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1 - INTRODUCTION

1.1 - Genera I

The Susitna Hydroelectric Project is located withln the upper reaches
of the Susltna Rlver baSln 1n south-central Alaska (Figure 1.1). The
feasibility studies for hydroelectflc development were performed by
Acres Amerlcan Incorporated (As::.res) under contract to the Alaska Pawe....
Authol'"ity (The Power Authoflty).

The overall objectives of the study were;

To determlne technical, economlC and flnanClal feasibility of the
Susltna Hydroelectric Project to meet the future power needs of the
Railbelt Region of the state of Alaska.

To examine the environmental consequences of constructing the Susitna
Hydroelectric ProJect;

To flle a license apphcation with the Federal Energy Regulatory Com
mlSSI011 (FERC) should the project be deemed feasible.

As part of the Plan of Study (PDS), a geotechnical exploration program
(Task 5) was undertaken at the proposed project locations at Watana and
Devil Canyon. The purpose of this report 1S to present a detal1ed des
cription of the geologIC and geotechnical conditIons at these sltes.

1.2 - Project Descript10n and tocatlon

The ~Iatana and DeVIl Canyon sites had been previously ident1fied by the
U.S. Army Corps of Engineers (CDE) and tile U.S. Bureau of Reclamation
(USBR) over a period of years from 1952 to 1979.

The scheme calls for a large embankment dam with an underground power
house at Watana and a high concrete dam with und~r9round powerhouse at
the Dev; I Canyon site. Genera 1 site arrangements are shown in Fi gures
1. 2 and 1. 3.

The area of study is located withIn the Coastal Trough ProvInce of
south-centra 1 Al aSka, with a drai nage of approxImate Iy 6,000 square
miles. The Susitl1a River is glacier-fed, wlth headwaters on the south
ern slope of the Alaska Range. From its proglacial channel in th~

Alaska Range, the Susitna River passes fIrst throulh a broad, glaci
ated, intermontane valley of knob and kettle and braided channel topo
graphy. Swing1ng westward along the edge of the Copper River lowlands,
it enters the deep U-shaped valleys which include the proposed dam
sites, windIng through the Talkeetna r~ountains untIl It emerges into a
broad glacial valley leading tv Cook Inlet nea,- Anchorage.

1-1



The Watana sHe is located at approxlmately river ffi11e 184 between
Tsusena and Deadman Creeks. The Watana damsHe 1S 10cClted ln a relCl
tively broCld U-shaped vCllley r1S1ng 1n steps, with a steep lower por
tion break1ng lnto somewhClt flatter slopes and becoming much gentle....
nea.... the top. Access to the lower sections is llmited by vertical rock.
outcrops. G.... avel bars, some of Wh1Ch a.... e quHe w1de, are exposed 1n
the river bed during low water flows. The river at thlS site 1S
approxllnately 500 feet wide and lS relatively turbulent and SWlft flO\.. 
ing.

The Devi I Canyon sHe is located on the SusitnCl River 14 miles upstreClm
from the Alaskan Railroad, 140 miles nonh of Anchorage, and 160 miles
south of Fairbanks. The site is located at approximate river mile 152
(32 river ffilles downstream from the Watana site). At the Devil Canyon
site, the rive.... enters a very narrow "V "-shaped gorge about two miles
in length wlth steep walls up to 600 feet high. The darnsite is several
hundred feet downstream from the entrance of Devil Canyon. The valley
is generally asymmetrical in shape, with the north abutment sloping at
about 45° and the south abutment steeper, about 70°. The south abut
ment displays overhanging cliffs and detached blocks of rock. The
north abutment is somewhat less rugged ln the upper half, the lower
portion 1S very steep. Access at river level is very 11mited, but nar
row benches are accessible at low water levels. The SusHna RlVer in
Devil Canyon 1S approximately 150 feet wide and very turbulent. The
canyon itself is approximately 1,000 feet wide at the proposed dam
crest elevation.

1.3 - Plan of Study

(a) Objectives

The obJectlves of the Task 5 studies were to determine the surface
and subsurface geology and geotechnical conditions for the feasi
bilityof:

A large rockfi 11 dam, underground powerhouse, and associated
structures at Watana site;

A concrete dam with unde.... ground powernouse and associat~d struc
tures at Devll Canyon site;

Transmission line to connect the proposed development wHh the
existing power grid system; and

Access roads to the proposed development.

(b) Scope

The task was subdivided into a series of subtasks to meet the
overall objectives. The subtasks and their corresponding objec
tives were:

1-2
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Subtask

5.01 - Data Col1ectlon
and Review

5.02 - AlrpholO
InteT"pretat ion

5.03 - Exploratory Program
OeSlgn (1980)

5.04 - ::xploratorj Program
(1980 )

5.05 - Exploratory Program
Design (1981)

5.06 - Exploratory Program
(1981 )

1- 3

Object ives

To collect and review all eXlsllng
geological and geotechnlcal data
pertilinlng to the prOject includ
ing the access road and tranSffilS
s;on line corridors and the upper
Susitna River baSln.

Per"form airpholo interprHation
and terrain analysls of the Watana
and Devil Canyon damslte area.
resel'VOlr areas, borrow sites and
access rQad, and tranS~lSS10n lIne
corr idors. and ident ify adverse
geological features and geotechni
cal conditl0ns that could slgnifl
cantly affect the design and con
structlon of prOject structures.

Deslgn the geotEchnlcal explora
tory lnvestigation programs for
1980 for Watana and Dev11 Canyon
damsites, dam COllstructlon materl
als, and reservoir areas, and
along the access road route.

Perform lnltlal surface ana sub
surface program Tnvestigatlons at
Watan~ and Devil Canyon sltes and
reservOir areas ana access road
routes to establlsh general and
specific geological and foundation
conditions.

Design the geotechnical explora
tory investlgatlon program for
1981 for Watana and Devll Canyon
damsltes. dam constructlon materi
als and reservoir areas, and for
the selected access road and
transm!SSlon llne routes.

Complete surface and subsurface
lnvestigatlons a Watana and Devll
Canyon dams Ites, reserVOl r areas.
access roads, and transmission
1ine routes to the extent neces
sary to provide adequate data to
conflrm project feaSlbi I ity and
for submlsslon of FERC 1icense
application, currently scheduled
f ()" September 1982.



5.07 - Exploratory Program
DesI9n (1982-1984)

5.08 - Data Compilation

(c) Approach

Design of the geotechn1cal explor
atory invest1gation program for
1982 to 1984 to obtaln basic
design data for Watana dalllslte,
dam construct1on lJlaterlals, and
reservoir areas, and for the sel
ected access road and transmisslon
line routes.

Assemble al I geotechnical explora
tory data into documents suitable
for incluslon 1n relevant project
reports and l1censing documenta
t ion.

To meet the objectives of the task in an orderly and tlme1y man
ner, the geotechnical exploratory programs were divided lnto three
stages: the 1980 activities, the 1981 activit1es, and the actIvi
ties dur1ng and after 1982 (after the FERC license applIcation is
submltted). The 1980 geotechnical activities were planned to
identify and investigate in limited detail, those geological and
geotechnical conditions which had been identified by prev10us
studies that may have an effect on the feasIbility of the proJect.
These activities included Subtasks 5.01 through 5.04.

Subtas, s 5.05 through 5.08 were undertaken during 1981 and early
1982, r~spective1y. Under these act1vities, a more detailed study
was made of those geological and geotechnical conditions identI
fied during the 1980 studies as warranting further investigation.
The 1981 program also included the investigation for the access
roads and the transmission lines. These data were subsequently
inputs into other task activi ies for final presentation.

It should be noted that the findings and conclusions presented in
this report are Dased on a limited scope of geotechnical investi
gation and that more detailed investigations will be undertaken in
the subsequent phases of the project.

1.4 - Report Contents

This Geotechnical Report is presented in seven sections. A summary and
preliminary conclusions of the studies are presented in Section 2, a
review of prev10u~ work undertaken by the COE, USBR, and others is pre
sented in SectIon 3; a preliminary assessment of regional geology is in
Section 4; the scope of the 1980-61 geotechnical exploration program is
presented in Section 5, and the results of the study in Sections 6 and
7. A comprehensive bibliography of geotechmcal information for the
site area was compiled during Subtask 5.01 and is presented in Appendix
A. Detailed results of drilling, testIng, selsmic refraction surveys,
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alrphoto interpretation and reservoir lIlapplng performed durlng the pro
ject are included in Appendices B through K. Engineering slgnificance
and application of the data developed in TasK 5 and presented 1n this
report have been addressed in the Susitna Feasibility Report (1). This
study, th€refore. stands as a referenced document to that report.

1.5 - Acknowledgements

Some material presented in this report has been ob ained from reports
previously published by the USBR and others. The cooperation of the
COE 1n providlng access to records and data and oplnlons on interpreta
tion 15 gratefully acknowledged.

Drilling at the sHes was performed by The Drilling Company (TOe) and
Interstate Exploration, Inc., under the dlrect supervislon and dlrec
tlon of Acres staff and R&M Consultants, Anchorage. Alaska. Selsmic
refractlon surveys were performed by Woodward-Clyde Consultants. In
hale geophYSIcal logging work was by EDCOtl (Exploration Dala Consul
tants, Inc., of Denver, Colorado). Alrphoto interpt'"etatlon was done by
R&M Consultants, and laboratory testing by R&M and Acres.

logistical support dlrlng field activities was provided by KNIK/ADC 
Joint Venture under lts subcontract with Cook Inlet Region, (nc./Holmes
& Narver, Inc., and Acres for camp accOll1ffiodatlons, and by Ak,land Heli
copters, ERA Hellcopters, Air logistics, Inc., also under subcontract
with Acres, for personnel and equipment transportation requlrements.

The results of these activities were presented to the Acres External
Review Panel (Dr. R. Peck, Dr. S. Hendron, Mr. ~1. Copen), to the Power
Author i ty. and to the Power Aut hor i ty Revi ew Boar d i·lembers \Dr. H. Seed
and Or. A. I'ierritt) during technical meetings and discussions. Acres
is very gratt'ful for their critlcal and very objective reVlew of the
information. Thc1nks are due to f,r. l. A. Rivard for his corltnbutions
to Subtask 5.02 - Airphoto Interpretation.
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2 - SUI~1ARY AND CONCLUSIUNS

2. 1 - I nuoductl on

The fa Ilowl n9 subsect Ions present the maln flndl ngs and cone lus 1cns of
the 1980-81 geotechnical study for the Watana and Devil Canyon sItes.

2.2 - Watana Slte

I

I

I

I

I

I

I
I

I
I
I

I
I

I

(a) Resu lts of StudY

Bedrock at the damsite 1S a large granitic pluton COllslsting of
a quartz dlorite. diorite and granodiorite. An andesite por
phyry, an extrusive volcanic rock. is exposed illlmediately down
stream from the darnsite.

Where mapped and drilled. the contact between the diorite and
andesite is generally a hlghly fractur'ed. weathered, poor qual
ity rock. The contact ZOne r"anges from 2 to 15 feet I but is gen
erally less than 10 feet.

Two major and two minor joint sets were mapped at the damsite.
These are in the order of most to least pronounced: (a) strike
320°, dip near vertical; (b) strike 045°-080°, dip near vertl
cal; (c) strike 340°_030°, wlth dips between 40° east to 65°
west; and (d) strike 080° with low angles of dip.

Two pronounced sheared and hlghly fractured zones n(lmed "The
Fins" and "Fingerbuster" have been mapped immediately upstream
and dO~lnstrearn from the damslte.

Sma 11 loca 11zed fractured. sheared, and a I tered zones have been
mapped within the darnsite. These zones average up to 10 feet
wide. No evidence of recent faultiny was found.

A large ultered and sheared zone up to 300 feet wide was mapped
on the upper 1eft abutment of the mal n dam.

The riverbed is filled wlth alluvlum conslstlng of gravels,
cobbles, and boulders in a matrix of sand and silty "and ranging
from 40 to 80 feet, and may exceed 100 feet in depth in places.

Overburden thickness at the damsite is generally shallow ranging
from 50 to 60 feet on the upper abutment to 0 on the steeper
rock slopes. Overburden generally conSlsts of glacially derived
silts. sands. and boulders and talus.
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Rock quality at the damsite is good to excellent \'lith average
rock quality designations (RODs) ranging from 75 to gO percent.
Below the upper 20 to 40 feet of weathered ruck, rock qual ity
tends to improve.

RoCk strengths are high with an average unconfined co 'oreSSlve
strength greater than 20,000 psi.

The rock mags has, in general, a low permeabillty with an aver
age of 10- em/sec below the weathered zones. Higher perrn
eabilities are found in the more highly fractured and sheared
zones.

Groundwater at he damsite is a subdued replica of the topo
graphy. Groundwater table on the right abutment 1S deep, on the
average of ltD to 280 feet. Groundwater conditions on the left
abutment are complicated by the apparent deep and continuous
permafrost. A per,;hed groundwater table exists on top of the
permafrost. Artesian contiitions were encountered at depth on
this abutment within the thick alteration zone beneath the perm
afrost.

Permafrost appears to be cont inuous in the bedrock throughout
the left abutment, reaching a depth of 200 to 300 feet. Al
though no permafrost was encountered on the r 19ht abutment.
local ized sporadic permafrost may be present.

A relict channel exists on the right abutment extending from
Deadman Creek to Tsusena CreeL-.. The thalweg reaches Elevation
1,800 (400 feet below maximum pool elevation). The width of the
relict channel at the upstream face is about 15,000 feet. In
vestigations in and adjacent to the channel show that it is
filled with a sequence of alluvi~l materials over1aln by a se
quence of glaciofluvial sllts, sands and clays. The average
hydraulic gradient through the channel at maX1murn reserVOlr
level is estimated to be approximately 10 percent. The perrne
abilities within the channel are variable with hlgh I>ermeubili
ties in the coarser bouldery strata and lower perrneabilities in
the river silts. clays. and lacustrine deposits. Perched water
tables. aquicludes and localized permafrost exist throughout the
channel.

Bedrock surface drops below the maximum pool elevation on the
left bank appro"irnately 2 miles upstream from the darnsite in the
area of Fog Lake's. Based on seismic velocity measurements, bed
rock was estimaed to be below reservoir level over a distance of
approximately 9,500 feet. The nearest drainage from this area
is Fog Cref'Ic., a distance of 5 miles southwest from the reser
voir.
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The rlverbed 15 filled with alluvium consisting of gravels. cob
bles, and boulders in a matrix of sand and SIlty sand ranying
from 40 to 80 feet. and may exceed 100 feet in depth in places.

Ten potential bOrrow and quarry sites were ldentlfied for poten
tial construction material. Several of these sHes, WhlCh had
been delineated in prevlous studies, were eliminated from fur
ther consideration because of lengthy haul dlstances. more
locally available material, or insufficient volume. Those 51 es
considered as pr'lrnary borrow and quarry SOurces are:

Rock f111 - tJuarry Site A;
Imperv~ous and semi-pervious materlal - Borrow Sites 0 and It;
Pervious material - Borrow Sites E and 1; and
Construction gravel and f111 - Borr"ow STte F.

Areas of existing and potential slope instablllty and erosion,
as well as areas of permafrost were delineated wlthin the Watana
reservoir.

(b) Concluslons

Based on these findlngs, the following concluslons regardlny the
Watana site can be made;

No geologlc or geotechnical condltions were found to affect the
feasibility of an embank,nent dam at the site.

The significant geologic features "The Fins" and "Flngerbuster"
are considered unsuitable rock for construction of surface and
underground facilTties and should be avoided if at all pos
sib Ie"

Subsurface exp 1orat ion at the dams lte shows that rock qua 1i ty on
he right abutment is SUTtable for the construction of large

underground facilitles. localized sheared, fractured, and
altered zones are likely to be encountered during underground
excavation; however, It is considered that these features are of
l1mited extent and could be handled by conventlonal construction
procedures.

There is an altered and fractured zone on the left abutment
downstream from the main dam. Any structure sited on this zone
would incur high costs for excavatIon and treatment.

Although localized zones of sheared and fractured rock were en
countered in all borings, no evidence of major faultlng was
found in either th~ riverbed or within the damsite area.
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Further investigations of the material within the relict channel
will be required to accurately define its properties, strati
graphy, perrneability, and extent of perrnafrost for the purpose
of assesslng potential reservoir seepage and behavior under
earthquake condltions.

Suitable types and adequate amounts of borrow and quarry materi
al were found near the damsite.

Although local slumps and landslides will probably occur in many
areas of the reservoir, there appear to be no potentially large
landslides which might pose a threat to the dam.

2.3 Devil Canyon

(a) Results of Study

The following geologic and geotechnical conditions have been iden
tified at the Devil Canyon site:

The proposed damsite is underlain by a metamorphic argillite and
graywacke rock.

The bedrock has been intruded by a serles of maflc and felSlc
dikes WhlCh crosscut the damSlle. The contacts of the dIkes
wi th the host rock are we 1ded with some secondary I oca 11 zed
shearIng or fracturing occurring at or near the contact.

Two major and two minor Joint sets have been mapped in the dam
site area. These are, in the order of most to least pronounced:
(a) strike 340°, dip near vertical; (b) str'ike 020" to 100", dip
from 55° southeast to 75" north; (c) strike 060" to 080 0

, dip to
northwest; and (d) strike northeast to east wlth low angle dlpS.
Average joint spacing for the most prominent set 1S 1. 5 to 2
feet.

Loca11zed sheared and fractured zones rangi ng from 1 to 3 feet
wide have been mapped at the damsite.

A highly sheared and fractured zone was found to parallel the
ri ver beneath the proposed saddle dam on the left abutment. A
boring through this feature encountered breccia and gouge up to
3 feet wide. The east-west extent of this feature could not be
accurately determined; however, based on surface topography, it
is estimated to be no greater than 1,500 feet 1011g.

Stress re1 ief joints were mapped up to 100 feet back from the
damSlte gorge walls on the left abutment.
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A marked drop off in bedrock elevation was noted in previous in
vestigations along the eastern portlon of Borrow S1te G approxi
matelj 1,000 feet upstream frOOl the damslte. Land access res
triction~ imposed during this study prohiblted any further in
vestigatIon at this feature. Work. however, performed in proxi
mity to this al"ea showed no compelllng evidence for this feature
to be a fault.

I~inor fractures and shear zones \</ere encountered in several of
the boreho 1es in the river; however. these were 1iml ted ; n ex
tent and could not be correlated between borings. No indication
was found of faulting beneath the rive... or of recent faulting
anywhere at the damsite.

Rock quality at the darnsite was good to excellent with an over
all RlID greater than 80 percent.

Rock strengths are high, averaging approximately 20,000 psi.

Based on prelimlnary data, groundwater levels appear to be vari
able across the site. principally controlled by the deg--=e of
fracturing within the rock mass. Readings in boreholes and pie
zometers show water level s range fran near surface a:>ove the
break in slope to as deep as 120 feet on the north abutment.

I

I

ROCk
JO-6
more

permeabilities are low. ranging from
em/sec with the lower permeabilities

highly fractured and sheared lones.

I x 10-4
occurri ng

to 1 x
in the

I

I

I

I

I

I

I

I

No permafrost was found in the main damsite area.

Borrow Slte G, located approximately 1,000 feet upstream from
the damsite. has been identlfled as the principal source for
concrete aggregate and fIll material. Quarry Site K, located on
the left bank. downstrea1ll from the damsite, has been ldentifled
as the principal source for rockf;ll; and Borrow Slte 0, adJa
cent to the Hatana site, has been identified as the principal
source for impervious and semi-pervious material.

(b) Conclusions

Based on these findings, the following conclusions have been made
regarding the Devil Canyon site:

No geologic or geotechnical conditions were found at the Devil
Canyon damsite "hat would adversely affect feasibi 1ity fa:" the
construction of 3 concrete arch dam.
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Rock quality was considered suitable for the construction of
underground power facilities. including a powerhouse and related
structures.

loca I i zed sheared and fractured rock is 11ke ly to be encountered
during underground excavation; it is considered that these fea
tures are of limlted extent and could be handled by conventional
construction procedures.

Suitable types and quantities of borrow material have been iden
tifled for this study for dam construction.

The abrupt drop-off in bedrock east of the damslte beneath Bor
row Site G. as well as th~ shear and fracture zones beneath the
saddle dams. will require additional investigation in subsequent
phases of study. However. these features are not expected to
have an impact on site fecsibility.

Although no permafrost was found during explorations. sporadic
permafrost may exist at the site.

There are no known areas that could result in significant leak
age or slope instability in the reservoir.

2-6



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

3 - REVIEW OF PREVIOUS ItVESTIGATIONS

3.1 - Introduction

The development of the Susitna Hydroelectric Project has been studied
by several federal and private agenCIes 1n the last 30 years. However,
it was not until the late 19505 that any geotechmcal lnvestigd110nS
were conducted.

Between June 1957 and August 1958. r ~. USSR performerl geologic map~lng

and drilling investigations at the Devl1 Canyon site and limited geo
10g1e mapping at the Watana site (51).

Subsequently. during the 19705, the CDE performed dddltlonal investlga
llons at both sites. These included seismic refraction surveys at
Devil Canyon, and detailed geologic mapping, seismic refraction suney.
diamond dnd auger drilling, and material testing at the damsite and po
tential borrow sites at Watana.

This report briefly discusses the finding:; of these investigations as
documented by the USSR and COE. These reports, Ilhich are identified in
the bibliography (Appendix A), are available from the Power Authority
and Acres for reference.

3.2 - Watana

The preliminary reconnaissance work by the USSR in the 1950s was e'(
panded during the 1970s by the COE investigations of the damsite.
reservoir, and potential borrow sites. The location and extent of the
investigations in the main dam area are shown in Figure 5.1. U<;.tailed
investigations in the borrow sites are presented in Section 6.3.

In 1975. a total of 2'2,500 linear feet of seismic refraction surveys
was performed by Dames g Moore (12) for the COE 1n their inlt1al feasl
bility report. This was expanded by Shannon & Wilson (39) in 197~ with
an additional 47,665 feet of survey. ThlS work served to support the
results of the drilling and mapping programs (Figure 5.1).

During the 1978 season, the sHe was explored with 28 dlamond and ro
tary drill holes (both vertical and inclined) ranging from 30 to 600
feet in length (Table 3.1). Six of the diamond drill holes were locat
ed in the river bottom and reached a maximum of 520 feH into rock..
Five borings were drilled on the left abutment and six on the right,
reaching a maximum depth of 300 feet or an elevatlon of 1560. On the
right bank, eleven boreholes were located in what was identified as a
deep. relict chan~el to aetermine the thickness and characteristics of
the Ilverburden. the depth of the water table, and the permafrost condi
tions. These boreholes were al~o designed to obtain samples of poten
tial borrow materials and to evaluate bedrock depth to control spi Ilway
location.
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A total of six potential quarry and borrow sites were identifled for
construction material. Of thrse, four borrow sites were explored wlth
27 back-hoed test pits and 24 auger borings (Tables 3.2 to 3.3). These
areas included Borrow Site 0 on the right abutment, Borrow Slle E lo
cated approximately 15,000 feet downstream from the dam. and Borrow
Site F located on Tsusena Creek three mjles upstream froUl its conflu
ence with the Susitna River (Section 6.3).

Geologic mapping was conducter in the damsite area to delineate major
structural features.

A 1imi ted I abora tory tes t i ng program was conducted on potent i a1 borrow
material from the various borrow sites to establish the indexes and
engineering characteristics of the borrow materials. These tests in
cluded determination of grain size distribution, permeability, t'laxial
shear tests, Modified Proctor compaction tests, concrete aggregate
tests, and petrographic analyses (46,48).

The COE also installed a series of ten open-well piezometers and thIr
teen temperature-l~ggingcasings in boreholes.

3.3 - Devil Canyon

The bulk of the previous gP'Jtechnical investlgat ion for Devl1 Canyon
was performed by the USSR between June 1957 and August 1958 (51) as
shown in Figures 5.2 and 7.22. A total of 21 diamond drill borings
were drilled in the damsite area. SlX holes, drliled to depth of 5U to
110 feet were located on the left abutment. Four holes were drll1ed
near the dam axis on the upper abutment to a maximum depth of 150 feet.
The remaining 12 boreholes were drilled along the riverbed (Table
3.4) •

Fourteen test pits were dug in the alluvial fan and terrace deposlts
immediately upstream from the dam axis (Table 3.5).

Four rock benches were excavated on the dam abutments to def i ne rock
conditions.

Laboratory tests, including gradatlon determinations and lJetroyraphic
analysis. were conducted on samples of the borrow site materials to
determine their suHabi llty for use as concrete aggregate. Representa
tive rock samples from the abutments were examined petrographically to
determi ne mi nera logy and tested to determi ne COlnpress i ve strength,
elasticity, absorption, and porosity of the foundation material.

During 1978, Shannon & Wilson (39), under COE contract, ran three seis
mic refraction lines totalling 3,300 feet in the borrow site and along
the proposed saddle dam to expand the drill1ng informatIon (Figures 5.2
and 7.22). This survey, along with sampling of the alluvial fan mater
ial, was the only work COE performed at the site during their 1978-1979
investigation.
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I
I 3.4 - ConcluS10nS

The investigations conducted by the COE dnd USBR were the
ed efforts to establ ish the feasibi 1 ity of the project.
mary of their investigation is stated below:

(a) Watana

first detdl1
A brief sum-

•
•
•
•
I

•
a

I
I
I
a

I
I
I

Based on the COE wo..-k, the Watana site was found suitable for an
earthfilled dam. The following is a brief summary of the COE's
findings and conclusions relative to the site geotechnical condi
tions:

(1) The river valley is filled with alluvium consisting of
gravels. cobbles. and boulders in a matrix of sand or silty
sand ranglng in depth from 40 to 80 feet thick. and may be
exceeding 100 feet in places. Overburden on the valley
slopes ranges from a to 60 feet thick with an average of 10
to 20 feet.

(2) UndeJ"lying bedrock 1S fresh, hard-to-very hard diorite, gran
odiorite, and quartz diorite with local andesite porphyry
dikes and more widely scattered minor felsite dikes.

(3) Fractures are closely spaced on the surface becoming more
widely spaced with depth. Deep fractures are generally heal
ed.

{4} The prorn1nent jointing and Shearing direction is northwest
trending with steep dips. Many fractures have thin clay
gouge seams and sl icl'ensides.

(5) No major fault or slgnlficant chan~e in material was found
beneath the river.

(6) Andesite porphyry, an extruSlve roc~, was mapped slightly
downstream from the damsi te on the left abutment. The con-
tact between this rock and the diod te was not defi ned.

(7) Two prominent shear zones named "The Fins" and "Flngerbuster"
were mapped as exposures in the damsite area. Both of these
zones trend northwest with strikes from 3000 to 3200 and dip
between 70 0 to 90° southwest and northeast.

(8) A relict channel was found on the right abutment upstream
from the damslte. Material in the channel consists of a mix
ture of glacial tills, glaciofluvial and lacustrine deposits,
reaching a depth greater than 450 feet deep at its deepest
known po i nto
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Devil Canyon

(6) Large detached block s of rock up to 25 feet by 50 feet were
observed on the left abutment.

(l3) Two potential quarry sHes were identified as sources of
rockfill. riprap, and coarse filter materials. The rock in
both sites was classified as diorlte and of good qualHy.

(4) r~o permafrost was fauna at the damS1te.

(5) Shearing was found both normal and pardllel to the canyon rlm
on the south abutment.

I
I
I
I
I
I
I
I

I

the sHe 1S an argillite with occasional beds of
The rock 1S hard and brittle and contains numer

stringers.

Bedrock at
graywacke.
ous quartz

(2) Stratigraphy strikes approximately east-west wHh a dip of
45° to 750 south. Three Joint sets were defined with t"e
master set strik ing approximately 335 Q and dipping frolll 75°
east to vertical. Juint spacing ranges about 4 to 5 feet
apart.

(3) Several well-developed shears or fault lanes occur on both
sides of the river and strike generally 3350 and dip 800

northeast to vertical.

(11) Geology within the reservoir is complex and consists of vari
able thicknesses of 5urflclal tills; glaciofluvial outwash,
lacustrine material; and alluvium overlying igneous and meta
morphic rocks. schists, volcanics. and granites.

(9) Deep permafrost was found on the left dbutment.

(lO) Permafrost in the relict channel, although found within one
foot of the surface, is expected to be confined to a rela
tively shallow layer.

(1 )

(l2) Potentially suitable borrow material was found near the dam
site. Material from Borrow Site 0 on the f"ight abutment was
claSSified as semi-pervious to impervious core material.
Material from Borrow Site E from the alluvial deposit down
stream (rOtn the dam axis was identified as a potential source
for clean aggregate and ti Iter material.

The previous investigations suggested that the Devil Canyon site
would be feasible for the construction of a high concrete gravity
or thin arch dam with an underground powerhouse. A brief summary
of the geotechnical conditlons found by the USBR and COE are high
llghted below.

(b)

•
•
~

I
I
I
I
I
I
I
I

I
I
I

I

I
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(7) A deep, bUlled channel was found striking approximately east
west bene,lth the lake-fi lIed depresslon on the south abut
ment. Th s depression may be underlain by a fault or shear
lone.

(8) River al1ul1um and water depth appears to be approximately 85
feet deep ct the site.

(9) No faulting was found beneath the river.

(10) Rock conditions were considered suitable for underground ex
cavations.

(11) The alluvial fan upstream from the site Wd':l found to contain
acceptable borrow material for concrete agyregate.

(12) Seismic ref... action shows an unexplained steep slope of the
bedrock surface beneath the alluvial fan. This drop-off
occurs over a horizontal distance of approximately 500 feet.
This depth to bedrock increases (from west to east) from 100
feet to 350 feet.
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TABLE '.1: SUMMARY or PREVIOUS INveSTIGATIONS - WAIANA DAHSII(

Dc~~~a(rt}
ueplll ~o erllll8 or Iczome tlr

Hole Surroce 0') Az lmuth Bedrock (ft) Dllte I ~~ler, Ley~ L
Number Elevallon (" (. ) (DownhoJc) (Do....nhole) Or i lied I,", Read Inn Oat es I,", Readilln Dates (Verl 11:01 )(ft)

DH_l 14<'8.6 0 -- 122.8 4). B J126/7tJ
DH-Z 1461.4 0 -- 29.0 -- '12'178
DH-J 14~8. ') • -- 174. ) 77.6 40/78
011-4 1462.4 • -- 122.9 77.7 4/17/78
OH -~ 1462. , • -- 176.9 ')9.6 4/1f1/78
OH_f, 171S. S 0 -- 149.S J,> 4/28/78
Dtl- f 1716.0 " 210 12Z.2 .., S/6/78
DH-' 1910. J 0 -- lSD.a 16.2 S/21/71J
DH-' 190,0 " .43 2R l.a ", 'J/ JO/78
011-10 lO'L2 0 -- 20J. S 19.6 S/8/18
OH-II 20B.6 " DJ2 }QQ. 0 22.7 S/22/78
OH-12 I~SO.9 0 -- JOI. 1 ", 6/11/78 , 7/'1/78

8/10/78
if JUIBO

011-21 1478. , 57.6 DO}, ? 603.1 84. S 7/ J/7B , 11/29/78

OH-2} 19')1. '.l " :211. , 119.1 7,. 1/7/18 , 7/ JO/78
8/10/78
B/H/78
10/26/76
11/29/78

DH-Z4 2061.4 • -- lJ9.9 , ,9 112~/78
, 8/10/78

8/2J/78
8/26/78
II/JO/78
7/ '0/80
12/16/81

011-2; 2044.9 " U4J 79.9 -- 8/8/78 , 7/ '0/60

011-28 1971.0 • -- 12;.2 ',2 8/17/78 , 10/211/76
11/29/78

Dt1=OrLllhole
1 = lhormlstor probo - fluid-fi lied 9tOlldpiPO

References (4;) and (41)
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IABLe 3.2: SUMMARY or PREVIOUS IN\~SI IGAIIONS - BOQROW SII[ 0 - WA1ANA

o ':. Bc~~~~ (~tl
armiS or lezo "Hole Surface Depth (ft) DoLe tf~I:l(llnCJ l1~aalnfl ~oter Leve~y~1

Nullber neval Ion (Dmmhole) (Downhole) Or died 1,0' Datell I ,De Dales (Vertical Deeth)

1978 0.0 - 2.0
API 2201.6 l~.O -- 6/1 ~/78 51' 214/7li 4.2

0.0
AP2 2199.0 11.0 -- 6/20/7ll SP 1918 rrol;cn all. 2
Ae> 2280.2 18.0 -- 6/20/78 2/4/82
AP' 2140.0 '" -- 6/21/78
APS 2201.4 27.S -- 6/21/76
AeG 221J.6 27.0 -- 6/21/78
AP7 2279. , 7.0 -- 6/21/78

APS 224~. 7 56. J - 6/Z}/78 I 191H
12/16/111

AP9 229".8 18.0 -- f../2'/78 , 1978
12/16/111

APIO 2HZ.a 15.0 -- 6/23/78
API1 2'08.9 2,),0 -- 6/Z8/78
APIZ VOl.9 14.1 -- 6/28/78
APl.S ZIDS.8 22.0 -- 6!26/7li
AP14 2J06.7 11.0 -- 6/ZA/711
AP,., 2J07.7 9.5 -- 6/28/78
AP16 2313 • ., J. , -- 6/1 j/78
API7 2408.1 12. c;. -- 6/ 13/78
APia 2)72.4 16.0 -- 6/U/76
AP19 2J15.1 19. } -- bIU/7B
APlO 2)5J." 17 .0 -- 6/1"/76
AP21 2H9.8 1'1. } -- 6/1~/78

AP22 n07.1 n." -- 6/1J/78
AP2} 2261.~ 9. , -- 6/1~/78

AP24 226~.9 1~.0 -- 6/1~/7l:1

lP6 2292 .0 7.• -- 6/16/78
!P9 2J4J.0 10.0 -- 8/1 ~/78

lPl0 2)26.0 10.6 -- 8/21/78
IP11 2270.0 '.2 -- 8/18/78
IP12 2JJ4.0 n. ~ -- 8/2I/7H
TPlJ 2JJO.0 10.0 -- 8/22/78
lP 14 2286.0 '.0 -- 8/17/76
TP1~ 22JJ.0 7.0 -- 6/19/78
IP16 22S~.0 10. ~ -- 8/16/78
lP17 22..1.0 7.0 -- 8/18/76
1P18 2211.0 lJ.1 -- 8/19/78
lPI9 2J02.0 1.5.7 -- 8/21/78
TP20 226~.0 13.2 -- 8/21/78
TP21 2229.0 12.0 -- 8/2J/78
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TABl( j.J: SlI*IARY Cf PREVIOUS 1\V[SI,GAtlo\S
BORROW SiTES E. r &C _ WAIA~

Ilole Surface o ':. Be~~~~kLIe ft ) DateDepth (ft)
'-untler Elevation {Oownhole} (Downhole) (xcavated

Borro... Site (:

IP1 1420.0 B.O -- 6/21/78
1P2 141~.O '.2 -- 6/24/78
Ie> 14}).O '.0 -- '1/2)/78
IP j.\ 14'6.0 >.2 -- 712)/78
Ie. 1442.0 '.2 -- 7/26/78

'" 14».0 B.2 -- 7/28/78

BorrOlo< Slle r,
IP, 2110.0 '.7 -- 6/29/78
IP22 2174.0 H.O -- 8/24/76
IPH 2160.0 14.0 -- 812)/78
11'24 ZZ4S.0 ,., -- e!ZS/78
IPn 2190.0 7.' -- 812)/78
11'2" 2H2.0 D. S -- 8/2)/76

Borrow 5 itc C:

IP7 2)90.0 '.0 -- 6/n/78

II' = fest I'll

References (450) and (47)



TARt!: J.2 (Cant 'd)

OU,! Llelllll ~o enlll5 or lelOll'l' er
Hole 5IJrfoctl Depth (ft) Bedrock (fl) Date R~adlnlJ R~odm9 Wall"rll"vcl {fl?

