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CONVERSION FACTORS

Multiply By To obtain
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
square mile (mi2) 2.59 square kilometer
gallon per day (gal/d) 0.003785 cubic meter per day

million gallons per day 3,785 cubic meter per day

(Mgal/d)
inch per year (in/yr) 0.0476 million gallons per day




ESTIMATION OF WATER WITHDRAWAL AND
DISTRIBUTION, WATER USE, AND WASTEWATER
COLLECTION AND RETURN FLOW IN CUMBERLAND,
RHODE ISLAND, 1988

by M.A. Horn, P.A. Craft, and Lisa Bratton

ABSTRACT

Water-use data collected in Rhode Island by different State agencies or maintained by
different public water suppliers and wastewater-treatment facilities need to be integrated if these
data are to be used in making water-resource management decisions. Water-use data for the town
of Cumberland, a small area in northeastern Rhode Island, were compiled and integrated to
provide an example of how the procedure could be applied. Integration and reliability assessment
of water-use data could be facilitated if public suppliers, wastewater-treatment facilities, and State
agencies used a number of standardized procedures for data collection and computer storage.

The total surface water and ground water withdrawn in Cumberland during 1988 is
estimated to be 15.39 million gallons per day (Mgal/d) of which 11.20 Mgal/d was exported to
other towns. Water use in Cumberland included 2.51 Mgal/d for domestic use, 0.68 Mgal/d for
industrial use, 0.27 Mgal/d for commercial use, and 0.73 Mgal/d for other uses, most of which
were unmetered use. Disposal of wastewater in Cumberland included 2.03 Mgal/d returned to the
hydrologic system and 1.73 Mgal/d exported from Cumberland for wastewater treatment.
Consumptive use during 1988 is estimated to be 0.43 Mgal/d.

INTRODUCTION

In Rhode Island, water withdrawal is approaching the operational capacities of developed
water supplies (Rhode Island Division of Planning, 1988). This situation could be alleviated
through development of new sources of water supply, more efficient use of existing supplies, or
both. Evaluation of these alternatives requires access to accurate, comprehensive, and
comparable water-use data. Collection, analysis, computer storage, and dissemination of water-
use data is costly and time consuming, especially if undertaken at a time of crisis. By
implementing a well-planned and continuous water-use data program, collection of data not only
would be more efficient and less costly than at present but would also generate data of known
reliability. The data can be used to understand current supply and demand relations, facilitate
prediction of future demands, develop plans to ensure sufficient supplies for future use, and
monitor the effectiveness of conservation measures.



The U.S. Geological Survey (USGS), in cooperation with the Rhode Island Department of
Environmental Management and the Rhode Island Govemor's Office of Housing, Energy, and
Intergovernmental Relations (GOHEIR), has been working toward the development of a
comprehensive, up-to-date, and reliable water-use data base. The first phase in developing the
data base was to prepare a report (Horn and Craft, 1991) that describes six processes
incorporating all aspects of water use, defines data requirements, and discusses the major issues
involved in developing a water-use data program. The second phase was to apply the guidelines
provided in that report to a limited area to demonstrate how data compilation, analysis, and
computer storage and retrieval would result in the water-use data needed by Rhode Island water-
resource managers and planners. The town of Cumberland, R.1., was chosen for the
demonstration phase of the study because its public supply includes not only water from ground-
water and surface-water sources within the town but also water purchased from another public
supplier. GOHEIR supported this program, assuming that the program would result in reduced
energy and water consumption in Rhode Island.

A complete water-use data program examines all six water-use processes: (1) withdrawal,
(2) water use, (3) return flow, (4) consumptive use, (5) treatment, and (6) conveyance (Horn
and Craft, 1991), which are described briefly in the glossary. The interrelations of the water-use
processes are illustrated in figure 1. The six processes are discussed in three sections in this
report: withdrawal and distribution, which combines the three supply processes--withdrawal,
water treatment, and distribution conveyance; water use, including consumptive use; and
wastewater collection and return flow, which combines the three disposal processes--
wastewater-collection conveyance, wastewater treatment, and return flow. This organization
parallels the three main institutional water-resource management programs: allocation,
conservation and demand management, and discharge.

Purpose and Scope

The purpose of this report is to demonstrate integration of water-use data collected by
different State agencies or maintained by different public suppliers and wastewater-treatment
facilities. The methods used for this case study of Cumberland, R.I., can be applied to a water-use
data program for the rest of the State. The report presents a brief discussion of data compilation,
organization and computer storage, and analysis. A detailed description of the methods used and
the resulting water-use data are presented on withdrawal, distribution, use, wastewater collection,
return flow, and import of water into and export of water out of Cumberland. At the end of each
section, an overview provides a discussion of how water that is withdrawn, distributed, used,
collected, and returned in the study area affects the availability and distribution of water
TESOUICES.

! Terms in bold print are defined in the glossary in the back of this report.
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Figure 1.--General water-use flow diagram. (Modified from Horn and Craft, 1991,
fig. 3.)



Description of Study Area

The town of Cumberland covers 28.64 mi’ of Providence County, which is in the
northeastern corner of Rhode Island, approximately 10 mi north of Providence and 50 mi
southwest of Boston. Cumberland is roughly wedge-shaped, with the apex to the south (fig. 2).
The town is bounded on the north and east by the State of Massachusetts; on the northwest by the
town of Woonsocket, R.1.; and on the west and south by the Blackstone River, which separates
Cumberland from the towns of Lincoln, to the west, Central Falls, to the south, and Pawtucket to
the southeast.

The 1988 estimated population of Cumberland was 28,350 (Rhode Island Division of
Planning, Department of Administration, 1990), an increase of 5 percent from the population of
27,069 in 1980. The population density is relatively high, at 990 people per square mile overall,
and is highest in three areas: (1) in the southern tip; (2) in the west along Highway 122, which
roughly borders the Blackstone River; and (3) in the east along Highway 114, near the
Massachusetts border.

The sources of water in Cumberland include precipitation and surface-water and ground-
water storage. The average precipitation for Rhode Island is 45.4 in/yr (Johnston and Baer, 1990),
which, when applied over the area of Cumberland (28.64 mi), is roughly equivalent to 61.9
Mgal/d. The average value for evapotranspiration in Rhode Island is 21 in/yr (Johnston and Baer,
1990), which is roughly equivalent to 28.7 Mgal/d in Cumberland. Thus, the precipitation
available for surface-water runoff and ground-water recharge in Cumberland is approximately
33.3 Mgal/d, or 53.8 percent.

Cumberland is entirely within the Blackstone River drainage basin. However, Abbott Run,
a major tributary to the Blackstone River along Cumberland's eastern edge, is considered a
distinct subbasin in this report because separate public-supply and wastewater-collection pipes
have been placed in both valleys. The Abbott Run subbasin is 16.90 mi? (59 percent of
Cumberland), and the Diamond Hill and Arnold Mills Reservoirs are the major standing water
bodies. The Blackstone River subbasin in Cumberland is 11.74 mi® (41 percent of Cumberland),
and Sneech Pond is the only major standing water body

Each river basin in Cumberland is underiain by crystalline rock (bedrock) which is covered
by till. Stratified drift deposits lie in the center of each valley and form major sand-and-gravel
aquifers (referred to as “ground-water reservoirs” in Rhode Island): the Blackstone ground-water
reservoir and the Abbott Run ground-water reservoir. Small quantities of water that are generally
sufficient for domestic supply are available from the bedrock and from till that covers the
bedrock.
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Table 2.--Withdrawal and filter-backwash return flow for public supply in Curberiand, 1988

[Data from Cumberland Water Department and Pawtucket Water Supply Board. Name of aquifer: ARGWR, Abbott Run
ground-water reservoir; BGWR, Blackstone ground-water reservoir. Public supply processes: E, estimated; M, metered;

<, actual value is less than value shown. --, no data or not applicable]

Public supply processes,
in millions of gallons per day

Public Name of Naine of Water Water Water
supplier measurement point aquifer withdrawn treated returned
Cumberland  Sneech Pond - 10,70 E 0.70 M <0.01E
Water Manville well 1 BGWR 41 M 41 M --
Department Manville well 2 BGWR 45M A5M --
Abbott Run 2 ARGWR 0O9M 09M -
Abbott Run 3 ARGWR J9M A9M --
Total for Cumberland 1.84 1.84 <.01
Pawtucket Happy Hollow Pond - 1272 M
WaterSupply  Well 2 ARGWR 210E
Board Well 3 ARGWR 209E
Well 6 ARGWR 209E 31299 E 319E
Well 7 ARGWR 209E
Well 8 ARGWR 209E
Well 4 ARGWR O5M O5M --
Well 5 ARGWR 04M 04 M --
Total for Pawtucket 13.27 13.08 .19
Total for all water departments 15.11 14.92 19

IThe withdrawal from Sneech Pond was measured as it was released from the treatment
facility and did not include the volume of water used to backwash the filters. The value shown
includes backwash water of less than 0.01 Mgal/d based on the facility manager's estimate that the
water was pumped through the filters for 3 hours a day at a rate of 25 gallons per minute.

