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EXPLANATION OF SELECTED SYMBOLS

STANDARD SYMBOLS

~ ORGANIC MATERIAL ~ COBBLES 8 BOULDERS t~/I IGNEOUS ROCK ~ SANDY SILT
~- ""\I ~

~ CLAY ~ CONGLOMERATE WJ METAMORPHIC ROCK ~
SILT GRADING TO

.~.I?~.. SANDY SILT

~ E2] II ~
SANDY GRAVEL,

SILT ._, .. _." SANDSTONE ICE, MASSIVE SCATTERED COBBLES
(ROCK FRAGMENT S)

LEJj SAND a MUDSTONE ~ ICE - SILT EB INTERLAYEREO SANO
8 SANOY GRAVEL

0°0 GRAVEL ~ LiMESTOI'IE ~ ORGANIC SILT ~ SILTY CLAY wfTR SAND°000
00

SAMPLER TYPE SYM BOLS

SI ••••• 1.4 SPLIT SPOON WITH 47# HAMMER Ts. • SHELBY TUBE
SS . 14 SPLIT SPOON WITH 140 # HAMMER Tm. MODIFIED SHELBY TUBE
SI ••••• 2.~" SPLIT SPOON WITH 140# HAMMER Pb • • PITCHER BARREL
Sh ••••• 2.~" SPLIT SPOON WITH 340# HAMMER Cs . • CORE BARREL WITH SINGLE TUBE
S•••••• 2.0" SPLIT SPOON WITH 140# HAMMER Cd •• CORE BARREL WITH DOUBLE TUBE
S, .••.• 14" SPLIT SPOON WITH 340# HAMMER Bs •••• BULK SAMPLE
Sp ••••• 2.~" SPLIT SPOON. PUSHED A •.•• AUGER SAMPLE
Hs ••••• 1.4" SPliT SPOON DRIVEN WITH AIR HAMMER G.•••• GRAB SAMPLE
HI ••• •• 2.~" SPLIT SPOON DRIVEN WITH AIR HAMMER

NOTE: SAMPLER TYPES ARE EITHER NOTED ABOVE THE BORING LOG DR ADJACENT TO IT AT TH E RESPECTIVE
SAMPLE DEPTH.

TYPICAL BORING LOG

3D' TO-TOTAL DEPTH

9~
26'

SCHIST - GENERALIZED SOIL OR ROCK DESCRIPTION
SAMPLE LOCATION

SANOY SI LT

___ ~APPROX/~~T£STRATA CHANGE

Lillie loNoVisible Ice 13'-30' V. -ICE:, DESCRIPTION 8 CLASSIFICATION

\
72'~7"O/O'8~'9PCf' 28~GP (CORPS OF ENGINEERS ME:THOD;

\""

" " .....UNIFIE:D ORFAA CLASSIFICATION
" TEMPERATURE, of

DRY DENSITY
WATER CONTENT

BLOWS/FOOT
SAMPLE: NvM8ER

SANDY GRAVEL

BORING NUMBER__ T. H. 30-1~ Eltv.274.6-£LEVATIONINFEET
DATE lWILLED__10 _21. 60 All Sample, S, __ SAM,PLER TYPE

ORGANIC MATERIAL 0
Consid. VIsible ICt 0-7 ICE+ML"

ICE-SILT
stimate 65% VIsible Ic.

I 90, ~6.2% STRATA CHANGE
"'t':.-r.~-::"'~":"'::":-::'~--...L..__ 7'

FROZEN GROUND

SAMPLER TyPE....
Ss

WATER TABLE --...-.
9*

11'0.

DRILLING SYMBOLS

WD:

WL:

W5:

While Drilling

Water Level

While Sampling

A8:
TO:

After Boring
Total Depth

~ Water levels indicated on the boring logs are the levels measured in the
boring at the times indicated. In pervious unfrozen soils, the indic~ted elevations
are considered to represent actual ground water conditions. In impervious ~nd

frozen soils, accurate determinations of ground water elevations cannot be obtained
within a limited period of observation and other evidence on ground water elevations
and conditions are required.

PAEPARED BY I PREPARED FOR·
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SOILS
CLASSIFICATION AND CONSISTENCY

CLASSIFICATION: Identification and classification of the soil is accomplished in
accordance with the Unified Soi I Classification System. Normally, the grain size
distirbution determines classification of the soil. The soil is defined according to
major and minor constituents with the minor elements serving as modifiers of the
major elements. Minor soil constitutents may be added to the classification
breakdown in accordance with the particle size proportions listed below; (i .e.,
sandy si It with some gravel, trace clay).

no call - 0-3% trace - 3-12% some - 13-30% sandy, silty, gravelly - >30%

Identification and classification of soil strata which have a significant cobble and
boulder content is based on the unified classification of the minus 3 inch fraction
augmented by a description (i.e., cobbles and boulders) of the plus 3 inch
fraction. Where a gradation curve, which includes the plus 3 inch fraction, exists
(samples from test trenches and pits) a modifier is used to describe independently
the percentage of each of the two plus 3 inch components. If there is no gradation
curve incorporating the plus 3-inch fraction (as in auger holes), the plus 3-inch
material is described as a single component (i.e., cobbles and boulders), and a
modifier is used to indicate the relative percentage of the plus 3-inch fraction based
on the field logs. The modifiers in each case are used as follows:

Scattered - 0-40% Numerous - > 40%

SOIL CONSISTENCY - CRITERIA: Soil consistency as defined below and determined
by normal field and laboratory methods applies only to non-frozen material. For
these materials, the influence of such factors as soil structure, i.e. fissure
systems, shrinkage cracks, slickensides, etc., must be taken into consideration in
making any correlation with the consistency values listed below. In permafrost
zones, the' consistency and strength of frozen soils may vary significantly and
unexplainably with ice content, thermal regime and soi I type.

Cohesion less Soils
N*

(blows/H) Relative Density

Cohesive Soils
N*

(blows/ft) gu - (tsf)

Very Loose
Loose
Medium Dense
Dense
Very Dense

0-4
4 - 10

10 - 30
30 - 50

>50

20%
20 to 40%
40 to 60%
60 to 80%

>80%

Very Soft
Soft
Medium
Stiff
Very Stiff
Hard

0-2
2 - 4
4 - 8
8 - 15

15 - 30
>30

o - 0.25
0.25 - 0.5
0.5 - 1.0
1.0 - 2.0
2.0 - 4.0

>4.0

* Standard Penetration "N": Blows per foot of a 140-pound hammer falling
30 inches on a 2-inch OD split-spoon except where noted.

Often the split-spoon samplers do not reach the total intended sample depth. Where
this occurs the graphic log notes a refusal (Ref.) and give an indication of the
cause of the refusal. Tight soils are indicated by a blow count value followed by a
penetration length in inches. The presense of large rock fragments is indicated by
a cobble and boulder callout following the refusal callout. In certain instances a
blow count of 100+ may be listed to indicate tight soils where total sampler
penetration is possible with more than 100 blows per foot.

PREPARED BY' PREPARED FOR'



EXPLANATION OF ICE SYMBOLS

Perct-ntage of visible ice has been grouped for the purpose of designating the
amount of soil ice content. These groups have arbitrarily been set out

as follows:

0%
1% - 10%

11% - 20%

21% - 35%
>35%

No Visible Ice
Li t tIe Visible lee
Occasional Visible Ice

Some Visible IcC'

Considerable Visible' Ice

The ice description system is bclsed on tha t rresen LeJ by K. A. Linell, and
C. W. Kaplar (1966). In this system, which is an extension of the Unified
Soil Classification System, the amount and physicdl clldracteristics of the

soil ice are accounted for. The following table is a brief summary of the
salient points of their classi£ication systel:', as ml)Jified Lll meeL the needs

of this study.

ICE DES C R I PT ION S

GROUP ICE VISIBILITY a CONTENT
SYMBOL

SUBGROUP

DESCRIPTION SYMBOL

N

v

ICE

Ice not visible

Ice visible, <50%

Ice visible, >50%

Individual layer >6" thick *

Poorly bo n ded
or 'riabl e

: No excess
Well ~~e _
bonded I Excess

I Ice
indiVIdual Ice
crystals or
inclUSions

Ice coat,n'il~

on partl cles

Random or
irre'ilu!arly
ollenled Ice
formations
Stratified or
dIstinctly oriented
ice formations

lei wi th SOil
Inclusions

Ice Without
soil Inclusions

V r

ICE +
soil type

ICE

* In some cases where thl soil is iCI poor a thin Ice layer moy be called out
by Iplcial notation on thl 1011. i e. 2" iCI lenl at 7'

PREPARED BY I

lR~&I'ME
RAM CONSULTANTS, INC.

EXPLANATION OF ICE SYMBOLS
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AUGER HOLE LOGS



SILT

GRAVEL \\'/TRACE SILT

0'

~--------4'
30

ORGANIC MATERIAL
--------- .5'

Scattered Cobbles, 11' - 23'

Boulder at 23', Refusal
r...ll.;;..;.:.;L 23 'T. D.

AH-G1
7-22-80

Sp

Sp

Sl

Sl

Sl

Sl

Sl

Sl

Sl

Sl

Sl

~'7ATER TABLE NOT Er1COUNTE~D

filII CONIULTANT', INC.

BORP'O~I ta.P Eta. G
AUGER HOLE JlJ:-Gl

Scale 1"=2'



sp

5P

51

Sl

Sl

51

Sl

51

AH-G4
7-22-80
=-::rT....".;;...;;...----------O'

1 ORGANIC HATERIAL
----------0.5'

2 Seasonal Fros t . 5-1. 5'

53
SILTY SAND Ar-JD
SAND II/TRACE SILT
Gray-Tan________3'

54

89

SANDY GRAVEL W/TRACE
SILT
Brown to Gray, Subangular to
Subrounded

Refusal
Scattered Cobbles, 6'-11'

Refusal

Refusal

Boulder at 11', Refusal
Io..llo.~-------------ll'T. D.

WATER TABLE NOT ENCOUNTERED

BC'RRc~r Jl.REA G
Jl.UGER ~CLE AH-G4

Scale 1"=2'



3.7%, 130.9 Pcf. ,GW-r,p

__ -_.30.0

SANDY GRAVEL

Ref., 32/2"

22.0'-39.0. SeattereJ
Coi..>bles

42.0'-44.0' Cobble
Layer

44.0'-50.0' Scattered
Cobbles

L..L"--'-'-'''-L 55 . 0 '

Water Table Not Encountered. T.O.

8h

Sh

Sh

I-.-'-~i-+,.......- 50.0'
Sh 34, 6.8%, 98.7 pef. ,SF

SAND WITH TRACE
c;ILT
:;RAY
52.0'-55.0' Cobble
Layer

Eleva tion 982.0'

___15.0'
Re f-.,-Cobble

12.5' Cobble

15 .. 0' -22.0' Scattered to
Numerous Cobbles and
Boulders

SANDY GRAVEL
Gray

SAND WITH SOMB GRAVEL
Ai.'JD TRAC2 SILT
Gray

ffi 8 I SP-SM

® lO,SP-SM

(2) 9, SP-SM

® 13 .. SP-8M

0.0'="'_--r-....,."...--.,---------------"
ORGANIC MAT2RIAL a.s'
SILT WITH SOME ORGANICS
AND TRACE SAND
Gray-Bro~1 1.S'

Sh

.'.lq

'I'mA'
8h 9"."''-

':.:; ~::

Sh .j;!'
~ :.0

8h .'::'>
:~b
~-:

Sh ·:L.~:.
'.':' "

p",
...... : ..

Scale: 1"=4

PREPARED BY'

R&M CONSULTANTS, tNC.

BORROW AREA G
AUGER HOLE AH -G9
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Sp
Sp

Tm

Sh

Sh

Sh

Sh

Sh
Sh

Sh

Elevation 980.0'

0.0'
~~~~"'iCO)i:R~G~A~i~J=IrcC:iMq:AiVTr:ER"RRTIAALL---0 J I

ILTY SAND WITH SOME ORGANICS
Gray Brown 1.5'

SILTY SAND
Gray

@)4, 30.9%, 72.7 pcf., SM

® 10, 15. 7%, 89.6 peL, SH

~':'-:t+-~ -- -- --~---- 6.0 '
11, 11.7%,94.8 pef., SP-SM
SAND WITH TRACE SILT
Gray

G06, 22.9%, 90.2 pef., SP-SM

__ 9.0'

SAfmy GRAVEL WITE SC~TTERED TO
NUMEROUS COBBLES AND BOULDERS

Grey

1.:...:...:..,I;....L 19 .0' T. D.

Water Table Not Encountered.

PREPARED BY'

R&M CON SULTANTS.

BORROW AREA G
AUGER HOLE AH-G10·

Scale: 1"=3

PREPARED FOR:



16

_______15.0'

__ ~5.0'

123.9 pcf., 8M

GRAVELLY SAl'JD WITH SOME
SILT
Light Gray

® 51 S~1

® 32, 11. 2%,

P no 8M
"'""-'-'-'-'-'L.J....\!:!;J --.J 1. a I

T.O.
Thermal Probe Installed to 31.0'
Water Table Not Encountered.

SAND WITH SOME SILT AND
GRAVEL

Light Gray

@ Ref., Cobble

SILT WITH
AND TRACt:;
Brown

o

(2)32, 14.n, 119.6 peL ,SM

ORGANIC MATERIAL
~r----- O. 4'

SOt-tE ORGANICS
SANLJ

~~I-+-rc-...--::- - -- ----~ --6.5 I

6 15, 16.3%, 110.0 pef. ,SM

;x..,~r-T-~r------------O .0'

Sh

Sh

PREPARED BY'

BORROW AREA G

AUGER HOLE AH-Gll
RIM CONSULTANTS, INC.

PREPARE 0 FOR'

Scale; 1"=3



6.8%, 137.2 pef.,G~-GM

ARGILLITE

SILT WITH SOME ORGANICS
AND TRAc£:; SAND
Brown

0 9

08

~5G, 7.1%, 143.2 Pef .• GP-GM

0.0'
ORGANIC MATERIAL).,..,,....- 0.3 I

@52. GP-GM
SANDY GRAVEL WITH TRACE
SIL'I'

1iotM~~~_Gr_a y 10.5 I

Loo=::::.L.JL....L 13 . 5 'T. D.

* Blow Counts Not Available
'I'hermal Probe Installed to 13.5 ft.

Sh .

Sh'

P=40I-+-r.:-..,.-::-.,....--"..---------- 4. a I

5 14, SP
GRAVELLY SAJ.'JD
Gray

S11 (08, SP
\;..I.I.,~~--__------6.0'

Sri

S11

Sh

Sh

PREPARED BY I

R&M CONSULTANTS, INC.

BORROW AREA G

AUGER HOLE AH-G12

Scale· 1"=3'

PREPARED FOR,



-20.0'

Gray

SANDY GRAVE.L WITH SOME
SILT

95

106 I S'Iv-SM

GRAVELLY SA1,jD lHTH

TRACE SIVf

Gray

12, GM-SM

26.5'-35.0' Scattered
Cobbles

.. .
.. 0 ...

~C?~ 35.0'

T.D.
Thermal Probe Installed to 33.0'

'. 6.

,...~'? -

~~~ ,. % 25.0

S)) '/j I'1Q\ 35 SW-SM
./·0 Y:.:;J ,
,o.·~.~.

(I' : .­

.0.,0.

Sh

Sh

pcf. ,SW-SH

pcf. ,SW-SH

- 20.0'

Gray

SILT WITH SOME SANP
AND SOME TO TRACE CLAY

ORGANIC HATERIAL

Sfu~D WITH TRACE SILT AND
GRAVEL

11.5'-13.5' Scattered
Cobbles

- -- -- -- ---- -13. ':)'
SILT WITH SOME SAND
Gray

Gray

O.S'
~------------

® 13, 18%, 101. 6 peL, S\!-SM

SAND WITH SOME ORGANICS
AND TRACE SILT
Gray

0)

