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6 - GLOSSARY 

Andesitic 
rock. 

from andesite rock which is fine-grained, extrusive 

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

Argillite - a compact rock which has undergone a somewhat higher 
degree of induration (hardening) than mudstone, claystone but is 
less indurated than shale. 

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

Chert - a variety of quartz, a compact siliceous rock. 

Clastic - rocks composed of fragments of existing rocks. 

Felsic - a general term applied to igneous rock having 
light-colored minerals; the opposite of mafic. 

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

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

Kame - a long low hill, mound, or ridge composed chiefly of poorly 
sorted, stratified sand and gravel; ice contact deposit. 

Lithosphere -the earth's crust_and the upper portion of the 
mantle. 

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

Metabasalt - a basalt which has undergone some degree of 
metamorphism. 

Metamorphic - rocks which have formed in the solid state in 
response to pronounced changes of temperature, pressure, and the 
chemical environment. 

Orogeny - the processes (including folding and thrusting) by which 
mountains are formed. 

851014 E-6-6-1 



Orthoclase - a mineral; a member of the feldspar group commonly seen 
in granitic rocks. 

Phenocrysts - the relatively large crystals which are found set in 
a fine-grained ground mass. 

Phyllite - an argillaceous rock which has undergone regional 
metamorphism and is intermediate in grade between slate and mica 
schist. 

Plagioclase - a mineral group; members of the feldspars, one of the 
most common rock-forming minerals. 

RQD - Rock Quality Designation. This is a form of recording rock 
core recovery; the RQD is the ratio of the total length of core 
pieces four inches and longer to the length of the coring run 
actually drilled, expressed in percent. 

Slickenslides - a polished and smoothly striked surface that 
results from friction along a fault/shear plane. 

Stoss and•lee bedrock f~rms - asymmetric hills in a strongly 
glaciated area, each hill having a gently upgraded slope on the 
stoss side (side to the ice), and a steeper and rougher quarried 
slope on the lee side. 

Tectonic - of, pertaining to, or designating the rock structure and 
--- ---~ ---~-- ----- --~---·ex·t·e-rna-1-form·s- -re-su-1-t-in·g- fo·rm----th·e-·-d-e-formati-on-----of- -the--- earth-1 s 

crust. 

Thalweg -. the line connecting the lowest or deepest points along a 
stream, valley, or reservoir, whether underwater or not. 

Thermakarst - settling or caving in of the ground due to melting of 
-- --------------ground_ic e_.____ _________________ _____________ _ _____________ -----------------------------------

------ -----------------

Tuff - a rock formed of compacted volcanic fragments, generally 
smaller than 4 mm in diameter. 

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

--• _ V_():l,_~ani.~l~~~i.C:- 'J:'OC::_lt -·-=-•- c9. s_l::_ci_:i,_IIlentar__y rock <:;(?ll!P~_!~_ci.:___l.'r___i._IIlc:l:!'__gy:()_~ 
volcanic rock fragments. 
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ERA 

Cenozoic 

Mesozoic 

Paleozoic 

Precambrian 

TABLE E.6.2.1: GEOLOGIC TIME SCALE 

MILLION OF 
PERIOD EPOCH GLACIATION YEARS AGO 

Quaternary Holocene 
Wisconsinan 

Pleistocene Illinoian 
Kansan 
Nebraskan 1.8 

Pliocene 
Miocene 

Tertiary Oligocene 
Eocene 
Paleocene 70 

Cretaceous 
Jurassic 
Triassic 230 

Permian 
Pennsylvanian 
Mississippian 
Devonian 
Silurian 
Ordovician 
Cambrian 600 



Joint 
Set 

I 

II 

III 

IV 

Site 
Quadrant 

NE, SE 

NW, SW 

I6 NW, SW 

NE, SE 

NW, SW 

All 

NE 

SE 

NW, SW 

S t .r i k e 
(Range) (Avg.) 

320° 

060° 

050° 

350° 

Variable 
orientations 

Strongest Concenttations: 

NE 
SE 

NW 
sw 

* Surface data only 
** When set is present 

080° 
090° 
JlQD 

090° oo 
090° 

TABLE E.6.2.2: WATANA JOINT CHARACTERISTICS* 

D i p 

(Rahge) (Avg.) 

I 

40°E~65~W 

I 
I 

. 90° 

90° 

90° 

90° 

Shal~ow to moderate 

l0°N 
25'!S ) 
40°NE) 

l0°S 
05°[ ) 
25°N ) 

S p a ic i n g** 
(Rang~) (Avg.) 

Su r fa c e C o n d i t i o n s 

1 11-l~· 

211-lQ' 

111-1.5• 
i 

l 11-5 1i 

1 11-5 1, 

2 11-5'1 
I 

2 11-2~, 

.! 
0.5 11..i5' 

2"-3', 

l 11-3', 
611-lq' 

2' ) 
) 

2' ) 
) 
) 

2' ) 
) 
) 
) 

2' ) 

2' 

1.5' 

2' 

1.5' 

Texture 

Planar, smooth to 
locally rough, con­
tinuous 

Planar, smooth to 
rough 

Planar to irregular, 
smooth to slightly 
rough 

Planar, smooth to 
rough 

Planar to irregular, 
rough 

l' Curved, rough 

1.5 1 Planar to irregular, 
smooth to rough 

2' 

l' ) 
) 
) 
) 

2' ) 
2' ) 

) 

Planar to irregular, 
rough 

Planar to irregular, 
smooth to rough, 
discontinuous 

I 

--'· 

Coating 

Carbonate locally 

Carbonate at WJ-6 
and WJ-7 

Major carbonate at 
WJ;..4 

Minor carbonate at 
WJ-9 

Carbonate locally 

Carbonate at WJ-5 

Carbonate at one out­
crop 

Carbonate locally 

Carbonate locally 

Remarks 

Parallel to major 
shears, fracture 
zones and altera­
tion zones 

No shears or alter­
ation zones, minor 
fracture zone 

Parallel to minor 
shears and fracture 
zones 

Weakly developed 

Weakly developed 

Strongly developed 

Probably stres s 
relief, near 
surface 



Joint 
LocaJion 

S t r i k e 
Set (Range) (Avg.) 

