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Honorable Thomas S. Kleppe 
Secretary 
U.S. Department of the Interior 

Washington, D.C. 


Honorable Cecil D. Andrus 

Governor 

State of Idaho 

Boise, Idaho 


Gentlemen: 

Immediately following the failure of the Teton Dam on June S, 1976, 

you joined in ordering an investigation and established for this purpose 

the Independent Panel to Review Cause of Teton Dam Failure. The Panel 

has completed its charge and herewith submits a report on its findings. 

Pursuant to your instructions, the Panel has conducted a comprehen

sive study of the failure, including review of planning, design, construc

tion, and operation of the dam and reservoir. Extensive field exploration, 

laboratory testing, and data analysis have been accomplished. 

In briefest summary, the Panel concludes (1) that the dam failed by 

internal erosion (piping) of the core of the dam deep in the right founda

tion key trench, with the eroded soil particles finding exits through 

channels in and along the interface of the dam with the highly pervious 

abutment rock and talus, to po,ints at the right groin of the dam, (2) that 

the exit avenues were destroyed and removed by the outrush of reservoir 

water, (3) that openings existed through inadequately sealed rock joints, 

and may have developed through cracks in the core zone in the key trench, 

(4) that, once started, piping progressed rapidly through the main body 
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of the dam and quickly led to complete failure, (5) that the design of 

the dam did not adequately take into account the foundation conditions 

and the characteristics of the soil used for filling the key trench, and 

(6) that construction activities conformed to the actual design in all 

significant aspects except scheduling. 

The Panel is hopeful that its findings will not only shed light on 

the Teton Dam failure, but will also assist in the design of safe dams 

at other sites. 

Respectfully submitted, 

!h~~Atj1~

Arthur Casagrande 

~~ ~w.~ 
------ffoward A. Coombs Munson W. Dowd 

R. Keith Higgins ~·· 


~eek~ 

Bolton Seed H. 
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SUMMARY AND CONCLUSIONS 


The Independent Panel to Review Cause of Teton Dam Failure has completed its task, as charged by 
the Secretary of the United States Department of the Interior and the Governor of the State of Idaho 
in letters from Secretary Kleppe, dated June 11, 23, and 30, 1976. The Panel submits its report 
herewith. These pages present a summary and conclusions. 

Teton Dam failed on June 5, 1976, when the reservoir was at El. 5301.7, 3.3_ ft below the spillway 
sill. Although downstream warnings are believed to have been timely, deaths of 14 persons and 
property damage estimated variously from 400 million to one billion dollars have been attributed to 
the failure. 

Construction of Teton Dam was authorized on September 7, 1964, by Public Law 88-583. The dam is 
situated on the Teton River, three miles northeast of Newdale, Idaho. Prior to 1963, the proposed 
dam was known as Fremont Dam. 

Teton Dam and its reservoir were principal features of the Teton Basin Project, a multipurpose 
project embodying flood control, power generation, and supplemental irrigation water supply. The 
dam was a central-core zoned earthfill structure, with a height of 305 ft above the riverbed and 405 ft 
above the lowest point in the foundation. Provisions for seepage control included a key trench in the 
foundation rock above El. 5100 and a cutoff trench to foundation rock below that elevation. A grout 
curtain extended below these trenches. 

Investigations of site possibilities for a dam on the Teton River commenced as early as 1904 and 
continued at various times until bids for construction of Teton Dam were invited on July 22, 1971. A 
construction contract was awarded on December 13, 1971. The embankment was topped out 
November 26, 1975. Filling of the reservoir commenced October 3, 1975, and continued until the 
failure on June 5, 1976. 

The Panel's approach to its assignment has been to: 

(1) obtain, analyze and evaluate all relevant information which could be obtained in document 
form from the United States Bureau of Reclamation, the United States Geological Survey, the 
construction contractor, and any other available and knowledgeable source regarding the regional and 
site geology, pre-siting investigations, siting decisions, pre-design investigations, design, contract 
specifications and drawings; construction practices, progress and inspections; in-progress changes, if 
any; pre-failure operation; mechanism of failure, including sworn eyewitness accounts; and actions of 
respective authorities during and immediately following failure; 

(2) supplement the documentary information by such further inquiry, including public hearings, as 
became necessary; 

(3) make (a) detailed studies of the post-failure condition of the dam, its auxiliary structures and its 
foundation, by inspection, dissection and subsurface drilling; (b) special tests on foundation 
materials; (c) detailed geologic maps and joint surveys; (d) tests of remnant materials; (e) detailed 
stress analyses; (t) studies of photographs for comparison of post-failure conditions with 
pre-construction and construction conditions; (g) measurements of post-failure geodetic positions of 
surface and subsurface points, as determined before failure and before filling of the reservoir; 

(4) contract with various organizations for special studies required by the Panel; 
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(5) evaluate relevant data in order to sort out those of greatest significance in determining cause; 

(6) complete a report of the results of the foregoing activities prior to January 1, 1977. 

The approach was initiated by telegrams, dated June 11 and June 14, 1976, to the Director, 
Engineering and Construction, U.S. Bureau of Reclamation, Denver, and by setting the Panel's first 
working session and its inspection of conditions at the site for the week of June 28-July 2, 1976. The 
telegrams requested information concerning (1) site geology in plan and sections with any test results 
on foundation materials; (2) site exploration with detail of drill logs, exploration trenches, borrow 
materials and tests; (3) grout records in detail showing non-average takes by location and depths, the 
patterns used and records of any interconnections; (4) foundation preparation showing both before 
and after conditions; (5) design memoranda for embankment, spillway, diversion structures and 
outlets; (6) basic drawings and technical specifications; (7) any outside report regarding the site or 
designs; (8) construction history of borrow pits, material preparation placement, progress, inspection, 
in-place tests; (9) seepage measurements or observations; (10) eyewitness accounts on progress of 
failure; (11) hydrology of the site; (12) seismicity of the site; (13) drain designs and drainage 
observations; (14) post-failure changes in spillway or auxiliary outlet structures; (15) any changes in 
precise level or horizontal c0ntrol survey points; (16) changes in topography up and downstream; 
(17) photos of the foundation as approved at the start of embankment placement, particularly in the 
key trench and .the cutoff trench; (18) record of any seeps or springs in the cutoff and core contact 
area; and (19) records of cofferdam seepage and pumpage from the foundation area. 

Prior to the Panel's convening for its first session, the Department of the Interior had recorded sworn 
testimony of 37 eyewitness observers of pre-failure and during-failure conditions, of whom 14 were 
Bureau of Reclamation staff and employees, 13 were employees of the construction contractor, and 
10 were from the general public. In parallel with these eyewitness accounts, there became available 
several excellent photographic sequences in still and later in motion picture form. In order to 
supplement these eyewitness accounts with any available observations of failure-related, but 
pre-failure conditions, a public call was issued, and two public hearings were held in Idaho Falls on 
July 21, 1976. 

During its first working session, the need for professional staff and technical and administrative 
support was recognized. To fill this need, the services of Robert B. Jansen, as Executive Director, 
were secured through the cooperation of the Governors of Idaho and California. Also, the services of 
Clifford Cortright, Staff Engineer, and Larry James, Staff Geologist, and Frank Sherman, also a staff 
geologist, were secured within a few days of Mr. Jansen's appointment. Through the excellent 
cooperation of the Office of the Secretary, Department of the Interior, supporting properties, 
services, technicians and administrative assistance have been made available to the Panel through 
various bureaus of the Department. 

Because of the importance of determining existing embankment and foundation conditions, the Panel 
early addressed the Director, Design and Construction, USBR, Denver, requesting specific work on 
the right abutment to permit detailed examination of the remnant there, and excavation to uncover 
both the auxiliary outlet tunnel for internal inspection and the site of the large, lower spring observed 
early on June 5, 1976. 

Response was prompt, and on July 16, 1976, the Bureau of Reclamation awarded its Contract No. 
DC-7232 to Gibbons and Reed, Salt Lake City, to cover the required work. Actual dissection of the 
right remnant of the dam started July 26, 1976. This excavation proceeded expeditiously, in five-foot 
vertical increments, to El. 5200, with trenching in each incremental level to allow taking of samples as 
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well as inspection of the core remnant for any evidence of water channeling, or cracking, and of the 
manner in which the key trench was excavated, sealed, filled and compacted. 

The Bureau's response to the Panel's request for records, data and descriptions was also prompt. A 
large volume of information was furnished. Many of these records have been supplemented by others 
furnished to the Panel's staff at the site in response to oral and written requests. 

Further information was sought on the manner in which the grout curtains were closed and in which 
the core was built into the key trench. This information was desired both from the Bureau of 
Reclamation as designers and construction engineers of the dam, and of the contractor, who 
implemented that construction. Accordingly, a questionnaire was directed concurrently to the 
Director, Design and Construction, USBR, and to the Chief Executive Office of Morrison-Knudsen, as 
the sponsoring member of the constructing contractor, Morrison-Knudsen-Kiewit. 

The USBR response was quite complete. The contractor's response is in two parts. One is from the 
prime contractor per se, and the other is from the grouting sub-contractor, McCabe Bros., Inc. The 
prime contractor's answer was rather general. 

Staff investigations started immediately upon appointment of the various staff members. Their efforts 
have been interested, diligent, competent, and tireless. They have greatly expedited the completion of 
the Panel's task and the compilation of its report. The Panel met in Denver on June 28 and 29 to 
organize and initiate its inquiry through information presentations by the Bureau of Reclamation. A 
site inspection was made on June 30. Information meetings were held with the Bureau engineers at 
the site during the following day. Working sessions were continued in Denver on July 2. The Panel 
met again in working session in Idaho Falls August 3 through 5, again October 5 through 7, 
November 1 through 3, and December 7 through 10. Between its working sessions, individual Panel 
members worked with the staff, and independently on assignments from the Panel. Frequent 
individual visits were made to the site exploratory work. 

Careful study was made of all eyewitness accounts of their observations prior to the breach. All 
available photographs of the failure events were studied and arranged in chronologic sequence. All 
available relevant documentary records have been reviewed for significant content. Continuous 
professional examination was conducted of all trenching in the right abutment embankment remnant. 
Detailed mapping of the bedrock joints and fractures in and adjacent to the right abutment key 
trench was conducted between Stas. 11 +00 and 16+00. Laboratory testing of undisturbed samples of 
Zone 1 (core) material was carried out. Subsurface water loss tests were conducted at many locations 
near the centerline right abutment grout curtain. Surface ponding tests were conducted at the key 
trench invert at prominent joints crossing the invert. Hydraulic fracturing tests were made in drill 
holes in the left abutment core remnant. Analytic studies were made to assess the stress conditions on 
sections of the embankment and key trench in the zone of failure. 

The Panel's conclusions are summarized below: 

1. The records show that the pre-design site selection and geological studies were appropriate and 
extensive. The pilot grouting program carried out in 1969 forecast the difficulties to be experienced 
in construction of the final grout curtain. 

2. The design followed USBR practices, developed over a period of many years from experience 
with other Bureau projects, but without sufficient consideration of the effects of differing and 
unusually difficult geological conditions at the Teton Damsite. Every embankment can be said to 
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have its own personality requmng individual design consideration and construction treatment. 
Treatment of such individualities produces most of the continuing advances in dam design and 
construction technology. 

3. The volcanic rocks at the Teton Damsite are highly permeable and moderately to intensely 
jointed. Water was therefore free to move with almost equal ease in most directions, except locally 
where the joints had been effectively grouted. Thus during reservoir filling, water was able to move 
rapidly to the foundation of the dam. Open joints existed in the upstream and downstream faces of 
the right abutment key trench, providing potential conduits for ingress or egress of water. 

4. The wind-deposited nonplastic to slightly plastic clayey silts used for the core and key trench fill 
are highly erodible. The Panel considers that the use of this material adjacent to the heavily jointed 
rock of the abutment was a major factor contributing to the failure. 

5. Construction of the project was carried out by competent contractors under formal contracts 
administered in accord with well-accepted practices. Controversy between the contractors and Bureau 
of Reclamation officials which might have affected the quality of the work seems not to have 
occurred. Construction activities conformed to the actual design in all significant aspects except 
scheduling. 

6. One construction condition which affected the Bureau's ability to control the rate of filling of 
the reservoir was the delay that occurred in completion of the river outlet works. However;the Panel 
believes that the conditions which caused the piping and consequent failure of the dam were not 
materially affected by the fact that the reservoir was filled at a more rapid rate than had been 
originally planned. A slower rate of filling would have delayed the failure but, in the judgment of the 
Panel, a similar failure would have occurred at some later date. 

7. The records show that great effort was devoted to constructing a grout curtain of high quality, 
and the Panel considers that the resulting curtain was not inferior to many that have been considered 
acceptable on other projects. Nevertheless, the Panel's on-site tests and other field investigations 
showed that the rock immediately under the grout cap, at least in the vicinity of Stas. 13+00 to 
15+00, was not adequately sealed, and that additional unsealed openings may have existed at depth in 
the same locality. The leakage beneath the grout cap was capable of initiating piping in the key trench 
fill, leading to the formation of an erosion tunnel across the base of the fill. The Panel considers that 
too much was expected of the grout curtain, and that the design should have provided measures to 
render the inevitable leakage harmless. 

8. The geometry of the key trenches, with their steep sides, was influential in causing transverse 
arching that reduced the stresses in the fill near the base of the trenches and favored the development 
of cracks that would open channels through the erodible fill. Arching in. the longitudinal direction, 
due to irregularities in the base of the key trenches, and arching adjacent to minor irregularities and 
overhangs, undoubtedly added to the reduction of stress. 

9. Stress calculations by the finite element method indicated that, at the base .of the key trench 
near Stas. 14+00 and 15+00, the arching was great enough that the water pressure could have 
exceeded the sum of the lateral stresses in the impervious fill and the tensile strength of the fill 
material. Thus, cracking by hydraulic fracturing was a theoretical possibility and may have led to flow 
of water in the base of the key trench between Stas. 14+00 and 15+00, and erosion of the key trench 
fill. 
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10. Close examination of the interior of the auxiliary outlet tunnel showed no distress of any kind 
such as would be expected had the right abutment, through which the tunnel passes, been subjected 
to significant settlement or other structural change. Geodetic resurveys showed only minor surface 
movements as a result of reservoir filling and emptying. Accordingly, differential movements of the 
foundation are not considered to have contributed to the failure. 

11. The Panel found no evidence that seismicity was a factor in failure of the dam. 

12. The dam and its foundations were not instrumented sufficiently to enable the Project 
Construction Engineer and his forces to be informed fully of the changing conditions in the 
embankment and its abutments. 

13. Following its first working session, the Panel reported that it then seemed apparent that the 
failure resulted from piping, a process by which embankment material is eroded internally and 
transported by water flowing through some channel in the embankment section. That conclusion 
remains valid. The Panel's investigations since that time have been directed particularly to 
determining the most probable manner in which such piping erosion started. The Panel believes that 
two mechanisms are suspect. Either could have worked alone or both could have worked together. 
One is the flow of water against the highly erodible and unprotected key trench filling, through joints 
in the unsealed rock immediately beneath the grout cap near Sta. 14+00 and the consequent 
development of an erosion tunnel across the base of the key trench fill. The other is cracking caused 
by differential strains or hydraulic fracturing of the core material filling the key trench. This cracking 
would also result in channels through the key trench fill which would permit rapid internal erosion. 

fu either case, leakage occurring through the key trench ultimately initiated further erosion along the 
downstream contact of the core and the abutment rock. Since the core material was both easily 
erodible and strong, any erosion channels in the core, along the contact with the rock, readily 
developed into large tunnels or pipes before becoming visible along the downstream parts of the dam. 

It should be noted that this description of the failure mechanism does not provide a final answer to 
the specific cause of failure of Teton Dam. Clearly many aspects of the site and the embankment 
design contributed to the failure, but because the failed section was carried away by the flood waters, 
it will probably never be possible to resolve whether the primary cause of leakage in the vicinity of 
Sta. 14+00 was due to imperfect grouting of the rock below the grout cap, or cracking in the key 
trench fill, or possibly both. There is evidence to support both points of view. Nevertheless, while the 
specific cause may be impossible to establish, the narrowing of the possibilities to these two aspects 
of design and construction is likely to serve as an important but tragic lesson in the design and 
construction of future projects of this type. 

14. The fundamental cause of failure may be regarded as a combination of geological factors and 
design decisions that, taken together, permitted the failure to develop. The principal geologic factors 
were (1) the numerous open joints in the abutment rocks, and (2) the scarcity of more suitable 
materials for the impervious zone of the dam than the highly erodible and brittle windblown soils. 
The design decisions included among others (1) complete dependence for seepage control on a 
combination of deep key trenches filled with windblown soils and a grout curtain; (2) selection of a 
geometrical configuration for the key trench that encouraged arching, cracking and hydraulic 
fracturing in the brittle and erodible backfill; (3) reliance on special compaction of the impervious 
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materials as the only protection against piping and erosion of the material along and into the open 
joints, except some of the widest joints on the face of the abutments downstream of the key trench 
where concrete infilling was used; and (4) inadequate provisions for collection and safe discharge of 
seepage or leakage which inevitably would occur through the foundation rock and cutoff systems. 

The difficult conditions of the site called for basing the design on the most unfavorable assumptions 
compatible with the geologic conditions concerning the behavior of the water and its possible effect 
on the embankment. Instead of placing so much dependence on the key trenches and grout curtain, 
measures should have been developed to render harmless whatever water did pass, irrespective of the 
reasons. 

In final summary, under difficult conditions that called for the best judgment and experience of the 
engineering profession, an unfortunate choice of design measures together with less than conventional 
precautions was taken to ensure the adequate functioning of the Teton Dam, and these 
circumstances ultimately led to its failure. 
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FOREWORD 


As a basis for this report, the Independent Panel to Review Cause of Teton Dam Failure read and 
evaluated a large volume of documents, records, and data, the larger part of which was obtained from 
the United States Bureau of Reclamation, the designing and constructing agency for the Teton Dam. 
Additionally, the Panel carried out numerous independent inquiries; and through contracts, 
administered by the Department of the Interior, conducted detailed exploratory excavations in the 
right bank remnant of embankment which survived the failure. All of that remnant was dissected, 
seeking evidences of cause of failure. 

Exploratory core drilling was done for the Panel, seeking better to evaluate subsurface foundation 
conditions and adequacy of foundation grouting. Independent geological mapping was carried out, 
particularly of the bedrock foundation joint systems. Physical testing was done on undisturbed 
samples of fill material from the remnant of the dam on the right abutment. Using several 
laboratories, additional tests were made of the characteristics of the foundation materials. Analytical 
studies were made to permit estimating the stresses within the embankment. The results of some of 
the investigations carried out for a separate investigative unit identified as the U.S. Department of the 
Interior Teton Dam Failure Review Group, under the chairmanship of Mr. Dennis Sachs, have been 
supplied to the Independent Panel, and have been carefully evaluated. Also the results of the field and 
laboratory studies conducted by the Independent Panel were made available to the Interior Group. 

An effort was made by the Independent Panel to evaluate all available, relevant information. To all of 
this information the Panel has applied its best professional judgment, and it is satisfied that its 
conclusions regarding the cause of failure are sound. However, to permit others to reach their own 
judgments concerning the Panel's findings, the Panel has attempted to list and reference, as much as 
has been practicably possible, the principal source information upon which it relied in making its 
judgments. 

The Panel is grateful to the Secretary of the Interior and to his office, and to the Governor of Idaho 
and his office, for their support and understanding throughout the Panel's review. The administrative 
counsel and aid received from the Secretary's office has maximized the time available for the 
technical and analytical work of the Panel. The cooperation which the Panel received from all levels 
of the Bureau of Reclamation has been of great assistance. 
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indicates that DH-651 was abandoned and a new 
start undertaken. DH-651 B designates the 
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information obtained in the course of drilling 
DH-651, DH-651A and DH-651B. 

E Modulus of deformation 

Unit strain 

Secant modulus of elasticity 

g Acceleration of gravity 

k Coefficient of permeability 

K Modulus number 

Ratio of horizontal principal stress ( cr ) to 3 
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CHAPTER 1 

INTRODUCTION 


Construction of Teton Dam was authorized on September 7, 1964, by Public Law 88-583. The dam is 
situated on the Teton River, three miles northeast of Newdale, Idaho, as shown on Fig. 1-1. Prior to 
1963, the proposed Teton Dam was known as Fremont Dam, and some records remain under that 
name. 

The Teton Dam and Reservoir are the principal features of the Teton Basin Project, a multipurpose 
project, which when completed was to serve the objectives of flood control, power generation, 
recreation, and supplemental irrigation water supply for 111,250 acres of farm land in the Upper 
Snake River Valley. Appurtenant features of the dam are (1) a 16000 kw generating and pumping 
plant on the left bank, (2) river outlet works and a gate chamber shaft on the left bank, (3) auxiliary 
outlet works and an access shaft in the right bank, (4) a three-gate chute-type spillway on the right 
bank, and (5) the 72-in. Enterprise-East Teton Feeder Pipeline and Canal Outlet Works Control 
Structure on the left bank. In this report, right and left designations are made looking downstream. 
The reservoir had a total capacity of 288,000 acre-ft. It extended 17 miles upstream, and had a 
surface area of 2100 acres. 

The dam was a central-core zoned earthfill structure, whose maximum section rose 305 ft above the 
original valley floor, and 405 ft above the lowest point in the foundation. The plan and cross section 
of the dam are shown in Fig. 1-2, from the construction contract documents. Embankment details are 
shown in Fig. 1-3, from the contract documents. This drawing (Fig. 1-3) includes the foundation 
design grouting patterns. Details of auxiliary outlet works, river outlet works, and spillway are 
provided in Figs. 1-4, 1-5, and 1-6, respectively. The crest elevation before camber was 5332, and its 
length was about 3,100 ft. The volume of the embankment was about 10 million cu yds. 

At the damsite the Teton River occupies a steep-walled canyon incised in rhyolitic ash-flow tuff, a 
hard rock derived from distant volcanoes now long extinct. Extensive joints are common in this rock 
and are particularly numerous near the surface of the abutment. An important feature in the dam is a 
key trench excavated. through this highly jointed surficial layer and later backfilled with embankment 
to provide a barrier to reservoir leakage. 

The construction contract was awarded December 13, 1971, and work commenced in February 1972. 
The embankment was topped out November 26, 1975. Closure for storage occurred October 3, 1975. 

The dam failed on June 5, 1976, when the reservoir water level was at El. 5301.7. That level was 22.6 
ft below the maximum water level and 3.3 ft below the spillway sill. 

The inundation downstream was disastrous, and the loss of the lives of 14 persons has been associated 
directly or indirectly with the failure. Property damage has been estimated at various amounts from 
$1 billion downward. The current best estimate seems to be $400 million. The area which was 
inundated has been shown on maps by the Corps of Engineers, U.S. Army, and by the United States 
Geological Survey. The outlines mapped by the latter are shown on Fig. 1-7. 

Immediately following the Teton Dam failure, the Governor of Idaho and the Secretary of the 
Interior agreed on the need for an independent engineering and geological review of the cause of that 
failure. 
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Candidates for a panel of review were considered from lists suggested by the National Academy of 
Engineering, the National Academy of Science, and other organizations. 

The selection of the Panel members was confirmed in appointment letters signed by the Secretary on 
June 11, June 23, and June 30, 1976. Copies of these letters are included in Appendix B. The 
June 30 letter states the Panel's charge. 

As a result of the various consultations, the Independent Panel to Review Cause of Teton Dam 
Failure was established with membership as follows: 

WALLACE L. CHADWICK, Chairman, former president of the American Society of Civil Engineers, 
and a consultant on water projects and dam safety. 

ARTHUR CASAGRANDE, Professor Emeritus at Harvard University and engineering consultant on 
dams and foundations. 

HOWARD A. COOMBS, Professor Emeritus of Geology at the University of Washington, and 
consulting geologist on dams and power projects. 

MUNSON W. DOWD, Chief Engineer of the Metropolitan Water District of Southern California. 

E. MONTFORD FUCIK, Chairman of the Board, Harza Engineering Company, and designer and 
consultant on major dams. 

R. KEITH HIGGINSON, Director of the Department of Water Resources, State of Idaho. 

THOMAS M. LEPS, consulting engineer on major water projects and a member of the consulting 
board retained by the State of California to investigate the failure of the Baldwin Hills Dam in 
southern California in 1963. 

RALPH B. PECK, consulting engineer, Professor Emeritus of Foundation Engineering, University of 
Illinois at Urbana, and recipient of the National Medal of Science from President Ford in 1975. 

H. BOLTON SEED, Professor of Civil Engineering at University of California at Berkeley, a member 
of the California Seismic Safety Commission, and a consultant on seismic design of embankment 
dams and on nuclear power plants. 

Organizational work started with telegraphic requests to the Director, Design and Construction, 
United States Bureau of Reclamation, for specific information and data. These requests were dated 
June 11 and June 14, 1976. Copies are included in Appendix B. Subsequently, the office of the 
Secretary of the Interior, working with the Panel Chairman, undertook a detailed plan for 
administering the Panel's work. Several alternatives were considered, and the respective advantages 
and disadvantages weighed. In the interest of best preserving complete independence for the Panel, a 
contract plan of organization and administration was accepted wherein the Panel Chairman became a 
prime contractor, and the other panel members and professional staff became subcontractors, with 
the contract obligation to prepare a series of interim and progress reports, and a main report. 

The intent of the "no fee" contract was contained in a letter dated July 16, 1976. The definitive 
contract was also dated July 16, 1976, but was finalized on October 4, 1976. However, because of 
the urgency of its task, the Panel actively pursued its purpose from the time of its appointment. 
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On June 30, 1976, the Panel was able to retain as its Executive Director, Robert B. Jansen, a civil 
engineer who was formerly Chief, Division of Safety of Dams, and Deputy Director of Water 
Resources in California. Mr. Jansen served as chairman of the State Engineering Board of Inquiry in 
the Baldwin Hills Dam failure investigation in 1963 and is on leave of absence through the 
cooperation of the Governor of California. 

On July 3, 1976, selection of the principal members of the Panel staff was completed by the 
assignment of consulting engineer Clifford J. Cortright as Staff Engineer, and consulting geologist 
Laurence B. James as Staff Geologist. Mr. Cortright is former chief of the Division of Safety of Dams, 
and of the Division of Design and Construction of the California Department of Water Resources. Mr. 
James was until recently Chief Engineering Geologist for the California Department of Water 
Resources. 

Other members of the Panel staff, on special assignment from their regular government positions, 
were Frank B. Sherman, geologist from the Idaho Department of Water Resources; technicians 
Romeo Singson, Thomas E. Chinn, and Doug Burkhard from the National Park Service; technicians 
Dwight P. Berger and Clifford L. Cole, draftsman Robert E. McDonald, and office assistant Jacque J. 
Steele from the Bonneville Power Administration; and draftsmen John Carillo and Robert M. Nilchee 
from the Bureau of Indian Affairs. In addition, the services of geologist Gerald Maughan were 
obtained from Northern Testing Laboratories for a short period. 

The Panel's contract required that a final report be completed by the Panel by December 31, 1976. 
The Panel was also requested to make a preliminary report as of August 1, 1976, and progress reports 
as of the first of each following month, until the final report was made. 

During the month of June, 1976, Secretary of the Interior Thomas S. Kleppe appointed Dennis N. 
Sachs, Deputy Assistant Secretary for Land and Water Resources, as Chairman of an Interior 
Department Teton Dam Failure Group, composed of Federal employees, and also named Mr. Sachs as 
liaison with the Independent Panel to Review Cause of Teton Dam Failure. Throughout the program 
of the Panel, close coordination was maintained with Mr. Sachs to assure that unnecessary duplication 
of field and laboratory effort was avoided, while preserving the independence of the investigating 
organizations. 

To conduct its investigation most effectively, the Independent Panel established offices in Idaho Falls 
and at the Teton damsite. Data collection and technical analyses were accomplished at both locations. 
Daily overseeing of field investigative work was done by Panel staff at the dam, while general 
management of the program was provided in Idaho Falls. 
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CHAPTER2 

CHRONOLOGY OF FAILURE AND USBR REACTIONS 


(Panel Charges Nos. 11 and 13) 


The record shows that the first indication of grave difficulties at Teton Dam was observed at about 
7:00 a.m. on Saturday, June 5, 1976, and that the breach of the dam was complete before noon of 
that day. Because of the dramatic events during the final hours preceding that breach, an excellent 
photographic record, both still and cinematic, exists of the various stages of heavy erosion, of 
progress of that erosion, of the final failure itself, and of post-failure flows. Because the related events 
were not so dramatic, records of the symptoms of erosion and of the erosion itself during the time 
prior to the major erosion are minimal. However, sworn witnesses who were questioned by special 
agents of the Department of the Interior reported observations of some of these early events. 
Although timing is approximate, 'being based on individual memories, the Panel has pieced together 
the following sequence. For locations, refer to Fig. 2-1. A section along the observed line of failure is 
shown in Fig. 2-2. The record of eyewitness accounts is included in Appendix C. 

JUNE 3, 1976 - OBSERVATION, SMALL SEEPS DOWNSTREAM OF DAM 

From testimony of Peter P. Aberle, Field Engineer, USBR, Teton Dam Project: 

Starting on about June 3, 1976, I observed small springs in the right abutment 
downstream from the toe of the dam. These springs were clear water and did not appear 
to be serious in nature, but warranted monitoring by visual observation as frequently as 
routine inspections of the entire operation at the dam. 

From testimony of Harry Parks, Supervisory Surveying Technician, Teton Dam Project: 

About June 3, 1976, I observed a small stream of water appearing along the bottom of 
the waste area about 1400 feet downstream from the toe of the dam. I was on the top of 
the south rim when I observed this water and so I could not say at this time whether the 
water was clear, muddy, etc. I was aware that Robison and Aberle were watching the flow 
on at least one occasion. 

From testimony of Robert R. Robison, Project Construction Engineer: 

While there were rumors as early as April 1976 that there were leaks at the dam, there is 
no basis to these rumors, because there were no leaks. 

On June 3, 1976, several small seeps in the rhyolite (volcanic rock) appeared about 1400 
to 2000 feet downstream from the toe of the dam in the north abutment wall. The water 
was clear and all of these seeps totaled about 100 gallons of water per minute. This was 
felt to be a good sign because the dam was being filled and it indicated the water table 
gradient was acting in a normal manner. The water was clean enough to drink and if there 
had been a problem the water would have been turbid. I felt the area should be 
monitored by sight inspections and other mechanical means, the latter of which were 
never put into effect. I took pictures of the seepage [Figs. 2-3 and 2-4] and reported the 
matter to the E&R Center, Bureau of Reclamation, Denver, Colorado. 
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From testimony of Kenneth C. Hoyt, Construction Inspector, Teton Dam Project: 

Before June 5, I saw seepage in the bottom beyond the toe of the dam. This seepage was 
visible for about two or three days prior to June 5, and was 150 feet downstream of the 
toe of the dam. I never saw the seepage clearly, do not know the condition or volume. It 
was a slight flow and was of no great concern to me as it appeared rather natural. 

No other records have been found by the Panel of leaks or seepage on June 3 or earlier, although 
public inquiries were made and replies were invited. 

JUNE 4, 1976 - FURTHER SMALL SEEPS DOWNSTREAM 

From testimony of Wilburn H. Andrew, Mechanical Engineer, Teton Dam Project: 

At 9:00 a.m. on Friday, June 4, 1976, Stites and I walked around the right abutment 
(north side) area at the toe of the dam for the purpose of looking for leaks. We were 
doing this because one or two spring leaks had developed further down the stream in the 
abutment wall about the day before. We did not see any leaks around the toe of the dam 
or any where on the downstream face of the dam. 

From testimony of Dick R. Berry, Survey Technician, Teton Dam Project: 

On June 4, 1976 I recall seeing seepage near the right abutment wall below the toe of the 
dam. The water was clear and not really running - just settlement. There were no 
leakages or seeps at the dam. 

From testimony of Stephen Elenberger, Construction Inspector, Teton Dam Project: 

On Friday, June 4, 1976, I was working the 4:00 p.m. to 12:30 a.m. shift at the dam. Up 
until dark, which occurred at about 9:00 p.m. or shortly thereafter I made several 
observations of both the downstream side and the upstream reservoir. I had been alerted 
to pay particular attention for possible leaks because there were small spring like areas of 
water on the north side of the canyon well below the toe of the dam. These springs were 
clear water and had been visible for two or three days. 

Until darkness I did not see any sign of a leak in the toe of the dam at the north or right 
abutment at about 100 feet from the top of the dam near the north or right abutment. 
The entire downstream face of the dam showed no sign of any problems. I also did not 
see anything unusual in the reservoir or upstream side of the dam. There was no sign of a 
whirlpool. 

From testimony of Clifford Felkins, Surveying Aide, Teton Dam Project: 

On Friday, June 4, I noticed for the first time some wetness in the waste area near the 
right abutment wall of the dam. There was no water flow, just wetness. 

From testimony of Robert R. Robison: 

On June 4, 1976, a small seepage occurred about halfway between the toe of the dam and 
the end of the spillway along the north abutment. This flow was approximately 20 
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gallons per minute and I had no concern because the water was clear. I checked this leak 
at about 4:30 p.m. on June 4 before leaving the dam and determined that there was no 
problem. At this time I also observed the entire downstream face of the dam and 
observed nothing unusual. I also observed that there was nothing unusual on the upstream 
reservoir side of the dam. 

The record contains no other statements of observations of seepage prior to June 5. As of darkness on 
June 4, seepage had been observed from springs 1400 to 2000 feet below the toe of the dam in two 
groups with a reported total flow of 100 gpm and from a small spring midway on the right side, 
between the toe of the dam and the spillway. This latter flow was reported to be 20 gpm. Apparently 
these flows were not measured. 

JUNE 5, 1976 - FIRST OBSERVATIONS - LEAKS AT ELS. 5045 AND 5200 

The first record of observations of leakage on June 5 begins at 7:00 a.m. Testimony regarding 
observations prior to 8:00 a.m. follows: 

From testimony of Clifford Felkins: 

On Saturday, June 5, 1976, I arrived at the dam at about 7:00 a.m .... On June 5, the 
first thing that I saw connected with the later events of the dam collapse was a water flow 
coming from the toe of the dam. It was a steady flow of water, but I cannot estimate the 
volume. To the best of my recollection the water flow was clear. I noticed this flow while 
I was standing across the river on the canyon wall from the spillway. I was with Harry 
Parks and we came to the survey office ... and reported the leak to Jan Ringel. This was 
about 8:15-8:30 a.m. 

From testimony of Dick R. Berry: 

On Saturday, June 5, 1976, I arrived at the Project office before 7:00 a.m. Harry Park's 
Volkswagen was in the parking lot ... I had no watch with me at work on that date. 

At 7:20 a.m., on June 5, I left the Project Office and drove down the upper south rim 
road to check three site [sight] rods.... While checking the site [sight] rods I saw a 
small seepage on the north side downstream face of the dam, right at the abutment and 
dam joint. This was approximately one-third of the way up the dam, but not as high as 
the change in slope. There was slight erosion, slow flow of water, but I do not recall it 
being muddy. The seepage appeared to be almost new. I returned to the office and Harry 
Parks, who was in the crew, reported the seepage to Jan Ringel about 7:35 a.m. 

From testimony of Myra H. Ferber, Survey Technician, Teton Dam Project: 

On Saturday, June 5, 1976, I reported to work at the Dam at 7:00 a.m. for the purpose 
of doing scheduled survey work. At about 7:30 a.m. Harry Parks, Richard Berry, Clifford 
Felkins, all surveyors, and myself, proceeded downstream from the dam on the south or 
left canyon wall to check sitings [sightings] .... While checking the sitings [sightings] we 
saw a small leakage about 100 feet below the top of the dam near the right abutment on 
the downstream face of the dam. The water was flowing down the face of the dam and 
washing away fill at the toe of the dam. We then proceeded to the office and reported the 
leak to Jan Ringel. 
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From testimony of Harry Parks: 

On Saturday, June 5, 1976, I arrived at the project office a couple of minutes before 
7:00 a.m .... We left the office about 7:35 a.m ... and traveled down the south rim road 
downstream for the purpose of checking survey sights in order to perform a survey on the 
spillway on the north side of the dam. At about 7 :50 a.m. a member of the survey party 
noticed water seepage. I then observed the water which was running out of the toe of the 
dam at about 50 feet from the north abutment wall ["ponding" on the berm at El. 
5041.5]. I cannot estimate the volume but it was barely what could be called a stream at 
all. The water appeared muddy, but this may have been caused by the material over 
which it was flowing. We drove back to the office and I reported the water leakage about 
8:00 a.m. to Jan Ringel. 

From testimony of Jan Ringel, Civil Engineer, Teton Dam Project: 

On Saturday, June 5, 1976, I arrived at work at 7:00 a.m. I had two survey crews 
working.... Mr. Parks checked the staffs for the spillway control on the south side of the 
dam opposite the spillway. They were on the canyon rim and noticed the lower leak on 
the dam near the toe at about 5,041.5 elevation. At about 7:30 a.m. Parks reported 
sightings to me. I drove down to the powerhouse and walked over to the leak. The water 
was muddy. The water was running between the rocks on the right abutment and not 
through the dam. I estimate the water flow to be about 20-30 cfs at this time. I did not 
detect any increase at that time. 

The only other noticeable thing at this time was some springs at the base of the dam 
against the abutment - 200 feet below the other. This had been there for one or two 
days previous. This was clear water running at about 10 gallons per minute. Mr. Aberle 
and Mr. Robison had previously checked this. 

During a conference on October 29 requested by the Panel staff with Messrs. Robison, Aberle, Ringel, 
Parks, Isaacson, and Rogers, Mr. Ringel supplemented the foregoing sworn testimony by stating that 
he first examined the leakage at El. 5045 and that he noticed that water which had been flowing 
down the right groin during the night of June 4, or early in the morning of June 5, had eroded a 
shallow channel that had not been there at 9:00 p.m. on the preceding night. He said that there was 
no water in this channel when first observed during the morning of June 5 but that it was damp in 
places (see letter of October 31, 1976 from Robert B. Jansen to Panel Members in Appendix B). 

From testimony of Harold F. Adams, Mechanic, Gibbons and Reed Company, Teton Dam Project: 

On Saturday, June 5, 1976, I arrived at Gibbons and Reed yard behind Bureau office at 
7:00 a.m. to work on equipment. As I drove in I saw a small trickle of water on 
downstream slope of dam against the north abutment and about 100 feet from top of 
dam. About 30 feet out there was a wet spot. 

From testimony of David Burch, Mechanic, Gibbons and Reed Company, Teton Dam Project: 

I arrived for work at 7:00 a.m. on June 5, 1976. As I was driving up the canyon to the 
G-R shop I noticed a seepage down the north side of the dam. The seepage was slight and 
started at about the 5200 level near the change of the slope and ran down the abutment 
wall towards the toe of the dam. You could not actually see water running - just the 
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dampness. I could not tell if the water was clear or muddy because it was just dampness. I 
mentioned to some of my co-workers that the dam was leaking. 

From testimony of Perry W. Ogden, Mechanic, Gibbons and Reed Company, Teton Dam Project: 

On Saturday, June 5, 1976 ... I arrived at shop at 7:00 a.m., went right to our shop area. 
I was out of view of most of dam, but could see top part. Shortly after I arrived, Dave 
Burch told me there was a wet spot on the downstream side of dam. I walked over to the 
visitor's viewpoint on south rim and saw a wet spot at about 100 feet from top of dam 
against abutment. No flowing water - just a wet spot. 

It seems reasonable to conclude that the seeps at El. 5045 and El. 5200 were both active as early as 
7:00 a.m. The record does not permit determining which was activated first. Neither appears to have 
existed at 9:00 p.m. on June 4. 

JUNE 5, 1976 - 8:00 A.M. TO 10:00 A.M. - DEVELOPMENT OF ADDITIONAL LEAKAGE AT 
ELS. 5045 AND 5200 

From testimony of Peter P. Aberle: 

Between 8:20 a.m. and 8:30 a.m. on Saturday, June 5, 1976, I received a call from Jan 
Ringel at my home and he told me of a leak at the right abutment toe area of the dam. 
Ringel estimated the leak to be about 20 to 30 sec. ft. I asked my wife to call Mr. 
Robison and I left for the dam. I drove directly to the powerhouse area and briefly 
inspected the leak from the left side abutment area. I noted that the water was muddy 
and estimated the volume to be the same as that given me by Ringel. I do not believe the 
water was running long because there was very little erosion in the gravel at the toe of the 
dam. 

At approximately 9:00 a.m. I went to the project office and met Mr. Robison and Jan 
Ringel. Mr. Robison and I walked out on the top of the dam and walked down the 
downstream face of the dam to a leak located at the 5200 feet elevation, near the right 
abutment wall. The water in this leak was running at about 2 sec. ft. and was only very 
slightly turbid. The leak appeared to be coming from the abutment rock. [*] The leak at 
the toe of the dam was running turbid water from the abutment rock at an estimated 
volume of 40 to 50 sec. ft. 

From testimony of Robert R. Robison: 

I ... arrived at the Reclamation Office at about 9:00 a.m. Aberle and I drove to the 
downstream toe of the dam and I observed a major leak at the downstream toe at the 
right abutment at about 5045 elevation. The water was flowing at about 50 cubic feet per 
second, was moderately turbid and was coming from the abutment rock. [*] This was 

*During the October 29 conference with the Panel staff, Mr. Robison stated that the flow first 
observed at El. 5045 was from the talus, not formation rock. Mr. Robison was asked whether the 
talus at the toe of the right canyon wall could have carried appreciable flow without such flow being 
apparent on the surface. He replied that such a condition was entirely possible. He said that in 
retrospect he believes that the leak seen issuing from the abutment at El. 5200 on June 5 was also 
from talus, as well as the seepage discovered between the toe of the dam and the spillway stilling 
basin on June 4. 
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not connected to the other seepages mentioned above. I felt this seepage was coming 
straight out of the abutment rock and not through the dam. 

I also saw another leak at about 5200 elevation in the junction of the dam embankment 
and the right abutment. The water was slightly turbid and issuing from the rock at about 
2 cubic feet per second. The water from this leakage was not flowing at a great enough 
volume to even reach the toe of the dam. 

At about 10:00 a.m. I observed a large leak developing about 15 feet from the right 
abutment in the dam embankment at an approximate elevation of 5200. This leak was on 
the downstream face .of the dam and was adjacent to the smaller leak at the same 
elevation. At first the flow of water was about 15 cubic feet per second and it gradually 
increased in size. The water was turbid. 

During the October 29 meeting with Panel staff, Mr. Robison said that from his vantage point looking 
directly into the hole at El. 5200, it was a tunnel about 6 ft in diameter running roughly 
perpendicular to the dam axis and extending back into the embankment for about 35 ft, as far as he 
could see. 

From testimony of Dick R. Berry: 

We then started work on the spillway at about 8:30 a.m. Just before we went into the 
spillway I saw a wet area at the end of the sage area just off the abutment on the 
downstream face of the dam. I do not recall this being running water,just a wet area. 

From testimony of Myra H. Ferber: 

At about 8:30 a.m. we checked the water elevation in the reservoir on the upstream side 
of the dam. The water elevation was 5301 + feet and I did not notice anything unusual 
about the reservoir water - specifically there was no indication of a whirlpool. 

From testimony of Jan R. Ringel: 

At about 8:50 a.m. Mr. Aberle and Mr. Robison arrived at the dam. I briefed them lightly 
and we drove over the top of the dam to the right abutment. At this time Mr. Robison 
and Mr. Aberle walked down the downstream face of the dam to look at the leak. I drove 
the pickup around the rim road to meet them at the bottom. When I arrived, I walked 
directly to the right abutment. I stopped momentarily at the powerhouse and took some 
pictures of the leak .... [Figs. 2-5 and 2-6] 

From testimony of David Burch: 

At about 9 :30 a.m. I noticed a wet spot appear on the north side of the face of the dam. 
This spot was about 100 feet from the abutment and probably 125 feet from the top of 
the dam. The damp spot appeared to be about 3 or 4 feet in diameter from my viewpoint 
at the trailer. There was not any water flowing from the damp spot at that time. 

At 10:00 a.m. I observed water coming from the above described spot. The water was 
coming at a steady flow and was muddy. 
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From testimony of Jerry Dursteler, Master Mechanic, Gibbons and Reed Company, Teton Dam 
Project: 

On Saturday, June 5, 1976, Perry Ogden and I arrived at the company yard behind the 
Reclamation offices at about 10:00 a.m .... When at the office, I heard water running. I 
drove downstream from the dam on the upper south rim road to look at the spillway and 
to see if water was flowing over it. I saw wetness on the downstream face of the dam and 
seepage against abutment wall. This was about at the slope change in the dam. I cannot be 
more specific. The water was muddy, but was merely a light stream. I went back to my 
truck. By then the wet spot had started flowing. This was a very small flow. I returned to 
my office and told Adams and Burch there was a problem. The three of us walked behind 
the Reclamation offices on the south side of the dam to look at the dam. The leakage had 
increased considerably and started eroding a hole. This was about 10: 15 a.m. 

The foregoing testimony, covering the period from 8:00 a.m. to 10:00 a.m., includes the history of 
the leak which developed a short distance south and about at the same elevation as the 2 cfs spring 
observed earlier. One observer (Berry) noted it as a wet spot at 8:30 a.m. At 9:30 a.m. David Burch 
reports seeing a wet spot appear on the north side of the face of the dam 100 ft from the abutment 
and 125 ft below the crest. He estimated the spot to be 3 or 4 ft in diameter. He stated that at 
10:00 a.m. water was flowing from that spot. Dursteler reported development of flow from a wet 
spot at about the same time followed by increasing flow. 

Beginning at about 10:00 a.m., the record of leaks expands both in eyewitness statements and in 
photographs taken by several photographers. These records clearly show the leakage at El. 5045. 
Although the outflow at that level was not measured, the eyewitness accounts show an increase after 
the first observations by Parks at about 7:50 a.m. Ringel reported 20-30 cfs to Aberle at about 
8:30 a.m. Aberle later concurred in that estimate. Subsequently, Aberle and Robison estimated 40 to 
50 cfs. 

The records clearly show the development of leakage near the abutment at El. 5200, first the small 2 
cfs flow from the abutment followed about 10:30 a.m. by the 15 cfs flow from the embankment 
(Figs. 2-7 and 2-8). Later, following a progressive upward erosion of the original embankme.nt leak, a 
sinkhole or crater developed just below the crest above the 15 cfs flow at El. 5200. Successive 
photographs show this development clearly; also the upward erosion from El. 5200 toward the 
sinkhole (Figs. 2-9 through 2-16). 

Although it is spectacularly shown in the photographs, little notice of this development seems to have 
been taken by people on-site. The following quotations seem to be the only testimony as to its 
observation. 

From testimony of Clifford Felkins: 

I do not recall the time when we first observed the upper water seepage. We were standing 
near the top of the dam in the spillway and observed the second hole beginning to form 
just as we were coming out of the spillway. We were leaving the spillway on the 
instruction of Pete Aberle who told us to get out. I did not actually see any water come 
out of the upper hole because the dam caved in and the two holes became one large one. 
The water that came through was muddy. I cannot estimate the volume but it was a lot of 
gallons. The volume increased very rapidly. 
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Fig. 2-13. About 11:50a.m. June 5, 1976. 

Fig. 2-14. Dam crest breaching. 11 :55 a.m. June 5, 1976. 
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From testimony of Jerry Lynn Walker, Superintendent, Gibbons and Reed Company, Teton Dam 
Project: 

While I was standing on the visitor's observation point and after the two M-K dozers were 
lost a crack developed above the hole. The crack was in the shape of a semi-circle with the 
arc at the top; was about 30 feet above the hole; and I would estimate that it may have 
been as much as 100 feet in total length. The earth started sluffing down from the crack 
towards the hole and caused an offset in the earth on the face of the dam as it sank. As 
the earth fell in a small hole developed above the crack. I would estimate this was about 
10 to 15 feet above the crack and was initially six or seven feet in diameter. I then left 
the visitor's observation point and drove to the top of the dam. I would estimate that I 
reached the top of the dam at about 11 :40 a.m. 

DEVEWPMENT OF UPSTREAM WHIRLPOOL 

Aberle reports a "loud burst of water~' at a time which he now estimates at 10:30 a.m. * From his 
testimony, that burst was coincident with development of the leak at El. 5200, 15 ft to the left of the 
right abutment. Aberle also reported that he observed a whirlpool in the reservoir surface upstream at 
Sta. 13+00 (about 150 ft from the spillway) and about 10 to 15 ft into the water from the riprap. He 
estimated the whirlpool to have been 0.5 ft in diameter when first observed. Although he reports the 
whirlpool to have formed in clear water, he also reported "I noticed that the water along the right 
bank was turbid about 150 feet upstream from the dam and about 15 to 20 feet out from the edge of 
the abutment. This turbid water was first noted at 9:30 a.m. by me before the whirlpool started and 
was thought to be turbid due to wave action." 

From testimony of Alvin J. Heintz, Construction Inspector, Teton Dam Project: 

As I was talking to Aberle we noticed a small whirlpool forming in the reservoir on the 
upstream side of the dam. The whirlpool was about two feet in diameter, close to the 
north or right abutment and about 10 to 15 feet out from the dam .... 

I remained on the top of the dam near the north end and helped direct two dozers 
pushing riprap into the whirlpool. While working I saw the downstream flow of water 
increase in volume and the whirlpool increase in size. 

From testimony of Charles L. Entwisle, Construction Inspector, Teton Dam Project: 

As I approached the north or right side a small whirlpool about 10 feet from the 
upstream face of the dam just off the right abutment was forming in the reservoir. The 
time of this was about 10:50 a.m. The whirlpool was about two feet in diameter and the 
vortex eye was about six inches. It appeared to be stationary, but grew in size as I 
watched it. 

From testimony of Jan Ringel: 

At approximately 10:50 a.m. a whirlpool developed on the upstream face of the dam. 
This was at the right of the dam about 15 to 20 feet away from the dam. 

*Revised from 10:00 a.m. to 10:30 a.m., as discussed during October 29 conference with Panel staff. 
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Robison reported: 

At about 11 :00 a.m. I saw a whirlpool developing on the upstream side of the dam in the 
reservoir at about 10 to 15 feet into the water from the face of the dam and less than 100 
feet from the abutment wall. I had looked for a whirlpool at about 10:30 a.m. and had 
not seen one. The whirlpool was approximately six feet in diameter, was stationary, and 
appeared to be increasing in size. The water on the reservoir side was clear. 

The approximate elevation of the whirlpool was 5295. I would estimate that at this time 
the volume of water going through the upper leak on the downstream face of the dam 
was 100 cubic feet per second .... 

When I noted the whirlpool developed at about 11 :00 a.m. I realized there was imminent 
danger of the dam collapsing. From this time on there were numerous people making 
telephone calls alerting people in the area of the danger. 

In their meeting with Panel representatives on October 29, Robison and Aberle agreed that the 
whirlpool was probably not as close to the abutment as they previously had estimated. They said that 
it may have been as far out as Stas. 13+70 or 13+80. 

From testimony of Alfred D. Stites, Construction Inspector, Teton Dam Project: 

I arrived at the top of the dam at about 10:40 a.m. and within three or four minutes I 
noticed a whirlpool forming in the reservoir on the upstream side of the dam about 22 
feet into the water from the face of the dam. The whirlpool was approximately 1 %feet in 
diameter at the outset, briefly got smaller, and then began increasing in size. The water in 
the area of the whirlpool appeared to be slightly muddy. 

David Burch reported: 

I had started pushing riprap from the face of the dam towards a whirlpool or funnel 
which had developed on the reservoir side of the dam shortly after 11 :00. The whirlpool 
was directly across from the spot where the hole appeared on the downstream face of the 
dam. When I first saw the whirlpool, it was very small, maybe a foot across and was very 
muddy and it was surrounded by clear water. I saw no other mud on the upstream side. 
The water on the reservoir side was very calm. There was very little wind. The whirlpool 
was about 20 feet out from the upstream face of the dam and about 100 feet from the 
north abutment. We tried by using the riprap to build a ramp to the whirlpool but never 
succeeded. 

Sometime after 10: 15 a.m. Dursteler started taking pictures of the downstream canyon 
walls and some of the face of the dam. I took pictures from the visitor's viewpoint, 
downstream rim and from the Morrison and Knudsen yard. 

Ogden reported: 

Burch arrived with a dozer and the two of us crossed the dam and started pushing riprap 
into whirlpool. This probably about 10:00 a.m. or so. Whirlpool developed at this time 
about 4 feet in diameter. 
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Walker testified: 

By the time I had arrived at the dam at 10:30 a.m. two D-8 dozers ... had been 
dispatched to the top of the dam to work on the upstream face and push riprap into the 
whirlpool which had developed. 

John P. Bellegante, Excavation Superintendent, Morrison-Knudsen and Kiewit, Teton Dam Project, 
testified: 

Others had found whirlpool on upstream face and were directing dozers to push riprap 
into whirlpool area. Whirlpool was about 18 inches in diameter near the north abutment 
wall about 15 feet from upstream face of the dam. I did not notice it getting bigger. 

Jay N. Calderwood, General Excavation Foreman, Morrison-Knudsen and Kiewit, Teton Dam Project, 
testified: 

I ... worked on pushing riprap into the whirlpool, which was on the upstream side about 
12 feet to 14 feet in water near the right abutment, not far out. The whirlpool was about 
20 feet to 30 feet in circumference and 5 feet to 6 feet in depth. It continued to get 
larger. 

From testimony of David 0. Daley, Equipment Operator, Morrison-Knudsen and Kiewit, Teton Dam 
Project: 

... I operated a Gibbons and Reed dozer trying to fill in the whirlpool on the upstream 
reservoir side of the dam. 

The whirlpool was about 30 feet out into water and about 20 feet in circumference. The 
pool was rather close to the north wall. 

Vincent M. Poxleitner, Jr., Project Engineer, Morrison-Knudsen and Kiewit, Teton Dam Project, 
testified: 

By the time I got to the top of dam, whirlpool had developed on upstream side of dam. I 
cannot give times. The whirlpool about 25 feet from upstream face of dam and 75 feet 
from right abutment. About 3-1/3 feet to 4 feet in diameter. 

Henry L. Bauer, resident farmer on the north side of Teton Canyon, reported: 

Time approximately 11: 15 a.m. to 11 :30 a.m. I saw a truck dump material on the upper 
face of the dam as I approached. I noticed a whirlpool 8 feet across against abutment and 
face of dam. Large commotion and muddy water. Water away from whirlpool was 
semi-clear. Then a large part of time [dam] - 20 feet wide and 20 feet high sluffed off 
into the whirlpool - one big chunk. This created extra commotion in whirlpool and 
boiled up more. In a matter of one minute the top section of the dam dropped and the 
dam had collapsed. I never looked at my watch .... 
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REACTION OF BUREAU OF RECLAMATION PERSONNEL TO THE EMERGENCY 

Pinpointing of the beginning of the period of emergency at the Teton Dam and Reservoir would be 
difficult. There is no question in retrospect that the sequence of events observed on the morning of 
Saturday, June 5, 1976, indicated a rapidly developing emergency. Developments during earlier days 
of that week undoubtedly have some significance and may have pointed, though more subtly, to 
adverse circumstances threatening the integrity of the dam. To assess the performance of Bureau of 
Reclamation personnel, therefore, events and conditions during the week prior to failure must be 
examined. 

Project employees knew of the probability that flows in the Teton River would exceed, and had 
exceeded, the capacity of the completed auxiliary outlet works and that completion of the 
construction of the unfinished river outlet works was necessary to assure control of reservoir filling. 

Project personnel had been carefully reviewing runoff forecasts for the watershed and foresaw that 
the reservoir would fill at rates greater than the 1-ft-per-day criterion originally prescribed. In view of 
the delay in the completion of the river outlet and to obtain benefit from greater generating head, 
they asked for relaxation of that requirement. 

The trends of rising water in the observation wells were being monitored. Frequency of readings was 
about once a week until the spring of 1976, when it was increased to about twice a week. Inspectors 
were on the alert for signs of seepage at the dam or in the canyon downstream. They made daily 
inspections of these areas. 

During the first week in June, 1976, the Project Construction Engineer gave oral instructions to 
designated field people to be on the alert. He made personal inspections of the dam and its environs. 
He took photographs of the seepage discovered on June 3, 1976 and dispatched a report on the 
situation to the Engineering and Research Center in Denver. Again on June 4, he examined additional 
seepage which had appeared downstream from the dam. He judged it not to be dangerous because he 
found the water to be clear. On June 5 at 8:30 a.m., when he was notified by telephone of the 
leakage from the dam itself, he left his home immediately and arrived at the project office at about 
9:00 a.m. He went to the downstream toe of the embankment and examined the leakage. Within half 
an hour after his arrival, he entered discussions with the Project Manager for the contractor to 
determine remedial measures. At that point he judged the situation to be critical but believed that the 
leakage could be controlled, since it appeared to be coming from the abutment rather than from the 
dam. 

He made telephone calls to the Bureau of Reclamation Regional Office in Boise and to the 
Engineering and Research Center in Denver to alert them to the situation. He considered notification 
of residents downstream; but since he did not believe that an emergency situation was then imminent 
and did not want to cause a panic he decided against such notification. 

As the leak at El. 5200 turned into a hole with a "loud burst" at about 10:30 a.m., he ran to the 
project office and at about 10:43 a.m. notified the Sheriffs Offices of Madison and Fremont 
Counties of the hazard and advised them to alert the citizens of potential flooding. The Project 
Construction Engineer did not hesitate in notifying the citizenry of the hazard at that time. Power 
supply and communication to the project facilities were interrupted at 11 :57 a.m. 

At 12:10 p.m., he left the damsite to go to Rexburg to place telephone calls to Bureau of 
Reclamation officials in Boise and Washington, D.C., notifying them of the collapse of the dam. 
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On the day of the failure, there was no schedule of work shifts for Bureau of Reclamation employees 
that would have required personnel at the dam on a 24-hour-a-day basis. 

In general, Bureau of Reclamation personnel appeared to have been dutifully responsive during the 
emergency on June 5, 1976. Supervisory Surveying Technician Harry Parks, for example, spotted a 
small seepage at the right groin of the dam at a time reported between 7:25 and 7:50 a.m. and 
immediately saw that it was reported to his supervisors. Without delay, those supervisors went to the 
leak and assessed the situation. Other observations were made and responded to as the morning went 
on. 

Jan R. Ringel, civil engineer at the project, was one of the supervisors who received the first report of 
leakage. After evaluating the situation, he telephoned the field engineer. Within half an hour both the 
field engineer and the project construction engineer had arrived at the dam. 

USBR personnel acted promptly and responsibly throughout the emergency to protect the public and 
the project. They directed the contractor to mobilize all possible equipment and they took initial 
steps to open the river outlet. Efforts to close the erosion conduit at El. 5200 by pushing 
embankment material into the downstream exit were futile. likewise, efforts to close the upstream 
entrance by pushing riprap into the opening were foredoomed because of inability to move physically 
a sufficient mass of properly graded material into the opening fast enough to abate the rapid erosion. 
Any possible success of such an effort would have required several thousand cubic yards of readily 
available stockpiled material and almost instant mobilization of a considerable fleet of loaders, dump 
trucks and bulldozers. Neither the material nor the equipment was available. 

The concern of USBR personnel for the people downstream was apparent. They sounded the warning 
as soon as failure could be foreseen. 
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CHAPTER3 

PANEL INVESTIGATIONS 


The Panel's approach to its assignment to review the cause of Teton Dam failure has been to: 

(1) obtain, analyze and evaluate all relevant information which could be obtained from the United 
States Bureau of Reclamation, the United States Geological Survey, the construction contractor, and 
any other available and knowledgeable source regarding the regional and site geology, pre-siting 
investigations, siting decisions, pre-design investigations, design, contract specifications and drawings, 
construction practices, progress and inspections, in-progress changes, if any, pre-failure operation, 
mechanism of failure, including sworn eyewitness accounts, and actions of respective authorities 
during and immediately after the failure; 

(2) supplement documentary information, as it was received, by supplemental inquiry, including 
public hearings, written requests and responses, and oral inquiries where appropriate; 

(3) make (a) detailed study of the post-failure condition of the dam, its auxiliary structures and its 
foundation, by inspections, dissection, subsurface drilling; (b) special tests of foundation materials; 
(c) detailed geologic maps and joint surveys; (d) tests of remnant materials; (e) detailed stress 
analyses; (f) studies of photographs for comparison of post-failure conditions with pre-construction 
and construction conditions; (g) measurements of post-failure geodetic positions of surface and 
·subsurface points, to compare with data available before filling of the reservoir; 

(4) evaluate relevant data in order to sort out those of greatest significance in determining cause; 

(5) report the results of the foregoing activities to the extent possible by completion of all of the 
investigation work involved by December 31, 1976. 

This approach was initiated by telegrams, dated June 11 and June 14, 1976, to Director, Design and 
Construction, U.S. Bureau of Reclamation, Denver, and by setting the Panel's first working session 
and inspection of conditions at the site for the week of June 28-July 2, 1976. The telegrams 
requested a data book, available if possible before the meeting, to present (1) site geology in plan and 
sections with any test results on foundation materials, (2) site exploration with detail of drill logs, 
exploration trenches, borrow materials and tests, (3) grout records in detail showing non-average 
takes by location and depths, patterns used and record of any interconnections, (4) foundation 
preparation showing both before and after conditions, (5) design memoranda for embankment, 
spillway, diversion structures and outlets, (6) basic drawings and technical specifications, (7) any 
outside reports re site or designs, (8) construction history of borrow pits, hauling, placement, 
progress, inspection, in-place tests, (9) any seepage measurements or observations, (10) eyewitness 
accounts on progress of failure, (11) hydrology, (12) seismicity, (13) drain designs and drainage 
observations, (14) any changes in spillway or auxiliary outlet structures, (15) any changes in precise 
level or horizontal control survey points, (16) changes in topography upstream and downstream, (17) 
photos of foundation as approved at start of embankment, particularly in the cutoff trench, (18) 
record of any seeps or springs in the cutoff and core contact area, and (19) record of cofferdam 
seepage and pumpage from the foundation area. 

Prior to the Panel's convening for its first session, the Department of the Interior had recorded sworn 
testimony of 37 eyewitness observers of pre-failure and during-failure conditions. Of those 37 
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persons, 14 were Bureau of Reclamation staff and employees, 13 were employees of the construction 
contractor, and 10 were from the general public. In parallel with these eyewitness accounts, there 
became available several excellent photographic sequences in still and later in motion picture form. fu 
order to supplement these eyewitness accounts with any available observations of failure-related but 
pre-failure conditions, a public call was issued, and two public hearings were held in Idaho Falls on 
July 21, 1976. 

All members of the Panel were present for the June 28-July 2 working sessions, and for the 
June 30-July 1 site inspections. An interim report, covering the Panel's activities up to July 2, was 
forwarded to the Secretary of the Interior and the Governor of Idaho on July 2, 1976. The full text 
of that report is attached in Appendix B. 

During this first working session, the need for professional staff and technical and administrative 
support was recognized. To fill the professional need, the services of Robert B. Jansen, as Executive 
Director, were secured through the cooperation of the Governors of Idaho and California. Also, the 
services of Clifford J. Cortright, Staff Engineer, and Laurence B. James, Staff Geologist, were secured 
within a few days of Mr. Jansen's appointment. Soon thereafter, geologist Frank B. Sherman joined 
the professional staff. Through the excellent cooperation of the Office of the Secretary, Department 
of the Interior, supporting properties, services, and technical and administrative assistance have been 
made available to the Panel through various bureaus of the Department. 

Simultaneously with its July 2 report the Panel addressed the Director, Design and Construction, 
USBR, Denver, saying: 

The following activities represent the Panel's highest priority and are recommended for 
immediate implementation. It should be recognized that additional activities will be 
proposed in the coming months. 

1. The remnant of the right-abutment keyway fill to the left of the spillway should be 
excavated to permit inspection of conditions below Elevation 5301. Down to Elevation 
5301 the remnant can be removed in any manner that will not disturb the material below. 
Below Elevation 5301 the remnant can be removed in any stages and by any means, 
provided that a width of undisturbed material remains with a minimum horizontal 
thickness of five feet on each side and a minimum vertical distance of ten feet above the 
bottom of the original trench. The material within the five-foot envelope on each side 
should be removed by hand, where directed by the Panel's representative, as required to 
permit appropriate sampling to allow description of conditions of soil, rock, and any joint 
treatment disclosed. by the excavation, to allow observation of any indications of piping 
or other defects. The bottom ten feet should be removed in two lifts. These lifts should 
be preceded by excavating trenches at places selected by the representative of the Panel 
to a depth of five feet with appropriate sampling and observation. 

2. Any debris remaining on the face of the central part of the abutment, especially 
where the grout cap remains intact, should be carefully cleaned to permit detailed 
inspection. 

3. The area of the lower spring (50 cfs) should be exposed. Any original material still in 
place should be left undisturbed. The details of jointing of the rock in this area should be 
carefully examined. 
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4. All steps necessary to assure safety at the remaining left section of the dam can be 
carried out promptly. 

5. In order to provide some quantitative evaluation of permeability in the rocks in the 
right abutment, detailed studies should be made on enlarged photographs of 
representative areas of each joint type near the keyway. 

Total footage of open joints per unit of area (e.g., one square yard) should be determined 
by direct measurements on enlargements of the photos, using a reliable scale with which a 
grid system is drawn on the enlargement. 

The details of this survey, including best lighting (either direct sun during the forenoon or 
on a cloudy day) should be developed in a pilot program. 

6. An item of prime importance is the nature of the joint system in the right abutment 
on either side of the keyway. Particularly important is the identification of major, 
throughgoing joints on the downstream side of the keyway that might provide access of 
water to the embankment. 

Primary and secondary joint systems should be plotted on a new topographic map. 
Symbols may be used to indicate wide and continuous joints in contrast to the numerous, 
smaller joints. Any evidence of springs or watercourses along or through the joints should 
be indicated on the joint map. 

Response was prompt, and on July 16, 1976, the Bureau of Reclamation awarded its Contract No. 
DC-7232 to Gibbons and Reed, Salt Lake City, to do the requested excavation. Notice to proceed 
was issued July 23, 1976, and mobilization started on July 23. Actual removal of the right remnant 
of the dam started July 26, 1976. This excavation proceeded expeditiously, by five-foot working 
levels, or platforms, to El. 5200, with trenching of each platform in accord with the Panel's need to 
inspect the core remnant for any evidence of water channeling or cracking and of the manner in 
which the key trench was excavated, sealed and filled. 

A large volume of information was furnished, with oral perspective and explanations, during the 
Panel's sessions June 28, 29, and 30. A list of the related exhibits is contained in Appendix A. Many 
of these records have been supplemented by others furnished to the Panel's staff at the site, and by 
oral and other written requests. 

Further information was desired on the manner in which the grout curtains were closed and in which 
the core was built into the key trench. This information was desired both from the Bureau of 
Reclamation as designers and constructors of the dam, and of the contractor who implemented that 
construction. Accordingly, on August 18, 1976, a questionnaire was directed concurrently to the 
Director, Design and Construction, USBR, and to the Chief Executive Officer of Morrison-Knudsen, 
as the sponsoring member of the construction contractor, Morrison-Knudsen-Kiewit, requesting 
descriptions of: (Refer Appendix B) 

a. The manner in which axial grout distribution and closure were assured when the up 
and downstream grout travel was relatively unlimited. Details of any doubts over the 
effectiveness of this axial distribution in any particular location along the three grout 
curtains between Station 18+00 and Station 2+o0 will be helpful. Likewise, details of 
difficulties in obtaining assurance of axial closure at any stations or grout holes along this 
same stretch of curtain will be helpful. 

3-3 




b. The manner in which the key trench between Station 18+00 and Station 2+00 was 
prepared to receive the first embankment material. Compare the way in which this trench 
was prepared with "broom clean." If there were differences in clean-up between 
particular stations, because of weather, or any other cause, please describe such 
differences in detail. 

c. The manner in which any fissures or open joints in the key trench walls and floor 
were sealed between Station 18+00 and Station 2+00; that is, the manner in which, and 
the places where, slush grouting, dental concrete, gunite, or shotcrete may have been 
used, also the extent to which such sealing was general. Were any joints left unsealed and, 
if so, where? If known, please indicate the particular stations, if any. 

d. The method of material selection, preparation, placement and compaction, in the key 
trench, of the "specially compacted earthfill" shown in the cross section marked 
"Foundation Key Trench" on USBR Drawing 549-D-9. If special difficulties were 
encountered in selection, preparation, placement or compaction at any points along the 
length from Station 18+00 to Station 2+00, please describe each. 

e. The method of material selection, preparation, placement and compaction in the key 
trench between Station 18+00 and Station 2+00 of the core material. If special 
difficulties were encountered in selection, preparation, placement or compaction at any 
points along the length from Station 18+00 to Station 2+00, please describe each. 

f. The manner in which the contact area under the core of the dam outside of the key 
trench was prepared to receive the first core material. If special difficulties were 
encountered at any location along the length of dam between Station 18+00 and Station 
2+00, please describe. 

g. The manner in which core material was selected, prepared, placed, and compacted 
outside of the key trench between Station 18+00 and Station 2+00. If special difficulties 
were encountered, please describe in detail by specific location. 

h. Similarities and significant differences in the appearance of the walls and floor of the 
key trenches in the right and left abutments. 

The answers of the addressees are contained in full in Appendix B. The USBR response is quite 
detailed. The contractor's response is in two parts. One is from the contractor per se, and the other is 
from the grouting subcontractor, McCabe Bros., Inc. The prime contractor's answer was rather 
general and not sufficiently responsive. 

The full Panel met in technical working session again on August 2-5, 1976. At that time the 
excavation was well started. That work was inspected. Because of the need to know the physical 
properties of the in-place materials of the right remnant and the subsurface cqnditions under that 
remnant, the Panel appended to its progress report a list of additional physical work, analyses and 
tests required to be conducted. The report included the following statements: 

A. Purpose 
In its report of July 2, 1976, the Panel listed five potential causes of the piping failure of 
Teton Dam, and on the same date, in a letter to the Director, Design and Construction of 
the Bureau of Reclamation, listed items of highest priority recommended for action by 
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the Bureau to provide data for choosing among the potential causes. In its deliberations 
during its meeting of August 3-5, the Panel concluded that the field evidence virtually 
excludes massive seepage around the end of the grout curtain as a likely cause. 
Accordingly, the following detailed program was developed to aid in discriminating 
among the other four hypothetical causes, namely whether the massive seepage or piping 
took place (1) through the grout curtain, (2) through the core at the core-to-rock contact, 
(3) through the core above the base of the keyway core-to-rock contact, or (4) through a 
crack in the core. The program is in part a particularization of the work recommended on 
July 2, and in part a supplement to that work. 

B. Investigation of Bottom of Key Trench and Grout Curtain 
The purpose of the program is twofold: first, to determine if any cracks encountered in 
the rock in the bottom of the key trench, either up- or downstream, are open enough to 
permit flows of water through them; and second, to test the watertightness of the grout 
curtain under the grout cap and under the spillway. The section of the key trench to be 
tested extends from Station 12+50 to 14+50. 

To test the water-carrying characteristics of cracks in the bottom of the key trench, it is 
proposed to pond water over selected cracks and observe the drop in the level of ponds. 
Each pond can be formed by placing a dike of stiff mortar on the low side of the crack, 
high enough to produce a depth of water of about 6 inches over the crack. Visual 
observation of the loss of water will permit a rough idea of whether the crack is relatively 
open or tight. At open cracks, an approximate measurement should be made of the 
outflow per linear foot of crack per minute. It is suggested that the wider cracks be tested 
first, and then the narrower ones. 

Tests should be made both upstream and downstream of the grout cap. It is envisioned 
that between 10 and 20 representative cracks should be tested in the proposed section. 
The cracks tested should be distributed throughout the length of the section. If most of 
the cracks leak substantially, additional tests might be made to verify the conclusion that 
most cracks would transmit water easily. 

To test the watertightness of the grout curtain, it is proposed to drill through the grout 
cap and the spillway crest into the rock below, and to watertest these holes. The holes 
should preferably be of Ax size and cores should be obtained from each hole to permit 
observation of any grout that may fill cracks in the rock. The holes through the grout cap 
should be drilled to a depth of 10 feet below the bottom of the grout cap, watertested, 
drilled 10 feet more and tested again. If pressure is used, it should not exceed 10 psi at 
the collar. The rate of flow in each stage of the hole should be recorded. If the second 
stage of any hole shows large leakage, a third 10-foot stage should be drilled and tested. 

It is suggested that tests be carried out on the centerline of the grout curtain 
approximately at Stations 12+65, 13+05, and 13+40. At each station, three holes should 
be drilled, one vertical, one inclined 22-1/2° from the vertical toward the abutment, and 
one inclined 45° into the abutment. At each location, three holes should be drilled, in 
each stage, before starting the water testing. 

It is also suggested that holes be drilled at about the center of each of the three spillway 
bays. Three holes should be drilled at each location, one vertical, one at an angle of 300 
toward the river, and one at an angle of 300 away from the river. The holes through the 
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spillway crest should be drilled and watertested in three stages of 25 feet each, so that the 
grout curtain will be tested to the depth of the adjacent key trenches. 

If large water takes are observed at any location, additional holes should be drilled on 
each side to determine the extent of the open zone. 

C. Investigation of Key-Trench Fill 
As the key trench fill on the right abutment is excavated in accordance with the Panel's 
recommendation of July 2, detailed studies should be made of the variations in the degree 
of compaction of the fill material by penetration tests, and samples should be taken for 
investigation of erosion resistance, stress-strain characteristics, and such other purposes as 
may become desirable as the investigation proceeds. The specific studies are as follows: 

1. Field fuvestigations and Routine Laboratory Tests 

a. Observations and Sampling in Trenches 
Immediately upon completion of excavation of an approximately 30-foot long section of 
exploratory trench, the following observations and sampling should be performed: 

With a shovel or spade, make a fresh exposure by removing a vertical slice at least one 
inch thick, at locations spaced approximately 7 to 8 feet. fu this fresh exposure make a 
rapid survey of variations in consistency along a vertical line, using a screwdriver or other 
convenient hand tool; also examine variations in types of materials; then perform 
penetration tests with the Proctor Needle on several representative layers, to define the 
entire range of strengths, with special attention to the weakest layers or lenses. For the 
penetration tests on the weakest materials, it will probably be necessary to use the largest 
diameter "point." Prepare a log of all observations and penetration tests, including 
thickness of representative layers. 

To facilitate recording the logs, it will be desirable to develop a simple classification 
system which should be based on the BR test data of the Zone 1 fill and on initial 
experience in surveying the trenches. 

b. Sampling 
(1) Hand-cut block samples. Samples, usually about 8 inches square and about 12 
inches high, should be taken of representative materials, but with particular emphasis on 
the weakest materials. Usually three such samples should be taken at each location, side 
by side, of material that is essentially similar. 

Each sample should be wrapped in Saran wrap, or similar plastic film, and then covered 
with at least a 1/4-inch thick layer of microcrystalline wax by dipping several times into 
the wax melted to the correct temperature. (Do not overheat the wax, which would 
change its properties.) 

Use a grade of wax as used in soils laboratories for such purposes. Then place a clearly 
written identifying label on one side of the sample and again wrap in one layer of plastic 
film, taking care to place the film smoothly over the label to ensure that it can be read 
easily. 

(2) A Bag Sample should be taken at each loc;ation where block samples are taken and 
placed in a plastic bag which is closed tight. Usually about 10 lb. will be sufficient. 
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(3) Storage of Samples should be in a shed with appropriate shelves to provide space for 

samples taken from an estimated 100 locations and equipped with a humidifier (to 

maintain humidity at greater than 80% relative humidity) and heated in winter to a 


- temperature above 40°F. 


c. Observation of Features That May be Related to Potential or Actual Piping 

Special attention must be paid to careful observation of fissures, holes, and any signs 

indicating that the originally placed fill was disturbed. Such features should be identified, 

sketched, described and photographed. Particular care should be exercised in identifying 

such features immediately adjacent to the downstream rock face and the bottom of the 

key trench. If such features are discovered, it will be necessary to proceed with the 

greatest of caution in further excavation to protect vital evidence of erosion. At such 

junctures, the field staff will have to make ad hoc decisions how to proceed. Mr. Jansen 

should be notified immediately. When particularly meaningful discoveries are made, Mr. 

Jansen will confer by telephone with available geotechnical panel members. 


d. Laboratory Tests 

Preferably in a field laboratory, the following tests should be performed on representative 

samples: 


(1) Natural water content. 


(2) Grain size analyses. 


(3) liquid and plastic limit tests. (Report actual test results; not the computed plasticity 

index in lieu of the measured plastic limit.) 


(4) Unconfined compression tests. 


e. Miscellaneous Comments 

The depth of the exploratory trenches should not exceed 6 feet to facilitate operations. 


During removal of fill immediately adjacent to the rock slopes of the key trench, all loose 
rock should be removed to ensure safety of the men who will work later at lower levels. 

2. Evaluation of Erosion Potential of Zone 1 Material 

In view of the fact that the failure of Teton Dam has already been attributed to internal 
erosion of the Zone 1 material, it is important to establish the vulnerability to erosion of 
this particular material in comparison with that of other soils customarily used as core 
materials. This is particularly true since visual inspection and classification-test data of 
Zone 1 materials would appear to indicate that these soils would be highly susceptible to 
erosion. 

To establish the erosion potential of this soil, it is recommended that selected samples be 
sent to two laboratories for independent evaluation as follows: 

a. A series of 10 samples should be sent to the Waterways Experiment Station at 
Vicksburg, Mississippi, for performance of the pinhole test as now standardized by that 
laboratory. Grain-sized distribution curves and liquid and plastic limit values should be 
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determined for each of the test samples and the results used to establish the relative 
erodibility of Teton Dam Zone 1 materials. 

b. A series of 10 samples should be sent to a second laboratory specializing in measuring 
the erosion potential of soils (e.g., the Soil Mechanics Laboratory of the University of 
California at Davis) where the erodibility can be evaluated and compared with data for 
other soils by means of two or more appropriate types of tests. As before, grain-size 
distribution curves and liquid and plastic limit values should be determined for each test 
sample. 

In all cases, the erosion tests should be performed on the undisturbed block samples cut 
from the right abutment key trench. The selected samples should be representative of the 
range of materials and densities found in the trench, with particular emphasis on materials 
that appear to be most erodible, as established in the field survey. To the extent 
practicable, the two independent laboratories should be sent similar suites of samples. 

3. Determination of Stress-Strain Characteristics for Use in Finite-Element Analyses 

To determine the possibility of hydraulic fracturing or of crack formation in the Zone 1 
material, it is desirable to evaluate the stress distribution within Zone 1. This can best be 
achieved by finite-element analyses incorporating realistic representations of the 
stress-strain characteristics of the compacted loessial soil used to fill the key trenches and 
to form the main core of the embankment. 

The stress-strain properties should be determined by several series of drained triaxial 
compression tests on representative samples cut from the Zone 1 section of the dam. At 
least 3 series of tests should be performed, each series including one test at each of four 
confining pressures, approximately 15, 40, 70 and 100 psi. Samples should be 1.4 inches 
in diameter and approximately 3-1/2 inches high and should not be saturated before 
testing. Stress-strain relationships should be recorded up to the point of failure. 

At least one series of the drained tests should be conducted by stress-control techniques 
to investigate the creep characteristics under loads sustained for several days. 

An additional two series of tests should be performed on samples tested as discussed 
above, but with specimens saturated prior to testing. 

Representative grain-size distribution curves and liquid and plastic limit values should be 
determined for the samples in each series. 

D. Embankment Stress Analysis 

It is requested that additional finite element stress analyses be made of the embankment 
fill. This work would constitute an expansion of a pilot analysis submitted to the Panel 
on August 3, and would incorporate the following specific requirements; 

1. Three cross sections of the original right abutment embankment between Stations 
12+00 and 15+00, and one axial section of the right abutment embankment (Stations 
12+00 to 20+00) should be analyzed. The three transverse stations utilized, and the 
details of analytical formulation, are to be selected after review of the shape of detailed 
as-built cross sections. 
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2. The displayed results should include vertical stress, minor principal stress and strain. 

3. The stresses should be those developed by layered construction, as opposed to the 
"gravity-turn-on" option. 

4. In addition, stresses should be calculated to reflect the effect on the embankment of a 
reservoir rise to Elevation 5300. 

5. Two complete sets of stresses should be computed for each section: 

a. One adopting a core stiffness factor K of 470, as measured by the USBR on a 
composite, reconstituted triaxial sample under rapid shearing; and 

b. One utilizing a K of 200, a value judged to be a probable lower limit for the Zone 1 
fill. 

The foregoing finite element analyses should be undertaken at once, under the guidance 
of Mr. Leps and Dr. Seed, with a target delivery date of perhaps October 15. 
Concurrently, a suite of triaxial shear tests on representative samples should go forward, 
as covered in the previous section, to provide appropriate verification of the K-parameter 
range assumed in requirement 5, above. 

E. Modifications in Program 

Field conditions may require modification of some of the details of the recommended 
program. Moreover, as the findings accummulate, the results may suggest changes, 
additions, or deletions. The field staff is encouraged to make changes that appear 
appropriate and to inform the Panel promptly. If major changes seem desirable, the staff 
should communicate with the Panel. 

The full Panel met again for technical working sessions and site inspection on October 4 through 6, 
1976. At that time, drilling was requested into the foundation in the vicinity of fissures near Dam 
Sta. 4+00, described in USBR construction reports. This was in addition to drilling described in the 
schedule of August 5, 1976. One of the drill holes at that location was to extend into deep underlying 
sediments where samples could be taken for compression testing. At its October meeting, the Panel 
decided to have a model fabricated of the right abutment to help in visualizing features relating to the 
failure. It was also decided to perform hydraulic fracturing tests in bore holes at various sections of 
the intact portion of the embankment overlying the left abutment. 

On October 4, members of the Panel entered the dewatered auxiliary outlet works. The tunnel was 
inspected for its full length and was found to be in sound condition with no sign of distress which 
could be related to the failure. 

The Panel conducted technical working sessions in the period November 1-3, 1976 with eight of the 
nine Panel members in attendance. On November 1, inspection was made of the sluiced key trench; of 
the drilling sites; of the foundation areas uncovered by excavation and sluicing of debris on the right 
abutment between the spillway and the river. An examination of the remaining lower right canyon 
wall was made by boat. 

Panel technical working sessions were held December 7-10, 1976 with all members participating. The 
recently completed model of the right abutment was examined. Detailed work was done in drafting 
the Panel's report due on December 31, 1976. 
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POST-FAILURE EXCAVATION 

Contract DC-7232 was executed for three primary purposes: (1) exploration as necessary in the 
Panel's investigation of the cause of failure; (2) excavation of a 4,000-ft-long channel downstream 
from the spillway stilling basin and auxiliary outlet downstream portal for the purpose of permitting 
internal inspection of the auxiliary outlet and to restore it to service for river diversion; and further to 
unwater the right abutment for examination, especially in the region of the 50 cfs leak at the right 
toe of the dam at El. 5045; and (3) resloping the left portion of the dam embankment for public 
safety and to prevent uncontrolled damming of the river by slides. 

All requirements under purpose (1) were determined by the Panel and controlled by the Panel's 
on-site representatives, acting through the Contracting Officer of the USBR. As suggested above, the 
Panel's primary interest under purpose (2) was examination of the unwatered auxiliary outlet tunnel, 
of the lower portion of the right abutment, and of the vicinity of the 50 cfs leak at El. 5045. 

Exploration of Zone 1 in Right Abutment Key Trench. 

Exploration, excavation, and sampling of Zone 1 materials and examination of the foundation 

structure in the right abutment foundation key trench proceeded generally as outlined in the Panel's 

July 2, 1976 letter to Mr. Arthur, with minor on-site modifications. 


The near vertical face of the right wall of the breach was sloped for safety in successive vertical lifts to 
form horizontal working platforms using a 3/4-cu-yd dragline. Materials of all zones in each 5-ft 
platform to El. 5301 were excavated by a 2-cu-yd backhoe and a 5-cu-yd bucket loader. 

A series of longitudinal and transverse backhoe trenches (Fig. 3-1) was excavated to El. 5296, and a 
series of drive samples was obtained. 

Outside the key trench between the spillway and Sta. 12+50 the general foundation level over the full 
base width of the right abutment remnant was about El. 5295 to El. 5300. The excavation was 
entirely in Zone 1 at each level below El. 5296 and was made by the 2-cu-yd backhoe and 5-cu-yd 
bucket loader, also in increments of 5 ft, preceded by transverse trenches at both key trench walls. 
The transverse trenches were excavated by hand through the final 1 ft of Zone 1 to the rock surfaces. 
Close inspection, photographing, and mapping were done in these excavations. 

Transverse trenches were excavated similarly to expose the key-trench invert whenever excavation 
neared that depth (Fig. 3-2). 

At El. 5280, the 2-cu-yd backhoe was walked from the excavation, while egress was still possible, and 
replaced with a small combination backhoe and bucket loader. The excavation of Zone 1 materials 
from the key trench, preceded by exploration trenches at the side walls and invert by backhoe and 
hand shovel, was made in the same 5-ft vertical increments to El. 5215. Excavated material was 
hoisted from the key trench by the dragline until it reached its operational limit at El. 5260. 
Thereafter, material was removed from the key trench in skips hoisted by a truck-mounted crane 
equipped with a 160-ft boom until it in turn reached its operational limit at El. 5210 (Fig. 3-3). The 
backhoe was hoisted from the key trench and a small dozer was lowered in turn. The remaining 
materials were then dozed to the El. 5140 rock bench or to the river's edge as final excavation to rock 
was accomplished by hand methods. 

Below El. 5265, in addition to the transverse trenches, longitudinal exploration trenches were 
continuously excavated on key-trench centerline, 5 ft from both key-trench walls and at intermediate 
positions. 
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Fig. 3-1 Exploration trenches 

Fig. 3-2 Transverse trenches exposing key-trench invert and grout cap 
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Ninety-two 9-in. cube samples and 47 3 in. x 36 in. Shelby tube drive samples were obtained at 
selected locations (Fig. 3-4). 

Final exposure of all rock surfaces was carefully made by hand shovel throughout. Exposures in all 
trenches were carefully examined for paths of seepage, erosion channels, foundation bond, quality of 
foundation cleanup, rock nests, extreme variation of materials characteristics, extremely dry or overly 
wet layers, cracks and other indications of stress or displacement, and the integrity of the grout cap. 
The rock surfaces were examined and surveyed for joint and fracture patterns, intrusions of soil or 
extrusions of pre-failure filling, and evidence of pressure grout filling, displacement, or adjustment. 

Related location surveys were made. Photographs were taken. 

Upon completion of the removal of all soil by mechanical means to the water's edge, the rock 
surfaces of the key trench and of the right abutment were sluiced clean with fire hose nozzles 
supplied from water trucks positioned on the abutment near El. 5295. 

Observations During Exploration. 
The materials comprising Zone 1 appeared to be quite uniform and well compacted. Moisture 
contents were found to be slightly less than the USBR laboratory optimum. Penetration resistance 
readings using the Proctor needle varied from 1500 to 2600 psi, and decreased slightly with 
decreasing elevation of location. Practically all materials classified as nonplastic, inorganic silts (ML). 
Some visual distinction was possible, mainly in color, with brown, tan, gray, and black being present. 
The black color was due to a slight organic content in those soils, probably obtained from the near 
surface layers of the borrow pits. Variations in caliche contents were also present. Sizes larger than 
the No. 4 screen were practically nonexistent but, when present, were usually caliche clods or small 
caliche granules. Only one layer, near El. 5265, appeared to be clay, with a plasticity index of 7 and 
with 93 percent passing the No. 200 screen. 

A possible erosion channel was noted adjacent to the upstream wall of the key trench at Sta. 13+00, 
El. 5261, but upon careful uncovering it proved to be localized and its cause undeterminable. 

The first evidence of distress in the compacted fill was noted near El. 5270 and was judged to be 
localized horizontal slickensides attributable to overcompaction from extensive traffic during 
placement and abutment wheel rolling in the confined area of the key trench. 

Only one vertical longitudinal crack was encountered. It was 1/16 in. to hairline in width, located 
about 2 ft from the upstream key-trench wall and traceable from El. 5267 to 5280 near Sta. 12+40 
This crack may have been caused by differential settlement induced by the narrow horizontal bench 
on the upstream key-trench wall near El. 5265. 

fu all respects, the remnant of Zone 1 appeared to be a well-constructed impervious fill meeting all 
the requirements specified in the contract documents. 

The embankment foundation contact in the key trench was excellent and well bonded where 
observed at many locations in the side wall, transverse invert trenches, and the longitudinal trenches 
extending to the top of the grout cap. Foundation cleanup was excellent. No rock nests, shattered 
foundation surfaces, or remaining grout spills were encountered. No dry, pervious, or low density 
layers or lenses were found. 

A few localized, saturated pockets of Zone 1 material were encountered along the upstream wall of 
the key trench, as were several on the invert of the key trench at the upstream edge of the grout cap 
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where direct access of reservoir water was afforded by the interconnected joint and fracture 
structure. 

The rock surfaces at the key-trench walls and invert are highly jointed and fractured, but the rhyolite 
rock is hard, dense, and strong. On the walls the joints and fractures are numerous and closely spaced. 
The openings are frequent and range up to 1 in., especially above El. 5280. 

There was no evidence of the joints and fractures having been surface treated by slush grouting. The 
Zone 1 fill where placed against the open joints was found to bridge across them. Some local 
overhangs of limited extent were present under which the Zone 1 material was found in an 
uncompacted and saturated state. 

As the Zone 1 fill was progressively and alternatively explored by trenches and excavated full width, 
it was found intact and undisturbed from El. 5332 to 5265. At El. 5265, the embankment was found 
to be cracked transversely at vertical and steeply dipping angles. Well-defined shear zones appeared. 
Hydraulically transported filling was found in some of the cracks. Wet clay coatings were also present. 
It was concluded that these cracks were associated with incipient sliding of the remnant of fill toward 
the face being eroded by the flood waters and that the filling was due to the flow of bank storage into 
the cracks as the failure progressed. Hence, the cracks were judged to be due to the consequences of 
the failure. 

Finally, at the lower elevations, near El. 5225 and the rock bench at El. 5220, the well-defined, 
concentrated cracks disappeared, but the shear pattern became more intense and extensive until the 
embankment everywhere exhibited distress for horizontal distances in excess or 20 ft from the face of 
the breach. The shearing pattern was diamond-shaped, and the general configuration formed cupped 
or bowl-shaped surfaces concave toward the river, with the surfaces gradually becoming subtangent to 
the key-trench walls. 

The longitudinal exploration trenches exposed the bench at 5220 and extended to the deeper key
trench invert beyond. Here the sheared zones were found concentrated at the key-trench profile 
break and appeared to be controlled by that break. 

Near Sta. 13+15, at El. 5215, the embankment for the first time was found extremely wet 
continuously across the width of the key trench. Some free water was encountered. The fill was 
extremely muddy over the surface of the grout cap. Between the grout cap and the upstream key
trench wall, the backhoe sank up to the axle. Even under the lighter ground pressure of the small 
dozer, the fill was spongy and quick. The in-place embankment remaining at this elevation was very 
limited in axial extent, being about 15 ft. A transverse vertical face was cut by hand 3 to 4 ft to the 
key-trench invert rock. By probing over this vertical surface, a softer, wetter horizon was detected. 
Penetration resistance readings were in the 1 70-psi range while readings above were in the 400-psi 
range and those below averaged 330 psi. Because this horizon was everywhere within 15 in. of the 
rock, and in such close proximity to the face of the breach it was not possible to determine if this 
wetter horizon existed pre-failure or was created during the failure. 

At Sta. 13+ 25 and El. 5206 on centerline of grout cap, the in-place embankment terminated, and all 
of the soil then remaining on the abutment foundation was identified as disturbed material which had 
sloughed down from the steep face of the breach. 

Beyond that location, all the remaining soil on the abutment was gradually removed by the small 
dozer pushing the soil either to a stockpile on the bench at El. 5140 or completely down to the edge 
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of the river. By hand shovel, the grout cap was exposed ahead of the dozer operation to avoid any 
possible damage or displacement of the grout cap. 

Care was also used in removing the soil immediately adjacent to the rock by hand, initially without 
water, so that any existing clues to the cause of failure might not be accidently destroyed. The rock 
surfaces were then sluiced clean as previously described. 

Channel Excavation. 
Following the failure, the river flow stabilized with the reservoir at about El. 5056 and an 
intermediate pool in the breach at approximately El. 5053. The level of the intermediate pool was 
controlled by an extensive bar of large rocks. The auxiliary outlet portal was blocked by debris 
deposited in the stilling basin; consequently, a trapezoidal channel bypassing the bar was excavated, 
commencing 4,000 ft downstream from the stilling basin, and was completed sufficiently by 
September 27 to attempt a controlled lowering of the intermediate pool by gradual removal of the 
portion of the bar near the stilling basin which had been partially reinforced as a cofferdam at the 
head end of the bypass channel. Unfortunately, the cofferdam eroded very rapidly, lowering the 
intermediate pool to El. 5036 with consequent rapid erosion of Zone 1 of the left remnant in'the 
river channel. To avert uncontrolled releases of the remaining reservoir storage, the cofferdam was 
quickly reestablished, again raising the intermediate pool to El. 5053 and arresting the erosion of 
Zone 1. 

A temporary gated, double-barrelled culvert control structure of 1,000-cfs capacity was then 
constructed in the river bypass channel. After testing it by closing the gates and filling the lower pool 
thus formed at the spillway stilling basin, the cofferdam was removed and the river channel at the 
dam was slowly excavated to permit controlled draining of the reservoir through the bypass control 
structure. In this manner, the residual reservoir and intermediate pool were reduced to a negligible 
capacity by lowering the river channel invert, and the remaining abutment and the vicinity of the leak 
at El. 5045 were unwatered for inspection (Figs. 2-5 and 2-6). 

SOIL SAMPLING AND TESTING 

Undisturbed, hand-cut block samples, 9 in. x 9 in. x 9 in. in dimension, and 3 in. x 36 in. Shelby tube 
drive samples together with 10-lb bag samples taken nearby were obtained at the locations shown in 
Fig. 3-5. 

Selected block samples, representative of the range of materials and densities found, and spanning the 
mass of the embankment remnant on the right abutment, were sent to various laboratories for 
identification tests and tests of designated engineering properties. To the extent practicable, two 
laboratories were sent similar samples for comparative purposes. 

The dispersive characteristics of Zone 1 material were investigated by pinhole tests at the Waterways 
Experiment Station and the erodibility by flume tests and rotating cylinder tests by the University of 
California at Davis. 

The stress-strain properties were investigated by drained triaxial compression tests at both placement 
moisture and saturated moisture contents by Northern Testing Laboratories, Billings, Montana, and 
by the Earth Sciences Branch, USBR, Denver, Colorado. Unconfined compression tests at varying 
moisture contents were also made by the latter. 

Special horizontal permeability tests were made by the University of California at Berkeley. 
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Gradation analysis and Atterberg limit determinations were made on all samples by the Teton Project 
Laboratory, including those samples shipped to the other laboratories for testing. 

The results of all tests are discussed in Chapter 7, and the complete reports have been placed in the 
Panel's records. Samples not tested are stored at the USBR laboratories in Denver. 

EMBANKMENT STRESS ANALYSIS 

Interest developed early within the Panel as to the possibility of tension cracking of Zone 1 
transversely within the key trench due to arching between the steep side walls of the narrow trench or 
due to differential settlement at any abrupt changes in the longitudinal slope of the key-trench invert, 
or due to the tendency of the embankment mass to pull away from the abutments as the dam settled. 
The Panel recognized that the state of stress within the embankment due to these factors would be 
intimately associated with and influenced by the intergranular forces imposed as the reservoir filled 
and saturation gradually spread through the embankment volume. A two-dimensional pilot study of 
the state of stress within Zone 1 at Sta. 14+00 was made at the Panel's request by Dynamic Analysis 
Corporation, Saratoga, California. The finite element analytical methods for soils developed in recent 
years primarily by the University of California at Berkeley were employed. 

The results of these pilot studies, available to the Panel at its August meeting, were considered 
sufficiently revealing to warrant expanding the studies to three transverse sections at Stas. 12+70, 
13+20, and 13+70 and to a longitudinal section along the key trench from Sta. 12+00 to Sta. 20+00. 
The University of California at Berkeley also undertook a two-dimensional finite element stress 
analysis of the embankment at Sta. 15+00. The results of these analyses are included in Appendix D 
and reviewed in Chapter 12. 

HYDRAULIC FRACTURING TESTS IN BOREHOLES 

Hydraulic fracturing tests were made in boreholes in the left portion of the remaining embankment at 
stations where the geometry of the key trench and the height of the overlying embankment were 
similar to those at the stations where the initial breach of the right key-trench fill occurred. The 
principal purpose was to determine, by comparing the results of the field tests with those of 
calculations, appropriate in-situ values of soil properties needed for finite-element analyses of stress 
conditions in the right key trench. 

Three tests were performed. Sta. 26+00 was selected for the first test upon determining that the key 
trench and embankment-foundation geometry were analogous to that of Sta. 15+00. 

The test procedure involved drilling a vertical hole directly over the key-trench centerline to a 
predetermined depth and subjecting an exposure of Zone 1 over a selected length of the hole near the 
bottom to a gradually increasing head of water. The length of hole so pressured was restricted by 
sealing an internal standpipe in the drill hole with a cement plug at the top of the length selected for 
testing and introducing water into the standpipe. 

By observing the recession rate of the imposed head, a normal rate of seepage for the conditions 
established was determined. The head was then increased by increments and the recession rates 
observed. If an increment was reached for which the recession rate suddenly increased by a larger 
magnitude, the fill in the region of the hole was deemed to have been fractured by the hydrostatic 
pressures created by the head then imposed. 
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At Sta. 26+00 it was believed that the hole could be safely wash-bored to 150 ft and the plug set at 
that depth (Fig. 3-6). However, at 101.3 ft (El. 5211.7) a sudden loss of drill water occurred. 
Fracturing is believed to have occurred at that elevation and head. Through a misunderstanding, 
drilling of the hole continued to a depth of 150 ft with continued loss of drilling water and the 
injection of several thousand gallons of water into the adjacent soil. A 3-in. plastic pipe was sealed in 
the hole with the cement plug and the hole was extended for 39 ft beyond by drilling with air. Soil 
wetted by the previous drill water loss became lodged behind the drill bit and in forcefully freeing the 
drill string the plastic pipe was pulled from the plug. The hole was temporarily abandoned. 

A second attempt was made at Sta. 26+25 by drilling a 4-in. hole with air to a depth of 150 ft, sealing 
a 3-in. plastic pipe in the hole with a cement plug at El. 5163, and extending the length of hole to be 
pressured 20 ft to El. 5143 by using air to facilitate drilling. Again wet drill cuttings lodged behind 
the drill bit, this time causing a momentary increase in air pressure, apparently sufficient to fracture 
the hole as evidenced by the sudden entry of water into the hole, most likely from the adjacent hole 
at Sta. 26+00. 

Because Sta. 13+70 had also been analyzed and because Sta. 27+00 was analogous, a third test hole 
was located at that station and augered 109 ft to El. 5210. Nx casing was sealed in the hole at that 
elevation, and the hole was extended 20 ft with a split spoon drive sampler. The hole was then 
incrementally pressured as previously described. The test results are shown on Fig. 3-7. 

As revealed by the water level recession rates, no fracturing occurred even with the water level raised 
to the top of the hole at El. 5 317. 

The hole at Sta. 26+00 which had been originally cased to 150 ft with 6-in. casing was restored by 
sealing Nx casing with a new plug at 152 ft and by cleaning out the original 39-ft-long hole extension 
with the split spoon drive sampler for 28 ft. The hole was then tested. Although some sloughing of 
the hole may have taken place during the test, the average head was assumed measured to the 
midheight of the restored hole, or El. 5147. The results are shown on Fig. 3-8 and indicate that the 
Zone 1 fill was fractured when the water surface was 20 ft below the top of the hole, or El. 5293. 

POST-FAILURE FOUNDATION INVESTIGATION 

Early in its investigation the Panel recognized the desirability of identifying the most probable path 
or paths of the leakage that led to failure of the dam. Efforts were directed to determine whether 
critical leakage had passed through, around, or under the dam, or had followed a combination of 
routes; also to establish the precise path or paths insofar as possible from the evidence remaining at 
the site. 

A geologic program was developed to investigate the following possible avenues of leakage through 
the foundation: 

1. Around the right end of the dam. 

2. Through the grout curtain. 

3. Through large cavities discovered near the right end of the dam during its construction. 

4. Through sedimentary deposits underlying the volcanic rock foundation. 
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Investigation of Possibility of Flow Around End of Dam. 
As an initial step, a review was undertaken of the records of subsurface exploration performed by the 
Bureau of Reclamation prior to construction of the project. This effort produced convincing evidence 
that flow around the dam was possible through interconnecting joints, but the Panel concluded that 
at the time of the failure there was insufficient hydraulic gradient between the end of the dam and 
the leak at El. 5200 to account for the large flow that was estimated to have broken out at this point. 
The analysis leading to this finding is developed in Chapter 5. 

Investigation of the Grout Curtain. 
At its August 5th meeting, the Panel developed a program for the investigation of the key-trench 
invert and of the grout curtain. The purpose of the program was to determine if the joints and 
fractures intersecting the key-trench invert could pass water and if the grout curtain beneath the 
grout cap and under the spillway weir was watertight. The section tested in the right abutment key 
trench extended from grout cap centerline Sta. 12+60 to 14+ 26. * 

The removal of all the loose soil covering the right abutment revealed the post-failure condition of the 
grout cap (Fig. 3-9). The cap was found intact and continuously in position from the spillway to Sta. 
13+96. Between Stas. 13+96 and 14+26, the cap was entirely missing (Fig. 3-10). However, the 
original rock invert of the trench in which the cap concrete had been placed was undisturbed, as 
shown by the preservation of the original line drill holes. Three prominent, nearly vertical joints, 
striking approximately N20°W, cross this gap, the ends of which appeared to be determined by the 
presence of the two joints at the ends of the gap (Fig. 3-11). A 2-in. open vertical fracture striking 
S68W (Fig. 3-12) crosses the alignment beneath the cap at Sta. 13+90. This fracture was ponded for a 
joint transmissibility test and is identified as U13 in Table 3-1. 

Between Stas. 13+30 and 13+96 (Figs. 3-13, 3-14, and 3-15) where the original side walls of the key 
trench were washed away during the failure, the cap exhibited a remarkable degree of resistance to 
the failure forces as evidenced by the large amount of rock plucking immediately adjacent both 
upstream and downstream and the surface erosion of the concrete. 

The cap concrete was eroded flush with the adjacent rock surfaces between Stas. 14+26and 14+46. 
Extensive concrete erosion was also present between Stas. 14+65 and 14+75. This erosion is 
attributed to flows occurring during failure. Beyond Sta. 14+95 the cap is again missing at least as far 
as the river level at El. 5052. 

Wherever the original contact between cap concrete and rock foundation was exposed, it was found 
tight and intimate, indicating the absence of pre-failure displacement or separation. This observation 
was particularly striking at Stas. 14+ 26 and 14+65. 

Transverse cracks, only one of which was more than hairline width, are spaced approximately 20 ft 
apart along the grout cap (Appendix E). These cracks are attributed to shrinkage during loss of heat 
of hydration with the possible exception of those cracks near 13+90 which could have been caused 
by a slight rotational force on the cap at the time the cap was severed at 13+96. 

*Because they are on differing lines, the stations along the grout cap and along the axis are not the 
same. 
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TABLE 3-1 
JOINT TRANSMISSIBILITY TESTING 

Location, 
Intersection Submerged Max Depth Volume 
of Strike Length of of 

Joint w/Grout Cap of Joint Water Pond Loss 
No. Dip Strike (;,Sta. ft ft gal gpm 

U1 3SW N2SW 13+SO S.4 0.7 37.7 0.01 
U2 31W N2SW 13+4S 4.4 0.7 12.0 None 
U3 49W N2SW 13+41 3.4 0.6 3.3 None 
U4 44W N30W 13+32 
Pond 1 2.6 o.s 2.4 None 
Pond 2 1.8 0.4 2.3 None 
Pond 3 2.1 0.6 4.6 None 

us 4SW N20W 13+30 
Pond 1 3.0 0.6 3.1 0.09 
Pond 2 1.2 0.4 0.4 None 
Pond 3 2.0 0.8 4.6 0.38 

U6 4SW N30W 13+27 2.2 o.s 18.0 1.09 
U7 21W N2SW 13+23 
Pond 1 4.1 o.s 4.4 0.01 
Pond 2 2.1 None 

U8 38W N20W 13+1S 2.4 0.4 2.9 None 
U9 30W NlSW 13+03 2.7 0.4 None 
UlO 2SW N 8W 13+00 8.0 0.6 26.4 0.10 
Ull 2SW N SW 12+93 
Pond 1 2.7 o.s 16.3 0.08 
Pond 2 3.4 0.7 10.7 None 

Ul2 90 N24W 13+96 27.S 1.0 120.l None 
U13 90 S68W 13+90 3.7 3.7 >28.S 
Dl 2SW NlOW 13+SO S.8 0.8 14.2 O.S8 
D4 42W Nl3W 13+32 4.9 0.9 
DS 36W N2SW 13+30 6.0 0.6 6.8 0.21 
D7 78E N33W 13+23 3.9 1.0 32.l 0.09 

Notes: 
Ponds numbered from upstream. 
Stations on grout cap centerline. 
Joint Ul - Return flow from intersecting joints upstream of grout cap. 
Joint Dl - Joint truncated at outcrop affording free egress. 
Joint D4 - Could not effectively pond joint. 
Joint DS - Return flow appeared downstream on canyon wall, Sta. 13+SO, 

20 ft do;wnstream, El. Sl8S. 