2The volumes of water withdrawn from PWSB wells 2,3, 6,7, and 8 were not metered; the
monthly volumes were estimated from records for Happy Hollow Pond, which indicated that
withdrawal from the Pond constituted 96.5 percent of the intake at the treatment facility and that
the unmetered wells constituted the remaining 3.5 percent. Withdrawals from individual
unmetered wells were estimated by dividing the total by 5.

3Value is total for wells 2, 3, 6, 7, and 8.
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Ground water was withdrawn from seven wells that tap the Abbott Run ground-water
reservoir. Five wells, (2 (1001), 3 (1002), 6 (1005), 7 (1006), and 8 (1007)) are situated around
Happy Hollow Pond and supplement withdrawal from the pond. The wells are unmetered, and
the water is pumped and stored in the clearwell at the treatment facility. The wells are used
mostly in February and March, when the salt concentration in the surface water increases because
of runoff from roads, and in the summer, when water demand is high. The monthly volumes for
the five wells were estimated on the basis of records for Happy Hollow Pond, which indicated that
withdrawal from the Pond constituted 96.5 percent of the intake at the treatment facility and that
the unmetered wells constituted the remaining 3.5 percent. Withdrawal from individual
unmetered wells were estimated by dividing the total by 5. During 1988, total withdrawal from
these wells was estimated at 0.46 Mgal/d. Pawtucket wells 4 (1003) and 5 (1004), located south
of Robin Hollow Pond near the Massachusetts border, pump directly into the distribution system.
These wells are metered and treated at the wellheads. During 1988, water was withdrawn from
these two wells only during July and August for a combined total 0.09 Mgal/d.

Water Treatment

Water treatment, the second process in public supply, consists of the processes that
withdrawn water may undergo before use. Water treatment is intended to ensure compliance with
appropriate State or Federal standards for drinking water or otherwise to improve water quality.
Data on the rate of water treatment in Cumberland are presented in table 2.

The Cumberland WD operates two types of treatment systems: the main system at Sneech
Pond and smaller systems at each wellhead. The facility at Sneech Pond treats an average of
0.70 Mgal/d and can treat as much as 1.45 Mgal/d. The treatment consists of flocculation, pH
buffering, settling, rapid sand filtration, chlorination, and fluoridation. After treatment, the water
flows into a clearwell for additional clarity by means of settling. Water from each of the four
wells is treated at the wellhead. Treatment consists of pH buffering, fluoridation, and, on
occasion during the summer, chlorination. Although no measurements are made at the wellhead
after treatment, the volume of water treated and released is assumed to be equal to the volume
withdrawn (1.14 Mgal/d).

The Pawtucket WSB also operates two types of treatment systems. Water withdrawn from
Happy Hollow Pond (12.72 Mgal/d) and the nearby five wells (2, 3, 6, 7, and 8) (0.46 Mgal/d) is
treated at the facility on Mill Street in Cumberland. The water treatment consists of aeration,
flocculation, pH buffering, settling, filtration, chlorination, and fluoridation. After treatment, the
water flows into a 1.5-Mgal clearwell for settling and storage. Pawtucket wells 4 and 5 are each
treated at the wellhead. Although no measurements are made at the wellhead after treatment, the
volume of water treated and released is assumed to be equal to the volume withdrawn (0.09

Mgal/d).

Distribution Conveyance

Distribution conveyance, the third process in public supply, is the process of conveying
water from a public supplier’s points of withdrawal or treatment through the distribution system
and delivering it to the user. Distribution includes sale or purchase of water through
interconnections to other public-supply systems and delivery of water directly to customers
within the public supplier's service area.
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Conveyance Between Public Suppliers

In the Cumberland WD system, water treated in the Sneech Pond Treatment Facility (0006)
enters the distribution system (0008) at the facility, and the treated ground water enters the
distribution system at each of the four wellheads (fig. 3). The Cumberland WD maintains
interconnections with three other public suppliers: Pawtucket WSB (1011), Lincoln Water
Department (0007), and Lippitt ECA (0009). The largest interconnection is with Pawtucket WSB
distribution system. During 1988, Cumberland purchased an average of 0.33 Mgal/d from
Pawtucket WSB. The emergency interconnection with Lincoln was not used in 1988.
Cumberland's third interconnection provides Lippitt ECA with their sole source of supply.
During 1988, 0.02 Mgal/d was sold to Lippitt ECA. The data for water distributed to other public
suppliers are presented in table 3.

Table 3.--Distribution of water among public suppliers in Cumberland, 1988

[Data from Cumberland Water Department and Pawtucket Water Supply Board. Withdrawal and delivery in million gallons per
day (Mgal/d); M, metered; E, estimated]

Purchased
Withdrawn in from Sold to
Cumberland  Cumberland  Cumberland Distributed
Public and available public public Sold outside inside
supplier  for distribution suppliers suppliers Cumberland  Cumberland
Cumberland 1.4 M 0.33M 0.02M 0 2.15M
Water
Department
Pawtucket 13.08 M 0 33M 1120E 21.55E
Water Supply
Board
Lippitt Estates 0 02M 0 0 02M
Community
Association
Total 1492 M 35M 35M 1120E 3.712E
distributed

Uncludes 0.73 Mgal/d distributed through Pawtucket Water Supply Board's Cumberland
distribution system to Massachusetts customers and 0.88 Mgal/d unaccounted water (estimated as
8 percent of the water distributed outside Cumberland).

2Includes 0.17 Mgal/d of unaccounted water (estimated as 8 percent of the water distributed
inside Cumberland).
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In the Pawtucket WSB system, water treated in the Mill Street treatment facility (1010)
enters the distribution system (1011) at the plant. The treated ground water from wells 4 and 5
enters the distribution system at the wellheads. Most of Pawtucket WSB's treated water, 11.20
Mgal/d, is distributed outside of Cumberland. In addition, 1.55 Mgal/d is distributed to the
southern part of Cumberland.

Cumberland WD has four storage tanks in the system: Coppermine (Tank I) with a storage
capacity of 3.3 Mgal, Palomino (Tank 2) with 3.4 Mgal, Sneech Pond (Tank 3) with (.33 Mgal,
and Thompson (Tank 4) with 0.75 Mgal. Total storage capacity is approximately 7.8 Mgal. Their
locations are shown on figure 4. The Cumberland WD main distribution system parallels the
major roads within the town. Water is pumped to the storage tanks and feeds by gravity to most of
the customers. Pawtucket WSB maintains no storage tanks inside Cumberland.

Conveyance from Public Suppliers to Users

Estimates of the volume of water delivered by Cumberland WD to domestic, industrial, and
commercial users (table 4) were developed by analyzing the total volume of water available for
distribution (2.15 Mgal/d), monthly meter readings (large users), estimates of unmetered use from
the utility or consultants, and annual meter readings (small users). The meters that are read
monthly (termed “industrial” by Cumberland) recorded delivery of a total of 0.48 Mgal/d during
1988, of which 0.04 Mgal/d was delivered to large domestic users (listed in appendix 1), 0.39
Mgal/d to large industrial users (appendix 2), and 0.05 Mgal/d to large commercial users
(appendix 3). Unmetered use includes leakage and water used for fire fighting and street cleaning.
On the basis of data compiled by A.D. Little, Inc. (1989), unmetered use during 1988 was
estimated at 0.41 Mgal/d, or 19 percent of total available water. The remaining 1.26 Mgal/d were
delivered to small industrial, commercial, and domestic users.

The records of meters read annually were examined for meter size and customer names to
develop estimates for the volume of water delivered to industrial, commercial, or domestic
customers. The volume of water delivered to industrial users was estimated first because this
group included the largest individual users. The list of large industrial users supplied by
Cumberland WD was compared with the Rhode [sland Department of Commerce's Directory of
Manufacturers data base (DMDB). Most (95 percent) of the employees of industries listed in the
DMDB within the Cumberland WD service area were employed by Cumberland WD's large
industrial users. Assuming that a small number of industries were missing from the DMDB, an
additional 0.06 Mgal/d (13 percent) was estimated to be delivered to the small industries, for a
total industrial delivery of 0.45 Mgal/d.

