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SUMMARY 

Electrical logging equipment, ordinarily used for logging oil and 
water wells, was tested to determine its value in detecting seepage 
from a canal. The canal, 75 feet long, 2 feet deep, and 12 feet wide 
at  the top, was especially arranged for seepage tests and was exca- 
vated in ordinary soil in an outdoor area of the Denver Federal 
Center. In the caaal bottom a 5- by 11- by 4-foot-deep hole was ex- 
cavated and a perforated pipe grid system surrounded by a reversible 
filter was placed in the hole. A pump was connected to the pipe system 
and the hole filled with sand to the level of the canal invert. The test 
canal was filled with water and tests were conducted for the next 
2 months without draining the test facility. Throughout the 2 months 
a continuous record was made of the water surface elevation and water 
temperature. Water supplied to the test canal was measured with a 
standard dcmestic totalizing watermeter. AveAge seepage rates ,,+' 
were computed for the test canal by using the water inflow rate re;; 
quired to kee the canal full and using the,recorded water surface'ele- 
vaiions to de l' ermine the wetted canal seepage area from the e1evatk:-=---- 
surface area curire. The average canal seepage rate steadily increased 
from app?o~dmately 1 to 3.6 CFD (cubic feet per square foot per day) 
during the first 22 days of operation and then fluctuated less  than 0.3 
CFD the remaining time. By pumping different discharges from the 
sand-fllled hole in the test cana1,;the simulated seepage from the sand. 
section was varied. The sand section provided an area with different 
seepage rates to test the electrical logging equipment. Seventy-eight 
electrical logging tests using a variety of electrode arrangements were 
made in the canal. Spacing between electrodes of the electrical logging 
equipment was varied and measurements macie wlth the electrodes 
being dragged overY4be canal bottom and with the electrodes station- 
ary. To help evaluate the electrical logging measurements, seepage 
measurements w6re made with USBR seepage meters. FLfty-nine 
seepage meter mdasurements were made at 17 different points in the 
canal. No comelation between the electrical logging m e a s ~ e m e n t s  
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and seepage measurements was obtained. Consequently, the electrical 
logglng equipment, as used in this investigation, was not successful in 
detectlng or measuring seepage from the test canal. 

Over the years, as more and more of the West has become developed, 
new water for irrigation uses has become scarce. It is apparent 
that there w l l l  be an increasingly greater demand for water as time 
goes on. To conserve and better use our water resources it may be 
necessary to waterproof, by Ilning, our earth canals. It may be 
economically necessary however, to line only the seeping portions 
of these canals. New lower cost canal linings may be used for this 
purpose. 

As an example, consider the seepage losses that might occur over a 
10-mile length of canal. The soil conditions may be such that the 
canal seepage is fairly uniform over this 10-mile reach. Seepage 
could be measured by ponding; and assuming uniform seepage rates 
along the reach, a study could then be made to db'termine whether the 
water saved by reduction in seepage would pay for the canal ilning. 
Usually however, seepage occurs only in certain reaches, and it 
would be more economical to line only the leaking portions of the 
canal. USBR seepage meters are used to make seepage measure- 
ments in earth canals to fhd leaky areas. But installing the seepage 
meter, m u g  seepage measurement, and removing the meter is 
time consuming. Not a very large area of canal can be quickly tested 
usfn seepage meters. Considerabl& time and money can be saved 
ir' a %s ter msthod can be developed 'for detecting and pinpointing 
seepage areas in canals. 

/ 

Electrical logging was one method tried for quickly and easily finding 
seepage areas in earth-Uned canals. Electrical logging equipment 
is ordinarily used for subsurface investigation of oil and water wells. 
The electrodeaare lowered or raised in a well while measurements 
of electrical resistivity and potential are recorded on a chart (elec- 
trical log). Analysis of the chart gives information about type, loca- 
tion, and thickness of the different strata the well m s e s  through. 



investigation made to te>t the seepage detecting c a ~ b i l i t y  of the elec- 
trical logging equipment as presently used in the field for firfirding 
seeping areas in canals. 

THE INVESTIGATION 

Description and Operation of +he Test Facility 

Test canal. --The seepage and electrical logging test facility was a 
renovated portion of a test canal located in an unused land area west 
of the laboratory building at the Denver Federal Center, Denver, 
Colorado. Previously (1950 to 1958) the Bituminous Laboratory had 
used the canal for weathering and durability tests on plastic and asphalt 
membranes. An earth dam was placed across the test canal to separate 
the membrane testing area from the electrical logging test area. The 
earth dam was made impervious by placing a 10-mil plastic sheet to 
extend from a 2-foot-deep cutoff trench over ths face of the dam. The 
opposite end of the test canal was extended approximately 15 feet to 
make a 75-foot-long by 2-foot-deep canal. Figures 1A and 1B show 
the canal empty and filled with water. Figure 2 shows the cross sections 
at  10-foot intervals along the canal which were used to compute the 
volume and surface area versus elevation graph in Figure 3. 