*..Sh ';'.:'. ;', @ 24 I 24.7%, 98. G peL, SW-SM
'.::.: :

~~~:...:-----------o. 0'
Sp ~:::~

.:..::~:

Th1:*::
1:-'.:.,...·.+......=-++-------------- 3. 0 t

Sh '?f!:
.:":::: :".:

7.0'
W.D.~

~

PREPARED BY' PREPARED FOR'

R&M CONSULTANTS,

BORROW AREA G
AUGER HOI£ Alf-Gl3

Scale: 1":<:3'



______ -23.0'

SILT WITH SOME SAND,
SOME TO TRACE CLAY AND
TRACE GRAVEL •
Grayo G7, 23.5%, 101.4 pcf., M.L-MH

. ....

29.0 r'=-...J...~~ ---'

'1'.0.

Iz::~~--- 27.5'

27.5'-29.0' Gravel

and Boulders.

.'

Water Table Not Encountered

Thermal Probe Installed to 29.0'

12.0'-18.5' Scattered

Cobbles

Gray

SAi'JD WI'l'H SOME GRAVEL
AL'lD TRAC.t.'; SILT

"O_R_GAl_-.J_I_C_MA_T_E_R_I_A_L O• 5 '

Q)PEAT
Brown

0)

@

--

27, SM
SAND ,H'l'H SOME GRAVEL
AJ.'Jl) SILT
Gray

®1'Ol, 9.2%, 135.S pcf.,SH

1 Ref. , Cobble, SP-SM

~,a..,I-b-~ 9.0'

10 44, 9,9"0, 129.5 pcf. 1 5P- SM

SILT VHTII SOME ORGANICS
~~oH-,..-...Brown 5.S'

4.5'
I--:.--JI-I.;~----=-------

Sp ;:: :::

AH-G14

8';,,-~2::,;9~-~U;,;1~ --v. 0 '
Sp 1

Sp ,.,,..-­,." ...,

Sh ·_ ·0.- . 2 89, 7.0%, 138.1 pcf., SP-SM

23.0'-- -- -- --

PREPARED BY: PREPARED FOR:

BORROW AREA G
AUGER HOLE AH-G14

. R&M CONSULTANTS, INC.

Scale:l"=3'
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LABORATORY TEST DATA



c '~<--l

PROJECT NO.
052506

R$M
November 10, 1981

Client: Acres American, Inc. CON S U L TAN TS .. INC.
DATE

PROJECT NAME Sus; tna Hydroelectric PAGE NO. 1 of 3SUMMARY OF LABORATORY TEST DATA PARTY NO.

RE~·IDEPTH = WET DRY MOISTUN
~t9E-l t:iI

P-! 01 ~ ....-l ~ 2" 1~" 1" ¥4" 1/2" ¥8" #4 10 20 40 80 100 200 Zp-! L.L CLASS ~ONTENr:UJ H
ril 0 '~:z: (feet) I I

~U) DENSITY DENSITY ::; , %
8 ::r:: .~;:: to M

Irr'T'~ 1 2 5.0' 100 67 67 63 59 56 52 48 35 20 9 6 2 2 0.9 l2.73 SP-SW

* ** SP-SWTTG 1 3 16.0'" 72 29 29 29 27 26 23 22 1(; 1 n 7 5 3 2 1 4 o 7h

TTG 1 4 25.5' 100 96 86 72 54 42 12 4 4 2 6 b 7?
GW

23 8 7

TTG 1 5 37. 0' 100 57 57 45 40 ii ?h 7 1 ~~76
GW56 54 52 50 48 ? L1

TTG 2 1 2.5' 11 nn 99 98 92 87 84.8 t2.8? ML-MH

TTG 2 2 6.0' 100 99 82 40 14 2 1 0.4 l:L 78
SP

TTG 2 3 6.5' 100 97 76 60 58 52 47 38 23 9 7 2 2 1 3 I:> R7 GP

TTG 2 4 8.0' 57 26 26 26 23 22 20 18 11 q S ? 1 Q 0.7 R.86 SP
16

TTG2 5 15.0' 51 30 30 26 23 21 18 16 12 9 5 3 1 1 0.5 R.87 GP

TTG 2 8 18.0' 80 57 55 51 44 38 32 27 20 16 12 7 4 3 1.2 2. 79 GW I
_.

TTG 2 9 24,5' 81 52 52 47 41 36 31 27 21 16 12 9 4 3 1.3 2.33 GW

~HG9 4-8 3.0-10. 100 96 96 94 94 93 82 f)S 48 if) 1? 17 1 1 ? J !:;L1 SP

~HG 9 14 45. 0-46. 100 67 64 58 43 39 34 29 20 11 3 3 1.7 J.53 GW-GP 135.7 130.9 3.7

lAHG.9 15 50..0-51. 100 86 38 9 7 4.2 D.79 SP 105.4 98.7 6.8

ID.pr- Ie 1 'S
1.5-6.0 ~OO 99 99 98 84 75 36.1 g.63 SM

lAHG lC 4 3.0-4.5 qLl. 1:\ 7? ? 30 q

IAHG lC 5 4.5-6.0 103.7 89.6 15.7
lAHG Ie 6-8 6.0-9.0 !loa 95 89 85 39 29 9.1 D.64 SP-SM

REMARKS: * 9"-12"
** 3" 9"

NOTE: SIEVE ANALYSIS: PERCENT PASSIN(



PROJECT NO.
052506

R¢M DATE
November 10, 1981

CLIENT: Acres American, Inc. CON S U L TA N T S, INC.

PROJECT NAMESusitna Hydroelectric PAGE NO. 2 of 3SUMMARY OF LABORATORY TEST DATA PARTY NO.

DEPTH WET DRY IMOISTUR
211 .. 1'" 16 CLASS CONTENT

(feet')
1/2 1" 3/4''1/_2 fl 3/8" #4 20 40 80 100 200 L.L DENSITY DENSITY %

6.0-7.5 105.8 94.8 11.7AHG10 6
---~-

AHGIO 7 7.5-8.5 110.8 90.2 22.9

AHG11 6,7 6.5-9.5 100 98 95 83 74 61 50 33 29 17.9 SM

AHG11 6 6.5~8.0 128.9 110.8 16.3..
AHG11 7 8.0-9.5 137.2 119.6 14.7

AHG11 9-11 15.0-31.0 100 93 89 86 79 66 55 46 40 26 22 14.1 8M
--- ---_ ..

AHG11 8 15.0-16.5 143.3 128.9 11.2_.

-

AHG12 5,6 93 86 82 79 66 56 45 36 21 16 2.4 SP4.0-6.0 100

AHG12 7-9 6.0-9.5 100 91 80 74 64 60 47 38 29 23 15 12 8.1 GP"";,,GM

AHG12 7 6.0-7.5 146.5 137.2 6.8

AHG12 8 7.5-8.5 153.3 143.2 7.1

AHG13 4-7 3.5-9.5 100 97 96 93 86 72 56 25 20 11.4 SW~SM

AHG13 7 8. 0-9. 5 121.9 97.1 25.5

AHG13 4 3.5-5.0 122.9 98.6 24.7

AHG13 5 5.0-6.5 119.9 101.6 18.0

AHG13 6 6.5-8.0 121.0 100.7 20.2

AHG13 8 15.0-16.5 100 99 97 97 93 92 75.5 ML-MH

E

REMARKS: _
NOTE: SIEVE ANALYSIS = PERCENT PASSINl

] ;,.1 I I J ~I I I c __I J
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PROJECT NO. 052506 R¢M DATE November 10, 1981
CLIENT: Acres American, Inc. CONSULTANTS, INC.

Susitna Hydroelectric 3 of 3
PROJECT NAME PARTY NO. PAGE NO,SUMMARY OF LABORATORY TEST DATA

RE
T

~ = WET DRY ~PI¥TU~ril DEPTH N \0U)H P-l • (feet) ri I 2" 1~' 1" 3/4" 1/2' 3/8" #4 10 20 40 80 100 200 CLASS DENSITYpENSITY !'-'ON ENrilO :2:;0 I L.L P.I~::r:: ,::c: z %en ~ M

~HG13: 9 _20.0-21. ~ 100 98 84 72 60 58 47 45 36 33 24.9 GM-SM

AHG13 10,lL 25.0-32. b 100 88 82 77 73 69 67 53 43 33 20 18 11.4 SW-SM

AHG14 8,9 6.0-9.0 100 88 88 87 84 82 78 72 61 50 35 29 14.3 SM

AHGl:4 9 7.5-9.0 148.1 135.5 9.2

AHG14 10 9.0-10. 100 98 93 88 80 68 56 47 33 22 8.2 SP-8M 142.3 129.5 9.9.,

AHG14 11 15.0-16. ( 100 82 77 70 59 48 38 33 22 13 6.5 SP-S.M

AHG14 12 20.lr21. 100 95 91 85 75 64 54 46 28 19 6.5 SP-8M 147.7 138.1 7.0.__ . -- '---_ .

AHG14 13 25.0-26. 100 98 96 94 93 91 87 85 82.9 49 16 ML-MH 125.2 101.4 23.5--f-.

'--'

r-

--

REMARKS: _
NOTE: SIEVE ANALYSIS: PERCENT PASSIN



1

U.S. Standard Sieve OpenlnVlln Inches u. S, Standard Sieve Number I Hydrometer

>.
.Q

o

20

30

90

10

~
CJl
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40 ~

80

50 ~
1Il
~

o
o
u

60 -c
~
c.>
~

&l

70 Q.

QOOlloo0.0050.010.05QI

eo 100 ZOO 27040

o,~

20104

~K)50

3 2 11/2 I 3/4 1/2 3/8

100

12 9 6

500
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\
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19 December 1980
project No. 4l306I

R & M Consultants
5024 Cordova
Anchorage, Alaska 99502

Attention: Mr. Gary Smith

Gentlemen:

SUBJECT: FINAL REPORT - SUSITNA HYDROELECTRIC PROJECT
SEISMIC REFRACTION SURVEY, SUMMER, 1980

Enclosed are 10 copies of our Final Report from the geo­
physical survey conducted under our agreement of July 23,
1980. This report reflects your comments and those of
Acres American to our draft report dated October 23,
1980.

As requested by Mr. Robert Henschel of Acres American
in our meeting earlier this month, we are preparing a set
of recommended additional surveys to investigate areas
where uncertainties still exist. These recommendations
will be forwarded under separate cover. Mr. Henschel also
requested revision of the profile figures in this report to
reflect true elevations rather than relative elevations.
We will make the appropriate changes and forward revised
drafts when datum elevations become available.

We have enjoyed working with you on this project.
call us if you have any questions or comments.

r Very truly yours,

~e~
Deputy Director of Geophysics

JDR:DEJ/ab

Enclosures

Please

~c~
Dennl.s E. Jensen
Project Geophysicist
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1.0 INTRODUCTION

This report presents the resul ts of a seismic refraction

survey performed during June and July, 1980, on the Upper

Susi tna Ri ver, Alaska, approximately 125 miles north of

Anchorage. The survey was performed under contract wi th

R & M Consultants as part of their subcontract with Acres

American Incorporated.

Most of the survey was performed on the abutments and

in borrow areas for the proposed earth and rockfill dam

near the confluence of Watana Creek and the Susitna River.

The locations of lines run at the Watana site are shown on

Figures 1 and 2.

The remainder of the survey was performed across a possible

saddle dam location adjacent to a proposed concrete dam at

Devil Canyon, approximately 27 miles west of the Watana

site. The locations of lines at the Devil Canyon site are

shown on Fi gure :3.

1.1 Purpose

The purpose of this survey is to. provide additional data

for the continuing feasibility studi.es for the Susitna

Hyq.roelectric Project proposed by the Alaska Power Au~

thority. This survey is to supplement borings, geologic

mapping, and previous geophysical surveys accomplished over

the past several years.

Line locations were selected by Acres American based on

previous studies. Line lengths, geophone spacing arid field

procedures were designed to investi~ate the nattire ahd

distribution of bsdrock arid overburden ma.terials.



1-2

1.2 Scope of Work

A total of 27,800 feet of seismic line was run as 11

separate traverses. Thirty-si x geophone spreads were

tested at 122 shot points. The scope of the field: work was

limi ted by several factors including planned duration of

the program, weather, and logistics. Several lines were

deleted or altered with the concurrence of Acres and R & M

field representatives. A few additional lines were added.

In particular, lines planned across the river at both dam

sites were not considered feasible because of the high rate

of flow at that time. Deleted line locations are 'shown on

Figures 1, 2, and 3.

R&M personnel laid out and brushed all seismic lines and

provided a survey of relative elevations and spacing of

geophone and shot locations which had been flagged during

seismic testing.

The accumulated data were reduced and interpreted in

the Orange, California office of Woodward-Clyde Consul­

tants. Previous seismic studies by Dames & Moore, 1975,

and by Shannon and Wilson, 1978, were used as background

for the present interpretation. Field observations and the

judgment of a Woodward-Clyde Consul tants I geologist, who

was part of the survey crew, were included in the interpre­

tation.
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2.0 DATA ACQUISITION

The majority of geophone spreads for this survey were 1,100

feet long with 100 feet spacing between geophones. Shorter

spacing of 10, 20, 25, 40, and 50 feet were used where

terrain limited the length of a particular spread or where

greater detail was desired. For traverses of more than one

spread, end geophones on adjustment spreads were located at

the same point.

For most spreads, shots were placed at half-geophone

spacing beyond the end geophones and at the middle of the

line. Explosive charges of one pound provided sufficient

seismic energy for lines as long as 1100 feet. For about

half of the spreads, greater depths to bedrock required

shots at greater offsets from the ends to achieve re­

fraction from deeper interfaces. The largest offsets were

1,000 feet from the end geophone, resul tihg in a shot to

furthest geophone distance of 2,100 feet. Usually, an

explosive charge of two pounds was required for these

longer shots. For short lines explosives were not neces­

sary and a hammer and plate were used as the energy source.

The signature of seismic waves arriving at geophones from

each shot was recorded on a geoMetries/Nimbus model ES­

l210F 12-channel stacking seismograph. Recording gains

were selected by trial and error and filters were used when

background noise levels were high such as during heavy rain

or near the river.

The stacking feature of the seismograph employs an analogi

digital converter and an internal memory which stores wave

traces from each geophone separateiy. A digitallanalog

converter is then used to display the stored traces on an
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oscilloscope. The input from multiple shots can be summed

into the memory and the summed or II stacked II traces dis­

played on the oscilloscope. Stacking of roul tiple shots

tends to enhance coherent seismic signals while the in­

fluence of random background noise is reduced by de­

structive interference. Stacking was used on this survey

for shorter lines where multiple hammer blows provided

seismic energy instead of explosives. The overall ampli­

tude of the single or stacked wave traces can be amplified

or reduced by the seismograph before a hard copy of the

record is produced by an electrostatic printer.

For each shot, a field plot was made of distance to each

geophone versus the time of arrival of the compressional

seismic wave picked from the recorded wave trace. This was

done to assure that sufficient information had been ob­

tained for later interpretation. At the same time, notes

were made as to terrain and exposed geologic features.



3.0 DATA REDUCTION PROCEDURES

Methods of reducing raw data to values suitable for inter­

pretation were generally those described by Redpath (1973).

These general techniques have been augmented to some degree

through our experience on past projects.

First, field records were reviewed and picks of arrival

times tabulated. Final time-distance plots were con­

structed to reflect changes in arrival times from those

used for field plots. These plots are shown in Appendix A,

Figures Al through AID. Apparent layering, apparent

seismic velocities, and variations in arrival times from

those expected from a particular layer, were used to direct

subsequent data reduction.

Representati ve "true" velocities were calculated from

differences in arrival times at each geophone from shots at

opposite ends of the line. Where sufficient data were

available, delay times were calculated beneath each geo­

phone for each layer. Layer thicknesses were then cal­

culated using the representative veloci ty. If sufficient

information was not available for rigorous delay-time

determination, approximation methods were used to estimate

depths.

In many cases, a layer which was well expressed on one

spread, or believed to be present from previous investi­

gations, would not be apparent on an adjacent spread. In

these cases, a judgment was made as to the continuation of

the layer, as a hidden layer or blind zone, beneath the

spread in question to produce the most geologically reason­

able interpretation. This often required adjustment of

other layer thicknesses to account for the total delay

time.



4.0 DISCUSSION OF RESULTS

The locations of the seismic lines are shown on Figures 1

through 3. Profiles along each seismic line illustrating

subsurface conditions interpreted from the survey are

presented as Figures 4 through 13. On these profiles,

layer thicknesses and surface topography are shown at a

twofold vertical exaggeration. This distortion is required

to illustrate the interpreted thickness of thin, shallow

layers.

Lines of contact between layers of differing velocities

vary on the profiles according to the confidence placed on

the interpretation. Solid lines represent a well con­

trolled contact with depths shown probably within 15

percent of the true total depth. Dots on the line repre­

sent points of control where the depth is well constrained

by the data. Dashed lines are less well controlled. Short

dashed lines with no control-point dots represent assumed

contacts based on information other than that resul ting

directly from data reduction.

The following paragraphs discuss the setting of each

traverse, the results of our interpretation, and anomalous

or ambiguous cond~t~ons which became apparent dur~ng data

reduction and subsequent review of data from borings, test

trenches, and surficial geologic mapping.

4.1 Traverse 80-1

This traverse consists of six 1,100 foot geophone spreads

and three 225 foot detail spreads. As shown on Figure 1,

the line e~tends northward about 3300 feet from the right

abutment downstream from the proposed Watana Dam, and then

northeastward an additional 3300 feet across the proposed

spillway alignment. Topography is relatively steep at both

ends of the line and relatively gentle elsewhere.
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The interpreted profile for traverse BO-l is shown on

Figure 4. Bedrock velocities along the line appear to

be relatively uniform, ranging from 14, 500 fps (feet per

second) to 16,000 fps. Intermediate layer velocities range

from 5,250 fps to 13,000 fps and shallow layer vetocities

from 1, 300 fps to 3,600 fps. The lower velocities repre­

sent loose surficial materials and possibly, in part,

fine-grained lake deposi ts such as encountered in boring

DR-6 (the location of borings designated DR are shown in

u. S. Army Corps of Engineers [1979J).

At the southern end of the line, a 50-foot-thick layer of

10,000 fps material probably represents weathered bedrock.

Near the northern end of spread BO-lE, this layer thickens

to over 100 feet and may represent an anomaly similar to

that shown on Shannon and Wilson (1978), line 2 (SW2) to

the southeast. We understand that a prominent gouge zone

is exposed on the steep slopes near the anomaly shown on

SW2. The anomaly on line BO-IE may represent a cont~inu­

ation of that zone in which case, its trend would be

approximately N40W.

A thick 13,000 fps layer is present near the center of the

traverse. It probably represents weathered diorite bedrock

but may be a different lithology such as volcanic rock

which has been mapped in the vicinity. Another possibility

is that the 13,000 fps material is part of a vertical

tabular fractured or al tered zone which extends from the

intersection of traverses 80-2 and SW2 where material of

the same velocity has been detected. Although the 13,000

fps zone is shown to be underlain by higher velocity mater­

ial on Figure 5, the higher velocity material may instead

be to the side. Additional refraction 1 ines or borings

will be required to resolve this possibility.
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The thin irregular edges of the relict channel discussed in

previous reports are apparent on spreads 80-IA and 80-IB •

.Channel fill beneath these lines, which is probably boul­

dery glacial detritus, ranges from 7000 to 9000 fps. The

configuration of the channel beneath line 80-lB is probably

much more complicated than shown on Figure 4. The profile

shows depths which are based on approximation reduction

methods because of the complexity of the time-distance plot

(Figure A-I, Appendix A) for which no reasonable mathe-

matical solution could be found. Depth to bedrock is shown

to be more than 150 feet but is probably highly irregular

and much shallower especially near the center of the line.

Boring DR-6 just southeast of the center of the line

encountered bedrock at a depth of 65 feet.

The channel appears to be the same as that documented by

the 1975 Dames and Moore survey and on lineSW3. It is

also well expressed on lines 80-2 and 80-6 which are dis­

cussed in later paragraphs. The southwestern edge of the

channel and the apparent thalweg are shown by dashed lines

on Figure 1. The eastern edge· of the channel appears to be

immediately north of line 80-7 and appears to be expressed

at the northern end of 80-8.

4.2 Traverse 80-2

Traverse 80-2 consists of five 1100 foot. spreads on the

right. abutment extending fro~ near the toe of the proposed

Watana Dam, northward across the proposed spillway. It

roughly parallels Traverse 80-1 between 1,800 and 2,200

feet to the east and southeast (Figure 1). The topograp1:lY

is relativelY steep at the southern end and moderate to

gentte e+s~W1:l~re. The interpreted profil~ for traverse 80-2

is s~own on Figur~ S.
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Bedrock velocities are similar to those of 80-1 ranging

from 14,000 to 17,000 fps. Intermediate layers consist of

thick 13,000 fps layers beneath the southern slopes and

channel fill at the northern end of the line ranging from

6,000 to 8,000 fps. Near surface velocity layers range

from 1250 to 2800 fps.

The lowest bedrock velocity encountered on the traverse is

beneath spread 80-2D and underlies an anomalously deep

portion of the relict channel. Borings DR-18 and DR-19,

northwest and southeast of the spread respectively, confirm

the depth to bedrock shown on the profile and indicate that

the rock in that area is highly fractured diorite with

apparent clay gouge zones. This low velocity zone may

represent a continuation of a shear zone known as liThe

Fins" exposed adjacent to the river to the southeast. The

trend of this possible continuation projects toward the

'northeastern end of spread 80-lB which, as previously

discussed, produced a highly irregular seismic record.

The 13,000 fps layer at the southern end of the traverse

appears to be weathered bedrock based on the shape and

location of the layer. Line SW2 which crosses the traverse

near its southern end (see Figure 1), also shows the 13,000

fps layer and the same depth to bedrock at the inter­

section. A 6,000 fps layer shown on SW2 was not detected

on 80-2. The 13,000 fps layer is shown on SW2 as contin­

uous for about 2400 feet parallel to the river. The shape

of the material shown on the profile of 80-2 (Figure 5) is

not inconsistent with the suggestion by Shannon and Wilson

(1978) that it may be involved in landsliding.
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The channel fill at the northeastern end of the line

consi sts of two distinct velocity zones similar to those

