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ABSTRACT 

Multiple regression and frequency analysis of avera~e month, peak 
month, peak day, and instantaneous water use by various water supply 
systems in Utah and Colorado are used to develop water demand func
tions. The research objective was to predict water demand as a func
tion of a small number of independent variables for which data were 
easily obtainable and thereby provide an attractive method for use by 
consulting engineers in future planning studies. The independent 
variables which were significant for monthly and daily demands were 
cost of water and an outdoor use index which includes the effect of 
variation in landscaped area and accounts for use of supplementary 
ditch or pressure irrigation systems. The demand functions were 
developed with data from a sample of 14 systems varying in size from 
very small low density rural systems to Salt Lake City's water system. 
The correlation coefficients (R2) vary from 0.80 to 0.95. The demand 
functions were validated by comparing calculated tc measured water use 
for more than 40 other Utah systems. Instantaneous demands are 
determined for any desired recurrence interval as a function of number 
of connections. 

The demand funet ions are presented both at t f it (expected 
value) levels for average month, peak month, and peak day and at 
recommended des ign levels for the same time durat ions. The des ign 
levels were calculated by adding to expected values an increment 
which was based upon standard deviation of the samples. 

Instantaneous demand peaks which can he expected once in about 
30 years in Utah systems are under 2 gpm per connection for lines 
serving more than 50 families, 3 gpm for lines serving 10 families, 
and 5 gpm for lines serving 4 connections. 
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INTRODUCTION 

Nature of the Problem 

Engineers customarily design municipal 
water supply distribution networks to handle 
peak hour demands; treatment plants and well 
pumps must meet 24 hour peaks; and raw water 
storage reservoirs are sized to provide 
seasonal peak demands. These design de
cisions are made daily by thousands of 
engineers. Despite the apparently routine 
nature of these decisions, we don't know 
nearly so much as we should about matching 
water supply facility capacities to future 
demand leve Is. I f one exami nes the range 
of historic water use quantities per capita 
for a large number of systems even within 
the same general area, the striking charac
teristic of these quantities is usually the 
large variability between systems. For 
example, a recent statewide survey of munici
pal water use in Utah (Hansen et al., 1979) 
revealed the average water use levels in 50 
Utah systems in Figure 1. The quantities 
vary from 93 to 505 gallons per capita per 
day (gpcd). 

There have been many attempts at de
veloping models which explain the large 
variability in water use by expressing 
demand as a function of various parameters 
wh ich affect water use. Theoretical ap
proaches to such models have not been very 
useful, except in determining which parame
ters may be significant demand determinants. 
The empirical approach which is commonly 
used is multiple regression analysis. For 
example, a recent study in Mississippi 
(Camp, 1978) produced equations which predict 
annual water use as a function of the follow
i ng 13 var iables: Occupants per household, 
age of head of household, market value of 
res idence, irrigable lawn area, number of 
bathrooms, clothes washers, dishwashers, and 
swimming po'ols, race, average temperature, 
precipitation, price of water, and education
al level. 

Such models may be relatively successful 
in explaining historic water use but their 
use by consulting engineers in planning 
studies presents many problems including the 
following: (1) Many regression models (such 
as the previous example) require data that 
are simply not available for the entire study 
area without unreasonable data gatherinl?' 
costs. (2) Unless the model accuracy has 
been verified for systems in the particular 
geographic region of interest, planning 
engineers are not likely to have confidence 
in the results. (3) Most regression models 

include only average annual demand functions. 
This is usually the least important demand 
period to a design e~er. Peak day and 
peak hour demands must then be es t ima ted by 
applying some multiplier to the average 
demand quantity. The multipliers suggested 
by most water supply textbooks are usually in 
the form of upper and lower range wh ich are 
often very far apart. For example, Clark and 
Viessman (1966) suggest a peak day flow of 
120 to 400 percent of average day and a peak 
hour of 150 to 1200 percent of average. This 
clearly leaves the designer with scant help 
in deciding on a single number for a particu
lar system. 

An additional problem is the question of 
whether a peak hour design provides adequate 
capacity for shorter term demands such as 5 
or 10 minutes. Public health officials are 
traditionally concerned with the possibility 
of negative line pressures causing contamina
tion by back siphoning during short tenE 
peaks. Very little information is available 
in the literature concerning instantaneous 
peaks. Conventional wisdom suggests that 
hydrographs in larlZ-e municipal supply lines· 
are stable enough that the peak hour parame
ter is adequate; however, little is known 
concerning very short term peaks in small 
rural systems or in the lines serving small 
portions of urban systems. 

Scope of the Report 

The original objective of this study was 
to develop demand functions for rural domes
tic water systems in Utah. One of the 
questions which previous research in this 
area raised was the difference between rural 
and urban water demand. That is, can munici 
pal demand functions be used to plan rural, 
low density systems or are there significant 
differences between the peak period and 
average water requirements of rural and 
urban users. This project addressed that 
question and produced some surprising an
swers. The determination of the rural/urban 
difference question resulted in a substantial 
extension of the ori~inal scope of the study 
to include a rather extensive analysis of 
water demand in both lar~e and small Vtah 
municipalities as well as low density rural 
domestic systems. 

The water parameters which were ana
lyzed include the following: 1) average 
month; 2) peak month; 3) peak day; and 4) 
ins tant aneOu s. 
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Figure 1. Daily per capita withdrawal rates (gcd) for 50 Utah municipal systems: average of 
1974, 1975, and 1976. 

All of these parameters are important to 
plar-minl': and design engineers 
each determine the size of a 
andlor various capital and 
of wa ter systems 'as descr i 

because they 
water r t 

ting costs 
Table 1. 

The monthly (peak and averape) data and 
part of the daily data which were used in 
this study consisted of historic measurements 
provided by a representat ive sample of Utah 
water systems. Instantaneous data, however, 
are almost never collected routinely and 

therefore, were measured as part of this 
project. Measurements were taken of very 
short term flowrates (1 to 5 minutes) during 
the summer of 1977 at master meters on three 
Utah systems. Because of the extreme drought 
in Utah dur ing that summer, these data were 
Ilot cons idered to adequately represent peak 
flows and therefore, the measurements were 
repeated during the summer of 1978. 

