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TABLE E.5.26: ONSITE CONSTRUCTION WORK FORCE: REGIONAL, ALASKA NON-REGIONAL, AND OUT-QF-STATE, 1985-2002 

REGIONAL 

Laborers ( 85%) 

Semi-Skilled/Skilled (80%> 

Administrative/Engineering (65%> 

Subtotal Construction 

ALASKA NON-REGIONAL 

Laborers ( 5%) 

Sern I -5k II I ed/Sk II I ed < 5%) 

Administrative/Engineering <5%) 

Subtotal Alaska Non-Regional 

our CF STATE 

Laborers < 1 0%> 

Semi-Skilled/Skilled (15%) 

Administrative/Engineering <30%> 

Subtota I Out-of -State 

Total Non-Regional 

TOTAL 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

478 717 1087 1439 1612 2014 1872 1465 760 467 287 458 717 915 972 852 431 

118 258 284 359 402 502 466 337 176 109 

254 120 174 233 261 326 304 231 120 75 

74 118 184 236 250 246 187 

46 75 114 149 158 122 103 

89 

19 

14 

850 1094 1545 2031 2276 2842 2642 2033 1056 650 407 651 1016 1299 1380 1220 722 122 

28 

7 

20 

55 

56 

22 

117 

42 

16 

9 

67 

64 

18 

13 

85 

22 

18 

95 118 110 

25 31 29 

20 25 23 

86 

21 

18 

95 125 140 175 163 125 

84 128 169 190 237 220 172 

48 53 6 7 75 94 87 63 

55 80 108 121 151 140 107 

45 

11 

9 

65 

89 

33 

56 

27 

7 

6 

40 

55 

20 

35 

195 188 262 344 386 482 448 342 178 11!.' 

250 255 357 469 526 656 610 467 243 150 

17 

5 

4 

25 

34 

14 

21 

27 

7 

6 

40 

54 

22 

35 

42 

11 

9 

62 

54 

15 

11 

80 

57 

16 

12 

85 

50 

15 

9 

75 

84 1 08 1 1 4 1 00 

34 44 47 46 

53 69 73 56 

25 

12 

8 

45 

51 

35 

48 

69 111 172 221 234 202 134 ---
94 151 234 301 319 277 179 

5 

7 

11 

4 

7 

21 

28 

1100 1350 1902 2500 2801 3498 3252 2500 1299 800 501 802 1250 1600 1699 1497 900 151 

..... 1 



TABLE E.5.27: OPERATIONS WORK FORCE: 1993-2005 

YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Activity 

Watana (680 MW) 30 60 60 60 60 60 60 60 60 60 60 60 60 

Watana (340 MW) 45 45 45 45 45 45 45 45 45 45 45 45 

Devil Canyon (600 MW) 25 25 25 25 

Disptach Control 40 40 40 40 40 40 40 40 40 40 40 40 40 

TOTAL 70 145 145 145 14 5 145 145 145 145 170 170 170 170 

Source: Acres American Incorporated. 
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TABLE E.5.28: ONSITE CONSTRUCTION AND OPERATIONS MANPOWER REQUIREMENTS - 1985 TO 2002 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

CONSTRUCTION 

January 

February 

March 

Apri I 

May 

June 

July 

August 

September 

October 

November 

December 

PEAK CONST .IYR 

OPERATIONS/MAINT. 

SUBTOTAL - YEAR 

TOTAL 

330 

341 

473 

726 

792 

957 

1089 

1100 

990 

759 

561 

385 

1100 

405 

419 

581 

891 

972 

1175 

1337 

1350 

1215 

932 

689 

473 

1350 

571 750 840 

590 775 868 

818 1075 1205 

1255 1650 1849 

1370 1800 2017 

1655 2175 2437 

1883 2475 2773 

1902 2500 2801 

1712 2250 2521 

1312 1725 1933 

970 1275 1429 

666 875 980 

1902 2500 2802 

1050 

1085 

1504 

2309 

2519 

3044 

3463 

3498 

3149 

2414 

1784 

1224 

3498 

976 

1008 

1398 

2146 

2341 

2829 

3219 

3252 

2927 

2244 

1658 

1138 

3251 

750 

775 

1075 

1650 

1800 

2175 

2475 

2500 

2250 

1725 

1275 

875 

2500 

390 

402 

558 

857 

935 

1130 

1285 

1298 

1169 

896 

662 

454 

1299 

70 

1100 1350 1902 2500 2802 3498 3251 2500 1369 

240 

248 

344 

528 

576 

696 

792 

800 

720 

552 

408 

280 

800 

145 

945 

151 

156 

217 

333 

363 

439 

499 

504 

454 

348 

257 

177 

504 

239 

247 

343 

527 

575 

694 

790 

798 

718 

551 

407 

279 

798 

145 145 

649 943 

NOTE: Annua I manpower requirements and trade mixes for peak years provided by Acres American, Inc. 

Source: Frank Orth & Associates, Inc. 

376 

388 

539 

827 

902 

1090 

1241 

1253 

1128 

865 

639 

439 

1253 

145 

1398 

479 

495 

686 

1054 

1149 

1389 

1581 

1596 

1437 

1102 

814 

559 

1596 

145 

1741 

510 449 

527 464 

730 643 

1121 988 

1223 1077 

1478 1302 

1681 1481 

1698 1496 

1529 1347 

1172 1033 

866 763 

594 524 

1698 1496 

270 45 

279 47 

387 65 

594 100 

648 109 

783 131 

891 149 

900 151 

810 136 

621 104 

459 77 

315 53 

899 151 

145 145 145 170 

1843 1641 1044 321 



CONSTRI.CT I ON 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TOTAL!YR 

OPERATIONS/MAl NT. 

TOTAL/YR 

TOTAL PAYROLL 

1985 1986 

989 

1022 

1418 

2177 

2374 

2869 

3265 

3298 

2968 

2275 

1682 

1154 

25492 

1214 

1254 

1740 

2671 

2913 

3520 

4006 

4046 

3642 

27fJ2 

2064 

1416 

31279 

TABLE E.5.29: ONSITE CONSTRUCTION AND OPERATIONS MANPOWER -TOTAL PAYROLL, 1985 to 2002 

(IN THOUSANDS OF 1982 DOLLARS> 

1987 1988 1989 1990 1991 

1710 2248 2519 3146 2924 

1767 2323 2603 3251 3021 

2451 3222 3610 4509 4191 

3763 4945 5541 6921 6433 

4105 5395 6045 7550 7018 

4960 

5644 

5701 

5131 

3934 

2908 

1995 

6519 

7418 

7493 

6744 

5170 

3822 

2623 

7305 

8312 

8396 

7556 

5793 

4282 

2939 

44070 57922 64901 

9123 8479 

10381 9649 

10486 9747 

9437 8772 

7235 6725 

5348 4971 

3670 3411 

81055 75341 

1992 1993 1994 1995 1996 1997 1998 

2248 

2323 

3223 

4946 

5396 

1183 

1222 

1695 

2602 

2839 

719 

743 

1031 

1583 

1727 

6520 3430 2086 

7419 3903 2374 

7494 3943 2398 

6745 3548 2158 

5171 2720 1655 

3822 2011 1223 

2623 1 380 839 

57930 30477 18537 

470 

486 

674 

1035 

1129 

1364 

1552 

1567 

1411 

1082 

799 

549 

12116 

745 

770 

1068 

1639 

1787 

2160 

2458 

2483 

2234 

1713 

1266 

869 

19191 

1169 1490 

1208 1539 

1676 2135 

2572 3277 

2806 3575 

3391 4320 

3858 4916 

3897 4965 

3507 4469 

2689 3426 

1988 2532 

1364 1738 

30125 38382 

2759 5715 5715 5715 5715 5715 

1999 2000 2001 2002 

1585 1396 839 

1637 1443 867 

2271 2001 1203 

3486 3072 1847 

3803 3351 2015 

4596 

5229 

5282 

4754 

3645 

2694 

1849 

40831 

4049 2434 

4608 2770 

4654 2798 

4189 2518 

3211 1931 

2374 1427 

1629 979 

35977 21628 

141 

146 

202 

310 

338 

409 

465 

410 

423 

324 

239 

164 

3630 

5715 5715 5715 6699 

254fJ2 31279 44070 57922 64901 81055 75341 57930 33236 24252 17831 24~6 35840 44097 46546 41692 27343 10329 

NOTE: Annual manpower requirements and trade mixes for peak years provided by Acres American, Inc. 

Source: Frank Orth & Associates, Inc. 
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TOTAL REG I ON 

Anchorage Subarea 

Anchorage 

Ma't•Su 

Kenai-Cook Inlet 

Seward 

Fa lrbanks 

SE Fairbanks 

Valdez-Chitina-Whittier 

Mat-Su Communities 

Palmer 

Wasilla 

Houston 

Trapper Creek 

Talkeetna 

Other 

1 ] 

TABLE E.5.30: ONSITE CONSTRUCTION WORK FORCE: CUMULATIVE PROJECT EMPLOYMENT AND RESIDENCE 
OF INDIYIDUALS CURRENTLY RESIDING IN THE REGION 

~ 1986 ~ .1988 1989 ..!22.Q_ 1991 1992 1993 1994 1995 1996 1997 1998 ~ 2000 2001 2002 

850 1094 1545 2031 2276 2842 2642 2033 1056 650 407 651 1016 1299 1380 1220 722 122 

640 835 1171 1537 1722 2150 1999 1536 798 491 308 493 769 984 1045 926 552 

493 650 906 1188 1332 1663 1546 1186 616 379 238 381 595 761 809 718 431 

56 71 101 133 149 186 173 133 69 

91 113 162 214 240 299 278 215 112 

2 2 3 4 5 6 5 4 2 

43 

69 

191 236 341 450 504 630 585 452 235 145 

2 

17 

6 

4 

2 

2 

41 

2 

20 

7 

6 

2 

3 

52 

3 

29 

10 

8 

3 

4 

74 

4 

39 

13 

11 

4 

5 

4 

43 

15 

12 

4 

6 

5 

54 

18 

15 

6 

2 

7 

5 

50 

17 

14 

5 

2 

7 

98 110 137 127 

4 

39 

13 

11 

4 

5 

98 

2 

20 

7 

6 

2 

3 

51 

12 

4 

3 

0 

2 

31 

27 

43 

43 66 85 90 79 

68 107 137 145 127 

2 3 3 2 

47 

74 

90 144 225 287 305 267 154 

8 

3 

2 

0 

20 

12 

4 

3 

0 

2 

31 

2 

19 

7 

5 

2 

3 

49 

2 

25 

8 

7 

3 

3 

63 

3 

26 

9 

7 

3 

4 

66 

2 

23 

9 

6 

2 

3 

59 

13 

5 

4 

0 

2 

34 

92 

71 

8 

13 

0 

27 

0 

2 

0 

0 

0 

6 

Source: Forecasts by Frank Orth & Associates, Inc. 
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TABLE E.5.31: ONSITE CONSTRUCTION WORK FORCE: CUMULATIVE IN-MIGRATION AND PLACE OF RELOCATION IN THE REGION 

TOTAL REGION 

Anchorage Subare~ 

Anchorage 

Mat-Su 

Kenai-cook Inlet 

Seward 

Fairbanks 

SE FaIrbanks 

Valdez-Ghltina-Whittier 

Mat-Su Communities 

Palmer 

Wasilla 

Houston 

Trapper Creek 

Talkeetna 

Other 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

26 -10 -25 -33 -33 -33 -23 -20 -26 -43 -66 64 85 36 46 51 63 49 

49 

19 

27 

2 

0 

15 

0 

0 

7 

7 

10 

65 85 112 125 156 145 IV ~ ~ 00 00 00 ~ 00 ~ n ~ 

26 -92 -123 -139 -176 -179 -184 -192 -195 -197 -197 -197 -194 -194 -195 -199 -204 

36 189 251 282 354 346 334 315 308 303 303 303 309 310 307 298 286 

3 -12 -16 -18 -22 -23 -24 -25 -26 -27 -27 -27 -26 -26 -26 -27 -28 

0 ·0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

20 

0 

0 

2 

9 

9 

13 

-49 

0 

0 

8 

9 

8 

47 

47 

70 

-66 

0 

0 

10 

13 

10 

63 

63 

93 

-74 

0 

0 

-93 

0 

0 

11 14 

14 18 

11 14 

70 88 

70 88 

104 131 

-96 -101 

0 0 

0 0 

14 

17 

14 

87 

87 

128 

13 

17 

13 

84 

84 

124 

-108 -111 

0 0 

0 0 

13 

16 

13 

79 

79 

117 

12 

15 

12 

77 

77 

114 

-113 -113 -113 -111 -110 -111 

0 0 0 0 0 0 

0 0 0 0 0 0 

12 

15 

12 

76 

76 

112 

12 

15 

12 

76 

76 

112 

12 

15 

12 

76 

76 

112 

12 

15 

12 

77 

77 

114 

12 

16 

12 

78 

78 

115 

12 

15 

12 

77 

77 

113 

-115 -120 

0 .0 

0 0 

12 

15 

12 

74 

74 

110 

11 

14 

11 

71 

71 

106 

Source: Forecasts by Frank Orth & Associates, Inc. 
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TABLE E.5.32: RESIDENCE OF CONSTRUCTION AND OPERATION WORKERS ON AND OFFSITE 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

(a) 

(b) 

Construction Construction 
Workers Workers 
Residing In Residing at Work Operations Workers 
Rai I belt or (b) ResidIng Permanently Total 

(a) Camps and Fam i I y at Fam I I y V i I I age Work 
Cantwell VI II age at Dams ites at Damsite Force 

952 148 0 1100 

1226 124 0 1350 

1556 346 0 1902 

2043 457 0 2500 

2292 509 0 2801 

2862 636 0 3498 

2650 602 0 3252 

2011 489 0 2500 

1004 295 70 1369 

606 194 145 945 

317 184 145 646 

565 237 145 947 

937 313 145 1395 

1229 371 145 1745 

1313 386 145 1844 

1131 366 145 1642 

694 206 145 1045 

116 35 170 321 

Includes present residents and in-migrants. These workers will reside 
permanently in the Railbelt or Cantwell and temporarily at the work camps 
wh II e on-the-Job. • 

Some of these workers will reside temporarily at the work camps and 
permanently at res i dances I ocated outs Ide of the Ra II be It and Cantwel I, 
while others will reside permanently at the vii lage. 

Source: Frank Orth & Associates 
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TABLE E.5.33: TOTAL REGIONAL EMPLOYMENT: ONSITE CONSTRUCTION, AND SUPPORT BY PLACE OF RESIDENCE(a) 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

TOTAL REGION 1536 2052 2632 3601 4050 5073 4736 3481 1483 701 206 705 1492 2089 2260 2060 1045 241 

Anchoraqe Subarea 1243 1678 2217 3052 3432 4300 3982 2922 1243 588 172 592 1259 1764 1908 1727 891 198 

Anchoraqe 991 1347 1557 2140 2405 3010 2771 2037 872 416 123 419 896 1251 1353 1222 629 154 

Mat-Su 

Kenai-cook Inlet 

Seward 

Fairbanks 

SE Fairbanks 

Valdez-Ghitlna-whlttier 

Mat-Su Canmun I ties 

Pa I mer 

Wasilla 

Houston 

Trapper Creek 

Talkeetna 

Other 

136 180 473 665 749 943 869 633 263 121 

114 147 183 242 272 342 337 249 105 49 

2 3 3 5 5 7 6 4 2 

272 349 379 501 563 705 692 51 3 220 1 05 

2 

19 

12 

10 

4 

2 

24 

16 

13 

5 

3 

33 

32 

29 

10 

4 

44 

44 

41 

13 

4 

49 

50 

47 

15 

5 

62 

62 

59 

19 

5 

57 

57 

54 

19 

4 

42 

42 

40 

13 

2 

18 

18 

16 

5 

14 20 120 168 190 239 220 160 66 

17 23 121 169 191 240 221 161 67 

84 112 185 259 292 368 338 246 102 

8 

8 

7 

2 

30 

31 

47 

34 122 258 366 397 354 177 

1 4 49 1 03 1 44 1 56 1 48 72 

0 2 3 3 3 

31 1 05 214 299 323 305 1 51 

0 

2 

2 

2 

8 

9 

13 

8 

8 

7 

2 

2 

17 

18 

16 

5 

2 

24 

25 

23 

7 

2 2 

26 25 

27 24 

24 22 

8 7 

31 65 93 100 90 

31 66 93 1 01 91 

47 101 143 155 138 

12 

12 

10 

4 

46 

46 

71 

(a) Excludes employment of workers llvinq in Cantwell and employment of workers who maintain permanent res ldence at the vi llaqe or 
outside the region. 

Source: Forecasts by Frank Orth & Associates, Inc • 
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27 

16 

0 

40 

0 

3 

3 

0 

6 

6 

10 
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TABLE E.5.34: TOTAL IN-MIGRATION AND OUT-MIGRATION IN THE REGION: ONSITE CONSTRUCTION AND SUPPORT(a) 

TOTAL REGION 

Anchorage Subarea 

Anchorage 

Mat-Su 

Kenai-Cook Inlet 

Seward 

Fairbanks 

SE Fairbanks 

Valdez-chitina-Whittier 

Mat-Su Communities 

Palmer 

Was lila 

Houston 

Trapper Creek 

Talkeetna 

Other 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

230 310 340 480 539 675 621 446 169 60 -9 52 152 237 261 232 88 -42 

200 270 367 517 581 728 674 515 263 165 102 158 251 329 351 322 193 80 

155 210 121 179 201 250 213 104 -68 -136 -179 -138 -66 -12 3 -.17 -107 -182 

38 

7 

0 

29 

0 

2 

2 

11 

9 

14 

51 251 344 387 486 468 423 352 324 308 320 339. 360 366 356 323 289 

9 -5 -6 -6 -7 -6 -11 -20 -24 -26 -24 -21 -19 -18 -18 -23 -27 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

38 -30 -40 -46 -58 -57 -72 -96 -105 -111 -107 -101 -94 -92 -93 -106 -117 

0 

2 

2 

2 

2 

15 

11 

18 

0 

2 

9 

11 

8 

0 

3 

12 

15 

11 

0 

3 

14 

16 

12 

0 

4 

17 

20 

15 

0 

4 

17 

20 

15 

0 

3 

15 

19 

14 

0 

13 

17 

13 

0 

13 

16 

12 

0 

0 

12 

15 

12 

0 

13 

15 

12 

0 

13 

16 

12 

0 

2 

14 

17 

13 

0 

2 

14 

17 

13 

0 

2 

13 

16 

13 

0 

12 

15 

12 

0 

0 

12 

14 

11 

85 119 133 168 159 137 101 87 79 86 97 108 111 107 90 73 

61 83 93 117 113 1 03 87 81 77 79 83 88 89 8 7 80 72 

78 105 118 148 144 135 121 116 113 114 117 121 122 120 114 106 

(a) Excludes employment of workers living In Cantwell and employment of workers who maintain residences outside the region or at the 
vIllage. 

Source: Forecasts by Frank Orth & Associates, Inc. 



TOTAL REGION 

Anchorage Subarea 

Anchorage 

Mat-Su 

Kenai-Cook Inlet 

Seward 

Fairbanks 

SE Fa lrbanks 

Valdez-Chitina-Whittier 

Mat-Su Communities 

Palmer 

Was lila 

Houston 

Trapper Creek 

Talkeetna 

other 

TABLE E.5.35: TOTAL POPULATION INFLUX AND EFFLUX: DIRECT AND SUPPORT(a) 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

651 874 950 1338 1498 1867 1713 1225 458 158 -30 133 400 629 691 609 224 -113 

565 761 1033 1449 1624 2027 1873 1430 735 463 293 443 692 900 957 876 530 227 

435 589 325 482 537 663 556 254 -219 -405 -523 -411 -219 -75 -36 -92 -333 -532 

110 146 721 985 1107 1389 1337 1210 1013 937 891 924 975 1032 1047 1021 930 837 

20 

0 

26 -14 -18 -19 -24 -20 -35 -59 -69 -75 -70 -63 -56 -54 -54 -67 -79 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

82 107 -89 -120 -136 -173 -171 -213 -280 -306. -323 -312 -295 -276 -271 -273 -309 -341 

0 

4 

5 

5 

4 

32 

25 

40 

0 

5 

0 

6 

0 

8 

0 

9 12 

0 

11 

0 

8 

0 

3 

0 

2 

0 

0 

0 

2 

0 

3 

0 

5 

0 

5 

0 

6 

0 

3 

0 

6 26 35 39 49 48 4~ 39 37 35 36 37 39 39 39 36 33 

7 31 42 47 59 57 54 48 46 44 45 46 48 48 47 44 42 

5 23 31 35 44 42 40 37 36 35 35 36 37 37 36 35 33 

43 241 337 378 475 451 387 288 250 227 247 278 306 314 302 256 212 

33 174 237 267 335 323 294 250 233 222 229 240 253 257 251 230 209 

52 226 303 341 427 415 390 351 336 327 331 338 349 352 346 328 308 

(a) Excludes population Influx and efflux for Cantwell and the population Influx and efflux associated with workers who maintain permanent 
residences at the village or outside the region. 

Source: Forecasts by Frank Orth & Associates, Inc. 
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TABLE E.5.36: TOTAL POPULATION INFLUX AND EFFLUX ASSOCIATED WITH THE DIRECT CONSTRUCTION WORK FORCE (a) 

TOTAL REGION 

Anchorage Subarea 

Anchorage 

Mat-Su 

Kenai-cook Inlet 

Seward 

Fairbanks 

SE Fairbanks 

Valdez-Ghltlna-Whlttler 

Mat-Su Communities 

Palmer 

Wasilla 

Houston 

Trapper Creek 

Talkeetna 

Other 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

185 247 104 134 149 183 14,1 75 -29 -71 -97 -97 -97 -65 -57 -75 -125 -192 

142 188 246 324 363 452 420 367 284 251 231 231 231 256 262 248 209 156 

56 76 -266 -357 -403 -509 -518 -533 -555 -565 -570 -570 -570 -564 -562 -565 -577 -591 

79 103 548 727 817 1026 1004 969 914 892 878 878 878 895 899 889 864 828 

6 

0 

43 

0 

0 

3 

4 

3 

20 

20 

29 

9 -36 -46 -52 -64 -66 -69 -74 -76 -77 -77 -77 -75 -75 -76 -78 -81 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

59 -142 -190 -214 -270 -278 -292 -313 -322 -328 -328 -328 -321 -320 -323 -334 -348 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 22 29 33 41 40 39 37 36 35 35 35 36 36 36 35 33 

5 27 36 41 51 50 48 46 45 44 44 44 45 45 44 43 41 

4 22 29 33 41 40 39 37 36 35 35 35 36 36 36 35 33 

26 137 182 204 256 251 242 228 223 220 220 220 224 225 222 216 207 

26 137 182 204 256 251 242 228 223 220 220 220 224 225 222 216 207 

38 203 269 302 379 372 359 338 330 325 325 325 331 333 329 320 307 

(a) Excludes population Influx and efflux for Cantwell and the population Influx and efflux associated with workers who maintain permanent 
residences at the village or outside the region. 

Source: Frank Orth & Associates, Inc. 
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TABLE E.5.37: EMPLOYMENT AND POPUlATION EFFECTS IN CANTWELL: CASES A & B 

CumtJiatlve 
Cumulative Population Cumulative 

Resl dent In-migrant lnf I ux Associated Total ....,, 
Employment Construction with In-MIgrant Popula(iyn 
on Project Workers Construction Workers Influx a 

CASE -
B A B A 8 A B A 

Year _!:!_!_@_ Low .!i.!.9.!!. Low _!:!_!_@_ Low .!!!..a!!. Low 

1985 19 19 129 113 276 230 430 230 
1986 19 19 138 113 302 230 455 230 
1987 20 20 168 75 550 165 638 255 
1988 20 20 209 79 686 178 774 255 -1989 20 20 233 80 756 184 843 255 
1990 20 20 287 85 916 198 999 255 
1991 20 20 282 84 898 197 984 255 
1992 20 20 274 83 875 194 961 255 
1993 20 20 260 82 834 190 920 255 
1994 20 20 255 53 761 130 794 163 
1995 20 20 216 53 753 129 785 162 
1996 20 20 216 53 753 129 785 162 
1997 20 20 216 53 753 129 785 162 -1998 20 20 219 53 761 130 793 162 
1999 20 20 220 53 764 130 796 162 
2000 20 20 217 53 755 130 788 162 
2001 20 20 210 52 735 128 767 160 
2002 20 20 202 51 712 125 744 157 

(a} Includes the population Influx associated with both in-migrant -construction workers and in-migrant support workers. 

-
-



-
TAB LE E. 5. 38: IMPACT rF THE SUS IT~ HYrROELECTRIC fROJECT ON HOUS lNG 

DEMAND IN THE LOCAL IMPACT AREA OURt.NG THE WATANO. 
,.. .. CONSTRUCTION PHASE 

Cumulative 
Projected Base I ine Project-Induced Total 

F"" Housing Project ion of Influx of Housinq 
Stock Househo1 ds Households Demand 

Total Mat-Su Borough 

1985 11,730 9, rn.7 38 9,905 
1986 12,868 1 0, 916 51 1 o, 967 
1987 14, 095 11,986 251 12,237 
1988 .15, 121 12,910 344 1 3, 254 - 1989 16, 092 13, 788 387 14, 175 
1990 lu, 754 14,417 486 14,903 
1991 17,728 15,354 468 1 5, 822 
1992 18,574 16, 156 423 16,57 9 
1993 19,761 17,245 352 17~ 597 

Trapper Creek 

1985 84 83 11 94 ,..... 
1986 88 87 15 102 
1987 93 92 i35 177 
1988 98 97 119 216 
1989 103 102 133 235 

!""" 1990 108 107 168 275 
' 1991 1'14 112 159 271 
' 19m. 119 118 137 255 

1993 126 124 1 01 225 

Talkeetna 

1985 251 246 9 255 
1986 267 262 11 273 - 1987 284 278 61 339 
1988 302 296 83 379 
1989 320 314 93 407 
1990 340 334 111 451 
1991 362 355 113 458 
19m. 385 377 103 480 
1993 409 401 87 488 

Cantwell 

r 1985 97 71 126 197 i 

1986 99 72 135 207 
1987 100 73 208 281 
1988 102 75 255 330 
1989 103 76 279 355 
~ 990 105 78 333 411 
1991 107 80 328 -408 
19m. 108 81 320 401 
1993 110 83 306 389 

Source: -Forecasts by Frank Orth & -Associ ate$, Inc. 

-I 



TABlE E.5.39: IMPACT 0: THE SUS I TNA. HYDROELECTRIC ffiOJECT ON HOUSING 
DEMAND IN THE LOCAL IMPACT AREA DLRING THE WATANI'. 
OPERATION AND DEVIL CANYON CONSTRUCTION PHASE -

Cumulative 
Projected Baseline Proj ect -I nd uc ed Total """! 
Housing Projection of lnf I ux of Houslnq 
Stock Households Households Demand 

Total Mat-Su Borough 

1994 20, 821 18,235 324 18,559 
1995 22,043 19,3 71 308 19,679 
1996 23,278 20, 528 320 20, 848 
1997 24,719 21,885 339 22,224 -1998 26,048 23, 145 360 23,505 
1999 27,672 24,670 366 24,036 
2000 29,207 26,095 356 26,451 
2001 30,626 27,373 323 27,696 
2002 32, 115 28,71 5 289 28,004 

Tra(!l!er Creek 

1994 132 131 89 218 ~ 
1995 139 138 79 217 
1996 147 145 86 231 
1997 155 153 97 250 
1998 153 151 108 259 
1990 171 159 111 280 m!ll 

2000 180 178 107 285 
2001 187 186 90 275 
2002 195 193 73 255 -Talkeetna 

1994 435 426 81 507 
1995 462 453 77 530 
1996 492 482 79 561 """! 

