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Table 4.--Comparison of pumpage and change in storage, 1975-83

Change Pumpage minus change in storage
Area Pumpage in storage (acre-feet) (percentage
(acre-feet) (acre-feet) of pumpage)
Chase County 1,680,900 431,600 1,249,300 74
Dundy County 907,400 267,700 639,700 70
Perkins County 836,700 343,000 493,700 59
Study area 3,425,000 1,042,300 2,382,700 70

Pumpage estimates for 1978 and 1979 were derived from a partial set of
metered pumpage data combined with irrigated acreage estimated from Landsat
data. A similar procedure, using pumpage determined at a small number of
sample sites and irrigated acreage estimated from Landsat data, was used to
estimate pumpage for the entire study area for 1983 and 1984 (Heimes and
others, 1986). Comparisons of these pumpage estimates with metered pumpage
showed a difference of 11 percent in 1983 and 5 percent in 1984.

The pumpage estimates for 1975-77 have a greater potential for error
because measured pumpage data were not available. Pumpage estimates for 1975-
77 were calculated using irrigated acreage mapped from Landsat data and
measured total inches of water applied. Landsat data have been used to map
irrigated acreage in the study area (Heimes and others, 1986) and in the
entire High Plains (Thelin and Heimes, in press). The results indicate that
computer analysis of Landsat data provided reliable estimates of irrigated
acreage in these areas. Also, the estimates of total water applied to crops
in the study area for 1973 and 1978-82 showed little variation between years.
Given these factors, it is unlikely that the estimates of pumpage for 1975-77
deviate substantially from actual pumpage.

The potential error in the pumpage estimates is least for years with
metered data and greatest for years without. However, based on the large
amounts of measured data available and the predictability of trends in pumpage
from year to year, there is little chance that the 9-year pumpage estimates
developed for this study deviate substantially from the actual pumpage for
1975-83.

Water-level-change information for 1975-83 was compiled from a network of
281 observation wells distributed throughout the study area. A map of
irrigated acreage was used as a guide in determining the position of contours.
Based on the large number of observation wells used, the consistency of the
water-level measurements, and the considerable care exercised in developing
the map of water-level changes, the potential for error in the 9-year water-
level-change data is relatively small.

Specific-yield estimates were made from logs of 532 wells distributed

throughout the study area. The large number of well logs provided an
excellent data set for determining the distribution of specific yield within
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Table 5.--Comparison of minimum and maximum specific yield with specific
yield originally assigned to principal lithologies of the High Plains
aquifer in the study area

[Minimum and maximum specific-yield estimates were interpreted from the
specific-yield values presented in Johnson (1967, p. D1) to fit the
lithologic units of the High Plains aquifer in the study area; original
specific-yield estimates are those presented in table 3]

Specific yield, in percent

Lithology Minimum Original Maximum
Clay 0 3 5
Clayey sandstone 0 5 5
"Mag" and clay 0 5 5
Sandy clay 3 5 12
Tight clay and sand 3 8 12
Clayey sand 10 10 28
Sand and gravel with
clayey sandstone streaks 10 10 32
Sand 15 25 32
Clayey sand and gravel 17 17 35
Clayey "mag" with sand
and gravel 20 20 35
Sand and gravel 20 25 35

Table 6.--Comparison of minimum, maximum, and original specific-yield
estimates interpreted for selected drillers’ logs

[Specific~yield estimates for drillers' logs were made using the
values for lithologies in table 5]

County and Specific yield, in percent
Site location Minimum Original Maximum

Chase County

6N-40W-25B 8.8 12.4 19.5
IN-40W-2C 8.7 12.4 18.0
6N-40W-18BBB 10.8 11.9 23.4
5N-40W-4CB 12.0 12.1 27.3
Chase County mean 10.1 12.2 22.1
Dundy County
4N-40W-32AAC 12.7 14.5 28.4
2N-41W-31DD 11.9 13.6 23.6
4N~37W-36ABB 9.4 13.0 22.8
3N-41wW-3BA 11.4 14.6 27.8
Dundy County mean 11.4 13.9 25.7
Perkins County
11N-41W-14CCD 9.4 12.6 19.8
10N-41W~30C 8.7 12.5 18.9
12N-35W-33BBD 9.6 12.2 20.5
9N-38W-14BBD 8.6 11.3 19.6
Perkins County mean 9.1 12.2 19.7
Study area mean 10.2 12.8 22.5
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Table 7.--Comparison of change-in-storage values calculated using estimates of

minimum, original, and maximum specifi

c yield.

