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~ R P O S  9 

To determine t he  erosion res is tance of t he  above c l ay  and uncemsnted 
sand materials  when subjected t o  water ve loc i t i e s  of 1.5 t o  6 fee t  per  
s ~ C O I I ~ .  

Vote: The erosion of the  above materiala under f i e l d  conditions - 
w i l l  probably be grea t e r  than t h e  laboratory iiests indicated because t h e  
m&terial  i s  made up of weakly bonded 3orizontal  l ayers  which w i l l  be 
l i f t e d  and  broken &part by the  water. The laboratory t e s t s  were nec- 
e s s a r i l y  conducted with t he  Denison core sample gl.aced horizontal  
ins tead of ve r t i c a l  t o  o b t a h  a t e s t  aurface of suf f ic ien t  size. The 
water, therefore,  passed over t he  bedding plaaes  a t  r i gh t  angles inatead 
of flowing pa ra l l e l  t o  them, and erosion was considerably l e s s  than 
;vould have ot hsxwise occurred. 

COXCLUSIONS 

S a m ~ l e  146-571 

From Hole D!4 5 at elevations 224% P t o  2250.1. 
* 

1. Tkis uneenerited, compact, layered sand has l i t t l e  
• res is tance t o  erosion, and about one-tenth of t he  sample was 

re?noved a f t e r  10 minutes at a 'velocity of 1.5 fee t  per second. 
Extrene erosion occurs &t a velocity of 3.5 feet per second 
( , P i g r e  2). 

2. The sandy material  continues to  erode as long as water 
flows over it et a veloci ty  of 1.5 fee t  pe r  second (minimum 
possible with t e s t  epgaratus) or more. 



From Bole DM 7 at elevations 2216.0 to  2218.0. This eample was 
broken when received by t h e  Ilydraulic Laboratory, and t he  addit ional 
breakage which occurred while placing it in the  t e a t  apparatue l e f t  the  
sample too broken f o r  erosion tes ta .  

1. The material  i n  t h e  top foot of t h i s  sample ie roughly 
I comparable to t ha t  i n  Sample 14G-571, and sinf lar eras  ion character- 

i s t i c s  may bs erpected. 

2. The bottom foot o f  the smp le  contains more c lay  and is 
l e s s  s t r a t  Ifbed than Sample 14G57l, and probably will. withstand 
ve loc i t i es  of 5 f ee t  per second without excessive erosion. 

Sample 1 4 ~ 6 6 1  

Prom Hole DM 7 at elevations 2206.5 to 2208.5. 

1. This dense, p l a s t i c ,  somewhat l a re red  and f ractured clay 
has f a i r  res is tance t o  erosion, as shown by t h e  l i t t l e  dace a f t e r  
30-mimte periods at 2- snd &-foot per second water veloci t ies .  The 
sample wae s l i gh t ly  eroded a f t e r  20 nira.tea at a ve loc i ty  of 6 feet  
per  second. The t e s t  was then balted because a large broken portion 
of the  sample w a s  l i f t e d  out by the  water. The sand layers  near 
t he  top of the sample, comprising about one-sixth of t h e  ample, 
were eroded severely by t he  6-foot per second water velocity. 

P S  O I ~ A ! L '  ION 

To be t t e r  represent f l e l d  erosion conditions, obtain la rger  earth 
samples (12 inches wide by 21 inches lone; by 8 inches th ick)  which may 
be place& i n  the  t e s t  apparatus i n  the  same posi t ion r e l a t i v e  t o  t he  
flowing water as occurs i n  nsture. 

IFTRODUCT ION 

Cannonball Dam i s  an ea r th - f i l l  s t ruc ture  proposed f o r  construction. 
across  the  Cennonball River on t he  Elgin Axis 16 miles south of Carson, 
Korth Dakota. As pa r t  of t he  usual investigation of a propose6 demsite, 

P 

l 
a munber of Denison core samples were obtained at appropriate locations 

I 
I and shipped t o  the  .Denver laborator ies  f o r  t est purposes; Included 

among these samples were No. 1 4 ~ 5 7 1 ,  656, and 661 which represent 
verfoua strata through which t h e  proposed unlined emergency e illway 
c-knne). w i l l  pass. Sample 11G-571 was taken a t  3 1 e ~ & t  ions 22%. L t o  
2250.1 from Hole DM 5, located on the  l e f t  abutment of the  dansit  e. 
Samples 146-6513 and 661 were taken &t elevations 2216.0 t o  221E.0, and 
2206.5 to  2208.5, respectively,  from Hole DM 7 located on the  r ight  
abutment. The three  samples were forwaF.l,ad t o  t h e  Eydreulic Laboretory 
f o r  t e e t s  t o  determine t h e i r  erosion resistance. 