There are many more small commercial users than large commercial users, so that the
volume delivered to large and small commercial users was estimated to be approximately the
same (approximately 0.05 Mgal/d), for a total commercial delivery of 0.10 Mgal/d. The
deliveries to large domestic users (0.04 Mgal/d) were combined with the remaining 1.15 Mgal/d
for total deliveries to domestic users of 1.19 Mgal/d. RIDOH data indicate that the population
served by the Cumberland WD in 1988 was approximately 17,500. The calculated domestic per
capita use during 1988 is 68 gal/d. According to the Cumberland WD, there were 5,350 active
service connections in 1988.
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Pawtucket WSB also keeps records on customers in Cumberland with an account number
coded for Cumberland; however, two large industries with the Cumberland code, North East
Cable Corp. and Crown Yarn and Dye Co. are actually in Attleboro, Mass. The volume of water
delivered to these two industries, 0.73 Mgal/d, accounted for 86 percent of the 0.85 Mgal/d
recorded as being delivered by Pawtucket WSB to the large customers in the Cumberland service
area. Subsequent discussion of distribution in Cumberland excludes the (.73 Mgal/d delivered to
Massachusetts.

Estimates of deliveries by Pawtucket WSB to domestic, industrial, and commercial users in
the Cumberland area (table 4) were developed by analyzing the total volume of water available
for distribution (1.55 Mgal/d), quarterly meter readings (large users), estimates of unmetered use,
and the biannual meter readings (small users). The meters that are read quarterly (termed
“industrial” by Pawtucket) recorded a total delivery of (.12 Mgal/d, of which 0.02 Mgal/d was
delivered to large domestic users (listed in appendix 1), 0.05 Mgal/d to large industrial users
(appendix 2), and 0.05 Mgal/d to large commercial users (appendix 3). Unmetered water use
during 1988 was estimated at 0.12 Mgal/d, or 7.7 percent of total water available for distribution,
based on data obtained from the Pawtucket WSB. The remaining 1.31 Mgal/d was delivered to
small domestic, industrial, and commercial users.

During 1988, the total volume of water delivered by Pawtucket WSB to large users in
Cumberland amounted to a smaller percentage (8 percent) of the total volume of water distributed
than Cumberland WD (22 percent). Because these are the only reliable data, the estimates of the
remaining delivery to industrial, commercial, and domestic users by Pawtucket WSB are less
reliable. The volume delivered to large industrial users, 0.05 Mgal/d, was doubled to estimate the
volume delivered to small industrial users, 0.10 Mgal/d, for a total of 0.15 Mgal/d. The volume
delivered to large commercial users, 0.05 Mgal/d, was also doubled, to 0.10 Mgal/d, for a total of
0.15 Mgal/d. The remaining deliveries, 1.11 Mgal/d estimated as delivered to small domestic
users, were combined with large domestic deliveries, 0.02 Mgal/d, for a total of 1.13 Mgal/d.
According to the U.S. Bureau of Census (1981), 92.5 percent of the households in Cumberland
were on public supply in 1980. In 1990, 91.4 percent of the households in Cumberland were on
public supply (Rhode Island Division of Planning, 1992). Interpolating between the two values,
91.6 percent of households in Cumberland were on public supply in 1988. Applying this
percentage to the 1988 population (28,350) indicates approximately 25,970 residents were on
public supply. Subtracting the population supplied by other public suppliers, the 1988 population
served by Pawtucket WSB was estimated as 8,170. The calculated domestic per capita use for the
service area during 1988 is 138 gal/d. According to the Pawtucket WSB, there were 2,456 active
service connections in 1988.

The third public supplier, Lippitt ECA, serves approximately 300 people and is wholly
supplied by Cumberland WD through a metered connection. Cumberland WD sold 0.02 Mgal/d
to this system in 1988. Lippitt ECA has a 0.03-Mgal-capacity storage tank. Distribution is all
residential, with an estimated per capita use of 67 gal/d.

Estimated per capita use for domestic users served by Cumberland WD and Lippitt ECA
during 1988 were 68 gal/d and 67 gal/d, respectively. These estimates correlate closely with per
capita values for domestic deliveries by public suppliers in 1985 estimated in a study of
Middlesex and Monmouth Counties, N. J. (unpublished data on file at the U.S. Geological Survey
office in West Trenton, N. J.). Estimated per capita use for domestic users served by Pawtucket
WSB were 138 Mgal/d, about twice that of Cumberland WD and Lippitt ECA. This high value
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most likely results from incorrect identification of deliveries outside Cumberland as deliveries
within Cumberland, from an unusually high number of meter-reading errors, or may result from
meters that registered too high a volume (meter overregistration).

Consumptive use in Cumberland during the withdrawal, treatment, and distribution
processes occurs when water evaporates from open storage (reservoirs or tanks), during treatment
(from settling ponds), or from conveyance systems. Very little (less than 0.01 Mgal/d)
consumptive use occurs during these processes because treated water in Cumberland is stored in
closed tanks. During distribution, significant quantities of water may be “‘unaccounted for” or
leaked out of the system; however, leakage is not considered consumptive use because the water
may be available for reuse from the ground-water and surface-water systems. In summary, all
consumptive use that occurs during supply processes in Cumberland is through evaporation from
surface-water bodies.

Self-Supply Withdrawal

Self supply incorporates all users who withdraw their water directly from surface-water or
ground-water sources. The major use categories of withdrawal for self supply in Cumberland are
domestic, industrial, and commercial. Withdrawal for self supply is summarized in table 5.
Major users are listed in the table. Minor users that withdrew less than 0.01 Mgal/d were
aggregated by use category and aquifer.

Domestic self supply consists of withdrawal for drinking water by and for individual
housing units, which include individual houses, apartments, attached houses, nursing homes, a
novitiate, or any place where people reside and are included in a census survey. No single
domestic withdrawal greater than 0.01 Mgal/d was identified in Cumberland.

Estimates of the volume of self-supplied withdrawal were based on the percentage of
households that were self-supplied and the average per capita use. Subtracting the estimated
number of residents on public supply in 1988 (25,970 people) from the total 1988 population
(28,350) indicated that approximately 2,380 residents withdrew their own water. Estimated per
capita use for Cumberland WD was 68 gal/d; for Pawtucket WSB, 138 gal/d; and for Lippitt
ECA, 67 gal/d (table 4). The Pawtucket WSB value was considered too high, so the other per
capita values were used and rounded to 70 gal/d as the self-supply per capita use. Domestic self
supply was estimated to be 0.17 Mgal/d (self-supplied population multiplied by per capita use).

Most of the self-supplied population lives in the northern part of Cumberland or along the
ridge that separates the two subbasins. Examination of data on the extent, depth, and yields of the
aquifers underlying these areas led to an estimate for withdrawal from the four aquifers: 40
percent from till, 40 percent from bedrock, 15 percent from the Abbott Run ground-water
reservoir, and 5 percent from Blackstone Valley ground-water reservoir. No domestic withdrawal
was from surface-water sources.

Commercial withdrawal includes water withdrawn for drinking water or sanitary facilities in
restaurants, offices, shopping centers, or recreational areas, and in buildings that use water for
heating or air conditioning. Although the RIDOH has data on six self-supplied commercial users
(noncommunity suppliers) in Cumberland (three restaurants, two campgrounds, and one visitors
center), none exceeds 0.01 Mgal/d; therefore, these six users are included in the aggregated usage.
Estimates of the volume of commercial withdrawal during 1988 were based on the assumption
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Table 5.--Withdrawal of water for self supply in Cumberland, 1988

[Data from Cumberland Water Department, Pawtucket Water Supply Board, and Blackstone Valley District Commission.
Use category and user: Aggregate, combined withdrawals of all users who withdrew less than 0.01 million gallons per day
during 1988 in each use category. Source of water: Bedrock aquifer refers to crystalline and undifferentiated sedimentary-rock
aquifers that underlie glacial deposits. Withdrawal: Column may not add up to totals because of independent rounding.
Mgal/d, million gallons per day; GWR, ground-water reservoir; <, actual value is less than value shown]

Withdrawal
Use category and user Source of water (Mgal/d)
DOMESTIC
Aggregate Blackstone GWR 0.01
Aggregate Abbott Run GWR .02
Aggregate Bedrock aquifer .07
Aggregate Till aquifer .07
Domestic total 17
INDUSTRIAL
Electroformax Laboratories, Inc. Blackstone GWR .02
Peterson Puritan, Inc. ! Blackstone GWR .03
Aggregate Blackstone GWR .01
Aggregate Abbott Run GWR .01
Aggregate Bedrock aquifer .01
Aggregate Till aquifer <.01
Industrial total .08
COMMERCIAL
Aggregate Blackstone GWR <.01
Aggregate Abbott Run GWR <.01
Aggregate Bedrock aquifer .01
Aggregate Till aquifer .01
Commercial total 02
LIVESTOCK
Aggregate Till aquifer <.01
Livestock total <.01
IRRIGATION
Aggregate Till aquifer <.01
Irrigation total <.01
Total .28

I Withdrawn and released to wastewater-collection system as part of ground-water
contamination remediation.
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that the ratio between self supply and public supply for domestic use (0.17/2.34 or 7.3 percent)
was the same for commercial use. This assumption is based on the observation that the number
and distribution of small commercial establishments generally parallels population distributions
(Robert R. Pierce, U.S. Geological Survey, oral commun., 1989). Consequently, 7.3 percent of
public supply for commercial use (0.25 Mgal/d; table 4) results in a commercial self-supply value
of 0.02 Mgal/d.

