g1s

847

847

347

1140
1385
143
1895
1851
3¥a
3306
3120

200

2025

1983

063

2053

4930
5920
5910
813¢
8110
13520
13630
8320

7080

7040

7064

7041

7088

Nokess

{1) Incerporating load management and consecvation
{2) Instalied capacity



TABLE B.12 - RESULTS OF ECONOMIC ANALYSES FOR GENERATION SCENARIO

INCORPORATING THERMAL DEVELOPMENT PLAN - MEDIUM FORECAST

lotal bvsltem  Jotal
Installed Capacity {MH) Ingtalled System
by Category in 2010 Capacity Fresent
Description Parameter OGP Run Thermal In 2070 Worth Cost
FParameter Varled Yalue 1d,. No. Cogl ;a5 D1l Hydro Tobal MW $ Million Remarks
Interest Rate 5% LEAS 900 808 50 g 1895 5170
9% LEBT SO0 801 50 144 1895 2610
Fuel Cost (% million Btu,
natyral gas/coal/oil) 1. 66/0.92/3.20 LIK7 800 876 70 144 1890 7070 20% fuel cost reduction
Fuel Cost Escalation {%,
natural gas/cosl/foil) 0/0/0 L547 0 1701 10 144 1855 45640 Zero escalation
3.98/70/3.58 L581 100 724 10 144 19480 6920 Zern coal cost escalstion
Economic Life of Thermal
Plants {yesr, natural
gas/aoaifuils 45/45/30 1.583 1145 657 51 144 2007 7850 Economic 1life increased
0%
Tharmal Plant Capital
Cost {$/kW, natural gas/ 350/2135/778 LALY 1100 726 10 44 1580 75%0 Coal capital cost reduced

coal/eil)

by 22%
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PPENDIX H ~ ENGINEERING STUDIES

s the project planning studies outlined in Sections & and 7 were completed, a
tart was made with more detailed engineering studies for the selected Watana
nd Devil Canyon sites. The major thrust of these studies was twofold:

To select the appropriate dam type for the two sites;
To undertake some preliminary design of the selected dam types.

his section briefly outlines the results of the studies to date. A more
etailed description will be incorporated in the Project Feasibility Report.

.1 - Devil Canyon Site

a) Dam Type Studies

A major advantage of an arch dam relative to a comparable rock/earthfill
structure is the generally lower cost of the auxiliary structures, which
can be incorporated within the dam itself or reduced in overall length
corresponding to the reduced base width of the concrete dam. In order to
study the relative economics of different dam types it was necessary to
develop general arrangements of the sites including the diversion, power
facilities and spillways. A representative arrangement was studied for
each of the following dam types at the Devil Canyon site:

- A thick concrete arch dam;
- A thin concrete arch dam; and
- A rockfill dam.

None of these layouts are intended as the final site arrangement, but each
will be sufficiently representative of the most suitable arrangement asso-
ciated with each dam type to provide an adequate basis for comparison.

Each type of dam is located just downstream of where the river enters Devil
Canyon, close to the canyon's narrowest point, which is the optimum loca-
tion for all types of dams. A brief description of each dam type and con-
figuration is given below.

(1) Thick Arch Dam

As shown on Plates H.1 and H.Z, the main concrete dam is a single
center arch structure, acting partly as a gravity dam, with a vertical
cylindrical upstream face and a sloping downstream face inclined at
1V:0.4H. The maximum height of the dam is 635 feet with a uniform
crest width of 30 feet, a crest length of approximately 1400 feet and
a maximum foundation width of 225 feet. The crest elevation is 1460
feet, The center portion of the dam is founded on a massive concrete
pad constructed in the excavated river bed. This central section
incorporates a service spillway with gated orifice spillways discharg-
ing down the steeply inclined downstream face of the dam into a single
large stilling basin with sidewalls anchored into solid bedrock set
below river level, spanning the valley.
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(iii)

The main dam terminates in thrust blocks high on the abutments. The
left abutment thrust block incorporates an emerdency gated control
spillway structure which discharges inte a rock channel running well
downstrean and terminating at a high level in the river valley.

Beyond the control structure and thrust block a low lying saddie on
the left abutment is closed by means of & rockfill dike founded on
bedrock. The powerhouse houses four 150 MW units and is located
underground within the right abutment. The multi-level intake is
constructed integrally with the dam and connected to the powerhouse by
vertical steel-lined penstocks.

The service spillway is designed to pass the 1:10,000 year routed
flood with Targer floods discharged downstream via the emergency
spillway.

Thin Arch Dam

As shown on Plate 10, the main dam is a twa-center, double curved arch
structure of similar height to the thick arch dam, but with & 20 foot
uniform crest width and & maximum base width of 90 feet. The crest
elevation is 1460 feet. The center section is founded on a concrete
pad and the extreme upper portion of the dam terminates in concrete
thrust blocks located on the abutments.

The main service spillway is located on the right abutment and
consists of a conventional gated control structure discharging down a
concrete-lined chute terminating in a flip bucket. The bucket
discharges into an unlined plunge pool excavated in the riverbed
alluvium and Tocated sufficiently downstream t¢ prevent undermining of
the dam and associated structures,

The main spillway is supplemented by orifice type spillways located
high in the center portion of the dam which discharge into a
concrete-lined plunge pool immediately downstiream of the dam. An
emergency spillway consisting of a fuse plug discharging into an
unlined rock channel which terminates well downstiream, is located
beyond the saddle dam on the left abutment.

The concrete dam terminates in a massive thrust block on each abutment
which, on the left abutment, adjoins a rockfill saddle dam.

The service and auxiliary spillways are designed to discharge the
1:10,000 year flood. Excess flows for storms up to the probable
maximum flood will be discharged through the emergency left abutment
spillway.

Rockftill Dam

As shown on Plate 1, the rockfill dam is approximately 670 feet high.
It has a crest width of 50 feet, upstream and downstream slopes of
1:2.25 and 1:2 respectively, and contains approximately 20 miliion
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cubic yards of material. The central impervious core is supported by
a downstream semi~pervious zone. These two zones are protected up-
stream and downstream by filter and transition materials. The shell
sections are constructed from blasted rock. All dam sections are
founded on sound bedrock. External cofferdams are founded on the
riverbed alluvium.

A single spillway consisting of a gated control structure, chute and
downstream unlined plunge pool is located on the right abutment. This
is designed to pass without damage the 1:10,000 year routed flood.
Excess capacity is provided to allow discharge of the probable maximum
flood with no damage to the main dam.

Construction Materials

Sand and gravel for concrete aggregates are believed to be available in
sufficient quantities immediately upstream in the Cheechako fan and ter-
races. The gravel and sands are formed from the granitic and metamorphic
rocks of the area, and at this time it is anticipated that they will be
suitable for the production of aggregates after a moderate amount of
screening and washing.

Material for the rockfill dam shell would be blasted rock, some of it
coming from the site excavations.

It is anticipated that some impervious material for the core is available
from the till deposits forming the flat elevated areas on the left abutment
and that other suitable borrow materials will be available in high lying
areas within the three mile upstream reach of the river; however, none of
these deposits have yet been proven.

General Considerations

The geology of the site is as discussed in Section 7 and it appears at this
stage that there are no geological or geotechnical concerns that would pre-
clude any of the dam types from consideration. A rockfill dam would be
more adaptable than a concrete arch dam to poorer foundation conditions
although, at present, foundation and abutment lcadings from the arch dams
appear well within acceptable limits.

The thick arch dam allows for the incorporation of a main service spillway
chute on the downstream face of the dam which discharges into a spillway
located deep within the present riverbed. This spillway can pass routed
floods with a return frequency of less than 1:10,000 years. For the thin
arch and rockfill alternatives the equivalent discharge capacity has to be
provided separately through the abutments.

Stresses under hydrostatic and temperature loadings within the thick arch
dam are generally lower than those for the thin arch alternative. However,
finite element analysis has shown that the additional mass of the dam under
seismic loading produces stresses of a greater magnitude in the thick arch
dam than in the thin arch dam. If the surface stresses approach the
maximum allowable at a particular section, the remaining understressed area
of concrete is greater for the thick arch and the factor of safety for the
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dam ts correspondingly higher. The thin arch is, however, a more efficient
design and better utilizes the inherent properties of the concrete. It is
designed around acceptable predetermined factors of safety and requires a
much smalier volume of concrete for the actual dam structure.

At the time of completion of layouts indications were that the thin arch
dam would be feasible. A thick arch dam layout was completed to determine
if it provided any outstanding advantages, and in case a thin arch, in
spite of indications, should prove infeasible. 1t did not appear to have
any outstanding merits compared to a thin arch dam and would be more
expensive due to the larger volume of concrete.

A rockfill dam constructed to the design currently assumed offers no cost
savings relative to the thin arch consideration of more conservative
designs in which the upstream rockfill slopes are revised from 1:2.25 to
1:2.75 to meet possibly wore stringent seismic design regquirements. These
cost increases would occur in the dam itself and in spillway and power
facilities because of the larger base width of the dam.

Studies have therefore continued in an effort to confirm the feasibility of
the thin arch alternative,

Preliminary Arch Dam Design

Both thin and thick arch dam designs were originally analyzed by means of a
computer program based on finite element analysis. Results from these
analyses indicated significantly lower stresses for the thick arch under
hydrostatic and temperature loadings, as would be anticipated. Substan-
tially higher tensile stresses were found under seismic loading conditions
for both dams, although somewhat higher in the case of the thick arch dam.

Stresses close to the foundations and abutments were distorted by the
finite element model because of the coarse mesh spacing of the selected
nodes. To produce results which could more readily be interpreted, it was
decided to use the trial load method and the associated program Arch Dam
Stress Analysis System (ADSAS) developed by the USBR. The results of this
analysis are presented in the following paragraphs.

The thin, two-center arch dam design is located approximately normal to the
valley. There is a gradual thickening of the dam towards the abutments,
but the two-center configuration produces similar thickness and contact
pressures at equivalent rock/concrete contact elevations and a symmetrical
distribution of pressures across the dam. Under hydrostatic Toads no ten-
sion is evident al the dam faces. Under extreme temperature distribution
as determined by the USBR program HEATFLOW, full reservoir conditions bring
about low tensile stresses on both faces across the crest of the dam. These
approach the allowable tensile stress of 150 psi.

Although analysis has still to be finalized for seismic loadings, indica-
tions are that the concrete thin arch dam at Devil Canyon will be
structurally feasible.



H.2 ~ Watana Site

Dam Type Studies

A rockfill dam layout (Plate 12) has been studied at Watana with the dam
sited between the northwest trending shear zones of the “Fins" and the
"Fingerbuster®. The dam is close to the alignment proposed by the Corps of
Engineers and is skewed slightly to the valley in a north-northwest
direction. The approximate height of the dam is 900 feet, the upstream and
downstream slopes are 1V:2.75H and 1V:2H respectively, and the volume is
approximately 62 million cubic yards. The assumed crest elevation of the
dam is 2225 feet, subject to completion of reservoir level optimization
studies.