The longer term data gathering from a 
14 system sample consisted of the three most 



Table 1. Demand duration--system costs inter
actions. 

Peak Flow I Costs Which are Determined 
by Peaks 

Parameters 1---------------------,----------------

Monthly 
(both 
average 
and peak) 

Daily 

Instanta
neous 

Capital Investment Operating Costs 

Raw Water Reser
voir, Water stock 
or right purchases 

Treatment Plant, 
Well pumps, 
transmission 
conduits covered 
storage 

Distribution Mains 
(within ranges 
where fire flow 
does not govern), 
Service Lines, 
In-Line Booster 
Pumps 

Monthly well, 
booster and 
treatment plant 
total pumping 
costs, annual 
water purchase 
charges 

Electrical 
demand charges 
for pumps. 
Tr. plant 
start-up costs 

Booster Pumps 

recent years, excluding the drought (1974, 
1975, and 1976). The sample was selected on 
the basis of several desired characteristics 
as follows: 

1. Master meters. Reliable readings of 
master meters which were located so as to 
exclude or at least quantify the overflow at 
reservoirs were desired. The objective was 
to determine the actual use of water entering 
the distribution system not the total flow 
from water sources. 

2. Geographic distribution. The objec
tive was to include systems from all types of 
Utah climates and cultural settings. 
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3. Size of system. The objective was 
to compare differences between large and 
small municipal, rural, and urban systems. 

4. Leakag~. Leakage is an unavoidable 
component of demand in almost all systems but 
those with unusually large amounts of leakage 
were avoided in order to prevent distortion 
of the demand functions. 

5. Cost of water. Since price elas
t ici ty was one of the variables to be ana
lyzed, a sample was selected which covered 
a large range of variation in water price. 

6. Individual meters. All systems in 
the sample were completely metered. 

The 14 system sample was used to de
velop demand functions for average peak 
month, and peak day demand. Another UWRL 
project which was being conducted concur
rently, however, produced a statewide survey 
of historic municipal water use, including 
data from some 150 Utah systems (Hansen 
et al., 1979). These data were also analyzed 
in the context of the objectives of this 
study and were used to test the reliability 
of the 14 system demand functions. 

Format of Report 

This report is divided into two basic 
sections as dictated by the two very dif
ferent statistical techniques required for 
the various demand durat ion parameters. A 
multiple regression approach was adopted for 
annual, monthly, and daily demand functions 
while the instantaneous demand function was 
developed by a frequency analysis approach. 
The longer term demand analysis (average, 
peak month, and peak day) which is based upon 
data from a 14 city sample will be presented 
first. The following chapter will describe 
the instantaneous demand analysis and will 
compare ins tantaneous, peak hour, and peak 
day demands. 



REVIEW OF LITERATURE 

Format 

The literature review will include three 
sections in order to relate various studies 
to the research objectives. The first 
category includes literature relating long 
term demand parameters (monthly and annual) 
to var ious demand determinants. These are 
typically multiple regression studies. The 
second category will report research on 
very short term demands (instantaneous to 
hourly). The final literature category will 
be a review of literature relating longer 
term parameters such as peak day and peak 
month to hourly and instantaneous peaks. 

Monthly and Annual Demand 
Literature 

Most of the water· demand research 
has been focused in this area because monthly 
and annual water demand data are routinely 
available. Several of the studies have made 
use of regression analysis to relate the 
water demand to socio-economic factors. 
Price and income elasticities from several of 
the reports are summar ized in Table 2. The 
four reports reviewed here have narrowed the 
scope of their studies to include only 
average monthly or yearly water consumption. 

Israel--Dar:r: et a1. (1976) 

In a report called "The Demand for Urban 
Water" seven different socio-economic factors 
were used to try to explain the variation 
in residential water use in Israel. A survey 
was conducted in several areas considered to 
be representative of Israel's urban, residen
tial areas. The survey collected information 
about the following seven factors: 

1. Household size 
2. Income per capita 
3. Urban area 
4. Country of or in of the respondent 
5. Type of metering 
6. Education of the respondent 
7. Density per room 

Three dependent variables were of 
interest to the. study group. The first 
dependent variable studied was per capita 
water consumption per annum. Also studied as 
dependent variables were within house water 
usage and the quantity of water used for 
outdoor sprinkling on a Per capita basis. 
All three of the dependent variables were 
related to the seven socia-economic factors 
in linear and log-linear multiple regres
sion equations. Equations were developed for 
each residential area surveyed. In each case 

Table 2. Comparison of income and price elasticities from various studies. 

Geographical Form of Income Price R2 
Area Equation Elasticity Elasticity 

Gottlieb 1963' Kansas • Logarithmic 0.28 to 0.89 -0.66 to -1.24 
Gardner and Schick 1964 Utah Linear 0.55 
Gardner and Schick 1964 Utah Logarithmic -0.77 0.83 
Howe and Linaweaver 1967 U.S. Linear 0.31 to 0.38 -0.21 to -0.23 ! 
Beattie 1960 U.S. Exponential 

-0.30 to -0.85a 0.54 
Beattie 1960 Western Plains Exponential 0.63 0.74 
Beattie 1970 U.S. Exponential 

0.8la 0.58 
Beattie 1970 Western Plains Exponential 0.37 -0.39 to 0.71 
Wong 1970 Illinois 0.48 to 1. 03 -0.26 to -0.82 

0.60b Camp 1971 Mississippi Linear 0.07 -0.03 to -0.29 0.58 to 
Camp 1971 Mississippi Logarithmic 0.14 -0.35 to -0.40 0.54 to 0.59c 
Darr 1975 Israel Linear 0.42 
Darr 1975 Israel Logarithmic 0.30 -0.13 0.45 

aThis range of values is from plus one to minus one standard deviation from the mean value. 
bTwo of the regression equations developed from this study had all variables in linear 

form. This was the range of their R2 values. 
CEight of the regression equations developed from this study had some linear and some 

logarithmic variables included. This was the range of their R2 values. 
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the lop,-linear form of the equation provided 
the best fit except in the models for outdoor 
sprinklin~. essions were also performed 
o naIl the d a a pool edt o!?, e the r from the 
various areas. The analysis showed 
th at income and the number of persons per 
household were the most significant vari 
ables. All coefficients had the expected 
sir,n with demand per capita increasing 
with increases in income and decreasing with 
increases in size of household. 

