




































































































































































































































































































































































































































































































































































































































































































Statement of and Conclusions 

At appropriate indicated conclusions, and recommen

dations have been discussed with Acres American Inc. Formal discus

sions have were held on 10 June 1980 prior to initiation of the field 

on 21 through 23 August 1980 at the conclusion of the field 
program, and on 22 through 24 October 1980 midway through the data 

analysis portion of the investigation. 

This report constitutes the formal presentation of opinions, recom
mendations, and conclusions for the 1980 work plan. A similar report 

will be prepared at the conclusion of the 1981 work plan after project 

feasibility has been evaluated. 

Opinions, recommendations, and conclusions occasionally have been pro

vided orally. Where appropriate, these opinions, recommendations, and 

conclusions have been documented in the project file. 

Peer Review 

Review is an integral part of all professional services rendered by 

Woodward-Clyde Consultants. It consists of requiring that one or more 

peers review opinions, recommendations, and conclusions to determine 

their adequacy on the basis of the data which have been acquired and 

the analysis which has been done. The Project Manager is responsible 

for the selection of peer reviewers, for assuring that the peer review 
is made and documented, for verifying that the peer reviewer has the 

necessary knowledge and skill to perform the review adequately (and is 

not directly involved in the activity reviewed), and for seeing that 

the results of the peer review are incorporated in the study. For 
this project, peer review was supplemented by a formal review board 

composed of experts in the field of seismic geology. These experts 

include members of Woodward-Clyde Consultants and an outside con

sultant described below in Section F.4. 
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F.3 -Documentation of Activities 

Activities including data acquisition and analysis, which are key parts 

of the study and which lead to the opinions, interpretations, and 

conclusions upon which this report is based, have been documented in 

accordance with procedures described in Sections 2.5 and 12 and in 

Appendices A and B of this report. Documentation is summarized as 

appropriate in this report. Additional documentation of activities 

which are important to providing repeatability of results, accurate 

results, and results that can be adequately reviewed by an independent 

review are filed in the project master file in the Orange~ California, 

office of Woodward-Clyde Consultants. Supervision of adequate docu

mentation procedures has been the responsibility of the Project Manager. 

This responsibility has been delegated to key professional members of 

the project team when appropriate. 

F.4 - Internal Review Procedures 

As summarized in Section F.2. internal review procedures for this pro

ject have included review by the project peer reviewers and by an 

internal review board (designated the Internal Review Panel). Project 

peer reviewers were members of the Internal Review Panel and were not 

involved with the technical production of the portion of the study for 

which they were providing peer review. 

The Internal Review Panel consisted of the peer reviewers, senior 

members of the Susitna Hydroelectric Project team experienced in seismic 

studies and Alaska geologic and seismologic conditions 9 and an outside 

consultant--Bob Forbes, Professor Emeritus of Geology 9 University of 

Alaska at Fairbanks. Table F-1 lists the peer reviewers, the Internal 

Review Panel members, and their respective review responsibilities. The 

peer reviewers possess the technical qualifications, practical exper

ience. and professional judgment, in the opinion of the Project Manager 
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and the Principal-in-Charge, to conduct the review of the project. The 

discuss ion be 1 ow presents the deta i 1 s of the review process and the 

documentation of the results. 

The review process included a critical evaluation of the basis and 
validity of all significant conclusions, opinions, evaluations, recom

mendations, designs, and other material required as an end result of the 
project services. The review (including peer review) did not include a 

complete check of detailed calculations, but emphasized establishing the 
validity of the technical approach and other procedures used to form an 

opinion of the suitability of the end result. Specific items considered 

in the review were: 

- Verification of scope and objectives 

-Validity of the technical approach 

-Validity of data used in analysis of evaluations 

-Thoroughness and completeness of the services 
-Validity and suitability of end results 

-Clarity of presentation, including sketches, drawings, and 

reports 

-Clarity of statement of limitation 

- Fullfilment of agreement between Woodward-Clyde Consultants and 

the Client (Acres American Inc.) 

As a final step in their review, the reviewers (including peer re
viewers) discussed their findings with the originators and resolved 
or defined any items of disagreement. When differences remained between 

originator and reviewers, they were resolved under the direction 

of the Project Manager or the Principal-in-Charge prior to completion of 
the review process. 
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The review process involved the following: 

(a) A review was conducted by one peer review member and two members 

of the Internal Review Panel of the status of the investigation 

immediately prior to the geologic field reconnaissance study. This 

review included evaluation of the planned field reconnaissance 

study. The review was conducted on 27 June 1980. Results of the 

review were incorporated into the field study. 

document the results of the review. 

