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• ABSTRACT 

The North Reading Water Conservation Project studied the effectiveness of 
water conservation devices in homes and the feasibility of town-wide distribution 
in a community which, because of previous conservation efforts, has a domestic 
consumption rate 25% below average. The one hundred and fifty-four (154) families 
who participated in the study equipped their homes in $eptember 1980 with low
flow showerheads (2.3 gallons per minute), toilet dams, and faucet aerators 
(2 gallons per minute). Water consumption for the period September 1980 to 
March 1981 was compared to consumption during the same time periods in the two 
previous years. 

The households had an overall savings of 15%, or 27.2 gallons per day. These 
households will have permanent agregate savings of more than 1.5 million gallons 
per year. Households were surveyed regarding their use and satisfaction with the 
devices. Ninety-eight percent (98%) of the households said they would recommend 
the devices to their friends and 95% recommended that the devices be distributed 
on a town-wide basis. Sixty-five percent (65%) of the households experienced 
increased awareness of resource conservation and sought other energy and resource 
conservation methods. 

Based on the annual water savings of 15%, if North Reading instituted a town
wide demand management program that fully equipped 80 to 90% of the households, 
the estimated water savings is 70,000 to 79,000 gallons per day or 25.5 million 
to 28.8 million gallons per year . 

• 



EXECUTIVE SUMMARY 

During the past two years the Commonwealth of Massachusetts has experienced 
a_Jiiwing number of water shortage problems. In the past year alone. nearly 
t.y cities and towns have faced water emergencies. Shortages have occurred 
primarily because of increasing drought conditions, chemical contamination, 
growing demands for water-and depleted supplies. The cost of increasing present 
supplies is becoming prohibitively expensive as new sources become more difficult 
to obtain. For these and additional reasons such as treatment costs, maintenance 
costs, and conflicts over water rights, water conservation has become a very 
attractive solution to water shortage problems. 

The town of North Reading has experienced several problems with its water 
supplies over the past few years. Concerns over present and future supplies of 
fresh water prompted state representative Michael J. Barrett (21st Middlesex District) 
to propose to the Department of Environmental Quality Engineering this study of alternative 
solutions. The primary purpose of the study was to determine the effectiveness of 
demand management through retrofit with water saving devices for homes in North 
Reading. Additional objectives included: demonstrating the potential for water 
savings with a town-wide distribution program; providing an example for other 
cities and towns with similar water concerns; determining homeowners reaction 
.to the use of the devices; and outfitting 200 homes with water conservation 
devices to provide permanent annual water savings for the town. 

The North Reading Water Department supplies water to 2,918 residential 
customers and 35 multi-family units. Over the past three years, the average daily 
water use during the 6 month winter period has remained at 180 gallons per house
hold. 

For the study, 180 volunteer households were equipped with low-flow shower
heads (2.3 gallons per minute), toilet flushdams, and faucet aerators (2 gallons per 
minute). These devices were used from September 1980 to March 1981 and water 
consumption for the individual households during this time period was compared 
to their consumption during the two previous winter periods. Winter use data 
was selected for three reasons: consumption is not affected by weather and out
door bans; there is less distortion of data due to family vacations; school and 
work schedules are more consistent. Survey questionnaires were sent to 180 
households to obtain information on household size and factors affecting water 
use, ease of installation, satisfaction with the devices and recommendations 
regarding a town-wide distribution program. After extensive telephone follow-up 
154 households responded to Query I and of these 147 responded to Query II. 
Forty had to be eliminated from the final analysis because many homes had their 
water use estimated in one or more of the time periods, some changed ownership, 
and some had serious water leaks or other unusual circumstances. Of the remaining 
107 households, 14 had special circumstances - either they couldn't use all the 
devices or they previously had used water conservation devices - and so, a subset 
of 93 households actually qualified for final analysis. 

Both groups, the 93 and the larger group of 107 (which would be expected 
to save less water, but might be more representative of the general population) 
were analyzed for their water savings. The group of 93 reduced their water 
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consumption by 15.7% (a savings of 28.8 gallons per day) and the larger group 
of 107 reduced their consumption by 15. 0% (a savings of 27. 2 gallons per day). • 
The reduction in water use was statistically significant for both groups. The 
reductions are less than the results reported in residential water conservation 
studies of communities implementing water conservation for the first time because 
due to a history of water problems in the to-wn and previous conservation efforts, 
North Reading residents already use about 25% less water than the national average. 

Finally, water meters in North Reading are reaching the age where, some 
expert.s claim, they begin to underregister water use, understating the conservation 
effect. 

Questionnaire data provided dramatic evidence of popular support for residential 
retrofit. Approximately 2/3 of the participants joined the program to save water, 
the rest to save money and energy. Forty-five (45) of the households had tried 
some previous form of water conservation. Average household size for the study 
was 3.9. Ninety-five percent (95%) of the households, installed the devices 
without assistance. Of these households, 100% found the faucet aerator easy to 
install and 99% experienced no trouble installing the showerhead. Ninety-three 
percent (93%) expressed no difficulty installing the toilet dams. Most problems 
were resolved with the availibility of adapters or further instructions. After 
using the devices for three months, 98% of the participants said they would recommend 
the devices to their friends. In the final questionnaire, households rated the· 
quality of the new shower head in co.nparison to their old shower head as "improved" 
(47%) "the same" (38%), "or worse", (15%). When asked if they would purchase 
these or similar devices if they moved to another home, 86% said "yes" for the 
shower head, 91% for the aerators, and 84% for the toilet dams. Sixty-five percent 
(65%) of the households stated that the use of the water conservation devices had 
increased their awareness of resource conservation and caused them to seek other 
energy or resource conservation methods. This alone is a very important result 
of the program because of the positive effect on the economic and resource base 
of the community. Finally, the participants were asked if they thought the 
devices should be distributed on a to-wn-wide basis. Ninety-five percent (95%) 
of them responded affirmatively. 

Based on thee•overall water savings of 15%, the household participating in 
this study are now saving a total of 1.5 million gallons annually. If North 
Reading instituted a town~wide distribution program that fully equipped 80 - 90% 
of the households, this alone would reduce system demand by 70,000 - 79,000 gallons 
per day or 25.5 million - 28.8 million gallons per year. 

• 
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INTRODUCTION 

PA,le water is a precious commodity. Abundant supplies of water have given us a 
f~~ sense of security. Over the past few years, however, many parts of the United 
States have faced sevece water shortages. 