For initial study purposes, the spillway has been assumed to discharge down
the right abutment with an intermediate stilling basin and a downstream
stilling basin founded below river level. Two 35 feet diameter diversion
tunnels are located on the right bank and an 800 MW underground power
station is Tocated on the left abutment. Optimization studies of spillway,
diversion and power plant facilities are continuing.

Construction Materials

At this time it is assumed that 50 percent of the rockfill for the shell
material for the dam will be blasted rock, a small proportion of which will"~
be obtained from site excavations; the remainder will consist of blasted
rock from borrow areas. The remaining 50 percent will be gravel materials
obtained from the downstream alluvial riverbed deposits. Gravels for
filter zones are available from alluvial deposits in Tsusena Creek. Core
material is availabde from glacial tills located approximately three miles
upstream above the right side of the river valley. This material will
require very little processing.

General Considerations

As an alternative to the rockfill dam, a three-center concrete thin arch
has been considered, and layouts are shown on Plates H.3 and H.4. The
volume of the dam is 8.25 million cubic yards with additional concrete
required for the abutment thrust blocks. The overall cost of concrete will
be approximately $1,300 million as compared to $950 million for the upper
1imit cost estimate for fill within the rockfill dam. Although water
passages will be shorter for facilities associated with the concrete dain,
it is anticipated that these will be offset by savings in the spillway
excavation associated with the rockfill dam where excavated material can be
utilized within the dam. The overall costs for both types of dam and their
associated facilities will be evaluated further in the Project Feasibility
Report. In the meantime, study of layouts associated with the rockfill dam
has proceeded.

Preliminary Dam Design

A section has been tentatively established for a rockfill dam with a near
vertical impervious core (Plate 12). At this time, no stability analyses
have been conducted on the dam, but the section is conservatively based on

H-5



Acres' past experience and on general experience throughout the world
concerning similar dam sizes and locations of similar seismic act1v1ty.

There is a possibility that further analysis will lead to a reduction_in
size of the dam.

The crest width of the dam is 80 feet, the upstream slope is 1V:2.75H and
the downstream slope is 1V:2H.

The core is composed of materials from the fine till deposits and the shell
is presently to be constructed of blasted rock from site excavations and
from borrow and gravel material taken from the riverbed.
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. APPENDIX I - ENVIRONMENTAL STUDIES

. While performing an environmental review of the various development options

" within the Susitna Basin, Acres' environmental subconsultant, TES, prepared two
“reports entitled "Preliminary Environmental Assessment of Tunnel Alternatives"
- and "Environmental Considerations of Alternative Hydroelectric Development

' Schemes for the Upper Susitna Basin". These reports as submitted.are contained
" in this Appendix.

- 1.1 - Summary

! These reports, augmented by .additional information that became available

. subsequent to their preparation, formed the basis of the comparison of the Devil
+ Canyon Dam with the tunnel alternative and the reach by reach comparison of

' Hatana/Dev1l Canyon versus High Devil Canyon/Vee deve]opment plans.

,:The environmental assessments of thermal developments and of a]ternat1ve '
. hydroelectric developments outside of the Susitna Basin are given in Append1x B
. and C, respect1ve1y.

;(a) Devil Canyon Dam versus Tunnel Alternative

(i) Environmental Comparison

The environmental comparisOn of the two schemes is summarized in
Table B.1. Overall, the tunnel scheme is judged to be superior
because: o

- It offers the botentia]lfor enhancing anadromous fish populations
downstream of the re-regulation dam due to the more uniform flow
distribution that will be achieved in this reach.

- It inundates 13 miles less of res1dent fisheries hab1tat 1n river
and major tributaries.

- It has a lower impact on wildlife habitat due to the smaller
inundation of habitat by the re-regulation dam.

- It has a lower potential for inundating archeological sites due to
the smaller reservoir involved.

- It would preserve many of the characteristics of the Devil Canyon
gorge, which is considered to be an aesthetic and recreational
resource.

(i1) Socié] Comparison

Table 1.2 summarizes the evaluation in terms of the social criteria
of the two schemes. In terms of impact on state and local economics
and risks due to seismic exposure, the two schemes are rated
equally. However, the dam scheme has, due to its higher energy
yield, more potential for displacing nonrenewable energy resources
and therefore scores a slight overall plus in terms of the social
evaluation criteria.
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(b) Matana/Devil Canyon versus High Devil Canyon/Vee

(i) Environmental Comparison

The evaluation in terms of the environmental criteria is summarized
in Table B.3. In assessing these plans, a reach by reach comparison
is made Tor the section of the Susitna River between Portage Creek

. and the Tyone River. The Watana-Devil Canyon scheme would create
more potential environmental impacts in the Watana Creek area. .
However, it is judged that the potential environmental impacts which
would occur in the upper reaches of the river with a High Devil
Canyon-Vee development are more severe in comparison overall.

from a fisheries perspective, both schemes would have a similar .
effect on the downstream anadromous fisheries, although the High
Devil Canyon-Vee scheme would produce a slightly greater impact on
the resident fisheries in the Upper Susitna Basin.

The High Devil Canyon-Yee scheme would inundate approximately 14
percent (15 miles) more critical winter river bottom moose habitat
than the Watana-Devil Canyon scheme. The High Devil Canyon-Vee
scheme would inundate a large area upstream of the Vee site utilized
by three subpopulation of moose that range in the northeast section
of the basin.. The Watana-Devil Canyon schemes would avoid the

| potential impacts on moose in the upper section of the river;

| o however, a larger percentage of the Watana Creek basin would be

' inundated.

’ ' The condition of the subpopulation of moose utilizing this Watana

| Creek Basin and the quality of the habitat appears to be decreasing.
| Habitat manipulation measures could be implemented in this area to

| improve the moose habitat. Nevertheless, it is considered that the
| upstream moose habitat losses associated with the High Devil

| - . Canyon-Vee scheme would probably be greater than the Watana Creek
Tosses associated with the Watana-Devil Canyon scheme.

A major factor to be considered in comparing the two development
plans is the potential effects on caribou in the region. It is
Judged that the increased length of river flooded, especially
upstream from the Vee dam site, would result in the High Devil
Canyon-VYee plan creating a greater potential diversion of the

| Nelchina herd's range. In addition, a larger area of caribou range
; would be directly inundated by the Vee reservoir.

The area flooded by the Vee reservoir is also considered important
to some key furbearers, particularly red fox. In a comparison of

this area with the Watana Creek area that would be inundated with

the Watana-Devil Canyon scheme, the area upstream of Vee is judged
to be more important for furbearers.



As previously mentioned, between Devil Canyon and the Oshetna River
the Susitna River is confined to a relatively steep river valley.
Along these valley slopes are habitats important to birds and black
bears. Since the Watana reserveir would flood the river sectign
between the Watana Dam site and the Oshetna River to a higher
eTevation than would the High Devil Canyon reservoir (2200 feet as
compared to 1750 feet}, the High Devil Canyon-Vee plan would retain
the integrity of more of this river valley slope habitat.

From the archeological studies done to date, there tends to be an
increase in site intensity as one progresses towards the northeast
section of the Upper Susitna Basin. The High Devil Canyon-Vee plan
would result in more extensive inundation and increased access to
the northeasterly section of the basin. This plan is therefore
judged to have a greater potential for directly or indirectly
affecting archeological sites.

Due to the wilderness nature of the Upper Susitna Basin, the
creation of increased access associated with project development
could have a significant influence ¢n future uses and management of
the area. The High Devil Canyon-Vee plan would involve the
construction of a dam at the Vee site and the creation of a
reservoir in the more northeasterly section of the basin. This plan
would thus create inherent access to more wilderness than would the
Watana-Devil Canyon scheme. Since it is easier to extend access
than to limit it, inherent access requirements are considered
detrimental; the Watana-Devil Canyon scheme is Jjudged to be more
acceptable in this regard.

Except for the increased loss of river valley, bird, and black bear
habitat, the Watana-Devil Canyon development plan is Jjudged tc be
more environmentally acceptable than the High Devil Canyon-Vee plan.
Although the Watana-Devil Canycn plan is considered to be the more
environmentally compatibie Upper Susitna development plan, the
actual degree of acceptab111ty is a question being addressed as part
of en§e1ng studies.

(i1} Social Comparison

Table B.2 summarizes the evaluation in terms of the social criteria.
As in the case of the dam versus tunnel comparison, the Watana-Devil
Canyon plan is judged to have a siight advantage over the High Devil
Canyon-VYee plan. This is because of its greater potential for
displacing nonrenewable resources.

R 1.2 - TES Report
’ ?%Ports ﬁrepared by TES on the environmental assessment of the Devil Canyon Dam

B ¥ersus the Tunnel aiternative and Watana/Devil Canyon versus High Devil
f;ﬁﬂwon/Vee development plans are given in their entirety below.

I-3
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1 - INTRODUCTION

In response to a request by Acres American, Inc. for input into
Subtask 6.02 of the Susitna Hydroelectric Project feasibility study,
Terrestrial Environmental Specialists, Inc. (TES) did a preliminary
assessment of tunnel alternatives. The objectives of this assessment
were:

(1) to compare environmental aspects of four alternative tunnel
schemes;
(2) to compare the best tunnel scheme, as selected by Acres,
with the two-dam scheme {Watana and Devils Canyon) proposed by
- the U.S. Army Corps of Engineers; '
{3) to compare two revised locations for the downstream
powerhouse; and
(4) to comment on alternative methods of disposal of tunnel
muck, the rock removed to create a tunnel.

The environmental assessment was based on both the project
descriptions in a letter dated October 29, 1980, from Acres to TES, as
amended by a letter dated December 11, 1880, and on conversations

 between representatives of these firms. Copies of these letters may

be found in the appendices to this report. At the time this
assessment was performed complete information was not available on the
various tunnel schemes under consideration. Therefore, TES views this
assessment as only a preliminary study.

One assumption made by TES, and confirmed by Acres, is that the dam,
pool elevation, and pool level fluctuations of Watana are as described
by the Corps of Engineers and would not differ among the five schemes.
If, on the contrary, any of the tunnel schemes increase the
probability that the pool level at Watana may be lower than that
proposed by the Corps or if a particular scheme may moderate the pool
fluctuations, then the environmental assessment of the tunnel schemes
may, in turn, be affected.