Descrktion of the sand section. --A sand section in which seepage rates 
could be reaulated as desired was constructed in the test canal. The 
sand sectio; provided an area for testing the seepage detection Prop- 
erties of the electrical logging equipment. Location of the sand section 
was between Stations 45 and 55. A hole approximately 5 feet wide, 
11 feet lonq: and 4 feet deep was exczvated in the bottom of the canal. 
A 1-1/2-ineh-diameter perforated plastic pipe grid was placed near 
the bottom of the hole, and a pump (with a valve in the pumpline for con- 
trolling the pump discharge) was connected to the pipe grid. Plastic 
DiDe was used because of the aioels noncorrosive moverties and the 
ja6t that plastic pipe is nonm&etic and would not infiuence the elec- 
trical logging measurements. The perforated plastic pipe grid was 
surrounded by a two-layer reverse filter. Coarse gravel was placed 
in the inner-most layer immediately next to the pipe grid, and fine 
gravel in the second layer. After placing the reverse filter around the 
pipe grid, the remaining portion of the hole was filled with Platte 
River sand up to the level of the canal bottom. The purpose of the 
filter was to provide an access for the water to enter the perforated 
pipe without sand leaching into the pipe grid when water was being 
pumped from the'sand-filled hole. Figure 4A shows the plastic pipe 
grid. Figure 4B shows the grid in the hole and a portion of the 



reverse filter in place. Figure 5 is a drawing showing the sand 
section or  sand-filled hole with the pipe grid and reversible filter. 
Figure 6 shows a size analysis of the reverse filter materials, 
Platte River sand, and the origlnal canal earth materials. 

Test canal water sup*. --Water was supplied to the test canal 
with a firehose from a nearby fire hydrant and was measured with 
a standard 3/4-inch totalizing watermeter. At the discharge end of . 

the firehose a float valve was attached to maintain a near cons&&. 
canal water surface elevation. On the morning of October 17, the 
test canal was filled with water. The canal was, in effect, a pond 
since there was no flowing water in the canal. During operation of the 
canal, water inflow was regulated by the float valve. The rate of! 
water inflow was indicative of the canal seepage rate because water 
flowing into the canal replaced the water seeping from the canal. The 
cZlal remabed filled from October 17 untiI December 7. 

Measurinq and control of the water surface elevation for the test 
[canal. --The water surface elevation, as maintained by the float 
valve, was measured with a water-staqe recorder. The recorder 
float was hstalled in a stilling well m&e from a 55-gallon drum. 
Two staff gages, one near each end of the canal, were installed for 
visual observations. The south staff gage was used to establish the 
water surface elevation datum on the recorder chart. Performance 
of the water-stage recorder was periodically checked with visual 
readings made on the south staff gage. After Mtial filling of the 
canal the water depth was about 2 feet at Station 0+00. On the 
second day of operation the water surface elevation was lowered 
0.4 foot. Thereafter during normal canal operation the water sur- 
face elevation remained nearly cmstant. Fluctuations were less 
than 0.04 foot. 

Operation of the sand section. --To simulate seepage from the canal, 
water was pumped from the sand section. The pump discharge rate 
was obtained by measuring the volume of water pumped during a 
given time interval. A calibrated bucket was used to measure the 
water and the time interval was determined with a stopwatch. Seep- 
age rates for the sand section we're increased when pumping. Dif- 
ferent seepage rates (for the electrical logging equipment to detect 
or  measure) were established in the sand section. 

Test FacFUtv Data 

During operation of the test canal, the following data were collected: 



2. A continuous record of the canal water surface elevation, 
Figure 7, using a water-stage reccrder was  obtained. 

3. A near continuous record of canal water temperature, Fig- 
ure 7, using a temperature recorder was obtained. 

4. Seventy-eight electrical logging tests were made, Table 1. 

5. Fifty-nine seepage meter measurements were made at 17 dif- 
ferent locations in the test canal, Table 2. 

Description and Operation of the Electrical Loqqinq Equipment 

The electrical logging equipment used in this study consisted of two 
lead electr~des,  special circuitry, and an electrical recorder. 
ApproxFmately 200 feet of waterproof electrical wire connected the 
electrodes to the recorder. A 12-volt car  battery and a converter 
supplied 110 volts alternating current. To provide mobility for the 
electrical logging equipment, the recorder, converter and battery 
were mounted in a truck a s  shown in Figure 8A. The boom, extend- 
ing from the side of the truck, positions the electrodes in the central 
portion of the canal while the truck is driven along the canal road. 
Two electrodes, lead discs 3-1/2 inches in diameter and 1/2 inch 
thick, were dragged along the canal bottom. Resistivity between the 
two electrodes was measured in ohm-meters squared per meter 
(ohm-m2/m). Self-potential, which is the difference in potential 
occurring between the two electrodes, was measured in miilivolts. 
Variations of these two measurements were traced on a paper chart 
by two pens as the paper moved through the recorder at a scaled 
velocity determined by the bicycle wheel attached to the truck, 
Figure 8B. One inch of paper equaled 10 feet of canal length traversed. 

