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GEOLOGIC PROELEMS AT KERR DAM

LAKE CCUNTY, MONTANA

by
Roger C. Rice

INTRODUCTION

With an increased demand for power in Montana and sur-
rounding territory, there is a need for existing power
installations to produce more hydro-electric power. Kerr
Dam, Lake County, Montana has been one of the dams selected
for added autput.

The existing dam and power house installation with its
two hydro-electric was finished in 1938, and has been
producing power ever since. The dam 1is an arched concrete
dam, with extensive abutments on either side. Because of
the nature of the country rock at the dam sits, abutments
had to be carried farther away from the dam than would
ordinarily be necessary. There have been no serious slides
in the area, but one narrowly missed the abutments a few
years ago. Cables attached to pins In the bedrock have been
employed to retain large blocks over-hanging the intake gates.

A third unit is to be added to the two already installed,
and in order to accomplizn this, the powerhouse will have to
be extended to accomodate the new unit, The powerhouse
addition is to be added south of the original structure and
on an area known to e crossed by a large fault, obscured by

river gravel and displaced blocks from the surrounding canyon



walls, A series of accurately located diamond drill holes
were drilled and the resulting cores carefully studied and
filed. The results of an analysis and correlation of the
cores'will be covered in detail in this paper.

Just west of the dam are the intake gates which control
the water passing down the tunnels to the turbines. With
the addition of the third unit, a new tunnel will be driven.,
To prevent a stoppage of power from the dam, a method pf
starting the tunnel without lowering the level of the pond
has been devised. A shaft will be sunk behind a wall of
bedrock which will be left in place. This wall will be,

In effect, a natural cofferdam. In general, the problem
connected with the natural cofferdam is whether or not the
rock strata at the intake site will withstand the pressures
subjected upon the rock by the pond behind the main dam,
and whether or not the overlying strata will move when they
are left unsupported.

The author has made a number of field trips to the dam
to map the jointing trends of the argillite rocks of the
area and to analyze the cores. Geologlic sectlions of the
Important areas were made from the logs of the cores and
will be included in this report.

At this time, the author wishes to thank Mr. A. B.
Martin and The Montana Power Company for information

and drawings used in this paper.
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LOCAT ION

Kerr Dam, one of The Montana Power Company's chain
of hydro-electric developments, lies about eight and one-
half miles southwest of Polson, Montana, on the Flathead
River. Polson itself is located at the southern end of
Flathead Lake,

The area in which the dam lies is an "island" of pre-
Cambrian Beltian age rocks, surrounded by Tertiary lake
deposlts. The immediate country is flat or very gently
rolling end the Flathead River gorge (Photograph B, Plate
I) is the only major topographic feature. The surrounding
area is largely under cultivation, with wheat the most
prominent crop.

The dam reservation i1s reached by & good gravel road
from Polson, but during winter the road down into the gorge
has been known to be made impassible by snow. The mean
annual temperature 1s 45 degrees, but temperatures range
from 30° below zero to 100° above. United States Highway
No. 93 connects Missocula and Polson, and continues on

through Polson to Kalispell and Glacler National Park,
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PLATE I

Photographs near Kerr Dem, Montana

A - Photograph taken from the northeast corner of

the powerhouse showing the strata dipping

upstream to the east.

B - Photograph of Flathead River gorge cut into
Tertiary lake deposits showing deeply eroded

banks and pinnacles left under a protectlve

cover.
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PLATE II

Photographs near Kerr Dam, Montana

A - View looking towards the powerhouse, through
the "island" of pre-Cambrian strata. Lake

beds show in the background.

B - View of the blocks of strata still remaining
in place, formed as the result of the three

directional jointing.
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PLATE I1II

Photographs near Kerr Dam, Montana

Photograph of the dislodged blocks lying on
the dip-slope below the dam.

Close-up of the Tertlary lake bed deposits.
Photograph taken in a road cut golng down

to the dam,
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HISTORICAL GECLOGY OF THE GENERAL AREA

The geologic history of the Flathead valley area is
typlcal of the mountain valley areas of northwestern
Montana. There are numerous broad, flat valleys filled
with Tertiary lake deposits, surrounded by high rugged
mountains, The Flathead valley is quite similar ﬁo these
other valleys, except in size. It is bordered on all sides
by mountains. Most Impressive is the Mission range on the
eastern edge of the valley.