Nuntler Elevot Ion (Dol«1hoie) (Downhole) Dr !lIed I.~ Oates ,.- Dot. es (Vert Ical Oe~th)

OR1J 2J21.4 84.0 -- 4/11/16
DR14 2JJ9.6 1~ .0 -- 4/2'>/78 , 12/16/71 1971J 11\.0 _ }(l.a

1/4/82
DR1'> 22<J4.0 316. '> 206.0 4/21/78
OR16 2099.4 91, '> 67. a :i/>I/11l 1978 D.n - 10.0
OR11 2167.0 J~ .1 '.0 6/6/71l 1978 u. a _ '>.0

2/4/82 14.2
OR18 2172.0 248.} 2J1. 0 6/9/78 , 1/ >U/80 5P 1918 4.0 - 20.0

12/16/81 2/4/82 JI).4
2/4/82

OR19 21'>1.11 llJ. } '>'>.0 6/29/78 , 11 >0/80 5P l'nll 2.0 - 6.0
12/16/81 2/4/82 1"6
2/11/82

OR20 2201. J 2'>2. " l10.0 ,>/11/18 5P 1978 27.0 - 40.0
2/4/82 n.7

OR22 2229.1 4'H.6 4')4.0 71'>/18 , 1'118 5P 1978 19'>.0 - 200.0
7/ JO/BO
12/ 16/111
2/4/82 2/4/82 "21LO

DR26 2294.7 94.8 -- 8/9/76 I 19711 ~, 1918 0.0 _ 1'.0
12/1 '>/81 2/4/IlZ 2J.7
2/11/82

DR27 2J21.6 44.0 -- 8/1 }/111

AP : Auger probe
IP : lest pit
DR : Rolary drilled hole
SP StandpIpe

References (4'» aJ)(j (47)
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TABL[ S.': SUMMARY [J" PR(VIOUS INV(sr[GA'I(J~5

BORROW S(T(S [, r 4- C _ WArMIA

Oep~~a~ fl)
_Uli!pln to

Hole Surface Bedro<:k (ft) 0."
r..ullber [leI/at 100 (Downhole 1 (Downhole) (ltcal/ated

Borrow Sile £:

!PI 1420.0 8.0 .- 6/21/78
JP1 141~.O 9.1 -- 6/24/78

'" 14J~.O '.0 .- 9/2')/78
IP SA 14J6.0 '.2 -- 7/2')/78
lP4 1442.0 9.2 -- 7/26178
JP, 14')').0 8.2 .- 7/28/78

Borrow Sile f:

IP. 2110.0 ", -- 6/29/78
IPZ2 2174.0 1J.0 -- 8/24/78
IPV 2160.0 14.0 -- 8/2')/78
11'24 2245.0 ••• .- B/2'j/78
11'2') 2190.0 7.4 -- 8/2')/78
TP26 22'2.0 1,. 'j -- 8/2')/78

Borrow Site C:

IP7 ZJ90.0 4.0 .- 6/23/78

II' : lest Pit

ReferellCes (liS) and (47)



TABLE 3.4: SlJolHARY Of PR[VlOOS I~V(SnCAIlD"S - DEVIL CANYO"l DAMSIT[

Hoi. SurfllCe
ot Ill,

Be~~~~kl: fl) DateDepth . ft )
NU!lber Eleyat Ion Din (.) As._lllh (e) (do....hole) (Oowmole) Drilled

DAMSIT[;

[)H-l 1419.7 "' 157. 0; 117. , 0.0 6/4,'';,7
Dtl-} 1381.1 0 -- Trenched -- --
DIl-4 U15.7 0 -- 52.0; 24.7 9/10/')7
011-5 1373.9 0 -- 86.7. 5'1. OJ 1/2';,/';7
011-6 1HO. 1 0 -- lD7. J 86.9 6/10/0;7
OH-7 1)76.6 0 -- 59. , JJ. 9 8/27/<'>7
01<-' 1446. 1 JO ", 1500.4 0.0 6120/57
OH.9 IAZlI. I ., )60 87.0 C.O 7/8/':17
00-10 1425.1 " "', 121. 7 0.0 7/1 l/S7
00-11 893. OJ ., ", JO.' 0.0 7/30/S7
OH-llA S'H." ., ,,, 29.1 0.0 8/0./0;7
00-116 893. OJ "

,,, H.9 0.0 a/8tH
DtI-11C 892.7 " ", 150.1 0.0 a!D/57
DH-12 -- 60 ", 121. S 0.0 9/16/'>7
DH_12A 690.0 " 04' 149.3 0.0 10/1/57
DH-IJ 912. j "' 162 lJ7.0 0.0 7/22/57
DH-IJA 912.0 J7 162 80.7 0.0 812/58
OH_14 90J. I .,

'" 50.0 0.0 6/'>/58
DH_1AA 903.0 " '" 1'0.4 0.0 6/10/58
OH-I48 901. ') 60 '" 146.2 0.0 6/12/58
DH-14C 902.8 " 171 82.0 0.0 6/25/';S
00-1'; 1J29.1 0 -- 68. , 47.6 9 "14/57

51 1J40.0 -- .- -- -- 1958
52 1230.0 -. -- -- -- 1958
SJ 1315.0 -- -- -- 0.0 1958
54 1060.0 -- -- -- 0.0 1958

References (28, 29 and 51)
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lABt[ J.~: SUI+4ilRYor PREVIOUS INV(STlCATlO!-.S _ BORROW Slit G - [)(VIL (A'-iYON

lest P ., Surrace Total Depth
"!p<o '?

Dot.Bedrock
Nuatler (levlll Uln (Downhole) (ft) (Dowdlo}e) (fl ) [llc8V8led

!P6 -- 22. :> -- 19)8
1P7 -- -- -- --
TP: 7 -- -- -- --
IPIB -- -- -- --
TP19 -- S8.1 -- 19:>8
TP20 -- -- -- --
TP21 -- '0.0 -- 19)8
TP22 -- -- -- --
TPlj -- -- -- --
TPl4 -- -- -- --
TPZ) -- -- -- --
fP26 -- -- -- --
TP21 -- -- -- --
iP9J -- -- -- --
TP94 -- IS.0 -- 19:>8

~T(S:

-.0 data ...ere available for !Pl, IPl7, TPI8. IP20, IPZ2-IP27, ~d the two
unnUllbered lest pItS.

References (28. 29, and )1)
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4 - REGIONAL GEOLOGY

4.1 - Introductlon

The Devil Canyon and Watana damSlres 11e in the Susana River basin
within the Talkeetna Mountains of south-central Alaska. The regional
stratigraphy, structure, and glacial history are briefly discussed in
this ~cct~vn. A more detailed discu~slon of speclfic regional tecton
ics is presented in the Woodward-Clyde Consultants' report (58).

The geologic setting of the Talkeetna l~ountalns and the adjacent SuSlt
nil River basin has been interpreted as an enormous tectonic mosaic COlll
posed of separate continental structural blocks and fragments that
accreted to the North Ame";can plate during f1eSOlOic time P.ll.25.27,
38). The exact number of these blocks is unknown; howeve,', geologlc
and geophy sica I ev i dence sugges t tha t the block s moved northward a con
siderable dlstance prior to collision with the North American plate
(22.33,42). ThlS geologic history is reflected by the highly cOll~lex

structure and stratlgraphy found throughout the region.

4.2 - Stratigraphy

The oldest rocks which outcrop in the region are a metamorphosed upper
Paleozoic (Table 4.1) rock sequence which trends northeastward alony
the eastern portion of the Susitna River basin (Figure 4.1). These
rocks consist chiefly of coarse to fine grained clastic flows and tuffs
of basaltic to andesitic composition. locally containing marble inter
beds (8). This system of rocks is unconformably overlain by Triasslc
and Jurassic metavolcanic and sedimentary rocks, These rocks consist
of a shallow marine sequence of metabasal: flows, Interbedded with
chert, argillite, marble, and volcaniclastlc rocks. These are best
expressed in the project area around Watana and Portage Creeks. The
Paleozoic and lower Mesozoic rocks are intruded by Jurassic plutonic
roc'<.s composed chiefly of granodiorite and quartz diorite. The Jura:;
sic age intrus1ve rocks form a batholahic complex of the Talkeetna
~iuuntains (8).

The upl itt of the Talkeetna Mountains and subsequent rapid erosion
associated with this plutonic event, resulted 1n the depositlon of a
thick turbidite sequence of argillite and graywackes durlng the Creta
ceous. These rocks underl ie a large part of the project area and form
the bedrock at the Devil Canyon site (10). These rocks were subse
quently deformed and intruded by a series of Tertiary age plUtOOlC
rocks ranging in composition from granite to diorite in composition and
includes related felsic and mafic volcanic extrusive rocks, The Watana
sIte is underlain by one of these large plutonic bodies, which appears
to comprise the southern limit of the diorite pluton which predominates
along upper Tsusena Creek (6). These plutons were subsequently in
truded and overlain by felsic and mafic volcanics. MaflC volcanics,
composed of andesite porphyry lie downstream from the Watana site.

4-1



4.3 - Tectonic History

At least three major episodes of deformation are recognized (10) for
the project area:

A period of intense metamorphism. plutonism. and uplift in the Juras
sic;
A s iml1 ar orogeny dur i ng the rni dd 1e to 1ate Cretaceous; and
A period of extensive uplift and denudation in the middle Tertiary to
Quaternary.

The first period (early to middle Jurasslc) was the first major orogen
ic event in the Susitna River basin as it now exists. It was charac
terized by the intrusion of plutons and accompanled by crustal uplift
and regional metamorphism.

Most of the structural features in the region are the result of the
Cretaceous orogeny associated with the accretion of northwest driftin9
continental blocks into the North American plate. This plate conver
gence resulted in complex thrust faulting and folding which produced
the pronounced northeast/southwest str"uctural grain across the region.
The arg1llite and graywacke beds in the Devil Canyon area were isoclin
a:ly folded along northwest-trending folds durll,g this orogeny. The
majority of the structural features, of which the Talkeetna Thrust
fault is the most prominent in the Talkeetna 110untains. are a conse
quence of this orogeny. The Talkeetna Thurst is postulated as repre
senting an old suture zone, involving the thrusting of Paleozoic. Tri
assic and Jurassic rocks over the Cretaceous sedimentary rocks (10,11,
20,26,38). Other compressional structures related to thi$ orogeny are
evident in the intense shear zones roughly parallel to and southeast of
the Talkeetna Thrust.

Tertiary deformations are evidenced by a complex system of normal,
obl ique sl ip, and high-angle reverse faults. Two prominent tectonic
features of this period bracket the basin area. The Denali fault. a
right-lateral, strike-slip fault 25 ml1es north of the Susitna River,
exhibits evidence of fault displacement during ~enozoic time (9). The
Castle 1'10untain-Caribou fault system. which borders the Talkeetna 110un
tains approximately 70 miles southeast of the sites. 1S a normal fault
which has had fault displacement during the Holocene (l8).

4.4 - Glacial History

A period of cyclic c.limatic cooling during the Quaternary resulted in
repeated glaciation of southern Alaska. little information 15 avail
able regarding the glacial history in the upper Susitna River basin.
Unlike the north side of the Alaska Range. which is characterized by
alpine type glaciation, the Susitna basin experienced coalescing pied
mont glaciers from both the Alaska Range and the Talkeetna l0\0untains
that merged and filled the upper basin area.
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At least three periods of glacldtion have been dellneated for the
region based on the glacial stratigraphy (30.34). During the most
recent period (late Wisconsinian), glaciers filled the adjoli11ng low
land basins and spread onto the continental shelf (30). Waning of the
ice masses from the Alask.a Range and Talkeetna Mountains formea ice
barriers which blocked the drainage of glacial meltwater and produced
proglaclal lakes. As a consequence of this repeated glaciation, the
Susitna and Copper River basins are covered by varying thicknesses of
t1 lIs and lacustrine deposits.
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TABLe 4.1: GEOLOGIC liME SCALE

K '
(RA P(RIOO EPOCH GLACIAl ION ~~~S"ACO

!).Iaternary Holocene
II'lsconsinHln

PIe lstocene 11 I InoHlll
Kansan
Nebrasklln .. 8

Cenololc Pliocene
Miocene

lert 18ry Oligocene
Eocene
Paleocene '0

Cretaceous
MeSOZOIC JurasSIC

TriaSSiC 230

Permian
Penngyl~3nlan

MiSSissippian
Puleozou:: Devonian

Silurian
OrdOVICian

Carin Ul" 600

Preclllltlr lin

Reference {S4)
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5 - SCOPE OF GEOTECHNICAL INVESTIGATION

5.1 - Introductlon

The overall geotechnical lnvestigatlon program for the Watana and Devll
Canyon sltes was deslgned to determine teChnlcal feaSlbillty of the
sites for develo~ent of hydroelectrlc facllltles.

The prinCIpal objectives of the 1980-81 lnvestigatlon were to:

Determlne the suitability of the bedrock for excavatlng underground
structures which Include penstocks, powerhou-;e. tal!race, and diver
SIon tunnels.

DeterLllne foundatIon condItions ln the damslte areas. Speclflcally,
to determlne sOlI type and depth, thlckness of weat.hered rock, rock
permeablllty, groundwater reglme and extent of permafrost;

Define and lnvestigate specifIc geologic structural features to In
clude faults, shear and fractured zones, alteratIon zones, and
joints,

Determlne th·! availability of the requlred quantities of sunable
constructior materials for the dams and related faCllltleS; and

Examine U'e stabi11ty of the reserVOlr slopes during filling and
operating the reserVOlr.

The scope developed to meet these objectives was based on:

DiscuSSlons wlth Indlvlduals involved In previous studies;
Detailed review of all previous data; and
Information developed duril,g the course of thlS study.

The englneenng appllcation of the data collected dUrlng thlS lnveStl
gatlon was applied to he design phase of the prOject ln Task 6 and is
IJresented in the Feaslbility Repor (I).

The details of th~ program for each SltP. are discussed ln Sections 6
and 7.

5.2 - Geologic Mappl"gI
I
I
I
I

(a ) Oamsites

A geolog1c mapping program was undertaken to defIne he 11thOlogy
and structure of the darnsHes and reservOlrs. All the geologIc
data obtaIned in previous studies were used to supplement the data
co.l ected dUr! n9 the 1980-81 program.

5-1
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The Acres geologic mapping program was performed 10 three phases:
1980 summer, 1980/81 wlnter, and 1981 5Umrnel". The yeo)oglc map
ping program for each phase was loft ialed by aena] reconndlssance
followed by a walking ground traverse.

The prlnclpal objective of the 1geO program WdS to perform general
reconnaissance mapping of the damsites and reser-VOlrs to:

Verlfy eXlstlng data;
locate potential borrow and Quarry sources and r"eflne lImits lind
and quantlt.y estimates; and
Identify areas that would require detdlled mdpplng during the
next two phases of the progrilm.

Data from the 1980 program were plotted on 1:6000 scale aena!
phologrdphs. The mapping was performed by d team of two geolo
gists during the per;od of June through August.

The 1981 winter program was performed durin9 the month of March
and consisted of mapping those areas along the Susitna Rlver and
Tsusena and Cheechako Creeks that were not access1ble during the
warmer months. However, poor ice conditions at Devil Canyon pre
cluded maoping of se'leral areas along the Susitna River. Particu
lar attention was directed to mapp1ny the extent and configurat1on
of "The Fins" and "Flngerbuster" at the Watana site. S1ml1arly,
other sheared, fractured, and altered zones were n~pped along the
river where access could not be gained durIng the summer months.

Mapping conSlsted of identifying each outcrop and notlng its size,
orientation, weathenng charactenstics, lithology, and jOlnting,
as well as any other significant geologlc feature. All slgn1fi
cant features were photographed.

The 1981 sumlTEr program entailed deta1led mappIng of both dam
abutments at Watana and Devil Canyon with particular attent10n
dIrected at defining the extent of any unusual geologic feature
denoted in the previous phases of the investigat1on. The extent
of the detailed mapping program is shown 1n Fi9ures 6.3 and 7.3.
Mapplng at Watana extended for approxinately 3,000 feet upstream
and 3,000 feet downstrec:m from the proposed dam axis. "lapping was
performed In those areas having beJrock exposure. For the most
part, this was limited to the valley walls. Mappi'lg at Devil Can
yon extended for approximately 2,000 feet upstream ano 2,500 feet
downstream from the pruposed dam. f10st of the mapplng was con
fined to the gorge walls, since very little outcrop exposure
exists beyond the break in slope. Mappiny was pedormed by the
"tape and Brunton" method with key areas bei ng marked for future
survey control. Mapping of the gorge walls was performed by geo
10g1sts trained as technical climbers.
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All geologic datd were plotted on d l-lnch to lOO-foot hasp map.
A det,nled d'$CUSS10n of the l"eSullS of the geologic mapping pro
gram is presented in Sections 6 ~nd 7.

(b) ReSerVQ1!" Map?' n9

(1) Gener<11

The Watana and Dev; 1 Canyon ,..eserVQlrs were geologIcally
dnd geomorphlcally mapped to Ident lfy any geologic features
and geotechnlcal candillons whIch might serlously affect
the reservoir performance. Such features Included buned
channels and laults 1n the reservoir nm WhlCh may Jeupar
dlZe the reservoir water tlghtness. faults which could be
activated by reservoir lOildlng. and naturcll slopes which
may beCl)ITIe unstable or erOOlble with reser-v,)lr fIllIng or
drawdown.

I
I

Reservo,r w~p~;ng consisted of dlrphoto lnterpretatlon
formed by R&M Consultants (Appendix J) and mdPP1ng of
rent slope s,;ability and permafrost (Appendix K).
scope of these programs 1S dlSCU t ;ed 1n the followIng
tlons.

per
cur

The
se:::-

I
I

~2!Y.hoto Interpretat10n

A terraln unit T~p was developed using a 1:24,000 alrphoto
base map. FIeld checks of speclflC features were performed
as required. The Interpretatlon identIfied 14 types of
land forms or individual terrain units. These are:

I
I

bedrock
colluvium deposits
landsl ide
SOllfluctlon depOSIts
granular alluvlal fan
floodplaln
old terraces

ablation t11!
basal till
outwash
esker depOSIts
kame depos1ts
lacustrlne depoSIts
organIC deposits

I
I

I
I
I
I

Results of the airphoto 1nterpretatl0n are contaIned 1n
AppendiX J.

(1\ i) Slope StabIlity

The potential for instabl1tty of the slopes Within the
Watana and Devi 1 Canyon reservOIrs after llJlloundnent was
evaluated USlng color aenal photograph'i "t a _~le of
1:24,000. color 1nfrared photographS at a scale of
1:120,000, ard a brief field reconnaissance. Areas of cur
rent slope instability, and the dIstribution of permafrost
were delineated. This 1n~ormation. 1n aodHion to the soil



and rock conditions throughout the reservoirs, was used ln
Identlfylng the potential types and zones of Instabi1ny
and erOSlOn that ,:ollid occur as a direct effect of the im
pounding of the rese,·vOlrs. Oetalls of thlS study are pre
sented 1n Appendix K.

5.3 SUbsurface In~estlgation

(a) 01amond Core Drl11ing

Diamond core drilling was performed on the abutments of both dam
sltes using a skid-mounted Longyear-34 dlamond drill equipped with
triple tube wlreline N-size core barrel. A total of approxlmately
8,000 linear feet of drlll1ng was performed at "'at ana anCl 3,000
linear feet at Devil Canyon. Seven dlamond core bOrlnqs were
dri Iled at each site. All logging and supervision were by 9£0010·
gists. All rock core was logged for lithology, core recovery,
R{JO, joints and fractures, shears, fracture zones and alteration
zones, and otner slgniflcant geologic features. A dlScUsSlon of
the results of the drililng program 1S presented ln Sections 6 ana
7 ~lth Drilling Report and SUlmlary LoS and permeability test
results contained In Appendlces B through E.

A summary of the drlllln~ actlvity for the 1980-81 field season lS
Sho-,In in rabies 5.1 and 5.2 with drill hole locations shown In
Figures 5.1 and 5.2.

(b) In-Hole Testlng

(1) Penr.eabllny Testing

Permeability testing was conducted ln all the diamond onll
holes upon completion of the core drilling. Prior to test
ing. each hole was thoroughly flusheO With clear water ana
the drill string wlthdrawn. Followlng flushing of the
hole, a packer assembly was lowered lnto the borehole to
the deslred depth. The test procedure lnvolvea Inflatl"1g
the packers wlth nltrogen to lsolate a sectlon of the bore
hole, pumping water under press,''''e into the test zone, and
recordlng pressure and flow rates. Based on the flow
rates, hydlaulic head, hole diameter, and length of test
section. the permeability of the rock. In the test section
waS calci.lated. In general, the packer dssembly was \1'1

stalled to the bottom of the hole wlth tests being run over
16.1 foot intprvals as the assembly was wHhdrawn.

The permeabl11ty for each test section was calculated uSlng
the following formula:

II. " 0.0679
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Where k permeability. em/sec
q constant rilte of flow. gpm
l " length of test section, feet
H differential head of water, feet
r radius of hOle. feet

1n" natural logarithm

A maximum test pressure equal to 1 psi per foot of vertical
depth below the ground surface to the water table, plus 0.5
psi per foot of vertical depth below the water table down
to the test section was used. However, in no case was the
pressure allowed to exceed 200 psi. The actual gage pres
sure was adjusted to take into consideration the depth of
water table.

In order to obtain accurate permeability values, it was
necessary that the applied pressure and flow rates be mea
sured accurately. A panel of four Fisher-Porter glass tube
variable flow meters was set up as shown in Appendix D.
These meters have an accuracy of 1 percent over full scale
and individual ranges of 0.021-0.267 gpm, 0.095-1.19 gpm,
0.34-4.25 gpm and 0.88-11.0 gpm. The panel was set up to
use any of the four meters or to bypass them al together.

Water pressure was supplied by a Royal Bean fixed-displace
ment, piston pump. Test pressure was monitored using a
hquid-fi lIed Ashcroft model 1279 pressure gage with a O-to
300-psi range and 2 psi divisions. The accuracy of this
gage is .!0.5 percent of full scale.

To eliminate pressure surging in the line to the gages, a
surge tank was installed and pressure snubbers were used
between the pressure gage and the main line.

Discussions of the results of the permeability tests are
presented in Section 6.1(f) and 7.1(f).

(ii) In-Hole Geophysical logging

In-hole geophysical logging was carried out in three dia
mond drlll holes at the Devi I Canyon site and two holes at
the Watana sit:e. BH-2 at the Watana site caved badly and
was not tested. A total of 3,225 linear feet of logging
was completed. The logging procedure involved lowering a
geophysical probe in the hole on a wire1ine with the data
being returned to the surface and recorded on a self-con
tained logging unit. The logs run in each hole included:
temperature, caliper. resistivity, and sonic velocity.

5-5



To monitor the groundwater and permafrost cond1tions in the
bedrock, piezometers and thermistor stnngs were installed
in borehOles BH-J and BH-6 at Watana (Figure 5.1); and
BH-l, BH-2, and BH-4 at Devil Canyon (F1gure 5.2).

The purpose for the geophysical logging was to ald
terpreting the subsurface conditions found at
Because of poor data resolut10n, the results of the
have not been included 1n thlS report.

Instru~ntati on

1n i n
depth.
survey

I
I
I
I
I

The piezometers used were a pneumatic type assembly manu
factured by Petur Instrument Company of Seattle, Washing
ton. The pneumatic type piezometers were selected because
subfreezing tefllleratures were 1ikely to be encountered in
the upper portions of the holes which would cause blockage
1n conventional standpipe piezometers. Pneullatlc type pie
zometers are also quick to install and easy to ,·ead.

The thermistor strings were manufactured by Instrumentation
Services in Fairbanks. Alaska. The thermistor stnngs were
each 250 feet long wlth thermistor pOInts attached at 3, 6,
9, 12, IS, 18, 21, 25, 50, 75, 100, 125, ISO, 175, 200, and
250 feet. A 40-strand cable was used to connect the therm·
htors to the surface, where a quick connect plug on the
cable was plugged into a switch box which in turn was con
nected to a portable readout box. The system IS designed
to obtain two readings at each depth so readings can be
cross -:hecked. Each therm1stor point was in1tially cali
brated in the laboratory before installation and a computer
pr03ram set up to convert readings to te/Jfleratllre, taklng
into account the correction factors for eilch therm1stor.
An accuracy of 0.05°C was obtained with this equipment.

The installation details of Plezometers and thermistors are
shown in Figures 5.3 and 5.4.

5.4 - Seismic Refraction Surveys

Seismic refraction surveys were performed at both damsites during the
1980 and 1981 field seasons. This survey data was used in conjunction
with borehole data, geologic mapping. and previous geophysical surveys
to defi ne:

Depth to bedrock,
Bedrock seismic velocities;
Extent of possible sheilr and fracture zones;
location and configuration of relict channels, and;
location and extent of potential borrow material.

5-6
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A tolal of approximately 100,000 linear feet of seismic lines were per
formed for this program with the results presented in Appendices Hand
1. The location of the seismic lines in the damsite areas are shown in
Figure 5.1 for Watana and Figure 5.2 for Devil Canyon. Discussion of
the seismic lines in the borrow sites are presented in Section 6.3 and
7.2 with locations being shown on individual borrow site figures.

Most of the surveys were performed using a l,lOG-foot seismic line in
crement with 100 foot spacing between geophones. Shorter geophone
spacing was used where terrain was rugged or overburden was :"allow.
Expl ashe charges of 1 to 2 pounds were used as the energy source and
were placed at a distance of half the geophone spacing beyond the end
geophones and at the micdle of the lines. For 'ihorter lines, a hammer
and plate provided adequate energy. The seismic velocities were
recorded on a Geometries/Nimbus model ES-121OF 12-channel stacking
seismograph. A digital/analog converter was used to display the
results for data reduction.

At Watana damsite, 5 traverses were r"un in the irIJlIediate damsite ar"ea,
10 traverses in the r"elict channel area, and 15 traverses in the borrow
sites.

At Devil Canyon, a total of fOUr" tr"averses were run in the illJTlediate
vlcln1ty of the small ponds on the left abutment. Land access restric
tions prohibited any seismic work in Borrow Site G.

Details of the seismic survey are given in Table 5.2. The results have
been applied to the geologic and geoteChnical interpretation of the
site presented in Sections 6 and 7.

5.5 - Borrow lnvestigation

Test pits and auger holes were excavated and dri lied in the proposed
borrow sites to determine their material properties, quantities and
extent.

Tables 5.4 to 5.8 provide a summary of the work in the borrow sites
performed during the 1980-81 field seasons.

The program initially used a platfor"m-mounted CME-45 rig that was
replaced by a CME-55 because of the difficult drilling conditions.
Oril11ng was performed using a hollow-stem, continuous-flight auger"
string, having an 8-inch 0.0. and a 3-1/4 inch 1.0 •• to a maximum depth
of 75 feet. Material samples were collected usiny a split-spoon samp
ler" continuously in the upper 10 feet of the hole and then at 5-foot
intervals to full depth. The sampling procedures consisted of drilling
the augers dOlln to the required sampling depth. removing the inner" plug
and stem, ana advancing the split-spoon sampler 18 inches into the soil
below the cutting head by driving it with a 140-1b hammer falling free
ly 30 inches (Standard Penetr"ation Test). The samples were returned to

5- 7



the surface, logged by a geologist, and prepared for transport and
storage. In most cases, 4- to 6-inch long, thin brass liners were used
inside the split-spoon sampler, which allowed selected samples to be
capped and sealed. Following completion of the hole, the auger string
was withdrawn and the hole backfilled with the drill cuttings.

Test pits were excavated utllizing a JD-350 dozer equipped with a back
hoe. Average depth of the 'est pits ranged from 4 to 13 feet. Three
trenches were excavated alon~ the edge of the alluvial fan in Borrow
Site G using the JD-350 (Figure 5.2).

Bulk samples from the holes and pits were collected and sealed in air
tight bags for subsequent laboratory testlng.

The logs for the auger holes and test pltS are presented in Appendices
F and G. The properties of the borrow materials are discussed in Sec
tions 6.3 and 7.2.

5.6 laboratory Testing

(a) Soil

Representat i 'Ie so i 1 samples obtai ned from the potent i a1 borrow
sites were tested to determine their physical properties and veri
fy their fleld classification. Soi 1 samples were tested to deter
mine grain-size distribution, moisture content, Atterberg limits,
mo i s tur e-dens i ty re lilt i onsh i p, permeabi 1i ty va 1ues, canso 11 dat i on
rates, and shear strength. All test ing was done using ASTM or
AASHTO standard procedures where appl icable. The results of the
testing program are summarized in Sections 6.3 and 7.2 with the
laboratory data included in Appendlces F and G.

(bl Rock

Previous rock testing at the Watana and Devi 1 Canyon sites was
carried out by the USBR and COE. The results of thlS testing were
incorporated into the analysis of the rock conoitions where appli
cable.

The rock-testino program undertaken in 1980-81 was intended to
provide sufficit:',lt data to develop preliminary criteria for design
of under9round structure excavations and foundations. Rock sam
ples were selected for testing mainly to determine the range or
rock properties to be encountered at the site. Samples selected
included weathered rock, rock with discontinuities, and fresh rel
atively homogeneous rock. Samples of low-strength rock, which
could not be recovered as solid core, were tested only for direct
shear tests on discontinuities. All samples were tested using the
appropriate ASTM standard procedures.

The scope of the 1980-81 rock testing program is shown in Tables
5.9 and 5.10, with the results presented in SecLions 6.1 and 7.1.

5-8
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TABLE 5.\: SlJI10tARY or 1980~Bl INVeSTIGATION - WAIA"A QAHSII[

Total Depth 0 ennlll or ela-fl et

Hole Surfoce Dil) Al iut. Depth (ft l Bedrock (rt Date flliter---u.ve
Nulllber Elevation '0 ,0' (Dowmole) (Downhole) Or i118d r". Relldino Oates , Rlled!n Oalea (ft) Vertical

811_1 2049.7 70 OJO 299.9 1B.1 8/10/81

BH-2 IS}II.a " 04' 401.1 10.0 7/14/80

8H-) 2150.7 " JJ8 955.7 }1. 7 8/15/81 ,PI 11/11/81 " 9/1/81 O.G
12/9/81 1\/11/91 0.0
1/5/82 1/5/82 0.0

811_4 2187.8 " 060 949.6 12.4 9/11/81 SP 9/2UB1 >TJ.O

Bft-6 1606.8 60 m lilO.1I 8.0 6/26/80 "" 11/21/80 "" 11/21/80 147.0
4/26/81 5/24/111 126.2
5/24/81 6/25/81 10J.2
6/25/81 12/9/81 115.0
8/)/81
1219/8\

BH_B 1979.7 60 060 752.4 8.0 7/29/80 SP 8/9/80 15.0

8H_I2 1975.7 J6 210 798.9 21.0 7f18/81 SP 7/28/81 0.0

B/j : DIlIIIlInd core hole
PN = Pne....ol Ie piezollll!ter
HPI = Multi-point lh"rmialQr string
SP = 5tlll\~lpe

Reference _ rigure ~. I

,



[ABlE ~.2: SlHHARYor 1960_61 INVESllGAIION _ OCVIL CANYON OAHSII[

o , _lIep 0 lcr.. lll or l!l..e er"" ,. Surfll(:11 D,p AdlllUth ~llth (ft) 6edrodc (ft Dale
I'''le Readjnn Oates ,,- ReodlN> Ootll8

Il!~ler L8vel_.,
[Ievot ion (.) ( .) (Downhole) (Oo><nho Ie) Or Hied (ft) Vert Icel

611-1 14U.7 61 m 750.2 11.11 6/2'/80 "" 4/21/80 " 10/6/60 144.5
4/19/81 5/2A/81 lH.l
5/24/81 6/2A/81 1$8.2
6/24/81 12/~/81 152.0
6/ }l81 1/7/82 145. ,
II/U/81
12/9/81
1/7/82

Btl-2 12U.4 6D D 6S~.5 2.0 9/10/80 "" 12/9/61 " l1i<j'
1/7/82

IIlt_' U9B.O J2 '" .191. 1 7.' 6/26/61

81t-1il US2.6 60 ", SOO.7 7.0 8/14/80 '" 4/19/81 " AIl9/81 13.2
S/24/81 5/2A/81 '.2
6/24/81 6/24/81 '.2
80/81
12/~/1I1

1/7/82

BIt-SA 974.5 "
,,,,

5~7.9 O.D 6/A/61

BH-~ 976.6 " 277 200. , D.O 6/19/81

BH-7 U~1.0 " 00' 496.' 11.0 :./18/81

6tl = Dlomond cored hole
HPI = Multi-point lher~l'lur slring

PN = Pneumatic Plclometcr

Reference - figure ~.2

~ - - - - - -
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TABU ~.~: SlMWlY (J'" 1980.-11 ,\V[SIiCATlll'< •
IlOftROW SIfE ( .....A' ...,,,

Surhce Oe~~~"rt) Be~~ ~1t) Do"-., [le~.t Ion (Oownhole) (Do..nhole) Dr Hied

AH·E! lAlA.:> 2:>.0 -- 1/1/80
AH·n 1(6). } 10.0 - 7/18/SO
AH_O 1A:>6.1 20.0 - 70/80
AH-EA 'AU.7 20.0 -- 7/17/fJIJ
AH_£) lS80.) 10.0 - 6/2J/SO
"'-<6 '4J6.8 26.:> -- 1/19/80
"'-<7 "69. ) ,., - 7/20180
"'-<. l~.D 6.0 - 7,'21i80
AM ..O 1)24.8 '.0 - 7i20/80

, P_EI - 10.0 -- 6119/81
TP•.(2 loU6.6 12.0 -- A. 18/81
TP-O 10\64.2 H.O - 17/81
TP-(/l lA)40.9 n.o -- 4118/81
tP-E) IUD. 1 10.0 -- 16/81
T"...{6 1114}. '.0 -- 611S/81
IP.[7 1450.7 '.0 -- 1:>/81
IP-(S 14S0.2 12.0 -- 41Ztl/81
!P_E' 11116.7 11. S -- IVII/81
IP_[lQA lS00.7 0.0 -- 4/22/81
IP ...(l08 lA'n.7 ,., -- 4/22/81
IP_(11 1512.7 12.0 -- 4/24/81
TP.(tZ l:i)1l.9 II. 0 -- 4/25/8\
TP-[l ~ ~t 0, -- -- -
TP ...[lA lS0l. 10.5 - 1.1/26/81
IP-(lS 11l6S.' 11. S -- 4/28/81
TP_[t6 1463.8 I1.S -- 4/JO/81
TP-(I7 ,. '.7 11.0 -- 5/1/81
TP-(18 14».\ 12.5 -- 5/2/81
TP ...[ 19 1460'.7 12.0 - !Il2/81
IP-[20 14}~.0 12.0 -- ~"/81
IP_£21 102S.0 12.0 -- S!}/81

Ali : Auqer nole
rp : lest Plt

Referenee - flgure 6.11'
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TABU !t.6' SlM'Io\RY Of 19BO-81 1...V£STlGAIIOS _ Mill! SIIE C _ DHll C..·.voo.:

o • 0 0 ~r-IS or
...1. Surf-ee Depth " Bedrock.' ft Oete ,,~~~nq-., ElevM.1on (00000rW>0 Ie, '00""",1,, ' Dulled !yoe o.tes

..-<;1 982. ) V.O -- 7/22 80 -- --...... 9U.1 11.0 - 7/22'80 -- --
AH-G9 ~82.0 )~.D - 8:22 '81 -- --
AH-G.IO 980.0 19.0 - 8;26'81 -- --
"H-ell -- }l.O -- 8,26 '6\ I -.
AH-G12 - 0. $ 10.S 8 27181 I <0

AH-CO - )).0 - 8 zatsl I Do<-

AH-Gll1 -- 29.0 -- 8,'29/81 I --
T1-Gl -- lurch -- 7'21 " -- -
Tt-CZ -- Trench -- 721 '81 -- -

~H : Aoqer hole
Tt ~ leal trench
1 : Therllistor probe fluid-filled SllWldplpfl

Rderf'flC1! - flqure 7.22
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TABL[ ~.7, SU*\ARYor 1980-8\ lNv(SliGAll0~ - 8OR'roW SIT[ H ...,"AM

De~~~8~ft )
_ Dep I ~o eMIiS or

...." SurfllCe Bedrock {ft l "". Tvne
• co,

Nullber (Ieval Ion (Downhole) (Downhole) Dnlled ""'~

AM-HI 2127.S 26.S V.O 7/16/81 , " 7/82

AH_HZ 1"70.9 40.9 -- 1, 19/81 , 1/5/82

AH~H) 2079.6 29.0 - 7/18/81 , In/a2

AH_H4 lOM.S 2S.S 22.0 7/111'81 , --
AH-HS 2186.2 '5.!> -- 1/1)/81 , --
AH-H6 2181.0 4'.0 -- 7/I2/Bl , --
AH-li1 2\88.4 JO.7 25.7 7/15/81 , 117/8l

AH-H8 209'. '; }';.D -- 7,17{81 , 1/1/82

10180-256 -- 'n,b -- -- - --
W80-2H -- Crab -- -- - --

AH Auqer hole
, : Iher.. i,tof probe - fluid-filled SlllOdplpe
II = CrIlb SlllIlPle

RefereflCl! _ rupre 6.48



asH 5.B: SIJlH,\RY Of 1980-81 IW(SllCAIIO\
BORROW SIIES I A J _ WAIA .....

lest '" Surface Oep~~81ft 8e:~~ ~~t. Do"
Nulllber [Ieltllt .0" :Downhole .. (Oo-omr'lol~:' Drilled

IP_RI -- U -- , 17: 81
IP-R2 -- '.0 - ,. 17 .. 81
IP_RJ -- ,., -- , 17/81
IP.R~ -- '. , -- , 11/B'
IP_R5 -- ,., -- , 18: 81
IP-<l6 -- '.0 -- , 18,81
IP.R7 -- '.0 -- , 18/81
11'-<18 -- 2. , -- , 17/81
TP_R9 -- J.' -- , 18i81
IP_R10 -- ,., -- , lBIB 1
IP_R11 -- '.0 -- 9. 18/81
IP-R12 -- '.0 -- 9/19.· 81
IP-R1J -- 6.0 -- 919':81
lP_Rll1 -- 6.0 - , 19,81
IP_R15 -- 6.0 -- 9,20/81
IP_R\6 -- ,., -- 9· 20/81
IP_R17 -- '.' -- 9 20,81
lP-R18 -- '.0 -- 9, 20iBI
IP_R19 -- '.0 -- 9111/Bl
If'_R20 -- '.0 -- 9,21' BI
IP-R21 -- ,., -- , 21 :B1
IP_R22 -- '.0 -- 9 21·!l1
N80_J02 -- G,,. -- 1980

rp = lest Pit
'~ = Crab s&:IIPle

Reference - Flll'JreS 6.51 and 6.52
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TABle ~.9: SLtttARY or ROCK 1(51S _ W"l~

" or Test
-"0-. o~ esu

StWldard
"00;,,,0 8S.

8 4c:f1!!1 bOthers

Unc:onflned Unl••ul
CO~fe.!llon " AS1H OZ9J8-1h --

Unc'OnfU'led Un1s,,!.1
C~",.SlO"l with
Slrftlf 'Strain Plot • ASTH O}1~8 ,

D>rect. Shut , - -
Indirect TenslGn " "SIH C 96 --
Po Int. LaMI Iest JIll -- -
SpeC.flC Crs..,lly .. ..5TH C91_41 .197'01 ,
l»on_lc I'IlIdulus 2 "-STH 028/105_69 1916) -



TABL( S.10: SUHHARY or ROCK I(Sl5 - O(V!L CA~~O~

!voe of 'est
"'lI: 0 ests D. 0 ests

By Acres St ...dard bv Others

o lreel Shear 6 .- --
Indirect Tension • AS 1M C0.96 --
Pelnt load lest '" -- -
SpecifiC CraVlty on ASI'" e97_11.7 (1910) •
()ynallic Modulus } AS!'" 02845_69 (1910) •
Unconfined Unuial

COlllPreS9 ion 26 ASfH 029.18_718 --
Unco"flned Una~ial

COlIIPresll.on With
St Tl!ss/St I J in Plot 6 ASTM 0'148 ,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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(i 1) Dams ite

(i) General

6 - RESULTS OF GEOTECHNICAl INVESTIGATIONS - WATANA

6.1 - Watana Damsite

Watana Dams 1te;
Relict Channels; and
Borrow & Quarry Material.

A top-of-bedrock and surftctal geologic map for the damsite
area is shown on Figure 6.2. Determination of th<::se over
burden thicknesses ilnd material types ilt the site has been
based on geological mapping, seismic refraction surveys,
drilling, and test pits. Geologic profiles depicting sub
surface stratigraphy in the main dam area and borrow sites
are presented in later sections. Data used in developing
these figures are provided in Appendices B. F. H, and I
whi Ie Table 6.1 provides the correlation of seismic velo
cities with soil and rock types used for this study.

