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ABSTRACT

KI MBERLEY DENE Cl ZERLE. Anal ysis of Design Standards for Latin
American Water Systens (Under the Direction of DR DONALD LAURI A)

Desi gn standards for rural water supply systenms in Latin
Anerica were analyzed to determne their ability to sel ect
conmponent capacities and design flows sufficient to neet actual
denmands. Water use data were collected from si xteen conmunities in
Guat emal a, Hondur as, and Ecuador. The data were analyzed to
det ernmi ne actual values for design parameters, including average
use rates, peaking factors and storage vol unes. Regressive
equati ons were devel oped for each paraneter as a function of
community characteristics.

For towns of 300 to 1200 persons, results indicate average use
rates on the order of 13 to 32 gallons per capita per day in
GQuatenal a and 52 to 56 gallons per capita per day in Honduras and
Ecuador. These denmands are 150% to 300% hi gher than the design
st andards used by AID and |l ocal ministries of health; actual
peaki ng factors and storage volunes are al so underesti mat ed.
Hence, it appears that water systens in Guatenunla, Honduras, and
Ecuador will not have sufficient capacities to neet actual denmands
at the end of design periods as planned; rather, excess capacities
wi Il be exhausted prenmaturely.

The underlyi ng cause of this seens to be due largely to
existing tariff structures, which are i nconpati ble with design
standards, and a | ack of comunity awareness about water use and
conservation in rural piped water systens. Various approaches for

addressing the problem are recommended but not anal yzed in detail
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ANALYSI S OF DESI GN STANDARDS FOR LATI N AMERI CAN WATER SYSTEMS

Ki nberl ey Dene G zerl e

I . | NTRODUCTI ON

Rural water supply coverage in the developing world is
severely | acking. Throughout the world's devel opi ng countries, the
Wrld Health Organi zation estinates that only 29% of the rural
popul ati on had pi ped drinking water supplies as of 1980 (WHO,
1981). Hence, the years 1981-1990 were desi gnated the |International
Drinki ng Water Supply and Sanitation Decade in which safe drinking
wat er and sanitati on services were to be provided for all.
Unfortunately, this goal was not net. For exanple, only 30% of
Guat enmal a' s and 56% of Honduras' rural popul ati on had received
wat er supply systens as of 1989 (WASH, 1990).

In Latin Anerica, the realization that water supply and
sani tati on services could not be constructed in all rural
communi ties by 1990 pronpted the | ocal governnents and the U S.
Agency for International Devel opnent (AID) to set nore realistic
coverage targets. For instance, targets were set for 44% rural
wat er supply coverage in Guatenala and 66% coverage i n Honduras by
1995 (WASH, 1990). Various bil ateral agencies such as AID and the
i nternati onal banks have attenpted to address this problem and
provide funds to meet the needs. AID is spending about $50 million

over five years to construct rural water systens in Guatenal a,

Hondur as and Ecuador.
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A. MOTI VATI ON FOR THE STUDY

This report is concerned with the rural water systens that are
pl anned and constructed by the Agency for International Devel opnent
in conjunction with the local Mnistry of Health (MOH) in various
Latin Anerican countries. The planning process enpl oyed by these
organi zations is simlar in each country. The MOH and Al D
(MOH AID) first select rural communities in which to install water
supply systens. Each sel ected comunity then forns a water
commttee which is responsible for providing a portion of the |abor
and transportation required to construct the system The MOH Al D
then design the system which is typically gravity fed, wth
i ndi vi dual yard tap connections. The MOH/ AID set the water rates
(usually flat nonthly fees) and present the systemto the water
commttee, which is then responsible for operating and mai ntai ni ng
t he system and coll ecting the nonthly fees.

The MOH AID in each country adopt design standards which are
used to select the capacities of each of the water supply system
conponents. One such standard is the average water use rate, which
is usually on the order of 20 gallons per capita per day (GPCD)
Each systemis designed to neet the use rate of the popul ation that
Is predicted to exi st about twenty years in the future. This
estimated popul ation is based on an assuned growm h rate which may
or may not be derived fromhistorical data. The source worKks,
storage tank, and distribution network are designed to neet peak

demands based on assumed hourly and daily peaking factors.
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B. THE PROBLEM

The desi gn standards used for these systens generally involve
a great deal of judgenent regarding expected rates and patterns of

wat er use in each conmunity. In nost cases, rural water systenms in

Latin Anerica have non- net ered house connecti ons and | ack
macroneters as well. Wthout neters, engineers and pl anners have
not been able to neasure the actual volvines of water used, and
consequently have not been able to check the standards enpl oyed for
desi gn.

G ven that |arge suns of noney are expended on constructing
rural water systens and that the design standards are based largely
on assunpti ons and judgnents, high potential exists to
"m sal |l ocate” MOH/ AID s scarce resources. For purposes herein,
"appropriate” allocation inplies "accurate prediction,”" whereby
actual demands are equivalent to the design standards, and system
conponents have sufficient capacity to neet demands. In this
sense, a msallocation of resources neans too little or too nuch
excess capacity is provided in the system This situation results
if the design standards are nuch | ower or much hi gher than the
actual denmands.

It should be noted that the problens of optinal design and
maxi mum econoni ¢ efficiency are not in question here, as these
i ssues involve the exam nati on of demand functions and consuner

benefits, which are not addressed.
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lll 11. GOAL MUD OBJECTI VES

The goal of this project is to inprove the MOH/ Al D rural water

supply programin Latin Anerica. Three nmj or objectives are

associated with this goal:

A. Determ ne actual water use rates and patterns in
typical MOH AID rural water systens.

B. Deternmine the required capacities of the major
syst em conponents based on actual denands for water.

C. Evaluate the standards used to design water systens
in various countries, with a view toward detecting

the possi ble misallocation of scarce resources;

i.e. determne the ability of existing design standards
to produce systens that neet actual denmands.

A. ACTUAL WATER USE

The first objective involves collecting water use data to
nmeasure and determ ne use rates, peaking factors, and storage
requi renents in typical rural water systens throughout Latin
Anerica. A typical MOH Al D system serves between 200 and 2000
persons and i ncludes: source works (w thout water treatnent),
storage tank, transm ssion main, and distribution network. To

devel op a broad data base, comunities with different

characteristics were studied in three different countri es.

B. REQUI RED CAPACI TI ES
The second objective is to deternm ne system capacities
required to neet actual demands. This involves anal yzing the use

m rates, peaking factors and storage requirenents to determne the
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required capacities of each system conponent. Predictive nodels
are needed for all design paranmeters, so each can be estimted for
a variety of communities of different characteristics. Once the
nodel s are used to neke predictions about the paraneters, the
requi red capacities of the water supply system conponents are then
determ ned. These are the capacities required to neet the "actual"

demands (as predicted fromactual data).

C. DESI GN STANDARDS

The final objective of this project is to evaluate the
ef fectiveness of the MOH Al D design standards in terns of their
ability to predict system capacities that are sufficient to neet
t he actual denands. This involves conparing the predicted required

capacities with the desi gn standard-generated capacities.

The acconplishnent of these three objectives will help to
i nprove MOH/ AID rural water supply planning in Latin Anerica. The
informati on provided by this study regarding rural water use rates
and patterns will either affirmthe current design standards, or it
w Il assist MOH AID planners and engineers in the selection of nore

appropri ate design standards for rural water supply systens.
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I I I LI TERATURE REVI EW

A. CONSUNMPTI ON DATA

There is a vast body of literature regarding typical water use
rates in various parts of the world. In United States cities and
towns, use rates have been found in the range of 47 to 437 GPCD

(Howe and Li naweaver, 1967). Various studies found daily denands

of 16 to 50 GPCD in Latin Anerica. A 1970 Wrld Heal th
Organi zati on survey found rural water use in Latin Anerica on the
order of 18 to 50 GPCD. A 1956 study of thirteen rural water
systens in Venezuel a found the average water use rate to be about
50 GPCD from consunption at house connections (Wagner and Lanoi X,
1959). Ot her surveys have found average use rates of 16 GPCD in
rural QGuatenal an communities and 26 to 33 GPCD t hroughout rural

Latin American communities (Wiite, et al., 1972).

Several factors are known to influence water use, including
popul ation, climate, and culture. Use rates generally increase
wi th hi gher popul ations and warmer climtes; they have been found
to vary fromone culture to another due to different custons and
religions (Wite, et al, 1972). O her factors affecting water use
rates are | eakage, carel essness and waste, neterage, and price.

It is recognized that nost distribution systens |eak (Fair, et
al ., 1971). Leakage frequently contributes to a |large portion of
the water used in a system A |eakage rate of |less than ten

percent is considered | ow (Wl ker, 1978); rates of 40%to 60%in
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devel opi ng countries are common (Yepes, 1991). One way to see if
| eakage is a problemis to examne the nighttine flows. If the
| ate night and pre-dawn flows are high, it is likely the system has

| eaks (Fair, et al., 1971).

Car el essness and waste are al so commpn factors contributing to
hi gh use rates, especially in devel oping countries. "The amount of
wat er | ost through carel essness of custoners soneti nes reaches
staggering proportions; it is not uncommon to find towns wasting as
much as 75% of the water supplied" (Wagner and Lanoi x, 1959).

