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ABSTRACT

01l and water well electrical logging equipment was tested for detecti.ng
seepage from an earth-lined canal. The canal, 75 it long, 2 ft deep,
and 12 ft wide at tne top, was arranged for controlled seepage tests,
A 5= by 11- by 4-ft-deep hole was excavated in the canal bottom and a
grid system of perforated pipe surrounded by a reversible filter was
placed in the hole. The remainder of the hole was filled with sand to
the level of the canal invert and a pump connected to the pipe system.
With the test canal filled with water, seepage from the sand section
was varied by pumping different discharges from the pipe grid while
operating the electrical logging equipment. Seepage meter measure-
ments were made at different points in the canal to help establish a
datum for interpreting the electrical logging charts. No correlation
between the electrical logging chart dlagrams and the seepage meas-
“urements was obtained; therefore, the electrical logging equipment,
as used in this investigatlon, was not successful in detecting or meas-
uring the seepage from the test canal. The report includes photographs
of the test canal and the electrical logging equipment, location and
measurements of the seepage meters, 6 electrical logging chart
- records, average canal seepage ra.tes, and an analysis of the data and
; records obtained. ‘

.53{ DESCRIPTORS—— *canal seepage/: unlined canals/ measuring instru~
- ments/ earth Unings/ logging/ *lower cost canal linings/ seepage

' ‘losses/ electrical resistivity/ electric potential

- IDENTIFIERS-- *electrical logging/ seepage metefs/ test canals/
L earth-lined ca.nals// earth resistivity/ elect/ .
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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 canal bottom a 5= by 11- by 4-foot-deep hole was ex-
‘cavated and g perforated plpe 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 contlmious record was made of the water surface elevation and water N .
temperature. Water supplied to the test canal was measured witha .~ _ /7 B
standard demestic totalizing watermeter. Averidge seepage rates .~ B
were compited for the test canal by using the water inflow rate re::
-_quired to.keep the canal full and using therecorded water surface ele~- -
.'vations to determine the wetted canal seepage area from the elevatisni—r——=_ ¥
surface area curve. The average canal seepage rate steadily incregsed =~
 from approximately 1 to 3. 6 CFD (eubic 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 canal,” 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 made with the electrodes . \ :
- being dragged over, tne canal bottom and with the electrodes station-
- ary. To help evaluate the electrical logging measurements, seepage

- measurements were made with USBR seepage meters. Fifty-nine
.. Seepage meter measurements were made-at 17 different -points in the

) ~canal. No.corrélation between the electrical logging measurements
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‘and seepage measurements was obtainred. Consequently, the electrical
logging equipment, as used in this Investgation, was not successful in
detecting or measuring seepage from the test canel.

INTRODUCTION

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 will be an incresasingly greater demand for water as time
goes on.  To conserve and better use ocur water resources it may be
necessary to waterproof, by lining, 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 soll conditions may be such that the
canal seepage 1s 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 dstermine whether the
water saved by reduction in seepage would pay for the canal lining.
-Usually however, seepage occurs only In certaln reaches, and it
would be more economical to line only the leaking portions of the
canal. USER seepage meters are used to make seepage measure-
ments in earth canals to find leaky areas. But installing the seepage

' meter, making the seepage measurement, and removing the meter is

time consuming. ‘Not a very large area of canal can be quickly tested

. us seepage meters. Considerable time and money can be saved

~seepage areas in canals,

if a faster method can be developed’for detecting and pinpointing

Electrical logging was .one method tried for quickly and easily finding
seepage areas in earth~lined canals. Electrical logging equipment
- is ordinarily used for subsurface Investlgation of oil and water wells,

" The electrodec-are lowered or ralsed ina 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 passes through.

‘Electrical logging of ac
physically accomplished by

ana.l(i as developed to the'present time, is

ragging two electrodes, connected to

% recording instrumentation, along the canal“bottom." The electrical

-resistivity and electrical potential between the two electrodes is

- measured.and recorded on a moving paper chart, The premise on '
. which these tests are made 1s that there is a relationship between the = -

- rate of seepage through the canal soil and the electrical resistivity or - -
.. potentlal readings. Field tests that have been conducted to date with-




the electrical logging equipment have shown a need for an evaluation of
the chart records on a quantitative basis. This report describes an
investigation made to test the seepage detecting capability of the elec-
trical logging equipment as presently used in the field'for finding
seeping areas In canals.

THE INVESTIGATION

Description and Operation of the 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 1858) the Bltuminous 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 Z-foot-deep cutoff trench over the 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. o

Description of the sand section. --A sand section in which seepage rates
could be regulated as desired was constructed in the test canal.. The
sand sectlon provided an area for testing the seepage detectlon prop-
ertles of the electrical loggin% equipment. Location of the sand section
was between Stations 40 and 55. A hole approximately b feet wide,

11 feet long, and 4 feet deep was excavated in the bottom of the canal,
A 1-1/2-in¢h-diameter perforated plastic plpe 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 comnected-to the pipe grid. Plastle .7

plpe was used because of the pipe's noncorrosive properties and the

fact that plastic pipe is nonmagmnetle and would not influence the elec--

- . trical logging measurements, The perforated plastic pipe grld was

surrounded by a two-layer reverse filter. Coarse gravel was placed
in the Inner-most layer iImmedlately next to the plpe grid, and fine
gravel in the second layer. After placing the reverse filter around the
plpe grid, the remaining portion of the hole was fllled with Platte
River sand up to the level of the canal bottom. The purpose of the

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

= . Test canal water supply. --Water was supplied to the test canal .
2 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 maintajn a near cons
canal water surface elevation. On the morning of October 17, the
test canal was filled with water. The canzl was, in effect,.a p:md

. 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
canal remained filled from October 1‘? until Decembnr 7.

- Measuring and contrcl of the water surface elevation for the test
_ E canal. --The water surface elevation, as maintained by the float -
- . “valve, was measured with a water-stage recorder. The recorder
B  float was installed in a stilling well made from & 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 pericdically checked with visual
readings made on the south staff gage. After initlal filling of the
.canal the water depth was about 2 feet at Station 0400. 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 wonstant. Fluctuations were less
- than 0,04 foot .

Opera.tion of the sand section. --To simulate seepage from the ca.nal
-walter 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 callbrated bucket was used to measure the
water and the time interval was determined with a stopwatch, = Seep-
age rates for the sand section were increased when pumping. Dif-
ferent seepage rates (for the electrical loggin g equipment to detect
or measure) were established in the sand sec

Test Faci]ity Data

During opera.tion of the test canai, the fo]lowing data were collected°

¥ . 1. Watermeter rea.dings were made at selected times to determine
E the volume of water ﬂowing into the ca.nal The time of reading :
o was a.lso recorded

iz




- electrical logging equipment, the recorder, converter

2. A continuous record of the canal water surface elevatlon
~ 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, Talle 2.

Description and Operation of the Electrical Logging Equipment _ |

‘The electrical 1ogg1ng equipment used in this study consisted.of two

lead electrcdes, special circuitry, and an electrical recorder.

