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L - INTRODUCTON

This. ébﬁft‘&étéflsmthe proposed'FYSBW(Ju1y 1, 1982 through June 30, 1983) Task

,5‘ueotechnical program for the Susitna project. The scope of the project is

based on Acres' and others’ previous work af the sites, as well as directives

~set fortii by the Power Authority's and Acres' consuitants review panel. The

level of effort for the FY83 is mandated by scheduling and 3égistic constraint

“and budget. ~ Because the Watana site will be the f1rst s.te developed, all FY83

activities will be directed toward that site.

The FY83 field,program‘w111 be performe. in three phases. Phase I will commence
on July 1 and continue through September 3U; Phase II will begin in December -
January and continue through March - April; and Phase III will commence in May -

June and continue through the end of fiscal year. Subsequent phases of study

will be a continuance of Phase III activities.

This report is inténded to provide a clear understanding of the scope, objec-
tive, methodology of approach, schedule, and costs for the FY83 activities. It
is not the intent of this report to "cast-in-concrete" the proposed field activ-

ities, but rather to set forth general guidelines to be followed. To expedite

tae project, all field data will be reduced and interpreted in the field. This
will assist the field personnel in scoping and revising the field studies as
required to meet the objectives of the project.

Work performed during Phase I will be used in detailing the subsequent phases nf
work. The four principal areas that will be investigated during FY83 are:

- Relict Channels;
- Borrow Area D;

- Borrow Areas E, and I; and

- Damsite.




The FY83 program will invelve a multidisciplinary approach to inciude, geologic
mapping, géophysical exp]orations; subsurface investigation, and 1aborat0ry
testing. The following sections detail the scope, cost, and schedule Tor Phase
I and II activities. The scope of Phase III will be dependent on information
obtained in Phases I and II, as well as budgetary constraints.



7 - DAMSITE INVESTIGATION

2.1 - Generai.

The FY83 démsite investjgation will be a continuation of the previous investi-
gation performed during 1980-81 programs. The principal objectives are to:

- Confirm geologic mapping and interpretations previously performed onsite; .
- Determine depth of river alluvium beneath the proposed main dam and cofferdam;
and

- Determine rock condition in areas of proposed major civil structures.

The damsite 1nvest?gation will consist of geologic mapping during ’hase I; seis-
~mic refraction during Phase I and II; subsurface drilling during Phase II and S
III. Details of the damsite exploration plans are chown in Figure 2.1 and des-
¢ribed on Tables 2.1 through 2.3. A schedule of fie"d activities is contained
in Secticn 8. |
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2.2 - Civil Structures

(a) Main Dam and Cofferdam Riverbed Foundations

(1) Objectives

The objectives of this investigation will be to complete explora-
tions for riverbed foundation conditions for coffardams and main
dam. ExXplorations will examine both alluvial and bedrock conditions
beneath the river and on the adjacent abutments. Data from this
task will be used in developing the general arrangement and design
of the cofferdams. -

(1) Discussion and Approach

~The alluvial depcsits of the Susitna River consist of gravel, =
-cobbles, and bouiders with a sand matrix. The thickness and type of

- e o -
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material, as well as bedrock conditions, is known at only several
locations. Development of the general arrangement and design of
cofferdams and the main dam will require detailed data on the fgl-

Towing: thickness and types of alluvial material, frozen Tayers,

top of bedrock surface. bedrock Tithology and structure, and depth
to sound rock. The FY83 investigation to obtain this information
will consist of geologic mapping, geophysical explorations, and
drilling. Geologic mapping, which will be performed during Phase I,

Will consist of two parts: first, examination of tie geology in the

immediate area of thevproposed cofferdam 10cat1ons, and, second,
mapping of geologic structures on the abutments which may affect dam
and cofferdam locations and design. The latter work will be dis-
cussed 1n a subsequent Section. Geologic mapping of the cofferdam
sites ww]T consist of examining alluvial and bedrock conditions in
the immediate area of the p1anned locations.

During the winter a seismic refraction survey on the frozen river
surface will be performed. The surveys will run from "The Fins" to
downstream of the "Fingerbuster" to define the top of bedrock sur-
face and alluvial thickness. The seismic lines will be arranged in
a grid patternkparallel tc the cofferdam axis and along the center
of the river (Figure 2.1 and Table 2.2). Results of iitis survey
will be the basis for sélecting river borehole locations. Boreholes
will be drilled during the winter from the surface of the frozen

. river to confirm the seismic 1ine data and to sample alluvium and

bedrock. A "Becker" type rig, capable of drilling 400-600 feet deep
in alluvial matcrial,wi}ivbe used for the drilling and sampling.
Dr1111ng will consist of both plug holes and sampled holes (Table
2.3). Plug holes will be drilled to confirm fluvial th1ckness and
depth to sound bedrock. Sampled holes will continuously sample the
alluvium and bedrock. Rock drilling, for both plug and sampled

holes, will continue until a minimum of 10 feet of sound bedrock is

encountered. A minimUm of two of the holes beneath the core of the i
proposed dam will be core drilled to a depth of 50-100 feet and

~pressure tested to, determzne rock permeab1]1ty.
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(iii) Schadule

Geologic mapping for the cofferdam locations will be done by a,team»

of two geclogists. Because of the priority, this mapping will be
done at the onset of the field season in Phase I. During the winter

. when ice conditions on the river are suitable, approximately 9,000
feet of.seiSmic lines will be run along the axis of the river and an

additional 4,000 linear feet in the cofferdam areas (Table 2.2).
Drilling of the river alluvium will commence after completion of the
seismic 1ines. A total of 5 drili holes are planned for each cof-
ferdam site: twohsamplefho1es'and three plug holes. Total driil
footage for the cofferdam sites is estimated to be 1,000 feet. An
additional 5 drill holes will be drilled benaath the péoposed main
dam.

(b) Portals

Portals include the upstream aiversion %tunnel portals and downstream diver-
sion, spillway, access, and tailrace tunnel portals.

(1)

(11)

Objectives

The objectives of the portal investigation will be to complete ex-
plorations for portal locations, orientations, and support require-
ments for upstream and downstream portals. E:rplorations will

‘examine and define overburden materials and bedrock conditions.

~Discussi0n‘and Approach

The primary geologic structures which,may have an affect on the up~

stream and downstream portal design are the geblogic structures re-

ferred to as "The Fins" and the "Fingerbuster"5 respectively Figure

2.2). These features will be the main focus of data gathering.

| Both‘areas areichahacterized by northwest and north trending‘ghear9
fracture, and alteration zones. Bedrock is well exposed iﬁ "“The |
Fins" in a series of cliff faces. Outcrops are not as common in the
 “Fingerbuster® where talus covers much of the area. |

-5'—--‘ -



The'inVestigation will exam?na and describe the type and thickness
of overburden material, bedrock lithology and structure, depth to
sound bedrock, rock permeabiiity; ground water table, and areas of
potential slope instabiiity, Explorations for the pbrtals will con-
sist of geologic mapping, seismic refraction surveys, and drilling.
Explorations will be more detailed and concentrated than during pre-
vious investigations. Geologic mapping will precede other forms of
exploration in the summer of FY83, and will form the basis for
locating seismic lines and drill'holes. Geologic mapping will con-
sist of~?dentifying and describing the fol]oWing: overburden
material and extent, bedrock outcrop extent, bedrock 1ithology,
joints and joint spacings, shear, fracture, and'alteration zZones, .
and areas of potential slope instability. For the upstream portal,
mapping will be done in an area approximately 500 feet upstream and
downstream from the proposed portal Jocations ana between river
level and elevation 1,800 feet. Mapping For the downstream portals
will cover an area from the toe of the proposed dam to the "Finger-
buster” shear zone, approximately 1,500 feet, and between river
level and elevation 2,0u0 feet (Figure 2.2). Data from the mapping
will be piotted on maps and sections of suitable scale ind on joint
stereo plots. This data will be interpreted and used for further
explorations and design requirements. ‘

. 1-.ﬂ?

A seismic refraction survey will be run in the downstream portal
area o define overburden thickness structures, and depth to sound
bedrock. Seismic Tines will be run in a grid pattern based'en the
results of geologic mapping (Figure 2.1). An estimated 4,500 feet
of seismic 1ines will be run. A'l,OOO-foot sefsmic 1ine is planned
at this time for the upstream portal. This line will be run on the
frozen river surface immediately offshore of "The Fins" structure.