Joint U6 - Return flow appeared from joint 6 ft downstream of grout cap, 


N30W, 77E. Pond also submerged a fracture, NSOW, 72E. 

Joint US - Pond 3 - Return flow at same location as from Joint U6. 

Joint UlO - Return flow from intersecting joints upstream of grout cap. 

Joint Ul 3 - Capacity of water supply was 28.S gpm. Could not raise water 


surface higher. Return flow appeared along horizontal joint, 

Sta. 13+97,El. SlSS, 2.5 and S.S ft downstream of grout cap. 
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Joint Transmissibility Testing. 

The transmissibility characteristics of the rock foundation at the grout cap were first tested under a 

low gravity head by constructing small impoundments with mortar and stone over selected joints and 

fractures (Fig. 3-16). The ponds and joint traces were cleaned with air and water. The volume of the 

ponds and any loss rates were determined by metering water into the ponds. The dip, strike, and 

submerged length of each joint were measured. Twelve ponds were prepared upstream and four 

downstream of the grout cap between grout cap Stas. 12-1'93 and 13t96 (Fig. 3-17). These ponds 

were not in contact with the cracks in the grout cap. Also, as previously reported, one vertical joint 

(Ul 3) where exposed by rock plucking over a considerable height below the top of the grout cap near 

Sta. 13+90 was tested by constructing a vertical riser against the rock face and about the joint (Fig. 

3-18). The loss rate results and associated data for these tests are shown in Table 3-1. 


The tests revealed that water could pass freely through the shallow joints and fractures beneath the 

grout cap at several locations in the vicinity of grout cap Stas. 13+ 27, 13+30, and 13+90under the 

low gravity heads imposed by the tests. 


Grout Curtain Testing in Foundation Key Trench. 

The watertightness of the grout curtain at depths below the base of the grout cap and at the 

concrete-rock interface was tested by drilling Nx-sized holes at selected locations and inclinations 

along the grout cap centerline after the joint transmissibility ponding tests had been completed. 


The locations initially designated by the Panel at Stas. 12+65, 13+05 and 13+40* were augmented on 

the basis of the results obtained in testing the original holes and in the joint transmissibility tests. The 

additional holes were located at Stas. 13t30, 13t77, 14t10, and 14+26. Inclinations were chosen for 

optimum intersection angles with the predominant joint planes. 


The holes were staged downward, usually in two stages of approximately ten-foot lengths. The upper 

stage was tested with the packer set above the concrete-rock interface to include the effect of the 

watertightness of the contact. Applied pressure at the collar of the hole was limited to 10 psi in all 

tests except in one instance. In that case, upper stage, DH-621, the pressure was raised to 18 psi for 

comparison of loss rates at 10 psi pressure. The rate increased from 7.9 gpm to 13.0 gpm under those 

conditions. 


After pressure water-testing by stages, each hole was subjected to a gravity water test by equalizing 

inflow with outflow as observed by stabilizing the water level at the top of the hole. 


At each hole cluster, usually three holes per cluster, the hole previously tested was filled with thick 

grout after testing to avoid undetected water escape routes by possible hole interconnections when 

testing the next hole. Upon completion of testing of all holes in the cluster, the last hole tested was 

left open for possible future examination. 


Twenty-three holes were drilled and water tested. The results and associated data for these tests are 

shown in Table 3-2. 


The tests revealed that water could pass through the rock structure beneath the grouted portion of 

the key-trench foundation at the depth tested. The larger losses (up to a maximum of 14.1 gpm) 

occurred in the upper stages (10 ft below base of grout cap). Maximum loss observed at 1 O psi 

pressure in the second stage (10-20 ft below base of grout cap) was 5 gpm. Return flows were 

observed from joints and fractures downstream from the grout cap. The greater losses occurred from 

the angle holes. 


*Holes were actually drilled at Stas. 12+75, 13+15, and 13+50 respectively 
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Fig. 3-18 Vertical brick riser for ponding test at Sta. 13+90 
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TABLE 3-2 

GROUT CURTAIN WATER LOSS TESTING 


IN RIGHT ABUTMENT KEY TRENCH 


Location Pressure Tests Gravity Tests 

Sta 
Hole 
DH- Angle 

Interval 
ft 

Water 
Loss 
gpm 

Interval 
ft 

Water 
Loss 
gpm 

Interval 
ft 

Water 
Loss 
gpm 

12+75 

13+15 

13+30 

13+50 

13+77 

14+10 

610 
611 
612 
613 
614 
615 
616* 

617 
618 
619* 
620 

621 

622 
623* 

624* 
625 
626* 

627 
628 
629* 

42°R 
20°R 

oo 
45°R 
22°R 

00 

47°R 

21°R 
oo 

31°L 
44°R 

22°R 

oo 
22°L 

45°R 
oo 

22°L 

46°R 
oo 

34°L 

3.8-14.8 
2.5-13.9 
2.1-13.5 
3.4-14.8 
4.4-14.4 
3.5-14.9 
2.9-14.3 

14.3-24.3 
2.5-13.9 
2.8-14.2 
5.3-16.7 
4.4-14.4 

24.4-34.2 
3.5-13.5 
3.5-23.5 
2.1-13.5 
3.4-13.4 

11.4-21.4 
2.9-14.3 
3.9-15.3 
5.3-16.7 

1.6-11.0 
4.6-11.0 
1.0-11.0 

11.0-21.0 

0.38 
0.48 
0.5 
1.1 
1.0 
0 

10. 
5.2 
0 
0 
1.6 
0.1 
0.1 
5.1 
7.9 
1.9 

12.7** 
1.2 
3.5 
0.4 

12.5 

0.2 
0 
7.1 
0.7 

14.8-24.8 
13.9-23.9 
13.5-23.5 
14.8-24.8 
13.4-24.4 
14.9-24.9 

7.9-14.3 
18.9-24.3 
13.9-23.9 
14.2-24.2 
16.7-26.7 
14.4-24.4 

13.5-23.5 
3.5-23.5 

13.5-23.5 

6.4-21.4 
14.3-24.3 
15.3-26.3 
16.7-26.7 

11.0-21.0 
11.0-21.0 
2.6-11.0 

0.05 
0.1 
0 
0.2 
0.9 
0 
0.5 
0 
0 
0.8 
4.8 
0.1 

0.1 
13.0 
0 

1.6 
0 
0 
7.5 

0.1 
0.14 
0.7 

0-24.4 

0-14.3 
0-24.3 
0-23.9 

0-26.7 

(20 psi) 

0-13.4 

0-24.3 
0-26.3 
(2 psi) 
0-26.7 
0-21.7 
0-21 
0-21 

0.5 

3.5 
4.5 
0.4 

4.8 

14.1 ** 

1.8 
0.2 

4.5 
0.03 
0.1 
0.3 

w w ..... 



TABLE 3-2 (cont.) 


Location Pressure Tests Gravity Tests 


Water Water Water 
Hole Interval Loss Interval Loss Interval Loss 

Sta DH- Angle ft gpm ft gpm ft gpm 

14+26 630* 47°R 1.3-11.7 4.3 11.7-21.7 0.4 0-21.7 0.9 
oo631 1.2-11.6 0.3 11.6-21.6 0.2 0-21.6 0.03 

632 34°L 1.7-13.l 2.6 13.1-23.1 1.6 0-23.1 0.7 

Interval is measured along axis of hole from the collar. 


All pressure tests conducted at 10 psi at collar elevation except where noted. 


Rand L designate holes angled to the right and to the left, respectively. 


* Return flows observed from joints and fractures downstream of grout cap. 


**During drilling a 50 percent water loss occurred at a depth of2.4 ft or 1 ft below the base of the grout cap. 


Geologic logs are contained in Appendix F. 




Grout Curtain Testing at Spillway Weir. 

The spillway weir cutoff serves as the grout cap beneath the spillway control structure and affords 

continuity of the grout cap beneath the embankments flanking each side of the spillway. During 

construction the rock formation beneath the entire area of the spillway control structure was treated 

extensively by blanket grouting to a depth of 80 ft on a primary hole spacing of 15 ft and closed to 

7-1 /2 ft. The grout curtain beneath the spillway weir location was then grouted after the blanket 

grouting was completed. That curtain was slightly modified to avoid interference with the access shaft 

of the auxiliary outlet by placing the center and upstream row of holes on the same alignment as the 

spillway weir cutoff. (See Chapter 9.) 


As part of the Panel's investigation, nine holes were drilled and water tested, three each at the center 

of each spillway bay at dam crest centerline Stas. 10+82, 11+06, and 11 +30. One hole in each bay 

was angled to the left, one to the right, and one vertical. The grout curtain in this vicinity was tested 

for watertightness with some modifications suited to the above conditions. The water test holes were 

located just upstream of the center row of curtain grout holes. The water test holes were drilled and 

water tested in three stages of 30 ft each for the vertical holes and three stages of 35 ft each for the 

inclined holes in order that the final stage would extend beyond the depth of the consolidation 

grouting. 


Water test procedures and pressures were the same as those used for the foundation key trench. Every 

hole was filled with grout after being tested to avoid creating water escape routes by interconnections 

between holes. The results and associated data for these tests are shown in Table 3-3 and Appendix F. 


DH-609 was extended an additional stage to a length of 145 ft to examine the region where the 

consolidation grouting pattern terminated and the curtain grouting pattern continued. 


The tests indicated that the rock formation beneath the spillway control structure as grouted is 

reasonably impermeable within generally accepted standards. 


Grout Curtain Testing Near Right End of Dam. 

The following two sections of this chapter discuss the Panel's investigation of cavities discovered near 

the right end of the dam and of sedimentary deposits that underlie the volcanic rock foundation. 

Three holes, designated DH-650, DH-651AB, and DH-652, drilled primarily for these two studies, also 

provided an opportunity to test a section of grout curtain lying between Stas. 3+00 and 4+50 (Fig. 

5-5). The results of water pressure tests conducted at these holes within this interval are given in 

Table 3-4, and the drilling logs are contained in Appendix F. 


In D H-650 several large water losses were recorded during the pressure testing. However, a survey of 

the alignment of DH-650 by the USBR under observation of Panel staff indicated that the hole had 

been deflected from SI 9°E to S26°E. The water pressure tests therefore were performed in segments 

of the hole lying upstream of the grout curtain. 


At DH-651 no significant pressure losses were measured. For DH-652 a loss of 12.8 gpm occurred in 

the 301.3-307 .7 ft interval, indicating the probable existence of an ungrouted joint. All other losses 

measured at DH-652 were minor. 


The water pressure tests near the right end of the dam did not disclose excessive losses. The reader is 

referred to Chapter 5 for comments concerning rock permeability beyond the right end of the dam. 
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TABLE 3-3 
GROUT CURTAIN WATER WSS TESTING 

AT SPILLWAY WEIR 

Location Pressure Tests 
Gravity 
Tests 

w w 
.j:>. 

Sta 

10+82 

11+06 

11+30 

Hole 
DH

601 
602 
603 
604 
605 
606 
606A 
607A 
608 

609 

Angle 

30°R 
oo 

30°L 
30°R 

oo 

30°L 
30°L 
30°R 

oo 

30°L 

Interval 
ft 

4.0-40.0 
4.7-34.7 
4.5-39.5 
5.5-40.5 
6.0-36.0 
5.6-40.6 
6.841.8 
5.3-40.3 
5.8-35.8 

95.8-125.8 
5.7-40.7 

110.0-145.0 

Water 
Loss 
gpm 

6.9 
2.0 
1.0 
0.8 
0.2 
1.1 
0.4 
1.3 
1.3 
0.3 
0.8 
0.3 

Interval 
ft 

39.6-74.6 
34.7-64.7 
40.1-75.1 
40.1-75.1 
36.0-66.0 

41.4-76.4 
39.9-74.9 
35.8-65.8 

40.3-75.3 

Water 
Loss 
gpm 

0.2 
2.1 
0.1 
0.5 
0.2 

0.6 
0.2 
0.3 

1.9 

Interval 
ft 

74.2-109.2 
64.7-94.7 
73.7-108.7 
74.7-109.7 
66.0-96.0 

76.0-111.0 
74.5-109.5 
65.8-95.8 

74.9-109.0 

Water 
Loss 
gpm 

0.3 
0.4 
0.4 
0.2 
0.03 

0.2 
0.04 
0.07 

2.3 

Water 
Loss 
gpm 

2.6 
4.5 
2.3 
0.5 
0 

0.4 

0.6 

3.1 

Interval is measured along axis of hole from the collar. 

All pressure tests conducted at 10 psi at collar elevation. 

All gravity tests conducted full length of hole. 

Geologic logs are contained in Appendix F. 



TABLE 3-4 

TETON DAM 


OCTOBER 1976 

DRILL HOLE WATER TESTS 

NEAR RIGHT END OF DAM 


DH-650 

Location: On dam at Sta. 3+00 approximately 4.7 ft upstream of centerline 
Bearing: Sl 9E (A survey conducted after completion indicated this hole had been deflected to S26°E) 
Dip: 60°below horizontal 
Elevation: 5332 Total Depth: 351.5 ft 

Depth 
Interval* GPM 

90.U- 97.7 
99.8-104.8 

103.1-127.4 
127 .6-162.6 
160.6-197.2 
197.6-232.6 
232.6-267.5 
267.5-302.5 
301.7-331.7 
331.5-351.5 

32.l 
32.9 
28.3 
13.4 
8.4 
0.0 

20.3 
6.1 
2.1 
0.0 

Hole cased to 90 ft. Lost drilling 
water return at 91.6 ft - never 
recovered. 

*Footages measured along axes of holes from collar. 


All pressure tests conducted at 10 psi measured at hole collar. 


Geologic logs are contained in Appendix F. 
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TABLE 3-4 (cont.) 

DH-651 

Location: On dam axis at Sta. 4+34 
Dip: Vertical 
Elevation: 5332 Total Depth: 622.4 ft 

Depth 
Interval* GPM 

80.0-100.0 0.2 
100.0-120.0 0.2 
120.0-140.0 1.0 
140.0-160.0 0.4 
160.0-180.0 0.0 Note: Lost 75% drilling water at 47.2 ft 
180.0-200.0 0.0 in Zone 1 fill. 
200.0-220.0 0.5 
219.9-239.9 0.4 
239 .9-259 .9 0.5 Concrete/Zone 1 contact at 78.8 ft. 
259.9-279.9 0.4 
279 .9-299 .9 0.6 
299 .9-319 .9 1.3 
319.9-359.9 0.6 
359.9-399.9 1.3 
399.9-439.9 0.2 
432.4-472.4 0.0 
479.3-519.3 0.4 Packer in grouted zone. 
517.7-527.2 2.2 
518.2-535.9 1.2 
530.8-543.7 6.2 
546.1-552.3 9.3 Packer in casing at 499.7. 
546.1-566.1 2.1 Packer in casing at 539.4. 
559.3-581.2 2.7 
560.0-600.0 35.0 Hole drilled to 600 ft, but bottom 

"washed in" to 580 ft. Could not get 
10 psi at 35 gpm. 

*Footages measured along axes of holes from collar. 


All pressure tests conducted at 10 psi measured at hole collar. 


Geologic logs are contained in Appendix F. 
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TABLE 3-4 (Cont.) 

DH-652 

Location: On dam at Sta. 5+10, 5.5 ft upstream of centerline. 
Bearing: Nl 8W 
Dip: 60° below horizontal 
Elevation: 5332 Total Depth: 450 ft 

Depth 
Interval* GPM 

95.0-130.0 
130.0-165 .0 
165.0-200.0 
200.0-235.0 
235.0-270.0 
267.9-302.9 
301.3-307.7 
307.7-347.7 
347.7-387.7 
387.4-427.4 
425.0-450.0 

0.4 
0.4 
1.4 
0.1 
0.8 
1.2 

12.8 
0.8 
0.3 
0.1 
0.5 

Hole collar is 0.4 ft above dam crest. 

Note: Hole cased to 90 ft, then driven 
to 94 ft 

Lost drilling water at 303 ft. 

*Footages measured along axes of holes from collar. 


All pressure tests conducted to 10 psi measured at hole collar. 


Geologic logs are contained in Appendix F. 
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Investigation of Cavities Near Right End of Dam. 
Extensive fissures were exposed in the foundation of the dam during excavation for the key trench 
near Stas. 3+55 and 4+34. These are described in Chapter 5. Treatment entailed drilling 8-in.-diam 
holes into the cavities from ground surface through which high-slump concrete was poured, Figs. 5-15 
and 5-16, Sections D-Dl and E-El. 

Under the guidance of the Panel staff three holes, designated DH-650, DH-651 AB, and DH-652, were 
drilled to explore for possible additional cavities undetected by the original investigation and to check 
the effectiveness of the grouting that had been undertaken. These holes were located near the right 
end of the dam, respectively at Stas. 3+00, 4+34, and 5+ 11.2 (Fig. 5-5). Holes DH-650 and DH-652 
were inclined 60 degrees below horizontal and oriented to parallel the axis of the dam and to 
intersect the cavities well beneath the key trench invert. DH-651 was located directly above the 
largest cavity and was drilled vertically through the concrete filling. 

Core samples obtained from the concrete-rock interface in the cavities disclose a tight bond, 
indicating an effective watertight seal at the contact points penetrated by the drills. This exploration 
revealed that the large cavities at those points drilled and tested were effectively sealed. 

Investigation of Sedimentary Deposits. 
Sedimentary deposits of unknown thickness underlie the volcanic rocks on which the dam rests. The 
possibility of seepage from the reservoir passing beneath the dam through permeable lenses within 
these deposits is considered in Chapter 5. The deep sediments are generally much less permeable than 
the overlying jointed volcanic foundation and consequently are judged a less likely avenue of 
significant leakage. 

The deep vertical hole, designated DH-651, at Sta. 4+34 has been described in connection with the 
exploration of deep cavities near the right end of the dam. An additional purpose of this hole was to 
explore and sample the underlying lake and stream deposits. The drilling of DH-651 was terminated 
in the lake and stream deposits at a depth of 622 ft due to frequent blocking of the Nx-diameter core 
barrel by small rounded pebbles. The drill rig was moved 10 ft to Sta. 4+24 and a new hole, 
designated DH-651 A, was started. Again difficulties necessitated a restart and the rig was shifted to 
drill DH-651 B at Sta. 4+ 19. To improve core recovery in the deep sediments, the hole was enlarged to 
permit use of a 5-in. core barrel. Notwithstanding the use of the larger barrel, only a limited length of 
core could be obtained. Because of persistent blocking, primary emphasis was shifted from obtaining 
core to determining whether the sediments were comparatively thin beneath the dam or if a thick and 
lenticular section existed. The remainder of the hole to its final depth of 885 ft was drilled largely 
with rock bit cores being taken only when finer grained sediments were encountered. 

An Nx-size core sample of silt with a liquid limit of 33 and a plasticity index of 8 was obtained from 
DH-651 at a depth of 595.3 to 596.2, beneath the water table which was at a depth of 312 ft. Three 
specimens were prepared from this sample and were tested for one-dimensional consolidation by 
Geo-Testing, Inc., San Rafael, California. The results are presented in the form of pressure-void ratio 
curves. The curves, when interpreted according to the customary procedures, indicate 
preconsolidation loads well below the existing overburden pressure. This results either from a high 
degree of disturbance associated with sampling at such great depths, from an imperfect fit of the stiff 
samples within the consolidation ring on account of difficulty of trimming the specimens, or both. In 
any event, the disturbance has so increased the compressibility of the samples that the results are not 
considered representative of the compressibility of the in-situ material. 
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INSPECTION OF AUXILIARY OUTLET WORKS 

The auxiliary outlet works stoplogs were set at the intake on October 2, 1976 and the tunnel was 
drained and inspected by the Panel's on-site representative, accompanied by project personnel. 

The tunnel was again inspected by Panel members, staff, and project personnel during the October 
Panel meeting. No offsets, open cracks, or other evidence of displacement, or evidence of 
overstressing were found. Resurveys on pre-failure bench marks at the gate chamber were made 
without finding any evidence of settlement. 

ROCK JOINT SURVEY 

Under the direction of the Panel, detailed maps of the joints in the right abutment were prepared to 
help determine the probable paths by which water from the reservoir reached the leaks that appeared 
downstream immediately prior to and during the failure, and establishing channels for the transport 
of Zone 1 material. The maps covered the entire area on the right abutment that had been covered 
with the dam embankment, with particular emphasis placed on mapping of the key trench. The base 
for this mapping consisted of plats to a scale of 1 in. =5 ft covering the area extending 10 ft both 
upstream and downstream of the grout cap and from the spillway to the river char.nel. Topography 
within the trench was defined by contours drawn at 5-ft vertical intervals. Joints 10 ft or longer were 
numbered and mapped on the plats and their attitudes shown by conventional dip and strike symbols. 
Significant observations were recorded, and all notes were cross-referenced to the maps by joint 
numbers. The key trench joint maps were supplemented with two geologic cross sections drawn 
parallel to the axis of the key trench respectively 10 ft upstream and 10 ft downstream of the grout 
cap centerline. The cross sections were needed to define the numerous comparatively flat-lying joints 
which could not be shown effectively on the areal maps. The joint map and related geologic sections 
covering the key trench appear in Appendix E. 

Major joints in the right abutment lying outside of the key trench were mapped on aerial photo 
overlays. A total of twelve 24-in. by 24-in. photos was required to cover the abutment to a scale of 1 
in. to 20 ft. Two additional geologic cross sections were prepared in connection with this phase of the 
mapping program. Both these sections were oriented parallel to the centerline of the dam, one 150 ft 
upstream and the other 100 ft downstream of the centerline. These and other data from the joint 
survey are included in Appendix E. 

COMPARISON OF PRE-FAILURE AND POST-FAILURE SURVEYS 

At the Panel's request, post-failure resurvey was made of networks and bench marks established at the 
damsite and in its environs prior to the failure. The results are shown in Tables 5-5 and 5-7 and Fig. 
5-21. No significant horizontal or vertical movement was measured that is pertinent to the cause of 
failure. Results of surveys of monuments on the dam are discussed in Chapter 11. 

MODEL OF THE RIGHT ABUTMENT 

The Panel retained ExhibiGraphics Group, a firm in Salt Lake City, to construct a model of the right 
abutment of Teton Dam to a scale of 1 :400. The model has facilitated visualization of principal 
features of the dam and its foundation that relate to the mechanics of failure. It shows drill holes, 
observation wells, structures, foundation zones, major rock jointing, points of leakage, and the 
whirlpool of June 5, 1976. It has removable elements which show pre-failure and post-failure 
conditions. 
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CHAPTER4 

SITE SELECTION AND PROJECT SITE INVESTIGATIONS 


(Panel Charge No. 3) 


EARLY STUDIES 

Consideration was given to possible water resources development on the Teton River in eastern Idaho 
by the Bureau of Reclamation and others as early as 1904. At various times since that time, 
reconnaissance investigations have been made on damsites on the Teton River and its tributaries. 
More detailed investigations have been made at several sites beginning in 1932. Nearly all of the sites 
then studied, however, were on the Upper Teton River or its tributaries. This area is far upstream 
from the present Teton Dam in a considerably different geologic environment. 

None of the early investigations included the Teton (Fremont) site. However, much of the 
information obtained from these studies is helpful in understanding the geologic conditions at the 
Teton site. 

U.S. Geological Survey. 
The U.S. Geological Survey conducted some of the first investigations of the hydrologic and geologic 
features of the Teton River watershed, and during the 1960's participated with the USBR in 
inspections of the canyon near the present damsite. 

U.S. Corps of Engineers. 
The Teton damsite as such was investigated by the Corps of Engineers in July 1957 by the boring of 
two diamond drill holes in the vicinity. One boring 146 ft deep was located in the river channel and 
the other was on the left abutment. The one in the channel showed that the alluvium was about 100 
ft deep, while the abutment hole was in rhyolite for its entire depth of 285 ft. 

U.S. Bureau of Reclamation. 
In 1946 two damsites were investigated by the USBR on Canyon Creek, a tributary of the Lower 
Teton River, and a report titled "Reconnaissance Geologic Report on Canyon Creek Damsites near 
Newdale, Idaho," dated March 1947 was prepared by M.H. Logan and C.J. Okeson. The report 
concluded that storage would be expensive at either site and that seepage losses could be expected 
from the reservoirs. Locations of alternative damsites are shown in Fig. 4-1. 

During August and September 1956, field examinations were made downstream from the Teton site 
at the Newdale site at the mouth of Teton canyon, three miles north of the town of Newdale. An 
earthfill diversion dam about 46 ft high was considered at this point where topography of the area 
was suitable for a diversion canal northward and westward to the North Fork of the Snake River, and 
ultimately onto the Snake Plain. It was believed that floodflows diverted onto the Snake Plain would 
sink and add to the groundwater supply to the southwest. The damsite was considered worthy of 
further consideration and four diamond drill holes were completed approximately along the 
considered axis. Hole No. I was on the left abutment, Nos. 2 and 3 on the valley floor, and No. 4 on 
the right abutment. All but Hole No. 3 penetrated bedrock. Percolation tests were performed in the 
overburden and in the bedrock. 

The subsequent report by M.J. Athearn, titled "Reconnaissance Geologic Report, Teton River 
Diversion, Newdale Damsite," dated March 1957, concluded that the Newdale site was infeasible. 
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The Bureau of Reclamation prepared a reconnaissance geologic report on Teton Dam and Pumping 
Plant site in January 1961 and a special report in March 1962. At that time the dam was planned as 
an earthfill about 310 ft high above stream level, with a chute spillway on the right abutment. Ample 
quantities of impervious material were estimated to be available within one mile of the damsite in the 
tableland on either side of the canyon. Sand, gravel, and volcanic rock for construction purposes were 
also obtainable nearby. 

In October 1961, representatives of the Teton County Wheatgrowers Association proposed that the 
Bureau of Reclamation consider storage in the vicinity of the mouth of the North Fork Teton River 
as an alternative to the Teton site. They felt that a diversion from a reservoir in this location could 
serve a much greater area of new land. (Fig. 4-1.) 

At that time the USBR cited storage capacity for flood control, ease of diversion to the Enterprise 
and East Teton canals, and the more climatically suited lands of the Rexburg Bench as important 
reasons for placing the storage as far downstream in the Teton Canyon as possible. Upstream from the 
mouth of the North Fork, the gradient of the river steepens considerably and the USBR pointed out 
that the suggested reservoir would therefore have less capacity. 

The Teton River canyon upstream from the Teton site was believed by Bureau geologists to have been 
subjected to some faulting as evidenced by displacement in the relatively young basalt flows that cap 
the canyon rim. Any such faults were difficult or impossible to discern in the rhyolite or welded tuff 
in the canyon walls. Preferably, any damsite would have to be located some distance from these faults 
and in an area where there was competent rock on both sides of the canyon. 

In November 1961 a Bureau geologist looked at five possible sites in the stretch of the river from 
Linderman Draw upstream to the mouth of North Fork. From these observations, it was concluded 
that the best site for a dam in this reach would be about one-half mile upstream from Linderman 
Draw, with the second choice about one-half mile downstream from Spring Hollow. Damsites farther 
upstream would have less capacity because of the steep gradient of the river. Linderman Draw is on 
the south side of the Teton River canyon 9.6 miles upstream from the Teton damsite, and Spring 
Hollow is on the north side about 12 miles upstream. 

Following are excerpts from a report entitled "Teton Basin Project, Lower Teton Division," made by 
the U.S. Bureau of Reclamation, March, 1962: 

... Fremont storage is closer to points of use than are the present sources of water 

distributed by the Enterprise and East Teton Canals. By supplying these uses from 

the proposed new storage, an appreciable water economy could be effected by 

savings in canal losses now experienced in the diversions .... 


. . . Fremont Reservoir could be operated on a forecast basis to reduce floodflows 

to the 2,000-cubic-foot-per-second bankfull capacity for most floods on lower 

Teton River. This regulation would also effect a large reduction of floodflows in 

lower Henrys Fork and a significant reduction of flows in Snake River below 

Henrys Fork .... 


. . . The channel capacity in the lower reach of the Teton River is about 2,000 cubic 

feet per second, and general inundation occurs with a discharge of 4,000 cubic feet 

per second .... 
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SELECTION OF TETON DAMSITE 

The reservoir was finally located as far downstream in the Teton River Canyon as elevation, 
topography, and geology would permit in order to minimize the cost of the conveyance system for 
water between the reservoir and the project lands. Alternative upstream sites were rejected because of 
smaller storage capacity and more difficult canal construction. Downstream, the topography was 
judged to be unfavorable. Engineers and geologists from USBR offices in both Denver and Boise 
participated in the final site selection. 

CORE DRILLING AT TETON DAMSITE AND RESERVOIR AREA 

About 100 core drill holes were bored at the damsite in the period 1961-1970. Locations of holes are 
shown in Figs. 4-2, 4-3, and 4-4. 

1961-62. 
The USBR started its diamond drilling program at the damsite and reservoir area in July 1961. Four 
drill holes were completed and two others started in that year. In 1962, drilling started in July and 
ended in November with the completion of the two holes started the previous year and the boring of 
six additional holes. Thus, twelve holes were drilled in the 1961-1962 period - ten near the damsite 
and two in the reservoir area about 9.6 miles upstream from the damsite. The total footage of drill 
holes was 5,107 lin ft. 

1967. 
A total of 36 holes was drilled at the damsite in 1967, as follows: 

Canyon Bottom 6 
River Outlet Works 10 
Power and Pumping Plants 4 
Right Abutment 4 
Left Abutment 7 
Spillway 5 

1968. 
Ten more holes were bored this year, consisting of six for the river outlet works, two on the left 
abutment, and two for the pump canal discharge line. In addition, three holes were drilled in the 
basalt riprap source area two miles downstream from the damsite. 

1969. 
Fourteen holes were completed at the damsite in 1969, comprising four for the river outlet works, 
two on the left abutment, one for the auxiliary outlet works, and seven for the spillway. In addition, 
seven shallow auger holes were bored in the spillway area. 

1970. 
Thirty holes were drilled at the damsite during 1970, including ten to check the pilot grouting results 
(nine on the left abutment and one in the canyon bottom). The other 20 were located as follows: ten 
at the river outlet works, six at the powerplant, three on the right abutment, and one on the pump 
canal discharge line. The holes drilled in 1970 to verify the results of the pilot grouting program are 
discussed later in this chapter. 

Percolation tests, using single mechanical packers, were made in the drill holes in intervals of from 10 
to 60 ft. Most of the sections were tested for 5 minutes each at pressures of 25, 50, or 100 psi. 
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Percolation tests showed many sections of rhyolite to be relatively impermeable, but individual cracks 
or joints were capable of transmitting large quantities of water - over 100 gpm. 

Extended pump-in tests were made in five of the drill holes on the right abutment. These were drilled 
on a dip of 60° (30° from vertical). (Fig. 4-3). (The following depth figures refer to vertical 
measurements.) In DH-301, water pumped into the hole at a rate of 290 gpm raised the water level in 
the hole 159 ft, and water pumped in at a rate of 460 gpm raised the water level 171 ft. In DH-302, a 
pump-in test for 19 hours at a rate of 450 gpm raised the water level 57 ft. In DH-303, water pumped 
into the hole for two weeks at a rate of 450 gpm raised the water level 185 ft. In DH-202, pumping at 
a rate of 165 gpm maintained the water level at the collar of the hole. In DH-203, water pumped in at 
a rate of 400 gpm raised the water level 200 ft (from the bottom of the hole, which was dry). During 
these extended pump-in tests, no water was found to leak from the abutment, although there were 
rises in the water levels in some of the surrounding holes on the right abutment. Chapter 5 contains 
more information on water testing of drill holes. 

The Bureau's bore-hole television camera was used to examine some of the drill holes on the right 
abutment and some of the grout-check holes on the left abutment. The camera observations showed 
many cracks and joints of apparent random orientation. The widest crack measured was 1.7 in.; most 
cracks were 0.1 to 0.5 in. wide. 

OTHER EXPLORATION 

In the period 1961-70, in addition to the core drilling programs, geological mapping of the joints 
appearing in outcrops in the canyon walls was carried out. In 1967 a magnetometer survey was made 
along the line of the proposed cutoff trench, to determine if any large cavities were present in the left 
abutment. The results of this survey were reported to be inconclusive. 

RESERVOIR LEAKAGE STUDIES 

The estimation of reservoir leakage was a major consideration in all the investigations leading to the 
final design. The bulk of the core drilling and permeability testing for this purpose was done in direct 
coordination with the dam foundation investigations. 

The Teton River normally loses water to the surrounding ground in the reach of the canyon where 
the dam is located. Although the water table has a regional gradient toward the southwest, locally in 
the vicinity of the damsite it slopes 5-1/2 ft per mile to the northwest. In addition to the regional 
water table, there is a well defined perched water table which, prior to reservoir filling, was 100 ft or 
more above the regional water table. 

In a report titled "Ground-water Aspects of the Lower Henrys Fork Region, Idaho," 1967, by E.G. 
Crosthwaite, M.J. Mundorff, and E.H. Walker of the U.S. Geological Survey, estimated seepage losses 
from the proposed Teton Reservoir were 49 cfs (rounded to 50 cfs, or 36,000 acre-ft per year). This 
figure was offered as only "an order of magnitude," and was compared with an estimate of 8 to 42 
cfs made by Okeson and Magleby of the Bureau of Reclamation in 1963. 

The Independent Panel regards reservoir loss rates as primarily of economic importance and not 
related directly to the safety of the dam. 
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ROCK CORE TESTING 

In 1970 the USBR laboratories in Denver made various tests of Nx and Bx core specimens of 
foundation rock selected from the Teton damsite. These tests were conducted to determine the 
physical and mechanical properties. The cores were taken from holes DH-1, DH-D, DH-L, DH-S6, 
DH-SlO, and DH-108. The test results are summarized in Table 4-1. 

The properties of each of the rock types tested - basalt and rhyolite - were found to be fairly 
uniform in their relationships, with the basalt having high elasticity and strength (averaging about 9.4 
million psi and 13 ,600 psi, respectively) and the rhyolite having lower corresponding values (averaging 
1.6 million psi and 5 ,960 psi, respectively). 

Tests of Nx rock cores from holes DH-402 and DH-403 at the site of the Teton Powerplant were 
made in 1970. They showed comparable average properties of basalt and rhyolite, namely 7 .1 million 
psi and 13,000 psi versus 2.3 million psi and 6,860 psi, respectively. 

The core specimens from these drill holes were subjected to petrographic examination at the Denver 
laboratory. 

PILOT GROUTING PROGRAM 

To assist in appraising the feasibility of the Teton damsite, the Bureau of Reclamation conducted a 
pilot grouting program on the left abutment of the Teton damsite in 1969. This program consisted of 
grouting and pressure testing 23 holes, including previously drilled exploratory holes as well as new 
curtain and blanket grouting holes. Curtain holes generally are part of an in-line series of relatively 
deep borings that are grouted with the objective of influencing seepage patterns. Blanket holes are 
usually shallower borings arranged in an areal pattern and grouted with the intent of strengthening 
the foundation. 

There were significant grout takes in several holes. The grout injection in two exploratory drill holes 
alone exceeded the originally estimated take for pressure grouting in the entire program. Final 
quantities injected into these two holes were 15,720 sacks of cement and 17,787 cu ft of sand. In the 
blanket grouting effort the largest grout take in any hole was 1,626 sacks of cement. 

In addition to other results, the basalt interflow was shown to be very hard but intensely jointed. The 
gravel layer between the basalt and the rhyolite accepted grout. 

The curtain holes showed exceptionally high takes at depths less than 70 ft and considerable grout 
travel, up to 300 ft downstream. Subsequently, after thickening the grout using cement-sand mixes 
and calcium chloride, the leaks tended to seal. Due to a persistent surface leak located 300 ft 
downstream of Sta. 33+00, stages from 30 to 70 ft could not be completed to refusal. Grouting of 
curtain holes at depths less than 30 ft was abandoned, since the key trench was expected to be at 
least that deep. 

In 1970 ten holes were drilled in the area of the pilot grouting to check the effectiveness of that 
grouting. Most of the water tests took very little water. Geologic logs were prepared showing the 
detailed water loss information, description of joints, and occurrences of grout found in the core. The 
drill cores contained numerous seams of grout ranging in width from about 1/50 of an in. to 4 in. The 
grout was generally well bonded to the rock. The USBR bore hole television camera was used in some 
of these drill holes to observe and measure the thickness and attitude of grouted cracks. Much of 
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TABLE 4-1 

SUMMARY OF FOUNDATION ROCK PROPERTIES 


Teton Damsite - Teton Basin Project 
Elasi- Compressive 

Specimen No. 
(DH-Depth) 

Sl0-51.7 

Rock ticity* 
type 106 psi 

Basalt 

Poisson's 
ratio 

strength, 
psi 

14,500 

Absorption 
%by wt 

0.28 

Specific 
gravity 

2.83 

Sl0-55.3 Basalt 9.4 15,800 0.20 2.83 

Sl0-55.5 Basalt 10,400 0.27 2.86 

108-50.7 

Avg. 

Basalt 

9.4 13,600 

0.30 

0.26 

2.80 


2.83 

1-318.1 Rhyolite 6,990 4.48 2.28 

1-319.0 Rhyolite 1.7 0.10 7,260 3.87 2.34 

1-320.9 Rhyolite 2.1 0.13 6,400 3.92 2.30 

1-321.6 Rhyolite 1.4 0.12 6,050 4.07 2.29 


D-29.7 Rhyolite 1.5 0.12 5,040 3.82 2.38 
D-31.9 Rhyolite 1.5 0.13 3,640 4.77 2.36 
D-32.3 Rhyolite 1.7 0.17 3,780 4.42 2.37 
D-34.1 Rhyolite 1.4 0.11 4,160 4.33 2.37 

L-249.0 Rh yo lite 1.1 0.13 6,000 5.04 2.24 
L-249.9 Rhyolite 1.6 0.15 7,400 4.84 2.25 
L-251.7 Rhyolite 1.6 0.17 6,820 4.34 2.27 
L-252.6 Rhyolite 1.7 0.16 7,230 4.32 2.27 

S6-262.8 Rhyolite **0.5 **0.10 6,880 3.42 2.40 
S6-265.3 Rhyolite 1.9 0.25 6,460 3.48 2.39 
S6-265.7 Rhyolite **0.7 **0.20 5,600 3.83 2.38 
S6-266.6 

Avg. 

Rhyolite 1.2 

1.6 

0.13 

0.15 

6,060 

5,960 

3.61 

4.16 

2.39 

2.33 

*Secant modulus of elasticity (Es) at 1000 psi stress, first cycle. 
**Es and ]..! at 500 and 700 psi stress for S6-262.8 and S6-265.7, 
respectively; these omitted from averages. 

Note: Specimens with no Es values were unsuitable for the test; 
DH-108 specimens broke in preparation. 
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the grout in the upper 50 to 70 ft of the holes was found in cracks and openings about parallel to the 
nearly horizontal flow planes in the rhyolite. 

From review of the drill logs and the pilot grouting data, it was concluded by the designers that it 
would be more economical to remove the upper 70 ft of the foundation than to conduct the grouting 
necessary to seal this horizon. Accordingly, a foundation key trench about 70 ft deep was provided 
above El. 5100 in both abutments seeking to intercept the more open-jointed rock and to reach a 
groutable horizon in the more sound rock. 

COMMENTS 

The final location of the Teton Dam was largely based upon factors not directly related to the 
foundation conditions at the site nor the type of materials available for the construction of the dam. 
The location was selected primarily because of the increased reservoir volume, as compared with 
upstream sites, and the lower costs of constructing the conveyance system from the reservoir to the 
project lands. 

The investigations of the geology in the region of the damsite and the foundation conditions at the 
site were sufficiently detailed to indicate to the designers that the selected site was as favorable for 
the construction of a dam as any of the other sites studied. 

The foundation exploratory drilling, geologic mapping, pumping tests, groundwater observations, and 
pilot grouting tests which had been completed prior to the adoption of the final design for Teton 
Dam were sufficiently detailed to provide the designers with adequate knowledge of the site 
conditions. The jointed character of the foundation rock, with the large water-carrying capacity of 
the joint system, was well documented from the results of the core borings, water testing of drill 
holes, groundwater table studies and the pilot grouting tests. The presence of the basalt flow in the 
canyon at the base of the left abutment was also well defined. Therefore, it can be concluded that the 
preliminary investigations had disclosed the major characteristics of the foundation and abutments 
needed to develop a satisfactory design. 
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CHAPTER 5 
GEOLOGY 

(Panel Charge No. 1) 

REGIONAL GEOLOGY 

Teton Dam is located in a steep-walled canyon incised by Teton River into the Rexburg Bench, a 
volcanic plateau draining into the Snake River Plain. The exposed rocks are almost entirely of 
volcanic origin (Fig. 5-1), but these are covered on the high lands flanking the canyon by a layer of 
aeolian sediments up to 50 ft thick. 

The volcanic rocks consist of quaternary basaltic cones and flows underlain and interfingered by 
rhyolite. Rhyolite accumulations include welded ash-flow sheets, lava flows, airfall and waterlaid 
tuffs, and tuffaceous sediments. 

Deep water wells have encountered lenses of sediments of late-Tertiary age enclosed within the 
volcanic units (Haskett, Gordon I., 1972). They are known locally as "lakebed" or "lake and stream" 
sediments. Lenses range from a few thousand square feet to several square miles in areal extent and 
from a few feet to over 900 feet in thickness. These deposits are believed to have accumulated within 
intermittent lakes created where volcanic flows dammed ancient stream courses. They were buried to 
their present depths by subsequent volcanic outpourings. 

The relationships of the geologic units are shown on Geologic Sections, Figs. 5-2 and 5-3. 

Regional Tectonic Activity. 

The region surrounding Teton Dam is one of volcanic and tectonic instability. Steep escarpments 
along major fault zones and records of the occurrence of earthquakes within historic time attest to 
continuing seismic activity. However, as discussed in Chapter 6, the Panel's investigation disclosed no 
evidence that earthquakes contributed in any way to the failure of the dam. 

Regional Groundwater Geology. 
An extensive network of joints has rendered the otherwise dense volcanic rock of the Rexburg Bench 
into a highly permeable aquifer. An indication of the magnitude of its permeability is found in the 
performance of wells which tap it. For example, a well located about three quarters of a mile 
downstream from the mouth of Teton Canyon, I~ mile from Teton Dam, reportedly produces 1,800 
gpm with a water level drawdown of only two feet. 

Groundwater replenishment is achieved by precipitation on the surface and percolation from streams. 
Streamflow measurements by the Bureau of Reclamation along the course of Teton River in August 
and October 1961 indicated that the stream lost from 25 to 50 cfs through percolation downstream 
from the site of the dam, but that streamflow losses in the upstream reaches were negligible. 

Groundwater also occurs within the buried lake and stream deposits which contain sand and gravel 
lenses. However, these deposits are generally regarded as poor aquifers in comparison to the jointed 
volcanic rocks. In some areas they form the base upon which perched water bodies accumulate. Local 
well drillers are known to terminate drilling when these sediments are encountered because of the 
lower probability of developing a satisfactory well within them. 
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GEOLOGY OF DAM AND RESERVOIR SITE 

The walls of Teton Canyon at the damsite consist of late-Tertiary rhyolite welded tuff which has 
undergone various degrees of welding. It is probably part of the Huckleberry Ridge Member of the 
Yellowstone Group that was emplaced approximately 2 million years ago as determined from 
radiometric measurements (Christiansen and Blank, 1972). Alluvium has been deposited in the 
channel of the canyon to a depth of about I 00 ft, and the high lands near the ends of the dam are 
mantled up to 30 ft with aeolian sediments. The relationship between these formations and those that 
underlie the ash-flow deposits are shown diagrammatically on Fig. 5-4. 

Rhyolite (Welded Ash-Flow Tuff). 
Rhyolite is a term used for all silicic lavas in the older literature and reports. More recently the air fall 
nature of these volcanic rocks has been recognized and thus they may be classified as welded ash-flow 
tuffs. Welded ash-flow tuff comprises most of the foundation for Teton Dam. Exposures at the site 
and cores from drill holes display varying degrees of welding. The rock is light weight, has a 
porphyritic texture with coarse-grained feldspar phenocrysts within a fine-to-medium-grained tuff 
matrix, and has variable jointing. Upstream from the dam axis, the tuff is divisible into three units. 
This division is based largely on variations in intensity and character in rock jointing and is described 
more fully under the subsequent paragraph on that subject. 

Physical and mechanical properties of the welded tuff from Teton damsite as determined by 
laboratory tests on selected drill core specimens are given in Table 4-1. 

The contact between the ash-flow tuff and underlying sedimentary deposits as partially established 
from the logs of foundation drilling appears to be an erosion surface of moderate relief (Fig. 5-5). 
Possibly, an ancient deep valley existed in this area with its channel about 400 ft below the elevation 
of the present streambed. 

Lake and Stream Sediments. 
Lake and stream sediments that interfinger the volcanic rocks consist of a variety of sedimentary 
types described in the logs of exploratory drill holes as tuffaceous conglomerate, agglomerate, 
sandstone, tuff, lapilli tuff, ash, tuffaceous sediment, volcanic ash, sand and gravel, boulders and 
cobbles, and interlayered silt and gravel (Table 5-1). 

Water pressure tests were conducted within the lake and stream deposits in a few deep drill holes. 
Table 5-2 summarizes this information and sets forth all significant water losses that were recorded. 
The results suggest that some zones within the lake and stream deposits are significantly permeable. 

Because of the lenticular structure of the lake and stream sediments, it has not been possible to 
correlate sand, gravel, or other apparently permeable members from one drill hole to another. 
However, behavior of groundwater levels in hole DH-506 suggests that Teton Reservoir was connected 
hydraulically with the lake and stream deposits. 

DH-506 is located on the right abutment on the projection of the axis of the dam about 500 ft 
beyond the end of the embankment (Figs. 5-5 and 5-6). It was drilled to a depth of 644.5 ft, the 
bottom 53.5 ft penetrating lake and stream deposits. A steel pipe piezometer was installed to a depth 
of 643.7 ft. A cement seal was emplaced between 576.4 and 566.5 ft to isolate the piezometer from 
shallower groundwater bodies. 
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TABLE 5-1 

TYPICAL DESCRIPTIONS OF LAKE AND STREAM SEDIMENTS 


UNDERLYING THE VICINITY OF TETON DAM 

As Abstracted From U.S. Bureau of Reclamation Drill Hole Logs 


Drill Vertical 
Hole No. Depth Interval 

(feet) 

1 440-443 
(Fig. 4-4) 	 443-454 

454-456 
456-467 
467-477 
477-482 

5 442-448 
(Fig. 5-5) 448-4.91 

9 276-288 
(Fig. 5-6) 	 288-291 

291-299 
299-309 
309-314 
314-324 
324-334 
334-335 
335-347 
347-351 
351-359 
359-377 
377-378 
378-379 
379-384 

102 276-290 
(Fig. 4-4) 

290-302 
302-326 
326-335 
335-413 
413-421 

421-506 

501 539-549 
(Fig. 5-5) 

549-556 

Core 
Recovery 

(%) 

100 

100 


22-100 

75-100 


9 
33 

15 

10-78 


3 
? 

58 
0 
0 
0 

22-38 
38 
95 

0 
22 

0 
40 

0 
45 

100 

100 
100 
50 

0 

0 


36 

0 

0 

Description 

Tuff (soft, friable) 

Tuff (quite hard and dense) 

Siltstone (quite well consolidated) 

Siltstone or silt (quite soft) 

Boulders and cobbles 

Sand and gravel 


Gray/white tuff (very soft) 

Tuffaceous conglomerate 


Tuff (dense, fine grained) 

Tuff (well consolidated) 

Silt (non plastic, compacted, quite dense) 

Gravel (rounded) 

Not described 

Gravel 

Silt (compacted) 

Silt (soft) 

Silt (lightly compacted) 

Gravel 

Silt (lightly compacted) 

Gravel 

Silty sand (75% fine sand, 25% fines) 

Gravel 

Silt and silty clay 


Tuff (or tuffaceous sandstone). Firm, 
cannot be broken with hands. 

Sandstone (tuffaceous, firm) 
Siltstone (or tuff, fairly hard) 
Lapilli tuff (fairly hard) 
Sand and gravel 
Sandy clay (80% medium plastic fines, 

20% fine sand) 
Claystone (fairly hard, quite brittle) 

Lapilli in a medium to well-consolidated 
fine tuff matrix 

Gravel (particles W' to 2" across) 
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TABLE 5-1 (cont.) 

Drill 
Hole No. 

Vertical 
Depth Interval 

(feet) 

Core 
Recovery 

(%) 
Description 

503 
(Fig. 5-6) 

216-226 
226-296 
296-306 
306-344 

30 
96 
20 

0 

Ash (crumbles in fingers) 
Tuffaceous sediment 
Sand and gravel 
Interpreted to be gravel with layers 

of sand and/or silt 

504A 
(Fig. 5-5) 

507-510 
510-517 

100 
99 

Volcanic ash (fairly well consolidated) 
Lapilli tuff (medium to well consolidated) 

506 
(Fig. 5-5) 

591-645 72-100 Tuff and lapilli tuff (medium to well 
consolidated, jointed) 

507 
(Fig. 5-6) 

343-351 
351-365 

365-372 

84 
90 

18 

Ash (crumbles with finger pressure) 
Tuffaceous sediment (scratches with 

hard fingernail pressure) 
Sand and gravel 

5-9 



AT TETON DAM 

Vertical Thick-
Vertical Elevation ness of Permeable 

Drill Hole Depth to Top to Top of Type of Permeable Sediments Results 

Number of Sediments Sediments Sediments Logged Penetrated Water Pressure Tests 

(Feet) (Feet) Loss Pressure 
Zone Tested GPM PSI 

DH-1 454 4846 Siltstone 13 4848 to 4839 1.6 25 
(Fig. 4-4) 2 50 

467 4834 Boulders & cobbles 11 Not Tested 

477 4823 Sand & gravel 3.6 Not Tested 

DH-5 448 4882 Tuffaceous conglomerate 44 4838 to 4882 31 25 
(Fig. 5-5) 34.5 50 

37.4 100 
4772 to 4729 11.3 25 

13.7 100 

DH-9 291 5130 Interlayered silt & 93 5074to5117 25 25 
(Fig. 5-6) gravel 37 100 

DH-15 145 4891 *Tuff breccia & gravel 5 Not Tested 
(Fig. 5-6) 

DH-102 149 4886 Gravel 4 *4884 to 4894 8 25 
(Fig. 4-4) 13.6 50 

19 100 

4879 to 4893 9 25 
12 50 
20.6 100 

Y' ..... 
0 

TABLE 5-2 
DESCRIPTIONS AND RESULTS OF WATER PRESSURE TESTS OF PERVIOUS 

SEDIMENTARY FORMATIONS WHICH UNDERLIE VOLCANIC ROCK 

*Sedimentary deposits underlying basalt in left abutment. Not related to the deeper lake and stream deposits. 



TABLE 5-2 (Cont.) 

Vertical Thick-
Vertical Elevation ness of Permeable 

Drill Hole Depth to Top of Top of Type of Permeable Sediments Results 
Number of Sediments Sediments Sediments Logged Penetrated Water Pressure Tests 

(Feet) (Feet) Loss Pressure 
Zone Tested GPM PSI 

DH-102 

(cont.) 290 4745 Sandstone & siltstone 36 4725 to 4745 7 25 


10.6 50 

13.4 100 


335 4700 Sand & gravel 78 Not Tested 


DH-501 549 4785 Gravel 7 Not Tested 

(Fig. 5-5) 

DH-503 206 5068 Sand & gravel 10 Not Tested 

(Fig. 5-6) 


DH-506 591 4745 Tuff & lapilli tuff 53.5 *Not Tested 

(Fig. 5-5) 


DH-507 365 4675 Sand & gravel 7.2 Not Tested 


DH-651 560 4772 Tuff, gravel & clay 35 4732 to 4772 35 10 

(Fig. 5-5) 


Vl. ...... ,_. 

*Hydrograph of piezometer sealed in bottom 20 feet of hole correlates with reservoir stage and water levels in adjacent drill holes. 



The hydrograph from the water stage recorder at drill hole 506 shows a fairly close correlation 
between groundwater levels in the lake and stream deposits, with other observation wells located in 
the right abutment, and with reservoir stage (Fig. 5-7). Thus, these observations would suggest a fairly 
extensive permeable zone to exist within the lake and stream deposit in the right abutment area. 
However, the effectiveness of DH-506 as a piezometer within the lake and stream deposits is subject 
to question. The log of the hole shows that the cement seal was placed in rock containing joints 
stained by moving water and that water pressure tests conducted within this interval showed 
significant losses as follows: 

Depth 
Interval Tested Pressure Length of Test Water Loss 

(ft) (psi) (min) (gpm) 

565-570 50 5 8.9 
100 5 13.6 

570-575 50 5 4.9 
100 5 6.4 

Thus it is possible that the cement seal is bypassed by open joints in the surrounding rock and 
therefore that the water levels and hydrographs recorded for this piezometer are not the true levels 
within the lake and stream deposits. 

Basalt. 
Basalt was encountered beneath the alluvium near the left wall of the canyon during site exploration 
and was subsequently exposed when the channel section for the dam was excavated (Fig. 5-4). Basalt 
was also exposed in the foundation for the power and pumping plant and in outcrops in the spillway 
stilling basin. Its source is believed to be an unidentified vent near the mouth of Teton Canyon, 
whence it flowed upstream over the thin veneer of alluvium covering the floor of the gorge to an 
elevation of about 5005 ft. The river eroded the basalt from the right side of canyon but left it on the 
left side, where it was subsequently buried with alluvial debris. 

Joints. 
Joints are prevalent in the volcanic rocks. They are exposed prominently in the walls of the canyon 
and are evident in the drill cores obtained during site exploration. In the right abutment, they are 
largely either steeply dipping or near horizontal in attitude. Flat-lying joints prevail upstream of the 
dam axis and vertical joints dominate downstream (Fig. 5-8). 

Joints in the reservoir walls are part of an extensive interconnecting system that transmits and stores 
groundwater beneath the Rexburg Bench. Regionally, they render the volcanic rock highly 
permeable, providing multidirectional flow paths. 

The three separate units of welded ash-flow tuff identified in the right wall of the canyon upstream of 
the dam are apparent in Fig. 5-9. They are described as follows: 

Unit 1, the uppermost layer, consists of lenticular and tabular plates mainly 2 to 6 in. thick, but some 
are up to 18 in. thick (Fig. 5-10). The plates are nearly horizontal and parallel the joint foliation in 
the rock. Open partings between plates are% in. to 2 in. wide. Some are coated with calcite layers up 
to % in. thick. Caliche and silt fill some of these openings in the upper 5 to 6 ft of the unit. High 
angle joints are scarce. 
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Unit 2, the intermediate layer, is gradational with the overlying Unit 1, the contact occurring at about 
El. 5250 ft. Jointing is moderate to intense. Horizontal partings prevail, but east-west trending high 
angle joints spaced at 10 to 20 ft intervals also are prominent (Fig. 5-11). Minor random joints are 
generally spaced 1 to 2 ft apart. Most joints are open from 1/8 in. to 1 in. and are coated or filled 
with calcium carbonate. Flow lineations due to flattened lapilli fragments and flattened vugs are near 
vertical. Contact with the underlying unit is marked by a breccia zone 6 in. to 2 ft thick consisting of 
rock fragments cemented with calcium carbonate. The contact zone is located at about El. 5185 ft. It 
is nearly flat lying, but in some places it is a wavy, irregular surface with openings ranging from 1 /4 to 
3 in. 

Unit 3 forms bold outcrops in the lower abutment from El. 5060 to 5185 ft (Fig. 5-9). Near vertical 
joints are prominent and can be traced for over 100 ft. The dominant joint trend is northwesterly 
with lesser northeasterly trends. Spacing is commonly 5 to 10 ft; with openings ranging from 1/4 in. 
to as much as 3 in. Most joints are stained with iron and manganese oxides. Separation along the 
dominating low angle joint planes has led to the development of prominent benches along the canyon 
wall. 

As previously mentioned, Unit 2 is not recognizable in the right wall of the canyon downstream of 
the dam. Here extensive, steeply dipping joints prevail (Fig. 5-12). The transition from predominantly 
near-horizontal to near-vertical jointing occurs near the axis of the dam (Fig. 5-13). 

DH-505, located at the extreme right end of the dam (Fig. 5-5), is slanted into the abutment at an 
angle of 30 degrees below horizontal and is oriented N20W along the projected bearing of the axis of 
the dam. It encountered several open joints. No grout was detected in the drill core; notwithstanding, 
the hole had been completed on November 20, 1974 subsequent to emplacement of the grout 
curtain. During drilling, all water return was lost at a depth of 70 ft and was not regained throughout 
the remainder of the operation. No water pressure tests were made because of caving and ravelling 
conditions. However, percolation tests made at two depth intervals are summarized as follows: 

Drill 
Hole Vertical Quantity 

Date 505 

(ft) 

El. --
(ft) 

Depth 

{ft) 

Injected 

{gals) 

Duration 

{min) 

Discharge 

{gpm) 

ll/12/74(A) 199.8 5234 100 2300 40 57.5 

11/19/74 399.8 5134 200 5705 90 
12:40 p.m.CB) 

11/19/74 399.8 5134 200 7970 135 
2:15 p.m.CB) 

(A) Unable to raise water level to surface. 
(B) Unable to raise water level above El. 5136. 

The drillers of DH-505 reported open joints between Els. 5272 and 5274 and a 0.6-ft seam at 5248 ft 
(Fig. 5-5). Thus, the existence of permeable joints beyond the end of the dam is established. 
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During filling of the reservoir in Spring 1976, water levels were monitored in a number of observation 
wells located in vicinity of the dam. Water levels in these holes responded to the rise in the reservoir 
stage, indicating hydraulic interconnection through the joint systems. The locations of these wells and 
hydro graphs reflecting the correlations are shown on Figs. 5-6 and 5-7. 

Some confusion arises as a result of the several different systems that have been used for numbering 
water level-observation wells. The Bureau of Reclamation has assigned two separate numbers to wells 
which were drilled for foundation exploration and later included in the groundwater monitoring 
program. In addition, the U.S. Geological Survey has assigned numbers following its customary well 
numbering system. Furthermore, local irrigation and domestic wells are often referred to by the 
owner's name. Table 5-3 provides a cross-index of these well designation practices. 

The rapid rise of the water table in response to reservoir filling indicates that joints in the canyon 
walls extend into and beyond the right abutment, and that the rock is permeable. It is apparent from 
Fig. 5-7 that at holes DH-5, DH-6, DH-503, DH-506, and Observation Wells Nos 7 and 8, the rise in 
water table was more rapid than that of the reservoir level during May and the first week of June 
1976. This condition is attributed to flow through dominant horizontal joints that exist in rock Units 
1 and 2 exposed in the right wall of the reservoir. As the reservoir reached the levels of these joints, 
water appears to have flowed along them and to have caused a more rapid rise in water elevation in 
the drill holes. A particularly rapid rise in groundwater occurred in DH-5 when the reservoir stage 
reached El. 5250, commencing about 18 days before failure of the dam. Since DH-5 is located 
downstream of the key trench, this rise indicates that some water from the reservoir was bypassing 
the dam, possibly flowing around the right end through interconnecting joint avenues. However, on 
the day of failure the water level in DH-5 was 104 feet lower than the reservoir. 

During geologic exploration of the site, prior to commencement of dam construction, water pressure 
testing of Nx-diameter drill holes in and near the dam abutments had in several instances shown high 
water losses. A listing of tests in which leakage exceeded 50 gpm is shown in Table 5-4. In addition to 
the customary pressure tests, experiments were conducted wherein water was pumped into drill holes 
in the right abutment. The injections were metered, and the effects on groundwater levels in other 
drill holes in the abutment area were observed. Fig. 5-14 depicts the results of a pump-in test at 
DH-303 wherein over 24 acre-ft was injected over a 15-day period. Running at maximum capacity, 
the pump for this test delivered a discharge of 440 gpm to DH-303 without filling it. Water levels rose 
in holes DH-5, 6, 204, 301, and 302 during the period of injection and dropped abruptly upon its 
termination. Results of the pump-in test at DH-303 confirm the openness and intercommunication of 
the joint system in the volcanic rock in the right abutment between DH-204 near the wall of the 
canyon and DH-6 which is located about 1100 ft west of the right end of the dam. 

Maps of the rock joints and geologic sections along the right abutment key trench invert prepared 
after failure of the dam are contained in Appendix E where additional photographs and detailed 
descriptions of joints are also found. The mapping program is discussed further in Chapter 3 under 
the section entitled Rock Joint Survey. 

Rock Cavities. 
During excavation of the dam foundation, large openings were uncovered in left and right abutment 
key trenches. Near the right end of the dam, two large fissures were exposed near Stas. 3+55 and 
4+34. These are shown in plan and cross-section in Figs. 5-15 and 5-16. Figs. 5-17 and 5-18 show the 
exterior and interior of the fissure near Sta. 4+ 34. Both fissures trend generally east-west and cross 
the axis. 
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TABLE 5-3 

CROSS-INDEX OF NUMBERING SYSTEMS FOR WELLS AND DRILL HOLES 


USED FOR MONITORING WATER LEVEL ELEVATIONS 


USBR 
USBR Exploration 
Observation Hole 
Well No. Designation USGSNo.** Local Designation and Comments 

1 6N/41E-llcdl Clyde Packer Irrigation Well. 
Equipped with Stevens A-35 Recorder. 

2 7N/41E-25cbl Trupp Irrigation Well. 

4 7N/42E-6ddl Remington Irrigation Well. 

5 7N/42E-8cal Schwendiman Well. 

6 Site A 7N/42E-l 7bcl Equipped with Stevens A-35 Recorder. 

7* Site C 7N/42E-19abl 

8* 7N/42E-l 9ccl Remington Irrigation Well. 

9* DH-6 7N/42E-19cdl Angle Hole - Dip 30° From Horizontal. 

lOA* DH-506 7N/42E-19dcl Deep Piezometer Monitors Underlying 
Lake and Streambed Deposits. 

IOB* DH-506 7N/42E-19dcl Shallow Piezometer. 

11 * DH-503 7N/42E-29bdl 

12* Corps Engrs 7N/42E-29bcl 
No.2 

13A* DH-507 7N/42E-30ad Deep Piezometer. Destroyed June 5, 
1976. Monitored "Lake and Streambed 
Sediments." 

13B* DH-507 7N/42E-30adl Shallow Piezometer. Destroyed 
June 5, 1976. 

14* DH-5 7N/42E-30abl 

15 Site D 7N/42E-32bbl Equipped with Stevens Type F Recorder. 

17 DH-8 7N/43E-16cbl Plugged at About 400 ft. 
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TABLE 5-3 (cont.) 

USBR 
USBR Exploration 
Observation Hole 
Well No. Designation USGS No.* Local Designation and Comments 

18 DH-7 7N/43E-2laal 	 Piezometer Open to Basalt Below 
467 ft. 

19 7N/42E-l 5abl 	 Supply Well, Hog Hollow Recreation Area. 

20* DH-504 7N/42E-19ddcl 

21* DH-501 7N/42E-19dcd2 	 Angle Hole - Dip 60° From Horizontal. 

* Observation wells located in vicinity of dam, Fig. 5-6. 
**Designates well location based on Township, Range, Section, Quarter-section, and Quarter-quarter 

section. Final number indicates whether the well was 1st, 2nd, 3rd, etc., to be drilled in the area. 
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TABLE 5-4 

SUMMARY OF EXCEPTIONALLY HIGH WATER LOSSES* 

EXPERIENCED IN DRILL HOLES IN RIGHT ABUTMENT 


DURING WATER PRESSURE TESTING 

(Locations shown on Figs. 5-5 and 5-6) 


Drill 
Hole 
No. Depth Interval Water Pressure Water Loss 

(ft) (psi) (gpm) 

5 51.8- 61.8 25 68.7 
61 - 71 25 56.6 
41 - 71 25 60 
73.3- 83.3 35 70 

117 -127 25 52.3 
102 -132 50 58 
141 -151 25 54.5 
100.6-160.6 50 55.2 
169.7-179.7 50 56.5 
190.3-200.3 25 64.6 
160.3-200.3 25 55.7 
210.2-220.2 25 42.1 
190.2-220.2 35 55.l 
160.2-220.2 50 52 
222.6-232.6 25 62.l 
242.4-252.4 25 59.7 
251.9-261.9 40 62.5 

6 27 - 77 85 52.4 
71.9-100.4 25 59.8 

140.4-190.4 90 50.1 
179.3-229.2 95 54.6 
254.6-304.6 100 51.6 
294.0-344 100 54.6 

102 15.5-306.l 6 112 

301 29 - 39 50 120 
49 - 59 50 110 
84.7- 94.7 50 100 
94.7-104.7 25 150 

104.7-114.7 25 100 
134.5-144.5 25 162 
144.5-154.5 90 57 
164.2-174.2 20 150 
174.6-184.6 20 150 
215.7-235.7 90 74 
235.5-255.5 100 32 

*Arbitrarily selected as losses exceeding 50 gpm. 
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Drill 
Hole 
No. Depth Interval Water Pressure Water Loss 

(ft) (psi) (gpm) 

301 255.5-271.7 50 53.7 
(cont.) 270.2-290.2 50 70 

289 .5-309 .5 50 90 
349.5-389.5 30 100 

302 24 - 39 50 112 
49.4- 59.4 90 62.1 
89.3- 99.3 30 157 
99.2-109.2 20 164 

126.4-136.4 50 79.6 
173.2-183.2 15 170 
181.8-191.8 15 150 
191 -211 20 150 
201 -211 25 120 
211.2-221.2 0 180 
269 .5-289 .5 0 165 
311.7-331.7 0 170 
370.9-390.9 0 180 

303 42.5- 52.2 10 115 
52.3- 60.3 0 75 
60.3- 70.3 0 75 
70 - 80 0 75 
80 - 90 0 93 
90 -100 80 100 
98.8-109.8 0 179 

119.6-129.6 0 165 
188.6-198.6 0 176 
267.7-277.7 0 110 

504 

505 

597 0 Pump-in test 11/20/74. 
Pumped in 6,589 gal 
from 8:00 a.m. to 4:00 p.m. 
Water level at 4:00 p.m., 
185.0 ft. 

Excerpt from USBR drill hole log: 
No percolation tests taken because of caving and ravelling 

conditions. 
Seam at 171.3 where drill rods dropped 0.6 ft after loosening 

chuck. 
120.6-123.5 "Void determined to be at least 3" wide" 
124-131 "Void determined to be at least 3" wide" 

TABLE 5-4 (cont.) 
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TABLE S-4 (cont.) 

Drill 
Hole 
No. Depth Interval Water Pressure Water Loss 

(ft) (psi) (gpm) 

505 137.1-138.9 "Void space up to l" locally along joint" 
(cont.) 139.8-141 "Scattered void spaces mostly less than 1/2" 

open along joint" 
143.3-144.6 "Scattered void spaces mostly less than 1/2" 

open along joint" 
"Hole at depth 199.8. Pumped through wire line rods with 

rods pulled back to 160.0 ft. Pumped in 2300 gallons 
in 40 minutes. (57.5 gpm) - unable to raise water level 
to surface." This test was performed 11/12/74 after 
installation of grout curtain. No grout was found in 
the core. 

5-24 



_________ 11 

PUMP IN RATE AT 
DRILL HOLE 303 IN 

.__ _ _._ _ __,'-------'----...1...1 GALLONS PER MINUTE 

498QL------'------L--~--'------L-----_......____, 
1 6 11 16 21 26 

REFERENCE DATA: SEPTEMBER 1970 
U.S. BUREAU OF RECLAMATION 

EFFECT OF PUMP-IN TEST AT DRILL HOLE 303 
ON WATER LEVELS IN NEIGHBORING DRILL HOLES 

FIG 5 14 U.S. DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 
• - . • INDEPENDENT PANEL TO REVIEW CAUSE Of TETON DAM FAILURE 

5-25 



OH 16 OH Il

EL 53i9.2 EL 5329.4
85/8 0/4 CASED HOLE 12EL 5328.3

59

OH EL 5329.4
EL 5327.9 95

64
OH.I5
EL 5327.9 57 r/70

\/

I/i
I/I

_____ ______ _____ 
OH.3

OHO227 Al

40OH II

yj.30
OHIO OH.4

__________ 
5r4.434

GROUT CAP I832E

OH.2

__________ _______ 

\\ OH 302 ErA 355
OH8

OH

\\ 105.C

//
/1

DH.9

27
/9

20 30

SCALE OF FEET

EXPLANATION
THInK SAfETY

uNiTED STares
ATMENT OT THE INTESIOR

OH 62 89
CUREAU Of RECLAMATIONOH

VertIcal air track drill hole hodflg EL 5322.1

TETON BASIN PROJECT62 depth to top of fissure ___________ LOWER TErON DIVISION -IDAHO

OH 0/ track drill hole showing direction OH 12

and slope of hole from vertical EL 5323.7
GEOLOGY EXPLORATIONS IN

OH 302 Core drill hole Location shown is the 85/8 0/A CASED HOLE
RIGHT ABUTMENT KEYWAY TRENCH

intersection of the hole with the floor EL 5322.9

of the keyway treoch Depth shown is
67

frov original ground Sorface
RuAITTfD

Boarders of fissure zones including

NOTE oawm.u ECO_rNoo

zones tilled with broken rock dashed
Rfer to dwg 549147134 AROiO

where inferred
for 960/Ogle s.c/Ions _______________________________________________________ 

IEWOALE /0440 APRIL /974

II VQ/d zone intercepted hr horizontal

SHEET 549147133

drill holes

DEPARTMENT OF THE INTERIOR STATE OF IDAHO
Zone of broken or loose rock intercepted INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE
by horizontal drill holes

ii
 



p. In p.

ELEVATION ELEVATION
ELEVATFON 58Th/A CASED HOLE ELEVATION

II IIIn

_N ON
pfl4 OW OW

____ 5260 OW 52605290
5260 owI_iOW OW OW

5285
5255 5255 5255

5280
5250 52505250

5275 ______ _____ ________ I8 _______ 52455245 97 2_--
5270 ___ ___

rap op CONCRETE

56 YO

5240
SOFT MAT IA

5240

\2\ 23 __5265 Y03 5235

5240 23 D_ 25

5245 \\

30
5235

27 AND

5235

RUBBLE
25

5260 -- 24YO3 ______ 5230 \\ 5230 szso

5255
50 Y03

TOTAL 25 YD3 37
5225 52255225

40

AND ERODED

52205250
SECTION D-D L41

Ii SECTION AA
50

II SECTION BB
52/0

ZONES
REPORTED IN TV CAMERA

5205 OBSERVATION

DEPTHS SHOWN ARE FROMPlaced 42774
I67 5200 ORIGINAL GROUND SURFACE

EL 5326.4Placed 5-6-74 66

Rock outline in fissure openings estimated

5/90
5/85

ELEVATION SECTION CC
II 5/80

5/80/A CASED HOLE5280

II5275
II

5/70
5270

/05 5/ss
/90

5265

5260

TO DEPTH
400.75255

5250
To3

PLWRVS ThinK SAFETY

5245
20 30

5240 SCALE OF FEET

5235

5230 ______________________________________________ 
UNITED STATES

OEPAETIAENT THE INTERIOR
SIJREAU OF RECLAMATION

TETON BASIN PROJECT
TOTAL 95 TO3 LOWER TETON 0/V/S/ON -IDAHO

GEOLOGIC SECTIONS ACROSS FISSURES IN

SECTION E-E RIG/IT ABUTMENT KEYWAY TRENCH

NOTE GEOLOGY 5U.MTEO
RoPer/a dwg 549/47133 for plan ORARNJ RECOMMENDED

CHECKED2J-I.1.CL41rV4. APPROVED

/EWPALEICAHO APRIL
/974J 549147 134____________________________________________ SHEET2OF2

DEPARTMENT OF THE INTERIOR STATE OF IDAHOFIG 16 INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILUJE

tfl 



Fig. 5-17 	 Rock fissure near Sta. 4+34 discovered during excavation 
of key trench of the dam . Crevice extends through axis 
of dam for nearly 100 ft both upstream and downstream. 
(1974) 

Fig. 5-18 	 Interior of fissure shown in Fig. 5-17 . Photo taken 10 ft 
from upstream wall of key trench . Spot in background 
is light from a bulb suspended through a 6-in. vertical 
drill hole located about 25 ft from camera. (197 4) 
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The fissure near Sta. 4+34 was entered and explored by a Bureau of Reclamation employee for a 
distance of about 100 ft both downstream and upstream of the dam axis and an estimated 100 ft 
below the key trench invert. An interview with him is summarized in a memorandum dated 
November 16, 1976, contained in Appendix B. He described the cavity downstream as fairly 
consistently about 4 ft wide with a floor strewn with angular blocks of rock measuring up to 4 or 5 ft 
on a side. Upstream from the keyway, the roof and floor of the cavity were reported lined with 
stalactites and stalagmites up to 3/8 in. in diameter. About 100 ft upstream from the keyway wall the 
fissure pinched and turned so that the end could not be seen. It was reported that in winter vapor 
could be seen emerging from the downstream segment and that this segment was warm and could be 
entered in winter without a coat. Conversely, upstream of the keyway the air was reported to be cold. 
The end of the downstream segment was blocked by a large rock "the size of a pickup truck." A 
room or passage could be seen beyond, but the opening into it was too small to enter. In one place 
the cavity walls were described as covered with a red coating "which rubbed off on our clothes." 

The interior of the fissure at Sta. 3+55 was not examined since it was too narrow to permit entry. 
High-slump concrete was poured into both fissures during project construction. (Fig. 5-16 and 
Appendix B document dated August 25, 1976.) The extent to which the uppermost parts of the 
cavities may have been sealed by this procedure is uncertain. However, the concrete-rock contact was 
drilled at three points during post-failure exploration, and in each instance the rock cores obtained 
displayed a tight bond between grout and rock (Chapter 3). 

The Bureau of Reclamation has referred to these cavities as tensional cooling cracks modified by 
ascending hot gasses and water vapor (Gebhart, L.R., et al, March 1974). Disruption caused by steam 
ascending from the saturated lake and stream deposits upon which they were emplaced could possibly 
have been a contributing factor. Another theory is that they are tension cracks that developed as the 
result of tectonic deformation. 

Additional description of these fissures and their treatment is contained in a memorandum to the 
Director of Design and Construction of the U.S. Bureau of Reclamation from the Project Engineer, 
Newdale, Idaho, dated March 14, 1974, Appendix E. 

Several other large fissures are exposed in the right wall of the canyon, one-eighth to one-quarter-mile 
upstream from the dam (FigS. 5-19 and 5-20). The walls of a few of these openings are curved and 
parallel with configurations such that opposite walls "fit" like the mating pieces of a jigsaw puzzle. 

Subterranean cavities in the region are commonly reported by local well drillers. A water well drilled 
in Section 18, northwest of the right abutment, is said to have encountered a void into which the drill 
bit dropped about 6 ft. At another well, the well bailer was lost in a cavity. The hole was 
subsequently abandoned and a new well started a few feet away. During this redrilling, the cavity was 
again encountered and the lost bailer snagged and fortuitously retrieved. 

The genesis of the cavities that have been observed or reported is controversial and perhaps academic. 
However, there is no question that they increase the permeability of the abutment and may serve as 
significant feeders to other joint conduits. Other cavities may lie undiscovered deep in the dam 
foundation . 

. Faults. 
Although Teton Dam is situated in a seismically active region, there are remarkably few identifiable 
faults in vicinity of the damsite. The closest two faults are located, respectively, about 10 miles 
upstream and 10 miles downstream. 
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Fig. 5-19 	 Opening in upper right wall of Teton Canyon 
1/8 to 1/4 mile upstream from dam . (post-failure 
photo) 

Fig. 5-20 Joint in right wall of Teton Canyon 1/8 to 1/4 
mile upstream from dam. (post-failure photo) 
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The U.S. Geological Survey has suggested the possible existence of a northeast trending fault in the 
right abutment of the dam (Oriel et al, 1973). Its approximate location is shown on Figs. 5-1 and 5-3 
as inferred by the USGS from aerial photographs and from geologic sections prepared as part of the 
Bureau of Reclamation's groundwater investigation of the Rexburg Bench (Haskett, 1972). The aerial 
photographs of the area west of the dam were interpreted as showing surface breaks in slope similar 
to lineaments sometimes manifested by eroded fault scarps. In some of the geologic sections, based 
upon information from water well logs, the ends of the lenses of volcanic and sedimentary deposits 
show a near-vertical alignment, suggesting possible truncation by a fault plane (Figs. 5-2 and 5-3). 

Inspection of the area through which faulting was inferred has failed to disclose positive evidence of 
the existence of a fault. Furthermore, as discussed in Chapter 6, no significant earthquakes were 
detected on the day of the failure by the sensitive seismographs that monitor this region. Should this 
fault exist near the right abutment as postulated, it is improbable that it played a significant role in 
the failure of the dam. 

Foundation Deformation. 
Teton Dam rests directly upon a foundation of welded tuff and basalt which in turn overlie the lake 
and stream deposits (Fig. 5-4). Physical properties of the volcanic rocks indicate these rocks to be 
strong and rigid except where locally weakened by joints (Table 4-1 ). 

Logs of exploration holes drilled into the lake and stream sediments describe some lenses of 
sediments as soft, friable, or lightly compacted (Table 5-1 ). These descriptions imply that the deposits 
are compressible. However, they could undergo further consolidation in place only if subjected to 
pressures that exceeded maximum historic loads. The heaviest loading at the site probably existed 
when the tuff was first emplaced, before Teton Canyon was incised by the river. Subsequent removal 
of rock during erosion of the canyon reduced this initial load and was undoubtedly attended by some 
elastic rebound. Construction of Teton Dam and filling of the reservoir restored only a fraction of the 
initial load inasmuch as the combined weight of water and embankment was considerably less than 
that of the rock that earlier occupied the reservoir site. While the weight of the dam and impounded 
water surely caused some elastic strain in the foundation, significant settlement is not expected to 
have occurred. 

Clearly, the lake and stream deposits have borne the weight of the overlying ash-flow tuff since its 
deposition about 2 million years ago, and they have had the ensuing period during whicli to 
consolidate. At the dam the load is presently approximately 570 ft of rock and soil on the right 
abutment, over 200 ft on the left abutment, and about 290 ft of alluvium and rock in the rive~ 
channel. 

That no significant deformation has occurred at the dam since its construction is evidenced by the 
results of geodetic and leveling surveys conducted before and after its failure. Tables 5-5 and 5-6 
compare pre- and post-failure elevations and positions of survey stations, the locations of which are 
shown on Fig. 5-21. Table 5-7 makes a comparison of benchmark elevations along part of the right 
abutment grout cap. No significant changes in elevation or position of the unmolested stations are 
indicated to have occurred. 

Inspections of the auxiliary outlet tunnel that passes through the right abutment disclosed no 
observable cracks in the concrete lining, providing further evidence that no significant deformation 
has occurred in this abutment, at least along the tunnel alignment, since completion of construction. 
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TABLE 5-5 

COMPARISON OF PRE- AND POST-FAILURE ELEV A TIO NS 


OF BENCHMARKS IN VICINITY OF TETON DAM 


Benchmark Designation* 
Pre-failure 

Elevations in Feet 
(Date of Survey) Post-failure Change, ft 

Tri Station BEV 5299.22 (4/24/72) 5299.18 -.04 

Tri Station CORA 5289.62 (4/24/72) 5289.62 .0 

Tri Station DOT 5280.96 (4/25/72) 5280.93 -.03 

Tri Station ALICE 5298.20 (4/24/72) 5298.16 -.04 

Photo Pt. 3-19 5323.69 5323.72 +.03 

Tri Station No. 7 5310.54 (7/24/69) 5310.52 -.02 

Station 0+00 5335.79 (5/7/74) 5335.67 -.12 

SS Bolt 17+79 Lt. 5331.95 (4/16/76) 5331.91 -.04 

Pt. 16+25 P.I. R.O.W. 5322.63 (10/17/74) 5322.67 +.04 

Tri Station No. 3 5290.51 (4/19/72) 5290.44 -.07 

SS Bolt 34+35.5 Rt. 5038.43 (8/18/75) 5038.33 -.10 

5038.41 (6/3/76) 5038.33 -.08 

4' x 4' Gate 5045.88 Prior to D/S Lt. 5045.80 
6/5/76 

D/S Rt. 5045.81 

U/S Lt. 5045.82 

U/S Rt. 5045.82 

Tri Station B-Pt.-9 5271.76 (4/19/72) 5271.71 -.05 

Cor. No. 3 5342.37 (10/17/74) 5342.35 -.02 

*Locations shown on Fig. 5-21. 

5-32 



TABLE 5-6 

COMPARISON OF DISTANCES BETWEEN SURVEY STATIONS 

MEASURED BEFORE AND AFTER FAILURE OF TETON DAM 


Tri. Sta1 To Tri. Sta. 
Distance 
Before 

Distance 

After 

Change in 
Distance
(ft) 


Trupp B-Pt-6 
 3,323.586 3,323.615 .029+ 

Trupp B-Pt-5 
 2,148.384 2,148.332 .052

Trupp Klatt 
 1,387,410 1,387.452 .042+ 

Klatt B-Pt-5 
 2,078.905 2,078.873 .032

Klatt B-Pt-6 
 2,496.616 2,496.609 .007+ 

B-Pt-5 B-Pt-6 
 1,651.849 1,651.826 .023

B-Pt-5 B-Pt-3 
 3,555.890 3,555.838 .052

B-Pt-5 B-Pt-9 
 2,901.992 2,902.008 .016+ 
B-Pt-6 B-Pt-9 
 2,980.990 2,980.964 .026

B-Pt-6 B-Pt-3 
 2,868.941 2,868.934 .007

B-Pt-9 B-Pt-3 
 1,476.568 1,476.533 .035

B-Pt-9 #3 982.586 982.600 .014+ 

B-Pt-9 #2 2,459.435 2,459.432 .003

B-Pt-3 #3 * 1,810.686 1,810.632 .054

B-Pt-3 #2 1,654.797 1,654.787 .01

#3 #2 2,005.236 2,005.210 .026

#2 Omega * 1,577.374 1,577.364 .01

#2 Gamma * 1,028.444 1,028.677 .233+ 

#2 29BD * 2,048.537 2,048.538 .001+ 

Omega Beta 2,182.560 2,182.517 .043

Omega 29BD * 2,723.499 2,723.470 .029

Omega Gamma 1,246.310 1,246.286 .024

29BD #7 * 3,367.434 3,367.481 .047+ 

29BD Beta * 3,122.492 3,122.493 .001+ 

29BD 12-8-A * 2,995.038 2,994.899 .039

Pot #1 Boot 2,149.352 2,149.365 .013+ 

Pot #1 Alice 2,809.447 2,809.482 .035+ 

Pot #1 Pot #2 1,656.547 1,656.536 .011

Pot #1 #7 1,670.932 1,670.939 .007+ 

12-8-A Beta * 2,513.037 2,512.972 .065

12-8-A #7 * 2,672.141 2,672.082 .059

12-8-A T-Pt-A * 1,985.313 1,985.315 .002+ 

Pot #2 Alice 2,056.381 2,056.397 .016+ 

Pot #2 Boot 2,319.802 2,319.667 .135

#7 T-Pt-A * 1,591.714 1,591.633 .081
#7 Alice 1,976.380 1,976.340 .04
#7 Boot 2,255.677 2,255.518 .159

*Distances computed from coordinates. 

1See Fig. 5-21 for locations. 
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TABLE 5-6 (cont.) 

Change in 
Distance Distance Distance 

Tri. Sta1 To Tri. Sta. Before After (ft) 

Boot Alice 1,336.178 1,336.005 .173

Boot Bev 1,937.760 1,937.606 .154

Boot Spur 643.659 641.706 .047+ 

Spur Alice 1,385.799 1,385.761 .062

Spur Bev 1,609.437 1,609.380 .057

Spur Cora 1,757.141 1,757.113 .028

Alice Bev 1,025.878 1,025.854 .024

Bev Eye 2,353.080 2,353.064 .016

Bev Cora 1,052.972 1,052.960 .012

Cora Eye 1,533.391 1,533.360 .031

Eye Spur 1,796.022 1,796.008 .014
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TABLE 5-7 
A COMPARISON OF 

ELEVATIONS OF POINTS ON THE RIGHT ABUTMENT 
GROUT CAP AS DETERMINED FROM SURVEYS 

MADE BEFORE AND AFTER FAILURE 
OF THE DAM 

Grout Cap 
Station 

Elevations in Ft 
Pre-failure Post-failure Change, ft 

11+72 5275.617 5275.618 +.001 

12+09 5254.120 5254.119 -.001 

12+16 5250.483 5250.462 -.021 

12+50 5223.524 5223.514 -.01 

12+60 5222.320 5222.312 -.008 

13+27 5198.422 5198.415 -.007 

Survey points consisted of straight lengths of Number 6 reinforcing bar which were embedded in the 
concrete grout cap. During dam construction, the contractor bent over or cut off those bars that 
threatened damage to his rubber-tired equipment. The stations included in this table were inspected 
by a Panel representative and judged to be unmolested. 
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FINDINGS OF ENGINEERING SIGNIFICANCE BASED ON AVAILABLE GEOLOGIC 
INFORMATION 

1. The volcanic rock surrounding Teton Dam is moderately to intensely jointed and, consequently, 
is permeable. At the damsite a blocky and slabby structure is displayed on the right abutment 
between El. 5185 and the canyon rim. A severely jointed zone is located above El. 5280. Both 
flat-lying and steeply dipping open joints are prevalent above 5185. Groundwater was therefore free 
to move with almost equal ease in most directions within the upper two zones, except locally where 
the joints had been effectively grouted. On reservoir filling, water moved rapidly to the foundation of 
the right end of the dam, as indicated by the observation well hydrographs of Fig. 5-7. Open joints 
also existed in the upstream and downstream faces of the right abutment keyway trench, providing 
potential conduits for access or egress of water. See maps, geologic sections, and photos, Appendix E. 

2. The rock beyond the right end of the dam is jointed and permeable. The log and water testing at 
drill hole 505 (drilled after emplacement of the grout curtain) suggest exceptionally high permeability 
above El. 5250. (Table 5-4 and Fig. 5-5.) 

3. Pump-in tests at drill hole 303 established the existence of interconnecting open joints between 
drill holes 5, 6, and 204; in other words, underground conduits exist on the downstream side of the 
dam through which water could travel from the right end of the dam to the canyon wall. These holes 
are all located either downstream or beyond the end of the grout curtain; therefore, it is doubtful 
that grouting significantly affected the carrying capacity of these joint paths. On the basis of these 
observations, it appears that no natural watertight barrier existed at the end of the dam and that it 
was possible for some water to follow the shortest path or paths around the end of the grout curtain 
and re-enter the canyon downstream. However, the maximum elevation of groundwater at DH-5, the 
only observation well near the downstream side of the dam, approached 5200 ft, which is 
approximately the level of the leak observed on the morning of the failure. Thus the available 
evidence argues that there was insufficient hydraulic gradient between DH-5 and the canyon wall to 
provide the high velocity underflow leading to the breakout that was observed at El. 5200 on the 
downstream side of the dam. 

4. The lake and stream deposits beneath the right wall of the canyon contain permeable members 
which may connect hydraulically with the reservoir and with drill hole 506 beyond the right end of 
the dam. Whether such members extend beneath the dam and interconnect with vertical joints or 
fissures that extended upward to the base of the embankment is not known. However, the lake and 
stream deposits beneath the Rexburg Bench are generally much less permeable than the overlying 
volcanic rocks. Although some leakage under the dam may have occurred through these sediments, 
flow through joints in the welded tuff was more likely a significant factor in the failure process. 

5. A comparison of geodetic surveys completed before and after failure of the dam indicates that 
no significant deformation of the dam foundation or vicinity occurred since construction of the 
project was undertaken. 
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CHAPTER6 
SEISMICITY 

(Panel Charge No. 2) 

HISTORICAL 

In general terms the region of Teton Dam is included in Zone 3 on the Seismic Risk Map of the 
United States, Fig. 6-1 (Algermissen, 1969). This is the zone of highest risk. Furthermore, the dam 
lies from 35 to 50 miles west of the great Intermountain seismic belt, a complex system of faults 
aligned in a north-south direction as shown on Fig. 6-2, numbers 1 to 13 inclusive. The general 
seismicity of the region is also indicated by the clusters of epicenters, as shown on Fig. 6-3 in the 
Yellowstone Park and the Jackson Hole area to the south of Yellowstone Park. 

However, it should be emphasized that the highly seismic areas mentioned above almost surround the 
long aseismic protrusion to the northeast of the Snake River plain; this is best seen on Fig. 6-2. It is in 
this relatively seismically quiet platform of Cenozoic volcanic and sedimentary rocks that Teton Dam 
was built. 

Prior to 1932 earthquake data are based almost exclusively on felt and damage reports. Furthermore 
from 1932 to 1961 no seismograph stations were operating in Idaho. Pre-instrumental epicentral 
locations may have errors of 10 to 20 miles. Since 1961 many seismometers have been installed and 
these have been especially valuable in identifying the location and magnitude of the smaller seismic 
events. In the period 1969-74, five earthquakes were located within 30 miles of the damsite and two 
of these had magnitudes greater than 3. 

GEOLOGIC SETTING 

The geologic history has been described in the previous chapter. It will suffice here to restate a few 
comments on the regional geofogic setting. 

The eastern Snake River plain is a northeast trending depression formed in late Cenozoic time with 
concurrent volcanism. Rhyolitic ash-flow tuffs lie beneath the younger basalts which make up much 
of the surface of the Snake River plain. At Teton Dam the two-million-year-old ash-flow tuffs are 
several hundred feet thick. 

Teton canyon is incised in this thick rock unit as a result of local uplift across the path of the river. 
Remnants of younger basalts are found in places along the canyon bottom. Downwarping, and 
possibly adjustments by faulting, continued until late Cenozoic time and undoubtedly the broad, 
regional picture is one of structural deformation continuing up until the present. 

FAULTING 

Fig. 6-2 shows the distribution of the major active faults, particularly the Madison (3), Hebgen (4), 
Yellowstone (5) and the Grand Valley fault zone (7). Teton Dam is located approximately 25 miles 
south of the Island Park caldera (6). 

The largest historic earthquake in the Intermountain seismic belt was in 1959 at Hebgen. The ground 
rupture of 15 miles with a 20-ft normal displacement produced a 7.1 magnitude earthquake 
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approximately 60 miles from Teton Dam. In 1964 a 5.8 magnitude earthquake was recorded in 
Madison Valley 25 miles north of Hebgen. 

Other large earthquakes in the belt have magnitudes ranging from 6.5 to 7. However, except for the 
Hebgen event, no earthquake within 50 miles of Idaho, or in Idaho, had a magnitude above 6.5. The 
nearest major fault to the dam is at Jackson Lake 35 miles to the east. 

Fig. 5-1 in the previous chapter indicates a fault passing close to the dam. On the basis of low swales 
or flexures in the surface aeolian sediments it has been interpreted as passing between core holes 
DH-5 and DH-6. However, Bureau of Reclamation personnel (Klein and Boch, 1973) suggested that 
neither of these deep, inclined holes showed evidence of faulting. 

Another fault, with a northeasterly inferred extension, has been mapped at White Owl Butte ten miles 
south of Teton Dam. It is doubtful if this inferred extension passes within several miles of the dam. 
Nevertheless, Greensfelder, in a recent seismicity study of Idaho, has suggested that the maximum 
acceleration at the damsite may reach a value as high as 0.25g. 

SEISMOMETER ARRAY 

To observe effects of water impounded by the dam, plus the weight of the dam, the U.S. Geological 
Survey installed three stations: Big Bend, Dry Creek and Garns Mountain. Their locations are shown 
on Fig. 6-4 under the code designations BBi, DCI and GMI. 

The Energy Research and Development Administration (ERDA) and the Idaho National Engineering 
Laboratory (INEL) had stations at Hamer (HID) and Taylor Mountain (TMI), localities indicated on 
Fig. 6-4. 

An additional station was installed at the Teton Dam project office and a strong-motion 
accelerometer was placed in the Teton Dam powerhouse. 

The results of the monitoring study by the U.S. Geological Survey can be summarized as follows: 

1. The most sensitive Teton Dam seismic monitoring station has a magnitude threshold of -0.1 ML 
in the immediate vicinity of the dam. 

2. No seismic events other than identified blasts were observed within a 30-km radius of the Teton 
Dam site during the period April 1, 1976 - June 9, 1976. 

3. The closest and largest earthquake during this same period was located southwest of Victor, 
Idaho, at a distance of 60 km from the dam, and had a magnitude of 1.7 Mv 

4. No seismic events of magnitude 2.2 ML or greater were observed within a 30-km radius of the 
dam during the period June 16, 1974 - March 31, 1976. All of the events within 20 km of the dam 
have been confirmed as blasts. 

5. No increase in seismicity around the dam was observed as the reservoir was filling. 

6. For at least four hours, the seismic monitoring network recorded ground motion generated by 
the release of the flood waters and the breakup of the dam. 

7. The strong-motion instrument at the base of the powerhouse has not been recovered. 

6-5 



1120 111 1100

Is

IONAL

MON TA NA

450 7LLOWSTONE

YELLOWSTONEISLAND PARK
RESERVOI LAKE

It

IDAHO
BBI

ASHTON

440 ________________________________ ______ ST AN ONY
JACKSO

HID
TETON DC

LAKE

DAM30km RADIUS
REXBURG

GM

IDAHOFALLS

WYOMING

SWAN VALLEY
69

411I

MI
PALISADES

RESERVOIR

430 _____GRAYS
LAKE

50 100 km

SCALE ioooooo

TETON DAM PROJECT SEISMIC STATIONS

INEL SEISMIC STATIONS

LOCATION OF SEISMIC STATIONS
REFERENCE DATA DEPARTMENT OF THE INTERIOR STATE OF IDAHOGEOLOGIC SURVEY FIG INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE



RECORDINGS MONITORING DAM FAILURE 

Ground motions induced by flooding water during the failure of Teton Dam were recorded at all 
seven stations in the U.S. Geological Survey array including the most distant, 78 miles from the site. 

The initial recording began at 11 :47 a.m. and vibrations continued for four hours. Fig. 6-5 is a 
portion of the seismogram from station GMI showing ground motion induced by the flood waters. 

COMMENTS 

Although the Teton Dam was constructed in a general region of high seismicity and a localized region 
of moderate seismicity, there were no seismic events triggered by filling the reservoir and there is no 
reason to believe that earthquakes were in any way responsible for the failure. 
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CHAPTER 7 

CONSTRUCTION MATERIALS 


(Panel Charge No. 4) 


A general description of the Teton Dam embankment is included in Chapter 1. (Figs. 1-2 and 1-3.) 
The canyon width at river level is about 750 ft (El. 5050 ±)and at the canyon top the width is about 
1,700 ft (El. 5320+ ). The abutments rise steeply 280± ft above the canyon floor. 

The dam embankment consisted of five zones of the following approximate volumes: 

Zone I 5,186,327 cu yds 
Zone 2 2,393,364 cu yds 
Zone 3 906,560 cu yds 
Zone 4 591,275 cu yds 
Zone 5 793,675 cu yds 

The upstream slope above El. 5185 was protected with a 3-ft thickness of basalt rock riprap measured 
normal to the surface. 

BORROW AREAS 

General. 
Embankment materials utilized at the Teton site consisted of the ML aeolian silts covering the 
uplands in Borrow Area "A" just north of the right abutment; GP and GW river-deposited gravel in 
the bottom of the Teton River Canyon immediately upstream of the Dam in Borrow Areas "C" and 
"C" Extension; and basalt from quarries developed about 3-1/2 miles north of the site. The borrow 
areas are shown in Figs. 7-1, 7-2, and 7-3. In addition maximum utilization was made of the material 
from the required excavations for embankment and structure foundations, the two outlet tunnels, the 
powerhouse, the tailrace channel, and the borrow pits. 

Required Excavation. 
The surface of the foundations occupied by the embankment and appurtenant structures was stripped 
of soil containing root concentrations, organic materials, and any unstable silts and clay. The stripped 
material was wasted in the disposal areas immediately upstream and downstream of the dam. The 
materials from foundation and structural excavation below the stripping were selectively placed in 
appropriate zones of the dam. River sands and gravels were placed in Zones 2 and 4. Loose rock and 
rock excavation were placed in Zone 5. Mixtures of clay, silt, sand, and rock fragments were placed in 
Zone 3. The construction separately of portions of Zones 2, 3, 4, and 5 was permitted where possible 
to minimize the stockpiling of required excavation. 

Borrow Area "A". 
Materials for Zone I and Zone 3 that were not available from required excavation were borrowed 
from Borrow Area "A". This area contained substantial deposits of caliche (a soil inclusion formed by 
cementation of material by calcium carbonate) and relatively hard cemented layers of overburden. 
Close control and selective excavation were required to avoid extensive deposits of caliche and 
cemented soils, as well as deposits of MH and CH lower-density soils. Occasionally, shallow layers of 
caliche and soils easy or moderately hard to excavate were blended in cut. Some relatively thick 
layers of caliche and cemented soils that would not break down readily under rolling had to be 

7-1 



p- --
..eeP Ap BP

OI -1_ \\

112 //

/1 // \\

/3hPA
_______--

OO5I1o NOTES 400 800

/75 Area

PLA

\TP

A326
AP 4319 J283/ jI Tffdb

TP AP-A328 AP-A325

PA3I8 APLS4Y FOrIOQS

thefIIowingdrawgsProposed R.O /-
TPC3 // SECTIONS I-I AND 22 549D181

and backhoe

ADDifO

f1LUJRYS TIll

TP C7 APA22O AP AP A209 AP

M/ AP A3/3 A289 Foom test embonkents see the
following

DEPAPrMENrorrNENrEAIoR
Tp 44 $ORROW AREA BORROW AREA PRE WETTING DATA 549 323 BUREAU OP REcLAMAroN

/0
UMMRY FIE LABOR RY TESTS 54 TETON BASIN PROJEOT

82 000

AP A267 AP A252 AP A247
LOWSR TETON DIVISION IDAHO

Match line Dwg

Fodrne see the

// TP c2oa AP AIO4AP4222t 7LL 2L/ __ FIG INDPNT OENDAUKEMatch Line Dwg 549 16 Test embankment area site No.2 AP A233 Test embankment area site No

72

o
o
so

o
 



2
I/
7

Match Line Owg 549 /65
Test embankment area site No

I5 _r-/
______\

AP

3y/_AI/
AP-A203

AAI AP-A244

7-A7 AP295AP-A2

A427I

/AP-A 55

P-AIO2

AP-A234

Ad5
A/AA2O7

sed ROW
AA272

BfR

AP-A2I
P-AI7

5O5 L_____N..

L5622 IL ///// APi2
fP

/.7723
AP274 7/

P-AI\\1APA96 Ap4I6

Match line Dwg.549-O-5O3

/APA278

AF-A273

12

JL
JP-A263

.5325 AP-A204

N.823 000

AP-A214f
Ie/

AP O/

AP-A26/AP-A226 /1
AP-AIOl 7/ PA51 AP-A4

AP-A334f AP

AP-A26I A258 AP A24I A237

o0

AP-A 108
AP-A14

AP-A 205

2II

./

________ 

Proposed
AP-A260

AP-A 259 40

U.825000

/2J21 PA 239

22tç I5/2

NOTES
For logs of explorations for Borrow Area

see the following drawings

SECTIONS 1212 THRU 1414 -- 549D174

400 400 800
SECTIONS 1515 AND 1616 549DI75
SECTIONS 717 AND 1818 549D176

SCALE OF FEET
SECTIONS 1919 AND 2020 549D177
SECTION 2121 549D178
SECTIONS 2222 AND 2323 549DI79
SECTION 2424 549D-I80

PLAN AT ON For
logs

of explorotions for Borrow Area

APA300 Inch power auger hole
see the following drawings
SECTIONS 88 THRU 1010 549D190

TPCI3 Test pit excavated by bockhoe

TpAI Test pit excavated by dragline

Quarry blast test site

RLWfiVS TllIflK SAfETY
UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

TETON BASIN PROJECT
LOWER TETON DIVISION- IDAHO

TETON DAM
LOCATION OF EXPLORATIONS FOR

BORROW AREAS 5Am AND

W0.H

OENVZR COLORADO JANUARY 14 549D166SHUT OP

DEPARTMENT OF THE INTERIOR STATE OF IDAHOFIG 72 INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE

7-3

C
A

3
3

5



JE IL IL

-- _j
00

\\

/y
III

hole

__j
TPC201 .__Test pits excaited by dmguneond backboe

822 000
P5/2

Ic 47//
---- AP4OI /A4It

-y AP412

Ar
____________________i

AP-4 AP-418 PC2O3 OTES

03

APC2O2
A4I32 FOeOe

expIorationsfor
ofttougerhoIa.- SECTIONS THRU 549 508

ProPosedROj
404

SECTIONS2I 21 THRU 2323 549-D-511

12O4
IP C207

t24 000

Ei.5324.3

BOG

fl 1/
Ii

___________________
SCALE OF FEET

549050
fl7 fl DEPARTMENT OF THE INTERIOR STATE OF IDAHO

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE

7-4

c. .
.. 

-----.---------

II II 



excavated to uncover the required quantity of suitable underlying Zone 1 type materials. Such 
required excavations and those that were unsuitable for Zone I by reason of excess quantities of 
caliche or hardpan were used in Zone 3. 

Borrow Areas "C" and "C" Extension. 
Materials for embankment Zones 2 and 4 that were unavailable from required excavation were 
borrowed from Areas "C" and "C" Extension. Seventeen percent of the necessary material was 
obtained from required excavation. Zone 4 was designed to facilitate the construction of the 
diversion cofferdam. After diversion of the river, Borrow Areas "C" and "C" Extension were subject 
to flooding during spring runoff. To assure an adequate supply of Zone 2 material when needed, all 
but 400,000 cu yds of the required Zone 2 quantity was stockpiled above the canyon wall upstream 
of the left abutment. As construction progressed, the volume of Zone 2 anticipated from required 
excavation and Zone 2 shrinkage factors were continuously monitored. By varying slightly the 
boundary between Zone I and Zone 2, the embankment was completed with the material available in 
the stockpile. 

MATERIALS AS PLACED 

Zone 1. 
Zone 1 is the impervious central core obtained from Borrow Area "A" located on the north side of 
the river canyon near the right end of the dam. 

Material in Borrow Area "A" was about 5 to 6 percent dry of the specified moisture content. Water 
was added by either ponding or by ripping and sprinkling. Material was excavated either with a wheel 
excavator in an 8-ft cut, or by scrapers. It was compacted by 12 passes of the USBR standard 
sheepsfoot roller. Zone 1 was placed in 6-in. compacted lifts with moisture and density control tests 
determined by the rapid compaction control method (Earth Manual, 1974 - Designation E-25). 

The earthwork construction control records show the following average values for Zone 1 material for 
2,608 tests: 

Ratio of fill dry density to maximum 
USBR dry density =98.2 percent 

Optimum moisture minus field moisture = 1.3 percent dry 
Fill dry density, minus No. 4 = 99.5 pcf 
Fill moisture content, minus No. 4 = 18.6 percent 

Zone 2. 
Zone 2 is the inner downstream shell and the upstream shell of the embankment and also forms the 
drainage blanket beneath Zone 3 and between Zone 3 and the abutment foundation surfaces. It 
consists of a mixture of fines, sand, gravel and cobbles obtained from required excavations and 
Borrow Area "C" and "C" Extension in the riverbed deposits upstream from the dam. Zone 2 was 
compacted in 12-in. lifts by either crawler-type tractors or vibratory compactors. Density 
requirements were controlled by the Relative Density Test (Earth Manual Designation E-12). The 
average relative density for 176 construction control tests was 94 percent. 

Permeability tests were made during construction on 18 laborato~-compacted specimens. As 
reported by USBR, the coefficient of permeability ranged from 0.7x10· cm/sec to 39 .3x10·6 cm/sec 
and averaged 9.4x10·6 cm/sec for 16 of the specimens. Two specimens tested at extremes of 2980 
and 1784x10·6 cm/sec. 
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Coarse and fine fractions, as determined by record tests during construction were: 

Fraction Average Range 

Plus 3-in. 10 percent 0 to 30 percent 
Plus No. 4 66 percent 45 to 76 percent 
Minus 200 4.5 percent 2 to 12 percent 

Zone 3. 
Zone 3 is an intermediate downstream shell utilizing material from Borrow Area "A", unsuitable for 
Zone 1, and Zone 1-, 2-, or 4-type materials. Zone 3 material was compacted in both 12-in. lifts with 
six passes of a 50-ton pneumatic-tired roller and in 6-in. lifts with 12 passes of a 4000-lb/ft sheepsfoot 
roller. Construction control methods used were the same as for Zone 1. 