The price of water was not considered 
significant. The study explained that, in 
Israel, water costs had "become such a 
small proportion of expenditure that consump
tion was not responsive to the prevailing 
range of pr ices ... 

U.S.--Beattie (1978) 

In a recent report entitled "A Cross
Sectional Investigation of the Determinants 
of Urban Residential Water Demand in the 
United States" the price of water, income, 
precipitation, and persons per servlce 
connect ion were used to explain water con
sumption. A least squares regression ana
lysis of the data from allover the U.S. 
provided price-exponential models predicting 
water consumption per service connection 
per annum on a regional basis. An aggregated 
model was also developed using all of the 
ava ilable data. 

All of the models developed by this 
study agreed that water demand per annum did 
not vary with the size of the city but did 
vary from one region of the country to 
another. The signs of the coefficients 
were all as expected. Price and rainfall had 
negative coefficients and income and persons 
per residence had positive coefficients. The 
price elasticities in each region were 
computed and compared with other research 
done in each part icu lar r on. The repor t 
concludes that the demand respons iveness to 
price changes is small because most utilities 
sell water at a low price. The author 
believes that "doubling the real rice of 
residential water would move us rom an 
inelastic region of the water demand curve to 
an elastic ion for most of the subregions 
of the Un States." The repor t suggests 
that doubling the cost of water would reduce 
household demand by 30 to 50 percent. 

Mississippi--Camp (1978) 

This American Water Works A~sociation 
Journal paper is titled "The Inelastic Demand 
for Residential Water: New Findings." It 
reports on residential water demands in 
Northern Mississippi. A sample of between 28 
and 30 individual monthly demands were taken 
in each of 10 different cities. Along with 
the water demand data, the participating 
consumers were asked to answer a question
naire. The survey obtained information on 
13 economic, socio-economic, and climatic 
factors which were hypothesized as in
fluencing the water demand in the area. The 
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dependent variable was the annual demand 
per capita. The 13 explanatory variables 
were: 

1. Persons per household 
2. Age of household head 
3. Market value of residence 
4. Irrigable lawn area 
5. Number of bathrooms 
6. Number of clothes washers 
7. Number of dishwashers 
8. Existence of a swimming pool 
9. Race 

10. Average maximum temperature 
11. Annual precipitation 
12. Price of water 
13. Educational level 

With these variables, a regression 
~quation was developed for each of the 10 
cities. The equations were in both linear 
and in logarithmic form. Five of the 13 
original variables proved to be Significant 
in all 10 equat ions. These var iables were 
the number of persons per household, number 
of clothes washers, pool, price of water, and 
educational level. The two climatic vari 
ables, temperature and precipitation, were 
not important in predicting demand. These 
two variables would be necessary when pre
dicting demand across different climatic 
regions but, given this one specific area of 
the country, rainfall and temperature did not 
vary enough to influence demand. Another 
variable which has proven significant in 
studies done in semiarid areas is the irri
gable lawn area. Because of the humid 
conditions which prevail in Mississippi, this 
variable was not significant. All of the 
significant variables had the expected 
signs. 

This report suggested that utility 
authorities could increase revenue by raising 
the prices of water, but if discouraging 
consumption was their object ive then, ice 
changes would be an ineffective" 001. 

Price elasticities are computed for each of 
the 10 equations. Although the report title 
emphasizes the inelasticity of demand, it 
reported some elasticities as high as 40 
percent which were certainly significant. 

Utah--Gardner and Schick (1964) 

This report is entitled "Consumption of 
Urban Household Water in Northern Utah." It 
is of special interest to the proposed 
research because the geographic location of 
both studies overlap. Although the data were 
collected some 15 years earlier, the func.:. 
tional relationships should be similar to 
those observed during this research after 
correcting for inflation. 

Gardner and Schick attempted to relate 
household water consumption in Northern Utah 
to several variables. The study objective 
was to explain the cross-sectional variations 
in the water consumption of average house
holds among various communities. The authors 
did not attempt to explain variations within 
communities. Forty-three cities were used in 



the study, each with a population of at least 
1000 people. 

The authors used linear and logarithmic 
regression techniques to relate the average 
daily water consumption per capita to seven 
different variables, as follows: 

1. Price of water 
2. Average income 
3. Median home value 
4. Lot area 
S. Percent of homes with complete 

plumbing 
6. Precipitation 
7. Temperature 

In the linear model it was shown that 
only price and lot area were significant. 
The equation explained only Sl percent of 
the variation with these two variables. 
When a logarithmic fit was tried with the 
same two variables, the percent of the 
explained variation went up to 83 percent. 
Precipitation and temperature again showed no 
significance in predicting water consumption 
on a town to town basis. This was explained 
as being caused by the limi ted var iaUon in 
the temperature and the precipitation between 
the 43 towns. 

Another source of information on house
hold water demand is "Household Water Use." 
Th is report wi 11 not be reviewed in detail 
here because it is a review of the literature 
itself. Nearly one hundred references are 
listed as well as water use data for nine 
different homes on a minute to minute basis. 

Short Term Demand Literature 

The bulk of water demand literature is 
focused upon monthly or annual water use, be
cause that type of historic data is routinely 
recorded by almost all water utilities. Short 
term data such as hourly and shorter interval 
peaks are almost nonexistent except for that 
recorded during a few research projects. All 
of the literature reviewed in this section 
except Howe and Linaweaver (1967) adopt the 
concept of relating short term peaks per 
connect ion to number of connect ions served 
rather than to the socio-economic factors 
wh ich are commonly regressed against longer 
term demands. Table 3 is a summary of 
results reported in this literature. 

Kansas--Williams (undated) 

This unpublished report was written by a 
Farmers Home Administration engineer in 
Kansas. Peak instantaneous demands from four 
separate water systems (16 to 18S connec
t ions) in rural Kansas were recorded during 
the summer of 1966 and 1968. No towns were 
included. All of the systems served farmers 
or non-farm tracts in rural areas. All 
of the systems purchased their water from 
cities. Master meters were located at the 
point of connection to the cities' source. 
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The peak monthly demand was found from 
the past records on monthly water usage. A 
survey determined the day of the week with 
maximum water usage and also the hour of the 
day. Peak flows were then found by reading 
the master meters at one minute intervals 
during the peak periods of several days. 

