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Figure 1.

Map showing location of representative observation wells in
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GROUND WATER IN THE HIGH PLAINS IN TEXAS
Progress report No. 6

By
W. L. Broadhurst

November 1946
INTRODUCT ION

The source of the ground water in the High Plains in Texas and the amount
of the available perennial supply have been subjects of speculation and con-
troversy for the layman since the region was first settled. However, at times
since about 1900 the geolozy and weter resources in the region have been studied,
and the earlier works were published in reports by Johnson l/ and »*Gould g/ g/.
In 1909, O. E. Meinzer 4/, chief of the Ground Water Division in the U. S.
Geclogical Survey, made a brief study of ground water in the Hisgh Plains in the
Portales Vallsy, New Mexico, near the Texas border. In 1914 a study of the
geology and hydrology in the Llano Estacado, or Scuthern High Plains, was made
by C. L. Baker §/; and his report contains two chapters on ground water, tables
of water-well logs and analyses, and information on the depths to water in a
considerable number of wells, partly determined by measurem~nts.

3ince 1936 a part of the State-wide program of ground-water investigations
in Texas, which is carried cut by the State Board of Water Engineers in coopera-
tion with the Geological Survsey, United States Department of the Interior, has
been devoted tc the High Plainss These investigations have been mads possible
through appropriations by the State Lsgislature and allocations of Federal
funds to match them on an =2qual or nearly equal basis, and the work is being
done under the direct supervision and with the assistance of W. N. White,
district engineer of the Geological Survey in charge of ground-water work in
Texas.

The recent investigations in the High Plains have included studies of the
geology with speclal reference to the thickness and character of the water-
bearing sands, the source of the ground water, and the recharge and natural
discharge of the underground reservoirs. The work has been devoted mostly,
however, to obtaining and compiling data regarding the location and develop-
ment of new irrigation wells, the quantities of water pumped in different parts
of the region, the decline or rise of water levels in wells from year to ysar
as related to pumpage and dirzctly or indirectly to the precipitation,and the
decline in pumping levzals during the irrigation seasons.

L/njohnson, W.. D., The High Plains and their utilizetion: U. S. Geol. Survey
21st Ann. Rept. pt. 4, Hydrogrsphy, pp. 609-741, 1901; 22nd4 Ann. Rept., pt. 4
Hydrogrephy, pp. 637-669, 1902.

g/ Gould, C. N., The geology and water resourccs of the eastern portion of
the Panhandle of Texas: U. S. Geol. Survey Water-Supply Paper 154, 1906.

§/ Gould, C. N., The geology and water resources of the western porticn of
the Panhandle of Texas: U. S. Geol. Survey Water-Suvnply Paper 191, 1907.

é/ Meinzer, O. E., Ground-water resources of Portales Valley, N. Mexico.
(manuseript report in files of U. S. Geol. Survey, Washingten, D. Ce).

§/ Baker, C. L., Geology and underground waters of the Northern Llano
Estacadc: Univ. Texas Bull. 57, 1915.
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This is the sixth mimeosgraphed progress report to be released by the Texas
State Board of Water Engineers giving the results of the investigations; the
dates of the previous reports are July 1938, December 1940, April 1943, May 1944,
and May 1945. A short statement, which summarized the development of irrigation
wells in 1945 and the fluctuations of water levels in wells by counties, was
released to the press by the State Board of Water Enginsers on September 15, 1945

Between 1936 and 1946 inventories of water wells wers made in the following
33 counties in the High Plains: Andrews, Armstrong, Bailey, Briscoe, Carson,
Castro, Crosby, Dallam, Dawson, Deaf Smith, Donley, Ector, Floyd, Gaines, Glass-
cock, Hale, Hansford, Hartley, Hockley, Howard, Lamb, Lubbock, Martin, Midland,
Ochiltree, Oldham, Parmer, Potter, Randall, Roberts, Swisher, Terry, and Yoakum.
Supplemental inventcries of irrication wells were made during 1945-46 in Deaf
Smith, Floyd, Hale, Lubbock, and Swisher Counties. Mimeographed bulletins giving
tables of well records, well logs, and water analyses, together with maps showing
locations of the wells listed, have been 1ssued for all of those countles.

The progress report for 1940 has been published by the United States Jepart-
ment of the Interior as Geological Survey Water-Supply Paper 889-F. The records
of water-level measurements in several hundred observaticn wells throughout the
rzgion, to January 1944, have been published annually in Geological Survey
Water-3upply Fapers 840, 845, 886, 909, 939, 947, and 989.

PRECIFITATION

Ground water 1s used for irrigation in the Hizh Plains in Texas chiefly
when the precipitation is insufficient for normal plant growth. However, the
distribution of the rainfall 1s irregular and complicates the problems of
both the dry-land farmers and the operators of irrigation wells. Although the
average annual pracipltation in the principal irrigation districts in the High
Plains is about 20 inches, the departure from the average in individuel years
and at different weather stations is very grs=at. On the average, about two-
thirds of the moisture falls during the & months from April to September,
inclusive, comprising the principal growing season.

According to the records of the United States Weather Bureau, the average
annual precipitation was 19.34 inches at Lubbock during a period of 33 years,
21.56 inches at Plainview during 51 years, 21.99 inches at Tulia during 39 years,
and 18.94 inches at Muleshoe during 23 y=ars. The table on the following page
gives the monthly and yearly precipitation at the fcur stations from 1937 to
1945 and the departure (+ or ~) each year framn the long-term average.



Monthly and annual precipitation, in inch. s, and departur: (+ or -) from the long-term averag: at

TIubbock, Plainview, Tulia, and YMulcshoe, Texas
: Total Dcoparture from

Year Jan. Feb, Mar. Apr. May June July  Aug. Sept. Oct. Nov. Dec. for year long-term average
Lubbock
1937 0.26 0.01 1.81 2.01 4.00 3.12 1.32 2.0% 3.85 3.22 0.07 0.52 22,25 + 2.98
1933 0.91 1.18 0.49 0.14 1.99 5.89 L4.01 0.47 0.63 0.51 0.27 0.03 16.52 - 2,75
1939 2.45 0.19 0.09 0.28 1.82 0.67 1.73 2.75 0.01 0.94 0.13 0.60 11.71 - 7.56
1940 0.23 1.97 T 1.34 1.7, -2.05 T 1.57 0.73 1.07 2.35 0.20 13.76 - 5.51
1941 0.55 0.61 3.56 2.23 12.69 4.13 3.68 1.85 L.47 5.89 0.17 0.72 LO.55 +21.28
1942 0.04 0.18 0.51 3.25 0.35 1.74 2.58 L4.97 7.1 3.39 0.01 2.280 27 .43 + 8.16
1943 0.04 0,02 0.25 0.53 2.71  2.37 3.17 T 1.16 0.10 0.62 1.87 12.84 ~ 6.43
1944 1.28 1.36 1.09 0.8, 3.03 1.75 2.93 2.37 3.73 0.80 1.72 1.64 22.54 + 3.27
1945 0.69 0.39 0.10 0.46 0.46 0.30 3.08 2,17 2.22 2,26 0.27 0.32 12.78 - 6.49
Plainview
1937 0.27 0.09 1.25 0.61 5.16  L.6L 1.39 2,45 3.34 1.77 0.05 0.48 22.00 + 044
1938 0.39 1.1% 1.33 0.4 1.33 6.42 4,10 1.15 1l.11 0.87 0.10 0.07 18.489 - 2.67
1939 1.92 0.14 0.80 0.82 1.89 3.22 0,65 2.75 0.02 0.85 0.08 1.02 14.16 - 7.40
1940 0.32 1.91 0,00 1.68 2.57 0.57 1.40 1.51 0.82 1.45 3.09 0.11 15.43 - 6.13
1941 0.27 1.00 2.30 1.33 7.07 6.03 L4.35 2.28 3.65 5.34, 0.14, 0.58 34.35 +12.79
1942 0.10 0.41 0.60 4.15 0.23 2,01 2.13 4.04 3.29 4.03 0.02 2.71 23.72 + 2.16
1943 0.05 T - T 1.5, 3.6 0.22 6.67 0,03 2.3 0.16 0.30 2,32 17.89 - 3.77
1944 2,22 0.9% 0.20 0.76 2.49 4.8% 2.1, 1.22 3.3, 0.65 0.97 1.87 21.73 + 0,17
1945 ©0.66 0.54 0,16 1.6%3 0.71 0.55 2.06 2.74 1.20 1.94 T 0.34 12.68 - 8.83
Tulia
1937 0.22 0.26 1.31 0.65 5.64 1.4 1.40 0.7/ 2.22 (C.3% 0,04 0.4 15.57 - 6.40
1938 0.37 1.83 1.45 0,30 1.9 2 6l 2,57 Ou4y 1.7 1.0 T G L 14.57 - 740
1932 1,47 0.10 1.11 1.07 0.97 L.97 7,02 1,92 0.30  1.28 0.04 1.05 15.55 - 6,41
1940 0.25 1,50 0.03 2.55 2,42 1.42  0.25 1.35 0.40 0.59 2.23 0.23 14.60 - 7.37
1¢41 0.18 92.82 2,03 1.47 3.02 5.59 3.36 2.05 3.39 6.22 0.33 0.50 34. 01 +12,04
1942 0,10 0,35 1.10 3.67 0.3 3.22  1.54 4.11 3.5 5.97 0,00 2.33 27. L1 + 5.47
1943 Q.00 0.03 0,02 1.57  3.57 3.9 4.91 0.35 —— 0.62 1.33 2.67 17,50 - 3.47
1944 1.88 0.80 T 1.8 2.77 3.82 3,16 0.39 3.42 1.23 0.97 2.79 22.81 + 0.3
1945 0.57 0.52 0.62 2,32 0.?21 0.69 2.91 3,70 2.50 1.35 0.00 0.01 15.41 - 6.56
- Muleshoe
1937 0,08 0.18 1.66 0.95 5.6 2,56 1.24 0.60 L4.71 1.2%9 0.00 0.56 19.48 + 0.6%
1938  0.64 1.24, 1.45 0,73 1.63 7.74, 1.7% 0.54 1.39 2.93 0.3, 0.08 20.49 + 1.62
1939 1.96 0.06 0.40 0.57 2.06 1.82 0.94 3.42 0.05 1.28 0.18 1.34 14.08 - L.79
1940 0.27 0,65 0.00 1.53 2.63 1.89 0.33 3.97 0.37 0.22 2.0, 0.07 13.97 - 4.9C
1941 0.24 0.38 3.14 1.99 11.%6 5.77 6.92 2.09 3.46 6,37 0.47 0.38 43,52 +24,,62
1942 0.02 0.0 1.15 2.96 0,60 2.21 90.98 L4.50 2.2 4.94 0.00 1,45 21.10 + 2,27
1943 0,0 0,50 .0.00 0.2%8 1.67 1.74 3.13 0.21 1.12 1.06 1.10 3.45 14,26 - L.6Z
1944  0.57 0.7% 0.01 1.14 2.07 L4.00 2.21 344 L.77  0.12 047 0.93 20,51 + 1.6u
1945 0.57 0.,13 0.17 0.35 0.64 0.00 1.68 1.17 0.00 0.21 11.21 - 7.6c

2.50 3.79
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SOURCE, RWCHARGE, AND NATURAL DISCHARGE OF GROUND WATER

The following statements regarding the source, recharge, and natural dils-
charze of ground water in the High Plains are taken from Water-Supply Paper

889-F.
Sourcs of the ground water

"Most of the uasable ground water in the High Flains is found in the Ogallala
formation, a sandy deposit, in many placaes 200 to 300 feet thick, lying at or
near the surface throughout almost the entire region. The formation is composed
of silt and fine sand, with some coarse sand and gravel. The coarser sediments,
which usually yield water freely to wslls, are prescnt at all horizons but are
most prominent in the lower part cf the formation. They were deposited by
streams, some of which had their hsadwatera in the Rocky Mountains, and by wind.
The Ogallala r=sts on an uneven floor of older rocks,which was eroded into
valleys and ridges before the Ogallala was deposite2d. Nearly everywhere in the
High Plains the water in these underlying rocks is highly mineralized and unfit
for most uses.

