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WATER-USE DATA COLLECTION TECHNIQUES IN THE
SOUTHEASTERN UNITED STATES, PUERTO
RICO, AND THE U.S. VIRGIN ISLANDS

By
Terrance W. Holland

ABSTRACT

This report describes the techniques and methods used by the U.S. Geological Survey, State, and
local cooperators to collect water-use data from 1985-90 in the following Southeastern States,
Commonuwealth, or Territory: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
North Carolina, Puerto Rico and the U.S. Virgin Islands, South Carolina, and Tennessee. In 1977, the
Congress of the United States directed the U.S. Geological Survey to establish a National Water-Use
Information Program to complement the Survey's data on availability and quality of the Nation's water
resources. Water-use data are collected in as many as 11 categories as part of this national water-use
information program. The water-use categories that are addressed in this report include: public-supply,
domestic, industrial, commercial, mining, livestock, irrigation, power generation, and sewage-
treatment (Solley and others, 1988). In addition to the previously mentioned categories of water use,
Alabama collects water-use information pertaining to navigation and preservation, and Florida collects
miscellaneous water-use data. The information in this report is displayed by State or political unit and
by water-use category.

Each State section includes the following information: a definition of each category of use, the
source of information, a description of how the data are collected, the technique used for estimating
water use for the category, a listing of the data components necessary for estimating water use for each
category, and a description of how the water-use information is aggregated.

INTRODUCTION

During the last 40 years there have been numerous reports published on the subject of water use.
Primarily, these reports described a particular category of water use or geographical area for which
data on the various categories of water use are given. Since 1950, the U.S. Geological Survey (USGS)
has published national estimates of water use in the United States at 5-year intervals (MacKichan,
1951, 1957; MacKichan and Kammerer, 1961; Murray, 1968, 1977; Murray and Reeves, 1972; and
Solley and others, 1983, 1988). These estimates were derived from a variety of sources and ranged
widely in accuracy. In most States, the State cooperator defines the categories of water use that are of
interest to them and collects water-use data for those categories. In many cases, the definitions and
collection techniques used by the cooperators are unique. This situation makes it difficult to
standardize terminology and definitions across State boundaries and creates confusion for new and
inexperienced water-use personnel. In some cases, water-use data for a particular category may not
be directly collected or reported, but rather must be estimated by the best possible method available.
It is important to understand the estimation techniques being used in each State or political unit.

Backeround

In 1977, the U.S. Congress recognized the need for uniform, current, and reliable information on
water use and directed the USGS to establish a National Water-Use Information Program to
complement the Survey's data on the availability and quality of the Nation's water resources. The
USGS, as directed, has established national guidelines and standards to meet regional and national



needs. Prior to 1977, the national 5-year water-use compilations were virtually unfunded, and the
accuracy of the estimates varied for each State or political unit. As of 1988, 49 States and Puerto Rico
were participating in the cooperative program to varying degrees (Solley and others, 1988).

States now (1992) have personnel specifically funded by and assigned to the water-use program.
These water-use specialists become familiar with the availability and reliability of water-use
information in their State, and work closely with cooperators in obtaining reliable estimates of water
use at the State level. Water-use information can be electronically stored in databases developed and
maintained by the USGS. Many states in the southeastern United States store their data in the Site-
Specific Water Use Data System (SSWUDS). Estimates of water use are aggregated by State, county,
and Hydrologic Cataloging Unit in the Aggregate Water Use Data System (AWUDS). AWUDS is a
USGS database and supporting software designed to store and manipulate water-use information.
Every 5 years aggregate data are published in a USGS circular (Solley and others, 1988); work is
currently underway for the 1990 compilation. Aggregate information included in these circulars
illustrates ground- and surface-water withdrawals and deliveries for all categories summarized by
hydrologic region and by State. Although water-use data aggregated by hydrologic cataloging unit are
published at the hydrologic region level, all data are compiled and stored in AWUDS by hydrologic
cataloging unit and by county. *Software available through AWUDS can be useful to redistribute and
output the data at the hydrologic region or subregion level.

LPurpose and Scope
During the national aggregate water-use data collection effort in 1985, each State or political unit
was required to document the sources of information, and the techniques used for compilation of these

data. These sources and techniques were updated for collecting water-use data between 1985 and
1990.

The purpose of this report is to describe the water-use data collection and estimation techniques
currently (1990) being practiced in the southeastern United States (fig. 1), and to reflect the differences
in terminology used. In addition, the types and sources of data collected are documented.

The report describes the techniques used to collect water-use data in the southeastern states for
the following categories (R.R. Pierce, U.S. Geological Survey, written commun., 1989):

public-supply
domestic
industrial
commercial
mining
livestock
irrigation
power generation (including hydroelectric, thenToelectric, and nuclear power generation)
sewage treatment (releases) ‘

ORI G AN

Additionally, in Florida, miscellaneous water-use data (flow'data for free-flowing wells and water use
for air-conditioning systems) are collected, and, in Alabama, water-use data for recreation,
preservation, and navigation are collected.

Information described for each water-use category includes: a definition of the category Gf it is
different from those listed in the glossary), and the name of the State or Federal agency, or other
organization that provides water-use information. Each State section also includes a description of
how this information is collected or estimated, a list of theél data elements for making the water-use
estimate, and a description of the necessary steps required for computations when applicable. A
description of the process for converting water-use totals from county aggregates to hydrologic



KENTUCKY
TENNESSEE NORTH CAROLINA
35°—|  ARKANSAS oo
CAROLINA
MISSISSIPP]
ALABAMA GEORGIA ~
30°— A
FLORIDA
0 200 400 MILES
i B |
v T T
0 200 400 KILOMETERS

18°30°

16°

67° 66° 65°
1 T T
r— -
PUERTO RICO A
< VIRGIN |
B ISLANDS
g
1 1 i |

Figure 1.--Southeastern states, Puerto Rico, and the Virgin Islands in the study area.



cataloging units (Seaber and others, 1984) also is discussed. Unless otherwise indicated, water-use
totals for each category are compiled for each hydrologic cataloging unit by aggregation of the site-
specific data located within each cataloging unit.

Terminology

A general knowledge of the following terms will enhance the reader's ability to understand the
types of data collected and the methods used to collect this information. Aggregated and site-specific
water-use information are the two types of data collection techniques discussed in this report.

Site-specific water-use data refer to information.obtained about an individual withdrawal,
transfer, or release point. Site-specific data generally are composed of measured values, or calculations
based on specific information about the site (pump capacity, duratlon of pumping, and amount of water
withdrawn), and are used when a high degree of accuracy is important. Site-specific data usually
require substantial resources to collect and maintain; howeﬁver these data are essential elements in
many hydrologic investigations. For example, site-specific data are necessary for determining ground-
and surface-water rates of depletion and recharge, and for predicting the availability of future supplies
(Baker, 1990).

Aggregated water-use data, as used in this report, refer to a group of sites for each of 11 categories
of use. Water-use data can be aggregated by county, hydrologic cataloging unit, water-use category, or
any other useful groupings. Aggregated data can be composed of site-specific data that have been
grouped or summed, or can be indirectly derived from estimations or calculations based on general
information (such as population, total crop acreages, and water-application rates). Estimations and
calculations based on general information often are used when existing resources are limited or when
a high degree of accuracy is not critical. }

Offstream water use describes water that is diverted or wlithdrawn from a ground- or surface-water
source and conveyed to the place of use. To determine the lquantity of water used and by whom the
water was used, it is necessary to understand the possible rbutes of conveyance (fig. 2).

1. Withdrawal--the quantity of water diverted or withdrawn from a ground- or surface-water
source (A in fig. 2).

2. Delivery/release--the quantity of water delivered at the point of use (B) (self-supply or
public-supply) and the quantity released after use (C). The differences between these
volumes, in some instances, will be the consumptive use, or the quantity of water that is
not returned directly to any water source.

3. Return flow--the quantity of water that is discharged to a stream or well (D) after release
from the point of use and thus becomes available for further use.

Instream use describes water uses that are not dependent on diversion or withdrawal from ground-
or surface-water sources. They are usually classified as flow/uses or onsite uses. Examples of instream
uses, which depend on water running freely in a channel, are hydroelectric power generation,
freshwater dilution of saline estuaries, maintenance of minimum streamflow to support fish
propagation, and the dilution of wastewater.



| well

Figure 2.--Example of possible water conveyance routes for offstream water use (Solley and others, 1985).

Hydrologic unit code refers to an 8-digit code identifying the facility's location with reference to the
areal breakdown shown of State hydrologic unit maps. The format is (RRSSAACC) where:

RR is the 2-digit code for the Water Resources Council Region,

SS is the 2-digit code for the Water Resources Council subregion,

AA is the 2-digit code for the National Water Data Network Accounting Unit, and

CC is the 2-digit code for the cataloging unit of the catalog of information on water data
maintained by the Office of Water Data Coordination.

Hydrologic unit codes are given in the U.S. Geological Survey Map Series "State Basic Hydrologic Unit
Maps." The series provides a uniform, nationally consistent set of maps showing drainage, cultural
features, hydrographs, and hydrologic boundaries. Water-use data are collected and compiled at the
hydrologic cataloging unit level.



Report Format

The first 11 sections of the report describe water-use data collection techniques used in the
Southeastern United States, Puerto Rico, and the U.S. Virgin Islands. These 11 sections are divided
by State or political unit and by water-use category. Each section includes the following information:

a definition of each category of use,

the source of information, -

a description of how the data are collected,

the technique used for estimating water use for the category,

a listing of the data components necessary for estimating water use for each category, and
a description of how the water-use information is aggregated.
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The next three sections of the report include a general summary, selected references, and a
glossary, respectively. The final three sections of the report are appendices. The first appendix
contains tables that represent sources of water-use information by water-use category. The second
appendix contains tables representing the coefficients and formulas used for estimating water use by
water-use category. The last appendix contains a variety of water-use data collection forms used in the
Southeastern United States, the Commonwealth of Puerto Rico, and territory of the Virgin Islands of
the United States.

Acknowledgments

We would like to acknowledge the water-use project personnel in the USGS Southeastern Region
and each State cooperator for their assistance in the compilation of information for this report. State
water-use project personnel provided water-use information by several methods including: a mail
survey, telephone interviews, and in some instances personal interviews.

DATA COLLECTION TECHNIQUES IN ALABAMA

Water-use data in Alabama are collected by the Geological Survey of Alabama (GSA) in cooperation
with the USGS. The nine national water-use categories listed in the Introduction are collected in
Alabama. Information on navigation, recreation, and preservation water use also are collected.
Public-supply, industrial, commercial, mining, power generation, and sewage treatment water-use
data are collected by contacting the appropriate agency or facility. Domestic, livestock, and irrigation
water use are estimated using population or acreage estimates and water application rates. The
categories of water-use data collected in Alabama and the associated sources of information are given
in table 1.

Public-Supplv Water Use

Public-supply systems in Alabama are classified as facilities that serve either more than 25 people,
other public water-supply systems, industrial customers,|or commercial customers. There are
approximately 680 public-supply facilities in Alabama. Information about public-supply systems is
solicited by the GSA by questionnaire. Data collected on these questionnaires include the amount of
water withdrawn by month, location of the withdrawal site, source of the withdrawal (ground or
surface water), number of connections, population served, and identification of any customer receiving
more than 2,000 gal/d. Public-supply water is estimated in Alabama to be 7 percent consumed (Solley
and others, 1983). Public-supply water-use totals for each hydrologic cataloging unit within the State
are determined by aggregation of site-specific data located within these hydrologic cataloging units.




Table 1.--Alabama: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic supply

Industrial

Commercial

Mining

Livestock

Irrigation

Power generation
thermoelectric

hydroelectric

Geological Survey of Alabama
(withdrawal/delivery questionnaires)
U.S. Department of Commerce, Bureau of the Census

Geological Survey of Alabama
Tennessee Valley Authority
U.S. Department of Commerce, Bureau of the Census

Alabama Department of Economic
and Community Affairs

Alabama Department of Environmental
Management (computer files)

Alabama Department of Environmental
Management (files)

Alabama Department of Industrial Relations
Alabama Department of Economic
and Community Affairs
Alabama Department of Environmental
Management (files)
Alabama Oil and Gas Board (permit files)
Geological Survey of Alabama (telephone survey)

Alabama Cooperative Extension Service,
Auburn University

Alabama Crop and Livestock Reporting Service

U.S. Department of Agriculture

Alabama Cooperative Extension Service,
Auburn University
Geological Survey of Alabama

Alabama Power Company

Alabama Electric Cooperative
Southeastern Power Administration
U.S. Department of Energy
Tennessee Valley Authority

Alabama Power Company

Alabama Electric Cooperative
Southeastern Power Administration
U.S. Army Corps of Engineers



Table 1.--Alabama: Categories of water use and sources of information--Continued

Water-use category Data sources

Sewage treatment Alabama Department of Environmental
Management (computer files)

Navigation U.S. Army Corps of Engineers
Tennessee Valley Authority

Recreation/Preservation Alabama Department of Conservation
(Parks and Recreation)
Tennessee Valley Authority
U.S. Army Corps of Engineers

D.Qmesﬁsﬂamm

Water withdrawals for domestic purposes are determined by subtracting the population served by
public-supply facilities (from the GSA questionnaire) from the total population of the county or
hydrologic unit, then multiplying this number by the water-use coefficient of 75 gal/d per person
(Wentz and Baker, 1986). The population served by public-supply facilities is provided by the GSA
questionnaires (used to solicit public-supply information). County populations are provided by the
U.S. Department of Commerce, Bureau of the Census (1986). Domestic water is considered to be 100
percent consumed. Self-supplied domestic water-use totals for each hydrologic cataloging unit are
determined by disaggregation of county data based on the percentage of the population located within
each hydrologic cataloging unit. ‘

\

Industrial water use is determined by collection of iﬁdividual facility data obtained from the
Alabama Department of Environmental Management (ADEM) computer files. These files provide data
about the number of employees, source and type of water used, amount of water purchased, amount of
water withdrawn (in gal/d), mailing address, and telephone number. In addition, an updated list of
manufacturers is obtained from the Alabama Department of Economic and Community Affairs
(ADECA) (Alabama Development Office, 1985). From this updated list, GSA conducted a mail survey
(appendix 3, page 3-2 and 3-3) of self-supplied industrial users. Consumptive water use is estimated
by multiplying the industrial water-use total by county by the national average consumptive use rate
of 22 percent (Solley and others, 1983). Industrial water-use totals for each hydrologic cataloging unit
within the State are determined by aggregation of site-specific data located within each hydrologic
cataloging unit.

Commercial water-use information is obtained frord ADEM computer files. In these files
commercial users are classified as "noncommunity systems”. Data included in the ADEM files about
these commercial users are similar to those for public-supply and industrial water users. Consumptive
water-use estimates for commercial water users are determined to be the same as for industrial water
users, 22 percent (Solley and others, 1983). Commercial water-use totals for each hydrologic
cataloging unit are compiled by aggregation of the site-specific data located within each hydrologic
cataloging unit.



Mining Water U

In Alabama, mining water use is primarily associated with coal extraction, and oil and gas wells.
The GSA obtains water-use data by a telephone survey of the larger mining companies in Alabama.
The Alabama Development Office provides a master list that contains names, addresses, and telephone
numbers of mining operations in Alabama. The survey collects information regarding the location of
the mining operation, source of the withdrawal, and amount of water used. Identical information
concerning withdrawals from oil and gas wells are provided by the Alabama Oil and Gas Board from
its permit files. Consumptive use for mining is considered to be negligible because essentially all the
water used is returned to streams. Mining water-use totals for each hydrologic cataloging unit are
compiled by aggregation of the site-specific data located within each hydrologic cataloging unit.

Livestock Water Use

The livestock water-use category includes water that is used for aquaculture and livestock
operations. Estimates for aquaculture water use are made by multiplying the total pond acreage (used
for catfish farming) by the average water-use application rate for catfish (4 ft of water per acre). In
Alabama, 75 percent of the water used for aquaculture is estimated to be from ground-water sources
and 25 percent is estimated to be from surface-water sources. These aquacultural water-use data
(acreage, application rate, and source) are supplied by Curtis and Tyson (1986) and the U.S.
Department of Agriculture. The estimated consumptive use rate for aquaculture is 27 percent. This
consumptive use estimate is provided through personal consultation with the State Conservationist
(Alabama Cooperative Extension Service, oral commun., 1985).