I I 
320°-0° 345° Nort~ Bank 

Ib DUJ-4 320° 
I South Bank 310°-350° 340° 

II Nort1 Bank 040°-090° 065° 

lib IJCJ-4 Ql50 

I 
Sout~ Bank 020°-1000 075° 

lib I)CJ-1 Ql50 

III I Nortn Bank 045°-080° 060° 

Sout~ Bank 015°-045° 025° 

IV Variable 
orientations 

Norti Bank 

Strojgest Concentrations: 

Comp~j>site 060° 
DCJ-2 060° 
DCJ-1 090° 
DCJ-r 045° 

Variable 
orientations 

soutf Bank 

Strongest Concentrations: 

Comtit• 

DCJ-1 

* Surface joints only 
I ** Where present 

I 

050° 
330° 
330° 
060° 
345° 

TABLE E.6.2.3: 

D i (! 
(Range) (Avg.) 

60°NE-70°SW 80°NE 

55°NE 

60°NE-75°SW 9QO 

40°-75°SE 55°SE 

85°SE 

30°-75°SE 55°SE 

75°SE 

50°NW-70°SE 80°NW 

68°-80°NW 65°NW 

Shallow to moderate ) 
) 
) 
) 
) 

l5°SE) 
30°NW) 
l0°S ) 
25°NW) 

Shallow to moderate ) 
) 
) 
) 
) 

25°NW) 
20°NE) 
15°SW) 
40°NW) 
l5°NE) 

DEVIL CANYON JOINT CHARACTERISTICS* 

S E! a c i n g** s u r face C o n d i t i o n s 
(Range) (Avg.) Texture Coating Remarks 

0.5"-10 1 1.5') Planar, smooth, Occasional iron Parallel to shears, 
) occasional rough, oxide and carbonate fracture zones and 
) continuous most dikes. Major 
) stress relief, open 

0.5 11-5 1 2' ) joints on south 
) bank. Ib found 
) locally 

611-3 1 2' ) Planar to curved, None Parallel and sub-
) smooth to rough parallel to bedding/ 
) foliation. Some 
) open to 6" near 
) river level. Paral-

211-6 1 1' ) lel to major and 
) minor shears. lib 

211-5 1 1.5') is found locally. 

4 11-101 3' ) Planar to irregular, Occasional iron Occurs locally, . 
) smooth to rough, oxide and carbonate cliff former above 
) tight to open joints Elevation 1400 on 
) the north bank 
) 

6"-10 1 3' ) Locally open joints 

3 11-8 1 2' ) Planar, rough, dis- Occasional iron Probably stress 
) continuous oxide and carbonate relief, near sur-
) face 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

1 11-8 1 2' ) 
) 
) 



Joint S t r i k e 
Set (Range) ~Avg.) 

I 284°-355° 325° 

II 

III 

IV*** Variable 

* Surface joints only 
** When present 

***See Table 7.2 

0 i e 
! (Range) 

50°NE-55°SW 

less than 40° 

TABLB E 6.2.4: DEVIL CANYON TAILRACE TUNNEL - JOINT CHARACTERISTICS* 

s e a c i n g** 
(Avg.l) ~Range) (Avg.) 

70,NE 0.5 11-101 1.5' 
r 

60~SE 2 11-5 1 2' 

411-10' 3' 

I 

s u r face C o n d i t i o n s 
Texture Coating 

Planar, smooth, Occasional iron oxide 
occasional rough, and carbonate 
continuous 

Planar to curved, None 
smooth to rough 

Planar to irregular' Occasional iron oxide 
smooth to roughr 

Planar, rough, 
discontinuous 

. and carbonate 

Occasional iron oxide 
and carbonate 

Remarks 

Parallel to shears, fracture 
zones and most dikes 

Parallel and subparallel to 
bedding/foliation. Minor 
shears 

Locally well developed 

Probably stress relief, near 
surface 

·--· 



f 

I 
i ' 

r : 
i ' 
I ; 

[ : 
I . 

I . 

( ' 
l ' 

I , 
I 
I , 

FIGURES 



II 
I ~l 

r J 

T 32N 

+ 
( 1 + 

II 

I 1 

r J 
T 31 N 

l j 

T 

II 
31 
N 

L.. I 

u 
T 
30 
N 

.,-r\ .... 1\" 

I 
i''/\ 1\ 1\/ 
t~V 

.J 

Modified from Csejtey, et ol, 1978 

.-4 

,:.:;. 

LEGEND 
CENOZOIC 

QUATERNARY r---, 
I I .__ ___ ... 

r-;-s;=:-J 
~2:-L~1 

MESOZOIC 

CRETACEOUS 
E--::-::-=-=-J 
r_-_-_-:_-..:-J 

JURASSIC 

OJ]l110 

UNDIFFERENTIATED SURFICIAL DEPOSITS 

UNDIFFERENTIATED VOLCANIC AND 
VOLCA.NICLASTIC ROCKS 

GRANODIORITE, DIORITE 

BIOTITE- HORNBLENDE GRANODIORITE 1 

BIOTITE GRANODIORITE 

SCHIST, MIGMATITE, GRANITIC ROCKS 

UNDIVIDED GRANITIC ROCKS 

MAFIC .INTRUSIVES 

ARGILLITE AND GRAYWACKE 

GRANODIORITE, QUARTZ DIORITE 

REGIONAL GEOLOGY 

f7i 7\ 1\ 1\I'J 

~6.6.6.~ 
TRit..SSIC 

rzt-...,.<r:l 
~=->-"_:j 

PALEOZOIC 

THRUST FAULT 
---.·-~-·-v· 

AMPHIBOLITES, GREENSCHIST, FOLIATED DIORITE 

BASALTIC METAVOLCANIC ROCKS, METABASALT 
AND SLATE 

BASALTIC TO ANDESITIC METAVOLCANICS LOCALLY 
I NT~RBEDDED WITH MARBLE 

TEETH ON UPTHROWN SIDE, DASHED WHERE INFERRE 
DOTTED WHERE CONCEALED 

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

PROPOSED DAM SITES 

SCALE IN MILES 

FIGURE E.6.2.1 . . .. 
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BAR. SCALE 
(IN THOUSANDS OF YEARS BEFORE PRESENT) 

NOTES: 

1. ERA THROUGH EPOCH TERMINOLOGY AND ABSOLUTE 
AGES ARE AFTER VAN EYSINGA (1978 ). 

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

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

QUATERNARY STUDY REGION 
TIME SCALE 

FIGURE E.6.2.2 
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RANGE 

TALKEETNA TERRAIN MODEL 

TALKEETNA TERRAIN MODEL AND SECTION 

E 

LOCATION OF 
1964 EARTHQUAKE 

PLATE MOTION RELATIVE TO 
NORTH AMERICAN PLATE 

' 

SCHEMATIC TALKEETNA TERRAIN SECTION 

LEGEND: 

_..:::.. u 
~D 

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

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

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

---- INFERRED STRIKE -SLIP FAULT. 

