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ANALYSIS OF UTILIZATION OF GROUT AND GROUT CURTAINS

FLAMING GORGE DAM

I. 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 (El1. 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, 1961l. 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.



II. GEOLOGY

3. References. Chapter 1II, "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 oﬁ 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/or total
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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 valléy 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 preconstruction 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.
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III. FOUNDATION TREATMENT

6. References. Chapter III, "“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
Septémber 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 dam was 110,418

cu;yds., and the overrun in the concrete for the dam 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.

22
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IV. GROUTING AND DRAINAGE

8. Reference. Part E, "Foundation Grouting, Drilling and
Drainage" of Chapter XII, 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 D; this design was modified from the original con-
trac£ design to include deeper holes above shale zone 14R 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 1left 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 C; 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

23
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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 Qork. 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 contracting 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. 1In 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:

Consolidgtion 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,
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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 square 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 preconstruction 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 needed 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 abﬁtment.

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) Grout-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 1lift 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. 1In 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 gacks 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.



(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.

(£) PFinal 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.

15. Unexpected geologic conditions encountered during grouting.

Many of the unexpected geologic conditions were encountered in the
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 10R. 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 should 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. 1Initial 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 111, 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 takes 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) Foundation geology.

(2) Depth of excavation.

(3) Grouting - A-hole and B-hole.
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(4) Drainage holes and present condition.
(5) 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 2-1/2-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 1level. 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

67



89

92 3HNOIL

ot 8276 Groving oot

Contrax ten /onl
- 1 2§’ O, yputt pressurs poes

e =

S S i =1

-8 t=c ~a
& Acem gulery L
R SRR :
Uparremm  faca PLAN B
o om CinE g
e ob— e N — 2 ’
Aus of com ~-_ 4 € 0o veowey

2§ mwe-of

(o1 -+ S s aN -3 spaces

Lscavaron hne -

SECTION  A-A

Mo of gom - =

——— e

CAccers gostry - -{
i ;& & 76 Grounag et

H —
——————

& 3 e pifr pressae ppes

A -8 - y o
ct- . o " e
i N
AocN 19 - j
e “~Cacavaton nne |
I b
R S e

;7 SECTION €-C

L ficaveran ton

B a3 -
] ] BLOCKIA Canw scrun ot
T
. »
£ ° .
st - rrrreyrbroro & 1 4 > Ay
r .
4 € Fwntetion paliary ROCK € 2 iyt gassure slpes - -
:‘ > e - .
e PLAN
i " ke 2
\
I -

76" Lif? ires

b
o

Dicel aetui Aar heiding 1! ppa € trom
Pt mrfecs Orift ko rech ond prowt
reafbrcimg tur in plece Exshen plas
decrwiy 10 dav gu et it clasrs rock
awrece by 6

PIPE SUPPQRT DETAIL

|~ Famdsras pasiary o
routing alré

25O oy

247245 ' e
atm I's §*busring

[t 24" alit? wrassory abem

DEYAIL OF TOP OF UPLIFT PRESSURE
PIPES IN SALLERY AND ADITS

-3 Eousl spaces- oo - R A
o Nl nes-

SECTION #8-8

NOTES
tuh »hh Pps b pocod 39 shomm with vn Sut hos § mches
rock arface Mner Changes ey bt vodls mhes advaobl
an .»..,u el Pt prysiere Aoy liveen minry &
€411 snd foundation 3hail be droiied e camphirn
suvovrdng orvs Ihe
Rmeindar of Aoles vl ba Oriiied afe campunan o '8

of Faunde?ion prouting in fhe

Aole grounng i surreumding oree end ek ioan W
Mrocricadla after the first nft of concrere hos
ploced All AaRs 1o Ve & minwen Hesveer of
ang usth of | feat

Warncol ond nciimed pivas Phet ertend o frundation shell b
# minioun of 50" From cantrection pnt

Al pipes ars I XH SANCDIT MIOCK EXCANT 89 TBCWISe
rored A/l flings are 1hencerd moieoke i

Desnss of shoijotias of pagas ore 10 Da Jfermised ¢t e
Beginvng of the upht! prassure mesuCaaarTy

Ater ppas hove beer 0CEd @ dewming Yoving echal Nl
of aaraiiation wciudirg finel location of pipes. sevetes of
foundrion rock ef @och pipe 8nd nofs on Condron F e
Bovndatn PO L cojocart 0 the pipe B<3f.ons 4 A de arvoored
mnn forcas and foreord 1© e Office of the

Zommessontr ond Chief £ rgineer

R[F(ﬁ[ﬁt[ DRAWINGS

PONBATION GACLERY AMD A
WOcKS & e 2, ru wn-luun-v Soch s,

Ave 4icOry aaiitey
SLocK 1 TRy 8i0CK 3910008
WO v £4 o acitss aaiime s e

WUDRAY T oW T RN EXTAMT DN ADTS
O BACKI AP D VTR ITEP FOR YR ICY SN0 TYmeemid g
PHA DRAN G SUPLRSIOES QNG SM-D - MT /N MART

ae ey

00 MIVER $TORA 6T PROJLCT
enren sz e enss imr LU Tan wrouwme

FLAMING GORGE DAM
UPLIFT PRESSURE PIPES

BENYCRY VAT il T I, )




o
PR —

|

4 5
€ 8'276"Foundation gollery-. €Gage- -~y .
A e
. i
y E-3 L] ll -
2{x2fr{ ree with 2{r2l v { Tee
2} and "plygs ~--nemeeneomaan. S with csk plug-

Y Couplmgs

LA
d

A

o N

B <

S -§" Wash header to be extended

S N, .-Reducer with pocking gland Riser Yo be
. 1F ........ . plugged until drilling of hole into
i o4 i
8¢ Elbows ~ _ 4 foundation. '4'Top of concrete Iitt.