Boreholes will be drilled in both portal areas to determiné type and ‘,
thickness of overburden material, subsurface geologic conditions,
rock permeability andfgroundAWater conditions. Dri11ing will cbn~
sist of approximately 6 to 10 predominantly angled boreholes to

T .,
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various depths during Phase III. Total drill footage is estimated
at 2,000 linear feet. Bedrock will be continuously cored using
‘NQ-size core barrels. Core samplés will be 1ogged for 1ithology and
structure. Selected samples will be tested for unconfined compres-
sive strength using a point load tester. Following completion of
the drilling, joint and fracture orientations at depth will be
determined using a borehole camera. Water pressure testing will be
done over the length of the borehole to determine rock permeability.
~ One borehole in the upstream‘porta1 area and two boreholes in the

~ dowastream portal area will be instrumented with piezometers for
ground water monitoring.

(ii7) Schedule-r

" Geologic mapping will begin following completion of cofferdam site
mapping. One, two-man team of geologists will be used for mapping
the portal areas. Seismic surveys will be run following geologic
mapping. Diamond core drilling wiil be done during Phase III.

2.3 - Geplogic Structures

'(a)‘

Shear,,Fracture, and A]teration Zohes

Shear, fracture, and alteration zones are the northwest and north trending
geologic features identified during the 1980-81 explorations. This aspect

~ of the exploration does not include "The Fins", "Fingerbuster”, and geo-

logic features GF7 and GF8 which will be investigated dur1ng subsequent

phases of exploration Figure 2. 2)(1)

(i) Objectives

‘The objectives of the geologic structure investigation is to provwde-
adequate geological and geotechnical information needed for develop-
1ng:the general arrangements.ﬁ Explorations will be directed to



(1)

determining the nature and extent of these geologic features at | |
depth.

Discussion

Northwest and north trending geologic structures which include
shear, fracture, and alteration zones were jdentified during pre-
vious inve‘tigations(l) These features were tentatively
correlated across the site on the surface and to depth in boreho]es.

The FY83 investigation will attempt to confirm these geo]ogvc
interpretation.

Principal attention will be directed to the right abutment where the
majority of civil structures are tentatively proposed.

‘Areas reguiring further investigation are geologic features GFZ,

GF3, and GF4, which were defined in the 1980-8l program as potenti-

‘a?ly projecting into the proposed powerhouse intake area,(FiQUre'

2.2).

»Agproach

Explorations for the northwest and north trending geologic struc-
tures will consist initially of geologic mapping and seismic refrac-
tion surveys followed by giamond core dr??ling,' Geologic mapping
will precede other forms of exploration and will be the basis for
Tocating seismic lines and boreholes. ‘GeOIOgic mapping will consist
of identifying and describing'thé following: type of geolegic
structure, orientation and extent, degree of weathering or altera-

‘tion and joint sets, and spacing. Geologic data will be plotted on

maps and sections at a suitable scale. This data will be inter-
preted in the field and used as the basis for planning future ex-‘
p1orat1ons. Mapping will consist primarily of travers?ng along the
extent of the structures and accurately Tocatang its p051t1on.
Cross traverses will be run across. the abutmenta, as necessary‘
Most of the traverses will be done on the right abutment between

-8-




"The Fins" and "Fingerbuster" shear zones from river level to eleva-
tjon 2,300 feet. On the left abutment, mappihg will extend from
geologic feature GF1B to GF6E and from river level to elevation
2,000 feet (Figure 2.1). '

Seismic refraction lines will be run on both abutments to define the
iucation of low velocity zones related to shear, fracture, and al-
teration zones as well as thickness of overburden materials, and
depth to sound bedrock (Figurerzol). On the right abutment, one
seismic 1ine will be run from "The Fins" area parallel to the slope
at about elevation 1,800 Feet tc the "Fingerbuster" shear zone.

- This line will cross the entire abutment and all major geologic
 structures. »An additional seismic 1ine at approximately elevat1on

2,050 feet will connect seismic lines SL81-15 and SW-2 to complete
coverage at this elevation. An estimated 6,000 linear feet of
§eiémic Tines will be run on this .abutment. On the left abutment,
one seismic Tine will be run eastward from the end of SL81-20
between elevation 2,000 and 2,050 feet. This line will help define
the extent of geologic features.in GF3 and GF4. Line length is
approximately 2,00C linear feet. Seismic velocities will be ﬁlbtted

- on maps and sections at the same scale as geolegic data.

Correlations will be made where possible between Tow seismic

velocity zones and mapped surface expressions of geologic

structures.

Based on the interpretation of geclogic and seismic data, boreholes,

will be drilled across various geologic structures to verify their

presence and define their subsurface characteristics. Data will in-
clude joint Spacing and, where possible, or?entation, rock permea-
bility and strength, and ground water conditions. Drilling will
consist of approximately 10 angled boreholes fo an average depth of
500 feet. Locations of these borings will be based on Phase I and
Il actiVities.‘ Boreholes will be drilled on both abutments and

beneath the river. Bedrock will be cont1nuousiy cored using NQ~swze

wireline core‘barrels. Core samp]es will be logged for 11tho1ogy

and structure,“Selectea.samples will be tested for unconfined

compressive strength using a point load te: er. Fol}owﬁng
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,ccmpletion,'fracfhre and joint orientation at depth will be deter-

‘mined using a borehole camera. Water pressure testing will be done

(iv)

(b) Pluton

over the length of the borehole to determine rock permeability.
Selected boreholes will be instrumented with piezometers for ground

- water mon1tor1ng.

Schedule

Geologic mapping will begin following portal area mapping. One
two-man team of geologists will be used for mapping on the abutments
Diamond core drilling will be done during Plase III.following com-
pletion of portal area drilling. |

Structure
(i) Objectives

The.objective of this investigation is to establish the geolug§c

model for the damsite area and quarry sources for general site.
arrangements. Explorations will examine and define the extent of
the diorite pluton,'thé nature of its contacts with adjacent rock
types, and its structural relationshipsil),

Discussion

The Watana demsite is underlain by a diorite pluton which has

intruded into surrounding metasedimentary. West of the dams&te, the

pluton is overlain by andesite porphyry which, in turn, appears to
be overlain by‘volcaniclastic rocks. The ardecsite porphyry has
intruded the diorite pluton. The contact ketween the diorite and
andesite porphyry is generally fractured wath minor, local shearing.
The andeszte porphyry immediately above the contact is general?y

highly fractured nowever, the underlying diorite is generallv

unfractured The easfern bourndary of the pluton has been progected
to cross through the reservoir area east of the damsite; however,
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this contact has not been adequately defined. The pluton is
crosscut by shear, fracture, and alteration zones. The origin of

 these zones, whether due to regional tectonic fcrces,‘}oca] pluton

(i11)

related forces, or a combination of the two, has not been deter-
mined. | B |

Understandihg,of the Tithology, structure, and contacts of the
pluton and surrounding rocks requires the preparation of a geologic
model of the development of the diorite pluton and surrounding rocks

in the damsite area. The geologic model can be used to predict the

nature and extent of various lithologies and structures where scarce
data exists. |

Approach

Explorations for the development of a geologic model for pluton
structure will consist of geologic mapping based on previous invest-
igations. Mapping will consist of describing and defining theklim—
its of diorite pluton, nature of 1ithologic contacts, nature of geo-
logic structures at the contacts, and extent of geologic structures
awey from the main damsite. Geologic mapping will be done upstream
and downstream from the damsite along the Susitna River, on Tsusena
and Deadman Creeks, in proposed Quarry A, and any other suitable
locations based on aerial reconnaissance. Geologic mapping for this
investigation will not require the level of detail or control as
that done for the portals, cOfferdams or shear, fracture, and alter-

~ation zones. Deta1} airphoto interpretation will be done prior to

mapping to identify locations to be mapped.

- In addition, detail petrographics studies will be performed on vari- °

ous rock types collected during the mapping prcgram to determine
mineralogy, lithology, and the sequence of geolngic events.

Geologic mapping for pluton structurés will require a team of two
geologists during Phase I. |
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(c) "“The Fins" and"“Fingerbuster"

(1) Objectives

(i1)

The‘objective of this investigation is to complete explorations of
these geologic features for general arrangeménts and design of un-
derground civil structures. Explorations will examine and define
the surface and subsurface nature and extent of these features.

