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GLOSSARY |

BLOWDOWN. - -Periodic discharge of water from boilers to lower dissolved-solids
concentration and to remove sludge.

COMMERCIAL USE. --Water for motels, hotels, restaurants, office buildings, and
other commercial facilities and institutions--both civilian and military. The
water may be obtained from a public supply or may be self supplied.

COMMUNITY. - -An incorporated town in the Rockfdrd area or Kankakee area. They are
Loves Park, North Park, and Rockford for thr Rockford area; and Bourbonnais,
Bradley, and Kankakee for the Kankakee area.

CONSUMPTIVE USE. --That part of withdrawn water that is evaporated, transpired,
incorporated into products, consumed by people, or otherwise removed from the
immediate water environment.

CONSUMPTIVE-USE RATIO.--The average of consumptive-use estimates from the
consumption-budget and (or) types-of-use methods divided by the deliveries and
(or) self-supply withdrawals.

CONVEYANCE LOSS OR GAIN.--Water that is lost or gained through faulty pipes,
joints, and valves, or water gained from rpnoff directed to the conveyance
system. |

COOLING SYSTEM. --Device used to cool air or‘products by transferring heat to

water and evaporating the water.

DELIVERY. - -The amount of water received by water users after being conveyed by
public suppliers. See water user.

DELIVERY RATE. - -The average delivery to water Lsers by category. See water user.

vi



GLOSSARY

DIRECT RETURN.--Water discharged to ground- or surface-water sources by
commercial, industrial, domestic, or municipal users. See return.

DOMESTIC USE. - -Water for household purposes, such as drinking, food preparation,
bathing, washing clothes and dishes, flushing toilets, and watering lawns and
gardens. The water may be obtained from a public supply or may be self supplied.
See household.

DRIFT. --Water droplets or mist that are emitted from cooling systems into the
air.

ESTABLISHMENT. - -A commercial, industrial, or municipal water user at a single
physical location or one that is billed by a public supplier.

EVAPORATION. - -Process by which water is changed from the liquid into vapor.

EVAPOTRANSPIRATION. --A collective term that includes water discharged to the
atmosphere as a result of evaporation from the soil and surface-water bodies and
by plant transpiration.

GROUND WATER. - -Generally all subsurface water as distinct from surface water;
specifically, that part of the subsurface water in the saturated zone (a zone in
which all voids are filled with water) where the water is under pressure greater
than atmospheric.

HOUSEHOLD. - -A house, an apartment unit, a group of rooms, or a single room
occupied as a separate living quarters where occupant(s) live and eat separately
from other persons. For example, a single-family household or an apartment unit
within an apartment complex (U.S. Bureau of Census, 1980, p. B-1). Also referred
to as occupied housing unit by the U.S. Bureau of Census.

INDUSTRIAL USE.--Water used for 1industrial purposes such as fabrication,
processing, washing, and cooling, and includes such industries as steel, chemical
and allied products; and paper and allied products. The water may be obtained
from a public supply or may be self-supplied.

MAJOR WATER USER.--An establishment that can be categorized as commercial or
industrial and typically uses more than 1 million gallons of water per month for
two or more consecutive months.

MUNICIPAL USE.--Water supplied from a public supply and used for such purposes
as firefighting, street washing, and municipal parks and swimming pools. This
is also referred to as "PUBLIC WATER USE" by the Branch of Water-Use Information,
U.S. Geological Survey.

PER CAPITA USE.--The average amount of water used per person per day.
PLANT MANAGER. - -Someone who monitors the water usage of a commercial, industrial,

or municipal water user(s). This person typically is employed by the water user.
See water-utility manager.

vii



GLOSSARY

|
PUBLIC SUPPLY.--Water withdrawn by public and private water suppliers and
delivered to groups of users.

PUBLIC-WATER SYSTEM. --A public water-supply and (or) sewage-treatment network.

RELEASE. - -Water discharged after use to a sewer and eventually treated by a
sewage-treatment plant.

RETURN. - -Water that reaches a ground- or surface-water source after being used
and thus becomes available for further use. The water may be returned by sewage-
treatment plants (sewage-treatment return) or by commercial, industrial,
domestic, or municipal users (direct return).

SELF-SUPPLIED WATER. --Water withdrawn from a ground- or surface-water source by
a user rather than being obtained from a public supply.

SEPTIC-SYSTEM USER. - -A water user that releases water to a septic system instead
of to a sewage-treatment plant.

SEWAGE-TREATMENT RETURN. - -Water discharged to ground- or surface-water sources
by sewage-treatment plants,

SEWER FEE.--An assessment paid by water users for the treatment of wastewater.
The fees are typically determined according to the water users deliveries and
(or) self-supply withdrawals unless the water user can verify by meters that
releases are less than deliveries.

SURFACE WATER. --An open body of water, such as a stream or a lake.

WATER USE.--The quantity and the distribution of water from the point it is
withdrawn from a source to the point it is consumed or returned.

WATER-USE CATEGORY.--Water use grouped by type of use. The categories in this
report are commercial, industrial, domestic, municipal, public supply, and sewage
treatment.

WATER USER OR USER. --An establishment or household at a single physical location
or one that is billed by a public supplier.

WATER UTILITIES. --Public- supply or sewage-treatment plants that are publicly or

privately owned.

|
WATER-UTILITY MANAGER. --A person who operates\a public-supply and (or) sewage-
treatment plant.

WITHDRAWAL. - -Water removed from the ground or diverted from a surface-water
source by public or self-suppliers.
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CONVERSION FACTORS AND ABBREVIATIONS

Multipl By To Obtain
Length
inch (in.) 25.4 millimeter (mm)
mile (mi) 1.609 kilometer (km)
Area
acre 4,047 square meter (m?)
square foot (ft2) 0.09294 square meter (m?)
Volume
gallon (gal) 0.003785 cubic meter (m?)
million gallons (Mgal) 3,785 cubic meter (m?)
cubic foot (£ft3) 0.02832 cubic meter (md®)
Flow
gallon per day (gal/d) 0.003785 cubic meter per day (m®/d)
gallon per minute (gal/min) 0.06308 liter per second (L/s)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m¥/s)
million gallons
per month (Mgal/mo) 0.0014132 cubic meter per second (m3/s)
million gallons
per year (Mgal/yr) 0.0001177 cubic meter per second (m¥/s)
Pressure
pound per square inch (1b/in?) 6.895 kilopascal (kPa)

ix



DETERMINATION OF WATER USE IN ROCKFORD AND KANKAKEE AREAS, ILLINOIS

by John K. LaTour

ABSTRACT

Amounts of water withdrawn, delivered, consumed, released, returned, and
lost or gained during conveyance were determined for six communities--Rockford,
Loves Park, North Park, Kankakee, Bourbonnais, and Bradley--served by the public-
water systems in the Rockford and the Kankakee areas of Illinois. Water-use
categories studied were commercial, industrial, domestic, and municipal uses;
public supply; and sewage treatment. The availability and accuracy of water-use
data are described, and water-use coefficients and methods of estimating water
use are provided to improve the collection and the analysis of water-use
information.

Water-use data were obtained from all the water utilities and from 30 major
water users in the Rockford and the Kankakee areas. Data were available for
water withdrawals by water suppliers; deliveries by water suppliers to water
users; returns by sewage-treatment plants and water users; releases by water
users to sewers; and sewer-conveyance losses.

Accuracy of the water-use data was determined from discharge measurements
or reliability tests of water meters, or was estimated according to the
completeness of the data. Accuracy of withdrawal and sewage-treatment-return
data for the Rockford area and of withdrawal, delivery, industrial release, and
sewage-treatment-return data for the Kankakee area was considered to be at least
90 percent.

Where water-use data were inadequate or unavailable, various methods were
used to estimate consumptive uses; releases; returns by commercial, domestic, and
municipal users; and conveyance losses and gains. The methods focused on water
budgeting to assure that water uses balanced. Consumptive uses were estimated
by use of the consumption-budget method, the types-of-use method, consumptive-use
ratios, the winter base-rate method, and the maximum lawn-watering method. The
winter base-rate method provided the best domestic consumptive-use estimates,
whose ratios (consumptive use from the winter base-rate method divided by
deliveries and self-supply withdrawals), by community, ranged from 0.03 to 0.136
and averaged 0.068. The consumption-budget and types-of-use methods, as well as
consumptive-use ratios, were used to estimate consumptive use for commercial,
industrial, and municipal categories. Water budgeting was generally used to
estimate releases, and conveyance losses and gains. Estimates of nonconsumptive
uses by cooling systems, boilers, and lawn watering; data of deliveries to
septic-system owners; and (or) water budgeting were used to estimate commercial,
domestic, industrial, and municipal returns.

Proportions of water use were similar in the Rockford and the Kankakee
areas. Of the public-supply withdrawals in each area, about one-half was



delivered for commercial and industrial uses; about one-third for domestic use;
and about one-sixth for municipal use and public-supply conveyance losses.
Consumptive use by all water users in the Rockford and the Kankakee areas was 13
+1 percent, releases were 78 12 percent, and returns were 9 +2 percent of
deliveries and self-supply withdrawals. Total returns were greater than total
withdrawals in the two areas because -of sewer-conveyance gains, which amounted
to about 34 percent of the sewage-treatment returns for each area.

Delivery rates (deliveries divided by tLe number of users [establishments
or households]) and domestic per capita use were similar for all six communities.
At a 95-percent confidence level, domestic delivery rates for each community
range from 0.067 to 0.075 million gallons per household per year. Commercial
delivery rates range from 0.277 to 0.535 million gallons per establishment per
year. Delivery rates for all categories combined range from 0.100 to 0.192
million gallons per user per year. Domestic per capita use, which ranged from
67.2 to 71.0 gallons per day, averaged 69.2 1.1 gallons per day.

INTRODUCTION

Reliable water-use! data are needed to help resolve supply problems arising
from competing uses of water and shortages of water attributed to withdrawals and
drought. Supply problems resulting from declining ground-water levels and (or)
poor quality of water, particularly in northeastern Illinois, have forced
politicians to reallocate water from various sources. Although their decisions
on allocation and (or) conservation have been based on water-use data, the
accuracy of the data is generally unknown. As water resources continue to
diminish, deteriorate, and (or) become more costly, sound allocation and use
policies, based on reliable water-use data, will become increasingly important.

Managers of some public-water systems have had to estimate water use
because of insufficient data. Water-use data for Illinois (Solley and others,
1988; Kirk, 1987) have generally been limited to those for withdrawals and
returns of water. Knowledge of amounts of water delivered to and released by
water users (establishments and households), and amounts withdrawn from and
returned to water sources is essential for ' estimating consumptive uses and
conveyance losses and gains. Water-utility managers of public-supply and sewage-
treatment facilities need water data to determine whether supplies and capacities
for conveyance are adequate for current and future demands.

Reliable water-use data and methods for estimating water use can be
obtained from studies of water use at specific sites. A study of water use in
the Rockford and the Kankakee areas of Illinois by the U.S. Geological Survey,
in cooperation with the Illinois Environmental Protection Agency, was done to
devise methods and techniques for improving collection and analysis of water-use
data.

1 Ttalicized terms are defined in the Glossary.



Purpose and Scope

This report (1) describes the water-use data available from water-utility
managers and water users in the Rockford and the Kankakee areas of Illinois
during 1984, (2) presents an evaluation of the accuracy of these data, and (3)
describes methods and water-use coefficients for estimating water use.

