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PIEZOMETER N0.4 
STA. 1-l 1+50 

[1.6255.5 
BEYOND TOE Of MADISON SLIDE 

\UNAFFECTED 9Y SLID'[) 

_Et62'!>5.5 �-�~�.�0�R�I�G�I�N�o�l�.�L� ROAD S.!iQbu,OER 

ROAD FILl 5. �R�~�w�a�r�f�l�!�d� m11feni1/s 

�r�~�~�:�;� �;�,�~�~�~�'�!�~�P�}�,�'�~�;� �-�~� �~� 
El-

6238 
S _,__- ,5 .. ROCK FLOUR (SchiSt orrqon,i 

TOP OF �A�~�L�L�N�I�A�L� �\�~�;� �7 �~� is! enC>J<Jnfend �w�a�~�r� 

::. li 

.. , 
l ALLUVIALS 

i 
S; Sa Grone/ 

r-i crs Sll llraYe' 
' s/111(} al'ki 6myef 

:!; sc/il'sf cloy �c�o�n�g�l�~�"�f�e�,� very liar# 
�9�3 �.�~�·� pro/»ble /;edrodr �s�o�n�d�s�,�~�r�!�l� htmf. 

�@�~� •. �~� 

PIEZOMETER NO.2 
STA. 9•40 
[1.6342.9 

�E�L�6�3�4�2�~�~� 

8" Cl7sinr; tlot!s nal mml 
Ia drtYI' s/ra,r;lif 
Ar; �e�o�r�l�h�~�t "� �c�h�~�n�A�i�i� .-ad •lliJ:;s, 
dthrr!N"Oftd IJJJdized 
Onlh hard - chonqeti II> 
hil · quorfzde ? 
Some recourv af sch1sf chips 

SCHISTOSE-GNEISS 
�f�m�:�~�m�e�n�f�l�'�t�/�,�S�/�1�0�/�I�e�m�i�,� rr;aferia( wilh �p�a�r�o�l�~�/� r:/M¥'Jf?f' t!l>d 
two dis.'mr:t;,"rmt systems. Fine qrained, mefol/ic 

�s "�l�p�~�r�!�l� Ius er ar; fresh svrfous Oridind 
�s�~�r�?�c�e�s� !lei/ow-bro,.-11. Hl7rdness brtfllr, 
some �/�r�o�~�"�'�e�n�l�s� have ap1Hor17nce of 
fo!tohcm. Same tll!peorance of Sm!i::de sch1sf. 
.0Jclr fkur consftl"fes 50 7. · 70% ol recovered 
molena!. 

PIEZOMETER NO 3A 
STA.20•40 

4' R t 
H 6448.2 

PIEZOMETER NOI 8. NO. lA 
STII. 26+86 

Et 6468.0 

!oootly �c�o�m�{�!�Q�d�~� �I�?�O�i�~�- �~� 
coyes!JM.!J, paor recNNY l}f'i:. 
oro'! d'tvN _>:" 

�S�U�O�E�~�~�-�R�1�A�L�5� �~� 

-x" �~� "' �~� 

TOP OF ORIGINAL ROCK SURFACE (SLIDE) 

�~�r� 
8mJEn, t:""/'"'ented, sMt!ererimaferlal Wit/! ptJralkl �C�l�e�o�~�,� 
some who. s/Q/!1 and has fW(J d!Siiuf jOint �~�s�t�e�m�s�.� 

S '-i.l.sfer- ·'7"1!foi/Jc, color �s�~�l� ;rey onrl sr!rery �~�n� fresh 
j_ �s�c�,�r�l�~�c�e�,� �o�¥�t�d�i�~� svdrxet, IJI/!OIV brawn. !ltmlness,tm"ftk 

�~� �~�)�t�'�l�'�,� �,�-�~�o�l�i�e�r�d�,� blocky �f�r�1�7�g�m�e�~�l�s�.� /rregdor {/of 
:!" so �d�a�r�~�;�,� .na-:r �c�l�e�a�v�o�g�~�.� Cohr, �s�l�~�e�l� b!Vt'"(/!"1!/1, crxit/,jfd 