Livestock water use for livestock (animal) operations is estimated based on the number of livestock
in each county and the average daily water consumption (in gal/d) for each type of stock. The numbers
and types of livestock within the State are provided by the Alabama Crop and Livestock Reporting
Service (1985). The rates of use for livestock are as follows:

Average daily
consumption
Type of livestock (gallons per day)

Dairy cattle 35
Other cattle 12
Hogs 5
Poultry .05

In addition, water-use values for a given livestock type are divided by water source based on the
following percentages (R.M. Baker, Geological Survey of Alabama, oral commun., 1985):

1. Dairy cattle - 90 percent ground water and 10 percent surface water,
2. Other cattle - 40 percent ground water and 60 percent surface water,
3. Hogs - 40 percent ground water and 60 percent surface water, and

4. Poultry - 90 percent ground water and 10 percent surface water.

Livestock water use is considered to be 100 percent consumed (R.M. Baker, Geological Survey of
Alabama, oral commun., 1985). Livestock water-use totals for each hydrologic cataloging unit are
determined by disaggregation of county data, based on the percentage of the county area located within
each hydrologic cataloging unit.



Lirigation Water U

Irrigation water use is determined by multiplying the number of irrigated acres per crop type
(within a county) by the appropriate application rate. Irrigation water-use estimates are based on
information reported by Curtis and Tyson (1986) and from the GSA files. Data reported by these
sources include: the number of acres irrigated by county, the type of crops grown, the source of water,
and average application rate for each crop. The water-use application rate for the primary crops (corn,
soybeans, peanuts, and plant nurseries) is 6 in. per acre. Because most irrigation systems in Alabama
are center pivot, it is assumed that there are no conveyance losses. The estimated consumptive rate
for irrigation water is 75 percent (Baker and Mooty, 1987). Irrigation water-use totals for each
hydrologic cataloging unit are determined by disaggregation of county data based on the percentage of
the county area located within each hydrologic cataloging unit.

Power generation water-use data are collected for both| thermoelectric and hydroelectric plants.
Water is used and consumed differently at these two types of generation plants. At thermoelectric
power generation facilities such as fossil-fuel and nuclear power plants, water is used for cooling
purposes and boiler make-up water. At hydroelectric power generation facilities, water is used to turn
the turbines that generate electricity.

There are currently (1990) 11 coal-fired and 3 nuclear power plants licensed in Alabama. The
largest generation companies or power utility companies in the State--Alabama Power Company,
Alabama Electric Cooperative, Southeastern Power Administration of the U.S. Department of Energy,
and the Tennessee Valley Authority (TVA)--furnished water-use figures related to power generation.
These companies provided the following information: a list of their power generating facilities, facility
location, facility type, annual power produced, water withdrawn, and a consumptive water-use
estimate. For thermoelectric power generation it is estimated that less than 2 percent of the water
withdrawn is consumed.

In Alabama, there are 21 operating hydroelectric facilities. Similar data are collected for the
hydroelectric power generating facilities as for thermoelectric. Hydroelectric power generation
requires large volumes of water to produce power, but no water is consumed as the water passes
through the turbines. Power generation water-use totals for each hydrologic cataloging unit are
determined by aggregation of site-specific data located wit)?m each hydrologic cataloging unit.

Data for sewage-treatment facilities are obtained from ADEM computer files. These files contain
the location of the facility, the name and type of wastewater-treatment facility, and the permitted
maximum volume of water to be discharged or released. Sewage-treatment release totals for each
hydrologic cataloging unit within the State are determined by aggregation of site-specific data located
within each hydrologic cataloging unit.

Navigation Water U

Navigation water use occurs in stream channels and reservoirs where surface water is utilized as
a means of commercial transportation. There are currently (1990) 4 lock-and-dam or slackwater
navigation systems with a total of 14 locks in operation in Alabama. Water use for navigation is
determined by multiplying water requirements for the individual locks by the number of lockages per
lock per year. To determine the water requirement for each lock, the inside area of the lock is
multiplied by the lift range of the lock. The lift range is the amount of water required to lift a vessel
within the lock to the appropriate level of water outside the lock. The lock water requirement

10



multiplied by the number of lockages equals the volume of water per lock for navigation use. The lock
dimensions (inside area of the lock), lift ranges, and the number of lockages are provided by the U.S.
Army Corps of Engineers and the TVA.

R " 1P tion Water U

Recreation and preservation water use occurs at facilities where bodies of water are used for
recreational activities or for preservation, maintenance, or enhancement of a natural resource,
including wildlife preserves and wetlands. Recreation use generally is measured in terms of the
number of annual site visits per person per facility. The number of site visits is then multiplied by a
per capita water-use coefficient. The sum of the per capita water-use coefficient is equal to the amount
of water used by visitors for sanitary purposes, drinking, and bathing at various recreational facilities.
Preservation area usage is the amount of surface water used for fish and wildlife preserves and
wetlands. Data for these categories are provided by the following agencies: the Alabama Department
of Conservation (Parks and Recreation), the TVA, and the U.S. Army Corps of Engineers.

DATA COLLECTION TECHNIQUES IN ARKANSAS

Water-use data in Arkansas are monitored by the Arkansas Soil and Water Conservation
Commission (ASWCC) in cooperation with USGS. All nine national water-use categories listed in the
Introduction are collected in Arkansas (table 2).

Water users that withdraw more than 50,000 gal/d from ground water or divert more than 325,900
gal (1 acre-ft) of surface water per water year must report their water use to ASWCC by completing a
water-use registration form (appendix 3, pages 3-4 to 3-7). There are two types of registration forms:
(1) the General Water Use Registration Form, which is used for reporting public-supply, industrial,
commercial, mining, and power generation (hydroelectric and thermoelectric) water use, and (2) the
Agricultural Water Use Registration Form, which is used for irrigation and agricultural (livestock and
aquaculture) uses. Domestic withdrawals and sewage-treatment water use are excluded from these
registration forms, but water use for these categories is collected or estimated by other methods.

Public-Supply Water Use

Public-supply facilities furnish water for drinking, general domestic, commercial, and industrial
use in incorporated municipalities or unincorporated communities consisting of 10 or more connections
or of 25 or more people for a period of 60 days or more each year. Water-use information is collected
for the public-supply water-use category by a mail survey conducted by ASWCC (appendix 3, pages 3-
5 to 3-7). The approximately 700 public-supply facilities in the State on the master list of the Arkansas
Department of Health (1989) are mailed General Water Use Registration Forms to be completed by
public-supply system operators. A section of the General Water Use Registration Form is designed to
obtain the appropriate information for the public-supply water-use category, in addition to withdrawal
amounts, such as the amount cf water purchased from other facilities, the amount of water sold to
other facilities, the domestic population served, the amount of water delivered to various types of users,
and the number of connections for each type of user. The format of these forms is designed to match
the data-entry requirements of the USGS Site-Specific Water Use Data System to aid in the data entry
process.

Consumptive use totals are not collected on water use registration forms. Consumptive use
coefficients are determined by previous municipal surveys to be 20 percent of the total amount
withdrawn (Holland, 1987). Consumptive use was assumed to be 100 percent of withdrawals for those
communities that have no sewage systems. Information on communities having sewage systems is
obtained from the Arkansas Department of Pollution Control and Ecology. Public-supply water-use
totals for each hydrologic cataloging unit within the State are determined by aggregation of site-
specific data located within each hydrologic cataloging unit.
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Table 2.--Arkansas: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic

Industrial

Commercial

Mining

Livestock

Irrigation

Power generation

Arkansas Soil and Water Conservation Commission
(General Water Use Registration Forms)
Arkansas Department of Health, Division of
Engineering (Arkansas Community Public
Water System List)

Arkansas Soil and Water Conservation Commission
(General Water Use Registration Forms)

U.S. Department of Commerce, Bureau of the Census

Arkansas Soil and Water Conservation Commission
(General Water Use Registration Forms)

Arkansas Industrial Development Foundation
(Arkansas Directory of Manufacturers)

Arkansas Soil and Water Conservation Commission
(General Water Use Registration Forms)

U.S. Army Corps of Engineers

U.S. Department of Agriculture, Forest Service

Arkansas Department of Parks and Tourism

Arkansas Geological Commission

U.S. Department of the Interior, Bureau of Mines
U.S. Department of Energy

Arkansas Qil and Gas Commission

Arkansas Soil and Water Conservation Commission
(Agricultural Water Use Registration Forms)

U.S. Department of the Interior, Fish and Wildlife
Service, Fish Farming Experimental Laboratory

Arkansas Game and Fish Commission

University of Arkansas, Cooperative Extension
Service

U.S. Department of Agriculture, Crop Reporting
Service )

Arkansas Soih and Water Conservation Commission
(Agricultural Water Use Registration Form)

|

Arkansas Soil and Water Conservation Commission
(General Water Use Registration Forms)

Arkansas Power and Light Company

Arkansas Electric Cooperative

U.S. Department of Energy, Southwest Power
Administration

U.S. Army Corps of Engineers
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Table 2.--Arkansas: Categories of water use and sources of information--Continued

Water-use category Data sources

Sewage treatment Arkansas Department of Pollution Control and
Ecology
National Pollution Discharge Elimination
System (computer files)

Domestic Water Use

Domestic water users are defined as individual families and small communities not served by a
public-supply system. Domestic water use is determined by subtracting the population served by
public-supply facilities within a county or hydrologic unit area from the total population of the county
or hydrologic unit area, then multiplying this number by a per capita use of 89 gal/d. The per capita
use is derived by averaging the per capita use in 20 small public-supply systems, minus an estimated
15 percent transmission loss associated with public-water systems. The number of people served by
public-supply facilities is estimated from responses to the general registration forms sent to water
supply facilities in the State. The county populations are provided by the U.S. Department of
Commerce, Bureau of the Census (U.S. Department of Commerce, written commun., 1986). An
estimated 95 percent (Holland, 1987) of the rural residents in Arkansas have indoor plumbing in their
homes. A water-use coefficient of 20 gal/d per person is applied to the remaining 5 percent of the rural
residents. Data on water provided by public-supply facilities for domestic uses are included on the
general registration form provided by ASWCC.

In Arkansas, water used for domestic purposes is considered to be 100 percent consumed.
Domestic water-use totals for each hydrologic cataloging unit are determined by disaggregation of
county data using the percentage of the population located within the hydrologic cataloging unit.
These hydrologic cataloging unit subtotals for each county are then regrouped for the State and
totaled.

Industrial Water Use

Only self-supplied industrial establishments are included in the industrial water-use category.
The industries that make up the majority of this category include the primary metals industry,
chemical and allied products industry, paper and allied products, and the petroleum and coal products
industry. Industrial water-use information is collected by a mail survey conducted by the ASWCC
(appendix 3, pages 3-5 to 3-7). A master list of industrial facilities is obtained from the latest edition
of the Arkansas Directory of Manufacturers (Harrington, 1990). This directory lists the industries and
manufacturers in the State and contains the following information: location of the facility, mailing
address, telephone number, the name of a contact person, the number of employees, type of products
produced, and their associated SIC (Standard Industrial Classification) codes. These industries are
grouped by the city in which they are located. Periodically, a telephone survey of public-supply
facilities is conducted to determine the number of industries that are self supplied within their local
area. General Water Use Registration Forms are mailed to approximately 150 self-supplied industrial
facilities in the State. Industrial consumptive use is estimated to be 12 percent of the total water
withdrawn (Solley and others, 1988). Industrial water-use totals for each hydrologic cataloging unit
are determined by aggregation of site-specific data with these specific areas.
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Commercial Water Use

Only self-supplied commercial establishments are categorized as commercial water users. In
addition to the type of establishments generally listed in the commercial category, in Arkansas, private
hunting clubs are included in the commercial category. The ASWCC collects commercial water-use
data from a mail survey of selected commercial operations in|the State (appendix 3, pages 3-5 to 3-7).
These data are reported on General Water Use Registration Forms. The following commercial
facilities report their water use to ASWCC: private duck hunting clubs, parks operated by the U.S.
Department of Agriculture, Forest Service, several State parks, and several self-supplied military
facilities located in the State. Deliveries to commercial facilities from public-supply systems are
estimated from information reported on the General Water Use Registration Forms completed by the
public-supply facilities.

Water use is estimated for many commercial facilities in the State. These commercial facilities
include parks operated by the U.S. Army Corps of Engineers, State parks, national parks, and
recreation areas that are not required to report to the ASWCC. Commercial water use is estimated by
multiplying a water-use coefficient of 30 gal/d per person (E) Fugate, Arkansas Department of Parks
and Tourism, written commun.,1980) by the monthly or yearly park attendance figures obtained
directly from the managing agency (table 2). Commercial consumptive use is estimated to be 70
percent of the total water withdrawn (Holland, 1987). Commercial water-use totals for each hydrologic
cataloging unit area are determined by aggregation of site-specific data located within these specific
areas.

Mining Water U

|

Water used by Arkansas mining operations includes water used for the extraction of minerals;
naturally occurring solids, such as coal, and ores; liquids, such as crude petroleum; and gases, such as
natural gas. This category also includes water used for quarrying, dewatering, and milling (crushing,
screening, washing, floatation and other processing customarily performed at a mine site, or as part of
the mining operation). Mining water use is estimated by multiplying the quantity of product mined or
pumped by the water-use coefficient for that type of product. These water-use coefficients were
determined during a 1982 telephone survey (table 3).

Table 3.--Mined water-use coefficients in Arkansas

[gallons/ton, gallons per ton; gallons/barrel, gallons per barrel]

? Water use

Mined product (per unit mined or pumped)
Abrasives (oil stone and whet stones) Negligible
Bauxite ' 140 gallons/ton
Bromine brine ' 7.5 gallons/barrel
Cement 220 gallons/ton
Clays | 30 gallons/ton
Gem stones Negligible
Gypsum  Negligible
Lime 10 gallons/ton
Quartz Negligible
Sand and gravel 150 gallons/ton
Stone (crushed and dimension) 30 gallons/ton
Sulphur | Negligible
Talc ' Negligible
Tripoli Negligible
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Information on the quantities of products mined is obtained from several sources. The quantities
of nonfuel products mined is estimated by the Arkansas Geological Commission in cooperation with
the U.S. Department of the Interior, Bureau of Mines (White and Bush, 1988). Information in this
report includes the type of nonfuel mineral commodity produced, the name and address of the
company, type of activity, and the county in which the operation is located. Similar information
concerning coal and other fuel product mining operations is obtained from the U.S. Department of
Energy (A. Perry, U.S. Department of Energy, written commun., 1986). Information pertaining to the
number of oil and gas wells drilled and the per well water-use coefficient are provided by the Arkansas
0Oil and Gas Commission (B. Wright, Arkansas Oil and Gas Commission, written commun., 1988).
Consumptive use for mining is considered to be 100 percent of the total water withdrawn (Holland,
1987). Mining water-use totals for each hydrologic cataloging unit area are determined by aggregation
of site-specific data located within these specific areas.

Livestock Water Use

Livestock water use includes water used for stock watering, feed lots, dairy operations,
aquaculture (fish farming), and other on-farm needs. A large part of the water-use information for
aquaculture is provided from responses to the Agricultural Water Use Registration Form distributed
by ASWCC (appendix 3, page 3-8). Due to the lack of responses in some counties, it is necessary to
estimate the water use for aquaculture in some areas. Most fish are raised in large levee ponds. Water
withdrawals for aquaculture are used to maintain appropriate pond levels and to provide aeration.
Water used for livestock is estimated.

Aquaculture uses the largest amount of water in this category. Water-use estimates for
aquaculture by county are calculated by multiplying the acreage used for aquaculture by a water-use
application rate. This volume of water is multiplied by the duration of pumping, and the result is an
estimate of the total water use for aquaculture in that county. For intensive aquacultural operations
the total acreage used for aquaculture by county and the type of fish stocked in each pond is provided
by the U.S. Fish and Wildlife Service, Fish Farming Experimental Laboratory, Stuttgart, Arkansas (B.
Collins and D. Sample, U.S. Fish and Wildlife Service, written commun., 1989), and the University of
Arkansas Cooperative Extension Service (L.W. Dorman, University of Arkansas Cooperative
Extension Service, written commun., 1989). For nonintensive (rough fish ponds and fishing lakes)
aquacultural operations acreage figures are provided by the Arkansas Game and Fish Commission (dJ.
Farwick, Arkansas Game and Fish Commission, oral commun., 1988).

