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: CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can

. be converted to metric (SI) units as follows:
Multiply By To Obtain
Gallons per minute 3.785412 Cubic decimeters per
minute

Gallons (U.S. liquid) 3.785412 Cubic decimeters




ALGORITHM FOR DETERMINING THE EFFECTIVENSS
OF WATER CONSERVATION MEASURES 4

1.0 INTRODUCTION

. 1.1 Background

E In the past, water utilities have generally emphasized con-

servation only on an emergency basis such as during pro-
< longed droughts or when key facilities have been disabled.
However, there is now increasing recognition that full time
water conservation programs may be economically attractive _
since capital expenditures may be avoided or postponed if wa- ’;
ter demands, and hence design flow rates, can be significant- :
ly reduced. Thus, a concentrated effort is under way to make
water conservation an integral part of many water supply 4
planning programs. |

The United States Army Corps of Engineers (CE) has initiated
a major research and development effort in water supply. [
Two elements of this program are the Water Supply System De- ;
sign and Methodology for Areawide Planning Studies (MAPS)
work units being zonducted at the CE Waterways Experiment
Station in Vicksburg, Mississippi. Specifically, these work
units have as their objectives improving the capability of
CE personnel to plan, design, and operate water zupply facil-
ities. As part of this work, a versatile and comprehensive
computer program (called MAPS) that may be used in planning,
evaluating, and designing water supply projects has been de-
veloped, tested, and verified.

i

MAPS is quite large (about 18,000 cards), but is modular in [
nature and is designed so that the user need have no pre-

vious experience in computer programming. These features,

coupled with the conversational, interactive operating mode

employed, make MAPS very easy to use. Presently, the pro-

gram may be used to design and estimate costs for a variety E
of water supply facilities, simulate and analyze water dis- | 8
tribution networks, and estimate costs associated with imple- !
mentation of several water conservation measures.

sk

1.2 Purpose

The purpose of the work reported herein was to develop an
easy to use algorithm, or procedure, for estimating reduc-
tions in water use that may be expected when conservation
measures are implemented. The algorithm developed conforms
fully to the general procedures already adopted by the Corps |
of Engineers (IWR CR 80-1; Source #169 in Part 7), may be
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used to estimate water use reductions resulting from imple-
mentation of a large number of conservation measures and com-
binations of measures, and is designed so that it may be
easily programmed as a new MAPS module. Once the algorithm
is incorporated into MAPS, users will be able to rapidly con-
sider a wide variety of design alternatives and determine the
impacts that various 1levels of water conservation will have
on the sizes of costs of specific water supply facilities.

1.3 Overview

The development and description of the water use reduction
algorithm are documented in this report. Part 2 presents an
overview of the technical approach utilized and a discus-
sion of the appropriate use of the procedure in specific cir-
cumstances. The terminology used, input data required, spec-
ific methodologies employed, options available, and the out-
put that can be obtained are described in Part 3. 1In addi-
tion, each water conservation measure included in the algor-
ithm is discussed in detail. 1In Part 4, a detailed ration-
ale is presented for each component of the algorithm. The
verification of the algorithm is discussed in Part 5, and il-
lustrative examples are presented in Part 6. A bibliography
of the pertinent literature is surveyed in Part 7.

1.4 Caveat

The effectiveness of any water conservation program is some-
what dependent on site-specific conditions. Therefore, the
user of the report should exercise considerable caution in
applying the numerical values for reduction, coverage, and in-
teraction factors presented in this report to a specific
water supply study. It is strongly recommended that the us-
er first try to locate data on conservation effectiveness
relevant to the particular study area. If such data are not
available, the user should then carefully examine and con-
sider the information presented in this report. Only those
values developed for circumstances and conditions similar to
those existing in the study area should be used. Unfortu-
nately, in many cases, literature values vary over a consider-
able range. Therefore, it is imperative that the user be
able to present a sound rationale justifying whatever numeri-
cal values are used to calculate conservation effectiveness.
It is not sufficient to simply state that "typical" values
were used.
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To serve this purpose, detailed references are given so that
the user can go to the source of the data to ensure that the
values selected are appropriate. For this reason, all reduc-
tion, coverage, and interaction factors found in the litera- {
ture are presented in this report, not just "average" or
"typical™ values. The user may also, for example, wish to
k be conservative in using those reduction, coverage, or inter-

action values based on theoretical considerations since
values generated by this means are sometimes overly optimis-
tic.
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2.0 TECHNICAL APPROACH

The water conservation effectiveness module developed by
this effort provides a methodology which can be used as a
"planning tool" to calculate the effect of various water con-
servation measures on the otherwise unrestricted water use
by a community or utility. The optimal use of this module
would be for the user to provide site-specific data on the
reductions to be achieved and coverage to be applied in the
application being studied. It must be emphasized that there
is no substitute for using the most appropriate information
available that is pertinent to the specific circumstances be-
ing evaluated. Every effort to develop site-specific data
should always be pursued.

The work effort to develop an algorithm for determining the
effectiveness of water conservation measures consisted of
five elements. (1) The first element was the data collec-
tion phase, which consisted of an extensive 1literature
search and telephone survey to obtain as much pertinent and
up-to-date information as possible. (2) Then the available
data and case studies were synthesized and prioritized in
terms of their usefulness in developing the specific water
conservation factors for reduction, coverage, and interac-
tions between conservation measures. (These terms are de-
fined in the description of the conservation effectiveness
methodology in Part 3.) (3) The values of these factors (or
functions to determine these factors) which are used in the
algorithm were determined and organized into matrices from
which they could be accessed either by the MAPS system, or
manually if the algorithm is being applied by hand. (4) A
step-by~step algorithm was developed for ensuring that the
user can access the data and properly determine the effec-
tiveness of the desired conservation measures. (5) Finally,
illustrative examples and verification of the methodology
were presented to demonstrate its accuracy and applicabil-
ity.

The development of factors for the determination of the ef-
fectiveness of conservation measures depended upon the abil-
ity to prudently evaluate appropriate studies from the exist-
ing 1literature, supplemented by follow-up and additional
case studies obtained by direct contacts. By use of rapid
information retrieval systems, approximately 500 abstracts
of reports and articles related to water conservation were
obtained. From these initial abstracts a data base of 126
complete reports and articles was obtained, and served as
the primary source of information. These references are pro-

2-1
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vided in the bibliography in Part 7. In addition, there
were frequent telephone contacts with authors, water utility
officials, and researchers concerned with conservation meas-
ures to follow up on the primary sources or discuss addition-
al test cases.

The multitude of sources and the extreme variance of the
technigues used in the literature to describe results ob-
tained by conservation measures required that greater empha-
sis be placed upon data developed by more documentable meth-
ods. Thus, the information sources were checked and com-
piled in accordance with priorities developed to identify
the most appropriate data. Studies that provided compari-
sons of water use "with and without" conservation measures
were preferred over surveys relying upon evaluations "before
and after" the enactment of measures as the former is a di-
rect comparison of the effect of a measure while the latter
involves the possible development of interferences through
variations of indirect factors over time. Another factor
that was given priority in evaluating the importance of da-
ta sources was the preference for studies considering the ac-
tual implementation of conservation measures over theoreti-
cal derivations. Practical and field determinations of wa-
ter use and device reductions were emphasized in preference
to laboratory testing. A priority ranking system, described
in Part 4.2, was developed to incorporate these preferences
into a systematic system giving greater weight to more
appropriate data.

From the prioritized data sources the values or variables
for the reduction, coverage, and interaction values were de-
termined. These were arranged into matrices that allow the
conservation effectiveness methodology to properly access
the required factors by the conservation measure, water use
type, and flow dimension required. Although all values de-
termined were examined for their reasonableness, the need to
emphasize the preference for site-specific data in any appli-
cation must always be considered.

A step-by-step methodology for determining the effectiveness
of the conservation method was developed and is described in
Part 3 and illustrated in Figure 3-1. This procedure en-
sures the proper input of the required data by the user; the
proper accessing of the values or variables within the reduc-
tion, coverage, and interaction matrices; and the correct
computation of effectiveness for the desired conditions.

SEE——

~

olow S




For illustration, the methodology as described in Part 3 has
been provided in terms of a manual computation by the user ]
with indications of required input data at the time of de-
scribing the calculation or step for which the data will be
used. It should be noted that in the conservation effective-
ness module all input data will be provided by the user ini-
tially and then the algorithm will be executed in the order
indicated.

Finally, illustrative examples of the use of the methodology
were developed to show its feasibility in practical situa-

. tions. Specific test cases to illustrate all aspects of the
algorithm were developed. These were supplemented by includ- s
ing specific actual conservation cases to provide a direct
comparison of the calculated result using the algorithm with
actual water conservation data.

—




3.0 WATER CONSERVATION EFFECTIVENESS

3.1 1Introduction

The MAPS water conservation effectiveness module calculates
the reduction in unrestricted water use as a result of the
implementation of individual water conservation measures or
a water conservation program including several conservation
measures. The user must indicate the measures to be consid-
ered and such items as the time period to be evaluated, the
flow dimension and water use sectors to be considered, and
the 1level of a conservation program that will be carried
out. (Coverage factors for modest, moderate, and maximum
programs are provided or the user may override these with
other data.) In addition, more specific information, such
as rationing goals, price ratios, elasticity, and rate of
new construction may be required for specific conservation
measures.

3.2 Definitions

3.2.1 Effectiveness, EFFi

jkt

The effectiveness of a water conservation measure i, for
water use sector Jj, and dimension k, at time t is the
reduction 1in water wuse or loss resulting from the
implementation of that measure. Similarly, the
effectiveness of a conservation program combining several
conservation measures would be the total reduction in water
use and loss for a dimension for all water uses resulting
from the combined action of all measures.

The mathematical definition of effectiveness may be given
by:

= * *
EFF;jxe = FLOWgxe ™ REACT; jpe * COVER; gp¢ (Eq.3-1)
where:
EFF effectiveness;

FLOW

the predicted unrestricted water use for use
sector j, dimension k, at time t (The units of
flow in the conservation effectiveness module
are in MGD although any volumetric flow units
can be used as long as they remain consistent
for all input.);




RFACT = the fractional reduction in water use or loss
expected to result from measure i for use sec-
tor j and dimension k at time t; and

COVER = the coverage of measure i in use sector j for

dimension k at time t.

The combined effectiveness of a number of measures is not
necessarily equal to the sum of their individual effects.
The combined effectiveness of two measures whose individual
effectiveness are given by:

EFFl FLOW * RFACT, & COVERl (Eq. 3-2)

EFFZ FLOW * RFACT, = COVERZ (Eq. 3-3)

where EFF1>EFF2, can be expressed as:
EFF12 = EFF1 + ACle ] EFFZ (Eq. 3-4)

Here ACT is the interaction factor for measure 2 added
to measugg 1. FLOW, RFACT, COVER, and ACT are further de-
fined in this section.

The percent effectiveness is the effectiveness determined
for a water use sector or dimension as a percent of the unre-
stricted flow for that sector or dimension.

3.2.2 Unrestricted Water Use, FLOWjkt
This is the water use predicted in the absence of any conser-
vation measures. Its knowledge and disaggregation with re-
spect to the water use sectors are prerequisites to the esti-
mation of effectiveness.

3.2.3 Water Use Sector

All water use, either unrestricted or with conservation, may
be disaggregated into certain classifications, called water
use sectors. For the purposes of the MAPS conservation ef-
fectiveness module, six water use sectors have been defined
which, when all are used in an analysis, equal the total wa-
ter use for a community under study. These six water use
sectors include interior residential, exterior residential,
commercial, industrial, public, and unaccounted-for water
uses.




3.2.4 Dimension

A dimension of water use is a flow rate corresponding to a
specific condition. For example, the flow rate that corres-
ponds to the average quantity of water supplied to a commun-
ity over a twenty-four hour period is the average daily flow
dimension. The MAPS conservation effectiveness module al-
lows consideration of three dimensions: average daily flow,
peak daily flow, and peak hourly flow.

3.2.5 Fractional Water Use Reduction, RFACTijkt
The fractional reduction in water use is the ratio of the re-
duction in water use resulting from the institution of a con-
servation measure i, in water use sector j, for dimension k,
at time t, to the unrestricted water use in the same sector,
dimension, and time. Values for RFACT are given in Tables
3-1 and 3-2 of section 3.6 for all conservation measures,
for all water use categories, and for average and peak flow
dimensions.

3.2.6 Coverage of Conservation Measure, COVERi

jkt
Coverage is defined as the fraction of water use that is ac-
tually subject to reduction because of some conservation ac-
tivity. The coverage of a conservation measure i, in water
use sector j, for dimension k, at time t, is that fraction
of the water use that is affected by that measure.

Coverage factors vary because some measures apply only to a
portion of the water use within a sector, some measures may
be adopted by only a fraction of users within a sector, and
some measures will be implemented gradually over time or
their effectiveness may change over time. The upper 1limit
of a coverage factor is always 1.0.

Variations in the effectiveness of conservation measures
over time are accounted for by allowing the coverage factor
to vary from the initial coverage (COVERG) by an annual
ratio of change in coverage factor (AROC). Thus, for any
year (KYEAR) after the initiation of a measure, the coverage
factor would be equal to the initial coverage times the an-
nual ratio of change of coverage raised to the power of the
years since initiating the measure minus one. It is mathe-
matically expressed as:

COVER = COVERG * AROC ** (KYEAR - 1.0) (Eq. 3-5)

h .
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where:

COVER = coverage

COVERG = initial coverage

AROC = annual ratio of change factor
KYEAR = year since initiation of measure

Estimates of AROC have been provided for each conservation
measure. In addition, initial coverage values, COVERG, have
been estimated for three levels of a conservation program,
modest, moderate, or maximum efforts, for each of the six wa-
ter use sectors.