The earthwork construction control records show the following average values for 118 tests: 

Ratio of fill dry density t.o maximum 
USBR dry density = 97.4 percent 

Optimum moisture minus fill moisture = 1.5 percent dry 
Plus No. 4 = 1.6 percent 
Fill dry density, minus No. 4 = 97.5 pcf 
Fill moisture content, minus No. 4 = 18.4 percent 

Zone 4. 
Zone 4 is the toe segment of the upstream shell utilizing the semipervious silty sands and gravels from 
the required excavations of the cutoff trench and Borrow Area "C" and "C" Extension, and also 
formed part of the cofferdam for river diversion. Downstream Zone 4 is the berm at the downstream 
toe of the dam utilized for storage areas near the power and pumping plant. Zone 2 type material 
from Borrow Area "A" was also placed in Zone 4. 

Zone 4 material was compacted in 12-in. lifts with four passes of a 40,000-pound crawler-type 
tractor. Density requirements were controlled by the Relative Density Method (Earth Manual 
Designation E-12). The average relative density for 94 construction control tests was 98 percent. 

Coarse and fine fractions, as determined by record tests during construction, were: 

Fraction Average Range 

Plus 3-in. 8 percent 0 to 31 percent 
Plus No. 4 61 percent 12 to 75 percent 
Minus No. 200 6 percent 2 to 15 percent 

Zone 5. 

Zone 5 is the outer layer of the upstream and downstream shells, utilizing cobbles, boulders and rock 

fragments from the required excavations of the cutoff trench, the foundation key trench, abutment 

cleanup, river outlet works, auxiliary outlet works, spillway, and Borrow Area "C" and "C" 

Extension. Zone 5 material was placed in 3-ft lifts and compacted by travel of the hauling and 

placement equipment. 


7-6 



PROJECT MATERIALS TESTING PROGRAM 

Soil Samples. 
Seventy-two soil samples were acquired by the Earth Sciences Branch, Denver Laboratory, during the 
project design period. The first 45 samples (SIB-I through SIB-45, Denver Laboratory index 
number) were acquired in May 1969. Thirty-nine were disturbed fine-grained materials from three 
prospective impervious borrow areas and six were gravel and sand from two prospective pervious 
borrow areas. Two samples (51 B-X46 and 51 B-X47) were composited of materials from 
representative test pits in Borrow Area "A" (TP-A2) and Borrow Area "B" (TP-B2). 

Undisturbed 6-in.-diam Denison-type samples were obtained from the embankment during 
construction at approximately 10-ft vertical intervals while drilling hole DH-DNGP-1 for geophysical 
testing of the embankment and represent the interval between EL 5133.5 and EL 4940.5. The hole 
was located 100 ft upstream of Sta. 20+00. Twenty samples from that hole (51 B-48 through 5 lB-67) 
were sent to the Denver Laboratory for both static and dynamic soil analyses. One composite sample 
(51BX68), representing the full length of the hole, was prepared for the various soil tests scheduled. 

Four hand-cut undisturbed samples (SlB-70 through SlB-73) were obtained from the cutoff trench 
during construction at the following locations: 

Embankment ~ Station Elevation 
19+00.7 4944.6 
19+01.2 4945.9 
19+04.7 4949.3 
20+51.3 4944.0 

Laboratory Tests on Borrow Materials. 

Gradation and Atterberg limits were determined for each sample from Borrow Areas "A" and "B" 

and specific gravity and moisture-density relationships were determined for four selected samples, 

two from each borrow area. All samples from TP-A2, Borrow Area "A'', were composited to form 

one sample (51B-X46). All samples from TP-B2, Borrow Area "B", were composited to form one 

sample (51B-X47). The composite samples were tested for gradation, Atterberg limits, specific 

gravity, moisture-density relationships, permeability, one-dimensional consolidation, triaxial shear 

strength, the modulus of deformation, and Poisson's ratio. 


Sample No. 51 B-X46, which classified as ML material, consolidated about 6 percent under a 300 psi 

loading, developed shear-strength parameters of tan¢'= 0.64 and c1 = 11.3 psi under lateral confining 

pressures of25, 50, and 100 psi. Permeability was 0.32 ft/yr under a 100 psi loading. 


Sample No. 51B-X47, which classified as CL material, consolidated about 6.5 percent under a 300 psi 

loading and developed shear-strength parameters of tan ¢ 1 = 0.58 and c 1 = 11.6 psi under lateral 

confining pressures of 25, 50, and 100 psi. Permeability was 0.18 ft/yr under a 100 psi loading. All 

tests were made on specimens compacted near maximum dry density (12,500 ft-lbs/cu ft compactive 

effort) and at either 2 percent dry of optimum moisture content or at optimum moisture content. 


The materials from borrow areas "C" and "D" are stream bed gravels and sands. Two samples (51 B-38 

and SlB-39) from Borrow Area "C" were tested for gradation and relative density. 


Laboratory Tests on Embankment Samples Obtained During Construction. 

Gradation, Atterberg limits, field moisture, and density were determined for the 6-inch undisturbed 

samples obtained from Zone 1 in Drill Hole DH-DNGP-1. These materials classified as silt or silty clay 
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(ML or CL-ML). Sample 51B-X58 was composited and remolded using approximately one-half of 

each undisturbed sample, and gradation, Atterberg limits, specific gravity, moisture-density 

relationship, one-dimensional consolidation, and triaxial shear strength were determined. Specimens 

compacted to about 98 percent of USBR maximum dry density at optimum water content for 

one-dimensional consolidation and triaxial shear testing consolidated about 7 percent under a 300 psi 

loading and developed shear-strength parameters of tan ¢' =0.70 and c' =0.02 psi under lateral 

confining pressures of 15, 30, 75, and 100 psi. All specimens were back-pressured for complete 

saturation and then sheared under consolidated-drained conditions. 


The USBR maximum dry density was 102.9 pcf at an optimum moisture content of 18.2 percent. 

The average dry density and moisture content of all the undisturbed embankment samples were 105.1 

pcf and 21.2 percent, respectively. 


Laboratory tests to determine soil behavior under dynamic loadings scheduled for sample No. 51 B-68 

have not been made. 


Samples 51B-70 through 51B-73 were tested for horizontal permeability in their undisturbed state. 

All were classified as silt or silty clay. Dry density varied from 85.7 to 89.4 pcf. The maximum 

horizontal permeability was 18.l ft/yr under a hydraulic gradient of 43. Permeability decreased at 

higher gradients. 


Summary of Laboratory Test Data for Zones 1 and 2. 

A summary of permeability tests for Zone 1 materials is shown in Table 7-1 and a summary of triaxial 

shear tests on Zone 1 materials is provided in Table 7-2. 


Riprap. 

The quarry sites finally selected and used for riprap were known as Hobbs No. 2 and Hobbs No. 2 

extension, located 3-1/2 miles north of the damsite. The rock, which is a massive vesicular to dense 

basalt, was exposed in bold outcrops with large talus blocks also present. The specific gravity ranged 

from 2.27 to 2.88. The loss by Los Angeles abrasion test was 7 percent at 100 revolutions and 31 

percent at 500 revolutions. 


Concrete Aggregate. 

Sand and gravel for concrete aggregate were obtained from Falls River streambed deposits about 6 

miles north of the damsite. Aggregate was processed at the pits into 3 in., 1-1 /2 in., 3 /4 in. and sand 

fractions. The gravel was subrounded with about 13 percent subangular and 4 percent flat particles. It 

was composed mainly of basalt, quartzite, and glassy volcanics with lesser amounts of schist, chert, 

and obsidian. The loss by Los Angeles abrasion test was 5 percent at 100 revolutions and 26 percent 

at 500 revolutions. 


The sand was subangular to angular and contained the same rock types found in the gravel plus 

quartz, feldspar, amphibole, garnet, and magnetite. Generally, the fineness modulus was about 3.10. 

A considerable percentage of both the gravel and sand was alkali reactive. 


PANEL'S INVESTIGATNE ZONE 1 SOILS TESTING PROGRAM 


As described in Chapter 3, undisturbed samples were obtained from Zone 1 during exploration of the 

right abutment remnant and tested for engineering properties in a number of laboratories in 

accordance with the schedule shown in Table 7-3. The locations from which the samples were 

obtained are shown in Fig. 3-5. 
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TABLE 7-1 

SUMMARY OF PERMEABILITY TESTS 


FOR ZONE 1 MATERIALS FROM 

BORROW AREA "A" 


Lab Coefficient 
Sample Field Depth Smaller Than of USBR 
Number Designation Sampled No. 200 Sieve PI Permeability Exhibit 

(ft) (percent) (ft/yr) (Appendix A) 

Remolded* (Vertical) 

51B-X46 TP-A2 0-18.0 74 NP 0.32 1.3, Table 3 
F-21 A-4 0-10. 68 3.1 0.37 1.3, Table 10 
F-81 A-13 0-20. 68 10.0 0.01 1.3, Table 10 

*USBR Designation E-13, 3" high sample in 8" permeability cylinder loaded to equivalent weight of 
fill. 

Undisturbed* (Horizontal) 

51B-70 
51B-71 
51B-72 
51B-73 

20+51.3 
19+00.7 
19+04.7 
19+01.2 

94 
93.4 
88.7 
92.1 

95 
93 
88 
97 

NP 
6 
NP 
3 

12.3 
13.0 
8.5 
6.4 

24,Memo Chief, 
Earth Sciences 
Branch, 10/6/75 

*High-pressure permeability 
85.7-89.4 pcf, Average for Zo

test apparatus 
ne 1, 100 pcf. 

under lateral pressure of 55 psi. In-place density, 

Remolded* (Vertical) 

146 
Record Tests 

See Exhibit 0.02
3.57** 

39, Earthwork 
Central Data 

*USBR Designation E-13. 
** Kav. = 0.47 ft/yr 
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All laboratories also made classification tests on the samples which they tested for other properties. 


Classification Tests. 

Table 7-4 shows the physical properties of representative samples taken from the Zone 1 material of 

the right abutment remnant. 


Triaxial Compression Tests. 

Five series of tests were made to determine the stress-strain characteristics of Zone 1 material for use 

in finite element stress analyses. These tests were made under consolidated-drained conditions at 

confining pressures of 15, 40, 70, and 100 psi on 1.4-in.-diam specimens, 3-1/2 in. long. Three series 

were made with the specimens at placement moisture content and two at saturated moisture content. 

One of the series at placement moisture and one at saturated moisture were conducted by 

stress-control techniques to investigate the creep characteristics under loads sustained for several days. 

Guided by the results of these tests and those of the Project Soils Testing Program, strength and 

stress-strain parameters were developed for use in the finite element analyses as discussed in 

Appendix D. 


Permeability Tests. 

Seven tests were made on specimens cut from undisturbed block samples for permeability in a 

horizontal direction. Three tests were made with the specimen saturated and four unsaturated. The 

overall average horizontal coefficient of permeability was Sx10-6 cm/sec. 


Erosion and Dispersion Tests. 

Although the highly erodible character of windblown silts of the type used in Zone 1 are well known 

to the engineering profession, the erodibility characteristics of these soils were determined by both 

quantitative and qualitative tests. The quantitative test procedures used were the flume test and the 

rotating cylinder test. The qualitative tests used were the crumb test, the dispersion ratio test and the 

pinhole test. 


The flume and rotating cylinder tests which are specifically designed to test soil erodibility indicated 

clearly that the materials tested were highly erodible. The pinhole, crumb, and dispersion ratio tests, 

which are primarily designed to test the dispersive character of soils yielded mixed results. The results 

of the erosion and dispersion tests coupled with field observations of the material as it was excavated 

from the remnant on the right abutment, leave no doubt that the Zone 1 material was highly 

erodible. 


Unconfined Compression Tests. 

Unconfined compression tests were made on undisturbed specimens at placement moisture and on 

specimens compacted at· various moisture contents to densities comparable with that of the 

undisturbed sample to assess the stress-strain relationships (brittleness) of Zone 1 material when 

placed at moisture contents both dry and wet of optimum. These tests confirm that Zone 1 material, 

when compacted dry of optimum, is brittle as evidenced by the shape of the stress-strain curves. The 

complete reports of tests are available in the Panel's records. 


COMMENTS 


Zone 1 - Core Material. 

As has been described above, the Zone 1 material which formed the core comprised more than half of 


the volume of the dam. The material is a fine, wind-blown silt, primarily an ML material. As 
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TABLE 7-2 
SUMMARY OF TRIAXIAL SHEAR TESTS 

FOR ZONE 1 MATERIALS 

Remolded* 

Lab 
Sample 

Number 
Field 

Designation 
Depth 

Sampled 
(ft) 

Smaller Than 
No. 200 Sieve 

(percent) 
PI 

Degree of 
Saturation 

(percent) 
tan~' c' 

(psi) 

Ko 

E E 
(in.fin.) (psi) )1 

USBR 
Exhibit 
(Appendix A) 

51BX46 A-2 0-18 74 NP 70 0.64 11.3 0.005 
0.01 
0.05 
0.08 

5118 
5676 
4856 
5367 

0.1306 
0.1700 
0.2484 
0.2847 

1.3, Table 5 
UU Test 

-;-l--
51BX47 B-2 0-18 61 14 70 0.58 11.6 0.005 

0.045 
0.080 
0.115 

8081 
2529 
2663 
3287 

0.047 
0.1864 
0.2624 
0.2868 

1.3, Table 5 
UU Test 

51BX68 DH-DNGP-1 1.3-193 74 6 77 0.70 0.2 24, Table 3 
2, pp 61, 62 
El. 5133.5 
Sta. 20+00 
100 ft upstream 
CD Test 

*USBR Designation 
2"x5" specimens 
K = 03 

0 -
01 

No tests were made on undisturbed samples. 



TABLE 7-3 

POST-FAILURE TESTS PERFORMED FOR INDEPENDENT PANEL 


Laboratory 

Northern Testing 

Laboratories 


Billings, Montana 


Earth Sciences Branch 
USBR 
Denver, Colorado 

Corps of Engineers 
Waterways Experiment 

Station 
Vicksburg, Mississippi 

University of California 
Davis, California 

University of California 
Berkeley, California 

Teton Project Laboratory 
Newdale, Idaho 

Samples 

Supplied 


5255D4-1 
5250IR-U3-2 

5270D3-l 

5270U2-l 
5755U4-1 
5255D5-l 

5270D4-2 
5270D5-l 
5270U5-l 
5285U4-1 

5240D5-l 
5255D4-2 
5270U3-l 
5250IR-D3-l 
5260IR-D2-l 

5240D5-2 
5255D4-3 
5270U3-2 
5250IR-D3-2 
5260IR-D2-2 
5240D5-3 
5235IE-D4-1 
5270U3-3 
5255U3-l 
5255D3-1 

5270U5 
5270D3-2 

All 

Tests Made 

Drained triaxial shear at field moisture 
Drained triaxial shear at saturation 

moisture 
Spare 

Drained triaxial shear at field moisture 
Drained triaxial shear at field moisture 
Drained triaxial shear at saturation 

moisture 
Unconfined compression 
Spare 
Spare 
Spare 

Pinhole dispersion 
Pinhole dispersion 
Pinhole dispersion 
Pinhole dispersion 
Pinhole dispersion 

Rotating cylinder erosion 
Rotating cylinder erosion 
Rotating cylinder erosion 
Rotating cylinder erosion 
Rotating cylinder erosion 
Flume erosion 
Flume erosion 
Flume erosion 
Flume erosion 
Flume erosion 

Horizontal permeability 
Horizontal permeability 

Classification 
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TABLE 7-4 
SUMMARY OF CLASSIFICATION TEST DATA 

SAMPLES FROM REMNANT OF KEY-TRENCH FILL 
RIGHT ABUTMENT 

Property Mean 
Approx. Std. 
Deviation 

Usual 
Range 

liquid limit 26.4 0.8 23-31 

Plasticity Index 3* 0-11 

Water Content 22 5 14-32 

% less than 200-mesh 80 6 55-95 

No. of samples tested for each property was approximately 150 
* 40% of samples non-plastic 
Usual classification ML, occasional samples CL 
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compacted in the dam at less than optimum water content, it was very brittle and, because of its 
composition, extremely susceptible to erosion by flowing water. These two properties of the Zone 1 
material, erodibility and brittleness, were prime factors which contributed to the failure of Teton 
Dam. The brittle nature of the Zone 1 material substantially increased the potential for cracking, and 
would sustain cracks once opened. The very high erodibility of the Zone 1 material permitted rapid 
piping of the material when subjected to flowing water through cracks in Zone 1 and along open 
joints 4t the foundation contact of Zone 1. 

The strength of the Zone 1 material was a factor in the failure mechanism. The material, as 
compacted in the dam, permitted continuous erosion channels (pipes) to be formed in the core 
without any evidence of their existence becoming visible from the exterior of the dam. There is no 
doubt that channels had developed within the dam, in Zone 1 and possibly also in Zone 2, before the 
leaks were noticed at the downstream face of the dam on the morning of June 5th. The large volumes 
flowing from the leaks, the "loud burst" that was heard when the leak at El. 5200 broke out of the 
dam, and the observation of the 6-ft-diam tunnel in the dam reported by Mr. Robison, the Project 
Construction Engineer, all point to the probability that the Zone 1 material had been eroding for 
some time before the visible signs. of failure appeared on June 5, and that the combination of 
erodibility and strength of this material had led to the formation of a major tunnel or pipe. Had the 
material been weaker, the internal erosion might have caused caving near the place where erosion 
initially took place, and continuing erosion might have resulted in a sink hole appearing on the 
surface of the dam. 

Thus, it can be concluded that the nature of the Zone 1 material, and the manner in which it was 
utilized, were major factors leading to the failure of the Teton Dam. 

Zone 2. 
Zone 2 was intended to form " ... a blanket and chimney drain in the downstream shell ... to assure 
positive control of the phreatic line during periods of high reservoir levels and to provide drainage 
control of seeps through the foundation ...." (p. 24, USBR "Design Considerations," October 1971). 

Record permeability tests made on remolded samples of Zone 2 material during construction raise 
some question about the suitability of this material for a drainage blanket and chimney drain. These 
test results suggest that much of the Zone 2 material may have been nearly as impervious as the Zone 
1 material. 

Grain-size analyses of large-volume samples of Zone 2 material taken from the remnant on the left 
side showed that between 5 and 11 percent of the material was finer than the No. 200 sieve. This 
suggests a low permeability. Further evidence that the Zone 2 material is less pervious than planned is 
the fact that Zone 2 of the dam remnant on the left is standing on very steep slopes, which a 
non-cohesive, free-draining sand and gravel would not do. 

The low permeability of the Zone 2 material probably prevented the leakage which was occurring 
through the erosion channels in Zone 1 from making an earlier appearance at the downstream face of 
the dam. 
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CHAPTER 8 

PROJECT DESIGN 


(Panel Charges Nos. 5 and 7) 


Teton Dam was designed under the direction of the Office of Design and Construction, U.S. Bureau 
of Reclamation, at the Denver Federal Center. Its Division of Design had responsibility for 
supervision and coordination of the design program. 

DESIGN OF DAM 

USBR design notes* indicate recognition of the difficulties presented by conditions at the damsite. 
Early consideration was given to control of seepage issuing from the foundation under the 
embankment and to prevention of piping due to cracks in the core. Some of the measures considered 
as the design evolved were: (1) excavation to groutable rock in key trenches; (2) excavation, dental 
treatment, special compaction, and slush grouting under the core outside the key trenches; (3) drains 
or pervious blankets on the downstream side of the cutoff trench; (4) blanket grouting, slush 
grouting, guniting, or special compaction of earthfill in the cutoff trench bottom; (5) downstream 
drain holes or tunnels; and (6) semipervious zones on the upstream and downstream sides of the core 
so that cracks in the core would not result in failure by piping. Not all of these measures were 
adopted in the final design. 

The designer's notes identify the core material as a silt, or soil classification ML. It is labelled as 
abundant, inexpensive, strong in frictional resistance, low in permeability, erodible, and susceptible to 
cracking. Late in 1970, apparently to avoid damaging the environment by disturbing the alluvial 
materials downstream from the dam, the designers decided to use as much as possible of the silt, with 
a corresponding reduction of sand and gravel requirements. 

The design finally adopted for the Teton Dam and its appurtenances is shown in Figs. 1-2 through 
1-6. A description of this design follows: 

The seepage barrier in the central part of the dam consisted of a wide impervious zone of silty 
material in the embankment proper and a grout curtain in the foundation rock. In the abutments it 
consisted of an impervious backfill of the same silty material in a key trench excavated to a depth of 
about 70 ft through the heavily jointed rock and, beneath the backfill, a continuation of the grout 
curtain. Beneath the spillway structure on the right abutment, the key trench was omitted and the 
grouted cutoff extended downward from the base of the structure. 

A substantial transition zone of selected sand and gravel was provided upstream of the seepage barrier 
in the embankment (but not in the key trenches). 

Downstream of the impervious core of the embankment proper was a drainage or filter zone of 
modest dimensions, consisting of selected sand and gravel. It extended to the bedrock of the valley 
floor and was then continued downstream beneath a random zone and a downstream rockfill zone. 
No transition material was placed between the impervious core and the alluvium on the bedrock 
valley bottom and no transition zone was provided in the key trench downstream of the grout cap 

*Notes by W.G. Harber, USBR file, dated March 1967, November 1969, May 1970, and October 
1970. 
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against the bottom or side of the bedrock trench. Instead, the core material in the key trench was 
placed directly against the rock by "special compaction" of a 2-ft thickness at a moisture content 
specified to be somewhat above that of the rest of the backfill and compacted by small hand-operated 
compactors or by rubber-tired equipment. 

The specifications provided for grouting under pressure any faults, joints, shear zones, springs, or 
other foundation defects, when determined necessary by the contracting officer. There were no 
provisions for treatment of such foundation defects by the surface application of slurry grout. 

During post-failure investigative excavation of the embankment remnant on the right abutment 
between the spillway and about Sta. 13+00, no evidence was found that joints had been treated on 
the bottom of the key trench in that area. Actual construction procedures are covered in Chapter 9. 

No drainage system was provided for either abutment, and no downstream piezometers were called 
for. 

Thus, the final design depended for seepage control almost exclusively on the impervious core, the 
key trench backfill and on the grout curtain. Although the upstream face of the impervious core in 
the embankment proper was protected by a transition zone, the only downstream defense against 
cracking in the impervious fill or against concentrated leakage through it was the drainage zone, and 
this did not extend into the key trenches. In fact, there is reason to question whether there was an 
effective downstream drainage zone anywhere since Zone 2 material does not appear to have been 
adequately permeable (Chapter 7). 

Foundation Details. 
The foundation treatment specified at Teton Dam was based upon an examination of drill hole data 
such as rock type, extent of fracturing, drill hole water losses, and on the pilot grouting done in 1969. 
It consists basically of four elements, as shown on Figs. 1-2 and 1-3: 

(1) 70-ft-deep, steep-sided key trenches on the abutments above El. 5100. 

(2) A cutoff trench to rock below El. 5100. 

(3) A continuous grout curtain along the entire foundation, extending about 1000 ft into the 
right abutment and about 500 ft into the left abutment. The grouting pattern consists of one row of 
grout holes with two outer rows of grout barrier holes, except in certain areas below El. 5100 where 
the foundation was less jointed and where only one or two lines of holes were placed. Actual 
techniques and patterns adopted during construction varied from those specified in design. (Chapter 
9.) 

(4) Excavation to rock under Zone 1 on the abutments. 

Stripping. 
Stripping was required beneath all embankment zones outside of the cutoff trench. Stripping depths 
used to arrive at the specifications estimate were based on drill hole logs, test pit logs, and 
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descriptions and photographs in the design data. These data indicated that the foundation below El. 
5040, with the exception of the existing river channel, would have to be stripped to an average depth 
of approximately three feet. 

Outside the cut slopes of the cutoff trench and key trenches, the embankment foundation area was to 
be stripped to uncover material equal in strength to the overlying embankment materials. The valley 
floor downstream, underlying Zones 2 and 5, was to be stripped to expose Zone 2 type material to 
insure proper drainage characteristics in the downstream toe, and the abutments were to be shaped to 
provide a reasonably smooth surface that would permit adequate compaction of the embankment 
against the foundation with little or no special compaction. 

In accordance with the USBR design practice of not requiring stripping to rock under coarse-grained 
zones, stripping specifications did not require removal of in-situ impervious soils from the abutments 
prior to placement of the Zone 2 blanket drain. As applied at Teton Dam, this requirement is based 
on the USBR's premises that: 

(1) "If the rock is open, any normal flow would be continued in the jointed rock." 

(2) "Concentrated normal flows which would surface could be handled by the Zone 2 gravel 
drain." 

(3) "Flows large enough to cause washing of silt beneath the gravel blanket into rock 
openings were not expected." 

Stripping was not required under the El. 5041.5 downstream berm or under the fill on the southeast 

side of the powerplant tailrace channel. 


Key Trenches. 

A foundation key trench was to be excavated above El. 5100 on each abutment to intercept the more 

open rock joints and to reach a groutable horizon. The trench was to be excavated 70 ft deep, 

measured from the original ground surface, as shown in Fig. 1-3. 


A bottom width of 30 ft was selected to provide space for construction equipment and for three lines 

of grout holes. In response to questions posed after the failure, the USBR stated that although the 

hydraulic gradient was recognized as somewhat higher across the key trench than the normal USBR 

standard, laboratory tests on the material did not indicate that there would be a problem with piping. 


Spillway Treatment. 

The key trench was omitted under the spillway. The bottom of the trench was sloped at 1.5:1 from 

the edges of the spillway cut down to the 70-ft trench depth. It was anticipated that blanket grouting, 

closely spaced closeout holes, and large-volume grout injection would be required to seal the 

foundation under the spillway. 


The decision not to continue the key trench under the spillway was based on a desire to avoid 

differential settlement that might crack the spillway structure. The rock foundation under the 

spillway was judged to be adequate to carry the design load and was considered suitable for blanket 


8-3 



and curtain grouting. The cutoff beneath the spillway crest formed a portion of the grout cap for 
deep grouting of the right abutment. 

Cutoff Trench. 
The design width of the cutoff trench varies on the basis of a reference width of 30 ft at El. 4920, as 
shown on "Cutoff Trench Plan," (Fig. 1-3). The El. 4920 reference line was used to dimension the 
cutoff trench and does not indicate the bottom of excavation. Above El. 5030 on the abutments 
where overburden is shallow, the top of the cut slope for the cutoff trench is referenced to the 
intersection of outer slopes of Zone 1 with the bottom of stripping. This intersection line is shown in 
Fig. 1-3, and in "Typical Abutment Section A-A," Fig. 1-2. 

Across the canyon floor the specifications estimate provided for excavation through recent 
river-deposited gravel and into the rock in the bottom of the cutoff trench. On the abutments the 
cutoff trench was to be excavated through weathered and loose or open-jointed rock to a firm 
relatively tight horizon. In addition, irregularities were to be removed and the remaining surface 
sloped to 0.5: 1 or flatter. 

Grouting. 
Erosive seepage under the embankment was to be prevented by injecting the foundation with grout. 
Foundation investigations at the damsite indicated that large grout quantities would be required to 
produce a tight curtain, and that special procedures would be required to prevent excessive travel of 
the grout. 

Water tests in core drill holes indicated the abutments above EL 5100 to be very pervious. In these 
areas, therefore, three rows of grout holes were to be provided, with the outer rows 10 ft upstream 
and 10 ft downstream from the center. 

The pilot grouting program in 1969 demonstrated that conventional grouting procedures would result 
in grout travel far beyond the limits of the intended grout curtain. From a design standpoint, grout 
extending more than about 100 ft from a vertical plane through the grout cap was judged to serve no 
useful purpose and measures were taken to restrict treatment to the curtain area. 

The stated purpose of the two outer rows of grout holes, spaced at 20 ft except in the basalt area, was 
to restrict grout travel "by pumping thick mixes and provide an upstream and downstream barrier to 
allow the centerline row of holes to be grouted effectively under pressure with less chance of traveling 
distances of several hundred feet downstream or upstream." The outer rows were "not expected to be 
completely solid barriers ...." 

Except where interrupted by the auxiliary outlet works access shaft, a continuous grout cap was to be 
provided in rock formation for the full length of the dam. Concrete in the grout cap was to be placed 
approximately to the general level of the adjacent bottom of the trench after final cleanup. In 
estimating specifications quantities, grout cap excavation was assumed to range in depth from the 3-ft 
minimum up to 8 ft when crossing zones of intensely jointed rock. In the vicinity of the test areas for 
blanket grouting and curtain grouting, the centerline of the cutoff trench and the key trench was to 
be located so that the pilot grouting would become part of the final grout curtain. 

Specifications permitted the contractor to construct the grout cap in the form of a stairway on the 
abutments. Steps, if constructed, were to be formed by extending the cap above the adjacent bottom 
of the trench. 
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The grout cap in the bottom of the key trench was placed in a notch with minimum specified 
cross-sectional dimensions of 3 ft deep by 3 ft wide. A detail is shown in Fig. 1-3. Excavation of this 
notch required some use of explosives, with the attendant probability of some fracturing of the rock 
adjoining the grout cap. Since this rock was already extensively jointed and fractured in its natural 
state, blasting for the grout-cap notch would have tended to worsen its condition. 

Specific measures were not taken to assure sealing of the upper part of the rock under the grout cap, 
such as gravity grouting in closely spaced blanket holes. 

Blanket grouting was to be provided for special treatment of open cracks, jointed areas, zones of high 
grout take, and other defects disclosed in the bottom of the cutoff trench or found during curtain 
grouting. Blanket grouting was not general, however. Blanket holes, if required, were to be located by 
the contracting officer as the work progressed. 

large open joints or cracks in the bottom of the key trenches and cutoff trench were to be treated by 
(1) cleaning out the crack with air and/or water jets, (2) setting grout pipe nipples in the crack, (3) 
sealing the surface by caulking and/or grout, (4) drilling, if required, and (5) low-pressure grouting 
through the nipples. Evidently little of this treatment was actually done, at least in the part of the 
key trench exposed by the Panel's investigations. Actual foundation treatment is described in Chapter 
9. 

The older alluvium beneath the intercanyon basalt on the left side of the river bottom was 
investigated by water testing drill holes during the test grouting program in 1969 for the purpose of 
determining the groutability of the alluvium and overlying basalt. The results of the pilot grouting led 
to the conclusion that the estimated 5- to 15-ft thickness of alluvium between the basalt and rhyolite 
was groutable with a cement grout. For economic reasons, the alternative of chemical grouting was 
not specified. 

Embankment Details. 
The USER volume titled "Design Considerations for Teton Dam," dated October 1971, documents 
the basic concepts of the embankment design. As seen on Fig. 1-2, the dam is composed of five zones. 
In addition, a thickness of 3 ft of riprap was placed on the upstream slope above El. 5185. 

For economic and environmental reasons (primarily opposition to downstream channel borrow), 
consideration was given early in the design to building a nearly homogeneous dam predominantly 
composed of silt. However, for an embankment of the required height, the upland silts were found to 
have some undesirable characteristics, including a high percentage of fines, some caliche, a low 
maximum dry density of about 100 pcf, and a tendency to crack when subjected to differential 
settlement. Since Teton Dam would rest on about 100 ft of unconsolidated overburden and since it is 
in a seismically active region, the designers concluded that a homogeneous dam involved unacceptable 
risks and that the core of aeolian silt should be surrounded by sand and gravel for earthquake crack 
protection. 

In addition to the Zone 1 silt and the Zone 2 sand and gravel, the design provides the third, fourth, 
and fifth zones to permit maximum utilization of required excavations for foundations and 
structures. 

Embankment Zoning. 
Zone 1 is the impervious core intended to form the water barrier of the dam. It was specified to 
consist of ML and CL type soils. 
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CH and MH type materials in the borrow areas were to be avoided or blended in the borrow cut with 
silty material to preclude layers of low-strength clay in the dam. Caliche and cemented soil that 
would break down under the roller could be blended and placed in Zone 1. Material predominantly 
composed of caliche and cemented hard layers of soil was allowable in Zone 3. 

Zone 2 was intended to form a blanket and chimney drain in the downstream shell for the purpose of 
controlling the phreatic line during periods of high reservoir levels and to provide control of seepage 
through the foundation. The Zone 2 blanket was extended up the abutment so that there was a layer 
of Zone 2 between Zone 3 and the foundation in all sections of the embankment. Test pit logs in the 
borrow area indicated that the available material was predominantly gravels that tended to be 
deficient in fines. From the designers' standpoint, mixing the surface layer of silty sand with the 
underlying gravel was regarded as a desirable procedure when it could be accomplished in the normal 
excavation process; moreover, if concentrations of silty, sandy gravels were encountered in the 
borrow area, they could be utilized in Zone 2 provided they could be reduced to an acceptable 
moisture content. Such material was to be placed next to Zone .1 and in the upstream shell, reserving 
the more pervious gravels for the Zone 2 chimney next to Zone 3 and the blanket under Zone 3. 

Zone 3 is composed of miscellaneous material placed in the downstream part of the embankment to 
accommodate material unsuitable for Zone 1 because of rocks larger than 5 in. or layers of caliche or 
hard-cemented materials that were excavated in the borrow areas. The top elevation of Zone 3 could 
be varied according to the quantity of material that became available from required excavation. Zone 
l, 2, and 4 type materials were allowed in Zone 3. 

Since Zone 3 was to provide structural stability, some degree of moisture control was regarded as 
essential. The best practicable placement moisture for the specified compaction effort was judged as 
probably slightly dry of optimum. It was recommended by the designers that placement moisture in 
Zone 3 be maintained approximately as recommended for Zone 1. 

Zone 4 is a part of the upstream toe where silty sands and gravels were used to construct a cofferdam 
for river diversion. Zone 4 material was also used for the berm at El. 5041.5 at the downstream toe of 
the dam and for the storage areas downstream from the control and warehouse structure. 

Zone 5 is the outer shell composed of rock from the required excavations in the cutoff trench, key 
trenches, abutment cleanup, river outlet works, auxiliary outlet works, spillway, and Borrow Area 
"C" and "C" Extension. 

The riprap for upstream slope protection was basalt obtained from sources in the region near the 
dam. 

Crest Details. 
Teton Dam is located in Earthquake Zone 3 on the Seismic Risk Map of the United States (Fig. 6-1 ). 
At the crest, earthquake design considerations included heavy slope protection at the top of the 
embankment and sand and gravel fills around the silty core to provide filter blanket protection in the 
event the core was cracked. A 35-ft-wide crest was adopted to provide space for zones meeting these 
criteria. The crest was cambered 3.0 ft to allow for settlement. 

Special Compaction. 
"Special compaction" was required in the bottom of the cutoff trench and in the key trenches. For 
the specifications estimates, an average vertical depth of 12 in. of "specially compacted" material was 
assumed in the bottom of the cutoff trench below El. 5040 and above EL 5150 and in the bottoms of 
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the key trenches; however, the depth was expected to vary considerably, depending on the roughness 

of the foundation. Where a smooth surface was exposed, consideration was to be given to obtaining 

compaction at the embankment-foundation contact by placing the material adjacent to bedrock at 

optimum or slightly wet of optimum moisture content, by using a thicker initial layer, up to 12 in., 

and by increasing the number of roller passes to obtain compaction. An average of 24 in. of specially 

compacted earthfill, measured horizontally, was to be placed against the slopes of the key trench; also 

24 in. of such compacted material measured horizontally would be required in the bottom of the 

cutoff trench against steep abutment slopes between Els. 5040 and 5150. 


The Panel's investigation did not indicate that the fill against the rock in the key trench was wet of 

optimum. 


Stability Analyses. 

The embankment was analyzed for stability by the USBR standard procedure for stability analysis 

with the least factor of safety being determined by a computer program using an automatic search 

technique. 


Design parameters for friction and cohesion were adopted as follows: 


Material Cohesion Tan~' 

Zones 1and3 11.6 psi 0.58 

Zones 2, 4 and 5 0 0.70 


The parameters used for Zone 2 were also used for the alluvial foundation. The permeabilities of the 
materials were determined from laboratory tests. Pore water pressures for the high-level steady state 
and for the drawdown stage were computed from flow nets. 

The analysis indicated safety factors considered by the designers to be conservative for rapid 
drawdown, high-level steady state, and the construction condition. Safety factors were calculated by 
the USBR to be as follows: 

Construction Condition 1.47 

High-Level Steady State 1.69 

High-Level Steady State With Earthquake 

(with pseudo static factors, Horiz. = 0.1, 

Vert. = 0.0) 1.32 

Rapid Drawdown 2.36 


The Independent Panel has not reviewed these stability analyses further, since they are not regarded 
as pertinent to the failure. 

Filter Criteria. 
In USBR practice, filter criteria are used to design narrow filters but may be relaxed when zones of 
pit-run sand and gravel are incorporated in the embankment, as was the case at Teton Dam. The 
Bureau filter criteria for subrounded particles are: 

50 percent size filter material 
12 to 58 and 

50 percent size base material 

15 percent size filter material 
12 to 40 

15 percent size base material 
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Although much of Zone 3 material was the same as Zone 1 silt, a filter was not included between 
Zone 3 and the Zone 5 rockfill since Zone 2 upstream from Zone 3 was expected to control the 
phreatic line and prevent Zone 3 from becoming saturated. 

Consideration of Differential Settlement. 
Design consideration was given to possible differential settlements and subsequent cracking of the low 
plasticity Zone 1 fill due to the steep rock abutments and deep key trenches. However, the USBR has 
stated in response to questions after the failure, that its experience with such material had not 
indicated that tension would develop in the embankment, even with such foundation configuration. 

Instrumentation. 
According to the statements made after the failure, devices for measuring internal movements and 
water pressures were considered by the USBR to be unnecessary at the Teton Dam because 
instrumentation was "not normally used for structures which are constructed of materials previously 
instrumented at other dams and for which [there are] satisfactory performance records." 
Performance records were said to be available for dams "constructed with similar material and on 
similar foundations." 

DESIGN OF AUXILIARY OUTLET WORKS 

The auxiliary outlet is a concrete-lined tunnel through the right abutment, with a diameter of 6 ft 
upstream of the gate chamber and 7 ft 6 in. downstream from that point. (The latter diameter was 
increased from 7 ft 3 in. after the design was done.) Its centerline coincides with the projected 
centerline of the spillway for most of its length. Details of this facility are shown in Fig. 1-4. The 
auxiliary outlet works were designed to accommodate streamflow for the period from October 1 to 
April 30, during which time the river outlet works were to be completed, and for passing riverflow 
while any future repairs or inspection of the river outlet works was taking place. A discharge rating 
curve is shown in Fig. 1-2. 

The tunnel and adit, the gate and shaft chambers, and the access shaft were excavated in densely 
welded ashflow tuff for their entire distances. 

DESIGN OF RIVER OUTLET WORKS 

The river outlet works through the left abutment include a 111-ft-high, 13.5-ft-diam intake structure, 
a 2,127-ft-long, 13.5-ft-diam tunnel; and a 320-ft-high, 18.5-ft-diam gate chamber shaft. The tunnel 
was built to serve as the main outlet works and as the intake to the powerplant. Details of this facility 
are shown in Fig. 1-5. A discharge rating curve is provided in Fig. 1-2. 

Most of the tunnel was driven, and the intake and gate chamber access shafts were excavated, in 
densely welded ashflow tuff. 

DESIGN OF SPILLWAY 

Details of the spillway at Teton Dam are shown in Fig. 1-6. 

The spillway design was based on requirements for passing a flood with a peak inflow of 22,400 cfs 
and a 15-day volume of 200,000 acre-ft with a reservoir level at El. 5324.3. A discharge rating curve is 
shown in Fig 1-2. 
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COMMENTS 

From a design standpoint, the appurtenant structures of the dam had no direct relationship to the 
failure. On June 5, 1976, the reservoir water had entered the approach channel of the spillway, but 
did not reach its crest. The spillway therefore was not required to function. Nothing in the operation 
of the auxiliary outlet works indicated any deficiency in design. Construction of the river outlet was 
incomplete, so its design was not tested during the emergency. 

The capability of rapid lowering of a reservoir during a crisis is an important consideration in sizing 
outlet facilities. There are no widely accepted rules for satisfying this general requirement. In fact, 
many important dams have no facilities to permit emptying the reservoir quickly. In the case of 
Teton Dam, the combined capacity of the two outlets, if both had been operable, was 
approximately one-third more than necessary to pass reservoir inflows during the ten days preceding 
the disaster. The capacity in excess of this requirement was enough to enable lowering the reservoir 
level about one foot per day. This indicates that a moderate emergency capability was designed into 
the outlet system. 

Comments on the relationship of the design to the failure are presented in Chapter 12. 
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CHAPTER9 
PROJECT CONSTRUCTION 
(Panel Charges Nos. 6 and 8) 

CONTRACT AND SUBCONTRACT AWARDS 

The final design of Teton Dam was completed in early 1971, and the drawings and specifications were 
issued under Specifications No. DC-6910, Volumes 1 to 4. Invitations for construction bids to cover 
all items of the dam and associated facilities, except major electrical and mechanical items at the 
power and pumping plant, were issued on July 22, 1971. Bids were received on October 29, 1971. 
Contract award was made to the joint venture of Morrison-Knudsen-Kiewit on December 13, 1971, 
and notice to proceed was given on December 14, 1971. The contract award totalled $39,476,142. 

The contractor awarded a number of subcontracts during the progress of the project, such as the one 
to McCabe Bros. Drilling Company for drilling and foundation grouting for the dam. 

SPECIFIED CONSTRUCTION SCHEDULE 

The required overall schedule is given in Par. 15 of the General Conditions and the schedule details 
are deferred to a contractor-prepared schedule under Par. 17. The basic requirement was that all work 
be completed within 1800 days of notice to proceed. Accordingly, the contract completion date was 
November 17, 1976. Because of change orders, the date was extended to October 27, 1977. 

The detailed schedule, as mutually amendedand agreed to between the contractor and the USBR in 
early 1976 has been examined only to the extent necessary to evaluate compliance with critical dates 
for certain features required for handling water storage and controlled release. A comparison of 
required and attained dates is given below: 

Item 

Contractor's Approved 
Schedule 

Completion Date 

Actual 

Auxiliary Outlet Works (In Service) 
Embankment (Essentially Complete) 
Spillway (Essentially Complete) 
River Outlet Works 

Aug. 31, 1975 
Nov. 15, 1975 
May 30, 1976 
Mar. 31, 1976 

Oct. 3, 1975 
Nov.26, 1975 
June 4, 1976 
(Incomplete June 5, 1976) 

The significance of the delay in completion of the river outlet works is discussed in Chapter 10. 

DIVERSION AND CARE OF RIVER 

Diversion of the river was a responsibility of the contractor, and was initially handled by a 70-ft-high 
embankment cofferdam located under the upstream toe of the main dam. The contract required a 
13.5-ft-diam lined river outlet tunnel through the left abutment. The cofferdam was constructed on 
river alluvium with underseepage controlled by pumped wells downstream. The crest elevation was El. 
5100, providing a diversion capacity of about 5300 cfs. Diversion through this left abutment tunnel, 
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later to be converted to serve as the permanent river outlet works, was commenced on June 8, 1973, 
following a 14-month tunnel construction period. 

Immediately thereafter, construction was started on the auxiliary outlet works tunnel through the 
right abutment. This 6.0 to 7 .5-ft-diam lined tunnel, with intake invert at El. 5047, was completed in 
September, 1975; and on October 3, 1975 the river outlet tunnel entrance was closed by placement 
of stoplogs and all subsequent diversion of river flows past the damsite was made through the 
auxiliary outlet. Since these works had a maximum rated capacity of slightly more than 850 cfs, river 
flows in excess of that capacity, a common occurrence in late winter and spring, could only partially 
be passed, with storage of the remaining flow. 

SITE PREPARATION 

Clearing. 
The specifications required clearing and stripping at the dam and powerhouse sites only. 

Excavation. 
In regard to the damsite, the specifications required stripping of all loose topsoil and organic materials 
from the entire site, excavation 'Of alluvium from the riverbottom cutoff trench, and excavation of 
blasted rock from the two abutment key trenches. From photographs of construction, it is clear that 
stripping of the abutment areas under Zone 1 was taken down to the bedrock surface, but under the 
other embankment zones relatively shallow stripping was done, leaving slopewash and talus materials 
in place. Excavation volumes originally planned were estimated as follows: 

Abutment Stripping 100,000 cu yds 
Abutment Key Trenches 350,000 cu yds 
Cutoff Trench 650,000 cu yds 

This work was carried out essentially as planned, except that it was apparent from as-excavated cross 
sections that the planned 1/2:1 key trench side slopes specified in the design were somewhat 
impracticable in the initial 20 to 40 ft depths below bedrock surface because of the loose, intensely 
jointed nature of rock at those depths. Accordingly, it was necessary to lay back the slopes of the 
upper third to half of the trench depth to inclinations varying from 1: 1 to 2: 1, substantially 
increasi.ng the rock excavation volume. 

Damsite excavation was initiated on April 17, 1972, working at the left end of the cutoff trench area, 
and was essentially completed by late 1973. 

Drainage. 
Excavation of the cutoff trench through alluvium to a depth of about 100 ft in the river bottom 
portion of the site between about Stas. 17+00 and 24+00 required extensive drainage of seepage from 
beneath both upstream and downstream cofferdams and from the abutments. The control facilities 
used consisted principally of pumped wells in the alluvium and pumped sumps on the cutoff bottom 
at rock surface. These systems have not been studied in detail because of their unlikely relationship to 
the failure of the dam. 
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PROJECT SURVEYING RECORDS 

Information available to the Panel indicates that the project was provided with conventional second 
order surveying controls for both horizontal and vertical reference points. The local horizontal 
controls were tied to first order geodetic surveys at distance of 15 to 30 miles from the project. 
Vertical controls were based on available U.S. Coast and Geodetic Survey bench marks. Details of 
project survey data relating to settlements and deflections are presented in Chapters 5 and 11. The 
Panel believes that the surveying work was conventional and acceptable. 

FOUNDATION GROUTING AND TREATMENT 

General. 
It is clear from the great volume of records, summaries, reports and data that, during construction, 
special emphasis was placed on foundation grouting. Because it is impracticable to attach all this 
information, a summary is given here. A more extensive description is giveu. in the paper by Peter P. 
Aberle, published by the American Society of Civil Engineers in Rock Engineering for Foundations 
and Slopes, 1976, Vol. 1, and entitled: "Pressure Grouting Foundation on Teton Dam." The total 
grouting program entailed drilling 118,000 lin ft of grout hole and injecting nearly 600,000 cu ft of 
cement, sand and other materials, at a contract cost of $3,800,000. 

Site Conditions. 
From preconstruction geologic evaluation of the damsite, it was apparent that much of the 
foundation bedrock to depths of at least up to 100 ft was highly pervious, and that curtain grouting 
would be difficult, extensive and expensive. To obtain a quantitative assessment of the problem, a 
Pilot Grouting Program was carried out on the left abutment in 1969, as described in Chapter 4. This 
program showed that it would be extremely costly to attempt to curtain-grout the upper 70 ft of 
foundation bedrock for the dam above El. 5100. Accordingly, the decision was made to excavate the 
relatively ungroutable rock to a depth of about 70 ft on both abutments from El. 5100 upward to the 
ends of the dam, and to begin the grout curtain under a concrete grout cap in the center of the 
excavation. The trenches, for economy, were designed to be deep, narrow and steep-sided. 

In addition to the major adjustment to site conditions oflocally substituting a key trench filled with 
impervious Zone 1 for a grout curtain through highly jointed, pervious bedrock, the designers 
concluded that extensive curtain grouting beneath key and cutoff trenches would be required. To 
indicate the scope, the bid items included provision of 55,000 barrels of cement, and 1,700 cu yds of 
sand, together with 260,000 cu ft of pressure grouting. Actual quantities of cement injected were 
over twice the bid quantities. 

Grout Curtain. 
The drawings and specifications called for three rows of deep grout holes along most of the axis of 
the key and cutoff trenches, with wide latitude retained by the USBR to direct and modify specific 
details. The center row of grout holes, intended to form the impermeable curtain, was provided with 
a concrete grout cap, nominally 3 ft wide by 3 ft deep in a drilled and blasted notch in rock. In the 
key trenches, the specified grouting sequence was: First, the downstream row of holes on 20-ft 
centers; second, the upstream row of holes on 20-ft centers; and third, closure along the center row of 
holes working through the grout cap. These center holes were spaced on 10 ft centers, with split 
spacing where the primary holes did not indicate a tight curtain. It is important to recognize that, as 
this procedure was actually carried out, neither the upstream nor the downstream rows constituted 
grout "curtains" as the term is conventionally understood. Actually full closure along the two outer 
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rows was neither attempted nor attained. Both the grouting procedures and hole spacing along the 
outer rows were such that gaps could be judged to be inevitable. The outer rows were intended to be 
only semi-pervious grout barriers against which the center row of grout holes could reasonably be 
fully and successfully grouted. 

Accordingly, it is the Panel's view that a triple or 3-row grout curtain was not constructed. Instead it 
should be termed a single-row curtain. 

The Panel has reviewed and analyzed the grouting records and reports, including review of the 
specifications, reports and records, sufficiently to assess the methodology and scope and to judge the 
effectiveness. Perhaps more importantly, in what were judged to be the critical reaches of the grout 
curtain between key-trench Stas. 3+00 and 15+00, the Panel had coring and water pressure testing 
carried out along the center row of grout holes to assess directly the probable effectiveness of the 
grouting. The testing has been reported in Chapter 3, with results summarized in Tables 3-2, 3-3 and 
3-4. 

With particular reference to those tests in the general failure area between Stas. 13+50 and 14+26, the 
results show that more than 40 percent of the 30 water loss tests, run at depths up to 34 ft below key
trench invert, exceeded 0.1 gpm/ft of hole. Twenty percent of the tests exceeded a loss of 0.5 gpm/ft, 
and 7 percent exceeded 1.0 gpm/ft. Accordingly, the tests indicate that in the critical key-trench area 
the grout curtain was not fully closed. 

The Panel's water loss tests under the spillway at depths of up to 145 ft, as more fully reported in 
Chapter 3, and in two properly positioned holes in the grout curtain near the right end of the dam at 
depths up to 300 ft, showed satisfactory grouting. A third hole near the right end showed high water 
losses but in a subsequent survey was found to be located out of the grout curtain. 

Blanket Grouting. 
Par. 100 of the specifications requires "blanket grouting" in the key trench and cutoff trench, as 
directed by the USBR. No definition of the term is given, but it appears that it entailed drilling and 
grouting both uniformly and randomly spaced and angled holes to shallow depths (20 to 35. ft) to 
intercept and plug open joints. The results of the work are shown on USBR drawings. The scope of 
the blanket grouting done was limited, and the areas so treated were almost exclusively in the bottom 
of key and cutoff trenches, and at only a few local spots. A major exception was at the spillway crest 
structure where a close pattern of 80-ft-deep "blanket" grout holes is shown under the entire 
structure. 

Slurry Concrete. 
A review of the drawings and specifications has failed to show that it was expected to treat open 
bedrock joints at the Zone I-to-bedrock con tact with slurry concrete. USBR Project Office records 
show, however, that a total of about 1830 cu yds was placed at the instigation of that office (Fig. 
9-1). This was accomplished principally by pouring slurry into open joints and the more obviously 
open cracks. This procedure was discontinued above about EL 5210. Fig. 9-1 illustrates the extent of 
slurry grout or concrete placement on the side slopes of the key trench and in the stripped bedrock 
areas upstream and downstream from the key trench on the right abutment, principally beneath Zone 
I. It is particularly evident on Fig. 9-1 that, in the failure area, significantly large open joints existed 
at the top of the downstream face of the key trench at axis Sta. 14+00 and near the downstream toe 
of Zone I opposite Sta. 15+00, where slurry takes totaled 100 or more cu yds. 

These large takes under gravity placement conditions identified the rock as being extremely pervious, 
indicating that grave incompatibility existed between the highly erodible Zone I fill and its 
underlying intensely jointed foundation. 
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River Alluvium. 
At the maximum sections of the dam, where the bedrock canyon was filled with up to 100 ft of 
alluvium, the design permitted constructing the upstream and downstream shells of the dam on this 
material, except for stripping away organic and loose materials. A cutoff trench down to bedrock, 
with bottom width actually constructed a minimum of 80 ft wide, was required to control 
underseepage. 

In view of the generally coarse-grained. nature of this alluvium, which from upstream areas provided 
the "silt, sand, gravel and cobbles" utilized for fill as Zone 2, there was no engineering justification 
for fully removing all alluvium under the outlines of the dam. 

It is believed that there were no aspects of construction activities involving treatment of the river 
alluvium left in place under the dam that had any significant influence on the failure. 

Talus and Overburden on Abutments. 
The Drawings and Specifications, as interpreted, permitted slopewash materials, overburden and talus 
to be left in place under the dam, in all areas outside of the Zone 1 fill (Figs. 9-2, 9-3, 94 and 9-5). 
Under Zone 1, stripping to bedrock was required. Stripping of overburden was subject to the 
Construction Engineer's judgment as to the amount necessary to uncover reasonably strong materials. 

It seems conclusive, from examination of as-excavated cross sections taken at 10-ft intervals along the 
axis between Stas. 14+50 and 15+50, as well as construction photos and oral inquiry, that a 
substantial thickness of talus was left under the dam downstream from the Zone 1 fill. This 
conclusion is based on interpretation of the original topography, as against the belief that steep 
bedrock cliffs existed under that topography together with an admittedly subjective evaluation of the 
cross sections. No direct evidence remains, all overburden and talus in the vicinity, together with a 
large but unknown volume of the blocky bedrock cliffs having been washed away following the 
failure. However, supplemental inquiry of the project construction staff confirms that substantial 
volumes of talus were left in place under the outer zones of the dam. 

If, as is believed, a large volume of bouldery talus existed along the canyon wall under the 
downstream slope of the dam in the vicinity of axis Sta. 15+00 to Sta. 17+00, it could have provided 
an exit conduit for the initial, relatively restricted leakage across or under the key trench at about 
Sta. 14+00, and increasing leakage flows could have had explainable exits at the groin of the dam at 
El. 5200 and El. 5045 where the large flows of muddy water were seen on June 5. 

Quality Control. 
The Panel has not undertaken a detailed review of construction quality control procedures or 
personnel, except indirectly through examinations of reports on physical characteristics of the 
construction materials used in the dam, of the Construction Engineer's reports, and through review of 
certain design and construction decisions. 

Based on its contacts with the USBR project construction staff, the Panel considers that the project 
was properly staffed with knowledgeable, interested, supervisory personnel, and that all required 
aspects of quality control were faithfully carried out. If any substantive questions regarding 
construction quality control could be raised, it would seem that it would not be in the areas of tests 
or reports which are clearly designated by long standing USBR practice, but rather in the areas of 
reaction to and exercise of judgment in matters more related to fundamentals of conceptual design 
than to execution of construction. 
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DAM CONSTRUCTION 

General embankment construction started in late June 1972 with placement of Zone 2 downstream 
from the cutoff trench near the left abutment. It was essentially completed by November 26, 1975. 
The necessary operations of stripping, excavation, dewatering, grouting, borrow pit and quarry 
development, and fill placement generally progressed concurrently throughout that period. Key dates 
throughout the construction were as follows: 

Chronology. 
Feb. 22, 1972 
Mar. 17, 1972 
Apr. 17, 1972 
Apr. 25, 1972 

July 11, 1972 
July 17, 1972 
Oct. 20, 1972 

Dec. 1, 1972 
Dec. 13, 1972 
Apr. 10, 1973 

June 5, 1973 
June 8, 1973 
June 25, 1973 

Sep. 17, 1973 
Oct. 18, 1973 
Nov. 7, 1973 
Dec. 12, 1973 
Apr. 4, 1974 
Nov. 27, 1974 
Apr. 29, 1975 
May 9, 1975 
Oct. 3, 1975 

Oct. 21, 1975 
Nov.26, 1975 

Oct. 1975
June 1976 

Embankment Materials. 

First construction equipment arrived. 
Started excavation of river outlet works. 
Started excavation of left key trench. 
Started fill placement downstream from 

cutoff trench. 
Started excavation of right key trench. 
Started stripping at spillway. 
Started drilling and grouting operations 
in left key trench. 

Fill operations suspended. 
Set first steel liner in river outlet works. 
Fill operations resumed. 

River outlet works tunnel grouting completed. 
River diverted through river outlet works. 
Started excavation of auxiliary outlet works 

and upstream cofferdam at El. 5100. 
Grouting begun in cutoff. 
First Zone I fill in cutoff. 
All fill operations shut down. 
Completed grouting left abutment. 
Resumed fill placement. 
Fill operations shut down, majority at El. 5130. 
Resumed fill placement. 
Completed concreting auxiliary outlet works tunnel. 
Closed river outlet works and diverted river to 
auxiliary outlet. 

Completed Zone 1 placement. 
Dam essentially complete, 200 ft of fill 

placed in 6.7 months. 
Modifications to river outlet works to permit 

project use as power and irrigation water 
outlet, including concrete elbow, trash racks, 
gates and repainting liner. Repainting 
incomplete as of 6/5/76. 

The sources and physical characteristics of the embankment materials are presented in Chapter 7. 

Placement Procedures. 
The five zones of the dam embankment were constructed in accordance with accepted practices and 
their placement was controlled by the project inspection forces exercising the specification 
provisions. 
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Specification requirements for placement are abbreviated in Table 9-1. 

Permissible variations in compaction equipment were made by also using vibrating rollers on Zone 2, 
sheepsfoot rollers on Zone 3, and 40,000-lb crawler tractors on Zone 4. 

The sources and engineering properties, excavation, hauling, stockpiling, and handling of the 
embankment materials, and the achievement of the density requirements as revealed by the 
earthwork construction control records are presented in Chapter 7. 

The plans and specifications contain a provision for specially compacted earthfill Zone 1 at steep and 
irregular abutments and on rough and irregular embankment foundations to include " ... each 
layer ... shall be compacted by special rollers, mechanical tampers, or by other approved 
methods ... moisture and density shall be equivalent to that obtained in the earth fill placed in the 
dam embankment ...." This provision was nothing more than a requirement for a method of 
compaction in confined locations. For example, no special treatment regarding increased moisture 
content was specified. The project office did require selective placement of material having a slightly 
higher moisture content but the average was only 0.7% wetter than that for the normally compacted 
fill and was still 0.5% dry of optimum moisture. Wheel rolling by loaded trucks, and power tamping 
by gasoline or air hammers were used. 

Embankment was placed during four construction seasons, 1972 through 1975, commencing June 15, 
1972 and terminating November 26, 1975. Embankment was not placed during the cold winter 
months. 

AUXILIARY OUTLET WORKS 

The auxiliary outlet (Fig. 1-4) is located in the right abutment of the dam. The concrete-lined tunnel 
is 6 ft in diam upstream of the gate chamber and 7 ft 6 in. downstream. A 7-ft-6-in.-diam adit and an 
8-ft-diam shaft provide access to the gate chamber. 

The auxiliary outlet diverted the Teton River while the river outlet was being modified and 
completed for use as a permanent power and irrigation water outlet. 

Tunneling Experience and Geology - Right Abutment. 

The auxiliary outlet tunnel, adit, and gate chamber access shaft were driven in consistently hard, 

lightweight, densely welded, crystal rich, rhyolitic ash flow tuff. Tunneling conditions were excellent 

throughout. Shears and numerous joints subparallel with the tunnel alignment were present. No water 

flows were encountered. 


In some areas, hydrothermal alteration adjacent to joints and locally disseminated through the rock 
has discolored the tuff reddish brown to brick red, but had little or no other apparent effect on the 
character or quaiity of the welded tuff. 

Two prominent, well-developed joint sets were observed. The joints of one set generally strike on an 
average of about N30°W. Joints of the other set generally strike on an average of about N6o0 w. The 
joints of both sets are vertical to steeply inclined. Joints of the N30°W striking set appear to be the 
strongest, most consistent of the two sets except between tunnel Stas. 21 +40 and 27+80 where joints 
of the N60°W striking set not only are very strongly developed and generally closely spaced, but form 
virtually all of the joints present .. 
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TABLE 9-1 
EMBANKMENT PLACEMENT SPECIFICATIONS 

Zone 

Compacted 
Lift 
Thickness 

Moisture 
Control 

Compaction 
Equipment 

No. of 
Passes 

Density 
Control 

1 6 in. 1/2 to 1-1/2% 
dry of optimum 

S-ft x S-ft 
4,000 lb/ft 
sheepsfoot 

12 Average compaction 
not less than 98% 
of std. AASHO 

2 12 in. Thoroughly 
wetted 

40,000-lb 
crawler-type 
tractor or 
approved 
alternate 

4 Relative density 
not less than 6S% 
but no more than 
20% of tests less 
than 70% 

3 12 in. Most 
practicable 

SOT pneumatic-
tired roller 

6 Best practicable 
degree 

4 12 in. Optimum 
amount 
required 

SOT pneumatic-
tired roller 

6 Maximum obtainable 
by the specified 
procedure 

s 36 in. None Hauling and 
placement 
equipment 

Equip
ment 
routed 

Maximum amount 
possible 
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Only minor seeps or drips occurred locally from joints and rock bolts in the tunnel crown and from 
joints in the crown of the adit near its intersection with the gate chamber. However, numerous seeps 
ranging in volume from heavy drips to wet or damp rock reportedly developed between Stas. 29+20 
and 34+ 11.5 (the downstream portal) during the spring runoff following the completion of the tunnel 
excavation. 

It was reported that water and a small volume of grout leaked into the tunnel at Sta. 17+73 from a 
spillway blanket grout hole located 18 ft upstream from dam centerline Sta. 11+04 (dam CL Sta. 
11 +06.5 =spillway Sta. 18+30), and a very small amount of grout also leaked into the tunnel at Sta. 
16+81 from a grout hole 18 ft upstream from dam <I,Sta. 10+78. 

Control Works. 
Flow through the auxiliary outlet is controlled by two tandem 4-ft x 4-ft hydraulically operated high 
pressure slide gates located beneath the gate chamber. Control stations are located in both the shaft 
house at El. 5332 and the gate chamber at El. 5048. The control cabinet equipment is located in the 
shaft house. At the time of failure the permanent electric power facilities, including duct banks in the 
crest of the dam, had not yet been installed. However, a temporary power source was available and 
the gates were open at that time. 

Means for unwatering the tunnel upstream of the control gates are provided by sectionalized steel 
stoplogs which were designed to be set in position by a barge-mounted crane under balanced head 
conditions. 

Schedule. 
Excavation for the auxiliary outlet commenced April 13, 1973. All concrete was completed July 28, 
1975. On October 3, 1975 the river flow was diverted from the river outlet to the auxiliary outlet. 

Post-failure Condition. 
As discussed in Chapter 3, no unusual conditions were found during the Panel's inspection of the 
unwatered auxiliary outlet tunnel on October 4, 1976. 

There is no known aspect of the auxiliary outlet works construction that is believed to have a bearing 
on the failure of the dam. 

RIVER OUTLET WORKS 

The river outlet works (Fig. 1-5) are located in and on the left abutment of the dam. They consist of 
a 13.5 ft diam lined tunnel, controlled at mid-length by an hydraulically operated, 10.5 ft by 13.5 ft 
wheel gate. The gate shaft extends from the crest of the dam vertically to the gate chamber. The 
downstream end of the tunnel, as finally completed, branches into four steel pipes, each being 
controlled by a 4 ft by 4 ft outlet gate. 

The river outlet works were constructed in two stages: The first stage consisted only of tunnel and 
shaft excavation and lining. At the end of this stage, the tunnel was utilized as a free-flow conduit for 
initial diversion of the river around the damsite. The tunnel was begun in March 1972 and went into 
service for diversion in June 1973. This service extended to October 1975. At that time the auxiliary 
outlet works were put in service. Whereupon, the upstream end of the river outlet tunnel was plugged 
and second stage construction began. That stage principally included constructing a permanent 
intake, installing gates and associated operating equipment, constructing penstocks, and recoating the 
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steel liner in the downstream half of the tunnel with coal tar enamel. This work was not quite 
complete on June 5, 1976, although the required completion date was March 31, 1976. 

Control Works. 
The 10.5-ft by 13.5-ft wheel gate previously mentioned was completely installed and in operating 
condition by May 17, 197 6. There was reservoir pressure on its upstream face at all times after 
May 14. 

The 4 ft by 4 ft outlet gates were in operating condition on June 5, but it is indicated that they had 
not yet been connected to the available power source. They were fully open at that time, the 
openings serving as access and ventilation for the tunnel liner coating work still in progress. 

Schedule. 
The only item of Stage 2 River Outlet Works construction which was incomplete on June 5 is 
believed to have been coating the steel tunnel liner. This work must have been virtually complete, 
since communications from the project office stated that completion had been expected by June 10. 

Post-failure Condition. 
It has not yet been possible to unbury, dewater and inspect the river outlet works. 

SPILLWAY 

No detailed discussion is offered of spillway construction because it has not been found to have any 
influence on the dam failure. Two items of interest are noted, however: (1) the spillway was 
operational on June 5; and (2) according to oral reports by project personnel, there was no indication 
at any time of discharge of groundwater from the spillway underdrains, before, during, or after the 
dam failure. 

COMMENTS 

For construction of the grout curtain, the Panel considers that reliance on a single curtain with 
nominal hole spacing of 10 ft and with holes inclined in only one direction was unduly optimistic. 
The use of smaller hole spacing, cross-angled holes, and multiple curtains would have been justifiable 
in the light of known rock conditions. It is not suggested, however, that even these measures would 
have provided adequate closure for the embankment as designed. 

In view of the known presence of a maze of open joints in the bedrock under all of Zone 1 
embankment, the Panel would not have concurred with the decision to limit blanket grouting 
essentially to the bottoms of the key and cutoff trenches. 

In going forward with the initial filling of the reservoir, the USBR clearly had arrived at the judgment 
that the Contractor's construction was completely acceptable from the standpoint of the structural 
safety of the dam. Probably the only significant aspect of project construction wherein a failure to 
meet design requirements may be judged to have occurred was the contractor's failure to meet the 
approved construction schedule for completion of the river outlet works. 
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CHAPTER 10 

RESERVOIR FILLING EXPERIENCE 


(Panel Charges Nos. 9 and 12) 


The Teton River drains an area of about 1,000 square miles on the west side of the Teton Range in 
Wyoming and Idaho, as shown in Fig. 10-1. It is the largest tributary of the Henrys Fork of the Snake 
River. The drainage area above the Teton Dam is 853 square miles. Principal tributaries of the Teton 
above the damsite are Canyon, Bitch, Badger, Leigh, and Teton Creeks. Canyon Creek enters Teton 
River within the reservoir area five miles upstream from the dam. The other tributaries and the 
headwaters of Teton River drain the west slopes of the Teton Range and provide most of the flow of 
the river. 

The Teton River basin includes a broad agricultural valley cut by a narrow 20-mile-long canyon. 
Elevations range from 4800 to more than 13,000 ft. 

Precipitation in the Teton basin varies from about 13 in. per year at Sugar to over 40 in. per year in 
the Teton mountains. Average annual precipitation at Driggs in the upper valley is about 15 in. Most 
of the annual precipitation occurs in the form of snow. 

HYDROGRAPHIC RECORD PRIOR TO 1976 WATER YEAR 

Characteristics of flows at the gaging station Teton River near St. Anthony, about five miles 
downstream of Teton Dam, are shown on the summary hydrograph in Fig. 10-2. Approximately 37" 
percent of the annual runoff in an average year occurs in May and June as a result of snowmelt. The 
average annual runoff at this station is about 580,000 acre-ft. 

Frequency curves of runoff volumes for the months of April and May are shown on Fig. 10-3. A 
frequency curve of springtime flood peaks is shown in Fig. 10-4. The two largest flows of record 
occurred in the winter as a result of rain and snowmelt on frozen ground in the lower areas of the 
basin. Instantaneous peaks were: 

Feb. 12, 1962 11,000 cfs 
Feb.3, 1963 7,280 cfs 

These floods were of short duration compared with the spring snowmelt floods. 

RESERVOIR OUTLET WORKS 

Low-level reservoir discharge was to be accomplished through the river outlet works in the left 
abutment and by the auxiliary outlet works in the right abutment. The design capacities of these 
facilities at a maximum water surface elevation of 5324.3 ft were 3,400 cfs and 850 cfs, respectively. 
The area and capacity curves of the reservoir and discharge ratings for the spillway and outlets are 
shown on Fig. 10-5. 
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COMPARISON OF RESERVOIR FILLING RATES 

Reservoir Filling Anticipated. 
The following is taken from "Design Considerations for TETON DAM," by the U.S. Bureau of 
Reclamation, Denver, Colorado, October 1971: 

The performance of the foundation, of the abutments, and of the embankment of Teton 
Dam during initial filling and reservoir operation is extremely important. Instructions for 
observing and reporting performance of the structure will be issued in "Designers' 
Operating Criteria." It is most likely, however, that initial filling or partial filling, and 
some reservoir operation will occur prior to issuance of the operating criteria. The 
instructions contained here are tentative and are applicable until such time as the final 
criteria are issued. 

During the initial filling for periods when the reservoir surface is either rising or falling 
more than 1 foot per day, and for at least the first year of reservoir operation, frequent 
inspections of the embankment, of the abutments, and of foundation areas should be 
made to check for seepage or for significant rises in the water table downstream from the 
dam. 

Measurable seepage should be collected and measured; seepage areas should be mapped 
and photographed; and reservoir water surface elevation and other pertinent data should 
be recorded. Generally, the results of the inspections should be reported monthly to the 
Director of Design and Construction .... Adverse seepage conditions may require more 
frequent reports, and any unusual developments noted during any inspection should be 
reported immediately. In this event further instructions will be furnished by the Director 
of Design and Construction .... 

After the completion of the required portions of the river outlet works and the 
installation of protection for various parts of the work, the Teton River would be 
diverted through the river outlet works by the construction of the upstream cofferdam. A 
downstream cofferdam will also be required to exclude high tailwater from the 
powerplant area, tailrace, and spillway stilling basin. 

In routing the 25-year spring flood through the diversion tunnel and channels as described 
above, the water surface in the reservoir would rise to elevation 5075 and the discharge 
would be 4,200 cfs. The 25-year spring flood has a peak of 5 ,000 cfs and a 15-day volume 
of 111,000 acre-feet. The tail water in the 110-foot minimum downstream diversion 
channel would be at about elevation 5029 for a discharge of 4,200 cfs. A hydraulic jump 
will occur in the 19-foot-wide channel lining for a discharge of 4,200 cfs. 

After the spillway, auxiliary outlet works, and dam embankment have been completed as 
required by the specifications, the river outlet works should be closed on October 1 of 
the final winter period. This should be accomplished by installing the intake bulkhead 
gate at elevation 5141, opening the 24-inch slide gate in the diversion inlet, and installing 
the diversion inlet stoplogs. The stoplogs were designed to seat in flowing water with a 
depth up to about 9 feet. Before the stoplogs are installed all rocks, gravel, and debris of 
all kinds must be removed from the seats and sill in order to give a watertight contact. 

When the river outlet works is closed the auxiliary outlet works must be fully open and 
must be kept fully open until the river outlet works has been completed ready for 
service.... 
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After May 1 the flow in the Teton River exceeds the maximum allowable release from the 
auxiliary outlet works of 850 cfs, and the capacity of the river outlet works is needed in 
order to control the rate of filling in the reservoir. 

It is anticipated that with the river outlet works completed for service by May 1, storage 
in the reservoir could be commenced.... 

Unless adverse performance develops, unrestricted filling rates will be permitted to 
elevation 5200. Above elevation 5200 initial filling should not exceed 1 foot per day .... 

This quotation shows that a flood of the magnitude of the actual spring flow of 1976 was anticipated 
in designing the outlet facilities. The possible consequences of operating with a single outlet during 
the spring runoff were known. 

The following is an excerpt from U.S. Bureau of Reclamation letter dated August 4, 1976 (after the 
failure) from Acting Regional Director, Boise, Idaho, to Director of Design and Construction, 
Engineering & Research Center, Denver, Colorado, subject: Teton Forecast Information as 
Requested (Re: Faxograrn Dated July 30, 1976): 

Runoff volume forecasts of the inflow to Teton Reservoir were made as soon after the 
first of each month as data was available from January 1, 1976 to June 1, 1976. These 
forecasts [Table 10-1) and the flood control rule curve [Fig. 10-6) were used to 
determine what reservoir space would be needed to regulate downstream flows to 2500 
c.f.s., the safe channel capacity. [Table 10-1) presents the volume forecasts, the flood 
space required by the rule curve on May 1, and the space available on the date of the 
forecast. [Fig. 10-6) is used to convert the forecast to a May 1 estimated residual on 
those months prior to May 1. Historically, runoff volumes of this magnitude would 
produce daily inflows of 4000-4500 c.f.s. per day for several days during the height of the 
snowrnelt season. Anticipating that the main river outlets would be available during that 
period, it was estimated that the filling rate would be from 2 to 2.5 feet per day during 
the peak inflow. Had the main river outlets been available the fill rate prior to June 5 
would have been limited to approximately 2 feet per day on or near the 18th of May, the 
time of peak inflow to the reservoir .... 

Reservoir Filling Experienced. 

Construction of the darn was started in February 1972. Initially, river flow was directed through the 

middle of the canyon so that excavation could proceed on both abutments. 


Construction of the river outlet works tunnel was begun in June 1972. During construction, diversion 
was made through a channel at the right abutment. This channel permitted excavation of the cutoff 
trench to the left of the channel. 

Diversion through the river outlet works was commenced on June 8, 1973. This diversion enabled 
construction of the cutoff trench on the right side and placement of embankment in the trench. 

At the end of water year 1975 (October l,1974through September 30, 1975), Teton River flows 
were at about the normal rates for that time of year. However, reservoir storage in the Snake River 
system was well above normal as a result of unusually high 1975 runoff. Runoff of the Teton River 
continued near normal through the fall and early winter months. 
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TABLE 10-1 

RUNOFF VOLUME FORECASTS OF INFLOW 


TO TETON RESERVOIR IN CALENDAR YEAR 1976 

(Volumes in Thousands of Acre-ft) 


May-Sept. Flood Control 
Forecasting Forecasted Est. Residual Space Required Flood Control 
Period Volume %Normal Forecast on May 1 Space Available 

Jan.-Sept. 616 122 470 125 238.2 

Feb.-Sept. 612 128 489 140 230.6 

Mar.-Sept. 591 130 492 140 224.1 

Apr.-Sept. 617 146 544 175 217.4 

May-Sept. 584 157 584 200 175.2 

June-Sept. 391 140 95 1 53.8 

1Flood control space required on June 1. 

Reference: USBR Communication dated August 4, 1976. 
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Diversion continued through the river outlet works until October 3, 1975 when the auxiliary outlet 
was put into operation to enable placement of second-stage concrete in the intake and gate chamber 
of the river outlet works and to install outlet gates, pipe, penstock manifold, and metalwork and 
equipment. From that date until the failure of the dam, all diversion was through the auxiliary outlet 
works. Chapter 9 discusses the details and schedules of outlet works construction. 

Snow surveys in the Teton River watershed which were begun in January 1976 indicated heavy snow 
accumulations. Table 10-2 shows 197 6 snow course measurements in percentages of normal for two 
Teton basin snow courses. 

TABLE 10-2 

Snow Water Equivalents as Percent of 1958-76 Averages 


Pine Cr. Pass State Line 

(%) (%) 

Jan 1 191 191 
Feb 1 142 129 
Mar 1 141 141 
Apr 1 141 136 
May 1 193 233 

As of March 1, 1976, the reservoir water surface was at EL 5164.7 ft and the auxiliary outlet was 
discharging 295 cfs. The reservoir level was rising about 0.2 ft per day. 

A memorandum from the USBR Project Construction Engineer to the Director of Design and 
Construction dated March 3, 1976, when the reservoir stood at EL 5165.1, requested approval to 
exceed the 1-ft-per-day filling rate. Pertinent excerpts from the memorandum follow: 

... have been monitoring the observation wells .... These observations show that there 
are several of the wells in which the water level is rising. Drill Hole No. 5 [No. 14 in Fig. 
5-6] indicates a significant rise in the water table, but we do not feel that this well is truly 
representative of the area in which it is located.... 

In addition to the well readings, daily inspections of the constructed works, including the 
auxiliary outlet works and the river outlet works access shafts, the river outlet works 
tunnel, and the area below the dam, are made. No leaks have been detected to date along 
the abutments or along the embankment downstream of the fill. However, moisture had 
become apparent on the walls of the river outlet works shaft up to elevation 5130. 

There are no significant leaks to date and total leakage in the shaft is estimated to be * 
gallon per hour emitting through hairline cracks in the shaft lining. Water is leaking 
through the concrete lining upstream of the gate shaft in the river outlet works tunnel at 
approximately 2 gallons per minute. 

In the auxiliary outlet works shaft, beginning on February 9, we have detected small leaks 
and they are presently apparent up to elevation 5067 with an estimated flow of~ gallon 
per hour. ... 

. . . request ... approval to deviate from the 1 foot per day filling rate set forth in the 
design considerations .... feel this ... desirable for the following reasons: 
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1. The reservoir filling curve and snow forecast information shows that if we do get 
permission for this deviation, we will be able to fill the reservoir this coming runoff 
period. This would allow our clearing contractor to sweep the reservoir and complete his 
work. This would make it possible to open the reservoir to the public for recreation in the 
summer of 1977. 

2. The ... construction schedule includes testing the turbines and generators .... A near 
full reservoir will permit tests at the higher operating heads. 

3. Filling the reservoir ... would enable us to observe the effectiveness of the curtain 
grouting. 

4. A full reservoir would make it possible for full power generation this year subsequent 
to testing the generators. 

5. We have in the past experienced flows considerably above that which we can release 
from the auxiliary outlet works during March and April. If we experience this again this 
year before the river outlet works is complete, we will not be able to maintain the 
recommended 1 foot per day filling rate. 

In addition to reading the wells as we have in the past, we will continue to provide daily 
inspection of the downstream area of the dam; and upon melting of the ice on the 
reservoir, we will initiate a bi-weekly reservoir reconnaissance to detect any outflows into 
fissures or vents which might occur as the water rises behind the dam. 

Our present releases from the reservoir average 300 cubic feet per second. From the 
available information on inflows, it appears that approximately 6 percent of the water is 
being lost either to seepage or to bank storage .... 

On March 23, 1976, the Director of Design and Construction sent a memorandum to the Project 
Construction Engineer which stated: 

The Design Considerations for Teton Dam, published in October 1971, restricted the 
fluctuation of the reservoir to 1 foot per day during the first year of operation to observe 
performance of the foundation and abutments of the dam. In May 1975, a program for 
monitoring ground-water conditions at the damsite and reservoir prior and during initial 
filling was established. This program, consisting of 19 observation wells, is superior to the 
normal monitoring program as it would give advance warning of the development of 
unusual ground-water conditions. A review of the ground-water monitoring from 
September 1975 to February 1976, contained in your referenced memorandum, indicates 
a predictable buildup of the ground-water table for Teton Dam and reservoir. 

The preliminary reservoir filling curves developed for the 1976 runoff season indicate that 
the reservoir filling will exceed 1 foot per day with required releases only during the 
month of May when the maximum daily increase will be approximately 2 feet. 

The normal development of the ground-water table to date and the well system being 
used for monitoring will allow relaxing the filling rate from 1 to 2 feet per day. 

Daily inspection of the embankment, abutments, and foundation areas should be 
continued during filling. 
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Teton River flow in 1976 is shown in Fig. 10-2 for comparison with the historic river flows. These 
1976 flows are identified as computed reservoir inflows and were determined by adding reservoir 
storage changes to outflows. This hydrograph differs from natural flows of the Teton River near St. 
Anthony by the amount of reservoir loss to bank storage. 

Beginning in early April, river flows rose well above average and continued well above normal until 
the dam failure on June 5. During two periods, April 12-14 and May 17-23, the flows exceeded all 
previous flows for those dates. April and May 197 6 runoff volumes (approximately 61,000 acre-ft 
and 170,000 acre-ft on a computed basis) are estimated to have 15 percent and 2 percent 
probabilities of exceedence (Fig. 10-3), respectively. 

Storage commenced at the beginning of October 1975. The reservoir filled slowly and steadily until 
April 5, 1976, when increasing inflows accelerated the rate of'fill. Fig. 10-7 shows the reservoir filling 
sequence from January 1 to June 5. Outflows were held constant at about 300 cfs until early May 
when they were increased to about 800 cfs and subsequently to a maximum of 963 cfs on May 28. 

The 2-ft-per-day rate was exceeded on April 13, 14, and 15 during warm weather in the Teton River 
drainage area. The reservoir rises on these days were 2.6 ft, 3.1 ft, and 2.3 ft, in sequence. From 
April 16 through May 10, the 2-ft-per-day criterion was not exceeded except for a 2.1-ft rise on 
May 5. From May 11 until June 5, the 2-ft-per-day requirement was exceeded with an average daily 
rise of 3.0 ft and a maximum rise of 4.3 ft on May 18. During the period of May 12 to June 5, the 
auxiliary outlet was discharging at a rate higher than its capacity of 850 cfs. 

On May 14, 1976 when the reservoir level stood at El. 5236.9, the USBR Project Construction 
Engineer sent a Faxogram to Director of Design and Construction, Denver, reporting current status of 
the reservoir filling and of the river outlet works construction. The following are excerpts: 

1. ... we do not expect that painting of the tunnel liner downstream of the 
wheel-mounted gate will be completed before June 10, 197 6. Further acceleration of the 
painting to enable earlier opening of the river outlet works is not feasible. 

2. The spillway gates are in place but not fully operational. Completion ... for possible 
control of the reservoir at capacity is not expected before June 1, 197 6. 

3. . .. Should the need for any water release through the river outlet works become 
imperative before completion of the painting, the resultant interruption would involve 
claims by the contractor for delay and additional cleanup and sandblasting .... 

We request your comments for flood control operation. 

Response to this message is dated June 4, 1976. The message was in the mails on the day of failure 
and said in part: 

We ... conclude that the river outlet works need not be used prior to completion of the 
painting unless problems directly related to filling of the reservoir develop in the 
foundation, embankment or structures. It is imperative however that both the spillway 
and river outlet works be made operational as soon as possible. 

In a statement before the Subcommittee on Conservation, Energy and Natural Resources of the 
Congressional Committee on Government Operations, on August 5, 1976, R.R. Robison, Project 
Construction Engineer, said: 
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During the period from October 3, 1975, to May 3, 1976, releases through the auxiliary 
outlet works were limited to required downstream flows, 300 ft3/s, and all flows in 
excess of 300 ft3 /s were taken in storage resulting in a reservoir depth of 185 feet. From 
May 4 through May 11, 1976, the flow through the auxiliary outlet was gradually 
increased to 850 ft3/s. From May 4, 1976, until the time of dam failure, the auxiliary 
outlet works was operated at or above its design capacity of 850 ft3 /s. 

On March 3, 1976, I requested that the filling rate be relaxed - at this time, there was a 
depth of 135 feet in the reservoir (Elevation 5170). On March 23, 1976, I was given 
permission to increase the filling rate to 2 feet per day because of the normal 
development of the ground water table at that time and no springs had developed below 
the dam, indicating the filling was not causing problems. Results of the monitoring of the 
ground water conditions received by the Engineering and Research Center for the period 
through May 13, 1976, did not indicate a radical change in the water level in the wells 
inconsistent with the rise in reservoir elevations, and no springs had developed. The 
decision was then made to fill the reservoir to the spillway. (The rapid rise of the right 
abutment wells subsequent to that date was not viewed as indicating emergency 
conditions inasmuch as the left abutment wells downstream from the dam were not 
affected, so the readings were transmitted routinely and reached the E&R Center after 
the failure.) 

H.G. Arthur, Director of Design and Construction, stated before the same Subcommittee on 
August 6, 1976: 

With regard to the filling of the reservoir, discussed yesterday by Mr. Robison, the design 
considerations required that above elevation 5200, the reservoir was not to be filled faster 
than 1 foot per day. This criterion has been used for many years by the Bureau for initial 
filling of reservoirs and it is considered a desirable rate for testing the abutments and the 
embankment. With structures available to control to this rate, time would be available to 
take remedial measures if problems developed. If desirable for project purposes, the initial 
rate is exceeded when the dam performs satisfactorily. 

Exceeding the initial filling criterion at Teton Dam was not an unusual procedure. Initial 
reservoir filling criteria were increased in the initial filling of 36 instances on Bureau 
reservoirs. In eight instances, the reservoir filling rates experienced exceeded the 
maximum rate of 4.3 feet which occurred during filling of Teton Reservoir. No problems 
were encountered in any instance due to relaxation of the initial reservoir filling criterion. 

Hypothetical Filling Rate. 
The first day in the spring of 1976 when the actual rise in reservoir exceeded one foot per day was 
April 8. The water level on the preceding day had been recorded at EL 5175.5. Assuming 
hypothetically that both outlets had been fully operable and that a maximum rise of 1 ft per day had 
been observed each day thereafter, the reservoir water surface would have risen to about EL 5234 ft 
by June 5, which was 59 days later. 

The USBR criterion actually allowed unlimited filling rates up to EL 5200, which was reached on 
April 22. If it had been possible to adhere to the 1-ft-per-day rule after this date, the reservoir would 
have risen to EL 5244 by June 5, as compared with EL 5301.7 measured just prior to failure. 

The maximum inflow rates occurred in the period May 18-21, inclusive, with flows of 4044 cfs, 3664 
cfs, 4111 cfs, and 3947 cfs, respectively. The combined capacity of the two outlet works for these 
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reservoir levels would have been about 3600 cfs which would have been more than adequate to 
maintain the 1-ft-per-day limit in reservoir rise. Under such an hypothetical operating regimen the 
safe downstream channel capacity, estimated by the USBR at 2500 cfs, would have been exceeded by 
as much as 30 percent for short periods. 

COMMENTS 

The 1976 spring flow was within the probabilities considered in design. Runoff forecasts based on 
snow surveys gave warning that river flows would be of such above-normal volume that both outlets 
would be required to hold the reservoir rise to the prescribed rate. Actual flows compared closely 
with these forecasts. 

The river outlet works and auxiliary outlet works of Teton Dam were designed with a total capacity of 
4250 cfs at maximum water level. However, even though the approved construction schedule required 
construction to be completed by March 31, 1976, only the auxiliary outlet works were in operation 
through June 5, 1976. This resulted in virtual non-control of the reservoir filling rate during the late 
spring of 1976. 

The records of Teton River hydrology were well known to the Bureau of Reclamation. The design 
criteria recognized that it would be necessary to have the river outlet works in operation after May 1, 
1976 in order to control the rate of filling so as not to exceed a 1-ft-per-day increase when the 
reservoir surface elevation was above 5200 ft. This design fill rate was relaxed to 2 ft per day on 
March 23, 1976, but the new rate was exceeded on three days in April and during the entire period 
from May 11 to June 5. 

If both outlets had been operable on March 31, 1976, as required by the specifications, their 
combined discharge capacities would have been enough to control reservoir filling to the originally 
prescribed rate after that date. However, because information on the internal condition of the dam 
and its foundation was minimal, there can be no assurance that Project staff would have been able to 
see any reason to modify the March 23 operating plan. 

The paucity of instrumentation and the decision to allow an increased rate of filling had no 
demonstrable influence on the failure. The short time within which the chain of events occurred that 
culminated in the catastrophe suggests that there would have been insufficient reaction time to take 
advantage of instrumental warnings. Nevertheless, the possibility exists that a more conservative 
approach to instrumentation and rate of filling could have averted the disaster. Had the rate of filling 
not exceeded 1 ft per day, and had foundation piezometers been located downstream of the cutoff, 
the piezometers might have given early warning of rapidly rising piezometric levels while the 
hydraulic gradients causing erosion were relatively small. Time would then have been available for 
lowering the pool and investigating the phenomena. It is equally possible, however, that the slower 
rate of filling would only have delayed the date of the failure. 
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CHAPTER 11 

MEASURES TAKEN TO MONITOR SAFETY OF DAM 


(Panel Charge No. 10) 


SURVEILLANCE PLAN 

Procedures. 
fustructions for observing and reporting performance of the structures at the Teton damsite were to 
be issued in the "Designers' Operating Criteria." It was seen as likely that some reservoir operation 
would occur prior to issuance of these guidelines. Tentative instructions provided in the "Design 
Considerations for Teton Dam," USBR, October 1971, were in effect until such time as the final 
criteria were issued. Those criteria had not been issued at the time of the Teton Dam failure. 

As stated in the preceding chapter, during the initial filling for periods when the reservoir surface 
was rising or falling more than 1 ft per day, and for at least the first year of reservoir operation, 
frequent inspections of the embankment, of the abutments, and of foundation areas were to be made 
to check for seepage or for significant rises in the water table downstream from the dam. 

These tentative instructions of 1971 also required that measurable seepage should be collected and 
measured; seepage areas should be mapped and photographed; and reservoir water surface elevation 
and other pertinent data should be recorded, and that the results of the inspections should be 
reported monthly to the Director of Design and Construction. Any unusual developments noted 
during any inspections were to be reported immediately. In such an event, further instructions were 
to be furnished by the Director of Design and Construction. 

Assignment of Responsibility. 
The Project Construction Engineer had primary responsibility for surveillance of the dam and 
reservoir. He was required to report unusual conditions to the Director of Design and Construction in 
Denver. As reservoir filling began the Project Construction Engineer gave general instructions to 
members of the field forces to be alert for any adverse developments. 

INSTRUMENTATION 

Monuments. 
Measurement points were to be installed by the contractor in rows parallel to the dam axis upon 
completion of the outer surfaces of the dam embankment to an elevation 10 ft above each of the 
measurement points. Planned spacing in each row was approximately 250 ft as shown in Fig. 11-1 
with numbers and elevations as shown in the table below: 

Location 
Approximate 
Elevation 

Between 
Stations 

Number 
of Points 

350 ft upstream 
150 ft upstream 
22.5 ft upstream 
22.5 ft downstream 
250 ft downstream 
500 ft downstream 

5199 
5279 
*
*
5215.75 
5127.17 

16+07 and 23+56 
15+o0 and 25+00 
6+25 and 31+25 
5+00 and 30+00 

16+25 and 26+25 
17+50 and 22+50 

4 
5 

10 
11 
5 
3 

Total 38 

*Camber determines elevation 
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Under his contract the contractor was required to furnish materials for and to place the embankment 

measurement points where shown, or as designated by the Government. 


The Government was to assist the contractor by determining the approximate locations for the 

measurement points and on completion of each row of points was to establish them as benchmarks 

for elevations and targets for horizontal control. Periodic Government surveys to 0.01 ft on these 

points were to be started for the measurement of cumulative settlement and for horizontal deflection 

of each with respect to the centerline of crest. Further details of the embankment measurement point 

installation are described in Designation E-32 of the USBR Earth Manual, first edition, revised 1968. 


On June 5, 1976, only nine of the upstream points had been installed and were being monitored. Five 

of these points were destroyed when the dam failed. As shown in Fig. 11-1, none of the downstream 

points were placed. 


Some settlement was expected along the spillway walls. To determine the magnitude of such 

settlement and any deflection of the walls, readings were obtained on measurement points as soon as 

the structures were constructed, prior to backfill placement, and periodically as construction 

progressed. As previously stated in Chapter 7, no movement was significant. 


Flow Measuring Facilities. 

Devices such as weirs to measure seepage flows downstream from the dam had been planned but had 

not yet been constructed at the time of failure. The reported flows were estimated from visual 

observation. 


Groundwater Measuring Devices. 

Nineteen exploratory borings located in a large region surrounding the dam were used as observation 

wells (Fig. 11-2). These holes, however, were not specifically located for the purpose of surveillance 

of the dam. They did serve to indicate rise in water level in the area in the vicinity of the reservoir, 

but their value in monitoring the safety of the dam was incidental and minimal. 


Abutment Seepage Instruments. 

No provision was made for monitoring seepage flows inside the abutments. 


Strong Motion Instruments. 

The U.S. Geological Survey had a strong motion accelerometer installed in the Teton Dam 

powerhouse which was destroyed at the time of failure. For other seismometer installations refer to 

Chapter 6. 


MEASUREMENTS 


The water table in the right abutment was observed through drill holes and wells for several years 

before construction of the dam. In May 1975 a program for measuring groundwater conditions at the 

damsite and reservoir prior to and during initial filling was established. This program was expected by 

the USBR to give advance warning of the development of unusual groundwater conditions. Readings 

of water levels in the wells were taken weekly until the spring of 1976, when the frequency of 

readings was increased to about twice a week. The results are discussed in Chapter 5. 


Surveys were made periodically of horizontal and vertical movement of the surface monuments which 

had been installed on the dam. The results are shown in Table 11-1. 
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TABLE 11-1 
MEASUREMENTS OF MONUMENTS ON DAM 

Reservoir 
Water 
SW'face Centerline Station 
Elevation Date 15+oo 16+07 17+50 18+58 20+00 21+oo 22+50 23+56 25+00 

Elevation in Feet 

5050± 
5119.0 
5162.7 
5171.4 
5249.2 
5056± 

10/2/75* 
. 11/21/75 
2/23/76 
3/29/76 
5/18/76 
6/19/76 

5278.97* 
5278.91 
5278.92 
5278.90 

5197.82 
5197.77 
5197.77 
5197.78 

5279.58* 
5279.47 
5279.47 
5279.44 

5197.07 
5197.01 
5197.00 
5197.01 

5279.21 * 
5279.07 
5279.06 
5279.04 

5198.00 
5197.94 
5197.93 
5197.94 

5197.78 

5279.33* 
5279.22 
5279.21 
5279.17 
5278.98 

5198.97 
5198.92 
5198.92 
5198.92 

5198.87 

5278.90* 
5278.85 
5278.84 
5278.82 
5278.75 

..... ..... 
v. 5050± 

5074± 
5119.0 
5162.7 
5171.4 
5171.5 
5261.0 
5056± 

10/2/75* 
10/18/75 
11/21/75* 
2/23/76 
3/29/76 
3/30/76 
5/21/76 
6/22/76 

150.00 
149.99 
150.02 

149.99 

Offset Upstream from Centerline in Feet 

350.23 349.91 
350.26 349.93 

150.00 149.91 
350.23 149.95 349.88 149.88 

149.93 149.86 
350.25 349.88 

149.96 149.92 

350.01 
350.04 

350.01 

350.01 

350.18 

149.95 
149.02 
149.89 

149.99 
149.78 

350.00 
350.03 

350.00 

350.02 

350.29 

149.68 
149.73 
149.67 

149.83 
149.69 

*Original 
See Fig. 11-1 for location of points. 



INSPECTION 

Daily inspection was made of the constructed works, including the auxiliary outlet works and the 
river outlet works access shafts, the river outlet works tunnel, and the area below the dam. Patrol 
examination was made of the abutments and the canyon walls downstream in search of leakage. 

Surveillance inspections were made during reservoir filling as a part of the regular duties of the 
inspectors. In addition, the project photographer who recorded the observation well readings also 
inspected the abutments at least twice each week. 

A daily report dated August 2, 1976 by Inspector Lyman G. Rogers, USBR, states: 

As construction work started up this spring and reservoir was filling, Inspector Gary 
Larson was instructed to check for leaks in A.0.W. shaft and sides of spillway and 
spillway drains. Inspector Frank Emrick was instructed to check for leaks in R.O.W. 
shaft. Inspectors Alfred Stites and Ken Hoyt were instructed to check for leaks along left 
and right abutments downstream of face of dam. This work was done along with their 
regular inspection duties. I also checked along the abutments at least twice a week. 

In a memorandum of November 9, 1976 to the Project Construction Engineer from Field Engineer 
Peter P. Aberle, the following description of surveillance procedures was given (Appendix B, under 
letter to Robert Jansen dated November 12, 1976): 

... The area downstream of the spillway area was observed from across the river on a 
daily basis by the inspection forces and myself and leaks of any consequence could be 
detected by watching for water flows from the drain downstream of the spillway along 
the right abutment into the· river. All inspectors were instructed to be aware for leakage 
and to report these leaks immediately. 

During the month of May, the contractor (MK-K) cut a small hole into a water storage 
pond which was located high on the right abutment for the purpose of draining it. Water 
from this pond drained into the gully located to the right of the spillway. This water was 
detected almost immediately by the inspection forces and reported which shows the 
awareness of the program. 

About ten days prior to June 4, I received a call from Mr. Duane Buckert, Project 
Manager for MK-K, stating that their Office Engineer, Vince Poxleitner, thought he saw a 
leak downstream of the spillway. This was checked out by the inspection forces and 
found to be negative. 

After well no. 6 [DH-6] showed an exceedingly rapid increase of the water level, I made 
an inspection of the right abutment about 1200 to 1700 feet downstream of the dam and 
the gully in this area. This inspection was made on or about June 1, 1976, and no leaks 
were noted. 

On Thursday, June 3, 1976, when the two leaks were found downstream of the spillway, 
I checked along the canyon downstream of these leaks an additional 500 feet and found 
no leaks. 

On the morning of June 5, as I drove to the powerhouse area, I again visually checked the 
spillway drains and the gully to the right of the spillway and saw no leaks. 
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At least once a week I instructed the shift inspector to remind all inspectors to watch 
daily for possible leaks. These reminders were also made by myself several times during 
the weekly safety meeting held by the inspection forces each Monday morning. 

As soon as the ice cleared from the reservoir area, the reservoir was inspected two to three 
times per week. The shoreline was patroled near the damsite and potential land slides 
were noted and reported throughout the reservoir area .... 

After the failure, Aberle reported that the small springs in the right abutment downstream from the 
dam "warranted monitoring by visual observation as frequently as routine inspections of the entire 
operation at the dam." 

Such inspections were made. On the morning of June 4, 1976, for example, engineer W.H. Andrew 
and inspector A.D. Stites walked around the right abutment area at the toe of the dam looking for 
leaks. Andrew reported that they were doing this because "one or two spring leaks had developed" 
farther down the stream in the abutment wall "about the day before." 

Later on June 4, until dark, inspector Stephen Elenberger made several observations of "both the 
downstream side and the upstream reservoir." He says that he had been alerted to pay particular 
attention for possible leaks because there were small spring-like areas of water on the north side of 
the canyon below the toe of the darn. 

Regarding the seepage downstream in the north abutment wall, Project Construction Engineer R.R. 
Robison says that "I felt the area should be monitored by sight inspections and other mechanical 
means, the latter of which were never put into effect." Robison inspected this seepage late in the 
afternoon of June 4, 1976 and examined the darn itself, both upstream and downstream. 

ANALYSIS 

The need for monitoring and analyzing water levels in wells and drill holes at and near the damsite 
was apparently recognized by the Bureau of Reclamation, and attention was given to study of the 
data from this effort. The procedures for processing of well observation data were transmitted in a 
memorandum attached to a letter to Robert Jansen dated November 12, 1976: 

... It was our intent that the readings should be compiled and forwarded to the Regional 
Office and Denver office personnel interested in this data at least once each month. 
Subsequent to the water being stored in the reservoir, Mr. [Keith] Rogers would receive 
the data and plot them on the charts as they were submitted in the field. I would review 
them periodically at least once each week to see if there was any significant changes in 
the water level shown. Approximately once each month we would assign a cutoff date 
that the charts would be brought up to date, the readings would be recorded and the data 
sent off to the various offices. The reservoir started filling so rapidly in the spring that 
recordings were read at more frequent intervals. Periodically we would meet with Mr. 
Robison and would look over the readings and discuss the changes noted. The last month 
before the darn failure, we noted a significant rise in water level shown on these readings. 
This was discussed with representatives of Director of Design and Construction, Denver. 
It was decided to make a special effort at this time to compile the data from the 
observation wells in order to forward them at a closer interval than in the past .... 
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As can be seen in Fig. 11-2, two observation wells were located on the left abutment downstream 
from the dam and one was nearby in the canyon bottom. However, there was only one drill hole 
downstream from the dam axis on the right abutment to serve as an observation well. While more 
holes in this vicinity would have facilitated analysis, the Bureau regarded the monitoring system as 
adequate. 

REPORTING 

Surveillance activity was conducted as part of the general inspection program, and any observations 
related to safety of the project structures were made on that basis. Adverse developments, however, 
were reported separately from the routine inspection reports. Construction personnel were instructed 
to make oral reports to their supervisors if they observed any questionable conditions at the dam. 

The Project Construction Engineer was expected to make monthly inspection reports to the Director 
of Design and Construction in Denver. Unusual observations were to be reported immediately. Project 
Construction Engineer Robison did this either by telephone, faxogram, or mail. 

COMMENTS 

For a dam of this size and complexity, facilities for measurement usually would include surface 
monuments for gaging vertical and horizontal movement, cross-arm settlement devices and/or slope 
indicators to measure internal embankment movement, piezometers to monitor water pressures 
within the fill and in its foundation, weirs or other devices to measure seepage, wells for observation 
of water levels in the reservoir environs, and instruments such as accelerometers to measure earth 
tremors. 

Inspectors responsible for visual observation should be provided with standard operating instructions 
to guide them in their regular patrols. These observers would be trained to interpret potentially 
adverse conditions and to report significant findings promptly. The assignment of responsibility 
should be well documented and well understood by all concerned personnel. 

Several key members of the construction force made inspections on a regular basis, supplementing 
their construction assignments. Definition of responsibilities was apparently adequate. Information 
from pertinent observations was communicated reliably through the chain of supervision. The major 
deficiency in the surveillance program was in instrumentation. While considerable attention was given 
to well measurement in the vicinity of the dam, most of the wells were too far away to give direct 
indication of its performance. None of the wells was located specifically to monitor behavior of the 
embankment or its abutments. Without good instrumentation in the foundation and with none inside 
the dam itself, observers at the site were limited in the judgments that they could make related to 
safety. 

In summary, project staff complied sensibly with preliminary operating criteria specified by USBR 
designers. Most instructions given at the site were oral, but it is believed that they were followed 
conscientiously. However, the dam and its foundation were not instrumented sufficiently to enable 
the Project Construction Engineer and his forces to be informed fully of the changing conditions in 
the embankment and its abutments. 
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CHAPTER12 

CAUSE OF FAILURE 


REVIEW OF SURFACE MANIFESTATIONS 

Any satisfactory explanation of the failure must be in accordance with the known chronology and 
eyewitness accounts. The facts are summarized as follows: 

Before June 3, no springs or other signs of increased seepage were noticed dowstream of the dam. On 
June 3, clear-water springs appeared at distances of about 1300 and 1500 ft downstream, issuing from 
joints in the rock of the right bank. 

During the night of June 4, water may have flowed down the right groin from about El. 5200, 
inasmuch as a shallow damp channel was noticed early on the morning of June 5. Shortly after 7:00 
a.m. when the first observations were made on June 5, muddy water was flowing at about 20 to 30 
cfs from talus on the right abutment at about El. 5045, and a small trickle of turbid water was 
flowing from the right abutment at El. 5200. Both flows were at the junction of the embankment and 
the abutment, referred to as the groin, and both increased noticeably in the following three hours. 

At about 10:30 a.m. a large leak of about 15 cfs appeared on the face of the embankment, possibly 
associated with a "loud burst" heard at that time, at El. 5200, about 15 ft from the abutment and 
adjacent to the smaller leak previously observed at the same elevation. The new leak increased and 
appeared to emerge from a "tunnel" about 6 ft in diameter, roughly perpendicular to the dam axis 
approximately opposite dam axis Sta. 15+25, and extending at least 35 ft into the embankment. The 
tunnel became an erosion gully developing headward up the embankment and curving toward the 
abutment, as shown in Fig. 2-1 and in the photographs, Figs. 2-11 and 2-13. 

At about 11 :00 a.m., a vortex appeared in the reservoir at about Sta. 14+00, as shown in Fig. 2-1, 
above the upstream slope of the embankment. At 11 :30 a.m., a small sinkhole appeared temporarily, 
ahead of the gully developing on the downstream slope, near the crest of the dam. Shortly thereafter, 
at 11: 55 a.m., the crest of the dam began to collapse at a point between the vortex and the head of the 
enlarging gully (Fig. 2-14). The failure then continued as a simple enlargement of the discharge 
channel by the reservoir. 

From the time observers arrived at the site and first observed the small muddy flows, to the breaching 
of the dam, was about five hours. If it is assumed that such flows began on June 4, immediately after 
Inspector Elenberger's last visit at about 9 p.m., the surface manifestations of the developing erosion 
channel could not have existed more than 15 hours before the final breaching of the dam. 

No other pre-failure observations are known except for the rise in water levels in various drill holes 
being used as observation wells. This information is shown in Fig. 5-7. 

PHYSICAL CONDITIONS ALONG FAILURE PATH 

Introduction. 
The path along which the erosion developed is defined in plan with a considerable degree of certainty 
by the surface manifestations described previously. The subsurface conditions along this path played 
a vital part in determining the nature of the failure. In the following comments, the term "failure 
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section" is frequently used. This term is intended to refer to that section of the dam generally 
between dam axis Stas. 13+50 and 15+25. 

Conditions Upstream from Grout Curtain and Key Trench. 
The open-jointed nature of the welded tuff in the right abutment, both upstream and downstream of 
the axis of the dam, is described in detail in Chapter 5. In the early stages of design, during the test 
grouting program, it was concluded that the upper 70 ft of the rock on both abutments was too open 
for successful grouting; consequently the key-trench design was adopted. The open nature of the 
joints on the upstream face of the right abutment key trench was confirmed by the Panel's 
investigation after removal of the key-trench fill. At the failure section, part of the abutment rock has 
been removed by the erosive action of the escaping floodwaters. There is no reason to believe that the 
eroded rock was less open-jointed than that which remains. 'Hence, there can be no doubt that 
reservoir water had ready access to the entire upstream face of the key trench, including the portion 
adjacent to the failure section. 