StorhcfO �y�l�!�l�i�"�*�"�b�r�o�,�.�.�,�~�.� Shar.o eQq<'!s. 
w. S E1 �6�'�!�_�~�-�M� 1",, 
SLOPE TALliS �·�~� :- 48,L- (.cuJfJfd �f�!�I�J�r�f�l�~�i�e�s�,� CIUI/ �t�»�J�i�n�~�.� 

mcpw:eo I ' :, "; 50 5c.'>i>'. qrwSs On(! �q�;�~�N�f�z� �"�'�:�'�"�1�7�m�e�~�'�s�,� minor �o�m�~�v�n�f�s� ol c0;-

; •, �~�,�-�-�- ¥ixM mo't"ials of rodr, malr'• of red Md qr!'l'r; cloys. 
�~�.�L�Q�_� -- • " �~�6�- �C�n�!�l�~�!�l�y� sand oM sond!l �q�r�a�r�e�l�~� til c/bq mslni 
TALUS OR ALLU"IALS �~�· " "� 69- �r�;�r�o�!�f�!�/�/�~� S!Jf/d qe//oW-iJrO/If'n hrki-re/ t/rc/U8iCns 
; IJ!St;tacea 75.-- Snm:.'S a.'ld sands. {lripi" tlisinkqra!ed d!/!Jrlfe schist r/Jt:k( �q�r�,�e�n�~�S�f�,�)�!� 

78-G,..tuels 'l!Y/ =ntis, :'!diaflqvhr. Or'IJ'" �s�l�1�1�&�~� �q�n�~�r�.�t� mrrlllt:hr3! dark Qrown 

�~� .. o_ 
PROBOBL£ 
AL.LUinALS 

st-:Xnd< """ 6m>'et's (CI21Jf'B' �r�e�s�o�~�r� �o�~�o�"�·�o�i�s� v' ci{Ji/> ' , eo 
•0 • �~�r�~� �S�:�;�~�d� ar;d Srthel> ,.r.t-IJ7F-. �N�3�S�5�"�~�.�c� (ff7Y)Ilc'.r ;' �H�m�d�~� n.= �~�~�!�;�"�n�/�,� �s�o�m�~� �3�"�~�J�?�e�s� ;ch.:Sf om! f!l6'is.; 

i 
�i�;�~�c�o�v�~�r�e�d� ml7htl"itJ!J are .f'ror;menforJ, 
chios �~�l� �h�o�m�!�J�I�~�f�!�t�f�~�,� qllf1!"1z, �C�I�J�!�c�d�~�.� '

0
' :;= �r�r�:�:�:�t�~�~�a� tands andsotf!l' s:/1$ 

107 ' StJ, �:�~�.�r� . ..;'rOYt'• .W· 'i!; j' fJ;IJt> c/o!/ 

-1100 

�1�0�~�~�·� 

NOTE: 
Mukrfal drt!k!d with o chum dr1ll usi119 drive samtW 

metMd. Ead! drive wa$ �1�.�5�'�u�~� i•0'"5"drire sampk Oor1'61. 
Hok ca.m/ IJnti �q�~�l�y� �~� alw«< of rnStiiiJ. 

Drr/1!"9 Opet<aftM �~�f�e�r�s� /1h!> .If« �~� l""fC(Jt'eiVd 
and �~�s�e�s� a signifitad �'�~�"�'� 111 1M rock fl011r. TM 
schist and qreiss fet"K/ lo shaffer ink l"tiCk flour vtltkr tile 
impact af dr,11mg. 

DRILL HOLE- STll 29+50 
t50' RT. c. 

EL. 6460.0 �~� 

Broken �M�o�~�r�i�o�l�- all sius 
/'eCOI'erN. �~�s�i�r� 
1'ncll sAm with ed;es t:uf 
bfl �d�~� /)Qrrel. Rock fiOIIf" 
inc/mila' wdlt a/1 �~�I�J�·� 
Mostly $dlisl wi!ll some 
gneiss. 

