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Canal Losses on San Benito Irrigation Project (Cameron
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PROBABLE SEEPAGE LOSS FROM EARTI CAMAL ON PRCPOSED LOCATION OF MAIN
CANAL OF STARR COUNTY WATER GONTROL AND IMPROVEMENT DISTRICT NO. 1

This report covers an investigation which had for its main
object an estimate of the probable seepage loss from an earth canal
on the proposed line of the main canal of the Starr County Water
Control and Improvement District No, 1. The investigation was made
at the request of the Texas State Board of Water Engineers,

The Starr County Water Control and Improvement District
No. 1 comprises irrigable lands lying in e narrow strip not exceeding
4% miles in width along the north bank of the Rio Grande between the
towns of Roma and LaGrulla in Starr County, Texas. After its organ-
ization the District filed with the State Board of Water Engineers aﬁ
application for a permit with tentative plans for a main canal 47
miles long with a capacity of 200 second feet, to head at Roma and
to be supplied by pumping from the Rio Grande through a 1ift of 63
feet, After a hearing, the Board, on September 29, 1926, entered
an order granting a permit carrying 76,210 acre feet annually for the
38,105 acres of the District, but with the following proviso:

Provided that all canals and laterals used for the

distribution of water on this system shall be lined with
concrete except such portions of said canals and laterals
as may be exempted from this requirement by the Board of
Water Engineers..

Since the Board is recuired to pass on the plans of the pro-
posed system of an irrigation district before bonds for construction

are approved, the tentative plans were exasmined by the Board and

a new line for a part of the main canal was advised, By providing
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a short tunnel, syphons for long draws, and a few small second-lift
or booster plants, the new line, without sacrificing any considerable
acreage, reduces the lift at Roma from 63 to 33 feet and shortens
the main canal by 12 miles. The end of the Board's line at Station
874 joins the original line at Station 1515.
The nature of the condition attaching to the permit led
the District to examine the soil and subsoil along the proposed line
of the main canal., This work was done by J. H, Selleck, an assistant
of the contracting engineer for the Distriét. Mr., Selleck stateé that he
proceeded along the line exploring with a éoil auger and sinking test

pits as each substantial change of soil was encountered. These pits

are about 4 feet in depth and more than 25 were put down.

The organizers of the District have protested that the re-
quirement carried by the permit puts upon the District an unduly
severe burden and are not inclined to procced with the development of
the project unless the requirement is eliminated or modified to a very
substantial degree.

In accordance with the renuest of the Board of Water Engineers,
the writer in company with C. S, Clark, member of the Board, made a
trip to Rio Grande City, headnquarters of the District, and inspected
the pronosed location of the mein canal,- The majority of the test
pits were visited and samples of soil at 1 foot and 4 feet below the
surface were taken, Several nits were filled with water from recent

rains and our limited time made it hecessary also to skip several



(12

FLRE

[

pits near the lower end of the line where, according to Mr. Selleck,

the changes in soil were not great.

Location of Pits.

Before beginning the trip along the line of the canal, the
writer asked the contracting engineer of the District and his assistant
for maps by which the locations of the test pits could be fixed, but
was informed that no maps @ere available for ficld use., The party
then drove along the line and samples were taken from 19 pits, These
samples were marked to show the consecutive number of the pit sampled
and carried notations referring to any aveilable nearby nhysical feat-
ures by which their locatians could later be determined., So far as
the writer could see, the pits were not marked in any way. At the
end of the trip the attention of the contracting engineer and his
assistant was again called to the nccessity for data to fix the loca-
tions of the pits sumpled, and they agreed to forward the data im-
mediately., This they failed to do. Two weeks later, in response
to a letter again requesting the data, the following list of locations
was received: |

SOIL TEST HCLES-STATION NUMBERS

RIO GRANDE CITY TO ROKA.

For projection on line laid out by Board of Water Engineers,

Holes.
1-West. 700+00 Sample taken Porcion 77, Camargo.
2-West 622-00 " " " 765 "

3-West 587-00 Full of water " 15, "
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to forward the data promptly as agreed, made it clear that no serious
effort had been or would be made to furnish the correct locations.
With the proper source of information thus closed, in order to tie in
the samples to the pits from which they were taken it was necessary to
depend on such information as had been furnished and such checks as
were afforded by maps of the International Boundary Commission and maps
on file in the office of the Board of Water Bngineers. The pits
sampled and their locations as determined from the available data are
given below., It should be noted that some of the pits were in the
brush with no distinguishing feature which could be used for identifi-
cation, and that the writer was dependent upon local members of the

party for names of communities and numbers of porcions.

Pit Station
Sampled Marking of sample to Identify Pit Number
10th West First piteast of Roma ., . . . . ¢« ¢« . . . . 17-00

9th West Pit north of highway and west of Moreno. . . 240-00

8th West PFirst pit south of highway and west of
ROSita . e e o s * s s o e o o o o o . s o o 281-75

7th west Pit at ROSita. . s e @ o o . . . o o . . . . 352‘00

6th West . & & v v v & cv o v o o o o« o o o s o+« « 394-00
Sth WesSt .« ¢« v v o o ¢ oo o o o o o o o o o s o o« o 445-20
4th West First pit south of hlghway from Rio Grande

City to Roma. « « « « + ¢« « « « ¢« « + « « +. 458-00
3rd West . v o . ¢ 4 4 v e v e e e e e e e s ee 527-00
200 WEStE  « v v v v o e e e e e e e e e e e e e e . .. 622-00
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Pit Station
Sampled Marking of Sample to Identify Pit Number

l1st West Pit in Poreion 77 ¢« ¢ « v ¢ ¢ ¢« ¢ « s+ o &+ « « 700-00
0 Pit at north edge of Rio Grande City. . . . . 824-00
lSt East s o e ¢ s e e e s & e o e o e s 0 o o o 1596"'00

2nd East Pit west of Santa Cruz. First or second pit
east of Olmos Creek, Porcion 82 . .. . . 1662-00

3rd East Pit on Porcion 83 at highway . . . . . . . .. 1737-00
4th EaSt Pit On POer.on 84 . . ] [ L] ] ] [ ) . . . . . 1861"‘00

5th East Pit on Porcion 88, Third pit from railway
&nd highway CI‘OS Sing L] . o« 0 e 0 . . . . . 1987_00

4th BEast First pit east of Gareia . . . . . . .. .. » 2033-00

7th East Second pit on road to La Grulla. Second pit
nOI‘thWeSt Of La Grulla » o o e o . e o oo 2174"00

8th East Last pit, Near river . . . .« « o . . « « 2347-00
Of the sampled pits west of Ric Grande City, the locatien

of.the eighth is doubtful, . Of the sampled pits east of Rio Grande
City, the locations of the first to sixth, inclusive, are doubtful,
The first pit sampled may have been at Station 864 instead of Station
1596, in which case the locations of the six a&s shown above are shift-
ed one pit eastward. An estimate of seepage losses involving these
doubtful locations will carry as high a degree of accuracy as is war-
ranted by other more or less indeterminate factors, but the Board of
Water Engineers is not justified in accepting the locations as a basis
for releasing from the proviso of the permit any portion of the main

canal,



Mechanical Analyses of Samples,

Mechanical analyses of the soil samples were made in the
silt laboratory at Austin, the greater part of the work being done by
O. A. Faris and Dow Warren., The laboratory is not completely equipped
for such work. A motor driven shaker was improvised; the State Health
Department kindly furnished a microscope; and stage end eye-piece micro-
meters were secured through the courtesy of the Botany Department of
the University of Texas., Samples weighing either 10 or 25 grams were
put in 8-ounce bottles, 100 c.c. of distilled water and a few drops of
ammonia added, and the bottle shaken for 12 to 24 hours. The sands
were fhen screened out with a 280-mesh screen, dried, and separated
into grades with 20-, 40-, 60-, and 160-mesh screens. The clay and
silt were separated by repeatedly washing and drawing off the water
containing the clay in suspension after microsconic tests had shown
that the silt had settled, The separates were filtered and weights
weré determined after drying in an slectric oven at 110 ¢, The
result of the analyses follow:

Pit at 3tation 17-00

Depth: 1 Foot Depth: 4 Feet
) Percent Pcrecent
Gravel o o o o o o ¢ o o o @ 0.2 Gravel., ¢« ¢« « ¢« « « o o 0.1
Coarse sand. « « ¢ o + o o+ o 0.1 Coarse sand . « « o« « & 0.1
Medium sand. « « o « &+ o + & 0.2 Medium sand ¢« « ¢« « . & 0,1
Fine sand. « « o« o o &+ » « o 27.2 Fine sand. .. . . . ., 13,8
Very fine sand . « « . . . . 20.7 Very fine sand. . . . . 22,0
Silt . ¢ ¢ ¢« v e e e o 0 .. 40.7 Silt .. .. a0 e o . . 52,1
Clay .« + o o o o o o o o« o o 10,9 Clay « v ¢ o oo o o » o 11,7
100.0 100.0
Classification: Classification:
Loam Silt Loam



Depth:

|

Gravel « « «
Coarse sand. .
Medium sand. .
Fine sand. . .
Very fine sand
Silt. . . . .

Clay. « + «

Foot

Classification:
Clay
Depth: 1 Foot
Gravel . . . . . .

Coarse sand. .
Medium sand., .
Fine sand. . .
Very fine sand
Silt. . . . ..
Clay. « « « .o

Classification:
Sandy Loam

Depth:

Gravel « + «
Coarse sand. .
Medium sand. .

"ine sand. . .
Very fine sand
Sitd., . . . .

Clay. « « « .+ &

Classification:
Clay

¢ o o

Pit at Station 240-00

e © @ o 8 o 4

Depth:

Percent
0.1 Gravel., . . + « &
0.2 Coarse sand . . .
0.4 Medium sand . . .
1.9 Fine sand. ., . .
3,0 Very fine sand. .
44,6 Silt. &+« v 0 .
49,7 Clay. « ¢« « « o &
99.9
Classification:
Silty clay loam
Pit at Station 281-75
Depth:
Percent
0.4 Gravel. .
0.9 Coarse sand . . .
17.7 Medium sond . . «
45.3 Fine sand. .. . .
8.1 Very fiune sand. .
11.8 Silt., &« ¢ ¢ ces o
_15.8 Clay. + « « « o
100.0
' Classificution:
Sandy loam
Pit at Station 352-00
Depth:
Percent
Gravel . . « . .
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-
ONH - PV D

Medium sand. o+ o
Fine sand, « .« .

. Very fine sand . .

52, Silt., + . . 4 ..

_43.6 Clay. « « o o o0 &
100.0

Classification:
Silty clay loam

Coarse sand. « .« «

4 Feet
Percent

4 feet
Percent

Feet
Percent
0.0

.
.
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100



Pit at Station 394-00

Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel., + o ¢« o « « . 0.5 Gravel., ¢« ¢« ¢ ¢ o « o o o 0.1
Coarse sand . . . . . 0.7 Coarse sand « + « « o & o 0.1
Medium sand . . . . . 0.5 Medium sand « o o o ¢ « & 0.2
Fine sand. . « « . . 2.0 Fine sand. ., . . .« o 0.8
Very fine sand. . . . 4.4 Very fine sand 4 « . . . 4,17
S1lt. ¢ ¢« v 4 v 4 o . 63,5 Silte v o ¢ v v e 0 v .. 66,3
Claye « « o « o « « . 28,4 Clays o « « o o ¢ o« « o o« 27,8
100.0 100,0
Classification: Classification:
Silty Clay loam 4 Silty clay loam

Pit at Station 445-20

Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel., . « o« « « & & 5.3 Gravel.: + ¢ ¢ ¢ ¢ o« « & 1.7
Coarse sand . « » » . 0.4 Coarse sand. . . e e 0.8
Medium sand . . . . . 2.6 Medium sand. . . . .. 14,1
Fine sand. .. « + . « 34,3 Fine sand. . « « « « « & 49.4
Very fine samd. . . . 9.4 Very fine sand . « . . . 8.1
Silte v o o o o « - o 24,8 Silte o o o o 20 o o o o 8.2
Clay. « ¢ « « « « « « _23.2 Clay. . « ¢« « ¢+ « & 17.17
100,0 100.,0

Classification: Classification:

Clay Loam Fine sandy loanm

Pit at Station 458-00
Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel, . « « « « o « 0.6 Gravele o o o o o o o o 0,6
Coarse sand . + « .« & 0,9 Coarse sand. « o« « o « 43,2
Medium samd . + . . . 21,4 Medium san. « « « « » o 4,2
Fine sand. . . « « . 45.8 Fine sand. « « ¢ « « « & 23,9
Very fine sand. . . . 7.5 Very fine sand.. . . . . 4,4
Silt. &« ¢« ¢« ¢ 4 o e . 8.7 Silte o o ¢ o o0 o o o o 7.5
Claye o o« o « o + + o 1541 Claye « « o o o0 o o o o 16.2
100.0 100,

Classification: Classification:

Fine sandy loam Sandy loam
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Depth: 1 Foot
Gravel., . . . .
Coarse sand . . .
Medium sand . . .
Fine sand. . . .
Very fine sand. .
Silb . . . a0 .
Clay o o o o0 « =

Classification:
Fine sandy loan

Depth: 1 Foot
Gravel . « « « «
Coarse sand. « .« .
Medium sand. . .- .
Fine sand. . . . .
Very fine sand . .
Silt. . . « . . .
Clay. ¢« ¢« ¢« « o &

Classification:
Fine sandy loam

Depth:

Gravel. . . . . .
Coarse sand . . .
Medium sand . . .
Fine sand. . . .
Very fine sand ..
Silt. . . . . .
Clay. « + ¢ o o &

Classification:
Fine sandy loam

1 Foot

Pit at Station 527-00

Percent
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Depth:

Gravel, , . . .
Coarse sand , . .
Medium sand . . .
Fine sand. .. . .
Very fine sand. .
Silte « oo o . .
Olay. . . .

Classification:
Clay loam

Pit at Station 622-00

Percent
0.3
O.8

Depth:

Gravel., . . . . .
Coarse sand . . .
Medium sand ... .
Fine sand. .. . .
Very fine sand. .
Silt. . « « . . .
Clay. « + « « . .

Classification:
Fine sandy loam

Pit at Station 700-00

Percent

0.3

=N

N P\ oW O
[ ] L3 . L3

\WN & oD \T\n

100.0

Depth:

Gravel. . . . .
Coarse sand . . .
Medium send . . .
Fine sand. . . .

Very fine sand. .

Silt. L] . . . L] .
Clay. « « &« & + .

