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' Photo 15. 29 September 1959 . Starting to lower the spillway channel near the outlet of Earthquake Lake. 
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Photo 16. 5 October 1959· General view of spillway lowering operation. Draglines are working in channel and 
shovels are maintaini~ a work berm. 
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Photo 17. 5 October 1959. Rapid erosion of right bank between Stations 11+00 and 15+00. 
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Photo 18. 
slide. 
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First in a sertes of three photog~aphs of the fan below the 
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Photo 19. 9 October 1959. View showing ~pid development of fan and d.a.ma.ge to access road. 
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Photo 20. ll October 1959. Vie~r showing rapid develo:r;ment of fan. 
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Hloto 21. ll October 1959. Large dragline lowering spillway channel near the outlet of Earthquake Lake. 
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Photo 23. l.7 October 1959. Aerial. view of slide l.ooking downstream. 
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Photo 22. 14 October 1959. Draglines lowering spillway channel near Station 31+00. 
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of slide looking downstream showing spillway channel and buildup of fan 
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Photo 25. 29 October 1959. Completed spillway entrance looking upstream from about Station 30t00. 
water line on trees about 50 feet above Earthaua.ke Lake. 

• 
( 

Note high 



( 
.. 

t ( ( 

Photo 26 . 29 October 1959. : Canpleted spillway looking downstream fran about station 30+00. 
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Photo 27· 28 October ~959. View of fan at ~ower end of s~ide at end of construction period (for earlier view, 
see Photo 2) • 
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64. The concluding camments in the f'i.nal report of' the Board of 
Consultants stated that the mission of the Corps Of Engilleers had 
been accomplished and included the following points listed here 
in brief form: 

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

b, It is recognized that lateral erosion and shifting of 
the channel will occur and may induce slides of inconsequential 
magnitude. 

c. In gene;r:al1 vertical erosion at the crest and in the 
upper approaches of the channel is expected to be slow due to the 
resistant character of' the channel bottom. 

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

e, The high cliffs north of the slide appear stable and 
no danger of slides from this source is seen .• 

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

The complete final report of the Board of Co,nsultants is included 
as Appendix XII. 

65. Working hours. For the first few days, work on the slide 
spillway was carried on olll.y during the daylight hours. Equipment 
operators at first were reluctant to work at. night, even with flood 
lights. Due to the emergency, however, roun,d-the-clock operation 
was essential and on 1. September contractors began working two 
shifts of' lO hours each. By that time, four light plants were in 
use. Three days later another plant was put. in operation and night 
lighting was considered adequate. On 6 Sept;ember the shifts were 
increased to ll hours each, which was the maximum practicable, 
the remaining time being required for servicing and lunch periods. 

66. Materiels and stability investigati.ons. Time woul.d not 
parmi t more than the preliminary investigati.ons described earlier 
in this report, before actual spillway const;ruction was started. 
As soon as possible, however, a drilling prc'grem was started, to 
install piezometers and to obtain informatic•n on materials in and 
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under the slide, Drilling was started on 3 September, using a 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. In all, six piezaneters were 
installed along the right side of the spillway, though not all were 
observed concurrently. The locations and observation records of the 
piezometers 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 
ll and 17. 

67. ~st holes. After the spillway 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 apparently 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 materials exposed. From this information, a generalized 
geologic drawing was made showing the rock formations encountered 
in the spillway excavation. The generalized geologic drawing is 
shown on plate 16; additional photographs of the chute walls are 
included in Appendix x. 

69. Movement surveys• A system of check points was established 
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 transverse 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 
7 September to 23 October was approximately one-hall' foot, which 
was considered not excessive. 

70. Summary of explorations. Information obtained from sub­
surface explorations indicated that the slide contained more fine 
material than was apparent on the surface. Most of the rock near 
the spillway was schist and gneiss, which could be penetrated by a 
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churn drill using a drive barrel for sampling. Much of the rock bad 
weathered alcmg joint planes to the point 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 to erosion by water. The lower 
portion .contained much fine material susceptible to erosion, but also 
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. 

71. Possible additional slides. safety of the people working on 
the slide being of paramount importance, extensive studies were mads 
of conditions along the crest of the slide scar and on the slide mass 
itself, to estimate the probability of additional slides that would 
endanger personnel or block the spillway channel. Visible cracks 
behind the crest of the slide ridge showed that two areas held a 
potential for movement, Sets of strain gages, consisting of pipes 
driven into the surface and tied 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 observations during the period frOI!I 29 and 30 August, 
when they were installed, to 19 September indicated that no significant 
movement had occurre~. 

72. 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 than toward the valley, 
which meant that the pinnacle was stable. 

73• Details of the investigations, together with tabulations of 
results of observations and gage readings, are contained in Appendix IX. 

