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ALASKA POWER AUTHORITY, , 
SUSITNA HYDROELECTRIC PROJECT 
PROJECT STATUS REPORT, JANUARY 198!_ 

The Power Authority's External Review Board for the Susitna Project will be 
first convened in Anchorage January 22 through 24, 1981. This Project Status 
Report is intended as background data on the Acres ftrnerican study work to date. 

The Plan of Study is subdivided into 13 Tasks covering specific areas. of study. 
The report is presented on a Task by Task basis.· 

Task 1- Power Studies 

Task 1., as now comprised, is substantially complete. A review of the energy 
forecasts for the Railbelt region prepared by the Institute for Social and 
Economic Research (ISER) has been completed. The results are summarized in the 
attached Figure 4.5. Issue of a detailed report is imminent. Forecasts of peak 
electrical demand for the ISER energy forecasts have been completed by 
Woodward-Clyde Consultants under subcontract to Acres. The attached Table 
3.2.12 presents the forecast for the Railbelt for the ISER 11 mediumu forecast. 

Task 2- Surveys and S_ite Facilities 

A 40-man camp was opened at the Watana dam site in March 1980. Camp con
struction was undertaken by the Cook Inlet Region Inc. ~ Holmes & Narver joint 
venture through various native owned construction companies, all under sub
contract to Acres. The camp is currently operated and maintained by the native
owned KNIK/A.O.C. 

Aerial photography and control network surveys for the project area were under
taken by R&M Consultants under subcontract to Acres, and are substantially com
plete with the exception of the proposed dam and reservoir areas. These surveys 
are scheduled for early 1981. 

Access road studies are in progress. 

Task 3 - Hydrologx 

Available information on pr·evious hydrologic stuoies and data have been 
assembled and reviewed. An inaex of available data has been produced and 
issued to study team members. 

An extensive field data collection network has been established and data 
collection is well underway (see attached figure). The USGS has restarted two 
discontinued stream gaging stations and installed one new one. R&M Consultants 
have established and are operating a new gaging station at the Watana site. 
They have also installed six automatic climatic st~tions throughout the basin 
and have developed computer programs to process the large volumes of data on 
temperature, precipitation, wind, solar radiation and humidity collected from 
these stations. In addition to the above, the data network incorporates water 
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crest level indicators and suspended sediment and water quality sampling in the 
Susitna "River, a 1arge number of snow course stations throughout the basin and 
specialized equipment ·~o measure transmission line icing loads. The field pro-
9f'am also incorporates an extensive river ice monitoring program for freeze-up 
and break-up periods. 

Initial desk studies have been completed. These have involved the generation of 
30 years of monthly streamflow data at potential reservoir sites in the basin 
using statistical correlation techniques as well as a reasessment of the flood 
peak frequency relationships at the Watana and Devil Canyon dam sites. Based on 
ava.ilable information, preliminary wind speed and ice load design criteria have 
been established for transmission lines. A preliminary assessment of the poten
tial impact of the project on the morphology of the lower Susitna River (i.e. 
below Talkeetna) is in progress. 

Task 4 - Seismic Studies 

Seismic studies are being performed by Woodward-Clyde Consultants under sub
contract to Acres. Subtasks 4.01 through 4.07 scheduled for the 1980 season 
have been completed with the exception of low sun angle photography. This work 
was held up due to inclement weather and will be performed during the 1981 
spring season. The results of these studies are being incorporated in an 
11 Interim Seismic Studies 11 report draft which is currently unaer review. 
Subtask 4.08 - pr2liminary Analysis of Dam Stability has been initiated. 

The investigation conducted to date has included review of available geologic 
and se~smologic literature and data; monitoring microearthquake activity for 
three months within approximately 30 miles of Watana and Devil Canyon sites with 
a 10-station microearthquake network; a preliminary assessment of the potential 
reservoir induced seismicity; interpretation of existing remotely sensed data; 
geologic field reconnaissance of faults and lineaments within approximately 60 
miles of the Watana and Devil Canyon sites and preliminar·y estimates of 
characteristics of earthquakes at the two sites. 

Preliminary results of these studies suggest that the Talkeetna Terrain, a tec
tonic unit in which the site is located, is relatively stable. The major strain 
release occurs at the boundaries of the terrain along the Denali-Totschunda and 
Castle Mountain faults and the Benioff zone. There has been no major historical 
earthquake within this terrain and studies conducted during 1980 have found no 
evidence of recent displacement along any fault or lineament within the 
Talkeetna Terrain. 

The microseismic network data suggest that the seismicity within the Talkeetna 
Terrain can be clearly delineated as crustal events occurring at depths less 
than 18 miles and as Benioff zone events occurring at greater depths. Tne depth 
of Benioff zone at the dam sites is estimated to be 34 to 40 miles. There is no 
apparent association of microearthquake activity witn any significant fault or 
lineament. 
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The preliminary assessment of reservoir induced seismicity has been made by 
reviewing world-wfde data. Based on the relatively large volume and the depth 
of the reservoits, there is potential for reservoir induced seismicity should 
it be determined that tectonic related faults with recent movement are located 
within the vicinity of the reservoirs. However, as pointed out earlier, 
studies completed to date have produced no evidence of any recent displacement 
along any fau~t or lineament within this region. 

Additional studies will be undertaken during 1981. These studies will include 
detailed geologic investigations on 13 significant features identified during 
the 1980 activities, additional air photo analysis and low sun angle photo
graphy. Recommendations will be made for the installation of a long-t~ 
seismologic network. The results will be analyzed to refine the earthquake 
design parameters and maximum credible earthquake and to assess the stability 
of dams and ti~e soils along the transmission corridor and the access routes. 

Task 5 - Geotechnical Studies 

Subtasks 5.01, 5.03 and 5.04 have been completed. Subtask 5.02- Photo Inter
pretation is being performed by R&M Consultants under a subcontract to Acres 
and a major portion has been completed. Subtask 5.05 - Exploratory Program 
Design for 1981 is currently being finalized. 

An extensive search for available geological and geotechnical data was made. 
All available data on regional and site geology and subsurface explorations for 
the Devil Canyon, Watana, Vee Canyon and Denali sites was collected and re
viewed. Geologic mapping was performed using helicopter reconnaissance at 
Devil Canyon and Watana dam sites and reservoirs, and selected areas adjacent 
to the reservoirs. Ground traverses, bedrock mapping and joint mapping was 
done for selected areas near the dam sites. 

Diamond core drilling was performed by R&M and included three NX size holes 
at ~~Iatana and three holes at Devil Canyon site totaling approximately 3,800 
feet of drilling. Downhole geophysical survey was done for five of these six 
holes by EDCON under a subcontract to R&M. All six holes were water pressure 
tested to determine water losses and permeabil·ity. Borehole temperature 
probes and multiple tip piezometers were installed in borehole BH-6 at 
Watana and boreholes BH-1 and BH-4 at the Devil Canyon site. (See actached 
figures). 

Seismic refraction survey was performed for the two dam sites and the borrow 
areas along eleven separate traverses. The work was performed by Woodward
Clyde Consultants under subcontract to R&M. A total of 27,800 feet of 
refraction line was surveyed. 

Auger drilling was conducted in the borrow areas for both sites. At Watana, 
four auger holes were drilled in borrow area D (source for core material) and 
nine holes in borrow area E (source for filter material and concrete aggregate). 
At the Devil Canyon site, two auger holes were drilled in alluvial fan just 
upstream from the dam site. The drilling was performed using a platform 
mounted CME-45 drill rig and an eight inch O.D. continuous flight auger. Extreme 
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difficulties were encountered due to hard or gravel/cobble ground conditions. 
For this reason, the scope of 1980 borrow area i nvesti gati ens was modi fi ~d c~on
siderably. This work will now be performed during 1981 winter season us1ng 
different dri 11 i ng equipment. Soi 1 samp 1 es WE:- .~e obtai ned ~rom borrow areas for 
c"lassification and testing. Selected samples were tested 1n the laboratory for 
moisture content, Atterberg limits, grain size and compaction. 

Results of geologic mapping, subsurface investigations are being analyze~ and 
inteqrated with data collected from seismic refraction, downhole geophys1cs and 
results of previous investigations. The data is being co~piled in a report to 
be issued summarizing the 1980 activities. The plans for 1981 activities c.re 
being formulated on the basis of these data and the engineering de~ign reqtlire-
ments. 

Task 6 - Design Development 

Susitna Basin Development Studies 

All previous Susitna Basin planning and ergineering design studies have be!en 
reviewed. Appropriate information such as cost estimates, energy and poWE!r 
production figures and engineering layouts nave been assembled. 

A preliminary evaluation of the tunnel alternative to the Devil Canyon da·n has 
been completed. The best tunnel scheme, based both on economic and envirJn
mental criteria, involves a 250 ft. high re-regulation dam located some 16 miles 
downstream from the Watana site. One 40 ft. diameter or two 30 ft. diameter 
power tunnels 14 miles long divert the water from this dam to a 300 MW pcwerhouse 
located just upstream from the current Devil Canyon site (see attached f:gure). 

Comparison of this scheme with the Watana/Devil Canyon dam alternative l 11dicates 
that the costs are approximately 10% higher and that the energy yield is 15% 
lower. However, it is anticipated that the environmental impact of the ~unnel 
scheme would be le3s. 

Studies aimed at developing an optimum Susitna Basin development plan art! cur
rently being wrapped up. Initially the 12 dam sites previously identifit~d 
with~n the basin were selected (see attached Figure 1 ). Field reconnais~iance 
trips and a study of topographic mapping did not indicate that any addit·onal 
sites warranted attention. A two step screening process involving econor1ic, 
environmental and minimum total capacity requirement criteria was applied to 
reduce these 12 sites to the four more promising alternatives. These in\'olve 
the Watana and Devil Canyon sites or alternatively the High Devil Canyon and 
Vee sites. Detailed energy simulation and cost studies were carried out for the 
above short listed schemes. The economics of staging of the dams at Watcna 
and High Devil Canyon was also investigated. These studies included developing 
general arrangements far staging both a fill and a concrete dam at Watana. The 
results of these studies indicate the following: 

- as a first stage development, High Devil Canyon appears to be slightly 
more economic than Watana; however, the Watana/Devil Canyon scheme is a 
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more cost effective method of developing a larger portion of the basin 
potential; 

-the most. appropriate Susitna Basin development scheme involves a full 
height Watana dam (full supply level 2200 ft.) with an installed capacity 
of 400MW. 

This would be followed by construction of the Devil Canyon dam (full supply 
level 1440 ft.) with an installed capacity of 400fv1W. An additional 400MW 
could be installed at Watana and 200MW at Devil Canyon should the system 
require additional capac ty. 

It should be noted that the above conclusions are preliminary and are currently 
being subjected to a thorough in-house review. Also~ the dam heights and 
installed capacities specified are approximate. Additional studies will be 
undertaken during 1981 to further refine these values. 

More detailed engineering studies have been conducted at the Watana and Devil 
Canyon dam sites. 

At the Watana site preliminary cost comparisons between a concrete arch dam and 
a fill dam have been completed and indicate that the fill dam is more 
economical. Work has been started on a conceptual design of the fill dam cross 
section. 

At the Devil Canyon site the relative economics of various dam types is not that 
clear cut. Therefore~ more refined general arrangements are being developed for 
the three dam types being considered, i.e., 

- Concrete thin, double curvature arch dam; 
- Concrete gravity arch dam; 
- Rockfi 11 dam. 

Stress analyses (using a finite element program) have been carried out for the 
various concrete darn types being considered. The WPRS (formerly the USBR) arch 
dam design tools, the ADSAS stress analysis and HEATFLOw thermal analysis 
computer programs have been set up and are being used to refine some of the 
arch dam concepts oeing considered. 

Generation Planning Studies 

In order to undertake the generation planning studies information was developed 
on alternative generation facilities such as thermal and alternative 
hydroelectric. The potential for load management and conservation was also 
considered. 

Capital cost estimates for thermal generating units including 100,250 and 5UOMW 
coal fired, 250MW combi¥ted cycle, 75MW gas turbine, and 10MW diesel plants have 
been finalized. As assessment of fuel values and availability has also been 
completed~ The fuels considered include coal, natural gas, and oil. 
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A short list of hydroelectric options has been developed. Initially, a list of 
91 potential sites was obtained from COE and Alaska Powe}~ Administration study 
resu1ts. Utiliz·ing economic and cost criteria, these sites were screened down 
to a short list of 10 sites including 2 projects in the 0-25MW capactiy range, 6 
in the 75-lOOMW and 2 in the 100+ M~J range. Conceptual layouts and costs were 
developed for each of these sites. Computer simulations of energy and power 
production have also been completed. 

Environmental input was provided to both the screening of the hydroelectric 
sites and·to determine general impacts associated with the thermal facilities. 
The Susitna Steering Committee has been involved in the screening of the 
hydroelectric sites. Their final evaluation of the short listed sites is still 
pending. 

An assessment of the potential for load management and energy conservation has 
been completed. Conceptual approaches for including load management and energy 
conservation in the generation planning studies have been formulated, possible 
effects in reducing energy consumption assessed and modified forecasts have been 
produced. 

The planning methodology for the Susitna project was developed. Basically, it 
calls for the planning of the Susitna Basin development, i.e. the determination 
of the best dam sites, dam heights, installed capacities and on-line dates using 
economic parameters. (i.e. a discount rate of 3% and a general escalation rate 
of 0%). Financial analyses (using an interest rate of 10% and a general 
escalation rate of 7%) would then be performed on the selected generation 
plans. 

Initial generating system analyses utilizing economic parameters for the with 
and without Susitna plans for the low, middle and high load forecasts have been 
completed. The computer model used is a production costing model developed by 
Generai Electric (OGPV). The with Susitna options include both the Watana-Oevil 
Canyon plans as well as the High Devil Canyon-Vee plans. A range of different 
arrangements for staging of project components involving both staging of dam 
and powerhouse construction were reviev-ted. 

Indications are that Susitna hydro projects are extremely economic when compared 
to thermal alternatives. Staging of dam construction at the Watana site does 
not appear to be economic. 

Task 7 - Environmental 

Study plans and detailed procedure manuals have been reviewed by the inter
governmental Susitna Hydro Steering Committee and FERC. Field programs for 
collecting environmental baseline data have commenced in all major disciplines. 
The 1980/81 vJi nter fisheries pr·ogram conmenced in November and i ni ti a l steps 
have been undertaken to develop a detailed instream flow program. Numerous 
big game species have been collared and radio-tracking continues. A wildlife 
mitigation task force is in the process of being established. Bird and non
game mammal studies have included a survey of intensive study plots and measure
ment of habitat variables. Land use studies involved agency/landowner inter
views and a history of the area was developed by interviewing various people. 
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A reconnaissance level archaeological survey of the project area included 
identifica·tion of sites requiring intensive testing in 1981 and the clearance 
of boreholes, seismic lines, borrow areas and helicopter landing zones. 
Potential recreation areas have been identified, five conceptual recreation 
plans have been developed~ and a recreation questionnaire distributed. Vege
tation habitat mapping has been conducted at various scales throughout the study 
area. Wetland maps for the impoundment and borrow areas are in the final stages 
of preparation. Environmental input has been provided into preliminary screening 
of access road and transmission line corridors. Most likely socioeconomic impacts 
have been identified and the development of detailed socioeconomic profiles 
corrmenced. 

Environmental input to the Task 6 basin planning and design studies is being 
provided on a continual basis. To date the tunnel alternatives have been 
assessed, Susitna development options have been compared and preliminary 
environmental design criteria have been established. 

Task 8 - Transmission 

A review of the Interim Feasibility Report for the South Central Railbelt 
Area prepared by the COE as well as the IECO report has been completed. The 
purpose of the review was to eliminate some of the less attractive corridors 
and to identify corridors that require further study. 

A review of the load forecasts produced by ISER and Commonwealth Associates and 
the Woodward-Clyde peak demand forecast has been completed. 

A preliminary corridor screening study has been completed and a short list of 
corridors was selected for further study. These were located on 1:63360 scale 
maps which were available as input to environmental biological and foundation 
studies. (See attached figure) The preliminary center lines of the routes 
have also been identified. A draft report discussing these screening activities 
has been completed and is currently being reviewed in house. The issue of a 
detailed report is immenent. 

Electrical system data was obtained by R. W. Retherford Associates from the 
various utilities in the Railbelt area and made available to Acres for the 
system studies. The data received was analyzed as to the generation loads and 
transmission systems. 

Studies have been initiated to determine likely points for interconnecting 
existing utilities to the Susitna transmission lines. 

Investigation of transmission line capabilities and voltage level require
ments were commenced. Preliminary load flows of various transmission 'line 
configuration have been carried out. Al1 these studies have considered full 
Susitna development at a 1500MW upper limit. Studies are now being initiated 
for 400 an·ct 800MW deve 1 onments . • 
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Task 9 - C.onstruction Cost Estimates and Schedules 

Other than some preliminary data gathering and an assessment of data needs no 
work has been done as yet. 

Task 10 - Licensing 

Continued contact with FERC is being maintained and a comprehens1Ve set of 
technical memcranda outlining the required input procedures for ·the individual 
study tasks to the license exhibits have been prepared and issued to study team 
members. 

Task 11 - Marketing and Finance 

A procedures manual outlining the table of contents for the Project Overview 
Report has been finalized and draft sections of the report have been produced. 
Preliminary financial analysis of the Susitna project have been corned out and 
a financial computer model has been set up. Conceptual financing plans for the 
project are currently being modeled. 

Task 12 - Public Participation Program 

Throughout the year Acres and subcontractors have provided input to the public 
participation program conducted by APA. To date Acres has attended one official 
public meeting and two workshop sessions. In addition, Acres has responded, on 
an as requested basis, to questions on the project submitted to APA as part of 
their Action Response Program. 

Task 13 - Administration 

Study schedule and cost control procedures have been developed and implimented. 
A project procedures manual has been prepared and issued. The 1atest study 
schedule is attached. 
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EXECUTIVE SUMMARY 

1 - INTRODUCTION 

This Plan of Study (POS) has been prepared by Acres American incorporated in 
response to the request of the A1aska Power Authority to provide a program 
leading to a license application to the Federal Energy Regulatory Commission 
for cc~nstruction of the Susitna Hydroelectric Project. Hajor contribucors 
to the plan and proposed participants in its implementation include R & M 
Consultants Incorporated (R & M), Terrestrial Environmental Specialists 
Incorporated· (TES), Frank Moolin Associates (FNA), ~1oodward-Clyde 
Consultants (WCC), Salomon Brothers, and Cook Inlet Region Incorporated/ 
Holmes and Narver (CIRI/H & N). 

The complete plan is made up of three major parts in addition to this 
executive sumnary. Part A sets forth the study plan itself and includes the 
establishment of program objectives, an overview of the study approach, a 
budget summary, a logistical plan, detailed activity descriptions, a 
proposed project schedule, and a summary assessment of vmrk which must be 
continued beyond the point of license application. Part B is devoted to 
implementation of the plan. Key personnel assignments~ an organi:ational 
structu~e, and coordination procedures are contained therein~ Supplemental 
information in Part C provides supporting materials such as evidence of the 
qualifications of proposed corporate team members, detailed resumes for key 
project personnel, and si~ilar i~ems. 

2 - BACKGROUND 

A series of studies conduc~ed ini:ially by the Bureau of Reclamation and 
subsequently by the Ccrps of Engineers 1 ed to the recommendation that a two 
dam system should be constructed on the Susitna River. The upper dam at 
Watana would be an 810-foot-high earthfill structure and the lower a 
635-foot-high concrete thin arch dam at Devil Canyon. Transmission lines 
would extend north and south to Fairbanks and Anchorage respectively, for a 
total of 365 miles. 7he total project was selected by the Corps as the 
best of several alternatives to contribute to satisfaction of a projected 
energy demand of 15 billion kilowatt hours by the year 2000. 

The Corps 1 recor.:mendation resul:ed in Congressional authorization to proceed 
1 with detailed feasibility studies in a coooerative effort with the State of 
·Alaska under ~~av~sions of Section 2D3(e) of che Water Resources Development 

Act of 1975. Should feasibility be demonstrated, study costs would be 
reimbursed by :he State. Amendments are currently being sought to facili
tate the funding process and expedi:e s"!:udy initiation. 

It is the intent of the State of Alaska, through the Alaska Power Authority, 
! to undertake t:;e detailed s-:udies required before a defini~e cons~ruction 
I decision car. be made. An a1ternative to consummating the cooperative 
i agreement wi~h the Ccr~s of Engineers is to finance the study entirely with 

State resources, contracting with a private engineering finn to do those 
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studies necessary to prepare and file a license application. Acres American 
I Incorporated was selected as one of three private engineering firms to l prepare plans of study. 

l 
! 
I 3 - PROJECT OBJECTIVES 

The primary objectives of the proposed study ar·e threefo 1 d: (1) Estab 1 ish 
technical, economic and financial feasibility; (2) Evaluate the 
env~ronmental consequences of designing and constructing the Susitna 
Project; and (3) File a complete license application \·lith the FERC. 

Included within these overall objectives are certain specific items which 
must be satisfied .. This latter group includes assessment of alternatives, 
preparation of an optimal development plan, cost estimates, risk analysis, 
environmental and social factor evaluations, annual system power cost 
estimates, preparation of the application itself, a public participation 
program, preparation of a plan for financing, minimization of study costs 
consistent with the satisfaction of other objec~ives, and maximization of 
employment opportuni~ies in Alaska--including affirmative actions for native 
hire. 

4 - PROPOSED APPROACH 

Acres proposes to accomplish the essential objectives of the POS within a 
period of t'r'IO and one half years. January l, 1980 is the projected start 
date. In order :o satisfy a11 of :he objectives \vithin this time frar.~e, 
Acres has assembled a team which brings to the Susitna projec~ a unique 
ccmbinatioo nf capability and expertise, largely Alaska based. The group 
provides: 

(i) A powerful des~gn/prcject/construction management team experienced in 
studies, econowic evaluation, risk analysis, alternatives 
assessments, licensing, desfgn, financing and cons~ruction of large 
hydroelectric projects. 

(ii) Strong northern and subarctic experience. 

(iii) A skilled and readily available field exploration team with 
facilities, personnel and equi~ment experienced in all aspec~s of 
hydrologic and geotechnical design and exploration, particularly in 
the vicinity of the Susitna site. 

(iv) An exceptional team of environmental spec~alists with first-hand 
knowl~dge and experience of the project area and ready ~o work 
ciosely with state environmen:al agencies in effec~ively mee:ing the 
requiremen:s of the plan of study. 

(v) A ca~abil ity for detailed seismic s:udies by renovmed experts as well 
as a cooprehensive external review. 

(vi) A logistic su~~ort capability wh~ch draws heavily upon the skills of 
Alaskan ~ati'les whc~e lane selections are in the project area. 

-
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I (:vii).· financial advice from an investment banking firm skilled in handling I tax-exempt bond issues. 

1 

r : . ' ' 
I I 

The combined knowledge, experience, and equipment of the Acres team will be 
brought to bear upon the project objectives through the accomplishment of 
thirteen specific tasks, each one of which is subdivided into a number of 
subtasks. In every case, task and subtask objectives are expl icit1y 
defined, as are proposed approaches) levels of effort, and schedules. The 
thirteen major tasks are: 

Tas~ 1 Power Studies 
Task 2 Surveys and Site Facilities 
Task 3 Hydrology 
Task 4 Seismic Studies 
Task 5 Geotechnical Exploration 
Task 6 - Design Development 
Task 7 ~ Environmental Studies 
Task 8 Transmission 
Task 9 Cost Estimates and Schedules 
Task 10 - licensing 
Task 11 - Marketing and Finance 
Task 12- Public Participation 
Task 13 - Administration 

Suli1mary descriptions of the work to be undertaken in each of these Tas!<.s are 
presented in Section 8 of this Executive Summarya 

5 - COSTS AN.D SCHEDULES 

The Budget Summary is shown in Table A.3.1. The entire POS ca11s for the 
expenditur~ of S19.7 million in 1979 dollars over a period of two and one 
half years from study initiation :o filing the license application for thrse 
miniwum effor:s necessary to establish feasibility from a technical, 
econo~ic, and environmental standpoint. 

An additional amount of $3.4 million is required to conduct effective public 
participation, financing and local ~roject management programs and :o 
satisfy certain non-discretionary funding requirements. 

Subsequent costs during the estimated 30-~onth period through award of the 
FERC license are estimated asS 26.2 million, including provision of an 
estimated $8 million for the construction of a pioneer access roade The 
proposed project schedule is shown in ?~ate A2.1. Ini~ial site facilities 
will be operationi;}l by ~1arch 1980 ~o suppc~t field investigations which will 
commence at that t i1:1e. By the end of the first year of study, sufficient 
data will have been .~ccumulated to ;~ake c.efinitive recommendationc: as to 
continuation of the study progr • The second year v~·11 invo1ve 
continuation of field investigation efforts and development of conceptual 
designs along with initial mitigating measures. Field investigations 
continue in the third year and beyond, but sufficient infor~ation will have 
been accrued ~o 8ermit the preparation of drafts for a!l required licensing 
exhibits by the end of :he 29th ~onth. Review will have been conducted 
throughout, both internally by panels of ir.-house experts and ex~ernally by 
independent review boards recommendec to and selected by APA. Finalization 

: A~UrQ. i 
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of the license application including all exhibits will occur in 
I month and a final review will be conducted at that time. 

the 30th 

I 6 - ANTICIPATED DIFFICULTIES 
• 

I 
I 
I 

Throughout the development of the POS, a number of potential problems have 
been identified and the difficulties associated with managing their 
resolution have been noted. Certain areas in particular have been long 
staDding concerns of many interested parties in Alaska; 

(1) 

(2) 

(3) 

The matter of generating a concept for optimal development calls for 
careful study of projected demand and altet.nativ€ means of satisfying 
it. Without such a foundation, it is simply impossible to assure the 
Power Authority that the proper project wil1 be p1anned in the right 
place and constructed in time to meet the energy needs af the 
Railbelt~ -

Data acquisition wili present difficulties, for seasona1 and w~ather 
constraints as well as certain land use restrictions wi~l lead to peak 
loading of site support facilities and the necessity for use of special 
equipment not normally readily available in Alaska because of cunflic!• 
ing demands from other projects. 

The financial risks of such a large project must be reduced fns.ofa:r as 
possible, for investor confidence is a prerequisite to successful 
financing. It follows th!!t. a set of de~ ~iied risk analyses must be 
conducted concurrently with the development of designse 

l ( 4) 
1 

Particularly important design problems to be resolved involve earth
quake -ha.:: ar':is, ice occurrence, s 1 ope s"t.abi 1 i ty in 1 eng na rrovJ 

I 

l 

( ,.. \ 
':>J 

I ( 6) 

I 
I (7) 

!l 

'A~~m:; 

. d +-h 1 "" ,.,. + - .,... . • . . .... reservo1rs, an ~ e ong ~erm e77ecws or s1 ~ aepas1:1on 1n ~ne upper 
reservoir. 

Careful and co~plete environmental s~udies will be required, yet the 
proposed study per~od is shorter than the time for some ful1 cycle 
studies of certain species. A great deal of expertise is to be found 
in and should ~e sought f~cm the Alaska Department of Fish and Ga~e> 
yet the objec~ivity of that agency insofar as reviews and approvals are 
concerned, must be retained. In addition, compliance with a11 applica
ble State and Federal environmental laws will require strong 
coordination efforts • 

Preparation of the license application itself must be accomplished at 
the very time new FERC regulations wi11 be promulgated., 

Informing and invol·ting the public is nece"'sary and ii71portant, but 
confl ~ ct i ng desires wi 11 be ex pres sed and ... etermi nation of how the 
public interest can best be served will be difficJlt. 
,.. .. . d d. ... . 00ntro1 an coer ina~;on of the effor:s of all par:~es involved in 
implement~ng :his plan demands ef~ective ~anagernen:. 

------ ----------------------------------------------------------------------------~ 
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7 - METHODS FOR RESOLVING DIFFICULTIE~ 

Certain unique features and approaches are woven into the fabric of the POS 
as the basis for resolving the various problem areas noted above. Even so, 
the requirement to maintain a high degree of flexibility in adapting to new 
problems is clear, for there is simply no v1ay to anticipate every diffi-
cu 1 ty \vh i ch may be encountered. The p 1 an pro vi des a large measure of 
flexibility and a \-Jell defined chain of command as 'tlell as positive steps 

1 for addressing the noted problem areas: 

( 1) 

I 

Careful studies of projected loads and possible alternatives for 
satisfying them \'/i 11 rely heavily upon use of mode 1 s deve 1 oped in 
Alaska for this purpose. Sophisticated computer programs which have 
been used by Acres with great success in the past in the analysis of 
major hydroelectric projects will also be employed. Power marketing 
studies and a careful analysis of non-hydroelectric alternatives will 
be undertaken by the Alaskan office of wee, where intimate knowledge of 
the local scene is available. Insofar as hydroelectric alter~atives 
are concerned, Acres will contribute its own extensive experience in 
planning~ designing, and managing hydroelectric projects ranging in 
size fro~ ~00 kilowatts to thousands of megawatts. Optimal development 
of the Susitna River itself vlill flow naturally from these preliminary 
studies if the proposed project is sho'r'm to be the best a 1 ternati ve by 
tne end of the first year of study. 

! (2) 
! Data acquisition will be accelerated because site facilities will be 

furnished on time and of sufficient capacity by CIRI/H & N, \·Jhose 
earlier e~periences on the Trans-Alaska Pipeline ?n~ whose 1nt1mate 
knowledge of project lands selected by Native Corporations wiil be 
imoor':ant factors. The ques-::ion of equipment availability and its 
opera~ion in a sub-arctic environment has been accounted for through 
selec~ion of R & M to undertake major geotechnical invest~gations and 
surveys. R &. M is the only finn in Alaska which is self-contained and 
fully equipped for the purpose. 

, I 

H • ' I 

( .... \ 
.)) Financial planning efforts by :he prominent investment banking firm of 

Sa i omon Brothers \vi 11 be comp 1 emen~ed on the Acres team by the work of 
f1r. J. G. Warnock who successfully led the bond offering support 
documentation effort on the 5225 MW Churchill Falls project in Canada. 
The risk analyses will be undertaken by Dr. C. B. Chapman whose past 
experiences in this special area have supported certain large power 
projects in North America and ab~oaa. 

(4) Of the many ~otent~al design problems, none is of more serious concern 
than seismicity. wee (California) wi11 conduct exhaustive studies in 
this area and their work will be subjected to c1ose scrutiny and 
confirmatory studies to be managed by an exte;nal board at a 1evel of 

".t: + $1 .,,. ,. .. d' ... .j.. b ........ .j.. d' + er,ort a, m1 1on • .tee s~-!.L.~les, srope s""a 111;...y s~,..u 1es, perna.rost 
studies and sedimentation s:udias are included in the plan. Much of 
the f:eld wor~ will be undertaken by R & N and the prir;;ary design 
e~ ... •.orr~ o~v Ac~es 

-.J w ' ' I • 

: A~Hf~ . ; !1 j :. 
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(5) The environmental effort wi 11 be conducted by TES whose core staff \·Jill 
be augmented by principal investigators from the faculty of the 
University of Alaska and other consultants with extensive Alaskan 
experience. AOF & G will be asked to conduct certain studies, but 
their objectivity \'lill be preserved because they will be funded by and 
will report directly to APA in all such cases. Reviews, appr9vals, and 
coordination with ADF & G and with other State and Federal agencies 
will be sought throughout to minimize late stage non-concurrences. 
FERC has confirmed that all studies need not have been completed at the 
time of fiiing, provided that a plan for completing them is included in 
the application. 

(6) A separate small team has been set up to ensure close monitoring of the 
preparation of numerous exhibits as well as to evaluate new regulations 
as they are published. Acres will lead this effort and will seek 
advice from time to time from legal consultants. 

(7) A strong public participation program will intlude three major public 
meet1ng events and eight workshop sessions as well as a positive 
control on response to every public concern. 

(8) The management expertise gained in A 1 ask a on 1 a rge projects by F~~fl. wi 11 
be heavily relied upon in the establishment of cos~ and schedule 
controls as well as in the preparation of realistic construction cost 
estimates, schedules and projected cash flows~ 

8 - ACTIVITY DESCRIPTIONS 

As stated ·;n Section 4, ~he Acres approach ~o the Susitna ?OS will be in 
terms of a series of 13 ~asks, each Hith its specific objec-:ives. Sumwary 
descriptions of these tasks follow. 

. 1 TAS'/ 1 • c. - (\ -· POWER S7JOIES 

(i) Task Objectives 

To determine the need for power in the Alaska Railbelt Region, to 
develop forecasts for elec~ric load growth in the area, to consider 
viable alternatives for mee~ing such load growth, to develop and 
rank a series of feasible, optimum expansion scenarios and finally 
to determine ~he environmental impacts of the selec~ed optimum 
scenarios. 

(ii) Task Outout 

-h ' "" t .. T I l 'll b + d 1 . ·-r.h +h 1. e pr1 mary ou ... ou OT asK ... w~ e a repor-.. ea 1 ng w1~..1 .... e 
selection and :anking of cpt:iliium system expansion scenarios for the 
Alaska Railbel: Kegion. 7he final version of this report will be 
submitted for re·1~ew dnd appr~val by A1aska Power Au~hcri-ty on cr 
abou~ ~tJeek 43 of :he s::uoy. ?re1iminary findings of the study 'l'li11 
be discussed with Alaska ?owe~ Authori~y on or about ~eek 30 of the 
Study. Such 2 discussion wi11 center en whether or not work on the 
Susitna Develop~e~t should continue or whether another, possibly 

A~Hm:; 
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more viable alternative should be examined~ Design Transmittals 
outlining intermediate stages of the power studies Hill also be 
is!jued. 

(iii) List of Subtasks 

Subtask 
Subtask 
Subtask 
Subtask 
Sub task 
Subtask 

1.01 
1.02 
1. 03 
1.04 
1.05 
1. 06 

Load Forecasting Methodology 
Development of Load Growth Scenarios 

- Selection of Alternatives 
- Selection of Viable Expansion Sequences 
- Expansion Sequence Impact Assessments 

Power Alternatives Study Report 

8.2 - TASK 2: SURVEYS AND SITE FACILITIES 

(i) Task Objectives 

To provide for safe, cost effective, and environmentally acceptable 
logistical support of all project field activities; to conduct those 
surveys necessary to furnish data for use in other subtasks which 
must be performed pr·ior to licensing; to resolve real estate issues 
associated with the proposed project in sufficient detail to permit 
preparation of Exhibit F of the FERC license application; and to 
undertake initial studies of proposed reservoir areas and access 
roads. 

(ii) Task Outout 

Th ' .;.. .;.. ,.. ""h • .;.. I '11 b • -+- • ,. -+- • .e pr1mary ou"'pu\;s or ;.. 1s ~,.asK w1 e r.raJor por ... 1ons or cer ... a1n 
exh.ibits required for FERC license application and data \·ltlich \vill be 
necessar~· inputs for many of the remaining exhibits .. Specifica1ly, 
this task wi11 contribute to Exhibit D (demor-trating evidence of 
compliance with State water and land use laws), Exhi~it E (providing 
water rights ~ata and plans for perfecting rights to use water for 
project operation), Exhibit F (statement of land ownership). In 
addition, surveys and mapping will be essential portions of Exhibi: J 
(general project map) and Exhibit K (detailed project map showing 
boundaries, survey data, 1and 0\'lners:~ip, and feature locations). In 
addit~on to the data collection and exhibit preparation~ a number of 
tangible products will be acquired or const~ucted and will generally 
be su'i'table for !..!Se during the ;;ost- application phase and beyond • 
In th~s 1atter category are included camn facilities, airfield, and 
similar semi-permanent ite~s. 

(iii) List of Subtasks 

Subtask 2. 02 

Subtask 
Subtask 
Subtask 
Sub task 

"'l J1 
t.. ~ "' 

2.04 
2. 05 -
? 0'" ... • 0 

Provision for Land Use P~yments and Directed ... ...;.. . ~ . 
1nspec~1on ~erv1ces 

Provision of Field Ca~ps and Associated Logistic 
Support 
Des~gn and Construc:ion of 
Land Stat~s Research 
Land Acquisition A~alysis 
Right-of-Entry . 

I .. . 
i 

~-----------------------------------------------------------------------------~ 
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Subtask 2.07 Site Specific Surveys 
Subtask 2.08 - Aerial Photography and Photogrammetric t1appi ng 
Subtask 2.0? - Control Network Surveys 
Subtask 2.10 Access Roads 
Subtask 2.11 -Map and Photo Search 
Subtask 2.12 Field Reconnaissance of Reservoir Area~ 

- 8 

Subtask 2.13- Marketability and Disposal Study for Reservoir Area 
Subtask 2.14 - Cost Estimates for Reservoir Clearing 
Subtask 2.15- Slope Stability and Erosion Studies 
Subtask 2.16 - Hydrographic Surveys 

8.3 - TASK 3: HYDROLOGY 

(i) Task Objectives 

The basic objectives of this task are to undertake and report on all 
hydrologic, hydraulic, ice,and· climatic studies necessary to 
compiete the feasibility design of the project and to provide 
sufficient material for the FERC license application. 

(ii) Task Outout 

- Data Index System 

A data index system listing all the available hydrologic and 
climatologic data will be compiled and circulated. Hard copies of 
the more relevant data items will be stored in the projec~ office 
in Anchorage and copies made available to ~hose requesting it. 

All the additional hydrologic and climatologic field data 
collected as par·: of this s~udy wil'l be documented on ei~her 
computer printout sheets or typewritten tables. 

Written Sections and Drawings for Inclusion in the 
FERC License Application 

Exhibit H - proposed reservoir opera: ng rules, predicted 
reservoir behavior, and downstream water quality and 
f1ow conditions. 

Exhibit I - dependable power flow, critical design low f1ow 
period, flow duration curves and tailwater ra~ing 
curves. 

Exhibit K- reservoir shorelines for maximum bnd minimum 
reservoir water levels and reservoir water level area 
and capacity curves. 

Exh~bit L- spil1Hay t:\esign flood and capacity and freeboard 
allowance. 

~--------------------------~-------------------------. 
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- ~tlxdrol ogi c AJ)pendi x to Engineering Report 

The detailed technical appendix will contain sections on the 
fo 11 m'li ng type of studies: hydro 1 ogy (resource and floods) , 
reservoir operation, hydraulic, sediment yield, river morphology, 
ice engineering, and climatic studies for transmission line design 
and hydrologic and hydraulic studies for the access road. 

A Series of Design Transmittals 

These will summarize the pertinent design parameters obtained from 
the studies outlined above. 

{iii) List of Subtasks 

3.01 Review of Available Material 
3.02 ~ Field Data Index and Distribution System 
3.03 - Field Data Collection and Processing 
3.04 - Water Resources Studies 
3.05 Flood Studies 
3.06 -Hydraulic and Ice Studies 
3.07 - Sediment Yield and River Morphology Studies 
3.08 Climatic Studies for Transmission Line 
3.09 - Access Road Studies 

8.4 - TASK 4: SEISMIC STUDIES 

(i) Task Obje~tives 

( i i ) 

To.determine the earthquake ground motions which will provide the 
seismic design criteria for the major structures associated with the 
Susitna Hydroelectric Project, to undertake preliminary evaluations 
of the seismic stability of proposed earth-rockfi11 and concrete 
dams, to assess the potential for reservoir induced seismicity and 
landslides, and to identify soils \'1hich are susceptible to 
seismically-induced failure along the proposed transmission line and 
access road routes. 

Task OutDl.:~ --
ihe data collec:icn progr3ms and studies outlined in this task will 
be sufficiently comprehensive fJr FERC license applications. 

Thorough presentations of conclusions, eva1uations and data are also 
desirable for projects that are being carefully reviewed by 
permitting agercies. ~oodward-Clyde Consultants has completed 
previous similar projects in Alaska and other s~ates where permitting 
agencies) or other interested grouos or agencies, are closely 
scrutinizing a projec~. Based upon our past experience, we believe 
that 'Chi.:! Susi:t~a Hydropower Projec: wi11 undergo close scrcr::i ny > and 
that the repor:s of ~he project should be complete and thorcugh. We 
propose to com~~e~e ~he repor:ing of the seismic geology and 
siesmo1ogy investigations with this philosophy as a guide. 

· A~~m:: 
~------------------------------------------~------------------------------~ 
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·The primary product.s of this task will include: 

- Technical reports containing thorough documentation of all \oiOrk 

done during the first year. 

- Final technical reports containing thorough documentation for all 
studies during the first two years • 

- Monthly management reports during the course of the investigation. 

The technical reports will be accompanied by geologic maps showing 
locations of all controlling features, fau1t lines~ etc. 

Management reports will deal with technical and financial progress 
with respect to plan. 

List of Subtasks 

Subtask 4.01 
Subtask 4.02 
Subtask 4 .. 03 
Subtask 4.04 
Subtask 4.05 
Subtask 4.C6 
Subtask 4.07 
Subtask 4.08 
Subtask 4.09 
Subtask 4.10 
Subtask 4 i, • J.l 

Subtask 4.12 
Subtask ~ "3 '+ • ..:. 

Subtask 4.14 
Subtask 4 , ,. 

.l:J 

-Review of Available Data 
- Short-term Seismologic Monitor~ng Program 

Preliminary Reservoir Induced Seis~icity 
Remote Sensing Image Analysis 

- Seismic Geology Reconnaissance 
- Eval~ation and Reporting 
- Pre 1 imina ry Ground i~ot ion Studies 
-Preliminary Analysis of Jam Stability 

Long-term Seismologic Monitoring Program 
- Reservoir Induced Seismici~y 
-Seismic Geology Field Studies 
- Evaluation and Reporting 

Ground Motion Studies 
Dam Stability Consulting S~rvices 
Soil Suscep~ibility to Seismically
Induced Failure 

8.5 - TASK 5: GECTESHNICAL EXPLORATION 

( i i) 

Task Objectives 

To determine the surface and subsurface geology and geotechnical 
conditions for the feasibility studies of the proposed Sus1:na 
Hydroelectric Projec~, including the ac~ess roads and the 
transmission lines. 