I nforma 1 notes 

(b) A peer review was conducted midway through the geologic field 

reconnaissance study. This review was conducted by a peer reviewer 

from 29 through 31 July 1980. A memorandum summarizing the results 

of the review are on file in the master project file. 

(c) A review of the geologic field reconnaissance study was conducted by 

peer reviewers and by the Internal Review Panel members in the field 

at the conclusion of the field study. The review was conducted from 

22 through 24 August 1980. A memorandum summarizing the results of 

the review are on file in the master project file. 

(d) A review of the short-term seismologic monitoring program was 

conducted by a member of the Internal Review Panel during operation 

of the network. The review was conducted from 2 through 24 August 

1980. Rev i evi comments were incorporated into the network opera

tions. 

(e) A review of the draft report was made by peer reviewers and by the 

members of the Internal Review Panel. This review was conducted 

between 1 and 5 December 1980. Written comments on the reports were 

incorporated into the final report issued to Acres American Inc. 

Peer review statements (Figure F-1) were completed by the appro

priate peer reviewer and filed in the master project file. 
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F .5 - Audits 

The Quality Assurance Officer in the Orange, California, office of 

Woodward-Clyde Consultants monitors proper conduct of peer review pro

cedures for projects such as Task 4 of the Susitna Hydroelectric 

project. In addition, the Quality Assurance Officer of the Western 

Region of Woodward-Clyde Consultants periodically holds quality assur

ance audits to verify the pr~per conduct of the peer review procedures. 

Procedures for audits are covered in the Woodward-Clyde Consultants 

Quality Assurance Manual. 
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TABLE F -1 

ECT PEER REVIEW AND INTERNAL REVIEW PANEL MEMBERS 

Subtask Review Responsibility 
Review Member Affiliation Peer Internal Review Panel 

Or. Duane Packer Woodward-Clyde 4.01, 4.03, 4.01 through 4.06 
Consultants 4.05, 4.06 

Dr. Tom Turcotte Woodward-Clyde 4.02, 4.06 None 
Consult ants 

U. Savage Woodward-Clyde 4.04 4.02, 4.04, 4.06 
Consultants 

George Brogan Woodward-Clyde None 4.01 through 4.06 
Consultants 

Dr. Robert Forbes University of None 4.05, 4.06 
Alaska, Fairbanks 

Or. I. M. Idriss Woodward -C 1 yde 4.07, 4.08 None 
Consu 1 t ants 

Subtask descriptions are: 

4.01- Review of available data 
4.02 - Short-term seismologic monitoring 
4.03- Preliminary evaluation of reservoir-induced seismicity 
4.04 - Remote sensing analysis 
4.05 - Seismic geology reconnaissance 
4.06 - Evaluation and reporting 
4.07 -Preliminary ground motion studies 
4.08 -Preliminary analysis of dam stability 



PEER REVIE~ DOCUMENTATION 

--------------------------------------------No. _________ _ 

Specified Scope of Review ____________________________ _ 

REVIEWER'S STATEMENTS 
A. 1 have reviewed the above-referenced project in accordance with the speci

fied scope. My conclusions are ~s follows: 

1. Conformation to required scope 
and definition of service 

2. Basic field and laboratory data 

3. References, documents, and 
correspondence in files 

4. Assumptions, technical approaches, 
.lind solutions 

5. Checking of calculations, 
drawings, graphs, and tables 

6. Specifications, opinions, judg
ments, conclusions, ~nd 
recommendations 

7. Organization, clarity, and 
completeness of report 

8. Others _________ _ 

Satis- See Comment Not 
factory Number Applicable 

Ccmments: ____________________________________________ __ 

Attached are additional comments Nos. ________________ _ 

Reviewer ____________ Date ________ _ 

B. I have discussed my corrments with the originator, _________ _ 

and all have been resolved as described in ~ttachments _________ ___ 

exc2pt Nos. __________________________________ __ 

Rev1 ewer _____________ Date. ______ _ 

Comments not resolved by reviewer discussions with originator have been 

resolved as described in 

Responsible Pri ·------------Date'--------
Rev. No. 0 Date 20 Dec 1977 I~R Peer Review Procedure Page 5 
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APPENDIX G - GLOSSARY 

Allochthonous 

Aleutian Megathrust 

Amygdaloidal 

Anastomosing Stream 

Anelasticity 

Aseismic 

Batho 1 ith 

Formed or occurring elsewhere than in place; 

of foreign origin or introduced. 

The major collision boundary between the 

Pacific and North American Plates where the 

Pacific Plate is descending into the earth's 

mantle. 

