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:Laboratory tests were conducted in a seepage tank to study the anp;ica—

"\\\.\\

ABS%RACT

tion of electrical logging for locating and measuring seepage- 1n canals.

Preliminary tests shoved that lead (Pb) electrodes produced nonrepeat—

able results; better results were achieved using nonpolarizing calomel

'_ cells as electrodes. Tests wvere made with stationary and moving elec~

trodes. Large changes. in seepage produced small but measurable changes

‘in voltage between;stationary calomel cells embedded in a sand bed on

the bottom of the fank, Stationary electrodes suspended 1/2 in. above
the seepage bed meusured voltages of about 1/10 of those measured: by

electrodes in contact with or inserted into the seepage bed. Voltage

readings from moving electrodes continually increased or decreased

~according to the direction of travel. The difference between a seepage-

voltage log and a no-seepage log was a greater slope of the seepage
trace. Electrical logging cannot yet be applied to ‘measuring seepage
for irrigation canals because slopes of the voltage traces have not
been definitely related to canal seepage. Further tests are required to

! evaluate possible use of electrical logging in seepage investigations.

'\‘_
\\

DESCRIPTORS-- *canal seepage/ simulation/ unlined ca als/ model tests/
electrodes/ seepage/ earth linings/ canals/ electric pctential/
measuring instruments/ laboratory: tests/ bydraulic models/ lower cost -
canal linings

IDENTIFIERS-- 'electrlcal logging/ *seepage meters
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. LABORATORY TANK STUDIES
OF ELECTRICAL CANAL LOGGING TO DETECT SEEPAGE
; LO '.V ER COST CANAL LINING PROGRAM

IN' TRODUCT ION

Reservo1rs and canals must be des1gned to hold extra water to com-
- pensate for seepage losses.  Accurate determination of the amount .of .
seepage occurring in'unlined canals is necessary to make an economic
_ ]ust1f1cat1on for lining or not lining a canal. To improve the estimat-
ing procedure the Bureau of Reclamation has conducted laboratory
and field tests to investigate the possible use of the voltage generated
by water flowing through soil as an indicator of the location and as a
_~measure of seepage loss from earth-lined canals. The recorded

" ‘changes in electrical resistance and voltage between two electrodes

. as they are‘moved along the bottom of flowing canals.are called elec-
trical logs. The logs show the variation of voltage and resistance of
‘the canal soil with respect to location along the length of canal; and
may also contain some indication of seepage occurrmg through the
canal material.’ : ‘

In 1961 field tests were conducted by the Engineering Geological Divi-

sion with a pair of electrodes being dragged along long lengths of flow-
ing canals, 1/ These tests indicated that there was a possible relat1on-
sh1p between recorded voltage and the location of seepage areas.

Both the: So1ls Engmeermg Branch and the Hydrauhcs Branch were re-
quested by the Division of Engineering: Geology to conduct studies to ‘
help define the technique of obtaining and mterpretmg e1ectr1ca1 loggmg _
charts for locating:and measuring seepage in canals P

Electr1cal locgmg \tests were conducted in 1962 by .the Hydrauhcs
Branch in an‘outdoor’ 75-foot-long (22. 85-meter) canal section. 2/ The -
canal was provided with a.10-foot-long (3.05- meter) test section from '
which the seepage rate could be controlled Resistivity. and voltage -

" charts were recorded while dragging lead’(Pb) electrodes, along the -

length of the canal. ‘Bureau of Reclamation seepage meters were used

- to measure seepage concurrently in various partz of the canal. . Dur-.

- ing-these tests no.correlation between the electrxcal logs and the seep-
age:, rate was observed . ;;-, :

EL-EPrehmmary laborator}r tests conducted in 1966 w1th various forms "
of’ lead (Pb) electrodes were not repeatable W1th the’ electrodes L

. .l/Wantland D. "Efectr1cal Loggmg to. LOcate Seepage Operat1on and,
. “Maintenance Equ1pment and Procedures, ' Release No. 35; January,
- ..February, and March 1861, Departrnent of:-the. Interlor, Bureau of
: Reclamation.. ; .
Cel 2f Ziegler, (E. R "Electncal Loggmg Stud1es Conducted ina 75 foot- ,
:Ing Canal " Report Hyd 564 1967, _




at a fixed spacing, the indicated voltage decreased each time the"
seepage was turned from off to on (the same seepage rate). Tests
“indicated the possibility of oxidation and polarization of the lead
-electrodes as a cause of the decrease in seepage voltage reading
'w1th repetitive tests. 3/ S

--_-The Soils Engineering Branch conducted measurements in an 8-inch
(20, 32-cm)* diameter permeability cylinder using as electrodes the
‘calomel cells normally used as electrodes in pH meters. These
cells are nonpolarizing and the measured voltages were repeatable.
Also, voltage readings were related to the amount of seepage. 3/

. .Because of the success of the Soils Engmeermg Branch in usmg cal-
* omel cells for measuring voltages in a small test facility, these cells
were tried in the large laboratory seepage tank.

SUMMARY

Laboratory studies were made to, -help refme the technique of obtain- -
" ing and interpreting electrical log charts for 1ocat1ng and measuring
- -seepage in canals. The tests were conducted in a 32- by 4- by 4-foot
(9.75- by 1.22- by 1.22-meter) seepage tank in the Hydraulics Branch..
The tank was equipped with a variable rate water inflow system.and an ..
" ‘arrangement of outlet tubes for controlling and varying the seepage ‘
through a fine uniform sand bed. An electrical motor drive and cable
system was installed to drag the calomel cells along ‘the length of the
‘tank,- Figure 1.

