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lo The Earthquake.. On 17 August 1959.9 at about llg38 .P•ll• 1 one ot 
the most seve~e earthquakes in the history of the United states atru.ek 
the Rocky Mountain region in the vicinity of Yellowstone BatiODal. Park. 
~e shock was recorded at the University of California Seismological 
Station at Berkeley, Cali:f'ornia.9 with a magnitude of 7 o5 to 7. 75 on the 
R;tchter sca.leo Several af'~r-shocks, ranging in magnitude frca 5·5 te 
6. 75 on the Richter scale, were recorded at Berkeley in the next 24 
hours~ Many more shocks and tremors of lesser and decreasing magnitude 
were felt in the area. for weeks af'terwardo The epicenter was estimated 
to be in the southwestern part of Yellowstone National Park. Damage 
was particularly heavy in the upper Madison River valley in Montana. 
Nine lives are Qown to have been lost and nineteen other persons known 
or thought to have been in the area have not been accounted tor, and 
are presumed to have :perished under the slide at the mouth of the 
Madison Canyon(! 

2o Tb.:ts report covers the activities of the Corps of Engineers, 
under ·the authority of Public Law 99, 84th Congress, lst Session, in 
appraising the si tuatio:n and in removing the hazard to l.ife and the 
threat of flood d.amage caused by the earthquake o 

3 o Madison R1 ver Valleyo 'l!b.e Madison River heads in Yellowstone 
National Park and flows northwest~ then northward to the vicinity of 
Three Forks, Montana» where it joinS the Gallatin River on the east 
and the Jefferson River on the west to form the Missouri Rivero See 
the general map Plate lo Hebgen Dam~ a water storage project of the 
Mont&Da Power Company:; is located at the entrance to Madison Canyon 
in the Madison Mountain RSDge o From the dam, the river flows west 
about eight miles to the mouth of the canyon, where it begins. curving 
northward i.nto a broadJI open valleyo Hebgen Lake formed by Rebgen Dam 
in a wide valley above the canyon~ has a capacity of 345,000 acre-teet. 
'!he area from the west boundary of Yellowston.e National Park to and in
cluding the mouth of Madison Canyon is within the boundaries of the 
GaLlatin National Forest~ 

4o Hebgen Lake and the Madison River valley have been very 
popular with vacationers e The Madison~ River has been known for mrmy 
years as one of the best trout-fishing streams in the nation., Montana 
Highway 287 extends :f'rt)Dl its junction with U o So 191 about eight miles 
north of West Yellowstone, Montana, along the north shore of Hebgen 
Lake$ through :Madison Canyon and generally down~ the Madison River to 
$ junction with Uo So 10 So about ten miles west of' IJ!lree Forks9 Montanao 
During the summerJ the highway normally is heavy with tourist traffic 
and many resorts» cabin camps, and campgrounds are operated for the 
traveling publico Ma.ey vacationers pitch their tents or park their 
trailers at convenient spots along the river:; particularly in the 
reach through Madison Canyono 
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5. The Madison River valley below the canyon is devoted largely to 
stock-raising. Several large ranches and a number of motels and lodges 
have extensive developments in the flood plain. The town of Ennis, with 
a population of about 600, and the village of Jeffers, with a population 
of about 4o, are situated on the flood plain about 40 miles downstream 
from Madison Canyon. Between Madison Canyon and nu-ee Forks there are 
ll highway or road bridges, two railroad bridges, and many miles of high
ways, secondary roads, and railroads. 

6. Hebgen Dam and Lake. The earthquake caused major faulting 
along the right bank of Hebgen Lake and along the mountain slope north 
of the lake. The right side of the lake dropped several feet and the 
left shore was . left exposed. It is still uncertain whether the left 
side of the lake bed was uplifted, or whether the recession of the lake 
from the shore was a result of the subsidence of the right side. Several 
sl.ides along t .. he right side of the lake severely damaged the highway. 
Surveys made by the Coast and Geodetic Survey show that some areas along 
the right side of Bebgen Lake dropped as much as 19 feet. 

7. The disturbance in Hebgen Lake sent a series of water waves, 
reported to be at least three feet high, over the dam, causing erosion 
of the downstream slope and toe and putting out of operation a small 
generator u.sed for station service. The dam is an earth and rock fill, 
with a concrete core wall founded on bedrock, except the north end, where 
the spillway has a cutoff wall extending about 15 feet below the bottom 
of the structure. 

8. At the right abutment of the dam the crest of the embankment 
on the downstream side dropped about four feet with respect to the core 
wall, believed ·to be due largely to compaction of the terrace founda
tion. The upstream crest of the embankment dropped as much as six feet 
below the top of the core wall. The core wall itself was cracked in 
several places, mostly near the spillway, the largest crack being about 
five inches wide; at two breaks lateral displacement of one to three 
inches occurrede The spillway and chute were seriously damagedJJ to the 
extent that replacement is planned by the owner. 

9· Immediately after the quake, considerable seepage was reported 
issuing from the natural terrace slope just downstream from the dam. 
Since the seepage decreased to a small amount after the spill.way dis
charge was stopped by placing of the stop logs, it was concluded that 
most of the seepage came from the spillway channel and not through the 
dam. 

10. Madison River Slide. A massive slide, see frontispiece, 
covered Highway 287 and completely blocked the Madison River just up
stream from the mouth of Madison Canyon. The slide originated on the 
south or left canyon wall and moved across and up the valley, forming 
a natural dam from 200 feet to 400 feet in height and about three-fourths 
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of a mile in width at the 'baseo '!be leading edge of the slide mass 
came to rest high up on the north. canyon wall.o The lowest portion 
a£ the mass formed a sadd.le approximately over the old river cbATJnel. 

ll. The slide destroyed an undeveloped c~ampground located on the 
right side of the valleyo Separate families or groups of campers aJ.so 
were caught in or alo;pg the edges of the slid.e. Latest report• pl&ee 

. the number of known li~s iost in tlie Hebgen Lake .- . Madison caD:yon area 
at seven, with an additional -19_ missing persc'ns possibly buried under 
the slide. 

12. ~e pre~nce at the slide in M&diSQDL Canyon and the \Ulknown 
but apparently weake:aed c5)nditio:n of Bebgen Ilam posed a serious threat 
of disastrous fl~odi.ng in the Madison River Yalley. If' Bebgen DUl 
shoul.d fail, the release of stored water without doubt would cause a 
devastating flood down the entire valley and probably along the Missouri 
River as well. Even if Hebgen did not taU, the rising waters in the 
.new l.ake formed by the slide, if permitted tc:• overtop the slide, could 
cut a cb.annel so rapidly that serious floodi.Ilg would result all the way 
down the Madison River valleyo Rough estimates indicated that failure 

·at Bebgen BalD eou.ld ~ause flood damage as hi.@;h as $15,000,000. Failure 
of :the sl1Q.e alone wouJ.d cause damage possibl.y half as greato In el ther 
event, loss of life probably would be higho 

1.3e Prelim~ Inf'ormationo First 1Df'c»:rmation on the disaster 
was received in Qarrison District Office on the morning of 18 Ausust 
by telephone from Ml:'. HUgh Potter:~ Montana C:tvil Defense Directoro Two 
observers were dispatched in a .small plane t;o the disaster area. . ODly 
fragmentary information could be obtained theLt day, because of the absence 
of' communications :f'acili ties and the destruction of roads, and because all 
efforts were devoted ·to rescue worko More than 200 persons, with their 
autos, trailersJ) and camping equipment» were trapped in the Madison River 
Canyon between Hebgen Dam and the slide. The~ Corps of Engineers observers 
were able only to view the damage from the a:i.r and to make a rough estimate 
of the magnitude of the slide o By the end of' that day 1 rescue teams oru=
ganized by the Forest Service had bulldozed e!lllergency trails al.ong the 
mountain side around the breaks in the highweLy along Bebgen Lake and bad 
evacuated 167 persons from the canyon!) 

14o On Thursday, 20 August~ Major General Keith Ro Barney, Missouri 
River Division Engineer, and members of his staff flew to the disaster 
area from CDaha e Following an inspection of the earthqu.a.ke damage 9 

General Barney met on 21 .Au8ust with Ru.gh Po'titer, Montana Civil. Defense 
Director, and representatives of other interE!Sted agencies to discuss 
possible emergency measures. Be advised the group that the Corps of 
Engineers would be willing and able to investigate the slide to estimate 
1 ts stability and to take what~ver steps might be indicated. Later :. 
that day, General Barney engaged Woodward, CJ.yde, Sherard, and Associates, 
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Consulting Civil Engineers, to make an appraisal of the problem and to 
advise on the stability of both Hebgen Dam and the slide in Madison 
River Canyon and on the possibility of removing a significant portion 
of the slide to provide a spillway that would not fail rapidly. 

15. Request for Corps Assistance. ~e following day, Montana's 
Governor J. Hugo Aronson requested the Secretary of Defense to direct 
the Corps of. Engineers to investigate and remove the serious threat to 
life and property, which presented a problem beyond the capabilities, 
both technically and financially, of the state and local government 
agencies. Also on that day, a joint Congressional delegation, including 
Utah's Senator Frank E. Moss, Montana's Representatives Lee Metcalf and 
LeRoy M. Anderson, Idaho's Representative Gracie M. Pfost, California's 
Representatives John F. Baldwin, Jr. and Harold T. Johnson, and New 
Mexico's Representative Thomas G. Morris, visited the area and inspected 
the earthquake damage. 

16. In response to Governor Aronson's request, on 22 August, 
the Chief of Engineers, acting under the authority of Public Law 99~ 
84th Congress, lst Session, directed the Division Engineer, Major 
General Barney, to investigate the flood problem and to take the steps 
necessary to remove the threat to life and property downstream from 
the slide in Madison River Canyon. By letter, dated 22 August, the 
Division Engineer directed Lt. Col. Walter w. Hogrefe, Garrison District 
EngineerJ to proceed with the investigation and the necessary emergency 
measl.U'es. 
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Photo A out 2l August 1959 · A Fores t SerlCice photo, l ooking downstream at 
slide and at the streambed below slide. (For lat er view 1 se Photo Z7) . 



17. Preliminary. Investigations. The collSulting engineer firm ot 
Woodward, .. Clyde, She~d and Associates, represented by Dr. James L. 
Sherard and sta.Dl.ey F. Gizienski, made a preliminary investigation and 
reported verbally, vi th conclusions and reccamendations, on the late 
afternoon of 22 August. '!hey were of the opinion that Bebsen Dam was 
not safe at the current reservoir level and they recommended that the 
reservoir level be lowered to avoid the possibility of. failure. 

18. '.rhe consultants reported that, becau.se of the favorable dis
tribution. of materials in the slide mass, 'tm! presence of a natural 
spillway channel in the lowest portion of the mass, and the extremely 
wide section parallel to the river, they bel:Leved the slide would act 
as a stable natural dam. They recarmaended that bulldozers be utilized 
to excavate a wide=crested spillway on the c:t"est of the upstream por
tion of the slid.e 51 loweriDg the elevation as much as possible within 
the time available. 

19. '!be consultants rec011111ended the iml:lediate initiation .of a 
topographic survey of the slide mass and als4::> a program of tes·t borings, 
beg1 nn1 ng w1 th several borings in the river loottaD at the downstream toe 1 
to determine whether there was a possibility of piping beneath the slide 
mass. They recommended that observation weLLs be installed and test bor .. 
ings be . made to measure subsurface water lev4:U.s and to determine whether 
fine-grained materi~s existed beneath the dllwnstream zone of the dam. 

20. Initial Activities. A project offi1c:e was established in West 
Yellowstone~ Montana, on 22 August 1959, witJtl Lt. Col. Walter w. Hogrefe, 
Garrison District Engineer, in chargee On 2:3 August a survey party 
started preliminary surveys for location of ~~ access road to the top of 
the slide and tentat,i ve eJ.inement of a spill,way across the slide. On 
the following day, two bulldozers started wo:rk constructing a rough 
access road from the highway at the downstre:am toe of the slide. This 
preliminary work was dangerous and extremel,y difficult, because of the 
mass of large rock on the downstream portion and the jungle of trees 
covering a large portion of the top of the slide. 

21. While the slide mass was considered stable against sliding or 
rapid breachingj it was recognized that addi·tional slides might occur, 
considering the continuing tremors and the c~ond.i tion of scae of the 
slide material. on the steep-sided ridge forming the south side of the 
canyon. 

22. At the time of the earthquake, Hebg~en Lake was filled to eleva
tion 6542.86, with approximately 330,000 ac~e-feet of water in storage. 
After the quake, the gage indicated a reservoir elevation of 6542.00. It 
is likely that part of the difference was due to disturbance of the gage 
and part was due to adjustment of reservoir capacity, as well as the loss 
of water when the dam was overtopped by waves .. 
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23. Because of the damage to the dam and spillway, the full extent 
of which was not known, there was a constant threat that the dam would 
fail, releasing a flood that would overtop and probably destroy the 
slide damo Thus, aside from the obvious hazard to life and property in 
the Madison River valley below the canyon, the early work on the slide 
was performed under a very real threat of danger. After a few days, a 
more careful inspection of Hebgen De.m could be made and it became 
apparent that the dam itself still was stable and was not likely to fail. 
Because of the damage to the spillway, however, Montana Power Company 
felt it was necessary to draw the reservoir down, at least below the 
elevation of the spillway as soon as possible. In addition, the company 
felt that the reservoir should be emptied entirely to permit detailed 
inspection of the dam;, furthermore, it would be highly desirable to 
complete the drawdown before winter, because of' the unique problem, long 
known on the Madison River, of flooding caused by the formation of f'razil 
and anchor ice during high discharges in cold weather. 

24. Technical Studies. A number of technical studies were made to 
check the. preliminary findings and recommendations of Dr. Sherard and 
Mr. Gizienski and to obtain more detailed information than was possible 
in the limited time allowed for the preliminary investigation. Partici
pating in these technical studies were two engineers and one geologist 
from the Omaha Engineer District and one consulting geologist and soils 
engineer, Mr. P. T. Bennett, formerly of the Missouri River Division 
office, as well as engineers of the Missouri River Division and the 
Garrison District. The results of the technical studies are summarized 
in the following par$graphs 25 through 30; complete reports on the 
studies are contained in the appendixesp which are published in another 
volume. 

25. The earthquake resulted in the formation of' the Hebgen fault, 
which runs roughly parallel to the northeast side of Hebgen Lake and 
extends upstream toward the reputed epicenter in Yellowstone National 
Park. T.he fault scarP is about 15 to 20 feet high at a point about 850 
feet from the dam and about 250 feet higher up the mountainside. T.he 
spillway of Hebgen Dam is founded upon a terrace deposit7 which is. the 
weakest part of the dam foundation. The quake moved the terrace and the 
spillway structure horizontally against the concrete core wall of the 
dam, which is founded on bedrock., 

26& Before the earthquake, the south wall of Madison Canyon was 
very steep, apparently supported by a buttress of outcropping quartz
ite and dolomite, which in turn was underlain by schist and gneiss. 
The supporting buttress was buckled by the earthquake and slid out on 
the weathered, decomposed schist formation. A secondary slide moved 
off the upstream end of the initial slide area, creating a terrace of 
disintegrated schist on the upstream face of the natural dam. Consider
ing the predominance of quartzite and dolomite, particularly in the 
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downstream portion of the slide mass, the high degree of compaction, 
and the constriction of the downstream toe oj~ the slide by the canyon 
walls, it was concluded that the natural dam wouJ.d be stable and would 
not experience any serious movementso 

27. The slide mass was U-sh.aped in cros~3 section, curving smoothly 
from the left bank talus remaining after the slide to a thick mass of 
rock which surged up the face of the right mill of the canyon. T.he 
depth of material at i:;he hlghest point of thE~ saddle was about 220 feet 
above the original streambed. In profile, the material in the saddJ.e, 
as exposed on the surface, was graded from m~lssive quartzite blocks at 
the downstream toe,, through schist and gneiss in the central portion, 
to weathered gneiss and schist, with the voi<ls almost completely filled 
with fine-grainer,,l nonplastic soil, at the up=3tream toe. Early surface 
inspections indiff:~ated that the mass had roughly the characteristics of 
a composite reiirth and rock-fUl d.amJ? with th~~ relatively impervious 
material upstream. Later explorations revealed considerable fines also 
in the central portion of the natural dam. ~l'he downstream toe was very 
flat, with a slope estimated at about 1 on ~:. The upstream slope was 
estimated to be about 1 on 7,. The base width was from five to eight 
times as great as would have been used in bu:Llding a non-overflow rock
f11l dam of the same height. 

28. Considering the apparent gradation elf the materials in the 
mass, it seemed that seepage water might flow over the upstream imper
vious mass as over a control weir, then drop sharply and saturate only 
the lower levels of the downstream portion. Thus, it seemed possible 
that low to normal flows might pass through ·the slide mass without 
overtoppillg i.t. Redistribution of fines would be expected, resulting 
in uneven settlement of the upstream area, but the stability of the 
downstream portion proba'bly would not be aff4~cted. This concern dis
appeared when later explorations revealed th4~ more Wliform distribution 
of fines throughout the slide mass. 

29. hl inspection was made of the "lowe:r slide" on the Gros Ventre 
River near Jackson, Wyoming, for the purpose of comparing the materials 
with those in the Madison Canyon slide. The Gros Ventre slide occurred 
in June 1925; in a short time seepage appear1ed on the face of the dam 
and soon the normal flow of the river vTas pa;ssing through at a point 
about 30 feet below the top. About two years later during high spring 
runoff' in May, the top :part of the dam sud.d.e:nly failed, causing a des
tructive flood. In size and in volume of water stored behind them, the 
Gros Ventre and Madison Canyon slides were ~~uite similar; in materials, 
however, the two slides were very dissi.milaro The entire fill of the 
Gros Ventre slide was made up of a mixture o:f' very coarse rock fragments 
almost floating in semipervious silts and sauds. At Madison Canyon, 
only the upstream portion appeared to contai.n fines approaching the 
percentage observed in the Gros Ventre slide. It was concl.uded, there
fore, that the dam in Madison Canyon shou.ld not be expected to fail. as 
did the dam in the Gros Ventre River. 
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30. It was concluded that the spillway alinement should, be kept as 
far to the right as practicable, to avoid undercutting the possibly un
stable left abutment, causing uncontrolled scour of the spillway chute. 
In areas where the surface rock was fine, the floor and left side of the 
spillway should be lined with heavy . rock borrowed from the quartzite 
ridge high on the north canyon wall. To avoid concentration of flow 
which might cause scouring, the spillway should be designed to spread 
the flow in a thin sheet of as nearly uniform depth as practicable. 

31. Maps and Surveys. The only available topographic maps of the 
earthquake area were the AMS Series V794, with contour intervals of 40 
to 80 feet, and V5o4, with contour intervals of 200 and 500 feet. 
Aerial , photographs were obtained from the U. s. Forest Service. '!he 
Forest Service also furnished a contour map of the Madison Canyon slide, 
constructed by Kelsh Plotter from the 1:8000 aerial photographs taken 
by the Forest Service on 22 August 1959, and a similar preslide contour 
map compiled ·from photographs taken in 1957. These maps proved invalu
able during the construction. They are reproduced as plates 2 and 3 
and were used to construct the cross sections on Plates 4, 5, and 6, 
and as a base for plates 7 and 8 which show initial and final construc
tion. 

32. Preliminary surveys of the slide were started on 23 August, 
when a preliminary alinement of the spillway was laid out. A level 
run was completed on 24-25 August, to tie all benchmarks between 
the mouth of the canyon and Bebgen Dam and place them on a common 
datum. 

33. Hydrology. The initial drawdown of' Hebgen Lake to an eleva
tion below the spillway was started on 23 August. With the reservoir 
about elevation 6542, the discharge was increased from about 1,000 c.:r-s. 
to about 2,200 c.f.s., followed by a further increase to about 2,850 
c.f•s• on 26 August. The discharge then was slowly reduced to approxi
mately 21 100 c.f.s. on 4 September then reduced to about lj)300 c.f.s. 
On 6 September, with the reservoir about elevation 6539, the discharge 
was reduced to between 700 and 1, 000 c~f .s. which was approximately 
equal to the inflow to the reservoir and maintained the reservoir 
approximately at that elevation~ With the exception of short periods 
when discharges were changed for repairs or for slide spillway tests, 
releases were continued at that rate until 19 October. From this date 
to 23 October, releases were from 2,700 to 3,000 c.f.s. It was then 
necessary to reduce the flow. for a few days for the final stage of 
spillway construction. On 27 October discharges were increased and 
regulated by Montana Power C~ to draw down the reservoir. 

34. A capacity curve for the pool above the slide dam was con
structed f'rom the avaUable topographic maps. Assuming that discharge 
from Hebgen Lake would be held approximately equal to the flow of 26 
August, it was possible to estimate the rate at which the storage space 
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above the slide would be filled and the deptll to which it would be 
possible to excavate the spillway. Thus, the crest of the proposed 
spUlway was set at ele~tion 64.50 and 1 t was estimated 1ni tially 
that .the pool would reach that elevation abo11t 4 September. Bebgen 
discharges were later ,reduced allowing additional time for prepara
tion ot the spillway c]+annel. A continuous check was maintained on 
the rise of the pool by means of staff gages and ill.flow measurements 
at the existing gaging station just below Bebgen Dam. A gaging 
station vas established beloW' the slide to keep a record of flow at 
that point. Seepage tbrough the slide was measured at that point 
until 10 September~ when flow over the spillway became continuous 
and seepage was no longer distinguishable. G·raphs showi:ag illtlow, 
outflow, elevation, and storage for both Hebgen Reservoir and Earth
quake Lake are shc.N.n on ·Plates 9 through 14. 

35· ~ulic Design. A preliminary es·timate, based on the 
record of' flows at Hebgen Dam and on other streams in the area, indi
cated that the spillway should have the capa,city to pass a discharge 
of 10,000 c.f.s. at safe velocities. ijydraalic computations indicated 
that the channel shoW.d be about 250 feet wi~ie, to spread the f'low 
and keep velocities as low as possible. 

36. The 1ni tial spillway was planned to have an alinement follow
ing approximately that of' the old river chan:cel. The channel was to 
be level at elevation 6450 for a distance of about 900 feet upstream 
from the crest. From the crest downstream the design channel had a 
slope of' f'ive percent f'or 6oo feet~ followed by a slope of' ten percent 
for tbe remaining distance, approximately ~, 900 feet, to the toe of' 
the slide. It was felt that this design would provide a spillway 
that would be stable with the highest discharge that could be reason
ably expectedo Inspection indicated that thte median rock size in the 
channel with the steepest slope would be f'roltn two to three f'eet and 
that the maximum rock ~ize would be from twee to five f'eet, which 
would approximate the depth of flow that would occur with the highest 
discharges. It was believed that, even with high discharges, the 
fill would readjust its configuration by a flattening at the crest and 
an extension of the downstream toe, with some reduction of crest eleva
tion. 

37. !Jquipment. A representative of the l-t>ntana Chapter of' Associ
atcd General Contractors was consul ted on 23 .August, to determine what 
construction equipment was available in the .area. The A.G.C. was pre
pared for the emergency; in cooperation with the State Civil Defense 
Director, they had adopted a disaster plan c.alled "Operation Bulldozer, .. 
initiated by the national organization, and the representative had tbe 
desired information at hand. On 24 August, two dozers arrived at the 
slide and started construction of an access road to the top of' the 
slide. The access road was completed by 25 August and equipment rental 
contracts were being negotiated. By 27 August, 23 dozers were engaged 
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in rock movement 1n the spill. way, at an estimated rate of 25, 000 to 
30,000 cubic yards per day. On the same day, two shovels arrived and 
were being assembled. By the f'ollowillg day, three shovels and eight 
end-dump trucks also were in operation. At the peak of activity, 
about mid-September, equipment working on the job included 27 dozers, 
5 shovels, 29 end-dump trucks, 3 end-loaders, 1 patrol grader, 2 
truck cranes, 5 light plants, l d.ragline, l water ·truck, 1 tractor
mounted drill, and one compressor, drill, and blasting outfit. A 
total force of 190 operators, oilers, foremen, and mechanics was re
quired to. keep the equipment in operation. Photos 3 and 4 show 
various pieces ot the construction equipment in operation. Draglines 
brought in later show in photos 13, 21 and 22. 
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Photo 6 . 3 September 1959. 
View of the slide scar. 
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showing initial spillway construction 
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Photo 7. 4 September 1959. Placing spillway armor material in channel. 
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Photo 8. 10 September 1959. Upstream aerial view of spillway channel on first day water passed over slide. 
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Photo 9. ll September 1959. Downstream aerial view of water passing over slide in spillway channel. 
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11 September 1959. Two bulldozers pushing large rock. 
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Photo 11. 16 September 1959. Tractor pulling large rock on rock sled. 



38. Contracts for equipment used on the project were negotiated on 
the basis of hourly rental rates, to include plant operators, supplies, 
and the necessary service personnel and equi:pment. Arrange•nts for 
hire of equipment, including rental rates we:re negotiated with Mr. 
J. w. Marlow, Secret&.rJ-Manager, and Mr. F. :L. Oliver, member of the 
Board of' Directors.ll Montana Chapter A.G.c. :Payment for mobilization 
and demobilization was determined on the bas:is of actual costs for 
rail shipment, $1.50 :per load mile plus actual assembly and disassembly 
costs for truck- transport, and 75 percent of' the regular hourly rate 
for travel of self-propelled equipment. The negotiated hourly plant 
rental rates were as follows: 

1. Tractor, crawler w/dozer 
and power control attachment, 
Model A-D-8, Z U series 

2. Tractor, crawler w/dozer and 
pow.er control attachments, 
B-D-8 Series 13A through 15A 

3· Tractor, crawler w/dozer and 
power control attachments 
c Model D-9 

4. Shovel, crawler, w/2-yd. bucket 

5. Shovel, crawler, w/2-l/2.,yd. bucket 

6. Shovel, crawler, w/3-yd. bucket 

7. Truck, Diesel End ])lmp 
l3.5-16_cu. yd. (22 ton) 

8. Truck, butane, end dump, 
16-18-cu. yd. (26 ton) 

9· Motor Patrol, Caterpillar Model 14 

10. Loader (shovel) Tractor, crawler type, 
2-1/2 cu. yd. . 

11. · water truck, 38, OOQ-gal. eapacity w/pUJIIP 

12. Generator, light plant 
. A. 5 kw 
B. 150 kw 

ll 

RATE PBR BOUR 

25.50 

32.00 

3~.00 

38.00 

20.00 

14.00 

l2.00 



Im! {Cont'd) 

13.. Draglines, crawler 
A. 4-cu. yd., 87-ft. boom 
B. 6-cu. yd., 120-ft~ boom 

11~. Loaders, front end, rubber-tired, 
Michigan 
A. 4-yd •. 
B. 6-yd. 

15 • Cranes, lifting, truck-mounted 
w/2 choker setter each crane, 
20-ft~ boom 
A.. 25-ton 
B. 30-ton 

J.G~ Drill 11 cat, u consisting of D-8 
11cat 0 tractor, 600 c .. f.m. com
pressor and "cat" mounted drill 

17. Drilling and blastdng outfit 
A. Compressor 
B. Pneumatic Drill 
C. Air hose, couplings & drill steel 
D. Pickup truck 
E. Powder Man (salary) 
F. Driller 
G. Insurance 
H. Mobilization & demobilization 

Total 

RATE PER HOUR 

$ 38.00 
48.00 

3~.00 
37.00 

3·50 
1.50 
3·00 
3.00 
3.70 (with overtime) 
3. 60 (with overtime) 
2.70 
1.50 

$ 22.50 

Total hours worked by the various types of equipment are shown in the 
following tabulation: 

EQUIIMENT 

Dozers 
Dump Trucks 
Shovels 
Draglines 
Motor Patrol 
Water Truck 
End Loaders 
Cranes, Truck-MOunted 
Drillcat. 
Blasting Unit 
Light Plants 

Total 

.J2 

HOURS 

21,737 
21,195 

4,729 
1,355 
1,193 

663 
1,352 

239 
45 

371 
2,780 

55,659 



39.. Con~::truction.. 'lbf:! conetruction work on the nlide can be 
divided into three phaGes.. The initial phase covere(l the period from 
22 .1\ugust, Hhcn the Hest Yelloustone pro.Ject offlcc 1-Hlr. established, 
to 10 Geptembcr, vrhon :rlcn-r over the spill~tl11Y f:i.rnt ctool\: place. 'the 
second phase extended from 10 to 25 September and constituted a period 
of hold. inc; nnd maintenance, lrhcn. all efforts uere directed to prevent
inc c;u.llyine; o.nd uncontrolled croaion in the s:pilJ:~ray charmel. The 
third nnd finnl phase bcgc.n on 25 September, vhen the uork of lowering 
the spillHay crest lras started, e.nd lar:ted until 30 October, when 
activities cF.1mc to an end. 