1997 523 513 83 595 
1998 557 546 88 634 
1999 592 581 87 670 
2000 630 618 80 705 -2001 552 650 72 730 
2002 696 683 65 755 

Cant-ell 
~ 

1994 112 84 267 351 
1995 114 86 264 350 
1996 115 88 254 352 
1997 118 89 264 353 -1998 120 91 264 358 
1999 122 93 254 361 
2000 124 95 264 360 
2001 126 97 258 355 
2002 128 99 250 349 -

Source: Forecasts by Frank Orth & Associates, Inc. -
.... 
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TABLE E.5.40: SUPPORT JOBS CREATED IN THE REGION, MAT-SU BOROUGH 
AND CANTWELL BY THE PROJECT, 1985- 2002 

Year 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

Rai I belt Region Mat-Su Borough and Cantwel I 

731 
984 

1258 
1788 Watana Construction 
2010 
2518 
2383 
1751 

136 
163 
312 
445 
499 
622 
581 
460 

746 270 
353 198 
103 135 
355 178 
770 Devil. Canyon Construction 246 

1078 301 
1166 317 
1079 295 
550 204 
125 123 



TABLE E.5.41: EMPLOYMENT IMPACTS IN THE REGION AND MAT-SU BOROUGH, 1985-2005 

Year 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Total Jobs 
Created in 

the Region 

1831 
2334 
3160 
4288 
4811 
6016 
5635 
4251 
2115 
1298 
749 

1302 
2165 
2823 
3010 
2721 
1595 

446 
170 
170 
170 

Forecast of 
Jobs for 
the Reqion: 

(a) 
Base Case 

179,636 
194,212 
200,610 
200,912 
202,596 
200, 111 
202,128 
202,846 
205,872 
208,791 
212,050 
216,576 
221,561 
226, 54 7 
232,311 
237,812 
243,344 
249,007 
254,808 
260,749 
266, 835 

Reqional Jobs 
Created as 
a Percent of 
Total Base Case 

Reqional Jobs 

1% 
1% 
2% 
2% 
3% 
3% 
3% 
2% 
1% 
1% 
1% 
1% 
u 
1% 
1% 
1% 
1% 
Neg I i q ible 
Neq I lq ible 
Neqliqlble 
Neq I iq lble 

Total Jobs 
Createrl In 
the Mat-Su 

(a l 
Borough 

1162 
1434 
2123 
2830 
3173 
3966 
3682 
2813 
1499 
1005 
663 

1007 
1523 
1926 
2041 
1818 
1134 

133 
170 
170 
170 

Forecast of 
Jobs in the 
Mat-S u Borouqh: 

Base Case 

5442 
5975 
6373 
6641 
6858 
6914 
7135 
7296 
7550 
7806 
8076 
8403 
8755 
9107 
9505 
9897 

10308 
10733 
11176 
11636 
12116 

(a) Created as a direct or Indirect result of the Susitna Project. 

Source: Forecasts by Frank Orth & Associates, Inc. 

Borouqh Jobs 
Created as 
a Percent of 
Total Base Case 

Borough Jobs 

21% 
24% 
33% 
43~ 

46~ 

57% 
52% 
39% 
20% 
13% 
8% 

12% 
17% 
21% 
21% 
18% 
11% 

31 
2% 
1% 
u 

J .J 
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TABLE E.5.42: MAT-SU BOROUGH SERVICE AREAS REVENUE FORECASTS 

($ mi II ion) 

Without the With the 
Year Pro,ject Project 'f, Impact 

1981 1. 5 '1. 5 

1985 1. 7 1. 8 6. 0 - 19~ 2.7 3.4 25.9 

1994 3.1 3. 9 25.8 

1999 3. 7 4. 7 27.0 

2002 4.2 5.2 23.8 

Source: Frank Orth & Associates, Inc. 1982 

-
-



TABLE E.5.43: MAT-SU BOROUGH BUDGET FORECASTS 

(In millions of 1982 dollars) 

GENERAL FUNDS SERVICE AREAS FUNDS LAND MANAGEMENT FUNDS SCHOOL DISTRICT FUNDS 

Without the . With the 'f, Without the With the 'f, Without the With the 'f, Without the With the 'f, 
Project Project lmeact Pro,ject Pro,ject lmeact Project Pro,ject I meact Project Project I m(!act 

Revenues: 

1981 15.7 15.7 1. 5 1.5 0.9 0.9 24.6 24.6 
1985 19.5 19.7 1.0 1.7 1.8 6.0 1.3 1.3 35.5 35.6 0.3 
1990 28.0 29.0 3.6 2.7 3.4 25.9 1.9 2.0 5.3 50.3 53.4 6.2 
1994 33.1 33.8 2.1 3.1 3.9 25.8 2.3 2.3 62.1 64.6 4.0 
1999 41.0 41.9 2.2 3.7 4.7 27.0 2.9 3.0 3.4 80.9 83.5 3.2 
2002 46.5 47.4 1.9 4.2 5.2 23.8 3.3 3.4 3.0 93.4 95.1 1.8 

Expenditures: 

1981 17.2 17.2 4.4 4.5 1. 1 I. 1 27.1 27.1 
1985 24.1 24.2 0.4 6.4 6.5 1.6 1.6 1.6 41.3 41.5 0.5 
1990 33.1 34.2 3.3 9.4 9.6 2.1 2.2 2.2 61. 1 65.1 6.5 
1994 40.1 40.8 1.7 11.7 11.9 1.7 2.7 2.7 76.1 79.5 4.5 
1999 51.2 51.9 1.4 15.9 16.1 1.3 3.4 3.5 2.9 100.3 103.8 3.8 
2002 58.8 59.4 1.0 19.2 19.3 0.5 3.9 4.0 2.6 116.4 118.6 1.9 

Source: Frank Orth & Associates, Inc. 1982 

J J 



TABLE E.5.44: MAT-SU BOROUGH SCHOOL-AGE CHILDREN FORECASTS 

-
Baseline Project Associated Tota I Schoo I Age 

Year Pro,jectlon School Po2ulatlon Po2ulatlon 

At Onslte In the General 
VIllage Po2ulatlon 

1990 1 o, 011 300 359 10,670 
I"'" 1994 12,4 77 300 249 13,026 

1999 16,452 300 277 17,029 

!"'" 2002 19,074 150 223 19,477 

Source: Projections by Frank Orth & Associates, Inc. 

-



TABLE E.5.45: UPPER COOK INLET ANNUAL COMMERCIAL CATCH AND VALUE(a) 

Ten Year 
Annt~a I Average Spec1es 
1973 - 1982 Chinook Sockeye Coho Pink 

Average Annual Catch 
(no. of fish) 11,794 1,537,853 296,784 750,650 

Average Annual Catch 
(no of pounds) 348,136 9,173,314 1,509, 155 2,836,288 

Average Annual 
Ex-vessel Value $449,844 $10,717,244 $1,316,878 $968,993 

(a) Upper Cook In let Includes catch from the Northern and Central 
Districts. Value ls In 1982 dollars. 

Chum 

760,4fi8 

4,940,850 

$3,145,970 

Source: Calculated by frank Orth & Associates, Inc., February 1983. The Alaska 
Department of Fish and Game provided cat~h statistics from fts current 
October 1982 IBM f I I es and from the December reports to the Board of 
Fisheries. Average size per fish was provided by the Soldotna office 
of AOF&G (October 1982). Cook Inlet ex-vessel price data was obtained 
from the Alaska Commercial Fisheries ~ntry Commission. 

-

-
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1975 

1976 

1977 

1978 

1979 

1980 

1981 

(a} 

' TABLE E.5.46: COOK INLET COMMERCIAL SALI.()N PERMIT USE 

DRIFT GILLNET SET GILLNET 

Permanent Permanent< a> 
Permits Used Permits In Effect Permits Used Permits In Effect 

438 453 530 657 

472 5T4 521 712 

501 539 524 737 

537 549 581 742 

556 554 581 744 

513 554 571 744 

576 554 585 744 

Permanent permits In effect Include both revenued and non-revenued 
permits. Discrepancies reflect Interim use permits utilized In the 
fishery. Data tor 1980 and 1981 are preliminary. There are cases 
pending which may alter permit numbers In the future. 

Source: Commercial Fisheries Entry Commission 



TABLE E.5.47: ESTIMATED POTENTIAL LOSSES TO THE UPPER COOK INLET 
COMMERCIAL FISHERY -CASE 1 

Estimated Escapement 
Above T a I keetna Estimated Potential Loss 

(Numbers of FIsh )(a) (In 1982 $) (b) 

1981 1982 1981 1982 

Sockeye 4,809 3,126 117,724 70,147 

Pink 2,335 73,057 12,813 200,439 

Chum 20,835 49,197 214,517 467,568 

Coho 3,306 5, 143 37,428 45,598 

(a) 

(b) 

Potential losses are estimated using the 1981 and 1982 e~apement levels 
above Talkeetna. 

Potential losses are estimated under a number of assumptions, described In 
the text, which may or may not be valid. One Important assumption is a worst 
case-post project loss of 100 percent above Talkeetna. Harvest to escapement 
ratios developed by Freise (1975) were used. These are: chums 2.2 to 1; 
sockeye 3.0 to l; pinks 3.8 to 1; and coho 2.2 to 1. 1981 and 1982 Cook 
Inlet ex-vessel salmon prices were used to calculate dollar loss. 

Source: Calculated by FO&A, Inc. February 1983. 

~I 
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TABLE E.5.48: ESTIMATED POTENTIAL LOSSES TO THE UPPER COOK INLET 

COMMERCIAL FISHERY - CASE 2 

Estimated Salmon 
Uti I lzing Slough (b) 

(a) Estimated Potential Loss 
Habitat for Spawn I ng (I n do II ars) 

1981 1982 1981 1982 

Sockeye 2,315 1,402 56,671 31,461 

Pink 28 735 153 2,017 

Chum 3,526 3,674 36,303 34,918 

(a) 

(b) 

Estimated from approximately 20 sloughs from Talkeetna to Devil Canyon (see 
Section 2.2.1(a)). 

Based on the assumption of 100 percent loss of salmon utilizing the sloughs 
for spawning. Harvest to escapement ratios developed by Freise (1975) were 
used in calculations, along with 1981 and 1982 ex-vessel salmon prices for 
Cook In let. 

Source: Calculated by Frank Orth & Associates, Inc. February 1983. 



TABLE E.5.49: SPORT FISH CATCH FOR MAJOR SPECIES IN THE EAST SUSITNA 
DRAINAGE -WEST COOK INLET -WEST SUSITNA DRAINAGE 

1981 1980 1979 
Species Catch Catch Catch -Chinook 7,136 7,552 7,164 

Coho 13,386 23,137 10,671 

Sockeye 2,289 1,984 2,577 

Pinks a, 793 57,284 13,107 

Chums 4,466 5,043 4,945 -
Rainbow 21,843 20,060 23,081 -Dolly Varden/Arctic Char 5,835 5,771 9,136 

Arctic Gray I ing 17,110 20,206 19,578 -Total Angler Days 97,189 139,429 128,596 

-
Source: Michael J. Mi lis Statewide Harvest Survey ADF&3 various years. 

-

-
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TABLE E.5.50: UPPER COOK INLET SUBSISTENCE SALMON CATCH(a) 
<Catch in Number of Fish> 

No. of 
Chinook Sockeye Coho Pink Chum Total Permits 

1969 0 1, 509· 1,259 30 94 5,892 330 
1970 3 1,206 2, 192 295 139 3,832 335 
1971(b) 0 7 148 0 0 155 37 
1972 0 4 55 27 15 101 30 
1973 0 35 332 12 37 416 123 
1974 1 14 291 17 2 325 109 
1975 1 4 659 8 92 764 114 
1976 0 21 567 113 13 714 111 
1977 2 13 327 3 14 359 83 
1978 5 42 3,529 128 31 3,735 323 
1979 158 5,564 3,570 359 272 9,923 1, 161 
1980 <c) 2,268 5,459 3,912 4,842 492 16,973 1,396 

1981 (e) 2, 072 587 11,7 52 93 237 14,741 1, 178 

(a) 

(b) 

(c) 

(d) 

(e) 

{f) 

Includes the Central District and Northern District. 

Knik Arm closed to subsistence fishing. 

Household permits were issued starting in 1980, whereas individual 
permits were issued prior to 1980. 

Includes 85 permits issued for special openings of the Central 
District and 65 permits issued for the special king salmon fishery 
at Tyonek. 

Pre I imi nary data. 

There were 1,108 non-commercial set net permits issued in the Central 
District. The Tyonek fishery, with 70 permits, was the only subsistence 
fishery allowed in the Northern District in 1981. 

Source: Alaska Department of Fish and Game, Soldotna Regional Office, 
May 1982 • 



TABLE E.5.51: MOOSE HARVEST AND HUNTING PRESSURE IN GMU 13 

YEAR HUNTERS HARVEST 

1970 3,534 1,391 

1971 4,881 1,814 

1972 3, 199 712 

1973 2,513 618 

1974 2, 770 794 

1975 2,978 715 

1976 3,122 732 

1977 2,299 698 

1978 3,034 863 

1979 2,377 848 

1980 2, 859 557 

1981 3,105 794 

Source: Alaska Department of Fish and Game, Division of Game, March 1980. 
Annual Report of Survey Inventory Activities, Part I I and other ADF&G 
files. 

-
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TABLE E.5.52: TRAPPER EXPORTS AND DEALER PURCHASES OF FURBEARER 

PELTS IN GAME MANAGEMENT UNIT 13 2 1977 - 1980 

i 

TRAPPER EXPORTS 

1977 1978 1979 1980 

Species - Beaver 47 24 51 48 

Mink 56 105 140 163 

Muskrat 525 762 632 473 

Marten 61 119 194 102 

Otter 3 2 10 10 

White fox 2 0 11 

Other fox 146 302 192 207 

Weasel 3 38 29 2 

Lynx 78 60 42 53 

Number of Trappers 40 57 62 39 

- Source: Alaska Department of Fish and Game data for Game Management Unit 13. 
I 



-

~ 
I 

I""' 
I 

I 

-
-
-
-I 

I""" 

I 

ALASKA 

GULF OF ALASKA 

SOCIOECONOMIC IMPACT AREAS 

LEGEND 

n::::r:tr:::~ LOCAL IMPACT AREA 

~ REGIONAL IMPACT 
t;,;~ AREA 

D STATEWIDE IMPACT 
AREA (STATE OF 
ALASKA) 

FIGURE E.5.1 



-· 

-

~ 

-
!"""' 

~ 

-

-

-

-
-
-

3500 

Q 3000 
&&.1 
>-
9 2500 
a. 
:E 
1&.1 2000 
~ 
0 

tn 
II: 
1&.1 
ID 
2 
~ 

z 

1&.1 
..J 
a. 
0 
&&.1 
a. 

~ 

0 

tn 
0 
z 
C[ 
tn 
~ 

0 
:t: 
~ 

tn 
II: 
C[ 
..J 

6 
0 

~ 
0 

1500 

1000 

500 

1970 71 

20 

15 

10 

5 

1970 71 

10 
9 
8 
7 

6 
5 

EMPLOYMENT 

72 73 74 75 76 77 78 

POPULATION 

72 73 74 75 76 77 78 

PER CAPITA PERSONAL INCOME 

tn 
0 
z 

4 L..-..----
~ 
~ 

0 
:t: 
~ 

3 
2 

YEAR 
79 80 

YEAR 
79 80 

YEAR 
1970 71 72 73 74 75 76 77 78 79 80 

EMPLOYMENT, POPULATION AND PER CAPITA 
PERSONAL INCOME tN THE MATANUSKA­

SUSITNA BOROUGH, 1970- 1980 
FIGURE E. 5. 2 



~~~ 

-
!""'' 

-
-I 

-

0 
LLI 
>-
0 
...J a.. 
::::E 
LLI 

IL. 
0 

en 
0 
z 
<( 
en 
:::::l 
0 
::c 
..... 

LLI 
...J 
a.. 
0 

125 

100 

75 

50 

25 

300 

~ 200 

IL. 
0 

en 
0 
z 100 
<( 
en 
:::::l 
0 

~ 

1970 71 

1970 71 

12 
II 

en 
10 a:: 

<( 
9 ...J 

...J 8 0 
0 7 
IL. 6 0 

en 5 
0 4 z 

3 <( 
en 
:::::l 2 
0 
::c 
..... 

1970 71 

EMPLOYMENT 

72 73 74 75 76 77 78 79 

POPULATION 

72 73 74 75 76 77 78 79 

PER CAPITA PERSONAL INCOME 

72 73 74 75 76 77 78 79 

YEARS 
80 

YEARS 
80 

80 YEARS 

EMPLDYMENT, POPULATION AND PER CAPITA 
PERSONAL INCOME IN THE RAILBELT REGION 

FIGURE E.5.3 
~------------------------------------------------·--------------------------~ 



~ 

!""' 
I 

,. ... 

-

EMPLOYMENT 
200 

0 
w 
>-

150 0 
_.J 

Cl... 
::E 
w 
[J_ 
0 100 
(f) 

0 
z 
<( 
(f) 
:::> 
0 50 
:I: 
1--

POPULATION 
450 

400 
w 
_.J 

Cl... 
0 350 w 
Cl... 

[J_ 300 0 

(f) 

0 
z 250 
<( 
(f) 
:::> 
0 

200 :I: 
1--

1970 71 72 73 74 75 76 77 78 79 80 YEARS 

PER CAPITA PERSONAL INCOME' 
12 
II 

(f) 10 
0::: 
<( 9 
_.J 
_.J 8 0 
0 7 
[J_ 6 
0 

5 
(f) 

4 0 
z 3 <( 
(f) 2 :::> 
0 
:I: 
1--

1970 71 72 73 74 75 76 77 18 79 80 
YEARS 

EMPLOYMENT, POPULATION AND PER CAPITA 
PERSONAL INCOME IN THE STATE OF ALASKA,I970-1980 

FIGURE E.5.4 



1 J .. 1 

3500 

3000 

fiJ 
2500 

1-z 
LLI :e 
~ 2000 ::l a 
LLI 
a:: 

LLI 
(.) 
a:: 1500 0 
IL. 

~ 
a:: 
0 
~ tbbo 

500 

' 83 84 85 86 87 88 89 90 91 92 93 94 95 96 9'7 98 99 2000 01 02 b3 04 05 
YEAR 

ON- SITE CONSTRUCTION AND OPERATION WORK FORCE REQUIREMENTS 

FIGURE E.5 .5 



-



-

-

-

-
-

-

ALEUTIAN ISLANDS 

ALASKA GAME MANAGEMENT UNITS 

SOURCE:-MODIFIED FROM AOFSG,ANNUAL REPORT 
OF SURVEY -INVENTORY ACTIVITIES 1980 FIGURE E.5.7 



-· 

r 
I 

-

\ 
\ 
\ 
) 
I 
\ --""" 

/ 

, --
130 

GAME MANAGEMENT UNITS 
tN THE VICINITY OF THE PROJECT 

12 

FIGURE E.5.8 



l 

SOURCE MODIFIED FROM ADFaG, 1982; 
81G GAME STUDIES VOLUME Ill 

-] . ., J ] 

BIG GAME IMPACT 
STUDY AREA- 1980 STUDIES 

LAKE 
LOUfSE 

FIGURE E.5.9 



] l J 

_,..-. ......._ 
. ·..__.r·~. /_./ \ 

i 
( 

~~~~1Ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii:l20 MILES SCALE c:: 

MOOSE STUDY AREA -1955 THROUGH 1980 
SOURCE:AOOPTED FROM ADF a G 1982, BIG GAME STUDIES VOLUME JII: 

l. 
"'\ 

\ 
~ ·-. 
c-~ 

('""". 
~ ...... \---

\ 
...-) 

l 

FIGURE E.5.10 



-
-
-

-I 

.... 

.... 

APPENDIX E5A 

Elaboration on Approach, Assumptions and Methods 



-

APPENDIX 5.A 

. ELABORATION ON APPROACH, ASSUMPTIONS, AND METHODS 

This appendix is intended to provide (a) an overview of the approach to 
conducting the impact assessment; (b) an overview of the impact 
(accounting) model; and {c) an elaboration of several assumptions made 
in Section 3.3. Further information can be found in Sections 5, 10, 
and other sections of Frank Orth & Associates (1982). 
(a) Approach 

{b) 

After the impact areas were defined, and as a precursor to making 
base case forecasts, recent and current socioeconomic conditions 
were analyzed. These included employment, population, income, 
housing, public facilities and services, local governments 1 bud­
gets, land use, and other socioeconomic elements. Base case 
forecasts were then made for selected socioeconomic elements. A 
brief description of the forecasting techniques used is provided 
in Table 5.A.l. Forecasts were made for the years 1983-2005. 

Next, impact forecasts were made. An 11 accounting model 11 was 
developed to handle the several 1 abor categories and geographic 
disaggregations. This model was computerized to provide for effi­
cient analysis and to make sensitivity analysis feasible. Tech­
niques used for the impact forecasts are shown in Table 5. A. 2. 
Forecasts were made for 1983-2005. 

Base case and impact forecasts were compared and contrasted to 
identify project-induced changes in the base case. Next, the 
significance of these changes was analyzed and discussed. 

Impact Mode 1 

A model was developed that could take into account settlement and 
travel i ngjcommuti ng patterns of construction workers. It was 
specified to allow for in-migration and out-migration cif workers 
and their dependents. These elements were emphasized because they 
will be the source of most of the project-induced changes. 

The model was computerized to make calculations more quickly and 
to allow for sensitivity analysis. There are likely to be some 
changes before construction begins in 1985, and it will be helpful 
to be able to quickly and efficiently determine the socioeconomic 
implications of these changes. 

E5A-1 

·--·--------· 



TABLE 5.A.1: BASELINE FORECASTING TECHNIQUES 

ELEMENT FORECASTING TECHNIQUE 

EMPLOYMENT 
State and Regional 
Census Division 

POPULATION 
State and Regional 
Census Division 
Community 

INCOME 
State, Regional, and Census Division 

HOUSING 
Regional and Census Division 

FACILITIES AND SERVICES 
Census Division and Community 

FISCAL 
Census Division and Community 

(a) 

(a) 
Time-series econometric 
Linear regression 

(a) 
Time-series econometric 
Linear regression 
Population Share (judgmental) 

Trend analysis and judgment 

Person per household trend 
multiplier 

Per capita planning standards 

Per capita multiplier 

Includes results from Institute of Social and Economic Research 1 S Man-in-the­
Arctic Model, October, 1981. 

E5A-2 
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TABLE 5.A.2: IMPACT FORECASTING TECHNIQUES 

ELEMENT 

EMPLOYMENT 
State, Regional, and Census Division 
State and Regional 

POPULATION 
State, Regional, and Census Division 
State and Regional 

INCOME 
State, Regional, and Census Division 

HOUSING 
Regional and Census Division 

FACILITIES AND SERVICES 
Census Division and Community 

FISCAL 
Census Division and Community 

(a) 

FORECASTING TECHNIQUE 

Accounting model 
Time-series econometric (for 

comparison purposes only)(a) 

Accounting model 
Time-series econometric (for 

comparison purposes only)(a) 

Accounting model 

Person per household trend 
multiplier 

Per capita planning standards 

Per capita multiplier 

Includes results from Institute of Social and Economic Research's Man-in-the­
Arctic Mode 1 , October, 1981. 
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APPENDIX 5.B 

PUBLIC FACILITIES AND SERVICES 

This appendix provides additional explanation of the methodology used 
to project impacts of the project on public faciliti.es and services. 
The general approach to forecasting public facility and service 
requirements during 1985-2005 was (1) to develop appropriate standards 
for each service category and for each relevant community that relate 
service and facility requirements to the size of population; (2) to 
assess the adequacy of existing facilities and services and to quantify 
any over- or under-capacity using these standards; and (3) to estimate 
future needs based on the application of these standards to the 
population growth forecasts with and without the Susitna project. 

(a) Types of Standards 

Standards can ·be divided into two categories--average and pre-
. scriptive. Average standards are based on recent data on existing 
service levels on a per capita basis for a given area. Average 
standards may be based on national, regional, state, or local 
averages or on averages for a given type or size of community; 
their distinguishing feature is that they are based on an average 
of what currently exists. For some service types, there exist 
prescriptive standards that are set by relevant agencies or asso­
ciations. These standards often vary by size, type, and community 
and may be of a voluntary or mandatory nature. For instance, a 
state government may require certain standards for health care and 
education; standards for fire protection based on insurance tables 
may be used widely. 

A mix of average and prescriptive standards has been used in this 
analysis. The objective has been to provide detailed measures of 
adequate service levels for those services which the local govern­
ments now provide, while keeping under consideration the resource 
constraints that communities face. Local preferences, based upon 
conversations with local, state and borough officials, have been 
taken into account. 

For some fa ell it i es and services, the required 1 evel of service 
varies among communities, depending on factors such as the size of 
the community and the type of community (urban, rural, or subur­
ban). 

In some cases, relevant standards may be based on variables other 
than population per se--for example, the number of dwellings or 
the number of school-age children. These variables are related to 
population levels, but the actual ratios may change over time. 
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Service categories such as education and 
cia lly sensitive to demographic changes. 
casts of demographic changes have been 
analysis. 

health care are espe­
Where possible, fore­

incorporated into the 

Due to the many factors that influence the needs for public faci­
lities and services, the uniqueness of each community, and the 
s ubj ecti vi ty in deciding adequate service 1 evel s, the standards 
1 i sted bel ow should not be considered absolutes but rather as 
general indicators. A summary of the standards used is displayed -
in Table E.5B.l. In the sections below, specific considerations 
relating to the choice of standards are discussed. 

(b) Water Supply 

Water systems comprise three components--the supply source, the 
treatment facility, and the pipe di stri but ion network. The most 
widely used standards for water service are the average and peak 
water consumption per capita, in terms of gallons per day (gpd). 
Facility standards sometim~s include pipe length per thousand 
dwellings, and treatment capacity. 

The standards are relevant only for communities that have or are 
expected to develop water systems. Only two communities in the 
local impact area, Palmer and Wasilla, have citywide water supply 
systems. Other residents, including inhabitants of the communi­
ties that will be most affected by the project, rely on individual 
wells or 11 Community 11 systems that serve a particular subdivision, 
trailer park or other small areas. 

An average per capita water consumption standard of 120 gpd (456 
liters per day) in 1981 rising to 150 gpd (570 1 iters per day) by 
the year 2000 was used. The city of Pal mer currently has an 
average per capita water usage rate of 120 gpd (456 1 iters per 
day}, and this relatively low usage may be attributed to the small 
amount of industry in the area. It is expected that future growth 
will include an increase in business activity and, hence, a rise 
in per capita water consumption. 

(c) Sewage Treatment 

The amount of sewage generated is a function of the amount of 
water that is used daily. It has been estimated that an average 
of 65 percent of total water supplied becomes sewage, or 100 gpd 
(380 liters per day) per capita, with the remainder used for mis­
cellaneous purposes such as watering 1 awns and gardens, fi refight­
ing and generating steam (Stenehjem and Metzger 1980). This stan­
dard may not be as appropriate for application to rural communi­
ties. Sewage treatment in Palmer is currently equal to 100 per­
cent of average water usage, or 120 gpd ( 456 1 iters per day) per 
capita. For the purposes of projections of impacts, a constant 
standard of 120 gpd (456 liters per day) has been used for Palmer, 
the only community with a sewage treatment system in the Mat-Su 
Borough. 
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Solid Waste Disposal 

Solid waste can be disposed through incineration or sanitary land­
fill disposal; sanitary landfill has become the prevalent mode. 
Facility requirements for solid waste disposal can be measured in 
terms of the amount of land needed per capita on an annual basis. 
Published standards range from 0. 2 to 0. 3 acre (0. 08 to 0.12 ha) 
per thousand people, depending on assumptions of pounds of waste 
per capita, depth of the site, and the rate of compression of the 
waste. 

A lower standard of 0.11 acre (0.04 ha) per thousand population 
has been ass4med initially for the l~at-Su Borough, based on the 
premises that waste production per capita is much 1 ower and the 
fill depth of the central landfills is twice as high as national 
averages. This standard is calculated to rise to 0.21 acre (0.08 
ha) by 2000 and held constant at this level between 2001 and 
2005. 

Education 

The major determinant of the requirement for educational facili­
ties and services is the number of school-age children per capita, 
modified to take into account private school attendance. Two 
different methodo 1 ogi es were used to estimate the number of 
school-age children associated with the (1) base case population 
and (2) in-migrant population associated with the Susitna pro­
ject. 

Under the base case for the Mat-Su Borough, the standards that the 
school district uses for planning were used in this study as well. 
Short-term planning through 1987 uses an estimate of 22.8 percent. 
For long-range planning purposes, an estimate of 25 percent is 
used. For the purposes of this study, the ratio is assumed to 
rise gradually from 22.8 percent in 1987 to 25 percent in 2000 and 
then hold constant at that 1 evel through 2005. In Cantwell, the 
present 18 percent level was assumed to remain constant over time 
in the base case. 

The number of school-age children accompanying workers on the pro­
ject has been estimated using a ratio that was calculated through 
surveys of other large projects of 0.89 school children per in­
migrant worker accompanied by dependents. The number of school­
age children associated with the in-migrant secondary population 
was calculated on the same basis as base case school-age chi 1-
dren. 

A major service standard for education relates the number of 
school-age children to the number of classes and teachers. Local 
preferences have been used as standards in this case. In the 
Mat-Su Borough school district, planning standards include an 
optimum of 25 students per class for primary schools and 20-22 for 

E5B-3 



secondary schools. In addition, Mat-Su Borough statistics show 
that teachers comprise about 50 per cent of total school district 
personne 1 requirements. In Cant we 11 , the Rail belt School 
District•s planning standard teacher-student ratio of 15:1 was 
used. 

Requirements for class room space can be measured in terms of num­
ber of classrooms or, alternatively, the number of square feet per 
pupil (90 square feet(8 square meters) for primary school students 
and 150 square feet (14 square meters) for secondary school stu­
dents]. For the purposes of this study, space required has been 
projected in numbers of classrooms. 

It is assumed that the present ratios of primary school students 
(54 percent of total) and secondary school students (46 percent of 
total) will remain constant. It is beyond the scope of this 
analysis to forecast changes in distr·ibution by school and by 
grade. 