Approximately 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

and battery

were mounted in & truck as shown in Figure 8A. The i:oom 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 chm-meters squared per meter e
(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 varied 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- becamé: inoperative, and the paper was turned -

through the recorder by hand for the remaining electrical logg]ng tests, _
Table 1 lists the logging tests that were performed. .

Description and Operation of the Seepage Meters -’

To help evaluate the electrical logs,: seepage meter measurements

were made. - Four standard: Bureau of Reclamation seepage meters,

‘Figqure 9, were placed at selected points along the bottom of the canal,
, _Eydrau]ics Branch Report No. Hyd-459

"Measuring Seepage Loss in -

- Irrigation Canals, " pages 15 through 18 and. JFigures 12 and 13, give
deta.iled 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

welghed 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 valve

which allows canal water to flow through the can when seepage
measurements are not’ being made,

A plank wakaay was placed across the canal at the locations selected
for installing and making measurements with the seepage meters.

-To Install a meter, the gatf— valve on top of the meter was opened and -
the meter gently lowered into the water, thus forcing all'dir 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 stabilizé around the meter can.

- ‘When making a seepage measurement the gate va.lve on the can was

closed and the clamp on the plastic tube opened, permitting water |
from the plastic bag to flow into the seepage meéter. 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 mster..
The seepage was computed using the following formula (taken from’
page 18, of Hydratﬂics Branch Report No. Hyd-459):

loss (t3) x 24 (hr)
*test area (2 ft4) x test duration (hr)

seepage rate = cublc feet per square foot ber day (C¥D)

seepa.ge rate =

¥Ihe area of the can is 2 square feet,

D]BCUSSION AND RESULTS OF THE INVESTIGATION:

_ Seepa.qe Measurements

Aver e canal seepage rates. --Avera.ge canal seepage rates inr
cubic et per square foot per day (CFD) are plotted In graphicctl
form on Flgure 7 and were. computed as follows: . = . __;

1 Water inflow into the canal for a given time interval wa,s "
, obta.ined from the time a.nd meter rea,dmgs S ]

Y
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2. The seepage area was obtalned from the surface area curve

in Figure 3 using an average staff gage reading. The staff gage
reading 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 irterval was obtalned from the volume curve in
Figure 3 by using the two staff gage readings (at the start and
end of the given time interval). The difference between the two
volumes was the change in canal storage for the given time
interval. SR

4. Seepage frdm’frié‘féanal during the given time interval was the
- water inflow plus the change In storage.

5, The average canal seepage rate for the given time interval is
the"seepage volume divided by the seepage area, multiplied by a -
tlme conversion factor to give the seepage rate in CFD.

- Figure 7 shows the variation in the average canal seepage rate during

- the period October 17 through December 7. On October 17, the canal
‘was initially filled with water and the seepage rate was high because
the canal had.been empty and was dry. After filling, the seepage _
rate decreased very rapidly the first day. The minimum seepage M
rate of 1.1 CFD occurred on the second day of operation. For the
next 27 days the seepage rate ccitinually increased until about =
November 14; from November 14 to 28, the seepage rate varled :
‘between 3. 55 to 3.8 CFD. No significant changes of the average canal
seepage rate due to water temperature variation were observed.

- . An average seepage rate for only the earth material area of the test
“canal would aid in determining the seepage into the sand section.
Computations (Inflow into the canal and outflow through the sand .
-section plus cutflow through the earth area of the canzl) could be made
to verify the seepage meter measurements made:In the sand section.
- An attempt was made to cut off or isolate seepage into the sand sec-
. tion, ©Om November 28 the sand sectlon was covered with a plastic
- 'sheet. The length of the plastic sheet along the canal centerline was
- 15 feet, and‘it-extended over a 2-foot length of earth canal at each end -
of the i].-foot gand section. Also, the plastic sheet covered the canal
- .. banks-and extended up above the elevation of the water surface. Sand
- wag:placed on the plastic sheet to hold it agalnst the canal side and
bottom. . The change in the average canal seepage rate, .caused by
‘placing the plastlc sheet over the sand section during November 28 to
- ‘December , is shown on Figure 7. The dashed line on Figure 71s
-~ the average canal seepage rate computed by assuming a perfect seal
" .of the plastic ‘sheet. .The wetted plastic sheet area of 159 square feet

4 .




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 stabilization 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 seep-
age rate for the original canal earth material. On December b the
plastic sheet was removed, and the average canal seepage began to
increase. : : : :

See%_ e_characteristics of the canal, --Seepage measurements, using
: ‘meters, results liste Table 2, were made during Novem-
ber 7 to December 7, 1982, at locations shown in Figure 10. Earth :

canal seepage rates varied from 0. 4 to 3.8 CFD which indicates that
seepage properties for the earth area of the canal were not uniform,

Cne seepage meter was used to make measurements in the sand sec-
tion. Measurements were made on the following dates with the seep-
age rates shown, Location 11, November 8, 21. 6 CFD; Location 13, -
November 20, 25.8 CFD; Location 8, November 26, 33.8 CFD; and
Location 10, December 7, 49.6 CFD. These values are probably too
high because the maximum 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 ﬂ&e next se%tion 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 operating to deter-
mine whether pumping water from the sand section actually increased
the seepage from the sand section. Seepage rates as measured were:
befpre'_pumping'Zl. 6 CFD; and while pumping 5. 12 gal/min from the =~
sand sectlon, 30.1 and 31.4 CFD. ' 5 - :
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 cloudy with fine suspended sediment.” -

The sediment-laden water was sucked through the open valve of the
meter ani_fine 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 seepage rates for the sand section, --Soll samples were -
= ,ta.ken:%rom the excavated hole where the sand section was constructed,

- iThe size analysis of the top and boitom samples, Figure 6, are ahout




the zame. A visual inspection of the excavated hole showed no sand
layers present or even a difference in the earth materials in the

hole. Water seeping from the test canal passed through about the
same type of earth material at the canal bottom and at the bottom of
the sand-filled hole. Therefore, seepage rates for the sand section
were znticipated 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, csepage meter measurements showed very high seepage
rates of 21. €, 25.8, 33.8, and 49. 8 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 throughout the electrical logging investigation. But, the
watermeter readings, which totalized the canal inflow, did not indicate
that a seepage rate as high as 48. 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
of33. 8 and 48. 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~
age rates, : _ : ' -

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 A, was used for
the first set of computations, and a seepage rate of 14.7 CFD was
‘obtained for the sand section. The sécond method, Appendix' B, was
based on theory and used & laminar flow equation. to obtain a 30.3 CFD -
~ seepage rate. The accuracy of the 30.3 CFD seepage rate cbtained
. was questionable because of the number of assumptions made in order .
" to use the equation. - However, the computations show that on a theoret-
- ical basis, seepage into the sand section should be‘higher than through = -
the adjacent canal bottom because: : L C e

 1'_.. The sand WaS-flOO ’c_imes: more rpérmeable_'man‘_the earth material.