4o. Initial .sl)ill\r.a~. In the first phase of spillway construction, 
the channel was excavated to e. crest elevation or 6h50, with a bottan 
lTidth of 250 feet", ~~1d the left side and part of the dO\·rnstream slope 
was lined vrith tl:.e best m3terial that would be found in the slide. 
The white ror.k sbouinG in Photos 5, 6 and 7 is the more competent 
Dolomite rock placed ns channel lining. The excavation in the crest 
area was almost entirely n bulldozer operation. The upstream ridge, 
which vras the highest of a series of ridges across the saddle, was 
cut off and the material pushed to the upstream slope. Tb min~ize 
the possibility of losing control of the crest by an upstream slide, 
a large pocket just dOt·mstream fran this ridge and about 50 feet 
lower in elevation ~ras filled to an elevation about 20 feet below 
design crest elevation uith the relatively fL,e material dozed fran 
the ridges. The top 20 feet was filled with heavy quartzite borrowed 
from the layer on the right canyon wall. 

41. To protect the spillway from scour, t.he bottom was armored 
with quartzite, to a depth or seven to ten fee:t1 from station 26..00 
downstream to station 12+00. There was not sufficient time before 
overflow occurred either to fill the reach downstream from station 
l2..00 to a ten percent slope or to annor it. The material in that 
reach seemed fran observation to consist of very large rock and it 
was considered the least likely to be unstable. Due to the limited 
time available it was left at its original slClpe or approximately 
14 percent. T.he sides or the channel also were lined with quartzite 
and a dike of the same material was constructed along the left aide 
at the downstream end o:r the channel to deflect the current and pre• 
vent undercutting of the left abutment. 

42. By the end or August, the level crest or the spillway was 
essentially completed to finish grade and most of the dozers were 
working on the downstream slope. Shovels and trucks 1rere used to 
move sane of the material, particularly along the right side of the 
channel at the crest. T,ypical views of these operations are shown 
in Photographs 3 and 4. 
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43. As soon as the excavation of the level crest portion was com
pleted, shovels and trucks were put to work placing the lining, or armor. 
Rock was obtained from selected locations in the dolomite and quartzite 
ridge along the north side of the slide, where the best materials appeared 
on the surface. One.source was located high on the south slope of the 
ridge about opposite the spillway crest, another at the toe of the ridge 
near the downstream end of the slide. The material 1-ras taken as it came, 
since there was no time for selection or grading. Filling above the 
shaped subgrade started about station 25+50, holding the surface level 
to about Station 24+00, then following the spillway slope with thickness 
varying from 1 to 10 feet. The fill was continued to a depth of ten feet 
above the excavated channel grade to form a working berm and the placing 
of the rock armor wes continued downstream by dumping from the berm and 
spreading with bulldrJzers. In sequence, first priority was given to the 
lip or crest of tne spillway, second to the left side of the channel, and 
third to the downstream slope of the channel below the cresto 

44. During this phase of construction, the flow of seepage water 
through the slide increased slowly to a maximum estimated at about 170 
c.f'.s. Water rose in Earthquake Lake, upstream from the slide, and 
began flowing over the spillway crest on the morning of 10 September. 
However, the overflow continued to pass into the pervious slide mass 
and it was not until l,p.m. on that date that a continuous sheet of 
water was flowing over the crest and down the spillway channel to the 
riverbed below. 

45. It was planned that the spillway would be watched closely for 
a few days, gradually increasing the flow by permitting higher dis~ 
Charges from Hebgen Lake1 until the stability of the spillWay channel 
could be determinedo However, the flowing water soon began to remove 
the finer slide materials, particularly in the reach downstream from 
station 12+00, where a deep gully formed and moved upstream threaten
ing the entire spillway. 

4~· .. Maintenance of Initial Spillway. In the second phase, large 
quantities of quartzite and dolomite were hauled from the ridge along 
the north side of the slide and placed at critical locations in the 
channel in an attempt to stop the erosion and hold the channel in place. 
The largest rocks available were used for this purpose. Many single 
rocks made a truckload each. Many of the largest rocks were dug out 
of the slide and pushed down the steep slopes by dozers, two dozers 
frequently being required to move one rockG Some of the largest rocks 
were broken by drilling and blasting with dynamite. Two steel rock 
sleds were designed and constructed to move some of the largest rockso 
Single rocks with weights estimated as high as 100 tons were moved on 
the sledso Two or three tractors were required to'move the sledso 
Details of construction of the sleds are shown on Elate l8o Finally, 
a number of rock weirs or terraces were constructed all the way across 
the spillway channel, see Photo 14$ The maximum effort of the entire 
operation was expended in this phase, when the a.moWlt of equipment and 
the number of personnel on the job reached their peak. 
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Photo l2. 16 September 1959. Aerial view of slide and spillway. 
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Photo 13. 16 September 1959. Foundation excavation for first rock filled drop structure at about Station 6+oo. 
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Photo 14. 22 September 1959. Aerial view of slide showing water pouring over rock terraces. 



47. ~.,or travel fr()m l·lest Yellowstone to ·the slide area, the onl.y 
road open was by u. s. Highways No. 20 and 191 over Targhee Pass on 
the continental divide into Idaho, then nortlnrest on an unimproved road 
over Raynolds Pass back into Montana and the Nadia on River Valley, to 
Montana Highway 287 be len-T the slide. Since this Wl:l.mproved road coul.d 
become practically impassable in bad weather, the project office vas 
moved on 20 and 21 September to Ennis, Montana, located on Highway 2871 
a paved road leading directly to the project. 

48.. It was learned that the quantities of large quartzite and 
dolomite roclts in the north ridge of the slide were not unlimited, 
as had appeared on the surface. Rather, much of the material vas 
shattered and ground into very fine particles, including a great 
amount of actual a.ust. Many or the large, apparently solid rocks 
broke apart when attempts were made to move or load them. Some ot 
the large rocks l-Tere prepared for handJ.ing by being drilled and fitted 
with rock pins and slings,. but many tell apart uhen lifting was 
attempted. 

49. Serious consideration was given at this time to. obtaining 
durable rock from suitable quarry sites in the mountains nearby, in 
quantities sufficient to construct two or three permanent rock ~ 
structures, with rock stilling basins, to stop the continued erosion. 
of the spillway, which several times threatened to get out at control. 
Obviously, such a plan uould be both time-consuming and costly, and it 
was discarded in favor ot a plan to lmrer the spilllray and reduce the 
storage in Earthquake Lake. Foun.diltion excavation for part of the 
first drop structure is shown in Photo 13. 

50. Board of Consultants. Because of the unusual character of the 
project and the many unique problems involved, a board at consultants 1 
composed of engineers, and specialists eminent in their fields, was 
appointed, to review the work accomplished and to advise on further 
investigations or additional remedial work necessary. The board was 
composed of a soils engineer, Dr • .Arthur Casagrande, Harvard University; 
a hydraulic engineer, Dr. L. G. Straub, University of Minnesota; a 
geologist, Mr. E. B. Btuveil, Upperville, Vix•ginia; and an expert on 
rock-fill dams, Mr. I. c. Steele, oa.ltland, California. The decision 
to appoint a board o:r consultants was made early in September 1 before 
th~ initial phase of spillway construction had been completed and 

·before flow over the spillway took place. Prior commitments made it 
impossible tor any of' the members to visit tt~ project at that time 

· and a formal meeting or the board could not be arranged until late in 
October~ The individual consultants were able to visit the project at 
intervals and to advise on plans and procedw:-es •. 
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51... Dr.1.· .. cr.tnn~rnnde ~nd J.lr .. steele visited the project office on 
18 September, lnspcctcd the sl:t.cle ancl r.::pill~·ray, anc·1_ made recommendations 
for further 1-rork. They felt tha.t it -vrould be nececsary to lower the 
spillway crest in order to avoid continued maintenance expense. Dr. 
Casagrande suggested that the crest be breached by excavation of a pilot 
channel and permitted to erode. He thought the rate of erosion would 
not be too high, and did not think it necessa1~ to control erosion 
above Station 11+00, since he felt it would proceed too slowly to be 
hannful. In fact, he felt that considerable "orlc m:lght be required to 
assist the water in cutting the channel deep enough. He estimated 
that erosion would cease when the slope of the channel reached about 
four percent, which would lm·rer the crest about 50 feet. 

52. Mr. Steele e.greed with Dr. Casagrande in his belief that it 
would be safe to perrili t the excavation of a channel by erosion, but 
thought a _small pilot channel should be tried as an eA~riment, so 
that complete control could be retained at all times. Dr. Casagrande 
suggested that attempts to lm-rer the spUl1-ray by erosion be delayed 
until Dr. Straub could visit the project and furnish his advice. 

53· Dr. Straub and .Mr. Burwell visited the project on 24-25 
September. They agreed w1 th Dr. Casagrande and Jifr. Steele that the 
spillway crest should be lovrered. Dr. Straub recommended that a 
pilot channel about 50 feet wide be excavated in the center of the 
spill1my, '\dth enough slope to induce erosion. He recommended a 
cofferdam at the upstream end and along the left side of the pilot 
channel, to prevent flow over the sides from carrying material into 
the channel as rapidJ.y as it '\·ras excavated. 

54. Lo1-rering the Spilll-ray. Computations shovred that, if the 
spillway crest could be 10\-rered by about 50 feet, the volume of vrater 
rema~ in $toraaP 11:0Ul.d not be .J?gi'ficient to cause a really 
disastrous flood dO\r.nstream, even with rapid failUl·e of the remaining 
slide dam. The third and final phase of construction ,.,as started on 
25 September, when tractors with dozers and rippers 1-rere put to work 
loosening the material.on the crest, to see if it would be carried 
dollnstream by the flowing 'mter. It 1-ras found that the velocity of 
flow was not high enough to move any but the very fine material and 
that other menns would have to be found to move any substantial 
qun.ntities of rock. 

55· Following this trial, draglines were used to excavate a 
·channel about 50 feet '\-Tide, beginning l·rith the terrace betlfeen Sta
tions 20+00 and 21+001 tdth an average slope of about 1.5 percent 
upstream to the channel entrance about station 3lH~O. Material was 
stocl~iled at strategic points so that an emergency cofferdam or 
plug could be constructed if erosion sho~red signs of progressing too 
rapidly. This was a modification of the ~plan· suggested by Dr. Straub. 



56. Two draglincs started 1-rorking in the pilot channel. The mate
rial which had. been placed as nnnor 't·ras stockpiled and the schist and 
gneiss was cast aside or hauled to vaste areas. It uas found that much 
of the material -vras too large to be handled by the 3-cubic yard and 
2-1/2-cubic yard draglines already on the job and it lras necessary to 
obtain one of greater capacity. A dragline of 6-cubic yard capacity 
was brought in and assembled and started lvorking on l~ October. 

57. Dr. Straub visited the project again from 30 September to 
2 October. At his suggestion, discharge from Hebgen Lake was increased 
to 2,600 c.r.s. on 1 October, to assist in scouring the channel over 
the spillway crest. Hith the additional flo·~., and higher velocities 
rapid erosion of slide material developed and the spillway structure 
belotv station 18+00 1-ras bypassed, the channel moving about 200 feet 
to the north and .~epping more than 40 feet. The finer slide materiaJ. 
in that area lvas eroded rapiclly and on 3 October an access road high 
on the slide was lost, see Photo 17. A new :t"oad uas constructed along 
the monnta.in side to the top of the slide on the north side of the 
valley. By concentrating on stopping head-cutting and diverting 
flmr back over the former spill1vay, control w·as l"egained by 6 October 
and possible disastrous discharge from the l~llte uas prevented. 

58. Lowering of the spillway crest procc~eded according to plan. 
Starting at the spillway entrance and working from a berm just above 
the water surface along the right side of the~ channel, the 6-cubic 
yard dragline moved c10't·mstream, making a cut about 50 feet in ltidth 
and 10 feet or more in depth. Approximately the last 50 feet at the 
downstream end of each cut, 1·rhich constituted. a broadcrested control 
weir, vas degraded cautiously to prevent a sudden l~lease of the stored 
water behind it. · After this weir or plug wa.:3 cut down to the elevation 
of the charmel above it, the dragline returned to the channel entrance 
and started another cycle. 'llie excavated material ~;as loaded into 
trucks and hauled to waste areas. Meanwhile~~ the other draglines were 
working along the channel dounstream from thE! crest, removing the 
larger rocks and assisting the floving water to erode the channel and 
carry the material dO'tmstrearn. Shovels and 1:;rucks, working in teams 
behind the draglines, cut down the working bE~rms progressively, so 
that the draglines were always working just above the ,.,ater. 

59· As the spill-vray crest vras lowered, 1;he control terraces which 
had been constructed in the channel 'rere breached progressively, work
inc downstream from the terrace at Station 23+00. Bulldozers were used · 
to breach the terraces, pushing the large roc:ks ·to either side and per
mitting the resulting concentrated flow to remove the finer materials. 
It was found that a slope of 1.5 percent was not steep enough and that 
at least 3.0 percent was required for apprec:table hydraulic removal. 
vlhen · that slope was obtained, degradation of the channel proceeded as 
rapidJ.y as the controlling crest could be lo,~rered by mechanical means. 
Some of the largest rocks in the terraces, wf.Lich had been moved to the 
channel by means of the sleds, could not be moved-by the draglines. 
These .rocks were broken by drilli~ and blast~ing, as they could be 
removed and the lowering proce·ss continued. · 
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60. Large portions of the slide which showed now in the channel 
walls appeared to have moved in mass, with little breaking in the 
process. The rocks, mostly schistose, were still relatively in 
their original positions, although there was considerable cracking. 
Such a mass of rock was encountered on the crest of the spillway, 
in the vicinity of stations 28+00 to 29+00.. This formation was 
almost completely resistant to erosion and was. excavated only with 
considerable difficulty by the large dragline. During a large part 
of the time, this ~sistant zone effectively controlled the rate 
at which the spillway was lowered$ 

61. It was impossible to determine elevations in the spillway 
channel, because of the high velocity of the water and the constantly 
changing channel bott>::>m under the action of the flowing water o 

Progress was meastJJXed by obtaining elevations of the water surface 
along the channel and by observing the receding stages of Earthquake 
Lake~ Work continued until the lake had dropped to elevation 6400 .. 
Rough s~~dings indicated that the spillway crest had been excavated 
approximately to elevation 6392~ Profiles of the water surface 
at intervals of about one week are shown on plate 8. After the 
desired depth had been reached, the channel was widened where neces
se:ry to about 70 feet. The berm about 100 feet wide along the north 
side of the channel would provide additional channel capacity for 
high flows. 

62. !!§gradation. Throughout the period when water was flowing 
over the spillway, .the erosion of slide material varied from day 
to day. Although some of the very fine material remained in sus
pension, most of it was deposited in the river channel below the 
slide. The formation of this delta or fan was a necessary part 
of the process by which the spillway channel was eroded in the 
slide. When the emergency work was ended, the channel across the 
slide and the fan had reached an average slope of about three 
percent, which appeared to be a relatively stable slope for the 
current combination of channel bottom materials and a discharge of 
about 3,000 c.f.so 

63. Consultants meeting. Periodic reports were furnished the 
members of the Board of Consultants, to keep them advised of con
ditions and the progress being made in lowering the spillway crest. 
The Board held their only fo+roal meeting in the Ennis project 
office on 29 October, with a]J. members present except Dr. Casagrande. 
After a final inspection of the slide and spillway and a review of 
the work accomplished and the data collected, the consultants} 
both singly and as a board, concluded that the serious flood 
threat had been removed and the mission of the Corps of Engineers 
bad been accomplished. 
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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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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. 
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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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Preliminary Studies o:f Madison Canyon 
Slide and Hebgen Dam 

B,y Woodward, Clyde, Sherard and Associates 
Consulting Civil Engineers 

August 28, 1959 

Job No. 3527 

Lt. Col. Hogrefe, District Engineer 
Garrison District 
Corps o:f Engineers, U. S. Army 
Riverdale, North Dakota 

Dear Sir: 

SUBJECT: Report on Preliminary Stuclies 
o:f Madison Canyon Slide 
and Hebgen Dam 
Near West Yellowstone, Mcmtana 

In accordance w1 th verbal instruction g1 ven to us on 
August 21, 1959 we have made preliminary studies o:f the Madison 
Canyon Slide and the Hebgen Dam which are located on the Madison 
River in the Counties o:f Gallatin and Madison in Montana. The 
purpose o:f the studies was to determine the stability o:f both the 
slide which has blocked the lower end o:f the Madison Canyon and 
o:f the Hebgen Dam which was damaged by the rec,ent earthquake. 
The request and authorization :for the studies ·were given verbally 
by Major General Keith Barney, Division Engine,~r, Missouri River 
Division, Omaha, Nebraska. 

The scope o:f the studies is briefly outlined below in 
accordance With notes prepared by Mr. Wendell 1~. Johnson, Chief, 
Engineering Division, Missouri River Division, Omaha, Nebraska: 

"To: Woodward, Clyde, Sherard & Associates 

Preliminary report covering: 

1. Your views and reconnnendatj.ons regarding 

a. Safety o:f Hebgen Dam and need :for 
commencing drawdown. 
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b. Safety of slide area for impondment 
and probability of sudden failure. 

c. Feasibility of removing a significant 
part of slide to provide a spillway 
which would not fail rapidly. 

d. Further investigation recognizing 
that there may not be tJ.~re ~or ex~nded 

investigation. 

JOHNSON" 

Because of the need for quick action, an immediate reconnissance was 
made of the Hebgen Dam and the Madison Canyon Slide on August 21 and 
22. A verbal report with recommendations and conclusions was pre
sented to the Division Engineer and Chief of the Engineering Division, 
Missouri River Division, on the late afternoon of August 22, 1959. 
Present at this meeting with the Division Engineer were various 
personnel of the Garrison District and the Office of the Chief of 
Engineers. 

LOc.tnON 

Hebgen Dam is located in Sections 22 and 23, Tmmship llS, 
Range 3E, in Gallatin County, Montana. The Madison Canyon Slide is 
located in Section 36, Township 12S, Range 2E in Madison County, 
Montana. The slide is across the Madison River at the mouth of the 
Madison Canyon in the Madison Mountain Range. Immediately west of 
the slide is a broad valley of unconsolidated sediments deposited 
by the Madison River and its tributaries. Gallatin and Madison 
Counties are in the southwestern part of Montana immediately west 
of Yellowstone National Park. The Madison River flows northwest
ward from Yellowstone Park. Hebgen Lake, which stores about 350,000 
acre feet of water behind Hebgen Dam, is about 17 miles long; it 
extends to the ,,,estern boundary of Yellowstone Park. 

CHRONOLOGY OF EVENTS 

The exact time of the earthquake is a point of disagree
ment among local people. It is agreed, however, that the earthquake 
occurred between ll:35 and ll:4o MST on August 17, 1959. The 
earthquake was recorded at the University of California Seismological 
Station in Berkeley, at 11:39:56 P.M. on August 17, 1959 PJ:tr. Accord
ing to personnel at the station it would take about 1-1/2 minutes 
for the shock wave to travel from West Yellowstone, Montana to 
Berkeley, California. It appears, the:refore, that the earthquake 
occurred at about 11:38 P.M. MSr. Sharp after-shocks were recorded 
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by the Berkeley Station the next day from 12:59 A.M. to 9:06 P.M.; 
these after-shocks varied in magnitude from .5.5 to 6.75 on the 
Richter Scale. A summary of the times and magnitudes of the major 
shock and after-shocks is given below: 

Time at Magnitude 
Date Berkele;z1 rnr (Richter Scale) 

8/17 ll:39:56 P.M. 7.5 to 7.75 
8/18 12:59:05 A.M. 6. 5 
8/18 1:44:37 A.M. 6.0 
8/18 4:06:45 A.M. 5.5 to 5.75 
8/18 8:28:52 A.M. 6.75 
8/18 9:06:42 P.M. 5.75 to 6.0 

Many additional after-shocks of lesser magnitude were recorded 
but they are not considered to be of ma,jor importance for purposes 
of this report. 

The caretaker at Hebgen Dam saw a lfB.Ve of water sweep at 
least 3 feet over the dam soon after the firs·t major shock. This 
was followed at intervals of about 10 minutes rtth at least 3 more 
waves which were clearly visible in the brigh·t moonlight. The top 
of the dam was visible between waves. The wa·res of water converged 
in the narrow channel below the dam and passed quickly downstream 
causing destruction and loss of life. Major :raulting occurred along 
the right bank of t.he reservoir and in the canyon downstream from 
the dam. The right side of the rese:t"'roir area dropped 6 to 10 feet 
while the left side well upstream of the dam uplifted approximately 
6 feet. Numerous slides along the edges of the reservoir severely 
damaged the upstream access road to the dam making it impassable 
for rescue vehicles. A huge slide at the mouth of Madison Canyon 
blocked the road from the downstream end. The lBrge slide also 
blocked the Madison River completely rtth a ma.ss of earth and rock 
debris slightly less than one mile long, one quarter to one third 
of a mile Wide, and 150 to 4oo feet high. A reservoir commenced 
to form immediately behind the slide mass or natural dam. 

HE:OOEN DAM 

Hebgen Dam was built about 1915. The dam is a rock and 
soil fill dam With a central concrete core. It is approximately 
720 feet long including a concrete spillway, 81 feet in Width, 
located on the right bank. The embankment is about 90 ft high at 
its highest point. The central conc!:'Cte co!'€ 1?all extends to 
bedrock which is found at a depth of about 115 feet below the top 
of the dam. The spillway has 8 openings, each 7 feet >fide. The 
crest elevation of the dam was 6550.61 and tha1; of the spillway 
slab 6536.24. Stoplogs placed across spillway openings were used 
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to raise the reservoir level to elevation 6544.61. 'rhe concrete 
core wall beneath :,~-1e dt:.rn .,.,as car: ... ied. to bearock; hov1ever, the 
core vall beneath the spil.l,my ext.endfJ only to a depth of about 
15 feet llelov the bo':to'" Gf' the spill \ray. Storage behind the 
reservoir is abovt 3)U,OOCJ acre fee"!:- at. maximum pool., 

At the time of the ea:::"thg_uake the reservoir surface 
was high. The earti;qual<:e caused considc.rable damage to the 
spillway and earth dam. llc.3.r the right abutrr.ent, where the 
errban.."mlent is the lo•.·,>e;;t in b.eight .. the doW!lstream slope has 
dropped about ~- feet below the top of the concrete core wall. 
The entire upstream slope has dropped 4 to 6 feet belo'T the top 
of t.he core ivallo rr:_-,_e c:reatest drop in the downstream zone is 
close to the spilluay. The greg.test drop in the upstream ·zone 
is near the middle of che dam. The concrete core vall has 
broken loose from the npi llway walJ. :;:t; appears that the core 
wall has move<l sl5.ghtly up~tream from t.t.1e spillway. There is 
a ground fault along l;he rigU; ·t.s.nk. of the reservoir vhich has 
caused the parking and heat, loadi.ng area ,jnBt Ppstream of the 
spillway to slip into the llater. It appears that this fault 
may extend into the spilhm.y. There are fractures along the 
ridge just d.oHnstream of tt,e right abutn,ent of the dam vhich may 
be a continuation of the fault. 'l'he spillvay chute has been 
badly damaged. The concrete l..ining, '"l,ich is about 4 inches 
thick, has been broken and. uater has leak:ed through the lining, 
Springs are observed just belo•,r the dmmstream slope near the 
right abutment. II~ thi.s pa.~ticular area considerable rock fill 
may be seen at t.he toe o.f the slope; it is possible that the 
lower portion of the ao~.r:t-i(3t!'erun ·zone in this area was constructed 
of rock fill. 'l'he cmwrete core wall has broken vertical.l.y in four 
places near the r:i.p;ht end. of the dam. The first breal<: is located 
15 feet from the left spil.lway ,;,.,;n, the second breal<: 30 feet, 
the third 63 fee-t; B.\'ld the fm,;r··bh about 83 feet from the left 
spillway <:alL 'l'he la;:oge:,~t: opening in these breaks is about 3 
inches wide; in two of the bre:J.k8 the concrete wall seems to be 
displaced from l to 3 in.er.es. The crest of the downstream fill 
slope has dropped. '~lth respect to t}1e core \fall about 4 feet at 
the right end, ':;aper:ing gi'ry,rluB.lly tmmrds the left end of the 
dam <rhere the drop oelo1-' t.L8 core '""11 ig about 6 inches. A 
close examination o:f the toe o:f ~~he doW!lnvream slope, in the 
highest portion of the dam, !"idled to re'real a.!1.Y major displace
ment of the slope; bovever a <leep gully has been eroded near the 
outlet pipe where the <.rater c;pilling over the right half of the 
dam converged jnto the old '"i.ve!'~ channel. At the right end where 
the embankment is only aoout 15 to 20 feet high it is difficult 
to determine vhether there i.s any bulging at the toe; the slope 
here is badly eroded and cracked and is covered with numerous 
pieces of rock. Seepage is observed in the rock fill near the 
right end of the dam. ·rh.ere are at least three major seeps which 
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flow at a rate estimated at 300 gpm. There are also some seeps 
along a road about 100 to 200 feet downstream of the toe of the 
dam. This road parallel~ the spillway discharge channel and is 
located about 30 feet abo·re the river level.. The seeps seem to 
be emanating from the ri:lge downstream of the dam. 

The upstream nlcpe Ls "badly c;racke,'\ where exposed 
above the reservoir surface. 7he c~acks are approxima.tely 
parallel to the concrete core wall. Altho-.~gh it was not possible 
to determine condl tlons belo·• the water surf'ace it appears to us 
that most of the upstream slope h.9.s slumped downw-ard and toward 
the reservoir. On bo·th sides of the co:lcl-ete core wall the earth 
fill near the sur:fa::::e has separated as much as 6 inches from the 
wall. Earth haa been tamped in this opening to minimize infiltra
tion of water. 

Based on our observations of' the d<otmage to the spillway 
and the emban.lonent we are of the opinion that the dam is not sate 
at the reservoir level of 22 August 1959 (Gat>€ reading 42). Major 
repairs will definitely be required f'or futm:-e operation of the 
dam and reservoi.r. A decision should be madE> by the owner as to 
the scheme of repair and the work should commence as soon as possi
ble. It is our recommenrlation t.'lat the prese•nt water level behind 
the dam be lowered to avoid the poss:!.bil.i ty e>f failure. 

MADISON CANYON SLIDE 

The Madison Canyon Slide is located. at the west end of 
the Madison Canyon. Discussions with geologists who mapped the 
area prior to the slide reveal that the sur:f'ace rock at the site 
consisted of a massive ledge of dolomite rock extending from the 
canyon bottom up the lett side of the canyon to a ridge approXi
mately 1300 feet above the river. 7here were numerous intermediate 
ledges which were developed from erooion by the river in the past. 
The dolomite layer had a dip of S:nout 50 to 60 degrees towal"d the 
river. It had the greatest height rrea;..· the mouth of the canyon and 
decreased in height i;o·li'll.L-ds the upBtl-eam end of the canyon. 
Immediately behind the dolomite layer ;~ere schist formations in 
various degrees of weathering a:nd decomposition. Upstream of' the 
dolomite ledge the schi~t fornationrl we:!'e exposed to weathering. 
Over a period of years they have develope!! a nlope approaching 
the angle of repose of this f'ormation. All bG1dding of' the schists 
and of the dolomites was approximately parallel and dipped toward 
the ~tream at an angle of about. 50 to 6o deg!~es from the horizontal. 
In effect, the dolomite acted as a retairdng wall holding the schist 
formations in place. 

In order to help us in fulfilling our mission we questioned 
a number of geologillts familiar w:!.th the site. Several of these 
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geologists were in the process of mapping the area geologically; 
the others came in to study the slide for their own information. 
The names of several of the geologistil are given below. We 
believe that they would be able to provide a.dditional informa
tion on the geology of the slide. 

Mr. JEI.I"Vis Hadley, USGS, Regiap.a,l Geologist, 
Ennis Hotel, Ennis, Montana 
Mapping slide ..,~. 

Mr. William Long, USGS, Field. Ast:;istant to Mr. Hadley, 
Ennis, Monte,Tlll 
Mapping •lide area. 