A A A A MAPPED THRUST FAULT, SAWTEETH ON 
· UPPER PLATE. 

80~~~55;;0;;;.iiiiiiiiii~IOO MILES 
SCALE .:= 

FIGURE E.6.2.3 
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HB4-1 .....-·~ 
oENA~NJL1....-·--·-· ....., ............. ,...,...-----. 

--·---· .--· .~ / ,,..-

~~-----------------------------~, .--·-1' ./ 
I KD3-37 I 
I / DELALI •I 
I . ..J 
I i ./ ,..,. I 

/ / I 
I / . . _/. / I 
I DEVIL CANYON SITE . ~~· WATANA SITE • / I 
: - /.,_.. . ./ // I 

I _K05-: pli<D5;...2 ./ / I 
KD5-43~ ~KD5 12 / I 

I KD5-45"' • • \ - • ·~--- _._.- KD3-7 I 
I -~ ?!._·--· . / --c". I 

/ \ . . '\ I I .,-• /. KD5-9 • ~· \KC5-5 / / • .._·--.... 

I ./· KD5-42 • - \. ./ // KC4-I I 

: /./ KD5-44 'r / : 
f /~ I I / . / . MICROEARTHQUAKE ., 
I .- . / / STUDY AREA I 
I / /. 1· 
I // . I 
I / I I 
I / . I 
I TALKEETNA / / I I 
L--~-L __ J ---------- ..... ---------~------

0'-!!!!!!!!!!!!!!~IOiiiiiiiliiiiiiiiiiiiiiiiiiiiiii2l!!O!!!!!!!!!!!!!!!!!!!!!!!!!l30 MILES 
SCALEc::: 

FEATURES SELECTED FOR 1981 STUDIES 

FIGURE E.6.2.4 
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REFERENCE: BASE MAP FROM COE, 1978 -1"•200' WATANA TOPOGRAPHY, SHEET 8 a 13 OF 26, 
COORDINATES IN FEET,ALASKA STATE PLANE (ZONE4) 

W-2 

WATANA DAMSITE 
GEOLOGIC MAP 

0 
0 
Q 

"' .. ,.._ 

I. OUTCROPS SHOWN ON FIGURE E.6.2.6 

2. GEOLOGIC SECTIONS IN ACRES,I982a. 

3. JOINT PLOTS ON FIGURE E.6.2. 7 

4. TOPOGRAPHY FROM COE,I978, I"• 200'. 

5. EXPLORATION LOGS AND SEISMIC LINE 
SECTIONS Ill ACRES,I982 a AND 1982 b. 

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

VERIFICATION THROUGH FUTURE DETAILED 

LEGEND 
LITHOLOGY: 

DIORITE TO QUARTZ DIORITE, INCLUDES 
MINOR GRANODIORITE 

ANDESITE PORPHYRY, INCLUDES 
MINOR DACITE AND LATITE 

I\.. v., r-1 DIORITE PORPHYRY 

CONTACTS: 
___!~ BEDROCK, DASHED WHERE INFERRED, 

DIP WHERE KNOWN 

STRUCTURE: 

~ SHEAR, WIDTH GREATER THAN IOFEET,NEAR· 
~ VERTICAL TO VERTICAL UNLESS DIP SHOWN; 

EXTENT WHERE KNOWN AND/OR INFERRED 

70/ .-SHEAR, WIDTH LESS THAN 10 FEET, 
~ INCLINED,VERTICAL,EXTENT WHERE KNOWN 

-· / AND/OR INFERRED 

~ 

.J;~·· 

70p f• -J ..1.. 

OTHER• 
W-1 

t.t 

FRACTURE ZONE, WIDTH GREATER THAN 
10 FEET, NEAR· VERTICAL TO VERTICAL 
UNLESS DIP SHOWN; EXTENT WHERE KNOWN 
AND/OR INFERRED 

FRACTURE ZONE, WIDTH LESS THAN 10 

m~~TCWif€&t ~'U0~~7.Wci7~h ~~~~lbc_AL 
JOINT; INCUNED,OPEN INCLINED, VERTICAL 
(SETS I AND II ONLY, EXCEPT FOR OPEN JOINTS) 

AliERATION ZONE,APPROXIMATE WIDTH 
SHOWN 
BEDROCK SLUMP 

GEOLOGIC SECTION 

JOINT STt.TION,SEE ACRES, 1982 a. 

0~~~20~0~--4~00FEET 

FIGURE E.G. 2.5 
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I 
' 
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/ 
/ ,./~/""'.,; ... -···-·· ....... ----- --N 3,225,000 

N3,227,1)00 

TILL AND OUTWASH 
~ 

REFERENCE: BASE MAP FROM COE,I97B-I"• 20CI \ 
WATANA TOPOGRAPHY, SHEETS BAND 13 OF 26 
COORDINATES IN FEET, ALASKA STATE PLANE (ZONE 4) 

-___,_ 

~ 
<D 

"" ... ... 
/ 

/ 

----~ .. ~- / 

W/SJANA DAMSITE 
TOP OF BEDROCK 

AND SURFICIAL GEOLOGIC MAP 

LEGEND 
LITHOLOGY: 

~ r------1 OVERBURDEN: AREAS OF TALUS, OUTWASH, nLL 
;! L--..J AND ALLUVIUM, AS SHOWN 

.., r:T:'i'"i1 DIORITE TO QUARTZ DIORITE, INCLUDES MINOR 

~ 
~ GRANOmORITE · 

~ ANDESITE PORPHYRY, INCUJDES MINOR DACITE 
t::..:.::..:.:: AND LATITE 

f v 1-:·1 I mORITE PORAIYRY 

~--/ 
·-------~ 

---------· ~----

'• . ....._ 
---~ 

CONTACTS: 
-·- SIJ.RFICIAL DEPOSITS 
-- -- BEDROCK /SURFICIAL DEPOSml 
---BEDROCK 

CONTOUR LINES: 
TOP OF BEDROCK,COHTOUR INTERVAL 100 FEET, 
!SO' CONTOURS DASI«ED(EXCEPT IN RIVER) 