Beneath the level of the base of the key trench, the rock was also jointed and permeable, as judged by 
the water tests in exploratory drill holes and by the grout takes in the curtain. Since the curtain was 
confined to the key trench, there is no doubt that the rock at depth, upstream of the curtain, was 
permeable, albeit possibly less so than that in the upper 70 ft. Inspection of the face of rock 
remaining along the right abutment after the erosion by the escaping floodwaters disclosed many 
open joints below key-trench level, some partly filled with grout, both upstream and downstream of 
the grout curtain. 

Conditions at Key Trench. 
The geometry of the key-trench excavation is shown in Figs. 3-1, 3-3, and 3-13. In addition to the 
steep sides of the general excavation, many local irregularities are present. These include near-vertical 
faces and occasional overhangs. 

The geometry of the local steep faces and overhangs is related to the jointing. Concentrations of 
joints, largely trending N30°W, exist between Stas. 13 + 00 and 13 + 50, and in the vicinity of Sta. 
14 + 00 where erosion has removed the grout cap and exposed the rock beneath. The jointing is 
described in Chapters 3 and 5 and in Appendix E. 

The grout curtain and grout cap have been described in detail in Chapters 8 and 9. The ponding or 
joint transmissibility tests conducted by the Panel, described in Chapter 3, demonstrated that water 
can flow readily beneath the grout cap at several locations near the failure zone. Water tests in drill 
holes on the center line of the grout curtain near the failure section also demonstrated the existence 
of passages through which water emerged downstream. 

The key-trench fill was investigated extensively as the remnant on the right abutment was excavated. 
The material, as indicated in the specifications, consisted of windblown clayey silts. As described in 
Chapters 7 and 9, it was compacted generally on the dry side of optimum, contained occasional lenses 
or layers more plastic than the rest, and was placed against the rock walls of the key trench with no 
rock treatment or transition. Loose zones were noted beneath occasional overhangs or against open 
joints. 

Conditions Downstream from Key Trench. 
The jointing in the rock exposed in the downstream face of the key trench appears generally less 
prominent and open than upstream, except in the vicinity of Sta. 14+00 where several sets of major, 
throughgoing joints are apparent. These joints are located just to the right of the mass of rock eroded 
by the floodwaters; others undoubtedly existed within the eroded mass. 
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The right abutment was originally partly covered with products of rock weathering and 
accumulations of talus. These materials were removed where Zone 1 was in contact with the 
abutment, but not at the foundation contact with Zones 2 and 5. As described in Chapter 9, 
pervious talus existed beneath the groin of the dam on the right abutment downstream of Zone 1. 
The downstream toe rested on alluvium. A stockpile of riprap existed downstream of the toe along 
the right abutment at the time of failure. Thus there was considerable pervious material in contact 
with the right-abutment rock wall into which moderate quantities of clear or muddy water could have 
escaped for a limited time without detection. 

The geometry of the mass of rock bounded by the downstream face of the key trench and the face of 
the right abutment immediately downstream of the key trench deserves attention. The outer part of 
the mass was removed by the floodwaters. It was transected by nearly vertical joints, of which the 
lower portions still remain (Figs. 3-9 and 3-11), which constituted a short path from the key trench 
to the portion of Zone 2 resting on the right-abutment talus at about El. 5200. 

UNTENABLE FAILURE HYPOTHESES 

Seismic Activity. 
As indicated in Chapter 6, there is no evidence of seismic activity at the time of failure. The only 
earth motions recorded were those clearly caused by the escape of the turbulent floodwaters from the 
reservoir. Therefore seismic activity was not a cause of failure. 

Settlement. 
Settlement of the dam and its surroundings, possibly associated with compression of the Miocene lake 
and stream sediments, has been suggested as a cause of cracking leading to penetration of water and 
erosion. 

Settlement observations were made on surface reference points on the embankrneBt (Table 11-1 ). 
Because the reference points were established when the dam was almost completed, the records do 
not include the immediate settlements due to the weight of the embankment. They do include, 
however, post-construction settlements due to this weight plus the settlements associated with filling 
the reservoir and any distortions due to the subsequent failure. The maximum observed movements 
prior to the failure were on the order of 2 in., a value by no means unusual during first filling of 
reservoirs. The settlements of a large number of successful earth dams have been many times this 
value. Indeed, one of the advantages of earth dams is their ability to accommodate large settlements 
of the foundations and of the fill itself, as well as large differential settlements among various parts of 
the dam and its appurtenant works. Furthermore, had appreciable abutment settlements actually 
occurred, distress would have been visible in the concrete lining of the auxiliary outlet tunnel beneath 
the spillway structure. The tunnel, when inspected after the failure, was in excellent condition and 
displayed no cracks that could be attributed to causes other than normal shrinkage. 

A resurvey of fourteen principal control points used in construction of the dam was made after the 
failure (Table 5-5). One control point was located as far as 6500 ft from the axis of the dam, beyond 
the influence of the weight of the dam; two were located close to the ends of the dam; others were at 
intermediate distances. Indicated differences in elevation of reference points before and after failure 
of the dam ranged from a settlement of 1.5 in. to a rise of 0.5 in. These differences might be 
considered to be within the tolerances for construction surveys run across a canyon, and not to be 
significant. It would be reasonable to conclude that a movement of as much as 0.5 in. might have 
occurred as a consequence of removing the weight of the failed portion of the dam. On the 
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assumption that the thickness of the Miocene sediments is 100 ft, the con~trained modulus of 

elasticity of the sediments, to account for a rise of 0.5 in. on removal of 100 ft of embankment, is 

about 500,000 psi. This value corresponds to the in-situ modulus of many basalts and other flow 

rocks on fiISt loading. Hence, settlement due to compressibility of the Miocene sediments should have 

differed little from that which would have occurred if they had been replaced by rhyolite. It should 

be noted that since the Miocene sediments are thicker than 100 ft, their calculated modulus is even 

greater. 


On the basis of the preceding discussion the Panel concludes that settlement of the dam or its 

foundation did not contribute to the failure. 


Reservoir Leakage. 

High water losses in various exploratory drillholes near the dam and along the reservoir rim have been 

cited as a factor indicative of potential failure. large losses of water beneath or around earth dams or 

through the reservoir rim may have an influence on the economics of a project but they have no 

relation per se to the safety of the dam, provided that the foundation and abutment treatment, to be 

discussed, is designed and executed in accordance with good practice. Therefore, the Panel does not 

consider the qNestion of reservoir losses to be pertinent to the cause of failure of the dam. 


Seepage Around End of Grout Curtain. 

As concluded in Chapter 5, seepage around the end of the grout curtain was not a cause of failure. 


MOST PROBABLE STEPS IN DEVELOPMENT OF FAILURE 


Appearance of Springs. 

As the reservoir level rose, more and more water gained access to the joints in the rhyolite,joints that 

increased in width in a general way with increasing elevation, especially above about 5200 ft. As a 

result of flow beneath and around the ends of the grout curtain, as well as through the "windows" 

existing in it, a general rise of groundwater levels occurred downstream of the dam. This rise led to 

the appearance of clear-water springs 1300 to 1500 feet downstream of the toe a few days before the 

failure. These springs, although predating the failure only slightly, were not in themselves indicators 

of developing defects, but were normal accompaniments of reservoir filling. 


Development of Erosion Tunnel. 

Between about Stas. 13+40 and 15+00, particularly unfavorable conditions existed, as described 

previously: (1) a geometry of the key trench especially favorable to arching, to poor compaction, 

and to cracking of the Zone 1 material; (2) significant water passages through the rock just beneath 

the grout cap and possibly through the grout curtain at greater depth; (3) a concentration of 

throughgoing joints beneath and alongside the key trench; and (4) an erodible fill within the key 

trench and in contact with the jointed rock downstream from the key trench. As a result of these 

conditions one or more erosion tunnels formed across the bottom of the key trench permitting water 

to flow readily from the open joints upstream to those downstream of the key trench and grout 

curtain. The manner of formation of the initial tunnel deserves detailed discussion and is treated in 

the next section. 


As erosion enlarged the tunnel or tunnels, the discharge of water increased. The discharge, being of 

increasing amount and containing eroded silty soils, could escape only through passages of 

appreciable size. Some of the outflow undoubtedly entered the generally interconnected joint system 

downstream of the cutoff and spread through the rock mass, but a large part passed nearly 

horizontally, near El. 5220, through or around the narrow block of rock between the downstream 
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face of the key trench and the right abutment wall. Flow through this rock mass was facilitated by 
the concentration of joints intersecting the downstream wall of the key trench between Stas. 13+40 
and 14+00. Part of the flow emerged from the rock against the Zone 1 fill on the right abutment, 
turned downstream, and flowed along the interface. Since the silty fill beneath minor overhangs and 
along near-horizontal joints was sheltered from overburden pressure, it too was vulnerable to erosion. 
The water and suspended silt continued along the interface until it reached Zone 2 or the pervious 
surficial soils and talus left beneath Zone 2. Another part of the flow remained in the rock near the 
abutment, where weathering and relaxation left more open joints than at greater depth, and then 
emerged into Zone 2 or the talus beneath it. Once the pervious zones were reached and as long as the 
outflow did not exceed their capacity, water flowed through the pervious materials near the groin of 
the right abutment and through the riprap stockpile at the toe. 

Development of Erosion Gully. 
During the night of June 4, however, the leakage began to exceed the capacity of the pervious 
materials, whereupon it emerged at El. 5200 and flowed briefly down the surface. Dampness and 
slight erosion were noted along the groin the next morning. Early in the morning, as flow continued 
to increase, muddy springs appeared at both El. 5045 and El. 5200. Soon the spring at El. 5200 was 
seen to be the mouth of an erosion tunnel extending along the rock at the base of the earthfill close 
to the groin. Progressive erosion led to continued increase in size of the tunnel until finally at about 
10:30 a.m. the water pressure was great enough to break suddenly and violently through the Zone 2 
fill and erupt on the face of the dam. Thereafter the erosion tunnel became an erosion gully, working 
headward first up the groin and then along the initial passage through the key trench. The gully 
extended upstream by successive collapses of the roof of the tunnel, including the sinkhole that 
appeared briefly at El. 5315, toward the vortex over the upstream end, culminating in collapse of the 
roadway at the crest of the dam. 

INITIAL BREACHING OF THE KEY-TRENCH FILL 

Conditions Favoring Erosion and Piping. 
It was recognized by the USBR early in design, and confirmed by the Panel's investigation, that the 
Zone 1 material placed in the key trench and against the abutments was highly erodible. Wherever 
this material would be subjected to the action of flowing water, it would be attacked and washed 
away rapidly. Seepage through the material could also produce backward erosion due to 
grain-by-grain removal at points of emergence of flow lines where such points consist of voids 
unprotected by filters. The latter process develops slowly. Hence, it is unlikely to have played a 
significant role in the failure of Teton Dam, because the failure developed with remarkable rapidity. 

Therefore the initial breaching of the key-trench fill can be attributed to erosion by direct contact 
with flowing water. This contact could have occurred under two conditions: Where the fill was in 
contact with open joints through which water was flowing, and through cracks in the fill itself. The 
physical conditions in the vicinity of Sta. 14+00 were conducive to both possibilities, and it is 
possible that both existed simultaneously. 

The erodibility of the fill material itself is, moreover, dependent on its density and state of stress. 
Where loose, as in local zones where compaction is difficult or impracticable, the erodibility is 
substantially greater than where the fill is dense. Where the intergranular pressures are low, erosion 
can take place more readily than where they are high. Furthermore, if the water pressure exceeds the 
intergranular pressure, tension develops in the soil skeleton, and if the tension exceeds the tensile 
strength of the soil, the soil may crack by the process known as hydraulic fracturing. If the total 
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stress in the soil at a soil-rock interface is less than the water pressure in a joint at the interface, the 
soil may separate from the adjacent rock as a consequence of hydrostatic pressure, and the 
separation tends to propagate and allow greater access of the water to the soil. 

Some or all of these conditions occurred near the base of the key trench near Sta. 14+00 and, 
separately or in combination, were responsible for the original breach of the key-trench fill. The 
evidence is reviewed, for clarity of presentation, under the following two headings, although the two 
topics cannot, in fact, be completely separated. 

Evidence of Attack on Fill by Flow in Rock Joints Along the Contact. 
The mechanism of erosion under these conditions is illustrated by Fig. 12-1, in which is depicted an 
idealized joint in the bottom of the key trench. The joint is not sealed by dental concrete or slush 
grout; consequently, horizontally flowing water under pressure would attack the base of the fill and 
begin to form a pipe. If the joint occurred at a step in the rock surface, Fig. 12-2, the erosion would 
occur even more readily because of the reduction of stresses in the reentrant corner due to arching, as 
will be discussed in greater detail in the next section, and because of the likelihood of poor 
compaction of the fill in the corner. Furthermore, under high water pressure, the pipe is likely to 
enlarge by separation of the fill from the rock surface, as illustrated in Figs. 12-2 and 12-3. 
Conditions corresponding to Figs. 12-1 and 12-2 have been observed in the key trench near Sta. 
14 + 00 as documented in Chapter 3; indeed, several instances of overhanging as well as near-vertical 
steps were noted. 

Jn reality, the key trench at the failure section contained a grout cap overlying a single-line grout 
curtain flanked by two other lines of grout holes intended to contain the flow of grout from the 
curtain grouting. The investigations carried out at the request of the Panel, described in Chapter 3, 
demonstrate clearly that openings or windows existed in the grout curtain near the failure section, 
particularly at shallow depth beneath the grout cap. These conditions are illustrated diagrammatically 
in Figs. 12-4 to 12-6. The diagrams show how the initial formation of pipes along transverse joints, as 
illustrated in Figs. 12-1 to 12-3, associated with even modest seepage beneath the grout cap, can 
develop (Fig. 12-5) into larger cavities upstream and downstream of the grout cap, and how the 
cavities may unite under the high hydraulic gradient between them to form a single erosion tunnel. 
After this occurs, enlargement of the tunnel is restricted only by the capacity of the adjacent joints to 
deliver and carry away the through-flowing water. 

The Panel's investigations leave no doubt that all the conditions for creation of the initial breach by 
this mechanism existed between about Stas. 13+40 and 15+00. The results of ponding tests on 
throughgoing joints demonstrated the existence of zones of ready leakage beneath the grout cap at 
the places shown in Fig. 3-17 and the existence of deeper windows in the grout curtain is indicated in 
Table 3-2. 

Furthermore, the topography of the bottom of the key trench in the vicinity of the failure showed a 
concentration of steps and overhangs conducive to arching and poor compaction. 

Evidence of Attack on Fill Through Cracks in Fill. 
Cracking of cohesive soils in the impervious sections of earth dams is a well known phenomenon 
associated with tensile strains due to differential settlements among portions of the dam or between 
the embankment and its foundation. A variety of defenses is available to the designer to reduce the 
potential for cracking and to render harmless those that occur. The mere presence of cracks, 
therefore, is not an indication of unsatisfactory design or performance. At Teton Dam, however, it is 
apparent that cracks through the key trench would inevitably lead to rapid erosion and would thus 
constitute remarkably efficient avenues for breaching the seepage barrier and initiating failure. 
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Cracking is associated with zones of low compressive stresses in the fill. Such zones are related to 
differences in compressibility of materials in adjacent portions of the dam, or between the 
embankment and its foundation or abutments. The weight of the embankment overlying a 
compressible material is partly transferred to adjacent less compressible materials as a result of 
shearing stresses developed in the embankment. This process of stress transfer is commonly referred 
to as arching. 

In a qualitative sense, arching is illustrated in Fig. 12-7 which depicts an idealized cross section 
through the key trench of Teton Dam. The rigidity of the rock walls, combined with their steep 
slopes, causes a high degree of arching or stress transfer to. the abutments, and a corresponding zone 
of low stresses in the fill at the bottom of the trench. Because of its importance, this arching 
transverse to the key trench is designated as first-order arching. In a longitudinal direction, however, 
the profile of the bottom of the key trench contains major steps or irregularities; in the depressions 
the compressible materials cause load to be transferred to the adjacent rock surfaces. Arching of this 
type, Fig. 12-8, is designated as second-order. Finally, local smaller steps and overhangs occur that 
lead to a third order of arching (Figs. 12-2 and 12-3) that may not only be significant in itself but is 
especially likely to be associated with poor compaction. All three orders of arching may occur 
simultaneously and the reductions of stress are additive. That the conditions in the key trench near 
Sta. 14+00 were conducive to all three orders is evident from a study of the cross sections, the 
longitudinal sections, and numerous photographs. The occurrence of a high degree of arching near 
Sta. 14+00 combined with the presence in this area of joints capable of delivering and carrying away 
large quantities of water make cracking a highly probable potential cause of breaching of the 
key-trench fill. 

The qualitative discussion of arching represented by Figs. 12-7, 12-8, and 12-3 can be supplemented 
by quantitative studies carried out by the finite-element method. Although this method of analysis 
has been applied to the calculation of stresses in earth dams for some years, it is still under 
development. At the present time, the techniques are practicable for two-dimensional analyses. The 
most refined techniques require the determination of nine different soil parameters, determined from 
triaxial tests. The parameters do not take into account the influence of time, although allowances can 
be made for the effect of yielding, and the computational procedures permit allowing for the 
progressive construction of the embankment. Thus, the numerical results of stress and displacement 
calculations, although themselves quantitative, are best used in a qualitative or semi-quantitative 
manner. 

Soil parameters for analyses at critical locations were selected by members of the Panel on the basis 
of five triaxial tests, some performed by the USBR during design of the dam and some performed by 
the USBR and Northern Testing Laboratories according to procedures specified by the Panel, and on 
the basis of experience in testing other materials. A range of values was chosen for the principal 
parameters to take some account of variations in properties from those represented by the samples 
tested. Details of the materials tested and of the tests are described in Chapter 3. 

Two-dimensional analyses were performed for cross sections at Stas. 12+70, 13+70, and 15+00 on the 
right abutment and at Sta. 27+00 on the left abutment. The sections on the right abutment were 
chosen by the Panel as being representative of the portion of the key trench where the seepage barrier 
was initially breached. Similar sections at Stas. 26+00 and 27+00 were analyzed to permit comparing 
certain predictions based on the finite-element analysis with field observations carried out in the 
portion of the embankment remaining after the failure, as discussed in the next subsection. 

The values of vertical normal stress throughout the embankment and key-trench fill are shown as 
fractions of overburden pressure in Fig. 12-9 for Sta. 15+00. For comparison, the figure also shows 
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the stresses that would exist if there were no key trench; that is, if there were no redistribution of 
stresses due to arching. The results demonstrate the marked reduction of stress due to first-order 
arching as a result of the presence of the key trench. Because the results are two-dimensional, they 
give no information about the second-order arching associated with the longitudinal configuration of 
the key trench (Fig. 12-8), or about the third-order arching illustrated in Figs. 12-2 and 12-3. 

Hence, the finite-element studies confirm and to a degree quantify the importance of the arching 
associated with the key trenches adopted for the abutments of Teton Dam. 

The analyses were carried out under the direction of members of the Panel. The details of the 
analyses and an assessment of their pertinence are contained in Appendix D. 

Considerations of Hydraulic Fracturing. 
Within the limitations of the validity of the assumptions, the finite-element method of analysis also 
permits calculation of whatever other components of stress are considered to be of interest. It is thus 
possible, in principle, to compute the minimum total compressive stress at any point within the dam 
and to compare the sum of this stress and the tensile strength of the fill material with the porewater 
pressure. If the sum of the normal stress and tensile strength is less than the porewater pressure, the 
possibility exists that cracks will develop by a mechanism known as hydraulic fracturing. 

Hydraulic fracturing has often been induced in the impervious zones of earth dams by creating 
sufficient head in water-filled drill holes in the dams. Measured values of water pressure to cause 
fracturing, indicated by sudden loss of water from the drill hole, have compared favorably with the 
sum of reasonable values of tensile strength of the material and the total minor principal stress 
calculated by the finite-element procedure. 

Because of the agreement between calculated and observed values of water pressure to cause 
hydraulic fracturing around drill holes, field tests in drill holes have been used to check the 
reasonableness of soil parameters determined by laboratory tests for finite-element analyses, or to 
determine the most appropriate value of one of the more significant parameters. Such tests were 
carried out at the request of the Panel near the left abutment at Stas. 26+00 and 27+00 where the 
key trench sections closely resemble those at Stas. 15+00 and 13+70 in the right abutment, in order 
to verify the general applicability of the parameters selected from the soil tests and to aid in selecting 
the applicable value of Poisson's ratio. The details of the procedure and of the interpretation are given 
in Appendix D. 

The possibility of hydraulic fracturing in dams as a result of water pressure from a reservoir applied 
against an impervious zone has also been investigated by the finite-element procedure. This is 
accomplished by comparing the sum of the minimum total compressive stress and the tensile strength 
at a point in the zone with the water pressure at that point. In computing the stresses in the soil, the 
effects of consolidation, swelling and creep are not fully considered. However, this limitation can be 
overcome to some extent by considering a range of soil parameters and by utilizing observed field 
performance as an additional guide in selecting the most suitable values. 

In determining the water pressures, consideration should be given to the head losses associated with 
whatever seepage may occur. If a completely impervious grout curtain should be achieved, for 
example, full hydrostatic pressures corresponding to the reservoir level would be exerted against the 
cutoff and the possibility of hydraulic fracturing would be maximized. At the other extreme, if the 
efficiency of the grout curtalii:~is very low, the water pressures exerted against the cutoff would be 
greatly reduced and, for ~,:{feasonably symmetrical section, would approach half the values 
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corresponding to the reservoir level. The potential for hydraulic fracturing would be 
correspondingly reduced. 

Thus, depending on personal evaluations of the efficacy of a grout curtain and of the applicability of 
the stress analyses, there are likely to be differences of opinion concerning the possibility of hydraulic 
fracturing in any given case. Nevertheless, the results of such calculations when applied to the right 
abutment of Teton Dam between Stas. 12+70 and 15+00 lead to interesting conclusions. The 
abbreviated discussion in this section is treated more fully in Appendix D. 

The results for Sta. 13+70 illustrate the findings. They show that the minor principal stress lies in the 
plane of the cross section and, at the upstream face of the key trench, is inclined downward at about 
30° in the downstream direction, as illustrated in Fig. 12-10. Thus, the first cracks would form in a 
direction parallel to the axis of the key trench rather than across it. Computed values of the minor 
principal stress in the plane of the section at Sta. 13+70 are compared with the full hydrostatic 
pressures for reservoir level at 5300 ft in Fig. 12-11. The comparison shows that hydraulic fracturing 
would occur in a zone along the upstream face and the lower portion of the key-trench fill. Thus, 
water would be distributed longitudinally to any nearby sections where transverse cracking might 
occur. 

The possibility of transverse cracking is shown in Fig. 12-12, in which the computed values of normal 
stress on the transverse section at Sta. 13+70 are compared with hydrostatic pressures for reservoir 
level at 5300 ft. Hydraulic fracturing is indicated across the entire bottom of the key trench up to a 
height of approximately 15 ft. Thus, the analysis indicates that cracking due to hydraulic fracturing 
could have been responsible for initial breaching of the seepage barrier, if full hydrostatic pressures 
developed on the upstream face of the key trench. Similar results, with more extensive zones of 
fracturing, are found for the sections at Sta. 15+00. On the other hand, no fracturing is indicated for 
the section at Sta. 12+70. 

With the reservoir level at El. 5255, as it was on May 20, 1976, the calculations indicate that the 
hydrostatic pressures in the upstream jointed rock would have been sufficient to cause hydraulic 
fracturing only in the bottom 10 ft of the key trench at Sta. 15+00, but not at Stas. 13+70 and 
12+70. This condition is shown by the longitudinal section, Fig. 12-13, drawn through the centerline 
of the key trench. The shaded area indicates a very small zone near Sta. 15+00 where on May 20 the 
water could move through hydraulically induced fractures. The extent of the zone on May 25 with 
reservoir elevation at 5275, and on June 5 with reservoir elevation at 5300, are also shown. 
Downslope of about Sta. 16+00, hydraulic fracturing would not have occurred because the key trench 
became either very shallow or nonexistent. 

Fig. 12-13 summarizes the extent of the zone of hydraulic fracturing as estimated from the results of 
the analytical studies. It indicates that a substantial zone of vulnerability could have developed no 
earlier than two weeks before failure actually occurred, and that the location of the zone coincides 
closely with the zone in which piping finally developed. These coincidences lend support to the 
hypothesis that hydraulic fracturing of the soil in the key trench is a highly probable mechanism for 
the initial breaching of the seepage barrier. 

On the other hand, in the calculations made to determine the zones susceptible to hydraulic 
fracturing, it has been assumed that full hydrostatic pressure acts on the upstream face of the 
impervious fill. In reality, because the grout curtain had windows and flow occurred through it, the 
actual pressures against the upstream face and beneath the key trench upstream of the grout curtain 
would be less than full reservoir pressure. Hence such comparisons indicate greater potential for 
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hydraulic fracturing than actually existed. Even so, allowing for some reduction in water pressure due 
to seepage, sufficient disparity exists between water pressures and lateral soil stresses at sections such 
as Stas. 13+70 and 15+00 to enable fracturing to occur. This would be accentuated as the key-trench 
fill became saturated and arching effects became more pronounced. 

It is perhaps paradoxical that if, on the one hand, the grout curtain were not effective, failure would 
result directly from the underseepage whereas, on the other hand, if the grout curtain were fully 
effective, failure would tend to develop as a result of hydraulic fracturing. 

SUMMARY 

Upstream of the seepage barrier there was ample opportunity for reservoir water to reach the barrier 
in quantity through the joint system in the rock. The physical conditions were fully satisfied for 
water flowing under high pressure to attack the lower part of the key-trench fill along open joints, 
some of which were found to transmit water freely through the grout curtain, particularly through 
the upper part near the grout cap. The attack was fully capable of quiCkly developing an erosion 
tunnel breaching the key trench. Arching at local irregularities, loose zones of fill at reentrants, and 
local cracking may have contributed to the success of the attack and determined the precise location. 
Hydraulic fracturing, according to analytical studies, may also have been responsible for the initial 
breaching of the key-trench fill. Conditions were favorable for escape of the water and eroded solids 
into the joints of the rock downstream, for discharging the water against and along the interface of 
the right abutment of the dam and the embankment, and for development of the erosion features 
that ultimately breached the entire dam. 

The precise combination of geologic details, geometry of key trench, variation in compaction, or 
stress conditions in fill and porewater that caused the first breach of the key-trench fill is of course 
unknown and, moreover, is not relevant. The failure was caused not because some unforeseeable fatal 
combination existed, but because (1) the many combinations of unfavorable circumstances inherent 
in the situation were not visualized, and because (2) adequate defenses against these circumstances 
were not included in the design. 
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APPENDIX A· 

USER LIST OF TETON DAM F AlLURE EXHIBITS FURNISHED TO INDEPENDENT PANEL 



As of July H, l97b 
(Items I through 35) 

(Update? to 10/21/76) 

TETON DAM FAILURE EXHIBITS 

\ 
I. Panel Information Packet 

1 • J Brochure on Lower Teton Division, Idaho, dated 1974 
1. 2 Comparison - Specifications ·VS. Final Quantities (DC-6766) 

Teton Dam, Pilot Grouting (Table) 
1. 3 Construction Materials Test Data 
1.4 Design Considerations 
1.5 Drawing of Teton Dam Left Abutment Cut-off Trench, Station :33+20 to 

Station 34+00, dated 8/17/72 
1.6 Drawing - Teton Dam - Location of Exp lo rat ions for Borrow Areas 11A, 11 

11 B, 11 and 11 C11 

I. 7 Earthwork Construction Data, dated June 1975 
1.8 Earthwork Control Analysis (2 printouts - Zone Number Dam I, Run No. 14, 

and Zone Number Dam 3, Run No. 7) 
1.9 Final Environmental Statement (including pertinent letters) 
I • J0 Geological Survey letter regarding Teton Dam (Memo from Commissioner Stamm 

transmitting letter dated June 11, 1976 from V. E. McKelvey of 
the Survey to Senator Henry M. Jackson) 

I. J1 Geological Survey Questions and Answers Regarding Teton Dam (Wire 
message dated June 18, 1976 - Questions and Answers dated June 15, 
1976) 

J • I 2 Key Events and Key Personnel - Teton Dam, Design and Construction, 
Denver Office, from 1/1/69 to present (June 28, 1976) 

1 • J3 L-10 - Final Report on Foundation Pilot Grouting 
1. 14 List of Teton Dam Material in Central Files, Library, etc., at 

E&R Center 
1. 15 List of Teton Original Drawings on file in PN 700 as of 6/15/76 
l. 16 Listing of correspondence and reports on Teton Dam Project on file in th~ 

Regional Geology Off ice 
1. 17 Listing of Key Personnel - Teton Project Office - 1967 to present 
1. 18 Morrison-Knudsen wire message dated June 11, 1976, regarding their part 

in building Teton Dam 
1. 19 News Release - Teton Dam Failure - Department of the Interior, dated 

6-9-76 
1.20 News Release - Panel Named to Review Cause of Teton Dam Failure -

Department of Interior, dated 6-10-76 
I. 21 Preliminary Geologic Hap of the NW 1/4 Driggs 1° by 2° Quadrangle, 

Southeastern Idaho (USGS) 
1.22 Progress Chart - DC-6910 (showing maximum section, with dates of 

construction) 
1. 23 Records available at Teton Project Office (Faxogram from Project 

Construction Engineer, Newdale, Idaho to Regional Director, Boise) 
1.24 Resume of Facts and Findings - Teton Dam, Idaho 
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TETON DAM FAILURE EXHIBITS - Continued 

1 .25 Seismic monitoring program - Teton Darn and Reservoir (including memo
randum from Acting Chief Geologist Robert C. Davis to D. J. Duck, 
dated July 20, 1973 a~d Prel irninary Report on Geologic Investigations, 
Eastern Snake River Plain and Adjoining Mountains, a draft report 
by Steven S. Oriel, Harold J. Prostka, David Schleicher, and 
Robert J. Hackman, USGS, June 1973) 

1.26 	 Testimony, Vol 11, Vol V, Civil Case No. 1-71-88, Trout Unlimit~d et al 
_vs. Rogers C.B. Morton et al 

1.27 Water Surface Elevations - March, April, May, and June 1976 
1.28 Wire Message from R. R. Robison to Commissioner of Reclamation, 

Director of Design and Construction, and Regional Director, Boise, 
subject, "Failure of Teton Dam, Teton Project, Idaho," dated 
June 6, 1976 

2. Teton 	Dam Book 

3. Plans 	and Specifications Packet 

3.1 	 Plans and Specifications - DC-6910 - with supplemental notices 
(Four volumes - 10 supplemental notices) 

3.2 Abstract of Bids 
3.3 Record of Subsurface Investigations 
3.4 	 Specifications No. DC-6766 - Teton Dam, Pl lot Grouting - with one 

supplemental notice 

4. Genera 1 Plan Sketch 

5. Maximum Section Sketch 

6. Profile Sketch 

7. Prints of st ides - Location of Damsite - Construction through Failure 

8. Photographs of Failure 

9. 8mm Film of Dam Failure 

10. 16mm 	 Film of Dam Failure 

11. Record of Filling of Teton Reservoir (2-page memorandum with the following) 

1 l. I Memorandum of March 3, 1976 from Project Construction Engineer to 
Director of Design and Construction, subject, "Monitoring Ground 
Water Conditions - Teton Project, Idaho" 

11.2 	 Memorandum of March 23, 1976 from Director of Design and Construction 
to Project Construction Engineer, subject, "Reservoir Operating 
Criteria - Teton Dam - Teton Basin Project, ldaho, 11 

11.3 	 Faxogram from Project Construction Engineer to Director of Design and 
Construction dated May 14, 1976, subject, "Status of Construction 
of Teton Dam and Filling of Reservoir - Teton Project, Idaho" 

2 
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TETON DAM FAILURE EXHIBITS - Continued 
No. 

11.4 Daily Records of Reservoir Filling (Same as Exhibit l.27) 
11.5 Record of observation well from October 1975 to June 1976 (6 sheets) 

12. Geology Handout 

\2.J Introduction 
12. 2 Pa rt I 
12. 3 Pa rt I I 
12.4 Index 
12.5 	 Letter of June 14, 1976 to Director of Design and Construction from 


Regional Director ~ith attachments, as follows:. 


12 .5. 1 Maps of the reservoir seepage Joss study, including 
isopachs, water table contour for 2-2-76 and 6-1-76, 
and cross sections 

12.5.2 "500 series" geologic drill logs DH-501 through -507 
12.5.3 Water level data from observation wells 
12.5.4 Hydrographs of Teton Reservoir and observation wells 

12.6 	 Seismicity reports including four sent to the Bureau by U.S. 

Geological Survey in letters dated: 


12.6.1 Apri J 26, 1976 
12.6.2 February 19, 1976 
12.6.3 September 19, 1975 
12.6.4 September 4, 1975 
12.6.5 	 Memorandum on the geologic and seismic factors of Island Park 

and Jackson Lake Dams dated March 30, 1973 

12.7 Two 	 reports 

12.7.1 	 "Preliminary Report on Geologic Investigations, Eastern 
Snake River Plain and Adjoining Mountains" by the 
USGS, sent by cover letter dated July 20, 1973 

12.7.2 	 "Groundwater Investigations of the Rexburg Bench,'' 
by the Bureau of Reclamation, February 1972 

12.8 	 Laboratory test data of foundation rock core specimens covered by 
memorandums dated: 

12.8.1 November 24, 1970 
12.8.2 December l, 1970 
12.8.3 December 2, 1970 

12.9 Final Construction Geology Report for the Spillway (Draft) 

12. 10 Drawings 

12.10.1 Teton Dam - Plan View of Fissures Exposed in Haul Road 
Cut - Drawing No. 549-100-176 - July 1976 
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TETON DAM FAILURE EXHIBITS - Continued 

No. 

12. Io. 2 Profiles of Right Abutment 200 and 250 Feet Upstream 
of Dam Axis, Un-numbered - post June 5, 1976 

12. 1o.3 Construction Geology of Spillway - Drawings No. 549
100-124 to -132 - December 1975 

12. l 0 .4 Generalized Geologic Section A-A 1 Drawing No. 549-100-152 
March 1976 

12. 1o.5 Geologic Map of Cutoff Trench, Stations 2+60 to 34+20 
Drawings No. 549-100-158 to -168 - June 1976 

12. I0.6 Geologic Section Along Upstream Grout Curtain, 
Stations -5+10 to 49+00 - Drawings No. 549-100-169 to 
-172 - June 1976 

12. 10. 7 River Outlet Works Tunnel Geology, Stations 7+72.5 to 
28+97.0 - Drawings No. 549-147-100 to -115 - April 1973 

12. l 0.8 River Outlet Works Tunnel Gate Shaft Geology - Drawings 
No. 549-147-117 to -118 - April 1973 

12. I0.9 River Outlet Works Tunnel Gate Chamber Geology - Drawing 
No. 549-147-119 - April 1973 

12. I0. 10 River Outlet Works Tunnel Intake Shaft Geology - Drawing 
No. 549-147-120 - April 1973 

12. 10. 11 Geology and Explorations in Right Abutment Keyway Trench 
Drawing No. 549-147-133 - April 1974 

12.10.12 	 Geologic Sections Across Fissures in Right Abutment Keyway 
Trench - Drawing No. 549-147-134 - April 1974 

12. 1o.13 Auxiliary Outlet Works Geology, Stations 6+63 to 34+11.33 
Drawings No. 549-147-400 to -419 - October 1974 

12.10.14 	 Auxiliary Outlet Works Shaft and Adit Geology - Drawing 
No. 549-147-420 - October 1974 

12.10. 15 Auxiliary Outlet Works Access Shaft Geology, el 5080 to 
el 5290 - Drawing No. 549-147-121 - October 1974 

12.10.16 	 Location of Exploration and Surface Geology - Drawings 
No. GEOL-76-020 and -021 - June 1976 

12.10.17 	 Geologic Section Along Downstream Grout Curtain - Right 
Abutment Drawing No. GEOL-76-022 - June 1976 

13. Prints of Slides (Geology) 

14. Seismicity 

14. I 	 Epicenters with Modified Mercalli Epicentral Intensity V or Greater 
th rough 1970 

14.2 	 Maximum Epicentral Intensity (Modified Mercall i) per 10,000 sq. km. 
through 1970 

14.3 	 Horizontal Acceleration in Rock with 10'% Probability of Being Exceeded 
In 50 Years (2 sheets, one redrawn from the other) 

14.4 Figure 2.--Location of seismic stations near Teton Dam 
14.5 	 Figure 6.--Portion of seismogram showing ground motion induced by flood

ing waters 
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TETON DAM FAILURE EXHIBITS - Continued 

No. 

15. 	 Regional Environmental Geology of Southeastern Idaho, by Steven S. Oriel 

(Unedited remarks prepared for presentation to Review Group June 15, 1976) 


16. Composite Drawing of Grouting Profile (Same as 12.10.6) 

17. Photographs of Key Trenches (Grouting) 

18. Grout Profile of Right Abutment (This is included in Exhibit 32.) 

19. Handouts on Embankment 

19.1 	 Teton Dam Earthwork Control Data - "Part C - Earthwork Construction 
Data" from L29 Reports - May 1972 to November 1975 

19.2 	 Teton Dam - Earthwork Information from Weekly Progress Reports 
June 1973 to December 1975 

19.3 	 Sequence of Earthfill Placement from L29 Reports - June 1972 to 
October 1975 

19.4 	 Maximum Sections and Earthwork Control Statistics of Earth-fill Dams 
Built by the Bureau of Reclamation - June 1973 

19.5 Measurement Points (with observation dates) (seven sheets) 
19.6 	 Right Abutment Cross-Sections Before and After June 5, 1976 - Stations 

100 through 400 Upstream of the Dam Axis (seven sheets) 
19. 7 Memorandum dated June 4, 1976 from Project Construction Engineer to 

Director of Design and Construction, subject, "Filling of Teton 
Reservoir, Teton, Project, Idaho, with drawing showing location of 
springs. 

19.8 Teton Flood Data 
19.9 	 Memorandum dated June 4, 1976 to Project Construction Engineer from 

Director of Design and Construction, subject, "Status of Construction 
of Teton Dam and Filling of Reservoir - Specifications No. DC-69QO 
Morrison-Knudsen-Kiewit, Contractor - Teton Dam, Power and Pumping 
Plant - Teton Basin Project, Idaho" 

20. Photographs of Key Trenches (Embankment) 

21. 	 Letter from R. Keith Higginson, State of Idaho Department of Water Resources, 
to Wallace L. Chadwick, dated June 21, 1976, requesting additional information 
for the Pane 1 

21. l Draft of Reply, dated 6/24/76 
21.2 Corrected Reply, dated 7/8/76 

22. 	 Chart - Bureau of Reclamation Organizations at Engineering and Research Center 
March 1976 

23. 	 Eye Witness Accounts - Interrogatories by Division of lnvestig~tion Special Agents, 
Office of Audit and Investigation, Office of the Secretary, on Behalf of the 
Teton Dam Project Review Corrrnittee, dated June 25, 1976 

5 
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TETON DAM FAILURE EXHIBITS - Continued 

23.1 	 Analysis of Eye Witnesses to Teton Dam Failure, June 5, 1976, 
dated July 2, 1976 plus three more accounts 

24. Denver Laboratory Test Data entitled "Sample Index Sheets" 

25. Observation Well Maps (Readings through June 20, 1976) 

26. Slurry and Grout Used to Fill Cracks & Fissures in Abutment (Six pages) 

27. Drawings 

27. ·1 549-D-5 Location Map 
27.2 549-D-6 Vicinity Map 
27.3 549-D-8 General Plan and Sections 
27.4 549-D-9 Embankment Details 

28. 	 Set of Six Grout Summary Sheets - Main Dam - Final Quantities (taken from 
October 25, 1975 L-10 Report) 

29. Preliminary Report on Failure of Teton Dam, by Harold G. Arthur 

30. Pressure Grouting Foundation on Teton Dam, by Peter P. Aberle 
It 

31. 	 Questions and Answers Concerning the Failure of Teton Dam - prepared by the 
Bureau of Reclamation 

32. 	 Foundation Grouting Profile and Plan Drawings - Drawings No. 549-147-150 
through -195 (with index) 

33. Preconstruction Geologic Report, Teton Damsite, April 1971 

34. Photographs of Teton Dam construction and prefail ure (from project files) 

35. Volume of material washed away by failure of Teton Dam - dated 6-18-76 
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TETON DAM FAILURE EXHIBITS 

(Added Subsequent to July 8, 1976) 


No. 

36. Sequence of Failure Photographs (taken by Gibbons and Reed employee) 

37, Chronology of Failure (from Interim Report of Interior Teton Dam Failure 

Review Group) 


38. 	 Aerial Photographs (Only one set available. Furnished to Mr. Jansen for 

panel use, 7/27/76) 


39. Teton Dam Earthwork Control Data Book 

40. Teton Dam Earthwork Control Statistics, Zones 1 and 3 

41. Map showing Observation Wells located near Teton Dam 

10/21/76 
(Exhibits added subsequent to July 30, 1976) 

42. 	 Transcript of Hearings before Conservation, Energy, and Natural Resources 

Subcommittee of the Committee on Government Operations, House of 

Representatives, Congress of the United States, August 5, 1976 


43. 	 Transcript of Hearings before Conservation, Energy, and Natural Resources 
Subcommittee of the Committee on Government Operations, House of 
Representatives, Congress of the United States, August 6, 1976 

44. 	 Transcript of Hearings before Conservation, Energy, and Natural Resources 
Subcommittee of the Committee on Government Operations, House of 
Representztives, Congress of the United States, August 31, 1976 

45. 	 Prepared Statement of Robert R. Curry Presented to Conservation, Energy, 
and Natural Resources Subcommittee Hearing, August 5, 1976 

46. 	 Prepared Statement of Marshall K. Corbett Presented to Conservation, Energy, 
and Natural Resources Subcommittee Hearing, August 5, 1976 

47. 	 Prepared Statement of H. Anthony Ruckel Presented to Conservation, Energy, 
and Natural Resources Subcommittee Hearing, August 5, 1976 

48. 	 Prepared Statement of Robert W. James Presented to Conservation, Energy, 
and Natural Resources Subcommittee Hearing, August 5, 1976 

49. 	 Prepared Statement of R. R. Robison Presented to Conservation, Energy, 
and Natural Resources Subcommittee Hearing, August 6, 1976 

50. 	 Prepared Statement of H. G. Arthur Presented to Conservation, Energy, and 
Natural Resources Subcommittee Hearing, August 6, 1976 

~I. Prepared Statement of Gilbert G. Stamm Presented to Conservation, Energy, 
and Natural Resources Subcommittee Hearing, August 31, 1976 

7 
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TETON DAM FAILURE EXHIBITS - Continued 
No. 

52. 	 Teton Dam Disaster - Thirtieth Report by the Committee on Government 
Operations to the 94th Congress, Based on a Study Made by its 
Conservation, Energy, and Natural Resources Subcommittee, September 23, 
J976 (House Report No. 94-1667) 

53, Summary of Bureau of Reclamation Comments on Testimony Presented to 
Conservation, Energy, and Natural Resources Subcommittee of the 
House Committee on Government Operations 

54. Seismicity of the Teton Dam Area, June 16, 1974-June 9, 1976, by 
R. Navarro, G. Wuolet, J. West, K. King, and D. Perkins (Open File 
Report 76-555) 

55. 	 Drawing No. 549-125-268, Geologic Cross Section Along Spillway Site, 
Revised April 1976 

56. 	 Transcript of Meeting of Teton Dam Failure Review Group, Idaho Falls, 
Idaho, September 15, 1976 
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APPENDIXB 

PANEL CORRESPONDENCE 



United States J)cpart1ncnt of the Interior 

OFFICE <ff Tl IE SI·:c:1zET1\lt \' 
\\'1\SJJI:--.:CT<>:--.:, D.C:. ~!02·!0 

In ~cply Refer To: 
LBR 501/930.11 

Hr. Hallace L. Ch.::.dwick 
Suite 904 .E.OR SIGNATUn.E 
5~3 West 6th Street 
Los f,.ngeles, California 90014 

Dear Hr. Cha<lwick: 

This will confirm discussions with you concerning your appoint:nent 

to a non-Federal panel for the independent review of the causes of 

the Teton Dam failure. 


We are establishing this panel as a joint undertaking ~ith 


Governor Cecil D. A..ridrus of Idaho. The Governor and I would appre

ciate your serving as chairnan-. The following members will serve 

with you: 


Mr. Ralph B. Peck 
1101 WaD!l Sands Drive, SE. 
Albuquerque, New Mexico 87123 
tel. 505-293-2484 

Mr. Arthur Casagrande 
Pierce Hall 
Harvard University 
Cam.bridge, Massachusetts 02138 
Home address: 16 Rocbwnt Road 
Belmont, Massachusetts 02178 
tel. 617-495-2843 

Mr. Thomas N. Leps 
177 Watkins Avenue 
Atherton, California 94025 
tel. 415-325-9032 

Mr. H. Bolton Seed 
Professor of Civil Engineering 
University of California 
4l•l Davis llall 
Berkeley, California 94672 
tel. 415-642-1262 
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Mr. R. Keith lligi;inson 
Director, 1daho Dcp.1rt;-:~nt 

of Natural Rc~0urces 
373 ~est Fr~nklin StrcQt 
Bois'e, lc!.::iho 83702 
tel. 208-33~-2215 

Mr. E. Montford Fucik 
President and Chairoan 
Harza Engineering Compa~y 
150 South Wacker Drive 
Chicago, Illinois 606C6 
tel. 312-855-7000 

Mr. Munson W. Dowd 
Chief Engineer 
Metropolitan Water District of 

Southern California 
1111 Sunset Boulevard 
Los Angeles, California 90012 
tel. 213-626-4282 

Your appointmeat p3.pers will be forwarded sep2rately. In the ::eanti::::le, 
you may make arrange!Tient s to ceet with the p2.:'el mc:mbc:rs and plan your 
review. The Departrnent_of the Interior will finance all expenses 
~ssociated with your independent investigatio~. Upon completion of your 
review, the panel should report its findings 2nd recor.:::;;endations 
simultaneously to Governor Andrus and the Secretary. 

i-Je ~hank you for undertaking this irr.portant p~1blic service. 

Sincerely yours, 

(Sgd) Thor.13S S. Kleppe 

'° N 
Secretary of the Intcirior 

-.:r 

x H 

'° 

H 

-\!) 

r-
cc: Messrs. Peck, Leps, Cas~~r~n<le, SecJ, Higginson, Fucik, and 

0 ~ 
.-1 u • Dowd 

\!) (!)
@ - .,,. Governor Cecil D. An<lrus 

-l .:i
t/l -'~ 
> 

0 
~ .. 7. bee: 

0 >-. 0 
rl rl Secretary's Files 

C\j 

CJ Cl Secretnry 's Rending Filcs--RECLAflATTt'~ (2) 

'-' ::r: 
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l~nittd s~~tes Dcp::in:n1ent of the Intci·ior 

OFFICE OF THE SECRETARY 
\\'ASHl;\;GTON, D.C. 20240 

.W. L. CHADWiC 

JUN .l l. ~Jlo 

Dr. Howard A. Coombs 

3856 46th Avenue, NE. 

Seattle, Washington 98105 


Dear Dr. Coombs: 

This will confirm discussions with you concerning your appointment 
to a non-Federal panel for the independent review of the causes of 
the Teton Dru~ failure. 

We are establishing this panel as a joint undertaking with 
Governor Cecil D. Andrus of Idaho. The Governor and I appreciate 
your willingness to serve. The following are the other panel 
members: 

Mr. Wallace L. Chadwick, Chairman 
Suite 904 
523 West 6th Street 
Los Angeles, California 90014 
tel. 213-623-6954 

Mr. Arthur Casagrande 
Pierce Hall 
Harvard University 
Cambridge, :Massachusetts 02138 
Home address: 16 Roclanont Road 
Belmont, Massachusetts 02178 
tel. 617-495-2843 

Mr. Thomas M. Leps 
177 Watkins Avenue 
Atherton, California 94025 
tel. 415-325-9032 

Mr. H. Bolton Seed 
Professor of Civil Engineering 
University of California 
441 Davis Hall 
Berkeley, California 94672 
tel. 415-642-1262 
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Mr. R. Keith Higgin~on 
Director, Idaho Department 

of Natural Resources 
373 West Franklin Street 
Boise, Idaho 83702 
tel. 208-384-2215

Mr. E. M:>ntford Fucik 
Pre$ident and Chairman 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
tel. 312-855-7000 

Mr. Munson W. Dowd 
Chief Engineer 

f.,jJ Hetropoli tan Water District of 
~ Southern California 

· ~.J/.~ - ~ f;j-f' 1111 Sunset Boulevard7'- r?\ /? P - p- [Los Angeles, California 90012G-l~'Ah0 tel. 213-626-4282\JI_. ~tJ;> '· 
/\.. fs. 

Your appointment papers will be forwarded separately. In the 
meantime, Mr. Chadwick will be in touch with you and the other 
panel members to pl~n your review. The Department of the Interior 
will finance all expenses associated with the panel's independent 
investigation. Upon completion of the review, the panel should 
report its findings and recommendations simultaneously to 
Governor Andrus and the Secretary. 

We thank you for undertaking this important public service. 

Sincerely yours, 

(sgd) Tom :KlGppc 

Secretary of the Interior 

Enclosure 

cc: l.Jir. Chadwick, Chainnan 
Governor Cecil Andrus 
Messrs. Casagrande, Leps, Seed, Higginson, Fucik, and Dowd 

(NOTE: Dr. Coombs' tel. no. is 206-522-9242) 
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LOS .....~GELES, CALIFORNIA 
JUNE 11, 1976 


MR. HAROLD G. ARTHUR, DIRECTOR 

DESIGN & CONSTRUCTION 

USBR, BUILDINC 67 

DENVER FEDERAL CENTER 

DENVER, COLORADO 80225 


UNABLE TO REACH YOU BY TELEPHONE. HAVE BEEN ADVISED BY DON GIAMPOLI 

THAT I$/IJULD CONVENE PANEL WHICH HAS BEEN APPOINTED TO REVIEW 

TETON DAM PROBLEM AND THAT YOU WILL BE CONTACT FOR THAT PANEL WITH 

USBR. TRYING TO ASSEMBLE GROUP FOR WEEK, JUNE 28 AT PLACE AND TIME 

TO BE DETERMINED. SUGGEST THAT PANEL WILL BE GREATLY AIDED BY HAVING 

A DATA BOOK AVAILABLE IF POSSIBLE BEFORE MEETING. THAT BOOK TO 

PRESENT FOLLOWIN-~; INFORMATION (1) SITE GEOLOGY IN PLAN AND SECTIONS 

WITH ANY TEST RESULTS ON FOUNDATION MATERIALS (2) SITE EXPLORATION 

WITH DETAII OF DRILL LOGS, EXPLORATION TRENCHES, BORROW MATERIALS 

AND TESTS, (3) GROUT RECORDS IN D£TAIL SHOWING NON-AVERAGE TAKES 

BY LOCATION AND DEPTHS, PATTERNS USED AND RECORD OF ANY INTER

CONNECTIONS, (4) FOUNDATION PREPARATION SHOWING BEFORE AND AFTER 

CONDITIONS (5) DESIGN MEMORANDA FOR EMBANKMENT, SPILLWAY, DIVERSION 

STRUCTURES AND OUTLETS, (6) BASIC DRAWINGS AND TECHNICAL SPECIFICA

TIONS, (7) ANY OUTSIDE REPORT RE SITE OR DESIGNS, (8) CONSTRUCTION 

HISTORY, BORROW PITS,· HAULING, PLACEMENT, PRO~ESS, INSPECTION, 

IN PLACE TESTS, (9) ANY SEEPAGE MEASUREMENTS OR OBSERVATIONS, (10) 

EYEWITNESS ACCOUNTS, PROGRESS OF FAILURE. 

WILL APPRECIATE YOUR CALL RE THESE SU~GESTIONS, AREA 

CODE 213-623-6954, ADDRESS 904 PACIFIC MUTUAL BUILDING,. 523 WEST 

SIXTH STREET; LOS AN~ELES, CALIFORNIA 90014. 

W. L. CHADWICK 
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LOS A~G£LES, CALIFORNIA 

JUNE 14, 1976 

HAROLD ARTHUR, DIR. OF DESIGN & CONSTRUCTION 
USBR BUILDING 67 - DENVER. FEDERAL CENTER 

' DENVER, COLORADO 80225 

REFERENCE MY TELEGRAM 	 JUNE 11 R£ DATA FOR TETON DAM PANEL, PLEASE 

ADD 	 FOLLOWING: 

L. 	 HYDROLOGY 

2. 	 SEISMICITY 

3. 	 DRAIN DESIGNS AND DRAINAGE OBSERVATIONS 

4. 	 ANY CHANGES IN SPILLWQY OR AUXILIARY OUTLET STRUCTURES 

5. 	 ANY CHANGES IN PRECISE LEVEL OR HORIZONTAL CONTROL SURVEY POINTS 

6. 	 CHANGES TOPOGRAPHY UP AND DOWN STREAM 
AT 

7. 	 PHOTOS OF FOUNDATION AS APPROVED-AND START OF EMBANKMENT, 

PARTICULARLY IN CUTOFF TRENCH 

8. 	 RECORD OF ANY SEEPS OR SPRINGS IN CUTOFF AND CORE CONTACT AREA 

AND 

9. 	 RECORD GOFF ER.DAM SEEPAGE AND PUMPAGE FROM FOUNDATION AREA. 

THANKS. 

W. L. CHADWICK 

Dictated to me 6/14/76 from Dorval/Montreal Airport 
8:40 A.M. - Called in to W. U. 9:00 A.M. 

COPY TO DONALD A. GIAMPOLI 

-~.-··3{{ 
j .----·_-_-:.::.:::___. 	 -·-
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STATE OF IDAHO 
DEPARTMENT OF WATER RESOURCES 

Cecil D. Andrus Statehouse 
Governor 

Boise, Idaho 83720 

r-:. Keith Higginson (208) 384·2215 - ' 
Director -~-·.~--------·---1-y 

·-OFFICIAL .,. JUN 2~ 1976 n 

Fl LE CCPY ''--' · j p . 

June 21, 1976 ~f..'.ATJor·J :,~o~· I ,L l· 
COPY TO: · t..J - I f 

·-;:o··-1~-~·"!1:~~·. ·. n"-.-.i 1 
r 1 • •• I _ 1 , .J - ,... ( r:.l-,1_2..oo-·· .(rc._i:..-- ~: 

Mr. Wallace L. Chadwick 
904 Pacific Mutual Building I ~ • I~ 

1 uV> >~==i=='523 West Sixth Street I -~1~~--i__!_ 

Los Angeles, CA 90014 


I --+---:---:- ! 
Dear Mr. Chadwick: r-'==--=>- ~-j~~-1~=,i

J_... ?~~~~ ._,...... ~........,....- :. ..._..__......_.._._; ,..-,._,_,:..._...~!~-1 

In addition to the information you have requested, I_ would .~ .. ~ .__i 

like the Bureau to furnish the panel with the following: i. 
(1) Operating criteria for outlet works during period 

oi initial filling. 

(2) Statement of condition and operability of outlet works 
on date of failure. 

(3) History of reservoir filling from date of closure 
of diversion to failure giving reservoir contents, rate of rise 
of water level and water surface elevations. 

I would also like some information concerning the decision
making process and authority within the Bureau of Reclamation 
during the construction of a dam such as Teton. 

Very truly yours, 

f.~.So,r '~-- ---- 
Director 

RKH/s17..

cr. 1-Mr. Harold Arthur 
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United States Department of the Interior 

OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 


JUN 2 31976Dear Mr. Chadwick: 

You may already be aware of an Interior Department Teton Dam Failure 

Review Group. In addition to establishing with Governor Andrus 

your independent Blue Ribbon Panel, I felt it was appropriate to 

establish this "in-house" group to determine the cause of failure 

and recommend measures to prevent recurrences of such failures. 


I have appointed Dennis N. Sachs, Deputy Assistant Secretary for 

Land and Water Resources, as Chairman of the Review Group. I have 

drawn other members of the Review Group from the Bureau of Reclamation, 

Geological Survey, Tennessee Valley Authority, Corps of Engineers, 

and the Soil Conservation Service. 


I envision your Blue Ribbon Panel and the Interior Review Group 

conducting their investigations essentially independent of each 

other. Nonetheless, there may be certain matters related to the 

investigations about which the two groups should consult. I have, 

therefore, directed Mr. Sachs to meet with you at your earliest 

convenience to discuss whatever coordination may be appropriate. 


Thank you for your continued cooperation. 


Sincerely yours, 

/'/ /};?) J 

~~12~-<;__~ 
Secretary of the

J " 
Interior 

Mr. Wallace L. Chadwick 
Suite 904 
523 West 6th Street 
Los Angeles, California 90014 

I· ..'._' ·~· ' i 

\ l (' .. r ,__ .....- 'I 
~v. ·-· ,_,:-:c·;;_.'',;,':..:t\ 

Save Energy and You Serve America! 
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United States Departn1ent of the Interior 

OFFICE OF THE SECRETARY 
WASHINGTON, D.C. 20240 

JUN 301976 
.W. l c·:.itin·;·;"''/

"lfd..J h' I~ I\Dear 

This will confirm our discussion of June 23, 1976, concerning the 
charge to the independent panel for its review of the Teton Dam 
failure. 

The panel should determine the cause of the failure of Teton Dam. 
In so doing, the panel should examine, among other matters relative 
to the cause of the failure, the following: 

(1) The geology of the site. 
(2) Seismicity of the site. 
(3) Preconstruction investigation. 
(4) Embankment construction materials. 
(5) Embankment designs. 
(6) Embankment construction and construction control. 
(7) Foundation design. 
(8) Foundation construction and construction control. 
(9) Reservoir filling. 

(10) Measures taken to monitor the safety of the dam. 
(11) Reaction of Reclamation personnel to the emergency. 
(12) 	 Status of outlet works construction and ability to pass 


Teton river water. 

(13) 	 Such other matters that the panel may determine appropriate 


to its charge. 


If the facts warrant, the panel should also make findings as appropriate 
with regard to measures that can be taken to avert recurrence of failure. 

The findings of the panel are needed as soon as possible. To that end, 
the entire resources of the Department of the Interior are available 
to the panel. Also, the panel will be authorized to secure the services 
of other organizations as may be required to reach its findings. 

Save Energy and You Serve America.' 
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The panel is requested to provide me and Governor Andrus with a 
preliminary report by August 1, 1976, and with status reports 
by the first of each month following until the final report is 
made. 

The Governor concurs with the charge and other arrangements 
indicated in this letter. We thank you for undertaking this 
important service. 

Mr. Wallace L. Chadwick 
Suite 904 
523 West Sixth Street 
Los Angeles, California 90014 
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July 2, 1976 

Honorable Thomas J. Kleppe, Secretary 
United States Department of the Interior 

Honorable Cecil D. Andrus, Governor 
State of Idaho 

Gentlemen: 

The undersigned non-Federal Panel for Independent Review of the Causes 
of the Teton Dam Failure has proceeded with your charge. In doing so 
it has organized for continuing its investigation, including appoint
ment of Mr. Robert B. Jansen as the Panel's Executive Director. Pro
cedural details are being developed for implementation. 

The Panel met in Denver for one and one-half days for the purpose of 
obtaining from the Bureau of Reclamation and the United States Geological 
Survey information and data of relevance to the failure. Response was 
free and unrestrained. As a result, the Panel has received a large mass 
of pertinent technical data, information and reports to review and 
analyze. The Panel also spent two days, except for travel time, at 
the dam site. During travel to the site from Idaho Falls the extent 
and nature of the downstream damage were observed. At the site, 
inspections of general, construction, and geological conditions were 
observed during numerous helicopter over-flights. Additional and closer 
inspections were made of the left and right abutments, while walking and 
climbing along them. Inspections were also made from a powered boat. 

A major portion of one day at the site was devoted to examination of 
data and photographs and obtaining personal statements concerning many 
construction details, including the manner in which the key and cutoff 
trenches were treated prior to placement of overlying embankment. 

Only tentative hypotheses of causes of failure can be considered at this 
time, because of the need to study all of the various factors which may 
support each particular hypothesis or negate it. At this time, however, 
it seems apparent that the failure resulted from piping. This is a 
process by which embankment material is eroded internally and transported 
by water flowing through some channel. Piping may be initiated by several 
detailed causes and, unfortunately, most of the direct evidence appears 
to have been destroyed by the violence of the failure itself. The Panel 
is planning to examine all obtainable evidence in detail and has prepared 
a program of field explorations to pinpoint, if possible, which of the 
following potential causes is responsible: 
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1. 	 Massive seepage through the grout curtain, impinging .forcibly 
against the contact between the downstream part of the dam 
and the rock abutment. 

2. 	 Piping through the core at the core-to-rock contact at the 
right abutment. 

3. 	 Piping through the core at levels above the base of the 
keyway core-to-rock contact. 

4. 	 Piping through a transverse tension crack in the core in 
the right abutment area. 

5. 	 Massive seepage around the end of the grout curtain, directed 
by the foundation joint system against the contact between 
the downstream part of the dam and the rock abutment. 

The Panel will continue its investigation independently, and in accord 
with the best professional practice. This necessarily requires weighing 
of many data and many factors by full analysis and free exchanges within 
the Panel. Your need for an early preliminary report is understood. 
The Panel will meet again during the week of August 2 to review the 
data, observations and information developed in the interim, anticipating 
a preliminary report to you early in August. 

Included in the Panel's on-going inquiry will be a public fact-finding 
meeting in Idaho Falls prior to its next session, soliciting any 
relevant information as to the cause of the Teton Dam failure. 

It is intended to establish a temporary office of the Panel in Idaho 
Falls at an early date. 

The Panel is presenting today to the Director, Design &Construction of 
the Bureau of Reclamation, a list of exploratory work which will be 
necessary for its additional information. In doing so the Panel wishes 
to release the Bureau of Reclamation from any further restraint on all 
site-changing physical work which the Bureau considers necessary to 
reduce hazards to safety. 

The support you have given to the Panel is greatly appreciated, as also 
is the excellent cooperation of all members of the United States Bureau 
of Reclamation and Geological Survey of whom the Panel has inquired. 

Respectfully submitted, 

Wallace L. Chadwick, Chairman 
Independent Panel for Review of 

Teton Dam Failure 
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July 2, 1976 

Mr. Harold G. Arthur 
Director of Design and Construction 
Bureau of Reclamation 
Denver Federal Center 
Denver, Colorado 80225 

Re: Teton Dam Investigation 

Dear Mr. Arthur: 

The following activities represent the Panel's highest priority and are 
recommended for immediate implementation. It should be recognized that 
additional activities will be proposed in the coming months. 

1. The remnant of the right-abutment keyway fill to the left of 
the spillway should be excavated to permit inspection of conditions below 
Elevation 5301. Down to Elevation 5301 the remnant can be removed in any 
manner that will not disturb the material below. Below Elevation 5301 
the remnant can be removed in any stages and by any means, provided that 
a width of undisturbed material remains with a minimum horizontal thick
ness of five feet on each side and a minimum vertical distance of ten 
feet above the bottom of the original trench. The material within the 
five-foot envelope on each side should be removed by hand, where directed 
by the Panel's representative, as required to permit appropriate sampling 
to allow description of conditions of soil, rock, and any joint treatment 
disclosed by the excavation, to allow observation of any indications of 
piping or other defects. The bottom ten feet should be removed in two 
lifts. These lifts should be preceded by excavating trenches at places 
selected by the representative of the Panel to a depth of five feet 
with appropriate sampling and observation. 

2. Any debris remaining on the face of the central part of the 
abutment, especially where the grout cap remains intact, should be care
fully cleaned to permit detailed inspection. 

3. The area of the lower spring (50 cfs.) should be exposed. Any 
original material still in place should be left undisturbed. The details 
of jointing of the rock in this area should be carefully examined. 

4. All steps necessary to assure safety at the remaining left 
section of the dam can be carried out promptly. 

5. In order to provide some quantitative evaluation of permeability 
in the rocks in the right abutment, detailed studies should be made on 
enlarged photographs of representative areas of each joint type near the 
keyway. 
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Total footage of open joints per unit of area (e.g., one square 
yard) should be determined by direct measurements on enlargements of the 
photos, using a reliable scale with which a grid system is drawn on the 
enlargement. 

The details of this survey, including best lighting (either 
direct sun during the forenoon or on a cloudy day) should be developed 
in a pilot program. 

6. An item of prime importance is the nature of the joint system 
in the right abutment on either side of the keyway. Particularly important 
is the identification of major, throughgoing joints on the downstream 
side of the keyway that might provide access of water to the embankment. 

Primary and secondary joint systems should be plotted on a new topographic 
map. Symbols may be used to indicate wide and continuous joints in con
trast to the numerous, smaller joints. Any evidence of springs or water
courses along or through the joints should be indicated on the joint map. 

7. On the basis of the evidence presented to it by the U.S. 
Geological Survey, the Panel does not consider that the failure was 
in any way related to seismic activity in the vicinity of the site. 
There is no record of significant seismic activity at the site either 
on the day of the failure or in the year preceeding the failure. No 
additional investigations of seismicity, other than those currently in 
progress by the U.S.G.S., are recommended. 

Sincerely yours, 

Wallace L. Chadwick, Chairman 
Independent Panel for Review of 

Teton Dam Failure 
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United States Department of the Interior 
BUREAU OF RECLAMATION 


OFFICE OF DESIGN AND CONSTRUCTION 

ENGINEERING AND RESEARCH CENTER 


P .0. BOX 25007 

BUILDING 67, DENVER FEDERAL CENTER


IN REPLY 
REFER TO: 222 DENVER, COLORADO 80225 
510. 

JUL 8 1976Memorandum 

To: Mr. Wallace L. Chadwick, Chairman, Independent Panel for 
Review of Teton Dam Failure 

From: Director of Design and Construction 

Subject: USBR Reply to R. Keith Higginson Letter 

A further review of our correspondence reveals that an error was made 
in response to Question No. 2 of Mr. Higginson's June 21, 1976 request 
to Mr. Wallace L. Chadwick for further information on Teton Dam. 

The initial response to Question No. 2 had indicated that the electrical 
power was not available for operating the river outlet works gates; 
however, power was available for operating the gates on and following 
May 17, 1976. 

It was not possible to immediately operate the river outlet works gates 
on June 5, 1976, due to the contractor's sandblasting and painting 
operations for the downstream liner of the river outlet works. 
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WALLACE L. CHADWICK 
904 PACIF"IC MUTUAL BUILDING 


523 WEST SIXTH STREET 


LOS ANGELES, CALIFORNIA 90014 


July 	24, 1976 

Mr. P~rold G. Arthur, Director of Design and 
Construction, United States Bureau of Reclamation 
Building 67, Denver Federal Center 
Denver, Colorado 80225 

Dear 	Mr. Arthur: 

Reference is made to Secretary Kleppe's letter 
of June 30, 1976 supplementing his and Governor Andrus' 
original charge to the Independent Panel to Review the 
Cause of Teton Dam Failure, particularly to items 9, 
10 and 12. 

It will be a great help to the Panel if you can 
furnish the following additional information, or if pre
viously supplied, give references to facilitate ready find
ing: 

1. 	 Were 1976 runoff forecasts made during March, April, 
and May, for use in estimating the Teton reservoir 
filling rate, and comparing the expected rate with 
the actual. 

2. 	 Was an operating rule curve developed for use in pro~ 
gramming reservoir filling and releases, particularly 
any releases required to control filling rate. 

3. 	 What schedule was used for progressing erection of the 
river outlet gates and controls, the auxiliary outlet 
gates and controls, and the spillway gates and controls. 
On what dates were such facilities completed and ready 
for use. Copies of any original schedules and pro
gressive changes will be appreciated. 
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Mr. Harolu ~. Arthur 
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4. 	 When was each gate hoist corrrrnissioned? 

5. 	 When and how frequently were walkover surveillance 
inspections made as the reservoir filled. Copies of 
daily logs or diary entries of each surveillance in
spection will be appreciated. In the absence of logs 
or other records, a written statement of the inspector 
or inspectors will be helpful. 

Thank you for your cooperation. 

Very truly yours, 

WLC:ecs 

cc: 	 Panel Members / 
R. B. Jansen V 

B-17 



UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

August S, 1976 

Honorable Thomas S. Kleppe, Secretary 

United States Department of the Interior 

Interior Building 

Washington, D.C. 20240 


Honorable Cecil D. Andrus, Governor 

State of Idaho 

Capitol Building 

Boise, Idaho 83720 


Gentlemen: 

The Independent Panel to Review Cause of Teton Dam Failure has continued 
its work under your charge. The Panel conducted technical working sessions 
in Idaho Falls August 3 through 5, 1976, with all members present. Included 
in these sessions was a visit to the damsite on August 3, 1976, to review the 
progress which has been made to date in the exploration being performed on 
the right abutment by the Bureau of Reclamation for observation by the staff 
of the Panel. 

The following is a report of the progress which has been made by the 

Panel since its report to you dated July 2, 1976. 


Organization 

A s.mall but capable staff has been assembled, based both at the site 
and in Idaho Falls, under the direction of Mr. Robert B. Jansen. The coopera
tion of Governor Andrus, and of Governor Brown of California in making 
Mr. Jansen available for this important responsibility, is much appreciated. 
Mr. Clifford J. Cortright has been actively at work as staff engineer since 
July 3. Likewise, Laurence B. James is at work as staff geologist. The entire 
staff has unique experience and expertise with which to serve the Panel. 

Through the assistance of Secretary Kleppe and the Bonneville Power 

Administration, a secretary-office manager and two technicians have been 

provided for temporary aid to the Panel. In addition, Mr. Higginson has 
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Page 2 August 5, 1976 

provided a geologist from his staff to assist the Panel. All this assis
tance, as well as the support and help received from numerous people in the 
Secretary's office, is much appreciated by each member of the Panel. Also, 
the Panel appreciates the full cooperation it has received from the Bureau 
of Reclamation. 

Public Meeting 

On July 21, 1976, the public was invited to bring into either of two 
public meetings, conducted in Idaho Falls, information regarding pertinent 
first-hand observations prior to the failure of the dam on June 5, 1976. 
Response was somewhat disappointing because only four individuals testified. 
A transcript was taken. 

Site Work 

On July 16, 1976, the Bureau of Reclamation awarded Contract No. DC-7232 
to Gibbons &Reed to carry out, among other things, work requested by the 
Panel in its letter of July 2, 1976 to Mr. H. G. Arthur. Work under that 
contract was started at the site on July 23. On August 3, at the time of 
the Panel's visit, the right remnant of Teton Dam had been removed to about 
Elevation 5301 and the first exploratory trenches had been cut, permitting 
the first in-situ observations. Initial progress has been good. Work was 
also in progress directed toward uncovering the downstream portal of the 
auxiliary outlet tunnel. The proposed detailed mapping of right abutment 
bedrock joint systems has progressed well. 

Accomplishments of the Panel 

Since its last meeting, the Panel members have reviewed the extensive 
documentation received from various sources and the Bureau of Reclamation. 
A fine chronological photographic record has been compiled showing the 
progressive development of seepage on June 5. Unfortunately, to this date, 
no photographs are available of the early development of this seepage. 
Search will be continued for such photographs. 

A chronological statement has been compiled of the sequence of observa
tions by various individuals during the period from June 3 to late in the 
day of June 5, 1976. 

Following a detailed discussion of the five hypotheses which were 
enumerated in the Panel's report to you dated July 2, 1976, the Panel 
developed a schedule for specific laboratory and field tests and for analyses 
which will be of assistance in reaching conclusions. A copy of that schedule 
is attached. 
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A preliminary finite element analysis has been made, for the Panel, to 
indicate possible stress conditions across the embankment at Station 14+00. 
The results of this analysis were used as a basis for planning the further 
analyses included in the attached schedule. 

Hydrographic studies have been made through the offices of Mr. Higginson 
seeking to relate (1) the 1976 runoff expectancy to historic flows, (2) the 
Teton Dam project's expected rate of reservoir filling, and (3) the actual 
rate of filling. Such studies will be continued and related to historic 
reservoir operation. 

The Panel has scheduled its next technical working session for October 4, 
5, and 6 in Idaho Falls. 

The Panel appreciates your continuing interest and support. 

Very truly yours, 

Chairman 

Encl. 
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SCHEDULE FOR LABORATORY AND FIELD TESTS AND ANALYSIS 

APPENDED TO PANEL REPORT OF AUGUST 5, 1976 

A. Purpose 

In its report of July 2, 1976, the Panel listed five potential causes 
of the piping failure of Teton Dam, and on the same date, in a letter to 
the Director, Design and Construction of the Bureau of Reclamation, listed 
items of highest priority recommended for action by the Bureau to provide 
data for choosing among the potential causes. In its deliberations during 
its meeting of August 3-5, the Panel concluded that the field evidence 
virtually excludes massive seepage around the end of the grout curtain as 
a likely cause. Accordingly, the following detailed program was developed 
to aid in discriminating among the other four hypothetical causes, namely 
whether the massive seepage or piping took place (1) through the grout 
curtain, (2) through the core at the core-to-rock contact, (3) through the 
core above the base of the keyway core-to-rock contact, or (4) through a 
crack in the core. The program is in part a particularization of the work 
recommended on July 2, and in part a supplement to that work. 

B. Investigation of Bottom of Key Trench and Grout Curtain 

The purpose of the program is twofold: first, to determine if any 
cracks encountered in the rock in the bottom of the key trench, either up
or downstream, are open enough to permit flows of water through them; and 
second, to test the watertightness of the grout curtain under the grout 
cap and under the spillway. The section of the key trench to be tested 
extends from Station 12+50 to 14+50. 

To test the water-carrying characteristics of cracks in the bottom 
of the key trench, it is proposed to pond water over selected cracks and 
observe the drop in the level of ponds. Each pond can be formed by placing 
a dike of stiff mortar on the low side of the crack, high enough to produce 
a depth of water of about 6 inches over the crack. Visual observation of 
the loss of water will permit a rough idea of whether the crack is 
relatively open or tight. At open cracks, an approximate measurement 
should be made of the outflow per linear foot of crack per minute. It is 
suggested that the wider cracks be tested first, and then the narrower 
ones. 

Tests should be made both upstream and downstream of the grout cap. 
It is envisioned that between 10 and 20 representative cracks should be 
tested in the proposed section. The cracks tested should be distributed 
throughout the length of the section. If most of the cracks leak sub
stantially, additional tests might be made to verify the conclusion that 
most cracks would transmit water easily. 
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To test the watertightness of the grout curtain, it is proposed to 
drill through the grout cap and the spillway crest into the rock below, 
and to water-test these holes. The holes should preferably be of AX size 
and cores should be obtained from each hole to permit observation of any 
grout that may fill cracks in the rock. The holes through the grout cap 
should be drilled to a depth of 10 feet below the bottom of the grout cap, 
water tested, drilled 10 feet more and tested again. If pressure is used, 
it should not exceed 10 psi at the collar. The rate of flow in each stage 
of the hole should be recorded. If the second stage of any hole shows 
large leakage, a third 10-foot stage should be drilled and tested. 

It is suggested that tests be carried out on the centerline of the 
grout curtain approximately at Stations 12+65, 13+05, and 13+40. At 
each station, three holes should be drilled, one vertical, one inclined 
22-1/2° from the vertical toward the abutment, and one inclined 45° into 
the abutment. At each location, three holes should be drilled, in each 
stage, before starting the water testing. 

It is also suggested that holes be drilled at about the center of 
each of the three spillway bays. Three holes should be drilled at each 
location, one vertical, one at an angle of 30° toward the river, and one 
at an angle of 30° away from the river. The holes through the spillway 
crest should be drilled and water-tested in three stages of 25 feet each, 
so that the grout curtain will be tested to the depth of the adjacent key 
trenches. 

If large water takes are observed at any location, additional holes 
should be drilled on each side to determine the extent of the open zone. 

C. Investigation of Key-Trench Fill 

As the key trench fill on .the right abutment is excavated in accordance 
with the Panel's recommendation of July 2, detailed studies should be made 
of the variations in the degree of compaction of the fill material by 
penetration tests, and samples should be taken for investigation of erosion 
resistance, stress-strain characteristics, and such other purposes as may 
become desirable as the investigation proceeds. The specific studies are 
as follows: 

1. Field Investigations and Routine Laboratory Tests 

a. Observations and Sampling in Trenches 

Immediately upon completion of excavation of an approximately 30-foot 
long section of exploratory trench, the following observations and sampling 
should be performed: 
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With a shovel or spade, make a fresh exposure by removing a vertical 
slice at least one inch thick, at locations spaced approximately 7 to 8 
feet. In this fresh exposure make a rapid survey of variations in consis
tency along a vertical line, using a screwdriver or other convenient hand 
tool; also examine variations in types of materials; then perform penetra
tion tests with the Proctor Needle on several representative layers, to 
define the entire range of strengths, with special attention to the 
weakest layers or lenses. For the penetration tests on the weakest 
materials, it will probably be necessary to use the largest diameter "point". 
Prepare a log of all observations and penetration tests, including thickness 
of representative layers. 

To facilitate recording the logs, it will be desirable to develop a 
simple classification system which should be based on the BR test data of 
the Zone 1 fill and on initial experience in surveying the trenches. 

b. Sampling 

(1) Hand-cut block samples. Samples, usually about 8 inches 
square and about 12 inches high, should be taken of representative materials, 
but with particular emphasis on the weakest materials. Usually three such 
samples should be taken at each location, side by side, of material that 
is essentially similar. 

Each sample should be wrapped in Saran wrap, or similar plastic film, 
and then covered with at least a 1/4-inch thick layer of microcrystalline 
wax by dipping several times into the wax melted to the correct temperature. 
(Do not overheat the wax, which would change its properties.) Use a grade 
of wax as used in soils laboratories for such purposes. Then place a clearly 
written identifying label on one side of the sample and again wrap in one 
layer of plastic film, taking care to place the film smoothly over the label 
to ensure that it can be read easily. 

(2) A Bag Sample should be taken at each location where block 
samples are taken and placed in a plastic bag which is closed tight. 
Usually about 10 lb. will be sufficient. 

(3) Storage of Samples should be in a shed with appropriate 
shelves to provide space for samples taken from an estimated 100 locations 
and equipped with a humidifier (to maintain humidity at greater than 80% 
relative humidity) and heated in winter to a temperature above 40°F. 

c. Observation of Features That May be Related to Potential or 
Actual Piping. 

Special attention must be paid to careful observation of fissures, 
holes, and any signs indicating that the originally placed fill was dis
turbed. Such features should be identified, sketched, described and 
photographed. Particular care should be exercised in identifying such 
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features immediately adjacent to the downstream rock face and the bottom 
of the key trench. If such features are discovered, it will be necessary 
to proceed with the greatest of caution in further excavation to protect 
vital evidence of erosion. At such junctures, the field staff will have 
to make ad hoc decisions how to proceed. Mr. Jansen should be notified 
immediately. When particularly meaningful discoveries are made, Mr. Jansen 
will confer by telephone with available geotechnical panel members. 

d. Laboratory Tests 

Preferably in a field laboratory, the following tests should be per
formed on representative samples: 

(1) Natural water content. 

(2) Grain size analyses. 

(3) Liquid and plastic limit tests. (Report actual test 
results; not the computed plasticity index in lieu of the measured plastic 
limit.) 

(4) Unconfined compression tests. 

e. Miscellaneous Comments 

The depth of the exploratory trenches should not exceed 6 feet to 
facilitate operations. 

During removal of fill immediately adjacent to the rock slopes of 
the key trench, all loose rock should be removed to ensure safety of the 
men who will work later at lower levels. 

2. Evaluation of Erosion Potential of Zone 1 Material 

In view of the fact that the failure of Teton Dam has already been 
attributed to internal erosion of the Zone 1 material, it is important to 
establish the vulnerability to erosion of this particular material in 
comparison with that of other soils customarily used as core materials. 
This is particularly true since visual inspection and classification-test 
data of Zone 1 materials would appear to indicate that these soils would 
be highly susceptible to erosion. 

To establish the erosion potential of this soil, it is recommended 
that selected samples be sent to two laboratories for independent evalua
tions as follows: 

a. A series of 10 samples should be sent to the Waterways 
Experiment Station at Vicksburg, Mississippi, for performance of the 
pinhole test as now standardized by that laboratory. Grain-size distribu
tion curves and liquid and plastic limit values should be determined for 
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each of the test samples and the results used to establish the relative 
erodibility of Teton Dam Zone 1 materials. 

b. A series of 10 samples should be sent to a second laboratory 
specializing in measuring the erosion potential of soils (e.g., the Soil 
Mechanics Laboratory of the University of California at Davis) where the 
erodibility can be evaluated and compared with data for other soils by 
means of two or more appropriate types of tests. As before, grain-size 
distribution curves and liquid and plastic limit values should be determined 
for each test sample. 

In all cases, the erosion tests should be performed on the undisturbed 
block samples cut from the right abutment key trench. The selected samples 
should be representative of the range of materials and densities found in 
the trench, with particular emphasis on materials that appear to be most 
erodible, as established in the field survey. To the extent practicable, 
the two independent laboratories should be sent similar suites of samples. 

3. Determination of Stress-Strain Characteristics for Use in Finite
Element Analyses 

To determine the possibility of hydraulic fracturing or of crack forma
tion in the Zone 1 material, it is desirable to evaluate the stress distri
bution within Zone 1. This can best be achieved by finite-element analyses 
incorporating realistic representations of the stress-strain characteristics 
of the compacted loessial soil used to fill the key trenches and to form 
the main core of the embankment. 

The stress-strain properties should be determined by several series 
of drained triaxial compression tests on representative samples cut from 
the Zone 1 section of the dam. At least 3 series of tests should be performed, 
each series including one test at each of four confining pressures, approxi
mately 15, 40, 70, and 100 psi. Samp1es should be 1.4 inches in diameter 
and approximately 3-1/2 inches high and should not be saturated before 
testing. Stress-strain relationships should be recorded up to the point of 
failure. 

At least one series of the drained tests should be conducted by stress
control techniques to investigate the creep characteristics under loads 
sustained for several days. 

An additional two series of tests should be performed on samples tested 
as discussed above, but with the specimens saturated prior to testing. 

Representative grain-size distribution curves and liquid and plastic 
limit values should be determined for the samples in each series. 
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D. Embankment Stress Analysis 

It is requested that additional finite element stress analyses be 
made of the embankment fill. This work would constitute an expansion of 
a pilot analysis submitted to the Panel on August 3, and would incorporate 
the following specific requirements: 

1. Three cross sections of the original right abutment embankment 
between Stations 12 and 15, and one axial section of the right abutment 
embankment (Stations 12+00 to 20+00) should be analyzed. The three 
transverse stations utilized, and the details of analytical formulation, 
are to be selected after review of the shape of detailed as-built cross 
sections. 

2. The displayed results should include vertical stress, minor 
principal stress and strain. 

3. The stresses should be those developed by layered construction, 
as opposed to the "gravity-turn-on" option. 

4. In addition, stresses should be calculated to reflect the effect 
on the embankment of a reservoir rise to Elevation 5300. 

5. Two complete sets of stresses should be computed for each section: 

a. One adopting a core stiffness factor K of 470, as measured 
by the USBR on a composite, reconstituted triaxial sample under rapid 
shearing; and 

b. One utilizing a K of 200, a value judged to be a probable lower 
limit for the Zone 1 fill. 

The foregoing finite element analyses should be undertaken at once, 
under the guidance of Mr. Leps and Dr. Seed, with a target delivery date 
of perhaps October 15. Concurrently, a suite of triaxial shear tests 
on representative samples should go forward, as covered in the previous 
section, to provide appropriate verification of the K-parameter range 
assumed in requirement 5. above. 

E. Modifications in Program 

Field conditions may require modification of some of the details of 
the recommended program. Moreover, as the findings accumulate, the 
results may suggest changes, additions, or deletions. The field staff 
is encouraged to make changes that appear appropriate and to inform the 
Panel promptly. If major changes seem desirable, the staff should 
communicate with the Panel. 
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UNITED STATES DEPARTMENT Of THE INTERIOR· 6TATE Of IDAHO 


INDEPENDENT PANEL TO REVIE\V CAUSE Of TETON DAM fAlLURE 


Wallace L Chadwick, Chairman 

Arthur Casagrande · 

Howard A Coombs 

Munson W. Dowd 

E. Montford Fucik 
R. Keith Higginson 

Thomas M. Leps 

Ralph B. Peck 

H. Bolton Seed 

Robert B. Jansen, Executive Director 


August 18, 1976 

Mr. H. G. Arthur, Director 
Design and Construction 
u.s. Bureau of Reclamation 

Building 67, Denver Federal Center 

Denver, Colorado 80225 


Mr. William H. McMurren 
President & Chief Executive Officer 
Morrison-Knudsen Co., Inc. 
P. o. Box 7808 

Boise, Idaho 83729 


Ge..11tlemen: 

Reference is made to this Panel's charge from the Secretary of the 
Interior and the Governor of Idaho to revi~H the cause of Teton Dam failure. 
It will be of important assistance to the Panel in this review if the 
construction techniques used, particularly on the right abutment, are as 
thoroughly understood as may be possible in the absence of personal obser
vations. As an aid to such an understa..D.ding, the following questions have 
been prepared. Your full a.'1d candid answers to these questions will be 
a s5.gni:fica11t aid to the work of the Panel and will be much appreciated. 

Please describe: 

a. The manner in which axial grout distributj_on and closure were 
assured when the up and downstream grout trt?.vel was relatively unlimited. 
Details of e._riy doubts over the effectiveness o:f this axial distribution in 
any particular location along the three grout curtains between Station 18+00 
and Station 2+00 will be helpful. Likewise, details of difficulties in 
obtaining assurance of axial closure at any stations or grout holes along 
this same stretch of curtain will be helpful. 

b. The ma.rmer in which the key trench between Station 18+00 
and Station 2+00 was prepared to receive the first emba.11km.ent material. 
Compare the way in which this trench was prepared with "broom clean". If 
there were dif:ferences in clea...11-up between particular stations, because 
of weather, or any other cause, please describe such differences in detail. 
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c. The m0.11ncr :l.n which 1;1ny .fiGsur::s or open jo1nts :in the key 

trf.mch w~lls ;;1~11.d floor wex·e sealed between Station 18+00 and Station 2t00; 

that is, the mt~mrnr :i.n which, and ·the places where, sluoh grouting, dental 

<.~onox·ote, g·,mite, or r;;hotcrete may have been used, also the extent to 

which r:;ueh S{W.1.ing wr~s general. Wt;re any jojnts left unseale:-d rmo., if so, 

'<~'}H~re? If known, ploase indicate the part1cular st1:1.tions, if any. 


d. The m~thod of material selection, pr.epa:r<,-Ation, placement 
{.;,.r;d compaction, in the key trench, of the "specially compacted earthfill11 

fihcwn in t.he CX'QSS $eotion marked "Founda·tion Key Trench" on USBR Di·awing 
54 9-D-9. Ii' spec~Jnl difficul tie3 were· encountered in selection, preparation, 
plncement or C<::impaction at any potnts along the length from Stai;:l.on 18t00 
to Station 2t-OO, ple;:tr;e describe each. 

e. The methca of' material selection, pre}pa:eatinn, pJ.ac:orLcn.t, end 

corr.p?J.ction :tn the key ti~ench bet·ween St.:.1.t:tcm 18+00 and Station 2+00 o:f the 

oc1"0 rn?.tl';;.:.~ial. If special difficulttes were enc~ounte:r·ed in oelec.tion, 

p:tcpc.x-ativn, pl ace:~::ii::nt or f;ompaction at any poin ts along the 1ength f:r·om 

St.a.tion 12+00 to Stc~t.~.on 2+00, plec..se deBcribe e,..i.oh. 


\ 
f~ The man:aer :in whi6h the contact ~rea u.r;der the 1}cn'e of the 

dar1 outside of the key trench was prepared ·to receive the f:i.rst core rna.ter1.al. 
If speoial diffic.ulti.es were oncountered at any locatlon along the length 
of dam between Station J.8+00 and Station 2+00, plcaso deac:dbe. 

g. The mmme:r in which core mate.dal was selected, prepared, 
pl~oed, i:ind compacted outside of the key tr~1ob, betvreen Station 18+00 
end StHtion 2+00. If special d.i..f'ficulti.es were cncovnterw, please de:snribe 
:in detail by speci:Uc location. 

h. Similarities a.nd signifi<:;ant differences in the appearance of 
the walls and floor of the key tr~nches L'l the right vnd left ubut1H?.;:1ts. 

The infc:ft;:ation zou..ght .th1~-Jugh thls questionnaire is of :;peoial 
inport::.;nce to the PB.nel in i ta ;.~evi e11 and ecu:-ly x·ecci.pt of your r.nl!'wers 
will be .much appreoiated. Ifo·.vffv-(:r, it is rE:alized that the task· of prepara
tion is a la.::i.·ge one. For this r·eason, if it would be adva.11ta.geous to you 
rl!ld pertni t earlier a..11swe-r, the task may be b:rcilren into two pl:.ases; w:tth 
priority eiven to Phase I cover-lng the length of fcu11dation from Station 
16+00 to the spillway centerline, a..ryd Phase II covering from Station 18+00 
to Station 16-tOO and frnm the spillway oentl'.rt°'line to Stat1.on 2+00.. Partial 
replies are encouraged, that is t:r·ansmitt~ls for iJ:1,:1ividus.l quest:i.ons will 
be helpful. 
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Please accept our appreciation in advance for your oooperatjon in 
supplying this important erupplement5ng j_nfonnation. 

Very tx·u.ly yours, 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

August 20, 1976 

MEMO TO R. B. Jansen: 

I have completed review of the Inspector Daily Reports with special 
attention to foundation preparation and embankment placement at the right 
abutment during the 1975 season, which is the period of interest to us. 
I have attached highlighted copies of those Inspector Daily Reports which 
bear some information that is helpful to us. Steven Johnson's reports are 
most informative. R. Jones' are not bad; but Doug Janie's and Jerry Smith's 
only recite equipment employed and are of no value for our purpose. 

The Special Inspection Report file covers special subjects, almost 
90% of which are the Hobbs Riprap Quarry, a few reports on the powerhouse, 
and the record of the abutment dental concrete. We checked the record, as 
given in the Special Inspection Report, against the summary that we had 
previously shown on the drawing that we presented to the Panel at their 
last meeting. The record agrees with the summary. 

In summary, from review of these reports, I find no glaring violations 
of the specifications, but I don't consider them a real reliable source of 
information of that type. The photographic record, of course, is much 
better and speaks for itself. 

c~~~ 
Staff Engineer 

Encls. 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick. Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

August 24, 19 76 

Mr. Robert R. Robison 

Project Construction Engineer 

Teton Project Office 

P.O. Box 88 

Newdale, Idaho 83436 


Dear Mr. Robison: 

On August 19, 1976, representatives of the Teton Dam Failure Review 
Group, the Teton Project Office, and the United States Department of the 
Interior - State of Idaho Independent Panel to Review Cause of Teton Dam 
Failure met in the Idaho Falls office of the Panel to discuss coordination 
0£ their activities. 

With regard to the Schedule for Laboratory and Field Tests and Analyses 
appended to the Panel Report of August 5, 1976, several modifications and 
clarifications were made and mutually accepted. 

The drilling and water testing of the grout curtain will be performed 
by crews and equipment from the Boise Regional Office of the USER. The 
holes, water testing, and core will be logged by the Regional geologists 
and also independently by the Panel's on-site representatives. 

The holes will be of NX size. 

The depths of the final stages of both the vertical and inclined holes 
in the three spillway bays will be sufficient to penetrate the rock beyond 
the 80-foot depth of the foundation consolidation grouting beneath the 
spillway control structure. 

Soils samples to be later identified for testing by Northern Testing 

Laboratories will be delivered with special handling by Bureau personnel 

to Billings, Montana. Samples to be tested by the Earth Sciences Branch 
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and samples to be stored will be delivered under special handling by 
Bureau personnel to Denver, Colorado. Space will be made available -in 
advance in the humidity room there to receive and store the samples. 

The Teton Project Office Laboratory will perform the following tests: 

(1) Natural Water Content 
(2) Grain Size l111alyses 
(3) Liquid and Plastic Limit Tests 

The Earth Sciences Branch will perform unconfined compression tests 
and drained triaxial compression tests. Detailed special instructions for 
these tests will be supplied by Panel representatives later. 

Pai1el representatives will arrange for shipment of samples to be 
tested at the Corps of Engineers' Waterways Experiment Sta.tion, Vicksburg, 
Mississippi, and the University of Califo1~ia at Davis, California. 
Purchase Orders for testing at those laboratories other than those of the 
USBR have been arranged by Department of the Interior purchasing agents. 
Saraples for testing will be selected and detailed inst ructions for testing 
will be issued to those laboratories by Panel representatives. 

Sincerely~ 

Robert B. Jansen 
Executive Director 

cc: 
Dennis Sachs 
Sam D. Guy 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 


INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 


Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

September 	8, 1976 

TO: Robert B. Jansen 

SUBJECT: 	 Review of Report, "Right Abutmynt Excavation," Teton Basin 
Project, by Teton Project Office, Newdale, Idaho, 
November, 1975 

I have reviewed subject report available at the Project Office. 

The report was prepared in analyzing the contractor's claim for 
contract adjustment arising from alleged delays caused by the Government 
not giving timely direction for the removal of rock overhangs during the 
stripping of the right abutment. 

I find nothing in the text which affords a clue to the cause of 
failure. The timing and manner of overhang removal performed within 
the Zone 1 foundation area in no way appears related to the failure. 

Two photos, P549-147-2557NA, 10/10/72, and P549-147-2974NA, 8/8/73, 
do show a bench or profile irregularity in the keyway invert excavation 
estimated to be near Station 12+70 and Elevation 5220 which may have 
had some influence on the failure. 

'/. /.' /) .. 
I ,; ' f _/ ( /'. h ;/__,,t , .. : , ~lj'_.!·f,(jL ,__ A<_·.··'7/1,. 

'.j_,-/ yJ....,, C({fford ·J. Cortright: 
.- if /! 
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UNITED STATES DEPARTMENT OF THE INTERIOR- STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

October 6, 1976 

Honorable Thomas S. Kleppe, Secretary 

United States Department of the Interior 

Interior Building 

Washington, D.C. 20240 


Honorable Cecil D. Andrus, Governor 

State of Idaho 

Capitol Building 

Boise, Idaho 83720 


Gentlemen: 

The Independent Panel to Review Cause of Teton Dam Failure has con
tinued its work under your charge. The Panel conducted technical working 
sessions in Idaho Falls on October 4 through 6, 1976, with all members 
attending. On October 4, inspections were made of investigative excava
tions at the damsite and of the auxiliary outlet works, which has been 
dewatered recently. 

The following is a report on progress by the Panel since its report 
to you of August S, 1976. 

Organization 

Through the cooperation of the National Park Service, two technicians 
have been assigned to the Panel for temporary assistance in preparation 
of illustrations for the Panel's report. Also, a draftsman will be pro
vided by the Bureau of Indian Affairs on October 12. 

Site Work 

Satisfactory progress is being made on work requested by the Panel's 
letter of July 2, 1976 to Mr. H. G. Arthur, under USBR Contract No. DC
7232 with Gibbons and Reed Co. At the time of the Panel's inspection of 
the damsite on October 4, 1976, the general level of excavation, by five 
foot stages, of the embankment remnant on the right abutment was at 
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Elevation 5210 and inspection trenches had been excavated at each stage 
to Elevation 5205. Trenches are being surveyed, logged, and photographed. 
Penetration tests are being made and soil samples are being taken for 
laboratory testing. A total of 92 nine-inch cube samples have been taken, 
distributed throughout the length and depth of the excavation. Arrange
ments have been made for specific tests at the Northern Testing Laboratory 
in Billings, the University of California at Davis, the Waterways Experiment 
Station of the Corps of Engineers in Vicksburg, and the USBR laboratories 
at Teton Dam and Denver. All of this work is pursuant to the schedule 
appended to the Panel's report of August 5, 1976. Shipments of soil 
specimens from the dam were made to the Billings and Denver laboratories 
during the week of September 13 and to the Davis and Vicksburg laboratories 
during the week of September 27. 

The Panel received for its consideration during the technical work 
sessions of October 4-6 the results of two finite element analyses of 
transverse sections of the embankment conducted by Dynamic Analysis Corpora
tion. These are being studied by the Panel. Copies of these analytical 
results have been supplied to the Interior panel for its use. Two other 
analyses are in progress. 

As exploratory excavation on the right abutment has progressed to 
lower elevations in recent weeks, signs of distress have appeared in the 
dam embankment in the form of cracks and general distortion. This evidence 
is being carefully studied by the Panel in an attempt to ascertain whether 
it -relates to the cause of failure, or is a post-failure condition resulting 
from collapse of the adjoining dam mass. 

Quite satisfactory progress has been made in the channel excavation 
to lower the river. This work had advanced so that the Panel was able to 
enter the dewatered auxiliary outlet works tunnel on October 4. Inspection 
was made of the full length of the facility and it was found to be in 
sound condition, with no visible evidence of distress that could be related 
to the failure of the dam. 

Drilling into the foundation of the spillway was begun by the USBR 
early in September. Nine ho~es have now been completed. Water pressure 
testing so far has indicated the grouted rock under this structure to be 
reasonably impermeable, within generally accepted standards. 

Drilling is underway into the foundation in the vicinity of fissures 
near Dam Station 4+00, described in the USBR construction reports. This 
is in addition to drilling described in the schedule of August 5, 1976. 
One of the drill holes at that location, which has now progressed to a 
depth of about 300 feet, will extend into deep underlying sediments where 
samples can be taken for compression testing. The Panel also will have 
tests made on core samples taken from these sediments during the Bureau's 
preconstruction drilling. 

B-35 




Page 3 October 6, 1976 
Letter to Honorable Thomas S. Kleppe and Honorable Cecil D. Andrus 

The Panel continues its review and analysis of data and the drafting 
of material intended for use in the final report. 

In addition to participation in the technical working sessions of 
the Panel, individual members have periodically consulted with the staff 
in the Idaho Falls office and have made inspections of work at the damsite. 

Arrangements have been made for construction of a model of the dam 
to facilitate visualization of various features that are regarded as 
pertinent in analysis of the failure. 

The Panel appreciates the attention given by the office of the 
Secretary of the Interior to finalizing its definitive contract. 

The continuing support which you and your staffs have extended to 
the Panel is deeply appreciated, as is the cooperative response of the 
Bureau of Reclamation to the Panel's requests. 

The next technical working sessions of the Panel are scheduled for 
November 1-3, 1976, in Idaho Falls. 

Respectfully submitted, 

Wallace L. Chadwick, Chairman 
Independent Panel to Review Cause 
of Teton Dam Failure 
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CONTRACTORS 
ENGINEERS 
DEVELOPERS 

~ MORRISON-KNUDSEN COMPANY, INC. 


EXECUTIVE OFFICE 

ONE MORRISON-KNUDSEN PLAZA I P.O. BQX.7808 I BOISE, IOAHO 83729 I U.S.A. 

TELEX: 368439 

PHONE: (208) 345-5000 


E. M. ARMSTRONG 

EXECUTIVE VICE PRESIDENT 


October 7, 1976 

Mr. Wallace L. Chadwick 
United States Department of the Interior 
State of Idaho 
Independent Panel to Review Cause of 
Teton Dam Failure 
539 9th Street 
Idaho Falls, Idaho 83401 

Re: Teton Dam 

Dear Mr. Chadwick: 

In its letter of August 18, 1976, the Panel has asked certain 
questions with regard to construction techniques used in the 
construction of Teton Darn with special attention to the right 
abutment. The Contractor, a joint venture composed of 
Morrison-Knudsen Company, Inc. and Peter Kiewit Sons' Co., 
hereby submits the following answers to those quest1ons: 

a) 	 The best information available to the Contractor with 
regard to this question is ~hat contained in a letter 
submitted to the Contractor by its grouting subcontractor, 
McCabe Bros. Drilling, Inc., dated August 25, 1976 and 
appended hereto as an attachment. 

b) 	 The key trench between 2 + 00 and 18 + 00 was prepared 
by using air and water. The cleanup was more extensive 
between Station 3 + 00 and 4 + 35 due to open joints and 
fissures. 

c) 	 All fissures or open joints were backfilled with dental 
concrete or slush grout at the direction of the Bureau of 
Reclamation. To the knowledge of the Contractor, no 
joints were left unsealed. 
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Letter to Mr. Wallace L. Chadwick, dated October 7, 1976 
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d) 	 This material came out of the borrow area designated 
by the Bureau of Reclamation. In general, material of 
higher plasticity and optimum moisture was selected from 
the pit. Preparation of the material was by pre-irrigation. 
Placement was accomplished in 3" lifts and compacted by 
using air operated tampers and plate tampers and wheel 
rolling with heavy equipment. To the Contractor's knowledge, 
there were no difficulties encountered in any of these areas. 

e) 	 Material selection was accomplished by the same method 
described ind), above. The pit was prepared in the follow
ing manner: A cut depth was determined by topographic notes 
to establish the desired drainage pattern. The pit was then 
divided into material blocks. Three-inch holes were then 
augered to the depth of cut required on a 200 foot grid and 
proctor optimum moistures were determined for drill cuttings 
and noted for the respective section of the pit. Moisture 
was added to the pit by sprinkling the required amount of 
water for the design cut on the area at least 3 weeks prior 
to excavation. Constant monitoring was possible by utilizing 
a Speedy Moisture Teller. Placement and compaction were in 
accordance with Bureau of Reclamation specifications. 

f) 	 This area was blown clean with air and water. The rock was 
badly fractured and cleanup was a little more difficult 
on the right abutment than it was on the left abutment. 
There were areas on the right abutment which required the 
treatment described in c) above 

g) 	 This material was handled as described in d) and e) above. 

q) 	 The rock on the right abutment was more fractured than that 
on the left abutment and there were more fissures in the 
key trench in the right abutment than in the left abutment 
key trench. 

Very truly yours, 

EMA: j 1 

MORRISON-KNUDSEN-KIEWIT 
A~ntur 

---z~~. /-'~-...ii~e-~~ll"lllllllP""""""<~ 
E. 
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PHONE 522-5437 

August 25, 1976 

Morrison-Knudsen Company, Inc. 
P. O. Box 127 

_. 'I""\ - • ., ~o-,~
1.... _...:J :: .l ~.J b Newdale, Idaho 83436 	

' '· rr'1 ...• • .. ,J,, .....I'"ntJ,.1.;.cn tt"'tdjl.Lu.:. • K' 
Conl~ct No. 25N 

Attention: Mr. Duane E. Buckert 

Re: 	Letter from 'Independent Panel to Review 
Cause of Teton Dam Failure' to Morrison 
Knudsen Co.,Inc. for information on 
Construction Techniques. 

Dear Sir: 

Referr:tng. to Question: 	 The Manner in which Axial grout Distribution 
and Closures were assured when the up and 
dovrnstream grout travel was relatively 
unlimited. 

There were three grout lines; a downstream, a center and a up
stream. The dovmstream grout line was from Station 2 + 20 to 16 + OO, 
the upstream g1·out line was from Station 2 + 28 to 15 + 94 and the 
center grout line '·:as from Station 2 + 23 to Station 18 + 00 and on. 

2 11Most of the grout nipples were diameter. The Area holes were 
Located over fairly large cracks and the nipples were set to inter
cept the cracks at different depths, some being set vertically over 
cracks ·with cencrete pou.red around them. The do1·;nstrea.rn boles were 
vertical with 20 ft. centers. The upstream holes were at a 30° angle 
with 20 ft. centers, except cne vertical at Station 5 + 28 2.nd one

0 	 . 0
fan hole at 2 + 28 37 • The center line holes were at a 30 angle 
with 10 ft. centers. 

There were no closure holes on the dov-rnstree.m line. There are 
tr.iree fan holes 2t Station 2 + 2'0; one at 15°, one at 30°. and one 
at 45°. The upstream line has the following clost;.:.ces: 3 holes on 
5'centers, 6 holes on 6 1 centers, 1 hole on 7' center, 2 holes on 
9' centers, 1 hoJe on 10' center, 3 holes on 11 1 centers, 2 holes on 
12' centers and 2 holes on 13' centers. As directed by the cont:cact
ing ofncer, the holes from Station 9 + 22 to 10 + 00 in the upstream 
line were deleted. 
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The primary holes were staggered from each other on the three 
grout lines. The Area holes that were set close to cracks were 
grouted first. We drilled the holes until we lost 5C/fo or more of our 
drill water. Then commenced grouting at the bottom stage of the hole. 
Most of the area holes were intermittently grouted if the take was 
500 cu. ft., with a waiting period of three hours. Eventually that 
stage of the hole would come up to the desired pressure required by 
the inspector. At that time we set the packer up to the next stage 
and progressed out of the hole through the different stages and 
finished grouti.ng by hooking the nipple and grouting to the speci
fied pressure. If the above hole was required to go deeper, we then 
drilled to the specified depth-or until we had a water loss of 5etfo 
or more and then set the pacKer at the directed settings and grouted 
the different stages at required pressures until we. staged up to the 
previous stage grouted, therby completing the entire hole. 
Closures were added to area holes. 