Mr. Wltitkind, USGS, Denver. In charge of field 
party mapping a.rea upstream of 
Hebgen Dam. 

Mr. Dorsey Hager, Consulting Geol,ogist, 
908-909 Continental Bank Blqg. 
Salt ~ City, Uta.h 

Prof. McManus, Geologist, M:lnta.na State College, 
Bozeman, M:mtfl.!ll!. 
Pre];IEloi'ed a fl):lort report on the 
slide for a college publication. 

Geologists .are of the opinion that the earthquake 
buckled the dolomite leAge near the bottom causing the upper 
portion to slip down..._roJ the support wee thul) ta,ken away from 
the schist formation. The aahist forma~on, unable to stand on 
the steep slope, slid rapidly down the left aide of the Canyon. 
Reports indicate that the slide occurl'ed in a matter of seconds. 
The slide mass pushed the dolomite along the bottom of tP,e 
valley and up the right side. A second slifle apparently 
occurred immediately after the first. 1\le second slide conl!!isted 
of the more weathered schist just upstrel'll!l of the main slide. 
The schists of the S('COnd slide were d.epoll:ited along the upstream 
portion of the natural dam, 

In order to determine if the lake behind the natural 
dam would cause pond,;i.ng against the toe of Hebgen Dam, which is 
about 6 mile;J upstream, Forestry Service perJiK)l:Ulel made elevation 
readings at various points on the slide !llll,aa in the river bottom 
and at the b!l.se of Hebgen Dam. The e1eve.tioJJ. reading:;; were taken 
at various po:l.nts in the area with altil!eters in a helicopter. 
The altimeter readiJJ.gs indicated that 1<he ri~ bottom at the 
downstrel'll!l toe of the natu~l dam )l~ an elevation of approximately 
6300. At the upstream toe of the alid,e the :river bottom or canyon 
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had a.n elevation of about 6320. In the lOli-est portion of the slide, 
where the reservoir will spill, the elevati.on was about 646o or 
approximately 14o feet above the upstr'eam toe of' the natural dam. 
The elevation at the downst.ream toe of' Hebgen Dam is 6470 according 
to the design drawings. 'I'his elevati.on checked out fairly well 
with altimeter readings mad.e from helicopters. The top of' the 
Hebgen Dam had. an elevation of a·bout 6550. ~'he highest portion 
of' the natural darn has an eleva~ion of' about 6700. Although these 
elevation readings were approximate they did indicate that the 
lowest portion of' the cre.st. on the natural d.arn was about 10 :feet 
lower than the downstream toe of Hebgen Dam. Measurements by Bureau 
of' Public Roads personnel, reYie>< o:f maps i1~ this region, and other 
information indicate that it is u.n.l:l.kely thl!t the lake ponded behind 
the slide will approach thE' toe o:f the Hebgen Dam. 

It was est:l.mated by Forestry Service personnel that the 
water had ponded to a depth o:f about 30 f'ee1; behing the natural 
dam on the 20th of August. On that day the water level was rising 
at the rate of about 6 inches per hour. Two days later it was 
rising at a rate of about. :~ inches per hour. A..-..ea-capacity curves 

veloped by Garrison District personnel frc~ rough topographic 
?s with large contour intel'Yals indicat.ed that the storage capacity 

-.:,_,hind the slide before overtopping is about 50,000 acre-feet, On 
the 21st of August water was bEring released from Hebgen Dam at a 
rate of 1,200 cubic feet per second according to the caretaker at 
the dam. A rough estimate o:f inflows from tributaries downstream 
of Hebgen Dam indicates that approximately 500 cubic feet per second 
of other inflows enter the reservoir behind the natural dam, giving 
a total of approximately 2,000 cubic :feet per second or roughly 
4,000 acre-feet per day. Obser'"Vations at the downstream toe of' the 
slide indicated that practically no water was passing through the 
slide. The slide was impervious on the 21st and 22nd of' August. 
Assuming that inflowe will be at ·the rate of 3,000 or 4,000 acre
feet per day, it is estimated that it will p:robably take 15 to 20 
days fr~ the 22nd of August to fill the res.,rvoir behinlt the 
natural darn. 

A detailed reconnaisance was m&de of the slide :f'rom a 
helicopter and on foot to determine i;he composition and distribu
tion of' materials in the slide mass blocking t.he canyon. Very 
rough estimates indicate that the slirle mass O:!' natural dam is 
three quarters to a mile long in the directicon of the river flow. 
It is about a third to a half mile wide acroe:s the valley. The 
natural darn rises about 4oo f'eet above the canyon bottom at ita 
highest point and about 150 feet at the point., where water will 
probably spill. The highest mass is piled near the right side of' 
the canyon. The lowest portion is located approximately over the 
old river channel. The slide mas.a in the canyon has ef':fectively 
blocked the river flow. The slide is acting as a natural dam. 
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A detailed examination of the top of the entire natural 
dam indicates that the materials in the downstream one-third of the 
dam consist of very coarse, hard rock fragments varying in size 
from 1 to 10 feet in diameter. There are some materials smaller 
than one foot in diameter and some boulders as large as 20 feet in 
maximum dimension. The inclination of the material in the lower 
1000 feet of the slope of the slide is approximately 1 vertical to 
15 horizontal. There are three distinct ridges formed by the slide 
across the valley in the area where water may overflow. In addition 
t::> the larger bl::>cks of r::>ck the upstream portion of the ridge con
tains a considerable amount of finer materials developed from 
crushing of the weathered schist rocks. There are considerable 
amounts of hard rock varying in size from 6 inches to 3 feet in 
diameter overlying the entire lower areas of the natural darn. The 
upstream zone contains the surface mantle which covered the original 
slopes. Also lying on the surface of the upstream portion of the 
slide area or natural darn are 'the trees which originally stood on 
the slopes. The trees generally point their stumps towards the 
northwest or the upstream right abutment. 

Because of the favorable distribution of materials in 
the slide mass, the flat inclination of the downstream slope, the 
presence of a natural spillway channel in the lowest portion of 
the mass, and the extremely wide section parallel to the river 
stream, we believe the slide will act as a stable natural darn. At 
the time of our inspection there was no evidence of seepage out of 
the downstream toe. It is very likely that as the water level rises 
there will be a considerable amount of seepage through the coarser 
materials which cover the right side of the valley. We do not 
believe that this will be harmful because of the very flat down
stream slope. 

The mass of dolomite blocks piled up along the right 
abutment is standing at an inclination of about 4o to 45 degrees 
in the steepest area. We believe that there will be some adjust
ment of this m~ss under the influence of heavy seepage and some 
undercutting by erosion in the spillway area. Although a con
siderable amount of water will seep through the darn, it is our 
opinion that there will be flows over the crest. As a result 
there will be some erosion of the surface of the lower portions 
of the slide area. Because of the presence of large amounts of 
coarse rock a.nd the flat average slope of the downstream zone 
(about 4 percent) we feel that the danger of rapid undercutting 
or rapid erosion is low. 

There a.re certain studies which should be initiated 
immediately in the slide area. First, a topographic survey 
should be made of the slide mass at contour intervals of about 
2 feet to determine the volumes of materials, the elevations of 
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the high and low points, and to form a basis for velocity and 
erosion studies in the spillway channel. In addition to the 
topographic surveys we reconnnend that a program of test borings 
be started at once. In the first phase several borings should 
be made in the river bottom at the downstr<~arn toe of the natural 
darn to determine the types and distribution of materials in the 
valley beneath the slide. The purpose of the foundation investi
gation is to determine whether there is a J?ossibility of piping 
beneath the slide mass. 

In addition to the above studies,, which should commence 
immediately, we recommend that certain meafmres be taken to lower 
and widen the crest of the upstream ridge. The slide scarp along 
the top of the ridge about 1300 feet above the canyon bottom 
should also be removed. 

It is recommended that bulldozer<: be utilized to 
excavate a spillway on the crest of the upe:trearn portion of the 
natural dam where the reservoir will spill. The elevation of 
this area should be lowered as much as prac:ticable' within the 
time available and a wide crested spillway should be excavated. 
Bulldozers may be operated along the remainder of the spillway to 
form a rip-rapped spillway channel. 

Hydraulic studies should be made to determine the rock 
size required to rip-rap the channel against the velocities 
anticipated in the spillway chute. We also reconnnend that 
explosive charges be used to remove the steep slide scarp high 
above the slide area. Observations from a helicopter disclosed 
that a number of wide cracks exist immediately above the scarp. 
These cracks indicate that the scarp will slide in the near future. 
Although the quantity of material involved is not great we believe 
it should be removed to avoid danger to personnel working below. 

In addition to the immediate studies recommended above, 
such as topographic surveys and test borings in the river bottom, 
we recommend that observation wells be installed at suitable 
locations in the slide mass to measure subsurface water levels. 
Test borings should also be made to determine whether fine grained 
materials exist beneath the downstream zone of the dam. Although 
surface examinations indicate that coarse rock materials exist in 
the downstream portions of the dam and fine grained or impervious 
materials in the upstream portion, we belie're that the surface 
examinations should be confirmed by test borings. The observation 
wells should be located high enough so that they will not be 
interrupted or damaged by flows over the spjlllway. 
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Confirming our verbal recommendation of August 22nd, <re 
emphasize the desirability of maintaining 24-hour '.retch of the 
downstream portion of the dam for seepage and for possible movement. 
Records should be maintained of the rates of rise in the reservoir 
level and the estimates of storage behind the sliding mass confirmed 
by further studies. 

For consideration in the future 1<e recommend that some 
thought be given to the construction of a debris dam downstream of 
the present slide. The debris dam would serve the purpose of 
flattening out the crest of any flood that may develop due to 
break-out of certain portions of the sliding mass; discharges down
stream in the Madison River Valley could be controlled by such a 
debris and detention dam. It is entirely conceivable that the 
flows over the slide ;nll be stabilized in the form of a rapids 
so that no debris dam would be required dmmstream. 

In summary, it is our opinion that the slide mass will 
be stable against rapid failure from the ;rater accumulated behind 
the slide. We believe that the sliding mass has formed a natural 
dam. We recommend, however, that careful observations be made of 
subsurface flo;rs to determine tfhether an accumulation of water 
pressures on the do;mstream slope develops. 

Very truly yours, 

WOODWARD-CLYDE-SHERARD & ASSOCIATES 

BY /s/Dr. James L. Sherard 
Dr. James L. Sherard 
New York R.E. 30966 

By /s/Stanley F. Gizienski 
Stanley F. Gizienski 
California R.E. 10352 
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GEOLOGY OF THE HEBGEN DAMSITE 

30 August 1959 

Pertinent geologic conclusions and recommendations relative to the 
damage to Hebgen Dam and immediate vicinity are contained herein. 

MECHANICS OF EARTHQUAKE DAMAGE• 

Initial shock waves in the form of sudden energy releases from the 
earthquake resulted in the formation of the Hebgen fault (See Plate l) 
and concomitant damage to the spillway and the east end of the· CM'11 wall. 

Hebgen fault roughly parallels the northeast side of the reserToir 
and dips 65 to 75 degrees toward the dam. The fault originated in struc
turally weak surficial deposits of talus, terrace, and alluvial sediments 
about 850 feet east of the spillway near the competent east ridge composed 
largely of durable Madison limestone and associated rocks. The fault 
possibly is intercepted oae or two miles downstream from the dam by the 
pre-quake Madison fault. Hebgen fault extends upstream from the dam toward 
the reputed epicenter of the earthquake in Yellowstone Park. 

Regionally, the downthrown fault block of the Hebgen fault exhibits 
tilting and inundation of the shoreline, minor slides, tenaion cracks, 
and compaction of the loosely consolidated sedilments along the northeast 
side of the lake. 

In the iiDJ!Iediate dudte area, with the fctrmation of Hebgen fault, 
compressive shock waves were transmitted thrOU@~ the terrace and alluvial 
deposits, literally jolting the downthrown fault block some 850 feet 
horizon tally between the fault scarp and the spillway (See Plate 2). 
The fault scarp is about 15 to 20 feet high directly opposite the spill
way. This apparent vertical displacement decreases pregressively toward 
the rigid bedrock foundation of the dam about 250 feet lower than the 
fault scarp. 

The quake moved the overburden horizontall,y by compression energy 
and vertically by tensional release and compaction. The jolt was 
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transmitted in a westerly direction through the nonrigid overburden 
to the sector of the core-wall which is firmly attached to the struc
turally durable bedrock at Station 8 + 84o Between Stations 3 + 75 
and 8 + 84 (509 feet), the foundation is rigid bedrock which is a part 
of the competent west or left valley wall. 

The weakest structural foundation of the dam underlies the spill
way which is superimposed on a terrace deposit, The jolt moved the 
overburden and spillway structure horizontally and slightly vertically 
against the rigid core wall, The core wall at station 8 + 84 imposed 
rigid restraint against compression forces, The spillway and about 85 
feet of the core wall broke; greatest damage was sustained by the spill
way, 

The vertical component of displacement is believed much less than 
the horizontal component in the immediate damsite area, It is believed 
that if the fault vertically displaced the bedrock foundation, signifi
cant open joints and fractures in the bedrock would probably be reflected 
by extensive damage to the core-wall part of the dam, with conspicuous 
breakage and leakageo 

Tension cracks developed between the spillway and the fault scarp. 
Random cracks are perceptible in the spillway and broken core-wall area 
and the broken area of the downstream curve of the spillway chute, across 
the highway, and up the slope toward the scarp, Many open cracks are 
conspicuous between the highway east of the spillway and the fault scarp, 
attesting to the fractured condition of the overburden materials. No 
water seeps or saturated zones have been noted to date; however, addi
tional reconnaissance in the dam area is recommended, 

CONDITION OF WEST (LEFT) VALLEY WALL: 

Lithologically, metamorphic rocks, which comprise the west valley 
wall (left abutment) in the immediate dam area, are predominantly com
petent quartzite and dolomite, with lesser amounts of incompentent thin 
beds of sericite schist, These rocks are similar to those found in the 
Madison Valley slide areao 

The beds generally strike N35°E and dip an average of 4o• north-
west or downstream" It is believed that the west wall is structurally 
stable. No slickensided surfaces, indicative of movement, were observed 
along bedding planes as a result of the earthquake. Several minor slides 
are evident along the shoreline, Based on the structural and lithologic 
characteristics of the materials, no large-scale slides which might damage 
Hebgen Dam are suggested, 
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- CONCLUSIONS AND RECOMMENDATIONS• 

Conclusions !j.nd recommendations are as follows: 

1. Tremors subsequent to the earthquake continue at erratic 
intervals. Any additional movement along the Hebgen Fault 
which might extend to the dam area could be ascertained by 
instrumentation. 

2. The main part of the dam between Stations 3 + 75 and 8 + 84 
is attached to rigid bedrock, It is believed that additional 
tremors will not be deleterious to this sector of the dam. 

3. Based on the structural and lithologic characteristics of the 
west or left valley wall, indication!! are that no large-scale 
slides are anticipated. The valley ~rall appears stable, 

4. Additional reconnaissance of the tene:ion-crack area on the 
right bank of the spillway is recommended, Water seepage and 
saturated zones might develop if extensive cracks developed 
through the surficial deposits to bedrock, 

R. E, CURTISS 
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by Po T, Bennett 

APPRAISAL OF THE CONDITION OF HEBGE~ DAM 

26 August 1959 

L GeneraL A description of the earth movements at and in the 
vicinity- of Hebgen Dam, and a general statement of the effect on the dam, 
is contained in a separate report by Mr, Curtiss, This memorandum pre
sents in somewhat more detail the effects of the quake on the dam, appraises 
the condition of the valley-, terrace, and spillway- areas of the project, 
and recommends a limited program of investigations considered necessary as 
a guide to sound engineering for reconstruction of the spillway-, A more 
detailed description of the physical condition of the dam is given in a 
report by- Mr. Carter Johnson, Th<' necessary ba,~kground data for this memo 
will be found in the report by Mr, Curtiss, 

2, The dam can be divided into three sections for purposes of dis
cussing its reaction to the earthquake movement•;. 

a. Valley section--Extends from left abutment to about Station 
6+50, where the original ground ri11es about 35 feet from the 
valley- floor to the edge of the gerttly- sloping right bank 
terrace, The core wall rests direc:tly on bedrock, and the 
fill is practically on bedrock, This section is relatively 
immune to differential movements be<tween bedrock and right 
terrace, as all elements are founde<d on rock and are in 
relatively- poor contact w.i th the ov·erburden of the terrace. 

b, Terrace section-·~(Stations 6+50 to 8+75) In this section, the 
embankment varies from 20 feet to 40 feet in height, and is 
founded on the terrace overburden which has a depth ranging 
from 90 feet tc 60 feet., The core wall is founded on bedrock, 
and is approximately 110 feet high. With respect to longi
tudinal and vertical movements, the core wall can be considered 
as attached to the bedrock, The embankment in this section, as 
regards movement in any- direction, is a part of the terrace,. 

c. Spillway secti~~--The spillway and 30 foot cutoff wall both rest 
on terrace and will tend to move with it. Between the spillway
proper and the terrace section ther•! is a transition section 

III-l 



about 100 feet lang in which the core wall does not go to 
bedrock, This transition is considered to be part of the 
spillway section in the following discussion, 

3, The general pattern of movement of the terrace was horizontal 
deformation toward the river, plus a vertical compaction, The valley 
section of the dam, being in excellent contact with bedrock and very 
little contact with the terrace, was virtually unaffected by the differ
ential movement of terrace with respect to bedrock, 

4, In the terrace section, the vertical compaction of the terrace 
lowered the fill with respect to the core wall, The vertical differen
tial between fill and wall is roughly proportioned to the thickness of 
foundation soils, varying from zero at the left abutment to three or four 
feet at the spillway, (If the vertical deformation had resulted from sub
sidence of fill material, the differential would have been a minimum at 
the spillway, and a maximum in the valley,) 

5, In the spillway secti.on, the spillway crest structure and the 
transition section of the core wall tended to move with the terrace, re
strained only by the thin cutoff wall in longitudinal compression, and 
as a very weak cantilever in the vertical direction. The transition sec
tion of the wall in this vulnerable area is cracked and offset in two 
locations, and is deformed in grade and alignment with respect to the 
portion of the wall founded on rock, 

6. The riverward bay of the spillway was severely damaged by being 
thrust against the end cf the transition section of the wall, The thin 
bottom and sidewalls of the chute, which show evidence of displacement 
prior to the quake, were almost completely destroyed by minor differential 
deformations within the terrace on which it rests. 

7, On 26 A~st, minor amounts of seepage were emerging at the toe 
of the fill or a few feet up the slope, in the terrace section. At the 
junction of valley and terrace section, a very deep hole had been scoured 
in the toe of the dam and the toe of' the terrace by a surge of surface 
water over the spillway stop logs and over the crest of the dam, The fill 
material on the side of this hole was damp, and appeared to be dryer in 
the interior, There was no seepage from the fill into this hole. The 
greatest part of the seepage observed on 26 August was emerging from the 
toe of the terrace and from a roadway ramp angling down the face of the 
terrace, It was limited to an extent of about 200 feet upstream and 
downstream, 

So All surface ind.ications point toward the area of the spillway 
structure and the partial-depth section of the core wall as the probable 
origin of the seepage. A large part of it probably originated from the 
chute downstream from the stop logs, as Montana Power personnel stated 
that a very pronounced decrease ·Of seepage was coincident with placing 
of additional stop logs in the structure, 
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9, Conclusions, It is concluded that the valley and terrace 
sections of the dam are structurally and functionally intact, The con
crete core wall between Station 8+84 and the spillway, which does not 
penetrate to bedrock, is cracked and offset in line and grade. It cannot 
be determined by surface inspection whether the damage to the wall consti
tutes a hazard, The spillway crest structure and chute are severely dam
aged and non-functional, 

10. Recommended investigations.' To deteJ:'Jiline whether the damage to 
the core wall is functionally serious, It is desirable to know the nature 
of the backfill adjacent to the wall, and whether seepage is actually 
passing through the cracks, Information on both points can be had by 
drilling holes upstream and downstream from the wide open crack in the 
wall at Station 9+00, and subsequent installat;ion of piezometers in both 
holes. As a control for comparison, make a si.milar pair of piezometers 
at Station 8+00, Drill all four holes 80 feet deep, 

llo To determine the effects of future spillway repair on seepage in 
the terrace, install three piezometer tubes at the toe of the dam, located 
at Station 9+00, R 0+70D Station 8+00, R l+-00 D and Station 7+00, R 1+30 D. 
Recommended depth--30 feet, 

12, To determine whether general cracking of the terrace has opened 
up any new paths of seepage, make a careful reeonnaissance of the right bank 
of the river from toe of dam to spillway chute, from river level to crest of 
terrace" Repeat in a week or ten days. If any seepage is found, try to 
determine whether the condition existed prior ·to the quake, 

13. Spillway repai:r;:, It is not considered necessary in the course of 
spillwa;y- repairs to rest-,are the structural continuity of the cutoff wall be
tween the spillway and the main cutoff to rock,. As a matter of fact, 
restoration of this stiff but relatively fragile member would only invite 
a repetition of structural damage in the event of future earthquake deforma
tions similar to those recently experienced, It would be desirable to re
place a section of the wall, 25 to 50 feet in length, with impervious 
rolled filL 

14. If it is found that seepage is occurring through the cracks in 
the cutoff wall, or under the parti.al-penetration wall, it is recommended 
that chemical grouting be used to restore impermeability. 

15, Summary, From the left abutment to Station 8+84, the dam and core 
wall show no sign of functional dist.reas, The downstream curvature of the 
top of the wall, and the subsidence of the dam and its foundation relative 
to the wall are not considered indicative of anY condition requiring reme
dial action, 

16, Seepage at the toe of the terrace section of the dam and along the 
toe of the right bank terrace originates largely from the damaged spillwa;y 
structure and possibly from the ruptured action of the partial-penetration 
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cutoff wall. The quantity of seepage does not indicate serious trouble, 
but it should be further investigated, and blocked off in connection with 
spillway repairs. Restoration of a rigid cutoff wall between the spillway 
and the deep section of the cutoff wall is undesirable. 

P. T. Bennett 
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HEroEN DAM INSPECTION 

26 August 1959 

1. General: A general inspection was made of the Hebgen Dam of 
the Montana Power Compan;r to determine the damage sustained by 
the earthquake of 17 August 1959. The earthquake caused exten
sive damage to the spillway, general movement of earth at the 
right abutment, and a subsidence of the earth fill embankment. 
The surging of the reservoir caused the dam and spillway to be 
overtopped, which resulted in considerable washing of the down
stream face of the dam and erosion of a large hole at the 
downstream toe at the junction of the embankment and the right 
bank terrace. The following paragraphs describe the condition 
of the dam as found by the inspection. 

2. Abutment earth movement: There was a general movement of the 
right abutment toward the center of the valley along most of 
the reservoir area and also downstream of the dam. The dam 
offered restraint to the movement and theve was considerable 
cracking of the right abutment area immediately adjacent to 
the dam. A few cracks also developed at the left abutment of 
the dam. The entire spillway structure was shifted toward the 
center of the valley approximately two feet with respect to the 
core wall of the dam which was. assumed to be stationary. This 
movement was evident where the spilh>ay structure had sheared 
past the core wall. The c:!'acks in the abutment area indicate 
that the abutment in general moved more than the two feet 
indicated at the right end of the cot~ wall and spillway. 

3. Spillway damage: The entire spillway structure was shifted 
toward the center of the valley with respect to the core wall. 
This movement was probably greatest downstream from the dam 
and this differential movement caused damage to the spillway 
paving and walls. The surging of water after the quake over
topped the dam and taxed the spillway beyond its capacity. 
Sections of the floor and left channel wall were washed out 
and the water overtopped the left bank of the spillway channel. 
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This vater along •·rith the vater 11hich overtopped the dam uashed 
out a hole at the toe of the dam. After the initial surges of 
lfater, the normal discharge of the spillvay eroded considerable 
material from the area 1fhere the floor slab vas removed. The 
spill1my vas damaged extensively and it is considered that the 
structure 1-rill have to be removed and rebtcilt.. The spillvay 
stop logs 1.rere put in place and discharge through the spillvay 
was discontinued after the quake to avert further eroding and 
damage. After the stop logs were in place it \fas found that a 
considerable amount of \fater 1.ras boiling up on the dolfnstream 
side of the stop logs through cracks in the concrete. No sedi
ment \fas carried by this flow. At the dmmstream end of the 
spillway structure slab there vas a milky color to the water, 
indicating the underseepage under the slab was carrying a slight 
amount of sediment. The head carrying the water under the slab 
was approximately 5. 5 feet at the start of observations; this 
will decrease as the re aervoir i.s lowered. The underseepage is 
apparently not increasing at the present time. 

4. Core wall movement and cracks: Data fu.rnished by the Montana 
Power Company indicated that there was a differential vertical 
movement of one foot between the right and left ends of the 
concrete core 1-l'all. All but 0. 2 feet of this movement took 
place in the 75 feet of core wall adjacent to the spill11ay. 
The spillway end of the core wall settled a total of one foot 
with respect to the left abutment end. There was also considera
ble horizontal movement of the core wall. A transit line run by 
Montana Pm.;er Company indicated that the core 1.rall at the spill
way structure had moved upstream 2.8 feet. The right abutment 
sight may have shifted so it is not certain as to the exact 
amount of movement. A check at the junction of the spillway 
and core 1fall indicated there 1fas a differential movement of 
1.8 feet betueen the spillva.y structure and the core wall. 
The core ;rall had moved upstream with respect to the spill1-l'ay. 
The core 1fall 1-l'as cracked at numeroue locations, 1-l'hich are tabu
lated as follo;rs: 

STATION 

3 + 94 
4 + 19 
6 + o6 
7 + 04 
8 + 06 
8 + 43 
8 + 81 
9 + 01 
9 + 35 
9 +50 

REMARKS 

crack may be old 1-rith recent movement 
old crack 
diagonal craclt ( 45• shear crack) 
vertical crack 
old crack, vertical, no movement 
vertical crack 
1" opening, 1 3/4" transverse displacement 
5" opening, 3" transverse displacement 
1 3/4" opening 
vertical crack. 
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5. Embankment subsidence: There was considerable subsidence of 
the earth emba:Ilkilient due to the earthquake. This was quite 
evident by casual observation, as the core wall which was 
founded for the most part on bedro~k was left protruding above 
the fill. A check was made of the amount of subsidence 
upstream and downstream of the core walL The downstream 
subsidence varied quite uniformly from a maximum of 3.7 feet 
at Station 9 + 50 to 0.1 feet. at Station 3 + 75 at the left 
abutment. On the upstream side of the core wall the maximum 
subsidence ;ras approximately 5. 6 feet at Station 7 + 50 and 
decreased to about 2.5 feet at the right abutment and about 
1. 5 at the left abutn;ent. The maximum o;ubsidence on the down
stream side of the core wall was opposite where the wall had 
apparently moved the farthest upstream. The top of the embank
ment in this area was cracked a consider€•ble amount. The amount 
of subsidence did not correlate >lith fill height, but it is 
probable that there was considerable backfill adjacent to the 
core wall in the area ad,jacent to the spillway. 

6. Seepage conditions downstream of dam: Irrmediately after the 
quake it was reported that there was considerable seepage 
issuing from the natural terrace slope dovnstream from the 
dam. After the spillway discharge was closed off this seepage 
decreased to a small amount, so it was concluded that most of 
this seepage came from the spillway channel. A small amount 
of seepage was issuing from the natural ground slope at the 
point the fill had been eroded at the toe. Farther downstream 
along a berm considerable seepage was issuing from the natural 
ground. A probable source of this seepage is the water in 
the damaged spillway channel downstream of the spillway struc
ture. At the downstream end of the outlet tunnel a considerable 
amount of seepage was flowing, but Montana Power Company 
employees reported that there had been no change in this 
seepage for yeBZ's. 

During the construction of the dam f:i ve piezometers were 
installed just downstream from the core wall. These pipes 
were last read in 1939 and the pipes were sealed off. The 
tops of these pipes were burned off and water surface readings 
taken. Immediately after this ob<5ervatioa all the piezometers 
were water tested and two of the piezomet<ers proved to be 
active, so the reading could be trusted. The saturation line 
downstream of the core wall was found to be about 52 feet below 
reservoir level and approximately 24 feet above the tailwater. 
This indicated that the core wall 1<as funetioning in the deep 
part of the fill. No piezometer reading ~<as available adjacent 
to the spillway where the core wall was cracked. 
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7. Overflo>r da:nage to the embankment: At the time of the earth
quake, >raves were set up in the reservoir which overtopped the 
darn and spillway. This water tended to concentrate at the 
junction of the right abutment natural terrace and the embank
men-~. An area about 30 feet in extent was eroded at the toe 
of the fill, leaving a vertical face 15 to 20 feet high. The 
exposed material vas a sandy clay ''hich was dry and stable at 
the time of the inspection. Mr. Jones, chief construction 
engineer of Montana Pover Con:pany, indicated it "-as their 
plan to fill this eroded area inmBdiately. The crest of the 
embanlanent showed very little damage from the overflow water. 
There was some gullying but the main part of the embankment 
had resisted the erosion quite well. 