--- TOP OF II£DROCI<, CONTOUR INTERVAL 20 P'EET 

--- TOPOGRAPHY, CONTOUR INTERWIL BO ,IE£1' 
---- TOP OF BEDROCK IN RIVER CHANNEL, 
OTHER• CONTOUR INTERVAL 20 FEET 

~ SPRINGS 

NOTES 
I. TOP OF BEDROQ( CONTOURS AM: IN,ERM:D IIIASED OM 

···---

FIGURE E.6.2.6 
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COMPOSITE JOINT PLOT 
SOUTHEAST QUADRANT 

N=721 

w 

~· 
- I'\ 

NORTHEAST QUADRANT 
N= 857 

w 

E 

E 

s 

SET 
I 

Q 3 

SET 
:nr 

N 

COMPOSITE JOINT PLOT 
SOUTHWEST QUADRANT 

N=329. 

SET 
m 

SET ISZ 

'~ 
I 

0 
1_;/ 

WATANA DAMSITE 
COMPOSITE JOINT PLOTS 

N 

COMPOSITE JOINT PLOT 

NORTHWEST QUADRANT 

N = 781 

w 

w 

0 
SCALE 

200 400 FEET 

8 

.o 

c . 
+ 

A . 
N 

POINT STRIKE DIP 

A oso• so• SE 
8 330" 90° 
c 045° IO•Nw 
0 285° 30°NE 
E o• ao•w 

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

JOINT PLOTTING METHOD 

w 

~···------

NOTES 

I. CONTOURS ARE PERCENT OF JOINTS PER I r. OF AREA. 
CONTOURS SHOWN - I, 3, B 5 %. 

2. N EQUALS NUMBER OF DATA POINTS. 

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

4. JOINT PLOTS FOR JOINT STATIONS (WJ-1, 2,3,4,5,6,7, 8 89) 
IN ACRES l982a. 

FIGURE E.6. 2. 7 



i 

I 

I 

I ' 

: I 
! I 

I I 

I 

II 

\ I 

i J 

j 

0 

100 

200 

1-
liJ 
liJ 
LL. 300 

:::c 
1-
a. 
w 
Q 

liJ 
..J 400 0 
:::c 
liJ 
a:: 
0 
CD 

..J 
~ 
u 
1- 500 
a:: 
liJ 
> 

600 

700 

, 
0 \ ,, , , r--, / 

/ 
\, 0~ \\ -- ....... 

~--- AVERAGE \ PERMEABILITY 
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I / 
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I 0 / 
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DH-B,OH-11 \ \ 
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WATANA ROCK PERMEABILITY 

FIGURE E.6.2.8 
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\ f 
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i/' 
; /,' WATANA SITED 

LEGEND 

LITHOLOGY: 

k-~:.>..;ij BEDROCK OUT 
CONTACT: CROP, UNDIFFEREtmATED. 

BEDROCK I SURF 
:ONTOUR LINES: ICIAL DEPOSITS APPROXIMATE. 

-- TOP OF BEDROCK 50 FOOT CONTO , CONTQtiR INTERVAL 50 
T URS DASHED FEET. 

OPOGRAPHY,CONTOUR • INTERVAL 100 FEET. 

OTHER: 

A A 

t.t GEOLOGIC SECTION LOCATION. 

NOTES: 
I. EXPLORATION 

ftfPENDICES ALOGS AND SEISMIC 
2. DE~l1t_f~8{)6~~~~~ D, ACRES,19~~N:: :.~~TIONS SHOWN IN 
3 FIGURE E.6.2 .6 BEDROCK IN DAMSITE ACRES ,1982o; 

. GEOLOGIC SECTIONS AREA SHOWN ON 
SHOWN ON FIGURE E.6.Z.IO 

FIGURE E.6.2.9 
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SHEET I OF 3 

SECTION B-B 

Br 

LEGEND 

tfP.9:llcJ SURFICIAL DEPOSIT 

[:'!iii;!;:i;] ICE DISINTERGRATION DEPOSITS 

~ BASAL TILL 

!:::;;\);::::) ALLUVIUM 

~ OUTWASH 

EB LACUSTRINE 

(@.G'•:;.j BASAL TILL 

~ ALLUVIUM 

~ OUTWASH 

~TILL 

(it'J'.t;j ALLUVIUM AND LACUSTRINE DEPOSITS 

ffiE ALLUVIUM 

0!:] BEDROCK 

NOTES: 

G' 

8r-SL 

FOR DETAILS OF STRATIGRAPHY SEE FIGURE E.6.2.11 

2. FOR LOCATION OF SECTIONS SEE FIGURE E.6.2.9 

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

HORIZ. SCALE 
0~~~450;0aa;.JBOO FEET 

VERT. SCALE 
0~'!':~530;;;;~100 FEET 

FIGURE E.6.2.10 
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BORROW SITE D 
CROSS SECTION 
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LEGEND: 

f!AtB;\ SURFICIAL DEPOSIT 

(\·:;'C':);;j ICE DISINTEGRATION DEPOSITS 

~ BASAL TILL 
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tt==.o~;:tl LACUSTRINE 

~ OUTWASH 

ElEl LACUSTRINE 

11&a:M BASAL TILL 

F.':H·.".i ALLUVIUM 

~ OUTWASH 

c:;m TILL 

OD BEDROCK 

I. FOR DETAILS OF STRATIGRAPHY SEE FIGURE E.6.Z.II 

2. FOR LOCATION OF SECTIONS SEE FiGURE E. 6.2.9 

3. EXTENT OF STRATA AND CONTACTS ARE INFERRED BASED 
ON INTERPRETATION OF SUBSURFl\CE EXPLORATIONS AND 
ARE SUBJECT TO VERIFICATION BY FUTURE INVESTIGATIONS. 
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VERT. SCALE 

FIGURE E.6.2.10 
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FOR DETAILS OF STRATIGRAPHY SEE FIGURE E.6, 2.11 

2. FOR LOCATION OF SECTIONS SEE FIGURE E.6.2.9 

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

A/B 

c 

M 

D 

D' 

E/F 

G 

G' 

H 

I 

J' 

J 

K 

• vn.HHA. Af. Acres, t982b, 

TYPE OF 
DEPOSIT 

Surficial Deposit 

Ice Disintegration 

Basal Till 

Alluvium 

Lacustrine 

Outwash 

Lacustrine and/or 
Waterlain Till 

Basal Till 

Alluvium 

Outwash 

Lacustrine and/or 
Stratifi~d Deposits 

Basal Till 

Alluvium 

DESCRIPTION 

Organics, peat, silt and boulders raised by frost 
action. 

