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Summary 
Regional static water levels declined about 43 stalled during 1954-58. The proportion of !ex 

feet during the 22-year period, 1937-58. This is a n  equipped with these systems ranges from 16 p:i:: 

average for the groundwater reservoir a s  a whole. in lightly depleted areas to 100 percent in son!:: 
It ranges from a few feet to around 100 feet in dif- those more severely depleted. % As the full ei!~? :, 

ferent parts of the reservoir. The effects of this past water level declines have .been offset to e::: 
decline and the number, types and extent of adjust- extent by the elimination or reduction of trmszr. 
ments vary considerably, depending on major soil sion losses, future declines are likely to :i;ci: 

types, initial (1938) thickness of the water-bearing in a greater reduction in irrigated acreacre cci: 
stratum, the permeability of water-bearing ma- greater increase in costs than those that oc-wrei 
terials and the proportional amount of depletion during 1 954-58. 
experienced in specific hydrologic situations. The effects of adjusting to declining waters,:; 

The principal short-run physical effects of a plies are reflected in increased per-acre inrn:'--* 
decline in water levels are reflected by a reduction in irrigation facilities, increased operating coil: ye: 
in well capacities. The long-run effect is a depleted acre and a reduction in the acreage of cr.;;;::: 
water supply. The types of special practices or irrigated per farm. 
adjustments induced by or associated with the de- As the physical and economic effects of r~Ci:::: 
cline in water supplies include: (1) increasing the ing to a declining water supply are not reiio:a;: 
number of hours of pump operation. (2) lowering fully by available measurement miteria, the 
pumps, (3) installing additional wells. (4) installing water level decline cannot be expressed i3 ::r. 
closed water-distribution systems, (5) installing cis, mathematical terms. An examination o! fii 
smaller pumps in old wells. (6) decreasing the acre- series of adjustments, including their cost 6. 
age of summer-irrigated crops and increasing the fectiveness clnd the possibility of further adiustri-: 
acreage of crops irrigated in fall and winter. (7) of a similar nature, together with annual -;::.: 
staggering grain sorghum planting dates. (8) level recession rates and the proportion of dep!r6.:: 
centrating the available water supply on cot:on, in specific hydrologic situations, provide thp h::: 
(9) irrigating alternate rows; and (1 0) reducing the for classifying the effect of water level decliri : 
number of acres of cropland irrigated per farm. the following categories. 

Shifting from butane (L. P. gas) to natural gas Areas not particularly affected by water-lev4 
for pump engine fuel is another significant eco- decline include about 194,000 acres, or 5.4 percr:!:: 
nomic adjustment. This is an economy measure not the acreage irrigated in 1958. In general, ;kip 
necessarily associated with changes in the water were poor water areas with relatively high devc:ci 
supply. AS such, it is not included m o n g  the ad- merit costs. Both costs and the water suppi? i!.: 
justments made in response to a decline in water tion have chcrnged little since irrigation v:oi cF 
supplies. veloped. 

Physical patterns of ground water depletion are Slightly affected areas include 291,200 aT.5 r: 
clearly defined. The number, and extent 8.2 percent of the land irrigated in 1958, DCve:ci 

- -  adjustments also are related closely to physical rnents in this category are among the mosi conditions and to the degree of depletion in spe- in the reservoir. 
cific hydrologic situations. The economic patterns 
stemming from these adjustments are  not so clearly Moderately affected areas include sub-me:s ::, 

defined. which the water-level decline and decline-indy8:ci 
Several factors combine to obscure the full adjustments have increased both investment :: 

physical and economic of water level de- costs and impaired the water s'P?~Y': 
cline. Among these are: continuation, though at a Some degree. This group includes 2.283.000 cc?: 

slower of irrigation development; elimindion Or approximately 64 percent of the land irriggici:: 
or reduction of transmission losses through the use 1958. 
of a closed distribution system; inflation; drouth Seriously affected areas include sub-crezs :: 
and a modified irrigation program; and the shift which the decline in water level and decI:rs- 
from butane to natural gas for pumping fuel. induced adjustments have seriously depietd ::x 

Elimination or of transmission losses water supply, sharply increased the investms:: :r 
pcrrticulcrrly has had a effect. In some irrigation facilities and substantially increased c; 

situations, the quantity of water saved by piping crating costs. Approximately 724,000 acres, c: 1: 
water to the place of use m q  have been substan- percent of the land irrigated in 1958, are inz!!;ic: 
tial. Thus, although the yield of a well may have in this category- 
deteriorated badly, the acreage served by the well Severely affected areas include sub-a:e:z :: 
may be near that served before the conduits were which the water supply has been severely de?!<i 
installed. and in which further increases in operatin.; c?: 

Closed distribution systems, principally under- would impair the economic feasibility of coni:r:;i 
ground concrete tile, served approximately 40 per- water use. Approximately 82,400 acres. or 2.3 r:. 
cent of the land irrigated in 1958. Approximately cent of the land irrigated in 1958, are included :: 
80 percent of the systems used in 1958 were in- this category. 
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1 Some Economic ESfects of Adjusting to 
a Changing Water Supply. Texas High Plains I 

I William F . Hughes and A . C . Magee* 

D ECLIYISG WATER LEVELS are a 
carlcc of crowing concern among 

farminn. huqiness and financial in- 
t ~ r p ~ t ;  on 11ir 1-Tich Plains . The de- 
din(& . \rhicsll hc~an shortly after irri- 
eatinn \\-a< tlcvcloped on a signifi- 
catit ccalc . ~vas accelerated by the 
~rpandrcl d(~vr1opmcnt and increased 
rat? of  natcxr I I ~ C  during the drouth 1 lnr~ of 1950.56 . It continued, al- 

I t h o u ~ h  at a reduced rate in most 
lsture ~IKc'.\. ~~nrlrr thr improved mo. . 

1 ")~i(litionh of 3957.58 . 
T ~ P  c tud !  rrl. ortcd was designed 

10 2 ~ ~ 1 ' ~ ~  tlic rffccts of the decline in 
W ~ I P ~  1 rvo l~  . [hr part of the area a€- 
irrtul ~ n d  thc adjustments that have 
hrrn marlr in  rcsponse to the chanrre 
In u a i ~ > r  cul)plicq . It covers a 12-vear 
?rind t l l a~  hccins with a 1947-49 
.tud\ rrportrcl in TAES bulletins 
;11 1 1 \  . 756 (2') and 763 (3)  and 

ground Water Reservoir . I t  includes 
all or parts of 21 counties and covers 
a total area of 10. 649 square miles . 
Although the study area was restrict- 
ed in area. for purposes of simplifi- 
cation. the study area is designated 
herein as the High Plains . 

I 

, . . ' 
. 

The study is reported in three 
parts . The first consists of a descrip- 
tion and discussion of conditions for 
the area as a whole . The second 
examines development trends. adjust- 
ments and other pertinent changes 
during the 12 years in specific hy- 
drologic sub.areas . The third part 
assesses some of the economic effects 
of adjusting to the changing water 
supply situation . 

~ n d i  s ;III n c.om1~rehensive survey of 
1'1% far111 ry~pratinz conditions . A 
195; or\ r\ of  changes in investment 
ad irri 'mtio~i cost., between 1950 
qnd . ~tl~ich w.1~ published in 
B u l l ~ i i ~ t  22: (4 . ) .  p r o v i d ~ ~  a measure 
of nn(litinrl\ aljout rnicl~vav in the 

. !?.\~:r pfhriorl . 
Brfr~ri~ 191'7 . watrr-level declines 

Present Situation 
WATER RESOURCES 

Water resources of the High Plains 
were studied by Johnson in the late 
1890's (5). by Gould in 1904-05 (6) 
(7) .  by Mienzer in 1909 (8) and by 
Baker in 1914 (9) . They have been 
examined in greater detail since irri- 
gation development got underway . 
Barnes. et al. published the most re- 
cent comprehensive study of the na- 
ture and occurrence of groundwater 
in the High Plains in 1949 (10) . A 
map showing the location and thick- 
ness of the water-bearing strata with- 
in the district was compiled and 
published by the High Plains Under- 

.. was 4inh1  or c~conom;callv insimnifi- 

.. not . Cnn~oclurntlv . the data devel- 
rrd in thr 1347-49 study provide a 
hi* lor appraising the effects of ' -  .u k.rlucot rhnnres in water supply . 
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pn.ati. fnr poczihle inflation in the 
w I a l  irripation facilities, for 
danilrc in  tlic tr7pe and unit cost of 
fil4 or rnrr.1 ancl for seasonal ef- 
IT!* 1111 t h r h  lrncth of the pumpin.- 
uwln . clatn developed in the 
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pbrl . Depmtrnrnt of Agricultural 
lononun at i t1  Sociology. Tcxas Agricul- 
ml k\pr~inicnt Station . 



TABLE 1. THICKNESS OF WATER- 
BEARING STRATA, SUBDIVISION NO. 
1 HIGH PLAINS GROUND-WATER 

RESERVOIR, 1938 

Thickness of Per- Cumu- 

water-bearing Area' Centage lative 
strata of total per- 

area centage 

Percent Percent miles 
Under 50 feet 1424 13.4 13.4 
50 to 100 feet 2296 21.6 35.0 
100 to 150 feet 2029 19.0 54.0 
150 to 200 feet 1633 15.3 69.3 
200 to 250 feet 1535 14.4 83.7 
250 feet 6 over 1490 14.0 97.7 
UnclassifiedZ 242 2.3 100.0 

Total 10,649 100.0 

'Planimetered from Figure 6. 
'Mostly in  the "under 50 foot" category. 

ground Water District No. 1 in 1956 
(11). This map, supplemented by 
data supplied by the U. S. Geologi- 
cal survey and the Board of Water 
Engineers, is shown as Figure 6. 

These reports provide detailed in- 
formation regarding the geology and 
occurrence of groundwater in the 
High Plains. The more salient con- 
clusions concerning the geology and 
occurrence of groundwater in the 
study area are summarized by 
Barnes, 

"The water-bearing formations 
of the Southern High Plains in 
Texas are of Triassic, Cretace- 
ous, Tertiary, and Quaternary 
age. Only a few wells obtain 
water from the nonmarine Dock- 
um beds of Triassic age, and the 
potential value of the Triassic 
goundwater reservoirs appears 
to be small. Cretaceous forma- 
tions are found only in the 
southwestern part of the area 
where yields of 500 to 1,000 
gallons per minute are obtained 
locally from porous limestones 
and from basal sands that aver- 
age about 12 feet thick. The 
Pliocene series of Tertiary age 
is represented. by the Ogallala 
formation of alluvial origin, 
which is the most important 
water-bearing formation in the 
region. The Ogallala has an av- 
erage thickness of about 300 
feet, and approximately two- 
thirds of the saturated portion 
of the formation is composed of 
sand from which some wells 
~ i e l d  as much as 2,000 gallons 
per minute." (10) 

Regulations of the High Plains 
Underground W a t e r Conservation 

4 

District and special studies have pro- TABLE 2. ACREAGE IRRIGATED, HlCB 
vided a large number of well logs PLAINS, TEXAS, 1936-1958' I I 
which permit more precise mapping Acres 
of the thickness and extent of the Year Irri- 
water-bearing strata than was possi- gatedZ 
ble in 1949.-A comprehensive study 
based on these data is underway. 1936 80.000 1944 40,tW 1 1 

1937 160,000 1945 550,OM 
Table 1 shows that the initial 1938 200,000 1946 

1939 230.000 1947 
thickness (1938) of the water-bear- 1940 250,000 1948 l,2som 
 in^ strata was 150 feet or less over l a d l  1949 1.496.W --  -- .- --  

abuout 54 percent of the reservoir 1942 1954 2,692,W 
area. Only 14 percent was underlain 1943 400,;~ lgS8 3,57Lw ( 1 
by a water-bea;ing stratum that was lSubdivision High Unda. 
more than 250 feet thick in 1938. ground Water Reservoir, on cover pagc I I 

With reference to the annual rate 
of replenishment, Barnes, et al., 
states, 

cc  . . . The average annual. re- 
charge to 9,000 square miles in 
the High Plains, which con- 
tained most of the irrigation 
wells in 1940, was estimated by 
White, et al., Yo be on the order 
of 30,000 acre-feet a year" (10). 

An area of some 13,000 square 
miles is considered to be the con- 
tributing area to the groundwater 
reservoir, but the authorities cited 
caution that, because of physical dif- 
ferences, the additional 4,000 square 
miles may not contribute a similar 
proportional amount of recharge 
(10). 

In their concluding statement, 
Barnes, et al., say, 

"Groundwater is considered to 
be a replenishable resource, but 

'Data for 1936-48 inclusive adopted hPn 
Table 8A. Barnes, et al., (10). 
3Acreage irrigated was small becauu 
of exceptionally high or well-dislribukd 
precipitation. 

'Census of irrigation, 1950 and IN 
respectively. 

'Acreage expanded from comprehensirc 
random sample survey-January, ftb 
n a r y ,  1959. 

the rate of groundwater rrcharee 
in the Southern High Plaint In 
Texas is so small compared to 
present pumpage that for prac 
tical purposes withdrawalc mar 
be considered as coming from 
storage . . . " (10) 
cc  Present pumpage" in thr ahoic 

citation was 1.25 million acr~.f& 
Withdrawals in 1958. ~ h i c h  Hen 
about a third lower than thme d 
1956 or 1957, approximate 3.5Ofl.M 
acre-feet (13). 

In summary, the und~rzrouri 
water reservoir of thc I-Iich Plair 

Before I940 1940- 44 1945-49 1950-54 1955-58 

Figure 1. Proportion of farms, acres and inigation wells by development periok 1 1 



tontdins n tle,finitr amount of water, 
which for all practical purposes is 
not buhjrct to rrnrwal. Thus with 
a fi\rd nrnount of resources, the 
prohlcm a. rtith other mining opera- 

onr of allocating their use 
tirnr. 
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'ION DEVELOPMENT 
IRENDS 

Irrigation clvv~lopment began near 
Plainrirs i l l  1911 (14). By 1914, 
it war ce>ntrrc~d principally in the 
dallo\r wntc3r arras in the vicinity 
of Plainvie-IV. hlulrshoe and Hereford. 
DPvc.lnpnicv~t fprrad   lowly until the 
mid.1930'~ tc-hrn tcchnological im- 
pro\.rt~~rnt' in  pumping and power 
transmi~qiort  csquipment made it pos- 
riblr to clrvrlop irrigation at a mod- 
rratr coqt. Dc~vrlopment expanded 
rapidlv thrrc~nftrr, rraching a peak 
rak i n  thr clrouth years of 1950-54, 
rhrn n thi rd  of thr present irrigated 
xrrur r ~ a s  clrvrloped. During the 
1958 irriration .srason, approximate- 
ly 3.575.000 ncrcs were irrigated on 
12.8% farms.' 

Tho t r c d  in irrigation develop- 
p n t  i~ qhorvn in Table 2. The pro- 
por~ i l~n  of f a r~ns  on which irrigation 
rac dc~rrlopc~d. the percentage of the 
nrap clrrc~lol)c~d and the proportion 
of H.PII< clrillc~d hy  development pe- 
riod~ arr !!ivr.n in Figure l. Irriga- 
lion \\a. cl~~r-c~lop~~rl on 38 percent of 
~ I P  farr11' rlurir~p 1945-49. The larg- 

.I. l .how. th,~t a dispropor- 
numlrc~r of wells have been 

1 for thr irrigated acreage 
lftrr 1950. There are several 
for thi.. but mainly it re- 

11) clrilling on the reservoir 

1 
E 

xhl~rc, watrr-bearing strata 
I and  rtrll yields are low, and 
llinrr adtlitional wells to off- 
rffrct, of drclining water sup- 
Thrqr rrasons are discussed 
rr part of this report. 

& inrrraqc, in  irri~ated acres and in 
anmhrr of \vc~11.; drillrd occurred dur- 
in[ Ll clrouth yrnrs of 1950-54, Fig- 
P ~ P  I ,  Drv(~lopmcnt continued after 
193. I ~ u t  at n materially reduced 
rate. ,\ lar~r proportion of the wells 
drilrtl aflrr 1950 and particularly 
lftrr 1935. havr been drilled on 
hm~. nvllrrc~ irrigation had been de- 

- 
In this s tudy includes all land 

tne rndnagment, irrespective of 
r muon or onvnerchi?. 

c~nrlic>r. Irrigation was de- 
on only 9 prrcent of the 

1uri11; 1955-58. 

DECLINE IN WATER LEVEL it proceeded at  a uniform rate in all 

A systematic program of well- 
inventory and water-level measure- 
ments was started in 1937 by the 
State Board of Water Engineers and 
the U. S. Geological Survey. The 
well-inventory program became im- 
practical to maintain as development 
was accelerated during the late for- 
ties. However, water-level measure- 
ments in a network of representative 
wells have been continued without 
interruption since the program was 
started in January 1937. 