Shortages occur primarily because of population growth, water supply contamination, 
inadequate storage, dwindling supplies and aging systems. A severe regional drought 
occurred in New England during the mid 1960's. Many parts of New England are entering 
the third year of a more serious drought. Water shortages in Massachusetts have been 
growing at an alarming rate and at present 30 cities and towns have faced water emer
gency declarations, as defined by Chapter· 40, Section 41A of the Massachusetts General 

Laws, over the past year. Another 34 towns have instituted voluntary restrictions or 
faced potential problems.I 

Population growth is the principal factor that determines increases on water supply, 
As communities grow they may be forced to look for new supplies, sometimes well ouc
side the existing distribution system. Even when a supply can be augmented, the cost 
of development, treatment and distribution is becoming prohibitively expensive. 
These costs are particularly burdensome in smaller municipalities. 

Water supply contamination, especially ppllution of ground water supplies, is a 
rapidly growing problem throughout much of New England. In Massachusetts, water 
supplies have been contaminated in more than 25 communities, reducing the number of 
useable supplies and placing a greater burden on the remaining water sources. 

Although these are the major reasons that lead to the implementation of water con
servation practices in Massachusetts, there are others including: the economic impact 
of growth restrictions resulting from water shortages; major savings through reduced 
need for additional source development, the increased cost of operation and main
tenance of water supplies; energy and cost savings from reduced pumping and hot water 
heating requirements; greater efficiency and reduced requirement for additional capa
city in wastewater treatment facilities; improved quality in wastewater receiving 
bodies; improved ability to respond to fires or other natural disasters; and reduced 
legal and political conflicts over water resource rights. 

Many municipalities are finding water conservation to be a practical and economically 
sound solution. Residential water conservation offers the prospect of significant 
savings for a community. It can enable a community to defer or reduce the need for 
development of new water sources and may also delay or eliminate the need for expanded 
wastewater treatment facilities. Water conservation can provide tremendous financial 
savings to a community and allow it to fund other important needs. This has often 
been the driving force behind the move toward water conservation. Water customers 
are able to save not only on water and sewage. bills, but also on hot water heating 
costs. 

1 
Department of Environmental Quality Engineering, Division of Water Supply, 

Communities with Water Supply Problems, As of, August 1, 1981 . 
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There are clearly many opportunities for saving water in addition to residential • 
water conservation. Some of these are: leak detection and repair, increased metering, 
line pressure reduction, water recycling in industry and pricing changes. However, 
residential consumption in most areas of New England accounts for about 40 percent 
of all water use,l Consequently, water conservation in the home can significantly 
contribute to alleviating a community's water shortage. Furthermore, water savings 
in the home cap. be easily implemented through a retrofit with water efficient devices 
with little or no inconvenience to the occupants. 

Residential water use can be divided into categories of usage shown in exhibit 1 below: 

EXHIBIT 1 : HOUSEHOLD WATER USES 

TOILET -40% 

BATHROOM SINKS 
35% 

Th~ reader can easily see that 75% of all water use in the home occurs in the bath
room. Consequently, most residential water conservation programs have targeted the 
efficiency of bathroom fixtures for potential savings. The North Reading Water 
Conservation Study utilized special water saving devices for all indoor fixtures 
including kitchen faucets. 

• 
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OBJECTIVES OF THE NORTH READING STUDY 

T.rincipal objective of the study was to determine the effectiveness of water-
s g devices for homes in North Reading. Additional objectives included: demon-
strating the potential for water savings with atown-wide distribution program; provid
ing an example for other cities and towns with similar water concerns; determining the. 
homeowner reaction to the use of the devices, determining if the devices require any 
sacrifice in comfort or living standards; and outfitting 200 homes with water conser
vation devices to provide a permanent annual saving for the town; and to obtain 
additional statistics on the energy saving capabilities of the special devices. 

The devices supplied to the households were water saving showerheads that provide 
approximately 2.3 gallons of water per minute, toilet dams, which save approximately 
1½ to 2½ gallons of water for each flush, and faucet aerators, which limit the flow 
to 2 gallons of water per minute. These devices were installed in 180 households 
in late August and early September 1980. Water consumption between the middle or 
end of September 1980 to the middle o, end of March 1981 was compared to consumption 
during the same periods in the two pr~vious years. This winter use period was used 
for comparison, because of limited outside water use, the infrequency of extended 
trips away from home and the consistency of school and work schedules . 

• 
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The town of 
of 12,000. 

HISTORY OF NORTH READING 

North Reading is located 15 miles north of Boston and has a population 
It has faced a water supply and water quality problem for many years. 

The town has imposed outside watering restrictions for over a decade, because of a 
lack of supply and because of poor quality resulting from large amounts of iron and 
manganese in some of the wells. In 1976 the town applied for inclusion in the 

• 
Metropolitan District Commission water system, but was turned down. The town began 
to purchase water from its neighbor Andover to provide for occasional emergency needs. 

In December, 1978, the town discovered that its major well was polluted with 
trichloroethylene, a carcinogen. The well was closed, cutting North Reading's water 
production by 25% (the well produced approximately 500,000 gallons per day, and the 
town's maximum daily safe yield was approximately 2 million gallons per day). In 
January, 1979, the town started to purchase an additonal 500,000 gallons a day from 
Andover to make up the difference, and implemented a total outside watering ban that 
lasted for over a year. Due to the cost of the water import program, water rates 
rose 80% in April, 1979. 

Iron and manganese contamination has forced the periodic closing of additional wells 
since that time, requiring the town-to purchase added amounts of water from Andover to 
satisfy fluctuations in demand when the wells are down. 

Currently, a water treatment plant is coming on line to improve the quality problem, 
and well sites are being developed to partially offset North Reading's dependence on 
Andover. 

Unfortunately, North Reading's projected future demand indicates the town will not 
be able to reach independence by increasing production alone. The town has a current 
maximum daily demand of 2.1 million gallons. Production will be able to yield about 
1.9 million gallons per day when the treatment plant is fully operational and the 
new well sites are on line. Costly imports from Andover will have to make up the 
difference unless conservation measures can reduce demand. North Reading's projected 
need for the year 2000 is estimated at 3 million gallons a day. 