Meteri ng and chargi ng custoners for the anmount of water used

has a substantial inmpact on use rates because consuners are given

i nfornmati on about their use and the financial incentive to
conserve. In a study in Boul der, Col orado, the introduction of
nmeters and increnental water charges decreased use by 36% it has
| owered use rates by 20 to 50%in other areas. These effects vary
greatly dependi ng on the types of use. Consuners who use water for
gardening are nore likely to respond than those who use it for

drinki ng and cooki ng al one (C ark and Goddard, 1974).

B. WATER SUPPLY ECONOM CS

In 1967, Howe and Li naweaver published a well known study
concerning the effect of price on residential water use in the
United States. They found that the price of water significantly
I npacts the average and peak demands. This inpact is neasured as
the price elasticity of demand, which is the percentage change in

wat er use due to a percentage change in price. Fromthe U S. data.
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Howe and Li naweaver found a price elasticity of about -0.23,
i ndicating that a 10% i ncrease in price brings about a 2. 3%
decrease in water use.

Simlar studi es have been conducted in other parts of the
worl d. For residential customers in Malaysia, price elasticities
of -0.1to -0.2 were found (Katzman, 1977). O her studies report
val ues of -0.60 for households with piped connections and -0.78 for
squatter settlenents in an urban area of Sudan (Khadam 1988).

These studies show that water utilities can use price as a tool to

rati on wat er.

C. DESI GN STANDARDS

Several design standards for rural water systens are published
in the literature. For piped water supplies in devel opi ng

countries, Okun and Ernst (1987) recomend use rates of:

5-11 GPCD in hum d cli mat es

16-21 GPCD in dry clinmtes
11- 16 GPCD aver age

with a maxinumdaily to average ratio of 1.5 and maxi num hourly to
average ratio of 2.0. They al so recomrend a design period of 7 to
8 years as optimal, based on average econony of scale factors and
interest rates in devel opi ng countri es.

Anot her set of standards (Unakel, 1971) for rural water

systens in devel oping countries is:

13 - 21 GPCD average use rate

1.5 maxinmnumdaily to average ratio
4.0 maxi mum hourly to average ratio
10 - 15 years design period

A popul ation growh rate of 2.6% per year was suggested
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~ 9
(dennie, 1987) for an African village water supply, with an
average use rate of 6 GPCD and a storage tank detention time of 8
hour s.

Rel ati onshi ps between desi gn standards and several different
vari abl es have been reported in the literature. For exanmple, the
average use rate is often expressed as a function of comunity
popul ati on, nunber of persons per household, or climate (Wite, et
al., 1972). Peaking factors are comonly represented as | og
functions of the average design flow, decreasing logarithmcally as
t he average flow i ncreases. For exanple, at 0.1 M3, the maxi mum
daily and hourly peaking factors are estinmated as 3.0 and 5.5
respectively, and at 1 M@ they are estinmated as 2.2 and 3. 6.

(Wal ker, 1978)

Desi gn standards are generally based on studies and surveys in
various parts of the devel oped and devel opi hg worl d. They are
meant to give engi neers and pl anners gui dance for designing water
systems in the absence of historical data. However, water use
rates and patterns are very different fromone area to another. To
accurately determ ne appropriate design standards for systens in a

given area, studies of actual water use nust be conducted in that

ar ea.
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I'Vv. METHODOLOGY

A. ACTUAL WATER USE

To determ ne actual water use in rural Latin Anmeri can
communities, trips were made to Guatenal a and Honduras in
Sept enber, 1989 and to Ecuador in May, 1990. In each country, the
proj ect was explained to key MOH Al D personnel and the study
comunities were selected. The criteria used for community

sel ecti on wer e:

a. The water system was recently constructed
by MOH Al D.

b. The system was functioning properly, preferably
with excess capacity, and providing water 24
hours a day.

c. The communities were in various geographic and
climati ¢ regions, including the nmountains,

subtropi cal regions, and the coast; their climte

was categorized as either "cold," "tenperate,"
or "hot."

d. The water fromthe system was desi gnated for

domestic consunption only. In all the

communities studi ed, use of water for irrigation

or ani mal s was prohibited.
A conplete list of the communities studied and the characteristics
of each, is given in Table 1 and Appendi x A

To neasure water use on a comunity-w de basis, several
macroneters were taken to each country; they were Hersey volunetric
nmeters wi th maxi mum 160-gall on per mnute capacity and calibration
inunits of gallons. Specifications for this nmeter are in Appendi X

B. In the three countries of the study, ten nmacroneters were

initially installed in ten different systens.
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COVIVUNI T1 ES

TOWN

Cal era Teneri as
Chui cot om

Xet acabaj

Nueva Esperanza
La C enaga

TOWN

La Bell a Vista

La Curva

Col or adi t os

Bri sas del Carnen
Quebr ada de Yoro
Rut h Garci a

Col onia Marti nez

TOWN

Unachi - Pucar a
Panzal eo
San Vi cente

de Guayl | abanba

Tandapi

TABLE 1

GUATENALA

POPULATI ON

348
372
432
804
840

HONDDRAS

POPULATI ON

140
260
350
408
819
850
960

ECUADOR
POPULATI ON
245
252

820

1243

t enper ate
col d

hot
hot
hot
hot
hot
hot
hot

CLI MATE

col d
col d

t enper at e

t enper at e

I'N VH CH METERS WERE | NSTALLED

TOWN NANME CODE

CAL

CHU
XET
NUE
LACI

TOYW NANE CODE

BEL
LACU

BRI

QUE
RUT
MAR

TOWN NAMVE CODEN
UNA
PAN
SAN

TAN

A Nane code by which town is referred to in all graphs and tabl es.
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In each system the nmacroneter was installed in the
transm ssion nain fromthe storage tank. Due to budgetary
constraints, it was not possible to purchase autonatic neter
recorders nor to pay workers to read the neters twenty-four hours
a day. Hence, two people in each comunity were enpl oyed to read
the neter and record the readings on data forns. Sanples of data
forms left with the nmeter readers are shown in Appendi x C.

It was i ndicated from conversations with water comm ttee
menbers that nobst of the water consunption occurred in these rura
communities during the daylight hours, fromjust before sunrise
until after sunset. Hence, the hours from4:00 a.m to 8:00 p. m
were selected as the neter reading tine period during which two
nmet er readers each worked ei ght hours, nmaking neter recordi ngs
every fifteen nminutes. The first worker recorded neter data from
4:00 a.m until 11:45 a.m and the second worker from 12: 00 p. m
until 8:00 p.m At the onset of the study, the neters were read
every day for two weeks. After this initial period, they were read
every other week for seven days straight, sixteen hours per day.

In sone cases, the neters were noved to new conmunities
after the initial neter reading termended. As of June, 1991,
wat er use data were collected in 16 different rural comunities in
CGuat emal a, Honduras, and Ecuador. Details, such as the tines and
dates of data collection and the nunber of days of neter readi ngs

are given in Appendi x A

The three water system conponents of interest in this study
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are the source works, storage tank, and distribution network.
Thus, the water use data were anal yzed to determ ne the paraneters
that affect the capacities of these conponents, including the
average use rate, ratio of peak day to average use rate, ratio of
peak hour to average use rate, and required storage vol une.

O her inportant paraneters for design purposes are the design
peri od and popul ation growmth rate, which were not studied in this
project. For the rural water systens of Cuatenala, Honduras, and
Ecuador, MOH AID typically use a 20-year design period and a

popul ation growh rate of two to three percent per year.

The average use rate, also called the long term average denand
(LTAD), is the average anount of water used by the conmunity. It
is expressed in units of gallons per hour (GPH), gallons per day
(GPD), or gallons per capita per day (GPCD). The water use rates
enpl oyed by the MOH Al D design standards are in the range of 15 to
30 GPCD. In this study, the LTAD was cal cul ated as the average
demand for water over the |longest tine period for which data were
available. It is the last neter reading less the first neter
reading (gallons), divided by the tinme interval (hours or days).
A sanple calculation for this paraneter is given in Appendi x D

this cal culation was repeated for each conmunity studied.

The nighttine use rate was al so examned to obtain infornmation
regardi ng possible system | eaks or consuner waste. This rate

represents the anount of water used during the nighttime hours.
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between 8:00 p.m and 4:00 a.m (when the neters were not being
read), and is equal to the 4:.00 a.m neter reading |l ess the 8:00
p.m reading fromthe previous night (gallons), divided by eight
hours. Based on daily living patterns descri bed by comunity
officials, it was assuned that water use in this tine period
primarily represents | eakage, wastage, and consvi nption for non-
essenti al purposes. A sanple calculation for the nighttime use

rate is given in Appendi x E

The ratio of peak daily demand to average denand is called the
maxi mum dai ly peaking factor (MDPF); it is typically conbined with
the LTAD to select the capacity of the source works. For MOH AID s
designs in CGuatenala, Honduras, and Ecuador, a MDPF of about 1.2 is
custonarily enpl oyed. This neans that source works are typically
designed for a flow equal to 1.2 tinmes the average design flow

For each day of neter readings in a community, a maxi nrumdaily
peaki ng factor was cal cul ated by dividing the total water use for
that day by the community's long term average flow (LTAD). This
results in a different maxi mum daily peaking factor for each day of
neter readi ngs. A representative calcul ation for the NDPF
paranmeter is given in Appendix F.

