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EVALUATION OF PUMPAGE DATA FURNISHED BY SELECTED

PUBLIC WATER SUPPLIERS IN ARKANSAS,

MAY 1990 THROUGH MARCH 1991

By Terrance W. Holland and Nancy T. Baker

ABSTRACT

Comparisons between water pumpage calculated from noninvasive pipeflow measurements and
pump running times, and pumpage reported to the Arkansas Soil and Water Conservation Commission
(ASWCC) and the Arkansas Department of Health reveal variation between measured and reported data.
Less variation exists between pumpage calculated from noninvasive pipeflow measurements and amounts
calculated from inline measurements. Variation in reporting accuracy among water-supply facilities is to
be expected. Each facility has a different level of capability to determine the amount of water it withdraws.
However, at some facilities that are equipped with inline flowmeters there are significant differences
between measured and reported pumpage. The average percent difference between pumpage measured
by noninvasive flowmeter and that reported to the ASWCC is about 26 percent.

Variation between measured and reported pumpage ranged from -253.6 percent to 85.4 percent.
Variation between pumpage measured by noninvasive flowmeter and inline flowmeter ranged from -125.4
percent to 90.2 percent. Overall there was significantly less variation between pumpage measured by
noninvasive and inline meters.

Percent differences between pumpage measured by noninvasive flowmeter and reported to the
ASWCC were the smallest for facilities serving fewer than 500 people, and largest for facilities serving
between 500-900 people. Percent differences between pumpage measured by noninvasive flowmeter and
reported by facilities were lower for those facilities that reported to both agencies than for those facilities
that reported only to the ASWCC.

INTRODUCTION

Site-specific public-supply data are available for most states where permits are required or where
water-use reporting is mandatory. However, little is known about the accuracy of the reported data and
few studies have assessed the accuracy of water-use information reported by individual public-supply
facilities. As competition for water resources increases, so does the demand for accurate water-use
information. Accurate and reliable public-supply data are essential for defining existing problems and
anticipating future water needs. Because the accuracy of these data are not known, the Arkansas Soil and
Water Conservation Commission (ASWCC) and the U.S. Geological Survey (USGS) are working
cooperatively to evaluate water-use information reported by public suppliers.

Background

Public-supplied water includes water withdrawn by public or private water suppliers and delivered
to groups of users. Public suppliers provide water for a variety of uses, such as domestic, commercial,
thermoelectric power, industrial, and public water use (Solley and others, 1988, p. 10). Public supply also is
referred to as municipal water supply, public water supply, or water supply.



In Arkansas, public-supply facilities are required to obtain a permit from the Arkansas Department
of Health (ADH), and to report the amount of water used to the ASWCC. In accordance with the public
Drinking Water Regulations, enacted in the early 1930's (H. Seifert, Arkansas Department of Health, oral
commun., 1992), the ADH require reporting of municipal water use. According to ADH, a municipal
supplier must serve either 15 people annually or 25 people 60 days per year. Monthly municipal water-use
reports include daily pumpage, chemical treatment, type of treatment, population served, and other
information. These data are used by ADH for several purposes: monitoring chemical treatment of
municipal waters, evaluation of consumption rates, and notification of facilities when they withdraw
water in excess of 80 percent of the plant’s peak capacity.

Arkansas Act 180 of 1969 requires the diversions of water from streams, lakes, and ponds (except
natural lakes owned by individuals) to be reported annually to ASWCC. This report must include the
amount, the purpose, and the location of the use. The purpose of reporting surface-water diversions is to
provide data to the ASWCC for water- resources planning and management. Act 1051 of 1985, as amended
by Act 460 of 1987, requires the reporting of all water withdrawals of ground water, except water
withdrawals exclusively for domestic use or from wells that have a potential yield of less than 50,000
gallons per day. The ASWCC uses this information inconjunction with the surface-water diversion data to
determine the requirements of all water users of the State. These data also are evaluated in the State Water
Plan to project future water needs.

During 1989, 697 Arkansas water-supply facilities were listed in the U.S. Geological Survey Site-
Specific Water Use Data System (SSWUDS) (Baker and others, 1991). Of those facilities, 507 withdrew their
water from a ground- or surface-water source (the other 190 facilities purchase their water). Of the 507
facilities, 435 withdraw from ground-water sources and 72 withdraw from surface-water sources. Facilities
withdrawing from ground-water sources serve a population of 0.9 million, while those withdrawing from
surface-water sources serve about 1.1 million (Baker and others, 1991).

In 1990, a study was begun by the USGS, in cooperation with the Arkansas Soil and Water
Conservation Commission, to assess the accuracy of these reported pumpage data. The objective of the
study was to evaluate the accuracy of reported water-use data. This information will be used to refine
water-resources planning and management needs.