! ! mfo driiled hole

Gl T . <
. < e .

C v
o3l T “-May be extended to higher 1t

2f Tee

Lripe extending

Driti if" min dig hole ofter high ——__ o gutter

pressure grounng 15 completed
100" from hole . -

N
) / Extension pipe used when necessary ro
14 connect with riser to galiery To be placed
/ on upgrode of 0.02 toward gollery end af

lowest possible elevation:---.cococenemv

PIPE DETAILS

--€ Gage

ke “Dia Bourdon gage
' colibrated in feet

.--i----Goge cock

--Gallery fioor.

{I‘J'Hex bushing.

~FEN

BOURDON GAGE

GALLERY INSTALLATIONS

NOTES

All pipes should be stondord steel except as otherwise noted.

All fittings should be standard malleable iron except o5 otherwise nofed

Use goge when water level in pipe rises info reg:on A", use water fevel
indicator when woter level in pipe is in region B make soundings when
water level in pipe is in region T"

Bourdon goge capocity should be twice reservoir head for pipes upstream
of foundation drains and two-thirds of reservoir head for pipes downstream
of foundation of drains

Insert I"length of I 0 D x & woll brass tube info ends of plostic tubing to

" strengthen rumng for compression connectors.

Wash header to be used to wash uplitt pressure pipe during proximity grouting.

,.-Aftach gage and gage cock
e | " when needed
% .
é"----,"ro{/.ps male connector.
< T
T
i
i
0 &
- 1 ;‘---; "0D. L L wall transparent plustic tubing
a |
-y
N ﬁ
—p L H
. Y
& ¥l ips male connector
. ' N .
s - %4 Hex. bushing L
- = ¥
e

~-. Extend this pipe to goliery when
no horizonta! extension is needed

- Reinforcing bar with offse! grouted
in ploce Faster. pipe securely t2
offset bar so that pipe clears rock
surface by 6°

3
WATER LEVEL INDICATOR

0. 12-26- 62 4 ADDED WASH WEADER, FITTINGS AND RELATED NOTES
LEY N REVISED SIZE AND SHAPL OF GALLERY

UNITED STATES
DEPARTMENT OF THE INTERION
BUREAYU OF RECLAMATION
STANDARD DESIGNS

STRUCTURAL BEHAVIOR EQUIPMENT

UPLIFT PRESSURE PIPE SYSTEM
TYPICAL DETAILS

7 7y
.A.ar’hovtp._ﬂn.g i M—._.

agt _omigr gueiN

DENVER GOLORADO, MAY 18, 1993 T 40-D- 529\

69

FIGURE 27



0L

RESERVOIR WATER SURFARCE ELEVATION - FEET

82 3HNOII

FLAMING GORGE DAM - UPLIFT PRESSURES

LINE 1

Reservoir ———— PIPE A

------------- Tatllwater wommemmenen=— PIPE B
———+——= PIPE C =
6350 - PIFED 6350 [
le
6250} 16250 |
&
6158} 46158 w
' i
P — o~ R PP g
. A LJ
Q)
@
5858} 415850 L
3
5750} B ... < -s7se ”
| ' | R i
5650} 15650 =
" —— { Tail weter %
5550 |- -15558 =
Ld
_J
5450} 15450 &©
2
5358 llllllllllllljllllllllllllllllllllllllllllllllI'lllllllllllll_lllllllllllllllllllllllll[llIllllllllllllllllllIllllllllllllllllllll 535@ 8
Ll

1972

1873

1974
1975
1976
1977
1978
13979
1980
1981
1982

ENGINEERING & RESERRCH CENTER — STRUCTURAL BEHRVIOR SECTION

HdNd4¢2 8|ty Japesy



1

RESERVOIR WATER SURFACE ELEVATION

6¢ 34NDId

- FEET

6350
6250
6158
6050
5950
5850
5750
5650
5550
545@

3358

FLAMING GORGE DAM - UPLIFT-PRESSURES

LINE 2
———— Regserveoir ———— PIPE R
------------- Tat lwater wewmveeeaeeam PIPE B
~—————- PIPE C
——-——--PIPE D
~—=e——--- PIPE E
I i
" 4
L . 4
‘\\vr—~\,/"‘~—/”“\—’—‘\\\\\_,V/ﬂ—ﬂ\,ﬂ_gﬁﬂfﬂ:————~—
- \va—”\ -
- . .
T — oo B e
| -
I o _ |
T mosmasm -—~“——“——“—~"==a=é;a</
n K "Tw. |
- -
llllllll]llljllllIIIIlllllllllllllllllllllllll]]llllllllllllllllljlllllllllllllllulll]lu]ll_l_llllllllllllllllllulmlh]l.l_ulm
V] ™ <+ T} w N (o] (o] (W] — oV}
N N~ ~ ~ ~ ~ ~ n~ ® @ ®
m oy} (o] @ (o} (o3} (0] (o] @ (e)) »
-t -t — v— - — -4 -—4t - -t -t

6350

6250

6150

6050

53950

5850

97508

5650

5550

54508

5350

EQUIVALENT WATER SURFACE ELEVATION - FEET

ENGINEERING & RESEARCH CENTER - STRUCTURAL BEHAVIOR SECTION

8dNS4Z2 8| t4 Japeay



aL

RESERVOIR WATER SURFACE ELEVATION - FEET

0t 3HNBIL

6250

6150

60350

3950

5850

5730

5650

5550

54508

5350

FLAMING GORGE DAM - UPLIFT PRESSURES

LINE 3
——————— Reservoir ————— PIPE A
------------- Tatlwater sm=emene=~-- PIPE B
—+——=~PIPE C
——<—-=PIPE D
- -
— -
- ' A |
........... ,-\__.-_-{. R B
- == —— —rws """:;:-‘-‘-—— \ . o - .
ED
o —- T.W.
e —
- -
IIIlllIlJJIlllllllllllllllllllllllllllllllllIlllllllll]_lllllllIlLLlLllllllllIIIIIIIlIllllllllulllllIllllllllIlllllllllllll_llljl
Y m T n w ) @ M AN — 4Y
n ~ ™~ N - N - N 0 0) @ o)
(03] (0] m (ep) (o)) m e3) 6 sp] ep] 0]
- v—t —4 - vt -t —t —) - -t —