74. Communications. Immediately after the project office was 
established, a radio communications network ·was put in operation. 
A mobile emergency unit, which had been procured by the Garrison 
District for use in flood emergencies, was installed in the project 
office as a control station. This unit consisted of a 1.00-watt AM 
transmitter and receiver operating on 5,400 KC, used for communica­
tion with the District Of'f'ice at Riverdale, .North Dakota, and a 50-
watt FM transmitter-receiver operating on 38.9 me. for local com­
munication. A similar 50-watt FM unit was i11stalled at Hebgen Dam. 
A 12-watt transmitter-receiver unit was illstalled in the office 
trailer on the slide and a similar unit 1n a trailer par~d below 
the slide, Several cars and pickups were eqLtipped with radio and 
several portable sets were in use. All this mobile equipment operated 
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on a frequency of 38.9 me. rater, an alltamatic relay station was 
installed on Missouri Flats about five miles west of the slide, 
~rating on frequencies of 38.9 me. and 163.425 me. To c~lete 
the relay, another 5o-watt transmitter-receiver unit was installed 
in the project office, this one us:!.ng the 163.425 me. frequency. 
ihus, radio cO!Illllunication was possible between all 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 a vehicle with 
both 38.9 me. and 163.425 me. transmitter-receivers, for use in 
case the automatic relay station should beccxne inoperative. It 
necessary, this vehicle could be moved down the valley and operated 
as a control station. 

75• Emergen~~ warning system. Soon after the establishment of 
the project of'f.c."'~ in West Yellowstone, an emergency warning system 
was evolved 1:,:;; warn the residents of the Madison River valley below 
the slide, a~; well as the workers on the slide, in the event failure 
ot the slide should seem imminent. The warning system was based 
upon the radio cO!!I!l11mications network. 

76. At least one qualified engineer was stationed on the slide 
at all t:!.!lles. His primary responsibility was the evaluat:l,on of 
the stability of the slide. Gages in the lake at the spillway en­
trance and at the toe of the slide were read each halt-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 and to the trailer on the slide, 
so that the engineer on duty could have at all times a current 
evaluation of conditions that might affect slide stability. When 
the gaging station below the slide became inoperative because of 
aggradation, a gage was installed at the Clift lake bridge about 
three miles downstream and a gage and cableway at the Kirby bridge 
about nine miles below the slide. Readings were tru(en at these 
points after 4 October and reported as before. Continual discharge 
measurements were made at the Kirby Bridge station, with a maximum 
of nine measurements per day, 

77. An emergency w·arning stage was marked with reflectorized 
tape on the staff gage just below the toe of the slide, so that it 
could be read easily at all times. Two radio-equipped cars, supplied 
with electric megaphones, one with amplifiers, vere stationed 
below the slide. Also, a telephone was installed at'that station. 

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

79• An emergency warning was to be put in operation on the 
order of the engineer on duty at the slide, if and when in his judge­
ment failure of the slide was imminent and evacuation of the slide and 
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downstream areas was desirable. A smoke flare gun was kept at the slide 
to signal workers to evacuate the slide area.. The :personnel stationed 
below the slide would inform the Civil Defense unit on Missouri Flats 
by radio, That station would notify the SheJ~iff' s office in Virginia 
City, who, in turn, would notify the city police in Ennis. 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 responsibility for warning residents in 
the valley. Corps employees with the radiO-Elquip:ped cars below the 
slide would assist the Sheriff's forces in tllat 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 discharge fran Hebgen Lake was recetved from Montana Power 
Company. The gage readings that were made and reported initially as 
part of the emergency warning system were continued and expanded 
when the spillway lowering was started, Initially, stages at the 
toe of the slide were included in the reportE;, Aggradation forced 
the abandonment of that gage and another was installed one~half mile 
farther downstream. Cableways were installecl at both points for 
making discharge measurements, When continue:d aggradation rendered 
the second gaging station inoperative, a gage: was installed on the 
Cliff Lake bridge and a gage and cableway we!~ installed near the 
Kirby Ranch bridge. After 4 October all meae:urements of outflow fran 
Earthquake Lake were made at the latter staUon. Prior to 26 September, 
measurements were made as necessary to mainte:in a good rating curve; 
beginning on that date, when the work of lowe•ring the spillway was 
getting underway, the frequency of discharge measurements was increased 
to from six to eight :per day. 

81. Hyd.raulic studies. Numerous hydraulic 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 rea.zy reference, charts were pr·epared showing the 
computed velocities and depths along the channel, as well as the re­
quired sizes and wetghts of rock, taken fran chart WES 7J2~1, 
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 not possible; however, the measurements 
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 job in analyzing conditions and 
achiev·ing the highest possible rate of progress, at the same t.ime keeping 
the rate of erosion under control. One of the charts, used to estimate 
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the desirable depth of cut across 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 Gallatin National Forest. The Forest Supervisor 
issued a $:pecial Use Permit for the activities of' the Corps of 
Engineers in the earthquake area. 