Purpose and Scope

This report describes an analysis of the accuracy of pumpage data reported by selected public and
private water suppliers in Arkansas. Water withdrawals reported to ASWCC and ADH are compared with
calculated withdrawals using two types of noninvasive flowmeters and pump operation times. Other
analyses included comparisons of (1) data from noninvasive flowmeters with data from inline flowmeters,
(2) data reported to ASWCC with data reported to ADH, and (3) data by population group.

The study area includes the entire State of Arkansas (fig. 1). Data were collected during 1990-91 for
41 selected facilities that met criteria for selection as a study site. Selected study sites represented about 10
percent of the facilities that meet the selection criteria.

Acknowledgments

The authors express appreciation to personnel associated with those public supply facilities that
participated in the study. Appreciation is also extended to Mr. Harold Seifert, Director, Division of
Engineering, Arkansas Department of Health, for providing water-withdrawal information for those
public suppliers that reported water withdrawals to the ADH, and to the Arkansas Soil and Water
Conservation Commission for providing water withdrawal information for those public suppliers that
reported to the ASWCC. Appreciation is extended to Dr. Kenneth E Steele, Director, Arkansas Water
Resources Research Center, and Dr. James Dunn and Dr. Ronald McNew of the Agricultural Statistics
Laboratory, University of Arkansas, for reviewing the project proposal and making suggestions for
determining sampling population.



94+ 93° 92° 91° 90°
! | | | !
30686, CLAY
30547 RANDOLPH
BENTON CARROU_O <>
072 BOONE sharP 730336 GREENE
<> 666 _
WASHINGTON <> 30719
36° MADISON NEWTON LAWRENCE
<> 3 09 1 6 CRAIGHEAD NISSISSIPP
30871 INDEPENDENCE 30930
0 POINSETT
CRAWFORO 30584 VAN BUREN | o coone JACKSON j
FRANKLIN JOHNSON
POPE <> cross 30876
30925 conmaY 30896 O
CRITTENOEN
N " 30698 WHITE 30852
FAULKNER WOODRUFF ST. FRANCIS e
ase— 30859 30551 ()39969 30778
PERRY
scotT PRAIRIE
PULASKI LONOKE MONROE LEE
L SALINE
oo 120243 308944 ()30713
POLK MONTGOMERY 307 08<> PHILLIPS
30999 30932
HOT SPRING GRANT JEFFERSON ARKANSAS
30631 Pk 5
ow CLARK 7
340 — sevier || "o M 30582 LINCOLN
DALLAS CLEVELAND |
31004 OESHA
30945
30523
LITTLE RIVER HEMPSTEAD 20600
NEVADA mHOg <>3 0970 EXPLANATION
30836 OUACHIT OREW 30596
" 30699 50543 A PUBLIC WATER
wass U ()30926 BRADLEY () suppLY AND
cHicot NUMBER
COLUMBIA 30830 ASHLEY
UNION 0 20 40 MILES
LAFAYETTE
| | | 0 20 40 KILOMETERS
Figure 1.——Location of Arkansas public water supplies

selected for this st

udy.



DATA-COLLECTION PROCEDURE

The absolute accuracy of measured or reported pumpage data is difficult to assess. All methods of
measuring total water withdrawals require either obtaining an instantaneous pipeflow measurement and
a measure of pump running times during the period of interest, or using an accumulative flowmeter,
which records each gallon of water that passes the meter. If an instantaneous flow measurement is made,
flow rates must not fluctuate substantially during the period of interest for an accurate estimate of total
water withdrawals to be obtained. Even when an accumulative inline flowmeter is available, it is difficult
to know the condition of the flowmeter. Mineral buildup or corrosion on the meter can decrease its
accuracy.

It is significantly more difficult to assess the accuracy of reported pumpage data. Reported data are
often derived from various sources, and each facility may use a different procedure to obtain water-use
volumes. Some facilities calculate monthly water withdrawals from inline flowmeter readings. Others
estimate water withdrawals based upon the amount of water sold to customers. Some facilities multiply
an average daily volume by the number of customers served by that facility. Many facilities estimate a total
annual withdrawal and divide by 12 to obtain monthly water withdrawals.

Measured and reported pumpage data were collected between May 1990 and March 1991 for 41
selected public-supply facilities. A few facilities required additional site visits to obtain the required
number of measurements. Instantaneous pipe-flow measurements (using a noninvasive flowmeter) were
made and pump operation times were recorded monthly at most of the sites. Measured data were
compiled and monthly water-use volumes were computed for comparison with monthly reported data.

Eacility Selecti

Of the 507 facilities cited above, 423 facilities met criteria for selection as a potential study site. These
criteria included: (1) the facility furnishes water to at least 25 people, (2) the facility must have a minimum
of 15 hookups, and (3) the facility must withdraw the majority of the water used by the population, rather
than purchase the majority of water used (some facilities withdraw water only as a backup to purchased
water).

