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Hydraulic model studies were  conducted on e a r t h  materials.  
f r o m  the Kennewick Main Canai s i t e ,  Yakima Project .  Washington. in 
the Hydraulic Laboratory of the Bureau of Reclamation a t  Denver, 
Colorado. during August and September of 1953. The  s tudies  were 
conducted pr imar i ly  to determine the required cover  blanket to pre-  
vent leaching of the fine bed mater ia l  through the grave l  cover  due to 
wave action. 

The protective cover ,  evolved f r o m  this  study. was  developed 
through the cooperation of the s taffs  of the Canals Branch and the 
Hydraulic Laboratory.  

While the s tudies  were  in progress .  Mess r s .  A .  W. Kidder. 
H. E .  White, and I?. D. Ritchey frequently visited the laboratory to  
observe the  model in  operation and to d iscuss  test  r e su l t s .  Personnel  
f rom the Chief Designing Engineer ' s  office, E a r t h  D a m s  Branch. Canals  
Branch. Ea r th  Mater ia l s  Laboratory and Diversion Works Section f r e -  
quently visited the Hydraulic Laboratory to view the model in operation 
and observe  movies taken of the study. 

The s tudies  were  conducted by the wri ter .  P. F. Enger.  and 
were under the supervis ion of I.=. J. Carlson. 
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Subject: Hydraulic model s tudies  to  determine the required cover  
blanket to prevent fine base  mater ia l  f rom leaching due to 
wave action--Kennewick Main Canal- -Yakima Project ,  
Washington 

T e s t s  were conducted pr imar i ly  to determine the required 
cover  blanket to  prevent leaching of the fine base  mater ia l  through the 
gravel  cover  due to wave action. Mater ia ls  were  shipped to the labora- 
to ry  f r o m  the s i t e  of the Kennewick Main Canal. The ma te r i a l s  were  
tested in a flume in which a wave machine f o r  producing var iable  waves 
had been constructed. 

A cover  was found which prevented leaching of the fine mate- 
r i a l  and which resulted in a stable surface.  In developing the protection 
cover ,  14 t e s t s  were  conducted. Angular ta lus  mater ia l  (F igure  5), 
which is available a t  the s i te ,  resul ted in a m o r e  s table  cover  than a 
rounded gravel  mater ia l .  To f o r m  the protective blanket it was found 
advisable to  sc reen  the talus mater ia l  (analysis cu rves  shown in F igu re  
17) on a 3/4-inch screen .  The  blanket was  csns t ruc  ted by placing a 
layer  of ta lus  mater ia l  sma l l e r  than 314 inch over  the fine base ma-  
t e r i a l  and, a s  a surface protection, placing a layer  of ta lus  mater ia l  
l a rge r  than 314 inch. 

In the course  of developing the cover  blanket, it was  discovered 
there  was a lack of information regarding the heights and frequencies of 
waves occurr ing on canals .  Opinions voiced on height of waves which 
would occur  in canals  varied widely. 

In the model operation, the recommended cover  resulted in a 
s table  protective blanket. The fine mater ia l  was  prevented f r o m  leach- ' 
ing through o r  into the cover  blanket. The sur face  of the cover  blanket 
was relatively stable with beaching result ing f r o m  only la rge  waves.  A 
photograph of the recommended cover  blanket a f te r  128 hours of ope ra -  
tion a t  various wave heights and frequencies may be seen  in F igu re  26. 

Movies were  taken of a l l  t es t s  and a r e  available f rom the 
Hydraulic Laboratory.  



The  Icennewic k Main C a n a l  is located in Benton County, 
Washington, n e a r  the  Yakima R i v e r ,  between P r o s s e r  and KenneGick, 
F i g u r e  1. Const ruct ion of the Main Cana l  wil l  p rov ide  i r r i g a t i o n  f o r  
approx imate ly  14, 500 i r r i g a b l e  a c r e s  of new land and addit ional  irri- 
gation f o r  approximate ly  4, 600 a c r e s  of land in  the  area that is p r e s -  
ently i r r i g a t e d .  Wate r  f r o m  the  Chandler  Pumping  and Powerplant  
will  bc pumped and lifted o v e r  100 fee t  to the Main Cana l .  T h e  4 2 . 3 -  
mile- long Main C a n a l  and approx imate ly  100 m i l e s  of l a t e r a l s  will  
d i s t r ibu te  wa te r  to the new lands  and d e l i v e r  w a t e r  in to  the  exis t ing  
dis t r ibut ion s y s t e m  of the p r e s e n t l y  i r r i g a t e d  lands.  Sufficient Main 
Cana l  capac i ty  wil l  be provided to  p e r m i t  the  eventual  i r r iga t ion  of 
approximate ly  6, 100 a c r e s  of addit ional  land.  

The  canal ,  a s  shown in F i g u r e  2, h a s  a bottom width of 1 4  f e s t ,  
a depth  of 7 . 6 1  f e e t ,  and 2:l s i d e  s l o p e s .  The r e s u l t i n g  s u r f a c e  width 
is 44 .44  fee t .  w i t h  the  compara t ive ly  wide s u r f a c e  width and v a r i o u s  
s t r a i g h t  al ignments,  (approaching 1/2  mi le ) ,  i t  w a s  assumeci that s o m e  
d e t r i m e n t a l  wave ac t ion  would o c c u r  in the canal .  

The  Main C a n a l  p a s s e s  through a n  a r e a  of f ine  m a t e r i a l  (anal -  
y s i s  c u r v e  shown in F i g u r e  3 ) .  A s  the m a t e r i a l  c o n s i s t e d  most ly  of 
s i l t - - o v e r  70 percent  p a s s i n g  the No. 200 United S t a t e s  Standard  s c r e e n ,  
and t h e r e  w a s  v e r y  l i t t le  cohesion in the m a t e r i a l - - a  protec t ive  c o v e r  
was  e s s e n t i a l .  A g r a v e l  m a t e r i a l  and two t a l u s  m a t e r i a l s  ( F i g u r e s  4 
and 5) w e r e  avai lable  f o r  use  as a protec t ive  c o v e r .  T h e  g r a v e l  and 
ta lus  m a t e r i a l  w e r e ,  t o  the extent  of the l a b o r a t o r i e s '  informat ion,  both 
equal ly  available and  i n  adequate  supply.  A s  the  m a t e r i a l s  ava i l ab le  
f o r  a protec t ive  blanket  f e l l  l a r g e l y  outs ide  the B u r e a u  of Reclamat ion 
f i l t e r  c r i t e r i a  f o r  the b a s e  m a t e r i a l ,  as shown in F i g u r e s  4 and 5, the 
ef fec t iveness  of the  cover  m a t e r i a l s  in prevent ing l each ing  of the  f ine  
b a s e  m a t e r i a l  due  t o  wave ac t ion  was  invest igated.  The reques t  f o r  the 
s tud ies  w a s  made  by m e m o r a n d u m  to  Chief, Eng ineer ing  L a b d r a t o r i e s  
f r o m  Chief ,  C a n a l s  Branch ,  Ju ly  23 ,  1953. 