Discussion and Approach

"Thé Fins" and "Fingerbuster" bound the damsite on the upstream and

downstream sides, respectively (Figure 2.2). ‘Both features contain

“ major northwest and north %renaing shears, fractures, and altaration

zones which would have a significant “mpact on cost: for any civil
structures located within them. At present, these structures have
been identified on the right abutment and tentatively projected,
based on correlation with boreholes, seismic data, and topography.
This investigatjon will attempt to confirm these correlations and
define and describe, in detail, the surface and subsurface charac-
teristics,of these featu-2s. Explorations will consist initially of

‘gealogic mapping followed by seismic refraction surveys and éiamond |

core driiling. Geologic mapping will be the basis for locating

seismic 1ines and boreholes. Mapping will consist of identifying

and deScribing the followindir type of geologic structure, orienta-
tion andAextent, degree of weathering or alteration, and joint sets,
continuity, and spacing. Geoiogic data will be plotted on maps and
sections at suitable scales. This data will be interpreted in the
field for use in planning further explorations. Geolugic mapping
will consist of tracing the extent of these features by ground trav-

~ erses and aerial reconnaissance. Mapping on the north bank will

extend from the Susﬁtna‘River to Tsusena Craek. On the south bank,
Timited outcrops will restrict mapping to within about one mile of
the river. | |
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Seismic refraction Tines will be run in both “The Fins" and "Finger-
buster" areas to define the extent of low seismic velocity zones re-
lated to these features, thicknesskof‘ovErDUrden,,aad~deﬂ£h»t0’sound

bedrock. The amount and location of seismic lines is dependent on

the‘resu1ts of»geo1ogic mapping. An estiméted 8,000 Tinear feet for

- "The Fins" and 4,000 1inear feet for the "Fvngerbuster" are p1anned
(Figure 2. 1)

ueologac mapping of "The Fins" and "Fingerbuster" 1s planned dvr1ng
Phase I w1th two geologwsts formwng a team.

2.4«-(Misce}3aneeusInv&stigations

(a) InStrumentation of'Existing~Boreh01gs

(1)

(1)

Objectives

The objéctive«of'this exploration is to gain additional data on
ground water and permafrost conditions in the bedrock at the main

damsite f~, design and construction activities.

Discussion and Approach

To completé the instrumentation program at .ne damsite requires

~gadd1tiona1 p1ezometers and thermistors to be installed. At presehf.:5

tnermistors are located on the r1ght abutment in BH-3 and BH-6. It
1s proposed that a thermistor string be installed in BH-8 (drz?]ed
in 1981) to evaiuate permafrost conditions on the left abutment.
Thermistor construct1on would be the same as. the ex1st1ng unxts with
16 therm1stor p01nts along a 250 foot cable.

- Two pieiometer insté]lations aﬁe;proposed‘for‘speciaJ'cbhdit?qns in‘,
\Boreholes EH-4 and BH-12. A pneume+1c piezometer tip will be in-
‘stalled at Lhe eTeth1on of the pawerhouse in BH- 4 to determwne




(iii)

water pressure conditions‘at this depth. In BH-12, a pneumatic
piezometer tip w111 be installed below the artesian aqu1f1er at

~about 400 feet

 To install the piezometers and thermistors, boreholes BH-4, BH-8,
and BH-12 will have to be reamed out to the required depths tc aliuw

placement. Approximately 1,600 feet of reaming will be required.

Sche Jule

- This work will be undertaken during Phase III.

W

(i)

(111)

7(b) Survéy Control

ogjgttive

The 0b3ect1ve of survey ccntro] is to estab11sh adaquate ground
contral for use in damsxte 1nve¢t1gat10ns

Aggroach -

Upon commencing work in July, a survey grid will be estabTishéﬁ,on'
both abutments and along the river for ground control. The grid

‘will be dn~an,average of 500 feot spacing with permanent markers

established at designed .locations. The grid will be tied,int@ the

»‘Statevdf Alaska grid‘system.

A1 fxeld explorat1on performed on the dams1te w1lt be cnntra%?&d by
the surveyed grid. “ ‘

Schedule

‘Work on,EStabTiShing the'grfdiwi11‘be,unﬁErtaken in the early part

| of Phase 1.
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TABLE 2.1: FYB3 EXPLORATORY PRGGRAM - PHASE 1
| WATANA DAMSITE GEOPHYSICAL SURVEY

Seismic .
Refraction 1 , Approxzmate ‘ :
Line No.* Locat ion¥** Length (ft) , _Purpose

SLe2-D Downstream Portals, 2,200 Depth‘tc bedrock, overburden thickness.
' - BH~-6 towards BH-Z . : 7 :

SLB2-E - . DownstreemTPortals, B 1,100 Overburden thickness, bedrock conditions.
' DM-L to SW ' ' o ' : ‘

SLB2-F ,“Downstream Portals, 1,100 Cverburden thickness, bedrock conditions.
~ SW-2 to river ' S ’

sLez-6  Flip Bucket : 1,100 - Overburden thickness, budrock conditiong
o in ®Fingerbuster”. '

SL82-H ~ Downstream Pnrtals, ‘ 2,200 ‘Overburden thickness, bedrock conditicns,
~ - mid slope NW and N shears.

SLE2-1 ' DH~9 to SLBO-2 » 1,100 - Overburden thlckness, bedrock conditions,
e ‘ . L ' NW and N shears.

SLA2-3 Spillway ) ‘ 4,400 Duerburden thlckness, bedrock conditions,
, : S ~ NW and N shears. ‘

- SL82-Ka Right Abutment - 2,200 Overburden thickness, bedrock conditions,
B , ' ~ NW and N shears.

51.82-Kb Upstream Right Abutment 1,100 "The Fins," NW and N shesrs.

SLE2-M Upstteam'Left Abutment - 2,200 ' NW and N shéazs.,

- SL82-N * Right Abutment, SL81-15 1,300 ' NW and N shears.
~ to SW-2

5L82-0 Right Abutment 1,100 "The Flns,“ and possibie east-trending
C . structures.

sL82-P Upstream Left Abutment 1,100 "The Fins®.

SL.82-4 : Left Abutment, Downstresam 1,100 "Fingerbuster".
, Portal Area

SL82-R Left Abutment, Downgtream 1,100 “Fihgerbuster”.
' Portal Area '

TOTAL | 26,600 °

v ATy

i, *Seismic lines listed in order of prlorlty, seismic lines SL82-A through C are listed on Table.
**Sse Figure 2.1,

S

|
l sLe2-L ' Powerhouse Aves. 2,200  "The Fins," NW and N shears.




TABLE 2.2: FYB3 EXPLORATORY PROGRAM - PHASE II
WATANA DAMSITE GEOFHYSICAL SURVEY

Seigmic '
Refraction . 1 Approxlmate ‘
Line No, ~~ Location Length (ft) . Purpoge
SLB3-AA Upstfeam Cofferdam 800 Depth of overburden and bedrock conditions.
L Centerline i ' LR ‘ B
. SL83-BB Upstream Cofferdam, 1,100 Denth of overburden, bedrock conditions,
' River Centerline , _ 7 and "The Fins".
SLg3-CC f =Mein'Dam Centerline , ; 500 Depth of overburden‘and‘bedroék conditions,
sle3-Db Deunstream Cafferdam, - 1,100 ; Depth of overburden, bedrock conditions,
: ~ River Centerline T - and "Fingerbuster®.
. SLB3-EE " Dovmstream Cofferdam 550 Depth of overburden, bedrock conditions,
: ~ Centerline - , - and "Fingerbuster®. :

SL83-FF : Downstream Cofferdam 7 ssg ~ Depth of overburden, bedrock conditions,
o ~ Centerline ; o and "Fingerbuster”. o
SLE3-GG | Upstream Portal , 550 Depth of overburden, bedrock conditions,

' : , o , : ‘and "The Flns" :
SL83-HH Main Dam River - 3,850 Depth of overburden, hedrock conditions,

: Ceriterline ' ' ~and NW and N shears. | ' .
si182-11 - Main Dam Upstream Toe 550 Depth of averburden and bedrock canditiora.
SL83-3J | ~ Main Dem Upstream of = 550 Depth of overburden and bedrock conditions.
SLB3-KK Main Dam Downstream of 400 Depth of overburden and bedrock conditions.