Tests were made with the cells stationary and separated at fixed dis-
. tances of 28, 18 13, 9, 5, and 1.5 feet (8.:53 to 0,457 meters). For-
.. .most tests the tips of the cells were embedded one-half inch (1. 27 cm)
- into.the top of the seepage’bed. A typical voltage*response versus time:
recording obtained by turning the seepage on and then off is shown in
- Figure 4A. Seepage through the sand bed created small changes-in
" stable voltages from -1.2 to 5.2 mv {millivolts) between the cells for
_seepage rates ranging to 35 cfd (cu ft/sq ft/day or 10.-68 cu m/sq m/day).
A complete summary from electricai logs.charts of tests w1th stat1on—
-.ary electrodes is compiled in Table 1. : g

_ Tests were conducted w1th\the calornel cells traveling or be1ng moved
“~along the: 1ength of the top surfdace of the seepage bed and separated at
"f1xed spacings of 9 4 and 1 foot (2 74'to 0. 305 meters) '

-"3/T1edemann, D. A, "Electrlcal Potential from Waterflow in Soil .

i :Specn’nens, “Lower: Cost Canal L1n1r1g Program, First Progress Re-

_ port,'" Report No. EM-735, June 1966, Department of the Interlor

7;': 'Bureau of Reclarnatmn
L *Note a convers1on factor table is prov1ded at end of report




'Seepage voltage recordings were. compared with recordmgs without

seepage. Typical recordmgs without and with seepage for travel-
ing electrodes are shown in Figures 4B and 4C. ' Table 2 contains a
summary of all tests with moving electrodes. When the spaced cells

‘were dragged from near one end of the tank to the other, the differ-:
. ence between a seepage voltage trace and a no seepage trace was the
© . greater slope of the voltage trace for a seeplng condition. .

~ Table 3 shows that statlonary cells suspended one-half .inch (1 27 em)
.above the sand bed measured changes in seepage voltages about 1/10 of

those for cells embedded one-half inch (1.27 cm) into the sand bed.

‘Table 3 also shows that’ changes in seepage voltages were recorded

when the cells were placed in one part of the seepage tank and seep-
age was occurring in another part.

Table 4 shows that small decreases of voltage were measured for
large reduct1ons in seepage rate

Table 5 shows that recorded changes in seepage voltage increased be-
tween stationary electrodes as the number of drains and/or seepage

‘area between the embedded cells increased.

"The summary of Table 6 does not indicate any. relat1onsh1p between the

spacing of stationary electrode znd the recorded changes in voltage for
a seepage rate of 35 cfd (10.68 cmd or cu m/sq m/day) through the

. center six dra1ns of the flurne

Statlor-aryr electrode tests were conducted with the active tips of the
calomel cells inserted 1/2, 1, and 2 inches (1,277 ~2-54 and 5. 08 cm)

" into the sand bed for both a 9- and 28-foot (2.//4- and 8.53-meter} cell
« spacing. Table 7 shows that changes in recorded- stable seepage volt-
_age decreased with electrode penetration for the 9-foot (2. 74-meter) .

spacmg and vice versa for the 28-foot (8.53- meter) spacing.

-‘Observatlons durmg the statlonary and moving electrode tests indi-
‘cated difficulties in the use of calomel cells and electrical logging
“for locating and measurlng seepage in canals. For example, there
.was a small change-in voltage per unit change in seepage, 0.13 mv/cfd
(1.39 mv/emd) for cells spaced at 9 feet (2. 74 meters). This small

voltage change might be obscured by voltage -changes caused by elec~

‘trode contact or other local voltages when draggmg the cells in actual
: .canals ‘

,I‘.‘For the moving electrode tests, the only observed dlfference between
 -the.no-seepage -and seepage logs was the greater slope of the seepage
curve,, This difference in slope, if not pecullar to the tank logglng




- inflow into the drains. ..An 8-inch (20. 32-cm) layer of fine uniform

- water in'the tank' was held close to 3. 8:feet (1,16 meters)by regu-

AT
"

"equ1pment and. the: surroundlng laboratory areas would not be suffi-
cient for detecting seepage in the field because a log of the canal
Wlthout seepage. could not be determined in a field canal.

' Although the cells-were dragged on the 121borator)r sand Seepage bed i
without damage, the cells are made of glass and would easily break '
if they'hit a rock in an actual canal. Also, to prevent polarization, -
a continuous supply of potassium chloride solution must be fed through e
the calomel cells, Supplymg solution to moving underwater cells is
‘cumbersome in the laboratory and would be more so in an actual canal. .,
A simpler nonpolarizing and unbreakable electrode would be desirable. a

-

£

During a 2-month period, between Runs 6-4'and 7-1, Table 1, elec-' - .~
trical interference from some uriknown source made it 1mp0551b1e T.O
obtain any usable electrical logs in the laboratory. Interference of+

this type possibly could: occur during field use of the electrlc:m log— : :
‘ging equipment. S _ .

LABORATORY APPARATUS

The Seepage Tank

A qpectally constructed 32- by 4- by 4-foot {9.75- by 1.22- by 1.22-
- meter) seepage tank, Figure 1, was used for laboratory electrical
logging tests. Twenty-two perforated plastic pipes 1-1/2 inches
(3.8 cm) in diameter were spaced 18 inches {(45.7 em) apart and
‘placed near the bottom.at right angles to the long axis of the tank,

- as:shown in the photograph, Figure 2A, of the seepage tank during
fabrication. ‘The. 22 drainpipes were covered witii gravel (3.3 mm
.mean diameter) to-about 1-1/2 inche& (3.8 cm); deep to provide free

sand (0.2 mm mean diameter) was placed on the graveél bed. Fig--
. ure 1B showsithe sand bed on the gravel bed through the window of
‘the tank. The permeability ratio of the sand bed to the gravel bed
was 1:88. Flexible’outlet tubes, .the discharge end adjustable in ele-
‘vation, were connected to one end of each of the drains. . The outlet
" tubes-are-shown in the off position in Figure 14 {raised:; w1th outlet
ends above water level), ‘Seepage rates were. increased, as desired, N
~from 0 to"35 cfd (10.68 cmd) by lowering the elevation of the dis- T ’
scharge ends of the outlet tubes with respect to the water surface in : '
- the tank, - as'shown in Figure 2B. During all the tests, the-depth of

; __latmg the inflow and: by two overﬂow slots Flgure 1A, near the top o

D of the east end wall. .