• 



WATER CONSERVATION DEVICES 

• TOILET FLUSilDAMS 

• 
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There have been rwmerous 
tests and studies of water 
conservation devices over 
the years. The success of 
various devices has been 
reviewed in a number of 
papers and reports (2,3,4,5) 

For toilets, the largest 
water users, the alternatives 
are inexpensive plastic 
bottles or bags, which reduce 

flush volume by 1-2 quarts, modified or dual flush mechanisms, which save 1½ to 2½ gallons 
per flush, and dams, which also save about l½ to 2½ gallons per flush. Flush mech
anisms could not be considered for town retrofit because they are more expensive and 
require more installation time. Since bottles and bags inherently yield low savings, 
dams have been judged to be the best device for mass retrofit. The dams consist 
of two vinyl coated spring steel sheets that are placed in the toilet tank to "dam 
back" part of the water from being flushed away. The specific dams chosen for the 
North Reading study are about 5" by 8" each in size and have flexible double feet 
that will hold them in place indefinitely. 

LOW FLOW SHOWERHEAD 

• 

For the shower, there are 
two choices: modify the 
existing showerhead by 
installing a flow reducing 
disc or cone shaped device, 
often called a "widget" 
behind the existing shower
head, or install a water 
efficient showerhead. The 
former, while inexpensive 
provides a poor quality, 
"dribbling" shower because 
the insert reduces the flow 
through a showerhead that is 
designed for a high rate of 
flow. In addition, the 
restrictor device is not 
compatible with many existing 
showerheads. The alternative 
chosen for the Nor.th Reading 
study was the installation 

of a water efficient showerhead, which although is more expensive, provides a high 
quality shower and guarantees a flow rate of 2.3 g.p.m. The goal is to provide a 
s\gnificant savings over regular showerheads, which deliver between 6 and 12 g.p.m., 
while retaining shower quality. 
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LOW FLOW FAUCET AERATOR 

RESULTS OF OTHER STUDIES 

The third devices sup.d 
for the study was a pressu, 
compensating faucet aerator 
for kitchen and bathroom 
sinks. The 2 g.p.m. 
maximum flow rate provides 
a significant reduction frc 
most aerators, which provid 
3-5 g,p,m. 

There have been numerous retrofit programs many of them listed in the New England 
River Basins Commission Report, Before the Well Runs Dry: Designing a Water Con
servation Plan. 2 In an experimental study of low-flow showerheads, SharpeJ found a 
reduction in shower water use of 40 to 60 percent. The redllction would have bl'en large 
but the original showerheads used only 4.5 g.p.m., less than that used by most resi
dential showerheads. There have been fewer studies assessing devices, which focused 
solely on actual savings with toilet dams and faucet aerators, but there have been a 
number of general conservation programs, which incorporated these devices. In a study 
for the Washington Suburban Sanitary Commission, 6 Sharpe found an overall 25.6 percent 
reduction in water use with shower flow controls, toilet inserts, and household habit 
changes. During a severe drought in Marin County, California, in 1976-1977, total 
residential water consumption was reduced by about 66%2. Use increased after the end 
of the drought but did not return to its former level. In addition to the reports 
cited above, the reader is referred to the documents, "Annotated Bibliography on Water 
Conservation Volumes I and II" produced by the Hitchcock Center for the Environment in 
conjuction with the Amherst Water Conservation Project, dated 1981. 7 This report was 
also sponsored by the Massachusetts Division of Water Pollution Control. 

CHAPTER 2: STUDY PROCEDURES, DATA, AND ANALYSIS METHODS 

In 1980, North Reading reported a population of 12,000 20. All water is supplied by 
the town's distribution system from town wells and a connection with the town of 
Andover. Category and number of connections, as well as total use and average 
individual use per connection for the six month period is shown in Exhibit 2 . 

• 
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EXHIBIT 2: 

NORTH READING WATER CUSTOMERS AND SIX MONTHS USAGE, SEPTEMBER 1980 TO MARCH ·1981 

~ No. of Connections Six months total use Six months average use 
in gallons per connection in gallons 

Residential 2918 97,855,140 33,535 

Commercial 73 7,435,420 101,855 

Industrial 6 547,360 91,227 

Municipal 5 94,850 18,970 

Schools 6 1,142,940 190,490 

Multi-Family 35 9,797,640 279,933 

Hotel/Motel 6 235,590 39,265 

Churches 4 218,810 54, 703 

Summer Dwellings 7 150,190 21,456 

TOTALS 3060 117,477,940 

Source: North Reading Water Department, May 1981. 

Similar data was obtained for water consumption in the two previous years in order to 
check for trends of increasing or decreasing usage. The winter periods were selected 
to avoid the confounding effects of significant outside water use that occurs during 
the summer months. The average daily residential consumption for each six month winter 
period is listed below: 

Period 

September 78 - March 79 

September 79 - March 80 

September 80 - March 81 

Average Daily Water Consumption per Residence 
in gallons per day (GPD) 

178 

181 

182 

The apparent increase in average daily consumption may be attributed to variations in 
the number of days included in each winter meter reading period.l 

he study took place over a six month period beginning with the water department's 
illing in September 1980. Participants were solicited through pre-arranged local 
edia coverage and posting of public notices. Approximately 200 households expressed 
n interest in the study and out of these 180 were selected. Requirements for parti
ipation were: home must be a single-family, owner-occupied residence; participant 
t.Ahave occupied the dwelling for at least one year; participant must be on town 
a~ system; participant must agree to use all three devices wherever applicable for 

full six months or notify us if removed. Meetings occurred on four week-nights over 

The average number of days in the winter time periods for all North Reading residential 
ustomers is not known, but was based on the average for about 150 households in our study 
ample. 
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a two week period at which, (1) attendance was recorded, (2) .participants were verified, 
(3) old showerheads were collected and labeled, (4) new devices were handed out and 
(5) homeowners received installation instructions. (see appendix C). The participant. 
retrofitted their homes with water saving showerheads, aerators and toilet dams for 
each appropriate fixture. There also were home visits and telephone follow-up to 
complete the installation. 

QUESTIONNAIRE DATA 

At the time of enrollment in the program, participants were asked to complete a 
registration form that requested information (see appendix A) including: number 
of occupants in the household; whether or not the household had used water conservation 
devices in the past; and whether there were any factors that might have affected water 
consumption. 

Approximately two months after the start of the study, aquestionnaire (designated QI 
in this report) was sent to the participants. This questionnaire requested information 
about the households' experience with installation, initial satisfaction With the 
devices, and other background questions (see appendix A). Of the 180 original parti
cipants 154 returned questionnaire (QI). 

At the end of the six month period, a final questionnaire (designated as QII in this 
report) was sent to the participants (see appendix A) to ascertain user satisfaction 
with the devices and recommendations for a town-wide distribution program. 