Task Outout 

The primary otr!:pu:s of Task 5 vrill consist of comprehensive 
documentation of geotechnical exploration undertaken at the Devil 
Canyon and Watana sites, reservoirs, and access roads and 
~ransmission line routes. This documentati~n wi11 include the 
following: 

, . . geo1og1c maps 
geologic sec~ions 
descriptive and graphic borehole logs 
descriptive test trench logse 

~--------------------------------------------------------------------------~ 
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~ field inspection borehole and test trench logs 
- photogeologic maps 
- borehole rock core photographs 
~· i ow 1 evel air photoi nterpretat ion 
- seismic and resistivity bedrock profiles 
- radar imagery interpretation maps 
- geotechnical exploration program summaries (1980 3 1981, 1982) 
- data summaries for 

in-hole seismic testing 
-- borehole camera studies 
-- laboratory testing. 
geotechnical exploration summary reports (1980, 1981) 

List of Subtasks 

Subtask 5.01 - Data Collection and Review 
Subtask 5 .. 02 - Photointerpretation 
Subtask 5.03 - Exp 1 oratory Program Design (1980) 
Subtask 5.04 - Ex?loratory Program (1980) 
Subtask 5. OS Exploratory Program Design {1981) 
Subtask 5. 06 - Exploratory Program (1981) 
Subtask 5. 07 - Exploratory Program Design (1982) 
Subtask 5.08 - Data Compilation 

- 11 

I s. 6 - TASK 6: QC'STf'\f 
I.. J.\.:li'i DEVELOP~1ENT 

I ( i) 
I 
I 

! 

{ i i ) 

,.----.... j 

Task 0 bj ect i v e s 

To undertake planning s~udies, to evaluate, analyze and review all 
previous engineering studies related to hydroelectric development of 
the Upper Susitna River Basin and ·co develop prel iminar.Y engineering 
des'1gn and cos~ information for Wa~ana and Devil Canyon Dcm sites 
with all associated intake, outlet works, spillways and power 
facilities ~o allow preparation of a project feasibility report. 

Task Out!)ut 

The primary output af Task 6 will be a logical and systematic 
development cf the requisite projec~ features. Alternative sites 
for dams and power develo~ments will be evaluated. Alternative 
arrangements at each site will also be considered. One such 
alternative wi11 involve a 3C mile long tunnel from Watana to Devil 
Canyon to elimina~e the hi£h dam at that site. A DevelopQent 
Selection Report will be issued on or about Week 65 of the Study for 
revie\1/ ar.d appr·oval by Alaska Power Authority. Preliminary findings 
of the s~udy will be discussed on or about ~{eek SO, in order to 
est ab 1 ish \-Jhethe!"' or< not work on two dam sites shou 1 d cant i nue or 
whether more viable alternati1es exist and should be exami~ed~ 
Design transmit~als wil1 be issued at appropriate points in ~he 
study. A:l necessary input from parallel tasks including hydrology, 
geotechnical, econar.lic, s:ismic survey and environmental s-::udies wil1 
be factored into the ~lann~ng studies and the development of the 
various features of tne projec~. Engineering evaluation criteria and 
pr~ject definition wil1 be deve1oped. If sites are found to be 
techr~cally viable, econcm~cally feasible and environmentally 
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acceptable~ additional studies and investigations will ~e conducted 
to establi.sh the feasibility of the project and th~ opt1mum scale and 
sequence of development. .. 

{iii) List of Subtasks 

Subtask 6.01 - Review of Previous Studies 
Subtask 6.02 - Investigate Tunnel Alternative 
Subtask 6.03 - Evaluate Alternative Susitna Developments 
Subtask 6.04 - Evaluation of Arch Dam at Devil Canyon Site 
Subtask 6.05 - Development Selection Report 

• Subtask 6.06 - Watana/Oevil Canyon Staged Development Alternatives 
Subtask 6.07 Preliminary Watana Dam Alternatives 
Subtask 6.08- Pre1iminary Devil Canyon Dam Alternatives 
Subtask 6.09 -Establish Watana Design Criteria 
Subtask 6.10 - Establish Devil Canyon Design Criteria 
Subtask 6.11 Preliminary Design ~~atana Dam 
Subtask 6.1~- Preliminary Design Devil Canyon Dam 
Subtask 6.13 - Dam Selection Report 
Subtask 6.14 - Spillway Design Criteria 
Subtask 6~15 - Watana Spillway Alternatives 
Subtask 6.16 - De vi 1 Canyon Spi 1 h·tay A 1 ternat i ves 
Subtask 6.17- Preliminary Design \-Jatana Spilh·tay 
Subtask 6~18 - Preliminary Design Dev·il Canyon Spi11Hay 
Subtask 6.19 - Spillway Selection Report 
Subtask 6.20 -Access and Camp Facilities 
Subtask 6.21 - Watana Diversion Scheme 
Subtask 6.22 - Devil Canyon Diversion Scheme 
Subtask 6.23 - Optimize Watana Power Development 
Subtask 6.24 - Optimize Devil Canyon Power Development 
SubtasK 6.25 - Optimize e3m Heights 
Subtask 6.26 - Prel imina(y Design Watana PoHer Development 
Subtask 6.27- Preliminary Design Devil Canyon Power Development 
Subtask 6.28 - Power Develop~ent Report 
Subtask 6. 29 - Hat ana Ger:~ral Arrangement 
Subtask 6.30 - Devil Canyon General Arrangement 
Subtask 6.31 - Feasibility Report 

8.7 - Task 7 - Environmental Studies 

(i) Task Objectives 

The environmental progrC1r:1 is designed to evaluate primarily the 
Susitna Hydroelectric Project and associated facilities, vlith 
respect to environmental impacts. To accor:1plish this, a 
comprehensive progra:n of studies has been deve1 oped in the fall O'di ng 
disciplines: socioeconoriics~ archaeological and historical 
resources, geology, land use and recreation, water resources, 
fish ecology, vtildlife ecology and plant ecology. Access roads, 
site facilities and trans:-:1is~h"n corridors Hill also be studied for 
environmental compatibility. ~ 

The overall obj~ctivE!s of the environme!1ta1 studies are to describe ! 
the existing e~vironmental conditions, evaluate alternatives in light \ 
of the existing conditions and, for the selected alternatives, 1 

predict future conditions with and without the proposed project so I 
that changes (impacts) caused by the project may be assessed. To 1 
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and Erosion Studies 

·:(_a)"' Object i ~~.e:.~ 

Estimate the exte.nt to \vhich cleared slopes \vill maintain stability; 
estimate the risk that continued reservoir operation will cause one or 
more slopes to fail; and estimate costs of minimizing slope failure 
risks. 

(b). ~proac~ 

Field data collected during the reconnaissance under Subtask 2ol2 will 
be used as the basis for analyzing the potential for slope stability 
probJems. To the extent that such problems appear to exist, alterna
tive means of slope protection will be considered. It will be assumed 
that slope protection will be required if there is a danger of failure 
during continued operation. 

( c) 0 is cuss i on 

Risk estimates developed during thi~ study will be used ultimately in 
the risk analysis to ensure that all potential difficulties have been 
accoijnted for. The costs of providing appropriate slope protection 
necessarily become a part of the total project cost estimate to be 
considered u1til.1ate1y in determining project financibility and 
vi abi : i ty. 

Subsequent to subr.~~ s s i un of the 1 i cense ap~"~l i cation) much more deta i 1 ed 
and vigorous erosio~ control studies will be required to min!mize 
damage caused by a concentrated flow of water over newly constructed 
slopes or in areas.where the natural vegetative cover has been 
removed~ The objective of thi~ rest-application task will be to issue 
recommendations and delineate proble~ areas where an added degree of 
caution should be exercised. A two ~art study is contemplated to 
fulfill these needs. This task will be limited to the general site 
e-arthwork and is not intended to address erosion 'Jf the downstreafi1 
channel of the dam site. 

Input from the first phase cf the detailed erosion study wi'll come from 
an evaluation of sa;l types obtained from project test borings and 
laboratory cest data. Air photo studies 't'till also be used. It is 
presently anticipated that a suff1cient number of test borings will 
have been drilled in other project tasks to accomplish this study 
without additional test borings. Nevertheless) saQples of surficial 
soil may be collected for identification and c:~ssification purposes, 
and laboratory tests may be performed. 

A report describing areas of varying degrees of eros;on su~:e~tibility 
will be prepared. Some of t~e factors that will be consiJered in this 
evaluaticn will be the soil t,;r1e anc 1ts consistency. Included i:1 this 
report will be a d1scussion of erosion control ~0r general site 
grad·i ng. 

(d) Schedule 

Weeks 4 7 ta 54 
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A.5.5 -(_tASK 4: SElSHlC STUDIES 
:._.~·---\ 

fi) Task Object1\fes 

To determine the earthquake gr'ound motions t·:hi ch wi 11 pr·ovi de the 
seismic design criteria for the major structures associated with th~ 
Susitna Hydroelectric Project, to undertake preliminary evaluations 
of the seismic stability of proposed earth-rockfill and concrete 
dams, to assess the potential for reservoir induced seismicity and 
landslides, and to identify soils \vhich are susceptible to seismi
cally-induced failure along the proposed transmission line and 
access road routes. 

(ii) Task Output 

The data collection programs and studies outlined in this task will 
be sufficiently comprehensive for FERC license applications. 

Tho.rough presentations of conclusions, evaluations and data are a1so 
desirable for projects that are being carefully reviewed by permit
ting agencies. Complete reporting of the seismic geology and 
seismology investigations will be made with this philosophy as ~ 
guide. This task will be conducted primarily by Woodward-Clyde 
Consultants with review by Acres and field support by R&\1 
Consultants. The ground motion study data will be utilized in Task 
6 for design studies. Identification of seisimically susceptible 
soils for the road and transmission routes will be innuts to Task 2 = . 
and 8 studies. Field activities \'lill be coordinated with the Task 5 
activities. 

The primary products of this task will include: 

- Technical reports containing thorough documentation of all work 
done during the first year. 

Final technical reports containing thorough documentation for all 
studies during the first two years. 

Monthly management reports during the course of the investigation. 

The technical reports will ~~ accompanied by geologic maps showing 
locations of all controlling fectures) fault lines) etc~ 

Management reports will deal with technical and financial progress 
with respect to plen. 
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{a) Objective 
' ~· ' • 

To acquire~ cQmpi1e and revie\v existing data and identify the 
earthquake setting of the Susitna River basin area. 

{b) Approach 

Data obtained under this subtask will be tlsed to plan the details of 
the seismologic investigations (Subtasks 4 .. 02, 4.03, 4.09 and 4.10) 
and the seismic geology field reconnaissance {Subtask 4.05). Avail
able gealQgical, seismo1ogical, an9 geophysical data for the region 
will be gathered from sources such as Woodward-Clyde files, the 
DeRartment of Geologic and the Geophysical Institute of the Univer
sity of Alaska!jl the A1a·ska Geological Surv~Y:. the u .. s .. Geological 
Survey and the major call eges and uni versiti'es i nvo1 ved in research 
pertinent to the project. In addition, researchers with on-going 
programs of study will be contacted and the current status of their 
research will be obtained by discussions and written correspondence. 

The acquisition of geological data will be concentrated on structural 
features of th~ earth that may reoresent major active faults. Tne 
geomorpnlC expreSSl ons ofth.ese -features--w·{ff-al SO._De i dentf fi ed from 
the available data~ 

Geophysical data regarding the structure of the earth will be acquir
ed and reviewed. Regional gravity and magnetic data are particularly 
useful in identifying major discontinuities in the crust of the 
earth. These discontinuities may be along faults that could produce 
large earthquakes and surface fau1t ruptures. If available> other 
types of geophysical data such as seismic refraction, seismic reflec
tion and electrical resistivity may also be of u~~ in identifying 
11ajor acti're faults. 

Seismological data \'/ill be acquired for the project area. This data 
inciudes historical information on past earthquake~:t instrumental 
data from the Geophysical Ins~:itute of the University of Alaska, and 
regional instrumental data fr!A";J the U~S .. Geologica1 Survey. 

The geological, seismological and geophysical data will be compiled 
in order to obtain a thorough current knowledge of the tectonics of 
the Susitna Ri ve1· area.. The end product will consi ~t of maps that 
identify faults, lineaments, and epicenter clusters or alignments 
identified by others.- These maps will provide a basis for the pro
posed geolJgical and seisnological studies. 

In addition to the data acquired for the project area, data relating 
to reservoir-induced seismicity will also be c0mpil edc. The \·torl d
wide data OP reservoir-induced seismicity \'li1l provide a partial 
basis for eval uat 1 ng \·Jhet ht." or not induced earthq~~?kes may be gener
ated in the 5usitna River ar·ea.. Hood\'/ard-Clyde Consultants has an 
extensive file on world-wide Jata on reservoir-induced earthquakes, 
and is currently being r~tained for further research in r8servoir
induced seismicity by the u .. s .. Geological Survey .. 
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(c) 

The specific '-products of this subtnsk include: 

-Historical earthouakemap and cata1og_ 

A catalog of reported earthquakes with magnitude 4.0 and larger 
from 1899 to the present wi11 be prepared for the region within 200 
miles of the site. For the larger earthquakes in the period, the 
geologic and engineering effects will be discussed. Data quality 
as a function of time will be evaluated to estimate the complete
ness level of the catalog with respect to magnitude~ focal depth 
and spatial location. 

- Summary of recent regional monitoring 

Microearthquake monitoring by the University of Alaska Geophysical 
Institute and the u.s. Geological Survey \vill be reviewed and sum
mary plots of seismicity data will be prepared. Results and inter
pretations based on these data will be review~ with appropriate 
personnel in governmental and academic organizations. Of particu
lar importance is evaluation of the accuracy of focal depth deter
minations based on these network studies. 

- Tecto'lic model 

Based on available seismologic and geoL~;ic data, a preliminary 
kinematic tectonic model will be developed for the region within 
approximately 200 miles of the site. This model will be modified 
as needed by studies in later subi.~sks and will provide the basis 
for understanding the interrelated geologic source areas for future 
earthquake activity in the Alaskan interior. Applications and 
implications of seismic gap theory will be considered. 

Discussion 

The seismicity and seismic sources of the Alaskan interior have only 
recently begu~ to be studied in significant detail. Interest~e 
seislilicity of continental Alaska ''lc.s stimulated by the majo~· 
earthquake and involved the initiacion of regional microearthquake 
monitoring and the augmentation of geological inv~stigations to 
improve understanding of the tectonics of Alaska. 

The seismological environment of the Susitna Project is characterized 
by two majm" earthquake sources: 

-shallow earthquake activity occurring a1ong crustal faults such as 
the Denali fault, with depth of focus less than approximately 12 

., d m1,es; an 

- earthquake activity in a Benioff zone which has a depth range of 30 
to 90 miles and i~ associated with the subduction of the Pacific 
plate beneath Alaska. 
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Qt.c.lo;gical studies are used, along with seimmologica1 data, to inves-
. ti'~at.e the sha11o~· earthquake sources.. T~t:_. deeper-f9cu~~-bBY.ake. 
!~~~~--!r.e_rt.~Ld.u:.g~~ly_~~g~~s_i~ _ at_~h-~.-~arth~r!i~~---aJ!9 .~ust be 
10Ve.St'1gated US1hg· Se1!'"1010glcal aata comb1ned W1th a k1ne_rnatiC 
~"~~r-~_!~ri9-=-xf ;_&e· fiG.J.i.~.@i:!ectonE:Y~JVrEi~Qi':~e._Ata~~n 
,-nteriOJ:· Tile occurrence of past Tar9e earthquaKes within the 
region~ such as the· 1904 and 1912 ~magnitude 7 to 8 ·earthql)akes!t indi
cates that both the shallow and deeper seismic zones may have the 
potential for generating earthquakes with ground motions significant 
to the project. 

The Susitna River area is within a zone of active seismicity that 
extends frcm the Aleutian tr~ugh on the south into central and 

·northern interior Alaska. Woodward-Clyde Consultants has previously 
conducted regional studies of seismic geology and seismicity over 
broad regions of Alaska. The past regional evaluations have been for 
the Trans-Alaska Pipeline System, the proposed Offshore Continental 
Shelf regions surrounding A1ask~, and for the proposed Alcan Gas 
Pipeline. These past regional studies provide data regarding the 
earthquake sources in Alaska, ~nd they also provide up-to-date know
ledge of the current status of research in the area. 

(d) Schedule 

Weeks 0 through 22 
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· ( ~) Obj set i v e 

Establish initial monitoring system, obtain and analyze basic seismo
logic data on potential earthquake sources within the Susitna River 
area and supply information required to implement a more thorough 
long-term monitoring program (Subtask 4.09). 

(b) Approach 

This subtask involves two major packages of \-Jork: 

(1) Analysis of Existing Data 

Further limited analysis ·of existing regiona1 earthquake data 
will be undertaken to enable sufficiently accurate and appropri
ate selection of maximum earthquake sources and associated 
attenuation relationshipso Source studies will be carried out 
on several of the largest historical earthquakes~ including the 
1904 and 1912 events, in order to constrain their location, 

0/ (Vocal depth and causative geological structure. The maximum 
~ earthquake potential of the subduction zone beneath the Susitna 

site is poorly understood, and it will be of significant value 
to use the historical data to properly characterize this source. 
These studies will also be directed to the evaluation of the 
seismic attenuation characteristics of deeper earthquakes to 
enable the proper utilization of the results of the Alaskan 

. (C)AS~ study by ¥/oodward-'"Clyde Consultants (1978) and other 
~dies in selecting appropriate attenuation relationships 
required for Subtask 4~07 and 4.13. 

{2) Establishment of a HQ!2itorinq Net\•/Ork 

Since the study area is in a remote but seismically active area 
additional detailed earthquake source data will be co11ected by 
installing and operating a localized microearthquake recording 
networ-k .. 

The network will be established and operated during the summer 
of 1980o The area covered wi11 include the region within 
approximately 30 miles of the d~m sites. Eight to ten recorders 

'with station spacing of 5 to 10 miles will be installed to 
record microearthquake activity down to magnitude of 1 ... 0 or 
less. Low-po~·1er radio te1emetery will be used to make the field 
operation as efficient as possible. Helicopter supp~rt will be 
used for installation and maintenance. 

Initial station deployment ~till be guided by the informatinn 
obtained during the data review (Subtask 4.01). It will be 
required to monitor known significant geologic features, such as 
the Susitna fault. 
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J)uring the co·urse of the study, some of the stations may be 
t~oved to study specific areas of activity. Data analysis will 
be carried out to locate active seismic sources and evaluate 
their spatial extent and focal depth. These analyses will al s·o 
be used to establish causative stress orientations based on 
focal mechanism studies~ to evaluate seismic attenuation, and to 
evaluate the statistical features of the microearthquake 
activity. 

Specific results to be obtained relative to source and wave 
propagation assessment include the association of larger earth
quakes (such as the 1904 and 1912 events) with probable source 
structures, depth determination of the Benioff Zane of deeper 
seismic activity and attenuation characteristics of subduction 
zone earthquakes. Seismic source locafion in tenns of maximum 
earthquake potential in the Benioff Zone v1ill be performed. 
Comparisons will be made with seismic activity in other compar
able tectonic areas to assess attenuation and maximum earthquake 
potential. The scope of these studies will be modified as 
necessary on the basis of the resu1 ts obtai ned as the \'/Ork 
progresses. 

Liaison \'li 11 be rna i nta i ned ~lith data co 11 ecti on by the Uni· ver
sity of Alaska Geophys'ca1 Institute and tbe U.S. Geological 
Survey. The recording period is initia1ly planned as three 
months; ho\'/ever, if this should need to be modified, appropriate 
r~corrrnendat·i ons will be made during the course of the study .. 

(c) Discussion 

The present location and focal mechanism level using the Geophysical 
Institute network is approximately magnitude 2~112 or larger. The 
data obtained from the proposed monitoring program will supplement 
the existing re~ional network operations and will provide needed 
accuracy and detection threshold. In addition:~ the results obtained 
will provide the information needed to accurately site the 1ong-term 
network stations (Subtask 4.09) and to select appropriate instrumen
tation. They will also aid in planning the seismic geology recon
naissance (Subtask 4c05). 

(d) Schedule 

Weeks 21 through 52 
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r Induced Seismicit 

(a) .Qajectiv.e 

{b) 

(c) 

(d) 

Evaluate the patenti al for the poss'!bl e future occurrence of 
reservoit-induced seismicity (RIS) in the Susitna Project area. 

Approach V 
\) f) 

The results of.this evaluation wil~be used to establish scenarios of 
possible outcomes of the occurrenc~ reservoir induced seismicity .. 
Woodward-Clyde Consultants has recently completed a major analysis of 
geologic, sei smol ogic and hydrologic factors associ a ted with past 
cases of reservoir-induced seismicity. The results of this study 
.also wi11 be applied to the known factors for the Susitna project in 
order to statistically relate the Susitna Project to the potential 
for RIS. The resulting potential will be evaluated in terms of 
possible scenarios for the occurrence of induced activity, and the 
possible outcome of such occurrences wilT be discussed. 

This analysis will result in a quantitative assessm~nt of the poten
tial for the occurrence of reservoir-induced seismicity as a result 
of the damming of the Susitn~ River. A comparison will be made of 
depth, votume, regional stress, geologic set~ing and faulting at the 
Susitna dam sites with the same parameters atihe world's deep and/ 
or very large reservoirs. Based on this co~parison, the probability 
of reservoir-induced seismicity at the Susitna dam sites will be 
assessed"' 

A description of kno\vn cases of RIS emphasizing the relationship 
between filling of the reservoir and the length of time to the first ( 
and largest earthquakes and the relevance of these data to the · 
Susitna dam sites will be discussed. 

Scenarios will be presented that discuss possible courses of action 
that can be taken if RIS is anticipated or detected during fil1~ing of 
the reservoir. 

Discussion 

rhe activities associated with this task will be closely coordinated 
with the hydraulic studies aimed at assessing the potential impact on 
the reservoir water level of a reservoir-induced s1 ide. (See Subtask 
3. 06). 

Schedule 

Weeks 23 through 50 

I 
! 
j . 

! 
l 

l 

I 
t 
l 

l 
t·J, 

~· r 
l 

1 ? ~ 

l 
(j 

l 
I 

I 
5-86 



11 1. 

,\ 

I 
I 
r 
I -
r 
( 

(' ~: ~ 

f~ 
.. 

I; 
Jl 

l' ' 
' 

[ 

f 
l 
L 
l, 
[ 

l 

Subt;ask .. 4.04 ~ Remote Sensing .. Image Analysis 

{a) Ob,isct.ive . 

Select and interpret availabl1.e remote sensing imagery to identify 
topographic features that may be associated vlith active faulting. 

(b) Approach 

(c) 

Data obtained under this subtask will be used during the Seismic 
Geology Reconnaissance (Subtask 4.05) and the Seismic Geology Field 
Studies (Subtask 4 .. 11) to identify youthful faults that may oroduce 

. future ,earthquakes and future surface fault ruptures. Re~e sensing 
imagery and aeri a 1 photography re 1 evant to approximate ly(lOO krn") 
radius about the dam site \'/ill be selected frJr a linearl!f:>~rE ana.,Ysis. 
This r~emote sensing data includes avail ab1e Landsat, SL.AR (side
landing airborne radar), Skylab ph<Jtography; high altitude U-2!1 or 
RB-57 color infrared photographs, and black-and-white aerial photo
graphs.. The remote sensing and high altitude imagery and aerial . 
photographs will be interpreted in terms of the geology> geomorpho
logy and structure of' the study region .. 

-
Interpretation \'lill help to identify lineaments and other features 
that may be related to active faults. Seismicity clusters and 
alignments identified during the seismicity evaluation in Subtask 
4.02 will be compared \·lith the lineaments identified by the imagery 
inter·pretation and the known faults on existing maps to assess the 
possible relationship of the epicentral locations~ surficial linea
ments and mapped faults. The imagery interpretation will be conduc
ted by geologists experienced in lineament evaluation and in the 
recognition of features associated with active faults. It will be 
important to distinguish these lineaments from similar features that 
result from non-tectonic geologic processes. 

Discnssion 
------- .\QD 

The activities in this task1will be closely coordinated v;ith the 
photo i nterpre~at i or stu_~s being conducted for the dam site, 
reservoir and construct~ material are~s (Subtask 5.02) to ensure 
that information requests and ".ta.lyses are not duplicated. Follo\'ling 
an initial aerial and ground reconnaissance it.rnay be decided that 
lo~·1-sun-angle aerial photography should be acquired for specific 
!geomorphic features that may be fault-related .. For this purpos\~, 
low-sun-angle color infrared and black-and-v1hite photography at a 

1scale of approxi~ately 1:24,000 is proposed. This has proven exceed
ingly valuable in delineating subtle topographic features that may be 
fault-related .. The long shadoHs cast by the low-sun-angle highlight 
subtle topographic features related to faults, such as scarps or off
sets, that would be undetectable with conventional vertical aerial 
photographs. 
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Ce}J'o:r infrared. photography has also proven extremely useful in 
delineating subtle features in the terr~in such as a contrast in 
vegetation or in surface moisture. Such features are often associ a
ted with faults where grou·nd water is either closest along the fault 
zone or on only one side of the fault. 

A map of 1 i neaments within 100 km of the project area wi 11 be pro
duced as a guide for Subtasks 4.05 and 4.lla The lineament map will 
be supplemented by mapped faults from Subtask 4.013 in order to com
pare known faults with lineaments of various origins. 

(d) Scredule 

Aerial photographs will be ordered during the first month. The 
analysis will be performed during weeks 10 through 26. 
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. S'ivb.t~S\k 4_ll05 - S,ei smi c Geology Reconnaissance 
lr~,,,:>'~' 

" {a~) Object i ve 

Perform a reconnaissance investigation of known faults in the Susitna 
Ri'ver area, and of 1 ineaments that may be faults, identify active 
faults and establish priorities for more detailed field investiga
tions. 

(b) Approach 

This task will utilize the data obtained from Subtask 4.01 and the 
aerial phot0graphic interpretations outlined in Subtask 4.04 as a 
basis for planning aerial and ground reconnaissance. 

The aerial reconnaissance will systematically cover all lineaments 
and faults identified in previous subtasks. A field analysis will be 
made in order to identify whether or not each feature may be an 
active fau1t capable of impacting the project area due to its being ... ,~vv-
'ii._associated with a 1 arge earthquake or c~g_able of producing a future_. \v.:
surface fault rupture. Features within @?1ii1l es of the proJect area 
will be studied during the reconnaissance, wit~ each lineament and 
fault being identified by number. In additior ~ ,,·.?gional reconnais-
sance of major features such as the Denali fault and the Castle 
Mountain fault which may extend as far as 200 miles from the project 
area will be investigated. Interpretations regarding the origin of 
each feature will be made by expert seismic geologists with past 
experience on similar projects~ Those features that are interpreted 
to originate from youthful faulting, or features of unknown origin 
that may be due to youthful faulting, will be studied further in the 
field and subjected to reconnaissance-level geologic mapping. 

The reconnaissance-level geologic mapping will be oriented toward 
identifying whether or not the bedrock units near the feature suggest 
the presence or absence of a fault. In addition, the Quaternary 
geomorphic surfaces and stratigraphic units in proximity to each 
feature will be studied to aid in identifying whether or not faulting 
has occurred in young units. The reconnaissance-level mapping, at a 
scale of 1:63,360, will aid in identifying those features that will 
require detailed study during the field season of 1981~ 

These activities will be coordinated with the geologic mapping tasks 
associated in Subtask 5.04. 

(c) Discussion 

The Susitna Rivel" area is in a complex tectonic area that is poor"ly 
known geologically. Previous work by Kachadoorian and Moore empha
sized the structural complexity of this area, and the large number of 
linear featura: at the surface that may be due to faulting or to 
other origins. These surface features require field investigation to 
identify their origins., In order to identify the origins of some 
features, it may require detailed r.tapping, tre~ring, borings, or 

0\ 
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1 d:ata. Despite thorough inv,esti gations, however, it may 
. ~o\s.sibl:e to obtain definitive informatit1n regarding the 

0 orig1ns of all the 1 ineaments • 

Wood~ard-Clyde Consultants has conducted seismic geology reconnais-
. sance investigations over large regions of Alaska and in many other 
seismically active areas of the world. Based upon that experience, 
we estimate that reconnai ssance-1 evel i nvesti gat ions as proposed in 
this subtask will define the origins of about 90 percent of the 
lineaments identified on remote sensing images. If these features 
are considered to be controlling faults for the design of dams and 
other important facilities, further detailed investigations wi11 be 
undertaken in the Seismic Geology Field Studies, Subtask 4.11. 

The products of this subtask will consist of a map that identifies 
recently active faults and features of unknown origins that may be 
faults significant to one or more dam sites and ather critical 
facilities. In addition, all field observations will be tabulated 
for each 1 i neament studied, and pre 1 i mi nary estimates of the maximum 
credible earthquake and faulting, aiong with the recurrences of 
faulting, will be made for each active fault and other features that 
may be faults. · 

(d) Schedule 

Weeks 24 through 39 

This task can begin after Subtask 4.04 is complete. Subtask 4~02 
should either· proceed concurrently \·lith this subtask or it should 
precede this subtask. 
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(a) 

and Reporting 

ObJecti,yes 
Y, .. 

Complete. a preliminary evaluation of the seismic environment of the 
project, define the earthquake source parameters required for earth
quake engineering input in design and document the studies in reports 
suitable for use in design studies {Task 6). 

{b) Approach 

The approach of this subtask will be to provide a probabilistic 
analysis of earthquakes concerning control of active faulting, and to 

·estimate maximum credible earthquakes for each active fault. These 
analyses will be completed by an interdisciplinary team utilizing the 
reconnaissance-level information obtained from Subtask 4.01 to 4.05. 
Reporting will be in a format suitable for use in selecting the 
design basis earthquakes, and will include thorough documentation 
that will be suitable for FERC and peer group review. 

(c) Discussion 

A pane1 of leading experts in seismology investigation and seismic 
design of major structures ~fill be convened during this activity .to 
review and comment on all study \·/Ork undertaken and the findings 
thereof .. 

Overall management and coordination of Subtasks 4.01 to 4~05 is also 
incorporated in this subtask. 

(d) Schedule 

Weeks 18 through 52 
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S;,~iQtap;K 4.07 ... Pr-elimicna.ry Ground Motion Studies 

(a) Objective 

Undertake .a prel iminctry estimate of the ground motions (ground ( 
shaking) to \'lhich proposed prCtject facilities may be subjected during ~ 
earthquakes. 

{b) Approach 
,I 

/

The ground mot jon characteristics to be estimated i:1cl ude peak para-
meters {peak accelerations, velocities, and displacements), r :ponse 

I spectra (describing the frequency content of ground shaking) and 
1 

sigr.ificant duration (describing the time duration of strong ground 
· ~}h1king). This initial assessment of ground motions will be made 
l using information from the seismic geology (Subtask 4.05) and seis
! mology (Subtask 4.02) studies~. The ground motion estimates wil1 be 

\ 
refined if necessary on the basis of additiona1 infonnation gathered 
during the second year. (See Subtask 4.13). 

In consideration of ground motions, the terms 11 Seismic exposure~~ and 
"seismic risk 11 are som\=t i mes used i nterc hangeab 1 y. However, for the 
purposes of this proposal they have two distinctly different mean-
; ngs: 

- usei smic Exposure 11
_ is used to define the nature of the earthquake

induced ground motion characteristics at a specific site; 

11 Seismic Risk 11 is used to define the risk as the probability of 
structura 1 damage or destruction by an earthquake at the project 
site. It reflects the degree to which the structure has been 
designed to cope with earthquakes. 

Ground motions will be estimated using a probabilistic approach, 
usually ca1led a seismic exposure analysis. In this approach, the 
probability of exceeding various amplitudes of ground motion is 
estimated, taking into account the frequency of occurrence of 
earthquakes from all significant seismic sources and the attenuation 
of ground motion from each source to the locations of projec~ 
facilities. Earthquakes of various magnitudes, up to the magnitudes 
of maximum credible events, will be considered. Attenuation 
relationships \<Jill be derived from examination and analyses of 
earthquake recordings made in similar tectonic environments and in 

~ similar subsurface geologic conditions, including available 
~ recordings from Al<;ska. WCC has recently conducted a comprehensive 
)~ state-of-the-art analysis of seismic exposure in Alaskan offshore 
:\::t ~ areas (OASES, 1978). The results and data of this previous study, 
~~ which included assessment of activity far major onshore faults (e .. g .. , 
~.~~Denali Fault, Castle Mountain fault) as well as offshore faults 
~ · (e. g., Benioff zone), \'li 11 be extremely valuable to the progress 
~ ; study. 
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(c) 

"o :, 

· l'ne e,r:td products of this subtask wi11 consist of estimates of the 
-!(probability of exceedence during selected time periods (e.g.,, 100 

year"s) of var-ious levels of ground motions at the locations of each 
proposed maJQt dam and other major facilities. For the 1ong trans
mission lines'and major access roads, the probability estimates will 
be given for appropriate segments of the systems. Probability levels 
and corresponding amplitudes of ground motions that may be considered 
in selecting project seismic desiy;, criteria will be discussed. For 
~.dams,~, ground motion criteria will be consistent with ground 
motions associated with maximum credible earthquakes. For less 
cr1tiiil project components, ground motion characteristics having a 
higher probability of exceedence would be used as design criteria. 

Discussion 

It is widely recognized that neither the occurrence of future earth
quakes nor the resulting ground motions at a site can be predicted 
with great accuracy even when the best available data and technology 
are employed. The fact is recognized in the above approach and con
siderable attention will be devoted to determining the reliabi1ity of 
the estimated design criteria. 

The key interrelationships of this subtask and others are the 
follov1ing: 

Projections of earthquake recurrence and ident i fi cation of maximum 
credible earthquakes is an essential input to this subtask and 'tlill 
be accomplished in Subtask 4.06. The results of this subtask consti
tute essential input to Subtask 4.08 (Preliminary Analysis of Dam 
Stability) and Subtask 4.15 (Identification of Soils Susceptible to 
Seismically Induced Failure Along the Transmission Line and Access 
Road Routes) • 

The products of this task include the follO\ving: 

- Estimates of the probability of exceedence during selected time 
periods (e.g .. , 100 years) of vcn·ious degrees of ground motion at 
the location of each proposed major dam and other major project 
components. 

- A discussion of and recommendations for project ground motion 
design criteria. 

{d) Schedule 

Weeks 24 through 52 
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. 5 t::EQTE'C· HNICAL EXPLORATION ·A ~.5. 6.\ - J]:.::;.::SK.;;...· ..;;;.. .. .._: _.._;;;;,;-~...;...;;;...;;;.....·..;.;..;...· -----~--. 
(i) Task Objectives .. 

1o determine the su?f ace and subsurface geology and geotechn i c a 1 
conditions for the feasibility studies of the proposed Susitna · 
Hydroelectric Project, including the access roads and the transmis
sion lines. 

(ii) Task Output 

The Task 5 studies will be designed to provide input to the Task 5 
design studies and will provide support to the Task 4 studfes. 

The primary outputs of Task 5. wi 11 consist of comprehensive documen
tation of geotechnical exploration undertaken at the Devil Canyon 
and Watana sites, reservoirs, and access roads and transmission line 
routes. This documentation will include the following: 

- geologic maps 
- geologic sections 
- descriptive and graphic borehole logs 
- descriptive test trench logs 
- field inspection borehole and test trench logs 
- photogeologic maps 

borehole rock core photographs 
- low level air photointerpretation 
- seismic and resistivity bedrock profiles 
- radar imagery interpretation maps 

geotechnical exploration program summaries (1980, 1981~ 1982) 
- data summaries for 

-- in-hole seismic testing 
-- boreho 1 e camera studies 
-- laboratory testing. 
geotechnical exploration summary reports (1980, 1981) 

(iii) List of Subtasks 

( i v) 

Subtask 5.01 -Data Collection and Review 
Subtask 5.02 - Photointerpretation 
Subtask 5.03 - Exploratory Program Design (1980) 
Subtask 5.04 - Exploratory Program (1980) 
Subtask 5.05 - Exploratory Program Design (198!) 
Subtask 5.06 - Exploratory Program (1981) 
Subtask 5.07 Exploratory Program Design (1982) 
Subtask 5.08 - Data Compilation 

Subtask Scope Statements 
--~ 

For the purposes of this Plan of Study, .the geotechnical exploratory 
programs are essentially divided into first-, second- and third-year 
stages (1980, 1981 and 1982). Exploratory work to be undertaken in 
1982 and beyond is not included in Task 5 activities. Preparation 
of the program for 1982 is nevertheless included on the understand
; ng that the 1982 program wi 11 be initiated prior to subm )ss ion of 
the FERC license application, but is not an essential prerequisite 
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·· .. ''tba\t s,u:bmissio·n~ The 1980 geotechnical explorati·on prograrn \'lill 
. r;,be ~dr$sig·ned to ident1·fy and investigate in 1 imited detail those 
:~.g~al-egie;al and geotechnic;al conditions· which will si gnifica·ntly 
a.ffect the feasibility of the proposed dam projects. Limited 
p·replanning opportunities and climatic constt'"aints are such that ( 
'investigatio·ns in 1980 will be somewhat 1 imited in scope, and the 
data limited. i.n detail. Emphasis will therefore be placed on 
identifying and investigating. to the 1haximum extent the most adver'"se 
geotechnical conditions encountered. 

The objectives of the·1981 ge6techricial exploration program will be 
to investigate in more cteta i 1 those geo 1 ogi ca 1 and geotechni ca 1 
conditions, both general and adverse, which will significantly 
affect the design and construction of the proposed dam projects. 
~Exploration along the routes selected for the access roads and 
transmission 1 i nes wi 11 also be undertakpn in 1981. A1 though the 
scope of the exploratory work and the data produced in 1981 will 
still be somewhat limited, the exploratory program will be designed 
to estab 1 ish with reasonable confide nee the feQ: ~ b i 1 i ty and tot a 1 
cost of the project, access roads and transmission 1 i nes. The 
exploratory program in 1982 \vill be yet more detailed. This and 
subsequent programs will be aimed at providing greater certainty in 
the design of major dams and structures with· a vie\•1 towards ful .. ther 
ensuring the safety of structures while minimizing potential project 
cost overruns due to unforeseen geotechnical design conditions. The 
geotechncal exploration programs will be specifically designed to be 
complementary to the work already completed. 

The geotechnical exploration programs in the field will also be 
severely constrained by difficulties of access and maneuverability 
of equipment imposed by weather conditions and the requirements for ( 
environmental preservation. Full account has been taken of these 
constraints in developing this Plan of Study. 

A detailed discussion of the individual subtasks follows. It should 
be stressed that the exploration program design is based on the 
assumption that Watana and Devil Canyon are the selected sites. 
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Subtask 5 .. 01 - Data Collection and Revie.w 

(a) 
. 

Objective 

Collect and review all existing geological and geotechnical data 
pertaining to the Susitna Project area~ including the access road and 
transmission line corridors and the Susitna River basin. 

(b) Approach 

Dat~ to be collected at this stage include~ but are not limited to 
the following; 

- previous regional and site geological mapping and studies 

- published or unpublished geological and geotechnical data and 
reports from federal, state, academic or private sources 

- air photos and high level ERTS photos of the project area~ 
including the proposed access road and transmission 1ine 

- geophysical survey, remote sensing and seismicity studies and data 
pertaining or r·e 1 evant to the project 

A short field visit will be made to the proposed damsites for prelim
inary geologic interpretation. This will assist in making the pre
liminary damsite and dam aiignment selections in Task 6. This in 
turn will determine the design of the exploratory investigation 
program. The data and results of review will be assembled into a 
brief report with appropriate appendices. These documents will be 
made available for subsequent use by all project design and study 
groups. 

Borehole rock cores from previous investigations will also be 
examined in Anchorageo Contacts will be made with the University of 
Alaska to gather geologic and geotechnical data. A check will be 
made for minin9 interests in the project areas. Data pertaining to 
geological and geotechnical problems associated with the construction 
of large embankments, access roads and transmission lines will be 
collected. Discussions will be held with the u.s Corps of Engineers 
concerning details of the past field studies. 

This task will be undertaken by Acres' Anchorage staff with appropri
ate support from R&M Consultants. 

(c) Schedule 

Week 0 thr·ough 9 
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(a) Objective - . 

Perform air photointerpretation and terrain analysis of the ~Jatana 
and Devil Canyon damsite areas, reservoir areas, construction 
material borrow areas and access road and transmission 1 i ne 
corridors., and identify adverse geological features and geotechnical 
conditions that waul d si gnfi cant ly affect the design and construction 
of the project features. 

{b) Approach 

·Photointerpretation will be based on available air photography 
obtained under Subtask 5.01, and ne\'1 aerial photos of a larger scale 
obtained under Task 2 for the damsites, reservoirs, and construction 
materials borrow areas, access road and transmission line corridors. 

The initial photoanalysis will utilize existing air photos obtained 
either from private or government sources. These photos are believed 
to be high level and consequently small scale. They will, however, 
serve to establish preliminary surface geology, including geomorpho
logy, geologic history, glJcial geology, lithology and stratigraphy, 
structural geology, permafrost characteristics and geohydrology and 
engineering geology. Land forms will be identified. Alluvial or 
glaciofluvial deposits of previous sand and grave1, glacial deposits 
of impervious till and floodplain deposits of poorly drained, com~ 
pressible silty materials will ~B located. The distribution, quality 
and stratigraphic relationships of rock types will be identified. 

Photo analysis will also be used to generally delineate or infer 
permafrost areas and buried channels. Groundwater regimes will also 
be studied and unstable and/or erodible slopes identified. 

A short field study will be required to verify the photo
interpretation analysis. This will be performed early in the first 
field season (1980). 

(c) Discussion 

New air photos produced under Task 2 will be available at the end of 
the first field season. These low level, high resolution, large 
scale photos will have two purposes: 

- preparation of second year exploratory investigation program 
- production of accurate topographic maps on which to base subsequent 

geological mapping and design studies. 

Photoi nterpretati on under this subtask ;vi 11 be undertaken by Acres • 
Anchorage staff and closely coordinated with the photointerpretation 
work done by WCC (Subtask 4.05) in order to eliminate unnecessary 
duplication of work. ~· 
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~af p~~otointer,pretation will be documented in the form of 
.... " .. ~ .. ~ ... s:umm.ary reports and appended photographs and maps to highlight 

·. tbe Jl»rinc,ipaJ findings •. 

. " '~I o(d) Schedule 

I 
I 
I 
r· 
I 
[ 

Weeks 5 through 41 
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Subtask 5 .. 03 - .Exploratory Program. Designn'-{1980) 

(a) Objective 
-·~---

Design the geotechnical exploratory investigation programs for 1980 
for Watana and Devil Canym1 damsites., dam construction materials, and 
reservoir areas, and along the access road route. 

(b) Approach 

The design of the various exploratory investigations will be based on 
the results of the data collection and review study (Subtask 5.01) 
and the air-photo interpretation study (Subtask 5.02). Input from the 
preliminary access road studies under Task 2 will also be required. 

Generally, these exploratory investigations will consist of geologic 
mapping, auger drilling and sampling, test trenching, seismic and 
resistivity studies, airborne radar imagery techniques and laboratory 
testing. In cases where environmental damage is a problem or 
accessibility is poor, test trenches will be replaced by shallow 
auger drilling by helicopter. The design will specify the following 
det ai 1 s: 

area to be geologically mapped 
- position and extent of seismic and resistivity lines 
- areas to be investigated by airborne radar imagery techniques 
- types and numbers of laboratory tests. 

