
ANALYSIS OF UTILIZATION OF 
GROUT AND GROUT CURTAINS - 
FLAMING GORGE DAM 

February 1986 
Engineering and Research Center 

Department of the Interior 
Bureau of Reclamation 

Division of Research and 
Laboratory Services 

Concrete and Structural Branch 



Grout and Grout Curtains-Flaming Gorge Dam 

8. PERFORMING ORGANIZATION 
REPORT NO. 

Claude A. Fetzer GR-86-5 

9. PERFORMING ORGANIZATION NAME AND ADDRESS (0. WORK UNIT  NO. 

11. CONTRACT OR GRANT NO. 

13. T Y P E  O F  REPORT AND PERIOD 
COVERED 

2. SPONSORING AGENCY NAME AND ADDRESS 

Bureau of Reclamation 
Engineering and Research Center 
Denver. Colorado 80225 14. SPONSORlNG AGENCY CODE I s  

5 .  SUPPLEMENTARY NOTES 

JMT 
6 .  ABSTRACT 

The foundation grouting program at Flaming Gorge Dam was one of six large Bureau of Recla- 
mation dams which was reviewed and analyzed. The purpose of this program was to analyze 
the use of foundation grouting in Bureau structures to determine the effectiveness of the grout 
over the service life of the dams to date. Special attention was given to preconstruction geologi- 
cal conditions and changed or unexpected geological conditions discovered during the 
grouting activities. 

17. K E Y  WORDS AND DOCUMENT ANALYSIS 

a. D E ~ C R  IPTORS-- groutingg/ cement groutsm/ dam foundations/ grout curtains/ grouting 
pressure/ grout take/ foundation grouting/ grout mixtures 

b. IDENTIFIERS-- Flaming Gorge Dam/ Utah/ UC Region 

c.  COSATI FieId/Group 08H COWRR: 0808 SR IM: 

18. DISTRIBUTION STATEMENT 19. ' I i rn ls  acnmr)  

NCLASSIFIED 

llHlS PAGE) 

1 UNCLASSIFIED I .  



ANALYSIS OF UTILIZATION 
OF GROUT AND ORQUT CURTAINS- 

FLAMING GORGE DAM 

Claude A. Fetzer 

Prepamd Under Contract 
NO. 2-O7-DV-OO 1 48 

Concrete and Structurd Branch 
Division of Resenrch and Cebomtory Services 

Engineering and Research Center 
Denver. Colorado 

February 1986 

UNITED STATES DEPARTMENT OF THE INTERIOR * WRUU OF RRCLAMAVSON 



ACKNOWLEDGMENT

This report was prepared for the Bureau of Reclamation
under contract with Claude A. Fetzer and was under the
jurisdiction of W. Glenn Smoak. Principal Investigator.
Concrete and Structural Branch. Division of Research and
Laboratory Services.

This report was published in the GR series from a copy
of the report provided by the Contractor, thus the quality
of photographs and figures may be less than usually
acceptable.

As the Nation's principal conservation agency. the Department of the
Interior has responsibility for most of our nationally owned public
lands and natural resources. This includes fostering the wisest use of
our land and water resources, protecting our fish and wildlife. preserv-
ing the environmental and cultural values of our national parks and
historical places, and providing for the enjoyment of life through out-
door recreation. The Department assesses our energy and mineral
resources and works to assure that their development is in the best
interests of all our people. The Department also has a major respon-
sibility for American Indian reservation communities and for people
who live in Island Territories under U.S. Administration.

The research covered by this report was funded under the Bureau of Recla-
mation PRESS (Program Related Engineering and Scientific Studies) alloca-
tion No. DF-' 2. Portland Cement Grouting Program.

The information contained in this report regarding commercial prod-
ucts or firms may not be used for advertising or promotional purposes
and is not to be construed as an endorsement of any product or firm
by the Bureau of Reclamation.



ANALYSIS OF UTILIZATION OF GROUT AND GROUT CURTAINS

Section

10.
11.

12.
13.

1.
2.

FLAMING GORGE DAM

CONTENTS

I. INTRODUCTION

General description. . . . . . . . . . . . . . .

Cons ul tants . . . . . . . . . . . . . . . . . . .

3.
4.

5.

II. GEOLOGY

References. . . . . . . . . . . . . . . . . . . .

Site investigations. . . . . . . . . . . . . . .

Geology. . . . . . . . . . . . . . . . . . . . .

6.

7.

III. FOUNDATION TREATMENT

References. . . . . . . . . . . . . . . . . . . .

Keyway excavation. . . . . . . . . . . . . . . .

IV. GROUTING AND DRAINAGE

9. De sign. . . . . . . . . . . . . . . . . . . . . .

(a)
(b)
(c)

Consolidation grouting. . . . . . . . . . .

Deep curtain. . . . . . . . . . . . . . . .

Foundation drainage. . . . . . . . . .

Specifications. . . . . . . . . . . . . . . . . .

Grouting methods and procedures. . . . . . . . .

(a)
(b)

(c)
(d)
(e)

Grout mi xes. . . . . . . . . . . . . . . . .

Grout-injection pressures. . . . . . . . . .

Spacing of holes and closure. . . . . . . .

Refusal criteria. . . . . . . . . . .

Final backfill of holes. . . . . . . . . . .

V. ANALYSIS

Preconstruct ion geologic investigations. . . . .

Des ign. . . . . . . . . . . . . . . . . . .

- i -

Page

1
7

8
8

12

17
17

23

23
23
45

45
49 .

49
49
49
50
50

51
53



Section

14.

15.

16.
17.

18.
19.

CONTENTS--Continued

Grouting methods and procedures. . . . . . . . .

(a)
(b)

(c)

(d)

(e)
(f)

Specifications. . . . . . . . . . . . . . .

Grout mixes. . . . . . . . . . . . . . . . .

Grout-injection pressures. . . . . . . . . .

Spacing of holes and closure. . . . . . . .

Refusal criteria. . . . . . . . . . . . . .

Final backfill of holes. . . . . . . . . . .

Unexpected geologic conditions encountered
during grouting. . . . . . . . . . . . . . . .

Grout takes as related to geology. . . . . . . .

Evaluation of dam uplift pressures and drain
flO\tls. . . . . . . . . . . . . . . . . . . . .

VII. RECOMMENDATIONS

Flaming Gorge Dam. . . . . . . . . . . . . . . .

Other large concrete dams. . . . . . . . . . . .

APPENDIX

A. "Geology of Flaming Gorge Dam", by J. Neil Murdock

B. Chapter II, "Site Investigation and Geology",
Technical Record of Design and Construction

C. Chapter III, "Foundation Treatment", Technical
Record of Design and Construction

D. Chapter XII, Part E, "Foundation Grouting, Drilling
and Drainage", Technical Record of Design and
Construction

E. Documents Reviewed

- ii -

Page

54

54
54
54
55
57
57

58
58

63

83
83



Figure

5.
6.
7.
8.
9.

10.
ll.
12.
13.
14.
15.
16.
17.
18.
19.
20.
2l.
22.
23.
24.

25.
26.
27.
28.
29.
30.
3l.
32.
33.
34.
35.
36.

LIST OF FIGURES

Title

1.
2.
3.
4.

Colorado River Storage project location map. . . . .

Upstream view of Flaming Gorge Dam and Powerplant . .

Plan, elevations and sections. . . . . . . . . . . .

Topography, aerial geology, and location of
exploration. . . . . . . . . . . . . . . . . . . .

View of right abutment prior to construction. . . . .
Pre-construction aerial geology map. . . . . . . . .

Foundation geology map. . . . . . . . . . . . . . . .

View of excavation of channel section. . . . . . . .

Right abutment keyway excavation. . . . . . . . . . .

Lower left abutment keyway excavation. . . . . . . .

Upper left abutment keyway excavation. . . . . . . .

"B" hole grouting record, valley bottom. . . . . . .

Foundation "B" hole grouting, left abutment. . . . .

Foundation "B" hole grouting, right abutment. . . . .

Foundation "A" hole grouting, modified design. . . .

Foundation grouting, A-line, left abutment. . . . . .

Foundation grouting, A-line, valley bottom. . . . . .

Foundation grouting, A-line, right abutment. . . . .

Left abutment, auxiliary "A" hole grout curtain. . .
"Right abutment, auxiliary "A" hole grout curtain. . .
Switchyard barrier grout curtain. . . . . . . . . . .

Right abutment, logs of exploration and geology. . .
View of downstream side of upper right abutment. . .
Comparative study of water losses in exploratory

drill holes and grout program. . . . . . . . . . .

Water-take profile, valley bottom. . . . . . . . . .

Uplift pressure pipes. . . . . . . . . . . . . . . .

Uplift pressure pipe system, typical details. . . . .
Uplift pressures, line 1, 1972-1981 . . . . . . . . .

Uplift pressures, line 2, 1972-1981 . . . . . . . . .

Uplift pressures, line 3, 1972-1981 . . . . . . . . .

Uplift pressures, line 1 profile, 12-11-81. . . . . .
Uplift pressures, line 2 profile, 12-11-81. . . . . .

Uplift pressures, line 3 profile, 12-11-81. . . . . .

Drain flows, 1977-1981. . . . . . . . . . . . . . . .

Drain flows, 1977-1981. . . . . . . . . . . . . . . .

Locations of seepage measuring stations. . . . . . .

- iii -

Page

2
3
5

9
11
13
15
18
19
20
21
25
27
29
31
33
35
37
39
41
43
47
52

61
65
68
69
70
71
72
73
74
75
78
79
80





ANALYSIS OF UTILIZATION OF GROUT AND GROUT CURTAINS

FLAMING GORGE DAM

1. INTRODUCTION

1. General description. Flaming Gorge Dam and Powerplant

are located on the Green River in northeastern Utah, about 6 miles

south of the Utah-Wyoming state line as shown on figure 1. The

dam is a concrete thin arch and has a maximum structural height of

502 feet above the lowest point in the foundation (El. 5,545

feet) . A photograph of the completed dam is shown on figure 2,

and the plan, elevation and sections are presented on figure 3.

The structure has a maximum base width of 131 feet and a crest

width of 27 feet. The crest length is 1,285 feet and the crest

elevation is 6,047 feet. The total capacity of the reservoir at

the top of active conservation level, El. 6,040 feet, is 3,788,900

ac . ft.

Normal releases are made through the powerplant and through

the outlet works. The outlet works consist of two 72-inch steel

pipes through the dam, reducing to 66 inches at the toe of the dam

and continuing downstream to a valve structure.

The spillway has an inlet structure at the left end of the dam

which discharges into a concrete-lined tunnel through the left

abutment. The 675-foot-long tunnel varies in diameter from 26

feet at the upstream portal to 18 feet at its downstream portal.

Spillway flows are controlled by two 16.75 by 34.00.ft. fixed-
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wheel gates. The crest elevation of the concrete inlet is 6,006

feet, and the elevation at the top of the gates is 6,040 feet.

The contract for the dam was awarded to Arch Dam Constructors

on June 18, 1958, and all work under the contract was completed on

January 10, 1964. Drilling and grouting were performed under a

subcontract by Selby Drilling Corp.

During construction, the work area was protected by upstream

and downstream earthen cofferdams. The river flow was diverted

through a 23-foot-diameter concrete lined tunnel through the right

abutment ridge. After all requirements for diversion were

completed, the tunnel was plugged and abandoned, except the

downstream reach was later used for abutment drainage.

The reservoir is normally operated near the top of the active

conservation pool: hence, the dam is subjected to near maximum

head at all times.

2. Consultants. A board of consultants was engaged on the

project during the construction stage. (The available records do

not make any reference to the board meeting prior to construc-

tion. ) The board prepared reports based on site inspections of

October 6-7, 1958, June 6-8, 1960 and October 12-16, 1961. The

board had five prominent members and consisted of the following:

Julian Hinds, Chairman
Raymond E. Davis
John J. Hammond
John W. Vanderwilt
Edward B. Burwell, Jr.

Sections of the available consultants' reports concerning

grouting and foundation treatment have been reproduced in appen-

dix A.
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II. GEOLOGY

3. References. Chapter II, "Site Investigations and

Geology" , from the Technical Record of Design and Construction,

has been reproduced in appendix B.

4. Site investigations. The topography, aerial geology and

location of exploration at the site are shown on figure 4. As

investigations were made for different types of dams with

different axis than the final arch-dam axis, the drill holes are

scattered throughout the site area and only a limited number are

located along the final axis. Drift No.1 in the right abutment

with a length of 27.8 feet is about 25 feet downstream from the

axis. Drift No.2 in the left abutment with a length of 15.5 feet

is 150 feet downstream of the axis. The photograph on figure 5

was made on July 16, 1959 before excavation of the right abutment

had started. It shows the steepness of the slope, the blocky

nature of the rock, and the narrowness of the point forming the

right abutment. Drift No. 1 cannot be identified in the

photograph.

In the preconstruction exploratory drill holes, high water

takes were recorded in many of the percolation tests (water-

pressure tests). The water takes often exceeded the limited pump

capacity at the maximum pressure. The tests were generally

conducted in three pressure steps of 25, 75 and 150 psi for each

5-foot to 10-foot interval of hole with pressure maintained for 5

minutes. Several tests were not performed due to problems

relating to seating and holding the packer. Partial and/o~ total

8
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drill water losses were experienced in many holes. The water

losses in the abutments were primarily related to relief joints:

and the losses in the valley bottom were related to shattered rock

zones. Highly fractured sandstone with vertical joints was found

in many of the valley bottom holes including DH 107, DH 108,

DH 115, DH 116, DH 126, DH 127 and DH 128. Most holes in the

abutments were dry holes as the water table was evidently near

streambed level.

5. Geology. The preconstruct ion aerial geology map for an

extended area around the site is presented on figure 6. This map

indicates that while the dam foundation and abutments are free of

faults, there are three well developed faults or shear zones

located between Cart Creek and Green River downstream from the dam

axis. Another fault, No.4, is located about 82 feet upstream

from the face of the dam and continues across Green River. Fault

No. 4 was encountered in the diversion tunnel and appears to

connect with fault No. 1. Figure 6 also shows the location,

direction and dip of the joint sets.

The foundation of the dam was mapped during construction, and

the resulting foundation geology map is presented on figure 7.

The shale beds encountered at the final foundation levels are

highlighted.

12
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III. FOUNDATION TREATMENT

6. References. Chapter I I I, "Foundation Treatment", from

the Technical Record of Design and Construction has been

reproduced as appendix C. Chapter III also presents a brief

description of the grouting and drainage.

7. Keyway excavation. Photographs of the keyway excavations

are shown in figures 4 and 5 of appendix C and large-scale photo-

graphs are shown on figures 8 through 11 of this report. The

keyway excavation on both abutments extended over a long period of

time. Numerous setbacks from the design excavation line were made

before obtaining a foundation satisfactory to the Bureau and its

consultants. Excavation of the left abutment keyway was started

in April 1959, and excavation of the right abutment was started in

September 1959. The board of consultants examined the excavations

in detail on its site visits, and in their letter report of

June 8, 1960 stated in part:

"The excavations for the keyways brought
out the presence of more and thicker red shale
beds than had been anticipated. Also the open
vertical joints extended to greater depth than
had been expected."

Treatment of the upper part of the abutments was still in

progress when the board examined the abutments in October 1961 and

made further recommendations regarding treatment and design

analysis. See appendix A.

The overrun in rock excavation for the darn was 110,418

cu.yds., and the overrun in the concrete for the darn was 66,644

cu.yds. The number and length of cutoff tunnels in the shale

17
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zones were also materially changed resulting in an increase from

750 to 2,859 cu.yds. for shale tunnel excavation.

Protection and anchorage of the shale and sandstone downstream

were items that were covered under orders for change.

The total contract earnings of the Arch Dam Constructors was

$37,028,481 which was an increase of $7,425,984 over the original

contract amount of $29,602,497. Most of the cost increase was

related to the changes in the foundation treatment, i. e., the

overrun in the keyway excavation: the extra cement and concrete:

protection of shale layers: and additional drilling, grouting and

drainage.
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IV. GROUTING AND DRAINAGE

8. Reference. Part E, "Foundation Grouting, Drilling and

Drainage" of Chapter XI I, Construction, Dam, Powerplant and

Appurtenant Structures from the Technical Record of Design and

Construction has been reproduced in appendix D.

9. Design. (a) Consolidation grouting. The B-hole

grouting was modified during construction as described in appendix

D. The layout and takes of the B-hole grouting in the valley

bottom through September 1960 are shown on figure 12. The layout

and takes in the abutment B-holes are shown on figures 13 and 14.

