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~% VFER %% \Vi :S ( l ~ \ ER ATEI ) BY L.\\ I ) S I . I I ) ES This Corps project , loc ated on the Koot eri ai  R i s c i  in
I \ RESERVO I RS , by D. D. Davids on , !! ~i’draiiIic s no r thwes t e rn  Montana .  is under  cons t ruc t ion  wi th  f ina l
Laboratory rese r soi r  f i l l ing  scheduled for the sp r in g ot 1973. An

evaluat ion of the possible effects  of landsl ide-generat e d
The destructive c apaci ty  of landslide-generated water waves in the Libby Reservoir was und er ta L en to determine

w ares  has been well documented l i r  many occurrences if there were a signi fi cant problem An a n a l y t i c a l  anal sis
around the world . However , the ab i l i t y  to predict  wave using two-dimensional  model te st  r e su l t s  and c or re la t ion
characteris t ics  which would resu lt  from a po t en t i a l  w i t h  underwater  exp losion wave predict ions  i n d i c a t e d  a
landsl ide is still  in the development  stage . P redic t ions  of po ten t ia l  dange r i t t  the dam and [CservoIr  users.¶ the heig hts  of landslide-generated waves to date have been To more accuratel y define the v~ ave e t t e c t s  win ch
confined to ( I )  correlation with  historic occurr ences , ( 2 )  could be caused by potent ia l  landsl ides  in Lihh ~ Reservoir .
correlation of landslide e r r c r y v  w i t h  underwater  explosion a three-dimensional  u n d i s t o r t e d  h y d r a u l i c  model t ic .  I
c i te r r~v and with  exp losion-generat ed wave heights.  ( 3 )  was constru cted at  the  U . S. Ar m~ Eng i neer Waterwa y s
tw (~ dimens ional  hydrau l ic  model s tudies , and (4) a few Expe r in i en t  S ta t ion  in Vi ck shur g .  Mi ssiss i pp i . The model
small-scale t h ree-dimensional  hydrau l ic  model stud ies. was con st ructed  at a l inear  scale of I I 20. and its purpose

Cur ren t  interest  of the Corps of Engineers in was to de te rmine  the magni tude  of was e he igh t s , r u n u p .
landsl ide-generated waves is a result  of concern for and overto pping of t h e  dam or four po ten t i a l  lands l i de s .
po t ent ial  lar i ds l ide a re as m the E , ih bv Rim pr i ijec t rcs~-rv ~i r . These poten i ial landslide s ss crc  located Irom I (rO

V
1-ig. I. (,e ni is.’! i i to  t~I Lthb i R s ri oir /ands/,d inodi I ju st  ,iri ‘r It)

a simula ted landslide 70(1 f t ups tr ea ut of dam
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2100 f t  u p s t r e a m  t n t I re  dam and c o n t a i n e d  p t n t e n n t t a l  \ s tud s  pci t t t n n i r e d  iii t i r e  ( t i l e r e t e  I j h t i r , i t t t r ~ ti t i r e

lands lide s t t l t u i i t ’s of ’ about  OOt) ,00t) t o  4 ,751)000 cii ~ L I . S. .\ l r r iv  I r i t ’ i r i t _ ’ t : n  ~.\ t i e !  st_ _ i s  s l ’ x p ~’ r t r n e n i t  S t a t r t . nnr

The model , f i g .  2 . r e pwduc ed  a ir  :l i ea e x t e n d i n g  a I r o r i i  ( W I  5). \ i 4 k s i t u i a . M i s s i s s i p p i . la s ‘Ju ts5 u t h a t  cr u sh ed

n r t I e  u p s t i e z i i i l  of t he  daur  and ab out  1 20( 1 t t  downs t r e an r  s t _ a s i c  e t t i t e r e t e  can he s i r c c e s s t i r I l s ’  used as concrete
of t I re  dar n .  The l l t Z l . \ i I l l l i l l i  eli ’Vatioi i  reproduced I l l  t I r e  a I i ’r e c a t e  l ) e t a i h e r l  n e s u i l t s  u t i  t h at s t u d s  ar c c i s e i t  in I S

m odel st _ as e l eva t ion  2700 ft nisl . w i t h  an ad 1u st ah le  Mis1 - t’ l l a r i e t i i s  Pa t t e r  ( 7 2 — 1 4 . and a tec h n i ca l  paper