The questionnaire (QII) also surveyed changes in household size, water using appliances, 
outlets, water use habits and other factors that might affect water consumption. A 
total of 147 final questionaire (QII) were received. The results of the questionnaire 
are presented in Chapter 3. 

WATER CONSUMPTION DATA 

Meter reading data for the participants was obtained from the North Reading Water 
Department for three time periods: September 1978 - March 1979; September 1979 -
March 1980; September 1980 - March 1981. Using these readings the water consumption 
data was obtained on each household over three winter periods: the two winter periods 
prior to the study and the winter period during which the study cook place. This 
allowed for a comparison of the study period of 1980-1981 with either of the two 
previous winter periods. The winter of 1979 - 1980 was used in all cases except if 
the period was estimated or water conservation devices were used. In these cases, 
the winter of 1978 - 1979 data was used. The household could not be used for comparison 
when both previous winter periods were estimated or when the study period was estimated. 
An estimated period is one in which the reading at either the beginning and/or the end 
has been estimated because an actual reading did not take place. 

The exact number of days of usage in the period for each household was not known in 
all cases because the dates of the meter readings for the individual households were 
sporadically recorded by the North Reading Water Department. For these cases, missing 
dates were estimated based on other known data and the manner in which meter readers 
follow their routes. Average length of the winter period did vary substantially as. 
the following table indicates: 



Winter 

19i8 -

l•-

1980 -

Periods 

1979 

1980 

1981 

Average number of days in period for study households 

162. 4 days 

175.2 days 

184.2 days 

The variation in the length of the winter periods is significant. In order to provide 
for a comparison between the time periods before and after the devices were installed, 
the water consumption in the winter period for each household was divided by the 
number of days in the period for that household to obtain an average daily consumption 
per household. 

In some cases when meter readings were recorded from resident read cards, the exact 
date of the readings had to be estimated. Estimations were based on the date the card 
was left by the meter reader and the date of cancellation by the post office of the 
returned card. After thorough examination of all cards it was estimated that residents 
read their meters two days after the cards were left. 

The uncertainty of the meter reading dates adds an error factor to the consumption 
data, but it is estimated to be no more than 5%. Overall, these errors tend to cancel 
out when combined to arrive at average consumption. The only real effect is to add 
variation to the data which make the requirements for statistical significance more 
stringent. 

SPECIAL CASES AND SAMPLE SIZES 

There were a number of households which required special considerations in order to 
allow comparisons between their water use before and after the water conservation devices 
were installed. The largest group involved 30 households that had a change in the 
number of occupants between or during comparison periods. For each of these house-
holds the exact date of the change and the number of occupants before and after had to 
be determined. Using these,data, the consumption during the baseline period (that is, 
the winter period used as a basis for comparison) was adjusted to reflect water use 
for the household with the same number of occupants as were present during the 1980-
1981 study period. Since most water in the home is used for toilet flushing and 
showering, linear adjustments were made. As an example, for a three member household 
using 150 g.p.d., we assumed with four members that the household would have used 
200 g.p.d. Adjustments were also made for less common occurrences such as major toilet 
leaks, a significant change in the number of laundry loads, increased showering for 
medical needs, and other reasons. When accurate estimates could not be made the 
cases were eliminated from the sample used for analysis of water savings. 

Thirty cases for which it was impossible to form a fair comparison were eliminated. 
These included cases for which baseline and/or study periods had been estimated, anµ 
a few in which the home changed ownership, meters broke, or households had previously 
~een on fixed readings. Out of the 147 households who responded to all questionnaires a 
prerequisite for water use comparisons, 107 households remained that could be evaluated. 
Within this sample, there were 14 special cases that might be expected to save less 
water because they previously used water conservation devices ( and a comparable period 
Aout them was not available ) and"/or the households were unable to use either the 
sTwerhead or flushdam. 
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Consequently, 93 households installed all the devices and could be used for comparison 
purposes. Throughout the rest of this report these will be referred to as Type 1 cases. 
The 14 special cases are referred to as Type 2 cases. Analysis was performed on bo. 
the 93 Type 1 cases and the 107 Type 1 and 2 cases. The latter sample is of 
interest because it may better represent the average population of North Reading, 
already implementing water conservation measures and thus the results that might be 
obtained if a town-wide distribution program were instituted. 

TABULATION AND CROSSTABULATION ANALYSIS 

All questionnaire data Was tabulated and the results of all relevant tabulations appear 
in Chapter 3. In some cases, questions were crosstabulated to search for relationships 
between variables. Examples of such potential correlations are the relationship between 
previous level of activity in conservation and satisfaction with the devices, or 
satisfaction with the devices and recommendations regarding a town-wide distribution 
program. The significance of the relationship between such variables is tested with 
the chi-square (X2) test of significance. : 

WATER CONSUMPTION ANALYSIS AND SIGNIFICANCE TESTING 

Average daily water consumption before and after device installation is compared 
using the T-test to assure that the reduction in water use is not due to chance. The 
study examined by the T-test relationships between reduction in water use and other 
variables such as number of household members or satisfaction with the devices. 

CHAPTER 3: RESULTS OF ANALYSIS 

The analytic results in this chapter are presented in the following order: 
tabulation of questionnaire data; crosstabulation of a limited number of questionnaire 
items; water consumption before and after device installation and the significance of 
the reduction in water use; water savings as a function of a few demographic and 
attitudinal variables; and a look at energy savings. 

TABULATION OF QUESTIONNAIRE DATA 

For the first questionnaire (Ql), there was a total of 154 respondents. For some 
individual questions there were missing answers and these are indicated as "no answer". 
This was also done for the final questionnaire (QII), for which there was a total 
of 147 responses. Individual questions are referred by questionnaire and number such 
as QII, #3 which means final questionnaire, question number 3. Blank copies of the 
questionnaires are contained in Appendix A. 

REGISTRATION FORM DATA 

The participants were asked to specify the number of full time occupants in their 
household on the Registration Form. During 1980 the distribution was as shown in 
Exhibit 3. • 



(11) 

sXHIBIT 3: HOUSEHOLD SIZES 

~-f members No. of households having this size Percentile 

1 1 0.5 
2 30 19 
3 23 15 
4 44 29 
5 • 41 27 
6 9 6 
7 4 3 
8 1 0.5 
No Answer 1 

:OTALS 154 100% 

lased on these data, the average household size was determined to be 3. 93 persons/house
told for the study sample. This is very close to the town average which was estimated 
,ased on the town figures for known population and the number of residential and multi
'amily water connections. 