3.2.7 Interactions Between Conservation Measures, ACT

When two or more conservation measures are in effect at the
same time, there may be an interaction between them that
causes the effectiveness of the combined measures to be dif-
ferent than both measures considered separately. The inter-
action factor is that number which accounts for the inter-
actions between two or more conservation measures imple-
mented simultaneously. From equation 3-4, the interaction
factor can be defined mathematically as:

EFF - EFF
ACT,, = 12 ! (Eq. 3-6)
EFF2

In most cases, the interaction factor will either be equal
to one (no interaction) or to zero (one measure wholly incor-
porated into another measure). At times, however, the com-
bined effect of two or more measures is different from the
sum of their individual effects, even accounting for wholly
incorporated measures. Values of interaction factors were
determined whenever data were available to justify such a
calculation. When two conservation measures were similar in
nature and an interaction factor could be determined from
collected data for one measure with a third measure, but not
the second measure with the third, the determined interac-
tion was considered to apply in both cases. For instance,
when an interaction factor was determined between toilet
dams and public education, and no data were available to de-
termine an interaction between displacement devices and pub-
lic education, the former interaction factor was considered
applicable in the latter case as well.

S e
S

-t
N

LY




3.3 Input Required

Time data
The first and last year of the study period.
The year of initiating each conservation measure.
For certain measures the year of ending a measure is
optional.

Flow data

The minimum data that needs to be specified is the av-
erage unrestricted daily flow dimension for six wat-
er use categories for the first and last years of
the study period.

The maximum data that can be specified are three flow
dimensions, six water use categories, for five years
of output, including the first and last years of the
study period.

Dimensions
Unrestricted average daily flow
Unrestricted peak daily flow
Unrestricted peak hourly flow

Water Use Sectors
Interior residential
Exterior residential
Commercial
Industrial
Public
Unaccounted-for water

conservation measures (select from)
Low flow showerheads
Shower flow restrictors
Toilet dams
Displacement devices
Flush mechanisms
Shallow trap toilets
Pressure toilets
Dual-flush toilets
Faucet aerators
Faucet flow restrictors
Pressure reducing valves
Service line restrictors
Toilet leak and repair
Reuse/recycle
Metering




Pipeline leak repair

Conservation ordinances (also requires annual rate of
new construction)

Restricted water uses

Rationing (also requires goal established for rationing
program)

Pricing policies (also requires average price ratio -
new to old - for each dimension and use sector,

. price elasticity)
Public education

Coverage
Initial coverage value or choice of modest, moderate,
or maximum program
Annual ratio of change in coverage factor

Other
An option exists for reducing peak hourly flow by reg-
ulating use of exterior residential and public uses to
non-peak time. If this option is used, then the per-
cent of exterior residential and/or public peak hourly
flow to be reduced must be input.

Another option allows the identification of consumptive
use and nonconsumptive use for each use sector and any
or all dimensions. If this option is used, then the
percent of consumptive use for each water use sector
before conservation is input for all desired flow di-

mensions.
3.4 Output
Flow data

Flow with conservation for specified dimensions and
water use sectors in desired years for each measure
and/or all measures combined.

Dimensions (as required)

Average daily flow
Peak daily flow
Peak hourly flow

Water use sectors (as required)
Interior residential
Exterior residential
Commercial

E! Industrial

- Public

¢ Unaccounted-for water
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Effectiveness
Effective water savings and the percent effectiveness
for each dimension, water use sector, and/or for all
sectors combined.

3.5 Conservation Effectiveness Methodology

The methodology for determining the effectiveness of se-
lected conservation measures and the corresponding reduction
in flow from the unrestricted water use is presented in Fig-
ure 3-1. Each of the steps required in this procedure will
be discussed in order.

315} (F15) First, the required unrestricted flow rates for
each water use sector are provided by the user. There are
several options available to the user to provide this unre-
stricted flow data in the form most suitable to his applica-
tion.

The minimum data required are the unrestricted average daily
flows for each use category projected for the first and last
years of the study period. Under this option, the peak flow
dimensions will then be derived from this input assuming
peak daily flow as 1.8 times average daily flow and peak
hourly flow as 3.0 times average daily flow. In addition,
the flow data for intermediate years for which output is
desired will be determined by interpolation. This
interpolation will be accomplished by tae <£following
equation:

N KYEARl)

3 (KYEAR2 = KYEARl)] ** EXPNT (Eq. 3-7)

FLOWN = FLOWl + [FLOWZ-FLOWIJ*E(KYEAR

where:

FLOWN flow for desired year

FLOW, flow in first year of study period

FLOW flow in last year of study period

KYEARN = desired year

[

KYEARl first year of study period




[ Input or Retrieve Unrestricted Design Fiow Data]

e
Yy«

["2. Select Base Year and Time Windows |
i 5

L A

3. Select Water Use Dimension
{Optional-Reduction in Peak Hourly Flow)
(Optional-Consumptive/Nonconsumptive Use)

K 7

|4. Select Water Use Sectors|

P
y<

((5. Select Water Conservation Measure |

Y

6. Indicate Year Measure 15 Initiated
(Optionai-Later Discontinuance of Measures 16, 21)

7. Retrieve or Input Data for Variable RFACT Vaiues
(Measures 16. 19. 20 only)

Ay

| 8. Retrieve RFACT tor Measure from RFACT Matrix|

[9. Input Data for Variable COVER Values (Measure 17 on'vy

10. Seiect COVERG Value or Use
Modest, Moderate, Maximum Program Values

|11. Retrieve AROC. COVERG from Coverage Matrix|

A
| 12, Determine COVER for Time Window |

[ 13. Evaiuate EFF for Measure |

| 14 Are More Measures to be Considered? Yes
| 15. Retrieve ACT values from Interaction Matrix |
| 16. Caicuiate Overall EFF Sector }
['7. Are More Use Sectors to be Considered?}— :’_‘]Yesl
| No]

| 18. Sum EFF for all Use Sectors Within Dimension |

y

[19. Are More Dimensions to be Considered?
20. Caiculate Flow Rates with Conservation
for all Dimensions

T

|21. Are More Time Windows to be Considered?

| 22. Put Data into Output Device |

FIGURE 3-1 WATER CONSERVATION EFFECTIVENESS PROCEDURES
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KYEAR

2 last year of study period

EXPNT

interpolation exponent

If the user provides no other input, EXPNT will be assumed
to be 1.0 and the interpolation will be linear. However,
the user may specify a value for EXPNT in order to describe
the curve for projected flow between the first and last
years. For assistance in selecting values of EXPNT, Figure
3-2 shows how flow will vary with time for selected values
of EXPNT.

A second option for the user to input unrestricted flow data
would be to specify the average daily flow for as many as
three additional years in addition to the first and last
years of the study period. Should determinations be re-
quired for any additional years other than those specified
under this option, unrestricted flow will be determined by
linear interpolation. Peak flow dimensions will be derived
from average daily flow as described above.

The third and fourth options for inputting unrestricted flow
are variations of the two options described above; however,
all three dimensions of flow are specified by the user.
Thus, the third option would involve specifying average,
peak daily, and peak hourly flow for the base and design
year and selecting the exponent for interpolation between
these two times. The fourth option would consist of specify-
ing average, peak daily, and peak hourly flow for the first
and last years and up to three additional years. If other
flows are required, they will be determined by linear inter-
polation.

3.5.(2) The user next inputs the first year and all future
years for which he desires to have the conservation effec-
tiveness evaluation conducted, up to a maximum of five.
These future years for which output will be developed are
designated as time "windows" and will generally include the
end of the study period being considered by the user as well
as any intermediate periods of interest. The first year
would generally be the same year as the initial implementa-
tion of any conservation program. The last year would be
the final year under consideration and would frequently be
the basis for design of some important component under de-
sign by the user. After designation, the conservation effec-
tiveness module will proceed to evaluate the earliest future
time window.
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3.5.(3) The user indicates the dimension (average daily

flow, peak daily flow, or peak hourly flow) to be consid-
E ered. If peak hourly flow 1is considered, the user can

choose to implement an option that simulates a community re-
ducing its peak hourly flow by requlating the time of day
that lawn watering and/or municipal use can occur. When im-
plemented, the user would input a percentage of the exterior
residential and public use categories by which the peak hour-
ly flow would be reduced as a result of regulating the time
of their use. This percentage would then be removed from
the peak hourly flow for those use categories before subse-
quent determinations. Thus, the peak hourly flow consider-
ing this reduction but before accounting for any other con-
servation measures will be equal to:

PHF = PHF .- $(ER) PHF o - UL PHF )
100 100 (Eq. 3-8)

where

PHF = unrestricted peak hourly flow

$(j) = percent peak hourly flow reduction in use

sector j

T = total use

ER = exterior residential use sector

M = municipal use sector

If the user desires to differentiate consumptive use from
non-consumptive use, he may input the percent consumptive
use before conservation for each of the six water use sec-
tors for each dimension of concern. All conservation meas-
ures, except recycle/reuse, will act proportionally on con-
sumptive and non-consumptive use within a water use sector.
For reuse/recycle, all of the reduced volume of water will
come from the non-consumptive category.

3.5.(4) The user selects which of the six water use sectors
(interior residential, exterior residential, commercial, in-
dustrial, public, or unaccounted for) is to be evaluated or
whether all sectors are to be evaluated.

2.5.(5) The user next selects the specific conservation meas-
ure to be evaluated.




3.5.(6) The year for which the conservation measure is to be
initiated must be provided as input for any measure. If no
information is provided, the first year will be assumed. For
the conservation measures of public education and/or pipe-
line leak repair, it is also possible to consider discontin-
uing the measures after having them implemented for a period
of time. This can be used to simulate the effect of not re-
newing the funding for a public education program, as a grad-
ual loss of effectiveness after the discontinuance of this
measure has been included in the methodology. This is accom-
plished by changing the annual ratio of change factor, AROC,
(described in Section 3.2.6) after the year of discontinuing
the measure. If this option is to be exercised for these
measures, both the year of initiation and the year the pro-
gram is ended must be designated. For pipeline leak repair,
the percent of unaccounted-for water use will gradually in-
crease from the level existing when the measure was discon-
tinued to the original unrestricted unaccounted-for water
use projections.

3.5.(7) Conservation measures for pipeline leak repair,
rationing, and pricing policy require additional input to de-
termine the appropriate RFACT. The RFACT for pipeline leak
repair is applied only to the unaccounted-for water use cate-
gory and is determined from the users description of how ef-
fective such a program is expected to be in reducing unac-
counted-for water use and how long it will take to achieve
these reductions. The user provides the percent unaccounted-
for water expected to be achieved by the leak detection pro-
gram and the year in which this goal will be met. For inter-
mediate years between the enactment of the pipeline leak re-
pair measure and the achievement of the percent unaccounted-
for goal, an intermediate percent unaccounted-for will be
determined by 1linear interpolation, and the RFACT required
to achieve that will be calculated. For the year when the
percent unaccounted-for goal is achieved, and all subsequent
years for which the pipeline leak repair measure is in ef-
fect, the RFACT calculated will be that necessary to main-
tain the percent unaccounted-for goal.

For the rationing conservation measure, the actual reduction
achieved is very dependent upon the goal that is to be accom-
plished by the measure. Because rationing is generally in-
stituted as a last resort in emergency conditions, it is usu-
ally expected to accomplish an immediate and considerable re-
duction in water use. For goals between 25-50% reduction,
the actual reduction achieved as reported in the literature




has generally been close to the goal that was established.
When utilizing the rationing conservation measure, the user
will be required to input directly the reduction factor to
be achieved by the rationing measure (a uniform goal for all
water use categories except unaccounted-for water use, which
is unaffected, may be provided or different goals may be in-
dicated for different use sectors).

For the pricing policy measure, the fractional reduction of
water use for the four use sectors subject to pricing (inte-
rior residential, exterior residential, commercial, and in-
dustrial) is found by the following expression:

RFACT = 1.0 - [PRRATE] ** ELAST (Eq. 3-9)

(PP)
where:

RFACT(PP) = reduction for pricing policy for
water use and dimension

PRRATE = price ratio of new to old prices
faced by users in use sector and
dimension

ELAST = price elasticity of demand for use

sector and dimension

This expression has been used in "The Evaluation of Water
Conservation for Municipal and Industrial Water Supply," Vol-
ume II prepared for the U.S. Army Corps of Engineers, Insti-
tute for Water Resources, February 198l. (Source number 171
in Bibliography, Part 7.0)

The user would then be required to input the average values
of PRRATE faced by users in each use sector for the dimen-
sion under consideration as well as the estimated price elas-
ticity. ©No default value is provided for elasticity, so the
user is required to input a value if he chooses to use this
option.

