TEXAS BOARD OF WATER ENGINTERS

C. S. Clark, Chairman
John W. Pritchett, Member
E. V. Spence, Member

GROUND WATER
IN
HIGI FLAINS IN TEXAS

Progress report No. 6

By
W. L. Broadhurst

IFrerared in ccoperation with the Geolowical Survey,
United 3States Department of the Interior
Novembar 1946, with Addendum January 1447



CONTENTS

Pag
TNtroQUCHION ceveest csceoonsaseoe eovoenosnsosocsesoesesro.assossogoonsosscsss 1
Precipitation L R R R R R N R R NS R PR 2
Scurce, recharge, and natural dischargze of ground Water ecesssresccccnes 4
Source of the ground WALEIr eeseeccescesssessscscvecsoosgonsocnsonsas 4
Recharge of 2round WALET seessceescosrcossssosrocacsssroscascvosocnss S
Recharge from depression ponds eecoeeec.ove.vopsoreoesoosssoosao 8
Recharge from SUTEAnS eeesessecoccrceorossoovonsccasconroecssoans 5
Recharge in sand-hill Greas sesececceesscescsosncorosssaponsas 6
Natural discharge of ground WateIr cceeeee.e oot tooccsncoccagoarons 6
Discharge from escarutment sSprings and SEEDS eccestecvcoecceseosss 6
Discharge in shallow water-tsble areas on the High Plains «e.. 3
Total natural discharge from the area .ceeeereereciosrcocecncss 7
Development of irrigztion fron wells since 1934 eceeeeervocccsesonsonsay. 7
Fluctuations of watsr levals in wells and their significancs ceseesersen 9
Eiley COUNLY ecereeverroncarsnesonagorsvosonrosterossarssosasasnanas Q
CaAtTO CullDNLY ececoesoorocosooconsracacssspeonncoacsscesnoscssnsossooness 10
CrOoSby COUNLY e veeeacnococnonoacossrtosssesosasornasansossanssosinses 10
Deaf Smith COUNtY ceeerevconcaosorsocascsssasssessecrcoreonsssosscsony 11
F1Oyd COUNLY eeeevveastcontasgocosoccoqgsssosoossscsvoossovsesessrossss 11
Hale Cqunty T 00 ¢ 80000000 e 0000 cr0 BTt I A PP OOE s O Paoa0 sy 18
HOCK1SY COUNLY oecoecevososnasesces ssossrsrososssoaspocsasssssoesenssss 13
Lamb County © 6 ® 5 0e 0000089000090 800009000000 000000c0 0000V ss00s000b0000 13
LubbocCk CulnbY ceeeveveceorocovarerssssctococosconososssoctoanseasressas 14
SWishel CoUNLY eeevercecsaseesorasencesserrssagesrossorsosaassasess 14
Summary of declines of water levels from 1943 to 1946, by counties. 15
Summary of d=clines of water levels from 1938 to 1946, by counties. 16
Losses Or zains in StOTAZE veesveceiortoocrarocensecorsrsoancosocrsossns 17
Declines in PUMPING 1EVE1S eveceosovreonsgostoososnorossoonssaossoccanssss 18
SULTEATY eeveerreessoeersetssscsososssssacessrosnstiossoaysssogonsyosssosocse 20
Addendum R R N I I I T R N R R N RN R I 31
TABLES
¥Monthly and annual precipitation, in inchss, and departure (¥ or -)
from the long-term avesrage at Lubbock, Flainview, Tuliz, and
MuleSnoe, THXAS ses-oceresrosonessocoarsesenerascorsacie soesoarasenss 3
FTatimated number of irrigation wells and acr-:s irrigated from wells
in the High Plains 1n T2Xas, DY YEATS serereerrvsoenororessoononsocass 3]
Fstimated number of irrigation w=lls at the end of 1945, by counties .... 8

Dzelines of water levels from 1942 to 1946, by countiss eeeceesvecave. oy 15
Net changes in water levels from 1938 to 1946, by countiss .ieseeeeesc.e 16
Decline in water levels frcem 1946 t0 1947, by countie€s eeeevrecasvroccnres 16
Decline in pumping 1evels in wells eeeeeiv vt rionoroosoneaasoncsscoansos 19
lavels in representative wellese in Bailey County, ToX&ES ececcevoscoes 22
levsals in rsprasentative wells in Castro and Cresby Counties, Texas &
levels in reapresentative wells in Deaf Smith County, Tex=s ceev... 2
levels in representativs wells in Floyd County, TSX8S «eeevesreeas 2
lavels in representative wells in Hals County, TeXas eceecsectsaces 26
levels in representstive wells in Hockley County, T2Zas eeveesen.. 27
levels in representative wells in Lamb County, TeXmSeeeeccoccesses 28
levzls in represgntuative walls in Lubbock County, ToeXas evesavecas £9
levels in representative wells in Swisher County, TsXxas eeevencoes g

@



ILLUSTRATIONS
Figure 1. Map showing location of representative observation wells in
irrigated arsas of Texas High Plains.
2+ Depth to wster in wells in Bailey County, Texas.
3. Depth to water in wells in Castro County, Texas.

4. Depth tc water in wells in Crosby and Hockley Counties,
Texas.

5. Depth tc water in wells in Dsaf Smith County, Texas.
6. Depth to wéter in wells in Floyd County, Toxas.

7. Depth to water in wells in Hale County, Texas.

8. Depth to water in wells in Lubbock County, Texas.

9¢ Depth to water in wells in Swisher County, Texas.

10. Anproximate agrsage irrigated from wells in the High Plairs
in Texas from 1911 to 1946, inclusive.



GROUND WATER IN THE HIGH PLAINS IN TEXAS
Progress report No. 6

By
W. L. Broadhurst

November 1946
INTRODUCTION

The sourcs 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-
traversy for the layman since the region was first settled. However, at times
since about 1900 the geology and water resourczs in the region have been studied,
and the earlier works were published in reports by Johnsen 1/ and-Gould £/ 3/.
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 Hizh Plains in the
Portales Vallzay, New Mexico, nsar the Texas border. In 1914 a study of the
geology and hydrology in the Llano Estacado, or Scuthern High Flains, 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

" oconsidersble number of wells, partly determined by measuremnnts.

Since 1936 a part of the State-wide program of ground-water investigatiorns
in Texas, which is carricd cut by the State Board of Water Enginesrs in coopera-
tion with the Geological Survsy, United States Department of the Interior, has
bsen dsvoted to the Hieh Plains. These investigations have bsen made possible
through avpropriations by the State Luagislature and allocations of Faderal
funds to match them on an equal or n=arly equal basis, and the work is being
doneg under the direct supsrvisiocon and with the assistance of W. N. Whits,
district engineer cf the Geological Survey in charge of ground-water work in
Texas.

The recent investigations in the High Plains have included studies .of the
geelogy with speclal refersnce to the thickness and character of the water-
bezring sands, the sources of the ground water, and tha rechiarge and natural
discharge of the underground reservoirs. Ths work has been .devoted mostly,
however, to obtaining and complling data regarding the locationr and, d2velop-~
ment of new irrigation wells, the guantities of water pumped in different parts
of the region, the decline or ris« of water levels in wells from yesr to vsar
as rsleted to pumpage and directly or indirectly to the precipitstion,and the
decline in pumpinz levsls during ths irrigation seascns.

1/ Johuson, W. D., Th» High Plains and their utilization; U. S. Geol. Survey
21lst Arn., Rept. pte 4, Hydrosrsphy, pp. 609-741, '1901; 22nd Ann. Rept., Dpt. 4
Hydrozraphy, pp. 637-669, 1202.

2/ Gould, C. N., Ths geology and water resourcss of Lhe eastern portion of
the Panhandle of Texas: U. S, Geol. Survey Water-Supply Paper 154, 1906.

38/ Gould, C. N., The ~=ology and watar resources of the western porticn of
the Panhandle of Texazs: U. S. Gaol. Survey Water-Supply Paper 151, 19C7.

é/ Meirzer, O. E., Ground-~water resourcss of Portales Valley, N, Mexico.
(manuseript report in files of U, S. Geol. Survey, Washingten, D. C.).

5/ Baker, C. L., Geology and undarground waters of the Northern Llano
Estacadc: Univ. Texas Bull. 57, 1215.
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This is the sixth mimeographed 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 ars 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 Weter Enginsers on September 15, 1946.

Between 1936 and 1946 inventorieg of water wells wer: 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, 0Oldham, Parmer, Potter, Randall, Roberts, Swisher, Terry, and Yoakum.
Supplemental inventcries of irrigation wells were made during 1945-46 in Deaf
Smith, Floyd, Hale, Lubbock, and Swisher Counties. Mimeozraphed bulletins ziving
tables of well reccerds, well logs, and water analyses, togsther with maps showing
locations of the wells listed, have been issued for all of thOse counties.

The progress report for 1940 has bheen publishsd by the United States Depart-
ri=pt of the Interior as Geological Survey Water-Supply Paper 889-F. The reccrds
of water-level measurements in several hundred observaticn wells throughout the
ragion, to January 1944, hava b2en published annually in Geological Survey
Water-Supply Fapers 840, 845, 886, 909, 939, 947, and 989.

PRECIFITATION

Ground water is used for irrigation in the Hiszh Plains in Texas chiefly
when the precipitation is insufficient for normal plant growth, However, the
distribution of th2 rainfsll is irregular and complicates th=z problems of
both the dry-land farmers and the operators of irrigation wells, Although the
average annual pracipitation in the principal irrigation districts in the High
Plains is atout 20 inches, the departure from the average in individual yesars
and at diffsrent weather stations is very graat. On thes average, about two-
thirds of the moisture falls during the 6 months from April to September,
inclusive, comprising the principzl growing season.

According to the records of the United States Weather Bursau, the average
annual precipitation was 19.34 inches at Lubbock during a period of 33 years,
21.56 incheg at Plainview during 51 years, 21.99 inches at Tulia during 39 y=ars,
and 18.94 inches at Muleshoe during 23 years. The table on the following page
gives the monthly and ysarly precipitation at the fcur stations from 1837 to
1945 and the departure (+ or -) each year from the long-term average.