,ccording to registration forms, 45% of the households, either had tried a ''widget" 
.n their showerhead or had tried a low-flow showerhead prior to the study. In most 
:ases the prior winter period was used for comparison, but in some cases that was not 
>ossible and the subject households became part of the special or Type 2 cases discussed 
.s the previous chapter. 

1UESTIONNAIRE I: RESULTS 

:he five tabulations Exhibit 4 through 8 that follow represent results obtained from 
:he first questionnaire(QI) (see appendix A). 

:XHIBIT 4: REASONS FOR PARTICIPATING IN THE STUDY (QI #2) 

Reason No. of Households 

~o save water 39 
:o save water & money 26 
:o save money 19 
:o save water & energy 16 
:o conserve generally (including water) 15 
:o save energy 10 
:o save energy & money 9 
:o reduce septic system problems 3 
lther combinations (including water) 14 
lo answer 3 
:OTALS 154 

Percentile 

26 
17 
12 
11 
10 

7 
6 
2 
9 

100% 

,lmost 2/3 of the households cited water savings as one of their major reasons for 
>articipating. Other major reasons were to save money and to save energy . • 
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When questioned about their previous involvement in conservation (Ql,113), the parti
cipants responded as shown below in Exhibit 5. 

EXHIBIT 5: PREVIOUS INVOLVEMENT IN CONSERVATION (QI,113) • 
Previous involvement 

Very Active 

Somewhat Active 

Not Active 

No Answer 

TOTALS 

No. of Households 

15 

52 

80 

7 

154 

Percentile 

10 

35 

55 

100% 

Only 10% had some previous involvement in conservation activities. Unfortunately, 
no figures are available for the general population with which to compare this dis
tribution. 

The next question asked whether the participants would recommend the devices to their 
friends. The results are shown below in Exhibit 6. 

EXHIBIT 6: RECOMMENDATION TO FRIENDS (QI,114) 

Recommend Devices to Friends? 

Yes 

No 

No Answer 

TOTALS 

No. of Households 

144 

3 

7 

154 

Percentile 

98 

2 

100% 

After only three months use, an overwhelming 98% of the participants would recommend 
these devices to their friends. A strong indication of user satisfaction with the 
devices. 

• 



wo additional questions asked the participants "who had installed the devices" 
QI,#8), and to rate the ease of installation (QI,#9). The results are shown below 
n·Exhibit 7 and 8 . • XHIBIT 7: DEVICE INSTALLATION (QI,#8) 

Devices Installed by: 

ccupa'nts 

ccupants and NRG staff 

RG staff 

riend 

lumber 

o answer 

No. of Households 

144 

1 

5 

2 

1 

1 

11 but nine of the 154 household were able to install the devices Without outside 
ssistance. The results are shown below in Exhibit 8. 

XHIBIT 8: EASE OF INSTALLATION (QI, //9) 

Shower head 
No. of Household % 

ery Simple 127 85 

airly Simple 21 14 

ifficult 2 1 

o Answer 4 

OTALS 154 100 

Flushdams 
No. of Household 

86 

53 

10 

5 

154 

% 

58 

35 

7 

100 

Aerator 
No. of Household 

141 

5 

0 

6 

154 

(13) 

% 

95 

5 

0 

100 

he aerator was the simplest device to install, followed by the showerhead and flushdams 
n that order. All households found it easy to install the aerator, only 2 households 
1 percent) had difficulty installing the showerhead, while 10 households (7 percent) 
ad difficulty installing the flushdams. 

UESTIONNAIRE II: RESULTS 

he final questionnaire was designed to draw out information regarding household 
hanges that might affect water use and user satisfaction with the devices. During 
he course of the study 13 households had a change in the number of occupants (QII,#1) . • 
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The only significant water using appliance/outlet changes (QII,112) were the removal 
of a washing machine in one household and the addition of a bathroom in another. The 
latter bathroom was never equipped with water conservation devices (NRG was never. 
notified) and became the most used bathroom in the household. Household occupant 
habit changes (QII,#3) were indicated by 30 households and changes in other factors 
(QII,#4 & #5) that might affect water consumption were mentioned by 19 households. 
Mariy of these households were contacted to clarify information and/or to quantify 
the changes. As a result, proper adjustments to water consumption levels were made to 
reflect these household changes. 

The participants were asked, "How do you feel this showerhead has affected, the quality 
of your shower?", (QII,117). The res1:1lts are shown below in Exhibit 9. 

EXHIBIT 9: AFFECTS ON QUALITY OF SHOWER (QII,#7) 

Change in Quality of Shower 

Improved 

Same 

Worse 

No Answer 

TOTALS 

No. of Households 

68 

54 

22 

3 

147 

Percentile 

47 

38 

15 

100% 

While 15 percent of the households felt the quality of the shower was "worse", 
47 percent felt that the quality of their shower had "improved". 

When the results of this question were crosstabulated with the participants' previous 
activity in conservation (QI,#3), the chi-square test showed no significant relationsh: 
between conservation-minded households and satisfaction with the new low-flow shower
head. 

Next the households were asked, "If you moved to another home would you purchase these 
or similar devices?", (QII,#9). Approximate costs were listed for each device. The 
results are shown below in Exhibit 10. 

EXHIBIT 10: PURCHASE OF WATER CONSERVATION DEVICES (QII, //9) 

Purchase for another home? 

Shower head Flushdams Aerator 
No. of Household % No. of Household % No. of Household % 

Yes 119 86 113 84 124 91 

No 19 14 22 16 12 9 

No Answer 9 12 11 _. 
TOTALS 147 147 147 
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For all three devices, the majority (84 to 91 percent) of the households would purchase 
'th~ or similar devices, a strong indication of user satisfaction. In the case of 
tr-howerhead, such a correlation would be tested by crosstabulating change in quality 
of shower (QII,117) with purchase choice (QII,119) and testing for significance. The 
results are shown below in Exhibit 11. 

,EXHIBIT 11: CROSSTABULATION OF QUALITY OF SHOWER (QII, 117) ANlil PURCHASE Of SHOWERHEAD 
(QII, 119) 

Quality of Shower? 

Improved 

Same 

Worse 

Yes 

64 

47 

7 

Showerhead Purchase? 