Application rate estimates are based on water-use studies by the USGS on selected aquacultural
operations in the State. These aquacultural operations are monitored to collect well pumpage and
duration of pumping information. Well pumpage is measured using one of the following instruments
or methods: a noninvasive flow meter, the Trajectory method, or an in-line flow meter. The duration
of pumping is recorded by electric meter, a digital vibration time totalizer, or a digital inductive time
totalizer attached to the pump. The duration of pumping is multiplied by an average measured pump
discharge to calculate a total withdrawal for the well. This withdrawal is then divided by the pond
acreage in order to determine the application rate. This process is duplicated for all sites in the study
network. Upon completion of these studies, a mean application rate is determined. Consumptive use
for aquaculture is estimated to equal approximately 38 percent of the water withdrawn (J.A. Callahan,
U.S. Geological Survey, oral commun., 1988).

The livestock category also includes the use of water for the production of livestock (animals). Data
components required for the estimation of water use for livestock include county livestock population
and the appropriate water-use coefficient for each type of livestock produced within the State.
Livestock population values for Arkansas are published by county by the U.S. Department of
Agriculture Crop Reporting Service (U.S. Department of Agriculture, 1989). Water-use coefficients for
livestock are listed on the next page.
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Water required

Livestock (gallons per day)
Dairy cattle 30
Other cattle 15
Hogs 2
Poultry [
100 broilers | 4
100 hens 6
100 turkeys J 8

Water used for livestock (animal) production was estimated to be 100 percent consumed. Livestock
water-use totals for the hydrologic cataloging unit areas are determined by disaggregation of county
data, based on the percentage of the county area located wiﬁhin the hydrologic unit.

Iovigation Water U

Irrigation water users register their water use through Local Conservation District Offices located
in every county in Arkansas. Agricultural Water Use Registration Forms (appendix 3, page 3-8) are
completed by Conservation District personnel during personal interviews with the farmers. The
farmer is required annually to report their water usage (in acre-ft per year) to their Local Conservation
District Office according to Act 1051 of 1985. The primary information collected on the Agricultural
Water Use Registration Form includes the kind of crops grown, the number of acres irrigated, and
ancillary pump data. Upon completion of the data collection process these forms are forwarded to
ASWCC. The ASWCC performs quality assurance tests (location verification, mathematical check of
monthly and annual amounts) on the data and then these data are forwarded to the USGS for entry
into SSWUDS. An example of the Agricultural Water Use Registration Form completed by irrigation
water-users is shown in appendix 3. Irrigation water-use totals for each hydrologic cataloging unit are
determined in the same manner as was the livestock water-use category.

Power Generation Water Use
Power generation water use refers to water used to generate hydroelectric power or for cooling
purposes in thermoelectric power generation. Water-use information is collected for the power
generating facilities in the State by a mail survey conducted by the ASWCC (appendix 3, pages 3-5 to
3-7). The mailing list for this survey is compiled through contacts with the following organizations:

Arkansas Power and Light Company, Arkansas Electric |Cooperative, U.S. Department of Energy
Southwest Power Administration, and the U.S. Army Corpf of Engineers.

The 12 fossil fuel, 1 nuclear, and 9 hydroelectric powe# facilities in the State are mailed General
Water Use Registration Forms to be completed by the plant manager or engineer. These forms are
designed to obtain the appropriate information for the power generation water-use category and to
match the data-entry requirements of SSWUDS to aid in the data entry process. Additional
information such as the power generated annually and monthly and the installed generating capacity
must be solicited through a second mail survey to the above mentioned facilities, although there is
some power generation information provided by Southwest Power Administration. Power generation
water-use totals for hydrologic cataloging units are determined by aggregation of site-specific data
located within these areas.

Sewage-Treatment Water Use
The sewage-treatment water-use category includes %vater released by public, industrial, and

commercial wastewater-treatment facilities. A list of sewalge treatment facilities is obtained from the
National Pollution Discharge Elimination System (NPDES) computer files. This information

16



originally is collected by Arkansas Department of Pollution Control and Ecology. Other data contained
in these computer files include the location (latitude and longitude) of the release point of the treated
wastewater and the amount of wastewater treated and released. These release values are compared
with public-supply, industrial, and commercial withdrawal values to determine the accuracy of the
release discharge numbers. Sewage-treatment release totals for each hydrologic cataloging unit are
determined by aggregation of site-specific data located within these areas.

DATA COLLECTION TECHNIQUES IN FLORIDA

Water-use data in Florida are collected by the Florida Department of Environmental Regulation
(FDER), Northwest Florida Water Management District, St. Johns River Water Management District,
South Florida Water Management District, Southwest Florida Water Management District, and the
Suwannee River Water Management District in cooperation with the USGS. Data collection forms
used by the water management districts are provided in appendix 3, pages 3-9 to 3-18. The nine
national water-use categories listed in the Introduction are collected in Florida, in addition to
miscellaneous water use. Public-supply, industrial, commercial, mining, power generation, sewage-
treatment, and miscellaneous water-use data are collected by contacting the appropriate agency or
facility. Domestic, livestock, and irrigation water use are estimated using population or acreage
estimates and water application rates. The categories of water-use data collected in Florida and the
associated sources of information are given in table 4.

Eublic-Supply Water Use

The public-supply category includes water used by both public and private water suppliers. Those
facilities that serve 400 or more people, or withdraw more than 0.01 Mgal/d are inventoried. Public-
supplied water is utilized for all of the major use categories in Florida including: domestic (less than
400 residents), commercial, industrial, irrigation, and thermoelectric power generation. In addition to
these five categories, public-supply water use also is reported for utility use, which includes water used
in firefighting, system maintenance (system flushing), and water lost to leakage.

Data are collected by each of the five water management districts in Florida using information
from their Consumptive Use Permit (CUP) files, mail or telephone contact, and supplied by the FDER
monthly operating reports (appendix 3, pages 3-10 and 3-16). The information concerning each user
obtained from these sources includes the mailing address, facility location, source of water withdrawn
(ground or surface), monthly pumpage, and number of connections or population served.

Consumptive use is calculated by subtracting returns from the public wastewater facilities from
withdrawal values for these facilities with the difference representing the amount of water (33 percent,
1985) consumed by public-supplied facilities. The residential component of public-supply consumptive
use is estimated to be 21 percent (Solley and others, 1988). Values for return flows are supplied by the
FDER, Domestic Wastewater Section. Public-supply water-use totals for each hydrologic subregion
unit within the State are determined by aggregation of site-specific data located within these specific
areas.

JDomestic Water Use

Domestic water use is defined as water provided by individual domestic wells or by small utility
companies (serving fewer than 400 residents). The total population served by domestic supplies is
calculated by subtracting the number of residents served by public-supplied systems from the total
county populations (University of Florida, 1986). The domestic water use for a county is calculated by
multiplying the county per capita use (in gal/d) by the domestic self-supplied population for each
county. The individual county per capita use value is determined by dividing the public-supplied
withdrawal figure for each county by the population served by public-supply facilities in that county.
Generally, self-supplied domestic per capita water use is lower than that for public-supply domestic
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Table 4.--Florida: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic

Industrial

Commercial

Mining

Florida Department of Environmental Regulation,
Drinking Water Section

St. Johns River Water Management District

Suwannee River Water Management District

Southwest Florida Water Management District

South Florida Water Management District

Northwest Florida Water Management District

Florida Department of Environmental Regulation
(population data)
St. Johns River Water Management District
Suwannee River Water Management District
Southwest Florida Water Management District
South Florida Water Management District
Northwest Florida Water Management District
University of Florida, College of Business
Administration, Bureau of Economic and
Business Research (population program)

St. Johns River Water Management District

Suwannee River Water Management District

Southwest Florida Water Management District

South Florida Water Management District

Northwest Florida Water Management District,
Consumptive Use Permit files and Compliance
records, and questionnaire and telephone surveys

Florida Department of Environmental Regulation,
Drinking Water Section, Monthly Operating
Report for Noncommunity Systems

St. Johns River Water Management District

Suwannee River Water Management District

Southwest Florida Water Management District

South Florida Water Management District

Northwest Florida Water Management District,
Consumptive Use Permit files and Compliance
records, and questionnaire and telephone surveys

Florida Department of Environmental Regulation,
Drinking Water Section, Monthly Operating
Report for Noncommunity Systems

St. Johns Ri}ver Water Management District

Suwannee River Water Management District

Southwest Florida Water Management District

South Florida Water Management District

Northwest Florida Water Management District,
Consumptive Use Permit files and Compliance
records, and questionnaire and telephone surveys

Florida Department of Environmental Regulation
Drinking Water Section, Monthly Operating
Report for Noncommunity Systems
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Table 4.--Florida: Categories of water use and sources of information--Continued

Water-use category Data sources

Agriculture St. Johns River Water Management District
Southwest Florida Water Management District
South Florida Water Management District
Suwannee River Water Management District
Northwest Florida Water Management District,

Consumptive Use Permit and Compliance files
Florida Crop and Livestock Reporting Service,
Florida Agricultural Statistics
University of Florida, Institute of Food and
Agricultural Science, main office and County
Extension Service

Irrigation St. Johns River Water Management District
Southwest Florida Water Management District
South Florida Water Management District
Suwannee River Water Management District
Northwest Florida Water Management District

Consumptive Use Permit and Compliance files
Soil Conservation Service: Crop Requirement
Needs Manual
Florida Institute of Food and Agriculture,
County Extension agents
Florida Crop and Livestock Reporting Service
U.S. Geological Survey Report: Benchmark
Farms Program--A Method for Estimating
Irrigation Water Use in Florida

Power generation St. Johns River Water Management District
Suwannee River Water Management District
Southwest Florida Water Management District
South Florida Water Management District
Northwest Florida Water Management District,
Consumptive Use Permit and Compliance
files and mail survey

Sewage treatment Florida Department of Environmental Regulation
Domestic Wastewater Section, monthly operation
report files

Miscellaneous St. Johns River Water Management District

Suwannee River Water Management District

Southwest Florida Water Management District

South Florida Water Management District

Northwest Florida Water Management District,
Consumptive Use Permit files and Compliance
records

19



use. However, in Florida, the individual county per capita water use is used because it accounts for
small commercial and industrial users that are not included under the commercial or industrial
categories in the following sections. Domestic water-use totals for hydrologic subregion unit areas are
determined by disaggregation of county data using the percentage of the population located within the
hydrologic unit. These hydrologic unit subtotals for each county are then regrouped for the State and
totaled.

Industrial water use includes water that is used for praduction in the following industries: pulp
and paper, chemical, food processing, and miscellaneous manufacturing operations. Each water
management district collects information about the industries in the district, including the location,
withdrawal sources, and other unique facility information, The amount of water withdrawn and
deliveries from public supply are obtained by each water management district through their CUP file,
telephone or mail contact (appendix 3, pages 3-9 and 3-17), or from FDER monthly reports.
Consumptive use for the industrial use category is estimated to be 33 percent of the amount of water
withdrawn and delivered from public-supply facilities (Marella, 1988). Industrial water-use totals for
each hydrologic subregion unit within the State are determined by aggregation of site-specific data
located within these specific areas.

Commercial Water Use

Each water management district collects information about the commercial facilities in the
district, including the location, withdrawal sources, and other unique facility information. Water
withdrawal and delivery information are obtained by each water management district through their
CUP file, telephone or mail contact (appendix 3, pages 3-9 and 3-17), or by going through the FDER
monthly reports. Consumptive use for the commercial waterruse category is estimated to be 33 percent
of the amount of water withdrawn or delivered by public-supplied facilities (Marella, 1988).
Commercial water-use totals for each hydrologic subregion|unit within the State are determined by
aggregation of site-specific data located within these specifi¢ areas.

Mining water use refers to water that is used in the dewatering or washdown process in a mining
operation. The primary users of water for mining purposes in Florida include companies mining sand,
limestone, phosphates, and other commodities. Each water management district collects information
(appendix 3, page 3-10) about the mining operations in a district, including the location, withdrawal
sources, and other unique facility information. Water withdrawal and delivery information are
obtained by each water management district through their CUP file, telephone, or mail contact.
Mining water-use totals for each hydrologic subregion unit within the State are determined by
aggregation of site-specific data located within these specific areas.

Livestock Water Use

Livestock water use includes water used for livestock (animal), both drinking and washdown, and
surface-water augmentation for aquaculture. Water-use withdrawals for livestock and aquaculture
are estimated from district CUP files and data provided by the Florida Crop and Livestock Reporting
Service. These data include the permitted water-use value or the type and number of livestock in each
county. The livestock population values are then multiplied by a published water-use coefficient. The
coefficients for livestock in Florida (St. Johns River Water Management District, 1984) are shown on
the next page.
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Water required

Livestock (gallons per day)
Beef cattle 12
Chickens .10
Dairy cattle 15
Dogs 10
Goats 2
Hogs 2
Horses 12
Rabbits .05
Sheep 2
Turkeys 1

Water used for livestock (animal) is estimated to be 100 percent consumed. Livestock water-use totals
for each hydrologic subregion unit were determined by disaggregation of county data using the
percentage of the livestock population located within the hydrologic unit. These hydrologic subregion
subtotals for each county are then regrouped for the State and totaled.

Lrrigation Water U

Irrigation water use refers to water used to supplement rainfall for the growth of vegetables, fruit,
field crops, ornamental plants, and grasses. Data are collected for 29 individual crops within these crop
categories: vegetable, fruit, field, ornamental, and grasses. Irrigation acreage also is delineated by the
method of irrigation, such as flood, low pressure, and sprinkler.

Withdrawals are calculated for irrigation water use by multiplying the supplemental irrigation
requirement by the number of acres irrigated for each county. First, the number of acres irrigated and
method of irrigation are collected for each of the 29 crops inventoried for each county. These data are
supplied by each water management district (appendix 3, pages 3-11 to 3-14) and by the University of
Florida, Institute of Food and Agricultural Science agricultural extension agent in each county. Other
sources of data on the number of acres irrigated include water management district CUP files and the
Florida Crop and Livestock Reporting Service. The amount of supplemental irrigation water needed
to grow each crop, and the water necessary to overcome the inefficiency of the irrigation system is
determined. These determinations are made by each water management district utilizing a variety of
methods and information services (U.S. Soil Conservation Service, 1970, 1982; and Smajstrla, 1986).
The amount of water consumed by the plant or crop is derived by using the evapotranspiration rates
generated by computer models for each crop.

Irrigation water-use totals for hydrologic subregion units are determined by manual assignment
of crop acreage on a county to county basis. The county information is then regrouped by hydrologic
cataloging unit areas at the discretion of the water-use specialist according to the topography of the
area being assigned.

Power Generation Water Use
Withdrawal and power-generation data are collected for 50 self-supplied thermoelectric
powerplants and 2 hydroelectric plants. More than 99.8 percent of the total water withdrawn is used
for cooling purposes. This water may be used for one-time cooling or recirculated several times before
being returned to its surface-water source. The remaining 0.2 percent of water, which is primarily
ground water, is used for boiler make-up or domestic purposes throughout the plant and is almost 100
percent consumed. Data are collected by the water management districts (appendix 3, page 3-16) and

the USGS through CUP files, by mail, or telephone contact. Withdrawal data (for ground and surface
water, from fresh and saline sources), deliveries from public suppliers and power generation
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information are collected through these files or contacts. Power generation water-use totals for each
hydrologic subregion units within the State are determined by aggregation of site-specific data located
within these specific areas.