T o  s tudy the proposed s t r u c t u r e  a wave machine  and a mode l  of 
the c a n a l  s ide  s l o p e  w e r e  const ructed  in the  Hydraul ic  Labora to ry .  Waves  
w e r e  c r e a t e d  and t h e i r  ac t ion on m a t e r i a l  shipped f r o m  !he c a n a l  s i t e  w a s  
s tudied.  

A s  the height and f r e q ~ e n c y  of the waves  which the  c a n a l  would 
be subjected  to  w e r e  not known, va r ious  heights  and f requenc ies  w e r e  
used in developing the  protec t ive  blanket.  T e s t s  w e r e  conducted with 
the unders tanding that wave f o r m s  and f r e q u e n c i e s  would not duplicate 
waves  which would c c c u r  in the  field, but that  wave heights  would b e  a p -  - 
prox imate ly  the s a m e .  Having approximate ly  the s a m e  s u r f a c e  f luctua- 
tion in the model as  i n  the f ie ld ,  r e su l t ed  in s i m i l a r  f o r c e s .  



t o  the  c a n a l  s lope .  T h e  resu l t ing  beaching ac t ion w a s    rob ably m o r e  
s e v e r e  than in the f ield w h e r e  m a x i m u m  waves  would move  longitu- 
d inal ly  along the cana l .  

CONSTRUCTION AND OPERATIQN O F  THE MODEL 

A model  of a por t ion of the s i d e  s lope  of the Kennewick Main 
C a n a l  w a s  cons t ruc ted  in  a n  exis t ing  f lume.  A s  shown in F i g u r e  6, a 
2: 1 s lope  of plywood was  built  in  the f lume  which w a s  2 fee t  wide, 6 
feet. deep,  and approx imate ly  24 fee t  in length.  A plywood d iv ide r  was 
placed on the  s lope  dividing i t  into two sec t ions .  T h e  1-foot-wide area 
on one s i d e  of the  plywood d iv ide r  w a s  used for  p lac ing the t e s t  sect ion.  
Or1 the o t h e r  s i d e  a c o a r s e  g r a v e l  w a s  placed t o  the  same th ickness  a s  
t h e  sec t ion being t e s ted .  A l a r g e  glass window allowed t h e  t e s t  sec t ion 
t o  b e  viewed a t  a l l  t i m e s .  T h e  open end of the f lume  w a s  s e a l e d  with 
sheathing a n d  shee t  me ta l .  

A wave machine  w a s  cons t ruc ted  b y  ut i l izing a n  ex i s t ing  ta i l -  
gate in the f lume  and equipment on hand in the Hydraul ic  L a b o r a t o r y .  
A s  shown in  F i g u r e  7 ,  a 314-horsepower  m o t o r ,  which had been  g e a r e d  
down to 190 r p m ,  w a s  connected in series with a s e t  of va r iab le  speed  
pul leys  and a 12-inch pulley wheel. T h e  l a r g e  pul ley  had holes  a t  v a r i o u s  
r a d i i  d r i l l ed  in i t  and was designed f o r  u s e  with a n  extens ion a r m .  T h e  
pulley wheel  w a s  connected t o  a n  extens ion on the ta i lga te .  When the pul- 
l e y  wheel  tu rned ,  the ga te ,  which w a s  hinged a t  the  bottom, w a s  f o r c e d  
t o  move b a c k  and fo r th  thus  c r e a t i n g  a wave. By  manipulat ion of the  
va r iab le  speed  pulleys,  i t  w a s  poss ib le  to  change the f requency  of the  
wave f r o m  6 to  315 waves  p e r  minute .  T h e  d i sp lacement  of t h e  ga te  
could be changed,  the reby  changing the  height of the wave, by utilizing 
the  va r ious  r a d i i  of the pulley wheel .  T h e  r a d i i  could b e  v a r i e d  f r o m  
2-118 to 11 inches .  

Prior t o  opera t ion,  the mode l  was  f i l led s lowly to the  d e s i r e d  
depth.  T h e  depth was  maintained constant  by  allowing a s m a l l  d i s c h a r g e  
t o  r u n  in  the  model  and manipulat ing a n  overflow pipe t o  the  p r o p e r  ele- 
vation. 

W a t e r  s u r f a c e  e levat ions  w e r e  de te rmined  by use of a hook gage 
in  a wel l  outs ide  the wave a r e a  of the model .  F o r  each t e s t  both still. 
and moving photographs w e r e  taken a s  a n  a id  i n  r e c o r d i n g  data .  

THE INVESTIGATIONS 

T e s t  1 (Grave l  Moistened and W e l l  Mixed) 

The  f i r s t  t e s t  was  conducted on the g r a v e l  m a t e r i a l  ( F i g u r e  4). 
Six inches  of the m a t e r i a l ,  mois tened and wel l  mixed,  was placed on the  



sand pa r t i c l e s  adhered  to thk g r ave l  and w e r e  well  d is t r ibuted through- 
out the 6 - i ~ c h  l a y e r .  A s  shown in F igu re  8a, the wa t e r  was  r a i s ed  to  
a depth of 2. 7 f ee t .  The  wave machine  w a s  operated a t  32 waves  p e r  
minute which c rea ted  a wave with a height f r o m  trough to c r e s t  of a p -  
proximately  0.32 foot. 

Immediate ly  a f t z r  the wave machine  was  turned on, the Ken- 
newick g rave l  m a t e r i a l  began to s l i p  and r o l l  down the slope.  A s  sand 
had adhe red  t o  the g rave l  pa r t i c les ,  it is believed the sand,  washing 
f r o m  between the g r ave l  pa r t i c l e s ,  reduced f r ic t ion throughout the  
l ayer ,  and the fo r ce  of the w a t e r  flowing out of the blanket w a s  enough 
to s t a r t  the pa r t i c l e s  to  s l ide  and ro l l  down the s lope.  Approximately  
20 minutes  a f t e r  the beginning of the t es t  the boa rd  s lope  was  exposed.  
The  photograph of F igu re  8b shows T e s t  1, a f t e r  the t e s t  had bee11 in 
operat ion fo r  45 minutes .  Complete fa i lu re  n e a r  the w a t e r  su r f ace  
had occu r r ed .  The  model was  turned off a f t e r  1 hour .  