Classification:
Clay loam

~10-~

3 Feet

Percent

[ ] 0.8

o . 0.7

.« o e 8.2

. . . 32,4

. 11,4

. . . 18,4

« .. 28

100.0

4 Feet

Percent

o« . . 1.0

. . 0.7

. o . 9.4

. 42.5

. o e 14.17

15.3

. L] 16.4

100.0

4 Feet

Percent

. . 0.8

. . e 0.4

LI } 3-3

. e e 40,4

. o . 18,1

.« . . 16.0

. . s 21.0

100.0
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Pit at Station 824-00

Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel. . . . . .. . 15,5 Gravele « ¢ « o v & v o o 43,3
Coarse sand . . .. . 4,0 Coarse sand.. o . « . . . 2.9
Medium sand . . ... . 5,0 Medium sand . . . . . . . 3.9
Fine sard . ., . . . . 14,6 Fine sand. . & . . . . . 12,6
Very fine sand. . . . 5.1 Very fine samd. . . . . . 4,1
Silt. . . . . ¢ . .. 23,2 S1lte s o o ¢ o o o o o 11,0
Clay. « + . « ¢« v . . 32,6 Clay. o o ¢ o v o o o« o o 22,2
100.0 100.0
Classification: Classification:
Clay Clay loam
Pit at Station 1596=-00
Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel. « . v « o o . 4.6 Gravele v o ¢« ¢ v ¢ o o 4 . 7.2
Coarse sand « « .. . 1.0 Coarse sand- ¢« « « . . . .. 0.8
Medium send . . . . . 2,3 Medium sand o + + . . . . . 0,8
Fine sand., . .. . ., 18.2 Fine sand. «¢ ¢« ¢« « « ¢« « + 6.7
Very fine sand. . . . 15,6 Very fine sand. « « ¢« « « o« 7.2
Silt.e w . . . .. .. 35,7 Silte ¢ ¢ v v v 0 0 4 ... 22,1
Clay. + v« v . v oo 22,6 . Clay. . ¢« ¢ ¢« v o o o . o . 55,2
100.0 100.0
Classification: Classification:
Clay loam Clay
Pit at Station 1662-00
Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel. o« « v o « o & 5.1 Gravele o o o« o o « o o o o 20,2
Coarse sand « « « o o 1.8 Coarse sand . « « « « . o « 4.3
Medium samd . . . . . 9.1 Medium sand o« &« & « & « o « 6.1
Fine sand. . . . . . 25.9 Finesand, . + « « +« . . . 19,8
Very fine sand. . . . 10,2 Very fine sand. . . . . . . 14.8
Silte o« ¢ o o v o . . 31.7 Silt. ¢ 4 4 4t v e e .. . 20,8
Cla¥e o o o « « o« o « 1642 Clay. ¢« ¢« ¢ o « vev o « « . 14,0
100.0 100.0
Classification: Classification:
Sandy loam Sandy loanm



P

Depth:

Gravel. . . « «
Coarse sand . .
Medium sand . .
Fine sand. . .
Very fine sand.
Silt. .. . . .
Clay. . « . . .

Classification:
Clay

Depth: 1

Gravel. . . . . .

Coargse sand . .
Medium sand . .
Fine sand. . .
Very fine sand.
Silt, « . o .
Clay. . . . . .

Classification:
Clay

Depth: 1

Gravel., . . .

Coarse sand . .
Medium sand . .
Fine send. . .
Very fine sand.
Siltt. « .« . .
Clay. « ¢ « « &

Classification:
Silt loam

1 Foot

Foot

.
. . . . .
e ® o o o o

Foot

.
.
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Pit at Station 1737-00

Depth:
Percent
0.3 Gravel. « « o « o+ .
0.5 Coarse sand « « .+ .
0.1 Medium sand + & . .
3.1 Fine sand. . . .
3.4 Very fine sand. . .
40,1 Silt, ¢ ¢ v o v o .
5143 Clay. « « ¢ o« o« « &
100,0
Classification:
Clay

Pit at Station 1861-00

Depth:
Percent
0.4 Gravel. o« ¢ o « & &
0.9 Coarse sand . . . .
1.3 Medium sand . . . .
C.l Fine sand. . . . .
6.7 Very fine sand. . .
58.0 Silt. o v v v 0 .
32,6 Claye « o o o o « &
100,0
Classification:
Silt loam
Pit at Station 1987-00
Depth:
Percent
0.0 Gravel, « o o o o o

0.0 Coarse sand . . . .
0.0 Medium sand . . . .
1.1 Fine sand. . .
8.6 Very fine snad. .
7.9
2.4
0.0

1
6 Silt., « .« . . . .
1 Clay. « « o v « & &
10
Classification:
Silt loam
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4 Feet
Percent
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Pit at Station 2033-00

Depth: 1% Foot Depth: 4 Feet
- Percent Percent
Gravel, . . . . . . . 32,5 Gravels « v v v v v v v v o 7.4
Coarse sand , ., . . . 0.6 Coarse sand « « . . . . . . 24,1
. Medium sand s v e e 1.1 Medium sand . e ¢ 4 o o o o 907
Fine sand. . e e . 804 Fine sand. .. s e s s 4 s » 16.2
Very fine send., , . . 7.1 Very fine sand. . . . . . . 9,6
Silt. . . .. . ... 16,0 Silt. o v v v v v . v . . . 12,3
Clay. . . . . . .. 34,3 Clay. « « . + v v v v . . . 20.7
100.0 100.0
] Classification: Classification:
Sandy clay Clay loam

Pit at Station 2174-00

Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel., + v « o o . . 0.4 Gravel, « o« « « ¢+ « « « » » 0.0
Coarse sand , o « « . 1.1 Coarse sand « v+ « v« . . , . 0,0
Medium sand , . . . . 1.1 Medium sand . . . . . . . . 0,0
Fine sand. . . . .., 0.9 Fine sand. .. . ., . . . . 0.0
- Very fine sand., . . , 1.9 Very fine sand. . . . . . . .0,0
N Silte o v o o o o o . 45,1 Silbe v v v v v v v e . .. 6649
v Clay-........49.5 Clay"0000100-0033-1
100.0 100.0
Classification: Classificaticn:
- Clay Clay
Pit at Station 2347-00
Depth: 1 Foot Depth: 4 Feet
Percent Percent
Gravel, . . . . . . 0,2 Gravel: o ¢ o ¢ ¢ o s o o o« 0.3
Coarse samd . . . . . 0,3 Coarse sand . . . . . . .. 0,0
Medium sand . o . . . 0.4 Mediumsand . . . . . .. . 0.0
Fine sand. e v e e o 1.4 Finesand ., . . . . . . . . 0.7
Very fine sand. . . . 1.4 Very fine sand. . ., . . . . 21,0
Silt. o v v v v . .« 29,7 Silte « v o0 o . o o . . . 514
Clay. v v v v v« o . 66.5 Clay. o v v o v 0 v v o . . 26.6
99.9 00.0
. Classification: Classification:
’ Clay Silty clay loam

~13-
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On the basis of these results and subject to the care taken
in the original exploring of the subsoil and the accuracy of the loca-
tions of the pits as fumished, the various sections of the canal will

be in the types of soil shown below,

Sections by Stations Surface Soil Subsoil
0-00 to 17-00 Loam Silt loam
17-00 to 240-00 Clay Silty clay loam
240-00 to 281-75 Sandy loam Sandy loam
281-75 to 352-00 Clay Silty clay loam
352-00 to 394-00 Silty clay loam Silty clay loam
394-00 to 445-20 Clay loam Fine sandy loam
445-20 to 458-00 Sandy loam Fine sandy loam
458-00 to 527-00 Fine sandy loam Clay loam
527-00 to 622-00 Fine sandy loam Pine sandy loam
622-00 to 700-00 Fine sandy loam Clay loam
700-00 to 824-00 Clay Clay loam
824-00 to 1596-00 Clay loam Clay
1596-00 to 1662-00 Sandy loam Sandy loam
1662-00 to 1737-00 Clay Clay
1737-00 to 1861-00 Clay Silt loam
1861-00 to 1987-00 Silt loam Silt loam
1987-00 to 2033-00 Sandy clay Clay loam
2033-00 to 2174-00 Clay Clay
2174-00 to 2365-00 Clay Silty clay loam

Some gravel and coarse sand were found in practically all
pits sampled. At Stations 458, 824, and 2033 they were found in such
large amounts as to require ordinarily that the s¢il be classified as
gravelly. The indications were, however, that the areas of gravel
at thcse stations were very small local deposits and, except in one
instance, the mechanical amlyses of the samples showed that the coarse
material was associated with a high percentage of clay and other fine
materials. For these reasons the writer believed that for the purpose
of computing seepage losses a classification of gravelly soil was not

justified.

-14-



Factors Affecting Scepa~. Lesses,

The seepage loss from an earth canel depends on many factors,
among which may be mentioned as having @ narked influegnce:

1., Character of soil forming botte:. and banks.

2. Subsurface conditicns, in so far as they affect &rainage
and the ground water table,

3. The age of the canal, and the amount and fineness of the
material carried in suspension,

4, The flow of water in the ccnal and its depth and velocity.

5. The relation between the wetted perimeter and other hy-
draulic elements of the canal, particularly the dischaFge.

6. The temperature of the water and Soil.

The majority of these factors are tmken into consideration in
arriving at the probable loss in the proposed canal., The effect of
some of them can be estimated with a fair degrge of accuracy while the
available data permits consideration of the oth3rs only in a general
way. In this locality, where the temperature of both soil and water
is high for the greater part of the year, a relatjvely high rate of
seepage is to be cxpected. On the other hznd, the Rio Grande carries
at all times much very fine materizl which lodges iR the pores of the
bottom and banks of canals and effects n large reducfion in losses
provided the annual cleaning does not remove the sealgd surface, The
method by which the soil of the area to be served was Built up indi-
cates that when the canal is excavated irregular beds o areas of very
gravelly or sandy soils may be encountered below the surfwmce. Such
beds often comnect directly with the channel of the stream and by per-

mitting the rapid passage of percolating water are responsible for ex-

cessively heavy seepage losses. In the absence of déta to show depth of

-15-
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cut and character of subsoil at close intervals between the test pits,
it is not possible to estimate the probable loss from this source,

Rate of Loss in Different Soils

Investigators who have made secpage loss determinations have
been handicapped by their inability to control and determine such fac-
tors as uniformity of soil, colloidal content, and subsurface condi-
tions, Measurements of losses therefore show a considerable range
for scils of the same type. Measurements made in the lower Rio Grande
valley showed losses in fine sandy loam ranging from 1 to 4 cubic feet
per square foot per day, and indicated an average loss of betweén 1.25
and 1.50 cubic feet., Losses in clay were in scme instances as low as
0,09 cubic foot but the majority ranged between 0.20 and 0,30 cubic
foot, On the basis of all available data, and assuming a seasoned
canal, it is believed that seepage lossep in the various soils of the
district, expressed in terms of cubic feet per day per square foot of

wetted area, will be as follows:

Clay 0.20 cu. ft.
Silty clay loam 0.30 cu. ft.
Clay loam 0.40 cn, ft.
Silt loam 0.60 cu, ft,
Loam 1,00 cu. ft,
Fine sandy loam 1,25 cu., ft,.
Sandy loam 1,50 cu, ft,

_ Rate of Loss in Sections of Proposed Canal,

Applying thé foregoing rates of loss and bringing together

sections in which the rate is about the same, the weighted rate of

~16-
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loss in the several soctions of the canal, expressed in cubic feet per
square foot per day, is found to be as showm below,

Sections by Stations Length of Section Rate of Loss

F?et Cubic Fect

0-00 to 240-00 24,000 0.30
240-00 to 281-75 4;175 1,50
281-75 to 394-00 11,225 0.27
394-00 to ‘700-00 30,690 0.98
700-00 to 1596-00 25,500 0.30
1596-00 to 1662-00 63600 1.50
1662-00 to 2365-00 170,300 0,33

Rate of Flow in Canal,

There is an area of about 456,000 acres of riparian land on

the American side of the Rio Grande now provided with irrigation facili-

ties, and a substantial additional riparian acreage is subject to irri-

gation. Under the recent decision of the Supreme Court all this land

is entitled to share on an equal basis in the normal flow of the stream

which is estimated not to exceed 3500 second feet.

Even if no portion

of this normal flow is diverted to Mexican territory the supply is

inadequate for the acreage and the canals of the Valley will be dependent

on their appropriation rights in the flood water of the stream. Since

the District's appropriation right will be junior to appropriaticn rights

of 450,000 acres downstream, the Distriet canal should have sufficient

-17-



capacity to take advantage of the short, sharp floods which fairly
often break long low-stage periods for a few days. The tentative
plans call for a canal of a capacity of only 200 second feet, which,
if 80 percent of the District lands are actually irrigated, must serve
30,000 acres, In view of the above facts and the character of the
water demand of the large arca of shallow-rooted crops which will pro-
bably be grown, it is believed that no consideration of reduced con-
struction costs warrants a main canal of such relatively small capacity.
Apparently it is the intention to construct a main canel of
the same capacity throughout its length and the plans submitted show
only two earth sections. The features of these sections are given
below, For this estimate of losses it is assumecd that the 12-foot
bottom will extend to Station 1596-00, and the l4-foot bottom from

that point to the lower end,

Upper Lower

Bottom width in feet 12 14
Side slopes 2:1 2:1
Top width in feet 317 38
Depth in feet | 6.5 6

Depth of water in feet . 4,1 4

Grade 0,0002 0.0003
Friction coefficient . 0.0225 0.0225
Velocity in fect per second 1.95 2432
Capacity in second feet 196 204

According to plens submitted the pumping plant will consist

-18-



of 5 units, each with a capacity of 18,000 gallons per minute, or 40
gsecond-feet, So far as limited by the pumping equipment under efficient
operation the discharge at the head of the canal may be approximately
40, 80, 120, 160, or 200 second feet, depending on the number of units
in operation,

The monthly distribution of the demand to be expected may
be arrived at on the basis of the demand under two valley canals for
which records are available for an aggregate of about 4% years., Under
the first canal truck crops predominated while the second canal irri-
gated large areas of citrus fruit and cotton. 1In the table below the
monthly demand under each of the two canals is shown as a percentage of
the total demand, and the derived estimate for the District canal is
given as a percentage and in acre feet. The February and May demands
under the second canal were considerably above normal dus to an unusual-
ly large acreage of cctton, while the demand during the fall months was

much reduced by rains, Due allowance is made for these conditions,
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1st Canal 2nd Canal District Canal

Month Percent Percent Percent Acre feet
January 5 12 8 6100
February 9 21 12 9100
March 13 13 13 9900
April 12 6 13 | 9900
May 8 22 12 9100
June 7 é é 4600
Tuly 8 10 9 6900
August 9 é 7 5300
September 8 1 5 3800
October 6 1 5 3800
November 1 1 5 3800
December _8 1 S _3800
Total 100 100 100 76,100

The rate of flow reéuired to meet the monthly demand will
vary with the rainfall, crops grown, method of canal operation, and
other factors. It is estimated that the demand in January, February,
March, April, May, and July will be met with a discharge of 200 second
feet flowing approximately 132 days. A part of the light demand in
the latter part of the year will require a discharge of 40 second feet
for an aggregate of about 50 days. The remainder of the total annual

demand will be met with a discharge of 140 second feet flowing about
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72 days. On this basis the total annual demand of 76,200 acre feet
will be supplied at an average rate of 150 second feet in 256.6 days.,

The writer has no data covering the irrigable acreage served
by the various laterals, To allow for diversions an assumed loss of
20 percent in the entire canal was deducted and the remaining flow was
distributed to the various sections of the canal in proportion to the
acres of land lying immediately under the sectionms.

First Estimate of Loss.

In the following tabulation the data and assumptions pre-
viously made are brought together and the losses in the various sec-
tions computed for a flow of 190 second feet for 256.6 days under a
system of continuous delivery to water users,

Station 0-00 to Station 240-00

150 second feet
20.3 feet
24,000 feet

Discharge . « « ¢« « o« o +« « o &+ o &
Wetted perimeter. . . . . . + . . &
Length of section . « ¢ & o ¢ « o o

e« o e o

Wetted area. . « .. . . e 727,200 square feet
Loss per square foot per day. . . 0.30 cubic feet
Total loss per a¥e -+ + ¢ + o . . 218,160 cubic feet

1285 acre feet
2.53% second feet

. . . .
.
[

e o . [

Total loss in 256.6 days. . .
Rate of loss. . . . . . . .