8. Sunnnary: An overall evaluation of the condition of the dam 
and reconmBnded action has been made by Mr. P. T. Bennett in 
a separate report, so will not be repeated. This report has 
furnished a preliminary analysis of the effect of the earth
quake on the dam. Further data is becoming available and a 
more comprehensive report will be made later when additional 
data becomes available. 

C. v. Johnson 

IV-4 



MADISON RIVER, MONTAJ~ 
REPORT ON 

FlOOD EMERGENCY 
MADISON RIVER SLDOO~ 

APPENDIX V 

GEOlOGY OF MADISON VAI.Im: SLIDE 
BY W. J. SAMJEISON AND R. E:. CURTISS 

MARCH 196o 

U. S. ARMY ENGINEER DISTRICT, GARRISON 
CORPS OJ!' ENGINEERS 

RIVERDALI!l, NORTH DAKOTA 



INTRODUCTION 

MADISON RIVER, MON.PANA 
REPORT ON 

FWOD EMERGENCY 
MADISON RIVER SL:ffiE 

APPEIIDIX V 

Geology of Madison VaHey Slide 
By W. J. S!llln.lelson and R. E. Curtiss 

GEOLOGY OF MADISON VAlJJ[Y SLIDE 

30 August 1959 

The following geologic conclusions and recommendations pertinent 
to the recent Madison River slide cover the various structural and 
lithologic characteristics of the rock mass and their effect on the 
current flood control planning. 

MECHANICS OF SL:mE 

Surficial and structural characteristicos of the slide and 
resulting rock mass are illustrated on the s•ttached geologic map 
and profiles. The slide is typical of movement within steepened 
valleys and the rocks included in the failuzoe were structurally 
conditioned for movement prior to the earth shocks. (Refer to pre
slide aerial photos 9-19-56-ECI-1-128, 129 end 130.)* Petrographically, 
the rocks consist of quartzite and dolomite and lesser proportions 
of chlorite schist and hornblende gneiss. 'Ihe quartzite and dolomite 
are hard and after failure disintegrated into angular fragments rang
ing in size from spa11s to chunks in excess of 10 cubic yards. The 
schists and gneiss are quartz injected, but structurally weak, and 
during the failure disintegrated into thin platey pieces which are 
not conducive to a high degre<' of compaction.. 

Prior to the slide the in-place rocks were striking N 85• E 
and dipping approximately 45 to 50 degrees, placing the individual 
rock strata in a position dipping into the valley. The pre-slide 
south valley was very steep and apparently supported by a buttress 
of outcropping quartzite and dolomite. The quartzite and dolomite 
in turn was underlain by relatively incompetent schist and gneiss. 
As a result of the many earth shocks, the mass was triggered and 
slid out on a weathered, decomposed schist, moved across the valley 
and carne to rest high on the north valley wall. In final position 
the rock mass has blocked the Madison Valley in essentially the 

* Not reproduced. 
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attitude as shmm on the attached surface geology map. A secondary 
slide vhich follm!Bd the described initial fall by an unknovn time 
interval, possibly a few minutes, rwved off the upstream end of the 
initial slide area and carne to rest in the swale created by the toe 
of the initial slide. In its do<mward movement, the second slide 
created a terrace of disintegrated schist on the greater portion 
of the upstream face of the natural dam. The end result of these 
movements has been a complete blocking of the Madison Valley and 
creation of a natural darn on the 1-lad.ison River. The material 
zoning which developed as a result of the slide is illustrated on 
the surface geology map and profiles. 

STABILITY OF THE NATURAL DAM 

In consideration of the afore mentioned slide mechanics, the 
predominance of hard brittle quartzite and dolomite, and the high 
degree of compaction, it is felt that the natural dam is stable 
and will not experience any serious movements or displacements. 
The alluvial material which was included within the valley prior 
to the slide was relatively thin and was undoubtedly gouged from 
the valley floor and incorporated into the base of the rock during 
the slide. The abutment sections appear to be stable and are 
included between competent rock. In addition, the rock fill is 
constricted at the downstream toe which would tend to impede any 
downstream movement. T11e gradation of the rock is for the most 
part very good, with the exception of the incompetent slide terrace 
des:ignated on the geology map as disintegrated schist. The down
stream toe of the dam is also very competent, being comprised 
chiefly of well interlocking angular pieces of hard brittle quartzite 
and dolomite. No saturated areas or springs were noted along the 
north or south valley <Talls in the immediate slide area. The 
increment of slope stability is therefore increased. 

CONCLUSIONS AND RECOMMENDATIONS 

The recommendations concerning the rock slide are as follows: 

1. Indications are that no danger from additional rock slides 
of the magnitude of 17 August 1959 appears imminent on either the 
north or south valley slopes. T\>ro additional minor slides are 
currently anticipated along the south wall (See Plate 1), The 
slide material consists primarily of incompetent chlorite schist, 
perhaps 10 to 20 feet thick. If these anticipated slides materialize 
and encroach on the crest of the natural dam, some maintenance <Till 
be required. However, pre-slide remedial measures are not recommended. 
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2. The berm or terrace, composed largely of chlorite schist 
and illustrated on Plate No. 2 is en. incompel.ent loosely compacted 
mass. It is recommended thn~: the discharge over the natural dam 
be diverted from the toe of this ma<:eriel to avoid the possibility 
of triggering slides. Naterial.s necessary to fill in low areas 
across the upstream f9.ee 'illC! l'·c'P of :;:1e rock-filled dam should be 
<Leri ved from t'Je c;.uarto'i te s.nd ~olomi'ce :ridge to the north. 

3~ ::orvprecsi..,_re force~, duriLg t.he roc?,. slide compacted a well
graded quare zi tc a.nd doJ.omi te ridge a.gainF t. the north valley tTall. 
Gneiss and schist, 'Thich are beHreen tlc.c sadd1.e and the south slope, 
are less compacted as a result. of sltm!p ilmrever, this degree of 
compaction appea:r-s to be such that any flo•·r from the reservoir 
uill not erode the natural -~'>rn en masse. 

4. A pinnac.le of rocl1 COll1POSed largely of jointed quartzite 
and dolomite i5 high on the north va:..l.ey t••all. T11e pinnicle has 
dra1m attention concerning the poss:!bili 'cy of sliding into tho 
valley, Dto.s-:. sHi.rl;::, •,rhid. den etc small rock falls, have been 
evident. This competent rod. ma":s doc:s not appear to be presently 
c:.nstablc. The bedding gene!·a.lly nol'th Into the north wall 
rather than into the Mru:li5on Hiver Valley. 1'hereforc, the pinnacle 
does not c:onstitFt.e an imrr,~diate elemen:. of danger. It is believed, 
ho1~ever, that the rock m"sr, :f svbsec;.uent detailed observations 
uarrant, may ·be ren:oved at a later <iat,e ·co obviate the possibility 
of sliding. 

5. It is suggested that sHde-rnovement Instrumentation be 
established across the south valley wall to ascertain any movement 
along minor slides that might encroach on the crest area of the 
natural dam. Indications are that. additional slide movements along 
the upstream south valley t;all Wi.ll be in successive stages rather 
than in major units. 

Plate No. 1 
Plate No. 2 
Plate liJo. 3 

i.j ~ J ~ Samuelson 

Surface Geology of Madison valley Slide 
Geo:Ingic Section A-A 
Geol.q;ic Section .B-ll 
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Stability of Slide Dam 
and Recommendation on Development 

of Overflow Spillwaz 

PURPOSE 

26 August 1959 

1. The earthquake of 17 August 1959 created a rock :f':l.ll dam 
across the Madison River near the mouth of Me.dison Canyon. The 
dam is about 200 feet high, and will impound perhaps 80,000 acre 
feet of water. If released suddenly, this vc•lume of storage would 
produce severe flooding along the Me.dison Riv-er below the dam. The 
purpose of this report is to present an apprs.isal of the structural 
stability of the slide mass as a dam, its pez·formance as an over
flow spillway when the water reaches the cree:t, and to recammend 
emergency measures to be taken to insure sat:i.sfactory performance 
of the spillway. 

SCOPE 

2. The geology of the region, and the fltability of the canyon 
walls against further sliding, are covered in a separate report. 
This report will be restricted to consideratlon of the slide mass 
as an overflow dam, with particular reference' to: 

a. General dimensions. 
b. Materials in the slide. 
c. Stability as a dam. 
d. Seepage through the d1111n. 
e. General recommendation for developmEmt of a spillway 

over the dam. 
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DIMENSIONS 

3. The rock :fill extends approximately 5000 feet from toe to 
toe in the valley floor. In profile, it is a series of major 
crests and depressions, the highest crest being upstream. In 
section, the slide mass is U-shaped, curving smoothly from the 
left bank talus remaining after the slide to a thick mass o:f rock 
which surged up the face of the right wall of the canyon, to an 
elevation approximat.ely 200 feet above the low point o:f the cross 
section. The depth of slide material at the highest crest of the 
profile is approY~mately 220 feet above the original stream bed. 

MATERIAIB 

4. For a detailed description o:f the types and probable 
distribution of materials in the slide mass, see the separate 
geological report. As exposed on the surface, the sequence of 
materialfJ along the "channel" thru the slide is: 

Downstream Toe -- Massive quartzite, 'Well graded, densely 
paclced. Many massive blocks ranging up to 15' x 12' x 8' 
in size. This material lies do<mstream from the quartzite 
nose ~Vhich split the slide into a small downstream mass and 
a much larger upstream mass. 

Central Portion -- Schist and gneiss, principally gneiss. 
Angular blocks grading from spalls up to one cubic yard. 

Upstream Crest Area -- Predominantly schist, grading from 
gravel to thin and slabby pieces of six to eight inch size. 
This material would be relatively unstable under high 
velocity flm;s, and would also break down from natural 
weathering action. 

Upstream Toe -- A relatively thin layer of coarse quartzite 
lies against the right wall of the valley. With this 
exception, the rest of the upstream toe is made up of 
weathered gneiss and schist, with the voids almost com
pletely filled with fine grained nonplastic soil. The 
upstream face of the slide appears to be made up of relatively 
impervious material up to an elevation in the vicinity of 
6420. (The absence of seepage through the mass prior to 
26 August indicates that the apparently continuous quartzite 
layer along the right abutment is either discontinuous below 
pool level, or is choked •n th fines.) 

5. Along the entire length of the slide mass, its greatest 
height is on the right abutment. This rock, originating more deeply 
in the slide, is principally made up of quartzite, and is more 
competent than the rock in the existing 101> channel through the slide. 
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STABILITY AS A DAM 

6. Considering the mass as a dam, its base width is five to 
eight times as great as would have been used in building a rock 
fill dam of the same height. The downstreM slope is extremely 
flat, averaging about 1 on 12. The upstream part of the mass 
consists of a crest section several hundred feet wlde, and an 
upstream slope very roughly estimated at l on 7 average. The 
mass has roughly the characteristics of a composite earth and 
rock-fill dam section, with the relatively impervious earth fill 
upstream. The rock-fill was dynamic.ally compacted by the earth
quake shock, and is generally dense and well keyed together. The 
canyon \ralls tend to converge downstream, \Thich would add to the 
longitudinal stability if there ·were any tendency toward movement 
downstream. Considering all these conditions, there is no question 
of the stability of the mass against a slide downstream. The possi
bility of transverse or upstream sliding is discussed in connection 
with recommendations on development of a sa:f'e spillway over the dam. 

SEEPAGE THROUGH THE: DAM 

7. Prior to the morning of 26 August, when a small quantity 
of seepage flow was observed, the sand in the original river bed 
was entirely dry at the toe of the slide. ~'he pool level on the 
morning of the 26th, when seepage first appeared, was 6380 +, or 
about 145 feet above the downstream toe. Since the pool was 
still on the relatively impervious upstream face, it is considered 
probable that the initial seepage was through the coarser and 
cleaner material lying on the face of the ri.ght abutment; the 
absence of seepage prior to 26 August indica.tes the probability 
that the quartzite layer is discontinuous, or choked with fines 
at levels below 6370 ~· 

8. It is very difficult to estimate future seepage quantities, 
since the distribution of the relatively impervious material can 
only be estimated roughly from surface indications. Assuming the 
bulk of the impervious material to be locate•d upstream and below 
elevation 6380 +, it appears probable that tohe seepage may flow 
over the impervious mass as over a control ;reir, then drop sharply, 
and saturate only the lower levels of the rock mass. Considering 
the sectional area between elevation 6380 and 6450, the proposed 
spillway crest, and a possible range of gradients and effective 
permeabilities, it appears that seepage through the rock mass 
might be in the range between 200 and 1000 cofs at full pool, eleva
tion 6450. Thus, at this early stage, it appears possible that 
normal river flows might pass through the rock fill without any 
surface flow over the spillway crest. It should be emphasized 
that this very rough estimate should be rev:i.sed continually as 
actual seepage quantities are recorded in the future. 
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9. Hhatever the quantity of seepage may ultimately prove to 
be, it cannot endanger the stability of the dam, since the very 
coarse rock of the dmmstreaJTI toe vill easily pass almost 
unlimited flmrs. 

10. There vill undoubtedly be piping of fines out of the 
upstream dirt-choked rock into the cleaner central mass. Con
sidering the extreme possibility of the fines being moved to the 
downstream region and deposited there, the stability would not 
be endangered, since the rocl<:-to-rock structure of the darn would 
not be changed. 

11. Summing up the seepage aspects, the quantity is highly 
uncertain at this time, but it appears possible that low to normal 
river flovs may pass through the rock vi thout overtopping it. 
Re-distribution of fines within the rock mass will undoubtedly 
occur, resulting in uneven settlements in the upstream, dirt 
choked area. Fines reaching the coarse rock of the downstream 
toe vill probably be carried out of the rock mass, but will not 
disturb the strength of the rock-to-rock contact even if partially 
deposited 1<1 thin the mass. 

POTENTIAL SPILLWAY PROBLEMS 

12. There appear to be three separate problems to be con
sidered in developing and maintaining a reliable spillvay over 
the slide dam. 

a. Stability of crest against sliding -- Upstream from the 
highest saddle, the slide mass is made up of soil and 
c;eathered rock, the least stable material in the slide. 
Above and downstream from the area, the largest mass of 
potentially unstable material remains near the left abut
ment, along the upstream boundary of the slide scar. It 
is possible that saturation of the toe by the rising 
pool, and saturation of the remaining mass on the abut
ment by surface run off could reactivate a slide, and 
drop the spillvay crest belov pool level, releasing a 
fairly large volume from storage in a short time. Such 
an occurrence is not regarded as highly probable but it 
should be considered as possible. 

b. The second source of spilhray trouble is the possibility 
of blocking the spillvay channel by debris from the 
existing slide slope. The additional material vhich 
might cause damage is relatively fine, and it might 
dam up several feet of surcharge, then vash out and 
release a minor flood. 
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c. The third and most obvious spillway problem is the 
possibility of scouring the crest or channel by high 
velocity flows, particularly in the crest area and upper 
part of the chute where the rock is relatively fine. 

13. To minimize the possibility of losing control of the 
spillway crest by a.n upstream slide, it is recommended that an 
artificial crest be developed in the pocket immediately downstream 
from the existing saddle, which is now approximately 50 feet lower 
than the present high point. This hole shO"illd be filled, to an 
elevation about 20 fPet below design crest level, with relatively 
fine rock dozed downstream in the course of lowering the saddle 
to design grade. The top 20 feet should be filled with heavy 
quartzite, borrowed from the layer lying ag,ainst the right abut
ment. (See plan sketch) The left side of the crest should be 
constructed of heavy quartzite. 

14. To avoid undercutting the possibly unstable left 
abutment and to minimize the possibility of blocking the spillway 
by a new slide, the spillway channel should be located as far as 
practicable toward the right side of the valley. A definite 
layout cannot be recommended until surveys are more nearly complete 
permitting estimate of quantity and cost. 

15. To avoid uncontrolled scour of the spillway chute, the 
alignment should be kept as far to the right as is economically 
practicable where the rock is generally heavier and of better 
quality. In areas where the existing surface rock is fine, line 
the floor and left side of the chute with h~avy rock borrowed 
frorr. the high quartzite. 

16. The spillway crest and chute should. be shaped to avoid 
concentration of flow which might begin scouring deeply into the 
rock. The section should be designed to spread the flow out onto 
a thin sheet of as nearly uniform depth as is practicable with 
the size of rock to be handled. It is considered desirable to 
pass low and normal flows as seepage through the rock mass, 
reserving the spillway for high river discharges. If this con
dition can be obtained, the pool would have some degree of storage 
between normal pool and spillway crest. The probability of 
achieving this desirable condition increases with spillway crest 
elevation, and the cost of crest excavation decreases. It is 
therefore recommended that the spillway crest excavation be 
established at 6450 which is ten feet below the toe of Hebgen Dam. 

Signed: 

1 incl. Sketch Plan D. K. Knight 

P. T. Bennett 
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Inspection o~ Lower Slide, Gros Ventre River 
By P. T. Bennett and D. K. Knight 

INSPECTION OF LOWER SLIDE 
GROS VENTRE RIVER 

3 September 1959 

1. The "lower slide" on the Gros Ventre River near Jackson, 
Wyoming, was inspected on 28 August 1959 by C. A. Burgtor~, 
D. K. Knight, and P. T. Bennett, primarily for the purpose o~ 
comparing the materials in the Gros Ventre slide with those o~ 
the slide into the Madison River which occurred as a result o~ an 
earthquake on 17 August. The party was fortunate in that 
Mr. Guilbert Huf~, who was an eye-witness to the slide, acted 
as guide for the party. 

2. The occurrence of the slide is described in Engineering 
News-Record of July 16, 1925, July , 1925, and September 17, 1925. 
Failure o~ the slide material as e. dam is described in Engineering 
News-Record o~ May 1 1927. 

3. Date. on the geology of the Gros Ventre slide area was 
obtained by a subsequent discussion with Dr. Frank A. Swenson of 
the U. S. Geological Survey. Dr. Swenson has written a paper on 
the geology of a large area which included the Gros Ventre valley. 
The attached rough geologic sectioD has been. prepared on the basis 
of this discussion. It should be noted that several years have 
passed since he prepared his paper and the section is necessarily 
based on memory. The Wells Sandstone formation is the predominating 
rock ~ound in the remaining slide mass. It is believed to have been 
pervious enough to permit the passage of seepage waters down into 
the shale stratum, thus weakening the shale to the point of sliding. 
All of the beds overlying the shale were weakening by weathering 
action over a period o:f many years prior to the slide. The eye
witness account given in the Engineering News-Record states that 
seepage was showing at the base of the hill prior to the slide on 
23 June 1925. 

4. The materials of the Gros Ventre slide are now well exposed 
and easily inspected in the walls of the small canyon cut through 
the mass by outflow of the impounded water. The slide consisted 
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primarily of medium to very large blocks of massive, fine grained 
sandstone, mixed fairly uniformly with very fine grained materials, 
principally in the silt size range, but with appreciable deposits 
of very fine sand, and some slightly plastic silty clay. All the 
fines appear to be the product of <reathering of sandstone, siltstone, 
and shaley bedrock making up the south or left abutment at the site. 

5. The party also explored the area from which the slide mass 
moved to about one third or one fourth of its height. The slide 
scar differs from that at Madison Canyon in that a great amount of 
material similar to that which blocked the river still remains in 
the slide area. It is apparent that the north end of Sheep Mountain 
prior to the slide was capped near the crest with one or more massive 
ledges of hard durable sandstone, underlain by less competent sand
stones, siltstones, and sandy shaleso The lower beds were deeply 
weathered, producing large ~uantities of sand and silt, and lesser 
amounts of silty clay. A permanent lake exists in a pocket about 
half-way up the slide scar, indicating the generally impervious 
nature of the products of rock weathering in this vicinity. One 
concentration of extremely massive sandstones blocks, some of which 
are obviously from a weathered ledge outcrop, indicates that some 
of the sandstone blocks came from the upper portion of the slide, 
where similar outcrops can still be observed in the walls of the 
scar and on adjacent undisturbed slopes. 

6. With the exception of a few isolated areas, the proportion 
of fines to rock in the slide mass is such that the rock fragments 
are in very poor contact, or are floating entirely in the matrix of 
fines. This condition was also observed in the slide mass which 
did not reach the river. 

7· The following is ~uoted from a description of the slide 
by Frank B. Emerson, State Engineer of Cheyenne, Wyoming, published 
in ENR of September 17, 1925. 

8. "The result of the slide was to shut off entirely the 
flew of the Gros Ventre River for about 12 days. Seepage then 
began to appear upon the lower face of the dam and this continued 
to increase as the 'rater rose in the lake formed by the dam, On 
July 14 (three weeks after the slide occurred) a large increase 
in the flow vas observed and practically the normal flow of the 
river was soon passing through the dam at a point near the center 
and about 30 feet below the top." 

9. Else>ihere in the report it is stated that the downstream 
slope of the "dam" dropped off at a comparatively steep slope for 
a vertical distance of 60 feet. It therefore appears that the 
seepage found a relatively short path near the top of the "dam" 
and it emerged on a steep face. 

VII-2 



10. The Gros Ventre slide appears to be made up of the same 
type of material for its full length, and this material is 
relatively impervious because of the large amount of fines. The 
emergency of seepage high on the slope is entirely consistent 
with the type of material involved. FUrthermore, the silt and 
fine sand matrix is easily moved by p:iping, and the rock structure 
is not stable once the fines are removed. Uith all those condi
tions favorable to failure of the dam, it is surprising that it 
stood two years before failure occurred. 

ll. Comparing the Gros Ventre and Madi!lon Canyon slides, it 
is found that their heights and base widths along the valley are 
nearly the same. The stream flow and storage capacities behind 
the dam are also very similar. In materiale~, the two slides are 
very dis-similar. The entire fill at Gros Ventre is made up of 
a mixture of very coarse rock fragments almost floating in semi
pervious silts and sands. There are no sanclstone rocks in the 
Madison slide. At Madison Canyon, only the upstream section 
contains fines approaching the percentage observed at Gros Ventre. 
The central and downstream sections of the Madison slide are very 
much cleaner than at Gros Ventre, and the seepage gradient is 
expected to fall to a low level once the water emerges from the 
relatively impervious upstream section. 

12. Further comparing the two slides, I>iping may move fines 
out of the upstream section at Madison, as e•pparently occurred 
at Gros Ventre, but the result will be diffe,rent because of the 
relative quantities of rock and fines. The upstream section at 
Madison, although the rock is smaller i.n si2'e than at Gros Ventre, 
appeared to have rock-to-rock contact. In t.he central and down
stream sections at !edison, there is no dou'bt of the compact 
rock-to-rock structure. Movement of fines cut of the upstream 
section at Madison may result in subsidence and possibly local 
sliding into the upstream pool, but any downstream movement of 
this section is blocked by the main mass of clean rock in the 
central and downstream sections. Partial filling of the voids in 
the clean rock of !edison will not affect its stability. 

13. Concluding the comparison, the slid.e dam at Gros Ventre 
was susceptible to failure because of: 

a. A steep downstream slope at the crest creating a short 
seepage path. 

b. Fairly uniform distribution of a semi-impervious fill 
from upstream to downstream, which raised the seepage line to the 
short path near the crest. 
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c. A deficiency of rock in the mixture of rock and fines, such 
that the mass lost stability when fines were piped out. 

d. Mlch of the fine grained material was silt or very fine 
sand, which is very susceptible to movement by piping. 

14. None of these adverse conditions is found at the Madison 
slide. The materials are graded from relatively impervious 
upstream to highly pervious downstream, providing immunity to 
all piping effects from seepage and providing great stability of 
the dam. It is concluded that the failure of the Gros Ventre 
slide dam, after a period of two years in which no effort was 
made to correct the adverse conditions, does not predict the 
future of the Madison Slide, where ideal if accidental initial 
conditions are being further improved as the pool rises. 

Incl 1 Rough Geology Section 

P. T. Bennett 

D. K. Knight 
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Hydrology 
By C. A. Burgtor:f' 

HYDROWGY 

Madison River at Hebgen Dam has an average mean daily flow 
between 900 and 1,000 c.f.s., with a maximum of record of a little 
less than 6,000 c.f.s. Prior to the earthquake on 17 August, 
Hebgen Reservoir pool was falling slowly with a release rate of 
about 1,000 c.f.s. and a pool elevation of 6542.8. No records 
are available of pool elevation or discharges for 18, 19, and 
20 August. 

On 21 August the pool elevation at the gage on the intake 
structure was 6541.9 or an apparent drop in pool level of 0.9 
foot. This was the result of a change in storage-elevation relation
ship. A small amount of water flowed over the top of the dam as a 
result of seiches during the quake but was far less than the 
apparent change in storage in the lake. 

Hebgen Lake was drawn down as rapidly as practicable follow
ing the quake for inspection of the dam and crLitlet and to lower 
the forces against the dam. The lske level w.a.s lcrwered to eleva
tion 6539 on 4 September. Plates 1, 2, and 3 show the pool eleva
tion, storage, inflow and outflow for Hebgen :Reservoir from 
16 August to 26 October. A storage capacity curve for Hebgen 
Reservoir is shown on plate 4. 

EARTHQUAKE LAKE 
The quake and slide about 6.5 miles down1stream from Hebgen · 

Dam caused a wave of water immediately upstrelm and downstream 
from the slide. Evidence at the site shcrwed that the water went 
over the banks with tremendous force but with very little volume 
as the water was all back in the channel in l<~ss than 1/4 mile. 

The elevation of the channel bottom upstJ:-eam from the slide 
is about 6260 feet. The pool which formed behind the slide rose 
rapidly and reached the crest of the spillway,, elevation 6450 feet, 
on 10 September. Plates 5, 6, and 7 show the inflow, outflow, pool 
elevation and storage in the lake from 18 August to 27 October. 
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There was no evidence of seepage through the slide until 26 August. 
Following that date the seepage increased slowly and reached a flow 
of about 100 c.f.s. before flow started over the slide on 10 September. 
The lake has a capacity of 36,000 acre feet at elevation 64oo feet 
and a capacity of 82,600 acre feet at elevation 6453.4 feet, the 
maximum stage which occurred on 20 September. A storage capacity 
table of the lake is shown on plate 8. 

STREAM FLOW 
Gages were established by the U. S. Geological Survey on Duck, 

Cougar and Grayling Creeks and South Fork of Madison River, tributaries 
to Hebgen Reservoir, Cabin and Beaver Creeks, which empty into Earth
quake Lake, and on Madison River at the toe of the slide, 1/2 mile 
downstream from the slide, Cliff Lake Bridge, Kirby Bridge and Varney 
Bridge near Cameron. Locations are shown on plate 9. Cableways were 
installed by the Geological Survey across the Madison River on top 
of the slide, at the toe, 1/2 mile downstream from the toe, and near 
Kirby Bridge. 

Discharge measurements were made by the Geological Survey to 
determine rating curves for the streams upstream from the slide 
and from gage readings by U. S. Army Engineer personnel inflows to 
Hebgen Lake and Earthquake Lake were estimated. 

Seepage through the slide prior to flows over the crest was 
measured daily by the Geological Survey. After the lake was filled 
measurements were made daily or more often by the Geological Survey 
on top of the slide and at the toe of the slide. Deposition of 
material from the slide forced the abandonment of the cableways 
near the slide and after 4 October all measurements of outflow 
from the lake were made at Kirby Bridge. Beginning on 26 September 
the measurements of outflow were increased to 6 to 8 per day and 
Army Engineer personnel supplemented the Geological Survey in 
doing the work. On 18 October the Engineers took over the measur
ing program except for occasional readings. The program was dis
continued on 26 October. 

CHANNEL AND BRIDGE CAPACITIES 
Madison River from the slide to near Ennis and from the canyon 

downstream from the Madison Power Plant near Ennis to the mouth has 
a very uniform channeL It has a fall of 20 to 30 feet per mile 
except for the lower 10 to 15 miles where the slope is about 10 
feet per mile. The channel width is usually 200 to 300 feet. 