‘The Towing Equipment

The seepage tank was equipped for towing or dragging the electrodes
along the 32-foot (9. 75-meter) length of the seepage bed. The tow-

o '1ng system inc¢luded a reversihle motor, a variable speed transmis-

sion, a-driving pulley at the top of one end of the tank, Figure 1C,
.an idler pulley at the top of the other end, and a cable looped around
and between the pulleys. The cable, beaded at 6-inch (12,24-cm) in-
tervals, was of the type used in water'level recorders operated by
floats. Electrodes were attached to the bottom part of the, cable loop
. and could be dragged back and forth along the length of the " seepage
‘-tank 3 :

The -Electrodee

._"f he electrodes used to sense the voltage generated by seepage flow= -
ing through the sand bed were nonpolarizing calomel cells, Figure 3A,

“: designed for use in pH meters.. Calomel (HgCl or mercurous chloride)

is packed:in an inner glass tube. ‘One end of the glass tubélof calomel -
contains.a fine hole and the other end contains:-a wire projecting into.
‘the calomel which is connected to the recorder. The calomel tube is
.enclosed and mounted concentrically in a‘larger glass tube with a side
port. A very small flow of saturated KCl- (potassmm chloride) solu-
tion.is continually supplied through the port to the cell. The wvoltage
sensmg end of the outer glass tube narrows to a small porous disc
which is also the outlet for the KCI1 solution.

- The calomel cells are not designed for use under water. For the seep-
‘age study the wired ends were waterproofed and the KCl solution was

- supplied through a plasuc tube to the cell through a 3. 8- foot (1.16-
"rneter) depth of water. ‘ N ‘

- The Vo_l\tage Recorder

The voltages eX1st1ng between the calomel electrode was recorded on

a chart using a high-impedance voltage recorder shown in Figure 3B. .

To measure voltages, the meter was connected across the electrodes -
using:-shielded cable.. The cable was suspended above the towing sys-
tem by.a traveling: pulley on a high wire. TFor tests with the electrodes

% traveling, - the ¢hart speed of 1 inch (2.54 ¢m)} in 5 seconds was syn-
i+ chronized with-the speed of electrode travel.of 0.2 fps (6.09 cm{sec)

to ‘record electrode pomtton and/or distance 'traveled in terms of 1 foot
-i{30. 45 cm) of .seepage tank length per- inch (2.54 cm) of chart. For "
stat1onary tests, 1 1nch (2 84 cm) ‘of chart ‘length was equal to 5 rnmutes
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TESTS AND DATA OBTAINED:

Types of Tests

: Two types of tests were conducted in the seepage tank. For one type
- called stationary tests,-the calomel cells were not moved. The cells
" " _were, stationary and placed in contact with or near the upper surface
" .of the sand bed at a given electrode spacing. TFor the second type
called traveling tests, the cells were towed in contact with the upper
' surface of the sand and kept separated at a fixed distance.

SeeEage Control

Seepage +hrough the sand bed for the stationary-and traveling tests
“was set by adjusting the elevations of the discharge ends of the out-
let tubes. The seepage rates with respect to outlet elevations were
calibrated by time-volume measurements and were expressed in
terms of cfd units {cu ft/sq ft/day). This unit represents cubic feet
" of water passing through a square foot of canal bed during a 24-hour
day. For most tests, the middle six, drains were used. In other
tests, the six east end or the six w&Si:end drains were used. Since
the laboratory has its own inherent electrical fields, different orien-
tations of the seepage tank could affect the results:of the seepage
studies, Therefore, records were kept of direction of electrode

~ travel (east or west) and of seepage location (east end, ;middle or
_west end). In.all cases where six drains were used, they were opened
at a rate of 1 per second starting from the west drain and working .
.eastward. ‘The drains were ¢losed 1 per second in the same order.
The reason for-the regularly timed opening of the drains was to as- -
sure consmtency of operation in the 1aboratory apparatus for com-

‘ parlson of test results :

-' Statmnary Ele ctrodes

2 Bix ce11 cpacmgs covermg the range frorn 1.5 to 28 feet (D 46 to 8. 54 .
: -meter.,) were used for seepage measurements with stationary elecs
“trodes.s For most of the tests, the active tlpS of the cells were em-
_bedded one-half inch (1.27 cm) into the sand seepage bed. The mid-
. point between cells coincided with the m1dpo1nt of the partiof the sand - e
bed having seepage. The cells were alined alcmg the long axis on the e
‘top of the seepage bed. A few:tests were made with the cells suspended ;
‘one-half ineh: (1,27 cm) .above and inserted 1 and 2 inches (2. 54 and
- “5 08 ¢m) into the seepage bed. "Most tEStSuWIth stationary electrodes
were conducted with seepage- changmg from 0-to-35 cfd (10,68 emd) -or
e from 35 to 0. cfd (0 ¢md).. A few special i tests were conducted at smaller_
R seepage ‘rate changes and spec1al seepag dram conﬁguratlons.