m r r e c h r a u o c a l  inc l ined  p lane to suppor t the  l z r nd s lm d e  n i a t e i m , r I  s i r n r r m a r i / i n e  t hem is scheduled  to he c i t _ e r r  i t  t i r e  _ h a n r i a n ~
a bove e h c s a t i o r i  2 7 t t t ) . T u e  m odel l and s l ide  r i a t e r r a l  ~~~ r r i e e t i n g  ot t i r e  l h u g t r s s a s  Rese ar ch  I t t u a r t I  in

c u t r i s i s t e d  i t t  I I ~i - c r i - I  t bags ( a p p t t r x r u r r a t e l v  00 by 40 by ~\ , i s l r u t r ~ i t t t i  I )  ( ‘ .

I t . p i t i r t u t s  t e )  t i t  ~f l t i i  ome and lead m r r i ~ ed to reproduce .\t  t h e  W I - S . ses er i l l : i r c e  ti : r c r i r e r u t s  of a r , i r i . — t i u c k

the  c o r r e c t  l and  r i ras s  den s i t s  - I Iresl — bag s s t _ c I t  h a n d p a s c i r i e r r t  i h r z r t  O ,is h e i r i s  i e n r t n v e d  ar id  a i i i  ‘ i u n r c i r r t u n n c c t l

s t ac ked  up t h e  in c l in ed p l a n e  slope to t t h ) a m r r  t I l e  c t t r r e c l  t _ o r r c r e t c  tli ’’s i m n a l  t e s t  s e ~ mm md i t_s cr c s a l t _ a g e d .  l’hc

~i i s r i r b i l t r c nn _ I r e i d  ri p lace rr ~&’c l ra r i i ca l Iy .  and  t i r e r u  re leased pll vl ’nnr i ’ r l t  was a h t t i i t  eigh t c a t s  old a r id  h a d  be en 1t I ; rct ’d
to sl id e i n t o  t i r e  r n t t d e l  by e r a s  i t s  - ( l i e .  I s lmot _ t _ s the  m r i r rd e l  us ing n e a d v — i r r i x e d  t i i r — s ’ r r t i a u i c d  c t n r i c r c t s ’ o t u l u i i i l T l a l

t u5i  P our  to .i sl ide a p p r o \ n i u J t d i s  Ott i t  i l p s t r e : i n i  of t l i i ’ 3000—psi c i t u r p r e s s l s e  s t r e n u e t I m  t u r d t ’ w i t h  r i a t u r r i l  s t l r c e i t r i s

dani . )  \ l e t _ s  t e s t s  s t _ e t c  also c t t i i t i u c t e s l  w i t h  ~r a t _ e I and : m t ’c r e e a i e s  of I — i n . r n r a x i m l r i l i i l  s u e . F lit ’ t le s, u r a I  t e s t  he ai t r

con cre te  cub es is t Ine  l an d s l i d e  r r r a t e r i a l _  i e n n e s s ’ u l u r r g  a c u t r r t a i ied 3 — r n .  t l m : l \ r i r r u l r r i  si/c c r u s h e d  I i i r r c s t t t r r e  c u t a i s t ’
d e b r i s  s i rd e . t t t r  co r l ipa r i so r i  w r t l r  r e s u l t s  of t i r e  hag t e s t s . . r ge ieg a te  a i r d  r u a t u r : u i  sm h ice o us  s, ur i d l i t r e  it ’ e i e t ’ : u ic  a r u d  ‘ s _ i s

Res u l t s  of t h i t _ ’ r i ro d t.’l s t i n t s  r i s e  s i i t t t ~ it t I r e  t _ s . o e  9 —I 2 r r m t n r r t i r s  old st _ l i en  di sc ar sled ~r u d t e e s  e lc t l  l i r e  s t _ as i c

I r s ’ i r ’ h t t s  a n u d  i r i r u r i p  to hs’ e\ pcc t l ’d i i  v a r l t t l i ”  r l ’ s e i s t t i I  pool concre te  st_ as cr u sh ed to 3 4 — m u .  i t l a \ l i i i i i u l  s I / I ’ .