It is recognized that an environmental assessment for ranking
alternative schemes must include some subjective value judgements. A
given scheme may be preferable from the standpoint of one '
environmental discip]ine (e.g. fisheries) whereas another scheme may
be better from another aspect (e.g. terrestrial-ecology or
aesthetics). To-recommend any one scheme over another involves the
difficult task of making trade-offs among the environmental’
disciplines. Such trade-offs are likely to be controversial.
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2 - COMPARISON OF TUNNEL ALTERNATIVES

2.1 Scheme 1

The environmental impacts associated with this tunnel scheme are
1ikely to be greater than those of at least one of the other tunnel
schemes evaluated {i.e. Scheme 3}. The main criterion for this
assessment s the adverse effects, particularly on fisheries and
recreation, of the variable downstream flows {4000-14000 cfs daily)
created by the Devils Canyon powerhouse peaking operation. ‘Other
negative impacts would result from construction of both the
re-regulation dam and a relatively long tunnel. Tunnel impacts are
similar to those of Schemes 2 and 4 and include disturbance of Susitna
tributaries as a result of tunnel access and the potential problems
associated with disposal of a relatively large volume of tunnel muck.

2.2 Scheme 2

Like Scheme 1, this scheme involves adverse environmental impacts
assocjated with variable downstream flows caused by peaking operation
at the Devils Canyon powerhouse (4000-14000 cfs). Without the
re-regulation dam, however, less land would be inundated and the
jmpacts associated with construction of this relatively small dam
would be avoided, although flow fluctuations above Devils Canyon would
be more severe. Like Scheme 1 too, the long tunnel proposed here will
have negative consequences, including disturbance of tributaries for
tunnel access and the potential problems connected with tunnel muck
disposal. '

2.3 Scheme 3

The overall environmental impact of this scheme is considered less
than that related to the two previous schemes, and also Jess than that
related to the fourth scheme as amended (Appendix B}. The relatively
constant discharge (about 8300-8900 cfs} from the Devils Canyon
powerhouse is desirable for maintaining downstream fish habitat and
recreational potential. Since it may allow anadromous fish access to



a gfevieus}y inaccessible 15-mile stretch of the Susitna River, Scheme
3 could, in fact, offer a rare opportunity for enhancement of the

- fisheries resource, The newly available section of river could
perhaps be acti%eiy managed to create or improve spawning habitat for
salmon. This mitigation potential is dependent upon the location of
the downstream powerhouse {above or below the present rapids} and the
determination of whether project Tlows through Devils Canyon will
still constitute a barrier to fish passage. The data needed for this
determination are not yet available.

A ccmpeasatien flow release of 1000 cfs at the re-regulation dam is
not the same as 1000 cfs at the Watana dam. Because fewer tributaries
will augment the compénsation flow under this re-requlation scheme,
the compensation flow will need to be slightly greater than with the
other schemes to result in the equivalent flow at Devils Canyon. )
Compensation flow should be sufficient to maintain a certain degree of
riverine character, and thus should be kept to a maximum even in the
absence of a salmon fishery. Of course, if the viability of a tunne)l
scheme is jeopardized, the impacts of the alternative scheme must be
compared to the impacts of a lesser compensation flow.

As with any of the tunnel schemes, fhe wildlife habitat in the stretch
of river bypassed by the tunnel might improve temporarily because of
an increase in riparian zone vegetation. HWith Scheme 3, however, this
stretch of river is shorter than with the other tunnel schemes; so a
smaller area would benefit. The wildlife habitat downstream of Devils
Canyon powerhouse may well benefit from the flow from the
hydroelectric project, regardless of the tunnel scheme chosen. The
jmprovements to that habitat may be somewhat greater, though, with the
constant flows allowed in Scheme 3 than with the variable flows
resulting from peaking in the other tunnel schemes.

One environmental disadvantage of this scheme compared to the others
is the larger area to be inundated by the re-regulation reservoir.
This area includes known archeological sites in addition to wildlife
habjtat, Nevertheless, it is felt that this disadvantage is offset by
the more positive environmental factors associated with constant
discharge from the Devils Canyon powerhouse.

4



2.4 Scheme 4

Scheme 4, as erig1na31y described {Appendix A), was determined to be
env1raamental?y superior to the other tunnel schemes, because of
constant downstream flows combined with the lack of a Tower reservoir.
However, Acres! analysis determined that this baseload operation is
most likely incapable of supplying the peak energy demand. " Scheme 4,
as amended (Appendix B), is a peaking operation at Watana with
baseload operation at the tunnel. Since the net daily fluctuations in |
flow below Devils Canyon would be considerable (in the order of
4000-13000 cfs}, the amended Scheme 4 was judged as less desirable
than Scheme 3 from an environmental standpoint. Although Scheme 4
would avoid the impacts associated with the lower dam and its
impoundment (as planned under Scheme 3), the adverse impacts that
would result from fluctuating downstream flows are considered to be an
overriding factor.

Another, less significant disadvantage of Scheme 4 (and shared by
Schemes 1 and 2} in contrast to Scheme 3 is the longer tunnel length
ptanned for the former and, perhaps, the proposed Tocation of the
tunnel on the north side of the river. The sites chosen for disposal
of tunnel muck and for the required access roads in any of these
schemes {as yet undetermined) will further influence this comparison.

2.5 Location of Devils Canyon Powerhouse

Alternative locations for the Devils Canyon powerhouse have been
proposed. These consist of an upstream location about 5 miles above
the proposed Corps of Engineersxdam site and a downstream location
about 1.5 miles below Portage Creek, as alternatives to the site
illustrated in Appendix A. The major environmental consideration is
that a powerhouse upstream of Devils Canyon would preserve much of the
aesthetic value of the canyon., In addition, the shorter tunnel would
confine construction activities to a smaller area and may result in
slightly less ground disturbance, particularly if there are fewer
access points, as well as a smaller muck disposal problem, A
downstream powerhouse location, on the other hand, might create a



mitigation opportunity by opening up a longer stretch of river that
perhaps could be managed to create salmon spawning habitat. Until
large-scale aerial photographs and cross-sectional data on the canyon
have been received and analyzed, a determination cannot be made as to
whether project flows through the canyon will still constitute a
barrier to fish passage.

Qur primary responsibility is to avoid, or at least to minimize,
adverse impacts to the environment, and it must take precedence over
our desire to enhance or expand a resource. It is our opinion that
lTosing a resource (the aesthetic value of the Devils Canyon rapids) is
worse than losing a possible mitigation opportunity. It s not yet
known if this opportunity even exists. Furthermore, there are always
other means by which to enhance the fishery, although not necessarily
so conveniently associated with the hydroelectric project. Thus, at
this time the upstream powerhouse location is preferred.

2.6 Disposal of Tunnel Muck

There are a number of options to be considered for disposal of the
rock removed in creating the tunnel. These include: stockpiling the
material for use in access road repair, construction of the
re-regulation dam, or stabilization of the reservoir shoreline;
disposal in Watana reservoir; dike construction; pile, cover, and
seed; and disposal in a ravine or other convenient location. It is
unlikely that the most environmentally acceptable option will also be
the most economical. Because many unknown factors now exist, a firm
recommendation cannot be made without further evaluation. It is quite
1ikely, however, that a combiration of disposal methods will be the
best solution.

Stockpiling at least some of the material for access road repairs is
environmentally acceptable, provided a suitable location is selected
for the stockpile. Perhaps the material could be utilized for
construction of any of the access road spurs or temporary roads that
are not already completed at the time the tunnel is dug.



Another acceptable solution might be to stockpile the material for use
in construction of the re-regulation dam. This rock could also be a
potential source of material for stabilization of the Feservoir
shoreline if réquired. As with the previous option, an
environmentally acceptable location of the stockpile would be
required. Disposal of the material in Watana Reservoir might also be
environmentally acceptable. Consideration should be given to the
feasibility of using the material in the construction of any
impoundment control structures such as dikes. A small amount of
.tunnel muck could possibly also be used for stream.habitat
development. With any of these options, the possible toxicity of
minerals exposed to the water should be first determined by assay, if
there is any reason to suspect the occurrence of such minerals.

To pile, cover, and seed the material is worthy of further
consideration, and would require proper planning. For example, borrow
areas used in dam construction could perhaps be restored to original
contour by this method.. The source of soil for cover is a major _
consideration, as earth should only be taken from an area slated for
future disturbance or inundation. If trucking soil from the reservoir
area is determined to be feasible, it might also be worthwhile to
transport a portion of the muck back for disposal in the reservoir

area.

The most economical solution might be to fill a ravine with the
material or to dispose of it in another convenient location. Unless
the chosen disposal site will eventually be inundated, however,

such an'arrangement is environmentally unacceptable, especially since
better options are obviously available. J



3 - COMPARISON OF TUNNEL SCHEME 3 WITH CORPS OF ENGINEERS' SCHEME

Scheme 3 emerged as superior in Acres' preliminary economic and technical
_streening. After amendment of Scheme 4, Scheme 3 was also considered to be
the hest scheme from an environmental standpoint. Therefore, Scheme 3 1is
to be compared with the two-dam scheme proposed by the U.S. Army Corps of
Engineers.

Further analysis will be in order after complete details are available on
Tunnel Scheme 3. At present, many gaps exist in the available data.
Additional information on design, operation, and hydroiogqy, combined with
environmental field investigations at the locations of project facilities,
would permit'a much more detailed comparison of these two development
alternatives. HNevertheless, from what is presently undersiood about Scheme
3, there is little doubt that it is, by far, environmentally superior to
the Corps of Engineers' proposal. Of course, extensive additional study
needs to be performed on whatever scheme is selected to identify its
impacts and to develop mitigation plans.

Tunnel Scheme 3 has, by any measure, a less adverse environmental impact
than the Corps of Engineers' scheme. By virtue of size alone, construc-
tion of the smaller dam (245 ft.) would have less environmental impact than
the Devils Canyon dam proposed by the Corps. The river miles flooded and
the reservoir area created by the Scheme 3 re-regulation dam would be about
half those of the Corps' plan for Devils Canyon, thereby reducing negative
consequences, such as loss of wildlife habitat and possible archeological
sites, In addition, the adverse effects upon the aesthetic value of Devils
Canyon would be substantially lessened with Scheme 3, particularly with the
powerhouse location upstream of the proposed Corps dam site. Furthermore,
Tunnel Scheme 3 may possibly present a rare mitigation opportunity by
creating new salmon spawning habitat that could be actively managed. With
the increase in riparian zone vegetation allowed by Scheme 3, the wildlife
habitat in the stretch of river bypassed by the tunnel might be temporarily
improved. The impacts associated with tunnel access and disposal of tunnel
muck necessitated by Scheme 3 are more than offset by the plan's
advantages. Thus, Tunnel Scheme 3 far exceeds the U.S. Army Corps of
Engineers' proposal in terms of environmental acceptability.

8
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1 Tﬁ October 29, 1980
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Terrestrial Environmental Specialists, Inc.
R.D. 1
Phoenix, NY 13135

Attention: Vince Lucid

Dear Vince: Susitna Hydroelectric Project
Subtask 6.02

We would 1ike you to review the environmental aspects of the tunnel alter-
native (Subtask 6.02), which you were introduced to on October 3, 1920.