Station 240-00 to Station 281-75

Deducting loss of 2.53% second feet and allowing
about 14% second feet for diversion in the section above
leaves an average flow of 133 second feet to be carried.
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Station 240-00 to Station 281-75

(Continued)

Discharge. « + ¢.o ¢ « o o &
Wetted perimeter . . . . . .
Length of section., . . . .

Wetted area . « .. . . .
Loss per square foot per day
Total loss per day « « . . .
Total loss in 256.6 days . .
Rate of 108S: o ¢ ¢ ¢ o « o o &

. L] - . . .
¢« & o o o o

Station 281-75 to Station 394-00

. 133
. 29.2
. 4175
121,910
1,50
182,860
1077
2,12

. L] . -

Deducting loss of 2,12 second feet and diversions
of about 6 second feet in the section above leaves an

average flow of 125 aecond feet to

Discharge. « « « o o« ¢« ¢ o o o »
Wetted perimeter . . . . . . 4+ .
Length of section, « . . . . .
Wetted area . &+ v0oee v o . . .
Loss per square foot per day .
Total 1oss per 48¥ « o o &+ « &
Total loss in 256.6 days ..
Rate of loss. . . . . . e

Station 394-00 to Station 700-00

be carried.

125
28.17
11,225
322,160
0.27
86,980
512
1.01

® 8 e & o o o o

second feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubie feet
cubic feet
acre feet
second feet

Deducting the loss of 1,01 second feet and diversions
of about 4 second feet in the section above leaves an

average flow of 120 second feet to

Discharge. . . . .
Wetted perimeter .
Length of section. .
Wetted area., . . . .
Loss per square foot per day .

* o e o * e

* . . .

Total loss per day.. o« « o o
Total loss in 256.6 days . .
Rate of loss. L ] [ ] L) . . LN . . L]

~22-
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.
-

* ® ¢ o o
.
.

be carried,

. 120
. 28.4

. . 30,600

869,040
0098
851,660
5011
9.86

e« o o @

second feet
feet

feet

square feet
cubic feet
cubic feet
acre feet

second feet
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Station 700-00 to Station 1

596-00

Deducting the loss of 9.86 second feet and a diver-
sion of about 17 second feet in the scction above leaves
an average flow of 93 second Teet

Discharge . « ¢« « o « &
Wetted perimeter. . . .
Length of section ...

Wetted area. . . .. . . . .

. o e

. . [
. . .
. . .

Loss per squarc foot per day. . .

Total loss per day. « « « «
Total loss in 256.6 days. .

Rate of 105S. « ¢« ¢ ¢ ¢« o « .

. ¢ o

Station 1596-00 to Station 1662-00

to be carried,

(] 93
. 26.3
. 25,500
.670,650
. 0.30
201,195

1185

2,33

second feet
feet

feet

square feet

cubic foot

cubic feet
acrec feet
second feet

Deducting the loss of 2,33 second feet and a diver-
sion of about 12 second feet in the section zbove leaves an
average flow of 79 second feet to be carried.

Discharge. . « . « « .+ « .
Wetted perimeter.. . . . .
Length of section. . . .
Wetted area., . . . . . . .
Loss per square foot per
Total loss per day « « » &
Total loss in 256.6 days .
Rate of loss . . . . « « &

Station 1662-00 tc Station

[aN) .
[2
<

. Y . . Y

2365-00

* e e . *

Deducting the loss of

upper end of this section,

Discharge « « « ¢« ¢ ¢ ¢« o &
Wetted perimeter. . . . . .
Length of section ... . . .
Wetted area . . . . « + .« o

e e e o o

. * . .

® e o @ ¢ o

79

24.9
6600
164,340
1.50
246,510
1452
2.85

second feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet

2.85 second feet and a diver-
sion of about 12 seccnd feet in the section avove leaves
an average flow of 64 second reet to be carried at the

Loss per square foot per day. . .

Total loss per day. . . . .

Total loss in 256.6 days. .

Rate of loss. « « ¢« ¢« o « &

-23-

64

23.8

" 10,300
1,673,140
0033
552,136
3253

6.39

second feet
feet

feet

square feet
cubic foot

cubic feet
acre feet

second feet



. Sections by Stations

Summagz.

0-11
240-00
281-15

394-00

-

700-00
1596-00

1662-00

to

to

Total

240-00
281-75
394-00
700-00
1596-00
1662-00

2365-00

Loss

Acre Fcet

1285
1077

512
5017
1185

1452

2253

13,781

Sacond Estimate of Loss

W

For the greater part of the year, delivery of a continuous

flow to users will not be practical nor economical and a system of

rotation will be used, Under these circumstances, full heads of

different sizes may be cerried without diversions as far, at least,

as Station 1662, To allow for these conditions, a system of rota-

tion delivery was assumed and losses have been estimated separately

for discharges of 200 second feet for 132 days, 140 second feet for

72 days, and 40 second feet for 50 days. This estimate is given in

detail below,
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Station 0-00 to Station 240-00

Discharge. . « . . .
Wetted perimeter . .
Length of section .
Wetted area . . .

.
.

»
.
[

Loss per square foot per day . . .

Total loss per daye « « »
Total loss in 132 days. .
Rate of 1loss. ¢« ¢ &« ¢ .« .

Discharge. « . « « + « « « ..

Wetted perimeter . . . . .
Length of section. . . . .
Wetted area, o« « « « .+ . .

. * e .0

. . * .

.
® e o ® & o o o

.
. o 3

Loss per square foot per day . . . .

Total loss per day . . . .
Total loss in 72 days. . .
Rate of 10SSe o ¢« o &+ o &

Discharge. « ¢« « ¢« ¢ « « &
Wetted perimeter . . . . .
Length of scetion . . . .
Wetted area. . « « . . . .

. * o » .

Loss per square foot per day . . . .

Total loss per day .« « «
Total loss in 50 days. . .
Rate of loss. . « . « « .

L] . L -

. « o . .

Aggregate loss in section

-25-

e ® & o

200
33.3
24,000
199,200
0.30

e o o o

. 239,760

. 121
. 2.7

140
29.7
24,000
712,800
Q.30
213,840
353
2,48

® & o @ o o o o

40

21.3
24,000
511,200

0.30
. 153,360
. 176
. 1077

'
e e o o

1256 acre feet

second feet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet



N 4

Station 240-00 to Station 281-75

Discharge., « « . « « .
Wetted perimeter . . .
Length of section. . .
Wetted arca. . + « « . &
Loss per square foot per
Total loss per daye. » o
Total loss in 132 days .
Rate of loss. « « « =« &

.
.

Discharge. . . « . . . .
Wetted perimeter . . . .
Longth of section. . . .
Wetted area. . « ¢« + . &
Loss per square foot per
Total loss per day.. . .
Total loss in 72 days. .
Rate of loss. . . . . .

Discharge. « « « « « + .
Wetted perimeter .
Length of section . . .
Wetted area. . . ¢« « « &
Loss per square foot per
Total loss per day . .« .

Total loss in 50 days. . . .

Rate of 1losS, . ¢« « . &

. o

day

Aggregate loss in

.
e o * o

section

-26-
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s e o o . [ . .

1085

197
23.1
41175

138,190
1.50
207, 285

628

2.40

138
29.6
41175

123,580
1.50
185,370

306

2.15

38

21.0
4115
87,675
1.50
131,510
151
1,52

acre feet

second feet
feet

feet

square feet,
cubic feet
cubic feet
acre feet
second feet

sccond feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet
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Station 281-75 to Station 394-00

Discharge . . . . . . .
Wetted perimeter. . . . .
Length of section . . . .
Wetted area. . . v . .

o e

. .

o« e

Loss per square foot per day
Total loss per day. . . . .

Total loss in 132 days. .
Rate of loss. . « « « .+ &

Discharge. « « « o« « « ¢ &

Wetted perimeter . . . . . .

Length of section. . . . .

Wetted area. . . . . . .

Loss per square foot per day .

Total loss per day + o o &
Total loss in 72 days. . .

Rate of 108SS:e o« ¢ « ¢« o &

Discharge. . . . . . « . .
Wetted perimeter . . . . .
Length of section. . . . .
Wetted area. . . +« . . .

Loss per square foot per day .

Total loss per day. .« . «

Total loss in 50 days. . « . .

Rate of 108Se ¢« « « & o0

Aggregate loss in section

. .

-27-

195
33.0
11,225
370,420
0.27
100,010
303
1.16

o ° o o

135
29.4
11,225
330,010
0.27
89,120
147
1,03

L ] 37
. 20.9
. 11;225
. 234,600

“e 0.27

. 63,340
. 13

‘e 0.73

523 acre feet

second fcet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second fcet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet
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Station 394-00 to Station 700-00

Discharge. . . + . . .

Wetted perimeter . . . . .
Length of section. . . ¢« « + « &

Wetted area. . . . . . .

Loss per square foot per day . .
-Total loss per day. « « « « « &

Total loss in 13%2 days. . . . .

Rate of losse o o « + &

Discharge. . . . . .
Wetted perimeter . e
Length of section. . . .
Wetted area. . . . . . .

. .

Loss per squars foot per day . .

Total loss per day . . .
Total loss in 72 days. .
Rate of loss. . . . . .

Discharge. « « v « + . .
Wetted perimeter . . . .
Length of scection., . .

Wetted area, . . . + . .

Loss per square foot per day

Total loss per day . .
Total loss in 50 days. .
Rate of loss .+ . . . .

Aggrogate loss in

section

~-28-

5164

.. 194
. [ 3300
. .« ° 30,600
. . 1,009,800
.. - 0,98
. . 989,600
.. 2999
. e 11,45
. 134
. 29.3
. 30,600
. . 896,580
.. 0.98
. . 878,700
. . 1452
LI -10017
. 36
. e 20.1
. 30,600
.« 633,820

0098
* » 620’750
. 713

7.18

acre feet

second feet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second feet

feet

feet

square feet
cubic feet
cubic feet
acre feet
socond feet

second fect
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet
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Station 700-00 to Station 1596-00

Discharge. « «+ ¢« + ¢+ ¢« ¢ .+
Wetted perimeter . . . . . .

Length of section. . . . . .

Wetted area, « . « « « . .« . .
Loss per square foot per day .
Total loss per day « « + . . .
Total loss in 132 days . «» . . .
Rate of 1088, « v ¢+ & o0 o & o &

e & o o o

Discharge. « . . . . e s e e e
Wetted perimeter . . . . . . . .
Length of section., . . . .

Wetted area. « +» « « ¢« + ¢« . . .
Loss per square foot per day . .
Total loss per day « « o « « « &
Total loss in 72 days .+ « . .
Ratc 0f 108Se ¢ ¢ ¢ 4 o ¢ s &« oo

Discharge. . « + . .
Wetted perimeter . « . . . « . .
Length of section. « « « « ¢« + &
Wetted area, + v « ¢ ¢ o o . .
Loss per square foot per day., .
Total loss per daye. o o« ¢ « + o+ &
Total loss in 50 days . . . . . .
Rate of loSse o« ¢ ¢ « ¢ 4 &

o o * o .

Aggrcgate loss in section

-29-

183
32.3
25, 500
823,640
0.30

. 247,100
C e 749
e 2.86

.
.
* e o e e o

.. 124
. e 28.6
25,500
129,300
0,30
217,900
362
2.53

. 29
] 1905

.. 25,500

“ .. 497,240

. L] Y * ) .

0.30
149,200
171
1.73

1282 acre fect.

second feet
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second fect
feet

feet

square feet
cubic foot
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubic foot
cubiec feet
acre feet
second feet



Station 1596-00 to Station 1662-00

Discharge.
Wetted perimeter « « « .
Length of section. . . .
Wetted area. « « « « & &
Loss per square foot par
Total loss per day . . .
Total loss in 132 duys .
Rate of loss. . .

- . LN ]

Discharge. « « « « « . .
Wetted perimeter . . . .
Length of section . . .
Wetted area. . . . . .« .
Loss per squarc foot
Total loss per day. . .
Total loss in 72 days. .
Rate of loss. « « . .

Discharge.
Wetted perimeter . . . .
Length of section,
Wetted arca. . . .
Loss per square foot per
Total loss per day .
Total loss in 50 days. .
Rate of loss. « ¢ . « .

Aggregate loss

.
.

* o o o °*
.

L] .o * L

o e o o 3

. e o 0 .

per day . . .

day . « &

in section

-30-

180
30.7
6600

202,620
1.50
303,930

921

3.52

121
25.4
6600

167,640
1,50
251,460

416

2.91

21

20.4
6600
134,640
1.50
201,960
232
2.34

second feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet

second feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet

sccond feet
feet

feet

square feet
cubic feet
cubic feet
acre feet
second feet

1569 acre feet
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'Discharge e o e e 6 8 a8 0 s

Station 1662-00 to Station 23%65-00

176
2506

© 10,300
1,799,700

Wetted perimeter (Average). .
Length of section « . « . . &
Wetted area. « « ¢ ¢ & ¢ i @
Loss per square foot per day. . 0.33
Total 10ss per day. « « o ¢ o o . 593,900
Total loss in 132 dayS. + v v « « + o & 1801

Rate Of 10SS. ¢« & ¢ &« o o o o« « « o« o & 6.87
DiScCharge. « « v o v o0 o v o« « v o o & 118
Wetted perimeter (Average) . e e e e e 24,0
Length of section . . . « ¢« ¢« ¢« « « « « ° 70,300
Wetted area. « . «¢ v v ¢« « « . + « « o« 1,687,200
Loss per square foot per day. .« s 8 e 0.33
Total loss per day « « « « « « « « « o 556,780
Total 1088 in 72 daySe « « « &+ ¢ + s oo 920
Rate Of 10SSe o« o « o o o s o o oo o o 6.44

Discharge. « « « « & .« . t s s s s e 25
Wetted perimeter (Avexage) e s e e e 20.5
Length of section . . . . « + « « « «o ° 70,300
Wetted area. « o« « ¢« ¢« ¢ ¢« ¢ ¢« ¢ o« o .o 1,441,200
Loss per squarc foot per day . ¢« o « .. 0.33
Total 1oss per daye o« « « « « « « « « o 436,720
Total loss in 50 daySe o ¢« « v ¢ o o oo 501
Rate of 10SSe v ¢ v ¢ o 0 ¢ o o o o o o 5.05

Aggregatc loss in section 3222 acrc¢ feet
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Summarx.

Loss

Sections by Stations Bcre feet
0-00 to 240-00 1256
240-00 to 281-75 1085
281-75 to 394-00 523
394-00 to 1700-00 5164
700-00 to 1596-00 1282
1596-00 to 1662-00 1569
1662-00 to 2365-00 3222
Total 14,101

With the discharge of 200 second feet flowing 132 days,
a total of 52,272 acre feet, the loss is 8130 scre foet, or 16
percent, The discharge of 140 second fect flowing 72 days, a total
of 19,958 acre feet, shows a loss of 3960 acre feet or 20 percent.
With the discharge of 40 second fcet flowing 50 deys, a total of
3960 acre feet, the loss is 2017 acre feet or 51 percent. The
aggregate loss does not, however, differ very materially from that

shown by the first estimate,
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Estimate Based on Survey of Bureau'of Spils.