"The beds of the Ogallala formation once extended from the mountains of New
Mexico eastward far into Texas, but they have been removed by erosion from much
of the territory they once occupled. The areas in which this formation is still
present stand uwp Almost like islands, Peing 'honndod: by the escarpmenta -6f the Hirh
Plains, both un the =sast and on the west, and being separated in Texas by the
Canadian River which is deeply entrenched in the older rocks. The Ogallala for-
mation has been complately eroded away west of the western escarpment and east
of the eastern one and from the canyonilke valley of the Canadian River. The
water-bearing sands and sravels of the Ogallala in both of these segments,
therefore, ars cut off in all directions from any underground connection except
through the underlying older rocks, which contain highly mineralized water
entirely unlike the fresh water in the Ogallala.

"In parts of the High Plains, wells in the Ogallala yield large quantities
of water and in some localities many such wells have been used for years., It
1s not surprising therefore that a popular theory has developed to the effect
that the wells are tapping =n inexhaustible supply of water in an underground
river which flows beneath the High Plains and has its source in the Rocky
Mountains far to the west. As a matter of fact the high yisld of the wells
is explained by the relatively high permesability of the sands and gravels
from which they draw water. The water is contained in intersticea between
the particles of gravel and grains of sand. Although it is moving, generally
in a southeasterly dirsction, the movement is very slow, perhaps at an average
rate of 200 to 300 feet a year and therefore 1s scarcely comparable to that of
a river. Inasmuch as the water-bearing beds are cut off in all directions from
outside sources of water except thrcugh underlying rocks containing poor water,
i1t follows that the source of the fresh watesr must be entirsly within the High
Plains area and must be the rain and snow that fall on its surface.

"Most of the precipitation is dissipated through evaporstion or through
trensplration by grasses, shrubs, and cultivated crops, but soms runs off and
a small part moves downward to the underground reservoirs by direct nenetra-
tion or by seepage from streams and depresasicn ponds."
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Recharge of ground water

"Most of' the surface of the High Plains is underlain by sediments that are
cemented with calcium carbonate and usually called caliche. These deposits
probably prevent deep penetration of surface water over most of the High Plains.
In places, however, the calich= is thin or has been partly removed by solution,
and in such arsas the water may move downward to the watsr table. The principal
areas of ground-water recharge apparently are depressions occupied by inter-
mittent ponds, sandy stream beds &and adjacent sandy flood plains, and sand-
dune areas."

Recharge from dspression ponds.- "Depressions, or sinks, ranging from a few
feet to 50 feet or more in depth and from a few hundred feet to a mile or more in
diameter, are of commcn occurrence in the Texas High Plains. In some areas these
depressions average as: much &3 one to each square mile. During heavy raina,
ponds that range in area from a few acres to 100 acres or more are formed in the
depresaions. Some of th2 ponds disappear in a short time, others remain for
months., Several hundred test holes have been drilled in the beds of depression
ponds on the High Plains in connsction with the present investigation. These
holes were drilled to an average depth of about 30 feet and spaced 106G to 300
feet apart in lines across the depressions. A few were drilled to a depth of
about 100 fecet. In some of the depressions relatively little caliche was en-
countered, in others caliche was found all the way across but was relatively
soft, and in still cthsrs the caliche was 80 hard it cculd not be penetrated by
the hand drill and was designated by the drillers as rock. In areas wher= the
caliche was absent the sediments penetrated in many of the holes were relatively
permeable from the surface to the bettom of the hole. Graphic cross sections
illustrating the chrracter of material encountered in some of the test holes are
shown in several of ths county well inventories.

"The bottom of most of the depressions is covered with deposits of silt and
s80il, in places resembling gumbo and ranging from 2 to 10 feet in thickness.
After the ponds beccme dry, fractur=s and crevices several feet in depth fre-
quently develop in their beds. In some of the depressions small sinks, avparently
developed by solution channeling in the underlying caliche deposits, are present.
These crevices and solution channels may provide a pathway for the downward mcve-
ment of water for a time after the ponds are filled, although they may become
sealed after water has stood over them for several days. The bottom area of most
of the depressicns is usually surrounded by & sandy belt which absorbs water
readilye. Gages were placed in several of the ponds during the summers of 1937
and 1938, and the rate of decline of the water levsls was observed at reguler
intervals for several menths. In some of the ponds the rate of decline was small
and apparently was due mostly to losses frcm evaporation. In others it was at
first quite rapid, amounting in some cases to 2 inches or more a day for 10 days
or so after the rains and then gradually slowed down. ***n

Recharge from streams.- "The streams that head in the High Plains are inter-
mittent Or ephemeral. After exceptionally heavy rains these streams carry larsge
quantities of water, but gesnerally only a comparatively small part of the water
reaches the eastern escarpment or rim of ths High Plains. For example, after
heavy rains in May 1937, the discharsge of Running Water Draw at Plainview reached
a peak of about 1,200 second-feet but the maximum flow 15 miles below Plainview
was only about 80 second-fsect. Avparnetly nearly all the water was absorbed by
the soil, and a part percclated downward to the water table. Again, rains of
almost cloudburst intensity fell in western Bailey County near the head of
Blackwater Draw in June 1938, but no water flowed in the draw in Lamb County,

30 miles to the east. ***kn
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- Recharge in sand-hill areas. - "Sand dunes of wide extent occur in parts of
the High Plains. They produce a rolling topography of low hills and ridges with
intervening valleys of varying widths. Nearly all the rain that falls on the
dune-covered areas is absorbad by the sand and on that account no lines of .
drainage, or only meager ores, have been devaloped. These conditions are favor-
able for ground-water recharge, and the sand-dune areas generally are belleved to
be among the best collecting arcas for ground water in the Texas High Plains.
Considerabls evidence of this alrsady has been obtained, and the subject is still
under study. Amcng the largast of the sand-dune areas is ¢n2 that extends east-
ward from Roosevlet County, N. iex., across Bailey and Lamb Counties and a part
of Hale County, Tex. Sand-duns erees of varying extent also covsar parts of
Yoakum, Terry, Lynn, Dellam, Hartley, Oldham, and other countiss of the region.”

Natural discharge of ground water

"Before pumping wes started the eround-watsr reserveirs of the High Plains
were in a state cf approximate equilibrium. The average annual recharge was
balanced by an approximately equal av:rage annual discharge. The greater part
of the natural discharge occurred through springs and seeps along the eastern
escarpment of the High Plzins and along the bluffs on either side of the Canadian
Rivers A part of the water was discharged by evaporation and the transpiration
of trees, grasses, and shrubs in shellow water-table areas on the High Plains,
and a small amount was lost by evaporation from water-table lakes."

Discharge from escerpment springs and szeps. - "Most of the springs aleng
the =2scarpment, or rimrock, app=ar at or n=ar the ccntact between the water-
bearing sands and gravels and the underlying older clays and shales. They
generally occur in the ravines and canyons, and in plazces give rise to streams
of considerable size. In some places where the sands and gravels rest directly
on older sandstone or conglomsrates, the water issues from joints, fractures,
or solution chennels in those rocks. The greater part ¢f the springs occur
within 1 to 3 miles of the top of the escarpment but a few, most of them small,
appear along the streams at greater distances. An outstanding exception is
Roaring Sorings, in Motley County, which issues from eonglomerate about 9 miles
to the zast of the escarpment and has a comparatively large discharge.

"In 1928-39, studies of ground-water discharge were made along a 75-mile
stretch of the escarpment extending southward from Quitaque Creek to Double
Mountain Fork of the Brazos River across parts of Briscoe, Floyd, Motley,
Dickens, and Crosby Countiass. This survey occupied the time of two or three
men for severel weeks. All known sorings and seeps were visited and the more
importaut onoa were mapped.***The discharge of tha sorings and seeps was
estimated, and the lossces c¢f ground water by evaporation and transpiration,
not taken into account in the measurements, were estimated. From these data
the total discharge of ground water along the 75-mile stretch of the escarpment
was estimated as about 12,000 gallens a minute, or arcund 17 million gallons a
day. This is the equival=snt of about 53 acre-feet a day or about 19,000 acre-
fest a year."

Discharge in shallow water-table,areag on the High Plains.- "In connection
with the investigation along th2» escarpmsnt a study was made of ground-water
discharge in a part of the High Plains comprising about 9,000 square miles and
extending approximately 120 miles to the northwest from the 75-mile stretch of
the escarpment described in the preceding section. This is in the up-slope
direction of the water tabls. The greater number of irrigation wells in the High
Plains are in this area.
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"Some natural discharge occurs here by evaporation from ponds in deep
depressiona. These ponds are fed in part by surface water and in part by
ground water and on this account the amount of ground water discharge from
them cannot be accurately computed., The total discharge, however, is belleved
to be relatively small. Most of the ground-water discharge in the territory
occurs in shallow water-table areas along the Double Mountain Fork of the
Brazos River, Running Water Draw, and Tierra Balnca Creek. In the western and
middle parts of the High Flains these streams carry stcrm water only. Farther
2ast near the escarmment where they have cut deep canyonlike valleys, in
places to a level below the water table, they have small persnnial flows of
spring water. This water was taken into account in the computations of spring
discharge along the escarpmznt. In numerous places along these streams ground
water in considerable ouantitizs-is consumed by the growth of marsh grasses
and sedges, sub-irrigat=sd alfalfa, salt grass, and varicus msadow grasses, and
by trees of which cottonwood and willow are the most common.

