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ABSTRACT

The purpose of this study was to determine the constraints

and mis-understandings associated with residential water conservation

and to analyze the actual savi ngs in dollars , water and energy that

are achi eved by the selection and i nstalla tion of water conserving

faciliti es.

Residential water conservation programs have only been imple-

mented during crisis or emergency situations . However, the recent

awareness on the part of the Ameri can publ ic, primarily due to the

deterioration of energy resources, has focused greater attention on

the interrelationships between water and energy.

Research is undertaken to determine the potential constraints

to a residential water conservation program and the reasons for

conserving water. An analysis of various water conserving facil-

itl es is developed and applied to a residential area with an estimate

of savings in dollars , water and energy. Add itional impacts are

reviewed as a resul t of this residential conservation program.
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Chapter 1

INTRODUCTION

Background

Many citi es in the southwest are faced wi th a dwindling water

supply. Some are dependent enti rely upon pumped groundwater , fre-

quently from an aquifer with limi ted natural recharge and a falling

water table. The favorable climate of these semi-arid regions

continually attracts many people from other areas, many seeking a

permanent residence. Citi es are faced wi th the probl em of providing

a dependabl e water supply for a rapidly expanding desert population.

Increasing population , increasing urbanization , and increasing

industrial i zation are all trends i n contemporary society that are

generally accepted as facts. These trends are causing increased

demands for water and with the projected population growth patterns

for the future indicate a shortage of water. It is inevitable that

changes allow ing for more efficient use of existing suppl ies are

needed.

Compounding the problem of inadequate water suppl ies in the

face of population growth are the real estate promotions which often

attempt to enti ce purchasers wi th artificial lakes , expansive grassed

areas, shrubs and trees, all of which are significant water users.

A swimming pool for every new home begs the incoming population to

- . .
~•i_1-~
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subscribe to the ideal of an oasis-like environment.

A general impression gained during the study is that most

peopl e thi nk water conservati on is an emergency procedure to be

practiced seriously only during periods of criti cal shortages. This

impression might only be an artifact of the studies which have

experi enced shortages. But the idea is reinforced by the fact that

the pol icy of most water works managers and water utilities is to

furn ish rel i able and copi ous suppl i es of good water to everyone an

the system, at all times , and at artificially low prices . In some

pl aces there are systemati c efforts to i ncrease the use of domesti c

water n order to derive more revenue. Many price structures are

geared to making large supp l i es of water avai lable at wholesale

rates, and many systems are sti ll working on a flat rate bas is for

un-metered water. For metered systems the universal policy seems to

be one of providing all the water a customer will pay for.

In the West, especi ally where the doctrine of “acquisition

and use” prevai ls , conservation of even househol d water is not

encouraged because of the general rule: “use it or lose it. ” Cities ,

with some exceptions, in order to protect their water ri ghts, attempt

to use all the water they can get.

The traditiona l attitude of the American public that water

is a common good, along with the general feeling that our supplies üf

natura l resources are almost inexhaus tib le , has led to littl e real

concern for conservation of water except under dire emergency con-

ditions . The relati ve cheapness of water, and its stable pri ce is

probably conduci ve to more or less unrestrained use. Water is one
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of the few remaining bargains in these days of monetary inflation .

The growing tendency to have more natural greenery around the house

and the inclus ion of more water using devices i n our homes, not

accompanied by a financial pinch to pay for the extra water, may

account in part for our increasing per capita consumption and waste.

Whatever the causes , there seems to be no great incl ination to save

water under ordinary ci rcumstances.

Statement of the Problem

The combination of the austere reality of a fixed natural

fresh water supp ly and a continuousl y expanding demand has promoted

an increasing awareness of the need for developing new long-term

approaches to water management. Thi s need has become more acute as

the country becomes i ncreasi ngly involved wi th control l ing water

pol l ution and concerned wi th availability of energy resources.

Water managers and planners have turned to traditi onal means

of increasing the supply but offer littl e incentive or means to reduce

demand. Increases in the supply expand waste loads appreciabl y

thereby requiring enlarged waste treatment and distribution systems.

While traditional solutions to water resources problems

customarily attempt to add additional quantities of water to the

existing supply, these answers are not to be considered necessarily

wrong or inappropri ate. However, when one real izes the water supply

is altered only in physical state and quality but never in quantity,

the concept of “additional ” water Is farfetched.

The idea of additional water needs is prompted by a concept
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of an affluent society and lifestyle. For instance, the jets of water

used to clean our teeth and the shower massage which prepares us for

a relaxed deep sleep are water using appl iances which have promoted

increased usage of water. Yet, almost daily newspaper editorials ,

headlines , and telev ision news commentaries acknowl edge a growing

water shortage. On the other hand, inadequate effort is made to

foster ways of reducing consumer water demands or to increase the

effi ci ency of water use in the home.

The majority of obstacles to reducing consumption and increas-

ing efficiency of water use are human rather than physical . The human

problem is probably more important than the physical but both offer

viable alternati ves. Although the majority of research has dealt

with attempting to solve the physical obstacles, little attempt has

been made involving the social aspects of developing water resources.

Purpose and Objective

The purpose of this study is two-fold. The first is to

identify the constraints and misunderstandi ngs that are associated

with residential water conservation. The second is to determine the

actual savings in dollars and water that will be achieved through the

selection and installation of water conserving facilities . Prior to

analyzing the results of the selection and application of water con-

serving faciliti es in residential homes, this study considers six

areas hav ing potentially valuable input to development of a residen-

tial water conservation program. These areas are: (1) cultural

attitudes, (2) Institutional impacts, (3) economic aspects,

_ _ _ _ _ _ _  _  _ _
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(4) technologi cal al ternati ves, (5) public education , and (6) residen-

ti al water usage patterns.

The specific objectives of this study are:

1. To identify the cul tural , institutional , and economic

constraints affecting water conservation .

2. To provide an understanding of why water should be con-

served.

3. To identify sources of domestic water use and residential

water usage patterns.

4. To i dentify selected water conserving faciliti es for use

in existing and new homes.

5. To analyze the savings in dol l ars and water realized from

a residential water conservation program.

6. To provide a basis from which areas are considered in this

report can be pursued i n future investigations.

Value of the Stud~y

Al though indivi dual domestic water use is small compared to

total water use in terms of proportional impact on the environment

and the economy, in the aggregate it is much more significant since

it represents a consolidated use which requires extensive transport

systems and high l evels of treatment. And , as it relates to the

household component, is col lected and returned to the resource pool

as a concentrated point discharge again requiring substantial treat-

ment to render It harmless.

Not only will water conserving equipment have a significant
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impact on wastewater treatment but in water use and energy consump-

tion as well. Energy savings associated wi th reduced flow equipment

have si gni ficant economi c ramifi cations. Economic advantages accruing

to reduced costs for potabl e water treatment and energy reductions in

use of water in the household can be used to i ncrease the quality of

treatment.

The resul ts of this study, when properly integrated with a

sound program of public education and consideration of cultural ,

institutional and economic influences , will provide the basis for the

formulation of a timely residential water conservation program.

Organ i zation of the Study

This chapter provides a bri ef background on the subject

being considered in this study. It outlines the problems that need

to be considered in providing an adequate supply of water for future

generations, defines the study’s purpose and objectives, and identifi es

the study’s value to future pl anners and decisionmakers concerned wi th

water conservation.

The study Is divi ded into two parts, Chapters 2 and 3 are

devoted to the analysis of cultural , institutional , economic, and

technologi cal aspects of water conservation followed by an examination

of the reasons for conserving water and residential usage patterns.

Chapters 4 and 5 address the selection and appl i cation of water con-

serving facilities In residential homes of the City of Mesa, Arizona .

Chapter 6 final izes the study with a summary of the results , conclu-

sions of the study, and recomendations for future investigation.



Chapter 2

POTENTIAL CONSTRAINTS TO RESIDENTIAL

WATER CONSERVATION

Introduction

Many attempts to sol ve water supply probl ems in non-water

cri sis situations have been directed to reducing the demand from the

residential sector. The success of community acceptance of a

residential water conservation program is determined to a great extent

by whether the communi ty adequately understands the “problem” and

whether the water management entity adequately understands the com-

munity. It is the latter that has widespread impl i cations and which

requires some indepth studies prior to institution of conservation

measures . Other strategic considerations by the water management

community include institutional impacts , economi c aspects, and

constraints in the form of technological alternatives . This chapter

in four main sections addresses the understanding and analysis of

these potential constraints.

Cultural Atti tudes

Hi storical Uses. Basic needs for water caused it to take an

important pl ace in mythology along with earth, fire and ai r. Water was

associated with the concepts of cl eanliness , purification , decoration ,

and medicinal values . It Is signifi cant, however, that historical
7
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attitudes vary the most in the area of sanitation. The association of

rel igious and spiritual beliefs with bathing and cl eanliness is pre-

valent with most cul tures, a symbolic cl eansing of the body with a

purity of soul or rebirth.

In medieval times publ i c bathing was accepted as “it was not

necessarily rude to be nude” (1:41). But wi th the reformation,

attitudes toward the human body and bathing changed . Dirt, disease,

ev i l , and sex were temptations of the Devil and nakedness was sin.

In the 17th century these atti tudes were brough t to the New Worl d

by the Puri tans, and some states passed l aws either banning bathing

or limi ting the number of baths an individual could take (2:20).

It may be the Puri tan tradition which accounts for the fact that

bathrooms are traditi onal ly designed primarily for cl eansing rather

than for relaxation and rejuvenation. Nevertheless, it was not until

the 19th century that bathing was again accepted in the Western

World. By the early 20th century symbols of prestige included the

number of bathrooms within a house and their lavishness. Today the

number of bathrooms and their respective water fixtures are a major

source of consumption within the home.

Attitudes Toward Elimination. While fears and prohibitions

regarding bathing have not been related to other aspects of the

human body, most of us view human waste products as something almost

intolerable. The attitudes toward human elimination and the facil-

iti es associated wi th it are signifi cant since about 45% of the water

currently used in the home is used to carry away human waste.
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Traditionally, the use of wastes for fertilizer substitutes

and nutrient value are considered taboo due to the dirtiness asso-

ci ated with their use. In everyday verbiage we tend to avoid mention

of human wastes unl ess the terms are being associated with excrement;

and then , the use i s accepted since these words are obnoxious and

contaminate whatever they contact. A negative value is pl aced on

waste products and almost anythi ng related to them.

Not only are these negative attitudes toward elimination

formed and reinforced in early chi l dhood in words like “stinky” and

“dirty ,” but cul tural traditions are also reinforced by common fears.

Ki ra observes that “because of a fai rly direct anatomical and

neuromuscular correspondence between the body parts used for elimina-

tion and those used for sex, our attitudes towards sex are also

linked with our attitudes toward elimination . . . (3:54). In fact,

one can see how as a result of organic confusion and intellectual

extension, even the elimination functions themselves can become i nvested

with our sexual atti tudes.”

The toilet training of American children is a good example of

our negative attitudes toward eliminati on where we warn and embellish

with threatening stories using the threats of infectious disease to

frighten them into accepting their parents ’ standards. This changes

the child ’s attitude of acceptance and fascination of body products

to fear and disgust.

Attitudes toward human waste are closely related to olfactory

sensations as well. Anything that smells bad is abusive and therefore

the public want to deny the existence of their wastes by accepting
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anything that will help to dispose of these products quickly, odor—

lessly, and as silently as possible.

Recycled Water. With increases in popul ation growth and

affluence of society, now temporary water shortages may wel l become

permanent unless attitudes and habits are changed. One means of

increasing the amount of water avail able for daily use is recycl i ng

or reclaiming wastewater. But the acceptance of artifi cally treated

water has been poor other than in crisis situations. As treated

water is used for purposes close to the human body, the public ’s

aversion to its use becomes greater.

Reclaimed wastewater has and is being used for many purposes

other than residential use. But as the uses specified come closer

to personal contact, attitudes grow more negative . Bruvold (4:33)

found that “psychologi cal repugnance and concern over the purity of

reclaimed water” were most frequently mentioned as reasons for opposi-

tion but that knowl edge of the need for i ncreased water supp ly did

not resul t in a more positi ve atti tude toward reclaimed water.

Bruvol d concluded that neither ecologi cal nor environmental con-

siderations were important determinants of the preferred response;

rather the psychologically negative attitude toward “dirty” water

was the mai n determining factor.

As a result of Bruvold’s studies it mi ght be likely for the

public to change thei r attitudes if they were exposed both to the

benefits of reclaimed water and to additional educational material

since the studies noted that those with more education showed a more
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positi ve attitude . As reclamation technology improves , a step by

step use of reclaimed water for the public starting wi th those uses

for whi ch there is least oppositi on, such as lawn irrigation, mi ght

be instituted .

It is signifi cant to note in Wilkinson ’s studies (5:37) that

four of ten Ameri cans would have no objection to drinking recycled

waste water if their comunity health authorities said it was safe.

In Denver, Colorado, 85% of the residents stated they would drink

recycled water if its qual ity was the same as Denver ’s present

supply. Therefore, it is probable that under certain circumstances

people ’ s attitudes about recycled water can change.