T e s t  2 (Gravel  Separated on 314-inch Screen)  

The  g rave l  ma t e r i a l ,  used in  T e s t  1, w a s  d r i ed  and s epa ra t ed  
on a 314-inch s c r e e n .  'The resu l t ing  ana lys i s  cu rve s  and Bureau  of Rec-  
lamat ion f i l t e r  c r i t e r i a  a r e  shown in F i g u r e  9. The  ana lys i s  c u r v e  f o r  
the f ine  base  mate r ia l ,  the minus  314-inch ma te r i a l ,  and the plus  314- 
inch ma te r i a l  a r e  shown. F i l t e r  c r i t e r i a  l im i t s  f o r  the ba se  m a t e r i a l  
and the  minus  314-inch m a t e r i a l  a r e  shown on the s a m e  graph.  T h e  
graph shows that the  minus  3 /4-inch m a t e r i a l  f a l l s  roughly within the  
l im i t s  of the g raded  f i l t e r  c r i t e r i a  f o r  the base  ma te r i a l ,  except t he r e  
is v e r y  l i t t le  ma t e r i a l  between the No. 4 and  No. 30 s i eve  s i z e s .  The  
plus 314-inch ma te r i a l  falls within the l im i t s  of the uniform f i l t e r  c r i -  
t e r i a  f o r  the minus  314-inch ma te r i a l .  

A 4 - inch  l aye r  of the materia!  s m a l l e r  than 314 inch in  s i z e  
was  placed on the 2:l s lope  2nd protected by a 4-inch l a y e r  of m a t e r i a l  
l a r g e r  than 314 inch in s i z e .  The  wate r  w a s  r a i s ed  to a depth of 2. 7 
feet ,  and  ttie wave f requency was  s e t  a t  32 waves p e r  minute.  The re- 
sult ing wave height was  0.32 foot. The  model,  r e a d y  fo r  operat ion,  may 
be s e e n  in F igure  10a. The  model was  r u n  f o r  1 hour  at the preceding 
condit ions.  

As  32 waves  p e r  minute caused  no damage,  the  f requency of 
the waves  was inc reased  to 42 p e r  minute.  The  i n c r e a s e  in f requency  
caused the wave height to i n c r e a s e  f rom 0.32 to 0 .43  foot. 

At 42 waves  p e r  minute t he r e  was  a s m a l l  amount  of beaching 
of the s u r f a c e  ma te r i a l .  The  resu l t ing  damage ,  shown in F i g u r e  lob,  
a f t e r  a 24-hour operat ional  per iod was  cons idered  not sufficient to 
c ause  fa i lu re  in a cana l  instal lat ion.  

T h e r e  w a s  movement of sand  in the g r ave l  ma t e r i a l  below 3 / 4  
inch in s i z e .  T h e  sand appeared  tc vove  down thc  s lope  through the 



s e e n  by studying the photographs i n  F igure  10, the sand moved in the 
top 1-2/2 inches of the 4-inch l aye r  of minus 314-inch material .  Some 
of the sand in the ma te r i a l  sma l l e r  than 3 /4  inch in s i ze  concentrated a t  
the bottom of the l aye r  thus, probably, improving the action of the ma- 
te r ia l  in preventing leaching. 

Tes t  3 (Gravel Placed Dry  and Raked) 

An attempt was  made to find a l e s s  expensive method of placing 
the cover  mater ia l  by stabilizing it with,a raking o r  harrowing process .  
It was thought that with raking the f iner  mater ia l  in the gravel  would 
tend to se t t le  to  the lower portion1 of the cover ,  thus leaving the coa r se  ma-  
t e r i a l  to form a more  stable surface,  while the finer mater ia l  n e a r  the 
base  would tend to prevent leaching. T o  check the stabil i ty that could be 
obtained f r o m  raking, an 8-inch layer  of grave l  (containing 1.7 percent 
moisture  by  d r y  weight) was d:xmped on the 2:l slope.  The gravel  m a -  
t e r i a l  was then raked vigorously for  3 to 4 minutes. The r ake  used f o r  
this purpose is shown in F igure  l l a .  The r ake  was constructed by driv- 
ing spikes through a 2 by 4. The spikes were placed 4 inches a p a r t  and 
protruded 4-3 /8 inches. 

The wave machine was s tar ted to operate  a t  32 waves p e r  minute 
and soon af te r  s tar t ing was stepped up to 42 waves p e r  minute. The r e -  
sulting wave heights were  0.32 and 0.43 foot, respectively.  The depth 
was held constant a t  2. 7 feet .  

The raked mater ia l  withstood the wave action much bet ter  than 
the unraked and moist mater ia l  used in Tes t  1 .  Some beaching s ta r ted  
a t  the water  surface when the machine was f i r s t  turned on. The beaching 
continued until the wave machine was turned off 24 hours  la te r .  A photo- 
graph taken a f t e r  the model had been in operation f o r  19 hours  nray 
be seen in Figure l l b .  The final beaching slope reached a f t e r  24 hours '  
operation W ~ S  approximately 5. 14: 1. 

Tes t  4 (Gravel Separated on 1-inch Screen) 

As the gravel  separated on the 3/4-inch s c r e e n  indicated promis-  
ing resul ts ,  additional tes t s  to find the optimum point of screening were 
made. In Tes t  4 the gravel  was separated on the 1-inch sc reen  and 4 
inches of mater ia l  s m a l l e r  than 1 inch in s i ze  was placed on the 2:l slope 
and protected with 4 inches of plus 1-inch mater ia l .  The result ing anal- 
y s i s  curves  plotted with the base mater ia l  and f i l ter  c r i t e r i a  a r e  shown 
in F igure  12. 

