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DRAWDOWN TESTS ON EARTH' COVER MATERIAL 
PLACED OVER AN ASPHALT MEMBRANE--EAST BENCH 
CANAL--MISSOURI RIVER BASIN PROJECT, MONTANA 

SUMMARY 

Tests to establish the stability of earth cover material placed over 
an asphalt membrane were conducted jointly-by the Hydraulic and 
Bituminous Laboratories . 
The purpose of the study was to investigate the stability of earth 
material to be placed over an asphalt membrane in a canal 6 . 6 3  feet 
deep and 20 feet in bottom width, having 2: 1 sloping banks. However, 
only one side slape and part of the canal bottom were reproduced in 
the test box. 

The test  section of the canal was placed crosswise in a test  box 
24 feet long, 3 feet wide, and 6 feet deep, equipped with a suitable 
water supply and drain system for the drawdown tests  and a wave 
generator'for the wave tests .  The canal test  section consisted of 
a 16-inch layer of  specially prepared earth cover material placed 
over a 114- inch thick catalytically blown asphalt membrane, on a 
plywood base. 

Fo r  the drawdown tests, the box was slowly filled with water then 
drawn down at ra tes  from 1 foot per  day to 2 feet per hour. F o r  
all  rates,  the earth cover material remained stable but did show 
surface cracking for the 2 feet per  hour rate. 

The cover material was found to be more susceptible to wave dam- 
age than to drawdown damage. When the earth slope was exposed 

::Same as Laboratory fleports No. HYD-484 and B-30. 
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for 3 minutes, 0.33cubic foot of cover material per  lineal soot or 
canal bank was eroded from the initial embankment and redeposited 
downslope to form a beach. 

(C . 
INTRODUCTION 

Sloughing failure of soil cover material on o r  near asphalt mem- 
brane linings in.canals has created maintenance problems particu- 
lar ly  in the Missouri River Basin and Columbia Basin Projects. 
An example of a failure, which occurred on West Canal near Sta- 1 

tion 3606+12, Columbia Basin Project, is shown in Figure 1. In 
this particular case, the side slopes were 2: 1 and freeboard was 
1.5 feet. 1 

It has not been clearly established whether sloughing is more 
frequent on canals with o r  without membranes. However, it  is 
the consensus of field engineers that when sloughing occurs on o r  
near membranes, the damage is more extensive than when mem- 
branes a re  not present. No clear-cut determination has been made 
as to the cause of the failure. It has not been established whether 
the subbase, the protective cover material, the method of hydraulic 
operation including the drawdown rate, t h e  asphalt membrane, o r  
the combination of two o r  more of these items a re  at fault. 

PREPARATION OF TEST SECTION 

Preparation of Plywood Base 

The base to support the canal side slope was constructed of two 
pieces of 3 14-inch thick by 36 -inch wide plywood, having a total 
length of 16 1 inches, Figure. 2. The horizontal bottom base was 
one piece of plywood 94 inches long. To provide areas  to repre- 
sent a smooth and a rough subgrade, a s t r ip  of plywood 114 inch 
thick and 1 inch wide was nailed lengthwise down the center of the 
sloping board. This- dividing s t r ip  was lightly coated with catalyt- 
ically blown asphalt cement. The a rea  on one side of the dividing 
s t r ip  was covered with metal lath to simulate the rough subgrade. 

* 

The other half of the sloping board and the entire horizontal bottom 
board were bare plywood, representing the smooth subgrade. b 

Preparation and Installation of Asphalt Membrane to Plywood Base 

Type 1 catalytically-blown asphalt, having the characteristics 
shown in Table 1, was used for the membrane in this study. Type 1 
asphalt is normally used during warm weather construction. The 
original decision to spray the asphalt on the plywood base in  liquid 
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ciously to the base, a condition which does not occur in the field. 
The asphalt, as it  i s  applied in a field installation of a buried 
asphalt membrane canal lining, upon cooling, is similar  to a blan- 
ket placed over.the subgrade and often can be lifted from the sub- 
grade. A similar  condition was desired in  the model and was 
accomplished by using precast asphalt blocks that were made and 
installed according to the following procedure. 

Standard application rates used by the U. S. Bureau o i  Reclamation 
for  asphalt membrane canal linings a r e  1.25 gallons pe r  square 
yard for smooth subgrades and 1.50 gallons per  square yard for 
rough subgrades. These rates a r e  equivalent to 541.8 and 650.1 
grams pe r  square foot, respectively. These weights were used in 
precasting 1-foot square blocks of asphalt in the laboratory. This 
was done by carefully melting the desired quantity (weight) of 
catalytically-blown asphalt at approximately 425O F and pouring 
into 1-foot square aluminum pans that had been lightly coated with 
silicone grease to prevent sticking. The metal lath, representing 
the rough subgrade, was covered with precast asphalt squares 
that corresponded to the heavier rate of application. The remain-; . , 
ing portion of the side slope plus the entire bottom, r e~ resen t ing  
a slmooth subgrade, was covered with precast squares that corre-  
sponded to the lighter rate of application. 

The squares of asphalt were placed side by side, s t l r t ing at the top 
of the side slope and working downward, as  shown in Figure 3. The 
joints were sealed by applying heat from a small  propane torch so 
that adjacent edges melted and flowed together to form the contjnu- 
ous membrane shown in Figure 4. The membrane was sealed to the 
walls of the test  box by placing s t r ips  of asphalt, 1 / 4  inch thick by 
1 inch wide, along the junction of the membrane and test box wall 
and applying heat to cause the s t r ips  to adhere firmly to both the 
flume w a l l  and the membrane. 