The report concluded by stat ing the 
maximum instantaneous demand wh ich had been 
observed on each of the four systems. These 
values are included in Table 3. The values 
of instantaneous demand reported seem 
very low (see Table 3). Only a few meter 
readings were taken at each site. It is 
possible that the engineer missed the actual 
peak demand by not recording more than one or 
two days of data from each system. It is also 
possible that these low water use values are 
typical of rural Kansas systems. The price 
of water at the time of the report was 
approximately Sl/kgal. 

Mississippi--Ginn, Corey, and 
Middlebrooks (1966) 

This study objective was to determine 
instantaneous peak water demands in rural, 
northern Mississippi. Because of the poor 
economic status of rural northern Mississippi 
only very small peaks were observed. The 
researchers reasoned that as economic condi
t ions improved, rural water demand would 
approach urban demand .levels. Thus, an 
upper-middle class subdivision in the area 
was used to collect the demand data which 
were used to estimate future rural water 
demand. 

Data for the study were taken by record
ing individual household meter readings from 
IS households at one minute intervals during 
the daily morning and late afternoon peak 
demand periods. These peak demand periods 
had been previously determined by meter read
ings taken at IS minute intervals throughout 
the day. These 15 individual daily demand 
hydrographs were then combined using proba
bility to define an aggregate demand for any 
number of service connections. 

Maximum peak instantaneous demand was 
never measured for the entire water system 
being used in this study. Therefore, no 
maximum value for this report is included in 
Table 3. However, the design criteria 
recommended by this research is shown in 
Table 3 for three different numbers of 
service connections. 

Oklahoma--Goodwin (1973) 

In this study, three separate laterals 
(34 to 39 connections) on the same water 
system were monitored for peak instantaneous 
water demands. Battery operated counters 
were attached to mutating disk water meters 
to count the number of seconds which elapsed 
between successive 100 ?;allon flow volumes. 
Data were analyzed on a monthly, d,lily, 
and instantaneous basis. Water usage charac
teristics were determined for several dif-



Table 3. Peak instantaneous and peak day demands for various studies. 

Water System 

Kansas 
(Montgomery 116) 

Kansas 
(Montgomery 113) 

Kansas 
(Montgomery {II) 

Kansas (Allen #6) 

Mississippi 
(Ginn et a1.) a 

Mississippi 
(Ginn et al.)a 

Mississippi 
(Ginn et a1.)a 

Oklahoma 
(District 113) 

Utah (Lapoint) 
Utah (Lapoint) 
Utah (Lapoint) 

Kansas 
(Johnson) 

Average Number 
Monthly of 
Demand . 

K gal/conn. Connectlons 

4.5 

7.4 

5.8 

7.0 

185 

21 

36 

16 

10 

50 

100 

100 

4 

12 
22 

100 

U"'-5 11COt 

Measured 
Instantaneous 

Peak 
(gpm/ conn. ) 

0.32 

0.52 

0.75 

1. 85 

4.0 
2.25 
2.29 
0.90 

Highest 
Measured 
24 Hour 

Peak 
(gpm! conn. ) 

0.165 

0.30 

0.25 

0.40 

Date 
of 

Measurements 

1968 

1966 

1966 

1968 
1966 

1966 

1966 

1974 

1975-76 
1975-76 
1975-76 

U.S. West 44 to 410 1.7 (mean) 0.68 1963-65 
(Howe and Linaweaver) 

U.S. East 44 to 410 1.2 (mean) 0.54 1963-65 
(Howe and Linaweaver) 

aThe values given for the research done in Hississippi (Ginn et a1., 1966) is computed 
from a probability function at a recurrence interval of 27 years. 

f erent types of res idences 
differentiated by apparent 
and for dairies. 

(res idences were 
economi c value) 

One conclusion of the study was that no 
difference in demand was seen between most 
types of residences. Differences in demand 
did occur between dairies, the lowest eco
nomic level of residence, and all other 
res idences. Values for peak instantaneous 
demand were recorded accurately on paper tape 
and are summarized in Table 3. 

Utah--Hughes, Kono, and 
Canfield (1977) 

This study measured instantaneous peaks 
on three laterals (4 to 22 connections) of 
one rural water system in eastern Utah for 
two summer per iods. The daily peak instan
taneous demands were analyzed statisti
cally to determine the frequency distribution 
of peak demands. A pr incipal conclusion of 
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the study was that .measured peak demands 
were far below Utah State Division of Health 
requirements but were in between FmHA average 
and minimum standards. 

U.S.--Howe and Linaweave~ (1967) 

This report represents a large data base 
from which residential water demand can be 
estimated. The data were recorded by master 
meters at 41 residential areas across the 
U.S. These data were recorded on punch tapes 
at 15 minute intervals over three years. 

Although the research primarily studied 
the effect of climate on demand, and price 
and income elasticities of demand on a 
monthly or annual basis, estimates of instan
taneous demand were also made. These 
values are for urban residential areas, 
however, and not from rural settings. 
Average values for instantaneous demand over 
a range of n~mber of connections are pre
sented in Table 3. 



Literature Relating Short Term 
to Long Term Peaks 

Eight relatively recent (1955-1978) 
water supply textbooks were reviewed for 
des ign cr i teria recommended for shor t term 
peak design. All of these texts stated that 
there were many factors which influenced 
water demand. The most common factors 
mentioned were: 

1. Community size 
2. Geographic location 
3 . Stand a r d 0 f li v i ng 
4. Water pressure 
5. Water quality 
6. Water rates 
7. Percent of sewage connections 
8. Percent of metered connections 
9. Climate 

10. Character of community 

All of the authors indicated that as the 
size of the community increases the con'sump
tion per capita also increased. This tendency 
is considered to be related to the character 
of the community. As the size of a community 
increases, very often industry and commercial 
water uses also increase. The increase in 
industrial water use shows up as an increase 
in the quantity of water used per person 
(Steel, 1960). 

Geograph ic locat ion and climate can 
affect water consumption dramatically. It 
has been shown that the sprinkling demand 
d ur ing the summer months can be a major 
portion of the peak daily demand. In an 
arid region or an area experiencing hot, dry 
weather, this portion of the demand can 
become as much as 95 percent of the peak 
hourly demand (Clark and Viessman, 1966). 