"During the summers of 1937, 1938, and 1939 the lands covsred by the
different kinds of grasses and sub-irrigated alfalfa that use ground water were
roughly. mapped, and estimates were made of the amount they consume annually,
in acre-feet tc the acre. Marsh grasses and sedges probably use most water
to the acre. Sub-irrigated alfalfa probably comes next, but in most places it
has a rather light growth and apparently is using ccnsiderably less water than
irrigated alfalfa in the adjacent territory. The salt grass and meadow grasses
have a rather dense growth in places, but on the avsrage the stand is light
and consumption of ground water probably small. Considerable loas occurs from
evaporation in fields of marsh grasses and sedges, but in other areas the loss
is small.***n

Total natural dischargs from the area.- "From the measurements and eatimates
deseribved above, the total natural discharge of ground water from the area has
been estimated to be at the rate of 25,900 to 30,000 acre-feet a year, repre-
senting only a small fraction of an inch over 9,000 square miles of the area."

DEVELOPMENT OF IRRIGATION FROM WELLS SINCE 1934

Irrigation from wells in the High Plains in Texas was started near Plainvisw
in 1911« By 1914 about 140 irrigation wells had been completed in three dis-
tricts —~- Plainview, Hereford, and Muleshoe. The development as a whole was
only moderately successful, and during the next 20 years, from 1914 to 1934, only
about 160 additional pumping plants were installed, many of the older ones being
unuzed during that period. A part of the lack of success was due to the high
cost and relatively low efficiency of the low-speed pumps and oil-burning power
units then in use. Following the advent of the moderately-priced high-speed
turbine pump, powered by a small autcmobile engine with dirsct drive, the
efficiency of the pumping plants rose sharply.

About 1934 began a period of rapid increase in the number of irrieation well
instellations. The rate of development, which had increased materially during
1934 and 1935, was accelerated in 1935 and became still more rapid in 1937, wh=2n
550 new wells were put into operation. The rate of development declined scmewhat
in 1938 and 1939, but it was again accelerated in 194" and the first part of 1941.
There was a sharp decline in the number of new wells drilled in the latter nart of
1941 and in 1942, because of the smzll requirements for irrigation resulting from
the excepticnally hesavy rainfall in 1941 and the above-average and well-distributed
rainfall in 1942. Since 1942 the completion of new pumping plants has steadily
increased and the development has soread in nearly all directions from the original
fields; the old districts have practically merged into ons huge irrigated region
embracing -arts of 16 counties %see fig. 1).

The following tables give the aoproximate number of wells in operstion and
acres irrigated from the start of irrigation in 1911, and the number of wells in
each county in 1945,
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Estimated number of irrigation wells and acras irrigat=sd from wells in the
High Plains in Texas, by vears

Approximat~ number

Approximate number

Ysar of wells in opsratiin of acrzs irrigated
1910 0 0
1914 139 16,000
1934 296 35,000
1936 600 80,000
1927 1,150 160,000
1938 1,50¢ 200,000
1939 1,700 230,000
1940 2,180 250,000
1941 2,560 ——
1942 2,680 —
1943 2,950 400,000 -
1944 3,500 450,000
1945 4,300 550,000
1946 5,500 a/ 650,000 &/
Estimated number of irrieation wells at the end of 1945, by countiss
tpproximete number of Fpproximéte number of
County wells in opersticn County wells in operetion
1945 1945
Bailey 200 Pendell 70
Briscoe 30 Swisher 527
Cestro 290
Crosby 90
Dellem 40 trmstrong
Teef Smith 405 Dewscn .] [
Floyd 418 Geines
Hale 1,005 Lynn 100
Hockley 115 Martin
Lemb 390 Terry
Lubbock 590
Parmer 20
TOTAL 4,300

a/ Preliminary estimsete.
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FLUCTUATIONS OF WATER LEVFLS IN WELLS AND THEIR SIGNIFICANCE

In the areas of pumping most cf the water is withdrawn from sands that lie
from 109 to 30C feet below the land surface, but the water table 1s generally
less than 80 f et below the surface. When a well is pumped a cone-shaped de-
pression is formed in the water table, which gradually sparead to increasingly
greater distances from the well; and when many closely-spaced wells are pumped
the cones of depression join and causc a decline of the watsr table over a wide
areca. The water that drains out as the water table declines moves downward to
replace the pumped water and rzpresents a loss from the volume formerly in
storags. If, however, in any given area tho ground water is replenished by
infiltration from the surface and by lateral movement from outside areas more
rapidly than it is withdrawn, water is added to storage and th=z water table
rises. Thus the changes in the water table, shown by fluctuations of thes water
levsels in wells, are a measure of the changss in storage in the ground-water
reservoir.

Since 1937 water-lesvel msasursments have been made periodically in several
hundred observation wells in the High Plains. Some cf these wells are used for
irrigation, some are used for dcmestic purposes and stock, and some are-unused.
Until 1940 most of the measursments were made at intervals of 1 to 3 months.

It has been found, however, that the most dependable information regarding net
annual losses from storage or additions tc steorage in the ground-water reservoir
in the pumping districts and closely adjacent territory can be obtained by
comparing water-level measur=aments that are made in successive years in the

late winter before irrization on a large scale has been started. Therefore,

the measurements at othor times during the year have been dropped, but the late
winter measurements are mads each year and it is planned to continue them
indefinitely.

In recent years all the pumping districts south of Herefore have become
larger and have merged into onz largs district (see map, fig. 1), and discussion
of water-level fluctustions und~r the former plan - by districts - is not
wractical. Therefor=, in the more recent reports it has been deemed advisable
to trest the subject by smallzar units. The paragraphs below contain brief dis-
cussions by counties, giving the net changes in water levels based on late
winter (February and March) measurcments from 1943 to 1946 and from 1938 to
1946.

The« tables on pages 22 to 30 and the hydrographs, figures 2 to 9, inolu-
sive, give the results of measurements in 165 repr~sentative wslls by counties,
including measur=ments made in January 1947 in 145 wells. Most of the measure-
ments were started in 1936 or 1937. A few were started in 1934, or even as far
back as 1914.

Bailey County

Decline in watar 1:3vals from 1943 to 1946.- The records of water-level
measurements in 21 select=d observation wells in Bailey County show net
declines ranging from 2.6 to 8.2 feet and averaging 5.6 feet from February
1943 to February 1946. These wells ars distributed fairly evenly over the
irrigation district that =xtends from Blackwater Draw northward to the
southern boundary of Parmer Countye.
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Net change in wat=r levels from 1938 to 1946.- Records of the same 21 wells
show fluctuations in wster lev:ls renging from a rise of 3.6 feet to a derline of
1.8 feet and an average net rise of 0.7 foot from 1938 to 1946.

Table of water-lavel mz2asurements.- Records of water-level measurements in
12 representative wells in the irrigation district are given in the t=ble on
page 22 .

Illustrations.- Records of water-level measurements from 1934 to 1947 in
three representative wells that ar2 not listed in the table are shown graphically
in figure 2.

Summary.- The outstanding fact shown by these reccrds is the exceptionally
large rise due tc rscharzge during the wet year 1941. This rise has been well-
maintained and ths water levels are above the -verage for the 5 yonrs 1936-40,
inclusive.

Castro County

Decline in water levels from 1943 to 1946.- In the older irrigation district
in the northwestern part of the county, the racords of water levels in nine
observation wells show decliness rangineg from 0.6 foot to 8.0 f=2et and everaging
3.9 fest between February 1943 and February 1946. In the newer irrigation
district in the scuth-czntral and southeast=rn parts of the county the water
levels in nine observation wells during the same period had an average decline of
1.4 feet. '

Net changes in watzr levels from 1938 to 1946.- Records of water levels in
nine observaticn wells in the older irrigztion district in the northwestern part
of the county show declines ranging from 1.3 to 5.4 feet and averaging 3.5 feet
between 1938 and 1946. There are no comparable records of the fluctuations of
wat2ar levels during this »eriod in the newer irrigstion area in the south-central
and southeastern parts of ths county.

Table of water-level msasurements.- Records of measurements in nine repre-
sentative wells are given in the table on page 23 .

Illustraticns.~- The records of water-level measurements fram 1936 or 1937
to 1947 in four wells in the irrigetion area in the northwestern part of the
county that are nct listsd in the table are shown graphically in figure 3.

- Summary.- The measurem=nts in Castro County show a general downward trend
in water levels from the beginning of the records until the spring of 1941, a
substantial rise during 1941 and 1942, and then a continuatiocn of the decline
sinee the spring cof 1943.

Crecsby Ccunty

Dacline in water levels from 1943 to 1946.- Rscords cf water-level measure-
ments in February 1942 and February 1946 ars available for only four observaticn
wells in Crosby County, which show an average declinz cf about 2.0 feset.

Net change in water levels from 1938 tc 1946.- Measurements are availsble
fcr five observaticn wells in ths county from 1938 to 1946. They show an
average net rise of 0.3 fcot.
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Table of water-lsvel measurements.-~ Records of water-level measurements in
three of the wells ne=r the sast edge of the irrigstion district are given in the
table on page 23 .

Illustraticns.~ The reccrds cf water-level measurements from 1927 to 1947
in three wells that are not listed in the table ara shown graphically in figure 4-

Summary.- Acccrding tc the few available records the water levels in observa-.
ticn wells near the edse of the irrigated area in Crosby Ccunty reose ccnsiderably
during 1941 and 1942. They havse declined somewhat since 1943 but in general are
- still slightly higher than they were at the start of the measurements in 1937.

Deaf Smith County

Decline in water levoels from 1943 to 1946.- Water-level measurements in 34
observation wells distributed fairly evenly over the irrigation district that
covers most of the southeast quarter of the ccunty show declines ranging from
1.0 foot tc 7.6 feet and averaging 3.1 feet between February 1943 and February
1946.

Net changes in water levels from 1938 to 1946.- Measurements in 34 wells
show declines ranging from 0.4 foot to 19.5 feet and averaging 3.8 feet from
1938 to 1946. The maximum decline occurred in the older irrigated area in the
viecinity of Hereford, where the records of 10 wells show a nst decline ranging
from 4.3 fs2t to 10.5 feet and averaging 7.1 feet.

Table of water-level measurements.- Records of water-l=svel measurements in
19 wells in Deaf Smith County, spaced so as to give representative fluctuations
of ths water table feor most of the irrigated area, are given in the table on
page 24 .

Illustrations.- The records of water-level measurements from 1936 or 1937
to 1947 in five wells in the irrigaticn area are shown graphically in figure 5.
These wells ars locat=d as follows, with reference t¢ Hereford: Well 220, 12
miles northeast; well 245, 5 miles northeast; well 283, 3 miles west; well 315,
3 miles east; and well 322, 3 miles south.