Desire For Aesthetics. The American desire for affluence

and prestige has pervaded not only inside the home but to the exterior

and surrounding area as well. Water is used to keep the car cl ean,

hose off the di rty sidewalk , and to ma intain all of the lawns , shrubs ,

trees, and groundcover in a green or bloomi ng condition. A common

desire of resi dential owners is to have beautiful lush landscaping

and somehow there is a feeling that continued watering will make it

more lush and more green. Cotter and Croft (6:55) conducted a study

to identify the aesthetic and huma n factors which were associated

with water applied to residential landscapes . It was found that

residents attach a variety of psychological and aesthetic values to

their landscapes and that a simple “use less water proclamation” or

even pri ce increases would In all probability be doomed to failure

from the onset. A survey Indicated that few residents associated
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water appl ication with plant needs and that watering patterns were

characteri zed by more frequent appl i cations with short durations than

would be deemed desirable. The conclusions of the study indicated

that the most feasible method of reducing municipal peak water usage

was to minimi ze excesses and utilize landscape design criteria which

conserve water and are aesthetically attractive. The other impl ica-

tion is that since residents tend to apply up to 50% more than needed

to maintain the aesthetic and heal th qualities of the landscape , an

educational program shoul d be initiated to improve the water applica-

tion practi ces as wel l as landscape designs.

Social Change. The modifi cation of a society ’s attitudes

toward water usage and sani tation requires the consideration of

certain attributes which are perceived by our cul ture to be important.

Jersild (7:158) noted that the establishment of cultural

values begin manifesti ng themsel ves as early as the first few days

of life . The first knowl edge a newborn has of his environment

begins with the parents ; with Increased capaciti es of perception

and communication comes knowl edge of culture and tradition.

A system of val ues is peculiar to a particular culture and

our societal expectations. Adoption of any new item into the culture

will occur only If it is consistent with existing values ; any introduc-

tion of new behavior or patterns not consistent generally meet with

di fficulty. It is important to recognize that changing cul tural

attitudes can be extremely traumatic.

Factors Which Infl uence Change. There are several factors
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to consider in addressing the ways social attitudes can be changed .

Certainly any new introduction into a cul ture must have greater satis-

faction than the existing cul ture can provide if it is to be accepted.

Mead (8:340) noted that in order to gain acceptance, a new item or

behavior pattern must provi de some satisfactions in the form of

privilege , social status, and prestige .

Prestige. It is especially vital to consider the factor

of prestige in planni ng for any change . It is especi ally vital to

consider the factor of prestige in pl anning for any change . People

do not like to be forced into behavior they feel is inappropriate for

them. The factor of prestige and social status is exempl i fied cur-

rently in the number of bathrooms in a house; if conservation measures

are to be adopted, values must be reversed and water-saving devices

must be the prestigious things to have.

Economics. Because of the importance society attaches to

economic success, same financial benefits must be associated with

conservation. Foster’s studies (9:62) noted that “if an economic

potential does not exi st or cannot be built into a program of

directed change, the most careful attention to social and psychological

factors will be useless.” An exampl e of this was the introduction of

technologi cal innovations of new crops into agriculture after World

War II. Only where there were direct economic gains were farmers

will ing to change their agricul tural custome (48:36).

If water-saving toilets , for example , are cheaper than con-

ventional toilets, there may be greater willingness to accept change.
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Mead (8:312) points out that changes are more readily accepted if a

penalty is required for a continuation of old behavior. Therefore,

if fines were lev i ed on those using more than the acceptabl e amount of

water the moti vation of change woul d be increased.

Newness. While a premi um is generally placed on newness

and originality , unless an item closely resembl es somethi ng already

existing it might be rejected. Thus the resemblance of the early

automobiles to the horse—drawn carriages or the design of TV sets

in cabinets to look like other pieces of furniture . Those car styles

that have differed too radically from familiar styles have not been

wel l received by the public in the past.

It is important, therefore, for water saving devices to be

attractively designed and not to differ too radi cally from equipment

al ready familiar to our society.

Groups and Individuals. The group or individual who attempts

the introduction of an i nnovation to the public often will determine

the public acceptance or rejection of that innovation. The group or

indi vi dual , sometimes cal l ed the agent of change . must be respected,

highly regarded , and trusted by society. Agents who can use the

same vocabulary, dialect, or slang which is peculiar to the group bei ng

approached often are the most infl uential . As Barnett observes,

however, i t is rare that one agent appeals to all segments of a

society (10: 380).

Another characteri stic common to most individuals is t~e

desire to feel a sense of relationship or identification to a social
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group. If the group approves of an innovation it is generally accepted

by all of the members who identi fy themselves with it. This is

consistent with our traditional beliefs of choosing a marriage

partner that meets the credenti al s of our family. If educational

materials or i nnovations regard i ng water conservation are important

to a few leaders of an established social group , they will in turn

have a strong influence on the remaining members . Water conservation-

ists need to consider that the message must get to all groups even

though groups may have traditional confl icts of interest.

The rate of acceptance of different groups once exposed to

a few innovation depends on the degree to which an i nnovation can

be understood which will also affect the time necessary for its

acceptance (48:84). The more compl ex i nnovations of course, requi re

l onger periods of time for acceptance. Fear and suspi cion wi ll be

minimi zed if a new element can be tried on a temporary basis. If

not, acceptance may be reinforced by heari ng from someone who has

tried or used the new i tem or concept.

In some cases it may take an actual crisis for peopl e to

try mechan i sms. Studies on the East Coast in 1971 revealed that

during a water-shortage—crisis period the population in certain com-

mun iti es voluntarily reduced water consumption by 60%; in another

area consumption was reduced to 18% and after the crisis , consumption

only increased 5%. These temporary shortages served to make peopl e

more aware of the amount of water they consumed (11:4).

Acceptance is almost mandatory in the case of a crisis. But

Everett M. Roger ’s “Di ffusion of Innovati on” closely examines the
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stages which are corruiion to individuals as they adopt an innovation

into their culture . These are awareness, evaluation , and trial .

Awareness occurs when the individual in a given society is introduced

to the innovation. It is at the point of evaluation , which follows ,

that personal comunications are especially important. Finally,

prior to the achievement of adoption of the innovation is the

trial stage where the individual tries the new idea in his own

situation.

Inducements to Conserve. Both manufacturing and advertising

have encouraged Ameri cans to have an attitude that spending and con-

suming l ead to the “good life .” New models are better than old and

anything which is damaged shoul d be thrown away. When our resources

were thought to be unlimi ted this was an appropriate attitude but

not today. No economic system, Marx concedes , has “been so success-

ful in calling forth man ’s individual initiative and man ’s profit-making

energies.” Thus few would question the assumption that next year ’s

income shoul d be better than the last. 
- 

This attitude has even pene-

trated i nto patriotism , democracy and religion so that any criticism

is thought to be subvers ive. To change these ingrained attitudes

will require a compl ex effort and education. The function of move-

ments is the process of directing human energy to produce change.

It is important to understand how movements operate in order to see

how water conservation mi ght be made acceptable to society (13:948).

One characteristic of movements is that they are segmented

cells. Friends of the Earth is the result of a split from the Sierra
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Club but both di rect their efforts toward the ecology movement. Even

though one cell may fail , the existence of a larger entity keeps the

group viable. The death of Martin Luther King, for example , did not

destroy the Bl ack L iberation Movement. Accordi ng to Gerlack and

Hine (14:164) the power behind specifi c movements is best eval uated

by the number of even smal l scale events as well as thei r geographic

distribution.

The forces of movements sometimes are more effective in create

ing behavioral changes than through the use of legislation. “Equality

of races” pol i cies were legislated in 1954 and still inequality exists.

Institutional Impacts

While cul tural attitudes toward water conservation are often

derived from i ndiv id ual or group i nfl uence, there exist a variety of

private and public agencies or institutions which act as a constraint

to potential water conservation. Most of these institutions have

specifi c authority to grant approval s and impl ement pol icies wh ich

encourage or even discourage water conservation. These institutions

are governmen tal agencies , building and pl umbing codes, private

institutions, and public utilities wh i ch incl ude water distribution

and sewage treatment components . Cram notes that the local pol itical

structure can have more infl uence on the public than institutions

(49:10).

Governmental Agenci es. Governmental agencies that potentially

affect water programs Incl ude city councils , planning commissions and

departments, loca l environmental protection agencies , and state and
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federal governments. Local governmenta l bodies such as city councils

normall y use ordi nances that outlaw certai n types of water use during

a water crisis. For exampl e, during the fuel crisis in 1973-1974

the Los Angel es City Council passed an ordinance imposing restrictions

on the use of el ectricity based on the usage one year prior; severe

penal ti es were called for. Consumpti on was reduced and with the end

of the crisis , the ordinance was repealed . This implies that in the

event of a crisi s, governmen t can successfull y implement severe

conservation measures .

While planning commissions have little ability to infl uence

water use within the home, they do have the potential to infl uence

bu ilder-developers that could encourage or possibly require that

water saving technology be used within the project, considering that

the technolo gy i s available in the market pl ace. Even so, zoning

regul ations are another tool wh ich could be used to reduce water

consumption within their respective jurisdictions . Zoning could also

be used to restrict growth within the city which would have the effect

of insuring a relatively steady rate of water consumption. It has

been noted by Mim e (15:121) however, that the l egality of zoning to

restrict growth has not been determined and that the reduction of

water consumption depends on several variables incl uding the over-

all resi dential density al lowed within the city, the efficiency of

watering open areas, and the demand for various types of dwelling

units in the city.

Even though the concept of local environmental protection agen-

cies in effecting resource conservation is relatively new, they do



19

have signi ficant potential in reducing water consumption. For i nstance,

where environmental impact reports are required , the local agency coul d

set priori ties as to which costs are acceptable and which are not.

In this way, the agency could ensure water conservation by making

the cost of excessive or inefficient use of water unacceptable and

one that must be resolved before project approval . There is a

potential confl i ct for an envi ronmental protection agency however

since thei r views might agree with the idea of recycl ing water while

a health agency is concerned about the dangers of reuse. But the

overall envi ronmental costs versus the benefits of water conservation

shoul d be resol ved (15:121).

State and federal governmen ts have the potential to reduce

water consumption just as other local agencies. Since a tremendous

amount of energy is requ ired to pump water form place to place and to

heat water, any efforts di rected to energy conservation will obviously

have some legisl ative effect on water conservation. The availability

of water conserving fixtures could be infl uenced by the governments ’

procurement pol icies since these represent a vast potential market

for manufacturers. With these fixtures in production , they could be

made availabl e to the general public.

Publ ic Utiliti es. Public utilities such as water distribution

and sewage treatment agencies could through simi lar methods support

water conservation measures in the home. The use of conservation

remi nders or rating different appliances and practices wi th insertion

of this information Into the monthly water bill has had significant
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reduction effects on both water and energy use especi all y dur i ng

crisis periods . Stroeh noted that in Man n County , Cal ifornia, the

voters turned down bond issues to finance expansion of water supply

and storage capaciti es. The l ocal water distri ct then launc hed a

program whi ch incl uded a moratorium , public education campaign ,

rate restricting, and wastewater reclamation. The new effect was

a reducti on i n consumption from 170 to 150 gal l ons per person per

day. Sewage treatment agencies could also support water conserva-

tion efforts by giving pri ce reductions to those homeowners who

install water savi ng equipment as wel l as to owners of newly constructed

or remodel ed homes who do the same (16:19).

Building and Plumbing Codes. Within new or remodeled homes,

the revisi on of build ing and plum bi ng codes could hel p reduce water

consumption. While building codes are very general and are directed

onl y to the i nclus i on of certain adequate househol d facil iti es such

as kitchen sinks and bathroom faciliti es, revi sed pl umb ing codes have

greater potential since they establish the operating characteristics

which household pl umbing faciliti es must meet. For instance , Los

Angeles County has a severe restriction on the type of toilet that

may be installed in a new home and the method of operation that a

toilet must have with regard to seal and flushing of the water closet

walls.

Private Institutions. Building trade unions are an exampl e of

a pri vate Institution that would only be concerned wi th efforts to

reduce residential water consumption when those efforts incorporated
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the use of new technolo gy. Since the main concern of a trade un ion

is to ensure that their members are employed , any new technology that

reduces the number of man—hours required for a particular job would

most l i kely be resi sted cul minating in a stri ke or work stoppage ,

unless of course, un i on members are granted higher wages due to the

new technology . Other opposition might come resulting from a

redistribution of man-hours due to a vacuum toilet system. For

example , if such a system required thirty less hours for a pl umber

but thirty more hours for an electri cian , the plumbers union would

probably oppose the use of vacuum toilets .

Mim e notes that it is worth noticing that almost wi thout

excepti on institutional constraints operate during or prior to the

time when a residence is in construction . However, once the occupant

moves into hi s home, he is rarely disturbed by any of these institu-

tions. Since new and remodeled houses are only a small fraction of

the housi ng inventory each year, the vast majority of residents will

not be affected by insti tutional impacts on water conservation ,

except possibly through economi c coverage by means of the regular

utility bill. Yet, it does seem that the advantage of institutional

approaches to water conservation is that they are potentially the

easiest to implement, most equitable, and most effective (15:117).

Economi c Aspects

Aside from cul tural attitudes and institutional factors wi th

their potential constraints on residential water conservation , there

are economic mechanisms that offer important possibiliti es to reducing
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water consumpti on and the behavior related to consumption. A brief

analysis wil l consider water demand and price, and economic incentives

to builde rs and homeowners. A sumary of pricing systems is incl uded

in Table 2—1.

Water Demand and Price. Water metering is one of the most

effective present water pricing mechanisms . This system links the

pri ce of water to the quantity of water consumed. Over 90% of the

municipal i ties in the United States have residential water meters

(17 :302). Two incenti ves are associated with water meters. The first

is the incenti ve of reducing the water bill by using less water, and

the second is the awareness of being charged for each unit of water

consumed. But most people think of water as a very cheap commodity,

which it currently is, and the water bill is the smallest of all the

household utility bills. It is this very low cost of water that

shapes public attitudes .

Several studi es have attempted to identify the vari ables that

determine water consumption patterns. Hollman (18:20) using a

statistical method of multi pl e regression, found that of the thir-

teen vari abl es he believed explained variations in household water

consumption, three explained 45% of variation in water consumption.