The spacing and manner of dragging the electrodes were =m?ied in 
performing the electrical logging tests. Some logs were made with the 
electrodes stationary with different spacings and in different locations. 
During some of the logging tests, water was pumped.from the sand 
test section.- On November 11, >the bicycle wheel apparatus that pow- 
ered the recorder paper became inoperative, and the paper was turned 
through the recorder by h-md for the remaining electrical logging tests. 
Table'l lists the logging tests that were performed. 

Description and Operation of the Seepaqe Meters 

To help evaluate the electrical logs, seepage meter measurements 
were made. Four standard Bureau of Reclamation seepage meters, 
Figure 9, were placed at selected points along the bottom of the canal. 
Hydraulics Branch Report No. Hyd-459 "Measbring Seepage Loss in 
Irrigation Canals, " pages 15 through 1d and .Figures 12 and 13, give 
detailed information about the USBR seepage meter and method of use. 



The meter is essentially a can that has one open end and a handle 
fixed to the closed end. A plastic bag which contains a carefully 
weighed quantity of water is connected to the can by a plastic tube 
fitted with a screw clamp valve. On top of the can is a gate va.lve 
which allows canal water to flow through the can when seepage 
measurements are  not being made. 

t A plank walkway was placed across the canal at the locations selected 
for installing and making measurements with the seepage meters. 
To install a meter, the g a ~  valve on top of the meter was opened and 
the meter gently lowered into the water, thus forcing all air from the 
can out through the valve. The open end of the meter can was forced 
into the canal bottom without disturbing (any more than necessary) 
the bed of the canal where the meter was placed. When in place, the 
bottom rim of the can was about 6 inches below the canal bottom. The 
meter then remained in position for 2 days with the gate valve open 
before seepage measurements were started. Thus, the disturbed 
bottom soil of the canal was allowed to stabilize around the meter can. 

When making a seepage measurement, the gate valm on the can was 
closed and the clamp on the plastic tube opened, permitting water 1, 
from the plastic bag to flow into the seepage meter. The, plastic bag 
is always submerged during a seepage measurement. After a given 
time interval, the clamp on the plastic tube was closed and the valve 
on the can opened. The plastic bag was again weighed, and the amount 
of water that entered the meter was computed. A stopwatch was used 
to measure the time interval when water was flowing into the meter. 
The seepage was computed using the following formula (taken from; 
page 18, of Hydraulics Branch Report No. Hyd-459): I 

loss (ft3) x 24 (hr) ,.- . , !! 
I /  

seepage rate = 
Yest area (2 ft2) x test duration (hr) 4 <, 

I 

seepage rate = cubic feet per square foot per day (CFD) 
I 

*The area of the cazi is 2 square feet. I 
+j 

DISCUSSION AND RESULTS OF THE INVESTIGATION 
!I 
1 

I! 
I 

+I 
Seepaqe Measurements I - i 
Averaqe canal seewcfe rates. --Average canal seepage rates in 1' 
cubic feet per square foot per day (CFD) are plotted in graphical 
form on F l p e  7 and were computed as follows: I 



2. The seepage area was obtained from the surface area curve 
in Figure 3 using an average staff gage reading. The staff gage 
resding at the beginning of the time interval and the staff gage 
reading at the end of the time interval was used to get the average. 

3. The volume of water in the canal at the beginning and at the 
end of the time iriterval was obtained from the volume curve in 
Figure 3 by using the two staff gage readings (at the start and 
end of the given t ime interval). The difference between the two 

canal storage for the given time 

4. Seepage from &e canal during the given time interval was the 

5. The average kanal see&& rate for the given. time interval is 
the>seepage volume divided by the seepage area,- multiplied by a 

the seepage rate in CIQ. 

Figure 7 shows the variation in the average canal seepage rate during 
the period October 17 through December 7. On Qctober 17, the canal 
was initially filled with water. and the seepage rake was high because 
the canal hadbeen empty and was dry. After filling, the seepage 

-. rate decreased very rapidly the flrst day. The minimum seepage 
, ' rate of 1.1 CFD occurred on the second day of operation. For the _ 

next 27 days the seepage rate c&tinually increased until about " 

, November 14; from November 14 to 28, the seepage rate variqd 
between 3.55 to 3.8 CFD. No signSficpt changes of the average canal 
seepage rate due to water temperature bariation were observed. 

into the sand sec- 
red with a plastic 

canal centerbe was 
arth canal at each end 

c sheet covered the canal 
water surface. Sand 



was subtracted from the wetted canal area when computing the seepage 
rates. Due to the coming winter season, there was insufficient time to 
allow for the complete s t a b i i t i o n  of the average canal seepage rate 
while the plastic sheet was in place. The last data point (computed 
from a 3-hour time increment) shows a 2.82 CFD average canal s e e p  
age rate for the original canal earth material. On December 5 the 
plastic sheet was removed, and the average canal seepage began to 
increase. 

characteristics of the canal. --Seepage measurements, using 
meters, with results listed in Table 2, were made during 1Javem- 

ber 7 to December 7, 1062, at locations shown in Figure 10. Earth 
canal s e e m e  rates varied from 0.4 to 3.8 CFD which indicates that 
seepage pro-prties for the earth area of the canal were not uniform. 