There are primary holes every 80 ft., secondary holes every 80 
ft. and closure holes every 40ft. on the dOi·mstream and upstream 
grout lines. The prirriary holes were drilled and grouted first, the 
secondary holes were drilled and grouted second and the closure holes 
were drilled and grouted last as directed. All grouting of holes was 
accomplished in the same manner described above for the Area holes. 

The centerline holes have a primary every 80 ft., a secondary 
tvery 80 ft. and an intermediate hole every 40 ft. with closure holes 
every 20 ft. The primary holes were drilled and grouted first, the 
secondary holes were drilled and grouted second, the intermediate holes 
were drilled and grouted third and the closure holes were drilled and 
grouted last as directed. Of course the centerline has a more complex 
pattern than the dovmstream and upstream grout lines and is designed to 
serve as a closure line for the dovmstrearn and upstre@n grout lines, 
with many closure holes being added. 

Good packer settings were accomplished with the very minimum of 
difficulty. 

A large percent of the holes where the water loss was negligible, 
we were able to drill to the complete d~pth of the hole, in this case 
we grouted from the bottom stage up, until the hole was completely 
grouted. 

about 98 or 99% of the stage8' in all holes were water tested, with 
the exception of the top 20 ft. in many.holes. The migration o:f water 
from the water tests and the grout travel into other drilled holes was 
very minirr:al. All holes were completely backfilled with grout after all 
stages were co;~:pleted. All grout leaks to surface areas were calked 
im::1ediately and continously until leakage stopped. 

Referring to Question: Details of any doubts over the effectiveness of 
this Axial distribution in any particular· location 
.along the three grout curtains bet1·;een Station 
18 +00 and Station 2 + 00. 

B-40 


http:grouti.ng


.. , -.. 
I:.~ >ff~rJ~!t9 ,J]?t~~ 

DIAMOND CORE: DRILi.iNG ROTARY DRILL!•,~ 

PRE:SSURE GROUTING roUNDATION TE!OTl'•Gi'. ~~ i l : ...'i ~ ' ! ~f € 

BOX 1892. IDAHO FALLS. IDAHO 83401 

PHONE 522-5437 

Page 3 

The only doubt that we have been concerned with was the high 
percent of Calcium Chloride being used. The highest percent used 
as directed by the inspectors was lo% for a short time, later this 
was lowered to £3%. 

As an example, if the hole was 100 ft. deep and we were grouting 
with about 3% or more Calcium Chloride, intermittently grouting the 
bottom stage and finall~ the bottom stage came up to pressure, then 
we stage grouted the hole up to the surface. At this time we were 
directed to deepen the hole to 130 ft. We then drilled the hole down 
to 90 ft. and had a total water loss. Then we set the packer above the 
water loss in the bottom stage of the hole and started grouting until 
the stage came up to pressure; sometimes this sta:ge required intermittent 
grouting. This condition has happened many times when using Calcium 
Chloride. The question we have asked ourselves about the above problem 
is: Is this same condition happening in the grouting of large or small 
cracks and fissures, causing a h0ney-comb effect? Thereby causing many 
more closure holes to be drilled and grouted on the centerline than other
wise would be necessary. 

Referring to Question: Details of difficulties in obtaining assur
ance of Axial closure at any station or grout 
hole along the same stretch of curtain. 

We had no -difficulty in grouting up to the desired pressure in all 
stages of all closure holes. If one closure hole took more than the 
minimum amount of grout in any one stage, we were then ordered t© drill 
and grout additional closure holes. 

Referring to Question: Sirrdlarities and significant differences 
in appearance of the walls and floor of the 
Key trench in the right and left abutments. 

The left abutment ha·d a few caverns in the walls, the floor of the 
key trench appeared to be good solid rock. Directly up the grout line on 
the right 2.butment, 75 to 125 ft. above the tower on the steepest slop, 
h'e had some grout leaks around some large boulders. As we were calking 
these leaks, nurnel"ous bats 1..-ere flying ou-':. of the cracks that we were 
attempting to calk. 

The right abutment from about Station 18 + 00 to Station 11 + 50 
appeared to be very badly fractured ·with small cracks in the walls and 
the floor of the trench. From Station 11 + 50 to 10 +oO it appeared to 
be good solid rock. From Station 10 + 00 to 7 + 50 it appec.red to be 
good solid rock on the walls and floor of the key trench,,with some 
sr:;all visable fissures. From 7 + 50 to 2 + 00 the waLls and floor 
appeared to be of good sound rock with a very little small fracturing 
with the e::xception of numerous large faults visable in the v.alls and 
floor of the key trench. 
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The lake bed sediments that underlay the riolite formation along 
the extreme length and width of the dam at depth were drilled and 
grouted to the desired pressures for a short distance on the outer end 
of the left abutment. 

All work described above was completed as directed by the 
contracting officer, The Bureau of Reclamation. 

Very truly yours, 

McCABE/BROS. DRILLING, INC. 

;; .... ~ ,~ · __ :.. : ' ·-
Edwin L. McCabe 
President 
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IN REPLY 
REFER TO: 21 0 
510. 

United States Department of the Interior 
BUREAU OF RECLAMATION 


OFFICE OF DESIGN AND CONSTRUCTION 


ENGINEERING AND RESEARCH CENTER 

P .0. BOX 25007 


BUILDING 67, DENVER FEDERAL CENTER 

DENVER, COLORADO 80225 


OCT 
 19 1976 

Mr. Wallace L. Chadwick 
Chairman, Independent Panel to 

Review Cause of Teton Dam Failure 
Post Off ice Box 1643 
Idaho Falls, ID 83401 

Dear Mr. Chadwick: 

Draft answers to the questions regarding the Teton Dam failure 
posed to Mr. McMurren of Morrison-Knudsen Company and to me in 
your letter of August 18, 1976 were handed to you on October 4. 
We are enclosing our fina1 responses to these questions which 
we ask that you use instead. 

The materia1 you received earlier was subsequently reviewed in 
this office by our grouting expert, Mr. Lloyd R. Gebhart, and 
others. Certain portions were discussed with project personnel, 
several minor changes were made in the text, and the photographic 
references were corrected. 

We understand that the Morrison-Knudsen Company is g1v1ng you their 
answers to these questions in a separate transmitta1. The answers 
we have given are, therefore, attributable only to Bureau of 
Reclamation project and Denver Off ice records and observations. 
We believe they accurate1y describe the situation at the damsite 
as it existed during construction and the construction techniques 
used. 

Sincerely yours,

-:!.~r...__....,._~~...,..__, 
Director 
Design and Construction 

Enclosures 

Morrison-Knudsen Company, Inc. 
Post Off ice Box 7808 
Boise, Idaho 83729 
Attention: Mr. W. K. Smith 
(with copy of enclosures) 
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(A) 

Please describe: 

A. The manner in which axial grout distribution and closure were 
assured when the up and downstream grout travel was relatively 
unlimited. Details of any doubts over the effectiveness of this 
axial distribution in any particular location along the three grout 
curtains between Station 18+00 and Station 2+00 will be helpful. 
Likewise, details of difficulties in obtaining assurance of axial 
closure at any stations or grout holes along this· same stretch of 
curtain will be helpful. 

GROUTING REQUIRElvillNTS 

Grouting requirements between Station 2+00 and Station 18+00 consisted 
of a triple curtain between Station 2+00 and 16+00 and a single curtain 
between 16+00 and 18+00. Blanket holes were located in areas where 
joints and fissures were exposed in the curtain area and also a blanket 
grouting program was performed under the spillway weir section. The 
minimum depth requirements for the curtain holes were 260-60-160-60-260 
feet for 80-foot patterns on the centerline curtain on 10-foot centers. 
In the spillway area, the maximum depths were increased to 310 feet. 

Specifications drawings required that both the upstream curtain and 
downstream curtain be drilled on 20-foot centers with no provisions for 
spaced closure. However, these curtains were split spaced and closed to 
depth. Specifications drawings also required that both the upstream and 
downstream curtain consist of vertical holes. After excavation of the 
key trenches was completed, it was determined that angle holes on one 
of the two outer curtains would readily intercept more joints and, 
therefore, the upstream curtain holes were drilled on angles 30 degrees 
from vertical. Specifications required AX (1-7/8-inch)diameter size holes 
be drilled and that holes be down staged if water losses larger than 
50 percent occurred. When partial water losses occurred, ~he percentage 
amount was determined by the onsite inspector and grouting of these 
partial water loss stages consisting of 50 percent or larger was strictly 
adhered to. 

In the vicinity of the spillway section, an exception was made in regard 
to the centerline curtain insofar that between Station 10+00 and Station 
11+37, the centerline curtain was eliminated and incorporated with the 
upstream curtain. This vrns done because the al inement of the centerl inc 
curtain was in the same al inement as the AOW gate chamber shaft and 
because a positive curtain was better protection for the shaft when 
located upstream of the shaft. This was accomplished for ~wo reasons. 
First, double coverage could be given to the adit and shaft by enveloping 
the curtain between the shaft and the reservoir, and secondly, curtain 
holes could be extended to their full design depth rather than having to 
be shortened to prevent intersection with the shaft and adit concrete. 
Curtain holes enveloping the AOW tunnel had to be shortened to prevent 
intersecting the tunnel concret0. However, radial holes from within the 
tunnel in the curtain area were deepened to overlap the curtain holes by 
30 feet. 
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GROUTING ORGANIZATION 

U.S. Bureau of Reclamation 

The grouting organization for the Bureau of Reclamation consisted of 
one Supervisory Civil Engineer and primarily, three Construction 
Inspectors. The Supervisor had approximately 12 years of inspection 
and supervisory experience in the field of grouting. Three primary 
Construction Inspectors had grouting experience varying from 2 to 5 
years prior to arriving on Teton Dam. 

Each of the three primary inspectors was responsible for one shift on a 
three-shift basis and supervised additional inspectors when grouting 
operations were separated and additional inspectors were required. When 
grouting operations were separated, the primary inspector was able to 
contact subordinate inspectors through the contractor's communications 
system to d~scuss any problems. 

Contractor (McCabe Brothers Drilling Company) 

The contractor usually had a work force which varied from 18 to 27 men. 
The Company is owned by three brothers and each brother was a shift 
foreman. A mechanic was on duty on day shift to make necessary repairs. 
Other workmen consisted of pump operators and drillers. 

CONTROL OF GROUTING OPERATIONS 

Order of Grouting 

When the contractor determined the area that he wanted to grout in, 
grout holes on the upstream and downstream curtain were located by Bureau 
inspectors. These locations were previously determined from profile 
drawings from which the proper spacings were determined. Blanket holes 
were located in the field to fit the rock foundation conditions except 
those required beneath the spillway weir which were located on a pattern 
basis. Location of grout holes for the centerline curtain was also 
determined from a profile drawing prepared prior to concrete placement in 
the grout cap. Pipe nipples were embedded in the concrete as the concret~ 
was placed. Angles for the pipe were accurately determined with a 
machinist's protractor and the pipe nipples were set above the concrete
rock contact at all times so that this contact would be drilled and 
grouted if a bond did not occur. 

When grouting was initiated within a specific area, the blanket holes were 
drilled and grouted prior to any grouting performance or curtain holes. 
The contractor usually worked in an area 400 to 500 feet long. Therefore, 
initial curtain groufing consisted of drilling on five to six pattern 
holes. As drilling and grouting progressed on the original pattern holes 
to depth, it was sometimes necessary to initiate drilling and grouting on 
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intermediate and final closure holes simultaneously to facilitate the 
contract<;>r's operations. However, a lag of 40 feet in vertical distance 
was always adhered to with respect to adjacent related holes. 

The upstream curtain was grouted in similar fashion to the downsti·eam 
curtain; however, no holes were drilled on the upstream curtain until 
those patterns on the downstream curtain in vicinity of the holes on the 
upstream curtain to be drilled were completed. 

Grouting on the centerline curtain was initiated after all other grouting 
in the vicinity was completed. As previously mentioned, the centerline 
curtain was grouted on 10-foot centers with the 10-foot center holes 
split to 5-foot centers or less if a grout take of 20 cubic feet or more 
per stage occurred. This criterion was adhered to, with two exceptions. 
At Station 10+25 stage 0-20 feet, a grout take of 28 cubic feet was not 
split as most of the grout injected leakell. to the surface within a few 
feet of the holes. Also, a grout take of 1 1 003 cubic feet at Station 
11+37 stage 220 to 245 was only split on one side. However, this take 
is near the gate chamber adit, and the area was super-saturated with 
grout holes from within the adit and access shaft. 

Five-foot-closure holes were drilled and grouted at Stations 11+09, 8+19, 
6+34, 6+46, 6+22, and 15+28 to check areas of doubt. However, these holes 
were not required as the adjacent 10-foot-closure holes previously grouted 
were tight. 

DAILY DinECTION BY THE BUREAU SUPERVISION 

As grouting was initiated in each area, a drilling and grouting instruction 
sheet was made by the Bureau supervisor. On th is sheet were 1 isted holes 
that were available for drilling and grouting by the contractcr as 
determined by the Bureau supervisor. This sheet was made on a daily basis 
and was updated taking into consideration the work that had been previ
ously completed, and the work that was expected to be completed during 
that particular day. Special instructions and safety notes were also 
added to these sheets from time to time. On rare occasions, it would be 
necessary for the field inspector to make additions to the sheet if field 
operations made it necessary. This daily sheet was made for the purpose 
of keeping unity by having a single organized program wlthin the Bureau 
inspection forces and it was also available to the contractor so he could 
plan his operations accordingly. Examples of these sheets are attached 
at the suggestion of Cliff Cortright, Panel Representative. 
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LOG BOOK KEPT BY INSPECTORS 

From the plan and profile drawings kept in the Bureau Office, log books 
were made which contained a profile of grout holes as located in the 
field. In these log books, the onsite grouting inspector kept a running 
record of all drilling and grouting that was performed. The log books 
were passed from inspector to inspector (shift to shift). This record 
contained the history of each hole and was available to the inspector at 
all times at the pump site for the purposes of back-checking for related 
grout takes, water losses, water test information, surface leaks, and 
performance dates of adjacent holes. Copies of pages from several log 
books are attached to show the types of information contained. 

DAILY WRITTEN REPORTS 

In addition to the log books, each field inspector was required to write 
a daily report which gave a brief description of the holes drilled and 
grouted as to location, depth, water tests, grout takes, equipment 
problems, conversations with the contractor's representative, and 
instructions to the contractor. Also, a drill sheet was made for each 
hole drilled and a grout sheet for each hole grouted. The drill sheet 
was passed on from shift to shift until that particular hole was completed 
or the hole was stopped for grouting at which time it was turned in to 
the Bureau supervisor at the end of -;;he graveya:>:"d shift. The drill sheet 
contained drilling information such as rock hardness, color of water 
return, time of drilling, and water losses. The grout sheet was also 
passed on from shift to shift until that particular hole was completed or 
the hole was ready to be redrilled to a deeper depth at which time it 
was turned in to the Bureau supervisor at the end of the graveyard shift. 
The grouting sheet gives a complete history of a grout hole. This 
history may be very complex; however, all information relating to the 
hole is recorded in 'llinute detail in relation to time. The grout sheet 
primarily contains information relating to water tests, packer settings, 
initial grout mixes, final grout mixes, pressures, surface leaks, amount 
of grout take per hour, total grout take, holding pressures, back pres
sures, suction, etc. A copy of a drill and a grout report (see attached 
examples) are appended to the daily written report. 

After the daily reports in conjunction with the drill and grout reports 
were turned over to the Bureau supervisor by the field inspector at 
8:30 a.m. each morning, they were reviewed and checked for accuracy. 
The results from the drill and grout reports were then immediately 
plotted on a plan and profile drawing. These results were plotted each 
day on the same drawing and thoroughly studied by the supervisor to 
correlate grout takes from hole to hole and curtain to curtain. 

Profile drawings from each curtain were usually overlai.n for a positive 
check so that no gaps in the overall curtain area would occur. From 
each days' information as it Was plotted, depth of holes could be changed 
and additional holes added as required. The daily drilling and grouting 

4 


B-47 




instruction sheet discussed above was determined from the plan and 
profile drawing. 

RECORDS BY THE CONTRACTOR 

The records made by McCabe Brothers Drilling Company are extensive and 
were kept diligently by the employees of the contractor. Drill logs were 
made by each driller of each hole drilled on each shift. Grout pump . 
operators kept a running record of all grout injected which contained 
the time, number of batches, cubic feet per batch, and the grout mix. 
A record of all water tests was also made which stated the hole number 
stage and amount of take. 

Drillers recorded drill bit serial numbers used each shift with corres
ponding drilling depths. 

A profile of each curtain in the vicinity of the work area was kept 
current daily and given to each foreman. This profile was reviewed 
with the inspector and correlated 'with the Bureau Daily Drilling and 
Grouting Sheet. A time log on each grout pump was kept by pump operators. 

GROUT MIXES, CALCIUM CHLORIDE, SAND, PRESSURES, WATER TESTS 

Grout mixes were designed to fulfill the scope of the specifications 
and design criteria. It was desirous that grout travel be limited to 
within 100 feet of the curtain area and that the upstream and downstream 
curtains be constructed as barrier curtains for the centerl inc curtain 
which was the final closure curtain. When 1 arge grout takes on the 
upstream and downstream curtain were encountered, grout mixes were 
readily thickened. Calcium chloride was used to increase hydration and 
decrease the initial set time and was rarely used when a hole was being 
pumped under pressure. 

When a hole was relatively wide open and the grout mix used was an O.8: 1 
W-C ratio (by volume), the hole would accept grout at the rate of 250 cubic 
feet of cement per hour (maximum pump rate) and the pressure on the hole 
gage would be zero and the hole would have extreme suction. This 
indicated that the grout was traveling away from the hole area and, in 
order to restrict travel, the hole was pumped intermittently (500 cubic 
feet with delays ranging from 3-8 hours) by using calcium chloride. Wl~n 

pressures began to register on the hole gage during a pumping sequence, 
the calcium chloride was discontinued and pumping would then usually 
continue to refusal. Precautions were taken to prevent slugging a hole 
prematurely. 

Sand was used when evidence showed that a 1 arge void had been encountered 
and that the sanded mix would be readily accepted. For instance, the 
blanket holes in the spillway area accepted large amounts of grout; however, 
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sand was used in only one hole as no large voids were encountered 
during drilling of these holes. Although other holes accepted grout 
quite readily, no voids of consequence were detected by the drillers 
when water losses occurred and, therefore, a sanded grout mix was not 
used in this area. 

Calcium chloride was added to accelerate hydration of the grout mix 
and control travel within the curtain area. Laboratory and field experi
ments were performed to determine the optimum amount of calcium chloride 
to be used to achieve setting after the grout reached the area to be 
grouted. Numerous variables, such as mix water temperature, sand tem
perature, cement temperature, air temperature, rate of tru~e of th:! hole, 
and distance of hole from the mix plant, affected the set-up time and 
the injection time. A hole that was wide open would usually accept 
grout at the rate of 250 cubic feet of sand and cement or cement per 
hour. The lapsed time between mixing and injecting the grout at this 
rate varied between 6 and 8 minutes. An initial set-time of 12 to 16 
minutes was therefore desirable, so that the grout could adequately reach 
its destination before prematurely setting. 

Due to these temperature variances of the grout ingredients, it was 
impossible to develop a usable criteria to accurately predetermine amount 
of calcium chloride required to attain the desired set time. A more 
feasible set of criteria was used based on grout temperatures at the 
grout pump. From 2 to 3 percent by weight of cement of calcium chloride 
was added when the mix water temperature ranged between 75 and 80 degrees 
F. and up to 6~ percent of calcium chloride was required when the mix 
water temperature was in the 35 to 40 degrees F. range. Eight percent 
calcium chloride was used for a short interval when near freezing water 
was used by the contnwtor, however, set times were uncontrollable and 
the percentage was ultimately lowered. Grout would reach the critical 
temperature of 90 degrees F. when using the warmer mix water and near 
70 degrees F. when using the colder mix water. Grout temperatures were 
monitored constantly at the pump by the pump operator and the inspector 
so that the proper amount of calcium chloride required could be constantly 
adjusted. Water was added to the grout mix at the pump on rare occasions 
when the grout began its initial set in the tub before it could be 
injected. It was of utmost importance that, when calcium chloride was 
being used in a grout mix, the temperature of the grout mix be kept as 
high as possible without prematurely setting in the tub before it could 
be injected. Adding lesser amounts of calcium chloride only prolonged 
the set time and increased grout travel distances which was undesirable 
in holes which were determined to be wide open. The use of calcium 
chloride on the centerline curtain holes was very limited. 

Pressures used during grouting and water testing consisted of 10 psi at 
the hole collar and were increased by 0.75 psi per foot of depth of the 
packer setting normal to the rock surface at the hole collar. Pumping 
pressures were kept at the desig·n pressure at all times unless surface 
leaks occurred or when the hole acceptance rate was greater than the 
capacity of the pump. 

6 
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For grouting of the downstream and upstream curtains and blanket holes, 

a maximum of 5:1 water-cement ratio by volume was used. An 8:1 maximum 

ratio was used on the centcrl ine (final closure) curtain. All packer 

settings were water tested prior to grouting and the starting grout mix 

was determined by the amount of water accepted in the 5-minute water 

test period. On the upstream and downstream curtain and blanket holes, 

the following criteria were used: 


Water accepted in 5 minutes Starting Grout Mixture 

30 c .f. or more 3:1 w/c ratio 
20 - 30 c.f. 4:1 w/c ratio 
20 c .f. or less 5:1 w/c ratio 

For the centerline curtain, these criteria were modified to: 

Water accepted in 5 minutes Starting Grout Mixture 

30c.f.ormore 5:1 w/c ratio 
20 - 30 c.f. 6:1 w/c ratio 
20 c.f. or Jess 8: 1 w/c ratio 

Grout mixes were changed when it was felt that a thicker mix would be 
reaC.:.ily accepted by the hole. When to change mixes was a judgment 
decision made by the onsite inspector and was based on rate of take, 
drilling characteristics, pumping pressure, and intuition or so called 
"feel of the hole" by the inspector. Only basic.: criteria were specified 
as mix changes could be based on hole behavior and this was quite 
variable even within different stages within the same hole. 

When large grout takes were encountered in any portion of any hole at 
lower than normal pressures, the grout mix was progressively thickened. 
Sand or calcium chloride was used only after it was definitely determined 
that a hole would accept thick mixes. Once it was determined that a 
hole was wide open, intermittent grouting was performed by injecting 
500 cubic feet of cement or cement and sand and then washing the hole 
with just enough water to clear the hole. Grouting was resumed after 
a 4-hour interval. Two percent of bentonite by weight of the cement 
in a batch was added to all mixes containing sand to facilitate keeping 
the sand in suspension during pumping. 

EQUIPMENT 

Grout pumps used by the contractor consisted of Gardner-Denver 6"x3"x6" 
and 5"x2),"x5" air operated duplex piston type in conjunct'i.on with a 
25-cubic-foot agitator tube and circulating system grout lines. Pumps 
were usually located within 50 feet of the hole being pumped which 
facilitated the pumping of thick mixes. Pumps were identified by 
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number and operating logs were kept. Pumps were cleaned after each 
pumping interval and were dismantled every 110 hours at which time 
piston swabs were replaced and liners checked. This maintenance 
schedule was strictly adhered to by the contractor and throughout the 
duration of the grouting program a pump breakdown occurred only once 
while a hole was being pumped. 

Pressure gages consisted of Ashcroft 0-100 lbs. for low pressure and 
0-300 lbs. for higher pressure. The gages were internally filled with 
glycerin for dampening purposes from pump surges which made them 
extremely long lasting. The gages were activated by an oil filled 
diaphram in contact with the grout mixture. 

Communications between persons at the grout pumps at the grout hole and 
the mixing plant were achieved by the use of waterproof mine telephones. 
These telephones were also equipped with signal lights for use in 
ordering batches. Three separate light systems, one for each mixer, 
were incorporated to facilitate operations between a grout pump and its 
designated mixer at the plant. This system was used to call personnel 
to the telephone who may have been at some distance from the telephone. 
Telephones were located at the office, repair shop, mixing plant, and 
at each grout pump located at the grout hole. The main telephone line 
had numerous outlets and the telephones were equipped with extensions 
so they could be readily moved. 

REPORTS 

Monthly Reports(L-lO's) were submitted for construction and design 
review. These reports contained plan and profile drawings of all the 
work performed during the month and a summary of holes grouted. The 
hole summary sheet contained all information pertinent to each hole 
such as stages, pressures, mixes, water tests, surface leaks, and 
holding pressures. A summary sheet is attached. A general narrative 
was also included which stated the amount of drilling accomplished, 
the total amount of cement and sand injected, and also the number of 
water tests performed. 

SUMMARY 

The·upstream-downstream curtains were not intended to be closed beyond 
20-foot centers. The purpose of these two curtains was to act as barriers 
for the centerline curtain which was the intended main-1 ine of final 
closure. Final closure of the centerline curtain was rather easily 
attained. The number of 5-foot closure holes was negligible and 2i-foot 
closures were requiFed only twice (Stations 2+60 and 3+10). To eliminate 
doubtf:; during the time of grouting, holes were extended or extra holes 
added. Full confidence in the effectiveness of the grout curtain as a 
barrier was obtained by the meticulous drilling and grouting operations 
and method of closures. 

8 
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In regard to the attached letter submitted by McCabe Brothers to 
Morrison-Knudsen Company, dated August 25, 1976, we generally agree 
with all statements except for Paragraphs No. 1 and No. 2 on page 3. 
High percentages of calcium chloride were seldom used and the situation 
of water losses occurring higher in the hole after grouting than when 
the water loss had originally occurred did not exist. Water losses 
did however occur at times at the same location or immediately below 
the original water loss, which is a normal occurrence. 
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GROUNG INSPECTORS REPORT Sample Cr9utShe1t
.L__ .w.ii

-j TSHIFT..-T

INSPECTOR
DAMTUtJNELS1SPILLWAYETC

SPECS wo.9JO _LINE_ RELIEVED
BC ETC .çL

HOLE wa 1/ ENT SuMMARY ___
1-

LA ED

DEPTH DRIJ WITH PA ER __ jj ___ 21r-

PROPOSED_HN.AL DEPTH ________ WITHOUT PACKER _______ -_____ ______ 
PREVIOUSLY GROUTED _______ TOTAL _______ ____ ____ 

______ ____ ____ ___ _______ /J
STAGE TIME

PUMPIN
REMARKS

DEPTH TOTAL JCLANGE PRESSURE

Il_I/I AflJ J/T ___ rfj IJiI
___ ____ ___ LL _/i__ iji /2lIii

_____ ____ ___/ _____ iI /-i19O_________
/LL_ L_ ic

________ ____ ____ ____ LL 2ILi1

______ ____ ___ ____ ____ -___ /i

___ ____ ____ .i _____ ._/
ii 2i 3J rii% J2

_________ -_____ ______ 7L -2

Pk _Li /7
________ ..3o 24 ______________________
_____ /.O /4- /0 /9 ______________________
_______ ___ /7 3/ /C ________________________________.____i /2 _______________
-_____ __ _______________
_______ c-i _____________ _______
_____ ___ ___ ____________________

____ __________________
__ 37 /i /3 /7

Q-/ /25 -J-/ -- .7

_______ ..0 _________________ ___
_______ i2 -_

____ J20_ ____ ____________
___ LffLuI JL -_________________

________ fi12 IiJ- ___- ________________
_________________ ________ Li 2_._iMi4 .f ..L__. L---- JL2 _t____ __J__ ._____ -____________

____ 7o /- .2 ii //

8o ___2t. ____
/Jv Jj /_j/ Ji --ILL__._

Tlii report should ho o.vr.pR.1 dO11Tr rnivn coch ho$e Ikted//J/7
Reinor column Rec.61Y1 ks di If iculIc5 bock pfesufC recotnrriendolions dc
.Reosons for Wusle should be eploined in delosI VP/C to be tnostired by volume

B57



GROUT NG INS ECTQ RS REPORT

J2
iEATUI 5p//4DAMJTUN ELS SPILLWAY ETC.-

SPECS NO _LINEX RELIEVED
ABC ETC

HOLE NO CEMENT SUMMARY .LCLL______

/2 PLACED

DEPTH DRILLED__ iiii ___ _____ -_________
PROPOSED flNAL DE1LJ WITHOUT_PACKER ____ ______
PREVIOUSLY GROUTED TOTAL

______________ 

STAGE ______ 
CEMENT

PUMPINGJTIME scvs W/C REMARKSDEPTH TOTAL CHANGE PER HR PRESSURE

___- 7/ -7
_____ 7Y ___ ___ ___ ___ ____________

___ __ ___
___ J7 ___ _s_.5 Cc A_L1.____

_2.5 ___ ___ ___ ___ __________-___
___ __ __ __- ___ __ ______ ____
________ IZ1 _____ 4L 24 ______________________
_____ _3_ __ ___________________
____- ke sjt
2OsL/d 35 __ .t5P2 O..C/2/j__5i

O.- o_ //1 /.
______ qIi_ ___ ___ ____ ___ _______________
9- ___ ___ IiI_L Szi---i- /2iLi

____ 5OO 4/- /c _____________________
II ii _____________

___ _L L_ ._ ___ ___________
-- ____

/0 C7ir 6P7
__________ 2-- 2_ cc

.. -c ______ 
_____ ______ _____ ____ ____

___ ___ _____ ___ ___

__ __-__

__ ii__tiIiIi i-it___ ___ ________
This report houId hov corplele record of the lcaltnenl ive eoch hole hicd
Remarks column Record Icuks dfricuItie bock prccsure1 recourr4crdo1ions etc
Reosons for Woie houId be epIoioed detail W/C Ia be ncosued by volume
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SampIe DrH1 Report

INSPECTORS D1ILL RECORD
FOR GROUT OR DRTtNAGE IOLES

PROJECT SPECS NO lPL
FEATURE 7/0/L TYPE HOLES

DRAINAGE ETC
DETAIL SPí BITSIZE

RT ABUT DIVERSiON TUNNEL SPWY ETC

DRILL TIME DEPTH FEET
HOLE PERTINENT INFORMATI0N SHIFT INSP

START STOP IROM TO DATE INFI IALS

_________ ____ Zy/ P/iE ___ ___ _____ 

J/c O/ ____ ____ S4 /1-10-7 ___

i8Y/5 ___ ___- _____

_______ ____ ____ ____ ___ tcr ______

______ /J/- L./ _____

o3 cc
rt- t-

___ __ _________________ ..-

.57 /1

______ ___ ___ ___ ___ ___ ___

NOTF DIPTH oF CONCRI it ir ANY FORMA TION CANt WATER lOSS OI GAIN CAVE



sample at lole Summary Sheet from

L-1O Report

RECORD OF DRILLiNG AND GROUTING OPERATIONS

Project

Feafure i/4f/ Ocm SpiltwoyTunnet etc DoteShetof
DRLLNG

______ ______ ________ 
GROUTNG

DEPTH
_________ DATE DATE CEMENT MAX

fl MA RKS
GROUTED PLACED M4 MN

EKS

_______ _____ ___________________ _____i_____ __j_ _1__________________
LZ_ 5/a _______________ ij2 j1 JL 2-jJ /.cLiXL

_____ zc _____ _________________ _____ 2_ .L3_ LL J_
______ _____ ______ ____________________ j1
_____ __1_Q..LC __________________ _____
____ I____ ________________ _____ JLJ
____ 32t ____ _______________ ft Li jtL
____ uI ______________ ____ __IL LLL
____ /Z2 -41- -1- -- --
_____ iL2Zc7 ___________________ ______ 21 JL2L. 2_ __aL/LL12
_____ 22 _____ ___________________I_____ L1_ fiL _LJ/zLL
____ _______________ _U_ L24 7L
____ _______________ 5- __L_ p/ LiL

____ _____ _____ __________________ _____ _____ ii iii _________________
_____ _____ _____ ____ ________________

-ic ___________ Tct
____ /2L LiiL
____ ____ _______________ ____ __I2 2liL J/
____ L2J _______________ _____ -- Zd .Ji
L___ s-fOp ___
____I ____ _______________I OIi_
L____ aQ _____ LL giLiLt.-t- 12Jc5
____ it _______________ __ __ yL. V247/ zLz
_____ .3L2 La _____ io _____
_____ ________________ _____ _O_ JL Ja_ jL
I____ ______________ ft J2 L2 ___
____ _j._ 2-3/i2 _____________
_______ ____ ____ _______________ ____ ____ JiL _______
_______i_i_____ _____ ________________ _____J____ _i______

THIS COSOLDATED REPORT TOGETHER WITH PLANS AND PROFILE SHOWING LOCATION OF HOLES TO BE FURNISHED MONTHLY TO THE cHIEF ENGINEER ATTENTION CODE



DIAMOND co DRILLING ROTARY DRILLING

.j
PRE5SUH GROUTING IOUNOATION

BOX 892 IDAHO FALLS IDAHO 834O
PHONC 522.5437

August 25 1976

cIITI
MorrisonKnudsen Company Inc
P.O Box127
Newdale Idaho 83L36

frcrrDn-Knudn Kwi
Attention Mr Duane Buckert

Conroci Ho 2594

Re Letter from Independent Panel to
Review Cause of Teton Darn Failure
to MorrisonKnudsen Co Inc for

Information on Construction Technioues

Gentlemen

Referring to Question The Manner in which Axial grout distribution
and Closures were assured when the up and

downstream grout travel was relatively
unlimited

There were three grout lines an upstream center and down
stream The downstream grout line was from Station -- 20 to 16 00
The upstream grout line uas from Station 28 to 9/4 and the

center grout line was from Station 23 to Station 18 00 and on
Most 01 the grout nipples were diameter The Area holes were
located over fairly large cracks and the nipples were set to inter
cept the cracks at different depths sone being set vertically over
cracks with concrete poured around them The downstream holes0were
vertical with 20 ft centers The upstream holes were at 30 angle
with 20 ft centers exept one vertical at station 28 a8d one
fan hole at 28 37 The centerline holes were at 30 angle
with 10 ft centers

There are no closure holes on the downsreain 1ine 0There are
three fan holes at station 20 one at one at 30 and one

1at 145 The upstr2im line has the followIng closures holes on

centers ho es on centers hoI.e on center holes on
center hole on 10 center holes on 11 centers holes cm

\12 centers arid holes on 13 centers As directed by the

conLractng offIcer the holes from station 9-i- 22 to JO i- 00 in the

upstream line were deleted



DIAMOND CORE ORILl.IHC ROTARY DRILLING 

PRLSSURC CROUTINC fOUHOATIOH TCSTINC 

BOX 1692. IDAHO FALLS, IDAHO 83401 
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Page 2 

The primary holes were staggered from each other on the three 
grout lines. The Area holes that were set close to cracks were 
grouted first. We drilled the holes until we lost 5ofo or more of our 
drill water. Then commenced grouting at the bottom stage of the hole, 
wost of the area holes were intermittently grouted if the taJ.<e was 
500 cu. ft., with a waiting period of three hours. Eventually that 
stage of the hole would come up to the desired pressure required by 
the inspector. At that time we set the packer up to the next stage 
and progressed out of the hole through the different stages a:id 
finished grouting by hooking the nipple and grouting to the speci
ficed pressure. If the above hole was required to go deeper, we then 
drilled to the specificed depth or until we had a v:ater loss of 5afo 
of more and then set the packer at the directed settings and grouted 
the different stages at required pressures until we staged up to the 
previous stage grouted, thereby completing the entire hole. 
Closures were added to area holes. 

There are primary holes every 80 ft., secondary }·1oles e.very 80 
ft. and closure boles .every 40 ft. on the downstrec:rn1 and upstream 
g.:cout lines. The primary holes were drilled a.rid grouted first, the 
secondai.;y holes were drilled and grouted second and the closure holes 
were drilled and grouted last as directed. All grouting of holes ·1·1as 
accomplished in the same manner described above for the area holes. 

The centerline holes have a pd_mary every 80 ft., a secondary 
every 80 ft. and an intermediate hole every 40 ft. with closure holes 
every 20 ft. The primary holes were drilled and grouted first, the 
secondary holes were drilled and grouted second, the intermediate holes 
were dr:i lled and grouted third arid the closure holes were drilled ai1d 
grouted last as directed. Of cow.·se the centE::rline has a more complex 
pattern than the downstream and upstream grout lines arid is designed to 
serve as a closure line for the downstream and upstream grout lines, 
With. many closure holes being added. 

Good packer settings were accomplished with the very minimum of 
difficulty. 

A large percent of the holes where the water loss was negligible, 
we were able to drill to the complete depth of the hole, in this case 
we grouted from the bottom stG.gcup, until the hole was coa1pl(~tely 
grouted. 

About 9S or 99% of the sta[;es in al.1 lioJcs were 1:ater t<..:sted, with 
the e:>:cept:i on of tlie top 20 ft. i.n many l1oles. The rn:i.E,ration of ;·;ater 
from the water tests and the grout t1·avel into other drilled holes 1·:as 
very rnini1nal. All holes were cor11pletely backfi11cd wH.h erout after ::ill 
stages W\~re completed. All crout lealrn to surface a:ccas were calk<~d 
i.mmcdjatcly and cont:i nous1y unti 1 lca1wec stopped. 

Refcrr:i.~ to Que~:;tion: DL:ta:i 1 s of any ('luubts over the effc>cti.vcncss of 
t.l1is Ax:ial d:ir;-Lr:ibution in any particul<1r loca.li.on 
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The only doubt that we have been concerned with was the high 

percent of Calcium Chloride being used. The highest percent used 

as directed by the inspectors was lo% for a short time, later this 

was lowered to 8'fo. 


As an example, if-the hole was lOOft. deep and we were grouting 

with about 3% or more Calcium Chloride, intermittently grouting the 

bottom stage and finally the bottom stage came up to pressure, then 

we stage grouted the hole up to the surface. At this tj_rne we were 

directed to deepen the hole to 130 ft. We then drilled the hole down 

to 90 ft. and had a total water loss. Then we set the packer above the 

water loss in the bottom stage of the hole and started grouting unti3: 

the stage came up to pressure - sometimes this stage required intermittent 

grouting. This condition has happened many t:Llnes when using Calcium 

Chloride. The ouestion we have asked ourselves about the above problem 

is - Is this saJne condition happening in the grouting of large or small 

cracks and fissures, causing a honey-comb effect. Thereby causing many 

more holes to be drilled and grouted on the centerline than otherwise 

would be necessary. 


Referring to Question: 	 Details of difficulties in obtaining assurance of 

axial closure at any station or grout hole along 

the same stretch of curtain. 


We had no difficulty in grouting up to the desired pressure in all 

stages of all closure holes. If one closure hole took more than the 

rninimurn amow1t of grout in any one stage, we were then ordered to drill 

and grout additional closure holes. 


Referring to Question: 	SiJnilarities and significa_nt difi'erences in the 
appearance of the walls and floor of the Key 
trench in the right and left abutments.

~II~ 
The :t::;q.t abutment had a few caverns in the waD.. s and the floor of 

key trench appeared to be good solid :r-ock. Directly up the grout line, 
75 to 125 ft. above tQ_e tower on the stee;pest slop, we had some grout 
leaks around some large bou..lders and as we were calking these leaks, 
numerous bats were flylng out of the cracks tbat we were attempting to 
calk. 

~ 

The right abutrnentfrom about SLaU.on 18 -i-00 to Station 11 + 50 
appear·ed to be very·b3dly fractured with small cracks in the 1-mlls and 
the floor of the i.;rcnch. From Station 11 +50 to 10 +00 it appeared to 
be eood solid rock. From Stati.on 10 +00 to 7 +50 ·it appeared to be 
good solid rock on the walls and floor of the key trench, with some 
srnal..l visablc fissures. From 7 + 50 to 2 + 00 the walls and floor 
appeared to be of eood sound r·oclc with a very J.ittle smn.11 fracturh1g 
with the exception of nwilcrous la:q~c faults vic~1blc in the 1-;alls and 
floor of the key trench. 

B-63 

http:Stati.on


ciji
DIAMOND CORt DRILLING ROTARY DRILLING
PRSSURt GROUTING rOUNDATION TtSTING

BOX 1892 IDAHO FALLS IDAHO 83401
PHONC 52Z.5437

Page

The lace bed sediments that underlay the riolite formation along
the extreme length and width of the dam at depth were drilled and
grouted to the desired pressures for short distance on the outer end
of the left abutment

All work described above was completed as directed by the
contracting officer Bureau of Reclamation

Very truly your
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Please describe: 

B. The manner in which the key trench between Station 18+00 and 

Station 2+00 was prepared to receive the first embankment material. 

Compare the way in which this trench was prepared with "broom clean." 

If there were differences in clean-up between particular stations, because 

of weather, or any other cause, please describe such differences in 

detail. 


(B) 	 The key trench between Station 2+00 and 18+00 was all cleaned in 
basically the same manner. Laborers using hand shovels and bars would 
first remove any loose rock or earth materials from the rock foundation. 
An air jet was then used to clean any remaining finer material down to 
a clean rock condition. Any grout which had. been spilled in key trench 
areas was loosened by paving breaker and cleaned by air jet. Cleanup 
of key trenches and all abutment areas generally progressed to 2 to 10 
feet above the elevation of the zone 1 fill. Material accumulated during 
cleanup was removed by a rubber-tired backhoe. 

Prior to placement of each lift of specially compacted zone 1 material, 
the abutment rock which had been cleaned by shovels and air jets was 
always sprayed with water to assure a proper bond with the fill material. 

No particular areas in tho foundation key trench received a different 
type of treatment from the rest of the key trench. The air jet and 
water treatment method of cleaning the abutment rock was considered 
superior to broom clean because the use of air jets and water resulted 
in a more thorough cleaning of cracks and irregularities in the rock 
surface then with the broom method. 
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Pl ease 	desc r-i be: 

C. The manner in which any fissures or open joints in the key trench walls 
and floor were sealed between Station 18+00 and Station 2+00; that is, the 
manner in which, and the places where, slush grouting, dental concrete, gunite, 
or shotcrete may have been used, also the extent to which such sealing was 
general. Were any joints left unsealed and, if so, where? If known, please 
indicate the particular stations, if any. 

(C) 	 The excavation for the right abutment keyway trench disclosed two unusually 
large fissures that cross the floor and extend into the walls of the keyway 
near the toe of the walls. On the floor of the keyway, the fissures were 
filled with rubble; but at both locations, the contractor excavated a trench 
about 3 to 4 feet wide and about 5 feet deep. Both fissures apparently 
were developed along joints that strike about N80 Wand are vertical to 
steeply inclined. The largest fissure crossed the keyway from station 4+LJ.4 
of the upstream face to station 3+45 on the downstream face. The strike 
of a smaller fissure was about N75 Wand crossed the keyway trench from 
station 5+33 of the upstream face to station 5+11 of the downstream face. 

The largest and most extensive open zone extended into the upstream wall 
from the toe of the keyway wall near station 4-:-44. The opening at the toe 
was about 5 feet wide a~d 3 feet high. There was a rubble-filled floor about 
4 feet below the lip of the opening. A few feet in from the wall the fissure 
was about 7 feet wide, but a very large block of welded tuff detached from 
the roof and/or the north wall rested in the middle. Beyond the large block 
about 20 feet in from the opening the fissure narrowed to about 2-1/2 feet 
wide. The rubble floor sloped gently away from the opening and the vertical 
clearance was about 10 feet. About 35 feet in, the rubble floor sloped 
rather steeply and the roof tilted sharply upward. About 50 feet in from the 
opening, the vertical clearance was about 40 feet and the fissure curved out 
of sight at the top. About 75 feet back, the fissure curved slightly south
ward out of view. The smaller fissure was mostly rubble-filled and was open 
only at the upstream face. The opening was about 1 foot square at the face 
and the fissure appeared to be rubble-filled about 5 feet back from the face. 

The continuation of this fissure intersected the downstream wall of the 
keyway near station 4L2l. The opening was about 4 feet wide and 4 feet high. 
A rubble-filled floor lay aboDt 4 feet below the lip of the opening. The 
large opening extended only about 5 feet back from the face and then a foot 
wide fissure at the north edge continued about 10 feet back and about 10 feet 
upward before going out of view. 

The other 1 a rge open zone extended into the upst ream wa 11 f mm the toe of the 
wall near station 3+66. The opening at the toe of the wall was about 1-1/2 feet 
wide and 1-1/2 feet high. From the opening, the fissure extended about JO feet 
down to a rubble floor and about 15 feet back before going out of view. The 
continuation of this fissure intersected the downstream wall of the keyway at 
about station 3+45. There \>Jas no open fissure at the downstream wall but 
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there was a 3-1/2-foot-wide zone of very broken rock with open spaces up 
to 0.8 foot wide. About 2-1/2 feet north, there was an open joint about 
10 feet long and 0.2 feet wide that dipped about 78 degrees south. 

At both the upstream and downstream locations of the fissure zones, broken 
rock extended to about midway up the keyway walls. Above the broken zones 
there appeared to be filled fissures about 0.5 foot wide that extended 
vertically to the top of the keyway cut. 

Two 9-5/8-inch-diameter holes were bored to intersect the open fissure that 
extended into the upstream and downstream walls of the keyway trench. One 
hole was located 72 feet upstream from dam axis station 4+64 and the other 
was located 75 feet downstream from dam axis station 4+02. The upstream 
extension of the fissure was encountered at a depth of 68 feet and the 
downstream extension was encountered at a depth of 58 feet. The holes were 
cased with 8-5/8-inch-diameter steel casing. High-slump concrete was poured 
through these casings into the fissures. Ninety-five cubic yards of concrete 
was placed in the upstream hole and 233 cubic yards was placed in the down
stream hole in Apri 1 1974. 

Three 3-inch-diarneter vertical drill holes were bored 77 feet downstream from 
dam axis station 3+30 to explore for a possible open fissure indicated by 
earlier horizontal drill holes bored from the floor of the keyway trench. 
The vertical holes encountered some voids and some soft, broken, or loose 
rock; however, these voids did not appear to be of sufficient volume to 
warrant drilling large diameter holes for backfilling with concrete. 

In May 1974, an additional 18 cubic yards of high-slump concrete was placed 
in the 8-5/8-inch-diameter-cased hole which intercepts the open fissure 
75 feet downstream from station 4+02. A total of 251 cubic yards of high
slump concrete was placed in this hole. Drawings No. 549-147-133 and -134 
(Exhibits 12.10.11 and 12.10. 12) show the location of the holes, the esti
mated outline of the fissures, and the concrete that was placed into the 
fissures. 

Other open joints or holes were observed on the floor of the kyeway near 
center] ine at stations 5+03, 5+68, and 6+18 and about 5 feet left of 
center! ine between stations 6+03 and 6+08. The roles were rubble filled at 
shallow depths and their lateral extent, if any, was covered by rubble. 
Heavy calcareous deposits were associated with all of the open zones except 
for a 0.2-foot-wide open joint between stations 6+03 and 6+08. 

The joints between station 5+03 and 6+08 were filled with grout during the 
grouting operation. 

Dental concrete was placed in an open jointed area on the spillway floor at 
approximate station 9+00 where the 1-1/2:1 slope of the key trench meets 
the spillway floor. 

2 
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The surface grouting on the abutments began because of the numerous joints 
in the rocks. This grouting was started on July 29, 1974 and was completed 
about August 6, 1975. 

The joints in the rock between elevation 5055 and 5205 were grouted to 
refusal by mixing grout in the mix trucks and placing it in the crack or 
joint by making a funnel out of the zone l material around the cracks and 
dumping it in out of the trucks. The smaller cracks, approximately 1/2 inch 
to 2 inches wide, were grouted witha 0.7 to l mix by volume. For gravity 
filling the larger cracks, approximately 3 to 4 inches wide, a sand-cement 
grout was used. These cracks were marked and filled by inspectors for zone 
ipecial compaction placing. 

Occasionally, the batch plant could not place grout in these cracks daily. 
Therefore, the zone l special compaction was held up until the cracks could 
be grouted. At times, the fil I would get ahead of the special compaction a 
foot or 2, but this was not a problem because the batch plant operated on 
two shifts and grout could be placed during the graveyard shift when the 
fill was shut down. 

The foundation keyway and abutment rock above elevation 5205 had fewer open 
joints than below this elevation. Generally the rock in the keyVJay was more 
massive and the joints and cracks very small; hence, the slurry grouting above 
elevation 5205 became imp1·acticable. It was noted also that the fewer large 
joints above elevation 5205 were usually filled with rubble or silt which also 
added to the difficulty of treating these joints. 

Please refer to the detailed geologic maps of the abutment and key trench 
areas for a description of the joints and fissures. The panoramic photos 
of key trenches and zone l foundation rock will also reveal the more massive 
nature of the rock in the key trenches. 

No fissures or large joints were knowingly left untreated. A tabulated list 
of the locations where slurry grout was used is attached. 

The fissures crossing the key trench at stations 3+55 and 4·.34 were 
excavated similar to the grout cap trench and filled with concrete. 
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SLURRY GROUT USED TO FILL CRACKS /\ND 

FISSURES IN RIGHT /\13UTMENT 


Yds. Date 	 Station Offset Volume in Cu. 

8-14-74 16+50 l.00 

8-19-74 16+30 340' - 355 1 l.00 

8-22-74 16+10 	 300' - 3SO I us 2.00

9-3-74 	 15+95 75' ds 1. 00

9-3-74 15+95 250' us l.00 

9-5-74 16+00 15 1 ds 4.00 

9-5-74 16+20 74 1 ds 4.00 

9-5-74 16+20 176 1 us 4.00 

9-5-74 	 15+90 64 1 ds 2.00 

9-5-74 15+90 150 I US 2.00

9-6-74 16+00 	 35 1 ds 1.00 

9-6-74 16+10 	 45 1 ds 1.00 

9-6-74 	 16+20 74 1 ds 1.00 

9-10-74 16+00 	 190 I ds 6.00 

9-10-74 16+00 	 15 1 
- 90'ds 6.00 

9-10-74 16+00 	 300 I US 6.00 

9-13-74 	 16+00 4.00 

9-17-74 16+00 	 60' ds 2.00 

9-24-74 15+70 	 50 1 &75 1 ds 20.00 

9-25-74 15+70 	 50' &75'ds 48.00 

10-3-74 1!)+80 	 125 1 ds 9.00 

10-3-74 15+50 	 48' us 0.50 

10-3-74 1"5+60 75 1 us 0.50 

10-4-74 16+20 300' us 8.00 

(C) 
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Date Station Offset Volume in Cu. Yds. 

10-4-74 16+75 150 I us 1.50 

10-4-74 16+50 128' ds 0.50 

10-7-74 15+60 35' us 6.00 

10-10-74 15+70 40' ds 1.00 

10-10-74 15+70 135 1 ds 3.00 

10-11-74 15+80 10 I dS 2.00 

10-11-74 15+80 centerline 4.00 

10-11-76 15+80 265' us 38.00 

10-11-74 15+80 258 1 us 3.00 

10-11-74 15+80 223 1 ds 3.00 

10-14-74 15+50 125 1 ds 0.25 

10-"14-74 15+50 273 1 ds 5.75 

10-15-74 15+40 100 1 us 0.50 

10-15-74 15+50 273 1 - 278 1 us 35.50 

10-16-74 14+80 35 1 us 0.50 

10-16-74 15+50 273' - 278 1 us 0.50 

10-16-74 15+30 30' us 17. 00 

10-17-74 15+30 30' us 0.50 

10-17-7.4 14+80 35 1 us 8.50 

10-17-74 15+40 12 1 ds 8.50 

10-18-74 15+50 50 1 ds 6.00 

10-18-74 15+30 12 1 us 6.00 

6-3-75 14+63 84 1 us 5.00 

6-3-75 14+37 82 1 us 3.00 

6-6-75 -14+70 110 1 us 39.50 
.. 

6-10-75 15+20 150' ds 13.50 

6-11-75 15+20 150 I ds 1.00 
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Da,te Station Offset Yo 1ume in Cu. Yds. 

6-11-75 15+15 115 I dS 4.25 

6-11-75 l5+1G . 90 1 
· ds 1.50 

6-11-75 15+00 60' ds 1.25 

6-11-75 14+90 30' ds 0.50 

6-11-75 14+78 3' ds 7.00 

6-11-75 14+25 35 1 us 5.50 

6-11-75 14+40 80' us 3.00 

6-11-75 15+30 110 1 us 1.50 

6-11-75 15+35 115' us 1.00 

6-11-75 l 5+60 150' us l.00 

6-11-75 15+80 245' us 2.00 

6-11-75 l 5+40 120' us 17.00 

6-11-75 15+25 106 1 ds 1.00 

6-13-75 l 5+00 l 05' ds 0.25 

6-13-75 15+00 40 1 ds 8. 75 

6-13-75 15+00 29' ds 15.00 

6-13-75 14+63 15 1 ds 0.25 

6-13-75 14+30 15' us 1.50 

6-13-75 14+03 30 1 us 2.00 

6-13-75 14+25 15' us 0.25 

6-13-75 15+30 centerline 2.00 

6-13-75 15+50 190 1 us 5.00 

6-13-75 15+00 123' ds 3.00 

6-13-75 15+00 111' ds 7.75 

6-13-75 15+00 98' ds 2.00 

6-13-75 14+80 15' ds 0.25 

6-13-75 14+75 7' us 0.25 
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Date Station 'Offset Volume in Cu. Yds. 

6-13-75 14+60 95 1 us 2.75 

6-13-75 15+40 120 1 us 0.50 

6-13-75 l 5+50 220' us l.00 

6-13-75 15+50 245' us 1.50 

6-16-75 3+60 us slope trench 37.00 

6-16-75 4+43 us slope trench 7.00 

6-16-75 3+44 ds slope trench 10.00 

6-16-75 4+21 ds slope trench 1o.00 

6-18-75 15+00 125 1 ds 7.00 

6-18-75 15+00 120 1 ds 110. 00 

6-19-75 14+80 115 1 ds 12.00 

6-19-75 15+00 120 1 ds 27.50 

6-19-75 15+00 150 1 ds 7.50 

6-19-75 15+00 140 1 ds 20.00 

6-19-75 15+00 90 1 ds 4.00 

6-19-75 15+00 75 1 ds 2.00 

6-19-75 15+00 150 I dS 14.50 

6-19-75 15+00 70 I dS 1.00 

6-19-75 15+00 127l ds 1.50 

6-20-75 15+00 103' ds 0.25 

6-20-75 15+00 105' ds 0.25 

6-20-75 15+00 50' ds 0.25 

6-20-75 15+00 68' ds 0.25 

6-20-75 14+45 10 1 ds 0.25 

6-20-75 14+40 5' ds 3.50 

6-20-75 14+.30 centerline 0.25 

6-20-75 14+50 100' us 0.25 

6-20-75 14+60 110' us 0.50 
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Date Station Offset Volumein Cu. Yds. 

6-20-75 

6-20-75 

14+70 

14+52 

120 l us 

104' us 

0.25 


6.·oo 


6-20-75 14+18 l 01 us 0.50 

6-20-75 15+00 140 1 ds 4.00 

6-20-75 14+95 35t ds 1.00 


6-20-75 14+95 75 1 ds 4,00 


6-20-75 14+90 30 1 ds 12.00 

6-20-75 14+15 51 
 ds 
 1.00 

6-20-75 14+45 90 1 us 
 5.00 

6-20-75 l 4+25 25 1 ds 
 l.00 

6-20-75 15+20 115 1 ds 
 1.00 

6-20-75 15+20 120 I us 
 l.00 

7-1-75 

7-1-75 

Key way rt. 
. of spillway 


II 


110' us 


115 1 us 


6.00 

0.25 

7-1-75 II 
 120 I us 
 3.00 

7-1-75 II 
 100' us 
 0.25 

7-1-75 II 
 12' us 
 7.00 

7-1-75 II 
 25' ds 
 0.25 

7-1-75 II 
 60' ds 
 1.25 

7-1-75 II 
 80' ds 
 12.00 

7-1-75 II 
 75 1 ds 
 0.50 

7-1-75 II 
 100' ds 
 0.50 

7-1-75 II 
 125' ds 
 29.00 

7-2-75 


7-2-75 

15+10 


15+15 


205 l us 


210' us 


12 .. 00 

2.00 

7-2-75 14:1-50 
 110' us 
 l. 50 


7-2-75 14+85 130 I us 
 9.50 
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Date Station Offset Volume in Cu. Yds. 

7-2-75 14+35 100 I US 9.00 

7-2-75 14+50 10' ds 1.00 

7-2-75 15+10 75' ds 0.50 

7-2-75 15+25 125' ds 1.00 

7-9-75 14+30 100' us 9.00 

7-9-75 14+55 centerline 8.00 

7-9-75 14+90 160' us 14.00 

7-9-75 14+90 225' us 6.00 

7-9-75 14+18 2' us l.00 

7-9-75 14+80 55' ds 6.00 

7-9-75 14+85 80' ds 2.00 

7-9-75 14+90 l 01' ds 2.00 

7-10-75 14+10 8' us 2.00 

7-10-75 14+25 5' ds 2.00 

7-10-75 14+30 10' ds 6.00 

7-10-75 15+00 210 1 us l.00 

7-10-75 15+20 115 1 ds 7.00 

7-10-75 "15+40 150 I ds 6.00 

7-11-75 4+18 27' ds 16.00 

7-11-75 4+42 27' us 12. 00 

7-11-75 15+20 115 1 ds 28.00 

7-11-75 15+30 132 1 ds l.00 

7-11-75 15+40 150 I ds l.00 

7-11-75 13+85 10 1 us 5.00 

7-11-75 14+50 23 1 ds l.00 

7-11-75 14+70 125' us 28.00 

7-11-75 14+00 98' us 2.00 

7-11-75 14+10 107' us 3.00 
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DaJe Station Offset Volume in Cu. Y ds. 

7-11-75 14+40 122' us 1.00 

7-11-75 14+60 125' us 1.00 

7-ll-75 15+00 148 1 us 4.00 

7-11-75 14+80 133' us 10. 00 

7-11-75 13+85 8 1 us 4.00 

7-11-75 15+10 80' ds 4.00 

7-14-75 13+75 20' us 1.00 

7-14-75 13+80 78 1 us 14.00 

7-14-75 l 4+10 l 08' us 1.00 

7-14-75 14+50 30' ds 12.00 

7-14-75 l 4+45 25' ds 2.00 

7-14-75 15+10 80' ds 2.00 

7-18-75 15+20 135' ds 7.00 

7-18-75 15+l 0 125 1 ds 30.00 

7-18-75 15+00 120' ds 17 .00 

7-18-75 l 5+20 125' ds 8.00 

7-18-75 l 5+00 50' ds l.00 

7-18-75 15+10 68 1 ds 3.00 

7-21-75 15+00 110 1 ds 3.00 

7-21-75 14+90 95' ds 3.00 

7-21-75 14+60 55' ds 2.00 

7-21-75 14+45 40' ds 4.50 

7-21-75 13+90 85 1 us 5.00 

7-21-75 14+07 107 1 us 3.00 

7-21-75 14-1·25 125 1 us 0.50 

7-21-75 14.f-10 51 ds 24.00 

7-24-75 14+00 15 1 us 13.00
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Date Station Offset Volume in Cu. Yds. 

7-24-75 14+02 10 1 us 11.00 

7-28-75 14+25 145 1 us 6.50 

7-28-75 14+06 110 I us 1.00 

7-28-75 13+85 97' us 2.00 

8-1-75 13+85 95' us 1.00 

8-1-75 14+00 l 00 I US 7.00 

8-4-75 13+86 9' us 33.00 

8-4-75 14+12 115' us 7.00 

8-4-75 14+12 138' us 13.00 

8-4-75 14+12 168 1 us 11.00 

8-4-75 l 3+96 7' us 8.00 

8-5-75 14+00 l 00 I dS 2.00 
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Please describe: 

D. The method of material selection, preparation, placement and 
compaction, in the key trench, of the "specially compacted earthfill" 
shown in the cross section marked "Foundation Key Trench" on USBR 
Drawing No. 549-D-9. If special difficulties were encountered in 
selection, preparation, placement or compaction at any points along 
the length from Station 18+00 to Station 2+00, please describe ~ach. 

(D) 	 The material selected for zone 1 special compaction in the foundation 
key trench was excavated in Borrow Area "A" with a Barber Greene wheel 
excavator. Borrow Area "A" material was pre-wet by irrigati01; sprin
klers. The wheel excavator removed material in cuts up to 13 feet in 
depth and the material received a thorough blending of gradation and 
moisture by th'is method. Selection of the best available material for 
compacting with hand tampers was accomplished by the contractor's quality 
control engineer and pit foreman. The Bureau inspector in the foundation 
key trench area inspected the special material on the basis of moisture 
and also the amount of caliche as well as the suitability of the mate
rial for compaction against the rock. The contractor's quality control 
personnel and the Bureau inspector selected material with moisture 
content near optimum, low caliche content, and highest possible plas
ticity available from the borrow area. 

Moisture was controlled in specially compacted material by mixing dry 
material with material which was too wet to reduce moisture content or 
by adding water to material which was too dry. Special compaction 
material was deposited near the abutment and then placed by dozers and 
laborers using hand shovels. Proper moisture content was determined 
by the inspector and checked by the lab test. 

Material was compacted using gasoline and air tampers in irregular 
areas along the abutments and key trench and by a loaded Euclid 74-TD 
end dump 	 truck or by a loaded Caterpillar model 992 front end loader. 
Material was compacted in 3-inch lifts by the gasoline and air tampers 
and in 6-inch lifts by the loaded equipment method. If a laboratory 
test of specially compacted material revealed that moisture limits 
were exceeded, failing material was removed, reworked, and then replaced. 
The area was recompacted when failure was due to low density. Rework 
area was generally 50 to 100 feet on each side of the test failure. 

Between Stations 2+00 and 18+00, a total of 425 density tests of the 
specially compacted material were taken in the foundation key trench 
and along the right abutment zone 1 foundation. The average optimum 
moisture content of this material was 19.1 percent and placed at an 
average of 0 .6 percent dry of optimum. The average "c" value of this 
material was 98.2 percent and "n" value averaged 97.2 percent. The 
silty material W3S difficult to compaet in the foundation key trench 
special compaction area and along the abutment in the special 
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compaction areas. This is illustrated by the fact that of the 425 
tests taken between Stations 2+00 and 18+00, 114 tests failed either for 
moisture or density deficiencies and required reworking or additional 
compaction; however, these areas were retested after being reworked and 
brought up to specifications requirements. 

Field experience with this silty material demonstrated that the 
inherent nature of the material, particularly its low plasticity, made 
compaction by hand tampers difficult and a very concentrated effort was 
required to obtain a good job. However, there were no areas not placed 
to specifications requirements and particular attention was given to 
obtaining both moisture and density uniformity along the abutment rock 
contact in these special compaction areas. 

Please refer to our reply to Question F., "Cleanup and Special Compac
tion - General" for additional information. 
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Please describe: 

E. The method of material selection, preparation, placement, and 
compaction in the key trench between Station 18+00 and Station 2+00 
of the core material. If special difficulties were encountered in 
selection, preparation, placement or compaction at any points along 
the length from Station 18+00 to Station 2+00, please describe each. 

(E) 	 Material in the key trench core area was selected by the same method 
as in paragraph (D). The borrow area was prepared in the following 
manner: A cut depth wa$ determined from topographic notes to estab
lish the desired drainage pattern. The borrow pit was then divided 
into material blocks. Three-inch holes were augered to the depth of 
cut required on a 200-foot grid and proctor optimum moistures were 
run on the drill cuttings and noted on the borrow pit drawings. 
Moisture was added to the pit by sprinkling the required water for 
the design cut on the area at least 3 weeks prior to excavation. 
Constant monitoring was possible by utilizing a speedy moisture 
teller. Material on the zone 1 fill received extra water from water 
trucks if required. The material was spread in about 8- to 9-inch-thick 
uncompacted lifts and rolled with two Caterpillar 825B self-propelled 
sheepsfoot rollers with caron wheels and two Ferguson SP-120-P 
self-propelled sheepsfoot rollers. 'I\vo Caterpillar motor graders 
with scarifier attachments provided supplemental scarifying on 
embankment as moisture was being added. 

The method of excavation in the borrow pit by the Barber Greene wheel 
excavator resulted in a very homogeneous mixture of zone 1 material. 
Moisture and gradation reached a high degree of uniformity by the 
mixing action of the wheel excavator and the subsequent loading into 
the trucks by the belt. Further uniformity was attained by spreading 
and working of the material on the fill. The average density of all 
zone 1 fill pl aced was 98 .3 percent of 1 aboratory maximum with an 
average optimum moisture of 19.6 percent and placed at an average 
of 1.0 percent dry of optimum. 

No special difficulties were encountered in placing the core material 
to the required density. 
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Please describe: 

F. The manner in which the contact area under the core of the dam outside 
of the key trench wa's prepared to receive the first core material. If 
special difficulties were encountered at any location along the length 
of dam between Station 18+00 and Station 2+00, please describe. 

(F) CLEANUP AND SPECIAL COMPACTION - GENERAL 

Placement of zone I embankment at Teton Dam began in the cutoff trench on 
October 18, 1973 with zone l material being transported by belt! ine conveyor 
from the left abutment to the trench bottom. Special compaction of the 
zone I material began on October 19, 1973, initiated by two laborers 
operating pneumatic tamping hammers and gas powered wackers along the 
perimeter of the embankment area from station 17+75 on the dam axis to 
station 19+50, 200 feet upstream. 

While the zone l· dam embankment material consisting of clay, silt, and sand 
could have rocks with dimensions of 5 inches or less, the zone I embankment 
material placed in locations requiring special compaction consisted of clay, 
silt, and sand with rock fragments having maximum dimensions of no more than 
l inch. Any portion of the dam embankment where zone 1 material was placed 
and could not be adequately compacted by sheepsfoot roller was specially 
compacted. These areas include zone I material adjacent to rock abutments, 
concrete structures, and any steel pipe or steel structures which would be 
embedded in the zone I embankment. Special compaction was accomplished for 
an average horizontal distance of 2 feet from any surface contacted by the 
zone 1 embankment. Standard procedure for placing a 1lft of zone 1 fill 
consisted of dumping the material from belly dumps and placing the lift with 
dozers to a depth which would equal 6 inches when compacted. An uncompacted 
1 ift of 9 inches generally compacted to a depth of 6 inches. Areas of fill 
which could not be placed by dozer were placed by laborers with hand shovels. 
Equipment such as dozers and sheepsfoot rollers were not allowed to contact 
the abutment or any other surface requiring special compaction of adjacent 
embankment material to assure that no damage would occur to the surface 
and that no rock would be loosened or dislodged from the abutment. 

Abutment cleanup along the zone 1 embankment consisted of removal of all 
vegetation, including roots, larger than one-fourth inch in diameter, leaving 
clean rock. Any earth attached to the rock was removed by air jet or hand 
shovel. Any grout which had been spilled in key trench areas was chipped out 
by jack hammer and cleaned by air jet. Cleanup of abutments generally prog
ressed 2 to 10 feet above the elevation of the zone 1 fil 1. Material accumu
lated during cleanup was removed by rubber-tired backhoe. 

Prior to placement of each 1 ift of specially compacted zone 1 material, the 
abutment or other surface which had been cleaned by handwork and air jets 
was always sprayed with water to assure a proper bond of the fill material 
to this surface. A ~inimum of eight passes was made by a loaded Euclid 74-TD 
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end dump or other approved piece of rubber-tired equipment over specially 
compacted areas forcing the clay material into the wetted cracks in the 
rock abutment. (See photo P549-147-5732, Exhibit 34.) All surfaces were 
clean prior to placement. Areas not reached by wheel rolling were power
tamped by gasoline or air tampers to such a degree that the compaction and 
density requirements were met. (See photo P549-147-573l, Exhibit 34.) 

Before placing a new 1ift of specially compacted zone l material, the 
previous 1ift was scarified by discing the surface. Any areas which could 
not be reached by the disc were scarified by hand with shovels to assure 
a good bond with the following lift and to prevznt a smooth bonding surface 
which could possibly allow movement of water along this boundary in the 
future. Moisture was controlled in specially compacted material by mixing 
dry material with material which was too wet, to reduce moisture content, 
or by adding water to material which was too dry. Material was worked 
to the proper moisture content near the abutment and then placed. It was 
difficult to adjust the moisture content of material already in place along 
the abutment. Proper moisture content was determined by the inspector and 
checked by the lab test. Fol lowing a test, failing material was removed, 
reworked and then replaced to correct a failure in moisture content. The 
area was recompacted when failure was due to low density. RevJork area was 
generally 50 to 100 feet on each side of the test failure. 

Material was special Ty compacted around 36-inch pipe encasing dewatering 
pumps station 18+85, 75 feet upstream and at station 19+70, 175 feet 
upstream. (See photo P549-l47-3254 NA, Exhibit 34.) Plastic dewatering 
pipes at the bottom of the trench were also embedded in specially com
pacted earthfi 11. Saturated material along the upstream and downstream 
toe of the embankment was removed with a Case 5806 backhoe. The areas 
were then backfilled with gravel to prevent water from pooling or saturating 
placed embankment material, Zone 1 material was then specially compacted 
over the gravel beds, or French drains, using a rubber-tired 992 front 
loader with its bucket filled with zone l material. 

Special compaction of zone 1 fill continued from station 18+50 to 
station 18+75, 190 feet upstrea~ to 200 feet upstream, elevation 4937 to 
5041, using gas-powered plate wackers around the pump encasement and drains. 
Rock abutments were cleaned of all vegetation and loose material by hand
work and air jets as construction of the embankment progressed. 

By October 29, 1973, the pipe from the dewatering pump at station 18+85 
was embedded in specially compacted material to elevation 4961. An area 
6 feet wide for a depth of L~ feet above the pipe was compacted with gas
powered plate wackers, from the pump to the downstream toe of the embank
ment. With a 4-foot depth of material over the pipe, it was possible for 
a sheepsfoot roller to compact the fill in this area. On November 7, 1973, 
the two 50-hp dewatering pumps were removed from the embankment and the 
36-inch pipe encasements were filled with concrete. Special compaction 
with wackers began around the zone l belt tower footings on this date at 
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station 16+65 on the right abutment. This was the last day of fill place
ment as snow closed the embankment for the season. 

The contractor resumed embankment operations on April 4, 1974, with zone 1 
material being placed and compacted at the toe of the right abutment and 
around the base of the beltl ine tower. After dropping through the tower, 
the material was loaded and spread by a Cat. 966 loader. The fill was 
compacted adjacent to the abutment by 0heelrolling with the Cat. 966 loader 
and around the tower legs with gas-powered plate wackers. An access ramp 
was constructed for scrapers at the base of the tower during this operation. 
Elevation of the fill around the tower legs on April 11, 1974 was 5015.5 feet. 

Laborers continued to clean the basalt formation at station 21+55 on the 
left abutment. Mud and grout along the grout cap on both abutments and 
loose debris were removed to a waste area on the downstream slope of the 
embankment by a Cat. 988 loader. Fill was compacted along the rhyol ite 
wall of the right abutment with pneumatic tamping hammers. The abutment 
was wetted by a Cat. 631B water wagon to assure proper bond with the 
embankment. 

On April 29, 1974, a 6,000 gallon Cat. 631B water wagon compacted fill 
material adjacent to the abutment making eight passes of the wheel at each 
location. 

By May 29,· 1974, areas of special compaction of zone 1 included material 
around the legs of zone 1 beltline tower station 16+58, 50 feet upstream 
from the dam axis, the right zone 1 abutment station 16+50 to sta
t ion 17+50, 100 feet downstream to 340 feet upstream from center! ine, 
and the left abutment from station 22+50 to station 24+00, 100 feet downstream 
to 300 feet upstream. Average elevation of embankment was 5022 feet. 

On July 8, 1974, the contractor began using a Pierce Arrow pavement breaker 
or Hydra Hammer, with shoe area of the hammer approximately 1 square foot, 
for special compaction along the abutment and the materials handling tower 
supports. (See photo P549-147-·4590 NA, Exhibit 34.) 

On July 11, 1974, special compaction was interrupted to blast overhanging 
rock on the left abutment. Blasting, sealing, and cleanup continued for 
several days and special comp~ction resumed following this operation. 
Grout leaks from construction of the grout curtain in the right cutoff 
trench appeared along the right abutment special compaction area. Wet 
material was removed by motor patrol and new material was placed and 
compacted. 

A 11 Ho-pac 11 compactor arrived for use on July 17, 1974 and a Case 580B back
hoe with special vibrator attached to the end of the backhoe to be used for 
compaction arrived on July 22, 1974. Use of the 11 Ho-pac 11 was discontinued 
because of the high number of passes required to get adequate compaction. 
When it was not possible to compact zone I fill in ve1-y deep voids on the 
irregular abutments, it was necessary to fill these voids with backfill 

3 

B-82 



grout to form an impervious rock foundation sealing off voids so earthfill 
material could not penetrate the fo~ndation and cause an unstable embankment. 
A standard grout mix of0.7:1 water-to-cement ratio was used for most backfill 
grouting operations. 

On November 27, 1974, the contractor terminated operations for the season, 
resuming work on April 18, 1975, with cleanup on rock abutments. Standing 
water along the abutment on May 19, 1975, was drained toward the center of 
the fill and pumped downstream and fill material was scarified with an 
International TD15C dozer pulling discs and allowed to dry. Any material 
considered too wet along the abutments was removed by a Cat. 14E patrol, 
picked up by scrapers,and hauled to the zone 3 embankment to dry. 

When construction of the right cutoff trench embankment began on June 10, 
1965, a Cat. 966 rubber-tired loader was used for special compaction. 
After all concrete repair was complete at the Auxiliary Outlet Works gate 
shaft and right spillway counterforted wall station 10+55, elevation 5295 
special compaction began on July 22, 1975. Gasoline-powered plate wackers 
were used there. 

On October 20, 1975, cleanup of grout and debris began around the River 
Outlet Works gate shaft. Hand shovels and air jets were again used to clean 
the foundation. Placement of zone 1 material around the shaft began on 
October 24, 1975 with same special compaction procedures used as at previous 
concrete structures. By November 1, 1975, special compaction around the 
shaft was finished completing zone 1 special compaction on the dam 
embankment. 
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Please describe: 

G. The manner in which core material was selected, prepared, placed, and 
compacted outside of the key trench, between Station 18+00 and Station 2+00. 
If special difficulties were encountered, please describe in detail by 
specific location. 

(G) There is no significant difference between this operation and the operation 
described in the answer to (E) previously given. The key trenches, except 
for special compaction areas, were a continuation of the zone 1 fill opera
tion. The key trenches were wide enough to permit the spreading and rolling 
equipment to place the key trench areas in a concurrent operation with the 
main body of zone l fi 11. The method of selection, preparation, placement, 
and compaction was the same outside of the key trench areas as inside them. 
We do not know of any particular difficulties associated with this operation. 

The following description of the training procedures used for construction 
personnel and quality control efforts will provide an insight into efforts 
made to select and prepare the zone 1 material for placement in the 
embankment : 

Prior to the start of zone l placement in the fall of 1973, the Bureau 
of Reclamation supervisory personnel met with those from Morrison-Knudsen
Kiewit to determine how to precondii:ion and excavate material from Borrmv 

11A. 11Area It was decided that, for the short construction season left, Bureau 
materials technicians would work in the pit directly with M-K-K personnel 
and that the Bureau would provide laboratory facilities for preplacement 
testing. This would help train M-K-K personnel for control of the pit 
during the following construction season. 

During the winter shutdown fol lowing the 1973 construction season, the 
Bureau conducted a training session covering testing procedures for 
earthwork and concrete. Bureau laboratory personnel conducted the session 
in the project laboratory. 

M-K-K requested that their supervisory personnel be allowed to attend 
these sessions. After completion of the initial training session, M-K-K 
requested that the Bureau have an additional day's training covering 
earthwork testing so that they could have additional personnel receive 
this training. This was done. 

Prior to and during the early part of the 1974 construction season, M-K-K 
had three people work in the Bureau project laboratory to receive training 
before they were allowed to work in M-K-K 1 s mobile laborato~y, which was 

11A11set up in Borrow Area specifically for preplacement testing of the 
material for specifications compliance prior to placement in the dam. 
From the start of the 1974 construction season and through completion of 
the dam, M-K-K handled the preconditioning and testing of the borrow area 
prior to placing. The Bureau of Reclamation tested the material as 
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delivered to the dam for specifications compliance. The Bureau provided 
technical assistance and provided special testing whenever requested by 
M-K-K to maintain adequate control of the borrow area. Considerable 
control testing was needed in Borrow Ar-ea ''A 11 due to the wide range of 
optimum moisture contents. The optimum moistures ranged from approxi
mately 16 percent to 24 percent. It was difficult to determine visually 
or by hand tests whether the material from the pit was within the speci
fications I imits from placement moisture. 
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Please 	describe: 

H. Similarities and significant differences in the appearance of the 
walls and floor of the key trenches in the right and left abutments. 

(H) 	 The walls and floor of the key trench in the right abutment generally 
appeared to have more cracks in the rock than the walls and floor of 
the key trench in the left abutment. 

Both abutments, however, have a highly fractured zone in the top of 
the canyon wa 11 in the rhyo l i te. 

Profiles through the key trenches are, of course, quite different because 
of the 1-1/2:1 slope adjacent to the spillway on the right abutment key 
trench. 

It is recommended that similarities and differences of the key trenches 
can best be understood by inspecting the panoramic color photos with 
geologic overlays and the detailed geologic maps made of the key trenches 
during construction. 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

TO: 

October 27, 1976 

FROM: Clifford J. Cortright 

SUBJECT: Review of "L-29 Construction Reports," Teton Basin Project, 
Lower Teton Division, May 1972 through December 1973 

I have reviewed subject reports available at the Project Office. 

I find no obvious statements in the reports affording a direct clue 
to the cause of failure. 

Copies of individual pages of the reports have been obtained wherever 
they appear to supply factual basic information of value in preparation 
of the Panel's report. 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

October 31, 1976 

TO: Panel Members 

FROM: Robert B. Jansen 

SUBJECT: Meeting with R.R. Robison and His Staff on October 29, 1976 

At 8:30 a.m. on October 29, 1976, C.J. Cortright and I met with 
Project Construction Engineer R.R. Robison and members of his staff 
(P.P. Aberle, Jan Ringel, Harry Parks, Lynn Isaacson, and Keith Rogers) 
in Mr. Robison's office at the Teton Dam. This meeting had been arranged 
at my request to afford opportunity t9 amplify and clarify various records, 
especially on project surveillance procedures, and observations in the 
period June 3-5, 1976. I had provided in advance a list of initial 
questions, as follows: 

R.R. Robison 

1. 	 What were the procedures for collecting, plotting, analyzing, 
and reporting on surveillance data? e.g., observation wells. 

2. 	 What were the time intervals in each step of this process? 

3. 	 What reports did you make, oral or written, on the dam's 
condition in June? 

4. 	 Can you provide any more information on the Project Technical 
Record? 

P.P. Aberle 

1. 	 In your statement, you said that you wrote down the time of 
collapse as 11:57 a.m. on June 5. Into what record was this 
written? 

Harry Parks 

1. 	 In your statement, you said that you saw seepage at 7:50 a.m. 
on June 5, 1976 coming out of toe about 50 feet from the north 
abutment wall. You saw leakage 50 feet from the north abutment 
above 5200 elevation at about 10:30 a.m. Can you describe these 
more fully and reconcile them with the observations of others? 
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Harry Parks (Cont'd) 

2. 	 Who was the first to see distress in the dam, and what did 
he see? 

Jan 	Ringel 

1. 	 Did you inspect the leak alone at 8:00 a.m. on June 5, 1976? 
Or did somebody from the survey crew accompany you? Did you 
inspect leaks other than what was reported t9 you by the surveyors? 

General Question 

1. 	 What was the tim~ of each significant observation on June 5, 
1976, as you can reconstruct it now? 

In response to the first three questions, Mr. Robison described the 
oral instructions that he had given and the specific assignments that he 
had made to watch for any adverse conditions at the dam. He also discussed 
his communications with USBR offices in Boise and Denver. He and Mr. Aberle 
described their personal efforts in making patrols and in reviewing inspec
tors' reports. I asked for, and Mr. Robison agreed to provide, a written 
description of all this activity so that it can be documented for the Panel's 
report. 

Regarding the fourth question, Mr. Robison said that the construction 
report data already made available to the Panel constitutes the Project 
Office's contribution to date to the Project Technical Record. He also 
agreed to provide us with copies of his weekly construction reports. 

Mr. Aberle said that his entry of the time of dam collapse was made 
on a desk pad in the Project Office. 

Responding to our first question to him, Harry Parks commented that 
he and his survey party were at such a distance from the seepage area at 
7:50+ a.m. that all they saw was an apparent ponding of water at the toe 
of the dam. They were really too far away to say that it was "coming out 
of the toe." As to the location of the leakage at El. 5200, we were 
referred to the photography of the leak, which Parks and the others suggest 
is the best record. Parks recalls that he and his crew members all saw 
the water on the 5041.5 berm at the same time. He and Ringel confirm that 
Parks went into Ringel's office alone to report the leakage. 
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Jan Ringel said that immediately after being alerted by Parks, he 
went alone to the toe of the dam to inspect the reported leakage. He 
did not see other active leakage at that time, but he did note that water 
had been flowing down the right groin during the night of June 4, or early 
in the morning of June 5. This was evidenced by a shallow eroded channel 
that had not been there at 9:00 p.m. on the preceding night. Although 
there was no water in this erosion channel, it was damp in places. 

In reply to the general question about the times of significant 
observations on June 5, there appeared to be agreement in retrospect that 
the loud burst and the concurrent rapid enlargement of flow at approxi
mately El. 5200 occurred at about 10:30 a.m. rather than 10:00 a.m., as 
had been previously reported. Mr. Robison said that when this happened 
he did not have his car and he ran all the way to the office to telephone 
the sheriffs. The call to the Sheriff of Fremont County was logged at 
10:43 a.m. 

The times earlier and later in the morning as reported in the sworn 
statements are regarded by the Project staff as more accurate. Robison, 
Aberle, and Ringel agree that Robison and Aberle arrived separately at the 
darn headquarters building, but nearly at the same time - about 8:50 a.m. 
Since they almost immediately proceeded down to see the leakage, they 
believe that the reported time of this observation was reasonably accurate. 
The 11:57 a.rn. time of collapse is seen as precise ("within one-half minute 
or so") because it was mark~d by the power outage and consequent stopping 
of an electric clock at the Project Office, whose power came through the 
system in the canyon just below the dam. 

Mr. Robison reports that the flow first observed at El. 5045 was from 
the talus, not formation rock. I asked him if the talus at the toe of the 
right canyon wall could have carried appreciable flow without such flow 
being apparent on the surface. He believes this to be entirely possible. 

When asked to describe the hole at El. 5200, Mr. Robison said that 
from his vantage point looking directly into it, the hole was a tunnel 
about six feet in diameter running roughly perpendicular to the dam axis 
and extending back into the embankment for about 35 feet - as far as he 
could see. 

Regarding the early stages of this leak, which developed a short 
distance south and about at the same elevation as the 2 cfs spring at 
El. 5200, the "wet spot" observed by Berry at about 8:30 a.m. is believed 
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by Robison, Aberle and Ringel to have been a damp part of the erosion 
channel which they have described. They say that they noticed that this 
channel had curved out a little ways from the abutment, as can be seen 
in photographs. 

Robison and Aberle also question the wet spot location reported by 
David Burch as 100 feet from the abutment. They say that examination 
of the failure photographs alone shows this distance to be inaccurate. 

Parks says that the seepage observed by Berry and Ferber between 
7:00 a.m. and 8:00 a.m. was at the toe, on the 5041.5 berm, and not at 
El. 5200. 

Answering a question about the location of the whirlpool on June 5, 
Robison and Aberle agreed that it was probably not as close to the abutment 
as they previously had estimated. Robison said that it was directly 
opposite the sinkhole on the downstream face. He and Aberle would now 
estimate that it may have been as far out as 13+70 or 13+80. (This would 
put it more in line with a section through the grout-cap break, the 
sinkhole, and the leaks at El. 5200 and El. 5045.) 

We also discussed whether seepage and leakage amounts were all esti
mated by visual observation or if some measuring devices were used. Robison 
and Aberle said that devices were planned but not yet installed. They both 
have considerable experience in flow measurement and estimating, and they 
believe that their judgments of the spring and leakage flows are reasonably 
accurate. 

Robison also informed us that the first observations of springs 
flowing from formation rock downstream from the spillway stilling basin 
on June 3 (the only flows observed from formation rock in the pre-failure 
period June 3-5) resulted from his dispatching Ken Hoyt, Construction 
Inspector, to that area to conduct surveillance. Hoyt thus made his 
discovery of the springs, which were observed later by Robison and by 
Aberle. 

I asked how much discharge was actually passed through the auxiliary 
outlet on June 5. Robison said that it got up to about 900 cfs, compared 
with the specified operational limit of 850 cfs. Aberle said that the 
gates were open about 69 percent. They had consulted with the designer 
to get guidance on how much to exceed the limit and were told that up 
to even 1,000 cfs would probably be all right. However, they decided not 
to push it that far, so as to avoid possible damaging vibration. 
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Mr. Robison raised the subject of treatment of the rock joints and 
cracks in the key trench. He says that during construction he and his 
men did not observe openings in the rock such as are now exposed in 
the breach on the right abutment. He says that if they had, they would 
have done something about them. Robison also stated that slush grouting 
is uncommon in USBR practice and that the designers did not expect the 
construction forces to initiate such treatment. 

Sincerely, 

cc: 
C.J. Cortright 
L.B. James 
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United States Department of the Interior

BUREAU OF RECLAMATION

OFFICE OF DESIGN AND CONSTRUCTION

ENGINEERING AND RESEARCH CENTER
P.O BOX 25007

BUILDING 67 DENVER FEDERAL CENTER

REFER TO 1300 DENVER COLORADO 80225

510.-

fp NOV 1976

Mr RobertYansen
P.O BoxX643
Idaho us ID 83401

Dear Mr Jansen

Please refer to Mr Chadwicks two telegrams dated June 11 and 14
1976 addressed to me understand from Mr Guy of my staff that

all the requested information has been supplied except item

Record Cofferdam Seepage and Pumpage from Foundation Area We

do not have very much data on these activities

Drawing No 549147170 which is contained in exhibit 32 shows the

arrangement of the dewatering effort in the cutoff trench and the

on November 30 1973 have enclosed an additional copy of this

drawing for your ready reference The contractor submitted rather

voluminous claim for differing site conditions in the cutoff trench
Exhibit of the contractors April 11 1975 claim contains the report
Changed Conditions Cutoff Trench Excavation Teton Dam by

Woodward Thorfinnson Associates This report contains photographs
of some seepage into the COT Also of interest would be the USBR

report entitled Cutoff Trench Report Both reports are available

at the Teton Project Office

Seepage through the cofferdam occurred in June of 1974 The following
is quoted from the 1974 L29 Monthly Construction Report

River Runoff The flow of the Teton River has been above

normal through the month due to an above normal snowpack
in the drainage area and continued above normal temperatures
The water flow through the river outlet works tunnel peaked

at approximately 4100 c.f.s on June 20 with the upstream

pool elevation at 5074.2 temporary bulkhead previously
installed at the upstream portal of the auxiliary outlet

works tunnel prevented any water flows through the auxiliary
outlet works tunnel Some seepage occurred through the up
stream zone and zone embankment and around the zone

and left abutment contact Pumps were installed by the

UTlOV contractor to prevent this seepage from flooding the zone

___ embankment

WI



The locations of these seepages are approximately as follows: 

Through cofferdam at centerline station 23+40 

Around left end of cofferdam at centerline station 24+00± 


Project photographs P549-147-4397 NA and P549-147-4426 show the 
upstream and downstream views of the cofferdam in June of 1974. 
You may also wish to discuss the cofferdam and COT seepage locations 
and quantities with specific project personnel. 

Very truly yours, 

Director 
Design and Construction 

Enclosure 
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United States Department of the Interior 
BUREAU OF RECLAMATION 

ENGINEERING AND RESEARCH CENTER 
P .0. BOX 25007 

BUILDING 67, DENVER FEDERAL CENTER 
DENVER, COLORADO 80225

IN REPLY 
REFER TO: 1300 
510. ~f, NOV 3 1976 

Jan~~~J1~ Mr. Robert 
P.O. Bo 643 

Idaho alls, ID 83401 


Dear Mr. Jansen: 

The infonnation requested by the Independent Panel to Review the Cause 
of Teton Dam Failure in your letter of October 12, 1976, is listed 
below in the same numbering fonnat as in your request. Exhibits 24 and 
39 were the sources for the infonnation. 

1. Grain size distribution 

a. Borrow area investigations, zone 1, design. - During the 
design phase, two borrow areas were investigated for zone 1 
material, "A" and "B". Only "A" was used in construction of 
the dam. In exhibit 24 are the grain size curves for each 
borrow sample and the standard properties summary (memorandum 
of May 27, 1970). Twenty-one samples 51B-l through 51B-21 
representative of area "A" were tested. 

Clay (~0.005mm) 14 percent, standard deviation= 5.7 percent 
Silt (0.005 to 0.074mm) 66 percent, standard deviation= 13.7 

percent 
Sand (0.074mm to No. 4 size) 19 percent, standard 

deviation = 11.3 percent 
Two samples contained gravel, 12 percent and 30 percent 

respectively 
Test pit A2 (18-foot depth) samples were composited for 

shear, percolation, compaction, and compression testing 
Grain sizes for the composite sample (51Bx46) were: 

Clay - 10 percent, silt - 74 percent, and sand - 16 percent 

b. Undisturbed samples from cutoff trench, zone L - Results 
of tests are discussed in a memorandum of October 6, 1975, a 
part of exhibit 24. The four samples were obtained between 
stations 19+00.7 and 2o+51.3. Mean grain size distribution is: 

Clay - 19 percent, silt - 74 percent, and sand - 7 percent. 
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c. Dynamic analysis testing, zone 1. - Samples, Denison type, 
taken from a hole about 100 feet upstream centerline at about 
station 20+00 with embankment at about elevation 5130. TwCL
foot long samples were taken at 10-foot intervals and were 
numbered 51B-48 through 51B-67(20), exhibit 24, "Testing for 
Dynamic Analysis". 

Clay 23 percent, standard deviation= 6.5 percent 
Silt 71 percent, standard deviation= 7.2 percent 
Sand 6 percent, standard deviation = 3.4 percent 
Inplace dry density, 105.1 pcf, standard deviation = 6.5 per

cent 

Inplace water content, 21.2 percent, standard deviation 


= 2.8 percent 

Proctor density - 102.9, moisture 18.2 


2. Atterberg limits 

a. Borrow area investigations, zone 1 design. - See discussion 
under l.a. Of the 21 samples tested 14 were nonplastic. The 
remaining had a mean liquid limit of 27 and standard deviation 
of 1.6; plasticity index of 4, and standard deviation of 2.0. 
See exhibit 24, memorandum of May 27, 1970. 

b. Undisturbed samples from cutoff trench, zone 1. - See l.b. 
Two samples were nonplastic and the other two averaged 26 for 
LL and 4-1/2 for PI. 

c. Dynamic analysis testing, zone 1. - See l.c. None of the 
20 samples were nonplastic. LL= 27, standard deviation= 1.2; 
PI = 5, standard deviation= 1.9. 

3. Permeability tests 

a. Borrow area investigations, zone 1, design. - See discussion 
under l.a. Composite sample (x-46) had permeability of 0.32 
feet per year, placed at a dry density of 98.8 pcf, 21.9 percent 
moisture, and a 100 psi load. See exhibit 24, memorandum of 
May 27, 1970. 

b. Undisturbed samples from cutoff trench, zone 1. - See l.b. 
The four samples were taken to perform horizontal permeability 
tests on the undisturbed samples. In place densities varied 
from 85.7 to 89.4 pcf. Lateral pressure of 25, 55, and 75 psi 
were applied to the outside of the membranes. Testing was 
performed in the high-pressure permeability test apparatus which 
uses pressurized permanent water to dissolve entrapped air and 
usually shows a higher permeability than a standard permeability 
test. Pressures in the permanent water were held at 5 psi below 
the applied lateral pressure. Hydraulic gradients were varied 
from 36 to 495. Coefficients of permeability at 55 psi varied 
from 3.2 to 13.0 feet per year. 
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c. Dynamic analysis testing, zone 1. -No test. 

d. Construction control record tests, zone 1. - Data sheets 
for record tests are in exhibit 39 following the zone 1 con
struction control tests (form 7-1352). Number of tests= 147, 
mean= 0.47 feet per year, standard deviation= 0.67, the range 
of values was 0.02 to 3.57 feet per year. Fourteen tests had 
values over 1.0 feet per year. When these are excluded, values 
are: Mean = 0.29 feet per year, standard deviation = 0.24. 

e. Construction control record tests, zone 2. - Data sheets 
for these large permeability tests are at the end of exhibit 39. 
The 14 test values ranged from 0.71 to 2979.6 with a mean of 
137 feet per year and a standard deviation of 474. 

4. Triaxial tests 

a. Borrow area investigations, zone 1, design. - See discussion 
under l.a. Composite sample (x-46) was tested in an unconsoli 
dated undrained test. Tan 0'= 0.64 and c'= 11.3 psi corrected 
for pore pressure. Nonlinear parameters for constitutive models 
were not obtained as standard practice at the time these tests 
were made. See exhibit 24, memorandum of May 27, 1970. 

b. Undisturbed samples from cutoff trench, zone 1. - No test. 

c. Dynamic analysis testing, zone 1. - See l.c. Testing was 
done on remolded specimens made from composited material from 
the 20 samples. Tests were consolidated drained. Tan 0' = 0.70, 
c' = 0.2 psi. The tests were run with back pressure to insure 
saturation. Nonlinear parameters for the hyperbolic stress
strain constitutive model were only calculated for the "raw" lab 
data. Values for use in finite element analysis should be 
obtained from corrected and/or smoothed lab stress-strain curves. 
Preliminary parameters are: K = 470, n = 0.12, Rf= 0.78, 
G = 0.35, F = -.17 (slope indicates decrease in "G" with increase 
in confining pressure), d = 3.8. See exhibit 24 for plots. 

5•. Compression tests 

a. Borrow area investigations, zone 1, design. - See discussion 
under l.a. Composite sample (x-46) was tested. Placement dry 
density of 96.0 pcf, moisture content of 19.9 percent, degree of 
saturation of 72.5 percent. Maximum consolidation was 10.3 per
cent under 600 psi load and 10.4 percent saturated under 600 psi 
load. See exhibit 24, memorandum of May 27, 1970. 

b. Undisturbed samples from cutoff trench, zone 1. - No test. 

3 
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c. Dynamic analysis testing, zone 1. - See l.c. Testing was 
done on remolded specimens made from composited material from 
the 20 samples. Placement conditions were: dry density = 
100.l pcf, moisture = 18.5 percent, degree of saturation 
75.2 percent. Maximum consolidation was 7.95 percent at 
300 psi load and 8.05 percent saturated under 300 psi load. 
See exhibit 24 for plots. 

Very truly yours, 

,_~rf?L 
},<:;'·.'.'".\ ,,_,.. Director 

Design and Construction 
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November 3, 1976 

11lr. Harold G. Arthur 
Director of Design and Construction 
U.S. Bureau of Reclamation 
Bldg. 67, Denver Federal Center 
Denver, Colorado 80225 

Dear Mr. Arthur: 

It has come to our Panel's attention that regularized inspections 
of Teton Dam construction were made by representatives of your Denver 
organization, with records of related observations. in the form of trip 
reports. Because we have not found such records in the documents pre
viously furnished our Panel by your office, we will appreciate receiving 
the file of these reports and any related responses as early as is 
reasonably possible. 

Thanks in advance for your usual cooperation. 

Very truly yours, 

Wallace L. Chadwick 
Chainnan 

cc: 

Dennis Sachs, USBR, Washington, D.C. 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford F ucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

November 3, 1976 

Honorable Thomas S. Kleppe, Secretary 

United States Department of the Interior 

Interior Building 

Washington, D.C. 20240 


Honorable Cecil D. Andrus, Governor 

State of Idaho 

Capitol Building 

Boise, Idaho 83720 


Gentlemen: 

The Independent Panel to Review Cause of Teton Dam Failure has the 
following progress to report. 

Technical working sessions were conducted in Idaho Falls in the period 
November 1-3, 1976, with eight of the nine Panel members in attendance. 
On November 1, inspection was made of the drilling sites and the foundation 
areas uncovered by excavation on the right abutment. An examination of the 
lower right canyon wall was accomplished by boat. 

Excavation of the embankment remnant on the right abutment has been 
completed and the rock surface has been sluiced. The grout cap is missing 
in the 30-foot interval between Stations 13+86 and 14+16. It is fully 
intact above this breach and extends continuously although severely eroded 
at several locations below this point to Station 14+85, beyond which it is 
missing at least to the present river level. 

Mapping of joints and cracks in the right abutment rock continues. 
This has been facilitated by the sluicing which was completed during the 
last week in October. 

In mid-October, ponding tests were performed on rock joints adjacent 
to the grout cap between Stations 12+73 and 13+40 on the right abutment. 
There was resultant flow under the cap at one point. In view of this, the 
Panel's planned program for drilling and water testing in that area has 
been expanded and is underway. Additional ponding tests are also being 
made. 
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Page 2 November 3, 1976 
Letter to Honorable Thomas S. Kleppe and Honorable Cecil D. Andrus 

Initial results have been received from two of the four laboratories 
performing tests on soil specimens taken from the dam remnant on the right 
abutment. These data are being studied by the Pane1. 

During the technical working sessions of November 1-3, consideration 
was given to finite-element stress analyses prepared by the Dynamic 
Analysis Corporation and by the University of California at Berkeley. 

To obtain field correlation with these analytical data, a hole is 
being bored into the left abutment embankment at Station 26+25 for a 
hydraulic fracturing test. 

Investigative exploration near the right end of the dam is well 
advanced. Drilling and water testing of nine holes in the foundation under 
the spillway crest indicated that the grouted rock at that location was 
satisfactorily impermeable. The boring at Station 4+34 was terminated 
at a depth of 600 feet, having penetrated the sediments underlying the 
volcanics for an interval of about 80 feet. Sediment samples will be 
tested. A larger-diameter hole is being started nearby, at Station 4+29, 
with the objective of exploring the sediments to greater depth and for 
taking other specimens that can be tested. The angle holes on either 
side of the 600-foot hole have been completed and water tested. The 
results of all these borings are being analyzed by the Panel. 

A model of the right side of the dam and its abutment is being fabri
cated by a firm in Salt Lake City. It is expected to be ready for the 
Panel's use by November 15. The model should facilitate visualization of 
principal features that relate to the mechanism of failure. 

The contractor's work in the river channel continues, with the objective 
of lowering the water level in the pool just below the dam during the next 
six weeks. Once this is accomplished, the Panel will make inspection of 
the base of the right abutment. 

The Panel has continued its analyses of the data collected and of 
the hypotheses of failure previously reported. Progress has been made in 
the assembling and drafting of material intended for use in the final report, 
which is still expected to be ready for submittal by December 31, 1976. 

In all phases of its work, the Panel has been helped immeasurably by 
the consistent cooperation of you and your agencies. Your support has been 
essential and is appreciated. 
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Page 3 November 3, 1976 
Letter to Honorable Thomas S. Kleppe and Honorable Cecil D. Andrus 

The next technical working sessions of the Panel are scheduled for 
December 7-10, 1976. 

Respectfully submitted, 

Wallace L. Chadwick, Chairman 
Independent Panel to Review Cause 
of Teton Dam Failure 



United States Department of the Interior 
BUREAU OF RECLAMATION 


TETON PROJECT OFFICE 

P.O. BOX 88A NEWDALE, IDAHO 83436 

J November 12, 1976 
IN REPLY 
REFER TO: ~~-~~ 

\\~ \\ 
Mr. Robert J sen 

Executive rector 

Independ t Panel 

539 9t Street 

Idah Falls, ID 83401 


Dear 	Mr. Jansen: 

Enclosed are project rooioorandums concerning processing of 

observation well data and the project's observation program 

for reservoir leakage, which you requested. 

Sincerely yours, 

Robert R. Robison 
Project Construction Engineer 

Enclosures 

cc: 	 Director of Design and Construction, Denver, Colorado 
Attn: 1300 
Regional Director, Boise, Idaho 
Attn: 200 
Teton Dam Repository, Washington, DC 
Attn: 1600 
Mr. Dennis Sachs, Deputy Assistant Secretary, Washington, DC 



OJ>TIC~AL FORM NO. 10 
MAY ~t-~:' EDITION 
G::'.>A FPMR (~1 CFRi 101·11.8 

UNITED STATES GO\"ERNMENT 

Me1norandum 

TO Project Construction Engineer 

DATE: Nov. 10' 1976 

FROM Contract Administration 

SUBJECT: Campi 1in g Data for Observation We 11 s 

Subsequent to the receipt of a letter from the Regional Director, subject, 
monitoring ground level water wells, assignments were made to the various 
divisions for gathering and reporting this data. Contract Administration 
was assigned the responsibility of compiling the data received from field 
observations. Mr. Mike Brenchley was given the responsibility of developing 
a system of graphs and charts upon which the data from the observations could 
be compiled showing locations and number of wells observed. Charts were developed 
on which to compile the readings. Due to Mr. Brenchley resigning, the responsi
bility was given to Mro Keith Rogers. 