Your environmental assessment will be included in the Subtask 6.02 close-out
report, November 1980. In order to compiete this close-out report on
schedule the environmental assessment is required by November 13, 1980.

The environmental assessment should include a small section on each of the
four tunnel schemes (Schemes 1, 2, 3, & 4). Physical factors of the schemes -
and the COE selected plan.are presented in Table 1. Tunnel scheme plan view
and alignments are enclosed.

Scheme 1 is composed of the COE Watana Dam and powerhouse, and a small
re-regulation dam with power tunnels leading to a powerhouse at Devil Canyon.
Peaking operations will occur at both Watana and the Devil Canyon power-
houses. A constant compensation flow discharge will be provided between
Watana and Devil Canyon. Peaking operations will create daily water level
fluctuations of unknown magnitude downstream of Devil Canyon.

Scheme 2 is composed of the COE Watana Dam and powerhouse with power tunnels
from the Watana Reservoir to a powerhouse at Devil Canyon. Upon completion
of the tunnel scheme the Watana powerhouse will be reduced to 35 MW and will
supply a constant compensation flow between Watana and Devil Canyon. The
Devil Canyon powerhouse will operate as a peaking hydro facility. Water

level fluctuations downstream of Devil Canyon are similar to that of Scheme 1.

Scheme 3 is composed of the COE Watana Dam and powerhouse, and a re-regulation
dam with power tunnels leading to a powerhouse at Devil Canyon. The Watana
powerhouse will operate as a peaking facility which discharges into a
re-regulation reservoir. The re-requiation reservoir is capable of storing
the daily peak discharges and releasing a constant discharge into the power
tunnels. A four foot daily water level fluctuation in the re-regulation
reservoir is required. The Devil Canyon powerhouse will operate as a base
load facility, thus, no daily water level fluctuations will occur downstream
of Devil Canyon.

B ACRES AMERICAN INCORPORATED

Consulling Engineers
The Liberty Bank Building. Main at Court
Buffalo, New York 14202

Telephone 716-853-7525 Telex 91-6423 ACRES BUF

Other Oflices: Columbia, MD: Pittsburgh, PA: Raleigh, NC: Washington, DC
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Vince Lucid Bctober 29, 1980
Terrestrial Environmental Specialists, Inc. -2

The general layout of Scheme 4 is similar to Scheme 2. Scheme 4 is a base
load scheme and has a very limited potential to produce additional peak
energy. Daily water Tevel fluctuations downstream of Devil Canyon are
similar to Scheme 3.

Preliminary economic and technical screening showed Scheme 3 as superior.
Preliminary environmental assessment ranked Scheme 4 environmentally
superior. Scheme 4 is most likely not capable of supply the required peak
energy demand. Thus, Scheme 3, ranked second environmentally, was prelim-
jnarily chosen as the best tunnel scheme. If you should disagree with the
selection of Scheme 3 please contact me as soon as possible.

The objective of Subtask 6.0Z is to compare the best tunnel scheme with the
COE selected scheme (High Watana and Devil Canyon). The environmental
assessment should include a section comparing the impacts of tunnel Scheme
3 with the COE selected scheme. Include conclusions and a description of
additional study regquired.

In regards to disposal of tunnel muck (rock removed to create tunnel) we
can assume that additional costs will be incured to dispose of the muck in
an environmentally acceptable manner. An environmental assessment of
alternative disposal methods would help to define this added cost. The
following lists only a few disposal ideas, feel free to consider others.

Stockpile and use for access road repairs.
Stockpile and use for dam material (Scheme 3 only).
Dump in Watana Reservoir.

Fi1l the nearest ravine.

leave in the most convenient Tocation,

Pile, cover, and seed.

| I S N R |

Please do not hesitate to contact me for any additional information that may
be reguired.

Sincerely,

Kevin Young

RdW:ccy

ACRES AMERICAN INCORPORATED



Reservoir Area

(Acres)

River Miles

Flooded

Tunnel Length

(Miles)

Tunnel Volume

(vd?)

Compensation

Flow (cfs)

Downs tream

Reservoir Volume
(Acre-Feet)

Devil Canyon

Powerhouse
Discharge

Dam Height
(feet)

TABLE 1

Susitna Tunnel Schemes
Physical Factors

COE
Devil Canyon 1 2 3 4
7,500 320 -0- 3,900 -0-
31.6 2.0 -0- 15.8 -0-
- 27 29 15.6 29
- 10’749:000 11| 545’000 4:285:0& 6:494,@
500 500 500 500
- ‘to to to to
1000 1000 1000 1000
1,100,000 9,500 ~0- 350,000 ~0-
Constant Feaking Peaking Constant Constant
520 75 -- 245 -
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APPENDIX B

AMENDED DESCRIPTION OF TUNNEL SCHEME 4
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December 11, 1980
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Mr. Vince Lucid

Terrestrial Environmental Specialists, Inc.
RD 1

Box 388 ‘ ’

Phoenix, New York 13135

Dear Vince: Susitna Hydroelectric Project
Revised Description of Tunnel Alternatives

Enclosed please find a memo from B. Wart outlining our revised
description of tunnel alternatives.

Please use this description in your assessment of tunnel alter-
natives.

In addition, I have completed your table outlining tunnel design
information.

Sincerely,

W

=y
KRY/1jr 17;2455;evjn Young

Environmental Coordinator
Enclosure

‘ACRES AMERICAN INCORPORATED
Consulting Engineers

The Liberty Bank Building. Main at Court

Bufialo New York 14202

Teiephone 716-853-7525 Telex 91-6423 ACRES BUF

Other Offices: Columbia. MD: Pittsburgh, PA. Raleigh, NC: Washington, DC
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OFFICE MEMORANDUM

TO: K. Young Date: December 11, 1980
FROM: B. Wart File: P5700.07.07
SUBJECT: Sysitna Hydroelectric Project

Preliminary Environmental Assessment
of Tunnel Alternatives

The assumption made by TES that the dam, pool elevation, and pool
level fluctuations of Watana are as described by the Corps of
Engineers, and would not differ among the five schemes is correct.

The description of tunnel Scheme 4 has been revised so that Scheme
4 is capable of supplying a daily load curve similar to that of the
other schemes. The revised description of tunnel Scheme 4 follows:

The general layout of Scheme 4 is similar to Scheme 2. The operation
of Scheme 4 varies from that of Scheme 2 and is described below.

The Watana powerhouse will remain at the stage one installed capacity
or if necessary enlarged slightly. Peaking demands will be met with
the Watana powerhouse. At all times the Watana powerhouse will
generate a minimum of 35 MW to supplement base load demands and

supply the required compensation flow between Watana and Devil Canyon.
The Devil Canyon powerhouse and tunnel will operate as a base load
facility. Scheme 4 fails to develop the full head for the entire

flow and thus Scheme 4 is not expected to produce annual energy
comparable to other schemes. Daily water level fluctuations downstream
of Devil Canyon are similar to Schemes 1 and 2. Water level fluctuations
between Watana and Devil Canyon are expected to be large.

ﬂ.////J

RIW/1jr Bob Wart




SUSITNA TUNNEL SCHEMES ~ PHYSICAL FACTORS (Addendum)

Typical COE 1 2 3 4
Range of discharge (cfs) daily 6,000 to 13,000§ 4,000 to 14,000 4,000 to 14,000] B,300 to 8,900{ 4,000 to 13,000
at Devil Canyon Powerhouse seasonal | fiuctuatlons are less than existing natural fluctuations and are smaller for all plans.
Range of river stage below daily Small Large Large Small Large
Devil Canyon powerhouse To date no detailed information is available,
(corresponding to discharges All plans have identical seasonal fluctuations which are less than natural fluctuations.
listed above) seasonal | To date no information is available.
Maximum Fluctuations (ft) daily <1 Same as COE Same as COE Same as COE Same as COE
in Watana Reservoir seasonal | See Graph Same as COE Same as COE Same as COE Same as COL
Maximum fluctuations (ft) daily 2 Large NA 4 NA
in downstream reservoir

seasonal | None None NA None NA
Generating Capacity (MW) Wat.ana 792 792 35 (792)* 792 792

Devil

Canyon 776 550 1,150 365 365
Total Project Costs (§) 2,150,000,000 z,502,100,000 2,394,600,000 2,144,300,000 | 2,074,200,000
Total Annual Energy (GwH) 6,895 5,704 5,056 5,924 4,140

*Watana capacity is reduced after completion of tunnel project.
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R.D.1BCX 388 PHOEHNIX, N.Y. 13135

January 16, 1981
218.443

Project Manager

Susitna Hydroelectric Project
Acres American, Inc.

Liberty Bank Building

Main at Court

Buffalo, New York 14202

Attention: Kevin Young
Re: Alternative Development Schemes

Dear Kevin:

In response to your request of December 10, 1980, and as discussed
in my letter to you on January 8, 1981, TES, Inc. has prepared some
comments on the Vee/High Devil Canyon/Olson scheme in comparison with
the Watana/Devil Canyon scheme. Enclosed for your review and comment
is a draft of a brief report entitled "Environmental Considerations of
Alternative Hydroelectric Development Schemes for the Upper Susitna
Basin".

We will be pleased to discuss the contents of this report with

you.
Sincerely,
(\)"I :m{/
Vincent J. Lucid, Ph.D.
Environmental Studies Director
VaL/v1
Enc.

cc: R. Krogseng
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

ENVIRONMENTAL CONSIDERATIONS
OF ALTERNATIVE
HYDROELECTRIC DEVELOPMENT SCHEMES
FOR THE
UPPER SUSITNA BASIN

by
Terrestrial Environmental Specialists, Inc.
Phoenix, New York
for

Acres American, Inc.
Buffalo, New York

January 16, 1981
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1 - INTRODUCTION

This report documents preliminary environmental considerations of
alternative hydroelectric development schemes for the Upper Susitna
Basin. The need for the report stems from discussion at a meeting held
in Buffalo on December 2, 1980 between staff of Acres American and TES,
Inc. The alternative development schemes are described in a December
4, 1980 memo from I. Hutchison to K. Young for transmittal to TES, Inc.
(Appendix A). Additional details were obtained and the approach agreed
upon in subseguent conversations and data transmittal between K. Young
and V. Lucid concerning these alternative development schemes.

The following assessment is based upon a familiarity with the Watana/
Devil Canyon area obtained during the first year of environmental
studies. At this writing, however, we do not have the benefit of
information to be contained in the 1980 Annual Repnorts, which are to be
completed by TES subcontractors by March 1981. Because much of the Vee
reservoir lies outside of the study area for many disciplines, comments
concerning this impoundment rely heavily upon intuitive judgement.