T
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A sample voltage record for cells spaced at 9 feet (2.74 meters) and
embedded one-half inch (1.27 cm) into the seepage bed is shown in
Figure 4A., The voltage at the beginning of the trace was measured
for no seepage flow through the sand (arbitrarily calied zero). The
outlet tubes of the six middle drains were then adjusted to produce a
35-cfd (10. 68-cmd) seepage rate, After 1.3 minutes the voltage read-
ing had increased by 8.0 millivolts. At 8.3 minutes after seepage

© started the voltage had reduced to 3.0 millivolts, and at 12.3 minutes
had stabilized at 4.5 millivolts, When the seepage was turned off the
millivolt reading returned to the arbltrary zero in 1, 5 minutes. '

A complete summary of the tests for stat1onary electrodes is com-
piled in Table 1. Each change in seepage rate’ through the sand bed
was considered a run and was assigned a number in Column 1 of the
table. The first digit in Column 1 refers to the number assigned to
the recording chart. .The remaining part of the number signifies the
order of runs on a given chart. Column 2 lists the distance between
electrodes and in some cases, the depth of insertion. For some tests

7. a plastic collar was used to limit the insertion to one-half inch (1. 27

cm) and to pack the sand around the active tip of the electrode. ‘When
. the collar was used it is noted in Column 2. The headings of the re-
maining columns explain the tabular values. The entries in Table 1
.for Runs:2-4 and 2-5 are shown on F1gure 4A. For the other tests ™
the values in the table were obtained in a similar manner.

The results of the voltage measurements ‘with statlonary electr odes
will be considered later in this report o

‘Travelmg Electrodes

Seepage voltages were recorded with the electrodes spaced at 9, 4,
and 1 foot (2.74, 1.22 and 0.305 meter) apart'and traveling along the
length of the top of the seepage bed. The electrodes were towed at "~
. about 0..2 fps (6.09 cm/sec). »The pressure of the electrodes on.the
sand bed, when being towed, formed grooves inthe sand about one--
- half inch (1.27 cm) deep. For each seepage test with the electrodes
traveling, 35- cfd’(10, 68-cmd) seepage rates were set.in either the
~east, middle or west six drains of the seepage tank. For compari-_
‘son, voltage recordings were also obtained without: seepage for. the
‘same comb1nat1ons of direction of travel and spacmg

: Sample voltage charts recorded durmg the trave’lng tests are shown
-in Figures 4B and 4C. . Figure 4B is a copy of a voltage chart for
cells spaced 9 feet (2. 74 meters) apart and traveling west'along the -

-length of the tank ‘with no seepage. In Figure 4C the jagged trace is
for cells at a 9 foot 2. 74—-meter) spacmg, traveling west but. w1th the




middle six drains discharging at a 35-cfd (10, 68-cmd) seepage rate.
"The average of the voltage trace, Figure 4B obtained for no seepage.
in'the tank was redrawn.on Figure 4C. The two traces in Figure 4C -
show the. difference between the voltage recording for seepage and

no seepage.. The voltage difference was 7.0 millivolts when the elec-
trodes were near or at the east end of the seepage tank, ‘0.0 millivoit
‘near: the mtddle, and 3 5 ml].llVO].tS near the west end.

The complete summary of the towing tests is compiled in Table 2
The headings of the columns of the table explain.the tabular values.

"The tabular entries for Run 2. correspond to the voltage traces shown o L
in Figures 4B and 4C. Other values in the table correspond in a sim- S

_ 1lar manner. to traces not shown.

DISCUSSION OF RESULTS .

"To simplify the dlSCUSSlOﬂ of results from tests with ationary elec-
trodes, tables numbered 3 through 7 were abstracted 4rom Table 1 to
illustrate trends noted during the studies.. For the discussion of the = .
results obtamed from the traveling electrodes alt of Table 2 is used ' : .

i

Voltages from Statlonary Elec‘trodes

‘ _Effects of the location of. seepage area with respect to locatlon of -
electrodes. --Table 3 shows results for the S-foot {2.74-meter) elec- R

Trode spacing with 35-cfd (10. 68-cmd) seepage in six drains of the . I

- east end, middle, .and west end-of-the seepage tank. The maximum -~ =
~change in stable voltage (4.0 mv) occurred for seepage in the middle . - =
section of the tank. The minimum change in stable voltage (1.7 mv}
_-_'OCcurred for seepage in‘the west section.  The change in stable volt-

'/ "age’(3.7:mv) for seepage in the east end is nearly equal 1o the value:

"o for seepage ‘in'the middle.of the tank. The differences in voltage for

. changes in-seepage.and: the lack of symmetry between seepage’'in the

: “;a,east and-west sections may result: from differences in voltage created

+ by seepage and other voltages mherent m the entlre 1aboratory apparatus

‘.Efferts of: suspendmg electrodes above the seepage bed: -——Because the -
--‘calomel cells are made ol glass they are fraglle and.couldieasily break penE
.- while:being dragged on the bottom ‘of a canal. Recognizing this possi- .= ° =

f '__-b111ty, stationary: ‘electrode tests were made- w1th the cells suspended .
”""’one~half inchi(1.27.cm) above the laboratory :seepage sandbed. Table 3
shows that- when the cells.were: :suspended, ‘they. recorded- changes in.
oltage that were about: 1/10 of those w1th the cells embedded .one- half

'nch {1.27 c_m} 1nto the. sand bed




Effect of varying the rate of seepage on voltage. --Table 4 shows the
effect of varying the rate of seepage. Column 1 shows the initial
‘seepage conditions for the middle six drains.. Column 3 shows the
stable reading in millivolts with a 9-foot (2. 74-meter) stationary
electrode spacing centered over the seepage area, after the seepage
was changed to the value in Column 2. Inspection of Table 4 shows
that there were small changes in voltage (0.2 to 0.8 mv) for large
changes, 17 and 15 ¢fd (5.19 and 4. 67 e¢md) in the seepage rates.