Data developed, from these meas- 

parts of the groundwater reservoir. 
Near the edges of the reservoir, where 
the water-bearing strata are thin and 
development is more recent, the 22- 
vear decline amounts to less than 20 
feet. In a few small areas near the 
east-central part of the reservoir, 
where water-bearing strata are thick 
and development is both concentrated 
and older, the 22-year decline ap- 
proximates 100 feet. Between these 
extremes, t h e water - level decline 
ranges chiefly from 20 to 60 feet. 

The location of the parts of the 
groundwater reservoir affected bv de- 

urements, show that average water :lines in the water level are shown 
levels for the study area declined in Figure 2. The accumulated change 
about 43 feet between January 1937 in regional static water levels in re- 
and January 1959, Table 3. The de- lation to acreage irrigated is shown 
cline has not been uniform nor has in Figure 3. 

SUBDIVISION N0.l 

HIGH PLAINS GROUND WATER RESERVOIR 

UNDER 2 0  FEET 

FROM 2 0  TO 4 0  FEET 
FROM 40 TO 60 FEET 

OVER 6 0  FEET 

Adopted from mop prepored by I4PU.MC.D. No./ 

Figure 2. Approximate decline of the water table, 1938-1958. 
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LAND USE AND TYPE OF FARMING ghum and wheat, respectively, Table 

A high proportion of irrigated 
farms in the High Plains contain only 
cropland. The proportion of crop- 
land that is irrigated differs with the 
hydrologic conditions in different 
parts of the area. 

Cropland Use 

Although some new crops, notably 
soybeans and vegetables; have been 
introduced in recent years, cotton, 
grain sorghum and wheat are still 
the principal crops. In 1958, they 
occupied about 87 percent of the 
cropland. All other crops combined 
occupied less than 6 percent of the 
total cropland. Slightly more than 7 
percent of the normally irrigated 
cropland was idle or fallow (acreage 
reserve) in 1958, Table 4. 

The acreages of the principal crops 
-cotton, grain sorghum and wheat- 
have fluctuated somewhat, but the 
proportion of irrigated cropland oc- 
cupied by these crops is similar to the 
proportions occupied in 1948 and 
1954 when the proportion of irri- 
gated cropland classed as "idle or 
fallow" was much smaller than in 
1958. Acreages of cotton and wheat 
have been reduced by acreage-allot- 
ment programs since the 1954 crop 
year, but most of the acreage taken 
out of cotton and wheat has been 
planted to grain sorghum and some 
barley. In 1948, when acreage allot- 
ments were not in effect, cotton, 
grain sorghum and wheat occupied 

,- 35, 38 and 19  percent, respectively, 
of the irrigated cropland in the area 
(15).  Compared with 1948, the 1958 
figures reflect a change of -5.3 per- 
cent, +6.5 percent and -4.8 percent 
in the proportion of irrigated crop- 
land occupied by cotton, grain sor- 

Type of Farming 

The proportion of cropland devot- 
ed to the principal crops is inde- 
pendent of hydrologic conditions. 
The proportion of cropland irrigated, 
however, is related to hydrologic con- 
ditions, as is brought out in greater 
detail in later sections of this report. 

Since the ability to absorb in- 
creased costs or decreased returns is 
closely associated with specific crops, 
the emphasis placed on particular 
crops (or the type of farming) pro- 
vides a basis for appraising the past 
and future effects of a decline in 
water supplies on farm income. Most 
of the comparisons hereafter are be- 
tween conditions within a particular 
type-of-farming area. 

The study area includes parts of 
two major type-of-farming areas, as 
described in TAES Bulletin 964, 
"Types of Farming in Texas," by C. 
A. Bonnen. Since the study reported 
here involves considerably more de- 
tail than is possible in a statewide 
study, such as was reported in Bulle- 
tin 964, the study area is divided into 
four parts based on the proportion of 
irrigated cropland devoted to the 
principal crops - cotton, grain sor- 
ghum and wheat - and the major 
soil types. Thus, none of the four 
parts used in the study have exactly 
the same boundaries as the major 
type-of-farming areas. The four parts 
or areas used in the study are desig- 
nated as farming areas A, B, C and 
D, Figure 4. The proportions of irri- 
gated farms in the respective farm- 
ing areas are shown in Table 4. 

Farming areas A and B are simi- 
lar in that cotton and grain sorghum 

TABLE 3. ANNUAL FLUCTUATIONS AND ACCUMULATED DEPARTURE FROM 
1937 STATIC WATER LEVEL, TEXAS HIGH PLAINS, 1937-58' 

Annual Accumulated Annual Accumulated 
Year fluctuation, departure, Year fluctuation, departure, 

feet feet feet feet 

'Based on  static water-level measurements by the USGS and State Board of Water 
Engineers, study area only. 
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Figure 3. Accumulated change inn 
gional static water level related to b 
acres irrigated, 1937-1958. 

are the principal crops, occupyinC91 
and 80 percent, rcsprctirrbl!.. l l i  al 
cropland. Farming arrn A include 
farms producing cotton iulr1 mil 
sorghum on sandy Onisrd~ ~ o i i  
whereas on farms in farminc arca 5 
cotton and grain sor~hum arc. pro 
duced on heavy soils. 

Farms in farming nrcn C inel& 
wheat among the principal crop 
These farms are sinlilnr tn t11og h 
farming area B in all rsrrpt tllp am 
age in wheat. Farms in arrn C han 
10 percent or more of a11 cropld 
in wheat, Table 4. Fariliin~ area C 
is designated as a cotton-?rain w, 
ghum-wheat farming nrra. Firure l 

Farming area D i$ n ;rain 
ghum-wheat producinr arm Cotla 
occupies less than 10 pcrccnt of dit 
cropland, Table 4 and Ficurc 4. I 

Size of Farm 

In 1953, the average irricatrd fin 
contained 405 acrcs. Croplantl ccw 
stituted 90 percent of thr awrq 
farm, or 363 acres. with 2% am 
irrigated, Table 4. Tllr nvPr;la sia 
of farm ranged from 293 acres h 
farming area l3 to 663 ncrv in fan 
ing area D. Croplantl prr fan 
ranged from 82 perccnt i n  farm4 
area D to 96 perccnt in fnrniincam 
A. The proportion of cropland hi 
gated in farming arra A \\-ac only4 
percent, compared wi tli 89. 90 ad 
83 percent, respectivcl!. in f~rmiq  
areas B, C and D. Fnr~l~inr a r a  
contains a high proportion of t& 
low-yielding wells that hnvc Iwn & 
veloped on the frinyv nf the :rod 



waltlr r r~r rvoi r .  and the water supply 
i ~vnc~rall! irl~ufficicnt. This is in- 
dicatc*tl I)!- t h r .  117 acrcs of dry- 
hincatl lnn t l  Iwr farm and the 8.2 r 
*rwat of dr! ' l ;~~li l  planted to cotton, 

!rfihl(. 4. 

Ea(h rt.n.u- rctport since 1940 has 
s b o ~ r ~  a n  inc,rr~a~ch in the size of irri- 
gated farrl~s arld i n  the number of 
acre6 i r r i~ntc l r l  p(>r farm. According 
to tht. 19.5 E C(71.11- of Agriculture, 
fhr a \ ~ ~ r a ~ t >  irri,zntcrl farm in the 21- 
count\ zrounc1w;ltcr reservoir area 
containc~tl 51); arrcc with 238 acres 
irrica112tl (16 I .  !Ilthoueh the figures 
an 11111 rntirrl! cwmparahle, the av- 
Praerb irricntchd fnrm included in the 
dud\ rontnir~r~cl  405 acres in 1958, 
Table 4. 

Da[,l \ v i t l ~  \2 1.lic.h to determine the 
a n l o u ~ ~ t  of f n r n l  q~~hdivision that has 
oceurrr~tl i n  t h c b  aroa as a whole or 
M twh nf t l l c ~  four farming areas 
arr not availnl~lc~. Data cleveloped in 

: be 19.55 anrl 1959 surveys provide 
/ comr olra.urcb of the change that oc- 

currttl in far111 iizcl in two of the four 
faruin: nrrw Ircbtwcen 1954 and 
19,58, T:ll)lr 5.  

Charlcc'~ i t 1  farm sizes have moved 
in o l ~ l ) o ~ i t c  dirc~ctions in Farming 
uec- 1 2 n d  1:. 'I'alilp 5 .  In area A, 
dte proj)c~r~ioll nf  farms of less than 
$50 jOtrrls tlr*c'rrn~cd hetween 1954 
md 195;. Tllc. proportion of farms 

' n'lh 11,- tl1;111 #3.i0 acres increased 
I lid~h in  an5;i 1:. Thcre was a sharp 
, i n r r e ~ . ~ ~  in  tIl(& proportion of 351 to 
j &-a( I,,  I n r n ~ i  i n  arca A and an al- 
i MI njurl (1rr.linc in farms of simi- 

hr * I Z I ~ <  in archa B. Table 5. 
I 

: Farnlinrr ;irt,a. A ancl B include the 
' prticlrr~ nf the‘ rvscrvoir area that 
n tw r\l)rric~nr*inc the greatest total 
I wi l~ryior~ioaal rlcclines in water 
I h~l~ ,  
I 

I Tenure 

'hlh~ proport ion of owner-operated 
h\ II,IL ir~cnrt~a.ed since 1954. For 
h arr,l n. n \z holc. 64 percent of the 
193 fsrm op[~a~ors hacl an equity 
&r~t, tllilt i., tliry owned all or 
prt of 1110 lallrl they operated, com- 

\\i ih a l ~ o u t  50 percent in 1954. id proporlion of full owner- 
qtrat13d fnrrm diffcrs considerably 
heon fnrr~~ing arcas, ranging from 
I~QR ~ r f  35 ~)c~rc (~n t  in area A to 63 
pnt i n  nrrn C, Table 6. 

The land owner who rents ,additional 
cropland operated the largest aver- 
age number of cropland acres per 
farm, Table 6. 

The operators of irrigated farms 
show a high degree of residential 
stability. The average length of resi- 
dence on the farm is closely associ- 
ated with land tenure. Owner-oper- 
ators averaged 17 years of occupancy 
on their farms and tenant o~erators  

1 

8.6 years, Table 6. 

The crop share lease predominates 
on tenant-operated farms of the High 
Plains. Slightly less than 3 percent 
of the leasing agreements were cash 
leases, which were equally distributed 
among the four farming areas. A few 
partnership a n d manager-operated 
farms were enumerated in the sur- 
vey. Father-and-son-operated farms, 
which are included amonp the owner 

U 

or owner-additional operator groups, 
were considerablv more numerous 
than farms operated under cash 
leases. 

grain sorghum, was reflected in gen- 
erally higher yields, particularly for 
dryland crops and irrigated grain 
sorghum. Dryland and irrigated crop 
yields are reported in Table 7 by 
farming area and soil type, and for 
the reservoir area. 

The average yield of dryland crops 
in 1954-58, which included 3 dry 
years and 2 years with favorable 
moisture supplies, approached the 
longtime average for dryland crops 
in this part of the High Plains, Table 
7. 

Because of unfavor'able fall weather 
in 1957, the 5-year (1954-58) aver- 
age yield of irrigated cotton was 
somewhat lower than the average 
yield obtained in 1954. Although the 
difference is neither so pronounced 
nor so wide as in 1954, irrigated cot- 
ton on heavy soils outyielded irri- 
gated cotton grown on sandy 
(mixed) soils, Table 7. 

Use of hybrid grain sorghum, 
which has come into general use in 

CROP YIELDS AND PRACTICES recent years, and expanding use of 
fertilizer have increased grain sor- 

Moisture conditions during 1957- ghum yields, particularly in the 
58 were better than those of the 1950- heavy soil area. The 1954-58 average 
56 period. The more favorable mois- yield of irrigated grain sorghum in 
ture situation, in conjunction with farm area A, is somewhat below the 
increased use of fertilizer and hybrid yields obtained in 1954. This is an 

TABLE 4. SIZE OF FARM, LAND USE, CROPLAND USE AND ESTIMATED VALUE 
PER ACRE, BY FARMING AREA, IRRIGRTED FARMS ONLY, 1958 

Item Unit Farm area1 Area 
A B C D total 

Proportion of farms 
Size of farm 
Cropland per farm 
Noncropland per farm 
Irrigated cropland per farm 
Nonirrigated cropland per farm 

Cropland use: 
Cotton 
Grain Sorghum 
Small grain2 
Other crops 
Fallow3 

Irrigated cropland use: 
Cotton 
Grain sorghum 
Small grain" 
Other crops 
Fallow3 

Monirrigated cropland use: 
Cotton 
Grain Sorghum 
Small grain2 
Other 
Fallow3 

Percent 
Acre 

do. 
do. 
do. 
do. 

Percent 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 
do. 

Estimated value per acre4 Dollar 327 324 267 232 289 

'See text, pages 6 and 7, for description and Figure 4 for location of farming areas. 
'Wheat, barley, and oats. 
Sncludes formerly irrigated land that was idle or in acreage reserve in 1958. 
'Estimated market price of land and buildings for the farm a s  a unit, January 1959. 



area with generally 'short water sup- 
plies, and the available water is usual- 
ly applied to cotton, see Table 4. Al- 
so, grain sorghum is not fertilized as 
heavlly or as commonly in thi.s area 
as in the heavy soils areas. 

Yields of irrigated grain sorghum 
in areas with heavy soils are up over 
those received before adoption of hy- 
brids and use of fertilizer. The 1954- 
58  average yield is 380 pounds great- 
er than in 1954, Table 7. The 1958 
average yield of 4,100 pounds per 
acre is probably more representative 
of the yields that might be expected 
with the use of hybrids and fertilizer. 
The 1954-58 average yield does not 
reflect 5 years of general fertilizer 
and hybrid sorghum use. The 5-year 
period includes the transition from 

standard to hybrid varieties and a 
substantial expansion in use of com- 
mercial fertilizers. 

Water Use 
Data are not available to permit a 

determination of water use for the 
area as a whole. Few farmers know 
the exact amount of water applied 
per irrigation or the total amount ap- 
plied to a particular crop during the 
year. But there are sources of data 
that can be drawn on to provide some 
estimate of water use. The first of 
these is a series of water measure- 
ments made by the High Plains Un- 
derground Water Conservation Dis- 
trict No. 1. Second, are the some- 
what less precise yet never5heless 
useful reports by farm operators of 

HIGH PLAINS GROUND WATER RESERVOIR 

Figure 4. Farming Areas: A. Cotton-grain sorghum, mixed land: B. Cotton-grain 
sorghum, heavy land: C. Cotton-grain sorghum-wheat: D. Grain sorghum- 
wheat. 

the number of times a particular rr 
was irrigated, operators' estimate 
the amounts they intended to app 
hours of pump operation, and nu1 
her of acres irrieated Der rv~ll. T\ 

0 1 

combination of reported actilitir. I 

farming area or by specif~c. h r d ~  
logic sub-area, along with comr q 
cific information developctl hr I 
HPUWCD No. 1, provides conlr ha. 
for approximating water uv. 

The number of times crop< rc 
irrigated differed considrrahl\ 
1956, 1957 and 1958. Prrc~pitatrc 
in 1956 generally was inadrqual 
Moisture conditions werr i t ~ u c h  II 

proved in 1957-58, but t h r  nnproi 
ment occurred in different par!. I 

the year. The early part of 19;; r ,  
dry, and heavy preplantine ~rrtcatrn 
was required. Moisture contl tlut 

were fairly adequate durine thr .un 
mer of 1957 and irrigatiot~ na. 11 

duced. The situation waq mot 
in 1958. Little or no pr~plantin! 11 

rigation was needed, but durine th 
summer irrigation qeapon. hra\i irp 

gation was required. 

Moisture condition9 arr ~rldoa 
ample throughout the entirc. recrriot 

area. Such was the case in 110th 19: 
and 1958. Locally, but not nrcrb-an 

ly in the same location cxach \ear 
moisture supplies werr inadrquah 
and it was necesqary to i r r ip t r  a i  
1956. 

Crop yields in relation to numh 
of irrigations and fertilizrr U:P i~ 
1958 are shown in Tahlr 8. 

A synthesis of these indicator. e 
water use suggests that thc alpraw 

gross rate of water applicatinn II 

1958, a year with belo\v-normal ~ni 
gation requirement<, was iitnilar lo 
that of 1947-49, when 11 acrr inchs 
ver acre were a ~ ~ l i e d .  Thr an~ounl 

1 1  

of water applied on cotton gronn on 
both heavy and qandy qo~li sac ac 
erally about a third greater than ~ h c  
amount applied on grain cornhun 
grown on similar soils. Thr nlnounl 

of water applied to rain cornhum 

grown on heavy coils ua' nhoul a 
third greater than the atnounl. ap 
plied on sandy (mixed) <oil<. Thr 
difference in rate of watrr applrca. 
tion reflects a generallr lnorr adfi 

quate water supply and a ;rtXatrr w 
of fertilizer in the hcnvy .oil arc&. 