Sewage-Treatment Water Use

Release data from the sewage-treatment (public wastewater) facilities are provided by the FDER,
Domestic Wastewater Section. Wastewater discharge data are collected for 774 municipal (public or
private) sewage-treatment facilities and 125 industrial facilities. Sewage-treatment release totals for
each hydrologic subregion units within the State are determined by aggregation of site-specific data
located within these specific areas.

|

Miscellaneous water use in Florida includes water not supplied by public systems used for
residential lawn irrigation and residential heat pump and air conditioning units. The information
pertaining to this category is collected by the water management districts (appendix 3, page 3-15), and
is stored in their CUP and compliance files. These miscellaneous uses are not included in other
categories because they fail to fit in any one category. A total of 34 counties have withdrawal data in
this category. Consumptive use for this category is not estimated due to the lack of data.

Residential lawn irrigation refers to withdrawals (primarily from wells) for the sole purpose of
irrigating a residential lawn with no domestic or other use involved. This category is not included
under grass in irrigation primarily because grass included only commercial irrigation and not
residential. Data are estimated for only 17 of 67 counties.

Residential heat pumps and air conditioning units use water (from wells) for heat exchange. Many
of these withdrawals also serve as lawn irrigation when the unit is operating. Many heat pump and
air conditioning units have discharge pipes connected to their sprinkler system. This allows the
released water to be used in the sprinkler system. Restrictions on new systems require that they
discharge used water to wells, but existing systems continue to discharge to the surface. Data for these
withdrawals are available in only 4 of 67 counties.

Unused discharge from free-flowing wells is included inl this category. An estimated 15,000 free-
flowing wells exist in the State (Healy, 1978), and many of these wells have been plugged as a result
of water management district programs. Data are available for 19 of the 67 counties.

DATA COLLECTION TECHNIQUES IN GEORGIA

Water-use data in Georgia are collected through the Georgia Water-Use Program, a cooperative
effort between the Georgia Geologic Survey and the USGS. Water-use data are collected for the
principal water users in the State each year. Public-supply (appendix 3, page 3-19), industrial,
commercial, mining, power generation, and sewage-treatment water-use data are collected by
contacting the appropriate agency or facility. Domestic, livéstock, mining, commercial, and irrigation
water use are estimated using various methods and coefficients. The categories of water-use data
collected in Georgia and the associated sources of information are given in table 5.

Lublic-Supply Water Use

Small communities and subdivisions that furnish water to at least 25 people, or that have a
minimum of 15 hookups are considered to be public-supply systems. Public-supply water-use data
collected for the State include the amount of ground or surface water withdrawn. In 1990, a survey of
the 74 largest public supply systems was conducted and produced information, such as population
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Table 5.--Georgia: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic

Industrial

Commercial

Mining

Livestock

Irrigation

Power generation

Sewage treatment

Georgia Environmental Protection Division, Water
Resources Management Branch, Surface Water
Program Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Ground Water
Program Office

U.S. Department of Commerce, Bureau of the Census

Georgia Environmental Protection Division, Water
Resources Management Branch, Ground Water
Program Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Surface Water
Program Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Ground Water
Program Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Surface Water
Program Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Ground Water
Program Office

U.S. Army Corps of Engineers, Savannah Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Surface Water
Program Office

University of Georgia, Cooperative Extension Service
Georgia Crop Reporting Service
U.S. Department of Agriculture, Equine Program

University of Georgia, Cooperative Extension Service
Georgia Water Protection Branch, Municipal
Wastewater Office

Georgia Environmental Protection Division, Water
Resources Management Branch, Surface Water
Program Office

U.S. Department of Energy

Georgia Power Company

Georgia Water Protection Branch, Municipal
Wastewater Office

Georgia Water Protection Branch, Industrial
Wastewater Office

23



served or the number of domestic connections, as well as the percent deliveries to domestic, industrial,
and commercial customers. Water-use information for the water-supply category is obtained by
various methods and from several sources.

The Georgia Environmental Protection Division (EPD), Water Resources Management Branch
(WRMB) provides permitted ground- and surface-water withdrawal information (appendix 3, page 3-
19). The WRMB, Surface Water Program Office provides a list of distribution systems for the entire
State that is used to determine the status of the major water suppliers. Population served information
and public-supply deliveries were obtained from a 1985 mail survey of the largest public-supply
systems in Georgia (74 systems). This survey represents 85 percent of the total public-supply water
use in the State. Population and the number of connections served by mobile home parks, trailer
parks, and housing subdivisions are obtained from the B, Ground Water Permits Office. Water-
use estimates for mobile home parks, trailer parks, and housing subdivisions are made by multiplying
the number of connections by a water-use coefficient of 75 gal/d per person. Telephone surveys are
conducted to contact city and plant managers in order to supplement withdrawal information not
collected by the State offices. Public-supply water-use totals for each hydrologic cataloging unit within
the State are determined by aggregation of site-specific data located within these specific areas.

Domestic Water Use

Domestic water use is defined as water used for normal household purposes, and includes both
public-supplied and self-supplied users. Self-supplied domestic water users are comprised of two user
groups, rural self-supplied households, and small cities not classified as public-supplied systems.
Domestic water use is estimated (appendix 2, page 2-4) using a coefficient of 75 gal/d per person (Trent
and others, 1990) along with county populations and population served values from public-supply
facilities (1987 estimate, U.S. Department of Commerce, Bureau of the Census).

Water delivered from public-supply facilities for domestic purposes is determined by a 1985 mail
survey of the 74 largest public-supply systems. Deliveries from small public supply systems were
estimated at 85 percent for domestic use. Small towns without public supply systems are considered
to have 100 percent domestic use. Information pertaining to mobile home parks, trailer parks, and
subdivisions is collected by WRMB, Ground Water Program|Office.

A domestic consumptive use coefficient of 18 percent (abpendix 2, page 2-4) is used to determine
consumptive use (R.R. Pierce, U.S. Geological Survey, written commun., 1989). Domestic water use
within each hydrologic cataloging unit is determined by disaggregation of county data, based on the
percentage of the county area within each hydrologic cataloging unit and multiplying that percentage
by the county water-use value. These hydrologic unit subtotals for each county are then regrouped for

the State and totaled. i

Water is withdrawn for various self-supplied industrial systems throughout Georgia. Paper,
textile, and chemical industries are some of the largest in the State. Industrial water-use data are
collected from the WRMB, Ground Water and Surface Water permit and program files. The current

manufacturing directory (Georgia Department of Industry and Trade and Tourism, 1983) is used as a
reference for telephone numbers, SIC codes, and the county location of these industries.

Information contained in the public-supply mail survey includes a percentage of water delivered
by public-supply systems to industrial users. This survey also includes the name of the facilities,
location, and the amount of water purchased by the larger industrial users. It was estimated that 5
percent of the total water use is considered to be delivered from water supply facilities.
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The consumptive use for self-supplied industries varies by the type of industry. The percentages
are determined by comparing percentages from the United States, South Atlantic, and actual
consumptive use figures from some Georgia industries. Industrial water-use totals for each hydrologic
cataloging unit within the State are determined by aggregation of site-specific data located within
these specific areas.

Commercial Water Use

Withdrawals for commercial users (greater than 100,000 gal/d) are obtained from WRMP. Water-
use estimates are compared to other businesses of similar size and type. Other commercial use
information is provided by the Regional EPD offices and a 1986 inventory of population served by
commercial users.

Commercial deliveries from public-supply facilities are provided by a survey of the largest water
suppliers in Georgia. This survey provides the percentage of water delivered for commercial use.
Small public systems are considered to deliver 10 percent of the water withdrawn for commercial
purposes.

Consumptive use is estimated to be 18 percent of the total water use (withdrawals + deliveries).
Although the coefficient is calculated for domestic use, it is used because commercial consumptive use
is estimated to be similar to domestic consumptive use. Withdrawal and discharge data for some
military bases support this 18 percent estimate. Commercial water-use totals for each hydrologic
cataloging unit within the State are determined by aggregation of site-specific data located within
these specific areas.

Mining Water U

Mining water use is primarily mining and mineral processing in the State. The source of water-
use information for all permitted mining facilities is the WRMB permits files. Additional water-use
data are obtained by telephone surveys, and the "Mining Directory of Georgia" (Steele and O'Connor,
1986). The directory is used to produce a master list of the mining operations in the State. Data in
this publication include type of product mined, location of facility, and contact person. Information
obtained by the telephone contact includes water used as part of the mining operation, location of the
diversion, and the amount of tons of product mined. The consumptive use coefficient for mining is 12
percent. Mining water-use totals for each hydrologic cataloging unit within the State are determined
by aggregation of site-specific data located within these specific areas.

Livestock Water Use

Water use for livestock (animal) is estimated by multiplying a water-use coefficient (varies by type
of livestock) by the population of each type of livestock produced. Rates per capita (water-use
coefficient) are obtained from county agents of the University of Georgia, Cooperative Extension
Service (CES). These coefficients vary by type of livestock and by county.
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Water required

Livestock (gallons per day)
Beef cattle 7.9

Dairy cattle 28.7
Sheep and lambs 3

Hogs and pigs 2.9
Poultry .05

Livestock populations in Georgia are obtained from several publications. Population values for the
poultry industry are subdivided by type (layers, broilers, pullets, broiler/breeder, and turkeys) and by
county (Strong and Wildey, 1986). The number of cattle, hogs and pigs by county are provided by the
U.S. Department of Agriculture Crop Reporting Service (1980). Water-use data for aquaculture
(catfish farms) are provided by the Georgia Cooperative Extension Service (Lewis, 1984). Consumptive
use for livestock is estimated to be 100 percent of the amount withdrawn or diverted. Livestock water-
use totals for hydrologic cataloging unit areas are determined by disaggregation of county data using
the percentage of the county land area located within the hydrologic cataloging unit. The resulting
hydrologic cataloging unit subtotals for each county are then regrouped for the State and totaled.

Irrigation Water U

Irrigation water use is defined as water that is used for crops, large nurseries, athletic fields, and
golf courses. Irrigation water-use information is provided by the CES. Every 3 years county agents
determine the water application rate by crop type for each kind of irrigation system for each county in
the State. This information, along with the acres irrigated by crop type, location of withdrawal site,
and the kind of irrigation systems used within each countd is summarized within a report published
by the CES (Harrison and Tyson, 1987). These data along with the following formula are used to make
water-use estimates for crop irrigation: |

(acres/crop) x (inches of water applied) = (acre-inch/crop)
When the amount of water applied is not reported for a county, an estimated application rate of 3 to 6
in. per acre is used, depending on the average crop production values for that area or adjacent county.
Water applied by drip irrigation systems is not included.

Water use for athletic fields and golf courses is estimated using an application rate of 26.9 in. of
water per year for each acre of land in use. This coefficient was determined during a sample survey
conducted from 1979 to 1980.

The amount of reclaimed sewage used for irrigation p‘ rposes is provided by the Georgia Water
Protection Branch Municipal Wastewater Office. They provide a list of all land application systems in

Georgia, in addition to system flow amounts, operating status, and location.

Consumptive water use for irrigation is estimated to be 100 percent of the amount of water
withdrawn. Irrigation water-use totals for hydrologic cataloging unit areas were determined by
disaggregation of county data using the percentage of the county land area located within the
hydrologic cataloging unit. The resulting hydrologic cataloging unit subtotals for each county are then
regrouped for the State and totaled.
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Power Generation Water Use
Thermoelectric

Water use for thermoelectric power generation includes water that is used for potable uses, cooling
purposes, and boiler makeup. Water-use data for thermoelectric power generation include the
following information: annual and monthly amounts withdrawn, annual and monthly power
generated, installed generating capacity, and location of facility. These data are obtained from several
sources.

Thermoelectric withdrawal information is obtained from the WRMB, Ground Water permit files,
including nuclear facilities. The Georgia Power Company provides withdrawal information through a
mail and telephone survey of their facilities. Power generation information is provided by the
Department of Energy (EIA-759) data from monthly powerplant reports. Consumptive use varies from
plant to plant, and this information is supplied by the power plant owners. There are no deliveries
from public-supplied facilities for thermoelectric power generation. Power generation water-use totals
for each hydrologic cataloging unit within the State are determined by aggregation of site-specific data
located within these specific areas.

Hydroelectric

Water-use data for hydroelectric power generation include the following information: annual and
monthly amount of water diversion, annual and monthly power generated, installed generating
capacity, and location of facility and diversion. A mail survey is used to collect water-use information
for hydroelectric power generating facilities. Power generation information is provided by the
Department of Energy (EIA-759) data from monthly powerplant reports. Each hydroelectric plant
provides the number of gallons used by each plant to generate 1 megawatt hour of electricity, which is
used to determine monthly water-use figures in million gallons per day. A report on hydroelectric
power (Westinghouse Hanford Laboratories, written commun., 1988) is used to verify the accuracy of
the data. Power generation water-use totals for each hydrologic cataloging unit within the State are
determined by aggregation of site-specific data located within these specific areas.

Sewage-Treatment Water Use

The sewage-treatment water-use category includes water released by public, industrial, and
commercial wastewater-treatment facilities. The Georgia Water Protection Branch Municipal
Wastewater Office provides release amounts and location information for municipal sewage-treatment
facilities. These data are collected by personnel in the four regional offices located in Atlanta,
Brunswick, Macon, and Albany. The Georgia Water Protection Branch Industrial Wastewater Office
provides information pertaining to release amounts and location information for industrial and other
types of sewage-treatment facilities for Georgia. Sewage-treatment release totals for each hydrologic
cataloging unit within the State are determined by aggregation of site-specific data located within
these specific areas.

DATA COLLECTION TECHNIQUES IN KENTUCKY

Water-use data in Kentucky are collected by the Kentucky Natural Resources and Environmental
Protection Cabinet (KNREPC), Division of Water, in cooperation with the USGS. The nine national
water-use categories listed in the Introduction are collected in Kentucky. Public-supply, industrial,
commercial, mining, power generation, and sewage-treatment water-use data are collected by
contacting the appropriate agency or facility. Domestic, livestock, and irrigation water use are
estimated using population or acreage estimates and water application rates. The categories of water-
use data collected in Kentucky and the associated sources of information are given in table 6.
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Table 6.--Kentucky: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic

‘Industrial

Commercial

Mining

Livestock

Irrigation

Power generation

Sewage treatment

Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, Water
WithdrawaﬁLPermit Program

U.S. Department of Commerce, Bureau of the Census

Kentucky Nagural Resources and Environmental
Protection Cabinet, Division of Water, Drinking
Water File

Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, Drinking
Water File

U.S. Department of Commerce, Bureau of the Census

Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, Water
Withdrawal Permit Program

Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, Water
Withdrawal Permit Program

Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, Water
Withdrawa]germit Program

University of Kentucky

U.S. Department of Commerce, Bureau of the Census

U.S. Department of Commerce, Bureau of the Census
University of ‘[Kentucky

Kentucky PukLlic Service Commission
Kentucky Natural Resources and Environmental

Protection Cabinet, Division of Water,
Wastewater Branch

KNREPC has implemented a Water Withdrawal Permit Program that requires water users to
report their monthly withdrawals (biannually and by calendar year) for public-supply, industrial,
commercial, and mining water use. Examples of the application for water withdrawal permit, and
water supply surveys for municipal users and self-suppliéd industrial and commercial users are
provided in appendix 3, pages 3-20 to 3-36. The data collected include the monthly permitted amount
withdrawn, location of diversion (latitude and longitude), hydrologic unit code, category of use, and
name of facility. The above information is provided annually to the USGS by the KNREPC.

Public-supply systems are defined by KNREPC as those that withdraw more than 10,000 gal/d, or
any facility that serves 25 or more people, or has 15 or more connections. Information about public-

supply systems is reported to the KNREPC.
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Water withdrawal permit forms (appendix 3, pages 3-29 to 3-32) are provided to the individual
public-supply facilities throughout Kentucky. These forms request the following information about the
public-supply systems: county name, system name, source of water (ground or surface water), intake
location, and storage capacity. These data are collected biannually and by calendar year. Population
values for persons serviced by public-supply systems are provided by the U.S. Department of
Commerce, Bureau of the Census (1984), supplementing the population values that are provided by
KNREPC.

Deliveries from public-supply systems to commercial, industrial, domestic, and public use, in
addition to losses and transfers, are obtained by questionnaires sent by the KNREPC to public-supply
facilities requesting information about deliveries to various water users within a 27-county study area
in western Kentucky (Sholar and Wood, 1986). Public-supply facilities outside the study area are
estimated based on an average percentage of the amount of water delivered to commercial, industrial,
domestic, and public uses within the 27-county study area of the report. Public-supply water-use totals
for each hydrologic cataloging unit within the State are determined by aggregation of site-specific data
located within these specific areas.