Voltage reaction to variation in size of seepage area. --Table 5 shows
the effects of varying the number of drains seeping between electrodes
spaced at 9 feet (2. 74 meter) and centered over the six middle drains.
Starting at one end, drains were successively opened to pass 35 cfd
(10. 68 cmd), one each 15 minutes. Column 1 shows the number of
 drains opened and Column 2 shows the mv reading after about 15 min-
utes. Inspection of Table 5 shows that as the area of seepage and/or
-number of seeping drains increased between the electrodes the volt-
age reading increased. The voltages'may be related more to the hor-
izontal flow in the gravel filter than to the vertical flow through the
"sand between the electrodes. Horizontal flow results because the
gravel is 88 times more permeable than the sand.

Recorded stable seepage voltage change versus electrode spacing, --
Efforts were made {o determine a relationship beiween stable seepage
voltage and electrode’spacing. The results of this effort are summa-
rized in Table 6 in which Column 1 lists the six electrode spacings
-that were tested. The centerline between the two calomel cells coin-
cided with the midpoint of the part of the sand bed having seepage.
The cells were in line on the long axis of the top of the seeping bed.
Tests summarized in the table are for both off and:on 35-cfd (10.68-
cmd) seepage rates using the middle six drams.hbolumn 3 lists the
average stable voltage change for the number of runs shown in Col-
umn 2. The high and low reading in the average are listed in Col-
‘umns 4 and 5, respectively. Inspection of Table § shows that no
relationship between cell spacing and the change in recorded stable
seepage voltage was determined by the laboratory tests.

Effect of the depth of electrode insertion. into sand bed --Because of
' the-apparent lack of relationship between electrode spacing and change

- -of giable voltage, tests were conducted to determine whether ‘the volt=

ages:varied with electrode penetration into‘the sand. To check for
this possibility stationary electrode tests were conducted with the ac-
tive tips of the calomel cells inserted 1/2, 1 and 2 inches (1.27, 2.54.
and:5.08 cm) into the sand bed. Tests using these depths were ‘made
for both 9- and 28-foot (2.74- and 8, 53-meter) electrode spacings for
‘ a seepage rate reduced from 35 (10.68 cmd) to 0 cfd in the middle six,




drains. The resulis of these tests listed in Table 7 show that the
recorded change in stable seepage voltage decreased with electrode
- penetration for the 9-foot (2. 74-meter) spacing whereas the voltage
change increased with penetration for the 28-foot (8. 53-meter)
spacing.

These opposing results suggest that the degree of compaction of the
soil around the calomel cell tips influences the voltage readings.
Punching of an electrode into the sand bed can either compact or
loosen the sand bed from its initial condition. Possibly the close-
ness of sand particle surfaces to the pores in the cell tips or the
contact pressure of the cell against the sand affect the recorded
voltage.

Tests were conducted with plastic disc-type collars attached to the cal-
omel cells to limit the depth of insertion to one-half inch (1.27 ecm). It
was also hoped that the collars would provide more consistent compac-
tion of the sand around the electrode tips. The resuits of these tests
were used in compiling Table & and the complete summary of the tests
are 11sted in Table 1 startmg with Run 12-1,

These tests with controlled depth of electrode penetration did not re-
solve the lack of a relationship between electrode spacing and the
‘change of stable seepage voltage. :

Electrical interference experienced during tests. --The laboratory
seepage study apparatus remained idle ior a half year between test
series, ' A different pa1r of calomel cells were used for electrodes

. because:the original pair were broken. The goals of these new sta-
tionary tests were to verify results-previously obtained, to obtain
data for electrical spacings not previously tested, and to see if vary-
ing the depth of electrode insertion into the bed affects recorded seep-
.age voltages. ‘For a 2-month period laboratory electrical interference
‘from unknown sources made it impossible to obtain any sigmficant
electrical logs in the laboratory seepage tank. However, ° the inter-
ference stopped. and tests were. ‘conducted.. ' : :

: ,The- complete summary of the second test series is listed in Table:l
starting with Run 7-1. The results were used along with a part of
the results from the first test series in compiling Table 6 and en-
tlrely used for complhng Table 7. :

Results from 'I‘ravehng Electrodes

| -"Inspectmn of Table 2 and Flgure 4C shows that the voltage trace re-
.corded on the charts when the cells were bemg dragged over.a seepmg




area was tilted with respect to the trace without seepage. - Also
', the traces crossed when the center of the electrode pa1r was nearly

. over the midpoint of the seepage bed. The one exception (Run 9,
Table 2) occurred when the electrode spacing was 1 foot (0.305 meter).
In this case the seepage trace indicatediits largest voltage difference
in the middle of the traces corresponding to the center of the length

_of the flume and was bowed upwards with respect to the no-seepage
“trace. The two traces converged when the electrodes were at the ends
‘of the tank. The maximum differences in voltages between the seep-
‘age and no-seepage traces occurred when the electrodes were at the
east end of the tank and seepage was occurring at the middle six drains.
A possible reason for this difference may have been a voltage in the lab-
oratory apparatus other *than the voltage created by seepage. Table 2
‘also indicates 'that the difference between no-seepage and seepage volt-

_-age traces at the ends of the ﬂume and/or trace increased as the cell
-spacing 1ncreased '

- CONC LiISIONs

'The following conclusions are for seepage and bed condltlons that ex-
- isted in the- laboratory apparatus described in this report. Care
‘should be exercised jin applying these conclusions to possible appli-

. cations in.actual can/als ‘Voltages developed in an electrical system
‘are necessarily a part1al function of the geometry of the confining sys-
tem. Furthermore, the overflow system for maintaining the head in
the flume, the inlet piping for replacing the water lost by seepage, and -
‘the channels for disposing of the seepage water all could create elec-
trical potentials that affect or mask seepage voltages generated in the’
ﬂume W1th1n these 11m1tat1ons the following conclusmns ‘were made

Conclusi;)ns Concernmg Electrodes

1.  Preliminary tests demonstrated that voltages measured with
lead (Pb) electrodes were not repeatable for the same seepage -

“ rates. ‘Measured voltages decreased as on-off’ tests at the same
-seepage rate were repeated. The possible cause of this effect -
‘was the ox1dat1on and polarlzatmn of the lead electrodes

2. Tests showed that changes in seepage voltages measured
- ‘w1th the sarne pa1rs of: calomel cells were repeatable -

134 The calomel cells are made of glass but were. successfully

. ‘dragged on.a sand bed._ ‘However, they could easily break upon

. - “hitting rocks or: gravel in a‘canal.: POSS1b1y the cells could be
s fabr1cated from stronger mater1a1 :




4. The calomel cells used (originally built for pH meters) are
cumbersome because the electrical wire leads and connections
-must be waterproofed and provision must be made to continually

supply saturated potassium chloride solution underwater.