The Preparation and Placement of Cover Material 

The gradation of the cover material to be placed over the mem- 
brane was based on the cri teria that the fraction 25 percent l a rger  
than No. 10 sieve would be erosion resistant at the tractive force 
computed.for East Bench Canal and that the fraction 95 percent 
l a rger  than No. 200 sieve would be free' draining during drawdown 
of the water surface. The components of the cover material were 
prepared in the laboratory from washed "Clear Creek" .q-ggregate. 
The material finer than No. 200 mesh was obtained by processing 
a No. 50-mesh material in a ball mill fo r  approximately 12 minutes. 
A size analysis of the mixed cover material is presented in Fig- 
ure 5 and in Table 2. 



placed in 2 5 0-pound batches. Each batch was mixed separately and 
contained the proper amount of each predetermined size fraction a s  
shown in Table 2.  Mixing was done in a wooden chute 30 inches 
wide, 8 inches deep, and 12 feet long, which was also used to dump 
the material into the test box. The unmixed 250-pound batches were 
placed in the chute using a tow-motor loader. After the material 
was thoroughly mixed, it  was dropped on the membrane, Figure 6, 
simulating the placement of cover material by dragline. Loss of 
fine material due to dusting was reduced to a minimum by covering 
the model box with tarpaulins. I 

Placement and Gradation of Cover Material 
J 

Batches of the earth cover material were dropped ihto place and 
smoothed to near grade by raking. This was done,' starting on the 
bottom, at the end of the test  box and gradually working to the toe 
of the side slope and up the sloping bank. A final grading was la ter  
made to the t h i c k n e s s ~ f  15 inciies. A cross  section of the test 
slope is shown in ~ i h r e  7:-"   he completed protective cover is 
shown in Figure 8. -'>Bhe cover material was not compacted by any 
formal procedure. Hpwever, there was some compaction result- 
ing from walking over the material  during plaeenient.. 

After the cover material was placed, a cubic-fooft.sample was 
removed from the bottom portion. It was found to weigh l15pounds. 
This weight is in close agreement with the theoretical maximum 
density 115.25 pounds per  cubic foot computed by laboratory per-  
sonnel. 

DRAWDOWN TESTS 

In preparation for the drawdown tests, the box was slowly filled 
with water so  that all free air in the cover material was displaced. 
A freeboard of about 6 inches was maintained overnight by the con- 
tinual addition of water to compensate for box leakage. P r io r  to 
the f irst  drawdown test, the entire portion of the cover material . 
above the waterline was moist due to capillary action, a s  was the 
case for each succeeding drawdown test .  It was noted that the top 
2 inches of the submerged sloping bank was mushy. This was due b 

to dilatancy effects and interstitial accumulation of a i r  bubbles. 

The first  test  was for a drawdown rate of 1.0 foot per  day o r  
0.042 foot per hour, a commonly used rate for unwatering earth 
canals. A valve-controlled city waterline, installed in  the end 
wall of the,,test section, was used to compensate for leakage from 
the test  box when the leakage was greater  than the drawdown rate. 
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tain the low rate of drawdown for overnight tests  a s  shown for Test 1 
in Figure 9. Figure 9 also shows water depth plotted against time 
for other ra tes  of drawdown. The solid curves represent the actual 
occurrence of drawdown and the dashed lines show the desired rates.  

The drawdown rates were increased from 0.042 to 2 feet per hour 
a s  shown in Figure 9. No major damage to the cover material was 
found. However, at the rate of 2 feet per hour, the earth cover 
material on the sloping bank developed surface cracks that were 
parallel to the falling waterline. Figure 10 shows the cracking 
just above the water surface. Close inspection revealed that the 
cracks did not penetrate into the cover material to any great depth 
and consequently, they could not be considered major damage. 
Rates of drawdown greater thaiz 2 feet per hour were not tested 
because greater rates would not normally be encountered in a 
canal even i f  a canal break occurred. 

WAVE TESTS 

From observations of the condition~of the sloping bank upon satura- 
tion and from past experience with wave studies in the laboratory, :? 
it  was decided that the cover material might be susceptible tp:wave 
damage. Resistance of the cover material to, wave action was, 
therefore, tested using a hand-operated plunger-type wave gener- 
ator to produce waves having a period of 1 second. Two waves were 
generated, 0.1 and 0.2 foot in height, in the pool which was 3.9 feet 
deep. The 0.1-foot-high waves were allowed to impinge on the 
saturated sloping bahk for  5 minutes followed by the 0.2-foot-high 
waves for 3 minutes, after which the model was carefully drained. 
The beach that was formed is shown in the photograph and profile 
of Figure 1 1. The cpve r material became armored with pebbles 
a s  shown in the phofograph. The wave action caused the cover 
material to consolidate and lose i ts  mushy characteristics in the 
wave zone. Measurements of the volume removed by wave action 
showed that 0.33 cubic foot of cover material per  foot of bank was 
eroded. 

CONCLUSIONS 

The earth cover material described in this report should withstand 
drawdown rates up-to 2.0 feet per hour without sloughing. When 
subjected to surface water waves, the cover material eroded 
rapidly at first,  but soon became rather f i rm arid armored with the 
coarse material. After 8 minutes exposure to waves 0 .1  and 0.2 
foot high, the erosion of cover material per  lineal foot of canal 
bank was 0. 33  cubic foot. 
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