Subsection 6.1:
Subsection 6.2:
Subsection 6.3:

The results of the geotechnical studIes performed at the Watana sHe
are presented in this section. The three principal subsections are:

Map locations presented 1n this section are shown on the Watana Index
Map Figure 6.1.

(a) Overburden Conditions

I
I
I
I

I

I
I

I
I
I

I
Within the limits of the damsite, three distinct zones of
over-burden can be delineated at the site. These are: (a)
top of slope (elevation approximately 2200) to approximate
Elevation 1950 to 1900. (b) Elevation 1900 to river level,
and (c) riverbed.

The upper dreas of the abutments near the top of slope con
sist of deposits of till, alluvium, and talus. On the
north abutment, the alluvium is significantly intermixed
with talus material. The thickness of this cover may reach
50 to 60 feet. On the south abutment, the average overbur
den depth is estimated at 20 feet with isolated zones of
apparent channel fill material reaching 70 feet or more, as
shown by seismic line Sl81-20 and DH-25 (Figure 6.2).

Below Elevation 1900 to 1950 where the valley changes from
a "u" shape to a "V" shape, the overburden becomes thinner
and more varied, ranging from probable maximums of 40 feet
thick at the river edge (where there are talus and minor
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avalanche deposits) to zero along the numerous rock cliffs.
Most of the material is rock derived from the cliffs with
occasional remnants of silty sand and ~avel river terrace
deposits. Some larger, well-rounded boulders occur at the
lower elevations. The average abutment overburden thick
ness in this zone is estimated to be 10 feet of alluvium
and loose talus materials.

Cobbles and gravels occur from flood elevation (about 1470
feet) down to the river. Boreholes and seismic lines in
the river show a relatively consistent deposit of river al
luvium cOrJllosed of gravel. cobbles, and boulders with a
sand lnittrix interspersed. The maxilllJm depth of river allu
viun in the rnain dam area is estimated not to exceed 90
feet.

A recent seismic refraction survey suggests that there are
bedrock sha 11 ows near the proposed upstream cofferdam site
(Appendix I). This interpretation is questionable because
of the poor resolution of the seismic data. A more reason
able interpretation would be either the existence of frozen
material or the presence of very densely cOOflacted talus
material that has been eroded from the adjacent 'The Fins~

structure (Section 6.1[c)). However, further work will be
required in this area to confirm these velocities.

(iii) Emergency Spillway

The upper portion of the proposed emergency spi I Iway is
founded in an area of shallow overburden, whereas the west
northwest extens ien of the spillway that extends downs lope
off the flank of the pluton is in an area of deeper over
burden. The estimated depth to rock in this area is shown
in Figure 6.2.

(iv) Camp Area":

The proposed construction camp and permanent village site
is northwest of the damsile in an area of deep overburden
that consists primarily of sands and gravels with inter
spersed boulders. Bedrock depths are expected to exceed
100 feet throughout the area. A more complete discussion
of the geology and overburden of this area is presented in
Section 6.2.

(v) Access Roads

Construction of access roads to the site will encounter
areas of very deep overburden. Access and haul roads out
side the damsite area will, to some degree, be routed along
gravel terraces, but in many areas will cross shallow,
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boggy, and swa~y areas and zones of till, clays, and
silts. Further detailed investigations will be required in
subsequent phases of study to accurately determine soi 1 and
foundation conditions along proposed access routes.

(b) Lithology

(i) Introduction

The Watana site is located on the western side of a Ter
tiary age (Table 4.1) igneous plutonic body which consists
primarily of diol"lte and quartz diorite (Section 4). This
pluton is bounded in the site area by andesHic volcanic
flows and volcaniclastic sedimentary rocks. These rocks
have not been assigned formational names, but rather have
been given l1thologic names for mapping and correlation
purposes.

The lithology and structure at the Watana site are shown on
a geologic map. Figure 6.3, and five geologic sections, W-l
through W-5 (Figures 6.4 to 6.8).

The geology shown in these figures is based on field map
ping, and borehole and seismic refraction data (Section 5).
Where possible, mapped surface structures were correlated
with subsurface drilling and seismic refraction data. How
ever, the limited rock exposure and the widely spaced sub
surface exploration data in the damsite frequently required
extrapolation of geologic contacts and structural features
over great distance. Therefore, future investigations will
be necessary to confirm the location and continuance of
those features shown in the figures.

For sllr~licity. borehole information shown on Figures 6.4
to 6.8 is limited to features five feet or ~eater in
thickness. More detailed information is contained in
Appendices B, 0, H, and t.

The following subsections address the site lithology.

(fi) Plutonic Rocks

At the Watana site, the pluton is nearly continuously ex
posed in large outcrops along the south bank between Ele
vations 1650 and 1900. On the north bal"k, outcrops are
generally smaller and less frequent (Figure 6.2). The
rocks of the pluton are primarily diorite and quartz dio
rite with lesser amounts of granodiorite. These varied
lithologies are probably the result of chemical variations
within the parent magma, primarily increasing silica con
tent from diorite to granodiorite. The rock types are
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observed in both outcrop and boreholes to grade from one to
the other. A 20-foot wide gradational contact between the
diorite and quartz diorite is exposed at river level on the
south Dank approximately 1,000 feet upstream from the dam
center Hne. A s imll ar gradat 10na! contact 15 found in
boreholes BH-6 and BH-8 (Appendix :q over 0.3 foot at Ele
vation 1594 and 3.8 feet at Elevation 1708, respectively.
Since no mappable pattern was found to differentiate these
three rock types, they have been combined on the geologic
map and sections under the general name of diorite.

The diorlte here is described as a crystalline igneous rock
which 15 predominantly medium greenish gray but varies to
light gray and light to medit.lll greenish r:.Tay in the grano
diorite and quartz diorite phases, respectively. The tex
ture 15 massive with no planar structures. Grain size var
ies from fine (less than 10m) to medium (l-5flJ11) but is
'su<1l1y medium. The diorite is generally composed of 60 to
80 percent feldspar, 0 to 10 percent quartz. and 20 to 30
percent mafics.

Quartz content of the quartz diorite ranges up to 20 per
cent but is usually 10 to 15 percent. The feldspar con
sists primarily of medium grained, euhedral plagioclase
with minor amounts of fine grained anhedral orthOclase. In
the granodiorite, orthoclase content is about 10 percent.
Quartz, when present. 15 fi ne grai ned and i ntergrown be
tween the feldspar crystals. Hafic minerals, consisting of
biotite and hornblende, are generally fine grained. The
hornblende 15 often partially chloritized. Trace amounts
of sulphides and carbonate also occur within the diorite.
Inclusions of argillite have been observed in the diorite
in "The Fins" area (Figure 6.3).

The diorite is generally fresh and hard to very hard. The
rock is slightly weathered along the joint surfaces at a
depths of about 50 to 80 feet (Section 6.1[c)). There 15
generally a very thin (less than 2 inches) weathering rind
on most outcrops.

The pluton has been intruded by both mafic and felsic dikes
which are discussed below.

Zones of nydrothermal alteration occur within the diorite.
The alteration has caused the chemical breakdown of the
feldspars and mafic minerals. The feldspars have altered
to kaolinite clay and the mafics altered to chlorite.
Hydrothermal alteration is discussed in detail in Section
6.1(c).
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(iii) Andesite Porphyry

The name andesite porphyry is used for a varied group of
apparently related extrusive rock types (46). The andesite
porphyry occurs along the western side of the diorite plu
ton and is exposed in outcrops on both sides of the Susitna
River (Figure 6.3). On the soutn bank, outcrops occur
across from the MFingerbuster" and at approximate Elevation
1750. illlllediately downstream from the dam centerline. And
esite porphyry was drilled in boreholes BH·4 (Figure 6.4),
BH-8 (Figure 6.5). and BH-2 (Figure 6.7) to depths of 96.0.
43.0 and 103.0 feet. respectively. Borehole OH-28 bottomed
at 125 feet in the porphyry (Figure 6.8). Andesite por
phyry dikes are also found interspersed in the diorite. On
the north bank. the andesite is exposed at river level in
the "Fingerbuster" area and in scattered outcrops to about
Elevation 2350.

The andesite porphyry is a light to medium dark greenish
gray volcanic rock similar in co"",osition to the diorite
pluton. The color becomes lighter with increasing amounts
of lithic inclusions. The groundmass is aphanitic (grains
visible only with the aid of a microscope) with generally
10 to 30 percent of fine to medill11 grained plagioclase
feldspar phenocrysts. lithic inclusions are found through
out the andesite porphyry but are IIXlst concentrated near
the contact with the diorite. Concentrations of subrounded
to subangular fragments. up to 6 inches in diameter, of
quartz diorite. argillite and volcanic rocks were found
above the diorite contact in BH-B (Appendix B). The ande
site porphyry is fresh to slightly weathered and hard.
Hydrothermal alteration is not common in the andesite por
phyrj.

The andesite porphyry also contains layers or zones of
dacite and latite and basalt. The latite occurs in the
"Fingerbuster" area (47) and the dacite in Quarry A. The
basalt occurs in the area of the volcaniclastic sediments
downstream from the "Fingerbuster."

These varied rock types appear to be irregular and discon
tinuous in the site area and could not be mapped over large
areas. Therefore. the term andesite porphyry has been used
as a general term for all of these volcanic units.

Outcrops on the south bank near the diorite contact contain
frOlll 30 to SO percent lithic fragments in an :tndesite mat
rix. Flow structures are visible in outcrops and boreholes
in the areas of abundant I ithic fragments. On the south
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bank., about 350 feet northeast of OH-2B, the flow structure
strikes east-west and dips 20° to the south. In the MF1ng_
erbuster Marea, flow structures str1ke northwest-southeast
and dip 15° to the west. Figure 6.9 is a photograph of the
andesite porphyry 1n the MFingerbuster" area which shows
numerous lithic inclusions, as well as flow structure line
ation.

A sequence of volcaniclastic rocks (46) composed of tuf
faceous sandstones and sl1tstones are exposed 2,500 feet
downstream of the contact between the andesite porphyry and
the diorite. The stltstones are medi1.l1l gray, fine grained
while the sandstone has a buff colored ground mass with
grains of feldspar, quartz and argillite. Bedding of these
units strike nearly north-south with dips generally less
than 30° to the west. The rock is slightly weathered and
iron oxide stained. The relationship between the volcani
clastic rocks and the andesite porphyry is not clearly
defined because of outcrop exposure.

(iv) Contact Between Andesite Porphyry and Diorite

The contact between the andes i te porphyry and the under
lying diorite has been mapped illlllediately downstream from
the proposed daR, cP~·.er 1jne, extendi ng ina genera I north
wester ly direct i,).I i:':f oss the 1eft abutment and norther 1y
across the right abutment (Figure 6.3). On the south bank
it is intersected in BH-B and BH-12 and exposed in one out
crop west of the dam centerline at about Elevation 1150.
At this point. between 400 to 800 feet northeast of OH-28.
the diorite is generally fresh to slightly weathered arld
unfractured. The andesite porphyry is sHghtly to moder
ately weathereo Jii'; fractured up to 10 to 15 feet above the
contact. Figure 6.10 is a photograph showing the closely
to very closely ';paced joints in the andesite porphyry
i11lo:lediately above the diorite contact.

Where the contact is exposed on the south bank, mi nor
shearing, less th".n I inch wide, occurs between the ande
site porphyry and the diorite. The contact in this area
strikes nearly east-west with a dip of 45° to the south.
In BH-8, the andesite porphyry/diorite contact 1S found at
a depth of 43.0 feet. From 38.4 to 43 feet, thin layers of
andesite porphyry are moderately to severely weathered with
layers of silty sand. Core loss in this zone was 1.1 feet
with only 50 percent drill water return. The contact in
BH-12 was intersected at a depth of 63.1 feet. Unl ike
BH-8. the andes i te above the contact (from 54.8 to 63.1
feet) is fresh to moderately weathered with generally
closely to moderately closely spaced joints. The contact
occurs over a 3-inch-wide zone where the andesite porphyry
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interfingers with the diorite. The diorite is fresh below
the contact. Core recovery was generally 100 percent
through the contact zone with variable RQDs. Permeab;lities
are on the order of 10-5 em/sec.

On the north bank. the contact ; s not exposed but was i n
tersected in 8H-2 and 8H-4. In 8H-4, very closely spaced
joints with silt and clay coating occur in the andesite
porphyry from 94.1 feet to the contact at 96 feet. As 1n
8H-12. very thin fingers of andesite porphyry penetrate the
diorite at the contact. The diorite below the contact 1s
slightly weathered with iron oxide staining in the upper
0.5 feet. RQOs are quite low. ranging from 0 to 51 percent
in the upper 15 feel of the giorite. Permeabllities. how
ever. are low at about 10- em/sec. Tne contact fran
river level (Elevation 1450) to about Elevation 2000 in
this area is coincident with a major shear zone (MFi nger
buster M) (Section 6.1[c]). This zone, which was drilled in
BH-2, showed low RQOs and core loss. This poor quality
rock is the result of post-intrusion shearing of the MFin_
gerbuster M and not necess~11y representat ive of the con
tact. Above Elevation 2000, the contact is assumed to dip
moderately to the northwest.

(v) Dikes

The diorite pluton has been intruded by both mafic and fel
sic dikes. No dikes were found in the andesite porphyry.
Because of their small size, the dikes could not be deline
ated as mappable units.

Felsic dikes are found in outcrops and in all boreholes.
Felsic dikes are light gray and aphanitic to medit.n grain.
ed, but generally fine grained. The felsic dikes are co~

posed primarily of feldspar (plagioclase and orthoclase)
with up to 30 percent quartz and less than 10 percent maf
ics. Contacts with the diorite are tight and Mwelded". The
felsic dikes are hard, fresh, and unfractured. Dike widths
are up to 6 feet but generally less than 0.5 feet. Felsic
dikes have been found offset up to several inches by shears
and healed shears in outcrop and in boreholes (BH-3 at
702.7 and 801.3 feet). Figure 6.11 shows a 7-inch wide
felsic dike offset along a healed shear. The healed shear
is tight and hard.

Mafic dikes are less cOlJll'lOn at the site than the felsic
dikes. They are rarely seen in outcrop and only found in
boreholes BH-l, BH-2, BH-8, and 8H-12. The mafic dikes.
consisting of andesite or diorite, are dark green to dark
green gray. Grain size 1s aphanitic to very fine, with
fine to medium grained plagioclase phenocrysts (BH-2,
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Appendix B). The mafic dikes are hard and fresh with tight
contacts. Dike widths are generally less than 1 foot,
although in BH-2, an andesite dike was drilled from 245.8
to 277.8 feet. Diorite inclusions were also found in this
dike. A possible mafic dike was mapped on the south bar*.
at river level upstream from the centerline. This dike is
approximately 5 feet wide and consists of tine grained dio
rite. The dike is very closely to closely jointed and
occurs in a talus-filled gully. The trend of the dike is
northwest-southeast parallel to a major joint set. As with
the felsic dike, the mafic dikes could not be mapped Qver
an extensive area.

A large mafic dike, 350 to 400 feet wide. has intruded into
the diorite upstream from the proposed diversion tunnel in
take portal. Outcrops occur in the "The Fins" on the north
bar*. and in Quarry l on the south bank (Figures 6.3). The
dike is porphyritic with an aphanitic to fine grained
ground mass. Hediun grained phenocrysts. consisting pri
marily of plagioclase feldspar and lesser arrounts of horn
blende. comprise up to 10 percent of the rock in "'The Fins M

and 20 to 30 percent on the south bank. The bedrock in
this area has been termed r1 diorite porphyry. The rock is
fresh hard and generally massive with rare occurrences of
corrpositional layering or possible flow structure. Inclu
sions in this unit consist of rounded diorite and tabular
argillite fragments from 1 to 6 inches long. Contacts with
the inclusions are sharp and tight.

The diorite porphyry becomes less porphyritic and more
aphanitic near the contacts with the diorite pluton. The
western contact in "The Fins" is coincident with a 20-foot
wide shear/alteration zone (see section 6.1(c]). The eas
tern contact is not exposed.

(c) Structural Geology

(1) I ntroduct ion

This section discusses the structural geology at the WaUna
site and its relation to proposed site facilities. This
section is presented in three subsections: joints; shears,
fracture zones, and alteration zones; and significant geo
logic features.

(it) Joints

Joint data were recl1rded at all outcrops. as well as at
nine joint station~ (WJ-l through WJ-g) which were selected
for detailed joint measurements (Figure 6.12). Joint sta
tions were chos~n at representative areas having good
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three-dimensional exposure of major structures and in the
maJor rock typeS: diorite. andesite porphyry. and diorite
porphyry. At outcrop and joint stations, the orientations
of major and minor joint sets were recorded, as well as the
condition of the joint surfaces. spacing, and any mineral i
zation or coating.

At stations WJ-I through WJ-3. only 60 to 86 joint readings
were tak~n because of limited exposure, while one hundred
joints each were recorded at each of the other six sta
tions. For each station, joint measurements were plotted
on the lower hemisphere of a Scl'r.lidt equal-area stereonet
and contoured at I, 3. 5. 7. 10, and IS percent. An
example 11lustrating the plotting methOd (S) is presented
on Figure 6.12.

In addition to the joint station plots, canposite joint
plots were constructed from both joint station and outcrop
data. The site was divided into four quadrants. A compos
ite plot for each quadrant is shown in Figure 6.13.

Two major and two minor joint sets were mapped at the
Watana site and are identified on the composite and joint
station plots. Sets I and II are majQf'" sets which occur
throughout the site area. Sets III and IV are minor sets
which are generally less prool'inent but may be locally
strong. Each joint set is discussed below. whi Ie Table 6.2
is a summary of joint set orientations, dips, spacings,
surface conditions, and structural relations. The joint
sets are corrmon to all rock types at the damsite.

This discussion is based on mapped surface jointing.
Because the orientations of joints and fractures in the
boreholes were not determined, it is not possible to corre
late between joints in outcrop and those encountered at
depth. Joints in boreholes are discussed separately.

Joint Set I is the most prominent set at Watana. The dver
age orientation is 320" 1n the four quadrants (Figure
6.13). Oips average 80° northeast in the northeast and
southeast quadrants and vertical in the northwest and
southwest quadrants. Joint surfaces are planar and smooth
to rough and have an average spacing of 2 feet. Joint sur
faces in the diorite porphyry in "The Fins" are pitted and
rough where feldspar and hornblende phenocrysts have
weathered out. Minor carbonate deposits were found on Set
1 surfaces at joint stations WJ-4, WJ-6, and WJ-7 (Figure
6.12). The joints are continuous and generally tight.
Open joints are found at the surface in fracture zones and
shears. Set 1 parallels I1'(lst major shears, fracture zones,
and alteration zones found at the site.
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A subsidiary Joint Set (Ib) to Set I was found in the area
downstream of the dam centerline at joint station WJ-7.
This subset trends from 2900 to 3000 with an average dip of
750 northeast. This subset is also strongly developed at
joint stations WJ-l, WJ-2, and WJ-9 (WJ-2 is in the area of
the diversion tunnel outlet). The subset in the northwest
and southwest quadrants (downstream from WJ-4) ts parallel
to the trend of the shears in geologic features GF 7A,
GF 7B, and GF lC (see Significant Geologic Features)
(Figure 6.3). This trend is also parallel to the Susitna
river between the dam centerline and diversion tunnel out
let.

Joint Set II ts northeast-trending. ranging in strike from
0450 to 0800 with an average trend of 0600 across the site.
Most dips are steep from 800 southeast to 800 na-thwest.
Set II is best developed in the northeast and southeast
quadrants where the trend averages 0500 with a preferred
dip to the northwest. At stations WJ-3 and WJ-5, near the
diversion tunnel entrance, Set II is more strongly develop
ed than Set I, while at joint station WJ-6 in the diorite
porphyry approximately 200 feet upstream from WJ-3, no Set
II Joints were found. It is likely that the face uf the
outcrop at this station was parallel to Set II joints
resulting in no exposure of that set. In the northwest and
southwest quadrants, Set II trends more to th~ east with an
average strike of 0650 and dips vertically. Set II joints
are generally planar with smooth to rough surfaces. Joint
spacings range from 1 inch to 5 feet. averaging 2 feet.
Set II is generally continuous and tight. Open joints were
found on the south bank at WJ-l and at several other out
crops.

No shears or alteration zones were found associated with
Joi nt Set 11.

Joint Set III is generally north-south trending. ranging in
strike between 3400 and 0300 with variable dips from 400

east to vertical to 650 west. Set III is a minor set al
though locally pronounced in the northwest and southwest
quadrants. In the northeast quadrant, the average strike
and dip are 0050 and 600 east. (n the southeast. the
strike and dip are generally 3500 and 650 west (WJ-7).

Fracture and shear zones parallel to Set III were mapped in
structural areas GF 6A, Gf 6B, and in the -Fingerbuster"
(Figure 6.3). At GF 68, Set III forms numerous open joints
on the cliff face. Where present, the Set III joints range
in spacing from less than I inch in fracture zones to 5
feet, with an average of 1.5 feet. These joints are gener
ally planar to irregular and rough. riinor carbonate was
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found at some outcrops in the southwest quadrclnt. Hodl"r
ately to steeply east·dipping Set III joints are likely to
be encountered in tunnels near the proposed dam centerline
and at the diversion tunnel outlet.

Joint Set IV consists of numerous low angle (dipping less
than 40°) joints of various orientations, the strongest
trend being 090° (Table 6.2). In all but the northeast
quadrant, these joints dip towards the Susitna River at
less than 300. In the northeast quadrant, dips are both
towards and away from the river. Set IV joints are planar
to irregular, smooth to rough and discontinuous. Spacing
is generally ~ to 2 feet when present. No mineralization,
shearing. fracture, or alteration zones are associated with
this set. Set IV joints probably resulted from stress
relief after glacial unloading and/or erosion of the river
valley. and therefore should not occur at depth.

At WJ-2 and WJ-4. a strong local joint set striki ng approx
imately 335° with a 30° to 70° dip to the Southwest was
mapped. Minor shears parallel to this set were found near
wJ-4. This set may be encountered in tunnels downstream
from the center 1i ne.

1n SlJf1'll1ary, shears, fracture zones, and a Iterati on zones at
the Watana site tend to parallel Joint Sets I and Ill. No
major structures were found associated with Sets II and IV.
The SusHna River appears to be joint-control1ed at the
Watana site. In the upstream area, the river parallels Set
II. In the dam centerline area. H is controlled by both
Set I and Set II. wtli le downstream from the centerl ine the
river is controlled by shear and fracture zones related to
Joint Set I.

(iii) Shears, Fracture Zones, and Alteration Zones

This section defines and discusses shears, fracture, and
alteratton zones and combinations of these features which
are Shear/fracture zones and shear/alteration zones mapped
at the Watana site. Symbols denoting these features on the
geologic sections (Figures 6.4 througil 6.8) are: shears
(S), fracture zones (F), alteration zones (A), shear/alter
ation zones (S, A), and shear/fracture zones (S,F). For
the most part, these features are less than 10 feet wide
and discontinuous. Where more than 10 feet wide, both
boundar;es have been delineated on the geologic map (Figure
6.3) and geologic sections. The individual characteristics
of shears, fracture zones, and alteration zones are des
cribed below, while Subsection (tv) d1scusses the specific
areas in which these structures occur.
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Shears

Shears are defined as a surface or zone of rock frilcture
along which there hils been meilsurilble displacement and is
characterfzed by brecciil. gouge. and/or slickensides in·
dicating relative movement.

Two types of shears are found at the Watana site. The
first type. which is found only in the diorite. is called
healed shears i1nd healed breccia. This type of shear
consists of iI diorite breccia healed within a matrix of
aphanitic to fine grilined i1ndeslte/diorlte. The diorite
fragments range from less than 5 percent to 90 percent of
the zone and are generillly subrounded. The matrix and
roa fragments. which are observed in both outcrop and
core borings. are fresh and very hard to hard. Figure
6.11 shows a I-to-2-foot-wide heilled sheared zone. The
contacts. although irregulilr, are tight and unfractured.
In outcrops. healed sheilr"S i1nd brecciil range from less
thiln 1 inch to about 1.5 feet. One foot offsets of these
features have been observed where they cross felsic
dikes. Two general orientations were found for this type
of shear: 305° dipping 45° to 70° northeast, i1nd 300°
dipping 65° southwest.

Healed shears and breccias were found in virtually all
boreholes. In all cases, the zone was found to be cOlJ1le
tent with hIgh RQOs and high core recoveries. The
largest healed shear was up to 140 feet thick in COE
OH-ll. No co..-relation could be made between the healed
sheilrs and breccias noted in the ceres and the surface
exposures. Therefore. these features were not del~neated

on the site geologic map. These features are interpreted
to be ~lacement type sheilrs which formed during the
last phases of plutonic activity when the magma was in a
semi-solid state.

The second type of shear found at the site is COfTlllOn to
all rock types and consists of unhealed breccia and/or
gouge (Figure 6.18). The breccia consists of cOilrse to
fine sand-size rock fragments in a silt or clay matrix.
Gouge is generally silt or clay material. Both the
brecciil and gouge are soft and friable. Thicknesses of
these shears vary from Iess than 0.1 inch up to 20 feet,
but are generally less thiln 1 foot. Carbonate and chlor
ite mineralization are corrmonly associated with these
shears. Some shears are partially to cOITlJletely filled
with carbonate. Slickensides are found in most sheilrs
and occur on both the carbonate and chlorite surfaces.
These sheilrs are most often associated with fracture i1nd
alteration zones. When found in association with these
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zones. they have been referred to as shear/fracture and
shear/alteration zones. Figure 6.18 is a photograph of a
typtcal shear whtch is within a fracture zone. These
zones will be discussed in IlIOre detail in the Fracture
Zone and Alteration Zone subsecttons.

Fracture Zones

Fracture zones are areas of very closely to closely
spaced (less than 1 foot) jointed rock. where no apparent
relative movement has occurred. Fracture zones are com·
mon to all rock types and are found in both outcrop and
boreholes. fracture zones in outcrop were found to range
from 6 inches up to 30 feet in width but are generally
less than 10 feet. In the boreholes. fracture zones were
found to range from less than 1 foot up to more than 100
feet wide as measured in 8H-2. However. for the most
part in boreholes and outcrop. the fracture zones are
less than 5 feet wide.

Where exposed. they are easily eroded and form topograph
ic lows or gullies. which have become filled with talus.
The fracture surfaces are generally iron oxide stained.
A coating of white carbonate 15 also corrmonly found on
the fracture surfaces.

Alteration Zones

Alteration zones are areas where hydrothermal solutions
have caused the chemical breakdown of the feldspars and
mafic minerals. The products of alteration are kaolini
tic clay from feldspar and chlorite from maftc mlnera1s.
These zones are found in both the diorite and andesite
porphyry but appear to be less COlrmon in the andesite
porphyry.

Host of the information regarding alteration zones 15
from the boreholes. Alteration zones are rarely seen in
outcrop because, like the fracture zones, they are rela
t i ve 1y eas ily eroded and tend to form gull ies whi ch sub
sequently become filled with talus. Alteration zones are
exposed on the surface on the north bank in "The Fi ns"
and in one outcrop at river 1evel near the dam center
line. rhe degree of alteration is highly variable rang
ing from slight, where the feldspars show discoloration.
to complete where the feldspars and mafics are completely
altered to cl~y and chlorite. In slightly altered dto
rftp.. the rock is bleached to a yellowish green or gray
and is generally hard to moderately hard as seen in 8H-3
from 933.2 to 948.9 feet (Appendix B). The s 1i ght Iy
altered zones have approximately 10 to 25 percent of the
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feldspars stained or altered to clay. In cOl\l)letely al
tered diorite, the rodt is bleached to whitish gray or
very light yellowish fTay. The rock fabric is preserved,
however. the material is soft and friable. These com·
pletely altered zones are uncommon, and when encountered,
are generally 1 to 2 feet wide. Host alteration zones
found in the boreholes are slightly to moderately al
tered. These zones are moderately hard with scme thln
soft zones. Flgure 6.15 is a photograph of an alteration
zone within ·ThE Fins·. As seen in the figure. the in
tact diorite is in the upper right and is noticeably
darker than the lighter, bleached dtorite that is altered
and sheared. Iron oxide staining is vtsible over a 2-to
8-tnch-wtde carbonate band.

Widths of these alteration zones most often range up to
20 feet but are generally under 5 feet. An exception is
in BH-12 on the soutl', bank which dri lied over 300 feet
into an alteration zone (Figure 6.5, see Subsection
[iv]). Several shear/alteration zones are exposed in "The
Fins" and range from 10 to 55 feet wide.

The carbonate, which is also associated with the altera
tion zones, occurs as veins or joint filling generally up
to 0.5 inches thick. Occasionally, sulphide mineraliza
tton and iron oxide staining are also found i" these
zones.

No increase in joint frequency is evident in association
with these al terat ion zones. Itullerous th in (<2 inches)
shears are associated with the alteration zones (Appendix
B). RQOs are generaliy low, because only fresh to
sl iyhtly altered rock is considered in taking RQO mea
surements. Core recovery is generally more than 90 per
cent within the alteration zones. The transition from
fresh to altered rock is gradational, generally occurring
over less than 1 foot.

(iv) Significant Geologic Features

The Watana site has several significant geologic features
which consist of broad areas of shears, fracture zones,
alteration zones, and/or combinations of these features.
Two of these areas. i nit ia lly mapped by the CO£ (45) are
called "The Fins" and "Fingerbuster" (Figure 6.3). Other
areas or individual structures considered to warrant
detailed discussion have been identified on figure 6.3 by
letters GF 1 through GF 8 and are dtscussed individually
below.
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"The Fins"

"The Fins" consists of maJor zones of Shearing and alter
ation. This feature is located on the north bank of the
5usHna River upstream from the proposed diversion tunnel
i"ltake portal (Figure 1.2). "The Fins" consists of a 400
foot-wide zone containing a series of northwest trending
shear/alteration zones. Gullies formed by erosion of
these structures are separated by intact rock bands or
ribs ranging from 5 to 50 feet wide.

Three major and nunerous minor shear/alt~atiOfl zones
have been mapped in "The Fins." From upstream to down
stream, the major zones consist of a 20-foot-wide zone in
the area of the diorite and diorite porphyry contact, a
55-foot-wide zone; and a 30-foot-wide zone. These zones
are separated by intact cOfl1)etent rock bands or ribs.
large gullies with thick talus have formed in these
zones, resul t i ng in poor rock exposure. These zones
trend in a northwest-southeast direction and are near
vertical. Figure 6.16 is an aerial photograph of "The
Fins" looking northwest along the strike. The 55-foot
wide gully (as measured at river level) splits into two
branches 20 to 30 feet wide at approximate Elevat ion
1650. A 10·foot-wide lone of altered and crushed rock is
exposed near river level on the east side (Figure 6.15),
and there is a 3-foot-wide zone of sheared/fractured and
moderately to severely altered rocks on the west side of
the main gully. The remainder of the gully is covered by
talus. Based on these exposures, 1t has been assumed
that the shear and alteration zones extend across the
full 55-foot width of the gully.

There are carbonate veins parallel to these zones and
others which transverse them. Carbonate thicknesses
range from 0.5 to B inches. The veins are fractured but
no offsets were noted.

Minor east-west and north-south trending shears also
occur in "The Fins." These features are generally less
than 1 foot wide. Two north-south trending she~rs mapped
in "The Fins" are 1 foot and 3 feet wide, respectively,
and dip 57° to the west. 51 ickensides on carbonate coat
ings indicate an oblique sense of movement. Figure 6.14
shows a 3-foot-wide north-south shear. This shear
appears to project across the river in the vicinity of
the upstream cofferdam and align with a topographic trend
on the south bank. lineations associated with the north
south shears are indicated on Figure 6.16.

6-15



The overall trend of -The Fins· is 300 to 310°. Dips are
steep to vertical. The extension of this feature to the
northwest is inferred frCIII seismic refraction lines Sl
81-15, Sl 81-15x. and SW·3 which show low seismic velo
cities (10.000-12,700 feet per second) in bedrock. ;os
well as low bedrock elevation along the proJection of
-The Fins" (Figure 6.5). In contrast, the bedrock seis
mic velocity northeast and southwest of this featur"e is
about 18,000 feet per second (Appendices H and I).

Beyond the seismic lines, "The Fins" has been inferred to
trend along u topographic low (Figure 6.16). Altered
rock found in COE boreholes OR-18. OR-19, and OR-20 in
Borrow Site 0 may also have been drilled in this feature
(Figure 5.1). The top09raphic low projects to Tsusena
Creek. where along the northwest bank, an altered and
sheared outcrop of granodiorite is exposed. This outcrop
exposure is approximately 325 feet wide and is character
ized by northwest. north-south, and e;oH·west trentJing
shears.

The continuation of -The Fins" to the southeast beyond
the south bank of the Susitna River is uncertain. On the
south bank across from "The Fins," there is a topographic
low in Quarry l (Section 6.3[1]), which is the inferred
location of "The Fins" structure. Beyond this area, no
outcrops or topographic trends could be correlated to
this feature. The trace of this feature is also support
ed by mappi~~ activities performed by Woodward-Clyde Con
sultants during their seismic studies carried out during
1980-81 (57,58).

Geologic Feature GF 1

GF 1 is the region downstream of -The Fins" in the vic
inity of the proposed upstream cofferdam and diversion
tunnel portals. For discussion purposes, the area has
been divided into two subareas: GF 1A on the north
bank and GF 1B on the south bank (Figure 6.3).

Subarea ul lA conta;ns east-west and northwest-south
east trendin~ ~~~ar~ and fracture zones. The east-west
shears are orl~nted between 2BO° and 290° with vertical
dips. Shear widthS are generally 1 foot or less. The
northwest-southeast (310 to 320°) trendin9 shears are
up to 3 feet wide and are parallel to two fracture
zones. These zones are 25 to 30 feet wide and form
gullie;. These features are likely to be encountered in
the proposed diversion tunnels (Figure 6.7). intersect
ing the tunnels at high angles (Figure 6.3). The most
significant structure in GF 18 is a 20-foot-wide frac·
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ture lone trending at 3150 and dipping vertically. A
I-foot-wide zone of possible gouge was found in the
zone. Approximately 100 feet to the northeast, a 4
inch-wide shear was mapped parallel to this fracture
zone. The correlation of the structures in GF lA with
those in GF 18 are uncertain.

Geologic Feature GF 2

GF 2 (Figure 6.3) is arJroxintately 80 feet wide and
consists of northwest-southeast trending fracture zones
wi th mi nor shears. On the south bank, GF 2 ; s coi nci
dent with a deep, talus-filled gully. Outcrops on
either side of the gully are vel'"y closely jointed (Set
I). Dips are vertical or steep to the north.

On the north bank, there is no strong topographic ex
pression of the GF 2 structure. A 30-foot-wide gully
postulated as a fracture zon~ was mapped at about Ele
vation 1700. Joint orientations in this area are simi
lar to those on the south bank. The GF 2 structure was
pt'"ojected farther to the northwest in alignment with a
low seismic velocity (14,800 feet per second) zone on
SL 80-3 (Appendix I). Based on this evidence, it is
likely that this fracture lone w11 I be encountered in
the diversion tunnel (Figure 6.7), intersecting the
tunnel at an oblique angle.

Geologic Feature GF 3

GF 3 is located on the south bank (Figure 6.3). This
area contains fracture zones and minor sheal'"s. These
structures strike predominantly at 3200 and have verti
cal to steep northeast dips. A 20·foot-wide fracture
zone was mapped in a deep gully paralleling Joint Set
I. Parallel to t.his zone is a 4-to·6-foot wide zone of
breccia with heavy carbonate coating. Also in GF 3 is
a 3-to-6 foot-wide shear/fracture zone which trends
north-south and dips 60 0 east. No features similar to
those in GF 3 were found on the north ba nk.

Geologic Feature GF 4

GF 4 consists of two shear/fl'"acture zones (GF 4A and
GF 4B), each about 10 feet wide (Figure 6.3). The
overall trend of these zones is 3150 with a dip of 700

to the east. On the south bank, GF 4A and GF 43 were
mapped in a very deep, talus-filled gully. Outcrops
in the gullies have very closely to closely spaced
joints along Joint Sets I, II and 11 I. All joints are
heavi Iy carbonate coated. Where mapped, GF 4A was
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found moderatelJ weathered wHh possible alteration.
Seismic velocHies in this area (Sl 80-3) are lower
(15,000 feet per second) than the usual 18,000 to
20,000 feet per second veloci~ies measured in less
fractured diorite. GF 4A and GF 4B have been projected
across the river to correlate with two fracture zones
mapped between Elevations 1650 and 1750. These frac
ture zones are also in a deep gully (Figure 6.17).
GF 4A has been tentatively correlated with the shears.
fracture zones, and alteration zones found in borehole
BH-3 (Figure 6.4) between borehole depths 414.4 and
622.4 feet. These zones are slightly to IOOderately
altered and genera l1y moderate ly hard, though loca 11y
soft and friable in the shears. RQOs between 474 and
530 feet are 0 percent because of the moderate altera
tion. Throughout the rest of the zone. RQOs are gO tg
100 percent with permeabllities generally 10
cm/sec. Many of the joints are healed by carbonate.
The correlation of the zones in BH-3 with GF 4A has
been based on the assumption that the zones are trend
ing northwestward. This assumption is supported by the
fact that this fracture zone would have been intersect
ed in either 8H-4 or DH-ll if it had had an east-west
or a north-south strike.

GF 48 has been correlated with a shear/fracture zone
~:ld alteration zone in DH-ll (Figure 6.4) at borehole
depth 189.0-197.7 feet. The frilcture zone is iron
oxide stained. The upper three feet of the zone is
hydrothermally altered and contains 0.2 fCY.lt of clay
gouge and brecciil. Permeabilities in ~his zone are
hig~. typically ranging between 10- em/sec to
10- em/sec. Host joi nts are coated with silndy
silt/clay and minor carbonate. The projection of the
GF 4A and GF 48 structures would intersect the proposed
divlrsion tunnels (Figure 6.3) at a high angle.