(f) Health Care 

Standards for acute public health care focus on the capability of 
hospital facilities and staff to accommodate the expected number 
of patients without bui 1 ding overcapacity that wi 11 then add to 
hospital costs. While rule-of-thumb bed multipliers of between 
2.1 and 5.8 beds per 1000 population are often used, it has become 
appropriate to base the number of beds on a measure of the long­
term average daily census of patients using the hospital divided 
by the desirable occupancy rate. In Alaska, the recommended 
occupancy rates are 80 percent for urban hospitals and 55 percent 
for rural hospitals. The formulas used are: 

Acute Care Patient Days at ~ Borough :: Hospital Use Rate 
Valley Hospital Plus Days Population 
at Alaska and Providence 
for Borough Residents 

Hospital Use Rate X Estimated ~ 365 Days Projected Average 
For Borough Residents Borough in Year Da i 1 y Ce n s us 

Population (PADC) 

Projected Average X Propor- ... Minimum = Valley Hospital 
Daily Census tion of Occupancy Acute Care Bed 

Bed Need for Rural Need 
Met at Hospital 
Valley Hos. (55%) 

A significant aspect of the hospital system in Alaska deserves 
note. The Municipality of Anchorage has developed a comprehensive 
acute and long-term health care system that provides the main 
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medical care for the residents of south-central Alaska, as well as 
other areas of the state. A large percentage of people living in 
areas such as the Mat-Su Borough, as well as "Cantwell, presently 
elect to use hospitals in Anchorage over the hospital in Palmer 
because of the larger number of doctors (especially specialists) 
and the more modern facilities. However, the percentage of 
patients that use the Valley Hospital in Palmer has been rising 
rapidly in recent years, and this trend is expected to be accele­
rated by the planned addition to and renovation of this hospital, 
as well as the possible addition of certain medical specialists to 
the staff. It is assumed that the usage of Valley Hospital, as a 
percentage of total Alaskan hospital use by Mat-Su Borough resi­
dents, will rise from 38 percent in 1980 to 75 percent in 2000 and 
remain constant at that level through 2005. 

Age and sex distributions of the population are important deter­
minants of hospital use. For the purposes of this study, demo­
graphic factors have been assumed to remain constant. 

Law Enforcement 

Police service standards range from one officer per thousand popu­
lation in unincorporated rural areas to 1.5 officers per thousand 
population in small communities and 2 officers per thousand in 
moderately large cities. For rural parts of the local impact 
area, a standard of 1.0 officer per thousand was applied to the 
population projections. For the southern part of the Mat-Su 
Borough (outside Palmer, which has its own police force), a 
standard of 1.5 officers per thousand population was used; it is 
anticipated that the growing suburbanization of the borough will 
soon justify use of the increased standard. 

Alaska State Troopers judge the relative adequacy of their staffs 
in terms of the average case load (i.e. number of crimes) that 
each officer is charged with investigating. Six cases per trooper 
is considered average, and eight' is considered the level at which 
additional staff is needed. Currently, there is about one officer 
per thousand population in the borough. 

Fire Protection 

The major variables that are used to judge the fire protection are 
(1) the available flow of water, (2) the frequency of response, 
and (3) the manpower needed. 

There are several standards that re1ate these variables to popu­
lation size in the literature. Water flow, response time or ser­
vice radii, and the equipment capacity are of particular use. It 
is common in communities of less than 7,000 to rely on volunteer 
firefighters, and thus, standards for manpower are not applicable 
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to the communities under study. 

Fire protection planning in Alaska, as in many other states, often 
takes the form of trying to achieve a certain fire rating as mea­
sured by the Insurance Service Organization (ISO). The ISO is a 
national organization that rates fire protection on a scale frrnn 1 
(best) to 10 (worst); fire insurance rates closely reflect these 
ratings. 

Communities without a community water system can at best achieve 
an ISO rating of 8 (which is the objective that the Mat-Su Borough 
presently hopes to achieve for its most populous fire districts). 
The requirements, to achieve a rating of 8 are: that dwelling 
class property be within five road miles of a fire station (on 
roads that are in good condition) and that the fire department has 
demonstrated its ability to deliver 200 gallons per minute (gpm) 
(757 liters per minute) for a period of 20 minutes without inter­
ruption. The latter requirement implies a need for a capacity of 
4000 gallons (15,140 liters) of water "on wheels." 

(i) Recreation 

Projected requirements for recreation facilities, in tenns of 
acreage for playgrounds, neighborhood parks, and community parks, 
were calculated by applying national standards for rural areas. 
Standards for playgrounds and neighborhood parks are most appli­
cable to the cities of Palmer, Wasilla, and Houston, whereas com­
munity parks are planned for larger areas, and the standard per­
taining to this category is most relevant to Mat-Su Borough as a 
whole. 
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TABLE 5oBo1: SUMMARY OF PUBLIC FACILITY AND SERVICE STANDARDS 

FOR SELECTED COMMUNITES IN THE LOCAL IMPACT AREA 

Total 
Trapper Mat-Su 

Palmer Wasi I Ia Houston ,..... Creek Talkeetna Borough Cantwell 

Water SU(!(!IY: 

Average Water Supply & 120-150 120-150 - Treatment (gpd per 
capita) 

Sewage Treatment 

Sewage Treatment 150 
(average gpd per capita) 

Solid Waste Dis(!osal 
~ 

Landfill Requirements o11-o21 o11-o21 0 11-o21 o11-o21 0 11-o21 0 11-o21 0 11-o21 
(acres per 1,000 
population) 

~""" Education 

Maximum Primary 31 31 31 31 31 15 
School-Age Children .... to Teacher Ratio 

Maximum Secondary 35 35 35 15 
School-Age Children 

.... To Teacher Ratio 

Teacher to Support 8:1 8:1 8:1 8:1 8:1 8:1 
Staff Ratio 

Health Care 

Des I red Hosp Ita I Bed 55% 
Occupancy Rate 

Law Enforcement 

Police Officers 1o5 
' 

1o0 1o0 

"""" (officers per thousand 
population) 

Parks and Recreation 
r-

Playgrounds (acres per 3o9 3o9 3o9 
1000 dwelling units) 

- Neighborhood Parks 3o3 3o3 3o3 
(acres per thousand 
dwelling units) 

Community Park 4o8 
I""'" (acres per thousand 

dwelling units) 
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APPENDIX 5.C 

ASSUMPTIONS, METHODOLOGY, AND RATIONALE FOR FISCAL PROJECTIONS 

Introduction 

The fiscal impact analysis was performed to project impacts of popula­
tion change on local government revenues and expenditures. The per 
capita multiplier fiscal impact method was used to supply average cost 
data per person, per pupil, and per household where applicable. The 
analysis assumes that current average costs are a good approximation of 
the real costs to provide services to future residents, and current per 
capita revenues or their relative proportions will remain constant in 
the future unless stated otherwise. The results of this analysis, 
however, should be treated as trend indicators and not predictions of 
actual experience. Projections are provided for the period 1981-2002. 

The methodology described was used for both the Base Case and also for 
making the impacts analysis. This Appendix concludes with a listing of 
some assumptions which were used for the impacts assessment but not for 
the baseline. 

(a) 

(b) 

Data Base 

The analysis relies heavily on secondary data sources including 
actual 1981 expenditures and revenues from FY 1981-82 budgets, 
budgets for previous years, and estimates of revenues and expendi­
tures anticipated in FY 1982/83 budgets. Capital Improvement 
Programs and plans were consulted and time series data were 
collected and analyzed where available. Some primary data were 
obtained during personal interviews with local government 
officials. 

Because the "current" fiscal conditions used were mostly for 1981, 
all the monitary per capita multipliers and other dollar quota­
tions given below are in 1981 real dollars. The analysis results, 
however, have been translated into January 1982 dollars using the 
Anchorage consumer price index series. This was done by applying 
a factor of 1.028 to the 1981 figures (i.e., the inflationary 
factor from June 1981 to January 1982). · 

Major Factors Affecting Fiscal Impact Analysis 

(i) Population Projections 

Baseline population projections were developed by Frank 
Orth & Associates, Inc. (1982). These projections were 
then used in the per capita multiplier fiscal impact 
method. 
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The anticipated population influx is assumed to be similar 
in composition to the current population in utilizing 
social services and facilities. 

(ii) Inflation 

The revenue and expenditure projections contained in the 
chapter are presented in current January 1982 dollars and 
represent real increases or decreases in spending, unless 
noted otherwise. 

(iii) Assessed Valuation 

Both real and personal property are used to calculate total 
assessable property for generating local property taxes. 

Projections are based on time series data between 1970 and 
1981. 

Projections consider both new additions to property tax 
rolls and increases in the value of existing property. 

(iv) Tax Rates 

Tax rates remain constant over time unless stated other­
wise. 

(v) Levels of Service 

The supply of services is assumed to remain at current 
levels (i.e., quantity and quality) with the exception of 
new or expanded service facilities described in current 
Capital Improvement Programs. 

Service area boundaries are assumed to remain constant 
throughout the projection period. 

The demand schedule for certain services may be different 
for the incoming population because of a life-style that is 
different from that of current residents. However, the 
limitations of a per capita multiplier fiscal impact method 
require the assumption that the current demand schedules 
for services remaiQ constant. 

(vi) Costs of Service 

There are some shortcomings of the per capita method. 

The per capita multiplier method does not take into account 
economies or diseconomies of scale or threshold effects of 
development. 
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It can be assumed that communities currently ex peri enci ng 
minimal excess service capacity wil 1 cause the analysis to 
overstate the incrementa 1 costs of deve 1 opment; conversely, 
cases of minimal deficient service capacity will result in 
an underestimate of the incremental costs of development. 

(vii) Revenue Sources 

(viii) 

Only the major sources of revenue are identified, and pro­
jections are computed from 1981 to 2002. The analysis does 
not attempt to identify all current sources of revenue, as 
many of these contribute relatively small amounts of the 
total revenues call ected. The projections should, 
therefore, be viewed as trend indicators of future revenue 
schedules and not as predictions of actual future 
receipts. 

The composition and relative proportions of revenue sources 
wi 11 remain constant, unless stated otherwise in the 1 i st 
of assumptions below. 

Public policies, regarding the allocation and distribution 
of revenues, wi 11 remain unchanged. 

Current surpluses or fund balances w"ill be projected over 
time. 

Regional Economic Changes 

There are many local, state, and national events that could 
affect economic trends in Alaska, in general, and in the 
Mat-Su Borough, in particular. These events would cause 
the rates of population and economic growth to increase, 
thereby altering many of the assumptions of this analysis. 
These include, but are not limited to: 

- The proposed capital move to Willow. 
assumes this will not ta1<e place; 

- Industrial development of Point MacKenzie; 

The analysis 

- Construction Df the Knik Arm crossing providing increase~ 
access to Anchorage from the Matanuska-Susitna Borough. 
It is assumed this will be open by 1989; 

- Development of minera~ resources; 

Development of addition a 1 agri cultur~l resources within 
the Mat-Su Valley and expansion of existing agricultural 
developments; and 

- Constructjon of the Trans-Alaska Gas Pipeline. 
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(c) Matanuska-Susitna Borough Fiscal Impact Assessment 

(i) General Assumptions 

Growth of the borough will be continuous and gradual as new 
developments are phased in over time. 

Relatively more growth will occur outside the incorporated 
communities, i.e., in the outlying areas between Butte and 
Wasilla. The outlying areas offer the preferred lifestyle; 
people seeking urban environments are not necessarily 
attracted to the incorporated communities. 

There are currently no building codes in the Mat-Su 
Borough, and none are anticipated in the foreseeable 
future. 

Individual wells and septic tanks are an acceptable method 
of obtaining fresh water and disposing of waste, respec­
tively. There will be no demand for a central water supply 
system and sewage collection and disposal system beyond 
those which currently exist within the borough. 

(ii) Revenue Sources 

Analysis assumes composition of revenues will remain with·in 
the following range based upon current proportions: 

General Fund 
Service Areas Fund 
Land Management Fund 
Education Operating Fund 

- General Fund-Revenues 

Current 
Proportion 

36% 
3% 
3% 

58% 

Projected 
Range 

1-41% 
2-4% 
2-4% 

57-67% 

Traditionally, six sources of revenue for the general 
fund may be identified. They include: (1) local proper­
ty taxes; (2) school debt service reimbursement from the 
state; (3) state-shared revenues; (4) municipal assist­
ance funds from the state; (5) federal revenue sharing; 
and {6) miscellaneous sources. The assumptions used 
regarding each of these sources are outlined below. 
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Municipal assistance funds average SB5.26 per cepita and 
represent approximately 15 percent of general fund 
revenues for FY81/82. This is assumed to remain 
unchanged. 

Federal Revenue Sharing is $24.00 per capita and is as­
sumed to remain constant in current dollars. 

Miscellaneous sources of revenue, including interest on 
earnings and recovery of wages and fringe benefits, ac­
count for approximately B percent of total general fund 
revenues. 

Currently, no local taxes are raised for capital projects 
because of the availability of state funding from 
petroleum revenues. This situation is assumed to 
continue, as petroleum revenues are anticipated to rise 
steadily, peaking in 1986 and falling off gradually 
thereafter (University of Alaska, ISER July 1978). 

Forecasts of actual bonded indebtedness cannot be made, 
since the bo~ough applies for state grants to cover the 
costs of capital improvements. Local shares can only be 
computed after the level of state funding is determined. 
Therefore, the estimates of bonded indebtedness used in 
the analysis were. based on an assumed ratio of 
indebtedness to total assessed valuation. 

The ratio of total bonded indebtedness to total assessed 
valuation is not anticipated to exceed 0.075. This ceil­
; ng was used to project total bonded indebtedness for 
purposes of computing school debt reimbursement from the 
state. 

Average annual total debt service requirement will not 
exceed $7,000,000, assuming the current level of general 
ob 1 i gat ion bonds is a good app roxi mat ion of future bond 
schedules and assuming a 10 percent annual average 
interest rate. 

The use of user charges for borough services is not anti­
cipated beyond the current ·user charge for ambulance ser­
vice. This charge will remain in effect. 

Revenues from the federal Payment in Lieu of Taxes 
(PILOT) program are not included in the analysis. The 
Matanuska-Susitna Borough budget estimated that federal 
PILOT for FYR2 would be -0- because of reduced federal 
funding. 
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- Service Areas Fund Revenues 

Baseline projections are provided for Service Areas Fund 
Revenues based on the following assumptions. 

The composition of revenue is assumed to remain con­
stant, as follows: 

• Property taxes ••••••••••••• 30 percent 
• State-shared revenues ••••••• 70 percent 

- The current local property tax mill rate of 0.5 for 
non-areawide services, including fire and road ser­
vices, is anticipated to remain constant until 1989 and 
change to 0.75 for the remainder of the projection 
period. 

- Land Management Fund Revenues 

Baseline projections are provided for Land Management 
Fund Revenues based on the following. 

- Revenues from the sale of private lands are not expec­
ted to increase in real terms unless the capital is 
moved to Willow. The analysis presumes that move will 
not be made; and 

-Current per capita revenues for this fund are $42.38. 

(iii) Expenditures 

Baseline projections are provided for the Mat-Su Borough 
expenditures based upon the following assumptions: 

- Real costs (January 1982 $) of services provided by 
borough will not change significantly until approximately 
1990 or 1995 when gradual increases in real terms wi 11 
begin to occur. 

- In general, it is assumed that current average per capita 
costs are a good approximation of future real costs 
(inflation not included). 

- The costs of services that are relatively capital­
intensive and utilize expensive machinery are assumed to 
increase in rea 1 terms. The increases wi 11 be a result 
of high interest rates in the early 1980s which could 
cause the cost of borrowing money to rise dramatically. 
These additional costs are built into the cost of capital 
equipment and thereby drive up the costs of service 
delivery. 
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Total general fund per capita cost $750 

- Service areas expenditures may be classified as ambulance 
service, sanitation landfill, the library, fire service, 
parks and recreation, and road maintenance and repair. 
Per capita costs used in the analysis are given below. 

Ambulance average per capita cost 
+ 5% 1986 - 1990 
+ 1% 1991 - 2005 

Sanitation -1 andfi 11 per cap ita cost 
+ 5% 1986 - 2005 

Library per capita cost 

Fire service per capita cost 
+ 5% 1986- 1995 
+ 1% 1996 - 2005 

Parks and recreation per capita cost 

Road maintenance and repair 

$ 30 

$ 16 

$ 32 

$ 35 

$ 50 

$2,500 
per mile 

- A real rate of increase in road maintenance costs of 10 
percent per year was assumed. A 10 percent annual 
increase appears reasonable based on the trend of 
previous expenditures on road maintenance, consideration 
of increased demand by new residents for adequate road 
maintenance, and discussions with local officials. For 
recent years, the annual increases in expenditure are as 
fallows: 

• 1980- 1981 increase in expenditures per mile 33.3 
percent 
1981- 1982 increase in expenditures per mile 25.0 
percent 

- Discussion with local officials revealed tremendous 
increase in demand for improved road maintenance of 
existing roads and maintenance expanded to rural roads 
currently not served by the borough. 

- The per capita t.and Management Program Administration 
cost was assumed to be $50. 

- Education - average per pupil expenditure, including both 
capital projects and administrative costs, is $5650 per 
pupil. 

-Formula for computing projected costs: average per 
capita cost x projected population or projected number of 
pupils. 
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(iv) Matanuska-Susitna Borough School District Budget 

- Revenues 

Baseline projections are provided for federal, state, and 
local sources of revenue based upon the following assump­
tions: 

- Composition of revenue assumed to remain within 3 percent 
of current proportions: 

State Sources 
Local Property Taxes 
Federal Sources 

• State Sources 

Current 

68% 
26% 

6% 

Future Range 

65-71% 
23- 29~~ 

3-9% 

The foundation program is the primary source of state 
funds for education. The formula used to determine the 
funding level is: 

Cost per instructional unit= unit cost x cost differ­
ential for the specific borough. 

Unit cost is assumed to remain $38,600 in real terms 
between 1981-1989; but will register a 5 percent 
increase in 1990 and remain constant at that level for 
the rest of the projection period. 

Time series data for 1978 to 1982 indicate the ratio of 
instructional units to average daily attendance to be 
'0.08. The school population projections are used as 
average daily attendance data together with this ratio 
in order to compute the number of instructional units. 

The cost differential for the.borough is 1.04. 

Total State Foundation Program Revenue = instruction 
unit cost x number of units. 

An additional component of state revenues comes from 
pupil transportation revenues. It is assumed that $450 
per pupil in real terms will be provided. Should costs 
of fuel increase, these will be offset by economies of 
scale as the borough continues to grow. 
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Total state revenues for education are a combination of 
state foundation program revenues and transportation 
revenues • 

• Local Property Taxes 

Local property tax share is the amount of areawide 
taxation that is transferred from the general fund as 
noted above. 

School taxes vary according to assessed valuation and 
total population and not according to the number of 
pupils. 

A mill rate of 6.0 mills per $1,000 assessed valuation 
is assumed to remain constant • 

• Federal Sources 

Federal sources currently provide $300.00 per pupil. 
This is assumed to remain constant over time as the 
district will continue to apply for federal grant 
monies. 

- Expenditures 

Baseline projections of expenditures on education are 
based on the following assumptions: 

- Average per pupil expenditure is $5650 in current 
dollars unti 1 1989 but will change to $5933 for the 
balance of the projection period. 

- The following relative proportions are assumed for the 
relative shares of individual cost categories: 

Regular Instruction 
Vocational Education 
Special Education 
Support Services 
Ope rat ion and Maintenance 
Pupil Transportation 
Other 

1985-2005 

30% 
2~~ 

10% 
18% 
18% 
10% 
12"~ 

1981-1984 

33% 
4% 
6% 

18% 
19% 

8% 
12% 

-The proportion of regular instruction and vocational 
education will be reduced from 1981 levels to reflect 
the increase in special education. PL 94142 requires 
that a school district provide whatever special 
educational services may be required by a pupil in that 
school district. 

E5C-9 



Passage of this law has resulted in tremendous increases 
in expenditures for special education. 

- Capital Improvements Program 

The 1980 Six-Year Capital Construction Plan is assumed to 
remain unchanged; however, annual requests to the legis­
lature for additional projects may be forthcoming. 

(d) Conditions Special to Impacts Analysis 

The baseline forecast provides all the necessary data to implement 
the impact forecasts for 1981-2002. The analysis assumes that 
current average costs are ~ good approximation of the real future 
costs of service, and current per capita revenues or their rela­
tive proportions will remain constant in the future, with or with­
out the project. The hydroelectric project will, therefore, not 
change real per capita costs or receipts, but will alter gross re­
venues and expenditures. 

Major factors affecting the fiscal baseline analysis are assuned 
to also affect the impact analysis. Impact forecasts were made 
for all budgets analyzed in the baseline forecast and followed the 
baseline methodology at all stages except where noted below. 

( i ) Matanuska-Susitna Borough Budget 
General Fund Revenues 

- Property Taxes 

Total assessed valuation was assumed to be proportional 
to population size as follows: 

- Per capita assessed valuation from the baseline 
forecast x the project scenario population data= total 
assessed valuation under the project conditions. Then, 
property taxes were computed to equal the product of 
total assessed valuation and the mill rate. 

- The rest of the 1 mpact forecasts were made with the 
same per capita assumptions as used in the baseline 
projections. 
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APPENDIX 5.D 

TRAFFIC VOLUME ASSUMPTIONS 

The following assumptions were made in generating Tables E.5.20 and 
E.5.21 which address projected traffic volumes on the Denali Highway 
and the project access road during peak years of construction: 

1. Unrestricted access for authorized, project-related personnel on 
the·access road (unauthorized traffic will be denied access). 

2. An onsite village will house up to 350 workers and their families, 
and these resident dependents (2 per family) will take excursions 
offsite once per week on the average. Additionally, they will 
travel two persons to a vehicle for a total of 100 one-way vehicle 
excursion trips per week on the project access road. 

3. At peak workforce, each of the 3,500 workers will travel on the 
access road an average of once every two weeks on excursion. Fur­
ther, they will travel two persons to a vehicle, for a total of 250 
one-way vehicle excursion trips per week on the project access 
road. · 

4. Ten percent of the 350 excursion vehicles (see 2. and 3. above) 
wi 11 reach and travel some distance. down and back the Dena 1 i 
Highway, creating an average daily traffic volume (ADT) of 35 vehi­
cles on the Denali Highway. 

5. About 300 workers will have dependent families and/or homes in the 
Cantwell area and commute once a week. to and from the site, each 
worker using one private vehicle. This commuting will generate an 
average 86 one-way trips per day on· the access road and Denali 
Highway west end. In a second case (see Case B bel ow) it was as­
sumed that workers would share rides, with 1.72 workers per vehi­
cle, thus reducing the ADT to 50. 

6. About 2500 workers will have permanent residences in areas of the 
region other than Cantwell and commute on an average of once every 
two weeks to and from the site. In one case (see Case A below), it 
was assumed that each worker will use his own vehicle. In a second 
case (see Case B below), it was assumed that workers would share 
rides, with 1.72 workers per vehicle. Case A generates an access 
road and Denali Highway ADT of 358, and Case Ban ADT of 208. 

7. All workers who do not have homes in the region (both out-of-state 
and Alaskan, but out of region) will be provided transportation jn 
and out of the site by air or bus. The number of these workers is 
sufficiently small (286) as not to constitute a significant traffic 
impact. 
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8. No alternative (to private vehicles) ground transportation program 
will be provided to commuters. 

9. Commuters will not be able to fly private airplanes into the 
site. 

10. Five vehicles carrying government and agency-related personnel 
will travel the Denali west end and access road round trip per 
day. 

11. Thirty-five heavy trucks will travel the Denali west end and 
access road round trip per day. 

12. Ten vehicles carrying project-support materials will travel the 
Denali west end and access road round trip per day. 

13. Workers are given one day off per week, and workers are assigned 
to shifts. so that one-seventh of the work force is off on any 
given day. 
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6 - GEOLOGICAL AND SOIL RESOURCES 

1 - INTRODUCTION 

The Devil Canyon and Watana damsites are located on the Susitna River 
within the Talkeetna Mountains in south-central Alaska. The geologic 
setting of the Ta "lkeetna Mountains and the Susti na River basin is in a 
tectonic mosaic of separate cant i nental structura 1 blocks and frag­
ments. The geo 1 ogy and soi 1 resources, stratigraphy, structure, and 
glacial history are described in this section as well as regional 
tectonics and seismic geology. Details of the geotechnical and seismic 
investigations conducted for the Susitna Hydroelectric Project are in­
cluded in the 1980-81 Geotechnical Report (Acres 1982a), 1982 Supple­
ment to the 1980-81 Geotechnical Re ort (Acres 1982b), Susitna Hydro­
electric Project Feasibility Report Acres 1982c), Interim Report on 
Seismic Studies for Susitna Hydroelectric Project (WCC 1980), and Final 
Report on Seismic Studies for Susitna Hydroelectric Project (WCC 1982). 
These documents stand as references to this chapter and should be con­
sulted as required to provide detailed discussions and supplemental 
information. 
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2 - BASELINE DESCRIPTION 

2.1 -Regional Geology 

2.1.1 - Stratigraphy 

The oldest rocks which outcrop in the region are a metamorphosed 
upper Paleozoic (Table E.6.1) rock sequence which trends north­
eastward along the eastern portion of the Susitna River basin 
(Figure E.6.1). These rocks consist chiefly of coarse to fine 
grained clastic flows and tuffs of basaltic to andesitic composi­
tion, locally containing marble interbeds. This system of rocks 
is uncomformably overlain by Triassic and Jurassic metavolcanic 
and sedimentary rocks. These rocks consist of a shallow marine 
sequence of metabasalt flows, interbedded with chert, argillite, 
marble, and volcaniclastic rocks. These are best expressed in 
the project area around Watana and Portage Creeks. The Paleozoic 
and lower Mesozoic rocks are intruded by Jurassic plutonic rocks 
composed chiefly of granodiorite and quartz diorite. The 
Jurassic age instrusive rocks form a batholithic complex of the 
Talkeetna Mountains. 

Thick turbidite sequences of argillite and graywackes were 
deposited during the Cretaceous. These deposits form the bedrock 
at the Devil Canyon site. These rocks were subsequently deformed 
and intruded by a series of Tertiary age plutonic rocks ranging 
in composition from granite to diorite and include related felsic 
and mafic volcanic extrusive rocks. The Watana site is underlain 
by one of these large plutonic bodies. These plutons were sub­
sequently intruded and overlain by felsic and mafic volcanics. 
Mafic volcanics, composed of andesite porphyry, occur downstream 
from the Watana site. 

2.1.2- Tectonic History 

At 1 east three major episodes of deformation are recognized for 
the project areas: 

-A period of intense metamorphism, plutonism, and uplift in the 
Jurassic; 

- A similar orogeny during the middle to late Cretaceous; and 

- A period of extensive uplift and denudation from the middle 
Tertiary to Quaternary. 

The first period (early to middle Jurassic) was the first major 
orogenic event in the Susitna River basin as it now exists. It 
was characterized by the intrusion of plutons and accompanied by 
crustal uplift and regional metamorphism. 
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2. 2 - Quaternary Ceology 

fvbst of the structural features in the region are the result of 
the Cretaceous orogeny associated with the accretion of north\\est 
drifting continental blocks into the North Prnerican plate. This 
plate convergence resulted in complex thrust faulting and folding 
which produced the pronounced northeast/ southwest str uc tur al 
grain across the region. The argillite and graywacke beds in the 
Devil Canyon area were isoclinally folded along north~~.est­

trending folds during this orogeny. The majority of the struc­
tural features, of which the Talkeetna Thrust fault is the most 
prominent in the Talkeetna f>buntains, are a consequence of this 
orogeny. The Talkeetna Thrust is postulated as representing an 
old suture zone, involving the thrusting of Paleozoic, Triassic 
and Jurassic rocks over the Cretaceous sedimentary rocks (WCC 
1980). Other compressional structures related to this orogeny 
are evident in the intense shear zones roughly parallel to and 
southeast of the Talkeetna Thrust. 

Tertiary deformations are evidenced by a complex system of nor­
mal, oblique slip, and high-angle reverse faults. The prominent 
tectonic features of this period bracket the basin area. The 
Denali fault, a right-lateral, strike-slip fault 40 to 43 miles 
north of the dcmsites on the Sustina River, exhibits evidence of 
fault displacement during Cenozoic time. The Castle MJuntain­
Caribou fault system, which borders the Talkeetna fvbuntains 
approximately 70 miles southeast of the sites, is a normal fault 
which has had fault displacement during the f-blocene. 

2.2- Quaternary Geology 

A period of cyclic climatic cooling during the Quaternary resulted in 
repeated glaciation of southern Alaska. Little information is avail­
able regarding the glacial history in the upper Susitna River basin. 
Unl·ike the north side of the Alaska Range, which is characterized by 
alpine type glaciation, the Susitna Basin experienced coalescing pied­
mont glaciers that originated from both the Alaska Range and the 
Talkeetna M:>untains which merged and filled the upper basin area. 