6350

6250

6150

60850

93950

5850

9750

36350

555808

9450

5350

EQUIVALENT WATER SURFACE ELEVATION - FEET

ENGINEERING & RESEARCH CENTER -

STRUCTURARL BEHARVIOR SECTION

2dN94¢ ety v4epesy



[

H.Ww. 6015.04

£l, 6000

El. 5900

El. 5800

Upstream face
of Dam

A-line
-Grout Curtain

REF. DWG, 591-D-387

Axis _of Dam

h

Uplift Pressures
Line 1 -~ Profile

p——

Downstream face

of Dam

Excavation \ine

Drainage Holes
Uplift Pressure Pipes

STRUCTURE OUTLINES ONLY APPROXIMATE

CONTRACT NO. 2-07-DV-00148

U. S. DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
GROUTING RESEARCH PROGRAM

FLAMING GORGE DAM

UPLIFT PRESSURES
LINELPROFILE 12-11-81

PREPARED BY: CLAUDE A. FETZER
CONSULTING GEOTECHNICAL ENGINEER

JULY 1982

73

FIGURE 31



HoWe 6015.04

El._6000

El. 59090

FLAMING GORGE DAM

Uplift Pressures
Line 2 - Profile

El. 5800

El. 5700

Axis of Dam

T.W. 5602.42

Downstream face
of Dam

El. 5600

Upstream face
. of Dam

vation line

EUplift Pressure Pipes

A-line grout @~Drainage Holes

curtain o

CONTRACT NO. 2-07-D0V-00148

/ ' U. S. DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

/ GROUTING RESEARCH PROGRAM

FLAMING GORGE DAM

UPLIFT PRESSURES
LINEZ2PROFILE 12-11-81

PREPARED OY: CLAUDE A. FETZER
JULY 1002 CONSULTING GEOTECHNICAL ENGINEER

74 FIGURE 32



H.Ww. ©015.04
£1. 6000
FLAMING GORGE DAM
\ Uplift Pressures
\ Line 3 Profile
\ \
El. 5900 \
1
' \
El. 5800 \\
£
A
]
-
5 d)\
2
3 \\
Upstream . " Downstream face
face of Dam of Dam
: on line
iplift Pressure Pipes
-4 c D
. ado P
A-line / Drainage holes

Grout Curtain —)'

CONTRACT NO. 2-07-DV-00148

U. S. DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
GROUTING RESEARCH PROGRAM

FLAMING GORGE DAM

UPLIFT PRESSURES
LINE3PROFILE 12-11-81

PREPARED BY: CLAUDE A. FETZER
JULY 1982 CONSULTING GEOTECHNICAL ENGINEER

75 FIGURE 33



are from about 20 to 60 feet below the pool levels. As these
pipes are located only 15 feet from the upstreém 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 B and 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 inétalling 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
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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 levél.
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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V1. 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) 1Install 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) 1Install open stand pipes to measure effectiveness of
barrier curtain.

19. Otherilarge 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 1limits 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 pér 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, Jjointing, etc. to depth, angle and spacing of
holes and estimate of grout takes.

(4) sSpecifications include specific minimum requirements
for mixing and grouting equipment, range of grout mixes, and
methods of sounding and final backfilling of éompleted 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 ' ;

Dutch John, Utah
June 8, 1960

Mr. Grant Bloodgood
Assistant Commissioner and Chief Engineer
Bureau of Reclamation
Denver Federal Center
Denver 25, Colorado
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‘
wmorning of June 5 where they were joined by Mr. E. R, Schultz, Head,
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. Puls, Chief Designing Engineer
W. H. Irwin, Chief, Engineering Geology Branch

Region & Office:

F. M. Clinton, Regional Director
W, F. Peterson, Regional Engineer
J. N. Murdock, Regional Geologist

Fleming Gorge Project Office:

Jean R, Walton, Project Construction Engineér
[ ]

James R, Granger, Assistant Project Cnstruction Engineer

Herbert W, Senne, Engineer

Darrel W. Hansen, Engineer
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William R, Groseclose, Engineer

George T. L. Wongwai, Project Geologist

Sylvester J, Turley, Engineer (6-7-60 only)

Messrs. Julian Hinds and R. E, Davis, the other members of the
Board, were unable to attend this meeting. Therefore, the "Board"
as used in this report refers only to the undersigned members.

During the afternoon of June 5th 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 Messrs. Walton
and Puls, the Board began its examination of the damsite erea. During
the morning, detail inspections were made of the topography and bedrock
conditions of the right abutment with special attention given to the
shale beés and jointed condition of the foundation rock exposed in
the right abutment keyway., Also during the morning an inspection was
wmade of the river section where only limited areas of bedrock have
been uncovered. e

During the afternoon of June 6th the upper part of the left
abutment keyway, including the foundations for the thrust block and the
spillvay intake were examined in detail, giving special;attention to the
affects of the shale beds on foundation stability. A visit was also
made to the downstream cofferdam where the condition of fhe valley walls
downstream of the keyways and the alignment of the aplllway-tunnel were

observed,
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During the morning of June 7th the Board visited the aggre-
gates processing plant on Henry’s Fork and examined the partially stripped
aggregate deposit area,

The afternoon of June 7th and all of June 8th were spent in
the preparation of the report that follows., The subjects suggested for
the Board's consideration in your letter of May 24, 1960, to Mr. Julian
Hinds, are dealt with herein in the order in which they are listed in
the letter.