One seepage meter was used to make measurements in the sand sec- 
tion. Measurements were made on the following dates with the s e e p  
age rates shown, Location 11, November 8, 21.6 CFD' Location 13, 
November 20, 25.8 CFD; Location 9, November 26, 34.8 CE'D; and 
Location 10, December 7, 49.6 CFD. These values are  probably too 
high because the maxhum rate, applied over the entire sand area, 
indicates more water loss than was supplied. Discrepancies of the 
seepage meter measurements made in the sand section are discussed 
in the next section under the heading, 'Computed seepage rates for the 
sand section. 

Two seepage meter measurements (Table 2, Location 11, November 9) 
were taken in the sand section when the pump was operatiny to deter- 
mine whether pumping water from the sand section actually increased 
the seepage from the sand section. Seepage rates a s  measured were: 
before pumpin 21.6 CFD; and while pumping 5.12 gal/min from the 
sand section, ! 0.1 and 31.4 CFD. 

Prior to the seepage measurement of November 13 at  Location 11, the 
bottom of the canal-near the seepage meter was stirred with a rake, 
and the water was made clouey with fine suspended sediment. 

The se-nt-laden water was sucked through the open valve of the 
meter ancJine sediment deposited on the sand surface covered by the 
meter. A seepage rate of 12.3 CFD was then measured. Before the 
sediment layer had been deposited beneath the seepage meter, the 
measured seepage rate was 21.6 CFD. This measurement tends to 
show that a sediment layer on the sand surface reduces seepage. 

Computed s e e m e  rates for the sand section. --Soil samples were 
taken from the excavated hole where the sand section was constructed. 
The size analysis of the top and bottom samples, Figure 6, axe about 



hole. Water seeping from the test canal passed through about the 
same tgpe of earth material at the canal bottom and at  the bottom of 
the s a n d - f e d  hole. Therefore, seepage rates for the sand section 
were mticipated to be about the same as the seepage rates of the 
surrounding earth canal bottom. High seepage rates were, therefore, 
expected to occur only when pumping water from the sand section. 
However, eepage meter measurements showed very high seepage 
rates of 21. f.5, 25.8, 33.8, and 49.6 CFD for the sand section. Each 
successive seepage measurement was higher than the previous one, 
which indicated that seepage into the sand section was continually 
increasing through~ut the electrical logging investigation. But, the 
watermeter readings, which totalized the canal inflow, did not indicate 
that a seecage rate as high as 49.6 CFD could act over the entire 
55-square-foot sand section. Also, the average canal seepage rate 
curve on Figure 7 did not increase after November 18; therefore, it 
seems unreasonable to conclude that seepage into the sand section 
was increasing at a large rate. The seepage meter measurements 
of 33.8 and 49.6 CFD are incompatible with other established facts. 
Seepage rates were computed for the sand section to establish a rea- 
sonable seepage rate or  to set upper and lower value limits of seep- 

Two different methods were used to compute seepage rates for the 
sand section. Explanations -and example computations are given in the 

. Appendix. The method of inflow-outflow, Appendix 4 was used for 
the first set of computations, and a seepage rate of 14.7 CFD was 
obtained for the sand section. The second method, AppendixB, was 
based on theory and used a laminar flow equation to obtain a 30.3 CFD 
seepage rate. The accuracy of the 30.3 CFD seepage rate obtained 
was questionable because of the number of assmptions made in order 
to use the equation. However, the computations show that on a theoret- 
ical basis, seepage into the sand section should bebigher than through 
the adjacent canal bottom because: 



location 



discrepancies became greater between measured and ectual seepage 
rates for the sand section. 

The actual seepage rate for the sand section was probably between 
14 to 23 CFD, where 14 CFD was a computed value by inflow-outflow 
and 23 CFD was a measured value at Location 11. Seepage meter 
measurements at Location 11 were the first  measurements made on 
the sand section and would have the least influence due to a deposited 
sediment layer. 

Electrical Loqqinq Measurements 

Detecting seeDage with the electrical loqulng equipment. --Measure- 
ments of resistivity and potential difference between the two electrodes 
were made using the electrical logging equipment to obtain an elec- 
trical log. Three of the electrical log charts are  reproduced h 
Figure 11. The upper curve in each log shows resistivity; the lower 
shows potential. The location of the sand section with respect to 
the curves is shown in the lower chart. Logs 17, 49, aiid 50 had 
an electrode spacing of 5 feet, and the electrodes were dragged in 
tandem along the canal bottom. The traces shown on the electrical 
logs were the measurements made at the position of the leading 
electrode. Logs 17 and 49 were taken when water was pumped 
from the sand section. During Log 17 (October 24) there was 0.252 
cu ft/min being pumped. The pumped water represents a seepage rate 
of 6.6 CFD for the sand section. For Log 49 (November 1) 0.891 
cu ft/min was pumped, which represents a seepage rate of 23.3 CFD. 
Log 50 (November 1) was made immediately after the pump was shut 
off. 