detected on traverse 80-1. The southern portion of the

fill ranges from 6,500 to 8,000 fps. Boring DR-20 appears

to have encountered this material southeast of the line

where it consists of saturated sandy gravels wi th finer

grained interlayers. Boring DR-18, northwest of the line,

appears to have penetrated lower velocity material detected

at the northeasternmost end of the traverse. This mater­

ial, ranging from 5,400 to 6,000 fps, appears to be mostly

silty sands and sandy silts wi th some clay and scattered

gravels and boulders.

Surficial materials near borings DR-18 and DR-20 appear to

be sandy silts. Seismic velocities of the surface layer

near the borings are generally less than 2,000 fps.

Velocities to the south along the traverse range are up

to 2,800 fps and interpreted as representing more gravelly

or better compacted sediments than those near the borings.

4.3 Traverse 80-3

Traverse 80-3 was run on the rugged steep slopes of the

abutments across the proposed upstream portion of the dam.

The profile, shown as Figure 6, is based on one 1,000 foot

spread on the left abutment and three spreads, 1,000 feet,

265 feet, and 300 feet respectively, on the right abut­

ment. A proposed segment of the traverse across the river

was not considered feasible at the time of the survey due

to high water levels, and was therefore not performed.

~edrock is shallow on both abutments. On the south side,

beqrock appears to be of a uniform 15,000 fps velocity.

The top of the southern slope :i.s underlain py S,200 fps

material which may reflect frozen soil e~p6sed in a shallow

trench in that area. Farther down the slope, surficial
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veloci ties drop to about 2, 200 fps. This appears to be

very loose talus on the slope, at least at the center shot

point. The base of the slope is underlain by 7,000 fps

material which appears to be highly weathered bedrock.

Representative bedrock velocities on the north side range

from about 15,000 fps near the top to as high as 22,000 fps

lower on the slope. Surficial material on the north side

is generally about 15-foot-thick and between 1,500 and

2,200 fps on the upper slope. Surficial material is

thinner and lower in velocity near the bottom. Most of the

upper slope is covered with loose talus.

Geophone spread 80-3D was run parallel to the river along

the north bank. This line detected a 7,000 fps layer

50-foot-thick which probably projects beneath the river.

This layer was not apparent on spread 80-3C near the base

of the north slope. It appears as if 80-3C was run above a

resistant bedrock spur and that the 7,000 fps material is

present to each side of the spur near the base of the

slope.

Lines 80-4 and 80-5 which were planned across the river at

the proposed dam axis and beneath the upstream toe, re­

spectively, were not run due to high water conditions. It

may be possible to complete these lines after the river has

frozen.

4.4 Traverse ;80-6

This traverse consisted of one 1,100 foot spread and a

coincident shorter 600 foot detail spread across an appar­

ently anomalous topographic depression approximately 4,000

feet upstream from the proposed dam axis on the north side

of the river. The profile presented as Figure 7~ shows the

edge of the relict channel discussed in conjunction wi th

Traverses 80-1 and 80-2.
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Bedrock veloci ty ranges from II, 500 fps near the western

end of the line to 20,000 fps beneath the channel. The

channel appears to be filled with 7,000 fps material which

also is thinly distributed beneath the western portion of

the line. Overlying this is a layer of 2,300 fps material

and, in part, a thin surface layer of 1,100 fps material.

The increase in bedrock velocity across the traverse from

west to east may be related to effects of liThe Fins" shear

zone which is exposed about 700 feet southwest of the end

of spread 80-6A. This increase in bedrock velocity east of

the shear zone is also expressed on the 1975 seismic line

and on SW-3 which are both to the northwest of 80-06.

Progressively higher velocity zones on those three trav­

erses are roughly correlatible and appear to form bands

generally parallel to the shear zone.

The nearest borings to traverse 80-6 are more than I, 000

feet away. The channel fill material is therefore inter­

preted to be similar to that interpreted for line SW-3 and

for traverses 80-1 and 80-2 as previously discussed. The

7, 000 fps veloci ty of the fill is more uniform than seen

elsewhere and probably represents an averaging of both

higher and lower velocity materials such as saturat~d

alluvium and glacial detritus.

The Shannon and Wilson, 1978, interpretation of nearby line

SW-3 shows a shallower channel containing 4,500 fps mater­

ial within the larger relict channel feature. This layer

can also be interpreted to underlie 80-6 based on the

tirne-distc111ce plot (see Appendix A, Figure A-5). However,

t.he present interpretat.ion of a slight thickening of the

2,360 fps layer is also reasonably consistent with. the

da.'ta.
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Surficial materials are probably similar to those at depth

but less saturated. The 2,300 fps layer may also be finer

grained. The low velocity of the 1,100 fps layer suggests

it is very loose and probably dry.

4.5 Traverse 80-7

Traverse 80-7 consists of two 1,100 foot spreads oriented

north-south across the western end of Borrow Area D. The

line is shown on both Figures 1 and 2. Ground surface

rises gently to the north along the line.

Velocity analysis indicated that bedrock was uniformly

15,500 fps even though the time-distance plots showed

higher values. The differences are attributed to geometry

of the bedrock surface and not to lateral changes. The

interpreted profile for traverse 80-7 is shown on Figure

8.

The line appears to be located over the northeastern side

of the relict channel. Channel fill material ranges ~rom

7,400 to 9,000 fps. It is generally about 200-feet-deep

but is shallower near the north end. At the south end, it

may deepen to as much as 400 feet. Line SW3, which crosses

spread 80-7A near its northern end, shows a similar depth

and velocity for bedrock at that point. The velocity of

the channel fill is given as 7,000 fps on SW3.

Boring DR-26, which is located west of the north end of

line 80-7B, encountered silty sand, clayey silt, gravels,

and sandy silt with boulders at depths equivalent to the

channel fill material interpreted from seismic data.

The velocity of surface materials along the line appears to

be uniformly 1,850 fps. Several exposures along the line

indicate that the upper portion of this unit consists of
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boulder accumulations wi th little or no matrix. Borings

and trenches in the vicinity have encountered gravelly

sands below the immediate surface.

4.6 Traverse 80-8

The two 1,000 foot lines that comprise Traverse 80-8

extend southward from the end of line SW5 at the edge of

Borrow Area D near Deadman Creek across proposed Quarry

Source B as shown on Figure 2. The line crosses moderate

and then very steep topography southward.

Four continuous layers are interpreted on the profile

presented as Figure 9. These include a shallow 1, 350 to

1,600 fps layer and intermediate velocity layers of 5,000

to 7,000 fps and 8,400 to 9,000 fps. Bedrock appears to

change laterally from 12,500 fps near the north end to

23,500 fps at the center, and to 16,500 fps n~ar th~ south

end.

The highest bedrock velocity is at the middle of the

traverse wh~re the rock apparently forms a buried resistant

ridge. The b~drock surface may be as de~p as 500 f~et at a

point below the middle of spread 80-8A. At the north ~nd

of the line bedrock does not appear to be as deep as shown

in Shannon and Wilson, 1978, line sW5. How~ver, this

location is near th~ end of both lines and additional

control is lacking.

It does not appear l1k~ly that hard rock is near enough to

the surfac~ to provide an aq~quate qUarry sourc~ along the

line ot th~ profile. We hp-ve no information as to possible

oqtcrops elsewnere within the designated area. The inter­

mediate velocity layers app~ar to be similar to those

tilling th~ relict channel to the w~st as previously 4i6­

ClJ#Hied, 'fhe 5, OPP to 7, agp tp§ l~yeJ:" prOl:>ably J:"ep:f~sents 8,
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younger episode of channeling and filling similar to that

shown on traverses 80-1 and 80-2. Both intermediate units

probably consist of saturated alluvial deposits and boul­

dery glacial detritus.

A number of test pits in the vicinity of the traverse

indicate that the shallow materials 1,350 to 1,600 fps

surface layers are highly variable. Most pits encountered

loose, unsaturated silty gravely sands.

4.7 Traverse 80-9

Traverse 80-9 was a single 1,100-foot-line at the western

end of Borrow Area E extending upslope from previous line

SW14. The present interpretation, shown on Figure 10, is

in good agreement with that line.

A relatively uniform mantle of low velocity material (1,100

to 1,800 fps) appears to cover the slope 30 to 50 feet

deep. Shallow exposures suggest that the 1,100 fps ma­

terial at the base of the hill is a loose gravel. Higher

on the hill, the surface is mantled by organic soil.

A higher velocity layer (6,000 to 7,250 fps) underlies the

surficial deposits and thickens northward. These vel­

ocities are similar to those of saturated alluvium and

glacial detritus found elsewhere. Bedrock with an approxi­

mate velocity of 15,000 fps, is about 100 feet below the

surface at the base of the hill and may be as deep as 300

feet at the north end of the line.

4.8 Traverse 80-11

This traverse was run north and west of Tsusena Creek near

the eastern end of Borrow Area E. The alignment was

changed from east of the creek when surface reconnaissance

showed that area to be underlain primarily wi th bouldery

glacial deposits.
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Spread 80-11A was run from the bank of Tsusena Creek

northward 1,100 feet across gentle topography to the base

of a hill (Figure 2). A second 1,100 foot spread, 80-11B,

was run from the center of the first in a northeasterly

direction. This line hd not been previously staked or

brushed and when surveyed later, was found to bend to the

north as shown on Figure 2. Two shorter detail spreads

(80-11C and 80-11D) were also run near the middle of spread

80-11A.

On the southern end of the traverse 80-11A, a 2, 800 fps

layer of loose surficial deposits appears to be about 30

feet thick and thins to the north. This appears to be

underlain by a 11,000 fps weathered bedrock layer about 100

feet thick which also thins to the north. Bedrock velocity

beneath the area is between 16,000 and 17,000 fps.

In the northern part of the area the 11,000 fps layer

wedges out beneath an apparent relict channel filled with

5,000 fps material which may be loose saturated sands and

gravels. A 7,000 fps intermediate zone at the north end of

spread 80-l1A is not apparent on 80-1lB. Instead, the

northern part of 80-llB shows shallow bedrock beneath about

20 feet of 1,400 fps sur ficial deposits. The 7,000 fps

material may be similar to the relict channel fill detected

on lines previously discussed.

4.9 Traverses 80~12, 80-13, and 80-15

These three traverses were run across a small lake and

on the adjacent slopes above the left abutment of the

proposed Devil Canyon Dam as shown on Figure 3. Traverse

80-12 consisted of a 250 fOot hydrophone spread across the

western part of the lake and two 500 foot geophone spreads
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up steep adjacent slopes to the north and south. Traverse

80-13 consisted of a similar combination across the eastern

part of the lake. Traverse 15 was a single hydrophone

line, 500 foot long, extending northwest to southeast

across the lake.

The profiles shown on Figures 12 and 13 indicate similar

bedrock velocities of between 16,800 and 18,800 fps.

Profile 80-12 shows a distinct intermediate layer beneath

the slopes of between 7,000 and 10,000 fps. This may be

highly weathered bedrock or glacial deposits. A 5,000 fps

intermediate layer beneath the relatively flat north end of

80-13, probably indicates water table in otherwise low

velocity sediments. Surficial deposi ts on the slopes are

generally between 1,400 and 2,200 fps. The 4,000 fps

indicated beneath the north-facing slope on line 80-13

probably represents partically frozen ground.

A layer of approximately 5,000 fps underlies the lake on

all three profiles. This is probably saturated soft

sediments which may be as deep as 50 feet near the center

of the lake as shown on profile 80-15. Time-distance plots

from all three spreads run across the lake are very ir­

regular and subject to alternative interpretations. Data

from spread 80-15 appear to indicate that high-velocity

bedrock directly underlies the saturated sediments beneath

most of the lake. The other two profiles, however, indi­

cate that only weathered rock is present beneath part of

the area.

The possibility of a shear zone trending approximately

east-west beneath the lake was suggested by Shannon and

Wilson (1978) based on results of line SW-17, which par­

allels 80-12, 400 feet to the west. On that line, bedrock
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velocities underlying 7,000 fps channel fill near the

center of the line were interpreted to be lower than

beneath the slopes to either side. Three of 5 borings

drilled along that line encountered highly fractured or

sheared phylltic bedrock.

The results of the present survey can neither confirm nor

deny the presence of a shear zone. Although the time­

distance plots appear to be anomalously irregular, reason­

able mathematical interpretations were obtained from the

data. Lower veloci ties were obtained for bedrock beneath

the lake than on the adjacent slopes (as on SW-17) but

the reason for these lower velocities is not clear from the

data. They may indicate sheared material or, alterna­

tively, dense fill material or weathered, surficially

fractured bedrock.



5.0 GENERAL OBSERVATIONS AND CONCLUSIONS

Materials represented by velocity layers interpreted for

this report have been assigned, at least in general terms,

where boring and test pit data have been available. In

areas where this control has not been available, similari­

ties in layering and velocities with better controlled

areas have allowed assignment of material types with a

reasonable degree of confidence.

In general, bedrock veloci ties near the Watana site vary

between 14,000 and 23,000 fps. Veloci ties of 18,000 to

23,000 fps are representative of hard, unfractured diorite

as exposed in the immediate site vicinity. Lower veloci­

ties indicate increasing degrees of fract~ring and weather­

ing if the rock is indeed diorite. These lower velocities

may also represent other lithologies such as metamorphic

zones or volcanics such as have been mapped on the right

abutment downstream from the dam.

Velocities as low as 10,000 fps in intermediate layers

over+ying higher velocity bedrock may represent highly

weathered diorite. Apparent layers of 13,000 fps material

found near the middle of traverse 80-1 and at the south end

of eO-2 have been interpreted as weathered pedrock but may

represent a different lithology.

Lateral changes in bedroCk velocity have been noted on

several lines for this and previo~s surveys near the

Wat&na site ~ Th~se cha.nges appear to form ba.nd~ of

in~+eaJ;ing velocity eastwarq from I'The Wins" shear g;<:H1.e as
-,-. - .<

pr_iently int~rpretedf aIld may al~o form nQrthwest tr~ngin9

b~nqs ta.rtber to the w~§t. Present d~ta, however, is
irusufficient to vertfy this pilrt.te;rfh
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Portions of the relict channel at the Watana site have been

defined by the present interpretation. The channel is

apparent on traverses 80-1, 80-2, 80-6, 80-7, and 80-8.

Channel fill material ranges from 5,000 to 9,000 fps and

has been shown by borings to be highly variable but pre­

dominantly alluvial sands and gravels, bouldery glacial

sil ts and sands, and to a lesser extent lacustrine silts

and clays. Two episodes of channeling are apparent on

traverses 80-1, 80-2, and 80-8. Materials on traverses

80-9, and 80-10 with similar velocities appear to be

lithologically similar to those in the relict channel.

At the Devil Canyon site, the highest bedrock velocity

detected was nearly 18,000 fps. This is the velocity

reported for fresh phyllite in the area by Shannon and

Wilson (1978). Lower velocity bedrock interpreted from the

present survey may reflect weathering or lateral lithologic

charlges.

Intermediate layer velocities at the Devil Canyon site

range from 5,000 to 10,000 fps. Velocities as low as 7,000

fps could represent weathered bedrock in the metamorphic

terrain. The 5,000 fps layers interpreted from this survey

appear to be equivalent to the 7,000 fps layer on SW-17 to

the west of the lake. Borings in that area showed the

material to be predominantly sand with some gravel and

boulders.

Surficial deposits are highly variable in the area of the

survey and are therefore difficul t to discuss in general

terms. Surficial materials are best investigated with

short lines and small geophone spacing. Since most of the

lines for this survey used wide geophone spacing, the

information obtained about surficial layers is highly
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generalized. Most of the surficial velocities reported

herein are probably averages of several smaller distinct

layers and are more related to the distance from shot point

to the first geophone than to the velocity of any par­

ticular material.

Wi th regard to structure, two possible shear zones have

been interpreted from this survey. These are northwest

trending zones extending from the right abutment at the

Watana site and are discussed with respect to traverses

80-1, and 80-2 in earlier sections. Information regarding

a possible shear zone beneath the saddle dam site at Devil

Canyon was indeterminate.

The data from the present survey were sufficient to make

fairly definite interpretations. However, specific depths

and material types should be confirmed by borings in

critical areas. We suggest that when sufficient boring

control becomes available, that all three refraction

surveys be re-evaluated to more accurately portray con­

ditions between borings.

The interpretation resul ting from the present survey

are considered the most reasonable based on available

information. They are not the only interpretations

possible. The limitations of the seismic method and the

present data are discussed further in Appendix A and the

references.



REFERENCES

Dames and Moore, 1975, Subsurface exploration, proposed
Watana Dam site on the Susitna River, Alaska: Report
for Department of the Army, Alaska District, Corps
of Engineers, Contract DACW85-C-0004.

Redpath, B. B., 1973, Seismic refraction exploration
for engineering si te investigations: u. S. Army
Engineer Waterways Experiment Station, Explosive
Excavation Research Laboratory, Livermore, California,
Technical Report E-73-4, 55 p.

Shannon and Wilson, Inc., 1978, Seismic refraction survey,
Susitna Hydroelectric Project, Watana Dam site:
Report for Department of the Army, Alaska District,
Corps of Engineers, Contract DACW85-78-C-0027.

u. S. Army Corps of Engineers - Alaska District, 1979,
Southcentral Railbelt Area, Alaska Upper Susitna River
Basin - Supplemental Feasibility Report: Appendix Part
I.



-
APPENDIX A*

* This appendix deleted from Task 5, Appendix H. Refer to project files
for Woodward-Clyde Consultants report.



r
I
I

'-

APPENDIX I
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R & M Consultants
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Attention: Mr. Gary Smith
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SEISMIC REFRACTION SURVEYS - 1981

Enclosed are five copies of the sUbject report which docu­
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studies during 1981. At the request of Acres American
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please call at your convenience.

-

Very truly yours,

YJ~L~
Dennis E. Jensen
Project Geologist
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1.0 INTRODUCTION

This report presents the resul ts of geophysical surveys

performed during the spring, summer, and fall of 1981