Pre-Cambrian Beltlan sediments accumulated in this
region to an extimated thickness of about eight milles,
and this unusual mass of sediments was then covered with
Several thousand feet of Paleozolc and Mesozolc sediments.
Toward the end of Cretaceous time there was a period of
Vulcanism, and it was followed by the Laramide Orogeny
which formed the Rocky Mountains., At a still later time,
block faults and local uplift formed barriers which backed
up large bodies of water, of which Flathead Lake 1s a
probasble remnant.s# Flathead Lake has grown smaller with
down-cutting by its drainage rivers. The outlet, the Flat-
head River, has lowered 1ts bed, and in so doing has cut
& gorge deep into the Beltian rocks at the damsite, making
the dam possible.

About midwey between the lake and the dam 1s another
Small exposure of resistant strata. This remnant causes a
restriction in the river, and may have to be removed to

insure a free flow of water to the dam's reservior area.
#Dr. E." S. Perry, Lecture notes, September 1951

. £
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GENERAL GEOLOGY OF THE AREA

The river immediately above and below the present dam
lies in o large fault zone. This fault i1s nearly parallel
to another large fault running through the proposed power-
house site; It has a north-south strike and, like the other
faults in the area, is a strike fault. About 1000 feet below
the dam, the river leaves the fault and makes a sharp bend
to the west. (Plate VI) The western side of the gorge below
the dam is a dip-slope and it 1s on this slope that large
blocks may be seen. (Photograph A, Plate III) These large
blocks, broken from the walls of the gorge, indicate the
Possibility of similar large blocks lying along the fault
fissure running through the proposed powerhouse site. All
faults observed in the general area are normal strike faults.

The rock forming the "island" in the Tertiary leke beds
1s of pre-Cambrian age, Beltian series. From the exposures
and core data, the rocks were found to be mostly green to
gray argillites, with thin limestone members, and very thin
quartzite members. The average dip of the beds i1s 26°N.88CE.,
and the strike is N.2°W., As is mentioned elsewhere 1in this
baper, the joint pattern is very pronounced. Large fractures
are visible that are normal to the strike (referred to on
the sections as normai f{ractures). Some of these fractures
are as much as 0.5 feet wide. Frachures parsllel to the bed-
ding are also wide-spread (referred to on the sections as
bedding fractures). The third type 1s parallel to the

strike and normal to the dip (referred to as strike fractures).
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GEOLOGY OF THE POWERHOUSE SITE

With the addition of new hydro-electric unit, the
powerhouse had to be extended to cover the new unit. The
area to be covered with this addition was known to be over
a large fault, A series of diamond drill holes were put
down in the area to determine the character and depth of
the bed rock. The diamond drill holes will also be used to
introduce grout to the unconsolidated river alluyium. A
plan view of the area showing the topography and drill hole
locations may be seen on Plate VII,

The main fault, striking approximately north and
south, 1s very nearly normal to the bedding and is dipping
to the west. The fault 1s a normmal strike fault, closely
paralleling the normal north-south joint pattern of the
argillite beds. There are three well-defined sets of joint
planes in the area. First 1s the fracturing along the bed-
ding, second is a system of jolnts parsllel to the dip,
and a third, a system parallel to the strike. A contour
map (Plate VI) shows the strike fractures in many places
in the area. The jointing of the rocks has a tendency to
éllow large blocks to fall into the river gorge and subse-
quently become covered with gravel, Care was taken to
interpret the cores from these large blocks, because there
was a danger of falsely calling them bedrock. (Photograph A,
Plate III, showing similar blocks lying on the slope)

As the cores were analyzed and interpreted, there was
2:3:21=¢=%
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an occurrence of seams or crevices containing loose washed
river gravel. When more cores were analyzed and sections
drawn, the gravel seams began to assume a definite pattern.
The gravel seams, when plotted on a section, followed
the exact bedding angle for each particular section. On
the front line of drill holes, seven and possibly eight
gravel seams were encountered. (Plate VIII) The fault fissure,
traced definitely to elevation 2640, narrowed considerably
with depth. At some of the gravel seams, thin plates of
quartzite were observed. By calculating the approximate
location of an outcrop of one of these seams from the angle
of dip of the strata and the depth of the seam according to
the drill hole data, an outcrop was found. This outcropping
bed was the same as the one found at about elevation 2640,
and was within approximetely seven feet of the calculated
outcrop. The corresponding exposed bed had volds up to
5" thick and extending into the bedrock for six or more feet.
Around the openings to these volds, there were plates of
quartzite approximately 1/4 of an inch thick and 1/2 of a
Square foot in area. These voids, being above the present
water level did not have a gravel filling, but 1t may be
assumed that under conditions similar to those encountered

in the holes, they would be filled with river gravel.