The report contains data and estimates on water withdrawal, delivery,
consumptive wuse, release, return, and conveyance loss and gain for six
communities served by the public-water systems of the Rockford and the Kankakee
areas. The water-use categories studied were commercial, industrial, domestic,
and municipal uses; public supply; and sewage treatment. Water-use information
for the first four categories is limited to water users that receive water from
a public-water supplier and (or) release water to a sewage-treatment plant in the
Rockford and the Kankakee areas.

escription of the Study Areas

Rockford Area

The Rockford area, in northern Illinois, is about 88 mi (miles) northwest
of Chicago (fig. 1). Its total population is 168,710: 1.5 percent of Illinois’
1980 population of 11.4 million (U.S. Bureau of Census, 1980). In this report,
"Rockford area" refers to the incorporated communities of Rockford, Loves Park,
and North Park. The populations of Loves Park and North Park, primarily
residential communities north of Rockford (fig. 1), are 13,192 and 15,806 (U.S.
Bureau of Census, 1980).

The Rockford area has three public-water suppliers (one for each
community). Ground water 1s supplied through 31-, 30-, and 1lll-year-old
conveyance systems in Loves Park, North Park, and Rockford. There are 1,212
self-suppliers that withdraw from ground-water sources.

The entire Rockford area is served by one sewage-treatment plant. The
plant and the sewer-conveyance system for the community of Rockford are about 50
years old; however, the sewer-conveyance systems for Loves Park and North Park
are newer. Water treated at the sewage-treatment plant is returned to the Rock
River.

Kankakee Area

The Kankakee area, in northern Illinois, is about 64 mi south of Chicago
(fig. 1). 1Its total population is 54,429: 0.5 percent of Illinois’ 1980
population (U.S. Bureau of Census, 1980). In this report, "Kankakee area" refers
to the incorporated communities of Kankakee, Bourbonnais, and Bradley. The
populations of Bourbonnais and Bradley, primarily residential areas north of
Kankakee (fig. 1), are 13,280 and 11,008 (U.S. Bureau of Census, 1980).
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The Kankakee area has one public-water supplier and three self-suppliers.
Surface water from the Kankakee River is delivered to various users in the area
through a 99-year-old conveyance system. Self-suppliers withdraw ground water.

There are three sewage-treatment plants in the area (one for each
community). Unlike the Rockford area’s distinct storm and sanitary sewer-
conveyance systems, the Kankakee area has a combined system. In general, sewage
and precipitation runoff are routed through one conveyance system from each
community to the sewage-treatment plants. However, when rainfall exceeds roughly
one-half inch, water discharges from the six overflow weirs in the system to the
Kankakee River. Although the sewer-conveyance system is about 50 years old,
several sewer additions, overflow weirs, and pumps were added about 1950. All
three sewage-treatment plants return treated water to the Kankakee River
downstream from the public supply.
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METHODS OF STUDY

The general criteria for selection of study areas were cities with
populations greater than 50,000 in northern or central 1Illinois. The
availability of water-use data and the cooperation of water-utility managers were
essential. Water-utility managers from the Rockford and the Kankakee areas were
contacted first, After an initial meeting, Rockford and Kankakee were chosen as
the two study areas.

Data Collection and| Review

|
Water-use data were collected in six iAcorporated communities served by
public-water systems (public-supply and (or) Sewage treatment) in the Rockford
and the Kankakee areas. Data were also collected for all unincorporated
subdivisions served by the public-water systems in the two areas. The small
residential water uses in these subdivisions were included in the communities of
Rockford or Kankakee.

Managers of all water utilities and several major water users were asked
to provide data on withdrawals, deliveries, consumptive uses, releases, returns,
and conveyance losses and gains. Major water users included commercial and
industrial establishments that use more than i Mgal (million gallons) of water
per month for two or more consecutive months. All water utilities were visited,
and plant managers of the major water users were contacted for information that
the water utilities could not provide.

Conceptual water-use models (figs. 2 and 3) showing the association of
water withdrawals, deliveries, consumptive uses, releases, returns, and
conveyance losses and gains were developed for the study areas. These models
were used as guides to balance water uses and to identify unreasonable water-use
data or estimates.

Review of the data revealed that estimating techniques were needed. The
techniques are described, along with the estimated results, in the subsections
of "Determination of Water Use."

Water-Utility Data

Water-use data were obtained from all water utilities. These data were
entered into computer files and were reviewed for (1) missing information, (2)
overlapping and inconsistent dates, (3) large deviations (20 percent) between
monthly measurements, and (4) reporting units (cubic feet, gallons, million
gallons). All the data were converted to million gallons per time. Water-
utility managers were contacted to resolve questions on the data or to provide
estimates of the water use.
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Rockford area

Water utilities in this area maintain records of withdrawals, deliveries,
releases, some returns, and some public-supply conveyance losses. The
frequencies and the types of water-use data obtained are listed in table 1.

Table 1.--Frequency of collection and types of water-use data
obtained from water utilities in the

Rockford area, Illinois, 1984

[D, daily; M, monthly; B, bimonthly; Q, quarterly; V, variable;
dash indicates no records available;
records may not be complete]

Types of

water-use data Loves Park North Park Rockford

Withdrawals:

Public-supplied! D D D
Self-supplied? Q Q Q

Public-supply convey-
ance losses!l: M - M

Deliveries3:

Commercial

Domestic
Industrial

Municipal

T2
WwRw X
2000

Releases?:

Commercial
Domestic
Industrial
Municipal

0 0 00
jolR o oF o]
00 00

Returns:

Commercial ? -
Domestic? -
Industrial 2 - -
Municipal3 Q

Sewage treatment? D

D1 <00

Oow

lpata collected by public suppliers.
2pata collected by sewage-treatment plants.
3pata collected by sewage-treatment plants and public suppliers.



|

Water-use data obtained from the RockforJ Water Department included public-
supply withdrawals, deliveries per category for 150 meter-reading routes,
deliveries to individual major water users, updates to delivery records,
percentages of commercial and industrial usdge per route, and public-supply
conveyance losses (table 1).

Loves Park Water Department and North Park’s Public Water District provided
public-supply withdrawal and delivery data. Estimates of public-supply
conveyance losses also were obtained from Loves Park Water Department.

The Rockford Sanitary District provided the following data:

1. Billing summaries, which included metered or estimated water
releases by category (commercial, domestic, industrial, and
municipal).

2. Individual commercial and industrial releases, which included

location number (location of establishment), date of water-meter-
reading, category of wuse, meter reader, two-digit Standard
Industrial Classification (SIC) code (Office of Management and
Budget, 1987), name of establishment, and quantity of water released
by establishment. ‘

3. Plant data, which included water keturns by the Rockford Sanitary
District and precipitation. \

In addition, information compiled from the Sanitary District’s files
included self-supplied withdrawals; and deliveries used for cooling systems,
boilers, lawn sprinklers, swimming pools, and septic systems that became
consumptive uses and (or) direct returns. These data are available because the
Sanitary District bills water users, who release water to the District, according
to their self-supply withdrawals, deliveries, and (or) releases. Therefore,
water users with large consumptive uses and (or) direct returns will meter these
uses so they are not billed for water not released to the Sanitary District.

Kankakee area

The frequency and the types of water-use data for this area are listed in
table 2. Public-supply withdrawal and delivery data were obtained from the
Kankakee Water Company. The data included withdrawals by the water company,
deliveries to various major water users, total deliveries in the Kankakee area
for municipal uses, and deliveries by meter-reading route for commercial,
domestic, industrial, and school categories. 1In this report, water use by
schools is a commercial use.

The Kankakee Department of Water Pollution Control provided data on sewage-
treatment returns, self-supply withdrawals, releases and returns for 14 of the
29 industrial establishments, releases for somt commercial establishments, and
precipitation. Data on sewage-treatment returns for the communities of
Bourbonnais and Bradley were obtained from their sewage-treatment plants.
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Table 2.--Frequency of collection and types of water-use data
obtained from water utilities in the
Kankakee area, Illinois, 1984

[D, daily; M, monthly; V, Variable; dash indicates no records
available; records may not be complete]

Types of .
water-use data Bourbonnais Bradley Kankakee
Withdrawals:

Public-supplied! D D D

Self-supplied? - - M
Deliveries!:

Commercial M M M

Domestic M M M

Industrial M M M

Municipal M M M
Releases?:

Commercial - - \'4

Domestic - - -

Industrial M M M

Municipal - - -
Returns?:

Commercial - - _

Domestic - - -

Industrial M - M

Municipal - - -

Sewage treatment D D D

lpata collected by public suppliers.
2pata collected by sewage-treatment plants.

Major Water-User Data

Thirty-two major water users--20 in the Rockford area, 12 in the Kankakee
area--were asked to provide data on the amounts of water:

1. Withdrawn from surface- and (or) ground-water sources (self-supplied
withdrawals);

11




2. Received from a public supplier (%eliveries);

3. Lost by evaporation or by incorporation into product (consumptive
uses);
4, Released to sewers and eventually treated by sewage-treatment plants

(releases); and ‘

5. Returned by water users to surface water sources (direct returns).

Because of the large number of major water users in the Rockford area, 20
were randomly contacted. In the Kankakee area, all 12 were contacted. Most of
the data were provided as meter readings. These data were converted to flow by
taking the difference between beginning and ending readings. Of the 32 major
water users, 30 provided adequate data for at least one of the preceding five
items. Data were considered to be adequate if more than 2 months of data were
available. T

7

Some water uses for major water users Were estimated from partial data.
If at least 2 months of data were available, monthly estimates were based on the
average monthly use for the period represented by the data. The average was
applied to the months lacking data. This technique was used only for major water
users that were in production year round.

Although water-meter readings were taken daily, weekly, monthly, bimonthly,
or quarterly by the cooperating major water users, all data were converted to
monthly estimates for analysis. For bimonthly and quarterly data, a daily
average was determined and then was multiplied by the number of days in each
month of the period. In this method, any seasonal change is assumed to be
represented by the bimonthly and quarterly data; and daily use is assumed to be
constant during the period represented by the data.

Accuracy of Water-Use Data

The accuracy of withdrawal, delivery, release, and return data is indicated
by ratings of good, fair, or poor. "Good" signifies that the data have an error
less than 10 percent; "fair" signifies an error between 10 and 25 percent; and
"poor" signifies an error greater than 25 percent. Ratings of accuracy were not
assigned to estimates.

Initially, discharge measurements by the U.S. Geological Survey were used
to determine the accuracy of data. Discharge was measured at several major
water-user release sites and at all sewage-treatment-return sites. At least two
measurements were made at water-metered sites equipped with open-water flumes,
weirs, or dams. Discharge was measured by conventional current-meter methods
(Rantz and others, 1982, p. 79-151) or, where possible, by the volumetric method
(Rantz and others, 1982, p. 262-263). The discharge measurements were started
and were stopped with digit changes on the water meter in order to relate the
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measurements to the water-meter readings. Percentage differences between the
meter readings and the discharge measurements were calculated. Percentage
differences for each site were averaged and then were multiplied to the metered
data as an adjustment to the data. The percentage difference between total
adjusted data and total unadjusted data of all measured sites indicated the
accuracy of the data. Data were adjusted temporarily to show accuracy only, not
to correct them. A percentage difference was used only if a discharge
measurement was rated as good or fair and if the adjusted temporary value
balanced with other related water uses.

Where available, reliability tests of meters made by water utilities were
used to determine the accuracy of data. The overall accuracy was determined by
the average percentage difference between the water-meter readings and the test-
meter readings of all meters tested at typical flow rates.