2 - APPROACH

2.1 The Development Schemes

Environmental considerations were preliminarily identified for two
different hydroelectric development schemes for the Upper Susitna
Basin: Watana/Devil Canyon and Vee/High Devil Canyon/0Olson. The three
staging variations for each of these schemes (Appendix A) will likely
havé different short-term impacts, but an attempt to address these
possible differences at this time would be too speculdtive in most
disciplines to be meaningful. In disciplines such as socioeconomics
and land use, however, the staging of the development will Targely
determine the magnitude of impacts. Thus, the environmental
considerations identified in this report are based in most cases upon
the two ultimate schemes with occasional references to the staging
options. It was assumed that whatever staging alternative is selected,
all stages of development would be completed. The result would be one
of the two schemes outlined in Table 1. |

2.2 Assumptions of Environmental Constraints

The identification of potential advantages and disadvantages of the two
schemes, from an environmental standpoint, requires that certain
assumptions be made concerning environmental constraints that will
govern the design and operation of the facilities. Among these are:

(a) that constant, or nearly constant, downstream flows be maintained,
both during and after development, whether by means of a
re-regulation facility or operational constraints;

(b) that drawdown of the reservoirs would be similar in magnitude to
corresponding reservoirs in the other scheme (e.g. Watana vs. Vee),
and would be within environmental constraints; and

(c) that a minimum release or compensation flow be maintained (of a
volume to be determined) to preserve the riverine habitat between
the reservoirs.



Table 1
Descriptions of Two Alternative Hydroelectric )
Development Schemes for the Upper Susitna Basin(2

Watana/Devil Canyon Yee/High Devil Canyon/0lson

Maximum pool

elevation (ft) 2200/1450 2300/1750/1020
Dam Height (ft) 750/570 425/725/120
Installed Capacity (MW) 800/600 400/800/100+
Probable On-Line Date

of Last Stage 2010 to 2020 2020
Daily Peaking Yes/No Yes/Yes/No
Approximate(b) 40,000/7 ,500 16,000/21,700/900

Reservoir Area (acres) (Total = 47,500) (Total - 38,600)
Approximate(b) 60/30 95/58/7

River Miles Flooded(¢)  (Total = 90) (Total = 150)

3 perived from descriptions of three staging alternatives for each
scheme, which are presented in Appendix A.

b Preliminary values.

C Mainstream Susitna only, tributaries not included.




3 - DISCUSSION

Potential advantages and disadvantages of the two development schemes
are presented below for each of the major environmental study

- disciplines.

3.1 Socioeconomics

There could be significant differences in type, degree, and chronology
of socioceconomic- impacts resulting from the various plans under
consideration. An important concern relates to alternative staging
plans and associated factors such as: (a) cost of stage, (b) scheduling
of various stages (i.e., length of construction period per stage and
spacing), (c) construction manpower requirements by time period, (d)
access point of origin, and (e) whether or not a construction
"community" will be established. Impacts generally will fall into two
categories: those associated with project economics and construction,
and those associated with power production and sales. Both types of

* impacts will exhibit a vafiety of local, Railbelt, and statewide
ramifications. In the absence of practically any project economics
informatioh, detailed analysis is impossible at this time. In general,
however, it can be expected that a scheme involving on-line production
capability of 800 MW by the year 2000 will have greater and more
significant impacts than a scheme in which that capability is not
attained until 2010 (e.g., Plan 1 compared to Plan 2). This difference
would occur because, in the latter plan, the demand on resqurces'will be
spread out over time. In addition, it is reasonable to expect that the
economic base of Mat-Su Borough will be larger in 2010 than in 2000, even
without the project. Therefore, there likely would be a greater capacity
to deal with project impacts.

3.2 Cultural Resources

Field surveys in the Watana/Devil Canyon impoundment area during the
summer of 1980 have documented 37 archeological sites. A preliminary
assessment of the data indicates a greater number of archeological sites

3



towards the east end of the study area. In 1953, a preliminary field
survey conducted for the National Park Service near Lakes Louise,
Susitna, and Tyone identified approximately six archeological sites.
There is a high potential for discovering many more sites along the
lakes, streams, and rivers in this easterly region of the Upper Susitna
River Basin. Additional sites are expected to be identified near caribou
crossings of the Oshetna River. In summary, a preliminary assessment of
available information suggests that there perhaps could be a greater
number of archeological sites associated with the Vee/High Devil
Canyon/0O1son scheme than with the Watana/ Devil Canyon scheme.

3.3 Land Use

At present, much of the Upper Susitna Basin is subjected to almost
negligible human activity. Either of the development schemes (and any of
the staging plans) will cause changes in land use patterns in the Upper
Susitna Basin. Regardless of the scheme chosen, impacts on local land
usage and human activity in the Upper Basin will be significant in terms
of area inundated and Tand cover changes resulting from project
facilities. With either the Watana/Devil Canyon or Vee/High Devil
Canyon/O]sén schemg, Deadman Falls will be inundated and Devil Canyon
will be greatly reduced in scenic value. The Vee/High Devil Canyon/Olson
scheme would also eliminate Tsusena Falls and would destroy the existing
aesthetics of Vee Canyon by dam construction at this site. Although the
Vee/High Devil Canyon/Olson scheme has a smaller reservoir area, it would
inundate approximately 70 miles more of the Susitna River than would the
Watana/Devil Canyon scheme (Table 1). Development of a recreation plan
for the project would vary according to the design scheme and staging
plan selected.

Broader concerns associated with land use are related to staging, as
discussed in the previous section regarding socioeconomics. The
influence of staging on land use impacts applies to Tand use factors
concerned with existing regional transportation systems. The existing
transportation systems (and communities and land uses associated with
them) which connect to the selected access route will be affected by
construction-related activity. In this context, the degree of

4



construction-related activity within a given time frame could be a
significant factor. This consideration is similar to the socioeconomic
concern identified previously. The proportionately greater degree of
construction activity associated with a plan in which 800 MW capability
would be achieved by 2000 - as compared with one in which this would not
be achieved until 2010 - concentrates impacts on land uses in a shorter

time frame.

3.4 Fish Ecology

A1l development schemes must be examined with the downstream anadromous
fishery receiving primary consideration. Any scheme or staging plan that
allows for daily peaking without a re-regulation dam downstream could be
detrimental to this resource. Therefore, the maintenance of constant, or
nearly constant, downstream flows is an environmental constraint that
must be met for any development scheme to be acceptable. \

The Yee/High Devil Canyon/0lson scheme has at least one major

- disadvantage, with respect to fish ecology, in comparison to develdopment
at Watana/Devil Canyon. It is that the Qlson site is downstream of
Portage Créek, which 1is known to be a very important spawning stream for
salmon. Dam development at the Olson site would provide an obstruction
to anadromous fish passage and two miles of Portage Creek would be
inundated. Even with facilities for fish passage, the impacts on this
spawning area could be severe.

Because the Vee/High Devil Canyon/01son scheme would inundate about 70
additional miles of the Susitna River, plus different tributaries, than
would the Watana/Devil Canyon scheme, impacts on resident fish can be
expected to differ between the two schemes. Data are not presently
available to permit an assessment of these impacts.

3.5 Wildlife Ecology

Although the areza that would be inundated by the Vee reservoir has not
been thoroughly investigated, project personnel have sufficient

familiarity with the area to make a fairly strong recommendation at
o



this time. With the exception of impacts on avian species, it is felt
that the Watana/Devil Canyon scheme is superior from a wildlife impact
standpoint to the Vee/High Devil Canyon/Olson scheme. The basic trade-
offs associated with this comparison involve the areas to be flooded by
the Vee dam as opposed to the flooding of much of the Watana Creek
drainage and the higher portions of the canyon walls along the Susitna.
For a variety of reasons the area to be flooded by the Vee dam seems
more valuable for wildlife than the areas that would be inundated by
the Watana/Devil Canyon dams.

A Vee/High Devil Canyon/0lson scheme would flood more acreage of
critical river bottom habitat than would the Watana/Devil Canyon
scheme. These areas are important for moose during severe winters and
the additional reduction in such habitat could have a major impact on
moose populations. In addition, the Vee impoundment would flood key
winter habitat for at least three subpopulations of moose that range
over 1érge areas east of the Susitna and north of the MaClaren River.
The area that would be saved by the Vee dam scheme, the Watana Creek
drainage, is inhabitated by a subpopulation of moose that appears to be
declining in condition and increasing in age, thus indicating that
within 10 to 15 years this subpopulation may be far less important than
at present. The habitat quality within the Watana Creek drainage also
seems to be decreasing. TES has previously recommended that the pool
elevation of Watana be lowered to preserve as much of the Watana Creek
drainage as possible. Nevertheless, the trade-off between Watana Creek
and the Vee impoundment favors flooding the Watana Creek area.

The area that would be flooded by the Vee dam is historically used by
the Nelchina caribou herd, particularly in moving to their calving
grounds near Kosina Creek. Although caribou movement patterns are
highly variable and appear to change as the size of the herd changes,
this area has been frequently traversed by members of this herd. The
potential for impacting caribou movement is greater than with the
present Watana scheme. Like Watana, the Vee reservoir would be subject
to large drawdown and possible ice-shelving. In addition, the
three-dam scheme would result in a greater division of the Nelchina
herd’s range due to the greater length of the impoundments involved and
thus increase the Jikelihood of impacts on this herd.
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There is an indication that the area to be flooded by the Vee dam is
more important to some key furbearers, the red fox in particular, than
areas such as Watana Creek that would be spared by a Vee dam. There is
also more trapping conducted by residents in the area upstream from the
Vee site than in areas downstream from that area. The Vee dam,
especially due to the drawdown schedule that would be operative with
this dam, also has the potential of more severely impacting both
muskrat and beaver populations.

It appears that only avian species might suffer less adverse impacts
from the Vee/High Devil Canyon/Olson scheme than from Watana/Devil
Canyon. Although the Vee dam would eliminate more river bottom
habitat, it would spare a considerable amount of deciduous forest
(birch and aspen) that exists along the south-facing slopes of the
Susitna canyon and along some of the tributaries. This is the only
area, of any extent, that contains this type of habitat, and its
associated avifauna, within the Upper Susitna Basin.

Although a more detailed recommendation could be made if a better data
base were available, the reasons given above seem to indicate that the
Watana/Devil Canyon scheme is superior to a Vee/High Devil Canyon/
Olson scheme. This is especially true if one considers that the
greatest potential for more severe impacts concern moose and caribou,
which are unquestionably the key big game species in the area.

3.6 Plant Ecology

Both schemes will primarily flood deciduous forests (white birch,
balsam poplar, and aspen types), coniferous woodlands and forests
(white spruce and black spruce), and shrub communities (alder, birch,
and willow types). The relative amounts of habitats flooded will vary
with the two schemes. The Vee/High Devil Canyon/Olson combination will
probably flood more floodplain habitats such as balsam poplar forests,
while the Watana/Devil Canyon scheme will probably flood more birch and
aspen forests.