They were (1) number of peopl e, (2) market value of the home, and

(3) price of water. Most other studies agree that variations in

househol d water consumption are most strongly i nfluenced by family

size followed by some variable wh i ch is an indication of a family ’s

socioeconomi c status.

- —- ---.
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Table 2—1

Summary of Pri cing Systems (43)

Type of
System Definition and Comments

Metering 1. Not generally thought of as a pricing mehtod , it
is essential to effect most pricing programs .

2. Installa tion of meters i n nonmetered areas
usuall y results in decrease in consumpti on of
at least 25%.

Flat Rate I. Usual ly found i n unmetered areas; each customer
is charged the same regardl ess of the amount of
water used.

2. Sometimes the rate is vari ed according to the
size of delive ry line.

3. Easy for utiliti es to manage.

Decl ining 1. Customer is charged a certain amount for an
Block Rate ini tial quantity or “bl ock” of water. The

rate for succeedi ng blocks decreases with each
block.

Uniform Rate 1. Each unit of water costs the same.

Increasing 1. Customer is charged a certain amount for an
Block Rate in iti al quantity or “block” of water. The rate

for succeeding blocks increases wi th each block .

Peak Load, 1. Customer is charged a uniform rate for a cer-
or Seasonal , tam quantity of water. This quantity is
Rate usually based on the reduced l awn irrigation

season use or on the average demands on the
water distribution system.

2. Quantities used above the amounts determined
in (1) are charged at a higher rate.

Lifeline 1 . State law requi res that the rate for a certai n
Rate amount of energy service (“lifeline ” amount)

cannot be increased until rates for amounts
above the “lifel ine” amounts are raised 25%.
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It is often expected that consumer response to an increase in

the pri ce of water would l ead to a decrease in the amount consumed.

This hypothesis does not hold true for residential water consumption .

Hollman concl uded that reasonable increases in the price of water wi ll

not signifi cantly affect residential water consumption; in fact, many

people are willing to pay as much as 700 times the cost of tap water

just to get bottled water. His studies further concl uded that con-

sumer responsiveness to pri ce increases generally depends on the price

el asticity of the demand for the commodity and the percentage of

family income that is spent for the commodity. Price el asticity is

one way of measuring or predicting how consumers will respond to

changes in the pri ce of water (18:21). Price is said to be inelastic

when a large increase in the price of a coniTlodity leads only to a smal l

or insignifican t decrease i n the demand for that good; demand is

elasti c when a smal l i ncrease in the commodity price leads to a large

or sign i fi cant reduction in the quantity demanded . The studies noted

above do agree that the demand for water used outside the home, for

example , in lawn—wateri ng or for less essential uses is more elastic

than the demand for water used Inside the home for essential purposes.

Since affluent fami lies , due to different values and social

standards , may be compelled to have a large l awn, swiming pool ,

three bathrooms, and even two dishwashers, any increase in the price

of water woul d probably not change their consumption since they woul d

probably take the money spent on some item they considered less

essential and spend it on water. A poor family al ready wi th a tight

budget woul d have to absorb any increase in the pri ce of water and
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therefore woul d have to decrease some of its essential uses of

water.

Therefore, simple increases in pri ce alone wi ll probably not

prove to be an effective means of reducing residential water consump—

t ion.

Incentives. Other types of incentives to homeowners could be

a taxation policy to reduce water consumption or as a penalty for not

reducing it. Using the incenti ve approach might take the form of the

city giving a small percentage reduction in property tax rate to those

homes that proved they had reduced thei r water consumption over a

previous year. As a l ump sum payment once a year, this incentive

would probably have more meaning as opposed to reductions in the price

of water-over a period of twelve monthly payments . A taxation policy

in the form of a penal ty could be imposed for not reducing consump-

tion. Neither of these approaches could be used in a new home

wh ich has no previous accounting record; but , the effectiveness of the

approach woul d be increased if they were used together since property

owners would be facing twice the tax rate differential ; therefore

giving a high incenti ve to conserve water in as many ways as possible.

To study the overall effectiveness of economic measures is

interesting since there is a strong psychological component in con-

sumer behavior; decisions of the consumer do not always appear to be

logical from the economic point of view. Just as people woul d rather

pay 700 times the cost of tap water for bottl ed water, others l ike to

add products to the water closet to color the water and disinfect it.
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These products cost almost twice what the water costs per flush . Thus

some log ical economi c i ncentives may in fact have no effect on con-

sumer behavior. Nevertheles s, changes i n water rate structures and

other non-market economi c incentives may be able to turn around the

ever increasing consumption habits of the Ameri can household (15:136).

Technological Alte rnatives

A revi ew of the literature has indicated to this author that

there are no overwhelming and unsolved problems holding back techno-

lo gi cal development in th i s area. One coul d conclude from a review

that of all these devices there are no technological problems pre-

venting residential water conservation; there are hundreds of feasible

and attractive alternati ves available. Of course, it must be kept in

mind that water conservation is much more than just a technological

problem , as has been shown i n the foregoing analysis.

Actually, the devices that affect the way water is used can

be described in terms of four general categories: (1) those commer-

cially available water-using fixtures and systems, (2) products that

hive been patented but are not in production , (3) residential recycl ing

systems, -and (4) devices currently used in aerospace technology and

mass transportation systems (15:162). The latter three categories

will be discussed bri efly. A review of the commercially available

water-using fixtures and systems selected for installatio t~ will be

discussed in Chapter 5.

Patents. Patents offer some insight into the possible future

developments in residential water conserving technology. Most claim to
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reduce water consumption either by more efficiently using water or by

substi tuting waterl ess technology . The information on a patent appl i-

cation is general , all-encompassing, and somewhat vague which probably

allows the i nventor to better perfect his invention. Since most of

these developments are not commerciall y avail able , no attempt was

made to include them as a practi cal means o f reduci ng water demands.

Recycling Systems. It was thi s author ’s original intention

to illustrate that the use of residential recycl i ng systems would

prov i de a signifi cant reduction in water consumption. Unfortunately,

most of these systems are still in the developmental stages and their

ini tial cost is extremely high for the residential homeowner. Never-

theless , these systems wi ll be di scussed as an alternative measure

to reduce water demands.

Two reasons for recycling water within the home are less

water required and less sewage produced. Water used in the home does

not have to be of drinking water quality for all uses . The most cost

effective way therefore to recycle water within the home is to mini-

mize or eliminate the need for treatment between uses . An exampl e would

be to reuse the water in the same appliance as in a swimming pool

filter; another exampl e would be to use water from a shower in a

washing machine and finally that from the washing machine in a toilet.

Wh ile these “exampl e” concepts may seem simple , implementation

as such is still new and infrequently done. While sewage and water

can be currently treated on-site, the question of pollutant disposal

after their removal Is a problem. The previous review of cultural
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attitudes and the problem of social acceptance of recycled water poses

another probl em. Yet, it has been proven by Bailey that the recycling

of water can produce signifi cant reductions in the quantity of water

discharged to the sewage treatment system (l9:R62).

A consequence of recycling is that the sewage leaving the home

will have a higher concentration of pollutants in it. It may be

erroneously impl i ed that this would pose problems for the municipal

sewage treatment plan t. However , since treatment costs are associated

with the quantity of water treated and not the amount of pollutants

remove d, the decreased sewage output of the homes would reduce the

per capita costs of treating sewage for the city (15:362). It al so

appears that with reduced flow the design life of the plant would be

lengthened (20:53). It should be recognized that at some point the

cutback of effluent poses the problem of maintaining solids transport

or scouring, or the possibl e build up of gases because of retention in

the system (21:155).

Grey water and bl ack water recycl i ng are two words currently

being used in the literature to describe types of recycling systems.

Grey water is all the waste water generated wi thin a home except toilet

waste water. Black water is any waste water containing toilet waste

water and wastes from garbage grinders (46:53).

Grey water without treatment coul d be used for home irri ga-

tion where the phosphates from laundry water would act as soil and

plants nutri ents . It should be noted that only soap products that

are not detrimental and are bi odegradable shou l d be used ; i n the long

run this practice might save fertilizer and water. With filtration

_ _  _  - -~~
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treatment, grey water could be used for lawn sprink ling, car washing ,

and in the water closet.

Assuming that grey water accounts for about 50% of the waste

water produced i nsi de a home, its resuse, in either the water closet

or for i rrigation , coul d resul t in a 50% reduction in indoor residen-

tial water consumption or a 25% reduction in total consumption (15:

374).

Because black water is so highly polluted and unsanitary and

therefore requi res extensi ve treatment before reuse, consideration of

the concept as a residenti al water conservati on measure is currently

impracti cal .

Both Cohen (22:42) and McLaughlin (23:133) have designed and

tested recycling systems on a residential basis. McLaughlin ’s system

col l ected effluent from bathing and clothes washing in a pair of 55

gallon drums, then pumped it through a swimming pool filter for use

in a conventional toilet . The system cost about $500, but he fel t

the initi al cost coul d be reduced by elimi nating the fil ter. The

system reduced water consumption by 22.6%.

Cohen worked with three di fferent systems for recycling wash

water for use in toilets and in l awns . The initial costs for the

systems were between $550 and $650 and resulted in a 26% reduction in

total water consumption , with an annual operating cost of $20.

Unless the cost of water is unusuall y high , or unless the owner pays

for sewage treatment i n proportion to the amount of water consumed,

this type of system is unl i kely to be cost effective (22:94).

Mi l ne describes the potential for water reuse wi thin the home

____________ — _- - -- - — -—-—~~ _p -
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through the use of a l egend (Table 2-2).

The potential for recycling is greatest in new homes yet to

be constructed since the costs of retrofitting a recycl i ng system

within an existing home have been found not to be cost effective .

Recycling is one of the few ways in which it is possible to accomplish

a large reduction in consumption.

Advanced Technology . The idea of recycling in the home is

rel atively new but is somewhat more critical and coninon in the air ,

sea, rail and aerospace industries . The objectives of less weight ,

in order to reduce fuel consumption and increase cargo capacity are

predominant savings in the form of payl oad rates and cash profits .

These industri es indi cate to us as consumers that not only do we use

less water than at home but that we are able to cope with new design

utilizing less than half the space to which we are accustomed. In

the Skyl ab program , astronauts found it was possible to take a satis-

fying shower with only one gallon of water, by wetting down , soaping

up with the water off, and then rinsing down (15:389).

While recycl i ng of potable water has not been practiced on

any spacecraft, the other developments noted exemplify the potential

for savings in dollars and water and illustrate that individual

behavior can be altered under particular circumstances .

Summary

The di scussion of four potential constraints to water con-

servation has presented sufficient information to allow one to

speculate as to how water conservation may come about in the future.
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First, with the emphasis on changing cultural attitudes , the

publ ic can be made aware of the need for protecti ng and conservi ng

water resources through conservation movements and the various mass

medi a. A gradual change in values may resul t from these forces. The

educational procedure may be accelerated as prestigi ous or admired

personalities begin to identify themselves with new concepts and

water conserving behavior. With increased public interest in the

need for conservation, they will be more cooperative wi th any legal

measures which enforce it. It seems more likely, however, that coopera-

tion and acceptance will result from financial benefits which will

have to be associated with new behavior if it is to be adopted. The

appeal of newness of gadget type water conservation devices will mean

qui cker acceptance , assuming the new devices closel y resentle the

existing ones .

Second, institutions and agencies are highly interconnected.

The actions or pol i ci es of one can i nfl uence the actions or pol icies

of the other agencies . With integration of their activities , their

effectiveness shoul d multiply.

Thi rd, in regard to economic aspects, even though i ncreases

wi ll not si gnifi cantly reduce residential water consumption, changes

in water rate structures and other non-market economic incentives

may be able to reverse the ever increasing water consumption habits

of the Ameri can household.

Fourth, technological alternatives are offered as a constraint

only If they are not availabl e to reduce consumption. The fact is ,

there are no technological problems preventing residential conservation;
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there are hundreds of feasible and attractive alternatives availabl e

but few are in widespread use.

The follow ing chapter wi ll di scuss the reasons for conservi ng

water, domesti c water use, and residential water usage patterns .



Chapter 3

THE CURRENT PROBLEM

Why Conserve Water?

It has been illustrated in Chapter 2 that significant reduc-

tions in water demand have been observed but onl y when temporary

shortages or a period of drought required those reductions during a

crisi s. In Ch i nese, the word I lw e i_j ee II means “cr is i s crea tes

opportunity .” Ling notes that faced wi th comi ng crises , those in

the water fi el d must take advantage of their opportunities . He

further states, “one cannot worship technology blindly, since it

is a means and not an end. But when everyone understands its

strengths and weaknesses , technology can be appl i ed wisely. Once

its limitations are comprehended , innovative and conservation—

ori ented technology developed through a well -planned , well-

balanced research program offers the best opportunity . .

(24:660). The education of the public and their understandi ng

of the current problem are essential to the success of a well -

balanced and phased program.

The continued current use of water in the home not only imposes

a reduction in quantity of water available but in quality as well.

The Law of Conservation says “matter cannot be created or destroyed

but only converted to another form or moved to another place 11

(24:661). A reduction in demand consistent with a change in behavior

34
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and attitudes and a recognition of a water quality problem shoul d have

a posi tive effect of providing more adequate suppl ies in the future .

Since the purpose of this paper is to develop a residential water

conservation program, the question of quality water will not be con-

si dered .

Abel Wolman ’s studi es conclude that “for many years beyond

2000 A.D. total water shortages for the U.S. as a whole are highly

improbable. ” He predi cts that, except for irrigation , consumpti ve

use will always be negl i gi ble; consumptive use is defined by him as

the amoun t of water withdrawn that subsequently becomes unava ilable

for reuse (25:30).