No 

2 

5 

11 

The "no answer"r:esponses have been eliminated from this table for simplification. 
The chi-square test of significance was used to test the hypothesis that households 
which had improved showers were more likely to purchase the showerhead for a new home. 
The relationship was found to be significant at better than the 0.001 level. This 
implies that there is less than 1 chance in a thousand that this relationship occurred 
by chance. 

When the participants were asked, "Has use of these products increased your awareness 
of resource conservation and caused you to seek other energy or resource conservation 
methods?", (QII,1110). The responses to this question are shown below in Exhibit 12. 

EXHIBIT 12: EFFECT OF WATER CONSERVATION DEVICES ON AWARENESS OF RESOURCE CONSERVATION 
(QII, 1/10) 

Increased awareness 

Yes, significantly 

Yes 

No 

No answer 

TOTALS 

No. of Households 

21 

61 

44 

21 

147 

Percentile 

17 

48 

35 

100% 

Almost 2/3 of the households that had responded experienced increased awareness of 
resource conservation .and sought other conservation methods. This result alone demon
strates the value of such a water conservation program-to the economic and resource 
base of the community. 

F.ly, the participants were asked, "In your opinion, do you feel these devices 
should be distributed on a town-wide basis?", (QII,#11). The results are shown on 
page 16 in Exhibit 13. 
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EXHIBIT 13: SHOULD DEVICES BE DISTRIBUTED ON A TOWN-WIDE BASIS? (QII,1111) 

Distribute? No. of Households Percentile • Yes 132 95 

No 7 5 

No answer 8 
• 

TOTALS 147 100% 

An overwhelming majority of 95% recommended distribution of these devices on a town
wide basis. This indicates that even those households who expressed diminished shower 
quality, realized the water saving value of the devices. The positive response was 
so great that crosstabulations to other attitudinal and d~ographic variables would 
not provide any interesting relationships or results. This concludes the analysis 
of the questionnaire data. 

• 
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ATER CONSUMPTION 

• 

consumption was analyzed for two groups of households as mentioned earlier. 
for review purposes, the first group consisted of 93 households, which used 

11 the devices (with an occasional missing aerator). The second group of 107 
onsisted of the 93 plus an additional 14 households that either did not use one of 
he showerheads or flushdams, or who had used conservation devices in the baseline 
eriod (winter of 1978-1979, and winter of 1979-1980). These two groups are designated 
ype 1 (sample size= 93) and Type 1 & 2 (sample size= 107). Analytic results are 
rovided for both groups. 

xhibit 14 gives the average daily water use per household during the baseline period 
prior to use of the devices), during the study period (after devices were installed), 
nd the average daily reduction per household. 

XHIBIT 14: AVERAGE DAILY WATER USE (G.P.D;) PER HOUSEHOLD BEFORE AND AFTER DEVICE 
lNSTALLATION 

Sample Size Baseline period (GPD) 
(1978-1979 or 1979-1980) 

Conservation period (GPD.) Reduction Percentil, 

ype 1 93 

ype 2 14 

ype 1&2 107 

183.3 

168. 3 

181.3 

(1980-1981) (GPD) 

154.5 

151.5 

154.1 

28.8 

16.8 

27.2 

.ouseholds that did not have water conservation devices previously and that used the 
howerheads and flushdams averaged 28.8 gallons saved per day, or an average reduction 

15. 7 

10.0 

15.0 

f 15.7%. Households that had used water conservation devices in the baseline period 
r'that did not use both major devices, the showerhead and flushdam, saved only an 
.verage of 16.8 gallons per day for an average reduction of 10.0%. Overall, the 
.ouseholds averaged 27.2 gallons saved per day for a savings of 15.0%. The Type 2 
.ouseholds, some of which had used conservation devices, had a lower baseline use. Note 
hat the overall baseline use for the study households of 181.3 gallons per day compares 
losely to the general population use of 182 gallons per day for all of North Reading. 

'he T-test was used to assure that reductions in water use were statistically signi
icant and not just an occurrence. For both the Type 1 and Type 2 cases, reductions 
n average daily water consumption after installation of the devices proved to be 
.ighly significant at better then the 0.0005 level. However, for the Type 2 house
.olds alone, the reduction was not found to be statistically significant. 

~ile an overall reduction of 15% is an important savings and similar to the savings 
ound in Elmhurst, Illinois2, a larger savings had been expected, In comparison to 
onventional devices the showerhead saves about 60-70%, the flushdams about 20-40%, 
.nd aerators about 30-60%. When these savings are weighted by the percentage of 
'ater used by each type of device, one would expect an overall savings of 20-50%, 
·igures similar to results reported in residential water conservation studies of 
:cimmunities implementing water conservation for the first time. 2 

'..pts have been made to understand the reason for the smaller savings in North 
. ng. By careful review of figures and calculations, er.rors in the data and 
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analysis have been ruled out. Possible explanations include the following: 

* Prior to the study average daily per capita consumption in North Readit 
was only about 45 g.p.d. This is low compared to average national 
figures which are about 60-70 g.p.d. 2 Thus North Reading households 
may already be somewhat conservative and have less room for improvement. 

* Water problems in North Reading may have been more severe in previous 
years forcing households to use water more conservatively. 

* The study sample does not necessarily represent the average North 
Reading population since they volunteered for the study and expressed 
an interest in saving water. However, the pre-study average consump
tion for the study sample does compare closely to the average North 
Reading population. 

* In addition, the overall effectiveness of the devices may have been 
reduced by increased or unknown amounts of water used to perform other 
household functions such as laundry, dishwashers, baths, and car 
washing. 

* A vast majority of the water meters in North Reading were installed 
in 1969. According to Dr. William Sharpe,8 after 10 years meters 
tend to develop problems of under registration. Under registration 
of water use of 25% or more often occurs in older meters and this 
would cause water consumption and the resultant savings to be 
understated. 

* No instructions were given to the households regarding the changing 
of water saving habits. The study was intended to be entirely a 
test of the devices. Thus overall savings might be lower than in 
other past programs. 

* The only precise way to ascertain the reduction in water use pro
vided by the devices is to individually meter the fixtures so that 
flow rates can be verified. This, of course, is a very expensive 
option and could not be considered for this study. 

WATER SAVINGS AS A FUNCTION OF DEMOGRAPHIC AND ATTITUDINAL VARIABLE 

Reduction in water use might be related to certain variables such as attitudes 
concerning conservation or satisfaction with the devices. Percent reduction was 
examined as a function of household size and no significant relationship was found. 
Percent reduction was also examined in relation to previous activity in conservation 
(QI,#3) and awareness increases resulting from the study (QII,#10). In both cases 
there was no significant relationship. Finally, percent reductiun.was examined in 
relation to perceived quality of shower (QI,#7). The results are shown on page 19 
in Exhibit 15. 