" 2. The'hydraulic head on the bottom and side of the sand-filled -~ - .
~ 'holewas larger than’on the canal bottom. T e

The inflow=outfl ;v’;r method, Appendix A, was used to compute seepage
- rates for the sa&iid section on other dates when seepage meter measure- . -
- - ments had been'made. = An average seepage rate of 2.82 CFD was used
.. for the earth area of the canal when making the seepage rate computa-
+' tions, iThe sand:-séctlion seepage rates as measured and computed.are
‘.. listed in‘the:table below. Column headings may be explalned as follows: .-

=




Seepage meter location--Shown in Figure 10
Date--Date of seepage meter measurement
Water seeped from canal--Data from watermeter inﬂow readings
' Seepage meter rate-~From Table 2 -
--Computed seepage rate--Computed by mﬂow-out:flow method, example
computatlon in- ppendix _

SEEPAGE RATES FOR THE SAND SEC'I'ION

“‘.Seep'age . Wa.ter seeped Seepaae Computed
. ‘meter | Date from canal, - meter . seepage
location | | ft3/day rate, CFD _rate, CFD

11 |11ir-82 | 2,714 1974 14. 4

. 111-8-82 2800 |- 22,8 | 1209
11-13-82 | z*easf- - 123 | 168
13 |11-21-62 | oee | ma |, 14.4

9 l11lz3-e2 | 29 | 242 | 162
|11Tevce2 | Zeun o | 343 14,7

10 1,1312e7;32 | _*-,-2;350-',. | _: 40.6° | -‘4;3‘

a4

o =(L‘ompari,sons can be ma.de between the measured and computed seepa.ge
.. rates in the above table. The best agreement between computed and .
~ | measured. seepggg rates was on November 13, at Seepage Meter Loca-
~Hon 11. :Sus d'sediment that was drawn into the meter-and de-
f;.-g.posi.ted on the sand surface under“the meter influenced the Novem-
" ‘ber. 13 measurement. A layer of fine sediment deposited on the sand
~ -~ gection may'be a possible explanation for the trend of successively
- - higher‘seepage’meter measurements. -With continued operation of .
- ;the canal, the sediment layer thickness on the sand section increased
Co owdths time, ‘When dragging. the lead electrodes along the canal bottom,
. . fine'sediment'was mixed with the:water. . Also removing and mstalljng
o the: ‘seepage’ meters made-the test canal water cloudy with: suspended
.Sediment.” The suspended sediment would slowly (sometimes in
1:day's time):settle and deposit on:the canal:sides and bottom., - Perhaps
-more fine:sediment per square foot'was deposited on the sand: section _
~/than on. ‘the :earth canal bottom, :since:the sand section seepage rate . - =~
‘was’higher than the-earth. canal’ ‘bottom.seepage rate.: When setting t.he '
seepage meter in,the sand:section, ‘Some-of the fine; ‘sediment beneath TR
~:the :meter was displaced. The, sand surface area covered by: the meter
~‘had less’'resistance to seepageithan the surrounding:sand’ area. There-
ore more water was drawn through the sand surface beneath the meter . -
and ‘a‘seepage rate higher than existing for'the:sand section'was meas-. -
ured:by the meter; " As the: sediment la.yer increased In: thickness t.he




discrepancies became greater between measured and actual 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-ocutflow
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 1nﬂuence due to a deposited
sediment layer.

Electrica.l Logging Measuréments

Detecting seepage with the electrical logging equipment. --Measure-
ments oOf resistivity and potential dlfierence 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 in
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, 48, &ad 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 8.8 CFD for the sand section. For Log 49 (November 1) 0., 881

cu ft/min-was pumped, which represents a seepage rate of 23.3 CFD.
I_Eg 50 (November 1) was made immediately after the pump was shut

o} . .

In Figure 11 the averaqe of the potential curve for the earth portion
of Log 50 (no pumpiiig) is approximately 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, Iogs 4, 5, 13, 14, 34,
b1, 52, and 53 (taken under similar conditions as Log 50-~5-foot
eléctrode. spacing and no pumping) weére rechecked. Inspection of
these logs revealed that average potential values in the earth portion
of the canal varied from minus 8 miliivolts 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 occcurring.

Togs 15, 16, 17, 18, 33, and 48 were made when pumping water from -
the sand section and with an electrode spacing of O feet. Seepage rates
for the sand section, as computed from the pump discharge, varied
- from 2to 23 CFD, These logs were compared to the logs taken with
~the same electrode spacing but with no pumping, The following factors
were considered when- anafyzing and comparing electrical logs:




il

1. Characteristic shapes of either 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, from the electrical logs taken when no wa.ter was
being pumped.

Correlation of seepage meter measurements with electrical log]s. -
An attempt was made to correlate seepage rales measured by the
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 arrows at the bottom of the poten-
tial graph. No correlation between seepage rates and the potential
curves could be found.,

Effects of electrode spacing. --Eiectrical logging measurements

were made with difierent distances between the electrodes. The
purpose was to determine whether one electrode spacing was possibly
more advantageous for detecting seepage. Shown in Figure 12 are
traces of the potential and resistivity measurements made with elec-

. trode spacings of 10, 5, and 2 feet. In each test the leading electrode
. was placed near Stafion 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 @D to , were placed on the potential and re-
sistivity curves in Figure 12 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 or near thg sand section are shown
~ schematically in Figure 13. For example, means that bo elec-

trodes are on the sand, not that either electrode was at point
miight be interpreted from Figure 12. On some charts in Figqure 12 .

) . the measurement 1s not apparent from the encircled number due to the

effect of the electrode movement and spacing. For example in Log 3
the potential measurement at electrode position is not apparent
because the electrodes were spaced at 10 feet and the leng'th of the
sand-ﬁ]led hole was on]y 1 foot longer (11 feet). :

SN e res tivity curve of Log 3 shows the *’ollowing' (a) at Positions
L both electrodes are on:the es.r\t‘n bottom of the pond, and
e resistlvity value is the smallest, (b) at Positions a:nd:@, one. - °




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 (1), both electrodes are
on earth and the potential difference is positive and small; () Posi--
tion (2), leading electrode on sand and {rajling electrcde on garth, and-
the potential difference is negative and large; (c) Pos:ttion both
electrodes were on sand for such a short distance thatia deﬁnite po-
tential difference measurement was not clearly established for this
position; (d) Position (4), leading electrode on earthjand trailing elec-
trode on sand, ang the potential difference is positive’ and increasing;
and  (e) Position , both electrodes on earth and potentia.l difference
is negative and small, , Jf

‘Logs € and 7 are a replication of Log 3 except that’ diﬂerent electrode
spacing was used. The sams observations made on Log 3 can be
~made for Logs 6 and 7. However, changes in the curve shapes can

be noted because of the effect of electrode spacing. One of the effects
was that for Position the potential difference between electrodes
was established because of the shorter electrode spacing. The poten-
tial difference for Position %} had a larger negative value than when
both electrodes were on the earth portion of the canal bottom. Also,
the potential difference value for Position (3) was between the two

" yalues for Positions and. (4) when the electrodes were coming on
and going off the sand section. :

The three logs shown in Figure 12 show definite trends that are of a.
general interest: (a) resistivity In the sand section is greater than in
the earth portlon of the canal, (b) the change in the potential curve -
is greatest when the leading electrode enters and leaves the sand
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 resistivity 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 cccurs is. longer !