~ Fonterlire ~ -
- SL83-LL ‘Main Dam Downstream Toe 550 Depth of overburden, bedrock CGﬂulthPS,

' , ' and “Flngerbuater“

SLEB3-MM Plunge Pool+ 500 - Depth of overburden, bedrock condltlons,'
T o ‘ . ' and "Fingerbuster”. ‘
SLB3-NN Plunge Pool 1,100 ~ Depth of overburden, bedrock cenditions,
: : ‘ , B and "angerbustet"
SL83-00 Plunge Pcol : ' 2,200 Depth of overburden, bedrock candltaons,
o 3 ‘ . : o and "Fingerbuster™. '

TOTAL - 14,850

, L PO
. P



~ TABLE 2.3: FY83 EXPLORATORY PROGRAM
s ~ WATANA DAMSITE HAMMER DRILLING P, JGRAM

Drill Hole®

= 1 Approximate LT
. _Number  Location** Depth (ft)*e*  Sampling _ Purpose
" v Upstream Cofferdam - ‘ 7
‘ ' | HD-AA SsL81-4 110 Aliuvium Overburden material and *
i and rock thickness, bedrock surface,
. | | : lithelogy and structure.
- HD-8B SL83-BB 120 Alluvium ‘Same as above.
E ' “and rock ,
| | HD-CC 5L81-5 50 Alluviem. * Overburden meterial and
_ l ‘ . : ' thickness.
B HD-DD SL83-AA and SL83-BB 100 Alluvium Same as above.
I ‘ HD-EE ‘Centerline SL83-CC 85 Alluyvium S’amé as above.
) HD-FF | Cent'evrline sLe3-Cc 130 Alluvium Gvérbutdenbmaterial and
- s and SL83-HH ‘and rock thickness; bedrock surface,
R , : : lithology and structure.
o HD-G6 * Centerline SL83-CC 95 Alluvium Overburden material and
o 7 ‘ : thicknegs.
B I | ‘Downstream Cofferdam ] ‘ | |
Sl HD-HH 5.83-DD 110 Alluvium Overburden material and
E | ' ' and rock thickness; bedrock surface,
= : ‘ lithology, and structure.
| HD-II SL83-FF 95 Alluvium Overburden materisl and
! ‘ - thickness.
X HO-J3 " SL83-FF 75 Alluvitm Overburden material and
s , and rock thickness; bedrock surface,
< | lithology, and structure.
| ' HD-KK SL83-EE and SL83-DD 80 Alluvium Overburden msterial and
R ; | thickness.
L Up_stre:ém Portals ‘
i ’ HD-LL SL83-GE 70 Alluviu Same as above.
HD-MM SL83-GG 70 Alluvium Same as above.
| l | HD-NN . 5L83-BB 100 Alluvitm Same sa aboves-
ST | Main Dam | |
L HD-00 ‘Upstream Toe, 100 Alluvium Same as abave.
; | SL83-HH and 5L83-II |
o : HD-PP - 5183-33 130 Alluvium Overburden materisl and
T and SLB83-HH . and rock thickness; bedrsck surface,
; ' | e , lithology and structure.
Fhos . HD-GQ 5L81-16 100 Alluvium Overburden material and
. S S thickneas. _
: l . HD-RR Downstream Toe, 130 ~ Alluvium Overburden material and
el R SL83-HH and SL83-11 and rock thickness; bedrock surface, -
5 o o SR 1ithology and structure.
fe
1'




TABLE 2.3 (Cont'd)

Drill Hole* | o Approximate
Number ‘ Locat ion#* - Depth (ft)*** ~_Sampling : ~ Purpose
Plgngg Pgol |
HD-SS T USLESeMM o - eg . Alluwiim _QOverburden material and
; - : : thickness. ,
HD-TT R SL83-MM and 90 - Alluvium Overburden material end
» SL83-00 : and rock - thickness; bedrock surface,
) - lithology and structure.

TOTAL | 1,970

*Borlngs listed by prlorlty.
**Gae Figure 2.1
***Assume 10 feet of rock dr1111ng excep: 40 feet where rock will be sampled.

i
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3 - BORROW SITE D

3.1 - General

Borrow Site D has been identified as a zone ranging from 2,000-6,000 feet wide,
stretching over 12,000 feet from a point on‘Deadman Creek to the approximate
thalweg of the relict channel, including approximately 7,000 feet of exposure as
bluffs overiooking the Susitna River, a total area of about 1,075 areas (Figure
3.1). The area has been identified as the most favorable source for impervious
core material with a total estimated site requirément of approxmately 8.25 mcy.
The information, to date,'on the porraw site i% comprised of éeismic refraction

surveys, auger holes, segv2ral deep rotary drill holes, and shallow test pits.

2.2 - Qbjectives

The objectives of the FY83 program are to obtain sufficient details to confirm
the stratigraphy developed during feasibility, and develop a clear understanding
of material properties, ground water, and permafrost conditions. Results of the
FY83 will form the basis for the subsequent detailed design level investiga-
tions. The long-range objective of the~Borrow Site D investigations will be to
determine: '

(a) Borrow site stratigraphy and extent of each of the various identified units
of interest to a level, adequate to confirmed volume-distance relation-
ships, stripping parameters, and producable volumes.

(b) Define site and adjoining areas, ground water, and permafrost conditfons in
order to allow optimization of production methodology, n1n1ng method, and
water/frost handling.

(c) Limits of desired excavation based on geologic conditions and desired
material properties and determination of mining methods.

(d) Contwnuance of mater1al pranertwes and the1r influence on proauctwon, pro-

09531ng, and placement reauxrements.

o -15-



(e) Engineering properties of the material, as required for placement in the
fi11l, including piacement water content, gradation, plasticity, and compac-
tion characteristics. Explorations will place emphasis on detailing
volumes of reserve with various properties. ,

2.3 - Approach

Since Borrow Site D Ties within the relict channel areas, an exploration for

borrow materials will also provide desired information on the relict channel
stratigraphy. |

i

B

-

|

B

1

II The Phase I summer eXp1orations on Borrow Site D will be 1imited to surficiai
outcrop mapping during early summer to delineate exposed borrow materials and

ll bedrock. In addition, a limited seismic refraction survey will be performed in
both the borrow{areayand relict channe?, as we]l as a euger/rotary drilling pro-

: gram which is intended to provide high quality split spoon and "undisturbed" '

'll core samples to a depth of approximately 150 feet (Figure 3.2 and Table 3.1).

FER The drilling will be performed with helicopter transportable rigs equipped with

l a variety of drill tools enabling it to utilize rotary with casing, hollow stem

‘ auger, anc conventional wireline coring methods of advance. It is planned that

'l each boring will commence with large diameter casing capabie of obtaining 3-inch
samples to an approximate'depth of 75 feet. It is anticipated that from 75 to

'l 150 feet the auger system will not be effective, thereby a wireline driil rod
will be used with a "casing advancer" rotary ticone bit. Depending on drilling

!l difficulty and sample recovery, it is Tikely that this method will, in a large
portion, . “lace the augering method of advance. Normal advance procedure will

II involve use uf frequent samples, as described in a foilowing paragraph, with
rotary drilling to overcome boulders and cobble zones and to advance between
samples. Proposed borehole and seismic line locations are shown in Figure 3.2.

II The information collected during the summer program will be used to locate the
drill sites for the larger diameter hammer drill boring te be conducted in the

Il winter when land access is possible.

i

|

The winter Phase 1I program will be conducted as part of the relict channel
exploration program and will involve use of a large hammer drill with Targe
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inside diameter (6 inches) drill pipe (Figure 3.2 and Table 3.2). Continuous
sampling of the blown out'cﬁttings will provide large éampies of the various
stratigraphic units for use in‘geologic intérpretation of the stratigraphy and
in materials laboratory testing.

- The drilling program in Borrow Site D will be directed to:

- Obtaining information in locations where the stratigraphy can best be deli-
neated and sampled, and;

- Obtaining bulk samples of ‘the potential borrow materials in locations where
representative samples have not yet been obtained.

Due to the primary need for stratigraphic information and the fact that syste-
matic pattern explorations of the borrow reserves will be coaducted in the suh-
seqdent stage of design investigations, the emphasis of tne FY83 Phase Il pro-
gram will be put on stratigraphic data collection. The sampling and instru-
mentation activities carried out in this program will be directed at maximizing
the level of information obtained from each boring. Long-term instrumentation
will be installed to provide baseline thermal and geohydrologic data. The vari-
ous methods that will be utilized are described individually below: .

‘(a) Full depth sampling to provide material for geologic examination of the

larger particle sizes and for 1éboratory‘testing.

(b) Drive and core type sampling as is appropriate to include 2- and 3-inch
| standard split spoon with standard penetration blow counts. Denison samp-
ling, and dry-blocked and conventional fluid circulation core barrei samp-
Ting. |

(c) Casing drive tests {open casing drive tests) for general correlation of
 stratigraphy and density.

. {d) *"Undisturbed" samples, using such samples as fixed piston "Osterberg",

Shelby, and other special split and tube type barrel sampies.




: . ) . *

(e)

(f)

(g)

Water- level detection and monitoring both during and after drilling to
detect various aquifers, perched water zones, and. "dry" zones. Due to the
preliminary indications that the area has a complex syétem of ground water
levels, most borings will hdave a minimum of a standpipe type piezometer and
those which penetrate a definite zone of interest may'haverpneumatic or
electric piezometers installed. This system of cobservation peints will be
correlated with the relict channel installations.

Limited aquifer permedbility testing such as falling head and/or ccastant
head tests will be performed where possible to obtain order-of-magnitude
information on the ranges of permeabilities of the materials in the borrow
site.