FORIATION OF GRAVEL SEAMS: The actlion necessary in starting
the gravel seams was undoubtedly the result of the fault
movement. The rock in the area is largely arglllite with
thin members of brittle quartzite. The movement of the fault,

=10~



PLATE IV

Photographs near Kerr Dam, Montana

A - View down the gorge formed by the Flathead
River along a large north-south fault. The
trace of the fault may be seen at the point

where the gorge mekes a sharp bend to the left,

B - Kerr Dam from the downstream side showing a

small overflow.
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PLATE V

Photographs near Kerr Dam, Montana

A - View across the river from the powerhouse.
The trace of the fault is covered by the

heavier snow.

B - Fault exposure on the south side of the river.

The camera was held nearly vertical to make

this photograph.



PLATE V

PHOTOGRAPHS NEAR KERR DAM, MONTANA



while slightly bending the more resilient argillite, would
fracture the thinly-bedded brittle quartzite. The fault
1tself, having the upthrown side also the upstream side,
would have formed a waterfall. The bedding, dipping up-
stream, would allow the force of the water to expend itself
against the already fractured quartzite. The fractured
quartzite member would be flushed down and out, leaving a
void. As.conditions changed, the river bed, and therefore
the feult fissure, would £ill with gravel and llkewlse f£111
the voids with rounded river gravel. Larger pebbles and
cobbles, jammed in the openings would prevent slumping of

overlying beds.

CONSOLIDAT ION OF THE RIVER FILL: Since the powerhouse will

be constructed over the fill 1in the fault fissure, the fill
had to be consolidated to such an extent that 1t would support

the new structure. The drill holes in the area served as
channels for the introduction of a grout mixture. The grout,

a mixture of cement, fine sand, alfesil, and water, was forced

into the holes under pressure. The resultant, a mixture of

grout, gravel, and rock, forms & strong base for further con-

X
ng continued until the
of the fill.

struction. Further drilling and groutl

grout stage wes within a short distance of the top

A cofferdam will be constructed to hold back the river water

while the foundations for the powerhouse addition are beling

excaveted in the consolidated fill. The excavation will

also serve as a check on the success of the grouting measures.

-13=




GEOLOGY OF THE INTAKE AREA

The new intake tunnel will run parallel to the other
two tunnels now in operation (Plate VI) and just south of
them. A method of starting the tunnel at the intake end
without effectively lowering the pond level has been devised,
and the general 1dea 1is outlined below.

Rather than lower the pond level during construction,

e natural cofferdam, made by leaving a dam of the bedrock
in place, will be tried. A vertical excavation or shaft
will be made in the rock, then the horizontal tunnel will be
driven from the bottom of this vertical excavation. The
main problem is whether the inclined strata (Plate XII) will
support the pressure of the pond, and also, whether the over-
lying strata will slide into the vertical excavation. With
the strata dipping into the excavatlon, the beds above the
excavation may not be competent enough to resist the gravi-
tational forces acting upoen them. Once the tunnel was
started, and the portal and abutments installed, the beds
would have something to rest against,

if the overlying beds show a tendency to slide, and it
is entirely possible that they may, the author suggests
a series of rock bolts, similar to those now being used
to replace, under certain conditions, timbering in some
mines. These rock bolts could either be anchored into a
competent bed that lies below the bottom limlts of the

vertical excavation (Plate XII), or they could be used

-14-



to tie a number of beds together and gain strength in that
way. Since there may be two tunnels driven, there would
be ample space between the two tunnels to drive the anchor
bolts below the bed at the bottom of the excavation. During
blasting, these bolts would further strengthen the strata in
case there was a further inclination of the beds to slide.
On the other side of the vertical excavation (the pond
side) there would be very little, if any, tendency for the
strata to move. Once the fractures were sealed, the natural
dam would be water-tight, and since the strata are inclined
towards the pond, the resultant of the forces set up by the
pressure head of the pond would further immobilize the beds.
There 1s fill1 up to within 15 feet of the present water
surface., This fill will also help prevent movement of the

beds.

=15~



CONCLUS ION

In conclusion, the author wishes to say that all the
information, both in the text and cross-sections, represents
the author's ideas on the formatlion 66 the long gravel seams
encountered in the bedrock below the proposed powerhouse site.

The problem of consolidating the £111 at the powerhouse
site will be solved by sufficlent grouting. At the intake
area, little trouble should be encountered with leakage,
omce the fractures are sealed. It is not likely that the
strata will fail on the pond side of the vertical excavatlion.
The inclined strata above the excavation may have a ten-
dency to move, but the proper application of rock bolts will

probably prevent movement.

-16-
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