e l e v a t i & r r n s  and ra t _ c also been I r e l j n l t i l  m r  d e t e r  i n r i r n r r g  t h e  S ar r ip h e s t t I  c i r e r i  c i , u v e l . n r z r t r i r a l  san d ar id  c rushed
e t t e c t s  of suggested c o r r e c t i v e  ln i e : i s l l l c s  to t  R’du c l l i i c  55 1 s t ’ h m r n r e s t r r i r e  s i r t r i i a m  to t i r t ’ ,e u se d i n  t i r e  t _ s , l s t e  t t t n c r c t e  s t _ c r c

reights to an acceptable  les t _ I .  ( ‘ t t r r c c t r s .  n u e , l s u i e s  u sed irn c on t ro l  r i u i ~ t l u i t .’s ru _ ide ri P J T . I t l C i  n h  t i l l ’ c i i i s ime d

propo se d bs tile s n t r i s t i r i r ng  Sea t t l e  l ) i s t n i c r  c o n s mst ed t O s t_ as i c  c t t n c r e t e  It  t i l l ’ s t u d s . I st  c t t n r c i e t e  r m l i \ t i i i t ’ s 5%t _ ’ne

I I use of t en d t tn i s  to s e c ur e  ti l l ’ i t t t e r t i i a l  l a n dslide n r i a t e r r . i l  p r e p a r e d  st_ h it _ -h c~t r r t . i mn r e d  t h i s ’ t u n i l n t w u i g  c t t lnuhun i . l t i t i r i s  iii

I t  t ine slo pes . ( 2 1  l’ \ ( a r , l t l u t r r  t i t i m e p t tu ’ i i i iah l :mir ds hi d e coa rse and brie _ ur ’ i ’r ei ’ , u i es

n r: i ter ral t rou t  t i le s o r e s . ( 3 )  h n r i t l re ss i n ig  u t  l i i i ’ toe of t h e  (‘ t • i l s e ‘S i t ’ It :  I n u t ’ S i
p ote n tial l ands l ide  area s t t t  p r e s e r t t  s hi du ig . and (4)  ~~~~~~~~~~~~~~~
i rmsta hla t utn n of a st_ ave t r a p  at tire r i g h t al ) ilti ueri t tif t h e  ( ‘lu -ri ‘ i . t t t l  \ . ‘ i I ! . t I  s, un id

( ru i s t i e t t  t - t tt ’ri r o t - I un _ ut s ,utt t
dani  in t_ - t r n r t u n n c t l t t r i  s v i t h i  m t e n n r  .‘ t t n  prese n t  1 S t  e s s i t _ t ’ W i l t .’ 

i t tf l t rt.’i,’

r i mr i i i u n  oh t i r e  sss ’ st ba t ik  and t in t s  p r e v e n t  s \ a t t _ ’n f r o n i  r i i s i i t ’d i t t - r i  - . t t:i ( tu ~ i i e , l  ~~. I i

n i u r i n i i i u t  a r o r u r i d  t u e  ssest cu t_i of the  d a n n i ,  c i  r e i t : i e  t_ ’ t t t t ,  cr ’ ’

Gen eral  r e su l t s  of t i r e  model s l r r t h s  I t d a t e  s t r t n s s  th at  I t t i t t ’s i t r t t ’ \ . , ‘ , u t  s u i n t l

t he st_ us e l ie m ~ h r t s  r e s u l t r r r c  l ’r o r u  a i a r r t l s h i u l e  a r e  cr r t r c a l l s  ( I  t t t l t t  1 t i i t t t : s i t t , ’ \ , t t t u u . i t  t u r d

~‘ l t t  r e n t ’
~h e p e r r d e n i t  t s r  t he  speed u n t I r e  s l ide a r id  le ss s d m i s i t i s e  to
tire ,ri i e i u u i c r u l  : i r r t h  t h i s l t e r s i t n i i  oh the  s l id e .  Ml cnrricrt ’li ’ ll u ’, t im l, ’s l u . t d  ,i st_ t i e r  ~~u ’ i r r e n n t  r u t  ot (t

ins st_ t ’ j t ’ h i  I , ni ut I c t t n r t c r i t  I i I 2 It t ’!, ‘Ii I . ar t  tI _ i sl u rn t i p
t n t  2 -1 , 2 t I 2 in