Permafrost detection will be limited to observation of both seasonal and
permanent frost during dri111ng,yand installation of thermistors in many of

‘the holes. The probes will then enable detection of permafrost in the

following year after the frost has stabilized and of the depth of annual

frost penetration during the winter. This information will then be uti-

lized to evaluate the frost conditions likely to be encountered in excava-
tion and at a later stage of design will be used with the resuits of all
thermal investigations data to develop the borrow site production methed to
minimize the adverse effects of the frost in excavation and fill

placement. | |



Boring*
Number

AH-A

 AH-B

AH-C
AH-D
AH-E

AH-F
AH-G
AH-H##

AH-I**

AH-J
AH-K*»
AH-L
AH-M

AH-N#*
AH-Ox*

" AH-P**

AH-Q
AH-R

AH-G**
AH-T#»

AH-U
AH-Y
AH-W -
AH-X

Approximate
Locat ion¥**

D/RC on SW=3
D/RC an DM-A

D/RC at Inter-
gection of DM-A
and DM-B

D/RC, 100 feet
Eof SW-5

D/RC at inter-
section of SW-3
and SL80-7

RC on SL81-14
RC on 5L80-2

H{C an SLEO-1

RC on SL82-A

'RC on SLBO-1

RC on SLB2-B
RC on SW-3
D/RC on SL80-7

D/RC near TP-21
RC

D Near DR-14
on SW=3

D on SL8G0-8

RC at intersec-
tion of SLB1-14
and SL82-C

RC on SL81-15X

‘RC on SL82-A -
'RC on SLBO-2
RC between DR-19

and DR-ZU

TABLE 3.1: FY83 EXPLORATORY PROGRAM - PHASE I
- WATANA RELICT CHANNEL /BORROW SITE D
AUGER DRILLING PROGRAM

‘ Degth‘(ft) | Instrumentation Purpose
Asgume all drill -S? EXpand stratlgraphlc
holes to 150 feet correlations across D/RC.
Seme as above P=3 Same as above.
T
Same as sbove P=3 Same sz above.
T
Same as above ? =3 Same as sbove.
Same ag above SP Same seg abave.
Same as above =2 Same as above.
Same‘és above P=23 Same a=z above.
Same as above se i Sam=s ag above.
Same as above sp Same as above.
Same as abave - P=3 Same as above.
Same ag above sp Same as ahove,
Same ag sbove sP Same as above.
Same as above ¥A= 3 Same as above.
Same as above | SP o Same as above.
- Same as sbove ~ SP Add detail to stratigraphy
and material properties.
Same as above sp Same as above.
Same as above ; =3 Same as above.
- Same as above sp : Same as above.
Same as abave SP Same az above.
Same as sbave SP Same 35 abave,
_Same ag gbove P=3 Same as abave,
Same as above SP Same as above.
Samé as sbove | SP Same as above.

Same as above T, SP Same as above.



TABLE 3.1 (Cont‘'d)

Boring* Approximate :
Number Loust iom#* - Depth (ft) Instrumentation Purpose
AH-Y**  D/RC on 5L81-6 Agsume all drill SP Add detail to stratigraphy
holes to 150 feet and material properties.
. AH-Z D on SW-3 Same as above SP Same as above.
AH-AA RC between DR-26 Same as above’ P= 2, sP Same as above.
and DR-22 = ‘
AH-BB RC on $L81-13 Same as above P=2,5 Same as above.
AH-CC RC on SL8O-~1 Seme as above. s Same as above.
AH-DD** RC on SL82-B Same as above. sp Same as shove.
AH-EE RC on DM-A | Same as abave. P=1 Same as abave.
AH-FF D/RC near AH-D-8 Same as above. P=3 Same as above.
AH-GG D on DM=A Same as above. sP ~ Same as above.
AH-HH D near AN-D-10 = Same as above. sP ‘ Same =8 above.
- and AN-D-11 : ‘ ,
AH-II D near AP-18 Same as above. P =1 Same as above,
AH-JJ D between AP-10 Same as above. SP " Same as above.
and AP-11 V , ,
AH-KK D near TP-14 - Same as sbove. P=1 Same as szbove.
AH-LL D near TP-10 Same as above. SP Same as above.
AH-MM RC on SL81-14 Same as above. P=1 Same as above.
 AH-NN#* D/RC on DM-A Sasme as above. SP . Same as above.
AH-00 D on DM-A Same as above. SP ' Same as above.
AH-PP¥** RC near DR-20 Same as above. SP _ Same as above.
AH-QQ RC near SL81-15 Same as above. SP : Szxe as above.
_AH-RR - D near 5L81-19 Same as above. - s Sam: as above.
AH-SS D; SW of RR Same as above. SP Same as above.
AH-TT D, near TP-13 Same as above. SP ‘ Same as abave.
AH-UUG
AH-VV Miscellaneous, locations to be determined
AH-WW in field, also for more detailed investigation
AH=-XX of freeboard dike.
*Borings listed by prlor ity.
**Auger borings adjacent to hammer drlll holes.
*#5ee Figures 3.2 and 4.2.
* D = Borrow Site D A : " RC = Watana Relict Channel
P = Piezometer tips (pneumatic) SP = Standpipe Piezometer

Thermistors




TABLE 3.2: FY83 EXPLORATORY PROGRAM - PHASE IT
—_ WATANA RELICT CHANNEL/BORROW SITE D
__HAMMER DRILLING PROGRAM

Boring* Approximate Approxlmate
Number anatlon*** Depth (ft) Instrumentation®*** Purpose
- HD=A RC on SL80-1 200 P=3 . Stratigraphy material,
near AH-H T properties, ground water,
’ , and permeabllltv.
HD-B "~ RC on SLB2-A i P=2 Seme as above. On main
near AH-I T thalweg.
HD-C RC on SL82-B 450 P=S5 Same as above.
near AH-K . ‘
HD-D RC on SLB2-B - 300 P=3 Same as above.
near AH-DD
HD-E RC niear DR-2u; 225 P=3 Same as above.
and AH-PP T
HD-F  ~ RCon 5L80-2 56 P=3 Same as above.
HD-G RC on SW-3 150 P=2 Same as above.
HD-H  D/RC on SLB1-6 425 Pz=5 ~ Ssme as shove.
‘ near AH-Y : -
HD-I RC near AH-0 ‘ 425 P=35 Same as sbove.
T
| HD~-3 RC on SL81-14 and 525 P=5 Same as sbove.
| SL82-C, near AH-T T
NO-K - D/RC on DM-A, 225 P=3 Same as abave.
3 near AH-NN
HD-L D/RC near TP-21 400 P=5 Same as above.
and AH-N T
HD-M D on SL80-8, near 600 P=3 Same as zbove.
AH-S T
HD-N D an SW-4 250 P=3 Same as above.
- TOTAL 4,325 P = 50 tips, allow 20 additional tips for

iscellaneous locatians.

T = 7 strings, allow 3 addltlﬁﬁal strlngs for
mlscellaneous “loecaticns.

*Borings listed by priority.
**Auger borings adjacent to hammer drill holes.
**#See Figures 3.2 and 4.2.

D = Borrow Site D

P = Piezometer tips (pneumatic)
RC = Relict Channel

SP = Standpipe Piezometer

T = Thermlstors
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4 - RELICT CHANNEL

'4;1'- General

"TWO areas have béen identified on the banks of the proposed Watana reservoir

where bedrock falls below the proposed reservoir elevation and, hence,‘prOVides
a potential for reservoir leakage. The preliminary explorations'and geologic
mapping indicate that both of these areas may be abandoned Susitna River chan-
nels or “relict channels”, one betwern Deadman and Tsusena Creeks, and the
second in the Fog Lakes areall),

The concern regarding these areas are:

(a) Potential for excessive reservoir leakage of such hagnitude as to affect
project ecénomics.

\b) Potential for excessive local gradients under reservoir head which might
cause piping of material and, hence, induce progressive failure of the rim

material with ultimate breaching of the reservoir.

(c) Overburden instability or seismic Tiquefaction potential which could result
in breaching of the reservoir confinement. |

(d) Crest setilement due to saturation and permafrost thawing.

4.2 - Objectives

" The objectis e FY83 program will be to adequately assess the potential for

these occury: The following factors must be adequately defined to allow
proper evaluat- .- of the physical behavior of the relict channels under prcaect

~ operating cond1tlons.

- Stratigraphy;

- Material properties;

- Boundary conditions;



- Geohydrology;
- Permafrost conditions; and
- In-situ physical condition of materials.