' ;_:in Log 3 than'in’ Log'?

" Electrical logs for electrode spacings Of 8, 5 ‘and 10 feet were ex-

. -amined and comparisons made between logs taken when water was
being pumped from the sand section and between logs for conditions
.- of no pumping. An analysis using the potential and resistivity meas-
u.rements at the different relative electrode positions as shown 1n '




Figure 13, Was made, No distinctive trends in the measurements
were found which would help to distinguish between the electrical
logs with pumping and those with no pumping.

Replication of electrical logging 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 logging equipment was replicative for measurements of -
resistivity and potential, and whether results of the logs were re-
peatable, 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 varied, and the location of the potential curve
to the zero potential line 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
seepa.ge could be found.

Electrical logs taken with the electrodes stationary, --To deter-
mine whether iactors other than seepage caused changes of resistivity
and potential In the electrical logging measurements, 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 millivolis to O milli-
volt

Tests were made with the electrodes being gently lifted off the canal
bottom and then immediately replaced at the same spot. = Potentlal -
~ changes of 5 millivelts occurred between measurements made before
‘and after lfting the electrodes. Also pushing the electrodes into the -
'sand Increased the potential measurement by 8 millivolts and decreased
the resistivity by 200 ohm-m2/m. Evidently changing the surface con-
tact area of the electrodes inﬂuenced the electrical logging measurements.

- These two factors sediment in the water and change in surface contact -

" .. area of the eiectrodes ‘were present to some extent during the time =

- ‘electrical logs for dragoed electrodes were made. After draggingthe
. electrodes a few times. alcngléhe canal bottom during the test'series,
the water became muddy. o the ‘contact surface area of the: elec-
trodes‘varied some when the electrodes were dragged along the canal
bottom.- But these effects were much less in the. draggmg tests as

S compared to the sta,tiona.ry tests

u - “The in:fiuence of electrode motion was investigated Electrical logs were

" _made with the electrodes stationary on the sand section to determine -
e .whether potential changes resulting from seepage variations could be

14



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

The potential gradually increased to 4 millivolts over a pericd of
15 minutes while pumping, but the resistnnty did not change, even
after a b=-minute walt.

Electrical logs with plastic sheet over the sand section. --The sand
section was covered with a plastic sheet on November 28. On Novem-
ber 30, the electrical logging tests were ma.de to determine the effect
of the plastlc sheet upon the measuremenis, For all logs, when both
“~-electrodes were on the plastic sheet, the I'eSiSthitY was approxi-
. mately 1, 150 ochm-m 2/m, or about éOO ohm-mZ/m larger than resis-
Hvity measurements on the sand section without the plastic sheet.
The shapes of the resistivity curves were similar tologs taken pre-
viously when the plastic sheet was not in place, but the potential :
curves varled. For an electrode spacing of 2 feet the potentlal curve
at the sand section was similar to the curve at the earth portlon of
the pond, For the 4-foot spacing, a slight potential change at the
sand section occurred. At an elecirode spacing of 5 feet the shape of
the potential curve at the sand section was somewhat simllar 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 resulis of the logs taken when the plastic sheet was in place
- Were inconclusive '

C ONC LU'SIONS

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 cana,l
- could not be correla.ted with the electrica.l logging chart records.

-8, A correlation of electrical logging measurements in the vicinity of
the sand section was noted as follows: Resistivity values of the sand -
. material was consistently two to three times greater than resistivity
© yalues of the canal earth material,” The maxiinum negative potentlal -
consiatently 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

g ’4 Fac;.ors other than ‘seepage, such as electrode surfa.ce contact
.. “with the'canal bottom, turbidity of the water, -and moving from sandto *
7 soil.and:Vice versa, have an influence upon the resistivity and potential e
as measured by ‘the electrlca.l logging equipment e

ﬂ_-1'5 0




B, ;_The itests indicated that a change of resistivityl_and potential
TS i :of equal or greater mag-—
'potential caused by seepage

8. 'Furthefi'invest;gaﬂdns ofa 8 basic nature are needed to acquire
“‘better understanding-of:-how. and to what 3sgree ‘different factors -
-affect the resistance. and'potential as’ measn;ed-by_;_the ;ele.ctrica-_l,l?gﬁ -

in a labora.tory test ﬂume with better‘ control of the'
conducted as.an extension_of this’ mvestigatton.
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g Ta.ble 1--Continued _ N
ELECTRICAL LOGGING TESTS =

: ",:jBeginning ~ nnding Electrode _ Lo
Sl station o staticn ] spacing .. Remarks

D 0 STUE T TR (- S B == | One electrode left at Statlon O and
e T o i o second electrode dra gged from
R SRR N RO : Station O to Station 7 _
3 " . . bt Electrodes dragged in tandem
<8 SR I 72 B Electrodes dragged in tandem
8 I+ T S Electrodes drggged in tandem while
S : : S umping 0, 083 ft3/min -
8 I T - T . 5ft - | Electrodes dragged in tandem while
S o R umping 0: 07 itS/min
8 ' 76 - b ft E ectrodes dragged in tandem while
LT . o 3 umping 0. 263 #3/min
C11 B Y & T % Electrodes dr ged in tandem while
I B R N R . pumping 0, 172 ft3/min -
_ ) - .8 74 : . Electrodes dra.gged in tandem while
B R SUTORE R I o : pumping 0: 163 #3/min
B 1‘0:25:62 et 11 - 73 ' : Electrodes dragged in tendem while
A 10-25 62 e 38 0 _ 72 . { T==3.8f | Electrodes dr ed side by side while
. b e ~ .o 7 e.pumping 0. 163 1t3/min
1. _10-25 62 R IR 1* S s I & | R E ectrodes dr ged slde by side while
o N ' o IR . umping 0,16 ft3/min~... -
cf 0_ _25 _62 a0 1 gg . . | Electrodes dragged side by side- while _
o e : S pumpincrO 163 it8/min

B 10-—25-62 a0 R ' Electrodes dragged side by slde,
B I i L PR ’ _ exceptnopumping o