1., Examine the completed foundations for the dam and powerplants and
appraise their adequacy ‘

The Uinta formation, the foundation rock, is well exposed in
the keyway excavations and, as shown in surface exposures, consists
predaminently of hard, strong quartzite and a number of réd shale beds.
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,
Keyway excavation deeper then had been plaenned originally wae necessary
in both abutmepts becaus; of the greater quantity of shale and the
greater depths of joint openings, and these conditions will require
suitable treatment as brought out under item two.

The Board desires to call attentin to the fact that the value
of the modulus of elasticity used in computing the arch stresses was
2,000,000 p.s.i. Although this value was approved by the Board in its

L ]
report of October 23, 1958, it is now of the opinion that this value is

too high, In view of the conditions disclosed by the keyway excavationas,
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the Board is of the opinion that the modulus of elasticity might well
be as low as 1,000,000 p.s.i.

The rock formations and structural conditions exposed 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 éanyon
wvhich had not been uncovered.

In the left abutment keyway, adjacent the spillway intake
excavation and in the thrust block area, open joints and fractures in-
dicate movement of quartzite blocks on shale bedding, It is believed
that blasting and water saturation of the shale has contributed to the
loosening and creep of rock that has occurred, The Board agrees with
Bureau engineers that the rock which has been unduly loosened in the
thrust block area should be removed especially where down-dip.rock
suppert is lacking. In the area above and adjacent the spillway
intake, where the presence of a shale bed 'and joints suggest possible
movement, prestressed rock bolts and other means for stabilizing the
rock should be employed.

The relatively close proximity of the planned spillway
tunnel to the open canyon wall is a matter of concern. Heavy blast-
ing during construction of the spillway conceivably could loosen rock
masses in the canyon wall so as to endanger not only the lpillway
tunnel but also structures in the canyon below. The Board recommends
close supervision of construction of the spillway and especially of

" the drilling and blasting patterns.
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In the right abutment above shale bed 6R at approximate
elevation 5945, the rock mass which will support the arch is relatively‘
thin. While the Board i{s of the opinion that his mass is capable of
resisting the arch thruot, it is important that a careful analysis be
made to determine its stability under the condition of wax{mum loading
including earthquake. In addition, studies should be made to determine
what measures could be undergaken to prevent any future deterioration
of the mass that might reduce its stability.

With the exceptions noted and with the treatment outlined
under item two, the Board is of the opinion'that the dam and power-
plant foundations will be satisfactory and that the mass strength of
the tbunda£ion rock will be adequate to support the loads and stresses

of the dam as planned.

2., Review proposed treatment of shale zones in abutment keyways and
foundation grouting program -

The excavation of the abutment keyways for the Flaming Gorge
Dam has disclosed bedrock conditions that are less favorable than those
that were known or could be anticipated from the results of the explor-
atory investigations completed at time of the Board's previous meeting
in October 1958. Not only has a greater number of shale beds of
.appreciable thickness been encountered than was expected, but wide
zones of creep of substantial thickness, in which the rock joints have
been opened appreciably, have been found in both abutments, neces-

®

eitating c nsiderably deeper excavation than was originally planned.

These discoveries made necessary a more elaborate plan of foundation
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treatment than was originally proposed,

The proposed trea“ment of the shale beds, outlined {n the
book of technical data furnished the Board, provides for concrete
cutoffs in the thicker shale beds at the heel and toe of the dam.
The depth of the cutoffs into the abutments is to be determined by
the character and thickness of the beds and the reservoir head to
which they will be subjected. Eight such beds, three {n the left
abutment and five in the right, having thicknesses 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 abutments to
75 feet near the base of the abutments.

The Board considers this treatment of the major shale beds
suitable and desirable and desires to point out that it will also
provide additional information on foundation conditions in#ide the
abutments which will be useful in planning the progrnn of consolida-
tion grouting. The Board recommends that the cutoff drifts {n the
upper part of the abutments be lncfe;sed from & minimum deptk of
25 feet to a minimum depth of 50 feet.

In addition to the cutoff ttéatmsnt, the Bogrd recommends
that the keyway slopes at the shale crossings be made vertical ;o
that no part of the dam will rest directly on shale.

The open-jointed condition of the foundation rock in the
abutment keyways necessitates a thorough job of consolidation grouting

over the entire area of the keyways. As the abutment rocks in their
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jointed condition, would be difficult to consolidate and are sersitive
to grout pressures if unconfined, the Boa;d is in complete agreement
with the Bureau’s proposal to accomplish the consolidation grouting'
irom transverse adits located in the dam at 50-foot Intervals of
elevation.‘ This method will increase the costs substantially, but _

is considered absolutely necessary.

The Board is of the opini;n th;t the consolidation grouting
should extend to a minimum depth normal to the foundation surface of
30 feet and that the spacing of the grout holes should be such as to
provide a thorough degree of consclidation,

Concerning the curtain grouting, the Boerd is of the opinion
that it will be necessary to extend it to a considerably greater depth
than was originally proposed, particularly in the upper part of abut-
ments. This curtain should be extendgd to inc1u§e the narrow right
abutment spur and saddled.

3. Comment in general terms on tkte adequacy of the strength and
durabllity obtained in laboratory tests of concrete

The Board has reviewed the results reported in the book of
technical data on the tests of the limited number of laboratory
specimens prepared with cement from Devils Slide, Utah, Idealite
pozzolan from Laramie, Wyoming, and aggregates frym the Henry's
Fork deposit. While the Henry's Fork aggregates are far from
ideal, even when beneficiated by the heavy media process, the test
results indicate that with beneficiation of the No, 8 through li-inch

fractions, no difficulty should be experienced in producing a concrete
[ ]
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of specification strength using this aggregate, and containing two

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

The Board notes the 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 indicated by the limited number of tests. Should further

testing of large specimens bear out the preliminary results; the

Board would agree that consideration ghould be given to cmitting

the poszolan in the exterior mixes,

Regpectfully submitted,

/8/ John W. Vanderwilt

/s/ BEdward B, Burwell, Jr,.