(b) Deep curtain. The design of the deep cutoff grout

curtain (A-holes) is shown on figure 15 and on figures 200 and 201

of appendix Di this design was modified from the original con-

tract design to include deeper holes above shale zone l4R and

an extension at the top of the right abutment. The developed

profile for the installed A-line showing the depth of holes,

spacing and takes is presented on figures 16, 17 and 18 of this

report. The location and profile of the right abutment auxiliary

A-hole grout curtains are shown on figure 8 of appendix C, and the

location and profile of the left abutment auxiliary A-hole grout

curtain are shown on figure 9 of appendix C. The grout takes for

the right and left abutment auxiliary curtains are shown on

figures 19 and 20. The plan and profile of the foundation

grouting of right abutment beyond end of dam are shown on figure 7

of appendix Ci this curtain was installed to protect the switch-

yard from excessive seepage, and the grout takes are. shown on the

profile on figure 21. A geologic map based on surface mapping
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of part of the right abutment during construction is shown with

logs of holes DH-5, 120, 121 and 122 on figure 22.

(c) Foundation drainage. The modified design of the

foundation drains drilled from the foundation gallery is shown on

figure 11 of appendix C and the drains as drilled are shown on

figure 203 of appendix D. The design of the left and right

abutment downstream drainage curtains are shown on figures 12 and

13 of appendix C. The drainage holes in the right abutment that

were drilled from the diversion tunnel are shown on figure 14 of

appendix C.

10. Specifications. The specifications were complete insofar

as the general performance of the work. The specifications

required an apparatus for mixing and placing grout in continuous,

uninterrupted flow at any pressure up to a maximum pressure of 500

psi. A circulating grout header at the hole was required, which

had not been required on the other Bureau projects in this review.

Grout holes were required to be tested with clean water under

continuous pressure up to the required grouting pressure.

Provisions as directed by the contracti~g officer were made for

both descending-stage grouting (packers were not specified) and

ascending-stage grouting with packers set at the top of each stage

to be grouted. Payment for only one grouting connection hook-up

per hole was to be made regardless of the method of grouting or

the actual number of hook-ups required. Core drilling was

required at the direction of the contracting officer.
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11. Grouting methods and procedures. The monthly drilling

and grouting reports, which contain the summaries of the daily

drilling and grouting reports, could not be found for this

project. This review was based on information in the Technical

Record of Design and Construction and the available profiles of

the grouted holes.

(a) Grout mixes. In the B-holes drilled from top of

rock in the valley bottom, the water-cement ratios ranged from 5:1

to 1:1. In the B-holes drilled from transverse adits the water-

cement ratios ranged from 5:1 to 1:1 with many of the holes being

finished with mixes of 5:1 or 4: 1. The water-cement ratios for

A-line drilled from the foundation gallery and transverse adits

are not presented in the available records. In the right abutment

deep. A-holes, it was reported that much of the grout pumped had a

3:1 water-cement ratio.

(b) Grout-injection pressures. The available records

indicate the following pressures were used:

Consolidation grouting from rock surface (B-holes) - 100 psi
maximum

Consolidation grouting from transverse adits (B-holes) - from
100 to 150 psi with maximum pressures of - - 175 psi

Deep curtain cutoff grouting (A-holes)- - - - - not given

Auxiliary A-holes - - - - - - - - - - - - - - - not given

Right abutment deep A-holes - - - - - - - - up to 450 psi

Right abutment beyond end of dam- - - - - - up to 150 psi

(c) Spacing of holes and closure. The specifications

required the B-holes to be drilled and grouted until there was a

maximum spacing between holes of 20 feet. During construction,

49



the area covered in the valley bottom and the depth of the holes

were materially increased, but the 20-foot spacing was maintained.

The B-holes drilled from. the transverse adits were drilled on

lines 20 feet apart and at various angles to give coverage from

one adit level to the next.

The deep curtain A-holes were to be drilled and grouted

to a maximum spacing of 5 feet with provisions for drilling closer

if considered necessary. The records indicate that the holes were

drilled and grouted to the maximum spacing of 5 feet and that many

intermediate holes were also drilled and grouted.

Closure criteria were not given.

(d) Refusal criteria. The criteria for refusal in the

specifications were as follows:

"The grouting of any hole shall be con-
tinued until the hole or grout connection takes
grout at the rate of less than 1 cubic foot of
grout mixture in 20 minutes if pressures of 50
pounds per square inch or less are being used;
in 15 minutes if pressures between 50 and 100
pounds per square inch are being used: in 10
minutes if pressures between 100 and 200 pounds
per squar.e inch are being used."

(e) Final backfill of holes. The specifications imply

that holes will be backfilled under measurement for payment by

indicating that payment for the cement "required to fill permanent

pipes" will be made on the basis of the number of sacks used.

However, there is no specific requirement for final backfilling of

holes, nor is there any statement in the available records

regarding sounding and final backfilling of completed grout holes.
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v. ANALYSIS

12. preconstruction geologic investigations. The pre-

construction geologic investigations adequately determined that

the site was suitable for an arch dam with a height of

approximately 500 feet. The preconstruct ion geology reports

anticipated seepage from the Cart Creek area based on the well-

developed fault and joint systems located and mapped between Cart

Creek and Green River as shown on figure 6. The geology report

also discussed the springs existing downstream from the dam site

and the probable consequences of reservoir head on seepage

downstream from the dam. Seepage itself was not as much as a

problem as was the possibility of building up high cleft pressures

in the already thin wedge of rock remaining immediately downstream

from the right abutment keyway foundation for the arch. Such high

pressures if not controlled could have been detrimental to the

stability of that abutment of the dam. The thin wedge of rock at

the top of dam on the right abutment is shown in the photograph on

figure 23.

Only one hole, DH 118, extended to the full depth of the A-

holes; most other holes in the valley bottom did not extend to the

full depth of the B-holes. There were insufficient explorations

along the axis on the abutments to develop a reliable excavation

line. The drift on the right abutment was located near the base

of the abutment and the drift on the left abutment was located 150

feet downstream of the axis. Additional drifts were needed at the

principal shale layers on both abutments to locate rock that was

capable of supporting the structure and rock that was groutable.
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Highly weathered rock is not considered to be groutable because

the joints and openings are often filled with residual soil-like

materials that cannot be adequately removed before grouting.

Several B-holes on the right abutment had high grout takes even

though extensive excavation was accomplished beyond the design

excavation line. In block 21, one hole in the heel line took 701

sacks at the concrete rock contact and 2,151 sacks in the next

stage. One hole in block 23 took 2,207 sacks in the top stage and

another hole took 1,787 sacks in the top stage. If Flaming Gorge

Dam were being constructed under today's contracting rules, the

cost increase due to the numerous changes in the foundation

excavation and grouting programs would have been much greater than

the 25 percent increase incurred. A detailed exploration program

was ~eeded at the final design site to obtain adequate information

for design and to reduce construction changes.

13. Design. The A-line in the valley bottom had a vertical

depth of about 220 feet, which is approximately 50 percent of net

head. A review of the grout takes in the lowest stages of the

valley bottom indicates that the depth was probably adequate.

Other than the depth in the valley bottom, extensive changes in

the design of the B-hole and A-hole grouting were required. Even

the modified design developed for the A-line during construction

was changed extensively during the actual installation. Inadequa-

cies in the designed grouting and drainage systems were recognized

as conditions were revealed during construction. It was most

appropriate that the design continued through construction and

that several changes in the drainage and grouting systems were
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made by Bureau engineering and construction personnel with

guidance from the board of consultants.

It is considered that abutment grouting and drainage tunnels

as had been previously used at Kortes Dam and Hungry Horse Dam

would have permitted more effective grouting and drainage than was

achieved from the galleries, adits and top of abutment.

14. Grouting methods and procedures. (a) Specifications.

It is considered that the specifications should have contained

more specific requirements on the size of mixing equipment, grout

pumps, and grout pipe through the packer, and that the

specifications should have had a requirement for a specific time

for the water pressure tests, and should have a requirement for

final backfilling of holes. With the contracting climate at that

time, the specifications were adequate as there are no recorded

disputes resulting from the specifications.

(b) Grout mixes. As the data for individual holes are

not available, specific comments on the mixes used cannot be made.

(c) Grou.t-injection pressures. The grout-injection

pressures used in both the B-holes and in the A-holes are

considerably in excess of what would be calculated from a balance

of effective forces. The use of a gage pressure of 100 psi with a

packer set at the surface in the B-holes is sufficient to lift and

split almost any rock and may have been partly responsible for the

leaks discussed on page 341 of appendix D.

The concrete in the dam was required to have a height of

100 feet within a radius of 200 feet before an A-hole could be

grouted. The first A-hole grouting was accomplished from the
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lowest foundation gallery, El. 5,737, in February 1962. As the

concrete in the dam proper was completed in November 1962 the

height of concrete undoubtedly was much greater than 100 feet.

The use of a maximum gage pressure of 450 psi may have been the

reason a packer could not be set in holes 12-4 and 14-2. The need

for such high pressures is questioned as they could have lifted

the dam and displaced blocks of rock in the abutments. This

latter possibility was recognized in the grouting of the right

abutment deep A-holes where the pressures were reduced.

(d) Spacing of holes and closure. Although there are no

written rules on record on the ultimate spacing of holes, the

board of consultants did provide guidance in their report dated

June 8, 1960 as follows:

"The Board is of the opinion that the
consolidation grouting should extend to a
minimum depth normal to the foundation surface
of 50 feet and that the spacing of the grout
holes should be such to provide a thorough
degree of consolidation."

In reviewing the B-hole grouting for September 1960 on

figure 12, it is considered that to meet the Board' s guidance

extra holes would have been needed in many areas particularly near

the downstream half of blocks 11 through 16 where many adjacent

holes took in excess of 200 sacks. In block 14, adjacent holes in

lines 7 and 8 took 715 and 783 sacks, respectively, without an

extra hole being provided between them. The need for the closer

spacing of holes was also expressed in the grouting report on page

341 of appendix D by the following statement:

"It is believed that consolidation of the
foundation rock was satisfactory but that a
closer spacing of holes would have been
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required to completely "close-out" the B-hole
grouting to provide an effective cutoff against
seepage."

The unit take values of grouting from primary to final

closure holes are not shown in the review data. A review of the

profiles of the A-hole grouting on figures 16, 17 and 18,

indicates many cases where additional split-spaced holes should

have been drilled and grouted adjacent to large take holes to

tighten the curtain. In other cases, split holes were not drilled

to sufficient depth to tighten the curtain. Some examples of

holes requiring additional splitting or drilling to greater depth

for a tight curtain are as follows:

Left Abutment - (1) Holes 7-2 and 7-4 in Block 7 drilled to 95

feet and 82 feet respectively should have been drilled to 120 feet

to tighten. hole 7-3 with a grout take of 94 sacks in the bottom

zone.

(2) Hole 4-8 in Block 4 should have been split to 2-1/2-

foot centers to full depth of 250 feet to tighten curtain in

bottom zone where take was 104 sacks. One side of this hole was

split but only to a depth of 120 feet.

(3) Hole 2-22 should have been split on both sides to a

depth of 230 feet to tighten bottom zone with a take of 216 sacks.

Right Abutment - (1) Hole 10 of the extended curtain had high-

grout takes in practically every zone but was split 10 feet on one

side but not on the other. This left a 20-foot gap in the

extended curtain.
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(2) There is a 20-foot gap in the extended curtain

between holes 4 and 5. Hole No.4 had high grout takes in two

zones.

(3) Hole 6, on the extended curtain had high-grout takes

in practically every zone but was split only to 10-foot spacing.

Valley bottom - (1) Hole 14-3 drilled to a depth of 231 feet

had a take of 1,228 sacks in the lower zone but 10-foot split

holes were drilled to a depth of only 110 feet.

(2) Hole 12-4 drilled to a depth of 181 feet had a grout

take of 409 sacks in the lower zone. The 10-foot spaced, split

holes 12-2 and 12-6 were only drilled to a depth of only 95 to 98

feet respectively.

(e) Refusal criteria. Although the records do not

indicate the field criteria used to determine when a hole had

reached refusal, it is assumed that the requirements of the

specifications were followed. It is not considered necessary to

stay on a hole accepting 1 cubic foot of grout mixture for 20

minutes. Regardless of the pressure, if a hole does not accept 1

cubic foot of grout mixture in 5 to 10 minutes, the hole should be

considered at a point of refusal.

(f) Final backfill of holes. There is evidence that

some of the holes were not filled with solid grout. As indicated

on page 341 of appendix D many of the previously grouted "criss-

cross" A-holes returned grout as holes from the opposite direction

were grouted. Field evidence backed up by laboratory tests have

shown segregation and sedimentation occurs within the grout hole

itself which often leaves the center of a vertical grout hole or
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the top of an angled grout hole with a continuous void filled with

water. This is often the condition when the hole is filled with

the same grout mix used to complete the last stage of grouting.

Filling grout holes takes a special effort involving placement of

a tremie pipe to the bottom and filling the hole with thick grout

having a water-cement ratio of not more than 0.8:1.

Unexpected geologic conditions encountered during grouting.

Many of the unexpected geologic conditions were encountered in the

15.

excavation. A travel report dated March 21, 1960 from L. G. Puls,

Chief Designing Engineer and W. H. Irwin, Chief, Engineering

Geology Branch, describes a condition on the right abutment above

shale zone lOR. In the central portion of the excavation there

was a zone of slightly sheared, closely spaced, near-vertical

joints, and immediately upstream there were several vertical soil-

filled joints ranging from a fraction of an inch to 2 or 3 inches

wide with one joint 6 to 8 inches wide. These soil-filled joints,

which started at the top of the shale layers, are called relief

joints, and shoulQ have been expected in a deeply eroded valley

having abutments composed of sandstone interbedded with shale

zones.

The three-fold increase from 52,000 to 154,318 sacks of cement

used in the grouting indicates that the rock had more voids than

had been expected during design.

16. Grout takes as related to geology. The high-grout takes

in the valley bottom and abutments should have been expected from

the geologic conditions. As the valley was eroded, the sides

tended to move inward leaving relief joints in the sandstone.
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This inward movement also caused compression in the valley bottom

resulting in shearing of the rock and buckling or springing of the

beds.

The foundation geology map on figure 7 shows numerous near

vertical joints and shears running longitudinally across the

valley floor from one abutment to the other. On the surface these

features appeared tight and partially cemented, but combined with

partings along bedding planes they afforded avenues of communica-

tion between grout holes. Water flows occurred from several of

the valley grout holes. Grout communication occurred between

several of the grout holes as shown on the valley section of the

A-line grouting profile on figure 17. Initial consolidation or

B-hole grouting apparently tightened up zone 1 of the A-line grout

curtain as most of the grout takes were in zones 2 and 3 as shown

in the tabulation on figure 24. Pressures over 100 psi were used

in the B-hole grouting, which could have lifted some rock although

the numerous vertical joints probably provided pressure relief and

venting to the surface in most cases. While the B-hole grouting

did not completely "close-out" the area, the A-hole curtain has

evidently provided an effective cutoff against seepage in this

area.

High grout takes should have been expected in the abutments

because of the relief joints. Although the March 13, 1961

inspection of the abutment keyways by Puls and Irwin indicated

.that the joints were tight beyond a depth of 5 to 10 feet back of

the face, the drill-water losses and high grout takes in the

B-holes and A-holes indicate that open joints must have been more
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prevalent than found in the tunnels. High takes in the B-holes

occurred most often at the higher elevation adits where the relief

joints would have been expected to be wider.

A previous study has been made to compare water losses in

exploratory drill holes and grout takes at Flaming Gorge Dam by

unidentified Bureau personneL A tabulation of this study is

presented on figure 24. To expand the study, the locations of the

exploratory drill holes were plotted on figure 12, and a water-

take profile was drawn on figure 25. A review of these data

indicate: (1) high water takes and drill-water losses occurred

throughout the valley bottom, although not in all exploratory

holes: and (2) high grout takes occurred in B-holes near DH 118,

DH 119, DH 109, DH Ill, and DH 113 where high water takes had

occurred. These data indicate that there is a relation between

grout takes and water takes in exploratory drill holes.

A similar review was made of the information shown on figure

22. The detailed logs for DH 5 and DH 122 were not available.

High water takas occurred for the full depth of DH 120 and DH 121

except in the shale layers. Occasional high grout takes occurred

in the B-holes (see figure 14) particularly in the near horizontal

holes within the elevation ranges of DH 120 and DH 121.

17. Evaluation of dam uplift pressures and drain flows. The

uplift pressures at the base of the dam and the drain flows are

influenced by the following factors:

(1)

(2)

Foundation geology.

Depth of excavation.

(3) Grouting - A-hole and B-hole.
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(4)

(5)

Drainage holes and present condition.

Base width of dam.

(6) Headwater and tailwater levels.

The design of the uplift pressure-measurement system is shown

on figure 26. There are three lines of uplift pressure pipes.

Line 1 is located about one-third of the way up the left abutment~

line 2 is located in the valley bottom~ and line 3 is located

about one-third of the way up the right abutment. The 2-l/2-inch-

diameter pipes were set in the concrete 6 inches above top of the

rock. One and one-half-inch-diameter holes were drilled through

the pipes at least 3 feet into rock. The holes in sets 1 and 3

were drilled after completion of foundation grouting in their

area. The holes in set 2 were drilled after the first lift of

concrete was placed on the foundation rock, which would have been

after all B-hole grouting was completed in this area from top of

rock: but before the A-hole grouting was accomplished, as the

A-hole grouting was accomplished from the foundation gallery at

the higher level. Typical details of the uplift pressure pipe

system are shown on figure 27.