Sample 140-571 

. Compact, uncement ed, moist, s i l t y ,  tan-colored layered f ine  sand. 

Sample 1 4 ~ 6 %  
b Compact, uncemented, moist, s i l t y ,  with some clay, tan- to  gray- 

cokored, aonewhat larered f ine  sand. 

Sample 1 4 ~ 6 6 1  

Dense, p l a s t i c ,  moigt, dark gray colored, e~omewhat layered clay with 
several compact, uncemented sand layers nsrw the top. The aand layers 
conpriaed abott one-aixth of t h e  samplec 

APPARATUS AND. T S T  PXOCEDUBE 

A schematic diegram of the srosion tea t  apparatus i s  shown in 
J'igure 1. Water. was su plied through tr 6-inch standard pipe and a tran- 
s i t i o n  nection t o  the  lt-inch wide bz 66-inch lone t e s t  chute. 11 valve 
war, provided t o  regulate the  discharge and a flow straightener was placed 
do?mstream fram the  valve to  i n w ~ r e  smooth, s t ra ip~ht  flow into the t e s t  
section. The water entered the  chute i n  a uniform stream 2 inches deep, 
and the  slope of the  chute was adJusted t o  maintain this depth over the 
f u l l  length of ths sample. The velocity of t he  weter over the t e s t  
sample was determined b3- measur.i%g with tt Venturi meter t he  quantity of 
water flowing, and dividing t h i e  quantity by the cross-sect i o m l  a rea  of 
t he  flowing water i n  t h e  chute. The water discharged f r e e l y  from the 
end of tho c h t e  and was returned t o  the supply channel by a trough. The 
f loor  of the t e s t  box w e 8  ad juskable t o  permit moving t h e  sample t o  keep 
i t s   to^ surface leve l  with the chute f loor  aa the  material was washed 
away. Tq avoid surges and excessive veloci t ies  over the sample when the  
flow was s tar ted,  an obstruction wae placed across the downatroam end of 
t he  channel, t he  ckute f1oode.S. t o  a depth of 2 inches, and the control 
valve slowly openei' while the  obet nrcXon was removed. 11 f i n a l  ed justmect 
of t he  valve established the deeire4 water velocdty over t he  sample. 

TJnfortun~tely,  l e rger  surfaces were needed f o r  the erosion t e s t s  
Y than were afforded by the craas-section of t h e  5.5-inch-diameter copes. 

I t  was therefore necessary t o  place the cores horizontal and to cut them 
along a diameter t o  form a rectangular test  surface 5.5 inches wide by 
20 inches long. The metal containers wore cut 112 inch lower than t he  . surface of the  samples and l e f t  i n  place t o  eupport the weak, laminated 
material. Moist sand was packed around the  samples t o  f i l l  the.containing 
box t o  the level  of t he  chute floor. 

V i m ~ a l  mearm were ueed t o  judge the  eroeion on the samples, and 
photogr&phs a r e  p r e ~ e n t e d  which show tho condition of sbmpltts at the con- 
p le t ion  of the t e s t ~ .  At  the  time of this w r i t  ing, a feas ib le  method of 



not been developed. Weight, volume, and co l lec t ion  measurements could 
not be uqed because of large  changes 1.n moieture content during tee t ing ,  
swelling of c e r t a in  materiale (pa r t i cu l a r l y  c lay)  when water i s  abeo~bsd,  
and the  lack of f i l t e r i n g  equipment cap~ble  of holding the wall pa r f i c l ee  . washed of f  t h e  sample and s t i l l  handle the  l a rge  quant i t iee  of water u ~ e d .  
Also, the  e ize  and shape of t h e  s q l e e  t e s t ed  precludes a clome approxi- 
mation cf the  f i e l d  erosion ccnditions. Therefore, t he  r e m l t e  preeented 
i n  this rtsport a r e  qualita.t;ive only, and t h e  laboratory t e s t  r e s u l t s  m e t  
be ueed with care t o  predict  f i e l d  rewalte. 

The t e s t  equipment was capable of producing water ve loc i t i e s  of 
1.5 t o  19.5 f ee t  per second, and the eelect  ion of tho veloci t  iee  used 
on a sample depended upon the  nature of t h e  material. It was imperative 
t o  se lec t  an i n i t i a l  veloci ty  low enough t o  prevent exkeneive damage t o  
t he  sample before adequate da ta  could be taken, while on t h e  other hand, 
time would be wasted by z t a r t i ng  with ve loc i t i e s  too low. The ve loc i t i es  
used on the  Cmnonball samples r a g e d  from 1.5 t o  6 f ee t  per second. 