Monthly and annual. precipitation, in inchss, and departur:- (+ or =) from the long-term averags at
Tubback, Plainvisw, Tulia, and Mulzshoe, Txxas

Total Drparturs from

Year Jan. Feb. Mar, Apr. Mzy Juns July  Aug. Sept. Qct, Nov. Dec. for yeer long-term average

Lubbork
1937 0.26 0.01 1.81 2.01 4.00 3.12 1.32 2.05 3.85 3,22 0.07 0.52 22.2 +2.98
1932  0.91 1.12 Q.49 0.14 1.99 5.89 4.01 0.47 0©.63 0.51 0.27 0.02 1%.52 -~ 2.7¢
1939 2.45 0.19 0.09 0.28 1.82 0.7 1.73 2.75 0.01 02.94 0.12 0.60 11.71 - 7.56
1940 0.23 1.97 T 3L 1.74 0 2,05 T 1.57 0.73 1.07 2.35 0.20 13.7% - 5.51
1941 0.55 0.61 3.56 2,23 12.59 L.13 3.62 1.85 L.47 5.89 0.17 0.72 L0.55 +21.28
1942 0.04 0.18 0.51 3.25 C.35 1.74 2.53 L4.97 7.61 3.39 0.01 2.20 27.43 + 2.16
1943 0.04 0,02 0.25 0,53 2.71 2.37 3.17 T 1.1 0.10 0.%2 1.27 12.84 - 6.43
1944 1,22 1,35 1.09 0.8, 3.3 1l.75 2.93 2.37 3.73 0.30 1.72 1l.64 22.54 + 3.27
1945 069 0,39 0.10 Q.45 0.46  0.35  3.08 207 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 1.389 2.45 3.3, 1.77 0.05 0.48 22.00 + 0.4k
1938 0.39 1.12 1.33 0.2, 1.23 6.42 410 1.15 1.11 0.87 ©2.10 0.07 18.29G - 2.47
1939 1.92 0.14 0.3C 0.82 1.99 3,22 0,65 2.75 0.02 0.35 0.038 1.02 14.16 - 7.40
1940 C.32 1.91 0.00 1.68 2.57 C.57 1.40 1.51 C.82 1.45 3.09 0.11 15.43 - 5.13
1941 0.27 1.00 2.30 1.33 7.07 6.03 4.35 2.28 3,55 5.34 0.4 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
943 0.05 T - T 1.54 3.66 0.22 6.67 0.03 2.7%3 0.16 0,80 2,32 17.29 - 3.07
1944 2.22  0.99 0.20 0.76 2.49 L4.3%2 2.1, 1,22 3.3, 0.65 0,97 1l.87 21.73 + 0.17
1945 0.6 0,54 0.16 1.63 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 5.5, 1.94 1.40 0.77 2.92 0,32 0.04 0.1i 15.57 - 5.0
1938  0.37 1.23 1.45 L0 1,92 2,61 2.5 O.44 1.77 1,30 T C.ll 14.57 - 7.40
1¢3> 1,87 0.10 1,11 1,07 0.27 L.97 72.9¢ 1.92 0.30 1.28 0,04 1.05 15,55 - 6.4
1940  0.25 1.60 0.03 2.55 2,42 1.4> 0.25 1.25 G.40 0.69 2.23 0.23 14.60 - 7.37
1541 0.18 2,82 2,02 1.47 3.02 5.59 3.3 2.05 2.39 6.22 0,33 0,50 34. 01 +12.04
1942  0.10 0.35 1.10 3,57 ©.3% 3.°2 1.5, 4.1l 3.5, 5.97 0.00 2.93 27 .4k + 5.7
1%44  1.88 0,80 T 1.4.3 2.27 3.32 3.1 0.37  3.42 1.23 0.97 2.79 22,31 + 0.3
1945 0.57 0.52 0.62 2.32 G.21 0.69 2.91 3.70 2.50 1.35 0.00 0.0 15.41 -~ 6.56

Mul=shoe
1937 0,08 0.18 1.66 02.95 5.5 2.56 1.24 0.0 4.71 1.23 0.C0 0.5 17.48 + 0.61
1933 0.64  1l.24 1,45 0.73 1.63 7.74 1.7% 0.54 1.39 2.93 0.34 G.03 20.49 + 1.62
1939 1,96 0.06 0.40 0.57 2.06 1.2 0,94 3,42 0.05 1.28 0.18 1.34 14.08 - 4L.79
1940 0.27 0,55 0Q.C¢ 1.53 2.63 1.39 0,33 3.97 0.37 0.22 2.04 0.07 13.97 - 4.50
1941 0.24 Q.2 3.4 1.9 11.36 2.7 6.92 2.09 3.46  6.37 047 0.38 43,52 +24.65
1942 0.02 0.00 1.15 2.96 0.60 2.21 2.93 4.50 2.2 4.94 0.00 1.45 21.10 + 2.23
1943 0.0 0,50 0.00 0.22 1.67 1.74 3.13 0.21 1.12 1.06 1.10 3.i5 14,26 - 4.6
1944 0.57  0.72  0.01  1.14 2.07 L0 2.21 3.4 L.77 0 0,12 CUAT  0.92 20,51 + l.éé
1345 0.57 0.13 0.17 0.35 964 0.00 1.83  2.50  3.79 1.17 0.03 0.21 11.21 - 7.65
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SOURCE, RYMCHARGE, AND NATURAL DISCHARGE OF GROUND WATER

The following statements regarding the source, racharge, and natural dis-
- charze of ground water in the Hizh Plains are taken from Water-Supply Paper
823G-Fa

Source of the ground water

"Most of the usable ground water in the High Flains is found in the Ogallala
formation, a sandy deposit, 'in many placss 200 to 300 feet thick, lying at or
near the surface throughout almost the entirs region. Th2 formation is composed
of silt and fine sand, with somes coarse sand and gravel. The coarser sediments,
which usually yield watsr freely to wells, are presznt at all horizons but ars
most prominent in the lower part ¢f the formation. They were deposited by
strzams, some of which had their headwatsrs in the Rocky Mountains, and by wind.
The Ogallala rasts on an uneven floor of older rocks,which was eroded into
valleys and ridges before the Ogallala was deposited. Nearly everywhsre in the
High Plains the water in these underlying rocks is highly mineralized and unfit
for most uses.,

"The beds of the Orallals formation once extended froum the mountains of New
Mexico eastward far intc Texas, but they have been removad by erosion from much
of the tzrritory they once occupled. The arcas in which this formation is still
present stand up aleast likse islsnda, helng “oardéai hy: the nacarprenta o the Hizh
Plains, both un the sast and on the west, =2nd being separated in Texas by the
Canadian River which is dveply entrenched in the oldesr rocks. The Ogallala for-
mation has been complately sroded away west of the western escarpment and east
of the eastern one and from the canyonlike. valley of thz Canadian River. 'The
water-hedring cands and sravels of the Ogallala in both of these segmente,
therefore, are cut off in all directions from any undergzround connection except
through the underlying clder rocks, which contain hizhly 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 walls have been used for years. It
is not surprising therefore that a populsr theory has developed to the effect
that the wells are tapping en inexhaustible supply of water in an undergrourd
river which flows beneath the High Flains and has its source in the Rocky
Yountains far to the west. As a matter of fact the high yisld of the wells
is explained by the relatively high p=rmsability of the sands and gravsals
from which they draw waters The water is containzd in interstices between
the particles of gravel and grains of sand. Although it is moving, generally
in a southeasteriy dirzctien, the movement is very slow, perhaps at an average
rate of' 200 tu 300 feet a ysar and therefore is scarcely comparable to that of
a river. Inasmuch as the water-bsaring beds are cut off in all directions from
outside sources of water except through underlying rocks containing poor water,
it follows that the source cf the frech watsr must bs entirsly within the idigh
Plains area and must b2 the rain and snow that fall on its surface.

miost ¢f the precipitation 1is dissipated through evaporation or throuch
tranepiraticn by grasses, shrubs, and cultivated crops, but some runs off and
2 small part moves downward to the underground reservcirs by direct menetra-
tion or by seepage from str=ams and depressicn ponds.”
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Recharge of ground water

"Most oi' the surface of the High Plains is underlain by sediments that are
cemented with calcium carbonate and ususlly called caliche. These deposits
probably preTent deep penstration of surface water cver most of the High Plains.
In places, however, ths calicha is thin or has been partly removed by solution,
and in such areas the water may move downward to the watar table. The principal
areas of ground-water recharge apparently aere depressions occupied by inter-
mittent ponds, sandy stream beds and adjacent sandy flood plains, and sand-
dunz areas." :

Recharge *rom depresgion ponds.- "Depressicns, or sinks, ranging from a few
foet to 50 Teet or more in depth and from a few hundred feet to a mile or more in
diameter, are of common occurrsnce in ths Texas High Plains. In some areas these
depressians average as much ags one to each square mile, During heavy rains,
ponds that rangs in area from a few acrses to 100 acres or more are formed in the
depressions. Some of the ponds disappear in a short tim=, others remain for
months. Several hundred test holes have been drilled in the beds of depression
ponds on the High Plains in connection with the present investigation. These
holes were drilled to an average depth of about 30 feet and spaced 10C to 306
feet apsrt in lines across the depressions. A few were drilled to a depth cf
about 100 fecet. In some of the depressions relatively little caliche was en-
counterad, in others calich= was found all ths way across but was relatively
soft, and in still cthers th= caliche was s 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 sadim=nts penetrated in many of' the holes were relatively
permeable from the surface tc the bottom of the hole. Graphic cross ssctions
illustrating the ch' racter of material encountared in some of the test holes =sre
shown in sevsral of th: county well inventories.

"The bottom of most of the denressions is coverad with deposits of silt and
soil, in places resembling gumbo and renging from £ to 10 feet in thickness.
After the ponds becoms dry, fractures and crevices ssveral feet in depth fre-
quently develop in their beds. In some of the depressions small sinks, aopsrently
developed by sclution channeling in the underlying caliche deposits, are presant.
Thes« eérevices and solution channels may provide a pathway for the downwzard move-
ment of water for a2 time after the vonds are fillad, although they may become
gs2led after watsr has stood over them for several days. The bottom area of most
of the depressions is usually surrounded by & sandy belt which absorbs water
readily. Gages were placed in several of the pgnds during the summers of 1937
and 1938, and the rate of decline of the water levsls was observsd at regulsr
intervals for several months. In some of the ponds the rate of declins wazs small
and spparently was due mostly to losses frcm evaporation. In others it was at
first quite rapid, amountins in some cases to 2 inches or more a day for 10 days
or so after the rains and then gradually slowed down. **¥**

Racharge from streams.- "The streams that head in the High Plains are inter-~
mittent or ephemeral. After exceptionally heavy rains these strsams carry large
quantities of water, but generally only a comparatively small part of the water
reaches the eastern escarpment or rim of tha High Plains., For example, after
heavy rains in May 1937, the discharge of Running Water Draw at Plainview reached
a p=zak of about 1,200 second-feet but the maximum flow 15 miles below_ Plainview
was only about 80 second-fe<ts, Anparnetly nearly all the water was 9bsorbad by
the soil, and a part percclated downward to the watsr table. Again, rains of
almost cloudburst intcnsity fell in western Bailey County near the head of
Blackwater Draw in June 1638, but no water flowed in the draw in Lamb County,

30 milss to the east, **¥*n
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Recharze in sand-hill areas. - "Sand dunes cf wide extent occur in parts of
the High Plains. They producs a rolling topography of low hills and ridges with
intervening valleys of varvinz widths. Nearly all the rain that falls on the '
dune-covered areas is absorbed by the sznd and on that account no lines of -
drainasge, or only meager ones, have been devsloped. These conditions are favor-
able for ground-water recharge, and the sand-dune areas generally are believed to
be among the best collecting areas for ground water in the Texas High Plains.
Considerable evidence of this alreczdy has been obtained, and the subject is still
under study. Amcng the largast of the zand-dune areas is c¢n2 that extends east-
ward from Roosevlet County, N. Mex., across Bailay and Lamb Counties and a part
of Hale County, Tex., Sand-dune aress of varying extent also cover parts of
Yoakum, Terry, Lynn, Dsllam, Hartley, Oldham, and other counties of the region."