Grey bro1o111, gravelly sand to silty saud with little 
to some gravel and cobbles. Coarse fraction 
subangular to subrounded. 

Grey to dark grey silty sand to clay with little 
angular to subrounded gravel and cobbles, 
occasions! boulder. Very dense, hard. Poorly 
sorted. 

Grey stratified sand, gravel and cobbles. 
dense. 

Very 

Grey to dark greyish brown, laminated clayey silt 
to clayey silty sand. Very dense, hard. Sorted to 
partly sorted. 

Olive brown to grey brown, silty sar.d with little 
gravi!l and cobbles to a silty sandy gravel with 
occasional cobbles and boulders. Coarse fraction 
subangular to subrounded. Dense tc very dense. 
Poorly sorted. 

Dark grey to olive grey, laminated, sandy silt to 
silty clay, little or no gravel, little to some 
sand. Very dense. Poorly sorted. 

Olive grey to very dark grey, clayey silty sand 
with trace to little gravel to gravelly silty or 
clayey sand. Coarse fraction subangular to 
subrounded and includes occasional cobbles and 
boulders. Very dense. Poorly sorted. 

Grey brown to olive grey, silty sand and sand with 
little or no gravel to sandy gravel. Coarse 
fraction subangular to rounded, slightly oxidized. 
Very dense. Sorted to partly sorted. 

Olive grey, silty sand with little g~avel to sandy 
gravel with little f~nes. Coarse fraction 
subangular to subrounded trace rounded; some 
cobbles, particles oxidized. Very ·dense. Poorly 
sorted. 

Olive grey to olive brown, silty sand, trace 
subangular gravel with some sandy gravel (?). · 
Oxidized and weathered particles, some cobbles 
and boulders(?). Very dense. Sorted to partly 
sorted. 

Olive grey to dark grey, clay to clayey sand little 
to no subangular to subrounded oxidized(?) gravel. 
Dense, very hard. Poorly sorted. 

Olive grey, silty sandy gravel to sandy gravel with 
cobbles and boulders (?) Cca~se fraction 
subangulars to rounded, oxidized. Vert dense. Sorted. 

2 
Remarks on permafrost are based on Acres Summer l982band Harza-Ebasco,l983. Remark• 
on qroundwater are based on Harza- Ebaaco, 1983. 

3 
Classification is ,based on the primary soils types in decreasing order of occurence. 

4 Tho,. In parentheses are kOJ .. condary ttP••· 
!hickness ran~es are based on outcrop exposures and drilled thicknesses. 

GEOLOGICAL AND ENGINEERING REMARKS 
2 

Organic mac which includes localized boulder fields and bogs. Within 
the active layer/seasonal frost penetration zone. 

Hummocky, knob and kettle topography. 
detected in 1 out of 16 possible borings. 

Variable den!<ity Permafrost 
No groundwater detected. 

Gravel and cobbles are 
Susitna River Valley. 
Permafrost detected in 
detected. 

striated. Limited in areal extent to near the 
Similar to unit G', it is overconsolidated. 
1 out of 4 possible borings. ~lo groundwater 

Localized fluvial event, reworking of the underlying outwash, unit 
E/F, found in topographic lows on top of outwash. Nc permafrost or 
groundwater detected. 

Thin laminated deposit, limited in areal extent. Penru,irost detected 
in 1 out of 4 possible borings. No groundwater detected. 

In places the unit gets coarser with depth, higher ener~y environment. 
Thick continuous deposit. Density is loose to medium d~nse in active 
frost zone, up to 15 feet deep. Permafrost detected Ln 3 out of 31 
borings. Groundwater detected in 4 out of 15 possible borings. 

Thin clay, silt and sand interlaminations. Organics and wood present. 
Overconsolidated. Permafrost detected in 2 out of 17 possible 
borings. No groundwater was detected.· Together with unit G', forms a 
prominent marker bed. 

Gravels and cobbles are striated and polished. Ov~rconsolidated. 

Permafrost detected in 1 out of 15 possible borings. Groundwater wa$ 
detected in 1 out of 9 possible borings. Forms a marker bed with 
unit G. 

Rounded particles, sorted, relatively clean lenses or layers, possibly 
stratified. Localized fluvial event, reworking of the underlying 
outwash, found in topographic lows of unit I. Groundwater detected in 
4 out of 6 possible borings. No permafrost detected. 

Oxidation on particles, indicative of age and weathering. Organics 
found in the upper horizon. Trace striations on gravel. Thick nearly 
continuous deposit. Groundwater detected in 3 out of 6 possible 
borings. No permafrost detected. 

Moderately oxidized and weathered, generally sor:ed, possibly 
stratified. Overconsolidated. Localized deposit. No rermafrost or 
ground water detected. Mud loss of 50 gals/ft over 25 foot interval 
in DR-22. 

Gravels are striated and polished. Overconsol;i,dated. Probable 
lacustrine or waterlain till at base of unit~ No permafrost or 
groundwater detected. 

Rounded particles, sorted, relatively clean. Found cnly along the 
main thalweg to date. No permafrost or groundwater detected. Mud 
loss of 14 gal/ft over an 85 foot interval in DR-22. 