L,
L R . E Table 1--Continued B
R o ELECTRICAL LOGGING TES‘I‘S
S Begim:ﬁg a Ending EEctrode E : :
Date .t statlon | station - spacing . Remarks
-.10-25 627 b 40 e 73 3.91t Electrodes dragged side by side;
i B R L, .- except no pumpin
' 1_0e-26-62 D SR TR CLs T L L 164 FElectrodes dragged in tandem
10-26-62. 10 T2 316 in, Electrodes dragged in tandem
| 10-26-62 . - 11- T2 16 in. Electrodes dragged-in tandem.
] - 10-26-620 10 . 72 ' 16 in. Electrodes dragged in tandem
Copo10-28-82. o 0 0 - 0 © 16.n. Electrodes stationary--sediment
T . o _ o . _ . .stirred up on pond bottom
RETI A g _ T -= . | Electrodes stationary on send .
- AR ' R section —-sediment stirred up on
L : sand bottom ..
o ' == - o Electrodes stationa.ry on sand
g S em e { Y == i Electrodes stationary on sand while
' ' _ ' umping 0. 233 t3/min
- .- - - E ei?trodes stationary on sand--pump
. , . . : #) :
- - : - - i» Blectrodes statlonary on sand while '
R T : R +|  pumping 0:611 £#t3/min:
_ 1o - - : A . -= .E ctrodes statlonary on sand--pumh:
"'31 1.10-81-62 | . .49 49 16 In. Electrodes stq.tionary on send ~--the
P o NN S I ' : ' B B Sump turned on and pumping -
: e S5 _ o P L 811 ft3/min
.32 - | 10-31-62 N e 7 ., bt Electrodes stationary on sand while
S T : ‘ - : 4 pumpingO 811 ft3 /min : v
M!:Z-_ C s e et ke o i e e b e e o e e e
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* Table 1-~Continued =
ELECTRICAL LOGG[NG TESTS

Date

_. Beginning
L station

Ending

Electrcde. ]

Remarks

| '__:_11-27—62'

i ";11 27-627 |

111if-._27j—;62 o

| n-ase

11-28:62

S 11-28-82
| 11-28-83
1::11-28-82: -

statlon

sgacing

Logging equipment not operating.

: correctly, ba.ttery needed

rechar

- g
| Logging equipment not operating

correctly, battery needed
recharging o

_ Logging equipment not oc{:eratinq

correctly, battery neede

. recharging

Electrodes stationary--one electrode
on sand section the other on earth,
then electrode position mtercha.nqed ‘

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

Electrodes stationary--electrodes
pushed into the sand and soll to
Increase the surface contact of
the electrodes

Electrodes stationa,ry--rear electrode
located on earth sand interface of

- the sand section
- Electrodes stationary--both in sand
Both on-soll _

Both on soll
Stirred up sediment around
electro es
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'-Tmmz
SEEEnACE:r&emmntlasﬂmnnaEmmEhnrs

;' -beepage - —Weter
Ddte {iS - location ‘Date
- i :Et2 da.y : by No. '

11-19-62 | o087 | 9 11-23-62
C f1-z0-82 | o083 || -9 | 11-26-62
11-gi-e2 | L.02° 9 11-27-62

12-6-62 | B3.46 10| 12-7-62

C11-7-62 | . .0.64 | 11-7-82
1i-g-82 | 1,08 |l - 1 11-8-82
‘11-8-82 | 0.66 11 1 11-8-82
“11-8-82 0.59 . 11-8-82

©211-0-82 | . 0.46 | 11-6-62
11-9-62 | 0.8 ff 11-0-82
11-13-62 | 0.76 . 1] 11-9-82

i A 1 7 11-9-682
11-7-62 |- 282 | . 11-13-62
11-862 . |- 2.40 T

11.8-62 ~ | . 2.81 . . 11-19-82

11-9-82. f 1092 R ] 11-20-82

11-g-82 - |1t - 12 | 11-21-82 ¢ |

1 oq1emsee2 | 12t ol 130 1 11-19-82
b11-98-82. ) 1081 - | 11-20-62 -
11-erez | o Lad 13 11-20-62

- , R | 11-21-62 -
11-8%62 .| o L.B8 | - N
11-e-62 | L7 | 14 | 11-19-62..

11962 Lo 1oqa. b 14 -] 11-20-82

oateee2 . | owB2 || 140 11-21-82

11-18-62 4L | B I
| : 19-4-62

19-4-82 - |- 3.810 | . 15 ;12-5 62
12-5-62 fo.a3 o o |

| r1egs.e2 1 Lt |l 0 180 :11-26-62
Cole c11-26-620 0| 1023 o 11-27-82
B o R TR T S O & -

o B9 DY
010101
- * L]

-:Hm

£23 B2 23§

1
1
3
3
3
-
3
3
3
4.
4
4
4.
N T
5
e
-
s 8
B
7
7 l.
C 8

s 12-4—62
| 112-5-62

B ODR 0P OO0

B

. :;.'_".fiMeter locattons by number are: shown o Fiqure 10 R T T
o *szping 5. 12 gel/min from the sand sect.ton when the seepage measurements ‘were:

3 -**Sedtment stirred upand, the sediment laden water was sucked: into the seepa.ge meter B
and sediment allowed ‘to: deposit on: the sand surface beneath the meter before the RO
measurementwasmade e L ¥ . _ S




. Table 3
| Dnmnsrons OF TEST FACILITY

":Fea:mr' e |

English
units

G55
: units

' ‘Length of test cansl
 Top-width of test canal .
" ‘Depth of test canal

Water depth In test cahal

- Iength of: sand section

: Widih:of sand sectlon -

Depth of sand section

SR Diameter of plastic pipe

5 feet .

12 feet
2. feet -
1.4 feet

711 feet
b ieet |
o4 feet - 1.

1=1/2 inches |

22.8 88 meters
3,66 meters
0. 81 meter -

0,43 meter.
3.35 meters

- 1.52 meters
% 22 meters

81 centimeters f



FIGURE 1

Figure 1A. The 75-foot-long
test faclility before fllling
with water. Note plastic
cover over the earth dam
at near end of the canal,
float-valve connected to
the firehose, two stafs
gages (one nezr the steel
drum and cne at the far end
of the canal), sand section
bevend the surveyors level.

Flgure 1B. Canal test facil-
ity Mlled with water, The
four steel plpes extending
iram the waier are handles
of the USER Seeprge
Metars., The water-stage
recorder is shown installed
cn top of the steel drum
stiiling well with recorder
fleat inside of the drum.




FIGURE 2
. "REPORT HYD-384
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i FIGURE &),
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FIGURE 4

gure -1/9-inch-diameter perforated plastic pipe grid before
= 4&3&9&1&4@ near the bottom of the sand section.

Figure 4B. Installing the two-
layer reverse filter around
the plastic plpe grid. Two
gravel slzes, coarse and
fine, and sand were placed
using wood dividers which
were later removed., After
plazing the fiiter the hole
was filled with sand up to
the level of the canal bottom,

31
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SIEVE ANALYSIS .
. GLEAR SQUARE OPENINGS
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NOTES:

+he sand section shown in Figure 5,
TOP - Somple taken 6 inches belaw mver'r of +he canal.

BOTTOM - Sample-taken 4 feet below invert of the cunul
PLATTE RIVER SAND, FINE GRAVEL, ond GRAVEL - Used in the sand sec+|on
FIELD DESIGNATION __..___EXGAVATION Mo
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Flqure BA. Truck containing electrical logging equipment and boom
that positicns electrodes in center of the canal, The truck travels

along the canal road while dragging the electrodes ¢n the canal
bottom.