The total reason to conserve, however, in response to Wolman ’s

studies cannot be answered i n one sentence as one probl em; rather,

there is a series of interconnected smal l but compl ex problems . For

example , the fact that residenti al water conservation will save energy

and reduce loads on sewage treatment systems provides just two of the

best reasons for effecting such a program. Appendix A is a l i st of

reasons for reducing domestic water use.

The Hydrologic Cycle

The world’ s supply of fresh water is obtained almost entirely

as precipitation resulting from evaporation of seawater (26:9). The

hydrologi c cycle, illustrated In Figure 3-1 , is a col l ection of al l

the processes involved In the exchange of water among the atmosphere,

the earth, and the oceans and other bodies of water. “In its most basic

form, it can be described as the sequence in which water from the
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oceans evaporates into the atmosphere, precipitates from the atmosphere

as ra in or snow , and even tuall y returns to the sea throu gh the

drainage systems of streams and rivers (15:23). A brief understanding

of the hydrologi c cycle should be a prerequisite of water management

policy and should be presented to the public before expecting them

to adop t conserva tion measures . It serves as a founda ti on for

understanding the total perspective of the water supply problem.

Wa ter c i rcula tes throu gh a ser i es of paths. The chan ge of

water from a l iquid to a gaseous state occurs dur ing ev apora tion to

the atmos phere from oceans , so il , and ve getation. W ith increase d

lifting and cooling, water droplets form and result in cloud formations,

wi th larger droplets forming around nuclei or dust particles . With

increased weight, the droplets fall to earth.

Another path water mi ght take would be into the tissues of

plants where it is used as a vehicl e for the transportation of

nutri ents throughout the plant. Animal s may eat the plants and

therefore store some of the water as well. Still , other water fa l ls

to the earth infiltrating or percolating into ground-water reservoirs

and eventually moves toward streams, lakes , or oceans, thereby com-

pleting a cycle.

But there are other ways in wh i ch water is stored for longer

periods of time and where the cycle is interrupted. Snowfields and

especially icefi elds as wel l as underground reservoirs, may ho l d water

for thousands of years.

While the total amount of water remains constant the quantity

of water in a given area of the hydrosphere can vary according to

-- —--- —---- ---
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cl imatic conditions . Cloudseeding , for exam p le , may divert rainfall

from given areas .

Some water i s use d di rectly in the stream as i n nav iga tion or

hydroe lectri c use . Others i s w ithd rawn from the natura l course for

human consumption and usage. Consider the residential homeowner ’s

use of water. The city withdraws the water from the stream, distributes

it to be cus tome r, col l ects the sewa ge, and then returns the same water,

in some cases untreated, to the same stream.

The consideration and understanding of the hydrologic cycle

is important. From a residential viewpoint, the flus hi ng of a commode

or thewashing of a car is not necessarily the last we have seen of

that “particular water.” Rather , we are inevitably using it over and

over.

The terms withdrawal and consumption are often used in con-

j unction wi th a discussion of the hydrologic cycle. Withdrawal of

water should not be confused wi th consumptive use. Withdrawal of

wa ter from its natura l course impl i es the wa ter may be use d a number

of times or it may even change physical state before it i s returne d

to nature. It may be returned to its original source such as the

case of city water withdrawn from a stream, distributed to the

cus tomers , col lected in the fo rm of sew age, and finally returned,

possibly untreated, ~o the same stream. On the other hand , when wa ter

used by man is returned to nature in an altered state or needing some

k ind of treatment,~~t is considered to be consumed. The hydrologic

cycle is closed and water can neither be created or destroyed. But

the supply can be depl eted as In the case of evaporated Irrigation
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waters. The vapor cannot be used by man again until it returns to

the liquid state.

Water Myths

Even though there i s a publ i c reco gnition of an imbalance of

the quantity of water available , es pec iall y as a resul t of cr i s i s

periods, there are yet other reasons for lack of acknowl edging that -

a shortage of water exists. Inherent in the cultural attitudes dis-

cussed in the previous chapter are actual myths that exist which infl u—

ence public attitudes about water. Stults calls these myths the

water-is-different images; they are often ascribed to water pecul i-

ari ties that go far beyond its objective characteristics and appear

again and again In water planning reports, issue papers , and everyday

conversations . A brief description of each of the images follows :

Myth Meaning

1. Scarc ity Almos t every wa ter study begins wi th the

premi se of scarc ity . In the Denver area

the price of dirt is about $2.00 per ton

del ivered; the price of water’ i s 14 cents

per ton.

2. Free Good Since water Is a free gift of nature it

should cost its user no more than the net

cost of its production and delivery . An

implication of unlimited supply, free at

Its source , and compl ete absence of

scarcity is prevalent.
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3. Surv ival Wa ter i s necessar y for l ife and essent ial

for sanitation. it is a survival absol ute.

Without it, we die. The requirements of

several quarts a day to survive are essen-

tial but not 200 gallons per day.

4. Pr i ce less Resource Because wa ter i s necessar y for surv ival

and peo ple would pay almost any price

rather than go without , develo pment of

water is often viewed as providing this

pri celess resource to customers at a cost

of 15 cents per ton.

5. Irri gation Irrigation in the west is required for
Fundamental i sm

a v iable soc iety s ince agricul ture is

the cornerstone of a viable society. This

was true in the past but not any longer.

Only a fraction of economic growth is due

to agriculture. Irrigation is not a

necessary condition for viabl e growth in

the west.

6. Envi ronmental The fastest growing image is that water
Quality

is needed for green spaces, greenbelts ,

recrea tion , camping, and wild rivers .

Therefore water requirements need to be

“established” for these purposes and demand

their share of water resources .
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These myths , taboos , and traditions are interacting with each other

akd wi th the realistic images reflecting the public policies and

institutions that gui de the control , develo pmen t, and al loca tion of
water resources. Each person in the home has perceptions and attitudes

of what the water requirements are - . . however , these are not require—

metns but rather preferences (27:12) . Preferences have become so

idolized that this author senses and “I can ’t turn back” attitude

toward re-eval uating the current situation or status quo .

Domes tic Wa ter Use

In 1970 it was estimated that total withdrawals amounted to

378 billion gallons each day (15:126). The water withdrawn in the

United States from oceans , rivers , lakes and undergroun d i s use d as
fo 1 1 ows :

1. cooling wate r for power plants 45%

2. agri cul ture 34%

3. industry 13%

4. municipal /domestic 8%

100%

The figures indicate that domestic use is only a small part of the

total (28:3). Why shoul d anyone be concerned about conserving water?

Water used for cooling is relatively unchanged as it comes out of the

power plan t except for increased temperatures of the water. It is the

only withdrawal that does not essentially pol l ute the initial water

withdrawn. Agricultural return flows often have high concentrations

of mi nerals and nutrients and are considered pol luted; but much of
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this “tail water ” is dispersed ove r wide areas and is not considered

to be a major priority in pollution cl ean—up programs. While agricul-

tural return flows make up approximatley two-th i rds of the total vol ume

from a pollution point of view , industrial and municipal/domesti c

uses accoun t for the rema inder or almo st 40% of the total . From a

pol l ution standpoint , municipal/domesti c water use is important.

Cons iderati on o f domes tic wa ter use from an econom i c po i nt of

view results in similar conclusions . A much higher degree of treat-

ment is required for domestic water suppl ies than most other uses and

the resul ting sewage must also be given extensive treatment to reduce

this concentrated source to harml ess l evel s before return to the

resource pool . Not only do treatment plants require extensive capital

investments but they are expensive to operate and maintain. Distribu-

tion and col lection systems are also expensive and require significant

energy inputs to lift water to the various desired locations and

overcome fri ction losses .

Alt hough water for domestic purposes amounts to a sanil l per-

cen t of all wa ter use pur poses , it is one of the highest and most

expensive use l evel s and certainly requires respect and attention if

onl y from an economi c point of view.

Resi dential Water Usage Patterns

Resi dential water requirements vary widely with many factors.

These incl ude property valuation , the number of occu pants per house hol d ,

type of dwelling, rate structure, climate, as wel l as educa tional

status and age of the occupants. Property valuation and social
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status are directly proportional to per capita consumption , w hereas

the number of occupants per household shows an inverse rel ationship,

with a peak for two occupants (29:218).

An unders tand ing of res iden tial water usa ge patterns can bes t

be described by examining the interior and exterior uses and the

factors which infl uence those particular patterns. Interior water

use is defined as that part of the water delivery used wi thin a home

for such purposes as dri nking, laundry , bathing and toilets . Exterior

wate r use is the use of water for irrigation of gardens , lawns , and

ornamental shrubs , and for replenishing swimmi ng pools , car washing ,

and other related outdoor activities (43:49).

The principal past surveys of residential quantitative water

requi remen ts and household wa ter bud gets were perfo rmed by An derson

and Watson (1967), Reid (1965), Linaweaver et al. (1967), McPherson

(1967), Olsson et al. (1968), Thomas and Bendixen (1962), and Watson

et al. (1967) (29:218).

Figure 3-2 is a flow chart representing a picture of residen-

tial consumption. While no singl e household probably matches any of

the figures shown , the pattern i s goo d enoug h to allow com par i son of

the relative effectiveness of various approaches to water conserva-

tion. The flow chart indicates that toilets account for almost 50

percent of all i ndoor water consumption and about one-quarter of total

resi dential consumption. In all the studi es reviewed toilets were

responsible for the bul k of wastewater flow. Each flush requires

approximately four to eight gallons.

Because the activiti es of residential consumers are extremely
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vari abl e in regard to outdoor use of water , it is difficul t to estab-

lish any accurate values . The literature indicates that Western

residential living units use over twice as much water per capita for

spri nkling lawns and gardens as do comparable eastern units (30:14).

Two Los An gel es area studi es indi cate that on an annual basis roughly

50 percent of the water consumed daily per capita , or about 70 gallons ,

was used outdoors . Linaweaver found in the study of sprinkling use

in 41 commun i ties across the country that the ratio of average summer

use to avera ge annua l use was 2. 40. It can be concl uded that outdoor

use represents probably about half of total consumption.

Some of the factors which infl uence residenti al water usage

patterns have alrea dy been di scussed in an earl ier cha pter on the bas i s

of cul tural attitudes and institutional factors. Linaweaver i dentified

severa l gen eral determinan ts that accoun t for the var i ati ons i n wa ter

usa ge amo ng res iden tial user s . Fi rs t, he determined that wi thin a

given area, the level of water consumption can be explained primarily by

the total number of residential units and by the population density

in these units. A high-density population area consumed more water

than a low—density area of similar size. A second factor responsible

for the variation in water usage was the economi c level of a water

consumer , as estimated by home market value of his house or his income.

The more affluent consumers generally have more water-consumi ng appl i-

ances , use these appliances more often, and usuall y have a larger house

on a larger lot that reauires more IrrigatIon (30:52).

The billing method was also a factor accounting for variation

in water usage. The Linawea~er study found that the amount of
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sprinkling in set pri ce areas is more than doubl e that in metered

areas (30 :66).

The determinants of outdoor usage are primarily climate and

the number of multipl e—family dwelling units . The irri gation demands

of lawns and gar dens are de penden t primar i ly on cl imatic con diti ons

such as precipitation while multiple — family dwelling units in com-

par i son to s ingl e family un its w i ll use less wa ter outdoors because

there is less l awn area per capi ta.

There are several important secon dary determ inants of usa ge.

Bo gue ’s studies found that the age of a residential community can

affect usage since new areas require more water for the establishment

of new lawns and gardens (31 :548) . Evaporative coolers use more water

than air conditioners . High water pressure causes increased con-

s umption and waste when leaks are left unrepaired or taps left open.

The studies of Wolman and Cohen indicate that the use of public

sewers resul ts in heavier water consumption than the use of individual

septic tanks , apparentl y since consumers attempt to avoid heavy demands

on their septi c tanks (22:40).

Summary

The reasons for conserving water are many and are in response

to a series of many smal l but compl ex problems. An understanding of

the hydrologic cycle Is basic tO an understanding that the quantity of

water on this earth is fixed. The resource can only be changed in form,

quality or location. These facts help to demonstrate that the myths

associated with water are really just “myths.” They refl ect un info rme d
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and immature thinking which , unfortunately, infl uence public pol i cy

and management in water resource decision making . The water myths

are responsibl e in part for the excess domestic water use found in

the semi-ari d southwest. Even though domestic use is a small portion

of al l wa ter use pur pos es , it is one of the highest and most expensive

use levels. Residential water usage patterns vary primarily by

loca ti on , population density , econom i c leve l s , billing method , and

sewera ge sys tem. Outdoor water use , especially in the southwest, has

been found to represent about one half of total household consumption.

The following chapter will discuss the conceptual framework

and methodology used in this study.



Chapter 4

CONCEPTUAL FRAMEWORK AND METHODOLOGY

Introduction

Chapters 2 and 3 have provided both an insight into the

cul tural , institut i onal , economi c an d technolog i cal cons idera tions

of a residential water conservation program and a background and

understanding of water and its domestic use characteristics .

The literature review has indicated that residential water

conserva tion measures have been impl emented successfull y in emergency

or crisis situations . Because of the immediate nature of these situa-

tions , little effort is made to define the societal aspects or to

pl an for a phase d water conserva ti on pro gram. Dur ing a wa ter cr i s i s ,

the majority of water management efforts are directed toward mandatory

rather than vol untary measures .

This author ’s hypothesis is that a phased residential water

conserva tion pro gram, taking into account the previous chapters ’

considerations, will result in more efficient and successful water

conservation efforts than would attempts to impl ement crisis measures.