The economic status of the population 
can influence water demand. People who enjoy 
a higher standard of living can afford more 
water using appliances. Also, they are not 
as concerned about water rates. It has 
also been shown that an increase in quality 
of the water will bring about an increase in 
consumption (Walker, 1978). 

Finally, the pressure maintained in the 
distribution system will significantly 
influence water consumption. A system under 
high pressure will use more water than one of 
a lower pressure. Leakage out of water 
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systems is a major contributor to the con
sumption level. Higher pressure systems will 
have significantly higher leakages (10-15 
percent leakage is not unusual) (Wa lker, 
1978) . 

The primary objective of this section of 
the li terature review was to determine what 
multiplying factors textbooks recommend for 
estimating peak day and peak hour water 
demand. The factors found in the eight 
textbooks are summarized in Table 4. 

Most of the authors gave certain ranges 
that peak daily or peak hourly demand could 
be expected to fall into. Two of the texts, 
Clark and Viessman, and Hardenbergh and 
Rodie, gave examples of communities ,which far 
exceeded the normal range of peak hourly flow 
(700-1200 percent of average demand). The 
authors attributed the unusually high 
peaks to excessive usage of sprinkling water 
in small areas where the economic status of 
the population was high and lawn areas were 
large. 

Table 4. A summary of estimating factors re
lating peak day and peak hour water 
demand to average daily wa ter demand. 

Authors 

Babbitt 
Doland 

Linsley 
Franzini 

Steel 

Walker 

Twort 
Hoather 
Law 

Clark 
Viessman 

Fair 
Geyer 
Hardenbergh 
Rodie 

Peak 
Year of as % 

Publication Average 
Day 

1955 

1972 

1960 

1978 

1974 

1966 

1961 

1970 

150-250 

180 

180-200 

150-200 

120-400 

150 

150 

Peak Hour 
as % of 
Average 

Day 

300-400 

360 
270-300 

312 

< 400 

150-1200 

250 

250-300 



DAILY AND MONTHLY DEMAND 

The overall objective of this portion of 
the research was to develop Utah domestic 
water demand functions for average month, 
peak month, and peak day parameters. The 
following specific objectives guided the 
research design. 

1. The demand functions shall be in a 
form that is usable by consulting engineers 
in design situations. That is, the demand 
determinants used shall be limited to those 
for which data are easily obtainable in 
planning situations. 

2. The data used shall be obtained from 
both low density rural and urban systems so 
that differences can be identified. 

3. The data used to produce demand 
functions shall consist of measurements of 
water actually entering the distribution 
systems. That is, it will not be a sum
mation of flows at individual residential 
meters (so that leakage and unmetered public 
uses will be included). Also, it will 
exclude such things as reservoir overflow 
from s pr i ngs . 

4. The degree to which separate irri-
gation systems are used to supplement the 
domestic water system shall be represented 
explicitly in the demand models. 

Demand Determinants 

As described in the literature review, 
most multiple regression approaches to esti
mating water demand functions include price 
of water, income of water users (or some sur
rogate such as appraised value of property), 
size of lot, and climate. The first three of 
these parameters seem to be justified by 
classical micro-economic theory which argues 
~hat the demand for any product is deter 
mined by price, income of the buyer, tastes, 
and ices of closely related commodities 
(Wa son, 1968). Climate is an obvious 
additional demand determinant where any 
outdoor irrigation is involved. Taste and 
price of related commodities are normally 
de leted from water demand cons iderat ions 
because there are no closely related com
modities and the fraction of income involved 
is so small that substitution effects are not 
quantifiable. 

In Utah, the widespread use of separate 
irrigation systems appears to be extremely 
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important in determining total demand from 
municipal and domestic s terns but this 
factor has not been quant ied in previous 
studies. Most Utah communities have either 
an irrigation ditch network or pressure 
pipelines wh ich provide all or some fract ion 
of outdoor demand to all or some fraction of 
residences within the service area. Since 
outdoor summer demand is the dominating com
ponent which determines required system 
capacities and since the fraction of that 
component wh ich is served by the municipal 
systems in Utah varies from 0 to 100 percent, 
quantification of that fraction should be 
important in explaining variability among 
water systems. This hypothesis was tested 
as part of this study and indeed, the outdoor 
use index developed here plus the retail cost 
of water were the two variables which were 
best correlated with water demand. 

Income was not used explicitly in this 
study as a demand determinant even though it 
has been found to be somewhat significant in 
previous studies (but less important than 
price of water). Beattie (1978) for example, 
calculates an income elasticity of 0.37 for 
all regions of the U.S. while price elas
ticity for the Plains and Rocky Mountains 
r on (at 1970 price) averaged 0.60. Elas
t ity is defined as the percent change in 
water quantity per percent change in price 
(or income) as follows: 

llD/D 
HIP 

Where D is quantity of water demand, llD is 
change in D, P is price and Ep is price elas 
t icity. Although income appears to be 
significant at the micro level in explaining 
differences between various neighborhoods 
within a city, few engineers actually ther 
the detailed data required to use di ent 
des criteria within a single city. Dif-
ferences in aggregate income averages between 
Utah cities probably vary over a relatively 
small range. Also, one of the reasons income 
is significant is that it is highly cor 
related with lot size which is considered 
here indirectly by the outdoor use index. 
Another reason for delet ing income is that 
it is not sub ct to management while lot 
size or its surrogate, outdoor index can be 
managed by zoning or by development of 
supplemental irrigation systems. 

One of the short comings of much of the 
previous research in this field is that it 



produced demand functions which require data 
which are difficult to obtain in the field 
and results are often presented in a form 
focused upon micro-economic theory rather 
than design criteria with which most con
sulting engineers can be comfortable. The 
focus of this study is upon developing 
design equations which require data which 
are readily available and which is easy to 
use. During the search for these equations 
the following parameters were considered: 
Price of water, outdoor use index, size of 
system and persons per connection. 