To select the single MDPF paraneter, a frequency distribution
anal ysis of the data was perforned. A typical MPF frequency
distribution is given in Appendix G which shows, for exanple, that

80 percent of the MDPF's for this community are | ess than or equa

to 1.2. In other words, on 80 percent of the days of readings, the
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MDPF was | ess than or equal to 1.2. The one-hundredth percentile
value of the MDPF (i.e. the maximum MDPF) is 2.2. It is a matter
of judgenent as to which frequency should be selected for the MDPF
parameter; for the purpose of this study, the eightieth percentile

was used. This process was repeated for each comunity studi ed.

The ratio of peak hourly denmand to | ong term average denmand is
call ed the maxi mum hourly peaking factor (MHPF) and is used with
the LTAD to design the capacity of the distribution network.
Typically, MOH AID use a WHPF of 2.0-3.0 for rural water systens;
networ ks are designed for a flow equal to 2.0-3.0 tines the average
design fl ow.

For each day of neter readi ngs, a maxi mrum hourly peaki ng
factor was cal cul ated by dividing the peak hourly demand for that
day by the community's LTAD. A sanple MHPF cal culation is given in
Appendi x H. This cal cul ati on was repeated for each community
studied. Wth a different MHPF for each day of record, the design
paraneter was selected fromthe frequency distribution at the

eightieth percentile. A typical MHPF distribution is shown in

Appendi x |.

A storage tank is necessary in order to neet peak hourly

demands. The tank fills when the use rate is |l ess than the rate of

inflow, and it enpties when the use rate exceeds the inflow rate.
The required volune of a storage tank (RVST) is that vol une

required to neet the conmunity's peak denands. For design
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pur poses, MOH AID generally assune the RVST is the volume needed to
provide 7 to 9 hours detention tine at the average design flow

For each day of nmeter readings in each community, a RVST was
determ ned for the demands of that day at three different assuned
inflowrates, viz. the LTAD, 1.2 tines LTAD, and 1.4 tines LTAD.
A sanpl e cal culation of the RVST for a given day of record is shown
in Appendix J. This calculation is based on a mass di agram anal ysi s
(i.e. R ppl nethod), which is commonly used for reservoir design
(Fair, Geyer and Okun, 1971).

A RVST was obtained for each day of record corresponding to
each assuned rate of inflow to the tank. Wth three different
inflow rates, the analysis produced three different required
volunes for each day of record in each community. The storage
vol unme paraneter was selected in essentially the sane way the
peaki ng factor paraneters were selected. A frequency anal ysis was
made of RVST val ues, and the volune at the ninetieth percentile was
sel ected as the design requirenent. A typical RVST frequency
distribution is shown in Appendix K; this estimation was repeated

for each comunity studied.

B. REQUI RED CAPACI TI ES
The data analysis fromthis study produced a LTAD, NDPF, NHPF
and RVST for each town. Each of these values is needed to predict
requi red conmponent capacities for comunities which wll likely
receive MOH AID water systems in the future. This inplies the need

to devel op predictive nodels for each paraneter as a function of
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community characteristics (i.e. explanatory vari abl es) such as
popul ati on, climte, and country. These nodel s are obtai ned

t hrough ordinary | east squares analysis and are presented in the

next chapter.

C. DESI GN STANDARDS

The final objective of this study is to eval uate the
effectiveness of MOH AID design standards in terns of their ability
to predict system conponent capacities sufficient to neet actual
demands. To do this, communities with different design popul ati ons
(viz. 300, 600, 900, and 1200 persons) were assuned and the
"required" conponent capacities were deterni ned based on the
metered data fromthis study. The "required"” capacities were then
conpared with the "predicted" capacities based on the MoH Al D
desi gn standards. This anal ysis was conducted for each system
component, for each of the four sel ected design popul ations, in

Guat enal a, Hondur as, and Ecuador.
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V. RESULTS

A. ACTUAL WATER USE

The LTAD values for the 16 comunities in this study are
reported in Table 2. In these towns, the use rate (colum 6)
varies from10 to 78 GPCD. The average for Guatenmala is 24 GPCD,
for Honduras, 56 GPCD; and for Ecuador, 51 GPCD

It is expected that the LTAD i ncreases with increasing
popul ation; a town with 1000 persons will use nore water than one
with 100. Although this is a general trend in the data, it is not
al ways the case. The data presented in Table 2 are arranged by
country in order of increasing popul ation. The values in colum 4
i ndicate that the LTAD generally increases as the popul ati on
i ncreases, but there are exceptions. The LTAD values in colum 6
show that the per capita use rates are nuch lower in Guatenual a than
in Hondur as and Ecuador.

The fact that the LTAD does not al ways i ncrease with
popul ati on and that per capita use rates are significantly
different in Guatenmal a than i n Hondur as and Ecuador r ai ses
guestions regarding the factors that m ght explain the demand (e.qg.
popul ati on and climate) and the origin of the demand (e.g.
consunption, waste, or |eakage). Each of these will be discussed
in the second section of this chapter.

The MDPF val ues for the 16 communities are reported in Col um
4 of Table 3. These values are fairly consistent from one

community to another and fromone country to another. They do not
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(1)

TONN

CAL

CHU
XET
NUE
LACI

TOWN

BEL
LACU

BRI
QUE
RUT
VAR

TOWN

UNA
PAN
SAN
TAN

LONG TERM AVERAGE DENMAND VALUES

(2)

POPULATI ON

348
372
432
804
840

POPULATI ON

140
260
350
408
819
850
960

POPULATI ON

245
252
820
1243

LTAD

TABLE 2

GUATENMALA

(3)

CLI VATE

col d
col d
col d

tenperate
col d

HONDURAS

CLI VATE

hot
hot
hot
hot
hot
hot
hot

ECUADOR

CLI MATE

col d

col d
tenperate
t enper ate

GPH

297
425
174
1179
913

GPH

454
401
651
932
2434
2157
1913

GPH

493
446
2031
2804

(5)

LTAD
GPD

7100
10200
4200
28300
21900

LTAD
GPD

10900

9600
15600
22400
58400
51800
45900

LTAD
GPD

11800
10700
48800
67300

GPCD

21
27
10
35
26

GPCD

78
37
45
55
71
61
48

GPCD

48
43
59
54
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TABLE 3

MAXI MUM DAI LY AND HOURLY PEAKI NG FACTOR VALUES

GUATENMALA
(1) (2) (3) (4) (5)

TOWN POPULATI ON LTAD MDPF> VHPFA
CAL 348 297 1.1 3.1
CHU 372 425 1.5 2.8
XET 432 174 1.6 4.5
HUE 804 1179 1.1 2.7
LACI 840 913 1.1 3.5

HONDURAS
TOWN POPULATI ON LTAD NVDPF VHPF
BEL 140 454 1.1 2.8
LACU 260 401 1.1 4.7
COL 350 651 1.2 3.3
BRI 408 932 2.2 2.7
QUE 819 2434 1.5 2.1
RUT 850 2157 1.1 1.9
MAR 960 1913 1.1 2.6

ECUADOR
TOWN POPULATI ON LTAD NVDPF MHPF
UNA 245 493 1.3 2.4
PAN 252 446 1.2 2.5
SAN 820 2031 1.1 1.5
TAN 1243 2804 1.1 1.9

* MDPF Maxi nrum Dai | y Peaki ng Fact or
" MHPF Maxi mum Hour |y Peaki ng Fact or
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appear to depend on either population or country. The MDPF val ues

range from 1.1 to 2.2; the average value in both Guatenmal a and

Honduras is 1.3; in Ecuador it is 1.2.

The MHPF val ues for the 16 communities are reported in Col um
5 of Table 2; they range from1l.5 to 4.7. The average MHPF val ue
is 3.3 for Guatemala, 2.8 for Honduras, and 2.1 for Ecuador. Note
that the MHPF tends to be hi gher when the LTAD is | ow and | ower
when the LTAD is high. The reason for this seens to be that with
nore people using water, use is spread throughout the day rather
t han concentrated in one or a few short periods, danpening the

peaks and snoothing the data trace for the entire comrunity.

RVST val ues for the 16 conmunities are reported in Colum 4 of
Tabl e 4. These val ues represent the storage vol unes needed when
the inflowrate is 1.2 tinmes the |ong term average demand. The
RVST val ues range from 2100 to 18,500 gallons; the required
detention tinmes (based on the average design flow) range from1l to
15 hours. The average detention values are 9 hours for Quatennl a,
7 hours for Honduras, and 3 hours for Ecuador.

As indicated by the data in Table 4, the RVST val ues generally
i ncrease with increasing LTAD, and seemto be related to the
maxi mum hourly peaking factor. At |arger MHPF val ues, nore
detention tinme is required, whereas at snaller WVHPF val ues, nuch
| ess detention time is required. This is because |arge MHPF val ues

inmply large hourly peaks of use, requiring larger tank volunes to
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(1)
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LACI
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I nfl ow

(2)
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348
372
432
804
840

POP

140
260
350
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819
850
960

POP

245
252
820
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= 1.