Approximately 10 percent of the 423 facilities were selected for the investigation. Potential sites were
selected by first arranging the 423 facilities into four groups based on the population served by each
facility. Population ranges for each group include facilities serving (1) fewer than 500 people, (2) between
500 and 900 people, (3) between 901 and 3,000 people, and (4) more than 3,000 people. Initially 11 facilities
were selected randomly from each population group. Through the course of the investigation three
facilities were eliminated from the study. Additional facilities were not added because of the brief time
frame available for data collection and because, even with the loss of three facilities, an approximate 10
percent sample was maintained. Only one of the facilities included in the investigation reported water
withdrawals to neither the ASWCC nor the ADH.

Instrumentation
Pipeflow measurements were made with portable, noninvasive pipe flowmeters. Two types of

meters were used during the course of the investigation—the Cross Correlation flowmeter and the

Polysonics flowmeter!. The measurement situation at each particular site determined the type of meter
used. In most cases, the same type of meter was used for each site throughout the investigation.

1 Use of trade names in this report is for identification purposes only and does not constitute
endorsement by the U.S. Geological Survey.



The Cross Correlation flowmeter is a “time-of-flight” instrument that measures the time it takes a
fluid to move from one position in the pipe to a second position downstream (E.H. Cordes, U.S. Geological
Survey, written commun., 1989). The Cross Correlation flowmeter works well in situations where
disturbances occur in the flow (generally caused by an elbow, pipe seam, or flange, or where flow
velocities are rapid enough to create turbulence).

The Polysonics flowmeter is a reflective-doppler type flowmeter that uses a continuous, ultrasonic
signal transmitted from a stationary transducer to a particle in the stream (in some cases an air bubble). A
receiving transducer detects the frequency shifts of the reflected signal. The frequency shifts are then
processed to determine the velocity of the fluid (Arvin, 1992). The Polysonics flowmeter works best for
flows that contain some particulate matter (as in untreated water).

Although it is difficult to assess the accuracy of measured data, success has been reported by Arvin
(1992) in the performance of two types of noninvasive flowmeters for measuring flow in closed systems. A
noninvasive flowmeter is an instrument that can measure the flow of a fluid through a pipe without
having to come in direct contact with the fluid. Arvin found that the “time-of-flight” type flowmeter had a
mean log-percent difference from inline measurements of 7.5 and a standard deviation of 3.7. The
reflective-doppler type meter had a mean log-percent difference from inline measurements of -14 and a
standard deviation of 18. Noninvasive flow measurements made by a time-of-flight type flowmeter and
the Hydra flowmeter (a reflective-doppler type flowmeter) are related to inline flow measurements in
figure 2. Measurements made with the noninvasive flowmeters provide data to which reported data from
one Or more sources can be compared.

Following the reconnaissance visits, data were collected approximately every month until at least six
valid measurements were obtained at each facility. During the site visit, noninvasive pipeflow
measurements were made to obtain an instantaneous flow for each primary withdrawal site.
Accumulative pump operation times were recorded, and inline pipeflow measurements were recorded for
those sites where these flowmeters were available. The ability to collect the required number of
measurements was affected by variable conditions at each facility. These conditions include (1) the layout
of the flow distribution system, (2) the water storage capacity of the facility (which determines the
frequency of pump operation), and (3) the availability of plant personnel. Variability in any of these
conditions limits the ability to make a flow measurement at the facility during the monthly site visit.

Data Collection

Reconnaissance visits were made to each public-supply facility selected for the investigation to: (1)
obtain permission from the water superintendent to collect the necessary data, (2) gain access to the well or
intake structure, (3) evaluate the measuring conditions at each site, (4) locate the electric meter associated
with each pumping plant or determine a suitable location for installation of time totalizers (instruments to
measure pump running times), and (5) document pertinent information about the pump and electric
meter.

Accumulative pump running times were obtained from the electric meter associated with a
particular pumping plant, vibration time totalizer, or from log books maintained by the plant operator.
Most of the pumping plants in the study have an individual electric watt-hour meter connected to the
pump. The watt-hour meter records the energy consumption of the pump. Pumping times were calculated
by the following equation (Hurr and Litke, 1989):

t (hours) = energy (kilowatt hours)/power (kilowatts) )

To apply this equation, energy consumption (recorded from watt-hour meters) and power demand
(the rate of energy consumption) were determined and recorded. Vibration time totalizers were placed on
pumps where watt-hour meters were connected to more than one pump or to lights, chlorinators, and
outlets. The vibration time totalizer is activated by the vibration of the pump and keeps a cumulative total
of pump operation time. Many plant operators keep a chronological log of pump operations by recording
each time the pump is turned on and off. If the plant operator kept a log book, entries were recorded
during the site visit.
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A general description of each measurement site and some of the ancillary data collected are
provided in table 1 at the end of the report. In this table, an evaluation of the measuring conditions at each
site is given in the “Measurement condition rating” in terms of good, fair, or poor. Sites were classified as
having good measuring conditions based on the availability of a sufficient length of unrestricted pipe to
make flow measurements. Sites rated fair or poor are described in greater detail with respect to
measurement problems in the “Comments” section. At most sites, the reflective-doppler type flowmeter
was used because of limited lengths of unrestricted pipeflow due to presence of cutoff valves, elbows, or
venturi. But at sites where acceptable lengths of discharge pipe were available, where there were
extremely high flow rates, or there were multiple pumps feeding a common discharge pipe, the cross-
correlation flowmeter was used.