Commercial Fertilizer Use 
Use of commercial frrtilizrr. p 

titularly on grain sorFhutn and 
wheat grown on heavy soil., ha< in. 



I rttarlil crratl! in the last 2 or 3 

j PP. 
I 

Fan11 oprmtorc rrport that they 
$ lo t~~nintain a hicher soil moisture 
kpl, u b u n l l !  11) applying at least one 
ddil ionnl  irritation, when commer- 
d Lar~ilizrr. ilrt* uqcd on grain sor- '  bun^. flrrauv. of locally favorable 

, noLturt~ conrlitionq in 1958, it was 
ohrn pnccihlr to maintain high mois- 
ture lvtclc wit11 fcwcr than the usual 
n d v r  nf irripationq. In addition 
IQ hta ~caconnl  di ffcrcnce, there are 
diffcrc~nrcbc among farm operators in 
b numhrr of timrs a crop is irri- 
p~d, I'llrw sclnconal and individual 
diili+n+nccp in tllr number of irriga- 
lion( ;~ffrct t h r ~  accuracy of results 
obahorl hy comparing the yields ob- 
h i n ~ d  with and without commercial 

P P ~  nrrr rat(%$ of fcrtilizer applica- 
hn did not Irar\- widely between 
h q .  \nh~tlrous ammonia was the 
pdnminant frrtilizcr used on grain 
worehu~u and wh(lat. A few applica- 
Lns 01 61) pouncls pPr acre were re- 
ptted. llut tho more common rate 
oI applirn~ion ranged between 80 
md 100 pound5 pc.r acre. Some an- 
bdrouc nninion in was applied on 

,tanon. hut miurtl fcrtilizer at a rate 
, $ 2110 pound. prr acre predomi- 
I MIA. 

Fertili7rr u c r  ; I I I ~  vielcl differences 
Irn r loq~ly  a..ociated with the 
~ j o r  *oil t!pcb-. Yiclds were associ- 

' ad alhn lrltli practices commonly 
Id \\it11 rcrtain soil conditions. 

'Th? pmportion of farm operators 

' k uhr m l  othrr pertinent details 
' 

Lrsrint 011 t h r  llqr of commercial ' hrti1izl.r in 1052 arc  shown in Table 
L Thv data ill Tahle 8 are average ' ~ I B  ohtclinod with the indicated 

I 'ptic(* ani1f.r thr w~ather condi- ' of 19-52. \Vrather conditions 
I i dif11.rI n t  !(Bars or greater experi- ' are K I I I I  IIW of frrtilizer might lead 

1 b diifonvt rr,ultr. 

.b I ~ P  data in  Table 8 reflect the 
r rsa l td  f r n n ~  onlv 1 year, no definite 
crl~bienc \\ it11 rrqpect to the use 
l con~r~irrrial fertilizer can be 
bm. Tiiry are inilicative, how- 
m, nf what mi<cht he expected in 
a * i ~ h  moi.turc conditions simi- 
C to t h o k c  i n  1958 Under these 
dilirm and rvc~pt for the results 
hinrtl \cih cotton on sandy 
~ m l ~  &oil.. lhr 1958 results sug- 
pl  hit iiirrc,n.ing the number of 

~ m 

TABLE 5. SIZE OF IRRIGATED FARMS BY FARMING AREAS, 1954 AND 1958 

Farmina Area 

Range in farm size A B C D Study area 
total 

1954 1958 1954 1958 1958 1958 1958 

150 acres and less 12 8 12 13 3 0 7 
151-250 acres 45 40 39 42 16 9 3 1 
251-350 acres 28 2 1 23 26 36 27 26 
351-450 acres 5 15 12 3 6 7 9 
451-550 acres 5 7 2 6 3 12 7 
551 acres and more 5 9 12 10 36 45 20 

irrigations provides a low rate of 
return from the water used, particu- 
larly on grain sorghum and wheat. 
With moisture conditions similar to 
those of 1958, the use of fertilizer 
without an additional irrigation was 
profitable for grain sorghum grown 
on both heavy and sandy soils and 
for wheat grown on heavy soils. Al- 
though use of fertilizer on cotton 
following grain sorghum has in- 
creased yields as much as 500 pounds 
per acre under ideal conditions, fer- 
tilizer did not increase the yield of 
cotton grown on heavy soils in 1958, 
Table 8. 

Except for the results obtained 
with cotton in sandy (mixed) soils, 
an additional irrigation on fertilized 
cotton, grain sorghum and wheat was 
not profitable in 1958. Some in- 
crease in yield was obtained in all 
three instances, but at 1958 prices, 
the yield increases were not large 
enough to defray the added water 
costs, except in the lowest cost water 
areas. 

Under 1958 conditions, the in- 
creased production from fertilizer 
and from added irrigation on cotton 
grown on sandy (mixed) soils was 
highly profitable. The yield increases 
obtained with fertilizer on cotton 

- with less than three irrigations were 
not as great as those obtained from 
the use of additional irrigation with- 
out fertilization. Despite the lower 
increase in yield resulting from ap- 
plication of fertilizer, with low well 
yields and relatively high water costs, 
it may be more profitable to increase 
yields by applying fertilizer rather 
than by applying additional water. 
When water supplies are ample, the 
two practices may be combined ad- - - 

vantageousl y. 

Irrigation of Every Other Row 

Another practice that has come 
into general use in recent years, par- 
ticularly in farming areas A and B, 
is that of irrigating every other row. 
In 1958, the practice of irrigating 
every other row was followed by 
about half of the farm operators in 
farming areas A and B. Slightly less 
than a third of the acres irrigated in 
these farming areas were irrigated 
by the every other row method. The 
practice is seldom applied in farming 
areas C and D. 

The practice of irrigating every 
other row has some advantages. 
When water supplies are scarce, the 
practice permits a timely, though re- 
duced, application of water over 

TABLE 6. TENURE STATUS OF IRRIGATED-FARM OPERATORS, BY FARMING 
AREA, HIGH PLAINS, TEXAS, 1958 

Type of operator All 
Tenant Owner-additionalz Owner oper- 

. * -  3 

Farming area 

area' Crop- Crop- Crop- crop- 
Percent land Lived land Lived land Lived land 

per on farmPercent per on f a J e r C e n t  per on farm per 
farm farm farm farm 

Acres Years Acres Years Acres Years Acres 
A 48 319 10.1 17 348 15.3 35 280 19.1 309 
B 34 289 7.8 10 256 13.5 56 258 15.1 269 
C 22 477 6.4 15 563 17.1 63 452 19.7 472 
D 30 438 6.9 25 956 12.9 45 380 13.9 542 
Average 36 344 8.6 16 515 14.7 48 329 17.0 363 

'Irrigated farms only, see  Figure 4 for farm area delineation. 
'Part of the farm owned and part rented. 



'Cotton yields rounded to nearest pound, grain sorghum to nearest 10 pounds. wheat and  barley yields rounded to 
bushel. 

*See Figure 4 for a rea  included in farming areas. 
'None reported or not applicable. 
'1954 survey. 

more acres in a similar period of predominate in farming area A. costs of gas lines, natural 2;1. L n o t  
time than otherwise possible by irri- Most of the area with an initial water- a particularly cornpetitin <our r~  d 
gating all rows. Also, its use pro- bearing stratum of 50 feet or less is power in areas with thr thin~~rl 
vides for the building up of larger located in farming area A. In this water-bearing strata. Jn otb(lr lo~alr 
heads of water, which contributes to area of thin, water-bearing stratum, ties, most of the chance lo naturil 
a more uniform distribution on sandy approximately 31 and 62 percent of gas has been to replace l~utancl. Sillnlr 

soils. the wells were powered by butane plants powered by electricit!. 1 1 a ~  
and electricity, respectively. I t  is not been converted to natural cat, but 

The obtained in 1958 with unusual for both types of power to the expense 'involved h a i  ivtlrlnl~o 
this practice are shown in Table 9. be used on the same delay the change. Gaflinc coctb an 

OTHER DEVELOPMENTS In the rest of farming area A, Fig- virtually the only inveqtt~ict~t co.1 lo. 

ure 5, where water-hearing strata are volved in changing Erotii I)utnnv 10 

The shift from butane (L. P. gas) 
thicker, butane and natural gas are natural gas. The chan~c fro111 r l ~ q  

, 
I 

to natural gas for pumping and the 
used on 38 and 47 percent of the tricity to natural gas rrquirrc a dil. 

installation of underground concrete- 
wells, respectively. ferent type of power unit and a Ertu. 

tile distribution systems, which have head, as well as the coqt of a ca.l~n~. 
occurred mainly during the past 5 A few favorably located wells have 
years, are very important to the irri- been fueled by natural gas since the Closed Conduit Water-distribution 
gation economy. early 1940's, but the major shift to Systems 

gas began in Only In 1958, collrr,~h.t& 
Shift 10 Natural Gas for Pumping percent of the wells fueled by natural or surface di,,,,i,,,, 

Excluding the area in which the gas in 1958 began using gas tion systems were U C P ~  01) ali[~ll,li 

water-bearing stratum was less than 1952. 28 per- mately 97 percent of [hi. fa1111. ini 
50 feet thick in 1938, natural gas was cent of the gasmfueled plants on 90 percent of the acrrl- irriz2~d 
used on 61 percent of the farms and were connected in 1953 and 19547 in areas with wa t~r - ]~~ar i l l~  cInlj fi' 
68 percent of the wells in 1958. The and 69 percent were shifted to na- 50 feet or lest. For fi ruur t j  
proportion of wells fueled by natural 'u'" gas in the 4-year period, Water Reservoir area ac a r h n l ~ .  Y 
gas is higher in the heavy soils area, 58. percent of the irrigated farm;. \\PP 

farming areas B, C and D. Pumps Because of low energy require- equipped with closed cliqtril,utioi~ .\- 

powered by butane and electricity ments of pumps and high installation tems in 1958. The proportionc of h 

TABLE 7. DRYLAND AND IRRIGATED CROP YIELDS, BY FARMING AREAS AND BY SOIL TYPE' 

Average yield by Average yield by soil Resenoir 
Item Unit farming area2 type averagr 

A B C D Sandy (mixed) Heavy yield 

Cotton 
Dryland4 1954 yield per acre Pounds 122 3 3 3 122 3 t 

1957 yield per acre Pounds 246 275 166 3 246 239 245 
1958 yield per acre Pounds 304 387 250 3 304 340 311 
1954-58 average per acre Pounds 196 200 166 3 196 183 195 

Irrigated4 1954 yield per acre Pounds 548 600 3 3 548 600 3 

1957 yield per acre Pounds 497 490 517 550 497 508 503 
1958 yield per acre Pounds 570 626 639 622 570 629 606 
1954-58 average per acre Pounds 532 558 56 1 532 532 555 546 

Grain Sorghum 
Pounds 1060 3 3 3 1060 Dryland4 1954 yield per acre I 

1957 yield per acre Pounds 1140 1270 1930 1160 1140 1330 1180 
1958 yield per acre Pounds 1300 1380 1270 1700 1300 1490 1350 
1954-58 average per acre Pounds 980 950 800 1130 980 1000 980 

Irrigated 19544 yield per acre Pounds 2750 3220 3 3 2750 3220 I 

1957 yield per acre Pounds 2800 3590 3880 3770 2800 3720 3410 
1958 yield per acre Pounds 2900 4140 4030 4160 2900 4110 3780 
1954-58 average per acre Pounds 2650 3460 3690 3730 2650 3600 3330 

Wheat 
Dryland 1957 yield per acre Bushel 3 15 26 11 a 15 IS 

1958 yield per acre Bushel 27 3 0 25 8 27 27 3 

1954-58 average per acre Bushel 3 14 15 11 3 13 13 
Irrigated 1957 yield per acre Bushel 30 25 34 33 30 33 33 

1958 yield per acre Bushel 3 0 25 35 34 3 0 34 
1954-58 average per acre Bushel 27 26 2 9 29 27 29 

Barley 
Irrigated 1957 yield per acre Bushel 3 58 48 55 3 54 

1958 yield per acre Bushel 48 49 44 3 47 3 

1954-58 average per acre Bushel 1 48 59 5 2 3 52 



a~rea:c ~ r r ~  c(l on farms equipped 
rith c l n w d  distribution systems dif- 
fer ton~idrrahly between farms, but 
for thr arra a' a whole, these systems 
$rvr 77 prrccnt of the irrigated land 
on farm< >o rquippecl. 

The relation between the age of tion was developed on only 12 per- 
irrigation development a n d the cent of the farms between 1950 and 
amount of water-level decline is 1958 whereas, 45 percent of the wells 
shown in Table 10. A similar associ- used in this decline interval in 1958 
ation between the age of develop- were drilled during the same 9-year 
ment and the thickness of the water- ~e r iod .  Table 10. 
bearing stratum is shown in Table 
11. Comparisons for the other decline 

intervals show a similar relationship. 
The first well was drilled on 37, The comparison is not entirely ac- 

50, 85 and 88 percent of the farms curate, as the entries under "propor- 
in decline intervals 1, 2, 3 and 4, tion of farms developing irrigation" 
respectively, by 1949. The regional reflect the date on which the first 
static water level in 1949 had an well was drilled. As few farms are 

Approsimatcly 15 percent of the 
hm- t>nullarated were equipped 
with sluminurn surface pipe distribu- 
ti or^ b!q~t~m*. R few were equipped 
with portd)le yrinkler systems and 
and a frlr uvd concrete-lined ditch- 
pc. Thp  olcl(-t concrete-tile distribu- 
lion b!+trnl rrported. was installed in 
1W. Ho\\r\rer. only 17 percent of 
Ihp .\ stom* cnumerated were in- 
stallrd hrforc 1954 ; 80 percent were 
inctallcd hrtwtbcn 1954 and 1958; 

i and the in*tallation dates of 3 per- 
/ wnt r r r r  unknown. 

accumulated decline of 11.45 feet, developed completely in a single year, 
Table 3. By 1949 only 21, 40, 49 part of the wells drilled after 1949 
and 55 percent of the wells used in were drilled to expand the irrigated 
1958 had been drilled in decline in- acreage on farms- where irriGtion 
tervals 1, 2, 3 and 4. respectively, had L e n  developed previousl< 

, A A A 

Table 10. Some indication of the 
effects of the decline in water s u p p l ~  SPEClFlC HYDROLOGIC SUB-AREAS 
is revealed by comparing the bid- The greatest decline in water level 
portion of farms on which irrigation has occurred in areas in which the 
was developed and the proportion initial water-bearing stratum was 
of wells drilled since 1949. For in- thickest, Figures 6 and 2. This sug- 
stance in decline interval 4, irriga- gests that the deleterious effects of 

I in~tal la t io~l  of closed distribution 

I qrt~m.. chiclfly underground con- 
crete-tilt> are Inorr common in the 

I ~ n d !  (misctl) soil areas (farming 
uea . \ I  that1 in areas with heavy 
soilk .  

TABLE 8. FERTILIZER USE AND CROP YIELDS RELATED TO SOIL TYPE AND 
NUMBER OF IRRIGATIONS, 1958 

I Water Level 
Declines and 

Farming area A Farming areas B, C and D 
Sandy (mixed) soils heavy soils 

Item 
- - 

Grain Unit Cotton sz$,"m Cotton Sorghum Wheat 

I Compensating 
Adjustments 

Number of farms reporting 
fertilizer use1 No. 

Proportion of farm operators 
using fertilizer Percent 

Proportion of acreage 
fertilized Percent 

Rate of fertilizer application2 
Nitrogen, per acre fertilized Pounds 
Phosphorus, per acre 

fertilized Pounds 
Potassium, per acre 

fertilized Pounds 
Fertilizer cost per acre Dollars 
Crop Yields per acre 

No fertilizer 
Fewer than three 

irrigations3 6 

Three or more irrigations4 
Fertilized 

Fewer than three 
irrigations3 5 

Three or more irrigations4 
Estimated yield differences 
from 

Increased irrigation6 6 

Fertilizer alone7 5 

Fertilizer and increased 
irrigations 6 

FACTORS CONTRIBUTING TO DE- 
CllNE IN WATER LEVEL 

Thv ainount of decline in the water 
rr>flrcf\ thc amount of water 

rxtrart~>(l. \rhir.li is closely associated 
mlh 11 I Icnctll of time irrigation 
b brrn prnc.ticwl or age of develop- 
mmt, 121 p~.rn~c~al~ility of the water- 
bring fnrn~alion or ( 3 )  a combi- 
oation rrf ( 11  2nd (2). 