Summary.- In Deaf Smith County, from the beginning of the records until the
spring of 1941, there wes a regional net decline in water levels each year.
During 1941-42, two years of above-average rainfall and light pumping, the water
levels rescovered somewhat.e In 1943, with the return of heavy pumping, the down-
ward trend was resumed. Outside the most heavily-pumped districts the net
decline since 1936-37 has been comparatively small.

Floyd County

Decline in water levels from 1943 to 1946.- The records of water levels in
34 observation wells show declines ranging from 1.0 foot to 1l.1 feet and
averaging 6.3 feet from February 1943 tc February 1946. The wells are distri-
buted fairly evenly over the irrigation district that covers ths western one-
third of the county. The maximum decline occurrsd in the older irrigated area
between Aiken and Lockney, whers the records of five wells show declines of 10
feet or more during the 3-year period.
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N2t change in water levels from 1938 to 1946.- Records of measursments in
the same 34 wella show declines ranging from ebout 1.0 foot to 16.2 feet. and
averaging 7:5 feet from the spring of 1928 to February 1946.

Table of water-level miasurements.- Reccrds of mzasurements in 18 wells,
spaced to give representative fluctuation of the water table for the greater
part of the irrigated area in Floyd County, are given in the table on page 25 .

Illustrationg.—~ The records cf water-level me2asurements from 1934-36 to
1947 in four wells in the irrigested area are shown graphically in figure 6. Th2
wells are located es follows, with referencas to Lockney: Well 5, 11 miles north-
west) well 120, 5 miles ncrthwast; well 421, 5% miles west; well 519, 8 miles
south.

Summary.~- In Floyd County, from the beginning ¢f the measurements until the
spring of 1941, a net decline was recorded sach ysar. During 1941-42, two years
of above—avera?e rainfall and light pumping, the wzter levels recovered somewhat.
In 1943, with the return cf he=avy purping, the downward trend was resumed at an

acceleratad rate and is still in effect.

Hale Ccunty

Decline in water levels from 1943 tc 1946.~ The reccrds of water levels in
49 obsarvation wells shcew declines ranging from 0.2 foot to 9.1 feet and
averaging 4.6 feet frcm February 1943 to Fehruary 1946. The wells aras distri-
buted fairly evenly over the irrigated parts of the cocunty. The maximum declins
occurred in the older irrizated area in the northeastern part of the ccunty,
where the records of eight we2lls show declines cf mc¢re than 7 Teet between
February 1943 and February 19456,

Net changes in water levsls from 1938 tc 1946.~ Measurements of ths water
lavels in 49 observaticn wells in the principal irrigated areas shcw declines
ranging from a fraction of a foot tc 1l.4 feet and averaging 5.3 feet between
the spring of 1938 and February 1946. Hcwever, during ths same interval the
recerds of five wells in the scuthwestern and scuth-central parts cof the county,
where the pumpage is lieht, show rises ranging from 0.3 foot to 2.0 feet and
averaging l.4 feet.

Table of water-level measurements.- Records of measurements in 22 wells,

spaced to give revresentative fluctuation of the water teble for most of the
irrigated district, are given in the table on page 26 .

Illustrations.~ The records of water-levol measurements from 1934-36 to
1947 in five wells in the irrigated areas are shown graphically in figure 7.
The wells are located as follows, with referencs to Plainview: Well 123, 10
miles west; well 246, 1 mile north; well 317, 6 miles northesast; well 357, 33
miles east; well 946, 16 milss southeast.

Summary.- From the beginning of the records until the spring of 1941 there
was a4 gradual but persistent dscline of water levels in the principal irrigated
areas Of Hsle County. During 1941-42, two y=ars of above-average rainfall and
light pumping, the water lev=z1ls rﬁcovered somewhat. In 1943, with the return of
heavy pumping, the downward trend in most of the wells was resumed and is still
in effect.
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Hockley County

Decline in water lsvels from 1943 to 1946.- The racords of water levels in
four observation wells in the older irriguted area in the northeastern part of
Hockley County near Anton shcw declinss ranging from 3.3 fest to 6.5 feet and
averaging 5.4 feet frcem ths spring of 1943 to February 1946,

Net change in water lavels from 1933 to 1946.- In the older irrigation area
in the vicinity of Anton the records of three observation wells show a rise and
two show a decline, the average being a rise of about 2 feet.

Table of water-levzl measurament.- Records of measurements in eight repre-~
sentative wells are givan in the tzble on page 27 -

Illustrations.- The records of watsr-level m=asuraments frcm 1937 to 1947 in
one representative well (No. 28) in the irrigated area in the northeastern part
of the county are shown graphically in figure 4«

Summary.- The water lavels in Hockley Ccunty were, in general, higher in
February 1946 than they were at the start of the measurements in 1937-39,
acecrding t¢ the few available racords.

Lamb County

Net change in watear lsvels from 1943 to 1946.- The records of water levels
in sevsen observation wells in the northwestern part cf ths county, north of the
sand hills, show declinaes ranging frem 1.1 feet to 6.4 feet and averaging 4.5 feet
from February 1942 to Fsbruary 1946. Records of 11 wells in the north-central
and northeastern parts of the county, for the same psriod, shows declines ranging
from 0.3 foot to 3.1 feet and averaging 1.6 fset. One well, No. 76, shows a rise
of 1.5 feet. South of the ssnd hilils.,in the c¢sntral and south~astern parts of
the county, records c¢f throe wells show declines averaging 2.6 feet and one well
shows a rise of 2.0 fect.

Net changes in water Jevsls from 1938 to 1946.- In the northwestern part of
the county the records of water lev~ls in six cbservation wells show rises
ranging from 0.2 foct to 2.6 fest and averaging 1.3 feet from 1938 to 1946.
During the same pericd th= records of two wells in the northeastern part of the
county show declines of 0.5 foot and 1.0 foot whereas another well No. 76, shows
a rise of 6.6 feet. In th~ southeastern part of the county, three wells show

an average rise ¢f 3.3 feet and another shows a decline of 0.9 foot.

Table of water-level m=2asurem2nts..- Records cf measur=aments in seven wells
are given in the t=btle on pags 28 -«

Summary.- The water levsls in Lamb County, according to the available re-
cords, rose ccnsidorably in 1941 and 1942, and they were substantially higher
in February 1946 than they were at thes start of the measurements in 1936-37.
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Lubbock County

Net change in water lsvels from 1943 to 1946.- The records of water-level
measurements in 26 observaticn wells distributed over an area of about 700
square miles, including areas of both heavy and light pumping, have been studied
as a basis for computing the net rise and fall of the water table in Lubbock
County from February 1943 to Fsbruary 1946. The records show declines ranging
from a fracti.n of a foot tc 7.8 feet and averaging 3.1 f-et. Only three wells
in the ccunty show rises, of 0.1, 0.2, and 0.4 fcot, respectively. Considering
the entire county, which includes unpumped, lightly-pumped, and heavily-pumped
areas, it is estimated that the average decline of ths water table in the county
amounted t¢ about 2 feet during the 3-year pericd.

1

Net change in water l:vels from 1938 to 1946.—~ N2ar the city of Lubbock and
within a relatively small area west and northwest c¢f the city, eight observation
wells show declines ranging from 0.4 fcot to 5.4 feet and averaging about 1.3 feet
between the spring of 1938 and February 1945 In the Lubbock municipal wells the
decline has been ccnsiderably greater: Throughout the remainder of the county 18
observation wells show riscs ranging from 0.3 foot tc 4.7 feet and averaging about
1.8 fest. Considering the entire county, the observation weslls show an average
rise of about 0.9 fcct.

Table of watar-leval maasurements.—- Records of water-level measurements in
20 widely-distributed wells ar=s given in the table on page 29 .

Illustrations.- Records of water-level measurements from 1936-37 to 1947
in five wells in Lubbock Ccunty that are not listed in the table are shown
graphically in figure 8. The distance and directicn of th°s° wells from Lubbock
are as follows: well 37, 17 miles northeast; well 64a, 10 nlles north; well
118, 9 miles west; well 219 91 miles northeast; well 355, 13 mlles southwest
(see map, fig. l), Althouga tho wells are widsly distributed the hydrographs
show similar trends as follows: a slight decline from 1937 to 1941; a prcnounced
rise from 1941 to 194Z%; and a general dacline from 1944 to 1947.

Summary.~ With the excepticn of aw wells near the heavily-pumped city of
Lubbock well fields and a ralat 1vply small area w=st and northwest cf the city,
the <bservation wells in the county fcr which recerds ar- available show that
the water table rose ccnsiderably during 1941 and 1942; and that, in general,
it has declined thrcughcut tha county since 1943,

Swisher County

Decline in water lavels from 1942 to 1946.- The water-level measurements in
16 observation wells in Swishar Couaty show declines ranging from a fraction of a
foot to 6.0 feet and averaging 3.2 feet from February 1943 tc¢ February 1946.

Net change in water l2vsls from 1938 to 1946.- Me2asurements of water levels
in 14 observaticn wells show declines ranging from 0.9 foot to 9.3 feet and
averaging 4.6 feet from 1932 to 1946. In the northwestern part of the county,
where only a few irrigaticn wells have proved to be satisfactory, well 2 shows
a rise of 0.1 foct.

Tabls of water-lcvel measursmsnts.- Records of measursments in 14 typical
observation wells ar~ givan in the table on paze 30 . These wells are distri-
buted throughcut the irrigation district.
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Illustraticns.- The records ¢f measurements from 1934-37 to 1947 in five
wells in the district that are not listed in the table of water-level measure-
ments are shown graphically in flvure 9. These wells are located as follows,
with raference tc Tulia; well 36, 4 miles northwest; well 255, 14 miles
southeast; well 332, 7% miles south; well 368, 14} miles south; well 429, 13
miles southwest.

Summary.- Throughout most of the irrigated area in Swisher County the water
levels in obssrvation wells declined from the start of the measurements until
the spring of 1941; they rose, or the declinc was retarded, during 1941 and
1942; and in general th= levels have continued to decline since 1943.