Massive rock 1'11rmatirm 
Drive /mrrel fM!Is m (()//ow 
join/ �~�S�/�e�m� or frl,-,. i'"rJCk$. 
Mosti!J Jehisf witl!/orqe 
roc AS more qneistnc 

Drolllf past �~�n�d� or 8" 
casing wt"fh4"bar'rpl 
some mti"t!'"i"ol. 

DRILL HOLE-STll. 31 +50 
300' RT. 11. 

EL.6480.0!: 

EL.6442.0 
WATER LEVEL 

f0-1/-JY 

Eorlhfl Malprti11 w11h roc/!. 
froqmenfs and OCC!h$tOrJol 
/Jo11lder. [}r/1/ed e<»llf!. 

�#�o�s�s�i�~� formah(m iJI' dtilenoraflt/ 
schist with same r;fleiss and 
quartz. Drdls easter but fXXY 

�;�;�;�:�~�o�.�"�J�·�~�a�"�"�i�%�:�"�6�"� /!om! 

�!�\�~�:�~� �i�~�;�:�~�:�~�:�;�~�~�~�;�:�:�;�'�:�:�z�t�r�l�l�'�,�:�,�~�;� :hwy 

�~� �0�1�8 �~� ,;:rl7r!' 11ij c.r.f Sand 
�~�&�1�1�i�d�l�;�'�r�,�6�n�e�i�$�S� 

�l
�~�~�~�H�~�i�i�c�r�s�.� sam! and crvsMd qneiss qrav. crs $.?nd,. 

so. qrave1 
sand wi.'h mired scli/s!S and �Q�·�'�~�i�s�s� 

son!!' wlfh �m�i�x�~� schists tllll/ jnet'ss 
sand w't,-; "''ffd sthS''S ai"Ki 'l""'SS 

129 Schts' ond bne/.u (boui<tN"!and �:�-�:�>�b�f�;�:�~�s�;�'� 
"., �~�.�'�l�;�,� sc:l'!iSI S17fli/O 17nd �s�c�.�~�l�.�r�l�'�?�.�l�f�.�<�'�'�6�'�n�{�c�,� 
"•' •39' �!�>�r�o�c�~�b�t�a�/�1�1�.�1�1�'�1�1�1�/�G�'�r�o�~�·�'�c�.�r�~� �'�m�:�'�'�"�r�~�a� quartz J'ld 

scms: ae!J/ht»- �W�I�J�I�~�r� �"�'�"�'�~� 

�:�,�~�~� �·�;�'�j�~�;�;�~�~�;�~�~�;�;�/�~�~�:�:�<� rt:/;,a::;; �,�:�;�:�:�~�:�o�;�:�s�,�~�;�p�·�;�:�.�r�;�~�;�;�.� 
�~� 140 �~� 

' 0 

-11160 

,r"' /;'or:k bit �I�I�S�~�r�f� 

Zl:?"- z:;' 2 �:�o�r�g�~� rods 2 
o/liiv•iJ.' !i �.�J�t�.�;�t�;�<�J�r�~�n�;�e� 

n:vnded �e�d�g�~�O�T�T�O�i�o�l�-�-�-�-�c�i�F� �=�·�<�1�·�~�-�~�'�0� 

DRILL H0LE-STA.32+50 
150' RT. c. 

EL 5465.8 

[L. 6465.9 

qe,.'!:; rack �m�~�r�f�u�r�?� and la'!le �r�-�~�;�m�e�n�t�s� 
qr1tt,; '"Ock 7/;durelcolorl! �!�J�e�l�l�"�"�"�,�~�"�·�f�J�r�o�w�n�)� 

da,1, var'ed �<�:�c�l�o�~�s� �~�/�b�w�-�f�.�-�c�>�<�m� arx/ r;ret;, 
c11y 1s �.�.�.�e�~�!� �~�m�;�x�x�f�~�r�f�-�s�e�m�/�l�f�l�"�m�.� 

( 0-'4.Ztid C/tlfiS SI1!"!"0Ufl!1117f �(�J�!�!�~�M�!�/�j� 9"(./Vt>Js 
SM: II'! red �s�d�l�;�s�!�-�~�J�~�J�r�h�c�!�n�,� "!d fn. sonds, dafiS. 