Natural discharge of ground water

"Before pumping was started ths ground-watar resarvoirs of the High Plains
were in a state cf approximate equilibrium. The average annusl recharge was
balanced by an approximatsly equal avzrage annual discharge. The greater part
of the natural discharge occurred through springs and seeps nlong the eastern
escarpment of the High Plzins and along the bluffs on ecither side of the Canadian
Rivers A part of the water was discherged by evaporation and the transpiration
of trees, grasses, and shrubs in shellow water-teble areas on the High Plains,
and a small amount was lost by svaporation from water-table lakes."

Discharge from <sczrpmant springs end geeps. ~ "Most of the springs along
the @sscarpment, or rimrock, app:zr st or nsar the ccntzct betwesn the water-
basring sands and gravaels and the underlying older clays and shales. They
generally occur in the ravines and canyons, and in plauces give rise to streams
of considerable size. In some places where the sands and gravels rest dirsctly
on older sandstone or conglomerate, the weter issues from joints, fracturss,
or solution channels in thosa rocks. The greater part of the springs occur
within 1 to 3 miles of the top of the escarpment but a few, most of tkhem smesll,
appear along the straams at greater distancss. An cutstanding exception 1is
Roaring Snrings, in Motley County, which issues from eonglomerate about 9 miles
tc the zast of the escarrsient and has a comparatively large discharge.

"In 1938~39, studies of ground-water discharge were made alonz a 75-mile
stratch of the escarpment extending southward from Quitaque Creek to Double
Mountain Fork of the Brazos River across parts of Briscoe, Floyd, Motlay,
Dickens. and Crosby Counti=s. This survey occumpicd the time of twe or three
men for sevaral weeks. All known swrings and seeps were visited and the more
important-ones were mappsd.***The discharge of tha sorings and seeps was
estimated, and the losses ¢f ground water by evaporation and transpiration,
not taken into account in the measurements, wers estimatzd, From thaese data
the total discharge of ground water along the 75-mile stretch of the escarpment
was estimated as about 12,000 galleons a minute, or arcund 17 million gallons &
day. This is the equivalent of about 53 acre-feet a day or about 19,000 aere-
feet 8 year." : '

Dis¢harge in shallow water-table arcag on the Hiszh Plains.- "In connection
with the investigation along th# sscarpm:nt a study was made of ground-water
discharge in a part of the High Plains comprising about 9,000 square miles and
extending approxjmately 120 miles to the northwest from the 75-mile stretch of
the escarpment described in the precesding section. This is in the up-slope
dire¢ction 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
depressions. These ponds ars 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 believed
to be reletively small. Most of the ground-water discharge in the territory
occura 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 sterm water only. Farther
sast near the escarvment 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 escarpment. In numerous places along these streams ground
water in considerable suantitiss is consumed by the growth of marsh grasses
and sedzes, sub-irrigated alfalfa, seslt grass, and varicus m=adow grasses, and
by trses of which cottonwood and willow are the mc¢st common.

"Durine the summers of 1937, 1938, and 1939 ths lands covered by the
different icinds of grasses and sub-irrigated alfelfa that use ground water were
roughly mapped, and =stimates 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, JSub-irrigated alfalfa probably comes next, but in most placee it
has a rathsr light growth and apparently is using ccnsiderably less water than
irrizated alfalfa in the adjacent territory. The salt grass and meadow grasses
have a rather dense growth in places, but on the avzrage the stand is liwzht
and consumption of ground wster probably small. Considerable loss occurs from
evaporation in fislds of marsh grasses ani sedges, but in other areas the loss
is smzll.¥**n

Totzl natural discharegs from the arsa.- "From the measuremente and estimates
described above, the total natural dischargs of ground water from the arsa has
bzen estimated to bz at the rats of 25,000 to 30,000 acre-feet & year, ropre-
santing only a small fraction of an inch over 9,000 square milas of the area,”

DEVELOFM®NT OF IRRIGATION FROM WELLS SINCE 1934

Irrigation from wells in the High Plains in Texas was started near Plainview
in 1911, By 1914 about 140 irrieation wells had been completed in three dis-
tricts -~ Flainview, Hereford, and Muleshoe. The development as a whole was
only moderately successful, and during the noxt 20 years, from 1914 to 1934, only
about 160 additicnal pumping plants were installed, many of thz older ones being
ynused during that psriod. A part of the lack of success was due to the high
cost and relatively low efficiency of the low-speed pumps and oll-burning power
units then in us2. Followinz the advent of the moderately-priced high-speed
turbine pump, powered by a small autemobile engin= with dir=sct drive, the
efficiency of the pumping plants rose sharply.

About 1934 began 2 p=riod of rapid increase in the number of irrisation well
installations. The rat= of development, which had increased materially during
1934 and 1935, was accelerated in 1935 and became still mors rapid in 1937, when
550 new wells were put into operation. The rate of devslopment declined somewhat
in 1938 and 1939, but it was again accelerated in 1941 snd the first part of 1941.
There was a sharp descline in ths numbsr of new wells drilled in the latter rart of
1941 and in 1942, bzcause of th2 smsll requirements for irrigation resulting from
the exceptionally hsavy rainfall in 1941 and the above-averags and well-distrituted
rzinfall in 1942, Since 1%4Z the completion of n=sw pumping plants has steadily
increased and the devslopment has svread in nearly all directions from the original
fislds; the old districts have practically merged intc ons huge irrigated regicn
embracing ~arts of 16 countiss (see fige. 1/» ’

The following tables give the avproximate number of wells in operation and
ncras irrigated from the start of irrigation in 1911, and the number of wells in
each county in 1945. i
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Estimated numbsr of irrisation w=2lls and acres irrizated from wells in the
Fiszh Plains in Texas, by veers

_ Approximste numbar Approximate number
Ysar of wells in oparstiin of acrss irrigated
1710 0 0
1914 139 16,000
1934 296 5,000
1926 600 80, 000
1927 1,150 160,000
1938 1,500 200,000
1939 1,700 230,000
1940 2,180 206,000
1941 2,560 —
1042 2,880 —
1943 2,950 400,000 -
1944 3,508 453,000
1945 4,300 550,000
1246 5,500 a/ 650,000 a/

Estimated number of irriestion wells 2t thes end of 1245, by counties

tpproximete number of TpproximeéTa number ot
County wells in operetion County wells in cperetion
1945 1945
Railey 200 Rendell 70
Briscoe 30 Swiskier 527
Cestro 290
Crosby : 20
Lellem 40 frmstrong
Teef Smith ‘ 4058 Dswscn .] |
Flovd 418 Geines i
Heale 1,005 Lyan : 100
Hocklevy 115 Mertin
Lemb 390 Terry
Lubhock 590
Parmer 20
TOTAL 4, 300

a/’Preliminary estimste,



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 308 feet below the land surface, but the water table is generally
less than 80 f et below the surfaces W¥hen a well is pumped a cone-shaped de-
pression is formed in the watsr table, which gradually sparead to increasingly
greater distances from the well; and when many closely-spaced wells are pumped
th= cones of depression join and cause a decline of the water table over a wide
area. The water that drains out as the water tabls declines moves downward to
replace the pumped water and rasuresents a loss from the volums formerly in
storages If, howevar, in any given area tha ground water is replenished by
infiltration from ths surface and by lateral movement from outside areag mor=
rapidly than it is withdrawn, water is added to storage and the watsr table
rises., Thus the changes in the watsr table, shown by fluctuations of thz water
levsls in walls, are a measure of the changszs in storage in the ground-water
raservoir.

Since 1937 water-lsval messuraments have been made weriodically in sev=eral
hundred observation wells in the High Flzains. Some of these wells ars used for
irrigation, some are used for domestic purposes and stock, and some are unused.
Until 1940 most of the msasyrsments were made at intervals of 1 to 3 months.

It has been found, however, that the most depsndable information regarding net
annuzl losses from storage or additions to stersge in the ground-water reservoir
in the pumpinz districts and closely adjacent territery can be obtained by
comparing water-levsl measur=aments that are made in successive years in the

l=ts winter before irri=zation on a large scale has been started. Therefors,

the mcasurements at othar times during the yezr have been dropped, but the late
winter measurements are made each year and it is planned to continue them
indefinitelys

In recent years all th2 pumping districts south of Herzfore have become
larger and have merged into one largs district (see mzp, fig. 1), and discussion
of water~level fluctuations under the former plan - by districts - is not
wractical. Therefor=, in the mors recent reports it hes basen deemed advisatle
to tres=t the subject by smallsr units. The paragraphs below contain brief dis-
cussions by counties, giving ths net changss in water levels based on late
winter (Fsbruary and March) messursments from 1943 to 1946 and from 1938 to
1G4¢€.

The tables on pazes 22 to 38 and the hydrogravhs, figures 2 te 9, inclu-
sive, give the results of measurzmonts in 165 representative wzlls by counties,
including measur=ments made in Jsnuary 1947 in 14% wells. Mcest of the measure-
m=nts were stsrted in 1936 or 1937. A few were started in 1924, or even as far
bzck as 1314.

Bailey County

Declin2 in wat=r lsveals 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 fee! and aversging 5.6 fest from February
1843 to February 1946, These wells are distributed fsirly evenly cver the
irrigation district that extends from Blsckwater Draw northward to the
southern boundary of Parmer Countye .
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Net chsnge in watsr levels from 1938 to 1946.- R=cords of the same 21 wells
show fluctuations in water lev=:ls rznging froem a rise of 3.6 feet to a deeline of
1.8 faet and an average nat rise of 0.7 foot from 1932 to 1946.

Table of weater-levsl measurements.- Records of water~level measurements in
12 representative wells in ths irrigation district srs zivsn in the tehla an - -
prge 22 .

Illustrations.~ Records of water-lavel measurements Trom 1934 to 1247 in
three representative wslls that ars not listed in the tsble are shown graphieally
in fisurs 2.

Summary. - The outstanding fact shown by these records is the excspticnally
largs rise due tc racharze during the wet year 1941, This rise has bsen well-~
m:intained and ths water levels are above the ~verage for the 5 yoawmrs 1336-40,
inclusive.

Castro County

Decline in water lavels from 1943 to 1946.- In the older irrigation district
in the northwestern psrt of the county, the racords of water levels in nine
observation wells show declinss ranging from 0.6 foot to 8.0 fact and sveraging
3.9 fest between February 1943 and February 1946. In the newer irrigation
district in the scuth-czntral and southeastern psrts of the county the water
levels in nine observation wells during the same psriod had an averzmge decline of
1.4 feet.

Net chanzes in watszr levels from 1938 to 1946.-~ Records of water levels in
nine observation wells in the older irrigsztion district in the northwestern part
of the county show declines ranging from 1.3 to 5.4 feet 2nd averaging 3.5 feet
batween 1938 and 1946. There are no comparable racords ¢f the fluctuations of
water levels during this ~eriod in the newer irrigsation =2rea in the south-central
and southeastern parts of the county.

Table c¢f w=tor-lsvel measursments.— Records of msasurzments in nine revre-
sontative wells are given in the table on page 23 .