Domestic Water Use

Domestic use also is referred to as residential water use. The water may be obtained from a public-
supply facility or may be self-supplied. The KNREPC provides population serviced values by facility.
These values are aggregated by county and totaled. County population values are provided by the U.S.
Department of Commerce, Bureau of the Census (1984).

Water used for domestic (self-supplied) purposes is determined by multiplying a 50 gal/d per
person coefficient by the population not serviced by public-supplied facilities within a county.

(County population) - (population served by public-supply systems) x (50 gal/d per person)

There is a 70 gal/d per person coefficient used to estimate domestic use by those customers that are
furnished by public-supply systems. This coefficient is determined by dividing the population serviced
by the public-supply system by the amount of water billed for domestic purposes within a specified
area. Consumptive use for domestic purposes is estimated by adding the amount of water withdrawn
for domestic purposes plus the volume of water delivered by public suppliers for domestic uses, and
this total is multiplied by a coefficient of 0.57. All of the previously mentioned coefficients are
determined by KNREPC from previous studies or from data on file. Domestic water-use totals for
hydrologic cataloging unit areas are determined by disaggregation of county data using the percentage
of the county land area located within the hydrologic cataloging unit. These percentages are multiplied
by the county water-use totals. The resulting hydrologic cataloging unit subtotals for each county are
then regrouped for the State and totaled.

Industrial Water Use

Industrial water use is defined as water that is used to manufacture or produce food, textiles, pulp
and paper products, chemicals, metals, and distillery products. The water may be obtained from a
public-supply facility or it may be self-supplied. Industries that withdraw more than 10,000 gal/d are
required to report their water use to the KNREPC Water Withdrawal Permit Program (appendix 3,
pages 3-33 to 3-36). Consumptive use is considered to be 4 percent, based on estimates from the
western Kentucky inventory results (Sholar and Wood, 1986). Industrial water-use totals for each
hydrologic cataloging unit within the State are determined by aggregation of site-specific data located
within these specific areas.
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Commercial Water Use

Water used for commercial purposes may be obtained from a public-supply facility or be self-
supplied. Commercial water users not supplied from public water systems, that withdraw more than
10,000 gal/d, report their water usage to the KNREPC Water Withdrawal Permit Program (appendix
3, pages 3-33 to 3-36). Approximately 4 percent of all water withdrawn for commercial use is
considered to be consumed. The consumptive use estimate isj)ased on the western Kentucky inventory
results (Sholar and Wood, 1986). Commercial water-use totals for each hydrologic cataloging unit
within the State are determined by aggregation of the site-specific data located within these specific
areas.

The primary uses of water for mining are in conjunction with dewatering deep mine operations and
for coal washing. Mining data for permitted users are obtained from the KNREPC Water Withdrawal
Permit Program (appendix 3, pages 3-33 to 3-36). Permitted users are those that use at least 10,000
gal/d. Consumptive use for mining is estimated to be 3 percent of the amount withdrawn (Dr. Joe Leon,
University of Kentucky, oral commun., 1985). Mining water-use totals for each hydrologic cataloging
unit within the State are determined by aggregation of the site-specific data located within these
specific areas.

Livestock Water Use
|
Water used for livestock (animal) purposes is estimated by multiplying a per capita water use in
gallons per day by the county livestock population. A report published by the U.S. Department of
Commerce, Bureau of the Census (1984) contains population figures for livestock and poultry by

county, and water requirements for livestock. Data indicate that there are no aquacultural operations
in Kentucky. The water requirements for livestock in Kentucky are as follows:

Wate{“ required
Livestock (gallons per day)
Poultry 0.1
Hogs 6
Dairy cattle 65
Beef cattle t2
Horses 2
Sheep d 2

i
Consumptive use for livestock purposes is estimated to be 100 percent. Livestock water-use totals for
hydrologic cataloging unit areas are determined by disaggregation of county data using the percentage
of the county land area located within the hydrologic cataloging unit. The resulting hydrologic
cataloging unit subtotals for each county are then regroupeq for the State and totaled.

Lirigation Water U

Water use for irrigation is estimated by multiplying the number of irrigated acres (within a county)
by an application rate (0.4 ft per year). Irrigated acreage is provided by the U.S. Department of
Commerce, Bureau of the Census (1984). These acreage values are reported by county and by crop.
Kentucky's primary crops are tobacco, corn, wheat, and soybeans. The application rate of 0.4 ft per
acre per year is determined by the State Irrigation Specialist at the University of Kentucky (University
of Kentucky, written commun., 1985). Consumptive use for irrigation is estimated to be 95 percent of
the amount withdrawn, with the remaining 5 percent accounting for conveyance losses. Irrigation
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water-use totals for hydrologic cataloging unit areas were determined by disaggregation of county data
using the percentage of the county land area located within the hydrologic cataloging unit. The
resulting hydrologic cataloging units for each county are then regrouped for the State and totaled.

Power Generation Water Use
Thermoelectric

The primary use of water in thermoelectric power generating facilities is for cooling purposes.
Thermoelectric power data are provided for 22 fossil-fuel plants by the Kentucky Public Service
Commission. Site-specific data received from the Public Service Commission contain information
about the location of the diversion (latitude and longitude), address of the plant, amount of water
withdrawn, ground- or surface-water delineation, installed generating capacity of the facility, and the
amount of power produced monthly and annually. Power generation water-use totals for each
hydrologic cataloging unit within the State are determined by aggregation of site-specific data located
within these specific areas.

Hydroelectric

Hydroelectric power generation information for seven hydroelectric plants is provided by the
Kentucky Public Service Commission. Site-specific data received from the Public Service Commission
contain information about the location of the diversion, address of the plant, amount of water that
flows through the turbines, source of water (stream, river, or lake), installed generating capacity of the
facility, and amount of power produced monthly and annually. Power generation water-use totals for
each hydrologic cataloging unit within the State are determined by aggregation of site-specific data
located within these specific areas.

Sewage-Treatment Water Use

Information about sewage-treatment facility releases is obtained from the Kentucky Pollutant
Discharge Elimination System Branch of the KNREPC. The Wastewater Branch provides the
following data: the number of public, industrial, and other sewage-treatment facilities, locations for
these facilities, locations for the release point, and the amount of water released. Sewage-treatment
release totals for each hydrologic cataloging unit within the State are determined by aggregation of
site-specific data located within these specific areas.

DATA COLLECTION TECHNIQUES IN LOUISIANA

Water-use data in Louisiana are collected by the Louisiana Department of Transportation and
Development, Office of Flood Control and Water Management, in cooperation with the USGS. The
nine national water-use categories listed in the Introduction are collected in Louisiana. Public-supply,
industrial, commercial, mining, power generation, and sewage-treatment water-use data are collected
by contacting the appropriate agency or facility. Examples of data collection forms are provided in
appendix 3, pages 3-37 to 3-43. Domestic, livestock, and irrigation water use are estimated using
population or acreage estimates and water application rates. The categories of water-use data
collected in Louisiana and the associated sources of information are given in table 7.

Public-Supply Water Use

A public-supply facility is defined as a water system that provides water to 250 or more people
during the year. The public-supply water-use category is made up of the following user groups:
municipal, private water systems, rural water systems, and parish water districts. A master list of
public-supply systems was compiled from information received from the following sources: the
Louisiana Department of Health and Hospitals (municipal systems and private water systems), the
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Table 7.--Louisiana: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic

Industrial

Commercial

Mining

Livestock

Irrigation

Power generation

Sewage treatment

Louisiana Department of Transportation and
Development

Louisiana Department of Health and Hospitals

Farmers Home Administration

Louisiana Rural Water Association

Capital Area Ground Water Conservation Commission

U.S. Department of Commerce, Bureau of the Census
Louisiana Department of Health and Hospitals
Farmers Home Administration

Louisiana Rural Water Association

Capital Area Ground Water Conservation Commission

Louisiana Department of Transportation and
Development

Louisiana Department of Commerce

Capital Area|Ground Water Conservation Commission

Louisiana Department of Transportation and
Development

Louisiana Department of Health and Hospitals

Capital Area Ground Water Conservation Commission

Louisiana Department of Transportation and
Development

Capital Area/Ground Water Conservation Commission

Louisiana Department of Transportation and
Development

Louisiana State University Extension Service

U.S. Agricultural Stabilization and Conservation
Service

Louisiana Department of Transportation and

Development
Louisiana S%\te University Extension Service
U.S. Agricultural Stabilization and Conservation
Service

Louisiana Department of Transportation and
Development
Sabine River Compact Commission

Louisiana Department of Transportation and
Development
Louisiana Department of Health and Hospitals
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Farmers Home Administration, and the Louisiana Rural Water Association (rural systems and parish
water districts). Water-use data in the public-supply category are provided by information received
from a mail survey (appendix 3, pages 3-37 to 3-40, 3-43). Additionally, the Capital Area Ground Water
Conservation Commission provides pumpage information for the major users located within the five
parishes under their jurisdiction (appendix 3). Public-supply water-use totals for each hydrologic
cataloging unit within the State are determined by aggregation of site-specific data located within
these specific areas.

Domestic Water Use

Domestic water use is defined as water that is used by residents of a parish for household purposes
that are not being served by public-supply systems. Domestic water use in Louisiana is estimated by
multiplying a water-use coefficient by the population served by domestic self-supplied systems. The
population value for domestic (self-supplied) users is determined by subtracting the number of persons
served by municipal, private, rural water systems, or parish water districts within a parish from the
parish population total, with the remaining population being domestic (self-supplied). The parish
population totals are provided by the U.S. Department of Commerce, Bureau of the Census (1982a).
The domestic water-use coefficient was 80 gal/d. Domestic water use is considered to be 100 percent
consumed.

Domestic water use within the hydrologic cataloging unit areas is computed by disaggregation of
parish water-use information based on the percentage of the population located within the hydrologic
cataloging unit. This percentage is then multiplied by the water-use value for the parish. The
resulting hydrologic cataloging unit subtotals for each parish are then regrouped for the State and
totaled.

Industrial Water Use

Data collected in the industrial category include self-supplied water and water delivered from
public-supply systems. A mail survey (appendix 3, pages 3-37 to 3-40, 3-43) is the primary source of
industrial water-use information (same questionnaire that is used for public-supply water use
category). A listing of industrial users is obtained from the Louisiana Department of Commerce (1986).
In addition to the data provided by the survey, the Capital Area Ground Water Conservation
Commission provides pumpage information for the major users located within the five parishes under
their jurisdiction. Industrial water-use totals for each hydrologic cataloging unit within the State are
determined by aggregation of site-specific data located within these specific areas.

Commercial Water Use

The majority of the data collected in the commercial category are obtained by a mail survey (same
questionnaire that is used for public-supply water-use category). The Department of Health and
Hospitals provides a list of large and small commercial establishments. The smaller commercial
establishments listed include service stations, truck stops, and bars. In addition to the data provided
by the survey, the Capital Area Ground Water Conservation Commission provides pumpage
information for the major users located within the five parishes under their jurisdiction. Commercial
water-use totals for each hydrologic cataloging unit within the State are determined by aggregation of
site-specific data located within these specific areas.

Mining W U

Water used in Louisiana mining operations is for solution mining of salt and sulfur. A mail survey
is the primary source of water-use information for mining (same questionnaire that is used for public-
supply water-use category). A listing of these mining operations was obtained from the U.S.
Department of Commerce, Bureau of the Census (1982¢). In addition to the data provided by the
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survey, the Capital Area Ground Water Conservation Commission provides pumpage information for
the major users located within the five parishes under its jurisdiction. Mining water-use totals for each
hydrologic cataloging unit within the State are determined by aggregation of site-specific data located
within these specific areas.

Livestock Water Use

Livestock water use in Louisiana includes water used for the propagation of livestock (cattle,
horses, hogs, sheep, chickens, and turkeys) and aquaculture (primarily catfish and crawfish farming
and fish hatcheries). Water use for livestock is estimated by multiplying the livestock population by
parish by a water-use coefficient. Water use for aquaculture is estimated by multiplying the number
of acres of ponds in each parish by an appropriate application rate for the type of aquacultural products
produced.

Estimates of livestock populations and associated water requirements are provided by the
Louisiana State University Extension Service. The Extension Service also provides estimates of the
amount of water supplied by ground- and surface-water sources. In addition, the Extension Service
provides estimates of pond acreage used for aquacultural purposes in each parish, and the application
rate for each type of aquacultural product produced (appendix 3, pages 3-41 and 3-42). The following
table lists the livestock water users in Louisiana and their ;ssociated water requirements:

Water requirements ‘ Application rates

Stock type (gallons per day) Fis*\eries (feet of water per acre)

|
Dairy cattle 20 Catfish average 4.5, range 3 - 6
Other cattle 10 Crawfish average 2.5, range 1-4
Horses, mules 10 Hafcheries average 5.0, range 3 - 15
Hogs 3
Sheep, goats 2
Chickens .04 [
Turkeys .06

Consumptive use for livestock is considered to be 100 percent of the amount of water withdrawn.
Livestock water-use estimates are determined for hydrologic cataloging unit areas by disaggregation
of parish data based on the percentage of the parish land ar¢a located within the hydrologic cataloging
unit. The resulting hydrologic cataloging unit subtotals for each parish are then regrouped for the
State and totaled.

Water use for irrigation in Louisiana is estimated by multiplying the number of irrigated acres (by
crop type) by the appropriate water application rate. The U.S. Agricultural Stabilization and
Conservation Service and Louisiana State University Extension Service provide the number of acres
irrigated by crop and delineate the source of water withdrawal (ground or surface water) within each
parish, as well as the appropriate water application rate for each crop (appendix 3, pages 3-41 and 3-
42). The primary crops in Louisiana and their associated application rates are shown on the next page.

34



Application rates

Ground water Surface water
Crop (feet/acre) (feet/acre)
Rice 3 5
Cotton average 0.5 range 0.25 - 1.25
Soybeans average 0.5 range 0.25 - 1.00
Strawberries average 0.5
Truck crops average 1.0 range 0.15 - 1.66
Corn 1.5 rarely irrigated
Sorghum 1.3 rarely irrigated
Peaches average 1.5 rarely irrigated
Nurseries average 2.0

Consumptive use for general irrigation is considered to be 100 percent of the amount of water
withdrawn. However, consumptive use for rice irrigation is estimated to be from 30 to 50 percent.

Irrigation water-use estimates are determined for hydrologic cataloging unit areas by
disaggregation of parish data based on the percentage of the parish land area located within the
hydrologic cataloging unit. This percentage is multiplied by the parish water-use total, with the total
representing the water-use value of the hydrologic cataloging unit. These hydrologic cataloging unit
subtotals for each parish are then regrouped for the State and totaled.

Power Generation Water Use

Water-use data collected for 18 fossil-fuel, two nuclear, and one hydroelectric power generation
include: monthly and annual water used, installed generating capacity, and annual and monthly
power produced. In addition to the above mentioned data collected for all power generation facilities,
the amount of water delivered by public-supply facilities, and consumptive use are collected for
thermoelectric facilities.

Information pertaining to fossil-fuel power generation is provided by a mail survey (appendix 3,
pages 3-39 and 3-40). The only hydroelectric plant using water from Louisiana is located on the Toledo
Bend Reservoir. Water from the Sabine River is impounded in the Toledo Bend Reservoir and released
to turn turbines at the powerhouse near Burkeville, Texas. Because the Sabine River forms the
Louisiana-Texas boundary, one-half of the water flowing through the power plant is counted in
Louisiana's water withdrawal inventory. This water body is governed by the Sabine River Compact
Administration. Therefore, all data relevant to hydroelectric power generation at this facility are
provided by this organization. Power generation water-use totals for each hydrologic cataloging unit
within the State are determined by aggregation of site-specific data located within these specific areas.

Sewage-Treatment Water Use

The Louisiana Department of Health and Hospitals provides return flow information from sewage-
treatment facilities located within the State. This information is acquired from a complete inventory
of these facilities.