Investigations for access roads will be confined to geologic mapping 
and radar imagery. Table A5.4 and A5.5 detail the type and extent of 
investigations and laboratory testing that are currently proposed 
elsewhere. The design of the exploratory investigations will be 
flexible enough to permit changes during the execution of the work. 
These chan~es will become evident as the field ~tudies proceed. 

(c) Discussion 

Work under this subtask will be performed by Acres• Anchorage staff 
with support in logistical planning provided by R&~ and close liaison 
with \.t/CC. 

In the design of the exploratory investigations, full advantage will 
be taken of the extensive investigations previously undertaken. 
These include drilling, test pitting, geologic mapping and seismic 
surveys by the US Corps of Engineers at Watana damsite, and the 
drilling investigations and seismic studies at Devil Canyon by the US 
Corps of Engineers and the US Bureau of Reclamation. 

vJatana site 

At the Watana damsite area, 17 boreholes have been drilled for a 
total of 3,340 feet and 11 boreholes have been drilled, totalling 
1,815 feet in the right bank spillway and buried channel area. 
Reconnaissance reservoir mapping and fault mapping has been per
formed by Kachadoorian. A total of 19 auger and diamond drill 
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TABLE A5.4 

PROPOSED GEOTECitNICAL EXPLORATORY PROGRAM - 1980 

f\rea Exploration 
PRUJELI SIROCIURES/FACILirlES ·-~ 

~ue~v~l~,-~c~an~y~o~n~O~am~&~R~~e~se~r-v~o-1-r~~~~~~~tana Uam & Reservo1r , ~ .. ~. 
~~ 

Oamsite yes yes 
. 

1 -

Geologic Mapping 

Geophysical (seismic 
and resistivity} 

3 - 900 ft. lines at buried channel 
site 

3 - Oblique 450 ft. lines across river 
channel 

5,000 ft: 1 ine at pr.opos·ed~ -· 
ob1 ~ ~~:y 1 ~~~0 ft. 1 i nes " -, .... -') 

c.. -

(.n 
I 

f-d 
J-l 
f-d 

Dam Con
struction 
Mdterials 

Reservoir 
Basin 

Diamond Drilling 

Airborne r.adar 
imagery 

Geologic Mapping 

Portable Auger 
Dri 11 i ng 

Geophysical (seismic 
and resistiv1ty} 

Test Trenches 

Airborne Radar 
Imagery 

Geologic Mapping 

Portable Auger 
Drilling 

Geophysical (seismic) 

Diamond Drilling 

Airbor·ne Radar 
Imagery 

2 - 1,000 ft~ lines on right abutment 

1000 ft. 

across river within upstream 
portion of dam 

600 ft. 

+ 3,500 ft. at right and left abutmc!1t + 4,000 ft. at right and left 
and saddle dam site ahutme-nts 

One established and two new borrow 
areas 

yes 

20 - 10 ft. deep holes in the two 
proposed borrow areas 

2 - 1,000 ft. lines in the two pre
posed borrow areas 

30 trenches in the three borrow areas 

6 - 1,000 ft. 1ines in the three 
borrow areas 

~s 

10 ~ 10 ft. deep holes 

2,000 ft. 

100 ft. 

10,000 ft. 

Four e$tablished and two new 
hn'V'll"nhl :~~o ::~~ 
L~Vt I U ff \.ll ~ UJ-.1 

yes 

20 - 10 ft. deep holes in the 
two p-r"opos·ed borrow areas 

2 - 1,000 ft. lines in the two 
proposed borrow areas 

30 trenches in threen of borrow 
areas 

8 - 1,000 ft. lines in four of 
the borrow areas 

yes 

.10 ~ 10 ft. deep holes 

6,000 ft. at site of right bank 
relict channel 

.100 ft. 

20,000 ft. 
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TABLE A5.5 

~ 
;;---~ ~ !r!-4 

PROPOSED GEOTECHNICAl EXPLORATORY PROGRAM - 1981 

~ ~ .. 

A·=~~-- _______ .!i:.P...!:- o_!_~xplora.tion ·-- Oev 1 I Canyot0Jtui!JI_ nes·ervo 1 r watana uam & Reservorr Otfier :. ,_·:.~ 

Omns;te Geologic Mapping 

fiam Construction 
Materials 

Reservoir 
Basin 

f'iccess Road 
Route 
iApprox~ 
50 miles) 

,.-...,, 

Diamond Drilling 

In-hole Seismic 
Borehole Camera 
Test Tve-nching 

Auger Drilling 

Diamond Dd1Jling 

Test Trenching 

Geologic Mappinq 
Portable Auger Drilling 
Diamond Orillin.g 
Geophys i c al/Sr.d smic 
Re!>ervoi r S lt,)Ed 
t4onitori ng ) 

Geologic Mapping 
Airborne Radar Imagery 
Portable Auger Drilling 
Hollow Stem Auger) 
Oi amend Ori 11 ing ) 

yes 

4 holes in right abutment {power
house iind dam) 

4 ho 1 es in lefl abutment ( s a.d'd 11 e 
drun and diversion tunne1) 

3 holes in riverbed* 

1500 ft. 
1500 ft. 
15 trenches 

Three bon·ow areas from 1980 prog1Aam 
plus two new areas 

10 - 30 ft. deep holes 

10 - 50 ft. deep holes in five borrow 
areas 

30 trenches in two new areas 

yes 
10 - 10 ft. 
3 - 100 ft. 
1000 ft. 
1 - 200 ft. 

deep holes 
deep holes, 1 - 200 ft. 

slope indicators 

....... ~ 

yes 

2 holes in relict channel~ right 
abutment 

2 holes in right abutment 
spillway and dam) 

2 holes in left abutment (power-
house and dam)** 

1000 ft. 
1200 ft. 
15 trenches 

Six borrow areas frQm 1980 program 
p 1 us- bm ne\'! areas 

12 - 30 ft. deep holes 

12 - 50 ft. deep holes in six 
borrow areas 

30 trenches in two new areas 

yes 
10 - 10 ft. 
3 - 100 ft. 
1000 ft. 

. 1 - 200 ft. 

deep holes 
deep holes, 1 -200ft. 

:slope indicator 

,__., 

,, 

. -('··· 

ACCESS ROf~D 
yes ·· · 
10 miles {20% of total length) 
25 - 10 ft.. deep holes · 

15 - 50 ft. deep holes 
-,, 

~ 
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: , holes and· 26 ,tes.t. pits have been made in the construction materi a1 
- ar-easl'· A total of .69,600 feet of seismic surveys has also been 

COI!'P 1 eted. 

These investigations have tentatively shown the Watana site to be 
suitab1e for an earth and rock-fill dam. The dam foundation 
contains sma 11 shear zones but no major shear zones have been 
found. Const'ruct·ion materials appear to be available and suitable. 
Although the important Susitna fault traverses the reser~oir~ no 
active faults have as yet been proven in the reservoir. There has 
been a suggestion that the Tsusena Creek alignment downstream of 
the dam may represent discontinuity of some ki·nd. Discontinuous 
permafrost exists locallyo Overburden depth in the riverbed at the 

· site appears to be less than 80 feet. A deep buried and 
potentially leaky channel exists in the right abutment. 

Further studies at Watana are required to prove the absence of 
major faults in the riverbed and in the abutments, to delineate 
permafrost zones and identify its characteristics, prove the 
availability and suitability of the construction materials, confirm 
good quality rock in the spillway and powerhouse area and define 
the buried channel and identify its geohydro1ogic properties. 

- Devil Canyon Site 

At the Devi 1 Canyon damsite, 13 boreholes totalling 1,350 feet have 
been drilled in the dam area and another eight boreholes totalling 
735 feet have been drilled in the left abutment buried channel 
area. Nineteen test trenches have been excavated in potential 
borrow areas. A total of 3,300 feet of seismic surveys have been 
performed. Although there has been little geologic mapping of the 
abutments at Devil Canyon, the investigations have shown this site 
to be sui tab 1 e for a concrete gravity structure. 

Major shear zones have not been found in the dam foundation area 
but minor shear zones are present. Although no active faults have 
been found in the reservoir, a deep buried channel exists in the 
left abutment. Some potential construction material areas have 
been identified. 

Further studies at Devil Canyon are required to prove the absence 
of major faulting in the riverbed and abutments or active faults in 
the reservoir. Studies are also needed to determine the site 
geology in more detail, to delineate and evaluate the left abutment 
buried channel and to prove the availability and suitability of 
construction materials. 

(d) Schedule 

Weeks 12 through 20 
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Stdlta·s·k. 5.04 ..... Exploratory P-rogram (1980) 
~·~ . . -. . . - . . - . . 

{a} ObJective 

Perform initial surface and subsurface investigations at Watana and 
Devil Canyon sites and reservoi-r areas and access road routes to 
estab1 ish general and specific geological and foundation condittons .. 

(b) Approach 

The program will essentially be designed to 

- obtain more details on the surface and subsurface geology and 
foundation conditions at the Watana and Devil Canyon damsites. 

-complete the preliminary evaluation of the availability and 
suitability of the various construction materials required, i.e. 
fine and coarse aggregate, fine and coarse rockfill, impervious 
earth fill, pervious and semipervious granular fill and riprap. 

- determine the surface geology and geotechnical conditions in 
limited detail to the Watana and Devil Canyon reservoir areas. 

-provide preliminary geologic assessments of the proposed access 
road routes. 

Field work programs will generally be designed by Acres• AnchGrage 
office personnel with input from the Buffalo design qroup as needed. 
Seismologic input will be provided by \~ec and logistical support by 
R&M. All field operations will be performed by R&M with appropriate 
technical inspection and supervision by Acres and to a lesser extent 
the wee staff. 

(c) Damsites 

The proposed exploratory investigations will supplement previous work 
in establishing general and specific surface and subsurface geologic 
and foundation conditions at the Devil Canyon and Watana damsite 
areas. 

The investigations will comprise geologic mapping, diamond drilling, 
geophysical, seismic and resistivity studies and airborne radar 
imagery, to substantiate and augment the available information on 

depth, distribution, type$ stratigraphy and properties of over
burden 

-distribution, type, quality, degree of weathering and permeability 
of bedrock 

-location, orientation, width, continuity, filling characteristics 
and capability of major discontinuities in bedrock such a~ faults 

5-114 

( 

( 

L 

l 

( 

llllW 'I I 



.. 

I 
I 
I 
[ 

[ 

f 
II 

f' 
Jl 
l 
'·~ 

I' ., ~. 

f
' 
' 

' 

( 

l 
( 

I 
:·'-ar.· ~ ' 

' \ 

t 

f 

~~··o:tientatio·n> frequency, qpening, continuity and filling of joints 
: i·:n ·bedrock 

- permafrost char·acteristics including location, temp·eratu:~e profi 1 e 
and soil type 

- groundwater regime 

Emphasis will be placed on locating and studying adverse geological 
features .. Such features will include faults, excessive depths of 
overburden in riverbeds and buried channels \'mich will signficant1y 
effect trye design and cost of a dam project at a given site. 

The geologic mapping at Watana and Devil Canyon damsites will be 
undertaken to supplement and verify the previous geological mapping 
carried out by the U.S. Corps of Engineers and the U.S. Geological 
Survey (Kachadoorian). · 

The photointerpretation (Subtask 5.02) will be checked in the fje1d, 
and adverse geologic features and conditions suggested in the 
photointerpretation will be investigated on the ground. The geologic 
mapping will utilize the most recent topographic maps. Aerial photos 
and survey lines normal to the river will ·be used as reference in the 
field. The geologic mapping will be perfonned primarily by Acres' 
Anchorage office personnel with assistance from R&M. 

Geophysical seismic refraction and resistivity studies will be 
carried out primarily to determine bedrock depth in deep overburden 
areas such as buried relict channels and the riverbed area. This 
work will be done at both damsites. Seismic v1ork can be misleading 
in permafrost regimes and resistivity provides a reasonable 
alternative .. 

Bedrock depth profiles will be prepared fr~m these studies. Airbor~e 
radar imagery will be used to delineate the areas of permafrost. 
The geophysical work, including the interpre~ation, will be 
undertaken by R&M, with review and liaison by Acres' Anchorage office 
personnel .. 

(d) Canst ruction Materia 1 s 

The exp 1 oratory investigations for construction materia ·1 s wi 11 
comprise geological mapping, portable auger drilling, geophysical 
seismic and resistivity studies, test trenching and laboratory 
testing. 

The geologic mapping, drilling, trenching and geophysical work will 
generally be used to establish the limits, depth) stratigraphy, type 
and properties of the borrow materials .. The limits, type and proper
ties of potential quarry rock will be similarly determined. The 
explorations will also serve to verify the photointerpretation and 
previous studies by the Corps of Engineers. Groundwater and 
permafrost conditions will be investigated and extensive soil 
sampling undertaken. Rock outcrops will be mapped and test trenches 
excavated by small track-mounted backhoes to a depth of about 13 
feet. 
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,Ge·(lphysical;:,teehn:iques such as seismic refraction and resistivity 
wi 11 be used to prove· the depth of the potential borrow materials and 
the gro~Jndwater depth. Airborne radar imagery or 1 ow sun angle air 
pho·tos will be used to assist in identifying the permafrost areas. 

A moderate amount of 1 aboratory testing of the borrow materia 1 wi 11 
be conducted at this stage. The testing will comprise routine soil 
identification tests including unit weight~ moisture content, consis
tency, Atterberg 1 irnits and gradation. 

Standard Proctor compaction tests will also be performed on pervious 
and impe-rvious material and permeability of compacted impervious 
materials assessed. Some dynamic shear strength tests under high 

. confining pressures will also be perfonned on impervious and pervious 
materia 1 s. Potentia 1 concrete aggregate samples wi 11 be tested for 
sodium sulfate soundness, acidity and Los Angeles abrasion character
istics. 

All field exploration work under this subtask will be undertaken by 
R&M. Laboratory testing on borrow material will be performed by R&M 
with some assistance from wee . 
Design liaison, ~;upervision and review will be provided by Jl.cres' 
Anchorage office personnel. 

(e) Reservoir Areas 

The exploratory investigations to be carried out for the reservoir 
areas will include geologic mapping, portable auger drilling and 
geophysical seismic refraction surveys. 

The primary aim will be to map those geological features and geotech
rdcal conditions in the reservoir area which may seriously affect the 
reservoir performance. Such features may include previous buried 
channe~s or faults in the reservoir rim which may jeopardize the 
reservoir watertightness, faults which may be activated under reser
voir impounding and natural slopes which may become unstable or 
erodible with reservoir impounding or reservoir drawdown. 

.. fhe geologic mapping 'dill be on a reconnaissance scale. The air
photo interpretation (Subtask 5.02) will be checked on the ground and 
specific adverse features suggested in the photointerpretation wil1 
be investigated. The distribution, type and properties of overburden 
and bedrock materials will be che:ked against the photointerpr·eta-
t ion. Portab 1 e auger dr-i 11 s wi 11 be used to dri 11 sha 11 0\'1 ho 1 es to 
assist in estab 1 ish i ng the subsurface gee 1 ogy and geo 1 ogi c hi story. 
low sun angle air photos or airborne radar imagery techniques wi 11 be 
utilized to help delineate general permafrost areas \'lhich may cause 
unstable slopes once the reservoir is impounded. Specific test areas 
will be identified in vmich auger borings utilizing a modified CRREL 
core barrel will be used to sample permafrost. Thermal probes will 
be installed in the holes to determine temperature profiles. 
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· channel; have been found to date in the re-servoir rim. If 
. . ls are suggested in the photointerpretation, geophysical 

· seismic studies wi 11 be ini.ti a ted tb detetmine the depth and nature 
·af·tne overburden and channel widths. 

A relatively minor amount of laboratory tes;ting \·lill also be under
taken in this phase. This. wi 11 comprise r1Dutine soi 1 s i dent i fi cat ion 
tests an those samples taken in the reservoir studies. 

All field and 1 aboratory work undertaken under this subtask will be 
performed by R&M. Design 1 i a i son, supervision and revi e\1 wi 11 be 
provided by Acres' Anchorage office personnel. 

(f). Schedule 

Weeks 20 through 40 
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Seismic studies ar·e being perfotmed by \•Joodward-Clyde Consultants under· subcon
tract to Acres. Subtasks 4.01 through 4.07 scheduled for the 1980 season have 
been completed with the exception of low sun angle photography. This work was 
held up due to inclement weather and will be performed during 1981 spring season. 
The results of these subtasks are being incorpor·ated in an "Interim Seismic 
Studies

11 
report draft for which is cu1Tently under· l"'eview. Subtask 4~08 - pre

limir,ary Analysis of Dam Stability has been initiated. 

The investigation conducted to date has included review of available geologic 
artd seismologic literature and data; monitor-ing microearthquake activity 
for thr·ee months within appr·oximately 30 miles of h'atana and Devil Canyon site= 
hith a 10-station microeat"'thquake network; a pr·el iminary assessment of the potE·n
tial r·eser·voir induced seismicity; intel~pr'etation of existing remotely sensed 
data; geologic field reconnaissance of faults and linean1ents with approximatel~· 
60 miles of \~atana and Devil Canyon sites and preliminary estimates of chat~actf:r
istics of earthquakes at the two sites. 

Preliminary results of this study suggest that the Talkeetna Terrain, a tectonic 
unit in which the site is located, is a relatively stable tectonic unit. The 
major strain r'elease occurs along the boundaries of the ten~ain along the De-nali
Totschunda and Castle Mountain faults and the Benioff zone. There has been no 
major his~orical ear-thquake within this terrain and studies conducted dur·ing 
1980 have found no evidence of recent displacement along any fault or lineament 
within the Talkeetna Terrain. 

;he mict~oseismic network data suggest that the seismicity VJithin the Talkeetna 
Terrain can be clearly delineated as crustal events occurring at depths less 
than 18 miles and as Benioff zone events occurring at greater depths. The de~th 
of Eeni off zone at the dam sites is estimated to be 34 to 40 11:i 1 es. There is no 
a~parent association of microearthquake activity with any significant fault or 
l ~ ,. r:::.~r,··An.).. '"-Cl•h- \.., 

The preliminary assessn,ent of reservoir induced seismicity (HIS) has been made 
by comparing the wor-·ld-\·Jide RIS data with the prcpnsed n::servoir·s. Eas,~d on 
the relatively large volur;,le and the depth of the reservoirs, ther·e is?. high 
likelihood of the RIS provided tectonic related faults \·Jith recent moven1ent arE 
found to be ptesent within the hydr·olc.,gic fc:gime of the reservoir's. ho\vEver, 
aS r1ointed out earlier, studies C()iilple:ted to date have ~~~--oduced no evic;ence of 
any rt:cr.:.:nt di~plac~r,.e:nt aic·r1g any fault or lint~·~iL;c.,nt vlithin this r·egion. 
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T A S K 4: S E I S M I C S T U D I E S 

SIJBTASK 

4.01 REVIEW OF ,1\VAILABLE DATA 

4.02 SHORT~TERM SEISMOLOGIC MONITORING PROGRAM 

4.03 PRELIMINARY RESERVOIR INDUCED SEISMICITY 

4c04 REMOTE SENSING IMAGE ANALYSIS 

4e05 SEISMIC GEOLOGY RECONNAISSANCE 

4.06 EVALUATION A~D REPORTING 

4.07 PRELIMINARY GROUND MOTION STUDIES 

4.08 · PRELIMINARY ANALYSIS OF DAM STABILITY 

4.09 LONG-TERM SEISMOLOGIC MONITORING PROGRAM 

4.10 RESERVOIR-INDUCED SEISMICITY 

4.11 SEIS~UC GEOLOGY FIELD STUDIES 

4.12 EVALUATION AND REPORTING 

4.13 GROUND MOTION STUDIES 

4.14 DAM STABILITY CONSULTING SERVICES 

4.15 SOIL SUSCEPTIBILITY TO SEISMICALLY-INDUCED FAILURE 
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4.03 
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4.05 

4.06 

4.07 

4.08 

. ,.. 
ReVJ. ·2:.>1 or 
.;·..,-ai lable Data 

Sl""'lort Term 
Seis.."TOlogy 

Pr el~""P., nary 
Reservoir 
Induce:::i Seis-
micity 

Seismic C-eolcgy 

svaluation an::l 
Reporting 

........ ,...cl 4 ~~ ..... ,;;r'\]" I:.... ......,..,_.,. ...,__....,.,./ 

.~.r .... ~:=ilysis of Jarn 
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data a_ild identify the eart.hquc.ke 
· .:.. · o,.. -1-"h.e c-..t.:l-=-~ T-r.:. River. set:.~..-l...:.Jg r: '-1,. uL.~ ~ ~ 

Establish initial !7Dnitoring system, 
o:,tain c_rrl ~"1al}:ze J:asic seiSLt<.)lQ3iC 
data on p::>tential eart.~q,jake eources 
·.'lithin the Susit:1a River area, 
c.-nd suonly information reou~red to ..L,J,.- ... 

i.rr::>la-;-ent a rrore t..~orot.-sh lcng-te....~ ... 
r:oni torino orca ram. - ... ., 

Evaluate the 
D::Jssible future 

ootential £or .. the 

• cx::curr e..DCe of 
voir-L~uced. seismicity (RIS) 
SusitiJ.a project area. 

reser
in the 

Select and int:.erpret available 
=~uote sensing L~agery to identify 
topographic features ~nat r..-.a.y be 
associated with active faulting. 

Perfor:m a reca.~""aissa..llce L"'lvestigation 
of }C:J.o:..¥!1 faults in the Susi t.Ja. river 
area and of lineaments that may 
be faults, identifv active faults, 

o4 

and establish priorities for more 

Canplete a prel.i.Jninary evaluation of 
t.1te seismic emriror:ir..ent of t..'1e project. 
Define the earthquake source peri~ 
~ters require:l for eart..~q.1a"<e engi
neering input i..'1. design, ard dc.cm:ent 
~~e studies a.":ld rep:n.~-t.S sui table for 
use in design stt:rlies .. 

:~~<e p.celi.Tj_.r~a.ry e-..ral~;ations 
~.:;;Jis:nic st .. :=1bili ty of ororose::l .... .... 
!~o:kfill i!::.::ld/ or cor-Jcrete dal".s 

-

of the 
ea.rth, 
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wee Project T earn 
Status of 1980 Activities 
Monitoring of Program 
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Seismotectonic Set~ing 
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~Jbtasks 5.01, 5.03 and 5.04 
pretation is being performed 
~nd a major portion has been 
Design for 1981 is currently 

have been comoleted. Subtask 5.02 - Pha~o Inter-• 
by R&M Consultants under a subcontract to Acres 
completed. Subtask 5.05 - Explorator·y Pr'ogram 
being finalized. 

An extensive sear·ch for· available geological and geotechnical data v;as n.ade. 
All available data was collected and reviewed on regional and site geology 
and subsurface explorations for Devil Canyon, Watana, Vee Canyon and Denali 
sites. Geologic mapping was performed using helicopter reconnaissance at 
Cevil Canyon and L~atana sites, reservoir--s and selected areas adjacent to the 
reservoirs. Ground traverse, bedrock mapping and joint mapping was done for 
selected areas near the dam sites. 

Di3mond core drilling ~vas performed by R&t~ and included three NX size holes 
at Watana and three holes at Devil Canyon site with a total of approximately 
3,800 l.f. of drilling. Downhole geophysical survey was done for five of these 
six holes by EDCON under a subcontl~act to R&M. All six holes \'Jere water pres
sure tested to determine water losses and permeability. Borehole te~perature 
probes and multiple tip piezcmeters were installed in borehole BH-6 at ~atana 
and boreholes BH-1 and BH-4 at Devil Canyon site. 

Seismic refraction survey 'tJas performed for the t~·m dam sites and the borrow 
ai"'eas along eleven separate traverses. The \·JOrk vJas ~erformed by ~"~·cod\',ard
Clyde Consultants under subcontract to R&M. A total of 27,800 1 .f. of refrac
tion line was surveyed. · 

Auger drilling was conducted in the borrow areas for both sites. At ~atana, 
four auger holes were drilled in borrow area D (source for core material) and 
nine holes in borrow area E (source for filter mater~al and concrete aggregate). 
At Devil Canyon site, two auger holes were drilled in alluvial fan just upstream 
of the dam site. Drilling performed using a platform mounted CME-45 drill rig 
and eight inch 0.0. continuous flight auger. Extreme difficulties were encount
ered due to hard or gravelly-cobbly ground conditions. For this reason, the 
scope of 1980 borrow area investigations was modified considerably. This work 
will now be performed during 1981 winter season using different drilling equip
·.ent. Soil samples were obtained from borrow areas for classification and 
testing. Selected samples were tested in the latoratory for ;;·~oisture content, 
Atterberg limits, grain size and compaction. 

?esu1ts of geologic mapping, subsurface investigations .:tre being analyzr:d and 
i;~t,:;grated with data collected from seismic r·efr'Jction, dO\·;nhole ueo~·hysics 
"~!·d results of pr·eviot:s investigations. The data is being CGi::~iled in a f''P~.-c .. rt 
-to be is5ued su;':.:~atizir,g the 1980 activities. The plans for 1981 activitit~S i.li'e 
bf;ing f0n!iulated on the basis of these data and feasibility c:esign n.:·:;:_.in-~r~~:::nts. 
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POIDITIAL PROBlHEJ APfflS Gf CCNCERN 

DEVIL CANYON 

l) Accessibility of canyon walls 

2) Abrupt bend in the river, bedrock beneath point bar 

3) Semi-impervious or impervious material for saddle dam 

WATANA 

1) Exit of buried channel on the Susitna River 

2) Potential faults or shears 
11 Fins" to Tsusena Creek 
11 Fingerbuster 11 

3) Thickness of andesite at Quarry 'A' 

4) Alternate source of impervious material 

5) Reservoir - mudslumps/permafrost 

6) Slide block 

7) Faulting in Fog Creek 

39 
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DEVIL CANYON 

STRUCTURE: 635 1 HIGH CONCRETE GRAVITY-ARCH DAM 

J ~VEST I GAll 0~!: 

USER l957-'58j COE 1978 
22 BOREHOLES 20'-150' DEEP 

19 TRENCHES AND TEST PITS 

3300 LF SEISMIC 

LAB TESTS 

PETROGRAPHIC 

ELASTIC PROPERTIES 

UNCONFINED COMPRESSIVE STRENGTH 

SIGNIFICANT FEATURES: 
35 1 t ALLUVIUM OVER BEDROCK 

SHEAR ZONES AND FAULTS ~BOTH ABUTS, 

3 JOINT seTs (PROM N25°w) 
BEDDING DIPS SOUTH 

35'-50' WEATHERED ROCK 
..... 

8.5 AT 40 MI. OR 7.0 AT 10 MI. EARTH QUAKE 
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i18IER IAL SOURCES: 

CONCRETE AGG. AND EMBANKMENT 

MTLS. READILY AVAILABLE 1000' U/S 
MARGINAL FREEZE/THAW RESISTANCE 

IMPERVIOUS - PROCESSED 

P ROB LEr~1S : 

LEFT ABUT. 

SOUTHERLY DIPPING BEDS REQUIRED EXTENS ~(/E J"$:NTAL '· .. , 

WORK 

ROCK SUPPORT REQUIRED 

THRUST BLOCK - ANCHOR (DEEP) 

RIGHT ABUT, 

BEDDING DIPS APPROXIMATELY 60° SE (UNFAVORABLE) 

SHEAR ZONES - PARALLEL TO THE RIVER 

SADDLE DAM 

E-W TRENDING BURIED CHANNEL 

90' OVERBURDEN 

PERMAFROST 

DEEP CUTOFF 

POSSIBLE SHEAR ZONE 

UNDERGROUND STBUCIURES: 
ROCK IMPROVES WITH DEPTH 

DIVERSION TUNNEL LINING REQUIRED 

65 
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DEVIL 

SU~~MARY: 

EXTENSIVE GROUTING 

DETAILED FOUNDATION AND ABUTMENT EXPLORATION REQUIRED 
~/' ' 

PILOT TUNNELS RECOMMENDED 

AMPLE AGGREGATE AVAILABLEj PROCESSING REQUIRED 

66 
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DE.VIL CANYCN 

LITHOLOGY: 

Argillite and Graywacke (Phyllite) 

STRUCTURE: 

Joints: 

Major: N25°W 80°E 
Minor: 

Shears: 

Bedding: 

Sub-parallel Bedding 
N90°E Steep to north 
N90°E 15°N to 15°5 

N°25°W 80°NE to Vertical 

N90°E 55°-75°S 

SURFICIAL MATERIALS: 

River alluvium estimated 35' 
-max. depth to rock 85' 

Overburden on abutements: insignificant 

Buried Channel -up to 90 feet of overburden (1293') 

Point Bar (Fan) Deposit 

PERI~AFROST 

35 
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Seismic Approx. 
Line Location Lengtt)__ 

SL-1 Lt .. Abut. 900' 

SL-2 Lt. Abut. 900 1 

SL-3 River 300 1 

SL-4 River 300' 

SL-5 River 300' 

~ :~ ~ ........... ·~ 'f#Sd§ ~ ·~ ~ .~ ~ Jl!lll. 

DEVU:__G_ANYON DJ1t·1SITE SEISMIC REr:_R_L\CTION SURVEY 

P_rin1ary Obje_ct i y_e2_ 

Investigate overburden thickness, relict channel, 
possible shear zone (saddle dam). 

Investigate overburden thickness, relict channel, 
possible shear zone (saddle dam). 

Investigate overburden thickness, channel shape 
(cofferdam). 

Investigate overburden thickness, channel shape 
(dam foundation). 

Investigate overburden thickness, channel shape 
(cofferdam). 

Remarks 

. . 

Shoot in winter off river ice. 

Shoot in winter off river ice. 

Shoot in winter off river ice. 

--- ~·~--"""'"'-""'·~·- -·-·-·---------~ 
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Hole Approx. 
tl.9-=-._ Location Elev. _____ ,_ -·------·-
BH-1 Rt .. Abut. 

BH-2 Rt. Abut. 

BH-3 Lt. Abut. 

BH-4 Lt. Abut. 

BH-5 River-Rt. 

BH-6 Ri ver-t t. 

BH-7 Ri ver·-l t. 

BH-8 Hiver-Rt. 

BH-9 River-Lt. 

'~ ·~ ~~-"'"'I ~ -,;~ ~ ·~ ·~"~.A! 

·--·~~--~~-... - - ,__,.., 

~ ·~ .J1!:ili !!S1 ..... -'.( ........ 
' -"'"-!: 

r?J 

DEVIL CANYON 0Af1SITE PHOPOS'EG DRILLING PR:OGRAM 
, .. _________ --~--- -- -· ----··~- ----·- __ .......,.._ 

Hole 
Azimuth Inc. L~_g_th fr~~y Objective~ ~eci a 1;_ Test_ing ------- ----· 
225° 60° 

,;_;. 

600-600' Geologic structure, rock quality Perm, camera, Geo-. 
(powerhouse). physics, the.r-

misters. 

240° 65 -.rO -{':; 350-450' Geolog,ic structure, rock quality Perm, camera, geo· 
(dam foundation). physics, ther- ~ 

mister, piezometer. 

45 
() 

70° 500-600' Geologic structure, rock quality Perm, camera .. 
(dam foundation, diversion tunnel). 

~ 

150J 60° 400-600 1 Geologic structure (shear zone/old Perm, camera, 
channel), correlate w/seismic. geophysics. 

225° 70° 400-500 1 Overburden thickness, possible Perm, camera. 
faulting in river channel. 

-- Vert .. llJ0-150j Overburden thickness~ foundation Pem1eabi 1 ity. 
.;:md permeability for cofferdam. 

-- V.er·~.-. 100-150' Overburden thickness, geologic Perm, camera. 
structure (may be inclined if 
necessary). 

45° 60° 100-150 1 Overburden thickness, geologic Perm~ camera. 
structure; rock quality (draft 
tubes). 

-- Vert. 100-150 1 Overbruden thickness, foundation Penneabi 1 i ty 
permeability for cofferdam. 

'·~l 
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\·!EATHERING 

2~DROCK 

: 'ATER LOSS 

3PEC1AL FEATURES 

SU~1r1ARY 

1980 DRILLING PROGRAM - DEVIL CANYON 

BH-1 

RIGHT 
ABUTMENT 

750 
(690 VERT1CAL) 

12 FT GRAVEL 

25 FT 

PHYLLITE
ARGILLITE"> BELOW 
385 (355) 
COtlGLOHERA TE 

55- 85 ) 
100-130 ) 
250-265 ) 
280-295 ) FRACTURE 
460-490 ) ZONES 
595-615 ) WITH HIGH 
655-670 ) WATER TAKE 

CONGL0~1ERATE AND 
POSSIBLE FLOW PODS 
AREAS - EXTENT 
NOT KNOt-JN 

-

-

BH-2 

N 
600 

RIGHT 
ABUT~1ENT 

656 
(563 VERTICAL) 

SHALLOW 2 FT 

20 FT 

PHYLLITE ( 
GRANODIORITE) AT 
650 FT 

REHEALED F~~CTURES 
AND FILLED JOINTS 
THROUGHOUT, HOWEVER 
WATER CURCULATION 
GOOD AND LOW PERH
EABILITY TEST 
RESULTS 

BH-4 

lEFT 
ABUTMENT 

SOD 

; as a.J. 

(434 VERTICAl) 

12FT 

15FT 

METASEDI?-tENTARY: 
ARGILLITE TO 
GREY WACKE 

175-185 
INTERr4ITIENT 
SHEAR ZONES HARD 
PHYLLlTE 

FAIRLY GOOD WATER 
CIRCULATIO~~ 
THROUGHOUT 

DRitLED SUBPARALLEL 
TO THE BEDO I NG - NO 
t4AJOR SHEAR ZONES 
ENCOUNTERED 

0 

0 

0 

I 
l 
l 
l 
l I ~ 
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I 
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'Rose Diagram 

Devi 1 s Canyon 

left Abutment 

Major N25°W 

Minor N65°E, N25°E 
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.!>:EV"IL CA!~YOR PROJECT 
D.t.'VIL C!JITO!i D.t"J·1 

:F'EASIB!LITY REPORT 
E!~Gln·<i·!RinG GEOLOOY J....PP'"~DIX 

A.bstrac.t 

It ia beli·eved sufficien~ geological 0."1d. labora.to:::; st.udies v.:-ere :per
formed tc proy~de aaequ~te fu~t& for feasibility desi~~~ ?~d estimates. 
~ th . ut ..... t" o-f' • .,.,j:) dft""~i+c. n .... .::~o !'!>, ,.. ... .,.~,;, no, .. oiA o.t:t O""t:<_ .... , ..... d_r.»'!"\. +hn -DO e.o ..; ~ .... ~,~ • .... .... _ ...... .-J ....... ~- ~I.J..;.... ...._ •. w. ... • ........ ;;~~..~ _ ..... , w• ... 

rock is a very hard phylll~e~ It is co~~l~xly fractu~edJ and broken 
by th.rc:e j~~-~t-sets. - 'l'1le beddir..£; dip CE\.\leee. the str~t.a on the left 
s.but~n-t-to-o~. .. erh&.ng the Susiatna River. At lea.st 35 or n:ore feet of 
brol:en, loose blocl~ of . .P~:Ylli te v.ill. he:vet~ be removed to provide a. 
satisfe.ctory d?~ found..-~tion on the ooutm:znts. Tne center portion of 
the de.m ~xis is un~erlai.n by 35 or ~_re -~~e~.-of g:.~ 1uYia.l. mteria.} s; 
the e}:a~t thiclmess of tbe de:pcsi t and the 11a.ter depth s.t the axis 
cou.ld. not be det.ermin~d.. }t'=' .~~jo~:__geologicc.l_:prob~g!::!: e.ppea.r. t_o_ 
e:t:ist; er.:Jm;_ .. ¢l~nt.ei "'·o~k _\:?:i.ll .. be_ reg_uired ·in shear e....~d. fe.ult zon~!l. 
tS&t i::rt,erl.:s .. ~e .bo:th--a.'but1::ents. Ertensi" .. -e grouting-viJ..f-be. reqclrecl 
to ei'fe(~ti vely seal the foundat.ion. 

T:'le rock in the rif:b.t s.butn;e!!t 1:ro::.11\.~ay e..."ld. cii v~=sicn tur...:tels &.ppeE: 
su:'f'icien-:ly,_c-o::petent_ -:.o 'l"!':i ni.:-_t;e t:le need for e:;.:tc;!"...$i \'re steel sup
po:-ts. Tn.~ ea.:-th dike ::-~q,uired o:t the le::'t r:.but.~~t saddle V~Lll ·oe 
roU..=ld:ec. on c. d.ee-p depost t of pi~J.;:t.::_ cq~.a.c~, pr.:t:tclly pe:-nous 
glactal_clep_ch~ ~a. A sur::'a.ce poverhous.e e.t tbe -vee of' thf: rigb.t 
abutment ~ill require extensive scaling of the clif~s above it ~~d 
so~ deep fo~t~ngs to reach fi~n ~ock ~~uer the ~iver •. ~e geological 
e.i tu.ation t.ppea!"S excellent for- the consideration o:' nn -rcd.e:-D:"·o..ma .. ··· - ·- ------------··- ~- ..... ..... ... . ,. ... _, __ .. _____ ...... 
P?"~erh~~e. _o~ ~P~.!_it;b.'t ~!.:l~tment; the p::-o"oler:E i!!vol ved. apt..-ear less 
'costly the.n those likely to 'be encounte~ed in o. surface po-lierhou.se. 

~~le supplies of concrete aggregate are availa~le clone t0 the dam. 
Ir:pervious materials can be obtnine:l only by aelecti ve proc.eE~~:l.ng of 
the gls.c.ic:...l. de~r·:Lc in the general e.rea.. 'J.::'1e.re a.re f.:~le ouppl.ie~ of 
I.$terials for co!'ls-:ruction of' eithe:- an '~pJ.>er tf or .n!..cr~er u e.ceeas 
rce.d from Gold. Creek. Portions of the :proposed. tranar:i.ssion lines to 
.Anchorage 1 Fu.i:"'ba.."'lks, and Del"'..ali Dsm vill traverse :perm.f'rost, Im..lDkeg 
and ·oogs > and mud.flO",.;a a."l.d la..""Jd.slides, 

,_ .. ~ 
Connidereble ~dditional a~tailed foundexion investigation -~11 be 
required prior to comp~etion Of rinal deaigr~. 
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The FI.rea he.s been __ extenni vely gla.eia.te.d... Gia.~t striations 
eYiden.cea by nu.Deroua···east-vest depressions (Plate 1) ce.n be attri
buted to gla.c.ial erosion of ateep ... di:P:Ping ~te.lll:.?rphic beds vi th an 
east-vest strike and a varying hardness. 

Bedrock 

Tne bedrock generally is terrrLed a :Q!lYlli t~.J p!"obably of 
J~soz.oic age. (In one of the drill cores at the dem a small fossil 
'W'e.s found; this vas a~pt to t~e P.lask~ Branch of the USGS who he.ve 
ter;:t.a-:i ve1y identified. 1 t s.s being of Crets.ceoue age. ) Tnis rock 
has a bedded and ls~~nateQ a~nearance simil~r to the shale from -- ... .. ... .... ... -- ----... ~ - __. --- -~ . .. . 

vhicb 1 t ".o: .. S.S deri veqj__ however, these small lamin~ generally are :::.t 
an ~~gle to the strike and dip of the present m~ssive beds. The 
rock is very bard and brit~le (see A~endix--L~boretory Report 
No .. c..:933) :-·-It- confafns-·n-~ous O\.?-artz.~~~rint;~I.:!3 that w•ere 
injected aoon after con.solio.s.tion of the beaD t:..."1d. again after the 
bed~ weJ!"e upturned to t~eir p:--esent position. ..P.e.t.aileC._.?:~_s.c_ri:R_:: 
tions of the phyllite gnd ccTI?lerr.en"tB.f-.:.Y .. roc'ks ~:;:·e in the _petro-. 
gre.pilfc' -~rr.tCranac.-' in the· ·a.ppen_d.ixes~~of .. this .. repor~ 

S-:T'l.!ctur-e (?:.;:ure 3). T:1rou~hout th~ in1;..~cliate a.:-ea, t~e 
bedrock has e.::a. s:::.v:roxi~~el Y east-vest-striE~-vitil ·":?.· · 6.fnof -~5 c to 
75° s·ouih .. (?le.te-3.2): · ·rt i~ c..i:'.:'icult 'to obt.e..in ~cu~ate·=Q.ips-· - -----·--··-· .. ···- .. because __ of the_ croas -laci.ns.-:.ion.s and accorr.ps..nying jointj.ne; in the 
outcrops. 

One vell-de"·teloped B.:ld tit(O poorly..,.fu:!v·eloped sets of joints 
0~~"~ ~n ~~- dn~cJte ~~-n ~~l~ ~~~~~ jo-~~t ~n~ ~e~ a st~Jkp t~a.t --~ ..... __ ~ • .L._ ~ ......... J.. ~¥tJ.• ..1.-"--~~\..t--. ..,.-'-•• li;"1.,.;U.,. J.~,g - -.J...- •~ 

everz:o.ges li~t put varies bst~een NlOW ~d N45\.f (Fla:.e 13). Tne dip 
of this set .sverages 80 6 eaat but varies froiL 75° east to venics..l. 
T:1ese join-ts e;ene:.:-al.ly. are . ....sp_J?..Ced. about 4 .. :t: --.5- . .fee= ..a.p.s.I±-J e.l t.:-.ough 
~om 2-i:uch._to_.:l5.-.i'QOS~~ s_ps.::.ing,_h~---b~el;l_no.t_ep~. !-!any of theE<e joints 
are :filled vi tb quartz that o:'ten contains minute pyrite cr-ystals~ 
Zne tvo t:inor joi;lt .. seta . .st.tike-a 1 mos t._pe.J::'a~.l~~- to-t.he-beci,;:ing_;_o.~ 
of them .is alm~st horizontal but vith occasional dips between l5• 

..... _, ~ ~ . 0 .. ~. . . -* .. ·-- ......... ---·-

north ~"ld 15 south and e.n ea..s.t-wes"tt stri.Y.e c Tne-otr:er se±.-ha.s a. 
steep nol-fb.~ip.-.Tne spacing of t.h~~e r:U.uor_joints varies from 3 
inches to e.s much o.s · 30 ·feet inthe set . .:t.h.s:t--s.irikes east-west. A 
fourth, apparently iaols.tea.;-jolnt set occurs in the vfcfni ty~ of the 
Shs.g triar~ation station., Tnis set stril:..ea li55E, dips 80 ~ north 1 
a.nd. he.s e. spacing Grf from 3 ·co 15 feet. 