The U, S. Bureau of Soils in 1909 made a reconnoissance

- survey of south Texas and prepared a soil map which included the

lands of thc Starr County District.* Maps showing the results of

*U. S. Departmcnt of Agriculture, Bureau of Soils; Field Operations
1909; Reconnoissance Soil Survey of South Texas, by George N, Coffey
and Party

a rdconnoissance survey do not detail minor variations of soil nor
arec the boundaries of the areas occupied by different classes of soil
shown with more than approximate accuracy, but it was considered
advisable to make an estimate based on this report and map,

By plotting approximate boundaries of soil arcas on maps
of the Board of Water Engineers it was found that the camal line
falls in areas of Laredo silt loam, Brennan fine sandy loam, and
gravelly soil. The report notes that, particularly in the vicinity
of Sam Fordycc, the areas mapped as silt loam contain large bodies
of silty clay loam which it was not practical to separate. It is
assumed, therefore, that the scepage loss in these areas will be
0.45 cubic foot per square foot of wotted area per day, the average
of the losses in silt loam and silty clay loam., The interstitial
material in the gravelly soils is not classified but it is assumed
that the gravelly sections near the head of the ceanal will lose
water at the same rate as a loam, and that the rate of loss in the
section at the lower end of the‘line will be the same as in the silt

loam., The tabulation below shows the class of soil in which each
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section of the canal will fall and gives for the section the assumed
rate of seepage loss expressed in terms of cubic feet per square foot

of wetted area per day.

Sections by Stations Soil Rate of Loss

0 to 40 Gravelly 1.00

40 to 170 Silt loam .45
70 to 90 : Gravelly 1.00
90 to 385 Silt loam .45
385 to 400 Gravelly 1,00
400 to 485 Fine sandy loam 1.25
485 to 530 3ilt loam +45
530 to 150 Fine sandy loam 1.25
750 to 2020 Silt loam .45
2020 to 2150 Gravelly .45
2150 to 2365 Silt loam .45

Assuming an average flow of 150 second feet for 256.6 days
and using the same method of computing, it is estimated that the loss
will be 21,003 acre feet, or approximately 50 percent greater than is
shown by the other estimates. The samples from the test pits lead
the writer to believe this estimate is too high., The loss from the
head of the canal to Station 75C is practically the same by the three
estimates, The relatively high loss below that station shown by
this estimate is due to the fact that the map and report do not
take into account the areas of clay which occur in that section along
with the silt loam and the silty.clay lozm. The lower rate of loss
in these areas of clay would produce a substantial reduction in the

estimated loss for that portion of the canal,
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Probable Loss in the Canal

In the tabulation below the losses as determined by the
first two estimates are shown by sections with the average of the
two, This average is accepted as the probable loss in the canal
when in full operation. The three sections with the highest rates
of seepage,Stations 240 to 281, 394 to 700 and 1596 to 1662, show
an aggregate loss of 768l acre feet, or more than half the total

estimated loss,

Sections by Stations First Method nggond Method Average
Acre Feet Acre Feet Acre Feet
0-00 to 240-00 1285 1256 1270
240-00 to 281-75 1077 1085 1081
281-75 to 394-00 512 523 518
394-00 to 700-00 5017 5164 5090
700-00 to 1596-00 1185 1282 1234
1596-00 to 1662-00 1452 1569 1510
1662-00 to 2365-00 3253 3222 _3238
Total 13781 14101 13941
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Concrete Lining for District Canal,

The loss through a concrete lining depends upon its
density, thickness, joints, cracks, and the soil upon which it is
placed, and will amount to only 5 to 25 percent of the loss from
an earth canal in the same location. A lining in the proposed
main canal of the Starr County District, if moderately well maintain-
ed, should reduce the loss by 85 percent at least. On this basis,
lining the entire main would bring about a saving of 11,85 acre feet
of water, which, for a season of 256.6 days, is equivalent to a
constant flow of 23 second feet,

In order to arrive at a rough estimate of the cost of lining
the canal, the following section is assumed: Bottom, 6 feet; depth
of water, 5.5 feet; side slopes, l% to 1; grade, 0.0002; coefficient
of friction, 0.015; discharge, 230 second feet, Below station 874,
the cross section is reduced, side slopes changed to 1 to 1, and the
depth decreased to allow for the increased grade, the heavier soil,
and the decreasing discharge to be carried, With a vertical free-
board of 1 foct the perimeter will vary from 29.5 feet at the head
to 17.2 feet at the lower end. Assuming a unit cost of 10 cents
per square foot, the total cost of lining the main canal will be
approximately $430,000,

By establishing a sinking fund drawing 4% percent interest,

an indebtedness of $430,000 on which 6 percent interest is paid can

be extinguished in 20 years by annual payments of $39,500. Since

the District contains 38,105 acres an annual assessment of $1.04
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per acre for 20 years will cover the entire cost. If, in order to
reduce charges in the early stages of the project, the setting up of
a sinking fund is deferred, interest charges on the indebtedness can
be met by an annual assessment of only 6% cents per acre.

Before the project of lining the canal can be declared
feasible and justified it must be shown that the benefits derived
will offset this cost. The chief offset ic perhaps the value of the
water recovered. Disregarding the flat rate, water charges of irri-
gation systems in the Valley below ranged from %1 to $4 and averaged
$3.15 per acre per irrigation in 1921, Charges have since been
lowered bgt the present average is not loss than $2 per acre and
there is 1little likelihood of any large reduction in the future,
Measurements made in the Valley several ycars ago showed the average
depth of irrigation to be about 6 inchcs. The cost of two appli-
cations or 1 acrc foot of water can be fixed, therefore, at $4. At
that rate the 11,850 acre fecet recovered by lining the canal if
delivered to the users under the canal will bring in about $45,000,
or more than enougheach yzar to ccover the annual cost of the lining.
One system of the Valloy offers water at $2 per acre foot, and at
that rate the income from the recovered water would offset more than
half the cost of the lining.

Another important offset is involved in the cost of pumping
water. Data showing the actual cost of pumping in the Lower Rio
Grande Vzlley are not available but it is believed that -3 cents per

acre foot per foot of 1ift is a reasonable figure, At that rate,
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pumping the estimated loss of 13,941 acre feet through a lift of 38
feet will cost 315,890.each year, Of this wasted expenditure, 85
percent, or $13,500, will be recovered by lining the canal, .

These two items alone are sufficient to offset the cost of
the lining, but the District will derive in addition several other
valuable benefits, The lining will reduce the cost of maintonance;
will lead to efficient operation of the canal; will decrease the area
which may be expected to require drainage facilities in addition to
District mains; and will constitute en insurance against crop loss
by preventing certain classes of breaks and by permitting quick
distribution and full use of such hcads as may be obtained during
periods of water shortage. It would be difficult to reduce these
advantages to definite figures but their importance cannot be
quéstioned.

From the standpoint of the District a vital consideration
is the adequacy of the water supply of 76, 210 acre feet carried by
the permit, which, it may be stated, is at the same rate per acre
as others granted by the Board of Water Enginecrs. The loss in the
main canal has been estimated at 13,941 acre feet, or 18 percent.
Due to the small heads carried and other adverse conditions, the
losses in laterals and farm ditches will be relatively higher and
should be estimated at not less than 22 percent. Deducting these
losses by seepage and disregarding evaporation and operation losses '
there i3 left a balance of 45,700 acre feet tc serve the net acreage

of 30,000 acres, or 1,52 acre feet per acre, This is below the
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quantity required for the Lower Rio Grande Valley according to Dr.

Samuel Fortier who, in an unpublished report, * fixes the minimum

¥Irrigation Requirements of the Arid and Somi-Arid Lands of the
Southwest: Samuel Fortier, Senior Irrigation Engineer, U, S.Dept.
_Agriculture,

net requirement at 1.75 acre feet per acre, A rapid development
of the project would bring out this deficiency very soon, and no
better way than lining the canal could ther be found to increase
the supply available to the users under-the canal,

There seems to be no reason to believe that the District
lands cannot beer the cost of the lining., These lands are now valued
at §5 per acre. Similar land urder irrigation lower down the river
rarely sells for less than $150 an acre and much of it has been sold
"in the brush", or raw, at $300 to $400 per acre. Many farmers
paying these prices have failed but a majority have managed to pull
through the lean years and a great mary are making a fine profit
when returns are averaged for a pericd of several seasons. The
bona fide settler who acquires land in the District will be able to
make an excellent average profit on a valuation of 5150 an acre.
Above that valuation the element of uncertainty increases, It is
assumed that very few of the present owners of the land in the District
intend to hold and develop their land., The majority will take the
handsome profit which lies between the present valuation of $5 an acre
and the price which ray be obtained for the land under irrigation

after selling charges of a colonization agent are deducted. Those
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owners who do hold their land will find it easy to make it produce a
large profit over and above the amount required to cover interest on
a $5 valuation and the cost of the system, including the lining. The
bona fide farmer who buys land in the District will pay a price which
will be governed chiefly by "what the traffic will bear" and only
slightly, if at all, by the bonded indebtedness on the land. If he
gets into financial difficulties his troubles will be due, therefore,
to paying an excessive price for the land and not to the relatively
small increase in assessments chargeable to the lining.

It appears from the foregoing that the lands of the District
can bear the cost of the lining; that the lining is necessary to in-
sure an adequate supply of water for the entire acreage covered by the
permit; and that the direct and indirect benefits derived from the
lining will more than offset its cost. Without going into the
aquestion of the proper utilization of a State-owned resource, or the
ouestion of the interests of holders of prior rights along the river,
the writer is led to believe that the Board of Water Engineers is

justified in requiring the lining of the entire canal,

Partial Lining.

It is scarcely ever possible to bring the entire area of an
irrigation project under cultivation immediately, and under the best
conditions some of the land must be idle for several years. During
this period the proportion of the current cost which the idle land

should produce must be met by payments out of the capital of its
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owner or by shifting the burden to any productive land he may have.
The settler with plenty of extra capital is rare and the developing
of a profitable irrigated farm from raw land is usually a long pro-
cess attended by more or less financial stress. It is often, there-
fore, good policy to keep charges down to a minimum until a sub-
stantial part of the land of a project is brought to the productive
stage. In the case of the Starr County District a rcduction in
annual assessments could be made for several years by lining only
the more porous sections of the canal and leaving the remainder to
be lined at some future date,

Three sections of the proposed canal, Stations 240 to 281,
394 to 700, and 1596 to 1662, show heavy rates of seepage, the
estimated aggregate loss in the three being 7681 acre feet. Lining
these sections will effect a recovery of 6530 acre feet of water,
which is eocuivalent to a flow of 13 second feet throughout the sea-
son. The estimzted cost of lining the sections is $118,000. An-
nual payments of 310,840 will pay 6 percent interest on that in-
debtedness and provide a sinking fund which will extinguish the
debt in 20 years. This annual payment will reouire an assessment
of 28 cents per acre on the 38,105 acres of the District., Assuming
that the full water supply is diverted and used, pumping costs re-
covered woﬁld amount to $7450 and the water made available for use
would have a value of more than $25,000, an aggrsgate of $32,450,
Thus the benefits from these two items alone would amount to three

times the cost., If only a part of the annual supply of water were
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pumped and used, the benefits would still be more than sufficient to
offset the cost.

It has been shown that by deferring assessments for a sink-
ing fund and paying onl& interest charges, the cost of lining the
entire main canal can be handléd for a few years with an assessment
of only 65 cents per acre. On the same basis the cost of lining
only the three most porous sections of the canal can be handled with
an assessment of 19 cents per acre., This comparatively small
difference between assessments for the full lining and the partial
lining, the potential productiveness of the District lands, the high
price at which they will be sold, and the benefits derived from
lining the entire canal leads to the conclusion that the full lining
rather than the partial lining will best meet the legitimate interests

and rights of all concerned.
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LEAKAGE OF WATZR FROM IRRIGATION CHAMNELS AND CONCRETE LINED CANALS IN
THE LOWER RIO GRANDE VALLEY OF TEXAS

By
0. A. PFaris

One of the problems of much importance in irrigation is that of
leakage of water from canals and channels, Silt in sufficient quantity,
carried into and deposited in earthen channels is effective in reducing
materially the loss of water by percolation through the soil, 1In the
process of cleaning such channels, the silt seal is generally disturbed
to the extent that considerable leakage takes place during the time
another seal is being deposited.

In many localities where the water supply is limited and the land
of high value, canals have been lined with concrete to conserve the water
supply and prevent the contribution to the ground water through direct
leakage and percolation. Generally these linings are made of hand placed
concrete or gunite. In sane instances expansion joints are constructed
in order to control the location of the contraction cracks and in others
the expansion cracks are omitted so the contraction eracks occur at random.
Cracks opened by contraction are cocnducive to direct leakage.

During January 1932, leakage tests 1/ were made in the lower

;/* Cooperative investigations, United States Department of Agriculturs,
Bureau of Agricultural Engineering and the Texas Board of Water
Engineers. Cameron County Water Improvement Districts Nos,l and
11 and Hidalgo County Water Control & Improvement District No.é

assisted in the investigation by furpicshing labor and water.
Rio Grande Valley of Texas on one earthen reach of the Cuates Resaca
used for conveyance and storage of water, one reach of hand placed

reinforced concrete lining without expansion joints, one reach of



hand placed concrete lining without reinforcing or ecxpansion joints,
one reach of reinforced gunite lining without expansion joints and
one reach of reinforced, hand placed concrete lining with expansion
joints spaced 12 feet.

The reaches tested were closed by dﬁms carefully constructed
of sacks filled with carth and faced with loose earth, The subsidence
of the water surface was measured to C.001 foot with hook gages.
Evaporation was measured in a standard Weather Bureau pan and after
being reduced to open water conditions, was applied in computing the
net loss by leakage. The total wind movement was determined by
anemometer readings and the temperature of the surface water was
taken daily.

CUATES RESACA

The reach of the Cuates Resaca tested was 8020 feet in length,

had a sﬁrface area of 51,58 acres and a wetied bottom area of 54.42

acres g/. The test was continued 72 hours. The net loss on the

2/ V. L. Conrad, Consulting Engineer, Brownsville, Texas,

basis of depth in feet per square foot of wet area in 24 hours was
0.004 foot. The very low loss is believed to be due to the sealing
effect of the silt deposit on the wet area and the proximity to sea
level. (The average elevation of the Bottom of the reach is estimated
as 10 feet above sca level and the maximum depth of water as 5 feet).
The average wind movement was 5.4 miles per hour and the temperature

of the surface water varied from 71 to 75 degrees Fahrenheit.,



CANAL EAST OF BLOCKS 28, 29, 34, 35, 40 and 41, SECTION 3,UNIT 3,
CAMERON COUNTY WATER IMPROVEMENT DISTRICT NO, 11

The reach of hand placed reinforced concrete lining without
expansion joints was 2510 feet in length, (Fig.l is a seoction)
The concrete was float finished, 2 inches in thickness and the mix
was 1 part cement, 2% parts sand and 1 3/4 parts gravel. The rein-
forcing was 12 and 14 gauge wire, with mesh 6 by 8 inches. There
were 191 transverse contraction cracks varying in width from zero to
1/16 inch., The silt deposit had been removed from the canal recently.
The test was continued 40 hours. The net loss on the basis of depth
in feet, per square foot of wet area in 24 hours was 0,146 foot. The
average wind movement was 4.4 miles per hour and the temperature of
the surface water varied from 71 to 73 degreces Fahrenheit,

The earth was removed from the back side of the lining at one
of the open contraction cracks. Moisture was observed just below
the top of the canal bank and near the elevation of the water surface
in the canal, the soil was thoroughly saturated. When the excavation
was carried below the elevetion of water surface, water streamed through
the crack.