Information concerning the number of municipal, industrial, and other wastewater-treatment
facilities and their associated locations and releases also is provided by the Louisiana Department of
Health and Hospitals. Sewage-treatment release totals for each hydrologic cataloging unit within the
State are determined by aggregation of site-specific data located within these specific areas.
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DATA COLLECTION TECHNIQUES IN MISSISSIPPI

Water-use data in Mississippi are collected by the Mississippi Department of Natural Resources,
Bureau of Land and Water Resources in cooperation with the USGS. Eight national water-use
categories are inventoried in Mississippi. Public-supply, industrial, mining, power generation, and
sewage-treatment water-use data are collected by contacting the appropriate agency or facility.
Domestic, livestock, and irrigation water use are estimated using population or acreage and water
application rates. The categories of water-use data collected in Mississippi and the associated sources
of information are given in table 8.

Table 8.--Mississippi: Categories of water use and sources of information

Water-use category “ Data sources

Public supply U.S. Geologicgl Survey
Mississippi Department of Environmental Quality,
Bureau of Land and Water Resources
Mississippi State Department of Health, Division of
Water Supply

Domestic U.S. Department of Commerce, Bureau of the Census
Mississippi Department of Environmental Quality,
Bureau of Natural Resources

Commercial Mississippi Sdate Department of Health, Division

of Water Supply

Industrial Mississippi Department of Economic and Community
Developmerit

Mining Mississippi State Geological Survey

Irrigation Mississippi Department of Agriculture and Commerce

National Agricultural Statistics Service
Mississippi State University, Cooperative Extension
Service, icultural Engineering Extension

Agriculture
Aquaculture Mississippi State University, Wildlife and
Fisheries Extension
|
Livestock Mississippi Dd‘epartment of Agriculture and Commerce
National Agricultural Statistics Service
Mississippi State University, Cooperative Extension
Service, Agricultural Engineering Extension

Power generation Mississippi Power and Light Company
Southern Mississippi Electric Association
Mississippi Power Company
Clarksdale Municipal Power Company
Greenwood Municipal Power Company

Sewage treatment Mississippi Department of Environmental Quality,
Bureau of Pollution Control
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Public-Supply Water Use

Public-supply water use is defined as a municipal or rural supply system, whether publicly or
privately owned, that furnishes water to cities, towns, and villages. The Directory of Mississippi
Municipalities provides a list of municipal supply systems (Mississippi Municipal Association, 1981).
A large percentage of the approximately 1,400 municipal supply systems report their data, some by
well or point of withdrawal. These site-specific data are reported monthly to the USGS through a mail
survey solicited by the Mississippi Department of Environmental Quality, Bureau of Land and Water
Resources or by a telephone survey. Primarily, water-use information collected for public-supply
systems is based on discharge measurements at these facilities, readings from systems with master
meters, and by monthly billing records. In addition to water-use values, the monthly billing records
reflect the population served (either by the number of connections served or number of persons served).

Many of the rural systems do not report the water withdrawals or population served. Therefore,
the values are estimated. The source of this water is primarily ground water. Withdrawals for rural
systems and unmetered municipal systems are estimated from population served (estimated from
billing records). A per capita use estimate of 60 gal/d per person is used for rural systems, and for
municipal systems that do not report their usage. An additional 20 percent is added to the per capita
estimate where withdrawal data are not available (to account for internal use and loss by the systems).
A value of 3.2 people per water meter is used to estimate the population served by rural systems that
did not maintain population serviced records and that could furnish only the number of metered
connections. These estimates are based on a survey of billing records for a number of rural water
associations distributed throughout the State.

The following percentages are used to estimate domestic, commercial, and industrial water
deliveries from public-supply systems where billing records are not available:

Population Domestic Commercial Industrial
Small towns 3,000-15,000 80 percent T percent 3 percent
Larger towns 15,000-50,000 65 percent 15 percent 10 percent

System losses account for the remaining 10 percent not accounted for in the billing records. Public-
supply water-use totals for each hydrologic cataloging unit within the State are determined by
aggregation of site-specific data located within these specific areas.

Domestic Water Use

The domestic water-use category reflects those persons not serviced by public-supply systems
within the State. Water use for this category is determined by multiplying a water-use coefficient by
the self-supplied domestic population. The self-supplied domestic population is determined by
subtracting the number of persons served by municipal supply and rural water systems within a
county from the county population total (U.S. Department of Commerce, Bureau of the Census, 1981),
with the remaining population representing those persons that are domestic (self-supplied). The
domestic water-use coefficient used is 50 gal/d (appendix 2, page 2-4) for households with indoor
plumbing, and 10 gal/d for those households without plumbing. These population data for households
with indoor plumbing are obtained from the U.S. Department of Commerce, Bureau of the Census
(1981) and these figures are adjusted to recent Bureau of the Census data.

Domestic water-use totals for hydrologic cataloging unit areas were determined by disaggregation
of county data using the percentage of the county land area located within the hydrologic cataloging
unit. These percentages are then multiplied by the county water-use totals. The resulting hydrologic
cataloging unit subtotals for each county are then regrouped for the State and totaled.
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Industrial Water Use

Industrial water use is determined by telephone and mail surveys conducted by the Mississippi
Bureau of Land and Water Resources. The Mississippi Manufacturers Directory (Mississippi Research
and Development Center, 1985) is used to compile a list of self-supplied industrial users. These
industries are listed and subdivided by the city in which they are located. Additional information in
this directory includes mailing address of the industry, telephone number, contact person, SIC codes,
type of products produced or services rendered, and the number of employees. The Manufacturers
Directory is used and each city water superintendent is contacted and queried as to whether each

Mining water use consists primarily of clay and gravel operations in Mississippi. Water-use data
are obtained by a telephone survey of the major mining operations within the State. The Mississippi
State Geological Survey provides the USGS with a list of mining facilities operating within the State.
These industries are contacted for the following information: the amount of withdrawal, the source of
water withdrawn (ground or surface water), location of withdrawal site, and annual production.
Mining water-use totals for each hydrologic cataloging unit within the State are determined by

aggregation of site-specific data located within these specific|areas.

Livestock water use includes water used for stock watering, feed lots, dairy operations,
aquaculture (catfish farming), and other farm needs. The livestock water-use category consists
primarily of the summation of two user groups. The first and foremost is catfish farming. The second
user group consists of the livestock industry. Due to the size of the catfish farming industry in
Mississippi, the large amounts of water used, and the impa¢t on the State’s economy, water used for
catfish farming is monitored as a separate category. Therefore, the first part of the livestock section
describes livestock data collection and the second section discusses data collection techniques used to
monitor aquaculture (catfish farming).

The livestock category includes the use of water for the production of livestock (dairy cattle, other
cattle, hogs, and chickens). Data components required for the estimation of water use for livestock
include county livestock populations and the appropriate water-use requirement for each type of
livestock produced within the State.

Livestock population values for Mississippi are provided by county (Mississippi Department of
Agriculture and Commerce, 1987). Water-use requirements for livestock are as follows:

Water required

Livestock (gallons per day)
Dairy cattle 20

Other cattle 10

Hogs 3
Chickens .04
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The sources of water for livestock water use are estimated to be 40 percent withdrawn from ground
water and the remaining 60 percent supplied by surface water. The ground- and surface-water
percentages are derived by consultation with the State Agriculture Engineer (Mississippi State
University, Cooperative Extension Service, Agricultural Engineering Extension, oral commun., 1985)
and from previous State surveys. Consumptive use for livestock water use is estimated to be 100
percent. Water-use totals for the hydrologic cataloging units within Mississippi are assigned by the
USGS in the same manner as described for aquacultural water use.

Catfish farming is the dominant aquacultural water user. Water withdrawals for catfish farming
are used to maintain appropriate pond levels and in the past were used to provide aeration.
Approximately 96 percent of all catfish farming in the State takes place in the Delta, where ground
water from the shallow Mississippi River alluvial aquifer is the only source of water supply used.
Elsewhere in the State, water use for catfish farming is estimated to be 40 percent surface water and
60 percent ground water.

Water-use estimates for catfish farming are calculated by multiplying the total county catfish farm
acreage by an application rate times the duration of pumping. Information pertaining to pond acreage
and the type of fish stocked in each pond is furnished by Mississippi State University (Mississippi State
University, Cooperative Extension Service, Wildlife and Fisheries Extension and Agricultural
Engineering Extension, written commun., 1985). Acreage is reported by county and application rate
estimates are based on water-use studies of selected catfish farming operations in the Delta. Selected
catfish farms are monitored to collect withdrawal information and the duration of pumping. Two types
of time totalizers are used to record the duration of pumping for aquaculture; the digital vibration time
totalizer and the digital inductive time totalizer. Another method of monitoring duration of pumping
is reading the electric meter attached to the pump.

The pump duration data are applied to the measured pump discharge of the monitor withdrawal
site and a total withdrawal is calculated for the site. The withdrawal then is divided by the pond
acreage in order to determine the application rate. This process is duplicated for all sites in the study
network. Upon completion of these studies a mean application rate for the monitor network is
determined. Consumptive uses for catfish farming are estimated to equal approximately 38 percent of
the water withdrawn.

Water-use totals for the hydrologic cataloging units within Mississippi are assigned by the USGS.
These assignments are based on the percentage of land area of the hydrologic cataloging units located
within the county. Allowances are made in the hydrologic cataloging units assignment process for
variations in topography within a county. Topographic maps and aerial photographs, Soil
Conservation Service contacts, and farmer consultation are also key components in these assignment
decisions.

Irrigation Water U

Water used for irrigation is estimated by multiplying an application rate by the number of irrigated
acres for each crop type. In Mississippi, the major irrigated crops are rice, cotton, and soybeans.
Irrigation is used mainly in the northwestern part of Mississippi, commonly known as the Delta.
Irrigated acreage for crops raised in the State are provided by the Mississippi Department of
Agriculture and Commerce (1987).

Application rates used in Mississippi for irrigation are as follows: rice irrigation requirements are
approximately 4.1 ft of water per acre and for other crops (cotton and soybeans) about 1.3 ft per acre.
These values are variable and are dependent on climatic conditions from year to year. They are
determined by studies conducted in the Delta. The values are updated annually by determining water
withdrawals from monitor farm withdrawal sites within the Delta and through contacts with the State
Agriculture Engineer. Withdrawals from the monitor withdrawal sites are calculated using data from
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time totalizers placed on the pumps to record the duration of pumping. This value is multiplied by the
measured pump discharge to obtain withdrawal values. Another method for estimating time of
operation for electrical pumps is by reading the electric meter on the pump to verify the time of
operation with the servicing electric power company.

Consumptive use of irrigation water is estimated to be approximately 40 percent and conveyance
losses equal 10 percent of the total water withdrawn. Water-use totals for the hydrologic cataloging
units within Mississippi are assigned by the USGS in the same manner as described for aquacultural
water use.

Water use for power generation is represented by the water withdrawn for once-through or
condenser cooling of the 12 fossil-fuel and 1 nuclear plants in the State. Both fresh and saline surface
water is used for cooling purposes. Also, a small amount of/ground water is used primarily for boiler
feed water.

The following power companies in Mississippi are inventoried for data relevant to thermoelectric
power generation: Mississippi Power Company, Mississippi Power and Light Company, and South
Mississippi Electric Power Association, including Greenwood and Clarksdale Municipal Power
Companies. The following power generation data are furnished by these companies: monthly water
withdrawn (either by ground or surface water, saline or fresh), annual amounts of water withdrawn,
monthly power produced, annual power produced, and installed generating capacity. These data are
collected annually from personal contacts with power company plant supervisors and engineers.
Power generation water-use totals for each hydrologic cataloging unit within the State are determined
by aggregation of site-specific data located within these specific areas.

|
Sewage-Treatment Water Use
\

Data about sewage-treatment facilities (both industrial and municipal) are provided by the
Mississippi Department of Environmental Quality, Division of Pollution Control. These data are
received upon request by the USGS on a magnetic tape. Information on this tape includes: name and
location of facility, the estimated average daily treated release for each plant, and the location of the
release point by latitude and longitude. Sewage-treatment release totals for each hydrologic cataloging
unit within the State are determined by aggregation of siteispecific data located within these specific
areas.

DATA COLLECTION TECHNIQUES IN NORTH CAROLINA

Water-use data in North Carolina are primarily collected by the North Carolina Department of
Environment, Health, and Natural Resources (EHNR) in cooperation with the USGS. Water-use
information also is derived from other State agencies, universities, and private companies that
maintain records pertaining to water use or water requirements. The nine national water-use
categories listed in the Introduction are collected in North Carolina. Public-supply, industrial,
commercial, mining, power generation, and sewage-treatment water-use data are collected by
contacting the appropriate agency or facility. Domestic, livestock, and irrigation water use are
estimated using population or acreage estimates and water application rates. The categories of water-
use data collected in North Carolina and the associated sources of information are given in table 9.

Bublic-Supply Water Use
Public-supply water use is defined as water withdrawn for all uses by public and private water

suppliers and delivered to users that do not supply all their own water. Water-use data are collected
by the EHNR by site visits and mail survey (appendix 3, pages 3-44 and 3-45), and by accessing North
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Table 9.--North Carolina: Categories of water use and sources of information

Water-use category

Data sources

Public supply

Domestic

Industrial

Commercial

Mining

Livestock

Irrigation

Power generation

North Carolina Department of Environment, Health,
and Natural Resources, Division of Water

North Carolina Department of Human Resources,
Division of Health Services, Environmental Health,
Section, Water Supply Branch

North Carolina Department of Environment, Health,
and Natural Resources, Division of Water

U.S. Department of Commerce, Bureau of the Census

North Carolina State University

U.S. Geological Survey

North Carolina Department of Environment, Health,
and Natural Resources, Division of Water

North Carolina Department of Commerce, Industrial
Development Division

U.S. Geological Survey

North Carolina Department of Environment, Health,
and Natural Resources, Division of Water

North Carolina Department of Human Resources,
Division of Health Services, Environmental
Health Section, Water Supply Branch

North Carolina Department of Environment, Health,
and Natural Resources, Division of Land Resources

North Carolina Department of Commerce, Industrial
Development Division

U.S. Geological Survey

North Carolina State University, Agricultural
Extension Service
North Carolina Crop and Livestock Reporting Service

North Carolina Department of Environment, Health,
and Natural Resources, Division of Water

North Carolina State University, Agricultural
Extension Service

North Carolina State University, Department of
Agricultural Engineering

North Carolina Department of Environment, Health,
and Natural Resources, Division of Water

U.S. Environmental Protection Agency

Duke Power Company

Carolina Power and Light Company

Nantahala Power and Light Company

Virginia Electric Company

Tennessee Valley Authority

U.S. Department of Energy

U.S. Army Corps of Engineers
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Table 9.--North Carolina: Categories of water use and sources of information--Continued

Water-use category Data sources

Sewage treatment North Carolina Department of Environment, Health,
and Natural Resources, Department of
Environmental Management
U.S. Environmental Protection Agency (EPA-
National Pollution Discharge Elimination System
computer file)

Carolina Department of Human Resources (DHR) data files. Also, the USGS maintains pumpage or
withdrawal data collected for other projects that are incorporated into the water-use files. EHNR
conducts an inventory of public-supply water use for the State. Water-use information is collected
primarily during site visits conducted as part of specific water-use studies or in conjunction with the
water loss and leak detection program administered by EHNR. As part of this program, interviews are
conducted with superintendents about operation of the facilities. It is estimated that approximately 5
percent of the State is covered annually by site visits to these facilities.