84. Right-o:f-ent:cy on lands included in or occupied by the 
Hebgen Dam and Reservoir project was granted by Montana Bower Company, 
to make surveys and test borings and carry out other exploratory 
work that might be necessary to c~lete investigations in connection 
with the earthquake project. 

85, Office space in West Yellowstone and Ennis was occupied 
under right-of-entry occupancy 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 
channel a permit or right-of-entry was granted by the owners of 
private land adjoining the Gallatin National Forest, for construction 
of an access road to hauJ. rock across their property. Since it was 
decided that the spillway should be lowered, the additional rock was 
not needed and the right-of-entry on private lands was not exercised. 

87. Log boom, The filling of Earthquake Lake created quite a 
debris problem. In addition to the natural debris in the canyon and 
that created by the earthquake, a number of cabins were floated from 
their foundations and were adrift in the lake. While removal 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 boom was constructed of logs salvaged 
from the timber covering much of the slide, made fast to a 3/4-inch 
>lire rope by means of eye-bolts and cable clamps near the ends of 
the logs. The boom, about 800 feet long, was anchored by wire rope 
bridles to deadmen constructed of several logs buried in the schistose 
slide material. The log boom was removed when the spillway lowering 
phase was started, since most debris was deposited above lake eleva­
tion as 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. 
Hutchins in charge of construction, At the peak of activity, the 
project office staff included a maximum cJf 72 persons, composed of 
54 career employees and 18 temporary employe,es hired. locally for the 
emergency. Const.ruction forces consisted of ni.ne men on each of the 
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two ll-1/2-hour shifts and a survey party of three men on the day shift. 
Eogineering forces consisted 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 admini:ltrative, supply, cOliDDunica­
tions1 transportatio~ and technical liaison llctivities. A total of 
81 Corps of Eogineers career employees saw du1~y on the project, including 
49 from Garrison District, six from CAnaha Dis1;rict, nine from Kansas City 
District, 14 from Missouri River Division, and three from the Office, 
Chief of Engineers. 

89. Reports and public information. Two daily telegraphic reports 
>rere dispatched from the project office throughout the period of' the 
emergency. A brief report on the current sta1;us of the emergency was 
dispatched each morning addressed to the Chief of Engineers, Division 
Eogineer,, Headquarters Sixth Arm;y, Northern Sclctor Sixth Arm;y, Regional 
Director OCDM, and Disaster Sclrvice, Rsd CrosJ>. A more detailed opera­
tions report was dispatched each afternoon to the Chief' of' Engineers 
and the Division Engineer. Additional. specia:L reports were made to 
higher authority as requested, covering speciJ~ic phases of the work. 
Special progress reports were furnished as nec~essary to the members of 
the Board of Consultants, the Forest Sclrvice, and the State 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 liaison was maintained with news services, including 
newspaper and magazine publishers and radio BJld television stations. 
Periodic press releases were made as necessar:r to keep the public in­
formed of progress in removing the flood thre11t. Facilities were made 
available to writers for both technical and nc~ws magazines, to assist 
them in obtaining the information they needed" including photographs 
for proposed articles on the project. Corps :representatives granted 
numerous interviews for use on radio and television programs. Governor 
J. HUgo Aronson and other state officials par-ticipated in a ceremony 
on 10 Sclptember, when water from Earthquake Lake first passed over the 
slide spillway; the event was covered by radic) and television teams, 
as wll as news services and regional newspapt~rs. 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. 

91. A photographic record was made of alL phases of the work, both 
on the ground and from the air. This record :Lncluded 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. Coo;peration of other agencies. Since~ the slide occurred on 
land included within the Gallatin National. Fo:rest, the United States 
Forest Sclrvice had a deep interest in the emergency work. The rescue 
work immediately following the earthquake was carried out by the 
Forest Sclrvice, and the rehabilitation of the area for purposes of 
public recreation aJ.so would be the responsib:ility of that agency. The 
facilities of the ~rvice were made available to the Corps from the 
beginning, including the prints of' aerial pho·tographs of' the area taken 
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on 22 August 1959, as well as earlier photographs to be ~sed for p~oses 
of comparison. Contour maps showing elevations before and after the 
slide also were furnished by the Forest Service, Constant liaison and 
frequent disc~ssions 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 issued to the Corps for necessary activities 
on lands ~er the administration of the Forest Service, 

93· The u. s. Geological Survey assisted in the emergency work by 
furnishing advice, personnel, and eq~ipment for stream gaging. The 
Survey established gages on the major streams trib~tary to Hebgen Lake 
and Earthquake Lake and on the Madison River below the slide and made 
frequent measurements of streamflow at those points sufficient to 
establish and, maintai~ rating curves. The cableways for making meas~­
ments were planned and installed by the Geological Survey and meas~­
ments were made by that agency's personnel until the frequency 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 contin~ed the work of stream gaging until 
they co~d be replaced by Corps employees. 