Severa.l .. 11!'11-d.evelqped -sheer or i'ault zoP.es occur in the I! 
.clif:'.s on both sides of. the cc.1:1yon. Tn~~y 8.11 a)?pes.r to have a gen- l 
eral strike c:' S25E e.nd a dii of from So • northeast to vertical;: 
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On the left ubut~nt, ~he lar(;er zoner. con!:p.Jn_s5?.llSe~~ 2 .i~ 
thick. The zones on the right ~ide of se· ca.oyon, cl.tho.ugh con
taining inteneely sbes.red. rock 1 c;.:ntre.lly f!.!"e verJ tight, vell 
heo.led, and. extrecely h:;::d (Pl:!.te 14). T"nese zone~ ha.ve caused the 
f'o:r-ms.tioD of steep V -shaped £Ullie~ in the oa.T'!yon walls.. . T'neir 
trace ~bove the canyon rim is ~o~~ealed by overburden. BecaUhe of 
the lack of marker beds, it Yes not possible to deterr~ne if the 
fa.ul ting resulted in tila.jor displacement of th~~ 'becls. 

According to present in~O!·~=tion on the limits of con
tinuous permafrost in J..lsska a...'l'ld as a result of our inveatigations, 
the a&msite area appears to be south of this zone. It is, h~ever, 
in the zone of ~~~i c -per~ ;£;cost. Shallow e.nd apparently thin 
lenses and po~kets of ~~frost were encou.~tered occasionally in 
the road co~truction. Tneee sporadic occurrences ve~e eviienced 
by leru.es of ice, frozen soil, and continuously tha-...:i:.tg froz.en 
gro~~d. Permafrost v~s not en~6untered in the bench aree ~~jacent 
to the left ebuti:ent. It is doubtful if S...""lJ" permr.a.frost occu:::-s at 
the dQ~site prorer although there m5y be occasion~ pockets in the 
d:tl':.e area south of the left e.butm=nt ~ Tei:l.Pere.:tU!'e mecsurem~nts 
vere not ~~ in t~e drill holeo on the axis because practically 
all of them we~e in ha=d ro~k; thus, even i~ perme.f~oDt waa present, 
it \\·ould hsve no d.es-'.=.:rtucti ve ir:.flue:nce on the p:r-oposed st-ructu:-es. 

Be::!ent Deyosits 

TL.le a:.-ee.s no::-th and south o-: the ca...'1Yon ri.m often are 
~ 

mantled vith g~acial ~~d ~onglaci~ deposito of Quate~~a=y age. 
Tn.e glacial r.s.te:-ials pri::.s..r:!..ly c.onsist of out'tte.sh (Ple.te 10) an~ 
;:ro~aines (Pln.te 16) ;. these e.:-e co~osed of e~rf):tic lenseo and. 
layers of sa.'1d, rO'..l!ld.ed to e:ngr:..le..r g:-nvel and cobbles, boulders 1 e. 
s~l ~un:. of ~ilt, e1ld consid.ert:ible rock flolll"'. 3o=e of the 
older glacial depo~i t~ er..hibi t ccnRiic.rs.ble wes.thering; this is 
ev·idenc.ed by heavy iron st.e.ins and the al;r.ost co::;:plete al ters:tion 
of peb·oles a..TJ.d cobbles. T'ne nor-...glac.ial tl!l.teri:~J .. s pri!!lal·ily are 
river terraces ani fans, tqius (Plate 11), out~~sh, and sv~~ 
deposits. Tneir constituents range from rock flour and silt to 
se..nd, gravel 1 and boulder a. 

In many a.:rea.s it is not possible to irJT.edia.tely differ
entiate the glacial and no:1gl.a.cin.l !!1.5"terio.ls; a disti!:lotion generally 
can be IilB.d.e only by a broad irmp.z:ctio:1 of the oorphological che.rac .. 
teristics of the various ty:pes of depoai ts, The mst distinguishing 
feature of ~~e nonglacial ecposits is their cor:.on occu=rence in 
at::-a.ts. or l~yers. B.owever, this s~~ identification method. aeldom 
can be s.:p;pl~,ed to the fine -grained rlate!"ie..ls 'because turbulen~e in 
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the d.ep:lsi ting -waters lj.as resl.u ted in minute cross"')ed.d.ing and. fold
in~ of these steriala. 

"" 
A third ca.tegory of unconsolidated deposit is allu,'"if".J.. 

~terial ~ov beinB freposited cr moved by the Sus1tna River, FoT the 
ms t part; t.~iD d.epos it is gre.nule.r Wii th n~rous boulders 1 and 
heavily conte.mine.ted by rock flour. 

M~re.ines. ~e~~- ,~1~.~~ _ ~pos_~~E_ . .Pr.edQ.~.n~.:t~_prt?b of the ... 
8-l.l.Sitna niver a.nd COVer-a cofi.Sid.efc.t.ble J)OriiOD. Of the area SOUth Of 

::......_-•- .. 
the ri Yer. '!ney are from a fev inches to &evere.l feet thick. o--.·ir.g 
to co!!!,?aratively recent surfe.ce erosion :proceeses, they have lost 
distinguishing surficial chara.cteristi.cs. They contain materieJ.5 
ranging from rock flour up to boulders 8 feet in dia:eter (Plste 15)~ 
In the mapped area, there was a high percentage of ma~eri~l large~ 
than 4 inches in die~ter 1 and the largest boulder seen va.s 3 f'eet & 

Because of the high content of rock flour, and w1.th the exception 
of occe.sione.l grs.nu.lar poc"ets or stringers of sa.."ld 1 !_1:~~;:-~ines 
should be iL":Pe~Yious.. 1 •• ~ <-

~ .. - ... 

Outwash. A thin l.ayer of this r..aterie..l l'!la.tltles e. portion 
of the ~~est.ern~st part of the bench south of the left abutment. 
Else·llhere in this are e) the outwe.sh. may be e..a :uru.ch as 90 feet thick 
but is veneered.by woraine. It consists primarily of fine- to 
~diu~-grain sand, with rounded to subrounded pebbles, cobbles) and 
boulders up to 14 inches in d.i~-n:zter. T.ne r:;.at€'ria.l s.pparently .,~as 
deposi~ed in a V-shaped valley in front of an sdvancing glacier 
(Ple.te 10). Tne \/eig:.tJ.t of the gle.cie.l ice end su·osequently depos
ited morainal material consolidated the outwash to a relatively 
high density. 

Terraces. R:!.ve::r-deposited terre.ces.occU!'" south of the 
river in the easte=~ part of the mapped aree. Tney e=e co~~ed of 
coarse ana. fine sand, subro:md.ed to TOU..'1ded gravel, and boulders up 
to 3 feet in diamete~~ Tne terrace ~avels en the canyon floor 
(referred to throughout this report as a. nfe.n") e:>:tend to about 65 
feet above river level, vi tb an u.nkno-.m thickness belov river 
level. The gravel in the fan a.t the floor o'! the canyon is over
lain by 3 to 5 feet of clean, ~dium· to no~~se-grained sand. 
Approximately 210 feet of gravel occurs rJ.bO'"e river level in the 
terrace remna..Tlt upon which Triangulation Station Ho is located 
(Pla.te 16). 

Tne terraces formed by Cheechako Creek occur aoout 22 feet 
belov the fan terrace on t:b.e floor of Devil Can:;ton and about 27 :feet 
belov the first terrace. Tne highest Cheechako terrace ie a flat 
about 270 ~eet wide, and the lower and youngest terrace is about 
111-0 feet vide. Toe gre vel in these terrace6 ic coarser than the 
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gravel in the prc\~ous.ly mentioit~ed fr'~si t.ns. River terraces. OrSlli te 
'boUlders up to 10 feet ~in dia.r"..ett:!r mantle the surfs.ce. 

Talus and. :rubble. ThiG unso:-ted 1 e.ngule.r to eubs.ngul.s.r 
material occurn in the south~estern part of the left abut~nt bench, 
vi th o~cc.nione..l deposits near tho bs..~e of the gullies and cliffs in 
the c~~on ·(Plate 11). ~nis ~terial is derived from the adjaeent 
outcropa. :1 a."'ld the bloclr.s range from a. :feY inches to 15 feet ill 
tn:lXimuro di:mens i.on. The d.1:!)?Csi ts in the bench area :probably do Jnot 
exceed 10 feet in ~~icr~ess, Yhereas those in the canyon average 
about 20 feet in thickness e.nd may be a.s nrucb. e.a 40 feet • 

Sve.mp depoE!! ts. Ritnm.ing the lakes on the beucb. of the 
le:et e:outtnent and. in areas of :poor drainage are depos.it.s of moss 
e.nd. shr&.los n:.ixed .._.-ith fine sand and silt. These deposits genere..lly 
are leas than 3 feet thick and. are underlain by moraine e.n.d outvash. 

Seisclc Activity (F'igure 60-2) 
. 

The dP~~ite is in a bOne of ~jor seismic activity • .....___,_ - -·M·..,_-~-·--- - - -- - ·-
According to U. S. C6-e:5t -·and Geodetic &..u-veyrePorts 1 U. S. G-eological 
Survey Fro:'e!l~ional Paper Jio, 69 (1912), ani Gutenbel"g &~d Richter's 
boo}: 1 Seismicity of t~e Ea:"".:.h a.nd P..esocia .. ~ed ~'leno4lena, there have 
been at least ~~arthquake epicenters vi~hin~u ~&diu8 of 150 miles 
of the site. Twel veof-these ou£i1:es-hscr~ a.-··Ri!:.hier.::.outen·oer;r 'l":'l;~i-

~---- ~ ~ ~·· 
._ "' .t:t 2 0 • rm ~ -4 33 · · · h · · vUae o~ . or ~eaver. ~ne re~~-n-ng ear~n~ua_~es a~ a magn~-
tude o~ 5.0 to 6.9. T~o epicente=s we~e located wi~~in 25 ~les of 
the site. O:l ll..ay 29, 1931} en earth~uake n:f U..."ll:no--\J'n DS.gni tude 
occ~reQ nea= the :hul~t~ RiVeT abo~t 15 wlles northeas~ of the 
site; on J'.lly 3 J 1929) a 6. 5-~0Ili tude earthquake occcr~ed near the 
Talkeetna R~ver about 25 ~iles southeast of the site. Some of these 
shocks caused considerabl~; major d.o;:nage to st!"'Uc~4res in P.nc.horage 
and Fairbe.."'lks , a.n.d ms.jor earth oov-en:ents and landslides a.lon.g the 
highways and. railroad. 

E!iGL"lEZRTI~G GEOIOOY 

Reservoir 

Time lind ts:tions e..."'ld eccess d.ifficu.l ties did not permit 
a. ground inspection of the :reservoir basin. However, aerial :r·econ
nais.sance and a study of existing geological data indice.te the res
ervoir bs.sin 'rill ·oe tic.h.-:.. Since the bas in ie ri'D1J1ed. by the high 
uplands of the Talkeetna Mou..nte..i;')..S, there appears no p!:)sEibili ty of 
loss into otLer d:ainage basins. f.:ny r;round-'bct.er :percolation into 
fractures in the reservoir rock vould be stored and ~ould drain back 
into the reservoi:.' du.:-"ing lo'W' \iCt.er. 
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Extcns i ve rl.~nse tizr.be1~ oocurs along the lo'ler eleYe.tione 

in the res:::rvoir basin. Tne vegeta ticn is £iim1la:- to that clescribed 
in :p:reYicns parts of this rsport. 

Damsite 

Abutment (Plate 17) 

Tne roost criti:cal engineering geological p~oblema occur 
on thi.s side o.f the canyon. These are a result of the o~;erhanging_ 
cliffs fc!1n~d by the southerly dipping beds; and what. s:ppearo to 
have been more stru-:ture.l distu!'bance in this c.butment ( sho;,•n in 
DR-9 and D3-10 and in Pig~re 4). Eault~ng has caused shear zones 
that are approximately norr:!Sl to the river (Plate 18) and also 
roughly parallel the canyon rim. n1e sheared ~ock is not well 
healed; thus·' extensive fracturing with open c:-evices is comrr~n . 
However. nressu::.-e tests in D:::I-9 and DH-10 did not :-esuJ.t in severe 
water 1;s~es 1 even in i'au1 "L·=d 1-ones in thehole~-:- D~J-8 appar-ently 
~ountered only minor :f'aul te j a!"eas s.na sho;.:-ed henvy t-ra.-t.e:- losses 
to e depth of about 118 feet; but) f::om this poir.t to "t'h:::: bottom 
of the hole at 150 feet, or ._.i thin about 15 f.:et of th-= cliff fa~e, 
..:..h-.,..e ~·as n-a"..:...:,...o"lly no ··atc.r .1."'ost ~T'I .... nt:l "rj',..t:>SS'''r:'l ... .,..c-•s (fTli_,rr_~!='. 1.> '=- n -~ .... ~.~.................. "'- - ..:..., .... - r-- ,.__t,. .., ... ..,..... • J. -

angle hole ·~oJes d.:rilled to·wa:-d t.he' clif! fe~e for 'C~e specific p".!T .. 
Pos :. of' a.·e'r'.::>.,...n";in-:nrr tt-..::. a.'.::o.,..-""aS&:> o.,.. "~n"'-"t:ISA in .('-~, ... -~,.,..&:> ,.....,..,..:::. .... ;nC"'s _ .._ - ~-- w.-..... - 0 ••- '-'-"* ';;. - - - _, ... _....,. "- - ...;...;,. GL- v.~- ~ \.~,!;-'._l!.- :;:::, 

'i,., .~ .... J::::. ...:\-1-r.::o.,.....~...ion or- +-h"" cl"~r"" .,..e,.&!> ) Tl'P' 1 e..,...,..,..,a.,..en"' 1 •• .:::.n--o,,.,... ... c·· .. -a.' _.,J. vl.- "'.;;..-- ...... w '-'- .., - \J - .J..J. .L ,_ • ...,.•,.;.- )::'~ .&. .,._c.,.:...,.; - - ~6..t.V--C 

_li:~t1 e O=' no faul :.ing; no·"· eve:-, severe ·~ate::- ·losses occu::-ie.dtn~ough
ou-t all but the last 10 feet oi' the hole. ... 

T."le ove!'"hang5.ng beds on this side o:: the canyon have 
r~sulted in lerge blocks (Plate 6) that, in so~e cases, a~e dis
tinctly sepa.;ated frorr. the acljc:.~ent bed:-o.~k. So~ of these bloc}~s 
are as I!lUch as 25 :'eet in horizont.al C.inEnsion and 50 feet in ver-· 
tical dirr.:ension. During sr.tS.ll ear-thquake tremors} sli&11t tr..overr: .. ~::lts 
of these blocks can be fel~. Because o! these looze blockz ana 
the variable results from the water pressur~ tests, shelves 
( "l:i tchens n) ;.tere excavated into t.he ab'..!tment face (Figure 4). The 
initial plan "'as to detet"!:ine the depth t.o s.oi.~!ld rock from the can
yon fa~e. Tne fir~t shelf, S-1, vas s-tarted r .. bout 60 feet belo·w 
the canyon rim on the nose of a ridge dovnstream from the downstream 
toe of the dam. T.~is excavation had to be a~andoned befo~e reaching 
unb:r-oken, mesoive roc1:., because the bla.st:!.r~ loosened grea"!.. que.r4ti
ties of loose rock above th~ shelf. Loose rock for about 10 feet 
in a horizc!Jtal direction was :-emoved before the excavation had. to 
·oe a·::;andoned. Excavatior.t. th-:::n v~s started at S-2, auout 170 :feet 
bt:-lo·..: the ca:1yon !'im on the cli:'f face (Plate 19) of the left abut
ment. Tnis excavatio~ also ha.d. to be ha.l ted because each blest 
looeer:~d in::reasi!l.S quanti ties cf rocl':: above the shelf, and it 
btc:e.n:.~ too fulngerous for fu;;- .... h~r ·w-ork~ '!,.n:.s d.·.t,~lf i.s believed. to 
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have e~tually pen~tra't-e.d a.b='ut 20 feet int.o the cl!. ff fa'!e; howevc.'!", 
nn a ~cnrste measu:-~1:1ent; o:- a log of the shelf il'o.s not po.s:1ible 
beca.us~ of~ the cov~Ting o!' loo::):: ~ocl:. a:'tcr the ~'innl blest. 
Remo.._ral of this loos-::. mo.t~rial coulfl not b~ a:ttet.'iJited b~caune of 
dang!.!r from o-re~hanging blocks • 

. Besed upc:m the aforementioned investisations, it is e~tf
ma:ted that a miniu.\Um of 35 to 50 feet of ;ocl~ vill hsve to be 
removed frcm the p:res-e!}t surfa:!e befo:-= firrn :rock is reached. It 
will not be pos.sible to obtain a "clean" excavation e:~rface because 
o .. f the. blocky an5 overha:1ging na.tu:--e of :.he forma.ti.on; 1 th-:retore, ;.A;_ 
extensive dental. ~ol:k- may be req_uirea. I. .A/} rn.tLAffJ u.{;[J1 k_tP.J titJv-,h. J. ~ v-o 

- -· Y v1~~ /-<'" ~ 
Tne lef~ e:outt"lent of the arch is ne~r a. faul-: z.one t,rznC..ing south-
east· f'r1:'i; 'DH-9 and the shear or fault zone that ::oughly parallel.s 
the canyon ril'n. in this s~1e are!'. (Fi&'Ure 4). Shif:ting the l=ft 
·ab'u"tment. u-pstream "''"ould reoui~e co!lstru::tion of a th:.-ust block 
(becaus~ o; ... the loss of toPographic elevation) t but the thrust from 
the e.:r-cb then :::ou.ld react e.;air1s~ e. co:1siderably larger and. firmer 
rock mass., .. 

- B-ecs.use o::' fe· .. ·o:-at·le topog:-e.?hY, it ini t.:.elly ~·as ple.nn~d 
to use e. :;ontz-olled. ove::-:"'lo-;; spilJ.:-wny ~nu~e ~=ross the r;o~::.h-sot:.th 

Sa.Q~cllt::o_ +o .:.hr.. lo.r><L of' ...... 0 "~,;..t:> .... • o"b,.+ ...... .::.n ... (-oi '"'+c. 4 a ...... 4 L.!) s::.~.r;:-.-al 
\,I --... - ..... - ,.,. - -· '"'·J.- .1..-- v ~ u ......... __ &..; .. ..4..~ ,........ ""'""""'-- '.... • ... " ...... "' 

drill holes in t~~s said.le G.~~Ec:losed a :.,\ep bu:ried channel e.ppa~-
en't._ ... :\~ s..;.. .... ~)..-.:·l-· e"-o·~· O""l:~ c,....,,.:; ••..;>eo• ..... h.,...o·,..,.\... "'"''"".o la}·.:.-+'-1"1"\eo.~ d~=>"'I"'\" .. Q~-

- .... \..1- ..._ .... ..-J. 5- ~\.1 ...LV '-"CJ;......,\1 ~..&.'-' ~ ... pl., V.a ... Lo4~~.l ~ ... _ 1.- -....-.._..- -.:'--'-' 

sions on both sides of th~:: satldle (Fig-tlre 5, Section BB) and over¢ 
lying r~ severely fe.ul ted a:reE.. T:le maxi mar: deptb o:' the valley 
:ill in this ch~nel is about 90 feet. Tne.~ill r~terial is com-
..... '"'sc.d p.,...-11'1'1C.,...fip 0" ... ~.T;:;,"'"! "'0"''~0"\{..:<ool.,::.~ o•• ... uo-\. v-l•h a•t>O'"+ a 10 .f"oo.,l.. yv ·- - -~- ..... - ... ''~ ,... .,. - ...;..~ .... ..._. 4...i~ .,!...,... ,.L..Q \t ._ ""*" :.-,. V1111i•G,.":\•~ J " .) ¥ • .- -... v -. -.:.. '"'~ 

venee:r o:' moraine (Ple::.e 15). qon~inuous st.rate. a:' pe-::viou.G :l!.E'~t:
rie.l probe:oly oc~u:r in tbe out~..rasb.. T.:1e rr.oraine ve:n:~er may have 
suffici~ nt imper",'"ious ms.t;.<Srial t.o fo:--m a 1nod.e.:rately effective blan
ket. It is necessary *o e:"fecti vely seal this che..r::.nel fill~ e.s 
the lm.fest poi1.:t in the underlying bedrock su:-.fs.ce is al~st 170 
feet below the ~irm.ur. wai:er surface in the r~servoir. Tne per
colation path fr9m the r~servoir pr..,be.bly would not exceed 3,000 
feet. 

Tne lack of sui tcble foundati.on and o ~;he-r design conl'lidera
tion.:) :resulted in. the at'and.on'!nent of this se.ddle are.e fo:- a spilj_·"'·ay. 
E.C'""-::'~:.:r .• since the lo·west el::!va.tion in the ~addle ie 1375, i i.. will 
be n-eceosary to ~onst:·u::t a d.:l.ke aero~& i ~· .J.]:'p::-o):!.rna.tely 800 feet 
long w:. th a I::..BXi1:;21m h6igh-t o:f 80 feet. Tn~ area selected for the 
dike is slightly ,~ps~ree.rrl frorc tbe caddle (Figure 5 J cc;). Bee~ use 
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the fountletion I:l3.tericl.s have been com;pt.cted by relatively hiGh 1c~ 
loaC.S, th~y e.ppear to be se.tisfa.~tory ilu:;ofs.::- a.G beo.ring capa.ci ty 
1e concerned for tb.e e.fore=entioned dike. Water ~asuretents in 
the dl·i~l holes throughout the left abutment ~eas indicate the 
ground. vater is .tributary to the GtrLB.l.i lakes in the clep.resoion. 
Thia aiso lnaY indicate tho.t some of the underlying m..11teria.ls are 
relatively i~ervious. 

Right Abut~nt (Plate 20) 

~..ly a rni:o.or amuunt of dental \rork should be required for 
the d.e!n foundation in this abut-m:;;nt. 'Ine e.but.rnent is i~tersected 
by shear zones strikir..g s.l.coat:_ no~. ~o tne -·etre-~.l:;.: _l:loVever 1 

Shelves S-3 and S-4 disclo~ed thnt ti1e rock in these zone8 is com
petent vi th or..ly thin aee.!!!S of gouge (Pls.te 14). Tne only proble'!!l 
of any rnsgni tuc'ie '--rill be the scaling of locae blocl::.s in the knife 
ridges on the right abut~nt in order to protect the ~~arhouse 
and. da.::n. .excavation e..gainst ro-~kfa.lls., Seepage throuc....h the a.butrr-:ent 
should be ~~ azceptcble mini~~ as the joints on this aide of the 
ccnyon are vell he ale a, T'ne di:P of the bedding is favorable for 
shaping this abut~~nt for the t~ch (Fi;u=e 51 Section AA) . 

• 
Rive:- Section 

Tne high velocity of the :-iver in the co:..nyon made it 
impracticable to ~ill holes in the center of t!le.river. P~ atternot 
vas made to determine at least a rough bedrock p~ofile under the 
river by means of angle holes Ci='illed fro~ t:.~ch ·oa.nk. Because of 
vertical cliffs to the wa~er edge (Plate 21), it was not possible 
to drill intersecting angie hales: Tnat isJ holes started. on directly 
oppoai te sid.es of the rj.ver ailled. a.t angles to intersect each 
other under the river. ~e driJ1ing that was acco~lished appears 
to give an epp~oximation of the maxi~~ depth to bedrock beneath 
the river (Figure 7). According to this drilling) the ~il!Ii.l!il C.epth 
to bedrock from the veter surface is about 85 feet (Figure 7, 
Section BB). Because :t t. ve.s not poasi ble to messure the depth of 
Yater, the stre~~~ill can be estimated only roughly as about 35 
feet in mexim~ thickness. According to pressure tes~s in tbeee 
holes, severe fre.cturef; and J~~eu joint.s oct.ur !'rom the bedrock su= .. 
;face to about 25 feet beloil this surface. Belorr this 25-~oot de:pthJ 
hcr>~ever, the rock tightens and only nom.:.usl we..ter losses occurred 
(Figure 7, Sections AA., B:B 1 CC). None of t~t:_ ~olea ind.ic.ated __ faul t
ing pare.lleling tbe :.:-1 ver. 

General 

To e~q>oae firm found.e.tion rock, particularly on the left 
abutment, rrill :req1.:.ire the re!!!Oval of up to 35 or 50 feet of loose 
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blocks. Tnerc is no appreciable d.epth or loleat.b.ered rock. B{.!Ca.Us£! 

of the extensive fra.:-turi.r..,_~ and open j~ints (Plate 22) consid~re.ble 
grout take can be expected. Such grouting is necessary to consol• 
ida.te the fractured rock and. reduce ee~page thro~gh the foundation. 

---.Laboratory tests (l~p:pend.i:>:--Ls.'bore.tory R£":port l~o. C-933) 
. on cores representative of th~ foundation rock have disclosed that 

Young's rr.od:u.lus i'or unfr~::.ctu:::-eC. foU-L,~...a.tion reel~ exce~da 7,000,000 
psi. Poisson's ratio is about 0.18. Tne unconfined compressive 
strength is as hi.gh as 37,000 psi. Theee tests d.isclosed that the 
rock acts p:riL"lb.:Tily as a..'1 elastic omt:rial ana. practically no per
mcrJ.ent "set" occurs. Although -cnese ini tie.l tests indicate excel
lent foundation conditions, it is hie~ly desirable that during 
final d.esign investigations, in .. si t.u r~asurements e.re taken of the 
elastic properties. of the roc}:.. Tnis recommendation is based upon 
the fact the severely fra~tured in-place condi~ion of the rock 
rr~y result in lower moduli than obtain~d in the laboratory tests. 

Po·..;erhous~ 

Pre s~nt pla:.1s e s:.ablish t!!e po·-1~rho'.lse location along t.he 
toe of t!J.e right ;tall of the ca.'1yo:n) O.ow:;.str-ea.o from the dB.Th 
(Plate 23) Figt<.:-e 3). T!lis \ti~l require e;.:~E:!nsi v-:: excavation into 
-'--.....- ri"''h+- o"-u-..,...,;:,,..• •o o"h-a~n S''.t"~-{,....:en• "'"'!")"''""': fo..,... +'"':.. 54-T"~"'•u..-.::. l.,..,.,~..: ~&"""' p,~ ~.uU-.i.J'-' V ..... ""-" -•.t-~~ v ,..,\...iJ...ll - ""'••- \.1 ~-v -'-

(Fi~~;e 5, Sectibn AA). Conside~aole scaling ~ill b~ required on 
the clif:i's e.nd knife rieges al.Jo-.:e t!:is ex~a.·,·e.tio~ -:.o pro\ride pro ... 
t=ction C..u:-ing co::tst:'u-:!tion e..~d to p:-event r:.ajor ro~kfalls duri.ng 
operation. The po·~erhouse ana t.a.il:-a.ce st:ruct.ures should be 
founded on -t.:n~ 'beO:ock be.lov :.he st:rear:.fill. 

Unde·:r-grou....,.H~ Pm.rerho'Jse - -

Tne restricted topogr~phy, the possible need fo~ extensive 
scaling, and favorable geologies.:!. ·::end.:!.. ticnti ind.icate the desira-----bili ty of consid::'rine; an t:nde:"ground pow~rhouse in the right ~Q~~":~-
pent-:-··-Tn:e-un~sae.ic"or.:J)etency o!'.-t.he~ -::--ock-~ind.icat"es the possibility 
O .r< ::oxce.vatin,.... ar ~, ..... ~:::o-C""-0"',.....-1 ...,;.,..,.,...."-c..,.. ·~¥~ +n· o ""'{I'-! ... ",,., "f -oof' an.=. .1. ·- e. ~l. ......,,'.,.I;_ .. 0.. ,....,., ...... -~.\l;;o...;...~:.J .... _ "-... Q ~ ........ 1-'""'.-.... ..., .. ... 1.4 

vall support (FiGure 8). Additional inv=stigation of the chamber 
si t.e by deep drill holes and a pilot t-.:nnel "'till be ::-eguired to ft1.lly 
outline potential. roof an5. vall s'..lpport problems.. B~ct:<use pgrtions ... 
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of tha excc.ve.tion vill be belo\t river level, e,;t..ensive grouting 
Ii..ay be necessary for the loYer part of the che.trlber to prevent water 
inflove through the open f:-actures • 

T'ne topography on the right side of the river is partic
ula~lv·:ravorable for the construction of short 'Penstock end tail-., ' .. 
ra.ce tunnels. Tne drilling d.cme to date lends further support to 
an underground pla~t as the core indicates the rock ti~~tens with 
depth and the fracturing decreases. Furthermore, the size of 
installation required for a 580,000-kv powerplant may preclude the 
construction of a su:face pl~~t because of nunerous and costly 
excavation diffic"L-:.lties ths.t -will result from the steep terrain a."'ld 
extensive fracturing of bedroc}: near the surface • 

Spillvay and Diversion Tu.nnels 

In present plans, these struc~ures are located in and on 
the :-ight, abutment (Figure 6, Section DD a.'I"J.d D 'D). Tne spillway 
intal7.e can ·o~ founded on bed=oc}-;. ~i tb e. l!'.i.niz-...un a.InO'-l.T'lt of ove:-
bu:-den exce.vation. Rock cuts of 1/4:1 to 1/2:1 s!1ould be feasible 
in the inte.k~ a:-ea (?le.t~ 24). Some difficul ~y may ·oe experienced 
with overexcavation on th:? so:.rt0.:=e.st o:- left siC.e of the excave.tton ~ 
0 "-1Anr- "'"0 ~.h.::. a.A'"a.,..s.o di""' Oro t\...,:, be a.~.( n.,. 'P--io .... ~..... .r--1 nc i Aos .t "'f.! a.f'· "• e"' \.1.!. .. - ....... ...,_ ._. .J::J .1. ··-- - ""'" ..... ·o· - ..... \..•'-' __ ............ lo...{" .:...~- ~ 

-'-N~ ~ ~·C"'"'"e e...,."ava~~ or. s ......... ..:--;: '"'ion·+ ~..,.,~ li.: n- -"'"'o"1o.~ ·o~ ~ "'f""~o,...,...oa.~ i '~"~ ........ _ ...... ~.~~.-.. .r.. -r-- ..,..L .,, 1..1.-~-- - "" ,__ ... -..L• e:. ;::... ......... ._ I>.=-"': .. -:--- _ ... 
+hi~ ar-=-c. ~a A.::o-L.o....,.,.,;nc. ..:..·n,.. ?.c..,....l.'n ,..~·'·O'Te ..... bU""a.'.o.,.... cnn :-v+r.>,... ... !!J.....,.:J S.::>'He ... -W-4 - ._c;a \..t -.- ""-.1. :~ .... - \..r ~'- u..-~ V ltJ- V .! ~ ,....L.l Q ...L ..._ .... u-•• ,W .-.~.l -' • 

ity o: the join~ing and frsc~~ring i~ the bed~ock. E~ca~se cuts o~ 
50 and more .feet in height ·,;ill be requir-ed, eY.tens"i ve joir:.ting in 
the roc!-: on the :r-i.ght side of the intake n,ai result in :oovement. of 
loose blocks during construction. T!1is problem is not believed to 
be -r.oo se:-ious as no cle.y seams a.re kno;,-n to exist in the bedrock. 

Tne di ve::.·sion B-"'ld spill1, ay t\-=.nnels Y:'ill penetrate the 
-+' • 1, •. .( i . .L t J:t ..~-· h ~ SsiDP ~ype o .. roc1:. 10 ... n.ng s J:C:G~-n a ... pres en_ O.L ... ne c s.:-e.c ... er-

istics of the phyllite bedrock s. t di vereion tunnel sradi ent ~ ho·..;ever, 
as men~ioned in the powerhouse discuseion, it is believed that this 
rock would have a mini~~ of fractu~ing and be exceedi~gly co~etent 
for tunnel operations. \<.:'~_ ~h~~ce_ptiOJ?_~_f_steel s~p_po_r}s._for 
about 100 feet of_~pe inlet (Plate 24) and outlet areas ~~d in nar
~ow-'~sheaizones·~_rock bol~~n; fo~. about 75 pe.icent of_ the __ tll!L-'1~1 -

·rangth'snould be ad~qua~e. Tnis bolting is suggested because of 
--tne o'locl-:iness"-~ause'i by. the three joint seta. If the nature of 

the shear zones on this abutmen~ is the same at t~nnel depth as it 
is at the surface, these zones should offer only ~ino~ difficulty 
in the tunnel excavation. 

17 

_..:;_:-:-::___ .... -01! .. __ -------.. ---------

-. --..: ........ 

-



I 
I 
I" 
I 
I 
I' 
I 
I 

·''It ~ 

J ,. 
' 

J.' < ! .,. 

J. 

J. 

'; 

f 
., 

I 
l 
1: '"' 

l. __ :__ 

T'ne oaocsiope.l open. joints, surface eprine;s, and anc:rt~melt 
indicate the.t mi.!lor waterflo~s vill br! encou...""ltered i11 the tu.rmela. 
As the rock is very competent} none of these flovs ehould be of 
sufficient m:s.gnitude to seriously interfere vith conatruction. 

- One problem r~quiring further etudy is the closeness of 
the la!"ge dis.n::eter tunnels. To.e rock i~ of e. nsture the.t vould 
tr~~~t bla;ting vibrations v.itb only noninal dampening effects. 
Therefore, ble.sti:;.g in one t'U.!l.'l'lel could ca.u..se rockfalls in the 
adjacent tunnel. :E!xtensi ve roc1~ bolting v.ould offer co!lSidere.ble 
protection age.inat such an eventua.li ty. 

Tne co~nts ma.d.e in regard to the spillvsy in:.S:::e exce:ve.
tion also vould apply to the excavatio~s required for the intakes 
and outlets of the tur.nels. Tne only difference ms.y occur at the 
outlet of the tu..'"lnel if it d.e.ylig_'lts into an open chan."lel cut th:r-out,"l 
a talus deponit of undetermined depth (Pla.te 25). 

Eighv.ay Geology 

~~o possible routes have been suggeeted for the access 
b.ig·':':.v~y to the d.e.!P.si te. One route i?Oilld closely :ps....-nllel the 
e:r:isting roa.C. high on the &lope .of the Tal.keetns. }buntair.s, vhe:-ea.s 
the second o~ lo·ner route \?Ould be along the south bc.nk of· --:.he 
Susitns Rive:-. 

The lover Route 

Tne lower route -\rill t:-s.\re:rse te:-race cleposi ts i~die.tely 
south o:' the river !'roz Gold. Creek to o.bout H?-6, ~i 't.b e stretch of 
bedrock fro~ ~~-2.5 e~na H?-3· At ~P-6J the road leaves the river 
and clirr.'"os a bench that r:ay requ.ire nPj!V-'roua mri tchbcckl! beco.use 
of the ~teep gradient;. Fro~ the top of tbe bench to the aamsite, 
the roe.d vill follov the south rim of the cru:1yon; e.lthough long 
stretches of bedrock \fill occur, sva.mp and 1rr..1skeg aree..s will bave 
to be bypassed (?le.te 17). T'nie section of tbe read. e.l.so rtll he.ve 
to bridge deeply incined g'.J.llies. 

T'ne lower route will re~;ui:re placement of embankr:1~r~.ts on 
sva.ey and muskeg aree.s. It is bel.ieved that such areas are I>::roba.bly 
not over 15 or 20 feet aeep; thus the soft material could be com~ 
pletely renove~, or consolidated by overloading of the emb~~~nt. 
T'ne latter method has been used with considcrcl:>le succecs in simi
lar s i tua.tiona, pe.rticul.s.:rly -w!len it is acco1:panied by the detonG.
tion of lov-veloci ty charges along the toes of the proposed en;bank
ments and at varying depths !'rom the eu.r:face to under~Yi.ng aound 
lnB.terial. 
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\~ATANA 

STRUCTURE: 810' HIGH EARTH DAM 

INVESTIGATION: 
1950-'53, USBRJ RECONNAiss~~cE 

1975) CQEJ RECONNAISSANCE 

· D&MJ 

1978 COE 
22500LF SEISMIC 

28 50REHOLES 
50' TO 600' DEEP 

27 TEST PITS 

18 AUGER HOLES 

S&W 47665LF SEISMIC 

INSTRUMENTATION 

10 PIEZOMETERS 

13 TE~1P I PROBES 

SIGNIFICANT FEATURES 
' .., .... ~-

300' - 600' WIDE VALLEY 30° - 60° SLOPES 

40' - 80' OVERBURDEN 

5' 40' WEATHERED ROCK 

ALLUVIUM - FROZEN TO SOFT 

RELICT CHANNEL UP TO 454' DEEP; 
FILLED \A/ITH GLACIAL AND ALLUVIAL MTLS, 

NEAR VERTICAL SHEAR ZONES 

THE nFINNS" AND nFINGERBUSTERn 
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r1ATER I ALS: 

ROCKFILL AND AGG. - QUARRY "A" AND/OR "B" 

CORE - BORROW AREA "D" 

FILTER/ AGG • - BORROW AREA r:E 
11 

LAB TESTING 

BORROW AREA "D" COMPOSITE 

GRADATION 

TRIAXIAL 

COMPACTION 

CONSOLIDATION 

PERMEABILITY (MINUS 1") 

SPECIFIC GRAVITY 

BORROW AREA "E" 

GRADATION 

PETROGRAPHIC ON SAND 

PROBLE~1S: 

BURIED CHANNEL - PERVIOUS ZONES 

PERMAFROST- DISCONTINUOUS, DEEP IN LEFT ABUT.; 
WITHIN 10 OF FREEZING 

ARTESIAN PRESSURES 

SUSITNA FAULT? 

TALKEENTA THRUST THRU RESERVOIR 
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UNDERGROUND STRUCTURES 
ROCK CONDITIONS - FAVORABLE 

SOME SUPPORTS REQUIRED 

SUM~1ARY 

ADDITIONAL EXPLORATION 

GENERAL - ROCK STRUCTURE 

- RIVER CHANNEL 

- FOG LAKE FAULTING) LEAKAGE 

RIGHT ABUT,- SLIDE BLOCK (7) 

- OVERBURDEN THICKNESS 

LEFT ABUT. - PERMAFROST 

BORROW AREAS - LAKE DEPOSITS 

SPILLWAY - BURIED STREAM CHANNEL 

DOWNSTREAM - SUSITNA FAULT? 
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WATANA 

LITHOLOGY: 

Dam Site 
Diorite, Quartz Diorite, Granodiorite 
Andesite Porphyry 

Quarry A 
Andesite Porphyry 
Rhyodacite 

Surrounding Area 
Volcanic Sediment 
Basalt 
Argillite 

STRUCTURE: 

Joints~ 

Major: N35°W 73°NE 
Minor: N70°W 51°NE 

Shears: 
11 Fins" to Tsusena Creek 
11 Fingerbuster" 

SURFICIAL MATERIALS: 

Susitna/Tsusena Confluence - Glaciolacustrine Sands 
Borrow 'D' & 'H! Till 
Borrow 'E', River Alluvium 

RESERVOIR: 

Overburden in Lower Reservoir - Till Lacustrine Sands and Silts 
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WAT ANA RESERVOIR 

PREVIOUS SITE INVESTIGATIONS 

Geologic Mapping: 

Corp of Eng.; 1978 

LITHOLOGY: 

Diorite, Argillite 

Tertiary Sediments, Basalt Flows 

Hetavolcanics 

Schist 

STRUCTURE: 

Talkeetna thrust 

SURFICIAL MATERIALS: 

Till, Outwash, Glaciolacustrine, Sands and Silts 

PERMAFROST 
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WATANA EMBANK~ENT QUANTITIES CCOE) 

r1ATERIAL llil!trr 1 TY (al 

IMPERVIOUS 7J373.,000 

SEM! PERVIOUS 6 077 000 

FlNE FILTER 5 621 000 

2.,201)000 

RocKF ILL 36 297 000 

RIPRAP 223 000 

TOTAL 57 792 000 
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Hole 
No, ........__,.,...,.._ 

BH-1 

BH-1 

BH-3 

BH-4 

BH-5 

BH-6 

BH-7 

BH-8 

BH-9 

BH-10 

Location 
-~,----~ ....... .._- ..... 

Rt,. Abut 

Rt .. Abut .. 

Rt., Abu·t., 

Rtk Abut 

Rt .. Abutv 

Rt .. Abut 

Lt .. Abut .. 

Lt .. Abut .. 

River 0/S 

River 0/S 

r~ ~ 

Approx .. 
El ev,. 
..,.,.~------·-·--

~ ·~ ... ]!!!!!. .. .. ·- ... ;-- :III!IJ 11-.J .. --

Azimuth 

225° 

45° 

22~::0 ,) 

60° 

\~JATANA D/\r1S ITE PROPOSED DR ILL ING PROGRAt1 
--·..,...---~~~---..- ...... --....---· ... - ---

Incl. -·-'---'T"'-
60° 

55° 

Ver·L 

Vert. 

Vert .. 

60° 

Verto 

60° 

Vert., 

Ver·t .. 

Hole 
-~-e J.l ... Cfttl_ 

250-300' 

200-500' 

50-100' 

200~300' 

100-200 1 

740' 

100-150' 

600-·750 I 

100-150' 

100-150 1 

l:'I~ima ry __ O!?_j ect i v~ 

Geologic structure, velocity 
discontinuity. 

Geologic structure, gradational 
contact .. 

Overburden thickness, correlate 
w/seismic .. 

Overburden thickness, correlate 
w/seismicu 

Overburden thickness, correlate 
w/seismic .. 

Geologic structure (fault in river 
channel?) 

Overburden thickness, geology and 
s tructurev 

Geologic structure (powerhouse). 

Overburden thickness, foundation and 
perm. for cofferdam. 

Overburden thickness, foundation and 
perm& for cofferdame 

.;) 

'O 

\) 

Special Test.ino. ') 
--:-.--- • • I ' ~' "$ ..-:., 

Permeability .. 

Permeabi 1 i ty, 
camera. 

Perm, camera, 
geophysics therm
mi stor /piezometer. 

Perm, thermisto-r, 
slope indicator. 

Perm, camera, geo
physics~ thenno-
mi stors. 

Permeability. 

Permeability .. 
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Seismic 
Line Location 

... ~- --- -"'""" - ,~ .. - -·--- __ , .. 

SL-1 Rt. Abut. 

SL-2 Rt. Abut. 

SL-3 River 

t I I I SL-4 River 

SL-5 River 

I ~ 
L 

.. 
. ? 

'~ ~ ·~ -- ~ ''IS!!l• :-; ~-- .. 
WATANA DAt~SITE SEISt1IC REFRACTION SURVEY 

Appr·ox. 
_L_e_nfLiJ~ _ _P.!J..!lla ry_ Q_b j e_ c_t_i_y_e_?_ 

6600' Investigate buried channel, overburden thickness, 
velocity anomaly, alt. spillway rte. 