Gas cavities in igneous rocks that have been 

filled with secondary minerals such as 

quartz, calcite, chalcedony, or zeolite. 

A stream that divides into or follows a 

complex network of several small, branching 

and reuniting shallow channels separated from 

each other by islands or bars, resembling in 

plan the strands of a complex braid. 

The effect of attenuation of a seismic wave; 

it is symbolized by Q. 

An area of generally low seismicity that can 

have tectonic deformation which is not 

accompanied by earthquakes. 

A large, generally discordant mass of 

igneous rock which was intruded originally at 

depth and now has more than 40 square mi 1 es 

(104 km2) in surface exposure. It is 

composed predominantly of medium to coarse 

grained rocks, often of granodiorite com

position. 
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Benioff zone 

Candidate Feature 

Candidate Significant 

Feature 

Cat ac 1 as tic 

Consanguineous 

Crag and Tail 

Seismicity associated with plates of the 

earth's crust which are sinking into the 
·upper mantle. In Alaska, the Benioff zone is 

associated with underthrusting of the Pacific 

plate beneath the North American plate. 

A term used in this study to identify faults 

and lineaments that may affect Project design 

cons ide rat ions based on the application of 
length-distance screening criteria prior to 

field reconnaissance studies. 

A term used in this study to identify faults 

and lineaments that may affect Project design 

considerations based on length-distance 

screening criteria and a preliminary assess

ment of seismic source potential and poten

tial surface rupture through either site 

using the results of the field reconnaissance 

studies. 

The granular fragmental texture induced in 

rocks by mechanical crushing. 

The relationship that exists between igneous 

rocks that are presumably derived from the 
same parent magma. 

An elongate hill or ridge resulting from 

glaciation. The crag is a steep face or knob 
of ice-smoothed, resistant bedrock at the end 

of the ridge from which glacial ice came. 
The tail is a tapering, streamlined, gentle 
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Dextral Fault 

Drift 

Drumlin 

Ductile 

Dynamometamorphism 

End Moraine 

Fault 

Fault with Recent 

Displacement 

slope of intact weaker rock and/or till that 

was protected in part from the glacial ice by 

the crag. 

A strike-slip fault along which, in plan 

view, the side opposite the observer appears 

to have moved to the right. 

All rock material transported by a glacier 

and deposited directly by or from the ice or 

by meltwater from the glacier. 

An elongate or oval hill of glacial drift. 

A rock that is able to sustain, under a given 

set of conditions, 5 to 10 percent deforma

tion before fracturing or faulting. 

The alteration of rock characteristics 

primarily by mechanical energy (pressure and 

movement). 

A ridge of glacial sediments deposited at the 

margins of an actively flowing glacier. 

A surface or zone of closely spaced fractures 

along which materials on one side have been 

displaced with respect to those on the other 

side. 

As defined for this study, a fault which has 

had displacement within approximately the 

last 100,000 years. 
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Flysch 

Geosyncline 

Glacial Scour 

Gouge 

Hypocenter 

Intercalated 

Kame 

A thick and extensive deposit largely of 

sandstone that is formed in a marine environ
ment (geosyncline) adjacent to a rising 

mountain belt. 

A mobile downwarping of the crust of the 

earth, either elongate or basin-like, 

that is subsiding as sedimentary and volcanic 

rocks accumulate to thicknesses of thousands 

of meters. GeosynGlines are usually measured 
in scores of kilometers. 

The eroding action of a glacier, including 

the removal of surficial material and the 
abrasion, scratching, and polishing of the 

bedrock surface by rock fragments dragged 

along by the glacier. 

Soft clayey material often present between a 
vein and a wall or along a fault. 

That point within the earth that is the 

center of an earthquake and the origin of its 

elastic waves. 

A material that exists as a layer or layers 
between layers or beds of other rock; 

interstratified. 

A short ridge, hill, or mound of poorly 

stratified sediments deposited by glacial 
meltwater. 
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Kettle 

Klippe 

Lee 

Lineament 

L it-par-1 it 

Magnitude 

Consultants 

A steep-sided, usually basin- or bowl-shaped 

hole or depression without surface drainage 

in glacial deposits. 

An outlying isolated remnant of an overthrust 

rock mass. 

T he s i d e of a h il l , k n o b , o r prom i n en t roc k 

facing away from the direction from which an 

advancing gl~cier or ice sheet moved; facing 

the downstream side of a glacier. 

A linear trend with implied structural 

control (including but not limited to 

fractures, faults, etc.) typically identified 

on remotely sensed data. 

Having the characteristic of a layered rock, 

the layers of which have been penetrated by 

numerous thin, roughly parallel sheets of 

igneous material. 

