United States Department of the Interior

U.5. GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
221 NORTH BROADWAY AVENUE, Suite 101
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(217) 344-0037
Fax (217) 344-0082
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August 13, 2002

Mr. Mortis Beli, Chairman
imperial Valley Water Authority
P.0. Box 503

Havana, linois 62644-0503

Dear Mr. Bell:

This letter describes the results of the project conducted by the U.S. Geological Survey (USGS)
in cooparation with the Impetial Valley Water Autharity (IVWA) designed 1o imgrove the annual
withdrawal estimates for irrigation water use made by the IVWA in Mason and Tazewell
Counties, llinois. Thess estimates are 1o be improved by using an updated conversion factor for
transforming energy consumption by irrigation systems (well and pivot} 10 actual gallons
pumped. The convarsion iactor was updated by the USGS by recording the instantaneous
electrical demand and water discharge at & predetermined sampling of irrigation systems,
catoulating the conversion factor for sach system, and determining the average value of the
conversion factor fot the sarnpled systems.

The permission forms received by our office from the Central Winois trrigated Growers
Association enablad 79 irrigation systems to be located and accessed for this project. The
necessary data could not be collacted at 2 wells. One system, in the north half of sections 28
and 20 T20N ROW, owned by Dan Pieiffer, could not be measuted because of interference
saused either by air bubbles O sadiment in the water stream inside the pipe or by the pipe
material. Ancther irigation system in the ne'1/4 swi/4 sec 32 T2ON ROW, awned by Jefi Clark,
was powered through the same elociric meter as an adjacent irrigation system. 80 the elactrical
demand and water discharge were sombined for these two systems into one calculation. Thus,
caloutations for the conversion tactor wereé made for 77 lrrigation gysiems.

The enclosed data table provides results of the data collection. Irrigation-system glze (In acres),
slectrical-meter number, and control-pox numbet {for Menard Electric Cooperative meters) are
listed in the table for identification purposes only. The acreage shown was not verified. The
water-discharge measuraments have been rounded to the nearest 5 galions per minute (gpm)
except for those values less than 300 gpm that have been rounded o the nearsst 1 galion {gal).
The electrical demand was determined sither by couniing the riumber of revolutions of the
rotating disc on the old-style analog meters for at lsast 1 minute or by reading voitage and
current information accessad by interrogating the new-style digital metsrs. The applicable
pquations were uzed with this information s calculate the instantanaous electrical demand, in
kilowatts-hours (Kwh), oy the irrigation system.
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The water-discharge measurement was made with a non-invasive flow meter usually placed on
the horizontal pipe between ihe well and pivot point with 8 fast {it) or moré aof straight
unobstructed pipe upstream and about 3 f downstrean, where possible. Severa
measurements were made ON the vertical pipe at the pivot point (if the power cord or other
opstructions were not prasent) when the horizontal pipe was too short and/or obstructions were
present inside the pips that may have been disrupting the water fiow. The error of the
measurement is within 2 percent of the indicated flow when the setup is under optimum
conditions. Several seilips were mads on shorter than aptimum lengths along the horizontal
pipe because the verticat pivot pipe sontained opstructions. Also, less than optimum conditions
inside the pipe may riot always have been recognized from outward appearances, Various
indicators are given by tha flow meter that it is sensing & 1ess than optimum situation, One
indicator is & higher o lower vaiue then normal for sonic velocity of the water as measurec by
the meter. Systems where outiier sonic-velocity values, which wete arbitrarily determined 1o be
one standard deviation greater of less than the mean sanic velocity, wers measured are
indicated in the table, The error of the watar-discharge measurements obtaineo at these
systems may be somewhat greater than 2 percent. The water-discharge measurements with
outlier scnic-velocity vaiues did not consistently resuit in conversion tactors consldered as
ocutliers because only twe systems had both values as an outier.

it is not known whethers the sampling of friigation systems in this project is rapresentafive of all
the irrigation systems in the area covared by the IVWA. The ranga in measured discharge was
from 100 to 1,410 gpm. High-pressure impact spriniler heads wers used at ten of the measured
irigation systerns. The size of the irrigation systems ranged from about 1210 1320 acres. Five of
the irrigation systems had multiple pivots supplied from One well. Eleven irrigation systems did
not swing through a ful circle. The wall puraps ranged from & 5 horsepower (hp) submersibie
pump to a 100 hp turbine pump.

The convetsion factor (Q/Xwh) for gach irrigation system was caloulated with the following
gguation:

Q(discharge In gallons pet minute) X 80 {minutes per hour) / Kwh(electrical
dernand in Kilowait-hours) = /Kwh {conversion factor in gallons per Kilowalt-
hour}.

The Q/Kwh valuas for the individual systems are listed in the gata table. The average value for
Q/Kwh from the 77 sampied irrigation systems Is 1,28 9 gal per Kwh, Thig value is appreciatly

. lower than the value of 1 505 gal per Kwh currently used by the VWA, This updated value
indicates that the estimated water withdrawn may have been over estimated by ahout 20
percent.

The Targe range in Q/Kwh values, trom 767 to 1,762 gal per Kwh, optained on the individual /
sterns could be the resutt of , diffgrent conditions The lowest Q7RWH Valug was ade on
a systef With g pressure mpact sprinkier hear g and the wellhead discharge appeared 10
have bean valved back about one-half, Variations in the depth to water in the wall, the efficlency
of the well screen and the pump, and the iriction losses because of the differing fength of and
number of bends in the pipe hetwaen the well and the pivol witl result in a range of values for

Q/Kwh.,
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Hopefully, this update of the conversion factor Wil result in & more accurale accounting of the
withdrawals for irrigation made in the area. Accurate figures of wlthdrawal amounts are ngeded
when assessing the impact of withdrawats from wells on water levels in an aquifer and are a
very ctitical input 10 any computerized simulation of ground-water flow that is made for &
resoutce assessment of an aguifer,

i there are any questions about this project or if we can be ot any more assistance, please
contact Chuck Avery at (217) 344-0037, extension 3029, of amail ctavery @usgs.gov. If the
Central linois Irrigated Growers Association could use the data table in another format, such as
an elactronic spreadsheet file, to prepare the notification of the participants of the results, please
lat us know. It has been a pleasure dealing with you, the VWA, the Central Hiinois lirigated
Growers Association, and the individual farmers of the area.

Sincersly,

S fond Al

Richatd D. Hayes
Acting District Chief
Illinois District
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