Summary cf declines in water levels from 1943 to 1946, by counties

From February 1943 to February 1946, the records of water-level measure-
ments in about 285 representative observation welle in the irrigated areas
showad average declines as follows, by counties:

Declines in water levels from 1943 to 1946, by counties

_ Numbar of Average decline
County .. wells in feet
Bailey 21 5.6
Castro 18 3.9
Crosby 4 1.9
D=saf Smith 34 3.1
Floyd z4 6.3
Hale 49 4.6
Hocklay 4 5.4
Lamb 19 2.9
Lubbock 26 3.1

Swisher 16 3.2
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Summary of net changss in water levels frcm 1938 to 1946, by counties

From the spring of 1938 to Fsbruary 1946, the records of water-level measurc-
ments in 208 observation w:lls in the irrigated areas for which comparable mea-
surements are evailable show average net changes as follows, by counties:

Net chang2s in water lsvels from 1938 to 1946, by counties

Namber of Averags declins or rise, in feet
County wells Decline Rise
Bailey 21 0.7
Castro 9 3.5
Crosby 5 ‘ 0.3
Deaf Smith 34 3.8
Floyd 34 7.5
Hale ‘ 49 5.3
Hockley 5 2.0
Lamb 11 2.1
Lubbecck 26 C.9
Swisher 14 4.6

NOTE: Measurements c¢f water le=vels in 145 wells in the counties listed above
were made in January 1947, after the discussion on pages 9 to 15 was written.

The average decline in those wells from 1946 to 1947, by counties, is givern
in the following table, and discussed in the Addendum <n page 31 -

Declines in water levals from 1946 to 1947, by counties

Number cf Average decline,

County wells in feet

Bailey 10 1.9
Castro 7 2.1
Crosby 4 1.9
Deaf Smith 22 1.2
Floyd 20 4.2
Hale 45 2.2
Hockley 3 *1lel
Lamb 4 1.3
Lubbeck 18 2.1

Swisher 12 2.1
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LOSSES OR GAINS IN STORAGE

In order to ccmpute the volume cf water gain=d or lost from stcrage as the
water table rises c¢r declines, it is necessary to know tha specific yield of
the material in which the fluctuaticns take place. The specific yield of a
water-hearing formetion is the ratic of (1) the vclums cf water which, after
being saturated, it will yisld by gravity to (2) its own vclume. During the
present investigaticn in the High Flazins, values of 14.1 and 14:5 percent were
c¢btained fer the Plainview and Hereford districts, respectively, for the aversgs
specific yield of the mat~risls uawatered during the 3-year,period 1938-41.
(See progress report for 1542, pp. 15-17.) Hewever, the specific yield may be
somewhat greater if the met 'rial is allowed to drain fer a lenger period.

If the figure 15 percant is used as the average specific yield of ths
material unwatered, the amcunt of water lcst frcm storage from each square mile
for each foot ¢f decline of the water table is as fcllowss?

15 x 640 = 96 acre-fest
100

The significance ¢f this may be seen in the fcllcwing sxample. During
1943, 1944, and 1945 the draft cn the undergrcund reserveir was heavy and the
Ccbservation wells in Lubbcck Couuty had an aversge d=acline of 3.1 feet. Most
Of these obssrvaticn wells ar: in the pumping district, but a faw c¢f them are
in outlying areas where there is little c¢r nc pumping. Ccnsidering the entire
county, with due regard tc the unpumped. lightly-pumped, and heavily-pumped
areas, it is estimatad that the average decline of the water table amcunted to
abcut 2 feet, Lubbeck Ccunty hes an area of 892 square miles ¢r 570,880 acres.
With an average water-ts*l2a decline (f 2 feet, a tctal of 2 times 570,880 cr
1,141,760 acre-feet of ssaturated material must have been unwatered during the
3-year period,1943-46; and if the sands and gravels yield 15 percent c¢f their
own valume, the tctsl smcunt of water remcved frcom sterage in Lubbcck Ceounty
from 1943 tc 1946 (between spring measurements) amcunted tc 171,264 acre-feet
or about 8l percent «f the totsl velume of water ovumped during the peried, which
was estimated t¢ be about 210,000 acre-feete.

What is the sefe limit ¢f pumping in the High Plains? This questicon has
besn asked many times by land owners, pumping-plant operaters, and cthers who
are interested in th~ develcpment c¢f the regicn. It can be answered satis-
factorily ¢nly after many facts are knewn for sach lceeslity, including the
“thickness and permsability ¢f the water-bearing snands, the s¢il characteris-
ties effecting recharge from rainfall t¢ the underground reservoir, and the
grouping and spacing ¢f the walls.

Until recently the hsavy pumping was cenfined t¢ certain relatively small
districts surrcunded by large areas with little cr nc pumping. The Plainview
pumping distriet, fur ~xample, was separated by wide undevalcped belts frcom the
Lubbock distriet ¢n the south, the Littlefield district ¢n the scuthw=st, and
the Herefcord district on the northwest; and all of these districts in turn were
widely separated frcm the Muleshoe district. Under those conditicns the de-
pleticn of the underground raeserveir by hsavy pumping was partly offset and the
declins in water l=vels was retarded by ccntributicns of water suvplied by
lat-ral mcvement from the «djacent unpumped areas. In recent years the pumning
districts have spread .(ut and some of them have merged or may scon merge until
the separating belts disaprear. When this cccurs the ccntributicns from the
fermsr unpumped =reas csase.
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Scme idea ¢f the magnituds of depletion ¢f the undergrcund reserviir,
resulting frcm different rates of pumping, can be cbtainsd by making certain
assumptions. Fcr example, let it be assumed that four irrigaticn wells cf
average capacity are cparated in ssch square mile within the bcundaries <f the
irrigated regicn; that esch well supplies 130 acrss at the rate ¢f l-acre-foot
par acre, representing anproximately the present average; thet recharge is
balanced by natural discharge, sc that all the water used fur irrigaticn is with-
drawn frem stirage. At such a rate of withdrawal, 520 acra-~fest of water wculd
bz romcved from st.rage snnually under ~zch squar= mile. Using this figure, and
15 percent as the averege snicific yield .f ths saturated beds, tha average
annual decline ¢f th=2 water table would be abcut 5.4 feet, as shiwn balcwe

529 2 0.15 = 5.4 feet
64N

If, on the average, twc pumping plants are .perated por square mile thes average
annual decline wculd b2 ab.out 2.7 feet, ¢r cne-half the am: unt indicated in th=
example abuive.

In very wet years, such as 1941, the decline w-ruld bz retarded, cwing t¢
reducticn in pumprge and t. s.me extent by naturzl discharge; and in scme lccali-
ties whers ths siils are excepti nally sandy, such as parts of Bailey, Lamb, and
Lubbeek Ccuntizs, a temporery risse might cccur. However, in dry years and years
of averag~ rainfall the declinz would be expected t.» continue.

The totsl area within the exteriir bcundaries <f the irrigated districts in
the High Plains amcunts t. about 3,000,000 acr=zs. It is estimated that during
- 1945 about 4,300 wells were pumpad t. irrigate 550,000 acrzs. Hence apprcxi-
mat3ly 18.5 percent «f th= titzal arca was irrigsted, and th= average was .ne
w2ll t¢ eb.out 700 zcres. If the wslls had been equally spacsed throughcut the
regicn and if the unwatarcsd material hes a uniferm speeific yield ¢f 15 percent,
the pumpage during 1945 w.uld have caused the water table t: dscline about 1.2
foet, as indicated beliws

130

2 0.15 = 1.2 fest
700 *

Howsver, the wells ara n.t avanly spaced and the declines in water levels have
been greatest in the arsas ¢f heaviost pumping. For s2xample, in an area cof

50 square miles in west-c~ntr2l Fl'yd Coiunty there is an avsarage f abcut cne
well to 2ach 200 acras, =nd the recerds «f wetear-lavel measurements indicate

an average decline ¢f abcut 5 feet frum Fsbruary 1945 ¢ Fzbruary 1946. In the
lightly-pumped areas wh2rs the average is less then .ns well to 700 acres, the
average decline during 1945 wrs lass than 1.2 f=et.
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DECLINES IN PUMPING LEVELS

Recent studies have sh.wn that in the High Plains, whsre irrigaticn wells
of large capacity are being developed at an unprecedented rate, the decline in
pumping levels in wells during pericds of heavy withdrawal is a better index
to the amount of local cverdraft than the average net dacline of the water table
from year to year. For example, the records of measurements in 34 observaticn
wells spaced throughout the irrigation district in Floyd County, including irri-
gation wells, dcmestic wells, and unussd wells at considerable distances from
any pumping plant, show that the water table had an average net decline of 7.5
feet during the 8-year period from the spring of 1938 to the spring of 1946;
whereas the pumping lev=ls in 56 wells espaced throughout the irrigation district
had an average decline of 24 feet from the summer of 1938 to ths summer of 1946.
In other words, the static lavels had declined from an average of 55 feet below
the surface in 1928 to 62.5 feset in 1945, an average lowering of 14 percent;
while the pumping leva:ls had declinsd from an average cf 97 feet in 1928 to 121
feet in 1945, an avsrage lowering of 25 percent.

The yields and the pumping levels of several hundred irrigation wells in the
Plainview, Hereford, and Muleshoe districts were measured during the summers of
1936-39. Th= pumping levels in many of the same wells wers again measured in
August 1946. Almost without exception the pumping l-vels in 1946 had declined
from the previous m=2asurement. That is, the actual distance that the water had
t0o be raised tc the surface was greater. Although the yislds were not measured
in 1946,many of the voumps were reported to be delivering lsss water than they
were 8 or 10 years before.

The following teble summarizes the measursments of ths pumping levels in
about 285 irrigstion wells in ths High Plains.

Dsclines in pumping levels in wells
: 1938 1946
County :Average pumping Averagz numping
leval in feet level in feat

1938 to 1946
Average decline
in pumping
level in fest

*>

ve o0 se 04

.
H
., *
D TP o3

b
Bailsy : 37 : 53 : 16
Castro : 1086 : 120 : 14
Deaf Smith : 22 : 108 : 16
Floyd : a7 : 121 H 24
Hale : 87 : 97 H 10
Swisher : 102 : 107 : )

City of Lubbock : : :
(Municipal wells): 93 : 118 : 25

In the spring of 1938 a pumping test was made cn three wells about 7 miles
north of Plainview. All wells were idle for some time and the static water level
in each well was messured. Ons well was then pumped at the rate of 1,100 gallons
a minute for 148 hours. Just befors pumping was stopped,the water level in ths
pumped well had been lowered 24.1 fset; the water lsvel in a2 well 237 feet from
the pumped well had been lcwered 9.5 feet; and in the othsr well, which was 460
fest from the pumped well, the water level had been lowsred 2.7 feet. Thus it
was found that the cone cf depression, which had spread in all directions frem
the pumped well, extended substantially beyond the observation well 460 feet from
the pumped well.
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Tha effect that one wall has on a nearby well depends not only on the
distance batween the wells but also upon the rate of withdrawal and the char-
acteristics of the watar-boaring fermation in the er~a. Future studies in the
High Plains will include numerous pumping taosts in order to determine the draw-
down in wells caused by th=2ir own pumping plus the additional drawdcwn caused by
the pumping of nearby wells.