/8/ John H, Hammond, Acting Chalrman
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, UNITED STATES
DEPARTMENT OF THE INTERIOR
Bureau of 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 1 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
other Board Members, June 6-8, 1960.

These documents were carefully reviewed and the site was in-
spected with the following personnel: '

Denver Office:
Grant Bloodgood, Assistant Commissioner
and Chief Engineer

Max Ford, 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 Engineer
George T. L. Wongwai, Project Geologist
S. J. Turley, Englneer
' Others from time to time
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I was furnished excellent topographic and geological data in the
form of drawings and photographs, and was given full assistance
in viewing all features of the project.

I have the advantage of seeing further work accomplished at the
site 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 conclusione:

1. Although the basic foundation 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 as suggested in the Board Report of
June 8, they will involve no hazard to the safety of
the dam. » .

The Board Report of June 8 is endorsed in all respects 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 conditions 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 as a recommendation
that the designs be changed to this basis jmmediately, but
rather that the effect of such a possibility on dam stresses

be evaluated, With this interpretation, I full agree.
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Partially completed computations discussed in Denver June 15, 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 & on the
anchorage of unstable blocks on the left abutment,
it should be pointed out that these unstable blocks
are entirely outside the dam abutments, and that
their stabilization is for subsidisry purposes.
After careful {nspection 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 ycurs,

/8/ Julian Hinds

Julian Hinds

1 concur:

Edward B, Burﬁell, Jr.

John J. HammoﬂH’

John W. Vanderwilt

APPROVED: June 27, 1960

/8/ Grant Bloodgood
Grant Bloodgood
Assistant Commissioner
and Chief Engineer
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‘October 16, 1961

Hr. Grant Bloodgood

fiasistent Commissioner & Chief Engineer

U. S. Tureau of Teclaiation

Denver Federal Center

Denver 25, Col ralX

Dear iir. DBloodgocd:

T¢ Legin the essigment outlined in your letter of Auwzust 25, 1961

the merbers of the Doexd of Consultants for Flaming Corge Iam assentled
at Dutch John, Uteh late Thursdey eftercoon-October 12, 1961. Tae
following four days were devoted to field inmspections end analysis of
information coutained in the book of technical édata, furnisied by your
office, pertaining to the itews listed on the sheet enclosed with your

letter and en additional iten presented by Mr. 0. L. Rice to the Toard.

Several meibers of the Bureau stalf essisted in the course of the work
by providing irnforuetion and supplemerting data requested by the Doard.

They ipcluded arong others:

0. L. Rice, Acting Chie? Designing Bdgineer, Denver, Colorado

C. E. Carter, Assistant Regional Director, Reglon k, Salt Lake
‘Rty, Utah

E. R. Scimltz, Heed, Concrete Darg Section, Denver, Cclorado

J. R. Valton, Project Constructi.n BEngincer, Flaudng Gorze Unit,

Dutch John, Utah
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F. S. Daellon, Assistant Project Comstruction Engineer,
Dutch Jokn, Tieh

=

. A. Behling, Office IEnzineer, Dutch John, Utah

=

C. Borden, Chief, Civil Engineering Division, Dutch John, Utah
G. Vonswal, Project Geolozlet, Dutch Jolm, Utah

S. J. Turley, Engineer, Head, leboratory & Aggregate Plant 3ranch,
Dutch Jokn, Utch

After s short peeting with lNr. Walton, in his olfice, Thursday after-
noon, it wes decided to postpone briefing until Pridey norzing in
favor of & quick trip to the dan site for gereral orientation and to

observ: the stage of construction.

Fridey rorning, October 13, the Board merbers convened in the Project
Construction Ingincer's office. Mr. Valton outlined the stetus of
construction progress and Mr. Rice gave & brief resure' of the design
&xl related stwldies of the Flawdng Gorge Dam project. The 1tens

of the work assignment were revieﬁed end orizinal iten two was sub-

divided for clarity reking a total of eight iters to be considered.

Following the briefing, the Board proceeded to the right ebutrent to

incnect the lncation of the proposed coacrete retaining wall deslisned
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to buttress the overhang of the cliff and protect shale bed 6R from
further weathering; to observe the cutoff concrete backlills along
this shele el in the abutment; and to study thie parking arce and
switclyarl where a grout curtain is plamned. In tke alternoon the
Board inspected the cutoff drifts along shale bed SR in the right
goutient ; observed mass concreta placcment and compeation prazctices;
eud inonecied tle coupleled axcavations end rock rolting for ile thrust

block end e5111lvgy inteiie structure. .

On Saturday woralng inspections wexe mada of the agsregate processing
plant, tic recertily placed conerete lianing in the s3illwmy outlet
tunnel, and the rock formwmtion exposed in the tunnel beyond the lired
secti n. Also tlhe powerplant siructure was visitsd. Board menber

Devis also inguected the tatching enld rixdng plant.

Surday rmomnizg a cadlevway skis was provided for a 6"..oze viev aod
inspection of both ebutreats. The sidp was slowly lowered or raised,
close to each ebutient and as roquested stopped to allow for more
detailed ooservetion and discussion of the featurcs being observed.
Speciel eticution was given to the right abutrert, atove sbale bed

OR. These oLcervations Zrom the eidly providel o ur 'x.:et'i:ér nerspective
of rock structurcs in rolation to the Can aiucw i than 'mv..il have

been possible hod work beon 1iliteld to Inspections frow the ground.
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The valance of the tize, Saturdey afternoon, Sunxiey and Fonday,
October 1k, 15 and 16, was devoted to discusesion of features observed,
reviev of technical data furrnished by the Bureean, and in prevarstion

of this reoort.