5. ‘When the calomel cells were suspended just above the seepage

bed:the voltage changes were about 1/10 of the values recorded

when they were contacting with or sllghtly embedded in the seep-
age bed.

Conclusio ns--Stationary Electrode Seepage Tests

1. The recorded changes in stable seepage voltage for the elec-

- trodes embedded one-half inch (1. 27 c¢m) into the seeping bed were
- small, ranging from -1.2 to 5. 2 millivolts for on and off tests with
_geepage rates as high as 35 cfd (10.68 cmd). ‘When the electrodes
were suspended one-half inch (1,27 cm) above the seeping bed, the
changes in logging voltages were reduced to 1/10 of that measured

with the embedded electrodes.

2,  The changes of seepage voltages measured when using calomel
- cells embedded one-half inch (1.27 cm} into the seepage bed were
‘related to the amount of seepage change however, differences in
seepage voltages for large changes:in seepage were small., These-
changes were so small they could be obscured by local electrical
1nterferences

3. No relationship between the recorded changes in stable
P seepage voltage and electrode spacmg could be determined
. from this seepage study . : :

~"When the seepage area and/or number of opened drains be-
' ‘-tween electrodes increased, for seepage kept at a constant cfd

. rate, the measured seepage voltage increased.

"’5 “Voltage. changes were recorded when the cells Were placed
".in.one part of the: seepage tank and the seepage area was changed
tor another: part .

8. In the laboratory, electr1ce.l interference of sufficient mag-
-_n1tude to prevent seepage logging can occur. The source of the
interference: could not be determmed :

'__'-gConclusmns——Travelmg Electrode Seepa ge Tests

B When the cells were moved in contact with the sand the

TR voltage traces for. seepage tended to have a greater slope than'




the corresponding no-seepage control traces. The two traces

crossed near the middle of the traces i. e. when the cells were

near the middle of the seepage bed. The exception was the test

with the cells spaced at.1 foot (0.305 meter). During this test
“the seepage trace bowed above the middle of the no- seepage

trace.

2. Larger electrode spacings tended to produce larger voltage
differences between the seepage and no-seepage traces.

APPLICATION

"To more fully define the appllcatmn of electrical logging for pre-
+dicting seepage in canals, the following are recommsanded:

1. Studies should be performed with better isolation of the
seeping portions of the laboratory flume. This could be done
by means of both nonconducting and electrically conducting
impervious barriers. By using barriers, seepage could be
! . localized and directed to be either horizontal or vertical.

2. Tests should be made with clay silt soils in the seepage
‘beds. Doing this may increase definition in measuring and
detecting smaller seepage rates.

-3, Studies should be made to determiné whether adjacent lenses
of different soil types could produce voltages not related to
seepage : _ _

4, Tests should be performed to determine the size of the
- voltage variation caused by electrodes being dragged over rocks
and other obstacles on the seepage bed.

5. There can be elther inflow or outflow through canal beds -
depending upon the elevation-of: the water table. Tests should
be made to determine whether electrical’ loggmg can d1st1ngulsh
between these: two poss1b111t1es :

"'-1
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Figure 1
Report Hyd-570

A. East cnd of seepage tank,
Oullet tubes in off position
with discharge ends hung B.
on side wall of tank.

Photo PX-1)-6040)

Sand and gravel bed seen
through tank window,
Photo PX-D-60402

C. West end of seepage tank--motor
driven arrangement for towing
electrodes. Photo PX-D-60403

LABORATORY SEEPAGE AND ELECTRICAL LOGGING STUDIES

Lower Cost Canal Lining Program




Figure 2
Report Hyd-570

Drainpipes in bottorn during
fabrication of seepajze tank. !
Photo PX-D-60404 : }

AL

-

o g
B. Adjusting outflow tubes to o
set 0 oseepage rate, “
el Photo PX-[-60405 Aie
e
LABORATORY SEEPAGE AND ELECTRICAL LOGGING STUDIES :
&y
£
’t

Lower Cost Cunal Lining Program




Figure 3
Report Hyd-570

A. Cualomel cell electrode.

Photo PX-D-60406

IRRERRER)

| LLLES O TP

B. High impedance recording voltmeter,
Photo PX-D-60407
LABORATORY SEEPAGE AND ELECTRICAL LOGGING STUDIES

&
Lower Cost Canal Lining Program




Figure 4
Report Hyd-570

A. Record for stationary elecirodes spanning middle 6 drains.
‘Photo reduction about 3. 6.

2 inches of chart and/or
‘2 feot.of alecttod. mml @ 0.2 fps.
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C. Seepage voltage and redrawn no-seepage voltage records
for electrodes traveling west.