SUMMARY

A very large quantity of water, which has accumulated over a leng period of
time, is stored in the undergrcund res=z:voir form~d by th2 beds of sand and gravel
that lie below the surfzc> of the High Plains in Texas. The source of the water
in storage is thes rrecipitation on the Plains. A part of the 3round water is
discharged continuously thrcush seeps anrd springs snd by evaporaticn and the
growth of plants in the loecnlitiss whers the water table is nsar the surfaces
This natural discharge is approximztely balanced through a long term of years
by the small part of the rainfall unon the ~rea thet ponetrates to the water
table. So far there is no avidencsz that the naturazl discharge has been materially
reduced as th~ result of pumping from wells, but if oumping ccntinues such a
reducticn must eventually occur.

Irrigaticn from wells in this region was startsd in 1911 near Plainview,
Hale County., By 1914 about 140 irrigesticn wells had been drilled in the three
principal districts, near Plainview, Heroferd, and Muleshce, respectively. In
the 7 years frcm 1919 to 1926 the raingz2ll in most cf the ragicn was above
avzrege and comparativaly little irrigation was practiced. Interest was revived
during a period of sevaral yaars of low rainfall that began in 1927, and according
to the availables reccords 296 wells were pumpsd to irrigate about 35,000 acres in
1934, Since that time the davelcopment has grown by leaps and bounds, and it is
ccenservatively estimated that 4,200 wells were pumped to irrigate about 550,000
acras in 1945. Pumpege for irrigaticn during the 3-year ‘eriod 1943-45 prcbably
exceeded the entire pumpage during th= praceding 32 ycars, from 1911 tc 194Z2.

Reccrds of water-level mescsurements in a few wells show very little cheange
of the water table from 1914 to 1934 (see tables ¢f water leveals, pp- 22 t0 30).
Thz present investignaticn, which includsess water-level measurcments in several
hundred ovservaticn wells, was started in the spring of 1937, but during that
year pumping had begun befcre the measurements were made. The water table
declines during the irrigatiun seascn and reccvers scmewhat during the winter,
sC that ccmpzriscn ¢f m-~csuramsnts made during February cr March, just befcre
the start of spring irrigation, gives the best index t¢ ths net annual decline
cf the water table caused by remcoval of water from stcrage. During 1941 the
rainfall thrcughcut most of the High Flseins was very hsavy, and the water table
in most of the regicn rosa from a fracticn cf 2 foot in some places to 15 feet
or more in cthers. Therefcere, in this repcrt, tha water-lzvel fluctuaticns are
discussed by pericds from 1943 to 1946 and from 1938 t¢ 1946, For convenience to
the rezder, summaries -f water-=level fluctuaticns for these periods are given
in the tables on.pages 15 and 1lh.
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Some idea of the magnitude of depletion of the underground reservoir can be
obtained if we assume that four irrigation wells of cverage capacity are omerated
in each square mile within the boundaries of the irrigated region and that all
tine water comes from storsge. If sach well pumps 130 acre-feet of water and the
water-bsaring material has a swvecific yield of 15 percent, the avsrage annual
decline of the water table would bs 5.4 feet. In an area of 50 square miles in
Floyd County therc is an avarage of about one well to =zach 200 acres,or a little
more than three wells to the square mile; and the records of water-level measure-
ments within the area indicate an avsrags decline of about 5 f=¢t from February
1945 tc February 1946.

Recent studies have shown that the decline in numping levels during periods
of heavy withdrawals is a battar index to the amount of local overdraft than the
averags net decline of the water table from year to year. Future studies will
include numerous pumving tests’in ordsr to determine the drawdowns in wells
caused by their own numping plus the additional drawdown caused by the vumping
of nearby wells.



Water levels in r-presentative wells in Bailey County, Texas, (see map, fig. 1)
(Depth in feet below measuring point) ’ ‘
Date of Well number
measurement 5-A 25 36 L5 L9 79 95 117 131
1914 18.3
1934 Nov. 24.3 35.4
1936 May 26.2 24.6 25.7 35.7
Nov, 23,3 19.6 25.1 2L ,1 2L.7
1937 Mar. 24 .8 24.0 35.8 21.3
May 25.3 20,8 21.6 24.9 35.7
Nov. 6L .5 22.3 . 17.9 20,0 23.9 23.4 2.2 35.6 21.0
1938 Mar. 22.5 N 17.6 19.9 23.9 23.5 2L .4 35.7 21.2
Dec, YA 20.8 29, 17.0 19.6 23.7 22.9 2L .6 35.3
1939 Mar. 6L.2 20.4 28.7 17.2 19.1 23.1 15.5 22.8 L4 35.9 22,2
Dec, bl .2 22.0 30.9 19.0 20.6 24.5 16.7 24,3 25.1 36.7 21.9
1940 Mar. 6L. 21.9 30.1 12.8 20.3 24L.2 17.5 2L .4 2L.9 36.6 21.8
Nov. 64.3 24.9 33.3 207 21.8 27.0 17.9 25.5 26.3 39,1 23.6
1941 Mar. 6L .3 23.9 32.9 19.7 21,5 25.3 17.8 25.2 25.9 37.2 22.7
Nov. L0.2 16,6 29.0 13.9 11.5 18.9 9.0 17.2 33.5 12.7
1942 Mar. 5k 15.4 27.4 12.5 12.4 18.1 8.8 17.1 18.7 31.3 12.6
Nov. 15.6 28.1 8.4 138.0 18,7 29,8 12.4
1943 Feb, 16.1 13.1 13.3 17.7 . 8.8 18.4 18.7 29.8 12.9
1941, Feb. 63.4 19.1 16.0 15.2 204 12.0 21.9 20,6 30.9 15.9
1945 Feb. 63.5 20.6 16,5 16.5 20.8 12.8 22.1 21.2 31.3 17.1
1946 Feb, 63.5 23.8 19.4 19.L 23.1 23.6 32.9 19.6
1947 Jan. 154, 24,7 20.5 25.2 25.4 35.3 20.8

NAM™S OF O"NWRS:

Precure,

Well 5-A, Gus Schrader; 25, C. A. Wagner; 33, Mrs. J. W. Gregory; 36, J. M. Murrah; 45, H. M. Schofner;

L9, Jess Mitchell; 69, E. R, Hart; 79, D. F. Cox; 92, L. H. McConnell; 95, E, R. Hart; 117, H. L. Dempster; 131, R. D.



Water levels in representative wells in Castro and Crosby Counties, Texas, (see map, fig. 1)

Castro County

(Depth in feet below measuring point)

Crosby County

Date of . Well number Well rumber
measurement | 18 32 L8 52 58 202 394 L65 557 1 2 3
1936 Apr. 65.2  66.4
June 64,9  63.4
1937 May 64.8 114.3 107.2 136.1
_Dec. | 662 63.8 69.0 _72.1
1938 Mar, 67.3 63.6 62.4 71.8 114.3 107.2 136.1
Dec. 6Loly  62.7 _71.6_ 154L.0 105.4
1939 Mar. 63.7 61.3 154.2 105.3 93.7 101.8 18.8 114.2 107.1
_ Dec. 64,9 79.2 71,6 154,.1 105.1 11,1 107.1  135.7
1940 Mar. 6L .5 L. 7L.6 15,0 105.2 114 .2 107.2 135.8
Nov. 69.2 78.9 154 .2 93.2 93.6 16.4, 107.1 135.5
1941 Mar. 66.0 65.9 79.0 154.,1 105.5
Dec . 69.2 642 63.2 75.2 154.0
1942 Feb, 8.7 63.2 62.3 154.0 10L4.4 113.5
Nov. 67.9 _62.7 60.5 _7,.9 153.5 103.4 o 1C5.9
1943 Feb. 68.0  62.6  59.7 71,8 153.4 93.1. 9%.3 17.1 113.3 105.8
1944 Feb. | 69.1 63.8 60,8 74.6 153.9 103.0 _93.7  97.8_ 17.3 1134 105.7 135.3
1945 Feb, 1 700 651 60.5  73:.5 152.8 105.1 940  97.5 17.9 X220
1946 Feb, 70.7 67.8 67,7 75.6 152.8 1°3.7 95.2  97.4 19.2 113.3 136.3
1947 dan, 1 69.7 66,1 68.8 80.3 152.6 103.9 95.1 100.0 114 .5 107.9 138.1

NAMES OF OVNFRS:

Well 18, Frio Public Schools332, W. A. Springer;

38, J. M, Richardson; 52, C. G. Maples; 58, Unknownj; 2C2, Frank Husemen;
394, Temple Rogers; 465, J. K. Tidmore; 587, Petar Peterson.

Well 1, J. T, Vaughan;
2, C, B. Travis; 3, New Home

School,

-28_



Water levels in represcntatlve wells in Deaf Smith County, Texas, (see map, fig. 1)
(Depth in feet below measuring point)

Date of Well number
measurement| 113 207 212 217 235 237 247 261 265 281 288 302 311 336 340 431 L36 502 ‘}513'_
1914 L7.0
1934 Nov, L2.7 5,.8
1936 Apr. 71.4 8L.9 L2.5 53.6 60.0 53.3 55.8 88.3 73.6
June 54,1 T71.6 53.4 L2.2 . 52.0 73.8
1937 Mar, . L4, .0 L8.9 68.9 72.0
May 52,7 92.8 57.3 54.8 66.1 70.3 88,6 7L.5
Dec. 99.0 5L.6 71.3 105.4 52.9 A45.4 21.8 51.2 64.6 64.7 53.8 87 .4 8.9 94.3 79.3
1938 Mar, 98.9 S4L.4 72.5 93.3 52.7 Lh.2 22.3 52,7 63,9 65.7 63.1 53.3 51.5 £7.5 7T7.5 68.9 96.2 79.4
Dec. | 98.8 55.0 72.1 92,3 53.4 AL4.7 22.2 52,9 65.0 65.7 64,1 53.2 51.7 26.9 78.6 95.5 73.5
1939 Mar, r~9%,8 54.5 71.7 88.9 53.1 L44.1 22,6 51.0 6AL.1 5H5.5 61.9 53,1 50.5 86.8 77.2 69.3 72.3 G6.3 79.5
______ Dec, | 95,7 55.1 75.6 93,7 5L.O 23.7_53.1 66.7 54,.8 52,4, 87,9 83.5 72.0 96.7 80.8_
1640 Mar 98.7 55.0 91.6 53.7 L4L5.2 23.8 52.8 65.2 67.4 65.0 54.2 51.7 87.5 96.2 79,9
Nov 98,8 56.1 81.7 55.9 43.9 55.8 76.1 72.6  55.7 28.7 85.0 72.5 103.1 .
1941 Mar I 99.1 55.9 75.6 93,0 54L.6 L6.8 24.5 67.L, 70.2 68,1 55,1 52,9 88.6 80.,4, 72.2 77.2 99. .8
Dec. | 89.2 50.6_ 45.8 19,7 68.6 53.8 75.8 .
1SL2 Feb, | 99.2 . 72,9 88.9 51.3 A45.6 20.2 54,5 65.7 66.0 53.5 49.6 87.6 79.5 1.0 76.1 98.5 80.7
Nov, 93.9 7.0 838 & 52.1 L5.3 22.6 55.0 66.6 62.5 54,.0 78.8
1943 Feb, | 99.0 _72.1 38.3 52,0 LA4.8 22.9 54.7 66.7 65.9 49.1 83,0 78,7 70.9 81.8
‘194 Feb. | 100.2 55.8 72.7 89,8 53.6_45.0 24.1 57,8 67.5 69.0 6%.3 55,0 50.4 89.0 79.5 72.3_ 771.7 107.2 §2.6_
49,5 Feb, '101,1 55.8 71,3 89.2 53.9 45.2 24.9 57,0 6%.3 70,5 68.8 556 50.8 90,1 73,1 77.1 98,6 83.1
1946 Feb, 1102.2 56.1 7L.5 90.6 54.2 4L6.5 25.5 58,4 70.3 /4.0 72.6 56,5 51,3 91,8 81.8 74.2 79.0 101.8 83,7
1947 Tan. llOO 3 57.2 76.3 91.6 5,.9 L48.2 25.8 62.4 72.6 75.6 76,3 56,5 51.L 94,0 75.2 80,5 103.1 85.3