• 
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,XHIBIT 15: PERCENT REDUCTION IN WATER USE (AND SAMPLE SIZE} AS A FUNCTION OF 
PERCEIVED SHOWER QUALITY (QII,#7) 

I 

~ 
Improved Sample Same Sample Worse Sample 

Percent Reduction Size Percent Reduction Size Percent Reduction 

kpe 1 17. 2 (44) 13.6 (32) 12. l 

'ype 2 16. 2 (50) 12.5 (38) 12. 8 

ile reductions in water consumption correlate with greater satisfaction with the 
howerhead, the relationship is not quite statistically significant. As a result 
o significant relationship was found between reduction in water use and other 
ariables determined by questionnaire data. 

,NERGY SAVINGS 

\nalysis of the energy savings was not possible because of insufficient data. In 

Size 

(15) 

(17) 

,11 cases, the energy used to heat water could not be separated from other household 
Jses. As with many New England towns, the majority of the homes in the sample popula
:ion are equipped with oil-fired hot water systems. 

)nly 17 households in the final sample indicated having electrically-heated water 
,ystems. Reading Municipal Light, the supplier of electricity to North Reading, 
ioes not meter the hot water use separately from other uses. Upon examination of 
:he utility records, variations in monthly kilowatt hours were so great that extrapo
lation of hot water uses were not possible. 

In the case of households that heat water by gas, the problems were more confounding. 
)nly nine households in the final sample indicated they used gas only for hot water 
1eating. Upon examination of the gas usage data it was discovered that only four of 
:he nine households actually used their gas solely for this purpose. 

CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS 

\s the results in the previous chapter indicate, the study participants were satisfied 
;ith the water conservation devices and were able to reduce their water usage by an 
1verage of 15%, saving 27.2 gallons of water daily. For the 154 study participants, 
:his rate of savings will amount to an annual reduction of over 1.5 million gallons of 
1ater. 

'ROJECTED SAVINGS FOR A TOWN-WIDE DISTRIBUTION PROGRAM 

\s of May 1981, there were a total of 2,918 residential connections and 35 multi-
family connections to the North Reading water supply. By extrapolation there are a total 
Jf about 292 individual units in the 35 multi-family connections. Thus there is a 
total of about 3,210 residential units that could be equipped with water conservation 
ievices. Average da-ily water use per residential connection from September 1980 to 
18.rch 1981 was 182 g.p.d. · Given the study sample average water reduction of 15.0%, 

• 
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if North Reading were to implement a town-wide water conservation program that resulted 
in 100% installation of low-flow showerheads, flushdams, and low-flow faucet aerators, 
the town would save approximately 87,633 gallons of water per day or 31,986,045 gallons 
of water per year. While installation of the water saving devices in 100% of the • 
residence is not likely, if the town supplied the devices free of charge the town 
could expect an 80 to 90% installation rate, yielding a reduction of 70,106 to 
78,870 gallons per day or 25,588,936 to 28,787,441 gallons per year. It should be 
noted that these savings in drinking water supply are also savings of indentical 
amount in waste water generated for treatment either on-site through septic systems 
or ·in municipal waste water treatment plants. The waste water savings produce 
significant reduction in operation costs for homeowners and/or municipal facilities 
as well as reduced pollution to groundwater supplies (septic systems) or local 
rivers (waste water treatment plants). 

ECONOMICS OF A TOWN-WIDE DISTRIBUTION PROGRAM 

The cost of a town-wide distribution program including both the cost of devices and 
the public education effort necessary to achieve an 85% retrofit rate is estimated 
to be $18.00 per participating household. Per unit costs would be less in very large 
scale (over 50,000 participating households) programs, declining to perhaps as little 
as $12.00 per household. _In the Town of North Reading a program retrofitting 85% of 
the 3,210 residential units would produce 2,729 participating households and would 
cost approximately $49,122. Such a retrofit would produce a saving of 27,188,138 
gallons of drinking water per year. If the saving of drinking water is considered 
as the only benefit to the town, the cost of this benefit is approximately $1.81 per 
thousand gallons of drinking water saved. This represents the cost/benefit of the 
program if the devices are depreciated over a single year. If the program cost 
is depreciated over two years the cost per thousand gallons saved declines to $0.905 
per thousand gallons, over three years the cost declines to $0.603. At a cost of 
$0.70 per thousand gallons to the town the payback time (time at which the cost to 
the town of the program equals the cost t·he town would have incurred for the water 
saved) is approximately 31 months. 

These figures apply the cost of the program only to the savings in drinking water 
costs. If the program cost is also distributed over waste water treatment as well, 
the ratio of cost/benefit improves dramatically and the payback time to the town is 
shortened by 30% to 80% depending on the cost of wastewater treatment. The waste 
water treatment savings are not projected for North Reading because owner maintained 
septic systems are used in the town. When considering the economic impact of water 
conservation on larger scale and in urban areas where municipal waste water treatment 
is provided, the waste water treatment savings should be considered as well. 

ECONOMICS OF A METROPOLIJ:AN DISTRIBUTION PROGRAM 

The Greater Boston statistical metropolitan area has 463,504 rental units and 
527,156 owner occupied units for a total of 990,660 eligible units. An 85% retrofit 
of Greater Boston would produce 842,061 participating units saving almost 22,988,265 
gallons per day or approximately 8,395,000,000 (eight billion, three hundred ninety
five million) gallons per year. Because of the economy of scale that such a large 

• 



program would enjoy, the cost of such a retrofit at $12.00 per participating household 
would be only $11,887,920. This cost, depreciated over a single year yields a price 
oaJ..40 per thousand gallons of drinking water saved. At current MDC costs for 
d9king water such a program would pay for itself in two years in drinking water costs 

'alone. Factoring in the sewage treatment cost for the approximately 670,000 partici
'pating units also served by municipal waste water treatment costs, the payback time to 
sponsoring government would drop to as little as one year. 