In Figure 11 the average of the potential curve for the earth portion 
of Log 50 (no pumpiilg) is approldmately minus 5 millivolts from the 
zero potential line, which is slightly different than the potential 
curves of Logs 17 and 49 (pumping). To determine whether this 
factor was indicative of seepage detection, Logs 4, 5, 13, 14, 34; 
51, 52, and 53 (taken under similar conditions as Log 50--5-foot 
electrode spacing and no pumping) were rechecked. Inspection of 
these logs revealed that average potential values in the earth portion 
of the canal varied from minus 8 millivolts to plus 4 millivolts about 
the zero potential line. No correlation could be found between the 
location of the potential curve and the zero potential line to indicate 
that seepage was or was not occurring. 

Logs 15, 16, 17, 18, 33, and 48 were made when pumping water from 
the sand section and with an electrode spacing of 5 feet. Seepage rates 
for the sand section, as computed from the pump discharge, varied 
rom 2 to 23 CFD. These logs were compared to the logs taken with 
he same electrode but with no pumping. The following factors 
e re  considered wh ng and comparing electrical logs: 



1. Characteristic shapes of eitner the resistivity or potential 
curves . 
2. Magnitude of the resistivity curve at the sand section. 

3. Magnitude of the potential curve at the sand section. 

No conclusive changes occurred which distinguished the electrical 
logs when pumping, fram the electrical logs taken when no water was  
being pumped. 

Correlation of soepaqe meter measurements with electrical lous. -- 
An attempt was made to correlate seewaae rates measured bv the " - -. -u ---- 
seepage meters with the potential values obtained on the electrical 
logs for the natural earth portion of the canal. In Figure 12 seepage 
rates, measured at the seepage meter locations, are plotted for the 
three logs and are indicated by the &-rows at  the bottom of the poten- 
tial graph. No correlation between seepap  rates and the potential 
curves could be found. 

Effects of electrode suacinq. --=ectrical logging measurements 
were made with different distances between the electrodes. The 
purpose was to determine whether one electrode spacing was possibly 
more advantageous for detecting seepage. Shown in F'igure 12 are 
traces of the potential and resistivity measwements made with elec- 
trode spacings of 10, 5, and 2 feet. In each test the leading electrode 
was placed near Station 10 of the canal. The electrodes were then 
dragged in tandem along the canal bottom for the entire canal length. 
These logs were taken on October 24 and for conditions of no pumping 
from the sand test section. 

Encircled numbers, @ to 5 , were placed on the potential and re- 
sistivity curves in Figure 1 9 to designate certain relative positions of 
the electrodes with respect to the sand section and to point out the 
measurement made for the designated electrode position. The rela- 
tive positions of the electrodes at o r  near th sand section are  shown 
schematically in Figure 13. For example, b 3 means that bo 
trodes are on the sand, not that either electrode was at 
might be interpreted from Figure 12. On some charts in Figure 12 
the measurement is not apparent from the encircled number due to the 
effect of the electrode movement and spacing. F example in Log 3 
the potential measurement at electrode position &is not apparent 
because the electrodes-were spaced at 10 feet and the length of the 
sand-filled hole was o-iily 1 foot longer (11 feet). .- 



electrode is on the earth and the other on the sand, and the resis- 
tivity is greater; and (c) at Position @, both electrodes are on the 
sand and the resistivity is maximum. 

With the help of the encircled numbers on the potential curve of 
Log 3, Figure 12, the sequence of potential changes as the electrodes 
pass over the sand section are: (a) Position a, both electrodes are 

and the potential difierence is positive and small; tb) Posi- 
leading electrode on sand and trailing electrode on arth, ad. 

difference is negative and large; (c) Posi;tion 6 3 , both 
electrodes were on sand for such a short distance that1 a definite po- 
tential U e r e n c e  measurement was not clearly established for this 
position; (d) Position @, leading ebctrode on earthjand trailing elec- 
trode on sand, potential difference is positiv$ and increasing; 
and (e) electrodes on earth, and potential difference 
is negative and small. C 

I1 
Logs 6 and 7 are  a replication of Log 3 except that"different electrode 
spacing was used. The same observations made on Log 3 can be 
made for Logs 6 and 7. However, changes in the curve shapes can 
be noted because of th effect of electrode spacing. One of the effects 
was that for Position b 3 the potential difference between electrodes 
was established because of e shorter electrode spacing. The poten- 
tial U e r e n c e  for Position b 3 had a larger negative value than when 
both electrodes were on the earth portion o the canal bottom. Also, 
the potential different value or  Position 3 was between the two 6 d 
and going off the sand section. 