Data 

Multiple Regression--14 
System Sample 

The data used in this analysis were all 
either obtained from the water utility 
managers or actually measured by the study 
team during visits to the sites. Project 
personnel also examined system layouts and 
meter locations. This avoided reliance on 
mailed questionnaire forms which may not have 
f it the actual site speci fic s ituat ions at 
each utility or which may have been inter
preted incorrectly by respondents. 

The various time related water demand 
functions wer.e determined by examining pos
sible correlation with the variables noted 
above. These variables and the measured 
water demands are included in Table 5. 
Average and peak month data were ava i lable 
for all 14 systems and peak day measurements 
were available for 10 systems. The water 
demand data used were 3 year averages (1974, 
1975, and 1976). Additional data were 
available for most systems but were excluded 
because: 

1. 1977 data were dramatically affected 
by drought related restrictions at most 
s ys terns. These data were therefore excluded 
(but are being studied in connection with a 
drought impact research project). 

2. The objective was to obtain data re
sulting from constant values of the variables 
wh ich affect demand. Use of more than 3 
years of data would have involved several 
changes in price of water during the period. 

The number of connections shown in Table 
5 refer only to res idential connect ions and 
these were represented by the averages during 
the 3 year period. The unit demands for each 
year, however, were determined by the number 
of connections for that year. The commercial 
and industrial demand was included as part of 
the total demand per residential connect ion 
or person. The number of residential con
nections in Salt Lake City and Bountiful are 
only estimates since neither utility distin
gu ishes between res ident ial and other con
nect ions. The number of persons per con
nection includes some error where census data 
were not available for the exact service area 
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and also for Salt Lake City where the number 
of residential connections were only esti
rna ted. The large number of persons per 
connection in Salt Lake City and Bountiful 
was undoubtedly a reflection of the large 
number of multiple dwelling units served by 
a sing 1 e s e r vic e con n e c t ion ( not 1 a r g e 
families). 

Because of the obvious distortion of 
demand per connection produced by large 
apartment buildings with only one connection, 
demand functions were developed on a per 
person as well as a per connection basis. 
This distinction appears to be unimportant 
in smaller systems but very significant in 
urban areas where number of water connections 
is significantly less than the number of 
households. 

Price of water 

The prices shown in Table 5 are average 
prices per thousand llons (kgal). These 
prices were select as being closest to 
represent ing the water users' perception of 
what they are paying for water. Marginal 
prices are approximately $0.20/kgal for the 
average system while average price was 
$0.83/kgal. This difference was caused by 
the minimum monthly charges which were 
prorated into the average unit prices. 

The systems included in the sample were 
a 11 Utah systems except for Penrose and 
Mancos which are small Colorado systems. 
These two utilities were included to provide 
data points in the high price range of the 
demand functions. They are close to Utah 
and experience similar climatic and social 
conditions. 

Outdoor use index 

It has long been known that outside use 
(principally yard irrigation) is a very 
important factor in summer water use and that 
this component of demand varies greatly among 
Utah systems. Some areas have supplemental 
pressure pipelines or ditch systems from 
wh ich all or part of the outs ide demand is 
supplied. Another complicating factor is the 
great variation in area landscaped between 
rural and urban and between old and new 
developments within systems. Still another 
factor impacting on outside demand is climat
ic variations within the state suc~ as 
between Utah's Dixie and the higher and 
wetter northern valleys. 

An objective of this study was to de
velop a single, easy to use index which would 
account to the greatest extent possible for 
all factors which collectively determine 
outside demand from a municipal-domestic 
system. Th is index is shown in Table 6. It 
associates an integer between 1 and 9 wi th 
each of nine outdoor use category descr ip
tions. These descriptions, although somewhat 
subjective, are reproducible and provide a 
reasonable easy means for defining the index 
number. The index number 1 is a system 
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Table 5. Multiple regression data. 

Water System 

Chesterfield 

So. e 
Orangeville 
Brooklyn Tap 
Monticello 
Bell Canyon 
Wellington 
Salt Lake 
Bountiful 
Penrose 
Mancos 
North Emery 
Duchesne 

Averages 

kig. Cost(P) N.o. of PersonsOuEdoor 
1000 ResLdentia1 Per Use Demand

a 

gal) Conn. Conn Index . D avg/12 
0.30 519 3.33 4 21.1 211 
0.35 885 4.13 6 29.0 234 
1.62 124 3.21 4 12.46 129 
0.57 227 3.43 5 18.6 181 
0.47 34 3.3 4 12.4 125 
0.30 525 3.2 9 29.7 309 
0.30 270 4.0 7 38.1 318 
1.35 565 3.21 3 9.54 99.0 
0.18 63,000 4.55 8 29.2 214 
0.34 6,340 4.9 1 14.8 101 
1.86 680 3.3 2 5.07 61.3 
2.55 158 3.3 3 9.0 91.0 
0.85 497 3.43 3 11.5 112 
0.52 459 3.61 5 16.5 152 

0.83 3.64 13.4 167 

Peak Month Demand 

Dpm/c 

39.9 
53.5 
23.5 
21.5 
18.7 
59.7 
85.2 
12.9 
70.9 
17.6 

9.50 
9.9 

17.3 
24.6 

33.2 

D pm/c 

399 
432 
244 
209 
189 
622 
710 
134 
519 
120 

97 
100 
168 
227 

298 

Ratio 
pm/avg 

1. 89 
1. 85 
1. 89 
1.16 
1. 51 
2.01 
2.24 
1. 35 
2.42 
1.18 
1. 58 
1.10 
1. 50 
1. 49 

1. 78 

The used in Table 5 and in subsequent demand functions are defined 
plus the following 

Parameter 

Day 

Thousand Gallons Per 
Month, Per Connection 

Davg/ c 
Dpm/c 

Gallon Per Day 

Per Conn. 

Dpd/c 

Per Person 

Davg/p 
Dpm/p 
Dpd/p 

Peak Day Demand 

Dpd/c Dpd/p 

2485 529 

1312 382 
891 270 

2227 696 

2466 542 
598 122 
461 140 
572 173 
720 210 

1397 387 

1283 345 

"~ 

Ratio 
Pd/avg 

2.26 

2.12 
2.15 
2.24 

2.53 
1. 21 
2.28 
1. 90 
1. 87 
2.54 

2.06 

the table column headings 



Table 6. Outdoor use index (I). (Principally 
irrigation but includes stockwater 
in rural areas.) 