Periodically, EHNR will conduct a mail survey (appendix 3, pages 3-44 and 3-45) of all public-
supply facilities in the State, to update their files with a complete statewide record of water use in a
particular year, but these surveys are not made on an annual basis. When additional or current water-
use information is required that is not already reported on the EHNR questionnaire or that has not
been updated by site visits, data from DHR are accessed. DHR's primary function is to monitor the
quality of the drinking water in the State and ensure that water systems are complying with drinking
water regulations and standards. The DHR is considered the secondary source of water-use data for
the public-supply category. ‘

According to DHR, public suppliers can be subdivided into four types of systems: (1) community
ground-water systems, (2) community surface-water systems, (3) nontransient and noncommunity
systems, and (4) noncommunity systems. Community ground-water systems are those that supply 15
or more service connections or regularly serve 25 or more year-round residents. Community surface-
water systems are facilities whose source of water comes from a river, stream, or lake system that
provides 15 or more service connections or regularly serves 25 or more year-round residents. Non-
transient-noncommunity systems regularly serve at least 25 of the same persons for 6 or more months
per year. Noncommunity systems serve 25 or more people at least 60 days per year.

|

Water-use data are collected by DHR monthly, These reports are submitted to DHR by the water-
treatment plant operators or other water managers and primarily contain water-treatment
information about the facility, but also include the withdrawal rates, population served, and the source
of the water supply. Public-supply water-use totals for each hydrologic cataloging unit within the State
are determined by aggregation of site-specific data located within these specific areas.

Domestic water users are defined as individual families and small communities not served by a
public-supply system. Domestic water use is estimated by multiplying the domestic population for a
county by a per capita water-use coefficient. In North Carolina, the domestic (self-supplied) population
is determined by subtracting the total population of a county (U.S. Department of Commerce, Bureau
of the Census, written commun., 1985) from the total population served by municipal or community
water systems in that county. The population values served by public-supply systems are derived from
EHNR and USGS interviews with the public-supply facilities or by DHR data. A water-use coefficient
of 60 gal/d per person (appendix 2, page 2-4) is used (Sneed, 1961). This water-use coefficient also is
substantiated by examining actual metered water use for rural domestic housing units.
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Self-supplied domestic consumptive use is calculated as a percentage of the self-supplied domestic
withdrawals and the delivered water to domestic users (households) by public-supply facilities. It is
estimated that 80 percent of the water withdrawn by self-supplied domestic users was consumed, and
5 percent of the delivered water was consumed. This rate is derived from the USGS estimates.

Self-supplied domestic water use for hydrologic cataloging units is determined by disaggregation
of county water use and population served data for public and community water systems. The
population served for each hydrologic cataloging unit is determined and then subtracted from the
estimated population in that hydrologic cataloging unit. Water use for the hydrologic cataloging units
is determined by applying the same per capita factor (60 gal/d per person) that is used for the county
values. The hydrologic accounting units are determined by summing the water use in the hydrologic
cataloging units in each accounting unit.

Industrial Water Use

Industrial water use includes all water associated in any way with the manufacture of a product,
the operation of the manufacturing facility, or the safety and welfare of the facility's employees.
Industrial water-use data are obtained from a complete inventory obtained from EHNR. The
industries surveyed are identified by using the "Directory of North Carolina Manufacturing Firms"
(North Carolina Department of Commerce, 1987). During a preliminary survey in 1981,
approximately 1,200 industrial water users were contacted by questionnaire (appendix 3, pages 3-47
and 3-48), telephone interviews, and some site visits. In 1987, a mail survey was conducted of
industries that withdrew more than 80,000 gal/d, thus reducing the number of sites inventoried to
about 250.

Currently (1990) industrial water-use data are being updated by the EHNR and the USGS.
Industrial water-use data are collected by a mail survey (appendix 3, pages 3-47 and 3-48) and followed
by telephone interviews. Site visits are made when necessary and in conjunction with special projects
that require site-specific water-use data.

Consumptive use is estimated for all (self-supplied) industrial facilities by subtracting the returns
from the withdrawals whenever return flows are available. When return flow data are not available,
estimates of consumptive use are based on the water-use values computed for similar types of industry
that had reliable return flow and consumptive use data. Industrial water-use totals for each hydrologic
cataloging unit within the State are determined by aggregation of site-specific data located within
these specific areas.

Commercial Water Use

Commercial establishments using their own water-source facilities and those that receive
deliveries from public-supply facilities are categorized as commercial water users. EHNR collects
commercial water-use information by completing questionnaires (appendix 3, pages 3-47 to 3-49, 3-59)
during site visits to the facilities or by telephone or mail contacts. Data are collected by EHNR for the
following commercial users: universities, military facilities, prisons, campgrounds, parks, and
recreational services. These data are collected on the same form used for public-supply facilities. DHR
data are used whenever EHNR or USGS data are not available.

The amount of water delivered to commercial water users from public-supply systems is obtained
from EHNR files. The public supplier provides EHNR with information concerning the percentage of
water they delivered to various user groups.

Consumptive use information is obtained for major self-supplied commercial users by direct

contacts from EHNR and USGS personnel. For other commercial users, the estimated consumptive
use rates for the domestic category are applied to commercial use (80 percent for self-supplied
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commercial and 5 percent for commercial deliveries from public-supply systems). Commercial water-
use totals for each hydrologic cataloging unit within the State are determined by aggregation of site-
specific data located within these specific areas.

Mining Water U

Mining water use or mineral extraction is water removed from a quarry for the purpose of working
below the natural water table and water used to wash, sort| and separate mineral products. Mining
water-use estimates are obtained by EHNR from personal contacts by telephone, mail, or site visits in
the same manner as for the industrial category of use. Questionnaires (appendix 3, pages 3-47 to 3-49)
are completed during site visits to the facilities and from telephone interviews with facility managers.
The site visits usually are conducted in conjunction with a special water-use project or project that
requires water-use information with priority based on regional requirements. The telephone
interviews are sometimes followed by a site visit to gather additional information that could not be
obtained from the telephone interview. Mail surveys are conducted to complete statewide data-
collection requirements for report purposes. The mail survey is different and more concise than the
regular interview forms and primarily focuses on source of water supply and amount of water
withdrawals and returns.

A complete inventory of mining operations in the State can be obtained from the Directory of
Manufacturing Firms (North Carolina Department of Commerce, 1987) and the Directory of North
Carolina Mineral Producers (North Carolina Department of Environment, Health, and Natural
Resources, 1981). Data obtained for mining operations include withdrawal amounts, location of
diversion, source of diversion, and return flows.

All consumptive use estimates for the mining category are obtained from personal contacts. The
values for consumptive use were made by subtracting return flows for the facility from the amount of
water withdrawn. Mining water-use totals for each hydrologic cataloging unit within the State are
determined by aggregation of site-specific data located W]th]#’l these specific areas.

memamnubg

Livestock water use in North Carolina includes water used for the propagation of livestock (cattle,
horses, hogs, sheep, chickens, and turkeys). Livestock water use is estimated by applying a per capita
water requirement (Sneed, 1961) for livestock and multiplying this coefficient by county livestock
population totals. The per capita water requirements are:

ater required
Livestock type (gallons per day)
Dairy cattle 4
Horses 1
Dry or beef cattle 1
Hogs
Sheep
Chickens per 100 chickens
Turkeys 9 per 50 turkeys

Livestock populations for each county are acquired from the North Carolina Crop and Livestock
Reporting Service (1985). The proportion of water withdrawn from surface water versus ground water
is estimated for various regions in the State based on topographic and climatic variability for the
various regions of the State. It is estimated that approximately 85 percent of the withdrawals for
livestock use were ground-water withdrawals.



Livestock water-use totals for hydrologic cataloging unit areas were determined by disaggregation
of county data using the percentage of the county land area located within the hydrologic cataloging
unit.

Irrigation Water U

Information required for estimating irrigation water use is provided by EHNR and North Carolina
State University (NCSU) Agricultural Extension Service. EHNR conducts field surveys in cooperation
with county extension agents in selected river basins. Also, NCSU periodically estimates irrigation
water use with the assistance of the county extension agents. The primary factors for estimating
irrigation water use are: (1) obtaining the amount of irrigated acreage by crop type for each county,
(2) the irrigation frequency and duration periods, (3) type of irrigation systems used (including
information on pumps and power source), and (4) water-use coefficient (water requirement for crop
type).

Irrigation water use for approximately 50 percent of the State is acquired from the surveys
conducted by EHNR (appendix 3, page 3-46). The remainder of the State is estimated by using
coefficients based on research conducted by the Department of Agricultural Engineering at NCSU, in
addition to other data collected by EHNR. The Department of Agricultural Engineering periodically
conducts surveys to record the amount of irrigated acreage by crop in each county. Also, they have
established estimates of water requirements and application rates for each crop (table 10). Irrigated
acreage values are obtained from a complete inventory provided by field interviews conducted by
EHNR personnel and from the biannual surveys conducted by the Agricultural Extension Service,
NCSU.

Consumptive use and conveyance losses are estimates made by the Department of Agricultural
Engineering at NCSU and from EHNR inventories. The consumptive use for irrigation is estimated to
be 100 percent of the withdrawals minus the conveyance loss. Conveyance losses are estimated to be
30 percent of the withdrawal amount.

Table 10.--Average irrigation application rates used for calculation of water use in North Carolina

Crop type Application rate
Tobacco 4 inches/acre (average)
Corn 7 inches/acre (average)
Peanuts 5 inches/acre (average)
Soybeans 4 inches/acre (average)
Small fruits (strawberries, blueberries) 9 inches/acre
Tree fruits (apples, peaches) 6 inches/acre
Irish potatoes 4 inches/acre
Sweet potatoes 4 inches/acre
Vegetables 4 inches/acre
Wheat 2 inches/acre
Hay 8 inches/acre
Other small grains 2 inches/acre
Alfalfa (coastal) 6 inches/acre
Alfalfa (other areas) 8 inches/acre
Pasture 2 inches/acre

Water-use estimates for each hydrologic cataloging unit are determined by two methods. In areas
where site-specific data are available, the water-use values are aggregated by location of the diversion
within the hydrologic cataloging unit. In the remaining areas of the State, irrigation water-use totals
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for hydrologic cataloging unit areas are determined by disaggregation of county data using the
percentage of the county land area located within the hydrologic cataloging unit. The resulting
hydrologic cataloging unit subtotals for each county are then regrouped for the State and totaled.

The amount of water used for the generation at 40 hydroelectric, 16 fossil-fuel, and 3 nuclear power
generation facilities is obtained from a complete inventory of the power generating plants in the State.
EHNR collects these data by a mail survey (appendix 3, pages 3-49 to 3-58). Also, the USGS receives
data compiled by U.S. Department of Energy and private entities who maintain records on power
generation operations.

Data collected on the EHNR form includes amount of surface-water withdrawn (fresh or saline),
power generation, water releases, and the location of the withdrawal site. The following companies are
sources of data for EHNR and the USGS: Duke Power Company, Carolina Power and Light Company,
Nantahala Power and Light Company, Virginia Electric Company, TVA, U.S. Department of Energy,
and the U.S. Army Corps of Engineers. Consumptive use for these facilities is estimated by subtracting
the return flows from the amount of water withdrawn for eéch facility. Power generation water-use
totals for each hydrologic cataloging unit within the State are determined by aggregation of site-
specific data located within these specific areas.

Sewage-Treatment Water Use

Return flow information for sewage-treatment facilities located within the State is provided by the
EHNR Department of Environmental Management (DEM) and the U.S. Environmental Protection
Agency (EPA-NPDES computer file). This information is acquired from an inventory of these facilities.

Information concerning the number of municipal wastewater-treatment facilities and their
associated locations and releases is provided by EHNR, DEM, and EPA-NPDES files. These same
values for industrial and other wastewater-treatment facilities are provided by DEM and EPA.
Sewage-treatment release totals for each hydrologic cataloging unit within the State are determined
by aggregation of site-specific data located within these specific areas.

DATA COLLECTION TECHNIQUES
THE U.S. VIRGIN IS

PUERTO RICO AND
S

Water-use data collected for the Commonwealth of Puerto Rico and the territory of the Virgin
Islands of the United States are monitored by the Caribbean District of the USGS located in San Juan,
Puerto Rico. Water-use data are collected for Puerto Rico by the Commonwealth of Puerto Rico
Aqueduct and Sewer Authority, Puerto Rico Department of Natural Resources, Puerto Rico Electric
Power Authority, Puerto Rico Environmental Quality Board, and Puerto Rico Department of
Agriculture in cooperation with the USGS. These data also are collected for the U.S. Virgin Islands in
cooperation with the U.S. Virgin Islands Water and Power Authority; U.S. Virgin Islands Public Works
Department; and the Caribbean Research Institute, College of the Virgin Islands, St. Thomas, U.S.
Virgin Islands. ‘

The nine national water-use categories listed in the Introduction are collected in the Caribbean
District. Public-supply industrial, commercial, mining, power generation, and sewage-treatment
water-use data are collected by contacting the appropriate agency or facility. Domestic, livestock, and
irrigation water use are estimated using population or acreage estimates and water application rates.
The categories of water-use data collected in Puerto Rico and the U.S. Virgin Islands and the associated
sources of information are given in table 11. Data collection techniques will be explained for each
water-use category, first for Puerto Rico and then for the U.S. Virgin Islands.
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Table 11.--Puerto Rico and the U.S. Virgin Islands: Categories of water use
and sources of information

Water-use category Data sources

Public supply
Puerto Rico

U.S. Virgin Islands
Domestic

Puerto Rico

U.S. Virgin Islands

Industrial
Puerto Rico

U.S. Virgin Islands

Commercial

Puerto Rico

U.S. Virgin Islands

Mining
Puerto Rico

U.S. Virgin Islands

Puerto Rico Aqueduct and Sewer Authority
(monthly and annual operating reports)

U.S. Department of Commerce, Bureau of the Census
(Census of Population and Housing)

Puerto Rico Planning Board

U.S. Virgin Islands Water and Power Authority
U.S. Virgin Islands Public Works Department

Puerto Rico Aqueduct and Sewer Authority
(monthly and annual operating reports)

U.S. Department of Commerce, Bureau of the Census
(Census of Population and Housing)

U.S. Virgin Islands Public Works Department

U.S. Virgin Islands Department of Commerce

Virgin Islands Caribbean Research Institute, Water
Resources Research Branch

U.S. Virgin Islands Department of Conservation
and Cultural Affairs

National Weather Service

U.S. Geological Survey (rain gage data)

Puerto Rico Department of Natural Resources
(permit records)

Puerto Rico Aqueduct and Sewer Authority
(monthly operating report)

U.S. Geological Survey

U.S. Virgin Islands Public Works Department
Puerto Rico Aqueduct and Sewer Authority
U.S. Geological Survey

U.S. Virgin Islands Water and Power Authority
Puerto Rico Department of Natural Resources

(permit records)

Mining operations in the U.S. Virgin Islands
have negligible water use
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Table 11.--Puerto Rico and the U.S. Virgin Islands: Categories of water use
and sources of information--Continued

Water-use category Data sources
Livestock
Puerto Rico U.S. Department of Commerce, Bureau of the Census

U.S. Virgin Islands

Irrigation
Puerto Rico

U.S. Virgin Islands

Power generation
thermoelectric
Puerto Rico

U.S. Virgin Islands
Power generation

hydroelectric

Puerto Rico

U.S. Virgin Islands
Sewage treatment

Puerto Rico

U.S. Virgin Islands

Currently (1992) a negligible amount of livestock
water use 15 reported in the U.S. Virgin Islands

Puerto Rico Department of Agriculture
U.S. Department of Commerce, Bureau of the Census
Puerto Rico glectric Power Authority

Puerto Rico Sugar Corporation
|

Currently (1992) no accountable irrigation water
use reported in the U.S. Virgin Islands

Puerto Rico Aqueduct and Sewer Authority
(monthly and annual operating reports)
Puerto Electric Power Authority

Virgin Islancis Water and Power Authority
\

Puerto Electric Power Authority

Currently (1990) there are no hydroelectric power
facilities lacated in the U.S. Virgin Islands

Puerto Rico Aqueduct and Sewer Authority

U.S. Virgin Islands Public Works Department

Puerto Rico

Public-supply water use refers to water that is used by a public water supplier for the purpose of
supplying 25 or more users. Water withdrawals and water-use data for public-supply systems of
Puerto Rico and the offshore islands of Vieques and Culebra are obtained from the Puerto Rico
Aqueduct and Sewer Authority (PRASA). PRASA is responsible for maintaining records for these
facilities pertaining to water withdrawals and dispersion from public-supply systems, in addition to
records of return flows to public sewage-treatment facilities in Puerto Rico. The sources of water for
Puerto Rico's 583 public-supply facilities are primarily ground water for 413 facilities and primarily
surface water for 170 facilities.
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Water use and distribution are published monthly and annually in reports by PRASA. These
reports list water and sewer withdrawals (in cubic meters) by municipio, the number of connections
(both metered and unmetered) for residential, commercial, industrial, government deliveries, public
fountains and hydrants, and category totals. The term "municipio” is the minimum legal or
jurisdictional unit in Puerto Rico as used by the U.S. Department of Commerce, Bureau of the Census.
A "municipio” essentially is equivalent to a county in the United States. Puerto Rico is made up of 78
municipios. For report purposes, the municipios are grouped together into six districts: San Juan,
Arecibo, Mayagiiez, Ponce, Guayama, and Humacao. The water-use values in these reports are in
metric units and must be converted to English units before data can be aggregated, stored, or
published. This information is from a complete survey of the larger public-supply systems.