The uplift-pressure measurements from 1972 to 1981 are plotted

on figures 28, 29 and 30. Profiles for lines 1, 2 and 3 through

the dam showing uplift pressures for December 11, 1981, are shown

on figures 31, 32 and 33. The scale for line 2 is only about one-

half of that for lines 1 and 3.

A review of the plots indicates that the pipes upstream of the

A-line (A row) have readings that parallel the pool readings and
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are from about 20 to 60 feet below the pool levels. As these

pipes are located only 15 feet from the upstream side of the dam,

these readings are as expected. The next downstream pipes (B row)

are located downstream of the A-line and of the drainage holes

except in line 2 where the B pipe is between the A-line and the

drainage holes. The readings for the B pipes are markedly lower

than for the A pipes - 277 feet for line 1, 140 feet for line 2,

and 220 feet for line 3. The reduction from the B pipes to C

pipes is also substantial - 15 feet for line 1, 240 feet for line

2, and 30 feet for line 3. The C and D readings for lines 1 and 2

are almost identical: whereas, there is a 32-foot rise from C to D

in line 2, and a slight reduction of 7 feet from D to E in line 2.

The substantial reduction between pipes Band C in line 2 is

attributed to the influence of the drainage holes. The elevation

of reading C is almost equal to the elevation of the discharge

point of the drainage holes in the foundation gallery. The

slightly higher readings found in D and E further downstream in

line 2 probably indicate that pipe C represents a limited area

where the pressure is at the elevation of the drain which is even

below tailwater. Other areas in the valley bottom along a line

parallel to pipe C could have readings at or above the reading in

pipe D. The low reading in pipe C of line 2 not only indicates

the importance of installing drainage holes but also the real need

to keep the drain holes cleaned out at all times.

One of the trends found on figure 30 is that differential

water levels between pipes A and B of line 3 have decreased from

about 260 feet in 1972 to 220 feet in 1981. The decrease in
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differential has been due to a rise in the water levels of pipe B.

This change could be due to leaching out of the grout curtain or

to clogging of the drainage holes: however, there has not been an

increase in the water levels in pipes C and D. Although the trend

is not changing at a rapid rate, it should be observed and

evaluated.

On figure 31, the water levels in pipes C and D are below the

elevation of the drainage-hole discharge point shown for the

foundation gallery. It is considered that the water levels found

in C and D may be influenced by drainage holes discharging at a

lower elevation in the foundation gallery or from seepage

discharging through joints or fractures in the rock downstream.

It would probably be possible to lower the water levels in pipes C

and D in both lines 1 and 3 by drilling drainage holes from the

abutments downstream of the dam. However, the present water

levels are undoubtedly below the uplift values assumed in design

and the need for additional drainage holes can probably not be

justified.

The uplift pressure measurements are essentially made at top

of rock and reflect the uplift pressure at the base of the dam.

However, the uplift pressures at depth below top of rock are not

known: and if stability analyses were required for weak planes

below top of rock, uplift pressure measurements along those planes

would be needed. Sealed piezometers would be required to measure

the uplift along a selected weak plane below top of rock.

The drain flows for 1977 to 1981 are plotted on figures 34 and

35, and the locations of the measuring stations are shown on

figure 36. The flows from the left and right galleries are only

77



FLAMING GORGE DAM
DRAIN FLOWS

R...rvotr S~.~lon 3 -q"-Statlon 7
------------- St at Ion .. ------------- Stat Ion 8-.-.- Station 5 -.-.- SIll Itchy.,-d

6050 ----- St.tton 6 250 300

6020
R ~"'Vc:";"" 225 270I-

w
- - L~~~'j.~.,,& tL'.!:!: ~W W

W ----- - -- ---- -- -A-- I- I-
u.. 5990 200 :J 240 :J

I

,- z Z
I ~.s{..'-

H H, L L
l--Sf?. ., 'z 5960

I

175 210
0 0::: 0:::
H ' W w

I
'I-

5930 J 150 a... 180 a...
a:
~~> r:.-:5-hl.7 (f) (f)

-....J W Z Z
ex:>

-.J
~~1\ ~~/z..S"

0 O
w 5900

~r
125 -.J 150 -.Jr~ 5". S" ~.'{

V
. -.J -.J

W Y a: a:
u 5870

\

\,
I

\ (\ :~I
"

100 t9 120 t9
a:

'I ,-..i~-,~ Sft,..lf
~" /'V\f./'u..

J6..~
" i~

,i
'\

., ", '\
0::: I

/-1 -
,,

l'
J , \: .

,

:J 5840 ~, r"~ ~~5fc..V-! -~ !:~ ~75 w 90 w
(f) . I

,1'"

I

: :: t9 t9
~'" ~.

Il
'

. .1

rr; ~~I'k:4j~~

\
a: a:, I ,I

:r:0:::
I

r'~"'"

I : ,I
a... a.5810 ' " 50 60 CDw .

I
,I

/
'

.-1 ., w WN .
"

CII
I-

..r~~
~.,...s- '

,
w w

(" 4"''''kU>,~MI~
0..

a: (f) (J) CD
~5780 ." 8 (\. ,1

/
~~.8_" ", 25 30

...,

a....:s". '
,

Ii" \ . -..

'1 ~.3 ~,..;,
"
... '.-"...,'

.. " ,
I

:;)Ira.)
, \i .

,.
--l ~-+,

~~.3~

5750 - I"
0 0 CD

"TI 1977 1978 1979 1980 1981
~Q

"c: G)
:xJ (J)
m ~::D
(,,)
....

ENGINEERING & RESEARCH CENTER - STRUCTURAl. RFHAvrOR SFI.TT()t\1



6050

r- 6020
w
w
u.. 5990

z 5960
0
H
r-

5930a:
'-I >
<D W

..J
W

W
U
a:
u..
0::
:J
U)

0::
W
r-
a:
::s::

100

90
w
r-

80 :J
Z
H
L

70
0::
W

60
a...

U)
z

50 0
..J
..J
a:

40 19

I

30 w
19
a:

::x:a...
20 w

(D
I»

W Q.
U) (D

10 '...,
0 ~(D

'""TJ
G)
(J)

::I
tIJ

'TI
Ci)
C
:Q
m
(a)
01

FLAMING GORGE DAM
DRAIN FLOWS

R...,.vol,. S~at. I an 9
St!it Ion 10

-'-'. L.ft Rbut..St.at.lan 11

--- Stat Ion 12
LehGal1 "Y

-'-'- RIght.Gal,.y

R~>~",,,,,,,,',,,,

L.e.fl A~...~

1977 1978 1979 1980 1981

ENC,INEERING & RESEARCH CENTER - STRUCTURAL BEHAVIOR SECTION



~:~"

I::;' {1 D/ ~ Z ,..,-~--

,.;, ...:~ ..L~
"' (

: -/ ,; ".
I,. ;,

' (j)
' f

-,. .., ,
.' "'."

c I 1,
) ? -:. ' '.:" ,'';;';:..- ",::,,'

"
. ",

'-" "
' l :c., '

,\.'

/ " '.". \,'< ,,' ( "..: '.--~~.f' ,,"~" ,~.::...
'J.:.:,- ,- t"".',:-,,"','!..:""'-,,~ 'I,/~ I_',~,."",,

~ "'':.;
.rz,"

. I ., '.,~ ,.., r~:' ,. 0 1. .-'~".:'" ~
~,/

,.,r ~
'- J ~\ : \_,\~. .\' \ :

"

..::..~ ..
'.., .'

: --.;
;' .:":" ~. -- .~~-

/ - " / \ \ I
-\ "'~' ", ..' '.

"
'" '

,

'" I ,41 I ,~>~-..::\~."
1'"'--,-j (,'/ ~;;-"; '"--- i :'~

\
\

I
I \..' \'< ~\ ;'~~ (;

I ' 11~/:-::3:=-
,
.":--;. '; \, '::::

/
"'7L"/~'"

. ,I "I. ~ '...1.'.;-'::'..;-'.-- / \ --
"

.:,' .."': (, . 1-.
'

, ,
J ~.". i . --

. - ,~ f
i"'~ / " \. r.':'\~"'o"'::,~F_.3o.C:;'i.""j ,

$;"..;'r.'::;...o /' ;.~
, '! I ~ f' ~

,

'/./,,~ I :
,~.'" '.- ,~ ' '. -.., ,.- I

'1"
::

0' "'
,'.'.; /# ---

-z... J
"""'..-=7 "., '... '".. - ,.1.. C \/.' /' ,t -, '

, , l;;

J:

'
" ,

,' /' ; - --=? !'
;:.~'~ "'" ~@~';-';;"":J~$ ;; .:~,..JI'/ ::'~:":'-">'/ ,,:..' ,'..~ <,/ ~.

;
1 :~:;;If/' ; //'~

=:--\
,::..s:-

/
I '

,""','~ .
.

' .:'" - "
..:', ", j 1- -;.:-. 1 1\.; , ,

I /
WI~. ,-..

"""'---+ .-:- .."ft--: ";'!. i - " to'; ... . . E~
"

"/'
,.1.1./,'

- ,,/.'

'. ,,-: ":-.'., , ~,:\- ~'~.-:'.~. .~~ ~~u" . ~/;'/ .,'.'~' ~,-",~::-.. ~,
"'.~~

',~:~~-,,,;,::
, ~," I'eO..J~~E!:';('F~::'~~:I;r:-, -: ,

'
:
/ '. ,.

'" -' -'.. -",,/:/;/ ,,/,,-,1... ."'-~.~'.';;~,-."'~S 1\SI'!'N'<'':$T...':;~'1'.4J''
,

~'~''

'I . .'/~i;' , ;(': ::"..-
.' - . '!":: ~.)..:

f
I ~';., ;" -

,
'..-:.., /.,' ~ ,/...

~ '".-
';'"

,','
'
) j"'.

... ,-,' -
,.

:' JoJ"'''" ."~':'
;

--I.'"
,,-

."
. ~ - 0" '

!
" .~~,

' ':'"
"
\1] 1/

"
"

/ ,/1/") ,; J':,! i; r::':/> ---'-,-i<f:;X I
/..

, ) ':::/:':~~,;,~ _"\J.f~" ,..-'

,

)'--"~"?i>:"i""\fl'~ '. ,'/."':-';", ~ '£:.;'~.;~,:;o
(,) fr',7c:-:'t;.(~\;f ---'::::2~

. - ... -. J;lf~ i fr~
,

\1~:U1W,.( U5{2i
,

~~t
,

;
~
!;t/1L,.~ 11J;)1/)ll:~~:/1r /0a~'/ /~

. f/'.1D.~~_.;(. )./I//.j, "";&'Ji;v(E_! :"; ,\ T"rnf:

A
.Ie., :., Y)v.: //,//~~;f."'_--::

/
,""---p:""" '-- ~')\ I," : ,i'..(

,
.-- i ' ','

j ..
I"

I ." ;,' ~ /., .- / -;:'-' ." -,

"'-"\,./ ::r!i:'7
f>. / \"'~/';//'~

,
J~~-':',};i/ r: . Ii (),f:, \1; If¥~~'"/;;':

N

/)
/
'/

,

J

,
:?{§

I..

"~
,

}
.~d,

/{
,?!-/

:'.

,

'~;'}r
.
(71,:f~r

,

?J/
-If: 0,

~", _
/ l~~~,,~ (1'

"

:~lt1J)~),.,,IJl
, !/

fcf.";:,:~(f£%
, .-~ ,.~S

,

~'~

.
'

I tJ/ / j..""": ,~,j:'"" I '
I

'
"'L:.,':.-;:..", r",,,, ~ II

I
,

~ !l~ c.i,S ci: ~'~'''
,

1- .,-'
. //"// IL':'.I':://'.J'.~:;?"' /" ""',""I '~~.i:";' i t,).-

'.
(UI.j.J~~'" /'.,.,..',. ,I~,--'. ::...,

1-;'1'/1),..- ,:' "'~' r."'" VJ" . i~'" I f;V. ,
I;"' ) 'f,fi: /". ,',',' r-""-"",, '-/I"'j'/J.:-:--r</},.;-,:" tA Ii;! /'):,{:_:i ) <:: f,f ;:(.',' '\'~

L;'tE:Sd-A,...,':[/re<~ , ;' ,-,

, ~
,

"'~

~1/

~
i

,

)&(!f)~:0ij(
,

!;

,

\(\:~:,~,~

,

\\
,

':

,
~: ~;I

>

i';\

)
"

'

!:

"
,

K~~?~

M

'~: =:9~,;i

,

~ ((
}
'",::

Q>

,

:i~:E
,

~~

,

J;
,

(;
,

':
,

Q~~~~E~~i
...8 .6-1" 7'--:t:..":'. ~..<,," '/(\.1 (.. \\~.~~",

~

( ) :'\ '

~

.( '~. 11,2
"

,,@
IS:~ "d/~ 4F ,,1...J:>4.(,/~',/>~~

::: :' I/! ./;! : .'(.. \ \'
,:),~ I , 't;"'.! ~ 'I :', ~

'
~ ~ ~ ,55'0 ::;;L ~,I", 1', I"~: \ ~,,\ "l

\. \; , \:
-

. ,",' ::::-= ~":J: ..'.- ~~ '~ '... ',' /'/).:." ,
."" 0--=*' t'

.;. ~
"\ 'i \,.:;;;.-" ; .."~

~v''''''~:.I-.:-
-~... ,.w~

'
:

'
',/1- ../(:,/: ) ~. ~ J I

"":'
_,.f:'} :~. \'

I :
/"

;;'

~
~.

1i~~'
,

>'
,

';'/:~;:' £'~:;~f

j
'

"',~>~:;<,-

"

,

.:-,?,'

~'
'r'\:',1)~.

,

~"
:I=:

,

!::~'::~-?'
I'':'''j''\'i'''~

,

' ~.;'r-/-:;>',,/"~

~
/'-::~

,

~: '
""'"

10 ~ ;,'
r.\: ","So,.' }.' i','. \',.:r:rJ~';" '.-. ...:',..: '~?:i/;.I- Z>' ,'," ,::-=:::::..-:::'i ~~';~".; : { : / "'ft

I "". '. I ' ~"'"
.~/ 'I- ~'~--,

Uflrt:.,.~ ~~ y:- t' r'. ,// '.
. - ~~.. ~"'.""'-':_-,-...;.,

"'",
;,

'I ',' /
' " ",'

. ',- .,,-J ,;:_.:-.~,., "-',-~.'er/, / ~ ,~~::-:"':'~ ,"'"- ""
',-

'\
..'- ~ ~C\, ,.

/ /0 ..'.1
'

, ,:

"
~~'

"."
. "/ " :.: -'. I,~

~.':"'-: -:::'
;"/,~I"':-:";~ ;,/,," >.t...' .*""'--=...""'''-

,r... ,~':"...: ".. ".~~ ... I'.,a;
il.J': ) ;.' ,-

~
' ,"'A.;.. - " :. ",>'-,:,::,,:C',;:,~-:;""-'.:~ ----,

:'/ ~/...:--~, "10'''''', '" {"':":<':':'-~" ',.'

:; .?/r;J~:/';;': '~i.:'
/>; ,/ I'

?
X;":,'~-'::J:::..:~~?;;;~ ~~~-..~.=-..~~-=-.:-~:~~~~.~:~~.~;. ,~,.<,-,:.:~~;: ,~;;:~-~~ \.

c.'"'\ :,'/',4-o/:"
f

't'./I' \ /'.

~
//'-;;:

~~-- ~ ~.- -.': -.. -",-",-."". ,-
--:"."" "."'- ""'.,.'0:~

,.,
"", - ,"--""''''

~~ J/'//1~/('/ '>.~'//
)

;!' './",..~'
~

.~'..~~.~ ~' ~~ ;:.~~~."'-- ~ :~;.=~~~~;.~, ~...:~~:
-- :::'~~~>~~""':'''~~~> ~"-~;;-':, ''. ~::: ~. ~/J,(?;'l,: '/"'-/.')"/ ';7' . f,;,-,_--' ,::: .'!---::"-~-.:: "," :---' '-," .~';.""" -:'\::.; .',

,- i ",~~/.I!. /i~J./,', .l<~I/// \' ;.;-::.; /./i, i\!J~ ~':.::~-:~.~.~j 'j ~~~~':-.':;:~ ~"0:~t~,~::"\,,.~ ~~.

Date1-2 - G-~ D~te 3"~- ~ '::1at-s-3../~- ~I~ ~.:te '-1.3-&~' ~ate 3-:"-0'2.
Res.4,.'DIi.i!.ii ?es. -1.~iiJ:~~~ ~'=-s.