The model was filled to  a depth of 2 . 7  feet, turned on and op- 
erated a t  42 waves per  minute fo r  approximately 45 minutes. Although 
the surface mater ia l  withstood the 0.43-foot-high waves very  well, the 
sand moved f rom the lower layer quite f reely.  Figure 13a chows a 
photograph of the model a f te r  45 minutes of operation. The a r e a  f rom 
which the sand has moved may be seen in the photogra!~h. 



turned off and the w a t e r  su r f ace  was  r a i s ed  to a depth  of 3 . 2  feet .  The  
wave ,machine w a s  left a t  42 waves p e r  minu te .  The  resu l t ing  i n c r e a s e  
in depth inc reased  the displacement  of the  wave machine  at the w a t e r  
s u r f a c e  and  resu l ted  in a wave 0 .5  foot high f r o m  trough to  crest. T h e  
model  w a s  operated a t  the new depth fo r  30 minutes.  

~ With the l a r g e r  wave height the re  was  s o m e  movement of s u r -  
f a c e  m a t e r i a l ,  however,  this  movement w a s  cons idered  not s e r i o u s .  In- u 

c r e a s e d  movement  of the sand f r o m  the m a t e r i a l  s m a l l e r  than 1 inch in  
s i z e  w a s  noted. A s tudy of the photograph in F i g u r e  13b, r e v e a l s  the  sand 
h a s  moved in the lower  l a y e r  to the full depth of 4 inches .  The  c o m p a r a -  
t ively l a r g e r  voids in the plus  1-inch m a t e r i a l  allowed a flow of w a t e r  
through the g rave l  g r ea t  enough to  cause  the f ine  sand  t o  leach out. The  
f ine ba se  ma te r i a l  placed under a protect ive  blanket s i m i l a r  t o  that  in  
T e s t  4 would apparent ly  l each  out. 

T e s t s  5 and 6 (Gravel  Separated on 112-inch Screen)  

In a continuation of t e s t s  to find the optimum sc r een ing  s i z e ,  the 
g r ave l  was  s epa ra t ed  on a l /2- inch s c r e e n  f o r  T e s t  5. The  resu l t ing  
ana lys i s  cu rve s  with f i l t e r  c r i t e r i a  a n d  the  bed m a t e r i a l  cu rve  a r e  shown 
in F i g u r e  14. F o u r  inches  of ma t e r i a l  s m a l l e r  than one-half inch i n  s i z e  
was  placed on the 2: 1 s lope and protected with four  inches  of m a t e r i a l  
l a r g e r  than one-half  inch in s i z e .  A photograph of T e s t  5 ready  fo r  opera -  
tion may be s e e n  in  F i g u r e  15a. The  m a t e r i a l  was  s c r e e n e d  while damp, 
and i t  was  noticed that the sand adhered  to the c o a r s e  g rave l  pa r t i c l e s  
even a f t e r  considerable  vigorous shaking in the  s c r een ing  machine.  

The wate r  w a s  r a i s e d  to a depth of 2 .  7 fee t ,  and the wave m a -  
chine was  s t a r t e d  a t  42 waves  p e r  minute, c r ea t i ng  waves with a height 
of 0 .43 foot. After  a few waves had washed up the s lope,  a s l i d e  occur red .  
The  s l ide  appeared  to s t a r t  in  the a r e a  whe re  the wate r  f r o m  the wave 
flowed out of the g r ave l  m a t e r i a l  and continued to the  toe of the s lope.  A 
photograph showing the condition of the s lope a f t e r  the s l ide  may be s e e n  
in F i g u r e  15b. Movies taken of T e s t  5 including the s l ide  are avai lable  in  
the  Hydraulic Labora to ry .  F r o m  viewing the movies  it appea red  that the 
s l id ing sur face  s t a r t e d  a t  the su r f ace  of the plus  l /2- inch ma te r i a l ,  pro-  
g r e s s e d  through the plus 112-inch mate r ia l ,  then through the minus  112- 
inch ma te r i a l ,  and ended at the board  s u r f a c e  a t  the toe sf the  s lope .  As  
the ma te r i a l  had been placed in the s a m e  manner  a s  fo r  o ther  t e s t s ,  ex- 
cept i t  was  demp,  and the sand remained coated to  the rocks ,  i t  is be- 
l ieved the sand reduced the f r ic t ion between r o c k s  in the top l aye r  and 
the fo r ce  of the w a t e r  flowing out of the I>lanket w a s  enough to s t a r t  the 

I 
s l ide .  

Because  of t h e  s l ippage which occu r r ed  dur ing  T e s t  5, the  m a -  
t e r i a l  was  removed,  r e s c r eened ,  and rep laced  in the  s a m e t w o l a y e r s  a s  
f o r  T e s t  5, except  the ma t e r i a l  was  d ry .  Th i s  was cal led  T e s t  6. The  
model was  then backfilled to a depth of 2 . 7  feet ,  the wave machine w a s  
s e t  a s  before  and operated fo r  24 hours .  No s l ippage occu r r ed  and the 
f ine  ma te r i a l  appeared  s t ab l e  with *fery l i t t le  movement of sand.  Some 



igg slope. The  112-inch and l a r g e r  mater ia l  had a tendencfto move 
m o r e  readily than the 314 inch and l a r g e r  o r  the 1 inch and la rger ,  
which had been tested previously. A photograph showing the condition 
of the model a f t e r  23 hours  of operation is shown in F igure  16a. 

T e s t s  7 and 8 (Tes ts  to Determine Effect of Sand on Slippage Fa i lure)  

T e s t s  7 and 8 were  conducted in an attempt to determine the 
effect of the sand (when it remained coated to the rocks) in causing 
failure.  F o r  Tes t  7, the gravel was screened while damp on the 314- 
inch sc reen  and placed as in Tes t  2. A 4-inch l aye r  of mater ia l  s m a l l e r  
than 314 inch in s ize  was protected by a 4-inch layer  of ma te r i a l  l a r g e r  
than 314 inch in s ize .  The only difference between T e s t s  2 and 7 was 
that the mater ia l  in T e s t  7 was screened damp, thereby leaving a coat- 
ing of sand par t ic les  on the l a r g e r  rocks.  

The flume was filled to a depth of 2 .  7 feet, and the wave ma-  
chine was s ta r ted  to operate a t  42 waves pe r  minute with the result ing 
wave heights of 0 .43  foot. Immediately on s tar t ing the wave action, 
considerable slippage occurred.  The slippage was  l e s s  pronounced 
than when the mater ia l  was separated a t  1/2 inch. The coa r se  mate-  
r i a l  slipped near  the surface until it had decreased in thickness by ap- 
proximately 1 inch. After approximately 1 minute of operation, the 
mater ia l  became stable.  Fu r the r  operation produced l i t t le change. 
This  test  appeared to confirm the fact  that the sand coated to  the l a r g e r  
mater ia l  contributed largely to the slippage fai lure  in T e s t  5 .  

