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CONVERSION FACTORS

Factors for converting inch-pound units to metric units of the terms
used in this report are listed below.

Multiply By To obtain

acre 0.4047 square hectometer

foot (ft) 0.3048 meter

gallon per minute 0.06309 liter per second
(gal/min)

inch (in.) 25.40 millimeter
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PUMPAGE DATA FROM IRRIGATION WELLS IN EASTERN LARAMIE COUNTY, WYOMING,

AND KIMBALL COUNTY, NEBRASKA

By Charles Avery

ABSTRACT

Quantitative information concerning pumpage by irrigation
wells is an integral component of the U.S. Geological Survey
High Plains Regional Aquifer-System Analysis. Thus, operation
time, discharge rate, and irrigated acreage were measured at
approximately 450 randomly selected irrigation wells within ten
areas of the High Plains during the 1980 irrigation season.
The data were used to estimate the seasonal mean application of
water to crops and to project total pumpage by irrigation wells
in 1980 throughout the High Plains area.

As part of the sampling effort, 50 irrigation wells were
randomly chosen from the area of eastern Laramie County, Wyo-
ming, and Kimball County, Nebraska. Required information was
collected on only 40 of the wells. For these wells, the sea-
sonal mean application of water on the irrigated land was 15.2
inches. For the major crop types, the seasonal mean applica-
tion, in inches, were as follows: alfalfa, 19.8; corn, 15.4;
potatoes, 13.8; beans, 12.8; and small grains, 10.2.

INTRODUCTION

During 1980, pumpage data were collected at 40 irrigation wells in
eastern Laramie County, Wyo., and Kimball County, Nebr. (fig. 1). This
study was one of ten simultaneous studies conducted in Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, Texas, and Wyoming. Approximately 450
randomly selected irrigation wells were inventoried in the ten areas.
Operation time, discharge rate, and the irrigated crop acreage associated
with each well were measured in order to estimate application of water to
crops. The methods for collecting the required information were evalu-
ated using data collected from two test areas on the High Plains in 1979
(Heimes and Luckey, 1980).

The data collection was initated by the U.S. Geological Survey for
the High Plains Regional Aquifer-System Analysis, which will evaluate the
response of the aquifer system to ground-water-management alternatives
(Weeks, 1978). The evaluation will be accomplished by computer simula-
tions of the response of the aquifer system to imposed stresses. Pumpage
as an imposed stress is an integral component of these simulations. The
collected data aided in estimating the total pumpage by irrigation wells
in the High Plains area for the 1980 season.
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Figure 1. --Location of pumpage-data-collection sites in eastern
Laramie County, Wyoming, and Kimball County, Nebraska.
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Well-Numbering System

Wells cited in this report are numbered by a method based on the
U.S. Bureau of Land Management system of land subdivision (fig. 2). The
first number indicates the township, the second the range, and the third
the section in which the well is located. The N following the township
number indicates that the township lies north of the regional baseline,
and the W following the range number indicates that the range lies west
of the regional Sixth Principal Meridian. Uppercase letters following
the section number indicate the position of the well in the section. The
first letter denotes the quarter section, the second letter the quarter-
quarter section, and the third letter the quarter-quarter-quarter section
(10-acre tract). The subdivisions of a section are lettered A, B, C, and
D in a counterclockwise direction, starting in the northeast quarter. If
more than one well is listed in a 10-acre tract, consecutive numbers
starting with 01 follow the uppercase letter of the well number. If a
section does not measure l-mile square, it is treated as a full section
with the southeast section corner serving as the reference point for the
subdivision of the section.

METHODS OF DATA COLLECTION

Seventy-five wells were randomly selected from a listing of all
irrigation wells in the study area. Wells from the random list were
included in the program until 50 wells satisfied the following criteria:
A distinct acreage was irrigated only by the selected well, the owner
expressed the intention to use the well during the season, and permission
to collect pumpage data was granted by the well owner. Ten of the wells
were later dropped from the program because water commingled with other
water sources during the season, the well was not pumped, a discharge
measurement could not be made, or the operation-time information was not
collected.
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Operation time of each well was collected with a vibration-time
totalizer, otherwise called a sentry. A sentry is activated by the
vibration of an operating pump and registers the time by an electro-
chemical process. The operation time was also collected from other
available means such as electric meters, inline flowmeters, and engine-
hour meters. The time of operation was obtained from the engine-hour
meter by reading the elapsed time directly from the meter. The operation
time was obtained from the electric meter or the inline flowmeter by
reading the elapsed kilowatt-hours of electricity used and dividing by
the instantaneous kilowatt demand or by noting the volume of water pumped
and dividing by the discharge rate.

At each well, discharge rates were measured at least once with a
transient-time flowmeter. With this meter, ultrasonic pulses are passed
through the water between two transducers held against the outside wall
of the discharge pipe. An analog computer in the meter calculates the
travel time of the sound waves in the downstream and upstream directions
and computes a discharge rate. To accurately measure the flow, the
transient-time flowmeter requires a full pipe of water with few entrained
air bubbles and a straight unobstructed length of pipe at least five
times the diameter of the pipe. Because the meter operates outside the
pipe, it is ideal for measuring flows in closed-pipe systems. Further
discussion of the instrument is given by Luckey and others (1980).