.
~ 'i""~~7':'£~s. 4.~i~~n - res, 'I. ~/!i:?j-

-,,~...~/"1""" . ' ._~.'- ..,' V. ;', i' '.

. .

StCition
1

; . =1-

~ ~i I

~t~1 ~,~~~:f2~-- j
t
'- ~-=---

6,. . --tl~~=-"
l-' - ;:::.:J.? =:7- ./,--./ ,,---:.---.---

~.<~.--7_"_'_:'~>:l_,? t --'._-'h J ,-~-~"~'.'~_l"'. -_~_,__4_-
Fi',:::,'C .:'I,bu~.

70:,,15. _.__. -- ----- -
9 ,- .- - -----} :1_. ,

Left Abut.
Totals

11
12

",-

Ganr.des left 2.CZ
§alTedes r~~'--2._!.L'7.

NOTE:

3, t:>~ ~--;-~;",Z-.-
--- '--- _. '__'n -_.

.g., L9-- _.J!..'.'.1'---
~, "7 "3L':1.7-
.~-~___2,11-

.-

All rf'adings are in Gp,.,-mc,1surcd

80 FIGURE 36

Iii 1 I



about 2 to 3 gpm, which are very low flows for a head differential

of about 400 feet. These data indicate that the overall dam

foundation is relatively impervious. The B-hole grouting, which

covered the entire valley bottom on 20-foot centers to a depth of

50 feet, undoubtedly contributed substantially to the overall

tightness of the valley bottom foundation, and the high takes in

the B-hole grouting in the abutments also contributed to the

tightness of the rock along the abutment contacts.

The effectiveness of the switchyard barrier curtain (see

figures 3, 4, 6 and 21) is difficult to measure. The elevation of

the switchyard has been plotted on figure 34. The available data

on the plots indicate that seepage is measured at the switchyard

only when the reservoir level is above the switchyard, and the

flows increase rapidly when the reservoir level rises above El.

6,000. Even if the barrier curtain were absolutely tight, flow

around the curtain could occur as the drill holes along and beyond

the end of the curtain (DH-140, 157, 161 and 162) had frequent

drill-water losses and high takes in the percolation tests. Flow

could also occur across the peninsula from Cart Creek. Additional

grouting along the barrier curtain may not reduce the flows into

the switchyard as the water table in the peninsula is fed from

three sides and probably rises and falls with the reservoir level.

Installation of a few open standpipes across the curtain and

beyond the end of the curtain is probably warranted to check the

water-table slope and fluctuations with pool.
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A review of the plots for the other stations on figures 34 and

35 does not indicate that the flows are increasing with time for

equivalent reservoir levels.

It is concluded that the grouting and drainage systems have

adequately controlled the foundation seepage and uplift pressures

at the base of the structure. However, open tube and sealed

piezometers are needed to obtain data on water levels and pore

pressures at various levels in the right abutment in connection

with stability studies for the abutment. These data are

especially needed in the winter time when the downstream seepage

outlets may be frozen.
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VI. RECOMMENDATIONS

18. Flaming Gorge Dam.

(1 ) Foundation drains be cleaned at appropriate

intervals.

(2) Sealed piezometers be installed about El. 5,530

below the first shale layer in the valley bottom.

(3) Under Phase II for determination of grout deteriora-

tion, drill holes from lowest grouting gallery at locations where

B-hole grout takes were high between Stations 7+20 and 7+80.

(4) Install open pipes from top of blocks 25 and 26 to

measure the water levels in the sandstone above and below shale

zone 6R, and install sealed piezometers in shale zones 6R and 7R.

This recommendation is made to determine if additional drainage or

other measures are needed to assure the stability of this abutment

during a design earthquake and/or at maximum water surface.

(5) Install open stand pipes to measure effectiveness of

barrier curtain.

19. Other large concrete dams.

(1) preconstruction geologic investigations be

thoroughly completed for final dam design including sufficient

abutment adits to define excavation line and sufficient drill

holes with adequate depth to define limits of grouting and

drainage.

(2) Pumps used in pressure testing of exploratory holes

during preliminary investigations and in the design phase be of

sufficient capacity to give a true picture of foundation condi-

tions. A hole accepting 20 to 23 gallons per minute at the
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capacity of the pump may well represent a hole (or zone in a hole)

that would actually accept 50 to 75 gallons per minute if tested

with a pump of adequate capacity. Bid quantities for drilling

footage and cement could be better estimated if pressure tests

were accurate and reliable.

(3) Preconstruction geologic report include an

evaluation of geologic conditions as related to the design of the

grouting and drainage including relationship of water-pressure

tests, bedding, jointing, etc. to depth, angle and spacing of

holes and estimate of grout takes.

(4) Specifications include specific minimum requirements

for mixing and grouting equipment, range of grout mixes, and

methods of sounding and final backfilling of completed grout

holes.

(5) Geologist and engineer establish maximum safe

pressures for grouting for each reach of the dam and for each

packer setting.

(6) Results of grouting operations be continuously

evaluated by the site geologist and engineer to determine appro-

priate changes and the need for additional investigations. The

design must continue through construction on all projects.
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APPENDIX A.
A

Dutch John, Utah

June e, 1960

Mr. Grant Bloodgood
Assistant Commissioner
Bureau of Reclamation

Denver Federal Center

Denver 25, Colorado

and Chief Engineer

Dear Mr. Bloodgood:

Pursuant to instructions contained in a letter from Mr. B. P.

Bellport, Acting Assistant Commissioner and Chief Engineer, dated May 12,

.
1960,' addressed to each member of the Flaming Gorge Consulting Board

..

Messrs. Hammond, Vanderwilt, and Burwell assembled in Denver on the

morning of June 5 where they were joined by Mr. E. R. Schultz, Read,

Concrete Dam Section. From Denver they were,flown to Dutch John, Utah,

via Bureau plane arriving' in the early afternoon. There they were

joined by the following personnel of the Bureau:

Denver Office:

L. G. Pula, Chief Designing Engineer

W. R. Irwin, ,Chief, Engineering Geology Branch

Region 4 Office:

F. M. Clinton, Regional Director

W. P. Peterson, Regional Engineer

J. N. Murdock, Regional Geologilt

~ing Gorg~ Project Office:

Jean R. Walton, Project Con.truction Engineer
.

Ja~e8 R. Granger, Assistant Project C~struction Engineer

Herbert W. Senne, Engineer

Darr&l W. Ransen, Engineer
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William R. Gro.eclo8e, Engineer

George T. L. Wongwal, Project Genlogi.t

Sylvest.er J. Turley, Engineer (6-7-60 only)

Mel.r.. Julian Hinds and R. E. Davi., the other ..mber. of the

Board, were unable to attend thi. meeting. Therefore, the "Board"

a. u.ed in this report refer. only to the under.igned member..

During the afternoon of JUbe 5tb the Board made general

observations of the damsite area from the upstream cofferdam and from

the top of the left abutment.

On Monday, June 6th, following a briefing by Me.ara. Walton

an~ PuIs, the Board began ita examination of the dAm8ite area. During

the IDOrning, detan in.pections were aade of the topography and bedrock

conditions of the right abutment with apecia1 attention given to the

ahale beds and jointed condition of the foundation rock exposed in

the right abutment "",ay. Also during the morning an inspection was

..de .of the river section where only limited area. of bedrock have

baen uncovered. . .

During the afternoon of June 6th the upper part of tha left

abutment keyway, including the foundation. for the thrust block and the

apUlway intake were examined in detail, giving specialr8ttentlon to the

affects of the Ihale beds on foundation stability. A vi. it was also

made to the downstream cofferdam where the condition of the valley walls

downstream of the keyways and the alignment of the spillway tunnel were

observed.
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During the mornin« of June 7th the Board vialted the aggre-

gatea proceasing plant on Henry" Fork and examined the partially .tripped

aggregate depoait area.

The afternoon of June 7th and all of June 8th were spent in

the preparation of the report that follOQa. The aubject. .uggeated for

the Board's consideration in y~ur letter of May 24, 1960, to Mr. Julian

Hinds, are dealt with herein in the order in which they are lilted in

the letter.

1. Examine the completed foundations for the dam and powerplanta and

appraise their adequ~cy

The Uinta foraation, the foundation rock, i. well expoeed in

the keYway excavations and, as lhown in surface expo.urel, conlista

predominently of hard, .trong quartzite and a number of red ~ale bedD.

The excavationa for the keyways brought out the pre..nce of raore and

thicker red ahale bede than had been anticipated. Abo, the open

vertical joint. extended to greater depth than had been expected.

Keyway excavation deeper then had been planned originally wal necelsarf

in both abutmentl because of the greater quantity of Ihale and the

greater deptha of joint opening., and these conditions will require

suitable treatment a8 brought out under item two.

The Board desires to call attenti~ to the fact that the value

of the modulus of elasticity uaed in coaputing the arch ,tr4laes was

2,000,000 p.s.i. Although this value waa approved by the Board in it.
.

report of October 23, 1958, it is now of the opinion that thia value i.
-

too high. In view of the conditions dilclo~ed by the keyway excavationa,
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the Board il of the opinion that the aodulu. of elasticitr might well

be a. Iowa. 1,000,000 p.l.i.

The rock formations and Itructural conditions expoled at

the base of the keyway excavations can be expected to extend over the

area of the dam and powerhouse foundation in the floor of the canyon

which had not been uncovered.

In the left abutment keJWay, adjacent the Ipillway intake.

excavation and in the thrUlt block area, open joints and fractures in-

dicate movement of quartzite blocks on shale bedding. It is believed

th~t blasting and water 'satur8tio~ of the shale hal contributed to the

loolening and creep of rock that hal occurred. The Board agreel with

Bureau engineer. that the rock which has been unduly loosened in the

thrust block area should be removed ..pecially where down-dip>rock

.upp~t il lacking. In the area above and adjacent the spillway

intake, where the prelence of a shale bed 'and joints suggest possible

movement, prestre..ed rock bolts and other means for atabllizing the

rock ahould be employed.

The relatively clole proximity of t~e planned .pillway

tunnel to the open canyon wall il a matter of concern. Heavy bl8lt-

Ing during conltruction of the Ipillway conceivably could loolen rock

mal.e8 in the canyon wall 80 a8 to endanger not only the Ipillway

tunnel but allo Itructure. in the canyon below. The Board recommend.

close .upervi.ion of construction of the .pillway and elpecially of

. the drilling and blalting pattern..
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In the right abutment above .hale bed 6R at approximate

elevation 5945, the rock .as. which will .upport the arch il relatively

thin. While the Board i. of the opinion that hi. aa'i i. capable of

relisting the arch tbru.t, it il ~portant that a careful analysis be

aade to determine it. .tability under the condition of maxtmum loading

including earthquake. In addition, .tudiea .hould be made to determine

what measure. could be undertaken to prevent any future deterioration

of the mass that might reduce 1t. Itability.

With the exceptions noted and with the treatment outlined

under item two, the Board il of the opinion that the dam and power-

plant foundationl will be sati.factory and that the .a.. .trength of

the foundation rock will be adequate to .upport the loads and strease.

of the dam al planned.

2.' Review proposed treatment of shale zones in abutment keyway. and

foundation grouting program

The excavation of the abutment keyways for the Flaming Gorge

Dam has disclosed bedrock condltionl that are leis favorabla than thole

that were known or could be anticipated from the resultl of the explor-

atory investigations completed at t~ of the Board'e previous meeting

in October 1958. Not only has a greater number of Ihale beds of

appreciable thickness been encountered than was expected, but wide

zones of creep of substantial thickn.ls, in which the rock joints have

been opened appreciably, have been found in both abutments, neces-
.

litating c~nsiderably deeper excavation than was originally planned.

The.e discoveriel made necessary a aore elaborate plan of foundation
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treatment than was originally proposed.

The propo.ed trea~ment of the .hale beds, outlined in the

book of technical data furnished the Board, provides for concrete

cutoff. in the thicker shale bed. at the heel and toe of the dam.

The depth of the cutoff. into the abutments i. to be determined by

the character and thicknesa of the beds and the reservoir head to

which they will be subjected. Eight such beda, three in the left

abutment and five in the right, having thickne..e. of from two to

ten feet, are to be treated. The proposed minimum depths of the

cutoffs vary from 25 feet in the upper part of the abutment. to

75 feet near the ba.e of the abutmenta.

The Board consider. tht. treatment of the .ajor .hale bed.

.uitable and desirable and deiire. to point out that it will a1.0

provide additional information on foundation condition. inside the

abutment. w~ich will be u.eful in planning the program of con*olida-

tion grouting. The Board recommends that the cutoff .rift. in the

upper part of the abutment. be increased fro. a min~um depth of

2S feet to a miniMum depth of SO feet.

In addition to the cutoff treatment, the BOlrd recommend.

that the keyway alope. at the .hale croasing. be .ade vertical '0

that no part of the dam will re.t directly on .hale.

The open-jointed condition of the foundation rock in the

abutment keywa18 nece..itatea a thorough job of con.olidation grouting

over the entire area of the keywa18. A8 the abutment rocks in their
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jointed condition, would b. difficult to consolidate and are ler..itive

to grout pressures if unconfined, th~ Board i. in co~plete agreement

with the Bureau's proposal to accomplilh the consolidation grouting'
,
from tran.verle adits located in the dam at 'o-toot intervals of

elevation. This method will increase the costs subltantially, bu~-
------

i8 considered absolutely necessary.

The Board is of the opinion that the consolidation grouting

should extend to a minimum depth normal to the foundation surface of

'0 feet and that the spacing of the grout holel Ihould be Buch as to

provide a thorough degree of consolidation.

Concerning the curtain grouting, the Board i. of the opinion

that it will be necessary to extend it to . con.iderably greater depth

than was originally propoled, particularly In the upper part of abut-

ments. This curtain should be extended to include the narrow right

abutment spur and 8addled.

3. Comment in general terms on the adequacy of the stren;th and

durability obtained in lab~ratory tests of concrete

The Board has reviewed the re8ults reported in the book of

technical data on the teats of .the limited number of laboratory

specimens prepared with cement from Devils Slide. Utah, ldealite

pozzolan from Laramie~ Wyoming, and aggregates fr~m the Henry"

Pork deposit. While the Henry's Fork aggregates are far from

ideel, even when beneficiated by the heavy media procels, the test

results indicate that with beneficiation of the No. e t~ough Ii-inch

.fractions, no difficulty should be experienced in producing a concrete
.
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of ,pacification strength using this aggregate, and containing two

lacks of Devils Slide cement and one sack of Idealite pozzolan.

The Board notes tne increase in compressive strength

obtained by the use of a water-reducing agent and would have no

objection to the use of such an agent in order to reduce the cement

requirement by a small amount.

The Board notes the detrimental affect of pozzolan on

durability indic.ted by the limited number of tests. Should further

testing of large specimens bear out the preliminary results, the

Board would agree that conaideration should be given to emitting

the poazolan in the exterior mixes.

Respectfully submitted,

/8/ John W. Vanderwilt

/8/ Edward B. Burwell, Jr..

.

/8/ John H. Hammond, Acting Chairman

/
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UNITED STATES
DEPARTMENT OF THE INTERioR

Bureau ot Reclamation
Commissioner's Office

Building 53, Denver Federal Center
Denver 2, Colorado

June 15, 1960

Mr. Grant Bloodgood
Assistant Commissioner
and Chief Engineer
Bureau of Reclamation
Denver, Colorado

Dear Mr. Bloodgood:

As you were advised in advance, 1 was unable to attend the Board

of .Consultants' meeting for Flaming Gorge Dam at Dutch John,

Utah, on June 5, 1960. Accordingly, by mutual agreement, I

visited the site on June 13 and 14, and conferred, in Denver,

on June 15, with Mr. John H. Hammond and various members

of the Bureau's office staff.

Preparatory to this visit I was furnished a copy of the

Technical Data Report of May 16, 1960; also, a copy of the
letter report, dated June 8, 1960. covering the visit of

othe~ Board Members, June 6-8, 1960.

Theee documents were carefully reviewed and the s1te was in-

spected with the following personnel:

Denver Office:
Grant Bloodgood, Assistant Commissioner
and Chief Engineer

Max Fora, Designing Engineer

Region 4 Office:

C. H. Carter, Assistant Regional
Director

Flaming Gorge Project Office:

Jean Walton, Project Construction Engineer
James R. Granger, Assistant Project Construction
George T. L. Wongwai, Project Geologist
S. J. Turley, Engineer
Others from time to time

Engineer

,
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I was furnished excellent topographic and geological data in the

form of drawings and photographs, and was given full a8,istance

in viewing all features of the project.

1 have the advantage of seeing further work accomplished at the

,ite subsequent to the June 6-8 visit of the other Board Members,

and of reviewing stress studies made in Denver as suggested at
the June 6-8 meeting.

After careful review of the site and study of available data, I

reach the following conclusion~:

1. Although the basic foundaLion rock is of excellent
quality, it is fractured and jointed to a greater

depth than originally expected. This has resulted in

greater depth of excavation than originally contemplated,

which will cause an increase in cost. but in no way affects

the safety of the dam when completed in accordance with

present plans.