The primary advantage of the Vee/High Devil Canyon/Qlson scheme is that
approximately 9,000 fewer acres would be flooded (Table 1). The
primary disadvantages of this scheme are: more lakes and wetlands
flooded, more river floodplains flooded, and a greater amount of
associated floodplain habitats, such as balsam poplar, eliminated. The
amount of wetland eliminated would be a very small proportion of the
total wetland in the region. Nevertheless, the importance of wetlands,
floodplains, and associated habitats has been emphasized by Executive

Orders and various federal agencies.

3.7 Transmission Line Impacts

Because of the distance traversed, the construction of a transmission
line to the intertie from a Vee/High Devil Canyon/QOlson project offers
several disadvantages when compared to a line constructed from a
Watana/Devil Canyon project. A line from the Parks Hignhway to Watana
would be approximately 50 miles in 1ength. Following the same route to
Watana and extending the 1ine to the Vee site would add approximately
40 miles to its total length, an increase in mileage of some 80
percent. Generally, the longer the line, the greater the impact. In
addition, the added length would cross a presently roadless remote
parcel of 1and, thereby necessitating additional miles of access road
construction. Additional vegetation clearing would be required due to
the longer route. Assuming a 300 foot wide right-of-way, approximately
1500 additional acres would need to be cleared during construction and
maintained during operation of this 1ine, thereby potentially impacting
wildlife habitat. To the extenf that land use, aesthetic and
recreational opportunities are impaired by transmission facilities, a
larger impact zone will be created. Similarly, areas of significant
cultural resource potential will be impacted to a greater degree than
with the shorter line. A greater number of streams tributary to the
Susitna River will need to be crossed, posing additional areas of
potential impact. In summary, constructing transmission facilities to
the Vee site considerably increases the potential impact of project

transmission lines.



3.8 Access Road Impacts

At present, an access route for the Watana/Devil Canyon scheme has not
been decided upon, and no information at all is available with regard to
access for the Vee/High Devil Canyon/Olson scheme. Also, it has not even
been determined which of the two schemes would have the shorter access
road. By virtue of the relative dispersion of the dam sites, however, the
two ‘schemes may differ with respect to the area opened up to access and
the resultant dispersion of human disturbance over the Upper Susitna
Basin. The Watana/Devil Canyon scheme may confine access to a smaller
portion of the basin, especially if access is from the west. The Vee/High
Devil Canyon/0lson scheme, especially if it is a staged development, may
be more likely to have access from both north (Denali Highway) and west,
thereby opening access to a larger area, and from several directions.

3.9 Summary

In each of the environmental study disciplines, differences exist in the
potential impacts of the Vee/High Devil Canyon/Olson scheme in comparison
to the Watana/Devil Canyon scheme. The Vee/High Devil Canyon/Qlson scheme
has more abparent disadvantages than advantages; most of these
disadvantages are due to the Vee impoundment rather than the High Devil
Canyon impoundment. In socioeconomics and in some aspects of land use,
the differences due to staging are of more significance than those due to
the location of the dams. Nevertheless, it is noteworthy that the
Vee/High Devil Canyon/0lson scheme may affect more canyons and waterfalls
of outstanding scenic value than would Watana/Devil Canyon. Existing
information suggests that there is a high potential for occurrence of
cultural resources in the vicinity of the Vee reservoir, perhaps even more
than in the vicinity of Devil Canyon and Watana. A major disadvantage of
the Vee/High Devil Canyon/Olson scheme is the impact of Olson on -
anadromous fish spawning in Portage Creek; daily peaking from High Devil
Canyon without re-regulation is also environmentally unacceptable. There
is evidence that impacts upon big game (particularly moose and caribou)
and furbearers would be more severe with the Vee/High Devil Canyon/Qlson
scheme than with Watana/Devil Canyon, although this is not necessarily the
case with birds. Although the Vee/High DeviT.Canyon/O]son scheme would
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flood less acreage than Watana/Devil Canyon, a larger amount of floodplain
and wetland nabitat would be inundated. Because of the longer distance
traversed, potential impacts of the transmission line would be
proportionately greater with development at the Vee site. The dispersion
of the dam sites in the Upper Basin with Vee/High Devil Canyon/Qlson would
also likely result in a larger impact zone due to increased access.
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4 - CONCLUSION

Although some potential advantages and disadvantages have been
identified for both the Watana/Devil Canyon scheme and the Vee/High
"Devil Canyon/0Olson scheme, sufficient information is not yet available
upon which to base a firm recommendation. The evidence that is
available, however, when combined with intuitive judgement, suggests
that the Watana/Devil Canyon scheme may be preferable to the Vee/High
Devil Canyon/Olson combination. The comments contained in this report
will be reviewed and refined after the 1980 Annual Reports are
available and when more construction and operational details are known.
Comparison of the two schemes will still be hampered by the scarcity of
information concerning the Vee impoundment area.
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APPENDIX A

DESCRIPTION OF STAGING ALTERNATIVES



, Young . . December 4, 1980
for transmitta] to TES) T
;I Hutcniscn ‘ . P5700.14.06

fSusitna HEP
:Current Susitna Bas1n Dev;]cpment Schemes

As requested, the schemes currently being investigated are summarized on
the attached sheets. . Please note that the probable on~1ine dates are
estimates at this stage and will be firmed up over the next two weeks.

1. Hutch‘lsor_\‘

IH:ccv
Attachments

cee

J.D. Lawrance
J.W. Hayden
P. Tucker (Col.)
A. Simon

G. Krishnan
D. Carlson

R. Wart

V. Singh

P. Rodrigue
E.MN. Shadeed
R. Ibboctson




SCHEME Plan 1

Stage 1 Development

Dam Site  Watana (2200)

(Total installed capacity = 1400 M)

Stage If'Deveiopment

Height _750 ft,

Installed
Capacity 800 MW

- Probable on
Line Date _1995-2000

Daily
Mode of Operation Peaking

Separate

Re-regulation Dam Possibly

Dam Site _Devil Canyon (1450) Dam Site

Height __570_ ft.

Installed
Capacity _ 600 MW

"Probable on

Line Date __2010-20
No Daily
Mode of Operation peaking

Separate

Re-regulation Dam No

NOTE: Figures in brackers behind dam site name

indicate maximum water surface elevation in feet.

Stage III Development

Stage IV Development

Helght ____ ft.

Installed
Capacity M

Probable on

- Line Date

Mode'of Operation

Separate
Re-regulation Dam

Dam Site

Height ft.

Installed
Capacity MW

Probable on
Line Date

Mode of Operation

Separate
Re-regulation dam



SCHEME

Plan 2

Stage 1 Development

Dam Site Watana (2000)

Height __ 550 ft.

Installed ;
Capacity _400 MW - -

Probable on

Line Date ___1995 L
Daily

Mode of Operation Peaking -

Separate |
Re-regulation Dam Possibly

(Tota] installed capacity =

"Stage II Deve]opment ’

Dam S1te Watana (2200)

Height _750 _ ft.

: Insta1fed
- Capacity _800 MW

" Probable on
Line Date _2000-10

a1]y

_Mode of Operation Eegkjng

. Separate

Re-regulation Dam Poss1b1y

- Watana_Dam raised 200"

 Installed Capacity

Increased by 400 M4

1400 M)

Stage III Dévelopmént'

Line Date “w_gglgﬂgo :
3 ‘No - Daily
Mode of 0perat10n Egak}ﬁg :

Dam Siténgvil Canyon (14501)

Height 570 _ ft.

Installed L
Capacity 600 . ‘MW

Probable on

Separate ’ ’
Re-regulation Dam “EL*~.*

' Stége 1V Development

Dam Site

Height ft.

'Insfalied

Capacity ____ M/

Probable on

.Line Date

Mode of Operation

7Separate

Re-regulation dam




SCHEME _ Plap 3

Stége 1 Development

Dam Site Watana (2200)

Height 750 ft.

Installed
Capacity’ 400 W

Probable on

Line Date 1995 .
Daily
Mode of Operation _Peaking

Separate

. Re-regulation Dam Possibly

(Total installed capacity

* Stage II Development

~ Dam Site Watana (gggg) -

Height _750 ft

1.Insta11ed

Capacity _800 MW

| Probable on

Line Date 2000 10 .
Daily

 Mode of Operat1on Peaking.

Separate

Re-regulation Dam EQiiley

" Installed Capacity
“Increased by 400 MW

= 1400 MW) -

_Staqe III'Development

~Line Date 2010-20 -
- Mode ef Operation Peaking

* Dam Site peyil Canyan -

Height 570 f;;
insta]]ed |

. Capacity __600 Mw

Probable on

| Separate

Re- regu]at1on Dam JHL_hm“

Stage IV Development

Dam Sife

No Dai]y‘

Height ft.

~Installed

Capacity _____ W

Prébab]e on

" Line Date

Modé of Operation

Separabe
Re«regulat1on dam



SCHEME _Plan 4

Staqe I Development

Dam Site High N.C (]155)'

Height _725 _ ft.

Installed
Capacity _800 M

Probable on ’
~Line Date 1995-2000

- Daily
Mode of Operat1on Peaking

Separate

Re-regu]ation Dam Poss1b1y*

- (Total 1nsta11ed‘cépac1ty

* Stage II Development

Helght

Dam Site Vee (2300)

425 ft.

,Insta]]ed

Capacity _400 rw:

_Probab]e on

- Line Date 2(210 Q_

Daily
Mode of Operat1on Peaking

Separate

‘Re-regulation Dam _No

= 1300 M)

‘Stage TTI Development

Dam Site Qlson (1010) .

Height _120° -ft.
“Installed

Capacity #100 _ M{ |

" Probable on .
~ Line Date 2020 —

4Mode of 0perat1on Peaking

Separate

- Re- regu]at1on Dam NQ

* Olson may serve as the fe~regu1ation dam in which case the Olson .

- dam would constitute part of Stage I,

could still be built at a later stage.

The powerhouse at Olson

Stage IV Development

| Dam Site

No Dai]y.g

“Height ft.

- Installed :
~ Capacity MW

- Probable on
Line Date

. Mode of Operation

Separate
Re-regulation dam




SCHEME Plan 5

Stage I Development

Dam S1te High Devil Canyon
(1610)

Height

Installed
Capacity. 400 jmw

570  ft.

Probable on
Line Date = 1995 . v
Daily

Hode of Qperation Peaking

Separate

Re-regulation Dam Possibly*

'Height 725 uft."

(Total installed capacity = 1300 W)

.Stage I1 Deve]opment

Dam Site n
(1750)

vInstal?ed

Capacity _800 MM

‘Probable on ..
‘Line Date

2000-10- -
Daily.
Mode of 0perat1on Peak1ng

‘Separate '
Re-regu1ation Dam- Possibly*

‘}High Dev11 Canyon Dam
.Raised 140". - - -

‘Installed capacity
“Increased by 400 MW

Stage II1 Development .

