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PURPOSE

The purpose of this report is to present the results of the
seepage studies, conducted as part of the Lower-cost Canal Lining Program,
on the Tucumcari Project, New Mexico at the close of the 1949 irrigation
season.,

PERSONNEL

The seepage studies described in this report were conducted
under the general supervision of R. J. Lyman, Project Engineer. The
seepage measurements were made under the immediate supervision of E. E.
Cerney, Project Watermaster, who was assisted by R. K. DeWees, Project
Hydrographer. Technical assistance was supplied from the Office of the
Chief Engineer, Branch of Design and Construction, by Engineers C. W.
Thomas, D. M. lancaster, and B. R. Blackwell.

SYNOPSIS

Seepage rates by ponding were obtained in three reesches of
the Conchas Canal. Seepage meter readings were obtained simultaneously
with the ponding tests in two of the three reaches. The ponding results
are summarized in the following table. Throughout this report the seepage
rates are expressed in cubic feet per square foot of wetted area per
24 hours.

Pond : Depth : Seepage
number ¢ Type of lining : (in feet) : rate
2 : Unlined : 7.0 : 0.40
1 : Clay lined--Specifications No. 1076 : 7.0 : 0.13
3 : Clay lined on left side and bottom only : 7.0 :+ 0.07
: by Project forces : :




The summary of the averages of the seepage meter settings and a comparison
of the results obtained by using the seepage meter and by ponding are
shown below.

Pond : Depth : RATE BY SEEPAGE METER :Rate by: _ Difference
number; (in feet):L slope:Centerline:R slope: Avg :ponding: Rate : Percent
2 : 2.3 : 0.09 : 0.l ¢ 0,10 : 0.10: 0.07 :+0.03 : +43

3 : L0 : 0.04 : 0.06 : 0,05 :

0.05: 0.03 :+0.02 ; +67

CONCLUS IONS
As a result of the field study, it was concluded that-

The quantity of weter lost by seepage in the tested reaches
containing earth lining was insignificant

The loss from the unlined section, although greater than
from the earth lined reaches, was less than would normally
be expected and hence the installation of a lining would
be unwarranted from the standpoint of water conservation

The silt blanket deposited in the canal by normal operation
was effective in reducing the .seepage loss as evidenced
by the lowering of the water table adjacent to the canal
during the past ysars

The formation of a silt blanket through normal operation
will undoubtedly decrease the excessive seepage from the
new portion of the canal at the lower end

As in other instances where the seepage meter has been
utilized, the results were erratic, however, in this
particular case, the quantities involved were small

INTRODUCTION

The Tucumcari Project is located in eastern New Mexico adJjacent
to the City of Tucumcari. The diversion works for the project are located
at Conchas Dam on the South Canadian River. About 4O miles of canal are
required to transport the water from the diversion works to the project
lands under irrigation. These features together with the locations of the
test reaches of the canal are shown in Figure 1.

The three reaches of the Conchas Canal selected for seepage
measurement studies totaled 9,800 feet in length. Seepage loss measurements




were made simultaneously by both the ponding method and by seepage meter
measurements thereby obtaining additional data for evaluating the merits
of the meter as an instrument for the measurement of seepage losses. The
entire_program of seepage loss measurements described in this report was
conducted as part of the Lower-cost Canal Lining Program in accordance
with the recommendations contained in the field trip report from Mr. C. W.
Thomas, dated February 27, 1950, subject "Seepage measurement program and
inspection of Conchas Canal--Tucumcari Project--Lower-cost Canal Lining
Program."

PONDING TESTS

Testing by ponding is the most accurate technique known for
the determination of seepage losses from irrigation canals and laterals.
Three ponds were formed in the Conchas Canal to obtain data on seepage
losses through different types of material. Pond 1 (Stations 2043+60 to
2072+60) was clay lined under Specifications No. 1076 as a part of the
original construction program. A report of laboratory tests on samples
of this clay lining material is included as Appendix A. Pond 2 (Stations
2518+40 to 2562+00) is an unlined earth section, while Pond 3 (Stations
2562+40 to 2587+00) was clay lined on the left (downhill) bank and bottom
by project forces. The right bank was not lined. The Conchas Canal,
including the sections ponded, was covered with a silt blanket varying
in thickness from 1 to 6 inches. This silt blanket was deposited during

the operation of the canal over the past four irrigation seasons. During
this time the maximum.discharge in the canal was 40O second-feet compared
to a design discharge of 700 second-feet. Photographs of the silt blanket
are shown as Figures 2 and 3.