3.5.(8) At this stage, the fractional reduction factor,
RFACT, for the conservation measure, dimension, and use sec-
tor being evaluated, will be retrieved, either from the ma-
trix of RFACT included within the conservation effectiveness
module or from one of the determinations described in (7) a-
bove.
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3.5.(9) The conservation ordinances measure requires addi-
tional input by the user to determine its appropriate cover-
age factor. This measure reflects the gradual introduction
of water saving fixtures into new construction as the result
of promulgated ordinances. Thus, the coverage will gradual-
ly increase from an initial value of zero with the rate of
increase in coverage depending upon the annual rate of new
construction., Thus, the user must provide a rate of new con-
struction for the residential, commercial, industrial, and
public use sectors. The annual ratio of change in coverage
factor AROC will then be determined as 1.0 plus the annual
rate of new construction, and the coverage factor for the
conservation ordinance for any year after initiation of the
measure will be evaluated as:

COVER o5, = 1.0 - 1.0

(1.0 + CNSTRT) ** (KYEAR - 1.0)

(Eq. 3-10)
where:
COVER(CO) = coverage of conservation ordinance
measure

CNSTRT = fractional rate of new construction
KYEAR = year

3.5.(10) For all measures other than conservation ordi-
nances, the 1initial coverage factor that will be applied
will depend upon the level of emphasis that is to be pro-
vided for the conservation program instituted. Suggested
initial coverage values for each measure are provided for
three levels of conservation programs indicated as modest,
moderate, or maximum. These values have been selected based
upon knowledge of a number of conservation programs and a
limited amount of data available in the literature. It is
recognized, however, that a continuity of possible levels of
emphasis exist, so the user is encouraged to input his own
initial coverage value using the values provided for modest,
moderate, and maximum conservation programs as a guide.

3.5.(11) At this stage, the annual rate of change of cover-
age factor, AROC, for the measure under consideration will
be retrieved from the coverage matrix. If the user selected
a modest, moderate, or maximum program in step (10), then
the initial coverage value (COVERG) appropriate for that pro-
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gram, and the measure and water sector under evaluation will
also be retrieved from the coverage matrix.

3.5.(12) The coverage factor for the time window being evalu-
ated will then be determined. The coverage factor for any
year after the initiation of a measure will be determined by
equation 3-5 for all measures except conservation ordi-
nances, which will be calculated by equation 3-10. The maxi-
mum value of a coverage value that will be used in the algo-
rithm is 1.0.

3.5.(13) The effectiveness (EFF) of the measure for the wa-
ter use sector, dimension, and time period being evaluated
will be calculated by equation 3-1.

3.5.(14) If additional measures are to be considered within
the same use sector, the user will input the next measure
and return to step (5).

3.5.(15) When all measures within a use sector have been con-
sidered, appropriate interactions between measures will be
determined from the interaction matrix.

3.5.(16) The overall effectiveness of all measures within
the water use sector will be determined based upon the inter-
actions obtained in (15). For two measures, 1 and 2, where
EFF > EFFZ, the overall effectiveness will be deter-
min%d as by “equation 3-4. For three measures, 1, 2, and 3,
where EFF > EFF2 >EFF3, the overall effectiveness
will be def%rmined as?t

EFF = EFF,+ ACT,,* EFF, + ACT,,* ACT,,*EFF
123 1 12 2 13 23 3 (Eq. 3-11)

Similar determinations are made for greater than three meas-
ures.

3.5.(17) If additional water use sectors are to be consid-
ered within the same dimension, the user will have to input
the next use sector and return to step (4).

3.5.(18) when all water use sectors desired within a dimen-
sion have been considered, the total reduction obtained in
all sectors will be summed to determine the reduction in the
dimension.
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3.5.(19) If additional dimensions are to be evaluated during
the same time window, the user will input the next dimension
and return to step (3).

3.5.(20) When all dimensions desired during a time window
have been evaluated, the flow rates with conservation for
each dimension will be calculated.

3.5.(21) If additional time windows are to be considered,
the conservation effectiveness module will return to step
(3).

3.5.(22) When all desired time windows have been evaluated,
all data will be placed in the appropriate output device.

3.6 Conservation Measures

Low Flow Showerheads refer to showerheads designed to oper-
ate instead of a conventional showerhead and that will limit
flowrates to 3 gpm* or less. The method utilized to reduce
flow is not a consideration in this definition and this meas-
ure can be part of new construction or retrofitting. Reduc-
tions from low flow showerheads occur only in the interior
residential and public water use categories.

Shower Flow Restrictors are devices which are inserted be-

tween the existing conventional showerhead and the shower-
head arm. They are an addition to the shower apparatus and
are generally only retrofitted to existing systems. Reduc-
tions from shower flow restrictors occur only in the inte-~
rior residential and public water use categories.

Toilet Dams are devices inserted into toilet tanks in or-

der to hold back a portion of the water normally used for
flushing. Reductions from toilet dams are considered as oc-
curring only in the interior residential water use and commer-
cial categories. Although there would be some unknown reduc-
tion in industrial use sectors from the use of toilet dams
(or any toilet-related device), it 1is believed that this
would be a very small portion of that sectors' total use.
1t is certain that the emphasis of toilet-related
conservation measures is directed almost exclusively towards
residential, commercial, and public use.

* A table of factors for converting U.S. customary units of
measurement to metric (SI) is presented on page vi.
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Displacement Devices are space-occupying objects such as

bricks or plastic bottles which reduce the volume of water
normally used for flushing by displacement rather than dam-
ming. Reductions from displacement devices occur only in
the interior residential, commercial, and public water use
categories.

Flush Mechanisms include the wide variety of devices which
change the mechanical operation of the conventional toilet
in some manner so as to reduce the volume of water used in
flushing. These would not include dual flush devices or oth-
er mechanisms which require the user to change his habits
but only those devices which would operate automatically.
Reductions from flush mechanisms occur only in the interior
residential, commercial, and public water use categories.

Shallow Trap Toilets are toilets specifically designed to

function similarly to conventional toilets but which utilize
3.5 gallons or 1less of water per flush. They 4o not re-~
quire any modifications of user habits or use a flushing
mechanism other than water. Reductions from shallow trap
toilets occur only in the interior residential, commercial,
and public water use categories.

Pressure Toilets use compressed air to assist in the flush-

ing action and generally restrict water use to less than 1
gallon per flush. They may or may not be designed to oper-
ate similarly to conventional toilets and may involve modifi-
cation of user habits. Reductions from pressure toilets oc-
cur only in the interior residential, commercial, and public
water use categories.

pual Flush Toilets have been designed to deliver two dif-

ferent quantities of water for liquid waste flushing and for
solid wate flushing. They can be designed to appear similar
to conventional toilets but reguire user habit modifications
for the flushing mechanism to be effective. Reductions from
dual flush toilets occur only in the interior residential,
commercial, and public water use categories.

Faucet Aerators are water-saving devices which reduce flow
rates to less than 3 gpm that are designed to replace conven-
tional aerators. They can be used in either new construc-
tion or retrofit situations. Reductions from faucet aera-
tors occur only in the interior residential, commercial, and
public water use categories.
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Faucet Flow Restrictors are devices which are inserted in-
to the faucet to restrict the flow of water. They are an
addition to the faucet structure and are generally only ret-
rofitted to existing systems. Reductions from faucet flow
restrictors occur only in the interior residential, commer-
cial, and public water use categories.

Pressure Reducing Valves are devices which are inserted in-
to service pipes that can be adjusted to reduce water pres-
sure below the pressure delivered by the water utility. They
then result in reduced flow rates through water faucets and
appurtenances. Reductions from pressure reducing valves oc-
cur in the interior residential, exterior residential, com-
mercial, industrial, and public water use categories.

Service Line Flow Restrictors would include any restric-
tors inserted into water pipes or appurtenances other than
those used in showers and faucets. Reductions from service
line flow restrictors occur in the interior residential, com-
mercial, industrial, and public water use sectors.

Toilet Leak Repair would include all concerted activities
directed toward discovering and eliminating leakage in toi-
lets. The most common techniques are the use of dye tablets
or food coloring. The toilet leak repair conservation meas-
ure would consider reduction as the result of a management
measure advertising, publicizing, or distributing the use of
tablets, etc., and not the normal leak repair that could be
expected without any action being taken by a management agen-
cy. Reductions from toilet leak repair occur only in the in-
terior residential, commercial, and public use sectors.

Commercial/Industrial Reuse and Recycle refers to actions
taken by industries and commercial establishments to recycle
water or reuse water in their processes. Reductions from re-
use and recycle measures occur in the commercial and indus-
trial water use sectors.

Water Metering consists of the monitoring and charging for
water based upon the volume used by the customer. The prac-
tice can only be considered a conservation measure when it
is enacted for the first time in an area or is being ex-
tended to a new water use category that had not been pre-
viously metered. 1In this study, first time metering pro-
grams will be evaluated without concidering the accompanying
pricing policies. Pricing policies are evaluated separately
for utilities which have been metered for some time. Reduc-
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tions from water metering occur for those use sectors sub-
ject to metering and payment of fees as a result of meter-
ing. This would generally include interior residential, ex-
terior residential, commercial, and industrial use sectors.

Pipeline Leak Repair considers the detection and elimina-
tion of leaks within water utility distribution and transmis-
sion lines. Reduction from pipeline leak repair occurs only
in the unaccounted-for water use sector. The impact of dis-
continuing a pipeline leak repair program after its implemen-
tation for a period of time can be simulated by indicating
both the year of implementation and the year of discon-
tinuance.

Conservation Ordinances refer to the enactment of ordi-
nances to bring about permanent changes in either new or ex-
isting structures through mandated use of devices. They are
generally accomplished through modifications to plumbing and
building codes that must be accomodated whenever new con-
struction permits are requested. This measure differs from
the rationing and restricted limited water use measures in
that it does not include ordinances of a temporary nature
in response to an emergency. Reductions from conservation
ordinances occur in interior residential, commercial,
industrial, and public use sectors.

Restricted/Limited Water Uses are enacted in response to a
temporary water emergency and may come about through either
water utility decrees, legislative action, or government pro-
nouncement. In this study, only mandatory, and not volun-
tary, enactments are considered. Reductions from restricted
water uses occur in exterior residential, commercial, indus-
trial, and public water use categories.

Rationing refers to the specific temporary restriction of
water use by consumers to a specific amount. It differs
from restricted/limited water uses in that it restricts to-
tal use without any indication as to how the user is to ac-
complish the reduction. Rationing usually is accomplished
by some enforcement action such as the levying of fines for
noncompliance. Reductions from rationing apply to all water
use sectors except for the unaccounted-for use sector.

Pricing Policy Revisions include the reductions obtained
by any change in water price that results in water savings.
This would include any change in price structure, as well as
changes in rates. This measure applies only to previously

3~19




metered communities. Reductions from pricing policy occur in
the interior residential, exterior residential, commercial,
and industrial water use sectors.

Public Education may consist of several methods to alert
the public of the need or advantage to conserving water. It
may include direct mail campaigns providing information or
water saving kits mailed to customers. News media campaigns
including the use of television, radio, or newspapers to con-
vey educational messages on conservation are also included.
Special events such as lectures to civic organizations or
school assemblies would also be part of the public education
program. It was originally intended that mail campaigns dis-
tributing water saving kits be kept as a separate measure;
however, the available data did not indicate any difference
in reductions between such programs and other public educa-
tion programs not distributing kits. Reductions from public
education occur in all water use sectors except the unac-
counted-for water use sector. The impact of discontinuing a
public education program after its implementation for a per-
iod of time can be simulated by indicating both the year of
implementation and the year of discontinuance.

Two additional conservation measures, metering faucets and
tax incentives, were originally included among the water
conservation measures to be evaluated. However, a thorough
literature survey and telephone contacts with conservation-
oriented agencies did not determine any definitive reduction
data for either of these measures. For this reason, they
have not been included in the water conservation effective-
ness module.

3.7 Reduction, Coverage, and Interaction Factor Matrices

This section presents the matrices for reduction, coverage,
and interaction factors for use in estimating water conserva-
tion effectiveness. The reduction matrix includes two
tables: Table 3-1 for the average daily flow dimension and
Table 3-2 for the peak flow dimensions. These two tables
list the reduction factor for each measure for each of the
six water categories. The coverage matrix (Tables 3-3, 3-4,
and 3-5) lists the annual ratio of change 1in coverage
factor, as well as suggested initial coverage factors for
modest, moderate, and maximum conservation programs, for
each measure in all six water use sectors. The interaction
matrix (Table 3-6) includes all interaction factors between
conservation measures.