" Probable on

Dam S{te _yee (2300)
Height

_425_ ft,
Installed .

~Capacity _400 - MW

Line Date ;mgg;g“gp
aai1y

:Mode of Operation eak1n9

'Separate

Re~regu}ation Dam Ho -

. ¥ Olsonimay serveras:the’resregulation. dam in ‘which:case’ the Olson

* dam would constitute. part of Stage I.

could still be built at a. later, stage.

The powerhouse at 0150n

‘Stage IV Development

Dam Site 0lson_(1020)
“Helght _120 _ ft.

Installed ,
~Capacity £100  Md

" Probable on' |
.Line-Date 2020

o Daily

Mode of 0perat1onPeakin9

»Separate
-Re-regulation dam No



SCHEME __Plan 6

Stage I Development
Dam Site Hiq

on

, (1750)
Height 725 ft.
Installed
Capacity _400 MW
Probable on }
Line Date 1995 :

Daily

Mode of Operation Peaking

Separate

Re~regulation Dam _Possibly*

(Total installed capacity = 1300 MW)

Stage Il Development

Dam Site _}{igh Devil Canyon

) (1750)
Height 725 ft.
Instailed

- Capacity _gog__ W

Probable on
Line Date 2000-10

Daily
Mode of Operation Peaking

Separate
Re-regulation Dam gogswb]y*

Installed Capacity increased

by 400 MW

Stage IIT _Development

Dam Site Vee

Insta11ed
Capacity __ang ﬁH

Probable on

Line Date 2010~20 .
‘Daily
Mode of Operation Peaking

Separate ( o
Re-regulation Dam'__Ng

* 0lson may serve as the re-regulation dam in which case the Olson

dam would constitute part of Stage I.

could still be built at a later stage.

The powerhouse at 0lson

Stage IV Development

‘Dam Site _01son_(1020)

Height 129  ft.
Installed

~ Capacity _+100 MW

Probable on
Line Date 2020

Mo- Daily
Mode of Operation Peaking

- Separate

Re-regulation dam _ g




L VIL CANYON DAH AND TUNNCY

SCHEME

FARLE 1.1 - ENVIRONMENTAL EVALUALION OF

Enviconsment al
Aliributle

Coneerns

Appratsal
(Mfferences i impact
of two schemes)

Ident ifical ton
of difference

Appraisal hedgement

Schewme  judged 1o have

Lhe least polenlial impacl
Tunnel BT

feotogical:

« Downslrean Fishecies

and Wildlife

qualily.

Ef fects resull iny
feom changes ia
waler guant ity and

No significant diffec~
encee beltween schanes
regacding effects down-
streanm of Devil Canyon,

Difference in yeach
belween Devil Canyon
dam and Lawel re-
regulat ion dam.

With Lhe Lunnel scheme con-
trolled flows between requlo-
tion dum and downstream power-
house offers potential for
anadromous Fisheries enhance~
menl in this 11 mile reach of
the civer.

+

Not s faclor in evalualion of
scheme,

If fisheries enhancement oppor-
Lunily can be realized the Lun-
nel scheme offers a posilive
mitigat ion measure nol available
with the Devil Canyon dam
scheme. This opportunity is
congidered moderale and favors
Lhe Lunnel scheme,

Resident fisheries:

Loss of residenl
fisheries habilal.

Hinimal differences
bel ween scheines.

Devil Canyon dam would inendale
27 miles of Lhe Susitna River
and approximately 2 miles of
fevil Cresk., The tunnel schome
would jnundate 16 miles of the
Sugitna River,

ihis reach of river is nolt con~
stdered Lo be highly significant
fur residenl fishertes and thus
the difference between the
schemes is minor and favors Lhe
tunnel scheme.

Wildlife:

Loss of wildlife . Minimal differences

habital .

between schemes.

The most gengitive wildlife ha-
bilal in this reach is upsatream
of the Lurnel re-regulat ioo dam
vhere there is no significant
difference between Lhe schemes.
The Devil Canyon dam scheme in
addition inundales the river
valley between the Lwo dam
siles resulling in a moderste
increase in impocts to
wildlife.

Ihe difference in loss of wild-
tife habitat is considered mod-
erate and favors the tunnel
schemne.

Culturals

Inundal ion of

archeonlogical sites.

Polent ial differences
bel ween schemes.

Due Lo Lhe larger area inun-
dated Lhe probabilily of inun-
dal ing archeological siles is
increased.

A sinnificant archeslogical
aite, if identified, can proba-
bly be excavsled. This concern
is not congidered a faclor in
in scheme evalual ion.

Land Use:

Inundat ion of Devil

Canyon.

Significant difference
between schemes,

The Devil Canyon is considered
8 unigue resource, 80 percent
of which would be inundated hy
the Devil Canyon dem scheme.
This would result in a loss of
both an sesthelic value plus
the potenlial for while water
recreat ion,

the zesthetic and Lo some extenl
the recreal lonal losses associ-
ated with the developnent of the
Devil Canyon dam is the main

aspect favoring the tunnel scheme.

OVERALL EVALUATION:

The Lunnel scheme has

averall a lower impact on Lhe environment.,




TABLE

1.2 - SOCIAL EVALUATION OF SUSITNA BASIN DEVELOPMENT SCHEMES/PLANS

Social Tunnel Devil Canyon High Devil Canyon/ Watana/Devil

Aspect Parameter “Scheme Dam Scheme Vee Plan Canyon Plan Remarks

Potential Million tons 80 110 170 210 Devil Canyon dam scheme

non-renewab le Beluga coal potential higher than

resource over 50 years tunnel scheme. Watana/

displacement Devil Canyon plan higher
than High Devil Canyon/
Vee plan.

Impact on —

state economy

Impact on
local economy

All projects would have similar impacts on the state and
local economy.

Seismic Risk of major All projects designed to similar levels of safety. Essentially no difference
exposure structural between plans/schemes.
failure
Potential " Any dam failures would effect the same downstream
impact of populat ion.
failure on |
human life.
Overall 1. Deyil Canyon dam superior to tunnel.
Evaluation 2. Watana/Devil Canyon superior to High Devil Canyon/Vee plan.




TABLE 1.3 - ENVIROMMENTAL EVALUATION OF WATANA/DEVIL CANYON AND HIGH DEVIL CANYON/VEE DEVELOPMENT PLANS

Environmental Altribute

Pian Comparison

Plan Judged To have the
least polential impact
ROC7V 700

Approisel Judgement

Ecological:
Ty ; TEheries

2) Wildlife
o) Hoose

b) Caribou

¢) Furbearers

d) Birde and Bears

No significent difference in effects on downstream
snadromous fisheries.

HDC/V would inundote approximntely 9% miles of the
Susitna River ond 28 miles of tributary stremms, in-
cluding the Tyone River.

W/DC would inundate spproximately B4 miles of the
Susitna River and 24 miles of tributory streoms,
including Wetsna Creek,

Bue to the avoidance of the Tyone River, X
leaser inundation of resident fisheries

habitet and no significent difference in the

effects on snadromous Fisheries, the W/OC plan

is judged to heve less impact.

HDC/V would inundate 123 miles of critical winter river
bottom hebitot.

¥/DC would inundate 108 miles of thiz river bottom
habitat.

HDC/V would inundate o large sreo upstresm of Vee

ut ilized by three sub-populet fons of moose that renge
in the northenst section of the basin,

¥/0C would inundate the ¥atane Creek srea utilized by
moose, The condition of this sub-populat fon of moose
and the guality of the habitat they are uaing sppeara
to be decressing. :

The increased length of rlver fiooded, especlally up~
atream from the Vee dam alte, would result in the
HDC/Y plen crenting s grester potential division of
the Nelchina herd*s range. In addition, en Incrense
in range would be directly inurdsted by the Ve res-
ervoir.

The area flooded by the Vee reservoler is conslidersd
important to some key furbearera, particularly red fox.
This area is Judged Lo be more tmportant then the
¥Wetens Creck prea thet would be inundsted by the W/DC
plan,

foreat habitet, important for birds and black bears,
exist slong the valley alopes. The loas of this hsbi-
tat would be greoter with the W/DC plan.

Due to the lower potentiol for direct impact X
on mooge populations withln the Susitna, the
W/OC plan is judged superior.

Due to the potential Vfur o grester impoct on X
the Nelchina caribou herd, the HOC/V scheme
is constdered inferlor,

Due to the lesser potentisl for impsct on fur- X
bearers the W/DC ts judged to be superior. -

The HDC/V plen is judged superior. X

Culturals

There is a high potential for discovery of archeologi~
cal sites in the easterly regton of ths Upper Susitna
Basin. The HNC/Y plan has s grester potential of
affect Ing these gites. For other reaches of the river
the difference between plans is considered minimal,

The W/DC plen is judged to have & lower po- X
tent isl effect on archeologlcal sites.



TAGLE 1.3 (Cont inuml;

T M T Plan judged To have Lhe
least polenl ial ippact

Favirommenlol Allributo Flun Compar ison Appraisal Judgemenl HOC7V L4
Avsthet ic/
Lund Use

¥ith either scheme, Lhe apsthelie gualily of bolh Both plans impocl Lhe vulley aesthelics. The - -

Devil Cavyon and Vee Canyon would he impaired.  fhe difference is considered minimsl,

HOC/Y plan would also loundale Tsusena Falls,

Dup Lo construct ion ol Yee Daw site snd Lhe size of Az il is easier Lo extend access Lhan to X

Lhe Vee Reservair, the HDC/Y slan would inherenlly Limil iL, inherent access requiremenis were

ceeale sceess Lo more wilderness area Lhan would Lhe considered delrimental ond the W/DC plan is

WL plan, Judged superior.  The ecolugical sensitivily

of Lhe area opened by Lhe HDC/Y plan rein-
forces Lhis judyement,

OVERALL EYALUATION:  The /DU plan is Judged to be superior Lo Lhe HDC/V plan.
(Tbe lower inpact on birds and bears associated with HDC/V plan is considered Lo be oulwzighed by all
the olher impucls which Favour Lhe W/DC plan.)

NOIES:

W o= Wolana Dam

DC = Devil Canyon Dam

HDC = IHtigh Devil Canyon (am
Vo= Vee Dam



APPENDIX J - AGENCY AND OTHER COMMENTS

The second draft of the Development Selection Report was distributed to the
following agencies for review and comment. This section of the report addresses
the comments received and responses to those comments.