K E C i C L I \ ( ;  (>1’ ’ ~ ~s ’ i ’I-~ 
(
~ )\ ( :RI~’I’l . l i t ’ s i t e r t e t i  t ht ’ t ’ i t i r r t t i  t i  the  r i r i s t t i i c s  i o n ’

f ’ r ’ 1 .  I) . /bn t ’~ , (~t, i t rt ft I.e/ tro t ‘ii i t S  cled c r ,  idle is c e ’  e e .u l  \ S . n s  c r i t i r e l s  r i t t n r r i , t i  I ’ , ’ O re
s t i  e r r : ’  l u  cs s’ls , i t  t , r  u n i t _ t i  S t _ t i , ’ s t ru t  “s h a t  ‘st _ c t hn , inn  t i n  n s t -

\ I e t a l ,  cl a ss . paper . , r rn d  n n t h i e n  f o u n t s  n i  st u l u t i  t _ t _ t i s t e  i t  t h i s ’ t u n t i u t l  l u i \ t l i r d s  O u r  I I l i e  s l i e n i e t b i s  i l  I 51 1 tl ,r\ S

.u i e  h c i n i : ’ ice s den . ~~l is  r i o t  p o r t l a r i d — t _ - e n r r e n r i  cu n r i c r e r e  ‘ ‘ i i  t h u  n r u ’, l r i r u ’ s ss i t h i  i t t  t . Ied ‘ i  i se l  at ’ r ’ r e e , i t t ’ 5 t t i , ,  t i n ’

Rec s t _ l i n i ~’ tn t  55 _ i s i t ’ c u n r i c r e t s ’ w t n n m l n i  Ir e t ’sp s ’t i _ i l l s  s t _ t i e  .1) 1( 1( 1 P” 5 t _ i t i r  r i u i t u , n i  sand as t r i t e  . i ’ ’ : ’ i c ’ . ’ , t le  , i r r d  4~~i f l i

a ds , r r i t a t ’ e t t i r s  i t r i h ,i s het _ ruse  ( I  ) sup p lies u t i  r n r r r r e r a i  P” t_ t_ i t t ,  I 1’ 5 c l i i i  ‘ r , i s t ’i c n t i i c n e t i ’ is l i t r e . le: ’ l t e e u t t _ ’ .15

a r ’s ’. r t ’ i l t i te s  are l n e c t n n r i r i g  e x h r : r r i s t e d  rn r i l a l i s  t n t _ a s  ( t t s t ’i t t i n u l t a i e t h  i t t  .r I s I l . , I , u t _  s t i e r i t i l t  t i  s ~i ) i l  psi Io n  t h i n ’ ‘ I s , ’ !

(nO (I .000,00(J to n s ti  ,i c r e a t e  ire r e t l i r i r e t h  . i n i n i r u , i l b s  i l l  t i r e  , r c , ’ I e ’ , i t t ’ , . r i i l  r h o u s i n i u s ’ I l i t ’ n i m i \ t o t e  t_t_ f l I t  i t t  s t I e d  j
( :~~~t t _~~h Su i t e s  I t t  l i u e l i ~~,is ~ u n n r s t r m i C t I t t n l  a h r n r i e ) .  a rn d  1 2 )  i i n r s ’s t u n i r s ’ , u c: ’t e c , r i t ’ 1 t r i C t t ’ t t ’ develop ed a t r i e t i c t h n  n i t  l 5 ~I i i1

t_ t_ ’ , r s t t .’ t i n t ,  l e t s ’ nn ’ r n r l t s  t’d l r r r r n i g  n l e n r t r h i t i t n n  t i t t h i s tn iu .’i t ’ t s r i t  I s~i i  t i , i s  ~~~~ a’ c t u i r n p . n n e t l  i t t  s~~0( i p si t u r n  i i i

u, u n n i c r s ’t s ’ s t m l i c t i u r e s  rL’n h l i i t e s  , h n s n t n s . n I .  l t r t r e s t t t r n n .’ ,it ’ : ’ I n ’t’ , u t n ’ t i n i t i n t i  n l n n ’ t _ i l r i n . ’.
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l e s t s  s t _ c r c  al so r m m a d e  I t t n  l i nea r  c n n e i t m c r e r r t  ‘t t h i c r n n i : r i
t_’\~n t n r i s i o r r  an rsl  L ’ i r ’ t l r  c i i a r r ge  t in  c r u n u t i n u e t i  i u u r r s n  cu r  i u u c .
a r id  t i r e  i t _ ’ s u r I r ~ m i u n l r c a t e t i  r i t n r n i n ; r i  h e h i_us  u n  t i n  t h i s ’ r n r i x t u r e s