Discharge rates were measured by several other methods to compare
with the measurements obtained from the transient-time flowmeter and to
provide a discharge measurement when one could not be obtained by the
transient-time flowmeter. At wells equipped with inline flowmeters, a
discharge rate was computed from the inline flowmeter at the time of the
transient-time flowmeter measurement. The inline flowmeter at well 12N
062W 09CBCO1 was removed from the well prior to the irrigation season and
calibrated at a test facility. This was done to provide a reliable check
of the measurements made with the transient-time flowmeter. The measure-
ments by the transient-time flowmeter were within 1 percent of the
inline-flowmeter measurement except for the July 14 measurements which
were within 5 percent.

At wells where the water was discharged to an open ditch, the tra-
jectory method was used to estimate the discharge. This method involves
measuring the distance at which a stream of water falls 12 inches from
the line of the discharge pipe (Anderson, 1977, p. 156). At well 13N
060W 18DDA01, a trajectory estimate was made along with the transient-
time-flowmeter measurement except on September 2 when the discharge had
declined such that a full pipe of water could not be maintained for a
transient-time-flowmeter reading. At that time, only the trajectory
estimate was made.

A volumetric method was used to obtain an additional measurement on
gated-pipe systems. This method, sometimes called the bucket-and-
stopwatch method, involves measuring the time required to fill a bucket
of known volume with water from at least 10 percent of the open gates.
An estimate is made of the total discharge from the well by multiplying
the discharge at the sample gates by the total number of gates. At well
14N 057W 01ACCO1, the discharge was measured on August 1 by only the
volumetric method because there was too much entrained air in the dis-
charge pipe for the transient-time flowmeter to operate properly.



EXPLANATION OF DATA

Pumpage data, including information on well depth, type of power,
operation time, discharge, type of crop, irrigated acreage, and the
estimated application to the crop, are given in table 1 (eastern Laramie
Co., Wyo.) and in table 2 (Kimball Co., Nebr.) at the back of this
report.

The average discharge was the average of the measurements made with
the transient-time flowmeter. Discharge measurements made by the other
methods were used for three wells when the measurement was critical in
defining a variation or trend in discharge.

The estimated operation time per crop was obtained from the average
accumulated time on two sentries attached side by side at each well
except for two wells. The sentries at two wells failed to register any
time, and the time determined from the electric meter was used to esti-
mate the operation time per crop. If the sentries were kept on a well
continuously throughout the season, the estimated time per crop was the
operation time multiplied by the ratio of the acreage of one crop to the
total acreage irrigated by the system. Two intervals of operation-time
record were created if multiple crops with different seasonal water
requirements were irrigated from the same well. The sentries were not
always read exactly when the irrigation schedule changed, and corrections
were made to the estimated operation time per crop for each particular
crop from information supplied by the irrigator. This information, in
addition to other pertinent information, is noted in the remarks columns
in tables 1 and 2.

The estimated application is the average depth of water distributed
to the crop in a particular field. The estimated application was calcu-
lated as follows:

EstlgateQ _ average discharge (gal/min) x estimated time per crop (hours)
application, = & ge _\8
in inches ’ irrigated area (acres) x 452.6

This is not a determination of consumptive irrigation requirement,
although for some operations the water applied may have approximated the
requirement for that crop.

{

SUMMARY OF DATA

Operation time, discharge rate, and the irrigated crop acreage
associated with 40 wells were measured during 1980 in eastern Laramie
County, Wyo., and Kimball County, Nebr. This information was used to
calculate the seasonal mean application for the major crops and for all
land irrigated by the 40 wells. Multiple crops irrigated with water from
one well or land with successive crop plantings were common in this study
area. The best possible attempt, however, was made to determine the
operation time associated with each crop or the estimated time per crop.



The seasonmal mean application of water for the major crops is the
arithmetic mean of the estimated application for the crops at all 40
wells during the entire growing season. Winter wheat crops were not
considered because the same crop watered during 1980 also may have been
watered after planting in the fall of 1979. Alfalfa crops were included
only when they were grown during the entire season.

The seasonal mean application of water on all irrigated land is the
arithmetic mean of the estimated application to all the land irrigated
from the 40 wells between April and October 1980. On land with succes-
sive crop plantings, the application of water on the land was the total
estimated application of water on each crop. For example, water from
well 14N 060W 17BBAO1 irrigated 22 acres of oats for an estimated appli-
cation of 8.7 inches. On the same land, the oats were followed by alfal-
fa, which had an estimated application of 10.3 inches of water. As a
result, the same 22 acres of land had a total estimated application of
19.0 inches of water. For well 15N 056W 23DAD01, the estimated applica-
tion of 34.6 inches of water on 9 acres of alfalfa irrigated only during
part of the season was included in the calculation of the seasonal mean
value along with the estimated application of 63.3 inches of water on 20
acres of alfalfa irrigated the entire season.

Irrigation systems that distributed the water from each of the 40
wells included ditch, gated-pipe, handpipe-sprinkler, side-roll-
sprinkler, and center-pivot-sprinkler systems. The seasonal mean appli-
cation of water of both center-pivot systems and all irrigation systems
on the major crops for 1980 from the 40 irrigation wells with complete
pumpage data in eastern Laramie County, Wyo., and Kimball County, Nebr.,
is shown in the following table:

Seasonal mean application of water, in inches

All irrigation Center-pivot
Major crops systems systems
Alfalfa 19.8 15.2
Corn 15.4 14.8
Potatoes 13.8 13.8
Beans 12.8 9.9
Small grains 10.2 8.8
(Spring wheat, barley, oats)
All irrigated land 15.2 12.6
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