Geologic Feature GF 5

GF 5 is located near the proposed tlilm centerline and
consists of fracture zones and minor shears (Figure
6.3). The area is i1pproximately 60 to 70 feet wide and
trends northwest-southeast (310 to 320°). The dip is
steep to the northeast. GF 5 on the north bank of the
river falls within a deep gully bounded on the down
stream side by a 75-foot-high diorite cliff (Figure
6.17). Two northwest trending shears in the gully are
as much as 10 feet wide and dip at 75° and 80° to the
northeast and southwest, respectively. Although there
is no topographic expression of these features on the
north abutment. it has been correlated wHh se\'eral
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shear and fracture zones intersected in borehole OH-9
(Fi9ure 6.4) and with a l30-foot-wide, low-velocity
zone on SW-2 (12,500 fps) (Appendix I). The joints and
fractures in DH·9 are generally iron oxide-stained and
carbonate-coated. Fa i nt s Ii ckens ides are observed on
some surfaces. The RQDs in DH-9 are low, with an aver
age of 57 percent. Permeabi1ities are generally be
tween 10-1 em/sec and 10- em/sec and decrease
with depth. No low-velocity zones were encountered
along Sl 80-2 (Figure 6.3) that could ifll)ly continua
tion of this feature to the northwest (Appendices Hand
I ) .

On the south bank, the GF 5 structure is correlated to
a 10-foot-wide fracture zone at river level and a ser
ies of minor northwest-trending shears between Eleva
tion 1650 and 1850. Farther up slope, it is correlated
with a moderately low (15,000 feet per second) velocity
zone along Sl 80-3 and a bedrock depression found in
borehole OH-25 (Figure 6.8). In this area, overburden
thickens from 10 or 15 feet to nearly 80 feet. On the
north bank, GF 5 will likely intersect the proposed
diversion tunnels (Figure 6.3).

Geologic Feature GF 6

Gf 6 is divided into two subareas: GF 6A on the north
bank and GF 6B on the south bank (Figure 6.3). Both
subareas are characterized by north-south trending
structures. GF 6A is approximately 25 feet wide and
occurs in a north-south trending gully whose walls are
very closely jointed, severely weathered, possibly al
tered, and locally friable, A strong north·south
trending joint set (Set III) with vertical and steep
dips occurs in this area.

Subarea GF 6B is characterized by north-south shears,
fracture zones, and open joints. east-west trending
open joints, and northwest trending shears (Figure
6.3). These features are exposed in deep gullies in
the high rock cliff face on the south side of the river
(Figure 6.18). The north-south shears have up to 2.5
feet of gouge. Open joints along this trend generally
dip 'l.t about 800 to the east and are up to several feet
wide. East-west trending joints dip 700 to 800 north
towards the river. The intersection of these joint
sets has resulted in block slumping. Details of
northwest trending shears in GF 6 are discussed in GF 7
below. No direct evidence could be found during this
study to correlate GF 6A and GF 6B.
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Geologic Fea:ure GF 7

GF 7 is divided lnto three subareas: GF 7A on the
north ba"'; GF 7B. whi eh trends across the river from
the north bank to the south bank; and GF le. which lies
between these two areas on the north bank (Figure 6.3).
GF 7 is characterized by nllTlerous northwest (290° to
300°) trending, nearly vef"tlcal shears. These shears
are generally 1 foot or less wide and are often associ
ated w; th fracture zones up to 10 feet WIde.

Subarea GF 7A is about 40 feet WIde and lies in a shal
low northwest trending gully. An outcrop on the east
side of the GF 7A structure at approximate Elevation
1850 is a moderately soft, altered dIorite. The extent
and orientation of GF 7A are uncertain; however, based
on field mapping. it appears to trend in a northwester
ly direction.

On the north bank in the andesite porphyry, subarea
GF 78 lies in a deep, vegetated gully trending at 290"
(Fi9ures 6.3 and 6.19). Exposures in the gully show
very closely spaced vert ical fractures trending approx
imately 290" with thin zones of breccia and gouge. The
andesite porphyry on the gully walls is slightly to
moderately weathered. figure 6.20 shows where GF 78
intersects the "'Fingerbuster" at river level on the
north bank (see next subsection). Subarea GF 7B has
been projected across the river to correlate with fea
tures exposed along the base of the cliffs in area
GF 68 (Figure 6.3). GF 7B appears to dip at 75" to the
north. This is based on the slope of the cllff face
and dips of shears behind and at the base of the cliff.
GF 78 was also correlated with a shear zone intersected
from 97.8 to 104.0 feet in DH-l (Figure 6.6). This
zone is slight 1y to moderate 1y altered, with shears
less than 6 inches wide. The rock is moderately hard,
but soft in shear zoI'l~s. RQDs are generally less tha~

40 percent in DH-l with permeabilities about 10
em/sec. Shearing may also exist in DH-3 where core
loss of 6.7 feet occurred near ~he top of rock between
94.0 and 104.7 feet. Subarea GF 7B projects to the
southeast from the river bank and is exposed in a
steep-walled, 10-to-15-foot wide gully at the andesite
porphyry/diorite contact at Elevation 1750. GF 7B
crosscuts both of these rock types. The rock in the
zone itself has a granular nearly schistose character
typical of cataclastlc rocks. The rock has been healed
and resheared. No exposures of GF 78 were found beyond
this point; however, it has been tentatively correlated
to a 10.000-feet-per-second zone on seismic line SW~1
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and to shear/fracture zones in DH-23 (Figure 6.5).
This correlation is questionable, since the zone was
not intersected by BH-8, which lies between these fea
tures.

Subarea GF 7C is bounded by the ~Fingerbuster." subarea
GF 7A and a north-south trending gully on the east side
(Figure 6.3). This area has a step-like appearance in
section because of a series of east-west trending
ridges and gullies between 10 and 20 feet wide. The
"steps" trend a long the 290° to 3000 shears which are
parallel to Set I joints in this area. Numerous minor
shears in this area have resulted in gullying and ero
sion. This area was lllt.erpreted to be a series of
near-surface slumps along the northwest-trending
shears. It is assumed that GF 7C extends to near Ele
vation 2200. where a low-velocity zone was found on
SW-2. The size and stability of these blocks will
require investigation in subsequent phases of work.

"Fingerbuster"

The second most prominent structural feature at Watana is
the major zone of shears called the "Fingerbuster,~ lo
cated about 2.000 feet downstream of the proposed dam
centerline. On the north bank, this structure is par
tially exposed in a 40-foot-wide gully filled with a deep
talus deposit. The andesite porphyry/diorite contact is
coincident with this structure to about Elevation 2000.
An outcrop in the gully 100 feet above river level is a
highly fractured diorite breccia in an andesite matr'ix.
The rock is moderately to severely weathered. Joints are
very closely to closely spaced in the gully, trend 330 0

(Set I) and 0° (Set ill), and dip steeply to vertical.
Slickensides on the gully walls indicate a vertical dis
placement. Another outcrop at Elevation 1850 on the east
side of the gully is very fine to medilJll grained diorite
which has been intruded by thin veins of andesite con
taining diorite fragments.

BH-2 wa5 drilled across the "Fingerbuster'· structure to
determine its location at depth. Eetween borehole depths
of 71.2 and 177.1 feet. the borehole intersected a shear/
fracture zone which was also coincident with the andesite
porphyry/diorite contact at approximately 126 feet (Fig
ure 6.7). The rock in this zone contains major shears and
zones of alteration. RQOs and core recoveries were gen
erally less than 50 percent and often 0 percent. A gully
that branches from the main "Fingerbuster'· tf the north
west is inferred to be another shear and fracture zone.

6-21



The extension of the "Fingerbuster" to the south is based
on a strong north-south topographic lineament which ex
tp.nds to Elevation 1800 on the south bani<.. No outcrops
were found in this gully. This feature. which is down
stream from the main dam structure. has been considered
si gnificant 1'n desi gn. Every effort has been made to
avoid placing major civil structures in this area.

Geologic Feature GF 8

GF 8 is a wide (approximately 400 feet) northwest
trendi ng structure on the south bank of the ri ver which
consists primarily of alteration zones but also in
cludes shear and fracture zones (Figure 6.3). This
area was delineated during the 1981 field season for a
poss i ble underground powerhouse on the south bank.

As a result of the scarcity of bedrock exposure in this
area. all geo:ogic interpretation has been based on
seismic refraction surveys and drilling. In 1981, an
l,BOO-foot seismic line (SL 81-21) was shot along a
northeast-southwest trend across the south bank (Fi gure
6.3). A zone about 1,100 feet long of low seismic vel
ocity in bedrock was found. Velocities were about
12.000 feet per second in this zone and 18.000 feet per
second in the adjacent zones on each side. Poor qual
ity rock was confirmed by BH-12 which was dri lied to
the southeast to intersect this structure (Figure 6.5).
At about Elevation 170U. the boring encountered a near
iy continuous zone of altered diorite with minor
shears. Alteration is generally slight but includes
zones of moderate to severe a1terat i on. Shears are
less than 6 inches wide. Joints are genenlly closely
spaced and healed with carbonate. Chlorite is found on
some joint surface~.

The trend and dip of this structure was based on corre
lation between SL 81-21. SW-1. BH-12, and OH-28. OH-28
was drilled vertically to a depth of 125.2 feet in an
des7te porphyry. The rock in the boring is slightly to
moderately altered and moderately hard. Joints are
very closely to closely spaced and iron oxide stained
throughout. FlQOs are generally less than 50 percent
and often 0 percent. It is postulated that OH-28 was
drilled in i shear/fracture zone related to the GF 8
structure (! igure 6.8). East of OH-2B. $W-1 shows
zones of alternating high (17.5UO-20.000 feet per
second) and low (12,000-13.000 feet per second) seismic
velocity bedrock. No evidence of shearing or altera
tion was found in BH-8. DH-12, DH-23. or DH-24 or in
any outcrops on the south bank (Figure 6.5). This
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observat ion served to limit the northeastward extent of
GF 8. In defining the trend of GF 8, it was assuned
that this structure would follow the major northwest
southeast structural trend found at the site. The
southwest limit of GF 8 was based on the change from
low to htgh bedrock velocity on $l 81-21. The south
west contact W3S assuned parallel to the northeast
limit. The dip of the structure, based on the seismic
line and information from BH-12, is asslllled to be about
700 to the southwest (Figure 6.5).

(d) Rock Quality Designation

The Rock Quality Designation (RQO) (13) was determined for all
rock cores dri 11ed by Acres and COE and is graphically shown on
the Summary log~ in Appendix B. Excluded fran this series of bor
ings are COE DR-16, OR-l7, DR-IB, OR-19, OR-20. and OR-22 which
were rotary dri lIed without core recovery and, therefore, no RQDs
were obtained. A tabulation of the RQD values is provided in
Tables 6.3 and 6.4. As noted in the tables, rock quality encoun
tered in the drilling was generally good to excellent with RlJDs
averaging between 75 and gO percent. In general, rock quality
improves with depth, with the upper 50 to 80 feet of rock being
weath~red and more fractured. Below this weathered zone, rock
quality ;s good to excellent with only localized zones of frac
tured and sheared rock. These zones generally range in thick.ness
from I to 5 feet, but can be up to 30 feet. RQOs correlate well
with the permeability tests (Section 6.1(f)) which is generally a
function of rock quality.

Poor qual ity rock was found in BH-2 which dri 11ed through part of
the "Fingerbuster" shear lone_ This borehole was sited downstream
from the lone and drilled at an azimuth of 045° and a dip of 55°.
As seen in the boring logs, the shear zone was intersected at a
borehOle depth of approximately 70 feet and continued to a hole
length of approximately 100 feet (vertical depth 65 to 80 feet).
This lone, which corresponds with the andesite porphyry/diorite
contact, consists of highly fractured, severely weathered brec
ciated and sheared rock. Repeated grouting was required to main
tain hole stability. Below this lone, rock quality ill'pf'oved with
only localized zones of low RQDs encountered around borehole depth
cf 200, 210, and 250 feet. Other poor qual ity rock was encoun
tered in seve',-al shallow CaE holes (DH-l and OH-28). These holes
were drilled to a depth of less than 125 feet and reflect the poor
quality, n.:!ar surface weathered rock conditions.

In general, tleatnering <'ppears to be primarily phys'ical in nature,
with weathered !'ock being about 40 feet deep at the damsite. The
weathering is light to moderate in joints, with penetration gener
ally less than a inch into the unbroken rock. Shear and fracture
zones are considerably more weathered, and many of the shear zones
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exhibit chemical weathering and hydrothermal alteration. Details
of these zones are discussed in Section 6.1 (c).

The intact rock is classified as Class B "high strength" and has a
high static modulus to co~ressive strength ratio of 500. Rock
overall classification is BH (14).

(e) Rock Properties

Representative NQ (1.77 inches) rock core samples of andesite por
phyry, dior i te, quartz di orite and granodi orite samp 1es were sel
ected from BH.l, -2, -3, -4, -5, -8, and -12 for laboratory test
ing. Results of the testing are presented in Tables 6.5 and 6.6
and are discussed below. Since the properties of diorite. quartz
diorite. and granodiorite were found to be similar, they have been
included under the heading of diorite. PhotographS of typica,
rock testing is shown in F1gure 6.21.

(i) Unit Weight

Dry unit weights were determined in conjunction with com
pression and tensile strength tests. Oioritic rocks aver
aged 167 pcf and andesite rocks averaged 165 pcf.

(;i) Static Elastic Properties

Elastic properties were measured under unconfined compres
sion using electronic strain gages bonded onto the sal\1)le
in horizontal and vertical directions. Stress, diameuic
strain and volumetric strain were calculated and plotted
against axial stress from which the tangent modulus at 50
percent failure stress, secant modulus, and Poisson's Ratio
were determined. Results are presented in Figure 6.22. An
average of all test results shows:

Rock Type

Andes f te
Oi oritefl'
Combined. all samples

Stat ic ~dulus

(x 10 psT)

10.2
9.5
9.64

Poisson's
Rat i 0

0.25
0.23
0.24

·Includes diorite. granodiorite and quartz diorite

(iii) Dynamic Elastic Properties

COllllressional (VpJ and shear (V s ) wave
measured on two dioritfc samples giving:
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Oynami~ Modulus
(x 10 psi)

10.1

Poisson's Ratio

0.31

Yp
iflli
19508

Ys
iflli
10267

(iv) Direct Sn~ar Tests

Three types of direct shear tests were performed:

(1) Natura I di scant i nui ty
(2) Polished rock on rock
(3) Polished rock on mortar

Test results are plotted on Figure 6.23. A s~ry of the
results are:

Diorite o Peak ~ Residual C(psi)

Natural joint. rough, planar
with carbonate, dry 38° 28° 0

Natural discontinuity with
inferred cohesion 30° 29

Po 1i shed rock on rock. dry 21. S" 18° 0
Polished rock on mortar. dry 44° W 0
Polished rock on mortar,

dry with inferred cohesion 31' 24

Polished rock on rock tests ghe a material's lowest fric
tion angle. This angle does not include effects of natural
surface undulations or roughness. Therefore. a "waviness
angle" is applied to obtain a more representative value for
design. This "waviness angle" is based to a large degree
on observed field conditions of natural joint surface and
site geology.

The results of the natural JOlnt test quoted above show
relatively high peak and residual values. Analysis of ver
tical vs. horizontal displacements shows a 10" incline.
which appears to reflect this "waviness angle" for in situ
clJ:,ditions. As noted on Figure 6.23. two ?ossible inter
pretations of the shear strength are given: a higher peak
wi thout cohes i on or a lower peak inc 1udi ng an apparent co
hesion. The results are typical of natural joints and rock
on concrete (21).

Diorite on mortar tests show that the
initially high but decreases to residual
normal loads and greater displacements.
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(,) Compress 1'.Ie Strength Testing

Compressive strengths were measured ;" unconfined compres-
sion and by poi nt loading.

Unconfi ned Compress i on

Results of unconfined compressive strength tests show:

NLIlI1ber High low Mean t Standard
Rock Type Of Tests illli J2ill Deviation (psi)

Andesite 8 26.206 6,100 18361 + 5978
Diorite 32 29,530 4,473 17593 ... 6080

Both rock types are isotropic and show relatively high
strengths. Frequency plots (Figure 6.24) show 90 percent
of all cores tested above 10,000 psi and approximately 70
percent of results plotted between 11,755 and 23,736
psi.

Point Load Testing

Boreholes BH-6 and BH-8 were proft led at 15-to-20-foot
intervals using a Terremetrics T-SOO point load tester.
Frequency plots (Figure 6.25) show 95 percent of all test
results are more than 10.000 psi and, assWling a normal
distribution, nearly 70 percent of all tests fall within
the 18,1l4-to-38,390-psi range. No distinction between
the various rock types could be noted.

These apparent strengths are substantially higher than
those defined by unconfined compressive strength tests.
The probable cause is that rock strength is proportional
to the physical dimension of the test sample. For uncon
fined compression tests, lower strengths for larger size
cores of the same rock are corrmon (23). Since a point
load tester tests the minimum volume of rock, higher
results would be expected.

Both types of tests. however, show the intact rock to be
of high strength with an average to high modulus ratio
(8M, BH) (14),

(,i) Tensile Strength

Number of Hi gh low Mean + Standard
Rock Type Tests .i£ill l£ill Deviation (psi)

Andesite 3 1118 1616 1683 + 58
Diorite 8 2450 602 1906 .. 576
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Test results show that intact rodt tensile strength (Braz
llian Spltt) is relatively high, -mich illlpl1es a high in
tact rock shear strength. The lowest strength was obtained
on altered diorite sample -mfle sound, c~etent cores
tested at least three tilrles higher.

(vii) Sumnary

The rock test results presented in this section are con
sidered adequate for prel iminary design purposes. E.ten
she geotechnical work inclUding drilliny, down-hole test
ing, geophysics, e.pioratory adits, laboratory and in situ
testing, will be required before the final design para
meters can be determl ned for each structure. However,
tests performed during this, as well as previous studies,
show the rock to be of excellent quality for constructing
both surface and subsurface hydropower facilities at
Watana.

(f) Rock Permeability

Water pressure tests performed both by the COE and Acres (Section
5) conf irm that rock permeabi lity at Watana site is contra II ed by
the degree of jointing, fracturing, weathering and permafrost
within the bedrock.

Results of permeability tests are graphically shown on the Surrmary
logs and tabulated in Appendices 8 and 0, respectively. Water
pressure testing could not be performed in several zones because
of hole caving. In BH-2, testing was terminated at a hole depth
of 70 feet. and in BH-12. the bottom 200 feet could not be
tested.

The rock permeabll ity does not vary signlffcanfly within the site
areg, genera lly rangi ng between 1 • 10- em/sec to 1 •
10- cm/sec. As would be e.pected in fractured rock, high
perrneabilfties are found near the surface with low permeabilities
at depth (Figure 6.26). Similarly, high permeabilities are also
encountered in the more highly fractured rock zones.

An example of this was found in BH-l (Appendix B) where higher
permeabilities, about 10-4 cm/sec, were measured in a zone
from 150 to 160 feet, which corresponds to a highly fractured zone
with O-RQDs and low cor~ recovery. Similarly, high permeabili
ties, about 1.6 • 10- em/sec, were measured in BH-6 at a
depth of 464 feet, which corresponds to a soft mineral fzed zone
with O-RQOs.
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In BH-3 and BH-4, at the estimated powerhouse cavern depth of
approximately 1450 to 6400 Elevation, permeabllities are low, in
the range of 2 x 10- em/sec. The permeabil ily of rock above
th.

S
powerhouse 6CClqllex is generally low. ranging between 1 x

10- to 1 x 10- an/sec.

Artesian conditions were encountered in BH-12 at a depth of 325
feet. which corresponded \lfith the granodtorile/andesite altered
and sheared conta-:t. Because of the structural relationship of
these two rock units (see Section 6.1 [b]), higher permeabilitles
may be expect!d where this contact is intef"sected.

Permafrost conditions within the rock have an effect on perl4leabll
i ty. I ce-f111 ed joi nts and fractures prevent water from flowt ng
through the rock mass, thereby giving erroneously low permeability
values (Section 6.1 [h]). Thawlng methods have, therefore, been
developed in those permafrost areas for foundation treatment under
the dam and associated Structures.

(g) Groundwater

(i) General

As stated in 6.1(b), the Watana damsite lies within a large
dome-Shaped diorite pluton. Grouno"ater data for the site
is based on borings, installed piezometers, and field ob
servations.

This section will address only the groundwater conditions
at the damsite and construction areas. Discussions of the
groundw~ter in the borrow sites and relict channel will be
i ndi vi dua lly addressed in Sect ions ii.2 and 6.3, respec
tively, while the groundwater conditions in the reservoir
are briefly discussed in Appendix K.

(ii) Oamsites

For the most part, the groundwater at the main damsite is
confined to open fractures and joints within the bedrock.
Therefore, the movement of groundwater is determined by the
rock permeability and continuity of these open fractures
and joints, Gradients within the damsite proper are down
slope towards the Susitna River, with the groundwater gen
erally representing a subdued replica of the topography.

The groundwater regime is compl icated at the Watana site by
the eXlstence of nearly continuous permafrost on the south
bank and possibly intermittent permafrost on the north bank
(Section 6.1 [h]).
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As a result of the permafrost. the groundwater table is
relatively shallow on the left abutment. Boreholes BH~8.

8H-12, OH-12, OH-25, and DH-28 a1 1 encnuntered water levels
within 10 feet of the Surface. Numerous seeps, springs.
and wet areas are evident throughout the left bank. This
shallow water table is the -thawed- layer perched on top of
the permafro~t lone. On steeper slopes (Elevation 1900 to
r i vel" leve 1), groundwater f10ws through the weathered rod:
zone and on top of the rock surface beneath the talus
slopes.

Groundwater was encountered 1n two deep borehOles beneath
the per-mafrost on the south bank. In 8H-8. the water level
was recorded at approximately 170 feet. whereas 8H-12
intersected artesian conditions at hole depth 350 feet or
approximately 200 feet beneath ground surface. (This depth
corresponds with the mapped sheared and altered zone [GF 8]
on the left abutment [Figure 6.3]). This hole. which was
drilled in 1981, has continuously flowed at several gallons
per :ninute since it was dri lIed. During its dri 11 ing.
water was noted flowing from an adJacent borehole (illllledi
ately uphill from BH-12) indicating communication along
this zone.

Further investi~ations and instrumentation will be required
in subsequent phases of study to accurately define the
groundwater conditions in this area.

Groundwater on the north abu ent has been monitored by
pie"..wneters installed in BH-3 and BH-6. Based on this
data, the groundwater table appears to be deep on the north
bank. Water levels monitored ~n BH-6 and BH-3 show the
water table to range between 107 to 150 and 28U feet below
ground surface, respectively. The fluctuations noted in
BH-6 appear to be directly correlative with changing ~eason

precipitation.

(iii) Subsurface Structures

Structures such as penstocks, powerhouses, and transformer
galleries that will be constructed below the groundwater
table will likely experience water inflow... through opEn
joints, fractures, and shears. However, rock pel'lneabi li
ties in these areas are expected to be low (Section 6.1
[f)) .

(iv) Surface Facilities

As stated in (if), any surface structure on the south bank
can expect to encounter a ?erched water table on top of the
permafrost. Shallow structures on the upper portions of
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the north bank. are ll1eely to be above the water table.
while structures near river leyel w11 I llkely intersect the
phreatic surface.

The construction of the Emergency Spillway will likely en
counter groundwa~er within the shallow overburden and
weathered rock where perched water table and aquicludes can
be expected.

Camp facilities are sited within the relIct channel and can
expect a surface water condit ion dud ng the sl.lRll1er thaw.
The groundwater table in this area is addressed in Section
6.2.

(h) Permafrost

(1) General

The Watana area has been mapped as a zone of discontinuous
permafrost (19).

Permafrost features consist'.ng of frozen tills. bioodul ana
solifluction slides. beaded streams. thermakarst topo
graphy, skin flows, collapsed pingos. and thaw lakes are
found throughout the region.

Based on regional tellllerature readings from the SUlIllit and
Cantwell, Talkeetna and Curry areas, it appears that the
site is very neal'" to the freezing isotherm, which is sup
ported by one year I s temperature data for Watana that show
an average temperature of approximately O.soC (37). These
temperatures suggest that the site is in an area where
there is no ongoing development of permafrost.

Thermistor readings at the damsite and borrow sites are
shown in Figures 6.27 through 6.29. ArJ analysis of this
data is contained in the following subsections and Sections
6.2 and 6.3.

(it) Damsite

As previously stated. per~frost appears widespread
throughout the left abutment.. All of the seven boreholes
drilled on the left abutment, except BH-12, froze back
within 30 feet of the surface. Permafrost was measured
throughout the full hole depths in DH-12. OH-23, OH-24,
OH-28, and to a minimum depth of 175 feet in BH-8 where the
1nstrt.lllent was blockeo.
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A total depth of permafrost in the left abutment is esti
mated to be 200 to 300 feet. Temperature readings, how
ever, show this to be "warm" permafrost with readings gen
erally ranging between 0 and _1°C (Flgure 6.27).

The extent of permafrost in the underlying river alluvium
and bedrock is based on information obtained from OH-21 and
BH-6. DH-21 drilled by the CaE shows apparent permafrost
to the top of rock. No deeper readings could be obtained
because of hole coliapse. BH-6, drilled on the right abut
ment and inclined beneath the river, shows temperatures
below freezing from hole depths ranging frem approximately
95 feet to between 200 to 250 feet, or about 100 to 150
feet beneath rock surface (Figure 6.27).

Or~ lling of the vertical holes by the COE in the river
alluvium sh<)wed no apparent permafrost in either the allu
vium cr bedrock. Further investigations will be required,
however, in this area to confirm the permafrost condi
tions.

NO permafrost was encountered in any of the seven borings
drilled on the right abutment, with the exception of the
previously discussed BH-6. The only other instnmented
hole on this abutment is BH-3. which shows a very consis
tent data plot with a minimum temperature of 1.2°C at about
120 feet. Thermal gradients measured in several of the
borinss show average gradients of about 1°C per 200 to 300
feet with the exception of BH-3 which shows a gradient of
1°C per 550 feet. This lower gradient may be caused by
groundwater flows within the rock mass resulting in a
decreased temperature.

(iii) Surface Structures

Excavation for surface structures may encounter sporadic
"warm" permafrost or annual frost on the right abutment and
more or less continuous permafrost 011 the left abutment.
Annual frost penetration appears to be about 8 to 16 feet
in the rock and up to 40 to 50 feet in alluvium.

Although no permafrost was found in the areas of the pro
posed Emergency Spillway, for construction purposes, it
should be assumed that local ized permafrost may be encoun
tered that would require thawing and foundation treatment.

(iv) Camp and Access Roads

The camp fac j I i ty has been sited in the genera 1 area of the
relict channel (Section 6.2). Local areas of permafrost
can be expected in this area with zones of deeper seasonal
frost encountered beneath the tundra cover.
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Permafrost can also be expected locally along the access
and construction haul roads in overburden cuts at depths of
o to 20 feet. Permafrost in the bedrock i::. not expected to
pose any major engineering constraints. Care will be
required in designing cut slopes in permafrost terrain to
insure long-term slope stability. Further investigation in
these areas wi 11 be required to accurately define the perm
afrost conditions.

6.2 Relict Channels

(a) Watana ReI ict Channel

(1) Introduction

In 1975, seismic refraction surveys performed by the COE
identified a large, deep overburden deposit on the right
bank extending between Deadman and Tsusena Creeks. This
large, soil-filled depression was interpreted by the COE as
a possible reI ict channel of the Susi na River. Further
seismic work was performed in the channel by the COE in
1978 and by Acres in 198O-81. To date, approximately
70,000 linear feet of seismic refraction surveys have been
performed in this area. In addition to the seismic work,
the COE drilled 8 deep rotary borings in the channel to
identify the stratigraphy and to verify the ~eismic refrac
tion interpretation. Numerous shallower auger holes were
drilled in the area during 1980-81 prilll<!rily to assess bor
row mat~";~lc:. Figures 5.1 and 6.43 show the extent of
exploration performed in dnd adjacent to the channel area.

All of this ddta has been used in defining the location.
configuration, and material properties of the relict chan
nel. The accuracy of the data in defining the extent and
configuration of the channel is considered good. Verifica
tion of seismic interpretation for top-of-bedrock by the
COE's boring showed accuracy within 10 percent for the 1975
data and 5 percent for the 1978 data.

The seismic accuracy of the intermediate soil stratigraphy
is not as good, since the principal objective of the sur
veys was to locate top-of-bedrock. Therefore, the survey
technique used was not conducive for accurately detailing
the intermediate lones. As a result. the stratigraphy
within the channel has been based on very prel iminary and
widely scattered data point (Figure 6.40).

The following sections provide a detailed discussion of the
Watana relict channel.
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(ii) Location and Configuration

The approximate location of the rel ict channel is shown on
phOtographs in Figure 6.30. The upstream entrance to the
channe1 extends from a 1ocat ion approx imate ly 2,000 feet
upstream from the damsite, where bedrock drops below maxi
mum pool elevation (2202 feet), to a point more than two
lid les upstream from Deadman Creek.

The ground surface in the rellct channel is flat to gently
rolling with a drainage divide trending generally nooth to
northeast through the area which closely corresponds with
seismic lines DM-A and UM-B (Figure 6.31).

A top-of-bedrock contour map showing surface topography and
projected flow paths through the channel are shown in
Figure 6.35. The w~ximum overburden thickness in the thal
weg channel is approximately 450 feet.

A sketch showing the reI ict channel with and without the
overburden removed is shown in Figure 6.30. Und~r the max
imum operating pool level of 2,185 feet, a total of approx
imately 13,500 feet of the upstream portion of the channel
would be inundated with water (Figure 6.31).

The distance between the proposed reservoir and Tsusena
Creek along the shortest distance through the channel would
be approximately 6.200 feet and 7.700 feet along the thal
weg section (Figure 6.33).

An ave:--age hydraulic gr.ldient along the thHlweg would be
about 1:14.

(iii) Geology

The formation of the relict channel and the subsequent div
ersion of the Susitna River into its pres(~nt position is
likely the result of a sequence of glacial events during
the Quaternary Period (Tablp. 4.1).

The Quaternary history of this area is very cOfllllex and
poorly understood. However, based on work performed by
Acres and Woodward-Clyde Consultants (60) during this
study, the following geologic events appear to be the most
plausible in explaining the existing conditions.

During preglacial tillles, the Susitna River flowed do....n the
relict channel and into the area of Tsusena Creek. The
river in this area followed the path of least resistance,
being diverted around the more massive diorite pluton
(which underlies the damsite) to the south. The rellct
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(h)

channel appears to have followed the softer sheared and
fractured "ad:. of -The Fins· structure \lthlch is traced
through this area (Section 6.1).

Advancement of the Tsusena Creek glacier into this area
from the north and northeast resulted 1n the inf111ing and
diversion of the Susitna River to the south around the ice
margin, where it subsequently downcut through the diorite
along existing joint sets (Section 6.1). Once below ap
proximate Elevation 1900. the river fell below the entrance
to the re'iet channel. Several glacial advances and
retreats through this area resulted in deposition of a
thick sequence of glacii111y derived material within the
relict channel. This material consisted of basal tlll,
alluvi~. glacial fluvial silts. sands. and gravels and
lacustrine clays.

The actual time and number of glacial advances and retreats
in this area are unknown. However, this sequence of events
appears to be supported by the stratigraphy within the
relict chaMel.

Stratigraphy

Based on the drilling in, and adjacent to, the relict chan
nel, a total of 11 stratigraphic units have been identi
fied. They have been designated by letters A through K.
These units have been differentiated based On texture,
structure, color, mode of deposition and stratigraphic pos
ition. Although facies changes exist in these units, each
represents a unique depositional event. The correlation of
':he deeper units have been based principally on the eight
deep holes drilled by the COE (45). Since these holes were
drilled over a large area, additional work will be neces
sary to confirm these units and their extent. A vertically
exaggerated cross section showing these stratigraphic units
is presented in Figure 6.33. This section corresponds with
the true section shown in Figure 6.31.

These stratigraphic units are discussed below with a
detailed stratigraphic column presented 1n Figure 6.32.
Table 6.7 provides a sUlIfIlary of the unit's thickness, type,
occurrence. and permeability.

Unit K

All alluvial deposit, designated as Unit K, is the oldest
and deepest Quarternary deposit found in the relict chan
nel area. This unit was only encountered in one borehole
at a depth of 292 feet (OR-22). The unit, which is 162
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feet thick overlies bedrock, it is cOO1posed of boulders,
cobbles, and gravels. Increasing amounts of fine materi
al are present in the upper horizons of the unit. Unit K
appears to be an extremely dense a1luviun that was de
posited within the main thalweg of the relict channel,
prior to glaciation. No other evidence of tnis unit was
found in the relict channel area.

Unit J

A dense till. designated as Unit J, is the oldest glacial
deposit in the relict channel area. This till generally
overHes bedrock, except in the thalweg of the relict
channel, where it overlies the older alluvilJJll of Unit K.
This t111 is distinguished by poorly sorted subangular
silts, sands •. gravels, and cobbles which are highly co~

pacted as a result of being overridden by later ice
advances. Hematite and limonite staining is COl!lllOl'l in
the unit. The unit appears to follow the topography of
the underlying bedrock surface reaching its maxiaun
thickness in the relict channel of approximately 60 feet
(Figure 6.33).

Unit J'

Unit J' is a localized clean sand and gravel fluvial
deposit that is up to 45 feet thick. The unit is distin
guished by its clean, sorted, rounded particles and high
permeacility. Water losses in excess of 50 gallon/feet
were noted during drilling of this unit. This unit,
which likely represents an interglacial outwash and allu
vium, is found only in the relict channel thalweg.

Uni t 1

Another t111, designated Unit I, overlies Units J and J'.
This till, is very similar in texture, composition, den
sity, and color with the underlying Unit J. making dis
tinction between the units difficult. The only noted
difference is that Unit J is marked by a 2-to-6-inch
layer of sand or silt within the middle of the unit. The
average thickness of this unit where drilled is 60 feet.

Unit H

Unit H is a seri es of a11 uvi a1 and outwash depos its whi ch
represent a period of interglacial melting. This unit.
which is found as channel deposits in topographic lows of
Borrow Si te 0, becomes thi cker and more cont i nuous in the
buried channel. Unit H 1tkely represents the horizontal
ly discontinuous rerrnants of an outwash plain cut by
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alluvial channels. Thickness of the unit in the channel
reaches a maximum of 40 feet. Particles dre generally
sorted and sub-rounded to rounded gravels and sands,
which are moderately permeable (Figure 6.33).

Unit G

Unit G marks another giacial advance. This unit contains
greater amounts of f1 ne mater i a I than the other units.
In some areas, the material is plastic, containing a
large portion of clay size particles with varied lacus
trine deposits. Gravel and sand usually are present,
often with ice-rafted cobbles and boulders. Such materi
al is typical of tills deposited by either floating ice
or in water that is in contact with the ice margin.
Other areas have rounded to sub-angular poorly sorted
silt, sand, gravel. and cobbles, which are typical of
basal glacial tills. Unit G reaches a maximum thickness
of 65 feet.

Units C, E, and F

A final retreat of the ice in this area is marked by lay
ers of outwash, designated units C, E, and F. These
units. which are simllar to each other, contain varying
amounts of part ia lly sorted and rounded cobbles, grave 1s,
sands, and silts. These units can be distinguished prin
cipally through their stratigraphic position. Permeabil
ity of these units is generally low to moderate, because
of the presence of varying amounts of fines. Since these
units were deposited as glacial outwash, they tend to
fill in topographic lows and smooth the topography. The
upper horizon of the outwash, Unit C, is often absent,
possibly having been removed by post-glac'ial erosic.n in
many areas. Thickness of the outwash in the buried chan
nel area reaches a maximum of 75 feet.

Unit 0

Unit 0 occt:rs locally as well-sorted alluvial, sands,
silts, and gravels between outwash C and E. This materi
al in fills channels cut into the outwash surface of Unit
Eo These channel s generally trend southward across the
area, toward the present Susitna River. The thickness of
these channels is approximately 15 feet.
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Units A and 8

Near surface deposits confined to the upper few feet of
Unit 0 are mainly cobbles raised by frosi:. actiOfl clnd or
ganic tundra material (Unit A) in a sil:y sand matrlx
(Unlt B). These two units are not present in 51gnif1cant
thickness and, therefore. have not been shown on the sec
llons.

Based on the stratig"aphy pr'esented above. 1t appears
that the rei ict channel has been overrun by a rninifrorn of
two and POSSIbly three glzclal advances (Units J, I. and
C). Interglacldl periods are marked by '/arylng thIck
nesses of glaciofluvial and paraglacial sillS. s~nds. and
gravels with occdsional cobbles (Units J', H, C. E. F, 0,
A, and B).

This glacial sequence indIcates that Units 1 through K
have been overridden and consoltdated by subsequent glac
1a 1 readvances.

(v) Groundwater

The groundwater r-egime in the relict channel 1S cOqllex
because of the presence of intermittent permafrost, aqui
cludes, perched water- tables, and confined aqulfers. There
are insufficient data to fully document the groundwater
condltions in this ewea, hOwever-, the followlng presents
what is currently known r-egarding the r-egime. Further
detailed investigations will be required to accurately
deter-mine the number, extent, flow directions, and perllle
abilit1es \"Iithin the various aquifers.

The relIct channel lies within the drainage betwe'!n Deadman
Creek to the east, the Susltna inver to the south, and
Tsusena Creek to the west and northwest. Groundwater grad
ients in the unconsolidated sediments of the channel are
principally towards Tsusena and Deadm"n Creeks with the
diorite pluton at the damsite acting as a groundwater bar
rier to the south.

Most of the test pits and auger holes drilled and excavated
in the relict Channel and Borrow Site 0 (Section 6.3) en
countered water within the upper 10 feet. Those holes that
did not encounter water were either in solid frost or in
the coarser permeable gravels of Units C through F. The
near surface water table appears to be perChed on top of
the impervious or semi pervious Unit G. Therefore, this
shallow water table likely reflects the upper seasonal thaw
surface overlying this unit.
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,\rtesian conditions were encountere<l in Unit H suggesting
that it is being confined below the low permeable Unit G.

Highly permeable zones were encountered in Units J' and K
at depths of 208 to 231 feet and 293 to 315 feet, respec
tively (DR-22) (Figure 5.1).

In sl.mlli:ry. the principal water bearing units within the
relict Channel appear to be in Units C, 0, H, J', and K.
The actual permeabilities of these units, however, have not
been determined.

(vi) Permafrost

Intermittent permafrost in the relict channel area is evi
dent by localiZed frost-heave features, cobble paving and
isolated spruce cover.

The extent of permafrost within the relict channel and Bor
row Site 0 has been determined by drilling records and
thermistor instrumentation installed in various boreholes
drilled by the COE and Acres (Tables 3.2 and 5.4 and Figure
5.1). Thermistor readings are presented in Figure 6.28.