LABORATORY SEEPAGE AND ELECTRICAL LOGGING STUDIES

At west end of fank

Lower Cost Canal Lining Program
Sample Voltage Records for Tests with
Stationary and Traveling Electrodes at 9-foot Spacing

GPO 043 -2080




' - CONVERSION FACTORS~-ERITISH TO METRIC UNITS OF MEASUREMENT

" The followAng conversion factors adopted by the. Bursen of Rezlamation are thos
- Tegting and Materials {(ASTM Metric Practice Guide, January 1864) except that

emi)ilbllshed by the Amerlean Soclety for

di*iongl factors {*) commonly used in

. -.the Bureau have been added. Further discussion of definiticns of quantities and units 1s given on pages 10-11 of the-

* TASTM Metric Practice Guide. -

' The metric units and cor’erston factors ad
" I also known as the Glorgl or MESA {meter-kllogram (mAss)-second-ampere) sys

In:.erna.uonal Organization for Standardizatien inISO Recommendation R-31. ...
i The metric technical unit of foree is the Klogram-force; this 1s the force which, when applied to a body having a .-
~mass of 1 kg, glves:it an acceleration of 9.
that for3= which, when applled to a body. having

opted by the ASTM are based on the “Internaional System of Units" (designated

- - 5[ for Systeme.Internatianal d'Unites), fixed by the Internations]l Committes far Weights and Measures; this system is | S
tem. 'Ilglis syatl_e_m basbeen adopted by the~ . -

865 m/sec/sec; the standard acceleration-of free fall toward the ea.rth_'é
center for sea-level at 45 deglatitude. The matrie unit of force In'SI unlts is the‘newton (N); which is deflned as

& 'mass of 1 kg, gives It an acceleratlon of 1 m/sec/sec,” These unlts’

must bé Hstinquished from the {incenstant) local welght of a bedy. having a mass-of 1 kg; that 1s, the welght of &
‘body 1s that force with which a boedy 1s attracted to.the earth and 1s equal to the mass of 2 hody multiplied by.the -

. aaceleration due to
. eorrect term "p

esgentinl in S units,: -

~foree,™ the term kil
force" in expressing the converslen factors

_;Taﬁl I

o Hulf_ln‘]v

vity. Howéver, because 1t s general practice to use "pound” rather than the technieslly- R
o?ram“ {or derived mass unit) has been used In thls quide Instead of "kilogram- .
or iorce?. "The newton unit of force will find increasing use; andis - = =~ - -

QUANTITIES AND UNITS OF SPACE

’ T.o obtain

Inches

‘Feet .

“Yards L.l .
_Miles (stalute}, ..

e &

" IENGTH

28, 4 [exactly). &
“25.4 (exactly). .. . .;
. 2.54 {exactly)*. ..
30. 48 (exactly) © .. .
- 0.3048 {exactiyh*. ., -
“0.0003048 {exactly)* ..
0. -0.9144 {exactly). .. . -
1,60?.344 {exactiy)}* ",

Migron

Millimeters
LCeutimeters
Centimeters

;. Meters

- Rilometers © - -

. Meters .
' Metars. .

. 609344 {exactly) .. .

. Kllometers '

3-.':"S§ﬁ.ﬁ£e inches . '

-i-‘_ Sqqgrq feet ',
Square yards'
Acres . ... 4

St o6.4616 (exactly)-
- 028, 08%, | et
o 0.082003 .
0. 838127 -
C . 4,046, 8%, .,
oo 000040460
2.58099, ..

N Sqlmre centimeters

Square centimeters
. Square meters

Squere meters: -

Hectares . .

Square meters -

Square kilometers -

_ YOLUME

. Square kilometers

. Cublc-feet, .

© o 18.38TL0. Lo ..
. 70.0283188. . .

5. "Cuble centimeters

- Cuble meters

 Cublc yards; .

| CAPACITY

Cuble-meters -
‘Tf.‘/.‘" . "i‘f; .

-, Fuld ounces (U.S.) ...’
+Tdquid pints (U.S,)

o Querts(ULE.) .
. Gallons (U.5.).

s

+Gallens (UK.). 3

“Cublc feet. ...
‘Cublc wae
Aqe- CELPERN

29.5737 L. .-
29,8720, . 0

Cubic‘éent‘imet_ers

Milllliters

" Cublc declmeters

Ldters o 0
‘Cubic' centimeters
Liters S

... Cubic centlmeters

Cublc. declmeters -
CIfters. . ..o
i Cuble:meters:

TLiters -

‘Lters. oo

i 'Eublc..decimet_gm e

“Cuble meters. .o

L Titers o

i
L
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:Laboratory tests were cOndueted in 8 seepage tank to stuﬂy the applica-

tion.of electrieal. logging for locating and ‘meaguring” seepege In canals.

”Preliminury tests showed that lead (Pb} electrodes produced monrepeat-
“able reaults' ‘batter reaults were achieved using nonpolarizing calomel -

- cells as eleetrodel. Tests vere made with stationsry and moving elec-

.trodes. Large changea in seepage produced small but measurable changes
in voltage between stationary calomel cells embedded in & sand bed on
_the bottem' of the tank. Stationary electrodes suspended 1/2.1in. above
the seepage bed measured voltageg of about .1/10 of those measured by
"electrodes in contact ‘with or ingerted into the seepage bed. Voltage
readings ‘from moving electrodes continually increased or decreased
_acccrding tg the direction of travel. The difference between a seepage-
avoltase log and & no-seepage log was a: greater slope of the seepage
trace. Electrical logging cannot yet be applied to measuring seepage
-for irrigution canals because Slopes of the voltage traces have not
'been definitely related-to canal seepage, - Further tests are required to
evaluate possible use of electrical logging in seepage investigations.