Cross sections at all bridges and valley sections at elevan 
locations between the slide and the mouth of Madison River were 
surveyed. Rating curves were developed and used to determine safe 
release rates from Earthquake Lake and to estimate possible water 
surface elevations >rhich might result from failure of Hebgen Dam or 
the slide. 
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Three of the bridges, Cliff Lake, Shelton Ranch, and Wolf 
Creek Bridges, located about 5, 16.5, and 19 miles respectively, 
downstream from the slide, are timber structures supported by 
rock-filled cribs. Their open water capacities are about 6,000 
c.f.s. The remainder of -~he bridges are of a more permanent type 
of construction and have capacities in excess of 10,000 c.f.s. 

The spillway capacity of Ennis Lake is about 7,000 c.f.s. 
Flows of about that value have occurred past the Madison Power 
Plant w1 thout damage to the plant. Some pumping was required in 
the plant, but the generators did not get wet. 

On the basis of these data it appeared that releases of 
5,000 c.f.s. could be made from Earthquake I.ailte without significant 
damage to property downstream. 

EVACUATION OF HEOOEN RESERVOIR 
Hebgen Reservoir is usually filled during the spring runoff 

period, held steady during the summer and dra1m down to a relatively 
low level beginning about l. September. Extreme cold periods in 
December often cause anchor ice which breaks loose, blocks the 
channel and causes flooding. It was not possible to begin evacua
tion of Hebgen Reservoir in September because of the slide. Plans 
as of November 1959 were to evacuate Hebgen CClmpletely by 1 April 
for replacement of old stoplogs. With the beginning of drawdown 
of the reservoir being delayed there was a po!lsibility that the ice 
problem during evacuation might be more serious than usual. However 
the presence of sediment in the water and high nows in the stream 
could combine to prevent the formation of anchor ice downstream 
and thus reduce the ice problem. The answer t;o this question could 
be determined only by experience and observation. 

c. A. :Ellrs:torf 
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Preliminary Slide-Stability Studies 
By R. E. Curtiss and D. K. Knight 

REPORT ON 
PREUMINARY SLIDE-srABILITY STUDIES IN MIIDISON VALLEY SLIDE AREA 

WITH MISCELlANEOUS COM!WlTS 

INTRODUCTION 

1. Slide stability investigations in the Madison Valley rock 
slide area constitute an intensive, integratE'd program designed to 
ascertain the present and future safety of the crest area of the rock 
slide, a dolomite-quartzite-schist pinnacle Cln the north valley wall, 
and the relatively undisturbed dolomite-qu~~zite pinnacle in the 
south valley wall west of the slide area. Sl~fety to personnel 
during the construction of the spillway has been of paramount 
importance . 

2. Methods include slide-movement instrumentation that has 
been installed across cracks and displaced gramd along the crest 
area of the slide. Additional investigation,; entail future slope 
safety factors which are based on rock vol~,s, slope angles, fric
tional resistances, and saturation loads. I·~ is assumed the reader 
has read prior reports on the rock slide. Geology of slide area 
is shown on Figure 1. 

3· Short-term and long-term safety factors are controlled by 
the unpredictability of possible reoccurring severe earthquakes 
and normal weathering processes, respectively, in the slide crest 
area. 

4. Preliminary results and recommendations are contained 
herein. Miscellaneous observations, which i:tlclude the Hebgen Dam 
area, are also included, as are general COJIJDl<!nts considered 
appropriate at the time of this report. 

5. VOLUME OF MATERIAL INVOLVED. The l<~ngth of the ridge 
above the slide scarp is approximately 1/2 mile in length. As 
can be noted on the aerial photographs taken of this area, the 
cracking behind the crest of the ridge which is visible today 
shows that two areas exhibit the most potential for movement, 
section I at the east end and section III at the west end of the 
ridge area. (See figure l. ) 
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6. Not knowing exactly what bedding or joint planes this 
material might break loose on, it is very difficult to estimate the 
volume of this material. Nevertheless, quantities have been com
puted using the dip of the beds as a general guide for possible 
fracture boundaries. 

7. At the west end of the ridge, the volume of material sus
ceptible to sliding has been estimated at slightly over one million 
cubic yards of material. At the east end (section I on figure 1 
and photographs* No. 1, 2, and 3), the material which is already 
broken loose and lies on the upper portion of the slide face has 
been estimated at two-thirds of a million cubic yards. The large 
berm lying at a corresponding location below the east slide area, 
which would tend to resist the movement of downsliding material, 
has been estimated at two million yards (see figure 3). 

8. For comparison, the follm;ing quantities have been com
puted from cross sections of the slide area before and after the 
occurrence of the slide in the Madison River. The total volume of 
rock and earth materials which now forms the natural darn across the 
canyon, has been computed at 43,400,000 cu. yds. Assuming a bulk
ing factor of 20 percent from its natural position in the ridge, 
we can estimate the volume of material which was displaced from the 
ridge area by the quake at approximately 36,000,000 cu. yds. For 
comparison also, on the basis of the assumption that one cubic 
foot of natural darn is equal to 135 pounds, the weight of the slide 
material is 78,ooo,ooo tons. 

INSTRUMENTATION 

9. Three sets of slide-movement or strain gauges were installed 
on 29-30 August 1959 across cracked and displaced ground at the top 
or crest of the slide area (see figures 1 and 2 and photographs*). 
Eight wire-movement indicators tvere installed bettveen gauge sets 
and in other areas of potential movement. (See figures 1 and 2 and 

-photographs*.} Tables 1 and 2 shov the results of gauge measure
ments and condition of vire indicators, respectively. Gauge sets 
are j_ndicated as "A, 11 11 B_, 11 and 11C. '' The 11A 11 set of gauges, (see 
photo * 1) vhich consits of 4 gauges of 3/l~-inch water pipe, is 
installed at the extreme east end of slide in Section I and is corn
posed primarily of schist (see nzure 1.). The "B" set of gauges 
(see photo* 3), vhich comprises 3 gauges of pipe, is located at 
the west end of Section I and is also underlain chiefly by schist. 
The "c" set of gauges (see photo* 10), tvhich consists of 5 gauges 
of pipe, is installed at the tvest end of slide in Section III and 
consists essentially of schist. These gauges are marked with lathe 
and tvhite flags, observable from both air and ground. 

* Not reproduced. 
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10. Anchor gauges in the sets are reference gauges that were 
installed in presently firm blocks of ground. Cracked and broken 
ground (see photographs *J are between the anchor gauges and other 
gauges in the sets prefixed by ''A," "B," and "C." Gauges are 
measured (see table l) \·:ith a. metal tape and hook-type anchor. 

11. Eight wire-movement indicators have been installed in 
conjunction with the gauge sets to enable airborne observers to 
detect any significant. displacement or moveme·nt. Certain of the 
gauges (see table 2) have wires attached. Ye·llow, red, and white 
squares of flagging are affixed to the wires. It is conjectured 
that any significant movement that would exert in the magnitude of 
30 to 40 pounds of pressure would pull loose any wire indicator. 
A break in the wire would destroy the alignme,nt of wire and show 
disturbance of flags. A break could be easily recognized by aerial 
observers. Detailed ground. checks would follow to determine the 
reason for a wire break. Impending breakage of wire indicators 
would be reflected by slide-gauge readings indicating displacement. 

RESULTS OF SUDE-GAUGE INSTRUMENTA9~ION BETWEEN SETS 
"A" AND "B" IN SECTION I 

12. Results of slide gauge readings between 30 August and 
11 September 1959 and observations of wire indicators indicate 
that no significant movement has taken place along tllo entire 
crest area. 

13. Gauge set A2-A4 has exhibited a total increase of 2 
inches (see table 1), more than any other set on the top of the 
slide. This small change is considered negl:Lgible. Fluctuations 
in daily readings may be attributed to differences in wind and 
variable tensions applied to the tape. It should be noted, however, 
that an apparent vertical change of 1.12 feet has been noted along 
a 17-foot slide scarp at the extreme east end of the slide area. 
One foot of this vertical movement occurred J?.rior to the installa
tion of the "A" set of gauges. Early sett.J.ing or compaction of 
loosely consolidated slump material consisting largely of schist 
and gneiss is indicated. 

14. Horizontal check movement poi.nts J-·7 and J-8 (see figure 
1) were installed. 9 September 1959 across the upstream toe of the 
left abutment of the slide at scat. ions 48 + 71. 2 and 52 + 96.8, 
respectively. The moYemen10 points were checked for alignment 
14 September 1959. Points J'-7 moved 1/2 inch north--negligible 
movement--while J-8 revealed no movement. 

15. An increase of 1 1/2 inches--the maximum for the "B" 
set--has been recorded between gauges B-anchor and B2. It is 
believed that this apparent increase is negl:Lgible and is not 
indicative of significant movement. 

* Not reproduced. 
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16. GEOLOGY. A geologic map of the slide area is shown on 
:figure 1. The major lithologic units consist principally of chlorite 
schist with lesser amounts o:. hornblende gneiss. Bedding structure 
is obscured by slmnped rock. H::m·ever, 'rea·cnered schist at the crest 
and immediately vest of the "B" set of gauges revealed a N 70° E 
strike and a 62• NNW dip, approximating the bedding in the dolomite
quartzite pinnacles in the north and south valley slopes. The top 
200 feet of the slide is treeless, representing a part of the south 
:facing or back slope that slid. A sizable berm, which consists 
largely of schist, constitutes much of the upstream, left bank 
area of the natural dam. A 50-75 foot slide scarp is found about 
one-half way dmm the east boundary of the slide. No toe restraint 
is thus provided in this area for the presently stable timbered 
slope to the south. 

17. CONCLUSIONS AND RECOMMENDATIONS. It appears tenable that 
slide 2 (Section I) offers no present endangerment to either con
struction or engineering personnel or the spillway structure, 
exclusive of a major reoccurring earthquake. 

a. Since this ridge area was probably fractured and cracked 
as it is today immediately following the slide and has experienced 
the subsequent minor quakes and tremors, it is a strong indication 
that the material of the ridge area '<ill remain in place for a period 
of a year or two at least. The t1<o main factors which can influence 
the length of this period are as follo'<s: 

First: The occurrence of additional severe earthquake shocks. 

Second: The 'reathering of the earth and rock mass along the 
ridge by natural moisture from rain and snow melt. 

The second of these factors ;rould of course take considerable 
time. It is estimated that two or more spring seasons '<ould be 
necessary to saturate and '<eaken the slide materials sufficient to 
cause them to start moving from their natural position and slide 
or creep slowly into the area of the natural dam below. It is 
believed that the end of the scarp area (see aerial photos * 1, 2, 
and 3), is likely to absorb 1<ater at a much more rapid rate than 
other areas of the ridge, since a greater surface is exposed. At 
the time that the east slide mass becomes saturated sufficiently 
to lower the shear strength of the materials, it will slide or 
creep toward the natural dam and spillway below. The speed of 
this movement is dH'f'icult to predict but could possibly be very 
rapid and develop sufficient speed to move through the rather large 
and comprehensive berm which lies between the scarp and the spillway 
channel. Rapid sliding would be sufficient to block the spillway 
channel which has been constructed. 

* Not reproduced. 
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b. A simple stability a.nalysi s was run on the loose slide 
material in Section I. The distorted section shown as figure 3 
was used as the basis for the stability study. No water forces 
were assumed and the weight of the slide mass1 was taken as 120 lbs. 
per cubic foot. For a factor of safety of 1.00 the required shear 
strength along the slide plane was computed to be a frictional 
resistance of tangent ~=.55. The effect of l.nfiltrating rain water 
or snow melt was evaluated on the basis of 26 inches annual pre
cipitation. The added weight of the "-ater wcmld be approximately 
6%, or negligible. If this much moisture were added uniformly to 
the slide mass, the increase in mo.isture content would also be of 
no consequence. The most effect from moisture would result if the 
water seeped through the mass to accumulate at the slide plane or 
the surface of firm bedrock. It seems doubtful that this amount 
of moisture would have a major weakening effE~ct along the slide 
plane. It is therefore concluded that the rate of sliding for the 
Section I area will be a slow creep and will not block the spillway 
channel. 

c. Unloading the top of the slide, wh:lcb might entail the 
removal of perhaps 2/3 million cubic yards o:f slimped material, 
would increase stability. Material could be removed to the back 
slope. Accessibility would present somewhat of an obstacle. 

d. Continued observation is recommended. 

RESULTS OF SLIDE-GAUGE INSTRUMENTATION BETWEEN 
SETS 11B11 AND 11C11 IN SECTION II 

18. Results of observations taken on w:ire indicator number 4 
(see figure 2, table 2, and photo * No. 6) c:ite no movement thus far. 
Tight cracks are noted some 200 feet (slope d.istance) along the south 
facing or back slope (see photos* Nos. 3, 4, 5, and 6). Arcute 
cracks are conspicuous near the scarp. 

19. GEOLOGY. Weathered schist bedding strikes N 70o E and 
dips 62° NNW into the rockslide area along a steep scarp (see 
photo * 4). The back slope dips about 32° south. The crest is 
therefore precipi taus for several hundred horizontal feet and 
about 50 vertical feet. 

20. CONCLUSIONS AND RECOMMENDATIONS. Section II appears some
what more stable than. Section I on the eas·G or Section III on the 
west. 

a. The central area, shown as Section II of the ridge on 
figure 1, is more steeply sloped and cleaner than the other ridge 
areas. For the top 50 feet the jagged scarp face follows alternately 
along the steeply dipping joint and bedding planes of the schist 
bedrock. Below this the s.lide face is on a much flatter slope. 

* Not reproduced. 
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Although small craclm appear about 200 feet down the backslope, 
this section is considered generally stable, with only very small 
pieces on the face likely to fall off as weathering progresses. 
This conclusion is based on the fact that any fracture or slippage 
on either a joint or bedding plane whould be so steep as to pass 
under the prcc:ent scarp face, thus developing tremendous resist
ing forces. Only quake forces of the maximtun intensity would be 
sufficient to overcome this resistance. 

b. Damage to the spillway is not anticipated. 

c. Extended surveillance of the crack system is urged. 

RESULTS OF SLIDE-GAUGE INSTRUMENTSTION 
IN SEn' 11C" AND SECTION III AREA 

21. Slide-gauge measurements have recorded no s1gnificant 
movements to date. Arcute cracks are very conspicuous for approxi
mately 450 feet along the extreme ''est edge of the slide scarp. 
This cracking eKcends about 125 feet back of the steep crest. One 
major crack, which is between c1-c11 c2-c,, and wire indicator 8, 
is at least six feet wide and 10 f~et deep. The crack continues 
into the timbered north-facing slope about 75+ feet west of and 
parallel to the edge of the slide scarp. No significant cracks 
have been noted 1<est of photo -l<· 10. An increase of 5/8 inch 1res 
measured :from C anchor to c1 and c1 to c3 (see table 1). This change is 
considered negligible. 

22. GEOLOGY. Schist constitutes the major rock type in the 
crest area. The south-facing slope is grass-covered with a thin 
soil mantle. Schist bedding, which is revealed in the aforementioned 
conspicuous crack, strikes about N 85° E and dips 57° NNW toward 
the Madison Valley rockslide (see figure 1). The crack appears to 
be locally joint controlled. A joint surface, which is at least 
10 feet high, strikes N 25° W and dips 79o SW. Cross jointing was 
also noted. 

23. Dolomite-quartzite pinnacles comprise a large proportion 
of the lower section of the timbered north-facing slope. A resistant 
nose of dolomite-quartzite is a remnant in the slide area. The nose, 
which is part of a pre-s.lide pinnacle, serves as a buttress, restrain
ing the movement of slide material behind it in this section of the 
ridge. The easternmost dolomite-quartzite buttress has sustained 
periodic spalling of blocks. No extraordinarily large block has 
fallen. Bedding strikes N 80° E and dips 60° NNW. Dip and strike 
joints have developed extensively. Joint-controlled blocks in the 
magnitude of three or four feet in thickness have spalled subsequent 
to the major earthquake. The falling rocks have been arrested by 
the talus slope and timber. No deleterious affects have resulted 
to either personnel, equipment, or spill1<ay. 

* Not reproduced. 
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24. CONCLUSIONS AND RECOMMENDATIONS. The western end of the 

ridge in the area shown as Section III on figure 1 is considered 
stable over-all since it is well braced by a clolornite ridge remain
ing along the west edge of the slide. However, this area is also 
too weak to withstand severe earthquake shock .. 

a. Rather estensive deep cracking has 1:aken place at the 
top of the ridge as shown on aerial photograph * number 10. It is 
expected that some large joint-controlled bloeks will fall out of 
this area next year as nature's weathering forces act through the 
many wide cracks. These fallouts will endanger anyone in the areas 
below but are not expected to adversely effect the function of the 
spillway channel. 

b. Preventive maintenance, which would consist of the removal 
of possibly 150,000 cubic yards of crest material, would substan
tially obviate the possibility of dangerous large block falls. 

c. Continued observation is recommended .. 

RESULTS OF INVESTIGATION Oli' AREAS 
EAST OF SLIDE AREA 

25. Airborne and foot borne reconnaissan,~e detected discon
nected and discontinuous cracks along the nar:row ridge east of the 
rock slide crest. These cracks are not perce:ptible on standard 
sized aerial photographs. Most of the cracks are fairly tight. 
One crack, however, which is 1500+ feet east Qf the slide scarp, 
apparently is strike (N 38• E) controlled (see figure 1). The 
crack displays about one foot of vertical displacement and six 
inches of horizontal displacement. It is open to a depth of at 
least three feet. It continues eastward for perhaps a hundred 
yards into the timbered area below the ridge. 

26. Indications are that many of the small, relatively tight 
cracks are tension cracks resulting from the :major quake. Such 
cracks are found on similar ridges on the top of other Madison 
Valley ridges and do not necessairly indicate slide movements. 

27, A reconnaissance of the extreme end of the north-facing 
timbered slope west of the slide revealed cracking and broken, 
displaced ground immediately in juxtaposition with the east slide 
scarp. Extensive cracking does not appear to continue for any 
appreciable distance through the timbered slopes on either side of 
the slide scarp. 

28. GEOLOGY. Bedrock exposures are restricted largely to the 
narrow crest. The north and south valley slopes are timbered and 
soil covered, respectively. Exposed rocks are relatively unweathered. 

* Not reproduced. 
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The largest crack, which is described above, parallels the strike 
of the rocks. Gneiss with quartz-injected veins and lesser amounts 
of schist strike about N 38° E and dip 53° NW some 1500+ feet east 
of the slide scarp. Dip joints are well developed. The apparent 
deviation in strike from the general strike N 80° E of the rocks in 
the slide area may indicate a fault vhose alignment conforms with 
a fault scarp striking southwest in the general direction of Henry's 
Lake, Idaho. The same strike and dip of the rocks was observed 
about 3,000_:!: feet east of the slide scarp. 

29. CONCLUSION AND RECOMMENDATIONS. This area appears currently 
stable. 

a. A major slide in this area would seriously endanger the 
upstream left abutment sector of the dam (see figure 1). The 
50-75+ foot slide scarp, which is midway along the east side of the 
slide-area, exerts little toe restraint to a part of the timbered 
area adjacent to the slide area. On the other hand, the large mass 
of the slide provides considerable toe support. 

b. It is believed that the discontinuous, disconnected cracks 
along the ridge do not imperil the stability of the ridge or the 
timbered slopes east of the scarp. 

c. The narrow ridge and uniform slope indicate that the 
greater percentage of moisture will be runoff, with little absorbed 
in the bedrock. 

area. 
d. Continued observations are strongly recomrrended for this 

RESULTS OF INVESTIGATIONS OF THE PINNACLE 
ON THE NORTH VAlLEY WALL 

30. Sloughed rocks and attendant dust s~lirls have focused 
attention on the prominent rock pinnacle (see photo * 11) on the 
north valley slope. Small rocks have sloughed from this pinnacle 
and corresponding ridges on the north slope in the wake of many 
tremors. 

31. GEOLOGY. Rocks near the base of the pinnacle (see photo* 
12) are composed principally of dolomite, quartzite, gneiss, schist 
and quartz-injected veins. Bedding strikes N 84° E and dips 54° NNW 
or into the north valley slope. Strike and dip joints are well 
developed. Rocks break along the joints. Rock-sloughed areas on 
the fairly massive dolomite and quartzite pinnacle (see photo * 11) 
have resulted in light colored scars in contrast to the dark 

* Not reproduced. 
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colored weathered surfaces which have not sustained very recent 
sloughing. The fracture or joint in the pinnacle apparently was 
developed prior to the earthquake as attested by the dark colored, 
weathered surfaces. Iess closely spaced jointing is evident on 
the pinnacle than in the lower rock ridges adjacent to the p5nnacle. 
A well developed talus slope iiips 30° S below the pinnacle and 
associated ridges. Most of the sloughed rocks come to rest on the 
talus slope above the highway and downstream from the natural dam. 

32. CONCLUSIONS AND RECOMMENDATIONS. Present indications are 
that the pinnacle is relatively stable for an indefinite period. 
It has thus far Withstood the earthquake and innumerable tremors. 
Surveillance should be maintained during the immediate future. In 
the event that the main joint or fracture is opened and the rock 
mass appears severed, the pinnacle should be removed by explosives 
thus eliminating any safety hazard. 

GENERAL CONCLUSIONS AND RECOMMENDATIONS 

33. The inpending danger of potential rock slides dictates 
that public access to the slide area and concomitant establishment 
of highways, buildings, camp grounds, recreational areas and the 
like be denied until a,ll safety hazards have been removed. 

34. The following preventive measures are recommended: 

a. Continued surveillance and observation of potential rock 
slide areas should be continued once or twice a week until fall, 
once a month through the winter, and once a week next spring, 
particularly during the snow-melt period about the last of April 
and during May and June . 

b. The removal of perhaps 700,000 cubic yards from three 
specific crest areas designed to minimize safety hazards to personnel, 
equipment, and the spillway structure is suggested. 

c. Observation of the rock pinnacle on the north valley wall 
should be continued. 

d. It is strongly recommended that ro•~ construction be 
prohibited at the toe area of the rock slide . Any removal of the 
toe area might trigger additional slides that could endanger 
personnel, equipment, and the spillway. 

e. A telemeter-type electronic warning device should be 
designed and installed in conjunction with the Wire indicators 
near gauge sets "A" and "C" in the slide-crest area. If this is 
successfully done the frequency of observations recommended in 
paragraph a above may be reduced. 

IX-9 



MISCELLANEOUS OBSERVATIONS OR COMMENTS 

35. SLIDE-ffrABILITY OBSERVATIONS AT HE:OOEN DAM. The geology 
and effects of the earthquake at Hebgen Dam are treated in a prior 
report. 

36. Surficial deposj.ts of loosely consolidated overburden 
crop out bet1reen the spillway and Hebgen fault scarp. As a result 
of the earthquake, this material vas broken and cracked. The 
overburden is highly receptive to moisture. This area receives 
about 26 inches of precipitation annually. An undertermined amount 
of sliding, perhaps of the slow, creeping type, may be anticipated 
in the distant future • 

37. The quantity of anticipated moisture is expected to 
exert a negligible weight in the overburden. However, sliding 
may occur if the Hebgen fault scarp, which is a slide plane, becomes 
saturated--lubricated--or if the saturation line in the overburden 
equals the Hebgen Lake level. The slope between the spillway and 
Hebgen fault is not excessively steep, about 1 on 3.5. This slope, 
evaluated with the rather high shear strength of the gravelly over
burden materials, is considered stable, except for subsequent 
earthquake shocks. 

38. It is recow~ended that three sets of slide-movement 
gauges be installed across the Hebgen fault scarp and a similar 
number across open tension cracks east of the spillway. Subsequent 
observations should be permanently scheduled. (Mr. Jones, Montana 
Power Co. superintendent, has offered to read such gauges.) Any 
significant increase in general cracking or movement might be 
arrested by instituting a crack-sealing program to reduce saturation. 

39. The left abutment area appears relatively stable. Slides 
of small magnitude resulted from the earthquake; slide scars are 
perceptible. Additional small quantities of jointed rock (dolomite, 
quartzite, and schist) are expected to slough periodically. 

4o. SLIDE OVERFWW SPILLWAY STRUCTURE. For a permanent struc
ture, two additional steps are envisioned; first, the crest eleva
tion should be lowered 35 to 50 feet; second, the chute rock should 
be grouted >ri th cement-sand grout for about 10 feet depth. If at 
least one of these can not be accomplished, it is doubtful that a 
permanent structure can be attained. 

Attachments: 
Table 1 Gauge Readings 
Table 2 Wire-Slide Indicators 
Figure l Plan of Slide 
Figure 2 Plan of Ridge Cracks 
B'igure 3 Stability Section 
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TABLE l. SUDE-MJVEMENT GAUGES ON CREST OF MADISON VAllEY SLIDE 

DATE BRUNTON 8-30-59 TIME TOTAL 
PIPE GAUGES INSTALLED DISTANCE BEARING READING READ CHANGE REMARKS 

(A set has 5) 

A An~hor - Al 8-29-59 69' 2-3/8" N.55° w. 69' 2-3/8" 10:45 AM 0 No Change 
(6-7 PM) 

A Anchor - A2 ff 86• 10-3/4" H.75° w. 86• 11-1/8" ll:OOAM +3/8" Negligib1e 
Change 

A Anchor - A3 ff 94' 8-1/8" S.74° w. 94' 8-1/8 ff 11:10 AM 0 No Change 
Al- A2 ff 29' 6-1/4" 29' 6-3/8" 11:20 AM +1/8" Negligible 

Change 
A2- A3 " 53' 1/2" S.7° w. 53' 1/2" 11:30 AM 0 No Change 

H 
A2- A4 " 96' 10" (1) 96' 10" 11:55 AM >< 

1-3 (B set has 3) g. B Anchor - Bl 8-30-59 
I» 12:15-1:30PM 94' 10-1/2" N.31° E. 
1-' B Anchor - B2 ff 97' 11" N.4° W. 
f 

Bl- B2 ff 66• 4" N.82" W. 1-' 

(c set has 5) 8-30-59 
12:15-3:20PM 65' 4-1/2" N.42° E. 