As with domestic withdrawal, commercial withdrawal was concentrated in the northern part
of Cumberland and along the central ridge. Because commercial withdrawal was considered
small, half of the withdrawal was estimated to be from wells completed in till and the other half
from wells completed in bedrock. No commercial surface-water withdrawal was identified.

Industrial withdrawal includes water used for fabrication, processing, washing, and cooling
in such industries as chemical and plastic, textile, wood-product, nonferrous-metal, and jewelry
manufacturing. Major self-supplied industries were identified by use of Blackstone VDC data
and Rhode Island Pollutant and Discharge Elimination System (RIPDES) permit data. Industries
that were listed with Blackstone VDC (appendix 5) or had RIPDES permits (table 9) but were not
on the customer lists for Cumberland WD or Pawtucket WSB (appendix 2) were assumed to be
self-supplied. Two major industries that were at least partially self-supplied were Peterson
Puritan, Inc. and Electroformax Laboratories, Inc. Total withdrawal for these industries during
1988 was estimated at 0.05 Mgal/d on the basis of data obtained from the Blackstone VDC
(table 8). Peterson Puritan, Inc. and Electroformax Laboratories, Inc., are located along the
Blackstone River in an industrial area that is also served by the Cumberland WD. Both industries
have wells in the Blackstone ground-water reservoir.

Total withdrawal for Electroformax Laboratories, Inc., Peterson Puritan, Inc., and publicly
supplied industries was estimated to account for approximately 95 percent (0.65 Mgal/d) of all
industrial use. The withdrawal by industries using less than 0.01 Mgal/d was estimated at
0.03 Mgal/d. Industrial withdrawal requires more water than can be produced from a well
completed in till. Therefore, industrial ground-water withdrawal was estimated as one-third from
wells completed in bedrock, one-third from wells completed in the Blackstone ground-water
reservoir, and one-third from wells completed in the Abbott Run ground-water reservoir. No
industrial surface-water withdrawal was identified.

Other uses of self-supplied water in Cumberland include livestock watering and irrigation.
No individual livestock farms or irrigators withdrew more than 0.01 Mgal/d during 1988.
Withdrawal for livestock watering and irrigation were each estimated at less than 0.01 Mgal/d,
primarily from till aquifers.

Overview

After all the supply water-use data (withdrawal, water treatment, and distribution) have been
collected, analyzed, and entered into the water-use data base, the data can be retrieved in various
ways to summarize the effect of supply on the water resources. This overview concentrates on
which resources are affected by the withdrawal, how most of the water is used in the area, and
how much of the water becomes unavailable in the area through exportation and consumptive use.
Table 6 summarizes withdrawal in Cumberland, and figure 5 displays it graphically. In
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Cumberland, surface-water withdrawal (13.42 Mgal/d) accounted for 87 percent of all

withdrawal; ground-water withdrawal (1.97 Mgal/d) accounted for the remaining 13 percent
(fig. 5A).

Table 6.--Water withdrawal summary for Cumberland, 1988

[Data from Cumberland Water Department, Pawtucket Water Supply Board, and Blackstone Valley District Commission.
Withdrawal in million gallons per day. Bedrock refers to crystalline and undifferentiated sedimentary rock aquifers that underlie
glacial deposits. Other includes livestock watering and irrigation. GWR, ground-water reservoir; <, less than; --, no data or not
applicable]

Ground- Surface-
Public Indus- Commer- water water Subbasin
supply Domestic trial cial Other  total total total

BLACKSTONE RIVER SUBBASIN

Surface water 0.70 -- -- - - -- 0.70
Ground water

Blackstone GWR .86 0.01 0.06 <0.01 - 0.93 --

Bedrock - 3 <.Ul Ul -= 04 --

Till - 03 <01 <.01 <.01 . .03 --
Blackstone totals 1.56 .07 .06 .01 <.01 1.00 70 1.70

ABBOTT RUN SUBBASIN

Surface water 12.72 -- - -- - -- 12.72
Ground water

Abbott Run GWR .83 .02 .01 <.01 - .86 --

Bedrock -- .04 .01 <0t - .05 --

Till -- .04 <01 01 ki)l .06 --
Abbott Run totals 13.55 10 02 01 01 97 1272 13.69
Totals 15.11 17 .08 02 .01 1.97 1342 —1539—
Total exported from Cumberland 11.20

Total withdrawal within the Blackstone River subbasin (1.70 Mgal/d) accounted for 11
percent of withdrawal in Cumberland. Withdrawal from the Blackstone River subbasin was about
12 percent of the estimated volume available to surface-water and ground-water systems from
average annual recharge (13.65 Mgal/d). Withdrawal in the Abbott Run subbasin totaled
13.69 Mgal/d, primarily because of withdrawal by the Pawtucket WSB. Withdrawal from the
Abbott Run subbasin was about 70 percent of the estimated volume available to surface-water and
ground-water systems from average annual recharge (19.65 Mgal/d).
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Abbott Run subbasin
surface water
12.72 Mgal/d

Blackstone Rlver subbasin
surface water
0.70 Mgal/d

Blackstone River subbasin
ground water
1.00 Mgal/d

Abbott Run subbasin
ground water
0.97 Mgal/d

A. SOURCE

Public suppl
15.11 Mggrl;g

Commercial and other

0.03 Mgal/d
Industrlal

0.08 Mgal/d

Domestlc
0.17 Mgal/d

C. USE CATEGORY

Blackstone ground-water
reservoir

Abbott ground-water
reservoir

0.93 Mgal/d 0.86 Mgal/d

Till Bedrock
0.09 Mgal/d 0.09 Mgal/d
B. AQUIFER

Outside the Town of Cumberland
11.20 Mgal/d

Inside the
Town of Cumberland
4.19 Mgal/d

D. LOCATION OF USE

EXPLANATION

Mgal/d  Millions gallons per day

Figure 5.--Withdrawal of water by (A) source, (B) aquifer, (C) use category, and (D)
location of use in Cumberland, Rhode Island. (Sources of data are listed in
table 1.)
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Withdrawal from the Blackstone ground-water reservoir (0.93 Mgal/d) accounted for about
47 percent of ground-water withdrawal in Cumberland (fig. 5B), primarily because of withdrawal
by the Cumberland WD. Withdrawal from Abbott Run ground-water reservoir (0.86 Mgal/d)
accounted for about 44 percent of ground-water withdrawal in Cumberland, because of
withdrawal by both Cumberland WD and Pawtucket WSB. The remaining 9 percent of ground-
water withdrawal in Cumberland was from bedrock (0.09 Mgal/d) and till aquifers (0.09 Mgal/d).

Withdrawal for public supply (15.11 Mgal/d) accounted for 98 percent of all withdrawal in
Cumberland (fig. 5C). Domestic withdrawal (0.17 Mgal/d) accounted for 1 percent; industrial
withdrawal (0.08 Mgal/d) for 0.5 percent; and commercial (0.02 Mgal/d), livestock
(<0.01 Mgal/d), and irrigation (<0.01 Mgal/d) withdrawal (table 5) accounted for the remaining
0.5 percent. No water is imported into Cumberland for use; however, 73 percent of the total
withdrawal (11.20 Mgal/d) was exported from Cumberland (fig. 5D) by the Pawtucket WSB.
Consumptive use during supply was less than 0.01 Mgal/d.

ESTIMATION OF WATER USE BY CATEGORY

Water use, in a restrictive sense, refers to water that is actually used for a specific purpose,
such as for domestic purposes, irrigation, or industrial processing. Water use in this restrictive
sense is one of the six main processes of the broader definition of water use that pertains to human
interaction with and effects on the hydrologic cycle and that includes elements such as water
withdrawal, distribution, consumptive use, wastewater collection, and return flow. The user can
be an individual household, shopping center, or industry, or the user can be an aggregate, such as
a community of users within a surface-water basin. All activity before use involves supplying the
user with water; all activity after use involves disposing of wastewater.