If neither discharge measurements nor meter tests were available, the
accuracy of data was estimated by the completeness of the data. If data were
available for all water users (establishments and households), a rating of "good"
was assigned. If data were available for at least three-fourths of the water
users, but some estimation was required, a rating of "fair" was assigned. If
data were available for less than three-fourths of the water users and most water
uses were estimated, a rating of poor was assigned. Water-utility managers were
consulted to determine the approximate percentage of water users that were
documented by data.

DETERMINATION OF WATER USE

The number of commercial and industrial establishments per person in the
Rockford and the Kankakee areas is the same (0.02); however, the number and type
of establishments in the two areas differ. In the Rockford area, there are 3,352
commercial and industrial establishments, 61,865 households (domestic), and 64
municipal establishments on public supplies. There are 113 commercial, 1,056
domestic, and 43 industrial users that are self-supplied. In the Kankakee area,
1,127 commercial, 29 industrial, 16,657 domestic, and 33 municipal users are on
public supplies. Only three industries are known to be self-supplied. The water
users in the Rockford and the Kankakee areas are listed by SIC code in table 3.

Water Uses

Data and estimates of water use in the Rockford and the Kankakee areas are
presented in the order that water is used, except for conveyance losses and
gains, which are presented last. Also presented are the source and the accuracy
of the data, the methods of estimation (if applicable), and water-use
coefficients (if determined). Accuracy was not determined for estimates.
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Table 3.--Water users by Standard Industrial Cl ssification (SIC) code in

the Rockford and the Kankakee areas, Illinois, 1984

iige Description ‘
|
07 Agricultural services
15-17 Construction/contractors |
20 Food and kindred products
23T Apparel and other finished fabric products
24r,25r,26 Wood products (lumber, furniture, and paper)
27 Printing and publishing
28-29F Chemical and petroleum products
30 Rubber and miscellaneous plastics
32 Stone and concrete products
33 Primary metal industries
34 Fabricated metal products except machinery and transportation
equipment
35T Industrial and commercial machinery and computer equipment
36 Electronic and other electrical machinery except computer
equipment
37 Transportation equipment
387-39% Measuring, analyzing, and controlling instruments and
miscellaneous manufacturing
40 Railroad transportation
41 Local and suburban passenger transportation
42 Motor-freight transportation and warehousing
43 U.S. Postal Service
45T Air transportation i
47 Transportation services
48 Communications
49 Electric, gas, and sanitary services
50-53 Wholesale trade; retail trade including building materials and
general merchandise stores ‘
54 Food stores
55-57 Automobile dealers, service stations, apparel stores, and home
furnishings
58 Eating and drinking places
59 Miscellaneous retail
60-65 Finance, insurance, and real estate
67 Investment offices
|
70 Lodging establishments
72 Personal services I
73 Business services !
75 Automotive-repair services
76  Miscellaneous-repair services
78 Motion pictures
79 Amusement and recreation services
80 Health services
81 Legal services
82 Educational services
83 Social services
84 Museums
86 Membership organizations
88 Domestic
89 Miscellaneous services
91-96 Governmental services
97% National security
99 Nonclassifiable

T Rockford area only.
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Withdrawals

The public suppliers in the Rockford and the Kankakee areas document all
public-supply withdrawals (table 4). Withdrawal data for all known self-supplied
water users were available from sewage-treatment plants because self-supplied
water users that release water to the sewer-conveyance systems are assessed
sewage-treatment fees based on their withdrawals (table 5). Self-supplied
withdrawals not included in this study are by self suppliers that do not release
to a sewage-treatment plant or are unrecognized or are illegally connected to the
sewer-conveyance systems. Total withdrawals (public and self supply) for the
Rockford and the Kankakee areas are listed in table 6. In the Rockford area,
public-supply withdrawals were 97 percent of that area's total withdrawals. In
the Kankakee area, public-supply withdrawals were 99 percent of that area'’s total
withdrawals. ‘

Because data were available for all public-supply withdrawals and self-
supplied withdrawals served by the public-water systems in the Rockford and the
Kankakee areas, the accuracy of the withdrawal data in both areas is considered
to be good (refer to "accuracy of water-use data" section). Furthermore, public-
supply withdrawals in the Rockford area are metered by propeller flowmeters whose
expected accuracies are +2 to 15 percent (Walski, 1984, p. 223). In the Kankakee
area, public-supply withdrawals are metered by Venturi and Dall flowmeters whose
expected accuracies are +1 percent (Walski, 1984, p. 223).

Deliveries

The public-water suppliers in the Rockford and the Kankakee areas collect
delivery data for all known commercial, industrial, and domestic uses (table 7).
Public suppliers also collect some municipal delivery data (table 7).

Although delivery data were available for the Rockford area, some
deliveries by category had to be estimated. For the community of Rockford, data
for commercial, domestic, and industrial deliveries were available; however, to
determine water use by category would have required manually aggregating (from
countless pages of computer printouts) the amounts of water used per household
and establishment, each quarter, for each meter-reading route. Therefore, the
commercial and the industrial deliveries were estimated as follows: The
percentages of first-quarter deliveries that were commercial and industrial for
each meter-reading route were determined from the total of the first quarter'’'s
(January through March) commercial and industrial deliveries. The total
quarterly deliveries per meter-reading route were then multiplied by the
percentages and aggregated to estimate quarterly commercial and industrial
deliveries. The remaining deliveries were assumed to be domestic. For the
community of Loves Park, the pipe size of water meters was used to determine
categories of use. Deliveries recorded by water meters with pipes smaller than
1 in. (inch) were assumed to be domestic deliveries, and deliveries recorded by
water meters with pipes equal to or greater than 1 in. were assumed to be
commercial and industrial deliveries. In North Park, because of the small number
of commercial and industrial establishments, the name of the establishment was
used to distinguish between commercial and industrial deliveries.
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Table 6.--Total withdrawals in th
Kankakee areas,

Rockford and the

Illinois, 1984

{All figures in million gallons]
Public Self
Month supply supply ! Total
Rockford area

January 936.389 55.018 961.407
February 848.253 3.406 871.659
March 884.653 5.022 909.675
April 848. 255 0.642 878.897
May 950.039 1.664 981.703
June 1,079.194 0.646 1,109,840
July 1,180.880 37.878 1,218.758
August 1,293.664 37.883 1,331.547
September 1,021.755 36.657 1,058.412
October 915.840 31.272 947.112
November 816.227 30.266 846.493
December 792.968 §1.271 824.239

Total 11,568.117 3%1.625 11,939.742

Kankakee area

January 335.224 0.981 336.205
February 297.394 4,222 301.616
March 306.277  4.383 310.660
April 278.082 3.699 281.781
May 308.388 3.062 311.450
June 327.831 3.045 330.876
July 322.144 1.747 323.891
August 367.646 3.440 371.086
September 323.630 . 3.627 327.257
October 323.328 '5.528 328.856
November 297.092 1.113 298.205
December 300.700 12.773 303.473

Total 3,787.736 3,825.356

ﬁv.szo
i

Iperived from quarterly records of sewage-treatment plants
(Rockford area only).
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The overall accuracy of delivery data for the Rockford area is considered
fair (10- to 25-percent error) because some deliveries by category had to be
estimated. The accuracy of the municipal delivery data is considered to be poor
(greater than 25-percent error) because data were available for about one-half
of the deliveries (George Brettrager, Rockford Water Department, oral commun.,
1985).

For the Kankakee area, delivery data were available for all categories.
However, delivery data for municipal use were not available by community.
Municipal deliveries by community for the Kankakee area were determined based on
the number of municipal establishments in each community.

The overall accuracy of delivery data |for the Kankakee area is good;
however, the accuracy of municipal delivery data should be considered poor,
because data were available for about one-half of the deliveries (C.H. Smith,
Kankakee Water Company, oral commun., 1985). In reliability tests of water
meters, the Kankakee Water Company (Cliff Evanﬂf Kankakee Water Company, written
commun., 1986) found that the meters registered 83.9, 99.9, and 100.1 percent of
the flows for introduced flows of 0.25, 2.0, and 12.0 gal/min (gallons per
minute). The Kankakee Water Company has tested nearly 400 propeller- and
diaphragm-type meters used by all categories since 1978. According to Hudson
(1964), 77 percent of domestic uses are at flow rates of 0.25 gal/min or greater.
On the basis of Hudson's percentages of domestic use at the three flow rates
tested, the average domestic delivery for Kankakee, and the test results;
domestic-delivery data were estimated to be underregistered by only 2 percent.
The test results also indicate that delivery d;ta from flows equal to or greater
than 2.0 gal/min should be within l-percent error. Because flow rates of
domestic uses are typically smaller than flow rates of other categories of use,
the flow rates of other categories of use should be greater than 2 gal/min and
thus data accuracy would be expected to be less than 1 percent.

The use of delivery rates (deliveries divided by the number of water users
[establishments or households] by category) as coefficients in the estimation of
deliveries for other water systems was evaluated. Delivery rates are listed by
category and community in tables 8 and 9.

|

The standard deviation for domestic-delivery rates is 0.005 (Mgal/H)/yr
(million gallons per household per year) or about 7 percent of the mean domestic
rate 0.071 (Mgal/H)/yr. For all categories--commercial and industrial, domestic,
and municipal--the standard deviation is 0.056 (Mgal/user)/yr (millions gallomns
per user per year) or about 38 percent of the mean rate 0.146 (Mgal/user)/yr.
On the basis of the confidence intervals of the mean rates for each community,
typical domestic deliveries for these communities should be 0.071 #0.004
(Mgal/H)/yr; and typical delivery rates for all categories should be 0.146 +0.046
(Mgal/user)/yr. At 95-percent confidence, domestic deliveries should range from
0.067 to 0.075 (Mgal/H)/yr, and deliveries for all categories should range from
0.100 to 0.192 (Mgal/user)/yr for water systems in Illinois that are similar to
those in the Rockford and the Kankakee areas.

Commercial and industrial deliveries could be distinguished from each other
for the communities of North Park, Bourbonnais, Bradley, and Kankakee. The
average commercial delivery rate for these communities was 0.406 (Mgal/est)/yr
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Table 8.--Delivery rates!l, by category, in the Rockford and
the Kankakee areas, Illinois, 1984

[ (Mgal/est)/yr, million gallons per establishment per year;
(Mgal/H)/yr, million gallons per household per year;
(Mgal/user)/yr, million gallons per user per yearl]

Commercial all
Community and Domestic Municipal? categories
industrial

[ (Mgal/est)/yr] [(Mgal/H)/yr]l [(Mgal/est)/yr] [(Mgal/user)/yr]

Loves Park 2.130 0.072 3.264 0.179
North Park .434 .078 .667 .090
Rockford 1.800 .066 1.288 . 160
Bourbonnais 1.222 .074 5.306 .116
Bradley . 472 .071 5.306 .098
Kankakee 1.812 . 066 5.405 .236
Mean 1.312 .07 3.539 . 146
Standard .727 .005 2.150 .056
deviation
Confidence
interval +.598 +.004 +1.769 +.046

lpelivery rates equal public-supply deliveries to each category divided by the
number of establishments or households per category.

2Rankakee area municipal delivery rates are similar among the communities
because the total municipal use was separated into communities on the basis of
the number of municipal establishments in each community.