F o r  Tes t  8, the gravel was placed a s  in  Tes t  1, well mixed, 
but instead of being in a damp condition, it was dry. An 8-inch layer  
was placed on the 2: l  slope.  The model was filled to  a depth of 2 .  7 
feet ,  and the wave machine was s ta r ted  at  42 waves pe r  minute. 

Approximately 3 inches of beaching occurred i n  the f i rs t  2 
minutes. After about 3-1/2 inches of beaching had occurred,  the gravel  
appeared to be  quite s table .  A photograph showing the condition of the 
cover ,  a f te r  5 hours of operation, is shown in the Front ispiece.  The 
d r y  gravel  resulted in a more  s table  condition than the darnp gravel  of 
Tes t  1.. 

Tes t  9 (Recommended Cover --Talus Separated on ,314-inch Screen) 

A s  the mechanical analyses  and the specific gravi ty  of the two 
talus samples  were quite s imi l a r  ( s e e  F igure  5), the two samples  were  
mixed before being tested.  The mixed talus mater ia l  was screened on 
the 314-inch screen ,  result ing in the analyses cu rves  shown in Figure 
17  together with the base  mater ia l  analysis  curve  a n j  Bureau of Recla- 
mation f i l ter  c r i te r ia .  Before placing the mater ia l ,  3. 6 percent mois- 
tu re  (by d r y  weight) was added to the mater ia l  sma l l e r  than 3/4 inch in 
s i z e  to simulate field conditions. Four  inches of mater ia l  s m a l l e r  than 
3/4 inch in s i ze  was placed on the 2: 1 slope and protected by 4 inches 



. - 
filled to a depthu of 2 . 7  feet  and the wave machine s tar ted.  

Thirty-two waves per minute were first created.  The model 
was operated with the 0. 32-foot waves for  15 minutes. A s  the mate- 
r ia l  appeared very stable,  the frequency of the wave machine was in- 
c reased  to 42 waves per  minute. The model was operated a t  this f r e -  
quency and wave height (0.43 foot) for  30 minutes. The re  was  a s m a l l  
amount of movement of the fine mater ia l .  The wave'frequency was in- 
creased to 68 waves pe r  minute, with a result ing wave height of 0.5 
foot. A 0.  5-foot wave approaching the slope may be s e e n  in the photo- 
graph of F ign re  18a. A t  68 waves p e r  minute, the sur face  mater ia l  
was s t i l l  re la t ively stable.  The re  was a l i t t le movement of the fine 
mater ia l  on the lower layer. The movement of the lower layer  appeared 
to stop a f t e r  2 hours  of operation. The model was operated a t  68 waves 
per  minute f o r  5 hours.  A photograph showing the condition of the mate- 
r i a l  a f t e r  5 hours  of operation is shown in F igure  18b. A comparison of 
Figures  16b and 18b shows very l i t t le change in the appearance of the 
mater ia l .  

Test  10 (Talus  Moistened and W e l l  Mixed) - 
A 6-inch l aye r  of talus mater ia l ,  moistened and well  mixed, 

was placed on the 2: l  slope in the testing flume. The method of plac- 
ing was s i m i i a r  to T e s t  1 ,  in which the gravel  material  w a s  used. The 
flume was  filled to a rlteptn of 2 . 1  feet ,  and the wave machine s ta r ted  a t  
32 waves p e r  minute. There was movement of the f iner  ta lus  mater ia l ,  
but not as much as that observed in the gravel  material  of Tes t  1. After 
20 minutes of operation, the frequency of the waves was increased to 42 
per  minute; and a f t e r  an  additional 20 rrinutes to 62 per minute, the r e -  
sulting wave heights were respectively 0.32, 0.43,  and 0 .  5 foot. At 
the higher frequency and wave heights there was considerable erosion 
of the ta lus  mater ia l ,  which was washed down to form a beaching slope 
of 3.66: 1. The model was operated for  2-1/3 hours a t  62 waves p e r  
minute. A photograph showing the condition of the talus mater ia l ,  a f te r  
the 3-hoar total operation described above, may be seen  i n  F igu re  19a. 

After the beaching s lope had been recorded, the model  was left 
running a t  62 waves pe r  minute and the water  was raised slowly to a 
depth of 3 .  2 feet ,  tnen lowered to a depth of 2.2 feet. Rais ing and lower-  
ing the water surface caused var ious wave height= for 62 waves per min- 
ute. The scour  observed showed considerable matekial moved down the 
slope, but a t  no point was the 2: 1 slope exposed. A photograph showing 
the condition of the model a f t e r  the rais ing and lowering of the water  
surface i s  shown in Figure 19b. The  model was operated for  a total of 
5 hours.  4 

Tes t  10 indicated t i t  t le angular talus mater ia l  was considerably 
more s tab le  than the rounde ;;-.avel mater ia l  placed in the s a m e  manner.  



The talus ma te r i a l  was dried and screened  on the 1/2-inbh 
sc reen  result ing in the analysis curves  shown in Figure 20. Four  
inches of material  s m a l l e r  than 1/2 inch in s i z e  was placed on the 
2: 1 slope and covered by four  inches of m a t e r i a l  l a rge r  than 112 inch 
ill s ize .  The model was  filled to a depth of 2.  7 feet, and the wave 
machine was s ta r ted  a t  32 waves per  minute, giving a wave height 
of 0.32 foot. A t  32 waves per  minutt? there  was  v e r y  little movement 
of the surface mater ia l .  The mater ia l  in the bottom layer ,  s m a l l e r  
than 1/2 inch in s ize ,  appeared very stable.  As no damage occurred 
a t  32 waves per minute, the frequency of the waves was increased to  
42 and then to 62 waves  pe r  minute, and the.mode1 was operated f o r  
a 2-hour period. The  result ing wave heights w e r e  0 .43 and 0 .5  foot, 
respectively. A t  the higher wave frequencies the sur face  mater ia l  
moved more  freely and approximately 1 inch was  eroded in forming 
the beaching slope, however the material  in the bottom layer ,  below 
1/2 inch. in s ize ,  s t i l l  appeared very stable and very  little movement 
occurred.  