Index 
(I) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Categories Indicating Extent of 
Outdoor Demand From Domestic System 

No outdoor use from domestic system-
everyone has connection to pressurized 
dual system. 

Almost no irrigation from domestic sys
tem--supplementary system is available 
which serves at least 85% of outside 
demand. 

Supplementary ditch system is available 
and landscaped areas are very small 
(average less than 1500 square feet). 

No supplementary system is available 
but landscaped areas are very small 
(average less than 1500 square feet). 

Ditch system available for gardens but 
lawns (over 60%) are irrigated from 
domestic system. 

Ditch or piped system available to some 
customers but most outside irrigation 
(over 75%) is from domestic system. 

All outside demand from domes tic sys tem
moderate amount of landscaping, average 
Utah climate. 

Large amount of landscaping and all from 
domestic system--average Utah climate. 

Large amount of landscaping and all from 
domestic system--hot and dry Utah 
climate. 

which ovides no outside water (such as 
Bounti ul City) and increases as outside 
irrigation increases up to 9 which repre
sents a city is which .all of the outside 
demand is furnished by the municipal system 
and from which relatively large landscaped 
areas are irrigated in a hot-dry Utah climate 
(such as Monticello). The index numbers 
themselves are ordinal in nature; that is, 
they simply rank the outdoor water use in 
increasing order. There was no a priori 
reason, for example, to expect this component 
of demand in an I 8 system to be twice as 

eat as in an I 4 system. However, the 
ndex numbers were used in the multiple 

regression analysis as if they did have a 
quantitative relationship and the results 
were surprisingly productive. 

I t is believed that despi te the sub
jectivity of some portions of the index 
descr iptions that any design engineer could 
determine an index from Table 6 for any given 
system and that the selection would vary only 
slightly (perhaps one integer) from that 
selected by another designer. 
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Results 

A scatter diagram of avera e water 
demand vs price with associated st ftt 
demand functions for various outdoor use 
index values are shown in Figure 2. The 
average demand function expressed in thou
sands of lIons per connection per month 
(see Table for notation) is: 

Davg!C = 4.60 5.40 ~n(P) + 2.39(1) 

This semi log form of equation implies 
that monthly use increases about 2400 gallons 
as outdoor use index increases by one in-
t Since demand also varies inversely 
w the natural logarithm of price this 
function plots as a straight line on semi-log 
paper. This more convenient form of graphi
cal representation is used in Figures 3 and 
4 and for all subsequent semi-log functions. 
Figure 3 displays the average monthly demand 
in thousand gallons per connection. Figure 4 
displays average demand in gallons per capita 
per day. This dual set of dimensions will 
also be used for the peak period functions 
for the following reasons: 

1. Some engineers plan systems based 
upon future population projections. This 
makes the gallon per person dimension 
convenient. 

2. Some engineers make their own 
projections based upon number of e~isting 
connections. This may be a more reliable 
parameter particularly when the utility's 
service area does not coincide with the 
population census boundary. 

3. Trailer courts and apartment build
ings where large number of people are served 
by a single water connection tend to distort 
the gallons per connection figure and the per 
capita functions may be more accurate in such 
areas. It should be noted, however, that for 
the 14 system sample, the degree of correla
tion was very similar for both sets of units. 
For example, Figures 3 and 4 indicate that 
for average demand the R2 coefficients are 
identical at 0.83. 

The F test for significance of the cor
relations for these and all other demand 
functions to be described later are sum
marized in Table 7. If the mean square ratio 
given in column (4) (the var iance from th.e 
mean which is explained by the regression 
divided by the unexplained deviation) is 
greater than the F value given in column (5), 
this implies a statistically significant 
regression has been obtained (only 5 chances 
in 100 that the correlation was due to 
ch ance). However, column (4) should be 
considerably greater than column (5) for the 
function to represent a good predictive 
equation. Draper and Smith (1966) suggest 
that a ratio of 4 or greater is desirable for 
a good predictive equation. The ratios given 
in column (5) for the average demand func-
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Figure 2. Average monthly demand and outdoor use index data. 

t ions are 
therefore, 
eq uat ions. 

6.1 and 5.7. They both qualify, 
as statistically good predictive 

The R2 va lues can be though t of as the 
decimal fraction of total deviation from the 
mean which is explained by the regression 
fun ct ion. All of the R2 va lues in Table 7 
are relatively high but this indicator should 
not be used alone as evidence of good cor
relation (particularly where the number of 
data points is small) but rather in conjunc
tion with the F test (which considers degrees 
of freedom). 

It should be noted that Figures 3 and 4 
represent the expected value of average de
mand rather than a safe value for design 
pur poses. The figures therefore include a 
note suggesting a 20 percent increase for 
design of water right purposes. Justifica
t ion for the 20 percent figure will be 
discussed later. 

15 

Peak month demand 

Sustained periods of high demand are 
sometimes important in determining storage 
capacity or required sustained yield of 
wells. Peak month demand can be estimated 
from Figures 5 or 7 in kgal per connection 
(Dpm!c) or from Figures 6 or 8 in daily 
gallons per person (Dpijl!p)' Figures 5 and 
6 express peak month demand asa function 
of average demand. In planning s ituat ions 
where average demand is not reliably known, 
however, Figures 7 and 8 can be used to 
predict peak month requirements as a function 
of price and outdoor use index as before. 

Any of these functions are statistically 
adequate predictive models, but as shown in 
Table 7, Figures 5 and 6 have particularly 
good correlation (mean square/F ratios of 41 
and 35 compared to 5.4 and 6.2 for Figures 6 
and 7). The R2 ratios vary from 0.80 to 
0.942 (1.0 implies perfect correlation). The 
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Table 7. Statistical significance of the demand function correlations. 

