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ANALYSIS OF UTILIZATION OF GROUT AND GROUT CURTAINS

HUNGRY HORSE DAM

I. INTRODUCTION

1. General description. Hungry Horse Dam is located in

Northwestern Montana on the South Fork of the Flathead River about
5 miles above the confluence with the Flathead River. The dam is
a concrete gravity-arch structure, referred to sometimes as a
thick-arch structure. It has a height of 564 feet above the
lowest point in the foundation. The crest is at elevation 3,565
feet, and the crest length is 2,115 feet. The crest width is 24
feet and the maximum base thickness is 320 feet. See figure 1.

The spillway is the morning-glory type with a steep-inclined
lined tunnel through the right abutment which discharges down-
stream of the power plant. There are three 96-inch round river
outlets on the right bank. The power outlets consist of four 162-
inch-diameter penstocks through the center of the structure. The
power plant is located at the downstream toe of the dam.

The contract for the construction of the dam was awarded on
April 12, 1948 and the work was completed on July 15, 1953. The
work area was protected by crib-filled cofferdams and the river
was diverted through a tunnel in the right abutment. The
diversion tunnel was unlined except for the downstream 250 feet
which was later used as part of the spillway tunnel.

The reservoir is operated normally near the crest of the

spillway ring gate (El. 3,560), thereby maintaining a high
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hydraulic head on the dam most of the time. The hydraulic height
of the dam is 515 feet.

A board of consultants was engaged on the project during the
design stage. The board consisted of J. L. Savage, Chairman;
Dr. Charles P. Berkey:; and William H. Irwin. J. L. Savage was
formerly Chief Designing Engineer for the Bureau. Dr. Charles P.
Berkey was a geologist and was the founder of the branch of
engineering geology. William H. Irwin was a Bureau geologist,
Denver office. Savage and Berkey were engaged as a consulting
board during construction.

The photographs in this report were reproduced from the Final
Construction Report; the numbers for the figures and pages have

been changed for assimilation into this report.






II. GEOLOGY

2. General. Chapter II -- "Geology", Part II -- "Foundation
Conditions and Treatment", Technical Record of Design and Construc-
tion is reproduced in appendix B. Chapter II covers both the
geology developed in preconstruction geologic investigations and
the geology developed during construction.

The plan of exploration is shown on figure 2, and the pre-
construction geologic section for axis G-G is presented on figure
3. The section for axis G-G is drawn along section D-D of figure
2, which approximates the downstream toe of the constructed dam.

From foundation treatment and grouting standpoints, it is
important that the limestone at Hungry Horse Dam is dolomitic,
argillaceous and siliceous, which precludes it from being highly

soluble as are purer varieties of limestone.
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ITI. FOUNDATION TREATMENT AND GROUTING

3. General. Chapter III -- “Grouting" and Chapter XIII --
Construction -- "Excavation and Preparation of Site", Technical
Record of Design and Construction have also been reproduced in
appendix B.

4. Excavation methods. The left abutment had bedding planes

parallel to the slope. The contractor, as shown on figure 4,
effectively used sluicing to remove the weathered rock. A closeup
view of the rock in the left abutment is shown on figure 5. A
view showing the completed left abutment and early stages of fault
zone 6 is presented on figure 6.

The bedding planes in the right abutment were at an approxi-
mate angle of 55° to the slope. The excavation was made using 100-
foot long diamond drill holes with the results as shown on figures
7 and 8. Jackhammer teams were used to remove dangerous rock from
the upstream shoulder as shown on figure 9. The completed right
bank excavation is shown on figure 10.

5. Treatment of fault zones. Three minor faults, Nos. 1, 2

and 5, and three major faults, Nos. 3, 4, and 6, were encountered
in the foundation area at the locations shown on figures 11 and
12. Treatment of the minor faults consisted of trenching the
crushed material to a depth equal to 1-1/2 to 2 times the width of
the zone for the full width of the dam and backfilling with
concrete. The fault zones were also cross-stitched with grout
holes for the full width of the dam.

The foundation treatment for the major fault zones consisted

of trenching the fault for the full width of the dam to depths

13



Foundation excavation on the left abutment. The contractor
effectively used a Joshua Hendy "Hydraulic Giant" for sluic-
ing the bedrock on this side. P447-105-1219, May 20, 1949.