4400' Investigate buried channel, over·burden thickness, 
v e 1 oc i ty an oma 1 y , a 1 t . s pi 1 1 way rt e . 

2200' Investigate overbruden thickness, rock quality 
(intake, access/diversion tunnels, river channel. 

1100' Overbruden thickness (core zone) channel shape. 

1100' Overbruden thickness, channel shape. 
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BH-2 

N45°E 
55° 

INTO RIGHT 
ABUTMENT 

401 FT 
(328 VERTICAL) 

SFT 

100 FT ALTERED 

ANDESITE) 120-
DIORITE ) 150 

CONTACT 
PHASE 

SHEAR ZONE 90-133 

POOR WATER 
CIRCtH.ATION 

QUITE HIGHLY 
FRACTURED 

RIGHT ABUT-
MENT UNDER 
RIVER . 

740FT 
(640 VERTICAL) 

8FT 

25 FT ROCK 

GRANODIORITE 

ALTERED ZONES: 

50-70 FT 
150-160 FT 
320-335 FT 
440-500 FT 

FRACTURED AND 
HIGHLY ALTER
ED ZONES 

QUITE HIGHLY 
JOINTED AND 
CALCITE COATED 
WITH NEARlY 
VERTICAL 

,. ORIENTATION 

TOWARDS RlVER
WET MUSKEG 
AREA 

376FT 
{326 VERTICAL) 

8FT 

0-25 FT ANDESITE 
S0-55 FT OLD 

DIORITE 
SURFACE 

ANDESITE) CON
DIORITE ) TACT 

45-
50 FT 

ALTERED DIORITE 
ZOtiE APPRO X I
MATELY 50-70 

FRACTURE ZONES 
APPROXIMATELY 
1 FT,. WATER 
CIRCULATION 
GOOD iNPlYING 
TIGHT,. NO 
HATER P TEST 
DATA AVAILABlE 
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VEE CANYON 

STRUCTURE: 470' HIGH EARTH DAM 

INVESTIGATION: 
1960-'62 USBR 

13 BOREHOLES) 1646LFJ 180' MAX. 

16 DOZER TRENCHES 

SIGNIFICANT FEATURES: 
VERY STEEP CANYON (800') 

125' OVERBURDEN 

POOR QUALITY ROCK 

SADDLE DAM 

400' OVERBURDEN 

PERMAFROST TO 60' 
ROCKLINE BELOW EXISTING RIVER V.C. 

IVlATER I AL SOURCES: 

NOT DELINEATED 

GLACIO - FLUVIAL FOR EMBANKMENT 

RIVER CHANNEL FOR AGG, 
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PROBLEt1S: 
ROCK SLOPE STABILITY - EXCAVATION 

LEFT ABUT - HEAVY TALUS 

PER~1AFROST 

POOR ROCK QUALITY - HEAVY TUNNEL SUPPORTS 

400 1 OVERBURDEN UNDER SADDLE DAM 

ADDITIONAL EXPLORATION REQUIRED, 

SITE UNSUITABLE FOR CONCRETE DAM 
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DENALI 

STRUCTURE: 235' HIGH EARTH DAM 

INVESTIGATION: 
1958-'59 USBR 

5 BOREHOLES APPROXIMATELY 200' DEEP 

14 TEST PITS 

LAB TESTS 

CONSOLIDATION 

GRADATION 

INDEX TESTS 

PETROGRAPHIC 

SIGNIFICANT FEATURES: 
RELATIVELY LOOSE SANDS AND GRAVELS OF UNKNOWN 

THICKNESS 

PERVIOUS STRATA - RIGHT ABUTMENT 

100' +PERMAFROST - BOTH ABUTS, 

COMPRESSIBLE STRATA - BOTH ABUTS, 

MAXIMUM EARTHQUAKE MAGNITUDE 

8,5 AT 40 MILES 
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MATERIAL SOURCES: 
PERVIOUS - ADEQUATE SUPPLY) 0.5 TO 5 MILE HAUL 

IMPERVIOUS - PROCESS FROM TILL 

PROBLEf~S: 

DEEP PERMAFROST 

COMPRESSIBLE FOUNDATION MTLS, 

EXCESSIVE FOUNDATION TREATMENT 

PERVIOUS STRATA- RIGHT ABUT, 

DEEP CUTOFF 

LIQUIFACTION 

SUMf"1ARY: 

MOVE SITE 8000' DIS 
EXTENSIVE FIELD INVESTIGATIONS REQUIRED 
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SUSITNA HYDROELECTRIC PROJECT 

AGENDA OF IST INTERNAL 

BOARD REVIEW MtETING - GEOTECHNICAL 

AND SEISMIC ASPECTS 

~Time & Location: Wednesday, July 23, 1980, 8:30 a.m. (all day) 
Board Room, Niagara Falls Office 

I 
In Attendance: 

I 
J 

Ontario, Canada 

Project Team 

J. Lawrence 
C. Debe 1 ius 
J. Gi 11 
I. Hutchison 
V. Singh 
S. Thompson 

ReView Board 

D. ~1acDona 1 d 
J. fr1acPherson 
L . \~o 1 of ski 
D. Hepburn 
H. Eichenbaum 

J- Puroose: 
J .. '{: ~-~,. i J',-,,....~ .. 

To review \'/Ork plan for 1980 Task 4 (Seismic Studies) and Task 5 
(Geotechnical lnvestiga~ions) and preparation for External Review 
Board Meeting (tentatively scheduled for iate August). 

Moo' or;:; -o.,.... .11 -· \o,oi. "'- i .. John D. Lawrence 

J Agenda: 

r 
r 
l 
t 
tJ 

-· 11me 

8:30 A~1 
9:00 AM 

10:00 At!; 
10·:15 "M Mil 

11 : 15 At~ 
12:00 
l: 00 Pt.~ 

• t I 

2:00 DM 
• I I 

2:30 Dtvl 
I f 

3: 15 PM 
3:30 Pf~ 

looic 

Introduction 
Existing geologic, 
geotechnical & seismic data 
Break 
1980 Geotechnical Field Program 
Discussion 
Lunch 
1980 Seismic Studies 
Discussion 
vJrap-up & Summary of Board Views 
Break 

Soeaker 

J. D. Lawrence/, . : 
I 

S. Thompson & Y. Singh 

J. Gill 

V. Singh 

Scope anc schedule of Externai Review 
Panel Meeting 

NOTE: Sneakers a:-~ 1aquested to hand out detailed agendas of their presentations 
dur~ns the meeting . 

. ·cern r re>::: Tntwrr r(narrrr 21 
ri , : 
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SUSITNA'HYDRGELECTRIC PROJECT 

INTERNAL REVIEW BOARD MEETING #1, JULY 23, 1980 

PRIMARY OBJECTIVES 

1~ Familiarization 

2. Review of: 

- proposed dam locations and types (prelimipary concepts only) 

- geotechnical exploration program scope and schedule 

- proposed seismic and reservoir induced seismicity programs 

- potential tunneling problems (preliminary concepts only) 

3. Recommendations for scooe of first external review panei 
meeting (late August) · 
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. S]J'S!TN-A HYDRO'ELECTRIC. PROJECT 
INTERNAL REV IE\~ BOARD MEETING #1, 
July 23, .1980 
ACRES CONSULTING SERVICES OFFICE, CANADA 
SUMMARY 

In Attendance: 

Introduction 

Project Team 

J. Lawrence 
C. Debelius 
J. Gill 
R. Henschel 
I. Hutchison 
V. Singh 
S. Thompson 
J. Hayden 

Review Board 

August 4, 1980 
P57 00. 13. 10 

D. MacDonald 
J. MacPherson 
L . ~J o 1 of s ky 

John Lawrence began the meeting with introductions of all participants, 

followed by a brief summary of the agenda and speakers. A series of s]ides 

and talk was used to give general background on the Susitna Study Project, 

the various subcontractors forming the study team, and their role in over-

all project. This portion was concluded with slides taken along the Su-

sitna River Valley, starting in glacial headwaters and progressing into the 

lower river basin. John Hayden gave a brief summary of the current status 

on all the various subtasks, with the exception of Tasks 4 and 5 which 

were discussed later in detail. 

Existino G~oloaic, Geotechnical and Seismic Data 

Virendra Singh summarized the geotechnical data currently available for 

.... ,. .... "" . . • . ..... , • V D ., C d W • "'ne -;-our s1 ~es Oi 1 nt.eres \..; 1. e., uena 11, ee, ev1. anyon an ·a ~..ana. 

This data includes a surmnary of investigation completed by others at each 

site~ significant features identified and conclusions about each site. 

(see attached copies of view graphs.) Some additional data had only 

recently been received and review and compilation (subtask 5.01) had 

been consequently delayed. 
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Stewart Thompson gave a brief review of the regional and site speci.fic 

geology ft~r bdth proposed damsites. The geologic history is very complex 

and not well understood. Infonnation at both sites is somewhat limited 

due to poor rock exposures. Field mapping program of damsites and reser-

voirs is currently planned but access is very difficult. A series of 

slides were presented showing general conditions and geology. At Devil 

Canyon th~re is believed to be a relict channel and possible shear zone 

on the left abutment which needs further investigation as it may have 

~ serious impact on site suitability or type of dam. Also, possible stress 

relief features (open fractures) exist in the left abutment which need to 

J 

J 

be drilled and verified. It v1as recommended that in order to prove the 

abutment suita!)le for an arch dam it may be necessary to excavate adits 

in due course. Slope stability in the reservoir also needs to be investi-

gated. Permafrost conditions, thick overburden and steep slopes combined 

with thawing and wave action produced by reservoir can potentially result 

in localized beaching, slides and slope failures. There is a need to 

identify potential problem areas and evaluate effects of such failures. It 

was suggested that such slides will most probably occur and the effort in 

the study should be dil'ected towards a means of handling the problem. 

The large waves created by earthquakes or landsiides was discussed. Ade-

quate freeboard would have to be maintained in the reservoir to handle 

such cases. 

1980 Geotechnical Field Proaram 

Jim Gill reviewed the geotechnica1 progl~am as originally developed for the 

Plan of Study and the permit~ing requirements for the program. BLM is 

lead agency, however, most activities are located on native lands. There 

is presently a problem with the Chicka1oon Village lavtsuit over disputed 
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land claims ~hich is interfering with field programs. We are not allowed 

to work on disputed 1ands until the matter is settled. The major area 

affected is borrow area G at Devil Canyon (see map). Based on a review of 

existing data, budget and logistics, the original program as developed in 

the Plan of Study was revised for 1980 with the intention of providing an 

increased amount of diamond drilling this year with sufficient work in 

borrow areas to confit~ materials and overlap next years program. The 

revised program as shown in Figs. 1 thru 5, and detailed in Tables 1 thru 

4 was discussed. 

Following the recent site visit by S. Thompson, L. \tJolofsky and P. J~1orris, 

the program was reviewed and revised somewhat further. Based on their 

recommendations the total number of diamond drill holes to be completed 

this year was revised to 3 at each site. (Watana BH-6, 2 & 8; Devil Canyon

BH l, 2, & 4.) The philosophy behind this change was to reduce the expen-

ditures during 1980 while still maximizing the data obtained, and leaving 

enough flexibility to allow for changes in layout which may result from 

Task 6 studies and which would :hen be investigated in 1981. Presently 

BH-6 at Watana is comolete and BH-2 is underway. The auger drilling pro-

gram 1s complete, but had some difficulties as the materials generally 

contained boulders) particularly in borrow ar~a E, and it was not possible 

to get holes as deep as originally planned. This results in need for deep 

test pits (probably in fall/winter) to obtain samples for lab testing. 

Other areas which require some furthel~ discussion and development include: 

- apolication of SLAR and law sun angle photos for identification of pern1a-

frost 

high moisture contents (>7%) from thawing frozen materials in borrow 

areas will make handling and suitability of materials very questionable. l 
l 
l 
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-ifftrurnentatiorL ~9ns·isti ng of therma 1 probe and piezometers has to be 
'
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evaluated further and the type and means of installation resolved. 

existing piezometers. installed by the Corps of Engineers should be 

reinstated and read if pbssible. Interpretation of readin~is current

ly difficult as riser pipes are filled with diesel fuel. 

- possibility of using technical climbers at Devil Canyon for mapping. 

Discussion: A general discussion of the morning's topics raised the 
following points~ 

- at Devil Canyon there is a need to look at earth/rockfill dam alternatives 

and possible borrow sources for construction materials. 

all available geotechnical data pertaining to Devil Canyon is to be 

reviewed in Buffalo and corrnnented on by the end of September. 

,j,.h ·-me~.. oa:;, of sampling permafrost in rock and the significance to design 

need to be reviewed. Past projects have used 11 Chiller 11 set-uo with good 
, . resu.t.s. 

There is a question of what temperature to use for solution to prevent 

formation of ice during drilling. 

spillway designs and locations need to be determined at both sites. 

- it is desirable to minimize 1980 program and keep enough money and f1exi-

bility to allow for layout changes in structures. Emphasize features 

this year which will ha~e a major impact on site suitability. 

there is a need to advance layout studies to late 1980 to allow suffi-

cient time for design of 1981 investigation program. 

tunnel alternative layouts are underway. Any investigation (for tunnel) 

will be done in 1981, but will be a major change ~o the original Plan of 

Study. 

there is a need to resolve which load growth forecast the dam designs 

-~ '· ,., 
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are to be based on. It is possible to have range of schemes for vari-

ous forecasts. 

- the earthquake factor to be used in design has to be established so pre

liminary work can start. A figure of 0.68 mentioned in previous Corps 

reports is a peak acceleration for 1 cycle and not for periods of strong 

ground motion which is likely to be 1/2 to 2/3 of this. An acceleration 

of 0.5 g is considered adequate for preliminary design. The impact of 

such a factor on dam design should be evaluated as soon as possible. 

1980 Sesmic Studies; 

Virendra Singh summarized the seismological studies presently being per-

formed by Hoodward-Clyde Consultants~ which include instaliation of a micro 

seismic monitorinc network and identification and evaluation of ootential 
~ . 

activity of faults within the project area. The primary objective of 

these studies is to define the maximum probable earthquake distance from 

sites and a~tenuation at the sites such that an appropriate earthquake 

factor and gound motion can be selected for design. wee 1s also suoposed 

to evaluate potential for reservoir induced seismicity. It is expected 

that a site. meeting in late August will be held by HCC with a preliminary 

report in October and a final report in November (see viewgraphs). 

Discussion 

There was some discussion about reservoir induced seismicity (RIS). HCC 

Preliminary evaluation of historical data indicates about a 90% probability 

of reservoir induced seismicity for Watana and a 50~; probability for Devil 

Canyon. General consensus was that (RIS) would occur~ but that magnitude 

of resultant earthquake would be less than the maximum probable design 

earthquake and shvuld therefore not have any significant on design. 
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wee studies are geared toward developing the maximum probable earthquake 

in project area and attenuation curves to each site. Acres is to select 

design earthquake. It is considered that three months of monitoring of 

the micro-seismic network would be sufficient this season, and that it is 

not necessary to mon·itor all winter. Reservoir induced seismicity is a 

potential psychological problem to people rather than a design problem. 

There is some concern over the Susitna fault as to whether or not it 

reaily is a fault, and if so, whether it is active. The location is 

within about 2-3 miles of Watana damsite. 

There was considerable discussion over what earthquake factor to use 1n 

preliminary design. Previous reports give values up to 0.68g, which is 

greater than any known values used for existing dam designs. It was felt 

that this value is the maximum peak acceleration fo~ one cycle and not 

the value for the period of strong ground motions of significant duration 

which would be used for design. Nonnally the value for design would be 

2/3 to 2/2 of the peak. It was suggested that value for preliminary de-

sign should be 0.5g and it would be worthwhile to examine literature on 

existing dams in high seismic areas to get a feel for what effect it will 

have on the design of Watana or Devil Canyon. After reviewing the prob

lem in-house the next step would be to consult outside expertise via the 

proposed review panel. h recent ICOLD report has case histories of large 

dam failures in China due to earthquake. It includes very detailed analy

sis of failure mechanisms which might prove useful. 

There is a need to develop approximate layouts of both developments by 

early 18! so tha~ investigation programs can be developed. It was gen-

erally considered better to spend extra time in the office now (earlier 

than originally scheduled) developing layouts based on assumptions rather 

~-·1'YTXtftt1Prt· 'ff"Je•tns'' :,?'fmttt'ftrU C'f ' ,wr~ '.· 
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Wrap-Up - Some of the key points which came out of the meeting were: 

1) The schedule for layout studies must be re-examined and accelerated, 

such that preliminary layouts are available in early '81. This will 

allow for flexibility in the design of the '81 drilling program. 

2) The type, layout and discharge channels for spillways must be 

examined. 

3) Earthquake factor to be used in preliminary design must be deter 

mined~ 

Very little precedence exists for such high seismic regions. 

was suggested that we assume 0.5g until more data from wee becomes 

available in the near future. Acres should review current designs 

for dams in highly seismic areas with the possibility of requesting 

outside opinions/expertise. 

4) Devil Canyon will require adits to verify abutments for an arch dam 

... \ 
':)j 

prior to design. In the original POS it had not been planned to use 

adits until Phase II work. It wi11 be possible to use borehole data 

and down-hole camera, geophysical logging and instrumentation both 

to verify that the site appears suitable and that adits should subse~ 

quentiy be used to confi 1111 this . 

To apply for the FERC license there has to be sufficient data for a 

specific dam layout at a specific site to prove feasib)lity. Some 

flexibility may be allowed for relatively minor cr·langes after licens 

i ng ~ but a major change such as type of d?.m, or 1 ocati on may not oe 

t ' ., t I:"~'""Rr accep ao1e o . ~ ~· It presently appears that it is not possible to 
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prove suitabil;fty of Devil Canyon site for arch dam by mid 1982 in view 

of the need for adits not currently scheduled. Therefore it will prob

ably be necessary to submit a license application for both dams with ~ 

type of dam other than an arch at Devil Canyon, or submit separate 

appl icat·ions as d~ta becomes available. It remains to be determined 

if there is any way to delay submission C)f Devil Canyon section of 

license application to allow sufficient time to satisfactorily prove 

the suitability of the Devil Canyon site for an arch dam or other dam 

type. There is a1so a problem with licensing if investigations prove 

that one of the sites is not suitable~ and a new site has to be 1nves-

tigated. Data must be reviewed as it becomes· available and discussions 

held with FERC people has been very cooperative in this respect thus 

far. 

f 6) The question of reservoir slope stability and how we are going to han-

I 
l 
·~ 

J 

dle it needs to be addressed further. From preliminary site reconnais-

sance it is obvious that beaching, thawing and slope instability will 

occur with reservoir filling. There is a need to identify those 

area vlhich are likely to prese.nt problems, and to determine what effects 

they will have on the reservoir and what measures, if any~ have to be 

taken. This prob'lem will be aggr-avated by the proposed 100-150 

foot annual fluctuation in reservoir levels at Watana. Aesthetically 

it could be a problem but should not have serious engineering impacts 

on operation of the reservoirs. It was proposed that an in-house 

review be made of reports for similar Projects to determine what 

alternatives have been used. 

--·· ·,.,~··· .. 
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External Review Panel 

At present the status of the External Review Panel, originally scheduled 

I 
I for late August, is unclear. A five member review panel was recommended 

I to APA by Acres. These recommendations are currently being rev·i ewed by the 

APA Board of Directors. The last word was that APA may appoint another 

finn to interface with the panel. It is 1 ikely that this firm ~'lould then 

have Acres make a presentation to the panel and then make its own recom-

rnendations to APA based on finds by the review panel. Scheduling of all 

J this is stili undecided as the other firm has not been selected yet. It 

was suggested that earliest possible meeting might be in late September. 

In light of this situation it was suggested t~~: we (Acres) should recom-

mend to APA a separate meeting of~ smaller panel of outslde consultants 

(possibly members scheduled for the APA review panel) in the near future 

If, ~ to review our programs, since the external APA review panel may be too 

late to accomplish anything useful. This matter was to be looked into 

fur:.her by John Lawrence. 

II Closing 

Another meeting of the Internal Review ?anel and Project Team was tenta-

tively scheduled for iater this year to review the comp:eted field data 

and earthquake data from Woodward-Clyde. 

If possible, site visits for revieVt' panel member will be arranged at 

convenient times in the summer program, with possible on-site meetings. 

/ ./-
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I. OBJECTIVES 

II. 

The objectives of this series of meetings are to familiarize the Specialist 
Consultants Panel v1ith the Susitna Hydroelectr-ic Project feasibility studies 
currently being undertaken by Acres, to r-eview with the panel the available 
geological, geotechnical and seismic information, to discuss the ongoing 
planned geotechnical and seismic investigations and the pr·eliminary design 
studies for the Devil Canyon dam, currently proposed as an ar·ch, and the 
Watana rockfill ~am. Particular items of concern which will be reviewed 
are~~ 

- the upcoming decision on whether or not to adopt an arch dam 
aiter·native for the Devil Canyon site. 

- the scope of geotechnical explor·ation activities at Devil Canyon 
and Watana sites in the winter of 1980-81 and summer of 1982. 

- the method of screening identified seismic features for further 
examination and the scope of seismic exploration activities in 
1981. 

- the upcoming decision on whether or not to adopt a tunnel alternative 
developiTlent in lieu of the Devil Canyon Dam. 

GENERAL INFORMATION 

In ~ttendance: 

Ac~~es R&f~ ~·JCC 
Specialist 
Panel 

J. Lav:rence 
Dr. J. Hayden 
J. Gi 11 

APA 
r-vould 
R. Hahn 
D. v!ozni a k 

G-. Smith 
J. BI"'O\'Jn 

br. H. Savage 
Dr. J. Lovegreen 

-.,....,--
Dr . R • v! • Peck 
Dr. A. J. Hendron 
M. A. Copen 

A. Tawil 
V. Singh 
J. Henschel 
tlj. Bruen 

Date 
l 0/20 ........... . 

1 0/21 ........... . 

10/'22 ............. . 

Time & Location 
. . . . . . . . . -. .. 

8:30A.M.! Acres 
Anchoraae Office 
(all da~y) 

8:00 A.M. (tentative, 
weather ~erritting 
all c~v: ... , ' 

Activity 
Travel to Anchorage, AK 
Presentation of Geotechnical, 
Seismic and Civil design in
formation 

Field visit, Fly Watana camp, 
insoect Watana site, flv Devil 
Canyon~ insne\:t C:evil Canyon 

• + ,... . . r h • s 1 ~,.,e. r:e tlil"n ta Anc .. or·a ge Vl a 
.... 1' . 4. • t .. , .. , a r~eetna :...C ~ nsof:c ar1 , 1 cores. 

··rnrrrnrmnrrtsmrn nn·.w.&r tr:. 
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Date 
10/23 '• . . . . ·• ... ~ ~ .. 

10/24 ........... . 

Time & Location 
8: 30 A. it - Anchor
age office (all day) 

.. . . . . . . . . .. ., 

--t· 

-

Activity 
Panel review and discuss~sns 

RetUl~n travel 
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III. OCTOBER 21, 1980 ACTIVITIES 

Presentation of geological~ aeotechnical & seis~ic infon~ation 

Moderator: John D. Lawrence 

Aoenda: ...; 

Time 

8:30 A.tlj. 

9:30 A. t1. 

Topic 

Background to Susitna 

Introduction to Acres 
Plan of Study 

lntroduction to geotechnical 

Geologic Information/ Previous 
\·Jor·k 

a. Regional Geology 

Spe-aker 

E. Yould 

J.D. Lawrence/J.~. 

J.D. Gill 

1·1. Br·uen 

1. Bed r·oc k Geo 1 ogy - Csej tey, Tu t~ner· & Smith and 
iur·ner 

2. Glacial Geology - Peue, KaJ~lstrom 

b. Site Specific 

1. Devil Canyon 
geologic mapping - Kachadoorian, 1957 
drilling- U.S.B.R., 1957 
Seismic - ~hannon & \!ilson, 1978 

2. \·:ato.na 
reconna1ssance- U.S.S.R., 1950, 1953 

Corp of Eng., 1975 
geologic mapping- Corp of Eng., 1978 
drilling - Corp of En9., 1975 
seismic - Dames & Moore, 1975 

- Shannon & Wilson, 1973 

3. ~atana Reservoir 
geologic ~apping - Corp of Eng., 1978 
brief description of lithology, structure, 

joints-fractutes-faults) surficial r.ateria
oen:~afros t . 

G8otechnica1 Information - V. Singh 

1. Lab tes·::ing 
2. Ir:s:~~~0*~ntati on 
3. Seotechnic~l Evaluation of Previ~~s ~ork 

--f', 
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Time 

10:1'5 A.N. 

10:30 A.M. 

( 
) - L 1 : 00 P .. :vl. 

\ 
11: 30 A. ~1. 

\ 12:00 Noon 

1:30 P. I~. 

2:30P.M. 

3:45 P.M. 

4:55 P.M. 

5:00 P.M. 

Tonic 

Break 

1980 Geologic Mapping Program 

Objectives 

A. Confirm previous work 

Speaker 

J. Gil1/M. Bruen 

B. Expand area of geologic mapping 

C. Provide geologic information necessary for 
optimization of type and location of dams 

D. Identify potential problems needing further 
study in 1981 

A & B (above) 

1. Watana dam site 
2. Devil Canyon dam site 
3. Watana Reservoir 
4. Devil Canyon Reservoir/Tunnel Routes 

lithology, structures (joints, fractures, 
shears), surficial materials, permafrost 

C & D (above) 

Problem areas, areas of concern 
. 

1980 Geotechnical Exploration 

Air Photo Interpretat;on 
Discussion 

i 

J. Gill/R. Henschel': 

Lunch 

Planned Geotechnical 
Investigations 

Break 

Seismic Information & 
1980 Program 

1981 Seismic Program 

Discuss ions 

Review of Field Recon
naissance Trip/ 
October 22 

__ ,, 

V. Singh/R. Henschel 

W. Savage/J. Lovegreer 

.1: •• , ••••••• 

J. D. Gill 

1: • • • • • .. • ...... 



II 
11 
~ 

I
J 

: 

I! 
<;; 

ll t ' 

Ji 

[ 

I 

SUSITNA HYDROELECTRIC PROJECT 
FIRST SPECIALIST CONSULTANTS PP..NEL 1~1EETING 
October 21, 1980 

, sur.:r•1ARY NOTES (by J. Lawre nee) 

In Attendance: 

P5700.13.40 

Consultants Panel Alaska Power Authority 

Dr. R. B. Peck 
t·1r. M. D. Coren 
Dr. A. J. Hendron Jr. 

Acres American Inc. 

J. D. Lawrence 
Dr. J. W. Hayden 
J. D. Gill 
B. Br·ovmfi e 1 d 
A. Tawil 
V. Singh 
M. Bruen 
R. Henschel 

~-

~ 
; 
~ 

:i 

E. P. Yould 
R. J. t•1ohn 
T. t•kGuire 
D. l~ozni ak 

Hoodw_a rd-Cl yde 

vJ. Savage 
J. Lovegreen 

,, 

R&r~ 

G. Smith 
R. Brm'ln 
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22- 1980 ACTIVITIES 

Field reconnaissance {weather permitting) 

Oraanizer & Team Leader: - Panel Members .... 

- Other Participants to be Selected 

V. ·OCTOBER 23, 1980 ACTIVITIES 

Moderator: J. W. Hayden 

Agenda: 

Time Tooic 

8:00 A.N. 

8:30 A.M. 

O· 00 A·"'" ..; • ..!fll • 

10: 15 A. t1. 

11:00 .LLN. 

12:00 Hoon 

1:00 p M 
• I • • 

1:30 P. I•L 

2:00 p t\~ 
• i i • 

Project Design Considerations -
Introduction 

Watana Dam Design 

Discussion 

Devil Canyon Dam 

Discussion 

Lunch 

Tunnel Alternatives 

Discussion 

Panel Review & Report 

pCTOBER 24, 1980 ACTIVITIES: Travel 

-

Speaker 

J.D. Lawrence/J.W. 

V. Singh 

J. D. Lawrence 

J. l·J. Hayden 

_j 
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1. Introduction by J. La\·Jtence 

2. Background to Susitna by E. Yould 

3. Summary of participating subcontractors) Acres pr·oject group str·ucture 
and Fers pecti ve of POS by J. La\·Jtence 

4. Svrr~mary of Ac;r·es POS by J. Hayden 

5. Geotechnical field activities (by J. Gill): 
Introductions to Anchorage staff · 

- Schedule of work {POS slide) 
List of Task 4 Sub-tasks 
List of Task S Sub-tasks 

5.01 complet0 - data available from USBR/C of E 
5.02 Photointcrpretation by R&M in hand 
5. 03 Comp 1 ete - review of previous work 
5.04 1980 Program complete, evaluation in hand 
5.05 In hand (1981 program design) 

Exploratory prograif! scope- in ter·ms of$ expenditures by activity, 
excluding design office support and logistical support (see Section VIII 
page 25) 
Test pits in bor·rm·J areas partly replaced by reversed cir'culation 
drilling because of boulder problems 
35mm Slides 
·BLM permits, etc. 
·24 hour-day dia~ond drilling 
·Helicopter support 
\·:atana Site: 
:fi nsand fi ngerbuster features - diorite - ~:atana 
·Spillway to left of buried valley 
Devil Canvon Site: 
~Left abutment lineament 
·3 drillholes and USBR data available 
·Difficult access conditions 
·Denali fault slides 
·Southerly abutments - 50 to 100 feet deep permafrost 

6~ Presentation of Geologic !·~apping Program (by H. Bruen) - (including 
existing data available from previous work) 

Regional geology - Talkeetna Mts. and Susitna area 
·Slide of geologic mapping {regional) 
·Denali fault 43 Giles north 
·Castle Vountain fault 75 miles south 
·Susitna fault- questionable? 

- Devil Canyon geology (f<achadoorian/USBR/Shannon & Hilson) 
·Slide showing DC geology 
·?hilli:e U:aci·~.::c:~orian) i.e. rr,etar--ot-phosed argillite and graywacke 
fhy.-i.:.~lc.' 
~ .. ..._ : I t.. .,... t.:; I 
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tNuMerous shears, mainly left abutment~ up to 2 feet gouge 
·Thin overbur·den (tills)~ 85' thick in buried channe 1 - dri 11 i ng/ 
geophysical) 

·.Permafrost not found by USBR 
- Watana geology (USBR~ old/C of E, recent) 

·Drilling by C of E 1978 and seismic lines 
··Of·iB Cl"i ti ci sed C of E for insufficient dri 11 i ng ( $3,000,000 in 1978 
including logistics) 

·Slides showing Watana geology 
·Diorite - Andesite Por'phyry Dikes (downstream of dam) 
·40 - 80' thick overburden, oenerally less than 20' on abutments 

- t'Buried channel postulated by .... others as a buried fault (vJCC). 
- Reservoir geology map - C of E - slide 

7. Presentation of Geote.f_hnical Investigations b,Y.~hers (by V. Singh) 
- \·!a tana; 

·Slide showing previous Watana exploration 
·57 million cubic yards of material needed 
·Naterials exploration/testing by C of E (slide) 
·Potential problems identified: 
- Buried channel - previous zones? 
- 1 eft abutment permafl~ost 
- artesian oressures . 
- Susitna fault? 
-Talkeetna thrust 

·Recoomended exploration: 
- general river channel/Fog Lakes area 
- right abut~ent slide block and overburden 
- left abutment - pen:1afrost 
- borT·m·,' areas 
- Susitna fault 
- Buried river channel 

·Impervious core ~aterial -well graded 
·Slide of fill quantities required (57.8 million c.y. total) 

- Devil Canvon: 
•Slide showing previous USBR exploration 
·Earthquakes 8.5@ 40 mi., 7.0@ 10 mi. (i.e. 0.68 peak acceleration 
at site) 

·Appears to be no rationale for floating earthquake assu~ption 
·Potential problems identified (see Section VIII page 66) 
·Reco~ended exploration: 
- Pilot tunnels 
- Detailed foilndation/abutment explor-ation 
- Curtain/consolidation grouting probably required. 

8. Presentation of 1980 r·~aooinq Proat·am (by M. Bruen) 
=oSjectives-·Ts1 ide)· ·~. --'"·-~··-

- DC geology (slide) 
• Ho bedding p 1 2 ne strips ob~. e;--ved on south side 

--'·' 
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·Access problems in area (Chicaloon) 
• ~Jind r-ose diagr'aiils (see Section VIII~ pages 31-33) 
·Slides of rock faces~ etc. 
~open joints 80' to 90''back from edge of cliff in left abutment 
·Example slide of rock slides (in DC reservoir) 
·concerns will be predominantly in rock faces, not o~erburden 

- Watana geology- (slide) 
·Wind rose diagrams (See Section IX, pages 37-39) 
·Slide of "fins 11 

·Tsusena Creek ~ oxidized exposures - (Gouge?) - 2 slides 
·Borrow area H for till identified if another source needed~ 35' 
thick at exposure (See Section VIII~ page 53)~ 

·Edge of Bor-row area D- some outwash (slide) 
· Bon--mv area E - Nest of Tsusena Creek, evi de nee of bur\~J ch~~'me 1-
(not same as spillway buried channel) 

·NuDerous mud flows in Watana Creek area (slide) 
·Major ice (permafrost) exposures found above DC/Watana reservoir areas 
Potential Problems - (see slide, Section VIli, page 40) 
- Note that reservoir beaching/mudslides not as great a concern as rock 

slopes 
- Reservoir fluctuation 100' per year 
- Reservoir fill schedule 2 to 2~ years (C of E) 

9. Presentation of A'ir Photo Interpretation (by J. Brown, R&M) 
- Land fotm analysis by color aerial photography 
- Terrain unit method (special purpose term to define land forms to 

depth of 20 to 25') 
·Buried cha nne 1 s 
·Per·mafros t 
·Erodible materials 

- Approach - look at field units and check in field 
- Chart existing different tetrain units 
-No attempt yet to describe bed-l~ock ateas other than 11 hard/soft 11 

Probably not useful for cone material identification 
- Attempted to note fine/coarse borrow characteristics 
- Buried channel orientation different from others at Watana 

Lunch 

10. Presentation of 1980 Geotechnical Exoloration Resu1ts 
- J. Gi 11 . -

·Program designed before completion of air-photo intarpretation and 
design concept still being finalized 

·Introduction to scope of exploration at D.C./Watana 
·50% of total dia~ond drilling done in 1980 
·Less than 50~ of total auour drillina done in 1980 
R. Hensche 1 - -' 

1-!ata na pl~og~~ar. ~ developed vii th C of E reco,rs~·;enda t ions in r::i nd: 
·3 boreholes co8pleted 
·Longyc:ar 34 rif used 
·All holes water pressure tested, pressures 20/30 psi, max. 200 psi 
at depth (~psi per foot of depth.) 

__ ,, 
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·Slides of borehole logs (prelim.) 
·BH- 6 no major shear zones·found, some small shears identified 
·BH - 2, Finger burster location - identified as a major shear zone 
·No test data available -- difficulty with caving even with grouting 

(Water loss significant- couldn't get packers down.) 
·BH - 8, left abutment (powerhouse) - no shear zone found at contact 
between andesite/diortie. 

·A. Hendron suggested we attempt to intersect possible channels in the 
diorite near the andesite contact which may cause problems with tunnel 
excavation 

·Geophysical logging done - results not available yet. 
- Borehole photography unsuccussful 
- No instruments in at Watana yet 
- Equipment awaited (Piezometers, thermister str·ing) 

·Mixed success in reading old C of E instruments 
·Seismic lines completed, indicating buried channel, layers of till, 
outwash, alluvium 

·Quarry source B not investigated but considered doubtful. 
·Diorite exposures in Deadman Creek 
·Bor-row Area D- outv1ash? Need more test data to reliably determine 
extent usable as core material. 

·Bort'OW Al~ea E- boulder problem restr·icted boring. High watt:( table 
(8' depth) will restrict exploitation. t1ore exploration needed up 
Tsusena Cr·eek. 

"R. Peck suggested consideration of Area E material for dam shells. 
"There are few dams this high made of r·ockfi 11, \·:hi ch haven • t had 
longitudinal cracks - there are many made with gravels which have 
not 11

• 

- Devil Canyon Program 
3 drill holes completed 

-BH2 - intersected granodiorite at 63' depth 
·BH4 - no shear found - argillitesjphillites, some slippage observed 
along bedding planes 

·BHl- argillites/phillites (el. 1450) 
-Difficult access 
-Geophysical logging not yet available 
-Borehole camera unsuccessful 
.J nstrumentat ion done (pi ez o:-:1ete1"'S, thermi ster strings) 
.Permafrost cement used for grouting 
·Borrow area - access restricted but not material shortages noted. 
-Seismic lines completed 

11. Proposed 1981 Proqram 
- No question a bout r-eno vi ng l·:atana riverbed rr.ateri a 1 s, therefore 

extensive exploration un~arranted. 
·10:1 ratio da~:spillway cost Jt Watana 
-Pi·1F 200:000 cfs (approx. L 100,000 cfs soil1way capacity for 100 
year flood 

- Revets circulation dril1ino to he done in buried channel and borrow 
areas in 1981 (winter) 
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- Fins at Watana need study 
- Left bank at D. C. needs study 
- Consider excavating with bulldozers in borrow area E to obtain better 

samples etc. 

12. Presentation of Seismic Prooram 
- J. Lovegr·een 

·100 km radius adopted for features 
·Castle Mountain to South, Denali to North are known to be ''Faults 
\vi th recent dis p 1 a cements" 
·L~NDSAT imager·y .... 215 features screened on basis of length and 
distance more than 10 km from sites. 
~DC- 2 features with moderate~to high likelihood of displacement 
(yellow, "indeterminate A" concern for seismic and potential for 
sur·face ruoture . 

·\·Jatana "indetel~minate A" 
- "Susitna Fault" (?) 
- "Talkeetna Thrust" 
- Buried channel/"Fin structur·e 11 

11 KD3 - 7 11 (blue) - \.JCC think this 1s a figment, but it will be 
evaluated 

·Ranking on basis of likelihood of recent displace~ent (need to decide 
level of risk) 

·t·1uch more evidence for ''Ta 1 keetna Thrust" than there 1 s for 11 Sus i tna 
Fault" for v1hi ch no evidence has been found to date 

·Low sun angle photograph, to be done next Spring, vlill allm·J r·efinement 
but probably not change conclusions. 

H. Savage 
·Message not coming through - approach was most conservative - nothing 
was left out which could be a seismic source 

·A. H. Hendron co~mented that he could not see how the remaining 
questions can be satisfactorily dealt with in one more year of 
field work 

·10 seis~ographs installed (including DC/Watana sites) 
·Peak ground motion acceleration of 0.75 has come out of very preliminary 
calculations and cannot be eliminated at this time. 

R. Peck commented that from a deterministic standpoint, a fault is "dead 11 

or it isn't. One cannot evaluate it in terrns of probability. The 
structure must be designed for an appropriate grJund motion. 
·A Ta 1 keetna Fa u 1 t Report \IJas \vr' i tten by the academic co;:uT1uni ty in 
May 79~ on the Brockson Gulf/Denali intersect (publication due in 
one year) Differential movement of about 2 em (3-1) is postulated 
as being taken up by the 11 Talkeetna Fault 11

• If discounted, 7alkeetna 
Fault magnitude reduces to about 7.4. 

·Recurrence in:erval should not be a consideration for features which 
may severely i~pact project structures. It is more important to 
i nves ti gate cri ti ca 1 11ye 11 0\•1 11 features to deten~i ne whether or not 
thev exist. .., 
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VII. SUSITNA HYDROELECTRIC PROJECT 
FIRST SPECIALIST CONSULTANTS Pl\NEL MEETING 
October 23, 1980 

SUW~~ARY NOTES (by R. He:nschel) 

In attendance: 

Consultants Panel 

Dr. R. B. Peck 
Mr. M. D. Copen 
Dr. A. J. Hendron Jr. 

Acres American Inc. 

J. D. Lavwence 
Dr. J. W. Hayden 
J. D. Gill 
B. Brm·mfi e 1 d 
A. iawi 1 
V. Singh 
t•L Br·uen 
R. Henschel 

P1l ask a Po\·Jer Authority 

D. Wozniak 
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1. Pr·esenta ti on by J. Hayden 
Brief review of design consideration in site selection and proposed 
schemes- i.e. combinations of dams, etc. (Subtasks 6.01, 6.02, 6.03, 
6.04) 

2. Presentation by V. Singh 
Watana Dam Design -
Reviewed Corps design and sectlons (2 viewgraphs) 
J. Lawrence raised the question of the need for a cut-off under the 
coffer darrs. Gener"'·~ 1 agree~s·.ent that they would probably be necessar'y. 
Present Acres thinking about design based on data available (See 
Section VIII) 
- Foundation exploration work 
- Embankment design 
- Design approach 
- Liquifaction of foundation materials during earthquake. 

3. Presentation by A. Tawi 1 
- Prooosed cross section of Watana Dam oresented . 
- Need to incorporate features to defEnd against eartnquakes 
- Exploration has indicated: 

a) Foun~ation has up to 80' alluvial naterial pervious, inadequate 
shear resistance 

b) Sedr·ock - Excellent shear str·ength, moderately high petmeability 
(lo-4- lo-6)> probable locai zones higher than lo-4) weathering 
cz no majcr consequen~e, 2 or more shear zones on right abutment 

c) c~nstruction ~aterials - All required materials are available 
around the site. Co~e ~aterial i~ the most rerious question, 
season is VEl".Y shor < 

- Extent of design ccns,~erations: 
a) Design is for about 750 feet o1 nedd 
b) Ex tent of exc ava ti on of overburden ;na teri a 1 s l.o be deterr;~i ned. 
c) Water tightness of coffer dams (100' + high structure) will require 

upstream till blanket and/or positive cut off plus dewatering of 
excavation 

I:r:portant questions on vJhich panel input is solicited: 
a) .!..rr:ou"it of ove rbur·den excavd t ion to t.e perfo frr1ed: 

- 1 : i s 1 ope - under raos t 01" darn 
- 1:1.5- remove all of materials 

b) Treatment of bedrock foundation under core and filte~ zones: 
l~err,ova l of ;·:ea therec r-~dt~ock uncer core? ( t1ot necessary - other 
r·.eans of tr·eatr.,ent, e.£. clt:ar.ing, slush gl~outing and consolidation 
0 ~~~~,, ':'' 1' ·nn \ • ' ,I"" :'>1 I 

trim~ .. ,~; ?.!1C shaping of abutr:.ents required, right abutrr,ent in 
oart i ct;"i ~ .. p 

('1-i,-'r,.;."T" " .. · · ,;...,~ 1 rv:"">~,:..;:;n:'") 
~ J to ZJ' ~ l,. i ....,'t ,._~ ¥ ., !"· I ; J = V}, ...,:;> ¥I - U' • 

~idt~ of ·re s~o~lc be gener0us, about 60' of head . 
• !·~ateria1 iS of ;~rod g~·ddation, no pir:sticit~\ ~ rrir:ir~al acequate 

DC..Y'""'C.- b1'l.: t\' '-' ;,,..,p. l i • . -
.Possibility of fl~1ring core at abvtrents 
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d) ~ater co~tent of core materials: 
Need some flexibility - place core some\·.'hat above optimum
Design for settlement 

e) Width of filters - 100 feet upstream, 150' downstream 
f) Filter gradation imoortant - to guard core 
g) Transition zone - bridge gradation gap between rockfill and filter 
h) Outside slope on shells- 1:2.25 ~pstream, 1:2 downstream 
i) ~aterials for shells - what to use? 