NAMES OF OWNFRS: Well 113, A. S, Higginsj; 207, Chas, B. iMiles; 212, Alfred May; 217, Leslie L. Neal; 235, Lewis A, Smith;
237, B. A. Donelson; 247, R. R. Lindsey; 261, D. L. McDonald; 265, Rieneaur Brothers; 291, Jerry Keith; 288, Lee Hopson;
302, F. G. Collier; 311, H. H. Broadman; 336, Geo. M. Clingan; 340, Felix Urbanszyk; 431, S. J. Barclay; 486, M, L. Parker;
502, Carl H. Schroeder; 513, A. E. Acton.
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Water levels in representative wells in Floyd County, Texas, (see map, fig. 1)
L (Depth_in feet below measuring point)

Date of Well number
measure ne nt 14 32 57 111 120 10 143 410 K16 LA Lh6 459 463 510 525 603
1914 47.0 47.0 51.4 41,7 51,2
1934 Apr, Liy 3 L6.4
1936 Apr. 58.9 61.1. 57.7 L9.4
1937 Apr. 51.9

May 59.7 91.2 60.9 54.8 57.4 61.2 51.1 4L1.0 176.1

Dec, 59.9 61.5 61.1 L3.4  46.9 L9.,7 L41.2 40.8
1933 Mar, 60.3 56.7 53.0 60.5 52.4 63.1 43.4 478 L9.4 40.6 175.7

Dec. L __53.3 59.6 53.9 61.7 50.1 63.2 k3.7 L8.4 51.1 43.7 4O.9 174.2
1939 iar. 52.9 53,5 53,3 61.0 49.6 63.0 63.7 L3.7 48.3 50.4 43.1 LO0.8 1764

Dec. o606 $1.3_62.3 55.3 64,0 53.5 65.8 ___ _ Lh.l k9.7 53.h 7.3 416
1940 Mar, 62.8 960.2 62.8 54.9 A0.4 55.3 63.0 51.5 65.4 6L.5 LL.2 L9.6 52.4 45.8 L1.6 175.6

Nov., 21.5_ 63.9 57.9 _63.3 58,0 67.1 55.1 71.5 45.2 51.9 55.7 51.9 L2.. 176.L
1941 Mar, 91.0 . 57.0 63.2 57.8 54L.0 6%7.1 65.0 45.1 51.6 54.6 50.7 L42.6 176.3

Nov, 91.8 63.5 61.3 55.5 64.2 65 .1, A4l 48,9 51.4 43.0  39. .
1942 iar. 00.2 90.4 55.2 60.3 55.4 63.1 50.9 65.5 64.2 L3.5 50.7 41.9 38,5 175.9 .

Oct. 61,0_90.9 62.8 56.4 61.6 57.4 64.6 52.0 67.7 . 48.8 51.5 43.h 37.9 175.6 o
1943 Feb, 61.1 90,2 63.0 55.4 60,7 56.1 63.4L 50.9 65.6 63,7 L42.2 L8., 50.4 42.C 37,5 175.8 !
1944 Feb, 63.8 $3.9 56.6 62.2 58.L4 64,.9 52.3 68.1 647 h2.4 50.3 51.5 Lh.6 37.8 .
1945 Feb. 65.3 92.0 65.0 58.1 €4.). 61.0 67.2 54.9 71,2 66.0 L3.4 51.9 54.5 L47.8 39.5 175.5
1945 Feb. 66,6 92.7 67.5 60.3 67.9 66.1 70.5 57.7 75.8 67.4 45.2 55.7 57.2 50.8 L41.3 —
1947 Jan. 67.6 _94.6__70.6 63.6 73.4 Th.5 77.9 63.7 S4.1 6%8.7 46.9 60,9 63.0 54.2 43.1

NAMES OF OWNERS: Well 14, Herman R, King; 32, Frank Whitfill; 57, T. L. Wilhite; 111, T. L. & D. Company; 120, Francis
Carthel; 140, Wayne Holt; 143, Plainview-Lockney Farms; 410, W. C. McGrede; 416, John Spear; 441, Federal Land Bank;
Lib, W. J, King; 459, — Jackson; 463, T. L. & D. Company; 510, W. R. Crow; 525, 0. W. Fry; 603, Gladys Fox.



Water levels in representative wells in Hale County, Teras, (see map, fig. 1,
(Depth in feet below measuring point) .

Date of ' e Well numbey» L o

measurement | 202 210 223 238 259 307 330 1338 370 427 428 1436 LQ?_“Qég__h67 552 567 829 834 923 936

1914 1 62.5 23.7 43.0 575 36.5

1934 Apr. 6h4.1 61.6 o 58.4

1936 Apr. 67.8 L9.6 50.7 19.4 LIL.6 L5.5 4,1.8 4L9.0 52.5 52.8 57.8 61.3 52.4 o L3.2
June 50.8 ko8 ]

1937 Lpr., L7.7 5L.4 59.0 42.1 59.9 52.9 Lh .5
May 63.6 55.2 50.6 49.9
Dec, 65.3 . __ __L4.8 45.5 43.1 42.3 47.9 51.3 39.4 33.9 58.6 52.1 55.0 L44.7

1938 Mar. 65.2 6i,.5 51,7 52,1 17.% 63.4 L5.4 45,5 2.9 L7.2 47.8 51.1 57.8 39.9 33.3 53.6 52.2 17,2 55.0 Ll

___Dec. |66 18,5 6k} 45.2 16.0 43.0 49.8  __52.6 58,k k2.2 3k 59.5 52,8 55,5 16.0

1939 Mar, 66.1 64.8 52.3 52.5 18.6 £3.9 45.9 L2.9 49.2 52.2 58 3 41.8 34.2 59.3 52.8 73.1 77.3 55.4

. Dec, _}167.0 ___ 54.6 53.6 19.% 66.2 47.2 7.2 4h.0 51.3 52.1 54.3 59.4 Bh.h 36.0 60.2 53.2 _ _T7.h 55.8 47.8

1940 Mar. 66,7 65.8 53.8 53.5 19.9 65.1 4,6.0 47.2 4.0 50,7 50.6 59.0 L4 .1 35.5 60.0 53.6 73.7 77,5 55.9 47,7
Nov. 68.6 57.1 55,9 21.7 534 15.7 48.7 45.3 53.4 53.3 57.3 61.9 42.0 39.8 61.3 53.9 ... 77.9 56.7 50,1

1941 Mar, 68.0 67.0 55.4 55.4 20.8 66.5 46.7 8.6 45.3 52.5 52,5 56.3 60.9 L6.4 38.0 62.1 54.1 74,2 77.9 56.7 49.0
Nov. |67.9 54,7 54,9 15.3 66.2 46.2 47,0 k4.2 50,1 53.5 60.1 37.6 36.0 60.0 53,0 77.2 5L.5 464,

1942 Mar, 67.3 €6,6 53.8 54.2 16.3 65.3 4L6.0 L6.5, L,3.6 49.0 48.1 52.0 60.1 57.8 34.5 59.3 52.5 73.0 76.9 53.9 L5.5
Oct, 167.8 55,2550 16,9 6.l 46.8 47.1 49.0 48.8 53.0 60,8 39.7 34.3 59.6 53.1 ' ~.% 76,7 53.8 L5.9

T9L3 Feb, [66.9 5.8 53.9 5L.7 16.8 65,5 46.8 46,6 L2 18,6 484 52,0 60.0 39.0 33.7 59.2 53.1 72.5 76,6 53.2 ki1

98], Feb, 1 68,2 68,3 55,0 55,8 19.5 67,2 h7.3 kA7 k5.7 50,3 50.2 53.8 607 k2,1 35.7 59.8 54.0 729 16,7 53.0 L5 .4

1945 Feb, 68.7 69.1 56.1 56.9 21.0 67.6 43.9 50.1 47,2 53,0 52.5 56.6 61.7 45,3 38.1 60.6 54.5 73.3 75.8 53.7 L6.2

1946 Feb, 70,0 71.3 58.0 59.3 22.9 69.3 50,3 51.3 49.3 5.9 5L.6 59.6 62,7 48.1 39.2 63.5 55.4 6.k 73.8 5.7 48.8

T9L7 Jan, 1 72.2 7L.5 62.6 62,3 23.3 71.6 52,2 52.8 52,7 57.) 57.9 6L.0 bl 6 52.7 41.2 62,8 56.5 79.0 80.L 55.8 50.8

NAMES OF OWNFRS: Well 202, T. L. & D Company; 210, Dr. McKinley Howell; 223, T. L. & D. Company; 23% Dr. McKinley Howell;
259, C. S. Ebeling; 307, T. L. & D. Company; 330, E. H. Cox; 338, Dr. J. H, Stewart; 370, D. A. Reading; 427, C. M, Smith;
423, C. M. Smith; 436, I. B. Rankinj 449, G. A. Benefield; 462, R. F. Keniston; 467, M, E. Courtney; 552, H. $. Dunaway;
567, J. B, Maxey; 828, John Bowling; 834, M. E. Kesler; 923, D. C. Bayley; 935, B. E. Porter.
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Water levels in representative wells in Hockley County, Texas, (see map, fig. 1)
(Depth in feet below measuring point)

Date of Well number
measwement |5 7 2 25 % 126 oL 587
1937 June 93.3 v

July 88.9
____hvg, 22,6 29.3 28.9
1938 Jan. 28.2 29.2 29.5

ApI‘. 29.;3 29a8 29-14' 131+c7
____Oct, 27,0 29.0 29.3 27.9
1939 Mar, ; 27.2 29.1 30.0 2.2 93.1

._Oct. 92.2 57.8 . 29.1 29.6 27."