For i ns tance , it must be recognized that cultural attitudes

and Institutional constraints vary from area to area. Some areas

may be more economi cally advanced than others and conditions may

provi de for more availabl e technological alternatives than others .

48
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Certainly, res id ential wa ter usa ge patterns are no t the same on the

east coast as compared with the west coast and even municipalities

may differ not onl y in uses but in usa ge rates as wel l .

An engineering study performed by General Dynamics for the

Federal Water Pollution Control Administration concl uded that reduc-

tion of water usage appeared to be the most practical and economical ly

feasibl e approach to both water conservation and waste treatment at

the househol d le ve l , and woul d no t become obsol ete as new trea tment

technology is developed. The study cited many household functions in

which water is being used wastefully. In particular , the study indi-

cated that water for toilet fl ushing and bathing coul d be reduced by

approxi mately 35% by using presently availabl e devices and technology

(22:55).

An indi rect approach to the probl em of reducing residential

water demands may have considerabl e impact on water management person-

nel as well as individual consumers . For exampl e, if it could be shown

that due to the appl i cation of sel ected water conservation measures

and devices and the assumed removal of certain institutional , cul tural ,

and econom i c barriers , cons iderabl e reduc tions i n wa ter and energy

demands coul d be achieved , some incentive may be provided for changing

attitudes, revamping institutions , allev iatin g econom ic cons tra ints

and accepting selected technological alternatives .

This chapter contains the framework within which the study was

made. The sections to be discussed are as fol l ows: (1) statement of

hypothesis and delimitations , (2) description of geograph ical area,

(3) sources of data and data selection , (4) definition of terminology,
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and (5) method of analysis.

Statement of Hypothesis and Del imitations

The appl i cation of selected interior water conservation meas-

ures to both existing and new residential housing units will result

in a signifi cant reduction of water demand . The delimitations required

for the sake of clarity and understanding are:

1. The quantities of water used for lawn irrigation and other

outsi de uses are diffi cult to quantify.

2. How water i s used in the City of Mesa and parti cular

trends were considered outside the scope of the study.

3. No attempt was made to prove or disprove that residential

water use i n Mesa i s typi cal of the Pl~oeni x Metropo l itan Area.

Descri ption of Area

The city of Mesa is located in the eastern portion of Maricopa

County, s i xteen miles eas t of Phoen i x , Its l oca tion is shown on

Figure 4-1 , Vicinity Map. Six major highways now serve the city in

additi on to the mai n l ine of the Sou thern Pac i f ic Compan y Ra i lroa d

and two major bus lines . Mesa is situation on a broad al l uvial plain

adjacent to and bounded by the Salt River on the north -and the Gila

River ten mi l es to the south. The intermountain valleys and plains

which comprise part of the watershed area are deeply filled wi th

alluvium , consisting of poorly assorted, coarse sediments inter-

spersed with silt and clay. The soil in the valley is fertile , and

where water without a high saline content is availabl e for irrigation ,

the crop yiel ds are high .
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Most of the area inside the corporate limits of Mesa is well -

dra ined , with the exception of a small area in the southern part of

the city subjected to occasional flooding due to lack of an improved

storm drainage system.

Mesa ’s location in the Salt River Valley makes its climate

very attractive to residents, touri sts, and heal th seeke rs. The sun

shines 85 percent of its possibl e daylight sojourn , alon g w ith a low

average relati ve humi dity of 20 percent. This resul ts in a dry war-~i

climate.

Summers are hot with an average July temperature of 87.8

degrees. Extremes during the summer often exceed 110 degrees. Winters

are very pl easant with an average January temperature of 49.1 degrees.

The reco rd hig h tempera ture i s 116 degrees as compare d w ith a record

low of 15 degrees.

Yearly rainfall averages 7.64 inches with maximum amounts

usuall y occurr i ng in two seasons : July throug h September , and December

through March . In general , precipitation is small duri ng spri ng and

autumn (32:5).

Favorable location and climatic factors have been two of the

reasons for the City of Mesa ’s rapidly increasing population.

According to census data for 1960 and 1970, the City of Mesa had an

87 percent increase in population , the hi ghes t increase com pared to

the Phoenix Metropolita n Area (34:4-11).

Sources of Data and Data Selection -

The City of Mesa Water Department has recorded, by month,
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water consumption according to different uses since 1 July 1949.

El ectri c, gas and sewer stati stics are also recorded on a monthly

bas is.

Wa ter , el ectri c and gas usage and consumption rates for

various water saving appl iances and fixtures were taken from a recent

study by the U.S. Army Corps of Engineers and from a current report

on domestic water use in Man n County, Cal i forn ia.

Popul ation and housing statistics were taken from the

decennial census reports of 1960 and 1970 as compiled by the United

States Bureau of Census . The same stati sti cs on the spec ial 1975

Census of Mesa were also obtained from this source. Statistics for

1976 were obtained from the Mesa Planning and Zoning Department.

Rel i ability of Data

Of the f i ve data sources , namely: City of Mesa Water Depart-

ment, U.S. Army Corps of Engineers , Man n County Water District of

Cal i fornia, United States Bureau of Census , and the Mesa Plann ing and

Zoning Department, only the Bureau of Census does not warrant a

discuss ion.

The possibility of faulty metering and incorrect recording

coul d be a source of possible error as to the actual amounts of

resi denti al water use. However, these potential sources of error are

being monitored and provide little chance for significant deviations

on a monthly basis.1

1 Expressed by Mr. Larry Lines, Utilities Director, City of
Mesa In a personal in terview.

( 
______________________ _________________ ___________________________________________________________________
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Wa ter and energy usa ge factors develo ped by the U.S. Army Corps

of Engineers and the Man n County Water District for both existing and

new water saving appliances and fixtures are current and are com-

patibl e with figures reviewed in the esisting literature. The figures

used by these two agenc i es were develo ped solel y from studi es in

Arizona and Cali fornia and were therefore assumed to be typical for

this study.

The housing and population statistics for 1976 and future

projections provided by the Mesa Planning and Zoning department were

assume d as accurate s ince they are the resu lts of deta i led p lann ing

estimates 2

Several assumptions have been made and noted in the study but

are correlated as close as possibl e to the actual existing conditions

based on the availability of actual data. All available data was

analyzed as recorded .

Definition of Terminology

The vari ous terms used in this report and their definitions are

as follows :

Term Definition

Residential Water suppl i ed to a singl e residential unit
Water Use

wi thin city limits for both inside and outside

use. 3

2Expressed by Mr. Norman Hall , Population Director , Planning and
Zoning Department , City of Mesa , in a personal Interview .

3Deflned by Mr. Larry Lines , Utilities Director, City of Mesa ,
in a personal interview.
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Consumptive Water transpired by urban-associated vegeta-
Use (Urban)

tive growth and used in building pl ant tissue ;

and water evaporated -from soils , water surfaces ,

plant foliage , and imperv ious surfaces. It

also incl udes water consumed ins ide homes and

commercial establishments through evaporation

in cooling, cleaning , and food preparation

processes .

GPCPD An averaged val ue of water consumption stated

in terms of Gallons per Capita per Day.

Housing Unit “A house , an e partment or other group of

rooms , or a s ingle room i s regarded as a

housing unit when it is occupied or i ntended

for occupancy as separate li ving quarters . . .“

(34:App . 6).

Interior Water Use That pant of the water delivery used within

a home for any purpose.

Occup ied “A housing uni t is ‘occupied ’ if it is the
Hous ing Unit

usual pl ace of residence of the person or group

of persons living in it at the time of enumera-

tion. Included are units occu pi ed by persons

who are temporarily absent . . - the count of

occupied housing units is the same as the count

of househol ds . . . (34:App. 7).

Exterior The use of water for irri gation of gardens ,
Water Use

lawns , and ornamental shrubs, and for
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replenishing swimming pools , car wash ing,

etc.

Service Connection A metered unit; a customer account.

Year—round Housing “Al l occu pi ed units pl us vacant uni ts  which
Units

are intended for year-round use” (34:App. 7).

Vacan t Hous i ng “New units not yet occupied if construction has
Units

reac hed a po int where all exterior windows and

doors are installed and fi nal usable floors are

in place . . - (34:App. 8).

Complete Bathroom “A housing unit is classifi ed as having a

compl ete bathroom if it has a room wi th a

flush toilet and bathtub or shower for the

exclusive use of the occupants of the unit and

a wash basin , as well as piped hot water in

the structure .

Source of Wa ter “A public system or private company supplying

running water to s ix or more hous ing units . .

A well sup plies si x or more hous ing units . . .“

(34:App. 10).

Publ ic Sewer “ . . . is connected to a city , county, sanitary

district, neighborhood , or subdivision sewer

system. It may be operated by a governmental

body or private organization.”
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Method of Analysis

The discussion in Chapters 2 and 3 indicated that attitude and

behav ioral changes , alleviation of institutional constraints , adoption

of more effici ent economi c measures , and education towards understanding

the water resource situation should be consi dered and pl anned prior

to the actual “hardware ” impl ementation of a water conservation

program.

Because each of the above cons iderati ons may be pecul iar to

local areas and muni cipal iti es , this author has taken an indirect

approach to residential water policy program formulation. In other

words, while it can not be assumed that the water saving app li ances

and devices to be used in this study would be accepted in Mesa , it can

be inferred from the resul ts that some, all , or eve n other measures may

suggest significant reductions in residential water usage. This author

advocates a plan ied and phased program of residential water conserva-

tion which would make use .f all the above mentioned aspects prior to

the steps taken in the actual analysis. The consideration of these

socio-economic, institutional , and educational measures has a direct

bearing on the success or failure of the acceptance and adoption of

water conservation facilities .

The City of Mesa, Arizona is selected for analysis since its

rate of populati on growth has increase d fas ter than any other city in

the Phoenix Metropolitan area. The analysis begins with a brief

summary on the growth of Mesa and a discussion of current household

usage and fixture consumption. The development of the analysis con-

tinues with a revi ew of the water saving devices and appliances to

_ _ _ _  -- —.--— - -~~- --
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reduce consumption. There are hundreds of ingenious devices commer-

cially availabl e that somehow affect the way water is used in the home .

Other sources of devices incl ude those patented but not yet in produc-

tion , and recycling systems. Of all the devices available , many can

be eliminated due to high costs of installation , poor water reduction ,

or current public non-acceptance .

An acceptable list of water using devices and appl i ances is

developed for consideration in both existing and new homes and each is

evalua ted for res idential unit water sav ings and cos ts.

These savings and costs were then appl i ed to the City of Mesa

on the basis of retrofitting existing homes , and installing new devices

on the basis of projected housing and population statistics to the year

1990. Total water savings and costs were formulated .

Since the water sav ing dev ices and appl iances cons idered to use

hot water , with the exception of the toilet , an analysis of energy

used per fixture i s eval uated aga inst use of present household dev i ces

versus sel ected water saving devices and appliances.

The final portion of the analysis determines the overal l impl i-

cations of the residential wa ter conserva tion program for the City of

Mesa.

The next chapter anal yzes the resul ts of sel ection and installa-

tion of water conserving facilities .



Chapter 5

THE ANALYSIS

Introduction

This chapter contains the results of the investigation . In

order to thoroughly examine the problem and to put the results in

the proper perspective , it was necessary to cons ider many as pects.

The areas of study, in the order of presentat ion, were as follows :

(1) the growth of population and housing units in Mesa , (2) current

house hold wa ter usage and fixture consum pti on, (3) selection of water

sav ing appliances and dev ices and rel ated costs , (4) results of

retrofit and installation in existing and new homes , and (5) impl i-

cati ons of the program.

Growth of Mesa, Arizona

Mesa was founded in 1878 by Mormon settlers from Idaho and Utah .

When it was incorporated in 1883, Mesa was a small comunity of the

higher fl at land overlooking the Salt River Valley . Population

growth was relati vely slow up to the pre—Wori d War II years with

Mesa hav ing only 7,224 people in 1940. During the two decades fol-

lowing 1940, the growth rate increased rapidly. By 1950 the popula-

tion had more than doubl ed to 16,790 people. From 1950 to 1960,

populat ion aga in more than doubl ed to 33,772 people and to 50,529

in 1965. This very high growth rate has continued and Figure 5—1

59
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illustrates how the City of Mesa has grown from 1883 to 1975.

Table 5-1 indicates a 60.3 percent increase in total popula-

tion from 1970 to 1975.

Table 5—1

Percent Increase in Population Growth

For Mesa , Arizona

Year Population % Increase in Population

1950 16 ,790

1960 33,772 100.01

1970 62 ,853 86.1

1975 100 ,763 60.3

This trend is expected to continue through 1980 but in decreasing

percentages. A report in 1968 by Carolla engineers (35:14) of

Phoenix (Figure 5—2) indi cated that the population growth of Mesa

would exceed that of the three other l arge cities of the Phoenix

Metropol itan area w hi ch incl ude Glendal e, Sco ttsdale , and Tempe.

While Carolla ’s report indicates even sharper increases in popula-

tion growth from 1980 to 2000, the Mesa Planning and Zoning depart-

men t4 projects an increasing population but at a decreasing rate of

growth (See Table 5—2).