- rockfill from excavation 
- Sands and gravels 
- ease of placement (rockfill placed 1n winter easier than sand/ 

gravel) ~ 
j) Width of crest (C of E 10 feet, pr·obably 2.5 feet necessary) 
k} Freeboard requirerents 
1) Pressure relief requirements: 

- combination of grouting and relief holes will be required 
- \·,rork to be performed independently of fi 11 placement 

4. Resoonses by Paner 
A. Hendron - Question, \~hy downstream boundary of core is inclined 
slightly upstream. 
A. Tawil - The-re is a tendency towards tension 1n lower core if inclined 
dovms tream. 

- R. Peck - Width and configuration of zones will be dependent on 
material properties. 
A. Hendron - With downstream slope on core - if shell settles it 
will tend to compress core, rather than place it in tension/ 
R. Peck - Dependent on which settles most. 
J. Lav;rence- .Is there a need for grouting and drainage galleries? 
General agreement that they will be required. 

- R. Peck - It is correct to assume (at this stage) that the material 
in the river channel should be re~oved. 
-r~aterials in dam should be selected for both static and dynamic 
behavior and then select where to use them in the dam. 

·It ~ay be desirable to make at least half of the upstream shell of 
gravel rounded rather than rockfill - dilitant materials are needed under 
modest strains. (Rockfill is not dilatant) Use it in downstream shell 
also, but this is not as important. Heights of dam will justify type of 
material to be used. It should be primarily a gravel dam, with 
rockfill in some olaces, rather than the reverse. 

·Spillway location and design - Tsusena Creek totally inadequate - the 
rock excavat~on r:~ay not be as gr·eat as everyone is curtently thinking 

·Spillway may be ~uch closer to dam, with little rock excavation. 
·t·!e should identify construction r,;aterials and then develop a section for 
the dam - concentrate on explorction of river channel as a source of 
construction materials, and not with intent of defining liquifaction 
potential for leaving in place. 

·Upstream use cobble fill (dilatant caterial) in high stress areas 
·Downstrea~- ~a~e sure rockfil1 does not get wet - still better 
to use cobble fill as ~uch as possible 

•. . 
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- V. Singh - Reviewed material properties (C of E data) 
r~eed to con::par·e Acr·es laboratory test data with C of E data 
Question of internal instability of material (Sherar·d) - Potential 
piping probleit? 

R. Peck- No'evidence for this in western tills- should not be a 
pr·obl em: 
~These problems developed in materials which were not tills! -were 

au twash rra "Zeri a 1 s ~ gap graded, v!here piping cou 1 d deve 1 op. 
·However: we should assume that it could happen and design for it. 
·The gradation curve for Area D is about as good a core material as 
you could hope to find 

·May require processing of material 
·Plasticity character'istics of material<200 sieve- (Area D)-
has some plasticity. Need to detel~mine how thick it is and over \'/hat area 
it can be excavated and transported without exposure to rain. A good 
thickness is essential so that the face of the excavation in the 
pit can be small. 

·Exploration should establish depth and a real extent of steep slopes. 
·Need to look for older tills, which would be nearer optimum M.C., 
and avoid ab 1 ati on ti 11 s and out\·Jash 

·Regarding place~ent moisture content, there should not be a problem 
placing at slightly above optimum, but at or slightly below optimum 
is p'refer-able. For dam configuration shown, str·ength of cor·e is 
ir:1r::ater-ial to overall stability of embankment. 
·Rega,~ding use of mor'e plastic materials- at abutments, it is 
desirable to use material which is the same as the core, but more 
plastic phases of that material. 

·Regarding crest details, it is too early at this stage to be specific. 
·A fairly wide crest is rQquired. It is beneficial to keep the slope 
to the crest. The core should be protected from freezing/frost. 

·Regarding analysis of data for earthquake, not much emphasis required 
at this early stage. Concentrate on proper foundation treatment and 
zoning aspects initially. 

Presentation on Tur.nel Alternatives (by John Hayden) 
- Revie\'led present activities, etc. (see viewgraphs, Section VIII) 
- A. Hendron expressed concer-n about a possible channel filled with 

andesite along the tunnel alignment. 
- M. Bruen indicated dior·ite intrusives of tertiary age and older volcanic 

vJhich r.ay exist, should be elevated and exposed! 
- Most viable alternative schemes appear to comprise a 200' high 

regulation daw jJst upstream of Devil Creek with tunnel to just below 
Portage Creek. 

- Ver~/ pr-elirinary co11oarisons indi~.:ate this to be a reasonable alter·na
tive to Devil Canyon Daw., but needs considerably 1:10re study. 
No geological explanation is currently available as to why the river 
gradient is so steeo in this section. J~ Brown suggested from air 
photos it ~ight be due to a change from a lake basin area into a 
bedrock area. 2. Lovegreen sug?ested that in g1acial ti~es a 
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- bloc,kag.e may have pt"'evented flow through D.C. and a change in river 
course created. Development of a steep gradient occurred to get 
hack down to the requir·ed 1evel. This would not be related to the 
geology ':in particular. A. Hendron suggested it may be possible to 
look ~t the gredient which would have existed with drainage out 
thr·ough Stephan Lake. This would also aid in evaluating the "Susitna 
Fault" question (not clear· hm'l this would be done!) 

Pl .. esentation on Devil Canyon Dam Design (by J. Lawr·ence) 
~Sub-task 6.04, Feasibility of ar·ch dam at D. Canyon, to determine: 

Feasibility 
Economic viability 

- Evaluation Sequence (See Section 1VIII Viewgr·aphs) 
- Geotechnical Information: 

Early geologic review by Acr·es led to concern about adequately 
establishing feasibility prior to license application: 
- Linament in left abutment (lake) requires explanation 

Acres internal review panel felt that adits would be required 
to confirm site prior to license application. Plan to cost out 
adits. (Approximately $1 to 2 x 106 currently indicated.) 
Alternatives to arch dam such as a rockfill dam are also being 
evaluated for compar·ison. 

- Review of USBR and C of E Designs -
Some concern about energy dissipation of spillway discharge. USBR/ 
C of E designs are not considered adequate. 

- Acres has developed a concrete gravity-arch design layout for analysis 
(Section VIII, pages 104-106) (based on similar Karun Project studies) 
A long stilling basin with an "over-the-dam" spillv;ay is currently 
proposed for conceptual design purposes. Series of pseudostatic 
stress analyses performed, using the finite element "ADAP 11 program. 

- Results of analyses to date and assumptions used (see Section VIII, 
~.ages 107-130) 

-Thin Arch- Stress levels) both tensile and corepressive, are locally 
high in places but can be made acceptable with better design. 

- Cor;1r:.ent by M. Copen- Shaping will help a lot. Temperature loading 
will be more severe than earthauake loadino. The USBR computer 
pt"'Ogram ( ca 11 ed ll HEATFLO II) is avail ab 1 e to- analyze te:r.per-a ture 
gradient effects 

Discussion on arch dam desian ---------------· ~ - M. Copen - on t!le question of adits at D .. C., they are not necessaty 
at this time (although they \'Jill be later) Drill hole£ will provide 
adequate data fc~r 1 i cens i ng purposes. 

- V. Singh- on ge2logy/geotechnical considerations, the orientation and 
charactefistics of exploration orogfam with adits was intended to 
investigate ~ontrnlling structural features. 

- N. Copen - stability of the abut~:ents needs detailed work) but not 
necessary to e>.cavate adits at this time. 

- R. Peck - ~ow would you ~r0pose to go ~bout excavatin; adits? 
~- Co~en - What do you have to gain at th~s st&ge fro~ adits? 
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V. Singh- Joint/shear zone conditions, filling, material, etc. 
- M. Copen - I would prefer more drill holes rather than adits at this 

time. On the basis of available data there is nothing to prohibit 
a}"'ch dam construction at D.C. Nay not get data from adits that you 
want~ 

- A. Hendron - You should use available dat? for analyses and then teke 
extreme values to check sensitivity. 

- J. Lawrence - We would use analyses to assess which features cause 
most concern and orientate adits accordingly. 

- N. Copen - Adi ts may pro vi de data on continuity of features ( \'/hi ch 
drill holes would not). 

- A. Hendron - Adits al--e mor·e appropriate at \·tatana if anywhere tor~ 
investigate shears (e.g. fins, fingerbuster) 

- R. Peck - Rock conditions at the underground powerhouse need to be 
evaluated further, if necessary with adits. 

- A. Hendron - Rock conditions at the 2 sites are quite different. 
- R. Peck - There is serious concern about the shears at Watana, and 

their potential impact on the underground pm·Jerhouse and pen:1anent 
support of structures. 

- A. Hendron - You can excavate an underground powerhouse at Devil 
Canyon, bu_t maybe not at \~atane! Adits ar'e needed to pi~ove feasibility. 

8. Additional Comnents 

E. Yould stated that he is prepared to contest high earthquake 
accelerations quoted by Kachadoorian if Acres/WCC work shows lower 
figures appropriate. 
E. Yould and M. Copen expressed support for thin/thick arch at D.C. 
M. Copen would also be prepared to consider an arch alternative at 
t·Jatana. ("Thin" :::: top r·atio 0.2) 

bottom 
- J. Lawrence indicated that Acres would base its reco~~endations on 

WCC/Acres analyses for earthquakes rather than C of E Reports (0.68g) 
- E. Yould advised that C of E found that a rockfill dam at D.C. was 

most expensive of any alternatives (no pubiished information). 
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Drainage Area sq.mi. 

Average Discharges cfs 

1:50 yr Discharges cfs 

PMF 

50 year sediment 
Accumulative Acft 

DAM 

Type 

Height ft. 

Crest Length ft. 

Crest Elevation 

RESERVOIR 

Area - Ac 

Storage Acft 

Installed Capacity 

Firm Energy 

cfs 

ft. 

PR-DJECT DATA 

Watana 
5180 

8140 

82,600 

230,000 

204,000 

Fill 

810 

3450 

2200 

---4.3000 

21 ,000,00·~ .. 
1 

790 mw 

3.0xl09 Kwh 

Devil Canyon 
5810 

9230 

94,400 

270,000 

252,000 

Concrete 

650 

1370 

1450 

7550 

1,100)000 

780 mw 

3.25 X 109 Kwh 
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X. REPORT BY SPECIALIST CONSULTANTS 
PANEL 
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25 October 1980 

Mr. John Lawrance 
Project ?-!anagsr 
heres Amsrican Inc. 
900 L~berty Bank Building 
Bu:ffalo NY 94202 

Susi tna Projsct 
FirstSpscialist Consultants 
October 20 through 24, 1980 

Dear Mr. Lawr=nce: 

IntrQcurtion 

Pane 1 i>1e.stina 
.J 

--

The unaersia:1sd memb~rs of the: Panel visited the site on ' .J 

October 22, ~sr2 briefed in ~ne office of Acres American In-
corporated on October 21 and 2 3 1 and had :;?reviously revie·v.!ed 
a package of infor~ation dated October 1980. This report pre~ 
sents our co~sensus of the infor~ation o~tained and suggestions 
rc:garoing future. i.:1vest.igations on the project. 

We. consicer the Susitna Project, as now conceived, to be 
viable and worthy of continued investigation. 

G2n2ral Geology and Seismology 

The \·iCC pr2sc:ntation d-e.alt tn1 ith the Y. .. ell knoHn f:=.atures 
such as the Csnali fault, the Castle ::ou..1tain fault, the Eo.t·
cer faul-t ana the Tali,22t.1a fault; as ,.;ell as th:: hypothssizec1 
"Susitna faulttt anc other li~cars dsfinsa in the \\ICC study tn 
cate. ThE t'snali fault, Castls !~ountain fault 

1 
and the Borcer · 

~ault are r3ll v..·cll kno·.-.'Tl, rc,cs-:r:t, active f2atur2s that show 
svicenc~ of cisplacing or offsetting Plsistoc2n2 features. 
':'he r..agni tuds and Tili.nir:nm: cistancas to the site o·f credible 
evE~ts on thsse structures are not controversial and eesian 

..-
-,.,....L..: ors ..... ,.,...-:-.a-; ct' =d ..(:ro- =~·-~.;..s on *·hc~c. c:.l.·-ruc.;..urns -..-c r.::.1 a.L.{\r:::-•. . .l{.....1. ~·, !---t:: ..... - ~. ·~' ._vc.,._ ,. .... :._.;::._ ...... _ .... <;;;:; c::,..__ ........ ~ .......... 

strai oht fo:t-..;ard. 
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fault cmd the Susitna linear on the design motions ne.eds more 
study. The Talkeetna fault is a, relatively old thrust fault 
'h"hich brings Triassic volc~"lics and Permian strata from the south
east over Cretaceous argillites on the northwest side of the 
fault. Although this feature does not appear to cut Pleistocene 
deposits, 'h'CC has tentatively as signed to the feature a ITtagni tude 
7.5 to 7.9.event at a distance of 4 mi from Watana Dam. There is 
a ~ood possibility that this is an old feature that may not be 
a "caoable" structure. Thus it is of verv hiah orioritv to oer-

.... - J ..&.. ..... • 

form detailed field work alonq this structure to investicate •the 
- J 

age of overlying r:1aterials not displaced by t..~is fault or to de-
fine the o!Jserved offsets of formations of knov.'TI age that cross 
the fault. Observations in the \·;at ana creek a:t"ea may prove to 
be of great value since Tertiary deposits appear to.cover both 
the Cretaceous argillites and the Triassic volcanics in this 
area. 

Field studies also need to be conducted along the Susitna 
linear to establish if it is a real feature which has exoerienc-... 
ed offset and, if so, \vhat is the evidence of the time of last 
~ovement and of the magnitude of the offset. 

Other linears or possible faults close to l·iata.I1a Dan should 
be investigated to such an extent that a statement c~"l be r.~ade as 
to \·:11ether the feature is truncated by Pleistocene or olde.r geo
logic formations. 

If possible, a statement should be made regarding a~y pos
sible structural explanation for the two clusters defined from 
the nicro-earthquake observations. 

Engineering Geology and Rock Engineeri~g 

The "fins" and "finger busters" in the 'rerti ary diorites as 
\vell as. other rock ribs exposed in the canyon indicate that 
there are wide shear zones in the diorite intrusion. !·iore ex
ploration in the form of borings and possibly adits are necessary 
in the right abut;r.ent area to con firm that the rock quality is 
good enough to perrrit a reaso~ably accurate esti~ate of the cost 
of an u;1derground o-:>we rho use. PreliTI".inary observations indicate 
that the construction of an underground lJo;.~:erhouse at t;·;atal·1a rr.ay 

• -· ~,J::· 1t . + 'bl ~ . . . ~ . be alt~lcu_ or ln~~as2 e a~e to t~e w~ae s~ear zc~es. Reorien-
-t.atio:J of the r-;a·.-:2:r:1ouse to :rrinir:-ize ~-."all a11a roof ins~abilitv ... 
:-:ay lead -to unfa·.,.rora!:.le orien-tations for the penstocks. 

__ ,, 
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Additional exploration of the relationship of t-"'le. Tertiary 
clastic volcanics and andesites to the uncerlying diorite do,·ln
strBam of +-he dam on the right abut:rnent is also n:csssary to 
e:valuate ths possibls effects on the. tailrace tlli"""lnels and on the 
possible long poT.-.H~r tunn2l. The ancesi tes ~ay fill a.T'l old buried 
valley in the diorite. 

J:.:n estimate of the ttL"Tlneling difficulty for the long po\>..~e.r 

tunnel alternzrt.ivz can only ba Dade afte:r the various forruatio:1s 
and the nature of the contacts batween fo~ations are maoned fron ... . .. 
Hatana Dam to the do¥.~nstream end of the: tunnel. First priority 

h 1d b . d .L.. th• . .&: s . 3 s. ou_ e ass~gne ~o . ~s mapplng ~or cn2me • 

The argillite formation of Devil Canyon appears suitable for 
an und2rground poNerheuse. !-lore exploration is needed to delin
eate the rock quality and orientation of fractures and shears to 
Permit an ootimization of the orient.ation and to aid detailed - .. 
roof and sidewall design. 

The nature of the shearsd and weath2red zone of the band in 
the river just upstream of tha Devil Canyon site needs to be stu
died to ceternine the nature and possible origin of the feature. 

via ta:1a Site 

(';e.~erc.l. Although an e1T'.bankr.~2nt caJ7l v.:ith a :!:"leight of a~out 
0 00 -.L.. ,~ • bl .L.. •'\.,. '• h t • ~T J...h .,_ ' ., c r~ \·'ou ..... o oe cc:r.!para. 2 .... o t • .~.e n~g. es ~n .:.or~.-. r..mc.r.l.ca ana. 
ar:-,ong the highes·t in the \·:orld, ~~ye; consider the topography and 
available IT;ate:rials favorable to the co:1struction of ~·latana Da-m. 
Th2 foundatio::.1 and abutment conditio~s, although not yet fully 
explore:d, pr2s<::nt no knov.~n unusual difficulties. \•J= believe that 
further investigations of seismicity are most Th~likely to indi
cate unfavorable features for which adeouate orovisions cannot be .. -
~ade in desian. We believe that emohasis in the next axoloratory .... .... "" 
phase should be placed on esfining the boundaries of the pluton 
and the nature and effE:cts of its contacts with the aaj ac:.nt ~----
rocks in the csnaral vicinitv of thE carr:sita. - -

Spill~.·.:-~y. \·;~ corJcur that t.he spillway should not discharge 
into or through the: buried vallE;y to the. right of the dam, and 
baliav:: that a layout 2:1tirsly in rock, closer to the darn, 
should be a~o~t€d. As the c?olocic sit~ation beco~es better de-- "" .... 
.&::. ~""'C~ 
.I ..1..1.,; I an r:.ay prove acvi-
sabl:::. 

---

\. 

l 
! 
I 
r 

l 
I' 

\' 
l 



D 

[ 

[ 

I' 

I 
I 
I 

I
) 
l 
) 

-::-

Jc~n ~a~~rence -4- 25 Octo;:,e.r 1980 

Reservoir Slides. our overfliqht of the rese.rvo5,.r area for 
se:~~ral miles upstrsam of the darn indicated to us that the topo
g~aphy and. the nature of the matarials near the reservoir rim are 
such that major landslide$ into the rsservoir, such as to endan
?~r the dam or control \vorks, is remote even tL.""lder seismic condi
ti~ns. Therefore, we consider that spacial investigations of· 
this possibility are not needed to establish the feasibility of 
the oro"iect • ... , ., 

Cross Section and ~aterials. W~ cDncur that a conventional 
eir .... ~ankrn::nt darn se.ction \\Ti th near-ce.ntral core is appropriate. 
For estimates, the upstream and downstream slopes of 2~25:1 and 
2:1 are reasonable. ~·le would prefer that the. do\mstrearn slope of 
the core be at least sliahtlv oositive to assure that sattlsment 

.J .... -

of tha sh~lls vvould induce compression in the core. 

Wa considsr that the riverbed alluvium should be remov~d be
nsat.h the. core, fi 1 te.rs, and transitions, and \•;i thin a zons cs
fined by lines ~xtending from the outer edges of the crest down
\·:a.rd at slopes of 1. 5: lo For the. fz.asibi li ty studi~s '\•.'e consider 
it acvisable to assume that the material will bs removed beneath 
the r2nainder of tht: c:mbankm:==nt 2xcept .,_.,,here neeo.=-d to sup!_)ort 
the coffc-rd2.!"":1S. Wh2ther sons of this Gatsria1 can remain can 
best ba dsciasd d~ring the required excavation of the central 
portion. 

\·;e consider rounded qravsls 1 cobbles, and boulders to be 
superior to rockfill for the shells of such a high dam and sug
gest that the upstream shell, in particula. , should consist pri
rr.ari ly of rounde.C. material bs.r;s.ath a nsar-surfacs zone of rock
fill 'that raay serve. as riprap. Such natsrial, v;hich does not 
suffer corner-breakage on saturation, recuces th~ likelihood of 
:!.o::1ai t:udir:al crac}:ina near the c::-e:st and J..:3nds to dilate UJ1der - ~ 

small strains. The lattsr nro~ertv substantially incr2ases the ... .. .... 
resistance during seismic shakiRg. Downstream of the core, use 
of rounded materials n2ar the transitions is also advantagsous, 
but COF?actad rockfill in a substantial ?Ortion further ~own
st.reaf.l ;-.Till be satis.cactory t.o accor;:.::-:odate suitable. material :from 
structural or other reauirsd excuvation • ... 

I~ our judgrent, st2tic a~d dyna~ic analyses can be 63ferred 
'G.-.:...; 1 tho ar ... ,.c.r,-:, 1 c~1~~1.; tv ;:;.....,(! av~~; a'-y: 1 { t. ,_ .. C.c 1--..C·.,...ro~·· -'='+--:::..,....; ""lS ,. .... -- -.. .. .,. _ ~ - 4 '-" t;;·· - _ "'"" \,.A. ...... _. ~. .. -. _ ..... • - - .... - ..1 -.. ., ..... , _ ., • • .. , ......, """' __ .....,. a . 

has bsen 2s~ablis~ed. 
the c!1aracl::er of 
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t.~e ri verbad rr.aterials, particularly their grain-size, a.."id on 
~~= ext;;:nt and thickness of lodgment till de.posi ts that might be 
suitable for cora. Attention should be given to locating de-posits 

' of sufficient thickness to permit exploitation in near-ve:rtical 
£ac=s so that the ~oisture content will be increased as little as 
possibl~ before and during excavation a~d tra~sportation. · The 
possibility of routinely processing all or most of the alluvium 
for outimum use in L~a cam should ba co~sicer~d • .. 

Continuing investigations of the permafrost conditions in 
the south abutmant are considered of high priority. 

Devil Canvon Site 

We have visit~d Devil Canyon Site c;nd hava examined the en
c;rine.ering and geologic data pertin2nt to it. ~·Je consider the 
site to b~ well suit~c for the construction of an arch dam. 

l\ci ts are not considers.d to be essential for further de-fini
tion of foQ~dation characteristics prior to a fsasibility d=termi~ 
nation. Additional boring ~nd laboratory inv3stigations will be 
necsssary to define the locations, directions and cha~acteristics 
of joints and shears. 

n• ' b ' 1 ' · .;: + ' .1- ~ h D ' 1 C ' _ne poss1 ~-lty o~ sur~ace ruptur= a~~-= • evl anyon S1te 
must be resolved. 

A mora sonr.isticat2d ~rch cam desian bassd on well foL~.:ulat-. ~ 

ed crit2ria should be prspared. Such a dssign s~ould be sup?l=-
~ented by well docurnsnted and generally accepted analytical ~eth
ods. This is considered to be necsssa~r to establish ths ~conomic 
feasibility of the projact. 

Yours vary sincerely, 

.,. i' t!- r"! r': ..... 01"" T r 1':<• u .... ;; .••.• J,. '••t IJ • 
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SUMr~1ARY OF CHANGES 

CHANGES TO THE 1976 INTERIM FEASIBILITY REPORT 

In 1978, The Alaska District, Corps of EnHineers, performed addi
tional field explorations and geologic studies to verify the feasibility 
.of the Watana damsite. As a result of these studies, considerably more 
infonnation is now available concerning the site and the regional geology 
of the area.. Therefore, the entire sections C'1 Regiona1 Geology, pages 
D-1 through D-9; Watana Site, pages D-10 through D-12; and the paragraph 
on Seismology at Devil Canyon, page D-7, of Appendix D, Foundations and 
Materials, of the 1976 Interim Feasibility Report are deleted and replaced 
by this supplemental report. No changes to the Vee Canyon and Denali 
sites have be~n made. Plate 0-3, Watana - Site Plan and Centerline 
Profi 1 e is de 1 eted and rep 1 aced with revised drawings. Severa 1 ne'..v 
plates showing geologic sections, borrow areas, and exploration 1ogs 
have been added. These are listed in the index. 

CHANGES IN DESIGN 

As a result of the additional field exploration and geologic studies, 
a more knowledgeable assessment of the proposed project can now be made. 
A summary of the items which reflect changes to the 1976 Interim Feasi
bility Report, or reinforcr the basic concepts of that report fo11owso . 

1. Nothing was found during tDiS phase of the study to cast doubt 
on the feasibility of a dam at_~he,_Watana damsite. All exploration and 
geologic studies reinforced the concept that a large earth and rockfill 
or a concr-ete gravity dam could be built in this general vicinity. 

2. Detailed surveys were performed at the Watana site. It was 
found that the topography uzed for the 1976 report was.in error by 
approximately 15 feet. Therefore, the elevations shown on the plates 
or sections in this supplement are 15 feet 1 o\'ter than those showr~ in 
the 1976 report. The detailed survey showed the valley section to be 
a little wider than previously assumed and therefore, the crest length 
of the dam and the total quantities within the dam are somewhat larger. 

3. The exploratjons at tb~_Q~~site indicate that the rock is as 
good or better than previousiy ~ssumed. Foundation rock is considered 
adequate to support either an earth-rockfi11 structure or a concrete 
gravity dam. To support this conclusion, the regional and site geology 
as 'r'le11 as the rock structure are discussed in much greater detail in 
this supplemental report. 
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4. The,,1976 report recognized that the Watana damsite is an area 
of marginal~permafrost and, therefore, permanentiy frozen ground could 
be expected in the vicinity. In the 1978 exploration program, specific 
locations of per~afrost were jdentified and a number of temperature 
measuring devices were installed. The ear1:er assumption that perma
frost does exist over much of this area was confirmed; however, it was 
de'tennined that this is a very "warm 11 permafrost, ranging from 0° c to 
-1° C. ?remafrost was encountered in bedrock in the 1eft abutment of 
the dam ~nd its effects on the grouting in this area are discussed in 
this supplemental report.. Permafrost was also encountered in the imper
vious borrow area; however, because of its marginal temperature, it 
tends to be soft and can be easily excavated. A more detailed dis
cussion is contained in the body of th·1s report. 

5. The 1975 report envisioned rather large amo~nts of gravel avail
able for construction of the shells of the dam and limited amounts of 
impervious core material. ihe recent-explorations indicate that this 
is not the case since gravels in"large quantities were not verified but 
large quantities of impervious core material were discovered near the 
damsite. Because of the apparent shortage of gravel and an excess o~ 
impervious material, the dam section hat been completely revised. The 
gravel shells hav~ been ch~nged to rock shells. This change to rockfill 
has allowed the use of ~ s~;~what steeper slop( on the upstream face of 
the dam. A large porti~n of the rock will come from required excavation 
of the spillway. The remainder will come from excavation of underground 
facilities and access road~i and frcm a larae borrow source on the 1eft ... 
abutment. 

6. The foundation excava~1on has been increased to require the 
entire foundation of the dam to be stripped to bedrock. The 1976 report 
en visioned excavation to bedrock under the core and fi 1 ters on 1 y. Hovl
ever, because the evidence of the limited drilling performed is incon
clusive, it was considered adviseabl~ to require removal of in situ 
gravels beneath the entire embankment. If additional drilling supports 
a less conservative approach, the change can be made under subsequent 
feature design. 

7. The core has been widened somewhat from that shown in the 1976 
report and a zone of semipervious materia~, approximately of the same 
width as the core, has been added. This was done because large amounts 
of semipervious material are available and estimates sho't'l that it can 
be placed within the dam at a considerably lower cost than the roLK 
shell material. The total thickne~s of these impervious and semipervious 
zones was determined by corsidering their effect on total s~a~ li~y of 
the dam and the difficulties of placing materials which require ca~efu1 
moisture control in the arctic envirof'lmer.t. Laborat")ry tests performed 
on these materials indicate that optimum moisture wi11 be a rather criti
cal factor in their compa~tion. Therefore, the use of such materials ha£ 
been held to within reasonable limits. 
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a. The ~976 report showed a vertical access shaft to the 1ow-1eve1 
drain system which passed through the embankment of the dam. This has 
now been changed to a tunnel through the right abutment, thereby eiimin
ating any structures in the dam embankmenta 

9.. A grout ga 11 ery has been added to the 1 m·1er portions of the dam 
to facilitate grouting and to accommodate the proce$S of thawing the 
permafrost. Use of the gallery will allow embankment placsm~mt and 
curtain grouting to proceed simultaneous1y, resulting in a shortened 
-construction scheduie. The gailery will also Pi'"ovide for nread~out" 
stations for instrumentation in the foundation and lower levels of the 
embankment and for ceneral access . .... 

10. 
shifted 
1 ength .. 
will be 

The spillway location as shown in the 1976 report has been 
southwest to a location which insures rock cut for its entire 
The rock and overburden material from this large excavation 

utilized in the dam embankment. 

11. The 1976 report discusses a potential problem of seepage along 
a relict channe.l in the right abutment. The 1978 explorations verified 
the existence of this channel; however, studies indicate that it is not 

·a problem and, therefore, no remedial action is required. 

12. The diverison tunnel portals have been shifted to ensure their 
location in reasonably sound rock. 

13. Pl·ofessional services of Ellis Krinitzsky of the t~atenvays 
Experiment Station and Reuben Kachadoorian and Henry J. Moore from the 
U,. S. Geo 1 ogica 1 Survey \•Jere obtai ned by contract to perform seismic 
studies and evaluate the earthquake risk at these sites. Their work was 
divided into t\vo phases. Kachadoori an and i11oore of USGS performed the 
field reconnaissance to look for active faults and other geologic hazards. 
Krinitzsky's work was aimed at assessing the potential earthquakes which 
could be associated with such faulting. The u~ss report reccgnized that 
this is a highly seismic region; hm<~ever, the geologic reconnaissance of 
the proposed Devil Canyon and Watana damsites and reservoirs did not 
uncover evidence of recent or ac~ive faulting a1~~g any of the known or 
inferred faults. In their work they did not uncover evidence of the 
Susitna Fault, whic~ was previously thought to exist a short di~tance 
west of the Watana damsite. r-..rinitzsky's \\:Irk assessed the possible 
occurrance of earthquakes at the damsite and the motions that are likely 
to be associated with earthqauke activi~y. His findings indicate that 
the design of the proposed dams to withstand such activity is \'lithin the 
state of the art of seismic designa 

14. In the fall of 1978, the consu1ting firm of Shannon & Wilson 
was engaged to perform refraction seismograph work at both the Watana 
and Devil Canyon damsites. This work supplemented the drillihg infor
mation. The "iocation maps and seismic velocity profiles from the Si:annon 
& Wilson report ar~ included as Exhibit D-1 to this appendix. 
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REG ION'AL GEOLOGY 

PHY_SIOGRAPHY . 

The area of study is located within the Coastal Trough Province of 
southcentral Alaska. The Susitna River is a glacially fed stream which 
heads on the southern slopes of the Alaska Range, and flows by way of 
a continuously widening valley to the tidewaters of Cook Inlet. Within 
the upper 200 river miles, the Susitna passes through a variety of 1and 
fonns related to the lithology and geology of the l"egion. From its 
preglacial channel in the Alaska Range, it passes through a broad, 
glaciated, intermontane valley charaGterized by knob and kettle topo
graphy and by braided river channels. Turning westward along the 
northern edge of the Copper River lowlands, the river enters a deep, 
V-shaped valley and traverses the Talkeetna Mountains, emerging into 
an out\1/ash plain and broad valley which it follows to the sea. 

Three regional topographic lows, still identifiable today, are the 
Susitna R:ver-Chu1itna River area downstream of the Devil Canyon site, 
the middle reach of the Susitna River from Prairie Creek to Watana 
Creek, and the Oshetna River area at the Susitna Big Bend. These may 
represent drainage base levels that existed during the glacial periods. 
Whether they v;ere interconnected at one time is not knm·m si nee gl aci a
tion has modified the original drainages. One possible interpretation 
is that the ancestral Susitna River may have followed the course of the 
present Watana Creek and continued southwest along an ancestral valley 
through the area now occupied by Stephan Lake, Prairie Creek, and the 
Talkeetna River .. 

The Susitna River, presently incised 500 feet into that broad, 
ancestral, U-shaped valley, makes two sharp right-angle turns downstream 
of Hatana Creek in the Fog Creek area and leaves the ancestral va11ey 
to flovJ westwar·d into the steep, V-shaped Devil Canyon area. Glaciation 
probably blocked its former southwest course forcing the river to find 
a new outlet in Devil Canyon. Once established in a westward course, 
the Susit~a River downcut its channel rapidly and b~came entrenched in 
Devil C lnyon. 

INFERRED GEOLOGIC HISTORY 

The upper Susitna River basin is a complex geologic area \'lith a 
variety of sedimentary, igneous, and metamorphic rock types. These 
range from Pennsylvanian to Pleistocene in age and have undergone at 
least three major periods of tectonic deformation. 
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The oldest outcrops in the area are Pennsylvanian and Permian aged 
metavolcanic flows and tuffs, locally containing limestone interbeds 
that have subsequently been altered to marble •. This transitional shelf 
environment continued throughout the Triassic and into e~rly Jurassic 
times, with alternate deposition of basalt and thin sedimentary inter
beds. Metavolcaniclastics include altered marine sandstones and shales. 
This deposition was contemporaneous with a massive outpouring of lavas 
in the eastern Alaska Range, resulting in regiona} subsidence. 

The first major tectonic upheaval_ in the Susitna area occurred in 
mid to late Jurassic time and consisted of large plutonic intrusions 
accompanied by uplift and intense metamorphism. Erosional remnants 
·of these intrusives include amphibolites, greenschists, diorites, and 
acidic granitic types in the upper \~atana reservoir areas. This uplift,. 

' and subsequent erosional period, was followed by marine deposition of 
a rgi 11 i te and gray.vacke in 1 ate Cretaceous. These rocks are· exposed 

·in the northwestern half of the upper Susitna basin and include the 
phyllites of the Devil Canyon site. -

"' The second major tectonic event occurred in middle to late Cretaceous. 
Most of the structural features in the Talkeetna Mountains, including 
thrust faulting, complex folding, and uplift, occurred at that time. 
As a result of the thrust faulting, P~!"nsylvanian and Permian volcanic 
flows and tuffs were thrust over the much younger late Cretaceous 
argillite and graY\~acke. 

In early Tertiary, a.ppr-c:dmately 65 million years ago, the north
western portion of the upper Susitna basin was intruded by plutons of 
igneous rock. The d~orite pluton that underlies the Watana site is 
one of these intrusives. Deposition of undifferentiated vol~anic flows, 
pyroclastics, and associated near-surface intrusives occurred concurrent 
with and following the intrusion of the plutons. 

The third major tectonic event was a period of extensive uplift and 
erosion in middle Tertiary to Quaternary. Uplift of 3,000 feet has been 
measured in the southern Talkeetna Hountains. The widespread erosion 
that occurred during this period removed thick rock sequences from th~ 
Susitna basin area. 

Glaciation has been the prime erosion agent during the past several 
million years. At least two, and probably more, periods of glaciation 
occurred within the upper Susitna basin area. The central and eastern 
portions of·the area may have been partially covered by glacial lakes 
during the latter glaciations. Renewed uplift in late Pleistocene 
rejuvenated the E;rosion cycle until the streams) \'lith their increased 
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gradients, became incised within > ~aciated valleys. The area currently 
is undergoing continued stream erosion, and is covered in many areas 
with a veneer of glacial and alluvial clay, silt, sand, and gravel 
deposits. 

REGIONAL TECTONICS 

The arcuate structure of southcentral Alaska reflect both the magni
tude and direction of regional tectonic forces caused by the collision 
of the North American and Pacific Plates. The Talkeetna Mountains and . . 

adjacent Susitna River basin are believed to have been thrust north-
westward onto the North American Plate from their parent continental 
blocks. It was this thrusting action which caused most of the struc
tural features now seen in the upper Susitna basin. 

.... ~.--,.,.·-·--·--- ... -· ..... ,...-... ----....-., ..... ~ ............ .,. .. .. -..... 
Two major tectonic features bracket the basin area .. The Denali 

Fault, about 43 miles north of the damsites and active during the 
Holocene$ is one of the better known Alaskan faults. A second frac
ture, the Castle Mountain Fault, is 75 miles south of the river basin. 
The Susitna basin is roughly subdivided by the northeast-south\"!est 
trending Talkeetna Thrust, which roughly parallels the location of the 
Susitna Fault, as referred to in the 1976 Interim Feasibility Repart .. 
The Talkeetna River is a surface expression of the southern portion of 
both structur~s; ho~ever, Kachadoorian and Moore were unable to locate 
evidence of faulting in the Tsusena Creek area and, therefore, expressed 
doubt that the Susitna Fault exists. They found evidence of movement 
in the Talkeetna River and Watana Creek valleys and postulated that 
the Talkeetna Thrust could be a projection of this feature. Such a 
projection passes about 4 miles to the south of Watana damsite. The 
major alpine orogeny which fanned many of the basins' present northeast
southwest trending compressional structures occurred in conjunction 
with the Talkeetna Thrust in late Cretaceous. Another contemporary 
zone of intense shearing, roughly parallel to the Talkeetna Thrust, is 
located about 15 miles east of the Talkeetna Thrust. 

Two poorly exposed normal faults of probcble Cenozoic age have 
been projected from gravimetric data as occurring in the Chulitna River 
valley about 15 miles northwest of the proposed Devil Canyon damsite. 
These faults have the northeast-southwest trend typical of the major 
structures within the area. No faults with recent movement have been 
observed within the upper Susitna River basin. 

SEISMICITY 

A seismological assessment of the basin area was prepared by 
Dr. E.L. Krinitzsky of the U .. S. Army Engineer Haterways Experiment 
Station in the summer of 1978, under contract with the A·i aska pi strict, 
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Corps of Engineers. Field reconnaissance to lao~ for active faults and 
·other geological hazards was conducted QY U.S. Geological Survey under 
the direction of Reuben Kachadoorian and Henry J. Hoore. These reports 
are included as Exhibits D-3 and D-2 in th~s appendix. They recognize 
that the Devil Canyon and Watana damsites are in a region of high se.is
micity and major faults. However, the geologic reconnaissance of the 
proposed Devil Canyon and Watana damsites and reservoir areas by the 
USGS experts did not uncover evidence of recent or active faulting along 
any of the known or inferred faults. The tectonic framework of the 
region is not we11 understood because of the lack of local seismic moni
toring stations. Present knowledge indicates that historical earthquakes 
tn the area often have hypocenter depths in excess of 50 km. Such events 
are associated with movement along the Benioff zone and often are.not 
directly associated with local surface faulting. The Denali Fault in 
the Alaska Range, approximately 43 miles to the north, is the dominant 
surface feature in this area. The Susitna Fault, previously thought 
to exist west of the Watana damsite, was not confirmed in recent geologic 
mapping by the USGS team, nor did they find any evidence of faulting 
in the river channel at either of the damsites. The results of the 
core drilling and geologic reconnaissance at the damsite are strong 
eviden~e that no major faulting exists under the Watana damsite. The 
lack of significant shearing in DH-21, the 600-foot cross river hole, 
reinforces this conclusion. 

Krinitzsky's work assessed the possible occurrence of earthquake 
activity based on the USGS fie1d work. He assumes a~ earthquake of 
magnitude 8 along the Dena11 Fault, however, these motions are not 
critical \·/hen attenuated to the damsites.. To account for the possibility 
that a major· active fault could exist near the damsites, Krinitzsky has 
assigned a 11 f1oating" earthquake of magnitude 7 which could occur in 
the near vicinity of the dam. This generates the most severe design 
motions. The rational for' the 11 floating" earthquake and a table of 
associated motions is included in his report (Exhibit D-3). This 
criteria is within the state of the art for earthquake design for large 
dams, and therefore. should not preclude proceeding with detailed 
design of the projects. 

ROCK AND SOIL UNITS 

~·-""

____ 

The proposed ~atana damsite and reservoir a1 .. ea is underlain by a 
complex series of metamorphic, igneous, and sedimentary rock. Soecific 
formation names have not been applied to most of thes2 units and they 
are instead assigned lithologic descriptions for co~relation and mapping 
purposes. The distribution of various rock units that underlie the 
proposed reservoir are shown on Plate 5. Following is a bri9f descrip
tion of the various rock units, beginning at the upper end of the res
ervoir and proce~ding downstream to the damsite. Additional informa
tion and descri~tive details concerning the rock units are included 
in the U.S. Geological Survey's Open File Report 78-558-A, Reconnais
sance Geoloqic Mao and Geochronoloav, Talkeetna Mountains Ouadranole, 

D-7 

--
--

_j 



I 
I 

!1 
, 

' 

Northern Part pf Anchorage Quadrangle, and Southwest Corner• of H~aly 
,guadran;le, A1a'skaf bY Csejtey) et. a1., 1978. This report i-s included 
at the ack of this appendix as Exhibit 5. 

The upper reaches of the reservoir are underlain by an amphibolite 
unit. These are metamorphic rocks including greenschists~ diorites, 
and local marble interbeds. Directly downstream of this unit is a 
zone of granitic types that are exposed nor"th of the river at elevations 
above th~ proposed reservoir 1 eve 1 ". 

The oldest rocks exposed within the area are farther downstream 
within the middle reservoir reaches and include both volcanics and lime
stone units~ The volcanics consist mostly of metamorphosed basalt 
and andesite flows and tuffs that outcrop in the vicinity of Jay Creek 
and downstream from Kosina Creek. The limestone unit consist£ of marble 
interbeds that occur locally within the volcanics. The volcanics are 
overlain farther downstream by a vo1canic unit of younger age consisting 
of a series of metamorphosed basaltic flows with interbeds of chert, 
argillite, and marble. This unit is exposed both near the mouth of 
Watana Creek and on the higher slopes we~t of Watana Creek. A much 
younger series of interbedded conglomerat~s, sandstones, and claystones 
is exposed along the lmver reaches of Hatana Creek directly upstream 
.:: .• th • rom 1 ~..s mo u . 

The downstream reaches of the reservoir area are underlain by a 
sequence of argillites and graywackes. Exposed within the immediate 
damsite area is a granitic body intruded into these metasediments. It 
consists primarily of diorite with upstream and downstream margins that 
include associated schist, gneiss, and composite igneous and metamorphic 
rock types~ Andesite f1ows and dikes are associated with this diorite 
pluton. · 

Other granitic intrusives occur east of the reservoir area. Locally, 
these intrusives are over1ain by a series of younger igneous flows and 
tuffs and related shallow intrusives. 

