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Photo 16. 5 October 1959. General view of spillway lowering opéi‘e;.tion.
shovels are maintaining a work bemm.
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Photo 17. 5 October 1959. Rapid erosion of right bank between Stations 11+00 and 15+00.



Photo 18.

slide.

'L( “October

1959.

First in a semes o:f‘ three photographs showing rap:n.d development of the fan below the



Photo 19. 9 October 1959. View showing rapid development of fan and damage to access road.



Photo 20. 11 October 1959. View showing rapid development of fan.
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Photo 21. 11 Cctober 1959. Iarge dragline lowering spillway channel near the outlet of Earthquake Lake.



Photo 23. 17 ‘October 1959. Aerial view of slide locking ownstam.



Photo 22. 14 October 1959. Draglines 'lowerihg spillway channel near Station 31+00.
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Photo 24. L October 19Y59Y. Aerial view of slide locking downstream showing spillway channel and buildup of fan
below the slide.
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Photo 25. 29 October 1959. Completed spillway entrance looking upstream from ebout Station 30+00. Note high
water line on trees about 50 feet above Earthouake Iake.
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.'?ho-l:o . 28 October 1959. View of fan at lower end f slide at
see Photo 2).

end of construction period (for earlier view,



64, The concluding comments in the final report of the Board of
Consultants stated that the mission of the Corps of Engineers had
been accomplished and inecluded the following points listed here
in brief form:

8. An scceptable factor of safety against failure or
rapid erosion which could cause serious flooding has heen provided
by lowering the capacity of Earthquake Lake and by reducing the
gradient of the spillway channel.

be It iz recognized that lateral erosion and shifting of
the channel will occur and may induce slides of inconsequential

magnitude.

¢s In general, vertical erosion at the crest and in the
upper approaches of the channel is expected to be slow due to the
resistant cheracter of the chamnel bottom.

d. There iz severely cracked and disturbed material south
of the slide near the upper part of the slide scar. It appears
unlikely that a slide of sufficient magnitude to cause serious
blockage of the spillway chaannel will occur unless it is subjected
to further severe seismic action.

€. The high cliffs north of the slide appear stable and
ne danger of slides from this source is seen.

f. A yearly survey of the channel on the slide and
downstream from the slide in the aggradation reasch is recommended
in order to observe and record further developments.

The complete f£inel report of the Beard of Consultants iz included
as Appendix XII.

656 Working hourss For the first few days, work on the slide
splllway was carried on only during the daylight hours. Equipment
operators at first were reluctant to work at night, even with flood
lights. Due t¢ the emergency, however; round-the-clock operation
was essential and on 1 September contractors began working two
shifts of 10 hours each. By that time, four light plants were in
use, Three days later another plant wee put in operation and night
lighting was considered adequate. On 6 September the shifts were
increased to 1) hours easch, which was the meximum practicable;
the remaining time being required for servicing and lunch periods.

66. Materials and stability investigations. Time would not
permit more than the preliminary investigstions described earlier
in thie report, before actual spillway constructicn was started.
As soon as poselble, however, a drilling program was started, tc
install piezometers and to obtain information on materials in and
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under the slide, Drilling was started om 3 September, using & churn
drill with a drive barrel, so that samples of materials could be re-
covered. Rock bits were used occasionally, but only when necessary,
since their use permitted the recovery of samples only by bailing the
mud sludge at the bottom of the holes, 1In all, six plezometers were
installed along the right side of the spillway, though not a&ll were
observed concurrently. The locations and observation records of the
plezometers are shown on plate 15. Full details of drilling are
contained in Appendix X. In general, the observations showed that
early conclusions drawn from surface inspections were in error.

The earth and rock-floor fines were distributed throughout the major
portion of the slide mass. Note material shown in photographs numbers
11 and 17. : .

67. Test holes., After the splllway lowering operation was
started, three shallow test holes were drilled near the upstream part
of the spillway channel., The rock formation was found to be continuous
and apperently consisting of a mass of schist and gneiss which was
fractured but not disturbed otherwise. The information obtained
from these test holes indicated that a resistant rock formation ex-
tended at least to elevation 6380 at the location of the spillway
channel. Locations of the test drill holes and data on materials
encountered are shown on plate 16.