The eight itews wpon which the Doard's views are presented, ailer the

revigion ard aldition referred to ebove are as tfollcws:

1. Ixenire the coupleted foundatlons for the thrust block

end the eplllway intale structure and epprulee thelr adequacy.

2. Examine the sbutments of the dam and eppraise their edequacy,

-

3. Examine the area upsireaw of the riskt goutrent in the vicirnity
of the parking aree and switciyyard end corrient on the alequacy of
the proposed extended grout curtaln.

4. Review the foundation treatient prograc for the den erd eppraise

ite adequacy.

5. Review the results of the latest trial-load analysis of the dan.

+

0. DNeviev concrete test results .2 intoeri.r mese concrete to date.
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T. Coment on compaction practices for mass concrete.

8. Review terpersture history of mess concrete placed during
this construction season end corment on methods now being used

for thermal contr .l of concrete.
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ITEM 1

Examine the c mpmleted foundetions for the thrust

block end the svillwgy intcke structure and eppraise

their aedequacy.
The Board considers the cumleted fiundations for the left abutment
thrust block and the spillway intake structure es satisfactory. The
anchorage which has been installed to stabilize the upstrean~dipping
nessive slabs of ruck in the areas above and on the left side of the
ppillvoy inteke sbhould effectively overcore the tendency for these
slsbs to slide on the ehale searms that underlie them. There still
remaing a mass of fractured rock, resting Ccm e thin upstrean dipping
seam of shale, located in the canyon well ebove end imedietely down-
stream of the spillway gate structure. 'As a slide or large rock fall
at this locetion would endanger the gate structure, it would be prudent
to install some enchorege in the questionsble maes.

T 2

Dxarrine the ebutuents of the dan and sppreise their
_edequacy.

In ite report of Jume 8, 1960 the Board nade speciric rention Of the
relatively thin mass of rock that will provide the arch support in the
right ebutment ebove shale bed 6R at epproxinate elevation 5945 and
exphasized the inportence of palking e careful anslysis to determine
its sté;bility undor conditions of maximmm loading including earthquake.
Bubsequently, the magnitude of the arch thrust on the ebut:ent rock

gbove shale bed GR wns reduced eubstentielly by the cmission of the
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the grouting in the end joint above elevation 6000.

Unfortunately, because of the difficulty of obtaining suiteble sarples
for testing, the velues of shear strength for 6R and other thinner

beds of shale that lie above 6R were not obteined. The stability
enalysis which wes made was based on assumed values of cohesion end
tengent @ for the shale in 6R of 500 psi and 0.8 respectively. The
results gave a eefety factor of 24 for the condition of failure up the
dip of the shale and 32 for the comdition of failure along a bhoriz utal
plane cutting both shale end aandstone The values of cohesion and
tengent @ used in the analysis are considered much too high. Therefors,
the Board requested that an enalysic be mede assusirg values of t.;ohesion
and tengent § of 200 psi and 0.5 respectively. Such an analysis was
made while the Board was at Dutch John and it wes found that, for the
condition of failure in the shale up~dip the factor of safety, neglecting
side shear, is 10 and for failure on a borizonmtel plane 13. While the
essuied values of cohesion and tangent ¢ suggested by the Soard mey be
on the high side, teking into eaccount the fractured condition of the
rock, any reasonable reduction in these values would result in aq safety
factor substentially in excess of &. Therefore the Board is of tho
opinion that tbhe rock mass in question is cgpable of resisting the

arch thrust.
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The Board concurs in the Buresu's proposal to stabilize the overhang-
ﬁg cliff of senlstone ebove shale zone 6R downstreem of the toe of the
éan 2nd to protect this sehale from future weatbering by the construction
of a concrete retalning wall.

The remainder of the right abutiment is genernlly satisfactory althouch
the bench and hish abrupt step that existe in the keyway excavation

at shale bed 9R 1s very objectioneble. This condition will induce
crecking and should, in the opinicn of the Board, be rectified by the
placenent Cf a plug or fillet of concrete, vhich would be cooled

end then considered as & part of the arch foundatiom.

Genernlly good conditions also exist in the left abutment end the
dirensions of rock mess downstream of the keyway are quite edequate
at all elevations. There does exist, however, at elevation 5900

& bench and abrupt step in the foundation that should be treated in
the sam® manner as suggested for the bench at shale bed RS in the
right ebutment to limprove the symetry of the keywsy end evoid
objectionable cracking.
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ITIM 3
Examine the area vpstream of the right sbutment
in the vicinity of the parking areea and switche

yard and corment on the adequacy of the proposed
extended grout curtain.

The proposed extension of the grout curtein beyond the right end of
the dam to provide & barrier against the possibility of reservoir
leakage through the narrow n;ddle of the Uinta formation adjacent

to and upstream of the ewitchyard area meets with the Ecard's approval.
However, the curtain line in the nerrow part of the ridge es now
located is t00 close to the canyon rim and 'ohould be moved back to
ebout the center-line of the ridge. While the Tertiary Browns Park
formo;tion ﬁich overlies the Uinta west of ths narrow saddle appeers
to heve & low permeehility, the upper part qf the Uinte in this area
may have a relatiively high permeability, teking into account its
frectured condition eand the fact that it has an unconformeble contact
with the Bn.'mm Park formation. Should this be found to be tre cese,
as demonatrated by the grout takes along the proposed 300- oot exe
tension of the curtairn into the arca overlain by the Browos Park for-
mation, it may be found desirable to continue the curtain farther to
the west to protect the gwitchyard. It may also be found necessary
to grout to greater depths below the Browns Perk-Ulnta contact than

now proposed.
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ITRS b

Review the foundation treatment program for the
den end eporeise its adegracy.