TZST RESULTS 

Sample 14G-571 

Water w a s  f i r s t  passed over the  sample at a veloci ty  of 1.5 f ee t  
per second. Imrnediat e l y  mat e r i a l  was removed i n  suf f ic ien t  quant it i e s  
to  discolor  the  v s t  e r  with most of the  ear ly  act ion occurring along 
the  sides of t he  sample where t h e  d r i l l  had. cut. Three minutes a f t e r  the  
flow s ta r ted ,  the  r e t e  of material  removal decreased t o  a point where t he  
water no longer appeared discolored. idoderat e amounts of material  con- 
tinued t o  be removed, however, during the  r e s t  of the 10-minute operating 
period with uccasional pieces bredciag away from the  laminations. At t he  
completion of the  1.5-foot per second run t h e  veloci ty  was increased t o  
2,5 fee t  per second ~ n d  maintained f o r  an addi t ional  30 minutes. A 
de f in i t e  increase i n  t he  r a t e  of erosion acconpanied t h e  i n c r e ~ s e  i n  
veloci ty ,  althaugh the  process of the  erosion was unchanged. After 
the  2.5 fee t  per second run was completed, the  velocity w a s  increased t o  
3.5 fee t  per second and naintained f o r  an addi t ional  10 minutes. Again 
the  r a t e  of erosion increased while the  process was unchanged. 

The s w l e  was thoroughly eroded at the  completion of t h e  three  nms ,  
end fu r the r  t e s t s  were considered useless  ( ~ i g u r e  2). Considerable 

w meterial  had been removed from the  s ides  of the  semple, pa r t i cu l a r l y  
toward t he  downstrem end, ar-d much of the  material  i n  the s e m s  w a s  
washed &way. The layers  of t he  material a r e  v i s i b l e  i n  Figure 2. Llore 
extreme erosion woulc? have occurl-ed had t he  geonetry of the  eanple mde 
it f ea s ib l e  t o  ?ass t he  water p e r a l l e l  t o  t h e  layers  ( l aye r s  horizontal)  
instead of at r igh t  angles to  them. 

Sample 1 4 ~ 6 5 8  

This sample, when received by t he  Hydraulic Liborstory, wes found t o  
be broken &part i n  two pleces. Additional breakage which occurred while 



p lac ing  it i n  t h e  t e s t  appera tus  l e f t  t h e  m a t e r i a l  too broken f o r  
e ros ion  t e s t s .  Examin~t ion  of t h e  ma te r i a l  revealed t h a t  t he  unner 

be expected. Tkz lower foo t  of t h e  sample contained more c l a y  and wsa 
l e s s  stratified than Sample 146-573. It i s  estimeted t k t  a weter 
v e l o c i t y  g r e a t e r  than 5 f e e t  p e r  secont? would be requi red  t o  produce 
severe  erosion, 

samgls 14~-661. 

- - 
the  sample wiis placed i n  tho t e s t  box anh prepared f o r  t h e  issts. F i r s t ,  
water  was passed over the m a t e r i a l  at e v e l o c i t y  of  2 f e e t  per second f o r  
30 minutes, and wi th  t h e  exception of a few loose  p i eces ,  l i t t l e  wzshing 
away e c t  ion was noted. The v e l o c i t y  was increased t o  4 f e e t  per s e c o ~ d ,  
and maintained t.h.ere f o r  30 minutes. S e r e r a l  raore p i e c e s  were c a r r i e d  
&way, a few of  then coming from a broken 2-inch sec t ion  of t h e  sa rp le ,  
snc? a small amount of s a d  was removed from t h e  sand layers.  In  genera l ,  
hawever, l i t t l s  erosion took plece. A t  6 f e e t  p9r second moat of t h e  
broken p ieces  at t h e  top of t h e  sample were c a r r i e d  awar, and cons iderable  
sand we$ removed from the sand l e s e r s ,  Xo a ~ o r e c i a b l e  e ros ion  was noted 

upper balf  of t h e  sample suddenly failed alone a f r a c t u r e  zone, a d  a 
l a r g e  p i ece  was  l i f t e d  part way out of t h e  t e s t  box by the  water. The 
flow wss 1mrnediatel:r stopped, and t h e  s m p l e  returned a s  n e a r l y  a s  a o s s i b l e  





Figure 2 
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Erosion after 10 rmlnute eqoeures t a  water velocities 
of 1.5, 2.5, and 3.5 feet per second. 

Flow from l e f t  to right. 

SAMPLE I.@ - 571 
EROSION TESTS ON CANNOHBALL FOUM)ATiON wWIALS 



Ekosion after 30 minute exposures to watrjt: velocities 
of 2 and 4 feet per second, ruril 20 minutes exposure to 
a velocity of 6 foet per second. 

Flow from left to right. 

SAMPLE 146 - 461 
H3OSION TXSTS OR CANNONBALL IWUIBIIATION MATlEUXS 