68. Materials in channel. As the lowering of the spillway
progressed the exposed banks and slopes were studied in detail.
Sketches and photographs were made, as well as record notes of the
types of materlels exposed. From this information, a generalized
geologic drawlng was made showing the rock formations encountered
in the spillway excavation. The generalized geologic drawing 1is
shown on plate 16; additional photographs of the chute walls are
Included 1n Appendix X.

69. Movement surveys. A system of check points was esteblished
on the slide, designed to detect any noticeable movement, either
vertically or horizontally. The points were established on a
reference line extending across the slide from downstream toe to up-
stream end, but crossing the spillway channel at an angle, so that
any major movement would show up as treansverse movement., Elevations
of the points were established and distances between them were
measured. The system was checked periodically for movement. The
arrangement of the check system and results of measurements are
shown on plate 17. Maximum transverse movement during the period
T September to 23 October was approximately one-half foot, which
was consldered not excessive.

70. Summery of explorations. Information obtained from sub~
surface explorations indicated thet the slide contained more fine
material than was apparent on the surface. Most of the rock near
the spillway was schist and gpeiss, which could be penetrated by a
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churn drill using a drive barrel for sampling. Much of the rock had
weathered along Jjoint planes to the polnt where it shattered upon
impact, The upstream one-fourth of the spillway was located in
massive schist and gneiss which was fractured but otherwise un-
disturbed and was fairly resistant tc erosion by water. The lower
portion contained much fine materiasl susceptible to erosion, but alsco
contained many large rocks which served to protect the channel after
the fines were removed. The slide material was generally pervious or
free~draining. No unusual settlement or transverse movement was
observed.

Tl. Possible addltional slides. Safety of the people working on
the slide being of paramount importance, exiensive studies were made
of conditions along the crest of the slide scar and on the sllide mass
itself, to estimate the probability of additional slides that would
endanger personnel or block the spillway chennel. Visible cracks
behind the crest of the sllide ridege showed that two areas held a
potentlal for movement. Sets of strain gages, consisting of pipes
driven into the surface and tled together with wires, were installed
across these cracked and displaced areas. Distances between the
pipes were measured at frequent intervals to detect possible movement.
Some of the wires were fitted with flag markers to permit airborne
observers to detect any significant movement., Readings of the strain
gages and aerial cbservations during the period from 29 end 30 August,
when they were installed, to 19 September indicated that no significent
novement had ccecurred.

T2. A prominent rock pinnacle on the north wall of the canyon also
was investigated for possible danger of sliding. It was found that
the bedding dipped into the mountain, rather then toward the valley,
vwhich meant that the pinnacle was stable,

T3. Details of the investigations, together with tebulations of
results of observations and gege readings, are contained in Appendix IX.

4. Communications. TImmediately after the project office was
established, a redio communications network was put in operation.
A mobile emergency unlt, which had been procured by the Garrison
District for use in flood emergencies, was installed in the project
office as & control station, This unit consisted of a 100-watt AM
trensmitter and receiver operating on 5,400 KO, used for communica-
ticn with the District Office at Riverdsle, North Dakota, and & 50-
watt FM transmitter-receiver operating on 38.9 mc. for local com-
mnication. A similar 50-watt FM unit was installed at Hebgen Dam.
A 12-watt transmitier-receiver unit was installed in the office
trailer on the slide and & similar unit in a trailer parked below
the sllde. Several cars and pickups were equipped with redio and
several porteble sets were in use. All this mobile equipment operated
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on & frequency of 38.9 me. Iater, an sutomatic relay station was
ingtalled on Missouri Flats about five miles west of the slide,
operating on frequencies of 38.9 mc. and 163.425 me. To complete
the relay, another 50-watt transmitier-receiver unit wes installed
in the project office, this one using the 163.425 me. frequency.
Thus, radic commmnication was possible between &1l units on the
project, either direct on the high band or through the relay on the
low band. Also stationed Just below the slide was & vehicle with
both 38.9 me. snd 163.425 me. transmitter-receivers, for use in
cagse the automstic relay station should become inoperative, If
necessary, this vehicle could be moved down the valley and operated
as a control station.