STORAGE VOLUME AND DETENTI ON TI ME VALUES

2
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(3)

LTAD
GPH

297
425
174
1179
913

LTAD
GPH

454
401
651
932
2434
2157
1913

LTAD
GPH

493

446
2031
2804

LTAD

TABLE 4

GUATENALA
(4) (5)
TANK
| NFLOW MHPF
GPH
360 3.1
510 2.8
210 4.5
1420 2.7
1100 3.5
HONDURAS
TANK
I NFLOW MHPFE
GPH
550 2.8
480 a.7
780 3.3
1120 2.7
2920 2.1
2590 1.9
2300 2.6
ECUADOR
TANK
| NFLOW MHPF
GPH
590 2.4
540 2.5
2440 1.5
3370 1.9

(6)

RVST
GAL

3200
3600
3200
7000
9500

RVST
GAL

4300
4500
8000
9500
18500
7500
14900

RVST
GAL

2300
2100
3600
9500

(7)

DETENTI ON
TI ME
hour s
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©
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meet demand. Snall WMHPF val ues nean that the hourly data trace is
snoot her; therefore, the rate of tank drawdown is smaller, and | ess
volune i s needed. The outflow rate exceeds the inflowrate to a
greater extent when the MHPF is high than when the VMHPF is | ow,

thereby resulting in |arger detention tinmes at high VMHPF val ues and

small er detention tines at | ow MHPF val ues.

B. REQUI RED CAPACI TI ES
The princi pal determ nant of system capacity is long term
average denmand. To determ ne required system capacities for towns
wi th popul ations in the range of those studied herein, the LTAD
data were pool ed and regressed agai nst popul ati on based on the
apparent association in Table 2. The resulting equation, in which
LTAD has units GPH, is:
LTAD = - 231 +2. 3 (POP) (1)
t-calc =7.1, N=16, df=14 r2 = 0.78
A graphical presentation of these data is given in Figure 1, where
LTAD is plotted as the dependent variable and the population is on
t he abscissa. Equation 1 fits the data fairly well with an R
sguared value of 0.78, indicating that 78 percent of the variation
in LTAD is explained by the variation in popul ation. The question

remai ns, however, as to whether other explanatory variabl e(s)

account for variation in LTAD.
Table 2 shows the LTAD values for the 16 study conmunities and

the climte type of each. These values indicate that the col d-
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FIGURE 1
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LTAD =  -23142.3  (POP)
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climate communities generally have | ower use rates than the
tenperate- and hot-climate communities. For this reason, a
regression was perforned with both popul ation and clinate as the
expl anatory variables. Climte is represented as a 0/1 dumy
vari abl e, where CLI M=1 indicates a cold climte and CLI M0
indicates a tenperate or hot climate. The resulting regression
equation and statistics for this data show that the addition of the
climate vari able i nproves the R-squared val ue:

LTAD = 144 +2.0 (POP) - 529 (CLIM (2)

t-calc = 6.8, 2.7, N=16, df=13 R = 0. 86

Furt her exam nation of the data in Table 2 indicates that the

use rates in Guatermal a are nuch | ower than the use rates in
Honduras and Ecuador. |In Quatemal a, the average LTAD is 24 GPCD,
but it is 56 GPCD in Honduras, and 51 GPCD i n Ecuador. Therefore,
a regression was perfornmed with popul ati on and country as the
expl anatory vari ables. The country designation is a 0/1 dumy
vari abl e, where COUN=1l represents CGuatenal an towns, and COUN=0
represents non-Cuatenmal an towns. The resulting regression equation
and statistics are:

LTAD = 3 + 2.3 (POP) - 699 (COUN) (3)

t-calc = 11.9, 5.3, N=16, df=13 r2=0. 93
Bot h popul ation and country coefficients are statistically
significant. However, nothing is gained by adding climate to the
nmodel , as shown bel ow

LTAD = 63 + 2.2 (POP) - 120 (CLIM - 626 (COUN) (4)

t-calc = 10.1, 0.66, 3.6 ,N=16; df=12 R* = 0.93
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Wth this analysis, it is determined that the variations in

LTAD are sufficiently explained due to variations in population and
country and not to climate. A regression analysis was perforned
with just the Honduras and Ecuador data, showi ng that use rates are
not significantly different in these two countries. Thus, for
predi cting the values for communities with different popul ations,

two equations are used.

Guat emal a; LTAD = - 318 + 1.6(POP) (5)
t-calc = 4.1, N=5 df=3 r2= 0. 85
Hondur as and Ecuador: LTAD = - 66 + 2.4 (POP) (6)

t-calc = 11.7, N=II, df=9 r2= 0.94
A graphical presentation of this data is given in Figures 2 and 3.
In the Guatemal a LTAD equation, the popul ation coefficient is
1.6, inplying a predicted average daily use rate of 1.6 GPH per
capita, or 38 GPCD. For Honduras and Ecuador, the popul ation

coefficient is 2.4 GPH capita, indicating average daily demand of

58 GPCD.

LTAD val ues can be predicted with the above equations, but
these equations do little to explain denand. \Wet her aver age

demands are due to | eaking systenms, water wasting, or actual use is

not known.

Many di stribution systens have hi gh | eakage rates, and

therefore it was suspected that |eakage m ght be a factor that
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contributes to higher denands in the Honduran and Ecuadori an
comunities. To investigate this possibility, the nighttinme use
rates (between 8:00 p.m and 4:00 a.m ) were cal cul ated and
exam ned. A summary of the nighttinme use rates in each of the
communities is presented in Table 5. If the m ni mum nighttine use
rate (in gallons per mnute) ever gets near zero, then can be
concl uded that | eakage is not a major determ nant of demand.

The flowrate froman open tap is generally between 3 and 5
GPM I n the many cases where the mninmumnighttine use rate is
smal | and the maxi mum nighttinme use rate is large (i.e. where the
standard devi ation or coefficient of variation is large), it is
concl uded that the nighttime use is due to consuners consciously or
wasteful ly using water overnight; that is, it appears that users
are turning the valves to use water.

In the case of Guatemala, the mninmumnighttinme use rates are
small, as are the maxi mum nighttine use rates. I n these
communi ties, consuners are probably not wasting water, using it
i nproperly overnight, or losing it through systemleaks. In this
way, the Guatemal an water demands are very different than those of
Hondur as and Ecuador .

I n both Honduras and Ecuador, the majority of the conmunities
have small mnimumnighttime use rates and | arge maxi num ni ghttinme
use rates. This inplies that the comunities do not |ose water
t hrough system | eakage. Instead, the consuners probably | eave
their taps open overnight —either by neglecting to turn them off

fromearlier use or by consciously deciding to do sonething with
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TABLE S5

NI GHTTI ME USE RATES

GUATENALA
(1) (2) (3) (4) (5)
TOWN AVERAGE STANDARD M NI MUM MAXI MUM
GPM DEVI ATI ON GPM GPM
CAL 0.4 0. 6 0.0 2.8
CHU 3.6 0.5 3.2 6. 0
XET 0.2 0.8 0.0 4. 6
NUE 9.3 - - - -
LACI 2.5 1.2 0.9 4.7
HONDURAS
TONWN AVERAGE STANDARD M NI MUM MAXI MUM
GPM DEVI ATI ON GPM GPM
BEL 2.0 2.6 0.0 15. 0
LACU 0.3 0.1 0.2 0.4
COoL 1.7 0. 8 0. 8 3.9
BRI 10. 9 2.6 7.1 14. 4
QUE 36. 0 11. 4 0.1 56. 9
RUT 24. 0 2.6 18. 4 27. 6
MAR 11. 5 4. 6 1.1 25. 3
ECUADOR
TOVW AVERAGE STANDARD M NI MUM NMAXI MUM
GPM DEVI ATI ON GPM GPM
UNA 6.2 2.2 1.6 11.9
PAN 3.6 2.8 0.0 9.4
SAN 25. 2 5.7 1.3 40. 4
TAN 32. 2 5.2 21. 4 43. 9
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the water during the nighttine hours (perhaps irrigate). Therefore,
the LTAD neasurenent adequately reflects the real consuner use
rates, and is used as the predictive paraneter for the system
Lan-F— B a» IF— WX a0 | T >N - -

The LTAD val ues, expressed in GPD, represent required system
capacity to nmeet denmands; various predicted LTAD val ues based on
equations 5 and 6 are given in row 1 of Table 6. For a community
of 900 persons in Guatenala, the predicted average use rate is 30
GPCD, or 27,000 GPD, or 1100 GPH. A conmmunity with a design
popul ati on of 900 persons in Guatenal a needs a capacity of 27,000
GPD in order to neet average demands. For a conmmunity with a
desi gn popul ati on of 900 persons i n Honduras or Ecuador, the

predicted LTAD is 56 GPCD, or 50,000 GPD, or 2100 GPH.