I ' Thr Irncth of time irrigation has 
br~ tlr\rlnl)r.tl is also associated 
nit! II I (>  initial (1938) thickness of 
dort ~ a ~ r r - l ~ t ~ t ~ r i r l p  ~trata, hut in the 
ma3 of hoavic><t decline, this as- 
soeirtion i. c,oir\ciden tal. Originally 
mtrr lr\oli \ t ( i r ( t  ticar the surface in ' br Plrinvirw-Locknry and Hereford 

er* aalltl the. first irrigation was de- 
rdupd in thrv "~hallowater" areas. 
A ~irnilnr d u n t i o n  wi t l ~  respect to 

I drplh. to \vatr.r and to time of de- 
dupn\ntt pr~.railf~d in the Muleshoe 

- ma. b u t  rrtchar,nc from the adjacent 

, ad hill< h;t* permitted long-con- 
ha~d nprration without the heavy 
&in(> r~~pt~ric~ncrd in other areas of 
$drr dr\clol)m(~nt. 

'Data are average for the number of farms indicated. 
'Pounds of elemental nitrogen, phosphorus and potassium per acre. 
3Average of 2.6 irrigations per acre. 
4Average of 3.6 irrigations per acre. 
'Pounds of lint, pounds of sorghum grain and bushels of wheat per acre. 
'Difference in yield between "less than three irrigations" and "three or more irri- 
gations" with no fertilizer. 
'Difference between "nonfertilized" and fertilized yields with "less than three irri- 
gations." 
'Difference between "fertilized yields with "three or more irrigations" and "un. 
fertilized" yields with "less than three irrigations." 



water-level decline. would depend 
more upon the proportion of total 
water extracted than upon the total 
amount of decline experienced. A 
moderate amount of decline in an 
area underlain by a thin water-bear- 
ing stratum, may constitute a high 
proportional decrease in water sup- 
plies and may have more immediate 
implications, than a heavy decline in 
an area with a thicker water-bearing 
stratum. 

The reservoir area is delineated in 
specific areas wherein the effects of 
depletion can be ascertained. The 
decline in water levels between 1938 
and 1958, Figure 2, in combination 
with the original (1938) thickness 
of the water-bearing strata, Figure 6, 
provides the basis for such delinea- 
tions. For purposes of this study, 
each combination of a "decline inter- 
val" with an original "water-bearing 
thickness interval" constitutes a spe- 
cific hydrologic sub-area, Table 12. 

The approximate location of these 
specific hydrologic sub-areas is shown 
in Figure 7. Water level profiles of 
the hydrologic sub-areas selected for 
study are shown in Figure 5. 

Since "more than 60 feet" of 
water-level decline could not be ex- 
perienced in an area where the in- 
itial thickness of the water-bearing 
stratum was "under 50 feet" thick, 
the procedure followed provided 23  
possible combinations of water-level 
decline and thickness of water-bear- 
ing strata, specific hydrologic sub- 

A - areas. An examination of the adjust- 
ments and their effects in these spe- 
cific hydrologic situations permitted 
some combination of areas for this 
study. When the initial thickness of 
the water-bearing stratum exceeded 
150 feet, the type and extent of ad- 
justments were closely associated with 
the amount of decline, whereas, when 
the initial thickness of water-bearing 
stratum was less than 150 feet, the 

THICKNESS OF WATER BEARING STRATA IN 1938 

LESS THLN 50 FELT F R O M  10 TO 100 FELT CROW 100 TO 850 FELT 
9- ," I I I 

ULYIL rn&)r 150 r u l  

SUBAREA 5UBARFA No. I 
I-, 8.1 2 - 1  2.2 

SUBAREA No. 

1-1 1 - 2  1-1 
5 U B l R f l  Nos 

3001 eon hen MPOWCDNO I . U S G I , ~  B r T  n.orrr,m.nr, o n # ~ d b c o , , ~ n ~  
VVKi 

Figure 5. Hydrologic sub-area profiles. 
- 1 

extent and effects of adjustments 
were related chiefly to the proportion 
of water resources that have been 
extracted and the initial thickness 
of water-bearing strata. 

For purposes of analysis, the 12  
specific hydrologic sub-areas that in- 
clude those situations in which the 
initial thickness of the water-bearing 
stratum exceeds 150 feet are com- 
bined in four sub-areas. The acre- 
age included in some of the sub- 
areas is so small that sufficient data 
are not available for appraisal. For 
these reasons, the 23 possible specific 
hydrologic sub-areas are reduced to 
11 for further study. Since there are 
wide differences among parts of some 
of the selected sub-areas, further sub- 
divisions are made as indicated in 
later tables. 

The square miles and the propor- 
tion of the total area in different in- 
tervals of water-level decline are 
shown in Table 12. The area and 
proportion of the six water-bearing 
strata thickness intervals affected by 
different amounts of water-level de- 
cline are shown in Table 12. 

Each specific hydrologic sub-area 
is identified by a code number or 

symbol which indicates t h ~  r ~ a t r  
bearing strata "thickness i n t ~ r v a i  
and the water-level "drclilt~ illti', 
val" combined in the spcbrific ~ u l  
areas. The numbering s p t ~ m  con 
bines the "thickness" ant1 "dpclin- 

interval numbers used in  Tahl~ 12 
The first digit in the sytnl)ol indi 
cates the thickness interval and thi 

second the decline interval cornllin~ 
in the specific sub-area. Thuq s!m 
bol 1-1 denotes an area in  which L 
initial (1938) water-bmri~~; qtratum 

was "under 50 feet" thick anti thc 
water-level decline is "0 to 20 feet": 
the symbol 1-2 denotes a n  area rii 
a similar initial thicknew of water. 
bearing stratum that has c~xprricncd 
a water-level decline of "20 ti1 JI) 
feet." Similarly, the symbol 3.1 in. 
dicates an area with an initial aatrr. 
bearing stratum rangin,. from "100 
to 150 feet" thick and a \tatrr.lrrd 
decline ranging from "40 to 60 ir~t.' 

Where sub - areas h a v r hm 
grouped for discussion. a st.ri~. of 
digits is used to denote thf, thirkna 
of the water-bearing stratum inttr. 
vals combined. Some parts oi the 
individual or grouped suh.arpai art 

further subdivided depmdin; on pPr. 
meabilitv of the water-hparinz forma. 
tion, well yields, pumpin; lift.. or a 

TABLE 9. COMPARISONS OF YIELDS. OBTAINED BY IRRIGATING EVERY OTHER combination of t h ~  thrrp,  Thw 
ROW WITH YIELDS OBTAINED BY IRRIGATING ALL ROWS. FARMING AREAS areas are designated by thc addition 

A AND B. 1958 of a small letter follow in^ thc ~ u b  I 
Irrigating every other row Irrigating all rows area symbol. 

Item Number of Yields Number of Yields The areas of irrigated I,lntl elthin 
farms farms the various hydrologic <uh.nr~a. art 

Cotton. vounds ver acre1 
shown in Table 13. I 

No feitilizer - 13 543 17 579 
Fertilized 8 585 12 628 PHYSICAL EFFECTS OF WATER- 

Grain Sorghum pounds per acre' 
No fertilizer 12 2481 15 2967 

LEVEL DECLINE 

Fertilized 4 3550 9 3757 The principal physical r f fpc~ .  ol 
the decline in water lrvcl~ a r p  lc. 

'Average yields from the number of farms shown. flected in a reduction in  arll rirll I 



TABLE 10. PROPORTION OF FARMS DEVELOPING IRRIGATION AND PROPOR- 
TION OF WELLS DRILLED, BY PERIODS, RELATED TO WATER LEVEL DECLINE 

-- - 

1938-58 Water level decline intervals1 
Item and 

development period 1 2 3 4 
(0-20 feet) (20-40 feet) (40-60 feet) (60+ feet) 

Proportion of farms developed 
for irrigation' ------ 

Before 1940 5 10 
1940-44 2 10 
1945-49 3 0 30 
1950-54 40 30 
1955-58 23 20 

Proportion of wells drilled3 
Before 1940 1 4 
1940-44 3 5 
1945-49 17 3 1 
1950-54 43 3 8 
1955-58 3 6 22 

- Percent - - - - - - 
20 47 
27 6 
3 8 35 

9 6 
6 6 

Intervals as delineated in Figure 2. 
.Year first well was drilled on the farm. 
Wells used in 1958 only; this excludes farms and wells where the original water 
level was 165 feet or more below land surface. 

Thr rerluction in well yield began closed distribution systems and instal- 
~durinc the lntc 1940's and further lation of smaller pumps in old wells, 
r~rluctio~~~ have been experienced as indicate a decrease in water supplies. 
~ h r  decline in water level progressed. Changes in numbers of acres irri- 
Evirlrnce of decreases in well yields gated per well between 1947 and 
111 crrtain locations was obtained dur- 1958 are shown in Table 14. 
i n ?  the courqe of the well-measuring 
btu(l\- conclucted bv the Texas Anri- COMPENSATING ADJUSTMENTS 
rulturnl ~x~rrirner;t Station in 1 a 7 -  
40. (11. ( 2 )  and (3) .  There are 
nian\ rrports of declining well per- 
forn~ancr.. Flowever, the only author- 
i t a h  evidence of changes in well 
!irld ivn- rcported by Leggat, in 
1351. (17). According to Leggat, 
t h ~  colnl)nrative performance of 51 
~ e l l c  in Dtlaf Smith, Floyd, Hale and 
>hi-her counties between 1938 and 
loil qhowed an average decrease in 

i 
V 

r i t l i l  ranpinp from 11 percent in 
F l ~ r  I county to 20 percent in Hale 
1 1 1 d  Draf Smith counties. A larger 
liltrra.rl was reported for the old 

I 111l1lliri1)~1 we11 field at Lubbock, in 
\\l~irh the. avcrage well yield de- 
Irr~;rrl from 625 to 250 gallons per 

Similar information covering well 
p~rfnrma~~cc since 1951 is not avail- 
d!dP. O t l i ( ~  indicators, however, can 
I'  uwd to approximate the changes 
is ~rr l l  l~c~rfor~iiance. Chief among 
thr~*c> i4  ' thr change in number o? . . 
Ec'tr'; ~rr~gntrcl per well which, al- 
~hourh *ul~jcct to modification by 
manncc~niont practices, generally re- / Oc,tc silditional wells installed to 

I n~aintain the irrigated acreage on 
r h 1 8  f a r n ~ .  Dt.creases in number of 

( an3. irri,catrd per well, particularly 
if. rarlv 19507s, along with - 
1 of longer pumping seasons, 
r of pumps. installation of 

Several factors may combine to 
influence the type and extent of spe- 
cial practices adopted by a farm op- 
erator. The tendency of these special 
practices to be more widely adopted 
in some situations than in others, 
suggests that these special practices 
are required to cope with conditions 
in the area of their adoption. Such 
is the case with respect to certain 

types of special practices or adjust- 
ments made in response to declining 
water levels in the High Plains. The 
types of adjustments or special prac- 
tices induced by, or associated with 
water-level declkes, are outlined be- 
low. The extent to which the more 
important practices are applied in 
specific hydrologic situations is 
shown in Table 15. 

Increasing the hours of pump op- 
eration was among the first and most 
frequently r e p our t e d adjustments 
made in response to a decline in 
water supplies. Changed irrigation 
practices, mainly adoption of pre- 
planting irrigation, since 1947-49, 
and differences in annual irrigation 
requirements that stem from seasonal 
variations in precipitation, preclude 
a precise measurement of the extent 
to which pumping seasons have been 
lengthened to meet a decline in water 
supplies. 

Lowering of Pumps was an early 
adjustment. Its application was gen- . 

erally restricted to those parts of the 
area in which water-bearing strata 
were thick enough to make the prac- 
tice feasible. Some of the pumps in 
earlier wells drilled in the sub-areas 
with less than 100 feet of water-bear- 
ing materials were lowered as the 
water level declined, but pumps in 
many wells drilled after 1950 were 
usually set at or near the bottom of 
these thinner water-bearing strata. 

The extent to which this practice 
has been followed in the various hy- 
drologic sub-areas is shown in Table 

TABLE 11. PROPORTION OF FARMS DEVELOPING IRRIGATION AND PROPOR- 
TION OF WELLS DRILLED, BY PERIODS, RELATED TO ORIGINAL (1938) THICK- 

NESS OF WATER-BEARING STRATUM 

Thickness of water-bearing stratum, 1938' 
Item and 1 2 3 4 5 6 

development period (0-50 (50-100 (100-150 (150-200 (200-250 (250 
feet) feet) feet) feet) feet) feet +) 

Proportion of farms 
developed for 
i r r i g a t i ~ n ~ , ~  ----- 

Before 1940 7 6 
1940-44 0 4 
1945-49 19 54 
1950-54 30 30 
1955-58 44 6 

Proportion of wells drilled3 
Before 1940 0 2 
1940-44 0 3 
1945-49 11 31 
1950-54 37 45 
1955-58 52 19 

-- Percent - - 
11 27 
19 11 
44 33 
16 24 
10 5 

'As delineated in Figure 6. 
'Year first well was  drilled on the farm. - 

3Wells used in 1958 only: this excludes farms and wells where original water level 
was 165 feet or more below land surface. 
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Figure 6. Thickness of the water-bearing strata. 1938. 



SUBDIVISION No. l 

HIGH PLAINS GROUND WATER RESERVOIR 

LEGEND 

NOT PARTICULARLY 

-- 

Figure 8. Areas affected by water level decline. 



15. The practice has'been extensively 
adopted in the older developed areas 
where the water-bearing strata are 
more than 150 feet thick-(hydro- 
logic sub-areas 456-2, 456-3 ancl 
56-4). In these sub-areas, pumps 
have been lowered, some of them as 
many as six times, in almost all wells 
drilled before 1940 and in more than 
three-fourths of all wells drilled be- 
fore 1950. 

Farm operator reports of well per- 
formance before and after lowering, 
along with the smaller decrease in 
acreage irrigated per well, Table 14, 
indicate that the practice has been 
among the most effective means used 
to offset the effects of a decline in 
water levels. Also. it costs consider- 
ably less to lower a pump than to 
install a new well. 

Installation of additional wells is 
applied to some extent in all parts of 
the reservoir. It is more common, 
however, in those sub-areas in which 
the initial water-bearing strata were 
less than 150 feet thick, hydrologic 
sub-areas 1-1, 1-2, 2-1, 2-2, 2-3, 3-1, 
3-2 and 3-3. The sub-areas in which 
this practice is used most extensive- 
ly are suggested by the changes in 
acreage irrigated per well, Table 14. 

Drilling additional wells is among 
the more expensive adjustments to a 
decline in water supplies both in 
added investment and added operat- 
ing costs. The practice permits the 
offsetting of a certain amount of the 
decrease in well vields that have ac- 

J. companied the decline in water levels. 
It also tends to perpetuate the over- 
draft and shortens both the physical 
and economic life of water supplies, 

particularly in those areas in which 
the initial water-bearing strata were 
less than 100 feet thick. 

Closed distribution systems, princi- 
pally underground concrete tile are 
another adjustment to a change 
in water supplies in certain situa- 
tions. Elimination or reduction of 
transmission losses between the well 
or wells and the point of water dis- 
tribution is the major benefit derived 
from the use of this facility. This 
water-conserving effect largely ex- 
plains the frequent installation of this 
type of facility in areas experiencing 
the greatest proportional depletion of 
water resources. Water conservation 
is not the only benefit derived from 
the use of closed delivery systems. 
Other benefits, such as ease of han- 
dling water, elimination of ditch 
breaking by wind action on water, 
elimination or reduction of ditch 
construction and maintenance, and 
reduction in land area needed for 
ditches also are realized. The use of 
this type of facility may or may not 
reduce irrigation labor requirements, 
depending on individual circum- 
stances. 

The chief disadvantage lies in the 
cost of the system, which may exceed 
the entire cost of all other irrigation 
facilities on the farm. 

The proportion of farms equipped 
and the number of acres served by 
closed distribution systems in thk 
various hydrologic sub-areas are 
shown in Table 15. The high inci- 
dence of use of these facilities in sub- 
areas 1-1, 2-1 and parts of 3-1 does 
not necessarily constitute an adiust- 
ment to a change in water supilies. 

TABLE 12. SIZE OF HYDROLOGIC SUB-AREAS' 

A high proportion of the \ r ~ l l c  in 
parts of these sub-areas initial]! aerp 
low-capacity wells and clo<ccl s!.ctrms 
were part of the equipment inqtnlled 

at time of development. Alto. thr 
predominant soils in these arrnq 3rr 

open textured, which incrc~a~ci  tht, 
need to reduce transmis<io~l I o ~ w .  

In sub-areis 1-2, 2-2, 2-3: 3-2.1.1. 
456-3a and 56-4a, where a liirrh prr. 
centage of farms are equipi~rd \\ih 
these facilities, few, if an!. rloccd 
distribution systems were a m n y  thr)  

original development equipmrn~ or 
farms in these sub-area<. Morr tharr 
70 percent of the closed diqtrihutiiln 

systems in these sub-area< II,~Y(. IIPPII 
installed since 1954. scrc.ral w d r ;  

after irrigation was more or let. ful. 
ly developed. 

OTHER ADJUSTMENTS I 
Other adjustments that I i d ~ r  1 ~ 1 ' ~ i  

made in response to a rlian~r ~ i '  

water supplies include the prnctir~ (;i 
irrigating every other row. thr in.1~1. 
lation of smaller pump<. a chift to 
off-season irrigated crops and a rP. 

duction in the proportion of crop 
land irrigated per farm. 