The coverage factors that are used for toilet measures in
the commercial and public use categories are based upon a
primarily office-oriented commercial and public water use
base. If the user is considering an application where the
commercial and/or public water use is basically oriented to
nonhuman uses such as car washing, laundering, street clean-
ing, etc., he may want to reduce the coverage factors used
for commercial and public use. An application totally
oriented to nonhuman use would have coverage factors of zero
so the user could choose appropriate intermediate values de-
pending on the orientation of commercial and public use in
his application.
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TABLE 3-1

REDUCTION FACTORS FOR AVERAGE DAILY FLOW DIMENSION

CONSERVATION MEASURE WATER USE SECTORS i,
IR ER COM IND PUB UF P
ff.
]
1l Low Flow Showerheads .139 -- -— - .139 ~--
2 Shower Flow Restrictors .112 -- - - .115 ~--
3 Tolilet Dams .102 -- 102 -- .102 --
4 Displacement Devices .129 -- .129 -- .129 -- |
5 Flush Mechanisms 142 -- 142 -~ .142 -- !
6 Shallow-Trap Toilets 124 -- .124  -- .124 -- ;
7 Pressure Toilets .336 -- .336 -- .336 -- 4
8 Dual-Flush Toilets .190 -- .190 -- .190 -- !
9 Faucet Aerators .014 =-- .014 -- .014 -~
10 Faucet Flow Restrictors .014 -- .014 -- .014 -- ‘
11 Pressure Reducing Valves .138 .138 .138 .138 .138 -- ,
12 Service Line Restrictors .008 .008 .008 .008 ~--
13 Toilet Leak Repair .140 -- .140 -- .140 --
14 Recycle/Reuse - - .444 .444 -- ==
15 Metering .180 .477 .373 .373 -- -
16 Pipeline Leak Repair* - - - - - ==
17 Conservation Ordinances .136 -- .136 .136 .136 --
18 Restricted Water Uses - .221 .221 .221 .221 --
19 Rationing** - - - - - -
20 Pricing Policy @ —==-- (1 —(Pz/Pl)e l1-—-
21 Public Education .089 .089 .089 .089 .089 --

* User inputs percent unaccounted for goal to be achieved and
year to be accomplished.
** User inputs reduction factor directly.
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REDUCTION FACTORS FOR PEAK FLOW DIMENSIONS

CONSERVATION MEASURE

Low Flow Showerheads
Shower Flow Restrictors
Toilet Dams
Displacement Devices
Flush Mechanisms
Shallow-Trap Toilets
Pressure Toilets
Dual-Flush Toilets
Faucet Aerators

Faucet Flow Restrictors
Pressure Reducing Valves
Service Line Restrictors
Toilet Leak Repair
Recycle/Reuse

Metering

Pipeline Leak Repair*
Conservation Ordinances
Restricted Water Uses

Rationing**

Pricing Policy

Public Education

TABLE 3-2

WATER USE SECTORS
IR ER COM IND PUB UF
SJIS3Ig == co == .139 --
112 -~ == Se RISl ==
102 -- .102 -- .102 --
.129 - .129 -- 2182198 (==
.142  -- .142 -- 142 --
.124  -- 124 -- .124 --
.336 - .336 -- .336 --
.190 -- .190 -- .190 --
.014 -- .014 -- .014 --
.014 -- .014 -- .014 --
.138 .138 .138 .138 .138 --
.008 .008 .008 .008 --
.140 -- .140 -- .140 --
o o .444 444 -—- o
.306 .358 .373 .373 -- =
136 -- .136 .136 .136 --
o .309 .309 .309 .309 --
- = ) — e___- —r— =
------ [l (Pz/Pl) ]
.089 .089 .089 .089 .089 --

User inputs percent unaccounted for goal and year to be

achieved.

User inputs reduction factor directly.
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4.0 DOCUMENTATION

4.1 Introduction

This section is supplemental to the presentation of reduc-
tion (RFACT), coverage (COVER), and interaction (ACT) fac-
tors in Part 3.0. The details of the determination of
RFACT, COVER, and ACT factors are documented in Parts 4.2
through 4.7. Part 4.2 describes the ranking system used to
weight the various reduction values; Part 4.3 gives the
basis by which all reported reduction values were equated to
a common basis; Part 4.4 is the actual description and tabu-
lation of reduction values, sources of information, and
their ranks; Part 4.5 documents coverage factors; the
basis for interaction factors is presented in Part 4.6; and
determination of the reduction factors for peak dimensions
is documented in Part 4.7.

4.2 Priority System for Ranking Data Sources

In order to help evaluate and determine the emphasis to be
given to the different sources of information, a priority
ranking system was established. This priority system estab-
lishes various weights depending upon the type of study that
provided the conservation reduction information (actual im-
plementation vs. laboratory, etc.), the comparison method
used to determine reductions (with/without vs. before/
after), how specific the values are, how recent the values
are, the size of the tested population, and an evaluation of
the accuracy of the data. The priority rank has been used to
indicate the most preferred data sources when more than one
information source is available. The details of this rank-
ing system evaluation method are presented in Table 4-1.

The system was developed for this study such that greater em-
phasis and detail would be placed on the more important rank
components such as the nature of the reduction value, compar-
ison method, study type, and accuracy of data. Less criti-
cal to the value of the final rank are population and time
of study which both have a more generalized range of ranking
weights. As a general rule, a data source with a rank of 4.0
or greater is considered to be a reliable source.

4.3 Common Basis for Reduction Factors

The major effort required in developing the :eduction
factors is equating the reductions reported by information

4-1
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nuann

TABLE 4-1
PRIORITY SYSTEM FOR RANKING DATA SOURCES
SOURCE RANK = (RV) (P) (T) (CM) (ST) (A)

Nature of Specified Reduction Values

1.5 when numerical values are available for specific
conservation measures

1.25 when numerical values are available for combi-
nations of conservation measures

1.0 when subjective indications are available for con-
servation measures

0.5 when measures are only described and no indication
is given of reduction

Approximate Population Considered in Study

1.2 for population greater than 10,000

1.1 for population between 1,000-10,000

1.0 when unknown, not appropriate, or less than 1,000

Time of Conduct or Completion of Study
1.25 for post-1977

1.125 for 1973-1977

1.0 for 1972 and prior

Comparison Methods used to Determine Impact of Conser-
vation Methods

1.5 for with/without comparison

1.4 for before/after comparison

1.2 for unknown technique, subjective comparison

1.0 for no comparison

Study Type

1.5 for actual implementation

1.4 for laboratory testing

1.2 for theoretical determination

1.0 for subjective determination or discussion

Accuracy of Data

2.0 when data source is extremely precise and accurate
1.5 for good data source

1.25 for adequate data source

1.0 for unknown data source

0.5 for questionable data source

4-2
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sources to a common basis. That basis is, by definition, the
reduction achieved within an individual water use category.
Data were found to be reported in three ways. First, data
were reported as a percent reduction for the specific volume
of water impacted by a conservation measure. For example, a
low flow showerhead reduced the shower use by 40 percent.
Secondly, data could be reported as a percent reduction of a
total water use category, such as a low flow showerhead re-
ducing interior residential demand by 12 percent. And
third, data could indicate a specific volume reduced in a
period of time. For example, a low flow showerhead reduced
the volume of water used by a household by 20 gallons per
day.

All data provided by the data sources were converted to a
single basis for reduction determinations. When specific
water use information was not provided in a study, the water
use disaggregation scheme shown in Tables 4-2 and 4-3 (which
were determined from 37 separate surveys or reports) were
used. For example, if a 50% reduction in shower flow was re-
ported in a certain data source, the appropriate RFACT would
be equal to 0.50 times 0.30 (30 percent of interior residen-
tial water use which is attributable to bathing) or 0.15.
Reductions reported as a percent of a total use category are
already in the desired form. The third example case is exem-
plified by a situation where a savings of 5 gal/capita/day
(gpcd) is reported. For this case, the reduction factor for
the interior residential water use category would be 5 gpcd
divided by 60 gpcd or 0.083. This methodology is inherent
where appropriate in the documentation of reduction factors
provided in Part 4.4.

4.4 Reduction Factors

This section presents water use reduction values and final
rank-weighted reduction factors for each of the 21 water
conservation measures considered in this study. The values
refer to reductions in average daily demand. The peak day
and peak hour water use dimensions are discussed in Part
4.7. The source numbers identified are identical to the
Bibliography, Part 7.

4.4.1 Low-~Flow Showerhead

Several sources of data were available for developing the re-
duction factor for this conservation measure. As shown in
Table 4-4, reduction values range from 0.08 to 0.26, except

i




TABLE 4-2

URBAN WATER DEMANDS AS A PERCENTAGE OF AVERAGE DAILY USE

CATEGORY OF USE

Reference Number Unacc.
and Source Res. Com., Indus. Public for Total Flow
96 McPherson 33 12 33 7 1S BEES
(1976)
28 California Dept. 68 10 18 (===~ Aocscoa )
of Water Re-
sources (1976)
63 Haney & Hamann 43 19 25 (====13-==e-- )
(1964)
177 U.S. Public Health 41 18 24 (====17-=——- )
Service (1967)
88 Linaweaver, Geyer, 50 160
& Wolff (1966)
47 Fair, Geyer, & 33 (==-43-===) 7 17 150
Okun (1968)
14 Bostian: EPA 46 17 25 12 -
(1974)
71 Hirshleifer, DeHaven, 45 18 32 S S
Milliman (1960)
111 Murray & Reeves, 38 (===32=-===) (====30-===== 166
USGS (1972)
123 Omaha District 46 18 23 (--=--13--=--- 157
(1976) (1968)
51 Frey, Gamble, and 49 12 21 (====18====== 166
Sauerlender: NE US
(1975)
1 American Water Works 42 18 22 (--==18=====- 179
Association (1970)
187 Weston National 52 17 15 7 9 153
Water Utility
Survey (1977)
127 Pennsylvania Water 39 12 31 5 13 162
Utility Survey (1975)
171 Atlanta 45 26 4 18
171 Tuscon 67 19 -—— 9
181 Warren 58 11 11 9 11
AVERAGE 43 16 22 5 15 160
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TABLE 4-3

INTERIOR RESIDENTIAL WATER USAGE COMPARISON AS A PERCENTAGE

OF AVEPAGE DAILY USE

CATEGORY OF USE

Reference Number Toilet Dish Drink Total
and Source Flush Bath Laund wash & Cook Misc Flow
96 McPherson (1976) 42 27 (====17---) 8 g EEed
28 california Dept. 42 32 14 (-==12=====
of Water Re-
sources (1976)
45 Energy Resources 39 34 14 6 5 2 64
Company (1975)
79 Laak (1975) 47%* 21* 18* (====9%---) 41%*
110 Murawczyk & 62
Ihrig (1973)
86 Ligman (1972) 41+ 26%* 19*% (===10%*--=) 45*
179 wWallman (1972) 27- 18- 18*% (===13%---) 30-50*
45%* 36*
72 Howe, et al (1971) 45 30 (====20=-=) 5
5 Baily & Walluan (1971) 39 34 14 (===11l-===) 64
43 U.S. Geological 41 37 4 (===-11-=--)
Survey (1964)
63 Haney & Hamann (1965) 39 32 14 (=—-11-===) 4 61.5
7 Bennett (1975) 313}* 24%* 27* (===16--==) 44.5%
158 Siegrist, Witt & 22* 23* 25% (===11%---) 19*
Boyle (1976)
184 Water Encyclopedia 42 38 7 (===11l----) 2
(1970)
14 Bostian: 27- 22- 18 (-==13-=---)
(1973) 45 36
177 U.S. Public Health 30 35 20 (===15-===)
Service (1967)
35 Chanlett (1973) 43 38 7 (-==1l====)
190 Univ. of Wis. 40 30 15 (===10----) 5 50
3 Bailey, et al (1969) 49* 32%* 4% (===12%==-) 3*
113 Nelson (1977) 44 30 14 6 6
6 Baker, et al (1975) 39 31 14 6 5 5
72 Howe, et al (1971) 45 30 14 6 5
125 Palmini & Shelton 39 31 16 4 3 7
(1982)
154 Sharpe & Tsong 39 31 15 6 5 5
AVERAGE 40 30 15 6 5 4 60

* Rural Figures
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for one value of 0.01. The reduction of 0.0l was observed
in a demonstration study by Cohen and Wallman (37) which in-
cluded installation of either a 3.5 gpm or 2.5 gpm shower-
head in eight single-family homes. This single low reduc-
tion value may be attributed to the fact that the partici-
pants of the study showed below average frequency of bathing
as well as a preference for tub baths over showers. The
authors reported that only 11.6% of home water use was for
bathing, which is much lower than the generally accepted av-
erage value of 30%. The ranks used in weighting the reduc-
tion values ranged from 2.5 to 8.1 with an average value of
4.5, The final rank-weighted average reduction in interior
residential water use due to low-flow showerheads is 0.139.
A sample calculation of the rank-weighted average reduction
follows:

0.081(4.2)+0.12(4.3)+0.12(5.3)+0.01(1.8)+
0.143(2.5)+0.26(3.5)+0.135(2.5)+0.228(3.9)+
0.15(5.7)+0.15(4.9)+0.183(4.9)+0.094(7.9)+
0.112¢(3.5)+0.18(1.4)+0.12(3.5)

59.8

RFACT

= 0.139 (Egq. 4-1)

4.4.2 Shower Flow Restrictors

As for showerheads, the data available for determining the
reduction due to shower flow restrictors were plentiful.
Fourteen sources, shown in Table 4-5, provided values rang-
ing from .08 to 0.20 with ranks varying between 2.8 and 5.7.
In addition, two very low reduction values were reported.
First, an actual increase of 4.5% in water use was re-
ported in a Gaithersburg, Maryland (10), demonstration
study. This result is viewed with some skepticism, however,
since it reflects the study findings after only three months
and occurred during the 1974 summer season when the highest
consumption records in that area were set (as of the time of
the writing, 1975). The second low value was predicted as
part of the overall water conservation program in the Wash-
ington Suburban Sanitary Commission (44). The method used
to arrive at the estimated 1.2-2.0% reduction in interior
residential use was not available from the source. The val-
ue is somewhat questionable since the WSSC program involves
several interacting conservation measures and separating out
the effectiveness of one measure is quite Jjudgmental in
light of such interactions as well as variables such as time
and climate. The final, rank-weighted average reduction fac-
tor for the average daily consumption dimension of interior
residential water use is 0.112.
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TABLE 4-5
REDUCTION VALUES FOR SHOWER FLOW RESTRICTORS
REDUCTION
FACTOR, Rm'

5
3B

- 9%; 128 of IR

3 B
553&
¥ 3935 E

'N‘
'&mo m'&
@l N 'lﬂo

incr. in total use

gal/family

REPORTED

Estimate Santa Clara County

Estimate

Manufacturers® Est. (p.l05)
Estimate

Demo - B, Brunswick, NJ
Damo -~ Gaithersburg, MD
Estimate (p.32,197,204,1)

Estimate
Estimate
Est imate
Est imate
Estimate
Estimate

WSSC

* Reduction in interior residential water use.
** Ses Part 4.2 for definition of terms.