Illustraticns.- The records of watsr-level measursments from 193€ or 1937
to 1947 in four wells in the irrigation area in the nerthwestern part of the
county thzt sre nct listed in th= table ars shown grephically in figure 3.

summarys.- The measurem=nts in Castro County show a gencral downwzrd trend
in water levels frcom the bsginning of the records until the spring of 1941, a
substzntial rise during 1941 =and 1942, and then a2 continuaticon of the decline
sinee the spring of 1943.

Crosby Ccunty

Decline in water lsvels from 1943 to 1946.~ Rscords of water-level messure-
ments in Februsry 1942 znd Fsbruary 194é ars available for only four obsarvaticn
walls in Crosby Ccunty, which show an average declin= cf about 2.@ feet.

Nst change in water levels from 1948 to 1946.~ Measursments are availsble
for five observaticn wells in ths county from 1938 te 1946. They show an
average net rise of 0.3 foote.
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Teble of water-lsvel measurements.~ Records of water-~level measurements in
three of tho wells na=r the sast edge of the irrigation district are given in the
table on psge 23 .

Illustraticns.~ The reccrds ¢f water-lsvel measur=ments from 1937 to 1947
in thres w2lls that are nct listed in the table nrs shown graphiecally in figure 4.

Summsry.- Acccrding tc the few available records the water levels in chbserva-
ticn wells near the edse of the irrigated arsa in Cresby Ccunty rese censiderably
during 1941 end 1942. They hsve declined somewhat since 1943 but in gsnsral are
still slizhtly hizher than they were at the start of the measurements in 1937.

Deaf Smith Gcunty

Decline in wrster levels from 1943 to 1946.- Water-lavel measurements in 34
ohsarvation wells distributed fairly evenly over the irrigaticn district that
soverg most of the southeast quarter of the ccunty show declines ranging from
1.0 oot te 7.6 feet and avergzing 3.1 feet between February 1943 and February
1946, ;

Net changes in watar levels from 1938 to 1946.- Measurements in 34 wells
show dsclines ranging from 0.4 foct to 18,5 feet and averaging 3.8 feet from
1228 to 1%46. The maximum decline occurred in tl.e older irrigated area in the
vicinity of Hereford, where the records of 10 wells show a net dec¢line rsngirg
from 4.3 f=at to 10.5 f=2t and averaging 7.1 fact.

Table of water-level measurements.- Records of water-lsvel measur=ments in
19 wells in Desf Smith County, spaced so as to give rapresentative fluctuations
of the watesr table fcor mist of the irrigated area, are given in the table on

pags 24

Iliustrations.- The racords of watsr-lsvel measurements from 1936 or 1937
to 1947 in five wells in the irrigaticn area arc shown graphically in figure 5.
Thess wells are located ss follows, with reference te Hereford: Well 220, 12
miles northeast; well 245, 5 miles ncrtheast; well 283, 3 miles west; well 315,
3 miles sast; and w=1l 322, 3 miles south,

Summary.~ In Deaf Smith County, from the beginning of the records until the
spring of 1941, there wes =z rezional net decline in water lsvels each year.
During 1941-4%2, two y=ars of above-average rainfall and lisht pumping, the water
l2vels recovered somewhate In 1943, with the return of heavy pumping, the down-
werd trend was roesumed. Gutsids the most heavily-pumped districts the net
decline sine= 1936-37 has bean comparatively small.

Floyd County

Dszcline in water levels from 1943 to 1946.- The records of water levels in
34 observation wells show declines ranging from 1.0 foot to 11l.1 feet and
averaging 6.3 feet from Fabruary 1343 tc February 1946. The wells are distri-
buted feairly evenly over the irrigation district that covers ths western one-
third of the ccunty. The maximum decline occurrsd in the older irrigated area
between Aiken and Lockney, whers the records of five wells show declines of 10
I=et or more during the 3~y=2ar period.
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N2t chanee in water levels from 1938 to 1946.- Records of measurements in
the same 34 wells show daclines rsngzing from about 1.0 foot to 16.2 feet and
averaging 7.5 feet from ths spring of 1938 to February 1946.

Table of water—~leval measurements.- Records of m=asurements in 18 walls,
spacad to give representative fluctuaticn of the water table for the greater
part of the irrigated area in Floyd County, are given in the t1dbls on paze 25 .

Illustrations.~ The rzscords cf water-level measurements from 1934-36 to
1847 in four wells in the irrigated area are shown grephically in fizure 6., The
wells are lqQcated as follows, with refarence to Locknsy: Well 5, 11 milss 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 msasurements until the
spring of 1941, a net decline was recorded sach ysar, During 1941-42, two y=ars
of abovp-average rainfall and light pumping, the wzter levels recovered somewhat.
In 1943, with the return of hsavy pumping, the downward trend was resumed at an
accﬁlerqted rate and is still in effect.

Hale Ccunty

Decline in water levels from 1943 to 1946.- The records of water levels in
49 observation wells shcw declines ranging from 0.2 foot to 9.1 feet and
averaging 4.6 feet frcem Fsbruary 1943 to February 1946. Ths wells are distri-
buted fairly evenly ovar the irrigated parts of the ccocunty. The maximum dscling
occurred in the older irrizated area in ths northeastern part of the ccunty,
whers the records of eight wslls show declines of more than 7 feet between
Fsbruary 1943 and February 1946.

N t c¢hanges in water levsls from 19358 tc 1946.~ Measursments of tha: weatsr
lavels in 49 observaticn wslls in the principal irrizated areas shew daclines
ranging from a fraction of a foot tc 1l.:4 f=et a2nd averzging 5.3 feet between.
th2 spring of 1922 and Fsbruary 1946. Hcwever, during the same intasrval the
rsecords of five wells in ths socuthwestern and scuth-central parts of the county,
where the pumpage is licht, sh:w rises ranging from 0.3 foot to 2.0 feet and
averaging 1.4 feet.

Table of water-level measurements.~ Records of msasurements in 22 wells,
spaced to give representative fluctuation of the water table for most of the
irrigated district, are givan in the table on page 26 .

Iilustraticns.~ The records of watsr-levsl 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 refsrence to Plainview: Well 123, 10
miles west; well 246, 1 mile north; well 317, 6 miles northeast; well 357, 33
miles east; well 946, 16 miles southeast.

Summary.- From the bezinning of the records until the spring of 1941 thers
was & oradual but persistent decline of water levels in the principsl irrigated
arses of Hsle County. During 1941-42, two ysars of above-avarage rainfall and
light pumping, the water levzls recovered 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 records of water levels in
four observstion wells in the older irrigated area in the northeastern part of
Hockley County near Anton show declin=s ranging fror 3.3 f2et to 6.5 feet and
averaging 5.4 feet from thz spring of 1943 to February 1946.

Net chsnge in water levels from 1938 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-level measuremant.- Records of measurements in eight repre-
sentative wells are given in the t:ble on page 27 .

' Iliustrations.— The r=cords of‘water-level measurements from 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.

Summarye.-~ The water levels in Hockley County were, in general, higher in
February 1946 than they were at ths start of the measursments in 1937-39,
according t¢ the few available raccrds.

Lamb County

Net changs in watsr lsvols from 1943 to 1946.-~ The records of watar levals
in seven okservation wells in the northwestern part of thz county, north of the
sand hills, show declinss ranging from 1.1 feet to 6.4 feet and averaging 4.5 fe=t
from February 1942 to February 1946. Records of 11 wells in the north-central
and northeastern parts of the county, for the same neriod, shows declines ranging
from 0.3 foot to 3.1 feet and averaging 1.6 feet. One well, No, 76, shows a rise
of 1.5 feet, South of the sand hills,in the cantral and south-astern parts of
th2 county, records ¢f three wells show declines averaging 2.6 feet and cne well
shows a rise of 2.0 fect.

Net changss in water levals from 1938 to 1946.- In the northwestern part of
the county the records of water lsevels in six observation wells show rises
ranging from 0.2 foct to 2,6 fu2t and averaging 1.2 feet from 1938 to 1946.
During the zsame teried th2 records of twec wells in the northeastern part of the
county show declines of 0.5 foot and 1.0 foct whereas ancther well No. 76, shows
a ris»? of 6,6 feet. In th» southsastern part of th2 county, three wells show
an avzrage rise ¢f 3.3 fzet and ancther shows & decline of 0.9 fwot.

Tahle of weter-level measurem=nts.- Records of measursments in seven walls
ar= given in tho ts=bles on pacs 28 .

Summary.- The watar lavels in Lamb County, according to the availsble re-~
cords. rose ccensiderably in 1941 and 1942, and they were substantially higher
in Fabruary 1946 than they were at ths start of the measurements in 1936-37.
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Lubbock County

Net change in water levels from 1943 to 1946.-~ The records of water-level
measurements in 26 observation wells distributed over an arsa of about 7Q0
square miles, including areas of both heavy and light pumpineg, have been studied
as a basis for computing the net rise and fall of the water table in Lubbock
County from February 1943 to February 1946. The records show declimes ransing
from a fraction of a foot to 7.8 feet and averaging 3.1 f-et. Only three wells
in the county show rises, of 0.1, 0.2, and 0.4 foot, 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 tc¢ about 2 feet during the 3-year pericd.

Net chanze in water l=vels from 1838 to0-1946.- Nasr the city of Lubbock and
within a relatively small area west and northwsst of the city, eight obssrvation
wells show declines ranging from 0.4 foot to 5.4 feet and averaging atout 1.3 feet
between the spring of 1938 and February 1946. In the Lubbock municipal wells the
decline has been ccnsiderably greater. Throughout the remainder of the county 18
observation wells show rises ranging from 0.3 fcet to 4.7 feet and averaging about
1.8 fest. Considering ths entire county, the . obsesrvation waslls show an average
riseg of about 0.9 fict.

Table of water-leval measurements.-~ Records of water~level measuraments in
20 widely-distributad wells arz 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 sre not listed in the table are shown
graphically in figure 8. The distance and directicn of these wells from Lubbock
are as follows: well 37, 17 miles northsast; well 64a, 10% miles north; well
118, 9 miles west; well 219, 9% miles northeast; well 355, 133 miles southmest
(s=e map, fig. 1). Althoush ths wells are widsly distributed the hydrographs
show similar trends as follows: a slight “ecline from 1937 to 1941; a prcnounced
riss from 1941 tc 1943; and a genarsl d=eline from 1944 to 1947.

Summarye.~ With the excertion of a fow wells nsar the heavily-pumped city of
Lubbeck well fields and a relatively small area w23st and northwest of the city,
the observation wells in the county for which records ar- available show that
the water table ros2 ccomsiderably during 1941 and 19%42; and that, in general,
it has declined thrcughcut tnz county since 1943.

Swisher County

Deoline in watsr lsvals from 1943 to 1946.- Th= water-level measurements in
16 observation wells in Swisher County shew declines ranging from a fraction of a
foot to €.0 feet and averaging 3.2 feet from February 1943 tc February 1946.

Nst change in water lsvels from 1938 to 1946.- Msasurements of water levals
in 14 observation wells show declines ranging from 0.9 foot to 9.3 feet and
averaging 4.6 Teet from 1952 to 1946. 1In the northwestern part of the county,
where only a few irrigaticn wells have proved to be satisfactory, well 2 shows
2 rise of 9.1 foct.