Overburden units in the proposed reservoir area include deposits of 
glacial till and drift with associated outwash and lake sediments, 
colluvium including slopewash and talus, alluvium and local slide debris. 

. . 

ROCK STRUCTURE 

Rocks within the reservoir area have undergone a complex deforma
tion sequence, including uplift, intrusion, thrust faulting, folding, 
shearing, and associated metamorphism. The most significant structural 
feature within the reservoir area is the Talkeetna Thrust which strikes 
northeastward across the lower reservoir area and is roughly parallel 
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h)lo the lovJer r~aches of Hata~a Creek. The Talk~etna _Thrust, v1ithin. th.: 
;;;;::?/Watan.a reservo1r area, has d1splaced the volcan1c un1t over the mucn 
l}i! younger metasediments. 

\\ 
A northeast striking shear zone that dips steeply southeasterly, 

and is roughly parallel to the Talkeetna Thrust, crosses the reservoir 
area about 15 miles east of the Talkeetna Thrust near Kosina Creek. 
W~ether this shear zone represents a significant feature is not known. 

The most significant rock structure in the iwmediate dam area is 
the intrusive diorite pluton of Tertiary .. age. It is observable for 
4 miles parallel to the river and 2 miles north and south and is prob
ably of great depth. Upstream and downstream border zones developed 
with severa 1 different metamorphic and igneous rock varieties.. Two 
distinct northwest trending sher,:r zones have been mapped in the vicinity 
of the damsite~ One is 3,400 feet upstream and the other 2,500 feet 
downstream ·:rom the proposed dam axis. Attitudes vary with strikes 
ranging from N 40° W to 60° W and dips from 70° to 90° either SW or NE. 
The two shears can be seen in the right va 11 ey \'Ia 11 , but not on the 1 eft 
valley wall. The left ~tJall is obscured by a slide block at the upstream 
shear, and the left wall at the downstream shear has a rock face that 
parallels the shear direction making observations difficult. The up
stream shear zone has been named "The Fins,n and has an observable 
width in excess of 400 feet. It includes seven near vertical rock fins 
averaging 5 to 25 feet in \vi dth bounded on both sides by a 1 ter·ed and 
crushed rock. The downstream shear zone, named '1Finger Buster", is some
what less distinct and is partially covered by slope debris. It has an 
estimated width of 300 feet~ Another northwest trending shear znne, 
similar to the t\'./O shears mentioned above, occurs downst)·"2am from the 
damsite in the vicinity of Tsusena Creek. 

Fracture patterns including both joints and local shears have been 
mapped within accessible areas in the vicinity cf the damsite. Details 
of this mapping are shown on Plates 0-3 and D-4. Fractures inc1ude both 
•;og1ing type jointing and. structural deformation jointing resulting from 
the regional tectonic forces of uplift and thrust faulting. Shear, 
tension, and r~iief joints resulting from unloading by erosion of over
lying sediments and/or melting of glacial ice are a11 present within 
the damsite area. A joint diagram plotted on an equa1 area ster~ographic 
projection is shown in Figure D-6. Th~ dominant fracture orientation 
is. to the northwest, but fractures str~ ke in severa 1 di r2cc"i on.s. The 
major joint sets are N sao W 1nd the minor jo~nt sets are N 30a E as 
observed within the area. 
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DEVIL CANYON 

SEISMIC REFRACTION SURVEY 
. 

During September 1978, seismic refraction surveys were under·taken 
at Watana and Devil Canyon damsites by Shannon and Hilson, geotechnical 
consultants. At Devrl Canyant, the seismic survey consisted of three 
lines!! each approx;imate1y 1,100 feet long. One of these lines was 
located near the proposed alinement of the saddle dam on the left abut .... 
ment and the remaining two lines were located near an abandoned airst7ip 
on the alluvial fan at the confluence of Cheechako Creek and the Susitna 
River (see Piate 0-1). The seismic line near the centerline of the left 
abutment sadd1.e dam was a1ined to expand information derived from drilling 
accomplished on this site by the U.S. Bureau of Reclamation (USBR) in 
1957. The refraction profile correlated well with the top of rock from 
the drilling data (see Sheet No. 10, Exhibit D-1). A lower velocity 
zone of rock sandlvi ched between competent phyllite indicates the pass i
bility of a shear zone at the low point of the saddle. This correlates 
with hole DH-5 which indicated shearing in the 20 feet of bedrock pene
tra,ted by the boring. 

The seismic lines on the Cheechako Creek aggregate deposit were 
a1itied to establish the depth to bedrock beneath these deposits and 
thereby confirm the quantity of material available for borrow. The 
velocities for the materia1 in the alluvium indicate that the area is 
compcsed of a layer of sands and gravels or glacial materials several 
hundred feet thick overlying bedrock. This confirms the existence of 
material well in excess of the requirements for the project. 

The location map and seismic velocity profiles from the Sh?nnon & 
Wilson report and included in Exhibit 0-1 to this appendix. 

MATERIAL REQUIREMENTS 

Concrete R~suirements 

Material requirements for Devil Canyon dam are based on a concrete 
gravity dam. Under this proposal approximately 2.6 million cubic yards 
of concrete will be required, most of which will be mass concrete. The 
remainder will be structural concrete for the appurtenant structures 
to the dam, including the powerplant. With stockpile losses, this 
amount of concrete will require approximately 3 million cubic yards 
of processed aggregate. 

The USBR located an extensive deposit of material which will yield 
concrete aggregate of adequate quality in an alluvial fan approximately 
1,000 feet upstream of the proposed dam axis. ihe fan was formed at 
the confluence of Cheechako Creek and the Susitna River. 
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Thi. rteen test pits and trenches were dug in the. fan area by Bureau 
of Re~1amation personnel in 1957. About 1,300 pounds of minus 3-inch 
m?.tteria 1 v1as tested by the USSR for basic aggregate suitabi 1 ity studies. 
An additional 200 pounds of material was collected by Corps of Engineers 
personnel in 1975 from the existing Bureau tE3t pits and the riverbank. 
This material was tested by the North Pacific Division Materials Labora
tory in 1978 • 

If the excavation of materials is confined to that part of the 
· a.iluvium located above river level (elevation 910 to 920 feet) with 

conservative back slopes through the ridges and benches~ approximateiy 
6,000,000 cubic yards of material is available in this location with 
all the resulting excavation in the reservoir area. s~ismic refraction 
surveys indicate that usable gravel exists to approximately elevation 
870 feet, so additional material could be retrieved if needed by bailing 
from belm-1 the water surfa·ce. Placement of the coffer dam, sizing of 
the diversion tun~1, and the ability to control the flow in the river 
at Watana dam will ultimately affect the method of exploitation of this 
source. 

The locations of the test pits are shown on Plate D-1 and the 
detailed logs can be found in the U.S. Bureau of Reclamation's Alaska 
Geologic Reoort #7, Devil Canyon Project, dated March 1960. Laboratory 
1nve:sti gati ons of tne aggregate samp 1 es \o.tere reported in USBR Report 
#C-932 by their Concrete Laboratory Branch:, dated 21 December 1959 . 

Petrographic analyses of the fine (sand sized) particles and coarse 
(gravel size) particles indicate that the sands and gravels in the fan 
are composed of quartz diorites, diorites, granites, andesites, dacites~ 
metavolcanic rocks, aplites, breccias, schists, phyllites~ argillites, 
and amphibolites. The gravel particles are stream worn and generally 
rounded in shape. The sand grains vary from nearly rounded to sharoly 
angular in shape, averaging subangular. The specific gravity (BSSD) of 
the material ranges from 2.63 to 2.80. 

Results from both labs indicate that the material in the Cheech~ko 
Creek fan is of adequate quality for use as concrete aggregate. 

Embankment Material Requirements 

The saddle dam on the left abutment~ associated with the concrete 
gravity dam, will require approximately 835,000 cubic y·ards of material. 
These materials will be obtained from the same sources as discussed in 
the Interim Feasibility Reporto l 
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WATANA SITE 

,~~ 

SCOPE OF-INVESTIGATIONS 

Fie1d Reconnaissance 

Geologic reconnaissance and mapping of the reservoir area and dam
site were conducted concurrently with subsurface investigations through
out the spring and early summer of 1978. The work of the geologic teams 
was made e~sier in the early spring as rock out-r;ops were not obscured 
by the leaves on the trees and the dense ground foliage. Through the 
months of March and April, geoiogic mapping of the lower canyon was done 
from the frozen surface of the river, which allowed access to areas 
othen'/ise inaccessible after the ice had melted and high summer flows on 
the river had beguno Within the damsite area the primary purpose was to 
find, identify, and trace the surface expressi ens of di sconti nui t·i es and 
shear zones as an aid in directing the drilling program and to provide 
preliminary geologic mapping of the site.. Within the resr:--uoir area, 
the primary thrust of the reconnaissance was toward i dent! f•~ ~ati on of 
slopes~ which by reason of shape, structure or overburden rnantle could 
develop minor slumps and slides as a result of permafrost degradation 
or seismic action. 

Borinas and Test Pits 

During 1978, explorations were conducted in the dam foundation and 
relict channel area.. Core borings in the valley walls and floor were 
used to explore the quality and structure of the foundation rock and to 
obtain representative samples for testing. Borings in the relict channel 
a rsa were used to define the depth of overbur.~en, the extent of perma
frost, the location of the-water table and to examine, by drilling and 
sampling, the nature and condition of the materials. 

Shallow auger holes \•/ere also used to determine the extent of deposits 
in the borrow areas and to verify the existence of quantities necessary 
for embankment construction. 

Locations of explorations are shown on Plate D-2. Logs are shown 
on Plates D-19 through D-37; and core photos are shown on Plates D-38 
through D-45. 

Test pits were dug in potential borrow areas utilizing tractor
mounted backhoeso Bulk sack samples were retrieved from each test 
pit for testing later at the North Pacific Divison Materials Labora
tory in Troutdale, Oregon. 

D-12 

/ 

\ 

( 
l 

f 

f 
( 
{ 

l 
r 

• 

{ 
( 

{ 

{ 

~ 

I 
[ 

,: 
i 
i ' 
J : 
! 
l 
j 
i 
l 

I I 

r 
l 
l 
l 

f I l . I 
( . i 

l i I 

I 
l 

I 
t i 

! 

_j 



o .. 
c) 

f) 

! . ' 

f 
' \. ..•. 

fl. 

£ 

A tota1 of 27 test pits were dug in four areas as follows: 

1~ The mouth of Tsusena Creek (Borrow Area 'E')- 6 test pits. 

2. The glacial till borrow area (Borrow Area 'D')- 14 test pits. 

3$ Upper Tsusena Creek, north of Tsusena Butte, (Borrow Area 'C')-
1 test pito 

4. Middle Tsusena Creek - 6 test pits. 

The locations of Test Pits 1 through 5 and 8 thr·ough 21 are shown 
on Plates D-12 and D-11. "The remainder of the test pits are located 
in areas which are not presently considered as borrow areas; however~ 
they may be located on Plate D-2. The logs of ail the test pits are 
shown on the appropriate borrow area Plates D-19 through D-22. 

Seismic Refraction Survevs 

A seismic refraction exploration program consisting of 22,500 
1 i nea 1 feet of seismic: refraction 1 i nes v-1as camp 1 eted by Dames and iVloore, 
Consultants, in 1975. Results of those investigations were presented 
as Exhibit D-1, Section D, Foundation and Materials, in the 1976 Interim 
Feasibility Report. In the fall of 1978, an additional seismic refrac
tion survey \"as completed by Shannon and Wilson, Consultants, which 
includes 47,665 feet of seismic refraction lines. Locations of these 
additional seismic explorations are shown on Plate D-2, and the locatio~ 
map and seismic velocity profiles are presented as Exhibit D-1. The 
survey confirmed the findings of the Dames and ~loore study. It confi·~·med 
the existence of a buried channel in the relict channel area and in 
general supported conclusions relating to shear zones in the abutments 
as int~rpreted from the recent core borings and geologic reconnaissance. 
The Sh~nnon and Wilson survey also confirmed the existence of large 
quantities of borrow materials on Tsusena Creek in the proposed borrow 
area. 

Instrumentation· 

Instrumentation conducted under this phase of the project consisted 
of the installation and data reaoing of ground water measurement 
devices, temperature logging devices, and the recording of the ambient 
temperature. 

Ground Water: All piezometers in~talled were of the open well point 
type and were filled with diesel oil where they extend thro~~h permafrost 
zones to prevent freezing. A total of 10 piezometers were installed at 
the following locations. 

D-13 

..... 

r 

r 
! .. 
l 

r. 



!:·> 

TABLE'D-1 

Surface Tip 
Location Elevation Elevation Date Set Size 

QR ... 14 2,340 2,271.0 26 Apr 411 
2,340 2~295.2 19 Aug 1-1/2° 

DR-20 2,20i 2, 123.8 30 Hay 1-1/2" 
DR-18 2,172 2,107 .. 0 21 Jun 1-1/2" 
OR-17 2,167 2,136~3 8 Jun 1-l/2" 
DR-16 2,099 2,053.8 5 Jun 1-1/2 11 

AP-1 2,202 2' 188.6 20 Jun 1-1/2" 
AP-2 2,200 2,189. 0 20 Jun 1-1/2 11 

DR-19 2,151 2,109.0 3 Jul 1-l/2 11 

OR-22 2,229 2,005.5 3 Aug 1-1/2 11 

DR-26 2,295 2,,229. 5 11 Aug 1-l/2n 

~ All locations are shown on Plate D-2 and Plate D-11. Plotted data 
~l is shown an Plates D-16 through D-18. 

L 

[ 

Subsurface Temperature: The principal temperature logging device 
consisted of a 3/4-inch galvaniied pipe, with the lower end capped and 
~ea1ed. The pipe was filled with a mixture of ethylene glycol and water 
(50/50) or arctic grade diesel fuel. Readings were taken using a digital 
volt-ohm meter and a single thermister which was lowered into the pipe. 

At location DR-26 b6th a 3/4-inch galvanized and a 1-1/2-inch PVC 
pipe were installed to determine if readings could be duplicated in a 
pipe of larger diameter. A total of 14 devices were installed at the 
locations shown in Table D-2. 
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TABLE D-2 

Date Buried 
location Installed Length Stick Up Deoth Fluid ._ _____ 

. 
AP-8 23 Jun 64' 4.2' 58.9' wiese1 AP-9 23 Jun 21' 3.2' 17.8' Diesel OH-12 3 Jul 129' 1. 8 f 127.2 1 Di ese1 ,.,;, 23 17 Jul 76' o.sl 75.5' Antifreeze l..ll-

DH-24 1 Aug 86 1 l. 2' 84.8' Antifreeze DR=18 21 Jun 251' 3.4' .247. 6 f Diesel DR-19 3 Jul 83' 3.9' 79.1 ~ Diesel DR-22 3 Aug 492. 1 2.0' 490.0' Antifreeze DH-28 30 Aug 124' 1 • Q I 123.0' Antifreeze DR-26 
(3/4" pipe) 11 Aug 68' 3.8' 64.2' Antifreeze DR-26 
(1-1/2~ pipe) 11 Aug 99' 3.4' 95o6 1 Antifreeze DR-14 19 Aug 65' 2.8' 62.2' Antifreeze DH-21 23 Aug 160' 2.0' 158.0' Antifreeze DH-25 15 Aug 80' 4.0' 76.0' Antifreeze 

All locations are shown on Plate D-2 and Plate D-11. The plotted 
temoerature data can be found on Plates D-13 throuoh 0-15. . -

A second type of temperature logging device, installed at DR-22, 
consisted of a multipoint thermistor string. The purpose of th·is instal
lation was to act as a check against the 3/4-inch fluid filled devices 
described above. 

Ambient Temoerature: The ambient temperature was obtained using 
a standard high-low Mercury thermometer placed in the shade on the 
right abut~ent riverbank approximately 4 feet above the ground. Prior 
to this phase of the project, there was no ambient temperature data 
available for this section of Alaska. Data obtained is shown on Table 
0-3. 
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Date High °F 

23 Mar 78 22 
24 Mar 78 24 
25 Mar 78 28 
27 Mar 78 32 
28 Mar 78 26 
29 Mar 78 40 
30 Mar 78 35 
31 Mar 78 36 
1 Apr 78 31 
2 Apr 78 28 
3 Apr 78 28 
4 Apr 78 36 
5 Apr 78 36 
6 Apr 78 33 

7-8 Apr 78 40 
9 Apr 78 41 

10 Apr 78 43 
11 Apr 78 38 
12 Apr 78 38 
13 Apr 78 40 
14 Apr 78 44 
15 Apr 78 40 
16 Apr 78 39 
17 Apr 78 38 
18 Apr 78 43 

r 
L 

19 Apr 78 44 
20 Apr 78 48 
21 Apr 78 44 
22 Apr 78 45 
23-24 Apr 78 47 
25-26 Apr 78 50 
30 Apr 78 59 
1 May 78 60 
9 May 78 64 

10 May 78 72 
11 May 78 70 
12 May 78 65 
13 May 78 72 
14 May 78 72 
15 May 78 66 
16 May 78 55 
17 May 78 60 
18 May 78 64 
19 May 78 60 
20 May 78 75 
21 May 78 70 
22 May 78 

TABLE D-3 

Low °F Date 

0 23 May 78 
13 24 May 78 
19 25 May 78 
10 26 May 78 
13 27 May 78 
6 28 May 78 
6 29 May 78 
5 30 f·1ay 78 
5 31 May 78 

-4 1 Jun 78 
3 2 Jun 78 
4 3 Jun 78 

20 4 Jun 78 
11 5 Jun 78 
28 6 Jun 78 
10 11 Jun 78 
13 12 Jun 78 
20 14 Jun 78 
15 16 Jun 78 
30 19 Jun 78 
32 20 Jun 78 
38 21 Jun 78 
29 22 Jun 78 
21 27 Jun 78 
21 28 Jun 78 
20 30 Jun 78 
24 1 Jul 78 
25 2 Jul 78 
30 4 Jul 78 
32 7 Jul 78 
26 8 Jul 78 
32 9 Ju1 78 
34 10 Jul 78 
30 11 Jul 78 
33 12 Jul 78 
33 14 Jul 78 
40 16 Jul 78 
30 26 Jul 78 
31 27 Jul 78 
36 28 Ju1 78 
32 29 Jul 78 
30 30 Ju1 78 
37 31 Ju1 78 
37 1 Aug 78 
24 9 Aug 78 
43 10 Aug 78 
36 11 Aug 78 

D-16 

High o-F 

60 
60 
61 
41 
64 

58 
63 
66 
54 
58 
68 
68 
57 
66 
72 
62 
57 
58 
52 
61 
63 

55 
59 
62 
57 
62 
70 
62 
73 
70 
66 
71 --
59 
58 
p,.. 

00 

78 
74 
78 
82 
84 
80 
71 
68 
66 

Low ,F 

39 
32 
40 
36 

36 
33 
36 
40 
36 
38 
41 
38 
39 
44 
44 
39 
40 
34 
33 
33 

46 
38 
37 
43 
41 
43 
47 
40 
43 
49 
42 --
50 
50 
47 
45 
40 
55 
39 
46 
52 
58 
46 
54 
49 
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Accuracy of Subsurfa~: Temoeratur~. Data: . Re~ ~stance me as urem~nts 
were obtained us1ng a Ke1l.nley volt-ohm meter, wn1ch a11owed read1ngs 
to the nearest ohm. With a span of 225 ohms per degree centigrade, 1 
ohm represents OF005° C. The temperature data in this report has been 
reported to 0.01° C and is reliable to that degree of accuracy. To 
verify the accuracy of each thermister, its resistance was measured in 
an ic~ bath. It was found that the thermistors are very stable and do 
not tend to drift from their t)riginal resistance at 0.00° C. 

General Comments 

The d·1·i 11 i ng in the permafrost was perfonned with core dri 11 s. and 
rotary dr"i11s, which introduce a large amount of heat into the ground. 
Where the permafrost temperature is only slightly below the freezing 
point, this tends to melt the permafrost and makes identification very 
difficult. Therefore, the drilling operation may or may not reflect 
the existence of permafrost, and it is necessary to rely heavily on the 
instrumentation for a true evaluation of the location and depth, at which 
permafrost exists. By December of 1978, the temperature iogging devices 
may not have stabilized due primarily to the fact that the drilling 

~method used was rotary with drilli-ng 11 mud" as the circulation medium, 
which tends to thaw the permafrost. Upon inspection of the plotted 
data for the locations in this area it can be seen that Lhe temperatures 
are gradually approaching the 0° C point. Through a continual program 
of monitoring these points, a great deal can be learned about "freeze 
back. 11 

At location DR-26, 3/4 inch and 1-1/2 inch pipes were installed to 
determine if convection currents in the pipe \'lou 1 d affect the accuracy 
of the near surface readings. It can be ,seen from the temperature 
plots, shown on Plates D-13 through D-15~ that there is a degree of 
convection in the upper zones, while with depth the two readings are 
very simi'Jar. At location DR-22, the string had 14 thermistors in a 
150 foot length. The data obtained from this string has not been 
included in this report s·ince its rel iab·ility is in questi<'n. This is 
due to damage received during installation as well as the ract that the 
thermistors av-e of a lower quality and adequate calibration could not 
be obtained prior to installation. At 19cation DH-12 the 3/4-inch pipe 
temperature logging device was lost when it was decided that the bore
hole camera should be run in this boring. At location DH-25 no data 
is available because the 3/4~inch pipe froze :p during installation. 

SITE GEOLOGY 

Introduction 

The river valley at the site has a V-shaped lower or bottom canyon 
deeply incised into an upper, much broader, U-shaped river valley of 
considerable extent and width. 

,, --
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The 1 ower~, river va 11 ey fl oo"t~ ranges from 300 to 600 feet wide and 
has side slopes of 35 to fO degrees with locally scattered rock outcrops 
that rise in near vertical cliffs. The incised portion of the canyon 
extends from subriver level upward about 500 feet to approximate eleva
tion 2,000 feet, where it ranges in width from 1,500 to 3,000 feet. 
Above elevation 2,000 feet, there is a distinct flattening of the valley 
slopes and the area broadens ot.Jt into a very wide fanner river valley. 
Width of this former valley base level is from 8 to 10 miles in the 
lower reservoir area, narrows to about 1 mile in the midreservoir a.r"'ea 
upstream of Jay Creek and widens to more than 20 miles in the upper 
reaches of the reservoir. 

Foundation Conditions 

The.site was mapped arid explored with 17 core holes~ 12 of which 
are on the dam axis shown in this report. Six of the holes are angle 
holes, five were drilled normal to the dominant structural trend, and 
one drilled across the river valley. The exploration plan with hole 
locations is presented on Plate D-2. 

The river valley is filled \vith alluvium consisting of gravels, 
cobbles, and boulders in a matrix of sand or silty sand. Overburden 
depths in the valley bottom range from 40 to 80 feet and may exceed 100 
feet in places. Overburden depths on the valley slopes range up to 10 
feet deep on the le~t abutment and up to 20 feet on the right abutment. 
However, overburden upstream of the left abutment is more than 56 feet 
deep .. 

Overburden on the valley slopes is mostly glacial debris and talus 
consisting of various gravel and sand mixtures and some silts, with 
cobbles and small boulders. The underlying rock is diorite, ~rano
diorite, and quartz diorite with local andesite porphyry dikes and more 
widely scattered minor felsite dikes. Most of the rock, although frac
tured, is relatively fresh and hard to very hard within 5 to 40 feet 
of top of rock. Overburden ~nd rock stripping depths along the dam 
axis are shown in cross section on Plate 0-7. 

Fractures are closely to moderately spaced at the bedrock 5urface, 
generally becoming more widely spaced with depth. Fracture zones found 
at all depths tend to be tight or recemented with calcite ~r silica. 
The northwest trending joints and high angle shears mapped in t~e rock 
outcrops are found at different depths within most drill holes and 
range from single fractures to broken zones more than 20 feet thick. 
Broken roc~ within the shear zones is locally decomposed but consists 
mainly of moderately hard to very hard fragments. Many fractures have 
thin clay gouge seams and slicken sides. Pyrite and chlorite minerali
zation is found as coatings on many fracture surfaces. Shears are 
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spaced from a few feet to more than 100 feet apart, and since the shears 
are mostly vertic a 1 , greater 1 engths of sheared materia 1 \'/ere recovered 
in vertical drill holes. In addition to the shears, primary and rehealed 
breccia zones occur in some areas adjacent to the andesite porphyry dikes. 
Most of these rehealed breccias are relatively competent rock, but a 
primary br~ccia zone downstream of the axis on the left abutment includes 
l~cally decomposed materials. 

· Vallev Conditions 

The river valley bottom was explored with s~x core drill holes. 
Three holes are on the axis and three are about 1:000 feet downstream 
of centerline in the toe area. River alluvium varied in depth from 44 
to 78 feet. This alluvium consists of gravels, cobbles, and boulders 
imbedded in sands with local gravelly or silty sand lenses. The gravels 
and larger sizes are mostly subrounded to rounded ~tith occasional larre· 
boulders~ Most large sizes are of dioritic composition, but metamorphic 
and other rock types were also noted. Most of the gravels are fresh, 
but a few are coated with plastic fines. Alluvial materials in some 
areas were frozen to depths in excess of 50 feet and possibly all the 
way to bedrock at the time of drilling. 

The bedrock is a diorite that in most holes is very closely fractured 
in the upper 10 to 20 feet. Fractures become more widely spaced \vi th 
depth; ho\1ever, local zones of closely spaced fractures occur throughout. 
Joints are both open and rehealed or cemented with calcite and silica. 
The rock below river level is mostly fresh and hard to very hard. Shear 
zones occur in several of the holes and include scme thin clay gouge 
coatings an~ slickensides. Soft chloritic materials were also encountered 
in one shear zone, and iron staining with pyrite mineralization is cornmon. 
It should be noted that DH-21 was drilled essentially across the river 
from the left to the right abutment. No major fault or significant 
change in ma~erials was seen although six minor shear zones were 
encountered in the holee Most of these zones are less than 3 feet thick) 
whereas, some of the vertical holes penetrated sheared material for 
distances of more than 10 feet. This confirms the near vertical nature 
of most shearing. Geologic mapping in rock ~xposures along the river
bank also indicates the near vertical nature of shearing. An andesite 
porphyry dike was penetrated at depth by DH-21. This dike has an 
apparent thickness of about 13 feet, and the contacts with the diorite 
are tight and contain no notable planes of weakness. 

The left abutment was explored \'lith five drill holes, three on the 
dam axis and one each upstream and downstream of the embankment. Over
burden depths ir. the downstream hole and the three axis holes are less 
than 10 feet. This overburden consists of small subangular to sub
rounded boulders in silt, sand, and gravel. Overburden in DH-28, located 
approximately 1,000 feet downstream of the axis a~ elevation 1)971 feet, 
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consists .of 6 feet of s;llty clay overlaying 2 feet of sand. DH-25, 
loe;a'ted ·about 750 feet upstream of the axis at elevation 2,045 feet, 
penetrated a vertical depth of 56 feet of olacia1 and alluvial deposits 
and had not. yet encountered rock when it was abandoned. Overburden in 
DH-·zs consists prima.rily of gravelly, silty sand \'lith boulders to 1 
depth of 15 feet, underlain by gravelly, clayey silt. Gravels are sub
rounded to rounded and the c·layey si1ts are stiff and plastic. 

Rock in the three axis holes is a hard quartz diorite, whereas in 
DH-28 down?tream of the embankment, it is an andesite porphyry. The 
relationship between the quartz diorite as a plutontic rock and the 
andesite porphyry as a surface flow rock is not clearly understood. 
This contact area between the two type rocks is in the location of the 
underground powerhouse and will be closely explored during design inves
tigations. It is assumed the underground powerhouse will be located in 
the diori~ic rock. Weathering is primarily staining on fracture surfaces~ 
Fracture spacings vary from very close to moderately spaced; spacing 
increases with depth. 

Fractured zones, encountered in all holes, are from less than 1 to 
more than 20 feet thick and are separated by from 10 to more than 50 
feet of relatively undisturbed rock. Many fractures include thin seams 
of clay gouge, slickensides, secondary pyrite, and breccia. DH-28, 
downstream of the embankment, appears to have been drilled in an andesite 
porphyry breccia contact zone adjacent to the diorite pluton~ Much of 
the core is brecciated, moderately weathered to highly altered, and 
recovered in small fragments. Several zones of clay gouge were noted. 

. 
Right abutment conditions were explored with six core drill holes 

along the proposed dam axis. Three of these ho1es were angle holes 
drilled normal to the dominant structural trends. Overburden depths 
within the six holes range from 4 to 20 feet, with the greater depths 
in the holes farthest upslope. Overburden cons1sts of gravelly sand 
with cobbles and smail boulders. 

Bedrock is moderately hard, but weathered, closely fractured and 
locally sheared in the upper 10 to 40 feet. The rock is diorite or 
quartz diorite with zones of quartz diorite breccia. The quartz diorite 
breccia is he~1ed, probably formed during emplacement~ and is not con
sidered a zone of weakness. 

Fract'lred zones encountered during dri 11 i ng are similar to those 
noted on the left abutment. Shears range up to 22 feet thick and are 
separated from each other by about 10 to 100 feet of competent rock. 
Very thin films of clay gouge and slickensides occur on some fracture 
surfaces. Iron staining occurs on many fracture surfaces and fine dis
seminated pyrite mineralization occurs more widely. 
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R~lict Channel Area 

The relict channel is a suspected a.ncestora1 Susitna River channel 
north of the right abutment under the broad terrace area b~tween Deadman 
and Tsusena Creeks. Ground surfaces within the Relict Channel area are 
between elevation 2,100 and 2,300 feet along low elongated ridges and 
shallow depressions. This area was originally explored \'Jith two seismic 
lines and the results presented in the Feasibility Rep~rt, Appendix 1 
as Exhibit D-1. Subsequent 1978 explorations include 1,814 linear feet 
of drilling, borrow explorations near Deadman Creek and 23,600 feet of 
seismic refraction lines. The 11 drill holes range from 21 to 494 feet 
in depth and were mostly ncncore rotary holes supplemented with drive 
samp1es and some bedrock coring. The results of these 1978 explorations 
confirm the existence of the deeply buried bedrock sur-face depression 
discovered during the 1975 seismic investigations .. The lowest bedrock 
elevation encountered in drilling was in DR-22 at 1~775 feet, MSL or 
454 feet bel 0\'i ground surface. 

Overburden consists of both g1acia1 and alluvial materials occurring 
in varying sequences that are difficult to correlate with the limited 
drilling to date. 

Outwash occurs over much of th~ area, consisting of gravelly, 
silty sands or silty, gravelly sands in varying proportions, with some 
local cobbles and boulders and more widely scattered clay lenses~ 
These materials are mostly loose and the fines are predominantly non
plastic .. 

·Glacial till. is the most abundant overburden material found within 
the relict channel area. These tills occur in three separate sequences 
in the deepest drill holes, separated by lenses of alluvial materials. 
The near surface tills are normally conso1idated while the tills from 
greater depths are highly over consolidated and dense. It is quite 
probable that this over consolidation was caused by glacial loading in 
the geologic past. All of the tills contain fines that are nonplastic 
or only moderately plastic. Smaller gravel sizes are rounded, while 
larger sizes are more subrounded to subangular. Materials are poorly 
sorted with little or no indi'cation of bedding. The tills vary c:;n
siderably in thickness from only a few feet to a maximum of 163 feet 
in DR-18. . . . .. ·· · 

Apparent river deposited alluvial lenses which represent inter
glacial periods, separate many of the till units~ These deposits consist 
of sandy gravels with some silts. Sandy alluvial units have a tendency 
to cave during drilling ard several appear to have relatively high 
permeabilities. Most of these river deposits were less than 50 feet 
in thickness but in DR-22~ directly above bedrock, the a11uvia1 unit 
was 159 feet thick. 
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At least two depos,i ts of 1 ake sediments were encountered during 
drilling. The larger of these was named "Lake Holler" and occur·s in 
OR-13, DR-15·, DR-'26, and DR-27 in varying thicknesses. Maximum thick
ness is 60+ feet in DR-13. Lake \~o11er deposits appear to be confinec' 
between elevations 2,.240 and 2,305 feet. Another apparent 1ake deposit 
was penetrated in DR-18 and DR-20. Maximum thickness of this deposit 
is 33 feet and appears to be confined bet\t~een elevations 2,130 and 2,190 
feet. Botr· lake deposits may represent either quiet lake depos·ition 
during an interglacial period, or possibly preglacial lakes formed 
during glacial retreats. The lake deposits consist primarily of highly 
to moderately plastic clays and silts with local gravel and sand lenses. 

~ • .. '\,. .... .;.,>4".> .. ~:..:" 

Spill wax 

The original location of the Saddle Spillway in the Interim Feasi
bility Report, Appendix I, Plate D-3, was found to lie directly upon 
two adverse structures. The overburden depths increased from 9 feet 
at DR-17 on the left side of the proposed alinement to 231 feet at DR-18 
on the right or east sicle ef the spillway. This depth of overburden 
prevailed throughout the length of the spillway, including the proposed 
gate structure area. 

The glacial tills, clay, and intermittent sand lenses of the over
burden would have required additiona1 excavation and flatter sides1opes, 
Added expense would also have resulted from increased foundation requ~.·e
ments for the gate structure and from the full length lining which would 
have been required in the spillway channel. To avoid these disadvantages 
a change of the channel alinement was made. 

The new proposed alinement lies approximately 800 feet laterally to 
the left (southwest) of the original design and will be in rock cut from 
inlet to final outlet at Tsusena Creek. This alinement will also avoid 
potential structural problems from the second adverse structure, the 
shear zone titled "The Fins 11 (Plate D-4) \·thich will now parallel the 
spillway for its entire length. Rock quality is such that excavated rock 
will be used as dam shell rock. 

As a result of the move, it is anticipated that sound bedrock v1ill 
be encountered at a maximum depth of 25 feet at the gate structure and 
will continue dm·m spillway for at least 2,500 feet. As the spillway 
dips down to Tsusf.na Creek, deeper glacial till is again encountered, 
~o the final section of the outflow may not be totally founded on bed
rockc The plunge pool at Tsusena Creek will be contained by existing 
rock cliffs. 
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Permafrost 

ihe Watana damsite lies within the. discontinuous permafrost zone 
of Alaska. For this reasori it is to be expected that permafrost would 
be found during the exploratory effort, particular1y on north facing 
slopes and areas where arctic vegetation has effectively insulated the 
ground surface. Depths of permafrost within the discontinuous zone are 
variable and often change drastically within short distances de.~pend.;~ng 

. on exposure, ground cover, soil characteristics and other factors. 

Permafrost conditions at Hatana as indicated by the exploratory 
work done to date appear to be typical for the zone. The left abutment 
which faces north and is either continu6usly shaded or receives only 
low angle rays from the sun was explored with core drilling equipment. 

·Five holes were drilled and pressure tested by pumping water into the 
drill holes at seiected intervals using a double packer. Observation 
of drill water returns and pressure tests showed that permafrost exists 
for the entire depth of the holes. Holes drilled in the right abutr.1ent, 
where the sun's rays are most effective, did not indicate any perw~
frost. Within the relict channel areas, on the t2rrace north of :he 
right abutment, indications of permafrost·were observed as reflected 
by ground water conditions and water table measurements, drill action, 
and sampling. Drill hole DR~27 was sampled and ice lenses were retrieved 
from a depth of 30 through 36 feet. Permafrost was also encountered 
during test ~it activities. However, in general, permafrost in the 
spiliway and relict channel area, while encountered as near as 1 foot 
to the surface, is expected to be confined to a relatively shallow layer. 
This expectation has been reinforced by the fact that ground water has 
been encoun:ered at various depths. In order to study the thermal regime 
of the permafrost and to more accurately define the lower limits of the 
frozen zone, temperature probes \~ere installed at 13 locations. These 
locations are shown on Table 1 under the heading ''Instrumentation" and 
the graphs of readings taken to date are shown on Plates D-13 through 
D-15. It is still too early to reach definite conclusions from the 
limited data obtained since installation due to the fact that heat was 
introduced into the regime by drilling and equilibrium may not yet be 
reestablished. However, it appears that the readings do support the 
conclusion that permafrost is not as widespread or as deep as was previous 
believed. 

Of equal significance is the fact that the temperature probes 
indicate that the temperatures within the permafrost are generally 
within 1 degree of freezing. Construction in cold regious has shown 
that, within this rangei materials can be excavated with considerably 
less dificulty than in area~ where the permafrost temperatures are 
lower. Particularly in borrow areas, where a rather large area can be 
exposed, degradation is rapid and by alternating from side to side in 
the area, the material can be ripped, left exposed to the sun for a 
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few trours and~then hand''!ed· in the normal fashion. The fragile nature 
of· th:e penna frost regime as indicated by temperature studies wi i 1 be 
of prime importance in the> scheduling r·elated to foundati-on grouting. 
Permafrost barely within the frozen range \vi 11 be much easier to thaw 
and foundation gr·outing \'(·ill be facilitated. 

As explorations at the damsite continue, the installation of frost 
probes will be expanded to prov1 de de to. i 1 ed knmvl e-dge of the ext~nt of 
existing· pennaforst areas as well as their. condition. A discussion of 
design type of probes installed and the degree of accuracy to be expected 
from data readings can be found under "Instrumentation. 11 

Ground Water 

Ground water conditions i~ the terrace area north of the spillway 
alinement were ex,mined during exploratcry drilling, but the use of 
dri 11 ing mud used for most of the rotary dri 1li ng 1.1ade direct ~Jater· 
table measurements difficult. Pervious zones were occasionally encoun
tered where loss of drilling mud was noted. Examples are DR-22 where 
mud losses were experienced of approximately 50 gallons per foot of hole 
drilled between elevations 2,025 and 2,000 feet and losses of approximately 
14 gallons per foot of hole drilled between elevation i ~,940 and 1,855 · 
feet. In a very few instances water tables caul d be measured at th·e 
time of drilling. A ~otable example of artesian head was measured wh·ile 
drilling DR-13 and DR-14. In both of these holes the ground water was 
under sufficient head to rise from elevation 2,240 and 2,270 feet, 
respectively, to elevation 2,300 + feet when the overlying clay layer 
was penetrated by the drill. -

A discussion of the overburden units encountered in the terrace 
a rea can bE found under the heading "Re 1 i ct Channe ·i Area.!~ It wi 11 
be noted in that discussion that at least two deposits of lake sediments 
were encountered which appear to be rather extens~ve~ As migh~ be 
expected, perched water was encountered above the M~gher deposit, Lake 
Woller, in some holes because of the impermeability of the material. 
In the alluvial zones between th2 lake deposits water wa~ usually encoun
tered although, as previously noted, in only one instance was this water 
under artesian head. Below the lower lake deposit, approximate elevation 
2,190 feet, the glacial tills 1,'/ere very compact and can be expected to be 
relatively imper.vious. The over consolidation of these materials as 
previously stated is probably due to being overloaded by the weight of 
ice in glacial times. 

The significance of ground water conditions in this area lies in 
the fact that the deep deposits in the relict channel area will be 
under a head of approximately 400 feet from the proposed Watana reser
voir. The decision as to whether or not an impervious cutoff across 
this channel is necassary depends on the pervious nature of the materials 
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encountered. Hhile a more detailed prog.ram of exploring, sampiing, 
and testing wi 11 . be undertaken to ensure th,~t pervious 1 ayers \•ti 11 not 
pres~nt a seepage danger in this area, it is presently believed that 
no iwoervious barrier is required. A more deta-iled discussion of the 
ratio~ale in support of this belief can be found under the heading 
"Seepage Control, Relict Channel." 

Re:>ervoi r ·~Geo 1 ogy 

The Watana reservoir includes seven general zones of geology, as 
indicated by Plate D-5 (Hatana Reservoir Surficial Geology). Glacial 

. fill, outwash, and preglacial lake deposits predominate in the mean
dering reaches of the river upstream of the Oshetna River confluence. 
The next zone extends downstream along the incised channel to Jay 
Creek and Kosina Creek, and inc1udes localized sedimentary and alluvial 
units with metamorphics such as the Vee Canyon schist. The predominat
ing dioritic gneiss and amphibolite is laced with bands of mica schist, 
pyroxenite, and augen gneiss that are inferred to correspond with conta~t 
and sh;ar zones trending northeast. The area around Jay and Kosina 
Creeks and dm·mstream to Ha tan a Creek i nc;:l udes t\vo zones with outcrops 
of high grade schist and basalt flows at the river level. The surround
ing nills are composed of volcanics with limestone interbeds on the 
south, and mixed volcanics and neal· surface intrusives to the north for 
a minimum of 10 miles. The Watana Creek area consists of basalt flows 
and semiconsolidated predominately clastic sediments overlain by thick 
glacial and outwash deposits. This area also contains the Talkeetna 
Thrust as identified by the U.S~ Geological Survey. Downstream of 
Watana Creek lie the remaining tvJO units=" starting with moderately 
m~tamorphosed sediment~ (phyllite, argillite, graywacke) with t\·Jo bands 
of schist. The final unit starts just upstream of Deadman Creek and 
includes all material~ downstre~m to Fog Creek below the damstte. The 
predominate types ar·e the diorites, .;ranites, and migmatites of -;he 
damsite piuton. 

The Watana reservoir includes many permafrost areas, especially on 
north facing slopes. Frozen overburden \'li 11 tend to s 1 a ugh as the 
reservoir is filled and the permafrost degrades. Since mo~t of the 
lower canyon elevations are cove~ .. ed \'lith only shallmv overburden deposits, 
sloughing will be minor a~d have minimal effects upon the reservoir. 
Deep overburden deposits, most1:! of glacial origin, occur above approxi
mate elevation 2,000 feet where the slopes flatten out into a broad river 
valley base level. Most of these g1ac:a1 deposits will be stable due to 
the flat topography. 