At least three periods of glaciation have been delineated for the 
region based on the glacial stratigraphy. During the most recent 
period (Late Wisconsinan), glaciers filled the adjoining lowland basins 
and spread onto the continental shelf (Figure E.6.2). Waning of the 
ice masses from the Alaska Range and Talkeetna J'vbuntains formed ice 
barriers which blocked the drainage of glacial meltwater and produced 
proglacial lakes. As a consequence of the repeated glaciation, the 
Susitna and Copper River basins are covered by varying 

Within the site region, the late Quaternary surfaces include those of 
Holocene and Pleistocene age (including the Wisconsinan and Illinoian 
stages). These surfaces range from a few years to approximately 
120,000 years before present. 
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2.3 - Mineral Resources 

These repeated gl aci at ions have contributed to the 1 and forms found 
within the project area. Terrain unit maps developed for the project 
area from aerial photo interpretation are presented in Appendix J of 
the 1980-81 Geotechnical Report (Acres 1982a), while detailed Quater­
nary maps of the regions are presented in Section 3 of Final Report on 
Seismic Studies for Susitna Hydroelectric Project (WCC 1982). 

2.3- Mineral Resources 

Mineral exploration and m1n1ng have been limited in the immediate pro­
ject area. Typical of the mining done on the upper Susitna River basin 
since 1930 is a low density of claims characterized by intermittent 
activity. Although mining has played an active roll in portions of the 
Susitna River basin, no mining activity has been undertaken in the 
immediate project area. Examination of mining records for the project 
area show only several inactive claims within the proposed Watana and 
De vi 1 Canyon reservoir impoundments that waul d be affected by the pro­
ject. No evidence of any mineral potential has been found within the 
project area nor has any interest been expressed by outside parties to 
further explore mineral potentials within the project area during the 
duration of this project. 

Placer mines working alluvial deposits for minerals are found in sites 
throughout other parts of Mat-Su Borough. Active mining has been more 
concentrated in Gold, Chunilna (Clear), and Portage creeks than in 
other areas of the upper Susitna basin with some other active claims 
around Stephan and Fog Lakes, Jay Creek, and the Watana Hi 11 s east of 
Jay Creek. Mining at Gold Creek was active from the early 1950s 
through the late 1970s; most claims were gold, copper, and silver 
placer mines. A concentration of at least six mining claims has 
existed on Chunilna Creek where gold placer claims have been worked 
since the late 19th century. Mining has occurred in the Portage Creek 
area since the late 19th century, but only one claim remains active. 

Coal is the major mineral resource in Mat-Su Borough. Although exten­
sive deposits of varying quality are located in the river valley areas, 
no coal mining activity occurs in the project area. Most coal is mined 
to the south and west of the project area; much of it is used for 
household fuel. 

2.4 - Seismic Geology 

2.4.1- Introduction 

A detailed seismologic study for the Susitna project was under­
taken by Woodward-Clyde Consultants (WCC). The study, performed 
over a two-year period, included: 
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2.4 - Seismic Geology 

-Detailed literature research; 
- Interpretation of remote sensing data; 
- Geologic mapping of faults and linears; 
- Microseismic monitoring, 
-Ground motion studies; and 
- Analysis of dam stability. 

Details of WCC 1 S study are presented in Interim Report on Seismic 
Studies for Susitna Hydroelectric Project (1980) and Final Report 
on Seismic Studies for Susitna Hydroelectric Project (1982). 

2.4.2 - Conceptual Approach 

According to present understanding of plate tectonics, the 
earth 1

S lithosphere, which contains the brittle 12 to 19 miles 
(20 to 30 km) thickness or so of more rigid crust, overlies the 
denser and more viscous mantle. Observed major horizontal 
movements of the crustal plates are considered to be related to, 
or caused by, thermal convective processes within the mantle. 

Within this plate-tectonic framework, faults that have the poten­
tial for generating earthquakes have had recent displacement and 
may be subject to repeated displacements as long as they are in 
the same tectonic stress regime. In regions of plate collision 
such as Alaska, the tectonic stress regime is the result of one 
plate being subducted, or underthrust, beneath the adjacent 
plate. Within this environment, primary rupture along fault 
planes can occur: within the downgoing plate where it is de­
coupled from the upper plate; along the interface between the 
upper and lower plates where they move past each other; and with­
in the overriding plate. In the site region, faults with recent 
displacement are present in the overriding (upper) plate and at 
depth in the downgoing plate where it is decoupled from the upper 
plate. 

Faults with recent displacement in the downgoing plate and in the 
upper plate can generate earthquakes which resu it in ground mo­
tions at the surface. These earthquakes are considered for seis­
mic design purposes. The faults in the downgoing plate are con­
sidered not to have the potential for surface rupture. In the 
upper plate, if the rupture that occurs on these faults is rela­
tively small and relatively deep, then rupture at the ground 
surface is likely not to occur. If the rupture along the fault 
plane is at sufficiently shallow depth and is sufficiently large, 
then surface rupture can occur. 

The criteria for this study were that faults that have been 
subject to surface displacement within approximately the past 
100,000 years were classified as having recent displacement. 
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2.4 - Seismic Geology 

Inherent with this concept of "fault with recent displacement" 
was the basic premise that faults without recent di sp 1 a cement 
waul d not have surface rupture nor be a source of earthquakes. 
Faults without recent displacement (as determined during this 
investigation) were considered to be of no additional importance 
to Project feasibility and dam design. 

2.4.3 - Tectonic Model 

An understanding of the regional geologic and tectonic framework 
is essential for: the assessment of fault activity, estimation 
of preliminary maximum credible earthquakes; evaluation of the 
potential for surface fault rupture; and evaluations of the 
potential for reservoir-induced seismicity. 

The site region is located within a tectonic unit defined here as 
the Talkeetna Terrain. The Terrain boundaries are the Denali­
Totschunda fault to the north and east, the Castle Mountain fault 
to the south, a broad zone of deformation with volcanoes to the 
west, and the Benioff zone at depth (Figure E.6.3). All of the 
boundaries are (or contain) faults with recent displacement 
except for the western boundary which is primarily a zone of 
uplift marked by Cenozoic age volcanoes. The Terrain is part of 
the North American plate. 

Results of this study show that the Talkeetna Terrain is a rela­
tively stable tectonic unit with major strain release occurring 
along its boundaries. This conclusion is based on: the evidence 
for recent displacement along the Denali-Totschunda and Castle 
Mountain faults and the Benioff zone; the absence of major his­
torical earthquakes within the Terrain; and the absence of faults 
within the Terrain that clearly have evidence of recent displace­
ment. Record of historical seismicity in and around the project 
area is presented in Section 4 of WCC 1980. None of the faults 
and lineaments found within the Talkeetna Terrain were observed 
to have strong evidence of recent displacement. 

Strain accumulation and resultant release appears to be occurring 
primarily along the margins of the Terrain. Some compression­
related crustal adjustment within the Terrain is probably occur­
ring as a result of the proposed plate movement and the stresses 
related to the subduction zone. 

This tectonic model serves as a guide to understanding tectonic 
and seismologic conditions in the site region. 
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2.4 - Seismic Geology 

2.4.4 - 1980 Approach 

(a) Candidate Features 

The application of the "fault with recent displacement" 
concept for this investigation involved: 

Identification of all faults and lineaments in the site 
region that had been reported in the 1 iterature and/or 
were observable on remotely sensed data. 

-Selection of faults and lineaments of potential signifi­
cance in developing design considerations for the Project, 
from the standpoint of seismic source potential and/or 
potential surface rupture through a site. These faults 
and lineaments were selected using a length-distance cri­
teria set forth in Section 3 of WCC 1980. These faults 
and lineaments were designated as candidate features. 

-Evaluation of the candidate features during the geologic 
field reconnaissance studies. On the basis of this field 
work, the micro-earthquake data, and application of the 
preliminary significance criteria, those faults and linea­
ments were designated as candidate-significant features. 
These features were subjected to additional evaluation 
using refined analyses, as described below, to select 
those features or potential significance to Project design 
considerations. 

Refinement of the evaluation process, using the signifi­
cance criteria. On the basis of this evaluation, signifi­
cant features were selected for continued studies in 1981. 

(b) Significant Features 

Of 216 candidate features identified at the outset of the 
study, a total of 48 candidate-significant features were 
identified in the site region on the basis of the initial 
length-distance screening criteria, their proximity to the 
site, their classification in the field, and application of 
preliminary significance screening criteria (WCC 1980). 

Candidate-significant features are those faults and linea­
ments which, on the basis of available data at the end of 
the field reconnaissance, were considered to have a poten­
tial effect on Project design. Subsequent evaluation, using 
a refined, systematic ranking methodology, resulted in the 
identification of 48 significant features. 

The 48 candidate-significant features were subsequently 
evaluated by making detailed analyses regarding their 
seismic source potential and surface rupture potential at 
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2.4- Seismic Geology 

either site. For the evaluation of seismic source poten­
tial, the analyses included: an assessment of the likeli­
hood that a feature is a fault with recent displacement; an 
estimation of the preliminary maximum credible earthquake 
that could be associated with the feature; and an evaluation 
of the peak bedrock accelerations that v.ould be generated by 
the preliminary maximum credible earthquake at either site. 

To evaluate the potential for surface rupture at either dam­
site, the analyses included: an assessment of the 1 ikel i­
hood that a feature is a fault with recent displacement; an 
assessment of the 1 ikel ihood that a feature passes through 
either site; and an evaluation of the maximu11 amount of 
displacement that could occur along the feature during a 
single event (e.g., the preliminary maximum credible 
earthquake). 

The evaluation of the 48 candidate significant faults, 
applying the judgments described above, resulted in the 
selection of 13 features, designated significant features, 
that should have additional studies to understand and more 
fully evaluate their significance to the Project (Figure 
E.6.4). 

Of these 13 features, four are in the vicinity of the Watana 
site including the Talkeetna Thrust Fault {Ke4-1), Susitna 
feature (KD3-3), 11 The Fi ns 11 feature {K -2 7), and 1 ineament 
KD3-7. Nine of the features are in the vicinity of the 
Devil Canyon site including an unnamed fault (designated 
KD5-2) and lineaments KC5-5, KD5-3, KD5-9, KD5-12, KD-5-42, 
KD5-43, KD5-44, and KD-45 {the alpha-numeric S)'!Tlbol [e.g., 
KC4-1] has been assigned to each fault and 1 ineament). 
Detailed discussion of these 13 features are presented in 
Sect i on 8 in wee 1980. 

These significant features were delineated for study during 
the 1981 program. 

2.4.5- 1981 Approach 

The 1981 study of the 13 significant features identified during 
1980 involved the following objectives. 

- Assessing the 1 ikel ihood that each of the 13 features is a 
fault; 

-Assessing the age of the sediments overlying each of the 13 
features; 
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-Selecting and excavating trenches across topographic features 
that resembled topographic expression of faults in the young 
geologic deposits; 

-Evaluating the likelihood that each of the 13 features is a 
fault with recent displacement using the guideline established 
for the project, i.e., rupture of the ground surface during the 
past 100,000 years; 

- Assessing the detectabi l i ty of faults that may have ruptured 
the ground surface during moderate to large earthquakes in the 
past 100,000 years and estimating a detection-level earthquake 
that could theoretically occur on a fault that might be below 
the detection level of geologic investigation; 

- Evaluating seismological records of moderate-to-large histori­
cal earthquakes in the project region to estimate focal me­
chanism parameters and assess the relation of the earthquakes 
to recognized faults with recent displacement; 

- Applying judgment and experience gained from the study of other 
faults with recent displacement in Alaska and in similar 
tectonic environments (e.g., Japan and South ~1erica); 

- Estimating the maximum credible earthquake and recurrence 
interval (1) for each fault that is considered to be a seismic 
source; (2) for the Benioff zone; and (3) for a detection-level 
earthquake; 

- Estimating the potential for surface rupture on any faults with 
recent displacement within 6 miles (10 km) of the damsites; 
and 

- Estimating the values of ground-motion 
maximum credible earthquake. 

2.4.6 - Results of Study 

parameters for the 

Faults for which evidence of recent displacement was found were 
considered to be potential seismic sources. Each potential 
seismic source was evaluated to estimate its potential seismic 
ground motions at the Watana and Devil Canyon sites and its 
potential for surface rupture within 6 miles (10 km) of ttle 
sites. 

On the basis of the 1980 study, the Talkeetna Terrain boundary 
faults were identified as seismic sources that need to be 
considered as potential sources of seismic ground motion at the 
sites. These include: the Castle Mountain Fault, the Denali 
Fault, the Benioff zone interplate region, and the Benioff zone 
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2.4- Seismic Geology 

intraplate region {Figure E.6.3). These sources are considered 
to be or to contain faults with recent displacement that could 
cause seismic ground motions at the Watana and Devil Canyon 
sites; however, because of their distance from the sites, these 
faults do not have the potential for rupture through the sites. 
The 1980 study also identified 13 features near the sites that 
required detailed evaluation during the 1981 study to assess 
their importance for seismic design (WCC 1980). 

On the basis of the 1981 study, no evidence for faults with 
recent displacement other than the Talkeetna Terrain boundary 
faults has been observed within 62 miles (100 km) of either site, 
and none of the 13 features near the sites are judged to be 
faults with recent displacement. Therefore, when applying the 
guideline defining faults with recent displacement to the results 
of the investigation, the 13 features are considered not to be 
potential seismic sources that could cause seismic ground motions 
at the sites or surface rupture through the sites. 

Interpretation that none of the 13 features are faults with re­
cent displacement is based on data collection during the investi­
gation. The data are limited in the sense that a continuous 
100, 000-year-ol d stratum or surface was not found along the 
entire length of each of the features. For this reason, the 
avail able data were analyzed and professional judgment was 
applied to reach conclusions concerning the recency of displace­
ment of each of the 13 features. Detailed discussions of these 
13 features are presented in Section 4 of wee 1982. 

As discussed previously, earthquakes up to a given magnitude 
could occur on faults with recent displacement that might not be 
detectable by this geologic investigation. The size of such an 
earthquake, designated the detection-level earthquake, varies 
according to the degree of natural preservation of fault-related 
geomorphic features and from one tectonic environment to another. 
The detection-level earthquake has been estimated by: (1) evalu­
ating the dimensions of surface faulting associated with world­
wide historical earthquakes in tectonic environments similar to 
the Talkeetna Terrain; (2) identifying the threshold of surface 
faulting using a group of thoroughly studied earthquakes in 
California; and {3) evaluating the degree of preservation of 
fault-related geomorphic features in the Talkeetna Terrain. For 
this project, it has been judged that the detection-level earth­
quake is magnitude (Ms) 6 (WCC 1982). 

2. 4. 7 - Design Level Earthquake 

(a) Maximum Credible Earthquakes (MCEs) 

fvlaximum Credible Earthquakes (MCEs) were estimated for the 
boundary faults (in the crust and in the Benioff zone) and 

E-6-11 



2.4 - Seismic Geology 

for the detection-level earthquake. The MCEs for the 
crustal faults (the Castle Mountain and Denali Faults) were 
estimated using the magnitude-rupture-1 ength rel at i onshi ps 
(WCC 1982). 

Sources of moderate earthquake appear to exist within the 
Talkeetna Terrain, although no faults with recent 
displacement were detected by the investigation. Therefore, 
an MCE was estimated for the detection-level earthquake that 
waul d be associated with a fault a 1 ong which no surface 
rupture was observed. In summary, the MCEs for the crustal 
and Benioff zone seismic sources are estimated as follows: 

Closest Approach to 
Proeosed Damsites 

MCE Devil Canyon Watana 
Source .Disl mi 1 es/ (km} miles/{km} 

Castle Mountain fault 7-1/2 71 (115) 65 (105) 
Denali fault 8 40 (64) 43 (70) 
Benioff zone (interplate) 8-1/2 57 (91) 40 (64) 
Benioff zone (intraplate) 7-1/2 38 (61) 31 (50) 
Detection-level earthquake 6 <6 ( <10) <6 ( <10) 

Estimated mean peak horizontal ground accelerations and 
duration of strong shaking (significant duration) at the 
sites as the result of the governing maximum credible 
earthquake are the following: 

Earthquake Source 

Benioff Zone 
Denali Fault 
Terrain Earthquake 

Maximum 
Magnitude 

8-1/2 
8 
6 

Mean Peak 
Acceleration 

De vi 1 
Watana Canyon 
Site Site 

0.35g 
0.2g 
0.5g 

0.3g 
0.2g 
0.5g 

Significant 
Duration 

(sec) 

45 
35 

6 

The probabilities of exceedance of peak ground accelerations 
at the sites were estimated. The Benioff Zone was found to 
dominate the contributions to the probabilities of exceed­
ance. Other sources of earthquakes, including the Denali 
Fault and the detection-level earthquake, contributed only 
slightly to the probabilities of exceedance. 

These ground motions were used as a guideline in developing 
the engineering design criteria. 
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(b) Reservoir-Induced Seismicity (RIS) 

The studies concluded that there would be a high likelihood 
for reservoir-induced earthquake as a result of impoundment. 
However, such an event is not expected to cause an earth­
quake larger than that which could occur in a given region 
"naturally." A detailed discussion of RIS for the Susitna 
Project is presented in Section 10 of WCC 1980. 

2.5 - Watana Damsite 

2.5.1 - Introduction 

A detailed discussion of the Watana site geology is presented in 
reference documents Acres 1982a and 1982b. A summary of the site 
geotechnical conditions are summarized in the following sec­
tions. 

2.5.2 - Geologic Conditions 

A summary of site overburden and bedrock conditions is presented 
in the following paragraphs. A geologic map of the damsite area 
is shown in Figure E.6.5 with a top of rock map shown in Figure 
E.6~6. 

(a) Overburden 

Overburden thickness in the damsite area ranges from 0 up to 
80 feet (0 to 24m) in localized areas. On the lower 
slopes, the overburden consists primarily of talus. The 
upper areas of the abutments near the top of the slope are 
deposits of glacial tills, alluvium, and talus. Subsurface 
investiga-tions show the contact between the overburden and 
bedrock to be relatively unweathered. 

The depth of the river alluvium beneath the proposed dam 
averages about 80 feet (24m) and consists of sand, silt, 
coarse gravels and boulders. 

(b) Bedrock Lithology 

The damsite is primarily underlain by an intrusive dioritic 
body which varies in composition from granodiorite to quartz 
diorite to diorite. The texture is massive and the rock is 
hard, competent, and fresh except within sheared and altered 
zones. These rocks have been intruded by mafic and felsic 
dikes which are generally only a few feet thick. The 
contacts are healed and competent. The rock immediately 
downstream from the damsite is an andesite porphyry. This 
rock is medium to dark gray to green and contains quartz 
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diorite inclusions. The nature of the contact zone of the 
andesite with the diorite is poorly understood. However, 
where mapped or drilled, the contact zone is generally 
weathered and fractured up to 10 to 15 feet. Oetailed dis­
cussions of the andesite porphyry/diorite contact are 
presented in Section 6 of Acres 1982a report. 

(c) Bedrock Structures 

( i) Joints 

There are two major and two minor joint sets at the 
site. Set I, which is the most prominent set, strikes 
320° and dips to 80° NE to vertical. This set is 
found throughout the damsite and parallels the general 
structural trend in the regions. Set I has a subset, 
which strikes 290° to 300° with a dip of 75° NE. This 
subset is localized in the downstream area near where 
the diversion tunnel portals are proposed. This sub­
set also parallels the shear zones in the downstream 
area of the site. Set II trends northeast to east and 
dips vertically. This set is best developed in the 
upstream portion of the damsite area, but is locally 
prominent in the downstream areas. Sets II I and IV 
are minor sets but can be locally well developed. Set 
III trends N-S with variable dips ranging from 40° 
east to 65° west, while Set IV trends 090° with sub­
horizontal dips. Set III forms numerous open joints 
on the cliff faces near the "Fingerbuster," and 
several shear zones parallel this orientation. Set IV 
appears to have developed from . stress relief from 
glacial unloading and/or valley erosion. 

Figure E.6.7 is a composite joint plot for the Watana 
dams ite. 

Table E.6.2 details the joint characteristics. 

(ii} Shears and Fracture Zones 

Several shears, fracture zones, and alter at ion zones 
are present at the site (Figure E.6.5). For the most 
part, they are small and discontinuous. All zones 
greater than 10 feet in width have been delineated as 
GF on the geologic map (Figure E.6.5). 

Shears are defined as having breccia, gouge, and/or 
slickenslides indicating relative movement. Two forms 
of shearing are found at the site. The first type is 
found only in the diorite and is characterized by 
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2. 5 - Watana Damsite 

breccia of sheared rock that has been rehealed into a 
matrix of very fine grained andesite/diorite. These 
shear zones have high rock quality designations (RQDs) 
and the rock is fresh and hard. The second type is 
common to all rock types and consists of unhealed 
breccia and/or gouge. These shear zones are soft, 
friable, and often have secondary mineralization of 
carbonate and chlorite showing slickenslides. These 
zones are generally less than one foot wide. 

Fracture zones are also common to all rock types and 
range from 6 inches to 30 feet (0.15 - 9 m) wide ( gen­
erally less than 10 feet). These zones are closely 
spaced joints that are often iron oxide stained or 
carbonate coated. Where exposed, the zones trend to 
form to po graph i c 1 o ws . 

Alteration zones are areas where hydrothermal sol u­
tions have caused the chemical breakdown of the feld­
spars and mafic m·ineral s. The degree of alteration 
encountered is highly variable across the site. These 
zones are rare 1 y seen in outcrop as they are easily 
eroded into gullies, but were encountered in all the 
boreholes. The transition bet\'.een fresh and altered 
rock is gradational. The zones may range to 20 feet 
(6 m) thick although are usually less than 5 feet 
(1.5m). 

2. 5. 3 - Structural Features 

The Watana site has several significant geologic features con­
sisting of shears, fractures, and alteration zones described pre­
viously (Figure E.6.5). 

The t~ most prominent areas have been named "The Fins" and the 
"Fingerbuster.11 "The Fins" is located on the north bank of the 
river upstream from the diversion tunnel intake. It is an area 
approximately 400 feet (120m) wide, characterized by three major 
north\'.est trending zones of shearing and alteration that have 
eroded into steep gullies. These alteration zones are separated 
by intact rock bands (ribs) 5 to 50 feet (1.5- 15m) wide. The 
20-foot-wide (6 m) upstream zone of the series coincides with the 
diorite/ andesite porphyry contact. The other tWJ zones, approx i­
mately 55 and 30 feet (16.5- 9 m) wide, are filled with severely 
altered rock. This zone trends 310° with a near vertical dip. 
The extension of the zone has been extrapolated to extend north­
westward outcropping in Tsusena Creek. 

The "Fingerbuster" is located downstream from the dansite and is 
exposed in a 40-foot-wide, deep, talus-filled gully along the 
andesite porphyry/diorite contact (Figure E.6.5). The rock is 
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severely weathered with closely spaced joints trending para 11 e 1 
to Set I (330°) and Set III (0°). Slickenslides indicate verti­
cal displacement. The extension of this zone to the south is 
based on a strong north-south topographic 1 i neament. Because of 
the lack of exposure, its location and extent have been approxi­
mated. 

A prominent alteration zone was encountered on the south bank 
where a dri 11 hole encountered approximately 200 feet (60 m) of 
hydrothermally altered rock. Although core recovery in this 
boring was good, the quality of rock was relatively poor. 

2.5.4 - Ground Water Conditions 

The ground water regime in the bedrock is confined to movement 
along fractures and joints. The water table is a subdued replica 
of the surface topography. Water levels on the right abutment 
are deep, ranging from about 110 to 280 feet (33 - 84 m). Ground 
water conditions on the south abutment are complicated because of 
the apparent continuous thick permafrost resulting in a perched 
water table near surface and a deep table below the frost. 

2.5.5 - Permafrost Conditions 

Permafrost conditions exist on the north-facing slopes (left bank) 
of the damsite area. Measurements indicate that permafrost exists 
to a depth of 200 to 300 feet ( 60 - 90 m). Temperature measure­
ments show the permafrost to be "warm" (within 1 °F [1 °C] of freez­
ing). No permafrost was found on the north abutment but sporadic 
areas of frost can be expected. 

2.5.6 - Permeability 

The rock permeability does not vary s i gni fi cant ly
6 

within the site 
are~, generally ranging betweeg 3.28 x 10- ft/seg (1 x 
10- em/sec) to 3.3 x 10- ft/sec · (1 x 10- em/sec). 
The permeability is controlled by a degree of fractures within the 
rock, with the higher permeability occurring in the more sheared 
and fractured zone. Permeabilities tend to decrease with depth 
(Figure E.6.7). 

2.5.7- Relict Channels 

(a) Watana Relict Channel 

A relict channel exists north of the Watana damsite. The 
location of this preglacial feature is shown in Figure E.6.9. 
The maximum depth of overburden in the thalweg channel, as 
shown in Figure E.6.9, is approximately 450 feet (135 m). 
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(b) 

The stratigraphy in the channel has been described by a num­
ber of stratigraphy units shown in Figures E.6.10 and E.6.11 
as A through K. A detailed discussion of the Watana Relict 
Channel is presented in Section 6 of kres 1982b report. 

Fog Lakes Buried Channel 

In the area between the Watana dansite and the higher ground 
some 5 miles (8 km) to the southeast, the bedrock surface 
dips to 350 feet (105m) below ground surface, or 174 feet 
(52 m)below maximum pool elevation. The channel is overlain 
by glacial deposits (Figure E.6.12). A .discussion of the 
Fog Lakes Buried Channel is presented in Section 7 of .Acres 
1982 b report. 

2. 5. 8 - Borrow Sites 

Extensive investigations have been conducted both prior to and 
during the current studies to identify quantities of suitable 
materials for the construction of an embankment dan and for con­
crete aggregate. Detailed discussion of these borrow and quarry 
sites is presented in both k res 1982a and 1982 b reports . 

A total of seven borrow sites and three quarry sites have been 
identified for dam construction material delineated as sites A, 
B, C, D, E, F, H, I, J, and L (Figure E.6.13). Of these, Borrow 
Sites 0 and H are considered as potential sources for semi­
pervious to pervious material; Sites C, E, and F for granular 
material; Sites I and J for pervious gravel; and Quarry Sites A, 
B, and L for rockfill. Several of these sites ( B, C, F, and H) 
were not considered as primary sites for this project because of 
lengthy haul distaqce- to the dansite, adverse environmental im­
pacts, insufficient quantities, and poor quality material. IE­
tailed discussion of material properties, geology, and quantities 
are addressed in kres 1982a and 1982b reports. 

In SIJllmary, estimated reserves of borrow and quarry materials 
from the primary sources are: 

Quarry Site A 
Quarry Site D 
Quarry SHe E 
Borrow Sites I & J 

2. 6 - Devil Canyon Damsite 

2.6.1- Introduction 

= 70 - 100 mcy 
= 180 mcy 
= 80-90 mcy 
= 200 mcy 

A detailed description of the site investigations and the geo­
logic and geotechnical conclusions at the Devil Canyon site is 
provided in the k.res 1982a and 1982b reports. The following is 
a brief summary and interpretation of the findings presented in 
those reports. 
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2.6.2 -Geologic Conditions 

The overburden and bedrock conditions at the Devil Canyon site 
are summarized in the following paragraph. A geologic map of the 
damsite area is shown in Figure E.6.14 in this section. 

(a) Overburden 

The valley walls at the Devil Canyon site are very steep and 
are generally covered by a thin veneer of overburden con­
sisting primarily of talus at the base. A top of bedrock 
map is shown in Figure E.6.15. The flatter upland areas are 
covered by 5 to 35 feet (1.5 - 10.5 m) of overburden of 
glacial origin. A topographic depression along the elonga­
ted 1 akes on the south bank has an overburden cover in 
excess of 85 feet (25.5 m) of glacial materials. The over­
burden on the alluvial fan or point bar deposit at the 
Cheechako Creek confluence thickens from 100 feet (30m) to 
more than 300 feet (90 m) over a distance of less than 400 
feet (120 m). 

The river channel alluvium appears to be composed of cob­
bles, boulders, and detached blocks of rock and is inferred 
to be up to 30 feet {9 m) thick. 

(b) Bedrock Lithology 

The bedrock at the Devil Canyon site is a low-grade, meta­
morphosed sedimentary rock consisting predominantly of 
argillite with interbeds of graywacke (Figure E.6.14). The 
argillite is a fresh, medium to dark gray, thinly bedded, 
fine grained argillaceous rock with moderately well­
developed foliation parallel to the bedding. The graywacke 
is a fresh, light gray, mainly fine grained sandstone within 
an argillaceous matrix. The graywacke is well indurated and 
exhibits poorly developed to nonexistent fo.liation. The 
graywacke is interbedded with the argillite in beds general­
ly 1 ess than six inches thick. Contacts between beds are 
tight, and both rock types are fresh and hard. Minor quartz 
veins and stringers are commonly found in the argillite. 
These are generally less than one foot wide and unfractured 
with tight contacts. Sulphide mineralization is common, 
with pyrite occurring in as much as five percent of the 
rock. 

The area has also been intruded by numerous felsic and mafic 
dikes ranging from 1 inch (2. 5 em) to 60. feet wide (18 m) 
(averaging 20 feet [6 m]). The dikes have northwest to 
north orientation (Figure E.6.14) with steep dips. When 
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closely fractured they are easily eroded and tend to form 
steep, talus-filled gullies, some of which exhibit shearing 
with the host rock. The felsic dikes are light gray and 
include aplite and rhyolite. The mafic dikes are fine 
grained and appear to be of diorite to diabase composition. 