2. The shale bands, revealed by excavation to be more

prominent than originally contemplated. are not of

sufficient magnitude to seriously affect stresses. and

their orientation is not such as to endanger abutment

sliding. When treated as recommended in the Technical
Data Report and a8 suggested in the Board Report of

June 8, they will involve no hazard to the safety of

the dam. ,.

The Board Report of June e is endorsed in all ~espects with the

following suggested clarifications:

1. At the bottom of Page 3 and the top of Page 4. there
appears the sentence~ "In view of the conditione disclosed by

the keyway excavations, the Board is of the opinion that

the modulus of elasticity might well be as low as

1.000,000 psi."

It is understood that this was not intended a8 a recommendation
that the designs be changed to this basis immediately. but

rather that the effect of such a possibility on dam stresses

be evaluated. With this interpretation, I full agree.
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P8rtia.l1y completed computations discussed in Denver June IS, 1960,
indicate that the affect on arch stresses will be moderate and
generally favorable at critical points.

2. In the comment near the middle of Page 4 on the
anchorage of unstable blocks on the left abutment,
it should be pointed out that these un~table blocks
are entirely outside the dam abutments, and that
their stabilization is for subsidiary purposes.
After careful inspection of this area, I fully
concur in the proposed anchorage.

3. Subject to the above clarification, the Board
Report is fully endorsed both as to matters herein
discussed and to others not mentioned.

Sincerely yeura,

leI Jul i8n Hinds

.Jul i8n Hinds

I concur:

Edward B. Burwell, Jr.

John J. Hammond

John W. Vanderwilt

APPROVED: June 27, 1960

18/ Grant Bloodgood
Grant Bloodgood
A~si8t.nt' Commis$ioner
and Chief Engineer
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.
October 16, 196J.

lIr. ~t Dl.oodGOOd
l.:Js1vtc..'1t CO:-Juissioner t: Chief' Engineer
u. s. :u eoo 0::"?ecla.:::ntio:1
Denver Feci.ere.l Canter
Denver 25, CaL'roQ!:;

Dear Hr. B1oo.l9Xd:

'M bcGin the e.ssi~~ -ent outlined. in your letter of A\2c;,~ 25, 1961

the ~rber8 of the rce.rd of Consultants for n~'\'i "8 Gorse DCEl asSErnibJ.ed

at ~ch Jo:::"""l,Utah late Thur~ e.:a.~rI:OOn'October 12, 1961. 'l".ue

following rour d.a¥B were d..evt1ted. to f1eld inspec:t1ons &:ld ena.'l,ysis of

1nfortJat1oil COl.:ta.:i.nedin tl1e book of teclmice.l da:ta, :f\rrnialled by yw.xr

office, :t>erta.iniI'-G to the 1tams listedon the sOOet enc.loaoo vi th your

letter aDd an aMit10nal itetl presented by}obo. O. L. Rice to the :Boarcl.

Seve=al ~uT>ers of the Bureau staff assisted in the course of tl1e vork

by proviJinG iIlfoNe;t1on and ~tiDg data requested by the Doard.

'1'be"J ineJ.udec1. ~ othen:

~
O. L. Rice, Acting Chief' DesiQ'-1ng Er1Gineer, Denver, Col.orado

.
C. 11. carter, P-ss1stant IegionaJ.. Director, Region 4, Salt LUe

'~t1, Utah

E. R. ScL'Ultz, neeil., Concrete Daz:s Section, Denver, Ccl.orsdo

J. n. \la.ltOl1, Project ConstructLn EnGineer, Flaming Gor,3e Ullit,

Dutch John, Utah
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F. S. De.1lon, Assistant Project Construction EnSineer,

Dutch John, Utah

"J. A. :n~h1inz, Office En.;1neer, D".Itch John, Utah

R. C. !3crrdcn, Cbief, Civil Ensinee~ Division, Dutch Jobn, Utah

G. "lcr~Tai, Project Geolo3ie~li, Dutch Jo1m, Utah

s. J. Turley, Engineer, Head, Laboratory & JI~gate Plant :>roncl1,

Dutch John, Utch

Arter a sbort ooeting ,..~th ~.~. 1-1a.l~on, in his oN'1ae, Tbursd.ay e.fte:r-

noon, it was decided to :postpone brie1"1ng unt.1l Fridq nor-..:inG in

favor of a qc.rlck trip to the dam site for general orientation and to

obserl~ the. at~ ot cons'troction.

Fridey mrning, October 13, the Board rootWers convened in tbe Project

ConstructiDn 2ngi.ncer' s office. Hr. \lalton outlined the ste.tua of

constroction p:rosrcss and J.~. Rice gave a briefre~t of the deeir;n

&~ re1ateil siiudies of the Flmuinc Gorge Dam I'roject. The i t.e!.1S

of' 'the work eJ301{;tlIX!nt wore reviewed amd orl.;?nal itel!l two W8S sub-

d.1vidcd for clarl. ty x;n...'tinga toteJ. of eiGht i te:~ to be considered.

Fol1w1~ the brief1D{1;, the Board. proceeded to tbe rigbt e:butJ:e~ to

1nc:>ect the 1 "Cation of' the propoaed CO:1cre-:;e reto.in1nt; wc.ll clesi:;4C'J

","
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to buttress the overhang ot the c.l1ff and protect shale bed 6R from

fUrther wee.'.:.heriI1Gi to observe the cutoff coI:Crete back.~Us a.lo~~

this shale "00-1 111 the 61Jut~nt; and. to Bt~ the pa:r~ng aM6 end

cwit~erl 'Where 6 g.rout C'urtain is plmmed. In t~e ~"'ternoo:l the

Board iDspected the cutoff drifts along Bhale bed 9R in the riGht

8eutt::ent j ol.Joe:rv~ mass concrete r>la.t:c:Jent anf1 ccr.=;:>8Qtio:'l ~r3Ctices;

a.:J.d.i!~:)::.)Cc:~eJ.:;':...c co:~.!'le~ed :~~ca..,o.~1o!:!3 e.-:~ rock 't'olt1:'.G for t1:e tb..rust

block e.."ld s)::'ll"a~t 1nta;;:e 6tructu-~.

On Sa:;;u u.eJ\f liDrnir.g i113pc!ctiol1s V~~ made o~ the acc;reg::.:te l'rocess1~

plu:l'l t, tl:c rccer.: ~lJ placed CQncre~ li~ng i.n the sp1llvrq oU't.let

tunnal, and the rock for:.1ation exposed in the t~el beyond the lined

+"see,,:!. -,n. Also the :POWet'l)lant fjtruct~ 1."88 vi s: ted. Board !r.e:Jber

oovie 9lfiO ins~cted too 'ba.tc~Il3 em. rJ.x1I:(; pl3.nt.

Suz:clQiY'oonllr.g a c~lev~ ok:!.) .'as provid.eJ. for 8. close v1~T s:xl

inspection of both abutrents. 'I'he sld.p vas slowly lowered or raieed,

close to each abut::cnt, and as r~qucsted ato:.:~ to allov for core

det.ailed 0'b6crvu.t1on and disc.ussion of the 1"eG.t~" bc1r~ o'bserred.

S:?e<:1~ &tt.:Jl1~io:1 "DS Bi -.roD to the right ahutrEI:t, n'bove £eJ.e bed

9n. ~..ese o'Lfjerva~ionB ~rom the akt? p!'O"v"11~ n -'ur l:etc~r ::e:'8l)ecti ve

of rock st:::'ttCtu ""'C3 in ~la.tion to the c.1s.r. C:;-'"J..;n.~:- '.;;!3r. '~"":l have

'been lX>Bsi',)).e ~ \/Orl.. ~or. lL..i t~.l to ~;..z,cctiona froul the gro\::JLl.
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I L-lil

T'ue ~a.1.ance of the t1:::B" Saturd.B¥ afternoon" ~ end Morne,y"

October 14" 15 and 16" was devoted to d1ec~ion of features observed"

revie\1 of technical date. i"urn1ehed by the Bu:reeu, and in prepe.ration

ot this report.

The eight i telCS upon wb:I.cb the Doo.:rd's view are presented, ar"ter the

revision ~ ai4lt1on referred. to above a1'e as foll0W8:

1. t.xau1r.e tlJe co~leted fOUDdatio~s for the tb.roat block

and the epillVQ¥ in'tel>e structure and ~rrJise their ede~y.

2. Examine too abutoonts of too dam and 8C)praise their rnequacy,

3. Exawine the area u:;>stre8J.O.of the ri~t 6.iJu!;L1~:lt in tbe vicir.ity

of the parking area and ~d. tcby'ard 6Dd cor:rcnton the adequacy of

the proposed extended grout curtain.

4. Be'vie<J the foumation treatlmnt :p~ tor the deLl w:n e;rpraise

its adequacy.

5. Review the :results of the latest trie.l-lo8:i 8l18.lye1s or the dam.

6. ' nevie\! coO'lcret.e "test reG'U.lts_,-r int~rL r t:OSS concrete to da.te.

.>-. ,
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7. Cnt'1!'Wllmon compaction prectices toJ! I.!38Beconcrete.

8. Review temperature history or I!mSS concrete placed during

this construction season and COI:m!mton tethods now beinG used

for thermal coni;1\..l or concrete.

,
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ITEr.i 1

Examine the C\...I;t11etedfOl1.DdAtions for the thrust
block end the e:pill~ 1ntcke 8~ture aDd~.e
theiradequacy.

The Board considers the C\.AIJP1e'tedf'-:'UIlrlat1ons for the left abutment

thrust block and too spill1f'a¥ intake etrocture e.s satisf'ectG-ry. The

anchorage ~cl1 bas been instA' ,~ to stabilize the upstreaLrdipp1ng

massive slabs ot r..:.clt in the areas above aDd an the left side ot the

S:pillVO\1 1nta1;.e abould effectively overcOJ:e the tendency for these

sls.ba to sJ.1de on the shale seGrISthat underlie them. There still

rene.1ns a IJa.SS of f'ractured rock, resting en e. thin u;pstrea.tl dipping

seam of shale, loca;ted in the canyon ws.ll above aM illlJediate~ down-

stream of the spillWiY Gate etrocture. As a slide or lD.rge rock fall

at this locati.::n would. eDda.I1l;er the gate structure, it vouM be prudent

to- insta.U BOJl}.')enchorege. in the CIUeat1onebl.e mass.

Im12

~nrl TI~the ~nts ot the dam aDd appraise their
. edequacy.

In its re:port ot JuDe 8, 1960 the Board IJ9despecii'1c rention cJf too

:relatively thin mass ot rock tba't will provide the arch support in tbe

right abutr.ent above ebale bed 6R at ~prox1J;.ate elevation 5945 and

emphasized tho iIJporte.nce of mJd.I1G eo caretuJ. ~8i8 to determine

its sto.b1lity \.1IJdar conditicr-s ot tm:immn loading incl\¥11ng earthquake.

SUbsequent~, the ~ tude of' the arch tbrust on tr.e ebut::n!1t rock

above sbale bed 6n WB reduced subste.nti~ by the omission of the
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the grouting in the end Joint above elevation 6000.

tJnfortuna:te~, because ot the ditf'1culty of obtf'i"1 "& sui table 88q?J.eS

tar 'testing, the V8lues of shear strength tor 6R end otber thinner

beds of 8ha.le tbat lie above 6R were DOt obte.1ned.. The stabil1ty

analysis which was made was based on asS'l.Dlled.values of cohesion and

tangent ~ for the ahe.le in 6R of 500 psi 8lJd 0.8 respectively. The

results gave a se.fety factor ot 24 tor t11e condition of fGilu..-e \.Q the

dip of the shale and 32 for the co1Xl1tion ot failure a1.o!1g a boriZ;..;Utal

plane cutting both sba.le and EJ8l)dstone. The va1ues ot cohesion &nd

tangent ~ used in the ~18 are considered J:Ucl1too high. Therefore,

the Boc..""tlrequested that !J%len~10 be JOOde.wmmir..g values of cohesion

and tangent ~ of 200 psi ~ 0.5 respecti ve4r. Such an ana.1ysi s was

made while tbe :Board was at Dlttch John aDd it vas found that, for the

condi ti-::l1 of failure in the shale u;p~p the. 'lector ot saf'et;r, neglectiD(?;

side shear, is 10 and tor failure on a borizoIItal plane 13. t1hile the

888Ulled va.1.ues ot come1on o.nd t8lif;1mt if; suggested. b<J the Doa.1tl ~ be

on the hiGh side, tek.1ng into BCCOlmt the t'r8ctured com! tim of the

rock, 8D¥ reasonable reduetion in these values would result in B 881'et;r

tector substant1.&1.1¥ in excess of "'. Therefore the Board is of tho

opinion that the rock mass in t;I1est!on 1s capable ot resist~ the

arch thruGt.
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The Bo&rd concurs in the I3ureau' 8 proposal to stabilize tbe overh8nS-

1ng cliff of sanJz~ne above shale r.one 6R downstreem of tbe toe ot the

<lea ~ to protect this she.le from .fUture weathering by the construction

of a concrete :rota.1ning vall.

,
...

The :rezni~r of too rigllJ.; abutlnent 18 geuero.Uy Sat18ta.ctOry altbouth

the beZlCh and hiGh abrupt step that ex16t.e in the ~ excavation

at ~ bed 9R is very objectionable. This coDti tion will induce

cracking and should, in the opinicn or the Board, be rectified by the

placement (,t a plug or t11.let of conc:rote, which wou14 be cooled

end then considered 88 a part o~ the arch foundation.

Gene~ good. conditions also exi8't in the left ebutDent end tbe

~nsians of rock IreSS downstream ot too keyw~ are quite edeq\18.te

at all elevations. Tbere does exist, hoWever, at elevation 5900

a bench atXl abrupt 8'tep in the tosmiation that sbou.14 be treated in

the , mnner as suggested for tbe bench at sb&le bed R9 in the
.

right ebutJJent to U1prove the &y11I!J!try of the ~ and avoid

objectionable crsr\rlng.
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Im.t 3.

Examine the area t.."J)stream of tbe right ~utment
in the vicinity of the parkingarea and switch-
yard and CO!';1!'.IInton the adequac:y of the proposed
extended grout curtain.

The propoaed exten8ion of the grout curtain be:,;-ond the right end of

the dam to provide .. barrier again8t the possibility of reservoir

leakage through the narrow .addle of the Uinta formation adjacent

to and up8tream of the BY1tchyard &rea meet. Vi tb the Beare t 8 approval.

IIowever, too curtain line in the narrow part of the ridge as ncnr

located is too clOM to the canyon rim and should be noved back to

about the center-line of tbe ridge. While the Tertiary Browns .Park

formation Which overlie. the Uinta. vest of the narrow 8addle &ppeans

to have a low per.~~1li ty, the upper part of the Uinta in thi. &rea

t-ay have a relatively high penneabili ty, taking into ~count 1ta

fractured condition and the fact that it baa &.'1unconformable contact

vi tb the 2»1'O'wnlPark fon.;ation. Should this be found to be the case,

as denouatrated by tho grout takes along the proP08ed 300-!'oot ex-

tension of the curtain into the area over1&1n by the BrawLs Park for-

mation, it I:1aYbe foup.d des1rable to continue the curtain farther to

the 'Wat to protect the SVitchyard. It me,yalso be found neces8ary

to grout to {;1"Etater depths below the B~ Park-Uinta contact than

neN proposed.
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ITEA 4

~ew tbe foundation treatment program tor the
dam end ~,)rci5e ite ade~.

The program of conaolidatio:l end curtain grouting outlined. in the

Book of Teclmical Data UDder the beading "Foundation Treatumtlt IOOets

with the Cij?prova.'1.of t.be Boa:rd. In view ot the trac::tured condition

ot the rock disclosed in the upper part o~ the ~S, the Bureau's

P1"O!JOsal tv dee';en both the "A" bole grout :.m-*".41n 8XId the dxain.a.;e

curtain in the u.m?er elevations of tbe abut;lAE:1ts 18 considered

desire1>1e .

The degths ot the eha.le cutoffs at the beel aDd toe ot the claP are in

8CCO~ with those previ0U8~ re~a)lf:oo.oo by' the Board and are con-

side:red satiefactor;y".

. ~'.:.~
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1'1':£11 5

Review the results of the latest kial-1.oe4 ana.1yeis
of tbc d.3.::l.

Trial-load ana.1ySCB for F1~!t!:18 Goree Dam are shovn in the data book

for the tollO".rln{; coDdi tions :

(a) Asyr:::::etrical structure, roc:k modulus of 2,000,000 psi, in-

cluiir.z earthqua.1;e forces, contours l"or ectual excavation.

(b) SyI:!l:etrical structure, based on contours aDd data tumiahed

the Consulting Doe.1'd in June, 1960, nth ea.rth~ forces, rock

DIXlulus of 1,000,000 P81.