Data C - | Compilgti

Data collected during the site visits to each facility were compiled and monthly water-use volumes
were computed for comparison with monthly data reported to the ASWCC and ADH. Calculated and
reported water-withdrawal data are summarized in table 2 at end of report. Water withdrawals are usually
reported by public water-supply facilities to the ASWCC and ADH as monthly values for each month. It
should be noted that some facilities group withdrawal data for more than one well (for example Yorktown,
wells 1 and 2, table 2) prior to reporting to ASWCC or ADH.

Data significant to the dates of the measurements for both water withdrawal readings (noninvasive
and inline), and the period of record represented are presented at the end of the report in tables 3 and 4.
Therefore, hourly pumping rates can not be transposed to table 2, which represents total number of hours
pumped per calendar month for the period of record. Although data were collected approximately every
month at each of the sites, they were not collected at precisely 30- or 31-day intervals, nor were data
collected on the same day in every month. However, monthly pump running times were needed, along
with instantaneous flow measurements, to compute monthly water-use volumes that were comparable
with the monthly data reported to the ASWCC and ADH. At those facilities where pump running times
were recorded only from electric watt-hour meters or vibration time totalizers, the values were
summarized to whole monthly values. Adjustments to pump running times (column 2, table 2) were made
by determining the pumping rate (in hours per day) for each measurement period (table 4) and
multiplying it by the number of days in each month for which that rate applied. For example, to determine
the adjusted monthly pump running time at Arkansas City for July 1990 using table 4:

July 1-24 = 24 days
24 days x 10.1 hours/day = 242.4 hours pump running time
July 24-31 =7 days
7 days x 4.7 hours/day = 32.9 hours pump running time
Adjusted monthly pump running time = 275 hours (rounded)

For those facilities that used chronological log records to determine the number of hours pumped per
month (table 3), the pump running times were extracted directly from these records and computed for
each calendar month (table 2). Where monthly pump running times were available from chronological
logs maintained by the plant operator, these data were preferentially used whenever possible to compute
water withdrawals, even when electric watt-hour meter and vibration time totalizer data were available.

Pipeflow measurements at most sites did not fluctuate substantially from one measurement to the
next. However, minor fluctuations, due to local conditions at the time of measurement, did occur at all
sites. For this reason, instantaneous pipeflow measurements collected during the investigation were
averaged (tables 3 and 4) for each site before water-withdrawal amounts were calculated (table 2).



EVALUATION OF PUMPAGE DATA

Withdrawals calculated from noninvasive pipeflow measurements and pump running times were
compared to monthly pumpage reported to the ASWCC and ADH in order to evaluate the accuracy of the
reported data. Inline pipeflow measurements were compared to the noninvasive pipeflow measurements
and reported data for those sites where inline flowmeters were present. Comparisons were made by
grouping the results by population range, and the presence of inline flowmeters at these facilities.
Comparisons were also made between water withdrawals reported to the ASWCC and those amounts
reported to the ADH, and between water withdrawals reported to the ASWCC and the amounts measured
by inline flowmeter.

The percent difference between the monthly noninvasive flowmeter measurements and monthly
water withdrawals reported to the ASWCC ranged from -151.4 to 85.4. The percent difference between the
monthly noninvasive flowmeter measurements and monthly water withdrawals reported to the ADH
ranged from -253.6 to 61.7. The percent difference between the monthly noninvasive flowmeter
measurement and the monthly inline flowmeter measurement ranged from -125.4 to 90.2 (table 2). The
distributions of the percent differences show that there is significant variation between withdrawals
measured by noninvasive flowmeter and withdrawals reported to the ASWCC or to the ADH (figs. 3 and
4). Although the reported pumpages of some facilities (Bennett Acres, 30543) were consistently higher
than measured amounts and the reported pumpages of some facilities (Arkansas City Waterworks, 30523)
were consistently lower than measured pumpages, most of the facilities reported a wide range of
pumpage compared to the measured usage. Somewhat less variation in percent differences occurred
between water withdrawals measured by noninvasive flowmeter and measured by inline flowmeter (fig.
5). Comparisons of noninvasive pipe-flow measurements and inline pipeflow measurements indicate that
for most sites the two measurements were similar (table 5 at end of report) and within the ranges reported
by Arvin (1992) for the noninvasive pipeflow meters that were tested against inline flowmeters.