UNIFIED SOIL 
CLASSIFICATION) 

OL, PT, SM 

SM, SC 

SM, SC, CL 

SM, SP, SC 

ML, CL, (SC, SM) 

SM, GM, SC 

ML, CL, SM 

SM, SC, 
{ML, CL, GC) 

SM, SP, GW-GM 

SM, GW-GM, SW, GM, 
(CL, ML) 

SM, SW, SC 

CL, SM, SC 

GM, GP, GW 

THICKNESS 
4 RANGE IN FEET 

0.5 - 8.0 

2.5 - 38.0 

14.5 - 79.0 

1.5 - 55.0 

3.5 - 23.0 

1 0.0 - 13 1.0 

8.3 - 73.5 

7 .o - 231.0 

2.0 - 41.0 

6.0 - 77.0 

3.0- 57.7 

6.0 - 62.0 

36.0- 161.0 

GENERALIZED STRATIGRAPHIC COLUMN 

. WA TANA RELICT GHANNEL AND BORROW SITE D AREA 
FIGURE E.6.2.11 
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WATANA 
FOG LAKES RELICT CHANNEL 

TOP OF BEDROCK 

LEGEND: 

LITHOLOGY: 

~ BEDROCK OUTCROP OR SHALLOW BEDROCK 
~ UNDIFFEREN11ATEO. ' 

CONTACT: 

---- BEDROCK/SURACIAL DE:I'OOtTS, APPROXIMATE. 

CONTOUR LINES: 

TOP OF BEDROCK, CONTOUR INTERVAL 100 FEET. 
TOPOGRAPHY, CONTOUR INTERVAL 500 FEET. 
TOPOGRAPHY, EL 22!50 CONTOUR DASHED. 
EDGE OF WATER SURFACE 

NOTES: 

2. 