Cross-section Survey

In the ponded reaches, the canal was designed with a bottom
width of 24 feet, with 1-1/2 to 1 side slopes, a bottom slope of 0.0001,
and a depth of 8.65 feet for a discharge of 700 second-feet. A survey
of the canal cross section in the reaches ponded was made just prior to
the tests to determine the present physical dimensions of the ponds as
required in computing the seepage losses. Cross sections were taken at
100-foot stations along the tangents and at 50-foot stations on the curves.
Horizontal distances were measured to the nearest 0.l foot while the
elevations were read to the nearest 0.05 foot.

Construction of the Dikes

The construction of four dikes was necessary for the forming
of the three seepage ponds. The Jack County Check and Wasteway structure
was used as the downstream barrier of Pond 3, eliminating a dike at this
point. The first step in the construction of a dike, following the empty~
ing of the canal, was to remove the silt from the sides and bottom of the




canal for the full width of the proposed dike. Next, a cut-off trench
was dug 1-1/2 to 2 feet deep along the centerline of the proposed dike,
using a 1/2 yard dragline bucket. Material for the dike was then dozed
into place (some material was placed with the dragline), spread to the
proper width in thin layers, wetted with water pumped from pools in the
canal, and compacted with the bulldozer. Figure L shows this operation
on the dike at the upstream extremity of Pond 2, immediately prior to its
completion., After the dike was raised to the proper height and width,
a select clay material was placed on the faces adjacent to the ponds.
Compaction was obtained, after sprinkling, with the dragline bucket.
Figure 5 shows the select clay material being placed by dump truck on
the upstream dike of Pond 2 while Figure 6 shows the select material
being compacted with the dragline bucket on the dike separating Ponds 2
and 3.

In order to reduce, and in one case to completely eliminate,
the pumping of water over dikes for the filling of the ponds, 1l8-inch -
corrugated metal culverts capped by turnout gates were placed in three
of the dikes. The culverts were placed along the centerline of the
canal about 4 feet above the bottom. The joints were painted on the
inside with pitch to make them watertight. Select clay material was
placed around the pipe, sprinkled and carefully compacted using both hand
and pneumatic tampers. Figure 7 shows a culvert in place prior to being
covered while Figure 5 shows the pipe covered and with the turnout-gate
in place. After filling the ponds, the turnout-gate was closed and
covered with earth material to make it watertight.

Hook Gage Installations and Water-surface Observations

Hook gages for determining the. water-surface elevations in
the ponds were installed on specially constructed structures near each
end of each pond. Each hook gage was attached to a vertical 6 by 6-inch
wooden post while the access platform used in reading the hooks was a
separate structure sc that the zero elevation of the hook would not be
distrubed during the tests. Figure L shows one of the access platforms
under construction while a completed structure ready for the installation
of the hook gage is shown in Figure 5. Hook gage zeros were referenced
to adjacent bench marks using an engineers level. The hooks themselves
were 6 feet long with graduations at exactly l-foot' intervals. This
permitted the lowering of the hooks by intervals of 1 foot without the
necessity of rezeroing the hook gage with the engineer's level.

In the early stages of the ponding tests, the hook gages were
read twice a day. Due to the great depth ol the water in the ponds and
to the very slow rate of drop of water surface with time, this procedure
was soon changed and the hooks were thereafter read only once a day. The
hook gages used for these tests could be read to the nearsst 0.00l1 foot.
Portable stilling-wells were used when the water surface was rough to
obtain more accurate readings.




Leaks through Dikes and Structures

All dikes and structures within the ponded areas were given
careful periodic inspections for leaks during the tests. The only leak
observed was through the check and wastewsy structure at the downstream
end of Pond 3; Liowever, the quantity was insignificant.

Effect or Xvaporation

Evaporation data from a Class A pan were available a!: Conchas
Dam. Although the evaporation was small, the seepage rates by ponding
were dorrected accordingly. The maximum evaporation observed during the
tests amounted to 0.248 inch in 24 hours. The following table shows
the effect of evaporation on the seepage rate for maximum depth for the
three ponds.

Seepage rate : Corrected :
: for : Maximum : seepage : Percent change in
Pond : maximum depth : evaporation : rate : seepage rate
1 0.17 : 0.01 : 0.16 :
2 C.40 : 0.01 : 0.39 : 3
3 0.08 : 0.01 : 0.07 : 12

Results of the Ponding Tests

rthe seepage rates as obtained from ponding in the three test
reaches of the Conchas Canal are shown in Figure 8. The seepage rate is
plotted against depth of water in the canal. Comparative seepage rates
for a common depth are given in the following table.