The practice o/ irrigntii1,g r1 P r y  
other row is extensively follo\r~d in 
portions of farming area A ~ v h p r p  the 
initial water-bearing strata wrr 1% 
than 50 feet thick, or w l i r r ~  n hioh 
proportion of the total watcr rtcourcp 
has been extracted. It i~ pmrticd 
to come extent in fan~iin; arm B 
and on a few farmq in nrtlaf C and 
D. 

In 1953, the practice \\-a+ u ~ ~ l  i n  
60 percent of the farm and appro\;. 
mately 40 percent of t h ( ~  irri?at~d 

1938 Water level decline intervals in feet? 
Thickness of water- 

bearing strata Number 1 Number 2 Number 3 Number 4 
0-20 feet 20-40 feet 40-60 feet 60 feet + 

Interval Square Percent3 Square 
Number Feet , mile mile Percent3 ' ~ p d : ~  percent3 percent3 ST&re percar mile 

1 Under 50 1317 92.5 101 7.1 6 .4 0 0 1424 13.4 
2 50-100 1240 54.0 994 43.3 62 2.7 0 0 2296 21.6 
3 100-150 533 26.3 1166 57.5 325 16.0 5 .2 2029 19,O 
4 150-200 442 27.1 814 49.8 3 53 21.6 24 1.5 1633 15.3 
5 200-250 218 14.2 845 55.1 395 25.7 77 5.0 1535 14.4 
6 250 and over 94 6.3 70 1 47.0 435 29.2 260 17.5 1490 140 - Unclassified 242 100 0 0 0 0 0 0 242 2.3 

Total 4086 38.44 4621 43.4' 1576 14.84 366 3.4' 10649 100,O 

'Each combination of intervals ("Thickness of water-bearing strata" and "Water level decline") constitutes a specific h y h  
logic sub-area, (See Figure 7). 

*Based on water level declines from January 1938 to January 1958. 
Tercentage of area with different thicknesses of water-bearing strata included in the decline interval. 
4Proportion of reservoir area. 
most of the unclassified area has a water-bearing stratum in the 0 to 50 feet range and is included hereafter with this group 



I acttiarc. i n  farming area A, Figure 4. 
Thr ~)rol)ortion of the acreage irri- 
p a t t d t l  Iv this mcthod differs consid- 

crop. A number of farm operators in 
these farming areas report that, be- 
cause of reduced well yields, they 
have reduced acreages of summer- 
irrigated crops - grain sorghum- 
and increased acreages of crops irri- 
gated during the fall and winter. 
Adoption of this practice lengthens 
the irrigation season, permitting a 
larger acreage to be irrigated with a 
given head of water. I t  accounts, in 
part, for the difference in the reduc- 
tion in "acres irrigated per well" be- 
tween comparable hydrologic situa- 
tions in farming areas A and B and 
in C and D, Table 14. 

cropland in sub-areas 1-1, 1-2, and 
2-2 respectively, compared with 37, 
37 and 3 1  percent, respectively, in 
these sub-areas in 1954. The propor- 
tion of irrigated cropland in grain 
sorghum remained unchanged or  in- 
creased between 1954 and 1958 in 
sub-areas 2-1, 3-1, 3-2, 3-3, 4-1 and 
4-2 in farming area A. 

I ~ r a i , l ~  nnlcrn; the hydrologic sub- 
arpai: inclu(lct1 in farming area A. 
Exrlurlinc huh-areas in which the 
i~litial wntcr-ljcnring strata were less 
that1 .il, f c ~ t  thick-sub-areas 1-1 
a1111 1-2-thr. proportion of the acre- 
a:,, irrical(1d bv this method de- 
rrrdkrc a< tIi(1 thickness of the water- 
hlbarinc qtratuln increases. For exam- 
ply, thr prnportion was 36 percent in 
sut~-ilrra 2-1. 17 prrcent in the sub- 
arra 3.1 2nd 6 percent in sub-area 
4.1. \lco. tho proportion of land ir- 
r i ~ ~ t v d  I) \  this mrthod increases as 
tht' clr~rlinr* in  vratrr level increases. 
Fur c~~arnplrb. the practice is applied 
on 36. 70 anrl 89 percent of the land 
irriratctl i l l  huh-areas 2-1, 2-2 and 
2.6. rc~;pl>c.t i \.rl\.. 

A reduction in  proportion of crop- 
land irrigated per farm constitutes a 
more drastic, though not extensive, 
adjustment to a change in water sup- 
plies. Most of the adjustment of this 
type has occurred i n  farming area A. 
For the areas as a whole, the propor- 
tion of cropland irrigated per farm 
declined 7, 28, 10, 10, 12 and 10 per- 
cent in hydrologic sub-areas 1-1, 1-2, 
2-2, 2-3, 3-3 and 56-4a, respectively, 
between 1954 and 1958. 

Staggering grain sorghum planting 
dates is another reported adjustment 
associated with a decrease in water 
supplies. The practice involves two 
or more plantings at  10-to-14-day 
intervals, thus lengthening the time 
in which sorghum can be effectively 
irrigated. The practice was reported 
only in farming areas C and D. 

Thr practirr of irrigating every 
othu rn\c i h  follo~7ecl on 82 and 86 
pprrvnt of tl iv farms in sub-areas 1-1 
and 1.2. rry~cbctivrlv. The time that 
I )~P ~rrnc.tirc8 \\-as adopted in these 
iuI).~rra- C U L ' L ' ( ~ ~ ~ ~  that it has been 
u ~ c ~ d  In of1hr.t thc effects of water- 
lacl dvrlir~c~~. but  it does not neces- 
~ a r i l \  r o n ~ l i t u t c ~  an acljustment to a 
e h n n ~ r ~  in  \\ ntcr wpplies, particularly 
in ~u l~-a rca  1-1. Tn general, wells in 
thi. ~ul,.nrc~:l wcrc low-capacity wells, 
and thr ~rracalirr was initiated when, 
or ~ h c ~ r t l \  aftrr. irrigation was de- 
v~L~lsbtl. I n  otlirr sub-areas involved 
in llnninrr arcs A, where irrigation 
dr\vl~lpmr~llt i h  ~rnerally older, the 
pn ticc hi)\ 1,rc.n adopted chiefly 
~inr18 19; 1, 

The shift from butane to natu,ral 
gas fueled pump engines is not in- 
cluded among the adjustments made 
in response to a change in water . -. 

supplies. The shift, an economy 
measure, is not necessarily related to 
declines in water level, as the availa- 
bility of natural gas is conditioned 
primarily by the size of energy re- 
quirements. The shift to natural gas 
has provided substantial immediate 
benefits in the form of lower fuel 

Concentratirzg the available water 
on  cotton rather than on cotton and 
grain sorghum as in the past, is an 
adjustment reported in farming areas 
A and B. A comparison of 1958 and 
1954 irrigated land .use shows that 
grain sorghum occupied only 11, 3 1  
and 12 percent of the 1958 irrigated 

,TABLE 13, ESTIMATED IRRIGATED ACREAGE BY FARMING AREAS AND BY 
SPECIFIC HYDROLOGIC SUB-AREAS, 1958 

Sub-area Farming Area Tot a1 Percent number A B C and D of total 

Acres - - 
17,800 Tlr,] in \ / ~ l l l o t  'or1 of smaller pumps 

m / h ~  o l l l / ~  t c ~ ~ l l c  is another indica- 
tint1 ili n tl(~c~r:~;~~rrl water supply and 
rdur c rl I\ 1.11 \ iclds. The practice 
~rn, r:llI\ i h  c*onfincd to hydrologic 
vh-alr~n~ 1-2. 2-1. 2-2. 2-3 and 3-2 
rhvrr 30. 2;. 17. 17 and 17 percent, 
rt.pc~r ti\cnl\. of t h t  original pumps 
ha\? lr~r11 rr~daced by pumps of 
aldli~r ;i71'. hlo~t of the wells, where 
pu1111). Iia\ r b  hcc.11 rrplaced by smaller 
pnnil).. \\cLrth drilled before 1955. 
P u m l ~ k  ~ i ln i l , l r  in qize to the replace- 
nwnt pump. hnve been installed in 
mu.! \ \ re l lk  clrill(.d i n  these areas since 
I9i.i. Total 944,500 831,500 1.799.000 3.575.000 

Drr rtncincc ilrc. ucrps of summer- 
t~rigcr~rd r r o p  ~l1)(1 increasing the 
o c r  p i 01 /(ill-CIIICI-z~linter-irrigated 
nap\ is  another adjustment to a 
chiinct> i n  ~ntcr wpplies. This is not 
m nlcncivcb practice and is reported 
enl! in farmin? areas C and D, 
rk18 \\hr*a[ i* a principal irrigated 

Percent Percent Percent Percent Percent 
26.4 23.3 50.3 100 100 

'High-lift areas of eastern Crosby and Floyd counties. 
2Lamb, Hale and Floyd county portion of sub-area. 
"wisher, Castro and Deaf Smith county portion of sub-area. 
'Lubbock and Crosby county portion of sub-area. 
Wale, Floyd county portion of sub-area; 
'Crosby county portion of sub-area. 
'Water-bearing formation with low permeability. 



costs? but, like the previously dis- 
cussed adjustment involving the in- 
stallation of additional wells, it also 
contributes to a continued overdraft 
of water supplies. 

Effects of Adjusting 
to a Changing 
Water Supply 

The physical patterns of ground- 
water depletion are rather clearly de- 
fined, Figures 2 and 7. The type and 
extent of major adjustments are also 
closely related to the extent of de- 
pletion in specific hydrologic sub- 
areas, Table 15. The economic pat- 
terns that stem from these adjust- 
ments are not so clearly defined. 

Several factors combine to mask 
the full physical and economic effects 
of water-level decline on the High 
Plains. Among them are a contin- 
ued though slowed rate of irrigation 
development, elimination or reduc- 
tion of transmission losses through 
the use of closed distribution systems, 
inflation, drouth. a modified irriga- 
tion program and the shift from bu- 
tane (L. P. gas) to natural gas for 
pumping. 

effects of a given amount of water- 
level decline, i.e., the effects of each 
10  feet of decline in an area in which 
the total decline amounts to 40 feet. 
A period of stable water use would 
be required for this purpose. Even 
with a period of relatively stable 
water use, a knowledge of the amount 
of water saved by reducing or elimi- 
nating transmission losses would be 
required to appraise the full effect 
of a specific amount of water-level 
decline. 

In some situations, the amount of 
water saved by piping it to the place 
of use is likely to be substantial. 
Thus, although the yield of a well 
may have been reduced, the acreage 
served by the well may be near that 
served before the conduits were in- 
stalled. 

On the farms included in the study, 
closed distribution systems, principal- 
ly underground concrete-tile or alum- 
inum surface pipe, served approxi- 
mately 40 percent of the land irri- 
gated in 1958. Approximately 80 per- 
cent of these systems were installed 
in whole or in part during 1954-58. 
The full effect of the decline in water 
levels, therefore, is reduced or 
masked by the amount of water saved 
by reducing transmission losses. This 
would suggest that future declines 

crease in operating cost< than t h ~  
occurring between 19.54 and 13.78. 

Although continued devrlopnitnt 
coupled with a reduction in trnnclnk 
sion losses, precludes a prrcik~ mu 
urement of the effects of cprcific 
amounts of water level drclinr. 
type, number and extrnt of n c i j ~ t .  
ment associated with local h \ d r @  
logic conditions permits an appraid 
of some of the effects tha t  Innv r ~ p  

sonably be attributed to ~ a t r r  11.vpI 
declines from the time that t l ~ c  llxal 
area was developed. 

Economic effects are rrflertrd pri. 
marily in three ways: ( I  I inrr~ad 
per-acre investment in irri,catina f& 
cilities, (2) increased operatinr 
and (3 )  a reduction in  thr propor- 
tion of cropland irriptrd prr farm. 

INCREASED INVESTMENT IN IRRE 
GATION FACILITIES 

The most widespr~ad and prc. 
nounced effect of adju~tinc tn a 
changing water-suppl!~ iituation I! 

reflected by an increaw in t h p  In. 
vestment required to maintnin and 
supply the irrigated acrcacr. In rad 

instance. when data for rnrlirr \ , O a r ;  

are available. the 19.5fi inrr\!n!~nt 
per acre in irrigation facilitirq rep 
resents a substantial inrrracr arr 
those reported in 1947 a ~ i t l  in 19,il 

Continued development, as reflect- in water l'eiel are likely to effect a The initial cost of irri~ation farib 
ed by continued well drilling, pre- greater reduction in the number of ties used in 1958. along n i t h  19i8 
cludes a precise measurement of the acres irrigated and a greater in- operating costs. by hylrolorir h u b  I 

TABLE 14. ACREAGE IRRIGATED PER WELL BY HYDROLOGIC SUB-AREAS AND BY FARMING AREAS I 
---Hydrologic1 

sub-area 
Farming areas A and B1 Farming areas C and D' 

1947' 1 9543 1955' 1956' 1957' 1958' 1955' 1956' 1957' 1958' I 

'Hydrologic sub-areas as  delineated in Figure 7, farming areas as  in Figure 4. 
'Average acres per well on farms studied in 1947. 
"verage acres per well on farms studied in 1954. 
*Average for farms included in January 1959 survey, includes some, but not all farms covered in 1947 and 1954. 
"0 record for these years. 
'Small sample. 
'Water-bearing formation with low permeability. 



ar ra~ .  nrr illown for farming areas 
4 and B in Tnhle 16 and for farm- 
in. arrap C and D in Table 17. The 
anlount of increase between survey 
p ~ r i o r l ~  i n  the prr-acre cost of irriga- 
tion fncilitic>. a n d  the cost of particu- 
lar itcbn~c csontrihuting to the increase 
J ~ P  -hn\s~i i l l  Tahle 18. 

gation well. The price of some items 
of pumping equipment advanced 
during 1947-58. Competition, which 
was not so pronounced in the early 
part of 1947-58, has reduced the cost 
of services and the price of some 
items required to install a well. Thus, 
wrice rises in some items have been 

resents well costs only, whereas the 
1954 cost includes a few distribution 
systems and a few natural gas lines, 
Columns 2 and 3. The per-acre costs 
of these facilities, shown in Table 18, 
are average for the respective sub- 
areas. Consequently, the differences 
between the wer-acre costs in the 

L I 

lh(,  i,lcr(,aie in investment cost largely offset by competition-induced respective sub-areas generally reflect 

prr ar.rr irriFaled is not necessarily price declines, with little consequent differences in the proportion of 
ntril,l,,nl,ll lo the decline in water chanyes in the total cost of instdline farms and proportion of acres 

lac,l., ~ l l l lounh [hr data do not re- comparable wells between 1947 and equipped with these facilities. These 

fltrt it. -onlc of the increase after 1958. proportions, by respective sub-areas, 

191; mnv hi. rlur to increased ecruiw- The bulk of the 12-year increase are shown in 15. 
1 1  

~nrnl roqt.. / \n rxamination of some 
2.501) wc~ll-i~~ktallation cost records in- 
dicate; that. \2-i t h comparable condi- 
tion.. r h t b  ro.1 of installing wells 
rhdncrbrl l i t t l v  clurinq 1945-58. Wells 
drill(arl hr~forc 1945 originally cost 
It$. tn inktall, 1,ut subsequent lower- 
inp of pun~p. and the installation of 
h r ~ c ~ r  rncitlc.. has brought the in- 
r ~ t l ~ ~ c n t  i n  wnc of the older wells 
up tn nhout thr lcvels of those drilled 
later. 

Si~rnr \sc~II. installed in recent years 
haw roqt wl~tantially more than 
h o ~  drillc(1 cwlicr. But hieher cost 
~ r ~ l l  inc\allations are caused more by 
~hr  uv  of lli<nhrr priced industrial 
mzincc. drillins in areas in which 
Lhr d~p t l i  to water was greater, or 
drrpcr ~ r t t i l ~ n  of pumps, than to an 
incrrtsc in  tllc cost of equipment and 
~ n i r r .  rrrluirckd to install an irri- 

in the per-acre cost of irrigation fa- 
cilities stems from the installation of 
additional wells, closed distribution 
systems, lowering pumps and natural 
gas lines. The decrease in the num- 
ber of acres irrigated per well, Table 
14, which in most instances reflects 
the effects of wells added to augment 
the water supply, results in an in- 
creased well-cost per acre. The 
amount of increase in the per acre 
costs of wells by hydrologic sub-areas 
is shown in Columns 1, 2 and 4, Ta- 
ble 18. 

The amount and time of increase 
in the per acre cost of irrigation fa- 
cilities resulting from installation of 
closed distribution systems and na- 
tural gas lines are shown by the dif- 
ference in Columns 2 and 3 and in 
Columns 5, 6, 9 and 10, Table 18. 
The 1947 cost per acre irrigated rep- 

- Although there has been some 
change in the portion of costs borne 
by the Agricultural Conservation 
Program, the total installed cost per 
foot of underground concrete tile 
has chanced very little since the 
early 1950's. 