NUMBER TYPE OF STUDY
RANK-WEIGHTED AVERAGE REDUCTION FACTOR = 0.112

<Se3352983r0 ST
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4.4.3 Toilet Dams

Eleven sources of information, mostly theoretical estimates,
were available for determining the water use reduction due
to toilet dam inserts. Such estimates are common for volume
devices where simple mathematical calculations can provide
the maximum possible savings, barring installation and/or
maintenance problems. The reduction values for this measure
vary by more than one order of magnitude, as seen in Table
4-6. They range from 0.018 to 0.20 plus two actual in-
creases (reduction = 0) reported during the conduct of a
demonstration study in the WSSC area (1l0). These increases
are attributed to malfunctioning or actual removal of the de-
vices which when properly maintained were shown to be effec-
tive. The value of 0.018 (125) is also uncommonly low with
0.083 being the next highest value. Some error could be in-
corporated into this value in the translation from the re-
ported 4.3 gal savings to the derived factor. In the ab-
sence of actual data, the factor of 0.018 was determined as
4.3 gal/4 people per dwelling unit/60 gpcd. Should the ac-
tual figures be different, there would be only a slight modi-
fication of the ultimate reduction factor. The overall rank-
weighted reduction due to toilet dams was found to be 0.120
of interior residential water use.

4.4.4 Displacement Devices

This water-saving device cateqory includes plastic bottles,
plastic bags, or any object which will displace its own vol-
ume of water. The eleven sources of available information
provided reduction values ranging from 0.039 to 0.19 with
ranks of 2.4 to 5.7, as shown in Table 4-7. Most of the
values are theoretical estimates based on maximum possible
volume reduction. Exceptions are the Cabin John Study
(182), and the estimate from source #28 which was based on
field tests. The overall rank-weighted average reduction
due to displacement devices is 0.129, slightly higher than
the factor determined for toilet dams.

4.4.5 Flush Mechanisms

Documentation of the effectiveness of flush mechanisms such
as toilet-tank balls and valves was not as abundant as for
dams and displacement devices. Only seven separate sources
of data were available. The reduction values ranged from
0.125 to 0.156, indicating consistency in the various esti-
mates. This is not suprising since all sources reported es-~
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timates based on ideal conditions with no data from actual
implementation studies available. Table 4-8 lists the data
sources for this measure with their ranks, ranging from 2.8
to 5.5. The rank-weighted average reduction due to toilet
flush mechanisms was calculated as 0.142 of interior residen-
tial demand.

4.4.6 Shallow Trap Toilets

Nine separate information sources were available for this
measure, also called 1low-flush toilets. The reduction
values ranged from 0.069 to 0.167 with ranks of 2.4 to 7.9,
as shown in Table 4-9. No specific explanation was avail-
able for the low value of 0.069 reported for the actual dem-
onstration study by Cohen and Wallman (37), but the next low-
est value, 0.112, is more than 1.5 times larger. The only
other nontheoretical data (reported in source 20 for a fix-
ture use survey) was 0.122, nearly double the lowest value.
The overall rank-weighted average reduction for shallow trap
toilets is 0.124 of residential interior water use.

4.4.7 Pressure Toilets

Ten estimates of water use reductions due to pressure
toilets were available. They ranged from 0.22 to 0.417 with
ranks of 2.8 to 4.3 as shown in Table 4-10. The narrow
range and low ranks can be expected since all the values are
theoretical estimates. 1Installation of pressure toilets as
a method of reducing flush volumes is not as common as
insert devices or low-flush toilets and, thus, reduction
estimates based on actual data are scarce. The calculated
rank-weighted reduction value for pressure toilets was
0.336.

4.4.8 Dual Flush Toilets

As for pressure toilets, the estimate of reduction due to du-
al flush toilets is based largely on theoretical estimates.
The seven estimates available for determining the reduction
factor for this measure ranged from 0.033 to 0.36 as shown
in Table 4-11. The low end of this range reflects an actual
demonstration study by Cohen and Wallman (37) where the re-
ported reductions are notably 1less than those that are
theoretical values. The importance of the rank is well exem-
plified. the demonstration study values are ranked at 5.3
while the theoretical estimates range from 2.4 to a maximum
of only 4.3. The final rank-weighted average reduction due
to dual flush toilets was calculated to be 0.190 of interior
residential water use.
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4.4.9 Faucet Aerators

Data available for determining water use reduction due to
faucet aerators were generally abundant and consistent. As
shown 1in Table 4-12, the 13 reduction values ranged from
0.008 to 0.025. The two reduction values that came from ac-
tual data were both 0.020 (6,125). This falls within the
range of theoretical estimates but is somewhat higher than
the final rank-weighted average reduction factor of 0.014.

4.4.10 Faucet Flow Restrictors

The reduction factor for faucet flow restrictors is based on
the 11 reduction estimates shown in Table 4-13. 2all the
values are theoretical and fall within the range of 0.008 to
0.028 and are ranked at 2.8 to 4.7. These values are simi-
lar to those found for faucet aerators, as would be expected
since both limit the rate of flow to similar levels. When
reported, the flow rates for flow restrictors ranged from
1.5 gpm to 2.5 gpm. However, no strong correlation was ob-
served between flow rate and reduction. For example, Source
#28 had a flow rate of 1.5 gpm associated with the reported
reduction of 0-2% which compares closely with the estimated
0.8% reduction estimate for a higher flow rate of 2.5 gpm re-
ported in Source #113. Thus, no justification existed for
determining the reduction factor as a function of flow rate.
The final rank-weighted average reduction value of 0.014 com-
pares closely with but is slightly greater than the value de-
termined for aerators (0.014).

4.4.11 Pressure Reducing Valves

The water use reduction attainable by using pressure reduc-
ing valves in service lines shown in Table 4-14 varies wide-
ly. Values ranging from 0.05 to 0.30 are not unexpected
since the percent reduction is, in effect, a function of the
pressure before installation of the valve. Thus, this ini-
tial pressure is the source of the variability in the
measure. Unfortunately, the relationship between 1initial
pressure and reduction could not be determined because the
former was generally not reported. For the five documented
sources, the final rank-weighted average value of the reduc-
tion factor is 0.138. This factor applies to four of the
six water use categories, i.e., interior residential, commer-
cial, industrial, and public.
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TABLE 4-12

REDUCTION VALUE FOR FAUCET AERATORS

RANK WEIGHTING FACTORS**

REDUCTION
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Estimate
Estimate
Estimate (p. 8)

Mmufacturers' Est(p.87)
Estimate

Estimate (p. 213)

Demo-E. Brunswick, NJ

Estimate (p. 1)
Demo-office building

Estimate (Bailey'75)

Estimate
Estimate
Est imate

125
23
6
u3
n3
4
97
54
156
161
75
us
53

4-18

RANK-WEIGHTED AVERAGE REDUCTION FACTOR = 0.014

*

Reduction in interior residential water use.
** See Part 4.2 for definition of terms.
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4.4.12 Service Line Flow Restrictors

Only one information source (161l) which gave an estimate of
the reduction attainable by this measure was found. A sav~
ings of 0.5 gal/day, which translates into a reduction fac-
tor of 0.008 of residential interior water use (0.5 gpd
divided by 60 gpcd) was estimated. The rank which corres-
ponds to this source is 3.9 (1.5 X 1.0 X 1.25 X 1.4 X 1.2 X
1025))).

In-line flow restrictors may also affect water use in other
categories, i.e., commercial, industrial, and public; thus,
the value of 0.008 was applied in these categories also.

4.4.13 Toilet Leak Repair

Despite the relative ease and popularity of using dye pills
for detecting and repairing toilet leaks, very little data
are available which isolate this measure from interactions
with other conservation measures. 1In all the actual cases
reviewed, toilet leak repair was implemented in conjunction
with another measure(s), e.g., shower flow restrictors and a
displacement device in a water conservation kit. Thus, the
reduction factor for this measure 1is based on only one
source (171), which is an estimate made for illustrative pur-
poses in a conservation scenario for the city of Atlanta,
GA. The reduction factor is 0.14 of interior residential
use and the rank of the source is 5.7 (1.5 X 1.2 X 1.25 X
1.4 X1.2 X 1.5).

4.4.14 cCommercial/Industrial Recycle/Reuse

The potential reduction in water use resulting from this
measure varies considerably with the industry, process, and
method being considered. As shown in Table 4-~15, the re-
duction for various processes ranged from 6.9% to over 98%
of water use. The upper end of this range reflects maximum
observed reductions and cannot be considered the norm. The
ranks of the twelve RFACT values are between 3.5 and 4.9, in-
dicating relatively average quality of data for all values.
The final rank-weighted average reduction in industrial wa-
ter use is calculated as 0.444.

4.4.15 Metering

Determination of the reduction in water use due to implemen-~
tation of metering was made for all water use categories ex-
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cept public and unaccounted-for water. The data available
for this conservation measure are presented in Table 4-16.
As shown, the reduction values were reported in three cate-
gories: reduction in exterior residential (ER) use, in exter-
ior plus interior residential (R) use, and in all metered
uses. The five reduction values for ER gave a rank-weighted
average reduction of 0.477. This value was used in conjunc-
tion with the seven ER and IR reduction values to determine
the IR reduction factor. This was done by weighting the IR
and ER reductions by their respective percentages of total
residential water use and solving for the IR reduction as
follows:

RFACTR = RFACTIR(.BS) ik RFACTER(.lS)
RFACTR = RFACTIR (.85) + .477 (.15) (Eq. 4-2)
RFACTIR = RFACTR- 0.0716

0.85

This method produced a final rank-weighted IR reduction fac-
tor of 0.180. The reductions in commercial and industrial
uses were assumed equal. The RFACT for commercial (C) and
industrial (I) uses was developed from the ten reduction val-
ues for metered use (Rm) shown in Table 4-16, in conjunction
with the factors previously determined. As for the reduc-
tion in IR, each factor was weighted by its respective
percentage of total water use. That is,

RFACTM =RFACTIR(0.4512)+RFACTER(0.0796)+RFACTC+I(0.4691)

RFACTC+I = RFACTy - (0.191)(0.4512)~-(0.477)(0.0796)
0.444
(qu 4—3)
RFACTC+I = RFACTM - 0.1241

0.4691

The final rank-weighted reduction factor for commercial and
industrial use was 0.373.
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4.4.16 Pipeline Leak Repair

Several sources of data were available for reductions attrib-
utable to pipeline leak repair programs. The reduction val-
ues, ranks, and sources are shown in Table 4-17. The wide
range of values (0.092 to 0.60) made it apparent that the re-
duction due to a leak detection and repair program is a func-
tion of many factors including the unaccounted-for water in
the system. Thus, an attempt to establish a relationship be-
tween these two variables was made, as shown in Figure 4-1.
Only six sources of data provided both the estimated reduc-
tion and the unaccounted-for water needed to develop the
linear relationship. The corresponding function which de-
scribes that relationship is:

RFACT, = 1.33 UFLOW (Eq. 4-4)
where:

RFACTPLP = reduction factor for pipeline leak repair

UFLOW = fraction of unacounted for flow to total un-

restricted flow

However, the range of data, the small number of sources, and
the influence of other factors such as differing techniques
for determining unaccounted-for water, or inaccuracies of
master meters, prevent this expression from being used di-
rectly to determine RFACT. Instead, the conservation effec-
tiveness module will require the user to input the percent
unaccounted-for water to be achieved by a pipeline leak re-
pair program and the year such a goal will be accomplished
as described in Part 3.5(7).

4.4.17 Conservation Ordinances

The availability of reduction data for this measure is lim-
ited. Since the adoption of conservation-oriented plumbing
codes has taken place only in recent years, assessment of
its effectiveness has not been well documented. Only two
sources of data, one theoretical and one actual, were found
to be applicable to this measure. The information provided
in these sources is shown in Table 4-18. This measure could
potentially affect all water use categories except exterior
residential and unaccounted-for water.
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Actual - East Bay MD (p. 30) 1.9% (of 9.5% UF)

Estimate(p.29 ,Howe etal,'7l)
Bypothetical (p. 69)

Actual - East Bay MD
Actual - pittsburgh, PA
Actual (Mitchell 'S57)
Actual - Westchester, NY

See Part 4.2 for definition of terms.

Reduction is unaccounted-for water,

PA
RANK-WEIGHTED AVERAGE REDUCTION FACTOR = 1.33 [UF] (See Figure 4.1)

*** § Unaccounted-for water not

*#*+ Determined by interview.
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Reduction Achieved

Source

Number
X (Unaccounted)

189 0.125

189 0.20

189 0.375

53 0.095

128 0.20
Phila. Water Dept. 0.30
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Data Points

Y (Reduction)

REDUCTION = 1.33 [UFLOW]

r L
L

0.10 0.20 0.30 0.40 0.50

FIGURE 4-1 Relationship Between Unaccounted-for
Water and Reduction Due to Pipeline

Leak Repair

Unaccounted-for
Water Fraction

0.30
0.417
0.50+
0.158
0.25
0.092
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An 1ll% reduction in interior residential water use was
estimated in source #28 for the Marin Municipal Water
District where a conservation-oriented plumbing code has
been in effect since 1976. Source #20 provides the most
reliable information since it was a study conducted in the
"with/without" fashion. Based on sources 28 and 20, the
rank-weighted average reduction in interior residential
water use was 0.136.