Three components constitute water use in the restricted sense--total water received by
users, consumptive use, and total water released by users. The total water received by a user is
the sum of all water withdrawn and(or) delivered to a user. The total water received by a group of
users, such as in a town, is the sum of all water withdrawn or imported into the town.
Consumptive use is water that evaporates, is incorporated into a product during use, or is
discharged into brackish or saline water after use (assuming that the water was withdrawn as
freshwater). Total water released by a user is the sum of all water that is released from the point
of use (1) to an onsite wastewater-treatment facility, (2) to a collection system for offsite
wastewater treatment, or (3) as return flow. Total water released by a group of users, such as a
town, is the sum of all water that is released as return flow or exported for treatment outside the
town.

In general, the volume of use is equal to the total volume of water received. The volume of
use also equals the sum of consumptive use plus the total volume of water released. If measured
or estimated values are placed into the equation

water use = total water received = consumptive use + total water released,

estimates can be developed for the remaining components. For example, if 100 Mgal/d was
delivered to a factory, 10 Mgal/d was incorporated into the product, and 80 Mgal/d was
discharged into the wastewater-collection system, then 10 Mgal/d could be assumed to have
evaporated. Conveyance losses or gains and unmetered use complicate the water-use equation.
For instance, conveyance losses need to be subtracted from withdrawal before it can equal use. In
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Total domestic releases in Cumberland amounted to 2.13 Mgal/d, of which 0.91 Mgal/d was
estimated as received by Blackstone VDC. Large domestic users released 0.03 Mgal/d into the
Blackstone VDC wastewater-collection system during 1988 (appendix 4). These users
represented only 3 percent of water released by domestic users into the Blackstone VDC.

Releases by industrial, commercial, and domestic users constituted 82 percent of the volume
metered by Blackstone VDC. The remaining 18 percent, 0.32 Mgal/d, was unmetered. Some of
the unmetered water distributed by public suppliers may have ended up in the wastewater-
collection system, especially where the user meters underregistered the volume of water delivered
to the user. Most of the 0.32 Mgal/d, however, probably entered the wastewater-collection system
either as runoff after storms through unsealed manhole covers, cross connections with storm
drains, or basement sump pumps; or as infiltration from ground water through breaches in the
wastewater pipes.

Wastewater Treatment

The second process in disposal, wastewater treatment, involves not only the removal of
most of the solid constituents but also the chemical and biological treatment of wastewater.
Wastewater treatment is intended to generate return flows that meet regulations designed to
minimize the environmental effect at the point of release and on the hydrologic system.
Wastewater collected in Cumberland is treated outside of the town of Cumberland. No public
wastewater-treatment facilities are in Cumberland; however, four industries--Pacific Anchor
Chemical Corp., Peterson Puritan, Inc., Pontiac Weaving Corp., and Standard Nut and Bolt
Company (table 10)--treat their wastewater before releasing it into the Blackstone VDC collection
system. This pre-treatment program is monitored by the Blackstone VDC. Another industry, The
Okonite Company, treats its wastewater before discharging it into the Blackstone River.
Electroformax Laboratories, Inc. and Pacific Anchor Chemical Corp. do not treat the water they
release because it is noncontact cooling water.

Most consumptive use during disposal occurs during wastewater treatment; however, no
data were available to make an estimate of this volume. As with distribution, substantial
quantities of water may leak out of the system (exfiltration) during the wastewater-collection
process. This can be considered a return flow. Water may also leak into the wastewater-collection
system (infiltration) from runoff or from ground water if the water table is higher than the
wastewater-collection pipes. Therefore, wastewater released into a collection system may be
augmented by infiltration or depleted by exfiltration. Infiltration may be responsible for some of
the 0.32 Mgal/d of unmetered surplus (table 7).

Self-Disposal Return Flow

Self-disposal is the return of wastewater directly to the hydrologic system after use. Return
flow, the third process in disposal, occurs when water is returned to fresh surface water or ground
water for reuse. Return flow can be discharged directly to surface water and ground water,
particularly from a municipal or industrial wastewater-treatment facility, or indirectly to ground
water through a septic system. Discharges to ground water in Cumberland can also occur by
leakage from distribution and wastewater-collection lines.
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Industrial return flow is composed of surface-water, septic-system, and direct ground-water
return flow. Electroformax Laboratories, Inc., The Okonite Company, Pacific Anchor Chemical
Corp. and Pawtucket WSB accounted for most of the surface-water return flow in Cumberland.
These flows are monitored through the RIPDES program (table 10), which requires estimates for
the average return flow to the Blackstone River, ground water, and septic systems; releases to
Blackstone VDC; and evaporation from the facilities. The return flows are reported at least
annually to the RI Department of Environmental Management; however, the reported return flows
did not indicate the volume of each of the three types of return flow in 1988. Instead, the
percentage of each type of release, as described in the industry's permit, was used to estimate the
1988 return flow to each destination.

The estimated discharge of water by Electroformax Laboratories, Inc., Pacific Anchor
Chemical Corp. and The Okonite Company into the Blackstone River was 0.233 Mgal/d during
1988 (table 10). Industrial septic-system discharges were estimated at 0.02 Mgal/d, and industrial
direct ground-water return flow was estimated at 0.01 Mgal/d (table 7).

Table 10.--Estimated water disposed by Rhode Island Pollutant Discharge
Elimination System Permit holders in Cumberland, 1988

[Data from the Rhode Island Department of Environmental Management. Volume received is available to 0.001 Mgal/d because
they are meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes many
more users than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as in the
text; Blackstone GWR, Blackstone River ground-water reservoir; BVDC, Blackstone Valley District Commission; CWD,
Cumberland Water Department; EVAP, Evaporation; --, not applicable; PWSB, Pawtucket Water Supply Board; RIPDES,
Rhode Island Pollutant Discharge Elimination System; SIC, Standard Industrial Classification; Septic, Septic System; WWC,
Wastewater Collection System)

Return flow, million gallons per day

Source Black- Black- Consump-
Name and RIPDES SIC of stone  Abbott  stone WWC tive use
address number code water River Run GWR Septic BVDC EVAP
Electroformax RI0021504 3079 CWD  0.018 - - 0.001 - 0.002
Laboratories, Inc. &
1 Front Street wells
The Okonite RI10020141 3357 CWD A17 - 0.001 -- - 002
Company
111 Martin Street
Pacific Anchor RI0020451 2841 CWD .098 -- .003 - 0.008 .001
Chemical Corp.
1224 Mendon Road
Pawtucket RIO001589 4941 PWSB - 0.192 -- -- -- --
Water Supply Board
120 Mill Street
Totals 233 192 004 .001 008 005
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The largest volume of return flow in Cumberland is from domestic septic systems.
Approximately 55.8 percent of Cumberland households are on septic systems; the remaining 44.2
percent are served by the Blackstone VDC. Domestic return flow through septic systems was
estimated at 1.22 Mgal/d, and commercial return flow through septic systems was estimated at
0.14 Mgal/d (table 7). Direct ground-water return flow was estimated as including approximately
41 percent of the unmetered use in Cumberland, 0.22 Mgal/d, primarily in the form of leaks from
public supply lines and wastewater collection lines in areas where the water table is low.

Half of the septic systems were estimated to be in the Blackstone subbasin and half in the
Abbott Run subbasin. Assuming that no septic systems were in the bedrock, ground-water return
flow through septic systems was divided among till (about 87 percent), the Blackstone Valley
ground-water reservoir (about 2 percent), and Abbott Run ground-water reservoir (about 11
percent), which is roughly equivalent to their areal extent and population densities. Commercial
septic-system return flow and unmetered use direct ground-water return flow was estimated by the
same method.

Other self-disposed water in Cumberland includes discharge of filter backwash and
livestock use. Surface-water return flow from water treatment was estimated at 0.19 Mgal/d into
Abbott Run by Pawtucket WSB and less than 0.01 Mgal/d into Sneech Pond by Cumberland WD.
Direct ground-water return flow after livestock use was less than 0.01 Mgal/d (table 7).

Overview

Disposal water-use data (wastewater collection, wastewater treatment, and return flow)
describe the removal of wastewater from the point of use. The disposal overview concentrates on
how much water in Cumberland is unavailable for use because of exportation for wastewater
treatment and consumptive use, how the disposal of water differs by category of use, and which
resources are affected by the return flow. Summary data on disposal in Cumberland are listed in
table 11 and displayed graphically in figure 9. Cumberland does not receive any imported water
for return flow; however, 46 percent of all water released after use (1.73 Mgal/d) was exported
from Cumberland for treatment (fig. 94) and subsequent return flow by Blackstone VDC.