The amount invested per acre in 
gas lines is also an average for the 
respective sub-areas. But differences 
between the sub-areas reflect two con- 
ditions. In the lower investment costs - - 

per acre ($31 to $3),  it reflects the 
small proportion of wells connected 
to gas lines. In the upper brackets 
($10 to $12 per acre) it reflects both 
the proportion of wells connected 
and the cost of the longer lines re- 
quired to connect wells on larger 
farms. The proportion of wells with 
natural gas connections in the vari- 
ous sub-areas is shown in Table 15. 

TMLE 15. PROPORTION OF PUMPS LOWERED, FARMS EQUIPPED WITH CLOSED DISTRIBUTION SYSTEMS, ACREAGE 
SERVED BY CLOSED DISTRIBUTION SYSTEMS, AND PROPORTION OF WELLS FUELED BY NATURAL GAS, BY HYDROLOGIC 

SUB-AREAS AND FARMING AREAS, 1958 - 
Farming area A2s3 Farming area B2t3 Farming areas C and D2p3 

-- - - - 

Eydrolog Closed dist. system Closed dist. system Closed dist. system . UAJPS fueled Pumps fueled Pumps fueled 
lowered farms acres bv nat. lowered farms acres bv nat. lowered farms acres bv nat. 

equipped served g a s  equipped served g a s  equipped served g a s  

I 
-- 

.k shown in Figure 7. 
Taming areas s h o w n  in Figure 4. 
hportion of pumps, farms, acres and wells affected in the respective hydrologic sub-areas. 
Small sample. 
'Water-bearing formation with low permeability. 



Most of the incrkase in the per 
acre cost of wells and much of the 
investment in distribution systems re- 
flect the costs of coping with declin- 
ing water levels. There are some 
minor exceptions; for example, in 
sub-area 1-1, as well as in some of 
the sandy portions of other sub-areas 
in Farming Area A, the installation 
of closed distribution systems, al- 
though influenced by declines in 
water level, is not necessarily related 
to these declines. Because of low well 
capacities and open sandy soils, alone 
or in combination, closed distribution 
systems were part of the initial 
equipment or were installed shortly 
after development. 

The investment in natural gas 
lines reflects a shift to cheaper fuels, 
and the availability of this fuel is 
closely associated with gross energy 
requirements. 

For two principal reasons, the 
overhead costs (depreciation and in- 
terest on the amount invested in irri- 
gation facilities) are not treated in 
this report. First, the area is gen- 
erally developed ; the investment is 
made and many of the items involved 
in development have little or no sal- 
vage value. Second, as the depletion 
of the water supplies in some hydro- 

logic situations may occur before the 
useful life of the equipment is ex- 
hausted, there is no common basis 
for comparing overhead costs. 

This treatment of overhead costs 
does not apply when an individual 
is contemplating new development 
or when capital improvements to ex- 
isting facilities are involved. In these 
situations, the entire cost, including 
interest, depreciation, taxes, risk, or 
insurance, must be recovered within 
the economic life of the water supply. 
The magnitude of these costs as re- 
lated to the investment in irrigation 
facilities in the various hydrologic 
sub-areas is shown in Appendix Ta- 
ble 1. 

INCREASED OPERATeNG COSTS 
Operating costs, which include ex- 

penditures for fuel or energy, lubri- 
cants and repairs for irrigation 
equipment, have been affected by de- 
clines in water levels. However, the 
full change in operating costs per 
acre between 1947 and 1958 is not 
the result of water-level declines 
alone. The adoption of preplanting 
irrigation, changes in fuel or  energy 
unit prices, the shift from butane 
to natural gas or, where power re- 
quirements are low, to electricity, and 

TABLE 16. IRRIGATION INVESTMENT COST, HOURS OF PUMP OPERATION, AND 
OPERATING COST PER ACRE IRRIGATED, BY HYDROLOGIC SUB-AREAS, FARM- 

ING AREAS A AND B1 

Invest- of 
ment pump Operating2 Operating cost 

Hydrologic per acre per acre 
irrigated per acre per hour irrigated 

- ' sub-area irrigated 

1958 1958 \:.? 1958 1947 1954 1958 4 Yr. Av: 

Dollars 

116.00 
97.00 
89.00 

100.00 
67.00 
86.00 

120.00 
72.00 
81.00 
66.00 
55.00 

108.00 
58.00 
97.00 
67.00 
85.00 
59.00 

126.00 

Hours Hours 

43 72 
23 51 
26 35 
22 32 
15 25 
17 22 
17 27 
15 22 
11 16 - 
8 13 
9 14 
9 22 
9 15 

13 18 
13 16 
12 19 
12 15 
21 30 

Cents 

19 
18 
3 0 
3 1 
51 
39 
47 
3 6 
6 4 
47 
6 0 
32 
5 1 
41 
37 
46 
37 
42 

- - - - Dollars - - - - 
9.43 8.12 13.48 

12.69 4.16 9.35 
10.68 7.76 10.56 

3.16 11.08 6.63 9.77 
7.46 12.65 
6.42 8.59 
7.91 12.80 

3.49 9.28 5.26 7.90 
6.96 10.03 

3.49 9.85 3.78 6.35 
4.69 6.83 
2.95 6.90 

3.26 8.32 4.65 7.5 1 
5.52 7.48 

3.23 7.17 4.83 5.97 
3.32 5.4 1 8.75 
3.20 6.90 4.31 5.66 

8.96 12.55 

'Sub-areas a s  delineated in Figure 7. farming areas a s  in Figure 4. 
*Fuel, oil and repair cost per hour of pump operation. 
"verage based on 1954, 1956, 1957 and 1958 hours of pump operation. 
4Calculated costs based on 1954. 1956. 1957 and 1958 average hours of pump opera- 
tion at 1958 costs per hour of operation. 

'Permeability of water-bearing formation below normal for sub-area. 

seasonal weather differences, whiih 

affect the length of the pu~~~pin; cti. 

son, have also influenced per acre 
operating costs in one way or another 
since 1947. I 

The operating cost per acre for the 
various hydrologic sub-arcas, \\ih 
and without adjustment to compm. 
state for fuel and seasonal cliffrrrnca 
in amount of water needrtl, sre 
shown in Table 19. Tlic coctc pn 
acre shown in Columns 2. 3. 4 and 
10, Table 19, are the estimatrd ro.b 
obtained from farmers for the t h m  
seasons, 1947, 1954 ancl 19.58, in he 
respective sub-areas. In tlic firqt ad. 
justment, Columns 5, 6 and 7. i h ( x t  

reported costs are adjusted tn a nc 
tural gas equivalent fuel coct to 
standardize for fuel type and unit 
cost differences between thr 111rt; 

periods. Reported costs prr scr13 ~ r ,  

farming areas C and D are for 1'6; 
only, as operating cost data for ear- 
lier years are considered in i t deq~~ te  

for comparison. Operating C O ~ P  in 

sub-areas 1-1 and 1-2 are not atlju-1. 
ed to this base. Because of tfcnrrall~ 
low energy requirements for power 
units, natural gas probahly \\ill not 
become a competitive furl in  thee 
sub-areas. 

The second ajustmen t, Colunins 8 
9 and 11, Table 19, is tlrsiyrd I( 

standardize for yearly differrncri u 
the length of the pumping spnon 
The adjusted operatin: coqts f o ~  
1947, Column 5, Table 19. are no1 
included in this second adjuctmmt 
In 1947, preplanting irription sg 

not a standard practice, although it 
was rather widely used on thc <and! 
(mixed) lands in farming arrn A. 
By 1954, preplanting irription \is 
standard practice throuFhout tht 
area. The adoption of prrplantin! 
irrigation in itself sul)stantiall!- in. 
creased the length of thr irrinatio~! 
season. Also, the 1954 erorvinc Cca. 

son was one of the hottcct nrlrl dricq 
ever experienced on the I-1i;h Pl,li~. 

Thus, because of modification in the 
irrigation program and \\.rather. 
increased water demanclc. hoth ol 
which materially increavd thr Irnrrh 
of the pumping season, thcrt. i9  l i l d ~  
basis for comparing thc I917 and 
1954 pumping season. 

In contrast to 1954, thc 1958 \tsa. 

son was relatively cool and moic t  and 
the irrigation season was atnon: ~ h ?  
shortest of recent yearc. To rom. 
pensate for these seasonal rliff~nJnce 
and to provide a comnion h n c i c  lor 
comparison, the operatinc vncon ha; 



hn adju*tcl(l to the average hours 
of pump opr,rution in the respective 
hydrulncic all-arcw during 1954, 
1956. 13.57 and 1958 for farming 
arrak 2 and B. Since a representa- 

I tive iarnplr of farms in farming areas 
C arlrl 1) \\a* not ohtained in the 
19-54 *urvr\. tllv srasonal adjustment 
ij b ; l - i ~ l  on tlir average hours of 
pump op~ratiotl  i n  1956, 1957 and 
1958. 

Thr trco t l d j u ~ t  tnents are designed 
to prnvif lv n 1)a.i.; for comparing 
chanzc*~ attril~~tahlc primarily to de- 
cline* i n  rcntclr lcvrl by first elimi- 
nalin: n r  rr~lucin~ operating cost dif- 
brl$nc*r: nn.in<c to fuel type or fuel 
unit c-okt .  ant1 qccond, by minimizing 
wt t l i f f f ~ r r t l c - c b ,  arising from varia- 
t i o n ~  i n  t h r  lrnyth of the pumping 
WOII* Ol)\riou4y. because of the 
man! rnrial~lrq involved, no process 
ol atljurtmor~t can eliminate the ef- 
Irrt* of all othcr factors that bear 
upon nprrnti~lp costs. The two fac- 
lop that hair hcen adjusted, fuel 
hp and I ( b n c . t h  of operating season, 
ar? BtnnnLr thr inost important fac- ' lor aff~r t i r ln  thr oprrating cost per 
r r r  a..;orin~o(l with irrigation. With ' 
thw ~rro factor.; reduced to a com- 
mon Iln~r. 111o.t of thr change in op- 
rnti~te r n h t *  pc'r acrc between 1954 
and 1031:. Colu~nns 8 and 9, Table 
19, rrlflrrtc t h r  cost of operating wells 
addlrl tn m ; ~ i ~ i t n  in farm water sup- 
plic.. I Srr Tnl)l(. 14 for changes in 
U ~ R  irricat(1d por well.) 

:rcnte>r increases in operating 
mt hc~tnr~r~n 19.54 and 1958 occurred 
m 1h11;r qituntions in which the 
ua~,~r-l~rnrinn strata were less than 
13 fi.ijt thick in 1938 or in the deep 
n~rr.l~c>arintr strata with low per- 
mraLil~t\. Tal)lr 19. The increase in 
ctwt at~r ihutnhlc .  to water-level de- 
dim ua; 1)nrticularly heavy in sub- 
arpd 3.3. \Vl~cn seasonal and fuel 
dilfclrl.ncr; arr rliminated or reduced, 
&r arli11;trtl oprrating cost per acre 
in cub-arm* 1.1. 2-3. 3-la and 56-4a 
of fart~~irlrr  arcbas A and B, approach 
M rxrrrrl tho r~conomically feasible 
maximum ru[)tlntliture for water un- 

9 rntton and sorghum grain 
ipl)v~i(lix Table 2, (18). 

.. . .~lil  tlrcrc.asc in the adjusted 
y t r ~ ~ i i n :  co5t.; prr acre between 1954 
md 193: i. iadicatecl for sub-areas 
1.2. Thr  nutnl)cr of farms included 
in thr 1951 iclmple was small with 
I nl-ilqoclnt po*ihilitv of sampling 
mr l,~.tr\l'cn thc 19.54 and 1958 sur- 
ro-. T31,lo 14 ihows a decline from 

78 to 44  acres per well between 1954 as great as in farming areas A and 
and 1958. A comparison of land use B. 
(tabulation not included) shows a 
decline from 77 percent of the crop- REDUCTION IN PROPORTION OF 
land irrigated per farm in 1954 to 49 CROPLAND IRRIGATED PER FARM 
percent &I 1958. During this period, 
underpound concrete tile distribu- 
tion systems capable of serving 92 
percent of the irrigated acreage were 
installed, Table 15. Assuming that 
the data are reasonably comparable, 
this suggests that a considerable por- 
tion of the previously irrigated acre- 
age in sub-area 1-2 has been returned 
to dryland farming. 

A comparison of the individual 
sub-area data presented in Tables 14, 
15, 16  and 17 provides a partial ex- 
planation for differences in the 1954- 
58 increase in operating costs per 
acre in the various sub-areas shown 
in Table 19. The bulk of the 1954- 
58 increase in the adjusted operating 
costs per acre in the various sub-areas 
can be attributed to the fact that un- 
der present conditions more hours of 
pump operation are required to irri- 
gate an acre. 

Similar historical data are not 
available in farming areas C and D. 
Declines in water level, compensat- 
ing adjustments and declines in the 
number of acres irrigated per well 
have been experienced in these areas, 
as in farming areas A and B, Table 
15. It  seems reasonable to expect, 
therefore, that the effects of water- 
level decline in farming areas C and 
D will be similar though perhaps not 

The effects of adjusting to declin- 
ing water levels are reflected by a 
reduction in the proportion of crop- 
land irrigated per farm. Unlike the 
other two ways in which the effects 
of water-level decline are reflected- 
increased investment cost per acre in 
irrigation facilities and increased op- 
erating costs per acre-which are 
area wide in their application, reduc- 
tions in the of cropland 
irrigated per -farm occur princ~pally 
in certain hydrologic situations. On 
the farms included-in this study, the 
decline between 1954 and 1957 in 
the proportion of cropland irrigated 
per farm was 7 percent in sub-area 
1-1, 28  percent in sub-area 1-2, 10  
percent in sub-area 2-2, 1 0  percent 
in sub-area 2-3, 12  percent in sub- 
area 3-3 and 10  percent in sub-area - -  
56-4a. The proportion of cropland 
irrigated per farm increased 1 4  and 
18 percent, respectively, in sub-areas 
4-1 and 6-1 during this same period. 
A large part of the 1958 irrigated 
acreage was developed in these latter 
sub-areas during 1954-58. 

Reduction in the proportion of 
cropland irrigated per farm accounts 
in part for some of the per acre in- 
crease in investment in irrigation fa- 
cilities. I t  also has another and more 
important effect in that it reduces 

TABLE 17. IRRIGATION INVESTMENT COST, HOURS OF PUMP OPERATION, AND 
OPERATING COST PER ACRE IRRIGATED, BY HYDROLOGIC SUB-AREAS IN 

FARMING AREAS C AND D1 

Hours of 
Investment pump operation Operating2 Operating cost 

Hydrologic ~ l ? g ~ ~ ~ ~  per acre cost per acre 

sub-area irrigated per hour irrigated 

1958 1958 3 Yr. Av." 1958 1958 3 Yr. A v . ~  

Dollars 
81.00 
62.00 
59.00 
61.00 
53.00 
73.00 
57.00 
54.00 
52.00 

Hours 
53 
15 
14 
14 
14 
9 
9 

10 
11 

Hours 
6 1 
18 
27 
19 
19 
17 
10 
13 
16 

Cents Dollars 
13 6.67 
4 1 6.01 
20 2.69 
49 6.60 
3 1 4.23 
27 2.49 
49 4.56 
3 8 3.85 
37 4.10 

Dollars 
7.76 
7.23 
5.26 
9.25 
5.84 
4.65 
4.99 
5.04 
6.07 

'Hydrologic sub-areas a s  delineated in Figure 7, farming areas Figure 4. 
'Reported fuel, oil, and repair cost per hour of operation. 
3Average hours of pump operation per acre irrigated, 1956, 1957 and 1958. 
4Calculated costs based on  1956, 1957 and 1958 average hours of pump operation 
at 1958 cost per hour of operation. 



total farm output with little or no 
decrease in farm operating costs. 

SUMMARY OF WATER-LEVEL DE- 
CLINE EFFECTS 

The effects of water-level declines 
fall into two categories - physical 
and economic. Some of the physical 
effects are shown in Tables 12, 13, 
14, 15 and 20; the effects with eco- 
nomic implications are shown in 
Tables 16, 17, 18 and 19 and sum- 
marized in the concluding parts of 
this report. 

The water-level decline rates shown 
in Table 20 are average for the indi- 
cated period of years in the respec- 
tive hydrologic sub-areas. These 
rates are not averages for the full 
period of water-level measurement. 
They  are the average rates sustained 
since irrigation was more or less fully 
developed in the individual sub-areas. 