6 
values for Posi t ihs  2 and 4 when the electrodes were coming on 

The three logs shown in Figure 12 show definite trends that are of ad 
general interest: (a) resistivity in the sand section is greater than in 
the earth portion of ihe canal, (b) the change in the potential curve 
is greatest when the leading electrode enters and leaves the sand A 

section, and (c) potential difference between electrodes is negative 
when the leading electrode enters the sand section and positive when 
the trailing electrode leaves the sand section. Chart lengths over 
which the changes occur show the influence of the electrode spacing. 
For example, the resistivlty curve of Log 3 has a sharp hump, while 
for Log 6 the hump has been dampened but is still detectable. Also, 
the chart length over which the resistance change occurs is longer 
in Log 3 than in Log 7. 



logs with pumping and those with no pimping. 

Replication of electrical 10- measurements. --Other electrical 
logs were made under the same conditions as those shown in Fig- 
ure 11. Duplicate logs were made to determine whether or not the 
electrical logglng equipment was replicative for measurements of 
resistivity and potential, and whether results of the logs were re- 
peaiable. These duplicate logs showed that the electrical logging 
equipment was consistent for resistivity measurements. The shape 
of the potential curves was similar too, but the peak values of the 
potential measurements varies and the location of the potential curve 
to ths  zero potential m e  varied. Considering the fact that potential 
measurements are measured in millivolts, deviations should be ex- 
pected. However, because of the variation in the potential measure- 
ments, no correlations between the electrical logging record, and 
seepage could be found. 

Electrical loqs taken with the electrodes stationary. --To deter- 
mine whether factors other than s e e ~ a a e  caused chanaes of reslstivitv 
and potential in the electrical loggin's Geasurements, "some tests, 

- 
were made with electrodes stationary. For Log 30 a rake was used to 
stir up sediment in the water around the electrodes. When the elec- 
trodes were on the sand section, the potential changed from minus 4 
millivolts to minus 6 millivolts after stirring; and when on the canal 
soil bottom, the potential changed from minus 5 millivolts to 0 milli- 
volt. 

asurements. 

pared to the stationary tests. 



measured. The resistivity was 725 ohm-m2/m and the potential 
measurement 1 millbolt. The pump was then turned on and re- 
sistance and potential measurements again made. 

The potential gradually increased to 4 millivolts over a period of 
15 minutes while pumping, but the resistivity did not change, even 
after a 5-minute wait. 

Electrical loqs with plastic sheet over the sand section. --The sand 
section was covered with a alastic sheet on November 28. On Novem- 
ber-30, the electrical logghig tests were made to determme the effect 

'he plastic sheet upon the measurements. For all logs, when both 
ctrodes were on the plastic sheet the resistivity was approxi- 

y 1,150 ohm-m2/m, or about 400 ohm-m2/m larger than resis- 
measurements on the sand section without the plastic sheet. 
hapes of the resistivity curves were similar to logs taken pre- 

viously when the plastic sheet was not in place, but the potential 
curves varied. For an electrode spacing of 2 feet the potential curve 
at the sand section was similar to the curve at the earth portion of 
the pond. For the 4-foot spacing, a slight potential change at the 
sand section occurred. At an electrode spacing of 5 feet the shape of 
the potential curve at the sand section was somewhat similar to pre- 
vious logs when the plastic sheet was not in place, but the magnitudes 
of the potential changes were less. Except for an increase in resis- 
tivity, the results of the logs taken when the plastic sheet was in place 
were inconclusive. 

CONCLUSIONS 

1. The electrical logging equipment used as described did not success- 
fully detect seepage or seepage areas in the canal test facility. Test 
canal seepage'rates were as high as 30 CFD during the logging tests. 

2. Seepage meter measurements made in the earth area of the canal 
could not be correlated with the electrical logging chart records. 

3. A correlation of electrical logging measurements in the viclnity of 
the sand section was noted as follows: Resistivity values of the sand 
material was consistently two to three times greater than resistivity 
values of the canal earth material. The micgfl13um negative potential 
consistently occurred at the point the dragged electrodes entered the! 
sand section and the maximum positive potential consistently occurred 
at the point the electrodes left the sand section. 









Electrode 
s ~ a c i n s  Remarks 

3.9 ft Electrodes dragged side by side, 

16 in. - 
!, i?? 16 in. 

:. ., 
' '  16 111. 

16 in. 
16 in. 

except no pumpin 3 Electrodes draaae in tandem 
Electrodes dragged in tandem 
Electrodes dragged in tandem 
Electrodes dragged in tar-dem 
Electrodes stationary--sediment 

I stirred up on pond bottom 
Electrodes stationary on ssnd 

section-sediment stirred up on 
sand bottom -- I Electrodes stationary on sand 

p -- ,- L Electrodes stationary on sand while 

f umping 0.233 ft3/min -- E ectrodes stationary on sand--pump -** 
UII  -- 

off 
16 in. 

i. 