Table of water-lcvel measurements.- Records of measuraments in 14 typical
observation wells are given in ths tzble on page 30 . These wells are distri-
buted throughcut the irrizasticn district.
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Illustrations.- The records c¢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 figure 9. These wells are located as follcws,
with rsference tc Tulia: -®well 36, 4% miles northwest; well 255, 14 miles
southeast; well 332, 74 miles south; well 368, 14% miles scith; well 429, 13
milss southwest.

Summary.- Throuszhout most of the irrigated area in Swisher County the water
levels in observation wells declin»d from the start of the measurements until
the spring of 1941; thesy ros=, or the decline was retarded, during 1941 snd
1242; and in general ths levzls have continued to decline since 1943.

Summary cf declinss in water levelg from 1942 to 1946, by counties

From February 1943 to February 1946, the records of wster-level measure-
mants in about 285 represantative obssrvation wells in the irrigated arees
showsd average declines as follows, by counties:

Declineg in water lsvels from 1943 to 1946, by countiss

Number of Averags dacline

County . . wells in feet
Bailey 21 5.6
Castro 18 3.9
Crosby 4 1.9

=af Smith 34 3.1
Floyd 34 6.3 ¥
Hale 49 4.6 v
Hocklsay 4 5.4
Lamb 19 2.9
Lubbock 26 3.1v
Swisher 16 3.2




Summary cf net changes in wat=r levels from 1938 to 1946, by counties

From the spring of 1938 to February 1946, the records of watasr-~level measure-
ments in 208 observation wells in the irrigatsd areas for which comparable mea-
surements are available show average net changes as follows, by counties:

Net changss in water lsvals from 19383 to 1946, by counties

"~ Number of - Averags decline or rise, in fect

Cognty Wells _ Declins , Rise
Baile 21 0.7
Castro 9 3.5

Crosby 5 0,3
Deaf Smith 34 3.8

Floyd 34 7.5v

Hale 49 5,3 v

Hockley 5 ' 2.0
Lamb 11 2.1
Lubbock 26 0.9
Swisher 14 4.6

NOTE: Measuremants of water lavals in 145 wells in thz counties listed above
were mede in January 1947, aft=wr the discussion on psges 9 to 15 was written.

The average decline in those wells from 1946 to 1947, by countias, is given
in the following table, and discussed in the Addendum c¢n page 31 -

Declinas in water levels from 1946 to 1947, by counties
Number cf Averag? decline,

County‘ _ _ wells » ~in feet
Bailey 10 1.3
Castro 7 2.1
Crosby 4 .9
De=f Smith 22 o2
Floyd 20 e
Hale 48 Te% !
Hockl.ay 3 *1l.1
Lamb 4 1.3
Lubbock 15 2.1/
Swishser 12 2.1
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LOSSES OR GAINS IN STORAGE

In order tc compute the volume of water rained or lost from stcrage as ths
water table rises ¢r declines, it is necessary to know the specific yield of
the matsrial in which the fluctuations take plac2. Ths specific yield cof a
water-hszaring formeation is ths ratio of (1) the vclume cf water which, after
being saturated, it will yi=ld by gravity to (2) its own veclume. During the
prassent investigaticn in the High 'Plains, values of 14.1 and 1445 percent were
¢bteined for the Flainview and Herzford districts, respsctively, for the averags
specific yield cf the materials unwatered during ths 3-yzer,pericd 1938-41.
(See prograess report for 1943, ppe. 15-17.) Howsver, the specific yield may be
somewhat greater if the met ‘risl is allowed to drain for a longer period.

If the figure 15 percent is used as the averags specific yield of ths
material unwatered, the amfunt of water lost frcem stirage from each square mile
fer gzch feot of decline of the water table is as follows:

15 x 640 = g5 acre-feet

Pree ) rat ]

102 -

The significance ¢f this may b= sa2en in the fcllcowing =xample. During
1943, 1944, and 1945 th= draft on the undergrcund reserveir was heavy and the
cbservation wells in Lubbeck County had an aversge declinz of 3.1 feet. Most
of thesz obssrvaticn wells =r2 in the pumping district, but a faw ¢f them are
in cutlying areas where there is little c¢r ne pumping. Ccnsidering the entire
ccunty, with due regard to ths unpumped. lightly-pumped, and heavily-pumped
aress, it is estimatsd that the zverags decline ¢f the water table amcunted to
about 2 Teet. Lubbock Ccunty hes an ares cof 892 sguare miles ¢r 570,880 =acrss.
With an average water-t«hle decline if 2 feet, a tietal of 2 times 570,820 or
1,141,760 acra-feet «f saturated material must heve been unwatered during the
3~year pericd,1¢43-46; and if the sands and gravels yiszld 15 percent cf their
swn valume, the tctsl smcunt of weter removed from stcrags in Lubbock Ccounty
from 1943 to 1946 (between spring measurements) zmcuntad te 171,264 acre-feet
or about 8l percent :f the tctal velume of water ocumped during the pericd, which
was astimated tc be about 210,000 acre-fest.

c.‘?

#hat is the safe limit of pumping in th2 High Plains? This questicn has
besn asked meny timses by land owners, pumpineg~plant cperatoers, and ¢thers who
are interestszd in ths develcpment ¢f ths regizn. It can be answerad satis-
factorily cnly efter many facts are known for sach leesiity, including the
thickness and permesbility of the water-besaring sands, the scil characteris-
tics effeeting recharge from rainfell tc the undergruund reszrvoir, and the
greuping and spacing ¢f the walls.

Until rec:=ntly th= h=? vy Du
distriets surrcunded by large zress with little c¢r nc pumning. The Plainview
pumping distriet, for ﬂxqand, was secparatcd by wide undsevelcped belts from ths
Lubbuck distriet ¢n the scuth, the Littlsfield district ¢n the scuthw-:st, and
the deraford district on the ncrthwest; and 211 of these districts in turn were
widely separsted from the Mulzshcee district. Under those conditicns the de-
platicn of the underground reservcir by h=zavy pumping wzs pﬂrtly ~ff'set and ths
declinz in weter leavels was retarded by centributicns of water sunpnlied by
lat ral mcv=ment frim the =d jacent unpumned areas. In recent years the pumning
districts hava spread cut and seme of them have marged or may socn merge until
thie separating telts disanrear. When this cccurs the centributicns frem tha
fermsr unpumped =2reas c=sase.

mping was ctnfined tc cartain relativsly small
e
a
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Scme idea c¢f the magnituds of depleticon ¢f the undergrcund reserviir,
resulting frcm different rates of pumping, can be cbtainesd by meking certain
assumptisns. Fcr example, let it be assumed that four irrigaticn wells cf
average capacity are cpsrated in =zch square mile within the boundaries ¢f the
irrigated regicnj that esch well supplies 130 =zcres =t tha rate ¢f l-acre-foct
pa3r acre, repressnting arproximately the pressznt sverage; that recharge 1s
balanced by natur=l discharge, sc that all the water used for irrigaticn is with-
dr=wn froem sturage. At such 2 rate of withdrawal, 520 scrs-fest of water wculd
b2 remeved from stirsge annually under e=ch squara mile. Using this figure, and
15 percent as the avarage specific yield «f the saturated beds, th= average
annual decline ¢f the water toble wculd be abecut 5.4 feet, &s shown bslcow;

520 % 8.15 = 5,4 Teet
6406

If, on the average, twc pumping plants are c¢perated per square mile ths average
annusl decline would bz about 2.7 feet, cor cne<half the amcunt indicated in the
exemple abuve.

In very wet years, such as 1941, the decline wculd be retarded, cwing tc
reducticn in pumpage and to s me sxtent by naturzl discharge; =and in scme leeali-
ties where the siils are sxcepti.nally sandy, such as parts <f Bailey, Lamb, 2nd
Lubbcek Ccuntizs, a temperery rise might cccur. However, in dry years and years
¢f averazs rainfall the decline wculd be expected to cintinue.

The t.t=zl arsa within the extericr bcundaries ¢f the irrigated districts in
the High Plains am.unts tu abeout 3,000,900 acras. It is estimated that during
1945 ab.out 4,370 wells were pumped t. irrigate 550,000 scr=s. Hence =approxi-
mat=ly 18.5 percent f th= t.tsl arcsa was irrigated, and the average was .ne
well te abuout 700 z=cres. If ths wells had bsen egually spaced throughcut the
regicn 2nd if the ymwatored material hss 5 uniferm spaeific yield ¢f 15 percent,
the pumpsge during 1945 w.uld have caused the water table t: dzcline about 1.2
feet, as indicated beliwd

130+ 0,15 = 1.2 fest
708

Hrwever, the wells are nct evanly spaced and the declines in water lsvels have
been gzreatest in the arsas ¢f heavisst pumping. For 2xample, in an area cf

50 squsre miies in ws st—c=ntrql Fluyd Geunty there is an =zverage of about <ne
well L. esch 200 acres and tn@ rcc~rds Lilwatﬁr—anﬁl Me*sur :mants indicats

an aversge decline of about 5 'faet fron February 1945 t° February 1946. In the
lightly-pumped areas wherz the average is less than (nz well to 700 acres, the
average decline during 1945 wes less than 1.2 feet.

3
0 r(‘"
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- DECLINES IN PUMPING LEVELS

Recent studies have sh.wn that in the High Flains, where irrigaticn wells
of large capacity are being developed at an unprecedented rate, the decline in
pumping levels in wells during peribds of heavy withdrawal is a better index
-to the amount of lacal overdraft than the averaze net dscline of the water table
from year to year. For =xample, the records of measurements in 34 observaticn
wells spaced throughout the irriszation district in Floyd County, including irri-
gation wells, domestic wells, and unused wells at consideratle distances from
any pumping plant, show that the water table had an average net decline of 7,3
feet during the 8~year period from the spring of 1938 to thes gspring of 1948;
whareas the pumping levels in 686 wslls spaced throughout the irrigaticn district
had an averags decline of 24 fest from the summer of 1938 to ths summer of 194€.
In-other words, the static lsvels had declined from an average of 55 feet below
the surface in 1938 to 62.5 feet in 1946, an average lowering of 14 percent;
while the pumping levils had declined from an average of 97 feet in 1928 to 121
feet in 1946, an avsrage lowsring of 25 percent, "

Tha yields and the pumping levels of several hundresd irrigation wells in the
Plainview, Hereford, and Mulushoe districts were measured during the summers of
193G6-39. The pumping ievels in many of the same wells were again msasured ir
Angust 194%. Almost without exception the pumping 1l:vels in 1946 had declined
from th» previoug m2asur=ament. That is, ths actual distance that the water hed
t¢ be rsised tc ths surface was greater. Although ths yizlds were not measured
in 1946,many of the vumps were reported to be delivering lsss water than they
ware 8 or 10 years befcre. ‘

Thz following table summerizes the measursments of th: pumping levels in
about 285 irrigstion wells in th2 High Flains.