The depletion range represents the 
proportion of the water-bearing for- 
mation that has been unwatered since 
the systematic water-level measure- 
ment program was started in 1937. 
The range is based on the amount 
of water-level decline shown in the 
hydrographs, Figure 5. The range 

in depletion results from the thick- 
ness of water-bearing strata intervals 
used in this study. For instance, with 
sub-area 2-2, the amount of water- 
level decline shown in the hydro- 
graphs, Figure 5, is equivalent to a 
depletion rate of 70 percent where 
the water-bearing stratum was 50 feet 
thick and 35 percent where it was 
100 feet thick. Depletion ranges for 
the other hydrologic sub-areas are 
similarly derived. 

The figures under "residual life" 
reflect the range in years required 
to deplete the remaining water re- 
source, assuming an  annual recession 
rate equivalent to  the indicated aver- 
age in-the respective sub-areas, Table 
20. 

The entries under "estimated resid- 
ual life" represent a possible maxi- 
mum physical life rather than a "use- 
ful life" of water resources in the 
respective hydrologic sub-areas. Ob- 
viously, because of the cost involved 
in extracting and using decreasing 
heads of water with increasing pump- 
ing lifts, the useful or economic life 
of water resources is likely to be less, 
considerably less in some situations, 
than the residual life shown in Table 
20. 

The economic feasibility of h 
use of water resources in any of hi 
hydrologic sub-areas will hr affccird 
by the profit afforded 117 thc  u+ (11 
these resources. Commodit~ pricc- 
have an important hearinz on proCt 
margins ; however, high ro~nrno~llh 
prices do not in themselves p r n \ ~ d r  
a high prof$ margin. Tncrmtinr 
costs, such as those that haw IIPPT 
and are being sustained in adjr~i~inl 

to certain changing wal~r-~uppI~ 
situations, could shorten thr PC& 

nomic life of these rPSourcPG. PYP~ 

with favorable commodity pricrc, I n  
combination with the.? incrcnd 
costs, declining cornmodit! prira 
would have a more immcdintr imp,~r: 
on the economic life of wtrr rim 1 
sources. I 

Most of the present as \\-rII n .  {if 

increased costs of adjusting to clr i l ln8 
ing water supply situations arc.qhnrv? 

in Tables 16, 17, 18 and 19. It hi, 

been ~o in ted  out also that thr ilil! 
1 

effects of adjusting to watcr-ln.~l il?. 
clines are partly ohscurrrl I)!. cnntin. 
ued development, by the clilnin~iinn 
or reduction of transmission IOP.?;. 
by changed irrigation prxticrc in. 
cluding an adjustment in pljniin! 

TABLE 18. IRRIGATION INVESTMENT COST PER ACRE. BY HYDROLOGIC SUB-AREAS, 1947-58 
- - -- 

Development cost per acre1 

Farming areas A and B Farming areas C and D 
Hydrologic 1947 1954 1958 1958 
sub-areas Dist. Wells Wells Total Wells system lines Gas Total Dist. Gas Total 

system lines ---- 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (111 

-- 

'Average cost of irrigation facilities on sample farms in respective sub-areas. 
'Data inadequate or not available. 
3Bailey-Lamb county portion of sub-area 3-1. 
4Briscoe, Swisher, Deaf Smith and Parmer county portion of sub-area 3-1. 
'Crosby-Floyd county portion of sub-area 3-1. 
Trosby county area (see  Figure 7). 
'Bailey-Lamb-Hale counties. 
'Deaf Smith-Parmer counties. 
'Hale-Floyd county area. 



daltzq. alld to some extent by the shift 
to rhraprr pump fuel. 

A. tho p)yqicnl and economic ef- 
ffc19 of nrljusting to declining water 
I c \ c b l \  arr onl!~ partly reflected by the 
mva.urrrncat criteria used in this 
*tud\. t h w  ~ffrcts necessarily can- 
not Ilr rspreqqed in their entirety. 
in r~snminn~ion of the series of com- 
p!lcntinz adjustments, with their 
co+ nnd partial cffects in specific 
h\drolncic cull-areas provides the 
ha+ for npprouimating these effects 
and 11ir location, extent, time and 
maoliturlr of adjustments that may 
hr rrr1uirl.d in  the future. A broad 
s n t ~ r a l  c1aq.i ricn tion follows. 

Arens Nnt Particularly Affected 
by Water-level Decline 

~pprosimatelp 194.000 acres or 
5.4 prrccnt. of thc land irrigated in 
1958, nrc. incluilrcl in this category. 
lrrirntion clclrclopm~nts in this cate- 
:or\ arr chicfly rccent and are char- 
ac1~.ri7rd u~ua l lv  by high-lift, low- 
taparit! \rrlI<. The acreage included 
hcrr i; loca~rd  in sub-areas 2-1 (78,- 
()o ncrrc) 2nd  3-1 (94,700 acres) in 

farming areas C and D and in sub- 
areas 3-la (14,700 acres) and 456-la 
(6,400 acres) in farming area B, see 
Figures 4, 7 and 8. Generally, these 
were initially high-cost, relatively 
poor water areas, and the cost situa- 
tion has not particularly worsened or 
improved since irrigation was devel- 
oped. 

Areas Affected by Water-level 
Decline 

The second and major category 
includes parts of the area in which 
irrigated farm operations have been 
affected in varying degrees by a di- 
minishing water supply. The cate- 
gory is further divided according to 
the degree of these effects. 

SIigJztIy Affected Su h-areas 
This group includes sub-area 456-1 

with 291,200 acres of irrigated land 
located in farming areas B, C and D. 
Irrigation developments in this sub- 
area are among the most recent in 
the area. 

A slight reduction in number of 
acres irrigated per well, which may 

or may not be related to water-level 
declines, is the principal change oc- 
curring on farms in sub-area 456-1 
during 1955-58. Although irrigation 
development is characterized by the 
highest investment per well in the 
area and pumping lifts are consider- 
ably greater than in most other parts, 
the per acre investment in irrigation 
facilities and the operating cost per 
acre, are among the lowest. 

The average annual water-level de- 
cline rate is somewhat lower than 
that in adjacent sub-area 456-2. As 
most conditions except pumping lift 
and age of development are similar 
between the two sub-areas, it seems 
reasonable to expect that future ad- 
justments in sub-area 456-1 will par- 
allel those that have been applied 
under the more aggravated conditions 
in sub-areas 456-2 and 456-3. 

Moderately Affected Sub-areas 
Included in this group are sub- 

areas in which the water-level decline - 

and decline-induced adjustments have 
increased both the investment and 
operating costs and impaired the 

TABLE 19. ANNUAL OPERATING COSTS ASSOCIATED WITH IRRIGATION WATER, PER ACRE, BY TYPE OF FARMING 
AREAS AND BY HYDROLOGIC SUB-AREAS, 1947-58 

Operating cost per acre1 

Farming areas A and B2 Farming areas C and D2 
Kydroiogic 

Reported1 Fuel costs Seasonal 
sub-arect' standardized3 adiustment4v6 Reported',' Adj~sted ' .~ 

------------------Dollars--------------- 4-- 
!-1 9.43 8.12 8 8 8 7.97 13.48 6.67 7.76 
1.2 12.69 4.16 8 8 8 10.48 9.35 
2.1 10.68 7.76 6.07 5.96 5.81 9.07 6.01 7.23 
2.2 3.16 11.08 6.63 1.81 7.35 4.34 6.09 9.77 2.69 5.26 
2.3' 7.46 7.46 12.65 
3.1 6.42 6.42 8.59 6.60 9.25 

'" 7.91 7.9 1 12.80 
3.2 3.49 9.28 5.26 1.84 5.06 3.77 4.21 5.32 4.23 5.84 
3 . 1 ~  I" 6.96 6.96 10.03 
3.3 3.49 9.85 3.78 1.84 5.86 3.20 3.63 8.03 2.49 4.65 

66-1 4.69 4.69 6.83 4.56 4.99 
46.1 a"'" 2.95 2.95 6.90 
656-2 3.26 8.32 4.65 2.12 2.54 4.10 4.38 6.50 3.85 5.04 
U6-2a" '" 5.52 5.52 7.48 
66-3 3.23 7.17 4.83 2.12 5.52 4.17 4.71 5.6 1 4.10 6.07 
156-3a1" 3.32 5.41 2.09 5.41 8.75 
56.4 3.20 6.90 4.31 2.04 3.84 4.87 3.87 6.27 
#.4aWn 8.96 8.96 12.55 

'Reported expenditures for fuel or energy, oil, repairs and maintenance: per-acre average for respective situations and years. 
farming areas as shown in Figure 4; hydrologic sub-area, Figure 7. 
Ieported costs adjusted to a standard fuel and rate, 100 percent natural gas used at 1958 gas rates. 
'Average costs with standardized fuel costs adjusted to a standard pump operation season, 4-year average (1954, 1956, 1957 
and 1958) hours of pump operation at 1958 costs per hour of operation. 

'1947 costs not included in seasonal adjustment because of the adoption of preplanting irrigation after 1947. 
'Because of the high proportion of wells on natural gas. 1958 reported costs in farming areas C and D are not adjusted to a 
~landard fuel cost. 
'1958 costs adjusted to 1956, 1957, 1958 average hours of pump operation at 1958 cost per hour of operation. 
fists not adjusted to natural gas equivalent costs. 
5mall sample. 
Vuter-bearing formations with low permeability. 



water supply to some degree. This The number of acres irrigated per 
group includes 2,283,100 acres, ap- well decreased from 118 to 78, or 34 
proximately 64 percent of the acres percent, between 1947 and 1958 in 
irrigated in 1958, see Figure 8. farming areas A and B, and from 

The following sub-areas and parts 
of sub-areas are included in this cate- 
gory : 

SUB-AREA 3-1, FARMING AREAS A 
AND B, 81,600 ACRES: Water levels 
declined at an average rate of 3.75 
feet per year during 1955-58 and 
some 10 to 15 percent of the initial 
water-bearing formation has been un- 
watered. On the the farms included 
in this study, the acreage irrigated 
per well declined 43 acres, or 33 per- 
cent, in 1955-58. Most development 
in this sub-area is relatively recent 
and little data are available on de- 
velopment or operating costs prior to 
1958. The 1958 per acre investment 
in irrigation facilities and the per 
acre operating cost were above aver- 
age for the area, Tables 16, 17, 18 
and 19. 

SUB-AREA 3-2, FARMING AREAS A, 
B, C AND D, 443,600 ACRES: Water 
levels declined at  an average rate of 
3.5 feet per year from 1949 to 1958 
inclusive, and about 23 to 35 percent 
of the initial water-bearing strata 
were unwatered by January 1959. 

138 to-123, 11 percent, in farming 
areas C and D. Adjusting to this 
change in water supplies has raised 
the investment in irrigation facilities 
from $26 per acre in 1947 to $72 per 
acre in farming areas A and B. Op- 
erating costs per acre, adjusted basis, 
increased about 25 percent between 
1954 and 1.958. 

SUB-AREA 456-2, FARMING AREAS B, 
C AND D, 1,098,000 ACRES: Some 1 3  
to 26 percent of the initial water- 
bearing formation has been un- 
watered in this sub-area since 1945. 
The acreage irrigated per well de- 
clined from 155 to 118, or 24 per- 
cent, between 1947 and 1958. Ad- 
justing to this decline has raised the 
investment in irrigation facilities 
from $23 per acre in 1947 to $58 per 
acre in 1958 in farming areas A and 
B. The amount of increase in farm- 
ing areas C and D is not known. The 
present per acre investment in farm- 
ing areas C and D is only $4 less 
than that in areas A and B and much 
the same kinds of adjustments have 
been applied as in areas A and B. 
Operating costs, adjusted basis, have 

TABLE 20. RATES OF DECLINE IN WATER LEVEL, DEPLETION RATE AND ESTI- 
MATED RESIDUAL LIFE OF WATER RESOURCES BY HYDROLOGIC SUB-AREAS 

Decline in  Estimated 
Hydrologic Acreage irrigated water-level 
sub-area in  1958 range life 

Av. rate Years range3 

Acres Percent Fe;:gr Nt:- Percent Years 

1-1 139,300 3.9 1.50 10 4 0 to 23 
1-2 31,000 .9 3.50 10 4 O t o  4 
2- 1 202,300 5.6 2.15 6 13-26 17 to 40 
2-2 289,300 8.2 2.75 10 35-70 5 to 24 
2-3 43.300 1.2 5 5 5 

3-1 176,300 4.9 3.75 4 10.15 23 to 3! 
3-la6 14,700 .4 3.50 
3-2 443.600 12.4 3.50 10 23-35 14 to 28 
3-2a6 22,000 .6 5 6 5 

3-3 62,300 1.7 3.90 14 37-55 12 to 24 
456-1 291.200 8.1 2.50 4 3- 7 56 to 116 
456-laa ' 6.400 .2 - 5 5 5 6 

456-2 1,098,000 30.8 2.80 14 13-26 40 to 9! 
456-2aB 20,000 .5 5 6 6 

456-3 495,800 13.9 3.50 15 17-35 28 to 71 
456-3a6 87,300 2.4 3.24 15 19-32 31 to 78 
56-4 144,100 4.0 3.86 22 28-42 30 to 55 
56-4aa 8,100 .3 5.00 12 20-30 28 to 48 

'Average annual  rate of water-level decline for the indicated period of years pre- 
ceding a n d  including 1958. 

'Proportion of water-bearing formation unwatered, January 1959. 
3Range in years  required to deplete remaining water-bearing formation with de- 
cline a t  the indicated average annual  rate. 
'Total thickness of initial water-bearing strata unknown. 
6Largely in  small isolated tracts or da ta  too few for valid comparison. 
=Indicates a reas  wherein the permeability of water-bearing formation is below nor- 
mal for the sub-area. 

increased about 31 perccnt sina 
1954. Other adjustments of n cost- 
increasing nature during thr 191Y.2 
period have been minor. 

Conditions in sub-area 456-2 are 
similar in all respects to thov in hr 
adjacent sub-area 4.56-3 cxcrpt hr 
age of development and thc aniounl 

of water-level decline. This lrould 

suggest that future adjustln~ntc and 
their effects in sub-area 356-2 art 

likely to be similar to tllosr in  *ub 
area 456-3. 

SUB-AREA 456-3, FARMIRG Z R E ~ S  B. 
C AND D, 495,800 ACRES: Tata 
levels have declined at an avrraa 
rate of 3.5 feet since 1944 ant1 1; to 
35 percent of the initial wat~r-hrar. 
ing strata has been unwatrr~d rilicr 

1937. Generally, irri~ation drrelop 
ment in this sub-area is a f ~ c  1 1 . i ~  

SUB-AREA 456-2a, FARMING IRE \ 1, J 1 

older than that i n  the adjacent *uh+ 
area 456-2. Conditions in  th i c  ~ut 

20,000 ACRES : Irription derplop- 
ment in this sub-area is Inorc rrc~nt 
than that of sub-area 4.56-2. f d  
local exceptions, it is charactrriird 
by low-capacity, high-lift r v ~ l l ~ ,  Data 
prior to the 1958 survey arc c c a r c p  

and because of the rdativ~l!. imii 
acreage, only a few sarnplr far@ 
were enumerated in the 1959 suryr!. 
On the farms enumerated. the acre. 

age irrigated per well drcr~accrl ftnni 

132 to 101 acres, or 23 prrccnt. hp. 

tween 1955 and 19.58. Thr 1953 in. 
acl 111cr 3\tr. ' vestment in irrigation f 

' I '  ' 

aged $97 per acre, amon? thr hicrhat 
investment costs in the area. .\I. 
though data prior to 1935 arc not 
available for this sub-arca. i t  i q  in. 
cluded here because of its hirh dp. 

velopment cost and the sharp rlrrllnr 
in the number of acres irricat~d pa 
well during the 4-year peric~d. 

I 

area represent a sliqhtlv acernlatrd 

I 

I 

, 
' 
' 

1 

conditidn from this? ;rPortrd k 
sub-area 456-2. Adiustn~ic~nt~ of tht 

same type have b*m applird l)u! 
have been used more frrqurntl~. Tbr 
acreage irrigated per WcIl (Iiciid 
from 140 to 96, 31 perccnt. in farm- 
ing areas A and B and from 119 to 
129 or 1 3  percent in farminr nrtr:. 

C and D between 1947 and 192 
Adjusting to this change in wattr 

supplies raised the investniient i n  irri- 
gation facilities from 323 in 1917 to 
$67 per acre in 1958 in fnrmisr 
areas A and B. Like suh-arca 456.2 
data prior to 1955 are not avnilahle 
for the portion of sub-area 456.3 in 
farming areas C and D. Adjuctm~ne 
similar in type and numher to thm 



in farmin? iircbnq A and B have been 
mad? in farlninq arras C and D, and 
it vrmc rc.awnahlc to expect that 
sin~ilnr c.ffvrt, haw been experienced. 