4.3 - Approach/Discussion

A two-phase program of expToratich'is proposed. The FY83 program will primarily
address the more critical Deadman-Tsusena area relict channei which has been
designated as "the Watana Relict Channez“(l) Preliminary assessment at

the Fog Lakes Channel show the freeboard at Fog Lakes is significantly higher
than the watana Relict Channel, and the local and overall gradient is much flat-
ter and the flow path much ionger than the Watana Relict Channgl which minimizes
any apparent hazara. "It is therefore proposed tc do only limited seismac re-
fraction -investigations in the Fog Lakes areas during FY83 with a more jntense
investigation being performed in the area during FY84 (Figure 4.1 and Table
4.1\, That investigations will be conducted tb'assure that significant flow
paths or liguefiable zones are not widespread in the Fog Lakes Relict Channel.

%

‘The Watana Relict Channel has a fiow path of approximately 1-2 miles with an
average gradient of about ten percent and a stratigraphy which (based on the in-
formation to date) does show potential for seepage. In addition, very limited
subsurface'data suggest that potentially Tiquefiable material may be present
with the channel(l).

The FY83 explorations will be jointly conducted with the Borrow Site D program
since the borrow site lies within the confines of the relict channel areas (Sec-
~ tion 3). The principal objective of the FY&3 program is to obtain represania-
 tive samples for stratigraphic identification, material properties distribution,
and geohydrologic conditions in the relict channel.

The FY83 program for the relict channel will be performed in twc parts, a summer

- Phase I and‘winter - Phase II program. This is principally due to field
logistics and the inability of transporting large .rilling equipment overlund

_20-




until the winter. Therefore, the summer'progrém will use smaller helicopter
transpoftéd drill rigs that will evaluate the upper 100-150 feet of the relict
channel. These rigs will be the same rigs used in the Borrow Area D jnvesti-
gation (Section 3). Data from this program will be used in detailing the winter

_program. The objectives of FY83 are to:

Phase I

A i ———

The'objectivesvof Phase I are to:

Perform surfacial mapping of the re11ct channe]

Define the surface and subsurface hydrolog1c regime in the upper 100- 150 feet;
Obtain undisturbed and disturbed samples at depth to identify

stratigraphy and material properties; . |

Install instrumentation for monitorihg ground water and.permafrpst;yand;
Delineate extent of Fog Lakes Relict Channel.

(]

Phase*II‘

P

The objectives of Phase II are to:

- Confirm the geometry of the relict shannel;

- 0bta1n large bulk and undisturbed sample at depth for stratrgraph1c dellnea-
twon and material properties;

- Evaluate the geohydrologic regime where possible; and

- Install instrumentation for monitoring ground water and permafrost..

Phase I will involve driT]ing.approximately 50 borings distiributed throughout

the Watana Relict Channel and 13mited'geophysica7 program (Table 4.2).,~Severa1
of these borings will also serve for investigating Borrow Site D. Proposad bor-
ing locations are shown in Figures‘4.2 and 4.3.

The drill equipment will have capability of drilling a 6-inch sampler in the
upper 20-30 feet; reducing to 4-inch samples to 75 feet, and subsequently reduc-
ing to standard 2-inch samples to to full depth of 150 feet. The intent is to




obtain a large diameter sample as possible to maximum depth with the intent of -
determining the following conditions | |

- Soil moisture content;

Gechydrologic condition;
Soil density;

Soil gradation;

]

Stratigraphy and sedimentary origin;

Permafrost conditions; and

Obtaining samples for laboratory testing to determine plasticity limits, com-
paction, permeability and dispersion. '

The results of the summer investigations are expected tc provide a model of
stratigraphy, ground water and permafrost regime, and material propertiss in the
upper 100-150 feet of the relict chznnel for use in subsequent design ana esti-
mates, and to assist in laying out the deep drilling program to be performed in
the winter program. ‘

Phase II will utilize the same large diameter nammer ¢rill that was described in
. the Borrow Site D (Section 3). Approximately 15 holes are planned to penetrate
to bedrock in the relict'channel. The drill cuttings will be used in strati-
graphic delineation and borrow materials testing. In addition, the drive and
drilled sampTing methods utilized in the Phase IT will be used to obtain
"undisturbed" samples for precise laboratory tests. Proposed boring location
for the hammer drill are shown in Figures 4.3 through 4.5.

As in Borrow Site D, empnasis in th= sampling program will be placed on cbtain-
ing maximun size samples for stratigraphic information and materials investiga-
tions. The various sampling methods that will be available are listed below.

(a) FuTl denth sampling and Tbgging‘of drill cutting which will provide 1imited
- supplementai material and stratigraphic information.

(b) Urive and coring sampling, using 2- and 3-inch standérd split spoon
~ samples, as well as, special samplers, such as the Denison.
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(c}

(f)

(g)

“Undiéturbed" sampling, using special "f]oatiné tube® or pistor type
Samp1es such as the "Gus" and "Osterberg" and various diameters of Shelby

and similar sp?it or splid thin wall Sampling.,

Casing drive testing, using the hammer drill (winter) to ascertain relative
variaticas in density. »

Water level detection and monitoring, both during and after to drilling
operations. | ' |

Installation of well casing screens and piezometers for subsequént'observa—
tions and aquifer testing. '

Permafrost monftoring through cutting temperature measurement, observation
of ice in the samples taken, and installation of frost probe PVC pipe for

continued observation. If significant frost is detected at depth, a full

thermistor string may be installed if thought to be appropriate;

," 23~



TABLE 4.1: FY83 EXPLBRATDRY‘PRUGRAM
; FOG LAKES RELICT CHANNEL
GEOPHYSICAL SURVEY '

Seismic ,

Refracticn Approximate :

Line No.* Location** Length (ft) Purpose

SL82-FL-A Channel A . 22,000 . Determine gradient of

| , , channel.
. SL82-FL-B Channel B 15,400 Determine bedrock gradient

of channel.

SL82-FL-C Channel A and B - 22,000 Width of Channel A and B.

SLB2-FL-D Channel A - 22,000 Determine bedrock gradient
of possible additional
channels.

SL82-FL-E ~Channel A 15,400 Upstream width of channel.

SL82-FL-F ~  Channel B 9,900 = Width of channel.

SL62-FL-G ~ Channel B 5,500 Width of channel.

*The seismic lines shown here are based on limited geologic data suggested for
more complete definition of the channels. The number and orientations of
seismic lines will be based on additional geologic mapping.

**See Figure 4.1

‘.
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TABLE 4.2: FY83 EXPLORATORY PROGRAM - PHASE I
WATANA RELICT CHANNEL SEOPHYSICAL SURVEY

e a N B ay W
B 8 - .

Reliet channel

*¥GSee Figure 4.2.

Seismic :

Refraction Approximate

Line No.* Locatica** Length (ft) Purpose

SL82-A Relict channel - 6,600 Bedrock depth, overburden

' conditions.
5L82-B Relict channel 6,600 Bedrock depth, overburden
: conditions.
- SL82-C Relict channel 1,100 Tie in lines SLB1-14
and SL80-2 to complete
coverage.

SL82-S Relict channel 6,600 Detail of main relict

_ ~ channel thalweg.
Or

SL82-T Relict channel . 6,600 Same as above.

S5L82-4 Relict channel 1,500 Tie in lines SLB81-16 and
SL81-15X to complete
coveraece. ;

5L82-Y Borrow Site D and 1,100 Tie in lines S5L81-16 and

~ relict channel SL81-18 to complete
coverage.

SLE2-W 3,500 From SL81-13 tn Tsusena

Creek to complete coverage..

' *Seismic lines listed in order‘of priority, SL82-D through SL82-R on Tablé___,
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5 - BORROW SITES E and I
5.1 - General

Borrow Sites E and I include the Tsusena Creek outwash plain and Susitna River
flood plain from a point approximately 2-1/2 miles downstream of the Watana dam
site to a maximum distance of approximately 12 miles downstream (Figure,3.l).
This material has been identified as the most favorable source for concrete
aggregate, filter sand and gravel, and dam shell gravel requirements totaling
approximately 40 million cubic yards(l). The information in these areas,

to date, has been compiied from seismic refraction surveys, air photo interpre-
tation, and various test pits and shallow auger holes.

5.2 - Objectives

Th. overall objective of the Borrow Site E and I investigation js to obtain four
types of information n~eded for refinement of construction processing and pro-
duction costs, confirmation of haul distances to obtain adequate reserves and
development of engineering design parameters for dam design. These are:

.(a) Borrvow site configuration, including definition of confirmed velume-
~ distance relationshipsﬁ Tateral and vertical extent of suitab1e materia1s,
end basic groundwater level and stripping depth parameters necessary to
allow optimization of product ion methodoiogy, selection of least-cost
mining methods, and determination of in-place reserve figures.