Requi red source works capacity is based on nmaxi mum daily
demands, which are equal to the MDPF tines the LTAD. It would be
expected that the NMDPF decreases as LTAD i ncreases, from
rel ati onshi ps observed in other studies. In the conmunities of
this study, however, this was not the case. As shown in Table 3,
t he MDPF does not vary with LTAD. A regression of MDPF on LTAD
shows that there is no relationship between the two paraneters:

MDPF = 1.23 (LTAD) -A"~
t-calc = 4.3, N=16 df=14 R* = 0.02
The plot O MDPF as a function of LTAD depicted in Figure 4 shows

that the MDPF relationship can be represented by a horizontal Iine,
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STUDY- PREDI CTED PARANMETERS AND CAPACI TI ES

GUATEIVALA

(1)

POPULATI ON:

(1)LTAD (GPH)
(2) LTAD ( GPD)
(3) LTAD ( GPCD)
( 4) NDPF

(5) MDD ( GPD)
(6) MHPF

(7) MHD ( GPD)
(8) RVST

HONDURAS AND ECUADOR

POPULATI ON:

(1)LTAD (GPH)
(2) LTAD ( GPD)
(3) LTAD ( GPCD)
(4) NDPF

(5) MOD ( GPD)
(6) NHPF

(7) MHD ( GPD)
(8) RVST

160
3900

13
1.2
4700
4.2
16000
2500

300

650
16000
52
1.2
19000
2.9
46000
5000

TABLE 6

(3)

600

640
15000
26

1.2
19000
2.9
45000
5000

600

1400
33000
55

1.2
40000
2.4
78000
7200

(4)

900

1100
27000
30

1.2
32000
2.5
68000
6500

900

2100
50000
56
1.2
60000
2.1
110000
8900

(5)

1200

1600
38000
32
1.2
46000
2.3
88000
7800

1200

2800
68000
56

1.2
81000
2.0
130000
10000
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at a val ue of about 1.2. Hence, a value of 1.2 is recommended for
t he MDPF design standard, in either of the three countri es,

regardl ess of the LTAD (within the domain of 0O to 3000 GPH)

The source works capacity is based on the maxi mum daily demand
(MDD), which is equal to the MDPF tines the LTAD. Vari ous MDD
val ues were cal cul ated for popul ati ons of 300, 600, 900, and 1200
persons i n Guat enal a, Honduras, and Ecuador. These val ues
represent the source capacities required to neet maxi numdaily
denands. As shown in colum 4 of Table 6, a town with a design
popul ati on of 900 persons in QGuatennla, has an expected MDD of

32,000 GPD; in Honduras or Ecuador, it is 60,000 GPD

Requi red pi pe network capacity is based on nmaxi num hourly
denmands (MHD), which are equal to the MHPF tines LTAD. A
predi ctive equation for MHPF was devel oped so it could be estinmated
for communities with different popul ati ons.

The data in Table 3 indicate that MAPF m ght be associ at ed
with LTAD, the MHPF generally decreases as LTAD i ncreases. The
regression nodel that fits the data shows that MHPF is a | og-1o0g
functi on of LTAD:

MHPF = 16. 7 (LTAD - < C7)
t-calc = 4.3, N=16, df=14 r2 = 0.57
This relationship is depicted graphically in Figure 5; LTAD

statistically significant. As expected, LTAD and MHPF val ues are
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TABLE 7

COVPONENT CAPACI TY COVPARI SONS

STUDY- PREDI CTED VS. DESI GN STANDARD VALUES

GUATEMALA
(1) (2) (3) (4) (5)

STUDY NVOH Al D STUDY MOH/ Al D
POPULATI ON; 300 300 600 600
LTAD (GPH) 160 250 640 500
LTAD (GPD) 3900 6000 15000 12000
LTAD (GPCD) 13 20 26 20
NVDPF 1.2 1.2 1.2 1.2
MDD  (GPD) 4700 7200 18000 14000
MHPF 4.2 1.8 2.9 1.8
MHD  (GPD) 16000 11000 45000 22000
RVST 2500 1800 4900 3500
HRS DET 16 7 8 7
GUATEMALA

STUDY MOH/ Al D STUDY MOH/ Al D
POPULATI ON: 200 200 1200 1200
LTAD (GPH) 1100 750 1600 1000
LTAD (GPD) 27000 18000 38000 24000
LTAD (GPCD) 30 20 32 20
NMDPF 1.2 1.2 1.2 1.2
MDD  (GPD) 32000 22000 46000 29000
MHPFE 2.5 1.8 2.3 1.8
MDD  (GPD) 68000 32000 88000 43000
RVST 6500 5300 7800 7000
HRS DET 6 7 5 7
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inversely related, as indicated by the negative exponent for LTAD
in the regression equation. Predicted MHPF val ues are given in row
6 of Tabl e 6.

MHD val ues were estimated for comunities wth 300, 600, 900,
and 1200 persons in Guatemal a, Honduras, and Ecuador. These
val ues, reported in row 7 of Table 6, represent network capacity
required to neet maxi num hourly denmands. For a town with a design
popul ati on of 900 persons in Guatenala, the MHD is 68,000 GPD; in

Honduras or Ecuador, it is 110, 000 GPD

St orage tank volune is dependent on the outflow from and the
inflow to the tank. For purposes of predicting the RVST, a
regression analysis was perforned of the data, where RVST (gall ons)
is a function of the nmaxi mumoutflow rate (MHD) and the inflow
rate. The resulting regression equation is:

RvST =0.37 (QUJT) "~ (inf) « ~o (8)
t-calc = 8.2, 5.6, N=48, df=45 R*» = 0.70
Note that both OUT and the I NF vari ables are statistically
significant.

The predicted RVST val ues are shown in row 8 of Table 6.
Inflowto the tank is fromthe source of supply, and source works
are designed for the MDD. Thus, for the RVST predictions herein,
the inflowrate is estimated as the MDD, and the outflow rate is
esti mated as t he MHD.

The values in row 8 show that RVST (GAL) increases with

i ncreasi ng demand, indicating that nore storage volunme is required
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in larger comunities. Also, relatively nore volune is required in
Hondur as and Ecuador than in Guatemal a because of hi gher LTAD
values in the fornmer countries. For a community of 900 persons in
GQuatenal a, the required storage volume is 6500 gall ons, providing
6 hours detention tine at average flow (LTAD) of 1100 GPH. For a
simlar community in Honduras and Ecuador, a storage volunme of 8900

gallons is required, providing 4 hours detention tinme at an average

fl ow of 2100 GPH.

In summary, to determ ne required design flows and capacities,
t he desi gn popul ation and the country in which the water supply
systemw ||l be installed are first selected. The appropriate LTAD
predi ctive equation is used to deterni ne the expected average use
rate, which indicates required systemcapacity for the comunity.
A factor of 1.2 is used for the MDPF, but LTAD nmust be used to
predi ct the MHPF. MDD val ues determ ne the source work capacity,
and MHD val ues determ ne the distribution network capacity. The
MDD and the MHD val ues are then used to predict the RVST for the
system These are the required capacities of the system

conponents, needed to neet the predicted denands for water.

It is inportant to note that a general predictive equation for
LTAD was not developed in this study due to the significant
di fferences in demand from one country to another. This inplies
that there exists no single equation which can be uSed to predict

water use rates in all the countries of Latin America (based on
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predict a LTAD of 30 GPCD, whereas MOH Al D woul d design a water
supply systemw th a capacity of 20 GPCD for such a conmunity.
MOH Al D woul d appropriately estimate the MDPF as 1.2, but
underestimate the MHPF as 1.8 instead of the required 2.5. Hence,
the required source works capacity of 32,300 GPD woul d not be
reached with the MOH Al D design standards; based on their
standards, a capacity of only 22,000 GPD woul d be provi ded.

The MOH AI D distribution network capacity would al so be
insufficient. The required capacity, based on the predicted MD,
woul d need to deliver 68,000 GPD, but the MOH Al D-desi gned system
woul d design network capacity for only 32,000 GPD. The Cuatemal a
MOH Al D woul d provide 7 hours detention time for storage in this
system which would result in a tank of 5300 gallons at the
sel ected average and maxi num fl ows. The nmodels fromthis study
suggest that a volume of 6500 gallons is required, providing a
detention tinme of 6 hours at an average flow of 1100 GPH

None of the conponents in these systens woul d be sufficient to
meet the actual demands, due to the underestimation of the use rate
and max hourly peaking factor in the design standards. Thus, in
general, the design standards enpl oyed by MOHAID in Guatemala are
not sufficient because they do not design systens that will
adequately neet the actual denands.

In each of the cases nentioned here, it is inportant to note
that the populations and flows are the design popul ations and
flows. These water supply systems have a design period of twenty
years, and thereby expect to have excess capacity for twenty years
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into the future. However, this study indicates the systens wl |
run out of excess capacity before the end of the design period.

When the design popul ation is reached, the systens wll not be

sufficient to neet the denmands.

Tabl e 8 shows the predicted conponent capacities and MOH Al D
desi gn standards for the Honduran conmunities of 300, 600, 900, and
1200 persons. The values in the first colum show t he desi gn
paranmeters and required capacities as indicated by this study. The
val ues reported in the right colum are those that woul d be used by
t he Honduran MOH Al D. I n npbst cases, these standards produce
designs that are not sufficient to neet the actual denands.