Table 9.--Delivery rates for commercial and industrial categories in
North Park and the Kankakee area, Illinois, 1984

[A1l figures are in million gallons per establishment per year]

Community Commercial Industrial
North Park 0.420 102.331
Bourbonnais .302 12.496
Bradley .554 43,407
Kankakee . 349 1.203

Mean .406 39.859

Standard

deviation .110 45,308

Confidence +.129 +53.314

interval —_ =
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(million gallons per establishment per year); |the standard deviation was 0.110
(Mgal/est)/yr or 27 percent of the mean (table 9). On the basis of the
confidence interval, typical commercial deliveries should be 0.406 +0.129
(Mgal/est)/yr. For other similar systems in Illinois, the probable range for
commercial deliveries is from 0.277 to 0.535 (Mgal/est)/yr Industrial delivery
rates among the communities vary widely. \

Consumptive Uses

Consumptive-use data were not available [for the Rockford or the Kankakee
areas. Therefore, consumptive uses (table 10) ﬁere estimated by various methods.

Consumptive use can best be estimated as the difference between water
acquired and water released by each establishment and household (water user).
On the basis of this concept, a water user’s consumptive use could be estimated
by the consumption-budget method:

CONS = (DEL + SSWD) - (REL + DRT), (1)

where CONS is annual consumptive uses;
DEL 1is annual deliveries;
SSWD is annual self-supply w1thdrdwals,
REL 1is annual releases to sewage‘treatment plant; and
DRT 1is annual direct returns to surface- and ground-water sources.

This method was used to estimate consumptive use by water user where data
and (or) estimates were available for all variables. Consumptive use by category
can be determined by summing the estimates of consumptive use by water user.
Some of the data used in this equation were estﬂmated, so some CONS are estimated
from estimates.

Where water-use data or estimates were not available, the consumption-
budget method could not be used. In those cases, the types-of-use method was
used to estimate consumptive use. By this method, consumptive use is estimated
from data of water used for cooling systems, boilers, and lawn watering.

Data for the types-of-use method, available from the Rockford Sanitary
District, consist largely of consumptive uses and (or) direct returns. These
data are the result of water users metering their large consumptive uses and (or)
direct returns so that they are not billed for the water withdrawn or delivered
that does not get released to the Sanitary District. Because of the significant
cost of purchasing and installing water meters, these data probably represent the
largest consumptive uses and (or) direct returns in the Rockford area.

In the types-of-use method, consumptive use was determined as a percentage
of use by cooling systems, boilers, and lawn watering. On the basis of previous
investigations, the following percentages seem to explain consumptive use for
these types of use in Illinois:

24



‘960°0

"POY3ISW d3eI-9SB( IDJUTM BY3 jJo asnh Aq pajewrisd,

*(¥8Z°0 = TedroTunu

= T[eTdoasumod) z| s]qeLl--A1obejes 1ad orjexr ssn-sa73dunsuco WOWTUTW Y3 JO osn Aq pojeurr sy,
*pojeredss oq 30U PTNOD S9TICHDILD OM] 9Y3 I0J SSTASATTSP oSnede(q

PaUTQUOD TRTAISTPUT puR TETOIBMOD I0J SI PIOFHOOY PU 3IBJ SOAOT I0J S33BWTISD 9SN-24T3dUMSUOD,
*9STMIOYJO peleOTIpuT
21aym 31deodxs poyjzsw asn-jo-sadAy syl (ao)pue poyzaw 3sbpng-uorzdumsuoo ayz jo esn Lq pajeuT3sd

169°682'¢C ETARRTAY 1SC°66¢ 880° V¢ L69°9LY S60°8¢ Te304
¥87°L6 629°L2¢ 090°€S 690°Sle 7€5°92 SES°Lg TedtoTuny
zelress 0lZ €ty L99°8LT LLY "8y ¢t6°vee ovZ°Cly OT3sawo(g
[ARDE T AR SZ6°82C £66°¥¢C 6SV°9 (R R4 ovc°¢ TetTalsunpur
€L9°9LY 19L°Sv¢ lES 2y €80 F¢ Zi6°¢S 080°G¢ Te ToI3umon
seyeuey KoTpeag sTeuuoqIMOg
eaie soyedNUEY
SP9°L6L‘6 L09°82Z’1L SEL°S9Y L0S 99 L¥9°v06 6S1 LS Te3iod
SLE 9V ¢69°0! 2L9°01 €0 E¢ lLL°6E Stl'llg Tedrotuny
EEELIS‘E FLL LTy £6L°88¢ 780°€Sy 08l 6E¢€ Lyl €ty OT3sawoqg
€LY 81 €98°S zleTI3snput
LE6°EEQ 'S L0Z°066 062°9¢CS L88°¢ClL1 (10)pue
L6l LY [R 2R 3 Teroaswuwo)
pio3 o0y s1ed Y3ION jTed SoAOT
eol1e PIOINOOY
aMSS (esn amss (osn amss (esn KioBe3ed
pue THEQ aaT3dumsuo) pue Taq aaT3dumsuc) pue TIQ aaT3dumsuo)

[resX asd suoTTeb UOTITTTW UT aIe s3I0BTI TT®
tgsTemeapylTm ATddns-3Tes (X0)pue SSTISATTSP ‘AMSS pue TiAA]

786l

TSTOUTTTI ‘sesaie oexeyuey oUj pue pIoIYOOd ayj ul osn oaT3dumMsuco JO sajew3lsd--'0| STdel

25



Types of use

Cooling systems 80
Boilers 90
Lawn watering 80

The remaining 10 to 20 percent, considered to be nonconsumptive use by
cooling systems, boilers, and lawn watering, was designated direct returns (water
returned by commercial, domestic, industrialT and municipal establishments).
Refer to "Direct Returns" section.

The annual consumptive-use estimates by water user, determined from the
consumption-budget and types-of-use methods, were combined to estimate most
consumptive uses for the Rockford and the Kankakee areas. The combined estimates
are listed in table 11 by two-digit SIC code and in table 12 by category of use.
The negative values in table 11 indicate that some users released more water than
they were delivered. Negative values could result from the consumption-budget
method for users that receive and process materials such as milk, which contains
water. For those water users, and others that could be identified, their
deliveries were increased to prevent negative values. Negative values that could
not be prevented (as in table 1l1) are those resulting from underregistering
delivery meters and (or) overregistering release meters. Negative values were
assumed to be zero when consumptive uses by water user were summed to determine
consumptive use by category.

The estimates summed were considered 'to be adequate consumptive-use
estimates based on the amount of deliveries in dhe sample estimated by use of the
two methods. For adequate definition of consumptive uses, the deliveries of the
sample estimated must be more than 50 percent of the population deliveries. The
consumptive-use estimates (table 10) that were considered to be adequate are
commercial and industrial (Loves Park and Rockford), industrial (North Park and
Kankakee area), and municipal (Rockford). They were derived from the estimate
of the sample whose deliveries made up 63 to 100|percent of population deliveries
(table 13). \

Consumptive-use ratios (the average of consumptive-use estimates from the
consumption-budget and (or) the types-of-use methods divided by deliveries and
(or) self-supply withdrawals) by SIC code and category of use were determined
(tables 11 and 12). Although these ratios may be used as coefficients to
estimate consumptive uses for systems whose water uses and climate are similar,
they should be used with caution. Some of the ratios were estimated from types-
of-use data that probably represent the largest consumptive use in the study
areas, and many were derived from a small number of water users sampled.

'

lRefer to Appendix for details on determination of consumptive use as a
percentage of use by cooling systems, boilers, and lawn watering.
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Table 11.--Estimates of consumptive uses and ratios, by SIC code, from the

consumption-budget and the types-of-use methods,
Rockford and Kankakee areas, Illinois, 1984

[SIC, Standard Industrial Classification; Category, C = Commercial,
D = Domestic, I = Industrial, and M = Municipal; Water user,
establishment or household; Mgal/yr, million gallons per year;
DEL and SSWD, deliveries and(or) self-supply withdrawals;
dashes indicate no datal

Consumptive-
Sample Range of Total use ratio-
Cate- (number consumptive consumptive (average
SIC code ° of uses by pl consumptive
gory water water user ( u:i ) uses divided
users) (Mgal/yr) Mgal/yr by DEL and
SSWD)
15-17 c 2 0.061 to  1.265 1.326 0.798
20 I 12 .041 to 101,630 268.177 .322
23 I 2 .327 to 2.885 3.212 .192

24-26 I 6 -6.323 to 13.096 18.869 .544
27 I 6 .051 to 4,151 7.079 .364

28-29 I 9 .000 to 65.788 120.991 .277
30 I 4 .000 to  2.179 3.044 .266
32 I 2 .085 to 11.779 11.865 .116
33 I 10 .000 to 124.916 173.553 .318
34 I 23 .002 to 80,570 201.254 .318
35 I 18 -.001 to 21.685 104,220 .350
36 I 8 -9,951 to 87.169 118.149 .364
37 I 2 2.175 to 184,768 186.942 .454

38-39 I 4 .284 to  2.497 4,185 37
43 C 1 - .324 .096
48 o] 1 -- .618 .273

50-53,

55-57,59 [od 33 -.008 to .818 4.368 .271
54 C 11 -.016 to 3.441 8.325 .332
58 C 31 ~-.241 to 2.683 10.155 .266

60-65 C 14 .003 to 3.041 11.515 .482
67 o] 6 .014 to 6.187 9.321 .313
70 C 5 -.002 to 7.903 10.618 .256
72 C 6 .005 to 13.674 15.661 .096
73 [ed 2 .507 to .764 1.271 .531
75 C 3 -.001 to .009 .018 172
79 MZ,C 6 .001 to 2.756 5.792 . 386
80 C 10 .230 to 26.460 48,203 .267
81 C 2 ~-.045 to .216 .216 .215
82 M2,C 2 .966 to 3.166 4,132 .434
83 M2,c 5 -.033 to 20.897 21,822 .343
86 C 13 -.010 to 1.057 3.780 174
88 p2 1,033 .000 to . 759 25,921 .423
89 c 2 .003 to .105 .107 .400

91-96 M2,c 6 .027 to  4.835 6.136 .284

Total 1,300 1,411,169

Mean .325
lNegative consumptive use is assumed to be zero.

2Es

timated from types-of-use method only.
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Consumptive uses (excluding domestic consumptive uses) that could not be
derived from the consumption-budget or types-of-use methods, were estimated from
the minimum consumptive-use ratio by SIC code in each category as generated by
the consumption-budget and the types-of-use methods. The data used to create the
consumptive-use ratios (tables 11 and 12) are assumed to be positively biased and
assumed to represent the largest consumptive uses.

Estimates of commercial and municipal con%umptive uses for North Park and
the Kankakee area and municipal consumptive uses for Loves Park (table 10) are
the product of the minimum consumptive-use ratios (commercial = 0.096; municipal
= 0.284) and the amount of deliveries and (or) self-supply withdrawals by
category.

Domestic consumptive use also was estimated by means of the winter base-
rate and the maximum lawn-watering methods. In the winter base-rate method,
inside domestic use is assumed to remain constant throughout the year (DiNatale,
1981, p. 14). And any total domestic use (domestic deliveries and withdrawals)
greater than inside use are attributed to outside uses. Most outside domestic
use was assumed to be lawn watering--a predominantly consumptive use due to
evapotranspiration (Linaweaver and others, 1967, p. 14-48). Lawn watering was
assumed to make up most domestic consumptive use.

The winter base-rate method (fig. 4) was used to determine the outside
domestic use. First, domestic use was averaged during the months November
through April (when outside use in Illinois is minimal) to determine the winter
base rate. Outside use was calculated as the differences between the winter base
rate and the domestic use for the months May thraough October. Roughly 80 percent
of the water applied to lawns was assumed to be domestic consumptive use because
of evapotranspiration (evapotranspiration factor), and the remaining (20 percent)
is a direct return to ground water (refer to Appendix).