5. Emergency warning system. Soon after the establishment of
the project off.~s in West Yellowstone, an emergency werning system
was evolved i warn the residents of the Madison River valley below
the slide, &s well as the workers on the slide, in the event failure
of the zlide should seem lmminent. The warning system was bassad
upon the radio communications network.

T6. At least one qualified engineer was stationed on the slide
at all times. His primeary responsibility was the evaluation of
the stebility of the siide. Gages in the lake Bt the spillway en~
trance and at the toe of the glide were read each half-hour. Dis-
charge measurements were made at the gaging station below the
slide. All gage readings and discharge measurements were reported
immediately to the project office asnd to the traller on the slide,
50 that the engineer on duty could have at all times & current
evaluation of conditions that might affect slide stability. When
the gaging station below the slide became incperatlve because of
aggradation, a gage was installed at the ClLiff Lake bridge about
three miles downstream and a gage and cableway at the Kirby bridge
about nine miles below the glide. Readings were taken at these
points after 4 October and reported as before. Conitinual discharge
measurements were made at the Kirby Bridge station, with a maximum
of nine measurements per day.

Tfe An emergency warning stage was marked with reflectorized
tepe on the staff gage Jjust below the tos of the slide, so that it
could be read easily at all times. Two radio-equipped cars, supplied
with electric megephones, one with amplifiers, were stetioned
below the slide. Alsc, a telephone was installed at that station.

78. Montana Power Company kept & watchman on duty at all times
at Hebgen Dam, where telephone service was maintained, as well as
radic equipment for communication with a Civil Defense station on
Missouri Flats.

T9. An emergency warnipg was to be put in operstion on the
order of the engineer on duty at the slide, if and when in his jJudge-
ment failure of the slide was imminent and evacuvation of the slide and
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downstream areas was desirable. A smoke flare gun was kept at the slide
t0o signal workers to evacuate the slide area. The perscnnel stationed
below the slide would inform the Civil Defense unit on Missouri Flats
by radio. That station would notify the Sherlff's office in Virginia
City, who, in turn, would notify the city police in Emnis. The Sheriff
or a deputy was stationed most of the time at a roadblock about three
miles below the slide or at the Civil Defense station on Missouri Flats,
The Sheriff's office assumed responsibllity for warning residents in
the valley. Corps employees with the readic-equipped cars below the
slide would assist the Sheriff's forces in that effort.

80. Hydrologic reports. Throughout the entire period of spillway
construction, information on discharges and gage heights was collected
continuously and reported to the slide and to the project office; so
the current information was always available to all concerned., Twice
a day, or more frequently when changes were made, information on eleva-
‘tion and dilzcharge from Hebgen Leke was recelved from Montana Power
Company. The gage readings that were made and reported initislly as
part of the emergency warning system were continued and expsnded
when the spillway lowering was started., Initislly, stages at the
toe of the sllde were included in the reports. Aggredation forced
the sbandonment of that giage and another was installed one-half nmile
farther downstream. Cableways were Iinstallecd at both points for
making discharge measurements, When continued aggradation rendered
the second gaging station inoperative; a gage was installed on the
Cliff lake bridge and & gage and cableway were installed near the
Kirby Rench bridge. After 4 October all measurements of cutflow from
Earthquake Lake were made at the latter station. Prior to 26 September,
measurements were made &8s necessary to maintain a good rating curve;
beginning on that date, when the work of lowering the spiliway was
getting undexrway, the frequency of discharge measurements was increased
to from six to eight per day.

81. Hydraulic studies. Numerocus hydraullc studies and computa-
tions were made during the progress of the emergency work. Computa-
tions were made of probable velocities and depths in the initial
channel. For ready reference, charts were prepared showing the
computed velocitles and depths along the channel, as well as the re-
quired sizes and weights of rock, teken from chart WES 712=-1,
published by the Waterways Experiment Station. The chart is shown on
plate 20, To check the relationships, approximate measurements were
made of depth, velocity, and rock size in the channel. Because of
high velocities and turbulence and the lack of proper instruments,
exact measurements were nolt possible; however, the messurements
showed reasonable agreement with the Isbash curves shown on the chart.