on the Upper Susitna River, Alaska, approximately 125

miles north of Anchorage. These surveys were performed

under contract with R & M Consultants (R & M) as part of

their subcontract with Acres American Incorporated (AAI).

The 1981 geophysical program was essentially a continuation

of surveys performed during 1980 under the same contract.

Results of the 1980 surveys were submitted to R & M

in a report dated 19 December 1980. Interpretations

included in this report are based in part on the 1980 work,

on previous seismic refraction surveys (Dames and Moore,

1975; Shannon and Wilson, 1978), and on limited boring and

surface mapping information.

Locations of all refraction traverses from 1975 through

1981 are shown in Figures I, 2, and 3. Figure 1 covers the

immediate area of the proposed Watana Dam site and Figure 2

shows line locations outside of the immediate site area but

in the same vicinity. Figure 3 shows line locations near

the proposed Devil Canyon Dam site.

1.1 Purpose

Geophysical surveys from 1981 and from past years were

accomplished as part of feasibility studies for the

Susitna Hydroelectric Project proposed by the Alaska Power

Authority. Seismic refraction and limited magnetometer

surveys were intended to investigate the nature and

distribution of bedrock and overburden materials and to

supplement data from other sources such as borings and

geologic mapping.
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For all surveys run during 1980 and 1981, line locations

were specified by AAI. Some of the 1981 locations were

recommended by Woodward-Clyde Consultants at the close of

the 1980 season, and incorporated in the 1981 program.

1.2 Scope

A total of 72, 900 ft of refraction line was run in 1981

during three separate field efforts (spring, summer, and

fall) to bring the two-year total to approximately 100,000

linear feet. In addition, approximately 3,000 ft of

magnetometer line was run near Devil Canyon in an unsuc­

cessful attempt to detect buried mafic dikes.

The spring seismic refraction survey consisted of 21,900 ft

of line at 12 locations (Lines 81-1 through 81-12) across

the river and adjacent low-lying areas near the Watana site

(Figures 1 & 2). Field work was accomplished between 1

April and 14 April 1981 when the river was frozen. The low

water level and low water velocity plus access afforded by

ice allowed refraction surveys to be run in areas where

they would be infeasible later in the year. A draft report

of the results of the spring work was submitted to R & M

dated 18 June 1981.

A total of 22,200 ft of refraction line was run during the

month of July as 10 separate traverses (Lines 81-13 through

81-22). Nine of these were run at the Watana site (Figure

1), some as continuations of existing lines. One traverse

was run on the proposed south abutment at Devil Canyon

(Figure 3).

From 26 October to 15 November, 1981, a 28,800 ft traverse

was run from rock outcrops near the proposed Watana south

abutment to a point approximately 5 miles to the east. The
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locations of lines 81-FL-1 through 81-FL-48 are shown on

Figures 1 & 2. This traverse crossed an area of suspected

buried channels in the Fog Lakes area.

The alignments of all traverses were flagged by R & M

or AAI personnel prior to refraction surveying. During

refraction work, the location of all shot points and

geophones were flagged. The coordinates and elevations of

each of the shot and geophone points for spring and

summer traverses were subsequently surveyed by R & M. For

the fall work (Fog Lakes) R & M provided coordinates and

elevations at all turning points and breaks in slope.

Data for all seismic refraction traverses accomplished

during 1980 and 1981 are summarized in Table 1. The table

includes line numbers used in this report, line numbers

used by R & M for coordinate and elevation surveys, presen­

tation data, line configuration data, and comments. This

report discusses the interpretation of 1981 traverses in

detail and references 1980 lines where they are in proxi­

mity to the 1981 survey lines.



2.0 DATA ACQUISITION AND REDUCTION

Field procedures used during the 1981 season were similar

to those of the 1980 survey (Woodward-Clyde Consul tants,

1980). A Geometries/Nimbus model ES-1210F twelve-channel

stacking seismograph and an explosive energy source was

used for all lines. Line lengths and geophone spacing

varied as discussed later in separate sections.

Data reduction for the 1981 surveys was accomplished in a

similar manner as for the 1980 lines, essentially following

the procedures of Redpath (1973). Rigorous delay time

methods were used for only a few lines for which data was

sufficient and too complex for adequate interpretation by

approximation methods.

Time-distance plots of the data are included in Appendix A

(spring surveys), Appendix B (summer surveys), and Appendix

C (fall-Fog Lakes surveys). Interpretation of these

lines are shown as Figures 4 through 23 and are discussed

in Sections 4.0, 5.0, and 6.0. These sections discuss the

setting of each traverse, our interpretation, and anomalous

or ambiguous conditions which became apparent during data

reduction and subsequent review of all available data.

Our confidence in the contacts between layers of differing

velocities on the figures is variable. Solid lines repre­

sent well controlled contacts with the depths shown prob­

ably within 20 percent of the true total depth. Dots on a

line represent depths calculated by the delay time method

or by approximation techniques. Dashed lines are less well

controlled with an estimated possible deviation from true

depths on the order of 30%. Queried dashed lines are
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assumed contacts that are based on assumed velocities and

information other than that resul ting directly from data

reduction, or that are inferred by the data but are not

mathematically explicit.



3.0 LIMITATIONS

Seismic refraction is a widely used and well suited

exploration tool for engineering projects but is subject to

certain limitations which should be kept in mind when

evaluating the interpretations presented in the following

sections. The effects of inhomogeneities, irregular

contacts, "blind zones" and hard-over-soft conditions are

discussed below. Other limitations which result from the

site environment and from the specified scope of these

surveys apply particularly to seismic work performed at the

Susitna sites.

The seismic refraction technique depends upon measuring the

first arrival of a seismic wave at geophones placed on the

ground surface progressively further from an explosive

charge or other seismic source. Arrivals at nearest phones

generally indicate travel directly through low-density

surface materials. At points further from the source, the

seismic wave arrives sooner than would be expected from

travel through surface materials, having traveled in part

through deeper, more dense, and therefore higher velocity

layers. If subsurface layers are uniform, horizontal and

the seismic velocities progressively increase with depth, a

mathematical model can be developed from the arrival time

data that approximates actual conditions. Several condi­

tions exist in nature, however, which make interpretation

of the data less precise and introduce ambiquity into the

model.

In ideal situations, plots of arrival times versus distance

(see Appendices Ai B, and c) produce straight lines, the

inverse slopes of whi¢h represent the seismic velocity

of the subsurface material. Deviations of the data from

straight lihes indicate inhomogeneity within layers i
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irregular layer contacts, or inaccuracy in identification

of first arrival time. Sufficient data is seldom available

to distinguish amoung these possibilities. It is also

difficul t to determine if irregulari ties occur in near­

surface layers or at depth. In many cases, the data

resulting from local or lateral velocity changes can also

be interpreted as contact irregularities.

Thin layers at depth also present a problem. Ideally each

layer is represented on a time-distance plot as a separate

straight line. Thin layers may produce no indication of

their existance in the data regardless of the detail of the

survey. Such lIblind zone ll cases can affect the calculated

depth to deeper layers, such as bedrock, by a theoretical

maximum of 30 percent.

Layers with seismic velocities less than overlying layers

are not de tee tab1 e by ref rae t i on . Th iss i t u a t ion i s

suspected to exist in several areas, at the Watana site in

particular, where less dense sediments may underlie frozen,

more dense ground. Non-seismic information, such as boring

data, is required to resolve hard-over-soft condi tions,

enabling correction of the refraction model, which is

otherwise likely to be in error by as much as 30 percent

for the depth of deeper layers.

Several conditions occur which preclude collection of the

optimum quantity and quality of data. These include

weather, ground conditions and, of course, the time

available to resolve operational problems which may arise.

For the Susitna work, field data reduction was performed to

assure the sufficiency of results from each line. In some

cases, however, time and budget constraints precluded

running additional lines which may have resolved some

uncertainties.
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In interpreting data which is less than straight forward,

the tendency is to produce as simple a model as possible

wi thout violating the restraints of the data. In these

cases, the experience and judgement of the interpreter is

important in producing a geologically reasonable picture.

The presence of an experienced geologist during shooting of

the lines and during interpretation, combined with the

results of previous investigations, increased the likeli­

hood that profiles presented herein reflect a fairly

accurate model of existing conditions suitable for evalua­

tion of the feasibility of the project. Further explora­

tion is required to resolve the uncertainties identi­

fied during these surveys.



4.0 SPRING TRAVERSES

The twelve traverses (lines 81-1 through 81-12) run during

April each crossed the Susitna River, which was almost

completely frozen at the time. Geophones at ice locations

were placed in holes bored through the ice to soil or, in

some cases, water. The phones were then firmly affixed to

the soil or river bottom by weights. Explosive charges

were detonated away from the river to provide the seismic

energy source.

During the surveys, ice thickness ranged up to four feet

with only a few open leads. The Susitna River was at its

low point for the year but still retained sufficient

velocity to interfere with seis~ic signals. Explosive

charges up to 20 Ibs were required to overcome the river

noise in some cases. Also, seismic signals traveling

through the ice at 11,000 fps (feet per second) often

masked first arrivals through shallow, less dense sedi­

ments.

The locations of lines 81-1 through 81-6 are shown in

Figure 1. Lines 81-7 through 81-12 are shown in Figure 2.

4.1 Traverse 81-1

This traverse consists of one 1,000 ft geophone spread and

three shotpoints. The line crosses the Susitna River near

the mouth of Deadman Creek. The south terminus is at the

base of the steep slope on the southern bank of the Susitna

River while the northern terminus is at the toe of the

slope at the northern side of the valley. The southern

third of this line is over the ice-covered Susitna River.

The interpretated profile for traverse 81 ... 1 is shown

in Figure 4. Bedrock has a oalculated velocity of 16,700

fps. Bedrock appears to be very near the $urface at the
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southern end of the profile and reaches a depth of about

120 ft near the northern end of the profile. There is a

bedrock high in the center of the profile which brings

bedrock to within 70 ft of the surface at that point.

An average velocity of 4,600 fps was found for the sur­

ficial materials. In our experience, this velocity is

typical of recent river deposits of varying saturation and

grain size.

4.2 Traverse 81-2

This traverse consists of two 1,000 ft spreads and six

shotpoints. The line setting is similar to that of

traverse 81-1 but is 3,000 ft further west, downstream.

The northern half of the traverse was over the active river

channel at the time of the survey. Ri ver ice with a

veloci ty of about 11,000 fps , effectively masked the

arrivals from the surficial materials under the river.

The interpreted profile for traverse 81-2 is shown in

Figure 4. The calculated bedrock velocity on this profile

averages about 16,000 to 18,000 fps but is not well con­

strained due to the masking effect of the ice. Bedrock is

near surface on the south end of the profile and becomes

deeper towards the north to a postulated depth of about

150 feet. There appears to be a bedrock high simi lar to

that noted on profile 81-1, which brings bedrock to within

100 ft of the surface.

Surficial layer velocities vary from 5,000 fps on land to

possibly 8,000 fps under the river. These velocities

probably represent recent water saturated river deposits.
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4.3 Traverse 81-3

This traverse consists of one 500 ft spread and two shot­

points. The line crosses the Susitna River approximately

3, 000 ft downstream from traverse 81-2 in the area where

the river and valley are narrow. The southern traverse

terminus is on exposed bedrock and the northern terminus is

near the base of steep northern valley slope.

The interpreted profile for traverse 81-3 is shown in

Figure 5. Ice velocities of 11,100 fps were encountered.

The bedrock velocity and depth is unknown. A minimum depth

calculation indicates there is probably at least 50 ft of

5,000 fps overburden under the center of the river. The

bedrock gradient noted on the upstream profiles (81-1 and

81-2) suggests that the probable depth is more likely to be

at least 100 ft.

4.4 Traverse 81-4

This traverse consists of one 1,100 ft spread and three

shotpoints. A prominent structural feature on the north

abutment, the II Fins II, trends toward the location of the

line. Rock is exposed near both ends of the line.

Virtually the entire length of the line is over the ice­

covered river.

The interpreted profile for traverse 81-4 is shown in

Figure 5. Bedrock appears to be shallow and to have a

relatively low veloci ty of 14, 000 fps. This velocity is

similar to that measured across the IIFins" on the north

abutment (Shannon and Wilson, 1979, and line 81~15, this

report). It is also possible that the 14,000 fps material

is unusually high velocity frozen gravels and boulders

derived from local talus slopes and that competent bedrock

may be present at a greater depth. A minimum thickness

calculation was made which assumed a higher bedrock
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veloci ty (e. g., 17, 000 fps). This calculation shows that

the depth of such high velocity material would have to be

greater than 120 feet. This deeper contact places bedrock

at an elevation similar to that both upstream and down­

stream from this traverse. It is also possible that the

boulder deposit, which is exposed at the surface, has

approximately the same seismic velocity as underlying

weathered rock. In this case it would not be possible to

detect the contact by refraction.

A thin wedge of surficial materials with an average

velocity of about 6,500 fps may be as thick as 35 ft near

the north terminus of the line. A similar wedge appears to

be present at the south end.

4.5 Traverse 81-5

This traverse consists of one 650 ft spread and three

shotpoints. The line crosses traverse 81-4 and is slightly

farther downstream for most of its length.

The interpreted profile for traverse 81-5 is shown in

Figure 5. The calculated apparent bedrock velocity of

12,000 fps is very low but not inconsistant with the 14,000

fps of velocity on line 81-4. The small difference could

be due to anisotropy across a linear fracture zone or to

inhomogeneity of the boulder deposit. If present, higher

velocity rock (1 7, 000 fps) would probably be over 100 ft

deep.

Thin surficial materials appear to be as thick as 15 ft at

the north terminous of the traverse.

4.6 Traverse 81-6

This traverse

shotpoints.

consists of one

The line crosses

500 ft spread with two

a narrow portion of the
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Susitna River under the upstream shell of the proposed dam.

Both ends terminate at the rock walls of the Susitna

River valley. The traverse connects the two segments of

traverse 80-3 (Woodward-Clyde Consultants, 1980).

The interpreted profile for traverse 81-6 is shown in

Figure 6. The bedrock velocity and depth is unknown from

the present data because of the masking of first arrivals

from the bedrock refractor by direct arrivals through the

river ice. Delayed arrival times at the end-points of the

present line suggest there is about 30 to 40 ft of over­

burden near the river banks. Minimum depth calculations

as suming the higher velocities interpreted for the rock

slopes (line 80-3) suggest that the overburden is at least

60 ft thick near the center of the river. This interpreta­

tion is similar to that of Dames and Moore (1975) for a

line across the river at about the downstream toe of the

proposed dam.

4.7 Traverse 81-7

This traverse consists of three spreads, each about 1,000

ft long, and a total of nine shotpoints. The line crosses

the river near the downstream limit of Borrow Area E. The

Susitna River divides into several branches with the main

course near the north terminus of the traverse.

The interpreted profile for traverse 81-7 is shown in

Figure 6. Bedrock has a velocity which varies from 19,000

fps at the south terminus to 15,000 fps at the north

terminus. bepth to bedrock is typically 100 ft deep. The

bedrock surface has a gently undulating interface. The

bedrock depth appears to increase near the north terminus

of the line and correlates well with previous line SW-14

which is located about 1,000 ft to the northeast of line

81-7.
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The surficial materials, probably saturated recent river

deposits, have velocities of about 5,000 fps. There is no

evidence in the data for an intermediate velocity layer

although previous lines in the area indicate this is

possible. A thin, undetectable layer underlying the 5000

fps layer with a velocity of 7,000 to 9,000 fps (typical of

glacial materials elsewhere), if present, could cause an

over estimation of overburden thickness by about 30 per­

cent.

4.8 Traverse 81-8

This traverse consists of three spreads, totaling about

2,500 ft long, and six shotpoints. The line crosses the

river valley about 5,000 ft downstream from traverse 81-7.

The eastern end of the profile crosses the active river

channel.

The interpreted profile for traverse 81-8 is shown in

Figure 7. Bedrock velocities range from 15,000 fps at the

west end of the line to 18,000 fps over most of the line.

The depth to bedrock typically varies from 50 to 100

feet.

The surficial sediments have velocities of 3,800 fps to

4,800 fps, suggesting only partial saturation. As in

traverse 81-7, an intermediate velocity layer, if present

as a hidden layer, could decrease the interpreted low

velocity overburden thicknesses and increase depth to

bedrock by up to 30 percent.

4.9 Traverse 81-9

This traverse consists of two spreads about 1,000 ft. long

and six shotpoints. This line crosses the Susitna Ri ver

about 2 miles downstream from traverse 81-8. The line
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crosses the river at its northwest terminus.

ice prevented complete data acquisition.

Thin, unsafe

r­
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The interpreted profile for traverse 81-9 is shown in

Figure 7. Bedrock velocities range from 14,000 fps at the

southeast end of the line to 18,000 fps elsewhere. The

depth to bedrock varies from 100 to 180 feet. The deepest

portion is under the center of the valley.

An intermediate layer having a velocity of about 6,500

to 7,500 fps occurs under the entire line. This layer

probably represents older and more consolidated gravels

possibly of glacial origin. Recent surficial materials,

probably alluvial sands and fine gravels, form a thin