Magnitude is used to measure the size of 

instrumentally recorded earthquakes. 

Several magnitude seal es are in common usage 

(Richter, 1958). The differences in these 

magnitudes are caused by the way in which 

they are each calculated, specifically, the 

periods (frequency) of the waves which 

are used in each measurement. ML is the 

original Richter magnitude which was devel

oped for Southern California earthquakes 

recorded on Wood-Anderson seismometers (free 
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Metabasalt 

Microearthquake 

Migmatite 

Miogeosyncline 

Modified Mercalli Scale 

Noncomformity 

period 0.8 second) at distances of 372 miles 

(600 km) or less. Ms and Mb use signals 

recorded at teleseismic distances 1,240 miles 

(2,000 km or greater). Ms measures the 

amplitude of surface waves with periods 

of 20 seconds and the Mb is a measure of 

the 1 second body waves. The variations in 

the magnitude calculations are due in part to 

the fact that different size earthquakes 

generate relatively different amounts of 

energy in these frequency bands. 

Volcanic rock (basalt) altered by temperature 

and pressure to a metamorphic rock. 

An earthquake having a magnitude (ML) of 

three or less on the Richter scale; it is 

generally not felt. 

A rock (gneiss) produced by the injection of 

igneous material between the laminae of a 

schistose formation. 

A geosyncline in which volcanism is not 

associated with sedimentation. 

An earthquake intensity scale, having twelve 

divisions ranging from I (not felt by people) 

to XI I (damage nearly total). 

A substantial hiatus in the geologic record 

that typically implies uplift and eros ion. 

The gap occurs between older igneous or 

metamorphic rocks and younger sedimentary 

rocks. 
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Normal Fault 

Pluton 

Pyroclastic 

Rejuvenation 

Reservoir-Induced 

Seismicity 

Reverse Fault 

Significant Feature 

A fault along which the upper (hanging) wall 

has moved down relative to the lower wall 

(footwall). 

An igneous intrusion formed at great depth. 

Formed by fragmentation as a result of a 

volcanic explosion or aerial expulsion from a 

volcanic vent. 

Renewed downcutting by a stream caused 

by regional uplift or a drop in sea level. 

The phenomenon of earth movement and resul

tant seismicity that has a temporal an.d 

spatial relationship to a reservoir and is 

triggered by nontectonic stress. 

A fault in which the upper (hanging) wall 

appears to have moved up relative to the 

lower wall (footwall). 

A term used in this study to identify the 

faults and lineaments that are considered to 

have a potential effect on Project design 

considerations pending additional studies. 

Selection of these features was made on the 

basis of length-distance screening criteria 

and final assessment of their seismic source 

potential and potential for surface rupture 

through either site using the results of the 

field reconnaissance studies. 

G - 7 



Slickensides 

Solifluction 

Stade 

Stoss 

Stoss and Lee 

Topography 

Stratovolcano 

A polished and smoothly striated surface that 

results from friction during movement along a 

fault plane. 

The slow (0.2 to 2 inches/yr (0.5 to 5 

cm/yr)) creeping of wet soil and other 

saturated fragmental material down a slope, 

especially the flow initiated by frost 

act ion and augmented by meltwater from· 

alternate freezing and thawing of snow and 

ground ice. 

A substage of a glacial stage; time repre

sented by glacial deposits. 

The side or slope of a hill, knob, or 

prominent rock facing the direction from 

which an advancing glacier or ice sheet 

moved; facing the upstream side of a glacier. 

An arrangement, in a strongly glaciated area, 

of s m a 11 h i 1 1 s or prom i n en t rocks h a v i n g 

gentle slopes on the stoss side, and somewhat 

steeper, plucked slopes on the lee side. 

A volcano composed of explosively erupted 

cinders and ash interbedded with occasional 

lava flows. 
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Talkeetna Terrain 

Thrust fault 

Whal eback 

Region (including the Project) of relatively 

uniform response within the current stress 

regime. The Terrain has the follo111ing 

boundaries: the Oenal i-Totschunda fault on 

the north and east, the Castle Mountain fault 

on the south, a broad zone of deformation and 

volcanoes on the west and the Benioff zone at 

depth. The Terrain is inferred to be a 

relatively stable tectonic unit with major 

strain release occurring along its boundaries. 

A low angle reverse fault. 

A small, elongate, protruding knob or hillock 

of bedrock, most commonly granitic, sculp

tured by a large glacier so that its long 

ax i s i s or i e n ted i n t h e d i r e c t i on of i c e 

movement. It is characterized by an upstream 

side that is gently inclined and smoothly 

rounded but striated and by a downstream side 

that is steep and rough. 
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