- ABSTRACT

fLaboratory teata vere conducted in & seepage tank to study the applica—

“tion of electrical logging for locatiniz and measuring seepsge in canals,
.Preliminury tests showed that lead {Pb) electrodes produced nonrepeat-
'able results* better reuults vere achieved using nonpolarizing calomel
cells es: eleetrodea., Tests were.made with stationary and moving eléc-
trodes. Large changes in seepage produced small but measurable changes
Hn voltage between stationary calomel cells embedded in & sand bed on
‘the: bottom of the tenk. 'Stationary electrodes suspended 1/2 in. above
aeepage hed meaaured voltages of about 1/10 of those measured by
lectrogy contast with or inserted into the secpage bed. Voltage
readings :fromimoving electrodes continually incressed.or ﬂecreased
;pccording to the direction of travel The difference bet ‘sen a seepage-
88 los an@]a no-seepage 1og wvas a greater glope of’ the seepage

05 canals because slopes of the foltage traces have not
tely related to canal seepage. Further tests are required to
posaible use or electrical logging in aeepage 1nvestigations.

) ABSTRACT
latoratory tests were conducted in a meepage tank to study the mpplica-
tion of ¢lectrical logging for locating and measurlng seepage in canals.
Preliminary teste showed that lead {Pb) electrodes produced nonrepeat-
able results; better results were achieved using nonpolarizing calomel
cells as electrodes.. Tests were made with stationary and moving elec-
trodes. Large changes in seepage produced small but measurable changes
in voltege between statiopary calomel cells embedded in a sand bed on
the bottem of the tank. Stationary electrodes suspended 1/2 in. above
the seepage bed measired voltages of shout 1/10 of those measured by .
electrodes in contact with or inlerted_into the seepage bed. Voltage
readings from moving electrodes continually increased or decreased )
according to the directlon of travel. The difierence between a seepage-
voltage log and B no-seepege log was a greater slope of the seepage

.. trace. Electrical logging cannot yet be applled to measuring seepage

for-irrigation canals because sleopesa of the voltage traces have not
been definitely related to canal seepnge. Further tests are reguired to
evaluate possible use of electricel logging in seepege investigations.

ABSIRACT

Laboratory tests were conducted in a seepage tank to study the applica-
tion of eleetricnl logging for leocating and measuring seepsge in canals.
Preliminary tests showed that lead (Pb) electrodes produced nonrepeat-
able results; better results were achieved using nonpolarizing calomel .
cells as electrodes. Tests were made with stationary and moving elec-
trodes. large changes in seepage produced small hut measurable changes
in voltage betveen stationery calomel cells embedded in a sand bed on
the bottom of the tank. Stationary electrodes suspended 1/2 in. above
the seepage bed measured voltages of ‘about 1/10 of those measured by
electrodes in contact with or Inserted into the seepmsge bed,” Volteage
readings from moving electrodes continually inecreased or decreased
according to the direction of travel, The difference betwéen a seepage~-
voltage log and a no-seepage 10g Was a greater slope of the seepage
trace; Electriecal logging cannot yet be applied to memsuring seepege
for irrigation canals beceuse slopes of the voltage traces have not

been definitely related to canal seepege. Further teats are required to
evaluate possible use of electrical logging in seepage investigations.




S ﬁ
-Hyd~570

" Dodges R A

. " LABORATORY TAﬂK STUDIES OF ELECTHICAL CANAL LOGGING TO: DETECT SEEPAGE

- "' LOWER COST CANAL LINING ‘PROGRAM, USBR .Lab Rept Hyd-570,  Hyd Br, May

_1966. Pureau of Reclamation, Denver, 13 Pr L. rig, 10 tab, 3 ref

'DESCRIPTOES-- ‘canal aeepage! simulatlon/ unlined canals/ model tests/

electrodea/ seepage/ earth:linings/ cansls/ electric potential/
measuring -instruments/ Jaboratory testaf. hydraulic ‘modela/ lover cost
-canal . lininss ; .

IDENTIFIERS—— ‘electri?al logging/ *seepage meters

L

0 Hyd-570- -
“.-Dodge, .R A .. '

- LARORATORY TAHK STUDIES OF ELECTRICAL CANAL LOGGING TO DETECT SEEPAGE,
_'LOWER COST CANAL LINING PROGRAM. - USBR Lab Rept Hyd-570, Hyd Br, May
P 1968 Bureau of - Reclamation, Denver, 13 s L rig, 10 teb, 3 ref

PTORS-- 'canal leepage/ simulation/ unlined canals/ model tests/
slectrodes/-seepage/ earth 1inings/ eanels/ electric potential/
'measurlng instrunents/- laburatory tests/ hydraulic modela/ lower coat
eanal-linings -

_IDENTIFIERS-- 'electrical logging/ 'aeepage meters

Hyd-570
Dodge, R A

LABOHATORY TANK STUDIES OF ELECTRICAL CANAL LOGOING TO DETECT SEEPAGE,. '

LOWER COST CANAL LINING PROGRAM. USBR Lab Hept Hyd-570, Hyd Br, May
1968, Bureau of Reclamation, Denver, 13 p, 4 fig, 10 tab, 3 ref

DESCRIPTORS-~ #canal seepage/ simuleticn/ unlined censls/ model testa/
electrodes/ seepage/ earth linings/ canals/ electric potentinl/
measuring instruments/ laboratory tests/: hydraulic models/ 1ower cost
canal linings -
IDENTIFIERS-- #electrical logging/ 'Beepage meters

Hyd-570

Dodge, R A

LABORATORY TANK STUDIES OF ELECTRICAL CANAL LOGGIRG TO DETECT BEEFPAGE,
LOWER COST CANAL LIKIRG PROGRAM. USBR Lab Rept Hyd- -570, Hyd Br, May
1963. Bureau of Reclamation, Denver, 13 p, 4 rig, 10 tab 3 ref
DESCRIPTORS-~ %canal seepage/ simulation/ unlined canala/ model teats/
electrodes/ neepage/ earth linings/ canals/ eélectric potentiel/
measuring instrumenta/ laboratory tests/ hydraullc models/ lower cost
canel linings .

IDEHTIFIERS—- 'elevﬂrlcql lnggingf 'seepage meters