These duplicate ~s resulted from a sussest1~ by the CoDsultiDg

Boczd, Dutch John, Utah, Jur.e 8, 1960 88 follows:

"T"ae Eoa.rd desires to call attention to the f8Qt that the value of

tbe. rock LDiulus of elasticity uaed in ~l't1ng tbe a:reh stresses was

2,OOO,QCX)psi. Although this va.lue W8S approved by the Board in its

report of October 23, 1958, it is now ot tbe opinion that this value

18 too~. In view of tbe cond1tiODB disclosed by the k~~ excava--

t1cms, the 1308.1'\'118 ot the opinion 'that the IOOdulus of elasticity mght

vell be as low as 1,000,000 psi."

This 0l'1n10n of the Doard -"as based on n belief' tt.nt the conaiderBble

fracturing of t.be othenrise ehce11ent rock et nar.Itng GorGe m~ cflUSe

1ie~ that w'..1ld reduce the LD1ulus belCN the values obtained in the

laOOratory .
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After careful consideration Bure81l personnel doubts the Justit'icatLn

of lowering the desir;n modulus to a T8.lue of 1,000,000 psi BDd fa'VOr
\

retaining tbe original Talue of 2,000,000 psi. '!'bey have, bawever

prepared stress coI:1pUtations for both these limits and have made other

investigations of the effect of the reduced JlD1ulus on stresseo.

These studies show that cl't8Jt£9Y1gthe design nDdulus :tram 2,000,000 psi

to 1,000,000 psi wou.lJi a.ffe<:t the co1Ii'U""..edstresses as f'o1.1.cNs:

(a) The computed principal stresses e;t the dawstream abutnent

WO\1l4be lowered, Wich is favorable-, but not iJIportant, as n.lues for

bath ~u1.i are within safe limits.

(b) The computed upstream princ1:peJ. a.bu'tmmt stresses would be

slig'h:t~ increased, el1mnating the sma.l1 tensile stresses found for

the 2,000,000 psi JDOdnJns. This is favorable but unimport,ant, as t.base

cOJ:q)Uted stresses ere safe in either case.

(c) The computed concrete stresses in the arch Would be eooewbat

1n.cre8J>ed, but still within a.1.low'able l1m1 t8.

Since e.ll covputed etreBses for e1 tber 6SSUl'3Pt1cm are vithin safe l1mit8

it is unin:q,>ortent whether the coIIpUted stresses ere ~e.sed on a mdulus

of' 1,000,000 psi or 2,000,000 1>a1, or BOD! 1ntermdiate ve.lue. The safety

factors ot' the structure cover this poDs1ble vsr1ation in DJdulu.e.

Consequently, the Do&.rdapproves the I!Idequo.cyof too design as shawn by

the tuo trial-load on~aee precented.
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In r:ay case, too :8oaro. bcJ.i~s t.hat ~p..."'Opr1ato G"WpG6b:rw:hi ~

t.akon tv U:JUrQ ?~~ t~~ra.tureaand ~rlr.nV'=1 barUening ~r-

e.~s ci' cone1'eT.O placed ~:uri~ tbe 19te conatNcti..J1 gea.GCn \leU

'below too p3ak teapereturee c:f c\..ilCreto placed dur1D6 the current

eeaso:a .

lespe{..i~lUl4r subm1 t ted I

Lsf REwa>w.;;. Dart e

/ s/ Jo1m J. llam:.¥>l1\i

/s/ J..ID ~7. Va:Jdor;.-.i.l~

/s/ Edw~ j}. Bunrell, Jro

Is! JuJj.ar. lEnd-a, ..'.t'.i:..~~~

J\ppro7e\i Octobar 20 1 196J.

/ sj Cra.nt B:I.oOCSrood
AssistantCo~asiL~r
~ Chici' ~4:1eeI'
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APPENDI X B

CHAPTER II. SITE INVESTIGATIONS AND GEOLOGY

A. Site Investigations

9. Site Investi ations for Flamin Gar e Unit. The preliminary exploration on Flaming
GOl'ge amslte was con ucte uring tea I 0 949 when six diamond core drill holes were
completed. Information obtained from studies of these holes and cores indicated that the
general quality of the rock at the damsite was excellent. Data from these holes were not
sufficient, however, for final design purposes and a greater amount of detail data was re-
quired. Owing to the existence of faults, joint systems, and shale seams in the rock at
the damsite, it was necessary to carry out a thorough and rather extensive geological
investigation and map a program to obtain sufficient detailed geological information about
the foundation deficiencies so that an adequate design could be prepared for the dam and
appurtenant struct ures.

From July 1956 through May 1958, a total of 72 additional diamond drill core holes
were drilled at the damsite, on the diversion tunnel alinement, on the spillway tunnel
alinement, in the switchyard, and at the domestic water-pumping plant site. Total foot-
age drilled was 1,087 feet in 1949, and 6,457 feet in the years 1956 through 1958. These
holes were both angle and vertical holes. All holes were carefully logged and the cores
were recovered. Data and cores obtained from these holes were forwarded to the Denver
office for consideration by the Chief Engineer and subsequent preparation of design. The
location of these holes and logs showing the type and character of the material encountered,
together with notes of the percolation test for each hole, are attached to the final geology
report.l.J Seismic studies were also made for the purpose of correlating with the elastic
property tests.

Two horizontal drifts were excavated in 1956, one in each abutment. Drift 1 went
24.7 feet into the right abutment along a 3. 5-foot shale bed. Drift 2 went 15.5 feet into
the left abutment along a soft sandstone layer and followed some prominent joints. Logs
of these drifts are attached to a preliminary geological report. 2/ Except for jointing,
both drifts encountered rock of good quality. -

Percolation tests were made in bedrock in all drill holes at 10-foot intervals. Suc-
cessive pressures of 25, 75, and 150 pounds per square inch were used in these tests for
periods of 5 minutes each. There was a wide range of losses from 0 to 18 gallons per
minute (the capacity of the pump), but in practically all the tests it was possible to obtain
150 pounds per square inch of pressure which indicated that the joints were fairly tight.
Generally speaking, the most solid rock with the least jointing and attending water loss
was in the river channel under the downstream toe of the dam. The greatest losses were
high in the abutments where the joints were more open.

The faults, joints, slip planes, and shear zones in the rock in the vicinity of the
dam site were not extraordinary or uncommon for this type of terrain; however, they rep-
resented a weakness in the rock that required careful consideration and attention. Some
of the problems that were anticipated because of this rock weakness were seepage, over-
break or extra excavation to reach sound rock during excavation, and pinning of certain
areas to prevent possible movement. The overbreak problem was evidenced during key-
way excavation operations and resulted in considerable overrun in order to reach sound
bedrock, and this extra excavation eventually had to be filled with concrete during con-
crete placing operations. The seepage problem was expected and has been relatively
minor. Special consideration for this problem included extension of the main cutoff
grout curtain deeper into both abutments. As anticipated, the seepage problem became
more evident after reservoir storage was initiated in 1962 and seepage water began to
show up on both abutments in small but increasing amounts as the reservoir head
increased. Pinning of rock areas with anchor bars on both abutments was expected and
was performed as required during construction operations in order to assure stability
of certain rock areas and to prevent possible rockfalls on the powerplant.

l/Wongwai, G. T. 1., "Geology Summary of Flaming Gorge Dam, Flaming Gorge Unit--
Utah-Wyoming--Colorado River Storage Project,

11 Bureau of Reclamation, 1963
(unpublished) .
2/ "Preliminary Geological Report of Flaming Gorge Dam and Reservoir Site, :'. G-I09,
'aureau of Reclamation, Region 4, Salt Lake City, Utah, January 1957 (unpubhshed).
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-,",+". The presence of shale seams 10 the keyway areas indicated that additional geological

information was required in order to consider problems of perculation through these
seams, rapid deterioration of these seams when exposed to large quantities of water, and
weakness of the stratigraphic column of the keyway. Project survey personnel collected
data and prepaped maps and drawings to show location of all major shale seams in both
abutments. These maps and drawings were furnished to the Denver office for considera-
tion in preparation of designs. It was decided that treatment of the shale seams would
consist of placing concrete cutoff tunnels in the shale beds at the heel and toe of the dam
in order to increase the percolation path of seepage water through the shale and to confine
the shale and prevent it from squeezing out under load when it became wet. Additional
details of the treatment for shale seams are covered in sections 13 through 16.

B. Geology

10. Regional Geology. The dam and reservoir area is near the east end of the Uinta
Mountains. These mountains are a broad anticlinal fold with the older rocks exposed on
the crest. Rocks ranging from pre-Cambrian to Tertiary in age occur on both the north
and south flanks of this range, dipping away from the crest and exposed in colorful
sequence. All are sedimentary in origin and include sandstone, shale, quartzite, and
limestone. Faulting is quite prevalent along the northern flank of these mountains and
can be observed in several places. A fault of large displacement occurs along the north
edge of Hideout Flat, 18 miles upstream, where the Weber sandstone of Carboniferous
age rests flush against the much older pre-Cambrian Uinta quart7ite.

.'

The course of the Green River as it cuts its way across the eastern end of the Uinta
Mountains is one of unusual interest. It meanders in and out of hard formations regard-
less of structure. On several occasions, it cuts itself out of the hard rock into relatively
soft shales, and when it seems it would have had a much easier path to continue in the
shale it turns abruptly back into the hatd, resistant formations which comprise the center
of these rugged mountains. Its location was undoubtedly determined by a much different
topography in the past. The present meandering course was doubtless established in a
softer uniform sediment, and after cutting down hundreds of feet the river found itself
partly astride the resistant formations and partly in the softer sediments. Subsequent
erosion has removed all the upper sediments, leaving the river in Red Canyon entirely
in the resistant Uinta formation. The dip of the strata is to the northeast and the range
from 1° to 75°.

Two maps published by the U. S. Geological Survey (1955 and 1956)--the Manila quad-
rangle and the Flaming Gorge quadrangle--show detailed structure and areal extent of
the formation in the areas north of the damsite. Two other quadrangles--the Dutch John
Mountain and Goslin Mountain areas--provide excellent data on the general geology of
this region.

11. Reservoir Geology. The reservoir, with a maximum water surface elevation of
6045, rests on sedimentary rocks ranging in age from pre-Cambrian,to Tertiary. These
formations are predominantly shale and sandstone with minor amounts of limestone, and
all are fairly impervious to percolating water. Since the Green River forms the low.
drainage of this entire area and all ground water is tributary to this stream. there seems
no possibility that reservoir seepage will be of any consequence.

12. Damsite Geol°rr/' Green River, in its course through the reservoir basin,
meanders in a large ha circle. At the dam site, its general direction is southeast but
it makes a 40° curve to the south at the axis. This curve provides an attractive inlet
and outlet for the diversion works and a good slope for the spillway. The profile along
the axis of this site is unusually good for a high dam. A shoulder extends out from the
right side which makes an excellent location for an arch. dam.

.
Except for a small patch of Tertiary conglomerate on the high right abutment. bedrock

at this site all belongs to the Uinta formation of pre-Cambrian age. It consists of quart-
zite, quartzite conglomerate. quartzose sandstone. and a few thin beds of shale. The
general quality of this rock is excellent for all types of construction purposes. The shale
occurs in lenticular beds usually less than 2 feet thick and widely spaced so they are
insignificant when contrasted with -the massive quartzite,
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Grain size in the sandstone and quartzite ranges from medium sand to pebbles 2 inches
in diameter. The sandstones and quartzites differ only in the degree of cementation.
Both are cemented with silica, and where the cementing action has completely filled the
pore space, they have formed the quartzites. \\'here the pore space is only partially
filled, they are called quartzose sandstone. Beds of conglomerate are interspersed in
all the strata and are well cemented and equally as hard as the quartzite.

Bedding ranges from 2 to 20 feet apart, with many thick, massive ledges 20 to 40 feet
high. Structurally, the dip and strike of the strata are ideal to receive the thrust of the
dam. The dip is 16-1/2° N. and the strike N. 52° E.

Folding in the area has produced some shearing in the brittle rock. A pr<>minent
system of joints parallel to the axis and located on the right abutment is evident. The
joints are nearly vertical and are spaced 2 to 4 feet apart. Drilling disclosed that these
joints did persist at depth but they were fairly tight. Some healing action has taken place
and the crevasses are partially filled by secondary cementation.

Two faults or shear zones occur in the damsite area. Neither of these is involved in
the dam itself, but the diversion tunnel crosses one of them. One is located upstream
about 82 feet from the face of the daIr.. It is vertical and trends N. 73° E. The shear
zone is 8 to 10 feet wide and consists of broken blocks of quartzite. There is little or
no gouge associated with the movement where the fault can be observed.

The other shear zone is located 1, 100 feet downstream from the face of the dam and
follows a shallow draw up the right abutment. There is no well-defined topographic
expression on the left. A sharp change in dip and strike on each side of the draw, to-
gether with the talus covering in otherwise hard, well-exposed rock, was strong evidence
of its position. It was explored by two core d rill holes both of which were angle holes
across the shear zone. Both encountered fractured rock. One drill hole was drilled
on the spillway tunnel line and showed some fracturing but this was not severe enough
to result in heavy ground or serious construction problems. The fractures range from
6 inches to 2 feet apart and the sandstone is leached or ground up to small fragments
near the fractures.

(a) Diuersion TunneL. --The diversion tunnel crossed the upstream fault betweec,
tunnel stations 2+25 and 2+30. Tunnel excavation in the shear zone of the fault area
disclosed that the rock was shattered but tight and dry. The tunnel lies in bedded hard
quartzite and sandstone with a few thin beds of red ferruginous shale. This rock dips
upstream at 16-1/2° and the major part of the tunnel is approximately along the line of
maximum dip. Except for jointing, this rock is well adapted to tunnel construction.
Where jointing is more severe, steel supports were placed in the tunnel at 5-foot centers.
These supports were composed of 8-inch wide-flange beams jnd were located between
tunnel stations 1+25 and 2+55, stations 5+75 and 6+29, and stations 9+3'3 and 9+63. The
rock was brittle and shot well, but it was hard and resistant which dulled drill bits
quickly. Several shale beds were encountered during tunnel excavation, but they were
so thin and widely separated that they did not influence the conditions in the tunnel to
any significant degree. Little or no water was encountered except in the invert of the
tunnel and these small seeps were directly tied to river stages.

(b) SpiLLl&ICJ)I.--Because of its superior angle for the stilling basin, the left abutment
was selected for the spillway. Geologic conditions were suitable for a tunnel-type spill-
way. 1'he rock was generally of good quality except near the outlet end of the tunnel
where it crossed a downstream fault, and in this area there was a zone of broken rock.
The left abutment where the spillway is located was exposed to more weathering than the
right abutment and contained many unstable boulders and ledges. This unstable material
presented no problem for successful operation of a tunnel-type spillway; however, it
did present a problem of potential 'danger to the powerplant area in the river bottom should
it come loose and fall. It was therefore removed during construction operations.

) (c) Riuer ChanneL Ouerburden. --It was determined that the foundation rock in the river
channel was hard and unweathered. The river fill was essentially sand and well-rounded
gravel and boulders of hard quartzite. A few large rock slabs occurred intermingled
with the gravel. These slabs represented rockfalls from the cliff adjacent to the river.
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APPENDIX C

CHAPTER III. FOUNDA nON TREATME~T

A. Shale Zones

13. General. The foundation rock for the dam (see chap. II) has an approximate dip
of 15° upstream and toward the reservoir. The rock ranges from a moderately hard
sandstone cemented with silica to a very hard quartzite. Interspersed at various eleva-
tions throughout the foundations are zones of varying thicknesses composed of interbedded
lenslike layers of shale, siltstone, and sandstone in varying proportions. These zones
range from 1 foot or less to 10 or 12 feet in thickness. Individual shale layers within
the zones and at other levels in the bedrock sequence are generally of minor thickness
and range from paper thin to about 4 feet. For convenience, the more important shale
zones are numbered for identification, beginning at 16 in the foundation excavation beneath
the river channel and decreasing to 9L and 5R on the left and right abutments, respec-
tively. See figures 4 and 5 for typical identification of shale zones in both abutments.

14. Concrete Cutoffs for Shale Zones. It was deemed advisable to excavate, and
backfill with concrete, upstream and downstream cutoff drifts into the abutments for the
larger size shale zones. The object of these cutoffs was to increase the path of possible
reservoir percolation through the zones and to confine the shale zone materials between
the cutoffs. Eight zones were protected by cutoff drifts, as indicated by the following
tabulation:

Left Abutment

Zone No.
Average

thickness, feet
Minimum depth
of cutoffs, feet

*9L
12L
14L

9
2

12

25
50
75

Right Abutment

Zone No.
Average

thickness, feet
Minimum depth
of cutoffs, feet

6R
7R
9R

12R
14R

5
7
9
3
7

50
50
50
50
75

*Only one cutoff drift, due to minimum reservoir head and reduced
thickness of dam.

The required depths for the cutoff drifts were determined by the character of the
materials encountered as the excavation for the drifts progressed, by the thickness of
the zones, and by the reservoir head to which they will be subjected.