82, When the lowering of the crest was started, computations were
made and charts were prepared showing the relationships between such
factors as discharge, channel width, depth of cut, and time. These charts
were used to guide the engineers on the Jjob in analyzing conditions and
achieving the highest possible rate of progress, at the ssme time keeping
the rate of erosion under control. One of the charts, used to estimate
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the desirable depth of cut acrossg the control weir at the spillway
crest, is shown on plate 21. A detailed description of these and
other hydraulic studies and computations, as well as the charts pre-
pared from them, are included as Appendix XIII.

83, Real Estate, The slide area and the activities of the
Corps of Engineers in connection with the construction of the spill-
way over the slide were on Government-owned land in the Hebgen lake
District of the Galletin Neticnal Forest. The Forest Supervisor
issued a Specisal Use Permilt for the activities of the Corps of
Engineers in the earthquake area.

8k, Right-of-entry on lands included in or occupied by the
Hebgen Dem snd Reservoir project was granfed by Montane Power Company,
to make surveys and test borings and carry out other exploratory
work that might be necessary to complete investigations in connection
with the earthquake project.

85. Office space in West Yellowstone and Ennis was occupied
under right-of~entry occcupancy and use permits granted by the respective
oWners.

86, When it appeared that additional rock might be required for
construction of control terraces or drop structures in the spillway
chamel a permit or right-of-entry was granted by the owners of
private land adjoining the Gallatin Nationa) Forest, for construction
of an access road to haul rock across their property. Since 1t was
declided that the spillway should be lowered, the additional rock was
not needed angd the right-of-entry on private lands was not exercised.

87. log boom. The £illing of Earthquake Lake created quite a
debris problem. 1In addition to the natural debris in the canyon and
that created by the earthquake, & number of cabins were floated from
their foundstions and were adrift in the lake. While remcvel of the
debris from the lake was not within the emergency authority conferred
by Public Law 99, it was possible for such drift to enter the spillway
channel and interfere seriously with the construction operations,

To prevent such an occurrence, a log boom was constructed across the
approach to the channel. The bocom was constructed of logs salvaged
from the timber covering much of the slide, made fast to a 3/h-inch
wire rope by means of eye-bolts and cable clemps near the ends of

the logs. The beoom, about 800 feet long, was anchored by wire rope
bridles to deadmen constructed of several logs buried in the schistose
slide meterial. The log boom was removed when the spillway lowering
Phase was started, since most debris was deposilted above lake eleva-
tion es it dropped.

88. Personnel, Activities of the Corps of Engineers were under
the direct supervision of Lt. Col. Walter W. Hogrefe, District
Engineer, with Mr. H. F. Michel as Chief Engineer and Mr. H. G,
Hotchins in charge of constriction. At the peak of activity, the
project office staff included a meximum of 72 persons, composed of
Sk career employees and 18 temporary employees hired locally for the
emergency. Construction forces consisted of nine men on each of the
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two 11-1/2-hour shifts and a survey party of thiree men on the day shift,
Engineering forces conaisted of 21 men, including engineers, surveyors,
stream gagers, and a drill crew, for the most part working in three eight-
hour shifts. The rest were engaged in administrative, supply, communica-
tions, transportation, and technical liaison activities. A total of

81 Corps of Engineers career emplcyees saw duty on the project, including
L9 from Garrison District, six from Omeha District, nine from Kanses City
District, 14 from Missouri River Division, and three from the Office,
Chief of Engineers.

89. Reports and public information. Two daily telegraphic reports
were dispatched from the project office throughout the period of the
emergency. A brief report on the current status of the emergency was
dispatched each morning sddressed to the Chief of Engineers, Division
Engineer; Headquerters Sixth Armmy, Northern Sector Sixth Army, Reglonal
Director OCDM, and Disaster Service, Red Cross. A more detailed opera-
tions report was dispatched each afterncon to the Chief of Engineers
and the Division Engineer. Additiomal special reports were made to
higher authority as requested, covering specific phases of the work.
Specisl progress reports were furnished as necessary to the members of
the Board of Consultants, the Forest Service, and the Stete Engineer of
Montana, to keep them advised of progress on the work. Copies of the
daily reports also were furnished the Forest Service.