El 6253 5 
Fts:.u �~�"�"�.�:�;�r�-�-�:�;�;�;�­
fon7;,7T:o, r9tli 
�n�c�s�p�o�n�s�i�o�,�~� for �f�h�~� 

s<:rk 
�~� 
�~� 
�~� 
iflj, 

i 

IS•' llidiil_s]" 
(easrl" Je �'�a�1�c�.�c�o�r�'�e�~�:� soopf wlten M/, 
sm(l:: t)/(}d< flaxes 'lwnh12n.Je). 

0"! 2t4' tAT C-AY CONGLOMERATE 

�"�~�"�"�- �2�1�9�.�~�·� ihard, reo;qrovelr!;, r(JII?dl'!d U!Mier. �i�~�J�/�"�(�J�<�J�I�/�t�;�'�'�l� 
'..=5: �:�o�.�~�,�.�~� :do.'ed J!'id c"mpacfed.) 

-- --- ---·--- �~�- ---
w:E 

-j tBO 

�~� 220 

_; 260 

PIEZOMETER NO.3 
OTA. 19+00 

Jr,!!trJ!J #J:" �t�e�r�m�.�~�(�}�'�,�·�~� '"!57:0: Cn.s »m: �f�i�e�~�~�,�.� ti?e 
cJrface eievllfta,> Jf f/>e rbr '"" e()IIBJ CI.IiJ''""'s If 5 bt!l#!ved 
'ha' �t�,�~�c� 'ale sdi:f ·""'·c �,�!�!�~�,�,� 4 �r�h�~� ,·:id" whcO hod .':011·-ed 
ovr �t�~�e� valleiJ ai/iJy,o/s IJ"Jd rhe /JIJse }l s ''de WIJS rot /"6'1J"Iwi 

144' R 11. 
EL 6428.2. 

�~�;�;�,�~�~�;�q� ,.;:;':,j QS 

�d�.�~�t�v�e�s�.� 
Materia( ca'fes 171 
sudace �~�r�w�n�r�~� ca1rng. 
MORE RESISTANCE, 

f!l"()hab/e bwlder, 
casing driW!OharriN: 

SCHtSTS AND GNEISS 

�~�r�a�r�;�m�e�n�t�e�l�i�,� shattered �m�a�t�~�r�i�!�J�i� with parollel 
c!eavoqe oM two �d�r�~�!�m�d� ;a!nf SIJ3/ems, almMt s/gty, 
sharp edges. Fine qromro, �s�,�/�~�N�Y� metallic li.11fer 
On lff:th sudQ=, color, stulq"!j· hive, de11$F. 
Oxidiltfi svrlbces Jet/ow-brown. kardnns,hrift'e. 
Adr �"�'�o�u�~� �x�.�n�s�l�:�f�:�d�~�s� 60% ·80% r!fiX!Pered 
�t�m�f�~�r�/�a�:�,� dJil gntfj cc.or, ., 

�~� .,. 
' < 
�~� 

00 

,00 

'"' 

�~� 
SCHIST The �r�~�c�v�e�r�e�d� mQfero,ol iu. barf/'1. shottered �l�i�a�r�e�n�~�N�a�n�d� frnclur-ed. 
Po rolfe! cleoiJ(lge cl>lef charoder,strc due to fredommooce of �m�i�c�~� 
mi11erals. Ma feria! very {,'nf' qrainetf r1/mos o serocife. tclorr steel r;rey 
Ot"J �I�r�e�s�~� surfaces, atidizeri turfaces si,;M!y 'fello..- qold. ' 

GNEISS ROCK ,;, �r�~�C�o�o�l�l�!�.�'�t�'�d� liS broken shaf.fe""d froqmenfs. S11rfaces ore 
'.::reg11lar. TM ;orrr! �f�r�o�c�f�v�~�_� �S�f�!�s�/�~� ptdtt!1tlnc."'e �"�~�'�"�.�'�~�.� dWW.IJP. sysfBms. 