C Anchor - C2 " 83' 6" N.-S. 
Cl - C2 n 64• 7" N. 77° W. 
Cl - C3 n 50 f 11-1/4" N.5° E. 
c2 - c4 ff 44• 7-3/4" N.2° E. 
C3 - c4 ff 72' 9-1/4" N.69o W. 
c1 - c4 ff 99' 11-1/2"(2) 

(1) Distance determined 8/30/59 
(2) Distance determined 9/1/59 



TABLE 1. SLIDE-MOVEMENT GAUGES ON CREST OF MADISON VALLEY SLIDE (Contd) 

9-l-59 TTMR TOTAL 9-2-59 TIME TOTAL 
PIPE GAUGES READING READ CHANGE REMARKS READING READ CHANGE RENARKS 

A Anchor - Al 69' 2-3/8" 11:10 AM 0 No Change 69' 2-3/8" 5:15 PM 0 No Change 
A Anchor - A2 86' 10-7/8" 11:15 AM +3/8" Negligible 86• 10-7/8" 5:18 PM +3/8" Negligible 

Change Change 
A Anchor - A3 94' 8-1/8" 11:20AM 0 No Change 94' 8-118" 5:20 PM 0 No Change 
Al- A2 29' 6-1/4" 11:25 AM 0 No Change 29' 6-l/4" 5:23 PM 0 No Change 
A2- A3 53' l/2" 11:30 AM 0 No Change 53' l/2" 5:25 PM 0 No Change 
A2- A4 96' 10-1/4" 11:4oAM +1/4" Negligible 96' 11" 5:27 PM +l!l Negligible 

Change Change 

H 
B Anchor - Bl 94' 10-1/2" 12:36 PM 0 No Change 94' 11" 5:35 PM +1/2" Negligible 

:X: Change 
B Anchor - B2 97' ll" 12:45 PM 0 No Change 97' 11-2/3" 5:37 U! +2/3" Negligible 

f-3 Change g, Bl - B2 66• 4" 12:55 PM 0 No Change 66• 4" 5:41PM 0 No Change 
\;;' 
f-' C Anchor - Cl 65' 4-3/4" 9:45 AM +l/4" Negligible 65' 4-l/2" 6:10 PM 0 No Change 
I 
f\l Change 

C Anchor - C2 83' 6" 9:55 AM 0 No Change 83' 6" 6:11 PM 0 No Change 
Cl - C2 64' 7" 10:05 AM 0 No Change 64• 7-1/4" 6:13 PM +1/4" Negligible 

Cl - C3 50' 11-3/4" 10:15 AM +l/2" Negligible 
Change 

50' 11-3/4" 6:15 PM +l/2" Negligible 
Change Change 

c2 - c4 44• 7-3/4" 2:10 PM 0 No Change 44• 7-3/4" 6:18 PM 0 No Change 
c3 - c4 72' 9-1/8" 2:15 PM -l/8" Negligible 72' 9-l/4" 6:20 PM 0 No Change 

Change 
c1 - c4 99' 11-l/2" 2:20 PM Dist. Determined Not Read 

this date 
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TABLE 1. SLIDE-MOVEMENT GAUGES ON CREST OF l-1ADISON VALLEY SLIDE (Contd) 

9-3-59 TIME TOTAL 9-4-59 TIME TOTAL 
PIPE GAUGES READING READ CHANGE REMARKS READING READ CHANGE REMARKS 

High Wind 
A Anchor - Al 69' 2-3/8" 5:51 PM 0 No Change 69' 2-1/2" 3:43 PM +1/8" Negligible 

Change 
A Anchor - A2 86• 10-3/4" 5:55 PM 0 No Change 86• 11" 3:43 PM +1/4" Negligible 

Change 
A Anchor - A3 94' 8-1/8" 6:00 PM 0 No Change 94' 8-1/8" 3:45 PM 0 No Change 
Al- A2 29' 6-5/8" 6:02 PM +3/8" Negligible 29' 6-1/4" 3:37 PM 0 No Change 

H A2- A3 53' 1/2" 6:10PM 0 
Change 

No Change 53' 3/4" 3:4o PM +1/4" Negligible 
>< Change 

A2- A4 96' 11" 6:04 PM +1" Negligible 96' 11" 3:35 PM +1" Negligible 
t-3 Change Change g. 
I>' B Anchor - Bl 94' 10-1/2" 6:22 PM 0 No Change 94' 11-1/4" 3:47 PM +3/4" Negligible 
f-' Change I 
w B Anchor - B2 97' 11-1/2" 6:24 PM +1/2" Negligible 97' 11-7 /8" 3:48 PM +7 /8" Negligible 

Change Change 
Bl- B2 66• 4" 6:26 PM 0 No Change 

C Anchor - Cl 65' 4-1/2" 7:00 PM 0 No Change 65' 4-3/4" 3:14 PM +1/4" Negligible 
Change 

C Anchor - C2 83' 5-1/4" 7:04PM -3/4" Negligible 83' 6" 3:16 PM 0 No Change 
Change 

Cl - C2 64• 6-3/4" 7:05 PM +1/4" Negligible 64• 7-1/2" 3:58 PM +1/2" Negligible 
Change Change 

Cl - C3 50' 11-1/2" 7:07 PM +1/2" Negligible 50' 11-7/8" 3:53 PM +5/8" Negligible 
Change Change 

c2 - c4 44• 8-1/4" 7:09 PM +1/2" Negligible 
Change 

C3 - c4 72' 9-1/4" 7:11 PM 0 No Change 
c1 - c4 99' 10-1/4" 7:14 PM -1-1/4" Negligible 

Change 



TABLE l. SLIDE-MOVEMENT GAUGES ON CREST OF MADISON VAlLEY SLIDE (Contd) 

9-5-59 TIME TOTAL 9-7-59 TIME TOTAL 
PIPE GAUGES READING READ CHANGE REMARKS READING READ CHANGE REMARKS 

A Anchor - Al 69' 2-3/8" 6:4o PM 0 No Change 69' 2-1/2 11 9:30 AM +1/8" Negligible 

A Anchor - A2 86• 11" 6:42 Pl1 +1/4" Negligible 86• 11" 9:32AM +1/4" 
Change 

Negligible 

A Anchor - A3 94' 8-1/8" 
Change 

6:44 PM 0 No Change 94' 7-3/4" 9:33AM -3/8" 
Change 

Negligible 

Al- A2 29' 6-1/2" 6:45 PM +1/4n 
' 

Negligible 29' 6-1/2" 9:35 AM +l/2" 
Change 

Negligible 
Change Change 

A2- A3 53' 1/2" 6:46 PM 0 No Change 53' 1" 9:37 AM +1/2" Negligible I 
H Change >< A2- A4 96' 11-3/8" 6:49 PM +1- 3/8" Negligible 96' 11-1/2" 9:4o AM +1-1/2" Negligible 
.., .Change Change 
~ 
to' B Anchor - Bl 94' 11-1/4" 6:52 P~l +3/4" Negligible 94' 11" 9:45AM +1/2" Negligible 
1-' Change Change 
' B Anchor - B2 98' 6:54 PM +111 Negligible 98' 1/4" 9:47AM +l-1/4" Negligible 
~ 

Change Change 
Bl - B2 66• 4" 6:56 PM 0 No Change 66• 3-3/4" 9:50 AM -1/4" Negligible 

Change 

C Anchor - Cl 65' 4-l/2" 7:10 PM 0 No Change 65' 5" 10:05 AM +l/2" Negligible 

C Anchor - C2 83' 6" 7:12 PM 0 -1/4" 
Change 

No Change 83' 5-3/4" Negligible 

Cl - C2 64• 7" 7:14 PM 0 No Change 64• 6-3/4" -l/4" 
Change 

Negligible 

Cl - C3 50' 11-3/4" 7:16 PM +1/2" Negligible 50' 11-3/4" +112" 
' 

Change 
Negligible 

Change Change 
C2 - c4 44• 8-1/4" 7:20 PM +1/2" Negligible 44• 8" +1/4" Negligible 

C3 - c4 72' 9-1/2" 7:17 PM +1/4" 
Change 

Negligible 
Change 

72' 9-l/2" +1/4" 
' Negligible 

c1 - c4 99' 11" 7:15 PM -1/2" 
Change 

Negligible 99' 11" 10:20 AM -1/2" 
Change 

Negligible 
Change ~ Change 



) 

TABIE 1. SLIDE-MOVEMENT GAUGES ON CREST OF MADISON VAlLEY SLIDE (Contd) 

9-8-59 TIME TOTAL 9-11-59 TIME TOTAL 
PIPE GAUGES READING READ CHANGE REMARKS READING READ CHANGE REMARKS 

A Anchor - Al Not read 69' 2-5/8" 9:33AM +1/4" Negligible 

A Anchor - A2 " 86• 10-7/8" 
Change 

9:34AM +1/8" Negligible 

A Anchor - A3 " 94' 7-5/8" 9:35 AM 
Change 

-1/2" Negligible 
Change 

Al- A2 " 29' 6-1/2" 9:36AM +1/4" Negligible 

A2- A3 " 53' 5/8" 
Change 

9:37 AM +1/8" Negligible 
H Change I>< 

A2- A4 96' 11-1/2" 12:4o PM +1-1/2" Negligible 97' 9:38AM +2" Negligible 

1-3 Change 

~ 
94' to' B Anchor - Bl Not Read 11" 9:47AM +1/2" Negligible 

1-' Change 
I B Anchor - B2 98' 12:50 PM +lit Negligible 98' 1/2" 9:49 AM +1-1/2" Negligible VI 

Change Change 
Bl- B2 Not Read 66• 4" 9:54AM 0 No Change 

C Anchor - Cl " 65' 5-1/8" 10:45 AM +5/8" Negligible 
Change 

C Anchor - C2 " 83' 6" 10:46 AM 0 No Change 
Cl - C2 " 64• 7" 10:48 AM 0 No Change 
Cl - C3 50' 11-7 /8" 1:10 PM +5/8" Negligible 50' 11-7/8" 10:44 AM +5/8" Negligible 

Change Change 
c2 - c4 Not Read 44• 8-1/4" 10:41 AM +1/2" Negligible 

Change 
c3 - c4 " 72' 9-1/4" 10:49 AM 0 No Change 
c1 - c4 " Not Read 



TABLE 1. SLIDE-MOVEMENT GAUGES ON CREST OF NADISON VALlEY SLIDE 
(Data Added Subsequent to Report) 

(Contd) 

9-17-59 TOTAL 10-21-59 TOTAL 
PIPE GAUGES READING CHANGE REW\RKS READING CHANGE 

A Anchor - Al 69' 3" +5/8" Negligible 69' 4-3/4" +2-3/8" 
Change 

A Anchor - A2 86' ll-l/2" +3/4" Negligible 87' 5 /8" +l-7/8" 

A Anchor - A3 94' 7-7/8" -l/4" 
Change 

Negligible 94' 9" +7 /8" Negligible 
Change Change 

Al- A2 29' 6-5/8" +3/8" Negligible 29' 8-l/8" +l-7 /8" 
Change 

H 
A2- A3 53' 5/8" +l/8" Negligible 53' l-l/2" +1" Negligible 

>< Change Change 
A2- A4 97' 1-1/4" 97' 6" +8" 

1-3 Negligible 
~ B Anchor - Bl 94' ll-1/4" +3/4" Change 95' 3" +4-112" 
1-' ' CD B Anchor - B2 98' 1-1/4" +2-1/4" 98' 6" +7" 
1-' Bl - B2 66' 3-1/2" -1/2" Negl.igible 66• 3-5/8" - 3/8" Negligible 
I 
0\ Change Change 

C Anchor - Cl 65' 5" +l/2" Negligible 65' 7-1/4" +2-3/4" 

C Anchor - C2 83' 5-3/4" -1/4" 
Change 

Negligible 83' 7-1/4" +l-1/4" 
Change 

Cl - C2 64• 7" 0 No Change 64• 8-3/8" +1-3/8" 
Cl - C3 51' +3/4" Negligible 51' 2" +2-3/4" 

Change 
C2 - c4 44' 8" +1/4" Negligible 44• 8" +1/4" Negligible 

C3 - c4 72' 9-7/8" +5/8" 
Change 

Negligible 
Change 

73' 1/2" +3-1/4" 

c1 - c4 99' 10" -1-l/2" 
Change 

Not Read 
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TABLE 2. WIRE-SLIDE INDICATORS ON CREST OF !IADISON VALLEY SLIDE 

DATE 9-2-59 CONDITION OF 
WIBE NUMBER INSTAI.J.ED LOCATION REMARKS OBSERVATION WIBE & POINTS 

l 9-l-59 Between A Anchor 3 Yellow Flags 5:15-6:20 PM 
& Tree on Quartz N.l7° W. Dist. Intact No Change 
mass at edge o:f 130 .± :feet. 
slide. 

2 " A2- A3 Yellow Flag Intact No Change 

3 " B Anchor - B2 Yellow Flag Intact No Change 

4 " Across crack Wire & White Intact No Change 
~ between B & C Flags 

gauge sets 
8 g. 

5 " C Anchor - Cl Yellow Flag Intact No Change I>' 
ro 6 " Cl - C3 Yellow Flag Intact No Change I 
I-' 

7 " C2- c4 Yellow Flag Intact No Change 

8{1) 9-8-59 West o:f Yellow Flag 
"C" set of 
gauges. Pipe 
and tree wire 
indicator 

(l) Across a major joint-controlled crack 42 :ft. N. 70" W. :from C4 to pipe; 58 :ft. N 15" E. :from c4 to tree. 



TABLE 2. HIRE-SLIDE INDICATORS ON CREST OF MADISON VALLEY SLIDE (Contd) 

WIRE 9-3-59 CONDITION OF 9-4-59 CONDITION OF 9-5-59 CONDITION OF 
NUMBER OBSERVATION WIRE & POINTS OBSERVATION WIRE & POINTS OBSERVATION WIRE & POINTS 

l Intact No Change Intact No Change Intact No Change 

2 " " " " " " 

3 " " " " " " 

4 " " " " " " 

5 " " " " " " H 
>4 

6 " n " " " " 
8 

~ 7 " " " " " " ';;' 
IU 
I 
IU 



TABLE 2. WIRE-SLIDE INDICATORS ON CREST OF MADISON VALLEY SLIDE ( Contd) 

WIRE 9-6-59 CONDITION 9-7-59 CONDITION OF 9-8-59 CONDITION 
NUMBER OBSERVATION WIRE & POINTS OBSERVATION WIRE & POINTS OBSERVATION WIRE & POINTS 

l Intact No Change Intact No Change Intact No Change 
(Aerial 

2 Observation) " " " " " 

3 " " " " " " 

4 " " " " " " 

5 " " " " .. " 
~ 

6 .. " " " " " 
8 g. 

7 " " " " " H 

~ 
IU 8 Installed Installed I 
w 



TABLE 2. WIRE-SLIDE INDICATORS ON CREST OF MADISON VALLEY SLIDE (Contd) 

9-9-59 9-10-59 
WIRE AERIAL CONDITION OF AERIAL CONDITION OF 9-11-59 CONDITION OF 
NUMBER OBSERVATION WIRE & POINTS OBSERVATION WIRE & POINTS OBSERVATION \VIRE & POINTS 

1 Intact No Change Intact No Change Intact No Change 

2 " " " " " " 

3 " " " " " " 

4 " " " " " " 
H 
>< 5 " " " " " " 

~ 6 " " " " " " 
lD' 

7 " " " " " " 
1\) 
I 
-!=" 8 " " " " " " 
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TABLE 2. WIRE-SUDE INDICATORS ON CREST OF MADISON VALLEY SUDE (Contd) 

9-12-59 9-13-59 
WIRE AERIAL CONDITION OF AERIAL CONDITION OF 
NUMBER OBSERVATION WIRES & POINTS OBSERVATION WIRES & POINTS 

1 Intact No Change Intact No Change 

2 " " " " 

3 " " " " 

H It- If n n " >< 
5 If " n " 

>3 
~ 6 n If n " !;' 
fl) 

1 I 
\.n 

n " n It 

8 " " n n 



TABLE 2. WIRE-SLIDE INDICATORS ON CREST OF MADISON VALLEY SLIDE 
(Data Added Subsequent to Report) 

(Contd) 

WIRE 9-l'"i- 59 CONDITION OF 10-21-59 CONDITION OF 
NUMBER OBSERVATION WIRE & POINTS OBSERVATION WIRE & POINTS 

1 Intact No Change Intact Tight 

2 n n n Loose 

3 n n " Tight 

4 Not Checked Not Checked 

5 " No Change " Loose H 
>< 

6 " " " Loose 
J-3 g. 

7 " " " Loose to' 
1\) 8 " " Tight Offset to West I 
0'\ 
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APPENDIX X 

Madison Slide Subsurface E~~loration 
And Observations 
By C. V. Johnson 

MADISON SLIDE SUBSURFACE EXPLORATION AND OBSEHVATIONS 

l. GeneraL The earthquake of 17 August 1959 in southwestern 
Montana and the Yellowstone Park caused a rock and earth slide which 
completely blocked the narrow Madison River Canyon and formed a 
natural dam. The innnediate problem at hand was to lower the crest 
of the slide and provide a spillway to safely conduct the overflow 
across the slide to the river below. Subsurface investigations 
usually precede construction, but in this emergency, construction 
work preceded investigations. The work of cutting down the crest 
of the slide was started immediately and the spillway alignment and 
grade was adjusted to meet field conditions as construction progressed. 
The slide, from surface observations, appeared to be predominantly 
rock but as work progressed the need for subsurface data became 
evident even though this data would not be a.vailable until emergency 
work was well along or complete. A program of subsurface explora-
tion of the slide was decided upon on 31 August 1959. The purpose 
of the program was to determine if possible the type of subsurface 
material in the slide adjacent to the rock lined spillway and to 
determine the hydrostatic pressure gradient through the slide. It 
was considered that the drilling would be very difficult and the 
program, as originally set up, provided for drilling through the 
slide if possible, or at least 10 feet below· the water surface level. 
One hole was located at the downstream toe of the slide; the purpose 
of this hole was to determine the depth to bedrock and the composi
tion of the alluvial valley fill. 

The materials encountered in the subsurface exploration of the 
slide were different than anticipated from surface observation. A 
considerable amount of soft disintegrated rock and earthy material 
was encountered which ddlled very easily and the rock formations 
found were usually schist or gneiss which would break easily under 
impact. This rock appeared sound but must have been overstressed 
by the slide as it would break down under impact such as drilling 
or being moved by a dozer. Most of the rock was drilled and 
recovered by drive sample methods which furnished a complete record 
of all materials encountered. The samples were altered due to the 

X-l 



impact of drivinc; but by the :\)roper interpretation of all drill data, 
such as difficulty in driving for sample or driving casing, the type 
and conditlon of tbe rocl' could be determined. Material containing 
considerable earth 8r disintegrated rock drilled easily 1-rhile rock 
which had slid en masse and was fairly sound drilled very hard, Rock 
bits were used >rhen the material >ras too hard to penetrate with a 
drive barrel or for drilling a considerable distance beyond the end 
of the o.rill casing. When drilling beyond the end of the casing 
mud >ras used to hold the hole open. The use of rock bits i·ms held 
to a minillllJm because vith this method of drilling, samples of the 
material 1<er2 obtaimd only by be.iling cohe mud sludge from the bottom 
of the hole. 

2. Revieif of Drilling. The attached draifing plate 1 contains 
the drill logs of all the slide subsurface explorations. The 
follow-ing subparagraphs briefly review the actual drilling opera~ 
tion for each location and should be helpful in interpreting the 
drill logs. 

a, Piezometer No. l. Drilling was started on 3 September 
1959 on piezometers No. 1, located at station 26+86 and 175 feet to 
the right of the spillway centerline. The initial drilling was in 
fractured and disintegrated schist and gneiss which drilled much 
more easily than anticipated. Water <ms encountered at 46.4 feet 
or approximately 15 feet below the lake level at the time. One 
of the purposes of drilling i·ras to check the hydraulic gradient 
through the slide; therefore, after reaching a depth of 63 feet, 
drilling <ras discontinued so the drill rig could be moved to the 
next proposed location downstream. 

b. Piezometer No. 3. Drilling started 4 September 1959 
on piezometer No. 3 at station 19+00. The material at this loca~ 
tion drilled harder than at the location of piezometer No. 1 
upstream and appeared ·to be gneiss which had more strength but 
shattered under the impact of the drive barrel. M8re large pieces 
i~re encountered in this hole near the surface and the casing 
drove quite hard. At ab:mt 50 feet it ,;as learned that the eight
inch casing had brol,en about 20 feet belmr and ground surface. 
This made prosress difficult but drilling continued as far as 
possible in ·che hope of encountering the saturation line. At 
about 72 feet it uas impossible to continue drilling, as the cas
ing 1-ras becoming offset at the break. A tiw-inch piezometer pipe 
was installed and driven about three feet ahead of the eight-inch 
casing. The upper section of eight-inch casing was recovered and 
the drill rig moved to the next location at station 9+40. At the 
time the piezometer vas installed at 11 a.m. on 6 September the 
hole was dry at elevation 6355.0. S)x hours later, when the pipe 
\ias sounded, there 'res 0.8 foot of water in the pipe and b~· the 
next morning the vater surface had risen another four feet. 
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c. Piezometer No. 2. The surface material at station 9+40 
was composed of large angular pieces of rock. At a depth of about 
20 feet a large boulder was encountered whictt necessitated the use 
of a rock bit. After this boulder was broken and passed, the material 
appeared to change to schist and gneiss which drilled about the same 
as in the previous hole. The color, ho•rever, >fas more yellow than 
at the other locations. The drive barrel brolce up most of the 
material into rock flour and rock fragments, with rock flour pre
dominating. The material drilled fairly hard. until what appeared 
to be alluvial material was encountered at a depth of 70. 5 feet or 
elevation 6372.3, which was slightly higher than anticipated (about 
8 feet). The n,aterial encountered below the 70. 5-foot depth appeared 
to be a ndxture of slide and alluvium and was so confusing that the 
inspector saved samples of almost every drive for later analysis. 
It has since proved to be very difficult to emalyze the materials 
in these samples. For example, the samples taken at 97.5 feet and 
99.0 feet appeared to be definite slide material and were powder dry 
when recovered, while samples at 94o5 feet and 102 feet were com
pletely saturated. The material at a depth c>f 102.0 feet appeared 
to be a sandy silt, very dark in color, resembling surface soil. 
Drilling continued to a depth of 105 feet whi.ch was 27 feet below 
original ground as interpreted from a topogretphic map of the area 
before the slide and several feet below the river bed 3t this location. 
A two-inch piezometer was installed with the screen in the coarse 
pervious material above the elevation where the apparently alluvial 
material was encountered. 

d. Piezometer No. 4. Due to the le~ge discharge of toe 
seepage it was advisable to move the proposec! location of piezometer 
No. 4 downstream and locate it on the river bank along side of the 
road. The initial drilling was through road fill and talus material 
to the 17-foot depth, where alluvial material was encountered. The 
alluvial material consisted of gravels and semds which were in 
general angular with some rounded particleso Some cobbles up to 
five and one-half inches in size were encountered. The material 
appeared to be a mixture of quartz, schist, emd gneiss particles. 
Occasionally a chunk of material would be found in which the gravel 
and sand were imbedded in a matrix of tough c:lay. At 89 feet a 
material was encountered which was probably c!isintegrated bed rock. 
The drive barrel would not penetrate, and it was very resistant to 
the rock bi to The material recovered in the bailer appeared to be 
a fine sandy material which furnished a cusion to the rock bit. At 
93.5 feet solid bed rock was encountered whic:h drilled faster and 
sharp angular cuttings were obtained when the hole was bailed. 
Drilling continued into bedrock to a depth of' 105 feet to make sure 
it was not a large bouldero A piezometer with 10-foot screen was 
installed at this location to a depth of 63 i'eet, which coincided 
with some of the more pervious material encmmtered. 
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e. Piezometer No. lA. At the completion of piezometer 
No. 4 the drill rig was moved to a location approximately 12 feet 
upstream from piezometer number 1 and a nev hole was started using 
10-inch casing initially, and reducing successively to 8-inch and 
finally 6-inch casing. 'I'he three sets of casing w·ere necessary in 
order to drill to a depth at least equal to the original river 
valley. T'ne first Go feet vas the samo as the previous hole. The 
material to about 46 feet appeared to 1:e a crushed rock. Below 
this depth there "ere traces of soil ana from the 65-foot depth 
(elevation Cll{)3 .0) the rrjaterial ~ .. ;as mi:xed ~;i th considerable clay 
and se>il. I''rom a study of the talus slopes near the top of the 
slide it is believed this material uas a talus alluvium. Pieces 
of rock >cere recovered that indicated >-Tater action and the gravel 
imbedded in the clay vrere some>;hat rounded. This same general type 
of material continued to 181 feet (e>levation 6237 .0). At this 
depth a schist rocl<: vas encountered vhich acted as solid rock. 
Sa111ples »ere obtained with a fCJur-inch sample barrel but a rock 
bit ·eras used for most of the drilling in this formation and it 'ilaS 

drilled open hole. 'l'llere was evidence of cracks and shattering 
but in general it drilled as solid rock except for five feet 
between 2111 and 219 vhere a very compact dry reddish clay 'ilaS 

encountered. After drilling through the clay vith a drive barrel, 
drilling continued uith rock bit to 237 feet which was the limit 
of the <c2.~Jle on the drill rig. This depth 1,ras approximately 15 
feet belo" the river bed at this location and 25 feet belo<l the 
original graund elevatian as determined from a topography map of 
the area before the slide. It <las evident that the slide had 
gouged out tbe original river valley alluvium, as the hole ended 
in 'rhat vras prr~ sumed to be schist rock from the slide. 

While dolomite rock was being hauled from the high ridge 
on the north side of the slide, great quantities of sand and 
gravel vrere noted Hhich seemed to be alluvial in character. It 
><as presumed Li1at the slide had gouged out at least a portion of 
the valley alluvials and carried them up to the high ridge on the 
north side of the valley. T'his presumption tends to be confirmed 
by the fact that sl:lde material Has found below the elevation 
»here natural ground should have been found, (if undisturl:ed). A 
piezometer pipe vas installed at P-lil site >rith bottom of screen 
at elevation 6341 (127-foot depth). This piezometer gave 'imter 
surface readings uhich >-rere about 10 feet higher than piezometer 
No. 1 ,;hich vas installed at elevaocion 6lf05 (63-foot depth), at 
this sac~ location. 

f. Piezometer No. 3A. Piezometer No. 3A 'ires started 
at station 20+l+O and 214 feet right of centerline to replace piezome
ter No. 3 1-rhich had been destroyed, and to obtain subsurface informa
tion through the entire slide. The initial material encountered >Jas 
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essentially the same as in piezometer No. 3 and continued to about 
elevation 6339.2 (109-foot depth). From 109 to 153 feet the 
material was clay, sand, and gravel which had alluvial characteris
tics and vas probably from talus slopes. Below this depth to 209 
feet the material consisted mainly of clay conglomerates of green 
and red decomposed schists. From 209 to 215 feet clayey gravels 
and sands were encountered which seemed to be: alluvial in character, 
and were presumed to be from the original river flood plain. The 
last 30 feet of the hole had been drilled open hole and as this 
material would not stand open the hole was ccmsidered complete at 
215 feet (elevation 6233,2 or 32 feet below the estimated original 
ground surface). A piezometer pipe vas instE•lled to elevation 6300.6 
which was above the clays and in pervious gre•velly material. 

g. Intake Channel Te~t Holes. Duri.ng the initial excava
tion for the intake chamJel for the spillway considerable rock 
material was encountered.. As ·the spillway lowering operation was 
started this material was again encountered and. as a result it was 
decided to drill three shallow test holes to determine the depth 
and extent of this formation. The tentative locations decided 
upon were at stations 29+50, 31+50, and 32+50. A berm for drilling 
was excavated as close t.o the channel as possible and the holes at 
29+50 and 32+50 were drilled from this berm. This drilling was 
more difficult than at any of the other locations drilled. The 
rock formation for the most part seemed to be: quite continuous 
and was judged to be a mass oi' schist. and gneiss rock which was 
shattered but had not been disturbed enough to produce a bulking 
effect. It vas difficult to drive ahea.i of the casing as the drive 
barrel tended to deflect and follow the fractures of the rock. The 
hole at 32+50 drilled harder than any hole drilled. At a depth of 
50 feet the eight-inch casing drove so hard that it was necessary 
to change to six-inch casing to complete the hole. The drilling 
seemed to ease up below 6o feet (elevation 6~.04.8) but the rock 
formation was continuous to the depth drilled., elevation 6382.8. 
The hole at 29+50 l·la.S drilled to a. depth of CiO. 5 feet, (elevation 
6379.5) using eight-inch casing ar4 six-inch drive barrel. The 
material drilled through was all judged to be shattered schist 
and gneiss with some fairly large pieces encountered at times. 

After completing the holes at. 29+50 and 32+50, construc
tion activities made it. necessary to offset the hole at 31+50 a 
total of 300 feet to the right of the channel. centerline. Prior 
to moving to this location it had been noted that the surface rock 
at 31+50 was large and blocky and it was anticipated that the 
initial drilling would be very difficult. At the new location the 
material was entirely different and it was estimated that 80 percent 
of the material above a depth of 40 feet >ras earthy material and 
belov this depth the material was mainly schi.st and gneiss which 
drilled easily. This drilling furnished evid.ence that the rock 
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formation e;:tended to the right at the lm;er elevations but it t1as 
not the resistant rock encountered In the vicinity of the spillway. 
The above drilling indicated that at the location of the spillva0' 
channel a fairly resistant rock formation vould be encountered to 
the depth of' the contemplated channel loucring. 