Declines in pumping lsvals in wells

1938 : - 1946 : 1938 to 1946
County tAverage pumping : Averags numping ; Average decline
: lavel in feet H level in feat H in pumping
- s : ' : leval in feest
Bailey : 37 : 53 : 16
Castro : 106 : 120 : 14
Deaf Smith : 92 t 108 : 16
Flayd . : a7 : 121 : 24&
lale : 87 H 97 : 10
Swisher : 102 : 107 : 5
City af Lubbock : : :
(Municipal wells): © 93 : 118 : 25

In the spring of 1938 a pumping test was mad2 on three wells about 7 milss
north of Plainview. All wells were idle for some time and the static water level
in each well was m=2ssured. On2 well was then pumped at the rate of 1,100 gallons
a minute for 148 hours. Just befors pumping was stopped,the weter level in the
pumned wsll had been lowerad 24.1 feet; the water lsvel in =2 well 237 feet from
the pumped well had been lowered 9.5 feet; and in the oth=sr well, which was 460
feet from the pumped well, the water level had been lowsred 2.7 feet. Thus it
was found that the cone of depression, which had spread in all directions from
the pumped well, extended substantially beyond the obssrvation well 460 f=et from
the pumped welle
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The offect that one wesll has on a nearby well depends not only on the
dlstance betwsen the wells but also upon the rate of withdrawal and the char-
actseristics of the wstsr-bearing formation in the ar~a. Futur2 studies in the
High Plains will include numsrous pumping tests in order tc determine the draw-
down in wells caused by thalr own pumping plus the additicnal drawdown czused by
the pumping of nsarby wells.

SUMMARY

A vary large gquantity of water, which has accumulated over a leng peried of
time, is stored in the underground reszrvoir form~d by ths beds of sand and gravel
that lie below the surfsc: of the High Plains in Texas. The source of the water
in storage is ths nrecipitation on the Plains. A part of the 2round water is
discharged continuously through seeps srd springs =nd by evaporation and the
growth of plants in the loecalitiss wherz the watsr table is near the surfacs.

This antural discharge is approximestely balanced throuzh a long term of y=ars

by the small part of the rainfall upon the area that penetratzs tc the weter
table. So far there is no avidsncsz that the natural discharge has been materially
reducz2d as the result of pumping from wells, but if oumping ccntinuss such =a
reducticn must eventually occur.

Irrigaticn from wells in this ragicn was startzd in 1911 near Plainview,
Hel= County. By 1214 about 149 irrigaticn wells hzd been drilled in the three
princip=l districts, near Plzinview, Hernford, and Muleshos, respectivsly. 1In
the 7 y=ars frci 1919 tc 1926 the raing=ll in most cf the ragicn was above
avarzge and comparativaly little irrigation was practic:d. Interest was revived
during & period ¢f ssveral yzars of low rzinfall that b=gan in 1927, and according
tc thz2 available reccrds 296 wells were pump2d to irrigate sbout 35,800 zcres in
1934, Since that tim= the d-velopment has grown by leaps and bounds, and it is
censervetively estimated thsat 4,300 wells were pumped to irrigate about 550,000
scraeg in 1945, Pumpsgs f'or irrigation during ths 3-vear -eriod 1943-45 prcbably
exceeded the entirs pumpage during th= prsceding 32 years, from 1911 to 194E.

Records of water-level measurem=nts in a few walls show very little chensze
of the water table from 1914 to 19324 (see tables of watsr lavals, pp. 22 to 30).
Tha present investigsticn, which includzs water-lsvel msasuraments in several
hundred obssrvaticn wells, was stzrted in the spring of 1937, but during that
y=ar pumping had bsgun befcre the measurements were made. The water tatle
declines during the irrigation seascn and reccvers scmewhat during the winter,
s¢ that cempzriscn ¢f mezsuramsnts made during Februasry cor March, just befors
th: start cf spring irrisstion, gives the best index t¢ th= net annusl decline
cf the water table caused by removal of water from stcraee. During 1941 the
rainfall thrcughcut mest of the High Plains was very h=avy, and the water table
in most of the regicn rosez from a fraoetien ¢of 2 feot in some places te 15 feet
or more in cthers. Therafore, in this report, the watsr-lsval fluctuaticns are
discussed by pericds from 1943 to 1946 and from 1938 tec 1946, For convenience to
the reader, gsummeries of water-lzv~l fluctuaticns for these pericds are given
in the teblss on.pages 15 and 1€.
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Some 1dea of the magnitude of depletion of the underground resarvoir can be
obtained if we assume that four irrigation wells of =verage capacity ares onerated
in each square mile within the boundaries of the irrigated region and that all
the water comes from storage. If 2ach well pumns 130 acre-feet of water and the
water-bearing material has a specific yield of 1% perc=ant, the av:rage annual
declinz of the water tablz would be 5.4 fset. In an arez of 50 square milss 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 watsr-level measure-
ments within the area indicate an avsrages dscline of about 5 f=2at from February
1945 to February 1946,

Recent studies have shown that ths decline in vumping levels during periods
of heavy withdrawals is a b2tt=ar index to the amount of local overdraft than the
average net decline of the water tabls from year to ysar. Future studies will
include numerous pumping tests 'in order to detsrmine the drawdowns in wells
czus2d by theilr own numping plus the additional drawdown caused by the numving
of n=zarby 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 33 26 L5 49 69 79 92 95 117 131 .
191% ' .18.3
1934 Nov. 2L.3 354
1936 May - 26.2 15.8 24.6 24,1 25.7 35.7
Nov. 23.3 28.2 19.6 25.1 16.3 24,1 23.3 2L.7
1937 Mar. 24 .8 24.0 ) 35.8 21.3
May , 25.3 30,4 ' 20.8 15.9 21.6 22.2 2L4.9 35.7
Nov. 6.5 22.3 29.0 17.9 20,7 23.9 16.4 23.4 21.9 24.2 35.5 21.0 —
1938 Mar. 22,5 23.8 17.6 19.9 23.9 23.5 22.1 24,4 35.7 21.2
Dec, bl .4 20.8 29,0 17.0 19.6 23.7 22.9 21.5 2L.6 35.3
1939 Mar. 6.2 20.4 8.7 17.2 19.1 23.1 15.5 22.8 21.1 2L.L 35.9 22.2
Dec., 6l .2 22.0 = 30.9 19.0 20.6 245 16.7 24L.3 22.3 25.1 36.7 21.9
.1940 Mar, 6L.1 21.9 30.1 13.8 20.3 24,2 17.5 2L 4 22.0 24.9 36.6 21.8
Nov. 64,3 24,9 33.3 20,2 21.8 27.0 17.9  25.5 24,7  26.3 39.1  23.6
1941 Mar. 64,3 23.9 32.9 19.7 21.5 25.3 17.8 25.2 23.5 25.9 37.2 22.7
Nov.. 40,2 16.6 29.0 13.9 11.5 18.9 9.0 17.2 33.5 12.7
1942 Mar. - 5L.6 15.4 27 4. 12.5 12.4 18.1 3.8 17.1 15.3 18.7 31.3  12.6
Nov. 15.6 28.1 3.4 12.0 15.3 13.7 29.8 12.4
1943 Feb, 16.1 13.1 13.3  17.7 8.8 18.4 15.4 13.7 29.8 12.9
1944 Feb. 63.4 19.1 16.0 1£.2 20.4 12.0 21.9 17.5 20.6 30.9 15.9
1945 Feb. 63,5 20.6 30.2 16.5 15.5 20.8 12.8 22.1 18.2 21.2 31.3 17.1
1945 Feb, 63.5 23.8 33.7 19.4 19.4 23.1 ] 23.5 32.9 19.6
1947 Jan.. 16L,.6 2L.7 35,8 20.6 25.2 12,6 2242 25.4 35.3 20.

NAM”S OF O"N-RS: Well 5-A, Gus Schrader; 25, C. A. Wagner; 33, Mrs. J. W. Gregory; 36, J. M. Murrah; 45, H. M. Schofner;
L9, Jess Mitch=11; 69, ., R, Hart; 79, D. ¥. Cox; 92, . H. McConneil; 95, E. R. Hart; 117, H. L. Dempster; 131, R. D.
Precure, ' :



Castro County

Water l-vels in representative wells in Castro and Crosby Counties, T=xas, (see map, fig. 1)
(Depth in feet below measuring point)

Crosby County

—
Date of _ Well number el D\number
measurement | 18 32 483 52 58 202 394 587 1 ) o2 3
1936 Apr. 65.2 66.4
June 54,9 63,4
1937 May 6.8 114.3 107.2 136.1
_Dec, 66.2 63,8 69.0 72.1
1938 Mar, 67.3 63.6 62.14 71.8 114.3 107.2 136.1
Dec. 6Ly 62,7 71.6 154.0 105.4
1939 Mar. 63.7 5H1.3 154.2 105.3  93.7 18.8 114.2 107.1
_Dec. 64L.9  79.2 71.6 154.1 105.1 11..1 107.1 135.7
1940 Mar.. 64.5 bL4.4  T71.6 154.0 105.2 114.2 107.2 135.8
Nov, 63.2  78.9 154.2 93.2 16.4 _107.1 135.5
1941 Mar. 66,0 65.9 79.6 154.1 105.5
Dec. 69.2 6L .2 63.2 75.2 154.0 -
1942 Feb, 68,7 63.2 62.3 154.0 104.4 113.5
Nov. 67.9 62,7 60.5 T4.9 153.5 103..4 105.9
1943 Feb. 68.0 62.6 59,7 T71.8 153.4 93.1 98.3 17.1 113.3 105.8
1941, Feb., 69.1 463.2  60.8 74.6 153.9 103.0 93.7 97.8 17.3 113.4 105.7 135.3
1945 Feb, 70.0  65.1  60.5 73,5 152.8 105.1 94,0 97.5 17.9 - 135.0
19L6 Feb, 70.7 67.8 67.7 75.6 152.8 173.7 95.2 97.4 19.2 113.8 136.3
1947 Jan, 59,7 56.1  68.8  80.3 152.6 103.5 25,1 10C.0 114.5 107.9 138.1

NAMFS OF O¥NFRS:
38, J. M. Richardson; 52, C.