Following is an example of how domestic consumptive use was determined for
Loves Park by use of the winter base-rate method:

Winter base = Z; domestic uset + 6 months =
24.812 million gallons per month (Mgal/mo),

where i refers to the months of November thriough April.

Domestic water use, in million gallons per month

Domestic Winter Outside
Month use! () base (=) domestic use
May 28.503 24.812 3.691
June 31.184 24,812 6.372
July 38.654 24.812 13.842
August 35.361 24.812 10.549
September 28.942 24,812 4,130
October 27.662 24,812 2.850
Annual outside domestic use = 41.434
Evapotranspiration factor (dimensionless) = 0.80
Loves Park annual domestic consumptive use = 33.147

lpata from tables 5 and 7.
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Figure 4.---Use of winter base-rate method for determination of outside domestic
use of water, Loves Park, lllinois, 1984.

The maximum lawn-watering method was used to determine the maximum possible
domestic consumptive use. Linaweaver and others (1967, p. 38-48) developed a
method similar to this one for estimating lawn watering. Linaweaver's method,
however, is used to estimate typical, not maximum, lawn-watering rates. The
maximum lawn-watering method is

MLW = %, (PE - [P - R]) x LS, (2)

where MLW is annual maximum lawn watering estimate per lawn;
i is months when lawns are typically watered (May through October);
PE is monthly potential evapotranspiration;
P is monthly precipitation;
R is monthly runoff; and
LS is average lawn size.

In this method, lawn watering 1is assumed to become mostly domestic
consumptive use and is assumed to be done when grass seems to be dying or,
similarly, when PE exceeds precipitation minus runoff. In the months (typically
May through October in Illinois) when PE is greater than precipitation minus
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runoff, precipitation is inadequate to meet PE; so precipitation does not meet
the lawn requirements. As in the winter base-rate method, domestic consumptive
use was assumed to be 80 percent (evapotranspiration factor) of the maximum lawn-
watering estimate. The resulting estimates of domestic consumptive use per lawn
are multiplied by the number of households in a community to estimate the maximum
domestic consumptive uses for a community. ;

The data used to estimate values for t&e variables in equation 2 were
obtained from previous investigations, except for monthly P, which was obtained
from sewage-treatment plants in both study areas. The PE was computed by the
Thornthwaite method, and R was computed by the rational method (Chow, 1964, p.
11-27, 11-28, 14-6, 14-7). The LS [0.155 acre/lawn (acres per lawn) or 6,752
ft?/lawn (square feet per lawn)] was determined from average lot size (0.25
acre), and imperviousness (38 percent) documented by Mills and others (1985, p.
222). The maximum domestic consumptive use for Loves Park is calculated as
follows:

Rockford area |

PE P ‘ R
Month (inches) (inches) . (inches)
May 2.76 3.95 0.00
June 5.24 3.99 .00
July 5.32 2.92 .00
August 5.22 1.63 .00
September 3.04 1.54 .00
October 2.00 5.93 .00
23.58 - (19.96 - | .00) = 3.62 in/lawn

= 0.30 ft/lawn

MIW = 0.30 ft/lawn x 6,752 ft?/lawn
= 2,025 ft3/lawn (cubic feet per lawn)

Evapotranspiration factor (dimensionless) = 0.80

Estimate of maximum domestic consumptive use per
lawn for the Rockford area (RDCU):

RDCU = 2,025 ft3/lawn x 0.80 = 1,620 ft3/lawn or
0.012 Mgal/lawn (million gallons per lawn)

Loves Park’s maximum domestic consumptive use
= RDCU x number of households in Loves Park
= 0.012 Mgal/lawn x 4,693 households
= 56.316 Mgal/yr

The estimates calculated from the types-of-use and winter base-rate methods
were compared with the estimates obtained from the maximum lawn-watering method
to identify the most reasonable domestic consumptive-use estimate. Because the
maximum lawn-watering estimates represent maximum domestic consumptive use,
reasonable domestic consumptive-use estimates should be less than or similar to
estimates calculated from the maximum lawn-watering method. For comparison, all
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estimates were converted to a common ratio (domestic consumptive-use ratio):
consumptive use divided by deliveries and self-supply withdrawals (table 14).
The winter base-rate method seems to be a more reasonable means of estimating
domestic consumptive use than the types-of-use method because its ratios do not
exceed the maximum lawn-watering ratios. The types-of-use method is considered
to be unreasonable because its ratios exceed the maximum lawn-watering ratios by
a factor of two. Furthermore, when domestic consumptive-use estimates from the
types-of-use method or the maximum lawn-watering method were subtracted from the
deliveries in each community, during the high consumptive use period (May through
October), the resulting release estimates seemed to be unreasonably small.

Table 14.--Domestic consumptive-use ratios! derived from various estimating
methods, Rockford and Kankakee areas, Illinois, 1984

Ratios Ratios from Ratios from
from the the maximum the winter
types-of ~use lawn-watering base-rate
Community method method method

Rockford area

Loves Park 0.423 0.166 0.098
North Park .423 .154 .136
Rockford .423 .178 .065

Mean .423 .166 .100

Kankakee area

Bourbonnais .423 .282 .042
Bradley .423 .295 .030
Kankakee .423 .316 .040
Mean .423 .298 .037
Overall mean .423 .232 .068

lpomestic consumptive-use ratio is consumptive-use estimates divided by
deliveries and self-supply withdrawals.

In the Rockford area, ratios (table 14) from the winter base-rate method
ranged from 0.065 to 0.136 and averaged 0.1. In the Kankakee area, the ratios
ranged from 0.030 to 0.042 and averaged 0.037. The overall average for the two
study areas was 0.068. A study of water use in central Pennsylvania showed that
the ratio of lawn watering to domestic deliveries for eight households ranged
from 0.01 to 0.16 and averaged 0.06 (Seaker and Sharpe, 1988). Linaweaver and
others (1967, p. A-2, A-6) found that the ratio of lawn watering to domestic
deliveries in Des Moines, Iowa, was 0.09. Oak Ridge National Laboratory (1980)
developed consumptive-use ratios by SIC code and State from U.S. Geological
Survey water-use information. The ratio for Illinois was 0.12 (Oak Ridge
National Laboratory, 1980).
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The winter base-rate method provided better domestic consumptive-use
estimates (table 10) than other methods for the following reasons:
|

1. Estimates are determined from all domeéstic delivery data, not just a
sample. |

2. The delivery data applied in the method include the effects of
socioeconomic behavior on water demand, such as cost of water, cost of
living, income levels, and lawn-watering practices.

|
3. The ratios did not exceed maximum lawﬁ-watering ratios.

4., The ratios agreed with those in previous studies.

Releases

|
Release data and estimates for the Rockford and the Kankakee areas are
listed in table 15. Industrial release data were available from the sewage-
treatment plants in the Rockford and the Kankakee areas. According to water-
utility managers from both areas, the industrial-release data that were available
represent most of the industrial releases in the areas (Richard Eick, Rockford
Sanitary District, and James Clarno, Kankakee Department of Water Pollution
Control, oral commun., 1985). In the Kankakee area, the industrial release data
represented industries whose deliveries accounted for 95 percent of all the
industrial deliveries in that area. Partial commercial-, domestic-, and
municipal-release data for the Rockford area were available from the Rockford

Sanitary District. |

When partial-release data were available for more than 50 percent of the
water users, nonrecorded releases for each establishment or household in a
category were assumed to equal their deliveries. The aggregated release data and
estimates were adjusted, where necessary, to balance with other annual water
uses: self-supply withdrawals, deliveries, consumptive uses, and direct returns.
The annual adjustment needed to balance annual water use was applied equally, by
day, to monthly releases. Adjustments were applied to releases, instead of to
estimates of consumptive uses or direct returns, because the adjustment would
have the least effect on releases, which are significantly larger than the other
estimates. Commercial and municipal releaseé for the Rockford area, and
industrial releases for North Park and Kankakee qere estimated by this method of

adjustment. !

Releases also were estimated for categories, except for municipal, with few
or no release data--less than 50 percent of the establishments or households--by
the following equation:

REL, = (DEL, + SSWD.) - (CONS. + DRT,) (3)
where REL, is monthly releases to sewage-treatment plant;
DEL. is monthly deliveries;
SSWD, is monthly self-supply withdrawals;
CONS, is monthly consumptive uses; and

.

DRT, is monthly direct returns to surface- and ground-water sources,
Subscript "c" refers to categories of

!
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Domestic releases for the two study areas and commercial releases for the
Kankakee area were estimated by use of equation 3. For domestic releases, CONS,
values were obtained from the winter base-rate method and were applied during the
high consumptive-use months May through October. Estimation of domestic releases
in Loves Park is shown in table 16. For commercial releases, CONS, values were
applied to all months because commercial uses are less seasonal.

Loves Park, Illinois, 1984

[DEL, deliveries; SSWD, self-supply withdrawals; CONS, consumptive
use, DRT, direct returns to septic systems; REL, releases;
all values in million gallons]

Month [DEL + SSWD] - [ CONS? + DRT] = REL
January 25.495 0.012 0 2.093 23.414
February 23.266 .012 0 1.715 21.563
March 23.973 .013 0 1.886 22.100
April 25.190 .014 0 1.848 23.356
May 28.488 .015 2.953 2.475 23.075
June 31.170 .014 5.097 2.052 24.035
July 38.638 .016 1.074 2.329 25.251
August 35.344 .017 ' 8.439 2.251 24.671
September 28.926 .016 3.304 2.082 23.556
October 27.647 .015 2.280 2.100 23.282
November 24.612 .015 0 1.622 23.005
December 26.257 .015 0 1.878 24.394

|

1CONS was derived by use of the winter base-r%te method.

Municipal releases were assumed to be insignificant where release data were
not available because most water used for municipal purposes is returned (direct
returns) to ground- or surface-water sources or is consumed. Water used for
firefighting and at parks, for example, generally is returned or evaporated.
Municipal releases for the Kankakee area were assumed insignificant because data
were not available.

On the basis of discharge measurements at 19 major-water-user release
points, the accuracy of industrial release data is poor (25-percent error) for
the Rockford area and good (less than 10-percent error) for the Kankakee area.
Discharge measurements and related information in the Rockford and the Kankakee
areas are given in table 17. On the basis of ther;ercentage differences between
total unadjusted and total adjusted releases, release meters were overregistering
by about 41 percent in the Rockford area and were underregistering by about 3
percent in the Kankakee area. The release data were adjusted temporarily by the
percentage differences to determine overall accuracy only, not to correct them.
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Table 17.--Discharge measurements and related information at major-

water-user release sites, Rockford
and Kankakee areas, Illinois, 1984 .

[ID, identification number; Mgal/yr, million gallons per year]

Major—-  Number Percentage Percentage

water- of Average of all of all area ?;;i;j;i)
user release percentage area industrial
site points differ- releases releases
1D measured encel measured measured Unadjusted Adjusted?
Rockford area
1 1 -23.6 1.2 4.2 97.701 74.644
2 2 -93.8 1.2 4.3 99.450 6.166
3 3 -63.8 2.3 7.9 183.811 66.540
4 1 13.2 .3 1.0 23.920 27.077
5 5 -.6 1.1 3.9 89.743 89.205
6 2 13.0 . .7 2.4 56.402 63.734
Total 14 6.8 23.7 551.027 327.366
Kankakee area
1 1 12.6 4.1 10.8 104.548 117.721
2 1 -3.1 3.2 8.6 82.804 80.237
3 1 -.4 2.0 5.2 50.327 50.126
4 1 2.8 .6 1.6 15.710 16.150
5 1 -87.4 .2 .5 4.605 .580
Total 5 10.1 26.7 257.994 264.814

1Average percentage difference between flows from meter readings and discharge
measurements (negative number indicates meter was reading too high).