It was our intent that the readings should be compiled and forwarded to the 
Regional office and Denver office personnel interested in this data at least 
once each month. Subsequent to the water being stored in the reservoir, Mr. 
Rogers would receive the data and plot them on the charts as they were submitted 
in the field. I would review them periodically at least once each \veek to see 
if there was any significant changes in the water level shown. Approximately 
once each month we would assign a cutoff date that the charts would be brought 
up to date, the readings ivoul d be recorded and the data sent off to the· various 
offices. The reservoir started filling so rapidly in the spring that recordings 
were read at more frequent intervals. Periodically we would meet with Mr. 
Robison and would look over the readings and discuss the changes noted. The 
last month before the dam failure, we noted a significant rise in water level 
shmvn on these readings. This was discussed with representatives of Director 
of Design and Construction, Denver. It was decided to make a special effort at 
this time to compile the data from the observation wells in order to forward them 
at a closer. interval than in the past. 

bee: CA, Joseph Lynn Isaacs on ll-10-76 

Noted: 

~~~ 
Project Construction Engineer 

...,,ff!~ --~~ 

.'} 

Etty U.S. Savings· Bonds Reg~tlarly on the Payroll Savings Plan 
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Of>TJO~-lAL FORM NO. 10 
MA.Y 1~2 EDiTION 
c.SA FPMR (.n CFR) 101-11.• 

UNITED STATES GOVERNI'vfENT 

Memoranditm 

TO Project Construction Engineer DATE: Nov. 9, 1976 

FROM Field Engineer 

SUBJECT: Observation Program for Reservoir Leakage 

At the time of closure of the river out1et ~:erk~ on October 3, 1975, 
an observation program for leakage of the reservoir was initiated. 
Mr. Al Stites, who was assigned to the inspection of the river outlet 
works area, was assigned to observe for leaks on the left abutment 
and powerhouse area. Mr. Frank Emrich, who was assigned to inspection 
of works in the R. 0. W. gate chamber and shaft areas, was assigned to 
watch for leaks through the concrete in these areas. These leaks were 
measures and estimated as to the amount of water. However, they were 
very minimal at all times. 

Mr. Gary Larson was assigned to watch for leaks in the A.O.W. shaft, 

spillway drains and the area to the right of the spillway. It was 

felt by the project forces that if any leakage would occur around 

or through the right abutment, it would initially show up in the gully 

1ocated to the right of the spillway. 


The area d01·mstream of the spillway area was observed from across the 

river on a daily basis by the inspection forces and myself and leaks 

of any consequence could be detected by watching for water fl O\'/S from 

the drain d@ns tream of the spillway along the right abutment into the 

river. Al 1 inspectors were instructed to be avJare for 1eakage and to 

report these leaks immediately. 


During the month of May, the contractor (MK-K) cut a small hole into 

a v1ater storage pond which was located high on the right abutment for 

the purpose of draining it. Water from this pond drained into the 

gully located to the right of the spillway. This water was detected 

almost immediately by the inspection forces and reported which shows 

the avrnreness of the program. 


About ten days prior to June 4, I received a call from Mr. Duane 

Buckert, Project Manager for MK-K, stating that their Office Engineer, 

Vince Poxleitner, thought he saw a leak downstream of the spillway. 

This was checked out by the inspection forces and found to be neg

ative. 


After well no. 6 showed an exceedingly rapid increase of the water 

level, I made an inspection of the right abutment about 1200 to 1700 

feet downstream of the dam and the gully in this area. This inspection 

was made on or about June 1, 1976, and no leaks were noted. 


Etty U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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On Thursday, June 3, 1976, when the two leaks were found downstream of 
the spillway, I checked along the canyon downstream of these leaks an 
additional 500 feet and found no leaks. 

On the morning of June 5, as I drove to the powerhouse area, I again
visually checked the spillway drains and the gully to the right of 
the spillway and saw no leaks. 

At least once a week I instructed the shift inspector to remind all 
inspectors to watch daily for possible leaks. These reminders were 
also made by myself several times during the weekly safety meeting 
held by the inspection forces each Monday morning. 

As soon as the ice cleared from the reservoir area, the reservoir was 
inspected two to three times per week. The shoreline was patroled near 
the damsite and potential land slides were noted and reported throughout 
the reservoir area. G~/0-,i(_ 

NOTED: ~dfi-.~~ 
Project Construction Engineer 
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UNITED STATES DEPARTMENT OF THE INTERIOR- STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

November 16, 1976 

TO: 	 R.B. Jansen, Executive Director 

FROM:~ L.B. James, Staff Geologist 

SUBJECT: 	 Exploration of the Rock Fissure Passing Through Station 4+34 
at Teton Dam 

The subject fissure, which was exposed during excavation of the keyway 
in the right abutment, was entered and examined shortly after its discovery 
by Mr. Steve Ellenberger, Construction Inspector for the U.S. Bureau of 
Reclamation. This fissure is shown in plan and cross-section on USBR 
Drawings Nos. 549-147-133 and 134, which are being reproduced for Chapter 5 
of the Panel's report. There follows a summary of the interview I had with 
Mr. Ellenberger on November 11, 1976 during which he described his observa
tions. 

Mr. Ellenberger described that portion of the fissure that lies down
stream of the keyway as averaging about 4 feet wide, except for some places 
where he could "outstretch his arms without touching either wall." At one 
place he noted a white popcorn-like lining on the walls, and at another a 
coating of red substance that rubbed off on his clothes. Blocks of rock 
with dimensions up to 4 to 5 feet on a side were encountered which he 
climbed over or crawled under as he made his way downward. Passage was 
finally blocked by a rock "the size of a pickup truck." He could look 
through a narrow opening into a room or passage that lay beyond, but could 
not see the end of the fissure. At this furthest point from the entrance, 
he judged that he had traveled laterally about 100 feet from the downstream 
wall of the keyway and that he was roughly 100 feet below keyway invert 
elevation. The walls remained fairly consistently 4 feet apart to this 
depth and showed no indication of converging below this point. 

The segment of fissure lying upstream of the keyway was described as 
1 to 1-1/2 feet wide and steep, but apparently flattening toward the north 
with depth. It was lined with stalactites and stalagmites, mostly about 
3/8 inch in diameter. One stretch was coated with a mineral lining which 
displayed a "popcorn-like" appearance. Mr. Ellenberger edged his way 
laterally through this crack for about 100 feet where he squeezed through 
an opening into a chamber about 4 feet by 4 feet by 5 feet in dimensions. 
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Page 2 November 16, 1976 
Memo to R.B. Jansen from L.B. James 
SUBJECT: Exploration of the Rock Fissure Passing Through Station 4+34 

at Teton Dam 

He noted that the joint continued beyond this chamber but that its walls 
converged and turned. He was unab.le to explore further and could not 
determine whether the fissure reopened or pinched out entirely beyond 
this point. 

Mr. Ellenberger noted that on cold days vapor could be seen emitting 
from the segment of the fissure that extended downstream of the keyway 
and this segment seemed warm and could be entered in winter without a 
jacket. Conversely, in the upstream segment he felt cold. 

cc: 
Panel Members 
C.J. Cortright 
F.B. Sherman 
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UNITED STATES DEPARTMENT OF THE INTERIOR- STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowel · 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

November 18, 1976 

TO: 	 Robert B. Jansen 

FROM: 	 Clifford J. Cortright 

SUBJECT: 	 Review of L-29 Construction Reports, Teton Basin Project, 
Lower Teton Division, January 1975 through April 1976 

I have reviewed subject reports available at the Project Office. 

I find no statements in the reports that can be directly associated 
with the cause of failure. In fact, these reports are totally devoid 
of any statements commenting on the quality of construction, disputes, 
conformance with specifications, or discussions of problem situations 
encountered and the manner in which they were solved. Several photos, 
although taken from a distance, do give some .insight into the general 
nature of the quality of the embankment foundation beneath Zones l, 2, 
and 5 along the right abutment. Zone 1 in the key trench appears 
excavated into the rhyolite rock formations. Zone 1 elsewhere was 
stripped only to the rhyolite surface. The foundation for Zones 2 and 5 
appears to be stripped of vegetation only. 

Prints and captions of these pho.tos are attached for later reference 
if needed. 

Encl. 
Photos P549-147-5480 


-5733 

-5735 

-5859 

-5876 

-5883 
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Project Photo P 549-147-5480 NA 4/1/75 Embankment at 5145 
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Project Photo 549-I 47-5733 5/27/75 Embankment at 5150



___ .-

Irojt Photo 549-l47-573
NA 5/27/75 EmbtflImeUt at 5150
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Project Photo P 549-147-5859 6/26/75 Embankment at 5170 
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Project Photo P 549-147-5876 NA 7/22/75 Embankment at 5185 
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Project Photo P 549-147-5883 NA 7/22/75 Embankment at 5185 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford F ucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

November 22, 1976 

TO: Robert B. Jansen 

FROM: Clifford J. Cortright 

SUBJECT: Teton Project Time Lapse Photo Record 

The following Project Photographer's time lapse photo roll numbers 
were viewed by either Mr. Cole or myself: 

9, 27, 29, 39, 97, 113, 115, 120, 125, 127, 133, 135, 
148, 150, 155, 158, 162, 171, 175 and 179 

The rolls viewed were selected on the basis that they might be 
informative with regard to foundation preparation and embankment place
ment at the right abutment in the general vicinity of the failure and 
that they might afford some insight into the cause of failure. 

Unfortunately, the camera setup was usually at quite some distance 
from the main area of interest and no revealing detail of the abutment 
rock surface, quality of foundation cleanup, or manner of embankment 
placement against the abutment is visible. 

A 16 mm reel exposed May 19, 1976 was also previewed. The canyon 
wall above the downstream right abutment groin and portions of the down
stream embankment slope are visible in the background while the camera 
was recording a slope dressing operation by bulldozing. At the distance 
recorded, the degree of detail is not very great. No evidence is apparent 
of failure-related phenomena such as moisture, seepage, or leakage. 
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INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 


Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. l'lolton Seed 
RoJert B. Jansen, Executive Director 

December 1, 1976 

TO: 	 Robert B. Jansen 

FROM: 	 Clifford J. Cortright 

SUBJECT: 	 Review of L-29 Construction Reports, Teton Basin Project, 
Lower Teton Division, January 1974 through December 1974 

I have reviewed subject reports available at the Project Office. 

I find no statements in the reports that can be directly revealing 
as to the cause of failure. 
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UNITED STATES DEPARTMENT OF THE INTERIOR - STATE OF IDAHO 

INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 

Wallace L. Chadwick, Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford F ucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director 

December 10, 1976 

Honorable Thomas S. Kleppe, Secretary 

United States Department of the Interior 

Interior Building 

Washington, D.C. 20240 


Honorable Cecil D. Andrus, Governor 

State of Idaho 

Capitol Building 

Boise, Idaho 83720 


Gentlemen: 

The Independent Panel to Review Cause of Teton Dam Failure has continued 
with its work under your charge and submits the following report of its 
progress. 

The Panel held its final technical working sessions in Idaho Falls 
December 7 through 10, 1976, with all members participating. On December 7 
the Panel examined the recently completed model of the right side of the dam 
and its abutment. This model depicts well the principal site features which 
are pertinent to the failure. 

Site Work 

Mapping of joints and cracks in the rock of the right abutment of the 
dam has been completed and the results are being analyzed. 

Ponding and water-pressure testing of the foundation along the grout cap 
on the right abutment have been completed. The tests accomplished in that 
area, during the past month, showed some water flow through the jointed rock 
under low pressure immediately under the grout cap. This evidence of the 
rock condition supplements the ponding test results reported by the Panel on 
November 3, 1976. 

The Panel's program of hydraulic fracturing tests in three borings 

in the dam embankment remnant on the left side of the canyon has been 

completed. 
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Page 2 December 10, 1976 
Letter to Honorable Thomas S. Kleppe and Honorable Cecil D. Andrus 

Investigative exploration of the foundation near the right end of the 
dam to assess the possibility of differential settlement is approaching 
completion. The previously reported drilling of a large-diameter hole into 
the deep underlying sediments has been advanced to a depth of about 900 
feet, having penetrated the sediments for an interval of about 400 feet. 
With the completion of this drill hole, the Panel's investigation at the 
damsite will be concluded. 

Excavation of the river channel and related work under Bureau of 
Reclamation Contract No. DC-7232 with Gibbons and Reed Co., have progressed 
so that some lowering of the reservoir and the intermediate pool just down
stream from the dam has been possible. This has exposed more of the founda
tion rock for inspection. 

Laboratory Testing 

Soils testing results have been received from all five laboratories 
providing support services to the Panel: Northern Testing Laboratories in 
Billings, Montana; Waterways Experiment Station of Corps of Engineers in 
Vicksburg, Mississippi; Bureau of Reclamation laboratory in Denver, the 
University of California laboratory at Davis, and Geo-Testing, Inc., of 
San Rafael, California. The results have been analyzed and are being used 
in developing the Panel's conclusions. 

Analyses 

Analyses of data collected from record examination and from field 
investigation and testing have been essentially completed. The results have 
been used to weigh the various hypotheses of failure reported earlier. 

As investigation results have been obtained and correlated between data 
sources, the full record has been supplied to the Interior Review Group. 

Final Report 

The preparation of material for the Panel's final report has progressed 
on schedule, and the report will be completed by the contract date of 
December 31, 1976. This completion within schedule has been facilitated greatly 
by the continuing full support forthcoming from your offices. 

Respectfully submitted, 

Wallace L. Chadwick, Chairman 
Independent Panel to Review Cause 
of Teton Dam Failure 
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INDEPENDENT PANEL TO REVIEW CAUSE OF TETON DAM FAILURE 


Wallace L. Chadwick; Chairman 
Arthur Casagrande 
Howard A. Coombs 
Munson W. Dowd 
E. Montford Fucik 
R. Keith Higginson 
Thomas M. Leps 
Ralph B. Peck 
H. Bolton Seed 
Robert B. Jansen, Executive Director December 11, 1976 

Memorandum 

To: 	 Robert B. Jansen 

Executive Director 


From: 	 Laurence B. James 

Staff Geologist 


Subject: 	 Bore Hole Photography 

DH652 


In response to your request, I have reviewed the letter to you on this 
subject from Don c. Banks, Chief, Engineering Geology and Rock Mechanics 
Division, Wate:rways Experiment Station, U.S. Army Corps of Engineers dated 
3 December.: 1976, including attachments. Attachments include a location 
map and profile, narrative borehole camera log, final log (computer print
out), joint pole diagram, joint rosette, joint classification, tabulation 
of joint orientations and tabulation of joint effective porosities. 

The joint 	rosette shows that the predominant joint orientation is north
westerly similar to that observed in exposures in the walls of Teton 
Canyon. This is a particularly significant finding because while many 
joint characteristics may be determined by examination of drill core, it 
is not possible to detennine the strike of joints from such inspection. 
Thus the survey indicates that a northwesterly joint orientation persists 
near the right end of the dam. It also confirms the existence of a large 
number of 	low- angle joints in the vicinity of the drill hole. 
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/9 NcThI.RECORDCOPY
iU tri DEC .i 1/

flOUEALSrDA1r

tAt JAM

tecernber 15 1976

To Teton Independent Panel Idaho Fails Id ho__
Attn Cliff CortwrIght -________ ____ 

Froirject Construction Engineer Newdal
_____ iill ____ 

Subject Survey Data for Darn Station 1200 to --8aPn ct
LU k.I

ORG.TO t1
Dan statIon 1238.27 150.00 feet upstream of 0aserf
coordfnaes from Tn station sighting Tri swi2c
used was 12 theodoUte transit and distance ceter Then

station i238.27 78.00 feet upstream was set froni station 1203.27

150.00 fet upstream by using 100 foot chain and T-2 theodbiite transit

sighting Tri station 11143 transit and 100 foot chain was then used

on remainder of control points

Setting instrurent on station 1238.27 .78.00 feet upstream and beck

sighting station 1233.27 150 feet upstream deflectior angle of

0U0 ws turned the right and taic of feet wa chained

to set the bisect of the delta angle of PJ 1233.27 78.00 feet upstream
Then setting on this point deflection angle 1230 was turned to the

1eft back sighting station T23.27 78.00 feet upstream and distance

of feet was theoretcaliy chained This distance was iaer
found to be Teat tation 11000 78.00 reet upstream iutd have

read 1200.00 78.00 feet upstream Then deflection angle of 9M0
was turned left back sighting station 1238.27 7S.00 feet upstream
bisect of the angle point Points station 1190.00 63.J feet upetrQa
and station lli-90.00 10.00 feet downstream were then chained out These

last two points were used for boating all other features including setting

grout cap center line points arid 15.00 feet upstream and 15.00 feet downstrean
The stations that were used for the Independent Panel investigations would

be affected on the block samples trenchs and the stationing on the grout

cap Only the drill holes on the left side of the spillway would be affected
The points that were located on the 100 foot downstream and the 150 foot

upstream line of dam axis for geology control would also be affected Li

essence 10 feet should be adthd to all stations

We have subsequently tied the point at dam station 12400 10 feet downstream

to Tn station and uGJAfl in order to insure that stationing is correct

We regret this incident and apo1oze for the great Inconvenience caused
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APPENDIX C 

WITNESS ACCOUNTS OF FAILURE 

INTERROGATORIES BY DIVISION OF INVESTIGATION SPECIAL AGENTS, OFFICE 
OF AUDIT AND INVESTIGATION, OFFICE OF THE SECRETARY, ON BEHALF OF 
THE TETON DAM PROJECT REVIEW COMMITTEE 

June 25, 1976 



Name
Address

Employer USBR _________ Contractor____________
Title of Position
How Long Employed
All of Teton Project

Wheredd you observe events of faflure Exact location if possible

Why were you there

What time did you arrive at scene

Who alerted you of possible problem What Time

How long did you stay

Did you change locations

State your description of what you saw from each site

Did you see

The lower water seepage Where was it What time noted What

color was the water Estimated volume How fast did it increase

The upper water seepage Where was it What time noted What

color was the water Estimated volume How fast did in increase
When were you aware that the dam was in eminent danger When did

you realize that it would collapse

The whirlpool upstream Was there more than one Estimate its

circumference when first seen Describe its activity enlarging
moving Did you realize the significance Where was it What time

observed How long was it visable

Any tremors er1ier

Check inspection route on previous shifts



BUREAU OF RECLAMA.TION .-·I'NESS STATEMENTS TO .TETON DAM 1 ...LURE 

Peter P. Aberle, Field Engineer 
Fifth West South 
Rexburg, Idaho 83440 

356-7631 

Andrew L. Anderson, Electrical Engineer 
53 S. Third E. 
Rexburg, Idaho 83440 

356-3924 

Wilburn H. Andrew, Mechanical Engineer 
Virginia H. Perkins Dormitory #32, 
Ricks College, Rm 59 
Rexburg, Idaho 83440 

356-2579 

Richard Berry, surveyor 
275 So. First East 
Rexburg, Idaho 83440 

Stephen Elenberger, 
Victor, Idaho 

Construction Inspector 

Charles L. Entwisle, Inspector 
440 N. 7th W. 
St. Anthony, Idaho 83445 

624-3012 

Clifford W. Felkins, Surveyor 
430 N. 3 W. 
Rigby, Idaho 83442 

745-7922 

Myra Ferber, Surveyor 
Box 124 
St. Anthony, Idaho 83445 

624-4106 

Alvin J. Heintz, Inspector 
151 N. 2nd E. 
St. Anthony, Idaho 83445 

624-7982 

Kenneth c. Hoyt, Inspector 
Rt. 1, Box 202-12 
St. Anthony, Idaho 83445 

624.;..3228 

Harry A. Parks, Surveyor (Chief 
Kit Circle Trl. Ct. #5 
St. Anthony, Idaho 83445 

of Crew) 624-4273 

Jan R. Ringel, Engineer (Supr.) 
520 Targhee St. 
St. Anthony, Idaho 83445 

624-3873 

Robert R. Robison, Proj. 
581 Taurus Drive 
Rexburg, Idaho 83440 

Constr. Engineer 356-7218 

Al~red D. Stites, Inspector 
P.O. Box 155 
St. Anthony, Idaho 83445 

624-3885 
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STATE OF Idaho

SS

COUNTY OF Madison

Peter Aberle Rt Box 214.7C Pexburg Idaho

________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

have been employed as Field Engineex GS-13 Teton Dam Project Bureau
of Reclamation Newdale Idaho since March 1976 and have total of 15

years service with the Bureau of Heclaination From October 1972 to

August 19741 served as Chief of Grouting and from August 1974 to

March 1976 served as Chief Inspector and Chief of Grouting

Starting on about June 1976 observed small springs in the right
abutment downstream from the toe of the darn These sprin were clear

water and did not appear to te serious in nature but warranted monitoring
by visual observation as frequently as routine inspections of the entire

operation at the dam

Between 820 and 830 a.m on Saturday June 1976 received call from

Jan Ringel at nr home and he told me of leak at the right abutment toe

area of the dam Ringel estimated the leak to be about 20 to 30 sec ft
asked my wife to call Mr Robison and left for the dam drove directly

to the powerhouse area and briefly inspected the leak from the left side
abutment area noted that the water was muddy and estimated the volume

to be the same as tbat ven me by Ringel do not believe the water was

running long because there was very little erosion in the gravel at the toe

of the darn

At aproximately 900 a.m went to the project office and met Mr Robison

and Jan Ringel Mr Robison and walked out on the top of the darn and
walked down the downstream face of the dam to leak located at the 5200
feet elevation near the right abutment wall The water in this leak was

running at about sec ft and was only very slightly turbid The leak

appeared to be coming from the abutment rock The leak at the toe of the
darn was running turbid water from the abutment rock at an estimated volume

of 40 to 50 sec ft



At about 9:30 a.m. Mr. Robison and I went to the office area and discussed 
the ma.tter with Mr. Buckert and asked him to mobilize two dozers and a 
front end loader in order to channel water away from the powerhouse area and 
to riprap a channel to the tailrace area. 

At about 10:00 a.m. I was coming out of :I3uckert's office, when I heµ~d a 

loud bursJ" of -water. I ran down to the visitor 1 s view point and saw that 

a leak had occurred at the 5200 ft. elevation about 15 feet f:rom the right 

abutment waJJ.. 'The water was nruddy and flowing at a volume of about 

5 sec. ft. I went back to Buckert 's office and asked him to mobilize 

aJJ. possible equipment a..11d we discussed what might be needed to open the 


rl.ver outlet tunnel. At about 10:30 to 10:45 a.m. two dozers went down the 
face of the downstream side to move rock into the leaking area at the 
5200 elevation. The reason for the delay in the dozer operation was the 
fact that men had to be called from home since Saturday was not a working 
day for most employees. 

At 11:00 a.m. Alfred Stites and I saw a whirlpool begin.to format station 
1300 (about 150 feet from the spillway) and about 10 to 15 feet into the 
vater f'rom the edge of the riprap. We were standing on the top of the dam 
toward the north end and the whirlpool was forming i...l'l the upstream reservoir. 
As we watched this two dozers were coming across the top of the dam from 
the left and I instructed them to push riprap and zone 2 material toward 
and into the whirlpool. I saw only one whirlpool and as I watched it, it 
graduaJJ.y grew larger. The whirlpool was approximately 0.5 feet in 
diameter at the beginni...'Ylg and was located in an area consisting of clear 
vater. I noticed that the water along the right ban..~ was turbid about 
150 feet upstrea~ from the dam and about 15 to 20 feet out from the edge 
of the abutment. This turbid water was first noted at 9:30 a.m. by me 
before the whirlpool started a.'YJ.d was thought to be turbid due to wave 
action. I wish to point this out due to the possibility of abutment failure. 
At about 11:15 a.m. the two dozers working on the do-.mstream f'ace of the 
dam at 5200 elevation began having ::problems. One of the dozers was falling 
into the opening a.~d the second vas trying to pull the other dozer out. 
At approtl11B.tely 11:30 a.m. both dozers were lost into the hole caused by 
the flow of water. 

At about ll:4o a..m. I left the top o:f the dam heading for the office and 
I noticed that at 11:45 a.m. the two dozers working on the upstream side 
of the dam began leaving the work area. I was standing in front of the 
project office which is located beyond the south end of the dam and saw 
the top of the dam collapse into the rushing water. I looked at my watch 
and it. was 11:57 a.m. and I wrote thls time down. 

I was of the opinion that the collapse of the dam was definitely going 
to happen shortly after 11:30 when the two dozers were lost. 
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A number of the Bureau of Recla.'113.tion employees were involved in controlling 
cr!)Wds of onlookers on both sides of the dam, from the time of the collapse 
until late in the afternoon. I cannot at this time estimate the number of 
onlookers. 

I have carei'u.lly read the foregoing stai..t:::nent consistj.ng of two and 
one-quarter pages and declare it to be true and correct. 

Subscribed and s:rrorn to before 
me this 2 3 ,,.,.$.... day of June 1976 
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State of Idaho 
SS 

County of Bonneville 

I, Andrew L. ft~derson, 53 S. Third E., P.exburg, Idaho, being duly 
sworn make the following voluntary statement to Vincent L. Duran, who has 
identified hi~~elf to me as a Snecial A~ent of the U.S. Department of the 
Interior. No threats or promises have been made to obtain this state
ment. 

I am employed as Electrical Engineer, GS-12, Teton Dam Project, Bureau 
of Reclamation, Newdale, Idaho. I have worked there since November 1974. 
Previous Bureau of R~clamation experience of 12 years. 

At TP.ton I was working on all electrical work, primarily in power house. 
On Saturday, June 5, 1976, I was at home at 11:00 a.m. I received a 
call from Peter Aberle. He told me dam was leaking and wanted me to 
come out to get river outlet gates open to release water. I arrived at 
dam between 11:15 and 11:20 a.m. I got pickup at office and went to 
outlet shaft house -- left side and u°'1'.)stream at da~. This took about 
five minutes. I noticed heavy equipment on far side of dam on top and 
Robison's vehicle. Did not notice specifically what they were doing 
on the whirlpool. I went into shaft house to check power to gates. 
There was power, disconnect switch was off and locked. This was normal 
condition because of work in the outlets. The auxillary shaft on right 
side of dam was open and water fl0>·ting. 

After determining we had power I went over to Robison on top of dam 
right side. At this time, no later than 11:30 a.m., I saw leak inside 
right abutment about l/Jrd way down. Also saw one bulldozer at the 
opening stuck at top of opening. Asked Robison what he wanted me to do. 
He instructed me to go to power house area and get the gates operational 
at the penstocks and check for workers in the outlet. On way down I met 
Wilburn Andrew, he told me power house secure and he was going to notify 
fishermen do;,11 stream. I continued down and met Dick Cuffe and Hopkins. 
They were leairing a.11d told me to leave also. I checked gates, everyone 
leaving and bulldozers were falling in hole. I went up top, saw huge 
hunks of dam falling. "<li thin two or three minutes Aberle came in and 
said dam breached. Time was about 11:57 a.m. 

Seepage water was muddy and the increase was very ranid but cannot estimate 
the volume. I was of the opinion there was eminent danger when I talked 
to Robison at about 11:30 a.m. W~thin six hours most of water gone from 
the reservoir. 
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I have carefully read the foregoing statement, consisting of 2 pages 
and declare it to be true and correct. 

/s/ A. L. Anderson 
Andrew L. Anderson 

Subscribed and sworn to before me on 

this 18th day of June, 1976. 


/s/ Vincent L. Duran, Special Agent 

Vincent L. Duran, Special Agent 
· U.S. Department of the Interior 
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STATE OF Idaho
SS

COUNTY OF Madison

Wilbun TI Andrew 27 2nd Rexburg Idaho

__________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran

who has identified himself to me as Special Agent of the

Department of the Interior No threats or prqrnises have been made to

obtain this statement

am employed as mechanical engineer GS-12 Teton Darn project Bureau

of Reclamation Newdale Idaho and have held this position since January 20
197S have been employed by the Bureau of Reclamation since August 1972

At 900 a.m on Friday June 1976 Stites and walked around the

right abutment north side area at the toe of the darn for the purpose

of looking for leaks were doing this because one or two spring

leaks had developed further down the stream in the abutment wall about

the day before We did not see any leaks around the toe of the darn

or any where on the downstream face of the darn

ffn Saturday morning June 1976 peter Aberle telephoned me at home

and asked me to come to the dani immediately because there was an emergency
arrived at the darn sometime between 10d5 and 1030 a.m and reported

to Mr Robison at the Project office Robison told me there were some

bad leaks in the dam and asked me to check all the valves in the powerhouse

to be certain they were closed 11hi1e driving from the office to the

powerhouse observed the upper seepage in the downstream face of the

darn at about 5200 elevatibn and anshort distance from the right north
abutment wall There was sizeable flow of water which was muddy but

cannot estimate the o1ume

went into the powerhouse and checked the various butterfly valves

and assured myself they were all closed This was in oreparation

to the possibility of opening the river outlet tunnel went outside

the powerhouse with camera and took icture of the upper leakage

at the 5200 elevation near ttie right abutment did not notice that

there was sizeable increase in the volume of water flowing through

the dam opening After taKing the picture ran into Dick Cuffe

and Lloyd Hopkins at the nower house and they told me there were four

fishermen about one-quarter mile or more downstream of the darn

drove downstream to try to locate the fishermen and found the fishermen

near residence and oat of sight of the dam yelled to the fishermen

to leave the area irraediately and they advised me that they would do so
The fishermen were in rubber raft when located them on the river



~ 
J!_ 

I drove back upstream~e powerhouse and saw a crane evacuating 

the area and Barry Roberts advised me that I should leave the 

powerhouse area and go to higher ground. I would estimate the time 

to be about 11:4u a.m. I drove up to the south rim road and observed 

the top of the dam collapse. I would estimaa the collapse of the dani 

to have been at about 11:45 a:.:m.. but this is no~ an exact time. 

I was not checking the time in the face o:! all the turmoilo 


The river outlet tunnel was never opened because it had to be=evacuated 
before it was completely cleared of equiument. 

I had no lull realization that the dam was actuaily going to collapse 

until I saw the top fall. I never saw the activity at the top of 

the dam, including the whirlpool, because all of my activities were 

in the powerhouse and the downstream area. 


I remained at the dam site until about 8:30 p.m. Much of this time 
was spent working on crowd control, but I cannot estimate the number 
of people who came to the dam. At about 7:lYJ or 8:UO n.m. I observed 
several springlike flows of water on the face of the rock wall upstream 
of the grout curtain on the north or right side. I made this 
observation from the south side of the dam. I noticed one flow 
was approximately 25 feet unstream from the grout curtain and about 
100 to 125 feet down from what had been the top of the dam. I would 
estimate this now at about 200 gallons per minute. There were no 
observable leaks or nows of water from the rock face within 200 feet 
downstream of the grout curtain. 

I have careiUlly read the foregoing statement consisting of one and 
three-quarter pages and declare it to be true and correct. 

u.JJ~~;{I~~
Wilburn H. Andrew 

Subscribed an~ sworn to before 
me this 2?c~..4-day of June 1976 

u~l k.J{XJ !JoJ-
Vincent L. Duran, Special)Agent 
U. S. Department of the Interior 

2 
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STATE OF IDAHO

ss

COUNTY OF MADISON

Dick Berry 269 First Rexburg Idaho

_________________________________________________ being duly sworn make the

following voluntary statement to Vincent Duran who has identified himself

to me as Special Agent of the U.S Department of the Interior No threats

or promises have been made to obtain this statement

am employed as Survey Technician GS-5 Teton Darn Project Bureau
of Reclamation Newdale Idaho and have held this position since

September 1975 had previously been employed with the Soil Conservation

Service Department of Aiculture since May l97

On June li 1976 recall seeing seepage near the right abutment wail
below the toe of the dam The water was clear and not really running..
just settlement There were no leakages or seeps at the darn

On Saturday June 1976 arrived at the Project Office little
before 700 a.m Harry Parkts Volkswagen was in the parking lot
Clifford Felkins and arrived in white Chevrolet pickup truck These
were the only two vehicles in the parking lot at the time had
no watch with me at work on that date

At 720 a.m on June left the Project Office arid drove down the

upper south rim road to check three site rods on the south rim across
from the spillway was checking the site rods for the purpose
of going to the spillway and doing survey work on its walls While

checking the site rods saw small seepage on the north side
downstream face of the dam right at the abutment and darn joint
This was approximately one-third of the way up the dam but not
as high as the change in slope There was slight erosion slow flow
of water but do not recall it being muddy The seepage appeared
to be almost new returned to the office and Harry Parks who was
in the crew reported the seepage to Jan Ringel about 735 a.m
We then drove across the darn and parked just south of the spllway

checked the water level in the reservoir on the upstream side but
do not recall the level The water was very calm and there was
no discoloration and no evidence of whirlpool



We then started work on the spillway at about 8:30 a.m. Just 
before we went into the spillway I saw a wet area at the end 
of the sage area just off the abutment on the dawnstream face 
of the dam. I do not recall this being running water, just a 
wet area. We went into the spillway and su:rveyed the left wall. My 
view of the leak was blocked. At about 10:15 a.m. I heard noise 
from a lot of equipment. At 10:30 a.m. I went to the top of the 
spillway to start the right wall and noted that the upper hole 
had expanded to 35 feet in diameter with a flow of nruddy water 3 to 4 
feet wide and six inches deepj.. There was a dozer trying to fill in 
the hole. 

At ll:OO a.m. I was back at the top of the spillway and saw the hole 
had expanded toward the top of the darn. and had elongated to 100 feet 
and took more of the face of the dam. There was a lot of activity 
on the dam. I recall sayirni;..,so~~thi.gg about sounding like a waterfall 
sometime about l1 :15 a .m. &~ ff-: 30 a .m. We continued to survey 
until about 11:40 a.m.at which time Aberle called us out of the 
spillway because of danger. I arrived at the top of the spillway 
at about ll :45 a.m. and saw that there was a little bridge of dam 
material across the top. I thought at this time that the dam was 
gone. At about 12:00 noon I saw the top of the dam break through .. 

01-Jt? R.RB 
At 11:45 a.m. I saw :J;-..;.o- dozer~ leaving the upstream face just before 
the top collapsed. I also believe there was a pickup truck going 
across the top. I evacuated to the north side. I observed the dam 
until about l2:15 p.m. and then head for St. Anthony, Idaho. I was 
not involved in crowd control. 

I was not aware of any earthquake or tremors. 

I have carefully read the foregoing statement, consisting of one 
and three-quarter pages and declare it to be true and correct. 

Subscribed and sworn to before 
me this 22nd day of June 1976. 

UJIL,WB _J__ 

Vincent L. Dt1re.n, S_peci3.l Ai2nt r)
U. S. Depa....--:t111ent of the Interior 

2 
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STATE OF Idaho ) 

) SS 


COUNTY OF Madison ) 


I, Charles L. Entwisle ll-40 N. Seventh W. , .~ 
~~~~--~~~~~~~~~~~~' 

.sh Anthony, Idaho , being duly 

sworn make the following voluntary statement to Vincent L. Duran , 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 
For three and one-half y~ars I have been employed as Construction Inspector, 
GS-9, Teton Dam Project, Bureau of Reclamation, Newdale, Idaho. I have 
been employed by the Bureau since May 7, 1962. 

On Saturday, June 5, 1976, at about 9:30 a.m., I received a telephone 
call from Jan R,ingel who asked me to come to the dam because there was 
an emergency. I arrived at the dam at about 10:30 a.m. Upon my arrival 
at the office I ansNered the telephone and was told by Wilburn Andrew 
that the butterfly valves at the power house were secured. I then proceeded 
to the top of the dam to relay the information to Robert Robison. As I 
approached the· top of the dam I saw a washout area about 40 feet square in 
the downstream face of the dam near the north or right abutment and about 
one-third the way up the face. There were two dozers pushing material 
into the openings. The water was muddy, but I cannot estimate the volume. 

I proceeded out across the top of· the dam to see Robison. As I approached 
the north or right side a small whirlpool about 10 feet from the upstream 
face of the dam just off the ~ight abutment was forming in the reservoir. 
The time of this was about 10;50 a.m. The whirlpool was about two feet 
in diameter and the ~~r~y efl's-about six inches. It appeared to be 
statio~ry. but grew in size as I watched it. Two dozers were activated 
and began push:ir.g rip rap into the whirlpool. 

The downstream leakage and the whirlpool grew in size and the two dozers 
working on the downstream side were washed away by the water. I would 
estimate the time of this to be about 11:30 a.m., but this is strictly a 
guess. Shortly after this the downstream face washed out to within 10 feet 
from the top of the dam. At this point I felt the dam was going to wash 
away. 

The two dozers working on the whirlpool were told to evacuate and as 

they moved across the top of the dam to the south side the top of the dam 

collapsed. To my recollection the collapse occurred at about 12 noon. 
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I immediately after the collapse drove fl.own the north side of the river 

warning people of the collapse and returned to the project office about 

12:30 p.m. Throughout the afternoon we were working on safety precautions 
for on-lookers coming by, but I cannot estimate how many people were there. 

I have carefully read the foregoing stc~~ment, consisting of 2 pagest and 
declare it io be true and correct. 

.dALt:i~ 
Charles L. Entwisle 

Subscribed and sworn to before 

me on this J. (~day of June 1976. 


~~r.~PJJ~:~¥ 
U.S. Department of the Interior 

C-13 




STATE OF Idaho

SS

COUNTY OF Madison

Clifford Felkins IL 39 l1gby Ii3.ho

______________________________________________________ baing duly

sworn make the following voluntary statement to Betty Foyes
her

who has identified Viself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement.

am employed as Surveying Aid GS-3 Teton Darn Project Bureau of
Reclamation Newdale Idaho and have held this position since May 1976

have had no other Federal Service except with the Navy

On r1day June 14W noticed for the first time some wetness in the
waste area near the right abutment wall of the clam There was no
water flow just wetness

On Saturday June 1976 arrived at the darn at about 700 a.m driving
little Chevrolet pickup truck and parked it in the parking lot at the

Project Office Harry Parks had arrived little before me and had
parked his Volkswagen in the parking lot My pickup truck is white These
were the only two vehicles in the parking lot

On June the first thing that saw connected with the later events
of the darn collapse was water flow coming from the toe of the dam It
was steady flow of water but cannot estimate the volume To the
best of my recollection the water flow was clear noticed this flow
while was standing across the river on the canyon wall from the spillway

was with Harry Parks and we came to the survey office which is building
inunediate1ypehind the Project Office and reported the leak to Jan Pingel
This was abA1 830 a.m We then went back to the spillway which is
located on the north or right side of the darn in order to cieck the alignment
of the walls on the sDillway During part of the time when we were working
on the alignment of the spillway the leak was out of our view We started
our work on the alignment from the top of the spillway on the left hand side
This war appoximate1y 915 a.m We worked our way halfway down the spiliway
on the left hand side When we were working the lower half the leak was
out of our view When we conmleted our work on the left side of the spillwaywe came up to the top of the spillway by walking along the left side but
outside the spiflway While we were making our way to the top of the dam
at about 1015 a.m we observed hole on the rit abutment north side
about one-third of the way up the dean just below the change in elevation



I would estimate the hole was about 10 :foot in diameter at this time. 

A cat was beginning to move riprap into the hole. I was personally 

concerned about the trouble at the dam, but nevertheless continued 

on to the top of the spillway to begin wcrk on the right side alignme::L:;.~. 


Rhen we reached the top of the dam I observed another cat moving into 

the dam to begin ~.mrk, but I did not see where it went. 


We begm our work on the right side of the spillway, working down. We 

could see the construction supervisors from Morrison-Knudsen and Bureau 

supervisors directing operations and making observations of the dam. 

We tried to continue our work, but naturally were distracted by the 

activity and kept watching the supervisors running around. We were 

never at a point where we observed the whirlpool which later formed 

on the reservoir side of the dam. We did see wo more cats move onto 

the dam and begin pushing riprap into the reservoir side of the dam. I 

would estimate this was around ll: 00 a .m. 


I do not recall the time when we first observed the upper water seepage. 

We were standing near the top of the dam in the spillway and observed 

the second hole beginning to form just as we were coming out of the 

spillway. We were leaving the spillway on the instruction of Pete Aberle 

who told us to get out. I did not actually see any water come out of 

the upper hole because the dam caved in and the wo holes became one 

large one. The water that came through was muddy. I cannot estimate 

the volume, but it was a lot of gallons. The volume increased very rapidly. 


I noticed the two cats on the top of the dam just before the dam collapsed. 

I recall that there was also a pickup truck on the top of the dam. When 

the dam collapsed between 11:45 and 12:00 noon, the cats and the pick 

up truck had just left the top of the a.am, proceeding to the left side (south). 


I never really believed that the dam was going to fail. When they told 

us to get out of the spillway I knew the dam was in imminent danger. I 

could not really believe the dam had collapsed even after the event had 

occurred. 


Just before we came out cf the spillway, right before 11:30 I heard what 

appeared to be sound like wat~r rushing and there was a slight vibration, 

I would estimate that this occurred when the dam was actually crumbling. 


After the dam collapsed we collected our equipment and got into a Jeep 

and drove immediately to St. Anthon:>'·, Ida.i.1.o, stopping along the way 

at a farm house in order to call our f'a.rnilies in St. Anthony and Ri0'by. 

I would estimate we left the dam shortly e.r·ter 12 :00 noon. I noticed 

before we left that there were a lot of members of the public observing 

the dam from the visitor's observation platform on the other side. Since 

we were across the river we did not assist in crowd control. 


2 
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I have cBJ.-ef'ully read the foregoing statement consisting of two and a 
fraction pages and declare it to be true and correct. 

Subscribed and sworn to before me 
this 22nd day of June 1976. 

Betty J. f'Tf~J' Spe~aal Agent 
U. S. Dep\ttri:.ent of the Interior 
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STATE OF
SS

OtINTY OF

Nyra Ferber ox 12L1 St Anthony Idaho

________________________________________________________ being duly

Vincent L.Duran
sworn make the following voluntary statement to

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am employed as Survey Technician CS-1-I- Teton Dam Project Bureau of

Reclamation Newdale Idaho and have held this position for one and one-

half years previously worked at the Project as secretary for one

and one-half years

On Saturday June 1976 reported to work at the Dam at 700 a.rn for

the purpose of doing scheduled survey work At about 730 a.m Parks
Richard Berry Clifford Felkins all surveyors and myself proceeded down
stream from the dam on the south or left side canyon wall to check sitings
in preparation for survey work on the spillway on the north or right side

of the dam While checking the sitings we saw small leakage about 100

feet below the top of the dam near the right abutment on the downstream
face of the dam The water was flowing down the face of the dam and

washing away fill at the toe of the darn T.le then proceeded to the office

and reported the leak to Jan Ringel

ihen proceeded across the darn to do our survey work At about 830 a.ni

we checked the water elevation ifl the reservoir on the upstream side of

the darn The water elevation was 5301 feet and did not notice anything
unusual about the reservoir water--specifically there was no indication

of whirlpool From there we started survey work on the left wall of

the spillway and was unable to observe the leak in the dam At about

1015 a.m we finished surveying the left wall and went up to the top
of the spillway At this time noticed that the leak in the dam had

opened to about 10 to 15 feet in diameter The water was turbid and

flowing fast but cannot estimate the volume

At about 10145 a.m to 1100 a.m we prepared to survey the right wall of

the spiUzway Before leaving the position of being able to see the face

of the dam noticed two dozers were going down the downstream face toward

the hole

C-



Again while we were surveying the spillway I was unable to observe 
the leak. At about 11:45 a.m. Peter Aberle called us out of the 
spillway and we started toward the top. Just before Aberle called 
us I heard a loud !1oise, which sounded like water forcing through the 
leak area. 

Shortly thereafter the remaining portion of the top of the 
dam on the north side collapsed, I would esti~ate the tifile to have 
been 11:57 a.m. I went hone at about 12:15 a.m. 

I have carefLlly read the foregoing statement consisting of one 
and one-third pages and declare it to be true and correct. 

Subscribed a~sworn to before me 

this _d 0 day of June 1976. 


i1' 1-JJf1J\\ ' "q (\ _,lL\.1.-A·~LL~Jt~'U-. /YJ--c,j 1-1~\ 
Vincent 1. Duran, S:pE;iial Agent Zi 
U. S. Department of the Interior 
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STATE OF Idaho ) 
) SS 

COUNTY OF Madison ) 

I, Alvin .T, P.:eintz , lu5 N. Second E., St. Anthony, 

Idaho 

sworn make the following voluntary statement to Vincent L. Duran , 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

Since October 1971, I have been employed as Construction Inspector, 
GS-9, Teton Dam Project, Bureau of Reclamation, Newdale, Idaho. I have 
been employed by the Bureau since 1955. 

At about 10:30 a.m. on Saturday, June 5, 1976, Pete Aberle telephoned 
me at my home and asked me to come to the dam because there were some 
leakage problems. I arrived at the office at about 10:55 a.m. and after 
~inding no one in the office drove across the top of the dam and found 
Aberle on the north or right end of the dam near the spillway. I would 
estimate the time to be 11:00 a.ra. 

As I drove across the dam I could see water spewing from the downstream 
face of the dam near the north or right side abutment. I cannot estimate 
the elevation of the leak. The water was flowing rapidly and was eroding 
fill materials thereby making it muddy. There were two dozers on the 
face of the dam pushing rock into the hole. 

As I was talking to Aberle we noticed a small whirlpool forming in the 
reservoir on the upstream side of the dam. The whirlpool was about two 
feet in diameter, close to the north or right abutment and about 10 to 
15 feet out from the dam. This was the only whirlpool I saw and to my 
knowledge it stayed in the same location. 

I remained on the top of the dam near the north end and helped direct 
two .dozers pushing riprap into the whirlpool. While 1:0:::-kir!g I saw the 
downstream flow of water increase in volume and the whirlpool increase in 
size. I cannot eive estimates of the volume of water or the si~e of 
the whirlpool or times of any significant increases. 

At about 11:45 a.m., we instructed the two dozers on the top of the dam 
to leave and I uent off the north or right side of dam. The top of the 
dam collapsed at about 11:50 a.m. This time estimate is not specific. 
I never really considered that the dam would fail until the last minute. 
To my knowled.se there was no earthquake before the problems began. 
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Shortly after the collapse I left the north side and proceeded down
stream t~:er.residents. I returned to the offices on the south side 
of the dam ~ a:s;listj~ in crowd control. I cannot estimate the number 
of people {.;ho came to the dam after the failure, but we had. problems 
keeping peoyle off the rim edges and the dam itself. 

I have carefully read the foregoing statement, consisting of 1 and l/8th 
pages, and declare it to be true and correct. 

&:,Ld:d
Alvin J. Heintz 

SubscW.bed and sworn to before me on this 

~)-r(J.. day of June 1976. 


tJ~j})~~,:J_/)~ 
Vincent L. Duran, Special Agent 
U.S. Department of the Interior 
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STATE OF IDAHO 

SS 

COUNTY OF MADISON 

I , Kenneti1 C. Hoyt , Rt. 1,, Box 202-12,, St .. Anth0ny,, 

Idaho , being duly sworn make the 
~--;..;._..;=-~~~~~~~~~~~~~~~~~~--

following voluntary statement to Vincent L. Duran, who has identified himself 

to me as a Special Agent of the U.S. Department of the Interior. No threats 

or promises have been made to obtain this statement. 

I have been employed as Construction Inspector, GS-9, Teton Dam Project, 

Bureau of Reclamation, Uewdale, Idaho since March 30, 1975, and I have 

a total of 16 years service with the Bureau of Reclamation. 


Before June 5, I saw seepage in the bottom beyond the toe of the dam. 

This seepage was visible for about two or three days prior to June 5, 

and was 150 feet downstream of the toe of the dam. I never saw the 

seepage clearly, do not lmow the condition or volume. It was a slight 

flow and was of no great concern to me as it appeared rather natural. 


On Friday, June 4, I saw nothing unusual at the dam. There were no 
leaks or no whirlpools up to 4:30 p.m. when I quit work. 

On Saturday, June 5, 1976, at about 10:30 a.m., Pete Aberle called my 
home and le:ft a message with my wife that I should be on standby to 
come to work on the midnight shift that night. I called Aberle back 
about 10:40 a.m. and he told me to come to the dam immediately. I 
drove to the dam and arrived on top of the dam at about ll:l5 a.m. I 
saw a large stream of water running off the downstream side of the dam 
at about 5,200 slope and about 20 to 30 feet from the right abutment. 
(The elevation for the water level was 5,324 feet elevation. 
The- elevation of the opening to the spi11 water was 5,306.) The 
stream of water was at about the change in slope elevation. The water 
was muddy. I also saw two dozers pushing rock into the hole created 
on the downstream face. 

I also saw a whirlpool on the upstream face or the dam in reservoir 
water. The whirlpool was about 150 feet across the top of the dam from 
the spillway and about 15 feet out from the :t'ace of the dam into the 
water.. It was rather close to the rock and abutment wall. The 
whirlpool was about 10 feet in diameter. There were two bulldozer& 
pushing riprap into the pool. The water was clear. The dozers w~re 
creating discoloration in the water. When I saw the whirlpool I felt 
the da..11 w-as gone. Tne -r,;hirl:pool gradually grew a....J.d was visible 
until I left the dam. 
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Someone saj_d the dozers on the downstream face were gone. I Jcooked and 
saw them tu.rnbling dO'.m stream. Shortly thereafter the dozers on the 
top of the dam pulled back a.."1d headed to the south side of the clam. I 
follcwed the dozers in a pickup truck. When I got to the river outlet 
shaft house on top of the dam I turned around and sa.r the top of the dam 
collapse. I looked at my watch and noted the t:L~e to be ll:58 a.m. 

Thereafter, I spend ti.t11e controlling crowds • There were a number of 
people wandering around. I cannot est:l.111a.te the number at this time. 
It was a very dangerous situation. 

At about 2:00 p.m., f..D.drew Anoerson and I went one mile upstream to 
check the water elevation, which at the time vas 5,217 feet. At 
2:30 p.m. the water level ....ras 5,170 feet. There was no one around the 

area. 	 At the time I could see a lot of water running out of rock on 
the right abutment across from the boat ramp. T'nis was water in the 
rocks from the reservoir. There was no such water prior to the filling 
of the dam. 

I am not aware of any eart:hquake tremors in the area. 

I have caref'ully read the foregoing statement, consisting of 2 pages, 
and declare it to be true and correct. 

~///~~ c?. ~7~ 
Kenneth C. Hoyt 

Subscribed 8!:\d sworn to before me 

on this /'J-;:::.4-day of June 1976. 


v~:trt.~~ .~d;.~w~t-·
Vincent 1.. Duran, Special Asent O 
U.S. Department of the Interior 
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STATE CJF IDAHO 

SS 

COUNTY OF MADISON 

I, ~~~~Ha.rry==..:..&L.-Par=-=·~ks=-~~~~~~~-'~-Ki_._t_c_ir~c-l_e~Tr~a_1_1_e_r~C_ourt~-'--~~~~ 

Space 5, St. Anthony, Idaho , being duly sworn make the 
~~~~~~~~~~~~~~~~~~~~~~~~ 

Betty J. Fqyes . . __ -~ 
following voluntary statement to Vincent L. Ouran,;who ha~e1dent1f1ed ~~~ 
themselves 

to me as~ Special Agentsof the U.S. Department of the Interior. No threat 

or promises have been made to obtain this statement. 

I am employed as Supervisory Surveying Technician (P.arty Chief), GS-8, 
Teton Dam Project, Bureau o:f Reclamation, l'lewdale, Idaho, and I have 
held this position since April 1975. I previously worked f'or the 
Bureau of Reclamation at Forest Grove, Oregon from November 1968 to April 
1975. I have been employed by the Bureau of' Reclamation since November 1961. 

About June 3, 1976, I observed a small stream of' water appearing 

along the bottom of the waste area about 1400 feet downstream from 

the toe of the dam. I was on the top of the south rim when I observed 

this water and so I could not say at this time whether the water was 

clear, muddy, etc. I vas aware that Robison a..."ld Aberle were watching 

the flow on at least one occasion. 


On Saturday, June 5, 1976, I arrived at the project office a couple 
minutes before 7:00 a.m.. I was driving a gr:-een Volkswagen. I parked 
the Volkswagen in the Reclamation :parking lot. I was the first person 
to park a vehicle in the lot and Chris Felkins arrived shortly thereafter 
driving his vhite Chevrolet pickup truck. We le:ft the of:fice about 
7:35 a.m. in a survey truck and traveled down the south rim road 
downstream for the purpose of' checking the survey sights in order to 
perform a survey on the spillway on the north side o:f the dam. At about 
(:50 a member of the survey party noticed water seepage. I then 
observed the water which was running out of' the toe of' the dam at about 
50 feet from the north abutment wall. I cannot estimate the volume 
but it was barely what could be called a stream at all. The water 
appeared muddy, but this may have been caused by· the material over 
lthich it was :flowing. We drove back to the office and I reported 
the weter leakage about 8:00 a.m. to Jan Ringel. 

A:f'ter reporting the water, we departed the project o:ffice and drove 
across the top of the dam and parked our vehicle near the spillway 
bridge on the dam. At about 8:20 a.m. I checked the water elevation 
on the reservoir or upstream side of' the dam, near the spillway inlet, 
and it v::i.s 530l.7 clev2."t:io:io This was about three feet of the gate level 
of the spillway. At this time I noted nothing u.11usual on the 
resexvoir sid.e of' the C:"m so :far as the wa-ter was concerned. 'I'here 
was no whirlpool and in fact the water was unusually calm. T'nere was no 

1 

C-23 



discoloration of the water. There were no fishermen or any other 

persons on the reservoir side at this time. This area is posted 

against fishing. 


I went down into the spillway and ma.a9 ~o observation of the 

downstream face of the dam at this t:L'Yile. I was wo:-king in the 

sp:.tllway and rrry view was blocked of the downst::.·ea'rJl face of the Ci.am, 

and it was not until about 9 :30 a.m. that I. could see a dozer 

coming off the top of the dam to work on the dmm.strealll side. 

At about 10: 30 a, .m. I ca"'Ue up to the top of the spillway. I walked 

onto the sage area a.~d observed a leakage about 50 feet from the 

north abutment a.~d somewhere above the 5200 elevation. I cannot 

estimate the volume of the water but it was a running stream. 

I would estimate the hole was about five feet in d.ianeter and the 

water was muddy. We watched the water about five minutes and 

the::hgle;;:,may have increased as much as a foot during this time. 

He does not recall seeing any dozers working at the hole at this 

time. 


'We then went b:?.ck down the spillway to continue our survey work. 
I was aware o:f a lot of activity at the top of the d2Jn in that 
there were a lot of people moving about and the dozers moved across 
the dam. Between 11:15 a.m. c.nd ll:30 a.m. I could hear water fl0<..ring 
and ma.de the assu.>nption that it was comi..rig out of the hole, but I 
could not see it from where I was working. At about ll:45 a.m. Pete 
Aberle called to the survey crew and told us to leave the area. 
I did not have the feeling at that time that the dam was in i.l11111inent 
danger of collapse and if I had, I would have left the spillway earlier. 
I would estimate that it was close to ll:50 when I reached the 
top of the dam. At this time the hole on the da..nistream face of 
the dam had eroded almost to the top and muddy water was rushing 
out of it. There was a pickup truck on the to:p of the dam and two 
dozers. Tne dozers were pushing riprap into the w-ater on the upstream 
side. 

I did not see the whirlpool which developed on the upstream side 
of the dam. I did not see the water on the upstrea...111 side of the 
dam at all until the dam broke. I was standing a few feet from 
the spiJ..lway bridge in the middle of the road. I saw half of the 
top of the dam go and shortly thereafter the other half (upstream) 
went. I was wearing a watch but did not note the time, but it was 
close to noon. 

The first tirr1e that I "became aware that the±e was :imminent danger 
of the dam c011a:psing was when edge of the hole ca.111e close to the 
bottom of the road. This was shortly after 11:50 a.m. 
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I am not aware of a:ny earthquake tremors. The only tremors I am 
?Wa!'e of va.s when the spillvay tremored a little bit about 11:45 
and I bel~~Ve this was caused by the rush of the water. 

I der,arted f'rom the north side of the dam at about 12:05 p.m. 

I did not participate in any crowd control" o~eration, since there 

were no members of the public on the north side at that time. 


I have read the above statement consisting of two and one-quarter 

pages and declare it to be true and correct. 


Harry Parks 

Subscribed and sworn to before me 
this 22nd day of June 1976 

. /,
;-; V' 13di; ~- ,f~H1U, A~rBetty ~:)[~[s, Splfial Agent · 

U. S. T&uent or. the Interior 
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STATE OF Idaho ) 
) SS 

COUNTY OF Madison ) 

I, Jan R- _R_._in_ge_l_________, ::;20 Ta.rg11ee Street, St. Anthony, 

Idaho 

sworn make the following voluntary statement to Vincent L. Duran , 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I 8Ill employed as Civil Engineer, GS-ll, Teton Dam Project, Bureau of 
Reclamation, Newdale, Idaho. In this :function I act in the capacity of 
Chief of Surveys and Principal Inspector. I have been employed on the 
project since Se,ptember 1972. I previously had one and one-half yea:rs 
service with the Bureau of Reclamation. 

On Saturday, June 5, 1976, I arrived at work at 7:00 a.m. I had two 
surv~y crews working. My office is in a trailer behind the office complex 
at the project. 1-tr. Parks checked the staffs for the spillway control 
on the south side of the dam opposite the spillwayo T'ney were on the 
canyon rim and noticed the lower leak on the dam near the toe at about 5,041.5 
elevation. At about 7:30 a.m. Parks reported sightings to me. I drove 
down to the powerhouse and walked over to the leak. The water was muddy. 
The water was running between the rocks on the right abutment and not 
through the dam. I estimate the water flow to be about 20-30 cfs at this 
ti.me. I did not detect any increase at that time. 

The only other noticeable thing at this time was some springs at the base 
of the dam against the abutment--200 :feet below the other. This had been 
there for one or two days previous. This was clear water running at about 
10 gallons per minute. Mr. Aberle and Mr. Robison had previously checked 
this. 

At about 8:20 a.m. I telephoned Mr. Aberle at his home in Rexburg. At 
about 8:50 a.m. Mr.Aberle and Mr. Robison arrived at the dam. _I briefed 
them lightly and we drove over the top o:f the dam to the rig.'it abutment. 
At this time Mr. Robison and Mr. Aberle walked down the downstr€~ fa-:;e 
of the dam to look at the leak. I drove the pickup around the rim road to 
meet them at the bottom. When I arrived, I walked directly to the right 
abutment. I stopped momentarily at the powerhouse and took some pictures 
of the leak, then proceeded to the riprap stockpile where Mr. Robison and 
Mr. Aberle were observL11g and deciding what to do with the water running 
out of the abutment. o we then :proceeded to the picirnp 81ld went to the 
Morrison-Knudsen Com.ps.ny and .Feter 7.iewit Sons 1 Office to contact Mr. :Bu.ck::::r-z. 
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to mobilize so:::ne equi:pnent, namely two dozers and one f'ront end loader 
to make a cha.n..'1el from the water source to the river so that the vater would 
not get into the powerhouse. Af'ter our conversation vith Yir. Buckert we 
returned to the office to get some help. We called Mr. Al Stites a.rid 
Mr. Al Heintz to check on the contractor 1 s work a.."'ld look for other leaks 
along the ca."1yon.. Mr. Robison wanted to kno-vr the reservoir water elevation 
so I returned to the rig,.1.t abutment whe1·e Mr. Parks was working in l,,;,e 

spillway to get this infor:rr..a.tion because he h~d read it at approxiL"1B.tely 
8:00 a.m. that ~orning. Tne reservoir was at elevation 5301.7. I then 
returned to the office to give this infonr.ation to Vu-. Robison. I then 
went but the front door of the Bureau of Reclrunation office to talk to 
JIJX. Aberle, who was returning f1·o:n Harrison Kr-iudsen Compeny and Peter 
Kiewit Sons' office. This was approximately 10:30 a.m. 

At about 10:30 a.m. I heard water running. Mr. Aberle and I ran dmm to 
look over the side of the Cariyon. At this time we discovered the upper 
leak on the right side at a:pproxirnately 5200 elevation, and approxilnately 
15 f'eet from the abutment. 'i"ne water was washing zone 5 material - varying 
sizes, down the slope. The water was a muddy color and was ru.'1Iling at 
10-20 CFS, I would guess very roughly. Nr. Aberle ran back to the 
Morrison-Knudsen Com:pa.lJ.y and Peter Kiewit Sons' to inform them of the new 
development and I ran into the Bureau office to tell Mr. Robison. I then 
went back dow-n to the p~rierhouse to get the gates open if someone was 
available. Stites was there. I saw the t-..ro cats working on the dcrwnstream 
face of the dam. I told Andrew to prepare to open the gates but this was 
never done. 

I then drove up to the top of the dam. At approxirnately 10:50 a.m. a 
whirlpool developed on the upstream face o1' the da!n. This was at the rig_ilt 
of the da..'11 about 15 to 20 feet away fl~om the droll. Gibbons and Reed dozers 
were pushing in riprap. I cannot estinate the circu..rni'erence of the whirlpool 
or its activity. I only saw it momentarily. I realized then that we had 
big trouble. I did not watch continuously. 

When the whirlpool developed two dozers from Gibbons and Reed Company 
immediately started working on the upstream face of the dam trying to push 
riprap and zone 2 material into the whirlpool to stop the leak.. 

I saw a pickup truck going to Wilbur Peterson and Sons, the clearing 
contractor. John Blavrers and Miller went to get a cat. I went to tell 
them where we needed work. They did not have a key to the cat. I went 
and got one for them and returned to the dam. This occurred between 
11:00 - ll:30 a.m. When I returned to the dam the cats on the upstrea..'11 
face were pulling off. T'nis was about ll:~-0 a.m. The operators of the 
downstream cats were running across the dam. The dam collapsed at 11:57 a.m. 
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I recall that there was a farmer in a green pickup truck at the dam on 
the north side sometime between 9:00 and ll:OO a..m. The man said 1\rhat 
is going on here? 11 

, "Is it serious? 11 I told him yes, the dam is breaking. 
The man said "I am going to get out of here. I have a farm down below. 11 

I do not know the name of the man and cwnot identify him. 

Within two hours of the collapse of the dam, there were at least 15 people 
on the north side of the da"!l around the spillway and on the edge of the 
collapsed area. T"nere was considerable problems with crowd control 
throughout the afternoon. 

I am not aware of any earthquake t:remors. 

I have carefully read the foregoing statement consisting of two and 
one-half pages and declare it to be true and correct. 

Subscribed and swq,~ to before 

me this 2 '} ~ . day of Jun.e 1976 


(/~/)i~---. )1~! A }
Vincent L. Duran, Special Agent~· 
U. s. Department of the Interior 
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STATE OF Idaho

SS

COtThTY OF Madison

Robert Robison 581 Taurus Drive Rexburg Idaho

__________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran and_Betty
have themselves Foyes

who 1Cidentified to me as Special Agentof the

Department of the Interior No threats or promises have been made to

obtain this statement

am employed as Project Construction Engineer GS-l1 Tetori Darn Project
Bureau of Reclamation Newdale Idaho and have held this position since

August 1971 have been enmloyed by the Bureau of Reclamation since

1951 received BSdegree in engineering in 1950 from the University
of Utah

While there were rumors as early as April 1976 that there were leaks

at the darn there is no basis to these rurs because there were no

leaks

On June 1976 several small seeps in the rhyolite volcanic rock
appeared about 1100 to 2000 feet downstream from the toe of the darn

in the north abutment wall The water was clear and all of these

seeps totaled about 100 gallons of water per minute This was felt

to be good sign because the darn was being filled and it indicated

the water table adient was acting in normal manner The water was

clean enough to drink and if there had been problem the water would
have been turbid felt the area should be monitored by sight

inspections and other mechanical means the latter of which were never

put into effect took oictures of the seepage and reported the

matter to the ER Center Bureau of Reclamation Denver Colorado

On June ii 1976 small seepage occurred about halfway between the

toe of the dam and the end the spillway along the north abutment
This flow was approximately 20 gallons per minute and had no

concern because the water was clear checked this leak at about

p.m on June before leaving the clam and determined that there

was no problem At this time also observed the entire downstream
face of the darn and observed nothing unusual also observed that

there was nothing unusual on the upstream reservoir side of the dam



On ,June 5, 1976, at 8:30 a.m. I received a telephone call at my 
home from Pete Aberle 's wi:fe. She told me that Ringel had called 
Aberle and said there was a large leak in the dame I left my 
home immediately and arrived at the Reclamation Office at about 
9:00 a.m. Aberle and I drove to the downstream toe of' the dam 

and I observed a major leak at the downstream toe at the right 

abutment at about 5045 elevation. The water was flowing at about 

50 cUbic feet per second, was moderately turbid and was coming 

from the abutment rock. This was not connected to the other seepages 

mentioned above. I f'elt this seepage was coming straight out of the 

abutment rock and not through the dam. 


I also saw another leak at about 5200 elevation in the junction o:f 
the dam embankment and the right abutment. The water was slightly 
turbid and issuing from the rock at about 2 cubic feet per second. 
The water from this leakage was not flowing at a great enough volume 
to even reach the toe of the dam. 

At about 9:30 a.m. Aberle and I went to the south rim area of the 
dam and located Duane Buckert, Project Manager for Morrison-Yilludsen 
and Kiewit. We discussed control measures and decided to excavate 
a channel at the toe of the dam to protect the powerhouse. At this 
point I felt that the situation was criticaJ. but we could control 
the leaks, since they were corning from the abutment rock. I made 
calls to the Bureau of RecJ.:am.ation Regional Office in Boise, Idaho 
and talked to Harry Stivers, Assistant RegionaJ. Director, since 
the RegionaJ. Director was not available, and the E&R Center, Bureau 
o:f Recl&!lation, Denver, Colorado. These calls were only for the 
purpose of aJ.erting those offices to the problem. I also considered 
the matter of alerting area residents at this time, but decided that 
an emergency situation was not imminent and he did not want to cause 
a panic. Tnese calls were nm.de between 9:30 and lO:OO a.m. 

At about 10:00 a.m. I observed a large leak developing about 15 feet 
from the right abutment in the dam embankment at an approximate 
elevation of 5200 feet. This leak was on the downstream face of 
the dam and was adjacent to the smaller leak at the same elevation. 
At first the flow of water was about 15 cubic feet per second and it 
gradually increased in size • The water was turbid. By about 10:30 a.m. 
two Morrison-Knudsen dozers were sent to the aTea of this leak and 
instructed to pus~ rock into the hole. 

At about 10:30 a.m. to 10:45 a.m., I notified the sheriff's offices 
in Madison and Fremont Counties and advised them to aJ.ert citizens 
of potential flooding from the Teton Dam and to be prepared to evacuate 
the area drrwnstream. I also received a caJ.l from Ted Austin, a 
radio announcer in St. Anthony, Idaho and advised him o:f the possible 
danc;er. T.-:c:-c wc:.s no eauivoc2..tion on r:ry part about advising l">eople 
of the da~ger at this tin:e. 
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At about ll:OO a.m. I saw a whirlpool_ developing on the upstream 
side of the dam in the reservoir at about 10 to 15 feet into the 
water from the face of the dam and less than 100 feet f'rom the 
abutment wall. I had looked :for a whirlpool at about 10:30 a.m. 
and had not seen one. The whirlpool u-a.s approximately six feet 
in diameter, was stationary, and appeared to be increasing in 
size. The water on the reservoir side was clear. The approximate 
elevation of the whirlpool was 5295. I would estimate that at this 
time the volume o:f water going through the upper leak on the downstream 
face of the dam was 100 cubic feet per second. 

At about ll:OO a.m.,or soon thereafter, two Gibbons and Reed dozers 
ca.me across the top of the dam and were directed to begin pushing zone 2 
and riprap material into the' whirlpool area. '!lfue dozers had to create 
a ramp down the face of the upstream side of the dam in order to 
get the riprap into the whirlpool and were never completely effective. 

At about ll:30 a.m. the two Morrison-Knudsen dozers on the downstream 
face of the dam were lost in the washout area and carried downstream 
by the rush of water. I may possibly be the individual in the center 
of the Time magazine picture, walking away from the dozers as they 
were falling into the washout area. 

At about ll :45 a.m. the two Gibbons and Reed dozers working on the 
upstream whirlpool were pulled off their job of pushing riprap into 
the whirlpool and they proceeded to leave the top of the dam, heading 
for the south side. At this time I was on the road heading to-.rard 
the Project Office and I saw the top of the dam collapse from this 
location. I did not note the time, but when I got t.o the office 
the clocks had stopped at about 11:57 a.m. because of power failure 
and I assume this was the time of' the collapse. Aberle told me 
he noted the time of collapse to be ll:57 a.m. 

At 12:10 p.m. I departed the dam site for Rexburg, Idaho, in order to 
place telephone calls to Bureau officials in Boise, Idaho and Washington, 
D. C. 

When I noted the whirlpool developed at about 11:00 a.m. I realized 
there was imminent danger of the dam collapsing. From this time on 
there were numerous people ma.king telephone calls alerting people 
in the area of the danger. 

I am not a--..rare of' any earthquakes or earttr tremors which may [lave 
caused the ultimate collapse of the dam. 

Contractor personnel were busy during the morning hours attempting 
to clear equipment out of the river outlet turmel on the south side 
of the dam in anticipation of opening the river outlet tunnel to 

1relie........e the pY-2ssu:re o:· t:.1e -:..-z...~C:l' c~~ ·tl:..2 ·~~"71. '(l~c cor1tr2..c~o1~ s 
employees had to e"\'ncua""Ce the tlmnel 11·c:·fore they nc.d acco:rrpl:Lshed. 
their task. I doubt ti1a~ the opening of the tunnel would h::i.ve been 
effective in preventing the collapse of the drun. 

3 
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I 

At the time of the dam col.lapse there was no schedule of work shifts 
for Bureau of Reclamation employees that would have required persons 
at the dam 24 hours a day. On Saturday June 5, 1976, the only 
scheduled Bureau of Reclamation workers were the survey crews. The:c 
were scheduled quality control :1.nspections according to the work 
being done, but there were no scheduled physical plant inspections 
of the dam on a routine basis by the inspectors. 

have carefully read the foregoing statement, consisting of three 

and one-qUErter pages a..."'1.d declare it to be true and correct to the 

best of my knawled.ge and belief. 


~/~·~~
Robert R. Robison 

Subscribed and sworn to before 

me this 23rd day of June 1976 


~iilllb:-s&::JgeP:)
U. S. Department of the Interior 

f;~ Q. 1-LAUJ· .//pta<il4'£ 
Betty fi. F9yes 1 (Special Agent U 

U• S. v:rxil'trnent Of the Interior 
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STATE OF Idaho

ss

COUNTY OF Madison

Alfred Stites P.O Box l5 St Anthony Idaho

__________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran

who has identified hirnsel to me as special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am employed as Construction Inspector GS-9 Teton Dam Project
Bureau of Reclamation Newdale Idaho have held this position
since June 1962 and have 16 years service with the Bureau of Reclamation

On Saturday June 1976 Jan Ringel telephoned me at my home and

asked me to come to the dam immediately because there were urobleras

arrived at the dam site about 1015 am and Ringel told me there

was leak in the downstream face of the dam and asked me to see about

getting dozer to channel water away from the powerhouse At about

1030 proceeded to the powerhouse and saw leak in the dam on the

downstream face at about 5200 elevation and near the right abutment wall

When arrived at the dam talked to John Bellagante who was preparing
to take dozer to the leak area also ran into Liewellyn Payne wno

was going into the river outlet tunnel with three other men to remove

equipment in order that the tunnel could be opened

then walked up the downstream face of the dam and passed the two

dozers which were working at the 5200 elevation and trying to fill in

the hole The seepage water was muddy but cannot estimate the volume
arrived at the top of the dam at about iodo a.m and within three or

four minutes noticed whirlpool forming in the reservoir on the upstream

side of the dam about 22 feet into the water from the face of the dam

tI The whirlpool was anproximately
feet in diameter at the outset briefly got smaller and then began

increasing in size The water in the area of the whirlpool
appeared to be sligtitly muddy watched the whirlpool for possibly
five minutes and then ran back down the downstream face of the dam to the

area of the powerhouse on the left side south Before left the top

of the dam two dozers were beginning to push riprap into the whirlpool
This was about 10t5 a.m or shortly thereafter



When I arrived at the powerhouse area I noted that one of the dozers 

working on the dmmstream face was falling into the washed out area 

and the other dozer was attempting to pull it out. A very short time· 

thereafter both dozers were washed away in the stream of water. The 

volume of water at this paint had increa~~1 tremendously and the water 

was very !Tillddy. 


SBortlr af~er 11:00 a.m. Payne and his fellow workers evacuated the 

river outlet tunnel and three other persons in the powerhouse area 

were evacuating motorized equipment to higher ground near the dam. 

I drove to the upp9r south rim op~site the spillway and observed 

the washout area on the dotmstream face continually increase and portions 

of the dam falling into the vacuum.. This was during the period 

11:30 a.m. until almost 12:00 noon when the top of the dam finally 

collapsed. I felt that the dam was definitely going to col.lapse shortly 

after 11:00 a.m. when the two dozers were washed away. 


I remained at the dam until about 10:30 p.m. and !Tillch of this time 

was spent trying to keep spectators behind the visitors point 

on the south rim. I cannot estimate the number of spectators that 

were there during the day. 


During the afternoon,after the water had receded, it appeared to me 

that the grout cap was still in place. I noticed some water was 

running out of the right abutment, upstream of the grout cap, but I 

did not observe any water running out of the abutment downstream of 

the grout cap .. 


I have carefully read the foregoing statement consisting of one and one-half 
pages and declare it to be true and correct. 

*"~J)~ 
AIIred D. Stites 

Subscribed andjsw~rn to before 

me this })-:--'- day of June 1976 


ti;); f }1_,.,~ J,µ;,J ~~Jr 
Vincent L. Duran, Special Agen;l?j 
U. S. Depart.m<?:nt of the Interior 
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STATE OF IDAHO

ss

COUNTY OF MADISON

Stephen Elenberger Victor Idaho

__________________________________________________ being duly sworn make the

following voluntary statement to Vincent Duran who has identified himsel

to me as Special Agent of the U.S Department of the Interior No threats

or promises have been made to obtain this statement
have been employed as Construction Inspector GS7 Teton Darn Project

Bureau of Reclamation Newdale Idaho ford four and onehalf years and have
total of iie years with the Bureau /L7OVT

On Friday June 14 1976 was working the 1400 p.m to 1230 a.m shift
at the darn Up until dark which occurred at about 900 p.m or shortly
thereafter made several observations of both the downstream side and
the upstream reservoir had been alerted to pay particular attention for
possible leaks because there were small spring like areas of water on the
north side of the canyon well below the toe of the darn These springs were
clear water and had been visible for two or three days

Until darkness did not see any sign of leak in the toe of the darn at
the north or right abutment at about 100 feet from the top of the dam
near the north or right abutment The entire downstream face of the
dani showed no signs of any problems also did not see anything unusual
in the reservoir or upstream side of the darn There was no sign of
whirlpool

was not at the dam on Saturday June 1976 and can furnish no infor
mation about the events of that day

have carefully read the foregoing statement consisting of page and
declare it to be true and correct

2%
Slephen Elenbeger

Subscribed and sworn to before
me on this i-ay of June 1976

A_____
Vincent Duran Specia Agent
U.S Department of the Interior



GIBEONS & REED-CONTRACI'OR WITNESS STATEMENTS 

Harold F. Adams 
Route 3, Box 259 
Rigby, Idaho 

Dave Burch, Mechanic 
P.O. Box 384 
Ashton, Idaho 

Jerry Dursteler, Master Mechanic 
280 Wilson Drive 
Idaho Falls, Idaho 

524-1396 

Perry Ogden, Mechanic 
Rexburg, Idaho 

356.:..7920 

Lynn Walker, Superintendent 
Behind June's Bar 
Teton 

458-4304 

C-36 



COPY 


STATE OF Idaho ) 
) SS 

COUNTY OF }'adison ) 

I, Ha.:l:'old F. Adams Rt. 3, Box 259,I 

sworn make the following voluntary statement to Vincent L. Dura11 , 
~--------------~...........~~~---~~-

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as a mechanic with Gibbons and Reed Company on the Teton Dam 
Project, Newdale, Ida.l-io. I just started on that project about June 1, 1976. 
Previously with company three years. 

On Saturday, June 5, 1976, I arrived at Gibbons and Reed yard behind 
:Bureau office at 7:00 a.m. to work on equipment. As I drove in I saw a 
sma.11 trickle of water on d01mstream slope of dam against the north abutment 
and about 100 feet fron top of d.am.. About 30 feet out the:re was a wet 
spot. 

At about 8:00 a.m. I walked from the shop out to south rim to leak at 
leak again. Now small stream coming out :from where we saw wet s:pot. At 
about 9:30 or 10:00 a.m. Dursteler told us to look at leak. From south 
rim I saw a 6 or 8 i..'1.ch dia.::leter flow of water. Dursteler said we had 
trouble. 

I went about 2 miles downstream out of site of a.a.~ to get equipment out 
of possible danger area. Just before leaving I told rrry wife to be on the 
alert because of leak. I was (sic) downstream about 30 or 40 minutes. 

When I got back water flO\v had increased and Gibbons and Reed dozers out 
on top of dam working. T'ne time was between 10:00 and ll:OO a.m. I 
watched from visitor Viewpoint. 

I would estimate dam collapsed at top somewhe:re around 11 :30 a.m. and the 
dozer had gotten of'f just before that. 

I carmot be specific about times. No earthquake or tremor. I never saw 
upstream side during the day. 

I was in the area until 5 :30 p.m. but did not get involved in crowd control. 
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I "'i;hougb.t dam 'W'Ould go at about 9:30 a.m. when the flow of water had increased. 

I did take note of' MOl'Tison and Yilludsen tractor activity and saw them get 
va.shed away. I do not lmCY...r the time. 

I have carefully read the f'oregoj.ng statement, consisting of 3 
:pages and declare it to be true and correct. -----

I!!/ Harold F. Ada."11s 

Subscribed and sworn to before me 
this 22nd day of' J\me 1976 

Ls/ VincentL. Du!"an 7 Suecitl A.-;cnt 
Vincent L. Du.ran, Special Agent 
U.So Department of' the L"lterior 
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STATE OF Icla.ho ) 
} SS 

COUNTY OF 11...adison ) 

I, ·ne.vi_d_Th_urc_h P.O. Box..3_84"------------ .......... ___________, 


Ashton Ida.ho 

sworn make the following voluntary statement to Betty J. Foyes 
herself 

who has identified l.4i.;;;u;.•l.;; to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

Z am employed as a ~echa.~ic with Gibbons and Reed~ the contractor who is 
building the irri;a-tion C2.."1a.ls at the Teton Da.111 ?ro.ject, Newdale, Idahoq 
I have been en:ployed by Gibbons and Reed since May 30, 1976, and was 
formerly employed by I·:orrison-:rG."l.udsen a..~d K.ie1rit on the Teton Dam Project 
in the same capacity :for almost f'our years. 

I arrived f'or work at 7:00 a.m. on June 5, 1976. As I was d:riv:ing up the 
canyon to the G-R sho:p I noticed a seepage down the nort..h side of the d3JI14 
The seepage was sli.~~t a.~d stc.rted at about the 5200 level near the change 
of the slope a.."1.d r211 dOim the abutment wall to-..ra:r-ds the toe of the dam. 
You could not actually see water rur..ning--just the dampness. I could not 
tell if tre water was clear or rruddy because it was just dampness. I 
mentioned to some of rrry co-workers that the dam was lea.'iting. We were not 
concerned at that ti.~e that there was any real problem and we went on with 
our work at the G-R trailer. 

At_ about 9:30 a.m. I noticed a wet spot appear on the north side of the.face 
of the dam. This spot was about 100 feet from the abutrrent and probably 
125 feet from the top of the daill. The da"Tip spot appeared to be about 3 or 
4 feet in diameter from r.ry view-point at the trailer. There was not any 
va.ter flowing fro:r.i the damp spo't at that ti.Fue. 

At 10:00 a.m. I observed water coming from the above described spot. The 
water was coming at a steady flow and was muddy. 

At approximately 10:30 we went down in the canyon to the beaver slide to 
get our equipment--a scra?er and a D-3 cat. There was another D-8, cat 
in the field south of the project parking lot on the canal and we also 
brought that to the d.a.."11. We :put the 2 D-8 cats to work on the upstream 
face of the dam d:rivi.ng them from the south to the north side. This was 
about ll:OO a.m. when we got on top of the dam. 
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When I crossed the top of the dam driving my D-8 cat there was a. large 
flow of water coming fron the hole in the da,'n on the do-wnstrearn side. I 
voul.d estilna.te that the hole was 10 to 12 feet in dia.11eter and the water 
was IIDlddy and roch--y. The M-K dozdr operators were pusing riprap and gravel 
into the hole. 1-Tnen the M-K dozers were cau@lt in the hole, N-K person.."1.el 
asked me to try to save t:!:1'2i:r dozers by me baclJng my cat over the facr::. 
of the dam a.'1.d pulling them out, but :i.t was too late. The dozer on the 
extreme righthand side of the Time Magazine photograph, Page 57, is mine. 
I am the 1nan on the left of the two indiv:i.cfila.ls standing near -che cat in the 
picture. The other man who is standing to my right is the M-K employee 
who had requested r:iy help in pull:L':lg out their cats. The red truck to ey 
left belongs to 0..;en Daley, an M-K employee. 

I had started :pushing riprap from the face of the dam towards a whirlpool 
or f'unnel which h2.d developed on the reservoi:r side of the dam shortly 
after ll:OO. The whirlpool was directly across fxom the spot where the 
hole appeared on the d.o-.mstrea.m face of the d.a.!!l. 'rfnen I first sror th= 
whirl:pOol, i-t wa.s very small, ma;y-be a foot across and was very muddy aud 
it was surrounded by clear wa-cer. I saw no other mud on the u:pstream side. 
The water on the reservoir side was very ca.l.m. There was very little 
wind. The whirlpool was about 20,:.rfeet out from the U:J?Strea.m face of the 
dam and about 100 feet fron the north abutment. We tried by using the 
riprap to build a ra:i!p to the whi:rlpool but never succeeded. 'l"rro M-K men 
then came and took the cat I was driving end the one Perry was driving 
since neither of us are cat opera-cors. It was after I got off the cat 
that the picture vas ta.ken which a:p:pears in Tine maga.z:L."'1.e. Perry and I 
left at this point to obtain a 983 cat load.er to laod fines to help plug 
the hole on the dcr..,Jls-cream side. At the time we left the two M-K men 
were operating the cats at the top of the dam, having lost theirs in the 
hole. There was also a pickup truck on the top of the d.a.."'ll. I was sitting 
in the 988 Loader near the M-K shops when the dam collapsed at about 12:00 
noon or a little later. 

I first beca..rne aware that the dam was in danger of collapsing when the 
water started running tr..rougb. the hole on the downstream face of the dam 
at 10:00 a.mo 

I at no time felt earthquake tremors at the dam. 

I saw only one whirlpool on the reservoir side of the dam and when I left 
the dam I would est:iJr'..a.te it was 20 feet in diameter. 
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I have read the above statement consisting of fou:r and one-half handwritten 
pages and declare it to be true and correct. 

/s/ David L .. Burch 
David L. Buren 

Subscribed and sworn to before 
me this 22nd day of Ju...'le 1976 

/.2.LBetty J. Fo;res 
Betty J. E'oyes, c:ipecial A€,~nt 
U. s. Department 01' the Interior 
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STATE OF IDAHO 

SS 

COUNTY OF MADISON 

280 Wilson J)ri:Ye.:_________Jerry DurstelerI, 
being duly sworn make the

~~~I=dah===o:__:F~a=]=J=s~,~I~dal==~10:_~.~~~--~~~~~~' 

to Vl·ncent L. Duran, who has identified himselffollowing voluntary statemen t 
No threatsto me as a Special Agent of the U.S. Department of the Interior. 

or promises have been made to obtain this statement. 

I am employed as Master :Mechanic, Gibbons and Reed, Teton Dmn. Project, 
Newc1al.e, Idaho. I have been on this job since February 19r(6. 

On Saturday, June 5, 1976, Perry Ogden and I a..-r-rived at the company 
yard behind the P.ecla..'"'18.tion offices at about 10:00 a.m. We ca.i.11e to 
do maintenance work on equipment. w"'hen at the office, I heard water 
running. I drove downstrea."'11 from the cla.lll on the upper south rim road 
to look at the spillway 2nd to see if' water was f'law-:i.ng over it. I 
saw wetness on the da.mstrea"':l i'ace of the d2.n and. seepage against 
abutment wall. This was about at the sl:pe cha...'lge in the cla.'n. I cannot 
be more speci.i'ic. Tne water was mud.d.y, but was merely a li[.J1t stream. 
I went back to r:ry truck. By then the wet spot had started :flowi.ng. 
This was a very small flow. I returned to my office and told Ada.·as and 
Burch there was a problem. The three o:f us -walked behind the Reclarcation 
Offices on the soutside of the dam to look at the dam. T'ne lea.ltage 
had increased considerably and started eroding a hole. This was about 
10:15 a.m. 

I then returned to my o:ff'ice and Perry Ogden and I started toward the 
da.m in a truck. We ran into Robison a.Yld agreed to move "b..ro dozers out 
on top of' the dam :for whatever purpose. I radioed Lynn Wal.~er and asked 
him to come to the site. Ogden and Burch moved two dozers onto the dam. 
I remained in the of':fice area ta..1\:ing pictures of the downstream canyon 
val.ls and so~£ o:f the face of' the dam. I took pictures :from the visitor's 
viewpoint, downstrea.."'11 ri.'11 and :from the Morrison and Knudsen yard. 

Between 10:15 and 10:30 a.m. t-w-o Morrison Knudsen dozers were pushing 
material ~..nto the downstream face of the hole. 'Yne hole was very la.:cge 
vith a big stream of water. Gibbons and Reed doze:rs got onto the 
top of the dem. I saw Morrison-Knudsen dozers wash out but have no idea 
of the time. 

1 
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John Bellaganti and Owen Daley operated Gibbons and Reed dozers 
pushing rock into the whirlpool area on the u:pst:ream side of' the 
dam. I nev.s:r sa.w the whirlpool. I watched activities, but ca."l!lot 
give time e~'-·2TD.ents. I was watching priT:IB.rily i'rom the visitor 1 s 
observai:;io!l point. Gibbo:is and Heed dozers were :pulled out and 
just ba:rely cleared the top of' the dam when it collapsed. 

I believe the t:L~.e element was two hours f'rom the time I arrived, 
therefore the dam collapsed about J.2: 00 n.oon. 

During the events the a.:rea at the visitor's center was completely full. 
I do not know any of the people ivho were on the visitor center. 

During my observation the water was muddy and the area of leakage 
gr:e;vr bigger at a very :fa.st pace. I am not. aware of' any earthquake
like tremors. 

I huve carefUlly :!"ead the above statement consisting of' o::ie and one-half 
pages and declare it to be true and correct to the best of my knowledge 
ancl belief'. 

Subscribed and sworn to before 

me this 22nd day of Ju..tJ.e 1976 


w j &""'- J;k~~~ ~i~~-r-
Vincent L. Du:ran, .Special Agent (J 
U. s. Department of the L'lterior 

l:Mrsteler stated orally that at about 10:30 a.m., when the Morrison
Khudsen dozers were los~ on the downstream side of the a.a.~ he realized 
the coD.apse of the dam 1;1.ig.."'1.t be imminent• 

2. 
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STATE OF IdahO
ss

COtTNTY OF Madison

Perry tj ___________________ Txbtrrg Idaho

__________________________________________________________ being duly

sworn make the following voluntary statement to yineen-f

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am employed as mechanic with GibbOns and Reed Company dohg Canal

construction work at Teton Dam Project Newdale Idaho have been with
Gibbons and Reed at Project since February 1976 Previously with Morrison
Knudsen-Kiewit at the project about years

On Saturday June 1976 was scheduled to do maintenance on euipment
at the shop area behind the Reclamation offices arrived at shop at

TOO a.m went right to our shot area was out of view of most of

darn but could see to rart Shortly after arrived Dave Burch told me

there was wet spot on the downstream side of darn walked over to

visitors view-point on south rim and saw wet spot at about 100 feet

frcmi top of darn against outrrient No flowing water--just wet spot

etween about 830 a.m and 900 a.m Dursteler arrived at work and told

me water was running through darn went to Reclamation office and talked

to Bobison He asked for all dozers we could get to darn area want

down road and got dozer and returned to top of dam with dozer This

was about 930 a.m On downstream face there was good flow of water and

hole about 30 feet in diameter Morrison ai Knudsen dozers working on

this hole Burch arrived with dozer and the two of us crossed the dam

and started pushing riprap into whirlDool This probably about 1000 a.m
or so Wnirlpool developed at this time about 4- feet in diameter

Sometime after this Belle gante came up and told me the dozers on downstream

face were gone He and Daley came up and took over Burch and my dozers
About 10 minutes later Burch and drove pickup to the southside of darn

and went to viewpoint



I stood on viewpoint about one hour watching, with exception of one phene 
calJ. to my wife. During this hCillli.· the dam kept eroding and more water 
:f1owing. I was certain da..i:i was going to collapse~ The Gibbons and Reed 
dozers cleared out almost last few minutes and came across dam. Just about 
noon when dam collapsed. I recall lmoking at my watch right after top 
f'ell and it was ll:55 a.mG 

No earthquake or tremors. 

There were a large number of visitors. Visitor a:rea :f'Ull and was lined up 
along entrance road. 

I have caref'ully read the foregoing statement, consisting of 3--.::---pages and declare it to be true and correct. 

/ s / Perry 0 gdeE:_ 

Subscribed and sworn to before me 
this 22nd day of June 1976. 

LsL Vincent L. Du.r~. Special A~ent 
Vincent L. Duran, :::.i:r;2cici 1~~,~2nt 

U.S. Department of t~1e Interio:r 
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STATE OF. Idaho ) 
) SS 

COUNTY OF Madison ) 

Teton Trailer Court, Teton, Idaho 
(Temporary) 

695 East lst North, Pleasant Grove, Utah (:pe:rmanent) , being duly 
-=-~~~~~~_::_~~~~~~-=--~~~~~~~~-

sworn make the following voluntary statement to __Be_t_t_;y;.._J_._F_o...;"J:...'"e_s_____, 

who has identified himself to me as a Special Agent of the u. S • 

.Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as Superintendent, Gibbons and Reed Construction Company, 
and have held this position f'or about l2 yea.rs. I have been employed 
by Gibbons and. Reed at the Teton Dam Project, Bureau of' Reclamation, 
Newdale, Idaho :for about three months. Gibbons and Reed has had a 
contract since about April 1976 to construction irrigation canals 
and a water pipeline to .other canals below the dam. 

On June 5, 1976, I arrived at the Teton Dam about 10:30 a.m. because 
subordinate Gibbons and Reed employees had called me on the radio at 
my home to advise me that the dam was leaking. I would estimate that 
I was called about 10:15 a.m. I immediately went to a point just 
downstream from the visitor's observation point, on the southside of 
the dam. At that time I observed a hole approximately 3' in dia1Ileter 
located at the 5200 elevation, near the abutmen-c wall (north). There 
iras a sizeable :flO'.[ o:f muddy water coming from a portion of' the hole 
and it had begun to wash out a trench. There vras a dozer coming down 
the slope of the dam toward the hole. At this point I knew the dam 
was gone and I went back to my office to call rrry :family. I then returned 
to observe the dam after making one other call. The time which elapsed 
was probably 15 minutes. T'nis would place my return to the dam shortly 
be:fore ll:OO a.m. By then the second dozer was :in :position and the 
two dozers were trying to push rock into the growing hole. The hole was 
growing fast and was about 10 to 12 feet in diameter at this time. 
The stream of muddy water had increased in volume correspondingly. 

By the time I had arrived at the dam at 10:30 a.m. two D-8 dozers belonging 
to Gibbons and Reed bad been dispatched to the top of the dam to 
work on the upstream face and push riprap into a whirlpool which had 
developed. T'..ro of rrry mechanics had obtained the D-8 dozers and had 
begun this work. The two Morrison-Knudsen dozers on the downstream 
face o:f the dam were lost at e.bout ll :15 to the "!)12st of r::y re'.:!ollectio:::i., 
At this point I vent to the top of the dam to orcler rr:..y t-.ro dozers 
to stop -..;o:rk and lea:ve the top o:f t!1e d:-:.:.m. While I 'ras standi..ri.g on 
the visitor's ooservation point and after the two M-K dozers vere lost 

1 0t'o~ 

C-46 

http:standi..ri


a crack developed above the hole. The crack was in the shape of 
a semi-circle with the arc at the top; vas about 30 feet above 
the lDle; pr,d I would estimate that it may have been as much as 100 
feet in total length. The earth starting sluffing down f·rom the 
crack to-wards the hole and caused an offset in the earth on the f'ace 
of the dam as it sank. lIB this earth fell in a smaJ..l. hole deve!!:.9ped 
above the crack. I would estimate this was about 10 to 15 feet 
above the crack and was initially six or seven feet in diameter. 
I then left the visitor's observation point and drove to the top 
of the dam. I would estimate that I reached the top of the dam 
at about ll:40 a.m. My cats we.re already coming across the top of 
the dam towards the south side. As soon as I saw that my cats were 
getting off the da~, I drove back to the visitor's observation point 
and observed that while my cats were about one-third of the way across 
the top of the dam slUffed down about 100 feet. About ll:55 a.m. the dam
failed. · 

I at no time was in a location where I could observe the whirlpool 
which had formed on the upstream. side of the dam. 

I at no time felt earthquake tremors at the dam site either before June 5 
or on June 5, 1976. 

About 7:30 plm. on June 5, 1976, after the water was down to the lowest 
ievel it would reach at that point, I was at the upper cuxve of the M-K 
access road on the south rim of the da"'n and I observed a six inch 
stream of water coming out of thee:iliorth~ide abutment rock. The water 
was clear as a bell. T'ne water was coming :from a spot about 100 
i'eet down from where I would estimate the crest of the dam had been. 
We took some photographs and I may be able to furnish a picture of 
this occurrence. We have some other photographs of the collapse of 
the dam and I will make arrangements to have a set of the photogr~phs 
:furnished to the Department of the Interior. 

I have carefUlly read the foregoing statement consisting of one and 
one-ha.lf pages and declare it to be true and correct. 

Subscribed and sworn to bei'ore 
me this 23rd day oi' June 1976 

13 ,::!kt a !tt;.:,10_.,._..,..-----
Betty J ~ Foyc":'.J • ::~ ~.o.:: c:!..al !/ .. c:::n~ 

U. s. Departf.f~ti}~ th~· lliterior 
v 
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MJRRISON-KNUDSEN, KIEWITT EMPLOYEE WITNESS STATEMENTS 

John P. Bellegante 
Teton Villa Apts. 
Rexburg, Idaho 

Duane E. Buck2r':. 
Kit Circle #14 
St. Anthony, Idaho 

Jay M. Calderwood 
Victor, Idaho 

Roy C. Cline 
Kit Circle #22 
St. Anthony, Idaho 

David o. Daley 
330 w. 8th St., Space 6 
St. Anthony, Idaho 

Llewellyn L. Payne 
P. O. Box 37 
Ashton, Idaho 

Vincent M. Poxleitner, Jr. 
P.O. Box 22 
Teton City, Idaho 

Barry W. Roberts 
Kit Circle No. 1 
St. Anthony, Idaho 

Donald D. Trupp 
P.O. Box 3 
Newdale, Idaho 
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COPY-


I, 

STATE OF Idaho ) 
) SS 

COUNTY OF Ha.dison ) 

262 N. Second W., 

Rexburg, Idaho 

sworn make the following voluntary statement to Vincent L. Duran , 
~~~~~~~~~~~~~ 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as excavation superintentlent, Morrison-Knudsen and Kiewit 
at Teton Dam Project, l'Iewdale, Idaho. I have worked there since March 
1975. 

On Saturday, June 5, 1976, at about lC:OO a.m., Duane Buckert telephoned 
me and told me the dam was leaking and to come to project. I arrived 
at the project at lO:JO a.m. and wez:it directly downstream of the dam 
in the area of the powerhouse. Buckert told me by radio he wanted to 
try and fill in hole. I sau a leak near north abutment side at about 
5250 feet elevation. There was a fast flow of water down slope and 
there were several gallons per minute coming down. ~fater was muddy. 

Prior to Satu...""'<iay, there were lea.I.;:s on north side at toe elevation of. 
dam. These were on north side. There were three that I know of. Clear 
water on these leaks. This was about Tuesday or \fodnesday. 

On Saturday, I went on top of dam, got a dozer and instructed Owen Daley 
to get another dozer. The two of us went down and started pushing 
rock into face of leak on the downstream face. This was about 10:40 a.m. 
To my knowledge there was no increase in the leakage. 

Hy dozer settled into hole created by leak. I got a cable at top of 
dam and hooked the two dozers together. ;Je were unsuccessful and both 
dozers went with the water. I would estimate this to be about 10:55 a.m. 
to 11:00 a.m. I looked down into the hole. l!hite water was gushing 
out of the north abutment through the rocks and creating the muddy water. 

I then went to top of dam. Others had found whirlpool on upstream face 
and were directing dozers to push riprap into whirlpool area. Whirlpool 
was about 18 inches in diameter near the north abutment wall about 15 feet 
from upstream face of the dam. I did not notice it getting bigger. I 
coulrl feel t:ic ·:~::1 2..~22. ss t t... l in: ar:C-. i:·i..111.e·l the cloze::~ out. l.:oze~s ~-tGnt 
to southside and. I went to northsid.c. I cannot give tine elements of this. 
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Shortly afterwards, the dam collapsed. I do not know the time. At 
no point did I think the dam >-ras going to collapse. These were the 
last thoughts I had until irnnediately before it went. 

I proceeded do<-m the northside rin with others notifyin.z peo:ple and 
eventually returned to office on soutjlside. I was in the area until 
about 5: 00 i:.. '.11. 

I have carefully read the foregoing statement, consisting of ~~3~~ 
:pages and declare it to be true and correct. 

Isl John P. 3ellegante 

Subsc:::-ibed and sworn to h':fore me 
this 1°th day of June 1976. 

. r•cent T. "r\..,..,...,,.,, 0."""Ci "'l J' ..,.~)"+• ......... • ...)l)__ c.;,.i..:..' u ~··-· -C::.. "-·-- c-;_.l...,
Isl Vl
Vincent L. Dlca.n, Syecial Acent 
U.S. Department of the Interior 
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COPY 


STATE OF Idaho ) 

) SS 


COUNTY OF l·Iadison ) 


I, Duance :::: . 3uckert . I Kit Circle .#14 

~--S_t_.__A_n_t_h_o_n~l~•--I_d_a_h_o__________________~--------------~' being duly 

sworn make the following voluntary statement to Vincent L. Duran , 
------------~----------~ 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am Project lfanager, lforrison-Knudswn.:.Kiewit on Teton Dam Project, Newdale, 
Idaho. I have been on the project for two years. 

On Saturday, June 5, 1976, I arrived on job at approximately 8:30 a.m. 
and drove out on top of dam. As I drove out I saw water coming out of 
side at abutment below toe of dam. The water was clear. I was told 
Robison had been notified. Robison, Aberle, Ringel and I met regarding 
this leak and decided to channel this water to reduce erosion and keep 
away from power house. I agreed to get people and went to the office to 
make telephone calls to employees. While doing this, Aberle came in about 
10:00 a.m. and told me another leak had appeared. 

At about 10:20 a.m. I went out and saw leak on downstream face of dam. This 
leak at about elevation 5200 and about 10 or 12 feet out from abutment. Th€ 
area eroded out was about six feet by six feet. The flow, I cannot estimate, 
but it was muddy and erosion was occurring. I sent two dozers in to 
push rock into the hole. I then went down into tunnel area at power
house to get it cleaned out for possible opening. The erosion was increasing 
at the leak area. 

I went back up or. top of the dam and ran into Robison. He told me two 
dozers had been lost on the downstream face. We talked about opening the 
river outlet tunnel. This was about 11:00 to 11:20 a.m. A whirlpool had 
developed on the upstream re~ervoir of dam. I did not actually see the 
whirlpool, but saw dozersp.ishing materials in. 

I proceeded to office when Poxleitner to~d me he did not believe the 
dam would hold. This was sometime around 11:20 a.m. I then went to the 
office and made telephone calls to notify ~rea residents of the danger. 
During this time I observed the increasing turbulence of water, but did 
not actually see the final collapse. I saw the dozers on top of dam 
leavinc aI'C: coll2.p::inz ca:rtr: "bs'.-:ir::i them. The tine of 11: 57 a. r.i is close 
to the actual time of :allure. 
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I realized theloss of dam when I heard about the whirlpool at about 
11:30 a.m. This was the first time the facts really dawned on me. 

I was not i~volved in crowd control. This };as handled by the Bureau 
of Reclar.1ation. 

I have carefully read the foregoing statement, consisting of } pages 
and declare it to be true and correct to the best of my kno;;ledge. 

/s/ Duane E. Buckert 

Subscribed and s:mrn to before me this 
19th day of June 1976. 

/s/ Vincent L. Du~an, Sneci~l A~cnt 
Vincent L. Du-can, Specfr_l Ae~ent 
U.S. Department of the Interior 
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COPY

STATE OF Idaho

SS

COUNTY OF Madison

Jay Calderwood Victor Idaho

________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am general excavation foreman for Motrison-Knudsen and Kiewit on Teton

Dam Project worked on the project at Newdale Idaho from March 1972

to present

On Saturday June 1976 Ray Short timekeeier telephoned me at

home and told me there was leak in the dam arrived at the dam at

1130 a.m went directly on top of dam saw hole about 20 feet

in circumference about 15 feet from right abutment and about 2/3rds

waJ up from bottom

There was large anount of water muddy and washing the hole bigger all

the time thought then we could not stop the water and the dam would

go jumped on dozer on top of damworked on pushing riprap into

the whirlpool which was on the upstream side about 12 feet to 14 feet

in water near the right abutment not far out The whirlpool was about

20 feet to 30 feet in circumference and feet to feet in depth It

continued to get larger

pulled the dozer back to southside and within two minutes the top fell

in This was about 1150 a.in or thereabouts When looked at my watch

it was 1200 noon aria the dan had collapsed about to 10 minutes before

have carefully read the foregoing statement consisting of 1-1/2

pages and declare it to be true and correct

Calderwood

Subscribed and sworn to before me

this 19th day of June 1976

/s/ Vincent L._Duran Secia1 Aent
Vincent uuan txcai
U.S Department of the Interior



COPY 

STATE OF Idaho ) 

) SS 


COUNTY OF }!adison ) 


I, Roy C. Cline I 
Kit Circle #22 

~-S_t_.__A_n_t_h_o_n_y_,__I_d_a_h_o____________________________________~, being duly 

sworn make the following voluntary statement tb Vincent L. Duran 
I 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as master mechanic at Morrison-Knudsen-Kiewit on the Teton 
Dam Project. I have been on the project since Januar'J 1972. 

On Saturday, June 5, 1972, at about 10:30 a.m., Duane Buckert telephoned 
me and told me there was a leak. I arrived at 11:00 a.m. and went 
directly to the powerhouse. I saw a stream of water from right abutment 
about 3/Li.th way up the dam. Volume was equivalent to what would run out 
of a 10-inch pipe. It appeared clear at the time. I proceeded to make 
a roadway behind. power in :preparation to opening the river outlet. I 
did this ~nd then moved a truck. At about ll:JO a.m., I looked at the 
dam from powerhouse and saw the two dozers had disap:peared, the hole was 
big, and a 122ge volume of muddy water. I cannot estimate the size of 
hole or volume of water. I moved crane and other equipment to top on 
southside. When I reached the top I saw the final collapse of the dam 
top. I Hould estimate I arrived at top and saw collapse at about 11:55 a.rn. 
I proceeded to office and arrived at noon. 

I felt the collapse was imminent at about ll:JO a.m. when dozers were 
gone,and I began leaving the :powerhouse hole. 

I left the area shortly after 12:00 noon. 

I have carefully read the foregoing statement, consisting of ___2__ pages 
and declare it to be true and correct. 

/s/ Roy C. Cline 

Subscribed and sworn to before me 
this 19th day of June 1976. 

__________________....... __,
/s/ Vincent L. ~1.:.-rs.r:. S--:"'ci.21 :\-.,.;:nt 

Vincent L. ~ur~n, S]ecial A~en~ 
U.S. Departffient of the Interior 
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COPY 
~ 

STATE OF Idri.ho ) 
) SS 

COUNTY OF 1-'.2.dison ) 

I, David O. Daley , 3JO T:J. 8th St. , Space 6, 

St. Anthony, Idaho 

sworn make the following voluntary statement to Vincent ~. Duran 
~~~~~~~~~~~~~ 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as equi:pment oper2..tor Hith Harrison-Knudsen-Kiewit on 
Teton Dam Project, 1'~ewdale, Idaho. I have worked there since Earch 15, 
1972. 

On Saturday, June 5, 1976, c;.t 10:10 a.m., I got a call asking me to 
come to the dam. The timekeeper called and did not give r.w details. 
I arrived at 10:25 a.R. I stopped at office briefly and then went on to 
dam. I saw le2_!,: on north side within 15 to 20 feet of abutraent and 
about 100 to 150 feet from top of dan:. A sr::all stream of water was 
flowing, but could not ~3ee if 1;::-.ter muddy· ?ron that :point on the hole 
got bigger and r.iore 1;ate:c flowed. Water definitely muddy. 

I would guess Bellegante and I lost our dozers in the flow of water on 
the downstream face at about 11:15 a.m. The two of us went up to the 
top of dam and I operated a Gibbons and ~ceed dozer trying to fill in 
the whirlpool on the upstream reservoir sid.e of the dam. 

The whirlpool was about JO feet out into water and about 20 feet in 
circumference. The pool was :cather close to the north wall. I operated 
one dozer about one-half hour befo::re He pulled them out. We got dozers 
on top of dam and he'aded to;1ard southside of the da.m. This was about 
11:45 a.m. or possibly a little later. As we were driving off the dam the 
top caved in. 

I never believed tte dam was going to collaJ?S3 until the le9t minute 
when we pulled the dozers off. I cannot give specific or estimated time 
of collapse. I have heard it was 11:57 a.m. 

After the collapse I watched the water go down the river a short while 
and then left for home. I did not get involved with onlookers. 
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I have carefully rGad the foregoing statement, consisting of 2 
pages and declare it to be true and correct. 

/s/ p2..vid Owen Daley 

Subscribed and sworn to before me 
this 19th day of June 1976. 

/s/ Vincent L. ::Jur<m, 8".)0ci2.l A::e:r.:t 
Vincent L. :Uure,n, Six:cial A.z:r::nt 
U. S, Department of tJ:-e Interior 
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COPY 

STATE OF Id:i.ho ) 
) SS 

COUNTY OF ?fadison ) 

I, _L_l_e_w_e_l_l_,~_rn_L_._P_a_y.__n_e_______, _P_._o_._B_o_x--'3~7_,----------

Ashton, Idaho , being duly 

sworn make the following voluntary statement to Vincent L. Duran 

who has identified himself to me as a special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as concrete superintendent with lforrison-Knudsen and 
Kiewit, on the Tetan De,r.i Project, Newdale, Idaho. I have worked there 
for three years and one month. 

On Saturday, June 5, 1976, Duane Buckert called my house and left a 
message for me to come to the dam. I got the message about 10:00 a.m. 
and arrived at 10:20 a.ra. I travelled by the lower road and arrived 
at the powerhouse. As I approached I could see muddy water in river but 
not the actual leak. As I got closer, I could see the leak, which was 
about 75 - 100 feet from top of the dam on north side against abutment 
and zone material. I cannot estiraate volume and at this time I 
did not see ~ctual hole. 

After my arrival I got Archie J. Zuern, Claude Pl1odes, Nichael Powell 
and Charles Powell and went into the river outlet tunnel. The purpose 
was to ~et painting equipnent out in order to let water through. Ue 
went in+,o the tunnel about 10: :;o a. m. At the time, one dozer was 
workin~ on downface of the dam and anothe:?:" was on its Kay. I was in 
and out of the tunnel and watching leak so could pull men if danger 
became too great. 

The leak grew larger - water was muddy, and at about 11:20 or 11:30 a.m. 
the two dozers were washed out. We went into the tunnel one more time 
to move anything. :·le left for the to:p of the dam shortly thereafter 
on foot. The water wa.s flowing heavily and be~an coning around the 
powerhouse. ';~hen I was about half-way up, I could see dozer::; wo:r-king 
on top. I could see the dam washing out and radioed to move the cats 
because the d.am was going. I saw the clam go, but cannot make a guess. 
I did not look at a watch and just never cave the time factor a thought. 

At about the time the dozers were lost - 11:'.30 a.m., I was scared and 
h~.d the fe0li!1G 't~e :12...~ 1·~2.s c;o2.~:: to collo."'.;:ce. 
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We worked on crowd control as much as we could. Also number of cars 
that cat1e .to· the dam. 