Well 18, Frio Public Schoolsy32, W. A. Springer;

G. Maples; 58, Unknownj; 202, Frank Huseman;
394, Temple Rogers; L65, J. K. Tidmore; 587, Peter Petarson.

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

-428-.-



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

- I -

Date of Well number
measurement| 113 207 212 217 235 =37 2L7 261 265 231 2388 302 311 336 340 L31 L3 502 .513
1914 L7.0
1934 Nov. 42.7 54 .8
1936 Apr. " 71.4 8L.9 L2.5 53.6 60.0 53.3 55.8 88.3 73.6
June 54L.1 71.6 53,4 L2,2 . 52,0 73.8
1937 Mar. | ' L1, .0 4S.9 3.9 72.0
May 52,7 92.8 57.3 54,.8 66.1 70.3 88.6 7L.5
Dec. 99,0 54.6 71.3 105.4 52.9 L45.4 21.8 51.2 64.6 6L.7 53.8 a7.4 63.9 94.3 79.3
1938 Har, 98.9 5L.4 T2.5 93.3 52,7 LL.2 22.3 52,7 63,9 65.7 ©3.1 53.3 51.5 87.5 77.5 68.9 96.2 79.1
: Dec. 98.8 55.0 72.1 92.3 53.4 LL4L.7 22.2 52.9 65.0 65.7 6L.1 53.2 51.7 %6.9 78.6 95.6 79.5
1939 Mar. 92,8 54,.5 71.7 83.9 53.1 L4L4L.1 22.6 51.0 6L4L.1 65.5 £1.9 53.1 50.5 86.8 77.2 69.3 72.3 96.3 79.
: Dec. 98.7 55.1 75.6 93.7 54.0 23.7 53.1 66.7 5,.8 52.4, 87.9 83.5 79.0 96.7 80.8
1940 Mar. 8.7 55.0 91.6 53,7 L5.2 23.8 52.8 65.2 67.4 65.0 54.2 51.7 87.5 96.2 79.9
Nov. 92,8 56.1 81.7 55,9 43.9 55,8 76.1 72.6  55.7 28.7 286.0 72.5 103,1
. 1941 Mar. 99.1 55.9 75.6 93.C 54.6 46.8 2L.5 67.L 70.2 68.1 55.1 52,9 88.5 80.4 72.2 77.2 99.8
t  Dec. 29.2 50.6__45.8 19.7 68.6 53.8 75.8
- 1942 Feb. 99.72 72.¢ 28.9. 51.3 45.6 20.2 54L.5 65.7 65.0 53,5 L49.6 87.6 7.5 71.0 75.1 98.5 80.7
T Nove | 92.9 7:.0 88,8 52.1 L5.3 22.6 55.0 66.6 62.5 54.0 78 .8
" 1943 Fsb, 99.0 72,1 82,3 52,0 LL.2 22,5 54,7 66.7 55.9 49.1 88.0 73.7 70.9 81.8
‘19L1, Feb, §100.2 55.8 72.7 89.8 53.6 k5.0 2L.1 57.8 67.5 69.0 69.1 55.0 50.4 89.0 79.5 72.3 77.7 100.2 82.6
"I945 Feb, 1101.1 55.86 71,3 89.2 53.9 h5.2 24.9 57.0 62.3 70.5 68.8 55,6 50.8 90.1 73.1 77.1 98.6 83,1
1946 Feb, 1102.,2 56,1 7L.5 90.6 54,2 L6.5 25.5 58.4 70,3 74,0 72.6 56.5 51.3 91.8 81.8 74,2 179.0 101.8 83,7
CUWOLT7 ‘an. (100.3 57.2 76.3 91.6 54.9 L8.2 25.8 62.4 72.6 75.6 76.3 56.5 51.4 94.0 75.2 80.5 103.1 85.3

NA¥ES OF OWNFRS: Well 113, A. S. Higgins; 207, Chas. B. Miles; 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; 2%1, Jerry Keith; 288, Lee Hopson;
302, F. G. Collier; 311, H. H. Broadmen; 336, Geo. M. Clingan; 340, Felix Urbanszyk; 431, S. J. Barclay; 486, M. L. Parker;
502, Carl H. Schroeder; 513, A. E. Acton,



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

Date of Wall number
measure me nt 14 32 57 111 120 1O 143 410 416 L4l Lh6 459  LE3 510 525 603
1914 47.0 47.0 51,4 41,7 51,2
1934 Apr. LL.3  L6.4
1936 Apr, 58.9 61.1 57.7 49.4
1937 Apr. 51,3
May 59.7 91.2 60.9 54.8 57.4 51.2 51.1 41.0 176.1
Dnc., 5909 61.5 61.1 L&Bob h6.9 1+9-7 1+l.2 [4’008
1933 Mar. 60.3 : 56.7 53,0 60.5 52.4 63.1 L43.4 47.3 49.4 L0.6 175.7
Dec. 53.3 59,6 53.9 61.7 50.1 63.2 L3.7 48.4 51.1 43.7 40.9 17h.2
1939 Mar, ' 52.9 58,5 53,3 61.0 A49.6 63.0 63.7 43.7 L8.3 50.4 43.1 40.3 176.4
Dec., 6-.6 H1.3 62.3 55,3 64,0 53.5 65.8 L L 49.7 53.4 L7.3 L1.6
1940 Mar. 62,8 90.2 62.8 54.9 60,4 55.3 63.0 51.5 65.4 6L.5 Lh.2 LG.6 52.4 L5.8 L1.6 175.6
Nov. 91.5 63.9 57.9 63.3 58.0 67.1 55.1 71.5 45.2 51.9 55.7 S51.9 42.L 176.4
1941 Mar. 91.0 . 57,0 63,2 57.8 5,.0 69.1 65.5 L45.1 5i.6 54.6 50.7 L2.6 175.3
‘Nov, 91.8 63.5 51.3 55.5 64.2 66 .. Lyl 48.9 51.4 43.0 39,9 .
1942 Mar. 60.2 90.4 55.2 60.3 55.4 63.1 %0.9 b65.5 b6L.2 42,5 50.7 L1.9 38.5 175.9 s
Oct. 61,0 90.9 62.8 56.4L 61.6 57.4, 6L.6 52.0 67,7 48.8 51.5 43.4 37.9 175.6 O
19,3 Feb.. 61,1 90.2 63,0 55.4 60.7 56.1 63.4, 50.9 65,6 63.7 L2.2 L8., 50.L 42.0 37.5 175.8 '
194 Feb. 63.8 3.9 56,6 62.2 58.4 64.9 52,3 68.1 64.7 42.4 50.3 51,3 L4.5 3.8
1945 Feb. 65.3 92,0 65.0 58,1 64.1 61.0 67.2 54.9 71.2 60.0 43.4 51.9 54.5 f/,5 x5 ive.5
1946 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 (7 2 50,8 115
1947 Jan. 67.6 94.6 70.6_ 63.6 73.4 Th.5 _77.9 63.7 84.1 68.7 46.9 60.9 63.0 5h.2 L3.1

NAMES OF DWNERS: Well 14, Herman R. Kingy 32, Frank Whitfill; 57, T. L. Wilhite; 111, T. L. & D. Company; 120, Francis
Carthel; 140, Wayne Holtj; 143, Plainvisw-Lockney Farms; 410, W. C. McGredej 416, John Spear; 441, Federal Land Rank;
L46, 1. J. King; 459, — Jackson; 463, T. L. & D. Company; 510, W. R. Crow; 525, O. W. Fry; 603, Gladys Fox.



Water levels in representative wells in Hale County, Texas, (see map, fig. 1)

(Depth in feet below measuring point) \

;

Date of Lt Well number
measurement | 202 210 223 259 307 330 338 370 427 423 436 LL9 462 L67 552 567 828 834 923 936
1914 62.5 23.7 43.0 57.5 36.5
1934 Apr. Y 61.6 , 58.4
1936 Apr. 67.8 49.6 19.4 Li.6 45.5 41.8 49.0 52.5 52.8 57.8 61.3 52.4 h3.2
June ED .S 4,0.8 )
1937 Apr. L7.7 S5hely 59.0 L2.1 59.9 52,9 Li .5
May 63.6 55.2 ' 50.5 49.9
Dac. 65.3 L4.8 45.5 43.1 48.3 47.9 51.3 39.4 33,9 58.6 52.1 55.0 L4 .7
-1G638 Mar, 65.2 64.5 51.7 52.1 17.8 63.4 L5.4 45.5 42.9 LT7.8 LT7.9% 51.1 57.8 39.9 33.3 58.6 52.2 T7.2 55.0 Li oL
Dec, 66.4 18.5 64.4 45.2 6.0 43.0 49.8 52.6 58,4 42.2 3L.4 59.5 52,8 55.5 4L6.0
1939 Mar, 66.1 64.8 52.3 52,5 18.6 63.9 L5.9 L2.9 49.2 5242 58.3 41.8 34.2 59.3 52.8 73.1 77.3 55.4
Dec, 67.0 54.6 53.6 19,7 66.2 L7.2 57.2 L4.0 51.3 52.1 54.3 59.4 Li.4 36.0 60.2 5342 77.4 55.8 47.8
1940 Mar. 66,7 65.8 53.8 53.5 19.9 65.1 46.0 47.2 44.0 50.7 50.6 59.0 44,1 35.5 60.0 53.56 73.7 77.5 55.9 47.3
Nov, 68.6 57.1 55.9 21.7 62,4 46,7 43,7 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 L6.7 48.6 L5.3 52.5 52,5 56,3 60.9 L6.4 38,0 62.1 54.1 742 77.9 56.7 49.0
Nov. 67.9 54.7 54.9 15.3 66.2 46.2 L7.0 4L .2 50,1 53,5 60.1 37.6 356.0 60.0 53.0 77.2 54.5 L6.L
1942 Mar, 67.3 66,6 53.2 54.2 16.3 65.3 46.0 46.4 L3.6 49.0 43,1 52.0 60.1 37.8 34.5 59.3 52.5 73.0 76.9 53.9 45.5
Jct. 1 67.8 55¢2 55.0 16.9 66.4 45.8 L47.1 49,0 48.8 53.0 60.8 39.7 34.3 59.6 53.1 "." 76.7 53.8 45.9
1943 Feb, 166.9 66,8 53.9 54.7 16.8 65.5 L6.8 L6.6 LL.2 48.6 18,1 52.2 60.0 39.0 33.7 59.2 53.1 72.6 76.6 53.2 L.1
194L Fab, 58.2 68.3 55.0 55.8 19,5 67.2 47.3 4B.7 45.7 50.3 50.2 53.8 60.7 42,1 35.7 59.8 54.0 72.9 76.7 53.0 L5.4
2045 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 76.8 53.7 46.2
1946 Feb, 70.0 71.3 58.0 59.3 22.9 69.3 50,3 51.8 49.3 54.9 54.6 59.6 62.7 48.1 39,2 63.3 55.4 76,4 78.8 5,.7 4,8.8
1947 Jan, 72.2 74,5 62.6 62,3 23.3 71.6 52.2 52.8 52,7 57.h 57.9 64.0 64,6 52.7 L1.2 62.8 56.5 79.0 80.4 55.8 50.8

NAMES OF OWNFRS: Well 202, T. L. & D Company; 210, Dr. McKinley Howell; 223, T. L. & D. Company; 238 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;
428, C. M., Smithy 436, I. B. Rankinj 449, G. A. Benefield; 462, R. F. Kenistonj; 467, M. E. Courtney; 552, H. 8. Dunaway;
567, J. Be Maxey; 828, John Bowling; 834, M. E. Kesler; 923, D. C. Bayley; 936, B. E. Porter.
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Water levels in represemtative wells in Hockley County, Texas, (see mzp, fig. 1)
(Depth in feet below measuring point)

Date of Well number
measurement 5 7 21, 25 29 126 L34 587
1937 June 93.3 ,
July 88.9
Aug. 28 .6 29.3 .28.9
1938 Jan. 28.2 29.2 29.5 )
Apr. 29.3 29.8 29.4 1347
Oct. 27.0 29.0 29.3 27.9
1939 Mar. g 27.2 29.1 30,0 28,2 93.1
Oct. 2.2 87.8 29.1 29.6 27.7
194C Mar. 92.7 87.6 27 .1 29.3 23.3
Dec, Ly 29,. 30.4 31.6 29.0 93.4
1941 Mar. 28.5 30.6 32.0 29.0
July 23.2 R
Nov, 90.4 27.4 27.3 23.h 91.6 '
1942 Mar. 22.5 27.1 27.7 23,6 o
July 26.9 23.9 91.3 ~
1943 Feb, 90.5 18.3 2L .6 25.7 21.5 k
194l Feb., 37.9 85.6 20.7 24 .6 25.6 22.8 132,1 91.3
1945 Mar. 87.5 85.2 22.7 26,3 28.9 24.1 132.1 91.0
19L6 Tebh, S7 .4 8L.3 2L.4 32.2 24.8 131.7
1947 Jan. , : 87.2 8L.3 22.7 34.7 21.8 -132.0 93,0

NAMES OF OWMERS: Well 5, Santa Fe Railroad Company; 7y ~— Picard; 24, Roy Hughen; 25, Texas Highway Department;
29, A. L. Lindsey; 126, W. M. Alexander; 434, C. E. Flowers; 587, Texas Land and Mortgage.