Figure 8B. Closeup of the
recorder mounted In the
truck. Bleycle wheel and
cable drive the recorder

paper.




FIGURE 8

BN

P20-D-21556

Figurz ¥. USER Seepage Meter. The open end of the can is rest-
ing upon the floor and the steel pipe is the handle that !s used
te install the meter in a canal, To use this mater the open end of -
the can is forced Into the canal bottom {water in the canal). Before
seepage measurements are taken the meter should sit for 1 or 2 days
to aliow disturbances to the scll, due tec placing, to stabliize. To
make the seepage measurement the amount of water wiich flows
Iromr the plastic bag hirough the soll beneath the meter is measured.

36




FIGURE 10
" REPQRT HYD-564 .

) STATION

LOCATION  _DATE  AVERAGE OF .
A I B NUMBER | SEEPAGE

SR b AR R ' MEASUREMENTS

Nov. |9-2| ‘ .o 97 -
Dec.e . 3.46
Nov. 7-13 0.68
'Nov. 7-9- - 2.24
Nov. 2327 - . i.42
Nov. 8-13 # .66
Dec. 4-5 3.77
Nov.23-27 - Li9
“/Nov. 2327 -~ 308
Dec.7 . _ 49.5
e “Nov,7-8 214
RN Nov. 9 . 30.8
30" ' 12 . Nov..19-2F 1.93
‘ ' 13 ‘Nov. 19-21 - 258

10" =

. 20"

_'—_5¢oas_~moi RGN —.

o

14 = Nov. 19-21 - ' 0.89
t5 . 'Dec.4~5. 042
16 : Nov. 23-27 = © 093 -
1 A Dec.4a-5 =~ 1.25

3
4
5
6
T . .
: E a : : , Measur-omenfs are in units of CFD or CUhIC
S eren T -~ . = feet per square foot per day and were-
18 : made dumng 1he year of l962. ’

*Pumpmg from 'sond sechon

'\"’“’*-San_d '__S'ec_'ﬁon‘ |

; S

. e B -
".\: B 'l"'

','-‘.'}-,”f-:l_ocA'n_ous WHER'EI_,” USBR SEEPAGESMETER MEASUREMENTSf
i 'WERE MADE IN THE TEST CANAL

'\m-. :
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APPENDIX A

COMPUTED SEEPAGE RATE FOR THE SAND
SECTION BY INFLOW-OUTFLOW

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 inflow by the uncovered earth area. For
-previous tests when the plastic sheet was not in place the canal
outflow was consldered in two parts: (a) outflow through the sand
section and (b) outflow through the earth area. Outflow for the
earth area was computed Ly using the average earth canal seepage
rate. Seepage rates for the sand sectlon were computed by using
the sand sectlon cutflow. The following ls an example of the com-
putations made: '

‘December 5, 1962--Plastic Sheet In Place. South staff gage
reading 1. 84 feet; 1, Bo0 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)

'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 sguare feet - 159 square feet = 659 square feet
Average seepage rate for the earth portion of the canal
11,8605 fts 659 #2=2. 82-7_-&— or 2.82 CFD

:November 27 1962—-One Day Before Installing lastic Sheet.

“South staff gage read.ing 1. 78 feet; 2,811 cubic feet of water
. -seeped from- the canal in 24 hours.

Total canal seepage area 800 square feet (1nc1udlng 56 square~-
- foot area.of sand section)

e .:_"_.Earth seepage area for the canal.

800 square feet -.B5. square feet = 745 square feet '




'-Volume of water se }zning through earth areg of the cana.l in =

1 day, assuming 2 8 CFD rate..
745 squ.a.re feet X 2. 82 CFD = 2,101 cuhic feet/day

Volume of water seeping through the. sand section in 1 day.
2 911 ft"-‘_- 2,101 :Et3 = 810 ft3

o Computed seepage rate for the 55 square-foot sand. section
' durmg 24~ hcmr period for. chember 26, 1862,

310 ft3/day 55 ft2 14. 7
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. APPENDIX B

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

Assuming that seepage Dow in the canel earth and sand material is
1amina.r the velocity is directly prOportione.l to the hydrau.lic gradient

V=Xiandi=h/L;
also, @ = VA =%

Where,

V = velocity, feet/day

K = coefficlent of permeability, feet/day

1 = hydraullc gradient

h = drop in head or head loss, feet -

I = distance in which the drop in head occurs, feet
@ = volume of flow or discharge, cublc feet/day

A = cross-sectlonal area of flowing water, square feet.

Assumptions made in simplifying the test canal conditions to fit the
above equations are given as they occur in the fcllowing computatlons.

The discha.rge q passing through each square foot of earth ca.na.l seep-
' age area was expected to vary from & minimum near the water surface
to a maximum at the canal bottom. Therefore g was assumed to-vary
directly with the canal water depth. Flow tubes were visualized where
! water from the canal boundary seeped:down to the water table, Fig-

‘?i’ ure A, Appendix D, The force acting upon the top of each flow tube

. was: due to the depth of water above it.. This force was considered as

i the driving force or head pushing water through the tube. Therefore

! it was'assumed that the water depth above each flow tube was equal to
. the’head loss h occurring in that flow .tube. The lengths of the flow

| tubes were different, but this difference was'belleved to be small when
| compared with the total flow tube length. -Thus all flow tube lengths -

. ‘were assumed to be equal and:the value ‘L. {(which is unknown) a con-
¢ stant. The coefficient of permeability K (also an unknown) was

| .assumed to be.constant. In using the discharge equatlon the two

¢ unknowns L and K were combmed fl:a a coeﬁlcient des"gnated as

; C= K/L a.nd SONT

.*q‘e;;Kl_fA;efan; | o (2)

'The water seeping from the test canal ni da.y was equal to. the P
i total amount of water flowing through:all flow tubes. ‘In solving =
.ffor the: coefﬁcient C 3-¥ method was: used where the water. seepil.ngl




December 5, 1962--Plastic Sheet in Place. South staff gage
reading 1. 54 Teet; canal elevation 9. 27 ieet; 1,860 cubic feet

of water seeped through the earth canal area in 24 hours. For
different canal elevations values of A g were computed, see
table, Appendix C.

Using the total Aq from table, Appendix C,
Q =total aq="T704C, then

oL 2 - 1,860 cublc feet/day _g gq_1 |
o 704 (&t x sq ) day

_(2.64) hA

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. S - ' - :

Since the permeabillity of the sand was over a 100 times greater °
than the permeablility of the canal earth material, an assumption
was made that the head loss was negligible whenwater flowed
through the sand section. The effective head acting on the bottom:

of the sand-filled 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
1\:1t<;~ %e earth surface area of the sand-filled hole was computed

as follows.