I have carefully read the foregoin5 statement, consi~ting of ~-2-~;__ _ 
pages and decl<:>,re it to be true and correct. 

/s/ L. L. Payne 

Subscribed and sworn to before me 
this 19th day of June 1976. 

/s/ Vincent L. 01.1ran, S")ccial Aic:ent 
Vincent. JJ. :'.m::::-an, 2fecia.l Accnt 
U.S. Department of the Interior 
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STATE OF Idaho ) 

) SS 


COUNTY OF Madison ) 


I, Vincent M-. Poxleitner, Jr. 
I P.O. Box 211 

~---T_e_t_a_n_,__I_d_a_h_o______________________________________~~' being duly 

Vincent L. Duransworn make the following voluntary statement to 
~-----------------------' 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed by Horrison-Knudsen, Kie'wit, at the Teton Dam Project. I 
have been employed here since June 22, 1973. I a.m the Project Engineer. 

On Saturday, June 5, 1976, Duane Buckert, Project Manager, telephoned 
me at home shortly after 9:00 a.m. He asked that I come to the dam 
immediately because there was a leak. I arrived within 15 minutes at the 
office. As I came through gate saw water running out of downstream. face 
of dam. The leak was on right-hand side of dam just off the abutment at 
about 5150 to 5200 elevation. The water was turbid from what I could 
see. The volume was the equivalent of what you see coming out of 12" 
pipe. 

Buckert was moving a tractor across top of dam and I followed him out 
on top of dam. This was about 10:00 a.m. The flow had not changed 
much and was turbid. ~! e he.d another dozer on its way to work on downface. 
Talked to Robison at his office, then Buckert at powerhouse, then back 
up to top of dam. 

By the time I got to top of dam, whirlpool had developed on upstream side 
of dam. I cannot give times. '.i'he Hhirlpool about 25 feet from upstreaia 
face of dan and 75 feet from right abutment. About 3-t feet to 4 feet 
in diameter. Stayed constant for awhile. There were two Gibbons a.nu 
Reed dozers pushing :riprap into hole. I did not feel the dam was going 
to callapse. I thought everything was salvageable. I was working to 
change operation of the dozers on upper side to build a ramp in order 
that trucks could bring in material. 

The dozers on downfa.ce were having trouble. The TD 15 was tied to the 
eight, Nhich ~1as nosed into the hole. I went to get another dozer to 
help them and by the time I got turned around they were gone. 

I would osti~~te it Ka~ about ll:CO a.m. shortly afte~ dozers were ~one. 


I was on to? o: r'..2.m. ·~'.;o ,:cze:::-s still ;iOrklnt'.; o~ u:pstream face. .Jid not 

pay attention to whi.rlpool. 


C-59 

http:downfa.ce


Shortly thereafter I moved two pickup trucks off the dam. At about 
ll:JO a.m., I would estimate, I called Buckert and told him dam going 
pretty fast and to have Bureau of Reclamation get people out doHnstream. 

About 10 o~ 15 Rinutes later we pulled the ~ozers off the upstream face 
of dam. Th</ went to southside and I went to northside of dam. 'dithiri 
one minute or one and a half minutes the dam collapsed. At 11:55 a.m. 
the dam collapsed. I looked at my watch when this happened. I went down 
stream within two or three minutes to help people. I did not return 
until about 1:00 p.m. 

I have carefully read the foreGoing statement, consisting of 3 :pages and 
declare it to be true and correct. 

/s/ V. M. Poxleitner, Jr. 

Subscribed and sworn to before me 
this 19th day of June, 1976. 

/s/ Vincent L, Duran, Snecial A<-;ent 

Vincent L. Duran, Special Agent 
U. S, Depart:ment of the Interior 
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COPY 