Tes t  12 (Fine Base Material)  

A 6-inch l a y e r  of the fine base ma te r i a l  (analysis curve shown 
ill F igure  3) was subjected to wave action. In preparing the mater ia l  
e;?ough water was added to bring t h e  mois ture  content t o  18 percent of 
the d r y  weight of the  mater ia l .  The 18 percent  mois ture  is the optimum 
moisture  content f o r  maximum compaction. The mater ia l  was placed on 
the 2:l slope in l a y e r s  of approximately 2 inches,  and each  layer  was  
tamped to near maximum compaction with a wooden tamper .  Before  
compacting the base mater ia l ,  the 2:l board s lope  was roughened with 
a layer  of metal  lath.  The slope was roughened a s  a n  aid in preventing 
the base material  f r o m  sliding on the board s lope.  The model r eady  
f o r  operation may be seen in F igure  21a. 

The water was  raised slowly in the flume to a depth of 2. 7 feet .  
There  was some set t lement  of the mater ia l  on the slope and nea r  the  
water  surface c r a c k s  could b e  observed. The  wave machine was s t a r t e d  
and operated a t  32 waves per  minute for 1 hour.  The  wave heights var ied 
f rom 0.25 to 0.40 foot a s  the material  washed down the slope. 

During the operation complete fa i lure  of the slope occurred. 
Immediately on s t a r t i ng  the wave machine, the ear th  material  began to  
fail .  A photograph taken 2 minutes af ter  operation s ta r ted  may be seen  
in Figure 21b. A densi ty  cur ren t  of fine ma te r i a l  flowed down the slope 
and to the bottom of the flume. After 12 minutes  of operation, the 2:l 
slope was completely exposed. The model was  operated for 1 hour a f t e r  
which it was turned off and slowly drained. The fine mater ia l  a s sumed  
an  approximate leve l  position a s  shown in F i g u r e  22a. 



A 4-inch l a y e r  of the  b a s e  m a t e r i a l  w a s  compac ted  on the 2 : l  
s lope ,  a n d  protec ted  with 4 inches  of talus m a t e r i a l  larger than 112 
inch in s i z e  ( F i g u r e  20). T h e  f ine b a s e  m a t e r i a l  w a s  p laced a t  op t imum 
m o i s t u r e  content (18 p e r c e n t  by d r y  weight) a n d  compacted in thin l a y e r s  
with a wooden t a m p e r .  T h e  ta lus  m a t e r i a l  w a s  dumped on the  compacted 
b a s e  m a t e r i a l .  T h e  model ,  r e a d y  for opera t ion,  is shown in  F i g u r e  22b. 
T h e  m o d e l  was s lowly  f i l led to  a depth o f  2. 7 f e e t ,  and  the wave machine  
w a s  s t ~ r t e d  a t  32 waves  p e r  minute (wave height  0 .32 foot) .  

Immedia te ly  a f t e r  the  m o d e l  was  s t a r t e d ,  the  fine b a s e  m a t e r i a l  
began l each ing  through the t a lus  c o v e r .  The m a t e r i a l  be ing  leached out  
f o r m e d  a density c u r r e n t  which moved down t h e  s l o p e  i n  t h e  w a t e r  im- 
media te ly  above the t a lus  c o v e r  and continued on in to  t h e  f lume .  T h e  
dens i ty  c u r r e n t  m a y  be s e e n  in the photograph of F i g u r e  23a, which was 
taken 7 minutes  a f t e r  the mode: w a s  turned on.  Af te r  30 minutes  of op- 
e r a t i o n  a t  32 waves p e r  minu te ,  the wave mach ine  f r e q u e n c y  was  i n c r e a s e d  
t o  42 w a v e s  p e r  minute .  T h e  i n c r e a s e  in f requency  i n c r e a s e d  the wave 
heights  t o  0.43 foot .  At the i n c r e a s e d  f requency the  leaching of the b a s e  
m a t e r i a l  inc reased .  tS photograph, taken 90 m i n u t e s  a f t e r  opera t ion 
s t a r t e d ,  is shown in F i g u r e  23b. T h e  photo raph s h o w s  tha t  the b a s e  
m a t e r i a l  had washed within a p p r o x i k a t e l y  1 'i 2 inch of the  b o a r d  slope.  

T h e  model  w a s  opera ted  a n  addit ional  17.5 h o u r s  a t  42 waves  
p e r  minute .  During t h i s  t i m e  the upper p a r t  of the  s l o p e  fai led com-  
pletely.  T h e  f ine m a t e r i a l  w a s  complete ly  washed  f r o m  beneath  t h e  
t a lus  c o v e r .  A photograph showing the fa i lu re  m a y  be s e e n  in F i g u r e  
24a. 

T e s t  14 (Recommended C o v e r  and Base Mate r ia l )  

A final t e s t  was  r u n  using the talus m a t e r i a l  as  a protec t ive  
c o v e r  for the f ine b a s e  m a t e r i a l .  T h e  m o i s t u r e  i n  the  b a s e  m a t e r i a l  
was  inc reased  t o  op t imum m o i s t u r e  content,  and a l a y e r  4 inches  th ick  
w a s  placed by the  tamping opera t ion  explained previously .  T h e  talus 
m a t e r i a l  was  s c r e e n e d  on t h e  3/4-inch s c r e e n .  F o u r  inches  of talus 
m a t e r i a l  s m a l l e r  than 3 /4  inch in s i z e  was  placed (by dumping) over  
the f ine b a s e  m a t e r i a l .  O v e r  the m i n u s  3/4-inch t a l u s  m a t e r i a l  a 4- 
inch-thick protec t ive  blanket of t a l u s  m a t e r i a l  l a r g e r  than 3/4  inch in 
s i z e  was  placed. T h e  a n a l y s i s  c u r v e s  a r e  shown in  Figure !?. T h e  
total  th ickness  of the  t e s t  sec t ion  w a s  12 inches .  .!? photograph of the 
model  r e a d y  f o r  opera t ion  is shown in F i g u r e  2 4 b .  

The model  w a s  f i l led t o  a depth of 2 .7  fee t  and opera ted  f o r  
28 h o u r s  a t  a f requency  of 42 w a v e s  p e r  minute  and a wave height of 

1 0.43 foot .  A s  shown b y  F i g ~ r e  25, the test  sec t ion  withstood the  waves  
v e r y  wel l  and v e r y  littie movement  o c c u r r e d  i n  the t a l u s  m a t e r i a l s .  No 
movement  o c c u r r e d  in the f ine b a s e  mate r i a l .  