14



ng bedding

i

left abutment excavation show

in

1ew

ailed vi
ines an

Det
1

ty of thickness

13

abi

i
Blocky nature of fractured rock

ings and some of the var

<
“

h

dual rock layers.

d part

indivi

of
is

, but irregular fractures have been caused by dis-

shown

kingly marked internal

The stri

turbances in excavation.

is a very unusual

occurrence and is believed to represent influence of some

nce of the central massive bed

appeara

105-1225, May 25, 1949.

PLLT-

3

contemporaneous organic growth

15



Figure 6

View showing completed left abutment foundation excavation,
early stages of Fault Zone 6 excavation marked by diagonal
trench in river channel, and rock work on the right abut-
ment and for the powerhouse foundation. P447-105-1631,
August 26, 1949.
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Figure 3 Dam and powerhouse excavation on right bank and in the river
channel. Note results of blasting of 100-foot long diamond
drill holes to the right and below concrete mixing plant.
PLLT7-105-1397, July 13, 1949.
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Figure 9 Jackhammer teams drilling in preparation for blasting

of dangerous rock from upstream shoulder of right bank
foundation excavation. PLL7-105-1633, August 26, 1949.
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View of completed right bank excavation. Upstream and

downstream cofferdams are under construction. Concrete
placement is in its early stages in the river channel.

PL47-105-1806, October 13, 1949.
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equal to 1-1/2 to 2 times the width of the zone and excavating
cutoff shafts at the upstream and downstream toes of the dam. The
shafts were to have sufficient depth to provide a contact length
between the concrete and crushed material equal to not less than
2-1/2 and not more than 4 times the maximum hydraulic head on the
dam (maximum reservoir water surface minus minimum tailwater).
The contact length included the contact between the base of the
dam and the excavated trench. The upstream cutoff was made twice
the depth of the downstream cutoff. Considerable grouting was
accomplished in the cutoff shafts and along the walls of the
cutoff trench. Excavation élong fault zone No. 6 is shown on
figures 13 and 14.

The required percolation distances for faults 3 and 4 were
based on the net head at their locations as these two faults were
located on the 1left abutment at a considerable height above
tailwater. The actual depths of the shafts and the percolation
distance were obtained from data in the Geologic Report on the
Hungry Horse Dam site by Kenneth soward(l) dated September 1952
and are tabulated below:

Depth of Shafts Percolation Ratio

Fault Net Head 2.5 x NH u.s. D.S. Length PL
No. Feet Feet Feet Feet Feet NH
3 230 575 130 66 550 2.39
4 331.2 828 78 46 528 1.59
6 491.6 1,229 208 95 1,095 2.23

The minimum ratio of 2.5 was specified in the Savage-Berkey(z)
report of May 27, 1949; however after further examination of fault

No. 6 on September 4 and 5, 1949, Consulting Engineer J. L. Savage(3)
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Figare 13 Dam foundation excavation. The trench marks the early
stages of excavation of Fault Zone 6 in the former river
channel. P447-105-1614, August 18,1949.
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Figure 14 Dam foundation excavation., Fault Zone 6, looking upstream.
The concrete structure at top of photo forms a pump sump.
P447-105-1664, September 2, 1949,
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mpdified the requirements in his letter report of September 7,
1949 as follows: "If, as may be expected, the physical condition
of the fault zone material improves with depth, it may be con-
sidered safe to reduce the specified percolation distance of 2-1/2
times the effective hydraulic head to perhaps 2 times this
effective hydraulic head, or even less."

Hence the Bureau had considerable latitude in providing the
percolation distance for each fault.

6. Lift-seam treatment. The procedures developed for the

grouting of the lift seam on the left abutment were described in
detail by Aubrey walker(4) in a memorandum dated May 19, 1951 to
Construction Engineer. The procedures are also described in a
condensed version in appendix B.