For exanple, in a Honduran conmmunity of 900 persons, this
study indicates a LTAD of 56 GPCD, but MOH AID would design this
systemfor 30 GPCD. Study results indicate that a conmunity of 900
persons would have a MDPF of 1.2 and MHPF of 2.1. In designing
this system MOH AID would overestimate these paraneters at 1.5 and
2.25 respectively. However, the LTAD is so severely underesti mated

that the resulting MDD and MHD val ues are underestimated as well.

Study results show required source works capacity (based on
the MDD) of 60,000 GPD, whereas the MOH Al D design standards woul d
sel ect source works for only 41,000 GPD. For the distribution
network, the nodels herein indicate a required capacity of 110,000

GPD, but the MOH AID design standards woul d specify a network
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HONDURAS

(1)

POPULATI ON:

LTAD ( GPH)
LTAD ( GPD)
LTAD ( GPCD)
NMDPF

MDD ( GPD)
VHPF

MHD ( GPD)
RVST

HRS DET

HONDURAS

POPULATI QN;

LTAD ( GPH)
LTAD ( GPD)
LTAD ( GPCD)
NMDPF

MDD ( GPD)
MHPF

MHD ( GPD)
RVST

HRS DET

TABLE 8

COVPONENT CAPACI TY COVPARI SONS

STUDY- PREDI CTED VS. DESI GN STANDARD VALUES

(2)

STUDY
300

650
16000
52
1.2
19000
2.9
46000
5000

STUDY
900

2100
50000
56

1.2
60000
2.1
110000
8900

a4

(3)
MOH Al D
300

310
8000
25
1.5
11000
2.3
17000
3000

MOH/ Al D
900

1100
27000
30
1.5
41000
2.3
61000
9000

(4)

STUDY
600

1400
33000
55
1.2
40000
2.4
78000
7200

STUDY
1200

2800
68000
56

1.2
81000
2.0
130000
10000
a4

(5)
MOH Al D
600

630
15000
25
1.5
23000
2.3
34000
5000

MOH/ Al D
1200

1500
36000
30
1.5
54000
2.3
81000
12000
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capacity of only 61,000 GPD. Hence, the source works and network
capacity for this systemwould not be sufficient to neet the actua
denmands.

For a community of 900 persons, the predicted data show a
requi red storage detention tinme of 4 hours. For this situation,
t he Honduras MOH Al D woul d design a storage tank to provide 8 hours
of detention time at average flow Because the detention time is
overesti mated by 200 percent in this case, sufficient storage
vol une i s provided, even though the MDD and MHD val ues are
underesti mated. This detention tine overestimation only applies to

communities of 900 and 1200 persons. All the other paranmeters are

underesti mat ed as di scussed above.

The desi gn standards and conponent capacities for design
popul ati ons of 300, 600, 900, and 1200 persons in Ecuador are shown
in Table 9. The values in the left colum show t he desi gn
standards and required capacities as predicted by the regression
equati ons obtai ned through this study. The values in the right
colum are those that woul d be enpl oyed by the Ecuadorian MOH Al D.
In the case of Ecuador, the design standards enpl oyed al ways result
I n conponent capacities that are not sufficient to neet the
expected denands for water.

For exanple, in a community of 900 persons in Ecuador, study
results indicate LTAD of 56 GPCD, but MOH Al D woul d design for 17

GPCD for this community. The data show that a community of 900
persons in Ecuador should be designed with a MOPF of 1.2 and a MHPF
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O 2.1. MOH AID appropriately estinmates the peaking factors at 1.3
and 2.0 respectively, but the LTAD standard is so severely
underestinmated that the resulting MDD and MHD val ues are nmuch too
smal |

The required MDD for this systemis 60,000 GPD, but MOH Al D
woul d estinmate the MDD as 20,000 GPD. The WMHD based on this study
is 110,000 GPD for a 900-person community; MOH Al D woul d design for
31,000 GPD. The source works and network capacities determ ned by
t he Ecuador MOH Al D desi gn standards would not be sufficient to
neet actual derands.

The study results show that 4 hours detention tinme at average
flowis required to fill the storage tank in this system whereas
the MOH AID standards estimate a detention tinme of 9 hours. The
predi cted data estinate that this tank should have a capacity of
8900 gal |l ons, whereas the MOH Al D desi gn standards woul d provi de a
tank of only 5700 gallons. The resulting MOH AID storage tank is
too smal | because the average, max daily, and max hourly flows are

severely underesti nat ed.
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TABLE 9

COVPONENT CAPACI TY COVPARI SONS

STUDY- PREDI CTED VS. DESI GN STANDARD VALUES

ECUADOR
(1) (2) (3) (4) (5)

STUDY MOH/ Al D STUDY MOH/ Al D
POPULATI ON: 300 300 600 600
LTAD ( GPH) 650 160 1400 380
LTAD (GDD) 16000 4000 33000 9000
LTAD ( GPCD) 52 13 55 15
NMDPF 1.2 1.3 1.2 1.3
HDD ( GPD) 19000 5100 40000 12000
MHPF 2.9 3.0 2.4 3.0
VHD (GDD) 46000 12000 78000 27000
RVST 5000 1500 7200 3400
HRS DET 8 9 5 9
ECUADOR

STUDY MOH/ Al D STUDY MOH/ Al D
POPULATI ON: 900 9200 1200 1200
LTAD ( GPH) 2100 640 2800 950
LTAD ( GPD) 50000 15000 68000 23000
LTAD ( GPCD) 56 17 56 19
MDPF 1.2 1.3 1.2 1.3
VMDD ( GPD) 60000 20000 81000 30000
MHPFE 2.1 2.0 2.0 2.0
MHD ( GPD) 110000 31000 130000 46000
RVST 8900 5700 10000 8600
HRS DET 4 9 4 9
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Vi . CONCL USI ONS

I n Guat enal a, Honduras, and Ecuador, the design standards
enpl oyed by MOH/ AID result in conponent capacities that are not
sufficient to neet actual demands. Based on these standards,
MOH AID provide too little excess capacity in their water system
conmponents. The infornation presented in this report regarding
actual water use rates and patterns can be used to inprove rural
wat er supply planning in Latin Anerica.

The actual water use data collected in this study are used to
devel op predictive nodels for various design paraneters, including

average use rate, daily and hourly peaking factors, and storage

vol unes. These npbdel s estimate use rates on the order of 13-32
GPCD i n Guatenal a and 52-56 GPCD i n Honduras and Ecuador. The
predi cted MDPF is about 1.2 for all conmmunities; the MHPF is
estimated from2.3 to 4.2 for Guatemal an towns, and 2.0 to 2.9 for
Hondur an and Ecuadori an towns. Predi cted storage tank detention

tinmes range from5 to 16 hours in Guatenmala, and from4 to 8 hours

in Hondur as and Ecuador.

Based on these predicted val ues, actual average denands are
150% t o 300% hi gher than MOH Al D desi gn standard val ues. Maxi mum
daily and hourly demands are 140%to 380% hi gher, and required
storage volunes are 110%to 330% hi gher than desi gn standard
estimates. This inplies that the design standards are
| nappropri ate because they select source works, network, and

storage tank capacities that are not |arge enough to adequately
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nmeet denmands; systens will run out of excess capacity nuch sooner
t han expected. If action is not taken to augnent the supply or
reduce the denmands, consxiners wll experience |ow fl ows,

intermttent supplies, and negative or |ow pressures in the pipes.

The principal cause of the capacity underestimtion is the | ow
average use rate value estimted by the design standards, as the
ot her paraneters are estimated fairly closely to the required
val ues. One reason the actual use rates are likely to be so high
i s because consuners in the MOH AID water systens pay a |low, flat,
nonthly fee, irrespective of the quantities they consune. There is

no reason for them to make econom c deci si ons about how nmuch wat er

to use and no financial incentive to conserve. This study shows
that the differences i n demands bet ween Guat enal a and
Hondur as/ Ecuador are the high nighttinme uses (not attributable to
| eakage) in the latter countries, inplying illegal or careless
wat er use. Charging flat fees, or inappropriately setting
consunpti on bl ocks on increnental fees, is likely to encourage
wast ef ul behavior and result in average use rates that are nuch
hi gher than expected.

It is not known exactly why rural consuners in Guatenal a use
about half as nuch water as those in Honduras and Ecuador. It is
possi ble that the water conmttees work better in Guatemal a and
properly enforce water use restrictions. It is also likely that
several socioeconomnm ¢ characteristics explain water use patterns in

t hese countries, but such information cannot be obtained with the
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macr o-1 evel study conducted here.

To explain the demands beyond the popul ati on and country
variations described in this report, mcroneters nust be installed
at each connecti on and water use studi ed on a household | evel .
This wll illum nate other explanatory vari ables for water use
rates and provide the opportunity to develop a single predictive

equation for water demand in rural Latin Anerican water systens.
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Vi DI SCUSSI ON AND RECOMVENDATI ONS

A. THE PROBLEM

The results of this study show that actual demands in MOH Al D
desi gned water systens are nuch higher than the design standards.
Hence, these systens will run out of excess capacity before the end
of the twenty-year design period if present rates of water use
persi st and comunities grow as anticipated. For the nost part,
the systens are currently functioning properly. Because they are
relatively new (nost are less than five years old) and have excess
capacity, they have not experienced problens delivering water
twenty-four hours per day.