veneer, 20 to 30 ft thick, with velocities of 3,800 to

4,800 fps.

4.10 Traverse 81-10

This traverse consists of two spreads, each about 1,100 ft

long and six shotpoints. The line crosses the valley at a

westward bend of the river about 8 miles downstream from

the proposed dam. The south~rn end of the line crosses the

river.

The interpreted profile for traverse 81-10 is shown in

Figure 8. No bedroCk velocities were observed on this

traverse. Minimum depth calculations show that the depth

to bedrock is probably greater than 300 ft based on an

assumed velocity of 18,000 fps. Lower assumed bedrock

v~locities would produce a shallower calculated depth.

An intermediate layer velocity of 8,300 fps to 9,500 fps

occurs under the entire line. The depth to this layer,

which appears to be well consolidated or possibly frozen

glacial deposits, decreases from about 70 ft at the north



4-8

end of the traverse to 10 ft at the south end.

materials have velocities of about 4,000 fps.

Surficial

4.11 Traverse 81-11

This traverse consists of three spreads and nine shot­

points. Two spreads are about 1,000 ft long while the

third is 700 ft long and offset from the other two. This

line is about 6,000 ft downstream from traverse 81-10 and

crosses the Susitna River bottom lands. The center section

of the line crosses the river.

The interpreted profile for traverse 81-11 is shown in

Figure 8. Bedrock appears to be about 400 ft deep assuming

a bedrock velocity of 18,000 fps.

An intermediate layer, similar to that beneath line 81-10,

wi th a veloci ty of 8,000 to 10,000 fps occurs under the

entire line. The highest velocities occur near the south

end of the line. The depth to this layer is 20 to 30 feet.

Thin surficial materials, which are probably partially

saturated sands and gravels, have velocities of 3,000 to

3,500 fps.

4.12 Traverse 81-12

This traverse consists of two 1,000 ft spreads with seven

shotpoints. The line is about 4,000 ft downstream of traverse

81-11. The north end of the line crosses the river.

The interpreted profile for traverse 81-12 is shown in

Figure 9. No bedrock veloci ties were observed on this

traverse. Minimum depth calculations indicate that the

depth to bedrOck is probably greater than 300 feet, assum­

ing a bedrock velocity of 18,000 fps.
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An intermediate layer velocity of 6,700 to 8,000 fps occurs

under the entire profile. Velocities increase northwards.

Although they are somewhat lower than encountered on lines

81-10 and 81-11, they probably represent similar deposits.

Surficial materials 10 to 30 ft thick have velocities which

range from 4,500 fps at the south terminus to 3,500 fps at

the north terminus.



5.0 SUMMER 1981 SURVEYS

Traverses 81-13 through 81-19 were located on the north

side of the river, upstream from the proposed Watana Dam.

This area is underlain by a buried or II relict II channel.

Velocities of channel fill material vary considerably as

discussed in relation to the individual traverses below.

From borings discussed in the 1980 report (Woodward-Clyde

Consultants, 1980), these materials are known to include

well consolidated glacial tills and outwash deposits,

younger alluvial deposits, and some lacustrine sediments,

all possibly frozen in part or entirely. Although the

seismic velocities of the channel fill referenced with each

traverse are a reflection of material properties, no

subsurface boring data was available in the vicinity of the

1981 traverses to identify the type of material that might

be represented by a particular velocity range.

Traverses 81-20 through 81-22 were run in areas of shallow

bedrock on the south abutment at Watana and on the south

abutment at Devil Canyon. For these as well as for the

other lines, higher velocity bedrock (ie 15,000 to 20,000

fps) is presumably more competent than lower velocity

bedrock (ie 10,000 to 14,000 fps). Specific rock types or

degrees of weathering, however, cannot generally be distin­

guished by velocity alone. Correlation of the seismic

veloci ties reported herein with the most recent surface

mapping and boring information may provide a better

idea of the extent of particular mapped units and struc­

tural features away f:r;-om their locations Known from out-

crops or cores.

5.1 Traverae 81-13

~hree 1,100 £t geophone spreads OVerlapped line 80-1 b¥ 50Q

ft and continued that traverse an additional ~, aoo ft to



5-2

the northeast as shown in Figure 1. The traverse crosses

undulating topography which rises gently to the northeast.

The interpreted profile of traverse 81-13 (Figure 10) shows

a continuation of the relict channel with a relatively

uniform depth toward the northeast end of the line where it

shallows. Bedrock, wi th seismic velocities ranging from

13,000 to 15,000 fps is from 200 to 250 ft deep beneath

most of the traverse. Channel fill material ranges from

6,000 to 8,000 fps and surficial sediments, which are

thicker toward the southwest end of the line where it

overlaps 80-1, average 2, 200 fps. Several irregularities

in the time-distance plot (Figure B-1) appear to be due to

topographic effects.

5.2 Traverse 81-14

The southwest end of traverse 81-14 is located about 600 ft

from the northeast end of traverse 80-2. Three 1,100 ft

lines were used to extend traverse 80-2 to the northeast.

The northern end of the line turns north to the edge of a

small lake as shown in Figure 1. Relatively smooth topo­

graphy rises gently to the northeast to within 1,000 ft of

the small lake, then drops gently toward the lake. The

topography along the northern 1,000 ft was not surveyed;

the profile shown in Figure 11 for that area was approxi­

mated from small scale maps and field notes.

The interpretation of traverse 81-14 (Figure 11) shows

18,000 fps bedrock to be 500 ft deep beneath the southwest

end of the line. This requires a drop of about 200 ft from

the northeast end of line 80-2 which is not inconsistent

with the 1980 interpretation. The 500 ft depth places the

thalweg of the channel at an elevation of about 1,700 ft,

which is similar to that found on line 80-1 to the west and

somewhat deeper than on lines to the southeast. This
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deepening to the northwest is consistent with the interpre­

tation from other considerations that the ancient stream

flow was in that direction.

To the northeast, on traverse 81-14, bedrock shallows to a

depth of 100 ft, effectively the edge of the relict

channel, about 1,000 ft south of the lake. Along the

northern extension towards the lake, bedrock maintains a

depth of between 100 and 150 ft, and an average velocity of

15,000 fps.

Two layers of channel fill are apparent on the profile.

Material with a velocity ranging from 9,000 to 10,500 fps

as thick as 400 ft occupies the bottom of the relict

channel and is overlain by a 50 to 150 ft thick 6,000 fps

layer that continues to the north beyond the limits of the

relict channel. The veloci ty of the deeper layer is

similar to that interpreted as possible permafrost else­

where in the area. If it is indeed frozen, then it may be

underlain by less dense, unfrozen sediments and the depth

to bedrock may be as much as 100 ft shallower than shown in

Figure 11. This is assuming that only the upper 100 ft is

frozen and that the velocity of the underlying material is

about 7000 fps.

Velocities of surficial deposits range from 1,200 to 1,800

fps beneath traverse 81-14 and vary from 20 to 30 ft in

thickness.

5.3 Traverse 81~15

The center portion of traverse 81-15 consisted of two

550 ft geophone spreads across the apparent topographic

expression of the Fins structure near the top of the v~lley

wall on the north side of the l:"iver. Topography across

this central portion is somewhat irregular d~e, presumqbly,
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to the underlying structure. Slopes to either side of this

central portion were too steep for continuation of the

line. Therefore, two extensions were run off the east and

west ends of the central traverse but shifted about 200 ft

further upslope to an area of more subdued topography

(Figure 1).

Data from traverse 81-15 indicates no intermediate layer

( 7 ,000 fps) such as found on nearby line SW-3. Instead,

the most reasonable interpretation (Figure 12) of the data

shows relatively low velocity bedrock (11,000 to 12,700

fps) underlying relatively thin surficial materials with

velocities of 1,000 to possibly as much as 4,000 fps.

A bedrock velocity change at the southwest end of the

extension to 16,000 fps may indicate the downstream boun­

dary of the shear zone.

All apparently anomalous arrival times (Figure B-3) can

be explained by topographic effects or by slight thickness

changes in surficial materials. Two possible locations of

resistant ridges in bedrock within the zone are beneath the

northeast end of the extension where arrivals are consider­

ably more irregular than elsewhere. No such irregularities

occur along the central portion of the line.

5.4 Traverse 81-16

This traverse consisted of two 1,100 ft geophone spreads

across a deep section of the relict channel adjacent to

the Susitna River slopes upstream from the proposed dam

site. Topography in this area is gently rolling and fairly

level. The east end of traverse 81-16 is within 100 ft of

the south end of traverse 80-7.

The interpretive profile of traverse 81-16 (Figure 12)

shows the depth to bedrock to vary between 200 ft at the
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west end and 450 ft at the east end of the line. Bedrock

velocity is 18,000 to 19,000 fps. Channel fill ranges from

5,500 to 10,000 fps and thin surficial materials, 1,300 to

1,800 fps. The 5500 fps materials appears to be a younger

filled channel. The shape of this channel, however, is not

well defined.

Bedrock elevation near the east end of the line is about

1,775 feet. This appears to be about the deepest part of

the channel in the area . The elevation agrees with that

noted on SW-3 to the north.

5.5 Traverse 81-17

A single 1,100 ft geophone spread was run northerly from

the east end of traverse 81-16. The line is about 300 ft

east and parallel with traverse 80-7. The configuration

and velocities shown on the interpretive profile (Figure

13) agree with those interpr~ted for traverse 80-7.

Bedrock with a probable maximum velocity of 20,000 fps

shallows from 400 ft at the south end, near the east end of

line 81-16, to about 200 ft at th~ north end. Channel fill

material averages about 8,000 fps and surficial materials

about 1,800 fps.

5.6 Traverse 81~18

This traverse consisted of a,single 1,100 ft line which was

run in conjunction with line 81-19 across the southern edge

of Borrow Area D north of Quarry SOUrce B. A prominent

gully separated the two lines and precluded their being run

as a single traverse. The topography along traverse 81~18

is relatively flat, sloping gently to the east.

The profile of line 81 ....18 shown in Figure 13, indicates

20,000 fps bedrock at a fairly uniform depth of 325 feet.
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Bedrock depth at the eastern end of the line is based on

depths interpreted for line 81-19. Intermediate velocity

material is predominently 6,500 fps with a wedge of 8,000

fps material, below the eastern end of the line which is

consi stent wi th travers e 81-19. Surf icial rna terials

ranging from 1,200 to 2,000 fps thin toward the east from a

maximum thickness of 60 ft near the west end.

5.7 Traverse 81-19

This traverse consisted of two 1,100 ft geophone spreads

extending easterly from about 600 ft east of traverse

81-18. The traverse crosses line 80-8 near the midpoint.

The line was approximately parallel to contours sloping

gently toward the west. The slope is very steep toward the

south.

The interpretive profile of line 81-19 (Figure 14) shows an

irregular bedrock surface ranging from 300 to 450 ft deep.

The deepest portion is near elevation 1700 which is the

lowest noted during this survey. Bedrock velocity ranges

from 13,000 to 16,000 fps.

Two layers of intermediate velocity materials are apparent.

They consist of a 6,000 fps layer 80 to 150 ft thick

overlying a 7,500 to 8,000 fps layer. Although thicknesses

vary somewhat, this is consistent with the interpretation

for line 80-8 where the lines cross. Surficial deposits

are up to 40 ft thick with velocities from 1,200 to 2,500

fps.

5.8 Traverse 81-20

This traverse extends line SW-l on the south abutment of

the proposed Watana Dam. Total extension was about 1000 ft

to the east. The traverse consisted of overlapping 550 and

300 ft geophone spreads wi th two 225 ft spreads over the
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east side of the traverse to produce more detailed data in

that area. Gently rolling topography along the traverse

rises slightly toward the east.

Figure 15 shows that bedrock, interpreted to be about

18,000 fps, underlies the entire traverse at shallow depth,

generally less than 10 ft. A small wedge, up to 50 ft

thick, of intermediate velocity material, averaging

7,000 fps overlies bedrock near the east end of the line.

This material was identified as varved silts and clays in

boring DH-25 (U.S. Army Corps of Engineers, 1979).

5.9 Traverse 81-21

Four overlapping 550 ft geophone spreads and several 225 ft

detail spreads were run across the suspected projection

of the Fingerbuster structural feature on the south

abutment of the proposed Watana Dam. The total length of

the line was about 1900 ft. It crosses line 81-20 near its

northeastern end. The topography rises steeply to the

southwest along the traverse.

The purpose of traverse 81-21 was to delineate, if possi­

ble, the Fingerbuster zone in order to locate a drill site

for further exploration of the zone. As shown on the

interpretive profile of the traverse (Figure 15), the

structural zone appears to occur as an area of 12,000 fps

bedrock flanked by more competent 18,000 fps bedrock. This

is overlain by 1,500 to 3;500 fps surficial materials which

range in thickness from zero to 40 feet.

The location of the zone was thought to be khown more

preHjisely from appa.rerit anomalies on field time dista.hce

plots ~ Several anomalies apparent on the time....distance

plot (Figure 8.... 6), cati be attributed for the most part to

tbpeg~aphi6 irregula.rities ahd to changes in thickness of
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the near surface layer. The zone appears to be delineated

by a prominent slope break to the west and a rapid thinning

of surficial deposits to the east. It appears that a

topographic low exists over the central portion of the

zone. The depression appears to be due to erosion by a

crossing stream.

5.10 Traverse 81-22

This traverse was run as three overlapping 550 ft geophone

spreads along the ridge on the south abutment of the

proposed Devil Canyon Dam. The eastern portion of the

traverse crosses the southern ends of lines 80-12 and

80-13. The somewhat irregular ground surface along the

traverse slopes downward toward the east end.

The interpretive profile of traverse 81-22, shown in Figure

16, shows very shallow bedrock ranging from 11,000 to

15,000 fps overlain by surficial materials of 1,800 to

2,000 fps. The surficial material appears to average

about 10 ft thick but thickens to as much as 30 ft at one

location near the east end. Intermediate layers of 5,000

and 10,000 fps interpreted for the south ends of 80-12 and

80-13 were not apparent from the data for 81-22.



6.0 FALL TRAVERSES-FOG LAKES AREA

The Fog Lakes traverse consisted of 48-500 ft geophone

spreads with common end shot points. The location of

the traverse was selected to cross areas of possible

buried channels which could contribute to seepage from the

reservoir. Topography along the line is gently rolling and

relatively flat locally. Elevations range from less than

2,300 ft across the Fog Lakes valley, approximately fi ve

miles east of the proposed Watana Dam, to about 2,400 ft

near the proposed south abutment.

The interpretation of the data for the traverse, shown in

Figures 17 through 23, indicates that apparent bedrock

velocities vary substantially along the traverse, from

20,000 fps to as low as 10,000 fps.

Two types of intermediate material are apparent. The

first ranges from 4,500 to 7,000 fps and is interpreted

to consist of poorly consolidated, saturated glacial

deposits. The second ranges from 8,000 fps to as much as

10,500 fps. This is suspected to be well consolidated

glacial sediments in part or entirely frozen. Surf icial

deposits range from 1,000 to 3,000 fps, are as thick as 50

ft in some areas, and are absent in others.

Several areas along the traverse appear to be underlain by

buried channels which extend below the proposed reservoir

level. The two most prominent of these are near the west

end of the traverse (Figure 17) and beneath the Fog Lakes

Valley (FigUres 22 and 23). Near the west end, a channel

which may be as deep as 300 ft (to elevation 2,030) is

filled fuainly with low velocity (4~60 to 6000 fps) de~

posits;, Higher velocity ChOintlel fill (9000 ips) is indi ....

cated near the east side of the channel bUt the contact
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between the two types of channel fill is uncertain. It is

possible that the higher velocity material is permafrost,

in which case unfrozen sediments (with lower velocities)

could be present below it and the total depth of the

channel could be somewhat less than shown on the profile.

The width of the deepest part of the channel appears to be

about 1,000 feet.

The apparent channel in the Fog Lakes Valley is more than a

mile wide. The deepest part appears to underlie the lowest

part of the valley at an elevation of about 1,940, 350 ft

be low ground surface. Much of the rest of the channel,

which extends below the topographic high northwest of the

valley, is below an elevation of 2,100 feet.

The shape of the channel shown on the profile is based

on marginal arrival-time data from distant offsets and

from minimum depth calculations where distant offsets did

not penetrate sufficiently to detect rock. The shape,

therefore, could be significantly different, especially

on the west side where depths could be greater. The

interpretation shown, however, is considered to be a

reasonable estimate of the maximum depth within the limits

of the uncertainties of the data.

The most critical uncertainty is the nature of the 8,000

to 11,000 fps apparent channel fill material. If this

material is interpreted to be well consolidated glacial

deposits then the interpreted profile as shown in Figures

22 and 23 is appropriate. However, if the material is

frozen, then lower velocity material could underlie the perma­

frost and depths to bedrock could be shallower than shown

on the Figures.
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A third possibility, which is not likely, is that the

apparent channel fill could instead be weathered bedrock,

at least in part. If this were true the bedrock velocity

would be so close to that expected for frozen or well

consolidated sediments that the contact between them could

not be distinguished. It is remotely possible that the

apparent indications of high velocity bedrock at depth

are the result of irregularities in shallower, very low- velocity weathered rock or from steeply dipping contacts

between weathered bedrock and high velocity channel fill.
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An attempt was made to resolve the nature of high velocity

apparent channel fill material using shallow reflection at

the location of refraction line 81-FL-3. Results were

not definitive but the most likely reflection appears

to place the bedrock contact at a depth of 170 ft below

ground surface which is similar to the depth indicated by

refraction in that area. This depth, however, indicates an

anomalous high near the middle of the broad channel which

makes the interpretation even more tenuous.

Other areas of apparent channeling are present along the

central portion of the traverse. These channels, although

broad in some cases, are all above elevation 2,150 and

generally shallower than elevation 2,200.

At several locations along the Fog Lakes Traverse, bedrock

lows appear to coincide with higher seismic velocities

which is contrary to conditions elsewhere in the vicinity.

No explanation for this is evident from the present data.



.....

-i

.....