1940 Mar. 92.7 7.6 27 .1 29.3 28.%

Dec. : 2.4 30.4 31.6 29.2 G3.4
16941 Mar. 28.5 30.6 32,0 29.0

July 23.2 |

Nov, 1.90.4 27.4 27.3 23 91.6
1942 Mar. 22.5 27.1 27.7 23.E

July 26.9 23.9 91.3
1943 Feb. 4.90.5 18.3 - 25.7 2l.5 _
19L4 Feb. 87.9 85.6 20.7 21:,6 25.6 22.8 122,1 91..3
1945 Mar. "87.5 85.2 2.7 26.3  _28.0 201 132.1 _9L.0
1946 Feb. ATL 8.3 2L .1 3.2 2.8 13L7
1947 Jan. T8y 8.3 5.7 S 21.3 135.0 93,0

NAMES OF OWNERS: Well 5, Senta Fe Railroad Companyj 7, —— Picard; 24, Koy Hughen; 25, Texas Highway Department;
29, A. L. Lindsey; 126, W. M. Alexander; 434, C. E. Flowers; 587, Texas Land and Mortgage.
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Water levels in representative wells in Lubbock Couaty, Texas, (see map, fig. 1)
(Deoih in fect below meaguring coint

Date of L e Well number . R o
mescvrenaut |7ha €1 107 121 123 128 138 139 156 165 138 222 223 228 30L 339 369 395 403
1936 Dec. Ly 5 63.8 1429 0.5 81.6 B
1937 Feb, 53.7 47.2 70.9 58.5
Mar. 61.8 178.2
Apr, 51.3 L5.7 28.2 -
Dec. L. 3 75:0 634 41,9 Al.k 26.8 40.2 _ 62.2
1938 Jan, L2 50,7 26.9 617 70.6 81.5 45.0 40.3
June  {33.1 41,5 £1.9 79.1 53.2 47.8 70.6 LL.9 LO.1
. Dec.  135.k ALE.3 751 642 M.5 41,0 400 61.8 811 —_
1939 Jan, i35.,2 578 26.% €1,8 75,1 L7 57.L 62.3
Mar. 35.4 L45.5 75k 4310 26.9 61.8 78.5 53.1 47.8 70.4 57.3 45.0 39.7
o D€Ce  135:5 LTc4 _76:8 65,1 k2.8 L1.2 25.4 AL1.2 02,5 79.h 53.0 47.8 70.2 57.6 . 4l.2
19L0 Feb. 17,9 63.0 41,1
Mar, 35.6 46.9 50.1 76.9 41.3 25.9 41, 4 62,5 53.0 47.9 70.3 L7 .2 .
_..Nov., _136.3 48.1 _______66.5 L5.0 41.6 27.1 AL3.h 19:h . L7.8 70.h 58,3 6h.3 81.7 51.h L3.1
1941 Jan. 36.1 46.7 7.5 67.5 L3.9 L42.3° 78,6 L7.8 70,4 ol..0 49.0 42.8 €
Mar, 36.5 47.2 50.6 79.0 66.1 47.3 L1.8 27.2 42,3 76.5 53.1 47.8 70.4 58.1 64.0 4L8.3 L2.7 !
Dec. L1.8
1942 Mar,  |31.5 “L6.L 756 63.6 LO.i 37.7 23.8 38.2 50,6 43.3 68.0 61.6 75.3 36.5
_Dec. |~ h2.6 4.3 _39.0 350 22,4 38.L 110 60.7  12.9 3h.5
1943 Jan, 48.6 L3.0 67.7 43.1 33.8
_...Feo. 129.7 42.0 L4.3 73.9 62.6 38.4 35.9 22.4 37.8 L 51.0__60.4 750 _
190k Feb. 1322 L2.3 1,5.0 7.k 63.1 38.7 23,3 L1.2 61.8 6.3 17,5 L3.0_ 57.6 50.L4 00,0 76.7 Ll.L 35,6
1945 Feb., 32.6_42.5 46,1 747 63,6 L0.1_37.5 24L.8 L1.2 62., 75.3 48.L L3.1 67.8 50,9 40.0_ 76.5 46.2 35.5
1945 Feb, 1335 L4, .0 L7.1 65.2 _42.5_ 39.8 26.4 L5.6 63.8 8.7 L3.6 12.8 2.6 62.0 77.5 38.1
1947 Jan,_ PBL.O AT 784 69.8 16,1 33.L 2b.5 51,3 "0 75201 12.6 Sl 6L.2 80,0 111

NAMES OF OWNFRS: Well 74a, J. S. George; 81, J. E. Vickers; 107, B. G. Lokey; 121 -— Brownj; 123, R. C. Robbs; 128, ~
Rufus Rush; 133, Edith Collie; 139, D. L. Watklns, 156, J. M, Phillips; 185, W. H. Massey; 188 State of Texas Exp@r1men+
Stetion No. 83 222, R. T. Groves; 223, W. C. Grimesj 228, G. H. Hutchings; 301, S. D. Stewart; :39, J. E. Hinsonj 369,

J. P, Clark; 295, H, W. Stantenj; 403, J. E. Snmiley.



Water levels in representative wells in Swisher County, Texas, (see map, fig. 1)
(Depth in feet below measuring point)

Date of Well number
measur emert, 2 16 33 108 258 301 %02 323 35, 359 370 380 383 421
1934 _Apr. ~ 7L.8 67.7 72.2
1936 Apr. 51.1 54L.5 k.
___June _ _61.6 72.7
1937 Apr, 38 5 60.0
Mey 61.5 55.3 51,7 63.2  61.9 54.6  77.7
oo Deco. 4 61,5 ___75.6 31.9  69.1 75.7 54,1 73.9
1938 Mar, 75.5 61.9  55.4 52.1  32.4 6L.h  62.2  76.7 73.5 5L.5 TL.2
Dec. 78.6 61,8 52.5  32.7 65.3  62.3  77.0 _ 73.3 73.8
1939 Mar. 76,3 61.7 56.0 52.5 32.4 68.7 65.3 62.4 77.1  73.L 5..8 73.3 61.9
Dec. 78.1 62,0 32,9 69 4 62,6 77.7 742 551 75.3
1940 Mar. 78.L, 62,1 56.3 53.8 33.0 69.1 66.7 62.7 77.3 T4.1 55,2 7.2
Nov. _ .} 78.6 62.8 55-1 _33.L__ 70.8 030 1522, 25T 75.8
A9L1 Mar. 78,6 62.4 33.5 69.7 68.0 63.2 78.2 75.3 55.7 75.2 62.9
— . Nov. 78.5 61,2 . 54,.8 30.0_ 68.1 68.3 62.8 77.9 760 75.2
1942 Mar. 78.5 61.3 54.6  30.4 62.6  77.7 75.8 75.0
Oct 78.3 _ 61.7  55.4 31.0  _68.3  67.8 78.7 __77.2 75,7 60.9
1943 Feb. 78.3  61.0 55,3 75.6__ 5hL,7 31.1 68,2 67.5 63.3__75.0 76.5 ] 7.7 60.2
- 1944, Feb. 73.3  51.1 5L4.3 55,6  32.3  61.8 68,7 64.1 78.7 78.6 76.L  61.7
1945 Feb. 78.3 61,3 550  76.3  57.0  33.1 _69.2 9.0 6L.2  79.5 81.0 . 56.4 _77.8 62,1
1946 Feb . 7.2 62.5 557 77.6 53,9 70.0 70,2 65.1 8i.5 32.5 80,1 6L.7
1947 Jan. 78,5  63.L 79.2 _ 61.6 63.7 67.0  8L.1 85,0 83.3 _ 65.h

NAMFS OF OWNFRS: Well 2, I. Irlbeck; 16, C. M. Brant; 33, J. B. Johnson; 108, D. D. Augspurger; 258, B. A. Dubbert;
301, W. T. Adams; 302, J. D. Vaughn; 323, J. L, Guest; 354, V. A. Beck; 359, Unknown; 370, T. L. & D. Company;
380, Joe Bontkej; 383, T. L. & D. C-mpany; 421, A. U, Perryman.

ol 7L/
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ADDENDUM

January 31, 1947

During January 1947, since the foregoing progress report was written,
measurements of water levels were made in 163 representative observation wells
in and around the principal areas of well irrigaticn of the South Flains, and
tentative estimctes were made of the number of new irrigation wells put into
cperation and the totzl acreage irrigatsd during 1946.

In accordance with the usual program, some of the measurements of water
levels were made in domestic and stock wells that had been shut down for a few
hours, scme were made in irrigation wells that had teen idle for 4 months or
more, and come were made in wells that had been unused for several years. Some
of the wells that were measured are in the heavily pumped districts and others
are in areas of light pumping. Soms ar:s in lccalities of exceotionally heavy
recharge near intermittent ponds, strcam channols. sand hills, or in areas of
very sandy scils. Still others are in lccalities moro or lass remote from pump-
ing or from kncwn areas of important recharge.

Of the 163 wells measured, 146 shcwed declines. The maximum, minimum, and
average d=clines ar2 giv-n belcw by countiss, without reference to the locaticn
of the wells as regards intensity of pumping, lack cf pumping, or cenditions
affzcting recharge.

Decline of watar levels in observation wells, by countiss,
from February 1946 tc January 1947

Numbar of Minimum Maximum Avarage
County wells decline dzclins decline
Bailey 10 0.7 4.8 1.9
Castro 7 0.5 4.7 2.1
Crosby 4 0.7 3.3 1.9
Deaf Smith 22 0,1 4.8 1.3
Floyd 20 1.0 8.4 4,2
Hale 46 N.2 4.6 2.2
Hockley 3 0:3 2.5 1.1
Lamb 4 0.5 2.8 1.3
Lubbock 18 0.1 3.5 2.1
Swisher 12 Q35 3.5 2.1

Fifteen of the obsarvation wells showed rises ranging from a fracticn of a
foot to 3 feet, and they are located as follows! 3 in Castro County, 1 in Hale

County, 3 in Hockley County, £ in Lamb County, 4 in Lubbock County, and 2 in
Swisher County.

Although detailed invsntoriss of the irrigatiocn wells completed and the
acres Irrigated during 1946 have not besn made, it is tentatively estimated that
about 1,200 new wells wer> installed and used during a part of the irrisation
season of 1946, making a total of about 5,500 wells, and that at least 650,000
acres of land was under irrigation. Rainfall on most ¢f the irrigated region
during the first 8 months of 1946 was exceptiinally light, and pumpage during
the year reached an all-time high.
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