An estimated 2.03 Mgal/d was released as return flow in Cumberland during 1988. Return
flow after domestic use (1.22 Mgal/d) constituted 60 percent of all return flow in Cumberland
(fig. 9B). Industrial return flow (0.26 Mgal/d) constituted 13 percent, public-supply return flow
from backwashing filters during water treatment (0.19 Mgal/d) constituted 9 percent, and
commercial return flow (0.14 Mgal/d) constituted 7 percent. Approximately 11 percent of return
flow was through leakage. Return flow after livestock and irrigation use was less than
0.01 Mgal/d.

Return flow within the Blackstone River subbasin (0.91 Mgal/d) constituted 45 percent of
return flow in Cumberland (fig. 9C). This return flow is about 54 percent of the water withdrawn
in the Blackstone River subbasin (fig. 54). Return flows in the Abbott Run subbasin total
1.12 Mgal/d. This return flow is about 8 percent of the water withdrawn in the Abbott Run
subbasin. Approximately 11 percent (0.23 Mgal/d) of return flow in Cumberland was to surface
water in the Blackstone River subbasin, and approximately 9 percent (0.19 Mgal/d) was to surface
water in the Abbott Run subbasin.
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Ground-water return flow (1.61 Mgal/d), a combination of septic-system (1.38 Mgal/d;
table 7) and direct ground-water return flow (0.23 Mgal/d), constituted 79 percent of all return
flow in Cumberland. Ground-water return flow was about 82 percent of ground-water
withdrawal. Return flow to till (1.40 Mgal/d) accounted for 87 percent of ground-water return
flow in Cumberland (fig. 9D) primarily because of the large percentage of the population with
septic systems. Return flow to Abbott Run (0.17 Mgal/d) and Blackstone (0.04 Mgal/d) ground-
water reservoirs accounted for 11 and 2 percent, respectively. Consumptive use during disposal
was less than 0.01 Mgal/d.

Table 11.--Return-flow summary for Cumberland, 1988

[Data from the Rhode Island Department of Environmental Management, Cumberland Water Department, Pawtucket Water
Supply Board, and Blackstone Valley District Commission. GWR, ground-water reservoir. Return flow in million gallons per
day; <, less than; --, no data or not applicable. Columns may not add to totals because of independent rounding}

Ground- Surface-
Public Indus- Commer- water water Subbasin
supply Domestic trial cial  Other total total total

BLACKSTONE RIVER SUBBASIN

Surface water <0.01 - 0.23 - - -- 0.23
Ground water

Blackstone GWR -- 0.03 .01 <0.01 <0.01 0.04 -

Till aquifer -- A48 <01 .07 .09 64 --
Blackstone totals <.01 51 24 .07 .09 .68 23 091

ABBOTT RUN SUBBASIN

Surface water 19 -- -- - -- -- 0.19
Ground water

Abbott Run GWR -- 13 01 .01 .02 17 -

Till aquifer -- .58 01 06 11 .76 --
Abbott Run totals .19 71 02 .07 13 93 .19 1.12
Cumberland totals .19 1.22 .26 .14 22 1.61 42 2.03
Total exported from Cumberland 1.73
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Wastewater with return fiow
Inside the Town of Cumberiand
2.03 Mgal/d

Domestic
1.22 Mgal/d

Public Suppl
0.19 Mgaplrdy

Wastewater from the Town of Cumberland
exported for treatment
and return flow outside

of the Town of Cumberiand

1.73 Mgal/d

Others
0.22 Mgal/d

industry
0.268 Mgal/d

Commercial
0.14 Mgal/d

A. LOCATION OF RETURN FLOW B. USE CATEGORY

Abbott Run subbasin
ground water
0.93 Mgal/d

™
1.40 Mgalid

surface water
0.19 Mgal/d

Blackstone River subbasin
ground water
0.68 Mgal/d

Abbott Run
ground-water

0.’1?’%‘2{[ Blaokstone
ground-wlartar
regerv!
e rrace water " 0.04 Mgal/d
0.23 Mgal/d
C. BASIN D. AQUIFER
EXPLANATION

Mgal/d Miilions gallons per day

Figure 9.--Return flow of wastewater by (4) location of return flow, (B) use category, (C)
basin, and (D) aquifer in Cumberland, Rhode Island. (Sources of data are
listed in table 1.)
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SUMMARY AND CONCLUSIONS

The complex decisions required in water-resource management depend on the availability
of accurate and comprehensive data on all six water-use processes: (1) withdrawal, (2) water use,
(3) return flow, (4) consumptive use, (5) treatment, and (6) conveyance. Each of the processes
needs to be evaluated if one is to determine how water use has changed the availability and
distribution of water resources. Water-use data collected in Rhode Island by different State
agencies or maintained by different public suppliers and wastewater-treatment facilities need to
be integrated for use in making water-resource management decisions. Careful planning of water-
use-data collection, analysis of whether collected data meet water-resource management needs,
coordination between State agencies, and a computerized data-management system would be
required to track the flow of water through Rhode Island's complex water systems. Water-use
data for the town of Cumberland, a small area in northeastern Rhode Island, were acquired and
integrated to provide an example of how available data could be integrated throughout the rest of
the State.

The current lack of standard methods for collecting and storing water-use data in Rhode
Island made water-use data compilation and analysis difficult. Data standardization could be
facilitated by the adoption of consistent definitions of user categories that are based on the
Standard Industrial Classification (SIC) Codes, use of the complete address for users,
development of a method to simultaneously update metering and billing account names at the
public suppliers and wastewater-treatment facilities, notation of whether supply or disposal is
public or private, and records of the volume of water at critical points during use. Critical use
points include withdrawal, after water treatment, at the point of delivery for use, after use by high-
volume users, at major wastewater-collection points, at the point of entry into wastewater-
treatment facilities, and at return to the resource. Accuracy of data on deliveries to customers
could be improved if the reported meter readings were verified by use of a computerized editing
program to detect anomalies. Reliability of data could be improved by documentation of the type
and method of measurement and accuracy of the reported volume of water use.

Supply and disposal data in Cumberland illustrate the net effect of water use on the
availability and distribution of water resources. Water-use patterns provide information that can
assist in the development of management plans that maximize the efficient use of current
Tesources.

Supply data (withdrawal, water treatment, and distribution) indicate which resources are
affected by withdrawal, how water is used, and how much water in Cumberland becomes
unavailable for use because of exportation and consumptive use. The total volume of water
withdrawn in Cumberland in 1988 was estimated at 15.39 Mgal/d, of which 13.42 Mgal/d was
from surface water and 1.97 Mgal/d was from ground water. Withdrawal for public supply
(15.11 Mgal/d) accounted for 98 percent of all withdrawal. Seventy-three percent of the
withdrawal (11.20 Mgal/d) was exported for supply to other towns.

Water use, in the restrictive sense, refers to total water received by users, consumptive use,
and total water released by users. Total water received for use during 1988 included 2.51 Mgal/d
(table 7) for domestic use (93 percent from public supply), 0.68 Mgal/d for industrial use (88
percent from public supply), 0.27 Mgal/d for commercial use (93 percent from public supply),
and 0.73 Mgal/d for other uses; a total of 4.19 Mgal/d. Consumptive use in 1988 was estimated at
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0.43 Mgal/d. Total water released after use included 2.13 Mgal/d after domestic use (43 percent
into public disposal), 0.65 Mgal/d after industrial use (60 percent into public disposal), 0.25
Mgal/d after commercial use (44 percent into public disposal), and 0.73 Mgal/d for other uses.

Disposal data (wastewater collection, wastewater treatment, and return flow) indicate which
surface-water and ground-water resources are affected by return flow, how the users dispose of
water after use, and how much water in the town becomes unavailable for use because of
exportation for wastewater treatment and consumptive use. During 1988, the total volume of
water returned to the hydrologic system in Cumberland was 2.03 Mgal/d, which included
1.38 Mgal/d returned to ground water through septic systems, 0.23 Mgal/d returned directly to
ground water, and 0.42 Mgal/d returned to surface water. Return flow after domestic use was
1.22 Mgal/d (60 percent of return flow), after industrial use was 0.26 Mgal/d (13 percent), after
water treatment was 0.19 Mgal/d (9 percent), and after commercial use was 0.14 Mgal/d (7
percent). Approximately 0.22 Mgal/d (11 percent of return flow) was through leakage. About
1.73 Mgal/d was exported from Cumberland for wastewater treatment.
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GLOSSARY

The following are definitions of selected technical terms as they are used in this report; they
are not necessarily the only valid definitions for these terms. Terms defined in the glossary are in
bold print where first used in the main body of this report.