(c) Bedrock Structures 

( i ) 

( i i) 

Bedding 

The argillite/graywacke has been severely deformed as 
evidenced by refolded folds and the developnent of 
multiple foliations. The primary foliation parallels 
the bedding at 035° to 090°, subparallel to the 
river, and dips 45° to 80° SE (Figure E.6.14). Where 
exposed, the foliation planes appear slaty and phyl­
litic. The north canyon wall at the dc.msite appears 
to be controlled by the bedding planes and dips 45° 
to 80° SE. Where exposed, the foliation planes 
appear slaty and phyllitic. The north canyon wall at 
the dc.msite appears to be controlled by the bedd·ing 
planes. 

Joints 

Four joint sets have been delineated at Devil Canyon. 
Set I (strikes 320° to 355° and dips 60° to 70° NE) 
and Set II (strikes 040° to 065° and dips 40° to 
60°S) are the most significant. A composite jo·int 
plot is shown in Figure E.6.16. Set I joints are the 
most prom·inent with spacing of 15 feet to 2 feet (4. 5 
- 0. 6m), and on the upper canyon walls of the south 
bank these joints are open as much as 6 inches 
(15 an). Set III is subparallel to the bedding/ 
foliation and, when it intersects with Set I, can 
cause the formation of loose blocks. Set III joints 
(strHes 005° to 030° and dip 85° NW to 85° SE) are 
also often open on the south bank and W1ere they dip 
towards the river they may create potential sl ·ip 
planes. This set has variable spacing and sporadic 
distribution. The fourth set is a minor set with low 
dip angles and variable strike orientation. 

Joint spacings measured from the borehole cores range 
from less than 1 foot (0.3 m) to more than 10 feet 
(3 m) for the most part. Based on RQD measurements 
and water pressure test data, the spacing and tight­
ness of the joints increase with depth (Section 7, 
Acres 1982a). 
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Tables E.6.3 and E.6.4 characterize the joints at 
Devil Canyon. 

{iii) Shears and Fracture Zones 

Shears and fracture zones were encountered in loca­
lized areas of the site in both outcrops and bore­
holes {Figure E.6.14). Shears are defined as areas 
containing breccia, gouge, and/or sl ikensl ides indi­
cating relative movanent. These zones are soft and 
friable and are characterized by high permeability 
and core loss during drilling. Fracture zones, often 
encountered in conjunction with the shears, are zones 
of very closely spaced joints. With depth, these 
zones become tighter and more widely spaced. Where 
exposed, they are eroded into deep gullies. 

The most common trend of these features is northwest, 
parallel to Joint Set I. These zones have vertical 
to steep northeast dips and are generally less than 
one foot wide. Northw=st trending shears are also 
associated with the contacts betw=en the argillite 
and mafic dikes and are up to 1 foot (0.3m) wide. 

A second series of shears trend northeasterly, sub­
paralleling the bedding/foliation and Joint Set II, 
with high angle southeasterly dips. These average 
less than 6 inches (15 011) in width. 

2.6.3- Structural Features 

Several structural features at the [)evil Canyon site were inves­
tigated during the 1980-1981 program (Jlcres 1982a). 

In summary, these included the east-west trending sheared and 
fractured zone beneath the proposed saddle dan area; a bedrock 
drop-off beneath Borrow Site G; and bedrock conditions beneath 
the Su s i t n a R i v er . 

Seismic refraction and drilling data confirm the existence of a 
highly sheared and fractured zone on the left bank beneath the 
proposed saddle dan that generally trends parallel to the river. 
The dip on this feature is inferred to be parallel or subparallel 
to the bedding/foliation at approximately 65° to the south. The 
linear extent of the feature has not been determined but may be 
up to 2500 feet (755m). No evidence was found during the 1980-81 
program to suggest movanent along this feature. This conclusion 
was confirmed during the seismic investigations (Jlcres 1982a). 
Further investigation of this feature will be required to define 
its extent and to determine the type of foundation treatment that 
will be required beneath the saddle dan. 
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2. 6 - Dev i1 Can)Gn Dam site 

Upstream from the damsite, a dropoff of several hundred feet was 
detected in the bedrock surface under the. alluvial fan by seismic 
refraction surveys. Land access restrictions imposed during the 
study prohibited any further investigation of this area. Pos­
sible explanation for this apparent anomalous dropoff could be 
attributed to misinterpretation of the seismic data or else the 
lower velocity material could be either a highly fractured rock 
in lieu of soil or an offset of the rock surface caused by fault­
ing. The 1 atter interpretation is unlikely, in that work per­
formed in this area gave rise to the conclusion that there was no 
compelling evidence for a fault. Future work remains to be done 
in this area to define this feature more clearly. 

Detailed exanination of rock core and mapping in the river valley 
bottom showed no evidence for through-going faulting in the 
riverbed. 

2.6.4- Ground Water Conditions 

Ground water migration within the rock is restricted to joints 
and fractures. It is inferred that the ground water level is a 
subdued replica of the surface topography with the flow towards 
the river and lakes. Measured water levels in the boreholes 
varied from ground surface to 120 feet (36 m) deep. 

2.6.5- Permafrost 

Although no permafrost was found in either the bedrock or surfi­
cial material at or around the dansite, additional instrllTlenta­
tion will be required to accurately define the subsurface thermal 
regime. Aerial photo interpretation suggests the potential of 
permafrost in some areas of the south abutment (see Section 2. 7). 

2. 6. 6 - Permeability 

Rock permeability ranges from approximately 3. 28 x 1o-6 ft/ 
sec (lx10-4cmfsec) to 3.3x10-8ftfsec (1x1o-6 
em/sec) with lower permeabil ities generally at depth. Higher 
permeability occurs in the more weathered fractured rock zones 
(Figure E. 6.17). 

2. 6. 7- Geology Along Proposed Long Tailrace Tunnel 

(a) Introduction 

This section discusses the lithology and structure along the 
proposed long tailrace tunnel for the Devil Canyon dansite. 
Reconnaissance mapping was done along the Susitna River from 
about 2500 feet ( 750 m) to 10,000 feet (3000 m) downstream 
from the site. Rock exposures are nearly continuous from 
the dansite to the bend in the river where the proposed por­
tal area is located. From- that point downstream, outcrops 
are scattered and poor 1 y expo sed . 
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2. 6 - Devil Canyon Damsite 

(b) Lithology 

As in the area of the main dan, the 1 itho 1 ogy along the pro­
posed tailrace consists of interbedded argillite and gray­
wacke which have been intruded by mafic and felsic dikes. 
The argillite is medilJll to dark gray, very fine to fine 
grained argillaceous rock with occasional grains of fine to 
medilm sand. The graywacke is medilJll grained, light to 
medillll gray within a matrix of very fine grained argillite. 
The interbeds of argillite and graywacke are generally 6 
inches (15 em) thick. Contacts between beds are sharp and 
tight. 

Bedding is parallel to weakly developed foliation. Bedding 
foliation strikes generally northeast with moderate dips to 
the southeast. A secondary foliation (which is poorly 
developed at the damsite) is locally well developed near the 
proposed tunnel portal. The secondary foliation strikes 
nearly north-south with high angle dips to the northwest. 
The argillite and graywacke have been intruded by nlJllerous 
quartz veins and stringers at the dansite. 

Felsic and mafic dikes were mapped in outcrops along the 
river and to the north of the tunnel route. The lithology 
and structure of these dikes are similar to those found at 
the dansite. The felsic dikes consist of tWJ varieties: 
rhyo 1 ite and granodiorite. The rhyo 1 ite dikes are 1 ig ht 
yellowish gray to gray. The texture is aphanitic to fine 
grained with fine to medilJll grained quartz phenocrysts. The 
granodiorite dikes are primarily medilm grained plagioclase 
phenocrysts in a fine grained groundmass of plagioclase, 
orthoclase, biotite, and quartz. The felsic dikes are gen­
erally slightly to moderately weathered, medillll hard, with 
very close to closely spaced joints. Iron oxide staining is 
common. Widths are generally 10 to 20 feet (3-6m). Con­
tacts with argillite and graywacke are generally fractured 
and/or sheared. Up to 3-foot-wide (1 m) contact metamorphic 
zones are common in the adjacent argillite and graywacke. 
The felsic dikes strike northwest and northeast. 

~lafic dikes are generally dark green to dark gray. These 
dikes are fresh to slightly weathered and hard. Mafic dikes 
are composed of feldspar in a fibrous groundmass with acces­
sory pyroxene, biotite, hornblende, and calcite. These 
a·ikes are generally 2 to 10 feet (0. 6 - 3 m) wide and trend 
northwest with high angle vertical dips. Like the felsic 
dikes, the mafic dike contacts are generally sheared and/or 
fractured. Joint spacing is very close to closely spaced. 
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2. 6 - Devil Canyon Dams ite 

(c) Structures 

Joints sets and shear/fracture zones similar to those mapped 
at the dcmsite are likely to occur along the tailrace tunnel 
(Figure E. 6. 18) . 

The four joint sets identified at the dansite continue down­
stream; however, variations in orientation and dip occur. 
Table E.6.4 contains a list of joint characteristics for 
joints along the tailrace tunnel. 

Joint Set I is northwest trending with moderate to high 
angle dips to the northeast and southwest. The average 
strike and dip of this set in the tailrace area are 325° and 
70° northeast, respectively, which differ slightly from its 
average orientation in the dcmsite of 340° and 80° north­
east. Spacings are highly variable but average about 1. 5 
feet (0. 5 m). The river flows parallel to this set in the 
vicinity of the outlet portal. 

Joint Set II includes joints parallel and subparallel to the 
bedding/foliation planes. This set strikes 065° with mode­
rate (60°) dips to the southeast. The strike is essentially 
the same as at the damsite, although the dip is slightly 
steeper. 

Joint Set III strikes nearly north-south at an average of 
022°. Dips are variable from 63° east to 84° west. The 
strike of Set III is similar to that found on the south bank 
of the dansite; but about 30° more northerly than the aver­
age strike found on the north bank. Dips are generally sim­
ilar to those at the dansite. Set III joints are well 
developed in the vicinity of the outlet portal. 

Joint Set IV consists of low-angle (dipping less than 40°) 
joints of various orientations. 

Although no shears or fracture zones were found during the 
reconnaissance mapping downstream from the dcmsite, it is 
anticipated that several such features will be encountered 
along the tunnel. These shears and fracture zones will 
likely be less than 10 feet (3m) wide and spaced from 300 
to 500 feet (90- 150m) apart. Preliminary investigations 
suggest that the tailrace tunnels will intersect any shear/ 
fracture zones at near right ang 1 es thereby minimizing sup­
port requirements. 

2.6.8- Borrow Sites 

Borrow Site G, the alluvial fan immediately upstream from the dcrn 
(Figure E.6.14), has been identified as a source of granular 
material for concrete aggregate. 
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2.7 -Reservoir Geology 

A reserve of about 3 mcy, with an additional 3 mcy potential 
reserve, has been estimated for this borrow source. Details of 
material properties have been included in Acres 1982a and 1982b 
reports. Tests performed during 1980-82 indicate a variation of 
material properties within the borrow site. Therefore, addi­
tional testing will be required to confirm adequate source of 
suitable materials. 

A rock quarry area designated as Borrow Site K has been 'identi­
fied approximately 5300 feet (1590 m) south of the saddle dam. 
This area contains a granodiorite similar to rock found at the 
Watana dams ite. 

2.7 -Reservoir Geology 

2.7.1- Watana 

(a) General 

The topography of the Watana Reservoir and adjacent slopes 
is characterized by a narrow, V-shaped, stream-cut valley 
superimposed on a broad, U-shaped, glacial valley. Sur­
ficial deposits mask much of the bedrock in the area, espe­
cially in the lower and uppermost reaches of the reservoir. 
A surficial geology map of the reservoir, prepared by the 
COE, and airphoto interpretation performed during this study 
identified tills, lacustrine and alluvial deposits, as well 
as predominant rock types. Details of this photoanalysis 
are contained in Appendix J of Acres 1982a report. Addi­
tional geologic and surficial mapping in the Watana damsite 
areas are contained in Acres 1982b report. 

(b) Surficial Deposits 

Generally, the lower section of the Watana Reservoir and 
adjacent slopes are covered by a veneer of glacial till and 
lacustrine deposits. Two main types of till have been iden­
tified in this area: ablation and basal tills. The basal 
till is predominately over-consolidated, with a fine grain 
matrix (more silt and clay) and low permeability. The abla­
tion till has fewer fines and a somewhat higher permeabil­
ity. Lacustrine deposits consist primarily of poorly graded 
fine sands and silts with lesser amounts of gravel and clay, 
and exhibit a crude stratification. 

On the south side of the Susitna River, the Fog Lakes area 
is characteristic of a fluted ground moraine surface. Up­
stream in the Watana Creek area, gl aciol acustri ne material 
forms a broad, flat plain which mantles the underlying 
glacial till and the partially lithified Tertiary sediments. 
Significant disintegration features such as kames and eskers 
have been observed adjacent to the river valley. 
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2. 7 - Reservoir Geology 

Permafrost exists in the area, as evidenced by ground ice, 
patterned ground stone nets, and sl unpi ng of the glacial 
till overlying permafrost. Numerous sl ur1ps have been iden­
tified in the Watana reservoir area, especially in sediments 
compris·ing basal till. In addition, nunerous areas of fro­
zen alluviun and interstitial ice crystals have been ob­
served in outcrops and identified from drill hole drive 
samples. Areas of potential permafrost and current slope 
instability for the Watana and ~vn Canyon reservoirs are 
shown in Figures E.6.19 to E.6.45. 

(c) Bedrock Geology 

The Watana dansite is underlain by a diorite pluton. 
Approximately three miles upstream from the Watana damsite, 
a nonconformable contact between argillite and the dioritic 
pluton crosses the Susitna River. An approximate location 
of this contact has also been delineated on Fog Creek, four 
miles to the south of the dansite. Just downstream from the 
confluence of Watana Creek and the Susitna River, the bed­
rock consists of semiconsol idated, Tertiary sediments and 
volcanics of Triassic age. These Triassic rocks consist of 
metavolcaniclastics and marble. Just upstream from Watana 
Creek to Jay Creek, the rock consists of a metavolcanogenic 
sequence predominantly composed of met am or pho sed flows and 
tuffs of basaltic to andesitic composition. From Jay Creek 
to just downstream from the Oshetna River, the reservoir is 
underlain by a metamorphic terrain of amphibolite and minor 
amounts of greenschist and foliated diorite. To the east of 
the Oshetna River, glacial deposits are predominant (Figure 
£.6.1). 

The main structural feature within the Watana Reservoir is 
the Talkeetna Thrust fault, which trends northeast-southwest 
and crosses the Susitna River approximately eight miles 
upstream from the Watana dansite. The southwest end of the 
fault is overla·in by unfaulted Tertiary volcanics (Figure 
E.6.1). 

2. 7. 2 - Devil Canyon 

(a) Surficial and Bedrock Geology 

The topography in and around the Devil Canyon reservoir is 
bedrock-controlled. Overburden is thin to absent, except in 
the upper reaches of the proposed reservoir where alluvial 
deposits cover the valley floor. 

A large intrusive plutonic body, composed predominantly of 
biotite granodiorite with local areas of quartz diorite and 
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2.7- Reservoir Geology 

diorite, underlies most of the reservoir and adjacent 
slopes. The rock is light gray to pink, medium grained and 
composed of quartz, feldspar, biotite, and hornblende. The 
most common mafic mineral is biotite. Where weathered, the 
rock has a light yellow-gray or pinkish yellow-gray color, 
except where it is highly oxidized and iron stained. The 
granodiorite is generally massive, competent, and hard with 
the exception of the rock exposed on the upland north of the 
Susitna River where the biotite granodiorite has been badly 
decomposed as a result of mechanical weathering. 

The other principal rock types in the reservoir area are the 
argi 11 ite and graywacke, which are exposed at the De vi 1 
Canyon dams it e. The argillite has been intruded by the 
massive granodiorite, and as a result, large isolated roof 
pendants of argillite and graywacke are found locally 
throughout the reservoir and surrounding areas. The 
argillite/graywacke varies locally to a phyllite of low 
metamorphic grade, with possible isolated schist outcrops. 

The rock has been isoclinally folded into steeply dipping 
structures which generally strike northeast-southwest. The 
contact between the argillite and the biotite granodiorite 
crosses the Susitna River just upstream from the Devi 1 
Canyon damsite. It is nonconformab l e and is characterized 
by an aphanitic texture with a wide chilled zone. The trend 
of the contact is roughly northeast-southwest where it 
crosses the river. Several large outcrops of the argillite 
completely surrounded by the biotite granodiorite are found 
within the Devil Creek area. 
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3 - IMPACTS 

3.1- Reservoir-Induced Seismicity (RIS) 

3.1.1- Introduction 

The potential for the possible future occurrence of reservoir­
induced seismicity (RIS) in the vicinity of the proposed reser­
voirs was evaluated. Reservoir-induced seismicity is defined 
here as the phenomenon of earth movement and resultant seismicity 
that has a spatial and temporal relationship to a reservoir and 
is triggered by nontectonic stress. 

Several reservoir-induced seismic events (at Kremasta, Greece; 
Koyna, India; Kariba, Zambia-Rhodesia; and Xinfengjiang, China) 
have exceeded magnitude (Ms) 6. Damage occurred to the dans at 
Koyna and Xinfengjiang, and additional property damage occurred 
at Ko yn a and Krem asta. 

Studies of the occurrence of RIS (WCC 1980), have shown that RIS 
is influenced by the depth and volUTJe of the reservoir, the fill­
ing history of the reservoir, the state of tectonic stress in the 
shallow crust beneath the reservoir, and the existing pore pres­
sures and permeability of the rock under the reservoir. Although 
direct measurements are difficult to obtain for some of these 
factors, indirect geologic and seismologic data, together with 
observations about the occurrence of RIS at other reserv airs, can 
be used to assess the potential for the possible effects of the 
occurrence of RIS at the proposed Project reservoirs. 

The scope of this study included: (a) a comparison of the depth, 
volUTJe, regional stress, geologic setting, and faulting at the 
Devil Canyon and Watana sites with the same parameters at compar­
able reservoirs worldwide; (b) an assessment of the 1 ikel ihood of 
RIS at the sites based on the above comparison; (c) a review of 
the relationship between reservoir filling and the length of time 
to the onset of induced events and the length of time to the 
maximUTJ earthquake; (d) an evaluation of significance of these 
time periods for the sites; (e) the devel opnent of a model to 
assess the impact of RIS on groundmotion parameters; (f) a review 
of the relationship between RIS and method of reservoir filling; 
and (g) an assessment of the potential for 1 andsl ides resulting 
from RIS. 

For this study, the tw:> proposed reservoirs were considered to be 
one h)(irologic entity (designated the proposed D::!vil Canyon­
Watana reservoir) because the hydrologic influence of the tw:> 
proposed reservoirs is expected to overlap in the area between 
the Watana site and the upstream end of the Devil Canyon reser­
voir. The proposed D::!vil Canyon-Watana reservoir will be 
approximately 87 miles (140 km) long. The following parameters 
were used: 
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3.1- RIS 

Devil Canyon Watana Combined 

Max. Water 
Depth 551 ft 725 ft 725ft 

Max. Water 
Vo 1 une 1. 09xlo6ac-ft 9. 52 xl o6 ac- ft 10. 6lxlo6ac-ft 

Stress 
Regime Compressional Compressional Compressional 

Bedrock Metanorphic Ingneous Ing neous 

The combined body of water, as proposed, would constitute a very 
aeep, very 1 arge reservoir within a primarily igneous bedrock 
terrain that is undergoing compressional tectonic stress. 

Details of this study are presented in WCC 1980 and 1982 reports. 
A sunmary of this study is presented in the following sections. 

3. 1.2- Evaluation of Potential Occurrence 

(a) Likelihood of Occurrence 

For comparative purposes, a deep reservoir has a max imun 
water depth of 300 feet (90m) or deeper; a very deep reser­
voir is 492 feet (150m) deep or deeper; a large reservoir 
has a max imun water vol une greater than 1 x 106 acre feet; 
and a very 1 arge reservoir has a volune greater than 8.1 x 
106 acre feet. Twenty-one percent of all deep, very deep, 
or very 1 arge reservoirs have been subject to RIS. Thus, 
the 1 ikel ihood that any deep, very deep, or very 1 arge res­
ervoir will experience RIS is 0.21. 1-bwever, the tectonic 
and geologic conditions at any specific reservoir may be 
more or less conducive to RIS occurrence. 

Models have been developed by Baecher and Keeney in Packer 
et al. (WCC 1980) to estimate the likelihood of RIS at a 
reservoir, characterized by its depth, volune faulting, geo­
logy, and stress regime. The models from \'klich the likeli­
hoods are calculated are sensitive to changes in data cl as­
sification for the geologic and stress regime. The calcul a­
tions from models, however, do not significantly influence 
the basic relatively high likelihood of RIS at the l):!vil 
Canyt>n-Watana reservoir considering its depth and volume. 

(b) Location and Maximum Magnitude 

Woodward-Clyde Consultants ( 1980), among others, has disc us­
sed the concept, based on theoretical considerations and 
existing cases of RIS, that an RIS event is a naturally 
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3.1- RIS 

occurring event triggered by the impoundment of a reservoir. 
That is, reservoirs are be1ieved to provide an incremental 
increase in stress that is 1 arge enough to trigger strain 
release in the form of an earthquake. In this manner, res­
ervoirs are considered capable of triggering an earlier 
occurrence of an earthquake (i.e., of decreasing the recur­
rence interval of the event) than \'.Quld have occurred if the 
reservoir had not been filled. In this regard, reservoirs 
are not considered capable of triggering an earthquake 
larger than that wtlich would have occurred 11 naturally. 11 

The portion of crust that a reservoir may influence is 
1 im ited to the area affected by its mass and pore pressure 
influences. This area of influence is often referred to as 
a reservoir's hydrologic regime. Documented cases of RIS 
(Wee 1980) indicate that the RIS epicenters occur within an 
area that is related to the surface area that the reservoir 
covers. For the purposes of this study, the hydrologic 
regime of· the proposed reservoir has been described as an 
envelope with a 19-mile (30 km) radius that encompasses the 
reservoir area, as discussed in wee 1980. 

Previous studies (Wee 1980) present evidence that strongly 
suggests that moderate to large RIS events are expected to 
occur only along faults with recent displacement. Jlrnong the 
reported cases of RIS, at least 10 have had magnitudes of 
(Ms) 5. Field reconnaisance and information available in 
the . literature indicate that Quaternary or late eenozo ic 
surface fault rupture (i.e., rupture on faults with recent 
displacement) occurred within the hydrologic regime of eight 
of these ten reservoirs (wee 1980). 

On the basis of this investigation, it has been concluded 
that there are no faults with recent displacement within the 
hydrologic regime of the proposed reservoir. Therefore, the 
maximum earthquake which could be triggered by the reservoir 
is an earthquake with a magnitude below the detection level 
of currently available techniques (i.e., the detection-level 
earthquake). Thus, the magnitude of the 1 argest earthquake 
that could be triggered by the proposed reservoir is judged 
to be (Ms) 6, which is the maximun magnitude of the detec­
tion level earthquake. 

Based on model studies (Wee 1982), this event is most likely 
to occur within a 20-mile (32 km) belt on either side of the 
reservoir. 

E-6-29 



3.2 - Seepage 

As the result of construction of the Watana and Devil Canyon dams and 
the impoundment of the reservoirs, one of the main potential impacts 
will be the possible seepage through and around the dams. 

Speci fica lly, as in any dam, there wi 11 be the tendency for seepage 
through the foundation rock. Permeabilities in the foundation of both 
dams are not high and are amenable to grouting. 

Buried channels which bypass the dam present the only other seepage 
path of concern at either of the two damsites. At the Devi 1 Canyon 
site, the channel on the south bank does not present a problem, since 
the saddle dam will be constructed across it with adequate foundation 
preparation and grouting. 

At the Watana site there are two channels which will be impacted by 
increased seepage gradients. The channel to the south of the river in 
the Fog Lakes area is not expected to pose seepage problems because of 
the low gradient and long travel distance (approximately 4-5 miles) 
(6.4 - 8 km) from the reservoir to Fog Creek. However, additional work 
will be required in this area to accurately determine subsurface 
conditions. 

The relict channel north of the Watana site poses the greatest poten­
tial for seepage, particularly through the deepest deposits on a path 
from the reservoir to Tsusena Creek. In addition to loss of water from 
the reservoir, the main impact of seepage through the buried channel 
area could result in piping and erosion of materials at the exit point 
on Tsusena Creek. 

A further potentia 1 impact is saturation of the various zones in the 
buried channel combined with the thawing of permafrost in this area. 
This could lead to a condition that could culminate in liquefaction of 
one of the horizons resulting in breaching of the reservoir rim. It 
could, most likely, occur during a strong earthquake, but could be 
triggered as the result of surface loading. The stratigraphy of the 
relict channel was defined during 1980-82 exploration work (Acres 
1982a, 1982b). The preliminary results of that work show that there 
are no apparent widespread or continuous units within the relict 
channel that are susceptible to liquefaction. In addition, it appears 
that multiple periods of glaciation may have resulted in overconsoli­
dating the majority of the unconsolidated sediments within the relict 
channel, thereby minimizing their potential for liquefaction. 

3.3 - Reservoir Slope Failures 

3.3.1 -General 

Shoreline erosion will occur as a result of two geologic proces­
ses: (1} beaching, and (2} mass movement. The types of mass 
movement expected to occur within the reservoirs will be: 
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3.3 - Reservoir Slope Failures 

- Bimodal flow; 
- Block slide; 
- Flows; 
- Multiple regressive flow; 
- Multiple retrogressive flow/slide; 
- Rotational slides, 
- Sk i n f 1 ows ; 
- Slides; and 
- Solifluction flow. 

Aside from the formation of beaches resulting from erosion, 
instability along the reservoir slopes can result from two prin­
cipal causes: a change in the ground water regime and the thaw­
ing of permafrost. Beach erosion can give rise to general 
instability through the sloughing or failure of an oversteepened 
backslope, thereby enlarging the beach area. 

(a) Changes in Ground Water Regime 

As a reservoir fills, the ground water table in the adjacent 
slope also rises. This may result in a previously stable 
slope above the ground water table becoming unstable because 
of increased pore pressures and seepage acting on the 
slope. 

Rapid drawdown of a reservoir may also result in increased 
instability of susceptible slopes. 

(b) Thawing of Permafrost 

(c) 

Solifluction slopes, skin flows, and the lobes of bimodal 
flows are caused by instability on low-angle slopes result­
ing from thawing of permafrost. Mobility is often substan­
tia 1 and rapid, as the movements are generally distributed 
throughout the mass. 

Stability During Earthquakes 

Submerged slopes in granular materials, particularly uniform 
fine sands, may be susceptible to liquefaction during earth­
quakes. This is one example where a small slide could occur 
below the reservoir level. In addition, areas having a 
reservoir rim where the ground water table has reestab­
lished itself could have a greater potential for sliding 
during an earthquake because of the increased pore water 
pressures. 

Thawing permafrost caul d generate excess pore pressures in 
some soils. In cases where this situation exists in lique­
fiable soils, small slides on flat-lying slopes could occur. 
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3. 3 - Reservoir Slope Failures 

The existence of fine-grained sands, coarse silts, and other 
1 iquefaction susceptible material does not appear extensive 
in the reservoir areas. Therefore, it is considered that 
the extent of failures caused by 1 iquefaction during earth­
quakes will be small and primarily limited to areas of per­
mafrost thaw. No evidence of liquefaction was noted within 
the project area. Some slides could occur above the reser­
voir level in previously unfrozen soils as the result of 
earthquake shaking. 

3. 3. 2 - Slope Stability f>'odel s for Watana 
and Devil Canyon Reservoirs 

Following a detailed evaluation of the Watana and Devil Can)On 
reservoir geology, four general slope-stability models were 
defined for this study. These models are shown in Figures E. 6.19 
and E. 6. 20 and consist of several types of beaching, flows, and 
slides that could occur in the reservoir during and after 
impoundment. Based on aerial photo interpretation and limited 
field reconnaissance, potentially unstable slopes in the 
reservoir were classified by one or more of these models as to 
the type of failure that may occur in specific areas. In 
addition to identifying potential slope--instability models around 
the reservoir, attempts were made to delineate areas of existing 
slope failures and permafrost regions. These maps are shown in 
Figures E.6.21 through E.6.45. As stated above, these maps have 
been constructed using photo interpretation and 1 imited field 
reconnaissance and are intended to be preliminary and subject to 
verification in subsequent studies. 

Further details of the slope stab-ility of the reservoirs is pre­
sented in Appendix K of the 1980-81 Geotechnical Report (Jlcres 
1982a) . 