The absolute average percent difference between pumpage measured by noninvasive flowmeter and
pumpages reported to the ASWCC ranges from 2.4 to 83.7 with an overall average of 25.4 percent. The
range between the noninvasive measurement and that reported to the ADH was from 2.5 to 49.4 with an
overall average of 18.8. For those facilities that report to both the ASWCC and ADH the average absolute
percent difference between pumpage measured onsite by noninvasive flowmeter and amounts reported to
the ASWCC was 21.3 percent. For those same facilities the average absolute percent difference between
pumpage measured onsite by noninvasive flowmeter and amounts reported to the ADH was 20.3 percent.
For those facilities that reported only to the ASWCC the average absolute percent difference between
pumpage measured onsite by noninvasive flowmeter and amounts reported was 29.9 percent. The
comparison of water withdrawals measured by noninvasive and inline flowmeters ranged from 2.0 to 46.4
with an overall average of 15.2 (table 6 at end of report).

When the absolute average percent difference for each site is arranged by population group, the
results show that facilities serving fewer than 500 people reported withdrawals to the ASWCC and to the
ADH that were closer to withdrawals measured by noninvasive flowmeter than did facilities serving more
than 500 people (fig. 6A and 6B). The absolute average percent difference between withdrawals measured
by noninvasive flowmeter and inline flowmeter was significantly lower for facilities serving more than 900
people than for facilities serving fewer than 900 people (fig. 6C). The largest absolute average percent
difference (32.9) was between withdrawals measured by noninvasive flow and those reported to the
ASWCC for facilities serving between 500-900 people (table 6). Facilities serving more than 3,000 people
also had larger absolute average percent differences for both the “reported data” comparisons. It is
difficult to determine the reasons for the variation between measured and reported water withdrawals for
the different population groups. Perhaps it is easier to obtain an accurate measurement on water-supply
systems that serve less than 500 people. Larger systems often have multiple wells or intakes and elaborate
water-treatment equipment that can interfere with flow measurements and time totalizer devices.
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Figure 4.——Percent difference between pumpage measured by

noninvasive flowmeter and pumpage reported to the

Arkansas Department of Health.
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Figure 5.——Percent difference between pumpage measured by

noninvasive flowmeter and pumpage measured by inline

flowmeter.
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Withdrawals reported to the ASWCC and withdrawals measured by inline flowmeter should be
comparable. Facilities that used inline flowmeters to determine water use reported withdrawals within
-4.4 of the measured values. Percent differences for this comparison ranged from -61.3 to 38.7 (table 7). In
some instances, it is apparent (table 2) that an annual withdrawal values was divided by 12 months to
arrive at a monthly value, even though an inline meter was present (Carthage, 30582; Harrell, 30699;
Sidney, 30916; and Thornton, 30945).

Natural log percent difference comparisons also were made between withdrawals reported to the
ASWCC and those reported to the ADH. This comparison shows that most of the facilities did report the
same (or nearly the same) withdrawals to both agencies (table 8). The only sites that reported significantly
different pumpages to the separate agencies were Dierks Waterworks (30631) and St. Paul Waterworks for
their well 2 (30925). Discrepancies between withdrawals reported to the two agencies exist because of
multiple conversions of the data reported to the ASWCC. Because the majority of data reported to the
ASWCC are reported and stored in acre-feet, data collected by municipal suppliers (usually in gallons) are
converted to acre-feet before storing to maintain consistency in the data base. Data retrieved from the data
base were converted back to gallons for this investigation.

Some error may have been introduced when pumpage volumes were calculated from measured
pipeflow (for both inline and noninvasive meters) for those sites where pump running times were
obtained from electric meter or vibration time totalizer. These errors were created in some locations by
other equipment within the pump house (such as chlorinators, fans, and heaters). These types of
equipment operate during and many times beyond the period of time in which pumping occurs, thus
distorting pump running times.

SUMMARY

Site-specific, public-supply data are available for most States where permits are required or where
water-use reporting is mandatory. However, little is known about the accuracy of the reported data.
Because the accuracy of these data are not known Arkansas Soil and Water Conservation Commission
(ASWCC) and the U.S. Geological Survey (USGS) are working cooperatively to evaluate water-use
information reported by public suppliers.

Measured and reported pumpage data were collected between May 1990 and March 1991 for 41
selected public-supply facilities in Arkansas. Instantaneous pipeflow measurements (using a noninvasive
flowmeter) were made and pump operation times were recorded monthly at most of the sites. Measured
data were computed for comparison with monthly reported data.