3. Channel Face S'vudie.s. As the lmrering of the spillvay 
progressed observations made of the material excavated and the side 
slopes of the channel furnished a record of the rock formation 
encountered. ·Tb.e channel ;-ras excavated by clraglines uorking on a. 
berm on the ric;ht side of the channel. The left channel vall uas 
vashed clean as exce.vation progressed and prior to bank sloughing 
the rock formations were clearly visible. As discharges increased 
and the side slopes becam" higher banlc scour on the left became 
excessive and this banl: receded as !llUch as 50 to 100 feet in places. 
After the sloughine started !llUcb of the formation vas covered by a 
thin covering of earthy material. The right banl: vas excavated in 
the dry vit:1 shovels, and in general most of the slope ;ras covered 
with an overlay of shattered rock and soil vhich made it difficult 
to determine the type and characteristics of the rock formation 
encountered. Dnr-Ing the levering operation rr,aps vere made every 
few days of the left channel formations, and notes were made of 
the type of rock excavated from the channel and the right banl:. 
As the spillvay lowering operation neared completion a study vas 
made of all the data collected and a generalized geologic map was 
made shoving the rock formations encountered in the spillvay channel 
(attached d.rm·ring plate 2). The vater surface profile for 25 October 
indicates the lo;rer limit for vhich data was available for plotting 
the actual rock and soil conditions encountered. Record pictures 
of the channel valls lrere taken on 23 October <<hen the channel was 
vithin 15 feet of ult.imate love ring. Bank .sloughing vas quite 
severe at this time and. the rock formation lfas partially obscured 
by a covering of d:lrt. At this time it 1<as evident that the rock 
forma'oion llas probably being flanl:ed to the left at one location. 
Ti1is ;,.cas noted a.t 31+50 •.-:here earthy rr!at.erial tres exposed trhere 
rock had been noted prior to excessive sloughing. There are 
i.ncluded lrith this report record pictEres taken on 23 October 1959, 
<·rhich shmr the material exposed. in the channel <falls as the spill
':Jay lm1ering operation "(.rao nea,ring completion. These pictures and. 
the inclosed profile indicate that in general rocky material pre
vails :in the upstre~:un one-fourth of the spill;,.re.y which should resist 
erosion and act as e control and. prevent. :f.'ut.ure rapid scour of the 
upstream spill·~;ay area) 1-rhile the dovm:3trea~1l area consists of 
earthy material vi th nl,merous boulders intermixed. 

lf. Hechanical Analysis of Sl:ide t-!aterial. There is inclosed 
a mechanical analysis of typical ea.r·t.hy material obtained along the 
spilllfay channel. (Attached dra\ling plate 3.) This sample 1>as 
intended to represent only the ma~t;erial under the 12-inch size. 
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A Michigan loader was used to obtain the sru;:ple and a representa
tive portion weighing 1,370 povnds vas analyzed for size. This 
sample indicated that over 50 percent of th<o material considered 
earthy would pass a 1-1/2-inch screen. This sample was probably 
fairly representative of the material in the downstream portion of 
the slide, 1fhich eroded ve1·y easily when subjected to water action. 

5. Observation of Piezometers. Piezometer pipes were installed 
in all the initial drill holes to determine the hydraulic gradient 
through the slide. There is inclosed a drawing (plate 4) which 
sunnnarizes piezometer observations through ;e2 October 1959. The 
individual record of each pipe is indicated on individual graphs 
and the hydraulic gradient for two different dates is indicated 
on the profile. The profile for 7 September 1959 was the earliest 
date that data was available to determine the gradient through the 
entire slide. 1'his hydraulic gradient is of more value for study
ing and analyzing the composition of the sll.de than later profiles 
after the water star·t.ed flo;Jing over the spillway. After the flow 
started over the spillway water entered the slide along the entire 
length of the channel and tended to raise the gradient. 

A study of the initial hydraulic gradient through the slide 
indicates that the upstream portion 1fas more' pervious than the 
lower portion of the slide. The hydraulic €:radient had very little 
slope from the lake to the piezometer at stsction 26-tB6 and beyond 
this point the slope was steeper. Later during channel lowering 
operations it was verified that the upstream portion of the spill
way was rock which had slid en masse and was crushed and fractured 
to make it very pervi.ous. The dmmstream portion of the slide was 
composed of material described as earthy which was less pervious 
than the rocky material upstream. The hydraulic gradient through 
the lower portion of the slide indicated tha.t there were no radical 
changes in the slide material, such as areas. of clay which would 
act as a core . 

Measurements were made of the seepage through the slide prior 
to and after discharge through the spillway. The seepage discharge 
increased very rapidly the last two C.ays before discharge over the 
spillway indicating that it had taken approximately 20 days to 
soak up the material and establish seepage equilibrium through the 
slide. Measurements after this date indicated the seepage discharge 
probably averaged about 150 c.f.s. The seepage flows were clear 
and no movement of fines was observed. The observation of piezome
ters during the spillway lowering operation showed that the satura
tion line lowering coincided with the reduction in lake elevation, 
indicating that the slide material was free draining. 
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6. 11ovcmomt Observations. A r!iovmtent observation program ;;as 
decided upon on 28 August 1959 at the sa.'!le time that the drilling 
program <las formulated. 'I'here vas a difference of 300 feet in 
vertical elevation bet\-reen the proposed spillway channel and the 
high point of the slide. It vas conceivable that some movement 
could still be; talcing place in the slide and also it vas de sired 
to check for movement 1>1hen Hater Has first discharged over the 
spillHay and the mass beca.'"ne saturated. There is attached a 
summary dra,ing, plate 5, vhich shm1s the movement points as in
stalled. This draving also contains tlc2 tabulated results of all 
observations made to she end of spilh1ay lmrering operations. 

rrhe reference points for the movement survey were located on 
stable ground upstr:eam and dmmstream from the slide. The movement 
point J-1+ ("key point") 1-ras the only point on the slide Hhere both 
reference targets 1·Jere visible. The movement program Has designed 
to use the monument at this location as the "key point," and it 
was necessary to ''i-1iggle in" Trrith a transit to establish this point 
on line. Aft2r establishing the "key point" on line the movement 
points in each direction <lere set by sighting on the target at 
that end of the line. For all subsequent checks for transverse 
movement it 1·ras n:ccessary to "wiggle in" on line at the location 
of the "key point" and then check the points in the sa.'!le manner 
the;~' were established. The program <las designed so that any major 
movement 1vould sho11 up as transverse movement. However, elevations 
were run to all morruments and the distances bet<reen them Here 

chained. The purpose of this was to furnish a check on the actual 
movement if the transverse movement check should shoH that signifi
cant moven;ent 1;.ras occurring. 

The total transverse movement of the "key point" from the time 
observations started on 7 September 1959 to 23 October 1959 Has 
0.55 feet do1mslope (south) touard the spillway. This movement >las 
not considered e::cessi ve, as it was only natural that consolidation 
of the slide mass and settlement of tbe foundation alluvium should 
take place after tbe disturbance and change of loading that took 
plac:e Hi th th,., slide. Definite plans vere made to have a level 
cl:!.eck of all monuments before tb_e end ol' constrUction, but engineer
ing acti vit1c:= uere phased out before this i.ras possible. On 
29 October 195~·; TJhic.h 1-ras ~:.he last day of operations, a check 
level run uar.; made fl".Jm BIV: lf5A-l to a temporary BM on the slide 
that represented tJJe datum in l~se on the slide at the end of opera
tions. The check elevation vas 0.69 .foot lm,er than the datum 
elevatJ on in use. 'l111t s co1)_ld be interpreted as the average 
settlencen~c of the slide from the time the original slide datum 
eras established to the time of the chec](. The level run 1?as not 
closed back to the starting point so can be used only as in 
indica·oion of the probable settlement that occurred. 
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7. Stability Observations. lb analytical calculations or 
tests of materials vere made to determine the stability of the 
slide. Observations made are merely a r:;cord of the actual 
physical conditions of the slide durlne; the many phases of con
struction, vhich serve as an indication of U12 probably stability 
of the slide. Dur:lng the spill1<ay love ring operation the left 
side of the channel eras eroded dmm as steeply as the banks vould 
stand. Lateral erosion caused the ban..k:s to recede as much as 100 
feet in some locations. During this operati.on the material tended 
to slough off in thin slivers and n::J major failure of a section of 
bank was observed. 'l'he final cross sections show that most of the 
side slopes ::Jn tbe left side vere steeper tt:an 1 on 1 and in some 
cases (station 29) the slope uas 1/2 foot horizontal to 1 foot 
vertical and the height of the bank exceeded. 80 feet. Most of 
the slopes 1lere bet1,reen these tvro limits. 

During the early pnrt of October consid.erable erosion tool~: 
place on the rit\ht t;ide of the channel ~Jhen the water bypassed 
the rock terraces in t;l1e channel and slopes over 100 feet in 
vertical height ~Jere exposed, vhich ;;ere ,jude;ed to be steeper 
than 1 on l. 'l'his erosion took place so fast that seepage water 
was observed issuing from th<e slope 10 to 2C feet above the base. 
'l'his seepage 1Tould tend to reduce the stability of the slope but 
no major sloughs vere ob;;erved. 'I'he material caved rapidly but 
came do1m in thin slivers. Aft.12r the erosion was arrested these 
bluffs stood for several ;reeks with no further major sloughing. 

'l'he so-called earthy material composing a large share of 
the slide appears to act as a granular material and can be com
pared to the talus slopes on the nearby mountains which stand on 
steep angles of repose. Seepag<e discharge observations indicate 
that this material must stabilize into a natural filter very 
quickly as no fines are carried by <established seepage sources. 
As a result of these observations it is believed that the slide 
is relatively stable and the danger of slides which could block 
the spillway channel are quite remote. 

8. SunuJ<ary. 

a. The materials encount<ered in the subsurface explora
tions of the slide indicated ·::hat the slide was composed of more 
earthy material ancl soft ;reak rock than had teen anticipated from 
surface observations. 

b. Most of the rock encountered in drill holes adjacent 
to the spillway vas schist and e;neiss. Most of the rock could be 
drilled 1<ith a churn drill using a drive barrel for sampling. 
'l'he rock appeared to have teen stressed to the point where addi
tional impact caused it to shatter. 
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c. The upstream one-fourth of the spillway (intake portion) 
was composed of massive schist and gneiss rock which had moved en 
masse. The rock was badly cracked and fractured but had not been 
disturbed enough to produce bulking and 1<as resistant to water 
erosion. A great share of this material had to be removed by 
mechanical means d1.cring the spillway loveriJ:JG operation. 

d. 'l'he material in the dmmstream portion of the spill1<ay 
consisted of a considerable portion of earthy or disintegrated rock 
which was very susceptible to \later erosion. Numerous boulders 
were intermixed >rith this material, and tended to pave the channel 
as erosion progressed. 

e. Piezometer observations indicated that the slide 
material was free draining with no impervious cores or blocks. 
The saturation line vas well below the surface of the slide. The 
hydraulic gradient indicated that the upstream portion of the 
slide ><as more pervious than the lower section and this was verified 
in the spill'ffay lowering operation. 

f. Movement observations made on the slide indicated some 
downslope transverse movement and a level check indicated some 
vertical settlement. In comparison to the movement experienced 
after completion of construction on large dams such as Garrison 
and Fort Peck, this movement was probably the normal movement to 
be expected after the change in foundation loading and the dis
turbance of material caused by the slide. 

g. During the spillway lmrering operation high vertical 
banks standing on slopes steeper than l on 1 were observed. These 
banlcs tended to slough off in thin slivers of material as lateral 
erosion progressed and no major sloughing vas observed. It is 
beUeved that the spill1<ay channel ;rill be g_ui te stable and chances 
of a major slough are very remote. 

Co V. Johnson 
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FLOOD EMERGENCY- MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

View of slide from station 12 upstream to earthquake lake taken 21 October 1959. Humber and arrows indicate the area covered by photos 
on the following pages . (Photo #1) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT. GARRISON. CORPS OF ENGINEERS. RIVERDALE. NORTH DAKOTA 

Oblique v1ev ot alide ep1llV&7 taken trca vatera ed&e at atation 35 lookiq ~tre- to lake entrance. View ahon the rock aod ao1l cOD
ditiona ot the lett bcU. at th1a locat10D before the •tart of baak alougbilas trca lateral eroaioa. Water nrtace of lake approl[iMte~. 61.12. 
Photo taken 23 October 1959. (Photo #2) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Oblique view of slide spill~y taken from station 33 right bank looking upstream shoving soil and r ock formation of left bank. Water sur
face approximately elevation 6404, (top of bank 6450). Fhoto taken 23 October 1959. (Fboto #3) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Oblique Yiev or slide spillway taken i'rCIII. station 32 right bank looking upetream to station 34 lett bank, showing the rock and soil con
ditiou . Top earthy JD&teri&l tended to cover the rock fol'lll&tioa as lateral erosion progressed. Water aur!aee at station 34 approxaately 6lt()4. 
Photo taken 23 October 1959. (Plloto #4) 
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Ft:OOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

View l ooking at station 30 on l eft bank of slide spillway showing typi cal rock formations encountered in the upstream area during early 
stages of spillway lowering oper at ions . Phot o taken 13 October 1959. See phot o #6 taken 23 October 1959 at same l ocation, which shows 
massive r ock f or mation becoming l ess apparent as lateral erosi on progressed . (Photo #5) · 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Oblique view of slide spillway taken from station 30 right bank at waters edge looking upstream showing rock and soil conditions of left 
bank. lateral erosion was extensive a t this l ocation and rock formation became l ess apparent as er osion proeressed . Photo taken 23 O:::tober 
1959. (Fhoto #6) 
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FLOOD EMERGENCY- MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Oblique view or slide spillway taken from station 28 right bank at waters edge looking upstream with station 32 marker showing in picture. 
Picture show rock and soil conditions or left bank. Rock formation shows through the light covering or dirt in the foreground. Water surface 
at station 30 approximate~ 6397 at time or picture. Hloto taken 23 <ktober 1959. (Hloto #'7) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

View showing the large gneis s rock which were dr agged out of channel at station 26 t o 26+50. Channel constr ict ed at t hi s l ocation. 
Hl.oto taken 23 Q:tober 1959. (Hl.oto #8) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Vi ew of right bank at station 26 showing the blocky r ock encountered at this location. Phot o taken 23 October 1959. (Fhot o #9) 
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FLOOD EMERGENCY- MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Oblique view of slide spillway taken from station 31 right bank at waters edge l ooking downstream at station 30 marker showing rock and 
soil conditions of right bank. Right bank was shovel excavated and most of rock formation covered with layer of loose rock and dirt . Note 
r ock format ion visible in severa l locations . Photo taken 23 October 1959. (Photo #10) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Panor amic view of right bank of slide spillway channel walls from approximately station 16 and downstream. Excessi ve lat era l erosion 
occurred on right bank when water bypassed rock terraces in channel. Typical of material encountered in downst ream reach of s . i llway . 
Fhot o taken 13 CX:tober 1959. (Photo #ll) 
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FLOOD EMERGENCY - MADISON RIVER SLIDE 
U.S. ARMY ENGINEER DISTRICT, GARRISON, CORPS OF ENGINEERS, RIVERDALE, NORTH DAKOTA 

Oblique view of slide spillway taken from station 19 right bank looking upstream· showi ng rock and soil conditions of left bank. Material 
"Earthy• with occasional boulders and very susceptible t o erosion. Typical of downstream reach of spillway. Light bank at top the original 
10 foot rock lining of spillway. Hloto taken 23 O::ltober 1959. ( Hloto #12 ) 
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APPENDIX XI 

Equipment Rental Contracts 
By K. C. Fischer 

28 August 1959 

SUBJECT: Equipment Rental Contracts for Hebgen Lake Earthquake 
Disaster Area 

1. On 17 August 1959 an earthqualte in western Montana caused 
a landslide across the Madison River below the Hebgen Dam. Waters 
from the Madison River and other tributary streams caused a lalte to 
form rapidly behind the landslide which imposed an imminent threat 
of flood, endangering the lives and property of ranchers and towns
people in the !lladison Valley. By teletype elated 22 August 1959, 
under Public Law 99 dated 22 June 1959, the Office, Chief of 
Engineers authorized and directed the Division Engineer, Missouri 
River Division and the District Engineer, Garrison District to 
proceed with immediate survey and to take steps necessary to prevent 
future damage to life and property from incipient flooding below the 
landslide blocking the Madison River. 

2. The landslide and potential flood problems were surveyed by 
experts, consultants and Corps personnel and i.t was determine neces
sary to construct a rock plated spillway through the slide to provide 
a means of releasing the water impounding behind the slide. Because 
of the need to take remedial action as expeditiously as possible in 
order to avoid any further damage or danger to life and property and 
because of the many intangibles surrounding the content of the material 
in the slide, the lack of contour information to determine quantities 
for removal, handling and disposal, it 11as considered virtually 
impossible to prepare specifications or other data and information 
to permit contracting the work on a unit price or a fixed-fee basis. 
For this reason, it was determined necessary to accomplish the work 
by hiring equipment on equipment rental contr~Lcts. Lt. Colonel 
Hogrefe briefly discussed the method of contrELcting with General 
Barney who agreed that equipment rental was the only practicable 
method of performing the necessary remedial >rork under the existing 
emergency conditions. Therefore, all remedial work will be accomplished 
by equipment rental contracts, using the appropriate contract forms 
set forth in Appendix A, ER ll80-l-l. All contracts to include equip
ment with operator and operating supplies. 
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3. In cooperation with the Civil Defense, the Montana Chapter 
of the Associated General Contractors of America has organized a 
disaster plan called operation "Bulldozer" >rhich is administered 
by the A.G.C. Thus, arrangements for the hire of the equipment 
needed >rere made under this plan and the rental rates were nego
tiated by the undersigned, representing the Government and Mr. J. W. 
Marlo", Secretary, 1-l<:mtana Chapter, A.G.C., Administrator of the 
operation "Bull.dozer" plan and Mr. F. L. Oliver, Member of the 
Board of Directors, A.G.C. In computing the rates the undersigned 
used as a guideline, the rent.al rates set forth in the Garrison 
District Disaster !IJanual which were adjusted up>rard to allow for 
the fact that the equipment rental rates in the State of Montana 
were increased by 10\'b in June 1959, plus allowance for overtime on 
labor, said overtime being directed by the Government. (7 each, 
10 hour days = 70 hours per veek). Generally, the A.G.C. representa
tives based their negotiations on the rental rates established by 
the Mont&'1a State Higlway Department, said rates adjusted upward to 
include the aforementioned 10% rate increase; labor at rates set 
forth in the Department of Labor Wage Determination, plus l2"p on 
labor to cover employee additives and benefits as provided in the 
1958-1961 International Union of Operating Engineers Labor Contract 
and overtime allo>rance based on a 70 hour >rork week, computed as 
follo>rs: 85 straight time hours ( 4o regular + 30 @ time and ~ = 85) 
x the hourly rate • by ['0 = the average hourly rate. (Example: 
Straight hourly rate = $3.20 x 85 = $272.00 i 70 = $3.88 per hour). 
For comparison purposes t;here follm;s a tabulation of rates computed 
by the Go••<Crnment (excluding the 12% for additives and the allowance 
for over'cime), the rates computed by the A.G.C. and the final rates 
agreed to. 'I"nese rates include operators, oilers and all operating 
fuels, supplies and equipment but not expense for mobilization. 

AGREED RATE 
GOVT. AGC PER HOUR 

l. Tractor, crawler •r/dozer and 
power control attachment, 
Model A-D-8, z u series $19.04 $19.78 $19.50 

2. Tractor, cra1vler w/dozer and 
power control attachments, 
B-D8-Series 13A thru 15A 22.00 23.76 23.00 

3. Tractor, cra1vler v/dozer and 
po1-rer control attach11'.ents 
C Model D-9 27.07 25.51 25.50 

4. Shovel, cravrler, >r/2 yd. 
bucket 32.47 33.00 32.00 

5. Shovel, crawler, 
,. 1 

W/22 yd. 
bucket 35.83 35.00 35.00 
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6. Shovel, crawler, -,r /3 yd. 

bucket 

7. Truck, Diesel End Dump 
13.5-16 cu. yd. (22 ton) 

8. Truck, butane, end dump, 
16-18 cu. yd. - 26 ton 

9. ~btor Patrol, caterpillar 
Model 14 

10. Loader (shovel) Tractor, 
crawler type, 2t cu. yd. 

11. Water truck, 38,000 gal. 
capacity w/pump 

12. Generator, light plant 
A. 5kw 
B. 150 lm 

13. DragHnes, crawler 
A. 4 cu. yd. -87' boom 
B. 6 Cu. yd.-120' boom 

14. Loaders, front end, 
rubber tired, Michigan 
A. 4 yd. 
B. 6 yd. 

GO'fl'. AGC 

$43.81 $38.oo 

22.42 20.00 

Not listed in 
disaster 
manual 25.00 

15.58 15.00 

15.12 15.00 

Not listed 
in disaster 
manual *15.08 

No rates were set forth 
in either the disaster 
manual or the Montana 
Highway manual - rates 

AGREED RATE 
PER HOUR 

$38.00 

20.00 

23.00 

14.00 

14.00 

12.00 

were based on. normal charge 
for contractor's rental. 
150 kw rate includes wages 
of tender. 

54.79 
Not listed 
in disaster 
manual 

38.00 
50.00 

38.00 
48.00 
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34.20 
36.00 

34.20 
36.00 

33.00 
36.00 

*AGC computed pump at $2.75 
and addea. price to truck rate. 
Govt. contended pump should be 
included as part of water truck -
AGC reluc:tantly agreed - thus 
rate redvced to $12.00 



AGREED RATE 
GOVT. AGC PER HOUR 

15. Cranes, lifting, truck 
I choker setter mounted '"I 2 

each crane, 20' boom 
A. 25 ton $33·51 $33.84 $33.00 
B. 30 ton 33.20 37.87 37.00 

16. Drill flcat, 11 consisting 
of D-8 "cat 11 tractor, 
600 cfm compressor and No rates 
"cat" mounted drill in disaster 

manual 37.42 36.00 

In addition to the foregoing, equipment sufficient to accomplish 
a complete drilling and blasting operation >ras hired under a price 
per hour contract. 'rhe hourly rental rate of $22.50 per hour for 
all equipment 1ri th operators, etc., >ras arrived at as follo>rs: 

ITEM 

a. Compressor 
b. Pneumatic drill 
c. Air hoseJ couplings & drill steel 
d. Piclmp truck 
e. Powder Man (salary) 
f. Driller 
g. Insurance 
h. !<bbilization & demobilization 

RATE PER HOUR 

$ 3.50 
l. 50 
3.00 
3.00 
3.70 (with overtime) 
3.60 (with overtime) 
2.70 
1.50 

$22.50 

The charges ,,rere computed by the undersigned and agreed to by the 
contractor. This rate 1<as not coordinated with the AGC but was 
negotiated directly >rith the contractor. 

In establishing the rates, an attempt >ras made to negotiate a 
lower rate for equipment working a second shift since the contrac
tor's operating costs and insurance costs go down as the number of 
work hours increase. The AGC people said they might be agreeable 
to such an arrangement if they could be guaranteed a mininrmn of 
say 30 daye. vork. When advised we conld guarantee no definite 
period, they -,,ould not agree to a lover second shift rate. They 
did, however, recognize the fact that the longer the equipment 
vorked, the lover the cost to the contractor, particularly vith 
respect to supervision and indirect costs. For this reason in 
some instances I 1eas able to negotiate a lo1rer rate than the rate 
computed by the AGC. The one major exception to this 1<as the 
rates on the cravler tractors. Because of the type of material 
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(sharp broken rock, etc.) in which the eg_uipment was to work and 
the anticipated high maintenance and repair costs, the AGC w-as 
not agreeable to any rate lower t.han that shown. At one stage 
during negotiations, two contractors (Kiely and Zook) were reluc
tant to accept the rates agreed to but relented after the AGC 
people advised them that all other contracts vould accept the 
rates as negotiated. 

4. Neither the Garrison District nor the Montana State 
Highway schedule included any provisions for payment of mobiliza
tion and demobilization. Mr. Marlow stated a common rate in the 
State of Montana vas $21.00 per hour loaded and $15.00 per hour 
deadheading. I told him that, in addition to the fact that the 
rate seemed high, I ;ras not in favor of such an arrangement as 
it gave the contract;or the opportunity to move slowly and that 
the Government 1muld be subjected to payment for breakdowns and/ 
or delays in transit, >~hich may be caused b;r the fault or 
negligence of the contractor. I was more in favor of a flat 
rate per load mile. After some checking 1dth his directors and 
other contractors, Marlow suggested a rate of $2.00 per load 
mile, which rate ;rould also include deadheading back to the 
point of origin. I suggested $1.00 per load mile, which would 
allo;r :jlo.Go per mile in and $o.4o per mile out. Marlow said 
this was too lmr and would not agree. After some investigation, 
I found that the rate for commerical hauler:s ran from a minimum 
of $1.25 per hour to a maximum of $1.75 per mile. Long Construc
tion showed figures vhere a one year operation on one low boy 
running 48,000 miles resulted in an actual cost, ;rithout profit 
or office overhead of $1.10 per load mile. Long stated that 
study was made prior to the last labor and eg_uipment rental rate 
increases. I then suggested a medium rate of $1. 50 per load 
mile. After some consultation between Marlow and Oliver, they 
agreed to the rate. This rate was to cover all charges incidental 
to the movement, such as f~ag cars, but would not cover the con
tractor's cost of disassembly and assembly of cranes, draglines 
and other eg_uipment which could not otherwise be moved in one 
piece. Since such 1<as an actual out-of-pocket expense to the 
contractor, it was agreed that the Government would reimburse for 
actual costs. llo rate was available on end dump trucks or other 
self-propelled eg_uipment that was normally moved "over the road" 
under its own power; however, F & S Construction, 1·Jho has about 
30 end dumps, advised that their standard rate for standby or in 
transit time 'las 75% of the regular hourly rate, 1·Thich in this 
instance would be 75% of $20.00 = $15.00. The rate appeared to 
be reasonable and w-as agreed to. During the 1949 "Operations 
Sno;rbound," a standby rate of 75'% was also used. Thus the 
mobilization and demobilization rates 1fere established as follo1fs: 
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Rail shipment 
Truck transport 

Self-propelled 

- Actual costs as shown on bill of lading 
- $1.50 per load mile plus actual assembly 

and disassembly costs 
- 75% of regular hourly rate 

The mileage from Ennis to the slide area is computed, for 
mileage payment purposes, as 4o miles. 

/s/Kenneth C. Fischer 
KENNETH C. FISCHER 
Chief, Supply Division 
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Appendix to 1-EmorandUlll for the Record: 28 September 1959 

At the time the rental rates were negotiated and the contracts 
prepared, it was not considered necessary to establish standby 
rates, as it was in·tended that when an item of plant became surplus 
to the needs of the Government it would be released upon one day's 
advance notice, as provided in the contract. It has now been found 
that in cutting the crest of the spillway, all plant, especially 
tractors and trucks, are not constantly needed. However, it is 
considered essential that a certain amount of' such equipment be 
held in standby status to help combat excessive erosion or other 
problems that may arise during the period the crest is being lowered. 
Standby status is defined as being on the ,job, :ready for operation, 
complete with operator and operating 5Llpplies, but not actually 
working. 

On 28 September 1959, negotiations for E:tandby rates were 
conducted with Mr. F. I,. 011 ver, AGC, representing the contractors 
and Mr. Wayne L. l~kes, District Auditor and myself representing 
the Government. To corrnnence the negotiations:, a breakdown, showing 
all costs considered in determining the rate, was made on a D-8 
Tractor and a 4-yard dragline. (See Inclosure 1). This breakdown 
was made for the purpose of determining what costs, normally included 
in the hourly rate, could be deducted while the equipment was in 
standby. It was determined that fuel, oil, smd grease; repairs and 
profit should be excluded. The total of thee:e items amounted to 
approximately 25% of the hourly rate.; thus, Mr. Oliver suggested 
that the stsmdby rate be 75% of the hourly rate. I felt that this 
was a little high on the basis that the equiiment would not depreciate 
as fast in standby as it would if it were woz·king. Mr. Oliver con
tended that this was not so, that equipment clepreciated at the same 
rate whether or not it was working. He did e:ay, however, that the 
salvage value of a unit in standby would be higher than on a unit 
working, especially one working under conditi.ons such as those 
that existed at the slide. Considerable discussion followed on 
the propriety of the 75% proposal, at which I>oint, I suggested an 
alternate proposal. I suggested that in lieu of a percentage of 
the hourly rate, in order to facilitate time checking and cost 
accounting, '-re establish a guaranteed number of hours per shift 
which would be somewhat commensurate with the• 75% and would allow 
the contractor his due costs. For example: for each 11t hour shift, 
the contractor would receive 8 hours at full pay, but if he worked 
8 hours and was shut down he would stand by i;he remaining 3t hours 
of the shift at no charge. If he worked less than 8 hours (say 3 
hours}i the contractor would receive 8 hours pay but would stand by 
for 112 hours. There follows a comparison oj~ the two methods pro
posed, both based on an 11~ hour shift, using a D-8, series 14-A 
tractor: 
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75% of $23.00 = $17.25 x 11.5 hours= $198.38 
8 hours guaruntee at full rate of 

$23.00 per hour = $184.00 

It should be noted that the hourly proposal actually amounts 
to approximately 70% of the full rate on an 11~ hour shift basis. 
I felt that this was more equitable than the 75% suggested by 
Oliver. Mr. Oliver vas reluctant to agree to anything less than 
75%, but admitted that the guaranteed hourly proposal was much 
easier to administer than the percentage arrangement. He then 
stated he would be agreeable but first wanted to check with some 
of the other contractors to get their reaction. Mr. Oliver then 
contacted Mr .. ~derson, F & S Contracting Co. and Mr. Bill Kiely, 
Kiely Construction Co. After some discussion of the matter, 
Mr. Oliver advised that the contractors would accept the 8 hour 
guarantee in lieu of the 75%. Since Colonel Hogrefe expressed 
the desire to go from 2 each 11} hour shifts to 3 each 8 hour 
shifts, it was necessary to apply the same formula to an 8 hour 
shift. For this purpose, I took the figure of 5~ hours at full 
rate in lieu of 75% of full rate for the entire 8 hour shift. 
This comparison, based on a D-8 tractor, series 14-A is as 
follows: 

75% of $23.00 = $17.25 x 8 hours = $138.00 
5.5 hrs. guarantee at full rate 

of $23.00 per hour = $126.50 

Based on these negotiations and agreements, a memorandum was 
prepared and issued to all field units, establishing the pro
cedure for equipment on standby. A copy of this memorandum is 
attached. (See Inclosure 2). 