94. The initial emergency warning system involved cooperat,ion 
with the Montana Highway Department, the Sheriff of Madison County, 
the Forest Service, the local Civil Defense organization, and the 
Montana Power Company. Liaison was maintained with the Highway Depart­
ment regarding the use of roads and bridges. The Sheriff's forces 
maintained a roadbloc~ a few miles below 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 Compan,y was intensely interested. in the 
emergency work, because of the need to draw down the storage in Hebgen 
Lake so that any needed repairs to the dam co~ld be made. Company 
forces were kept ready at all times to j,ncrease or decrease the outflow 
from Hebgen Lake as requested by the Corps. As soon as work on the 
slide was completed, Montana Power Company was informed that the Corps 
would make no further requests for .regulation of outflow. 

96. Quantities. The total volume cl' material in the slide was 
estimated by use of several cross sections, using elevations shown on 
the topographic maps of the area before and after the slide. The maps 
and cross sections are shewn on plates 2 through 6, The vol~ of the 
slide mass after it came to rest was estimated to be abo~t 43,000,000 
cubic yards; the volume of the space on the mo~tainside previo~sly 
occupied by the slide material was estimated to be abo~t 39,000,000 
cubic yards. Since some bulking would be expected, the val~es were 
considered ro~hly equivalent, 

97• It was not practical to do the work or keep the records 
necessary for accurate estimates of the q~antities of materials moved 
on the slide. However, approximations were made of some of the q~anti­
ties moved in the several phases 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 Sep1;ember) 160,000 cu. yd. 

c. Random fui in spillway (dozed j.n 

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. yd. 

g. Removed hydraulically 1,750,000 cu. yd. 

h. Access and haul roads 20 mi. 

9(3. Costs. Total costs of the earthquak:e emergency operation 
were approximately $11 715,000, of which $1,367,000 represented payments 
to contractors for equipment rental and costs of Government-furnished 
materials, and $238,000 represented salaries and expenses of Corps 
employees, consultants' fees, transportation, both air and ground, 
communications, office and miscellaneous expenses, and District office 
overhead. 

99· Conditions subsequent to close of construction activities. 
There are no records of Earthquake Lake data subsequent to close of 
operations in late October. Releases from Hebgen Reservoir were in­
creased to about 3,800 c,f',s. on 29 October and held at that rate 
until 13 November. At that time extremely low temperatures caused 
ice conditions which, combined with the high discharge, caused flooding 
of Missouri River near Townsend. Hebgen discharge was reduced to 
about 1,000 c.f.s. on 14 November, then allowed to increase graduall;r 
to 3,400 from 18 to 22 November. The discharge was again reduced on 
24 November because of a recurrence of flooding near 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 6so4 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 to six feet, with the greatest 
amount in the vicinity of station l4+<Xl. Thr<Jugh the upstream part 
of the fan, the channel had been lowered as much as 10 to 1.2 feet. 
Aggradation of one to three feet was apparent in the lower part of the 
fan. 

100. Aerial reconnaissance of the slide ru1d Earthquake Lake in mid­
December revealed no evidence of significant change in the lake or 
discharge channel over the slide. No ice trotlble or flooding was reported 
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along Madison River although there had been some apprehension that high 
flows and extremely cold weather might result in flooding near Ennis, 
Bank erosion, probably aggravated 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 Missouri River was above bankfull from 14 to 16 
November and again from 22 to 27 November. Flood damage was estimated 
to be $65,000. 

101. 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 available in the area would not be 
expected normally. Because of a strike at the mines in Butte, the 
largest contractor, F & S Construction Company, had an unusual number 
of men and machines idle, 

103, The safety record was remarkable, with so much manpower and 
equipment operating in such a confined area. No personal 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 fill into the spillway channel. 

lo4. Had adequate information been available on the materials to be 
encountered, shovels and draglines with suf'ficient trucks could have been 
procured earlier, wh:l.ch might have reduced the over-all time required, 

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

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

107. Maintenance of access roads proved to be a major item, 
particularly near the end of the emergency. Access was provided from 
the downstream direction only, D.le 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 Bebgen Dam to the upstream end of the slide, thus 
avoiding the problem of access and reducing travel time appreciably. 
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NOTE: 
THE PROCEDURE OF HOW TO FIND THE 
NEW DISCHARGE IS SHOWN ON THE 
CHART. THE APPROXIMATE WIDTH OF 
CHANNEL, THE PREVIOUS DISCHARGE 
AND THE DEPTH OF CUT ARE ASSUMED 
AS KNOWN VALUES. LOSSES ARE 
NEGLECTED. 
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