1,- .?::If ;s Je»So' and boc!CJ. / n?.!/"1 �~�A�f�O�S�~�d� t,;r"cc."! 0'< do'i-oiue To t.'oci', 
�C�.�.�:�;�j�·�z�~�o� �S�i�. "�r�f�o�c�~�s� :7pp•w �n�o�s�~�·� red. 

SLIDE �M�I�~�T�U�R�E� MATERIAL fi'ffOVered material generally grrue//ij Sfrts /'rJ 
coarse sand silt. 

"' �.�~�~�z� 

-----.. 
COlli'S 0/fC ENGINU:IIS. U, S. ARMY ... a;OIF--OCT-t­

--D ..... ICT 

"'"'"""'"'·"""' 
MADISON RIVER, MONTANA 

FLOOD EMERGENCY 
MliDISON RIVER SLIDE 

PIEZOMETER INSTALLATIONS AND 
FOUNDATION EXPLORliTIONS 

OCTOBER 1959 

�~�A�<�S�n�o�w�~� -.---
APPENDIX X PLATE I 



) 

) 

I $11 
~I 

.i/ 
~ D.H.NQ.4 

/ 
I 

-----'._ 

DH N0.2 
2-50' R l. 

MrJ:eri materials 

---

;~aYels. sonds,s,frs. 41/v~/0.' ?tmearance 
det~r,·V<·cft; cf/()l"•'te schists also dark r(X'! 

---
., , Desc~::;:.on of mater1a/s us /"ff''vered 

1two~q;, :u·O!!vrl'ace eYplora/;ons. ----...._ ,, 

"''' 

Cloy, sand, grorels 
(Ai/l)llia/s or Talus} 

~"' SCH!S> Cf'Y 9~1 9r-lt1 "<rl 
15 9 m1~M ~r:owr11 

Spt?lwuy 

\ .JS.!j}J! 80% Oetrr"r'i'd CIIJ!/ qrey Ofld 'jt'llow 
"' 1 . ...., . . . _ _, [ Tommafec' "'91>1!1 o:r,Cit?ed .e'fJ ~nso!tiio!rd 

SCHIST 70% Grlf'y clay semt·conso!ttlated 

•• 
SCHIST (Rock bit r@Cavery ver!f (1'1 makri(J/j 

_s.tma'= {Jrii}IJ?O/ grounq~ 

Scnis'ose ."'~as. r;ravels. slit f'" ____________ ----
----'''"'' ___ _ _ _ _____ ---------------- 209. ~ C'lr1!fs a.,j fra<Jmtt~fs 

~App~oxrecafg riv"r bsJd prafih! 2-i!i' Al/vytO!s (fn. qrave'J; crs. $ani) 

~ DH STA. 29+50 DH STA. 32 +50 
n~· R '- 1~0' R \. 150' R \. 

I 

OH STA. 31 + 50 
300' II ll. 

T 

12s'. SQjjji af'd GNEISS (Bwlders and COI>bles) 
IJ2 SCHIST Frapw.~l and ftnes 
138' Ailinnals crs. frwfv"ed q1.111rt~ and SCHftT PEBBLES 

146
§RAV£LS and l'n SANDS (Possible r1rer scmd) 

151
• £1M encfos,,.g shattered sciJJsl prJrlicl!'s 

"'11!!"='='- ol rat clfl!l __________ ---
--- ------ ----Vofl!------

TALC !J/u;ro."'a'ic slekh o." m<11P·io!s MCO(J.?k.·l!d in 
hwerm7 of S'/fde sp_,l!~y. :/~ ~ oi' mall!nOI ahove 
....,.,fpr sud'ace prof/'/(! df!f~ 25 Ocf. '59 <kfermined 
bJ sle!c-.~,;,? rot:>< form11fiM showl"!/ in bal)is @ave 
...:'/("." sur/'iir:e and oJJSN'VIng ma!erl(!/e¥CO'V(f/ed hy 
rlrt11]1ims. 