Comparisons between water pumpage calculated from noninvasive pipe-flow measurements and
pump running times, and water pumpage reported to the ASWCC or ADH reveals variation between the
measured and reported data. Less variation exists between water withdrawals calculated from
noninvasive pipe-flow measurements and amounts calculated from inline flowmeter measurements.
Variation in reporting accuracy among the water-supply facilities is to be expected. Each facility has a
different level of capability to determine the amount of water it withdraws. However, at some facilities
that are equipped with inline flowmeters there are still significant differences between measured and
reported pumpage. It is considerably more difficult to determine the source of variation between
measured and reported pumpage for a particular facility.

The variation between water pumpage measured by noninvasive flowmeters and reported to State
agencies ranged from -253.6 percent to 85.4 percent. The variation between water pumpage measured by
noninvasive flowmeter and by inline flowmeter ranged from -125.4 percent to 90.2 percent. Overall there
was significantly less variation between pumpage measured by the noninvasive and inline flowmeters.
Ironically, there was virtually no difference in the average percent difference between amounts measured
by noninvasive flowmeter and reported to the ASWCC for those sites equipped with an inline flowmeter,
and those sites where an inline meter was not present. Even when an inline meter was present, some:sites
reported exactly the same water-use amount for each month during the investigation.



Percent differences between water withdrawals measured by noninvasive flowmeter and amounts
reported to the ASWCC and ADH were lower (21.3 percent for ASWCC; 20.3 percent for ADH) for those
facilities that reported to both agencies than for those facilities that reported only to the ASWCC (29.9
percent). There were only three facilities that reported only to ADH. Facilities that report to both agencies
probably keep current records of pump running times and calculate water withdrawals periodically, and
are therefore more likely to report water usage when requested by the individual agencies. Overall,
facilities that reported to both agencies, reported equal or nearly equal amounts to both agencies.

Although it is difficult to assess the absolute accuracy of the reported data, it is apparent that
considerable variation exists in the reported data. The average percent difference between water
withdrawals measured by noninvasive meter and that reported to the ASWCC is about 26 percent. More
information is needed to determine the source of variation between measured and reported water
withdrawals.
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Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions af these sites, 1990

[Number in parentheses is facility identification number (fig. 1); **, not applicable; hp, horsepower;
DVTT, digital vibration time totalizer]

Arkansas City Waterworks (30523)

Location: Desha County

Population served: 606

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 6.77 inches

Pipe thickness: 0.23 inch

Transducer spacing: **

Measurement condition rating: good

Comments: Arkansas City Waterworks has one 1.5-hp electric powered pump. Flow measurements
were made at the pump with the reflective-doppler meter. Flow at the measurement point was horizontal.
There is no inline flowmeter available at this location. Pump running times were calculated from metered
energy consumption of the pump.

Bennett Acres Mobile Home Park (30543)

Location: Saline County

Population served: 81

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 1.43 inches

Pipe thickness: 0.15 inch

Transducer spacing: **

Measurement condition rating: good to fair

Comments: Bennett Acres Mobile Home Park has two electric powered pumps (0.75- and 1.5-hp).
There is no inline flowmeter available at either location. Flow measurements were made at the 1.5-hp
pump with the reflective-doppler flowmeter because the 0.75-hp pump was used only as a backup pump.
Flow at the measurement point was horizontal. A timer was placed on the pump by the operator to limit
pumping because of the size of the water storage tank. This condition limited the amount for time
available for making discharge measurements at this location. Pump running times were calculated from
metered energy consumption of the pump.

Bergman Waterworks (30547)

Location: Boone County

Population served: 525

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 4.86 inches

Pipe thickness: 0.15 inch

Transducer spacing: **

Measurement condition rating: good

Comments: Bergman Waterworks has one 20-hp electric powered pump. There is an inline flowmeter
available at this location. Flow measurements were made at the 20-hp pump with the reflective-doppler
flowmeter near the inline flowmeter. Flow at the measurement point was vertical-down. Pump running
times were calculated from metered energy consumption of the pump.
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Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions ot these sites, 1990--Continued

Bigelow Waterworks (30551)

Location: Perry County

Population served: 600

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 5.00 inches

Pipe thickness: 0.22 inch

Transducer spacing: **

Measurement condition rating: good

Comments: Bigelow Waterworks has one 25-hp electric powered pump. There was an inline
flowmeter available at this location. Flow measurements were made at the pump with the reflective-
doppler flowmeter. Flow at the measurement point was horizontal. Pump running times were obtained
from a log book of pump running times maintained by the plant operator.

Big Flat Waterworks (30550)

Location: Baxter County

Population served: 189

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 7.00 inches

Pipe thickness: 0.22 inch

Transducer spacing: **

Measurement condition rating: good

Comments: Big Flat Waterworks has two electric powered pumps (10- and 50-hp). An inline flowmeter
was available at each location. Flow measurements were made at the 50-hp pump with the reflective-
doppler flowmeter. The 10-hp pump was not measured because it was used as a backup. Flow at the
measurement point was horizontal. Pump running times were obtained from a log book of pump running
times maintained by the plant operator.