3.3.3- Devil Canyon Slope Stability and Erosion 

The Devil Canyon reservoir will be entirely confined within the 
walls of the present river valley. This reservoir will be narrow 
and deep with minimal seasonal draw:iown. From D=v il Canyon Creek 
downstream to the damsite, the slopes of the reservoir and its 
shoreline consist primarily of bedrock with localized areas of 
thin veneer of call uv iun or till. Upstream from Devil Can)On 
Creek, the slopes of the reservoi'r are covered with increasing 
amounts of unconsolidated materials, especially on the south 
abutment. These materials are principally basal tills, coarse­
grained floodplain deposits, and alluvial fan deposits. 
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3.3 - Reservoir Slope Failure 

Existing slope failures in this area of the Susitna River, as 
defined by photogrammetry and limited field reconnaissance, are 
skin and bimodal flows in soil and block slides and rotational 
slides in rock. The basal tills are the primary materials 
susceptible to mass movements. On the south abutment, there is a 
possibility of sporadic permafrost existing within the delineated 
areas. Upstream from this area, the basal till is nearly contin­
uously frozen as evidenced by field information in Borrow Area 
H. 

Downstream from the Devil Creek area, instability is largely 
reserved to small rock falls. Beaching will be the primary pro­
cess acting on the shoreline in this area. Although this area is 
mapped as a basal till, the material is coarser grained than that 
which is found in the Watana Reservoir and is, therefore, more 
susceptible to beaching. 

In areas where the shoreline will be in contact with steep bed­
rock cliffs, the fluctuation of the reservoir may contribute to 
rock falls. Fluctuation of the reservoir and, therefore. the 
ground water table, accompanied by seasonal fr~ezing and thawing, 
will encourage frost heaving as an erosive agent to accelerate 
degradation of the slope and beaching. These rock falls will be 
limited in extent and will not have the capacity to produce a 
1 arge wave which caul d affect dam safety. In De vi 1 Creek. a 
potential small block slide may occur after the reservoir is 
filled. 

Above Devil Creek up to about River Mile (RM) 180, beaching will 
be the most common erosive process. Present slope instability 
above reservoir normal pool level will continue to occur, with 
primary beaching occurring at the shoreline. At approximately RM 
175, there is an old landslide on the south abutment. This large 
rotational slide is composed of basal till which, for the most 
part, is frozen. A large bimodal flow exists within this block 
headed by a large block of ground ice. Yearly ablation of the 
ice results in flowage of saturated materia 1 downs 1 ope. The 
landslide has an accurate back scarp which has become completely 
vegetated since its last movement. However, this landslide, 
which has an estimated volume of 3.4 mcy, could possibly be 
reactivated as the result of continued thawing or change in the 
ground water regime brought about with reservoir filling. 

Since the maximum pool elevation extends only to the toe of this 
slide, it is unlikely that a large catastrophic slide could 
result from normal reservoir impoundment. However, potential for 
an earthquake-induced landslide is possible. A mass slide in 
this area could result in temporary blockage of river flow. 

In summary, the following conclusions can be made regarding the 
Devil Canyon reservoir slope stability: 
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3. 3 - Reservoir Slope Failure 

-The lack of significant depths of unconsolidated materials 
along the 1 ower slopes of the reservoir and the existence of 
stable bedrock conditions are indicative of stable slope condi­
tions after reservoir impounding. 

-A large old landslide in the upper reservoir has the potential 
for instab"il ity, which, if failed, could conceivably create a 
temporar~ blockage of the river in this area. 

The probability of a landslide-induced wave in the reservoir 
overtopping the d<111 is remote. 

3. 3. 4 - Watana Slope Stability and Erosion 

Most of the slopes within the Watana reservoir are composed of 
unconsolidated materials. As a generalization, permafrost is 
nearly continuous in the basal tills and sporatic to continuous 
in the lacustrine deposits. The distribution of permafrost has 
been delineated primarily on the flatter slopes below an eleva­
tion of 2300 feet (700m) (Figures E.6.13 through E.6.45). In­
cl·ined slopes may be underlain by permafrost, but based on aerial 
photo reconnaissance, the active layer is much thicker indicating 
that permafrost soils are thawing, and/or that permafrost does 
not exist. Existing slope instability within the reservoir (as 
defined by aerial photographic interpretation and limited field 
reconnaissance) indicates that the types of mass movEment are 
primarily solifluction, skin flows, bimodal flows, and small ro­
tational slides. These types of failure occur predominantly in 
the basal till or areas where the basal till is overlain by 
lacustrine deposits. In some cases, solifluction, which origi­
nated in the basal till, has proceeded downslope over some of the 
f1 oodpl ai n terraces. 

Three major factors which will contribute significantly to slope 
instability in the Watana Reservoir are changes in the ground 
water regime, 1 arge seasonal f1 uctuat ion of the reservoir 1 ev el 
(estimated at 100 feet [ 30 m] ) , and thawing of permafrost. 

It is estimated that filling of the reservoir to normal pool 
level will take approximately three years. Because of the rel a­
tively slow rate of impounding, the potential for slope instabil­
ity occurring during flooding of the reservoir will be minimal 
and confined to shallow surface flows and possibly some sliding. 
Slopes will be more susceptible to slope instability after im­
poundment when thawing of the permafrost so"il s occurs and the 
ground water regime has reestablished itself in the frozen soils. 

Near the dansite, assuming that the present contours will remain 
unchanged, the north abutment will primarily be subject to beach­
ing except for some small flows and slides that may occur adja­
cent to Ceadman Creek. On the south abutment, thawing of the 
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3. 3- Reservoir Slope Fan ures 

frozen basal tills wi 11 result in nLJTJerous skin and bimodal 
flows. There is also a potential for small rotational sliding to 
occur primarily opposite Deadman Creek. 

On the south bank bet~en the Watana damsite and Vee Canyon, the 
shoreline of the reservoir has a high potential for flows and 
shallow rotational slides. In contrast to the north bank, the 
shoreline is almost exclusively in contact with frozen basal 
tills, overburden is relatively thick, and steeper slopes are 
present. Thermal erosion, resulting from the erosion and thawing 
of the ice-rich, fine grained soils, will be the key factor 
influencing their stability. On the north bank below Vee Canyon 
and on both banks upstream from Vee Canyon, the geological and 
topographic conditions are more variable and, therefore, have a 
potential for varying slope conditions. 

In the Watana Creek drainage area, there is a thick sequence of 
lacustrine material overlying the basal till. Unlike the till, 
it appears that the lacustrine material is largely unfrozen. All 
four types of slope instability could develop here, depending on 
where the seasonal drav.down zone is in contact with the aforemen­
tioned stratigraphy. In addition, slope instability resulting 
from potential liquefaction of the lacustrine material during 
earthquakes may occur. Overall, slopes on the north bank, in 
contrast with the south bank, are 1 ess steep and slightly better 
drained, which may be indicative of less continuous permafrost 
and/or slightly coarse material at the surface with a deeper 
active 1 aye r . 

In general, the potential for beaching is high because of: (a) 
the wide seasonal draw:lown zone that will be in contact with a 
thin veneer of colluviLJTJ over bedrock; and (b) the large areas 
around the reservoir with low slopes. 

In the Oshetna-Goose Creeks area, there is a thick sequence of 
lacustrine material. Permafrost appears to be nearly continuous 
in this area based on the presence of unsorted polygonal ground 
and potential thermakarst activity around some of the many small 
ponds (thaw lakes/ kettles). The reservoir in this area will be 
primarily confined within the floodplain, and therefore, little 
modification of the slopes is expected. Where the slopes are 
steep, there could occur thermal niche erosion resulting in small 
rotational slides. 

Studies performed show that the potential for a large block slide 
occurring and generating a wave which could overtop the dan is 
very remote (Appendix A of kres l982c). For this to occur, a 
very high, steep slope with a potentially unstable block of large 
volLJTJe would need to exist adjacent to the reservoir. This 
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3. 4 - Permafrost Thaw 

condition was not observed within the limits of the reservoir. 
In approximately the first 16 miles (26 km) upstream from the 
dam, the shoreline will be in contact with the low slopes of the 
broad, U-shaped valley. Between 16 and 30 miles ( 2 6 - 48 km) 
upstream from the dan, no potentially large landslides were ob­
served. Beyond 30 miles (48 km) upstream, the reservoir begins 
to meander and narrows; therefore, any wave induced in this area 
by a large landslide would, in all likelihood, dissipate prior to 
reaching the diJll. 

In general, the following conclusions can be drawn about the 
slope conditions of the Watana reservoir after impounding: 

-The principal factors influencing slope instability are the 
1 arge seasonal dra~own of the reservoir and the thawing of 
permafrost soils. Other factors are the change in the ground 
water regime, the steepness of the slopes, coarseness of the 
material, thermal toe erosion, and the fetch avail able to gen­
erate wave action; 

The potential for beaching is much greater on the north abut­
ment of the reservoir; 

-A large portion of the reservoir slopes are susceptible to 
shallow slides, mainly skin and bimodal flows, and shallow 
rotational slides; 

- The potential for a 1 arge block slide that might generate a 
wave that could overtop the darn is remote; and 

-The period in which restabilization of the slopes adjacent to 
the reservoir will occur is largely unknown. 

In general, most of the reservoir slopes will be totally sub­
merged. Areas where the filling is above the break in slope will 
exhibit less stability problems than those in which the reservoir 
is at an intermediate or low level. Flow slides induced by thaw­
ing permafrost can be expected to occur over very flat-lying sur­
f aces. 

3. 4 - Permafrost Thaw 

The effect of thawing permafrost has already been discussed in relation 
to reservoir slope failures and 1 iquefaction potential above the relict 
channel at the Watana site. 

In addition to these tw impacts, thawing can also induce settlement to 
surface facilities constructed in areas of deep overburden north of the 
Watana diJllsite as well as cause increased seepage through the south 
abutment of the Watana diJll. 
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3.6 -Reservoir Freeboard for Wind Waves 

With regard to settlanent, it is anticipated that the freeboard dike, 
the airstrip, and the camps, as well as site roads, will all encounter 
areas of permafrost. Although the soils in this area are not ice rich, 
some settl anents will ace ur because of thawing of the permafrost. 

Since fractures in the rock below the south abutment of the Watana dan 
are ice-filled to approximately 200 feet (60 m), thawing of this perma­
frost may cause additional seepage, even though thawing will be induced 
prior to grouting of the cutoff below the core. This thawing will be 
generated because of the thermal effect of the large reservoir ~ich 
will remain several degrees above freezing throughout the year. It is 
anticipated that thawing in the cutoff zone can be effectively accom­
plished prior to grouting and that grouting the foundation below the 
core in this zone is feasible. 

3.5- Seismically-Induced Failure 

Details of seismically-induced failures in the reservoir are addressed 
in Section 3. 3. 

Seismically-induced failure in the relict channel area has been add­
ressed in Peres 1982b report. Work performed in the relict channel 
during 1980-82 shows that there are no continuous liquefiable soils in 
the upper 200-250 feet (60-75 m) of the channel. 

The access route and transmission lines in the immediate site area, 
that is between the Watana site and Gold Creek and between the Watana 
site and the Denali Highway, cross areas which have the potential for 
liquefaction, or landslides could occur during earthquakes. The same 
is true of the north and south transmission corridors, particularly in 
the area near Anchorage. Areas of high potential in the Stephan and 
Fog Lakes areas south of the Susitna River have been avoided. 

3.6- Reservoir Freeboard for Wind Waves 

Studies were undertaken to determine freeboard requirements for wind­
induced waves for the Watana and Devil Canyon dansites (Appendix A of 
Acres 1982c). Two effects of wind conditions were considered: wave 
run-up and wind set-up. Results of the study showed that the wave 
heights in both Watana and Devil Canyon reservoirs are governed by the 
respective fetch lengths. The narrowness and bends in the reservoirs 
reduce the effective fetch, and thus reduce wind-induced waves. The 
wind setup for both reservoirs was found to be 0.1 foot (3 em). Setup 
was found not to be significant, considering the degree of accuracy 
inherent in the wave height and run-up calculations. 

Wind-induced freeboard requirements of 5.2 feet (1.6 m) for a Watana 
rockfill dan and 3.4 feet (1.0 m) for Devil Canyon has been ·included in 
the total ,freeboard requirements. 
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3.7- Development of Borrow Sites and Quarries 

The principal borrow sites to be developed for construction material 
will be Borrow Sites D, E, I, and J. Localized construction material 
for auxiliary facilities such as airstrips and camps may be provided 
from Borrow Sites F and C. Quarry rock, if required, will be provided 
from Quarry Sites A and L. Development of these sites will result in 
disturbance of the nat_ural terrain and impact on aesthetics, noise 
levels, and air quality. Impacts will be minimal for Borrow Sites E, 
I, and J, and Quarry L which will ultimately be inundated by either the 
Watana or Devil Canyon reservoirs. In addition, these sites are 
sufficiently removed from the camp facilities to minimize noise and air 
quality impacts. Current design scheme does not anticipate major 
development of Quarry A. Therefore, the principal impact will be in 
the development of Borrow Site D. Although the method of excavation of 
this site will be developed in the subsequent design phases, it is 
anticipated that the upper 2-3 feet (0.6 - 0.9 m) of soil and organic 
material will be stripped and stockpiled. Trenching and ditching will 
1 ikely be excavated throughout the borrow site to provide for free 
drainage and rapid runoff of surface water. The borrow site will be 
developed in stages using high soil cuts to allow for selective mining 
and mixing of material. 

E-6-38 

-

-
-
-

-

-



!""" 
I 
i 

r 

-[ 

4 - MITIGATION 

4. 1 - Impacts and Hazards 

Six impacts which will or could be generated because of construction of 
the Sus itna project are: 

-Reservoir-induced seismicity; 

- Seepage; 

-Reservoir slope failures; 

- Permafrost thaw; 

-Seismically-induced failure; and 

- Borrow site and quarry developnent. 

The effect of these impacts on the project and mitigating measures are 
discussed in this section. In addition to the above mentioned impacts, 
the avoidance of geologic hazards is also addressed. 

4.2- Reservoir-Induced Seismicity 

The magnitude of an earthquake generated by the effect of the reservoir 
will not exceed the magnitude of any earthquake which ~uld normally 
occur in the Talkeetna Terra·in. Therefore, the detection-level earth­
quake developed for the project will provide the design criteria for 
any reservoir-induced earthquakes. 

In order to monitor the effect of reservoir-induced earthquakes, a com­
plete long-term monitoring program will be instituted in the region 
which will be installed prior to completion of the project. This sys­
tem will provide earthquake data on all earthquakes in the region in­
cluding all those induced by the effect of the reservoir. Considera­
tions of the correlations between filling curves and seismicity for 
other cases of RIS has been rev ie\\ed, and it appears that sudden 
changes in water levels and sudden deviations in rate of water level 
change can be triggers of induced seismicity. A controlled, smooth­
filling curve, with no sudden changes in filling rate, should be less 
likely to be accompanied by ·induced seismicity than rapid, highly 
fluctuating filling rates. 

The filling rate for the Watana reservoir covers three years, which is 
relatively slow. Seasonal variations are steady and do not fluctuate 
rapidly. The Devil Can}Qn reservoir fills more rapidly, but is held 
steady with very 1 ittle seasonal variation. 
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4.4- Reservoir Slope Failures 

4.3 - Seepage 

Seepage normally occurring through the foundation rock below each of 
the dams will be controlled by two means: the installation of a grout 
curtain and by a pattern of drain holes drilled from the gallery below 
the dams. The effects of these is to reduce the amount of seepage as 
well as control the downstream internal pressures in the rock by the 
pressure relief affected by the drain holes. 

Should excessive seepage develop during impoundment, prov1s1ons have 
been made in the design for the construction of underground grouting 
galleries which will provide access for remedial grouting. In addi­
tion, extensive instrumentation of the dam and abutments will be 
implaced during postconstruction for long-term monitoring of seepage. 

Pre 1 i mi nary assessment of seepage rates through the Watana Re 1 i ct 
Channel, assuming certain permeabi 1 ities, suggests that there is no 
negligible impact on project operation (Acres 1982b). However, a two­
step approach is proposed in handling this potential problem. First, a 
more detailed drilling program will be initiated at the beginning of 
1983 to investigate the materials at depth in the channel. This will 
provide data on grain size, permeability, continuity of horizons and, 
hence, the potential for seepage. 

Second, the design provides for a downstream filter to control piping 
should it occur. Materials would be stockpiled and used for construc­
tion of filters to control exit gradients at locations where seepage is 
observed. 

4.4 -Reservoir Slope Failures 

Some amount of slope failure will be generated in the Watana and Devil 
Canyon reservoirs as a result of reservoir filling and seasonal fluctu­
ation. The principal slope failures will occur in the Watana reservoir 
where there are greater amounts of surficial deposits and permafrost. 
It is anticipated that skin flows, minor slides, and breaching will be 
a long-term progressive activity as a result of seasonal fluctuation of 
the reservoir and thawing of permafrost. Tree root systems, left from 
reservoir clearing, will tend to hold shallow surface slides and, in 
some cases where permafrost exists, may have a stabilizing influence, 
since the mat will hold the soil in place until excess pore pressure 
has dissipated. l"lany of the slides will occur underwater, thereby 
leaving no impact on the project area. Other slides occurring along 
the rim of the reservoir are expected to be localized. After failure, 
wave action will likely result in the creation of new beaches along 
these new slopes. 

The magnitude of waves generated in the reservoir because of slides has 
been evaluated and found to pose no threat to the safety of the dams. 
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4.7- Geologic Hazards 

Additional freeboard has also been provided at the Watana dan so that 
the effect of slides into the reservoir is further minimized. Normal 
freeboard at normal maximum water surface elevation at Watana is 22 
feet (6. 6 m). 

The relatively small fluctuation in the reservoir levels at the ~vil 
Canyon site will mitigate against ongoing slope failures. 

f1:J nitori ng of key slopes will be initiated prior to impoundment, par­
ticularly the 1 arge slide mass identified in the upper reaches of the 
Devil Canyon reservoir as well as areas having the potential for l,arger 
slides in the Watana reservoir. 

4. 5 - Permafrost Thaw 

Two possible impacts will be felt because of permafrost thaw, both at 
the Watana site: settlement of facilities in areas of deep overburden 
and increased seepage through the dcrn foundation. 

Adequate structural design is possible to mitigate against the hazards 
of settlement in permafrost areas. In the case of the main construc­
tion camp, a large pad of granular material has been provided which 
w·ill evenly distribute the load and insulate the subsoil, hence, 
retarding thaw. 

Regrading of the airstrip and monitoring of settlements at the free­
board dike wi 11 be necessary as a maintenance program to offset the 
effects of differential settlement in these areas. 

The permanent camp is located in an area relatively free of permafrost 
and on good soils to prevent 1 ong- term prob 1 ems. 

4.6- Seismically-Induced Failure 

If subsequent studies show the potential for liquefaction in the buried 
channel area, it is feasible to excavate through this horizon and re­
build the freeboard dike foundation to a point below this lajer. 

Seismically-induced failure of reservoir slopes, although possible, 
wi 11 not be hazardous to the project. 

The design of the main structures have been analyzed to accommodate the 
ground motions induced by the maximum credible earthquake. Therefore, 
the overall safety of the project is assured with the safety of the 
major structures. 

4.7- Geologic Hazards 

There are only three main geologic structures which can have an affect 
on the construction and operation of the power facilities at the tv.o 
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4.8- Borrow and Quarry Sites 

sites. These are the short shear zone south of the parallel to the 
river at Devil Can)On, 11 The Fins11 feature upstream from the Watana 
site, and the 11 Fingerbuster 11 zone downstream from the Watana site. 

At the Watana site, all of the main project features have been located 
between the tv.o features, 11 The Fins11 and the 11 Fingerbuster, 11 thus 
avoiding the need to tunnel through these shear zones. 

Since the main concrete dam does not cross potentially hazardous geolo­
gic features at Devil Canyon, no danger to the structure is posed. 
Tunneling through such a feature could pose problems with large tun­
nels. However, only the small drainage gallery is planned to pass 
beneath the sadd 1 e dan. 

4. 8 - Borrow and Quarry Sites 

All temporary access roads will be graded, recontoured, and seeded fol­
lowing abandonment. Areas near streams or rivers, where erosion may 
occur, will be riprapped during the construction period and reseeded 
when construction is complete. Borrow sites will be excavated only if 
necessary and will either be regraded and seeded with appropriate 
species, or, if excavation is deep enough, converted to ponds. 

Rock excavated and not used in construction will be placed as riprap, 
used as backfill in the borrow site, or disposed of in areas which will 
be inundated by the reservoir. 
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GLOSSARY 

Andesitic - from andesite rock which is fine grained extrusive rock 

Aphanitic- pertaining to a texture of rocks in which the crystalline 
constituents are too small to be distinguished with the unaided 
eye 

Argillite- a compact rock derived from mudstone on shale 

Breccia (shears) - fragmented rock whose components are angular; may 
be rock which is crushed due to shearing 

Chert - small piece of compact rock such as flint or silica 

Clastic flow - the method of sediment transport of volcaniclastic 
sediments 

Felsic- a general term applied to igneous rock having lig~t colored 
minerals; the opposite of mafic 

Gouge (shears) - rock material that has been ground to a uniformly 
fine particle size of clay or fine silt sizes 

Grandodiorite - a group of coarse grained plutonic rock 

Graywackes - a gray or greenish gray, very hard coarse grained 
sandstone with dark rock and mineral fragments 

Kame - a long low hill, mound or ridge, composed chiefly of poorly 
sorted and artificial sand and gravel 

Lithosphere- the earth•s solid crust 

Metabasalt - a basalt \oilich has undergone some degree of 
metanorphi sm 

Metamorphic - rocks which have formed in the solid state in response 
to pronounced changes of tanperature, pressure, and the chan ic al 
environment 

Orthoclase - a mineral, a manber of the feldspar group commonly seen 
in granitic rocks 

Mafic - an igneous rock having dark colored minerals. The opposite 
of felsic 

Orogeny - the process by which mountains are formed involving folding 
and thrusting 
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GLOSSARY (Cont 1 d) 

Phenocrysts - the relatively 1 arge crystals 'vklich are found set in a 
fine-grained ground mass 

Phyllitic- an argillaceous rock formed by regional metamorphism and 
intennediate in grade between slate and mica schist 

Plagioclase- a mineral group, menbers of the feldspars. One of the 
conrnonest rock - fonni ng minerals 

RQD•s- rock quality designation. 
core recovery; the RQD is the 
pieces four inches and longer 
actually dr·i 11 ed 

This is a form of recording rock 
ratio of the total 1 ength of core 
to the length of the coring run 

Sl ickensl ides - a po 1 ished and smoothly stri ked surface that results 
from friction along a fault/shear plane 

Stoss and lee bedrock forms - as}11lmetric arrangenent of bosses (small 
igneous intrusion at the surface) and hills in a strongly 
glaciated area, each hill having a gently abraded slope on the 
stoss side (side to the ice), and a steeper and rougher quarried 
slope on the 1 ee side 

Tectonic- of, pertaining to, or designating the rock structure and 
external fonns resulting from defonnation of the earth 1 s crust 

Thalweg Channel - the 1 ine connecting the lowest points along a shear 
bed or valley 

Thermakarst- settling or caving of the ground due to melting of 
ground ice 

Tuff - a rock formed of compacted volcanic fragments, generally 
smaller than 4 rrm in dicllleter 

Turbidite - a deposit formed by a highly turbid and relatively dense 
current which moves along the bottom of a body of standing water 

Volcaniclastic rock - a sedimentary rock composed primarily of 
vo1canic rock fragments 
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TABLE E.6.1: GEOLOGIC TIME SCALE 

- MlLUUN UF 
ERA PERIOD EPOCH GLACIATION YEARS AGO 

Quaternary Holocene 
Wisconsinan 

Pleistocene Illinoian 
Kansan 
Nebraskan 1. 8 

Cenozoic Pliocene 
Miocene 

Tertiary Oligocene 
Eocene 
Paleocene 70 

Cretaceous 
Mesozoic Jurassic 

Triassic 230 

Permian 
Pennsylvanian 
Mississippian 

Paleozoic Devonian 
Silurian 
Ordovician 
Cambrian 600 

Precambrian 

-
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TABLE E.6.2: WATANA JOINT CHARACTERISTICS* 

Joint Site S t r :i, k'e D i ~ S ~ a c i n g** s u r f a c e C o n d i t i 0 n s 
Set Quadrant (Rangel ( ll:vg. J (Rangel ( ll:vg. J (Rangel ( ll:vg. J Texfure Coahng Remarks 

All 290°-330° 320° 75°NE-80°SW 90° 1"-15' 2' ) Carbonate locally Parallel to major 
) shears, fracture 

NE, SE 80°NE 2"-1 0' 2' ) Carbonate at WJ-6 zones and altera-
) and WJ-7 tion zones 
) 

NW, sw 320° 90° 1"-15' 2' ) Planar, smooth to Major carbonate at 
) locally rough, con- WJ-4 
) tinuous 
) 

16 NW, sw 295° 75°NE 1 "-15' 2' ) Minor carbonate at 
WJ-9 

II All 045°-080° 060° 80°SE-BDNW 90° 1 "-5' 2' Planar, smooth to Carbonate locally No shears or alter-
rough at ion zones, minor 

fracture zone 

NE, SE 050° 85°NW 1 "-5' 1.5' Planar to irregular, Carbonate at WJ-5 
smooth to slightly 
rough 

['Tl NW, sw 065° 90° 2"-5' 2' Planar, smooth to Carbonate at one out-
I rough crop 

O"l 
I 

340°-030° 00 40°E-65°W 60°[ +:> Ill All 0.5"-5' 1. 5' Planar to irregular, Carbonate locally Parallel to minor 
00 rough shears and fracture 

zones 

NE 005° 60°E 2"-2' 1' Curved, rough Weakly developed 

SE 350° 65°W 6"-4' 1. 5' Planar to irregular, Weakly developed 
smooth to rough 

NW, sw 345° 60°E 0.5"-5' 2' Planar to irregular, Carbonate locally Strongly developed 
rough 

I\o \oariable Shallow to moderate 
orientations 

Strongest Concentrations: 

NE 080° 10°N 2"-3' 1 ' 
SE 090° 25°S ) Planar to irregular, Probably stress 

310° 40°NE) smooth to rough, relief, near 
discontinuous surface 

NW 090° 10°S 1 "-3' 2' 
SW OD 05°E 6"-10' 2' 

090° 25°N 

*Surface data only 
**When set is present 

J J .1 ] J J J .. ~-J J 



fTl 
I 

(j) 
I 

.p. 
1..0 

Joint S t r i k e 
Set Location (RangeJ (Avg.J 

I North Bank 320°-0° 345° 

Ib DCJ-4 320° 

South Bank 310°-350° 340° 

II North Bank 040°-090° 065° 

lib DCJ-4 015° 

South Bank 020°-100° 075° 

I Ib DCJ-1 015° 

III North Bank 045°-0B0° 060° 

South Bank 015°-045° 025° 

Iv North Bank variable 
orientations 

Strongest Concentrations: 

Composite 060° 
DCJ-2 060° 
DCJ-3 090° 
DCJ-4 045° 

South Bank variable 
orientations 

Strongest Concentrations: 

Composite 

DCJ-1 

*Surface joints only 
**Where present 

050° 
330° 
330° 
060° 
345° 

1 

TABLE E.6.3: 

D i E 
(RangeJ (Avg.J 

60°NE-70°SW B0°NE 

55°NE 

60°NE-75°SW 90° 

40°-75°SE 55°SE 

B5°SE 

30°-75°SE 55°SE 

75°SE 

50°NW-70°SE B0°NW 

6B 0 -B0°NW 65°NW 

Shallow to moderate ) 
) 
) 
) 
) 

15 °SE) 
30°NW) 
1 0°S ) 
25°NW) 

Shallow to moderate ) 
) 
) 
) 
) 

25°NW) 
20°NE) 
15°SW) 
40°NW) 
15°NE) 

- l 1 

DE\1 IL CANYON JOINT CHARACTERISTICS* 

S E a c i n g** s u r f a c e c 0 n d i t i o n s 
(RangeJ (Avg.J Texture Coat1ng Remarks 

0.5"-10' 1. 5') Planar, smooth, Occasional iron Parallel to shears, 
) occasional rough, oxide and carbonate fracture zones and 
) continuous most dikes. Major 
) stress relief, open 

0.5"-5' 2' ) joints on south 
) bank. Ib found 
) locally 

6"-3' 2' ) Planar to curved, None Parallel and sub-
) smooth to rough parallel to bedding/ 
) foliation. Some 
) open to 6" near 
) river level. Paral-

2"-6' 1 ' ) lel to major and 
) minor shears. lib 

2"-5' 1 • 5' ) ·is found locally 

4"-10' 3' ) Planar to irregular, Occasional iron Occurs locally, 
) smooth to rough, oxide and carbonate cliff former above 
) tight to open joints Elevation 1400 on 
) the north bank 
) 

6"-10' 3' ) Locally open joints 

3"-B' 2' ) Planar, rough, dis- Occasional iron Probably stress 
) continuous oxide and carbonate relief, near sur-
) face 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

1"-8' 2' ) 
) 
) 



TABLE E.6.4: DEviL CANYON TAILRACE TUNNEL - JOINT CHARACTERISTICS* 

Joint S t r i k e D i e s e a c i n g** S u r f a c e c 0 n d i t i 0 n s 
Set (Range) (Avg.) (Flange) O~vg.) (Range) 0\vg.) Texture Coatwg Remarks 

284°-355° 325° 50"NE-55"SW 70"NE 0.5"-10' 1 o 5 I Planar, smooth, Occasional iron oxide Parallel to shears, fracture 
occasional rough, and carbonate zones and most dikes 
continuOjJs 

II 37"SE-80"SE 60"SE 2"-5' 2' Planar to curved, None Parallel and subparallel to 
smooth to rough bedding/foliation. Minor 

shears 

III 006°-038° 022° 63"E-84"W 4"-10' 3' Planar to irregular, Occasional iron oxide Locally well developed 
smooth to rough and carbonate 

fTl 

Planar, rough, Occasional iron oxide Probably stress relief, near I rv variable less than 40° 0"\ 
I discontinuous and carbonate surface 

()1 

0 

*Surface joints only 
**When present 

.J I 
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t"/\ 1\ 1\ / 
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J 
J Modified from Csejtey,et ol, 1978 

LEGEND 
CENOZOIC 

QUATERNARY ,---, 
~ I 
'---- -~ 

r-;-.s;=l 
~2:--L~l 

Ff'"-_.,-"T, 
I + + -t 
Lo..---~ 

MESOZOIC 

CRETACEOUS 

8=====-====~ L~-----_-.J 

JURASSIC 

[lTIIIIO 

UNDIFFERENTIATED SURFICIAL DEPOSITS 

UNDIFFERENTIATED VOLCANIC AND 
VOLCA-NICLASTIC ROCKS 

GRANODIORITE, DIORITE 

BIOTITE- HORNBLENDE GRANODIORITE, 

BIOTITE GRANODIORITE 

SCHIST, MIGMATITE, GRANITIC ROCKS 

UNDIVIDED GRAN ITIC ROCKS 

MAFIC .I NTRUSIVES 

ARGILLITE AND GRAYWACKE 

GRANODIORITE, QUARTZ DIORITE 

REGIONAL GEOLOGY 

f7\ 7\ l\ 1\I'J 

~ 6.6.6.~ 
TRIASSIC 
~Z'- ..... z-;, 
~:L>-~j 

PALEOZOIC 

AMPHIBOLITES, GREENSCHIST, FOLIATED DIORITE 

BASALTIC METAVOLCANIC ROCKS, METABASALT 
AND SLATE 

BASALTIC TO ANDESITIC META VOLCANICS LOCALLY 
I NT~RBEDDED WITH MARBLE 

THRUST FAULT TEETH ON UPTHROWN SIDE , DASHED WHERE INFERRE 
--., •• - - .... • • • OOTTED WHERE CONCEALED 

INTENSE SHEARING• • POSSIBLE THRUST FAULT, TEETH ON UPTHROWN 
• • • \1" • • • \1" SIDE 

PROPOSED DAM SITES 

0 4 8 

SCALE IN MILES 

FIGURE E.6 . 1 
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A.BSOLUTE AGE 
YEARS BEFORE PRESENT 

ERA PERIOD EPOCH STAGE 

HOLOCENE 

-9,000-
' 

--11,000- - -

--13,500-- - -
LATE 

>- ~ WISCONSIN 
--15,000-- u 0:: w - -

0 <( g 
N z 
0 0:: 1- WISCONSINIAN z w ~ w !;;( w GLACIATION -17,000- u ...J - -::::;) a. 