4lnformation acquired in a personal interview with Mr. Norman
Hall , Population Di rector , Pl anning and Zoning Department, City of
Mesa.
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Figure 5—2

Population Growth-Study Areas of Four Large Cities (35)

Glendale Mesa Sco ttsdale Tempe

Study Area Population Factors in Year 2000

G lenda le Mesa Sco ttsdal e Tempe
Population 181 ,000 320,000 221 ,000 278,000
Area , Acres 28,800 64,000 64,000 35,100
Density, p/a 6.3 5.0 3.5 7.9
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Table 5—2

Projected Population and Housing Statistics

For Mesa , Arizona

Item Year

1980 1985 1990

Total Population 146 ,550 170 ,876 191 ,775

Total Housing Units 48, 208 56 ,876 d3,084

Occupied Housing Units a 47, 275 55 ,122 61 ,863

Vacant Housing Units 933 1 ,180 1 ,227

Average Number of Persons Per
Occupied Housing Unitb 3.1 3.1 3.1

aAssumed 3.1 persons per househol d based on study by Gruen Asso-
ciates .

bCalcul ated by dividing population by number of occupied housing
units.

Household Water Usage and Fixture Consumption

Domesti c water use includes water used for househol d purposes--

the bath, toilet , stnks , laundry, cl eaning, cooking and drinking and

water used on property outside of the house--irri gation of lawns and

gardens, car washing, washdown, and pools. Per capi ta use require-

ments vary widely from place to pl ace depend i ng principally on

climatic conditions , especiall y rainfall.

Various estimates of water use in the household for a typical

family of four residing in a sewered, metered comunity are i ndi cated

in Table 5—3.

__________ - — - — ~~----- -~~- - --- ~~~~-- - -~~~~~~ - - - - . -
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Tabl e 5-3

Househol d Water Use (28 , 29 , 36)

Source Gallons Per Day

Murawczyk & Ihri g 246

Linaweaver , Geyer & Wolff 247

Reid 246

Bailey 255

U.S. Geologica l Survey 260

Average of the above 251

Average divided by four 63 gpcpd

Estimates of interior water use according to the various water using

activi ties are noted in Table 5-4. Virtually all the water used in

the home ends up in the sewer and the chief persona l use of water

invol ves carrying away wastes. Approximately 72% of all household

use occurs within the confines of the bathroom, primarily the toilet

and shower.

Outside irrigation requirements add considerably to household

use. In California where semi-arid conditions prevail throughout

much of the state , total residential per capita use in metered com-

mun iti es averages 185 gpcpd . FHA studies In the Western United

States indi cate that outside (irrigation) requirements amount to 57%

of total residential requirements. Others have shown that the outside

i rrigation component, though varying widely, averages from 30% to 50% of

total residential requirements in the Western United States (28:8).
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Table 5-4

Family of Four Daily Water Use Characteristics (36)

Fi xture Water Use Use Energya
Flow Rate Gal /Day Temperature BTIJ/Day

Toilet 5 gal/use 100 Amb .

Bathing 4 gal/mm 80 107 55,998

Laundry 50 gal/load 35 120 30,624

Dishwasher 15 gal/load 15 140 17,163

Ki tchen Sink 12 105 8,076

Lavatory 8 105 5,384

Utility 5 Amb .

Fixed Loss 79,214

Total 255 196 ,460 Btu

Fixed loss is the amount of energy lost from a full sized
water heater regardless of water use .

aBased on Ambient water temperature of 55F.

At this point , it is signifi cant to compare the household

wate r use in Europe with that in the United States . In a study by

Konen (37:25) water consumption in Europe is estimated at 37 gpcpd

(gallons per capita per day) compared to the consumption in the

United States estimated at 60 to 64 gpcpd. A contrasting analysis of

water consumption in Europe and the United States for a family of

4 consisting of two adul ts and two children is given in Table 5—5.

These fi gures indi cate the per capita water consumption in the

United States is approximately sixty-two percent higher than in

_ _ _ _  - --~~~~ - -
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Table 5-5

Water Usage For A Family of Four (37)

Engl and United States

Gallons/ Gallons /
Percent Day Percent Day

W. C. fl ushing 35 52 39 100

Personal bathing 35 52 31 79

Laundry 10 15 14 34

Washing up 10 15 3 8

Car washing, garden 6 9 - -
Dri nking, food preparation 4 6 11 26

Utility sink ..~..  ___:. .... i .. i.
100 149 100 252

Europe. The significant difference is attributed to the higher vol ume

used by Ameri can water closets. Other di fferences are attributed to

personal habits , more widespread use of such appliance s as dish

washers and automoti c washing machines , and lack of establ ished

minimum flow rates for pl umbing fixtures and fi ttings based on

function.

The 1970 census (38:4-69 ) provi des an indication of the number

of water consuming activiti es which are responsibl e for overal l

residential wate r consumption in the City of Mesa. Table 5-6 shows

that the percentage of households having private bath , toilet and hot

and cold piped water has reached the point where further percent
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increases shoul d no longer influence changes in unit residential

demands .

Almost 100% of the population receives water from the City

Water Department and approximately 97% of all households are con-

nected to the public sewer. Based on the number of total occupied

housing units , 93% of the popul ation has a private automobile , wi th

69% having a clothes washer and approximately 18% wi th a dishwasher .

The latter three commoditi es would account for water consuming

activi ties as well. Greater than three times as many house holds use

gas for water heating fuel as those using el ectricity . Tabl e 5—7

presents the national 1970 cenSus- statistics on water heating

effici ency (39:94) and suggests that the City of Mesa is consistent

with the national average.

Little information is available on the use of water in Mesa

households. Gros s use figures or rough estimates are available but

no measurements have been made of water use for cooking, washing

clothes , bathing, cleaning and flushing toilets . Neither swimming-

pool nor car-washing requirements have been evaluated.

Appendi x B is a summary of utility data for the City of Mesa

during calendar year 1976. Referring again to Table 5-6, the average

number of persons per occupied housing unit in 1975 was 2.87 (40:2).

Assuming this figure was the same for 1976 , the total daily average

consumption for the City of Mesa is about 182 gpcpd . This figure,

however , does not account for lawn irrigation usage.
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Tabl e 5—6

Population and Housing Statistics on Mesa , Arizona As Recorded

In The United States Census of 1970

And Special Census of 1975 (38)

Census Year

Item 1970 1975

Tota l Population 62 ,853 100,763

Total Housing Units 19,927 39 ,596

Occupied Housing Units 19 ,181 35 ,125

Vacant Housing Units 447 4 ,471

Average Number of Persons Per 3.27 2.87
Occupi ed Housing Unit

% of Total Housing Units

With Private Bath 99.0 N.R. b

With Source of Water From 99.9 N.R. b
Public System or Pri vate Company bWith Connection to Public Sewer 96.8 N.R.

% of Total Occupied Housing Units

With Pri vate Automobile 93.4 N.R. b

With Gas As Water Heating Fuel 76.2 N.R. b

With Electri ci ty As Water Heati ng Fuel 22.0 N.R. b

With Clothes Washing Machine 69.3 N.R. b

With Dishwasher 17.5 N.R. b

acal culated by dividing population by number of occupied housing
units .

bNot recorded.
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Tabl e 5—7

Water Heating Efficiency (39)

% of Occupied Overall Thermal
Fuel Type Households Eff ic iency

El ectri city 25.4% 24. %a

Natural Gas 55.1 45.5

LPG 5.0 45. 5

Fuel Oil 9.8 43.5

Other or None 4.7 45 .5

To tal 100 . % 36.9 %

aBased on 80% effi ciency at heater and 30% fuel conversion and
transmission eff I ci ency of el ectri cal energy supply.

The city does provide water for irrigation from the regular

drinking water system but the quantities are small. Water for lawn

care is available to all residents of ilesa from a canal system

ope rated by the Sal t River Proj ect .

While city res identi al water consumption due to lawn sprinkl ing

is not recorded , the use of water from the Salt River Project used

exclusively for law n irri gation was determined by Sadusky (45:39 )

to be 92 gpcpd . As mentioned previously, outside irrigation require-

ments amount to 57% of interior usage which could mean approximate

irrigation usage of 104 gpcpd for Mesa. A combined total household

usage figure of 286 gpcpd is somewhat higher than those reported in

the literature . Studies conducted by Carolla (41:7) and Thiel e (43:20 )

for the Phoenix Urban Area determined average gpcpd calcul ated on
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total water consumed as 191 gpcpd and 315 gpcpd , respectively.

Selection of Water Saving Appliances and Dev ices

There are many ways to reduce residential water consumption.

Conservation practices might be impl emented by any of three basic

methods: (1) voluntary action by individual users , (2) institutional

action by government or water agenci es such as pricing , educational
programs , and leakage repair programs , and (3) the imposition of

laws and regulations . Appendix C lists methods of urban water

conservation including impl ementation , advantages , and disadvantages .

It is beyond the scope of this report to consider all the

di fferent methods of urban water conservation that might be eval uated .

Since the importance of residential water conservation has already

been di scussed , emphasis is directed toward the selection of water

saving devices and appliances which will reduce water demands in

existing and new homes.

While there are numerous p lumbi ng fixtures and appl iances

commercially available, only a few signifi cantly reduce water con—

sumption and are wi thin the economic gras p of the average househo ld.

Several agencies incl uding the Cal i fornia Department of

Water Resources and the Corps of Engineers have developed a list of

practical water conserving faciliti es which are addressed toward

improvement or repl acement of new facilities in remodeled or new

construction . Tables 5—8 and 5-9 are a compatibility matrix for

selected water conserving faciliti es.
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Table 5-8

Compatibility Matrix for Water-Conserving

Faciliti es-—Existing Homes (44)
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Water Saving Toilet X N N I C N C N N C C N C N
Dual—Fl ush Toilet N X N N N N N N N N N N N N
Vacuum Toilet N N X N N N N N N N N N N N —Reduced-Flush Oevices I N N X C C C N N C C N C N
Flow-Limi ting Showerheads C N N C X C C N N C C N C N
Flow—Limi ting Faucet Valves (Kitchen/Bath) N N N N N X N N N N N N N N
Faucet Aerators C N N C C C X N N C C N C N
Pressu re Reducing Valves N N N N N N N X N N N N N N
Insulation of Hot Water Pipes N N N N N N N N X N N N N N
Water —Sav ing Clothes Washer C N N C C C C N N X C N C N
Water-Saving Dishwasher C N  N C C C C N  N C X  N C N
Premi xed Water Systems N N N N N N N N N N N X N
Repair of Faucet and Toilet Leaks C N N C C C C N N C C N X N
Was h Water Recycl e Systems N N N N N N N N N N N N N X

Legend
I Control measures are Incompatibl e and cannot be used simulta-

neously; e.g. water-saving and dual-fl ush toilets .
C Control measures are compatible; e.g. water-saving toilets and

flow—limi ting showerheads.
N Measure woul d apply primarily to new homes.
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Table 5-9

Compatibility Matrix for Water-Conserving

Faciliti es--New Homes (44)

.4-)
(0

=a)
o In
4.) -~~~
.
~~~ (0

a)
In

In ~~~~5- 4-)
a) • a )  a ) I n

I n >  Q~~~~to In a)
(0<  a) S . - ( 0 L  04 . ’
a)>  > W ~~~~~ a) I n I — In

tO~~~ — 4 -  z E  >~a)~~ -4 )  ( 0 ( 0 I n t o 0)~~~~~V)
4) U a ) a )  >~~~~~a ) ( 0 4 - ’
a) ...

~~~~~Q .~~~~~~~I n (0 a )
F- 4.) > 0 ~~ ~~ 

4) .4-) . > ,  —
— a )  a ) . (0 0 0 ( f l( / ) 4 ) 0
0—  ~~ V) L&.. In .,- .-~~.- a ) > ,

5 - U  L)~~~~~% - U U
a)~~~~~a)

0~ I— a) In = 4-’ ~~ 0 0’ C~ 4-~ (0~~~
~~~~~~~~~~~~~~ C (O LJ..

~~~ 
.
~~~ 4) 4) 5- .

~~ 
.
~~ 5-

> I n0 U..~~-- ,- a) 0 > >  4 - 0)

— ~0 -— .i- 5- .4.) ~~ ~~ a) (0
Li.. E ~~ -.1 ..) 4) (0 I )< S.~S.. I ~~ U I I a) I n ,—  5-. 5- - .- ..-

~ U In a) 0) E t V .
4) (0 U 0  0 0  ~~ a) I n 4 4 a )  0.In
(0 ~~ (0 0) ,— ,— (0 5- = (0 ( 0 5 -  0) (0
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Insu la t ion  of Hot Water Pipes C C C  E C C C C X C  C C E  C
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Wa sh Water Recycle Systems C C C E C C C C C C C C E X

I 1:ntr ol measures are incompatibl e and cannot be used simul ta—
rwously; e.g. water-saving and dual-fl ush toilets .

r t.~n’r~l measures are compatible; e.g. water—saving toilets and
flow- I ‘miting showt~rheads .

~~~~~~~~~~~ 
øoul i apply primarily to existing homes.
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These fac ili ties have been sel ected on the basis of reducing

waste flow as well. The percent reduction in waste flow , costs ,

benefi ts, advantages , and disadvantages are s ummari zed in Table 5—10.

It appears that the greatest reduction in waste flow and water

demands is in the use of the various water closet facilities .

A summary of potential water savings as a result of installing

sel ected wate r conserving facilities in existing and new homes is

compiled in Table 5—11.

A further s ummary of dollar savings in both water and elec-

trical energy is provi ded in Tabl e 5-12.

This author has noted that retrofi tting of existing homes

may be extremely costly; in fact , the present price of water in some

cases may not justify impl ementing the retrofitting of any water

conserving faciliti es in existing homes . However, Table 5-13 indicates

that two of the proposed water conserving facilities for existing

homes are cheap, save a considerable amount of water , and can be

easily instal led . Therefore , the use of plastic bottl es or water

dams in the toilet reservoir and the installation of a fl ow restrictor

will be the two devices considered in this report for use in existing

homes .