— 
‘ 

-‘ ~~~~~~~~~~ c u n r m l t r r u u r r u g  t ees  c i t _ n i  e t t n i c m e r e .
f l i t ’ ir a i t .  I t _ s  p r t n d u ~ etI h i s  cr u sh i n g t I re  st_ as ic  t_ ‘ n r c r t _ ’ie

s t _ cue  of ’ r r o i r n r a h  s h r t r p t _’ t i n t_ ’ n i i s h ne t i  n n r a t e n r a l .  I ’ ln e r r

— — — a l ’ s t n r 1n l  i t i t i  st_ _ I s  h m i c h i t _ ’i a r r d  t h em s ince i t  it. ~‘t i s i t s  it  nt _ s en t l r t r r i
/7

” 
~~~ ~ _-~ “ h i t ’ s 5 ’ t i  t i r e  n i t n r u e c y c l e d  , u g c r s ’ t ’ , r t e  n u a t e n r a l s  is r r n n i r c , i i t ’ ni

/
_ 
/,, ,7 — 

— l t t ’ h t t s t _

~~~~~~~~~~~~~~~~~/ ,‘ V . — I t u i l k  ~,1 ’ t ’ ,’ t i  r n ,~~/ . 
7 n i , S,u n t i r , t r , ’t_ t ‘ S i ’ s , u l ’ i t , t t

“ “ Su u r t ’, t ce Dr t _
/ / z  

-_ _ _ _ _  _ _

I I t e r n  ‘ r , ~~d 2 5 2  2. r ,
/ r t i s t t ~’,i , t i t ’r t  ‘ t _ u t c I  , ‘ u I ,  t i , ’

t o uts , ’ u ‘ I - ’ ,’ , t I , ’ 2, 43 4 .1
.,

~~~~~~~~~ 
t n ns ’ s l , t n t t ’ ~~~~~ 0.8

— i l s I t e t I  I n u r t , ’sn , t r t , ’ ,‘ t n i i s ’ t t ’i s ’ 2.~S2 2, 1,

I t t _ t t  s, n n nt t 2.1, 3 1 .4
!—‘iut, I , .S’trn ’,ryt/r m ’ t ’rsus’ act ’ It tr I, u.vtl, r e s 0 ‘sit ’ / ‘t u t u ,’ , I t , ’ .

~~~~~ t

huh ’ . t ’ ’ ’ ’ i , ’ :’ , u I , ’ 2 .3 4

l ’he resu l t s  ol tests  t u r n  n c s i s n a n i c t ’ t i n  f n e n ’/ i r i g  t r n i t h
I r h r a s v m n i g  sst.’r e  si r i u t i c z r n i t  ( i i r ~. 2 ) .  I I re ‘ i t t _ e l  , it ’ ’ I e : ’a le I b i s’ t e e s  c l i n g ti  c t l n i c n e t e  to prt ~~u de n g g i t __ g a i s _ E rr

c r r r r t r o l  c u r i c i e t e  st _ as h o u n d t i n  n a t _ c  t I r e  s e , t . l int _ s  d u r a b i l i t y  1n u n r t i , i n i n l — t _ - e r r r e n n t  t_ ’t t r r c r , ’te ~h t t _ ’s not t r u r p t _’ar t n t  h i s  e h eerr the
f a t _’ t t n r ( l ) l ” )  c l i r i n : r c i t _ ’ r u s t m c  oh ’ sm icl n , t t n i c i t ’t e  (1 ) 1- ’ 3) . sn ih 1et, ’t t n t  l e t _ u r i s  n c s e : r r c t i  i i i  t i r e  L I S A .  O n e  repor t t t t
I l n t s s ,’se n , t u e  t_’t r n i c r e t e  c t n m r t a r n i r r r e  r e t _ s t _ l e d  c i r e r t  ‘n i t _ e l  r e s t_ ’ t r n c l i  m n t i re I ‘SSR nt I ’14(n st_ as h n t t _’;r i t _’d. Resul ts  it t ’ t h e

c t r n t _’re te  Inad  s r g n r i f l c t r n m t l s  i n i n 1r r tn v e d  r es i s i t unce  n , I r c e / u n u t ’ i t t n ’s, ’ nr t  WI N t _ i r m d s  ,‘tr t ’ i nn gt ’r ri ’r , rl ; i e n e e r r t e n t  ss t i l t  I l i t i s e
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