2petermined by correcting the metered (unadjusted) releases by the average
percentage differences.
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The negative percentage differences in table 17 indicate overregistering water

meters.

caused overregistering at most sites.

Debris and (or) foam at the throat of the measured flumes seemed to have

Measured releases in the Rockford area consisted of 7 percent of all

releases and 24 percent of the industrial release
in the Kankakee area consisted of about 10 perce

of industrial releases.

Returns

(table 17).

Measured releases

of all releases and 27 percent

'

Returns were classified as sewage-treatmeﬁt returns or direct returns by
commercial, domestic, industrial, and municipal users.

Sewage-treatment returns

{

These returns are waters discharged to groﬁnd— or surface-water sources by
sewage-treatment plants.

exiting the plant.

:

Table 18.--Sewage-treatment returns in the Rockford and

the Kankakee areas, Illinois,

1984

{All figures are in million gallons]

Sewage-treatment-return data from sewage-treatment
plants are listed in table 18.
the flows entering each plant,

Sewage-treatment returns in table 18 represent
except for Bourbonnais, which represent flows

Kankakee area

Month R°:kr§ grd
Bourbonnais Bradley Kankakee Total

January 1,003.850 33.344 38.055 190.635 262.034
February 988.570 35.740 59.879 297.011 392.630
March 1,009.770 44,186 67.696 364.184 476.066
April 979.830 54.029 68.445 244,797 367.271
May 1,054.850 50.222 64.094 311.556 425.872
June 1,092.620 47.140 62.760 216.910 326.810
July 1,131.560 39.368 44,866 190,994 275.228
August 1,028.150 37.366 34.569 193.231 265.166
September 885.290 35.895 28.968 174,222 239,085
October 976.460 29,449 33.906 201.324 264.679
November 970.910 25.150 40.452 226,748 292,350
December 943.970 25.877 51.861 228.869 306.607

Total 12,065.830 457.766 2,840.481 3,893.798

|595.551
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Discharge measurements at the four sewage-treatment plants in the two study
areas indicate that the overall accuracy of these data is good (less than 10-
percent error). On the basis of the differences between total unadjusted and
total adjusted sewage-treatment returns (table 19), sewage-treatment-return
meters were overregistering by about 6 percent in the Rockford area and by about
9 percent in the Kankakee area. Sewage-treatment returns in the city of
Kankakee, which accounted for about 73 percent of all sewage-treatment returns
in the Kankakee area, were overregistered by about 7 percent.

Direct returns

Direct returns are waters discharged by commercial, domestic, industrial,
and municipal users to ground- or surface-water sources. Water is "directly
returned" typically from boilers, cooling systems, lawn watering, swimming pools,
and septic systems.

Partial direct-return data were obtained (tables 1 and 2) from sewage-
treatment plants for most categories in the study areas. Direct-return data were
also obtained from some public suppliers. These direct returns by public
suppliers from overflows and backwashing filters were considered to be municipal
returns.

Direct-return data and estimates for the Rockford and the Kankakee areas
are listed in table 20. Only the municipal returns for Loves Park and the
industrial returns for Bourbonnais and Kankakee are solely from direct-return
data. Most others listed in table 20 include a combination of direct-return data
and estimates.

The nonconsumptive-use estimates (10 to 20 percent) from the types-of-use
method (refer to "Consumptive Uses" section and Appendix) were used to estimate
direct returns for water users without direct-return data. In table 20,
commercial and industrial returns listed for the Rockford area and domestic and
municipal returns listed for the community of Rockford include these estimates.

When direct-return data or nonconsumptive-use estimates were not available
for a water user, direct returns were assumed to be negligible. The reasoning
is that water users with significant returns would meter them to reduce sewer
fees. The assumption is not valid for water users that do not release water and,
consequently, do not pay sewer fees. All commercial water users in the Kankakee
area and industrial users in Bradley were assumed to have negligible returns.

Water users with septic systems do not pay sewer fees; therefore, delivery
records to septic-system users were also used to estimate the direct returns that
were undefined by direct-return data and (or) nonconsumptive-use estimates:

DRTSS, = DSS, - (DSS./DEL, x CONS,), (4)

where DRTSS, is monthly direct returns by septic-system users;
DSS. is monthly deliveries to septic-system users;
DEL. is monthly deliveries; and
CONS, is monthly consumptive uses.
Subscript "c" refers to category.
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The weighing expression, DSS./DEL, x CONS_, is used to estimate consumptive
use by water users with septic systems. The expression was used to compensate
for CONS,, which represents consumptive use by all water users. The resulting
consumptive use is subtracted from DSS_. to determine the part of DSS_ that is
direct returns by septic-system users (DRTSS.).

If deliveries to septic-system users (DSS.) were less than 5 percent of the
total domestic deliveries, consumptive use by septic-system users would be
overestimated with equation 4. 1In those cases, consumptive use was assumed to
be negligible. All deliveries to those septic-system users were assumed to
become direct returns. ;

Equation 4 was used to estimate domestic returns for all communities, and
commercial, industrial, and municipal returns for North Park. These returns were
included with the other direct returns previously determined. Table 21 is an
example of how domestic returns by septic-system users were estimated for Loves
Park. ‘

The estimating procedure outlined in table 21 was also used to estimate
returns by commercial, industrial, and municipal septic-system users. However,
because their consumptive use was considered to be year round, the ratio and CONS
were applied to all months, instead of just the summer months,

Where direct-return data or nonconsumptive-use estimates were not available
for municipal use, the direct returns could not be assumed to be negligible. The
reason for this is that most municipal establishments do not release water or pay
sewer fees. Therefore, where deliveries to municipal septic-system users also
were unknown, direct returns by municipal users were estimated by the equation:

DRT = DEL - CONS, (5)

where DRT is monthly direct returns;
DEL is monthly deliveries; and
CONS is monthly consumptive uses.

This equation, in which municipal deliveries are assumed to become either
consumptive use or direct returns, was used to eﬁtimate municipal returns for the
Kankakee area. !

The accuracy of commercial, domestic, industrial, and municipal return data
in table 20 is considered to be poor (greater than 25-percent error) because most
direct returns were estimated. Of the categories with direct-return data, the
water-utility managers believe that roughly one-half to three-fourths of the
direct returns are being metered (Richard Eick, Rockford Sanitary District, and
James Clarno, Kankakee Department of Water Pollution Control, oral commun.,
1985).

Total returns for the Rockford and the Kankakee areas (table 22) were
determined by combining sewage-treatment returns and direct returns. Sewage-
treatment returns accounted for 92 percent of the total returns in the Rockford
area and 94 percent in the Kankakee area.
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Table 22.--Estimates of total returns in the Rockford and

the Kankakee areas, Illinois, 1984

[All figures are in million gallons]

Commercial,
domestic,
Sewage industrial,
Month treatment and Total
municipal
returns!
Rockford area |
January 1,003.850 80.959 1,084.809
February 988.570 75.485 1,064.055
March 1,009.770 79.087 1,088.857
April 979.830 86.247 1,066.077
May 1,054.850 95.684 1,150.534
June 1,092.620 '97.333 1,189.953
July 1,131.560 110.611 1,242,171
August 1,028.150 110.510 1,138.660
September 885.290 104. 142 989.432
October 976.460 94.765 1,071.225
November 970.910 95.799 1,066.709
December 943.970 88.568 1,032,538
Total 12,065.830 1,119,190 13,185,020
Kankakee area |
i
January 262.034 15.867 277.901
February 392.630 17.770 410.400
March 476.066 21.264 497.330
April 367.271 18.836 386.107
May 425.872 24.041 449.913
June 326.810 21.820 348.630
July 275.228 17.480 292.708
August 265.166 20.279 285.445
September 239.085 24.083 263.168
October 264.679 21.660 286.339
November 292,350 22.004 314.354
December 306.607 22.558 329.165
Total 3,893.798 247.662 4,141.460
lpstimates.
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Conveyance Losses and Gains

Most water-conveyance systems lose or gain water. Conveyance losses or
gains can result from water leaks in faulty pipes, joints, and valves; surface-
water runoff or ground water entering the conveyance system; and unrecognized
connections to the conveyance system.

Public-supply conveyvances

Water in public-supply conveyance systems is conveyed under pressure, so
it is typically lost, not gained. When public-supply conveyance systems are not
adequately pressurized, such as when water-main breaks are being repaired, they
may gain water.

Conveyance data were available from public suppliers in Loves Park and
Rockford only. The data included partial estimates of known conveyance losses
caused by water-main maintenance and construction for Loves Park and reservoir
leakage for Rockford. In Loves Park, conveyance loss events amounted to 8.338
Mgal/yr. Losses from Rockford’s public-supply reservoir amounted to 0.007
Mgal/yr.

Conveyance losses and gains for the public-supply conveyance systems in the
Rockford and the Kankakee areas were estimated as the difference between public-
supply withdrawals and deliveries (table 23). This method should be used
cautiously because the estimates can be biased by illegal or unrecognized
delivery connections and by overregistering or underregistering water meters
(Kindler and Russell, 1984, p. 159). Conveyance losses or gains were assumed to
be zero for self-suppliers. Using this method, the public-supply conveyance
systems in the two areas lost about 5 to 26 percent of their public-supply
withdrawals.

Table 23.--Estimates of public-supply convevance losses! in the Rockford
and the Kankakee areas, Illinois, 1984

[All figures are in million gallons]

Rockford area Kankakee

Quarter Loves Park North Park Rockford area
January to March 9.593 44,490 233.810 183.239
April to June 7.409 42.052 128.548 108.142
July to September 25.785 53.533 414.543 163.936
October to December _1.474 21.212 395.872 170.820
Total 44 261 161.287 1,172.773 626.137

lpublic-supply withdrawals minus deliveries.
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Although the accuracy of conveyance-lo%s estimates is unknown, the
estimates seem to be reasonable in comparison with estimates from previous
investigations. According to the American Water Works Association (1978, p. 4-10
to 4-11), estimates of public-supply conveyance loss range from 0.5 to 40.0
percent of public-supply withdrawals for most northern Illinois cities. Seidel
(1985) found the national median to be 11 percent. The age and the size of
public-supply conveyance systems and the extent; of maintenance programs affect
public-supply conveyance losses., Therefore, the estimates of public-supply
conveyance losses are unique to each public-water system.

Sewer conveyances

Gain or loss data for sewer conveyance were not available. Therefore,
sewer-conveyance gains or losses (table 24) were estimated as the difference
between sewage-treatment returns and releases. Use of this method can result in
erroneous estimates if the amount of unrecognized releases or meter errors are
significant. On the basis of the estimates, the sewer-conveyance systems usually
gain water.

Table 24.--Estimates of sewer-conve ce
and the Kankakee areas., Illinois, 1984

[Negative value is losses; all figures Ere in million gallons]

Rockford Kankakee area
Quarter area Bourbonais Bradley Kankakee
January to March 959.073 9.690 85.549 403.546
April to June 1,200.080 41.346 114.587 306.133
July to September 1,031.275 2.073 ; 23.504 98.055
October to December 885.444 -19.911 : 44.782 220,595
Total 4,075.872 33.198 268.422 1,028.329

lReleases minus sewage-treatment returns.