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

~~~M~gR~~~rs::r;:nONS SHOWN IN APPENDIX D,ACRES,I982b 

FIGURE E.6.2.12 
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DEVIL CANYON 
GEOLOGIC MAP 

§ 
!Ji 
"' w 

LEGEND 
LITHOLOGY: 

OVERBUROEN, UNOIFFERENTJAr!O 

ARGILLITE AHO GRAYWACKE 

FELSIC DIKE, WIDTH SHOWN WHERE GREJifER 
THAN 10 FEET 

MAFIC DIKE, WIDTH SHOWN WHERE GREATER 
THAN 10 FEET 

CONTACTS: 

---- BEDROCK/SURFICIAL DEPOSITS 

STRUCTURE: 
~ SHEAR, WIDTH AS SHOWN, INCLINED, EXTENT WHERE 
~-.!iii kNOWN AND/OR INFERRED. 

70// SHEAR,WIDTH LESS THAN 10 FEE"t:11NCUNED, 
)"'X VERTICAL,EXTENT WHERE KNOWN AHD/OR 

,- / INFERRED. 

SCALE 

!77)7;! FRACTURE ZONE WIDTH AS SHOWN VERTlCAL UNLESS 
IC.(..(LLJ DIP SHOWN 1 EXtENT WHERE KNCYWN AND/OR 

' INFERRED. 

7QJh+ JOINTS, INCLINED, OPEN INCLlfEO, V£RTICAL 
'lt'ro ( SETS I AND II ONLY ) 

'!>0./1 / . BEDO!NG/FOLIATION,INCUNED, VERTICAL 

OTHER: 

DC-I 

t.t 
ADCJ·I 

@:) 
Ml 

Fl 

GEOLOGIC SECTION LOCATION, SEE .IICRES,I982a 

JOINT STATION 

GEOLOGIC FEATURE DESCRIBED IN ,IICRES,I982a 

MAFIC DIKE DESCRIBED IN ACRES,I98211 

FELSIC DIKE DESCRIBED IN .IICRES,I982u 

I. GEOLOGIC SECTIONS SHOWN IN .IICRES, 1982 a. 

2. JOINT PLOTS SHOWN ON FIGURE E.6.16. 

3. ADDITIOHAL GEOLOGIC DATA FROAI USSil, 1960. 

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

5. EXPLORATION LOGS AHD SEISMIC LINE SECTIONS 

IN .IICRES, 1982 a. 

6. EXTENT OF SHEARS, FRACTURE ZONES AND 

ALTERATION ZONES ARE INFERRED BASED ON 
GEOLOGIC MAPPING AHD SUBSURFACE 

EXPLORATIONS, AHD ARE SUBJECT TO 
VEAIFICATION THROUGH FUTURE DETAIUD 
INVESTIGATIONS. 

0~~~200~--4~00 FEET 

FIGURE E.6.2.14 
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CANYON 
TOP OF BEDROCK 

AND SURFICIAL GEOLOGIC MAP 
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iii 
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TILL 

LEGEND 
LITHOLOGY• 

D 
Gill 

OVERBURDEN, AREAS Of' TILL, OUTWASH. 
TERRACE DEPOSITS ANO TALUS AS SHOWN. 

ARGILLITE AND GRAYWACI<£ OUTWASH 

CONTACTS• 
----- LIMIT Of OUTCROP 

CONTOUR LINES• 
TOP OF BEDROCK, CONTOUR INTERVAL 100 FEET, 
!!0 FOOT CONTOURS DASHED 

TOP OF BEDROCK, CONTOUR INTERVAL 20 FEET 

TOPOGRAPHY, CONTOUR INTERVAL !50 FEET 

I. BEDROCK CONTOURS SHOWN TO ELEVATION 1800 FT. 
2. TOP Of BEDROCK CONTOURS ARE INFERRED BASED ON 

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

0~~~20~0;;;;.;;;;;;;;~400 FEET 
SCALE c 

FIGURE E.6.2.15 
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-xx- MAFIC DIKE 
-·-SHEAR 
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NOTE 
I. DETAILED SITE GEOLOGY 

SHOWN ON FIGURE 7.3. 

2.CONTOUR INTERVAL 100 
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SLOPE MODELS FOR THE WATANA 
AND DEVIL CANYON RESERVOIRS 

ASSUMPTIONS: 

FLAT SLOPES. 

COARSE GRAINED DEPOSITS OR UNFROZEN 
TILL AND LACUSTRINE DEPOSITS. 

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

WEDGING TO OCCUR CAUSING ROCKFALL. 

FLAT SLOPES. 
GENERALLY FINE GRAINED DEPOSITS 1 

FROZEN. 

FIGURE E.6.2.19 
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COARSER GRAINED, PARTLY TO COMPLETELY 
FROZEN. 
FLOWS IN LOWER LAYER ACCOMPANY SLOPE 
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STEEP SLOPES. 
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STEEP SLOPES. 
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NOTE: POSSIBLE FURTHER SLIDING IF THAW 
BULB EXTENDS INTO SLOPE WITH TIME. 

FIGURE E.6.2.20 
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3. AREAS OF POTENDAL PERMAfROST BASED PRINCIFW-LY 
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1lZ SLIDING (PERMAFROST! 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (Ilz:l PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I -II BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 

RIVER MILES 

- AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.ZJ9AND E.6.2.20 FOR OETAIUED· 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION C1' PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

·3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 
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I·:U: BEACHING AND FLOWS POSSIBLE IN OEANEO AREA 
-- NORMAL MAXIMUM OPERATING LEVEL 
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~~~~ AREA OF POTENTIAL PERMAFROST 

I. REFER 10 FIGURES E.6.2.19AND E.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 
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ON AIR PHOlO INTERPRETATION AND WIUL REQUIRE 
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TYPES OF SLOPE INSTABILITY, 

I. BEACHING 
1£ FLOWS 
lii SUDING ! UNFROZEN) 
llZ: SUDING ( PERMAFROST) 
III DENOTES AREA EXTENT AND TYPE OF INSTABIUTY 
! (Ilr) PRIMARY BEACHING INSTABIUTY WITH SOME 

POTENTIAL SLIDING 
!·II BEACHING AND FLOWS POSSIBUE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
RIVER MILES 

IR1I AREA OF POTENTIAL PERMAFROST 

I. REFER TO FIGURES E.6.2.19 AND E.6,2..20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABlUTY MODELS 

2. NO DEUNEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 
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TYPES OF SLOPE 1NSTABILITY, 

X BEACHING 
li FLOWS· 
lii SLIDING (UNFROZEN) 
llZ SLIDING (PERMAFROST) 
III DENOTES AREA EXTENT AND TYPE OF INSTABlUT.Y 
I(ll!:) PRIMARY BEACHING INSTABIUTY WITH SOME 

POTENTIAL SLIDING 
I-II BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
RIVER MILES 

- AREA OF POTENTIAL PERMAFROST 

I. REFER lO FIGURESE.6.2.19 ANOE.6.2,20 FOR DETAIUED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION C1' PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS .OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOlO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION: 
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DENOTES AREA EXTENT 

I (Ill) PRIMARY BEACHIN AND TYPE OF INSTABI 
r-n POTENTIAL SLIOIN~ INSTABILITY WITH SOME UTY 

--- BEACHING AND FLOWS PO NORMAL MAXIMUM OPERA SSIBLE IN DEFINED AREA 
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I. REFER TO FIGURE 
DESCRIPTION OF T~~~·~9st~~.6.Z.20 FOR DETAILED 
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TYPES OF SLOPE INSTABILITY: 

I BEACHING 
li FLOWS 
Jl[ SUDING (UNFROZEN) 
Ill: SUDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I(llr) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SUDING 

I -li BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 
---·- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

I. REFER TO FIGURES E.6.2.19AND.E.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 
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TYPES OF SLOPE INSTABIUTY: 

I BEACHING 
:U: FLOWS. 
lii SUDING (UNFROZEN) 
lll." SUDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I(Jll") PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SUDING 
I-:U: BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL1STAGE m 
---- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

~ AREA OF POTENTIAL PERMAFROST 

NOTES 

L REFER TO FIGURESE.6,2.19 AND E.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATI9N OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 
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lliTITIJ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I 
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:m: 
llL 
/I/ 

BEACHING 

FLOWS 
SLIDING (UNFROZEN) 
SLIDING (PERMAFROST) 
DENOTES AREA EXTENT ANO TYPE OF INSTABILITY 

I (lll:) PRIMARY BEACHING INSTABILITY WITH SOME 
POTENTIAL SLIDING 

I-:U: BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 1 STAGE m 
-·--- NORMAL MINIMUM OPERATING LEVEL 

~'{;~ AREA OF POTENTIAL PERMAFROST 

NOTES 

REFER TO FIGURES E.6,2.19 AND E.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2ll00 FEET 

3. AREAS OF POTENTIAL. PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL. REQUIRE 
FUTURE VERIFICATION 

SCALE 
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:I-JI BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 
NORMAL MAXIMUM OPERATING LEVEL, ~T AGE m 

---- NORMAL MINIMUM OPERATING LEVEL 
RIVER MILES 

!liM AREA OF POTENTIAL PERMAFROST 