If system capacities are exceeded, it could result in periodic
interruptions in service and negative pressures in the pipe
net wor ks, possibly causing infiltration of groundwater and
contam nation of water quality. In Guatenala, MOH Al D acknow edges
that the storage tanks have al ready exhi bited sone probl ens of
insufficient capacity. New water systens constructed in the future
m ght al so devel op sim |l ar problens, assum ng current design
standards are enployed and demands in new areas are simlar to

t hose observed in this study.

There are several ways MOH AID m ght choose to address these
| ssues. Possible strategies for existing and new systens are

di scussed herein.
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B. EXI STI NG SYSTEMS
One option is to let conmunities handl e the probl enms of
insufficient capacity (viz. |low or negative pressures, |ow flows,
intermttent supply) on their own. This inplies that the probl ens
woul d not be addressed until excess capacity is exhausted, at which
time the conmmunities would voluntarily reduce their demands or pay
to augnment system capacities. This may not be a good option
because all owi ng systens to function inproperly could cause public
heal th probl ens, which the systens were constructed to overcone.
Furthernmore, it is unlikely that conmunities could increase system

capacity without professional assistance, which is in short supply

and would be difficult to obtain.

A second option is for MOH AID to increase the capacities of
exi sting systens to handl e the higher-than-expected denands. This
woul d be difficult because it appears that MOH Al D does not have
t he designers, contractors and resources available to return to old
systens for expansi on when there are so many conmunities w thout
systens to date. Consequently, it is unlikely that expansions
coul d be nmade before excess capacity is exhausted, which would
result in the intermttent service, negative pressures and public

health ri sk descri bed above.

QO her options involve attenpts to decrease the denmands in

existing systens. In principle, this can be achieved with

mechanical flow restrictors, higher water prices, and conmmunity
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education canpaigns. In fact, nechanical restrictors are usually
i neffective because they need high pressures to work properly and
they often clog. Another drawback is that people often renove or

tanper with them

The option of charging prices to reduce water use is a
substitute for the flat nonthly fees that nost consumers currently
pay. An effective pricing schene based on the volune of water
consuned woul d encourage people to be nore conservative and at the
sane tinme provide funds to increase system capacity to neet
demands.

In recent years, AID has begun to investigate the possibility
of cost recovery fromits water supply systens, the capital costs
of which are currently provided by AID funds. The nonies collected
fromnmonthly fees stay in the communities to pay for operation and
mai nt enance expenses. An effective pricing schene would charge
consunmers for the water they use, thereby encouragi ng conservation
and providing funds for capital cost recovery. In addition, a
system of water prices would enable the community to send a clear
signal when it is ready to pay for system expansion.

The i nplenmentation of this optionis a matter for further
study because it would involve installing meters and sel ecting
water tariffs. Cost-benefit anal yses would be needed to determ ne
the value of netering, and willingness to pay studies would

probably be needed to help select appropriate water tariffs and

determ ne required subsidies.
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The nighttinme use rate analysis presented in this report shows

that a significant portion of the water use (not due to | eakage) in
t hese communi ti es occurs overnight, presxinmbly from proscribed or
careless use. In fact, the principal difference in the denands
bet ween Guat enmal a and t hose of Honduras and Ecuador is the high
nighttime use rate in the latter countries. The pricing option

woul d in principle decrease the nighttine demands by chargi ng

consuners for the water used.

Establishing water prices in conmmunities where systens are
already in place may be controversial and difficult to inplenent.
A di fferent approach to decreasi ng denmands coul d i nvol ve wor ki ng
with village water conmttees to encourage water use restrictions.
This would involve ensuring that consuners turn off their taps when
not in use and enforcing restrictions on water use for irrigation
or aninmals. A proper conmunity education and conservation program
woul d enabl e consuners to understand the inportance of reducing
nonessenti al consunption wthout elimnating or decreasing
necessary uses such as bathing. A possible way to inplenment such
a program woul d be through use of PVO (private voluntary

organi zation) community workers. A pilot programwould be needed
to determine if education is a practical way to reduce water use in

t hese comuni ti es.

C. NEW SYSTEMS

I n new systens not yet designed or constructed, it would be
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possible for MOH AID to | eave their design standards unchanged.
However, assum ng that new comruniti es behave |ike the ones studied
here, this m ght not be desirable since it is known that current

standards do not select capacities sufficient to neet denmands.

One option is to change the design standards to acconmodate
hi gher use rates and provide required capacities. This would
provi de a higher |evel of service, but given AID S fixed budget,
fewer communities would be served. For exanple, if the design
st andards were doubled (from say, 25 to 50 GPCD), system costs
woul d i ncrease by about 60% assvimng a cost function of the form
K * capacity , where' <=0.7 as in Guatenal a.

The average capital cost of systens in Guatemala is about
$40, 000. |If the design standards are increased to raise costs by
60% capital costs would increase to about $64,000. For a budget
of, say $50 mlIlion, which is the approxi mate anmount AID is
spending in Guatenal a, Honduras and Ecuador, 1250 water systens can
be constructed with the old standards. However, only 780 systens
coul d be constructed with revised standards, which is a reduction
of about 40%

MOH Al D shoul d consider revising its design period from 20
years to something |ess, possible between 7 and 10 years. Econom ¢
theory suggests that a shorter period would be more nearly optinal,
especially in light of the high opportunity cost of capital in

Latin Aneri ca.
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Anot her option for MOH/ AID is to adopt pricing schenes for new
wat er systens, with a view towards cost recovery, conservation, and
appropriate signals for expansion. In this way, consuners would
pay for the water they use, thereby nmaki ng econom c deci si ons about
how much to consune. The flat nonthly fee currently charged does
not encourage such behavior. This option should be studied further
because it could allow MOH/ AID to recover at |east part of the

costs of the systens they design and construct, providi ng consuners

with the I evel of water service they want and are willing to pay to
recei ve.
D. FUTURE WORK

It is recommended that pilot conservati on and educati on
canpai gns be conducted in various comunities. Consuners should be
told how to decrease their water use rates, and they shoul d be
educated in the inportance of doing so. Such pilot prograns woul d
require careful evaluation to determne their effectiveness prior

to full-scal e adopti on.

A second recommendation is to conduct a study of water use on
a household |l evel by collecting data from m croneters at each
connection. This type of study could provide a better
under st andi ng of househol d water use and the vari ous soci oecononi c

factors that explain it.

It is also recommended that cost data be collected for various
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MOH/ Al D wat er systems and the inplications of design standard and
pri ce changes studied in detail. This would invol ve coll ecting
data on the costs of providing water systens in rural Latin
Aneri can conmmunities and perform ng sensitivity anal yses to
deternine the effects of changing the various determ nants of the
costs. This informati on would be i nportant for cost-benefit
anal yses and for designing pricing schenes. Anal yses shoul d be
made to determ ne opti mal desi gn peri ods based on econom es of

scale, interest rates, growh rates in denand, and other pertinent

vari abl es.

A final recomendation is to conduct a pilot study to
determ ne the effects of price changes on water use. This woul d
i nvol ve deternining actual price elasticities of denmand. Such a
study m ght be conducted by actually changing prices from one
comunity to anot her or possibly by determ ni ng consuners'

wi | lingness to pay based on contingent valuation studies.
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I X APPENDI CES

Dat es and Ti nes of Meter Readi ngs

Speci fications for Hersey MVR- 160 Met er

Dat a Forns for @Guatenal a, Honduras, and Ecuador
Sanpl e Long Term Aver age Demand Cal cul ati on
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GUATENALA
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APPENDI

44erse

MWR- 160

y

DESCRI PTI ON

The Hersey Model MR series Nagnetic Drive (yerticaL/rurbi ne Meters

cone equi pped with an exclusive patented RETRO THRUST* feature
which provides for a longer life over a wider range of accuracies. At low flow
rates the rotor's tungsten carbide thnjst bearing floats against the sapphire
bearing located in the meter casing. As flowrates increase the retro thrust
feature allows the rotor to float away fromthe sapphire. At high flow rates
the rotor's stainless steel shaft floats against the upstream sapphire
Ib_(feari ng, thereby minimzing wear and thus assuring extended operating
e

The Dura-Dri” register is permanently hernetically sealed between a
glass dome and netal housing.

The register cover is constructed of cycolac plastic. The register is heldin
place by a polypropyl ene clanp band which allows for positioning the
register in the most convenient reading position. The register is available
\w kGeri;er sweep hand, straight reading indicating cubic feet, U.S. gallons,
"B netres.

The measuring chamber is composed of a noryl plastic inlet hub, poly-
propylene rotor and strainer in the MR-30-50 and 100. The measuring
chanbers in the M/R-160-350-650 are conposed of a noryl plastic inlet
hub, and pol ypropyl ene rotor and stainless steel ring strainer.

The MR will operate at tenperatures from32° to 130°F. and will operate
with particles of sand in the water. Quter cases are time-proven cast
bronze.

Bottomplates are available in both bronze and enanmel coated cast iron.
Bronze only on the MVR-160- 350- 650.

A full Buna-N ruboer liner for the MR 30-50 and 100 bottoms and an EPT
liner for the WR-160 are provided lor corrosion protection.

The Hersey MR Magnetic Drive Turbine Meters are also available in
conpact nodel s with varying spud sizes.