Drilling performed by the COE showed only sporadic perma
frest in the relict channel area. Borings AP-l and 2,
OR-16 through DR-20 and OR-22 did not show excess amounts
of permafrost i whereas borings OR-IS and OR-22 encountered
permafrost in Units G and H at depths of 20 to 68 feet and
12 to 110 feet, respectively (Figure 6.33). Thermistor
data in these holes show freezing temperatures frem approx
imately 60 to 140 feet below ground surface in both holes.

Permafrost was encountered in 2ts of the 44 auger holes
drilled in Borrow Site D. Many of these holes showed sea
sonal frost from near ground surface to approximate depth
of 1 feet, with permafrost being encountered from around 12
to 20 feet. However, several holes showed continuous
frost/permafrost to the full depth c:rilled (Appendix F).

No visual ice or excess water (upon thawiny) was found
within any of the drilled holes below 25 feet. This lack
of free ice below 25 feet is supported by the moisture con
tents of this material, which is near optimum (12 to 14
percent (Section 6.3[d]). The deepest permafrost encounted
in the relict channel was at a depth of 240 feet in DR-22
(Figure 5.1). However, the deepest continuous permafrost
was about 30 to 40 fa ".•
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he temperatures in the rel1ct channel are fairly unHonll
with te~eratures 1n the thalweg se~nt of the channel
being close a 1°C. Slightly higher temperatures were mea
sured in OR-22 ln the more permeable units of Hand J' dur
'ing the initial reading (Figure 6.28). This llkely
reflects an unstable te~erature condition caused by drill
ing fluid that was inJected into thlS zone.

Teflllerature readings in Borrow Site 0 (Figure 6.28) show
temperatures ncar 1 to re, suggesting a marginal perma
frost condition. However, lllOst of these thermistors were
installed in the su~~r/fall of 1981 and, as is common in
~warm~ permafrost, they have not fully stabllized over such
a short time period. Future readings wi 11 likely show a
shift towards cooler temperatures.

(b) Fog lakes ~Relict· Channel

(i) Introduction

Other arpas around the damsite and within the reSf'f"VOlr
were investigated during the 1980-81 program to determine
whether other burled channels existed that could potential
ly affect reservoir impoundment.

A comple~e review of sHe and regional geolOglC mapping,
reservoir mapping. and airphoto interpretation shewed that
the only potential buried channel(s) which might be inun
dated by the Watana Reservoir (other than the Watana Relict
Channel (Section 6.2 [al) is in the area be!.ween lJuarry
Site A imnediately upstream fran the damsite and Fog lakes
approximately five miles to the east.

In 1981, 3 24.000-foot seismic refraction line was run in
this area to determine the top-of-rock. Detai 15 of this
survey are pres~nted in Appendix I. The following sections
briefly summarize the results of that survey and the poten
tial impacts of this area to the project.

(i1) location and Configuration

The location of the seismic line performed in this area is
shown in Figure 1 - Appendix I.

The minimum surface elevation along the line is approxi
mately 2280 feet. nearly 80 feet above HaxillUll Pool Eleva
tion of 2202 feet.

For discussion. the bedrock surface. as shown alo~g the
seismic lines, can be divided into 3 sections: the west
section. central section. and east section.
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The west section of the line extends from the rock outcrop
south of Quarry Site A eastward along the line for approxi
mately 2,000 feet. Here, the bedrock surfdce appears to be
a series of ridges and valleys wHh the deepest bedrock
reaching Elevation 2025 or 175 below maxillun pool level.

The central section continues for approximately 2 miles
easterly. Bedrock in this area is relatively shallow and
generally flat to sl1ghtly undulating.

Along the western portion of the line in the Fog Lakes
area, bedrock drops off rapidly to depths up to 350 feet
until it again shallows along the east edge of the line.

The total estill\ated wtdth of bedrock below maxi11llm pool
level along this line is estimated to be about 2,400 feet
along the west section near Quarry SHe A and 7,100 feet
along the east section in the Fog Lakes area.

(ili) Geology

Since no subsurface drilling was performed in this area,
soil and rock types and depths to bedrock have been in
ferred based solely on seismic velocity measurements.

Woodward-Clyde Consultants delineated three general types
of soils in this area: (a) a poorly consolidated, satur
ated glacial deposit; (b) a well-consolidated glacial sedi
ment which l'Ic!y be partially frozen; and (c) an intermittent
surficial material ranging up to 50 feet thick.

Several areas along the trave'se appear to be burled chan
nels which extend below the IJroposed reservoir level. The
two most prominent areas are near the west end of the tra
verse and beneath the Fog lakes Valley (Figures 17, 22, 23
of Appendix i).

The shape of the channel shown on the profile has been con
servatively estimated bClsed on :narginal arrival time data
from distant offsets and from minimum depth calculations.

A number of uncertCllnties exl!:t in the lnterpretation. par
ticularly the n,Uu;-e of the 6,000 to 11,000 fps apparel'1t
channel fill material. This IlIdterial c.o~lt. b~ either per
mafrost. o...crcon~c~id3ted till, or weilt"ered rock. Future
investig:ltions in thlS are.! may be warranted to determine
the nClture of this lllateriCll and the :tc:'loa1 eX1StenCe of a
buried vane.....
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(i y) Groundwater

The groundwater table in the area appears to be relatively
shallow. as evidenced by poor surface drainage and numerous
ponds, lakes. and bogs. Drainage of the area is toward the
Sus i tna to the north and Fog Creek. near 1y 5 mi 1es I to the
south. GrouncNater graa;'!nts are expected tf) be steep in
the Susitna drainage area and very low «I percent) toward
Fog Creek.

(v) Permafrost

Permafrost conditions are likely to be sporadic throughout
the area, as evidenced by the existence of typical perma
frost features to include black spruce, hummocky tundra.
perched ponds on hills. and sKin flows.

6.3 Borrow and Quarry Material

The borrow and quarry materials investigation at Watana was directed
to:

further investigate the quantity and material properties of borrow
and quarry sources identified in previous studies, and

locate new potent ial source areas for those materials considered to
have either insufficient reserves or questionable production feasi
bility.

A total of seven borrow sites and three quarry sites have been identi
fied for dam construction material (A, B, C, 0, E, F, H, I, J, and L)
(Figure 6.36). Of these, Borrow Sites 0 and H are considered as poten
tial sources for semipervious to pervious material; Sites C, E, and F
for granular material, Sites I and J for pervious gravel, and Quarry
Sites A, B. ilnd L for rock fill.

Several of these sites (B. ", and F), previously identified by the COE,
were not considered as primary sites for this study because: (I) a
more locally available source of material to the damsite; (2) adverse
environmental impacts; (3) insufficient quantity; or (4) poor quality
of the material. Therefore, no work was performed in these areas dur
ing 198O-81. These sites, however. have not been totally eliminated
from cons iderat i on as al ternat i ve sources and are therefore i ncl uded in
this discussion.

Since adequate quality and quantity of quarry rock are reaclily avail
able adjacent to the damsites, the quarry investigation was principally
limited to general field reconnaissance to delineate boundaries of the
quarry sites and to determine approximate reserve capacity. This al
lowed for a more detailed investigation in the borrow sites.
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The borrow investigations consisted of seismic refraction surveys, test
pHs, auger holes, instrlJllentation, af1d laboratory testing. The l"e
suits of this study are discussed below.

Each site "is presented in the following sequence:

(i) Proposed use of the material and why the site was selected;

(ii) location and geology, including topography, geomorphology, v<!ge
tation, climatic data, groundwater, permafrost, and strati
graphy;

(i Ii) Reserves, lithOlogy, and zonation; and

(iv) Engineering properties which include index properties and labcr
atory test results.

(0) Quarl"Y Site A

(i) Proposed Use

Quarry Site A is a large exposed diorite and andesite por
phyry rock knob at the south abutment of the Wiltana damsite
(Figure 6.35). The predominant rock type is diorite. The
proposed use for the quarry is for blasted l"ockfill and
riprap.

Quarry Site A was selected based on its apparent good rock
quality and close proximity to the damsite.

(ii) Location and Geol0st

The boundaries of Quarry Site A include the bedrock "knob"
from approximate Elevation 2300 to about 2600 (Figure
6.37). The knob covers an area approximately one square
mile. Glacial scouring has gouged out east-west swales in
the rock (Figure 6.37). These swales likely corresponded
with fractured, sheared, and altered zones within the rock
body. Overburden ranges from 0 to several feet over the
site. Vegetation is limited to scrubby spruce, vines, and
tundra, with limited alder growth in the lower areas. Sur
face water is evident only in isolated deeper swales.
Based on information presented in Section 6.1{g), the
groundwater table is expected to be deep in this area with
an estimated average depth to the water table from 50 to
100 feet. It is likely that the groundwater level will be
near the quarry floor during operation, but inflows are
expected to be small, diminiShing with time.
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(i i i)

( i v)

Although no borings have been drilled in this sHe. it is
likely that permafrost will be encountered as shallow as 5
feet in depth. The permafrost, however. is near the thaw
point (see Section 6.2[h]) and, because of the high expo
sure to sunlight in this area, is expected to dissipate
rapidly. The permafrost zones are expected to be more com
mon in the more fractured and sheared lones.

The western portion of the site has been mapped as sheared
andesite porphyry (Figure 6.37) with the remainder of the
site being gray diorite. Mapping on the northern half of
the site in 1980-81 showec the rock to grade between black
andesite porphyry and a coarse-grained gray andesite with
sections grading into diorite. Despite these lithologic
variations, the rock body is relatively homogeneous. Based
on airphoto interpretation, severe Shearing and alteration
appear to be present on the northeast corner of the deline
ated site area.

Reserves

The limits denoted 'in Figure 6.37 are conservatively drawn
to i nc1 ude a11 exposed or part i a 11y covered rock which com
prises approximately 530 acres. Extension of these limits
would likely include areas of deeper overburden. The depth
of severe weathering is estimated to be an average of 5 to
10 feet.

The rock exposure in Quarry Site A provided adequate confi
dence in assessing the quality and quantity of available
rockfil1 neceSsary for feasibility. Allowing for spoilage
of poor quality rock caused by alteration and fracturing,
and assuming a minimum bottom elevation of 2300, the esti
mated volume of sheared or weathered rock is 23 million
cubic yards (mcy) and 71 mcy of good quality rock.

Additional rock fill, if required, can be obtained by deep
ening the quarry to near the proposed dam crest elevation
of 2210 without adversely affecting the dam foundation or
integrity of the reservoir.

Engineering Properties

Weathering and freeze-thaw tests were cllnducted to deter
mine the rock's resistance to severe environmental condi
tions. Results indicate that the rock is very resistant to
abrasion and mechanical breakdown, seldom losing strength
or durability in presence of water and demonstrating high
resistance to breakdown by freeze-thaw.
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Sf nee this rock ; s of the same parent rock as the dams; te,
its physical and mechanical propPrties are expected to be
silnflar to those results presented in Section 6.1(e). The
rock is expected to make excellent riprap, rock shell. or
road foundation rnat~ial.

I (b) Quarry Site B

(1) PropoSed Use

I

I

Quarry SHe B was identified in previous investigations as
a potenticll rock quarry for dam construction (Figure 6.36
and 6.38). The area was identified basP.d on outcrops ex
posed between Elevations 1100 and 2000 along the Susana
Rher and Deadman Creek. During 1980-81 field reconnais
sance, mapping and additional seismic refraction surveys
were performed in this area.
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Because of (al the deep overburden (as evidenced by seismic
lines SlSI-IS and 19); (b) generally poor rock quality; and
(c) the extreme vegetation and topographic relief, Quarry
Site B was not considered as a primary quarry site. There
fore, no reserve quant it i es were determf ned for feas i bil
ity.

Vegetation cover is heavy, consisting of dense alder
marshes and alder with aspen and black spruce in the
higher, drier areas. The entire south-facing side of the
site is wet and marshy with nLlllerous permafrost features.
The quarry side facing Deadman Creek is dry, with thick
t111 overburden, which appears frozen. Permafrost in the
area is expected to be continuous and deep. Surface runoff
from Borrow Site 0 (Section 6.3 Cd]) flows southward pass
ing through Quarry Site B.

(iii) Reserves

I
I
I
I
I
I
]

D

I

local ion and Geology

Quarry Site B is located about two miles upstream (rom the
damsite between Elevations 1700 and 2000. This area ini
tially appeared economically attractive because of the
short-haul distance and low-haul gradient to the damsite.
However, geologic mapping and seismic refraction surveys
performed in this area indicate that the rock is inter
fingered with poor qual ity sedimentary volcanic and meta
morphic rocks (Figure 6.38) with thick overburden in sev
eral areas (Appendices H and I).

(i i)



•

•

Proposed Use

Borrow Site C was identified in previous studies as a pos
sible source of gravels and sands for filter material (45).
Previous explorations in Borrow SHe C consisted of three
seismic refraction Hnes and one test pit (39). The 1980
Bl investigation identified adequate volumes of ~anular

material much closer to the damsite in Borrow Site E (Sec
tion 6.3(e]). Therefore, no additional work was performed
in this area during this study.

location and Geology

Borrow Site C, as delineated by the COE, extends from a
point approximately 4-1/2 miles upstream from Tsusena Butte
to the northwest toe of the butte (see Figure 6.39). As
seen from the photo on figure 6.39, the site is a broad
glacial valley filled with till and alluvium. Vegetation
ranges from alpine tundra on the valley walls to heavy
brush and mixed trees at the lower elevations, thinning to
mixed grass and tundra near the river and on terraces. The
groundwater table is assumed to be a subdued replica of the
topography, being shallow on the valley walls with grad
ients towards the valley floor. Groundwater migration is
expected to be rapid through the highly permeable alluvial
material. Permafrost may be intermHtent.

(i )

(' v)

(i 1)

Engineering Properties

No material property testing was performed for this area.

(c) Borrow Site C

•

•

•

•

•

•

•

•

•

•

•

Based on the test pit and a seismic refraction survey, the
strati~aphy appears to consist of over 200 feet of basal
t i 11 over1ai n by outwash, and reworked outwash a11 uvi urn.
The upper 100 to 200 feet of material is believed to be
saturated gravels and sands.

• (i i i ) Reserves

•

•

•

Because the s1te is not currently being considered as a
borrow source, no detailed quantity estimate has been made.
However, assllTling an approximate area of 1,500 acres and an
excavation depth of 15 feet above water table, a gravel
quantHy on the order of 25 mey can be approximated. Addi
tional quantities may be obtained at depth; however,
further studies will be required to determine the volumes.

•
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(iv) Engineering Properties

The test pit and reconnaissance mapping show the material
in the floodplain and terraces to be a 4-1nch minus, well
washed gravel with approximately 60 percent gravel, 40 per
cent sand. and negligible fines. The gradations are repre
sentative of a clean, well-washed material with a percen
tage of cobbles and fines at depth.

(d) Borrow Site 0

(i) Proposed Use

Borrow Site D was identified in 1975 as a potential primary
SOlrce for impervious and semipervious material by the
COE.

Based on the field studies performed by the CDE in 1978
(45). it was tentatively concluded that:

Borrow Site 0 had potentially large quantities of clay
and silt;
The deposit was of adequate volt.me to provide the esti
mated quantity of material needed for construction; and
The site had favorable topography and hydrology for bor
row development.

As a result of these previous studies. Borrow Site 0 became
a primary site for detailed investigation during the 1980
81 study.

(it) Location and Geology

Borrow Site 0 lies on a broad plateau illTllediately northwest
of the Watana damsite. The southern edge of the site lies
approximately 1/2 mile northeast of the dam limits and
extends eastward towards Deadman Creek for a distance of
approximately 3 miles (Figure 6.40). The topogrdphy slopes
upward from the ddmsite elevat ion of 2150 northward to
approximate Elevation 2450.

The ground surface has localized benches and swales up to
50 feet in height. The ground surface drops off steeply at
the slopes of Deadman Creek and the Susitna River.

As noted in the site photographs shown in figures 6.30 and
6.40. vegetat lon is predoni nant ly tundra and sedge grass
averaging about one foot thick with isolated strands of
spruce trees on the higher and dryer portions of the site.
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Climatic conditions are similar to those at the damsite
with the exception that the borrow site 1s more exposed to
higher winds and sunlight. The relatively open rolling
topography is conductive to drifting and blowing snow, fre
quently resulting in drifts up to six feet deep.

Surface water and groundwater conditions have been ad
dressed in detail in Section 6.2 - Watana Relict Channel.
In summary, the northwest portion of the site has numerous
lakes and shallow ponds with the remaining portions of the
site having localized standing water perched on either per
mafrost or impervious 50i Is. Surface runoff ;s towards
Deadman Creek to the northeast and Tsusena Creek to the
west. Genef"ally, much of the area is poorly drained. with
many of the low-lying areas wet and boggy.

Instrumentation installed throughout the borrow site shows
intermittent "warm" permafrost. Temperatures in the perma
frost i:cnes are all within the _1°C range. Detailed dis
cussions of permafrost as it relates to specific strati
graphic units within the area have been addressed in sec
tion 6.2. Thermistor plots (Figure 6.28) show annual frost
penetration of approximately 15 to 20 feet. Annual a"",li
tude (fluctuation) in ground temperature reaches depths of
20 to 40 feet. The greatest depth of temperature amplitude
is in the unfrozen holes. while the permafrost holes reach
20 to 25 feet. This may be caused by either the effect of
possibly greater water content at the freezing interface
lessening the seasonal energy variations or the thicker
vegetation cover in the permafrost area causing better in
sulation.

Detailed discussion of the borrow site geology are present
ed in Section 6.2. The distribution of the various strati
graphic units within the borrow site are shown in Figure
6.32.

(ii i) Reserves

The boundaries of the borrow site. as shown in Figure 6.4U.
are somewhat arbitrary. being limited on the south side by
the apparent limit of undisturbed material. to the east by
Deadman Creek; to the northwest by low topography; and to
the north by shallowing bedrock. If further studies indi
cate the need for additional materials. it may be feasible
to extend the borrow site to the northwest and west. Fac
tors to be considered in borrow site expansion are:
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Siting of other facilities in this area;
Impacts on relict channel;
Haul distance; and
Environmental impacts.

The reserve estimates for Borrow Site 0 have assumed an
average material thickness throughout the slte 1imits
(Figure 6.40). Based on the currently established boundar
tes (encompassing about 1,075 acres) and an excavation
depth of 120 feet. a total of 200 mcy of material is avail
able.

(iv) Engineering Properties

The laboratory tests performed on materials frOIn Borrow
Site 0 are presented in Appendix F. A tabulation of the
samples collected and the test results are presented in
Table 6.8.

Grain size dtstribution within the borrow site ranyes from
coarse gravels to clay, as shown in the composite grain
size curves (Figure 6.41). Groupings of the various soil
types are shown in Figure 6.42. Soil gradations, as relat
ed to the stratigraphic units within the borrow site (Sec
tion 6.2). are shown in Table 6.9. As can be seen in
Figure 6.41, almost all of these samples are well graded,
ranging from gravel to fine silt and/or clay. Only Unit H
(Section 6.2) exhibits a different characteristic, being a
more uniform fine sand and s11t. Moisture contents range
from a low of 6 percent to ~ high of 42.5 percent wi th an
average of approximately 14 percent. The highest moisture
contents are found in Unit G, a fine gray clayey material
(Section 6.2).

Atterberg limits show the soil to fall into two basic
groups. The first, consisting of Units C, 0, E, and F, are
basically non or slightly plastic material. The Liquid
limits of these soils are close to their natural moisture
content, varying from 13 to 17 percent. These tests are
consistent with previous tests by the COE which show the
material to be non plastic or sltghtly plastic in nature.
The plasticity index varies from non plastic (NP) to 2.
The second group, comprising sol1 units G, I, and J, have
liquid limits ranging from 17 to 39 percent with plasticity
indices ranging from NP to 15 with an average of 10,

Specific gravity for the material is 2,71, which is within
an expected range for these soils. Permeability tests on
samples compacted to Modified and Standard Proctor values
at 2 percent above oPtimu~ moisture content gave permeabil
ities on the order of 10- cm/sec.
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Compaction of a compositE: sample froo Borrow Site 0 was
undertaken utilizing both Standard and Modified Proctor
Compaction procedures. The Standard Proctor Test (material
<No. 4 sieve) shows the material to have a maximum dry den
sity of about 128 pcf at an optimum moisture content of
10.4 percent. Modified Proctor Test results (material <3/4
inch sieve) indicate a maximum dry density of 135 pcf ilt
7.5 percent moisture.

Modified and Standard Proctor compaction at 2 percent above
optimum moisture content give consolidation compressive
indices (ee) of 0.061 and 0.091, respectively.

Shear strength tests give an angle of internal friction (0)
of 37 degrees, which corresponds with previous COE data.

Pinhole dispersion tests indicated the material to be non
dispersive.

(el Borrow Site E

(i) Proposed Use

Borrow Site E (Figures 6.43 and 6.36) was identified by the
CaE as a principal source of concrete aggregate and filter
material for the Watana dam. The apparent volume of mater
ial and its close proximity to the site made it the primary
site for detailed investigations during the 1980-81 pro
grarn.

(ii) Location and Geology

Borrow Si te E is located three mi les downs tream from the
damsite on the north bank. at the confluence of Tsusena
Creek and the Susitna River (Figure 6.43). The site is a
large flat alluvial fan deposit which extends for 12,000
feet east-west and approximately 2,000 feet northward from
the Susitna River up Tsusena Creek. Elevation across the
site varies from a low of 1410 near river level to 1700
where the alluvial and terrace materials lap against the
valley walls to the north (Figure 6.43).

The area 1s vegetated by dense spruce and some alders, tun
dra, and isolated brush. Vegetation cover averages about
one foot thick underlain by up to four feet of fine silts
and volcanic ash.

I

I

I

I

I

Groundwater was found to be generally greater than 10
deep. Groundwater levels fluctuate up to five feet
winter to summer, indicating a free draining material.
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The hydrologic regime shows slJTlt\er peak flows in the area
reaching approxill'lilte Elevation 1435·1440 at the north of
Tsusena Creek. This elevation corresponds with the limit
of scolS"ed and unvegetated dver bank. The estimated 50
year flood level is approximately 1,473 feet.

Figure 6.53 presents a generalized stratigraphic section
through the borrow site showing the underlying bedrock
overlain by a sequence of bouldery till, river and flood
plain gravels and sands. As 1n the case of Borrow Site O.
the grain size distribution in Site E varies from boulders
to fine silt and clay (Figure 6.45). Within this wide
range of soil types, five distinct sofl gradations (A
through E) can be delineated (Figure 6.46). However, the
cOOlllex depositional history and the limited exploration
performed in this area does not allow for ready correlation
of these soll types over the site. Generally, hOwever, the
finer silts and sands are found in the upper five feet of
the deposit. As noted in the typical sections (Figures
6.43 and 6.53), several abandoned dver channels of either
the Tsusena Creek or the Susitna River cross cut the site.
The infilling and cross cutting of these streams and rivers
through the site has resulted in a complex heterogeneous
mixing of the materials. Exploration indicates that,
although the five principal soil types are persistent with
in the site, they vary in depth from near surface to
approximately 40 to 70 feet.

No permafrost has been encountered in the borrow site, pro
bably because the site has a south-facing exposure and has
a cont i nuous thawi ng effect caused by the fl OWl ng d ver.
Seasonal frost, up to 3 to 6 feet deep. was observed in
test pits that encountered groundwater (mid-Harch 1991) and
up to at least 13 feet in pits on the northwest side of the
site that did not intercept the groundwater table. In
areas of shallow groundwater. the frost was almost exclu
sively confined to the upper shallow sard and silt layers.
while cry 9ravels showed deeper frost penetration. Annual
frost penetration may be assuned to be about 3 to 6 feet in
silty or clayey soils and at least 11 feet in loose dry
gravels.

(i i i) Reserves

Quantities were calculated on the basis of known and
inferred deposits above and below the current river regime.
Assuming an overall surface area of approximately 750 to
BOO acres, the estimated quantity of material above river
elevation is 34 mey. Ail additional volume of 52 mcy 1s
available below river elevation (Figure 6.44) assuming a
total maximum depth of excavation of 125 feet in the
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southwest corner of the borrow site. decreasing to a mini
mum of 20 feet in the northeast corner.

Approximately 80 percent of the identified material in the
borrow site is within the floOdplain area, 10 percent in
the hillside terraces, and 10 percent in the Tsusena Creek.
segment.

Average stripping is esttmated at one foot of vegetation
and three to four feet of fine grained material.

(iv) Engineering Properties

A summary of the samples and laboratory tests performed on
selected materials from Borrow Site E are shown in Table
6.10. Oetails of the laboratory testing are provided in
Appendix F. The sol1 units A through E range from coarse
sandy gravel through gravelly sand, silty sand, cobbles and
boulders, s11ty sand and silt (Figure 6.46). Several of
these material units correlate well with the material in
Sites I and J (Sections 6.3[h]). Moisture contents for the
silts range from 25 to 30 percent; sand from 4 to 15 per
cent; and gravels from 1 to 5 percent. The percentage of
material over 6 inches is roughly estimated at 10 percent
with the over-12-inch estimated at 5 percent.

Selective mining may be possible to extract particular
types of material. Further detailed investigations in this
area will be required to accurately define the location and
continuity of stratigraphic units.

(f) Borrow Site F

(i) Proposed Use

Borrow SHe F was identified by the COE as a potential
source of filter material for the main dam. Preliminary
wcrk performed by the COE showed the site to have I1mited
quantities of material spread over a large area. For this
reason, Borrow Site E became the preferred site. with Bor
row Sfte F being considered as an alternative source for
construction material for access roads, run\Ol'ays, and camp
construction. No work was performed 1n this area during
the 1980-81 program.

(ii) Location and Geology

Borrow SHe F occupies the Pliddle stretch of Tsusena Creek
from just above the high waterfall to north of Clark Creek
where it abuts Borrow Site C (Figure 6.39). The northeast
portion of the valley is confined by the flank of Tsusena
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Butte and its talus slopes. The vegetatlon ln the area 15
mixed spruce and tundra, with isolated areas of undergrowth
and alders. Groundwater is expected to be near surface.
limited permafrost is I ikely to be encountered in north
and west-facing exposures but is expected to thaw readlly
when exposed durlng summer months. Deposits above stream
level are expected to be fairly well drained with lower
areas saturated.

limited test pits indicate the material ln Borrow Site f is
the same as that ln Borrow Site C (Section 6.3 [c)). The
depth of clean sands and gravels ;s estimated to be a~prox

lmately 20 to 30 feet, ranging from a shallow 5 feet to a
maximum of 40 feet. The area conslsts of a series of
gravel bars and terraces extending up to 1,500 feet away
from the stream (flgLl"e 6.39).

(111) Reserves

No detailed topography was obtained for the site, however,
asslJlling a conservative depth of 20 feet of material, a
total volume of approximately 15 to 25 mcy is 1ikely avai l
ab1e.

Additional lnvestigation in this area will be required to
confirm these volumes.

(iv) Engineering Propertles

Test pits excavated by the COE (Figure 6.39) show 9ravelly
sand overlain by a very thin silt and sandy silt cover. A
COrTflOSite gradation curve for materlal in this site is
shown 1n Figure 6.47. No detailed testlng was performed on
this material.

(g) Borrow SHe H

(i) PropoSed Use

Borrow Site H was defined during the 1980-81 field lnvesti
gation as an alternative site to Borrow Site 0 for impervi
ous and semi pervious material.

(ii ) locat 10n and Geology

The topography of Borrow Site H is a generally rolling.
iloplng towards the Susltna Rlver. Elevations range from
1400 to 2400 across the site and average about 2100 (Flgure
6.48). Most of the site ls covered by swamps and marshes,
indicating poor drainage. The vegetation consists of thlck
tundra, muskeg, alder, and underbrush growth.
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(; ; i)

(l v)

Groundwater and surface water are perched on top of imper
vious material with numerous seeps and ponded surface
water. The extensive coverage of spruce trees may be indi
cative of a degrading permafrost area. A large ice deposit
exists in a slump exposure on the west end of the site.
The deposit and associated solifluction flow with a multi
ple regressive headwall are approximately 100 to 150 feet
across and are visible in the photo (Figure 6.48).

Of the eight auger holes drilled in the site, six encoun
tered permafrost at depths ranging from 0 to 14 feet in
depth. All the holes but one showed the water table at or
near the surface (Appendix F. Figure 6.48). All of the
borings had terTllerature probes installed during th~ 1981
program; however, the instrl.J1lents have not yet stabilized
(Figure 6.29), Future readinys are lik.ely to show a cool
ing in the temperature plots.

The site stratigraphy consists of an average of 1.5 feet of
organics, underlain by 1.5 to 4.5 feet of brown sand or
silt material with traces of organics. 8elow this upper
material, most of the holes show mixed silt, sandy silt,
and sandy clay to depths of 6 to 13 feet, which in turn is
underlain by zones of gravels. gravelly sand, and mixed
silts with sand and gravel. A color change from brown to
gray occurs at depths of 6 to 28 feet. Insufficient data
exist to allow for detailed stratigraphic correlation
across the site.

Reserv~

The quantity estimate has assllll1ed a relatively homogeneous
mix of material over a surface area of 800 acres, with 5.5
feet of stripping required to remove organics and clean
silts and sands. Assuming an estimated usable thickness of
32 feet (based on drilling data) approximately 35 mcy of
material is available from this site.

Engineering Properties

A summary of the samples and laboratory test results from
materials from Borrow Site H are shown on Table 6.11. Lab
oratory test results are contained in Appendix F.

A composite gradation for the borrow site is shown in
Figure 6.49. A detailed assessment of the grain size dis
tribution shows three distinct gradation groupings (A
through C) (Figure 6.5U). Gradation A denotes a gravelly
sand, characterized b;I less than 40 percent fines and a
si9nificant fraction exceeding 3/4 inch; B is a silty sand
without the generally coarser fraction; and C is a silt
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unit which is generally less than I inch in lIIaxllll.tm parti
cle stze and contains in excess of 40 percent fines.

The liquid limit of the material ranges from 17 to 34 per-
cent with an average of 23 percent. Approximately one
third of the samples were non plastic. Natural moisture
contents ranged from 6 to 23 percent with an average of 13
percent. (One sample gave a moisture content of 53 percent
but was not considered representative.)

The Modified Proctor Test, conducted on 3/4-inch minus
matertal, gave a maximum dry density of 141 pcf at 6.9 per
cent moisture. The Standard Proctor Test. at 10.8 percent
moisture on the minus No. 4 material, gave a maxll1lJm dry
dens I ty of 128 pcf.

Permeability tests on samples compacted to Modified and
Standard Proctor values at 2 percent above optilllllll molsturg
content gave permeabi1ities on the order of 10
cm/sec.

Modified and Standard Proctor compaction at 2 percent above
opt imum mot sture content gave a coefft ci ent of conso Ii da
tion (ec ) of .06 anc .09, respectively. The specific
gravtt.y of the material is 2.72. which is normal for a
glaclal till. The undrained shear strength tests run on
samples at 95 percent of Modified Proctor density and 2
percent above optimum moisture gave a friction angle of 37
degrees with cohesion of 648 psf.

Pin-hole dispersion tests showed the material was not dis
pe,s i ve.

In conclusion. Borrow Site H material is considered suit
able for use as impervious and semi pervious fill. However,
problems such as wet swampy conditions. permafrost, and the
lengthy haul distance to the site may affect the potential
use of this site as a borrow source.

(h) Borrow Sites I and J

(i l Proposed Use

Reconnaissance mapping was performed within a lO-mile radi
us of the damsite to locate potential sources of free
draining gravels for use in the dam shell. The large vol
ume needs of this material requires that the source be rel
atively close to the damsite and in an area that would min
imize environmental impacts during borrowing operations.
As a result. the Susitna River valley al1uviun was deline
ated as a potential borrow source.
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(i i) Location and Geology

S~ismic refraction survey performed across the river chan
nel during 1980-81 indicated large quantities of sands and
gravel within the river and floodplain deposits both up
stream and downstream from the damsite.

Borrow Site I extends from the western limits of Borrow
Site E downstream for a distance of approximately 9 miles.
encompassing iI wide zone of terrace and floOdplain deposits
(Figures 6.51 and 6.53).

Borrow Site J extends upstream from the damsite for a dis
tance of approximately 7.6 miles. The site area extends
from river bank to river bank and inclUdes several terraces
and stream deltas (Figures 6.52 and 6.53).

BOl'raw Sites I and J are fully within the confines of the
Oevil Canyon and Watana reservoirs, respectively.

Both sites are in an active fluvial environment. Borrow
Site J is flanked by bedrock, talus and till-covered valley
walls; while Borrow Site I includes extensive terraces ex
tending several hundred feet up the valley walls above
river level.

(iii) Reserves

For purposes of volume calculation, it was assumed that all
materials with seismic velocity of 6,500 feet per second
represented suitable gravel deposits (Table 6.1). Materi
als with velocities higher than 6,500 were assumed to be
either too bouldery or dense. Not included in the estimate
were:

The river material between the two sHes;
Material between the west boundary of Site J and the
downstream area of the damsite; and
The secticn from the damsite to Borrow Site E.

This last area was considered to require excessive dredging
and could likely affect the hydraulics of the tailwater.

An active slope failure 'lias identified near Borrow Site H
(Appendix K). If further stUdies show that the excavation
of river material beneath this ~lide may result in slope
failure, than this section of alluvium will be left in
place. In sunmary, a total of 125 mcy of material were
estimated in Borrow Site I extending a distance of 8.5
miles downstream and 75 mcy in Borrow Site J over a dis
tance of 7 miles upstream.
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(iv) Engineering Properties

Individual gradation c!rves from a total of 45 saJl1lles
taken from 22 test pits are presented ; n Appendix F and
sUllmar;zed on a composite curve shown on Figure 6.51.

Soil propert i es determi ned from 1abora tory test'i ng
shown in Table 6.12.

are

Three basic gradations are present within the two sites.
These are fine grained silty sand, sand and gravel (Figure
6.55). The fine silty sand fraction was encountered in 25
percent of the test pits and ranged in thickness from 6
inches to 6 feet:.. The second gradat ion is a sand whi ch
varies from a we '~sorted clean sand to a gravelly poorly
sorted sand. Thi~ type of material was encountered in only
15 percent of U~e pHs. and where present, underlles the
silt layer with an average thickness of about 4 feet. The
bulk of the slmples are of a moderately sorted gravel mixed
with from 20 to 40 percent of sand and silt with less than
5 percent silt and clay she fraction. No indication of
plasticit.\ in the flnes was noted.

(il Quarry SHe l

(i) Proposed Use

Quarry Site l was identified during the 1980~81 program as
a source for cofferdam shell material.

(ii) location and Geology

Quarry Site l is located 400 feet upstream from the pro
posed upstream cofferdam (Figure 6.56) on the south bank.
The site is a rock. knob ifl1llediately adjacent to the river
which 15 separated from the main valley walls by a topo
graphically low swale that has been mapped as a rel ict
channel (Appendix J).

The rock in the Quarry area is diorite along the western
portion of the knob with andesitic sl1ls or aikes found
farther upstream. The rock exposure facing the river is
sound with very few shears or fractures. The veyetation 15
heavy brush with tall deciduous trees on the knob and
aldens with brush in the swale to the south. little sur
face water is present on the knob; however, the low lying
swale is marshy. Permafrost may be expected to be present
throughout the rock mass.
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(11 i)

(i v)

Quarry Site l lies opposite "The Fins" feature which is ex
posed on the north abutment (Section 6.1[c]); however.
extensi ve mappi ng in th i s area shows no apparent Shear;"g
or fracture that could be correlative with the extension of
this feature.

Reserves

Because of limited bedrock control, the site has been de
lineated lnto two zones for estimating reserves (Figure
6.56). Zone [ delimits the total potential reserves based
on assumed overburden and rock volU'lles. while Zone II iden
tifies that volum~ of rock that, with a high degree of con
fidence. is known to be present (Figure 6.56). Based on
field mapping and airphoto interpretation, the total use
able volume of material has been estimated to be 1.3 mcy
for Zone I and 1.2 mey for Zone II, over an area of 20
acres.