15. Concrete Protective Walls For Shale Zones. For some distance downstream of
the toe of the dam the shale zones are exposed, due to scaling and sluicing activities on
the abutments during construction of the darn. Immediately above several of the shale
zones were massive layers of rock with a predominate near-vertical jointing system.
This jointing system, together with the dip pf the bedding planes toward the river. would
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Figure 4. --Left keyway of the dam.
June 2, 1960.

P591-421-2302. Figure 5. - - Right keyway of the dam.
June 7, 1960.

P591-421-2308.



contribute to possible instability of rock masses if the support of the underlying shale
zones were removed. To safeguard against weathering of certain of the shale zones and
consequent undercutting of rock masses it was decided to construct concrete protective
walls.

In all, six protective walls were constructed for the protection of the following shale
zones:

Numbers 9L, 10L, 6R, 7R, 9R, and 14R

All of the walls, with the exception of the 9L wall, were designed and constructed for
the protection of the shale zones in the areas downstream of the toe of the dam. The 9L
wall is located upstream of the spillway intake structure on the left side of the intake
channel, extending upstream until the shale zone dips below the floor of the channel.

All of the walls were designed to a minimum thickness. Anchor bars, 1-3/8 inches
in diameter, were utilized wherever possible to increase the stability of the walls. Drain-
age systems were installed to take care of any seepage in the rock that might tend to
build up hydrostatic head behind the walls. All of the walls were of nominal size except
for shale zones 6R (fig. 6) and 14R. At these locations the walls not only covered the
shale zone but were extended a considerable distance above the tops of the shale zones
to provide additional stability for the overlying rock.

16. Anchorage of Rock Masses Adjacent to Shale Zones. There were several areas
adjacent to the downstream toe of the dam where rock masses might have a tendency to
slide, due to the jointing system and the dip of underlying shale zones or seams toward
the river. These areas, with the exception of an area adjacent to the upstream portal of
the spillway tunnel, ",'ere anchored in place by 1-3/8-inch-diameter reinforcement bars,
grouted into the rock. The bars were effibedded to various depths, depending on the loca-
tions of the cracks and seams that might affect the stability of the rock masses.

t.""'"""'-:";-
~...-_....

,tW.

Figure 6. --Downstream rock protective wall, on right
dam abutment, for shale zone 6R. Transformer cir-
cuit towers CI-T1, C1-T2, and C1-T3, with double-
circuit-tower type DTH in the left background. P591-
421-4942, August I, 1963.
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The area adjacent to the upstl'eam portal of the spillway tunnel required more elaborate
anchorage than was designed for other locations. A pattern of 1-3/8-inch-diameter rein-
forcement bars, 94 in number, were grouted in place for the rock slabs on the left side
of the portal structure. Subsequent excavation and cleanup revealed the need for additional
anchorage, principally on the left side, and at a localized area on the right side. Inorder
to induce a downward weight cornponent to the rock slabs, prestressed 1-1/2-inch-diameter
anchor bars were installed, 59 on the left side of the portal and 5 to the right of the portal.
The prestressing was obtained by embedding and grouting the baTs a minimum depth of
10 feet below the questionable bedding plane on which the rock slabs might slide, then
stressing the bars by applying a torque through a nut and plate arrangement at the rock
surface. Load cells were installed on three of the anchor bars to obtain a correlation
between applied torques and induced tensions (sec. 43). It was desired to obtain induced
tensions in the bars of approximately 18,000 pounds per square inch.

The torquing and consequent tensioning of the bars equipped with load cells furnished
the basis for torquing the remainder of the bars and also furnished valuable data for any
future similar installations. Information obtained is listed as follows:

(1) With the threads clean and dry and with no lubricants it was not possible
to obtain the desired tension with a reasonable torque. A torque of 550 foot-pounds
induced an average tension in the bars of approximately 6,000 pounds per square inch.

(2) The use of hardened stee'
and bearing plate increased averag.
square inch,

.shers to reduce the friction losses at the nut
..nsions in the bars to about 10,000 pounds per

(3) To obtain the approxin,ate desired tensions of 18,000 pounds per square inch
it was necessary to lubricate thoroughly and torque to approximately 700 foot-pounds.
A temporary lubricant of engine oil was satisfactory, but for a more permanent type
of lubricant a mixture of white lead, graphite, and engine oil was used.

(4) Some relaxation was noted in the tensioning of the bars equipped with load
cells in the first few weeks. After an elasped time of about a year and retensionipg,
very little if any reduction in tensioning has been noted for the subsequent 2 years.

B. Grouting

17. Basic Grouting Plan. The grouting plan as formulated by the specifications was
very similar to standard Bureau procedures for foundation grouting that have been estab-
lished through past practices. The plan was to consolidate the foundation rock beneath
a specified upstream portion of the dam by drilling a pattern of relatively shallow holes
and grouting under comparatively low pressures prior to concrete placement in the area.
This program was identified as B-hole drilling and grouting. Later, as specified, a high-
pressure grout curtain would be obtained by drilling deep holes from the foundation gal-
lery and grouting under high pressures. These holes were identified as A-holes. See
sections 173 through 185 for foundation drilling, grouting, and drainage.

Four lines of B-grout holes were specified, with the lines on about 20-foot centers
and the upstream line directly under the upstream heel of the dam. Grout holes in the
lines were to be on about 20-foot centers and drilled normal to the rock surface to ap-
proximate depths of 25 feet.

The spacing of holes for the high-pressure A-hole curtain was to be determined to a
certain extent by the grout tak~. The specifications indicated a spacing of 5 feet, with
depths of holes ranging from a maximum depth of about 200 feet in the river channel to
a depth of approximately 50 feet near the top of either abutment. It was assumed that
the maximum depth of hole should bear a direct relation to the maximum reservoir head
at the location of the hole. This relation, roughly, is that the depth of hole should be
40 percent of the hydraulic head. At and near the bottom of the canyon, the holes had
been planned to extend to curtains 75, 150, and 200 feet in depth where applicable.

18. Additional Consolidation GToutin Requirements. Owing to the condition of the
jointing system of the rock a tel' exca vation for the dam had been completed, the entire
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founoation of the dam required consolidation grouting rather' than the upstream portion
only, as shown in the specifications. Eight lines of B-grout holes spaced at 20-foot
centers were drilled and grouted from the foundation between shale zones 14L and 14R
in the central portion of the dam. The depths of holes were increased to 50 feet, twice
the specifications recommended depth. Concer'n was felt about obtaining satisfactory
consolidation grouting on the steep abutments by grouting from the foundation. It was
therefore decided to incorporate a series of transverse adits at approximately 50-foot
intervals in elevation in the gallery system from which consolidation grouting could be
accomplished after mass concrete had been placed and contraction joints grouted. Seven
grouting adits were formed in each abutment from which B-hole grouting was performed,
as shown on drawings No. 591-421-1246 and 591-421-1247'''.

The addition of the grouting adits to the gallery system was also beneficial in permitting
auxiliary foundation grouting and drainage t6 reduce seepage near the downstream toe of
the dam. These adits can also be used for the above purpose should future additional
grouting or drainage be required. Also see section 25.

19. Additional Hi h-Pressure Groutin Re uirements. As drilling progressed and
water was being stored behin the am, seeps developed at and beyond the downstream
toe of the dam, indicating seepage either through or around the already grouted foundation.
Additional holes were drilled and depths were increased along the A-hole curtain to try
to intercept the water passages. Auxiliary and exploratory curtains were also drilled
and grouted downstream from the main curtain until favorable reductions in seepage
become evident. The downstream curtains were drilled from the transverse grouting
adits. The main A-hole curtain was drilled from the foundation gallery through block 24
and was extended to the right abutment by drilling from the top of the dam and along the
downstream shoulder of the access road. See sections 173 through 185 for additional
grouting information.

A grout curtain, beginning at the right end of the dam and extending in a westerly
direction in the upstream portion of the parking area, was drilled and grouted to provide
a barrier against the possibility of reservoir leakage through the narrow saddle into the
switchyard area.

Figures 7 through 10 and drawings No. 591-421-1248'~ through 591-421-1250* show some
of the high-pressure grout holes "as drilled" indicating locations, lengths, and grout
takes.

C. Drainage

20. Basic Drainage Plan. The drainage plan as shown in the specifications was based
in general on standard Bureau practice. A change from most previous jobs was the drill-
ing of the drainage holes on the abutments sloping toward the gallery whenever possible--
thereby making the holes self-draining. The depth of the drainage curtain at the foundation
of the dam was established ~t 60 feet, varying to 30 feet near the top of the dam. Metal
pipe and fittings were to be embedded in the floor of the galleries or the vertical gutters
in the stairway shafts so that the drainage holes when drilled would be on approximately
10-foot centers at the bottom of the curtain.

21. Additional Drainage Requirements. It became evident during the construction of
the dam and initial reservoir storage that the control of seepage downstream of the dam
would require a combination of both extensive grouting and drainage programs (see
sees. 173 through 185). The drainage program as formulated for the specifications was
followed to approximately elevation 5675, to which a drainage curtain about 60 feet deep
was drilled. The curtain above elevation 5675 was deepened to about 100 feet in order
to be more effective in interceptin~ seepage.

After completion of grouting, including the auxiliary and exploratory programs, it
was decided to drill downstream drainage curtains on both abutments from the transverse
grouting adits to try to intercept the increasing seepage as the reservoir rose behind the
dam. Drainage holes were also drilled into areas where seepage was evident on the right
abutment, from locations in the diversion tunnel downstream of the tunnel plug.

Figures 11 through 14 show the drainage holes as drilled.

*Not included.
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A 1)PEN Dl X D

E. Foundation Grouting. Drilling. and Drainage

173. Introduction. Flaming Gorge Dam is a thin-arch concrete structure 502 feet high
with a crest length of 1,285 feet. The foundation rock was drilled and grouted. and foun-
dation drainage was provided by holes drilled into the rock. The general plan followed in
pressure grouting the rock foundations is outlined below:

(1) Drilling and grouting the rock foundations of the dam and spillway-intake
structure through low-pressure, shallow grout holes designated as B-holes.

(2) Drilling and grouting the rock foundation of the dam and spillway-intake
structure through high-pressure, deep curtain grout holes designated as A-holes.

(3) Drilling and grouting the rock surrounding the upstream and downstream
portions of the spillway tunnel and around the diversion tunnel plug.

(4) Grouting the backfill concrete placed in the tunnels excavated for cutoffs in
shale seams.
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(5) Placing mortar or grout by grouting methods to complete the placement of

concrete lining in tunnels.
(6) Drilling and grouting at other locations as directed.

Foundation drainage of the dam was provided by drilling holes into the rock through
3-inch-diameter pipes embedded in concrete from the floor of the dam foundation gallery
and powerplant penstock gallery.

All of the drilling and grouting work was performed by Selby Drilling Corp. of Boise,
Idaho, a subcontractor of Arch Dam Constructors. The first grouting on the project was
in August 1959 when backfill grouting of the diversion tunnel was begun. The foundation
grouting was completed in October 1963. No drilling or grouting was performed during
the periods from October 1959 through July 1960 and from November 1960 through De-
cember 1961.

Figures 200 and 201 show the general plan of the foundation grouting for Flaming Gorge
Dam and figure 11 shows the general plan for foundation drainage. The final construction
report (see bibliography) also contains many drawings showing the results of the grouting
oper ations.

174. Drilling and Grouting Equipment. Most of the drilling, including core drilling,
grout holes, ana foundation drainage, was performed, with pneumatic drills. Some core
drilling, and the first B-holes drilled from the rock foundation were drilled with two-
cylinder piston-type drill!;. All rotary drilling was performed with diamond set bits.
Both plug bits and core bits were used. In general, 1-1/2-inch-diame~er (EX) core bits
were used to drill grout holes through concrete, and plug bits were u~ed in rock.

Portable grout plants which were set up at various locations for different phases of the
work, usually consisted of a "C;oowe" type mixer, a vertical agitator, and a pump. Mixers
and agitators of various capacities were used during the grouting program. Pumps with
capacities from 200 to 300 pounds per square inch were used for most of the low-pressure
grouting and some of the A-hole grouting. Pumps of higher capacity were used where
higher pFessures were desired.

.

175. Diversion Tunnel. Backfill grouting of the diversion tunnel and pressure grout-
ing of the foundation rock at the diversion tunnel plug section and intake structure, were
performed in August and September of 1959.

Grouting and vent holes for backfilling the diversion tunnel lining by grouting methods
were spotted at high points in the excavated tunnel arch. After the tunnel lining had been
placed, the grout holes were drilled through the concrete with both jackhammers and dia-
mond drills. Backfill grout with a 1: 1 water-cement ratio was ther pumped into the holes
through short plug packers at a maximum pumping pressure of 30 poundS per square inch.
A total of 1,384 sacks of cement was placed in the 1,090 lineal feet of tunnel for an aver-
age of 1.3 sacks per lineal foot of tunnel. Grout leakage at some construction joints was
rather heavy, but was controlled by calking the joints with oakum and wooden wedges.

The upstream closure (intake structure) area and the plug area were the only portions
of the tunnel where pressure grouting of foundation rock was performed. One and one-
half-inch-diameter grout holes were 'drilled to a maximum depth of 30 feet in a pattern of
radial holes from rings spaced 10 feet apart in these areas. A diamond drill was mounted
on a specially constructed crawler platform to drill these holes. A total of 1,085 sacks
of cement was placed in 2,438 lineal feet of hole for an average take of 0.44 sack per
lineal foot of hole. A mechanical expansion-type grout packer was used to water test and
grout these holes. Grout consistencies ranged from a 5: 1 to a 1: 1 water- cement ratio by
volume, and maximum pumping pressures of 100 pounds per square inch were used.

176. Consolidation Grouting in B-Holes. Initially, the B-hole foundation grouting
program was to consist of four lines of holes under the heel of the dam, concentric with
the upstream face and spaced 20 feet apart with 30-foot-deep holes staggered at 20 feet
on centers from adjacent lines. As excavation of the keyways proceeded, bedding and
jointing systems in the rock were such as to require deeper excavation than originally
planned. The joint systems did not tighten with depth as rapidly as anticipated, and rock
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masses beyond the intended excavation lines were disturbed during blasting operations.
These conditions dictated a more extensive consolidation grouting program, and the
B-hole pattern was extended to cover the major portion of the dam foundation to a depth
of 50 feet below the rock su rface.

Subsequently, the B-hole drilling and grouting was performed in two phases. From
August 18 to October 8, 1960, the bottom foundation rock was drilled and grouted from
the rock surface prior to concrete placement. Consolidation grouting during this period
was completed between the base of shale seam 14L on the left abutment and seam 14R on
the right abutment and included all of blocks 9 through 16, and portions of blocks 7 and 8
and blocks 17 and 18. The remaining B-hole drilling and grouting, with the exception of
holes in the thrust block and spillway intake area, was performed from transverse adits
within the dam. The spillway intake B-holes were grouted in July of 1962. Drilling and
grouting operations from the adits were begun on June 29, 1962, and were continued until
their completion on July 3, 1963.

Holes from the foundation rock were drilled to intersect cracks, shear planes, and
shale seams at angles ranging from vertical to 30° from vertical. Considerable difficulty
was experienced in grouting these holes because of excessive leakage. The grout appeared
to travel through some of the thin shale seams and along the contact planes of larger shale
seams, particularly shale seam 16, and then leaked to the surface through the nearly ver-
tical cracks or joint systems. Grout leakage through shale seams which were exposed
or surfaced in the foundation keyway of the dam was almost impossible to control because
calking would not hold in these seams. It is believed that consolidation of the foundation
rock was satisfactory but that a closer spacing of holes would have been required to com-
pletely "close-out" the B-hole grouting to provide an effective cutoff against seepage.
The A-hole grout curtain established at a later date through this area has resulted in an
effective seepage cutoff. Grouting in this area was performed through mechanical packers
using grout with consistencies ranging from a 5:1 to a 1:1 water-cement ratio, and a maxi-
mum pumping pressure of 100 pounds per square inch. A total of 187 holes and 9,347
lineal feet of rock drilled in this area accepted 10,995 sacks of cement for an average
take of 1. 17 sacks per lineal foot.

Three lines of B-holes in the thrust block (block 2) and spillway intake area were
drilled from the foundation rock, with a few of the higher holes being drilled later through
the intake structure concrete. The first few holes in this area accepted large quantities
of grout with no noticeable leaks, but most of the remaining holes had a considerable
amount of surface leakage from the top grouting stages. A total of 39 holes and 1,906
lineal feet of rock drilled in this area accepted 4,923 sacks of cement for an average take
of 2.58 sacks per lineal foot of rock drilled.