ECONOMICS OF STATE-WIDE DISTRIBUTION PROGRAM 

Retrofit of the residences in the Commonwealth of Massachusetts by a state-wide 
program would produce truly staggering savings and, because of the economies of 
scale, the most attractive cost/benefit ratio of all. Assuming an 85% retrofit of 
the Commonwealth's 20.3 million elegible units approximately 17 million residences 
would participate for an aggregate savings state-wide of nearly 170 billion gallons 
(169,405,000,000 gallons) per year. In practice, the savings for Greater Boston 
and for Massachusetts are likely to be considerably greater than the figures 
for North Reading, a town that was already practicing a significant degree of 
water conservation before its retrofit program . 

• 
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Appendix A - Study Questionnaries 

REGISTRATION FORM 

• 

• 

Name: _______ .....; ____________________ _ 

Address: ---------------------------
Phone: ----------
Length of residence at above address: ------------
Owner of dwelling: _____________________ _ 

Is this house on the town water.system? 1979 

1980 

(yes or no) 

(yes or no) 

Number of full-time occupants: 1979 

1980 

ages: __________ _ 

Number of plumbing fixtures: 

Showerheads 

Sinks 

Toilets 

Dishwashers 

Washing machines 

outside faucets 

Other 

ages: __________ _ 

1979 1980 

Are there any factors you can think of which would change your water consumption 

in any way from last year at this time? 

I am willing to participate in this study through its completion in June, 1981. 

Yes 

No 

Need more information 

Have you used a water conservation device in the past? If so, when? 



~~NRG 
~ Ne-.v Resource Group, Inc. 

" , A Non Profit Organization 3 Joy Street, Boston, Massachusetts 02108 617-723-6477 

NORTH READING WATER CONSERVATION STUDY - QUESTIONNAIRE 

This is the first in a series of questionnaires designed to enable you to 
participate in an individual way in the study we are conducting. Future ques
tionnaires will be oriented more towards consumer acceptability of the various 
devices we are testing; this one is geared towards providing us with the 
assurance that everyone in the study is, in fact, fully outfitted. For this reason, 
it is very important that you complete all the items on the questionnaire and 
return it promptly. Negative responses are every bit as important as positive 
responses, as are any conunents which you may have so far. If you or any members 
of your household have suggestions or questions or conunents relating to instal
iation of the devices, there is space at the end of the questionnaire. We encourage 
you to use it! 

Thank you again for your participation, and please be prompt in your reply! 

1. How did you hear about this study? newspaper 

friend or neighbor 

phone solicitation 

NRG display 

other (please specify) 

2. Please comment briefly on the reasons you decided to participate. 

3. Have you previously been actively involved in conservation? If yes, how? 

very active 

somewhat active 

not active 

4. Would you reconunend these devices to your friends? (yes or no) 

-F------ _ADD~·. 

"f"tl:CN£: 
. 

Energy Sevlng Devices and Ideas 



5. Is everything in place? (yes or no) 

6. Is everything working properly? 

Showerhead(s) 

Aerator(s) 

Flush dam(s) 

Showerhead(s) 

Aerator(s) 

Flush dam(s) 

7. Are there any toilets, sinks, or showers in your home that are not equipped? 
(Note: this does not apply to bathtubs or to faucets with garden hose attach

ments.) Please indicate the reason below. 

8. 

adapter needed for showerhead 

adapter needed for aerator 

toilet dam does not fit unit 

kitchen sink has dishwasher attachment 

basement sink has washing machine attachment 

other (please specify) 

The devices were installed by: occupant of house 

friend 

plumber 

other (please specify) 

9. How would you rate the ease of installation of: 

Shower head 

Aerator 

Flush dam 

10. How is your water heated? 

1 - very simple 
2 - fairly simple 
3 - difficult 

Is that source of energy used for other purposes in the home? 

Is your water electrically heated and metered separately? 

11. Have you needed to clean your showerhead? (yes or no) 

If yes, how many times have you cleaned it? 

ADDITIONAL COMMENTS: 

(yes or no) 

(yes or no) 

• ----------------------------------------

***The enclosed sticker is to be placed on your shower wall. 



~'~NRG -;jJ NeN 8-esource Group, Inc. 
I" A Non Profit Organization 3 Joy Street, Boston, Massachusetts 02108 

FINAL QUESTIONNAIRE 

The objectives of this final questionnaire are twofold. To clarify 
your acceptability of these low-flow devices now that sufficient 

617-723-6477 

time has elapsed and to 'account for any factors that may have affected 
your water use during this period. Your answers will be used in 
conjunction with your meter readings for our final analysis. This 
information will enable us to determine the effectiveness of study 
programs of this type and to make responsible recommendations for 
future townwide distribution of low-flow devices. 

This questionnaire will only take a few minutes to fill out and your 
responses are vital. We appreciate your participation in this·program 
and the cooperation you have given us to dace. 

l) Has the number of people changed in your household since the 
program started in September? 

circle one • yes .no 

If yes, what was it before? __ _ What is it now? 

2) Have you added or reduced the number of water using appliances/outlets 
in your home since the program started? 

circle one .yes 

If yes, check as appropriate 

added 

washing machine 

dishwasher 

toilet 

shower 

sink 

water softener 

other: ------------

.no 

removed 

3) Have the members of your household changed their water use habits 
since the program began? 

please comment: 

E:~Water meter readings begin Monday, March 16th. If you receive a card because you 
e absent from home, please fill out and return it to your water department as soon 

s possible. 

OVER -

Energy Saving Devices and Ideas 



4) Have you removed any of the devices during the six months of 
the study? 

check as appropriate 

shower head 

aerator 

flushdam 

If~• please explain: 

no 

5) Are there any other factors that may have changed the water consumption 
in your home? (For example: leaky fixtures, vacations away from home, etc.) 

please explain: 

6) Have you needed to clean your showerhead? 

circle one yes .no 

NOTE: Irregular or light spray indicates cleaning necessary. 

7) How do you feel this showerhead has affected the quality of your 
shower? 

circle one improved . the same .. worse 

Suggested improvements or changes of these devices. Please 

cormnent: 

8) Have you noticed a decrease in your hot water heating bills, 
keeping in mind the increased cost per unit of fuel? 

circle one yes no 

9) If you moved to another home would you purchase these or similar 
devices? 

check as appropriate 

item 

shower head 

aerator 

flushdam 

approx. cost ~ 

($10 - $15) 

($ 2 - $ 3) 

($ 8 - $10) 

no 

10) Has your use of these products increased your awareness of resource 
conservation and caused you to seek other energy or resource conservation 
methods? Please comment: 

11) In your opinion, do you feel these devices should be distributed 
on a townwide basis? 

circle one .yes -no 

Please comment: 

YOUR SIGNATURE: DATE: 

• 

• 
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