X B

MWR- 160

Lengtha? (female)-15 1/4"
2 (2-bolt flanged) - 17"
a(Conpact)- 10 1/2"
Wdth 2 (femle) - 5 3/8"
@ (2-tX)It flanged) - 5 15/16"
Hei ght 26 1/4°
Net Weight - (female) -15 Ibs
-(2-bolt flanged)-20 Ibs
- (Conpact) - 14 |bs
Cfinterline to base of neter - 3"

End detail screwed: internal (fenale)
2 NPT threads

End detail flanged: 2-bolt oval type MWR- 160
(may be ordered with either bronze or cast iron
flanges)
Pressure | oss (Maxi num
MWR 160 11.0 psi @160 GPI*
3 10 20 30 40 X0 60 60 o 120 l4c 1«
102 . R i | 18
< | I 14
1 1 ; »
DEMRE | Vo
1 X,
ha VN
6
’ "y A p

86

r
0 10 20 S0 40
Flow rate- us g.pm

50 60

OPERATI NG RANGE: 3-160 GPM
LOW FLOW REQ STRATI ON: 95% @ 2 GPM

SPECI FI CATI ONS

Magnetic Drive Turbine Meters, sizes 30-50-100- 160- 350- 650
shal | have bronze outer cases. The register lid and clanp band
shal | be made of high-inpact-resistant plastic to protect the

register. The clanp band shall hold the register and lid in place by
means of one stainless steel fastener and nut. Both the fastener

and clanp band shal | t>e drilled to receive sealing wire. The clanmp
band shal | allow for positioning the register in the nost convenient
readi ng position.

" The re?i ster shall be conﬁl etely separated fromthe water-way
and shal | be available with center sweep hand, straight reading
indicating cubic feet. US gallons or cubic metres. The register
shal | be permanent|y hennetical |y seal ed between a glass dome
and netal housing. The register shall be driven by a ceramc
magnet .

The measuring chamber in MR 30-50-100 shal | be conposed of

a plastic inlet hub, rotor and strainer where as the measuring
chanber in the MR 160-350 and 650 shall t)e conposed of a

plastic inlet hub and rotor and a stainless steel ring strainer. The
chanber shall be held in place with (4) four stainless steel screws.
It shall not be adversely affected by tenperatures from32°F. to
130T. or by particles of sand. The neter shall Incorporate a
patented Retro-Thurst* design to assure maxi muimoperating life.
The rotor thaist bearings shall t)e sapphires and the bushings,
graphitar.

The bottom plate shall be either bronze or enanel coated cast
iron on the MR 30-50-100, bronze only on the MR 160. The
M/R 30-50-100 and 160 bottons shal| be protected with a thidc

rubber liner.


NEATPAGEINFO:id=9E5F64A9-1F70-4F6D-9D12-F9157538AB01


COVUNI DAD PANZALEO I canTON. MEJIA Proi nn
NOWhnf:  del operador -. A AT A -"FicMA =26 JU 1990
NUMno DE CONEXIONES DMOLIARES EH  sevico 47T
AF PENDI X C 1
1 [ELA DE LA
HORA DE LA PARTE BLAfJCA P TE riEC A L mvirrine
I N TGRA 1 2Q0A
S S S A U A S A SV SR
o/ .i.o0 (? o N 1 A 5 o 1 /\
/. hl5 O o 7 o N N 15 A O
L - S S - T A
n.iLl.5 *A o 2 \0 7 1 A oA J*Z fra
051. 00 o o n b AN 3 N ° NO
051. 15 0] o A h')" o n o f VO
WY o e A o g w7 0o
05i /.5 o o ' A 5 - R _ o
I\ N7 o 1
Qchco o . 9 o g 5 'yJO
061. 15 (@) o \V4 o 0 r ? 2 f/ 0
061. 10 o o g . o) o
{f)5 o o " o s "l s
071. 00 o © / o 8 3n h t~o
071. 15 D o 7 o e N ~ o f\:0
071i 50 o o ? o 8 N 1 o rv o
071.7.5 o a ) ° o Yl \ 9 > A O
om oo o © N o e 3 3 5 /1o
081. 15 a o AN ] © % Wi 3 o o
ORNh30 o o N o) 5. - B - 7 /10
08L./. 5 o < -A o 5 b % o 5 lilC
091. 00 o o M. o 5 N 8' L J MO
091. 15 o 0 VAN / Q 0 b 1o A/ O
091. 30 ~ o _A 7 o ~/ o N~ [t]<?
091./. 5 o' 6 N\ r 0 3 VAN 5 /\P
rioiioo 6 6 ' 0" ar Al y 5 A>CT
L0115 |Igll\ 6. R >|| / 0 \ n ~</\|| <A \] 1 A O
101. 30 o' 0"\ yl Joooo ® to. "F Aton A C?
| o 5 ‘o' 6 A [® ° |5 10 S A O
oy 10" o e 4 11 g fz e w9
Tiiifs"" o ->h r < b N, 5 A O
||||JO ||6u|| 'a./\l Y I’\ l|2 n >l| i > 1 /1/0
Coe 11 :
K 0 I - A \ T \ y \ / Ir A 1 0 | /v
AN

/\/\/\%/l

AN

W AT A

§’°“?.»A’kf/? A7


NEATPAGEINFO:id=EB164315-3A65-4FD5-A2E5-171C1157E143


DI VI SI ON DE SANEAI A ET"TO DEL MEDIO - P.S.C. .S N
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APPENDI X D

SAMPLE LONG TERM AVERAGE DENMAND CALCULATI ON

Panzal eo, Ecuador

First nmeter readi ng on 3JUNSO: 177178 gall ons
Last neter readi ng on 26AUEA0: 1077035 gal |l ons
Nunber of days fromfirst to | ast reading: 84 days

Popul ati on of Panzal eo: 252 per sons

LTAD = (Last reading - First readi ncf)
Ti me Peri od

(1077035 - 177178) gall ons
84 days

10713 GPD

446 GPH

=43 GPCD
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APPENDI X E

SAMPLE NI GHTTI ME USE RATE CALCULATI ON

Panzal eo/ Ecuador

Meter reading at 8:00 p.m on 13JUN9O: 293548 gall ons

Meter reading at 4:00 a.m on 14JUN9O: 296011 gall ons

Ni ghttine Use Rate = (4 a.m reading - 8 p.m reading)

8 hours

= (296011 - 293548) gall ons
8 hours

=308 GrPH

= 5 GPM
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APPENDI X F

SAMPLE NMAXI MUM DAI LY PEAKI NG FACTOR CALCULATI ON

Panzal eo, Ecuador

Meter reading at 4:00 a.m on 12JUN9O: 272430 gall ons

Meter reading at 4:00 a.m on 13JUN9O: 284313 gall ons

Daily Demand Rate = fl3JUN reading - 12JUN readi ng)
1 day

(284313 - 272430) gall ons
1 day

= 11883 GPD

495 GPH

Maxi mum Dai | y
Peaki ng Fact or

(Daily demand rate)
LTAD

495 GPH
446 GPH
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APPENDI X H- 1

SAMPLE NMAXI MUM HOURLY PEAKI NG FACTOR CALCULATI ON
Panzal eo# Ecuador

Exam nation of daily demand pattern (Appendi x H 2)
shows maxi mum hourly rate of demand of 900 GPH

occurs at 11: 00 a.m on 4JUN9O.

Maxi num Hour |l y
Peaki ng Fact or

(Max hourly demand rate)
LTAD

= 900 GPH
446 GPH

MHPF =2. 0


NEATPAGEINFO:id=540FE167-9DB0-4CFD-AF56-685B7224F6C6


hn:

b

~\

Tin

@®n

APPENDI X H-2

iiff

-m

©OTfi

1 QT

\pytiooi


NEATPAGEINFO:id=29202AEC-645F-460E-9D96-C4CEA94235B8


APPENDI X |

T AK PV LA Ji it W
iviirl iiiivi L e

(e 1 - A i!\f"li|A
R S TR B H ML diP s


NEATPAGEINFO:id=3374339B-DD4F-4202-9A1A-81E32805E0FC


APPENDI X J-1

SAMPLE REOUI RED STORAGE VOLUNVE CALCXJLATI ON

Panzal eo, Ecuador

Proposed inflows to the tank:

LTAD ( GPHD
1.2 * LTAD
1.4 * LTAD

Qutflow fromthe tank:
hourly demand ( GPH)

Exani nati on of daily denand pattern (Appendi x J-2)
shows for an inflow =1.2 * LTAD,

tank fills until 9:00 a. m

tank enpties from9:00 a.m to 5:00 p.m
tank fills after 5:00 p. m

Requi red storage vol une

area under the curve from
9:00 a.m to 5:00 p.m

RVST = 1150 gal |l ons

DETENTI ON TI ME RVST

LTAD

= 1150 GAL
446 GPH

= 3 hours
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APPENDI X J-2

WY DEMAND PATTERN

MZALEO, ECUADOR

L3 U

RVST' - \\50 e»AL

| NFLOXA/ " 5350<' rt

400 500 SOO 1000 1™ 14C0 1500 iSD 2000
ATy A 1100 1300 1500 11JO \M 2100

Time of Dgv
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