4.4.18 Restricted/Limited Water Uses

The impact of this conservation measure is realized in the
industrial, commercial, public, and exterior residential wa-
ter use categories. For the latter three uses, eleven reduc-
tion estimates were available, while only one existed for
the industrial use category, as shown in Table 4-19. The
range of values for all uses was narrow, ranging only from
0.13 to 0.30, and including actual as well as theoretical
values. The ranks corresponding to this range were between
1.9 and 5.7 indicating a variety of data sources. One reduc-
tion value of 0.60 was reported (source #33). This is double
the highest estimate from other sources. The final rank-
weighted reduction factor for all water uses was 0.221.

4.4.19 Rationing

Data on the effectiveness of a rationing program came large-
ly from California communities which were impacted by the
1976-77 drought. Table 4-20 shows seven such communities
plus one northeastern United States area which implemented a
rationing program. The achieved water use reduction varies
as a function of the rationing goal set forth. A notable
difference in the achieved reduction as a function of geo-
graphic location 1is also apparent by comparing the Cali-
fornia data with that of New Jersey. Whereas the California
reduction values range from 0.19 to 0.67, the value from the
New Jersey case is only 0.083. This reflects the historical
differences in climate and water conservation awareness in
the two regions.

Because of the dependence of the reduction due to rationing
on the goal set for a community, no reduction factors are in-
cluded in the conservation effectiveness module. Instead
the user should input the RFACT directly for each water use
category. The relationship given in Figure 4-2 and the in-
formation sources may be used as a guide.
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Reduction Achieved

Source
Number

83
40
107
60
40
40

Data Points

X (Goal) Y (Achieved)

0.35 0.38
0.57 0.53
0.25 0.083
0.10 0.19
0.25 0.30
0.25 0.50

-== Reduction = 0.115 + 0.732 [GOAL]

+— t t -+ } }
0.1 0.2 0.3 0.4 0.5 0.6
FIGURE 4-2

Reduction Goal

Relationship Between Reduction Goal
and Reduction Achieved by Rationing




4,.4.20 Pricing Policy

A total of thirteen data sources, shown in Table 4-21, re-
ported information related to reduction in water use
resulting from various pricing policies. Of these, three
reported price elasticities and the remaining ten reported
reduction factors. These ranged from 0.03 to 0.17 with
ranks ranging from 4.3 to 5.9. A variety of pricing
policies were reflected. Since limited data were available
for any given policy, it was decided that a single
methodology would be chosen to arrive at the reduction
factor for this measure. Such a methodology was reported in
reference 171 and is a function of new price for water
(P,), the o0ld price (P,), and the price elasticity (e).
Thfls, the user must know P,, P,, and be able to estimate
e. Several studies have beéen tonducted to determine the
elasticities of demand for water. These are summarized in
Table 4-22.

4.4.21 Public Education

This conservation measure was formed to encompass three orig-
inally separate measures: Direct-Mail Campaigns, News Media

Campaigns, and Special Events. During the literature
search, it was found that these measures are often applied
simultaneously. Only limited data were available for

determining separate reduction factors. Thus, the estimates
of reduction, shown in Table 4-23, represent reduction due
to one or more of the three categories of public education.
Twelve of the 16 reduction values range from 0.023 to 0.092
and the remaining four range from 0.156 to 0.289. These
reductions apply to all water uses except unaccounted for.
The table shows the specific method(s) of public education
used to achieve the reduction (if available from the
source) .

All reduction estimates except the two reported in Source
#107 reflect the overall effectiveness (RFACT times COVER)
of the conservation program. Thus, the remaining 14 reduc-
tion factors are determined by dividing the reported reduc-
tions by .90 to adjust for 90% coverage achieved in an (as-
sumed) maximum coverage water conservation program.

As shown in Table 4-23, there are some public education cam-
paigns with water saving device kits and some without kits.
However, calculation of separate RFACT's for the two ver-
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ESTIMATED ELASTICITIES OF DEMAND FOR WATER

TABLE 4-

22

Price
Investigator Year Type of Analysis Elasticity
Gottlieb 1952 68 Kansas Cities -1.02
1952 19 Kansas Cities -1.24
1957 84 Kansas Cities -0.69
1957 24 Kansas Cities -0.68
1958 24 Kansas Cities -0.66
1963 Kansas Cross-Sectional =-0.95(mean)
Seidel and 1957 American cities
Baumann Cross-Sectional
@.45/1,000 g -0.12
Renshaw 1958 36 Water service systems,
cross-sectional -0.45
Fourt 1958 34 American cities, cross-
sectional -0.39
Wong et al. 1963 Northeastern Illinois,
cross-sectional -0.31(mean)
Heaver and
Winter 1963 Ontario cities -0.254
Hedges and 1963 Northern California
Moore irrigation -0.19
Howe and 1963- 21 Residential domestic
Linaweaver 1965 Public sewers -0.23
Seasonal use -1.16
Gardner and 1964 42 Northern Utah Water sys-
Schick tems, cross-sectional -0.77
Flack 1965 54 Western cities, cross-
sectional @ .45/1,000 g -0.12
All Cities
@.45/1,000 g -0.65
Ware and North 1965 634 Georgia residences -0.67
Bain, Caves, 1966 41 Northern California Cities -1.10

and Margolis

Irrigation




TABLE 4-22 (Con't)

ESTIMATED ELASTICITIES OF DEMAND FOR WATER

b Price
1 Investigator Year Type of Analysis Elasticity

1966 41 California cities, cross-

sectional -1.099
Burns, et al. 1970's Stratified -0.20 to
2 price comparison -0.38
inhouse
-0.27 to
0.53
sprinkling
Young, R. A. 1973 Tuscon time-series -0.20 (re-
1946-1971 analysis)
Pepe et al. 1975 4 South Carolina cities, 0.00 to
2 and 3 year time series -0.51

Grunewald et al. 1975 150 rural Kentucky cross-

sectional -0.92
Hogarty and 1975 Blacksburg, VA -0.50 to
McCay 2 year time-series -1.41
Camp, R. C. 1978 228 Mississippi households; -0.24 to
cross-sectional -0.31
Carver, P. H. 1978 13 washington, D.C. utilities 0.00 to
6 yr. time series -0.1
cross-sectional (short run)
1978 Fairfax Co., VA, 4 yr time- -0.02 to
series of an innovative -0.17

price structure

Turnovsky 1969 Industrial Massachusetts -0.47 to
cross-sectional -0.17
DeRooy 1974 New Jersey -0.89 cooling
chemical -0.74 process-
ing
cross-sectional -0.74 steam
generation
4-37




TABLE 4-22 (Con't)

ESTIMATED ELASTICITIES OF DEMAND FOR WATER

Price
Investigator Year Type of Analysis Elasticity
Lynne et al. 1978 Miami, FL -1.33 dept.
cross-sectional stores
-0.89 grocery
stores

-0.14 to -0.30
hotel eating
and drinking:
not signifi-
cantlydiffer-
ent from zero

Conley 1967 24 S. California communi- -0.625
ties, cross-sectional (mean)
Turnovsky 1969 19 MA towns, cross- -0.225
sectional (mean)
Bruner 1969 Phoenix -0.03
Grima 1970 91 Observations, cross- -0.93
sectional
1972 Ontario cities, winter -0.75
Wong 1970 Chicago,1951-61 time series -0.15(mean)

Four community size groups -0.54(mean
cross-sectional

Ridge, R. 1972 Cross-sectional -0.3 malt
industrial liquor
-0.6 fluid milk
processing
Leone, Ginn Cross-sectional -0.3 to -0.4
Industrial paper
-0.7 to -0.4
chemical
-0.5 to -0.4
petroleum
-0.7 to -1.1
steel

Source: Amended from U.S. Army Corps, 1976 (Presented in Source
170, p. 37-39, as documented in this report)
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sions results in virtually no difference in RFACT's. This
is based on fourteen of the sixteen reported values (sources
101 and 11 did not indicate whether they did or did not in-
clude kits). The final rank-weighted reduction factor was
calculated to be 0.089.

4.5 Coverage Factors

4,5.1 1Initial Coverage Values

The values listed in Tables 3-3, 3-4, and 3-5 are suggested
initial coverage values considered appropriate for modest,
moderate, and maximum conservation programs. The concept of
defining the initial coverage as related to the degree of ef-
fort placed upon the conservation program was extended to
all conservation measures and initial coverage values have
been developed for modest, moderate, and maximum programs
for all measures. It is realized that programs can be
developed to provide coverage other than those suggested so
it 1is wemphasized that these initial coverage values be
considered a guide and the user be encouraged to consider
inputting his own initial coverage when appropriate.

The initial coverage factors provided in Tables 3-3, 3-4,
and 3-5 have been selected primarily based upon experience
in recent and ongoing conservation programs as well as from
the limited available data reported in the literature. When
knowledge of initial coverage or 1literature data was not
available, values were chosen for similarity with compar-
able measures or to remain consistent with the ease or diffi-
culty in implementing a conservation measure. Metering and
pricing measures were generally given initial coverage equal
to 1.0 with the single exception that a modest metering pro-
gram might not include industrial customers.

4.5.2 Annual Ratio of Change in Coverage Factor (AROC)

Factors for the annual ratio of change in coverage are
listed for each conservation measure in Table 3-4. This fac-
tor allows the variability of effectiveness with time to be
accounted for in the coverage factor. A common application
of this factor would be the normal wear or removal of water
conservation devices over time that would reduce the actual
coverage achieved by a conservation measure. For instance,
an annual ratio of change in coverage factor of 0.9 would
correspond to 10% of all conservation devices installed dur-
ing a year being removed by the user or malfunctioning so as
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to be ineffective. Another example would be using an annual
rate of change factor of 0.95 for toilet leak repair to indi-
cate that about 5% of fixed toilet leaks would have renewed
leaks after a year.

In addition to AROC values of conservation measures selected
as described above, three special cases in the use of the an-
nual ratio of change were developed: 1)The metering conser-
vation measure has been given an AROC value of 0.95 to ap-
proximate the reduced effectiveness over time reported for
Denver, CO, in source #53. 2)Conservation ordinances have
an AROC value equivalent to 1.0 plus the rate of new con-
struction to account for new construction incorporating
water-conserving factors. 3)Sou.ce #70 indicated that a con-
tinued public education program would reinforce its impact
over time. Therefore,that measure was given a value of 1.1
to reflect this. (However, any subsequently determined cov-
erage value has an upper 1limit of 1.0.) Other measures
showed no evidence of change with time and were thus given
values of 1.0 for annual ratio of change in coverage.

4.6 Interaction Factors

The value of an interaction factor for two or more conserva-
tion measures ranges from zero to one. An interaction of
zero would indicate that the total effectiveness of two
measures is simply equal to the effectiveness of the measure
to which another is being added. This is seen in the equa-
tion for the combined effectiveness of two measures (Egqua-
tion 3~4). An example of such an interaction would be a
shower flow restrictor with a low-flow showerhead, in which
case the addition of the latter measure would not further re-~
duce shower water use. An interaction of 1.0, on the other
hand, indicates that the measures being considered act inde-
pendently in reducing water use and that the total effective-
ness is the sum of the individual EFF values. For example,
toilet dams and showerheads affect different water uses such
that their total effectiveness 1is additive. Interaction
factors that are within the range of zero and one indicate
that the reduction in water use due to a combination of
measures is less than the sum of the reductions resulting
from the measures implemented alone. This case is exempli-
fied by a situation in which a public education campaign and
water-saving devices are applied simultaneously. The reduc-
tion due to both measures is greater than the reduction from
either measure alone but less than the sum of the individual
reductions.
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Any interactions between the 21 conservation measures con-
sidered in this study were presented in Table 3-6. They
were determined based on four sources of information which
reported reductions due to conservation measures conducted
simultaneously. Table 4-24 presents the interaction factors
determined from actual data. Interaction factors were cal-
culated as follows: given the reduction reported for a com-
bination of measures, the effectiveness was calculated; sub-
sequently, the individual effectiveness for the interacting
measures was calculated; and the interaction factor was de-
termined from equation 3-4, where 112 is the only un-
known factor.

4.7 Reduction Factors for Peak Flow Dimensions

Determination of how reduction factors varied from those ap-
propriate for average daily flow when considering peak day
and peak hourly dimensions was severely hampered by the al-
most complete lack of data on reductions in these areas.
When data were available for peak conditions, it was almost
always reported for peak season or peak month. Only in the
case of metering was a direct relationship for reduction in
terms of peak day obtained. No information was found relat-
ing how reductions vary for the peak hourly dimension. For
this reason, it was frequently necessary to assume that re-
lationships for reduction between peak month and average
daily flow would also hold for the peak daily flow and for
the peak hour of the peak day. This is because the measures
should still affect the same fraction of water use. The re-
lationships discussed below were used for various classes of
conservation measures.

It was reported in Source #113 that, for shallow trap toi-
lets, the peak month percent reduction was the same as the
average day percent reduction. Source #1171 indicated that,
for toilet displacement devices, the peak day reduction
equalled the average day reduction. Therefore, for this al-
gorithm, peak day and peak month reductions for toilet devices
(measures 3, 4, 5, 6, 7, 8, and 14) are considered to be the
same as average day reductions.