90. Constant lieison was maintained with news services, including
newspaper and magazine publishers and radio and television statlons.
Periodic press releases were mede as necessary Lo keep the public ine-
formed of progress in removing the flood threat. Facilities were made
available to writers for both technical and news magazines, to assist
them in obteining the information they needed, including photographs
for proposed articles cn the preoject. Corps representatives granted
numerous Iinterviews for use on radio and television programs. Governor
Je Hugo Arcnson and other state officlals participated in a ceremony
on 10 September, when water from Earthqueke ILake first passed over the
slide spillway; the event was covered by radio and television teams,
as well &s news services and regional newspepers. On 29 October,
immediately preceding the meeting of the Board of Consultants,

General Barney, Lt. Col, Hogrefe, and the members of the board partici-
pated in a program recorded for television.

01, A photogrephic record was made of all phagses of the work, both
on the ground and from the air. This record included about 500 still
photographs in black and white, about 200 color slides in 35 mm. size,
and about 4;000 feet of 16 mm. movie film.

92, Cooperation of other sgencies. Since the slide occurred on
land included within the Gallatin National Forest, the United States
Forest Service had a deep interest in the emergency work. The rescue
work immediately following the earthquake was carried out by the
Forest Service, and the rehabilitation of the area for purposes of
public recreation slso would be the responsibility of that agency. The
facilities of the Service were made available to the Corps from the
beginning, including the prints of aerial photographs of the area taken
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on 22 Angust 1959, es well &s esrlier photographs to be used for purposes
of compariscn. Contour maps showing elevations before and after the
slide also were furnished by the Forest Serviece. Ccnstant liaison and
frequent discussions and correspondence served to keep the Corps of
Engineers and the Forest Service advised of each other's plans and

needs., Right-of-entry was isaued to the Corps for necessary activities
on lends under the administration of the Forest Service.

93. The U, S, Geological Survey assisted in the emergercy work by
furnishing advice, persomnel, and equipment for stream gaging. The
Survey established gages on the major streams tributary to Hebgen Lake
and Barthquake Lake and on the Madison River below the slide and made
frequent measurements of streamflow at those points sufficient to
egtablisk and maintain rating curves. The cableways for making measure-
ments were plenned asnd insballed by the Geological Survey and measure-
ments were made by that agency's personmel until the fregquency of
measurements was increased, when the lowering of the spillway was started,
beyond the capacity of the limited number of available employees.
Geological Survey personnel continued the work of stream gaging until
they could be replaced by Corps employees.

G4, The initial emergency warning system involved cooperation
with the Montara Highway Depeartment, the Sheriff of Madisen County,
the Forest Service, the local Civil Defense organizaticn, and the
Montana Power Company. Lisison was maintained with the Highway Depart-
ment regarding the use of rcoads and bridges. The Sheriff's forces
maintained a roadblock a few miles helow the slide, to prevent visitors
from entering dangerous areas and interfering with the work. The road-
block was abandoned after the spillway lowering process got underway
and the flood threat began to diminish.

95. Montana Power Company wae intensely interested in the
emergency work, because of the need to draw down the storage in Hebgen
lake so that any nceded repairs to the dem could be made. Company
forces were kept ready at all times t¢ increase or decrease the outflow
from Hebgen Lake as requested by the Corps. As soon &s work on the
slide was completed, Montana Power Company was informed that the Corps
would meke no further requests for regulation of outflow.

96, Quantities. The total volume of material in the slide was
estimated by use of several cross sechtlons, using elevations shown on
the topographic maps of the ar2a before and after the slide. The maps
and cross sections are shown on plates 2 through 6. The volume of the
slide mass after it came to rest was estimated to be about 43,000,000
cubic yards; the volume of the space on the mountainside previously
occupied by the slide material was esgtimated to be about 39, 000,000
cubic yards. Since some bulking would be expected, the values were
considered roughly equivalent.

97. It was not practical to do the work or keep the records
necessary for accurate estimates of the quantities of materiale moved
on the slide. However, spproximations were wade of some of the quanti~
ties moved in the several phasses of the work. The following are values
thus estimated:
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a. Excavation for initial spillway 600,000 cu. yd.
b. Spillway lining {through 11 September) 160,000 cu. yd.