2 Incl 
1. Equip Rental Rate 

Breakdown 
2. Memo on Standby Time 

/ s/Kenneth C. Fischer 
KENNETH C. FISCHER 
Chief, Supply Division 
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EQUIPMENT RENTAL RATE BREAKDOWN 

28 September 1959 

D8 - 14 - A SERIES W DOZER & PCU AGC 

Depr 9·90 
F.O.G. 3.60 
Rep 5.00 
Opr 70 Hr Wk 4.20 

TOTAL 22.70 

ESTIMATED ACTUAL 

Depr 8.63 8.63 8.63 
F.O.G. 2.10 2.10 
Rep 3.60 3.60 
Oper 70 Hr 4.20 4.34 4.34 

Til. 53 lli.b'f 

+10% Field O.H. 
Mech, Serv - Supv 1.85 

20.38 
3.49 

22.Tii 
3-49 

+4% Home Office .82 .89 .89 
23.05 

21.20 17-35 75.4% 
+10% Profit 2.12 2.30 

23.32 25.35 

4 C. R. Dragline 
Depr 14.60 14.60 14.60 
F.O.G. 3.00 3.00 
Rep 4.50 4.50 
Oper 4.43 4.56 4.56 
Oiler 3.18 _2:67 3.67 

29.71 30.33 

+10% F.O.H. 2.97 5.67 5.67 
"32.b8 3b,.oo 

+4% B.O. 1.31 1..44 1.44 
33.99 37 ,:IiJ+ 29-94 78.8% 

+10% Prof 3.4o 3 .. 74 
$37.39 '41.:18 
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Standby Time 

Field Units District Engineer 29 Sep 59 K. Fischer 

1. The following procedure shall apply for equipment placed on 
standby time. 

a. llt hour shifts: Equipment which normally works ll~ 
hour shifts and is placed on standby for the entire shift will be 
credited with 8 hours time. Equipment working a part shift (less 
than 8 hours) and then placed on standby will be credited with a 
total of 8 hours time. Equipment working 8 hours or more and then 
placed on standby for the remainder of the shift will be credited 
with only the actual hours worked and no time will be given for 
standby. 

b. 8 hour shifts: The same procedure as set forth in 
paragraph la above will apply for equipment >rorking on 8 hour 
shifts except that equipment will be credited with 5t hours in 
lieu of 8 hours. 

c. In summary, each piece of equipment, except light 
generating plants, equipment down for repairs or equipment released 
from the job but not removed from the worksite, will be guaranteed 
8 hours pay for each 11~ hour shift or 5t hours pay for each 8 
hour shift. 
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Consultants' Report 
By Mr. Edward B. Burwell, Jr., 
Dr. Arthur Casagrande, Mr. I. C. 
Steele, and Dr. Lorenz G. Straub 

REPORT OF BOARD OF CONSULTANTS 
MADISON CANYON EARTHQUAKE EMERGENCY PROJECT 

The Board of Consultants was appointed in early September, 1959, 

to consider the potential hazard and recommend remedial measures in 

connection with the rock fill dam created by the earthquake in the 

Madison River area immediately west of Yellowstone National Park. The 

members of the Board were requested to report either as individuals or 

jointly. Visits +.o the site by individual Eoard members were made at 

different times and variously in association, with principals of the 

Office of the Chief of Engineers, Office of the Division Engineer, and 

of the District. 

The rock slide which formed the dam occurred shortly before 

midnight on August 17, 1959, and involved an estimated 8o million 

tons of material obstructing the narrow canyon about six miles 

downstream of Hebgen Dam. In the following several weeks the dam 

created by the slide resulted in the progressive formation of a lake 

over 200 ft deep at the dam. 
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In the initial phase of emergency operations by the Garrison 

District of the Corps of Engineers prior to appointment of the 

Board of Consultants, steps toward stabilization were taken by 

the building of a 250 ft. wide spillway over the rock fill by 

the use of dozers and other earth moving equipment. Details of 

this operation have been described elsewhere in reports of the 

District Engineer. This first phase of the operation was con-

sidered terminated on 10 September 1959 when flow over the spill-

way took place. 

Visits by mem·rers of the Board to ·the site were made as 

follows: 18 September 1959 - Arthur Casagrande, I. C. Steele; 

23-25 September 1959 - E. B. furwell, Lorenz G. Straub; 30 Septem-

ber - 1 October 1959 - Lorenz G. Straub; 12 October 1959 - Lorenz G. 

Straub; 29 October 1959 - E. B. Burwell, I. C. Steele, Lorenz G. 

Straub. 

Appraisals of the Board 

Based upon field observations and a review of data made 

available by the District Engineer to members of the Board and 

as a result of indi.vidua.l special studies, a number of conclusions 

were drawn from various points of view of the individual Board 

members with special reference to dealing with the flood hazard. 

l. Holding o:f the originally established spillway which 
had been prepared by emergency earth moving opera
tions would be impossible without continued costly 
maintenance . 

2. In order to provide a reasonably stable and safe 
condition at the slide, the elevation o:f the cut 
through the rock :fill should be lowered an amount 
to permit the lake level to be drawn down :from 
approximately elevation 6453 to about elevation 
64oo, that is a lowering o:f about 50 :ft. 
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3. Considerable uncertainty existe:d e.s regards the 
mechanical composition of the e:lide material, but an 
the south side particularly the: rock appeared to 
be :fine enough to be very erodi.ble. Also, since 
there was only of the order of 200 cfs nr less 
seepage flow through the dam, i;he rock fill for 
the most part was recognized ae: being relatively 
fine. A mechanical composition determination of 
e. large specimen which was pree;umed to be approxi
mately typical indicated a median size of less 
than 3 in. diameter particles. Based upon the 
erodibility of materials e.s large as 9 in. effec
tive diameter, calculations by one of the members 
of the Board indicated that with the reservoir e.t 
the then existing elevation of 6450 uncontrolled 
normal flow of 2,500 cfs could result in e. break
through reaching e. maximum posnible discharge of 
about 85,000 cfs within less than one day, whereas 
on the same basis of calculaticms for the reservoir 
lowered 50 ft., the peak flow Ln case of e. break
through would amount to only of the order of 15,000 
second tt. and would require an initial flow rate 
of e. bout 4, 000 cfs to start thE> crevasse. The 
Madison niver channel capacity e.t bank-full stage 
was estimated e.t about 5,000 cj~s in some regions of 
the channel, possibly e.s much 1~s 8,000 cfs in others. 
There was thus strong indice.ticln of e. serious flood 
hazard. 

The foregoing were among the principal considerations in 

proposals for recommendations of minimum requirements in conclud-

ing emergency field operations against e. potential flood hazard. 

Cbserved Conditions e.t Final Inspection 

The final inspection of the Board of Consultants made jointly 

with principals of the Office of the Chief of Engineers, the Division 

Engineer, and the District Engineer indice.~~d syst me.tic accomplish-

ment of the objectives of the emergency pro,ject. These observations, 

in conjunction with the date. and charts of ·che progress of the work, 

showed typically the following results. 

1. The channel through the slide :area had been lowered 
sufficiently to reduce the l.akla level by approxi
mately 50 tt. 
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2. A ma:x.1mwn degradation of the chamlel. through the 
slide area of a much as 80 ft. had taken pl.ace, 
wbil.e 1mllled1atel.y downstream ~tion of the 
channel. of the order of a maxi11111111 of 30 ft. had 
taken pl.ace. 

3. The average sl.ope of gradient from the l.ake to the 
ll.Ol'llllll. chMnel. of the river downstream had been 
reduced to alx:nlt 3 per cent, wbil.e the steepest 
gradient through the cut was of the order of 5 per 
cent. In comparison to these figures, the steepest 
gradient over a distance of about 200 ft. or more 
prior to the fiel.d operations 81110Unted to as much 
as 20 per cent With precariousl.y rapid erosion ta:k:
ing pl.ace at times under these conditions. 

4. '!'he side el.opes of the cut appear to be stabl.e 
except for some rook slides where undercutting by 
the stream Will take pl.ace. 

Concluding C011111ents 

The Board is in agreement that the mission undertaken by the 

Corps of Engineers 1n the Madison Canyon Earthquake Emergency 

Project has been accomplished, and expresses itself in more detail. 

as follows: 

1. An acceptable factor of safety against failure or 
rapid erosion vhich coul.d cause serious fJ.oods 
dovnstream has been provided by l.overing the 
capacity of the reservoir from 8o,ooo acre-feet 
to 36,000 acre-feet and by reducing the average 
gradient of the spillvay channeJ. across the dam. 
to about 3 per cent. 

2. It is recognized that J.ateraJ. erosion and shifting 
of the channel. Will ocour and may induce slides of 
inconsequenti aJ. IDIIgili tude • 

3. In general. vertical. erosion at the crest and in the 
upper approaches of the channeJ. are expected to be 
sJ.ow due to the resistant character of the channel. 
bottom. 

4. On the south side of the sl.ide there exists al.ong 
the ridge for a distance of alx:nlt ~mil.e substantial. 
voJ.umes of schist (possibl.y several. miJ.llon cubic 

r 

I 

• 
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yards) which a-re severely cracked awl d11turbed. 
Further deterioration of tbe Btabili ty of thia r14p, 
resul.till(! :f'rarl weatber111(!, ice W84g1J:II, Ulil. hydrostatic 
forces, vill occur awl vill in tiDlll proiluce at1dit:10D&l 
roclt falls awl slides. Rowever, as the d1p of the 
schist toward the valley is about 70 degNea aa4 tbe 
loller pol'tion of the llla88 is conf'i:lll!ld 'b7 a ISIIBive 
bel'lll of slide material, it appears nnl11!a 1:1 tbllt a 
slide vill occur of ntficient lllllpitude to cauae 
serious blocap of tl:le spillva;y cba•l Ull.l.eas tbe 
area is eaain nbJected to a seve:re Milllic lll.oclt. 
~refore, the dec1a1on not to Ulldertalle B'A7 rndial 
treatatnt of the riCip IIZIIl to ,._ the ealcul&ted 
risk of poasible :f'uture slidea ia COD.IIiderect va:rraate4. 

5. Conoern1J111 the stability of tbe bigh cliffs on tbe 
north side of the dam1 no serious a......, a;ppears to 
have been do:ll8 by tbe earthquake. As the rocks on 
this aide of tbe valley d1p into the 11101111.ta1n mass, 
no daz!&er of slides ex:!.sts. 

6. ID•Bm''!h as tbe process of bemlr: eroa1on1 &!poadation 
of tl:le upper ebane11 awl :f'urther ~ion awl 
chaups in the cbl!lmel downatre• of tbe slide liiiii;Y 
be expected to take place for SCliiB years 8114 IIIOl'e 
aetively in the i:mlled1ate 1\Itln'e1 it is I!IUI'PSted 
that a yearly S'lll"ftY of tl:le profile 8114 lateral d1e
Plaoe•nt of the spillva;y be obtai~~ed eo as to have 
:recard of :f'urtber &!vel.opleats. In view of the 
interest of local orpm.ze.tioas in this a1tuat:1on, 
inclu4111(! for eXIIIII!ple tbe Mantua Powr ~. it 
is suggested that tl:le COrps of EDgi.Deers enCCII.J.riiSe 
tbese interests to Ulldertake sueh 8Ul"'''!!ys1 perbaps 
as a cooperative effort. 

efticiency awl ettective~~ess in tbe pert~ of this liiOBt 

41ft1cu..lt IUid urgent emergency assigDIIII!nt. 

Ed1la.rd B. :.Bu.rwall, Jr • 
.Arthur~ 
I. C. Steele 
lm'ellll G. Straub 
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HYDRAULIC STUDIES 

by .Adol:fs Markus 

1. A rock spillway was selected as the mc•st logical way to pass 
overflow discharges and construction work begatL before any detailed 
hydraulic computations were made. 'nle water le:vel in Earthquake Lake 
rose so fast that there was not enough time for complete grading of 
the channel's bottocu to a flatter slope nor fOI' paving the downstream 
portion of the channel 1fith large sized rock, 'nle computations were 
based on. the existing bottom slopes and 11 250-toot width to determine 
expected perlormance of the proposed rock spillway. 

2. While construction operations were in progress, studies were 
made to determine velocities to be expected in the proposed spUlway 
channel at each station, and the sizes of rock that would be required 
for stability. Velocities at normal d,epths were computed for each 
slope and for various discharges up to 10,000 <:.f.s., using Manning's 
formula with "N" values of 0.03 and o.o!l-. CorJ:esponding rock sizes 
were taken from WES Chart 712-l, published by the Waterways Experiment 
station. 'nle values were plotted above each s1~tion.ing, so that the 
relationships between discharge, d,epth, velocity, and required rock 
size could be readily determined. The chart f<)r a "N" value of 0.03 
is shown on Plate 1. 

3· A discharge rating curve for the initial spillway was 
computed and routings were made to determine the time leg between 
changes of discharge from Hebgen Lake and eqUS:L changes in discharge 
from Earthquake Lake. 

4. When it became evident that the initi1al spillway as con
structed could not be held, studies were made to determine the sizes 
and quantities of rock that would be required to pave the downstream 
slope of the channel and the sizes of rock-fill drop structures that 
would be required to prevent erosion. 

5. When the decision was made to lower the spillway, it was 
necessary to know how rapidly the lowering could proceed without per
mitting the discharge from Earthquake Lake to exceed the limits of 
safety. The maximum discharge that each bridge across the Madison 
River downstream from the slide could pass was computed from measured 
cross sections and slopes. The curves on Plate 2 show the relation
ship between the rate of lowering of the lake elevation and discharge 



from the lake, both with Hebgen Lake outlet gates closed and with 
Hebgen Lake discharge approximately equal to inflow, or 900 c.f.s., 
as well as the rate of rise of Hebgen rake with the outlet gates 
closed. 

6. Any practical method of lowering the spillway would result 
in a progressive decrease in the width of the channel. HYdraulic 
computations were made and charts were prepared showing simultaneously 
the relationships between discharge, 'bottom width, slope, normal 
depth, velocity, and required rock size. Such charts were prepared 
for Manning's "N" values of O.o4 and 0.05. The chart for a "N" value 
of o,Q4, is shown on Plate 3· 

7. The chart on Plate 3 is applicable when slopes are mild and 
do not influence the stability of the rock, when the size of rock in 
the channel bottom corresponds to the "N" value and there is no scour
ing of 'the bottom. When the slope becomes steeper and scouring occurs, 
the stability of the rock is a function of slope and velocity. If the 
channel bed consists of rock of all sizes, the smaller sizes will be 
removed, leaving the larger sizes, until equilibrium is reached. At 
this point depth, velocity, rock size, and Manning's "N" are functions 
of discharge per linear foot and of slope, discharge per linear foot 
and slope being independent variables. The relationships between 
those variables are shown on Plate 4. 

8. Approximate measurements were made of depths, velocities, 
and rock sizes in the spillway channel to check the computed relation
ships. Because of the high velocities, turbulent flow, and lack of 
,instruments, exact measurements were not possi,ble. However, within 
the limit of error, the results shoved reasonable agreement with the 
values by Isbash. 

9· The spillway channel upstream from the initial crest was 
excavated in increments of depth approximating ten feet, starting at 
the lake and reaching zero depth on the channel slope near the crest. 
When the final plug or crest was excavated, the discharge increased 
considerably. For ready determination of the safe depth of cut, a 
set of curves was prepared, showing the relationships between initd.al 
discharge, bottom width, depth of cut, and final discharge. The 
curves are shown on Plate 5. 

10. When stream gaging was transferred to the Kirby Ranch bridge, 
measurements were no longer responsive immediately to changes in dis
charge through the spillway. To provide information without delay, 
the Earthquake Lake discharge rating curve shown on Plate 6 was devel
oped. This curve shows the relati,onship between water surface eleva
tion in. the lake and discharge from lake storage in c.f .s. per 0.01 

2 



foot of water slll'face drop per hour. By use of' this curve, knowixlg the 
discharge from Hebgen Lake, the water slll'face e'levation in Earthquake 
Lake and the rate of fall per hour, it was pos~:ible to estimate in
stantaneous discharge. throt1gh the spillway. The EarthqllBke Lake water 
surface was measured each half an hour and the computed discharge 
actually was the average discharge in each hali'-hour period. 

11. Discharge rating curves were computed for the Bebgen Lake 
ou.tlet works and spillway. Assuming the gates fuJ..ly open1 routings 
were made to determine the JllaXillUm possible ra1;e of d.rewdmm of Hebgen 
Lake storage. The resuJ.ts of the routings are shown on Plate 7. It 
was found that, startill& with a water surface Ellevation of 65~0. it 
would be possible tc drain the lake completely in 50 days. 

3 



1 - 3J.. ... ,d IUX XIQN3dd._, 

Ar'IIWV 'S'n 

Olil61 '.LC~ 

S39lj\IH:JSIO .LN3lj3.HO .LV 
o3NN\IH:> A\IM-,-,IdS 3H.L 9NOo\l 3ZIS 3NO.LS 

ONV S3LLI::XYT3/\ 'Hl.d3C .10 NOI.lVltiV/\ 

3010S lj31\llj NOSIOVII'I 
A:>N39ll3V<3 OOOoj 

VNV.LNOI'I 'tl]/1111. NOS"!OVI'I 

ELEVATIONS IN FEET M.S.L. 

11YX ~ 3>U SH.u-Y.>.l ):RIItl. 
a.~ "33e ~ ~--... ~1><.1. 

EQUIVALENT DIA. OF 
STONE IN FEET 

DEPTH OF WATER IN FEET VELOCITIES IN FEET PER SECOND 

~ ~ e ~:: ~ ~ _ _ _ _ _ 1\1 1\1 1\1 N 

O•OO~ \g g g g g 0111 N I • I • • 0 N w • • • 0 N • • / • I;'/ N ·; • • 10 I . . 0•00 

I : I I . I I ..... . I I I 2•00 

>.ao 1 , ~ · \ '\ '\. • ~ ~ '----... ! 1 

II I \ -~ '\ ',, ', I \ ""'\~~ ~ ~ I 4•00 

4•00 \ ! \ \ I\ \ ~ I I \\ \I\\~ """ I "'~ 
I \ I 1___ __I ····-'1· 6•00 

••oo 1 1111 r 1 ; 
rl~ ~of\ i pI ..,. 0 - ~ :; "' g' 

1 ..,. ;:;:! ... :S 1 ... o 1 o :' 8 1 Fa g o o 8 fg I -: 
1 , ... ~t 8 o 1 o o 0 1 0 o o o o---, B+OO 

8•00 \ 0 ~- I 0 ~~~--g t~ I ~I ' I I I /"
0 

... ..,, ... :>II :'1 :'1 I :'1 ' :'1 I ' 
!- "'' ~ !"J"' ~ 1,.. ! "' i • . 

I I I I I j I , I 
1 I ·-·· [7

7 
I 10•00 

1o.ao \ 1 1 J I • ' ;1 v; v ~ I / I I /. I / ~ I I / ~ I I !\ I I / / 0 i - - 5 / / - --If I / 12•00 ~ 
)> 12•00 ' \ --r--"' () \ \ \\ '\ -j j ~ I i I \ \ ~ II i =i 1\ 6 
0 0 , I \ \ I -< 1\ i'\ z 
Z 'I' I \ \ )-

1 

- 0 ~- -- ---14+00(/) 

(/) 14+00 r I \ I • I --- l g I ! I (/) I I I I > 
rr1 :x:r 1 1 1 1 1 I 1 -4 , i r 

)> 0 I~ I I I I ::;: I I : :Il I i 0 5 I ..... !(:: I I I I I )> I ____ J_____ jjj 16+00 z 

z 16•oor ' -l \\\\\11 ! 
1 

C I JVh~V/ V ' I / " 
C) ~ ' !\ a I 1 1' /_,i" ~ l I g I I/ i / /v / I _/v f!t 
ft j \ (/) //' _, , z Z _ / / ~ I 1e•oo 0 

0 1 .. 00 () \ ' I I I I - I I .., ., I -. 1 I I (/) ' 
)> 1 • 0 1 r 1 -o ... ' Z ..,. - - ...... "'· ... I (I) 

U> z I i z I I : I F ~~ g I I (/) ~ 0 
g ~ g i 8 I I 3! 

:g f- z I fT1 1 1 r l~ o __ . -o o o o o, 2o+oo r 

F=
2

o--oo P \ !E 1 : : ~ I i ~ :.. I i ! ~ 
~ OJ I ~ I I it '< : ~ i I i ~ ,.; ' I ,., I I I ' )I! ' -... 

~ 22.00 3 < j ' I i ' ,T- ~ \\ '\. "" ! -- - ~ - v ~ . I .. ~~ i 22•00 Q 
i o ,~/ f, / I , z ~~·'' " , I ~v ~~ -+-~e---- I ,. 
Z :S: CREST ff'~." ' ~ \\\\\\ I'- I""'-. CRITICAL DEPTH )> //~V ~ ___l.--- 24+00 ~ 
~ 24•00 : I~ r ~l~ """ '\ ~ ~v-::vr v i I < p ~ : I ~ ~ \'\~ t\ I r ~ 0/ / 1· .. L-- ... ;~_ ~ ! 26•oo 

I :f; I .. 1/ : e~o I 
I "'CIO 10 i o 0 

26.00 -- ·- o 

1
\ \\\ \ r (, r r """ ~ 1 

1 10..,-1 -1 I .,iit .. 1 

. 1 , 1 _ ~ ~~ ~ \\ ~-~ , I t 1 _ m + __j 28.00 
I -1 10 ,.. I 1 ~ o , ..,, 

26

.ao ' I t I ""• • 1\ \' ' ~ \ ~ ~~ k o en~ ... ~r;:... -~g_;;;, o o- 8 _o I ~~;;;: 
_ I I I ~ ~5 5 1 _ r o: ~ o _ __ o" g o o _..,.. _j_ ___ _l ~-~t :f; 30+oo 

30.00 I i -en , ~~ ~ I I I ; '" ~ I ~~~~ ' • • I I ' "' 0 l: , : :; a : 11 ·1 : 1 ~:;<. . - ~ ~ rt-- 1 II I I "a~:f; -+------.-j32+oo 
32.00 I I I I I - ,_· .. -. - • '• I I I I I I ~.g ~ .. ~ : z ~ ~ ~ I I ! !!l~~ ~ 

,. "' - '" "' - o 1 z"' 

34.ao I I I I I I o • ~ ~~ ~ ~~ ~~ ~ ~ ... • • - _ + ~= ~ """' 34•oo 

I I I I I I . I rE "['"" Tos : I : -~. I 30•00 

38
"'
00

o o co co 01 01 o 1\1 ~ a CJ> o 1\1 w ~ uo o o 1\1 :. a CJ> o N :. Cl> ao ~ l:;l ~ ~ 
1\1 1\1 w w :. :. 
8 g g g g g 

ELEVATIONS IN FEET M.S.L. EQUIVALENT CIA. OF 
STONE IN FEET 

DEPTH OF WATER IN FEET VELOCITIES IN FEET PER SECOND 

SH33N1~3 .JO Sd~ 

( 

( 



) 

) 

) 

CORPS OF ENGINEERS 

,..... 
w 
0 

.J 
Ill 

~ 
0 
.J 
w 
Ill 

Ill w 
.J -,; 
'<t ....., 
w 
C) 
0 

a: 
Ill 

w 
:!::: 
< 
.J 

"-
"-
.J 
0 

~ 
Ill 

"-
0 

0 
0 
0 

z 
w 
C) 
a: 
< 
:t 
0 
II) 

0 

4 

3 

2 

I 

v 
0 

0 

./ 
v 

v 
2 4 II II 

THE RATE OF 

\ 
1\. 

~ DISCHARGE FROM EARTHQUAKE LAKE A, 

"' ~ 
HEBGEN DISCHARGE= 900 C.F.S 

\ "' ~ 1\. 

' ...... 
~ 

"" ............... 

"' v--g
1

1SCHARGE FROM E;;,.'t:i:-~-o v r;;;" 

~ QUAKE LAKE AT HEBGEN CLOSED 
~T LEAKING ISO. C.F.S. v "' . / 

~ x v 
v -!--v t--

v v·\ 
HEBGEN LAKE POOL ELEV. ./ 

_,. 
"""" 

~ 
v 

i 
10 12 14 Ill Ill 20 22 24 211 211 30 32 

LOWERING OF EARTHQUAKE LAKE WATER 
50 FEET IN NUMBER OF DAYS 

SURFACE ELEVATION 

34 

Ill 

"-
0 
0 
I() 

II 

w 
C) 

< 
:!::: 
< w 

6545.0 .J 

0 z 
< 
0 
w 

-- 6544.0 Ill 
0 
.J 
v 
Ill w 
~ 

6543.0 C) 

:r: 
1-

3: 
z 

6542.0 0 

~ 
> w 
.J 
w 

6541.0 .J 
0 
0 
Q. 

w 
:!::: 
< 

8540.0 .J 

z 
w 
C) 
Ill 
w 
:r: 

U.S. ARMY 

NOTES: 
I. INFLOW INTO EARTHQUAKE LAKE 

FROM HEBGEN ----------- 150 I. 900 C.F.S. 
FROM CABIN I. BEAVER CREEKS=IOO C. F. S . 

2. INFLOW BETWEEN EARTHQUAKE LAKE AND 
CLIFF LAKE BRIDGE -----------:100 C.F.S. 

3. CLOSED HEBGEN OUTLETWORKS ARE 
LEAKING AT RATE I 50 C. F.S. 

4. HEBGEN INFLOW: 950 C.F.S. 

5. STARTING ELEVATION OF HEBGEN LAKE 

WATER SURFACE COMPUTATIONS:6539.0 

MADISON RIVER, MONTANA 

FLOOD EMERGENCY 
MADISON RIVER SLIDE 

EARTHQUAKE LAKE SPILLWAY 
LOWERING OF EARTHQUAKE LAKE WATER 

SURFACE ELEVATION FROM EL.6453.0 

TO EL.6403.0 OR TOTAL 50 FEET 
SEPT. 1980 
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I. n =0.043 Dl/1 
} LIMITS: 

2. o=o.0228 sv3v 2 d ~ D 
3. "= ~-~~~ sv2 dv3 

4. v = .9. 
d 

SOLUTION GIVES: 
D =I. 48 S7/9 q2/3 

d- D 
11.9 s 

MADISON RIVER, MONTANA 
FLOOD EMERGENCY 

MADISON RIVER SLIDE 
EARTHQUAKE LAKE SPILLWAY 

ISBASH CURVES 
SIZE OF ROCK 

VERSUS 
SLOPE AND DISCHARGE PER FOOT 

SEPT. 1910 
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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. 

MADISON RIVER, MONTANA 

FLOOD EMERGENCY 
MADISON RIVER SLIDE 

EARTHQUAKE LAKE SPILLWAY 
DISCHARGE INCREASE 
BY CUTIING OF !HE 
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EXAMPLE: 
GIVEN: EARTHQUAKt LAKE POOL ELEVATION= 6425 

DROP OF POOL ELEVATION = 0.20 FT. PER. HR. 
INFLOW FROM HEBGEN = 900 C. F. S. 

COMPUTE: FROM CHART: QO.OI = 103.5 c.r. s. 
0.0 I FT. PER. HR. 

DISCHARGE FROM STORAGE: 
Q 0 = 103.5 x 20 = 207 o c.r.s 

DISCHARGE OVER CREST: 
Q = 2070+9oo = 297 o c.r.s. 

MADISON RIVER, MONTANA 

FLOOD EMERGENCY 
MADISON RIVER SLIDE 

EARTHQUAKE LAKE SPILLWAY 
EARTHQUAKE LAKE DISCHARGE 

RATING CURVE 
SEPT. 1960 
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