0 

-25,000- - r 

INTERGLACIAL 

-40,000- - - + -

EARLY WISCONSW 

-75,000- - - t -
SANGAMON 

INTERGLACIATION - -f --
-120,000-- - - ---t-- PRE-WISCONSIN-

170 
I 

z 
<( 

0 
z 
::i 
...J 

120 
r 

ILLINOIAN 
GLACIATION 

75 
I 

BAR SCALE 

z 
iii 
z 
0 
u 
(/) 

i 
ui 40 

I 

l 
z w 
(/) z 
z w 
0 g 
~ ...J 
- 0 :r: 9 :z:o 
...J I I 

(IN THOUSANDS OF YEARS BEFORE PRESENT) 

NOTES: 

I. ERA THROUGH EPOCH TERMINOLOGY AND ABSOLUTE 
AGES AR£ AFTER VAN EYSINGA ( 1978). 

2. STAGE TERMINOLOGY AND AGE ARE AFTER PEWE' (1975). 

3. STADE AGE ARE MODIFIED AFTER TEN BRINK AND WAYTHOMAS (IN PRESS) 

QUATERNARY STUDY REGION 
TIME SCALE 

STADES 

IV 

Ill 

II 

I 

I-

I-

r-

FIGURE E.6.2 



l 
J 

l 
RANGE 

l 
l 
1 

] 60" 

J 

J 
TALKEETNA TERRAIN MODEL 

J 

J 
J 

TALKEETNA TERRAIN MODEL AND SECTION 

BENIOFF ZONE 

LOCATION OF 
1964 EARTHQUAKE 

PLATE MOTION RELATIVE TO 
NORTH AMERICAN PLATE 

SCHEMATIC TALKEETNA TERRAIN SECTION 

LEGEND: 

MAPPED STRIKE-SLIP FAULT,ARROWS 
SHOW SENSE OF HORIZONTAL 
DISPLACEMENT. 

MAPPED STRIKE-SLIP FAULT WITH DIP 
SLIP COMPONENT, LETTERS SHOW SENSE 
OF VERTICAL DISPLACEMENT: U IS UP, 
DIS DOWN. 

---MAPPED FAULT, SENSE OF HORIZONTAL 
DISPLACEMENT NOT DEFINED. 

---- INFERRED STRIKE -SLIP FAULT. 

+ • + + MAPPED THRUST FAULT, SAWTEETH ON 
UPPER PLATE. 

-.o~~~55;;iO~iiiiiiiiiliiiiiiiOO MILES SCALE <= 

FIGURE E.6.3 
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HB4-1 -·--·---DENALI F~U1!_.---·---· __., ........... -------·--· ,.,-· --· ....-· 
-~·~· / 

r~----------------------------~, 
. ....-· -1'" ./ I 

I K03-3-:Y I 
I / DELALI •I 
r . .J 
I ./ ,-" I 
I ./ / I 

/ / / I I _,_./:.~· WATANA SITE/. // I 
I / . / I 
I KD5- _,~~· KD5-2 ./ / I 

KD5-43~ ~KD5 2 / I I KD5-45"' • • \ -I • .--,£_, _ ___.KD3-7 I 
I .~ ~·-· . / -c"_ I 
I -· /. KD5-9 • ~· \KC5-5 / / • ..._ • ....._,_• 

I \ · · '\ I 
I ./· KD5-42 • \. ./ // KC4-I I 
r ./ KD5-44 ':/,., ,., 1 

/ /' I 
I /' I I / . / MICROEARTHQUAKE .. I 
I / / STUDY AREA I 
I / . I 
I // ./ I 
I / I I 
I / I 
I TALKEETNA / I I 
L--~-.£/ __ ...1 ---------..-.---------------

O~!!!!!!!!!!!!!!!~IO~iiiiiiiiiii~20~!!!!!!!!!!!!!!!~30 MILES 
SCALEc: 

FEATURES SELECTED FOR 1981 STUDIES 

FIGURE E.6.4 
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REFERENCE : BASE MAP FROM COE , 1978 -1"• 200' WATANA TOPOGRAPHY, SHEET 8 613 OF 26, 
COORDINATES IN FEET, ALASKA STATE PLANE (ZONE 4) 

WATANA DAMSITE 
GEOLOGIC MAP 

I. OUTCROPS SHOWN ON FIGURE E.6.6. 

2. GEOLOGIC SECTIONS IN ACRES, 1982 a. 

3. JOINT PLOTS ON FIGURE E.6.7. 

4. TOPOGRAPHY FROM COE, 1978, I"• 200 '. 

5. EXPLORATION LOGS AND SEISMIC LINE 
SECTIONS IN ACRES,I982a AND 1982b. 

6 . EXTENT OF SHEARS, FRACTURE ZONES AND 
ALTERATION ZONES ARE INFERRED BASED ON 
GEOLOGIC MAPPING AND SUBSURFACE 
EXPLORATIONS , AND ARE SUBJECT TO 

DETAILED 

LEGEND 
LITHOLOGY : 

DIORITE TO QUARTZ DIORITE, INCLUDES 
MINOR GRANODIORITE 

ANDESITE PORPHYRY, INCLUDES 
MINOR DACITE AND LATITE 

I\.-:, r-1 DIORITE PORPHYRY 

CONTACTS: 
___!~ BEDROCK, DASHED WHERE INFERRED, 

DIP WHER E KNOWN 

STRUCTURE : 

~ SHEAR, WIDTH GREATER THAN 10 FEET, NEAR­
~ VERTICAL TO VERTICAL UNLESS DIP SHOWN; 

EXTENT WHERE KNOWN AND/ OR INFERRED 

70/ /SHEAR, WIDTH LESS THAN 10 FEET 
YX INCLINED,VERTICAL,EXTENT WHERE KNOWN 
// AND/OR INFERRED 

FRACTURE ZONE,WIDTH GREATER THAN 
177_@ 10 FEET, NEAR-VERTICAL TO VERTICAL 
~/..;::;! UNLESS DIP SHOWN; EXTENT WHERE KNOWN 

AND/OR INFERRED 

7~ ..•. · FRACTURE ZONE , WIDTH LESS THAN 10 

./ _,/ mH"rcW~f~E ~~~~~~~T67t~ ~lJ?,~~~JfF 
70 11 !10.1. JOINT; INCUNED,OPEN INCLINED, VERTICAL 

~ I' • (SETS I AND II ONLY, EXCEPT FOR OPEN JOINTS) 

ALTERATION ZONE,APPROXIMATE WIDTH 
SHOWN 

J ...L BEDROCK SLUMP 

OTHER : 
W-1 

t j. GEOLOGIC SECTION 

JOINT STATION, SEE ACRES, 1982 a . 

GEOLOGIC FEATURE DESCRIBED IN SECTION 5 
ACRES, 1982 a . ' 

0~111111"'~2~0iii0iiiiiiiiiiii4~00 FEET 

FIGURE E.6.5 
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N 3,225,000 

N 3,;!28.000 

( 

/ 

REFERENCE : BASE MAP FROM COE,I978·1" • 200' 
WATANA TOPOGRAPHY, SHEETS 8 AND 13 OF 26 
COORDINATES IN FEET, ALASKA STATE PLANE (ZONE 4) 

~ ... ... 
w 
' 

/ 

.----········· 

/ 

------. 
,---~ 

g ... ... ... 
w 

l 
l .. TALUS,TILL 

.---------- ----··-~ ~ ------------........... 

LEGEND 
~ LITHOLOGY: 
~ ~OVERBURDEN' AREAS OF TALUS, OUTWASH, TILL 
;! L_______j AND ALLUVIUM, AS SHOWN 

w r---1 DIORITE TO QUARTZ DIORITE, INCLUDES MINOR 
L_______j GRANODIORITE 

i 
' 

~ ANDESITE PORPHYRY, INCLUDES MINOR DACITE 
~AND LATITE 

r-·v ,:-·' 1 DIORITE PORPHYRY 

CONTACTS: 
--- SURFICIAL DEPOSITS 

-- -- BEDROCK I SURFICIAL DEPOSITS 
--- BEDROCK 

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

--- TOP OF BEDROCK, CONTOUR INTERVAL 20 FEET 

--- TOPOGRAPHY, CONTOUR INTERVAL 50 FEET 

OTHER: 

'? SPRINGS 

FIGURE E.6.6 
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s 

N 

COMPOSITE JOINT PLOT 
SOUTHEAST QUADRANT 

N=721 

w 

~' 
1"\ 

N 

COMPOSITE JOINT PLOT 
NORTHEAST QUADRANT 

N= 857 

w 

s 

SET 
I 

() 

Q E 

E 

Jlr 

N 

COMPOSITE JOINT PLOT 
SOUTHWEST QUADRANT 

N=329_ 

SET Ill 

'~~ 
I 

0 

WATANA DAMSITE 
COMPOSITE JOINT PLOTS 

N 

COMPOSITE JOINT PLOT 

NORTHWEST QUADRANT 

N = 781 

SET 
m 

SET 
m 

w 

-~ 

w 

SCALE 0~11111""'..;2~00~-,.;4~00 FEET 

NOTES 

s 

8 

.D 

c . 
+ 

A . 
N 

POINT STRIKE DIP 

A oso• so•sE 
B 330° go• 
c 045° I0°NW 
D 285° 30°NE 
E o• so• w 

NOTE, PLOTTING BY PROJECTION OF 
PERPENDICULARS TO JOINT PLANES 
ON SURFACE OF LOWER HEMISPHERE 
POINTS ARE PLOTTED ON AN EQUAL~ 
AREA NET. 

JOINT PLOTTING METHOD 

I. CONTOURS ARE PERCENT OF JOINTS PER I'Yo OF AREA 
CONTOURS SHOWN - I , 3, a 5 "to. . 

2· N EQUALS NUMBER OF DATA POINTS. 

3. COMPOSITE PLOTS INCORPORATE ALL JOINT DATA FROM 
THEIR RESPECTIVE QUADRANTS. 

w 

4. JOINT PLOTS FOR JOINT STATIONS (WJ-1 2 3 4 56 7.8 89) 
IN ACRES 1982a . ' ' • • • • • 

FIGURE E.6 .7 
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\ \ 
\ ~ 

I0-3 I0-4 I0-5 I0-6 
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WATANA ROCK PERMEABILITY 

FIGURE E .6.8 
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'('"" ,-!'\_.--, ____ .~------" 
·-'\./-., 

_N 3.224.000 

-----"~-. ...__ 

" 

J 

J 
1 

i 

/~2200-, 

I 

SITED 

\ 

LOCATION MAP 

LEGEND 

LITHOLOGY: 

~ BEDROCK OUTCROP 
CONTACT: 'UNDIFFERENTIATED. 

BEDROCK I SURFICI 
CONTOUR LINES: AL DEPOSITS APPROXIMATE 

TOP OF BEDROCK . 

~~:OOOGRT CONTOU~~O:ATS~~: INTERVAL 50 FEET. 

APHY C · , ONTOUR INTE RVAL 100 FEET. 

OTHER : 
A A 

t~ GEOLOGIC SECTION LOCATION . 

NOTES: 

I EXPLORATION APPENDICES A~DAND SEISMIC LINE 
2 DETAILED TOP OF D,ACRES,I982b ::~TIONS SHOWN IN 

FIGURE E6 6 . BEDROCK IN DAMSIT ACRES, 1982a. 

3 GEOLOGIC SECTIO E AREA SHOWN ON 
NS SHOWN ON FIGURE E.6.IO. 

FIGURE E.6.9 



2300 

2250 

2200 

2150 

2100 

>--
::! 2050 
"-
z 
0 
>= 
;:! 2000 ..., 
...J ..., 

1950 

1900 

1850 

1800 

1750 

M 

E 

F 

G 

SECTION C-C 

Br- SL 

WATANA RELICT CHANNEL CROSS SECTIONS 
SHEET I OF 3 

8r 

LEGEND 

ftA9:'BoJ SURFICIAL DEPOSIT 

[\iCo'::;J ICE DISINTERGRATION DEPOSITS 

t .. ~, r.j ."J BASAL TILL 

f:::::i) :::::j ALLUVIUM 

~ OUTWASH 

B--:::::3 LACUSTRINE 

[S§ G'@ BASAL TILL 

f•"•H•" l ALLUVIUM 

~ OUTWASH 

~TILL 

JZ' ~ ' ifd ALLUVIUM AND LACUSTRINE DEPOSITS 

m:IJ ALLUVIUM 

0!:] BEDROCK 

NOTES: 

FOR DETAILS OF STRATIGRAPHY SEE FIGURE E.S. II. 

2. FOR LOCATION OF SB:TIONS SEE FIGURE E.6.9. 

3. EXTENT OF STRATA AND CONTACTS ARE INFERRED BASED 
ON INTERPRETATION OF SUBSURFACE EXPLORATIONS AND 
ARE SUBJECT TO VERIFICATION BY FUTURE INVESTIGATIONS. 

HORIZ. SCALE 0~~~4~0~0iiiiiiiiiiii~BOO FEET 

VERT . SCALE 0~~~5~0~-~100 FEET 

FIGURE E.G.IO 



24~0 

AH-D29 

2400 

2350 

2300 

2250 

2200 

;= 
2150 w 

w 
LL 

z 
0 

~ 
> 

2100 

w 
-' 
w 

20~0 

2000 

19~0 

1900 

1850 

1800 
0 800 1600 2400 3200 4000 4800 5600 

HORIZONTAL DISTANCE (FEET) 

SECTION D-D 

6400 7200 

WATANA 
BORROW SITE D 
CROSS SECTION 
SHEET 2 OF 3 

8000 8800 9600 10400 11200 

LEGEND: 

f!AIB~ \ SURFICIAL DEPOSIT 

[.:·:,·c·,H ICE DISINTEGRATION DEPOSITS 

~ BASAL TILL 

\::A :::::! ALLUVIUM 

t=:=D~'=::J LACUSTRINE 

~ OUTWASH 

~ LACUSTRINE 

E$G:t:9 BASAL TILL 

F.":H·.'.j ALLUVIUM 

~ OUTWASH 

~ TILL 

~ BEDROCK 

FOR DETAILS OF STRATIGRAPHY SEE FIGURE E. 6.11. 

2. FOR LOCATION OF SECTIONS SEE FIGURE E. 6 . 9 . 

3. EXTENT OF STRATA AND CONTACTS ARE INFERRED BASED 
ON INTERPRETATION OF SUBSURFliCE EXPLDRATIONS AND 
ARE SUBJECT TO VERIFICATION BY FUTURE INVESTIGATIONS . 

HORIZ. SCALE 0~~~4~0i;i0iiiiiiiiiiiioiil800 FEET 

VERT. SCALE 
O~~~~~O;.iiiiii~IOO FEET 

FIGURE E.6 .10 



2400 

2350 DR-14 

2300 

2250 

2200 

;:: 
w w 
"-
z 2150 
0 

~ w 
;j 2100 

2050 

2000 

1950 

1900 
0 BOO 1600 2400 3200 4000 

HORIZONTAL DISTANCE ( F EET) 

SECTION E-E 

2350 

2300 

2250 

2200 

t;; 2150 w 
"-

z 
0 

~ 2100 
> w 
_j 
w 

J 
2050 

2000 

1950 

1900 
0 BOO 1600 2400 3200 4000 

HORIZONTAL DISTANCE (FEET) 

SECTION F-F 

4BOO 5600 

4BOO 5600 

WATANA 
BORROW SITE D 

CROSS SECTIONS 
SHEET 3 OF 3 

6400 7200 

6400 

LEGEND: 

b~llid SURFICIAL DEPOSIT 

(',:·:·.if:·/.1 ICE DISINTEGRATION DEPOSITS 

~ BASAL TILL 

[::: ::D:::: :j ALLUVIUM 

F==':D''::3 L ACUSTRINE 

l&~tl OUTWASH 

E3EJ LACUSTRINE 

!..o: l:.!i BASAL TILL 

Q:EJ ALLUVIUM 

~ OUTWASH 

~ TILL 

[!Q BEDROCK 

I. FOR DETAILS OF STRATIGRAPHY SEE FIGURE E.6.11. 

2. FOR LOCATION OF SECTIONS SEE FIGURE E.6.9. 

3. EXTENT OF STRATA AND CONTACTS ARE INFERRED BASED 
ON INTERPRETATION OF SUBSURFACE EXPLORATIONS AND 
ARE SUBJECT TO VERIFICATION BY FUTURE INVESTIGATIONS. 

HORIZ. SCALE 0~""'11111~4~00~-~B~OO FEET 

VERT. SCALE O~llllllllll~5§0iiiiiiiiiiiiiiii~IOO FEET 

FIGURE· E.G .10 



UNIT TYPE OF DEPOSIT GEOLOGIC EVENT 

SURFICIAL DEPOSITS POST GLACIAL EROSION a FROST HEAVING. 

© 
ABLATION OF LAST GLACIAL ADVANCE a MELTING OF ICE 

ICE DISINTEGRATION 
LENSES. 

@ ALLUVIUM 

LACUSTRINE LOCALIZED PONDING OF LAKES DURING INTERGLACIAL. 

1------+--------+----- RETREAT OF GLACIATION "M"----_/ 

BASAL TILL 

OUTWASH 

® OUTWASH 

VALLEY TYPE GLACIAL ADVANCE CONFINED TO FORMER 
SUSITNA VALLEY. 

GLACIAL MELTING a RETREAT·, ICE FRONT AT A DISTANCE 

FROM SITE. 

GLACIAL RETREAT; ICE FRONT NEAR SITE . 

DRAINING OF LAKE "G" 
r----+--------+-------~ 

® 

® 

CD 

GLACIOLACUSTRINE 

a WATERLAIN TILL 

BASAL TILL 

ALLUVIUM 

OUTWASH 
(TILL ?l 

GLACIAL RETREAT BEGINS 

LAKES a FLOATING ICE . ICE MASS PARTIALLY DETACHED 

(FLOATING). 

- -- -BASAL MELTING, ICE THICKENING 

MAJOR GLACIAL ADVANCE. 

INTERGLACIAL, ICE FRONT REMOVED FROM SITE. 

GLACIAL MELTING a RETREAT, ICE FRONT NEARBY 
PARAGLACIAL ENVIRONMENT. 
MINOR GLACIAL RE- ADVANCE. 

GLACIAL MELTING a RETREAT CONTINUES . 

THICKNESS DESCRIPTION 

RANGE 0 .7 FT. ORGANICS, PEAT,SILT a BOULDERS RAISED 
AVG. 3 FT. BY FROST ACTION. 

RANGE 
0-21 FT. 

GRAY I BROWN LAMINATED CLAY a SILT, 
VERY DENSE. 

GRAY CLAY WITH ANGULAR TO SUBANGULAR 
GRAVEL a COBBLE, VERY DENSE. COARSE 

RANGE FRACTION MAINLY PHYLLITE 8 ARGILLITE. 
0-79 FT. 

L 
RANGE E/F 

0-131 FT. 
AVG. 37FT. 

RANGE 
0-74 FT. 

BROWN TO GRAY- BROWN SILTY SAND WITH 
GRAVEL a COBBLES. 
PARTICLES SUBANGULAR TO SUBROUNDED. 

BROWN SILTY SAND WITH GRAVEL a MANY 
COBBLES a BOULDERS, POORLY SORTED . 
SIZE OF COARSE FRACTION INCREASES WITH 
DEPTH . OFTEN CONTAINS A ZONE OF 
COBBLES a BOULDERS AT BASE OF UNIT. 

GRAY CLAY, LAMINATED, VERY DENSE. 
CONTAINS SILTY OR SANDY 
INTERLAMINATIONS WHICH ARE MORE 
PREVALENT IN RELICT CHANNEL AREA. 
OCCASIONALLY VARVED. 

GRAY CLAY WITH ANGULAR a 
RANGE SUBANGULAR GRAVEL a COBBLES. 

0-231 FT. UNSORTED, VERY DENSE. 

RANGE 
0-77 FT. 

BROWN GRAVEL, SAND a SILT, STRATIFIED, 
SORTED, VERY DENSE . CONFINED TO 
VALLEY AREAS IN THE AT-THE -TIME 
TOPOGRAPHY OF THE UPPER SURFACE OF 
UNIT "I" . 

BROWN TO RED- BROWN SAND a SILT WITH 
GRAVEL a COBBLES. OXIDATION ON 
SURFACES OF PARTICLES. VERY ROCKY, 
OVERCONSOLIDATED. MAY BE AN OUTWASH 
RE-WORKED BY A MINOR READVANCE. 
OF ICE. 

REMARKS 

SURFICIAL BOULDER FIELDS, SWAMPS 8 

HUMMOCKY TOPOGRAPHY, KNOB a KETTLE 
FEATURES, NO OVERCONSOLIDATION. 

LIMITED EXTENT, NOT FOUND IN ALL 
BORINGS. LAMINATIONS PRESENT.GENERALLY 
THIN. 

FOUND NEAR SUSITNA VALLEY. PEBBLES 8 
COBBLES SUBANGULAR a STRIATED. 
APPEARANCE SIMILAR TO "G" BUT MUCH 
HIGHER PERCENTAGE OF PHYLLITE a 
ARGILLITE FRAGMENTS. 

SUBANGULAR TO SUBROUNDED PARTICLES. 
FEWER COBBLES 8 BOULDERS THAN UNIT 
"F" BELOW. PARTIALLY SORTED. -------
LARGE COBBLES 8 BOULDERS INDICATES 
HIGH ENERGY ENVIRONMENT WITH ICE 
FRONT NEARBY. LARGE BOULDER ZONE AT 
BASE GRADING TO SMALLER FRAGMENTS 
TOWARD THE TOP OF UNIT INDICATES 
RECEDING ICE. 

ORGANICS FOUND IN LAMINATIONS OF UNIT 
"G': WOOD FOUND IN UPPER HORIZONS OF 
UNIT "G". 

LACUSTRINE LAMINATIONS a VARVES 
PRESENT TOGETHER WITH STRIATED 
PEBBLES a SAND AS WELL. 

STRIATIONS ON COARSE FRACTION, LITTLE 
OXIDATION, BASAL TILL STRUCTURE 
INCLUDING POOR SORTING, HIGH DENSITY 8 
IMBRICATI 

ROUNDED PARTICLES, SORTED. ORGANICS 
FOUND IN UNIT "H". 

ORGANICS FOUND IN UPPER HORIZON OF 
UNIT "I", INCLUDING WOOD. 

OXIDATION (LIMONITE 8 HEMATITE) 
INDICATES WEATHERING 8 OLDER AGE. 
OCCASIONALLY DISPLAYS SOME 
CHARACTERISTICS OF A TILL INCLUDING 
REMNANT STRIATIONS ON PEBBLES 8 
ANGULAR FRAGMENTS. LACUSTRINE SAND, 
SILT OR CLAY OFTEN FOUND IN MIDDLE OF 

1--'---+--------+----- RETREAT OF GLACIATION "J''---------,~,...:.....,,.::===~~,..,;-.;:o==~==:=:=c:-==::==-~,-------+-----------------t-U_N_IT_. _____________ ---l 

LACUSTRINE a /OR 

STRATIFIED DEPOSITS 

RANGE BROWN SAND, SILT, GRAVEL a CLAY , LIMITED EXTENT, OFTEN APPEARS SORTED, 
BASAL MELTING a PONDING·, FLOWING WATER. 

0
_
48 

FT. LAMINATED 8 I OR STRATIFIED. SAND FRAGMENTS ROUNDED. 
· · · OCCASIONALLY OXIDIZED . 

TILL MAJOR GLACIAL ADVANCE. 

® ALLUVIUM 
OLDEST UNCONSOLIDATED DEPOSITS FOUND IN WATANA 
RELICT CHANNEL AREA. 

BEDROCK 

NOTE: STRATIGRAPHIC COLUMN DIAGRAMMATIC 8 
NOT TO SCALE. 

. :6 . ci: •. 
RANGE 

0-62 FT. 

RANGE 
0-161 FT. 

GENERALIZED STRATIGRAPHIC COLUMN 
WATANA RELICT CHANNEL AND BORROW 

SITED AREA 

BROWN SILT WITH MANY COBBLES a MUCH 
GRAVEL. VERY DENSE, OXIDIZED. PARTICLES 
ANGULAR a SUBANGULAR. 

BOULDERS, COBBLES, SAND a GRAVEL, 
ROUNDED. 

PRIMARILY DIORITE a GRANODIORITE 
WITH OCCASIONAL INCLUSIONS OF 
ARGILLITE. ANDESITE FOUND IN WESTERN 
PORTION OF AREA. 

STRIATED PEBBLES , SUBANGULAR 
PARTICLES, HIGH DEGREE OF 
OVERCONSOLIDATION. 

FOUND ONLY LOCALLY ALONG CHANNEL 
COURSES (THALWEG$) CUT INTO BEDROCK . 

DRILLED > 10' INTO BEDROCK TO VERIFY. 

FIGURE E.6.11 
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FOG LAKES REFRACTION LINE 
SEGMENTS SLBI-FLI TO SL81-FL48 

- "2200 

.. --·· 

WATANA 
FOG LAKES RELICT CHANNEL 

TOP OF BEDROCK 

I 
.... ..:~; / ' 

/,.·I I 

LEGEND: 

LITHOLOGY: 

~ BEDROCK OUTCROP OR SHALLOW BEDROCK, 
~ UNDIFFERENTIATED. 

CONTACT : 

---- BEDROCK/SURFICIAL DEP05oTS, APPROXIMATE. 

CONTOUR Ll NES : 

TOP OF BEDROCK , CONTOUR INTERVAL 100 FEET. 
TOPOGRAPHY, CONTOUR INTERVAL 500 FEET. 
TOPOGRAPHY, EL. 2250 CONTOUR DASHED. 

NOTES: 

BASE MAP MODIFIED FROM U.S.G.S. TALKEETNA MOUTAINS D-3 
AND D-4 QUADRANGLE MAPS, SCALE IIN.•I MI. 