J 

• ""' ' g 

'"" 

'"'" 

""' 

'5~1DE' '-EARTHQUAKE LAKE-._ 

"--suoE-.._ 

""· 31 +50 
0 

"" 32.+50 
0 

---.... 
oo- Oil DIGol-. u, •. ~y _or _ _,. __ -0-

MADISON RIVE~, MONTANA 

FLOOD EMERGENC'f' 
MADISON RIVER SLIDE 

MATERIALS ENCOUNTERED IN SPILLWAY 
AN-D DRILL HOLES 

APPENDIX X PLATE 2 



----

.2 .3 4 .5 .6 .7 .8 .9 1" 2 4 
10" 

6 8 \ 

100------~--~--~--~~~~~--------~---J---L--~~~~·o 

NOTE 
1370 Pound sample represents 

materiel smeller than ten inch 
size. Tested 9-20-59. 

MADISON RIVER, MONTANA 
FLOOD EMERGENCY 

MADISON RIVER SLIDE 
MECHANICAL ANALYSIS 

SLIDE MATERI.AL 
STA. 28+00 

APPENDIX :X: PLATE 3 



) 

) 

NO < 

""ri 6400 

PIEZ. NO 4 

~ 
c 6300).. 

6250 

6200 

6r50 

c + 00 

6440 

"" 

~ 5420 -

6410 --

PIEZ. NO.2 
~­

~ 
f._' 

"-SLIDE~ 

'---SLIDE~ 

-;:.-s/85,; -Fs'·."':"a.'ed o-.g; y,' g.-oMd e/e,"O!:"oo 
,: .rJOD.CJ. o.Op j,pc"'o.'"t' $,."•~) 

10+00 

PLAN 

20+00 

PROFILE 

. '1"" 
-- 6430 ~ 

6420 ~ 

~ 

~ 6410 .::; 

6400~~~~~...,,..,~~~~~ec~~~O--L~'e-"-~"-~~~~~~LL~LL'CCLL~LL"'''"" 
10 20 301 10 20 25 

SEPTEMBER 1959 ~CTOBEA 1959 

PIEZOMETER NO. 

t-"J'fJ ~\:~.-.-o.:. 
_;.·o:·~-~-~ 

PIEZ 

6450 ---

D. H. 
31+50 

0 O.H. 
32+50 

0 

NO. lA 

D. H. 
29+50 

I 

' 

O.H. 
32+50 

O.H. 
31+50 

.'8,~0'Possilk !o;; ol !he .'b.·IOOI•;,?,scti.·S,' 
roc~ •. -~~·m::.e for l~e s.':ile. 
(.)--',;~ K:fh rori J:"t} 

------------

30+00 

6440 --· 

6430 

6420 

6410 -- -

Pcoi .'.~ $3J8.0 r8-2C-5'J) -y 

--------

40 +00 

'EA50 

- ""' 

6430 

. 
6420 0 

~ 
6410 

,,x<~,,,~~~~~,""-L""-L""-Tc,C"~""-L~~~~~.cJ 
" 

"00 
SEPTEMBER 1959 CCTOBEA 1959 

PIEZOMETER NQ lA 

6450 

6400 

6150 

631J 

6300 

! 629'J . 
0 

-:-~1-

-+ ----1~--c'V"""~" 
::::n:t:r 

-----:-- -1 

6310 ;; 

""" ~ 
~ 
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MADISON RIVER SLID!!! 

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 

XI-3 

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: 

XI-5 



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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MADISON RIVER, MONTANA 
REPORT ON 

FLOOD EMERGENCY 
MADISON RIVER SLIDE 

APPENDIX XII 

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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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. 
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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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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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MADISON RIVER, MONTANA 

FLOOD EMERGENCY 
MADISON RIVER SLIDE 

) 

HEBCEN LAKE POOL ELEVATIONS 
FULLY OPEN CONDUIT 

SEPT. 1960 
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