Some rock and overburden landslide deposits have occurred within 
the reservoir area. One such slide deposit, known as the "Slide Sleek," 
is located upstream of the axis on the south bank opposite nThe Fins" 
shear. Several old and potential landslides are identified by Kachadoorian 
and Moore in their reconnaissance of the project area. 
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' In general tenns, the geology i·n the immediate damsite is controlled 
by the diOrite intrusive believed to oe the top of a stock which uplifted 
the surrounding sediments and volcanics and was later eroded by glaciers. 
Subsequent glacial and stream deposition has masked much of the flat 
upland areas and stream valleys. 

r, DAM DESIGN 
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Dam Foundation·rreatment 

Main Dam: Foundat·ion conditions are more than adequate for con
struction of an earth-rockfill dam. The underlying rock is a diorite 
or_granodiorite which, in nonfractured fresh samples, had unconfined 
compressive strength~ that ranged from 18,470 to 29,530 psi. Only the 
uppermost 20 to 40 ''/eet of this rock is close iy fractured and suff.i
ciently weathered to require removal within the core area. Stripping 
depths along the centerline section are sho\'m on Plate 0-7. Stripping 
to sound foundation rock is required for the entire length and width of 
the impervious core. Foundation treatment within the rock excava-
tion area will include removal of all loose and highly fractured rock 
and soft materials, cleanup, and dental treatment. If there are any 
zones where more than an 8 foot width of soft materials is removed, the 
dental concrete will be contact grouted to the adjoining rock. Stripping 
to rock will also be required under the remainder of the embankment area. 
However, in this area excavation will not include removal of the inplace 
rock. Only the loose and severly weathered ~urface rock will be removed. 
Steep or overhanging rock walls will be trir Jed to a smooth shape for 
proper placement of embankment materials. Exploratory drilling in 1978 
has shown the materials in the river channel to be a well graded mixture 
of gravels and cobbles as good, or better, than the materials that 
would be used to replace them. As the exploration program continues, 
these gravels will be more completely explored and it may be demonstr~ted 
at that time that there is no need for their rEmoval beneath the shell 
zones. Should this prove to be the case, the change can be made during 
feature design. 

Provision has been made for a 6- by 8-foot concrete grouting gallery 
with concrete lining to be constructed in foundation rock under the 
impervious core. This gallery will begin at elevation 1,900 feet on 
the left abutment and will terminate at elevation 1,800 feet on the 
right abutment. It will provide access for dril1ing and grouting which, 
in some areas may be delayed to allow tha~tJing of permafrost. Access 
to the gallery will be provided from the powerhouse on the left abutment 
and, by adit, from the downstream toe of the right abutment. Grouting 
will be on a single line of holes utilizing split spacing, stage grout
ing techniques. Grout holes will be slanted upsfream and may be included 
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to. intercept :t(he dominant high a-ngl:e northwest tending fracture system. 
Pr.el itninary ~(l?ut hole dep~h.s are ~stimated at two: third~ the hei g~t 
of the embat.rKl)i'ent to a max1mum dep-ch of 300 fest w1 th pr1mary spac1 ng 
of 20 feet, secondary spacing of 10 feet,. and tertiary spacing of 5 
feet with additional holes as required. 

Determination of final grout hole depths, spacing, inclination, 
grout mi~tures, and grouting methods will be dependent on the results 
of future exp 1 ora ti ens, permeabi 1 i ty studies, test grouting, ,and perma
frost thawing investigations. 

Rock permeability test results are shown on the drill logs presented 
on Plates D-28 through D-37. Coefficients of permeability (K) were 
computed in feet per minute times lo-4 Permeability coefficients 
ranged from 0.0 to 23.1 and average 4.9 for those holes that were tested. 

Drill holes in the left abutment area indicated very low permeability 
due to permafrost. River section hole DH-1 had variable permeability 
coefficients that range from 0.48 to 2.52 and averaged 1.98. Drill 
water returns in the river holes were quite variable throughout the 
entire ho 1 e depths and tended to drop off to 1 0\'1 percentages at the 
greater depths in the axis area. Right abutment drill holes had perme
ability coefficients that ranged from 0.0 to 23.09 and averaged 5.47. 
DH-10 was the only hole tested that had r·eiatively 1ow permeability 
coefficients throughout. Drill water returns had similar patterns with 
variable percentage losses. DH-7 and DH-9 had 0 percent returns through
out and DH-8 and DH-11 maintained high percentages of drill \·later returns 
throughout. 

The existence of perm~frost in the left abutment and the possibi
lity of minor amounts in the right abutment necessitates assessment of 
the problem of thawing a zone in the foundation bedrock sufficiently 
wide and deep to allow proper installation of the grout curtain. In 
anticipation of this need, the U.S. Army Cold Regions Research and 
Engineering Laboratory was asked to do a desk study on tha\ving the per
manently frozen bedrock. The Technical Note which \vas submitted in 
response to the request is included as Exhibit D-4. 

Embankment Desian 

Design of the dam embankment at Watana damsite has been based on 
the a va i 1 abi 1 i ty and proximity of const14 ucti on materia 1 s in addition to 
their suitability as engineering materials. As a result of these con
siderations, the embankment contains a central section consisting of an 
impervious core buttressed on the downstream side by a semipervious zone. 
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This central sectiOn is supported, both. upstream and dO\vnstream, by 
suitable fine and coarse filters and roekfill shells. A typical cross
se~tion o.f the embankment is shown on Plate 0-9 .. 

,~ The impervious core and semipervious zone will be constructed using 
the glacial tilT which is readily available in the area. The semi
pervious material will be obtained by selecting the coarser grained 
materials while the finer materials will be placed in the impervious 
zone. These materials, as discussed under "Embankment Materials," have 
been shown by exploration and test to be a well graded mixture, which, 
when compacted, has a very good shear strength and a high degt'ee of 
impenneability. Tests have shown that this material is quite sensitive 
to moisture control; therefore, special attention must be paid to this 
aspect of the design and construction. The 14,000,000 cubic yards 
required aro available within a very reasonable haul distance and will 
only require removal of oversize boulders prior to use. 

The fine filter material can be obtained from the gravell~ sand 
deposit at the mouth of Tsusena Creek. ·Chart 0-3 shows an envelope of 
gradation~ from this source superimposed onto the envelope for the fine 
filter as established by engineering design criteria. This comgarison 
indicates that the Tsusena Creek source can provide material within the 
ranges of sizes necessary to protect the core and semipervious zone 
against piPing or migration of fines into the filter material. 

Proven sources of gravel which can yield large quantities of material 
are scarce within short haul distances of the project. For this reason, 
the decision was made to use material from the rockfill source as a 
coarse filter. Chart D-5 is an envelope of the required gradation 
which will provide proper filtering action for the fine filter material. 
A curve has been superimposed on this envelope which represents the 
materials expected from the rockfill source~ As indicated, the rockfill 
will provide the proper filter action. The maximum size material in 
the coarse filter and the lift thickness for placement will, of course, 
be limited to ensure design criteria are met. 

The decision to utilize rockfill rather than gravel for the embank
ment she~ls was made when reconnaissance and exploration indicated that 
dependable deposits of gravels which would provide the necessary quanti
ties could not be verified within reasonable haul distances of the dam
site. On the other hand, rockfill can be readily obtained as discussed 
under "Embankment Ha teri a l s." Ri P.rap for wave protection can be obtai ned 
from the same source. 

It is recognized that the 1 vertical on 2 to 2.25 horizontal side
slopes shown on the typical cross section for the dam are conservative 
for a rockfill dam, and, if rockfill is used, these slopes will be re
fined in accordance with sound engineering practice. Refraction seismic 
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·lines in the borrow areas show velocities which could represent large 
deposits pf gravels or glacia~ materials but rather extensive explora
tions \vil1 be required to ver1 fy the true nature and quantity of the 
materials. Should these explorations reveal that suitable gravel 
deposits in the area are sufficiently extensive to provide the large 
quantities required for the dam shell sections, the gravel will be 
used in preference to borrowing quarried rock for rockfill. 

Powerhouse and Underoround Structures 

An underground powerhouse is well suited to meet the restrictions 
of subarctic weather and other erf\·-~ ronmenta 1 factors~ Topographically, 
the narrow Susitna Canyon is well situated for this type of underground 
construction. The diorite pluton that underlies the foundation area 
is expected to be competent for excavation and support of underground 
facilites, but the location and design of the various structures may have 
to be adjusted in some areas. 11 The Fins" and 11 Fingerbuster 11 Shear Zones 
shown on Plate D-3 and discussed in paragraph 11 Rock Structure" are the 
two most significant shears within the damsite area. Other northwest 
trending steep angled minor shears involving displacements of a fraction 
of an inch up to a few feet are common in the si~e area and \vere noted 
in many of the drill holes. These minor shears appear to represent mass 
adjustments to regional stress and compensation can be made for them in 
design and construction of the underground structures. 

Prior to powerhouse excavation, exploratory adits located near the 
crown of the various chambers will be driven to confirm final design 
criteria. The chambers will be constructed with straight walls as 
required for maximum dimensions, and not notched or cut irregualarly 
for support of interior powerhouse facilities. Rock support will include 
pattern bolts consistent with wall and crown conditions. Use of steel 
channeling and remedial concrete is anticipated in local areas where 
fallout may occur or in fracture zones having a substantial width of 
crushed rock. 1t/ire mesh will be utilized where necessary as a temporary 
facility prior to placing concre:~. A thin layer of wire reinforced 
shotcrete may be placed on the main powerhouse chamber walls and crown 
as a protective measure against rock raveling. Additiona1 shotcrete 
will be utilized, as required, to seal surfaces and retain rock strengths. 
Construction methods in the large chambers will include controlled blast
ing and rock removal in lifts from the top downward* Gutter and floor 
sloping for drainage will be provided in the interior structures between 
chambers .. 

Intake Structure 

Consolidation grouting may be necessary for the intake structure 
foundation and the bridge pier footings. The higher bridge pier 
footings will also be recessed into sound rock. Tunnel portals will 
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be designed so that there i.s a m1n1mum of two tunnel diameters of sound 
rock above the heading where they go underground.. Initial tunnel 
support wi11 be by pattern bolts, with steel channeling and wire mesh 
where necessary in closely fractured areas. ~1ajor~ shear ·zones will 
require steel supports. Hydraulic and geologic considerations will 
necessitate final concrete linings for all but the access tunnels, and 
steel liners for the_penstocks. Grout rings wi11 be required in the 
penstock portal areas. 

ihe t'1o diversion tunne~ls are to be separated by a minimum of four 
tunnel diameters to provide greater structural stability. Downstream 
diversion tunnel portals will have to be located to avoid the 11 Finger 
Buster" shear zone to insure adequate portal construction conditions. 

Spillway 

The gated spillway has been relocated about 800 feet southeast of the 
alinement presented in the 19i6 report so that it will be constructed 
in a through rock cut. The s pi 11 way wi 11 be un 1 i ned beyond the spi 1'1-
way gate structure and apron. The new spillway alinement extending 
from the Susitna north valley wall to Tsusena Creek and the spillway 
gradient are shown on Plates B-2 and B-5. It is anticipated that, with 
the ~xception of minor amounts of waste, all the excavated materials 
from the spillway will be used in the dam embankment. The major part 
of the excavation is in rock and this material will be used in the 
shell sertions. The overburden materials are glacial till which, when 
separated from the boulders can be used in the impervious or semiper
vious zones. 

f Seeoaoe Control - Relict Channel 

I 

L 

The relict channel a~ea is an overburden terrace underlain by a 
bedrock depression, and extends northward from the right abutment for 
about 6,000 feet~ This terrace is composed of glacial till, some of 
which has been reworked by alluvial action. For this reason, consid
eration was given to the possibility of seepage through the area \'Jhere 
rock contour·s are be 1 ow the proposed reservoir e 1 evati on. However, 
preliminary seepage calculations indicate that even in the relict 
channel area, where the head differential approaches 350 feet, and 
using a very conservative 'k 1 value of 500 feet per day, the seepage 
would be less than 0.02 cubic feet per second per foot of width for 
a pervious layer assumed to be 80 feet thick. Assuming such a layer 
to be 200 feet wide, the seepage would be in the order of 4 cubic feet 
per second, which is a minor amount. The exit velocities associated 
with such seepage \aJo~~d be too low to cause serious piping or erosion. 
Investigations during the summer of 1978 support this conclusion. In 
holes DR-13 and DR-14, located in the vicinity of Borrow Area 11 0," 
ground water was encountered in alluvial layers between elevation 2,240 
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- and 2,280 feet with an artesian head which exceeded the proposed ·reser
voir level by 100 feet. In spite of this high head condition, no 
evidence was found indicating seepage out of this layer into either 
Deadman Creek or Tsusena Creek. Indeed, it is probable that the effect 
of this artesian waterJ which evidently has its access to the alluvial 
layer in the upper reaches of Tsusena or Deadman Creek, would be to 
resist flow from the reservoir into the aquifer. Because mud losses 
in DR-22, located at the center of the relict channel, indicated the 
possibility of penneable layers at approximate elevations 1,900 and 
2,000 feet, a falling head permeability test was performed at this hole. 
The oermeabilities calculated from this test are a further indication 
the ~eepage through the terrace would be minor or nonexistent. Conse
quently, it was unnecessary to include any cutoff through the saddle 
and relict channel area. 

CONSTRUCTION MATERIALS 

Material Reauir~ments 

Embankment: Approximately 57,792,000 cubic yards of embankment 
materials will be required to construct an earthfill dam at Watana site. 
The impervious core is estimated to require 7,373,000 cubic yards and 
the semipervious fill zone 6,077,000 cubic yards of material. The fine 
filters are estimated to require 5,621,000 cubic yar~s of material and 
the coarse filters 2,201,000 cubic yards. The pervious rock shells, 
which make up the largest portion of the dam, will require approximately 
36,297,000 cubic yards. Slope protection on the upstream side of the 
dam is estimated to require 223,000 cubic yards of riprap~ 

Sources of Materials 

General: Several sources of embankment materials were investigated 
in the damsite area. These sources included two quarry 1ocatioils vthich 
could yield rock shell and coarse filter materials, a source of glacial 
till which could produce core material, and two areas containing rela
tively clean sands and gravels for the fine filter material. ~dditional 
embankment materials will be generated by required excavation for the 
dam foundation, underground facilities, and the spillway channel. All 
rock excavation from the spillway channel will be incorporated into the 
rock shell zone of the dam. The overburden encountered in the excavation 
for the spillway channel will be glacial till which can be processed by 
removal of oversize material for use as cor·e material. 

Rock Shell Materials: Rock shell materials may·be obtained from 
two quarry locations shown on Plates 0-10 and D-11. 
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, Quarry sites were loca·ted on toe 1 eft abutment of the dam (Quarry 
Source 'A') and in the northwest quadrant of the confluence of Deadman 
_Creek and the Susitna River {Quarry Source'S'). The Quarry Source (A) 
on the left abutment is an. ot . .r;;crop of igneous rock ranging in elevation 
from~approximately 2,300 to 2,630 feet. The total volume of the hill 
above the surrounding terrain is approximat~1y 200 million cubic yards 
of ·rock. Development would consist of open faces on the north flank 
of the dome with the final quarry floor at an elevation of 2,300 feet. 
This type of development would maintain the visible profile of the hill 
essentially as it is now. The resulting quarry floor couid provide an 
ideal site for parking areas, visitor facilities, and perhaps, the 
switchyard. . 

The material in the hill is a diorite on the western side and a 
rhyodacite porphory on the eastern half. The appearance of outcropings 
and exposed faces of each material indicates that the hill is composed 
of s.ound rock. 

The product of th.i s quarry wi ·11 be used for the rockfi 11 she 11 
zones vf the dam and in the coarse filter and riprap. This site 
(Quarry 1A') represents the nearest source of adequate quantities of 
roc~ materials for the dam. From the approximate center of the quarry 
to the approximate center of the dam is a distance of 4,000 feet and 
movement of material would be downhill. If properly developed, virtually 
a11 of the material removed from the quarry will be used in the dam 
and the oversize material~ overburden and weathered waste material can 
be disposed of immediately adjacent to the quarry in the reservoir 
area upstream of the dam. 

The quarry source at the confluence of Deadman Creek and the 
Susitna River (Source 'B') could be developed by excavating rock from 
the open faces visible on Deadman Creek and continuing the development 
of a face to the \•/estward, maintaining the face between elevation 
1,700 and 2,000 feet. Stripping and clearing would be minimized by 
devt.~ 1 oping a 1 ong, narrow quarry para 11 e 1 i ng the river and using the 
quarry floor a.s a haul road for the length of development. If exploited 
in this way, the quarry cou1d yield 17,000,000 cubic yards of material. 

The rock exposed in this area is a moderately weathered diorite. 
The product of this quarry could be used on the rockfill shell sections 
of the damw The distance from the center of the Quarry 'B' to the 
center of the dam is ~pproximately 2 miles. 

The only reason for utilizing this quarry source instead of the 
Quarry 'A 1 on th~ left abutment wo!Jld be the lessened environmental 
impact sint:e the quarry at Deadman Creek \'IOUld be entirely in the 
reservoir area. However, since the haul distance is greater and the 
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net environmental impact of the Quarry fA • on the 1 eft abutment i.s 
- small, this area is a less desirable source of embankment materials. 

Core Material: Impervious and semipervious materials can be excavated 
from the glacial tills which are present at the damsite. The most logical 
source of glacial till appears to be in an area denoted as Borrow Area 
'D' which lies between Deadman Creek and the sadd1e on the north side 
of the dam (see Plate D-11). 

Exploration in this area was accomplished by drilling with a track
mounted, self-propelled auger and a Failing 1500 rotary drill, by test 
pitting with a backhoe, and by use of seismic refraction methods. Five 
hoies were completed using the air rotary drill, 14 holes were comp·leted 
using the auger, 14 pits were completed with the backhoe, and 4 seismic 
refraction lines were extended across the proposed limits of the borrow 
area. The material in the area is composed of a surface layer of natural 
ground cover of roots and moss, approximately 2 feet of boulders an~ 
organic silts underlain by the tills which are classified.as gravelly 
silty sands. The tills range from 15 to 25 feet thick and usually over
lie a clay, sandy gravelly clay and silty sandy gravel. 

Sack samples from the test pits (in Borrow Area D) were tested at 
the North Pacific Division Materials Laboratory to determine gradations, 
compaction., consolidation characteristics, per-meability, and triaxial 
shear strength. 

Gradation tests were run on each sample from each test pit. An 
envelope of the gradation curves derived from the tests of samples from 
Test Pits 8 through 19 is shown on Chart D-2. Because the range of 
gradations of materials from the test pits centrally located in the area 
is limited, a composite sample was formed. Use of a composite sample 
was necessary to provide adequate material for a representative testing 
program s1nce retrieval of large bulk samples from the site 'vas not 
possible. 

The coefficient of permeability (K2o) for the minus 1-inch fraction 
of the till material, compacted to 95 percent of maximum density with 
an optimum water content of 7.5 percent equals 10.90 X lo-6 em/sec. 
This relatively low coefficient of permeability is coupled with an 
adequate shear strength at the optimum water content, acceptable con
solidation values even when loaded to 32 tons/sq ft and a narrow band 
of gradation throughout the central portion of the outlined borrow 
area. The shape of the compaction curves indicates that moisture 
content is critical in obtaining maximum densities with a pronounced 
peak at the relatively low optimum moisture content of 7.5 percent. 
The results of the triaxial compression tests indicate that in the 
unsaturated and undrained condition the glacial tills will be sensitive 
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to moisture· contents higher than optimum but that if placed on the dry 
side of optimum they will maintain strength essentially equal to those 
obtained when placed at optimum. 

The results of this testing program indicate that the glacial tills 
can be placed and compacted to provide a suitable material for both the 
impervious and semipervious zones. The specifications wi11 need to 
provide for close controls of the moisture content s.nd the quality .. 
assurance programs will have to be adequately staffed to provide for 
Gareful checks of moisture content in the pervious and semipervious 
fill. Detailed laboratory reports of the tests conducted are included 
as Charts D-6 through D-29. 

The materials from Borrow Area D can be used \vith very litt1e 
processing. The ground cover and organic silts and boulders will be 
stripped from the surface and disposed of as designated near the mouth 
of Deadman Creek in the reservoir area. The remainder of the material 
can be utilized in the core of the embankment if oversize (12 inch plus) 
material is removed by mechanically raking in the pit or on the embank
ment fill. Less than 10 percent of the material will be too large to 
use in the core. Since removal of oniy the silty, sandy gravel above 
the clays will result in the floor of Borrow Area 'D' being above 
reservoir elevation, it will be necessary to contour and seed the 
borrow area after the completion of removal of materials as a restora
tion measure. Approximately 630 acres will be restored. 

Filter Material: The nearest source of clean sands and gravels 
for use 1n the fine filter of the embankment dam is an alluvial deposit 
formed by materials washed out of Tsusena Creek and deposited at the 
confluence of Tsusena Creek and the Susitna River on the right bank 
of the Susitna (Borrow Area 'E', see Plate D-12). Haul distance to the 
darn ranges from 3 to 5 miles. ·This area was explored by digging 5 test 
pits to a depth of 8 feet using a backhoe mounted on a small tractor. 

The materiai in this area is composed of approximately 2 feet of 
organic~ sandy silt overlaying 6 feet of clean, well graded sands and 
gravels having maximum size particles of up to 4 inches in diameter. 
The materials are sound, well rounded particles. The bottoms of the 
test pits indicate the possibility that the materials deeper than 8 
feet below the ground surface contain up to 50 percent of boulders in 
excess of 8 inches in diameter and ranging up to 24 inches in diameter. 
The 6 feet of material which lies above the boulders may be used in 
the embankment with required processing limited to some blending and 
removal of material larger than 12 inches to produce fine filter 
material. An envelope of gradation curves derived from tests of 
samples from TP-1 through TP-5 is shown in Chart D-1. All of the samples 
are from the first 8 feet of material. All of this material lies above 
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the water table and can be taken by front loaders.. The quantity of 
material available in the ffrst 8 feet is approximately 3.7 million cub·ic 
yards. After the boulders are encountered at a depth of 8 feet, the 
oversize material will have to be removed and material below the water 
table will have to be bailed from the area.. A dike will be maintained 
to separate the borrow operations from the river so that all turbidity 
created by the excavation of materials will be filtered or settle prior 
to entering the Susitna River. In terms of grading, particle soundness 
and proximity, this area represents an excellent source of essential 
filter materials. 

The second area in which clean sands and gravels were located is 
in the upper reaches of Tsusena Creek, north of Tsusena Butte (Borrow 
Area 'C'). The materials are sound, well round~d particles and are 
well graded with maximum sizes generally less than 4 inches. Consider
able exploratory effort would be necessary to ensure quality and quantity 
of materials before this could be considered an acceptable source. 
Because of the haul distance of 12 miles, this source will not be con
sidered unless further explorations and testing indicate that adequate 
materials may not be obtained from the sources closer to the damsite. 

Exploration at Site 'C' was accomplished by digging one test pit, 
reconnaissanc2 of the area on foot and from helicopter, and with a 
seismic survey. 

Concrete Aqaregates: Approximately 310,000 cubic yards of concrete 
will be required to construct the appurtenant structures for an embank
ment dam at Watana damsite. Most of this will be structural concrete 
placed in tunnel linings, the powerplant~ gate structures, intake struc
tures, and spillway channel lining. Maximum size aggregate will be 3 
inches in all but the smaller structures or those with close1~' spaced 
reinforcing. The most readily available source of concrete aggregate is 
available at the confluence of Tususena Creek and the Susitna River 
(Borrow Area 'E 1

). The materials from the fir~t 8 feet in the alluvium • 
can be utilized with only limited screening. As oversize materials are 
encountered at greater depths, the larger particles will be crushed for 
use in the concrete aggregate, therebj achieving maximum utilization 
of gravels from the area and also to ir1crease the tensile strain resis
tance of the concrete which will lessen problems with thermal cracking 
in the more massive sections. Since Borrow Area E represents the most 
economical source of concrete aggregate and the nearest acceptable 
source of essential filter material, maximum utilization of the material 
in this area is required. 

A petrographic analysis of sands and gravels from Borrow Area E 
was conducted by the Missouri River Division Laboratory at Omaha, 
Nebraska. The results show the material to be approximately 70 percent 
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cil-antt:ic rock wJth the remaihder composed of basait, andesite, and 
ryh:ol{te.·' Che'rt is present 'in such small quantities as to be. nonde1e
tariotis. 

The quarry site on the ·left abutment (Quarry Source 1 A') is con
side.red an alternate source of concrete aggregate. If material from 
the quarry were used in the embankment dam aggregate could be produced 
by placing a crushing and screening plant in the quarry and producing 
the concrete aggregate incidental to the production of embankment material. 
The conc~ete aggregates would be produced from the diorites in the 
quarry to avoid the potential of problems caused by the reaction of 
the a 1 ka 1 is in the concrete \vi th the rhyodacite porphory in the eastern 
half of the hill. 

The materials in upper Tsusena Creek (Borrow Source 'C') would 
produce excellent concrete aggregate; however) because of the haul 
distance involved (10 miles), it is.not anticipated that this source 
would be exploited to produce concrete aggregate unless embankment 
materials are also taken from the same source. 

It is anticipated that because of the relatively small quantitie~ 
of required concrete aggregate compared to the large quantities of the 
various classes of embankment materials, that concrete aggregates will 
be produced incidental to the production of embankment material and 
stockpiled adjacent to the batch plants used. 

The first concrete required on the project will be that required 
to line the diversion tunnels and form gate and trashrack structures 
for river diversion. The aggregate for this work could be produced 
from Borrow Area E with a resulting haul distance of 2.3 miles. 
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PRELIMINARY REPORT OF THE RECENT GEOLOGY 

OF THE PROPOSED DEVILS C~~ON AND WAIANA 

DAMS!TES, SUSITNA RIVER, ALASK~ 

by 

Reuben Kachadoorian and Henry Jo ¥~ore 

ABSTRACT 

At the request of the Corps of F.ngineers, the U.S. Geological 

Survey conducted a reconnaissance of the recent geology of the proposed 

Devils Canyon and Watana damsite areas, Susitna River, Alaska. The 

purposes of the reconnaissance wer€ to look for active faults and other 

geologic hazards. 'Field ~vrk by the Geological Survey w-as conducted 

between July 25, 1978 and August 7, 1978 using a helicopter which ~as 

shared jointly and in cooperation ~th personnel of the Corps of 

Engineers. 

The geologic reconnaissance of the proposed Devils Canyon and 

Watana damsite and reservoir areas did not uncover any evidence for 

re~ent or active faulting along any of the kno~~ or inferred faults. 

Recent movement of surficial deposits has occurred as the result of mass 

waating processes and, possibly, by seismic shaking and minor 

displace~en~s of bedrock along joints. 

Landsliding· has occurred in the past and future ;,andsliding appears 

probable. The occurrence. of unconsolidated glacial debris, alluvium, 

and T~rtiary sedi'Clents at. elevat.ions below the proposed rec;ervoir ~ater 

levels may slump and slide into the reservoirs when they are i~rmdated. 

Some of these sediments may be permanently frozen and, locally, may be 

1 



ice-rich which ,.increase$ the probability of slumping and sli.ding when 

[ the sediments are thawed by the water impounded behind the dams. 

The tectonic framework of the Devils Canyon and Watana damsite 

[ areas is not vell understood. The present knowledge of the area 

indicates. that the seismicity of the region ranges in depth from less r 
than lC: km to greater than 175 km. 

. 
Additional detailed geologic and seismic studies are necessary in 

order to reliably evaluate the potential geologic hazards in the region 

of the proposed d.am and reservoir sites .. 
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tlECOMMENDA'l'!ONS 

'lbe eonc:lusions presented in this report are based on a 

reconnaiss~nce study of the propo.sed Devils Canyon and Watana dam and 

reservoir sites, and, therefore, should be considered to be preliminary. 

A thorough evaluation of the geotechnical problems of the proposed dam 

and reservoir sites will require more data. It ~11 be necessary to 

(1) map the Healy, .Alaska, Quad'.c-angle, at a scale of 1:250,000, fro!!l the 

Talkteena Mountains Quadrangle to the Denali Fault, about 80 km 

(48 miles) north of the damsites, (2) map the proposed Devils Canyon and 

Watana damsites at an appropriate scale to determine the bedrock 

structure and distribution of unconsolidated sediments overlying the 

bedrock, (3) map the reservoir sites at a scale C?f 1:63,360 in order to 

(a) establish the tj~e and distribution of unconsolidated sediments and 

bedrock, (b) locate additional potential landslide areas, and 

(c) determine the nature and distribution of pe~afrost, (4) in~tiate a 

seismic monitoring program of the dam and reservoir a:-eas, (5) continue 

the active fault study, (6) redetermine the altitude$ of the Vertical 

Angle Benchmarks, and ( 7) collect dt=tailed data on the. suspended loads 

and bed loads of the Susitna River in order to dete~ine if the 

reservoir filling rates are acceptable. 
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P.~T VI: CONCLUSIONS 

58. The geolcJgical-seismological investigations to date were 

made on reconnaiss.ance levels" The Devils Canyon and Watana damsites 

are in a reg£on of high seismicity and major fa~lts. However, no move-

ments wer~ found on the faults that might be indicative of earthq~akes. 

Also, no seismic activity was identified as associated with these faults~ 

though the data suffers from inexactness in the accuracy of locations. 

No active faults were found at the damsites. Active faults of appreciable 

length are required if large earthquakes are to be generated in close 

proximity of the proposed structures. 

59. The area was provided with a floating earthquake of magnitude 

7 placed at a short distance from the da.msites. The magnitude 7 is in 

conformity with general fault lengths in this area and with worldwide 

experiences between such faults and resulting earthquakes. However, 

D further field studies will be mad·e to determine conclusively whether 
. 

or not there are faults closer to the sites with possible more severe 

0 motions. An earthquake of magnitude 8 from the Denali fault at a distance 

0 of 80 km was evaluated by attenuating the event to the damsites. 

60. Peak motions were assigned for the earthquakes follm~ing the 

D practices of the Corps of Engineers. The magnitude 7 earthquake near 

the damsites has motions that are: acceleration 0.68 g, velocity 68 

01 

I 
' croisee, displacement 30 em, and duration 12 sec. An earthquake at the 

0 Denali fault attenuated to the sites provides motions of 0.28 g, 40 em/ 

sec, 22 em, and 10 sec .. 

0 61. A closer specification of -r,.;hich sets of peak motions to apply 

0 
and the appropriate time histories will await further field studies. 
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62. Possible induced seismicity·from reservoir loading is not a . . 
fnctor needing additional design but is accounted for in the existing 

moi..lons. Howeve~, ~..rater waves from possible earthquake-triggered l~'"ld

sllde:; and pos~.:~.',.,le overstressed conditions in rock pose problen:s for 

which at present there is a ?aucity of data and a need for fu.-ther 

evaluation a 
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SUSITNA DEVELOPMENT PLANS l l 

] 
'": 
r" 
~'. I! Incremental Operation Maximum 
~:~ \ !i Capital Cost Const. Earliest Full Supply Seasonal ; ~ t' 

$ Millions Period* On-line Level Drawdown i' 
Plan Staae Construction (1980 Values} Yrs. Date Ft. Ft. Firm Average·. 

I 1 1 Watana 2223 ft 800~1 1860 9 1993 2200 150 2669 3252 46.4 

~ 2 Devil Canyon 1458 ft 

I 
600HW 1000 61.-- ±1996 1438 150 2640 2975 --'2 

TOTAL SYSTEM 1400MW 2860 5309 6227 49.9 
I -- -- -- ~-;{ 
i 
! 

' 
j 

2A 1 Hatana 2060 ft 400MW 1570 8 1992 2000 100 1708 2109 60.2 
2 i~atana raise to 

' 2223 ft 360 3 2200 150 961 881 ~ --
3 Watana add 400MW 

capacity 130 3 -- 2200 150 0 262 

4 Devil Canyon 1458 ft 
40ot~lv 900 6L ±1996 1438 150 2640 2975 -- '2 

_, 
[ TOTAL SYSTEM 1200MW 2960 -- --
1 

-- -- 5309 6227 59.2 

l 
3A 1 Watana 2223 ft 400MW 1740 9 1993 2.200 150 2669 2990 85.3 il I 

i 
1 

2 Watana add 400MW 
capacity 150 3 -- 2200 150 0 262 , .. 

3 Devil Canyon 1458 ft 
400MW 900 6!2 ±1996 1438 150 2640 2975 --
TOTAL SYSTEt~ 1200MW 2790 -- -- -- -- 5309 6227 59.2 

Z£¢C1 . ' '""-,wr-~~'""*-··~ ~ 



,, 

i 
!I 

i 
j , 
il i; 

,. 

;,'} 

i ,, 

I 
' J 
't 

! 
! 

} 

~,. ____ _,___,__...:;__..~-~- -- ----...-.. -- --~~~--~ --- ·- --------------------------- ··-:~~"';·:;::.:~.e..;,-:.:.CV!JJ 

e: __ .,_j t::~~ r"':j r.~ . .J C"'::i c~·, c · ·~ r::::J f-_:::J ~~-' c:::- ~ ~ - ~ --J ·--
SUSITNA DEVELOPMENT PLANS (cont'd) - 2 

Incremental . Operation r-iaxlimum 
Capital Cost Cons t. Earliest Fulll Supply Seasonal 
$Millions Period On-line Level Drawdown 

Plan -~t(!g~_ !Construction (19BQ Values) Yrs. Date Ft. Ft~ Firm Aver·age 

4 1 High Devil Canyon 
1734 ft 800MW 1500 10 1994 1712 150 2546 3615 

2 Vee 2348 ft 400MW 1060 7 -- 2328 1Ei0 1323 1292 
. 

TOTAL SYSTEM 1200t1l4 2560 -·- -- -- -- 3869 4907 

5 1 High Devil Canyon 
1630 ft 40or1~v 1140 7 1992 1610 100 1849 2Jl06 

2 High Devil Canyon 
add 400MW capacity 
raise dam to 1734 ft 500± 3 -- 1712 1(])0 697 . Hi09 

3 Vee 2348 ft 400MW 1060 7 -- 2328 150 1323 1292 

TOTAL SYSTEM 120ot1lv 2700 -- ·-- -- __ , 38159 4907 

6A 1 High Devil Canyon Start 
17 34 ft 400t1W 1390 8 1992 1712 15CI 2397 2732 

2 High Devil Canyon 

1~~} add 400MW capacity 140 5 1712 534 1276 --
• Portage Creek 150m~ 650± -- -- --

3 Vee 2348 ft 4010t1W 1060 7 -- 2328 1!50 1437 1536 

TOTAL SYSTEr1 1~~50M\{ 3240 -- -- -- -- 4428 5544 

L l 
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~1:1 a:A;ft. 
Fac.~ir'· 
~ ;' 

.......... --- ·- ~-

t.::.i 

'51.6 

46. 7· 

60.1 

l~ 

46,t7 

78 .. 0 

--
46.9 
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SUSITNA DEVELOPMENT PLANS (cont'd}- 3 

Plan 

7 

Stage 

1 

2 

3 

Tunnel 1 

2 

3 

Construction 

High Devil 1734 ft 
BOOMW 

01 son 150f~W 

Vee 2348 ft 400NW 

TOTAL SYSTEM 1350MW 

Watana 2223 ft 400MW 

l~atana add 450f'.1W 
capacity 

Tunnel 300MW re
regulation dam 30MW 

TOTAL SYSTEf1 1180Ml~ 

r;~ 1!:~ 

Incremental 
Capital Cost 
$ Mill ions 
(1980 Values) 

1500 

650± 

1060 

2920 

1740 

150 

1220 

3110 

~ f!"·] ~~ -- - --

Canst. 
Period 
Yrs. 

10 

5 

7 

9 

3 

5 

Earliest 
On-line 

Date 

1994 

Start 
1993 

~ .,. 
~ . .. I 

Operation 
Full Suppliy 

Level 
Ft. 

1712 

1020 

2328 

2200 

2200 

1475 

I 
j * Excluding period r~quired to construct access roads. 
i 

l 
1 

~·~~.-~ -~~·..<'l\.-"·?'~-.o-'~'?"'-~":~~t<-:-: "'1'~··~-"'r--..--..,.-.~illi'~ ~ o, 

- -.· -- ~ 

Maximum 
Seasonal 
Drawdown 

Ft. 

150 

150 

150 

150 

~ 

Finn -
2546 

385 

1497 

4428 

2669 

0 

2003 

4672 

..... , 

Average 

3615 

393 -- {.} 

1536 -'~ ... o 

' 
5544 ' l!.fi. 9 ° 

<I • Z\ 

2990 85.3 

262. 

2014 \.1, -
5266 50~9 

~~~ 

,·, 
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Reservoi r Area 
(Acres) 

I
River Miles 
Flooded 

Tunne 1 L·2ngth 
.(Miles) 

Tunnel Volume 
~(Yd 3 ) 

~ 
Compensating 

MFl ow Release 
UFrom ~1atana 

(cfs) 

0. Jwnstream 1 

Reservoir Volume 
(Acre-Feet) 

· Uoownstream Dam 
Height (feet) 

Orypica 1 Daily 
Range of Dis
charge from 

QDev i 1 Canyon 
, Powerhouse 

{cfs) 

DApproximate 
Maximum Daily 

D
. Fluctuations in 

Downstream 
Reservoir (feet) 

0 . 
l 

TABLE 7.1 

Infonnati on on the De vi 1 c.anx~n. Tunne 1 Schemes -.....,... ....... 

Devil Canyon 
Dam 

7,500 . 

31.6 

0 

0 

0 

1, 100,000 

635 

6,000 
to 

13,000 

2 

1 

320 

2.0 

27 

11,976,000 

1,000 

9,500 

75 

4,000 
to 

14,000 

15 

Tunnel Scheme 

2 

0 

0 

29 

12,863,000 

1,000 

4,000 
to 

14,000 

3 

3t900 

15 .. 8 

13.5 

3,732,000 

lllOOO 

350,000 

245 

8,300 
to 

8,900 

4 

01 Downstream from Watana. 

0 
fi u 

................. 

...... )J 
4 

0 

0 

29 

3,563,000 

1,000 

3)900 
to 

4,.200 

,.,. ... 

• u 
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TABLE 8.1 

r··J ~ t.;:.::l.::.:;J (lB 

Devil Canyon Tunnel Schemes 
.costs, Powper, ~Ou.tput and Average Annua 1 Energy ... 

Devil Canyc·n Increase 1 i1n 
Increase 1 in . 

· Average Annual Average. 
Ca~ac.i ty {MWJ 

Watana Devil ·canyon 
Installed Capacity Energy Annual Energy 

(MYJ) (GWH) (GHH) ~- . . - . I 

Scheme 1 800 550 550 2,050 2,050 

S(!heme 2 70 1,150 420 4,750 1,900 

Scheme 32 850 330 380 2,090 2,016 

Scheme 4 800 365 365 2,490 890 

.. - .. 

Cost3 Qf 
Tunnel Scheme Additional 
Total Costs Energy 1 

_{$.. X 103
) (mi11s/kW~h) 

1,979,000 42.6 

2,317,000. 52 .. 9 

1,221,DOO 26.9 

1,494,000 73.6 

1 Increase over single Watana {El., 2200) aom·1W developnent with an average annual energy pr'oduction of 3250 Gwh. 
2 Includes power and energy produced at re-regulation dam. 

3 Energy cost is based on an economic analysis (i.e. using 3% interest rate) as discussed in Section 9~5. 
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Partial listing of study information containing environmental components 

- Acres American Susitna Plan of Study February 1980 

Environmental Procedure Manuals for Subtasks 7.05, 7.06, 7.07, 7.08, 
7.10, 7.11 and 7.12 

Environmental Procedure Manua·l for Subtask 7.09 available in February 
1981 

- Review of the En vi ronmenta 1 Procedure ~·1anua 1 s as prepared by the 
Susitna Hydro Steering Committee 

- APA response to the Steering Committee comments available in February 
1981 

Preliminary Environmental Assessment of Tunnel Alternatives Internal 
draft report prepared by TES 

Susitna Project Overview Report available in March 1981 

1980 Environmental Annual reports available in March 1981 

Susitna Development Selection Report available in March 1981 

Fisheries Instream Flow work plan available April 1981 

-

' ' . 


	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
	0001-0056
	0001-0057
	0001-0058
	0001-0059
	0001-0060
	0002-0001
	0002-0002
	0002-0003
	0002-0004
	0002-0005
	0002-0006
	0002-0007
	0002-0008
	0002-0009
	0002-0010
	0002-0011
	0002-0012
	0002-0013
	0002-0014
	0002-0015
	0002-0016
	0002-0017
	0002-0018
	0002-0019
	0002-0020
	0002-0021
	0002-0022
	0002-0023
	0002-0024
	0002-0025
	0002-0026
	0002-0027
	0002-0028
	0002-0029
	0002-0030
	0002-0031
	0002-0032
	0002-0033
	0002-0034
	0002-0035
	0002-0036
	0002-0037
	0002-0038
	0002-0039
	0002-0040
	0002-0041
	0002-0042
	0002-0043
	0002-0044
	0002-0045
	0002-0046
	0002-0047
	0002-0048
	0002-0049
	0002-0050
	0002-0051
	0002-0052
	0002-0053
	0002-0054
	0002-0055
	0002-0056
	0002-0057
	0002-0058
	0002-0059
	0002-0060
	0002-0061
	0002-0062
	0002-0063
	0002-0064
	0002-0065
	0002-0066
	0002-0067
	0002-0068
	0002-0069
	0002-0070
	0002-0071
	0002-0072
	0002-0073
	0002-0074
	0002-0075
	0003-0001
	0003-0002
	0003-0003
	0003-0004
	0003-0005
	0003-0006
	0003-0007
	0003-0008
	0003-0009
	0003-0010
	0003-0011
	0003-0012
	0003-0013
	0003-0014
	0003-0015
	0003-0016
	0003-0017
	0003-0018
	0003-0019
	0003-0020
	0003-0021
	0003-0022
	0003-0023
	0003-0024
	0003-0025
	0003-0026
	0003-0027
	0003-0028
	0003-0029
	0003-0030
	0003-0031
	0003-0032
	0003-0033
	0003-0034
	0003-0035
	0003-0036
	0003-0037
	0003-0038
	0003-0039
	0003-0040
	0003-0041
	0003-0042
	0003-0043
	0003-0044
	0003-0045
	0003-0046
	0003-0047
	0003-0048
	0003-0049
	0003-0050
	0003-0051
	0003-0052
	0003-0053
	0003-0054
	0003-0055
	0003-0056
	0003-0057
	0003-0058
	0003-0059
	0003-0060
	0003-0061
	0003-0062
	0003-0063
	0003-0064
	0003-0065
	0003-0066
	0003-0067
	0003-0068
	0003-0069
	0003-0070
	0003-0071
	0003-0072
	0003-0073
	0003-0074
	0003-0075
	0004-0001
	0004-0002
	0004-0003
	0004-0004
	0004-0005
	0004-0006
	0004-0007
	0004-0008
	0004-0009
	0004-0010
	0004-0011
	0004-0012
	0004-0013
	0004-0014
	0004-0015
	0004-0016
	0004-0017
	0004-0018
	0004-0019
	0004-0020
	0004-0021
	0004-0022
	0004-0023
	0004-0024
	0004-0025
	0004-0026
	0004-0027
	0004-0028
	0004-0029
	0004-0030
	0004-0031
	0004-0032
	0004-0033
	0004-0034
	0004-0035
	0004-0036
	0004-0037
	0004-0038
	0004-0039
	0004-0040
	0004-0041