NOTES 

I. REFER TO. FIGURES E.6.2J9 AND E.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 
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TYPES OF SLOPE INSTABILITY: 

I BEACHII'lG 
JI FLOWS 
:m: SLIDING (UNFROZEN) 
Jl[ SLIDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (:Ill:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SUOII'lG 

I- JI BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL 1 STAGE m 
----- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

~ AREA OF POTENTIAL PERMAFROST 

NOTES 
I. REFER TO FIGURES E.6.Z.I9 ANOE.s.z.zo FOR DETAILED 

DESCRIPTION OF TYPE OF SLOPE INSTABILITY. MODELS 

2. NO DELINEATION OF PERMAFkOST AREA ABOVE ELEVATION 
2.300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
0~~~1000~;;;;;;;;;:;2000;;i FEET 

FIGURE E.6.2.34 
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TYPES OF SLOPE INSTABILITY: 

I BEACHING 
JI FLOWS 
:m: SUOING (UNFROZEN) 
ll[ SUOING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (ll[) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SUDING 

I- JI BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL, STAGE m 
----- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

Wf~:}fj AREA OF POTENTIAL PERMAFROST 

REFER TO FIGURES E.6.2J9 ANDE.6.2.20 FOR OETAIUED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
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TYPES OF SLOPE INSTABILITY: 

J: BEACHING 
J[ FLOWS 
lii SLIDING (UNFROZEN l 
Jll." SLIDING (PERMAFROST! 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (JJZ:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
I- J[ BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL,STAGE m 
----- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

NOTES 

I. REFER TO FIGURES E-6.2.19 AND E.6.2.20 FOR DETAIUED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY' 
ON AIR PHOTO INTERPRETATION AND WILl. REQUIRE 
FUTURE VERIFICATION 
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a AREAS OF CURRENT SLOPE INSTABIUTY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
Jr FLOWS 
:m: SUDING (UNFROZEN ) 
llr SLIDING (PERMAFROST) 

III DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (:Ill:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 

I· Jr BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL, STAGE m 
----- NORMAL MINIMUM OPERfiTING LEVEL 

RIVER MILES 

I~B AREA OF POTENTIAL PERMAFROST 

NOTES 

REFER TO FIGURES£.6.2.19 ANDE.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2.. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION. 

][- JI 

SCALE 

FIGURE E.6.2.37 
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a AREAS OF CURRENT SLOPE INSTABIUTY 

TYPES OF SLOPE INSTABILITY' 

I BEACHING 
JI FLOWS 
lit SUOING (UNFROZEN) 
l!Z' SUOING (PERMAFROST) 
III DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I(l!Z') PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 

I. JI BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL, STAGE m 
----- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

~-~ AREA OF POTENTIAL PERMAFROST 

NOTES 
1. REFER TO FIGURES E.6.2.19 AND E.6.2.20FOR DETAILED 

DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
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FIGURE E.6.2.38 
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[[ill AREAS OF CURRENT SLOPE INSTABIUTY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
JI FLOWS 
lii SUDING (UNFROZEN) 
Ill: SUDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (Ill:) PRIMARY BEACHING INSTABILITY WlTH SOME 

POTENTIAL SUDING 

I-JI BEACHING AND F~S POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL, STAGE m 
----- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES , 

m AREA OF POTENTIAL PERMAFROST 

NOTES 

REFER TO FIGURESE-6.2.19 ANDE.6.2.20FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET . 

3. AREAS OF POTENTIAL PERMAFRO!!T BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION ANO. WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
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FIGURE E.6.2.39 
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,,...~ ..... ~ AREAS OF CURRENT SLOPE INS'Il\BIUTY 

TYPES OF SLOPE INSTABILITY: 

:I BEACHING 
J[ FLOWS 
lii SUDING (UNFROZEN) 
lll.' SUDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT .ANO TYPE OF INSTABILITY 
I(Jlz:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SUDING 
J:-J[ BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL, STAGE m 
---- NORMAL MINIMUM OPERATING LEVEL 

RIVER MILES 

e AREA OF POTENTIAL PERMAFROST 

NOTES 
L REFER TO FIGURES E.6.2.19 AND E.6.2.20 FOR DETAILED 

DESCRIPTlON OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATlON OF PERMAFROST. AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 
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FIGURE E.6.2.40 
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~ AREAS OF CURRENT SLOPE INSTABILITY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
JI: FLOWS 

:W: SLIDING (UNFROZEN l 
:nz: SLIDING (PERMAFROST! 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I (Ill:) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 

I- JI: BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL,STAGEm 
----- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

~~.t4 AREA OF POTENTIAL PERMAFROST 

REFER TO FIGURES E.6.2.19 AND'E,6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY -
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 

FIGURE E.6.2.41' 
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lliillill AREAS OF CURRENT SLOPE INSTABIUTY 

TYPES OF SLOPE INSTABILITY: 

I BEACHING 
Jr FLows 
:m: SLIDING (UNFROZEN) 
lll: SLIDING (PERMAFROST) 
/I/ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
I(llt) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SUDING 
I· J! BEACHING AND FLOWS POSSIBLE IN DEFINED AREA 

NORMAL MAXIMUM OPERATING LEVEL,STAGEID: 
-:----- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

a AREA OF POTENTIAL PERMAFROST 

REFER TO FIGURES E.6.2.19 AND E.6.Z.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENllAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

SCALE 

FIGURe E.6.2.42 
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~:::~:: AREAS OF CURRENT SLOPE INSTABIUTY 

TYPES OF SLOPE INSTABILITY: 

J: BEACHING 
JI FLOWS 
ll[ SLIDING (·UNFROZEN) 
llr SUOING (PERMAFROST) 
II./ DENOTES AREA EXTENT AND TYPE OF INSTABILITY 
J: (llr) PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING · 
J:- JI BEACHING AND FLOWS POSSIBLE IN DEFINED AREA-

NORMAL MAXIMUM OPERATING LEVEL, S TA G·E llr 
---- NORMAL MINIMUM OPERATING LEVEL 

x RIVER MILES 

NOTES 

L REFER TO FIGURES E.6.2.19 AND E.6.2.20 FOR DETAILED 
DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVAnON 
'2!00 FEET . 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
FUTURE VERIFICATION 

0 1000 2000 FEET 
SCALE 

FIGURE E.6.2.43 
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I. REFER TO FIGURES £.6.2.19 AND £.6.2.20 FOR DETAILED 

DESCRIPTION OF TYPE OF SLOPE INSTABILITY MODELS 

I 2. NO DELINEATION .OF PERMAFROST AREA ABOVE ELEVATION 
2300 FEET 

3. AREAS OF POTENTIAL PERMAFROST BASED PRINCIPALLY 
ON AIR PHOTO INTERPRETATION AND WILL REQUIRE 
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a AREAS OF CURRENT SLOPE INSTABlUTY 

TYPES OF SLOPE INSTABILITY: 
:t BEACHING 

. :U: FLOWS. 
JII SUDING (UNFROZEN) 
Jll" SUDING (PERMAFROST) 
/'I./ DENOTES AREA EXTENT AHO TYPE OF INSTABILITY 
'I. (Jll") PRIMARY BEACHING INSTABILITY WITH SOME 

POTENTIAL SLIDING 
'I.-:U: BEACHING AND FLOWS POSSIBLE IN DEFINEO AREA 

NORMAL MAXIMUM OPERATING LEVEL, STAGE m 
----- NORMAL MINIMUM OPERATING LEVEL 

X RIVER MILES 

~~~ AREA OF POTENTIAL PERMAFROST 

l REFER TO FIGURES E.6.Z.I9 AND E.6.2,20 FOR DETAILED 
DESCRIPTION OF !YPE OF SLOPE INSTABILITY MODELS 

2. NO DELINEATION OF PERMAFROST AREA ABOVE ELEVAnON 
2300 FEET 

3. AREAS OF POTENnAL PERMAFROST BASED PRINCIPALLY 
ON AJR PHOTO INTERPRETATION AND WILL REilUIRE 
FUTURE VERIFICATION 

0 1000 2000 FEET 
SCALE 
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