Water-use estimates are made by hydrologic cataloging units by multiplying the domestic-use
coefficient by a hydrologic cataloging unit population value. Hydrologic cataloging unit population
values for public-supply systems are determined from "Census of Population and Housing” (U.S.
Department of Commerce, Bureau of the Census, 1984) and by consulting with the Puerto Rico
Planning Board. Population values and the number of connections per housing unit are listed in this
publication for each municipio and are subdivided into smaller units called wards. The domestic use
coefficient is determined from PRASA reports (Puerto Rico Aqueduct and Sewer Authority, 1987). The
hydrologic cataloging unit population values are determined by regrouping the wards to fit within the
hydrologic cataloging unit boundaries. The ward populations then are totaled within the hydrologic
cataloging unit boundaries and multiplied by the domestic use coefficient. Consumptive uses for
public-supply systems are difficult to determine for Puerto Rico because of system distribution leaks,
defective metering equipment, or unmetered connections, but the average consumptive use value is
approximately 30 percent.

U.S. Virgin Islands

Public-supply water use refers to water that is withdrawn by a public water supplier for the
purpose of supplying 25 or more users. The U.S. Virgin Islands consist of more than 40 small islands
and cays. The three largest islands are St. Croix, St. Thomas, and St. John. Water use for public-
supply systems is supplied primarily from 2 seawater desalination plants and from 15 ground-water
wells located within the islands. Water-use data for public-supply systems are supplied by the U.S.
Virgin Islands Water and Power Authority and the U.S. Virgin Islands Public Works Department
(VIPW).

The U.S. Virgin Islands public-supply facilities furnish water for domestic and commercial
customers and for thermoelectric power production. Ground-water use by public-supply facilities is
provided upon request from the VIPW. The seawater supply system of St. Thomas and St. Croix
consists of single distribution systems involving only the urban areas. The purpose of the seawater
systems are twofold--they provide a secondary water supply for sanitary use and supply fire hydrants
and other fire protection needs. Water-use values pertaining to the seawater supply distribution
system are provided by the VIPW. Public-supply water-use totals for each hydrologic cataloging unit
within the Territory are determined by aggregation of site-specific data located within these specific
areas.

Domestic Water Use
Puerto Rico

Self-supplied domestic water use reflects the population outside the urban areas of Puerto Rico not
serviced by public-supply facilities. Water is withdrawn from wells or springs to provide for personal
household needs. Self-supplied domestic water use in Puerto Rico is estimated by multiplying the
population not served by public-supply systems by a water-use coefficient. The population values for
self-supplied domestic water users are determined by subtracting the municipio population (public-
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supplied) from the total population; the remaining population is that of self-supplied domestic water
users. The U.S. Department of Commerce, Bureau of the Census (1984) publishes municipio
population values and the Puerto Rico Aqueduct and Sewer Authority (1987) furnish population values
for public supplied customers by municipio.

The water-use coefficient for the self-supplied domestic population is 40 gal/d per person (appendix
2, page 2-4). This value was determined by averaging billing records for domestic deliveries of public
supplied customers. Hydrologic cataloging unit aggregation estimates are made the same way as for
public supply. The U.S. Department of Commerce, Bureau of the Census (1984) report is used for
making population assignments. Ward population values are subtracted from population-served
figures for public suppliers and the remaining population is self-supplied domestic users. These ward
totals then are regrouped by land area located within their respective hydrologic cataloging units.
These hydrologic cataloging unit population totals are multiplied by the water-use coefficient for
domestic use. Water used for self-supplied domestic purposes is considered to be 100 percent
consumed.

U.S. Virgin IslanLis

Individuals lccated outside urban areas, which are not connected to public-supply systems, are
considered to be self-supplied domestic. Water used for these purposes is supplied by rainfall and
wells. Cisterns that store roof rainfall runoff are required by law and are an important source of water
supply for most rural homes. The quantity of rainfall collected in a cistern is a result of the amount of
rainfall, roof area and configuration, wind velocity, and other weather conditions. Estimates of
monthly rainfall recovery and cistern yield were made considering the following factors: (1) number of
nonserved housing units in each district of the islands, (2) roof area of 1,000 square ft per housing unit,
(3) monthly rainfall in each district that is applied, and (4) a total rainfall recovery rate of 70 percent
(Jordan and Cosner, 1973) (appendix 2, page 2-4). The number of nonserved housing units in each
planning district of the Virgin Islands was provided by the Virgin Islands Department of Commerce.
The estimated roof area assumption of 1,000 square ft per housing unit was derived after consultation
with the Virgin Islands Department of Conservation and Cultural Affairs. Rainfall and other
climatological information are provided by the National Weather Service (National Weather Service,
oral commun., 1985), with some supplemental rainfall data obtained from rain gages installed by the
USGS.

Ground-water withdrawal information is provided by the Virgin Islands Department of
Conservation and Cultural Affairs (oral commun., 1983). | Deliveries from wells operated by private
water haulers are obtained from a complete survey conducted by the VIPW. Domestic water-use totals
for hydrologic cataloging unit areas are determined by disaggregation of data based on the percentage
of the population located within the hydrologic cataloging unit.

Puerto Rico

Industrial water use in Puerto Rico refers to water that is used in the petroleum industry,
pharmaceutical and electronic industries, rum refining, and paper products. A listing of these
industries is provided upon request from the Puerto Rico Department of Natural Resources. These
data come from a listing of their permit records. From this listing a complete survey is conducted to
determine the self-supplied users, and the amount of water used by each industry. Deliveries from
public-supplied facilities are provided by the monthly operating reports from PRASA. Consumptive
use for industrial purposes is estimated to be 20 percent. Industrial water-use totals for each
hydrologic cataloging unit within the Commonwealth are determined by aggregation of site-specific
data located within these specific areas.
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U.S. Virgin Islands

The largest self-supplied industrial users are a petroleum refinery and several rum distilleries that
are located in St. Croix. Water used by the petroleum refinery is for cooling and desalination purposes.
At the refinery, brackish ground water is used for processing crude oil. Rum distilleries use ground
water and rainwater collected in cisterns. Data relevant to the self-supplied industrial water-use
category are collected from a complete inventory of industrial users. Deliveries of water from public-
supply systems are provided by the VIPW. Consumptive use is considered to be 100 percent for
industrial uses. Industrial water-use totals for each hydrologic cataloging unit within the Territory
are determined by aggregation of site-specific data located within these specific areas.

Commercial Water Use
Puerto Rico

Commercial water use is defined as water used by office buildings, hotels, motels, restaurants, and
warehouses. Water supply for commercial purposes is provided by public-supply systems. These data
are provided by PRASA and are compiled by municipio and by district (Puerto Rico Aqueduct and
Sewer Authority, 1987). The report displays the deliveries from each municipio by the number of
metered and unmetered customers, amount of consumptive use, and gross revenues. These data are
reported in metric units and must be converted to English units before storage and publication.
Commercial water-use totals for each hydrologic cataloging unit within the Commonwealth are
determined by aggregation of site-specific data located within these specific areas.

U.S. Virgin Islands

The principal self-supplied commercial users in the U.S. Virgin Islands are hotels and
condominiums. The water used primarily is seawater and is used as feedwater for small desalination
plants, for swimming pools, and flushing toilets. Information pertaining to self-supplied commercial
users is obtained from a mail or telephone survey of the users themselves. These surveys have
indicated that the various hotels and condominiums maintain good records for water production at
these small desalination plants as well as visitation records. Some additional water is provided by
rainfall. The rainfall is collected in water catchments and stored in cisterns. Ground water also is
used, to a lesser extent, at other commercial facilities, such as airports, laundries, and gasoline
stations. Deliveries from public-supply systems are provided by the U.S. Virgin Islands Water and
Power Authority. Commercial water-use totals for each hydrologic cataloging unit within the Territory
are determined by aggregation of site-specific data located within these specific areas.

Mining W, U
Puerto Rico

Water used for mining in Puerto Rico primarily is for sand and gravel operations. These plants use
surface water for washing the sand and gravel. These facilities are classified as self-supplied users.
The Puerto Rico Department of Natural Resources supplies permitted withdrawal amounts for these
operations. Consumptive use for mining is negligible, because essentially all the water withdrawn is
returned to its source. Mining water-use totals for each hydrologic cataloging unit within the
Commonwealth are determined by aggregation of site-specific data located within these specific areas.

U.S. Virgin Islands

Water use for mining operations in the U.S. Virgin Islands is considered negligible; therefore, no
estimates are made in this category.
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Livestock Water Use
Puerto Rico
Livestock water use refers to water that is used for livestock purposes, such as feedlot, stock
watering, and dairy operations. Water withdrawals for livestock (agriculture) use are based on a fixed

amount of water used per head for each type of animal. The following daily livestock water
requirements (Kirk and others, 1982) provide the basis for these calculations.

Water required

Livestock (gallons per day)
Dairy cattle 35
Non-dairy cattle, horses, mules 12

Hogs 4

Sheep, goats 2
Rabbits 1
Chickens .06

The livestock population by municipio is provided by the "Census of Agriculture” (U.S. Department of
Commerce, Bureau of the Census, 1984). Livestock waterruse totals for hydrologic cataloging unit
areas are determined by disaggregation of municipio data based on the percentage of the livestock
population located within the hydrologic cataloging unit. Coﬁsumptive use for livestock is 100 percent.

U.S. Virgin Islands

Water use for livestock is considered negligible; thereforL, no estimates are made in this category.

Lirigation Water U

Puerto Rico

Irrigation water use refers to water distributed on lands for the purpose of growing crops and
pasture or maintaining recreational lands, such as parks and golf courses. Sugar cane, rice, and
vegetables are the primary crops irrigated in Puerto Rico. The Puerto Rico Department of Agriculture
operates the wells on most of these government-owned irrigation districts. The method of irrigation
on these farms is by drip, flood, or gravity feed. Water-use estimates for the irrigation category are
made by multiplying the number of acres of land irrigated by the amount of water diverted from
irrigation canals or withdrawn from ground-water wells. The total of this calculation is the amount of
water used by crop type for irrigation.

In order to obtain the data components necessary to make a water-use estimate for irrigation, it is
necessary to obtain the following data: (1) the number of acres irrigated for all crop types by municipio,
(2) the amount of water diverted for irrigation by canal, and (3) the amount of ground water withdrawn
for each well. Acquiring this information requires contacting several sources. Irrigated acreage values
by crop type are published by the U.S. Department of Commerce, Bureau of the Census (1984).
Surface-water withdrawals used by government irrigation districts are supplied by the Irrigation
Services Division of the Puerto Rico Electric Power Authority. Ground-water withdrawals for
irrigation on the south coast are collected by the Puerto Rico Sugar Corporation. Consumptive use for
irrigation in Puerto Rico is estimated to be 65 percent, with a 10 percent value assigned for conveyance
losses (Solley and others, 1983). Irrigation water-use totals for hydrologic cataloging unit areas were
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determined by disaggregation of municipio data using the percent of the municipio land area located
within the hydrologic cataloging unit. The resulting hydrologic cataloging unit subtotals for each
municipio are then regrouped for the Commonwealth and totaled.

U.S. Virgin Islands
The U.S. Virgin Islands currently (1990) have no accountable irrigation water use.
P G tion Water Use (Tt lectric)
Puerto Rico

Power generation water use refers to water that is used to generate electric power, such as
hydroelectric and thermoelectric. There are four thermoelectric fossil-fuel power facilities in Puerto
Rico. The withdrawal of seawater for thermoelectric cooling in the production of electricity accounts
for 100 percent of all seawater withdrawals in Puerto Rico. Freshwater usage consists of ground-water
withdrawals and deliveries from public-supply systems.

Water-use information pertaining to thermoelectric power generation is supplied by the Puerto
Rico Electric Power Authority (PREPA). There are three PREPA offices in Puerto Rico where
information about power generation is obtained: (1) hydroelectric power production data comes from
the office in Toa Baja, (2) thermoelectric power production data are maintained in the Santurce office,
and (3) information pertaining to discharge information and other power related data reside in the
PREPA headquarters office in San Juan. Deliveries from public-supply systems for thermoelectric
generation are provided by PRASA. Consumptive use for thermoelectric power generation is estimated
to be less than 1 percent. Power generation water-use totals for each hydrologic cataloging unit within
the Commonwealth are determined by aggregation of site-specific data located within these specific
areas.

U.S. Virgin Islands

Power generation water use refers to water that is used to generate electric power, such as
hydroelectric and thermoelectric. Thermoelectric power generation is the largest water user in the
U.S. Virgin Islands. The two fossil-fuel plants are located on St. Croix and St. Thomas. These plants
are operated by the Virgin Islands Water and Power Authority (VIWAPA). Seawater is used as the
primary source of water for thermoelectric power generation. The seawater is used for condenser
cooling at these facilities. In addition to the seawater, approximately 1 percent of water used is
freshwater obtained directly from the desalination plants and mainly used for boiler feed.
Consumptive use is estimated to be 20 percent of the freshwater used for thermoelectric power
generation. All water-use data relevant to thermoelectric power in the U.S. Virgin Islands are
provided by the VIWAPA. Power generation water-use totals for each hydrologic cataloging unit
within the Territory are determined by aggregation of site-specific data located within these specific
areas.

P G ion W Use (Hvdroelectric)
Puerto Rico

Water used for hydroelectric power generation is the only instream use of water in Puerto Rico.
Hydroelectric power is produced at seven hydroelectric facilities. Surface-water withdrawal
information and power generation values are provided by PREPA. Power generation water-use totals
for each hydrologic cataloging unit within the Commonwealth are determined by aggregation of site-
specific data located within these specific areas.
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U.S. Virgin Islands

There are no hydroelectric power facilities located in the U.S. Virgin Islands; therefore, no water-
use estimates are made.

Sewage-Treatment Water Use
Puerto Rico

Sewage-treatment water use (releases) refers to the collection of sewage from 25 or more sources
by wastewater-treatment systems to improve water quality before it is returned. The PRASA
maintains records pertaining to sewage-treatment or public wastewater-treatment releases in Puerto
Rico. These data are reported by municipio, and contain information about the number of domestic,
commercial, and industrial connections. PRASA records include data pertaining to monthly and
annual discharges for all 78 municipios. This information is published monthly and annually (Puerto
Rico Aqueduct and Sewer Authority, 1987). Sewage-treatment release totals for each hydrologic
cataloging unit within the Commonwealth are determined by aggregation of site-specific data located
within these specific areas.

U.S. Virgin Island|

|

Sewage-treatment water use (releases) refers to the collkction of sewage from 25 or more sources
by wastewater-treatment systems tc improve water quality before it is returned. The VIPW provides
information about public wastewater-treatment facilities for the U.S. Virgin Islands. These data are
for the seven facilities on St. Thomas and the one on St. Croix. Information relevant to the number
and type of connections as well as their treated releases for each facility also are provided by VIPW.
Sewage-treatment release totals for each hydrologic ca}aloging unit within the Territory are
determined by aggregation of site-specific data located within these specific areas.

DATA COLLECTION TECHNIQUES IN SOUTH CAROLINA

Water-use data in South Carolina are collected by the South Carolina Water Resources
Commission (SCWRC) in cooperation with the USGS. Most of South Carolina's water-use data are
collected from water-use reporting forms. In South Carolina, anyone with a single-day maximum
water usage equal to or exceeding 100,000 gal/d is mandated by law to report their withdrawals to the
SCWRC (South Carolina Water Use Reporting and Coordination Act of 1982). Reports are submitted
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