Attachment 1, 2, 3, 4 and 5, which follow in their entirety, are the comments
received from the following agencies:

Attachment 1: \University of Alaska Arctic Environmental Information and Data
Center

Attachment 2: State of Alaska, Department of Fish and Game

Attachment 3: U.S. Department of Interior, Geological Survey

Attachment 4: U.S. Department of Interior, National Park Service

H

Attachment 5: State of Alaska, Department of Environmental Conservation

J.1 - Responses to AEIDC Comments

(a) Borrow Areas

It is agreed that there will be significant impacts due to development of
borrow areas for construction of all earth or rockfill dams considered.

For purposes of the study it has been assumed that the major portion of
borrow material will be obtained from areas which will be subsequently
submerged by the proposed reservoirs. The relatively short-term impacts of
earth-moving operations during dam construction are considered to be
similar for all alternatives considered and therefore not a significant
factor in comparisons. The longer-term impacts of borrow areas which will
be submerged were considered to be included in the comparisons of impacts
of the reservoirs in each case.

(b) Continuation of Environmental Studies

It is true that detailed environmental studies of only the selected plan
are continuing in support of the requirements of the FERC license applica-
tion. The purpose of these studies is to allow more precise assessments to
be made of such impacts and for development of mitigation plans where
appropriate. The comparisons of environmental impacts of all alternatives
considered have been based only on those aspects which will influence the
selection of a development plan. The report provides appropriate support
for these comparisons to be made and will not consider them further. Con-
sideration of impacts which are similar in magnitude or which are relative-
ly insignificant will not influence the selection process and have there-
fore been excluded.

J-1




J.2 - Responses to ADF&G Comments

(a) Page 1-4(g), Task 7 - Environmental Studies

The text has been revised as suggested.

(b) Pages 8-26 and 8-27, Environmental Comparisons

The background information used to support the environmental comparisons
made consists of published data together with visual observation of person-
nel undertaking the current studies. The report provides appropriate
references to and documentation of this information. The personnel
involved in the studies are amply qualified in their respective fields and
were approved as such by the Alaska Power Authority. -

Appropriate mechanisms have been established for continuing the active
involvement of ADF&G, USFWS and all other concerned agencies in the deci-
sion processes being used in this study. The scope and methodology for
undertaking environmental studies have been reviewed by these agencies and
modified where appropriate as a result of such reviews.

J.3 - Response to USGS Comments

No response required.

J.4 - Response to USNPS Comments

The Susitna Project Feasibility Report will deal with the specific impacts of
the selected development plan and will not consider further the impacts of
alternative Susitna Basin development plans. Sufficient information has been
presented in the report to arrive at a selected development; further study of
other basin alternatives is unwarranted at this time.

The impact of reservoir siltation for the selected development will be studied
and the results presented in the Feasibility Report.

J.5 - Response to ADEC Comments

No response required.

J-2



ATTACHMENT 1
PHONE 19071 279.457 :

o1 Environmentol Information ond Dota Center
707 A Stieet
Anchoroge, Alosho 99501

UNIVERSITY OF ALASKA )
BRECEIVED

August 4, 1981 IR [ T 1981

ALASKA POWER AUTHOPRITY

Dave Wozniak

Alaska Power Authority

333 W. 4th AVenue, Suite 31
Anchorage, AK 99501

Dear Dave:

Per your request to the members of the Susitna Steering Committee, 1
have quickly reviewed the Development Selection Report prepared by
Acres., In general 1 found it logical in approach and complete in re-
gards to the relevant factors one should evaluate when reducing multiple

options.
I have only the following specific comments:

1. The location and environmental effects of developing borrow
material sites is not well documented and incorporated into
the first part of the report. Enormous qunatities would be
required for most of the dams, and the removal, stockpiling,
and transport of this material could be a significant factor
influencing the decision-making process.

2. Significant efforts are currently being expended in environ-
mental study of this region, the results of which are not yet
available. TFactoring this new knowledge into the decision-~
making process could have influenced the nature of the final
scheme; or is the current environmental study effort geared
only toward the effects of the "selected plan (page 9-1)" and
not for input to the overall selection process? In general I
found the environmental effects of the alternative options

// . .
%'(__L/ i’:'(_ Co, [

addressed very superficially.
3 )//L e
William J. Wilson

Supervisor, Resource and Science
Services Division
Senior Rescarch Analyst in Fisheries

I hope my comments are of interest.

Sincerely,

-

<

Wi/ g

cc: Al Carson




MEMORANDUM

10

FROM

ATTACHMENT 2

State of Alaska

Dave Wozniak DATE  Jyly 29, 198]
Project Engineer

Alaska Power Authority FLE NO  02-1-81-ADF3G-7.0
333 W. 4th Avenue, Suite 3] 02-V-Acres-1.0
Anchorage, Alaska 99501 SEAARERE e

Thomas W. Trent al RECEIVED suBsCT  poyiew of Draft

Aquatic Studies Coordinator 19 Development Selection
Su Hydro Aquatic Studies UG 4 1981 Report - Su Hydro

h e
Anchorage ALASKA POWER AUTHORITY .

1've reviewed the draft Development Selection Report for the Susitna
Hydroeleciric Project and my comments are as follows:

Page 1-4 (g) Task 7 - Environmental Studies

Comment: I recommend the words in the last sentence i.e., large game
be changed to big game.

Page 8-26 Environmental Comparison - 2nd paragraph - a statement regardi.g
enhancement potential for anadromous fish and, the statement on page 8-
27 Environmental Comparison, 2nd paragraph.

Comment: A general observation addressed to these specific sections, is
that development of the environmental comparisons has undoubtedly been a-
subjective process. The statements made really don't provide any detailing
of the hows, whys, and rationale for the conclusions drawn. I believe

we can accept a subjective process for evaluating the environmental

merits or deficierncies of a particuiar dam scheme, but it would have

been a helpful process for Acres Lo involve ADF&G, USFWS and others in

such an analysis to discuss alternative positive/negative impact possibilities.
1 think this would have led to a healthy exchange of ideas. The exposure
of the fish and wildlife or other resource agencies to the same design

or operational schemes laid out to the Acres environmental review team

may have led to conclusions which were the same or potentially quite
different from the Acres analysis of the situation.

To sum up, we can't argue with Acres report since we don't know the
background information used to support their rationalizations or the
experience of the individuals involved in the report preparation that
drew the conclusions on fisheries.

Zrake - DEC

Wilson - AEIDC
Stackhouse - USFWS
Lamke - USGS

. Carson - ADNR

cc:

O oOmWwn

12L01 (Rev 5/751



ATTACHMENT 3

UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
Water Resources Division

733 W. Fourth Ave., Suite 400 RECEIVED
Anchorage, Alaska 99501

JUL 35 1981

ALASKA POWLEL AUTHOKITY

July 27, 1981

Al Carson

State of Alaska

Department of Natural Resources
323 E. Fourth Avenue

Anchorage, Alaska 99501

Dear Mr. Carson:

I have reviewed the Draft Development Selection Report for the proposed
Susitna Hydroelectric Project as requested in the APA transmittal of
June 18, 1981, The reyiew was limited to the evaluation process uséd
by Acres, the relative impacts of several alternative development plans
-of Susitna hydroelectric resources, and the conclusion that the Watana-
Devil Canyon plan is the preferred basin alternative.

There were no problems involyed in understanding the selection process
used by Acres and there were enough data and information presented to
compare the final candidate (alternative) plans. The relative impacts

of the candidates were presented in an understandable and credible manner.
Although only a qualitative evaluation of impacts is presented (pending
reports of on-going studies), a reasonable conclusion is that the Watana-
Deyil Canyon plan is the preferred candidate for Susitna hydroelectric
development.

7 L /
'!7?_,//(,//_/4}' Zszg/m'u
"Robert D. Lamke

cc: David D. Wozniak, Project Engineer, APA, Ahchorage, AY




ATTACHMENT 4

United States Department of the Interior

NATIONAL PARK SERVICE
ALASKA STATE OFFICE
334 West Filth Avenuc, Suite 250

L

IN REPLY REFLR TO:

Anchorage, Alaska 99501

RECEIVED
AUE 5 1531 ruG 7 1981

ALASKA POWER AUTHORITY

1201-03a

Mr. David D. Wozniak

Susitna Hydro Project Engineer
Alaska Power Authority

333 West 4th Avenue, Suite 31
Anchorage, AK 99501

Dear David:

In response to your request I have reviewed the Draft Devel-
opment Selection Report for the Susitna Project. Based upon
the information presented in the report, I would judge thé
evaluation process to be satisfactory. However, I would not
want to recommend or otherwise comment on a preferred basin
alternative prior to the completion of ongoing studies which
will further quantify the anticipated environmental impacts.
I assume the final report will reflect a more precise com-
parison of environmental impacts for the dam sites under
consideration.

An additional item of interest which should perhaps be
included in the final report is a comparison of the expected
life of the project for each alternative dam site considering
the effect of silt accumulation in'the reservoirs.

Thank you for the opportunity to review the report. The
above comments are my own and should not be interpreted as
representing the official position of the National Park
Service.

Sincerelv,

\7Q 7 '

Larry Wright
Outdoo Recreatlon Planner

Save Energy and You Serve America!




/ ATTACHMENT 5

ﬁA { ﬁz(?$\§;ér ?} / B 437 E Street
i { ‘i\[‘g\gl e / L Second Floor

¥
H [P i I AR S| ﬁ“ ‘ BRI Ll l‘, Al"lChOI‘age, AK 99501
- i P.O. Box 12
"’E‘. OF ENVIRONMENTAL CONSRRYATION L. Soldntme. Abeeka 93660
§ £
SOUTHCERTRAL B Gievs, woiss ) {07) 252:5210
_ P.O.Bo» 1084
~ U3 Wasilla, Alaska 99587

i JZD (907) 376-5038

Vo e -

. 1881 ' August 14, 1981
AR P14

PLALEA e

Dave Wozniak |
Project Engineer : |
Alaska Power Authority :
333 W. 4th Avenue, Suite 31 |
Anchorage, Alaska 99501 |

Dear Mr, Wozniak:

We have reviewed sections 7 and 8 of the Susitna Hydroelectric Project
Development Selection Report (second draft June 1981). We find that the
plan selection methodology used in section 8 meets the objectives -of
determining an optimum Susitna Basin Development Plan and of making a
preliminary assessment of a selected plan by an alternatives comparison.
The increased emphasis over previous analyses ‘of the environmental
acceptability of the alternatives is good,

At this time, this Department does not endorse any particular plan. We
would, however, recommend the Steecring Committee openly discuss the
Watana Dam - Tunnel option because of its reduced environmental and’
aesthetic impact. '

Thank you for the opportunity to review this document. We appreciate
your effort in soliciting Su-Hydro Steering Committee involvement. If

you have any questions regarding these comments please contact Steven
Zrake of this office.

" Sincerely,

Bob Martin
Reglonal Environmental Supervisor

cc: Steve Zrake

Dave Studevant
Al Carson -~ DNR

BM/SZ/mn






