




































































































































































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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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 
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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) 



( ( ( c ( 

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) 



( ( ( ( { ( 

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. 



-2-

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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Appendix XIII 

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 
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VERSUS 
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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 
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FROM EARTHQUAKE LAKE STORAGE IN C.F.S. PER 0.01 FT. OF W.S. DROP PER I HR. 
, , I , I I 1 50 . 80 70 80 90 100 110 120 

U.S. ARMY 

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. 
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RATING CURVE 
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