For comparison, the earth was excavated back of the lining at
onec of the cracks which could be seen on the surface but was not open.
The soil was damp but no free water appeared on the back side of the

lining.

THE LONER END OF LATTRAL 26, CAMERON COUNTY WATER IMPROVEMENT DISTRICT
NUMBER OME

The reach of hand placed concrete lining without expansion joints



and without reinforcing was 729 feet in length. (Section Fig.2). The
concrete was trowel finished, 1 3/4 inches in thickness and the mix was
1 part cement, 2% parts sand and 5 parts gravel. There were 7 trans-
verse cracks per 100 feet and a single longitudinal crack in the bottom
throughout its length., The test was continued 37.5 hours. The net
loss on the basis of depth in feet, per square foot of wet area in 24
hours was 0.430 foot, This heavy loss was due to the longitudinal
crack in the bottom of the reach. The average wind movement was 4.6
miles per hour‘and the temperature of the surface water was froﬁ 71 to
7% degrees Fahrenheit,

LATERAL NO, 26,CAMERON COUNTY WATER IMPROVEMEMT DISTRICT NO., 1,IMMEDI-
ATELY ABOVE THE HAND PLACED LINING DESCRIBED ABOVE

The reach of gunite lining with reinforcing and without expansion
joints was 1700 feet in length. (Section Fig.2). The gunite was gun
finished, 1 inch in thickness and the mix was 1 part cement to 4} parts
sand., The reinforcing consisted of 12 gauge wire with meshes 4 by 8
inches. There were 15 transverse contraction cracks per 100 feet
ranging in width from zero to 1/16 inch. The test was continued 37.5
hours. The net loss on the basis of depth in feet, per socuare foot
of wet area in 24 hours was 0.125 foot. The average wind movement
was 4,6 miles per hour and the temperature of the surface water ranged
from 71 to 73 degrees Fahrenheit,

LATERAL C FROM HEAD TC STATION 12 PLUS 9C, HIDALGO COUNTY WATER CONTROL
AND IMPROVEMENT DISTRICT NO. 6

The reach of hand placed concrete lining with reinforeing and ex-
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ﬁansion joints was 1285 feet in length. The concrete was trowel finish-
ed, 1 3/4 inch in thickness and the mix was 1 part cement, 2 parts asand and
}% parts gravel. The reinforcing consisted of 12 gauge wire with mesh

4 by 8 inches. The expansion joints were made by a groove i inch wide
and 1% inches deep at intervals of 12 feet. The groove was poured

full of hot asphalt. There were no cracks except transverse at part

of the expansion joints, The test was continued 42.5 hours.The net

loss on the basis of depth in feet, per square foot of wet area in 24
hours was 0.129 foot. The average wind movement was 4,6 miles per hour
and the temperature of the surface water ranged from 71 to 73 degrees
Fahrenheit,(See Fig. 3 for section)

The earth was excavated on the back side of the lining at one of
the open expuansion joints., The soil was saturated near and below the
elevation of water surface and when the earth was removed below the
elevation of the water surface in the canal, water streams through the
open crack,

For comparison, the earth was excavated at one of the expansion
joints which showed noopening. The excavation was extended to the
bottom of the section and after remaining open 19 hours, showed no
sign of leakage through the joint or the Sody of the slab,

From the limited investigetion it appears that leakage of water
- from canals lined with either gunite or hand placed concrete of the
ouality tested, is confined to open cracks, These open cracks may be
open expansion joints, open contraction cracks or longitudinal cracks
caused by omission of reinforcing or the placing of lining on unsettled

fills or a combination of both. It is very probable that with an



Fig. L - Section of hand placed concrete lined canal with rein-
forcing, Cameron County Water Improvement District
number eleven

Fig. 2 — Section of hand placed concrete lined canal without
reinforcing and gunite lined canal with reinforcing
Cameron County Water improvement District No. one
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Fig. 3. - Section of hand placed concrete lined canal with rein-
forcing, Hidalgo County Water Control & improvement
District number six
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increase to summer temperature, the transverse cracks will close to the
extent that leakage will be practically eliminated., Theré is little
likelihood, however, that the longitudinal cracks will close to any
effective degree with an increase in temperature.

In the reach of lining with expansion joints spaced 12 feet,
ell contraction cracks were confined to the joints, It would be of
much value to construct cxperimental reaches of lining in the Valley,
with expansion joints irregularly spaced in order to determine the
maximum spacing which will confine contraction to the constructed

joints.

0. A. FARIS



LATERAL B5, STATION 13 plus 50 to 26 plus 00,HIDALGO- WATER C OMNTROL &
IMPROVEMR T DISTRICT NO. 6

This reach of hand placéd concrete lining with reinforcing and
expansion joints was 1250 feet in length, 7Fig. 4 shows a cross-section.
The concrete was trowel finished 1 3/4 inchés in thickness and the mixwas
1 part cement, 2 parts sand and 3% parts gravel, The reinforcing con-
sisted of 12 gauge wire with mesh 4 by 8 inches. The expansion joints
were made by a groove é inch wide and l% inches deep, at intervals of
12 feet. The groove was poured full of hot asphalt. At the beginning
of the test, water stood 2 inches below the top of the lining at the
lower end of the reach and 6 inches below at the upper end. The test
was continued 24 hours. The net loss on the basis of depth in feet,per
square foot of wet area in 24 hours was 0,300 foot., The average wind
movement was 3.4 miles per hour and the temperature of the surface water
ranged from 61 to 82 degrees Fahrenheit.

On January 17, 1932, the earth was excavatcd at one of the expansion
joints which showed no opening, in a reach of lateral C,this system.The
excavation was extended to the bottom of the section and after remaining
open 26 days, showed no sign of lcakage through the joint or the body of
the slab,

After 24 hours, moisture cones showed in plan on thc tops of the
canal banks. Thelr apexes were opposite the open expansion joints and
their sides sloped toward the middle of the slabs,

There were 86 open and 19 closed expansion joints in this reach of

canal, This test was made Pebruary 11 and 12, 1932,
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LATERAL 4M, HIDALGO COUNTY WATER CONTROL & IMPROVEMRENT DISTRICT NO. 1
: This reach of broom finished gunite lining, 1 inch thick was com-
posed of 1 part cement to 4% parts sand o Its cross-section is shown in
fig. 5. Reinforcing consisted of 4 by 8 inch wire mesh, 12 and 14 geage.
The reach tested extended from statisn 90 plus 20 to 102 plus 20, No
expansion joints were constructed., Thére were 33 transverse contraction
cracks in the reach, ranging in width from zero to 3/16 inch., There was

a deposit of silt, appraximately 1 inch in thickness'in the invert and ex-
tending about 6 inches vertically up the sides. The test was continued

27 hours. The net loss on the basis of depth in feet per square foot of
wet area in 24 hours was 0.080 foot, The average wind movement was 10.6
miles per hour and the temperature of the surface water varied from 69 to
78 degrees, Fahrenheit, This test was made February 9,10,and 11,1932,

The earth was excavated on the back side of the lining at an open
expansion joint., The coil was saturated near and below the water surface
elevation and when the earth was removed below the elevation of the water
surface, water streamed through the crack.

~ For comparison, the earth was excavated back of one of the cracks
which showed no opening. The soil below the elevation of water surface
was noist but no free water appeared after standing open 14 hours.

These tests, as well as those made during January 1932 and reported
under the heading, Leakage of Water From Irrigation Channels and Concrete
Lined Canals in the Lower Rio Grande Valley of Texas, indicate that the
leakage of water from canals lined with either gunite or hanmd placed
concrete of the oguality tested, is confined to open expansion joints or

open contraction cracks,
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Mr., R. S. Fessenden,General Manager & Chief Engineer of Hidalgo-
Cameron Counties Water Control & Improvement District No, 9, called
attention to a reach of gunite lined canal which had been leaking through
contraction cracks to the extent that water stood in the borrow pits at
the toes of the embankments and thc edge of a citrus orchard near by.
Following the repair of the contraction cracks, the water in the borrow
pits and orchard disappeared,

Mr. Fessenden's method of repairing the contraction cracks is inter-
esting. With a straight spade, he excavated tha earth from the back side
of the gunite lining, opposite the crack. The excavation is 7 inches long
at the back side of the lining, 4 inches deep at right angles to the
lining and 5 inches long on the soil side. (See Fig.6) A piece of
light weight shcet iron (stove pipe material) was crecased to fit the ex-
cavation and carefully inserted. A mixture of 1 part cement and 4 parts
sand mixed quite wet was then placed in the cavity between the back of
the lining and the metol and spaded until the mixture appeared on the
face of the lining on the inside of the esnal section, The spading
causes the light metal to conform to tho irrggularitics in the earth
excavation. The method is effective in closing the cracks and stopping
the leakage, but I fear that when the temperature rises and expansion

takes place with no place to go, buckling of the lining will result,



Fig. 4 - Section of hand placed concrete lined canal with rein-
forcing, Hidalgo County Water Gontrol & Improvement
District number six

Fig. 5 - Section of gunite canal lining with reinforcing,Hidalgo
County Water Control & Improvement District No. !

‘._7" T
_ —"l ;ipl Lining
Crack T
Thin mefogj /<
5™ T
Fig.6- Plan of repairing contraction cracks in canal lining,
Hidalgo- Cameron Counties Water Control & Impro-
vement District number nine
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CANAL LOSSES

After a numbsr of trials of dstermining the seepage losses from the
canals by making measurements with a current meter, it was anparent, that,
owing to the manner of operation and the reservoir nature of the channels,
this method would be satisfactory in a few cases only,

In one instance wahter was turned into a canal two and one half miles
in length at 6:00 AM, Measurement at the lower end at 6:00 F,%, indicated
that water was still being stored in the canal, altho, flow had been
practically uniform and continuous thru-out the entire dgy.

In a few cases the flow was ocontinuous and fairly uniform, After

a8 nunber of trials the fellowing rosults were obtained:e

Loss eu,ft, per sq.ft. Loss pet Loss pct

Canal Date wet A in 2L hrs, per mile of ant diverted.
Rt,Hi Line 8-28«23 . <306 1,20 3.4
dO 8"30‘23 0299 1020 30"4
9 A 9-18=23 366 5650 - 8.0
9 A 9-26-23 367 10,90 15.9
Rt Fresnos 8-21-23 «310 L .00 8.1
do 8-22-23 230 L.19 8.6
do 8-23-23 o322 1..50 9,1
Average 0323 L,50 8.1

In making curront meter measursments, it was nzcessary to select
contracted scotions in flumes or checks, as the average canal soctions
were so large that the wolocitics werec too low to moasurs,

To illustrate the storage cavacity and low velocities, a
soepage test was mede on canal "Q", A scction botwoen two checks
6700 feet apart was seloctcd, Tho average cross-sectional aroa
botween the checks was 57.15 square feet and the wet area was 270 550
squero feet, ‘leir boards woroe placed in the chocks and carefully
puddled to preient lenkage, After thirty six hours continuous flow
over the woirs, the flow was practiczclly uniform, Measurcments showed
2.70 seccond feot passing over the unper weir and 1,91 second foot

passing over the lower woir, indicating a loss of ,79 second focot, This

-1 -
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gives a loss of «25l cubic feet per sguers foot of wet arca in twenty-
four hours,

On canals whore the veloecitics wero tco low to measure with a
current metor and where the flov was not stendy or uniform, dead water
scepage tests were made, Owing to the fect that tho wslocitiss, under
actual working conditions aré so oxtremocly low, dend water scepage tests
should give results equal to amctuel working conditions,

In making dead watesr scepage tests, it was nocessary to selccet
soctions of canal bebween checks which could be quickly and offectively
pudaled as operation could not as a rulsc, be intorruptad merc then one
doy at z time,

The lower check of o solected section was carefully puddled, the
section f£illed with water and then the uppsr check puddled with the
same care, The drop of the weter surfacc wis doterminced by reading
steff gages at cach ond of the sce’ion tostod, The wet area in square
foot und volumo leost in cubic foct werc calculatod from crossescctions
tukon at each end of tho scetion and at intermcdiate points vhero
chango of cross-sectional areu wag &pparenﬁ. Tho duration of the test

wes doterminod by reading the time at tho boginning ond erding of the

test,

DEAD WATER SEETPAGE THSTS.

Length of soction Av.,loss cu.ft, per sq.ft.

Conal Dute fect wet arca in 2l hours,
g 7-26-23 11800 253
8=6 8- 8-23 1700 091
S=6 8-15=-23 190G 091
F 8-17-23 1850 L60
D 9~ 6-23 3800 .230
Ealy 9~ 7-23 56 % 88l
R 9-20-23 3900 134
T-6 9-28-23 1620 .392
v-1 10-25-23 1060 1.336%

*Those cunals arc used intormittontly wnd do not contain a great
cmount of silt, it being deposited in the lurgv sections of tho
main canals from which the water was drown,
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Tho silt ocarrioed by the Rio Grande water is very effective in
scaling tho wotted surface of canals ond other wator ways, making it
almost impervious,

In ordor to get some idoa of the offect of silt in sealing the
wot arca of thoe water ways against the porcolation of water, a test
was made with two open metal cylinders, hurcinaftor doscribed undor
the heading of cylinder tests., A place was sclected betwoon a cannl
and & drain ditch with its bottom grade 10 fuct below the surface of the
ground, This placs was selected in order to get away from the effoet
of o high ground water table, The cylinders, twenty-four inches in
length woro driven L} inches into tho ground. Silt wns taken from the
bottom of a noar by canal and placed to o depth of one inch in
one of the cylinders, Both 'cylinders worc then filled with water so
that the wator surface in both cylindcrs stood 193 inchos above
the natural ground surfacc at the beginning of the test, Hourly
readings wero made for 8 hours and a final roading>after 23 hours,
showed that tho water surfaco in the cylinder with no silt had
droprped 7% inches whilo in the cylinder with one inch of silt

it had droppod but 3/l inch, o ratio of about 10 to 1,

TABLE SHOWING LOSS FEET IN DEPTH FEE SQUARE FOOT OF WET AREA IN 24 HOURS
AND AVERAGE FOR ALL TESTS,

Cu ft. lost Loss ft.in depth in 24 hrs,

Canal Wot orca sq.fect, in 2L hovrs . . per eg.ft. of wot nroa
S-6 14908 1368 091
Do 194,00 1755 .0905
Do 39762 3622 «091
V-1 5300 7082 1,336
T-6 1102l L343 <393
R Lote2 5L92 134
R 25773 31470 o134
E-L 3ulé 13384 3.884
D 53724 14996 .280
D 76L5 222l . 290
F 21035 9682 L60
8 16956 L332 «255
8 29760 7512 .252
Rt, Frosnos 153300 L617), 310
Do 151100 L3l .29l
Do 151100 L8787 o2
Rt Hi Line L 7h855 145490 «306
Do Lh218s 131551 «299
9-A 156840 57L99 366
g-A 132840 L8787 267

iverage loss feet in depth per square foot wet arec in 2l hours 0,308,



CYLIITDER TESTS

A number of tests were made with two cylinders, made of
18 2auze smooth galvenized metal. One cylinder was eight and
the other twelve inches in diameter and both twenty-four inches
in length and having soldered joints to prevent leakage,

The cylinders were driven from two td six inches into the
sloping banks or bottom of the channel and filled with water,
The surface of the water in the cylinders at the bsginning of
the test stood from four to twelve inches above the water sur-
face in the channel. The tests were continued, as a rule, over
a twentv-four hour period and measurements made to ascertain the
fall of the water surface. The cylinders were covered to prevent

birds and other anirzls from drinking out of them and to exclude

rain.
RESULTS OF CYLIIDER TESTS

Loss feet in depth in 24 hours
Date Chamnel ., 8 inch cylinder 12 inch cylinder
8- 6-23 Resaca .0445 .0623
f- 17-23 " .0275 02175
8-10-23 " .180 .180
8-11-23 " .010 .010
3-12-23 " .010 .010
R.13-23 " .010 .010
8-14-23 i .Cl0 .010
8-15-23 " .0l0 .010
8-15-23 i .010 .010
8-17-23 " .010 .010
8-18-23 B 010 .010
8-19-23 " .C10 .010
8-20-23 " .010 .010
8-21-23 " .010 010
3-22-23 " .240 »230
R-23-073 " .010 .010
3-24-23 " .010 .010
8-25-23 " .010 : .010
8-26-23 " .019 .019
8-28-23 " .019 .019
Average .0335 0339
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CYLINDER TESTS, Results continued,..