~{b) Limits of reasanab?e excavation depth determina%?ﬁn based on geologic con-
straints, stratification of deposit, an& inherent stability of“the mate+
rials, These Timitations will have significant impact on the actual eco-
nomically recoverable reserves which, in turn, can be eXpected to influence
max imum excavation depth, net excavation losses, and, consequently, equip-

nent sé1ection and overall land requirements for adequate development.




i

2 Cle -

. . .
. A
s .

Borrow :1te E with tke intent of verifying the seismic data and obtaining sample

’ the'prccessingvthat'will be required for each of the major gradation variations.

»isurf1c1a1 cﬁologlc mapping dur%ng Phase I to de11reate all exposures of rock and

- ) o -
B Q ' : s
. L '
- 'j ) . - ' . . . .
. ‘ . .

o {’& |
o 0

(¢) Material gradations, including both typical’and local variations in the
material quality, which will influence production methoas and requirements
and possible processing. | |

(d) Engineering prOperties‘Of the material for use in concrete, filters, and
dam shells for use in selection of processing requirements and optimization
of p1acement utilization as determined by cost. |

The objectives of the FY83 program are to:

(a) Confirm the accuracy of previous seismic data and, therefcre borrow site
quantity ano_reServe calculations; and

(b) Determine material p?operties.

5.3 - Approach/Discussion

~The amount of work that can be done within the FY83 is limited by time and the

sampling equipment which will be mobilized to the site. The large hammer drill,
which is planned for use in the Relict Channel and river areas (Sections 2
through 4), will be ut??ized to drill several confirmatory borings to maximum
practical excavation depth below river level in the primarj‘source area of

gradations and suitable test samp1es {Figure 5.1 and Table 5.1). Use of this _
piece of equipment shouid verify the general overall suitabiiity of the source,
ascertain the approximate upper size 1imits and range of the gradation, provide
adequate samples for physical and durability suitability, and give an 1nd1catxon
of variability of the deposit with depth. |

Subsequent studies for final design investigations wil]ydetermine the actual
mineable 1imits, extent of variation in materials, ground water elevation, and

4The FY83 summer program in Borrow Sites E and I ww]l be 13m1ted to ccmpletxon of
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borrow éateriaYs with the intent of defining material 1imits and geomorphologic

~ features which may give indications of expected material gradations. It is

anticipated that the information cbtained from the mapping will be Timited to
identification of relict terraces, alluvial fan deposits, and river flood plain
Timits within the borrow site. Phase II borehole locations will also be

‘established during the summer program.

The winter program will involve use of the large hammer drill with large inside
diameter pipe to continuously sample‘the site from surface to maximum practica’
excavation depth which is estimated at 125 feet below water Jevel. The drilling
will be distributed over the length of Borrow Site E to provide a general over-
all view of the borrow materials. ODue to the wide spacing cf these borxngs,'
stratigraphic correlation is not expected to result from this drilling. The
borings will be concentrated along the margins of the site to meet the criteria
below:

(a) Ready access and:reiatively Tevel drill setup to minimjze setup time and,
thereby, maximize the number of holes drilied.

(b) Placement of at Teast ten of the hoies on. previous seismic Tines to verify
the s2ismic data interpretation.

(c) Placement of several holes along the active river margin to verify the
- off-end-of-line seismic interpretatjon of alluvial depth and composition.

3 Placement of a line of holes near the north limit of_thé flood piain to
confirm the average depth of alluvium and to assure that bedrock level does
not rise rapidly in the north and east portions of the borrow site.

Spacing of the borings sc as to optimize the interpretative value of the
‘sampling, both for determination of the distribution of‘gradations and for

the strat1graph1c conditicgns that may vary from area to area in the boi row
'Site.‘ ‘ ‘ '




Borehcle sampling will be conducted as listed below:

(a)

(b)

(c)

(a)

(e)

Primary sampiing will be full depth cuttings sampling up to 4 inch size
particles.

Split spoon or Denison/Core Barrel sampling, as necessary, td samplie Tine
sand, silt, or clay layers which may be encountered.

Casing dive tests {op¢w casing drive tests) for gaﬁera? correlation of
stratigraphy verste alisity for use in estimating excavation requirements.
Since the borrow site is planned for dragline excavation, detailed density
testing is not'considered appropriate.

Water table detection and monitoring to provide information on potential
dry versus wet excavation. Because the water table is expected to range
from 10-30 feet in depth, simple standpipe piezometric monitoring will be

‘utilized to allow continued monitoring of seasonal variations of the water

table with rainfall and river level.

Frost detection will be limited to direct observation sf drilling rate and

temperature measurements of cuttings. No permafrost is expected in the
borrow site, but the depth of seasonal frost wiil be measured and checks
will be made throughout drilling operations to recora any indications of
possible permafrost. If any permafrost js detected, thermal probe
standpipes will be installed in the appropriate zones to detect the extent
of the affected zone. In the remaining holes, standpipes will be installed
to approximately 30 feet to provide the necessary anchorage length and
reading coverage for detection of annual frost penetration thermal probe
headiﬁgs. |
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Boring*

‘Number

HD-A

" HD-8
HD-C
HD-D
HD-E
HD-F
HD-G
HD-H
HD-I
HD-J
HD-K
KDL

© HD-M
HD-N

HD-0

HD-P

LS5 |

TABLE 5.1:

~ Approximate

Locat ion**

SW=10, south end

SW-10, north end

SW-12, north end

SW=-12, certer

SW-12, south end
SL80f9, north end
SL80-9, center
SL80-9, south ena
5L81-17

SW~-13, center
SW-13, south end
SW-i3, nopth end

On river bank

On river bank
upstream of Tsusena
Creek .

At intersection bf
SL80-11A & S5L80-11B

Upstream on Tsusena
Creek

TOTAL

- TT¥PiTings listed by priority.

*#*5ee Figure 5.1,

*2%GP
© FP

i u

Standpipe piezometer.
Frost probe.

Approximate

Depth (ft)
60

125
110
75
- 125
125
110
120
75
75
175
60
9c
70

60
100

1,555

FYB3 EXPLORATORY PROGRAM - #ASE II
BORROW SITE E HAMMER DRILLING PROGRAM
Instrumentat 1onks* Purpose

SP FP

5P FP
SP
FP
SP FP
SP FP
FP
sP FP
SP FP
SP
SP

Define stratigraphy, check
on seismic line picks,
material sampling.

Same
Same
Same

Same

" Same

Same
Same
Same
Same
Same
Same

Same

“‘Same

Same

Same:

as
88
as
ag
as
as
as
as
as
as
as
as

as

as

as

SP = 9 in' uallations, allow

installstaon.

above,
above.
above.
above,
above,
above.
abave.
abave.
abave.
above.
above.
adbove,

shove,

above,
gbave.

1 miscellaneous

FP = 8 installations, allow 2 miscellanesous

ingtalltions.
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6 - LABORATORY TES1ING o o

(a)

(b)

General

‘The material testing progfam for FY83 will be designed for providing ready
assistance in data interpretation. To expedite the testing program, a
¥ield laboratory will be established for performing routine soil tests to
include: |

)

Gradation;

Hydrometer;

Moisture;
Atterberg limits; and
- Proctor,

The more sophist*cated tests will be performed by outside laboratories as
required. '

Damsite

As discussed in Section 2, petrographic analyses will be performed on spec-
imens of rock and shear material obtained‘during geologic mappfng activi-
ties. While petrologic rock type identificazion in slab section will suf-
fice for delineation of the different rock types, full %hin,secpion petro-
graphic analysis may be required for samples taken in contact or shear
zones. The greater detail of the thin section identification can provide
valuable data concerning the emplacement sequence and'subsequent.shearing
and vein injection history, which will be of significanCe in evaluation of
anticipated alteration and rock strength at depth‘in»the pluton. The
samples will be taken from outcrops and from core drilling to date, with an
estimated 30 jdentifications and descriptions being performed.

During Phase 11, approximately 20 holes averaging‘EOG-feet deep (60 feet of
overburden) are planned using a hammer drill. Limited spoon and barrel
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(c)

- sampling will be performed, but a majority of the sampling will be re-

trieval of air-educted alluvium through use of a cyclone separator. The
estimated number of samples and routine tests to be performed on these
samples are shown in Table 7.1

More detailed tests to be performed on undisturbed and other material
samples will be undertaken fdi?owiﬁg Phase II activities when an under-

standing of the subsurface materials in the damsite has been determined.

Relict Channe]s/Borrow Site ¥

The material properties in the relict channel areas are of significance

both ‘to the geologic understanding of the areas and to evaluztion of the
long-term stability of the area. The Fog Lakes Relict Charnel geologic
mapping may produce a Timited number of bagged samples of alluvial deposits
from face exposures, which will be submitted to standard sieve and hand
specimen descriptive analyses for general'identification purposes. No
detailed material testng is planned for the FY83 period in the Fog Lakes
Relict Channel.