r-
!

.....

r

7.0 MAGNETOMETER SURVEYS

Approximately 3,000 ft of magnetometer surveys were run as

two long traverses and three shorter traverses in an

attempt to locate buried mafic dikes on the south abutment

of the proposed Devil Canyon Dam. One of the long tra­

verses was run along the alignment of refraction line

81-22 .

No significant anomalies were detected which could not be

attributed to cultural features or to topography. The

method was found to be not applicable for mapping the dikes

and therefore the program was discontinued after these

trials .
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8.0 GENERAL OBSERVATIONS AND CONCLUSIONS

In general, results of the 1981 seismic refraction surveys

are in good agreement with surveys interpreted during 1980

and in previous years. Only a few cases were found where

independent interpretations did not agree. The most

notable of these were the lack of intermediate velocity

material indicated on lines 81-15 and 81-22 which crossed

or were near to existing lines for which shallow, interme­

diate velocity material had been interpreted. This

difference may be a simple result of differing interpreta­

tion procedures or possibly an indication of rapid lateral

changes. Boreholes, or possible additional, more detailed

seismic lines, are needed to resolve these differences.

As previously discussed, the seismic refraction method

is subject to a number of limitations which affect the

confidence one can place on the details of interpretations

based soley on refraction data. For example, a great deal

of uncertainty exists as to the nature of the apparent

channel-fill material along the Fog Lakes traverse. A few

borings in the interpreted channel areas, however, should

resolve these uncertainties and provide a basis for further

evaluation of possible seepage problems during design

studies.

The interpretation of material types represented by various

velocities have been discussed in previous reports and are

covered only in general terms herein. The present profiles

were developed assuming the material types and velocities

encountered in this survey were simi lar to those encoun­

tered in previous surveys which were based, in part, on

boring information.
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APPENDIX A*

TIME-DISTANCE PLOTS - SPRING SURVEYS

* This appendix deleted from Task 5, Appendix T. Refer to project files
for Woodward-Clyde Consultants report.



-

r

r
i
i

-

r
!
I

r

-

r

APPENDIX B *

TIME-DISTANCE PLOTS - SUMMER SURVEYS

* This appendix deleted from Task 5. Appendix I. Refer to project files
for Woodward-Clyde Consultants report.
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APPENDIX C*

TIME-DISTANCE PLOTS - FALL SURVEYS (FOG LAKE)

* This appendix deleted from Task 5, Appendix I. Refer to project files
for Woodward-Clyde Consultants report.
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APPENDIX J
AIR PHOTO INTERPRETATION
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step

co
n

sisted
o

f
a

rev
iew

o
f

th
e

lite
ra

tu
re

co
n

cern
in

g
th

e

g
eo

lo
g

y
o

f
th

e
U

p
p

er
S

u
sitn

a
R

iv
er

B
u

in
an

d
tra

n
sf,r

o
f

th
e

in
fo

rm
atio

n
g

ain
ed

to
h

lg
h

-Ie"el,
p

h
o

to
g

rap
h

s
at

a
scale

o
f

1:

125,000.
In

terp
retilltio

n
o

f
th

e
h

ig
h

-lev
el

p
h

o
to

s
created

a
reg

io
n

al

te
rr.in

fram
ew

o
rk

w
h

ich
w

ould
h

etp
in

th
e

in
terp

retatio
n

o
f

th
e

10w
-le",1

1
:2

4
,0

0
0

p
ro

ject
p

h
o

to
s.

M
ajor

te
rra

in
d

iv
isio

n
s

id
en

ti­

fied
o

n
th

e
h

ig
h

-lev
el

p
h

o
to

s
w

ere
th

en
u

sed
as

an
areal

g
u

id
e

fo
r

d
elin

eatio
n

o
f

m
o

re
d

etailed
te

rra
in

u
n

its
on

th
e

lo
w

-lev
el

p
h

o
to

s.

T
h

e
p

rim
ary

effo
rt

o
f

th
e

s
u

b
tu

k
w

as
th

e
in

terp
retatio

n
o

f

3O
O

-plus
p

h
o

to
s

co
v

erin
g

ab
o

u
t

800
sq

u
a
re

m
iles

o
f

v
aried

te
rra

in
.

T
h

e
lan

d
.,.ea

co
v

ered
in

th
e

m
ap

p
in

g
ex

ercise
is

sh
o

w
n

on
th

e

in
d

ex
m

ap
sh

eet
an

d
d

isp
lay

ed
in

d
etail

o
n

th
e

21
p

h
o

to
m

o
saics.

T
h

e
g

e
n

e
r.l

o
b

jectiv
e

o
f

th
e

ex
ercise

w
as

to
d

o
cu

m
en

t
geologicilll

fe
.tu

re
s

an
d

g
eo

tech
n

ical
co

n
d

itio
n

s
th

a
t

w
o

u
ld

sig
n

ifican
tly

affect

th
e

d
esig

n
an

d
co

n
stru

ctio
n

o
f

th
e

p
ro

ject
fe

a
tu

re
s.

M
ore

sp
ecifically

th
e

task
o

b
jectiv

es
in

clu
d

ed
th

e
d

elin
eatio

n
o

f
te

rra
in

u
n

its
o

f
v

ario
u

s
o

rig
in

s
o

n
aerial

p
h

o
to

g
n

p
h

s
n

o
tin

g
th

e
o

ccu
r­

ren
ce

an
d

d
istrib

u
tio

n
o

f
g

eo
lo

g
ic

fillctors
su

ch
as

p
erm

afro
st,

p
o

ten
ti.lly

u
n

stab
le

slo
p

es,
p

o
ten

tially
ero

d
ib

le
so

ils,
p

o
ssib

le

b
u

ried
ch

an
n

els,
p

o
ten

tial
co

n
stru

ctio
n

m
ilterials,

activ
e

flood

p
lain

s
an

d
o

rg
an

ic
m

,llterials.
E

n
g

in
eerin

g
ch

aracteristics
listed

fo
r

th
e

d
elin

eated
a
ru

s
illllow

s
assessm

en
t

o
f

each
te

rra
in

u
n

it's

in
flu

en
ce

on
p

ro
ject

fu
tu

re
s
.

T
h

e
terr,llin

u
n

it
,lInalysis

se
rv

e
s

as

a
d

ata
billnk

u
p

o
n

w
hich

in
terp

retatio
n

s
co

n
cern

in
g

g
eo

m
o

rp
h

o
lo

g
ic

d
ev

elo
p

m
en

t,
gl,llcial

g
eo

lo
g

y
,

.n
d

g
eo

lo
g

ic
h

isto
ry

co
u

ld
b

e
b

ased
.

A
d

d
itio

n
ally

,
th

is
su

b
ta

sk
p

ro
v

id
es

b
ase

m
ap

s
fo

r
th

e
com

pilation

an
d

p
re

..nU
ltion

o
f

v
ario

u
s

o
th

e
r

S
u

sitn
a

H
y

d
ro

electric
p

ro
ject

activ
ities.

T
h

is
u

x
t

.n
d

th
e

.cco
m

p
an

y
in

g
te

rr.in
u

n
it

m
.p

s
p

re
se

n
t

th
e

...su
lts

o
f
.
.ri.1

p
h

o
to

g
r.p

h
In

terp
retatio

n
an

d
te

rra
in

u
n

it
.n

a
ly

sis

fo
r

th
e

.rM
in

clu
d

in
g

th
e

p
ro

p
o

sed
W

.tan
a

.n
d

D
evil

C
an

y
o

n

d
arn

site
......,

th
e

S
u

sitn
.

R
Iv

er
rn

e
rv

o
ir

.re
lS

,
co

n
stru

ctio
n

m
aterial

b
o

rro
w

a
r..

',
.n

d
K

C
'"

.n
d

tran
sm

issio
n

lin
e

c
o

rrid
o

rs.

T
h

e
ta

sk
w

u
perform

<
ed

fo
r

th
e

"'Iu
k

a
P

o
w

er
A

u
th

o
rity

b
y

R
'M

C
o

n
su

ltan
ts,

In
c
.,

w
o

rk
in

g
u

n
d

e
r

th
e

d
irectio

n
o

f
A

cres
A

m
erican

,

In
c.

P
h

y
sical

c
h

a
ra

d
e
ristic

s
an

d
ty

p
ical

en
g

in
eerin

g
p

ro
p

erties
w

ere

d
e"elo

p
ed

fo
r

each
te

rra
in

u
n

it
an

d
,lire

d
isp

lay
ed

o
n

a
sin

g
le

b
b

le
.

D
u

rin
g

th
e

low
altitu

d
e

p
h

o
to

in
terp

retatio
n

a
p

relim
in

ary
w

o
rk

rev
iew

an
d

field
ch

eck
w

as
u

n
d

e
rta

k
e
n

b
y

R&
M

an
d

l.A
.

R
iv

ard
,

te
rra

in
an

aly
sis

co
n

su
ltan

t.
A

d
ra

ft
ed

itio
n

o
f

th
e

T
e
rrlin

U
n

it

m
ilps

an
d

rep
o

rt
w

as
co

m
p

leted
an

d
su

b
m

itted
fo

r
rev

iew
to

A
C

R
E

S

an
d

L
.A

.
R

iv,llrd.
C

om
m

ents
.and

q
u

estio
n

s
g

en
erated

in
th

e

rev
iew

o
f

th
e

d
ra

ft
re

p
o

rt
w

u
e

an
aly

zed
b

y
R&

M
an

d
,lI

seco
n

d

field
ch

eck
W

,llS
u

n
d

e
rta

k
e
n

.
T

h
e

final
rev

ised
m

ap
s

are
in

clu
d

ed

h
erein

.

T
h

e
fu

sib
ility

stu
d

y
fo

r
th

e
S

u
sltn

a
H

y
d

ro
electric

P
ro

ject
in

clu
d

es

geological
an

d
g

eo
tech

n
ical

in
v

estig
atio

n
o

f
th

e
area

ex
ten

d
in

g
from

th
e

P
ark

s
H

ig
h

w
ay

80
m

il,s
a
u

t
to

th
e

m
o

u
th

o
f

th
e

T
y

o
n

e
R

iv
er

~
d

from
th

e
O

."ali
H

ig
h

w
ay

SO
m

iles
so

u
th

to
S

tep
h

an
la

k
e
.

T
h

e

m
o

st
co

st
effectiv

e
m

eth
o

d
o

f
g

e
n

e
ra

tin
g

an
d

com
piling

b
u

e
lin

e

g
eo

lo
g

ic
In

fo
n

N
tio

n
ab

o
u

t
th

is
la

rg
e
,

little-in
v

estig
ated

reg
io

n
is

th
ro

u
g

h
th

e
m

eth
o

d
s

o
f

p
h

o
to

in
terp

reU
itio

n
an

d
te

rra
in

u
n

it
m

ilp­

p
in

g
.

T
h

e
area

o
f

p
h

o
to

co
v

erag
e

w
as

d
iv

id
ed

in
to

u
n

its
o

f
w

ork,llble

size,
resU

ltin
g

in
18

m
ap

sh
eets.

B
u

e
m

ap
s

w
ere

p
re

p
a
re

d
from

p
h

o
to

m
osaics

an
d

th
e

te
rra

in
u

n
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w
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d
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eated
o

n
o

v
erlily

sh
e
e
ts.
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E
ngineering

In
terp

retltio
n

D
efinitions:

R
E
G
l
m
~
A
l

Q
U

A
T

E
R

N
A

R
Y

G
E

O
L

O
G

Y

Q
u

atern
ary

glacial
ev

en
ts

th
ro

u
g

h
o

u
t

S
o

u
th

-C
en

tral
A

laska
p

ro
­

foundly
affected

th
e

soils,
landform

s,
an

d
terrain

u
n

its
o

ccu
rrin

g

in
th

e
p

ro
ject

area.
T

h
is

h
isto

ry
h

as'b
een

d
iscu

ssed
an

d
p

artially

d
ecip

h
ered

in
p

ap
ers

b
y

K
arlstrom

(1964),
P

ew
e

(1965),
F

errian
s

(1965),
an

d
W

ahrhafting
(1958).

H
ow

ever,
th

ese
in

v
estig

atio
n

s
are

of
su

ch
sco

p
e

as
to

m
ake

them
o

f
lim

ited
value

h
ere.

T
h

e
p

h
o

to
·

in
terp

retatio
n

an
d

resu
ltan

t
terrain

·'
u

n
it

m
apping

is
th

e
m

ost

detailed
stu

d
y

o
f

th
e

U
p

p
er

S
u

sitn
a.R

iver
B

asin.
T

h
e

follow
ing

d
iscu

ssio
n

of
Q

u
atern

ary
G

eology
is

a
sy

n
th

esis
o

f
th

e
new

in
fo

r­

m
ation,

d
eriv

ed
d

u
rin

g
th

e
p

h
o

to
in

terp
retatio

n
,

supplem
ented

b
y

d
ata

from
p

u
b

lish
ed

so
u

rces.

T
h

e
m

ajor
to

p
o

g
rap

h
ic

featu
res

o
f

S
o

u
th

cen
tral

A
laska

w
ere

es­

tab
lish

ed
b

y
th

e
en

d
of

th
e

T
ertiary

P
erio

d
.

W
hat

is
now

th
e

S
u

sitn
a

p
ro

ject
area

w
as

located
in

.
th

e
relativ

ely
low

n
o

rth
ern

p
o

rtio
n

o
f

th
e

T
alk

eetn
a

M
o

u
n

tain
s,:

w
hich

sep
arated

th
e

broad

an
cestral

C
o

p
p

er
R

iver
B

asin
lying

to
th

e
east

from
th

e
an

cestral

S
u

sitn
a

C
ook

Inlet
B

asin
lying

to
the

w
est.

N
orth

an
d

so
u

th
o

f

th
e

T
alk

eetn
a

M
ountains

an
d

th
e

ad
jacen

t
larg

e
riv

er
b

asin
s

sto
o

d
,

resp
ectiv

ily
,

th
e

g
reat

arc
o

f
th

e
A

laska
R

ange
and

C
hugach

M
ountains.

S
tream

s
d

rain
in

g
th

e
region

th
at

w
ould

becom
e

the

p
ro

ject
stu

d
y

area
m

ay
have

flow
ed

into
eith

er
th

e
an

cestral

C
o

p
p

er
o

r
S

u
sitn

a
R

iver
sy

stem
s.

D
uring

th
e

P
leistocene

th
e

en
tire

S
u

sitn
a

P
roject

stu
d

y
area

w
as

rep
eated

ly
g

laciated
.

E
ach

of
th

e
glacial

ev
en

ts
w

ould
be

ex
p

ected
to

follow
th

e
sam

e
g

en
eral

p
attern

w
ith

sev
eral

ad
v

an
ces

m
ost

likely
reach

in
g

th
e

m
axim

um

ev
en

t
d

escrib
ed

h
ere.

,

H
um

m
ocky

co
arse

g
rain

ed
d

ep
o

sits
of

ablation
t111

(G
ta)

o
v

erly

lacu
strin

e
sedim

ents
betw

een
T

su
sen

a
and

D
u

d
m

an
C

reek
s

an
d

basal
till

in
th

e
v

alley
s

n
o

rth
o

f
D

u
d

m
an

C
reek

an
d

in
th

e
D

enali

H
ighw

ay
area.

T
h

ese
m

aterials
m

ay
be

co
rrelativ

e
w

ith
esk

ers
an

d

kam
es

found
along

th
e

S
u

sitn
a

R
iver

betw
een

th
e

O
sh

etn
a

an
d

T
y

o
n

e
R

iv
ers,

ilnd
to

g
eth

er
th

ey
rep

resen
t

th
e

ex
ten

t
o

f
th

e
lu

t

m
ajor

ad
v

an
ce

o
f

glacial
ice

into
th

e
p

ro
ject

area.
T

h
ey

are
te

n
·

tativ
ely

determ
ined

to
b

e
of

N
aptow

ne
ag

e
(L

ate
W

isconsin)

(K
arlstro

m
,

1964)
su

g
g

estin
g

th
at

th
e

K
nik

A
ge

g
laciers

w
ere

less

ex
ten

siv
e

an
d

th
eir

d
ep

o
sits

w
ere

o
v

errid
d

en
an

d
m

u
k

ed
b

y

N
aptow

ne
d

ep
o

sits.
L

acu
strin

e
sedim

ents
o

f
th

e
larg

e
g

la
d

ll
lake

o
ccu

p
y

in
g

th
e

S
tep

h
an

L
ake

-
W

atana
C

reek
low

land
h

av
e

n
o

t
b

een

m
apped

o
v

erly
in

g
th

e
ablation

till,
in

d
icatin

g
th

at
som

e
o

f
th

e

ablation
till

an
d

an
cien

t
W

atana
C

reek
-S

tep
h

an
L

ake
lacu

strin
e

sedim
ents

w
ere

tim
e

sy
n

cro
n

u
s

an
d

th
at

th
e

proglacial
lakes

w
ere

d
rain

ed
sh

o
rtly

after
th

e
N

aptow
ne

m
axim

um
.

O
ne

sh
o

u
ld

note

th
at

sav
eral

isolated
d

ep
o

sits
o

f
ablation

till
are

n
o

t
n

ecessarily

in
d

icativ
e

of
th

is
late

ad
v

an
ce

an
d

ice
o

f
N

aptow
ne

ag
e

did
n

o
t

d
ep

o
sit

ablation
till

in
all

localities
(m

ost
im

portantly
in

th
e

P
ortage-D

evil
C

reek
4lrea

an
d

in
th

e
area

betw
een

D
eadm

an
L

ake

an
d

th
e

D
enali

H
ighw

ay);
an

d
th

at
lacu

strin
e

sedim
ents

d
ep

o
sited

in
sm

all
isolated

preglacial
lakes

have
b

een
found

o
v

erly
in

g

ablation
till.

S
E

E
S

H
E

E
T

111
FO

R
C

O
N

T
IN

U
A

T
IO

N

S
tep

h
an

lak
e

an
d

th
e

T
alk

eetn
a

R
iv

er;
an

d
th

e
C

o
p

p
er

R
iver

B
asin

w
u

occupied
b

y
an

ex
ten

siv
e

proglacial
lik

e.
T

h
e

lacu
strin

e
d

ep
o

sits
m

ilpped
w

ithin
th

e
p

ro
ject

a
ru

u
l

ilnd

l/G
tb

-f,
co

v
er

m
uch

o
f

th
e

W
atana

C
reek

-S
tep

h
an

L
ik

e
lo

w
lan

d

ilnd
ex

ten
d

u
p

stream
along

th
e

S
usitnil

R
iver

to
th

e
S

u
sitn

a­

C
o

p
p

er
R

iver
lo

w
lan

d
.

In
th

e
W

au
n

a
C

reek
-S

tep
h

an
L

ake

L
ow

land
th

e
u

n
it

is
generillly

less
th

an
20

feet
th

ick
an

d
com

posed

o
f

m
edium

to
fine

san
d

w
ith

I
sig

n
ifican

t
g

rav
el

co
n

ten
t.

T
h

e
lake

d
ep

o
sits

o
f

th
e

C
o

p
p

er
R

iver
lo

w
lan

d
are

th
o

u
g

h
t

to
b

e
m

uch

th
ick

er
an

d
fin

er-g
rain

ed
.

T
h

e
co

arsen
ess

o
f

th
e

lacu
strin

e

sed
im

en
ts

(i.e
.

g
rav

elly
san

d
s

in
th

e
W

atana
C

reek
-S

tep
h

an
L

ik
e

area
)

is
n

o
t

u
n

ex
p

ected
as

th
e

.In
d

en
t

lake
w

as
im

pounded
b

eh
in

d

an
d

rin
g

ed
b

y
g

laciers
w

hich
w

ere
activ

ity
calv

in
g

in
to

th
e

lake.

D
u

rin
g

th
e

late
N

aptow
ne

g
lad

al
ev

en
t,

in
th

e
W

atanl
C

reek
·

S
tep

h
an

L
ake

p
o

rtio
n

o
f

th
e

p
ro

g
lad

ill
lak

e,
sev

eral
d

e
ltu

an
d

stran
d

lin
e

featu
res

w
ere

form
ed

It
ab

o
u

t
th

e
3

,0
0

0
·fo

o
t

elev
atio

n
.

T
his

sh
o

relin
e

level
is

h
ig

h
er

th
an

m
ost

rep
o

rted
sh

o
relin

es
o

f
th

e

proglacial
lake

o
ccu

p
p

in
g

th
e

C
o

p
p

er
R

iver
B

u
in

.
It

is
p

o
ssib

le

th
en

,
th

at
d

u
rin

g
th

e
N

aptow
ne

staidial
th

e
W

atanil
C

reek
­

S
tep

h
an

L
ake

p
ro

g
lad

al
lake

stood
ilt

a
h

ig
h

er
level

b
ecau

se
it

w
u

im
pounded

b
eh

in
g

an
o

th
er

ice
dam

in
th

e
K

osina
C

re
e
k

·
Jay

C
reek

It
is

also
possible

th
at

4ln
o

u
tlet

ex
sisted

for
m

uch
o

f
th

e

life
o

f
th

e
lake

(co
n

ceiv
ab

ly
in

K
osina

-
Jay

C
reek

area).
Flow

from
th

e
lake

w
ould

rem
ove

g
reilt

q
u

an
tities

o
f

fine
grilined

su
sp

en
d

ed
sed

im
en

t,
cau

sin
g

a
relativ

e
in

crease
in

th
e

co
arsen

ess

o
f

th
e

sedim
ent

d
ep

o
sited

in
th

e
lake.

In
terv

als
betw

een
glacial

ad
v

an
ces

w
ould

b
e

ch
aracterized

b
y

fluvial
erosion

an
d

en
tren

ch
in

g
o

f
th

e
p

ro
ject

area
p

o
rtio

n
of

th
e

an
cestral

S
u

sitn
a

an
d

its
trib

u
tary

stream
s,

h
o

w
ev

er,
th

e
m

ajority

o
f

th
e

in
terstad

ial
fluvial

h
iso

ry
h

as
b

een
d

estro
y

ed
b

y
su

b
seq

u
en

t

glacial
an

d
fluvial

h
isto

ry
.

R
em

nants
o

f
th

e
o

ld
er

en
tren

ch
in

g

ev
en

ts
are

p
reserv

ed
in

sev
eral

ab
an

d
o

n
ed

an
d

b
u

ried
channel

sectio
n

s
along

th
e

m
odern

S
u

sitn
a

R
iv

er.
O

ne
of

th
e

larg
est

o
ld

er

ch
an

n
els

found,
ilt

th
e

V
ee

C
anyon

dam
site

has
a

b
ed

ro
ck

floor

(cu
t

belO
W

th
e

b
ed

ro
ck

floor
o

f
th

e
p

resen
t

S
u

sitn
a

ch
an

n
el)

w
hich

IS
now

filled
w

ith
fluvial

an
d

glacio-fluvial
d

eb
ris.

T
h

e
second

b
u

ried
ch

an
n

el,
betw

een
D

eadm
an

an
d

T
su

sen
a

C
reek

s,
ju

st
n

o
rth

of
th

e
W

atana
site

is
filled

w
ith

o
u

tw
ash

an
d

lacu
strin

e
m

aterials

w
ith

in
terv

en
in

g
till

lay
ers

(C
o

rp
s

o
f

E
n

g
in

eers,
1979).

B
ecause

ice
o

f
N

aptow
ne

an
d

K
nik

ag
es

p
resu

m
ab

ly
did

n
o

t
com

pletely

co
v

er
th

e
p

ro
ject

area,
and

th
e

tills
in

th
e

ch
an

n
el

h
av

e
ch

aracter­

istics
sim

ilar
to

th
e

basal
till

u
n

it
attrib

u
ted

to
th

e

E
klutna

G
laciation,

it
ap

p
ears

th
at

a
p

o
rtio

n
of

th
e

an
cestral

S
u

sltn
a

R
iver

valley
o

f
sim

ilar
size

an
d

d
ep

th
to

th
e

p
re

,e
n

t
valley

ex
isted

as
early

as
th

e
E

klutna
G

lacial
ev

en
t

(Illin
o

ian
).

E
klutna

ag
e

till
an

d
associated

Iilcustrine
sedim

ents
also

filled
som

e
of

th
e

p
resen

t
S

u
sitn

a
v

alley
,

h
o

w
ev

er,
m

ost
have

b
een

su
b

seq
u

en
tly

ex
cav

ated
.

T
h

e
E

klutna
age

valley
m

ay
have

b
een

g
rad

ed
to

d
rain

O
v

erly
in

g
th

e
basal

till
u

n
it

and
rep

resen
tin

g
th

e
n

ex
t

m
ajor

depositional
ev

en
t

is
a

lacu
strin

e
seq

u
en

ce.
P

resu
m

ab
ly

th
e

lacu
strin

e
m

aterials
w

ere
d

ep
o

sited
d

u
rin

g
th

e
E

klutna
(?

)
G

lacial

retreat
an

d
d

u
rin

g
m

uch
of

th
e

y
o

u
n

g
er

K
nik

an
d

N
aptow

ne
glacial

ev
en

ts.
D

uring
th

ese
stadial

ev
en

ts
g

laciers
from

th
e

A
laska

R
ange

blocked
d

rain
ag

e
dow

n
th

e
p

resen
t

S
u

sitn
a

channel
an

d

p
ro

b
ab

ly
th

ro
u

g
h

a
low

d
iv

id
e

betw
een

W
atana

C
reek

and
B

u
tte

C
reek

;
T

alk
eetn

a
R

iver
V

alley
g

laciers
blocked

low
d

iv
id

es
betw

een

T
h

e
deglaciation

o
f

S
o

u
th

cen
tral

A
laska

w
ould

follow
a

sim
ilar

p
attern

b
u

t
in

rev
erse.

W
asting

o
f

th
e

ice
w

ould
u

n
co

v
er

p
eak

s
in

th
e

p
ro

ject
area

an
d

th
e

th
in

n
in

g
an

d
retreat

o
f

th
e

g
laciers

in
th

e

C
o

p
p

er
R

iv
er,

U
p

p
er

S
u

sitn
a

an
d

C
ook

Inlet
reg

io
n

s
w

ould
again

allow
lakes

to
fo

rm
.

C
ontinued

m
elting

of
th

e
g

laciers
w

ould

rem
ove

ice
dam

s
blocking

th
e

proglacial
lakes

possibly
creatin

g
a

catastro
p

h
ic

(tren
ch

cu
ttin

g
)

o
u

tb
u

rst
flood.

In
terv

als
betw

een

glacial
ad

v
an

ces
w

ould
b

e
ch

aracterized
b

y
th

e
fuvial

en
tren

ch
in

g

o
f

th
e

S
u

sitn
a

an
d

C
o

p
p

er
R

iv
ers

an
d

th
eir

trib
u

taries.
T

h
e

earlier
glacial

ev
en

ts
o

f
th

e
Q

u
atern

ary
P

eriod
are

poorly
know

n
in

th
e

U
p

p
er

S
u

sitn
a

B
asin

d
u

e
to

both
th

e
erosion

of
th

e
o

ld
er

d
ep

o
sits

and
th

eir
burial

b
en

eath
y

o
u

n
g

er
d

ep
o

sits.
H

ow
ever,

from
th

e
alpine

to
p

o
g

rap
h

y
an

d
m

inor
glacial

sed
im

en
ts

left
on

h
ig

h

slopes
it

can
be

d
em

o
n

strated
th

at
early

P
leistocene

g
laciers

com
pletely

co
v

ered
S

o
u

th
cen

tral
A

laska
as

in
th

e
m

axim
al

ev
en

t

d
escrib

ed
above.

M
ost

o
f

th
e

glacial
d

ep
o

sits
th

at
rem

ain
an

d
th

e

terrain
u

n
its

u
sed

to
d

escrib
e

them
h

av
e

resu
lted

from
later

glacial

ev
en

ts.

T
h

e
last

glaciation
to

com
pletely

co
v

er
th

e
p

ro
ject

area
is

of
u
n
~

certain
ag

e.
It

h
as

b
een

in
terp

reted
to

b
e

o
f

E
klutna

ag
e

b
y

K
arlstrom

(1964)
w

hich
m

ay
be

co
rrelated

w
ith

th
e

Illinoian
g

lacia·

tion
o

f
th

e
C

ontinental
U

nited
S

tates
(P

ew
e,

1975),
h

o
w

ev
er,

w
ith

th
e

lim
ited

d
ata

available
an

early
W

isconsin
(K

n
ik

)
ag

e
m

ay
be

ju
st

as
v

iab
le.

W
hatever

th
e

ag
e,

ice
flow

ing
from

th
e

A
laska

R
ange,

th
e

T
alk

eetn
a

M
ountains

an
d

sev
eral

local
h

ig
h

lan
d

cen
ters

sp
read

acro
ss

th
e

p
ro

ject
low

lands
d

ep
o

sitin
g

a
sh

eet
o

f
g

ra
y

,

g
rav

elly
,

san
d

y
an

d
silty

,
basal

till
(G

tb
-f).

T
h

e
till

v
aries

g
reatly

in
th

ick
n

ess,
ran

g
in

g
from

th
e

100+
feet,

d
isp

lay
ed

in
som

e

riv
er

cu
t

ex
p

o
su

res,
to

a
th

in
b

lan
k

et
o

v
er

b
ed

ro
ck

.
T

h
is

till

p
resu

m
ab

ly
o

v
erlies

o
ld

er,
poorly

ex
p

o
sed

Q
u

atern
ary

sed
im

en
ts.

It
is

recognized
th

at
th

e
basal

till,
m

apped
as

G
tb

·f
in

th
e

S
tep

h
an

L
ake-W

atana
C

reek
A

rea
m

ay
actu

ally
rep

resen
t

sev
eral

closely
related

ev
en

ts
an

d
th

at
basal

till
in

valleys
n

o
rth

o
f

D
eadm

an
L

ake
an

d
dow

nstream
o

f
th

e
D

evil
C

anyon
site

w
as

p
ro

b
ab

ly
d

ep
o

sited
d

u
rin

g
y

o
u

n
g

er
glacial

ad
v

an
ces.

P
rom

inent

lateral
m

oraines
o

f
th

e
m

ajor
ad

v
an

ce
o

ccu
r

on
th

e
flanks

of

m
ountains

b
o

rd
erin

g
th

e
cen

tral
W

atana
C

reek
-S

tep
h

an
L

ake

L
ow

land.

T
h

e
o

n
set

of
a

g
iv

en