SI.B.~RE,A 56-4. FARMING AREA B, 
14i.lnO ACRES: The greatest decline 
in \$atrr Icvrl in the Reservoir has 
brr11 r'i~)~~rir'nce~l in this sub-area. 
Propnr~ionnll~. however, only about 
onci.111irrl of 111(~ initial water-bearing 
~Ira lu rn  wa. unwaterccl during the 
193i-52 prriocl. From 1937 to 1958 
inclu:ivr. \\.atr.l- Icvcls declined at an 
arrrarr r;~tr. of 3.86 feet per year. 
Dwpitr tllk npparrnt severity of con- 
d i ~ i o n ~ .  tlir cffrcts of adjusting to the 
rharlgc in  \vntc.r supplies has been 
amon: thr li,nlitcst in the Reservoir. 
htor Ic\cJ. wcrr initially near the 
surfarc 2 n d  thr thick water-bearing 
strarun~ 112s made it possible to ad- 
ju?t lo tllc decline by lowering 
pump;. 1chicl1 i q  one of the lower cost 
sdjuclmrntc. 

rldjn~~inc lo the change in water 
 level^ 112.. raised the investment in 
irri:lltion farilitirs from $27 per acre 
in 194; to S.59 prr acre in 1958. Al- 
~ h o u ~ l l  oprrating costs per acre, ad- 
j u ~ t ~ d  hack, incrcnwl 62 percent be- 
twrrn 1951, n11rl 1958, they are still 
blow nvrrncr for the entire area. 
Mob1 nf tlir incrcnw during 1947-58 
in lhc per acr(' invrstment in irriga- 
tion fnrilitir..; <trms from the cost of 
lo~rrinr pumps and the installation 
of additioni~l ~vclls. Additional well 
initnllntion; arc reflected in the 
ch311rr; in  ncrrncc irrigated per well, 
whir11 rlccrrbn.rd from 147 to 120 
wrh. or 18 prrcent, between 1947 
~ n d  l9.iC. 

In[ lutl(1~l hcrc are sub-areas in 
rhicir tlw dfhclinc in water levels and 
d~cliar-indur-cd adjustments have se- 
riou.l\ clcplclcrl the water supplies, 
sharl)l\ incrrnsrcl the investment in 
inisltinn facilities, and/or substan- 
!id\ incrcba.rd the operating costs. 
)!or~ hinn onc of these effects is 
Iound ucuall! in the individual sub- 
uea.. .\pprouimately 724,000 acres, 
w?O prrwnt of the acreage irrigated 
io 19i2. arcx included in this cate- 
mri. 

Thr follni\ ing sub-areas are includ- 
ed in t h r .  wriously affected group: 

ELB-{RE \ 1-1, PRINCIPALLY FARM- 
BG IREI !\ AND D, 139,300 ACRES: 
Iniea~inn clrvrlopment in this sub- 
uea 11s occurred principally since 
1!0. It i q  characterized by low- 

capacity wells and, except for the de- 
velopments in farming area D, by 
relatively low pumping lifts. Water 
levels declined at an average rate of 
1.5 feet per year during January 
1949-58. As the thickness of the in- 
itial water-bearing stratum ranges 
from 0 to 50 feet, the proportional 
amount of depletion cannot he ascer- 
tained. The effects of adjusting to 
this decline include an increase in the 
amount invested in irrigation facili- 
ties from $93 in 1954 to $116 per 
acre in 1958 and an increase of 69 
percent in operating costs during this 
~ e r i o d .  

The number of acres irrigated per 
well declined about 10  percent from 
1954 to 1958, in farming area A and 
61 percent in farming area D during 
1955-58. The practice of irrigating 
every other row, which permits irri- 
gation of almost twice the acreage 
possible with each row irrigated, is 
followed on 82 percent of the land 
irrigated in Farming Area A. Dur- 
ing this period, 1954-58, there was a 
decline of 7 percent in the proportion 
of cropland irrigated per farm. 

The per acre investment in irriga- 
tion facilities is among the highest 
and operating costs, adjusted basis, 
are the hishest in the sub-area. Pres- 
ent cash outlays for water (operating 
costs) approach the upper limits of 
economic feasibility under present 
price levels, see Appendix Table 2. 
Further adiustments of a cost-increas- 
ing nature, or a decline in commod- 
ity prices, could easily remove the 
profit margin from irrigation in this 
sub-area. 

SUB-AREA 2-1, FARMING AREAS A 
AND B, 124,300 ACRES: Conditions in 
this sub-area are similar in many re- 
spects to those in adjacent sub-area 
1-1. Irrigation was generally devel- 
oped a little later, pumps are gen- 
erally larger, and serve about twice 
the acreage served per well in sub- 
area 1-1. 

Water levels have declined at an 
average rate of 2.15 feet per year 
since 1952, the last year in which 
they stood at  1937 levels. From 13  
to 26 percent of the initial water- 
bearing formation was unwatered 
during 1953-58. Adjusting to this de- 
cline in water supplies has decreased 
the number of acres irrigated per 
well by 20 percent, increased the in- 
vestment in irrigation facilities from 
$72 to $89 per acre, and increased 
per acre operating costs, adjusted 

basis, 56 percent between 1954 and 
1958. Some 36 percent of the acre- 
age irrigated in 1958 was irrigated 
by the every-other-row method and 
95 percent of the acreage received 
water through some form of closed 
delivery system. These two practices 
have masked at least part of the ef- 
fects of water-level decline. Although 
this is one of the most recently de- 
veloped areas, approximately 17 per- 
cent of the original pumps have been 
replaced by pumps of smaller size. 

SUBAREA 2-2, FARMING AREAS A 
- AND D, 289,300 ACRES: Irrigation ex- 
panded rapidly in this sub-area dur- 
ing 1940-50. The number of acres 
irrigated per well in 1947 indicates 
that wells in this sub-area initially 
were average to above-average capac- 
ity. This condition has been altered 
materially as the water supply has 
diminished. Water levels declined at 
an average rate of 2.75 feet per year 
and 35 to 70 percent of the water- 
bearing strata was unwatered, chiefly 
during the 1949-58 period. 

Extensive use of several types of 
adjustment have been applied in an 
attempt to cope with the problem of 
declining water supplies, particularly 
in the 235,000 acres located in farm- 
ing area A. A principal adjustment 
has been the drilling of additional 
wells, which is reflected by a 49 per- 
cent decrease in acreage irrigated 
per well from 1947 to 1958. This 
decrease in acreage irrigated per 
well does not fully reflect the effects 
of a diminished water supply, since 
70 percent of the acreage irrigated 
in 1958 was irrigated by the every- 
other-row method. Also, water was 
delivered to 70 percent of the acreage 
irrigated in 1958 by some form of 
closed delivery system. Approximate- 
ly 25 percent of the pumps used in 
1958 have been lowered one or more 
times since they were installed and 
17 percent have been replaced by 
smaller pumps. 

The measurable effects of adjust- 
ing to the decline in water levels in 
farming area A include: (1) an in- 
crease from $28 to $100 per acre 
from 1947 to 1958 in the per acre 
investment in irrigation facilities, 
(2)  a 60 percent increase in operat- 
ing costs per acre, adjusted cost 
basis, during 1954-58 and (3)  a 10 
percent decrease in the proportion of 
cropland irrigated per farm from 
1954-58. 

Previous surveys have not covered 
sub-area 2-2 in farming areas C and 



D. The 1958 survey khows that many 
of the same typ? of adjustments, 
though less extensively used, have 
been made as in farming areas A 
and B. 

Sub-area 3-3 occurs in all four farm- 
ing areas, but only the larger bodies 
located in farming areas A and C 
were covered in earlier surveys. 
Water levels declined at an average 
rate of 3.90 feet per year and 37 to 
55 percent of the initial water-bear- 
ing strata was unwatered during the 
14-year period of 1945-58. 

Adjustments in this sub-area are 
much the same as those made in 
sub-area 2-2. Approximately 29 per- 
cent of the pumps used in 1958 have 
been lowered once or twice since they 
were initially installed and 59 per- 
c ~ n t  of the acreage irrigated in 1958 
received water through closed deliv- 
ery systems. Additional wells were 
installed as the water level declined. 
This is reflected partly by the reduc- 
tion in number of acres irrigated per 
well, which ranges from 25 percent 
in the mixed lands of farming area 
A since 1947 to 3 percent from 1955 
to 1958 on the hardlands of farming 
area C. During 1954-58, the propor- 
tions of cropland irrigated per farm 
in farming areas A and C were re- 
duced by 10 percent. 

Adjusting to the change in water 
supplies has increased the per acre 
investment in irrigation facilities 
from $26 and $23 per acre in 1947 
to $66 and $73 in 1958 in farming 
areas A and C, respectively. The per 
acre operating cost, adjusted cost 
basis, increased 121 and 87 percent 
during 1954-58, respectively, in farm- 
ing areas A and C. 

SUB-AREA 3-2a, FARMING AREA B, 
22,000 ACRES: Development and ad- 
justment data prior to the 1958 sur- 
vey are not available for this sub- 
area. Irrigation developments are 
characterized by generally high lift,. 
low-capacity wells and relatively high 
investment and operating costs per 
acre. Although the data with respect 
to adjustments are few, with a conse- 
quent possibility of sampling error, 
this subgroup is placed in the serious- 
ly affected category because of the 
high investment and operating costs 
and the 18 percent decline in acres 
irrigated per well during 1954-58. 

SUB-AREA 456-3a, FARMING AREA B, 
87,300 ACRES : Irrigation develop- 

ments in these sub-areas are charac- 
terized by generally lower capacity 
wells and somewhat greater pumping 
lifts than those in sub-area 456-3. 
The average annual water-level de- 
cline of 3.24 feet per year since 1945 
is slightly lower than the annual re- 
cession rate experienced in sub-area 
456-3 for the same period. The types 
of adjustment in the two parts of this 
sub-area are similar. However, they 
have been applied with greater fre- 
quency in sub-area 456-3a. Approxi- 
mately 71 percent of the farms 
enumerated w e r e equipped with 
closed distribution systems in 1958. 
As in most of the other sub-areas, 
these systems were installed princi- 
pally after 1954. The acreage irri- 
gated per well declined from 99 to 
78 acres, a decrease of 21 percent 
during 1955-58. Here too, much of 
the effect of water-level declines is 
obscured by the water-conserving ef- 
fects of closed distribution systems. 

Development costs in 1947 and 
1954 are not available. In 1958, they 
averayed $85 per acre, $18 per acre 
greater than in sub-area 456-3. Op- 
erating costs per acre, adjusted cost 
basis, are about $3, or 56 percent, 
greater than those in sub-area 456-3. 

Seuerely A ffecfed Su b-areas 

Included here are areas in which 
the water supply has been severely 
depleted and/or where further in- 
creases in operating costs would im- 
psir the economic feasibility of con- 
tinued water use. Approximately 82,- 
4100 acres, 2.3 percent, of the acreage 
irrigated in 1958 are included in this 
category. 

The following sub-areas are includ- 
ed: 

SUB-AREA 1-2, FARMING AREAS A 
AND B, 31,000 ACRES: water  levels 
declined at an average rate of 3.5 
feet per year during the 10-year pe- 
riod, 1949-58. As the initial water- 
bearing stratum in sub-area 1-2 was 
less than 50 feet thick, the 10-year 
decline of 35 feet has unwatered 
much of it. Irrigation developments 
in this sub-area were highly similar 
to those in adjacent sub-area 2-2. 
The adjustment to a decrease in water 
supplies also is similar in many re- 
spects. 

SUB-AREA 2-3, FARMING AREAS A 
AND C, 43,300 ACRES: Conditions in 
sub-area 2-3 reflect a more aggra- 
vated situation than those in sub-area 
2-2 with which it is associated. 

SUB-AREA 56-4a, FARMING S RE \ B 
8,100 ACRES: Conditions in .i6.3.a oi. 
fer a sharp contrast to thoqc in  ,564. 
which had a similar initial thicktip 
of water-bearing stratum and  ~cli id 

has experienced a similar anlount 11; 

water-level decline. Irri~ation ( I P \ ~ .  
opments in sub-area 56-4a arc mil![ 

recent and .a+ charactrrizrtl h\ Illr 
capacity wells with pump scttincc 31. 

eraging 290 feet, compar~d w i t h  ar 
average pump-setting d ~ p t h  of 
feet in sub-area 56-4. 

Water levels declined at an avcrsef 
rate of 5.0 feet per year. hiehf.t s 
the Reservoir, during 1947-5;. Ptrt 

of the effects of this dcclinr ar( ii. 

flected by a drop from 83 to 56 nrr. 
irrigated per well, a 33 prrcrnt B .  
crease, during 1955-58. A r f~d l~r t ; r~~  
of 10 percent in the proportion p i  

cropland irrigated per farm ocpurrbr 
during this 4-year period. 

Adjustments to meet thil: ctianc!!~ I, 
water supplies consic;tecl prinrip,illi 
of lowering pumps, $1 pcrrrnt. and 
installation of closed delivclrj c\ctrJni. 

(66 percent of farms equipprrl 1-11 

1958) . The cost of adjuqtinz to thl- 
change in water suppli~4 ii nnt 
known, as data for t h i ~  qnlall : l r ~ ?  

were not obtained in 1947 or in  I9;J. 
n e  present investment in irricntinr: 
facilities, $126 per acre, ic thr hih 
est, and operating costs p:.r ncrr. ,~il. 
justed cost basis, are amonc thr Iiii,11. 

est in the area. 
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APPENDIX TABLE 1. INVESTMENT IN IRRIGATION FACILITIES AND OVERHEAD 
COSTS PER ACRE IRRIGATED, BY FARMING AREAS AND HYDROLOGIC SUB- 

AREAS 

Farming areas A and B' Farming areas C and D' 

Ownership 
Hy&O1Ogic sub-area investment per o W " , ~ ~ ~ ~ s t  ~nvestment per cost per 

acre irrigated irrigated acre irrigated acre 
irriqated 

'Farming Areas shown in Figure 4, sub-areas shown in Figure 7. 
2Amount required to defray interest, depreciation, taxes, risk or insurance costs on 
investment in irrigation facilities. Variations in overhead costs per acre reflect 
the amount and type of facilities involved in the various sub-areas, see Table 18. 
'Small sample. 
'Indicates areas where the permeability of water-bearing formation is low. 

APPENDIX TABLE 2. APPROXIMATE BREAKOVER POINT FOR OPERATING WATER 
EXPENDITURES PER ACRE AT SPECIFIED LINT AND GRAIN SORGHUM PRICES, 

320-ACRE IRRIGATED FARM1 

Seasonal 
average Seasonal average price per hundredweight of grain sorghum 

price per -. , , - - - - - - Dollars - - - - - - - - 
3.25 3.00 2.75 2.50 2.25 2.00 1.75 1.50 1.25 1.00 0.75 lint cotton 

'Adapted from Table 9, "Economics of Water Management for Cotton and Grain 
Sorghum Production, High Plains," Texas Agricultural Experiment Station Bulletin 
931, May, 1959. 



State-wide Research 

* 
The Texas Agricultural Experiment Station 

* MAlV STATION 

is the public agricultural research agency 
T A U  SUESTATIONS 

TAES FIELD U W R A T O R I U  

a COOPERATIYC STATIOhS 

of the State of Texas, and is one of the 

parts of the A&M College of Texas. 

Agricultural Experiment Station and cooperating 
agencies 

IN THE MAIN STATION, with headquarters at College Station, are 16 subj 
matter departments, 2 service departments, 3 regulatory services and 
administrative staff. Located out in the major agricultural areas of Tex 
21 substations and 9 field laboratories. In addition, there are 14 coo 

0 R G AN I Z A T I 0 N stations owned by other agencies. Cooperating agencies include th 
Forest Service, Game and Fish Commission of Texas, Texas Prison 
U. S. Department of Agriculture, University of Texas, Texas Techn 
College, Texas College of Arts and Industries and the King Ranch. 
experiments are conducted on farms and ranches and in rural homes. 

THE TEXAS STATION is conducting about 400 active research projects, e 
in 25 programs, which include all phases of agriculture in Texas. 
these are: 

Conservation and improvement of soil Beef cattle 
Conservation and use of water Dairy cattle 

- - Grasses and legumes Sheep and goats 
Grain crops Swine 

O P E R A T I O N  Cotton and other fiber crops Chickens and turkeys 
Vegetable crops Animal diseases and parasite3 
Citrus and other subtropical fruits Fish and game 
Fruits and nuts Farm and ranch engineering 
Oil seed crops Farm and ranch business 
Ornamental plants Marketing agricultural producb 
Brush and weeds Rural home economics 
Insects Rural agricultural economics 

Plant diseases 

Two additional programs are maintenance and upkeep, and central servid 

Research results are carried to Texas farmers, 

ranchmen and homemakers by county agents 

and specialists of the Texas Agricultural Ex- 
tension Service 

AGRICULTURAL RESEARCH seeks the WHATS, the 
WHYS, the WENS,  the WHERES and the HOWS of 
hundreds of problems which confront operators of 
farms and ranches, and the many industries depend- 
ing on or serving agriculture. Workers of the Main 
Station and the field units of the Texas Agricultural 
Experiment Station seek diligently to find solutions to 
these problems. 
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