The program of consolidation and curtain grouting outlired in the
Bool of Technicel Data uwder the heading "Foundation Treatment” meets
with tkhe epproval of the Doaxd. In view of the fractured condition
of the rock disclosed in the upper part of the keyways, the Bureau's
proposal to deepen both the "A" hole grout mrtain and the d.ramaoe
curtain in the upper elevetions of the sbutments is considered
dea;reble.

The depths of the shale cutoffs &t the heel and toe of the dan are in
accordence with those previocusly recommendad by the Boerd end are con-
pidered setisfactory.
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ITR!

Review the results of the latest trial-load analysis
ol the dax.

Triel-loed analyses for Flsiring Gorge Dam are shown in the data book
for the following conditioms:

(2) Asymzetrical structure, rock modulus of 2,000,000 psi, in-
clwiing earthquale forces, countours for actual excavation. _

(b) Symetrical structure, based on contours and data furnished
the Consulting Doaerd in June, 1960, with earthquake forces, rock
modulus of 1,000,000 pei.

These duplicate enalyses resulted from a sugrestiin by the Consulting
Board, Dutch Jokn, Utah, June 8, 1960 es follows:

"The Board deeires to cell attemtion to the fact that the value of
the rock wodulus of elasticity used in bmxting the arch stresses wvas
2,000,000 psi. Although this value was epproved by the Board in ite
report of October 23, 1953, it is now of the opinion that this value
is too high. In view of the conditions disclosed by the keywsy excave-
tions, the Board 13'01‘ the opinion that the modulus of elasticity rmight
wvell be es lov as 1,000,000 psi."

This opinion of the Doard was based on a beliefl that the conaidereble
fracturing of the otherwise excellent rock mt I’:Ia.rdng Corze rght cause

yielding that would reduce the plulus below the values obiained in the

~ labvoratory.
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After careful consideration Bureamu personnel doubte the justificatiin
of lowering the design modulus to a value of 1,000,000 psi end favor
retaining the original wvalue of 2,000,000 pei. They heave, howe:ver
prepared stress computations for both these limits and have malde other

investigations of the effect of the reduced modulus on stresses.

Thege studies chow that changing the design modulus from 2,000,000 psi
to 1,000,000 psi would effect the cormputed stresses es follows:

(a) The computed principel stresses at the downstreem abutment
would be lowered, vhich is fevorsble, but pot important, es values for
both moduli are within safe limits.

(b) The computed upstream principal ebutment etresses would be
slightly increased, eliminating the erall tensile stresses found for
the 2,000,000 psi modulus. This is favorable but wnimportant, es these
corputed stresces ere safe in either case. .

(c) The computed concrete etresses in the arch would be somewhat
increesed, but still within allowable limits.

Bince ell corputed strecses for either assuption are within safe limits
it is wimportant vhether the computed stresses are based on a modulus
of 1,000,000 psi or 2,000,000 psi, or eome interrediate velue. The safety

factors of the structure cover this possible variation in modulus.

Consequently, the Board epproves the adequacy of the design as shown by

the two trial-loal enalysee precented.
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In ayy case, the Board dbelicves that appropriato steps sboull e
teken tO lnsure placing terperatwres and meximm bardening terpers
aturcs Ci concrete placed during the 1942 comstructi_n seascn well
below the poak tempergtures Cf cuacrete placed during the current

seasln.

iespectiully submitted,

/s/ Reyoord . Davis

/s/ Joim J. ilamond

Je/ J.xa V. Vanformdls

/e/ Eawerd 3. BPurwell, Jr.

Je/ Julier Minds, Refroon

Approved October 20, 1961
/s/ Grent Bloolgood

Assistant Couirlssicner
wnl Chiof Inineer
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APPENDIX B

CHAPTER II. SITE INVESTIGATIONS AND GEOLOGY

A. Site Investigations

9. Site Investigations for Flaming Gorge Unit. The preliminary exploration on Flaming
Gorge damsite was conducted during the {all of 1949 when six djamond 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 structures.

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.1/ 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
24.17 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
damsite 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.

T/Wongwal, G.T.I., Geology Summary of Flaming Gorge Dam, Flaming Gorge Unit--
Utah-Wyoming--Colorado River Storage Project, " Bureau of Reclamation, 1963
{unpublished). "
2/"Preliminary Geological Report of Flaming Gorge Dam and Reservoir Site, * G-1089,
Bureau of Reclamation, Region 4, Salt Lake City, Utah, January 1957 (unpublished).
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The presence of shale seams in the keyway areas indicated that additional geological
information was required in order to consider problems of percolation 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 prepared 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 quartrite.

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 hard, 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-Cambriansto 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 Geology. Green River, in its course through the reservoir basin,
meanders in a large half circle. At the damsite, 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. Where 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 prominent
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 dam. 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 drill 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) Diversion Tunnel.--The diversion tunnel crossed the upstream fault betweer::
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 wéere composed of 8-inch wide-flange beams gnd were located between
tunnel stations 1+25 and 2+55, stations 5+75 and 6+29, and stations 9+33 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) Spillway.--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. The 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.

A (c) River Channel Overburden. --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 IlI. FOUNDATION TREATMENT
A. Shale Zones

13. General. The foundation rock for the dam (see chap. 1I) 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 SR 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. Eignt zones were protected by cutoff drifts, as indicated by the following
tabulation:

Left Abutment

Average Minimum depth

Zone No. thickness, feet of cutoffs, feet
*9LL 9 25
12L » 2 50
141 12 15

Right Abutment

Average Minimum depth

Zone No. thickness, feet of cutoffs, feet
6R 5 50
7R 1 50
SR 9 50
12R 3 50
14R 1 15

*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 ol the dam the shale zones are exposed, due to scaling and sluicing activities on
the abutments during construction of the dam. 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 of the bedding planes toward the river, would
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Figure 5. --Right keyway of the dam. P591-421-2308.
June 7,

1960.