Area Change in storage, |in acre-feet
Minimum Original Maximum
specific yield specific yield specific yield
Chase County 353,900 431,600 776,900
Dundy County 206,100 267,700 468,400
Perkins County 253,800 343,000 552,200
Study area 813,800 1,042,300 1,797,500

cultivation of the land and, more recently, irri
both of which have the potential to increase rec

storage.

discussed in this section. Recharge that occurs

gation of cultivated land,
harge and affect change in

Recharge that occurs as a result of cultivation of the land is

as a result of irrigation,

and is in addition to recharge that results from cultivation, is discussed in

the following section, "Estimates of recharge c4
of the variability in reported recharge estimate
calculating recharge, minimum and maximum valuesg
cultivation were estimated. A minimum recharge
because the average annual precipitation in the
the mean annual Class-A-pan evaporation is about
maximum value for recharge was much more difficy
historical conditions in the study area.
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century. In fact, the proportion of cropland in
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irrigation in the 1950's, which resulted primari
land cropland to irrigated cropland, and to a le
of rangeland to irrigated cropland.
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aquifer for the period between the turn of the ¢
irrigation development, then streamflow hydrogra
receive ground water from the aquifer might show
hydrographs should show water-level rises. Exan
graphs presented in Lappala (1978) show no trend
the available water-level information for the st
a sufficient length of record (10 to 20 years) g
trends in water levels. Evaluation of the water
wells (one in Perkins County, two in Dundy Count
indicated different trends. The
indicated a steady rise in water
in Chase County (7N-38W-20DD and
water levels averaging less than
showed opposite trends, one with

level of about
7N-38wW-28CC) sh
0.1 ft/yr. The
a rising water
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0.4 ft/yr and the two wells
1owed a very slight rise in
two wells in Dundy County
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0.4 ft/yr and the other with a declining water level (2N-37W-36DB) of about
0.4 ft/yr. These very limited data indicate that there could have been rising
water levels in the study area (nonsteady-state conditions) between the turn
of the century and the beginning of irrigation development (in the 1950's).

If so, these rises probably would be related to increased recharge from
precipitation as a result of cultivation.

No large scale water-level rises have been reported by previous studies
prior to irrigation development so the magnitude of any water-level rise would
have to be small. After evaluating the effects of various recharge rates on
water-level change in the aquifer, a recharge rate of 1 in/yr applied to the
cultivated land was selected as the maximum rate that could go undetected
during the period between the turn of the century and the 1950's. This rate
of recharge would result in an average annual rise in the water table
throughout the study area of about 0.5 ft/yr or 25 feet of rise from 1900 to
1950. It is very unlikely that a water-level rise of this magnitude across
the entire study area would not have been documented.

The volume of water that could be supplied to the aquifer during 1975-83
was calculated using the maximum recharge rate of 1 in/yr applied to culti-
vated land. The average amount of cropland in the study area was estimated
from the Census of Agriculture (U.S. Department of Commerce, 1974-82).
Table 8 shows the average cropland, compiled from the 1974, 1978, and 1982
Census of Agriculture data, for each county (Dundy data modified to include
only area north of Republican River) and the study area. The maximum in
acre-feet was calculated by multiplying the acres of cropland (table 8)
by 0.75 foot (1 inch of recharge per year for 9 years equals 9 inches or
0.75 foot). The maximum recharge that could be caused by cultivation for
1975-83 was estimated to be 674,300 acre-feet for the study area,

216,400 acre-feet for Chase County, 133,300 acre-feet for Dundy County, and
324,600 acre-feet for Perkins County.