Black Rock Waterworks (30556)

Location: Lawrence County

Population served: 912

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 3.25 inches

Pipe thickness: 0.21 inch

Transducer spacing; **

Measurement condition rating: Good

Comments: Black Rock Waterworks has one 25-hp electric powered pump. There was an inline
flowmeter available at this location. Flow measurements were made at the pump with the reflective-
doppler flowmeter. Flow at the measurement point was horizontal. Pump running times were calculated
from metered energy consumption of the pump.



Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions at these sites, 1990--Continued

Calico Rock Waterworks (30576)

Location: Izard County

Population served: 1,500

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 3.75 inches

Pipe thickness: 0.75 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Calico Rock Waterworks has two 25-hp electric powered pumps. There was no inline
flowmeter available at these locations. Flow measurements were near the pumps on a common pipe for
both pumps with the reflective-doppler flowmeter. Flow at the measurement points was horizontal. Pump
running time was obtained from a log book of pump running times maintained by the plant operator.

Camden Waterworks (20600)

Location: Quachita County

Population served: 18,134

Source of water: Surface water, Quachita River

Pipe material: Ductile iron

Pipe diameter: 12.82 inches

Pipe thickness: 0.38 inch

Transducer spacing; **

Measurement condition rating: Good to poor

Comments: Camden Waterworks has three 50-hp electric powered pumps. Two of the pumps were
used as primary sources of water, and the other was used as a standby. The original measurement point
selected for making pumpage measurements at Camden was located at the water plant. At this
measurement location the inflow pipe contained the cumulative flow of the three surface-water
withdrawals. After making three measurements at this location and comparing them to measurements
recorded within the plant, it was evident that our measurements discharge were well below those
recorded within the plant. After discussion with the water superintendent, it was determined that the
measurement location was close to the venturi located approximately 3 feet further down the discharge
pipe. Therefore, on following site visits the flow was measured from three pumps (two primary, one
standby) with the reflective-doppler flowmeter. These measurement locations worked well until January
through April 1991 when the road from the back of the water plant toward the Ouachita River and the
three pumps were flooded. After the river receded, data collection resumed. Flow at these measurement
points was horizontal. Pump running times were obtained from a log book of pump running times
maintained by the plant operator.
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Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions at these sifes, 1990--Continued

Carthage Waterworks (30582)

Location: Dallas County

Population served: 600

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 5.62 inches

Pipe thickness: 0.37 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Carthage Waterworks has one 15-hp electric powered pump. There is an inline flowmeter
available at the plant. Flow measurements were made at the plant near the inline flowmeter with the
reflective-doppler flowmeter. Flow at the measurement point was horizontal. Access to the plant became a
problem at times because of security reasons. Unless the water superintendent could be located, the data-
collection personnel could not gain admission. Pump running times were obtained from a log book of
pump running times maintained by the plant operator.

Cass Waterworks (30584)

Location: Franklin County

Population served: 250

Source of water: Surface water, Fane Creek

Pipe material: PVC

Pipe diameter: 3.50 inches

Pipe thickness: 0.25 inch

Transducer spacing;: **

Measurement condition rating: Good

Comments: Cass Waterworks has one 15-hp electric powered pump. During the last 3 months of the
data collection period (January through March 1991) an inline flowmeter was installed at this location.
Flow measurements were made with the reflective-doppler flowmeter at the plant near the inline
flowmeter. Flow at the measurement point was vertical-up. Pump running time was obtained from a log
book of pump running times maintained by the plant operator.

Collins Water Association (30596)

Location: Drew County

Population served: 250

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 3.50 inches

Pipe thickness: 0.32 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Collins Water Association has one 20-hp electric powered pump. Flow measurements
were made at the pump near the inline flowmeter with the reflective-doppler flowmeter. Flow at the
measurement point was horizontal. Pump running times were calculated from metered energy
consumption of the pump.



Table 1.--Description of selected public water-supply facilities in Arkansas and
fliow-measurement conditions ot these sites, 1990--Continued

Dierks Waterworks (30631)

Location: Howard County

Population served: 1,850

Source of water: Surface water, Dierks Lake

Pipe material: Ductile iron

Pipe diameter: 9.00 inches

Pipe thickness: 0.35 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Dierks Waterworks has two 15-hp electric powered pumps and an inline flowmeter. Both
pumps run simultaneously. Flow measurements were made on a single pipe at the plant near the inline
flowmeter with the reflective-doppler flowmeter. Flow at the measurement point was horizontal. Pump
running time was obtained from a log book of pump running times maintained by the plant operator.