Clearwell.--A reservoir for the storage of filtered water of sufficient capacity to prevent the
need to vary the filtration rate with variations in demand. Also used to provide chlorine-contact
time for disinfection.

Conveyance.--The systematic and intentional movement or transfer of water from one point
to another. Three conveyance types are relocation, distribution, and wastewater collection.

Consumptive use.--Water that evaporates or transpires from irrigated plants; is transpired
by humans or domestic animals; is incorporated into products, domestic animals, or crops;
evaporates from open storage, treatment, or conveyance systems; or discharges into brackish or
saline waters after use (assuming that it was withdrawn as freshwater).

Delivery.--Water received by a user or group of users through a public supply distribution
system.

Disposal.--All of the processes that are involved with removing wastewater from the point
of use. Includes wastewater collection, wastewater treatment, and return flow.

Distribution conveyance.--The process of conveying water from a public supplier’s points
of withdrawal or treatment through the distribution system to the users. Water is released from
the public supplier into the distribution system and delivered to users. Distributed water will be
equal to total deliveries plus unaccounted-for water. Water can also be delivered to another public
supplier for distribution.

Exfiltration.--Water that leaks from a conveyance system or storage area into the
surrounding and underlying materials. This process will occur if the ambient ground-water
pressure is less than the internal pressure of the conveyance system or storage area at a point of
breach (leakage).

Infiltration.--Water that infiltrates into a low-pressure or unpressurized conveyance system,
such as a wastewater-collection system. This process will occur if the ambient ground-water
pressure exceeds the internal pressure of the conveyance system at a point of breach (leakage).

Large user.--A user requiring a significant volume of water as defined by a utility,
frequently on the basis of criteria that are specific to the utility and that may reflect past, current,
or anticipated volumes delivered to or released by the user. The distinction between large and
small users is made by the utility and is not the same as major and minor users as defined in this
report. Meters of large users are read monthly or quarterly.

Major user.--A user who withdraws, distributes, or uses water, or collects or returns
wastewater an average of more than 10,000 gal/d (0.01 Mgal/d).

Medium user.--A user group, sometimes identified by a utility on the basis of criteria that
are specific to the utility and that may reflect past, current, or anticipated volumes delivered to or
released by the user, whose water meter is read not as frequently as a large user but more
frequently than a small user.
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Minor user.--A user who withdraws, distributes, or uses water, or collects or returns
wastewater an average of less than 10,000 gal/d (0.01 Mgal/d).

Release.--Water discharged by a user or group of users into a wastewater-collection system.

Return flow.--Water that is returned to fresh surface water or ground water and thus
becomes available for reuse. Return flow can go directly to surface water, directly to ground
water through an injection well or infiltration bed, or indirectly to ground water through septic
systems.

Small user.--A user, defined by a utility frequently on the basis of criteria that are specific to
the utility and that may reflect past, current, or anticipated volumes delivered to or released by the
user. The distinction between large and small users is made by the utility and is not the same as
major and minor users. Meters of small users are read quarterly or annually, or are estimated.

Supply.--All of the processes that are involved in supplying the user with water. Includes
withdrawal, water treatment, and distribution conveyance.

Total water received.--The sum of all water delivered to or withdrawn by a user or group of
users within an area.

Total water released.--The sum of all water released after use by a user or group of users
within an area to an onsite wastewater-treatment facility, to a collection system for offsite
wastewater treatment, or as return flow.

Treatment.--Processes that alter the physical or chemical characteristics of water.

Wastewater-collection conveyance.--The process of conveying wastewater, which also
may include storm runoff, through a wastewater-collection system (sewer system) to a
wastewater-treatment facility. Wastewater is released by the user into the collection system and
received by the treatment facility. Wastewater also can be released from a local collection system
into a regional collection system.

Wastewater treatment.--The processing of wastewater for the removal or reduction of
contained solids or other undesirable constituents.

Water supply.--All of the processes that are involved in obtaining water for the user before
use. Includes withdrawal, water treatment, and distribution.

Water treatment.--The processes that withdrawn water may undergo before use,
including chlorinization, fluoridation, and filtration.

Water use.--1. In a restrictive sense, water that is actually used for a specific purpose or
purposes, such as for domestic purposes, irrigation, or industrial processing. 2. More broadly,
human interaction with and influence on the hydrologic cycle, including elements such as water
withdrawal, distribution, consumptive use, wastewater collection, and return flow.

Wellhead.--The above-ground part of a well.

Withdrawal.--The removal of surface water or ground water from the natural hydrologic
system for use.
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APPENDIX 1.--Large domestic users who received water from public suppliers in
Cumberland, 1988

[Data from Cumberland Water Department and Pawtucket Water Supply Board. Volume received is available to 0.001 Mgal/d
because they are meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes
many more users than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as
in the text; Blackstone VDC, Blackstone Valley District Commission; SIC code, standard industrial classification code; *, major
user (more than 0.01 million gallons per day)]

Water received,
in million
Name and Miscellaneous SIC gallons Type of
address use data code per day disposition

USERS SUPPLIED BY CUMBERLAND WATER DEPARTMENT

Bear Hill Village Apts 126 units 8811 0.008 Blackstone VDC
Bear Hill Road

Chimney Hill Development Apartment 8811 003 Septic system
2065 Mendon Road building

Diamond Hill Nursing 50 employees 8051 005 Septic system
3579 Diamond Hill Road

*Maplewood Condominiums 97 units 8811 014 Blackstone VDC
2970 Mendon Road
Arlington Villa 7 units 8811 001 Blackstone VDC
Belmont Villa 10 units 8811 001 Blackstone VDC
Cambridge Villa 10 units 8811 001 Blackstone VDC
Dartmouth Villa 6 units 8811 002 Blackstone VDC
Exeter Villa 10 units 8811 002 Blackstone VDC
Jamestown Villa 10 units 8811 001 Blackstone VDC
Lexington Villa 10 units 8811 001 Blackstone VDC
Newport Villa 9 units 8811 001 Blackstone VDC
Plymouth Villa 10 units 8811 .001 Blackstone VDC
Barrington Villa 9 units 8811 002 Blackstone VDC
Chestnut Villa 6 units 8811 001 Blackstone VDC

Mt St. Rita's Novitiate 8811 .002 Septic system
Wrentham Road

Riverside Village 88 units 8811 .005 Septic system
1 Flat Street

Rustic Village Assoc 24 units 8811 .003 Blackstone VDC
99 Manville Hill Road

Total 040

USERS SUPPLIED BY LIPPITT ESTATES COMMUNITY ASSOCIATION

*Lippitt Estates 280 people 8811 0.018 Septic system
Community Association
Lippitt Avenue

USERS SUPPLIED BY PAWTUCKET WATER SUPPLY BOARD

Cumberland Housing Auth 8811 0.009 Blackstone VDC
Mendon Road & Mill St.

Grandview Nursing Home 100 employees 8051 006 Blackstone VDC
Chambers Street

Total 015
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APPENDIX 2.--Large industrial users who received water from public suppliers in
Cumberland, 1988

[Data from Cumberland Water Department and Pawtucket Water Supply Board. Water received is available to 0.0001 Mgal/d
because they are meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes
many more users than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as
in the text; Blackstone VDC, Blackstone Valley District Commission; RIPDES, Rhode Island Pollutant Discharge Elimination
System; SIC code, standard industrial classification code; --, unknown; *, major user (more than 0.01 million gallons per day;

#, pretreats water before release into the wastewater-collection system]

Water received,

in million
Name and SIC gallons Type of
address code per day disposition

USERS SUPPLIED BY CUMBERLAND WATER DEPARTMENT

Crystal Thermoplastics 3089 0.001 Blackstone VDC
Industrial Road

Health Tex 2369 .008 Blackstone VDC
88 Martin --
2 Industrial Road

Herrick & White Litd. 2431 003 Blackstone VDC
3 Flat (Manville Hill)

*Lonza, Inc. 2841 111 Blackstone VDC#
1224 Mendon Road '

Lynch, J.H., & Sons 1611 001 Septic system
First Street

Mossberg Pressed Steel 3469 .002 Septic system
160 Bear Hill Road

North Penn Transfer Inc. -- .003 Blackstone VDC
Industrial Road

*The Okonite Company 3357 120 RIPDES
111 Martin Street

O'Toole, Mary Alice -- 001 Blackstone VDC
Martin Street

*Peterson Puritan, Inc. 2213 124 Blackstone VDC#
Martin Street

Ronald Pratt 3915 001 Blackstone VDC#
10 Industrial Road

Superior Healthcare Group 3842 006 Blackstone VDC
Industrial Park

Taft Pierce 3545 .001 Blackstone VDC
Industrial Road

Teknor Apex Company -- 008 Blackstone VDC
Industrial Road

Tech Machining Services 3599 .003 Septic system

1 Angell Road

Total .393
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APPENDIX 2.--Large industrial users who received water from public suppliers in
Cumberland, 1988--Continued