The clay seam referred to as a lift seam had a thickness of
1-1/2 to 3 inches and was confined beneath a sloping rock block
from 5 to 17 feet thick. In some areas the clay seam split into
two seams about 7 feet apart. It was found over an extensive area
of dam blocks 9, 10, 11 and 12 between faults Nos. 3 and 4. Pro-
cedures were developed on the project to progressively improve the
removal of clayvfrom about 50% in block to 12 to about 90% in
block 8. The procedures included drilling 1-3/8-inch holes on not
more than 5-foot centers and washing with high pressure jets and
air over an extended period of time, i.e. for a group of 60 to 75
holes the time required was about 20 to 25 shifts. After the clay
was removed the void was filled with thick grout starting from the
downhill side of the treated area. The enormous amount of work

and time required to remove the clay indicates the difficulty in

28



removing clay from joints and bedding planes during grouting
operations. The treatment was evidently satisfactory at this site
as no settlement or seepage problems have developed in the treated
area. The investigations, drilling, washing and grouting are
illustrated in the photographs on figures 15 through 20.

7. Foundation grouting. The drilling and grouting equipment

and the hook-ups to the grout holes are shown in the photographs
on figures 21 through 26.

(a) Design. Grouting of the foundation consisted of the
following:

(1) Six lines of consolidation "B" holes on 20-foot
centers were located parallel to and from 10 to 100 feet down-
stream from the dam axis. An additional row of "“B" holes on
10-foot centers were drilled in the foundation at. the junction
with the upstream excavated slope, roughly corresponding to the
line of the axis. Other "B" holes were drilled in areas of major
foundation defects such as faults, open joints and shallow, clay-
filled bedding planes. The "B" holes ranged from 5 to 40 feet in
depth, and were grouted using the ascending-stage method with
packers, i.e., a packer was set at the top of each stage to be
grouted.

(2) A single line of "C" holes on 10-foot centers
was drilled and grouted through pipes placed in the concrete
fillet at the upstream heel of the dam. The holes ranged in depth
from 50 to 75 feet and were grouted at intermediate pressures to
form an upstream supplemental curtain. These holes were grouted
after a minimum of 25 feet or more of concrete had been placed.

Located one foot downstream of the axis, the holes were inclined
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Figure 15 Calyx drill boring 36-inch diameter holes for purpose of in-

spection of clay seams in left abutment dam foundation rock.
P4L47-105-1943, November 28, 1949.
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Fault

Nipples mark holes in the rock which

Zone L may be seen just below where men are standing.
October 24, 1950

were drilled for washing and grouting of clay seams.
PLLT-105-3083,

Clay seam treatment.

gure 16

Fi

31



Workmen flushing clay from seams in

September 16

Clay seam treatment.

Figure 17

1950.

’

P4L7-105-2956

rock.
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September 16, 1950,

Workmen washing clay seams in right
PLLT-105-2957,

Clay seam treatment.
abutment foundation rock.

Figure 18
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Figure 19

Clay seam treatment. Grouted seam exposed by 36-inch diam-
eter calyx hole. Clay, interbedded with grout, was washed
away by drill water. (See photo 2495). P4LLT7-105-2494,
June 8, 1950.
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Figure 20 Excavation of rock above clay seam along the axis of dam
in Blocks 6 and 7. P447-105-3705, July 19, 1951.
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Figure 21 Diamond drilling of left abutment dam foundation rock.
Grout pump, agitator, and mixer on right. PL447-105-1915,
November 15, 1949,
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Figure 22 Pressure grouting equipment. Left to right: Duplex piston
displacement pump, grout agitator, water meter, operator,
and grout mixer on bench. PLL7-105-1761, September 28, 1949.
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Typical hookup for packer grouting in foundation rock.
PLL4T-105-1688, September 7, 1949.
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Grouting pipe display board showing typical hookups.
PLLT-105-1612, hAugust 18, 1949.
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Figure 25 Trailer-mounted grouting ecguipment. Mixer on left, agitator
in center, and duplex pistcn disnlacement pump on right.
PLLT7~105-1001, February 23, 1949.
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12 degrees from the vertical in a downstream direction. The holes
were grouted by the aécending—stage method using packers.

(3) The primary cutoff curtain consisted of a
single line of "A" holes drilled through pipes in the drainage
gallery. The holes were inclined upstream at 12 degrees so that
t