Table 8.--Average amount of cropland in Chase, Dundy, and Perkins Counties
during 1975-83

[Average cropland is the mean of the acreages for cropland reported by the
U.S. Department of Commerce (1974-82) for 1974, 1978, and 1982 acreages
for Dundy County adjusted to represent only the area north of the
Republican River]

Average area of cropland

Area Total land area (acres) (percentage of
(acres) total land area)
Chase County 569,728 288,539 51
Dundy County 512,890 177,754 35
Perkins County 566,080 432,785 76
Three~county area 1,648,698 899,078 55
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Estimates of Recharge Caused

by Irrigation

Recharge caused by irrigation represents t
excess of recharge caused by cultivation practi
aquifer beneath the irrigated land. It include
of applied irrigation water and enhanced rechar
irrigated land. Irrigation may cause additiona
because of the increased moisture in the soil p
applied water. Estimates of recharge caused by
1975-83 as shown in table 9. The estimates of
are presented as a range in values that depend
the assumed recharge from precipitation on cult

The maximum amount of recharge caused by i
if (1) there was no recharge from precipitation
the minimum specific yield for the aquifer mate
change in storage. In this case, estimates of
vary from 70 percent of pumpage in Perkins Coun
Chase County, and average 76 percent of pumpage
minimum amount of recharge caused by irrigation

hat part of the water, in

ces, that resupplies the

5 a combination of return flow
ge from precipitation on

L recharge from precipitation
rofile that was provided by the
irrigation were calculated for
recharge caused by irrigation
pn specific-yield estimates and
ivated land.

rrigation (table 9) would occur
on cultivated land, and (2)
rial was used to calculate
recharge caused by irrigation
ty to 79 percent of pumpage in
for the study area. The
(table 9) would occur if

recharge from precipitation on cultivated land was 1.0 in/yr, and the maximum

specific yield for the aquifer material was use
storage.
-5 percent of pumpage in Perkins County to 41 p

County, and average 28 percent of pumpage for the study area.

i to calculate change in

In this case, estimates of recharge caused by irrigation vary from

prcent of pumpage in Chase
The -5 percent

in Perkins County indicates a slight increase in the volume of water in

storage in the aquifer.

The range in estimated recharge caused by irrigation is summarized in

figure 10.

The diagonal lines in the figure show the relation of estimated

recharge caused by irrigation (as a percentage of pumpage) to specific yield
for conditions of (1) no recharge from cultivated land, and (2) 1 in/yr of

recharge from precipitation on cultivated land.
lines graphically represents the range of estim

The shaded area between the
ated recharge that could be

caused by irrigation (as a percentage of pumpage) presented in table 9.

CONCLUSIONS

Pumpage and change in ground-water storage
Although a number of assumptions were made, the

were compared in this study.
analysis of potential errors

indicated that the estimates for pumpage and the range of estimates developed

for change in storage are realistic for the study area for 1975-83.

This

study found that specific-yield estimates--a key component in computing change

in storage--can differ widely.
yield is needed.
effects of cultivation on recharge is needed.

affect change in storage in the aquifer, errors

Additional research to determine specific
The study also showed that greater understanding of the
Although both of these factors

in estimates of specific yield

potentially have a much greater effect on change in storage than errors in
estimates of recharge resulting from cultivation of the land.
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The results of this study indicate that a substantial amount of recharge
to the aquifer occurs as a result of irrigation. Estimates of recharge caused
by irrigation ranged from a minimum of 953,200 acre-feet (28 percent of
pumpage) to a maximum of 2,611,200 acre-feet (76 percent of pumpage) for the
9-year study period. The actual amount of recharge caused by irrigation
probably is between these extremes. These results are important for
predicting the effects of future pumpage on change in ground-water storage.
If, in fact, a large part (28 to 76 percent) of pumpage is resupplied to the
aquifer as a direct result of recharge caused by irrigation, reductions in
pumpage associated with increased efficiency in irrigation practices may not
result in comparable savings of water in the aquifer. A reduction in the

amount of applied water would also reduce the potential for recharge from
irrigation.
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Figure 10.--Relation of estimates of recharge caused by irrigation to
estimates of specific yield and recharge from precipitation on
cultivated land.
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