Water received,

in million
Name and SIC gallons Type of
address code per day disposition

USERS SUPPLIED BY PAWTUCKET WATER SUPPLY BOARD

American Steel & Aluminum -- .0003 Septic system
293 Dexter Street

Cadillac Mills -- 001 Blackstone VDC
Meeting Street

Comtec Information System 3695 001 Blackstone VDC
53 John Street

Hindley Manufacturing 3452 .005 Blackstone VDC
9 Havens Street

Magco Plastics 3915 .003 Blackstone VDC
4 Mill Street

*Pontiac Weaving Corp. 2241 017 Blackstone VDC#
Meeting Street

*Standard Nut and Bolt Co. 3452 022 Blackstone VDC
49 Abbott Street

Total 049
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APPENDIX 3.--Large commercial users who received water from public suppliers in
Cumberland, 1988

[Data from Cumberland Water Department and Pawtucket Water Supply Board. Water received is available to 0.001 Mgal/d
because they are meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes
many more users than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as
in the text; Blackstone VDC, Blackstone Valley District Commission; SIC code, standard industrial classification code; *, major
user (more than 0.01 million gallons per day]

Water received,
in million
Name and SIC gallons Type of
address code per day disposition

USERS SUPPLIED BY CUMBERLAND WATER DEPARTMENT

Abbott Run Valley Swim Club 7991 0.005 Septic system
Sneech Pond Road

Cumberland High School 8211 .002 Blackstone VDC
2660 Mendon Road

Cumberland School 8211 .001 Septic system
Scott Road

Fore Court Tennis Club 7991 .009 Blackstone VDC
44 Cray Street

KPS Laundry 7211 .005 Blackstone VDC
High & Holly Street

Mt. St. Rita's Health Club 7991 .007 Septic system
Highland View Road

North Cumberland Middle 8211 .002 Septic system
School
Nate Whipple Highway

Roger Williams Grocery 5141 .007 Blackstone VDC
1 IGA Way

Tonetti Carwash 7542 .008 Blackstone VDC
1676 (1700) Mendon Road

Valley Gas Company 4922 .002 Septic system
1595 Mendon Road

Total 048
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APPENDIX 3.--Large commercial users who received water from public suppliers in
Cumberland, 1988--Continued

Water received,

in million
Name and SIC gallons Type of
address code per day disposition

USERS SUPPLIED BY THE PAWTUCKET WATER SUPPLY BOARD

*Ann and Hope Factory Outlet 5311 019 Septic system
47 Cross Street

Clydes Food & Spirits 5812 .002 Septic system
403 Mendon Road

Cumberland School 8211 .001 Blackstone VDC
Administration
Highland Avenue

Dias, Jorge unknown .004 Blackstone VDC
180 Broad Street

Kitsilis, Angelo unknown .001 Blackstone VDC
131 Mendon Road

*Mackland Realty, Inc. unknown 012 Blackstone VDC
52-60 Mendon Road

McDonalds Corp. 5812 .002 Blackstone VDC
100 Mendon Road

Pub Dennis 5813 .004 Septic system
356 Mendon Road

St. Patrick's Church School 8211 .001 Blackstone VDC
259 Broad Street

Terra Almacs R. unknown .001 Blackstone VDC
75 Mendon Road

Valley Falls Fire District 9221 .003 Blackstone VDC
555 High Street

Total .050
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APPENDIX 4.--Large domestic users who released water to the Blackstone Valley

wastewater-collection system in Cumberiand, 1988.

[Data from the Blackstone Valley District Commission. Wastewater released is available to 0.001 Mgal/d because they are
meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes many more users
than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as in the text; SIC
code, standard industrial classification code; *, major user (more than 0.01 million gallons per day); CWD, Cumberland Water
Department; PWSB, Pawtucket Water Supply Board; --, meter reading not collected quarterly, volume not requested of
Blackstone Valley District Commission]

Wastewater
released in
Name and Miscellaneous SIC million gallons
address use data code Source per day
Bear Hill Village Apts 126 units 8811 CWD 0.008
Bear Hill Road
Cumberland Housing Auth 8811 PWSB .009
Mendon Road & Mill St.
Grandview Nursing Home 8051 PWSB .006
Chambers Street
*Maplewood Condominiums 97 accounts 8811 CWD .012
2970 Mendon Road
Rustic Village Assoc 24 units 8811 CwWD -
99 Manville Hill Road
Total 035
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APPENDIX 5.--Large industrial users who released water to the Blackstone Valley
wastewater-collection system in Cumberland, 1988

[Data from the Blackstone Valley District Commission. Wastewater released is available to 0.001 Mgal/d because they are
meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes many more users
than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as in the text; SIC
code, standard industrial classification code; *, major user (more than 0.01 million gallons per day); CWD, Cumberland Water
Department; PWSB, Pawtucket Water Supply Board; #, pretreats water before release into the wastewater-collection system;

--, meter reading not collected quarterly, volume not requested of Blackstone Valley District Commission]

Wastewater
released in
Name and SIC million gallons
address code Source per day

Cadillac Mills unknown PWSB 0.001
Meeting Street

Comtec Information System 3695 PWSB -
53 John Street

Crystal Thermoplastics 3089 CwWD -
Industrial Road

Health Tex 2369 CWD
88 Martin .002
2 Industrial Road .005

Herrick & White Ltd. 2431 CWD --
3 Flat (Manville Hill)

Hindley Manufacturing 3452 CwD 005
9 Havens Street

Magco Plastics 3915 PWSB 034
4 Mill Street

O'Toole, Mary Alice unknown CWD --
Martin Street

*Pacific Anchor Chemical 2841 CWwWD L0084#
Corp. (Lonza)
1224 Mendon Road

*Peterson Puritan, Inc. 2213 CWD 128#
Martin Street wells

*Pontiac Weaving Corp. 2241 PWSB .025#
Meeting Street

Ronald Pratt 3915 CWD .001
10 Industrial Road

*Standard Nut and Bolt Co. 3452 PWSB 022#
49 Abbott Street

Superior Healthcare Grp 3842 CWD 006
Industrial Park

Taft Pierce 3545 CWD --
Industrial Road

Teknor Apex Company unknown CwWD 003
Industrial Road

Total .240




APPENDIX 6.--Large commercial users who released water to the Blackstone Valley
wastewater-collection system in Cumberland, 1988.

|Data from the Blackstone Valley District Commission. Wastewater released is available to 0.001 Mgal/d because they are
meter readings, not estimates. The numbers are reported here to indicate that the larger users category includes many more users
than the major users category. Most of these meter readings would be either .01 or <.01 if rounded to 0.01 as in the text; SIC
code, standard industrial classification code; *, major user (more than 0.01 million gallons per day); CWD, Cumberland Water
Department; PWSB, Pawtucket Water Supply Board; --, meter reading not collected quarterly, volume not requested of
Blackstone Valley District Commission; ?, source undocumented]

Wastewater
Name and . SIC released in gallons
address code Source gallons per day

Benoit & Bordes unknown CwWD? 0.001
3231 Mendon Road

Clemente unknown PWSB .002
447 Broad Street

Cumberland High School 8211 CWD 002
2660 Mendon Road

Cumberland School Admin 8299 PWSB -
Highland Avenue

Dias, Jorge unknown PWSB 004
180 Broad Strect .

Figueiredo, Jose unknown PWSB .002
168 Broad Street

Fore Court Tennis Club 7941 CWD 011
44 Cray Street

Gershman & Bannon unknown PWSB .001
433 Broad Street

Goncalves & Santos unknown PWSB .001
180 Broad Street

Kitsilis, Angelo unknown PWSB -
131 Mendon Road

Kolor Quick, Inc. 7395 ? -~
1850 Mendon Road

KPS Laundry 7211 CWD .006
High and Holly Streets

*Mackland Realty, Inc. unknown PWSB 015
52-60) Mendon Road

McDonalds Corp. 5812 PWSB 002
100 Mendon Road

Roger Williams Grocery 5141 CwWD .003
1 IGA Way

St. Patrick's Church Scl 8661 PWSB --
259 Broad Street

Terra Almacs R unknown PWSB 001
75 Mcndon Road

Tonetti Carwash 7542 CWD .008
1676 (1700) Mendon Road

Valley Falls Fire District unknown PWSB -~
447 Broad Street

Total .059
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