5 ft 









Ending 
station 

-- 
Electrode 
s~acing 

-- 
Remarks I 

Logging equipment not o erating 
correctlv. batterv nee 8 ed 
r eckgh 'g  

Logglng equipment not operating 
correctly, battery needed 
recharging 

Logging equipment not o erating 
correctly, battery nee I!? ed 
recharging 

Electrodes stationary --one electrode 
on sand section the other on earth. 
then electrode position 1nterchang;d 

Electrodes stationary--electrodes 
located at other end of sand section 

Electrodes stationary--electrodes 
pushed into the sand and soil to 
increase the surface contact of 
the electrodes 

Electrodes stationary--rear electrode 
located on earth sand interface of 
the sand section 

Electrodes stationary--both in sand 
Both on soil 
Both on soil 
Stirred u sediment around 

electro B es  









Figure lk The 75-foot-lq 
test facility before fllllng 
with water. Note plastlc 
cover over the earth dam 
at near end of the canal, 
fioat-valve comected to 
the firehose, two staf! 
gages (one near the steel 
drum aml one at the far end 
oi the cznal), sand section 
beyond the surveyors level. 

Figure 1B. Csnal test iacfl- 
ity filled wlth water. The 
four steel plpes extending 
from the wa&r are handles 
0: the USBP. Seep* 
Mlt2rs. 'me xzter-stage 
recorder is shorn Wtalled 
on top of t ie  steel 
stiIltng well wlbA recorder 
noa: Lnslde of the drum. 



I 1  
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F E E T  - STA. 0 F E E T  - STA. 40  
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W 
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F E E T  - STA. 10 F E E T  - STA. 5 0  

I 1  
G 
Y 
I 

5 9  
W 
-I 
W 

7 

F E E T  - STA. 2 0  F E E T  - STA. 6 0  





Pip 4B. hta l l lq  the two- 
laver reverse filter around 
t3e P ~ U C  pipe grid. T ~ O  
gravel slzes, coarse and 
are.  and, sand were  laced 

- -  - 

weG later removed. After 
plzcacing the fllter the hale 
w u  filled wit? sand UD to  
the level of the cvlal  bottom. 





..-. --. 
Top and bo t t om  samples of t h e  original canal mater ial  were t aken  f r o m  t h e  hole excavated f o r  

t h e  sand sect ion shown i n  Figure 5, 
TOP- Sample taken 6 inches below i n v e r t  o f  t h e  canal. 
BOTTOM - Sample taken 4 f e e t  below I nve r t  of t h e  canal.  
PLATTE RIVER SAND, FINE GRAVEL,  and GRAVEL - Used i n  t h e  sand sect ion.  

UIIRIW WL k. fELD C € W N h T I Y _ - 2 X W & T t I I I  i h k P 7 - 1 .  

<J 





FIgwe 8A Truck contalnlng electrical log* equipment and boom 
that positions electrodes in center of the canal. The truck travels 
along the canal road while dragglng the electrcdes on the c a w  
bottom. 

FIgrrre 8B. Closeup of the 
recorder mounted in the 
truck. Bicycle wheel and 
cable drive-the recorder 
pap=. 



P. USSR Seepage Meter. The open end of thc can is rest- 
ing upon the 9oor .?ad the steel pipe is 'he handie tha: Is  use6 
tc install the meter  in a canal. To use this meter the o w n  end of 
t i e  can is iorcec Into the canal bottom !water m the can&). &fore 
s e e w e  measurements a-e ' d en  +he mete- should s i t  tor  1 or  2 days 
to allow disturbances to tbe SOU, due tc placing, to stWXlize. To 
make the seepage measurenent the amou~:  of water w h k h  fiws 
fron: the p b U c  baq kbough the soil b?ne?.*A Lte meter Is  measured. 



STATION 

1 
F l GURE 

:PORT H? 

0' 
LOCATION DATE AVERAGE OF 
NUMBER , SEE PAGE 

MEASUREMENTS 

-" I NOV. 19-21 0.07 
1 0' 2 Dec. 6 3.46 

3 NOV. 7-13 0.60 
4 Nov. 7-9 2.24 
5 NoV. 23-27 1.42 
6 b. 8-13 1.66 

20' 7 Dec 4-5 3.77 
8 NOV. 23-27 1.19 
9 NOV. 2327 30.0 
10 Dec. 7 495 
I I NOV. 7-8 21.4 *I 1-0 Nov. 9 30.8 

30' 12 Nov. 19-21 1.93 
13 NOV. 19-21 25.6 
14 Nov. 19-21 0.89 
15 Dec. 4-5 0.42 
16 NOV. 23-27 0.93 
17 Dec 4-5 1.25 

40' 

Measurements ore in units of CFD or cuhic 
feet per spuope foot per day and were 
mode during the yeor of 1962. 

50' *pumping from sond section 



Pumping 0.252 ft?/min which represents a seepage 
rote 23.3 C F D  from t r o t e  6.6 ~ F D  from t h e  rand section. 

r o t e  is t h e  pump dirch t.' - sand tes t  section area. 

I C A L  L , O G G I N G  
T H E  7 5 - F O O T - L  T E S T  C A N A L  



Pumping 0.891 ft?/min, which represeptr o seepage 
r o t e  23.3 C F D  f rom the  rand section. 

Note:  Seepage rote is t h e  pump dirchotpe divided by 55  i t z  - send t e s t  section 

S T  C A N A L  









December 5, 1962--Plastic Sheet in Place. South staff gage 
reading 1.84 feet; 1,860 cubic feet of water seeped from the 
canal (from inflow watermeter readings) during the 24-hour 
period previous to removing the plastic sheet. 