Engineering Properties

No testing was performed on rock samples for Quarry Site L.
However, based on field mapping, it appears that the rock
properties and quantities will be similar to those at the
damsite (Section 6.1[d] and (e]).
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TABU 6.4: IfATANA - BOREHOlE ROCk OOALlIY OISTRIBlJltON

~~r: led
Borehole (ft) 0-2~~ 2!>-~ ~-n~ n-~ 90-9~~ 9:!>-lllO$

OH-I" 79.0 " "
, 0 7 0

OH_II° 4:!>.2 "
,

" " 10 0

oo_:!>o 117.1 6 " " " 7 Z2

1><-6' 1116. 1 " 70 "
, 0 •

00-7° 11 J. 7 17 26 " " 0 7

OH-9° !H.9 6 " " 72 , Z

OH_9° 279.6 " " ZS 70 7 I

OH-l0o 19J.9 ZS 12 " ZJ 10 16

OH-Il° 279.6 ) , Z2 " " "
OH.12° 290.S , " " " 12 "
OH-21o S19.2 0 2 " Z2 " "
OH-Vo 112.2 76 Z2 "

, , 7

OH-24° lH.O ,
" " "

, 12

OH-Zso 91.9 61 " 10 0 0 0

BH_l 281. 2 2 • 22 26 " "
BH-2 ,9!.0 " " 70 " , ,
BH-J 924.0 7 2 , 12 , 66

BH_4 9}7.2 6 " 17 , 7 ,.
BH-6 7)2.4 , 7 22 " " "
BH-8 7J8.6 ) 6 Z2 70 " "
BH-12 771.9 6 " 70 " 10 "

lot al
Rock
Or Hied 7299.9

°roE core W"5 relogged frOll bol<tls.
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8H_6 80-12 81.65 1/1,640 166.2
80_14 144.6 21,147 166.4
80.15 21S.1 15,860 161. ,
80-16 2".0 167.2 2,098
80_19 260.7 15,047 16/1.8

"'-, 80-28 )16.9 16,858 168. J
11I_29 )ll.6 28,020 168.) 2,/117
80_)1 )27.46 26,996 167.J
80-'5 468./1 21,160 167.1

106 psi, v00-" 480.65 n,'58 167.0 '0 " 9.4 • " D.H

BH-12 11-12-)28,8 HS.8 19,11) 165.7 2,/150
'01-12-465./1 465.4 18,707 168.6
11-12-657,6 657.6 1),827 16/1. J

A"er~ (Acres) 17,SOO 167.1 '.906
~5,75/1 SD .576 SO

Ott-S··· 27 ".2 21,450 " • 11.2 'I l~ plI i , • , 0.2/1

" ro.7 29,HO "
, 9 . .!!9 II: psi, • , 0.20

DH-l0 " ro.2 20.>00 " " 8.60 II: '0: psi, • , 0.22
70 176.5 18./170 " , 9.41 'I 10 p9 i, • , 0.2'

OH_ll }1 40.15 10,420 " , 9.65 • 10' psi, • , 0.27
J2 ..., 7,610 " 7.1) II: ,it' ps i, • , 0.20

Averege (All Tests) 17,59)
~,080 SO

·Loclllions -.own on fil}Url! 5.1
·"'£:0 '" Dy~ie .adulu~

···roE luling

EI = I..nt. _dulu'l III SOS of "Hurl! atrl!ll5
" = Pob80t\8 Rat io
50 '" St..-dard ."l-.lon
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I

I

I

I
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IAeL( 6.6' "A''''''''''' ROCK 1[51 SltMlRY _ A/I)[SII[ ~PtfYRY

COiiij)retlUYl! lfitl le.. t1e-" Strenqth Weiq,l Stre7rh
8oreholeo SlllIlJ)le (reel ) (psi) (pen (psi Olher"

"'-2 ._eo 20.5 Ui,206 In.•
9.9 .. l06o'P"l, .. : 0.21.12-80 21.~ 20 t H) 166.9 " •

'-00 ". } n.2a} 166.6 " • 10.5 • 1 pili. Y : 0.17
•-eo ,n.• JS,AS) 166.4
,_eo 82.n 162.8 1.718
6-80 87,0 16S.} 1,715

8H-" 11-4.14.2 Ill. 2 V,ISO In.4

..... 80-22 H.8 19,520 162.6 1,616

8M.1I 11'_12_41.1 01.4 18,8111 16's.7

BH_12 '1"_12_96.8 96.8 6,100 162.7

"'yer~ 18.-'61 164.8 1,68J
,:S,918 !l) ,:58 so

°Loc::st lone shololl on r igure S. I.-{, = !-.gent lII)(lu Ius lit ,,,,,, hilurl! stress
• = Poi..ons Rill 10
SO = 5t..-derd dl!villlion



TABLE 6.7, QUATERNARY SlRAllGRAPHY or BURIED CHANNEL AREA

Ha~

Perllleabll ltvU"it th Jc:L:0Il8S Halarial T OCl;urrence

M' Surficial ~ feet Organic silts and sandu with Local Hoderala
Depoait6 cobbles and boulders

C Outwllllh 111 feet Silty sand with gravel ~d Often removed by pollt~gl8Cial er06lon Low to Hoderete
cobbles

0 Alluvi ..... and 15 feet Sand. ailt with occaulonllJ. Along courllell of former drainage I'tIderate
fluvial Deposits grllve I dUI'lrl8I, In outwllah "["

cor Outwllsh 5~ feet Silt. sand, grllvel, cobbles, rollneral Iy cont inuous except in li,uled low to Hadenle
pari Iy sorled areas

G Till/waterlain 65 feet Clayey silty sand with gravel Cont InuouB. lh ickest near DeadmllO L••
Till and cobbles, Oflen plllsl ic Creek

H Alluv i..." 40 fef:lt Silt, 58nd and ()ravel. 50rted Burled channel end along Ih.lted Moderale
forlner drainage channels

I Till 60 feet Silt, sand, gravel, cobbles r.merally cont iouous L••
poorly eorted

J InterglllClal 45 feet Sand, gravel. with occae lanai Burled channel crl]y High
silt. sorted

J Till 60 feet Silt, $lind, gravel cobblea. Generally C'lntinuous L••
poorly lIOrted, Allu"i""" 160 feet Gravel, cobbleu, boulders. few Burled chllOnel only High
fines



IA8l..E 6.S: ""IERIAL PROPERllES - BORROW SHE 0

Ir~ 00"" (faetl C~~i- ~n~:l~1 ...~~e~r9
S-...ple An'hl I LiII"tl Specific.-, -, ~ • ficltion rive .~ Cr..,itv ...

"-0' , • ,.,
2 ,., ,.., ,.. ,. ,
• .., lI.1), •. 0 6.1) .. 10 .. 02 " NP 11 . I• B.O S.1) .. 20 Z2 ,. •• 7
7 10.0 10.1S .. " " J6 ,.,
B 15.0 1).1)

AH..o2 , ", 2.' .. " " 211 " "' 15.1

• ,.. '.1S .. 20 " " n.9 NP 11.', .., S.2S .. 2J .. " " "' 11.1, .., 7.'
7 B.' •••B 15.0 1).7S SC 7 .. .. 0.) 2.2 11.'• 20.0 20.75 SH-SC " .. " 17 .5 '.2 •••10 25.0 25. )

AH-O) 2 ., .J>, ", 2.0
• ,.. •••,

'" S.2S, ,., 1.15
7 B.' ..,
B 15.0 O.lS

• 20.0 20.2)
10 25.0 25.25

" '0.0 '0. )
AH·DlI , ", ,.., .., '.0• ,.. 7.'

B 7.' B.'
AH-05 , ,.. '.75• 7.' ••• '" • " Z2, 10.0 11.0 .. ,.

" "• 15.0 16.5 .. " " 2J
7 20.0 21.0
B 2S.0 2S.15

• ,... ,1. 5 .. • " " .. NP "10 '5.0 ,... Cl-H. • " " 11 .. 12

" '0.0 '1.25 Cl B 02 '" 2J .. 12
12 '5.0 16.0 "·SC " .. " " .. •
" 'S.O lB.2)

AH-ll6 , ••• 2.', ,.. ,.. .. 10 '" .. " NP 10

• ,., 7.' .. B, 7.' B.', B.O ••• .. • 76 20 " NP 12
7 .., 10.0 .. "B 15.0 16.0

• 20.0 21.'; SP-SC • " 12 11 2 12
10 25.0 26.5 .. " " JJ " "' •
" '0.0 '0.5 B
12 )5.0 ,... .. 10 " .. 11 ... •
" 10.0 10.6 12.. 15.0 16.0

AH-Ol 7 '.0 ,., "• 7.0 B.O .. 20 " ,. 12, I B.' .., .. ", 15.0 16.5 '" 20 " 27 10
7 20.0 20.2) •B 25.0 2S.7) .. • 71 2J •• }S.O )).2S •10 10.0 10.lS .. • '" 20 •
" IS.O IS.1S



'AlIl.[ 6.8 (Cant.' dJ

~Ie/.·
SRlIple Death (feet)

~,... ~~leel ~t~~~r9
SpeeHie, re<l'.:h Cl."i- M:BJe l d1ite......, ......, ,~ , f lcet ion rave 1'I me Crev it ..

AH_08 6 ,., 6.', 6.' 6.0 '" " " "
,.

"' "6 6.0 6.', '.0 ,.,
• ,., 11.0 '" 0 "

., ,. "
,., I ~.O 16.~ '" " " " "10 ZO.O ZO.~

" n.o ZS.~ SP 28 " " "
, 10

" H.D J6.0 ... 10 " " "" 4S.0 4S.ZS ,
" SO.O 50.25 ,

" J6 7
,,-09 , 0.0 , .0, 1. , z.> .. 10 " ", '.0 6.0 '" 10 >0 60

6 6.' 6.0 '" 0 60 60, 6.0 7.' '" " " 21
6 ,., .., '" 0 " ", '.0 10.5 '" " " 2Z

• 1S.O H.~, 20.0 ,0.>
10 2S.0 ZS.9

" }O.O )0.'

" ».0 }5.4

" 40.0 4t.0 ,.... 0 • " 21 "' 21,. 45.0 46.5 ... 0 " " " • "" 50.0 51.5

" ~S.O 55.2

" 60.0 60.2S
AH-QIO 1 0.0 LO, LO ..,, 2.0 '.0, '.0 ,.,, 6.0 ...