¥at-r levels in representative wells in Lamb County, Texas, (see map, fig. 1)
(Dopth in feset below measuring paint)

-8z -

Date of ‘ Well number : _ :
measur ement 3a 13 15 30 60 76 243 322 3L1a
1934 Nov. 28.0 22.2 -
1936 May 342 21.2 37.6 24.0
Nov. 30.7 19.S 24..5
1937 Mar. ‘ 23.7 »
May 70.6 80.3 79.8 41.9
Nov. L1.9
1938 Mar. _ 29.8 18.7 35.8 23.1 75.5 73.8 L1.8 L2 .8
Dec.. ! 30.4 19.7 R
1939 Mar. i 29.9 19.5 23.3 7.9 79.7 78.7 41.9 L3.4
Dec. 30.8 20.2 36.5 23.6 : _
1940 Mar. 20.1 36,3 23.7 ,
Nov.. -] 32.6 21.1 37.5 2L.0  72.9 72,7 42,1 :
1941 Mar. 31.3 21.4 37.0 24,0 72.0 79.2 73,7 42.1 Ll o1y
Nov. 25.1, .11.C 32,0 17.0 71.0 77 44 38.5 ‘
1942 Mar. 23.7 11.1 30,7 17.4 70.3 75.7 76 .1 37.8 11.2
Nov. 22.9 11.7 -29.9 17.2 63.8 74.9 :
1943 Feb. 22.7 12.1 29.5 17.7 68.3 71 .1, 756 .3 36.8 0.2
1941, Feb. 2L.5 16.2 30.9 20.0 63.5 73.8 76.3 35.4 39.7
1945 Feb.. 25.5 16 .9 32.9 20.7 65.6 76.3 37.8 L0 .5
¥6.,6 Feh. 27.2 18.5 33,0 22.0 71.4 72.9 76 .6 0.9 L3.6
1947 Jan, 1 30.0 35.5 21.8 71.9 75.6 Lk 29

N£MFS OF “WNFRS: Well 3a, J. Q. Crawford; 13, Jobn Fryie; 16, E. K. Warren; 30, J. M. Ysung; 60, S. A. DaVls, 76,'S. E.
Gladdon, 243, Les Barker; 322, Ypllowhouse Lanﬁ Company; 3hla, Yellowhouse Land Company.

e



Weter levels iguiépqgsentative wells in Lubbock County, Texas, (see map, fig. 1)

- A -

£ (Deoth 1n<feet beIOW'meaqarlng peint ) _
Date of T Well“numbor
measurement !74La 81 107 121 123 128 138 - 139 156 185 188 222 223 228 301 339 369 395 LO3
1936 Dec. Li .5 63.9 L2.9 L5 _ 81.6
1937 Feb. : 53.7 L4L7.2 70.9 58.5
v Mar. 61.8 178.2
Apr. 51.3 , L5.7 28.2
Dec. L3 75.0 63,4 41.9 A1l.4 256.8 40,2 62.2
1928 Jan. LiL.2 50,7 , 26.5 61.7 70.6 81.5 45.0 4C.3
Juns 33.1 L1.5 1.9 79.1 53.2 L7.8 T0.6 L4 .9 LO.1
Dec. 354 4h3 75.1 64L.2 L41.5 L4L1.0 L0.0 61,8 | 81.1
1939 Jan. 35.2 5.8 26.9 61.8 78.1 47 .8 57.4 62.3
Mar. 35.4 L5.5 75.4 41.0 26.9 61.8 72.5 53.1 L47.8 70.4 57.3 L5.0 39.7
Dec, 35,5 L7.4 76.8 65.1 L2.8 41.2 25.4 L41.2 62.5 79.4 53.0 L7.8 70.3 57.6 1.2
1940 Feb, - 77.9 63.0 41.1
Mar. = [35.6 L46.9 50.1 76.9 41.3 25.9 L4l.4 62.5 53.0 47.9 70.3 47.2
Nov, 36,3 L48.1 66.5 45.0 L1.6 27.1 L3, 794 L7.8 T70.4 58.3 64L.3 81.7 51.4 4L3.1
1941 Jan. 36.1 46.7 77.5 67.5 43.9 L2.3 78.6 L7.8 T0.4 64..0 49.0 42.8
Mar, 36,5 L7.2 50.6 79.0 66.1 L47.3 41.8 27.2 42.3 78.5 53.1 47.8 70.4 58.1 64.0 L8.3 42,7
Dec, L1.8 . : :
1942 Mar. 31.5 Lh.L 75.6 63.6 40,1 37.7 23.8 38.2 50.6 L3.3 68.0 61.6 75.3 - 36.5
__Dsc. L2,6 7h.3 33,0 36,0 22.5L 33.4 - 77.0 , 60,7 S bh249 34,5
193 Jan, | 48.6 L3.0 67.7 © . h3.133.8
Feb 29.7 A2.0 LL.3 73.9 62.5 38,4 35.9 22.4, 37.8 S 5L.0 60.4 75.0.
1944 Feb, 32.2 43.3 4L5.0 74.4 63.1 38.7 23.3 41.2 61.8 76.2 L7.5 L3.0 67.6 50.4 60.0 76.7 Ll.L 35.6
1945 Feb., 32.6 L2.5 46,1 7L.,7 63.6 LO,1 37.5 24.8 L1.2 62,4 75.3 48.1 43.1 67.8 50.9 0.0 76.5 L5.2 35.5
1945 Feb, 33.5 44.0 47.1 65.2 42.5 39,8 2b.4 L5.6 63.8 78.7 L3.6 42.8 52,6 62.0 77.5 38,1
1947 Jan, 34.0 L4.1 72.4 69.8 L6.1 33.4 26.5 51.3 77.0 52.1 42.6 5L, 64,2 80.6 41,1

NAMES OF OWNERS: Well 7ha, J. S. George; 81, J. E. Vickers; 107, B. G. Lokey; 121, — Brown; 123, R. C. Robbsj; 128,

Rufus Rushj; 139, Edith Collie; 139, D. L. Watkins; 156, J. M. Phillips; 185, W. H. liassey; 188, State of Texas Experiment
Station No. 8; 222, R. T. Groves; 223, W. C. Grimes; 228, G. H. Hutchings; 301, S. D. Stewart; 339, J. E. Hinsmj 369,

J. P. Clarksy 395, H. W. Stanton; 403, J. E. Smiley. :



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

Date of We1l number v
measur ement 2 16 33 108 258 301 302 323 354 359 370 380 383 4,21
1934 Apr, 7..8 67.7 , 72.2
1536 Apr. 51,1 54.5 L6
June _ 61.6 72.7
1937 Apr. - Aok 60.0
Dec. 61.5 75.6 31.9  69.1 75.7 S4el  73.9
1938 Mar. 78.5 61.9 55.4 52.1  32.4 6L.y  62.2 6.7  T73.5 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. 78.3 61.7 56.0 52.5 32.4, 68.7 65.3 62.4 77.1 T73.4 54.8 73.3  61.9
Dec.. 78., 62.0 32.9 69.4 62.6  77.7  Th.2 55,1 75,3
1940 Mar. 78.4 62.1 56.3 53.8  33.0  69.1 66.7 %2.7 77.3  Th.d 55.2  Th.2
Nov.. 73.6  62.8 55.1  33.4 70.8 63.0 : 75.2  55.7 76.8
4941 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 5,,8 30.0 68.1 68.3 62.8 77.9 76.0 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  54L.7 31.1 68.2 67.5 63.3 78.0 76.5 74.7  60.2
1944 Feb. 78.3  61.1  54.3 ' 55,6 32.3 62.8 68.2 641 78.7 78.6 T6.4  61.7
1945 Feb, 73.3__61.3_ 55.0  76.3__57.0_  33.1 69.2 69.0 6L.2  79.5 81.0 56.4 77.8 62.1
1946 Feb, 78.2  62.5 56.7 T7.6 58.9 70.0 70.2 65.1 8l.5 82.5 80,4  6L.7
1947 Jan. 73.5  63. u 79,2  61.6 62.7 67.0 84,1 85.0 83.3  65.4

NAMES OF OWNWRS: Well 2, I. Irlbeck; 16, C. M. Brantj; 38, J. B. Johnsonjy 108, D. D. Augspurgerj; 258, B. A. Dubbert;
301, ¥W. T. Adamsy 302, J. D. Vaughnj; 323, J. L, Guast 354, V. A. Beck; 359, Unknown; 370, T. L. & D. Company;
380, Joe Bontke; 383, T. L. & D. C-mpany; 421, A. U. Perryman
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ADBENDUM

January 31, 1947

During January 1947, since the fcregoing progress report yas written,
measurements of water levels were made in 163 representative observation wells
in and around the principal areas of well irrigation of the South F'ains, and
tentative estimstes were made of the number of new irrigation wells put into
operation and the total acreage irrigated 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, some were made in irrigation wells that had been idle for 4 months or
more, and come were made in wells that had been unused for severul years.- Some
of the wells that were measured are in the heavily pumped distriets and others
are in areas of light pumping. Som2 are in localities of exceptionally heavy
recharge near intermittent ponds, strzam channzls. sand hills, or in areas of
very sandy soils. Still others ars in localities mor< or lzss remote from pump-
ing or from kncwn areas of important recharge.

Of the 163 wells measursd, 146 shcwed d=clines. Th= maximum, minimum, and
average d=clines ar: giv:sn balow by countiss, without refsrancs to the lccaticn
of the wells as regards intensity of pumping, lack of pumping, or cenditions
aff2cting recharge.

Declins of waztar levels in obssrvation wslls, by counties,
from Fobruary 1946 te Janusry 1947

Numbar of Minimum Maximum - “Avarags
County walls decline dzsclina 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 45 "2 4.6 2.2~
Hockley 3 0.3 2.9 1.1
Lamb 4 0.5 2.8 1.3
Lubbeck 18 0.1 3.5 2.17
Swisher 12 8.3 3.5 2.1

o

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, 2 in Lamb County, 4 in Lubbock County, and 2 in
Swisher County,

Although detailed inv=ntories of the irrigaticn wslls completed and the
acras irrigated during 1946 have not been made, it is tentatively estimated that
about 1,200 new w=lis wer= installed and used during a part of the irrigation
sesason of 1946, makinz a total of about 5,500 wells, and that at least 650,000
acra3s of land was under irrigation. Rainfall on most ¢f the irrigated r=sion
during the first 8 months of 1946 was exceptiinally light, and pumpage during
the y2ar reached an all-time high.
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