glilciill

ad
v

an
ce

in
S

o
u

th
cen

tral
A

laska
w

ould

be
m

arked
b

y
th

e
low

ering
of

th
e

snow
line

on
th

e
regions

num
erous

m
ountilin

ran
g

es
an

d
th

e
g

ro
w

th
o

f
valley

g
laciers,

first

in
th

e
h

ig
h

er
ran

g
es

an
d

th
o

se
d

o
se

r
to

th
e

G
ulf

o
f

A
laska.

A
d

v
an

cin
g

g
laciers

from
th

e
C

h
u

g
ach

,
W

rangell,
A

laska
an

d

so
u

th
ern

T
alk

eetn
a

ran
g

es
w

ould
flow

o
u

t
o

f
th

eir
valleys

an
d

coalesce
to

form
larg

e
piedm

ont
g

laciers
sp

read
in

g
acro

ss
th

e
b

asin

floors,
w

hile
th

e
ice

o
f

th
e

n
o

rth
ern

T
alk

eetn
a

M
ountains

(in
th

e

p
ro

ject
area)

w
ould

still
ex

ist
as

valley
g

laciers.
T

h
e

piedm
ont

g
lad

ers
o

f
th

e
C

h
u

g
ach

an
d

W
rangell

M
ountains

w
ould

at
som

e

point
be

ex
p

ected
to

m
erg

e,
dam

m
ing

th
e

an
cestral

C
o

p
p

er
R

iver

an
d

creatin
g

an
ex

ten
siv

e
proglacial

lake
in

th
e

C
o

p
p

er
R

iver

B
asin.

A
laska

R
ange

g
laciers

flow
ing

so
u

th
w

ard
w

ould
block

p
o

ssib
le

an
cestral

d
rain

ag
e

p
ath

s
o

f
th

e
u

p
p

er
S

u
sitn

a
R

iver

creatin
g

a
second

lake
w

hich
co

v
ered

m
uch

o
f

th
e

p
ro

ject
area

an
d

m
erged

w
ith

th
e

lake
filling

th
e

C
o

p
p

er
R

iver
b

asin
.

G
laciers

flO
W

ing
from

th
e

K
enai

M
ountains

an
d

so
u

th
ern

A
laska

R
ange

w
ould

also
m

erge
creatin

g
an

o
th

er
proglacial

lake
in

K
nik

A
rm

,
C

ook

In
let,

an
d

th
e

S
o

u
th

ern
S

u
sitn

a
B

asin.
C

ontinued
glacial

ad
v

an
ce

w
ould

fill
th

e
b

asin
s

elim
inating

th
e

lakes
an

d
p

o
ssib

ly
form

ing
an

ice
dom

e.
Ice

sh
elv

es
m

ay
h

av
e

ex
ten

d
ed

m
any

m
iles

into
th

e
G

ulf

o
f

A
laska.

A
t

th
is

m
axim

um
stag

e
m

any
m

ountains
in

th
e

p
ro

ject

area
w

ere
com

pletely
b

u
ried

b
y

ice
as

ev
id

en
ced

b
y

th
eir

ro
u

n
d

ed

sum
m

its
w

hile
n

u
m

ero
u

s
o

th
ers

ex
isted

as
n

u
n

atak
s.

G
reat

qU
O

Inties
of

borrow
m

ate­

ria
ls.

w
ill

be
needed

fo
r

all

p
h

ases
of

co
n

stru
ctio

n
.

T
h

e

ratin
g

co
n

sid
ers

su
itab

ility
as

p
it

ru
n

:
and

p
ro

cessed
ag

g
rag

ete
o

r

im
pervious

core
an

d
tak

es
into

accO
'Jnt

th
e

m
aterials

p
resen

t
as

w
ell,

as
th

e
problem

s
associated

w
ith'

ex
tractin

g
m

aterial
from

th
e

various
terrain

u
n

its.

T
h

e.
slope

stab
ility

q
u

alitativ
e

ratin
g

d
eriv

ed
th

ro
u

g
h

eval\;ation
o

f
each

terrain
u

n
its'

topographic:
p

o
sitio

n
,

slo
p

e,
soil

com
position,

w
ater

co
n

ten
t,

ice

co
n

ten
t,

etc.
T

h
e

stab
ility

assessm
ent

co
n

sid
ers

all
rap

id

w
asting

p
ro

cesses
(slu

m
p

,

ro
ck

slid
e,

d
eb

ris
slid

e,
m

ud­

flow
,

e
tc

.).
S

ev
eral

terrain

u
n

its
w

hich
have

ch
aracter·

isticilllly
g

en
tle

slopes
an

d
are

com
nonly

in
stab

le
topographic:

positions
have

b
een

o
v

ersteep
en

d

b
y

th
e

recen
t,

active
u

n
d

er­

cu
ttin

g
o

f
stream

s
an

d
/o

r
m

an

(o
r

.•
b

y
o

ld
er

p
ro

cesses
n

o
t

cu
rm

n
tly

activ
e

su
ch

as
glolcial

erosion
an

d
tectonic

u
p

lift
an

d

fault1ng).
T

h
e

stab
ility

o
f

th
e

terrtin
u

n
its

on
o

v
ersteep

en
d

slopes
an

d
n

atu
ral

slopes
is

d
escrib

ed
on

th
e

E
ngineering

In
terp

retatio
n

C
h

art.

p
resJn

ce
of

p
erm

afro
st

m
ay

significantly
in

crease
th

e

stren
g

th
of

som
e

fine
g

rain
ed

so
ils'(as

in
d

icated
on

th
e

ch
art

b
y

th
e

therm
al

state
qualifying

statem
en

t).

S
u

itab
ility

as
a

S
o

u
rce

o
f

B
orrow

S
lope

S
tab

ility

B
earing

S
tren

g
th

B
ased

on
th

e
terrain

u
n

it
soil

ty
p

es
an

d
stratig

rap
h

y
a

q
u

alita­

tive
d

escrip
tio

n
o

f
b

earin
g

stren
g

th
is

g
iv

en
.

In
g

en
eral

co
arse

g
rain

ed
soils

have
a

h
ig

h
er

b
earin

g
stren

g
th

th
an

fine
g

rain
ed

soils,
b

u
t

th
e

G
round

W
ater

T
ab

le
D

epth
to

th
e

g
ro

u
n

d
w

ater
table

is
d

escrib
ed

in
relative

term
s

ran
g

in
g

from
v

ery
shallow

to
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a

R
iver

B
asin

~
S

upplem
ental

F
easibility

R
ep

o
rt

H
ydroelectric

P
ow

er
an

d
related

p
u

rp
o

ses.
P

rep
ared

b
y

th
e

A
laska

D
istrict

C
orps

of
E

n
g

in
eers.

C
ap

p
s,

S
.R

.
(1940)

G
eology

o
f

the
A

laska
railroad

reg
io

n
.

U
.S

.G
.S

.
B

ulletin
907. R

E
FE

R
E

N
C

E
S

F
errian

s,
O

.J
.,

J
r.,

R
.

K
achadoorian,

an
d

G
.W

.
G

reen
e

(1969)

P
erm

afrost
an

d
related

en
g

in
eerin

g
problem

s
in

A
laska.

U
.S

.G
.S

.
P

rofessional
P

ap
er

678.

A
non.

(1975)
S

o
u

th
cen

tral
R

ailb
elt

A
rea

A
lask

a,
U

p
p

er
S

u
sitn

a

R
iver

B
asin

Interim
F

easibility
R

ep
o

rt.
H

y
d

ro
electric

P
ow

er

an
d

related
p

u
rp

o
ses.

P
rep

ared
b

y
th

e
A

laska
D

istrict,
­

C
o

rp
s

of
E

n
g

in
eers.

A
non.

(1975)
S

u
b

su
rface

g
eo

p
h

y
sical

ex
p

lo
ratio

n
,

p
ro

p
o

sed
W

atana

D
am

site
on

th
e

S
u

sitn
a

R
iv

er,
A

laska:
b

y
D

am
es

&
M

oore.
In

th
e

C
o

rp
s

o
f

E
n

g
in

eers
(1975)

Interim
F

easibility
R

ep
o

rt
on

th
e

S
o

u
th

cen
tral

R
ailbelt

A
rea,

A
laska,

U
p

p
er

S
u

sitn
a

R
iver

B
asin

,
H

y
d

ro
electric

P
ow

er
an

d
related

p
u

rp
o

ses.

A
non.

(1960)
U

.S
.B

.R
.

R
eport

on
th

e
feasibility

o
f

h
y

d
ro

electric

developm
ent

in
th

e
U

p
p

er
S

u
sitn

a
R

iver
B

asin,
A

laska.

A
non.

(1962)
E

n
g

in
eerin

g
G

eology
o

f
th

e
V

ee
C

anyon
D

am
site:

B
u

reau
o

f
R

eclam
ation

u
n

p
u

b
lish

ed
rep

o
rt

37,
p

.
4

,

A
p

p
en

d
ies.

(Jg
d

)

include
lim

ited
ex

p
o

su
res

an
d

g
ran

o
d

io
rite

o
ccu

r
in

ex
trem

ely

T
rondjem

ite
(Jtr)

lithologies.

are
believed

to
b

e
the

plutonic
eq

u
iv

alen
t

o
f

u
n

it

T
v

.
T

h
e

m
ost

ex
ten

siv
e

ex
p

o
su

res
are

found
on

eith
er

sid
e

of
th

e
S

u
sitn

a
R

iver
from

ju
st

u
p

­

stream
o

f
th

e
D

evil
C

anyon
dam

site
to

th
e

n
o

rth
w

ard
bend

in
th

e
riv

er
ab

o
u

t
six

m
iles

u
p

stream
o

f
D

evil
C

reek
.

A
n

o
u

tcro
p

of
T

ertiary

h
o

rn
b

len
d

e
g

ran
o

d
io

rite
(T

h
g

d
)

is
located

ju
st

w
est

o
f

S
tep

h
an

la
k

e
.

T
riassic

basaltic
m

etavolcanic
ro

ck
s

form
in

a

shallow
m

arine
environm

ent
as

ev
id

en
ced

b
y

thin

in
terb

ed
s

o
f

m
etach

ert,
argillite

an
d

m
arble.

T
h

e

individual
flow

s
are

rep
o

rted
as

u
p

to
10

m
eters

th
ick

an
d

displaying
pillow

stru
ctu

re
an

d
colum

­

n
ar

jointing.
T

h
is

unit
is

m
ap

p
ed

,
in

th
e

project

area,
in

th
e

m
ountains

east
of

\V
atana

C
reek

.

C
retaceo

u
s

argillite
~
n
d

g
ray

w
ack

e
o

f
a

th
ick

in
ten

sely
deform

ed
flyschlike

tu
rb

id
ite

seq
u

en
ce.

Low
g

rad
e

dynam
etam

orphism
to

th
e

low
g

reen
­

sch
ist

facies
h

as
allow

ed
sev

eral
early

i
n
v
e
s
t
i
~

g
ato

rs
to

m
ap

p
o

rtio
n

s
o

f
th

is
u

n
it

as
p

h
y

llite.

T
h

e
g

ray
w

ack
e

b
ed

s
form

ab
o

u
t

30%
to

40%
of

th
e

u
n

it
an

d
ten

d
to

be·
clu

stered
in

zones
1

to
5

m
eters

th
ick

.
T

h
is

u
n

it
is

ex
p

o
sed

at
th

e
D

evil

C
anyon

site.
It

ex
ten

d
s

dow
nstream

beyond
G

old

C
reek

an
d

form
s

th
e

m
ountain

im
m

ediately
east

of

G
old

C
reek

.

L
ate

P
aleozoic

basaltic
an

d
an

d
esitic

m
etavolcano­

g
en

ic
ro

ck
s

w
hich

form
a

b
ro

ad
band

acro
ss

th
e

cen
tral

T
alkeetna

M
ountains

from
the

so
u

th
w

est
to

th
e

n
o

rth
east.

T
h

e
5,000+

foot
seq

u
en

ce
is

dom
inantly

m
arine

in
origin

su
g

g
estin

g
th

at
it

is

p
art

of
a

com
plex

volcanic
o

re
sy

stem
.

T
h

e

m
ajority

of
th

e
b

an
d

o
f

th
is

u
n

it
cro

sses
th

e

p
ro

ject
area

ju
st

w
est

of
T

sisi,
K

osina
an

d
Jay

C
reek

s.
N

ear
th

e
lO

P
o

f
th

is
u

n
it

sev
eral

m
etam

orphosed
lim

estone
reef

d
ep

o
sits

(P
is)

have

b
een

m
apped.

T
ertiary

sch
ist,

m
ig

n
atite,

and
g

ran
ite

w
hich

d
isp

lay
g

rad
atio

n
al

co
n

tacts.
T

h
e

sch
ist

an
d

lit-p
ar-lit

m
igm

atite
.are

p
ro

b
ab

ly
p

ro
d

u
cts

of

co
n

tact
m

etam
orphism

w
ith

th
e

en
tire

u
n

it
possibly

rep
resen

tin
g

th
e

roof
o

f
a

larg
e

sto
ck

.
T

h
e

ro
ck

s
o

ccu
r

in
apprxoim

ately
equal

p
ro

p
o

rtio
n

s

w
ith

th
e

larg
est

ex
p

o
su

res
o

ccu
rrin

g
in

T
su

sen
a

B
u

tte,
w

est
of

D
eadm

an
C

reek
,

and
in

th
e

r
e
c
~

tan
g

u
lar

so
u

th
ern

jO
g

in
th

e
S

u
sitn

a
R

iv
er.

C
sejtey

m
aps

th
is

unit
at

th
e

W
atana

dam
site,

h
o

w
ev

er,
m

ore
recen

t
field

w
ork

(A
C

R
E

S
,

1981)

h
as

show
n

th
at

th
e

W
atana

dam
site

b
ed

ro
ck

co
n

sists
o

f
d

io
rite

an
d

an
d

esite.

T
K

g
r

T
sm

g

T
R

vs

J,m

T
R

v

T
v

T
ertiary

volcanic
ro

ck
s

of
su

b
aerial

an
d

shallow

in
tru

siv
e

o
rig

in
w

ith
a

total
th

ick
n

ess
o

f
o

v
e

r

1,500
feet.

T
h

e
low

er
p

art
o

f
th

e
seq

u
en

ce

co
n

sists
of

sm
all

sto
ck

s,
irreg

u
lar

d
ik

es,
flow

s

an
d

th
ick

lay
ers

of
p

y
ro

clastic
ro

ck
s

of
q

u
artz

latite,
rh

y
o

lite
an

d
latite

com
position.

T
h

e
u

p
p

er

p
art

of
th

e
seq

u
en

ce
co

n
sists

o
f

an
d

esite
and

b
asalt

flow
s

in
terlay

ered
w

ith
tu

ff.
T

h
ese

ro
ck

s

are
m

apped
in

Fog
C

reek
an

d
its

m
ajor

trib
u

tary
.

M
ajor

b
ed

ro
ck

lithologies
as

m
apped

b
y

C
sejtey

,
an

d
included

on

th
e

terrain
u

n
it

m
aps,

are
sum

m
arized

as
follow

s:

T
su

T
ertiary

nonm
arine

sed
im

en
tary

ro
ck

s
including

fluviatile
conglom

erate,
san

d
sto

n
e,

an
d

clay
sto

n
e

w
ith

a
few

th
in

lignite
b

ed
s.

T
h

e
only

know
n

ex
p

o
su

res
o

f
th

is
u

n
it

are
in

W
atana

C
reek

.

R
E

G
IO

N
A

L
B

E
D

R
O

C
K

G
E

O
L

O
G

Y

T
h

e
b

ed
ro

ck
geology

o
f

th
e

T
alk

eetn
a

M
ountains

an
d

U
p

p
er

S
u

sitn
a

R
iver

B
asin

is
exam

ined
in

num
erous

publications
v

ary
in

g
in

n
atu

re
from

site
specific

to
reg

io
n

al.
T

h
e

m
ost

com
prehensive

rep
o

rt
is

b
y

B
ela

C
sejtey

(1978),
en

titled
th

e
G

eology
o

f
th

e

T
alk

eetn
a

M
ountains

Q
u

ad
ran

g
le.

T
h

is
p

ap
er

an
d

m
ap

deals
w

ith

th
e

ag
es,

lithology,
stru

ctu
re,

an
d

tecto
n

ics
o

f
th

e
reg

io
n

s
rock

u
n

its.
H

is
resu

lts,
su

p
p

lem
en

ted
b

y
unpU

blished
d

ata
from

recen
t

p
ro

ject
field

m
apping,

are
th

e
b

asis
of

th
is

rep
o

rt's
b

ed
ro

ck
u

n
it

identification.
C

sejtey
(1978)

concludes
th

at
so

u
th

ern
A

laska

developed
b

y
th

e
accretio

n
o

f
a

n
u

m
b

er
of

n
o

rth
w

estw
ard

d
riftin

g

co
n

tin
en

tal
blocks

on
to

th
e

N
orth

A
m

erican
p

late.
E

ach
o

f
th

ese

terrain
s

h
ad

a
som

ew
hat

in
d

ep
en

d
en

t
and

v
aried

geologic
h

isto
ry

,

co
n

seq
u

en
tly

,
m

any
lithologies

w
ith

ab
ru

p
t

an
d

com
plex

co
n

tacts

are
fo

u
n

d
.

C
sejtey

n
o

tes
th

at
"th

e
ro

ck
s

o
f

th
e

T
alk

eetn
a

M
ountains

region
h

av
e

u
n

d
erg

o
n

e
com

plex
an

d
in

ten
se

th
ru

stin
g

,

folding,
faU

lting,
sh

earin
g

,
an

d
d

ifferen
tial

u
p

liftin
g

w
ith

as­

sociated
regional

m
etam

orphism
,

an
d

plutonism
".

H
e

recognizes
at

least
th

ree
m

ajor
p

erio
d

s
of

deform
ation:

"a
p

erio
d

of
in

ten
se

m
etam

orphism
,

plutonism
,

an
d

u
p

liftin
g

in
th

e
L

ate
E

arly
to

M
iddle

Ju
rassic,

th
e

p
lu

to
n

ic
p

h
ase

o
f

w
hich

p
ersisted

into
L

ate
Ju

rassic;

a
M

iddle
to

la
te

C
retaceo

u
s

a
l
p
i
n
e
~
t
y
p
e

o
ro

g
en

y
,

th
e

m
ost

in
ten

se

an
d

im
portant

of
th

e
th

ree;
an

d
a

p
erio

d
o

f
norm

al
an

d
h

ig
h

-an
g

le

rev
erse

faU
lting

an
d

m
inor

folding
in

th
e

M
iddle

T
ertiary

,
possibly

ex
ten

d
in

g
into

th
e

Q
u

atern
ary

".
M

ost
o

f
th

e
m

ajor
stru

ctu
ral

featu
res

o
f

th
e

T
alk

eetn
a

M
ountains

tren
d

n
o

rth
east

to
so

u
th

w
est

an
d

w
ere

p
ro

d
u

ced
d

u
rin

g
th

e
C

retaceo
u

s
O

ro
g

en
y

.

F
inally,

rev
eg

etatio
n

o
f

poorly
d

rain
ed

p
o

rtio
n

s
of

th
e

lan
d

scap
e

h
as

p
ro

d
u

ced
n

u
m

ero
u

s
scattered

d
ep

o
sits

of
o

rg
an

ic
m

aterials

(0
);

an
d

p
erm

afro
st

h
as

developed
in

m
any

areas.

T
b

g
d

T
ertiary

biotite
g

ran
o

d
io

rite
form

ing
sto

ck
s

w
hich

T
h

e
developm

ent
of

a
num

ber
o

f
lan

d
slid

es
(C

l)
h

as
o

ccu
rred

th
ro

u
g

h
o

u
t

th
e

p
ro

ject
area.

M
ost

lan
d

slid
es

w
ere

found
w

ithin

th
e

basal
till

u
n

it
(G

tb
-f

o
r

l/G
tb

-f)
on

steep
slopes

above

actively
eroding

stream
s.

T
h

e
incidence

of
failu

re
w

ithin
th

is

m
aterial

ap
p

ears
to

be
stro

n
g

ly
related

to
thaw

ing
p

erm
afro

st
an

d

co
n

seq
u

en
t

soil
satu

ratio
n

.
T

h
e

basal
till

u
n

it
is

freq
u

en
tly

o
v

er­

lain
b

y
lacu

strin
e

m
aterial

an
d

th
e

lacu
strin

e
m

aterials
fail

w
ith

th
e

till.
M

ost
failu

res
o

ccu
r

as
sm

all
shallow

d
eb

ris
slid

es
o

r
d

eb
ris

flow
s,

h
o

w
ev

er,
a

few
larg

e
slum

p
failu

res
o

ccu
r.

T
h

e
slum

ps
an

d

d
eb

ris
flow

s
are

m
arked

w
ith

a
special

sym
bol

on
th

e
T

errain
U

nit

M
aps.

S
teep

ro
ck

slopes
are

assum
ed

to
be

stab
le.

H
ow

ever,
th

is

is
u

n
d

o
u

b
ted

ly
not

th
e

case
w

h
ere

u
n

fav
o

rab
ly

o
rien

ted
d

is­

co
n

tin
u

ities
dip

o
u

t
of

th
e

ro
ck

slo
p

e.
S

u
ch

d
isco

n
tin

u
ities

m
ust

be
identified

an
d

th
eir

effects
assessed

d
u

rin
g

o
n

-site
ro

ck
slope

stab
ility

in
v

estig
atio

n
s.

O
n

num
erous

slopes
in

h
ig

h
lan

d
areas

(as
long

D
evil

C
reek

)
an

d

on
th

e
b

ro
ad

low
lands

solifluction
h

as
m

odified
th

e
su

rficial
g

lad
al

till
an

d
/o

r
lacu

strin
e

d
ep

o
sits.

F
ro

st
crack

in
g

,
cry

o
tu

rb
atio

n
an

d
g

rav
ity

have
com

bined
to

form

num
erous

colluvial
d

ep
o

sits.
S

teep
ru

b
b

ley
talu

s
co

n
es

h
av

e

accum
ulated

below
cliffs

an
d

on
slig

h
tly

less
p

recip
itio

u
s

slopes

th
in

d
ep

o
sites

o
f

fro
st

ch
u

rn
ed

soils
co

v
er

b
ed

ro
ck

terrain
(C

).

T
h

e
p

resen
t

co
u

rse
o

f
th

e
S

u
sitn

a
R

iver
w

as
p

ro
b

ab
ly

estab
lish

ed

d
u

rin
g

o
r

b
efo

re
th

e
W

isconsin
G

1adal
ev

en
ts.

S
an

d
y

5llacial
till

o
b

serv
ed

n
ear

th
e

riv
er

level
at

th
e

D
evil

C
anyon

site
m

ay
have

been
d

ep
o

sited
b

y
th

e
g

laciers
form

ing
th

e
N

aptow
ne

A
ge

ice
dam

.

If
th

is
is

th
e

case,
an

d
th

e
till

is
in

-situ
th

en
m

ost
of

th
e

b
ed

ro
ck

d
o

w
n

cu
ttin

g
and

rem
oval

of
Q

u
atern

ary
sedim

ent
from

th
e

S
u

sitn
a

channel
w

.tS
accom

plished
b

efo
re

th
e

en
d

o
f

th
e

W
isconsin.

If
th

e

till
d

ep
o

sit
n

ear
w

ater
level

in
D

evil
C

anyon
is

o
ld

e
r

th
an

th
e

N
aptow

ne
ev

en
t

(K
nik

o
r

E
k

u
ltn

a),
it

w
ould

in
d

icate,
an

earlier
Incision

d
ate

an
d

th
at

th
e

riv
er

follow
ed

its

p
resen

t
co

u
rse

since
th

e
E

ary
W

isconsin
at

least.

O
th

er
m

inor
channel

rem
nants

include
th

ree
b
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APPENDIX K

RESERVOIR SLOPE STABILITY

1 - INTRODUCTION

1.1 - General

Impounding of the Susitna River valley a.nd its tributaries will influ­
ence the slope stabi 1ity of both the Devi 1 Canyon and Watana Reser­
voirs. Currently on the slopes above river elevation there is evidence
of shallow landsl ides and discontinuous permafrost. Impounding of
water will result in raising the groundwater table and thawing the per­
mafrost which will likely cause slope instability and failures within
certain areas of the reservoirs.

Because of the complexity and uncertainties of analyzing slope stabili­
ties in a thawing permafrost environment, a "best estimate" has been
made in this study to identify those areas in the reservoir that may be
subject to future beaching, erosion, and slope failures.

The following sections discuss slope stability as it relates to the
Watana and Devil Canyon reservoirs. Section 2 briefly discusses the
type and causes for slope instabil ity while Section 3 and 4 evaluate
the type of instability that may occur after impoundment at Watana and
Devil Canyon. The last two sections provide a summary and conclusions
with recommendations.

2 - TYPES AND CAUSES OF SLOPE INSTABILITY

2. 1 - Gener a1

Shoreline erosions will occur as a result of two geologic process: (1)
beachi ng and (2) mass movements. The types of mass movement encoun­
tered in a permafrost terrain and which are pertinent to this study are
described below (4,5,12):

(a) Bimodal Flow - A slide that consists of a steep headwall contain­
ing ice or ice-rich sediment, which retreats in a retrogressive
fashion through melting forming a debris flow which slides down
the face of the headwall to its base.

(b) Block Slide - Movement of a large block that has moved out and
down with varying degrees of back tilting, most often along a pre­
existing plane of weakness such as bedding, joints, and faults.

(c) Flows - A broad type of movement that exhibits the characteristics
of a viscous fluid in its downslope motion.
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(d) Multiple Regressive Flow - Forms a series of arcuate, concave
downslope ridges as it retains some portion of the prefailure
rel i ef.

(e) Multiple Retrogressive Flow/Slide - Series of arcuate blocks con­
cave towards the toe that step backward higher and higher towards
the headwa 11.

(f) Rotational Slides - A landslide in which shearing takes place on a
well defined, curved shear surface, concave upward in cross sec­
tion, producing a backward rotation in the displaced mass.

(g) Skin Flows - The detachment of a thin veneer of vegetation and
mineral soil with subsequent movement over a planar, inclined sur­
face, usually indicative of thawing fine-grained overburden over
permafrost.

(h) Slides - Landslides exhibiting a more coherent displacement; a
greater appearance of rigid-body motion.

(i) Solifluction Flow - Ground movements restricted to the active lay­
er and generally requires fine-grained soils caused by melting and
saturated soils.

Aside from the formation of beaches due to erosion, instability along
the reservoir slopes can result from two principal causes: a change in
the groundwater regi me and the thawi ng of permafrost. Beach eros ion
can give rise to general instability through the sloughing or failure
of an oversteepened backslope, thereby enlarging the beach area.

2.2 - Changes in Groundwater Regime

As a reservoir fills, the groundwater table in the adjacent slope also
rises as shown in Figure 2.1. This may result in a previously stable
slope above the groundwater table to become unstable due to increased
pore pressures and seepage acting on the slope. The slope shown in
Figure 2.1, whether in soil or rock, is less stable after filling than
it was prior to the existence of the reservoir. This is not to say
that this slope will necessarily fail, si'nce failure is dependent on
the strength parameters of the soil or the rock.

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

2.3 - Thawing of Permafrost

The instability of thawing slopes in permafrost is addressed by
McRoberts and Morgenstern (4). They i ndi cate that the characteri st ic
features of solifluction slopes, skin flows and the lobes of bimodul
flows are caused by instability on low angle slopes resulting from
thawing of permafrost. Mobility is often substantial and rapid as the
movements are generally distributed throughout the mass.
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2.4 - Stability During Earthquakes

There are certain conditions which can exist after reservoir filling
which will cause slides to occur during earthquakes. This section will
address only those situations which may exist after reservoir filling
in which slopes are more susceptible to sliding under earthquake load­
ing than they are in their present condition.

Submerged slopes in granular materials, particularly uniform fine
sands, may be susceptible to liquefaction during earthquakes. This is
one example where a small slide could occur below the reservoir level.
In addition, areas above the reservoir rim in which the groundwater
table has re-establ ished itself could have a greater potential for