. Loss fout in depth in 244 hours

Date Channel 8 inch cylindor 12 inch cylinder
£-2G-23 Lateral D «010 020
8"30"23 " 0030 . 030
8-31-23% " .030 .026
9= 323 " <094 .078
9- L-23 " 115

9= 523 " 146

9= 6-23 " .020
Average «071 «035
9= 7-2% Lateral E-l L.o8 240
9-12-23 Lateral B, 302 .190
9-13-23 " 375 .083
9-14-23% " «310 .070
9-14-23 " 666 .250
9-15-23% " Lo «220
9-17-2% " .210
9-18«23 " .01l L01L
9-19-23% " .037 .010
9-20-23 " .030 .010
Averago 272 117
9-21-23 Lateral R, 036 0oLl
9-22-23 " .020 .010
9-23-23% " .013 .025
9-2l;-23 " 083 .023%
9=25-23 " <005 015
9-26-23 " .005 012
Average 027 021
9-28-23 Lateral T-6 062 031
9-23-23 " .100
10-1 =23 " .C78 .032
Avorage .080 .031
10-2- 23 Lateral T-1 .036 0h2
10-22-23% Lateral V-1x JOU7 016
10-23-23 " * 02 016
10-214-23 " 4 £15 Hl1
10-25-23 " # 60l 610
10-29-23 Latersl V 054 L2L2
10-3%0-23 " .031 LU
10-31-23 " .052 .125
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CYLINDER TESTS, Results continued,...

fIn bottom of section, above check, shows silt deposit.,
7In bottom of scction, just below check where high velocity has
prevented silt deposit.

SEEPAGE LO0OSS FROM THE RE3ZACA

It was not possible to run a. sespage test on any section of the
resaca, Owing to the design of the watervays thru the dams, it was
impossible to make meter measurements and imprecticable to shut
the water off in order to make & deed watzr test., Tho average scepage
loss, feet in depth per square foot of wet aroa in twenty four hours
a8 indicated by forty cylinder tests is ,0337.

By a process of elimination the loss per squarc feoot of wet areca
in twenty four hours was detcrmined from the total acre feet pumped
during June and July 1923,

Total acre feet pumped during June and July 1923 10088,
Net duty, average all tests, fuoet in depth 279

Total acres irrigated during June and July 1223 7068,
Acro feet usod at tho FPields 1972
ot area in canals acres 396,
Average loss in canals feet in dopth, per square

foot of wet area in 2l hours .308, ‘
Total seepage loss in canals acre feet in L6,75 days 5703,
(Pumps operated 46.75 days during Juno and July 1923)
Avorage loss in farm ditches, percent of amount diverted
34,3, Therefore loss in farm ditches acre feot 1029,
Thon loss in resaca in 46,75 days acre fect was 138L.,
-6 -



The wet area of the resaca in acres (estimated) is 727,

The loss of 138l acre feet in 46.75 days fram the resaca is equal
to & loss of 29,6 acre feet in 2l hours, wmounting to a depth of .0LO
feet,

The rain fall for June and July 1923 was 2,5) and L,71 inches
respectively or a total of .60 feet., Assuming a catchment area of the
canals as 50 percent grecater than the wet arce and the resaca as 10
percent greater then its wet area, the total acre feot supplied by
rainfall was 836,

The total loss on 1123 acres of wot area in 14,25 days during
the time the pumps were not running, toking the loss in dopth on the wet
area of the canals as ,308 in 2l hours and in the rosaca as ,040, was
2152 acro feet. Deducting 83%6 acre fcet, that supplied by rain fall,
tho loss of pumped water in 14,25 days wes 1316 acro foct.

Assuming the drop in the water surfacc of tho canals and
resaca as uniform during the 14,25 days the pimps were not running,
the fall in the water surface would have been 1,17 feet,

In order to supply the torms and formsteeds with domestic
water, it was necessary to maintain the water surface in &he distribution
systom within 2bout onc foot of normal and to do this whon therc was
no demand for irrigation wator, it wus observea that it required
proctically, the continuous operation of the 36 inch pumping unit which

delivored approximately 72 second foot,

-1 -
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LOSSES FROM FARM L.THRALS.

A number of tests were run to determine the loss from farm laterals
between the points of diversion from the Districts distribution system

and the fields,

Length of test Loss cu,ft, per Loss, percent of

Name Section feet sq,ft. wet A, 24 hr, amt, diverted.,
Albritton 2li20 5.0 L

YMoore 1320 6.70 22
Johnson 850 9.02 31.6
Wagner 1800 1l.22 13
Wasson 3240 L.75 50.9
Moyer 1550 3.25 2843
Lunningham 2187 12,10 ° 90

Blocks 1 & 2 3960 . L.48 53,4
Scogin 2366 5.22 30.7
McCain 2895 7.05 349
Houghtaling 2800 9.84 1.4

All the loss in the Lunningham and Houghtaling laterals should
not be chargsd to seepage, as & great part of it was due %o deferred
maintenance, Openings, where wator has beon turned into the furrows
in the fields nearer the hoad gate had not bsen properly refilled,
permitting water to waste directly thru thom,

Bliminating the Lunningham and Houghtaling latorels as not being
representative of usual practice the average loss in percent of tho

amount diverted is 34.3.
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The pereentage of loss could be reduced by the proper construction
and maintenance of the farm laterals, In most instances the banks of
the farm laterals are entirely too thin to prevent excessive seepage,
vegotation is not removed froﬁ the watur area and 1ittle attention is
paid to the burrowing of animals in the banks,

The Wanger lateral is an exemple of a propoerly constructed
and maintained farm lateral, altho' at tho time the test was made some
loss could have been prevented by improving an under crossing of the

highwoy,



TRANSFORTATION LOSSES
LATERAL "J",

Cenal system, San Berito, Date, Novembsr 2, 1923, Observer, O0.A.F.

Location of section, Lateral “Jﬁéfrom hecd to check near east line

Block-#S?, San Benito sub-division. Type of soil, Black resaca silt,

Condition of canal prism, Fairly uniform. Amount and character of

vegetation, Part affected by grass weeds and overhanging growth,

Yoathor, Cloudy., Remarks, ¥ater was boing forced thru the lateral
to woter some high ground at tho oxtrome lower end, All iﬁtermediata
checks wore opon., Wotur surface thruout tho sccetion was about one
foot higher than under ordinary coperating conditions, Water was ob-
served running over the banks in o number of places and all of the
eleven deolivery gontes were lecking,

Discharge at head of latersl socond feet 11,96

A Discharge at lower end of scction sccond feet 3,98

Loss of 7.98 sccond fuet equals 695217 cubic feet in 2l hrs,

Wet area in canal prism sguarc feet 133158,00

Loss cubic feet per sq. ft. wet arca in 2l hrs, 5.22

Longth of soction 11300 foot,

- 10 ~
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TRANSPORTATION

1.0S5ES

S4N BENITO IRRIG.TION SYSTEM

Wlottod :iv, loss in | Total loss : Total loss
;Lengthi Arca | dopth on wet 2ly hours
Channels'Milcs [ Acros iarea all tests i acrc foct Sccond fee
; i
Conals | 217 | 396 : .308 122,0 5346
i ! :
Rosaca | 20 | o7 | 0312 22,68 11,34
| l i




CYLINDER TEST LATERAL E-l

This lateorcl has a three foot bottom width, two to ono insido
slopes and will earry water to o dopth of two feet, Tho land
which it waters has not been cultivnted for two yoars on account
of salt and water-logged condition and the ditch has not had
water in it for two yours, A test well shows the ground water
table to be 2.6 fect bolow the bottom gradu, The oylinders
were inserted about four inches and filled with water to a depth
of 20 inches., Readings werc token at 2L hour periods. Cylinders
designated by numbor, Xumbers ) und 2 being 12 inch ond mumbors
3 and L4 8 inch,

LOSS FERET IN DEPTH IN 2l HOURS,

DATE No, 1 No. 2 Yo, 3 Noo L
1-1-24 .031 0Ll

1-2-2L 062 CL031 016

1-3-21“ 0057 ' .0147 0005 0031
Average 4050 .0L0 .011 .031

Excavated about three inches of bleck silt from the bottom of
the ditch and roset the eylinders in the natural formation, a
rzddish clay,

1 '14‘211- «552 «925 o)»l-leB 1,552
1-5-24 463 «56T* .5%1 «250%
1-6-24 427 b1k 573 240
iveroge 181 702 517 681

Moved cylindeors up the ditch avout a hundred yards,

1-7‘21# .166 0260 0198 .0).].7
: 1’8‘2)4 . 0130 0219 n219 00)42
1-9-2 11l % 692 O078% .078
1-10-2l .08638 «370 © ,068 057
1-11-2L .130 568 <099 .052
1-13-2L, av.2 da. 177 609 Noe'l 062
1-14-2 166 .583 .083 073
Average .138 L7 119 .058

*Cylinders driven more,

Cylinder number two had a erimp in its ocutting edge which
evidently made o dircct connection with the porous stratum bolow,

-12 ~
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arm Ditch Losses 1-31-2L C. A. Faris-

Length of i,0ss porcont of Loss cubic por sq,.ft,

Farmors Nemo, Ditch fzet amount diwrted, wot arca in 2 hrs,
Goo, Mooro 1320 22,0 6.70%

S. E. Albritton 2420 L0 5.0l

D. G. Wagner 1800 13,2 1.23
R,Johnson 850 31,6 9,02%

L. R. ¥asson 3240 5049 L.75 |

H, P, Moyor 1550 28.3 . 3.25
T,Lunninghom 2187 90.0 12.13%

R. Haughtaling 2800 T 9.8l*

Lat, C-5 3960 5%.4 L Ls#

J. A. Scogin 2366 30,7 5,22

Goo. McCain 2895 3L.9 7.05

Lat, C-5 is in about the same condition and constructed in the same
manner as the avorsage farm ditch,

*Should not all bo charged as socpage as waber wasted ovor banks
and thru openings which could be closcd easily,

13-
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CANAL LOSSES .

Cenal systeme San Benitoe. Date. January 22,1924. Observer. Qei.F.

Locatinn of sectione All of leoteral Q-1 and He Pe Moyer's form

ditch. Type of soile Heavy grayish soil. Condition of canal prism.

Fairly uniform. Amount and character of vegetation. Large amount

of course vegetation in Y-l. Weather. Cloudy drizzle rain. Remarkss

This test was made to determinc the relation of the amount of
woter reaching the field and the amount diverted from the main
canal into the sub lateral at the head. The loss as determined
includes seepege, leaknge of six service gates, and direct run-off
weste at the end of Lateral Q-1l. Bexican irrigator is permitted to

divert water frorn the main canal to the sub lateral.

Discharge at the head of Q-1 second feet 1.89
Dischaerge at the head of He P. Moyer's field ditch sece ft. 59
Applying the loss irn this field ditech as determincd January 19
or 282 percent the amount of woter reaching the field would be
«42 second fecet or a loss of 1le47 sccond feet from 2ll causes

in one mile of Q-1 lateral and 1550 feet of Moyer's field ditche
Loss in percent of the amount divorted at the head of Q-1 77.7.
The water was checked up sonsidercbly higher in Q-1 than was

necessery for diversion into the Moysr ditcel.

- 14 -



DEAD VIATER SEEPAGE TEST.

Canal systeme San Benito. Date. September 6,1923., Observer. 0.A.F.

Location of section. Laterzl "D" between chocks Nos. 307-318. Type

cf soils Dark brown clay. Condition of canal prism. Feirly uniform.

hmount and charscter of vegetation. Little vegetation. Time water

wes turned into section. This scction is kept full of water continu-

cusly. Was shut off at upper check at 9:30 A. M. Weather. Cleur,

slight wind.

Dist. ! Wetted ¢ Wot Wator 3Volume§Loss cu.ft.
Section|Apart | Gage Time | Perimeter | Area | Surface} Lost iPer sq.ft.
5. Sec.l;Sec.z sqeft. sq.ft.’cu.ft. et Area in
i 24 hours -
AN i
34101 11:0C 16.28} 16456 | 47190 !
1 & 2 {3300 PM i 53724 | 3749 | .279
3,021 5:00 1608 | 16.20 46530
AM _
2 & 3 3.X}1l:ooi16.56 14,30} | 7000
| !
500 PM l 7645 556 «289
3.52.' 5:00} 16¢20] 14410 | 6890
| i ! ‘

iverago loss in ocubic feet per square foot of wet area .280 in 24 hours.



DEAD WaTER SEEPAGE TEST.

Concl systems San Bonitos Date. Septerbsr 7,1923. Obscrvere O.i.F.

Location of sectione Loteral E-4 betwoen checks 301-302. Type of

soile Light silty lcam. Condition of canal prism. Uniform. Amount

cnd choracter of vegetati-ne. Free from vegetztione Time water was

turned into scctisne. 9:00 i. Mo Weathore. Clecr. Remarks. Woter

toble as shown by wcll in close proximity is about 11 fcet bolow

the ground surfaces The water table is kept down by a drain ditch

about one-fourth mile east and an old Resaca within ebout 300 feet

of the upper end of the section. This conal is used only for irri-

getion and is absolutsly frece from silt, water being taken from

Lateral E. after tho silt in suspansion has been deposited.

i 2733
| :

Diste. ; 1 Wetted Wiet | Wieter 1 VolumejLoss ouefte
Section|apert Guge i Tino | Perimeter | Arca [Surfaceci Lost |per sq.ft.
ft. Sce.1i8cc.2s7.fte| sq.fteicu.ft.{¥Wot Area
' ! i |24 hours
z T i %
1.50{10:45 5.80| 880 | LK ;
. i | ! '
1 &2 | 550 n ! | 3446 . 1673 | 3.884
| z ; E
+98 | 1:45] 3.50! 6.561 E
| i

—




DEAD WATER SEEPAGE TEST

Canal system. San Benito. Date. September 19, 20, 1923. Observer. 0.A.F.

Location of section. Lateral "R" between check No. 303 and end of lateral.

Type of soil. Grayish clay. Condition of canal prism. Fairly uniform.

Amount and character of vegetation. Few tules some moss. Time water was

turned into the section. Water is kept in this section continuously. ias

shut off at check No., 303 at 10:00 A. M, Weather. Fair, slight wind.