¢. Random 111 in spillway (dozed in

from left side) 100,000 cu. yd.
d. Hauled and placed in spillway

(12 september through 9 October) 640,000 cu. yd.
e, Excavated in lowering crest

(25 september through 27 October) 700,000 cu. yd.
f. Deposition in delta 1,750,000 cu. ya.
g. Removed hydraulically 1,750,000 cu. yd.
h. Access and haul romds 20 mi.

98. Costs. Total costs of the earthquake emergency operation
were approximately $1,715,000, of which $1,387,000 represented payments
to contractors for eguipment renteal and costs of Government-furnished
meterials, and $238,000 represented salaries and expenses of Corps
employees, consultents' fees, transportation, both air and ground,
communications, office and mlscellaneous expenses, and District office
overhead.

99. Conditions subsequent to close of comstruction activities.
There are no0 records of BEarthquake Lake data subsequent to close of
operations in late October. Releases from Hebgenr Reservoir were in-
creased to about 3,800 ¢.f.s. on 29 October and held &t that rate
until 13 November. AL that time extremely low temperstures caused
ice conditions which, combined with the high discharge, caused flooding
of Missouri River near Townsend. HRebgen discharge was reduced to
about 1,000 c.f.s5. on 1k November, then allowed to increase gradually
to 3,400 from 18 to 22 November. The discharge was 8gain reduced on
2L November because of & recurrence of flooding neer Townsend. On
6 December the discharge was increased to 3,000 c.f.s. and held near
that range through December. On 5 January 1960 the reservoir was at
elevation 650k feet, storage 24,700 acre-feet, and outflow was being
maintained about equal to inflow or 800 c¢.f.s. On 15 July 1960, the
water surface elevation in Earthquake Lake was about 6,399, with a
discharge from Hebgen Lake of 560 c.f.s. The spillway channel showed
evidence of degradation of from two Lo six feet, with the greatest
amount in the vicinity of station 14400. Through the upstream part
of the fan, the channel had been lowered as much as 10 to 12 feet,
Aggradation of one to three feet was apparent in the lower part of the
fant

100, Aerlal reconnaissance of the slide and Easrthguake lake in mid-
December revealed no evidence of significant change in the lake or
discharge channel over the slide. No ice trouble or flooding was reported
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along Madison River although there had been sowme apprehension that high
flows and extremely cold weather might result in flooding near Ennis,.
Bank erosion, probably aggraveied by the high discharge, caused some
damage to the levee on the right bank of the Madison River near Three
Forks. The levee was repaired and the bank protected with riprap.

Near Townsend the Missourl River was above bankfull from 1k to 16
November and agein from 22 to 27 November. Fleood demage was estimated
to be $65,000.

101l. Comments. In retrospect, several items seem worthy of note.
Some of them undoubtedly contributed to the success of the operation,
some may have increased the time required for its completion.

102. So much equipment idle and availeble in the area would not be
expected normally, DBecause of B strike at the mines in Butte, the
largest contractor, F & S Construction Company, had an unusuwal nurber
of men and machines idle.

103. The safety record was remarkable, with so much manpower and
equipment operating in such a confined area. No perscnasl injury lost-
time accidents were experienced, although a few accidents to the equip-
ment occurred, the most damaging of which occurred when an end-dump
truck was backed over the edge of a spoil £ill into the spillway chennel.

104, Had adequate information been available on the materials to be
encountered, shovels and draglines with sufficient trucks could have been
procured earlier, which might have reduced the over-all time required.

105. The amount of down time for equipment was smazingly small,
considering the terrific punishment the equipment received, working in
water and with very abrasive rock materisl.

106. Equipment contracts required operators and service but did not
require supervisors. While most contractors did furnish supervisors who
cooperated and tock instructions from Corps representatives, a faster
response to emergency situstions probably would have resulted had
each contractor been required to furnish a full-time supervisor.

107. Maintenance of access roeds proved to be a major item,
particularly near the end of the emergency. Access was provided from
the downstream direction only. Due to aggradation below the slide,
the river was continually changing its course and washing out the
access road. Possibly a road should have been constructed along the
mountainside from Hebgen Dem to the upstream end of the slide, thus
avoiding the problem of access and reducing travel time appreciably.
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