Surface Area of the Hole and Theoretical Inflow into-the Sand Section

Bottom area, 4.4 x 10.0 =44 square feet L
Area, twoends, 2.0x4.5x4.0=36
- Area, two sides, 2.0x10.0x4.0=80

Tolal side and end areas = 116 square feet

Bottom.Q = %‘Ey }hA = (2.64) (5.4) (44) = 627 cubic feet/day

T ;Side9=§2.64)'€3.4)(116);--1{041 cubic'feetéda[g ;
- Theoretical inflow into sand section =1, 668 cublc ieet/day e

A theoretical inflow of 1,668 cubic izet per day was flowing into the o
sand-filled hole and passed through an area of 55 square feet (surface -

_area exposed to,the test canal bottom where electrical logging and -

- seepage meter measurements were made). The computed seepage
_rate for:'the sand section is R e

. 1,668 cublc feet/day+ 55 square feet = 30.3 CFD

o

R
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" APPENDIX D. -

i WEPORT HYD~564 .
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_ FIGURE A

D_IAGRAM SHDWING FLDW TUBES HEADS ACTING ON
* THE 'FLOW TUBES, AND FLOW TUBE LENGTHS.
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CONVERSTON FACTORS—ERITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors sdopted by the Buresu of Reclematlon are those published by the American Soclety for
Testing and Materials {ASTM Metrie Practice Guide, January 1964) except that additional factors () commonly used in

the Pureay have been sdded. Further discussion of definiidons of quantities and writs 18 given an pages 10-11 of the
ASIM Metrio Practine Caride. i :

The metric units and conversion facters sdopted Ly the ASHM are based an the Internaticnal System of Unite” (designated
51 for Systepe Inmternatlonal d'lUnites), fixed by the Imterpeticnal Cosmdttee for Welghts and’ Meagures; thie system ls
aloo known as the Glorgl or MESA (meter-kilogrun (mmee)-sscond-sspere) fystem, This gysten has been adopted Ly the
Internaticnal Organization for Standardisation in IS0 Recommerdation R-J1,

The metrlc techricel umt of force is the Kllogram-force; this is the forcae which, whan applied to & body having a
mass of 1 kg, gives 1t an acceleration of 9,8066% wsec/eec, the standard adceleration of free fall tosmrd the earth's
center for mes level et 45 deg Imtitude, The metric wdt of Terae in 51 umdts ie the newton (N}, which 18 defined as
that force which, when applied to a body baving & mass of 1 kg, gives it an mcceleratlon of 1 weec/oec, These units
must be digtinguiched fram the {inconstant) local welght of a body baving e mass of 1 kg; that is, the welght of 2
miathntrmeﬂth-‘huhabodyinattn:tdtothemnham 15 equsl to the maps of & boly muitiplied by the

acceleration due to grevity. However, because it ia gemeral practice to use "pourd” rather than the technically s

correct term "pound-force,” the term "Hlogram” (or derival mass urdt) hae been used in this guide lustead of "H:I.ngnn?
force” An expressing the conversion Tecters for forces, The pewton umt of foree will find ineveasing use, wod i
esgential in ST units. .

6,456 {exactly) ©
925,03 {exactly )+, .
092903 {sxactly)

Cuobla fest , ,
Cubde yarda. .

Fluld ounces (U.5.)

: ‘e . . Mlliiliters
Liquid pints (U¥.8.). . Cuble decimeters
“ . Litera
. Coble centizwters
.. Litera
. Cublc centimetera
. Cubtdc ‘decimeters
. Liters
. . Cubic metere
. Cublc deeimeters
: . . o Liters
Cubio feet , (- e o Litera
: Cuble yards’”, . . e e.e a . Litera
Asre-foet, . . . .. . . . = « Cuble matara
s o Liters :

Quarta (if._s.).
m'(ﬂ,&;i‘

Gallona (7K.} .

P T ST I )
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'I‘TI!‘.S AND THETS OF MECHANTCS

Table II - e

mnpl.r i By

Miitiply -

__mass

FORCEw

Grainn {17,000 ).
_Troy ounges 480 gﬂina). :
. Ounces {avdp) , . , ;
" Peumda {awdp)-, . .,
snm tom (2 Q00 1b)

v
e
L
..
e

847989 (axmotly). .
31.1035 .
28,2495

PR

o, 45359237 {exactiy) .

07,185 [EFErEra
0907185 . . w iiv

'101605.....;1.

. __nm__; (zzi.o:l.h)

- FORGE/ARER,

i} Paunﬂn per s.‘uue 1neh

Pounds yer aquare foot

0. amm -+
- 0,689476
4.88243 .
47.8803 . .

“ Kilégrems per square cantipeter

. Newtons per squire ceniimster

. .« ¥ilograms per squars meter

.__G\!mea per ubls lnch .
Pumr!a per cu'nin l‘oot .

MASSOLINE (DENSITY)

LoLTes L
160185 . . .
0.01601B5
1,32894, ., .

. [
Ll "
. ..
. .

. Grims per cuble centimeter
. Ellograma per outio meter
. Grams per cubio centimster

Tcms 1 er cu‘hie

MASS/CAPACETE

. Grazs ver oublo centimeter

Qunges per gellon {U.
Ounces per gullon {U y
Pounde per zellon (U ). P

S.;
K.
-
X.)

.74893."......
119829.......

. « Orama per Jiter

. Orema per liter . .
. Grams per liter .
s frecw per Lter

Pcnmdll DaT - cnllom (u,

- BENDING MOMENT OR ‘TORQUE

Ihch-puunda
Foot=pounds |

.
- Fuot-pmmdlg pe;:',
© Ounge-inghes . .

To00158L . ...
1.12935 x 10 .
0,138255 %, . . . .
1, 35532 x 107 ',
54 '

. Mater-kilegrame
. Centimeter-dynes
. Meter-ilogrems
. Centimeter-dynes
. Centimster-lkilograma par centiute.
, Gram-centimeters

Feet per second

Fent per year .
' Milsa per hour |

0,48 {exactly) . .
0,308 (exactly)¥
0.965871 x 10-5# ,
1.600304. (exactly} -
024704 (exaotly) .

. Centimeters per second
. Maters per second

. Cemiimtars per second
. Klometers per hour

. Meters per secomd

< Mewicos per square meter

Pormdl . « & » v 0 aoe s s
e

R T T S S W S S

¥lograne
Newtona

British thermal wnite (Btu)

Biu per peamd, . . . .. . 3 906 omaaias).
Foot-pournde, . . . . 4 - - 1355020

1,055,

s 2

%& | ]

Kflogram enlories
Joulaa

Joilea per grem
Joulss

-

HOCSODORET o 4 4 s o o
Btu per hour , , + .. «
Foot- » per sezond

Vatte
Yatte
Wattn

Btu in./bhr £12 deg F {k,
thermal condustivity)

Btu ft/r ft2deg F L , 10,

Btwhr #12 dez ¥ (0, thermal
conduetance) , . . L0 ..

Dag F hr £12/Btu (R, thermal
resistance) .

Btu/lb deg F (e, heat clpanlty}

Btu/1b deg

Ft2/he (1.nem1 "aitfusivity) . .