Franklin Waterworks (30666)

Location: Izard County

Population served: 253

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 2.25 inches

Pipe thickness: 0.20 inch

Transducer spacing;: **

Measurement condition rating: Good

Comments: Franklin Waterworks has one 30-hp electric powered pump. Flow measurements were
made at the pump near the inline flowmeter with the reflective-doppler flowmeter. Flow at the
measurement point was horizontal. Pump running times were calculated from metered energy
consumption of the pump.

Gilmore Waterworks (30676)

Location: Crittenden County

Population served: 600

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 3.50 inches

Pipe thickness: 0.25 inch

Transducer spacing;: **

Measurement condition rating: Good

Comments: Gilmore Waterworks has one 15-hp electric powered pump. Flow measurements were
made at the pump near the inline flowmeter with the reflective-doppler flowmeter. Flow at the
measurement point was horizontal. Pump running times were calculated from metered energy
consumption of the pump. Access to the pump became a problem at times because of security reasons;
unless the water superintendent could be located, the data-collection personnel could not gain admission.



Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions ot these sites, 1990--Continued

Green Forest Waterworks (30686)

Location: Carroll County

Population served: 4,731

Source of water: Surface water, Anderson Spring

Pipe material: Ductile iron

Pipe diameter: 9.00 inches

Pipe thickness: 0.40 inch

Transducer spacing; **

Measurement condition rating: Good

Comments: Green Forest Waterworks has two 100-hp electric powered pumps. Flow measurements
were made at the pumps near Anderson Spring with the reflective-doppler flowmeter. Flow at the
measurement points was horizontal. There was an inline flowmeter available at the plant. Pump running
times were calculated from metered energy consumption of the pumps.

Guy Waterworks (30693)

Location: Faulkner County

Population served: 200

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 2.43 inches

Pipe thickness: 0.25 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Guy Waterworks has two 10-hp electric powered pumps. Flow measurements were made
at the plant near the inline flowmeter with the reflective-doppler flowmeter. Flow at the measurement
point was horizontal. Pump running time was obtained from a log book of pump running times
maintained by the plant operator.

Harrell Waterworks (30699)

Location: Calhoun County

Population served: 351

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 4.86 inches

Pipe thickness: 0.40 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Harrell Waterworks has one 20-hp electric powered pump. Flow measurements were
made at the pump near the inline flowmeter with the reflective-doppler flowmeter. Flow at the
measurement point was horizontal. Pump running times were obtained from a log book of pump running
times maintained by the plant operator.



Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions at these sites, 1990--Continued

Haskell Waterworks (30702)

Location: Saline County

Population served: 1,200

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 3.58 inches

Pipe thickness: 0.36 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Haskell Waterworks has two 15-hp electric powered pumps. Flow measurements were
made at each pump near inline flowmeters with the reflective-doppler flowmeter. Flow at the
measurement point was horizontal. Pump running times were obtained from a log book of pump running
times maintained by the plant operator.

Holly Grove Waterworks (30713)

Location: Monroe County

Population served: 840

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 7.00 inches

Pipe thickness: 0.41 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Holly Grove Waterworks has one 25-hp electric powered pump. Flow measurements were
made at the plant near inline flowmeter with the reflective-doppler flowmeter. Flow at the measurement
point was horizontal. Pump running times were obtained from a log book of pump running times
maintained by the plant operator.

Hoxie Waterworks (30719)

Location: Lawrence County

Population served: 2,961

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 7.00 inches

Pipe thickness: 041 inch

Transducer spacing: **

Measurement condition rating: Good

Comments: Hoxie Waterworks has two 25-hp electric powered pumps. There was no inline flowmeter
available at either location. Flow measurements were made at the 25-hp pump near the Hoxie Service
Center with the reflective-doppler flowmeter. The other 25-hp pump behind the water tower was not
measured because it was used as a backup. Flow at the measurement point was horizontal. Pump running
times were calculated from metered energy consumption of the pump.
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Table 1.--Description of selected public water-supply facilities in Arkansas and
flow-measurement conditions at these sites, 1990--Continued

Huntsville Waterworks (30723)

Location: Madison County

Population served: 3,890

Source of water: Surface water, War Eagle Creek

Pipe material: Ductile iron

Pipe diameter: 12.00 inches

Pipe thickness: 0.34 inch

Transducer spacing: 12.00 inches

Measurement condition rating: Good

Comments: Huntsville Waterworks has two 125-hp electric powered pumps. Flow measurements
were made at the plant near the inline flowmeter with the time-of-flight type flowmeter. Flow at the
measurement point was horizontal. Pump running time was obtained from a log book of pump running
times maintained by the plant operator.

Marianna Waterworks (30778)

Location: Lee County

Population served: 12,915

Source of water: Ground water

Pipe material: Ductile iron

Pipe diameter: 13.86 inches

Pipe thickness: 0.23 inch

Transducer spacing: **
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