: Dist,: H t  Wetted : Wet ‘Water : Volume: Loss cu.ft,
Section: Apart: Gage :Time : Perimeter : Area :Surface: Lost : per sq.ft.
S & PR : : Sec.l:Sec.2 :3q.ft. :s8q.ft. : cu.ft.: Wet area in
S : : : : H : : : 24 hours
: : P AM : : : : :
: 3 2,50 :10:00: 14.30:17.20 s 40920 :
1& 2 : 2640 : s PM @ : : 40722 : : 1602 : 0134
: s 2,46 : 5:00: 14,00:16.20 : ¢ 39204 :
: : s : Sec.2:3ec,3 : : :
: t 2,50 :10:00: 17.,20:22,50 : s 25740 : :
2& 3 1320 : H : : s 25773 : : 1012 : 0134
: : 2,46 3 5:00: 16.,20:22,20 : s 24882 :
Average loss in cubic feet per square foot of wet area in 24 hours. 0134
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DE..D WATER SEEPLGE TEST.

Canal systcme Son Benito. Datee. Scptember 27,28,1923. Observere QJ.A.Fe

Location of scetion. Lateral T-6 between cheocks Nos. 301-302, Type of

soile Heavy blaclz silty locme Condition of cenal prisme Fairly uniforme.

amnount end cheracter of wegetitione Green with grass, streamer moss

and other cequatic growthe Timo water was turned into sectione. 4 small

hend of water is kept in this conal for domestic purposcs continuclly.

Turned head in for test at 8:30 A+ Me September 27. Owing to the vege-

totion it required over four hours for the water to travel less thun

o mile and £ill the sections. Weathere. Clear, slight wind. Remarks.

The big loss above gage l.l4 is due to two conditions; lst. Burrowing

enimels. Their holes cruld be seon at severul pleaces along this sec-

tiony 2nd. Littlo or uno silt on the slopes above this gage height.

Diste | Wotted | Wet :  Vater . Volume Loss cu.ft.
Section| ipert iGape | Time | Porimeter | iLrea iSurfuce % Lost iper sq.ft.
big ) SgceliScce2 jsqefte| s8qefts jcu.ft. ot area
: 3 124 hours
1.30 [2:00P | 7.9C | 7.60 11907 |
1 &2 ; 1620 11671 | 1792 | 1.219
1.14 [5:00P | 6.84 | 6.70 10490 ‘ ;
1.14 5:00P | 6.84 | €.70 10490 |
1&2 ;1620 16230 | 1465 .229
| | +99 8:004 | 5.92 | 5.80 | 9040 |
; ; :
1430 R:00P {7.90 i 7.60 11907 | !
1&2 {1620 : i ' 1102¢ ; . i 3247 | ,392
.99 P:004 |5.92 5.80 | i 9010 |
o o

| |

Average lsss in cubic feet por square foot of wet area in 24 hrs. «392.
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DEAD WATER SELPAGE TEST.

Canal systcme San Benito. Dates Octnber 23,1923 Observer. Q.a.F.

Location of sectinne. Lateral V-1 botwewen first check asnd drain

ditch crossinge. Type of soil. Brownish loam. Condition of prisn.

Fairly uniform, no silt. Lmount and character of vegetation. Some

overhanging grass and brush. Time water wns turned into section.

9:30 Ae Mo VWoather. Foire.

i Diste. ; Wetted Wet | Woter [VolumejLoss cu.ft.
Section; Apert|Gege {Time | Perimeter | Area iSurfacei Lost {per sq.ft.
£t. SeceliSec.2 sq.ft.isq.ft. cus.ft. . Wet Area in
i i 24 hours
| '
1.06,11:30 5-15! 5.87; i 5035
1 &2 1060 , ! 63¢c0 ! | 1623 | 1.336
; 5 ! ' s
«71; 5:001 4.15; 1.83 14240
|

|
|
]

sverege loss in cubic feet per squere foot of wet arcu in 24 hours
eguals l.336.

This cenal is used intermittently.
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BLIND STUB SEEPAGE TEST.

Canal system. San Bonitd. Date. July 26,1923. Observer. O.A.F.

Location of section. Latercl #8 botween checks 301 and 302.

Type of soile. Black resaca silt. Condition of canal prism. Good

shape and reasonably‘uniform. Amount and charncter of vegetation.

Few water reeds in prism and some overhonging brush and grass

along bonks. Time water was turned into s ection. Water is kept

in this section contirnuously. Weoter was shut off at upper end

at 10:00 A. M. Weather. Cleur, slight wind.

Dist. i Wetted Wet | Water | Volume{Loss ocu.ft.
Sections| Apcrt Gage|Time Perireter | Area | Surf i Lost |per sq.ft. in
ft, 1 Sec.1l{ Sen.2] 8qefted sqefte] Cusfts| 24 hours
1&2 | 1800 4.74 11:q 9.22 | 9.82.’KI 16956 15642(
i4.71‘5 5:0l 9.02 | 9,62 15500 | 1083 | 0.255
! i
; i Seo.ZESec.sl
2 &3 3000 4,78] 11+ 9.82 %10.22‘ 27075 3
deTl 5&)9.62 %10.02 29760 [26580 | 1878 | 0.252
] \ |

Average loss in cubic fee¥ per square foot of wetted area in 24 hours

0.253.
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BLIND STUB SELPAGE TEST.

Canal system. San Benito. Date. sugust 7,8,1923. Obscrvere Quit.Fe

Locotion of sectione. Lateral "S' 6". From lower end buck 1700 feet.

Type of soile. Heavy silt scme sunde Condition of cannl prisme

Feirly uniforms Jmount and character of vegetatione One-fourth the

distance tules ond wator hyacinths. Time water was turned into the

sectione. Wator is kept in this soctisn continuously. For this test

water was shut off et 2:50 P, M. August 7. Test ended ot 8:20 A, M.

asugust 8, 1923, Vieather. Cloar, slight winds Remarks. This canal is

wholly in excevation and is reclly ¢ storage reservoir being supplied

at the upper end by a section 100 foet long; only two feet in width.

Dist Woetted Wet IWater Volume]|Loss cu.ft.
Sectiong iLparY Goage!Time! Perimeter| Airca | Surf Lost |per sqeft. in
. Secs1;S60eqd SQeftelsqefteicueft, 24 hours
Pil
3¢60[ 2:50} 16425} 21412 14400
1 &2 | 800 AM 14908 998 <0917
3.53| 8:20| 16.25 20.7% i 14100
PM
3.60{2:50] 2112|2232 18450
2 &3 | 900 LM 19400 1280 «0905
3¢53|8:20)204721{22.04 18117

Average loss in cubic fest per square foot of wetted aree in 24 hours
+0910.
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BLID STUB SEEPAGE TEST.

Canal systeme Ban Benito. Date. August 14,15,1923. Observer. 0.A.F.

Location of section. Lotoral "S 6" frorm the head to a point 1900 feet

down streame Type of soil. Heavy silt some sand. Condition of prism.

Foilry uniforme. Lmount and character of vegetotion. Much vegetation

tule and woter hyoaocinths. Time water was turned into section. Water

is Xept in this section continuouslys ¥Wes shut off at 10:40 A. M,

august 14, 1923. Test ended ot 9:40 A. M. hugust 15, 1923, Weather.

Cleer, windy. Remarks: This oconal is wholly in excavatinn and is

reclly o storage reservoir being supplied at the upper end by a

section 100 feet long only two feot in width.

Dist. Wotted Wet Vieter Volumol Loss cu.fte
Section| Apart|Guge| Time| Perimeter hrea ySurfoce Lost ! per sq.ft.
5. Secel | 56042{5qefte) 5q.fts| ou.ft.i wot area
24 hrs.
LM

1.24 10:4Q 20.60|21.56 38950
1 &2 {1900 LM 39762 5471 <091

1.1Y 9:40} 20.26{21.30 38190
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BLIND STUB SEEPAGE TEST.

Canal systeme San Benito. Detes August 17,1923. Observer. O.4.F.

Location of section. Lateral "F" 1850 above check No. 302. Type

of soil. Chocolate colored clays. Condition of canal prisme. Good

shape ond reasonably wiferm. Arnount and charocter of vegetation.

A small maount of grass in bottom and on sides. Time water was

turmned into section. 11:30 i. M.. Weother. Clear, slight winde.

Diste ’ Wetted Wet i Water {Volumej Loss cuefte
Section| Apart|Gage | Time| Perimeter | Arec | Surface] Lost | per sq.ft.
£to Seosl! S60.2{ 5q+Ftsl sq.fte |cu.ft.| 24 hours
AM |
1&2 1850 | 2455{11:30 11.50{ 11.70;21035 ‘ 18685 | 2017
24441 413 10.98!11.30 | 17991 Y.

Average loss in cubic feet per Equare Thot of wottod orea in 24 hours
0«46,
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SEEPAGE TEST.

Canal systeme San Benito. Date. August 21,22,23, 1923. Observer.

O+« A. Fe Location of section. Right Fresnos Canal from & section

about 75 feet below steel bridge across the Resaca and the flume

over Lateral 18 Type of soil. Clay loam red and dark. Condition

nf canal prisme Fairly uniform. Amount and character of vegetatione.

Mostly overhanging grass and brush. Weather. Fair. Remarks. Water

is kept In this section continuously.

AUGUST 21.

Discharge at upper section sece fte 6.54
Discharge at lower seotion seo. fte 6.01
Loss seo. feet «53

53 sec. fte equals 46174 oue ft« in 24 hours.
Wet area equals 153300 sqe ft.

Loss cus fte por sqe fte of wet area in 24 hours «310
Loss in peroent per mile 4.0
Loss in percent of emount diverted 8.1
AUGUST 22.
Discharge at upper section seocs ft. 5.93
Discharge at lower seotion sece. ft. 5.42
Loss sece fte 51
«51 sece ft. equals 44431 ocu. ft. in 24 hourse.
Loss cus fte per sge. ft. of wet area in 24 hours 294
Loss in percent per mile 4.13
Loss in percent of amount diverted 8.6

Viet area equals 151100 sq. fte

AUGUST 23.

Discharge at upper section sece. ft. 6.01
Discharge at lower section secs. ft. 5.45
Loss seoce fte «56

+56 sece fte squals 48787 ocu. ft. in 24 hours.
Wet area esquals 151100 sq. fte

Loss ocues ft. per sq. ft. wet area in 24 hours ' .322
Loss peroent per mile 44,5
Loss percent of emount diverted 9.1
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SEEPAGE TEST.

Canal systems San Benito. Date. August 28, 1923. Obscrver. 0.A.F.

Location of section. Right High Line Canal between flume over

Low Line Canal and a point % mile above the head of Leteral # 8.

Type of soile. Black Resace silte. Condition of Canal Prism. Large

deposits of silte Amount and character of vegetation. Little

vegetation except overhanging along bunks. wWeather. Cleur, slight

wind. Water is kept in this scotion continuously.

Discharge at flume over Low Linc sec. ft. 48.81
Discharge at lowor end of scotion " " . 43,34
Diversions noo", 3.80
Loss noo", 1.67
Loss cubic feet in 21 hours 145490.00
Wetted arca square fect 474855.C0
Loss cue. fte. per sq. ft. wet area in 24 hrs. «306
Loss percent per mile 1.2

Loss percent of the amount diverted 3.4



SEEERAGE TEST.

Cenal systeme Son Benito. Date. august 30, 1923. Observer. 0.A.F.

Location of sectione. Right High Line Cannl between flume over

Low Line Cencl end » point g mile above hoad of Lateral # 8.

Iype of soile Black Resacn silte Condition of Conal Prisme. Large

deposits of silte J4mount and ocharacter of vegetation. Little

vegetution except overhanging along banks. VWieathere Clenr, slight

winde Water is kept in this section continuously.

Discharge at flume over Low Line  sec. ft. 43443
Discharge at lower end of seotion " " 37.62
Diversions e 4.30
Loss oo 1,51
Loss oubioc feet in 24 hours 131551.00
Wetted areca square feet 442485.00
Loss cu. ft. per sqes ft. wet area 24 hrs. .299
Loss percent per mile 1.2

Loss percent of amount diverted 3.4
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SEEPAGE TEST.

Canal systeme San Benito. Date. Septomber 18, 1923, Observer.

O¢ Ao Fo Location of secctione Lateral 9-A between head and check

near lock # 3+ Type of soile Puort reddish cley; part black Resaca

silts Condition of canal prisms Heavy deposits of silt. ALmount and

charecter of vegctutione Consideroble vegetation consisting of tules

ond water grosse Weather. Cleare. Remarks, Watcr is kept in this

seoction continuouslye.

Discharge &t head of cenal in second feet 8.16
Discharge at lower end section " " 6.66
Diversions " " .84
Loss " " .66
Lass cubic fect in 24 hours 57499.00
Wet cren sguare feet 156840.0C
Leass cue e per s3. £t. wet area in 24 hours «366
Loss percent per mile 5.5
Loss in percent of the amount diverted 8.0
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SEEPAGE TEST.

Canal systems San Benito. Date. Scptember 26,1923,

Observere 0. 5e Fo Location of section. Lateral 9-A between

head and check near lock # 3+ Typec of soil. Part reddish clay,

part bleck Resace silt. Condition of cancl prisme Heavy deposits

of silts Amount and character of vegetotion. Considerable vege-

tation consisting of tules and water grass. Weather. Clear.

Remarks. Water is kept in this section continuously.

Discharge ot head of canal in secs pte 3.52
Discharge ut lower end of section in sec. ft. 2.96

Diversions None.

Loss in svcond feet. «56
Loss in cubic feet in 24 hours 48787.00
Wet ares in square feot 132840.00
Loss cue fte per sqe ft. wet nrea in 24 ars. 0.367
Loss in percent per mile 10.9
Loss in percent of the amount diverted 15.9



FiRM LATERAL SEEPiGE TEST.

Canal systeme San Benito. Date. Jenuary 92,1924, Observer. 0Q.ALF.

Location of sectione Geo. Moore and Ge We Heughtaling farm luteral

along cast side Block 201 San Benito sub-division. Type of soil.

Chocolnte colored claye Condition of canal prisme Fairly uniform.

Amount and churucter of vogetation. Some grass. Woather. Clear

ond windye. Remarkse Water could be secn coming thru the banks thru

small holes made by cray-fish or burrowing animals. Direct leakage

thru ua old drain box undsr the ditch was noticeable.

Discharge at head of latceral sccond feet 2.04
Discharge at lower end of section second feect 1.15
Divercien Geo. Moores ditch " " .44
Loss " " 45
Loss ocubic feet in 24 hours 33204.00
Wet area squarc fect 5850.00
Loss cues fts per sq. ft. wet area in 24 hours 6.70
Loss percent in one-fourth mile 22.00
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FARM LATERAL SEEPAGE TEST.

Canal system. San Beuito. Date. Jenuary 15,1924. Observer. 0Q+4.F.

Location of section. Along the east side of block 42 and the south

side of block 40 Sen Benito sub-division. S. E, Albritton's ditch.

Type of soils Chocolate colorcd oclay. Condition of canal prism.

Fairly uniforme. Jmount and charscter of vegetation. Little grass.

Weathere Cloudye Remarkse. Water seceped thru the banks and ren into

the gutter at the side of the road.

Discharge at the head of lateral second feet 1.27
Dischurgo at lower end of section " " .71
Loss " " «56
Loss cubic foet in 24 hours 48787.00
Wet area squaro fect ' 9680.00
Loss cu. fte por sqe ft. wet arec in 24 hours 5.04
Loss percent in 2420 feet 44.00
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FARM LATERAL SEEP.LGE TEST.

Cenal systems Son Benitos Date. Yonuery 17,1924. Observere. O0.A.F.