sl iding during an earthquake due to the increased pore water pres­
sures.

Thawing permafrost could generate excess pore pressures in some soils.
In cases where this situation exists in liquefiable soils, small slides
on flat lying slopes could occur. The existence of fine-grained sands,
coarse silts and other liquefaction susceptible material is not exten­
sive in the reservoir areas. Therefore, it is considered that the ex­
tent of fa il ures due to 1i quefact ion dur i ng earthquakes wi 11 be sma 11
and primarily limited to areas of permafrost thaw. Some slides could
occur above the reservoir level in previously unfrozen soils due to the
earthquake shaking.

2.5 - Slope Stability Models for Watana and Devil Canyon Reservoirs

Following a deta-iled evaluation of the Watana and Dev"il Canyon reser­
voir geology, four general slope stability models were defined for this
study. These models are shown in Figures 2.2 and 2.3 and consist of
several types of beaching, flows and slides that could occur in the
reservoir duri ng and after impoundment. Based on aeri a1 photo -j nter­
pretation 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 2.4 through 2.28.
Table K.1 provides a summary of soil types as they relate to the type
of slope instability. As stated above, these maps have been construct­
ed using photo interpretation and limited field reconnaissance and are
intended to be preliminary and subject to verification in subsequent
stUdies.

3 - DEVIL CANYON RESERVOIR

3.1 - Surficial and Bedrock Geology

The topography in and around the Devi 1 Canyon reservoir is bedrock con­
trolled. Overburden is thin to absent, except in the upper reaches of
the proposed reservoir where alluvial deposits cover the valley floor.
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A large intrusive plutonic body composed predominantly of biotite gran­
odiorite with local areas of quartz diorite and 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 horn­
blende. 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 gen­
erally massive, competent, and hard with the exception of the rock ex­
posed on the upland north of the Susitna River where the biotite grano­
diorite has been badly decomposed as a result of mechanical weather­
i ng.

The other principal rock types in the reservoir area are the argillite
and graywacke, which are exposed at the Devil Canyon damsite. The ar­
gillite has been intruded by the massive granodiorite and as a result,
large isolated roof pendants of argillite and graywacke are found
locally throughout the reservior 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 of the Devil Canyon damsite. It is non-conformable 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 ri ver. Several large outcrops of the argill ite completely sur­
rounded by the bi ot ite granodi orite are found withi n the Devi 1 Creek
area.

A general discussion of the regional geology is presented in Section
4.1 of the main text.

3.2 - Slope Stability and Erosion

The Devil Canyon reservoir will be entirely confined within the walls
of the present river valley. This reservoir will be a narrow and deep
wi th mi nima 1 seasonal drawdown. From Devil Canyon Creek downstream to
the damsite, the slopes of the reservoir and its shoreline consist
primarily of bedrock with localized areas of thin vaneer of colluvium
or till. Upstream of Devil Canyon Creek, the slopes of the reservoir
are covered with increasing amounts of unconsolidated materials, espe­
cially on the south abutment. These materials are principa ly basal
tills, coarse-grained floodplain deposits, and alluvial fan deposits
(see Appendix J).

Existing slope failures in this area of the Susitna River, as defined
by photogrammetry and 1imited fi e1d reconna i ssance, are sk in and bi­
modal flows in soil and block slides and rotational slides in rock.
The basal tills are the primary materlals susceptible to mass move­
ments. On the south abutment there is a possibility of sporadic perma­
frost existing within the delineated areas. Upstream of this area
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the basal till is nearly continuously frozen as evidenced by field in­
formation in Borrow Area H.

Downstream of the Devil Creek area, instability is largely reserved to
small rock falls. Beaching will be the primary process acting on the
shoreline in this area (Figures 3.1 and 3.2). 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 shore1i ne wi 11 be in contact wi th steep bedrock
cliffs, the fluctuation of the reservoir may contribute to rockfalls.
Fluctuation of the reservoir and therefore the groundwater table, ac­
companied by seasonal freezing and thawing, will encourage frost heav­
i ng as an eros i ve agent to accelerate degradati on of the slope and
beaching. These rock falls will be limited in extent and will not have
the capacity to produce a large wave which could affect dam stability.
In Devil Creek, a potential small block slide may occur after reservoir
or dam.

Above Devil Creek up to about river mile 180, beaching will be the most
common erosive agent. Present slope instability above reservoir normal
pool level will continue to occur, with primary beaching occurring at
the shoreline. At approximate river mile 175, there is an old land­
slide 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.
Year 1y ab1at i on of the ice results in flowage of saturated materi a1
downslope. The 1ands1 i de has an arcuate back scarp whi ch has become
completely vegetated since its last movement. However, this landslide,
which has an estimated volume of 3.4 mcy, could possibly be reactivated
due to cont i nued thawi ng or change in the groundwater 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 (See Figure 3.3). However, potential for an
earthquake-induced landslide is possible. A mass slide in this area
could result in temporary blockage of river flow.

The distance from the dam, the meandering of the river valley, and the
shallow depth of the reservoir in this area makes the potential of a
wave induced by a massive landslide that could affect the dam stability
very remote.

In general, the following conclusions can be drawn about the slope con­
ditions of the Devil Canyon Reservoir after impoundment:

- Minimal drawdown of the reservoir is conducive to stable slope condi­
tions.
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- The lack of significant depths of unconsolidated materials along the
lo\'/er slopes of the reservoir and the exi stence of stabl e bedrock
conditions is indicative of stable slope conditions after reservoir
impounding.

An old large landslide in the upper reservoir has the potential for
instability, which, if failed, could conceivably create a temporary
blockage of the river in this area.

The probability of a landslide-induced wave in the reservoir over­
topping the dam is remote.

4 - WATANA RESERVOIR

4. 1 - General

Preliminary reconnaissance mapping of the Watana Reservoir was perform­
ed during this study and principal rock types and general types of sur­
ficial material were identified.

The topography of the Watana Reservoir and adjacent slopes is charac­
terized by a narrow V-shaped stream-cut valley superimposed on a broad
U-shaped glacial valley. Surficial deposits mask much of the bedrock
in the area, especially 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 (Appendix
J), identifies tills, lacustrine and alluvial deposits, as well as pre­
dominant rock types (11).

4.2 - Surficial Deposits

Generally, the lower section of the Watana Reservoir and adjacent
slopes are covered by a vaneer of glacial till and lacustrine deposits.
Two main types of till have been identified 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 less fines and a somewhat higher permeability. Lacus­
trine deposits consist primarily of poorly-graded fine sands and silts
with lesser amounts of gravel and clay, and exhibits a crude stratifi­
cation.

On the south side of the Susitna River, the Fog Lake area is character­
istic of a fluted ground moraine surface. Upstream in the Watana Creek
area, glaciolacustrine material forms a broad, flat plain which mantles
the underlying glacial till and the partially lithified Tertiary sedi­
ments. Significant alluvial and outwash deposits exist in the river
valley. Ice disintegration features such as kames and eskers have been
observed adjacent to the river valley.
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Permafrost exists in the area, as evidenced by ground ice, patterned
ground stone nets and slumping of the glacial till overlying perma­
frost. Numerous slumps have been identified in the Watana Reservoir
area, especially in sediments comprised of basal till. Additional
details regarding this subject will be given in subsequent sections.
In addition, numerous areas of frozen alluvium and interstitial ice
crystals have been observed in outcrops and identified from drill hole
drive samples.

4.3 - Bedrock Geology

As discussed in Section 6 (Main Report), the Watana damsite is under­
lain by a diorite pluton. Approximately three miles upstream of the
Watana damsite, a non-conformable contact between argill ite 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 damsite. Just downstream of the confluence of Watana
Creek and the Susitna River, the bedrock consists of semi-consolidated,
Tertiary sediments (8) and volcanics of Triassic age. These Triassic
volcanics consist of metavolcaniclastic rocks and marble (3). From
just upstream of Watana Creek to Jay Creek, the rock consists of a
metavo 1canogeni c sequence domi nant ly composed of met amorphosed flows
and tuffs of basaltic to andesitic composition. From Jay Creek to just
downstream of the Oshetna River, the reservoir is underlain by a meta­
morphic terrain of amphibolite and minor amounts of greenschist and
foliated diorite. To the east of the Oshetna River, glacial deposits
are predomi nant.

The main structural feature within the Watana Reservoir is the Talkeet­
na Thrust fault, which trends northeast-southwest (3) and crosses the
Susitna River approximately eight miles upstream of the Watana damsite
(Figure 4.1 - Main Text). Csejtey and others (2) have interpreted this
to have a southeast dip, while Turner and Smith (10) suggest a north­
west dip. The southwest end of the fault is overlain by unfaulted
Tertiary volcanics (2). A detailed discussion of this fault is pre­
sented in Woodward-Clyde Consultant's Task 4 Report. A general discus­
sion of regional geology is presented in Section 4 of the main text.

4.4 - Slope Stability and Erosion

Most of the slopes within the 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. In
Figures 2.12 through 2.28, the distribution of permafrost has been de­
lineated primarily on the flatter slopes below elevation 2300 feet.
Inclined slopes may be underlain by permafrost, but based,on photogra­
metric characteristics, the active layer is much thicker indicating
that permafrost soi ls are thawing, and/or that permafrost does not
exist. Existing slope instability within the reservoir (as defined by
aerial photographic interpretation (Appendix J) and limited field re­
connaissance), indicate that the types of mass movement are primarily
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solifluction, skin flows, bimodal flows, and small rotational slides.
These types of failure occur predominantly in the basal till or areas
where the basal till is overlain by lacustrine deposits (Appendix J).
In some cases, solifluction, which originated in the basal till has
proceeded downslope over some of the floodplain terraces.

Three major factors which will contribute significantly to slope in­
stabi 1ity in the Watana Reservoir are changes in the groundwater
regime, large seasonal fluctuation of the reservoir level (estimated at
60 feet), and thawing of permafrost. These factors were analyzed to
determine their effects on typical conditions in the reservoir. From
this, four basic models of shoreline conditions were developed (Figures
2.2 and 2.3). The two processes affecting the shoreline of the reser­
voirs are beaching and slope stability. lhese models were applied to
selected reaches of the reservoir shoreline and evaluated for condi­
tions at or near normal pool levels. It should be noted that the slope
stability of the Watana Reservoir was evaluated for the "worst" case
which considered the maximum and minimum pool levels. In cases where
sliding wHl occur, it will not be uncommon for some flows or possibly
beaching to occur over the same reach. Slope instabil ity during and
after reservoir impounding will be addressed below.

It is estimated that filling of the reservoir to normal pool level will
take approximatel'y three years. Due to the relatively slow rate of
impounding, the potential for slope instability occurring during flood­
ing of the reservoir will be minimal and confined to shallow surface
flows and possibly some sliding. Slopes win be more susceptible to
slope i nstabil ity after impoundment when thawi ng of the permafrost
soils occurs and the groundwater regime has reestablished itself in the
frozen soils.

Near the damsite, assumi ng that the present contours wi 11 remai n un­
changed, the north abutment wi 11 primarily be subject to beaching
except for some small flows and slides, which may occur adjacent to
Deadman Creek. On the south abutment, thawing of the frozen basal
tills will result in numerous skin and bimodal flows. There is also a
potential for small rotational sliding. to occur primarily opposite
Deadman Creek.

On the south abutment between the Watana dams ite and Vee Ca nyon, the
shoreline of the reservoir has a high potential for flows and shallow
rotational slides (Figures 4.1 and 4.2). In contrast to the north
abutment, 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 abutment below Vee Canyon and on both
abutments upstream of Vee Canyon, the geological and topographic condi­
tions 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 (Figure 4.3).
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Unlike the till, it appears that the lacustrine material is largely un­
frozen. All four types of slope instability could develop here, de­
pendi ng on where the seasonal drawdown zone is in contact with the
aforement i oned strat i graphy. In addi t ion, slope i nstabi 1i ty resul t i ng
from potential liquefaction of the lacustrine material during earth­
quakes may occur. Overall, slopes on the north abutment, in contrast
with the south abutment, are less 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 layer.

In general, the potential for beaching 'is high due to: (a) the wide
seasonal drawdown zone that will be in contact with a thin vaneer of
colluvium over bedrock; and, (b) the large areas around the reservoir
with low slopes (Figure 4.4). In the Oshetna-Goose Creeks area, there
is a th i ck sequence of 1acustr i ne materi a 1. Permafr ost appears to be
nearly continuous in this area based on the presence of unsorted
polygonal ground and potential thermokarst 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 be some thermal niche erosion resulting in small rotational
slides.

The potential for a large block slide occurring, and generating a wave
which could overtop the dam is very remote. For this to occur, a very
high, steep slope with a potentially unstable block of large volume
would need to exist adjacent to the reservoir. This condition was not
observed withi n the limits of the reservoir. In approximately the
fi rst 16 mi 1es upstream of the dam, the shore1i ne wi 11 be in contact
with the low slopes of the broad U-shaped valley. Between 16 and 30
miles upstream of the dam, no potentially large landslides were
observed. Beyond 30 Illi 1es upstream, the reservoir begi ns to meander
and narrows, therefore any wave induced in this area by a large land­
slide would, in all likelihood, dissipate prior to reaching the dam.

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

- The principal factors influencing slope instability are the large
seasonal drawdown of the reservoir and the thawing of permafrost
soils. Other factors are the change in the groundwater regime, the
steepness of the slopes, coarseness of the material, thermal toe
erosion, and the fetch available to generate wave action;

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

A large portion of the reservoir slopes are susceptible to shallow
slides, mainly skin and bimodal flows, and shallow rotational
slides;
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- The potential for a large block slide which might generate a wave
that could overtop the dam is remote; and

- The period in which restabi1ization of the slopes adjacent to the
reservoir will occur is largely unknown.

In general, most of the reservoir slopes wi 11 be totally submerged.
Areas where the filling is above the break in slope will exhibit less
stability problems than those in which the reservoir is at an interme­
diate or low level. Flow slides induced by thawing permafrost can be
expected to occur over very flat-lying surfaces.

5 -'SUMMARY

Some amount of slope instability will be generated in the Watana and
Devi 1 Ca nyon reservoirs due to reservoir fi 11 i ng. These areas wi 11
primarily be in locations where the water level will be at an interme­
diate level relative to the valley depth.

Slope failure will be more common in the Watana reservoi r due to the
existence of permafrost soil throughout the reservoir. The Devil Can­
yon reservoir is generally in more stable rock and the relatively thin
overburden is unfrozen in the reach of the ri ver upstream from the
dam.

Although skin flows, minor slides and beaching will be common in parts
of the reservoirs, it will present only a visual concern and poses no
threat to the project. Many areas in which sl iding does occur wi 11
stabilize into beaches with a steep backs10pe.

Tree root systems left from reservoir clearing will tend to hold shal­
low surface slides and in cases where permafrost exists may have a
stabilizing influence since the mat will hold the soil in place until
excess pore pressure have dissipated.

6 - RECOMMENDATIONS

It is recommended that typical slope conditions out1ined in this report
be further investigated during subsequent phases of the project in
order to determine:

- The magnitude of the potential for instability at a given location;
and

- Whether beaching or sliding will exist at major migrating herd cross­
i ng sites.
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This investigation should include drilling, instrumentation and labora­
tory analysis to confirm the findings in this study. Since only one
significant existing landslide has been identified in this study, it is
also recommended that further study be directed to this site to deter­
mine the potential for future sliding in this area.
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TABLE K.1: CHARACTERISTICS OF SLOPE MATERIALS

Unit

Bedrock

Colluvium, over
bedrock and bedrock
exposures

Floodplain

Floodplain Terraces

Granular Alluvial Fan

Kame Deposits

Lacustrine

Basal Till

Terrain Unit
Symbol""

Bxu

C + Bxu
Bxu

Fp

Fpt

Ffg

GFK

L

Gtb-f

Mater ial

Consolidated bedrock

Angular blocks of rock with some
sand and silt overlying bedrock

Rounded cobbles, gravel and sand
sorted and layered with or without
silt cover

Rounded cobbles, gravel and sand
with some silt covered by thin silt
layers. Sorted, layered

Rounded cobbles, gravel, with sand
and some silt. Some sorting and
layering of materials

Rounded and striated cobbles and
sand. Crudely sorted and layered

Fine sand to sandy silt with
occasional pebbles. Sorted and
layered

Gravelly silty sand and gravelly,
sandy silt cobbles and boulders
poorly rounded and striated. No
layering, poorly graded

Slope Conait l.Ons
Permafrost I Current Slope After Reservoir Filling
Condit ions Stabilit Low Stee

unfrozen I stable Beaching (1)**

unfrozen stable Beaching (I)

unfrozen stable Beaching

Lnfrozen I stable I Beaching (1)

mfrozen I stables I Beach ing (I)

unfrozen I stable I Beaching (1)

unfrozen I st able I Beaching (I) Slid ing (II 1)
frozen stable Flows (II) Sliding (IV)

frozen I unstoole I Flows (I 1) Sliding (IV)

Ablat ion Till

Ablation till over
unweathered layer

Gta

Gta
"BrU

Rounded and striated cobbles,
gravel and sand, no layering, well
graded. Boulder and cobble, lag
covers surface

Rounded and striated cobbles,
gravel and sand, no layering, well
graded over bedrock

unfrozen

frozen

unfrozen

stable

st able

stable

Beaching (I) Sliding (IV)

Flow (II) Sliding (IV)

Beaching (1)

""See Appendix J for mapped terrain unit sylTtJols.
**1, II, III, IV - refer to Figures 2.2 and 2.3.
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