T o  check  the  s tabi l i ty  of the  sec t ion the mode l  w a s  opera tcd  f o r  
a total  of 128 h o u r s .  After the f i r s t  28-hour per iod,  the  opera t ion w a s  



foot wave height; 24 hours  at 2.2-foot depth, 42 waves per  minute, 
0.42 -foot wave height; 4 hours at 2 ,  7-f00t depth, 22 waves p e r  min- 
ute, 0.6-foot wave height; 24 hours  a t  2. '1-f00t depth, 51 waves per  
minute, 0.62-foot wave height; and 24 hours  a t  3. 03-foot depth, 22 
waves p e r  minute, 0.6-foot wave height. A s  may be seen  f rom a 
study of F igu re  2Ga, the mater ia l  withstood the  operation very  well. 
At the frequency of 51 waves p e r  minute there  was some  movement 
of the sur face  ma te r i a l .  During the complete test  the ta lus  mater ia l  
below 3/4 inch in s i ze  was very  stable,  and no leaching of the fine 
base  mater ia l  was  observed. The waves of 22 p e r  minute frequency 
r an  up and down the slope,  f rom maximum to minimum, a dis tance 
of 2 .  2 feet .  The 0.6-foot high waves, a t  22 waves per: minute, r e -  
sulted in  the most damaging condition where leaching action was  con- 
cerned.  However, no leaching of the base  mater ia l  occurred.  

The section was  operated to fa i lure  a f t e r  the above tes t .  
The water  sur face  was ra ised to a depth of 3.03 feet ,  and the wave 
machine s e t  f o r  45 waves per  minute and a result ing wave height sf  
0. 75 foot. F o r  this condition the mater ia l  failed. Fa i lure  s ta r ted  
on the sur face  and progressed  to the bed mater ia l .  Total  failure oc- 
cu r red  in 1 2  minutes a s  may be seen  f rom the photograph of Figure 
26b. 

RESULTS AND CONCLUSIONS 

The gravel used in the f i r s t  t e s t s  was well rounded and sand 
adhered to  the l a rge r  par t ic les  when the mater ia l  was  moisteneS and 
mixed. When sand adhered to the la rge  par t ic les ,  fzil-ilre of the 2:l  
slope by a s l ip  occurred.  The rounded particies of the gravel  moved 
more readily when exposed to wave action than did the same  mean-size 
angular par t ic ies  ul" ia ius  mater ia l  used in T e s t s  9, 10, 11, 13, and 14. 

The tes t s  indicated that, if a s table  cover  blanket is to be main- 
tained against  wave action, it. is des i rab le  to sc reen  the cover  mater ia l  
and place i t  in two l aye r s  with the l a rge r  mater ia l  protecting the f iner  

1 mater ia l .  The l a r g e r  the average s i ze  of mater ia l  on the sur face  l aye r  
the more  stable was the sur face  to wave action, and the more  susceptible 
were the fines to leaching. The sma l l e r  the average s i z e  of the surface 
mater ia l  the more  susceptible the sur face  was to  movement by wave a c -  
tion. 

The mater ia l  that fell within the Bureau of Reclamation f i l ter  
c r i t e r i a  l imi t s  appeared to provide an effective f i l t e r  against  leaching 

I 
of fine mater ia l s  by wave action. 

The study indicated that a protective mater ia l  must b e  fine 
enough to prevent leaching of the base ma te r i a l  through it,  and that 
par t ic les  on the exposed sur face  of the protective mater ia l  unust be of 
sufficient s i ze  and weight to r e s i s t  roll ing down ;he slc*l~e f rom wave 
action. The  study fur ther  indicated that the angular  talus par t ic les  
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NQTES: Sample 3 G - 9 4 ,  Pif. location S.E. lA,Sec. 20-9-24 GRADATION TEST TI - 

Y A K I M A  PROJECT -WASHINGTON Q 
e 

KEIMNEWICK MAIN CANAL s 
AVAILABLE GRAVEL BLANKET MATERIAL 

m 
P 





Standard 
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(a) Model prepared for Test 1 

(b) Slope failure after 45 minutes 
of operation at 32 waves per 
minute - wave height 0 .32  ft. 

Yakima Project - Washington 
KENNEWICK MAIN C A N A L  

TEST 1 (GRAVEL MOISTENED A N D  WELL MIXED) 
Model study 

'igure 8 



I HYDROMETER ANALYSIS SIEVE ANALYSIS 
TIME READINQS U.S. STANDARD SERIES I CL AR SQUARE OPENINGS 

AYIY lulY %MI 0. r 5 - ~ r .  

I I 
. . 

005 .009 .019 .037 ,074 ,144 .297 .590 r.36 4.?6 9.52 19.1 38.1 76.2 127 1Y 
DIAMETER OF PARTICLE IN MILLIMETERS 

I 

1 I 
- - - .  ---  -- - - -  

SAND I GRAVE L 
I m 

CLAY (PLASTIC) TO SILT (NON-PLASTIC) FINE MEDIUM I COARSE I FINE COAl 

GRADATION TEST 

Y A K l M A  PROJECT -WASHIDJGTON 

KENMEWICK MAIN CANAL 
GRAVEL MATERIAL SCREENED AT %-INCH 



j,,. -3 

(a) Ready for operation 

(b) After 23 hours of operation at 42 
waves per minute--wave height 
0 . 4 3  ft. 

Yakima Project - Washington 
KENNEWICK MAIN CANAL 

TEST 2 (GRAVEL SEPARATED ON 314-INCH SCREEN) 
Model study 

Figure 





.005 ,009 
DIAMETER OF PARTICLE IN MILLIMETERS 

CLAY (PLASTIC) TO SILT (NON-PLASTIC) 

GRADATION TEST 

Y A K I M A  PROJECT -WASHINGTON 

KENNEWICK MAIN CANAL 
GRAVEL MATERIAL SCREENED AT I -INCH 

BASE MATERIAL - f ELTER CRlTERlA 



(a)  tlftcr -15 minutes of cpcrntion-- 
2 .  7 f t .  t ieptI~--42 wnvcs p e r  
minute--wave height 0. 4 3  ft .  

( I ) )  A f t e r  20 more tnirlutcs o f  
o(~cr:ltion--3. 2 f t .  dcl~th--  
42 waves ,Jer minute-- 
wave height  0 .  5 f t .  