. K onl o/he o

ui1liwatte/on deg €
kg cal/hr m deg ©
deg C

H1lwatts/en? deg ©
kg cal/hr mR deg

Deg C omifnmtntt
Jgdeg C
Cal/gram deg C
ﬁ%zlne

2 /e

aratna/hr ££2 (water vapor
tnmmf.auiun). C e

Porma {pormeanc e

Perm~-inches (pemeahility)

Grama/24 hr @

. Vetrle parms

Metrio parm-centimetera

Table 11

Madtiply By

OTHER QUANTITIES AND UNITS

[

To obtaln

ACCELERATION

feet per se«:v:mﬂ2 ;

- O.304B%, . . . .

00

, Matars per seoands
’ X

Cubic feet per secund {neecm-
GE.....--au-..

‘Cuble feat parp minute , L., . &

0.0283 T . 4 -
04Td i e L
D063 L1,

. Gublo maters per secamd
. Liters per ascond

Gallona {.5.) per minute , .. .

. Litera per arcond

Cubla feat per aguare foot per
day {aeepage) . . .. .. ..
Pound-geconds per square foot
(vigcosity), + . »
.. Bquare feet per sacund (viscnuhy)
. Fahrenhalt degress (changels . , .
Volta per mil, . v v & 4 v &« 1 o
Lumene per squere Took {foot-
candles) .
Ohme¢irsulep mile per foot ,
Millicuriea per oubtde foot .
Milliamps per equare foot

4,882 ,

5/9 exeotly. .
0.01937, . .

10,764 .
0.001652

$allons par square yard ’
Pounds per Inch, , . . . .

.
.
.

WLL% .\ e e

0,02903% (enut,].y)

*
.

Liters per squarc meter per day

¥Kilogram second per square mater
Square metera per sacond

Celofus or Kelvin degrees (change)s
Kilovelis per millimeter

Lupens per square meter
Ohm-aquate millimeters per meter
¥illicuries per aubie moter
Milliamps per square mater
fiters per square meter
Edloffrwa per centimeter

GFD 813211




L iurements was obtained;

" of the test ¢

ABSTRACT

., Oll and water well electrical logging equipment was tested for detecting
" geepage from an earth-lned canel, ‘The cenal, 76 ft long, 2 ft deep,
- gnd 12 ft wide at the top, was arranged for controlled seepage tests.
A 5= by 11~ by 4-ft-deep hole was excavated in the canal bottom and a
“% grid system of perforated plpe surrounded by a reversible fllter was
s B}la.ce in the hale. The remainder of the hole was filied with sand to
" the level of the canal Invert and a pump connected to the plpe system.
With the tast canal filled with water, seepage from the sand section
. was varied by pumping different discharges irom the pipe grid while
operating the electrical logging equipment. Seepage meter measure-
ments were made at different points in the canal lo help establish a
datum for interpreting the elactrical logging charls. ‘No correlation
between the electrical logging chart dlagrams and the seepage meas-
urements was obtained; therefore, the elecirical logging equipment,
as uged In thils investigation, was not successful in detecting or meas-
uring the seepage from the test canal. The report includes photographs
of the test canal and the electrical logging equipment, location an
‘measurements of the seepage meters, 6 electrical logging chart -
recerds, average canal seepage rater, end an enaiysls of the data end
records obtalned. . ) ' ‘ .

T

EAEy

L

¢% ABSTRACT .

‘Ofl and water well electrical logging equipment was tested for detecling
seepage {rom an earth-Hned cangl. ” The canal, 76 ft long, 2 ft deep,
and 12 ft wide at the top, was arranged for ¢ontrolled seepage tests,

A 5- by 13- by 4-ft-deep hole was ekcavated in the canal bottom and a

* grid system of perforated plpe surrounded b a raversible filter was

|- . - placed in the hole. - The remainder of the hole wag filled with sand to

the level of the canal invert and a pump contiected to the plpe system.
- With the test canal fllled with water, seepage from the sand section
- was varied by. ping different discharges from the plpe grid while
" operating the electricel logging equipment. Seepage meter measure-
" ments were made at different points in the canal to help establlsh a
_‘datum for interpreting the electrical logging charts,” No correlation
between'the eleclrical lo&ging chart dlagrams and the seepage meas-
erefore, the electrical logging equipment,
- a8 used in this investigation, was not successtul in delecting or meas-
*iring the sespage from the test canal. The report includes photographs
i a.naf and the electiricnl logging equipment, locetion an
- measurements of the seepage meters, 6 2lectrical logging chart ..
_'records, average canal seepage rates, end an analysls of the data and
i - records obtalned. - e . B

 ABSTRACT

01l and water well electrical logging equipment was tastad for detecting
seepage from an earth-iined canal. The canal, 75 ft long, 2 ft deep,
and 17 #t wide at the top, was arranged for controlled seepage testa.
4 5- by 11- by 4-ft-deep hole was excavated In the cangl bottom and 8
grid system of perforated plpe surrounded bir a reversible filter was

laced In the holé. The remainder of the hole was #illed with seand to

e level of the canal invert and a pump connected to the plpe system.
With the test canal filled with water, seepage from the sand sectlon
was varled by ;iumping different discharges from the plpe grid while
operating the electrical logging equipment, Seepage meter measure-
ments were made at dfferent points in the canal to he%\? establish &
datum for tnterpreting the electrical logging charts. No correlation
between the electrical logging chart diagrams and the seepage meas-
urements was obtained; therefore, the elecirical logging equipment,
as uged In this investigation, was not successful in detecting or meas-
uring the se:g:ige from the test canal,  The report includes photographs
of the test ¢ and the electrical logying equipment, location an
measurements of the seepage meters, 6 electrical lo?ging chart
records, average canal seepage rates, and an snalysis of the data and
records obtained.

_ABSTRACT

Ot and water well electrieal logging equipment was tested for detecting
seepage from &n earth-lined canal. The ¢anal, 75 {t long, 2 ft deep,
and 12 ft wide at the top, was arranged {or controlled seapage tests,

A 5- by 11- by 4-ft-deep hole was excavated in the canal bottom and a
grid system of perforated pipe surrounded by a reversible filter was
placed in the hole. The remainder of the hele was {llled with sand to
the level of the eanal Invert and a pump connected to the pipe system.
With the test cansl filled with water, seepage from the sand section
was varied by pumping different discharges from,the pipe grid while
operating the electrical logging equipment. Seepage meter measure-
ments were made at different points in the canal to help establish a
datum for fnterpreting the electrical logging charts. No correlation
between the electrical logging chart diagrams and the seepage meas-
urements was obtained; therefore, the electrigal logging equipment,

ay used {n this Investigatlon, was not successiul In detecting or meas-
uring the se:g;?e from the test canal. The report Includes photographs
of the test ¢ and the electrical logging equipment, locatlon and
measurements of the seepage meters, 8 electrical logging chart
records, ayernge canal seepage rates, and an analysis of the data and
records obtained. ’ .
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