Figure 4. --Left keyway of the dam. P591-421-2302.
June 2,



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 @ 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, were anchored in place by 1-3/8-inch-diameter reinforcement bars,
grouted into the rock. The bars were embedded to various depths, depending on the loca-
tions of the cracks and seams that might affect the stability of the rock masses.

pee Lt - B e L et TS

Figure 6. --Downstream rock protective wall, on right
dam abutment, for shale zone 6R. Transformer cir-
cuit towers C1-T1, C1-T2, and C1-T3, with double-
circuit-tower type DTH in the left background. P3591-
421-4942, August 1, 1963.
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The area adjacent to the upstream 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 cxcavation and cleanup revealed the need for additional
anchorage, principally on the left side, and at a localized area on the right side. In order
to induce a downward weight component 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 bars 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’ .shers to reduce the friction losses at the nut
and bearing plate increased averag:. -=nsions in the bars to about 10, 000 pounds per
square inch.

(3) To obtain the approximate 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 retensioning,
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 take. 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 Grouting Requirements. Owing to the condition of the
jointing system of the rock after excavation for the dam had been completed, the entire
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foundation 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. Concern 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 High-Pressure Grouting Requirements. As drilling progressed and
water was being stored behind the dam, 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 at 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
secs. 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 intercepting 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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APPENDIX 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 throug};
3-inch-diameter pipes embedded in concrete from the floor of the dam foundation gallery
and powerplant penstock gallery. S

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
operations.

174. Drilling and Grouting Equipment. Most of the drilling, including core drilling,
grout holes, and 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 drills. All rotary drilling was performed with diamond set bits,
Both plug bits and core bits were used. In general, 1-1/2-inch-diameier (EX) core bits
were used to drill grout holes through concrete, and plug bits were used in rock.

Portable grout plants which were set up at various locations for different phases of the
work, usually consisted of a '"Crowe' 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 pressures 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 cakum 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 surface,

Subsequently, the B-hole drilling and grouting was performed in two phases. From
August lg 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. Deep Curtain Cutoff Grouting in A-Holes. Drilling of the first deep curtain cut-
off holes from the foundation gallery was started 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 groutingrwas begun from block 7 on the left abutment and from block 19 on the right
abutment. he 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 these
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, 090 feet of rock and concrete. These holes accepted 9,953 sacks of
cement for an average take of 0. 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 is felt that the left abutment seepage is not directly connected
with the reservoir, but is rather 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. B_i.iht Abutment Deep A-Holes. When water seepage was encountered on the right
abutment, the 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 bevond 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 201.

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 t6 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. Drilling 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 take of 5. 22 sacks per lineal foot. All drilling and grouting
operations in this area were completed between June and October 1963,

180. Right Abutment Bevond End of Dam. A grout cutoff curtain was extended from
the end of the dam through i". - 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 féew 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 performed 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 the 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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o _
Shale seam tunnel Sacks placed | Shale seam tunne! Sacks placed

S S _ . _
9L 3 ! 6R Downstream 25
12L Downstream 78 ! 6R Upstream 1,470
12L Upstream 32 . 7R.Downstream 27
141. Downstream 122 | TR Upstream 3,668
14L Upstream 286 I 9R Downstream 105
14R Downstream 48 : 9R Upstream 893
14R Upstream 0 i 12R Downstream 166
E 12R Upstream 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 Drainage. Foundation drainage for the dam was provided by diamond
drilling 3-inch-diameter {NX) 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 about 115 gallons per minute with most of this flow coming
from the drainage holes drilled in line T-3.

184. Miscellaneous Drilling and Grouting. In September 1962, the concrete lining of
the control cable tunnel was backfill grouted. A total of 240 sacks of cement was placed
in approximately 220 lineal feet of tunnel for an average take of 1.09 sacks per lineal foot

of tunnel.

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 following tabulation is a summary of the drilling and grouting
operations quantities:
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Drilling, Cement placed,
Feature lineal feet sacks
B-holes drilled from rock 9, 347 10,995
B-holes from transverse adits 36,834 28,757
B-holes, spillway intake and thrust block 1,906 4,923
A-holes 41, 944 31,964
Auxiliary A-holes 10, 096 9,953
Right abutment deep A-holes 7,038 36,715
Right abutment parking area cutoff 4,568 21,631
Spillway tunnel 1,401 1,272
Diversion tunnel 2,438 1,085
Grout hole redrilling (one-half of total) 1,877 --
Diversion tunnel backfill -- 1,384
Spillway tunnel backfill -- 162
Shale seam tunnel backfill -- 6,923
Training wall drain -- 100
Control cable tunnel backfill -- 240
Foundation drainage holes (NX)
including uplife pressure holes 18,652 --
Drain holes to diversion tunnel (NX) 2,542 --

Total foundation grouting footage .
Total drain hole footage . . .

Total cement for grouting (excluding contraction joint grouting)

117, 443 feet
21, 194 feet
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 No. DC=-5045, Flaming Gorge Dam and
Powerplant.

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. Puls 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. Puls, 0. 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 Dboard of consultants), to Mr. Grant Bloodgood
concerning site visit of June 13 and 14.

12. Travel report dated June 15, 1960 from L. G. Puls, 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 Reclamation

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation’s
water resources in the Western United States.

The Bureau’s original purpose “to proviae 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-related design, construction, materials,
atmospheric management, and wind and solar power.

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.” 1t describes some of the technical publications currently
available, their cost, and how to order them., The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-822A,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007,