Total seepage area of the canal was 818 square feet (including 
the area covered by the plastic sheet). 

A plastic sheet was placed over the sand section so  that seepage 
occurred only through the uncovered earth area of the canal. An 
average seepage rate for the. earth portion of the canal was obtained 
by dividing the canal M o w  by the uncovered earth area. For 
previous tests when the plastic sheet was not in place the canal 
outflow was considered in two parts: (a) outflow through the sand 
section and (b) outflow through ^he earth area; Outflow for the 
earth area was computed Ly using the average earth canal seepage 
rate. Seepage rates for the sand section were computed by using 
the sand section outflow. The following is an example of the com- 
putations made: 

a for the canal. 

et-- 55: square feet = 745 square feet 

Area covered by plastic sheet. 

15 feet x 10.6 feet (wetted perimeter) = 159 square feet 

Earth area of canal seepage surface not covered by plastic sheet. 

818 square feet - 159 square feet = 659 square feet 

Averaqe seepage rate for the earth portion of the canal. 
7 - - 

ft3 1,860-+659 ft2= 2.82 ft3 or 2.82 CFD 
day a 

November 27 1962--One Day Before Installing Plastic Sheet. 

South staff gage reading 1.78 feet; 2,911 cubic feet of water 
seeped from the canal in 24 hours. 

Total canal seepage area 800 square feet (including 55 square- 
foot area of sand section). 





COMPUTED SEEPAGE RATE FOR THE SAND SECTION 
USING A LAMINAR FLOW DISCHARGE EQUATION 

Assuming that seepage Elow in the canal earth and sand material is 
laminar, the velocity is directly proportional to the hydraulic gradient, 

V = Ki and i = h/L; 

also, Q =  VA =XhA 
L 

(1) 

V = velocity, feet/day 
K = coefficient of permeability, feet/day 
i = hydraulic gradient 
h = drop in head or head loss, feet 
E= distance in which the drop in head occurs, feet 
Q = volume of flow or discharge, cubic feet/day 
A = cross-sectional area of flowing water, square feet. 

made in simplifying the test canal conditions to f i t  the 
ns are given as they occur in the following computations. 

The discharge q passing through each square foot of earth canal seep- 
age area was expected to vary from a minimum near the water surface 
to a maximum at the canal bottom. Therefore q was assumed to.vary 

s were visualized where 
the water table, Fig- 
top of each flow tube 

s force was considered as 
ough the tube. Therefore 

ve each flow tube was equal to 
flow tube. The lengths of the flow 
rence was believed to be small when 
en@. Thusall flow tube lengths 
value L (which is unknown) a con- 

of permeability K (also an unknown) was . In using the discharge. equation the two 
ere combined in a coefficient designated as  

-3 

The water. seeping fro test canal in was equal 
:all flowtubes. In so 

ed where the water 
was prorated to the,canal water 'depth 
.tubes. ,Data fromthe December.5 test wer 



December 5, 1962--Plastic Sheet in Place. South staff gage 
readina 1.84 feet: canal elevation 9.2'1 feet: 1.860 cubic feet 
of wate'r seeped through the earth canal area in 24 hours. For 
different canal elevations values of A q were computed, see 
table, Appendix C. 

Using the total ~q from table, Appendix C, 

Q =,total a q  = 704C, then 

c = ,& = 1,860 cubic feet/day = 2 64 1 
704 (ft x sq ft) day' 

In equation (3) the discharge (Q) is a function of the water depth 
(h) above the area (A) through which the discharge passes. Using 
the discharge equation (3) a theoretical inflow into the sand section 
was computed. 

Since the permeability of the sand was over a 100 times greater 
than the permeability of the canal earth material, an assumption 
was made that the head loss was negligible when water flowed 
through the sand section. The effective head acting on the bottom 
of the sand-fbued holes was H = 5.4 feet; on the centroids at  the 
sides of the hole h = 3.4 feet, see Figure B, Appendix D. Discharge 
into the earth surface area of the sar.d-filled hole was computed 
as follows. 

Surface Area of the Hole and Theoretical M o w  into-+he Sand Section 

Bottom area, 4.4 x 10.0 = 44 square feet L 
Area, two ends, 2.0 x 4.5 x 4.0 = 36 
Area, two sides, 2.0 x 10.0 x 4.0 =a 

Total side and end areas = 116 square feet - 

Bottom Q = (2. = (2.64) (5.4) (44) = 627 cubic feet/day 
(dav) . - . .. 

Side Q = (2.64) (3.4) (116) = 1 041 cubic feet da 
Theoretical inflow into sand s e c m  & cu cu eet/da.y 

A theoretical M o w  of 1,668 cubic i ~ e t  per day was flowing into the 
sand-filled hole and passed through an area of 55 square feet (surface 
area exposed to,,the test canal bottom where electrical logging and 

age meter measurements were made). The computed seepage 
for the sand section is 

c feet/day + 55 square fe  
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