In the Rockford area, the most probable cause of the sewer-conveyance
system gain is ground-water infiltration into faulty pipes. 1In the Kankakee
area, the sewer-conveyance gains were probably from storm-water runoff and
ground-water infiltration into the combined-sewer conveyance system. The
Bourbonnais sewer-conveyance system seems to have lost water (table 24) during
the last quarter. Ground-water levels may have subsided below the sewer pipes
during the dry summer months. This would have allowed water to escape from
faulty pipes.

Donohue and Associates, Inc. (1981) evaluated Kankakee's sewer-conveyance
system and reported peak gains that were 43 times the gains documented here.
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Their estimates, however, do not seem to include (1) normal flow or (2) water
lost from the overflow weirs. The estimating method used in this report involves
sewage-treatment return data, which include the effect of normal flow and losses.

Comparison of Water Use Between Study Areas

Water use and distribution, by category, as a percentage of public-supply
withdrawals in the Rockford and the Kankakee areas are shown in water-use models
(figs. 5 and 6). Of the four public supplies in the two areas, domestic use
(deliveries) ranged from 30.5 to 62.1 percent; commercial and industrial use
ranged from 10.4 to 54.4 percent; municipal use ranged from 0.5 to 4.7 percent;
and public-supply conveyance losses ranged from 4.8 to 25.8 percent (table 25).
Domestic consumptive use ranged from 1.1 to 8.5 percent; commercial and
industrial consumptive use ranged from 1.7 to 12,1 percent; and municipal
consumptive use ranged from 0.1 to 1.3 percent. The maximum consumptive use,
12.1 percent, was for commercial and industrial uses in Loves Park. Releases by
domestic users ranged from 22.8 to 30.7 percent of the four public-supply
withdrawals; for commercial and industrial users, from 6.7 to 42.7 percent; and
for municipal users, from 0.0 to 2.0 percent.

Table 25.--Water use, by category, as a percentage of each of the four public-
supply withdrawals in the Rockford and the Kankakee areas, Illinois, 1984

[N/A, not applicable]

— Rockford area = Kankakee
Loves Park North Par ockford _area
Deliveries
Domestic 36.6 62.1 34.6 30.5
Commercial and industrial 54 .4 10.4 53.2 48.3
Municipal 4.2 1.7 .5 4.7
Public-supply
conveyance losses 4.8 25.8 11.7 16.5
Consumptive uses
Domestic 3.6 8.5 2.3 1.1
Commercial and industrial 12.1 1.7 9.9 7.7
Municipal 1.2 .5 .1 1.3
Releases
Domestic 30.4 22.8 30.7 28.6
Commercial and industrial 42.7 6.7 39.8 39.2
Municipal 2.0 1.0 .3 0
Sewer conveyance gains N/A N/A 135.2 35.1

lIncludes Loves Park and North Park.
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Figure 5.---Use of water, by category, as a percentage of public-supply withdrawals,

Rockford area, lllinois, 1984. (Mgal/yr, million gallons per year.)
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withdrawals in the two areas. Municipal releases and returns in the two areas
were dissimilar (fig. 8), probably because more municipal establishments were
connected, or known to be connected, to the sewer-conveyance system in the
Rockford area than in the Kankakee area. The consumptive uses by all water users
(establishments and households) were 13 +1 percent, the releases were 78 12
percent, and the direct returns were 9 +2 percent of the deliveries and self-
supply withdrawals for both areas (fig. 8).

Domestic per-capita uses (public supplied and self supplied), by community,
were estimated and were compared. The population that is publicly supplied and
self-supplied had to be determined to estimate these per capita uses. Public-
supplied populations are typically determined from population-served information
available from public suppliers. These data were available for only some of the
communities studied. Self-supplied populations are typically estimated as the
difference between total population and populajion served. In this study, the
difference would overestimate the self-supplied populations, which are only those
connected to the sewer-conveyance system. Therefore, the following equation was
used to estimate public-supplied (PSD) and self-supplied (SSD) domestic per
capita uses:

PSD or SSD = DUSE/HHD/PER/366, (6)
!
where DUSE is domestic use (deliveries by public supply or self-supply
withdrawal),
HHD is number of households, and
PER is population per household.

Data on domestic use and number of households were obtained from most
public suppliers. The number of households publicly supplied in the Rockford
area, as well as the average population per household in each community, were
obtained from the U.S. Bureau of Census (1980). |The period of study was calendar
year 1984, a leap year. |

The public-supplied domestic per capita use in the six communities ranged
from 67.2 to 71.0 gal/d (gallons per day). Standard deviation was 1.3 gal/d,
only 1.9 percent of the mean public-supplied domestic per capita use. Per capita
uses for each community in the two areas are listed in table 26. At a 95-percent
confidence interval, the mean public-supplied| domestic per capita use (69.2
gal/d) has an interval of only +1.1 gal/d.

The self-supplied domestic per capita use was less than the public-supplied
domestic per capita use for the communities of Rockford and Loves Park (table
26). Self-supply withdrawal data used to determine the self-supplied domestic
per capita uses are of unknown completeness or accuracy. Rockford’'s self-
supplied domestic per capita use of 51 gal/d is about 75 percent of the mean
public-supplied domestic per capita use of 69.2 gal/d. The estimate for
Rockford, based on data from 1,049 households, is probably reasonable. The Loves
Park estimate of 24.4 gal/d is about 35 percent of the mean public-supplied
domestic per capita use. That estimate was based on data for only seven
households.
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Table 26.--Determination of public- and self-supplied domestic per capita
water use, Rockford and Kankakee areas, Illinois,

1984

{Mgal/yr, million gallons per year; gal/d, gallons per day;

dashes indicate no data; N/A, not applicable]

PUBLIC-SUPPLIED

Public-supplied

c it Domestic Number Persons domestic per
ommunity deliveries of per capita use?
(Mgal/yr) households householdl (gal/d)
Loves Park 339.006 14,693 2.78 71.0
North Park 388.793 15,003 3.16 67.2
Rockford 3,460.223 152,169 2.61 69.4
Bourbonnais 294.922 3,967 2.95 68.9
Bradley 278.667 3,915 2.78 70.0
Kankakee 583.122 8,775 2.63 69.0
Total 5,344.733 78,522 N/A N/A
Mean N/A N/A 2.82 69.2
Standard
deviation N/A N/A .21 1.3
Confidence
interval N/A N/A +.17 +.1
SELF-SUPPLIED
Self-supplied Self-supplied
Communit domestic Number Persons damestic per
y withdrawals of per capita use?
(Mgal/yr) households household! (gal/d)
Loves Park 0.174 7 2.78 24.4
North Park - -- -- -
Rockford 51.110 1,049 2.61 51.0
Bourbonnais - - - -
Bradley - - -= ~-=
Kankakee -- - - -
Total 51.284 1,056 N/A N/A
Mean N/A N/A 2.69 37.7

lpata from U.S. Bureau of Census, 1980.
2Calculated by use of equation 6.
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Total water returns (sewage treatment anJ direct) were greater than total
water withdrawals (public and self supply) in th# Rockford and the Kankakee areas
(figs. 9 and 10) as a result of large sewer-conveyance gains. Although amounts
of water should logically decrease in the order of withdrawals, deliveries,
releases, and returns; returns exceeded withdrawals in the two areas. As can be
seen in figures 9 and 10, consumptive use ¢annot be simply calculated by
subtraction of returns from withdrawals because a negative consumptive-use
estimate would result. A better estimate of consumptive use can be obtained by
subtracting releases from deliveries.

Rainfall seems to affect water use in the Rockford and the Kankakee areas.
Monthly withdrawals, deliveries, releases, and returns of water; and rainfall in
the two areas are shown in figures 11 and 12. Withdrawals and deliveries seem
to increase during dry periods and to decrease during wet periods. The increase
in withdrawals during the summer months is generally caused by lawn watering.
In general, returns seem to increase during periods of increasing rainfall. Peak
returns in the Rockford area are generally caused by ground water infiltrating
the sewer-conveyance system; in the Kankakee area, they are generally caused by
surface-water runoff entering the combined sewer-conveyance system. The effects
of rainfall (or lack of) on water use in Illinois warrant further study.

SUMMARY AND CONCLUSIONS

Amounts of water withdrawn, delivered, consumed, released, returned, and
lost or gained during conveyance were determined for six communities served by
the public-water systems in the Rockford and the Kankakee areas of Illinois. The
six communities are Rockford, Loves Park, and North Park (Rockford area), and
Kankakee, Bourbonnais, and Bradley (Kankakee area). Water-use categories studied
were commercial, industrial, domestic, and municipal uses; public supply; and
sewage treatment.

Water-use data were obtained from all water utilities and from several
major water users (establishments that use more than 1 million gallons per month
for 2 or more consecutive months) in the Rockford and the Kankakee areas. The
data obtained from water utilities include (1) public-supply withdrawal, (2)
self-supply withdrawal, (3) estimates of partial public-supply conveyance loss,
(4) deliveries by public supply, (5) partial release, (6) partial commercial,
industrial, domestic, and municipal return (direct returns), (7) sewage-treatment
return, and (8) precipitation.

Of the 32 major water users, 30 provided adequate (more than 2 months of
data) water-use data on self-supplied withdrawals, deliveries, consumptive uses,
releases, and (or) direct returns.

Adequate data were available for all withdrawals, deliveries, and sewage-
treatment returns in the two study areas. Adequate data were also available for
industrial releases in both areas, municipal returns in Loves Park, and
industrial returns in Bourbonnais and Kankakee.
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WATER USE, IN MILLION GALLONS
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Figure 9.---Cumulative monthly withdrawals, deliveries, releases, and
returns in the Rockford-area, Illinois, 1984.
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59



RETURNS

.~ — — — = WITHDRAWALS

DELIVERIES

R

RELEASES

T
JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

SNOTIVD NOITTIN NI ‘3SN HILYM

______

77777
\N\MW\\\ ]

\\\\\\\\\\\\\\\\\

LY

U

w
Z
2
rd

77777777

S3IHONI NI “1TV4ANIVYH

Figure 11.---Monthly withdrawals, deliveries, releases, and returns of water; and

rainfall in the Rockford area, lllinois, 1984. |

60



RETURNS

- WITHDRAWALS
- T DELIVERIES
RELEASES

JAN FEB MAR APR MAY  JUNE JULY AUG  SEPT ocT NOV DEC

| | | ! |

&
o

&

JAN

600

500

400 |-
0!
0

SNOTIVO NOITTIN NI ‘3SN Y3LVYM

100

6666666

S3HONI NI “1IV4ANIVY

Figure 12.---Monthly withdrawals, deliveries, releases, and returns of water; and

rainfall in the Kankakee area, lllinois, 1984.