Yakima Project - Washington 
KENNEWICK MAIN C A N A L  

TEST 4 ( G R A V E L  SEPARATED ON 1 - I N C H  SCREEN) 
Model study 





(a) H e a d y  for operat ion 

(b) Slippage that o c c u r e d  irnrnedi:..tely 
after test started 

Yakfma Project - Washington 
K E N N E W I C K  MAIN C A N A L  

TEST 5 (GRAVEL S E P A R A T E D  O N  1 / 2 - I N C H  S C R E E N )  
Model study 

F i g u r e  15  



(a) T e s t  6 - - A f t e r  23 hours  of operntlon 
2 . 7  f t .  depth--42 w a v e s  pel* c lnute--  
wave height  0 .  4 3  f t .  

(b) T e s t  9 - -Prepared  f o r  operation-- 
Recommended  c o v e r  - talus 
s e p a r a t e d  on 314- inch s c r e e n  

Yakima Project - Washington 
K E N N E W I C K  MAIN C A N A L  

T.T?TS 6 and  9 
1,iodel s tudy  



I I T I M E  READINQS U.S. STANDARD SERIES I - CLEAR SOUARE OPENINGS 
HYQROMETER ANALYSIS I SIEVE ANALYSIS 

. . 6." 1 

002 ,005 .009 ,019 ,037 ,074 .I49 .297 .5W 1.19 2.38 4 76 9.52 19.1 38. I 
DIAMETER OF PARTICLE IN MILLIMETERS 

CLAY (PLASTIC) TO SILT (NON-PLASTIC) I I r I m c  I I P ~ A O C C  I ctuc 
SAND GRAVEL 

I 

~RECOYMEIDED FOR COVER BLANUET) 
BASE MATERIAL- FILTER CRITERIA 

. . ..- -, #. , 

GRADATION TEST 
Y A K I M A  PROJECT - WASHINGTON 

KENNEWlCK MAIN CANAL 
TALUS MATERIAL SCREENED AT Jk INCH 



I - -.. . 
, g wrC h 

Figure 18 
41.. 

'* *& -." rn..@+rt 

(a) A 0 . 5  ft .  wave approaching the 2:l slope 

(b) Slope a f t e r  5 hours of operation a t  
varying wave heights  and frequencies  

Yakima Project  - Washington 
KENNEWICK MAIN CANAL 

TEST 9 (RECOMMENDED COVER - 
TALUS SEPARATED ON 314-INCH SCREEN) 

Model study 





I 
L." I 

002 
I t  - 

005 .m9 ,019 ni4 ,149 1.19 z.30 4.- PIV IPI *I 162 I t 7  nt 
OIAMETER QF PARTICLE IN MsLLlMETERS I 

I 
. - -  - - 

SAND 
I 

CLAY (PLASTIC) TO SILT (NON-PLASTIC) I 
i I enaaec I c... L C  

GR 
FINE 

NOTES: I 

LAOOAATOCIY SAMPLE Ho a- * 



( a )  H e a d y  for operation 

(b) Two minutes a f t e r  o p e r a t i o n  started 
at 2 .  7 It .  depth a n d  32 waves p e r  
m i n u t e - - w a v e  h e i g h t  0 . 2 6  f t .  

Yakima Project - W a s h i n g t o n  
K E N N E W I C K  M A I N  C A N A L  

TEST 12 ( F I N E  H A S E  MATERIAL)  
Model s tu t fy  

'igure 21 



(a) Test 12--after  1 hour of operat ion 
at 2 . 7  f t .  depth--32 w a v e s  p e r  
minute--wave height 0 . 2 6  f t .  

(b) Test 13--ready f o r  operat ion .  
Base m a t e r i a l  c o v e r e d  with 
p l u s  1 /2 - inch  ta lus  

Yakima Project - Washington 
KENNEWICK MAIN CANAL 

TESTS 12 and 13 
Model s tudy  

Figure 22 



(a) Af ter  7 m i n u t e s  of operat ion a t  
32 w a v e s  p e r  minute--depth 
2 . 7  f t .  --wave height 0 . 2 6  f t .  

(h) Af ter  90 minutes  of operat ion 
at 32 and 42 w a v e s  per rniriute 
l each ing  of  base m a t e r i a l  
p r o g r e s s e d  a s  shown by l i n e s  
on the  photograph 

Yakima P r o j e c t  - Washirlgton 
K E N N E W I C K  MAIN CANAL 

TEST 13 (BASE MATERIAI. AND 
I'LUS 1 /2-INC:tl 'I'ALUS MATEItIAL,) 

hlodcl study 



(a) T e s t  13--after the m o d e l  was l e f t  
running a11 night at 42 w a v e s  per 
m i n u t e .  i3ase m a t e r i a l  c o m p l e t e l y  
l eachcd  out In a r e a  n e a r  w a t e r  
s u  rf:ic.e 

( I ) )  'I'esl I 4- -  r.e;itly for. ol~or- tion on. 
li:isc 111:1tc!r.i:11 ( - c ~ v c r e d  ivitli 
t ; i l u s  sc lx ir- ;~ted o n  :{/.k-~rlc.h 
sc.r-cen - ~.ecc~nimcntlet i  ~ . ~ I v L ' I '  

Y a k i m a  i'rojcot - W;ishlrlgton 
KENNEW1C:K M A I N  C:ASt\L 

TESTS 1 :3 aritl 1.1 
Mode l  slutiy 



Y :I k ~ r n a  I ' r - o j e ( . t  - W ; ~ s l ~ i r l g t o r ~  
I.;E:NNl.:WI(:I.; 121,\15 ( ' A N h L .  

T E S T  14 ( l { E ~ ' O h I r \ l E N D ~ I >  C'C)\'El{) t11a"rk21~ 2ti liC>l'ljS O F  O l ' E ~ l ~ t \ ~ ~ l O S  
rZ'T 42  W A V E S  ['Eli h1INI'TE--2.  7 I."I'. L)k;I"I'll--\Vt\\'l< 1IEIC;II'I' 0 .  4:{ I."I'. 

hloticl ..;t\~ti*: 



(a) A f t e r  128 h o u r s  of operat ion at 
v a r i o u s  d e p t h s ,  wave heights  
iind f r e q u e n c i e s  

(11) Failure of s l o p e  f r o m  waves 0 .  7 5  f t .  high and 
45 per minute - -ap(~rox irnnte ly  12 minutcs  
a f t e r  final t e s t  s t a r t e d  

Yakima Project - Washineon 
K E N N E W I Z K  MAIN C A N A L  

TEST 14 (RECOMMENDED COVE[{) 
h l ( ~ d e l  stt1d.v 