The layout and grouting results of B-holes drilled from transverse adits within the
dam are shown on figures 29 and 30. In general, these holes were grouted and closed
out satisfactorily with very little leakage. Grout consistencies for these holes ranged
from a 5:1 to a 1:1 water-cement ratio, with many of the holes being finished with rela-
tively thin 5:1 or 4:1 grout. Pumping pressures at the lower packer settings were gen-
erally from 100 to 150 pounds per square inch with maximum pressures of 175 pounds
per square inch being used on some holes. A total of 183 holes were drilled, 8,963 lineal
feet in concrete and 27,871 lineal feet in rock. These holes accepted 28,757 sacks of
cement for an average take of 1.03 sacks per lineal foot of rock drilled.

177. Dee Curtain Cutoff Groutin in A-Holes. Drilling of the first deep curtain cut-
off holes rom t e oun ahon ga ery was starte in February 1962. A-hole drilling and
grouting was performed continually in conjunction with other drilling and grouting opera-
tions until the final hole from the foundation gallery was grouted in September 1963.

Figure 200 illustrates the general layout of the "criss-cross" grouting pattern used
in the A-hole grouting. All the holes inclining in one direction were drilled and grouted
across the bottom of the dam before any of the holes inclining in the opposite direction
were started. Some difficulty was experienced with this type of pattern, in that many of
the previously grouted holes returned grout as holes from the opposite direction were
grouted. Grouting of A-holes across the bottom portion of the dam to approximately ele-
vation 5737 of the foundation gallery was satisfactorily performed in accordance with
original grouting plans.
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In February 1963, water seepage was noted on the right abutment at several locations
just downstream from the dam fillet between elevations 5605 and 5710. When first noted,
the total seepage was estimated to be about 25 gallons per minute. 'The rate of flow was
found to increase with the rising reservoir head. In April 1963, seepage was noted at
approximately elevation 5760 just downstream of the left abutment fillet. In an attempt
to locate and cut off the seepage on both abutments, a program of deeper A-hole drilling
and grouting was begun from block 7 on the left abutment and from block 19 on the right.
abutment. The deeper holes were started in areas on both abutments which had been pre-
viously grouted to a depth of 75 feet into rock on 10- foot centers. Holes were drilled on
both abutments to intercept the 14 (14L and 14R) shale zones, and to a maximum depth of
260 feet. It was found that a satisfactory grout closure could not be obtained from th~se

'deeper holes at 10-foot spacing, and subsequently, grouting of both abutments above ap-
proximately elevation 5700 was completed with holes spaced at 5 feet on centers. The
deeper cutoff curtain had no noticeable effect on the rate of seepage from either abutment.
Other measures were taken in an attempt to control the leaks, and are discussed in sec-
tions 19, 178, and 179. A total of 268 A-holes were drilled from the landings, inclines
and shafts of the foundation gallery and from the spillway intake through 41,944 feet of
rock and concrete. These holes accepted 31, 964 sacks of cement for an average take of
0.76 sack per lineal foot drilled. The average grout take in the foundation rock would
be slightly higher than the above figure by considering only the total depth of rock drilled
and neglecting the footage which was drilled through concrete.

178. Auxiliary A-Holes. In May 1963, four deep exploratory holes were drilled from
the transverse grouting adits in blocks 19 and 20 in an attempt to intercept water seepage
on the right abutment. The only hole which encountered any large amount of water was
hole 19-7-4a which flowed approximately 24 gallons per minute. These holes were tem-
porarily left open and then grouted in conjunction with other holes in the area.

Auxiliary A-hole grout curtains were drilled and grouted from transverse adits on both
abutments. The left abutment auxiliary curtain holes accepted very little grout. Holes

,from the right abutment auxiliary curtain accepted more, but a satisfactory grout closure
was obtained. The seepage was not affected by the auxiliary grout curtains on either
abutment.

Additional exploratory deep holes were then drilled from the transverse adits farther
downstream and nearer the toe of the dam. Some of these holes from the left abutment
returned grout in the seepage areas, but no reduction in flow was noted, and it was felt
that control of the left abutment seepage could not be obtained by grouting from transverse
adits in the dam. Four exploratory holes were drilled from the block 19 adit at eleva-
tion 5737.5. These four holes leaked grout from seepage areas near the dam, and pro-
duced a decided reduction in the seepage. The total flow ,within approximately 200 feet
of the dam, was reduced to approximately 4 gallons per minute. Seepage further down-
stream on the right abutment was not reduced.

A total of 49 auxiliary and exploratory deep grout holes from both abutments were
drilled through 10,0.90 feet of rock and concrete. These holes accepted 9,953 sacks of
cement for an average take of O. 99 sack per lineal foot drilled. The general layouts for
these holes are shown for the right and left abutments respectively on figures 8 and 9.

Water seepage on the right abutment probably originates from the Cart Creek area or
follows a circuitous route deep in the abutment beyond the depths of the various grout
cutoffs from the dam. This flow appears downstream on the right abutment through a
system of vertical joints in the massive sandstone and travels down-dip (upstream) above
various shale zones until it encounters the grouted foundation area near the dam and is
forced to the surface. It i8 felt that the left abutment seepage is not directly connected
with the reservoir, but i8 l'ather the same water which flowed from a spring at the base
of the left abutment prior to cqnstruction of the dam. A combination of the rising ground-
water table and the intersection by the dam and 'grout curtain with the down-dip ground-
water flow apparently forces seepage to the .surface downstream from the dam.

179. ~ht Abutment Deep A-Holes. When water seepage was encountered on the right
abutment, t e depth of the A-hole cutoff curtain was extended in an attempt to intercept
the flow. The deeper holes drilled and grouted from the foundation gallery are discussed
in section 183. Provision was made at the same time for additional deep holes to be
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drilled from the roadway beyond the dam in order to extend the cutoff curtain on the right
abutment. The general layout of this extended grouting pattern is shown on figure 20l.

When large grout takes were encountered in the first hole drilled from the roadway,
it was decided to extend the depth of these holes even further, and most of the holes were
finally drilled to a depth of 410 feet. In all, 17 holes were drilled from the roadway
shoulder, and 2 holes were drilled from the control cable tunnel. Grout takes in this
area continued to be rather heavy. DriUing water loss in many of these holes required
the drilling and grouting to be performed in stages. In addition to drilling deeper holes,
it was necessary to drill extra holes at 10-foot spacing in order to obtain a satisfactory
grout closure throughout much of this area. Several of the holes leaked grout from the
abutment rock downstream from the dam, but most of the holes were grouted at depth
with no leaks observed. Although maximum pumping pressures of up to 450 pounds per
square inch were used in some holes, the heavy grout takes in this area required that
particular care be taken to avoid displacement of the foundation rock. Pressures were
reduced and grout consistencies thickened to avoid the possibility of displacement. Much
of the grout pumped in these holes had a 3: 1 water-cement ratio by volume. A total of
36,715 sacks of cement was placed in the 19 holes which were drilled a total of 7,038
lineal feet for an average ta.ke of 5.22 sacks per lineal foot. All drilling and grouting
operations in this area were completed between June and October 1963.

180. ~ht Abutment Beyond End of Dam. A grout cutoff curtain was extended from
the end 0 t e dam through t." right abutment parking area roughly parallel to the reser-
voir rim just upstream from the dam. Much of the surface rock through this area is
shattered, and grout takes were heavy in the relatively shallow holes. The layout for this
curtain is shown on figure 7. The first hole in this area was drilled on October 30, 1962,
and most of the curtain was completed by the end of February 1963 when outside drilling
and grouting operations were discontinued because of cold weather. When activities were
resumed in June 1963, drilling difficulties were encountered in attempting to drill through
the extensive sandy overburden found in the few remaining holes at the upstream end of
the pattern, and as a result the last three holes in the pattern were not drilled.

Because of the shattered condition of the rock in this area, there was considerable
grout leakage to the surface in the immediate area of some of the holes as they were
grouted. Fifty-nine holes in this curtain were drilled a total of 4,568 lineal feet and
accepted 21,631 sacks of cement for an average take of 4. 73 sacks per lineal foot. Most
of this grout was placed in the top 50 feet of the holes, and although pumping pressures
as high as 150 pounds per square inch were used, most of the grouting was performed
with low pressures and heavy grout because of the extensive leaks.

181. Spillway Tunnel. Foundation grouting and backfill grouting in the spillway tunnel
were pertormed in August through October 1962.

The five grout rings, each with six radial holes 20 feet deep, located near the upper
end of the spillway tunnel had an average take of 1.48 sacks per foot. Several leaks from
this grouting occurred in the exposed shale seams in the canyon wall adjacent to this area.
Most of the remaining holes in the elbow and horizontal sections of the tunnel were rela-
tively tight. A total of 72 foundation grout holes in the tunnel were drilled 1,401 lineal
feet and accepted 1,272 sacks of cement for an average take of 0.91 sack per lineal foot.
Maximum pumping pressure for this grouting was 100 pounds per square inch.

Backfill grouting was performed only in the horizontal section of the tunnel between
stations 4+60 and 6+81. A total of 162 sacks of cement was placed for an average take
of 1. 36 sacks per lineal foot of tunnel. Drilling in the spillway tunnel was accomplished
from a rubber-tired jumbo, and ~e grout plant was set up near the spillway intake area.

182. Shale Seam Backfill Grouting. Mortar was placed by grouting methods to com-
plete the concrete backfill of tunnels excavated in shale seams for the purpose of con-
structing cutoffs. Five tunnels on the left abutment and 10 on the right abutment were
treated in this manner. Following is a summary of cement placed in backfill grouting
these tunnels:
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9L
12L Downstream
12L Upstream
14L Downstream
14L Upstream
14R Downstream
14R Upstream

3
78
32

122
286

48
0

- r- --- --r: -------

I

Shale seam tunnel Sacks placed

-1'-.- --- -------
II
it
II,
i:

6R Downstream
6R Upstream
7R.Downstream
7R Upstream
9R Downstream
9R Upstream

12R Downstream
12R Upstream

25
1,470

27
3,668

105
893
166

0

A total of 6,923 sacks of cement was placed.

The large grout takes in the 6R, 7R and 9R upstream tunnels indicate that some grout-
ing of the foundation rock was accomplished in this area in addition to backfilling the tun-
nels. This possibility is further borne out by the condition of the foundation rock near
the heel of the dam high on the right abutment. The rock in these areas was broken and
intersected by vertical cracking or shear zones. Low pressures and heavy grout were
used in backfilling the shale seam cutoff tunnels.

183. Foundation Draina~. Foundation drainage for the dam was provided by diamond
drilling 3-inch-diameter (N ) holes into the foundation rock downstream from the grout
cutoff curtains. Drainage holes from the spillway intake structure are shown on figure 202.
Drainage holes from the foundation gallery in the dam are shown on figure 203.

The holes above approximately elevation 5670 were drilled deeper than originally plan-
ned after the depth of the grout cutoff curtain was increased in these areas. Additional
drainage was provided downstream from the auxiliary A-hole patterns by holes drilled
from the transverse adits. These holes are shown for the left and right abutments, re-
spectively, on figures 12 and 13. In addition to the above holes, 11 vertical drain holes
were drilled from the penstock gallery in the powerplant structure on the dam. Wherever
possible, the foundation drain holes were drilled to be self-draining. The B-holes drilled
from transverse adits downstream from the A-hole curtain were not backfilled and pro-
vide some additional drainage. Several of the drains have shown a tendency to fill up and
plug off with mineral deposits. This will probably result in a continuing maintenance
problem to keep the drain holes clear.

In addition to the foundation drainage holes from the dam, 12 holes were drilled from
the diversion tunnel in an attempt to intercept the right abutment drainage. These holes -

are shown on figure, 14. Drilling of the diversion tunnel drainage holes was performed
with a diesel-powered diamond drill from a truck-mounted jumbo. The total waterflow
from the diversion tunnel was 'ibout 115 gallons per minute with most of this flow coming
from the drainage holes drilled in line T-3.

A gravel drain placed on the foundation rock under the tailrace training wall was grouted
and took 100 sacks of cement. The subcontractor also performed various other minor
drilling operations under this contract.

185. Summary. The fonowing tabulation is a summary of the drilling and grouting
operations quantities:
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Feature
Drilling,
lineal feet

Cement placed,
sacks

..

..

B-holes drilled from rock
B-holes from transverse adits
B-holes, spillway intake and thrust block
A-holes
Auxiliary A-holes
Right abutment deep A-holes
Right abutment parking area cutoff
Spillway tunnel
Diversion tunnel
Grout hole redrilling (one-half of total)
Diversion tunnel backfill
Spillway tunnel backfill
Shale seam tunnel backfill
Training wall drain
Control cable tunnel backfill
Foundation drainage holes (NX)

including up life pressure holes
Drain holes to diversion tunnel (NX)

....

9,347

36.834
1~906

41.944
10.096
7.038
4,568
1,401
2,'438
1,877

10,995
28.757
4,923

31.964
9.953

36,715
21.631
1.272
1,085

1.384
162

6.923
100
240

18.652
2.542

Total foundationgroutingfootage. . . . . . . . . . . . . . . . . 117.443feet
Total drain hole footage. . . . . . . . . . . . . . . . . . 21.194feet
Total cement for grouting (excluding contraction joint grouting) . . . 156,104 sacks
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APPENDIX E

DOCUMENTS REVIEWED

1. Technical Record of Design and Construction, Flaming
Gorge Dam and Powerplant, Bureau of Reclamation, Denver, Colorado,
January 1968.

2. Technical Data Workbook, Flaming Gorge Dam, prepared by
Robert Spencer, Goodson & Associates, Inc., June 26, 1981.

3. Specifications
Powerplant.

No. DC-5045, Flaming Gorge Dam and

4. Summary of bids, award of contract and execution of the
work, Flaming Gorge Dam and Powerplant.

5. Final Report, Foundation Drilling, Grouting and Drainage,
Technical Installations, Concrete Cooling Contraction Joint
Grouting, Bureau of Reclamation, Region 4, June 1964.

6. The Geology of The Flaming Gorge - Final Report, 1963.

.7. Speedletter dated March 4, 1960, from Assistant Commis-
sioner and Chief Engineer to Project Construction Engineer, Dutch
John, Utah, subject: "Additional Excavation for right abutment
blocks 21, 22, and 23 Flaming Gorge Dam".

8. Travel report dated March 21, 1960 from L. G. PuIs and
W. H. Irwin to Assistant Commissioner and Chief Engineer, subject:
"Inspection of keyway excavations - Flaming Gorge Dam".

9. Travel report dated May 4, 1960 from L. G. PuIs, o. L.
Rice, W. H. Irwin and E. R. Schultz, subject: "Inspection of the
keyway excavations for Flaming Gorge Dam".

10. Letter report dated June 8, 1960 from John W. Vanderwilt,
Edward B. Burwell, Jr., and John H. Hammond, Acting Chairman of
Board of Consultants, to Mr. Grant Bloodgood, Assistant Commis-
sioner and Chief Engineer, subject: "Report on Foundation
Adequacy and Design Considerations of Flaming Gorge Dam".

11. Letter report dated June 15, 1960 from Julian Hinds
(member of board of consultants), to Mr. Grant Bloodgood
concerning site visit of June 13 and 14.

12. Travel report dated June 15, 1960 from L. G. PuIs, W. H.
Irwin, and E. R. Schultz, subject: "Inspection of Flaming Gorge
damsite" .
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13. Travel report dated September 6, 1960 from Oscar Rice and
Samuel Thompson, subject: "Inspection of foundations and abut-
ments for Flaming Gorge Dam and Powerplant".

14. Travel report dated March 30, 1961 from L. G. Puls and
W. H. Irwin, subject: "Inspection of foundation excavations,
Flaming Gorge Dam".

15. Letter report dated October 16, 1961 from Board of
Consultants (Raymond E. Davis, John J. Hammond, John W.
Vanderwilt, Edward B. Burwell, Jr., and Julian Hinds, Chairman)
to Grant Bloodgood, Assistant Commissioner and Chief Engineer.

16. Draft SEED Report, Flaming Gorge Dam, undated.

17. Geologic logs of drill holes Nos. 100 through 121,
123 through 128, 138, 139, 140 and 156 through 162.
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Mission of the Bureau of Redamation 

The Bureau of Reclamation of the U.S. Department of the Interior is 
revonsible for the development and conservation of the Nation's 
water resources in the Western United States 

The Bureau's original purpose' " to  prowae for the reclamation of arid 
and semiarid lands in the West" today covers a wide range of interre- 
lated functions. These include providing municipal and industrial water 
supplies; hydroelectric power generation;. irrigation water for agricul- 
ture; water quality improvement; flood control; river navigation; river 
regulation and control; fish and wildlife enhancement; outdoor recrea- 
tion; and research on water-rela ted design, construction, materials, 
atmowheric management, and wind and solar powr. 

Bureau programs most frequently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local govern- 
ments, academic institutions, water-user organizations, and other 
concerned groups 

A free pamphlet is available from the Bureau entitled "Publications 
for Sale." It describes some of the technical publications currently 

I available, their cost, and how to order them. The pamphlet can be 
obtained upon request from the Bureau of Reclamation, Attn 0-822A. I I P 0 Box 2&7, Denver Federal Center, Denver CO 80225-0007. I 