61



The accuracy of water-use data is indicated by ratings of good (1l0-percent
or less error), fair (10- to 25-percent error), ior poor (greater than 25-percent
error). Accuracy was determined on the basis of discharge measurements or
reliability tests of meters, or estimated according to the completeness of the
data. Discharge measurements were taken at 19 metered release points, which
consisted of 17 percent of all releases in the two areas. Discharge measurements
also were taken at all four sewage-treatment-return points. Reliability tests
of meters were available for the Kankakee area. Accuracy of water-use data can
be summarized as follows:

Rockford area Kankakee area
Withdrawals Good Good
Deliveries Fair Good
Consumptive uses Unknown Unknown
Releases (industrial only) Poor Good
Sewage-treatment returns Good Good
Direct returns Poor Poor
Conveyance losses and gains Unknown Unknown

Various methods were used to estimate consumptive uses; releases; returns
by commercial, domestic, industrial, and municipal users; and conveyance losses
and gains. The methods were focused on water budgeting to assure that water uses
balanced. Consumptive uses were estimated by use of the consumption-budget
method, the types-of-use method (water used for cooling systems, boilers, and
lawn watering), consumptive-use ratios (consumptive use divided by deliveries and
(or) self-supply withdrawals), the winter base-rate method (domestic outside
use), and the maximum lawn-watering method. The winter base-rate method provided
the best domestic consumptive-use estimates, whose ratios (consumptive use from
the winter base-rate method divided by deliveries and self-supply withdrawals),
by community, ranged from 0.030 to 0.136 and averaged 0.068. The consumption-
budget and types-of-use methods, as well as consumptive-use ratios, were used to
estimate consumptive use for commercial, industrial, and municipal categories.
Water budgeting was used, in general, to estimate releases, and conveyance losses
and gains. Estimates of nonconsumptive uses by cooling systems, boilers, and
lawn watering; data of deliveries to septip-system users; and (or) water
budgeting were used to estimate commercial, domestic, industrial, and municipal
returns undefined by data.

Proportions of water use were similar in the two study areas. Of the
public-supply withdrawals in each area, about one-half was delivered for
commercial and industrial uses; about one-third for domestic uses; and about one-
sixth for municipal uses and public-supply conveyance losses. Furthermore,
public-supply conveyance losses were about 12 percent in the Rockford area and
about 17 percent in the Kankakee area, whereas sewer-conveyance gains were about
35 percent in the two areas. The commercial and the industrial consumptive uses,
the releases, and the returns in the two areas amounted to 17 *1, 75 %4, and
8 +4 percent of their deliveries and self-supplied withdrawals. Domestic
consumptive uses, releases, and returns amounted to 6 2, 88 %5, and 6 14 percent
of their deliveries and self-supplied withdrhwals. Consumptive uses by all
establishments and households were 13 *1 percent, the releases were 78 =2
percent, and the direct returns were 9 *2 percent of the deliveries and self-
supply withdrawals.
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Total water returns (sewage treatment and direct) were greater than total
water withdrawals in the two areas because of sewer-conveyance gains, which
amounted to about 34 percent of the sewage-treatment returns for each area.
Thus, consumptive use cannot be simply calculated by subtraction of returns from
withdrawals because a negative consumptive-use estimate would result. A better
estimate of consumptive use can be obtained by subtracting releases from
deliveries.

Rainfall seems to affect water use in the two areas. Monthly withdrawals
and deliveries seem to increase during dry periods and to decrease during wet
periods. The increase in withdrawals during the summer months is generally
caused by lawn watering. In general, returns seem to increase during periods of
increasing rainfall, largely because surface-water runoff and (or) ground water
entering the sewer-conveyance systems. Effects of rainfall (or lack of) on water
use in Illinois warrant further study.

The use of delivery rates, deliveries divided by the number of users
(establishments or households) by category, as coefficients in the estimation of
deliveries for other water systems was evaluated. The standard deviation for
domestic-delivery rates from each community is 0.005 (Mgal/H)/yr or about 7
percent of the mean domestic rate 0.071 (Mgal/H)/yr; for commercial, it is 0.110
(Mgal/est)/yr or about 27 percent of the mean rate 0.406 (Mgal/est)/yr; and for
all categories, it is 0.056 (Mgal/user)/yr or about 38 percent of the mean rate
0.146 (Mgal/user)/yr. Based on the 95-percent confidence intervals of the mean
rates for each community, domestic deliveries for each community range from 0.067
to 0.075 (Mgal/H)/yr; commercial deliveries range from 0.277 to 0.535
(Mgal/est)/yr, and deliveries to all categories range from 0.100 to 0.192

(Mgal/user)/yx.

Public-supplied domestic per capita use in the six communities ranged from
67.2 to 71.0 gal/d. Standard deviation was 1.3 gal/d, only 1.9 percent of the
mean. At a 95-percent confidence interval, the mean public-supplied domestic per
capita use (69.2 gal/d) has an interval of only *1.1 gal/d. Rockford’'s self-
supplied domestic per capita use (51 gal/d)--the most reasonable self-supply
estimate--is about 75 percent of the mean public-supplied domestic per capita
use.

In conclusion, water-use data for the Rockford and the Kankakee areas were
accurate and adequate to define withdrawals, deliveries, and sewage-treatment
returns. Release data were available but not always complete. Data on
consumptive use; commercial, industrial, domestic, and municipal return; and
conveyance loss and gain were generally unavailable. Better release data or
estimates than are currently available are especially needed to quantify
consumptive use and sewer-conveyance gains (or losses) by water budgeting. Field
verification with meters is needed to further verify the accuracy of water-use
data.

Water-use data and estimates used to plan, manage, and evaluate our water
resources or public-water systems become increasingly valuable as resources
continue to diminish, deteriorate, and (or) become more costly. Therefore,
continued investigation of all waters withdrawn, delivered, consumed, released,
returned, and lost or gained during conveyance is needed to improve the
collection and the analysis of water-use information.
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APPENDIX

Determination of Consumptive Use as a Percentage of Use by
Cooling Systems, Boilers, and Lawn Watering

Water used by cooling systems, boilers, and lawn watering typically becomes
consumptive use or direct returns. In this section, consumptive uses as a
percentage of these uses are determined for the types-of-use method.

Evaporative cooling systems constitute most of the cooling systems with
significant water use in the Rockford area (Ken Linnemeir, Nelson Carlson
Mechanical Contractors, oral commun., 1988); consequently, most of the data for
cooling systems in the Rockford area probably represent water use by evaporative-
cooling systems. Boiler-water-use data mostly represent water used by steam-
generating systems because these systems use a significant amount of water but
release little to the sewer.

Water used by cooling systems and boilers is commonly called make-up water.
Make -up water for evaporative-cooling systems replaces water lost by evaporation,
drift, and blowdown. Water lost by evaporation and drift is consumptive use.
Drift is water lost by mist and small droplets, which typically evaporates.
Blowdown is the occasional discharge of water to prevent scale deposits from
forming in the system. Blowdown water can be directly returned to water sources,
after treatment, or can be released to sewage-treatment plants. All blowdown
water from cooling systems and boilers was assumed to be directly returned.

Because make-up water for the evaporative-cooling systems eventually
becomes either consumptive use or direct return (blowdown), consumptive use can
be determined if the quantity of blowdown is known. Estimates of blowdown
(Strauss, 1978, p. 24-62; Watt, 1986, p. 109-160) range from O to 34 percent of
make-up water. According to Watt (1986, p. 109-112), blowdown should be
sufficient to maintain a dissolved-solids concentration in cooling water that is
three to four times that of the make-up water. A dissolved-solids concentration
of four times approaches the safe limit for most make-up waters (Watt, 1986, p.
110). In figure 13, blowdown as a percentage of make-up water is plotted against
the concentration rates of dissolved solids (concentration of dissolved solids
in cooling water divided by concentration of dissolved-solids in make-up water).
As shown in figure 13, to maintain a concentration ratio of three to four times,
17 to 22 percent of the make-up water should be blowdown. Because roughly 20
percent of the make-up water is probably blowdown, the remaining 80 percent of
the make-up water approximates consumptive use by evaporative cooling systems.

For steam-generating boilers, most make-up water replaces water lost as
steam or discharged as blowdown. Water or steam can be lost as a result of the
following activities:

Incorporation into product,
Operation of steam-powered machinery,
Discharge from leaky pipes, and
Discharge from safety valves.
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CONCENTRATION RATIO (DISSOLVED SOLIDS IN COOLING WATER/
DISSOLVED SOLIDS IN MAKE-UP WATER)

Figure 13.---The effect of blowdown on the dissolved-solids concentration of water
used for cooling systems (modified from Watt, 1986, p. 112).

The incorporation of steam into products is consumptive use because the steam is
removed from the immediate water environment. Steam used to operate machinery
or turbines is typically lost to evaporation unless it is reclaimed. Steam
discharge from leaky pipes and safety valves usually evaporates.
|

Blowdown from boilers generally is not ¢onsumptive use. When a blowdown
valve is opened, a certain amount of the hot-water discharge will flash into
steam until the pressure is relieved. Customarily, however, this steam is
condensed and the blowdown water is cooled before discharge (Shields, 1961, p.
426). Therefore, water lost to blowdown was not considered consumptive use.

As in evaporative cooling systems, consumptive use by steam-generating
boilers could be determined if the typical quantities of blowdown (direct return)
were known. According to the American Boiler Manufacturers Association’s (ABMA)
recommended permissible boiler-water concentration of dissolved solids, figure
14 can be used to estimate the required blowdown percentage of make-up water
(Culp/Wesner/Culp and Hughes, 1979, p. 86). In the Rockford area, boiler
operating pressures ranged from 15 to 80 1b/in? (pounds per square inch) (Gene
Mead, Nelson Carlson Mechanical Contractors, joral commun., 1989), and public-
supply water concentrations of total dissolved solids averaged 417 mg/L
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(milligrams per liter) (John Crooks, Rockford Water Department, oral commun.,
1989). The percentage of blowdown can be determined from figure 14 by extending
the operating pressure (80 lb/in?) to the permissible boiler-water concentration
of dissolved solids curve (stairstep curve 3,500 mg/L). Then extend the
permissible boiler-water-concentration value vertically to the make-up water
concentration value (417 mg/L) to determine from the diagonal curves a blowdown
of about 12 percent of make-up water. Because roughly 10 percent of make-up
water is probably blowdown, the remaining 90 percent approximates consumptive use
by steam-generating boilers in the Rockford area.

Water used on lawns is mostly consumptive use, owing to evapotranspiration.
An estimate of evapotranspiration near the stu@y areas was used to help explain
the percentage of lawn watering that is consumptive use. Evapotranspiration in
Sheffield, I11., about 110 mi (miles) south;:?L of Rockford and 130 mi west of
Kankakee, was estimated to be about 70 percent|of precipitation (Ryan, 1989, p.
1. Of the average annual precipitation of 37.3 in. (inches), annual
evapotranspiration averaged 25.9 in., annual runoff averaged 6.3 in., and annual
recharge (to ground water) was estimated to be 5.1 in. or about 10 percent of
precipitation (Ryan, 1989, p. 57). As water is generally applied to lawns at a
steady, moderate rate, runoff can be assumed to be zero. Water used for lawn
watering, therefore, was assumed to be evapotranspired or to be returned to the
underlying ground-water aquifer. If precipitation at Sheffield was at a steady,
moderate rate (like lawn watering) and runoff was zero, the runoff (6.3 in.)
would instead be evapotranspired or returned.| Or if roughly 10 percent of the
runoff returned to ground water, similar to the amount of precipitation that
returned, the remaining amount would be evapotranspired. The total annual
evapotranspiration would then be about 31.5 in. (evapotranspiration + [runoff -
(runoff x 0.10)]) or roughly 80 percent of precipitation. Therefore, roughly 80
percent (evapotranspiration factor) of the water used for lawn watering was
considered to be consumptive use, owing to evapotranspiration, and the remaining
20 percent was considered to be returns to ground water--provided that Sheffield
is climatically similar to Rockford. DiNatale (1981, p. 182) determined that
probably 75 to 90 percent of lawn water evapptranspires in northern Colorado
communities. ‘
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