2. SEISMIC LINE SECTIONS SHOWN IN APPENDIX D, ACRES,I982b 
AND ACRES,I982a. 

SCALE 
0~~~2~0jj,;O~O~iiiiii4~000 FEET 

FIGURE E.6.12 
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FOG LAKES 
RELICT CHAN 1\ NEL 

I 
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BORROW SITE H \ ~ i --._, c·~ 1/ 4 , 
~~~I 

r-----7 QUARRY 
"-· •, SITE A 

/ r ' ATANA o•M ~~ "'SITE 

/ 1 BORR~TE E \ 

WATAJ A ( ~\ ~ 
REUiJT CHAN' ' ~ 

\ 

( 
( 

WATANA 
BORROW SITE MAP 

LOCATION MAP 

LEGEND 

c--__ =:3 BORROW 1 QUA RRY SITE LIMITS 
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BORROW SITE G 

I 
DEVIL CANYON 
GEOLOGIC MAP 

-----------

LEGEND 
LITHOLOGY : 

OVERBURDEN, UNDIFFERENTIATED 

ARGILLITE AND GRAYWACKE 

FELSIC DIKE, WIDTH SHOWN WHERE GREJO"ER 
THAN 10 FEET 

MAFIC DIKE, WIDTH SHOWN WHERE GREATER 
THAN 10 FEET 

CONTACTS : 

---- BEDROCK/SURFICIAL DEPOSITS 

STRUCTURE : 

~ SHEAR, WIDTH AS SHOWN,INCLINED1EXTENT WHERE 
~~ KNOWN AND/OR INFERRED. 

70././ SHEAR,WIDTH LESS THAN 10 FEET, INCLINED, 
.)"X VERTICAL, EXTENT WHERE KNOWN AND/OR 

/ / INFERRED. 

SCALE 

17?)7.;1 FRACTURE ZONEtWIDTH AS SHOWN, VERTICAL UNLESS 
LCL'/L1 m~E~~~~N i EX ENT WHERE KNOWN AND/OR 

7Q,jh+ JOINTS, INCLINED, OPEN INCLINED, VERTICAL .,t'ro ( SETS I AND II ONLY ) 

OTHER: 

DC-I 

t.t 

~ 
Ml 

Fl 

BEDDING/FOLIATION, INCLINED, VERTICAL 

GEOLOGIC SECTION LOCATION, SEE ACRES,I982a 

JOINT STATION 

GEOLOGIC FEATURE DESCRIBED IN ACRES ,1982a 

MAFIC DIKE DESCRIBED IN ACRES,I982a 

FELSIC DIKE DESCRIBfD IN ACRES,I982a 

I. GEOLOGIC SECTIONS SHOWN IN ACRES, 1982 a. 

2 . JOINT PLOTS SHOWN ON FIGURE E.6.16 . 

3 . ADDITIONAL GEOLOGIC DATA FROM USSR, 1960. 

4 . TOPOGRAPHY FROM R a M, 1981, I"• 200'. 

5 . EXPLORATION LOGS AND SEISMIC LINE SECTIONS 
IN ACRES, 1982 a . 

6 . EXTENT OF SHEARS, FRACTURE ZONES AND 

ALTERATION ZONES ARE INFERRED BASED ON 
GEOLOGIC MAPPING AND SUBSURFACE 
EXPLORATIONS, AND ARE SUBJECT TO 
VERIFICATION THROUGH FUTURE DETAILED 
INVESTIGATIONS. 

0~~~2~00;.iiiiiiiiiiii4i;IOO FEET 

FIGURE E.6.14 
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REFERENCE • BASE MAP FROM RaM, 1981 - I"•ZOO' 
DEVIL CANYON TOPOGRAPHY. 
COORDINATES IN FEET, ALASKA STATE PLANE (ZONE 4) 
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I 
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DEVIL CANYON 
TOP OF BEDROCK 

------::r-.~ \ rALus 
,~ , TILL ! . 

I \ 
! 

AND SURFICIAL GEOLOGIC MAP 

TILL 

LEGEND 
LITHOLOGY• 

D OVERBURDEN, AREAS OF TILL. OUTWASH. 
TERRACE DEPOSITS AND TALUS AS SHOWN. 

Cill] ARGILLITE AND GRAYWACKE OUTWASH 

CONTACTS • 

----- LIMIT OF OUTCROP 

CONTOUR LINES • 

TOP OF BEDROCK, CONTOUR INTERVAL 100 FEET, 
50 FOOT CONTOURS DASHED 

TOP OF BEDROCK, CONTOUR INTERVAL ZO FEET 

TOPOGRAPHY, CONTOUR INTERVAL 50 FEET 

I. BEDROCK CONTOURS SHOWN TO ELEVATION 1800 FT. 
Z. TOP OF BEDROCK CONTOURS ARE INFERRED BASED ON 

GEOLOGIC MAPPING AND SUBSURFACE EXPLORATIONS, AND 
ARE SUBJECT TO VERIFICATION THROUGH FUTURE 
DETAILED INVESTIGATIONS. 

0 ZOO 4 00 FEET 
SCALE~~~iiiiliiiiiiiiii~· 

FIGURE E.6.15 ' 
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JOINT STATION 
DCJ-2 
N =100 

~~~SET wllr 

s 

N 

JOINT STATION 
DCJ-1 
N= 93 

E 

w 

APPROXIMATE 

s 

\};,"' D Jll I 

~ 

9 

N 

COMPOSITE JOINT PLOT 
SOUTH BANK 

N=479 

DCJ - 1 g~~TERLINE 

.-~------------~- -~~~··· 
( 

USITNA ~ .. 
~···. '-- · DCJ-2 

? 
DCJ-3 ~ SET 

'~ ~ 

w 

w 

N 

COMPOSITE JOINT PLOT 
NORTH BANK 

N 

JOINT STATION 
DC J-3 
N= 100 

DEVIL CANYON 
JOINT PLOTS 

N=714 

DCJ -4 

w 

-

s 

JOINT STATION~---~ 
DCJ-4 
N=IOO 

NOTES RCENT OF JOINTS PER 1% OF AREA. 
CONTOURS ARE PE I 

3 
5 7 10 15, a 20"/o · 

CONTOURS SHOWN- , , , , , 

R OF DATA POINTS . 
2. N EQUALS NUMBE E ALL JOINT DATA. JOINT 

COMPOSITE PLOTS INCOR~;,.T FROM SPECIFIC JOINT 3. STATION PLOTS CONTAIN 
STATIONS. 

FIGURE E -6 ·16 
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FIGURE E.6.17 



UNDERGROUND 
POWERHOUSE 

?lJ 

J 

ARGILLITE AND GRAYWACKE 

TAl LRACE GEOLOGIC MAP 

1 

LEGEND 
-x- FELSIC DIKE 
-xx- MAFIC DIKE 
-·- SHEAR 
- ··- FRACTURE ZONE 
50,....V BEDDING/FOLIATION 
70~ JOINT, INCLINED 

NOTE 
I. DETAILED SITE GEOLOGY 

SHOWN ON FIGURE 7.3. 

2.CONTOUR INTERVAL 100 
FEET. 

1000 

SCA.LE FEET 

FIGURE E. 6.18 
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BEACHING ( I ) 

BEACH lNG (I ) 
MINOR 

FLOWS (II) 

INITIALLY 

0 

{:};'-I I:~~(cy:{\~:}'~~}~{];:~1;{:WJWf 

AFTER SEVERAL YEARS 

SLOPE MODELS FOR THE WATANA 
AND DEVIL CANYON RESERVOIRS 

ASSUMPTIONS : 

FLAT SLOPES . 

COARSE GRAINED DEPOSITS OR UNFROZEN 
TILL AND LACUSTRINE DEPOSITS. 

STEEP BEDROCK SLOPES . 
FLUCTUATION OF RESERVOIR AND 
GROUNDWATER TABLE CAUSES FROST 

WEDGING TO OCCUR CAUSING ROCKFALL . 

FLAT SLOPES . 
GENERALLY · FINE GRAINED DEPOSITS 1 

FROZEN. 

FIGURE E .6 . 19 



INITIALLY 

SLIDING (Ill) 

1 

l 

SLIDING (IV) 

(IV) 

J 

AFTER SEVERAL YEARS 

--.-. .. 

-==--------~~:f.;d::f:~)Xi:> 
~ o. 1 ' .. 

SLOPE MODELS FOR THE WATANA 
AND DEVIL CANYON RESERVOIRS 

ASSUMPTIONS : 

STEEP SLOPES. 
TWO LAYER. CASE, LOWER LAYER IS FINE 
GRAINED AND FROZEN. UPPER LAYER IS 
COARSER GRAINED, PARTLY TO COMPLETELY 
FROZEN. 
FLOWS IN LOWER LAYER ACCOMPANY SLOPE 
DEGRADATION . 

STEEP SLOPES. 
FINE GRAINED AND UNFROZEN. 

STEEP SLOPES. 
FINE GRAINED AND UNFROZEN 

NOTE: POSSIBLE FURTHER SLIDING IF THAW 
BULB EXTENDS INTO SLOPE WITH TIME . 

FIGURE E; .6.20 
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l FIGURE E. 6 . 29 
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DEVIL CANYON RESERVOIR 
INDEX MAP 

\ 

LOCATION MAP 

/ 

SCALE: 0~~~4iliiiiiiiiiiiiiiii8 MILES 

--------NORMAL MAXIMUM 
OPERATING LEVEL 
EL. 14!5!1 

----2000~CONTOUR IN FEET 
ABOVE MSL 

SCALE : 0 2 MILES 
~~~ 

FIGURE E.6.21 
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Jf 3,230,000 

LEGEND INSTABILITY ---- ENT SLOPE 
~ AREAS OF CURR 

~ INSTABILITY: TYPES OF SLOPE 
I BEACHING 

FLOWS FROZEN) 

n SLIDING (UN MAFROSTl PE OF INSTABILITY 
m SLIDING ( PE~A EXTENT AND TY WITH SOME 

"' "~" "~"'~ '~'""" ·~· /!~~~ PRIMA~iA~ESLIDING OSSIBLE IN OEFINED 
POTEN FLOWS p L 
BEACHING AND M OPERATING LEVE I-ll NORMAL MAXIMU 

RIVER MILES 

D AL PERMAFROST AREA OF POTENTI 

NOTES FOR DETAILED 
. • ·- E 6 19 AND E.~T~~ILITY MODELS 

EFER TO FIGUR~~PE. OF SLOPE IN E ELEVATION 
I. ~ESCRIPTION OF AFROST AREA ABOV 

OF PERM 

2 NO DELINEATION PRINCIPALLY 
. 2300 FEET L PERMAFROST B~~C~ REQUIRE 

3 AREAS OF PgTI~NTT~~PRETATION AND 
ON AIR PHVOETRIFICATION FUTURE 

SCALE 

FIGURE E.6.22 
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Col& <1! Pl\otO<I•<IP~~ . r- ~~-!II 

s, c:t ,~o 1000 ::on·~>-~• :oo' 

DEVIL CANYON 
SLOPE STABILITY MAP 

a AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACH ING 

li FLOWS 
m 
lll 
/ I / 
I (Ilz:) 

I -II 

SLIDING (UNFROZEN) 
SLIDING (PERMAFROST) 
DENOTES AREA EXTENT AND TYPE OF INSTABILITY 

~~~~~iA~E~~~6~~ INSTABILITY WITH SOME 

BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. ~~O~~~~~¢TION OF PERMAFROST AREA ABOVE ELEVATION 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
O~~~IO~O~Oiiliiiiiiii~2~000 FEET 

FIGURE E.6 .23 
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H l-,220,000 

Oclt el f'to.olllltt•'"') 7 ·19 ·&1 

s~Grt ~ ~~ rooo· CQI'I1o.t< ~oo,,,~ai !00. 

I 

,_ 

DEVIL CANYON 
SLOPE STABILITY MAP 

...-··---

a AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY : 

I BEACHING 

li FLOWS 
lli SLIDING (UNFROZEN ) 
.Ill SLIDING (PERMAFROST) 
I II DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (Il[) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I-n BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.19 AND E.6. 20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

0 1000 2000 FEET 
SCALE 
~~--

FIGURE E .6 .24 
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!I! 3,:':JO.COO 

- --- +--· --

H -',200,000 

II 

DEVIL CANYON 
SLOPE STABILITY MAP 

a AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 

li FLOWS 
ill SLIDING (UNFROZEN) 
.Ill SLIDING (PERMAFROST) 
III DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (TI[) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
r-II BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.19 AND E.6 .20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
0~~~10~00~-;2~0,00 FEET 

FIGURE E.6 .25 



N ,,19~,oco 

N '· z~.ooo 
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DEVIL CANYON 
SLOPE STABILITY MAP 

OPE INSTABILITY ~ AREAS OF CURRENT SL 

TYPES OF SLOPE INSTABILITY : 

I 
][ 

]J[ 

Ill 
III 
I (Jl[) 

r -rr 

BEACHING 

FLOWS 
SLIDING (UNFROZEN I 

SLIDING· ( PERMAFROST) D TYPE OF INSTABILITY 

DENOTES AREA EXT~N~A~~LITY WITH SOME 
PRIMARY BEACHING 

POTENTIAL SLIDING POSSIBLE IN DEFINED AREA 

BEACHINGMAAXNI~~~O~:ERATING LEVEL NORMAL 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

D E 6 2o FOR DETAILED 
REFER TO FIGURES E. Sol: S~~PE iNSTABILITY MODELS 
DESCRIPTION OF TYPE A ABOVE ELEVATION 

2 . NO DELINEATION OF PERMAFROST ARE 

2300 FEET AFROST BASED PRINCIPALLY 
AREAS OF POTENTIAL ~~~~ION AND WILL REQUIRE 3. ON AIR PHOTO INTERPR 
FUTURE VERIFICATION 

O IOOO 2000 FEET 
~~liiiiiiiliil SCALE 

FIGURE E .6 · 26 
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0311 t,l Pt.;l~qr:~~t/ ! 

'it''' t"· 10~0 C'::tl'!~' :..tt••:~ .oo· 

wmm AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 

li FLOWS 
m SLIDING (UNFROZ EN ) 
H SLIDING (PERMAFROST) 
I II DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I ( Ill: ) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I-n BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTU RE VER IFICATION: 

SCALE 
O~~~IO~O~O~iiiiiii2~000 FEET 

FIGURE E .6.27 



H l,l3!'l,000 

N 3, HO,OOO 
_j __ 

DEVIL CANYON 
SLOPE STABILITY MAP 

[illill / AREAS OF CURRENT SLOPE 
TYPES INSTABILITY 

OF SLOPE INSTABILITY 

BEACHING I 
II 
III 
Jll 

FLOWS 
SLIDING (UNFROZEN) 
SLIDING ( PE / I / DE RMAFROST) 

II NOTES AREA I'i[) PRIMARY EXTENT AND TYP POTENTIA~E~~~6~G INSTABILITY !IT': INSTABILITY 

BEACHING NG SOME 

---- NO AND FLOWS POS RIV~~A~I~E~XIMUM OPERATI~:LLEE~~~EFINED AREA 

r -n 

I. REFER TO FIGUR DESCRIPTION OF ES E. 6 . 19 AND E 
2. NO DELINEATION :YPE OF SLOPE ~·~siAOBir~ ~56:~~ED 

2300 FEET PERM A FROST AREA 
3. AREAS 0 ABOVE ELEVATION 

ON AIR P:O~gTENTIAL PERMAFROST 
FUTURE VERI~I~WIOPRNETATION AND B~~C~ RPRINCIPALLY EQUIRE 

SCALE 

FIGURE E.G .28 



N 3,22.0,000 

Jti3,U~O + 

"3,2")0,000 + 

H l,23~.ooo 

~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
:n: 
lii 

FLOWS 
SLIDING (UNFROZEN) 

~I SLIDING (PERMAFROST) 
DENOTES AREA EXTENT AND TYPE OF INSTABILITY 

I (llz: ) PRIMARY BEACHING INSTABILITY WITH SOME 
POTENTIAL SLIDING 

I-ll: BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
----- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

I. REFER TO FIGURES E 6 19 A 
DESCRIPTION OF TYPE OF SLNO~EE.6. 20 FOR DETAILED INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA 2300 FEET ABOVE ELEVATION 

3. AREAS OF POTENTIAL PERM 
ON AIR PHOTO INTERPRETAT~R~D BASED PRINCIPALLY 
FUTURE VERIFICATION WILL REQUIRE 

SCALE 
0-~~~IO~Oiii0i.iiiiiii20i00 FEET 

FIGURE E .6.29 
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FIGURE E. 6. 42 

FIGURE E.6.41 

FIGURE E.6 . 45 

E. 6. 44 

FIGURE E. 6 . 43 

FIGURE E. 6 .40 

FIGURE E.6 .39 

WATANA RESERVOIR 
INDEX MAP 

LOCATION MAP 

FIGURE E.6 . 32 

FIGURE E.6 .36 

8 MILES SCALE: 0~~!§4iiiiiiiiiii~ 

LEGEND 

-- ---NORMAL MAXIMUM 
---- ~ OPERATING LEVEL 

2185 ' 

CONTOURS ARE IN 
--2300- FEET ABOVE MSL 

FIGURE E.6.31 

FIGURE E.6 .30 
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SLOPE 
WATANA 
STABILITY MAP 

! 

L 

~ AREAS OF CURRENT 

TYPES OF SLOPE 

SLOPE INSTABILITY 

INSTABILITY : 

I li BEACHING 

]![ FLOWS 
SLIDING (UN 

1'l SLIDING ( p/ROZEN) 

/I/ DENOTES AR~~AFROST) 
I (l'l) PRIMARY BEACHIEXTENT AND TYPE 0 
I -li POTENTIAL SLIDI~; INSTABILITY F INSTABILITY 

-- BEACHING AND F WITH SOME 

-- NORMAL LOWS POSSIB 
----- NORMAL ~~N~~~: OPERATIN~E LI~V~~FINED AREA 

RIVER MILES OPERATING LEVEL 

D AREA OF POTENTIAL PERMAFROST 

NOTES 
I. REFER TO FIGUR 

DESCRIPTION OF ES E.6.19 AND E 

2 

TYPE OF S .6. 20 FOR 
. NO DELINEATION LOPE INSTABILI DETAILED 

2300 FEET OF PERMAFROS TY MODELS 3 T AREA AB 

. ~~E.[;~ ~:O~OTENTIAL PERM OVE ELEVATION 

FUTURE VE~I~~CTA~6~ETATiiiNR~~TD B~~LED PRINCIPALLY L REQUIRE 

SCALE 

___________ _!F;II~GURE E.S.3I 
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I-N 
~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
:U: FLOWS 
:nr SLIDING (UNFROZEN) 
1lZ: SLIDING (PERMAFROST) 
/ I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (1lz:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 

I- :U: BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
----- NORMAL MINIMUM OPERATING LEVEL 

D AREA OF POTENTIAL PERMAFROST 

REFER TO FIGURES E.6 .19 AND E.6. 20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
O~~~IOO!ii0iiiiiiiilii2iij000 FEET 

FIGURE E.6.32 
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~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I 
:n: 
m 
]l[ 

/ I / 
I(ll[) 

I-ll: 

BEACHING 
FLOWS 
SLIDING (UNFROZEN) 

~~~~~~S ( ~~~~A::TOE~~) AND TYPE OF INSTABILITY 

PRIMARY BEACHING INSTABILITY WITH SOME 
POTENTIAL SLIDING 
BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

NOTES 
REFER TO FIGURES E.6.19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 3
' ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 

FUTURE VERIFICATION 

SCALE 
0 1000 2000 FEET 
~~~-

FIGURE E.6.33 
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[;] AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
lr FLOWS 
]![ SLIDING (UNFROZEN) 
ll[ SLIDING (PERMAFROST) 
/ I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I Cr;z:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I- lr BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
----- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
O~~..iiil0~00~_,;2~000 FEET 

FIGURE E.6.34 
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~ AREAS OF CURREN E INSTABILITY T SLOP 

Es OF SLOPE TYP 

BEACHING 

INSTABILITY: 

I 
li 
]![ 

]l[ 

FLOWS ROZEN) 

SLIDING ( UN~MAFROST) TYPE OF INSTABILITY 
SLIDING ( p~EA EXTENT AND TY WITH SOME 
DENOTES A ACHING \NSTABILI REA I/I(~) PRIMARYA~ESLIDING BLE IN DEFINED A 

I-li 

X 

D 

POTENT\ OWS POSSI L 

BEACHING AND ~~M OPERATING L~~~L 
NORMAL MAXI M OPERATING L 
NORMAL MINIMU 

RIVER MILES 

OF POTENTIAL AREA PERMAFROST 

NOTES E.6 .19 AND EE . ~N~~ABILITY MODELS FOR DETAILED I 
REFER TO FIGOUFRET~PE OF SLOP E ELEVATION 

TION AREA ABOV . DESCRIP PERMAFROST 
EATION OF 

2 NO DELIN PRINCIPALLY 
. 2300 FEET T\AL PERMAFROSTD B~~L~ REQUIRE 

AREAS OF POT~:TERPRETATION AN 
3

· ON AIR PHV~T~FICATION FUTURE 

SCALE 

FIGURE E .6.35 
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SLOPE STABILITY MAP 

lliillRj AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY : 

I BEACHING 
li FLOWS 
Jl[ SLIDING (UNFROZEN) 
llZ: SLIDING ( PERMAFROST ) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I ( llz:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I -li BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
----- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

REFER TO FIGURES E.6 .19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AR EAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
0~~~10~0[1;0~~2~000 FEET 

FIGURE E .6 .36 
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WATANA 
SLOPE STABILITY 

~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
JI: FLOWS 
li[ SLIDING (UNFROZEN) 
llZ: SLIDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (llZ:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I-ll: BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
NORMAL MINIMUM OPERATING LEVEL 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

REFER TO FIGURES E.6 .19 AND E.6.2.0 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2.. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2.300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION. 

ill- TI 

SCALE O~~~IOOO~ioi;;~2~000 FEET 

FIGURE E.6.37 
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g;; ; ~~! J AREAS OF 

Es OF SLOPE TYP 

BEACHING 

E INSTABILITY CURRENT SLOP 

INSTABILITY: 

I 
li 
JI[ 

FLOWS ROZEN) 

SLIDING ( UNF MAFROST) YPE OF INSTABILITY 
SLIDING ( p~~A EXTENT AND \ WITH SOME ~' o.oom • """" '"""'" ,. 

I ( ll[) PR~~~~iA~ESLIDING POSSIBLE IN DEFINED AR 

:ACHING AND FL~W~PERATING LEV~~ I -li 

X 

NORMAL MAXIMUUM OPERATING LEV 
NORMAL MINIM • 
RIVER MILES 

OF POTENTIAL PERMAFROST AREA 

NOTES - 20 FOR DETAILE~s 
FIGURES E 6 19 AND EE ~NSTABILITY MODE 

I REFER TO OF TYPE OF SLOP E ELEVATION 
. DESCRIPTION PERMAFROST AREA ABOV 

NO DELINEATION OF D PRINCIPALLY 

2. 2300 FEET TIAL PERMAFROST B:~L~ REQUIRE 
AREAS OF POTI~~ERPRETATION AND 

3

· ON AIR P~~i?tFICATION FUTURE 

SCALE 

FIGURE E.6.38 
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SLOPE STABILITY MAP 

~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY : 

I BEACHING 
lr FLOWS 
JD: SLIOING (UNFROZEN) 
:VZ: SLIDING (PERMAFROST) 
/ I / DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (:VZ:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 

I - lr BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
- ---- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6 .19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
0~""'11111~1000~;,...,;2~000 FEET 

FIGURE E .6.39 
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WATANA 
SLOPE STABILITY 

./ \--

~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY : 

I BEACHING 
li. FLOWS 
m SLIDING (UNFROZEN) 
Ill: SLIDING (PERMAFROST) 
III DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (Ill:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I -JI BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
----- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6 .19 AND E.6.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
O~IIIIIIIIII~I~OOjiiO~iiiiii2~0.00 FEET 

FIGURE E.6.40 
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TYPES OF SLOPE 
BEACHING I 

INSTABILITY: 

li 
m 
]l[ 

III 
I(llZ:) 

I-li 

FLOWS FROZEN) 

SLIDING ( U~RMAFROST) YPE OF INSTABILITY 
SLIDING ( p REA EXTENT AND T WITH SOME 
DENOTES A NG INSTABILITY 

~~~~~JA~ESAL~~IING POSSIBLE IN DEFINED AREA 

BEACHING AND FL~W~PERATING LEVEL 

NORMAL MAXIMUM OPERATING LEVEL ----- NORMAL MINIMU 
X 

D 

RIVER MILES 

OF POTENTIAL PERMAFROST AREA 

OR DETAILED NOTES E 6 19 AND E 6 2~A~LITY MODELS 
REFER TO FIGUR~~PE OF SLOPE INS OVE ELEVATION DES

CRIPTION OF ST AREA AS 
OF PERMAFRO LINEATION 2 

NO DE PRINCIPALLY 
. 2300 FEET IAL PERMAFROST s:~L~ REQUIRE 

AREAS OF POTI~~TERPRETATION AND 
3

· ON AIR PHV~T~FICATION FUTURE 

SCALE 

FIGURE 
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[±] AREAS OF CURRENT 
TYPES OF SLOPE SLOPE INSTABILITY 

I INSTABILITY: 

lr BEACHING 

m FLOWS 
H SLIDING (U SLIDING NFROZEN) 

III DENOTES ( ~~~MAFROST ) 
I (H) PRIMARY BEA; EXTENT AND TYPE 
I- :n: POTENTIAL SLI~II~G INSTABILIT Y W OF INSTABILITY 

BEACHING AND IT H SOME 

---- NO FLOWS PO -- RMAL MAX SSIBLE IN 
-;-- NORMAL MINI~Uu: OPERATING LEV~~FINED AREA 

RIVER MILES OPERATING LEVEL 

AREA 0 F POTENTIAL PERMAFROST 

NOTES 

I. REFER TO FIGUR 
DESCRIPTION OF ES E.6.19 AND E 

2 

TYPE OF S .6.20 FO 
. NO DELINEATION OF LOPE INSTABIL~TYDETAILED 

2300 FEET PERMAFROS MODELS 
3 AR T AREA ABOVE 

. ON~~~ ~: POTENTIAL PERM ELEVATION 

FUTURE VO~~~~~~:~~b~ETAT~NR~~TD B~(LELD PRINCIPALLY REQUIRE 
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a AREAS OF CURRENT SLOPE INSTABILITY 

INSTABILITY: TYPES OF SLOPE 
I 
lr 
:m: 
ll[ 

BEACHING 
FLOWS 
SLIDING (UNFROZEN) 

/ I / 
I(ll[) 

~~~~~~S~~~~~AFROST) 
PRIMARY BE EXTENT AND TYPE 0 
POTENTIAL S~~~~~ INSTABILITY WIT F INSTABILITY 

BEACHING AND H SOME 
I - ll: NO FLOWS POSS 

RMAL MAXIMUM OPERATIBINLGELIENVDELEFINED 
NORMAL MINIMUM AREA 
RIVER MILES OPERATING LEVEL 

REFER TO FIG 
DESCRIPTION OUFRES E.6.19 AND TYPE OF E.6. 20 FOR 

2. NO DELINEATION SLOPE INSTABILI DETAILED 
2300 FEET . OF PERMAFROST A TY MODELS REA ABOV 

3. AREAS OF POT E ELEVATION 

ON AIR PHOT ENTIAL PERMAFR 
FUTURE VER~FII~~~~6~ETATION ~~TO B:~LELD PRINCIPALLY REQUIRE 

SCALE 

FIGURE E.6. 43 
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illillTI] AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY : 

I BEACHING 
li FLOWS 

])[ SLIDING (UNFROZEN) 
]l[ SLIDING (PERMAFROST) 

I II DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (llz:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 

I -li BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

REFER TO FIGURES E,6,19 AND E.6,20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2, NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3, AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE O~~~I~O~OO~iiiiiiiii2~000 FEET 

FIGURE E.6.44 
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SLOPE INSTABILITY GO AREAS OF CURRENT 

TYPES 

I 
][ 

m 
I![ 

I II 
I ( Ilz:) 

I-][ 

X 

OF SLOPE INSTABILITY : 

BEACHING 
FLOWS 
SLIDING (UNFROZEN l 

SLIDING ( PERMAFROE~~l AND TYPE OF INSTABILITY 
DENOTES AREA EXGT INSTABILITY WITH SOME 
PRIMARY BEACHIN 

POTENTIAL SLIDING POSSIBLE IN DEFINED AREA 
BEACHING AN~ FLOWS RATING LEVEL 

NORMAL MAXIMU: 0°~~ATING LEVEL 
NORMAL MINIMU 
RIVER MILES 

D AREA OF POTENTIAL PERMAFROST 

NOTES D E 
6 20 

FOR DETAILED 
REFER TO FIGURES E.6 . 19 AN E iNSTABILITY MODELS 

F TYPE OF SLOP 
DESCRIPTION 0 AREA ABOVE ELEVATION 

2. NO DELINEATION OF PERMAFROST 

2300 FEET AFROST BASED PRINCIPALLY 

3. ON AIR PHOTO INTERPRE AREAS OF POTENTIAL p~~~ION AND WILL REQUIRE 

FUTURE VERIFICATION 

SCALE 0~~~1~0§00~--~2~000 FEET 

FIGURE E .6 ·45 