For metering, it was reported by source 167 that the peak
daily flow reduction for internal residential use was 1.7
times that for average daily flow. This relationship was in-
corporated directly into the reduction factor tables. It
was also reported by source #42 that the peak month exterior
residential reduction was 75 percent that of the average
daily reduction. This factor was assumed to apply as well
to the peak day and hour flow dimensions.
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Reductions in seasonal exterior residential use reported in
sources 116 and 171 indicated a peak seasonal reduction of
approximately 1.4 times the average daily flow reduction.
This was considered to apply to both restricted use and ra-
tioning measures and was assumed to apply to peak daily and
hourly flows as well as peak seasonal flow.

For other measures, no relationships were found between peak
flow reductions and average daily flow reductions. 1In these
cases, it was concluded that the same reduction factor deter-
mined for average daily flow was applicable for peak flow
since the same fraction of water use should be affected.

A common conservation option that can be implemented to re-
duce the peak hourly flow without affecting other dimensions
is to regulate the time of day that certain water uses oc-
cur. This allows some of the use that normally occurs during
the peak hour to occur at another time. The most easily and
commonly regulated uses are exterior residential (lawn water-
ing) and public (municipal) use. Thus, the capability of re-
ducing the peak hourly flow rate to reflect regulating the
time of use of such flows has been incorporated into the al-
gorithm. If a user desires to enact this option, he must in-
put the percent of peak hourly exterior residential and/or
public use that will be removed from the peak hour of the
peak day.
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5.0 ILLUSTRATIVE EXAMPLES

The methodology developed for the conservation effectiveness
module and presented in Section 3.0 was tested by applying
it to several hypothetical situations. Three of these cases
are included for illustration. 1In addition, two actual mu-
nicipal conservation programs have been evaluated and the re-
sults obtained from the methodology are compared to the re-
ported reductions in Part 6.0.

5.1 Hypothetical Test Case #l

Consider a 10.1 MGD Average Daily Flow Community initiating
in 1983 the use of a moderate program of showerflow restric-
tors, displacement devices, and a maximum program of public
education measures. Evaluate the effectiveness for all
water use sectors, and the average day flow dimension, in
1984 and in 1993. Unrestricted projected consumption
remains constant over this period.

The breakdown of the 10.1 MGD average daily flow occurs as
is input to the algorithm in the following table:

TABLE 5-1

UNRESTRICTED INPUT FLOW

INT RES EXT RES COMMERC INDUSTR PUBLIC UNACCT TOTAL

FLOW (M60) 1983

AVG OAY 3.65S «685 1.600 2.200 «S00 1.500 10.100
FLOW (MGOD) 1993

AVG OAY 34655 « 085 1.600 2.200 «5S00 1.500 10.100

The conditions specified for the conservation measures
result in the following input to the algorithm,



TABLE 5-2
EXAMPLE 1

MEASURES BEING CONSIOERED

MEASURE NUMBER 2 SHOWER FLOW RESTRICTORS
INITIATED IN 1983
TERMINATED IN 1993
COVERAGE FACTORS «80 00 - 00 «00 «20 00
ANNUAL RATIO OF CHANGE .900

MEASURE NUMBER § OISPLACEMENT OEVICES
INITIATEO IN 1983
TERMINATEO IN 1993
COVERAGE FACTORS «SC -00 «S0 «00 +50 - 00
ANNUAL RATIO OF CHANGE .900

MEASURE NUMBER 21 PUBLIC EOUCATION
INITIATED IN 1983
TERMINATEO IN 1993
COVERAGE FACTORS 90 «90 75 «75 1.00 «00
ANNUAL RATIO OF CHANGE 1.100

The coverage factors and annual ratio of change have been
retrieved from the initial coverage matrix (Tables 3-3
through 3-5) from the moderate programs for shower flow
restrictors and displacement devices and from the maximum
program for public education.

Based upon this input, the algorithm will use the values of
reduction factors (Table 3-2) and interactions (Table
3-6) to calculate effectiveness in all six water use
categories for 1984 and 1993. These results are shown
below:

TABLE 5-3
EXAMPLE 1
EFFECTIVENESS OF CONSERVATION
INT RES  EXT RES  COMMERC  INDUSTR PUBLIC UNACCT TOTAL
AVERAGE OAILY FLOV 1984
UNRESTRICTED
(ng0) 3.655 -645 1.600 2.200 «500 1.500 10.100



TABLE 5-3 (CON'T)

EXAMPLE 1
INT RES EXT RES COMMERC INDUS TR PUBLIC UNACCT TOTAL
RESTRICTEO
(NGD) 2996 +5S93 1.399 2.053 «N16 1.500 8.957
EFFECTIVENESS
{n60D) «6S9 «0S2 «201 « 147 «08% +000 lel183
EFFECTIVENESS
z) 18.030 8.062 12.562 6.682 16.800 000 11.317
AVERAGE DAILY FLOW 1993
UNRESTRICTEC
{NG0) 3.68S «645S 1.600 2.200 +«S00 1.500 10.100
RESTRICTEC
{(MGD) 3.188 +S88 1.421 2.004 « 880 1.500 9.1a81
EFFECTIVENESS
(MG0) o467 «0S7 «179 «196 «060 +000 «?59
EFFECTIVENESS
(3) 12.777 8.837 11.187 8.909 12.000 +«000 9.495

For further illustration, the calculation of the individual
effectiveness determinations are provided below.

For interior residential water use from Table 3-1, RFACT2
= 0.112 for shower flow restrictors. COVERG, and AROC2
are given in Table 5-2 above as 0.40 and 0.9,r%spectively.
Therefore from Equation 3-5 for 1984:

COVER, = (0.40)¢0.90) 71 = ¢.40
From Equation 3-1:
EFF = (3.655 MGD)(0.112)(0.40) = 0.1637 MGD

2
Similarly for displacement devices:

RFACT = 0,129 from Table 3-1
covaaé4 = 0.50 from Table 5-2
AROC4 = 0,90 from Table 5-2
COVER, = (0.50)(0.90) "1 = 0.50 (Eq. 3-5)
EFF, © = (3.655 MGD)(0.129)(0.50)
= 0.2357 MGD (Bq. 3-1)




and for public education:

RFACT 0.089 from Table 3-1

COVER&§I= 0.90 from Table 5-2
AROC,,""= 1.10 from Tigie 5-2
covsﬁ21 = (0.90)(1.1) = 0.90 (Eq. 3-5)
EFF,, %" = (3.655)(.089)(0.90)
= 0.2923 MGD (Eq. 3-1)

The overall effectiveness for interior residential water use
from the three measures is:

EFF = EFF + ACT EFF, + ACT ACT EFF
21 21-4 4 21-2 21-2 2 (Eq. 3~11)
From Tiple 3-6: ACT21_4 = 0.917, ACT,,_, = 0.917, and
ACT =1.0
4-2
Thus:
EFF 0.2923 MGD+(.917)(0.2357 MGD)+(.917)(1.0)(0.1637 MGD)

0.659 MGD as was shown in Table 5-3 above.

Similar determinations have been made for the other water
use sectors for both 1984 (shown in Table 5-4) and 1993
(shown in Table 5-5).

5.2 Hypothetical Test Case #2

For a community with a present (1983) 10.0 MGD average daily
flow, projected to be 14.0 MGD in 1993 and 16.8 MGD in 2003,
initiate dual flush toilet installations and public educa-
tion and pipeline leak repair measures at moderate coverage.
Assume that funding for both ongoing management programs
ceases in 1990. The pipeline leak repair program is de-
signed to achieve reduction to 10 percent unaccounted-for
water by 1988 and to maintain that until it is terminated.
Evaluate the effectiveness for all water use sectors and the
average daily flow dimension in 1988 and 1998.

The breakdown of the unrestricted average daily flows occur
as is input to the algorithm in the following table (Table
5~6). Since more than the first and last year are given the
module will calculate flows between 1983 and 1993 or between
1993 and 2003 by linear interpolation.



DETERMINATION OF EFFECTIVENESS - EXAMPLE 1,

Factor

TABLE 5-~4

1984

Water Use Sector

Shower Flow Restrictors (2)

RFACT2 (Table 3-1)
COVERG2 (Table 5-2)
AROC, (Table 5-2)
COVER (Eg. 3-5)
EFF) (MGD) Eq. 3-1

Displacement Devices (4)

RFACT4 (Table 3-1)
COVERG4 (Table 5-2)
AROC4 (Table 5-2)
COVER4 (Eq. 3-5)
EFF4 (MGD) Eq. 3-1

Public Education (21)

RFACT2] (Table 3-1)
COVERG,) (Table 5-2)
AROC,] (Table 5-2)
COVER2] (Eq. 3-5)
EFF,7 (MGD) Eq. 3-1

Overall

ACT31-4 (Table 3-6)
ACT21-~2 (Table 3-6)
ACTy-2 (Table 3-6)
EFF (MGD) Eq. 3-11
EFF (%)

IRES ERES

0.112
0.40
0.90
0.40
0.164

[=NeNo NN

0.129
0.50
0.90
0.50
0.236

OOOOO0O

0.089 0.089

0.90 0.90
1.1 1.1
0.90 0.90

0.293 0.052

0.917 —
0.917 -
1.00 =3
0.659 0.052
18.03 8.06

CcoM

[= e NoNeNo)

0.129
0.50
0.90
0.50
0.103

0.089
0.75
1.1
0.75
0.107

0.917

0.201
12.56

IND

[oNeNoNoNo]

OCOOO0OO0O

0.089
0.75
1.1
0.75
0.147

0.147
6.68

PUB

0.112
0.20
0.90
0.20
0.011

0.129
0.50
0.90
0.50
0.032

0.089
1.00
1.1
1.00
0.045

0.917
0.917
1.00
0.084
16.80

UNAC

OOOO [oNoNoNoNo]

OO0OO0OO0OO0O



TABLE 5-5

DETERMINATION OF EFFECTIVENESS - EXAMPLE 1, 1993

Factor Water Use Sector

IRES ERES COoM IND PUB UNAC

Shower Flow Restrictors (2)

§ RFACT, (Table 3-1) 0.112 0 0 ] 0.112 0
. COVERG) (Table 5-2) 0.40 0 0 0 0.20 0

ARCCo> (Table 5-2) 0.90 0 0 0 0.90 0
COVERy (Eg. 3-5) 0.155 0 0 0 0.077 0
EFF, (MGD) Eq. 3-1 0.063 0 0 0 0.004 0

Displacement Devices (4)
RFACT (Table 3-1) 0.129 0 0.129 0 0.129 0
COVERG (Table 5-2) 0.50 0 0.50 0 0.50 0
AROC (Table 5-2) 0.90 0 0.90 0 0.90 0
COVER4 (Eg. 3-5) 0.194 0 0.194 0 0.194 0
EFF4 (MGD) Eq. 3-1 0.091 0 0.040 0 0.013 0

Public Education
RFACT>1 (Table 3-1) 0.089 0.089 0.089 0.089 0.089 0
COVERG2] (Table 5-2) 0.90 0.90 0.75 0.75 1.00 0
AROC2]1 (Table 5-2) ol ol 1.1 15l b5l 0
COVER21 (Eg. 3-5) 1.0* 1.0* 1.0* 1h 5 ()i 1.0* 0
EFFy1 (MGD) Eq. 3-1 0.325 0.057 0.142 0.196 0.045 0

Overall
ACT21-4 (Table 3-6) 0.917 - 0.917 - 0.917 -
ACT>1-2 (Table 3-6) 0.917 =S o= == 0.917 =
ACT4-~2 (Table 3-6) 1.00 - - - 1.00 -
EFF (MGD) Eg. 3-11 0.467 0.057 0.179 0.196 0.060 0
EFF (%) 12.78 8.84 11.19 8.91 12.00 0

* maximum COVER value used in algorithm

A — BINSEY SegC panpee )




TABLE 5-6

EXAMPLE 2

UNRESTRICTED INPUT FLOM
INT RES EXT RES COMMERC INQUSTR PUBLIC UNACCT TOTAL

FLOW (M60) 1983
AVG DAY 3.555 «645 1.600 2.200 500 1.500 10.000
FLOW (n6D) 2003
AVEG OAY $.972 1.08% 2.688 3.696 +840 2.520 16.800

FLOW (MGO) 1993

AVG OAY 8.997 +903 24280 3.080 «700 2.100 18.020

The conditions specified for the conservation measures re-
sult in the following input to the algorithm:

TABLE 5-7

EXAMPLE 2

MEASURES BEING CONSIDERED

MEASURE NUMBER 8 DUAL FLUSH TOILETS
INITIATED IN 1983
TERMINATEO IN 2003
COVERAGE FACTORS «0S «00 «05 «00 « 05 +00
ANNUAL RATIO OF CHANGE ,900

MEASURE NUMBER 21 PUBLIC EOUCATION
INITIATED IN 1983
TERMINATED IN 1990
COVERAGE FACTORS 75 50 «50 50 «75 «00
ANNUAL RATIO OF CHANGE 1.100

MEASURE NUMBER 16 PIPELINE LEAK REPAIR
INITIATED IN 1983
TERMINATED IN 1990

COVERAGE FACTORS «00 «00 00 «00 - 00 o 75
ARNUAL RATIO OF CHANGE 1.000

ACHIEVEMENTY GOAL OF 10% FOR YEAR 1988




The coverage factors and annual ratio of change have been
taken from the initial coverage matrix (Tables 3-3 through
3-5) from the moderate programs for the three measures.
Note that the achievement goal of 10% for the percent unac-
counted-for water flow for 1988 has been included.