Because installation of water conserving facilities In new

or remodeled housing permi ts greater flexibility, t h i s  author has

chosen the fol lowi ng water conserving facilities based on costs ,

benefi ts , energy/water savings , and reduced waste flow for new homes:

(1) water -saving toilet , (2) flow-limi ting shower head , (3) fl ow-

limi ting faucet valves , (4) insulation of hot water pipes,
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Table 5—12

Costs and Savings For Installing Water -Conserving

Faciliti es In A Typical New Home (44)

Estimated

s low ~osts Monthly Savings
Facility Reduction1 Unit2 Water 3 Energy4 Combined

Water-Saving 9 $ 60 $0.90 $0.00 $ 0.90
Toi l et

Flow—Limi ting 12 10 1.20 2.80 4.00
Showerhead

Flow-Limi ting 2 10 0.20 0.35 0.55
Faucet Valves

Insul ation of Hot 4 50~ 0.40 1.00 l•40
Water Pipes

Water-Saving 6 200 0.60 1.40 2.00
Clothes Washer

Water-Saving 4 250 0.40 0.80 1.20
Dishwasher

Total 37 $580 $3.70 $6 .35 $10•05

1Estimated percent reduction in overall household wastewater flows .
2Approximate cost of installi ng the fixture in a typical new home .
3Estimated monthly savings per household in water costs assuming

as average monthly cost for water of $10.00 .
4Based on an assumed energy consumption of 400 kwh per month for

heating hot water at a rate of $0.04 per kwh .
5As s uming a cost of $1.00 per lineal foot.

44 
___________________ _______ _______________________________ ______________________________________________________
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Table 5-13

Potential Residential Interior Water Savings

In Existing Homes (43)

Added Cost Water Savings
Per Unit as a % of

Feature ($) Interior Use

Pl astic bottles or water 0-6 18
dams in toilet reservoir

Replace showerheads with 1—5 12
low—fl ow variety or install
flow restri ctors

Place low-flow 1-5 2
aerators on kitchen
& lavatory faucets or
replace ent ire  u n i t

Presure reducing 25 5
valves

Insulated hot 0.50 or more 1
water lines per foot of

line

(5) water-saving clothes washer , and (6) water—saving dishwasher ,

Appendix D is a s umary of characteristics of the sel ected water con-

serving facilities .

With the exception of the water-saving toilet , the sel ected

water-conserving facilities use hot water. Both a reduction In

water usage and energy consumption would be reali zed. Table 5-14

notes the energy costs of using hot water for household fixtures .

Mul ler (39:90 ) noted that best estimates Indicate that residential

water heating accounts for an energy consumption of 1.1 million
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barrel s per day oil equ i valen t . Hea ting of water is the secon d larges t

energy use in the home and accounts for 3 percent of America ’s total

energy consumption . By way of comparison , automobiles account for

12 percent of our total ener gy use.

Table 5— 14

Energy Costs of Using Ho t Water For Household Fixtures (44 )

Percen t
Was tewater of Hot Monthly
Fl ow Wa ter Ener gy Use d Energy

Fixture (gpcpd) Used (kwh/month) Costs

Faucet (Ki tchen/Bath) 5 7.2 29 $1.16

Shower 20 29.0 116 4.64

Dishwasher 14 20.3 81 3.25

Clothes Washer 43.5 174 6.95

Total 69 100.0 400 $16.00

Resul ts

The results are presented as fol lows : (1) Retrofi t of

existing homes , (2) instal lation of water conserving facilities in

n~~ homes , and (3) energy savings for both retrofit and existing

homes using water conse rving facilities .

Retrofi t of Existing Homes. Since toilet fl ushing and bathing

account for about 75 percent of all use inside the home, the devices

sel ected aim at reducing water use In this area. The devices can
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easi ly be installed by the average resident. The cost of these devices

woul d be approximately $1.15 per househo l d , and their life expectancy

is indefinite . The assumptions were approximated to the existing

res iden ti al house ho ld s i n Mesa.

The use of the wa ter close t di s p lacemen t bo tt les and the

shower fl ow control insert would result in a water savings of 9852

gallons per year or 0.027 million gallons per day per 1000 households .

For the City of Mes a this would result in savings of approximately

.594 million gallons per day.

According to the City of Mesa water department data for 1976

the av era ge use per res idential cus tomer was 16 ,160 gallons per month.

The savings woul d approximate half of an average month for that par-

ticular year.

The dol l ar savings in water at curren t wa ter ra tes i s $4.92 per

yea r wi th  a sav i ngs in ener gy on reduce d s hower consum ption of $5 .76

per year. A total savings of $10.68 per household per year is realized

with a retrofit program.

Installation of Water-Conser ving Facilities in New Homes.

The installation of the facilities in new homes would have considerabl e

impact on the overall savings of water to the city. The cost of the

new facilities would be approximately $580 but it is assumed that these

items would be included in the total cost of a new home.

Since the Mesa City Water Department does not make any pro-

j ections on the number of future connections , this author has estimated

the number of future connections based on estimated housing units and
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proj ected population. Tabl e 5—15 indicates that by 1990 there will

be approximately 33,340 residenti al water connections to the water

system or a 11,340 increase from 1976 . This figure includes single

and multipl e dwelling units .

Table 5—15

Present and Projected Water Connections

For The City of Mesa , Arizona a

Year Connec ti ons Hous i ng Un its Po pula ti on

1976 22,000 41 ,396 109,163

1980 25,478 48,208 146,550

1985 29,756 56,302 170 ,876

1990 33,340 63,084 191 ,775

aprojections expressed by Mr. Larry Lines , Utilities Dir-
ector , City of Mesa i n a personal i nterv i ew.

An avera ge of 872 wa ter connec ti ons cou ld be ex pected per year. W ith

an 86 gallon per day savings , 75,081 gallons per day or 27,381 ,570

gallons per year could be conserved in water alone. Losses in the sys-

tem were no t cons idered.

For the new homeowner , the water savings in dollars is $1 .38

per month and energy savings is $2.04 per month . Combined savings

are $3.42 per month or $41 .08 per year.

The fol l owing chapter concludes this Research Report with a

summary, conclus ions , and some impl i cations and recomendations for

further study.



Chapter 6

DISCUSSION

Summary

The purposes of this study were to determine the constraints

and mis-understandings associated with residential water conservation

and to determ ine the actual sav ings in doll ars , water and energy that

woul d be achieved by the sel ection and installation of water con-

serving faciliti es.

The considerations in Chapters 2 and 3 (Potential Constraints

to Resi dential Water Conservat ion , and The Curren t Problem ) wer e

i ncl uded in the study since they constitute a sound and logical

basis upon which to formulate and design a timely and phased residen-

tial water conservation program. Public education requires an under-

stand ing of its attitudes. Water planners need to cons ider rev i s ion

and change of existing institutional and economi c arrangements to

accommodate the expected changes in attitudes and val ues.

The assume d revision of institutional and economic a rrangements

and an expected acceptance of water conservation facilities lead to

Chapter 5 (The Analysis) which considered the sel ection and installa-

tion of water conservation facilities in existing and new homes. The

savings to the res idential howowner achieved at the current price of

water and energy are not significant. The economic relationship

83
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between these two resources , however , w il l cause them to be ex treme ly

signifi cant considerations to the homeowner with increased prices of

wa ter , gas and el ectricity. Further savings are realized via the

sewa ge trea tmen t collec tion and treatmen t opera tions . The homeown er

shoul d be made aware of the value he is contributing to the sewage

entity by saving water.

Conclus i ons

The nature and the magnitude of a residential water conserva-

tion program will vary on a case-by- case basis depending on such factors

as the measures impl emen ted , location , wa ter su pply source , and wa ter

quality . However , it is beyond the scope of this study to identify all

the specifi c impacts of this program . A . few of the impl ications on

water supply, quality , waste reduction and economi cs will be briefl y

di scussed .

In regards to impacts on water supply, a residential conserva-

tion program woul d help to alleviate the “shor tage” of water as it is

presen tly perce i ve d . A reduce d demand , in addition to possibly delaying

the need for additional major water projects, mi ght permit greater use

of some of the existing supplies for such other purposes as ground-

water bas in rec harge , quality improvement , salinity control , and

in—stream’ uses.

In the area of wa ter qual ity , reduced demands and a corres-

pond ing reduce d impor ted water su pp ly cou ld also reduce the to tal

amount of salts brought into an area over a given period of time.

However , in the case of inland water discharges used to repl enish
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ground water basins , higher salt concen trations may occur w ith reduce d

di scharges but the quantity of salts remain t~’e same (43:40).

There coul d be simijar effects on surface water supply systems

but a thorough analysis of each situation is necessary before evaluating

beneficial or detrimental impacts of reduced residential water use.

Reduced demands for water would also contribute to effects

on ex i sting and future sewa ge treatmen t systems . The overa l l effect

shoul d be to extend the capacity of sewage treatment facilities .

Figure 6-1 indicates that the design life of a treatment plant coul d

be extended by the use of 3.5 gallon per flush toilets only. Another

effect of reduced flows is on the capacity of existing gravity-fl ow

sewage collection systems to carry solid wastes. If the existing

carrying capacity of a system is already marginal , stoppages could

occur; but where the existing system is overloaded , the effect would

be beneficial . One other effect is the higher concentration of salts

and other materials in  the sewage effl uent. This could be a problem

at the point of discharge but according to Dryden , the total salt

loading would be reduced (50:83).

In considering the direct consumer monetary benefi ts resulting

from a reduced water demand in response to a residential water con-

serva ti on pro gram , the benef i ts may be offse t by increases i n wa ter

pri ces required to make up for the decrease in water utilities revenue.

The Impact on water sales are the basis for scheduling the repayment

of debts and other long-term obligations . However, consider ing the

projected population increases and the corresponding utility revenue

deri ved from a larger number of services increases, wa ter rates
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shoul d eventually stabilize .

The major beneficial economi c impact of water conservation will

be to delay and reduce expendi tures for development of additional

water suppl ies. Additional suppl i es will be extremely costly, in both

terms of facil ity development cost and the energy to transport the

water. These long-range economic benefits of maximizing the bene-

ficial use of the current available suppl ies should be emphasized in

public education programs on residential water conservation.

Impl i cations and Reconinendations For Further Study

Both the savings in dollars , energy, and water are insi gnifi cant

in relation to the residential customer. But as the costs of water

distribution , energy for pumping,and possibly the price of water

increase , the importance of water conservation will be realized, On

an aggregate scale these savings become signifi cant.

There is yet one other area where water conservation will

have tremendous -impact . When public water is consumed, the customer

generates a like amount of “used” water , which goes down the drain as

sewage and is transported through pipelines to a wastewater treatment

plant for careful processing . Since “sewa ge ” is more than 90 percent

water , the reduction of water use in the home or business can greatly

decrease the volume loading of sewage—handling facil ities. Table 6—1

reflects the househol d wastewater flow generated by conventional

househol d fixtures.

Ii. - ______________ ________________________________
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Table 6-1

Household Wastewater Flow Generated By Conventional

Household Fixtures (44)

Fixture Was tewater Flow
(gpcpd)

Toilet 30

Faucet (Ki tchen/Bath) 5

Shower 20

Dishwasher 14

Clothes Was her 30

Total 99

By broad customer acceptance of water conservation as a family-

househol d responsibility , the per capita demand on pol l ution control

system will diminish and both publ ic health and the environment will

benefit.

While the reduction in the use and demand for water appear

inevitable for the future, there are monetary benefits and costs that

shoul d not be overlooked in planning for the “big picture .”

The principal monetary benefits of reduced water usage and

the consequent wastewater flow reduction lie in the lowered demand for

water and wastewater treatment and sewer capacity and the concomitant

reduction In the demand for energy. A reduction in residential water

requirements will result In a lowering of both fixed and variabl e

costs of new facil ities , but of only the variable costs of existing ones.

~
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Table 6-2

Waste Flow Reduction Ach i eved By Installing Water-Conserving

Facilit ies In A Typical New Home (44)

Estimated
Percent
Waste Flow

Facility Reduction1

Water-Saving Toilet 9

flow—Limiting
Showerhead 12

Flow—L imi ting
Faucet Val ves 2

Insul ation of Hot
Water Pip es 4

Water-Saving Clothes
Washer 6

Water—Saving Dish-
washer

Total 37

1 Estlmated percent reduction in overall household waste-water
flows.

The monetary costs of achieving the reduced demand comprise

the costs of promoting, acquiring, installing aid operating the flow

reduction devices, as well as the costs of promoting and impl ementing

voluntary water conservation practices. The costs are obviously

lower In new construction if the same water conserving facil ities were

to be Installed .

Suggested related topics for further study include the



followi ng:

1. Definition of the actual indoor and outdoor residential

uses of water, especially l awn irrigation.

2. An evaluat ion of water-conserving facilities in Mesa on

flow reduction and the corresponding effect on sewer solids transport

capacity, sewer flow handl i ng capacity, and the treatment processes

capacity.

3. A study of the existing institutiona l and economic

constraints on water conservation in the Phoenix Metropol i tan area.

4. A survey of how people feel about domestic water and its

use duri ng shortage or emergenci es.

5. An analysis of the total resource util ization to ach ieve

a residenti al water conservation program including resources used in

the manufacture of the water covserving hardware .

6. Detailed resea~rch into the many vari abl es requiring con-

sideration for formul ation of a residential water conservation program.

7. Anal ysis of the potential cost savings both for househol d

plumbing with smal ler sized pipes and for water and sewage units .

8. Determination of the local availability of water con-

serving devices arid survey of local housing contractors to determine

their acceptability of these devices .

9. Determination of the practicability of installing a dual

system of water distribution for new developments since many househol d

tasks to not require water of drinking quality.
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APPENDIX A

REASONS TO PRACTICE WISE WATER USE (25:11)

The foll owing is a list of facilities and suggested impacts
that a residential water conservation program will have on each.