Location of scctione NeWe % Block 81 Sen Benito Sub-division.

De Go Woagner ditche Typs of soils Red cclored clayey. Condition of

canal prisme Uniform end well constructed. Jimount and character

of vegetation. Eeavy growth of short grass. Weather. Partly cléudy.

Remarks. Practically all the loss was due to seepage. Onc pipe

under highwey was lecking slightly.

Discharge st the heud of ditch second feet l.44
Discharge at lowsr ond of section " " 1.25
Loss " " .19
Loss cubic feet in 24 hours 16553.00
Wet area square feet 13500.00
Loss ou. fte por sq. ft; wet area 24 hours 1.226
Loss percent in 1800 fest 13.2
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FLRM LATERAL SEEP.LGE TEST.

Conal systeme San Benito. Datee Jonuary 18, 1924. Obscrverse OsA.F.

Locotion of sectione Block 65 El Fresnal Sub=division, Roy Johnson's

ficld ditch. Type of soil. Grayish colored. Condition of prism.

Feirly uniform. JAmount and charoctor of vegetation. Some grasse

Weathere Partly oloudy windy. Remarkse. Ditch banks entirely too-

thin. iiater could be seen coming thru the banks.

Discharge at head of ditch second foet 1.39
Dischurge at field " " .95
Loss " " 044
Loss cubic feet in 24 hours 38333.00
Wet area squuare feet 4250.00
Loss cue. fte per sqe fte wet arca in 24 hours 9.02
Loss percent in 850 feet 31.6
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FARM LATERAL SEEPAGE TEST.

Cenul systeme Son Benitoe. Datce January 18,1924. Observer. 0.A.F.

Location of sectione L. Re Yasson ditch Block 21€ Sun Benito sub-

divisione Type of soile Red clayey and light resnca silt. Condition

of oanal prisme Fairly uniform. Amount and character of vegetation.

A good corpet of short grausse Weather. Partly cloudy. Remarks.

For about 1600 feet this ditoh runs thru some heavily salted Land

which hes a red color. As the ditch approaches an old resaca

which provides drainage the salt has not reached the ground surfnce

and the soil is a light silt.

Discharge at the hcad of the ditch second feet 1.63
Discharge at the field " " «80
Loss " " .83
Loss cubic feet in 24 hours 72310400
wet aree square feet 15228.00
Loss cue fte. per sq. ft. wet area in 24 hours 4.748
Loss percent in 3240 feet 50.9



FARM LLTERAL SEEPAGE TEST.

Cancl system. San Benitoe Datece Jaonuary 19,1924. Observere. O.A.F.

Location of section. East % Block 224 Sen Benito Sub-division H. P.

Moyer farm ditche. Neture of soile. Heavy greyish soil. Cendition of

oanal prism. Fairly uniforme J.mount and character of vegetation.

Heevy growth of grass. Woathere Cloudy. Remarkse Ditch banks

entirely too thin permitting woater to seep thru easily.

Discharge at head of ditch, second feet 092
Discharge at the field " " «66
Loss " " , .26
Loss cubic feet in 24 hours 22651.00
Wet area squere feet 6975.00
Loss cue fte per sqe fte wot area in 24 hours 3.25
Loss peroent in 15850 feet 28.26
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FARM LiTWRAL SEEPAGE TEST.

Canal systeme Sen Benitoe. Date. January 22,1924. Observer. O.ilF.

Location of secticne He Eo f Block 12 Sun Bunito subdivisione. Thos.

Lunninghcm tenunt. Type of soile Chooolate colored soil. Condition

of canal prisme Feirly uniform. A4mount ond character of vegetatione.

Heavy growth of grasse Cloudy weather. Remarkse This test illus-

trates the cxcessive waste when some farmers are permitted to open

their houd gotes. Too much water wus diverted and owing to tho grassy

condition of the ocnal or farm ditch it ran over the top of the banks.

Openings which had been mode in the banks for diverting to the field

had not been properly filled permitting much water to be loste.

Discharge at the heud of the ditch second feet 1.72
Discharge at the fisld " " ' .18
Loss " " 1.54
Loss cubic feet in 24 hours 132165.00
Wet area squarc foet 11056.00
Loss cue fte por sg. ft. wet arec in 24 hours 12.134 *
Loss percent in 2187 fect 90.00

*This should not be charged towet urea as a great amount of it was
running over the banks and thoroly saturating e strip of ground

soveral feet wide on each side of the ditche.
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FARM LATERAL SEEPAGE TEST.

Canal systeme San Bunitc. Date. Januery 25, 1924. Observer. O.A.F.

Locetion of scction. Ralph Houghtaling's farm luteral clong the east

side of block 208 San Benito sub-divisioils Type of soil. Red

colored clay sn»ile Condition of canal prisme Feoirly uniform.

Amount and charecter of vegetation. Some gruss. Weather. Cloudy.

Remarks. Ditch in bad shope.

Discharge at the heud of the latcral sceond feet 2.63
Discharge at field " " .75
Loss " " 1.38
Loss cubio fect in 24 hours 163786.00
Wet arca squure fest 16640.00
Loss oue ft. per sq. fte wet aroa in 24 hours 9.84
Loss percent in 2800 feet Tl.4
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FARM LATERAL SEEPAGE TEST.

Canal systeme Sun Benito. Date.AJanuury 26,1924+ Observers. O.A.F.

Location of sectione Lateral C-5 San Benito Canal system. Type

of soile Dark colored silty loame Condition of cenel prisme.

Fairly uniforme Amcount and character of vegetation. Considerable

grass. Weathers Cloudy. Remarks. This lateral compares favorably

with all ferm lateralse

Discharge at head of lateral second feet 1.89
Discharge at the lower ond " " .88
Loss " " 1.01
Loss cubic feet in 24 hours _ 87991.00
Wet area square feet 19536.00
Loss cus fte per sq. ft. of wet area in 24 hours. 1.48
Loss perocnt in 39€0 feet 5344
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FARM LLTER.L SEEPAGE TEST.

Cancl systeme Sen Benito. Date. Janunry 29,1924. Observer. Q. 4. F.

Looation of section. End of lateral E-6 to S¥ % block 255 San

Benito Irrigated Lands Co. subedivision. Type of soil. Chocolate

colored loame Condition of canal prisme Trampcd bndly by live-

stooke. amount cnd choracter of vegetetion. Considerable grasse

Weather. Cloudye. Remerkse This canal is elmost entirely in exoca=-

vation and has o good fall.

Discharge at the head of the lateral second feet 2.08
Dischurge at the field " " 1.24
Loss " " «82
Loss Cubic feet in 24 hours 71438.00C
Wet area squere fect 10133.00
Loss cue fte per sqe fto wet aren in 24 hours 7.05
Loss porcent in 2895 fect ' 34.9
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FARM LATERAL SEEPAGE TEST.

Canal systeme San Benito. Date. January 29,1224, Observer. 0.4.F.

Loocotion of section. J. se Scogin farm lateral blocks 46 and 56

Son Benito sub-divisions Type of soile Chocolate colored locm.

Condition of canal prisme Fairly uniform. Amount and character

of vegetation. Considerable grass and weeds. Weather. Cloudy.

Remcrks. Lower measurement taken at the upper end of a 500 foot

£ill newly oonstructed. This fill was loosing & large amount of

watere Was unable to zet measurement at lowor end of fill owing

to low velocitye.

Discharge at head of latural seoond foet 2.44
Discharge at lower end of section " " 1.69
Loss v «75
Loss cubic feect in 2& hours' 65340.00
Wet area square feet 12507.00
Loss cus ft. per sq. fte. wet ares in 24 hours 5.224
Loss percent in 2366 feet 30.7
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MISCELLANEOUS DATA ON SEEPAGE LOSSES FROM CANALS IN TEXAS FOR 1921

(Bexar-Medina-Atascosa Counties Water Improvement District No. 1)

Spot ratings to determine seepaze losses were made on several of the laterals

and field ditches whenever suitable lengths of seotions could be found.

The fol-

lowing tabulated data show the rcsults obtained from retings made during the
months of Mry, June, July, August, September and October, 1921.

i t { EUOEEn

iLength |Discharge j_ Secpage Loss ;per sqeft,
Date |} Canal 4 of | at head JSec. ft.f?ércent??@rccnt of wetted . Slope .

i@itoh iof ditch por Mi. jarea per

Milcs! Secefts 24 hours

§5-9-21 |Ft. Ewell‘ «824 2.71 «30 11
6~9-21 C - 527 62 12
6-17-21|Fte Ewell| .B24 1.83 e 35% 10%
6-17-21 " 824 .72 0 36% 50*
6-18-21 " .824 1.52 «25% 16%
6-21-21 " 3.36 .G9* 3%
6=24~21{Lat. h~d 1.09 .28 26
6‘24-21 Ft. Ewell - 824 11.12 33 3
6-29-21 a=5 .89 6.11 «60 10
T-16-21{Natulia {2.52 6.98 - al6 2.29 «92 .079 000455
T7-27=21|Natalia 12.52 8.10 45 5.68| 2.25 022 000455
7-6-21 L=5 «89 3.74 46 12.3 14.15 »9997 .0001257
7-9-21 o1 ey 1.49 .30%
7=11-21 " .89 2419 24 10.95] 12.6 .61 «001338
7-13-21 " .91 2.04 «19 9,321 10.24 482
7-21=21! i Ruiz 031 329 .01 2657 8.29 7108 .00147
7-21=21] Herring 802 1.54 305 19.8 | 24.72 . 966 .C01398
7-12-21|Fte Ewell | .824 5.05 «63 12.47 15.15 2.408 .00484
7-8-21 c-6 | 2.77 | .41 14.8
7-12-21 " 2.55 I .02 « 783
8-12-21) Netalia !2.52 8.27 .29 1.50 «139 «000445
8-19-21 " 2452 683 .82 5.05 -426 +«C00450
8-17-21 " 2 ¢ 52 6.24 . 17%
8-24-21 A=5 « 91 2.36 27 12.58 .761 «00187
8-1-21 " «91 3408 «30 16.71 «571 .00173
8-23-21 " .91 2429 «21%
8-19-21] M. Ruiz | .31 22 .07
8=-22-21f M. Ruiz ! .31 «28 03 %
B=2-21 |Fte Ewell | .82 3.16 «20%
8“15‘21 " [.82 4'43 '072*
8-16-21 " .82 5.61 a15%
8-18-21 " « 82 3450 024
8-8-21 Herring «802 «61 «09 18.40 «301
8-5-21 | Johnson .28 1.29 .03 7«09 «259 .00264
9-3-21 [Natalia .52 7.52 .81 4,40 «3856 .00045
9-23-21 " R+ 52 4,25 1.10 11.40 «566 .00048
9-27-21] -5 «91 1.00 . 19%
9-2-21 C~-6 64 2.76 48 28.05 1.75 000575
9-6-21 Johnson «33 74 «10 40.70 l1.66 «00272
9-8-21 c-6 + 64 1.73 «11x
9=T=21 D-2 10 2481 » 81 7.85 «33
9=-21-21 " .10 1.46 .72 16.30 .34
9=22-21 " «10 le42 49 9.90 23
$=-23-21 " .10 3.28 .68 5.50 «28
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X )

f

Cue.fte.

Length| Discharge | Seepage Loss per sq.fte
Date 4 Canal 4 of | at houd 4550, IteflercentqFercenthof wetted Slope
ditch |of diteh i ! per Mi.jarea per
Milesj Secefte 24 hours
|
9-26-21 D-2 4.10 | 2.16 P .82 7.90 27
9-27-21 " 4.10 | 2.17 <56 8450 .28
9-28~21 " 4.10 | 2.18 .76 10.00 e 34
9-29-21 " 4.10 | 1.91 .75 11.50 .33
10-7-21 " 4010 | 1.51 .46 8,50 .214
10-10-21 " 4.10 | 3.69 .97 7.25 .39
10-15-21 | Johnson .328] 1.02 C.21 63.20 | 2.698
10-17-21 " 328 | 1.02 .10 29,90 | 1.298
10-15-21 h=g 1.94 2.78 .21 4,00 ! .198
10-17-21 A-4 1.94 4.82 .53 5.50 .455
10-18-21 " 1.94 2.48 .08 2.50 079
10-19-21 " 1,94 2044 .10 2.00 095
10-21-21 " 1.94 2440 It
10-10-21 lota 865 <96 S ¥ "15.67 346
10-19-21 " «865 | 1.CO .16 20.42 .82
10-20-21 " «865 .52 .12 26,70 .354
10-21~21 King 88 1.35 .02%
10-22-21 " .83 1.30 .02 1.75 .078
10-24-21 " .88 1.97 .01 .578] .036
10-24-21 " .88 1.71 L09%
10-24-21 " .88 1.86 W31x
10-25-21 " .23 2,49 J2ik
10-25-21 " .38 2.83 .02 «758]  .068
10-25-21 " .85 | 2.62 < 10%
10-27-21 | A-3 2¢39 | 4.07 .21 2.10 .116
10=27-21 " 2.39 | 4.21 Po.18 2,00 .099
10-28-21 " 2.39 | 4.21 | .02 .1981 .01l
!
{
I
-2 -
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MISCELLANEQUS DATA CI STEPAGE LOSSES FROM CANALS

I¥ TEYAS FOR 1922

(United Irrigation District - Hidalgo Count
Water Control and Improvement Distriet No, 7

By

He Cq4 Pritchott
Engineer, Texas Board of ¥Water Enginecers
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MISCELLANEOUS DATA ON SEEPAGC LOSSES FROM CANALS
IN TE¥AS FOR 1922

(United Irrigation District - Eidalgo County
Viater Control and Improvement District To. 7)

June, 1922

Shary Third Lift

4t head (Measured over woir) 11,56
Diversion 5.21
£nd 16,77 21,98
19.58 Loss in
I 2 miles
At head (measured over weir) 37,40
Diversions 6,34 and 2,45 9,39
End 16,85 26.2hL
11.16 Loss in
1 mile
July, 1922
Mission Third Lift
Head (at 3 mi, road) - 119,63
Diversions 13.51
Tnd (at 5 mi.road)  21.31 3L.82
Loss 15,51
Head (at 6-3/l mi,) 12,26
End (at 7 mi, & R.R.) 9,52
l.oss 21l
Shary Third Lift:
Head (5 mi, road) 32,09 (falling
End (7 mi, line) 8,88 head)
Loss 2321
Wilson
Head (headgate) 7h.67
Diversions 593
End (Shary Blvd.) 20,59 26,52
Loss T 8,15
Head (head gate) 28.2L
End (Shary Blvd.) 26,2,
Loss 2.00
Bryan
Head (% mi., below 2nd 1ift) 70,61
Diversions 1%3.31
End (near Shary Rd.) 656.94 79.95
Loss o
Head (% mi.below 2nd lift 66,26
Diversions .. 1.8
End (near Shary 3rd 1ift 53.7h 65,22
Loss 1,04
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Davig
Hoad (head gcte)
End (near siphon)

Sweenay and Olson
Hoad (heud gato)

End (gate south of 25 mi, rocd)

August, 1922

Cenel Reed
Doughty 2.85
Ly mile 11,44
Grangeno 35,85
Bryusn 72,30
Muin (2nd 1ift) 74..90
Bryan 65.30

Loss

Loss

End
3,19
13,89
34463
70.08
. ho

65,80

Lg.o7

(*) Change of stuge during moasurement.
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Loss

36
245+
2423

1.82
9.18
16,75+