Based on this input, the algorithm will use the values of re-
duction factors (Table 3-2) and interactions (Table 3-6) to
calculate effectiveness in all six water use categories for
1988 and 1998. These results are shown below.

TABLE 5-8
EXAMPLE 2
EFFECTIVENESS OF CONSERVATION
INT RES EXT RES COMMERC INDUSTR PUBLIC UNACCT TOTAL
AVERAGE DAILY FLOW 1988
UNRESTRICTED
{MGD) 84276 « 778 1.920 2.68%0 «600 1.800 12.010
RESTRICTED
(MGD) 3.869 « 720 1.783 2.868 «543 1138 10.521
EFFECTIVENESS
{N60D) «807 «050 «137 «172 <057 «666 1.889
EFFECTIVENESS
(%) 9.518 6860 Te135 6515 9.500 37.000 12,398
AVERAGE DAILY FLOW 1998
UNRESTRICTED
(N60D) Se368 «97s 2.%16 3.322 « 755 2.265 15.100
RESTRICTED
(M6D} 56223 «958 2.371 3.267 «735 2.089 18.643
EFFECTIVENESS
{n601} « 185 «016 «D8S <055 «020 «176 «8457
EFFECTIVENESS
{3) 2,701 1e603 1.863 1.656 2.649 T«770 3.026

Again, for illustration, the calculation of the effectiveness
for interior residential use will be demonstrated for 1998
and unaccounted-for water in 1988.




e

For interior residential water use from Table 3-1, RFACT
= 0.190 for dual flush toilets. COVERG, and AROC, ars
given in Table 6-7 as 0.05 and 0.90,respect§vely. Therefore,
from Equation 3-5 for 1998:

COVERg = (0.05)0.90)1°71 = 0.0114
From Equation 3-1:
EFF = (FLOW)(0.19)(0.0114)

8
The interpolated unrestricted flow for 1998 is 5.368 MGD,
thus:

EFF8 = 0.012 MGD

Similarly for public education

RFACT 0.089 from Table 3-1

COVER&%I = 0.75 from Table 5-7

AROC21 = 1.1 before 1990 and 0.8 afterwards (Table 3-3)
For 1998: y I |

COVER = [COVER44,1(0.8) (Eq. 3-5)

or COVER = [(0.75)(1.1)811¢0.8)77L = 0.279
then EFF.. = (5.368 MGD)(.089)(0.279) = 0.13 MGD)
21
(Eq. 3-1)

The pipeline 1leak repair measure does not impact interior
residential use; therefore, the overall effectiveness for the
interior residential use category is:

EFF = EFF,, + ACT,, gEFFg (Eq. 3-4)
since ACT21_8 = 1.0
EFF = 0.012 MGD + 0.133 = 0.145 which is given

in Table 6-8.

For the unaccounted-for water use category, the only measure
with an impact is the pipeline leak repair measure. For
this measure, the reduction is determined such that the
achieved reduction of 10 percent unaccounted-for water (inde-
pendent of considering any other conservation measures) is
met in 1988 and maintained while the measure is in effect.

O -
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The unrestricted total flow in 1988 is interpolated linearly
between the given flows in 1983 and 1993 and is 12.01 MGD.
The similarly determined 1988 unaccounted-for water use is
1.80 MGD. To obtain reduction to the 10 percent unaccounted-
for use in 1988, the effectiveness must be such that:

UNACCT (restricted)
TOTAL(unrestricted) - UACCT(effectiveness)

= 0.10

Also, UNACCT (unrestricted) = UNACCT (restricted) + UNACCT
(effectiveness).

Since in 1988 the TOTAL (unrestricted) is 12.01 MGD and the
UNACCT (unrestricted) is 1.80 MGD, both equations can be
solved to determine the effectiveness £for unaccounted-for
water use as 0.666 MGD. Thus, the restricted unaccounted-
for water is 1.80 - 0.666 or 1.134 MGD. These are given in
Table 5-8.

Similar determinations have been made for the other water

use sectors for both 1988 (shown in Table 5-9) and 1998
(shown in Table 5-10).

5-10




DETERMINATION OF EFFECTIVENESS - EXAMPLE 2,

Factor

TABLE 5-9

1988

Water Use Sector

Dual Flush Toilets (8)

i RFACTg (Table 3-1)
COVERGg (Table 6-7)
AROCg (Table 6-~7)
COVERg (Eq. 3-5)
EFFg (MGD) Eq. 3-1

Public Education (21)

RFACT23; (Table 3-1)
COVERG231 (Table 6-7)
AROC21 (Table 3-3)
COVER,; (Eq. 3-5)
EFFy1 (MGD) Eq. 3-1

Pipeline Leak Repair (16)

% UNACCT

UNACCT (unrestricted)
TOTAL (unrestricted)
UNACCT (restricted)
EFFi¢ (MGD)

Overall
ACT21~8 (Table 3-6)

EFF (MGD) Eq. 3~4
EFF (%)

IRES ERES

0.1390 0
0.05 0
0.90 0
0.033 0
0.027 0

0.089 0.089
0.75 0.50

1.0* 0.73
0.381 0.050

0 0
0 0
0 0
0 0
0 0
1.0 =

0.407 0.050
9.52 6.46

5~11

COoM

0.190
0.05
0.90
0.033
0.012

0.089
0.50
1.1
0.73
0.125

[oNoNoNoNo

1.0
0.137
7.14

IND

[N e No Nl

0.089
0.50
1.1
0.73
0.172

[oNeoNoNoNo

0.172
6.52

PUB UNAC
0.190 0
0.05 0
0.90 0
0.033 0
0.004 0
0.089 0
0.75 0
1.1 0
1.0% 0
0.053 0

0 10

0 1.80

0 12.01

0 1.134

0 0.666
1.0 oo

0.057 0.666
9.50 37.00




TABLE 5-10

DETERMINATION OF EFFECTIVENESS - EXAMPLE 2, 1998

Factor

Water Use Sector

Dual Flush Toilets (8)

RFACTg (Table 3-1)
COVERGg (Table 6-7)
AROCg (Table 6-7)
COVERg (Eq. 3-5)

EFFg (MGD) Eg. 3-1

Public Education (21)

RFACTZ; (Table 3-1)
COVERG3] (Table 6-7)
AROC231 (Table 3-3)
COVER23; (Eqg. 3-5)
EFF21 (MGD) Egq. 3-1

Pipeline Leak Repair (16)

$ UNACCT

UNACCT (unrestricted)
TOTAL {(unrestricted)
UNACCT (restricted)
EFFj¢g (MGD)

Overall

ACT21-8 (Table 3-6)
EFF (MGD) Eq. 3-4

0.190
0.05
0.90
0.011
0.012

0.089
0.75
0.80
0.279
0.133

[eNeoNoNoNo]

1.0
0.145
2,70

0.089
0.50
0.80
0.186
0.016

0.016
1.64

5-12

[eNeNoRe N

COCO0OO0OO0OO0O

0.089 0.089
0.50 0.50
0.80 0.80

0.186 0.186
0.040 0.055

0 0

0 0

0 0

0 0

0 0
1.0 =
0.045 0.055
1.86 1.66

0.190
0.05
0.90
0.011
0.002

0.089
0.75
0.80
0.279
0.019

COO0OO0OO0O

1.0
0.020
2.65

[eNeNeRe o)

[=NeNeNoNe]

14.00
2.265

15.100
2.089
0.176

0.176
7.77

'
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6.0 VERIFICATION

The water conservation effectiveness module was verified by
applying it to two actual multiple measure water conserva-
tion programs that have been reported in the literature.
These test cases were in Westchester County, New York, and in
Hamilton Township, New Jersey.

6.1 Westchester County, New York

Westchester County, NY, with an unrestricted flow of 105
MGD, implemented a mandatory restricted use program and a
strong public education program during a drought emergency
in 1980-8l1. Aas of the end of the program in April 1981, the
county reported they had achieved a 15% cutback in total
water use.

For the purposes of using the water conservation effective-
ness module, the 105 MGD unrestricted demand was accorded to
the six water use categories consistent with the percentages
indicated in Table 4-2. These data are reported in Table 6-1.
Because the restricted use program was mandatory and the
strong public education was initiated during a drought emer-
gency, the maximum program coverage values were selected
from Tables 3-3 through 3-5. No change in unrestricted flow
was assumed between 1980 and 1981. Because no specific meas-
ures were taken to reorient exterior residential or public
use, no reduction in peak hourly use through that option was
considered. The input data for the restricted use and pub-
lic education measures are shown in Table 6-2.

The conservation effectiveness module, as shown in Table
6~3, predicts a water conservation effectiveness of 16.67
MGD or 16.4%. This is compared to the actual reported value
of 15.0%.




TABLE 6-1

WESTCHESTER COUNTY, NEW YORK
UNRESTRICTED INPUT FLOW
INT RES  EXT RES  COMMERC  INDUSTR PUBLIC
FLOW (MGD) 1980
« AVE DAY 38.380 6.770 12.180 23.100 5.250
FLOW (MGD) 1985
AVE OAY 38.380 6.770 12.180 23.100 5.250

TABLE 6-2

WESTCHESTER COUNTY,

MEASURES BEING CONSIDERED

MEASURE NUMBER
INITIATED 1IN 1580
TERMINATED IN 1985
COVERAGE FACTORS
ANNUAL RATE OF CHANGE 1.000D
PEAK HOUR REDUCTION EXT RES =

18 RESTRICTED USES

«CC 1.00 1

MEASURE NUMBER 21 PUBLIC EDUCATION
INITIATED IN 1980
TER®INATED IN 1985
COVERAGE FACTORS «9C «90
ANNUAL RATE OF CHANGE 1.100

NEW YORK

.0C

«75

UNACCY

15.750

15.750

1.00

«00 PUEBLIC

75

TOvTAL

1C1.430

101 .430

1.00

= 0D

1.00

«00

.00




TABLE 6-3

WESTCHESTER COUNTY, NEW YORK

EFFECTIVENESS OF CONSERVATION

INT RES EXT RES COMMERC INOUSTR PUBLIC UNACCTY TOTaAL

AVERAGE DARILY FLOW 1981

UNRESTRICTED

pgs:zgg;co 38.380C 6.770 12.180 23.100 5250 15.75C 101.430

EFF;:??;EN6535.306 4,767 B.729 16558 3,653 1£.75C 84,760

EFF;:??;ENESSS.G7H 2.C03 3,451 be545 1597 «L00 16,670
(%) 8.009 29.586 28,333 28,333 30.419 .00C 16.435

6.2 Hamilton Township, New Jersey

Hamilton Township initiated a program of distributing water
saving devices (toilet dams and low flow showerheads) as
well as public education literature to all its residential
customers in early 1978. No effort was made to reach other
use categories. The township reported a reduction of 9.4%
in its total use as compared to the year before. Unre-
stricted average daily flow in 1977 was 5.275 MGD. The town-
ship also reported coverage factors of 0.65 for low flow
showerheads and 0.51 for toilet dams.

Again, the 5.275 MGD average daily flow was distributed
among the six water use categories in accordance with the
percentages indicated in Table 4-2. These data are reported
in Table 6-4. Coverage factors were used as reported for
the low flow showerheads and toilet dams and for a maximum
program for public education, but were applied only to resi-
dential water use categories to remain consistent with how
the program was conducted. The input data for the three con-
servation measures are given in Table 6-5.

As shown in Table 6-6, the water conservation effectiveness
module predicts a conservation effectiveness of 0.453 MGD or
8.6%. This is compared to the actual reported reduction for
Hamilton Township of 9.4s%.
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TABLE 6-4
HAMILTON TOWNSHIP, NEW JERSEY
UKRESTRICTED INPUT FLOW
INT RES  EXT RES  COKMERC  INDUSTR PUPLIC

FLOW (*GD) 1977

AV6 DAY l1.938 «34D L1 1.101 «264
FLOW (MGD) 1979

AVG DAY l1.938 e 24D «BUN 1.101 «264

TABLE 6-5

HAMILTON TOWNSHIP, NEW JERSEY

MEASURES BEING CONSIDERED

MEASURE NUMBER 1 LOW FLCWw SHOWERMHEADS

INITIATED IN 1978

TERMINATED IN 1579

COVERAGE FACTORS -1 «J0 <0G
ANNUAL RATE CF CHANGE 1l.C0C

MEASURE NUMBER 3 TOILET DAMS

INITIATED IN 1978

TERMINATED IN 1979

COVERACE FACTORS 51 +LC «0C
ANNUAL RATE OF CHANGE .90C

MEASURE NUMBER 21 PUSLIC EUOUCATION

INITIATED IN 1976

TERMINATED IN 1979

COVERAGE FACTORS 1.0C 1.UC «CC
ANNUAL RATE OF CHANGE 1.10GC
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TABLE 6-6

HAMILTON TOWNSHIP,

EFFECTIVENESS OF CONSERVATION

INT RES EXT RES COMMERC

AVERAGE OAILY FLOW 1979
UNRESTRICTED

(HGD) 1.93¢ «34C «EUK
RESTRICTED

{M60) 1.515 «310 AL
EFFECTIVENESS

(MGOD) «423 »030 =300
EFFECTIVENESS

z) 21.8217 8.82% »000

NEW JERSEY
INCUSTR PUBLIC
1.101 P264
1.101 $264
+000 .003
+000 .000

UNACCT

o792
o192
«000

+G00

TOTAL

5279
4.826
o453

8.581
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