Pond : : Depth : Seepage
number : Type of lining : (in feet) :  rate
2 : Unlined : 7.0 : o 0.40
1 Clay lined--Specifications No. 1076 : 7.0 :  0.13
3 : Clay lined on left side and bottom only : 7.0 : o 0.07
' by Project forces : H

Ground-water Observations

In conjunction with the ponding tests, a study was made of the
logs of several ground-water wells located along the section line inter-
secting the Conchas Canal at Station 2563+00. <[hese ground-water wells
have been under observation since the project was opened in 1946. The
section line intersects the canal near the dike location between Ponds 2
and 3. All wells except the one adjacent to the canal were dry at all
times. This one well, Figure 1, while dry in the winter, indicated
ground-water elevation changes during the irrigaticn season. Observations




on this well are shown in Figure 9. During the first 2 years of project
operation, the ground-water table came to within 2 feet of the surface of
the ground while in 1949 the ground water was over 5 feet below the surface
of the ground.

In 1946 and 1947 small seepage areas developed in several of
the fields adjacent to the canal but disappeared in 1948 and 1949 when
the ground-water table dropped. The lower ground-water table and the
disappearance of the small seepage areas were apparently due to reduced
seepage rate resulting from the silt blanket, Figures 2 and 3, deposited
in the canal.

SEEPAGE METER TESTS

Details of the construction of the seepage meter are shown in
Figures 10 and 11 while a photograph of the instrument in its present
stage of development is shown in Figure 12. . This meter is a modified
version of the constant head permeameter developed by the Department o1
Agriculture and consists of a waterfight seepage cup connected by a tube
to a flexible bag for holding water. The cup isolates a known surface
area of canal bottom. The water seeping through this area comes from the
flexible bag and may be measured., The flexible bag of water, being
submerged, maintains the same head on the test area under the meter as on
the surrounding area of canal. Knowing the area under the meter (2 square
feet) and the loss of water from the bag for a given period of time, the
seepage rate in cubic feet per square foot of wetted area per 24 hours
may be easily determined. Form "DCT-27, 11-49, Bureau of Reclamation,'
Figure 13, was used in recording the data.

Seepage meter studies were made in conjunction with the ponding
tests in Ponds 2 and 3. Seepage meter settings were made on the canal
centerline and on each side approximately half way up the- slope at
400-foot intervals throughout the length of both ponds. An attempt was
mzade to obtain the seepage meter data at maximum depth in the ponde hut
due to the conditions in the canal resulting from the presence of the
silt blanket together with the deep water (7 to 8 feet) it was found
necessary to delay the seepage meter tests until the water depth in the
ponds decreased to a point where seepage meter operation was practicable.
A plot showing the results of the seepage meter studies is shown in
Figare 14. The following table summarizes the averages of the seepage
meter data and compares them with the ponding test results for the same
period of time.

Pond : Depth : RATE BY SEEPAGE METER :Rate by: Difference
number:(in feet):L slope:Centerline:R slope: Avg :ponding: Rate : Percent
2 2.3 : 0.09 : 0.11 : 0.10 :0.10 : 0.07 :+0.03 : +43
3 : .0 : 0.04 : 0.06 : 0,05 :0.05 : 0,03 :+0.02 ; +67
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CONCHAS CANAL - TUCUMCARI PROJECT, NEW MEXICO

A general view of the silt deposit on the rig J bank of the Conchas Canal at Station 2550 which is

within Pond 2. While the canal was designed for 700 second-feet, the maximum discharge during
the four years of operation of the canal was 400 second-feet. (H-874- 7)
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CONCHAS CANAL - TUCUMCARI PROJECT, NEW MEXICO

A closeup view of a section of the silt deposit on the left bank of the
Conchas Canal at Station 2550 shows the thickness of the blanket by

comparison with a staff gage. (H-874-5)




CONCHAS CANAL - TUCUMCARI PROJECT, NEW MEXICO

This photograph shows the dike at the upstream extremity of Pond 2 (Station 2518+40) nearing completion.