I. Source of Supply Faciliti es:

A. Reduced groundwater pumping costs and increased reserves.

B. Leaves more water for longer periods of time in surface
sources (lakes , streams, rivers) and hence increases
source rel ated fish and wilal i fe, recreation and esthetic
benefi ts.

II. Import Faciliti es

A. Increases the number of services that can be suppl ied
from existing over-land aqueducts and canals.

B. Reduces out-of-pocket operating costs (energy is most
significant) .

C. Ultimately, reduces per capita capital repayment costs
since same facility is spread ove r a larger user base.

III. Treatment Faciliti es

A. Increases the number of serv ices that can be suppl ied from
existing facilities .

B. Reduces out-of- pocket costs for energy and chemi cals.

C. Reduces resi dual sludge vol umes and disposal costs.

D. Ul timately reduces per capita capital repayment costs.

IV . Distribution Faciliti es

A. Reduces out-of-pocket costs to operate distribution system
pumps (mainly energy).

B. Will allevi ate distribution capacity problems if existing
system is over-taxed during the summer season.

_ _ _ _ _ _  
-______________________
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V. Homeowner ’ s Facilities

A. Where devices are installed in new growth only, new
growth enjoys substantially lower water costs.

B. Where devices are also retrofi tted to existing development ,
water cost savings enjoyed diminish to savings associated
with out-of-pocket costs experi enced by the utility for
energy and chemi cals.

C. Utility may have to adjust water rate upwards to maintain
fixed income requirements level but end result is that the
consumer ’ s total water bill will not increase and in
fact should be slightly less due to energy and chemical
cost savings .

VI . Other Hidden Homeowner Benefi ts

A. Reduced energy bills if hot water use (i.e. showe r, kitchen
and lavatory faucet , etc.) is reduced.

B. Reduced fertilizer costs since careful irrigation will
wash less appl ied fertilizer to gutters and drains.

C. Reduced pesticide costs since good irrigation practice
goes hand— in-hand with healthier turf.

D. Increased l awn pl easure as turf areas will be more
attractive, more un iformly green , etc.

E. Lower ground water level s in some cases due to reduced
tai lwater runoff and waste, hence less drainage problems .

VII. Sewer Col lection Faci l ities

A. Equal performance in properly designed and installe d
systems.

B. Reduced out-of-pocket costs for energy to operate pumps .

VIII. Sewage Treatment Plants

A. Reduced out-of-pocket costs for energy and chemicals

B. Increased number of services that can be accommodated
durin g the dry weather period.

C. Probably little capacity advantages during wet weather
periods unles s indiltration infl ow l evels are under control .
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IX. Storm Water Runoff

Reduced levels of nutrients and pesticides reachi ng recei ving
waters due to appl i cati on load reductio ns whi ch resul t from
more effi cient irri gation practice .

_ _ _  

~~~~~~~~~~
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APPENDIX D

SUMMARY OF THE CHARACTERISTICS OF SELECTED

WATER CONSERVING FACILITIES (44)

I. Water-Savin g Toilet

A. Description. Water-saving toilets (also known as “shallow—
trap ” toilets) are similar in appearance to standard toilets
except for a noti ceably smaller tank . Less water is required
for flushing due to a modi fied bowl and trap design.

Water-saving toilets use about 3.5 gallons per flush which
is approximately a one-third reduction in the amount of
water required per fl ush for a standard toilet.

Water-saving toilets have a lower wastewater flow reduction
potential than dual-flush toilets . However, shallow-trap
toilets are more social ly acceptable than dual -cycle toilets
because they are operated similarly to standard toilets
and have the same appearance.

B. Ci rcumstances Under Which It May Be Appl ied. Water-saving
toilets can be installed in new residential and coninercial
buildings . They can also be retrofitted in existing homes
as existing toilets wear out and need to be replaced•

C. What Authorities It Requires . Appl icabl e plumbing and
building codes will have to be revised to require the instal-
lation of 3.5 gal lon “water—saving ” toilets in new residential
and coninercial development. Water utilities could also
require installation of these toilets in agreements to
provide new servi ce.

0. Estimated Reduction In Waste Flow. Assuming a 30 percent
reduction In wastewater flow generated per flush , the use
of water-saving toilets would reduce residential and com-
mercial sanita ry wastewater flow by approximately 9 percent .

E. Increme ntal Un it Costs Associated With The Control Measure.
Water-saving toilets cost approximately $60 or about $10
more than conventional toilets .
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F. Incremental Unit Benefits Associated With The Control Measure .
The use of water saving toilets would reduce a monthly water
bill by approximately $0_go .

II. Flow—L imi ting Showerheads

A. Description. Flow— limi ting showerheads restrict and con-
centrate water passage by utilizing orifices that limit and
divert shower flow so that it may be optimally used by the
bather. These ori fices restrict water flow through the
shower head to about 3 gpm as compared to typical consump-
tion rates of 5 to 10 gpm.

B. Ci rcumstances Under Wh i ch It May Be Appl ied. Flow-limi ting
showerheads can be easily installed by a homeowner in existing
and new homes.

C. What Authori ties It Requires • Appl icable pl umbing and
bui l di ng codes will have to be revised to require the instal-
lation of flow limi ting showerheads in new residential
development. Water utilities could also require installa-
tion of these devices in agreements to provide new service.
The use of these devices in existing homes can be encouraged
by an effective public education campaign on the use of
these devices for water conservation and by a mass public
distribution of these devices .

D. Estimated Reduction In Waste Flow. Assuming a 60 percent
reduction in shower flow, the use of flow-limi ting shower-
heads will reduce total household wastewater flow by approx-
imately 12 percent.

E. Incremental Unit Costs Associated With The Control Measure.
Fl ow— l imi ting showerheads cost about $5 more than conventional
showerheads or about $10 per unit.

F. Incremental Uni t Benefits Associated With The Control Measure.
The use of flow-limi ting showerheads would reduce a monthly
water bill by approximately $1 .20. Monthly energy costs
would be reduced by approximately $2-80.

III. Flow— Limi ting Faucets and Faucet Valves

A. Description. Flow— limi ting faucets and faucet valves restrict
water flow to a certain maximum rate which Is dependent on the
system pressure. For lavatory and kitchen sink fittings, the
flow is generally restricted to about L5 gpm for each valve.

Flow—l imi ting valves for showers function simi l arly to sink
flow—l imiting val ves by l imi ting flows to as low as 2.5 gpm.
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Faucets that deliver only 0.5 gpm have been used success-
fully in commercial buildi ngs . However, their acceptability
for residential use has not been tested.

B. Ci rcumstances Under Which It May Be Applied . Flow-limiting
faucets and faucet valves would be expensive and difficult
to install in existi ng systems but can be easi ly incorporated
into new faciliti es.

C. What Authori ties It Requires . Appl i cable pl umbing and
building codes will have to be revi sed to require the
instal l ation of flow-limi ting faucets and faucet valves is
new residential construction . Water utiliti es could also
require installation of these devices agreements to provide
new service.

D. Estimated Reduction In Waste Flow . Use of flow-limiti ng
faucets and faucet valves in the kitchen and bathroom will
reduce faucet flows about 30 percent and will reduce total
househol d wastewater flow by about 2 percent. However, if
flow-limi ting val ves are also used for showers, shower flow
will be reduced by approximately 30 percent and overall
househol d wastewater flow wi l l be reduced by approximately
8 percent.

E. Incremental Unit Costs Associated With The Control Measure.
Flow l imi ting faucets cost about $5 more per faucet than
conventional faucets or about $10 per unit.

F. Incremental Un it Benefits Associated With The Control Measure.
The installation of flow limi ting faucet valves in the kitchen ,
lavatory, and shower would reduce a monthly water bill by
approximately $0.80. Monthly energy costs will be reduced
by approximately $1.70. The installation of flow-limiting
faucet val ves in the kitchen and l avatory only will result
in monthly water and energy savings of $0.20 and $0.35,
respectively.

IV. Insulati on Of Hot Water Pipes

A. Description. Insulation of hot water pipes would reduce the
amoung of time a householder waits for the flow of hot water
at the tap when the hot water faucet is opened. The Cali-
fornia State Housing Code now requires that “ . - - all con-
tinuously circulating domestic - . . hot water piping which
Is located tn attics, garages, crawl spaces or unheated spaces
other than between floors or in interior walls shall be
insulated to provide a maximum heat loss of 5OBTIJ/hour per
linear foot for l arger sizes.”
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Hot water heaters can also be centrally located to reduce
the distance from the heater to hot water taps.

B. Circumstances Under Which It May Be Appl ied. Insulation of
hot water pipes and guidelines for location of hot water
heaters can apply to all new construction. Hot water pipes
in existing homes could be insulated when surrounding wal l
and ceiling panel s would be removed for other reasons
during remodeling.

C. What Authori ties It Requires . Appl icable pl umbing and build-
ing codes will have to be revised to require specified
insulat ion of hot water pipes in new residential construc-
tion. Guidelines for locati ng hot water heaters should
also be provided.

0. Estimated Reduction In Waste Flow . Insulation of hot water
pipes woul d reduce total household wastewater flow by
approximately 4 percent.

E. Incremental Unit Costs Associated With The Control Measure.
Insulation of hot water pipes will cost an estimated 50 cents
to $1.00 per lineal foot.

F. Incremental Unit Benefits Associated With The Control
Measure. Insulation of hot water pipes will reduce a monthly
water bill by approximately $0.40. An overall household
water use reduction of 4 percent would result from a 6
percent reduction in hot water use. This 6 percent reduc-
tion would result in househol d energy savings of approxi-
mately $1 .00 per month.

V. Water-Saving Automatic Clothes Washer

A. Description . For the same wash load , some automatic clothes
washers use as much as 70 percent less water than others.
Other automatic clothes washers have a level control that
al lows the individual operating the washing machine to match
the amount of water used to the amount of clothes to be
washed. This reduces the volume of water required to wash
a small or medium size load of clothes.

B. Circumstances Under Which It May Be Appl ied. Water-saving
washing machines can be installed in new homes and apart-
ments. As older machines are phased out in existing dwellings ,
they can be replaced with models designed to use less water.

C. What Authori ties It Requires . Manufacturers of clothes
washing machines should be required to prominently display
the water use characteristics of their machines . This action
shoul d be accompanied by educating the public on the benefits
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of usi ng washing machi nes that require less water.

D. Estimated Reduction In Waste Flow. If a new installed
clothes washing machi ne reduces water consumption by 20
percent as compared to a conventional machine , total
residential wastewater flows will be reduced by approximately
6 percent.

E. Incremental Unit Costs Associated With The Control Measure.
An automatic clothes washi ng machine with a l evel control
would cost approximately $25 more than a conventional washing
mach ine.

F. Incremental Un it Benefits Associated With The Control Measure.
Using an automatic clothes washing mahcine with a level con-
trol that reduces water use by 20 percent will reduce a
monthly water bill by approximately $0.60. A 20 percent
reduction in the amount of hot water used will result in
monthly energy savings of approximatel y $1.40.

VI . Water Saving Automatic Dishwasher

A. Description . There is a la~rge variation in the amount of
water used per load for different model s of automatic dish-
washers. Some model s use 50 percent l ess water than others .

Overall , total househol d wastewater flows are increased by
about 3 percent by the use of automatic dishwashers as com-
pared to manual dishwashing.

B. Circumstances Under Which It May Be Appl ied. Water-saving
dishwashers can be installed in new homes and apartments. As
older dishwahsers are phased out in existing dwellings , they
can be replaced with model s designed to use l ess water.

C. What Authori ties It Requires . Automatic dishwasher manufac-
turers shoul d be required to prominently displ ay the water
use characteristics of their machines . This action should
be accompanied by educating the public on the benefits of
using automatic dishwashers that consume less water.

D. Estimated Reduction In Waste Flow. If an automatic dishwasher
designed for 25 percent less water consumption is used,
total residential wastewater flows will be reduced by approxi-
mately 4 percent.

E. Incremental Uni t Costs Associated With The Control Measure.
The cost for a dishwashing machine that would use less water
Is highly vari able and is determined by factors other than
water consumption.
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F. Incremental Unit Benefits Associated Wi th The Control Measure.
Using a reduced water consumption dishwashing machine wi th
a 25 percent reduction in water use will reduce a monthly
water bill by approximately $0.40. A 25 percent reduction
in the amount of hot water used will reduce monthly energy
costs by about $0.80.

~~~~~~~~~~~



— F— -- -..- - -

BIOGRAPH ICAL SKETCH

Donal d E. Warner was born i n Hanover , Pennsylvan ia on
September 20, 1947. He received his elementary and secondary education
in the Spring Grove Area School Distri ct, Spr in g Grove , Pennsyl vania.
In September 1965 he entered the Pennsyl vania State University from
wh i ch he graduated in June 1969 with a Bachelor of Science degree in
Landscape Desi gn and a comission as Second Lieutenant, Army Corps of
Engineers . His military education includes the Engineer Officer
Basic Course, Construction Pl ann i ng and Operations Course, Atom ic
Demolitions and Munitions Course , and Engineer Officers Advanced
Course. Cpt. Warner has served in both Germany and Korea. Incl uded
in his military decorations are the A rmy Commendation Medal and
the Meri torious Servi ce Medal. A member of the Society of Ameri can
Military Engineers , he presently holds the rank of Captain wi th a
Regular Army Commission. Havi ng been sel ected by the Army for
graduate schooling, Cpt. Warner entered Arizona State University
in January 1976 to study for the degree of Master of Science in
Faciliti es Engineering. He is marri ed and the father of a son and
two daughters .

— __u___- — - — - —