6 '.0 ,.,, 6.0 7. ,

• 7.' ..,, 15.0 10.0
10 ZO.O ZO. S

" n.o Z6.0

" }O.O }1.0

" 60.0 w.n
AH-Q1l , '.0 6.0

6 6.0 6.0, 6.0 ,.,
6 7.' '.0
7 I~.G 16.5

• 20.0 21.5, 2~.O 2S.Z5
10 )0.0 }l.0

" 25.0 }6.5

" 4~.0 4S.S

" S4.5 S4.66
AH-D12 , ,., '.0

6 '.0 6.0, 6.' ,.,
6 6.0 6.', 7.' '.0• '.0 9.", 1S.O O. J

10 20.0 20.16

" 25.0 25.$



I
I
I
I
I
I
I
I
I

'''81.£ 6.8 (Conl'dl

~~~ Oo.nth (feet)
o. • '.S"'Ole Cl.ssi·

~
l it. Specific..-, ..-, ,~ 0 f1catlon ..~ .~ Cr... it ..

AH..()l , I 0.0 O. ,
2 O. , I.', '.0 '.0• .., 6.0, 6.0 7.'
6 7.' '.0
7 I ~.O 16.2), 20.0 20.66, 25.0 26.S

to ".0 )1.0
1\ )S.O )S.S
12 38.0 AO.O

" 4S.0 4S. S
AH-Dlo. 2 '.0 '.0, 6.0 7.'• 7.' '.0, '.0 10.0

6 1S.O 16. S
7 20.0 20. S,.., 0 SP 0 ,

" " "'ii_II 0 " '" " 2.11

·loc8tions shown on figore 6.40



fABL[ 6.9, GRADATION R[SlUS _ BORROW AREA 0

"?~raer ,;~an _'.'l:~~een~~. lne~~n~n 1 I !,::>O.I~Soil Unit No. 4 OlD and No. 200 (~) No. 200 (l:) PI Class ificallon

COlllp~ite S~le " .. ., SH

Coarse " 62 " '"". "'M , '" " NP SH
fine • .. " "-
Coarse J1 '" " SH," "'M 12 " " NP SH
,,~ 2 .. '" SH....

Coarse " 57 " SH
G "'M 0 .,

" 10 "-
,,~ 0 " " "-
Coarse • " 21 SH

H "'M 0 n 27 NP SH
,,~ • 68 J1 SH

Coarse " " 20 SH
I • J "'M " " J1 7.' SH

fine ,
" " SH

PI ; Plast icily Inde_
NP = Non-plastic



IABLE 6.10: HAI[RJAl PROf'[RTI[S _ ElQRRQW SIT[ [

~... . ~~IIfl1Cil ..~~~~~rgTrench SIIlIIp le 0'" (feet) C18!1si- alys s L· its Spedfle".,e., ....., ,~ 0 f iest ion rave • .~ Gravity "
" 1 2.5 '.0 ".Q1 " "

,
2 7.0 7.5 " " 25 1

E. 1 2.5 '.0 " " " 2
2 >.} '.0 '" 77 22 ,

[} ,. 2.5 '.0 '" 18 21 1
2 10.5 11.0 " " " 2

" 1 L[I '.5 GP 82 17 1
2 10.5 " 0 GP 82 17 1

" " 1.0 l ... " " 16 1

" 1 7.' '.0 ,SH 25 62 "" , 2.5 '.0 ~ 76 " 1
2 ,., 7.0 S>' ,.

" 1

" 1 2.5 '.0 - 0 10 90
2 .., '.0 SH 22 " 20, 7.0 '.0 '" - - -

[lOA 1 '.5 •. 0 GP " }O ,
2 '.5 7.' SH 0 " 17

"DB 1 2.0 2.' '" .. }O 2
(11 1 1.5 2.0 SH 0 62 18

2 5.0 '.5 GP-CH " "
,

E12 1 2.0 2.' GP-CM " " ,
2 2.' U .. 10 " 18, ,., '.5 SH ,.,

" "'" 1 1.0 2.0 SP-SK 0 "
,

2 '.0 7.0 " " 28 ,
E15 1 '.n U '" " 16 1
(16 1 '.0 '.5 " 66 " 2
E17 1 O. , 1.0 - 0 " "2 ,., '.0 .. 0 " ", 10.0 10.5 GP.Q1 " }l) 5

'" 1 0.25 0.75 GP " " 2
2 2.0 2.' SH 20 " 28, '.0 >.} GP "

,. 1
• 10.0 10.5 GP " 27 2

'" 1 1.0 1• 5 SH 0 .. "2 2.5 '.0 SH 0 79 21
(20 1 1., 2.0 SH-KL 0 " "2 '.0 ,., " 79 " 2, 7.' ,., SH " 50 "• 11.0 11. 5 sP-SH .. 28 ,
(21 1 2.0 2.' - 0 }l) 70

2 ,., 7.0 '" " 11 •AH...(l 2 0.' 1.0, 1.0 1.5 SH 0 " " 19.6

• 2.0 2.' ... 0 '" '" 27.}, '.0 4.25
7 ,., 6.75

10 12.0 12.5
11 15.0 15.25

" H.5 25.0
AH...(2 2 1.5 2.25, '.0 ,.,

• '.0 5.75, ,., 7.0, ,., 9.0
AH_[} 2 0.5 1.0, 1.0 1.'• 1.' 2.25, '.0 J.7S, .., 5.5 SP-SH " "

, •••7 ,., 7.' '" 60 ,. • 0.7, ,., 9.0
9 15.0 15.5

10 16.5 17.0 I I



'.-aL[ 6.10 (Coot 'd)

~~"~ OeDth (feet) Cl:;i- ~CI' ..IC.I • '.
S~le An.l ".

,. it. Specific..-, ..-, ,~ • fica ion ,~. .~ Ct.... it ..
"'-E' 2 0.' ..,, 1.' '.0

• '.0 •. 0, '.0 ..,
• '.0 .., '" 2 " 2l 17.6, .., 7.:n

• •• 0 8. 7~

'K-(' 2 ..0 1.2, .., 2.0

• 2.0 2.'• '.0 ~.2)

• '.0 6.7)

" 7.' ..,
n '.0 lo,n

AH...(6 2 O. , 1.2, 1.2 '.0• ••0 7.0
7 7.' •• 0

• .., 9.75

" 20.0 20. 7~
AH ..(7 1 0.0 0.', 2.0 '.0 Gl' " " 2 2.'

• '.0 '.0
AH-U 2 0.' 1.', .., 2.n

• '.0 ).7~

AH_[9 1 0.0 1.0
2 ,., .., '" 0 71 ,. 1~.7, '.0 ,.>, '.0 ~.2~

• .., '.0 '"
.,

" " •••

'"loca ian ahooon on riqute 6.4).

i
I
I
1
I



I
I
I

1"8l.[ 6.111 ~'UIAL PROP£RII£S _ BORROW SIT£ H

•
~<h

. ...c • • "'1,- SIIIIPI. (feel ) Cl•• l- .1 • C- its SpecHic..-. _. .~ • (IC. ion ,~. .~ err-it ..
AH~I I 0.0 ,.. 0 " " "2 ... '.0 '" " .. " ", '.0 '.0 "• ••• •. 0 5C " .. 22 " " ", 6.0 1.' CI. .. " " " " "6 1.' .., CI. " 21 " " 1 l2

7 '.0 10.0 "• 1),0 15. ) '" .. 22 " " " •• 20.0 21.5 •
" 25.0 26.5

AH_HZ , 0.0 I .•
2 .., '.0 " 62 2J - " 2J, '.0 '.0 '" "• .., .., 20, 6.0 1.0 " " " 18 " 1
6 7.' .., '" "7 '.0 10.0 "• 15.0 16.0 '" " 2J Jl "• 20.0 lO.e} '" 21 " " " " •
" n.D 25.5 6

" JO.O }D.1S " " " 18 , •
" H.D }5.7 SH_SC •" /l0.0 40.15 7....., I 0.0 I. ,

2 ... '.0, '.0 '.0 "• .., ••• SM-SC .. .. " "
, "• 6.0 1.0 "6 1.' •••1 .., 10. " '" 1 " " - " l2

• IS.O 16.5 '" " " " " " •• 20.0 20.25

" 25.0 25.25

" ... , 0.0 I. ,
2 ... '.0, '.0 .., ce " " 20 " 1 "• .., ,., "• 6.0 7.0 SM_SC " " " 20 • "6 7.' .., "7 15.0 16.0 '" " J8 21 22 sP "• 20.0 21.0

• 25.0 U.S
AH..flS , 0.0 I. ,

2 ... '.0, '.0 '.0
• ••• 6.0 SM-5C 22 J6 " 2J 6 ", 6.0 7.' SM-SC 0 " " 22 6 "6 1.' ••• SH-SC " Jl Jl " • •1 '.0 .., " " Jl " • "• 15.0 15.66

" }o.o }o.n

" }5.0 n.s
AH_H6 I 0.0 ,.,

2 .., '.0, '.0 ..,
• ••• 6.0, 6.0 7.0
6 1.' '.0 '" 22 " Jl - " "1 '.0 10. " l2

• 15.0 15.5• 20.0 20.25

" 25.0 2toS 5C " " " " • "" JO.O ,1.0
l2 }5.0 }S.5 SH-Sc: " " " " 6 •
" 40.0 /l0.5 •



I
I IABlE 6.11 (ellOt'd)

h~~h ~
. ..u:: • • '"SIIIIIP III " (feet.l C1_1- '~'S t· its Spec if Ie-, -, ,~ 0 fiut. ion rllvl! ~ Cr... il ..

AH-li7 , 0.0 ,.,
2 .., '.0, '.0 ..,, ,., '"', 6.0 '-' >£_0. " ,.

" "
,

"6 7.' '.0 "7 '.0 10. ~ 0. 7 '" " " " "8 1~.O 16. ~

• 20.0 21.!t SC "10 n.o 2).66 22 " " " " "" 2';.66 26. S

" )0.0 )0.6
AH-H8 , 0.0 ,.,

2 ,., '.0, '.0 6.', 6.' 7.' - OP ", 8.0 .., SC .. " " " " "6 .., 11,0 "7 IS.D 16. S CC " "
,.

" 7 7
8 20.0 21,0 CC ., Z7 " " 7 6

• 2';.0 26.0 6
10 )0.0 )0.'

" n.D 'S.2S
WllO-2~ 0 GC-SC " " " 21.7 '.2 10.9
'il80-JH 0 ()4-SH " "

,. 17.1 2.' 12.'
,g, 0 28 ,. " 2.72
,g, 0 " " )0 " 6

"'l.oelll i(ll'l8 silo"" on figure 6.48

I
I
I



TA8l[ '.12: ltAl[RIAl. PROP£RTI[S • IlORROV 511[5 I Air() J

Ir~~1'1 .. " .''''
~if

,
"S.-.ple (feet J Cle.. i- .1 • , ,- '" Speelfle...-, _..

,~ • r le.t ion rlv, '0' Cuvll ..
TP-RI , 0.0 1.0

2 .., 2.0 '" .. " 2
) 2.0 l.O
• ,.0 l.' '" n " 2, l.' .., '" 21 27 2

TP-R2 1 0.0 '.0 ew n " 2
2 .., '.0 '" " " 2

TP~) , 1•• ,.,
2 .., ,.. ew 21 "

,
TPoOU , 1•• ,.,

2 ••• .., '" .. lO ,
TP-$fS , .., I.. ew .. ,. 2

2 l.O l.' '" 68 " 1
TPoOR, , 1.0 2.•

2 2.0 l •• "--'" ,
" "IP-fl7 , .., I. • '" 68 " 1

2 l.' ••• ,.
" 76 1

IP-R8 1 .., '.0 '" n " 2
IP_R9 1 .., I. • 5M • " "IP_RIO 1 1•• 1. , 5M 0 7. lO

2 }., ••• SHoOSC " ,. ..
IP_RIl 1 .., I. • ew 67 " 2

2 l.' ••• ew 20 " 2
TP-flt2 1 .., ,.. ew 67 lO l

2 .., ,.. ew 68 lO 2
IPoORU 1 .., I. •

2 ,., 6 .• ew 62 " 2
IP-R14 , .., ,.. ew .. ,. 2

2 ", 6•• ew .. "
,

IP-RIS , .., 2••
2 ", 6 .• 5M • "

.,
IPoORI6 1 0.' 1.0 5M 0 " "2 .., ,.. cwoO(jH " " 6
IPoORI1 1 I.. 1.' '" " " 2

2 ••• .., ew " ,. 7
TP-R18 , 1.0 ,.,

2 .., ,.. ew '" " l
IP-R19 , .., 1.0

2 l.' '.0 ew ,.
" l

IP-R20 1 0.' 1.0 5M l 82 "2 .., '.0 ew 62 ,. •
TP-R21 1 0.' 1.0

2 '.0 ..,
TP-fl22 , , .0 1.' ew.... " }} "2 .., '.0 '" 82 17 ,

-Locations ahaw> on rlgure' 6.S1 and 6.S2.
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7 - RESULTS OF GEOTECHNICAL INVESTIGATiON - DEVil CANYON

7.1 - Devil Canyon Damsite

This section dtscusses the results of a geological and geotechnical in
vestigation performed at the Devil Canyon site. Thts section 15 pre
sented in two subsections: 7.1 - Devil Canyon Damsite a~d 7.2 • Borrow
and Quarry Sources and Materials. location of maps presented in this
section are shown on Index Hap Figure 7.1-

(a) OverblFden Condit ions

(i) General

The proposed Devil Canyon damsite occupies a narrow deep
gorge on the Sus itna River approximately 26 miles down
stream from the Watana site at river mite 152 (Figure 4.1).
The terrain is one of a glacially scoured mountain area
wi th many deeply i nci sed tri butaries cutt ing down through
the steep canyon walls to river level. The overburden
within the region generally consists of less than one foot
of organics over a veneer of glacial outwash and reworked
tills. mixed with talus en the steeper slopes. Glacially
scoured bedrock knobs and ridges form a fairly pronounced
topography with a grain paralleling the river. A map sho.,;
ing the inferred top-of-bedrock elevations and exis .. ing
surface topography is sh~n in Figure 7.2.

Geologic proflles at the dams He and borrow sites is pre
sented in Section 1.1 (b). Much of the interpretation used
in preparation of these maps and figures have been based on
seismic velocities of various soil and rock types. Results
of the seismic refraction surveys performed for this stu~

are presented in Appendices H and I, ',.mile surveys per
formed in previous studies are contained in referenced
reports (12,39,51. and 59). For clarity. Table 7.1 pro·
vides a correlation of seismic velocities with sol1 and
rock types that have been used in this study.

( i i ) Dams ite

The bedrock at Devil Canyon is well exposed along the can
yon walls from the entrance of the gorge inmediately up
stream from the proposed dams He to Portage Creek down
stream. .)0 the upper abutments, overburden consists pri
m~rily of weathered rock and talus mixed with shallow out
wash dnd reworked tills averaging approximately 10 feet
thick (28).
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On the SO° to 90° slopes in the gorge, overburden ranges
from zero up to perhaps 30 feet thick. Overburden in these
areas consist of scattered debris on rock ledges and talus
slopes. These talus slopes, which extend into the river,
are generally confined to gullies within the gorge walls.

Although the high dver flows (up to 3S fps) prohibited
sa~Hng. It is assumed that the channel alluvillll consists
of unstratified talus blocks and boulders mi':~d within a
matrh of smaller rock fragments. gravels, and ,nd. Total
depth-to-bedrock in the channel beneath [he p, ,Jposed darn-
site and cofferdams is estimated to be approximately 60
feet, of which 20 to 30 feet is water and 30 feet dver
alluvillll. The maximum depth of river alluvium was calcu
lated based on USBR drill holes OH-12, OH-13. OH-14, and
the 1981 Borehole Sa, which crossed beneath the river
(Table 5.2).

Portal structures for diversion tunnels and intakes wi 11 be
placed in areas of Shallow overburden.

Upstream from the darnsite, beneath Borrow Site G, bedrock
appears to drop-off sharply with overburden reaching depths
up to 300 feet. This area is discussed in a subsequent
section.

(iii) Surface Structure Sites

Proposed surface structures on the north abutment are ex
pected to encounter the same general soil conditions as at
the damsite, with overburden averaging about 10 feet or
less, and COIl¥" isi ng most ly tal us with i sol ate<! outwash
materials. Any structures on the south abutment would en
counter similar conditions as those which e.(ist at the
saddle damsite (Section 7.1[a][v]).

(iv) Emergency Spillway

The proposed emergency spillway 1ies to the south of the
damsite on an east-west trending ridge of exposed partially
covered bedrock (Figure 7.2).

In general, overburden is expected to be less than 10 feet
thick along the proposed east-west spillway alignment.
However. where the proposed spillway turns northward
(approximately 2,000 feet downstream from the dam center
line) the structure wl1 I cross a rellct channel, which
contains up to 80 feet of all:lVlum (Section 7.1[a][v]).
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(v) Saddle Dam

The overburden at the surfdce 1n the proposed saddle darn
and emergency spillway area (Figure 7.2) consists primarily
of reworked glacial tl11. The areas of steep topography
have isolated talus deposits and include a number of shal
low «10 feet) weathered bedrock zones.

Beneath the lakes, where the proposed saddle dam is sited,
bedrock drops off into a deep, overburden-fi lIed trough
(Figure 7.2). Based on seismic and borehole data, the
stratigraphy in the channel appears to cOllllrise approxi
mately 10 to 20 feet of outwash (sandy, bouldery till),
underlain in the deeper sections by stratHied layers of
sand and gravel. This underlying material appears more
co~act and clean than the overlying surficial deposit
(51) •

Maximum overburden depth in the channel area, as determined
by borings and seismic refraction lines (Figure 5.2), is 86
feet, with an average of about 40 feet at the saddle darn
site. It 1s postulated that this deep bedrock trough rep
resents a relict channel of the Susitna River (Appendix J).
Drilling in this channel shows the material to be dense and
relatively impervious. The existence of several lakes on
top of this channel (perched at about 75 feet above rock
level) demonstrates the overall i~enneable nature of this
materi a I.

(vt) Camp Areas

Although detailed investigations were not conducted at the
proposed campsite area located approximately 7,000 feet
downstream from the dam. reconnaissance mapping suggests
that bedrock is near surface. Where bedrock is not ex
posed. overburden is expected to be an average of 5 to 10
feet thick. consisting of sandy, bouldery outwash with
localized zones up to 40 feet deep. The only areas around
the darnsite expected to have very deep overburden are: (a)
the upper reaches of creeks fr~ Elevation 1500 to 1800,
(b) areas of pond water, and (c) the relict channel (Figure
7.2). localized clean sand and gravel deposits will pro
bab ly be scarce throughout the area.

(b) lithology

(1) Introduction

The bedrock in the Devil Canyon damsite is exposed along
the canyon walls of Cheechako Creek and the Susitna River
and in scattered outcrops throughout the area (Figure 7.3).
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Bedrock at the site is a Cretaceous age (Table 4.1) se
quence of tnterbedded argillite and graywacke which lies on
the western side of a Tertiary age granodiorite pluton.
The argillite and graywacke have been intruded by felsic
and mafic dikes of uncertain age. These rocks have not
been assigned formational names, but rather have been given
lithologic names for mapping and correlation purposes.
Rock names are based on the classification of Travis (43).

The lithology and structure of the Devil Canyon site are
shown on a geologic map (Figure 7.3) and geologic sections
DC-1 through DC-7 (Figures 7.4 through 7.10). The geologic
interpretations are based on field mapping, borehole and
seismic refraction data (Section 5). The locations of the
proposed civil structures are shown on the geologic map and
sections.

Rock exposures in Devil Canyon are nearly continuous along
the canyon walls. however, above the break in slope at
about Elevation 1400, rock exposures are IOOre limited.
Access in this area is very difficult due because of steep
slopes. Because of this lack of exposures, the extent of
geologic features could not be determined. Future subsur
face explorations will be required to verify areas of in
ferred geology. In general, only structures more than 1
foot wide are shown on the map unless otherwise noted.

Geologic features mapped at the surface were correlated,
where possible, to similar features in the boreholes and on
seismic profiles. These features are shown on the geologic
sections (Figures 7.4 through 7.10). Areas of insufficient
subsurface data required extrapo13tion of geologic features
to depth based on mapped surface orientations. For simpl i·
city, borehole data are limited to features 5 feet or
greater in thickness. For more detailed information, see
Appendices C and E for borehole logs and pressure testing
details, and Appendices H and I for seismic refraction sur
veys. The geologic sections have been oriented to make
best use of the available geologic data.

Approximately 1.200 joints were mapped at the site. This
information was used in developing the statistical joint
plots shOwn in Figure 7.13. On the geologic map (Figure
7.3) only representative joints from the two major joint
sets are shown.

Details of the lithology and structure at the Devil Canyon
site are presented in the following sections.
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(if) Granodiorite

The granodforite is located prilJlari ly to the east and south
of the site (Figure 4.1). The closest occurrence in the
damsfte area is approxfmately 3.500 feet to the southeast,
where the contact wfth the argt111te and graywacke is ex
posed in Cheechako Creek. The contact zone extends over an
area up to about 100 feet wide which contains large argil
lite and graywacke blocks intruded by the granodiorite.
Contacts are generally sharp with thin fracture zones on
either side.

The granodl,lrite is light gray and fine to medilA'll grained.
It contains quartz, biotite, plagioclase and orthoclase
feldspars. Where exposed. the rock is fresh and hard to
very hard and massi yeo The granodiorite has been intruded
by both mafic and felSic dikes.

The extent and depth of the pluton beneath the site is not
certain nor is the dip of the contact known. In BH·2, a
quartz diorite and granodiorite intrusive were intersected
from Elevation 663.0 to the end of th~ borehole at Eleva
tion 645.7 (Figure 7.5). The fine grained groundmass ana
coarser phenocrysts of this granodiorite are similar to a
diorite dike intersected in BH-l. It is uncertain whether
the material intersected in BH-2 is a dike or part of the
main pluton.

(iii) Argillite and Graywacke

The rock underlying the Devil Canyon site is a slightly
metamorphosed sequence of interbedded argi 111 te and gray
wacke. The arg,llite is a medium to dark gray, very fine
to fine graine1 argillaceous rock. The argillite is very
thinly bedded, hard and generally fresh. Petrographic
analyses ShOw that the argillite i5 composed of subrounded
to elongate grains of prtmartly quartz and biotite with
minor iron oxides, pyrite. organic material. amphiboles,
and carbonate (53). Some euhedral biotite fl akes up to
0.12 rrm were observed. Elongated grains are parallel to
the bedding.

The graywacke is light to medhm gray occasionally varying
to a dark reddish gray. The rock consists of fine to medi
um grained sand-sf zed grains in a very fine grained argt11
aceous matr i x. Beds are often graded. Zones of coarse
grained lithic conglOln'?rate are found locally. Where map
ped. these zones ar~ less than 100 feet thick. However. in
gH-I. coarse grained material was encountered between bore
hole depths 331 to 750 feet (Appendix C). Since this hole
was drilled at an angle to bedding. the apparent thickness
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is greater than the ~rue thickness of the unit. Petro
graphic analyses show the graywacke is similar to the
argillite and composed of quartz, feldspar, ana biotite
with minor iron oxides, pyrite and organic material.
Pyrite and other sulphides are generally less than 1 per
cent, but locally range up to 5 percent of the rock mass in
both the argillite and graywacke.

The argillite and graywacke interbeds range fran less than
1 inch to greater than 10 feet thick, but are generally
less than 6 inches. Figure 7.11 is a photograph of tie
typical interbeddeo argillite and graywacke found at the
site. Contacts between the beds are sharp and tight with
bedding parallel to foliation. The generally weak folia
tion is better developed in the argillite than the gray
wacke because of the effect of grain size. Fol iation, as
deSCribed here, refers to the planar structure of the rock
resulting from the parallel alignment of platy and elongate
grains. In most boreholes and in some outcrops, the folia
tion has developed a phyllitic sheen in the argillite beds.
Bedding/foliation strikes northeast with dips to the south
east of generally 50° to 70°. The dip of the bedding/foli
ation is shown on the geologic map and settions. On the
geologic sections, the apparent dip is indicated where
appropriate.

A minor secondary foliation was found subparallel to the
main foliation.

The arg i 11 i te and graywacke have been injected wi th nuner
ous quartz veins and stringers. Stringers are defined as
quartz injections less than 0.5 inches thick. Veins are
quartz injections greater than 0.5 inches thick, while
veins are greater than I foot wide. At least two episodes
of injection have been observed. The first epiSOde con
sists of quartz veins and stringers parallel and subpar
allel to the bedding/foliation. These veins and stringers,
which may have been injected before or during deformation,
have been stretched, folded, and occasionally offset along
foliation planes. The contacts of the veins and stringers
with the bedrock are tight and very hard. The veins and
stringers occur either singly or in groups measuring up to
10 feet wide in outcrops and up to 30 feet along the bore
holes. In these zones, the amount of quartl is as much as
20 to 40 percent of the whole rock. In general, however,
these lones are less than 1 foot wide. These veins and
stringers are good quality rock with high RQOs.
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The second episode of quartz intrusion is represented by
undeformed, post-deformational quartz veins which cut
across the bedding/foliatlon and the quartz intrusions of
the first episode. These veins also contain iron and lead
sulphide mineralization. These quartz veins are associated
with very closely to closely fractUf'ed rock. RQOs are us
ually slightly lower in these zones than the surrounding
rock. to'ost of the veins are less than 2 feet wide.

Although quartz veins and stringers of both episodes are
encountered in all boreholes, they are most nunerous in
boreholes BH-l, BH-2 and BH·4. Quartz veins and stringers
associated with the second episode of intrusion are found
in both felsic and mafic dikes.

(i v) Dikes

The argillite and graywack.e at Devtl Canyon have been in
truded by a series of mafic and felsic dikes (Figures 7.3,
7.4, 7.5, and 7.10). The mafic dikes are designated HI
throush H 4, while felsic dikes are designated F 1 through
F 8. Geologic technical climbers were used to map the
1ocat; on and extent of these features along the canyon
walls from the mCULh of the canyon downstream to about the
locations of DH-12 and OH-14 (Figure 7.3). The dikes gen
erally occur in topographic lows or gullies. Some of these
gull ies had been misinterpreted by previous investigations
to be shear zones. A sln"vey control of the locations of
four dikes (H 1, H 2, H 3, and F 4) in the damsite area was
performed for the purpose of insuring an adequate correla
tion across the Susitna River. A magnetometer survey, per
formed on the south bank, was unsuccessful in tracing their
extent beneath the overburden away from the gorge walls.

Four mafic dikes were mapped in the damsite area. Dikes
H I, H 2 and H 3, are in the area of the powerhouse and the
diversion tunnels, while M4 is located approximately 2,000
feet downstream fr~n the dam centerline (Figure 7.3).

Strikes of the mafic dikes are approximately northwest
southeast, crosscutting the bedding/foliation and trending
parallel to Joint Set I (Section 7.1[c]). Dips are verti
cal to steep to the northeast and southwest. The mafic
dikes are generally dark green to dark gray, fine grained,
fresh to slightly weathered, and hard. They consist pri
marily of feldspar in a fibl""ous groundmass with accessory
pyroxene, biotite, hornblende, and calcite. In BH-l and
BH·2 mafic dikes contain from 5 to 10 percent euhedral,
white, radiating zeoHtes up to 0.2 inches in diameter.
The mafic dikes have been classified as diabase. Joint
spacing in the dikes is very close to close with
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slickensides and chlorite on most surfaces. Because of the
joint spacing. the dikes tend to erode more readily than
the surrounding argillite and graywacke resultiny in their
forming talus-filled gullies. Dike widths vary within the
same dike ranging from 2 to 10 feet.

The borders of these dikes are generally finer grained with
·chill zones· usually 0.5 to 1 foot wide. Contact metamor
phism is evident in the argillite and graywack~ adjacent to
the dike. Fractured and shear zones raf\9ing frOlll 1 to 10
feet but generally l:!ss than 5 feet wide. are frequently
found immediately adjacent to the contact.

The felsic dikes are light yellowish-gray to gray and
aphanitic to mechllll !rained. but generally fine grained.
They range from rhyolite to granodiorite in composition and
contain quartz phenocrysts. The felsic dikes are generally
iron oxide stained and, at the surface. are slightly to
moderately weathered. At depth, they are fresh and hard.
Because of the very close to closely spaced joints, the
felsic dikes tend to erode readily and form talus-filled
gullies. Figure 7.12 is an aerial view of the site showing
the gullies in which the dikes occur.

The contacts are healed. but with secondary localized
shearing or fracturing at or near the contact. Chilled
margins up to 3 feet wide are evident in the larger dikes,
with contact metamorphism in the argillite and graywacke.

The orientation of the majority of felsic dikes is predom
inantly northwest and north, with vertical to steep dips to
the east and west. These dikes are generally parallel to
Joint Set I (Section 7.l[c)) and cut across the bedding/
follation. Several small felsic dikes. however, were noted
in the borings to be parallel to the bedding/foliation.

The width of the felsic dikes varies from 2 to 60 feet. but
in the irrrnediate site area is less than 10 feet. The wid
est dikes are found upstream from BH-Sa and from approxi
mate ly 2.500 feet downstream from the dam center 1i ne
(Figure 7.3). The widest felsic dike at the sHe is ex
posed on the north bank of the river north of Borrow Site G
(Figure 7.3). This dike is up to 60 feet wide but pinches
out to less than 10 feet at either end of the outcrop. The
trend is northwestward with a 75° dip to the northeast.
The dike is llght gray but weathers to a yellow~orange

caused by iron oxide staining. Grain size is fine with
fine to medium grained quartz phenocrysts.
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(c) Structure

(f) Introduction

This section d1scusses geologic structures at the Devil
Canyon site and their relation to the proposed dam location
and tunnel route~. The section is divided into two subsec
tions. The first discusses joints and joint sets while the
second discusses shear and fracture lones.

(i1) Joints

The orientation of major and minor joint sets was recorded
at all outcrops, as well as the condi:ion of the joint sur
faces. spacing. and any mineralization or coating. Four
joint statfons (DCJ-l through DCJ-4) were also selected for
detailed joint measurements (Figure 7.13) in areas consid
ered to be representative of all joint sets.

One hundred joints were recorded at each of the st3tions
except DCJ-l where 93 joints were recorded. For each sta
tion, joint measurements were plotted on the lower hemis
phere of a Schmidt equal-area stereonet at I, 3, 5, 7. 10,
and 15 percent contours (Figure 7.13). The plotting method
is described in Figure 6.12.

In addition to the joint station plots. c~osite joint
plots were constructed from joint stations and outcrop
data. Compos ite plots were constructed for the north and
south banks and are shown on Figure 7.13.

Four joint sets were mapped at the Devil Canyon site and
are identified on both co~osite and joint station piots.
Sets I and II are major sets which occur throughout the
site area, while Sets III and IV are less prominent but are
locally strong. Table 7.2 1s a summary of joint set orien
tations. dips, spacings, surface conditions, and structural
re1ations. Each joint set is discussed below.

This discussion 15 based primarily on surface jointing, as
it was not possible to correlate between joint in outcrop
and those encountered at depth in the borehole. Jointing
in boreholes is d1scussed in a later section.

Joint Set I 1S the most prominent set at the c:ite. The
trend Is northwest (340°) with vertical to steep dips to
the northeast and southwest. On the south bank. the aver·
age dip is vertical, while on the north bank, the average
dip 15 80° to the northeast. Joint spacings vary from 0.5
inch in fracture zones up to 10 feet. with an average spac
ing from 1.5 feet to 2 feet. These joints are planar and
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smooth with occasional iron oxide staining and carbonate
coating. Set I joints are very continuous and range frOln
tight to open. Open joints are well developed on the south
bank and can be traced horizontally for over 150 feet.
These joints are open up to 8 inches at the surface. Set I
joints are parallel to most of the shears. fracture zones.
and dikes in the site qrea.

A subsidiary joint set. lb. to Set I was found locally at
OCJ·4 and possibly at OCJ-l (Figure 7.13). This set
strikes northwest (320°) and dips 55° to the northeast.

Joint Set II includes joints parallel and subparallel to
the bedding/follation planes. This set strikes generally
northeastward but ranges frem 020° to 100°. The average
trends on the north and south banks are 065° and 075°, res
pectively. Oips are southeast. averaging 55° on both
banks. Joint spacings are generally 1 to 2 feet. The
joint surface conditions are variable. fron planar to
curved and slllooth to rough, as a result of folds and cren
ulations on the bedding/folation planes. No mineralization
was found on joi nt surfaces at outcrops; howeyer. in the
boreholes, these joints are often coated with chlorite.
Set II joi nts are genera 11y tight but tend to be open on
the north bank near river level owing to stress relief.
Slopes on the north bafi(. are parallel or subparallel to Set
11. I n the damsite area. the course of the Susitna River
at the damsite parallels this joint set.

Major and minor shears are associated with Set II joints
and are discussed in the following section (Shears and
Fracture Zones). A subsidiary joint set. lIb, was mapped
at OCJ-I and OCJ-4. This subset trends north-northeast at
015° with steep (75° to 85°) dips to the ~outheast.

Joint Set III is a minor set, although locally well devel
oped. A similar set WClS described by the USBR (51) in the
vicinity of OCJ-3 on the south bank (Figure 1.13). Set til
15 northeast trending with moderate to steep dips to the
northwest. On the north bank. the average strike and dip
are 060° and 80° to the northwest. while on the south bank.
the strike and dip average 025° and 65° northwest. The Set
III joints are planar to irregular and smooth to rough.
with spacings generally 3 feet. Occasional traces of iron
oxide and carbonate are found on the joint surfaces. 80th
open and closed joints have been found in Set III. Open
joints are most cOlllllOn on the north bank. particularly
above Elevation 1400 near OCJ-3. where cliffs have formed
parallel to Set Ill. The continuity of Set III joints
could not be determined.
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Block failures and sllll1ping on the south abutment appear to
be assochted with Joint Set Ill. A large block was mapped
between OH-I and OH-IO on the south side on a la-foot deep
northeast trending depression. Other loose blocks related
to this set have been observed to extend at least 25 feet
below the canyon rim. Attempts by the USBR to excavate
rock. benches into the abutment to determine the extent of
sll.nping were inconclusive. However, it is likely to
assll'l1e that detached blocks may extend up to 50 feet back
from the gorge walls.

Joint Set IV consists of nLl'11erous low angle (dipping less
than 40°) joints. The strongest trend of Set tv joints is
northeast and east, with low angle dips to both the north
and south. The southerly dips are best developed on the
north bank at DCJ-3. A strong northerly dip is evident at
OCJ-l on the south bank and OCJ-2 and OCJ-4 on the north
bank (Figure 7.13). OCJ-2 shows both dip directions. how
ever, the northerly dip is the strongest. A secondary low
angle set trends northwestward with dips to the northeast.
This set is best developed at OCJ·l and OCJ-2.

locally, the canyon slopes are falling along JOlnt planes
and sliding or slL.nping towards the river. On the north
bank, most movement is along the Set II (bedding/foliation)
joints which parallel and dip toward the river. Slopes are
generally subparallel to these joints, with slopes general
ly at 40° to 50° (Figures 7.6 and 7.8). On the south bank,
slopes are steeper (60° to 80°) and are controlled by the
intersection of Sets I, III and IV.

Areas of open joints tttat could affect engineering design
were identified at the Devil Canyon site. Open joints of
Set I were mapped at several areas on the south bank par
ticularly east of Borehole OH-l where four open joints were
traced southeastward up to 150 feet from the edge of the
canyon (Figure 7.3). These joints are up to 6 inches wide
with undetermined depth. Borehole BH-3 (Figure 7.3) was
drilled northeastward toward the cJj~; face to intersect
open joints at depth. Zones up to 10 feet wide of open and
jointed rock were encountered along the lenyth of the bore
hole to a vertic;j! depth of ove,. 100 feet (approximate Ele
vat i on 1300).

Drill water was lost at a depth of 12£.4 feet along the
hole and never regained. RQDs for BH-3 were low, particu
larly near the bottom of the hole as it neared the cliff
face (Figure 7.6). Open joints were also encountered in
USBR Boreholes OH-l. OH-8, and OH-9 which were drilled sub
parallel and across Set I. High water losses and low RQDs
were also encountered in these holes which reflected this
open joi nt i ng.
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Shears and Fracture Zones

This section discusses the shear and fracture zones
mapped at the Devil canyon site. These features are
shown on the geologic map and geologic sections (Figures
1.4 through 7.10).

Shears

Shears are structures having breccia, gouge and/or slick
ensides indicating relative movement. Both healed and
unhealed shears were found at the site. Healed shears
consist of an argillite and/or graywacke breccia within a
quartz matrix. These zones may represent syndepositional
deformation that has subsequently been lithified and
healed into a hard competent rock. These zones, there
fore, do not represent a structural weakness or discon
tinuity in the rock mass. These features were most evi
dent in Boreholes BH-l, BH-2. and BH-4. The largest
healed shear was found in BH-4 (Figure 7.6) from 221.0 to
252.0 feet. This zone consists of arg;] lite breccia in a
zone of highly folded and stretched quartz veins which
were intruded by additional quartz veins. Recoveries and
RQOs are hi gh, genera 11y greater than 90 percent, through
these healed ~hears, with permeabilities on the order of
less than 10- cm/sec.

rae :I!cond type of shear found in both surface exposures
md boreholes consists of unhealed breccia and gouge.
The gouge is light gray to tan clay. Breccia consists of
coarse to fine sand size fragments in a clay and/or silt
matrix. Gouge and breccia are generally soft and fri
able. and occur in zones normally 0.1 to 1 foot wide.
The thickest gouge and breccia was up to 3 feet in BH-7.
Cn~orite/talc and carbonate mineralization are associated
wit" the shears. Sl1ckensides are conmon and occur on
t~e chlorite surfaces. These shears are generally asso
ciated with fracture zones. Where they are coincident,
th~y have been denoted as shear/fracture zones.

Fr acture Zones

Fracture lones are areas of very close to closely spaced
(less than 1 foot) jointed rock. Fracture zones are
found in both outcrop and boreholes. As with the shears,
both healed and unhealed fracture zones are cOllJl\On. In
outcrop. both healed and unhealed fracture zones range
from less than 1 foot up to 20 feet wide. but are gener
ally less than 5 feet. In the boreholes, fracture zones
range from less than 1 foot to 60 feet but are generally
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less than 5 feet as measured along borehole length.
Healed fracture zones consist of irregular and discontin
uous fractures filled with quartz or carbonate minerali
zation. These zones are tight with permeabi1ities con
sistent with the surrounding rock. Unhealed fracture
zones often have chlorite/talc, carbonate, or quartz on
joint surfaces. Fracture zones tend to form topographic
lows or gullies because of their erodibility. Gullies
formed by some of these zones are shown on an aerial
photograph of the site (Figure 7.12).

(iv) Significant Geologic Features

The Devil Canyon site has several significant geologic fea
tures which include shears, fracture zones, dikes. and open
joints. Dikes and joints have been discussed in previous
sections. The features discussed in this section are: (a)
northeast trending shears in the saddle dam area (GF 1)~

(b) a series of northwest trending shears and fracture
zones (GF 2 through GF 11); (c) the bedrock low beneath
Borrow SHe G, and (d) rock conditions beneath the Susitna
Rher (Figures 7.3).

Geologic Feature GF 1

GF 1 is located on the SOuth bank approximately 1,000
feet from the Susitna Rher (Figure 7.3). The shear has
been mapped as passing beneath the proposed saddle dam
nearly parallel to the Susitna River. The shear was
first postulated by USBR (28 and 57) based on several
vertical boreholes (DH-6 and OH-15) which penetrated
sheared and fractured bedrock in this area (Figure 7.3).
The shear was inferred to strike na-theastward along a
topograhic depression beneath two ponds and dip northwest
towards the river. Subsequent seismic refraction work by
the CaE (39 and 45) in this area indicated a bedrock low
(Figure 5.2) and a low seismic velocity zone in the
bedrock across this feature (Figure 7.10). These low
velocities (10,700 feet per second) occurred frOlIl 25 feet
south of DH-4 to 60 feet SOut:l of DH-7, 'IrIhereas veloci
ties at the north and south ends of the line were about
19.000 feet per second. During this investigation, three
additional seismic lines (SL 80-12, -13 and -15) were run
and two boreholes (BH-4 and BH-7) drilled to define the
nature and extent of this shear zone (Appendix B and H).

The seismic data confirmed the existence of a bedrock low
in this region with the top of bedrock being as deep as
Elevation 1250 (Appendix H). A low seismic bedrock
velocity (12,380 feet per second) was interpreted along
SL 80-13 beneath the pond. Bedrock velocities to the
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north and south of this anom.llly were on the order of
16,000 and 18,800 fps, respectively. BH-4 and BH·l were
angl e dr illed southward and northward, respect he Iy, to
intersect this postulated shear. No shearing was en
countered in BH-4; however, BH-l intersected a highly
sheared and fractured argillite and graywacke from a hole
depth of 81.0 to 130.1 feet. Zones of breccia and gouge
up to 3 feet wide were encountered within a 40-foot wide
fracture zone. Rock fragments were coated with chlorite
and slickensides. Core recoveries were low and RQOs were
o percent (Figjre 1.6). Permeabllities in this lone were
generally 10- em/sec. Based on !-hls borehole data,
the dip of the shear is inferred to b.:- parallel or sub
parallel to the bedding/foliation at appro~~~tely 65° to
the south. It is likely that the shear follow~ t.he topo
graphic low to the west as shown on Figure 1.3. ii,~ ~x

tent of the shear in an easterly direction is unknown.

Additional work will be required in subsequent phases tv
more accurately delineate the extent of this feature.

Northwest Trending Shears and Fracture Zones

A series of northwest trending shears and fracture zones,
parallel to Joint Set I, were mapped in the damsite area
(Figure 1.3). Many of the shears previously identified
by the USBR were found to be mafic or felsic dikes of
which some have associated shearing at the contact (Sec
tio"l 1.1[b][iv]). Figure 1.12 is an aerial view of the
site on which the locations of some of these features are
indicated. GF 2 is a shear and fracture zone that ranges
from 15 to 18 feet wide as mapped at river level on the
north bank (Figure 7.3). The zone trends 3450 with an
80 0 northeast dip. Based on the projection of its strike
and dip, GF 2 was correlated with a fracture zone ~n BH-2
at 601.2 to 621.0 feet (Figure 7.5). This zone consists
of planar, smooth joints and irregular, discontinuous
fractures. Many joints and fractures are coated with
talc and carbonate. RQDs in the zone range from 75 per
cenS to gO percent with low permeabilities (less than
10- em/sec). No evidence of GF 2 could be found on
the south bank.

GF 3 (Figure 7.3) parallels GF 2 approximately 100 feet
to the west. As mapped on the north bank, GF 3 is 5 to
10 feet wide and coincides with mafic dike M 2. GF 3 has
been tentatively correlated with a fracture lone in the
upper portion of BH-1 from EO.1 to 108.5 feet. This
shear/fracture lone consists of irregular and discontinu
ous Joints and fractures which are carbonate coated and
~ron oxide stained with traces of silt and slickensides.
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Rl,JOs are very low. ranging frem 8 to 57 percent with per
meabilities on the order of 10-4 to 10- 5 em/sec.
On the north bank, GF 3 has been correlated with a shear/
fracture zone in a narrow gully.

Shear/fracture zone GF 4 occurs about 350 feet downstream
from GF 3 (Figure 7.3). This zone contains up to 1.5
feet of clay gouge. Th1s zone may cOf"relate with a bed
rock dropoff on seismic line Sl 81-22. Gf 4 projects
northward across the river into" gully where it apoears
to splay. This splayed zone mal correlate with a small
shear/fracture zone near the bott~m of BH-I from borehole
depths of 678.9 to 683.8. This zone consists of planar.
smooth joints with irregular and discontinuous fractures.
RQDs are low (25 percent and 60 percent); however, per
meability measurements are 10-6 em/sec indicating the
general tightness of the zone.

Shear/fracture lone GF 5 is a small. apparently discon
tinuous zone located on the north bank near DH-13 (Figure
7.3). The zone occurs in a narrow g~lly with very close
to close spaced northwest-trending joints. GF 5 was also
intersected in OH-13 at a borehole depth of 93.3 feet
where it 15 partially healed with carbonate. ana quartz
RQOs in this zone are 0 percent.

Shear/fracture zone GF 6 was mapped ina deep gully on
the south bank of the river (Figure 7.12). The zone
trends northwest, dipping 75° to the west. GF 6 consists
of a 2-to-3 foot-wide fracture zone with 3 to 4 inches of
light gray to black clay 90uge. This zone was inter
sected by OH-IO between 101.1 and 117.8 feet. No gouge
was recovered ~ however, the joi nts have aecas iona 1 s 1ick
ensides and are chlorite coated. Minor caroonate and
iron oxide is also present in the zone. RQDs are gener
ally zero throughout the zone. No pressure testing was
done in the borehole. however, reports by the USBR showed
no severe water loss during drilling. GF 6 has been ten
tatively projected to the north bank.

Downstream fran GF 6, four other northwest trending
shear/fracture zones (GF 7, 8, 9, and 10) had been pre
viously mapped by the USBR. No evidence for these zones
could be found during the 1980-81 mapping program. How
ever, the mapping in this area was performed during
winter when many areas were covered with snow and ice.

7-15



Bedrock low Beneath Borrow Site G

Seismic lines SW-IS and SW-16 performed by Shannon &Wil
son (39) for the CaE in Borrow Site G showed a marked
dropeff in bedrock elevation and seismic velocities alon9
the east end of the seismic lines (Figures 7.2 and 7.9).

As noted from the figures, the bedrock surface is in
ferred in this area to drop off more than 200 feet along
a west to east traverse across Borrow Si te G. land
access restriction imposed during this study prohibited
any further investigation of this area. Possible explan
ations for this apparent anamalous bedrock dropoff could
be attributed to misinterpretation of the seismic data
wherein the lower velocity material could be either a
highly fractured rock in lieu of till or offset of the
rock surface by faulting. The latter interpretation is
unl ikely in that the work. performed by WOOdward-Clyde
Consultants (60) for this project evaluated lineaments in
this area and concluded that there was no compelling evi
dence for a fault.

Further exploration will be reQuired in subsequent phases
of the investigation to better define the bedrock. condi
tions in this area.

Bedrock. Conditions Beneath Susitna River

The presence of geologic structures beneath the present
course of the Susitna River was examined by both the USBR
(51) and Acres. A series of angle boreholes were drilled
by the USBR from both the north and south bank.s at river
level (Figure 5.2).

Several of these boreholes (DH-ll, -BA, -liB, -l1C, -14
and -14A) Mdayl ightedM into the river requiring them to
be redrilled at a steeper angle. RQDs in most of the
river holes was generally greater than 60 percent with
permeabilities less than 10-4 em/sec. These low
values are primarily attributed to open joints and frac
tures in the shal low weathered bedrock lone.

Minor fracture and shear lones were encountered in sever
al of the boreholes (DH-ll and OH·14 serles and BH-Sa).
however. these were llmited in nature and could not be
correlated between borings. No indication was found from
the investigation to suggest either faulting or fractur
ing parallel to the course of the river.
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To support this conclusion, the dikes on both abutments
were surveyed and showed no noticeable offsets across the
river.

(v) Geology Along Proposed long Tailrace Tunnel

IntrOduct i on

This section discusses the lithology and structure along
the proposed long tailrace tunnel for the Oevi I Canyon
damsite. Reconnaissance mapping was done along the Sus
itna River from about 2,500 feet to 10,000 feet down
stream from the site. Rock exposures are nearly continu
ous from the damsite to the bend in the river where the
proposed portal area is located (Figure 7.14). From that
point downstream, outcrops are scattered and poorly ex
posed.

l1thology

As in the area of the main dam, the lithology along the
proposed tailrace consists of interbedded argillite and
graywacke which have been intruded by mafic and felsic
dikes. The argillite is medium to dark gray, very fine
to fine grained argillaceous rock with occasional grains
of fine to medit.CII sand. The g-aywacke is light to medium
gray dnd consists of fine to medium grain-size grains in
a veri fine grained argillaceous matrix. the interbeds
of argi 11 ite and graywacke are genera lly 6 inches thi ck.
Contacts between beds are sharp and tight.

Bedding is parallel to a weakly developed foliation.
Bedding/foliation strikes generally northeast with moder
ate dips to the southeast (Figure 7.14). This secondary
foliation (which is poorly developed at the damsite) is
locally well developed near the proposed tunnel portal.
The secondary foliation strikes nearly north-south with
high angle dips to the northwest. The argillite and
graywacke have been intruded by numerous quartz veins and
stringers as at the damsite (Section 7.1[b]).

Felsic and mafic dikes were mapped in outcrops along the
river and to the north of the tunnel route. The litho
logy and structure of these dikes are similar to those
found at the damsite. The felsic dikes consist of two
varieties: rhyolite and granodiorite. The rhyolite dikes
are light yellowish gray to gray. The texture is aphani
tic to flne grained '~ith fine to medium grained quartz
phenocrysts. The granodiorite dikes are primarily medilJll
grained plagioclase phenocyrsts in a fine grained ground
;n.ass of plagioclase, orthoclase, biotite and quartz. The
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felsic dikes are generally slightly to IlOderately
weathered, mediUll hard, with very close to closely spaced
joints. Iron oxide staining is common. Widths are gen
erally 10 to ZO feet. Contacts with argillite and gray
wacke are generally fractured and/or sheared. Up to 3
foot-wide contact metamorphic zones are common in the
adjacent argillite and graywadte. The felsic dikes
strike northwest and northeast.

Hafic dikes are generally dark green to dark gray. These
dikes are fresh to sl ight ly weathered and hard. H~fic
dikes are composed of feldspar in a flbrous grounMiaSS
with accessory pyroxene, biotite, hornblende, and cal
cite. These dikes are generally Z to 10 feet wide anCl
trend northwest with high angle to vertical dips. Like
the felsic dikes, the mafic dike contacts are generally
sheared and/or fractured. Joint spacing is very close to
closely spaced.

A nearly Zoo-foot-wide outcrop of granodiorite was mapped
approximately 4,000 feet rorth of the river at Elevation
Z100. It is not known whether this feature is a large
dike or part of the granodiorite pluton surrounding the
site (Section 4).

Structures

Joi nt sets and shear/fracture zones simi 1ar to those
mapped at the dams i te are 1ike 1y to occur a long the t ai 1
race tunnel.

The four joint sets identified at the damsite (Section
7.1[c]) continue downstream; however. variations in ori
entation and dip occur. Table 7.3 is a list of Joint
characteristics for joints along the tailrace tunnel.

Joint Set I is northwest trending with a moderate to high
angle dips to the northeast and southwest. The average
strike and dip of this set in the tai lrace area is 3Z5°
and 70" northeast, respectively, which differs slightly
from its average orientation in the damsite of 340" and
80" northeast. Spacings are highly variable but average
about 1.5 feet. The river flows parallel to this set in
the vicinity of the outlet portal.

Joint Set II includes joints parallel and subparallel to
the bedding/foliation planes. This set strikes 065" with
moderate (60 0

) dips to the southeast. The strike is
essentially the same as at the damsite. although the dip
is slightly steeper.
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Joint Set III strikes nearly north-south at an average of
022°. Dips are variable from 63° east to 84° west. The
strike of Set III is similar to that found on the south
bank of the damsite. but about 30° more northerly than
the average strike found on the north bank (Table 7.2).
Dips are generally similar to those at the damsite. Set
III joints are well developed in the vicinity of the out
let portal.

Joint Set IV consists of low-angle (dipping less than
40°) joints of various orientations. Those in the vicin
ity of the tailrace tunnel are similar to those described
in Section 7.1 (c) and Table 7.2.

Although no shears or fracture zones were founa during
the reconn~issance Npping downstream from the damsite,
it is anticipated that several such features will be en
countered along the tunnel. These shears ana fracture
zones will likely be less than 10 feet wide and spaced
from 300 to SOD feet apart (Section 7.1[c]).

(d) Rock Quality Designation

The Rock Quality Designation (RQJ) for all cored holes drilled by
Acres and the USBR are presented on the Summary Logs in Appendix
C. A tabulation of the RQD values with hole depth is contained in
Tables 7.4 and 7.5.

The overall nature of Dev;l Canyon rOd:. is that of a \ery hara,
brittle rock. Little difference is found in rock quality between
the argillite and graywacke. Based on analysis of the RQD values.
the rock is classified as "good" to "excellent."

Overall average RQD for 12 boreholes dri lied previously by the
USBR and 7 boreholes by Acres during 198O-Bl in the damsite area
is 76 percent (Table 7.4). For the most part, the USBR cores show
slightly lower RQDs than the rock drilled by Acres. This is like
ly attributed to several factors including poor drilling problems
and core breakage dur i ng handl i ng and transport. Simi 1arly. most
of the USBR cores were shallow holes «150 feet) and reflect lower
RQOs found in near surface weathered and fractured zones. As
noted in Table 7.4, RQO values tend to increase with depth.

The depth of weathering (aries from near surface to 80 feet deep
and is mainly evidenced by a high degree of fracturin9 with joint
staining and minor mineralization.

Lower RQO values were £ncountered in BH-3 (Table 7.4). This hole
was drilled on the left abutment and inclined northward to inter
sect a series of open joints along the gorge walls. Other zones
of lower RQDs were found in sheared and high ly fractured rock.
i.e., BH-7 (Appendix e).
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In summary. over 70 percent of the rock drilled during the 1980~81

program had RQO values ranging from 75 to 100 percent with only 8
percent having RQDs less than 25 percent. The intact rock at
Devil Canyon has been classified as high strength with an avet'age
modulus ratio and classification of BM (14,16).

(e) Rock Properties

Representative flQ (1. 77) core samples of agrillite and graywacke
were selected from BH-l, 2, 3, Sa, 5b, and 7 (FIgure 7.15).
Results of the testing program are presented in Tables 7.6 and 7.7
and are discussed below. Representative photos of rock tests are
shown in Figure 7.15.

(1) Unit Weight

Dry unit weights, measured in conjunction with both tensile
and compressive strength tests, gave an average unit welght
of 170 pcf for both the argi11 i te and graywacke.

(ii) Static Elastic Properties

Elastic properties were measured using electronic strain
gages bonded onto the sample in axial and circunferentially
directions. Stress, diametric strain, and volumetric
strain were computed and plotted against axial strain from
which secant modulus, tangent modulus at 50 percent failure
stress, and Poisson's Ratio were determined. Results are
presented in Figure 7.16. An average of all test results
show:

Rock. Type No. of Tests
Static

6
Modulus

Poi sson' s Ratio(x 10 psi)

Argi 11 ite 7 9.74 0.21
Graywacke 6 10.32 0.19
Combined 13 10.0 0.20

(11 1) Dynamic Elastic Properties

Compressional (V p ) and shear (V s ) wave
fps for both argi 11 i te and graywacke were
dynamic moduli and Poisson's Ratio computed.
.gOO:

velocities in
determi ned and

Results aver-

Rock Type

Argi 11 ite
Graywacke

Number of Tests

2
2
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20,015
19.280

Vs Ups)
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Rock Type Nullt>er of Tests

An average of all test results show:

Dynamic
Mogul us

(dO psi)
[lynamic

Poisson's Ratio

Argillite 6
Graywacke 5
Combined 1I

(iv) Direct Shear Tests

10.62
1I.09
, 0.8

0.13
0.22
0.17

The following types of direct shear tests were performed on
both argillite and graywacke:

natural discontinuity