The bulldozer is spreading the material in thin layers.
pools in the canal and compacted with the bulidozer.
in the right foreground. (H-882-5)

Each layer is moistened with water pumped from
The walkway for the hook gage is under construction
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CONCHAS CANAL - TUCUMCARI PROJECT, NEW MEXICO

Select clay material is being dumped by truck on the down-stream face of the upper dike of Pond 2
(2518+40). The turnout gate capping the 18-inch corrugated pipe through the dike is shown in the
center of the picture. The completed walkway and hook gage post (ready for the installation of th=
hook gage) is shown in the right foreground. (H-882-6)
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CONCHAS CANAIL, - TUCUMCARI PROJECT, NEW MEXICO

The select clay material is being compacted after moistening, by the dragline bucket, on the downstream
face of the common dike between Ponds 2 and 3 (Station 2562+20). The downstream end of the 18-inch
culvert is shown. The turnout gate for this culvert is on the upstream side in Pond 2. (H-882-2)
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CONCHAS CANAL - TUCUMCARI PROJECT, NEW MEXICO

This photograph shows the dike at the upper end of Pond 2 (Station 2518+40) partly completed. Two
lengths of 18-inch corrugated culvert are in place with the third length nearby. Water is being
sprinkled on the fill for better compaction. Select clay material was placed around the culvert and

compacted with hand and pneumatic tampers ’hile the dike proper was compacted with a bulldozer.
(H-882-1)
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DEPTH OF POND IN FEET

CONCHAS CANAL

STATION TYPE
FROM TO OF ‘LINING

2043 +60| 2072 .+ 60| Clay lined

2518 + 40| 2562 + 00 | Unlined

2562 + 40| 2567 + 00| Clay lined on
’ left side
and bottom

only.

10 . 45 20 23 .30
SEEPAGE RATE IN CU. FT. PER SQ. FT. OF WETTED AREA PER 24 HRS.

.38

TUCUMCAR! PROJECT~NEW MEXICO
1949 SEEPAGE STUDIES
PONDING TESTS-CONCHAS CANAL
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Form DCT-27
11-49
Bureau of Reclamation

SEEPAGE METER DATA SHEET

Project__ Canal

Meter Depth Moter Area_

Sheet of

‘Weather

Variation of WS from Normal_

Dasign Capacit,

Porcent Cut. Fill So1l Type
Observer. Date,
| Temperatupe | Water Wator Bag Ha@ta Timo (Min.) .| Seepage Loss
Station ] Air | Water | Depth | Initial | Final | Loss | Initial | Pinal | Wet . c.f./as.f./24 hrs. Romarks

..;‘)‘:‘

€O0€ AAH

€1 34n914




o
0

o
>

i
Y_
£0€-'0AH

°
w

o]

o

A%

7.
= L. — —'—- e = « —— e
| v v Q A4 B v
2520400 2525+00 2530400 2535400 2540400 2545+ 00 2550400 2555400 2560+ 00
STATIONS ‘

(=}

N
e A s
r——_—- - ] e w am am —— — ]

[=]

o
w

EXPLANATION
o . Seepage meter on € of pond. A
O Seepage meter inright bank of pond.
v Seepoge meter inleft bank of pond.
— Seepage rate by ponding test for the
same time interval as the seepage
meter test. ' :

i

]
@
b o
<
N
14
w
a
<
w
14
<
(=]
w
—
[
w
=
[T 9
o
-
.
o
(/7]
x
w
a
[
u
2
(&
=z
W
[
<
x
L
2
Q.
w
V3]
(]

_&.

0 1
2560+00 2565+00 2570+00 2575400 2680+00 2585400
STATIONS

N

TUCUMCAR! PROJECT-NEW MEXICO

1949 SEEPAGE STUDIES
SEEPAGE METER TESTS-GONCHAS CANAL

‘@1 3¥NOIA







LABORATORY TESTS ON CLAY LINING (Pond 1)
by
V. S. Meisaner
Earth Materials Laboratory, Denver

The average dry density of the clay lining at the time of
placement (1945) was 99 percent of the maximum density, that is,
115.1 pounds per cubic foot as compared with 116.6 pounds per cubic
foot. At the time the seepage tests were made (1949) the dry density
of the clay lining had reduced to 1ll.) pounds per cubic foot or
96 percent of maximum laboratory density. This reduction in dry
density was accompanied by an increase in moisture content of from
10.9 percent (194%) to 15.0 percent (1949). The change in density
could have been accomplished either by the swelling of the clay from
increased water content or by the successive freezing and thawing of
the moisture in the soil. In general, a reduction in soil density
causes an increase in permeability. However, since this decrease in
density has probably occurred only near the surface of the liuing, the
deeper soil in this thick lining is probably still impervious. In
additicn, the fine-grained soils used for this lining are still imper-
vious at much lower densities than the placement. densities obtained.

The density of the deeper portions of this lining should be
checked for general information and two or three 50-pound samples of -
lining material taken from density test locations should be submitted

to the Denver Laboratories for permeability tests,