The materia:i testing prbgram in the Watana Relict Channel will be conducted
in conjunction with the Borrow Sj*e D testing. The principal objective of
the Phase I work is to identify ans define the type and extent of strati-
graphic units in the Borrow Site D and the relict channel. Therefore, the
soils testing pfogram dUring Phase I wi!l be limited to routine tests as
shown in Table 7.1. Undisturbed and samples taken during this phase will
be stored until data interpretation has advanced to the level where a
sophisticated material testing program can be planned. However, the tests
that may likely be undertaken for the relict chanvel and Borrow Site D

are:

- Relict Channel

. Permeability;
. Consolidation;



(d)

. Dispersion;
. Strength/density testing; and
. "In-situ* triaxial strength.

- Borrbw Site D

. Remolded permeability;

. Dispersion;

. Triaxial strength on remolded matérial;
. Dilation (dynamic);

. Dynamic shear strength;

. Freez-thaw; and ;

. Thermal properties. |

It is eXpected that the detailed testing program will be prepared after
Phase I activities.

Borrow Site E

Because this area is intended for use as concrete aggregate, filter, and

shall material, a number of tesis may be run after the completion of the
winter program, as shown on Figure 7.1. Because the material is scheduled
for processing, in-situ properties such as moisture, strength, and density
will not be sampled to a significant extent. However, extensive samples
obtained during the drilling program will be run for gradations. A Tew
representative hydrometers will be performed to provide typical data on
settling times and water quality effects of the fines in washing and pro-

'cessing operations. (ther sophisticated laboratory testing that may be run

on composite samples are:

Sulphale-soundness;

L.A. abrasion;

Freeze-thaw;
Soundness’(wetting—drying);-
Proctor compaction; :
Density-strength testing; and
Bulk permeability after washing.
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7 - RESULTS OF PHASE I INVESTIGATION

As previously spécified, the majority of data reducticn for the FY83 program
will be‘perfbrmed‘in the field. This will allow use of the data in scoping the
subsequent phases of study. Tﬁe Phase I data will be used to update and refine
those genlogic and geotechnical interpretations presented in the Feasibility
Report-and the 1280-81 Geotechnical Report. As additional data becomes avail-
able, addendums to these reports, reflecting this new date, will be prepared as
required. Finalization of those addenda are not anticipated until November.
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TABLE 7.1: ESTIMATED FYB3 FIELD LABORATORY TESTING

Na. of ' A — Gample Type ' Testing —Ret'dn tar
Scurce Hol=s Gradation brive/Lore | Cyclone j| Gradation| Hydrometer | Moisture | Atterberg | Proctor | Future Teskiing
L sSeries
; ' o ‘ ‘ ‘ ) ! 1 (Model |
Summer 1982: : : ' B & Stan-
! derd)
fFog Lakes , : ; .
Relict Channel 0] 15 g 0 i 15 15 5 5 (1] 15
Watana Relict , ‘ i
- Channel 24 | 10 800 g ‘ 200 50 50 56 0 100
& e : , .
Borrow Site 26 | 20 : 850 0 200 100 100 100 | 5 100
Winter 1982-83:
Damsite River , ‘ :
Alluvium 20 - | 100 220 200 20 ‘ 0 20 , 5 50
Watana Relict | | , | :
Channel 9 0 200 300 150 25 50 , 50 5 1c0
& : : ‘ . o | ‘
Borrow Sitc 5 0 150 300 150 25 150 150 20 100
Borrow Site E | 16 100 300 ’ 200 20 0 20 20 20 150
TOTAL' 1 | ) - o
(13,850 LF of , : ,
drilling) 100 45 2,200 1,120 1,015 255 - 355 395 | 55 615



8 - PROJECT SCHEDULE

Figure 8.1 is the proposed schedule for FY83‘Geotechnica1 Program. Key mile-

- stoné dates to ensure performance of the work specified in Sections 2 through 5

are the mobilization of drilling equipment and personnel for Phase I into the
field by July 6. Similarly, the mobilization of the hammer drill overland dur-
ing December will be critical to allow for drilling in the relict channel and
dam foundation. Therefore, to accomplish this, a contract for Phase I work must
be in place by the 2nd to 3rd week of June. The contract for the hammer drill

. must be let by September to allow adequate time for mobilization of the equip-

'ment‘to the site.

-32."



PHASE T ' . . _ : PHASE 1T | : PHASE I

‘ APR | MAY | JUN JL | AuG ] sep } ocT | Nov | DEC JAN | FEB | MAR | aPR | mMay | Jun
TASK | DESCRIPTION - 0 2 4 & 8 o 12 14 1§ 18 0 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S50

I | CONTRACTS ; } | l
| PHASEL | |
DRILLING |
'SEISMIC REFRACTION SURVEY
- PHASE II )

: ‘ SCOPE i ¥ '
DRILLING | , | nuzizlfnnu = T TN NOTICE TO BIDDERS— | .,
SEISMIC REFRACTION SURVEY | | - | . ‘ | 7 |
 PHASE I | e | o | | , 1 I - Orezrcrargoaassrienssnsr stz
2 | WATANA RELICT CHANNEL | | ‘ | g |
GEOLOGIC MAPPING |

| AUGER DRILLING & INSTRUMENTATION

. SCQPE L. BID DOCUMENTS,
SRKRBERENSESN . e e T et

NOTICE TO BIDDERS
] @ o

#* 4
e

DRILLING

HAMMER‘UD‘RILLI}NG B INSTRUMENTATION . | | " ] | R S R | | - -
SEISMIC REFRACTION SURVEY | | - | | ‘ ‘ IR | f |

3 | BORROW SITE D T | R T T T T r— 1 . : ]
GEOLOGIC MAPPING | | I— — | ‘ | | , B FE |

AUGER DRILLING & INSTRUMENTATION

| HAMMER DRILLING & MSTRUMENTATION | " {1 | i ] | - | ————
| MAIN DAM SITE ‘ | |
GEOLOGIC MAPPING

LOCATE SURVEY CONTROL POINTS <’ | | 1 L
'CIVIL STRUCTURES ' | ; | | | R |

GEOLOGIC STRUCTURES I B N | | s

HAMMER DRILLING (RIVER BED) ,, | o ' [ | 5 - [ ™ S—— .
CORE BORINGS (ABUTMENTS) : _ | f A » | ‘ | ,: | ‘ » \ A { i :xnunug.‘ruun’innu:xnnu:b-i
|  SEISMIC REFRACTION SURVEY 1 | | | wemes N | o |
5 | FOG LAKES RELICT CHANNEL: | | | L I | | _
| GEOLOGIC MAPPING - 1 : | R N R e

SEISMIC REFRACTION SURVEY : ' , | . | | ] e——
6 | BORROW SITE E _ ' |
| FAAMMER DRILLING & INSTRUMENTATION
7 | SURVEY conNTROL |
| SET UP MAPPING GRID POINTS | 1 p—ct—

 LOCATE SEISMIC LINES B | AR R R "m"‘ I } |
| LOCATE DRILLHOLES, ) | | e R | T R rre
8 | SUPPLEMENTAL REPORTS ] | [ B I

"? e -‘:2 IR Vgt e -
SUPP. REPORT PHASE X

R T e

~ GEOTECHNICAL SCHEDULE
| TASK ¥ FY 83

EE ik ’ - . S - I 8 ~ - , - LIV oy R . . [T o - . B i oy o ArLT e
SPSI : Lo b ) o o ) S . . o : : .

FIGURE 81




	0001-0001
	0001-0002
	0001-0003
	0001-0004
	0001-0005
	0001-0006
	0001-0007
	0001-0008
	0001-0009
	0001-0010
	0001-0011
	0001-0012
	0001-0013
	0001-0014
	0001-0015
	0001-0016
	0001-0017
	0001-0018
	0001-0019
	0001-0020
	0001-0021
	0001-0022
	0001-0023
	0001-0024
	0001-0025
	0001-0026
	0001-0027
	0001-0028
	0001-0029
	0001-0030
	0001-0031
	0001-0032
	0001-0033
	0001-0034
	0001-0035
	0001-0036
	0001-0037
	0001-0038
	0001-0039
	0001-0040
	0001-0041
	0001-0042
	0001-0043
	0001-0044
	0001-0045
	0001-0046
	0001-0047
	0001-0048
	0001-0049
	0001-0050
	0001-0051
	0001-0052
	0001-0053
	0001-0054
	0001-0055
	0002-0001
	0002-0002
	0002-0003