- polished rock on rock
- pol lshed rock on mortar

Test results are plotted in Figure 7.17. A summary of the
results is as follows:

Argillite " ?eak
~ Residual C (ps i)

natura 1 di scont i nui ty 27.50 23' a
polished rock on rock,

dry 21. 5° 19.5° a
polished rock on mortar,

dry 31' 25' a

Graywacke

natural discontinuity 25" 23' a
natural di scont inuHy

using inferred co-
hesive intercept 22' 6

po 1i shed rock on rock. 25' 23' a
dry 21.5° IS' a

16' 10' a
po Ii shed rock on

rock, wet 20' 15' a
polished rock. on

mortar. dry 31' l7' 90
po 1ished rock on rrortar,

dry with bond brok ~n

with inferred cohesive
intercept 27' 6
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Pol ished rock on rock tests give a material's lowest fric
tion angle. This angle ignores effects of natural surface
undulations or roughness. Therefore, a Mwaviness angle M is
applied to obtain a more representative value for design.
This Mwavin~ss angle" is based to a large degree on ob
served field conditions of natural Joint surface and site
geology.

For thts study, natural surface friction angles were based
on a slick. chloritiZed, natural discontinuity in argillite
and a smooth, planar, partially open natural joint in gray
wacke. These discontinuities, which represent unfavorable
conditions, have been considered as lower limit values.

Shear strength of rock against concrete was simulated by
sliding a poltshed graywacke and argillite core against
mortar. As noted above. these results gave peak" values
of 30° and" residual between 20" and 26°. It should be
noted that normal rock foundati')ns .;Ire rough, giving fric
tion angles of 35" or higr.er.

As noted in F;gure 7.17, lower friction angles were obtain
ed under the 150 psi normal load test for rock on mortar
tests. The 150 psi load test is the highest load in a se
quence of three tests performed on the same sample. There
fore, it is 1ikely that the previous shear tests performed
on the s~mple resulted in the surfaces degrading and
approaching a residual characteristic. thereby giving a
lower result.

Data plots for direct shear tests of pol tshed rod:. surfaces
show an oscillation of the shear load with 1isplacement of
the rock surface. This indicates that the movement of the
rock surface, relative to each other, was not uniform. The
shear stress reaches a peak after which movement takes
place. The shear stress drops to a residual value but then
builds up to a subsequent peak value. This cycle repeats
itself over the full extent of the displacement range.

The upper and lower bounds of the plotted points are be
lieved to represent the peak and re.• idual friction angles
for 1'," ished surfaces.

Direct shear test data presented here should be considered
only as a preliminary estimate of design parameters. The
final determination of design friction angles wi 11 require
a co~rehensive knowledge of the geologic structure and
friction angles for each discontinuity as they relate to
f3ch engineered facility.
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Rock Type Number of Tests

(v) Compressive Strength Testing

Compressive strengths were measured by both unconfined com
pression and point loading method~.

Unconfined Compression

Results of unconfined compressive strength tests show:

Number of High low Hean .. Standard
Rock Type Test~ ill.U ill.U Deviation (psi)

Argi 11 fte 21 32.940 8,017 19,792 + 6,533
Graywacke 16 36,570 4,066- 22,755!: 8,600

-Fai lure along healed joints

80th rock types are variable in strength with higher
strengths reflect 1ng ~ 1ntact" rock and 1ower strengthS
reflecting cores with inherent weaknesses such as folia
tion. healed joints. etc. The foliation withln the rock
makes the rock s119htly anisotropic. Frequency plots
(Figure 7.18) show 90 percent of the combined test
results are greater than 12,000 psi and, assuming a nor
mal distribution, approxlmately 70 percent of all tests
fall \!I1thin the standard deviation, 'i.e., between 12,925
and 28.235 psi.

Point load Testing

Rock strength for 8H-1 and BH-2 core was tested at 15
to 20-foot intervals using a Terremetrics T-5oo point
load tester. Statistical data analysis give:

Mean + Standard
Oeviation (psi)

Graywacke 33
Interbedded argil-

1i te and graywacke 163
AII tests 338

21,973 .:. 5,745

21,579 .. 6,752
22,393 ~ 6,842

Frequency plots are presented as Figure 7.19. In compari
son with the unconfined test, these tests gave slightly
higher values. The probable cause for this is that rock
strength is proportional to the physical dlmensions of the
tested sample. For unconfined cOlJllressl0n tests, lower
strengths are generally found for the largei' diameter sam
ples (2:J). Similar effects are also noted in the Watana
test results.
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Both types of tests. however, indicate a high st"ength
rock. Combining the compressive strength and elastic prop
erties for both the argillite and graywacke gives a high
strength rock with an average static modulus to compressive
strength ratio (BM)(14).

(vi) Tensile Strength

ltJrnber of High low Hean + Standard
Rock Type Tests (ps i ) 12ill ill.U Deviation (psi)

Jlrgi1lite 4 3944 3018 3410 + 390
GraY"acke 5 5071 1411 2960 .. 1515

Argillite test results (Brazilian SpHt) were relatively
uniform while graywacke results were variable. These tests
show htgh intact rock tensile strength, which implies high
intact rock shear strengths.

(vi i ) Surrmary

The rock test results presented in this section are consid
ered adequate for preliminary design purposes. Extensive
geotechnical work including drill ing, down hole testing.
geophysics, exploratory adits. laboratory and in situ test
ing, will be required before the final design parameters
can be determined for each structure. However, tests per
formed during this, as well as previous studies, show the
rock to be of excellent quality for constructing both sur
face and subsurface facilities at Devil Canyon.

(f) Rock Permeability

Water pressure tests were carried out in all seven holes drilled
by Acres. Results of the permeatdlity tests are shown graphically
on the ~ummary logs in Appendi~ C with test results tabulated in
Appendix Eo At several 10catitlOS (BH-4 at depths 90 to 140 feet),
tests could not be completed because of equipment problems.

Water pressure tests performed by the USBR and Acres (Section 5)
confi rm that rock permeabi 1ity at the De....il Ca nyon dams i te is con
trolled by the degree of jointing, fracturing, and weathering
within the bedrock.

The rock permeability does not vary sign.ificantly within the site
area, generally ranging at 1 x 10-4 and 1 x 10-6 em/sec
with lower permeabilities generally at depth and higher permeabil
ities in the more highly fractured rock zones. A sl.lllmary of perm
eabi 1i ty with depth is shown in F1 gure 1.20. Permafrost has not
been observed at Devil Canyon and therefore will not affect perme
ability.
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(g) Groundwater

The damsite is located in a "young" geomorphic terraln ... hich is
characterized by high reI ief and immature drainage systems. As
stated in Section 7.1 (t), groundwater flows are confir.ed to the
fractures and joints within the bedrock. Based on piezometer
readings and water level readings taken during drilling. it
appears that the groundwater table is a subdued replica of the
surface topography with groundwater gradients steeper near the
river and lakes. Water level readings performed in BH-l and BH-2
have given relat he ly constant 1eve1s duri ng 1980-81 with depths
of approximately ISO feet and 0 feet beneath the ground surface.
respectively. Other readings taken in BH-4 and BH~7 on the left
abutment correspond closely with the lake level. Groundwater
levels are expected to be variable throughout the site, controJled
principally by the extent of fracturing within the rod: mass.

Some seeps have been noted in the gorge walls indicating ground
water migration through open joints and fractures. These seeps,
however, are relatively small. No seeps were noted above the
break in slope.

(h) Permafrost

(i) General

Climatological data collected during 1980-81 near the site
indicate that the damsite average temperature may be
slightly above freezing, about 1°C. According to published
data, the Devil Canyon site is within a zone of discontinu
ous permafrost (19). The localized climatic conditions at
the site may, however. be more severe than suggested
because of the high relief and the deep gorge which
receives ~ery little sunlight.

Despite the apparent severe weather conditions. no direct
evidence has been found in or around the damsite to suggest
the presence of significant amounts of permafrost (36).

(i i) Damsite

During dri 11 ing and test pitting. special care was taken to
observe any evidence of permafrost. and nooe was found.
Thermistor strings Z50 feet long were installed in BH-l. Z,
and 4 (Figure 7.19) and showed excellent stabilization in
BH-l and Z and fair-to-good stabihzation in BH-4. The
ground temperatures were all recorded between I. 7°C and
4.4°C at depth. BH-I and BH-2 on the north abutment have
very similar readings. Showing the depth of annual ampl i
tude reaching a depth of approximately 50 feet. with mini
lllJllI ground temperatures of 1. 7 to 2.1°C occurring from
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60 to 130 feet below surface topography. Below that depth,
both holes show a conS15tent warming trend that probably
reflects the natural geothermal gradient. Geothermal grad
ients appear to be average, showing about loe per 300 feet
(l°F per 166 feet) (24).

(1 i i) Errergency Spi llway

The emergency spi Ilway area is not expected to have any
permafrost 'in rock, and only sporatic frost in the overbur
den. In the downstream outlet area, where overburden may
reach 75 feet or more, rermant perNfrost lenses in the
t ill may be expected. Annual frost penetration 15 expected
to be about 10 to 15 feet.

(iv) Saddle Dam

The therma 1 regime in the saddl e dam area iss lmi 1ar to the
dams1te. as shown by the thermistor log of BH·4 (Figure
7.21). Based on these data and auger drill1ng in this
area, no evidence of permafrost was found. Because BH-4
was angled under the lake, the thermlstor string extends
only approximately 175 feet below the top of the alluvil.lll.
The apparent 1.50 variatlon in downhole temperature (4.4~C

in August 0 a low of 3.1° in December) could reflect
Changes in lake temperature through the year as water mig
rated from the lake through open jolnts and fractures
around this section of borehole. The apparent subzero tem
peratures at depth were noted as erratlc and inconsistent
when the readings were taken. Therefore, the May 24, 1981
reading at 200 feet has been ne9lected. Likewise, the
erratlc and fluctuatlng readings on one of the 25O-foot
depth thermistors, with total failure on the latest set of
readings, make this a suspect data point (Figure 7.21).

Additional lnstrunentation will be required in this area to
further define the subsurface thermal regime.

(v) Camp Areas

Based on auger holes and USBR investigations, permafrost
should be expected to occur in the proposed camp area as
localized small lenses or zones within the overburden.
Annual frost heaving can be expected in the overburden.

(v;;) Access Roads

Access and construction roads can be expected to ercounter
scattered permafrost lenses and pockets. The annual frost
penetration is likely to cause heaving in IllJch of the a11u-

7-26



vial matedi'll, particularly the clayey ma-aines and thin
outwash deposits. Groundwater flow, where encountered, may
cause seasonal -icing,- which could dtsrupt drainage. Fur
ther investigations of permafrost and foundation conditions
along the proposed access roads will be required in subse
quent studies.

7.2 Borrow and yuarry Material

The borrow investigations at Devil Canyon were performed with the use
of auger drilling, test trenching, field mapping, seismic refraction
and air photo interpretation as described in Section 5.

The objectives of the }980-81 tnvestigation were to:

define the limits of previously identified borrow sites;
- identify new borrow sites; and
- determine material properties and volumes.

The information collected during this investigation has been combined
with data from prevtous investigations to develop a cotfllrehensive data
base for each borrow and quarry site. One borrow site and one quarry
site were identified for this study. Borrow Site G ""as investigated as
a source for concrete aggregate and Quarry Site K for rockfill. Des
pite detailed reconnatssance mapping around the site, no local source
for impervious or semi pervious material could be found. As a l'esult,
Borrow Site 0 (Section 6.3) has been delineated as the princi~l source
for this material. Further investigatfons may identify a ma-e locally
available source. The following sections provide a detailed discussion
of the borrow and quarry sites for the Devil Canyon development.

(a) Borrow Site G

(i) Proposed Use

Borrow Site G was previously identified by the USBR and in
vestigated to a limited extent by the COE (45,51) as a
primary source for concrete aggregate. Because of its
close proximity to the damsite and apparent large voll.me of
material, it became a principal area for investigation dur
ing the 1980-81 program. The scope of the 1980-81 investi
gation in this borrow site is discussed in Section 5 and
shown in Figure 7.22.

(i1) location and Geology

Borrow Site G is located approximately 1,000 feet upstream
from the proposed damsite. The area delineated as Borrow
Site G is a large flat fan or terrace that extends outward
from the south bank of the river for a d1stanc~ of approxi
mately 2.000 feet. The site extend1 for a distance of
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approximately 2.000 feet. The site extends for a distance
of approximately 1,200 feet east-west (Figure 7.22).
Cheechako Creek exits from a gorge and discharges into the
Susitna Rlver at the eastern edge of the borrow site. The
fan is generally flat-lying at Elevation 1000, approximate
ly 80 feet above r;"'er level. Higher terrace levels that
form part of the borrow site are found along the southern
edge of the site above Elevation 1100.

Vegetation is scattered brJsh with mixed deciduous trees
found on the floodplain and fan portions. On the southern
hillside portion of the borrow site, heavy vegetation is
evident with dense trees and underbrush (Figure 7.22). Tt.e
ground cover averages up to 0.5 foot in thickness and is
generally underlain by 1 to a maxinun of 6.5 feet of silts
and silty sands. This silt layer averages 1.5 feet thick
on the flat-lying deposits, and up to 2 feet thick on the
hillsides above Elevation 950.

No groundwater was encountered in any of the explorations.
The high permeability of the material provides fer rapid
drainage of the water to the river. Annual frost penetra
t ion Cdn be expected to be from 6 to IS feet. rio penna
frost has been encountered in the area.

The borrow material has been classified into four basic
types, based on the interpretation of field mapping and ex
plorations. The four types of material or zones, as iden
tified on the map (Figure 7.22), are: Susitna River allu
vial gravels and sand (Zone I), ancient terraces (Zone II),
Cheechako Creek alluvium (Zone II:), and talus (Zone IV).

The large fan deposits are a combination of rounded allu
vial fan and river terrace grav~ls composed of various vol
canic and metamorphic rocks and some sedimentary rock
pebbles. This material is well-washed alluvial materidl.
Zone I has been divided into two subzones, the upper (Ia)
bei ng genera lly a sandy 1ayer about 20 feet thick, under
lain by a thick sandy gravel (Ib) that has been inferred by
seismic refraction (39) to extend well below river level.
A section on the west side of the fan is shown 1n Figure
7.22. The ancient terraces (Zone II) are probably similar
1n origin to Zone I, but being higher on the banks, they
likely represent a higher rher energy environment~ hence,
the grcdations are expected to be less uniform with more
cobble size material. The material in Zones I and 11 is
bel1evld to be generally uniform over a wide range and
depth '"ith a trend towards coarser materials with depth.
The Cheechako Creek alluv1l.1T1 (Zone III) is bouldery with
some angular particles.
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The lalus (Zone IV) comprises argillite and graywacke
derived from the bluffs irrrne<liately above the fan. This is
c~osed of the same type rock as the damsite.

(i i i) Reserves

The borrow site quantities were broken down into zones as
shown on the typical sect tons based on the exploration logs
and test trench sections shown in Appendix G (Figure
7.22) •

Based on these data. the quantities of fine sands and
gravels in Zones la and Ib at.."Jve river level have been es
timated to be approximately I.! and 1.9 mey. respectively.
Additional quantities could be obtained by excavating below
river level. The quantity of material in Zone II is tenta
tively estimated to be approximately 2 mey. This. however.
has been based on an inferred depth to bedrock. If bedrock
is shallower than estimated. this quantity would be less.

Zone III material is estimated at 1.1 mcy. while Zone IV is
55.000 mcy. Zone IV quantities are too small to warrant
consideration as a borrow material.

An estimate of the total quantity of borrow material is
about 3 Illcy with an additional 3 mcy potentially available
from inferred resources. The increase in river level
caused by diversion dLring construction may affect the
quantity of available material from this site. Therefore.
further work will be required in subsequent studies to
accurate Iy determi ne ava 11 abl equant it i es and methods and
schedules for excavation.

(iv) Engineering Properties

A detailed petrologic description of the material was per
formed by the USBR (52) and Kachadoorian (29) and, there
fore, have not been repeated here. In summary. the deposit
is a gravel and sand source c~sed of rounded granitic
and volcanic gravels, with a few boulders up to 3 feet in
diameter. Deteriorated materials comprise about 8 to 10
percent of the samples.

Test i ng performed by the USSR (52) indicates that about 2
to 4 percent of the material was considered adverse
material for concrete aggregate.

Resul ts of the laboratory tests performed for the project
ar~ sunmarized in Table 7.8. A cOl\1losite grain size curve
st.owing the wide range of gradations in Sorrow Site G is
shown in Figure 7.24. A more detailed breakdown of the
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various stratigraphic unit gradations is shown 1n Figure
7.25. Units identified in Fig.... e 7.25 correspond with
those units lllapped in the test trenches (Appendix G). In
Slmllary. two distinct grain sizes are found in the site:
(I) from the auger holes (Unit 0). a fairly uniform, well
sorted coarse sand with low fine content and (2) from the
test trenches (Unit Z). a fairly well-graded gravelly sand
averaging 10 percent passing No. 22 sieve. The principal
reason that the auger drilling did not encounter the
coarser IlIaterial ;s likely reflective of the sa~ling tech
nique where the auger sampling could not recover the
coarser fractions.

A finer s; lty layer (Unit C) overl ies much of the borrow
site. Samples from the higher elevations are more san<lY
than those from the fan area.

Based on observed conditions, the grain sizes from the
trenches are cons;d~red more representative of the material
in Borrow Site G at depth, while the finer fraction repre
sents the near surface material. The specific gravity
testing gave values ranging between 2.33 and 2.87 with
natural water content ranging from a lOW of 3.7 to a high
of 30.9 percent with an average of around 12 to 15 percent.
Dry i1nd wet density ranges from a low of 90 through 143 and
95 through 153 pcf, respectively.

(b) Quarry Site K

(i) Proposed Use

QUilrry Site K was identified during this study as a source
for rockfill for the construction of the proposed saddle
dam on the left abutment.

(ii) location and Geology

The proposed quarry site is approximately 5,300 feet south
of the saddle damsite, at approximate Elevation 1900
(Figure 7.26). The site consists of an east-west face of
exposed rock cliffs extending to 200 feet in height. Vege
tation is limited to tundra and scattered scrub trees.

Dntnage in the area ;s excellent with runoff around the
proposed quarry site being diverted to the n<rth and east
toward Cheechako Creek. The groundwater table is expected
to be low and confined to open fractures and shears.
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The bedrock is a white-gray to pink-gray, medhm grained,
biotite granodiorite similar to that at the Watana damsite
(Section 6). The rock has undergone slight metamorphism
and contains inclusions of the argillHe country rock with
local gneissic texture. The rock is generally massive and
blocky, as evidenced by large, blocky, talus slopes at the
base of the cliffs.

The rock is probably part of a larger batholith of probable
iertiary age which has intruded the sedimentary rocks at
the damsite (Section 4).

(; i i) Reserves

The limits that have been defined for the quarry site
(Figure 7.26) have been based on rock exposure. Additional
material covered by shallow overburden is likely to be
available, if required. However, since the need for rock
fill is expected to be small, no attempt was made to extend
the quarry site to Hs maxilllll1l limits. The primary quarry
site is e,lst of Cheechako Creek (Figure 7.26). This area
was selected primarily because of its close proximity to
the damsite and high cUff faces which is conducive to
rapi d quarryi ng. The low area west of the site was not
included because of possible poor qualHy sheared rock. A
secondary (backup) quarry source (Figure 7.26) was deline
ated west of the primary site. Because of the extenSlve
exposure of excellent quality rock in this area, ~ddHional

exploration was not considered necessary for this study.

The approximate volume of rock determined to be available
in the primary site is about 2.5 mcy per 50 feet of exca
vated depth, or approximately 7.5 mcy wHhin about a 30
acre area. The alternative backup site to the west of
Quarry K has been estimated to contain an additional 35 mey
for 150 feet of depth, covering some 145 acres.

(iv) Engineering Properties

The granodiorHe was selected over the more locally avail
able argillHe and graywacke because of the uncertainty
about the durability of the arglllite and graywacke under
severe climatic conditions.

The properties of the granodiorite are expected to be simi
lar to those found at the Watana damsite (Sectlon 6.1[e]).

Freeze-thaw and wet-drying (absorption) tests performed on
rock types simi lar to those found on Quarry K by the COE
(49) exhibited freeze-thaw losses of <1 percent at 200
cycles and absorptlon losses of 0.3 percent. Both tests
showed the rock to be extremely sound and cOlllletent.
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TABU 1.S: DOll CA.'1YON - 1lOROIll( IlOC1( llJAlllY 0151RlBUTlON

I~l~
Borehole crt) 0-2S$ 2>-"'" SO-1S$ 1S_90S 9O-9S$ 9S-100$

BH-I U8.6 , 6 .. " " .."'-, 6S).S • • " " .. ..
BH-) '8).6 " " " " " 6

"'-. 688.1 , , • " " ..
BH-SA S97.9 6 6 10 Z1 " JO
BH-SB 200.) , J Z6 J6 " 11
"'_7 US.6 11 , , lO 18 Z1OH_'· 116.7 , ZJ J1 8 8 "DH-S' JO.7 " " ZZ " JO ,
01,-," 20.6 "

, 0 0 0 0
DH-S· 1o\S.5 6 10 " JO 8 ZZ
00_9· 85.0 16 ,

" J} 11 18
00-10· 120.1 17 " J1 " 10 0
OH_ll° )1.2 ZZ .. " " 0 0
DH_l'A· 28.' 0 0 Z1 Z8 Z8 17
OH_1B· ".9 .. " 8 JO " 17
DH_l1Co 12'.2 \I " '" "

, ,
OH_12° 9S.1 ,

" " '" 11 10
DH-1Vo· 121.1 • , 10 " 18 "OH_Uo 109.0 " .. " 0 0 0
DH_UAo 1).9 .. ZZ " J 8 "OH_1Uo 98.6 \I ,

'" 18 '" ZZ
00-168· 162.1 , " " " 8 J1
DH_l4(o S1.) Z1 " " "

, J

rotll_~OC'
Dr l11ed
( feet.l j()()9.9

• USB'll core .., reloqc)ed frla bo..e~. Seven! holes hn., core ai~~lng.



....., 1.6, DUlL CANYON ROCl< fEST SlNIARV • MArIe DIKES Af«) ARCILLITE

to;pre$8lve lfilt Ter81le
aorehole Slrenqt.h Weilfll Slre';{h

~l.!- SlIlI!fllll Depth (rt) (pei) (pen (psi Other·

H,iic Dilee

OH-' 110-4' Z94.~ lJ,420 1S9.8
1>1-' 0-).')0./1 }SO.6 9.412 16S.7

Argillite

BH·2 80-6, 241. , 26,400 168. S
,0' psi,80-66 2n.0 8,011 168.6 " • 4,6 • II :- D.lO

80-61 288.7 168.8 '.J5{)
80... )OS. S
8()..69 }4}. , 28,467 167.9
80-76 lO.1 27,63S 1&8.8
80_71 "9.0 10,229 169.0

...-, O_J-8J.9 8).9 14,SB"J 170•• :g:0-'-89.6 .... 17,1187 170.9 J,OIB '. • H.ll x po'
0-'.121.' 1l7.' Eo • 11.) • pei, II : 0.19

"'-4 80-S) 268.9S 17 ,S'} 169.6
80_>6 27).S ZS,21) 171.7
80-60 .566.8S lS,D61 170.9

BH-S. o-SA-ZH.J 2)1.' 16,227 170. I ','" " • 12.7 I( ~~ PO', , • 0.19
0_5A_269.1 269.1 'D • 12.1 • po', , • D. '"
0-5"-271.1 211.1 26,860 170.0

8H-~ D_~_169.9 169.9 18,122 110.7
o-~_nS.2 no5.2 168.2 ',J29
0_S8_18l.4 18}.4 16,227 167.8

1>1_1 0-7_176.6 176.6 26,840 168.8
D-1·178.1 178.1 :n ,110)1 169.2
D-1."~.) }19.) l2,940 168.1

AvualJl! (Acroel) 20,1186 110.1 J,61o
~,9n SO "D SO

DH-' 6-66.8 ... 8 ~ " 11.6 ~ ~6 psi, v " 0.01
110_50.0 )0.0 12,910 5 " 9.6 • 1 pel, v " 0.16

110_50.6 50.' 15,980
~ " 10.2. '0: PS!, v " 0.06
~ ,,11.1.10 pSI, v " 0.11

6_51.} )1,} 170.110 BOt'ptlon" 0.09, PoroOllity " 0.26,

DH-li 8-89.6 .... 16,660 111.6 S; " 9.9. 106 psi, v " 0.22,
~ " 8.21 • ,06 psi, v " 0.02

BOt'ptlon" g.OS, PorOlllty " 0.2\,
0Ii-12 12_66.5 66,5 21,860 169.7 [5 " 8.9 • 10 6pel, v • O. JO)

~ " 9.62 ~ 10 psi, v " 0.1
BOl'fltlon" 0.04, PoroOlllty " 0.12

Averoage (All Tests) 19,792
~6,S" SO

-[0 " [)yn_i.c .aduloo
-[r " T8ngent ..adulus ... 5a::: "Hure stroess
-[S " SltCant -.ldulul
.... "Poi.sson, R.tlo

SO " Stlfld.rd devillion



TABL[ 7.7: O[Yll CANYON IlOCIC 1[51 5l.MW1Y - CRA'I'W.o\O([

COOIiire.slve liul tens I Ie
Borel'w;)le Strength Welct>t Stre7fh

8orenole S-ele Depth (rt) (psi) (per) (psi Other"

SH-' 80_U 281.8 14,S89 160.4 1,47\
00-44 ,"O.S 25,46) 168.8
80....S 46.9.S 28,461 169.8

106 pSI,80_48 SIO.&S 2J,4S} 168.& [, • 11.& II • • 0.22
aa.7J 429.2 21,72& 1&7.8
'0->2 571.0 14, Sst. 1&8. I 2, S47
8a.S} 581.2 161.8 S,071 ,0' psi, = 0.2280-41 ,.,.,

~
• 11.' II •

80-)0 S.J&.' • 11.7 II 10& psi, • :- 0.2&

"'-2 ,0-<, \8&.4 -,- l&S.7
lO-6l 19S. S 1~,6SS 168.1

9.7" 10& pili, = Q.198a.71 44S.2 0,420 1&9.2 [, , •
8H-) 0_'.27&.0 27&.0 28,'98 180.4 [, , 10.9 " 106 Pili., • = 0.2)

SH-' 80-)4 2S2.S 29,114 169.6 2,7&1.
8O-S9 'Sl, , 21,960 170. I
80-78 )78.0S 18,908 169. ,

Aveuqe (Acru) 2O,S98 1&8.8 ',960
~7,92S SO =.',SlS SO

OH-I2A tlA-eo.l 80.1 28,4)0 17'.S ~ = 9.2 " lei> pd, v = o. t&,
~ = 8.98" If!> pel, v = O.ts,

BOrpt Ion = ~Q8, PorOllit)' = 0.24
12A_12'.8 12).8 )1,280 lU.S ~ :- 10.2" 1 r/>Psl, v :- 0.18,[g = 12.09" 1 pili. v :- 0.21,

A BOrpt ion = ~ 12, PorOllit)' = D.n
1ZA_14).9 IA).9 J6,S10 111.6 [II = 10.'" I 6 pili, v = 0.16,[g = 11.4" 10 ri, v :- D.n,

A lIOl'pt ion :- 0.0 , I'qrOllit)' = 0.21

Average (All Tetlts) 22,7SS l&9.S
~,&OO

~o :- Oyn..ic BOdulus
~, = Twaqent. -adulus at so: of f.ilure stress
0[5 = Secsnt -odulus
.... = Poi.s~ rati.o

SO = St~lIZ'd deviatlOll



TA8l[ 7.B: MAT[RIAl. PROPf:RlI[S _ 8lIRROW S11[ C

r;;:h cl~i- ~r:~~:! • '"S-.ph Do h l ito Specific....." ....." .- • fie. ion ,~. .~ Cnwlt ..
ttC_1 2 '.0 - 51' "

,. , 2.7J, 16.0 - 51' .. "
, 2.76

• 25.5 - " 77 20 , 2.72, H.O - 51' " " 2 2.76
tlC-2 , 2. , - ... 0 " " 2.82

2 •. 0 - 51' , .. , 2.78, .., - GP 62 }6 2 2.B7• '.0 - GP .. " 2 2.86, 15.0 - GP .. "
, 2.B7• 1B.0 - GP OJ "
, 2.79

• 24.5 - GP " 20 , 2.JJ
AHC_9 ... '.0 10. ~ Slf-SH " " " 2.511

" 115.0 116.5 Sll .. }2 2 2.5' '.2

" 50.0 51.5 .. 0 .. • '-'", •••AHC-lO )., L' •.0 Sll 0 .. }6 2.6}

• '.0 .., "'.., .., •. 0 1S.7... '.0 ..0 Sll 0 .. • 2."• '.0 1.5 11.7
1 1.' .., 22.9

MiG-II '_7 .., '.5 Slf_SH " " "• .., '.0 16. }
7 '.0 '.5 Ill. 7
B-l1 15.0 31,0 Sll ,.

" "• 111.0 16.5 11.2
MiC-12 >-. '.0 '.0 sv " 62 2

7-9 '.0 .., sv_", "
,., •7 '.0 7.' •••• 7.' .., 1. ,

AHC-I J '-7 ,., .., Slf-SH 7 " "7 •. 0 .., 25.5
• '"' '.0 211.7, '.0 .., IB.O• .., •. 0 20.2• 15.0 16.5 ... 0 ,. 26• 20.0 21.5 '" '" " "10, 12 25.0 32.0 Slf-SH " " "AHG_lll '0' •• 0 •• 0 '" 22 .. "• 7.' •• 0 •• 2

" '.0 10.5 Sll-'" 20 12 • •••
" 15.0 16.0 Slf-~ " " 2
12 20.0 21.5 Sll-'" " .. 7 2.0

" 25.0 26.5 0- • " " .. " U.5
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ACROSS RIVER FROM CHEECHAKO CREEK
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I. GRADED BEOS OF ARGILLITE/GRAYWACKE,

2. STRAT!GRAPHIC TOP TO LOWER LEFT.
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NOTES:
, DIKES hll AND 11I3 DESCRIBED IN SECTION 7.1.

2. GEOLOGIC FEATURES Gf 3,GF4,ANO GF5 DESCRIBED
IN SECTION 7.1.

DEV IL CANYON
AERIAL VIEW OF SITE
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GLOSSARY*

Active Layer or Act~ye Zone - The surficiCll liIyer of ground above the
perlflrlfrost table that thaws each SllMl~;" and refreezes each fall, and
therefore represents the fluctuatir,g freezing front of the permafrost
table.

Alluvial - Pertaining to or composed of alluvilll1 or deposited by a
stream or running water.

Alluvial fan - A low, outspread, relatively flat to gently slopiny mass
of loose rock IniIterial, shaped like an open fan or a segment of a cone.
deposHed by a stream at the place where H issues fron a narrow moun
tain valley upon a plilin or broad valley, or where a tributary stream
is near or at its junction with the main stream or whenever a constric+
tion in a valley abruptly ceases or the gradient of the stream SUddenly
decreases.

Alluvium - A general term for clay. silt. sand, gravel or similar
unconsolidated detrital materiCll deposited during comparatively recent
geologic tilre by a stream or other body of running water as a sorted or
semi sorted sediment in the bed of the stream or on its flood plain cr
de 1tao

Alpine Glilcler - Any glacier in a mountain range except an ice cap or
ice sheet.

Alteration· Any change in the mineralogic composition brought about by
physical or chemical means, especially by the action of hycrothermal
solutions.

Andesite - A dark colored, fine grained extrusive rock that when pro
phyrftic contains phenocrysts composed primarily of plagioclaie and one
or more of the mafic minerals (biotite, hornblende, pyroxene) and a
groundma~s composed generally of the sall'e minerals as the phenocrysts.
The extrusive equivalent of a diorite.

Annual frost or Seasonal frost - frost which formed in the immediately
previous freeZing season and will thaw during the summer thaw season.
By definition, all frost and frozen ground in the active layer.

Aquiclude - A bo~ of relatively impermeable material that is capable
of absorbing water slowly but functions CIS an upper or lower boundary
of an aquifer and does not transmit ground \~ater rapid ly enough to
supply a well or spring.

*Definitions modified from References 2, 13, 24, and %.



GLOSSARY (Continued)

Aquifer - A body of rock that contains sufficient saturated permeable
material to conduct groundwater and to yield significantly greater
quantities of groundwater than the adjacent units.

Argillaceous - Pertaining to, largely composed of, or containing clay
size particles or clay minerals.

Argillite - A compact rock, derived either fron I1IJdstone or shale that
has undergone a somewhat higher degree of induration than is present in
mudstone or shale but that is less clearly laminated than and without
the fissility of shale, or that lacks the cleavage distinctive of
slate.

Basalt - A dark to mediun dark colored, extrusive ar,d intrusive (as
dikes) mafic igneous rock composed chiefly of calcic plagioclase and
pyroxene in a glassy or fine-grained groundmass.

Batholith - A large. generally discordant, plutonic mass that has more
than 40 square miles in surface exposure and is cOllllosed predominantly
of medium to coarse grained rocks.

Bedrock - A general term for the rock. usually solid that underlies
son or other unconsolidated. surficial material.

Bimodal Flow/Slide - A slide that consists of a steep headwall. con
taining 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.

IHock Slide/Glide - A translational landsl1de in which the sl1de mass
remains essentially intact, moving outward and downward as a unit, most
often along a pre-existing plane of weakness, such as bedding, joints
and faults.

Break in Slope - A marked or abrupt change or inflection in a slope or
profile. commonly meant to indicate the transition from steep valley or
gorge walls to more rounded. flatter crest or plateau levels.

Breccia - Fragmented rock whose components are angular; used here to
refer to crushed rock related to shear; ng.

Carbonate - A mineral compound characterized by a fundamental anionic
structure of C03•• generally refers to calcite.

Cataclastic Rock - A rock containing angular fragments that have been
produced by the crushing and fracturing of pre-existing rock as a
result of mechanical forces in the crust.
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Chlorite - A group of greenish, platy minerdls, which are associated
with and resemble the micas. Chlorite is widely distributed especially
in low-grade metamorphic rocks, or as alteration products of ferromag
nesium minerals in igneous rocks.

Colluvium Deposits - A general term app: led to any loose, heterogene
ous, and incoherent mass of soil material or rock fra~nts deposited
chiefly by masswasting, usually at the base of d steep slope or cl iff.

Compressive Strength. The maximum uniaxial c~l~ressive stress that can
be dpplied to d material, under given conditions, before failure
occurs.

Country Rock - The rock intruded by dr.d surrounding dn igneous intru
s ion.

Crystalline - Said of a rock consisting Wholly of crystals or fragments
ormineral crystals; especially so in an igneous rock developed through
cooling from a molten state and containing no glass.

Dacite - A fine-grained extrusive rock with the same general composi
tion as a quartz diorite or granodiorite.

Degrading Permafrost Zone - A decrease in thickness and/or aerial
extent of permc1frost because of natlral or artificial causes as a
result of clill1iltic warming and/or change of terrain conditions such as
oisturbance or removal of an insulating vegetation layer by fire or
human means.

Depth of Zero Annual Amplitude - The depth at which the annual effect
of sllf"face t~eratures is not detectable. Below the depth of ze,'o
annual a~l1tude. the ground temperature changes only as a result of
sustained thermal influences on the average yround or surface tempera
ture, which will e'e~ate or deepen the depth of zero annual amplitude.

Diabase - An intrusive rock whose main components are calcic plagio
clase (labradorite) feldspar and pyroxene, which is characterized by
lath shaped feldspar crystals.

Dike - A tabular igneous intrusion that cuts across the planar struc
tures of the surrounding rock.

Diorite - A group of plutonic rocks intermediate in COmposltl0n between
acidic and basic rocks, characteristically composed of dark colored
amphibole (especially hornblende), plagioclase feldspar, pyroxene and
sometimes a small amount of quartz.

~ - The angle that a structural surface, for example. a bedding plane
or joint, makes with the horizontal, measured perpendicular to the
strike of the structure.
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Direct Shear Test - Test measuring the sliding resistance along discon
tinuities. Usually has two ccmponents. friction and cohesion, though
cotlesion mayor may not be present. A peak. angle i~lying maximum
res·stance, and a residual angle depicting the shear strength after
larger shear displacements, are determined.

Drunken Forest - A group of trees leaning in a random orientation, usu
ally associated with thermokarst topography, reflecting local slope in
stability.

Qynamic Elastic Properties - Young's Modulus and Poisson's Ratio deter
mined using acoustic shear and compressional wave velocities of the
material (ASTM 2845-69 (1976)).

Eeisode - A term used informally and without time i:nplications for a
dlstinctive and significant event or series of events in the glacial
history of a region, each episode representing a different erosional or
depositional environment.

Esk.er - A long, low, narrow, sinuous, steep-sided ridge or mound com
posed of irregularly stratified sand and gravel that was deposited by a
'iubglac1al or englacial stream flowing between ice walls or in an ice
tunnel of a continuous glacier and was left behind when the Ice
melted.

Facies Change - A lateral or vertical yariation in the lithologic or
paleontologIc characteristics of contemporaneous sedimentary deposits.
It is caused by, or reflects, a change in thE' depositional environ
lIient.

Fault - (see Shear).

Felsic - A general term applied to an igneous rock having light-colored
minerals in its mode. The opposite of mafic.

;:low Structure - The texture of an igneous rock, characterized by a
wavy or swirling pattern in which platy or prismatic minerals are
oriented along planes of lamellar flowage in fine grained and glassy
igneous rocks.

Flows - A broad type of movenent that exhibits the characteristics of a
viscous fluid in its downslope motion.

Foliation - A general term for a planar arrangement of textural or
structural features in any type of rock.

Fncture - A general term for any break due to mechanical failure by
stress in a rock. Fracture includes cracKs, joints and faults.

Fracture Zone - HI area characterized by very close to closely spaced
joints where no measurable relative movement has occurred.
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Geotherma I Grad ient - The 1ncr ease of temperature I n the earth wi th
depth. The rate cOll'fl1Only varies from lOF/40 feet to lOFj300 feet
(loC/22 meters to lOC/160 meters).

Glac10fluvial - Pertaining to the meltwater streams flowing from glac
ier ice and especially to the deposits and landforms produced by such
streams such as kame terraces and outwash plains.

Gouge - Rock material that has been !round to a uniformly fin! particle
size of clay or fine silt sizes.

Grain Size - The general dimensions (average diameter) of the particles
in a sediment or rock or of the grains of a particular mineral that
make up l ;edlment or rock:

Fine less than 1 !TWII

HeditJll - lmn to 5 IlIJ1

Coarse - Greater than 5 IlIJ1

Granodiorite - A group of coarse grained plutonic rock fntermediate in
composition between quartz diorite and quartz monzo~ite.

Graywacke - An old rock name that has been variously deffned but is now
generally applied to a gray or greenish gray, very hard, tough and
firmly indurated, coarse grained sandstone that has a subconchoidal
fracture and consists of poorly sorted and extremely angular to subang
ular grains of quartz and feldspar with an abundant variety of small,
dark rock and mineral fragments embedded in a compacted, partly meta
morphosed clayey matrix containing fine-grained micaceous and chloritic
minerals.

Groundmass - The interstitial material of a porphyritic igneous rock;
it is relatively more fine grained than the phenocrysts and may be
glassy or microcrystalline.

Ground Temperature Envelope - An inverted cone-shaped zone including
the maximum and minimum temperature as a function of depth on a ground
temperature regime plot. Ranges from annual minimum air temperature at
zero depth, showing maximum variation in temperature, to zero annual
variation at the Depth of Zero Annual Amplitude.

Hematite - (see Iron Oxide)

Hydraulic Head - The height of the free surface of a body of water
above a given subsurface point.

Hydrothermal - Of or pertaining to heated water, to the action of
heated water or to the products of the action of heated water used in
relation to hydrothermal alteration of minerals.
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lee. Massive - A comprehensive term used to describe large (with dimen
sions at least 2 to 25 inches) masses of underground ice, including ice
wedges, pingo ice and ice lenses.

Ice. segre~ated - Ice formed by the migration of pore water to the
freezing pane where it forms into discrete lenses, layers or seams
ranging in thickness from hairline to greater than 30 feet.

Ice Lens - 1. A dominantly horizontal lens-shaped body of ice of any
dimension. 2. Commonly used for layers of segregated ice that are
parallel to the ground surface. The lenses may range in thickness from
hairline to as much as 30 feet.

Igneous - Rock or mineral that solidified from molten or partly molten
material, that is, from a lIIagma.

Inclusions - A fragment of older rock. in an igneous rock. to which it
is not genetically related.

Intermontane - Situated between or surrounded by mountains, mountain
ranges, or mountainous regions.

Iron Oxide - A general fi~ld term for a group of orange to brown
amorphous naturally occurring hydrous ferric oxides whose actual miner
alogy was not identified in this study. It is a coovnon secondary
material formed by weathering of iron or iron-bearing minerals.

Isotherm - A line connecting points of equal temperature.

Joint - A surface of actual or potential fracture or parting in a rock
without measureable displacement.

Joint Set - A regiona' pattern or group of parallel joints.

Joint Spacing - The interval between joints of a particular joint set,
measured on a line perpendicular to the joint planes:

Joint Spacing

Very close
Close
Moderately close
Wide
Very Wide

Interval

< than 2 in.
2in.tolft.
Ift.t03ft.
3 ft. to 10 ft.
Greater than 10 ft.

Kame - A long, low, steep·sided hi II, mound. knob, hllMlOCk or short
irregular ridge, cOf1llosed chiefly of poorly sorted ano stratified sand
and gravel deposited by a subglacial stream as an alluvial fan or delta
against or upon the terminal margin of a melting glacier, and generally
aligned parallel to the ice frOfot.

lacustrine Deposits - Pertaining to, produced by, or formed in a lake
or Jakes.
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Latite - A porphyritic extrusi~e rock of fntermediate composition.

Lithic - A descriptive term appl led to rock fragments occLrring in a
later formed rock.

Limonite - (See Iron Oxide)

Mafic - Said of an igneous rock having dark-colored minerals in its
mOde - opposite of felsic.

Metamorphism - The mineralogical and structural adjustments of solid
rock to phys1ca1 and chemical conditions which have reen imposed at
depth below the surface zones of weathering and cementation, and which
differ from the conditions under which the rocks in question originat
ed, resulting in visible modifications of the rock properties.

Moraine - A mound, ridge or other distinct aCClJllulation of unsorted,
unstratified ghcial drift, predominantl.y till, deposited chiefly by
direct action of glacial ice in a variety of topographic land forms
that are independent of control by the surface on which the drift
lies.

Multiple Regressive Flow - Forms a series of arcuate concave downslope
ridges as it retains some portion of the prefai1ure relief.

Multiple Retrogressive Flow/Slide - Series of arcuate blocks concave
towards the toe, that step backwards higher and higher towards the
headwall.

Normal Fault - A fault in which the overlying side appears to have
moved downward relative to the underlying side.

Orogeny - The process of forming mountains, particularly by folding and
thrust i ng.

Outwash - Strat i fi ed detr i tus. chiefly sand and grave I. removed or
Nwashed out M from a glacier by meltwater streams and deposited in front
of or beyond the terminal moraine or the margin of an active glacier.
The coarser material is deposited closer to the ice.

Overburden - The soil, silt. sand, gravel, or other material overlying
bedrock, either transported or formed in place.

Pa1sa - A round or elongated hillock or mound. maxilllJm height about 3U
feet, composed of a peat layer overlying mineral soil. It has a peren p

ia11y frozen core that extends from within the covering peat layer
downward into or toward the underlying mineral soil.

Patterned Ground - A general term for any ground surface of surficial
sol1 materials eXhibiting a discernible, more or less ordered and sym
metrical, microphysiographic pattern. Used in this report as descrip
tive of frost wedge patterning.
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Perched Ground Water - Unconfined ground water separate from an under
lying main body of groundwater by an unsaturated zone with very low
per~abf1 ity.

Perched Water Table - The water surface of a body of perched ground
water .

Permafrost - The therma 1 condi t i on in sol1 or rode. of temperatures
below 32°F (O°C) persisting over at least two consecutive winters and
the intervening summer; moisture in the form of wtter and ground ice
mayor may not be present. Earth materials in this thermal condition
may be descri bed as ;:.-.!. eni ally frozen i rrespect i ve of their water and
ice content.

Permafrost, Continuous - Permafrost occurring everywhere beneath the
exposed land surface throughout a geographic regional zone, wtth the
exception of widely scattered sites (such as newly deposited unconsoli
dated sediments) where the climate has just begun to impose its influ
ence on the ground thermal regime and will cause the formation of con·
tinuous permafrost.

Permafrost, Oiscontinuous - Permafrost occurring in sane areas beneath
the ground surface throughout a geographic regional zone where other
areas are free of permafrost.

Permeabi 1tty - The property or capad ty of a porous rock. sediment. or
soll for transmitt tng a fl uid without impairment of the structure of
the medtun.

Phenocrysts - The relatively large crystals which are found s~., in a
finer-grained groundmass.

Phy II i te - An argi 11 aceaus rock cOlJllOnly formed by regiona I metamor
phism and intermediate in metamorphic grade between slate and mica
schist. Hinute crystals of mica and chlorite impart a silky sheen to
the surfaces of cleavage.

Pieanont Glacier - A thick continuous sheet of ice at the base of a
mountain range, resting on land, formed by the spreading out and
coalescing of valley glaciers from the higher elevations of the moun·
tains.

Plu~on - An igneous intrusion.

Plutonic Rode. - An igneous rock formed at considerable depth by crys
tallization of magma or by chemical alter-alion.

Point Load Test - A test indirectly measuring co~resslve strength by
loading samples diametrically, measuring the splitting load and
converting that to compres~ive strength.



GLOSSARY (Continued)

Polygonal Ground - A type of patterned ground consisting of a closed
roughly equidimensional figure bounded by several sides, commonly more
or less straight but some or all of which may be ir,'egularly curved. A
polygon may be either "low center" or "high center" dependiny on
whether its center is lower or higher than its margins.

Porphyry - An igneous rock of any composition that c~ntain~ conspicuous
phenocrysts in a fine-gralned groundmass.

Porphyroblilst - The larger more or less euhedral crysuls formed in
metamorphic rocks which have grown during the process of metamorphis~.

prO~laCial - Immediately in front of or just beyond the outer limits of
a g acier or lee sheet, generally at or near its lower end~ said of
lakes, streams, deposits and other features produced by or derived from
the glacier ice.

Relict - Said of a topographic feature that remains after other parts
of the feature have been removed or have disappeared.

Reverse Fault· A fault in which the overlying side appears to have
moved upward relative to the underlying side.

RhyC 1He - A group of extrus he igneous '-ocks genera lly porphyr H ic and
exhibitlng flow texture. the extrusive equivalent of a granite.

R 0 Rock ualit Desi nation - A modified form of recording rock core
recovery. he s the ratio of the total length of core pieces, 4
inches and larger, to the length of the coring run actually drilled.
RQD is expressed in percent.

Rotational Slide - A landslide in which shearing takes place on a well
defined, curved shear surface, conCdve upward in cross-section, prOduc
ing a backward rotation head of the in the displaced mass.

Seismic Refraction - A type of seismic e;o:ploration based on the mea
surement of seismic energy as a function of time after the shot, or
initial energy lmpulse. and of the distance from the shot, by deterrnin
ing the arrival tlrne of seismic waves which have tl'aveled through over
burden and/or bedrock in order to map layers in the overburden and the
top of the bedrock surface.

Seismic Velocity - The rate of propagation of an elastlc wave, measured
in feet per second. The wave velocity depends upon the type of wave.
as well as the elastic propertles and density of the earth material
through which it travels.

Shear - A surface or lon~ of rock fracture along which there has been
measurable ('isplacement.
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Shear Strength - A material's resistance to shear failure. Intact mat
erials possess both cohesive and frictional resistance. Discontinui
ties have frictional resistance but may or may not have cohesive resis
tance. Fr ict iona 1 res i stance of di scont inuities may have two compon
ents, one depicting planar surface sliding resistance and the other
depicting surface roughness.

Skin Flow - The detachnent of a thin veneer of vegetation and mineral
soil with subsequent movement over a planar inclined surface. usually
indicative of thawing. fine-grained overburden over permafrost.

Slickenside - A polished and smoothly striated surface that results
from friction along a fault/shear plane.

Slides - Landslides exhibiting a more coherent displacement; a greater
appearance of rigid bodY motion.

Solifluction Flow - Ground movements restricted to the active layer and
generally requires fine-grained soils caused by melting of saturated
sol1s.

Static Elast i c Propert i es - Young's Modul us and Poi sson' s Rat io measur
ed during unconfined compression tests (ASTM 0 3148-80).

Strata - Plural of stratl.lll.

Stratigraohic Colurm - A composite diagram that shows in a single
coll.llln the subdivisions of part or a1 I of the sequence of stratigraphic
units of a given locality or region so arranged as to indicate their
relations to the subdivisions of geologic time and their relative posi
tions to each other.

Stratigraphy - The arrangement of strata, especially as to geosraphic
position and chronologic order of sequence.

Stratum - A tabular or sheet-like mass or a single and distinct layer.
of homogeneous or gradational sedimentary material (consol1dated rock
or unconsolidated earth) of any thickness. visually separable frClll
other layers above and below by a discrete change in the character of
the material deposited or by a sharp physical break in deposition. or
by both.

Strike - The direction or trend that a structural surface. for example.
a bedding or fault plane. describes as it intersects the horizontal.

Strike Slip Fault - A fault. the actual movement of which is parallel
to the strike of the fault.

Talus - Rock fragments of any size or shape (usually coarse and angu
~derived from and lying at the base of d cliff or very steep. rocky
slope.
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GLOSSARY (Continued)

Tensile Strength - The maxitlLm applied tensile stress that a body can
withstand before failure occurs.

Terrace - Any long. narrow, relat1vely level or gently lncllned sur
face, generally less broad than a plain, bounded along one edge by a
steeper descending slope :snd along the other by a steeper ascending
slope.

Terrace Deposits - A ge"leral term used to describe alluvial benches
along the slde of a stream or river valley, which are no longer within
the normal floodplain of the bo4)' of water. Used in contrast to active
river all uvl1.ITI, within the present channel, and flood plain deposits
which 1ie within the current hydrologic regime, but outside of annual
flood l1mits.

Thalweg - The line conn.ecting the lowest or deepest points along a
stream bed or valley, whether under water or not. Applied in this
report to include the lowest point of flow in a potential aquifer.

Thermistor - A thermally sensitive resistor employing a semiconductor
with a large negative res1stance-t~erature coefficient, used as an
electrical thermometer.

Thrust Fault - A reverse fault with a dip of 450 or less. Horizontal
coq:lresslon rather than vertical displacement is its characteristic
feature.

Till - Unsorted and unstratified drift, generally unconsolidated,
deposited directly by and underneath a glacier without subsequent
reworking by water from the glacier and consisting of a heterogeneous
mixture of clay, sand, gravel and boulders varying widely in size and
shape.

Tundra - A treeless, generally level to undulating region of lichens,
mosses, sedges, grasses and some low shrubs, inclUding dwarf w1110ws
and birches, which is characteristic of both the Arctic and higher
alpine regions outside of the Arctic.

Unit Weight· A term applied, especially in sol1 mechanics, to the
weight per unit volume.

Varve· A sedimentary bed or lamina or sequence of laminae deposited in
alXidy of still water within one year's time; specifically a thin pair
of graded glaciolacustrine layers seasonally deposited (usually by
meltwater streams) in a glacial lake or other body of stll1 water in
front of a glacier.

Volcanic Rock - A generally finely crystalline or glassy igneous rock
resulting from volcanic action at or near the earth's surface, either
ejected explosively or extruded as lava. The term includes near-sur
face intrusions that form a part of the volcanic structure.
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Weather; ns - The destruct he process or group of processes const i tut i n9
that point of erosion whereby earthy and rocky materials on exposure to
atmospheric agents at or near the earth's surface are changed in char
acter (color, texture, composition, firmness or form), with little or
no transport of the loosened or changed material.