STATE OF Ida!'lo 
SS 

COUNTY OF Hadison 

I, Barry ~·T. Roberts , Ki~ :::!ircle Ho. 1, 

sworn make the following voluntary statement to Vincent L. Duran 
~~~~~~~~~~~~~~' 

who has identified himself to me as a Special Agent of the U. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as office engineer· of lfo::!'.'ri::on-Knudwen, Kiewit Teton Dam 
Project, Hewdale, Idaho. I have been on the project since December 197J. 

On June 5, 1976, I came to the office shortly after 9:00 a.m. on personal 
business. Ringel, nobison and Aberle followed me through the gate and. 
proceeded across the dam. As I came in I noticed the downstream right 
side of clam w2.s iwt. This was at the slope change and against the 
right abutment. I cannot estimate the volume. 

Shortly before 10:00 a.n., Robison requested of Buckert assistance in 
getting river outlet opc::-2.tional and. dozers to work on the downstream 
slope. For the next half hour I ;;as in the warehouse. 

At about 10:4-5 a.m. I was in the poHerhouse ~to get opening of 
river outlet O}?crational. At this time there was considerable water 
coming th::::-ou5h the dam. I can.riot estir.:ate the volume. There was no 
chas!'l. T!-ie le2.IGl£;<:: area ;.;2.s considerably la::::-[;er than when I 2.rrived. 
r did some work in the :power house a::-ea and at about 11:30 a.m. everyone 
at the powe::::-house do:;cicled. to evacuate. I thought at this time the dam 
was going to break., 

On the way up several peopJ.e stop:pecl on the south ridge. ;·later flowing 
and there 11as a sY.J.all brii.;e on the top of the clan on right side. I 
proceeded. to visitors overlook and b:,r the time I arrived the dar.i had 
collapsed. I esti;;iated the collapse at ll:L1-5 a.m. This was estimated 
because I had. no i<atc h wi t!1 ne. 

I did not see anything on the upstream face· of dam. Everything I did was 
on downstrea'TI side. 
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I do not recall seeing the tlozers working on downstream face or their 
loss. 

I have carefully read the foregoing statement, consisting of 2-1/4 
pages and declare it to be true and correct. 

/s/ Ba:r::ry W. Roberts 

Subscribed and sworn to before me this 
19th day of June, 1976. 

f§/_ Vincent L. L:uran, Sncci2l ..6.Pent 
Vincent L. :Jt.::ra,n, S:;_:iecial A:;cn-::, 
U.S. Department of the Interior 
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COPY 

STATE OF Idaho ) 

) SS 


COUNTY OF 11adison ) 


I, Donald lJ. Trupp , P.O. Box 3, 

___N_e_w_d_a_l_e~,__I_d_a_h_o________________________________________~, being duly 

sworn make the following voluntary statement to Vincent L. Duran , 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am employed as medical supervisor with Iforrison-Knudsen and Kiewit, 
Teton Dam Project, Neudale, Idfu'io. I began working on the project 
April 19, 1972. 

On Satu_-rday, June 5, 1976, at about lO:JO a.m. I was approaching the 
dam on the upper south rim road and saw water leaking throue:;h the 
dam on the downstrean: side, north side and approxirna tely l/l~ to l/J down 
from top and close to the side. The hole was foUJ:." to six feet in 
diameter with muddy water flowing. I went to the first aid office on 
the project and at about 10:35 a.m. telephoned my wife. I stayed in 
trailer and Iforrison-Knud.sen office the rest of the time. I saw the 
flow gradually increase and saw the dozers working on downstream side 
of dam. I saw them having problems. 

I did not see the whirlpool activity on the upstream side of the dam. 
I saw the dam collapse, but cannot estinate the time. I only saw the 
progressive increasing of the leakage. 

At about 11:30 a.m., I telephoned relatives in Wilford, Idaho, and told 
them they had better be ready for danger, because I thought the dc:.m might 
collapse. 

I recall at eight minutes to 12:00 noon, by my watch, several of us put 
out the alarm and the dam collapsed very shortly after this. 

I have carefully read the foregoing statement, consisting of ____2___ pages 
and declare it to be true and correct. 

/s/ Donald D. Trupp 

Subscribed and sworn to before me 
this 19th day of June 1976. 

/s/ 1lir;.cent L. J~1...2.n, =~(-:ci:::.l A~-:·ent 
Vincent L • .Juran, 0i)ecial Agent 
U.S. Oe~artnent of the Interior 
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WITNESS STATE1~"1.\.1TS BY OTHERS 

Henry L. Bauer 
Box 173 
Teton City, Idaho 

Dave Christer.se~ 
1420 Benton St., Apt. 1 
Idaho Falls, Idaho 

Ted v. Gould 
455 N. South w., 
St. Anthony, Idaho 

Richard B. Howe 
Rexburg, Idaho 

John F. Lee 
276 N. First E. 
Rexburg, Idaho 

Eunice J. Olson 
223 North 4th East 
St. Anthony, Idaho 

Mr. Lynn Schwendiman 
Mz"s. Lee Ann Schwendeman 
Rt. 1, Box 122 
St. Anthony, Idaho 
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Gopy

STATE OF Idaho

SS

COUNTY OF iadison

Henry Bauer Box 173 Teton City Idaho

________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am retired

farmed on northide of Teton iver where the dam built for 30 years My
farm was upstream of where the dam ultimately built always thought the dam

would be beneficial

On Saturday June 1976 storred on the northside dam approximately
1/2 mile urstream This was
between 1030 and 1100 a.m looked over the reservoir for about 20

to minutes The wateras very calm there was no wind The reservoir

1000 feet wide at this point

decided to go down to dam Time approximately 1115 a.m to 1130 a.xn

saw truck dump material on the upper face of the dam as approached
noticed whirlpool feet across ginst abutment and face of dam Large
commotion and muddy water Jater away from whirlpool was semiclear Then

large part of time 20 feet wide and 20 feet high sluffed off into whirlpool
one big chunk This created extra commotion in whirlDool and boiled up more
In matter of one minute the top section of the dam dropped and the dam
had collapsed never looked at my watch and am not sure of the time of

collapse

did not see dozers working on the upper side at the whirlpool area

talked to man in pea grepickup truck--he said to get out of area and

warn everyone could first stopped at Ken Remington potato farm warned him
and continued to warn others

saw no fishermen in the reservo when made observations saw no other

people on canron

No earthquake or tremor--no water ripple as result



2 I have carefully read the foregoing statement, consisting of 
pages and declare it to be true and correct. 

/s/ Henry L. Bauer 

Subscribed and sworn to before me 
this 2"rd day of June 1976. 

fs/ Vincent L . .Duran, S"".lecial Agent 
Vincent L. Ju.r2..n, Special Asent 

U.S. Department of the Interior 

Lsf Betty J. !i'o;.res, 2n<ocial Aeent 
Betty J. Foyes, Special Azent 
U.S. Department of the Interior 

C-66 I 



STATE OF Idaho ) 

) SS 


COUNTY OF Madison ) 


I, Dave Christensen, 1420 Benton St., Apt. 1, Idaho Falls, Idaho, 

being duly sworn make the following voluntary statement to Ivan L. 

Kestner, who has identified himself to me as a Special Agent of the 

U. S. Department of the Interior. No threats or promises have been 

made to obtain this statement. 

I am a Receiving Foreman at the Idaho Supreme Company Plant, Firth, 
Idaho. On June 5, 1976, my parents, wife, and children and I, visited 
the Teton Dam at approximately 10~00 a.m. and remained 10 or 15 
minutes. Our observations were made solely from the observation 
platform at the dam, and we did not view the reservoir or the reservior 
side of the dam. Upon arrival we saw a muddy stream coming from the 
mountain wall adjacent to the far or north end of the dam. We could 
see the muddy water mingling at the bottom of the dam with the com
paratively clear water flowing through the dam outlet. This stream 
originated at about 20 to 30 feet from the dam bottom. As we watched 
we could see a fr~e flow of water, volume unknown, but no gush of 
water. Just before leaving we noticed a darker wet streak on the dam 
face, starting from a point about 2 feet wide, about 30 or 40 feet 
from the place where the dam joined the mountain, and very near the 
top of the dam. This streak grew 15 or 20 feet wide as it reached 
the bottom of the dam. When we left about 10:15 a.m. we could see no 

signs of employee activity of any nature. We did see a bulldozer parked 
on top of the dam. 

I have carefully read the above statement and declare it to be true and 
correct. 

Isl David Wayne Christensen 

Subscribed and sworn to this 

23rd day of June 1976. 


Isl Ivan L. Kestner 

Ivan L. Kestner, Special Agent 

U.S. Department of the Interior 
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STATE OF Idaho

Ss

COUNTY OF iad1S0fl

Ted Gould Li5 South St Anthony Idaho

__________________________________________________________ being duly

sworn make the following voluntary statement to Vincent Duran

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am self employed

Saturday June 1976 was going to Teton Idaho to work on my trucks

ThIs was about 80 a.ra had two-way radios on same frequency as Gibbins

and Reed ai others and hc-ard talk about leak being at darn thougil little

of this but continued to htalk regarding equipment movement and the

leakage Then heard someone say there was hole in the dam

arrived about 930 a.m and went to visitor viewpoint gmali hole about

half-way up about 20 feet into dam on downstream side The water washing away

material and this made it muddy The dozers were just heading toward area to

fill in rock at the hole area The hole gradually got bigger and more water

flowing as watched Nore and more volume One dozer D-8 started slipping

into washed out arsa and D-15 tried to pull out Unsuccessful and about

1000 am the dozers washed away

Then big chunks of dirt fl1 out of hole and water appeared to be running out

of side abutment rock

was back in my truck about this time and heard someone on the radio mention

whirlpool on uretrean face and heard the pentalkinat there was

big trouble and probably not be able to stop This was possibly about

1030 a.m

left shortly therebr and went to Teton to check on my parents At

about 1100 a.n heard radio message over Gibbons and read about top of

dam going pusing riprap into whirlpool

called my zIfe and told her about the incident talked Gibbons and

Reed over the radio and he told me top washing out and dam going This

was about 1130 a.m did not see the actual collapse



I was back at the dam at a.bout 5:30 p.m. and saw water running out ~f 
abutment on the south side right Hhere the dam abutted against canyon wall. 

I have carefully read the foregoing statement, consisting of gi_ pages and 
declare it t~ be true and correct. 

/s/ Ted T1r. Gould 

Subscribed and m:orn to before me · 
this 2~i--c. day of June 1976. 

61 / 'li"n""n.i.... -r.:: .!..J• .,..,11-r-an , QD.'ci:::i1<.; .....,_...i.... A~...,n.L;...:.,,.... \,..p Lt T _) .._ ... ._.1 

Vincent 1. Ju::·an, Special A;cnt 
U.S. Department of the IntaYior 
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Ll.oyd Hopkins, 56 N. Second W., Rexburg, Idaho 

Einployed as Supervisory Electrician by Wismer and Becker at Teton Dam 

Project, Newdale, Idaho. 


Hopkins said during the period 6:00 p.m. to 7:30 p.m. on Friday, June u, 
1976, he W".!S at the da:n. a.roimd the powGl:" house area, which is locat~d on 
the south or left side at the do~mstren.m foot of the dmq. He said he 
opserved the e~tire do~~stream face of the da":'l more than once during this 
period and saw no e'1idence of a_11y leaks or water running anywhere on 
the face of the dam. 

Hopkins s~id at about 10:00 a.m. on Saturday, June 5, 1976, rick Cuffe, 
his supervisor, asked him to go to the dam because there were problems. 
He said he went directly to th nower house aTJd arrived at a.bout 10:30 a.m. 
He said U?On hi.s Rrrival he S!'>.if a leak in the do-wnstrec:..111 face of the 
dam near the north or r:~.:-;ht abutme~t and belc~-1 the ton of the dt:L":'l. He 
said he could not be mere sped.fie about the location nor could he estimate 
the volume of water. F.e s.9.id the wR.ter was Muddy. He said he saw one 
dozer falling in the hole cre~ted by the leak end another dozer trying 
to pull it out. He said shortly after th:l.s the two dozers were washed 
away by the water, but he cannot estimate the time. 

Hopkins aid he checked the availability of electricity at the power house 

in order to possibly o:oen the river outlet turmel. He said while he ~·ms 


doing his work several ~en were in the tunnel moving equipment out in 

order that the tunnel could be opened., 


Hopkins said that at about 11 :00 he and the se·1,reral other workers in the 
tunnel and powerhcmse area decided tl:ere ;.:as eminent dc:m~er and ev«cuRt.ed 
the area. P.e s~id he went to the Bureau of Eeclamation offices onthe 
south or left side of the dam. He said when he got to the o:'fices he 
saw two dozers, which were working at the ton of the dam, prenaring to 
withdraw from the top of the dcrn. He said he does not know wh~t time this 
was, but he knows the top of the dam calla.psed shortly theTe:::.fter. He 
said he' did not see the collanse, because he was preparing to leave for 
Rexburg, Idaho, and do what he couldto protect his home from the flood. 

This is not a signed statement because Mr. Hopkins was departing for 
California. 
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COPY

STATE OF Idaho

Ss

COUNTY OF Frrit

E1izab icxiard P.O Box 342 St Anthciy Id 83445

____________________________________________________________ being duly

sworn make the following voluntary statement to IVan Kesther

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement



I am employed as an Engineering Clerk, G.S-4, Ta:rghee National Forest. 

St. .Anthony, Idaho, and have been so enployed for three years. I have 

25 years of Federal Sei:vice. 

On Jtme 5, 1976, I visited the Teton Dam in the ccmpany of my son, Dale 

Howard, and his wife and his three daughters. We arrived at approximately 

9:30 a.m. or 9:45 a.m. and spent sane time observing and taking photo:;rrapis. 

Imnediately upon arrival our attention was drawn to a stream of water 

beginning about one third the distance fran the top pf the dam, and 

:running doim the angle between the dam face and the adjoining rock wall. 

'1.his was on the far or n"'orth side of the dam. I have no way of estimatinj 

the flCM of water other than to say it reminded me of a small wcx:xlland 

stream. As we watched for about half an hour the stream grav noticeably 

larger and it was v'i.silily creating a gully. We wondered whether sanething 

should not be done about this, but we SCM no signs of any activity 

associated with the strean and concluded it was a nonnal phenanen:m. 

At perhaps 10:00 a.m. or 10:15 a.m. we noted a wet spot on the dam face, 

slightly belCM the level at which the s:tre:mrt originated. This gr6'1 as 

a visilile wet s,EX>t and eventually began fall.in:J in. We were on the point 

of leaving the dam when a large collapse into this hole occurred. We 

then came back to watch further. This was approximately ll: 00 a.m. 

sane minutes after this a small bulldozer came dcwn the face of the 

darn and the operator appeared to inspect the hole in the canpany of a 

second man who walked dGm. This dozer then left and we SCM considerable 

top and nearby areas. About 11:15 a.m. a larger bulldozer arrived at 

2 
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the growin;:r fissure in t11e dam face and began pushing in e.arth and rock 

fran belo,...; the hole. It was joined by the smaller bulldozer which began 

noving earth and rock to a ,I;Dsition in which the larger dozer could push 

it into the fissure. In all I believe the dozers worked arout 20 to 30 

minutes before the earth gave way beneath the dozers and they were lost. 

For a fev minutes an atteropt was made to retrieve the larger dozer, 

which went into the hole first,~~~by pulling it free with a chain or 

cable frau the smaller dozer. Then both dozers were lost in the mud 

slide. 

We remained on the dJserva.tiai.'1 platfonn adjacent to the Reclamation 

Administration Buildin;:r U.""ltil dam collapse occurred at approximately 

12: 00 noon. My son had been taking pictures with his Yashika camera 

with telephoto_ lens until he ran out of film just before the top of 

the dam collapsed. I then began ta.k.ir:g pictures with my Instamatic 

camera. 

My obervations and that of rcy party were limited to the face of the 

dam as described arove. I took no particular note of the surrounding 
v* 

terrain and had no opr:ortunity to see the resewoir lalce behind the dam. 

The stream we originally noted. aweared. to be clear water until it 

bejml washin;:r CMay the bank and became muddy. The flCM fran the hole 

in which the bulldozers were lost was a mud flo;v until it leca£LLe mixr:rl 

water and mud. 
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I have read tbe arove statement crnsist.in~ li1 all of four typed pages, 

including this pcl.ge, and I declare tl1.c..<::. it is true and correct. 

Subscrjbed and sworn to before me 
th.is 22nd day of June, 1976. 

Ivan L. Kestner, S:pecial !>.gent 
U.S. Department of the Int?....rior 
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COPY

STATE OF IDAHO

ss

COUNTY OF N2DISON

Richard Howe of Rexburg Idaho

__________________________________________________________ being duly

sworn make the following voluntary statement to Ivan Kestner

who has identified himself to me as Special Agent of the

Department of the Interior No threats or promises have been made to

obtain this statement

am reporter for the KID Radio 1M and Television Station Idaho Falls
Idaho On the morning of June 1976 the day of the Teton Dam collapse

piloted light aircraft near the darn passing about three miles north

and 1000 feet above the darn was too distant to note seepage or breaks

on the dam face but did clearly obsezve the reservoir lake behind the

dam No turbulence or unusual features were visable in the water or

the adjacent landscape This observation took place about 1000 a.m

2t approximately 1145 a.m on the same day June learned that

warning had been given that the Teton Dam was in danger of collapse
immediately went to the airport at Rexburg and flew to the dam with

cameraman Paul Jenkins arriving within minutes after actual collapse
of the dam estimate our arrival at about 1200 noon began broadcast

ing an account of the flood as visible from the air and Jenkins secured

the only TV film footage taken in close proximity to the time of collapse
His footage was seen on CBS Network Television that evening

I--have carefully read the foregoing statement consisting of one page only
and declare it to be true and correct

signed Richard Howe

Subsárthed and sworn to before me this

22nd day of June 1976

sianed Ivan Kestner
Ivan Kestner Special agent
U.S Departhent of the Interior



STATE OF IDAHO ) 
) SS 

COUNTY OF MADISON\) 

I, John F. Lee, 276 N. First E., Rexburg, Idaho, being duly sworn 

make the following voluntary statement tu Vincent L. Du~an, who has 

identified himself to me as a Special Agent of the U. S. Department 

of the Interior. No threats or promises have been made to obtain 

this statement. 

I am self-employed. 

On Saturday, June 5, 1976, I leaving house to go fishing when my 
daughter called and told me heard dam breaking. I told her would 
stop by the dam and look. As I drove into visitors overlook on south 
rim at about 11:40 a.m. there was a hole in notth side of dam about 
3/4 way up on downstream side. The hole appeared to be 30 feet in 
diameter. I could not see water, but dirt was caving in from all 
sides. Small chunks like scoop shovels. Still could see white 
gravel at floor of canyon and muddy '1·7ater running. My brother Ore E. 
Lee, who was with me, commented that the dam going. The chunks of 
earth falling were now as big as a pickup. No water visible-looked 
air pressure blowing out from canyon wall. I looked bottom of canyon 
now a fuel tank going toward power house going upstream. Then large 
chunks of dirt, size of house falling in. The increase in size of 
chunks happened in about 30 seconds. Then water .came·over north rim 
of dam top and left area. This about 11:55 a.m. I did not look at 
watch. As I leaving Don Ellis, KRKX, came in to broadcast and I 
listened to his Broadcast as I heading home. 

All the action at the north canyon wall on downstream side. Appeared 
water coming out wall at first. 

Water hit Rexburg at my home at 2:32 p.m. 

I have carefully read the foregoing statement, consisting of 2 pages 
and declare it to be true and correct. 

Isl John F. Lee 

Subscribed and sworn to before me 
this 24th day of June, 1976. 

Isl Vincent L. Duran 
Vincent L. Duran, Special Agent 
U. S. Department of the Interior 
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STATE OF IDAHO ) 


) SS 


COUNTY OF FREMONT ) 


I, ~~~•E~u~R~i~c~e,_:r;J~._..O~l~s~o~n~~~~~~' 223 North 4th East 

St. Anthony, Idaho 

sworn make the following voluntary statement to Ivan L. Kestner , 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I am the Resource Clerk, GS-5, Targhee National Forest, St. Anthony, Idaho 

(U.S.Forest Service) and reside at St. Anthony, Idaho. 


On the morning of June 5, 1976 I visited the Teton Dam with two guests, 
Ms. Myrtle Worfolk and Miss Heather Chapman, both residents of Griffith 
Australia. We arrived at the dam at approximately 10:30 a.m. and upon reaching 
the observation platform found that two bulldozers were beginning work 
on the visible face of the dam at a point where a mud leak appeared to have 
developed. At that time the flow from the fissure had a Java-like appearance 
and seemed to consist solely of mud. It was absorbed into the dam face to 
a large degree. We watched as the bulldozer operators attempted to scrape 
earth and rocks into the fissure. At approximately 11:00 a.m. I became aware 
that the hole was growing in an accelerated way and the two bulldozers were 
In danger. Within a very short time the dozers were Jost and the operators 
scrambled to safety. We continued to watch until approximately 12:00 noon 
when total collapse occurred. I never had opportunity to look at the reservoir 
lake and r did not observe any other leaks or fissures other than that dealt 
with by the two bulldozers. Just prior to actual collapse Project Engineer 
Robison caused us to move back from the observation platform for safety. 

Ms. Worfolk and Miss Chapman each had cameras and took pictures of the collapse 
but to date I have been unable to retrieve these pictures. 

I have carefully read the above statement ~eclare it true and correct. 
-·· . -/Y.?~ / 

-, ; .7~ ><t / /~·-,,x._/ 
Subscribed and sworn to 

before me this 22nd day of 

June, 1976. ~ 


~d~~,~ 
Ivan l. Kestner, Special Agent 
U.S. Department of the Interior 
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COPY 

STATE OF Idciho ) 

) SS 


COUNTY OF Nadison ) 


Hr. Lynn Schwendiman 

~e, Hrs. Lee Ann Schwendeman Rt. 1, Box 122, 

,w., ~------------------------------~' 

__s_t_.__A_n_t_h_o_n~y__,_I_d_a_h_o~----------------------------------~' being duly 


sworn make the following voluntary statement to Betty J. Foyes
--------------------------' 

who has identified himself to me as a Special Agent of the u. s. 

Department of the Interior. No threats or promises have been made to 

obtain this statement. 

I, Lynn Schewendema:n am employed ·at tlie Idaho Stud Hill, St. Anthony, Idaho and 
on Satttrd.ay morning, June 5, Lee Ann was notified by CB radio that the Teton 
Dam was leaking. This was 11:00 a.m. exactly. 

We drove out to the dam, leaving our residence about 11:00 a.m. and arrived at 
the visitor's observation center on the south side of the Teton Dam about ll:;o 
a.m. or thereabouts. '.fo took a camera and film with us. \{hen we got to the dam 
there was just a big hole about 2/Jrds of the way down on the downstream face 
of the dam, about 75 to 100 feet from the north abutment. The water was 
pol:ZI'ing out of the hole and it had more the appearance of boiling mud than 
water. 

The two dozers working on the downstream side of the dam had already fallen in 
the hole and we could see one of them bouncing on top of the wave of water 
going down riv-er. There ;rnre no vehicles on top of the dam to the best of 
our recollection. 

We would estimate that the top:?of the dam collapsed about 11:5.5 a.m. As the 
dam continued to collapse ;;e were impressed by the fact that in the area about. 
halfway down the dam, as evidenced by the dark arc-shaped area on the south side 
of the break in our pictu:r.e numbeY 4, the dirt had apparently not packed since 
it came off like sand rather than in chunks. The same is true of the abutment 
side of the-~ hole. :·lhat dam fill was on the north side (canyon side) of 
the dam went fastest. There was no indication that there was any breakage on 
the abutment wall itself. If looked like a natural canyon wall. It 
looked like all that went was just the fill part. 

We had no impression of earthquakes or tremors,_ just the roar of the water. 
We took Polaroid. pictures, seven in number of the hole in the dam and t.':le dam 
collapsing. The No. l} picture mentioned above is one of the 7. :-le wish to 
retain the oricinals at the suggestion of Senator Richard Egbert (State 

:---:.-,-,., \~e...,,,to-r
J..>U -

f'.,-.~~. 
·--<~··~·;:._,.-j•._.. ..i...._..,_,r.,. 
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We have read the above statement consisting of two·and one-q_uarter pat;es 
and declare it to be true and correct to the best of our knowledge and. 
belief. 

/s/ IJynn Sc}-):-;endirnc..n 
Lynn 	Schwenciiman 

Jsj 	 Lee Ann ~::cb;:encU:r::an 
Lee Ann Sch1,endiman 

Subscribed anC.. sworn to befo~e 
me this 2Jrd. day of June 1976. 

/s/ Betty J. :::'o~ 

Betty J. ?ayes, Special A3ent 
U.S. 	Depaytment of the Interio~ 
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LAW ENFORCEMENT OFFICIALS - Notificatio:i Of Dam Collapse. 

Ford Smith, Sheriff of Madison County (County seat - Rexburg) advised 
in a telephone interview of June 21, 1976, that the Teton Dam was located 
on the joint boundary of Madison and Fremont Counties. He said he ~as 
advised by his dispatcher of the threatened dam collapse at a time he 
(Smith) recalls as 10:50 a.m., June 5~ 1976. he said the dispatcher 
called him immediately after receiving telephone notification from 
someone at the dam. He said that in the excitement generated by the 
call, the call from the dam was not logsed officially by the dispatcher, 
and calls in general were not logged for sometime thereafter. Sheriff 
Smith said he did not i!l1P.lediately accept the \·rnrning as valid, but he 
concluded that the matter was too serious not co act on the call and he 
began telephoning everyone he ~new in the pocential flood path, starting 
with a citizen resi.ding one and one-half miles from the dam. He said 
he believes Jt was 11:40 or 11:45 p.m. that he was told the dam was 
actually gone. He said none of his officers reached the dam site prior 
to the collapse but individual officers had driven as far as the village 
of Teton, warning households as they went, before they were turned back 
by flood waters.entering Rexburg. 

Blair K. Siepert, Chief of Police, Rexburg, Idaho, advised that his office, 
like the Sheriff's, made no official record of notice of the impending 
dam collapse. He said he was on a fishing trip and near Felt, Idaho 
about 25 miles above the Teton Darn, when he learned that the dam had 
collapsed or was on the point of collapsing. H~ said he "drove li:~e 
hell" to return to Rexburg, arriving at 1:45 p.m., a short time before 
flood waters reached the town. 

Thomas F. Stegelmeier, Sheriff of Fremont County (County seat - St. Anthony) 
advised on June 22, 1976, that his office officially logged a warning 
from the dam of pending collapse as of 10 :43 a .m., June 5, 1976. He 
said he irrunediately telephoned the Project Engineer, Robert Robison, 
at the dam and confirmed that Robison wanted persons living below the 
dam warning of the danger of collapse. Stegelmeier said he telephoned 
Ted Austin of Radio Station KIGO who also placed a call to Robison. 
He said Austin and Deputy Sheriff Craig Reinhart then left in the same 
vehicle for the dam, but it is his understanding that the dam had collapsed 
or was in the final stages of collapse before their vehicle reached the 
dc:.m. He said there were false radio accounts that St. Anthony was wiped 
out by flood, but in actual fact the flood was diverted by the terrain 
and did not damage property in St. Anthony. 

Ivan L. Kestner, Special A~ent 

C-80 




APPENDIX D. 


FINITE ELEMENT ANALYSES 



APPENDIXD 

HYDRAULIC FRACTURING AND ITS POSSIBLE ROLE 


IN THE TETON DAM FAILURE 


by 


H. Bolton Seed, T.M. Leps, J.M. Duncan and R.E. Bieber 

INTRODUCTION 

In recent years, cracking leading to excessive loss of drill water in the cores of a number of 
embankment dams has been attributed to the phenomenon of hydraulic fracturing; that is, a 
condition leading to the creation and propagation of a thin physical separation in a soil whenever the 
hydraulic pressure exerted on a surface of the soil exceeds the sum of the total normal stress on that 
surface and the tensile strength of the soil. A similar condition has also been suspected of occurring in 
the cores of several embankment dams due to reservoir water pressures. This has usually been the case 
in compressible cores of dams with more rigid outer shells, where the tendency for the core to settle 
or compress more than the shells results in a major reduction in stresses within the core. As a result, 
water pressures may exceed the sum of the normal stresses and tensile strength of the soil on certain 
planes within such zones of reduced stress, and cracking may develop along these planes. 

To date there does not seem to have been any case reported where similar hydraulic fracturing has 
occurred as a result of construction of a steep-walled key trench although the conditions required to 
produce hydraulic fracturing are as well-developed for this type of construction (compressible fill 
adjacent to relatively rigid rock) as they are for the cores of rockfill dams (compressible impervious 
soil adjacent to relatively stiffer rockfill). Accordingly the possibility of hydraulic fracturing 
developing in the key trench of Teton Dam was considered to merit serious consideration, and 
detailed studies have been conducted to investigate this possibility. 

The general hypothesis whereby failure could have occurred as a result of internal erosion due to 
leakage through cracks in the key-trench fill caused by hydraulic fracturing is illustrated schematically 
in Fig. I. If the grout curtain were fully or highly effective, the highly pervious nature of the 
upstream rock along vertical and horizontal joints would lead to a condition of essentially full 
hydrostatic pressures developing along some zones of the upstream face of the key trench. Even if the 
cutoff allowed some seepage under the key trench, high water pressures might still develop against the 
upstream face of the key-trench fill. As shown in Fig. 1, step 1, these pressures could cause fracturing 
of the fill where it came in contact with the joints. The resulting cracks would tend to be along the 
m'inor principal planes and would propagate longitudinally along the wall of the trench, permitting 
water to have access to the wall over a considerable length of the key trench. 

In a coincident or second step (step 2 in Fig. 1) the water pressures thus developed would tend to 
produce multiple fractures along transverse planes with low normal stresses acting on them due to the 
arching action of the fill over the soil in the key trench. This would provide access for the water to 
the downstream face of the key trench. 

Once this stage was reached, further fracturing could occur along minor principal planes for soil 
elements adjacent to the downstream wall of the key trench, again permitting the water to flow 
longitudinally until it found a convenient egress through open joints in the downstream rock. Erosion 
along the resulting flow path would ultimately lead to a piping failure of the embankment as 
discussed in a later section. 
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Analysis for Predicting the Possibility of Hydraulic Fracturing. 
In many cases where hydraulic fracturing is believed to have occurred, its development resulted by 
accident during drilling or monitoring operations. In recent years experimental and analytical studies 
have been developed for investigating the possibility of its occurrence. Experimental studies include 
laboratory tests on large models, which clearly showed that high water pressures induced in vertical 
holes could produce observable extensive fracturing in earth materials, and field bore hole tests where 
high pressures induced by filling the hole with water led to fracturing at the bottom of the hole and 
an initially rapid loss of water from the hole. Analytical studies have involved studies of the stress 
conditions causing fracturing at the bottom of drill holes and the stress conditions in the shell and 
core materials in embankment dams. These latter studies, accomplished by means of the finite 
element method of analysis, have shown that this procedure has the capability to show where zones 
of low pressure will occur in the cores of embankment dams and thus where hydraulic fracturing 
might be anticipated. It has been used in design studies of such dams in the past few years. 

It should be recognized that the use of finite element analyses to predict stress conditions in cores 
and key trench materials in this way requires the use of the most sophisticated analysis techniques 
and even then they should desirably be used in conjunction with some types of field test program to 
provide some check on the validity of the calculations. Furthermore, potential errors in the results 
would suggest that they are more useful as a guide to judgment than as an absolute indication of 
stress conditions. 

The best method of stress analysis of this type is one which determines the stresses on the basis of a 
reasonable representation of the non-linear stress-strain relationships for the construction materials 
and follows a step-by-step sequence representative of the construction sequence for the embankment 
under consideration. Such features are embodied in the finite element computer program ISBILD 
which was developed at the University of California, Berkeley (Ozawa and Duncan, 1973). For some 
of the analyses described in this appendix, Bieber (1976) developed a computer program which 
employs the same analysis procedures and stress-strain relationships as ISBILD. Results from Bieber's 
program were compared with results from ISBILD for a simple problem to insure that the new 
program would produce results which conform to those from ISBILD in all essential respects. 

The computer program ISBILD employs hyperbolic stress-strain relationships which model several 
important aspects of the stress-strain behavior of soils, including (1) nonlinearity, or decreasing 
modulus with increasing strain, (2) stress-dependency, or increasing stiffness and strength with 
increasing confining pressure, and (3) realistic variations of Poisson's ratio with strain and confining 
pressure. The parameters employed in the hyperbolic stress-strain relationships are listed in Table 1, 
together with descriptions of their physical significance and explanations of their roles in finite 
element analyses; a more complete description of these parameters is contained in a recent report by 
Wong and Duncan (1974). 

Using this procedure, two types of analyses may be performed - a total stress analysis using 
undrained stress-strain parameters, or an effective stress analysis using drained stress-strain 
parameters. Both approaches have limitations. For example, an effective stress analysis may be used, 
incorporating drained stress-strain parameters, to evaluate the effective stress acting on any plane 
within the soil mass. Gradually increasing water pressures may be introduced by means of nodal point 
loads, representing buoyancy and seepage forces, and the resulting changes in effective stress may be 
calculated. If this type of analysis is performed using hyperbolic stress-strain and strength parameters 
determined from conventional laboratory tests conducted with positive (compressive) values of a3 , 

which are often used to represent the non-linear stress-strain properties of soils, the modulus of the 
soil will approach zero as the calculated value of 0 3 approaches zero simply due to the method of 
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stress-strain formulation. This is an inherent characteristic of the hyperbolic stress-strain relationship 
which employs the following approximation of the variation of initial tangent modulus with 
confining pressure: 

E. = Kp (.::i..)n
1 a Pa 

where 	 Ei = initial tangent modulus 

K = modulus number 

Pa= atmospheric pressure 


= minor principal effective stress 0 3 

n = modulus exponent 


Because the modulus approaches zero as the effective stress is reduced, the soil tends to swell without 
limit and the calculated effective stress never reaches zero. The calculated effective stress therefore 
never becomes tensile, and the results of such analyses never indicate any likelihood for hydraulic 
fracturing, even for the most critical conditions where hydraulic fracturing would inevitably occur. 

Alternatively a total stress analysis may be used to assess the possibility of hydraulic fracturing. Using 
this approach the total stresses acting on any plane within the soil mass are evaluated and hydraulic 
fracturing is presumed to occur whenever the water pressure exceeds the sum of the total normal 
stress and the tensile strength of the soil; alternatively the procedure may be visualized as one in 

. which the effective stress on any plane is determined by subtracting the water pressure from the 
computed total stress. If the resulting effective stress is tensile and equal to or greater than the tensile 
strength of the soil, the inference is drawn that hydraulic fracturing would occur under the conditions 
analyzed. This total stress procedure is overly-conservative because it ignores the tendency of the soil 
to swell as the effective stresses on any plane are reduced; in effect the method assumes no tendency 
to swell during a reduction in stress equal to the water pressure. Furthermore the effects of creep 
movements in the soil under sustained loads are not considered. These limitations can be 
compensated for in the analysis by using a somewhat higher value of Poisson's ratio (expressed by the 
parameter G, see Table 1) than that which actually applies for the soil involved, and a range of other 
soil parameters. The best method to determine the appropriate value of G is to conduct field 
fracturing tests and compare the stresses required to cause fracturing with those computed using 
different values of G in the analysis. The value giving best agreement with field conditions is the value 
most likely to give the best assessment of the overall distribution of stresses and thereby the hydraulic 
fracturing potential from the analytical studies. Accordingly this procedure was selected for use in the 
present study. 

An added complication in the case of Teton Dam arises from the possibility that the soil in some 
sections of the key trench may have become saturated by seepage. Stations of primary interest range 
from about 12+50 to 15+50 and while it seems reasonably clear that the key trench fill for stations at 
12+70 and 13+70 would not have time to become saturated as the water level in the reservoir rose 
above the base of the trench at these locations, the same cannot be said for the key trench fill at Sta. 
15+00. At this location the base of the trench is at EL 5105 and the water level stood in the reservoir 
at about EL 5160 for a period of 4 months prior to April 1, 1976. Thereafter it rose to EL 5300 in a 
further period of 2 months. 

Whether or not these water head conditions would be sufficient to cause water to seep into and 
saturate the key trench fill depends on the permeability of the fill. Unfortunately data on this 
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Available Results from Taste on Teton Dam Materials

UU Test U-U Test Drained Test Drained Test Drained Test

Remoulded ML Remoulded CL Remoulded ML-CL Undisturbed at Undisturbed
at Compaction at Compaction at Compaction Field Water Content SaturatedParameter Symbol Role in Analysis
Water Content Water Content Water Content Boring 5255D4 Boring 5250IRU3

Stress values are proportional
to unitMoist unit weight moist satuweight 114 lb/ft3 120 lb/ft3 120 lb/ft3 119 lb/ft3 120 lb/ft31m rated or buoyant depending on

zone

Cohesion intercept Together determine how 1630 psf 1670 psf 750 psf 900 psf
strength varies with con

Friction angle fining pressure 32.5 30 35.4 38.5 29.5

Together determine how
Modulus number 770 1200 250 530 430

initial modulus_____________________ ________ tangent _______________ _______________ _________________ _____________________ ___________________ 
varies with confiningModulus exponent 0.32 0.22 0.37 0.64 0.15
pressure

Relates value of hyperbolic
Failure ratio to compressive 0.77 0.81 0.65 0.81 0.77Rf asymptote

strength

Poissons ratio at

031 atmosphere 0.28 0.20 0.36 0.24 0.33

and zero strain

Reduction in Poissons Together determine how
ratio for 10fold Poissons ratio varies with 0.11 0.10 0.17 0.12 0.25

increase in strain03 03 and

Increase in Poissons
5.0 3.2 3.9 3.5 1.6

ratio for 100% strain

Value of 03 at which

compression due to 03t
These parameters require special types of tests for their determination

wetting begins Together determine how much
The values used in the analyses were estimated on the basis of the amount

compression is caused by
of compression due to wetting of Teton Dam soils in tests done at BerkeleyVolumetric strain for wetting
and available data for other soils

change in 03 equal to

atmosphere

STRENGTH AND STRESS-STRAIN PARAMETERS

TABLE USED IN FINITE ELEMENT



property of the Zone 1 fill are highly variable. Preconstruction values determined by the Bureau of 
Reclamation show an average value of 0.25 x 10-6 cm/sec and 146 tests on record samples taken 
during construction tend to confirm this result, showing values ranging from 0.02 x 10-6 to 
3.6 x 10-6 cm/sec. On the other hand, horizontal permeability tests on 3 undisturbed samples taken 
during construction gave permeability coefficients ranging from 3 x 10-6 to 13 x 10-6 cm/sec while 
four similar tests at the University of California on samples taken from one block of soil from the key 
trench fill gave values ranging from 0.3 x 10-6 to 4.3 x 10-6 cm/sec. 

It seems reasonable to conclude from these data that the coefficient of permeability of the in-situ 
Zone 1 fill varies mainly from about 0.1 x 10-6 to 5 x 10~6 cm/sec. 

If the average permeability were 1 x 1 o-6 then a simple computation would show that for a head of 
55 ft, such as would exist near the bottom of the trench at Sta. 15+00 from Jan. 1 to April 1, 1976, 
the water would flow horizontally into the fill for a distance of only about 6 or 7 ft. At higher 
elevations the water penetration would be even less. 

On the other hand, if the coefficient of permeability of the fill were of the order of 5 x 10-6 cm/sec, 
as indicated by the undisturbed sample tests, the water would penetrate into the bottom of the fill a 
distance of 30 to 40 ft prior to April 1, suggesting, that by June 1, the major part of the key trench 
fill at Sta. 15+00 could have increased in degree of saturation. This raises the possibility that in this 
vicinity, arching of the soil over the key trench would occur not only due to the original differential 
compressibility of the soil and rock at the key trench elevation, but also due to some additional 
tendency of the fill in the key trench to settle slightly as a result of the wetting action. Although 
settlement due to wetting may be very small, it can never-the-less have a pronounced effect on the 
stress distribution in the key trench. 

Because of the uncertainty regarding the extent of wetting in the key trenches at the deeper sections, 
analyses of stress distribution were made for both conditions and a determination of the most likely 
condition was made by comparing the computed stress distribution with the results of field tests to 
measure the in-situ stresses at which hydraulic fracturing developed. The secondary effect of 
settlement due to wetting can be taken into account in a finite element analysis of stress distribution 
using a computer program written by Nobari and Duncan (1972) and this program was used, together 
with measured values of compression of the Teton Dam Zone 1 material due to wetting, to compute 
the stress distribution at Sta. 15+00 for the wetted key trench condition, in addition to the stress 
distribution for the normal fill placement condition. 

The purpose of the field test program was thus two-fold: (1) to investigate whether the soils in the 
vicinity of Station 15+00 showed any indication of having been saturated prior to the failure and (2) 
to investigate the appropriate value of Poisson's ratio or G, as used in the computations, to provide 
computed stresses in agreement with in-situ conditions. 

The value of G determined by the field tests corresponds to a sudden or short-term application of the 
water pressure. In a dam, the rate of application of the water pressure by a rising reservoir is much 
slower. The effect of the difference in rate of loading, with respect to the value of G, has not been 
systematically investigated, and thus represents an element of uncertainty in predictions of the 
potential for fracturing. 

Selection of Significant Soil Characteristics. 
As previously noted, the computation of the stress distribution in an embankment using the program 
ISBILD requires the determination of nine different soil parameters. These parameters are readily 
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determined from tria:xial compression tests and a number of such tests were conducted for this 
purpose. Since the primary interest in Teton Dam centers on the Zone 1 material, testing programs 
were limited to this material. 

Tests were performed on both laboratory-compacted samples and on undisturbed samples cut from 
the key trench fill after the failure occurred. The results of these tests are summarized in Table 1. 

As may be seen from the data presented in this table, the test data show considerable scatter for some 
of the parameters involved. However, in determining the stress distribution within the Zone 1 
material, the most significant of the highly variable parameters are K (the modulus number), n (the 
modulus exponent) and G, the factor determining the relationship between major, minor, and 
intermediate principal stresses. 

Because of the wide scatter in these values shown by the test data, it was decided to perform a 
parameter study to determine the effect of the values of K and n, within the range indicated by.the 
data, on the values of the stresses computed to develop in the Zone 1 fill. Accordingly stress analyses 
were made for the conditions at Stations 15+00 for the following conditions 

(1) K = 250; n = 0.07 
(2) K = 1000, n= 0.07 
(3) K = 250 n = 0.50 

Other parameters were maintained constant at their most likely values (e.g. G = 0.35; Y = 117 lb/ft3; 
c = 1650 psf, ¢= 31°; etc.). The results of these studies are shown in Figs. 2 and 3. Fig. 2 shows 
computed values of the major principal stress and Fig. 3 shows computed values of the minor 
principal stress at a number of representative points both in the key trench and throughout the Zone 
1 fill. It may be seen that, in spite of the wide variations in K and n, the values of the computed 
stresses do not change appreciably, indicating that the stress analysis procedure is insensitive to 
reasonable variations in these parameters. In view of this it was considered appropriate to use 
representative values, based on the test data and on experience with determinations of parameters for 
other soils. On this basis, the following parameters were selected for use in all further analyses: 

y = 117 lb/ft3 

c = 1650 psf 

¢ = 31° 

K =470 

n = 0.12 

Rf = 0.79 

F = 0.10 

d =4.0 


The value of G was left variable at this stage pending the completion of field tests to determine the 
stresses at which hydraulic fracturing occurred in the field. Three such tests were conducted in the 
embankment and key trench fill near the left abutment at Stations 26+00 and 27+00, where the key 
trench sections closely resemble those at Stations 15+00 and 13+70 on the right abutment 
respectively. 

Field Tests for Hydraulic Fracturing 
Several field tests were performed to measure the water pressures required at different points in the 
Zone 1 section in the unfailed portion of the dam to measure the water pressure required to cause 
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hydraulic fracturing. Previous studies have shown that this water pressure should be closely equal to 
the sum of the minor principal stress at the point in question and the tensile strength of the soil at 
that point. 

Sections chosen for study were Station 26+00, where the stress conditions were considered to be 
somewhat similar to those at Station 15+00 on the right abutment and Station 27+00, where 
conditions were similar to those at Station 13+70 on the right abutment. 

Test No. 1 - Station 26+00 
The first test was performed at Station 26+00 where fracturing was induced at El. 5210 under a water 
head of 101 ft, corresponding to a pressure of 6.3 ksf. The location of the test, superimposed on the 
cross-section at Station 15+00, is shown by point A in Figs. 4 and 5. Also shown in the figures are the 
computed stress conditions required to cause hydraulic fracturing in the vicinity of A for three 
different values of the parameter G and for the case where the key-trench fill is assumed to be 
unwetted (Fig. 4) and wetted (Fig. 5). It was estimated that the tensile strength of the Zone 1 fill was 
about 0.4 ksf for this purP.ose. It will be seen that, in Fig. 4 the computed stress required to induce 
fracturing at point A is about 6.5 ksf for G =0.35, while in Fig. 5, the computed fracturing pressure 
is about 6.3 ksf for G = 0.35. Both of these computed results are in excellent agreement with the 
measured pressure causing fracturing in the field, but results for other values of G are significantly less 
favorable. 

Test No. 2 
The second test was performed at Station 26+00 in a depth range between Els. 5133 and 5161, and 
fracturing developed when the head of water acting on the soil reached an average elevation of 5293. 
As described in Chapter 3, it seems reasonable to believe that fracturing occurred at about El. 5147 so 
that the corresponding head causing fracturing would be 146 ft of water or a pressure of 9 .1 ksf. The 
location of such a test position superimposed on the cross-section at Station 15+00 is shown by point 
B in Figs. 4 and 5. Also shown in the figures are the computed stress-conditions required to cause 
hydraulic fracturing in the vicinity of B for three different values of the parameter G and for the case 
where the key-trench fill is assumed to be unwetted (Fig. 4) and wetted (Fig. 5). It may be seen that, 
in this case also, reasonably good agreement is obtained between the measured pressure required to 
cause hydraulic fracturing (9.1 ksf) and the computed pressure for the case where G =0.35 and the 
key-trench fill is assumed to be unwetted (8.8 ksf). Poorer agreement is obtained for higher and lower 
values of G. However the much lower values indicated for all values of G by an analysis performed for 
a wetted key-trench fill suggests that this type of analysis would not provide realistic results for the 
section under investigation, and indicates that the key-trench fill was probably not wetted before the 
failure. It might also be noted that the results of this test indicate the tensile strength of the fill to be 
of the order of 0.4 ksf (see Chapter 3). 

Test No. 3 
The third test was performed at Sta. 27+00 in a hole drilled to El. 5190. The hole was then filled with 
water to El. 5315 but no evidence of hydraulic fracturing was observed. The pressure at the bottom 
of the hole under this head was 7 .8 ksf. The location of this test point superimposed on the 
cross-section at Station 13+70 is shown in Fig. 6. It may be noted that for G = 0.35, the 
corresponding value of the computed pressure required to cause hydraulic fracturing at this location 
is only 6.4 ksf. It seems likely, based on the results shown in Figs. 5 and 6, that a computed pressure 
in good agreement with the field test result might have been obtained if the analysis had been made 
for G = 0.4. 

However in view of the good results obtained for Station 15+00 using G = 0.35 and an unwetted key

trench fill condition, together with the uncertainties necessarily introduced by other aspects of the 
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analyses it was concluded that analyses based on these conditions would provide an adequate 
indication of the stress distributions in the embankment at sections of primary interest and a useful 
guide to the associated potential for hydraulic fracturing. Having thus established a reasonable set of 
analysis parameters and conditions, computations of stress conditions were then made for the 
embankment sections at Stas. 12+70, 13+70 and 15+00. The results of these analyses are described 
below. 

Analysis of Section at Sta. 12+70 
An idealized cross-section through the embankment at Sta. 12+70 is shown in Fig. 7. Before 
discussing the computed values of stresses developed throughout the embankment it is useful to note 
the stress conditions in a soil element adjacent to the upstream face of the key trench. Such an 
element is shown in Fig. 8 together with the orientations of the major and minor principal stresses. 
Since hydraulic fracturing is likely to occur first on the plane with the lowest value of normal stress it 
will always tend to be initiated on the minor principal plane, which for the element shown is inclined 
inwards at about 30° to the vertical. On the centerline of the trench the minor principal plane will be 
essentially vertical while on the downstream side of the face of the trench it will be inclined at the 
opposite direction to that shown in Fig. 8. Whether or not fracturing will occur on such planes 
depends on the relative values of the water pressure on the face of the trench and the minor principal 
stresses in soil elements adjacent to the wall of the trench. 

A comparison of these stresses is shown in Fig. 7. Values of the minor principal stress developed in 
different elements of the finite element mesh are shown directly in the elements in ksf units and the 
hydrostatic water pressures assumed to develop in a highly jointed rock for a reservoir level of 5300 
(the elevation at the time the dam failed) are shown adjacent to the elements in parentheses. It may 
be seen that for this section hydraulic fracturing of the type described above is only indicated for the 
outer rows of elements in the bottom part of the trench (shown shaded) and elements on the 
downstream side would only fracture if full hydrostatic pressure could develop in this area. In these 
elements and zones, however, the analyses would indicate the onset of hydraulic fracturing which 
could be expected to propagate from any point of initiation in a longitudinal direction, providing the 
possibility of full hydrostatic pressures developing over a substantial area near the lower part of the 
upstream face of the key trench. The resulting fractures are illustrated schematically in Fig. 9. 

With regard to the possibility of hydraulic fracturing in the transverse direction it is necessary to 
compare the hydrostatic water pressures with the sum of the normal stress on the transverse section 
and the tensile strength of the soil as illustrated in Fig. 10. A comparison of the computed normal 
stress on the transverse plane with the full hydrostatic pressures is shown in Fig. 11. It may be seen 
that the analysis indicates that the stresses developed at all elevations in this section would be 
sufficient to preclude the possibility of transverse fracturing. 

However with the reservoir level at El. 5300 the study would indicate that full hydrostatic water 
pressures could move through fractures along the upstream face, and along the downstream face, 
possibly finding egress through transverse fractures which might form at other sections of the 
embankment. This possibility is explored further below. 

It is appropriate to point out at this stage that the walls of the key trench were not smooth as shown 
schematically in the sections used for analyses. Thus in addition to fracturing along the faces of the 
key trench, longitudinal movement of water might also be facilitated by zones of lower compaction 
underlying projections on the face, thereby compounding the conditions discussed above. 

For simplicity in explanation, the grout curtain has been assumed to be fully or nearly fully 
impermeable. Under this condition, full reservoir pressure can reasonably be assumed to act on the 
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upstream face of the key-trench fill. It is evident. however, that the calculated potential for hydraulic 
fracturing depends greatly on the actual water pressure. Since the efficiency of single-line grout 
curtains in rock, when determined by piezometric observations upstream and downstream of the 
curtains, has in reality turned out to be remarkably low, the actual water pressures are established by 
the conditions of flow through the foundation and curtain, and may be substantially less than full 
reservoir pressure. Therefore, the susceptibility to hydraulic fracturing determined by the foregoing 
calculations represents an upper limit. 

Analysis of Section at Station 13+70 
Analyses similar to those presented above, but for the embankment cross-section at Station 13+70, 
are shown in Figs. 12 and 13. Fig. 12 shows values of the minor principal stress at element locations 
throughout Zone 1, together with values of the hydrostatic water pressures in the upstream jointed 
rock for a reservoir level of 5300 (the level on the day of the failure). The shaded zone shows those 
parts of the key trench where the water pressure exceeds the sum of the minor principal stress and 
the estimated tensile strength of the key trench fill, and thus where inclined longitudinal fracturing as 
shown in Fig. 8 can be expected to occur. It may be seen that such fracturing could extend about 40 
ft above the base of the key trench at this section and that longitudinal flow of water along fractures 
could occur all the way across the section. 

Fig. 13 shows values of the normal stresses on the transverse section, together with values of the full 
hydrostatic pressure on the day of failure. Here it is apparent that transverse fracturing could occur to 
a height of about 20 ft above the base of the trench. 

A combination of the two hydraulic fracture patterns shown for Sta. 13+70 would provide a 
continuous flow path for water from joints in the upstream rock to open joints in the downstream 
rock, providing a mechanism for erosion of the highly erodible Zone 1 fill. 

The question might be raised whether, in fact, full hydrostatic pressures could be developed on the 
downstream side of the key trench fill. Until a continuous flow path developed, piogressive fracturing 
could readily lead to the development of full hydrostatic pressures in all parts of the fracture system. 
Once the water found an outlet path, some loss of pressure would inevitably occur. If this loss of 
pressure was appreciable, the fracture might close, and if this happened flow would stop. Cessation of 
flow, however, would quickly lead to reestablishment of full hydrostatic pressure conditions, which 
would result in reopening of the crack. Thus, once a continuous seepage path had been established 
from upstream to downstream, it seems likely that flow would continue, perhaps on an intermittent 
basis in the early stages but on a continuing basis as progressive erosion developed in the key trench 
and later the embankment fill. 

Analysis of Section at Sta. 15+00 
Analysis of the stress conditions for the embankment sections at Station 15+00 are shown in Figs. 14 
and 15. Fig. 14 shows values of the minor principal stress at element locations throughout Zone 1 
together with values of the hydrostatic water pressures in the upstream jointed rock for a reservoir 
level of 5300. It is apparent that for these stress conditions, hydraulic fracturing in a longitudinal 
direction could at this stage extend through virtually the full area of the key trench, although very 
high pressures would prevent its development in the upper center part of the trench. Hydraulic 
fracturing would also be indicated in a substantial zone near the base of the Zone 1 material in the 
main body of the embankment. 

Somewhat similar results are indicated in Fig. 15 which shows the distribution of normal stress on the 
transverse section at this station. Again the low values of lateral stress developed in the key trench 
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would indicate that hydraulic fracturing could extend through the full depth of the trench except for 
a small zone in the upper part of the trench on the downstream side. 

Summary of Results 
In assessing the significance of the zones of potential hydraulic fracturing shown in Figs. 7 to 15, it 
should be noted that the determinations were made by comparing the stresses developed in the 
embankment and key trench fills with the full hydrostatic pressures in the adjacent rock on the day 
of failure when the reservoir elevation was 5300. On dates prior to this, the stress levels in the fill 
would be essentially the same, but the reservoir level and corresponding hydrostatic water pressures 
would be substantially lower so that the potential zones of hydraulic fracturing would be greatly 
reduced. 

For example with the reservoir level at El. 5255 (as it was on May 20, 1976) the hydrostatic water 
pressures in the upstream jointed rock would only be sufficient to cause hydraulic fracturing in the 
bottom 10 ft of the key trench at Station 15+00 and none at all for Stas. 13+70 and 12+70. This 
condition is best illustrated by the longitudinal section drawn through the centerline of the key 
trench on the right abutment shown in Fig. 16. The analysis indicates only a very small zone in the 
vicinity of Sta. 15+00 where the water could move horizontally and vertically through 
hydraulically-induced fractures on this date, May 20, and for a reservoir level of 5255. 

As the water level rose, the extent of the zone in which fracturing could occur naturally increased, 
but reference to Figs. 11 and 12 will show that even when the reservoir level rose to El. 5275 
hydraulic fracturing would still not yet have developed at the bottom of the key trench at Station 
13+70. This reservoir elevation was reached on May 25, 1976 and Fig. 17 shows the estimated extent 
of the zone of hydraulic fracturing in the key trench on this date. 

Finally, by the time the reservoir reached El. 5300 on June 5, 1976, transverse hydraulic fracturing 
would become possible in the bottom section of the key trench at Station 13+70 and it would extend 
to a greater height at Sta. 15+00 as shown in Fig. 18. Note however that it is never likely to occur 
beyond about. Sta. 16+00 because the key trench downslope of that station wa:s either very shallow or 
non-existent, and it does not seem likely that it would develop upslope of about Station 13+20 
because the stress conditions beyond that point are unfavorable to its development. 

Figs. 16, 17 and 18 provide an excellent summary of the extent of the potential zone of hydraulic 
fracturing, as estimated from the results of the preceding analytical studies. It is interesting to note 
that they only indicate the development of a substantial zone of vulnerability due to this cause in the 
10 days before failure actually occurred and that the location of the indicated zone of fracturing 
coincides closely with the zone in which piping finally developed (between about Stations 13+50 and 
15+00). 

While the potential for hydraulic fracturing to provide a flow path for water through the key trench is 
a significant aspect of any potential failure mechanism, it must be coupled with the possibility of 
erosion of soil and therefore the possibility of removal of eroded material through open joints in the 
downstream rock, at least in the early stages of failure development. Accordingly also plotted on the 
longitudinal sections shown in Figs. 16, 17 and 18 is the approximate location of the bottom of the 
open-jointed, highly pervious rhyolite in the vicinity of the key trench. 

Consideration of the position of this material in conjunction with the estimated extent of the zones 
of hydraulic fracturing on May 20 (Fig. 16), May 25 (Fig. 17) and June 5 (Fig. 18) would seem to 
indicate that it was not until the reservoir elevation reached about El. 5290 on June 1 that the 
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complete flow path through highly pervious rock, through extensively fractured key trench fill and 
again into highly pervious rock would exist to permit the initiation of internal erosion and the 
mechanism which finally could lead to failure of the dam. 

The remarkable coincidence of the critical zones for hydraulic fracturing, and the time at which it 
could develop, with the zone of failure and the time of failure would seem to lend considerable 
support to the hypothesis that hydraulic fracturing of the soil in the key trench may well have been a 
contributory cause to the failure of Teton Dam. However it should be noted that the potential zones 
of hydraulic fracturing would tend to be reduced if water pressures on the upstream face of the 
trench were substantially lowered as a result of leakage through the grout curtain. Thus the analysis 
presented above indicates an upper bound on the extent of hydraulic fracturing which might have 
occurred. 

The hydraulic fracturing hypothesis presented above necessarily raises other questions concerning the 
dam failure. Foremost among these would have to be the question of why failure was initiated on the 
right abutment rather than the left. The key trench sections were remarkably similar on both sides 
and an analysis similar to that described in the preceding pages for stations on the left abutment of 
the dam would undoubtedly lead to somewhat similar results with regard to the potential for 
hydraulic fracturing. 

In the final analysis therefore it must be considered that if hydraulic fracturing were responsible for 
the leakage through the key trench fill, initiation of failure on one side of the damsite rather than the 
other would be related to the question of minor geologic details and the fact that the joint system in 
the rhyolite was more extensively developed and adversely aligned to facilitate seepage and internal 
erosion on the right abutment than on the left. However the hypothesis would seem to indicate that 
if this mechanism of failure developed, given similar rock conditions in the left abutment, it would 
only have been a matter of time before seepage and internal erosion occurred on that side also. 

Finally, it is worthy of note that, although it is assumed that hydraulic fracturing will occur in a 
fine-grained soil whenever the water pressure exceeds the sum of the minimum compressive stress and 
the tensile strength of the soil at a given point, the phenomenon is not yet fully understood and 
deserves research on a variety of materials under different boundary conditions and under controlled 
laboratory conditions. When a better physical understanding of the creation and propagation of 
cracks by water pressure has been achieved, the criteria for initiation of hydraulic fracturing utilized 
herein may require modification. 

Significance of Key Trenches 
The preceding discussion necessarily attaches considerable significance to the role of the key trenches 
in reducing the stresses in the key trench fill and thereby facilitating hydraulic fracturing and 
accompanying erosion. In order to further investigate the effects of the key trenches on the stress 
distribution and to provide a qualitative rather than a quantitative assessment of their significance, a 
series of studies was conducted for the conditions at Sta. 15+00 in which the vertical stresses 
developed in the embankment were expressed as a proportion of the total weight of overburden, for 
all points in the embankment. The results are expressed as contours showing the developed vertical 
stress as a fraction of the direct overburden pressure. Analyses were made for four conditions. 

1. For the actual section at Sta 15+00 with no allowance for wetting of the Zone 1 fill in the 
key trench or the embankment. 

2. For the section at Sta 15+00 if the key trench had not been constructed and with no 
allowance for wetting of the Zone 1 material. 
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3. For the actual section at Sta 15+00 with allowance for wetting of the Zone 1 fill to the 
extent indicated in Fig. 13. 

4. For the sections at Sta. 15+00 if the key trench had not been constructed but the Zone 1 
fill had been wetted to the extent indicated in Fig. 13. 

The comparative results for analyses 1 and 2 above are shown in Fig. 19 and for analyses 3 and 4 
above in Fig. 20. The effects of arching over the key trench and the considerable reduction in stresses 
in the key trench fill resulting from the presence of the key trench is readily apparent from these 
figures, confirming the fact that the use of key trenches on the sides of the abutments invited the 
development of arching, stress reduction and the accompanying onset of hydraulic fracturing and 
internal erosion. 

Mechanism of Failure by Hydraulic Fracturing 
The discussion presented in the preceding pages has shown clearly how the phenomenon of hydraulic 
fracturing could provide a continuous flow path through the key-trench fill in critical locations, if all 
features of the grout curtain had functioned adequately. The flow path in the early stages of its 
development would necessarily start in highly pervious rock, pass through fractures in the key-trench 
fill and then continue through highly pervious rock. 

Whether the initial flow started by hydraulic fracturing or leakage in the rock just below the grout 
cap, the flow path would have to develop into a continuous pipe through the embankment in order to 
lead to the massive seepage which developed in the one or two hours just prior to complete failure 
and which through accompanying erosion led to the breaching of the embankment. It is of interest to 
speculate therefore on the manner in which this transition might have developed. 

Playing a key role in this aspect of failure was undoubtedly the specific character of the joint systems 
in the rock in the vicinity of Station 14+00 and the highly erodible nature of the Zone 1 fill. As 
observed in the field, there were a number of open joints in the rock plunging down to and below the 
base of the key trench on the upstream side of the key trench between Stas. 13+90 and 14+10. 
Similar but narrower joints could readily be identified at locations 10 to 20 ft on both sides of this 
zone. 

Readily identifiable exit paths for water on the downstream side of the key trench in this vicinity 
could similarly be noted as follows: 

(a) a limited number of open vertical joints in the relatively sound rhyolite below about El. 
5200 

(b) a maze of open horizontal and vertical joints in the highly fractured and jointed rhyolite 
between about Els. 5200 and 5240. 

and (c) a 25 ft thick layer of highly pervious talus and slope wash between Els. 5240 and 5265. 

Characteristically the primary open vertical joints in the downstream pervious rock angled in plan at 
about 45° from the dam axis towards the river, so that water entering this joint system would be 
expected to flow primarily in this direction until it encountered a more accessible outlet path near 
the face of the abutment rock, where joints were abundant in all directions. 

Thus the general path of seepage and erosion, both as evidenced by the field and analytical studies 

and by the observed backward path of erosion towards the whirlpool during the failure itself would 
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indicate that failure was probably initiated in the key trench in the vicinity of Sta. 14+00, and then 
progressed downstream approximately along the section ABC shown in Fig. 21. A cross-section 
through the embankment along section ABC is shown in Fig. 22. 

The overall progression of piping leading to failure might thus be visualized as follows: 

Several days before the final failure, leakage through the key trench fed water at a slowly 
increasing rate into a number of diagonal joint systems; a portion of this flow entered the 
joints directly, and a portion entered via the overlying highly fractured rhyolite and talus 
above El. 5200. As the joint systems began to fill with water, aided by water flow around 
the end of the right abutment key trench fill, quiet discharges of water occurred several 
days before the actual failure. Some of the discharges emerged along the base of the 
canyon wall downstream from the dam (see locations 1 and 2 in Fig. 21) and some moved 
as subsurface flows into the contact zone of talus and heavily jointed rock beneath the 
Zone 2 and Zone 5 portions of downstream part of the embankment (Fig. 22). 

Thus the critical escape route for leakage was the multitude of partially filled void spaces 
in the loose slab by rock just beneath the Zone 1 fill downstream from the key trench. 
Significantly, materials partially filling void spaces in this zone of rock would be 
unaffected by overburden pressures from the overlying fill because of the sheltering 
action of the loose rock structure. Accordingly, the leakage conveyed to this medium by 
flow across the key trench at Station 14+00 and thence flowing downward and to the left 
towards Sta. 15+00, found not only an almost free exit in the near-surface rock but also 
escaped in channels that were of such size that they could easily convey soil particles 
eroded from the core of the dam. Thus of paramount importance was the possibility for 
leakage flows occurring immediately along the core-to-rock interface to loosen and erode 
the compacted silt from Zone 1. Although the fill was probably well-compacted, those 
parts of the fill beneath minor overhangs would inevitably be sheltered from overburden 
pressures and thus locally vulnerable to erosion. 

In this way the initial seepage probably eroded a small channel along the base of the dam, 
both upstream and downstream as shown in Fig. 23(a), with the seepage flowing under 
the Zone 2 material, down the talus on the upper part of the right abutment and finally 
emerging as the leak at the toe of the dam on the morning of the failure. 

As the flow continued, further erosion along the base of the dam and a resulting 
concentration of flow in this area, led to a rapid increase in the size of the eroded channel 
as shown in Fig. 23(b ). At this stage water probably began to emerge at the contact of the 
embankment with the underlying rock at about El. 5190 to 5200. 

Progressive erosion led to continued increase in the size of the channel along the base of 
the dam, and perhaps some erosion of the soil above Zone 2 as shown in Fig. 23(c), until 
finally the water pressure was sufficiently great to break suddenly and violently through 
the Zone 2 fill and erupt on the face of the dam as shown in Fig. 23(d). 

Beyond this point the progressive formation of sinkholes, both upstream and 
downstream, as illustrated in Fig. 23(e), provided an ever-accelerating mechanism for 
internal erosion, finally leading to complete breaching of the dam as illustrated in Fig. 
23(f). 
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This general concept of the mechanism appears to be consistent with the photographic 
record of the development of the failure. 

It should be noted that even this rather detailed description of the failure mechanism does not 
provide a final answer to the specific cause of failure of Teton Dam. Clearly many aspects of the site 
and the embankment design were contributory to the failure, but because the failed section was 
carried away by the flood waters, it will probably never be possible to resolve whether the primary 
cause of leakage in the vicinity of Station 14+00 was due to imperfect grouting of the rock just below 
the grout cap, or to hydraulic fracturing in the key trench fill, or possibly both. There is evidence to 
support both points of view. Nevertheless, while the specific cause may be impossible to establish, 
the narrowing of the possibilities to these two aspects of design and construction is likely to serve as 
an important lesson in the design and construction of future projects of this type. 
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APPENDIX E 

POST-FAILURE JOINT MAPPING 



This appendix includes the following items: 

1. 	 GEOLOGIC EXPLANATION AND LOCATION MAP 
A legend of geologic units and symbols and a map showing 
the locations and orientations of geologic sections in 
the right abutment. 

2. 	 STRIP MAPS OF THE RIGHT ABUTMENT KEYWAY FROM SPILLWAY TO 
RIVER CHANNEL showing joints 10 ft and longer. 

3. 	 GEOLOGIC SECTIONS 

A-A1 parallel to dam centerline 100 ft downstream 
B-B1 parallel to grout cap 10 ft downstream 
C-C1 parallel to grout cap 10 ft upstream 
D-D1 parallel to dam centerline 150 ft upstream 

4. 	 EXPLANATION OF FIELD OBSERVATIONS 

5. 	 TABULATION OF JOINT CHARACTERISTICS CROSS REFERENCED TO 
GEOLOGIC SECTIONS 

6. 	 FIGS. E~l THROUGH E-24 

Photos of joints in right abutment of Teton Dam 


7. 	 Memorandum from Project Construction Engineer, Newdale, Idaho, 
to U.S. Bureau of Reclamation, Director of Design and 
Construction, Denver, Colorado, dated March 14, 1976, 
Subject: Proposed Treatment of Fissures and Cavities in 
Right Abutment Key Trench 
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GEOLOGIC UNITS 

WELDI!!> ASff-FLOW 1UFF (Tsv). Tertiary silicic volcanics of rhyolite COlllpOSi

tlon. The tuff is variably welded, generally porphyritic with light 
colored feldspar phenocrysts up to 1/4 inch within a fine- to medium
grained tuff matrix. Very lightly to locally moderately vesicular 
with vesicles (up to 3/8" in size). Moderately to lightly jointed 
(joints spaced 1110stly froa 1 to 6 feet) with intensely jointed zones 
(joints spaced less than 0.5 ft. apart). Joints are tight to open 
up to 1/4", but locally up to 4 inches. Many joints are stained with 
li1110nite, heaatite, 1118Jlganese and some calcite. Most of the flow is 
characterized by a faintr to distinct foliation that is caused by 
flattened, wavy streaky, Jight colored pumice fragiaents (and s011te 
lapilli) and by so8e zones or areas of flattened or elongated 
vesicles. The rock generally is hard; hand size specimens break with 
a moderate luumer blow. The color is variable from light gray to 
medium gray with shades of red, brown and purple. 

The welded ash-flow tuff formation exposed upstrellJll of the grout curtain 
is divisible into 3 units: Tsv1, Tsv2, and Tsv3. These units are 
difficult to trace or differentiate downstrean of the grout curtain. The 
middle unit, Tsv2, appears to pinch out or terminate downstream of the 
grout curtain and the upper platy unit, Tsv1, appears to thicken down
stream of the grout cap. 

Light gray-brown in upper part grading to light to 
mediUll gray in lower part and forms irregular ragged ou~
crops. Platy: Lenticular and tabular plates aostly 2 
to 6 inches thick but some up to 18 and 24 inches thick. 
The plates dip at low angles and are about parallel to the 
faint foliation. Spaces between plates are 1/4 inch up 
to 2 inches open. Some plates are coated with calciteTsv1 up to 1/4 inch; caliche and silt fill aany of the openings 
in the upper 5 to 6 feet of the unit. The near vertical 
jointing strikes N 30° ~ 60° E and N 60° - 90° E, spaced 
froa about 3 to 10 feet apart. Most of these joints are 
tight, planar and S11100th and about half are stained with 
iron, manganese and calcite. 

Gradational with upper platy unit and is marked at 
lower contact by a breccia zone. The unit, which is 
about 60 feet thick upstrean of the grout cap, dips gently 
downstream (westward) and appears to pinch out or term
inate against a strong NW trending joint about 15 f~et 
downstream fre111 the grout cap. 

Medilllll to dark gray. Forms many near vertical cliffs 
along the abutment upstream of the grout cap. Joint
ing, much of which is foliation jointing, is moderate 
to· locally intense, (aostly 1-2 feet), mostly high 
angle and trends N 10° to 40° W. Most joints are tight, 
planar to wavy and SlllOOth, but some joints are rough 
and open up to 4 inches. Calcite coats many of the 
joints and fills s011te joints up to 1/2 inch thick. Iron 
and 11aI1ganese stains many of the joints. The foliation, 
which is faint to distinct, appears to dip at high angles 
in contrast to the low dipping foliation in the over
lying and underlying units. 

Breccia Zone - This zone forms the contact between Tsv2 and Tsv3
and is quite irregular and varies from a single zone about 2 
inches thick up to several zones that occur over a thickness 
of up to about 10 feet. The zones consist of brecciated and 
crushed rock fragments, fre111 less than 1/2 inch up to 12 
inches thick, cemented together by a white, brown to dark 
gray calci~e up to 1-1/2 inches thick. Openings in the 
breccia zone are irregularly shaped and vary frOlll 1/4 inch 
up to 4 inches in size. The upper and lower contacts in 
some places are planar, but in other places are wavy and 
irregular. Through the grout cap area this zone occurs as a 
p?'Ollllinent low dipping, calcite filled joint about 1-1/2 inches 
thick. 

Characterized by the bold massive blocky outcrops and the 
prominent benches in the lower part of the abutment. The 
near vertical jointing is very pre111inent and many joints can 
be traced over 100 feet. The major joint trend is N is• 
40° W. Spacing is aostly 5 to 10 feet with openness varying 
frOlll tight to 1/4 inch, locally 1 to 4 inches. Most joints 
are smooth and are stained with iron and manganese oxides 
and some calcite. The foliation planes are near horizontal 
and are f:rom a few inches to about 3 feet apart; some are 
tight, but others are open to 1/2 inch. Color is aostlyUSBR DWG. NO. 549-100-299 -u.m gray. E-2 



SYMBOLS 

Plan Geologic M&ps 
/ 

,,.~~ Trace of dipping joint with strike and dip shOtfll at 
\84 
 observation point. Joint is dashed where projected or 


approximate, queried where inferred. Joint number (84) 

refers to acc0111panying tabulation with detailed descrip
2 
tion. Additional observation points n1.111bered (2), (3), etc. 

Ill Trace of vertical joint. 


Horizontal joint. Trace shown on cross sections only. 


Openness of joints. 

Single line tight to open less than 1/2 inch.
2 

Double line s open 1/2 to 2 inches. 
Double line with inches noted • open greater than 

2 inches with JRaXilllUlll openness shOtfll. 

Grout filling joint. 

Strike and dip of foliation. __.,__ 
Contact. Solid line where exposed, dashed where 
projected or approximate, queried where inferred. 

Area of surface grout covering rock.{//////l/j 

m Limit of concrete grout cap. Solid line denotes hairline 
to 1/8" open crack. Dashed line (heavy) represents pour. 
line or lift line . 

. 

Grout- nipple.0 

Geologic Cross Sections 

Nt.mlber. Sequential nt.1111ber from I to ? on each drawing. 

Jnint. Open less than 1/2 inch. 

Circled Joint; Denotes grout occurrence in joint. 


Titht Horiiontal .Joint. rt denotes· a'.horirontal or near 

horizontal joint which has no trace plotted on plan map. 


1 Open Joint. Open greater than 1/2 inch. 


~ 

-

f ~ Graphic representation of prominent foliation and closely 
~ / spaced jointing. 

/ 

"~/
~~:; 

~~Unconsolidated debris washed down fro11 rock surface cotR
posed of heterogeneous mixture of silt, gravel, cobbles 
and angular fragments of welded ash-flow tuff. 

Notes: 

l. 	 For detailed description of each individual joint, refer to 
acc0111panying tabulation by Joint Ntaber. 

2. 	 Length of joint trace in cross section portrays the continuity at depth. 

3. 	 All joint traces shown with apparent dips. 

USSR DWG. NO. 549-100- 299 	 E-:3 
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TETON DAIVI

POST FAILURE ROCK SURFACE JOINT SURVEY

EXPLANATI ON

ITEM DEFINITIONS

Joint Number and observa Sequential number from to on
tion points etc each photograph section or plan
if needed map

Strike Strike taken at observation

point

Dip Measured maximum dip at observa
tion point

Continuity feet Measured on surface trace
Discontinuous 50

MC Moderately Continuous 50100
Continuou5
Note Joints 10 in length
not mapped unless unusual condi
tion existed

Openness

Tight 1/2
Open 1/22

E0 Excessively Open ____________ 

maximum openness noted

Surface Planarity
Planar

I.......... Irregular --s..------------
Curved

Wavy
Offset

Range of offset in inches or feet

Roughness

Smooth deviation from plane 1/4
Rough deviation from plane1/4



8. 	 Filling, coating, or 
stain 

A. 	 Natural 
IO . 
MO . . . . • . . 
CT . . . . . . . 
CP . 
CV . 
SL . . . . 

B. 	 Grout 
GT . . . . . . 
GV . 

9. 	 Remarks 
Pertinent observation 
not covered in above 
items. 

Estimated %of joint surface 
by each type present. 

Iron Oxide (red, yellow, rust). 
Manganese oxide (black stain 

or dendrites). 
CaCO ; <1/16"
CaCO~; 1/16-111 

CaCO ;) 1 11 

3Si1t

<1/4" 
)1/4" 

Hydrothermal alteration, evidence 
of waterflows or seeps, occurrence 
of unusually thick Caco • Foliation

3or lineation attitudes. 

E-20 



TETON DAM
POST FAILURE JOINT SURVEY SHEET_OF_

LOCATION Geologic Section A-A 100 d/s dam

DRAWING NO 549-100280 MAPPED BY J.P J.S M.S DATE 11-2-76

STRIKE DIP CONI OP PL RGH FILLING REMARKS

N27W 86NE MC 10 4Q_ ___________ flpen 314
N14W 75SW MC 80 15 _________ ______________________________________ 
N27W 74SW MC 95 __________ 
N38W Vert MC 95 15 __________ _______________________________________ 
N5OE 76SE 50 __________ _________________________________________ 
N3OW 68SW MC 40 10 10 _________ ______________________________________ 
N2OW MC j_ _f 1.2 _________ ___________________________________ 
N15W MC J_ _E_ _________ 10% clay in jaint

j_ Horiz _T_ __________ 70% clay in joint

10 N1OW 7NE 10 _________ _____________________________________ 
11 N45W 85NE MC 80 _________ ___________________________________ 
12 N12W ert MC 30 __________ _______________________________________ 

Due Vert _T-0 __________ _________________________________________ 
N17W ert ..QIJ _________ Open to where 13 intersects 14

.JL1 7W 11_ ZAL 0pn ta

16 N47E 9SE 10 _________ ____________________________________ 
17 N73E 87SE 30 10 __________ _______________________________________ 
18 N27W 76SW Q_ Q_ 100 __________ Open to

j_ N27W Vjr JQ .Q_ 1Q.... ___________ ___________________________________________ 
20 N17W fert MC 10 __________ _______________________________________ 
21 floriz _____ tO _________ ____________________________________ 
22 N2OW 1SW MC /0 10 __________ _______________________________________ 



TETON DAM
POST FAILURE JOONT SURVEY

LOCATION Geologic Section A-A 100 d/s darn

DRAWING NO 549-100-280 MAPPED BY D.H M.S J.S DATE 11-3-76

STRHE DIP CONT OP PL RGH REMARKS

N26W 68S1j MC .L. _L_ LQ_. _L __________ _______________________________________ 
24 DueW 2N _______ ___________________________
25 N78W 14SW P-W 80 __________ _______________________________________ 
26 N5E 4SE __________ _________________________________________ 
27 N6OE 8SE P-W 60

__________ _________________________________________ 
28 Horiz C-W S-R

__________ _______________________________________ 

29 N16W 5SW C-F 20 __________ 
30 N25W 8SW MC 60 __________ _________________________________________ 
31 27W 315W __________ 
32 Due .2W C-F

__________
33 N6OE 35SE 40

___________ __________________________________________ 

34 N25W 2SW I-P _________ Foliation parting

35 N15W 16SW 50 30 _________ _____________________________________ 
36 N14W 52SW 10 __________ _______________________________________ 
37 N21W 3OSW MC 20 __________ _________________________________________ 
38 N15W 34SW P-C 10 15 _________ ____________________________________ 
39 N17W 19SW MC C-F _________ 
40 N12W 16SW MC C-F 20 __________ 
41 N7OE lOSE C-W 10 __________ _______________________________________ 
42 N6W 56SW

__________ ___________________________________________ 
43 N1OW /6SW P-C

__________ _______________________________________ 
44 N6OW /9SW __________ ___________________________________________ 
45 N33E SE MC PW

__________ ___________________________________________ 



TETON DAM
POST FAILURE JOONT SURVEY SHEET_OF_

LOATIONeoigic Sections B-B C-C and Geologic Overlays

DRAWING NO 549-100-281 thru 290 295 thrUMAPPED BY J.P M.S J.S DATE IO27-76 thrui1-4-76

STRIKE DIP CONT OP PL RGH AflNGS OR FILLING
REMARKS

N23W JJ __________ _________________________________________ 
L_ N84E 62E L_ P-C _________ ___________________________________ 

N75E 8J1L P-C _______________________________________ 
N88W 8ONE 1-0 GT 60 _________________________________________ 
N27W 85ME T-O

__________ __________________________________________ 
N2OW 84ME 10

__________ _______________________________________ 
M83E 7/NtT P-c

__________ __________________________________________ 

N6OE 57SE GT 95 Chalky grout on face
N77E Vert

__________ ________________________________________ 
10 M27W 8ONE P-C S-R GT 90 ______________________________________ 
11 N46W 74NE GI 95

12M45W 775W TL ____.__GT95 ______________________
13 N54W 78SW GT 95 GV ____________________________________ 
14-1 N37E 86MW 1-0

__________ _________________________________________ 
142 N7E 83SE T-O __________ _________________________________________ 
15-1 N45E 75SE MC T_ .._ __________ _______________________________________ 
15-2 E-W 85SW MC 60 __________ _______________________________________ 
16 N68E 74MW GI 90

17 E-W 36N P-C GV GI Face 90% grout coated joint filled
18 M5OW 82NE GI 95 _______________________________________ 

N48E 6E GI 95
_________________________________________ 

20 N1OW Iert GI ___________________________________ 
21-1 M8W 34NE P-W 2Q G.5fl.G3L dninfnpning fi1ld withgrnijt
21-2 N9W 84SW G.L95 ________________________________________ 
2_ M18W 71 L._ P-W LQ... GL90 ___________________________________ 
23 N78E 24MW __________ _________________________________________ 
24 N22E 55MW MC GI 90 ___________________________________________ 
25 N57E 71MW PC GV

_______________________________________ 2r NT8E UNW P-C GV 90 Sandy grout filling 1/2



TETON DAM
POST FMLURE JOINT SURVEY SHEET1OFJI

LOCATION Geologic Sections B-B C-C and Geologic Overlays

DRAWING NO.549-100-281 thru 290 299hru_MAPPED BY J.P M.S J.S DATE 10-27-76 thru 11-4-76

STRIKE DIP CONT OP PL RGH REMARKS

2L... P480W 44NE
________ Joint opning1i11d with grouf

29 P434W 84NE GT 95
_________________________________________ 

30 N32E Vt GI 95 _________________________________________ 
31 P435W Vert GV GI 95 _________________________________________ 
32 P48W 2SW P-I GV 80 Splash grout

34-1N18E_/2NWD_S GV irouspot
34-2 P449E 5NW P-C GV GI Spotty grout Note joint rio 34 is open

_______ ______ _____ __________ 
to joint mostly grouted but small opening

______ _____ _____ ________ wide by deep is present
35 59E 6SE 10 10 Spotty grout
36 Hon 20 ___________________________________________ 
37 P474E ert 30 GI Chalky grout to 1/4 thick
38 P447W 2SW GT 70

_______________________________________ 
39 P436W ert Cha Icy grout
40 N5E 4P4W GI Spotty grout
41 P439W 6SW 20 GT Joint open to 114 filled with grout
42 N23E 6SE 20 GI 70 Chalky grout
43 P421 ert 50 GI 20 Cha ky grout
44 P4-S ert P-W GT 90 Chalky grout Note the grout noted as

______ ______ _____ __________ chalky is probably the result of cleaning

______ ______ _________ operations and minor surface spills
45 P480E fert GV

_________________________________
N73E 34NW P-I GT 80 Open to 1/2 filled with grout

4T N57E 1W MC P-C 95 Open 1/2 to 2-1/2 filled with grout
48-2 N8OE fert MC 40

_______________________________________ 
N56E FE P-W _________ Grout spotty on



TETON DAM
POST FAILURE JOINT SURVEY SHEETOFIL

LOCATION Geoogic Sections B-B C-C and Geologic Overlays

DRAWING NO.54910028 thru 290 295 thru MAPPED BY M.S J.S DATE 10-27-76 thru 11-4-76

STRIKE DU CONT OP Pt RGH COA11NGS OR FILLING
REMARKS

50 N34W 76NE GV Grout spotty on face
51-1 N7W Vert MC P-C 10 GT 6O GV

51-2 N6E 87NW -WF GV Spotty
52 N5W 4ONE GT 10 ______________________________________ 
53-1 N12W 3ONE GV 10 ______________________________________ 
53-2 N8E Vert 60 GT 90 Face covered with grout
54 N69E Vert P-C 60 GT Spottygrout
55-1 N6W 73NE P-C 40

__________ _________________________________________ 
55-2 N9E Vert 60 GI 90

________________________________________ 
56 N6OE ert 10

__________ ______________________________________ 
57 N23E 83SE PC GT 20

58 N1OW Vert P-C
_________ _____________________________________ 

5i N2OW MC f_. GI 70 GV Open to

59-2 N9W 83SW MC GT 80
_________________________________________ 

60 N17W 2OSW MC GI 70 ____________________________________ 
60a N15W 75SW 60 20 _________ ____________________________________ 
60b N13W 6OSW MC

__________ _________________________________________ 
61 N-S 56W MC T-O GV 20 GT Open to 1/2
62 N65E Vert

__________ _________________________________________ 
63 N19E fert 80 _________ ______________________________________ 
64 N14W 67SW 10 70 _________ ______________________________________ 
6J 11W \Ij MC GI 95 _______________________________________ 

N5E Ver MC GI 60 ___________________________________ 
65-3 N25W 4SW 60 10

__________ ________________________________________ 
66 N55W 5SW GP 90 _______________________________________ 
67 N86W ONE P-I 10 GP 50

_________________________________________ 
68 N87W Vert T-O 50

__________ _________________________________________ 
69 N21W 4NE 80

__________ _______________________________________ 
75 12W 6D iipzo

_______________________________________ 



TETON DAM 11

POST FALURE JOINT SURVEY SHEET_OF_

LOCATION Geoiogc Sections B-B C-C and Geologic Overlays

DRAWING N49 00-281 thru 290 295 MAPPED BY J.P M.S J.S DATE 10-27-76 thru 11-4-76

STRIKE DIP CONT OP PL RGH OR FILLING rr REMARKS

71 Ni 3E 73TiL 2Q 50 _____________________________________________ 

7L_ N8OE B..._ GP 95 ___________________________________________ 
73 N22W 6OSW MC P-C GT 95

_________________________________________ 
74 N25W 71SW T_ 10 GP 30 ________________________________________ 
75 N6OW 75SW T_ GV 10 GT 10

76 N52W 8OSW T_ __________ _________________________________________ 
7L.... N45W 2LE _L __________ _________________________________________ 

7_ 15W 72LE MC L_ 3fl GT 15 _______________________________________ 
79 N5OE 66SE P-C GT 70

__________________________________________ 

8Q_ N56W UJj GT 70 GV 15 Open to

8L_ N62W ZI1E jQ GT 95 _________________________________________ 
82_ N53W ZQSkL GT 60 __________________________
83 E-W 85SW T_ GT 50 _________________________________________ 
84 N42E 72SE GT 70

_________________________________________ 
85 N15W MC 15 _________ ___________________________________ 
86 Ni OW 86NE P-C 30 GT _______________________________________ 87 N45W 57SW P-C 20 GT 90

88 N62W 75NE _________ ______________________________________ 
N25W ThtJ MC GV 70

90 N37W 7i Pt- GV 30 GT
__________________________________

91-i Ni 7W 42SW 10 GT 80
_________________________________________ 

9i-2N17E 83SE 1OGT8O ________________________
92-1 N17W 42SW MC P-C _________ Three subparaliel joints

93 N22W 87SW 30 20
__________ ____________________________________________ 

N37W GT 95
_________________________________________ 

95 Ni OW 26SW MC 50
__________ _________________________________________ 

96-i N42E 74NW MC 15 GT
________________________________________ 

96-2 N5OE 505E P-C 60
___________ _____________________________________________ 

97 N3OW 825W MC
__________ ___________________________________________ 87 N25W 57NE P-C Grout ___________________________________ 

N5W Grout _________________________________________ 



TETON DAM
POST FAVLURE JOINT SURVEY SEETLOFJL

LOCATiON Geologic Sections B-B C-C and Geologic Overlays

DRAWING NO 549-100-281 thru 290 295 thrUMAPPED BY J..P M.S J.S
DATE 10-27-76 thru ll4-76

DIP CONT OP PL RGH REMARKS

9.9.._ N23W F5kL .EC... _Zil __________ _________________________________________ 
100 N6OE 81SE P-C 60 30 _________ ______________________________________ 
0L_ 53W 82N.E L.. JL_ __________ ___________________________________________ 

102 N7W 57NE 20 40 __________ _________________________________________ 
103 N3E 83NW MC 20 40 __________ _______________________________________ 
lOj E-W 5Qj L.... __________ _______________________________________ 

l0 38W L_ S-R 1Q _______ ______________________________
10 N27W 60S T__ j.Q 4L __________ ________________________________________ 
106-2 N3E Vert P-C 20 __________ ______________________________________
107 N47W 72NE P-C 70

__________ ______________________________________ 

108-1 N37W 85NE MC 10 GT 60 ______________________________________ 
108-2 N57W 7OSW MC P-C 40 30

_________ ____________________________________ 
109 N37W 43SW 20

__________ _______________________________________ 
110 N1OW 8OSW P-C 20 ________ __________________________________ 
Ill N75E Vert 30 _________ ____________________________________ 
112 N4OW Vert _________ ___________________________________ 
113 N3W 6OSW _________ ___________________________________ 
114 5E 85NW 10

__________ Open to 3/4
115 NIOW 34SW P-C 20 40 20 _________ ___________________________________ 
116 N35W 52NE P-C 20 40 _________ ___________________________________ 
117 N27W 85SW P-C 20 40 _________ _____________________________________ 
11 N15E 83k PL ill _______ ____________________________
119 E-W Vert MC T-0 GV 15 GT Open to



TETON DAM
POST FAULURE JONT SURVEY SHEET..LOF1L

LOCATION Geological Sections B-B C-C and Geological Overlays

DRAWING NO.549 00-281 thru 290 295 thru MAPPED BY J.S J.P M.S DATE 10-31-76

STRIKE DIP CONT OP PL RGH FUNG REMARKS

120 N83E 73N __________ ________________________________________ 
N7 7E GT2

______________________________________________ 
22 1426W 85NE P-C 20 40

__________ __________________________________________ 
123 E-W TP-C _______ ___________________________
124 N8OE Vert _T_ 10 _________ ______________________________________ 
125 N27W 38S ZQ. .....i ....1Q ___________ ___________________________________________ 
T25 1433W 7jLE .j_ -2E EQ. jQ GT-10 Fi-1/2
126 1435W 63NE _________ Open to 1/2

2L N7E _L ___ _________ ____________________________________ 
iL N33 2Q _____________

Ni OW jjt .J_. ..E _5. 4Q __________ _________________________________________ 
ii.L N35W iIJNF _L .E_ 15. _______ _______________________________
U.Q. _i p-c ia ia 2.1 _______ _______________________________
131 1430W 4ZJ j._ .a_ ZQ J.. __________ _________________________________________ 
jj 18W ____ ______________
132 25W 79SW P-C 40 10 ____________________
133 29W 7ONE 40 70 ___________ ___________________________________________ 

14 1426W _L __________ _________________________________________ 
135 Ni 5W 47SW j_ j_ ___________ ___________________________________________ 
136 1423W D_ J_ ....E_ ZQ JJ1 45 Juthfragmente rorkbetween Sta 31
137 1443W 1.1$ik _L C..._ .25. __________ 1323 Parallels 142 Size of rocLfrags
138 N45W 75NE CF f3 small g.ravLto mad. cohhl Fractures in
139 1435W 83NE jj F12 this rock normal to plane of 142

1401415W 38SW TP 60 ______ ________________________
141 1439W 8214E 10 40 35 ____ ________________
142 1416W 54SW P-C 40 10 10 ________ ___________________________________ 
143 1445E Vert PF .j _________ F2 ____________
144 N1OW Vert MC GV-90 Open to and filled with grout
145 22W 81 NE 20_ 80 ____ ________________
JA5.. 1420W .Q __________ ________________________________________ 



TETON DAM
POST FALURE JONT SURVEY SHEETLOFJJ_

Sections B-B C-C and Geological Overlays

DRAWING NO 549TUO-281 thrT29O 295 UMAPPED BY J.S J.P M.S DATE -31-76

STRIKE DIP CONT OP PL RGH 4Gr OR FILLING REMARKS

147 Ni 6W 1ZIjF Q. _a GVl ___________________________________________ 
147 N3OW Ver .j_ ._ _________ _____________________________________ 
148 N12W Ver T-O 10 20 GV40 _0pen to and fillecLwith grnut

_______ ______ _____ __________ on zone open
149 N15W Ver 30 30 GVlO Open to grout

lQ N9W _L __ .Q. _________ Up to 1/8 grout
151 N19W 82SW 30 30 10 GV5 to ____________________________________ 

52 N28W 49SW P-C 10 30 _________ ______________________________________ 
153 N13W 83NE MC _________ ___________________________________ 
154 N47E 82NW 30 _________ _____________________________________ 
155 N7W 42SW P-C jQ _______ ______________________________

Nl OW QW 2Q 411 pntoJ fill ecLwith grout
157 N23W Ver P-C 10 25 __________ ________________________________________ 
158N20W 75NE 40 ______ __________________________
159 N17W Vert 60 _________ ___________________________________ 
160 N75E 73NW _______ ETcTctialky
161 N67E Vert P-C _________ ______________________________________ 
162 N23W 77SW T-0 _______ panLfi11ed tithgroiit

___ 87S MC TS ____ _______________
165 N25W Vert MC 40 __________ _________________________________________ 
166 N22W MC JL 10 _________ F12

67 N7W _Q_ .j.... ________ ________________________________________ 21 zi 85N j_ _____ _____________________
168 NS _____ ____________________
169 J1E E_ _____ ____________________t___ ac _s _____ ___________________
171 N65W 8ONE 1-0 _________ Open partially filled with grout
172 N2OW Vert _________ Open to flh1ed



TETON DAM 11

POST FMLURE JONT SURVEY SHEET_OF_

LOCATION Geologjcal Sections B-B CC and Geological Overlays

DRAWING NO.549-100-281 thru 290 295 MAPPED BY J.S J.P M.S DATE 103l-76

STRIKE DU CONT OP PL RGH 0A9 OR FILLING REMARKS

JZ E- B2 ..L 1._ __________ __________________________________________ 
J.Z -W QS_ _L _L_. __________ __________________________________________ 

_l
75 72W __________ __________________________________________ 

80W ZThW _L .c_ __________ __________________________________________ 
i77Nl2W j_J_ ______ __________________________
178 N25W Vert J_ ..a_ _________ _____________________________________ 
NlflW Z2SkL fl _L_2___ ______ ________________________

180 N33W Vert _________ _____________________________________ 
181 N23E j_ L_ Open to partially filled with silt
182 N7OW _____ Open to partially filled with silt

N-S j_ Open to Jc iartilly filld with silt

184 N34W T-OP-I S-R _________ Open to 10 filled with silt rubbLe

____ ____ ___ ______ andgrout
185 N2OW 86SW T-OP-C 20 GT Open to 3/4 filled with silt and rubble

187 N85E 88SE 10 15 _________ _____________________________________ 
N34E 2ffT

__________ _________________________________________ 

188 12 70MW P-C 15
_______ _____________________________

189 N35W 67NE 10 10

__________ ________________________________________ 

jQ M33W .L iii __________ ________________________________________ 
Ml 8W 88SW ___ ______________

192 N35E 86MW JL 10 20 _________ ______________________________________ 
193 60MW 10 ___ ______________
J4 N5OW 82NE jEj ___________ 
195N6W 85SW ______ __________________________
196 N4l 8OME MC T-O -I

______ 
10

___________ Open to fill ed wi rub bl

197 N5OF Vért
___________ ___________________________________________ 

198 N42W 86SW -C 10 _________ ______________________________________ 
N23W

_______________ 



TETON DAM
11

POST FAILURE JOINT SURVEY SHEET_OF_

LO41iONpogica1 Sections B-B C-C and Geological Overlays

DRAWING fJO.549
00-281 thru 290 295 29APPED BY J.S J.P M.S DATE 10-31-76

STRIKE DIP CONT OP PL RGH J7WJ ______
REMARKS

2O N6OF Ljj _L _L_ __________ _________________________________________ 
201 N6 iL _L ___________ ___________________________________________ 
202 N42W SNE MC _________ ____________________________________ 

22o2N54w ____ ____ _______ ___________________________
203 N18W 4ij j_ j_ Open i-n 1/ i11id with p-out
204 N44W T-O j_ S-R _________ Open to 1/2 bifurcates into 206

1161E C1 El _______ F6
20 N34W 8NE __________ _________________________________________ 
207 N65W 5NE 10 _________ ___________________________________ 
208 N18W 8NE 20 _________ _____________________________________ 
209 N72E IQ ________ ________________________________

110 N64W L. 4Q ilL ________ ________________________________
211 N68W __________ ________________________________________ 
212N45E 5NW ______ ________________________
213 N65E ert __________ ________________________________________ 
214 N17W 6NE 50 __________ _______________________________________ 
215N22W 6NE _______ __________________________ 



TETON DAM
POST FALURE JONT SURVEY SHEET1QOF1L

LOCATION i.Q1oica1 Sections B-B C-C and Geological Overlays

DRAWING NO 549-100-281 thru 290 295 29VIAPPED BY ____________________ 

STRIKE DIP CONT OP PL RGH QO4INQ8T
FILUI br REMARKS

ftQQ _Uriz ______ T_.. _____ 

__________ _________________________________________ 

H301 Horiz GV lI4U

H302 N7OE 7NW GT 90 Open to filled with burlap grout

H303 N2OW 19NE GT 80 _________________________________________ 
H304 Horiz S-R 20

__________ ________________________________________ 

H305 N5W 7NE GT 20 _____________________________
H306 N8OE 7SE GT 60 _________________________________________ 
H307 N52E 6NW P-C __________ _________________________________________ 
H308 N3OE 1ONW MC 20

__________ ______________________________________ 

H309 N15W 23SW 20 40
_________ ____________________________________ 

tT
H310 17W 28SW T_ 20 40

__________ ________________________________________ 

H311 N-S 20W T_ 20 40
__________ _________________________________________ 

H312 11 21NW MC T_ 20 40
___________ _____________________________________________ 

Hji N23W 18SW MC I_ 20 40
__________ _________________________________________ 

H34 NZ3W 35SkL MC 4Q_
________ _______________________________

H3l5 N2OW 17SW P-C 95
_________ ___________________________________ 

H3 N53W 6N ___________ _____________________________________________ 

HTT Ni 6W MC fl TD
__________ _________________________________________ 

H318 N4OE 6SE T_ 20 30
___________ ___________________________________________ 

H3J N7OE 5..L L.._ L_ LQ
__________ _________________________________________ 

H320 N16W 2SW MC 20
__________ ______________________________________ 

H321 N4OW 45W MC
__________ _________________________________________ 

N-S LQL MC .L GLIO ______________________________________ 
H1 N23E 2OSE __________ ________________________________________ 

35 1Q 10 20 GI 15 ________________________________________
H325 N73E 2OSE P-C

__________ ________________________________________ 

H326 Horiz 25 20
__________ ________________________________________ 

HT27 N33W 2T GV 80

H328 N35E 15Nt1 4t
__________ ___________________________________________ 



TETON DAM
POST FAILURE JOINT SURVEY SHEETILOFiL

LOCATION GeologicaJ_ScttonsB-B C-C and Geological Overlays

DRAWING NO 549-100-281 thrLL29O 295 29MAPPED BY J.P M.S J.S D.H DATE ___________________ 

STRIKE fP CONT OP PL RGH
COATINGS OR FILLING REMARKS

329 ..N2Q1L.. 3.5L .2.c S.. 2a ___________ ____________________________________________ 
H330 N2OW 23SW 20 40 __________ __________________________________________ 
H331 N5E 3ONW P-C 20 40 __________ ________________________________________ 
H332 N1OW 2j4 f. ..2fl 4iL _________ ____________________________________ 
H333 N33W 2Q E.L ZIL __________ ________________________________________ 
H334 N12E 36MW MC P-C 10 20 _________ _____________________________________ 
H335 N24W 52NE P-C 10 20 __________ ___________________________________ 
H336 N1OW L_ 4L _________ ____________________________________ 
H337 Horiz 15 20

__________ ______________________________________ 
H338 N5OE NW -0 W-C 40 __________ _________________________________________ 
H339 N5OE SE 40 ________ _______________________________
H340 N4OE NW 30 10 _______ ______________________________
H341 N85E SE MC __________ ________________________________________ 
H342 12W SW MC .. ___________ ____________________________________________ 

SW MC _______ _____________________________
H344 N3OE 8NW P-C __________ __________________________________________ 
H345 N14W 2SW MC __________ _______________________________________ 
H346 N2OE 3MW ______ ....1 ___________ ____________________________________________ 
H347 N13W 3SW PF 10 _________ ____________________________________ H4 TT P-C

__________ __________________________________________ 

H349 N12W 3SW MC P-I S-R 20 30 __________ ________________________________ ______ 
H350 N34W 3SW MC PI S-R __________ _________________________________________ HT TT7fl 2W PT
H352 N15W 6SW MC __________ _________________________________________ 
H353 N47W 1NE _________ _______________________________________ 



TETON DAM
POST FALURE JOINT SURVEY SHEETJ_OF_

LOCATION Geologic SeciLon D-D l5Ou/5 dam ri.s j.s jp D.S
DRAWING NO 549-100-291 22 MAPPED BY D.H. A.L. W.C.W. P.A.H DATE ll1-3-76

___21_3 __ ___ _____
REMARKS

N86E at L_ _________ Foliation surface
N48W 71NE __________ ________________________________________ 
N21W 95W __________ _______________________________________ 
N38E 90 __________ ___________________________________________ 
N14W 14SW MC __________ _______________________________________ 

__Z 7W I_ __________ _________________________________________ 

N6E 14 _D L_ _______ ___________________________
N6W L_ ___________________________

JQ_ N2E 2ONW MC _________ Foliation surface
11 N6W 8SW _______ ___________________________

N4W jW L_ _E._ __________ _________________________________________ 

Ji5DW 15Jd MC L_ _L... __________ _______________________________________ 

IL 5W 12S _E_ __________ _________________________________________ 
5W J2 L_ __________ _________________________________________ 

_i nw .4NE Mr __________ _______________________________________ 
17 NSW 5SW _________ ______________________________________ 
18 N55E 72SE _________ Down dropDedoDen to

19 N5E 9NW __________ ________________________________________ 

2Q. JU2E_ ZthL L_ E._ -S ________ ________________________________
21 N6E 4NW __________ _________________________________________ 
22 N3OE 85NW __________ ___________________________________________ 

2L N4E IIkL .E... __________ _________________________________________ 
24 N36W 84NE __________ ____________________________________________ 
25 N4E 9NW MC

__________ ___________________________________________ 
26 N5E 7NW __________ ___________________________________________ 
27 N5E 7NW MC __________ Foliation surface

28 N5E 7NW MC _________ Foliation surface
29 N5E 5SW MC _________ Foliation



TETON DAM
POST FAILURE JOINT SURVEY SHEET_OF_

LQCATVON Geologic Section D4 M.S J.S J.P D.S
DRAWING NO 549-100-292293 MAPPED BY D.H A.L W.C.W P.A.H DATE 11-3L6_

STRIKE DIP CONT OP PL RGH
_______

REMARKS

Q_ N4E WIkL L...... 1_ __________ _________________________________________ 
N2OE 4NW L._ L_. __________ ___________________________________________ 
N2OE 4N14 MC L_ __________ _______________________________________ 

33 N14W 2OSW 20 _________ Foliation
34 N12W 9SW MC

__________ _______________________________________ 

35 N7E iJJL MC L_ L_ _______ _____________________________
3jj_ N7 UNIaL L_ L_ __________ _______________________________________ 
j_ N7E ljjj MC L__ .L.._ __________ _______________________________________ 
38 N1OE 9MW _________ _____________________________________ 
39 N5W 14SW MC _________ Foliation
40 N15E 6MW MC j__ ________ Foliation
4L N15E iNL MC L_ ________ Foliation

42._ N15E iN1L. J4C L_ ________ Foliation
43 N15E 6NW MC _________ Foliation
44 N15E 6NW MC _________ Foliation
45 N15E 6NW MC _________ Foliation
46 jjI5E 6L MC _________ Foliation

4_Z_ 17W IL L..__ __________ ___________________________________________ 
N54E .E_ L_ ____ _______ ___________________________

9_ N29W J.aE -MC- TQ_ __________ _______________________________________ 
N6W SJL _______ ___________________________

i_ N45W L_ __________ ______________________________________ 
52 N25W 4SW __________ ___________________________________________ 
53 N75E 61IW __________ ___________________________________________ 
54 N35E NW 35 __________ ___________________________________________
55 N35E NW 35

__________ ___________________________________________ 

.L N35E NW 35 _______ ______________________________
5L N35E j1j ______ ___________________________
.L N35E .L __________ __________________________________________ 



TETON DAM
POST FALURE JOINT SURVEY SHEETOFL

LOGATION.JQgicSjonJML M.S J.S J.P D.S
DRAWING NZ24 MAPPED BYD.H A.L W.C.W P.A.H DATE J376

STRiKE DIP CONT OP PL RGH A11NGSOR FILUNG
REMARKS

59 N15W SW _______________
60 N35E 6NW _______________

___ fl2 _____ _____________________
t32_ _______ ___________________________
63 NOW _____________L0_ ________________
65_ _21L. SJL ..a_.... -___ 2..._ 4L 111... __________ Foliations

N82W 85W ___ Fo at ions

67 N82W 8SW _________ Foliations

68 N82W 8SW 40 10 __________ Fo at ions

N82W 4010 ________ Foliations

2O_ Ji21_. __ LQ_ ______ jmi
71 N56E 12SE 50 _________ Lower contact Breccla Zone

72 N18E 8NW 50 _________ Upper contact I3reccta Zone

73 N4E 18NW CO 40

74 21 36SE 80
___________ ___________________________________________ 

75 N6OW 5NW 50
__________ _______________________________________ 

7L N72W 8ONE MC __________ 

ZL. J7.QL_ 7Qfj MC T_ _________ Vertical foliation

78 5SW ____ __________________
79 N3OE 12NW 50 20

__________ Smooth concoidal jpintincL ______ 
80 N3OE 12NW 50 20 __________ _________________________________________ 
81 N9W 26SW

__________ _______________________________________ 

82N9W 26SW _____ ______________________
83 N24W 4SW 70

_________ ____________________________________ 

84N3W 1SW 1W _____ ______________________
85 N4E 21NW

_________ ___________________________________ 

86 Nl 5W 5SW
________ _________________________________ 
__________ _______________________________________ 



TETON DAM
POST FALURE JONT SURVEY

LOCATION Geologic Section D-D M.S J.S J.P D.S
DRAWNG NO 549-100-293294 MAPPED BY D.H A.L W.C.W P.A.H DATE 1376

STRIKE CONT OP PL RGH ___ REMARKS

88 N22W 22SW 10 90
__________ _______________________________________ 

89 N14W iti MC .s

_________ ____________________________________ 

90N14W 15SWD 90
____ __________________

N39W TJ _______________________________________ 

92 N88E 45SE 95
_________________________________________ 

J.1 N44W li 95 _______________________________________ 
iL J01L_ JE Q_

N33W .9.NE MC L_. .Q .L ___________________________________________ 
IL 18W jj 45 50 __________ _______________________________________ 
IL OE_ MC j_ 90 10 __________ _______________________________________ 
..9 N4OW .kI ______ j_ 90 10 __________ _______________________________________ 
99 N45W 4SW _____ 90 10 _________ ____________________________________ 

100 _____ J_ 80 ________ _________________________________
1QL E-W _____ J_ j_ ________ __________________________________
1fl N45E 1QSE _____ J_ j_ jO __ ________ _________________________________

NI0W 9__ 2Q 1Q _____________
1Q4.. 15W kL ______ JL... __________ _________________________________________ 
105 N18W 8SW _____ 40 ________
1Q5 85 _75 _____________
107 N84E 79NW 1-0 75

__________ 1/4 1/2
108 N87E 37SE 15

__________ _______________________________________ 
109 N24W 2OSW 1-0

_________ 
1/4

UQ N35W 70 _________ ______________________________________ 



TETON DAM
POST FMLURE JOINT SURVEY SHET.LOF_

LOCA11ON Geoloqic Section D-D M.S j.s jp u.s
DRAWiNG NO 549-100-294 MAPPED BY D.H AL W.C.W P.A.H DATE 11-3-76

STRIKE CONT OP PL RGH REMARKS

ilL 56E L_ ...E_ 211. _______ ___________________________
ilL NJ OE .1 IzQ 1QI 21L __________ 1/4
113 N14W 105W 20 _________ Between joints 113 119 several joints

114 N52W 19SW C-W 405 _________ spaced 2-4 apart attitudes range

115 N4OE 44NW 60 _________ between that of 113 114 joints are

116 N1OE Vert _________ 
smooth curving and tight

117 N2OW pQ 7Q ________ 1/2g
118 N1OE 11SW

_________ ___________________________________ 

119 N2OE 85SE
_________ ____________________________________ 

120 N4W 81NE _________ ____________________________________ 
121 N84E 83SE 1-0 __________ 

3/4
122 N27E 78NW ____ _______________

N57E T_ ..C.._ __________ _________________________________________ 
124 N82W 16SW 10 10 __________ ______________________________________ 
125 N6OE 2ONW 50 _________ _____________________________________ 
126 N35E 18SE CW 35 __________ _______________________________________ 
127 N32E 33NW T-0 20 _________ 1/4s 1/2
128 N59E 7SE C-W 25 __________ _________________________________________ 
129 N3OE 45NW S-R _________ _____________________________________
130 N35E 14SE C-I 10

_________ _____________________________________ 

131 N67E 73SE 30
__________ ________________________________________ 

132 N83W 1OSW 1-0 C-W ________ 1/4
3_ Jj4j_ MC L.... a0_ __________ ________________________________________ 

134 N15E 17NW _________ _____________________________________ 
135 N3OE 6NW

__________ ______________________________________ 
136 N25E 3ONW MC P-W 10 _________ ___________________________________ 
137 N4 5SE

___________ ___________________________________________
138 N54E 66SE 60

___________ ___________________________________________ 

139 N48E Vert i-o



TETON DAM
POST FAILURE JOINT SURVEY SHEET..LOF.L

LOCATION Geoloqtc Sec on D-D M.S J.S J.P D.S
DRAWING NO 549-100-292293294 MAPPED BY D.H. A.L. W.C.W P.A.H DATE J1-3-76

STRIKE IP CONT OP PL RG
FILLING GJT REMARKS

140 N33E Vert __________ _______________________________________ 
14..L N45E ñI11iL L.... __________ ___________________________________________ 
142 N31E 61NW MC

__________ _________________________________________ 
143 N44E 2NW

__________ _______________________________________ 

144 DueW 59N ______ ___________________________
145 N42E 47MW c-w _________ 

Jojnts 145-150 have 80-100% CT on surface

j4j 11W 14...W L... ._ __________ _______________________________________ 

4.L N45W 2.Q5 Q...... ..L..... __ __________ 112
148 N2W 9SW

149 N6OE 12MW ________ 1/2
150 N1OW 365W _________ ____________________________________ 
151 N59E 1ONW _________ ____________________________________ 
152 N75W 16ME

__________ 1/4
N85E _________ 112

200 M75E 86MW MC P-C S-R __________ _________________________________________ 
20F N5OE 1/2
202 N2OW 2SW

__________ _________________________________________ 
203 N7OE 39MW P-C

__________ _______________________________________ 
204 N12W 8OSW P-C 60 30 50 _________ ______________________________________ 
205 N37E 8SE P-C 60 __________ ___________________________________________ 
206 N62E Vert P-C 10 80

__________ _______________________________________ 
207 N33W 23SW P-C 15 70 __________ _______________________________________ 



_w
..4

Fig E-1 Right wall of Teton Canyon upstream of dam axis showing

intensive jointing in uppermost rock zone post-failure

_____

---

_T

Fig E-2 Ash-flow tuff in right wall of Teton Canyon upstream of key

trench Note near-horizontal planes of separation post-failure



Fig. E-3 Right wall of Teton Canyon downstream from grout cap. (post
failure) 

Fig. E-4 Right wall of canyon between dam and spillway stilling basin. 
(post-failure) 

E-41 



Fig Downstream face of

T-- key trench in right

abufment post failure

____ 
P.- ---

__

-r
1-

Fig E-6 Upstream face of key

trenchin right abutment

post-failure

lt

.
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.--

-- __________ 

Fiu E7 Uovnstream face of key trench in right ahutmciit at 1I .52O
iosEfaikirc

Fig EM Iii wnsivdv ointed ashflow tuti iii downstream

face of righi abutment key trench at 5290

postfailure



Fig. E-9 	 Open joint in upstream face of right abutment 
key trench at Sta. 12+40, El. 5290. (post-failure) 

Fig. E-10 	 Open joint in downstream face of right 
abutment key trench at El. 5290. (post
failure) 

E44 




Fig. E-11 Downstream of wall of right abutment key trench. Elevation in 
center of photo is about 5290. (post-failure) 

Fig. E-12 View along grout cap; key trench, and spillway in background. 
(post-failure) 
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Fig. E-13 Rim of upstream wall of right abutment key trench. (post-failure) 

Fig. E-14 Upstream face of right abutment key trench at Sta. 12+70. 
Fill at EL 5240. (post-failure) 
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t.%

Fig liIS Upsiream wall rigiit abLitmeni key trench at Sta 2h5
Elevation of fill is 5240 post-failure

--

..

Fig li-I Downstream wall ut right abutment key trench post-

failure



Fig. E-17 Key trench excavation on right abutment. (post-failure) 

Fig. E-18 Right abutment of dam immediately downstream from grout 
cap. (post-failure) 
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Fig E-19 Fissureatrimofright

wall of canyon 1/8 to

l/4mileupstreamfrom

dam post failure

______ Fig 20 One of several large

fissures near rim of

canyon right wall 1/8 to

1/4 mile upstream from

... dam post-failure



--

____ 

Fig E-21 Prominent rock joints in vicinity of missing grout cap segment

bottom of photo post-failure

à_
11

Jr

I2
Fig E-22 Photo ur1aps Fig E-21 post-failure



.i

i/ ____-
4t .8/

._r__

Fig E-23 Joint system near missing segment of grout cap Sta 1400 behind

ladder in lower center post-failure

Fig E-24 View across grout cap

toward prominent joint

near Sta 1330 post

failure
---

11

-_- --iiP



March 14, 1974 

Memorandum 

To: 	 Director of Design and Construction, Denver, Colorado 
Attn: 1300 and 220 

From: 	 Project Construction Engineer, Newdale, Idaho 

Subject: 	 Proposed Treatment of Fissures and Cavities in Right 
Abutment Key Trench - Specifications No. DC-6910 
Morrison-Knudsen-Kiewit, Teton Dam, Power and Pumping 
Plant, Teton Project, Idaho 

The geology of the fissures and cavities which have recently been 
exposed in the excavation for the right abutment key trench is 
described in the attached report. Preliminary drawings numbers 
549-147-131 and 549-147-132, and photographs of the fissure zones 
and cavities are also included. 

The following proposed treatment of the fissure zones and related 
cavities as discussed with members of your staff is summarized as 
follows: 

1. 	 Locate the cavities with pilot angle holes upstream and down
stream from the foundation key trench using an air-trac drill 
set up on the original ground surface. The estimated pilot 
hole footage is about 500 lin. ft. 

2. 	 Drill 10-inch diameter holes (8" casing) to intersect cavities 
at locations determined by the pilot drilling and approxi
mately as shown on Drawing No. 549-147-131. Ten-inch diameter 
holes as follows: 

a. 	 One 10-inch diameter hole to intersect cavity in fissure 
zone at Station 4+44 upstream. The estimated depth of 
this hole is 60 feet. 

b. 	 One 10-inch diameter hole to intersect cavity in continua
tion of above fissure zone at Station 4+21 downstream. The 
estimated depth of this hole is 70 feet. 
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c. 	 One 10-inch diameter hole to intersect cavity in fissure 
zone at Station 3+66 upstream. The estimated depth of 
this hole is 70 feet. 

d. 	 The need for a 10-inch diameter hole in the continuation 
of the above fissure zone downstream at Station 3+45 is 
questionnable; however, the final determination of the 
need for a larger hole in this area should be based on 
the results of the pilot hole drilling. 

3. 	 Fill the cavities with high slump backfill concrete discharged 
(811into the 10-inch diameter holes cased) described above. 

Discussions with the prime contractor indicate that backfill 
concrete using a 4-bag mix will be the most economical filler 
material.for these cavities. It is anticipated that a local 
ready mix concrete supplier will furnish the concrete to the 
prime contractor at a substantially lower price than can be 
batched on the job with the contractor's batching facilities. 

4. 	 Place nipples in the voids along fissure zones in the bottom 
of foundation key trench and embed in concrete during place
ment of grout cap. Trenches 3 to 5 feet deep and about 3 feet 
wide have been excavated along the strike of the two main 
fissure zones as shown on drawing No. 549-147-132. Nipples 
will be placed in open joi~ts or holes in the floor of the key 
trench near centerline at Stations 5+03, 5+68, and 6+18; and 
about five feet left of centerline between Stations 6+03 and 
6+08. 

5. 	 Intersect fissure zones at various depths in the bottom of key 
trench with grout holes, then grout voids using grout mixes 
and procedures previously esta~lished on the project for grout
ing similar areas. 
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The 	estimated cost for accomplishing this proposed work is as 
follows: 

Work or Material 	 Quantity UnH Price Amount 

1. 	 Mobilization and demobilization 
of drill equ1pment For the lump surn of ___1_.,._o_o_o_._00_ 

2. 	 Air-trac pilot holes 300 lin.ft.,5.00 1,500.00 

3. 	 Ten-inch diameter holes with 
8-inch casing 200 lin.ft.,35.00 7,000.00 

4. 	 Backfill concrete 350 cu.yds.,30.00 10,500.00 

5. 	 Block cavern entrances For the lump sum of 1,000.00 

Total estL~ated cost 	 $ 21,000.00 

3 
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It is critical that this work begin as soon as possible to avoid 
delaying the contractor in his scheduled grouting program on the 
right abutment. Backfilling of the cavern areas with concrete 
should precede grouting to prevent leakage of more costly grout 
into 	the large voids. The contractor has indicated that pilot 
drilling could begin during the week of March 18 and begin filling 
the cavities in early April. 

I suggest that representatives from your office visit the project 
during the week of March 18 for an examination of the fissure and 
cavity zones and discuss with our staff the proposed treatment of 
these areas. To expedite the early commencement of the treatment 
work, it is requested that authority be granted this office to 
proceed with price negotiations with the contractor. 

Your 	early reply would be appreciated. 

Enclosures 

cc: 	 Regional Director, Boise, Idaho 
Attn: 200 w/Enc. 

Note 	to Regional Engineer: 

Vle would appreciate having a member of your staff present during 
the visit of the Denver Office representatives to the Teton Project. 

R Robison:lc 3-14-74 

be: 	 AO, POE, OE, FE, Aberle 
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Appendix E 

Attachment to letter dated March 14, 1974 addressed to Director of 
Design and Construction, Denver, Colorado, from Project Construction 
Engineer, Newdale, Idaho. 

GEOLOGY 

The excavation for the right abutment keyway trench has disclosed two 
unusually large fissures that cross the floor and extend into the walls 
of the keyway near the toe of the walls. On the floor of the keyway, the 
fissures are filled with rubble; but at both locations, the contractor has 
excavated a trench about three to four feet wide and abqut five feet deep. 
Both fissures apparently were developed along joints that strike about 
N80°W and are vertical to steeply inclined. The largest fissure crosses 
the keyway from station 4+44 of the upstream face to station 4+21 at the 
downstream face. The other crosses from station 3+66 on the upstream 
face to station 3+45 on the downstream face. A smaller fissure strikes 
about N75°W and crosses the keyway trench from station 5+33 of the upstream 
face to station 5+11 at the downstream face. 

The largest and most extensive open zone extends into the upstream wall 
from the toe of the keyway wall near station 4+44. The opening at the 
toe is about five feet wide and three feet high. There is a rubble-filled 
floor about four feet below the lip of the opening. A few feet in from 
the wall the fissure is about seven feet wide, but a very large block of 
welded tuff detached from the roof and/or the north wall rests in the 
middle. Beyond the large block about 20 feet in from the opening the 
fissure narrows to about 2~ feet wide. The rubble floor slopes gently 
away from the opening and the vertical clearance is about ten feet. About 
35 feet in, the rubble floor slopes rather steeply and the roof swings 
sharply upward. About 50 feet in from the opening, the vertical clearance 
is about 40 feet and the fissure curves out of view at the top. About 75 
feet back the fissure curves slightly southward out of view. The smaller 
fissure is mostly rubble filled and is open only at the upstream face. The 
opening is about one foot square at the face and the fissure appears to be 
rubble filled about five feet back from the face. 

The continuation of this fissure intersects the downstream wall of the 
keyway near station 4+21. The opening is about four feet wide and four 
feet high. A rubble-filled floor lies about four feet below the lip of 
the opening. The large opening only extends about five feet back from 
the face then a foot wide fissure at the north edge continues about ten 
feet back and about ten feet upward before going out of view. 

The other large open zone extends into the upstream wall from the toe of the 
wall near station 3+66. The opening at the toe of the wall is about l~ feet 
wide and l~ feet high. From the opening, the fissure extends about 10 feet 
down to a rubble floor and about 15 feet back before going out of view. The 
continuation of this fissure intersects the dmmstream wall of the keyway at 
about station 3+45. There is no open fissure at the downstream wall but 
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there is a 3.5 feet wide zone of very broken rock with open spaces up to 
0.8 foot wide. About 2.5 feet north, there is an open joint about 10 feet 

long and 0.2 foot wide that dips about 78 degrees south. 


At both the upstream and downstream locations of the fissure zones, broken 
rock extends to about midway up the keyway walls. Above the broken zones 
there appears to be filled. fissures about 0.5 foot wide that extend 
vertically to the top of the keyway cut. 

Otheropenjoints or holes were observed on the floor of the keyway near 
centerline at stations 5+03, 5+68, and 6+18 and about five feet left of 
centerline between stations 6+03 and 6+08. The holes were rubble filled 
at shallow depths and their lateral extent, if any, was covered by rubble. 
Heavy calcareous deposits were associated with all of the open zones except 
for a sharp, 0.2 foot wide open joint between stations 6+03 and 6+08. 

The fissures have developed along planes of weakness, probably joints but 
possibly faults in the welded tuff. Ancient fumarole activity probably was 
common throughout the region considering the volume of trapped gases that 
would have been associated with the ash flow or flows that formed the welded 
tuff. Violent hot spring and geyser activity probably occurred in connection 
with the fumaroles. Such activity is believed to have occurred in the dam
site area in both the right and left abutments of the dam a few hundred feet 
back from the canyon. The ancient Teton River apparently had some controlling 
influence since there is no evidence of such activity in the welded tuff that 
forms the canyon walls. A high area of pre-welded tuff sediments upstream 
from the inlet portal of the river outlet works also may have been related 
to the hot spring and geyser activity. The thinner body of the welded tuff 
cooled more rapidly and the sediments formed a base for water moving through 
the welded tuff. 

In the initial fumarole activity, hydrothermal fluids developed from the 
ash flow deposit are believed to have caused alteration and some opening 
along joints and zones of weakness in the welded ash flow tuff. Ground 
water moving through the welded tuff probably became superheated and built 
up a considerable pressure, very likely the release of pressure that occurred 
when the water reached joints or vents that were open to the surface, causing 
the water, at least in part, to flush to steam and to move with great force 
through the joints or vents and surface as violent hot springs or geysers. 
The violent activity is believed to have eroded the softer, hydrothermally
altered rock adjacent to existing open joints and vents. Continued activity 
further altered and eroded the rock, resulting in open fissures and vents 
that have been encountered in the abutments. Apparently the large fissures 
developed in zone of numerous smaller, interconnected fissures. Blocks of 
welded tuff isolated by the small fissures eventually collapsed into the 
void spaces created by the small fissures to develop the large fissures 
floored by welded tuff rubble. 
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APPENDIX F 

POST-FAILURE EXPLORATION 



DRILL LOGS 

Hole Designation Appendix No. 

DH601 F-1 
DH602 F-2 
DH603 F-3 
DH604 F-4 
DH605 F-5 
DH606 F-6 
DH606A F-6A 
DH607 F-7 
DH607A F-7A 
DH608 F-8 
DH609 F-9 
DH610 F-10 
DH611 F-11 
DH612 F-12 
DH613 F-13 
DH614 F-14 
DH615 F-15 
DH616 F-16 
DH617 F-17 
DH618 F-18 
DH619 F-19 
DH620 F-20 
DH621 F-21 
DH622 F-22 
DH623 F-23 
DH624 F-24 
DH625 F-25 
DH626 F-26 
DH627 F-27 
DH628 F-28 
DH629 F-29 
DH630 F-30 
DH631 F-31 
DH632 F-32 

DH650 F-33 
DH650 Hole Survey F-33A 
DH651 F-34 
DH651B F-34A 
DH652 F-35 
DH652 Hole Survey F-35A 

WATER PRESSURE TEST RESULTS 

DH-601 thru 609 F-36 
DH-610 thru 632 F-37 
DH650 F-38 
DH651 F-39 
DH652 F-40 
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HOLE DESIGNATION: DH-601 LOCATION: Right bay spillway 
BEARING: N74°W at STA 10+60.4 2 ft. 
ANGLE: 30° to right from vertical downstream of up
DEPTH: 109.2 ft. stream grout curtain 

ELEVATION: 5299 
Started: 9/8/76 
Finished: 9/11/76 

LOG: 
0-5.4 ft. Concrete spillway apron (good bond with rock) 
5.4-bottom WELDED ASH-FLOW TUFF 
5.4-20.0 light gray, slightly porphyritic with phenocrysts up to 1/16 11 in 

diameter, low density rock 
20.0-30.0 prominent "banding", red-purple tint to a medium gray, "bands" 

are flattened pumice fragments and aligned vesicles with probable 
vapor phase minerals 

30.0-101.0 light to medium gray, slightly porphyritic 
101.0-109.2 medium to dark gray, markedly vesicular, vesicles flattened 

60° to core axis 

Core breaks: 
5.4 1-20.0 1 typical core fragment is 0.8 1 long, range 0.1 1-1.0 1 , most breaks 

.are planar, oriented 60° to the core axis, and have a dark 
surface stain 

20.0 1-30.0 1 typical core fragment is 0.4 1 long, range from less than 0.1 1 

to 1.0 1 , most breaks are smooth-surfaced, planar or arcuate joints 
30.0 1-109.2' typical core fragment is 1.5' long, range 0.4'-4.0'; most breaks. 

are planar, oriented at an angle of 60° to the core axis 

Prominent Features 
9.2' chalky grout to 1/811 filling a smooth planar joint 

oriented 60° to the core axis 
40.1 1-40.7' grout to 1/8 11 filling a rough-surfaced, irregular 

fracture oriented roughly 10° to the core axis 
52.0'-54.7' grout to 1/4" filling a rough-surfaced, irregular 

fracture which is Dughly parallel to the core axis 
6 2 • 3 I -6 3 • 5 I grout to 1/811 filling a smooth-surfaced, planar 

to arcuate joint roughly parallel to the core axis 
68.3'-69.8' 	 calcite (0.5 1 thick) over silt (0.1 1 thick), over 

sand filling a rough fracture roughly parallel to 
the core, sand terminates on a smooth, planar joint 
surface oriented 35° to the core axis; sand grain
size increases downward 

77.2 1-78.0 1 grout to 1 11 filling a rough-surfaced fracture oriented 
about 30° to the core axis, bottom portion of fracture 
filled with layered medium sand 

79.6'-80.2 1 intersection of a smooth planar joint and a rough
surfaced planar fracture, both calcite coated and 
oriented 30° to ths core axis 



APPENDIX F-2 


HOLE DESIGNATION: DH-602 LOCATION: Right spillway bay 
BEARING: at STA 10+63.4 2 ft. 
ANGLE: Vertical downstream of up
DEPTH: 94.7 ft. stream grout curtain 

ELEVATIOR: 5299 
Started: 9/4/76 
Finished: 9/8/76 

LOG: 
0-4.7 ft. Concrete spillway apron (good bond with rock) 
4.7-bottom WELDED ASH-FLOW TUFF 
4.7-17.2 light gray, slightly porphyritic with phenocrysts to 1/16" in 

diameter; light weight rock with scattered pumice fragments 
17.2-30.0 pinkish-gray, with prominent light-colored bands oriented 

roughly perpendicular to the core axis 
30.0-94.7 medium to dark gray, slightly porphyritic 

Core breaks: 
4.7 1-17.2 1 typical core fragment is about 0.8 1 long, range 0.3'-1.3', 

most breaks are planar and are roughly perpendicular to the 
core axis 

17.2 1-30.0 1 typical core fragment is about 0.3' long, range from less than 
0.1 1 to 0.8', most breaks are smooth-surfaced, planar, and 
roughly perpendicular to the core axis 

30.0'-94.7' typical core fragment is about 1.8 1 long, range from less than 
0.1 1 to more than 5.0 1 

Prominent Features 
4.7'-7.8' grout to 1/8" filling a calcite-lined arcuate joint 

parallel to the core axis 
7.8 1-8.1 1 pumice fragment 
11.1 1-11.6' pumice fragment 
13.0 1-14.2' minor grout in a rough-surfaced arcuate joint 

roughly parallel to the core axis 
43.0'-43.5' vesicular zone, vesicles flattened approximately 

80° to the core axis 
49.l'-49.5' vesicular zone, vesicles flattened approximately 

80° to the core axis 
70.6'-73.9' rough-surfaced, irregular fracture with vapor phase 

coatings; core broken from 71.0 1-72.3 1 

74.3'-76.1' rough-surfaced, irregular fracture with vapor phase 
coatings; core broken from 74.4'-76.8' 

77.4 1-78.1' grout to 1/811 thick partiall6 filling a rough-surfaced 
irregular fracture oriented 10 to core axis 

88.3 1-89.7 1 rough-surfaced, irregular fracture approximately 
parallel to the core axis, core broken 89.5 1-89.7' 



APPE:NDIX F-3 


HOLE DESIGNATION: DH-603 LOCATION: Right bay of spillway, 
BEARING: S74E STA 10+66.4 2 ft. 
ANGLE: 30° to left from vertical downstream of up
DEPTH: 108.7 ft. stream grout curtain 

ELEVATION: 5299 
Started: 9/11/76 
Finished: 9/15/76 

JJOG: 
0-5.1 ft. Concrete spillway apron (good bond with rock) 
5.1-bottom WELDED ASH-FLOW TUFF 
5.1-22.2 light gray, slightly prophyritic with phenocrysts up to 1/16 11 in 

diameter; scattered pumice fragments up to 3" in diameter; low 
density rock 

22.2-38.0 prominent 11 bands11 of collapsed pumice fragments and aligned 
vesicles oriented 60° to the core axis; red-gray color 

38.0-108.7 medium gray, porphyritic 

Core brea."l{:s: 
5.1 1-22.2 1 typical core fragment about 1.0 1 long, ra~e 0.7'-2.0 1 , most 

joints are smooth, planar and oriented 60° to the core axis 
22.2 1-38.0' typical core fragment is 0.5' long, range 0.2 1-1.0 1 most joints 

are rough-surfaced and parallel to the "bands" which are angled 
60° to the core axis 

38.0'-108.7' typical core fragment is 1.0 1 long, range 0.4 1 to more than 
3.0 1 

, breaks 	are smooth, planar joints roughly 60° to core axis 

Prominent Features 
10.7' pumice fragment approximately 3" in diameter 
11.2 1-11.3 1 grout to 1/4 11 filling a smooth planar joint oriented 

at 60° to the core axis 
15.0 1-15.8 1 rough-surfaced arcuate core break roughly 10° to 

the core axis 
40.3 1-40.5 1 pumice fragment with vapor phase minerals 
53.l '-53. 3' vesicular zone with voids up to 3/4 11 in diameter 
55.5'-56.6' large void approximately 1/211 in diameter, lined 

with quartz crystals 
57.0' grout to 1/4" filling smooth joint, calcite lined,

040 to core 
63.8'-64.7' grout to 1/16" present in layers angled 10° to the 

core axis 
65.8'-69.3 1 grout to 3/4 11 filling planar joint oriented roughly 

parallel to the core axis 
84.9'-85.4 1 vesicular zone, voids to 3/4" 
88.4 1-88.8 1 	 grout to 3/4" partially filling voids 
91.0 1-91.4 I 	 grout and silt at intersection of 2 joints 
97.7'-98.5' 	 layers of aligned vesicles oriented from 10° to 

roughly parallel to the core axis 

http:65.8'-69.31
http:15.01-15.81
http:11.21-11.31


APPEJIIDIX F-4 


HOLE DESIGNATION: DH-604 LOCATION: Center bay of spill 
BEARING: N74°W way at STA 10+86 2 ft. 
ANGLE: 30° to right from vertical downstream of up
DEPTH: 109.7 ft. stream grout curtain 

ELEVATION: 5299 
Started 9/18/76 
Finished 9/21/76 

LOG: 
0-6 ft. Concrete spillway apron (smooth contact with rock) without apparent 

adhesion, some suggestion of chalky cement 
6-bottom WELDED ASH-FLOW TUFF 
5. 9-21. 9 light gray, slightly porphyritic with phenocrysts up to l/16n in 

diameter, 2 large pumice fragments, light weight 
21. 9-29.0 prominent nbandsn of collapsed pumice fragments oriented 60° to 

the core axis, core breaks frequently parallel to "bandsn, red to 
purple gray color 

29.0-48.0 	 few light-colored "banded" zones, breaks not necessarily through 
"bands", less intense reddish color 

48.0-109.7 light to medium gray, porphyritic, prominently vesicular below 
104.5 1 

Core breaks: 
5.9 1-21.9 1 typical core fragment is about 0.8 1 long, range 0.2 1-1.8 1 , most 

core breaks are smooth, planar joints oriented 60° to the core axis 
21.9 1-29.0' typical core fragment is 0.4' long, range 0.1 1-0.7', most breaks 

are through, or parallel to light-colored "bandsn at 60° to core axis 
29.0 1-48.0 1 typical core fragrnent is 0.4' long, range O.l'-1.8 1 

, most breaks 
are smooth-surfaced planar joints oriented 60° to the core axis 

48.0 1-109.7' typical core fragment is approximately 2.0 1 long, range 0.4'-~·0', 
most breaks are smooth-surfaced planar joints oriented about 60 
to the core axis 

Prominent Features 
14.2' pumice fragment to l-l/4n 
15.4 1-16.4' calcite coated planar joint ~t 10° to core axis 
16.7'-17.1 1 pumice zone 
42.5'-44.0' rough-surfaced, arcuate fracture with silt coatings, 

oriented approximately 10° to the core axis 
61.7 1-62.2' 	 calcite filled (to l/16n thick) planar joint at 20° 

to the core axis 
62.3'-62.5 1 vesicular zone 
81.5 '-83.0' 	 grout to 1 11 filliYig a rough-surfaced fracture or void 
95.5' 	 grout to 1/411 filling a planar joint or fracture 

perpendicular to the core axis 
95.8 1-96.4' grout to 1/8" filling a smooth plari.ar joint oriented 

at 10° to the core axis 
108.1 1-109.0' grout to 3/811 filling a planar joint oriented at 15° 

to the core axis, the joint surface has irregularities 
or offsets parallel to flattened vesicle layers which 
are roughly perpendicular to the core axis 

http:plari.ar


APPENDIX F-5 


HOLE DESIGNATION: DH-605 LOCATION: Center bay of spill 
BEARING: way, STA 10+89 2 ft. 
ANGLE: Vertical downstream of up
DEPTH: 96 ft. stream grout curtain 

ELEVATION: 5229 
Started: 9/16/76 
Finished: 9/18/76 

LOG: 
0-5.8 ft. 	 Concrete spillway apron (core break at contact, but bond appears 

to have been satisfactory) 
5.8-bottom 	WELDED ASH-FLOW TUFF 
5.8-21.5 	 light gray, slightly prophyritic (phenocrysts to 1/16 11 in diameter), 

rare pumice fragments mostly less than 3/4" in diameter; very 
light weight rock. 

21.5-25.3 	 light reddish gray, bands of aligned vesicles and collapsed pumice 
fragments, many core breaks through "bands", breaks "bands" 
oriented roughly 80° to core axis 

25. 3-40. 5 medium gray with few 11bands11 of collapsed pumice oriented roughly 
80° to core axis, some light-colored "bands" of probable vapor phase 
minerals are aligned roughly parallel to the core axis 

40.5-96.0 	 light gray, slightly porphyritic, amygdules and phenocrysts to 1/811 

in diameter 

Core breaks: 
5.8 '-21.5 I typical core fragment is about 1.0 1 long, range 0.4 1-2.2 1 , most 

breaks are wavy or planar smooth-surfaceijoints 
21.5 '-25.3' typical core fragment is 0.4 1 long, range 0.1 1-0.5'6 most breaks 

are rough-surfaced and parallel the "banding" at 80 to the core 
axis 

25.3 1-40.5' typical core fragment is 0.6' long, range 0.1 1-2.0 1 ; most breaks 
are smooth-surfaced 

40.5'-96.0' 	 typical core fragment is about 1.7' long, range 0.4'-more than 3.0 1 ; 

most breaks are smooth-surfaced planar joints oriented 70°-80° 
to the core axis 

Prominent Features 
7.8'-8.4' arcuate joint oriented approximately 10° to the core axis 
14.6 1-14.9' grout to 1L4" thick filling a planar, silt lined joint 

oriented 15° to the core axis 
15.2 1-15.5' g-~out and chalky grout to 1/811 filling an arcuate joint 

roughly parallel to the core axis 
16.4'-16.5' 	 flattened pumice fragment, an apparent orientation of 

60° to core axis 
17.2 1 	 chalky grout to 1/4" in smooth-surfaced joint, angled 

40° to the core axis 
26 • 3 1-27 o l I wavy, arcuate joint roughly parallel to the core axis 
29.7'-30.1' grout and calcite in rough-surfaced, irregular 

fracture angled about 20? to core axis 
41.1 1-41.5 I aligned vesicle layers oriented about 70°-80° to core 

axis 
42.4'-44.0' arcuate joint oriented approximately 10° to core axis 

partially filled with calcite to 1/16" ' 
92.l'-92.4' 	 grout to 1/811 thick in smooth planar joint at 25° to 

core axis 



APPENDIX F-6 


HOLE DESIGNATION: DH-606 LOCATION: Center bay of spill 
BEARING: S74°E way STA 10+92 2 ft. 
ANGLE: 30° to left from vertical downstream of up
DEPTH: 40.6 ft. stream grout curtain 

ELEVATION: 5299 
Started: 9/21/76 
Finished: 9/22/76 

LOG: 
0-7.1 ft. Concrete spillway apron (poor bond with rock) 
7.1-bottom WELDED A:sH-FLOW TUFF 
7.1-24.0 light gray, slightly porphyritic with phenocrysts to 1/16", 

scattered pumice fragments to 1-1/211 in diameter 
24.0-40.6 prominent "banding" caused by collapsed pumice fragments and layers 

of aligned vesicles, few bands below 37.7' 

Core breaks: 
7.l'-24.0' 	 typical core fragment is 1.2 1 long, range 0.2'-4.0', most breaks 

are rough-surfaced planar joints which cross the core at an 
approximate angle of 70° 

24.0'-40.6' 	 typical core fragment is.0.3' long, range 0.1 1-0.8 1 , most core 
breaks are smooth-surfaced planar joints oriented 60° to the 
core axis 

Prominent Features 
ll.l '-11. 9 I smooth-surfaced, partially calcite filled (honeycomb 

structure) arcuate joint oriented roughly 10° to core 
axis, chalky grout coating on some calcite 

18.l' 	 grout to 111 filling a planar joint oriented 45° to 
the core axis 

18.3'-18.8' silt coating on a rough-surfaced joint oriented 
io0 to the core axis 

31.l '-31.4 I 4 layers of silt and calcite oriented approximately 
55° to the core axis 

38. 9 '-39.0 I scattered grout filling voids in a vesicular zone 
aligned roughly 80° to the core axis 



APPENDIX F-6A 


HOLE DESIGNATION: DH-606A LOCATION: Center bay of spill 
BEARING: S74E way STA 10+92 2.7 ft. 
ANGLE: 30° to left from vertical downstream of up
DEPTH: 111 ft. stream grout curtain 

ELEVATION: 5299 
Started: 9/29/76 
Finished: 9/29/76 

LOG: 
0-7.1 ft. Concrete spillway apron (poor bond with rock silt coatings on 

rock surface) 
7.1-bottom WELDED ASH-FLOW TUFF 
7.1-24.1 light gray, slightly porphyritic with phenocrysts to 1/16", 

scattered pumice fragments to 3", low density rock 
24.1-43.0 prominent "banding" caused by flattened vesicles and pumice fragments 

oriented 60° to the core axis, medium gray with a pink or red tone 
43.0-111.0 dark gray, slightly porphyritic, several vesicular zones 

Core breaks: 
7.1 1-24.1 1 typical core fragment is approximately 1.5' long, range 0.3 1 to about 

3.0 1 , most ~oints are smooth-surfaced, planar, darkstained, and 
oriented 60 to the core axis 

24.1 1-43.0 1 typical core fragment is approximately 0.4' long, range 0.1 1-1.0 1 , 

most breaks parallel the nbanding" at 60° to the core axis 
43.0 1-111.0' typical core fragment is 0.9' long0 range O.l'-3.0', most breaks 

are smooth planar joints oriented 50 -60° to the core axis 

Prominent Features 
17.1 1-17.4' 	 pumice fragment 
17.4'-17.7' 	 grout to 3/4" thick in an irregular joint angled 

35° to the core axis 
19.8 1-20.5 1 rough-surfaced, irregular fracture oriented roughly 

parallel to the core axis 
30.1 1-30.4 I vesicular zone, layers of aligned vesicles 60° to the 

core axis 
50.1 1-50.5 1 grout to 3f8 11 in a smooth, planar joint oriented. 

roughly 30° to the core axis, joint surfaces are 
calcite lined 

55.8 1-58.0 1 grout partially filling 1/4" wide joint with calcite 
lining roughly parallel to the core axis 

62.2 1-62.7' 	 vesicular zone 



APPENDIX F-7 


HOLE DESIGNATION: DH-607 
BEARING: N74W 
ANGLE: 30° to right from vertical 
DEPTH: 8.4 ft. 

LOCATION: 

ELEVATION: 

Left bay of spillway 
at STA. 11+11 2 ft. 
downstream of up
stream grout curtain 
5299 

LOG: 
0-5.7 ft. Concrete spillway apron (good bond with rock) 
5.7-bottom WELDED ASH-FLOW TUFF 
5.7-8.4 light gray, slightly porphyritic with fine-grained matrix 

Core breaks: 	 typical core fragment is 0.2 1 long, from badly broken zones 
to fragments 0.5 1 long 

Prominent Features 
4.2' layer of aligned vesicles oriented roughly 200 to the 

core axis 
7.8 1 intersection of two rough-surfaced planar joints angled 

20° and 60° to the core axis, both with silt coatings 



APPENDIX F-7A 

HOLE DESIGNATION: DH-607A LOCATION: Left bay of spillway, 
BEARING: N74Vl STA 11+11.6 2.7.ft. 
ANGLE: 30° to right from vertical downstream of up
DEPTH: 109.5 ft. stream grout curtain 

ELEVATION: 5299 
Started: 9/29/76 
Finished: 10/2/76 

LOG: 

0-5.7 ft. Concrete spillway apron (good contact with rock) 

5.7-bottom WELDED ASH-FLOW TUFF 

5.7-24.0 light gray, slightly porphyritic with fine-grained matrix, 


phenocrysts to 1/16" in diameter; scattered pumice fragments to 111 

diameter, some fragments slightly flattened perpendicular to the 
core axis 

24.0-28.8 closely spaced l±ght-colored bands angled 80° to the core axis; 
medium to dark gray with purple-pink tones 

28.8-109.5 light to medium gray, porphyritic, amydules to 1/8" in diameter 

Core breaks: 
5.7'-24.0 1 typical core fragment 0.9 1 long, range 0.2 1-1.8 1 , most breaks 

are smooth, planar, and angled 60° to the core axis 
124.0 1-28.8 I typical core fragment 0~3 long, range from less than 0.1 1-1.2 1 , 

most breaks are parallel to the "banding" 
28.8 1-109.5' typical core fragment is 1.5 1 

, range 0.2 1-5.7 1 , most breaks 
are smooth, planar joints 

Prominent Features 
5.9 1-6.7 1 rough-surfaced, irregular fracture roughly 10° to 

core axis . 
21.9 1-22.2 1 rough, irregular fracture oriented 30° to core axis, 

silt . coatings 
24.5 1 grout and calcite filling a planar joint oriented 

approximately 30° to the core axis 
46.8 1-47.3' layers of aligned vesicles with some chalky grout 

fillings 
50.5 1 grout and chalky grout to 3/8" thick filling a smooth 

planar joint oriented roughly 35° to the core axis 
60.0 1-60.6 1 grout to 3/8" filling a smooth-surfaced arcuate 

joint angled roughly 10° to the core axis 
70.0 1-70.2 1 scattered grout in vesicle layers oriented approximately 

70° to the core axis 

http:70.01-70.21


APPENDIX F-8 


HOLE DESIGNATION: DH-608 LOCATION: Left bay of spillway 
BEARING: at STA 11+14.6 2 ft. 
ANGLE: Vertical downstream of upstream 
DEPTH: 125.8 ft. grout curtain 

ELEVATION: 5299 
Started: 9/25/76 
Finished: 9/28/76 

LOG: 
0-6.1 ft. Concrete spillway apron (poor bond with rock) 
6.1-bottom WELDED ASH-FLOW TUFF 
5.8-21.2 light gray, slightly porphyritic with phenocrysts to 1/1611 in 

311diameter, rare pumice fragments to in diameter 
21. 2-33.0 prominent light colored "banding" oriented roughly perpendicular 

to the core axis, pinkish-gray hue 
33.0-104.0 medium gray, slightly porphyritic, amygdules of quartz and feldspar 
104.0-125.8 fairly prominent "banding" caused by layers of aligned vesicles 

and collapsed pumice oriented roughly 80° to the core axis 

Core breaks: 
5.8 1-21. 2 1 typical core fragment is 0.8 1 long, range 0.3'-1.6', most breaks 

are along planar joints having smooth to slightly rough surfaces 
21. 2 I - 3 3 • 0 I typical core fragment is 0.3 1 long, range 0.1 1-0.5 1 , most breaks 

are along smooth, planar joints oriented roughly perpendicular 
to the core axis 

33.0'-125.8' 	 typical core fragment is about l.O' long, range 0.1 1-2.5', 
most breaks are along rough-surfaced planar joints 

Prominent Features 
12.1 1-14.0' 	 rough-surfaced, irregular fracture roughly parallel 

to the core axis, pumice fragments l"-=3" in diameter 
at 12.6', 12.9 1 , and 13.6', fracture surface has 
silt coating 

63.0 1-64.1 1 grout coated, rough-surfaced0 arcuate joint with iron 
staining oriented roughly 10 to the core axis 

76.3'-78.0 1 grout to 1/211 thick filling a zone of intersecting 
joints 

78.6 1-78.7 1 grout 1 11 thick filling a calcite lined joint oriented 
perpendicular to the core axis 

83.8 1-85.5 1 rough-surfaced, irregular fracture roughly parallel 
to the core axis, grout filled to 3/8 11 · 

105.3'-105.8' grout to 1-1/4" filling a planar joint oriented 
at 10° to the core axis 

111.3 1-113.l' rough-surfaced, irregular fracture oriented roughly 
parallel to the core axis, grout filled below 112.6 1 

123.4 1-123.8' planar joint oriented 30° to the core axis, grout 
and calcite to 1 11 thick 



APPENDIX F-9 


HOLE DESIGNATION: DH-609 LOCATION: Left bay of spillway 
BEARING: S74°E STA 11+17.6 2 ft. 
ANGLE: 30° to left from vertical downstream of upstream 
DEPTH: 145 ft. grout curtain 

ELEVATION: 5299 
Started: 10/2/76 
Finished: 10/6/76 

LOG: 
0-6.2 ft. Concrete spillway apron (good bond with rock) 
6.2-bottom WELDED ASH-FLOW TUFF 
6.2-25.7 light gray, slightly porphyritic, fine-grained matrix with 

phenocrysts up to 1/16 11 in diameter 
25.7-40.0 dark gray color with reddish/purple hue with prominent light-colored 

"bands" angled 40° to the core axis 
40.0-145.0 medium gray, slightly porphyritic, occasional banding and layers 

of aligned vesicles angled approximately 70° to core axis 

Core breaks: 
6.2 1-25.7' typical core fragment is 1.7' long0 range 0.3'-3.0', most breaks 

are smooth planar joints angled 30 to the core axis 
25.7'-40.0' 	 typical core fragment 0.3 1 long0 range 0.1 1-0.8', breaks are 

rough-surfaced and angle 40°-50 to the core axis 
40.0 1-145.0' typical core fragment is 0.8' long, range 0.1'-2.5 1 , 2 sets of 

joints, one angled 30° to core axis, the other roughly 70° to 
the core 

Prominent Features 
14.2 1-14.4' rough-surfaced planar joint filled with silt up to 

1/8" thick, oriented 35° to i;he core axis 
16.0 1-16.2 1 grout to 1/1611 gartially filling a silt lined smooth 

joint angled 45 to the core axis 
41.7'-42.2 1 	 layers of aligned vesicles with flattened voids up to 1/211 

64.7 1-65.3' arcuate joint with silt coating oriented roughly 10° 
to core axis 

65.3' joint open to 3/8 11 partially filled with calcite, 
angled 40° to core axis 

65.5'-66.4 1 broken core from vesicular zone, limonite stain on 
vapor phase minerals, grout filling voids between 
66.2 1 and 66.4' angled 40° to the core axis 

87.3 1-87.5 1 	 aligned layers of vesicles angled 50° to the core axis 
102.3 1-104.3 1 rough-surfaced irregular fracture roughly parallel 

to the core axis, silt filled 

http:102.31-104.31
http:7'-42.21
http:16.01-16.21


APPENDIX F-10 


HOLE DESIGNATION: DH-610 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 12+73 
ANGLE: 42° to right from vertical ELEVATION: 5222.1 
DEPTH: 24.8 ft. 

LOG: 
0-4.8 	ft. Concrete grout cap (good bond with rock) 
4 .8-24.8 WELDED ASH-FLOW TUFF 

uniform medium gray with porphyritic texture, fine-grained 
matrix with phenocrysts to lmm in diameter 

typical joint spacing 0.6', ranging from 0.1' to 1.3 1 ; most 
are smooth-surfaced with a dark stain and are oriented 
approximately 40° to core axis; a few joints are oriented 
at 20° to the core axis 

Prominent Features 
5.6'-6.5' smooth arcuate joint, approximately 10° to core axis 
13.5 1-14.8 1 smooth arcuate joint roughly parallel with core axis 

APPENDIX J!l-11 

HOLE DESIGNATION: DH-611 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 12+74 

2~0ANGLE: to right from vertical ELEVATION: 5222 
DEPTH: 23.9 ft. 

LOG: 
0-3. 9 	ft. Concrete grout cap (good bond with "rock) 
3-9-23.9 WELDED ASH-FLOW TUFF 

a uniform medium gray with porph6ritic texture, fine-grained 
matrix; lines of vesicles at 30 to core axis are common 
below 	22.0' 

typical joint spacing 0.5', ranging from 0.3 1 to 1.0 1 ; most 
are smooth-surfaced with a dark stain and make an angle of 
approximately 50° with the core axis, some at 20° to the core 
axis 

Prominent Features 
6.3 1 smooth planar joint with calcite coating, angled 40° to 

core axis 
6.8' smooth planar joint with calcite filling (to 1/811 ), 

angled 40° to core axis 
8.7'-9.3' 	 rough-surfaced core break at approximately 10° to 

the core axis, silt coatings on the fracture surface 



APPENDIX F-12 


HOLE DESIGNATION: DH-612 LOCATION: · ON GROUT CAP AT 
BEARING: Parallels grout cap STA 12+75 
ANGLE: Vertical ELEVATION: 5222 
DEPTH: 23.5 ft. 

LOG: 

0-3.5 ft. Concrete grout cap (good bond with rock) 

3.5-23.5 WELDED ASH-FLOW TUFF 


a unifonn medium gray with porph~itic texture, fine-grained 
matrix; lines of vesicles at 10 to core axis are common 
between 15.0 1-17.3 1 

typical joint spacing 0.4', ranging from 0.05 1-1.1 1 
; most 

are smooth-surface~ with a dark stain and make an angle of 
approximately 70° with the core axis, some at 40° to core axis 

Prominent Features 
22.9' minor grout coatings on smooth planar joint angled 

at 45° to core axis 

APPENDIX F...:13 

HOLE DESIGNATION: DH-613 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 13+15 
ANGLE: 45° to right from vertical ELEVATION: 5206 
DEPTH: 24.8 ft. 

LOG: 
0-4.8 ft. Concrete grout cap (good bond but rock is badly broken 0.15 ft. 

below contact) 
4 .8-24.8 	 WELDED ASH-FLOW TUFF 

medium gray, porphyritic texture, coarse-grained; amygdales 
common (to 3/811 

) 

core is marked by smooth-surfaced arcuate joints nearly parallel 
to the core axis in the upper part, making fracture density 
meaningless; there are no natural breaks below 19.5' 

Prominent Features 
6.3'-7.9 1 aligned vesicles with vapor phase minerals 
13.5'-14.0 1 smooth arcuate joint partially filled with calcite, 

joint originally open to 1/4"; angled 10° to core axis; 
truncated by joint at 14.0 1 

14.0 1 smooth planar joint at 50° to core axis, calcite coated 
18.1 1-20.0 1 aligned vesicle layer and arcuate joint roughly parallel 

to core axis, partial calcite filling of vesicle layer 

http:13.5'-14.01
http:6.3'-7.91
http:15.01-17.31


APPENDIX F-14 

HOLE DESIGNATION: DH-614 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 13+15 
ANGLE: 22t0 to right from vertical ELEVATION: 5206 
DEPTH: 24.4 ft. 

LOG: 

0-4.4 ft. Concrete grout cap (good bond with rock) 

4.4-24.4 WELDED ASH-FLOW TUFF 


light to medium gray, porphyritic; amygdales filled with vapor 
phase minerals (to 3/8") up to 10% of rock 

typical joint spacing greater than 1.0 1, ranging from 0.4 1-2.0 1 
except for intensely jointed zones 5.6 1-6.31 and 11.8 1-13.0' 

Prominent Features 

4.6'-5.6' smooth planar joint and aligned vesicle layer, both 
roughly parallel to core axis 

12.0 1-12.4 1 chalky grout in planar joint at 25° to core a.xis 
18.5 1 void space in aligned vesicle layer 
21.8 1 core break through limonite stained "band" at 25° 

to core axis 
23.6 1-24.4' aligned vesicles with vapor phase minerals at 10° 

to core axis 

APPENDIX F-15 

HOLE DESIGNATION: DH-615 LOCATION: ON GROUT CAP AT 

BEARING: Parallels grout cap STA 13+15 

ANGLE: Vertical ELEVATION: 5206 

DEPTH: 24.9 ft. 


LOG: 

0-4.9 ft. Concrete grout cap (good bond with rock) 

4. 9-24. 9 WELDED ASH-FLOW TUFF 

medium gray, slightly porphyritic, coarse-grained; vesicles 
and aligned vesicles are common 

typical joint spacing above 13.0' is 0.6 1 , ranging from 0.1 1
2.41, below 13.0 1 , typical spacing is greater than 2.0 1 , ranging 
from 1.5'-more than 4.0' 

Prominent Features 
5.0'-6.0 1 rc~gh fracture at approximately 10° to core axis 
9. 21-11.0 I alig:Qed vesicles and bands of light colored minerals 

at 10° to core axis 
11.1 1 grout coating on smooth planar joint roughly 300 t.o 

core axis 

http:5.0'-6.01


APPENDIX F-15 (Con 1t.) 

Prominent Features (Can't.) 
12.2 1-12.6' 	 rough fracture with probable vapor phase minerals 

roughly 150 to core axis 
15.2'-15.7' 	 rough fracture with dark staining oriented 15°-20° 

to core axis 
22.2 1 -23.5' 	 rough fracture with dark stain, 30° to core axis 

APPENDIX F-16 

HOLE DESIGNATION: DH-616 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap 
ANGLE: 47!0 to right from vertical ELEVATION: 

STA 13+29 
5197 

DEPTH: 24.3 ft. 

LOG: 

0-4. 3 ft. Concrete grout cap (good bond, but rock badly broken) 

4. 3-24. 3 WELDED ASH-FLOW TUFF 

medium gray with porphyritic texture, some "banding" in lower 
portion 

very few joints, a typical spacing would be greater than 2.0 1 , 

some unbroken core longer than 5.0 1 

Prominent Features 
4.7'-6.1 1 	 smooth arcuate joint with calcite coating nearly 

parallel to core axis, paralleled by rough fracture 
4.7'-5.5' 

5.9' calcite coating on smooth planar joint, 300 to core 
axis 

6.3' calcite coating on smooth planar joint, 30° to core 
axis 

13.4'-13.8 1 aligned vesicles with significant void space, dark 
stain 

15.1' core break nearly perpendicular to core axis through 
layer of limonite stained probable vapor phase minerals 

17.5 1 grout filled, smooth, planar joint roughly 200 to core 
axis 

20.2 1 grout filled, smooth, planar joint roughly 20° to core 
axis 

http:13.4'-13.81
http:4.7'-6.11


APPENDIX F-17 


HOLE DESIGNATION: DH-617 
BEARING: Parallels grout cap 
ANGLE: 21° to right from vertical 
DEPTH: 23.9 ft. 

LOCATION: 

ELEVATION: 

0.9 ft. upstream 
grout cap center
line at STA 13+30 

5197 

LOG: 
0-3.9 ft. 
3. 9-23. 9 

Concrete grout cap (good bond w
WELDED ASH-FLOW TUFF 

ith rock) 

medium gray with porphyritic texture; some vesicle alignment 
below 11.5 1 at an angle of 600 to core axis 

typical joint spacing 1.5', ranging from 0.2 1-more than 6.0'; 
most are smooth-surfaced, dark stained, and make an angle of 
approximately 40° with the core axis 

Prominent Features 
4.0'-4.7 1 smooth arcuate joint and rough fracture, both 

nearly parallel to core axis 
4.7'-6.7' smooth arcuate joint roughly parallel to core axis 
8.0 1-10.0 1 smooth arcuate joint roughly parallel to core axis, 

partially filled with grout 

APPENDIX F-18 

HOLE DESIGNATION: DH-618 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 13+30 
ANGLE: Vertical ELEVATION: 5197 
DEPTH: 24.2 ft. 

LOG: 

0-4.2 ft. Concrete grout cap (good bond with rock) 

4.2-24.2 WELDED ASH-FLOW TUFF 


medium to dark gray, porphyritic; aligned vesicles below 14.0 1 
7 

light colored "bands" of collapsed pumice and vapor phase 
minerals present, but not obvious (oriented roughly perpendicular 
to core axis) 

typical core fragment is 1.3 1 long, range 0.1 1-1.9 1 , most breaks 
are through 11 bands11 , smooth-surfaced joints are not common 

Prominent Features 
4.9 1-5.9' smooth, dark stained joint at 15° to core axis 
15.8 1-16.8 1 rough-surfaced fracture with dark surface stain at 

10° to core axis 

http:15.81-16.81


APPENDIX F-18 (Con't.) 

Prominent Features (Con't.) 
16.9 1-17.4' 	 rough-surfaced fracture with dark surface stain 

at 10°-20° to core axis 
21.6 1-22.3 1 	 smooth, planar joint at 10° to core axis 
22.8 1 smooth planar joint roughly perpendicular to core 

axis, partially filled with calcite 

APPENDIX Jl'-19 

HOLE DESIGNATION: DH-619 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 13+31 
ANGLE: 31° to left from vertical ELEVATION: 5197 
DEPTH: 26.7 ft. 

LOG: 
0-6.7 ft. Concrete grout cap 6concrete appears to lie on a smooth joint 

surface oriented 60 to the core axis, no apparent adhesion) 
6.7-26.7 	 WELDED ASH-FLOW TUFF 

medium to dark gray porphyritic rock with crystalline matrix; 
aligned vesicles below 15.0', average spacing of 0.5' 

typical joint spacing 1.2', ranging from 0.3 1-2.6 1 ; most are 
smooth-surfaced, planar with a dark stain 

Prominent Features 
10.1 1-10.6 1 	 smooth arcuate joint, roughly 25° with core axis 
11.6 1-12.2 1 smooth arcuate joint with chalky grout coating, 

roughly 25° to core axis 
18.9'-19.3' 	 smooth planar joint making 40° angle with core 

axis is calcite lined and filled with 3/4" of 
calcareous silt 

21.9' 	 rough-surfaced fracture with calcite lining filled 
with calcareous silt (to 3/811 ) 

25.1 1 	 joint up to 1/211 wide filled with grout and silt 



APPENDIX F-20 · 


HOLE DESIGNATION: DH-620 LOCATION: 1.4 ft. downstream 
BEARING: Parallels grout cap of grout cap center
ANGLE: 44° to right from vertical line at STA 13+46 
DEPTH: 100 ft. ELEVATION: 5189 

LOG: 
0-4.4 ft. Concrete grout cap (good bond, but rock is badly broken along 

rough, dark-stained fractures 
4.4 	to 100 WELDED ASH-FLOW TUFF 

dark gray, porphyritic, general increase in the number of "bands" 
of collapsed pumice and vapor phase minerals with depth, "bands" 
are prominent below 50.0 1 

typical core fragment is 0.9' long, breaks occur primarily at 
dark stained, planar joints above 45.0', along or through "bands" 
below 45.0 1 

Prominent Features 
7.2 1 rough-surfaced fracture at 30° to core axis, silt filled 

to 3/8" 
7.7' 	 smooth, planar joint at "30° to core axis, silt filled to 

3/8 11 

7.6 1-8.0 1 	 smooth planar joint at 30° to core axis 
20.7 1 rough-surfaced fracture at 50° to core axis, calcite 

filled (to 3/4 11 ) 

24.8 1 smooth planar joint at 46° to core axis 
25.0'-25.3' 	 planar joint at "30 to core axis, partially filled 

with grout 
25.5 1-2601' smooth arcuate joint with dark surface stain oriented 

15 to core axis 
26.1' smooth planar joint at 45° to core axis, partially filled 

with calcite 
4i.1 1-41.6' smooth planar joint at 30° to core a.xis, grout lined 

and filled with silt (to 3/811 ) 

41.8 1-42.0 1 planar joint at "30° to core axis, grout lined and 
filled with silt (to 3/8") 

49.0 1 -50.0 1 joint oriented at 10° to core axis has a calcite 
lining and is filled with grout (to 1/2") and silt that 
appears to have been washed in with the grout 

78.9 1 grout and silt in an area of broken core, appears to be 
a joint oriented 15°-20° to the core a.xis with a grout 
lining and silt filling 

91.1 1 -91.4 1 calcite lined planar joint with silt filling (to 1/4") 



APPENDIX F-21. 


HOLE DESIGNATION: DH-621 LOCATION: 1.4 ft. downstream 
BEARING: Parallels grout cap 
ANGLE: 2~0 to right from vertical 

of grout cap center
line at STA 13+47 

DEPTH: 23.5 ft. ELEVATION: 5189 

LOG: 
0-3.5 ft. Concrete grout cap 
3.5-23.5 WELDED ASH-FLOW TUFF 

dark gray with reddish iron staining, porphyritic rock with 
crystalline matrix; rare vesicles with vapor phase minerals 
up to 1/211 in dia..'lleter, some "banding" 

typical joint spacing greater than 2.0', typical core break 
along bands of collapsed pumice and vapor phase minerals 0.7'., 
ranging from 0.1 1-1.3' 

Prominent Features 
4.0'-4.8 1 	 badly broken core; appears to be a smooth arcuate 

joint at 15° to core axis and a rough-surfaced 
fracture nearly parallel to the core axis (trace of 
fracture extends to 5.4'), fracture and joint surfaces 
are coated with chalky grout 

6.3'-6.5' 	 smooth planar joint at 40° to core axis has grout 
coating on calcite lining 

6.7'-8.6 1 	 curving rough-surfaced fracture with grout filling 
(ug to 1/4 11 

) over calcite coating, oriented roughly 
10 to core axis 

11.5 1-12.6' smooth-surfaced planar joint with silt filling over 
calcite coating 

12.6 1 smooth planar joint at 60° to core axis with chalky 
grout 

14.6' grout filled (to 1/2") planar joint at 80° to core 
axis 

14.7' grout filled (to 1/2") planar joint at 80° to core 
axis 

19.2'-19.3 1 chalky grout (?) coating on calcite lining on 
planar joint to 60° to core axis 

20.2 1-20.9' broken core; intersection of joints at 20° and 
40° to core axis with rough fracture nearly parallel 
to core axis, silt coatings on joint and fracture 
surfaces 

http:19.2'-19.31


APPENDIX F -22 


HOLE DESIGNATION: DH-622 LOCATION: 1.4 __ft. downstream 
BEARING: of grout cap center
ANGLE: Vertical line at STA 13+48 
DEPTH: 23.5 ft. ELEVATION: 5189 

LOG: 

0-3. 5 ft. Concrete grout cap (good bond with rock) 

3.5-23.5 WELDED ASH-FLOW TUFF 


medium to dark gray, slightly porphyritic, slightly vesicular 
rhyolite; aligned vesicle layers and "bands" of collapsed 
pumice and vapor phase minerals are common, especially below 
14.0' 

typical core break 0.4 1 , ranging 0.1 1-1.3'; breaks primarily 
through "bands" in lower half of hole, along smooth, planar 
joints in upper half; joints oriented at 50°-10° with core 
axis 

Prominent Features 
3.5'-7.5 1 	 badly broken core; appears to have intersected 

previous drill hole at 4.5 1 and 7.3'(?); vesicle 
layers aligned parallel to core axis 

13.4' 	 smooth planar joint roughly perpendicular to core 
axis, chalky grout coating 

APPENDIX F-23 

HOLE DESIGNATION: DH-623 LOCATION: 1.4 ft. downstream 
BEARING: Parallels grout cap from grout c~p 
ANGLE: 22!0 to left from vertical centerline at STA 
DEPTH: 21.4 ft. 13+49 

ELEVATION: 5189 

LOG: 
0-1.4 ft. Concrete grout ~ap (good bond, but rock breaks along a smooth, 

planar joint at 20° to core axis) 
1.4-21.4 	 WELDED ASH-FLOW TUFF 

dark gray, slightly porphyritic; vesicular with aligned vesicle 
layers 

core fragments typically 0.6 1 long, ranging 0.1 1-1.6 1 ; breaks 
equally divided between smooth-surfaced joints and breaks 
through "bands" of collapsed pumice and vapor phase minerals 



APPENDIX F-23 (Con 1 t.) 

Prominent Features 
1. 2 1-1.6 I smooth, planar joint at 20° angle to core axis, 

weakens effectiveness of concrete/rock bond 
3.2'-4.4' 	 broken core, rough-surfaced fractures with limonite 

staining coupled with layers of vesicles aligned 
roughly parallel to the core axis and at 60° to the 
core axis 

13.0 1-13.4' grout coating on smooth, arcuate joint oriented 
roughly 20° to the core axis 

20.5'-21.1 1 dark stained rough-surfaced fracture and aligned 
vesicle layers oriented approximately 10° to core axis 

APPENDIX F-24 

HOLE DESIGNATION: DH-624 
BEARING: Parallels grout cap 
ANGLE: 45° to right from vertical 
DEPTH: 24.3 ft. 

LOCATION: 

ELEVATION: 

ON GROUT CAP AT 
STA 13+76 

5170 

LOG: 
0-4.3 ft. 	 Concrete grout cap (core break at contact, suggestion of 

chalky cement) 
4. 3-24.. 3 WELDED ASH-FLOW TUFF 

dark gray, porphyritic rhyolite with frequeqt (roughly every 
0.2 1 ) 11bands11 of collapsed pumice and vapor phase minerals, 
bands are oriented approximately 40°-50° to core axis 

typical core 	break spacing along 11bands11 is 0.8 1 , ranging from 
0.2 1-2.1 1 , rare smooth surfaced joints oriented 40°-50° to core 
axis; most smooth-surfaced joints are silt coated, breaks along 
"bands" do not have silt 

Prominent Features 
22.8'-23.5' 	 rough-surfaced fracture along probable vesicle layer 

at 20° to core axis has silt filling over chalky grout 
coating on calcite lining 



APPENDIX -25

HOLE DESIGNATION DH-625 LOCATION ON GROUT CAP AT
BEARING --- STA 1376
ANGLE Vertical ELEVATION 5170

DEPTH 26.3 ft

LOG
05.3 ft Concrete grout cap poor bond with rock chalky cement at contact
5.3-26.3 WELDED ASH-FLOW TUFP

medium to dark gray coarse-grained porphyritic rhyolite yellow
stained bands of collapsed pumice and vapor phase minerals

oriented roughly perpendicular to core axis

typical core break spacing is 0.5 ranging from O.2l.2
along bands only smoothsurfaced core breaks in core

Prominent Features

8.7 smooth planar joint at right angle to core axis coating
on joint surfaces suggest vapor phase minerals

12.7 smooth planar joint at 80 to core axis

17.0 smooth planar joint at right angle to core axis coating
on joint surfaces suggest vapor phase minerals

19.0 smooth planar joint at right angle to core axis coating
on joint surfaces suggest vapor phase minerals

23.323.5 relatively smooth planar joint with dark stain

oriented roughly 300 to core axis calcite filling to 1/4

APPENDIX -26

HOLE DESIGNATION DH-626 LOCATION ON GROUT CAP AT
BEARING Parallels grout cap STA 1377
ANGLE 22- to left from vertical ELEVATION 5170
DEPTH 26.7 ft

LOG
06.7 ft Concrete grout cap concrete appears to lie on smooth planar

joint surface at 70 to the core axis no apparent adhesion
6.7-26.7 WELDED ASH-FLOW TUPF

medium to dark gray coarsegrained slightly porphyritic rhyolite
has marked banded appearance due to aligned vesicles and

yellowish bands of co1lpsed pumice and vapor phase minerals
oriented approximately 65 to core axis

typical core fragment about 0.4 long ranges from O.2l.4
breaks occur most frequently through bands but smooth joint
surfaces are also



APPENDIX F-26 (Con't.) 

Prominent Features 
9.1 1-9.6 1 smooth planar joint forms 20° degree angle with 

core axis, filled with chalky grout to 1/4" and 
silt coatings 

20.0 1-20.8 1 badly broken core, rough-surfaced fracture 
nearly parallel to core axis, dark stain 

APPENDIX F-27 

HOLE DESIGNATION: DH-627 LOCATION: On grout cap 
BEARING: Parallels grout cap alignment alignment at 
ANGLE: 46° to right from vertical STA 14+08 
DEPTH: 21.0 ft. ELEVATION: 5149 

LOG: 
0-21.0 ft. 	 WELDED ASH-FLOW TUFF 

dark gray, slightly porphyritic rhyolite; prominent "banding" 
with dark red "earthy" stain and coating on aligned vesicle 
surfaces and layers of collapsed pumice and vapor phase 
minerals, most bands roughly 50° to core axis 

most core breaks occur through "bands", typically 0.8 1 apart, 
ranging from 0.2 1-1.6 1 

Prominent Features 
8.8 1 planar joint at 30° to core axis has chalky surfaces that 

look more like hydrothermal alteration than vapor phase 
mineralization 

11.7 1 rough-surfaced fracture with vapor phase minerals oriented 
50° to core axis, silt coated surfaces 

15.0' 	 chalky grout coating on rough-surfaced core break at 50° 
to core axis 

16.6 1 silt coating on rough-surfaced core break 500 to core 
axis 

19.l'-19.8 1 smooth, planar joint at 15° to core axis is silt 
filled to 1/2", joint surfaces calcite lined 

Note: Grout cap missing 

http:19.l'-19.81


APPENDIX F-28 


HOLE DESIGNATION: DH-628 LOCATION: On grout cap 
BEARING: - alignment at 
ANGLE: Vertical STA 14+10 
DEPTH: 21.0 ft. ELEVATION: 5149 

LOG: 
0-21.0 ft. WELDED ASH-FLOW TUFF 

dark gray, slightly porphyritic rhyolite; prominent "banding" 
caused by aligned vesicles and layers of vapor phase minerals, 
banding is roughly perpendicular to the core axis 

most core breaks occur through "bands", typically 0.4 1 apart, 
ranging from 0.1 1-0.9 1 

Prominent Features 
0.9 1 silt in core break through vapor phase "band", probably 

washed in during clean-up 
1.1 1 silt in core break through vapor phase "band", probably 

washed in during clean-up 
7.3 1 smooth, planar joint through vapor phase "band", chalky 

grout to 1/811 

15.2 1-16.2 1 rough-surfaced fracture nearly parallel with core 
axis 

20.5 1 rough-surfaced planar joint at 50° to core axis 

N"ote :. Grout cap is missing 

APPENDIXF -29 

HOLE DESIGNATION: DH-629 LOCATION: 1.1 ft. downstream 

BEARING: Parallels grout cap alignment of grout cap align

ANGLE: 34° to left from vertical ment at STA 14+08 

DEPTH: 21.0 ft. ELEVATION: 5149 


LOG: 

0-21.0 ft. WELDED ASH-FLOW TUFF 


dark gray, porphyritic rhyolite; prominent "banding" due to 
aligned vegicles and layers of vapor phase rainerals, "ban.ding" 
roughly 60 to core axis 

core brea.l{:s primarily through "bands", typical spacing 0.4 1 , 

ranging from 0.1 1-1.1 1 



APPENDIX F-29 (Con't.) 

Prominent Features: 
2.2 1-2.5 1 planar joint with grout filling to 1/16", angled 

30° to core axis 
9.2' smooth planar joint with grout coating, angled 

70° to core axis 
9.3' smooth planar joint, angled 70° to core axis 
15.7 1-16.0 1 smooth planar joint with dark stain and silt 

coating, angled 22° to core axis 
17.5 1-17.7 1 rough-surfaced, planar joint with dark stain 

and silt filling to 3/16", angled 35° to core axis 

Note: Grout cap is missing 

APPENDIX F-30 

HOLE DESIGNATION: DH-630 LOCATION: ON GROUT CAP AT 
BEARING: Parallels grout cap STA 14+27 
ANGLE: 47° to right from vertical ELEVATION: 5141 
DEPTH: 21. 7 ft. 

LOG: 

0-1. 7 ft. Concrete grout cap (good bond with rock) 

1. 7-21..7 WELDED ASH-FLOW TUFF 

dark gray, coarse-grained, slightly porphyritic rhyolite; 
vesicular (to sfr, of rock mass), vesicles to 1/4" in diameter; 
"banding" due to aligned vesicles and layers of vapor phase 
minerals, "banding" oriented at 50° to core axis 

core fragments typically 1.0 1 long, range from 0.1 1-2.0', 
most breaks occur through "bands", but several occur at 
smooth-surfaced planar joints 

Prominent Features 
9.7'-10.1 1 smooth planar joint at 30° to core axis 
10.5 1-10.9 1 smooth planar joint at 30° to core axis 
21. Q t - 21. 2 I smooth planar joint at 35° to core axis 
21. 3 I - 21. 5 I smooth planar joint at 25° to core axis intersects 

a smooth planar joint, 21.5 1-21.6 1 , which is 
oriented 60° to the core axis 



APPENDIX F - 31 


HOLE DESIGNATION: 
BEARING: 
ANGLE: Vertical 
DEPTH: 21.6 ft. 

DH-631 LOCATION: 

ELEVATION: 

ON GROUT CAP AT 
STA 14+26 
5142 

LOG: 
0-1.6 ft. 
1.6-21.6 

Concrete grout cap (good bond 
WELDED ASH-FLOW TUFF 

with rock) 

dark gray, porphyritic, vesicular, "banding" due to closely 
spaced layers of aligned vesicles and vapor phase minerals 

typical core fragment 0.4' long, range 0.1 1-1.2 1 , breaks are 
almost exclusively through "bands" and roughly perpendicular 
to core axis 

Prominent Features 
l.6'-2.4' layers of aligned vesicles roughly parallel to 

core axis, partially filled with chalky grout 
13.0'-13.3' smooth, planar joint at 20° to core axis, off

set along "band" perpendicular to core axis 

APPENTIIX F- 32 

HOLE DESIGNATION: DH-632 LOCATION: ON GROUT CAP AT 

BEARING: Parallels grout cap STA 14+28 

.ANGLE: 34° to left from vertical ELEVATION: 5141 

DEPTH: 23.1 ft. 


LOG: 

0-3.l ft. Concrete grout cap (good bond to rock) 

3.1-23.1 WELDED ASH-FLOW TUFF 


dark gray, porphyritic, vesicular, "banding" due to closely 
spaced layers of aligned vesicles and vapor phase minerals 

typical core fragment 1.0 1 long, range 0.15 1-1.4 1 breaks 
through "bands" which are oriented approximately 40° to the 
core axis 

Prominent Features 
3.1 1-3.6' badly broken core, closely spaced layers of vesicles 

aligned roughly parallel to the core axis 
13.6'-13.8' core break along rough, dark stained surface angled 

approximately 40° to core axis 
14.3 1-14.7' core break along rough, dark stained surface ~ngled 

10° to core axis 



APPENDIX F -33 


HOLE DESIGNATION: DH-650 LOCATION: Dam crest, 4.7 ft. 
BEARING: &2":1°E upstream of center
ANGLE: 31 to left from vertical line at STA 3+00 
DEPTH: 351.5 ft. ELEVATION: 5332 

LOG: 
0-90 ft. Dam embankment 

WELDED ASH-FLOW TUFF from 90 ft. to hole bottom 
90.0 1-150.0 1 light gray, porphyritic with fine-grained matrix, scattered 

pumice-like fragments to 3/4" in diameter, vesicles and 
amydules common 

150.0 	-172.0 light to medium gray, prominent "banding" due to layers of 
aligned vesicles and collapsed pumice frag:lJ.lents with probable 
vapor phase mineralization, "bands" 45°-55° to core axis 

172.0-183.0 	 light gray, prophyritic 
183.0-308.0 	 light to medium gray, prominent "banding" due to layers of 

aligned vesicles and collapsed pumice fragments with probable 
vapor phase mineralization, "bands11 roughly 50° to core axis 

308. 0-351. 5 pronounced thin, wavy "banding11 (eutaxitic texture), staining 
of light colored minerals below 325.0 

Core breaks: 	 almost all breaks are rough-surfaced and through or parallel 
to "bands" 

90.0'-150.0 1 typical fragment about 2.0 1 long, range 0.1 1-6.0' 
150.0'-172.0 1 typical fragment about 0.5 1 long, range 0.1 1-1.2 1 

172.0 ':...133.0' typical fragment about 0.8 1 long, range 0.6 1-2.3 1 

183 • Q I - 308 o Q I typical fragment about 0.5' long, range 0.1 1-2.1 1 

Prominent Features 
107.6 1-110.6 1 layers of aligned vesicles roughly parallel 

to core axis 
118.5' 	 rough-surfaced, planar fracture filled with 

grout to 1-1/211 , oriented 40° to core axis 
128.7 1-132.0' layers of aligned vesicles with significant 

void space angled 20° to core axis 
132. 6 1 grout to 1/2" filling vesicle layer at 30° 

to core axis 
150.0 1 grout to 1/2 11 filling rough-surfaced fracture 

at 50° to core axis 
150.6 1 grru t to 1/4 11 filling rough-surfaced fracture 

at 50° to core axis 
173. 7' smooth, planar joint at 30° to core axis, 

calcite lined, grout filled to 1/4" 
195 • 3 I grout and calcite in rough fracture at 45° 

to core axis, grout to 1/16" 
206.3 1-206.6 1 sand grout to 3/~ 11 thick filling smooth planar 

joint roughly 30 to core axis 



APPENDIX F-33A 
HOLE SURVEY 

HOLE DESIGNATION: DH-650 LOCATION: Dam crest, 4.7 ft. 
BEARING: s21°E (Surface measurement) upstream of centerline 
ANGLE: 31° to left from vertical at STA 3+00 

(Surface measurement) ELEVATION: 5332 

SPERRY SUN SURVEY: 
Depth Angle to left 
ft. from vertical :Searing 

0 33 
10 33 
20 33. 5 
30 34 
40 35.5 
50 36 
60 35.5 
70 35.5 
80 35 
90 36 

110 36 
120 35 
130 35 S27°E 
140 35 S26°E 
150 35 S26°E 
160 35 S26°E 
170 35 S26°E 
180 35 S26°E 
190 35 
200 34. 5 
210 34.5 
220 34 
230 34 
240 34.5 
250 34 
260 34.5 
270 34 
280 34 



APPENDIX F-34 

HOLE DESIGNATION: 
BEARING~ 

ANGLE: 
DEPTH: 

Vertical 
622.4 ft. 

DH-651 LOCATION: 

ELEVATION: 

At STA 4+34 on 
centerline of dam 

5332 

LOG: 

0-78.9 ft. Dam embankment 

78.9-80.4 Concrete (good bond with rock) 

80.4-502.2 	 WELDED ASH-FLOW TUFF 

80.4-121.0 	 light gray, porphyritic with fine-grained matrix; small amygdules 


and phenocrysts (to 1/4" diameter) present as less than 10% of 
rock mass 

121.0-140.0 light to medium gray, porphyritic, vesicular with layers of 
aiigned vesicles and collapsed pumice fragments oriented roughly 
perpendicular to the core axis, vesicles'to 1/2" 

140.0-160.0 light to medium gr~y, porphyritic, layers of aligned vesicles 
at approximately 60 to core axis, phenocrysts and amygdules 
to 1/4" 

160.0-270.0 basic color is medium gray, although overall rock has a light 
gray appearance because amygdules and layers of collapsed pumice 
fragments with probable vapor phase minerals, phenocrysts to 
3/811 , amygdules to l", flattened amygdules and "pumice" layers 
oriented 60° to core axis 

270.0-345 .o light "bands" of collapsed pun1ice and vapor phase minerals have 
an irre@lar orientation resulting in a mottled core appearance, 

211bands 60° to core axis, scattered pumice fragments to in 
diazneter 

345. 0-444. 0 closel;y spaced, wavy, light and dark colored bands up to 1/211 

thick, average 1/4", individual shards aYJ.d crystals appear 
pressed together, eutaxitic structure, "bands" are oriented 
roughly 60 to core axis 

444.0-480.0 	 chocolate brown co2.or with light colored bands (wider spacing 
than above), general decrease in grain si7-e 

480.0-502.2 porphyritic with nearly glassy, dark brown matrix, phenocrysts 
to 1/4" making up to 15% of rock mass 

502. 2-botto:n of hole SEDD1ENTARY SEQUENCE 
,502.2-506.5 ash-fall tuff 
506.5...-517.7 sand: sedimentary layering at 45° to core axis, grain-size 

segregation of tuffaceous material, purple to reddish brown color 
517.7-535.9 conglomeratic sandstone: slightly indurated, coarse, poorly 

sorted sand conglomerate, gravel to 3/4" in dia"lleter 
535.9-547.l sand: poorly sorted sands with little or no induration, tan 

to buff colored 
547.1-555.0 sand and gravel: gravel to 2" in diameter, poorly sorted 

sand matrix 
555.0-561.5 sand.stone:. tuffaceous, slight induration, air drys hard, 

gray color 



APPENDIX F-34 (Con't.) 

561.5-582.9 	 sand and gravel: gravels to 3", some clumps of fine sand, 
recovery is almost totally "washed" gravels 

582. 9-596 .4 	 clay: clay with fine sand, light brown color 
596.4-622.4 	 sand and gravel: clayey, fine sand conglomerate with gravels 

to 111 in diameter, slightly indurated; recovery below 600.0 1 

consists of "washed" gravels 

Core breaks: 
80.4 1-121.0 1 typical core fragment is 2.0 1 long, range 0.3 1 to more than 7.0 1 , 

most breaks are rough-surfaced and approximately perpendicular to 
the core axis 

121.0 1-140.0 I typical core fragment about 0.5 1 long, range 0.1 1-1.3 1 , most 
breaks are rough-surfaced and through or parallel to "bands" 
roughly perpendicular to the core axis 

140.0 1-160.0' typical core fragment 1.0 1 long, range 0.1 1-2.0 1 , rough 
breaks perpendicular to the core axis 

160.0 1-270.0 1 typical core fragment is 0.8' long, range 0.2 1-1.7', breaks 
are rough-surfaced and through or parallel to the "banding", 
makes an angle of 60° with core axis 

270.0 1-300.0' typical core fragment is roughly 1.5 1 long, range 0.2 1-1.7', 
rough breaks parallel to "banding", 60° to core axis 

300.0 1-345.0' typical core fragment is 3.0 1 long, range 0.5 1-4.6', rough 
breaks parallel to "banding" 

345.0'-444.0' typical core fragment is 0.8' long, range 0.2 1-2.0 1 , rough
surfaced breaks through or parallel to "bands", 60o-700 to 
core axis 

444.0'-480.0 1 typical core fragment is 0.8 1 long, range 0.2 1-1.8 1 , breaks 
are oriented at 30° and 60° to core axis; breaks at 30° 
orientation are planar, rough to smooth 

480.0 1-502.2 1 typical core fragment is more than 1.0 1 long, some fragments 
are longer than 5.0 1 ; breaks are along rough-surfaced fractures 
roughly parallel to the core axis or angled 10°-20° to the axis 

Prominent Features 
82.7 1-84.2 1 grout to 1/2" wide filling and coating a rough

surfaced, irregular fracture, probable vesicle 
layer 

88.6'-93.1' 	 good bond between sand grout and calcite lined 
rough-surfaced fracture, 92.0 1-92.5 1 core consists 
entirely of grout 

96.4 1-98.1 1 	 grout, chalky grout, and sand grout in good bond 
to rough, irregular fracture 

114.3 1-116.0 1 aligned vesicles roughly parallel to core axis 
154.1 1-154.7 1 grouted vesicle layer oriented 10° to core axis, 

grout to 1/811 thick 
161.1 1 grout to 1/4" filling rough-surfaced fracture that 

is roughly perpendicular to the core axis 



APPENDIX F-34 (Can't.) 

Prominent Features (Can't.) 
200.0 1-200.6 1 grout to 1/1611 partially filling rough fracture 

at 10° to core axis 
336.0' 	 chalky grout to 1/16" thick, silt, and fine sand 

in a rough-surfaced planar joint oriented 45° to 
the core axis 

353.7 1-353.8' a light-colored "band" of collapsed pumice containing 
a slightly flattened vesicle with a maximum dimension 
of 1-1/4" 

439.0 1-439.9 1 smooth-surfaced planar joint roughly parallel to 
core axis, yellow staining and silt coating 

486.3'-491.4' 	 rough-surfaced, irregular fracture roughly parallel 
to the core axis, yellow stained silt coatings 

517.7 1 the contact between the sand and the underlying 
sand and gravel is oriented 30° to the core axis 

561.5 1 the contact between the sand and the underlying 
sand and gravel is oriented 50° to the core axis 



APPE:NDIX F- 34A. 

HOLE DESIGNATIOU: 
BEARING: 
ANGLE: Vertical 
DEPTH: 885. 3 

DH-651B LOCATION: 

ELEVATION: 

At STA 4+19 on 
centerline of da~ 

5332 

0-498.4 
498.4 1-513.8' 

513.8 '-522.1 1 

522.1 1-527.0' 
5 27 •0 I -5 31.4 I 

531.4 '-546.2' 

546.2'-558.0' 
558.0'-562.0 1 

562.0'-567.4' 
567.4'-596.7' 

5 96. 7 '-6 21. 9' 

621. 9 '-622. 7' 

622.7'-625.6' 
625.5 1-626.8' 

626.8 '-631. 3 1 

631. 3 '-632.6' 
632.6 1-634.3' 

no core, used rock bit 
co~glomeratic sand: poorly sorted angular to sub-angular sands 
and rounded gravels; pebbles up to 2" in diameter; 
principally coarse to very coarse sand above 505.0, below 
this the matrix is principally medium sand; gravels decrease 
in size a.'1d number with depth; some partially indurated 
zones 
coarse gravel: rounded gravel and cobbles to 3-3/4"; unusual 
b1ack colored matrix of sa.'1d and silt-sized material, appears 
to be a black volcanic sand, some of the larger particles 
appear glassy; partially indurated 
no core: used rock bit 
sandstone: weakly indurated coarse sand with grain-size range 
from snt to granules 
gravel: gravel up to 2-1/2" in diameter; brown fine sand and 
silt matrix to 536.2', no matrix recovered below this except for 
S'Ome clayey material lodged j_n the end of the core barrel 
no core: used rock bit 
fine sand: brown silty, clayey, fine sand; soft to medium 
consistency 
clayey silt: brown to tan, soft to mediTu"ll. 
no core: used rock bit, driller reports: 
567.4 1-572.0' "silty clay" 

572.0'-575.0' "sand and gravel'' 

575.0 1-595.0' "large gravel and cobbles" 
595.0'-596.7' "clay" 
clay: tan, very stiff clay; slickensided joints oriented 30°, 
45°, and 60° to the core axis, some joint surfaces have a partial 
dark stain, joint surfaces are oriented at various angles around 
the core axis, even joints with the same dip are not necessarily 
parallel; color changes rather abruptly from tan to grayish, 
off-white at 615.0'; average joint spacing roughly 0.8 1 ; 602.0 1 

603.3' sandy silt layer; clay appears to have expanded as the 
core diameter is smaller in the silt la;yer 
gravel: rounded gravels in an off-white stiff clay matrix; 
matrix is same as abo-ve material 
sandy clay: color change from off-white to brown at 624.4' 
silt: brown, clayey silt with increasing a'!lounts of sa..Y}d 
and gravel with depth 
gravel: rounded gravel to 2" in diameter; silty clay matrix 
sand: silty fine to medium sand 

211gravel: slightly indurated rounded gravels to in diameter 
with poorly sorted clay, silt, and sand matrix 



634.3'-638.R' 

638.8'-650.0' 
650.0'-665.0' 

665.0 1-670.0 1 

670.0 1-675.0' 

675.C'-700.0' 

700.0'-702.0 1 

782.0 '-7:... o.o r 
710.0'-ilC.5' 

710.5'-3.35.3' 

A?PSWDIX F-34A (Con't.) 

clay: stiff, silty clay; low plasticity; light tan to off-white 

in color 

no core: used rock bit, driller reports "clay" 

clay: brown to off-white clay; soft to meditun consistency; 

low to moderate plasticity 

no core: used rock bit, driller reports "clay" 

sand: recovered 1. 5 1 of fine to mediun1, brown-colored sand; 

two gravel layers up to O.l' thick, mottled and stained 

no core: either used rock bit or had no recovery; driller reports: 

675.0'-699.0' "sand a."ld gravel" 

699.0'-700.0 1 "sand and clay" 

cJ.ayey eravel: gravels to 3/4" in dia'lleter in a tan, silty 
cla;l matriY 
no core: used rock bit 
sand: fine, almost white sand wi"':;h some brown silty clay 
fragments; poor core recovery 
no core: either used roe~\: bit or had no core recovery; dri.ller 
reports: 
710.5 '-712.8' "hard silty sand" 

712 • 3 I - 719 • 2 I "gravel" 

719.2'-724.::..' "hard silty sand" 

l 24 o 1 1 

- 7 29 • 0 I "sand and ;;ravel" 

7 20 • 0 I - 737 •Q I smooth drilling, "sand or clay" 

737.0 1-740.6' hard, smooth drilling, "compact sand" 

740.6'-741.7' "gravels" 

741.7'-778.l' "firm material" 

773.1 1-780.0' "gravel" 

730.0'-794.0' drilled Stllooth and slow, "compacted silty sand" 

794.0 1-825.6' drilled finn and slow, with few gravel layers 
825.6 1-326.0' '\~ravels", lost drilling water return 
826 .0 I -833.8 I fim material with gravels throughout 
8 3 3 • 8 I -834 • 9 I "gravels and cobbles" 
834.9'-871.1' firr:1 material with occasional gravel 
871. l '-882. 2' firm illaterial, no gravel 
882.2 1-885.3' "gravel with large cobblesrr, lost drilling mud 

return at 883.8 1 



APPENDIX F-35 


HOLE DESIGNATION: DH-652 LOCATION: At STA 5+11.2 
BEARING: Nl9W 5.5 ft. upstream 
ANGLE: 34° to right from vertical on centerline of dam 
DEPTH: 450 ft. 

ELEVATION: 	 5333 

LOG: 

0-93. 5 ft. Dam embankment 


WELDED ASH-FLOW TUFF from 93.5 to bottom of hole 

93. 5-151.0 light gray, porphyritic with fine-grained matrix, scattered 


pumice fragments, layers of aligned vesicles below 129.0' 

151.0-301.0 medium gray, porphyritic with very fine-grained to glassy 

matrix, vesicular, layers of aligned vesicles and collapsed 
pumice fragments oriented at 40°-50° to the core axis 

301.0-331.0 	 closely spaced, wavy light and dark colored bands oriented 

50°-60° to core axis, roughly 50% each of light and dark, 

euta:x:itic structure, vesicular, amygdules with vapor phase 

minerals 


331. 0-367. 6 "banded" appearance (but not as pronounced as above), light 
"bands" make up 25% or less of the rock mass, "bands" are 
oriented 50°-60° to core a.xis, porphyritic with very fine
grained matrix 

367.6-450.0 	 "banded" appearance as above0 bu~ light "bands" are stained 
red-yellow, "bands" angled 50 -60 to core axis 

Core breaks: 
93.5 '-151.0' typical core fragment more than 2.0 1 long, range 0.4 1-5.5', 

breaks are rough-surfaced and oriented roughly 45° to core axis 
151.0 1-301.0 1 typical core fragment 0.5' long, range O.l'-2.5', most breaks 

are rough-surfaced and pass through or are parallel to "bands", 
most breaks at 50°-60° to the core axis 

301.0'-331.0' 	 typical core fragments are about 1.0' long, r~nge00.1 
1 -3.7', 

breaks are through light-colored "bands" at 50 -60 to the 
core axis 

Prominent Features 
101.0 1-101. 3 I smooth, planar joint at 20° to core axis, grout 

'filled to 1/211 

112.1 1 -112.4 I grout to 3" filling rough-surfaced fracture at 
45° to core axis, possible rock fragments in the 
grout 

118.0 1 sand grout to 1/2" filling rough-surfaced opening 
in a vesicular zone, opening is at 50° to core axis 

129.5 1 intersection with open drill hola (Ax size) angled 
30° to the core axis 

152.2 1-135.5' concrete with aggregate to l", good bond with rock, 
rock surfaces are rough, calcite lined, and angle 
10°-20° to the core axis 



APPENDIX F-35 (Con't.) 

Prominent Features (Con't.) 
138.4 1 	 open vesicle layer angled 30° to core axis 
140.1 1 grout to 1/2" filling an irregular, rough-surfaced 


opening in a vesicular zone 

140.1 1-142.2 1 ves.icular zone, aligned vesicle layers, voids 


to 1/2" 

162.0 1 smooth planar joint at 50° to core axis, grout filled 

to 1/16" 
165.9'-166.1' sand grout to 3/8 11 filling a smooth, planar joint 

oriented 45° to core axis 
169.3' sand grout to 1/2" filling a rough-surfaced fracture 

oriented 40° to core axis 
194.3' 	 grout coating in a rough fracture oriented 5o0 to the 

core axis 
260.2 1 grout to 1/16 11 filling a smooth, planar joint oriented 


50° to the core axis 

260.3 1 grout to 1/16" filling a smooth, planar joint oriented 

50° to the core axis 
270.1 1-270.6' smooth, planar joint at 18° to core axis 
272.4 1-272.9' grout to 1 11 in a rough fracture, intersected by 

smooth, planar, calcite-lined joints oriented at 35° to 
the core axis 

332.0'-333.5' 	 smooth, planar joint with silt and calcite 
coatings, oriented 10° to core axis 

389.7'-389.9' grout to 1/4" filling a smooth, planar joint 
oriented 35° to 9ore axis 

408.6' smooth, planar joint at 400 to core axis, calcite coating 

http:1-142.21


APPENDIX F-35A 

HOLE SURVEY 


HOLE DESIGNATION: DH-652 
BEARING: Nl9W (Surface measurement) 
ANGLE: 	 34° to right from vertical 

(Surface measurement) 

SPERRY SIDI SURVEY: 
Depth Angle to right 
ft. from vertical 

100 36 
110 35.9 
120 35.8 
130 35.5 
140 35.5 
150 35.5 
160 35 
170 35 
180 35 
190 35 
200 34.5 
210 34.5 
220 34 
230 34 
240 34 
250 33.5 
260 33.5 
270 33.5 
280 	 33 
290 	 33 

IJOCATION: 

ELEVATION: 

Bearing 

Nl7°W 

Nl7°W 

1U7°W 

Nl7°W 

Nl6°W 

Nl6°W 

:rn1°v: 

Nl7°W 

JH7°W 

Nl7°W 

Nl7°W 

Nl6°W 

Nl6°W 

Nl7°W 

l'H7°W 

Nl7°W 

Nl7°W 

Nl7°W 

Nl7°W 

Nl7°W 


At STA 5+11. 2 5. 5 ft. 
upstream of centerline 
of dam 

5333 

A bore-hole camera survey was conducted in this hole by the U.S. Army 
Corps of Engineers, November 4-6, 1976. Significant findings are noted 
in document date December 11, 1976, Appendix B. 



APPENDIX F-36

GROUT CURTAIN WATER LOSS TESTING

AT SPILLWAY WEIR

GravityLocation Pressure Tests
_____________________________ _________________________________________________________________________ 

Tests

Water Water Water Water

Hole Interval Loss Interval Loss Interval Loss Loss

Sta DH- Angle ft gpm ft gpm ft gpm gpm

1082 601 3OR 4.0-40.0 6.9 39.6-74.6 0.2 74.2-109.2 0.3 2.6

602 00 4.7-34.7 2.0 34.7-64.7 2.1 64.7- 94.7 0.4 4.5
603 3OL 4.5-39.5 1.0 40.1-75.1 0.1 73.7-108.7 0.4 2.3

110.6 604 30R 5.5-40.5 0.8 40.1-75.1 0.5 74.7-109.7 0.2 0.5

605 00 6.0-36.0 0.2 36.0-66.0 0.2 66.0- 96.0 0.03

606 30L 5.6-40.6 1.1

6O6A 3OL 6.8-41.8 0.4 41.4-76.4 0.6 76.0-111.0 0.2 0.4

1130 6O7A 30R 5.3-40.3 1.3 39.9-74.9 0.2 74.5-109.5 0.04

608 00 5.8-35.8 1.3 35.8-65.8 0.3 65.8- 95.8 0.07 0.6

95.8-125.8 0.3

609 3OL 5.7-40.7 0.8 40.3-75.3 1.9 74.9-109.0 2.3 3.1

110.0-145.0 0.3

Interval is measured along axis of hole from the hole collar
All pressure tests conducted at 10 psi at collar elevation
All gravity tests conducted full length of



APPENDIX F-37 
GROUT CURTAIN WATER LOSS TESTING 

IN RIGHT ABUTMENT KEY TRENCH 

Location Pressure Tests Gravity Tests 

Water Water Water 
Hole Interval Loss Interval Loss Interval Loss 

Sta DH- Angle ft gpm ft gpm ft gpm 

12+75 610 42°R 3.8-14.8 0.38 14.8-24.8 0.05 
611 20°R 2.5-13.9 0.48 13.9-23.9 0.1 
612 oo 2.1-13.5 0.5 13.5-23.5 0 

13+15 613 45°R 3.4-14.8 1.1 14.8-24.8 0.2 
614 22°R 4.4-14.4 1.0 13.4-24.4 0.9 0-24.4 0.5 
615 oo 3.5-14.9 0 14.9-24.9 0 

13+30 616* 47°R 2.9-14.3 10. 7.9-14.3 0.5 0-14.3 3.5 
14.3-24.3 5.2 18.9-24.3 0 0-24.3 4.5 

617 21°R 2.5-13.9 0 13.9-23.9 0 0-23.9 0.4 
618 00 2.8-14.2 0 14.2-24.2 0.8 
619* 31°L 5.3-16.7 1.6 16.7-26.7 4.8 0-26.7 4.8 

13+50 620 44°R 4.4-14.4 0.1 14.4-24.4 0.1 
24.4-34.2 0.1 

621 22°R 3.5-13.5 5.1 13.5-23.5 0.1 

622 00 
3.5-23.5 
2.1-13.5 

7.9 
1.9 

3.5-23.5 
13.5-23.5 

13.0 
0 

(20 psi) 

623* 22°L 3.4-13.4 12.7** 0-13.4 14.1** 
11.4-21.4 1.2 6.4-21.4 1.6 

13+77 624* 45°R 2.9-14.3 3.5 14.3-24.3 0 0-24.3 1.8 
625 oo 3.9-15.3 0.4 15.3-26.3 0 0-26.3 0.2 
626* 22°L 5.3-16.7 12.5 16.7-26.7 7.5 (2 psi) 

0-26.7 4.5 



APPENDIX F-37 (Cont'd) 
GROUT CURTAIN WATER LOSS TESTING 

IN RIGHT ABUTMENT KEY TRENCH 

Location 	 Pressure Tests Gravity Tests 

Water Water Water 
Hole Interval Loss Interval Loss Interval Loss 

Sta DH- Angle ft gEm ft gpm ft gpm 

14+10 627 46°R 1.6-11.0 0.2 11.0-21.0 0.1 0-21. 7. 0.03 
00628 4.6-11.0 0 11.0-21.0 0.14 0-21 0.1 

629* 34°L 1.0-11.0 7.1 2.6-11.0 0.7 0-21 0.3 
11. 0-21. 0 0.7 


14+26 630* 47°R 1. 3-11. 7 4.3 11. 7-21. 7 0.4 0-21. 7 0.9 

00631 1.2-11.6 0.3 11.6-21.6 0.2 0-21.6 0.03 

632 34°L 1.7-13.1 2.6 13.1-23.1 1.6 0-23.l 0.7 

Interval is measured along axis of hole from the collar. 

All pressure tests conducted at 10 psi at collar elevation except where noted. 


*Return flows observed from joints and fractures downstream of grout cap. 


** 	 During drilling, a 50 percent water loss occurred at a depth of 2.4 ft or 1 ft below the base of the 
grout cap. 



APPENDIX J?_ 38 

DRILL HOLE WATER PRESSURE TEST 

HOLE DESIGNATION: DH-650 LOCATION: At STA 3+00 on dam 
BEARING: Sl90 E crest 4.7 ft. up
ANGLE: 300 to left from vertical stream of centerline 
DEPTH: 351.5 ft. Date drilled: 10/5 to 10/15/76 

ELEVATION: 5229 

DEPTH 
INTERVAL TESTED WATER LOSS 

ft.* gpm COMJv1ENTS 

90.0-97.7 	 32.1 
99.8-104.8 32.9 


103.1-127 .4 28. 3 

127.6-162.6 13.4 

160.6-197.2 8.4 

197.6-232.6 o.o 

232.6-267.5 20.3 

267. 5-302. 5 	 6.1 
301. 7-331. 7 	 2.1 
331. 5-351. 5 	 o.o 

cased to 90.0; lost drilling water return at 91.6, never recovered 

* 	 footage measured along axis of hole from collar which is 0.4 feet above 
land surface 

All test conducted at 10 psi measured at hole collar 



APPENDIX F-39 

DRILL HOLE WATER PRESSURE TEST 

""HOLE DESIGNATION: DH-651 

BEARING: 

ANGLE: Vertical 

DEPTH: 


DEPTH 
INTERVAL TESTED 

80.0-100.0 
100.0-120.0 
120.0-140.0 
140.0-160.0 
160.0-180.0 
180.0-200.0 
200.0-220.0 
219.9-239~9 
239,9-259.9 
259.9-279.9 
279,9-299.9 
299. 9-319. 9 
319. 9-359. 9 
359. 9-399. 9 
399.9-439.9 
432.4-472.4 
479.3-519.3 
517.7-527.2 
518. 2-535.9 
530.8-543. 7 
546.1-552.3 
546.1-566.1 
559. 3-581. 2 
560.0-600.0 

WATER LOSS 
gpm 

0.2 
0.2 
1.0 
0.4 
o.o 
0.0 
0.5 
0.4 
0.5 
0.4 
0.6 
1.3 
0.6 
1. 3 
0.2 
o.o 
0.4 
2.2 
1.2 
6.2 
9.3 
2.1 
2.7 
35.0 

LOCATION: At STA 4+34 on 
centerline of dam 

Date drilled: 9/29 to 
ELEVATION: 5232 

COMMENTS 

packer in grouted zone 

packer in casing at 499.7 
packer in casing at 539.4 

hole drilled to 600.0, but 
bottom "washed in" to 580. 
could not get 10 psi at 
maximum pump capacity of 
35 gpm 

lost 75-80'/o of drilling water in Zone 1 material at 47.2 ft.; concrete/Zone 1 
contact at 78.8 ft. 

All tests run at 10 psi measured at hole collar 



APPENDIX F-40 

DRILL HOLE WATER PRESSURE TEST 

HOLE DESIGNATION: DH-652 
BEARING: NJ:-8°W 
ANGLE: 33° to right from vertical 
DEPTH: 450 ft. 

DEPTH 
INTERVAL TESTED 

ft.* 

95.0-130.0 
130.0-165.0 
165.0-200.0 
200.0-235.0 
235 .0-270.0 
267. 9- 302. 9 
301. 3-307.7 
307. 7-:>47. 7 
347 • 7- ;;87. 7 
387.4-427.4 
425.0-450.0 

* 

WATER LOSS 
gpm 

0.4 
0.4 
1.4 
0.1 
0.8 
1.2 

12.8 
0.8 
0.3 
0.1 
0.5 

LOCATION: At STA 5+11.2 on dam 
5.5 ft. upstream of 
centerline 

Date drilled: 10/2 to 
ELEVATION: 5332 

COMMENTS 

lost drilling water at 303 

footage measured along axis of hole from collar which is 0.4 feet above 
land surface 

cased to 90.0 originally, then driven to 94.0 

All tests run at 10 psi measured at hole collar 



13 00

TOP OF KEY TRENCH TOP OF KEY TRENCH
AS CONSTRUCTED GROUT GAP \1 AS CONSTRUCTED

AND FOUNDATION
KEY TRENCH

__________ ________ ________ _______ 
SAMPLE NO STA OFFSET ELEV

1240.6 1245.5 1258.3 1258.0

56.1 U/S 42.8 U/s U/s 0.2 D/S
VERTICAL OPEN CRACK 5255D3--1 1222.5 17.7 U/s 5256.7

526

5255D32 1221.7 15.8U/5 5256.7

1.5
5260.4 5255D3--3 1221.0 13.9 U/s 5256.7

5255.6 5255.6 5255.4 5256.2 52552
VERTICAL CRACK WITH 5255jD42 1239.8
WATER TRANSPORTED FILLING

5255U5 5255D5 52553
5255D43 1239.6 6.7 U/S 5256.3

---
525

5255D51 1256.8 4.8 U/S 5256.3

5255D52 1256.6 2.8 U/S 5256.3
123

1229.5 1233.2 12440 1241.8 5255D5--3 124-56.0 0.7 U/S 5256.3

54.3 U/S 38.3 U/S 135W/S 2.6U/5
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