(1) (2) (3) (4) (5) (6) 
Tabular F 

Measured Distribution Figure Demand Independent Correlation Mean Square Value at 95% Ratio 
Parameter Variables Coefficient (F) Ratio Confidence (4)/(5) 
(Dependent (R2) (Model/Error) Level 
Variable) F(vl ,v2 ,0.95) 

3 Davg / c P,I 0.83 27.0 3.98 6.80 

4 Davg / p P,I 0.83 26.4 3.98 6.63 

5 Dpm/c Davg / c 0.942 194.9 4.75 41. 0 

6 Dpm/ p Davg / p 0.932 164.8 4.75 34.7 

7 Dpm/c P,I 0.80 21. 4 3.98 5.4 

8 Dpm/p P,I 0.82 24.8 3.98 6.2 

9 Dpd/c Davg/c 0.938 120.8 5.32 22.7 

10 Dpd/p Davg / p 0.953 163.9 5.32 30.8 

11 Dpd/c I 0.853 46.5 5.32 8.7 

12 Dpd/p I 0.934 113.2 5.32 21. 3 

difference between the best f it lines (ex
pected value) and the des ign functions will 
be discussed later. 

Peak day demand 

The capacities of many water supply 
facilities such as treatment plants, pump 
motors, equalizing reservoirs, etc., are 
determined by average demand during the peak 
24 hour period. Figures 9 and II represent 
the best fit regression functions for peak 
day water demand in gallons per connection 
(Dpd/c) and Figures 10 and 12 give the same 
demand in gallons per person (D.pd/d). The 
first two (9 and 10) express tne peak day 
requirement as a function of average demand. 
In situations where reliable data on average 
demand are not available Figures 11 and 12 
can be used to estimate the peak day demand 
as a function of the outdoor use index. 

Note that average and peak month demand 
are significantly correlated with price of 
water but peak day is not. This is to be 
expected since water users are billed on a 
monthly basis and are concerned about mini
mizin~ monthly costs but have no economic 
incentive to distribute their monthly demand 
more equally over various days in that 
month. 

The statistical correlation again was 
ext reme ly good between peak and average de
mands. The alternative procedure, expressing 
peak day requirements as a function of out
door index only also produced excellent 
results, particularly when expressed on a 
per person basis. 
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Statewide survey analysis 

B a s:.!&.E.'<'?'~~Q. • D u ri n g I 9 77 and 1 9 7 8 
related research was conducted at UWRL 
wh ich was financed by the U. S. Bureau of 
Reclamation in cooperation with the Utah 
State Divisions of Water Rights, Water 
Resources and Health. The objective of 
the related study was to gather and analyze 
historic municipal water use data from Utah 
systems and to estimate future water use. A 
detailed questionnaire was mailed to 450 Utah 
municipal and rural domestic water utilities 
from which 154 replies were received. The 
results of that survey are presented in 
detail in a separate report (Hansen et al., 
1979). 

That survey provided an expanded data 
base related to the average demand functions 
reported here including such determinants 
as water price, outdoor use, size of system, 
etc. The survey data were assumed to 
be less reliable than the 14 system sample 
because of possible distortions from such 
things as reported water use including 
reservoir overflows, unknown amounts of 
leak ,some water use estimates rather than 
actua Master Meter readin/!.s, etc. However, 
analysis of the survey data suggested that 
information from 41 systems (in addition 
to the 14 already studied) appeared complete 
enough to be of value in this study. These 
data are summar ized in Table 8. The demand 
functions were developed from the 14 system 
sample and then tested on data from the 
41 survey sys terns by compar ing repor ted 
water use to quantities predicted by the 
f lInct ions. 
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Table 8. Statewide survey data--average demand (Davg / c)' 

System Price Outdoor Population No. of Dobs D From D/Dobs 
($/kgal) Index Connections (avg.) Model Ratio 

American Fork 0.232 6.6 10,462 2,958 24.09 28.3 1.17 
Bountiful 0.213 1.8 30,358 6,806 14.59 17.4 1.19 
Brigham City 0.219 3.4 14,157 4,003 40.64 21. 0 0.52 
Centerville 0.387 1 5,198 1,200 12.08 12.4 1. 03 
Clearfield 0.168 6 13,416 2,625 30.97 28.6 0.92 
Clinton 0.151 7.4 3,629 990 14.74 32.4 2.19 
Delta 0.202 8 2,016 689 35.11 32.3 0.92 
Duchesne 0.360 5.8 2,198 459 21. 84 24.0 1.1 

0.299 8 2,380 721 34.96 30.2 0.86 
0.378 3.8 1,826 885 26.99 19.0 0.70 

Green River 0.659 5.0 968 362 17.97 18.9 1. 05 
Hyrum 0.206 4.2 3,137 1,021 42.40 23.2 0.55 
Kaysville 0.123 4.2 7,553 1,224 34.06 26.0 0.76 
Layton o 237 7.4 17,511 4,365 22.26 30 1. 35 
Lehi 0.274 6.6 5,736 1,686 16.94 27.3 1. 61 
Logan 0.185 5.8 23,810 6,025 59.87 27.6 0.46 
Manila 1.184 3.4 345 200 13.20 12.0 0.91 
Midvale 0.239 8 8,310 2,906 28.57 31.4 1. 20 
Moab 0.223 9 6,400 1,312 35.12 34.1 0.97 
Monticello 0.301 9 1,726 612 26.14 32.5 1.24 
Morgan 0.172 5 1,704 582 39.70 26.1 0.66 
Murray 0.153 8 23,595 5,220 40.95 33.8 0.83 
North Ogden 0.321 3.7 6,566 1,740 12.45 19.7 1.58 
Ogden 0.285 6.3 68,978 19,424 27.06 26.4 0.97 
Orem 0.216 8 35,584 9,334 32.82 30.5 0.93 
Pleasant Grove 0.348 6.6 7,074 1,966 36.92 26.0 0.70 
Price 0.474 6.3 10,310 4,124 19.50 25.4 1. 30 
Provo 0.164 7 55,593 10,788 44.99 31. 0 0.69 
Richfield 0.298 5.8 4,947 1,741 30.86 25.0 0.81 
Roosevelt 0.393 8 3,943 1,250 36.91 28.7 0.78 
Roy 0.173 3.4 16,781 3,982 29.46 22.3 0.76 
Salt Lake City 0.18 8 275,000 73,349 32.28 32.9 1. 02 
Sandy 0.334 8 
South Ogden 0.229 1 
Spanish Fork 0.214 4.6 
South Salt Lake 0.224 8 
St. George 0.243 9 
Sunset 0.241 8 
Vernal 0.157 5.8 
Washington Terrace 0.463 1.0 
West Jordan 0.350 7.6 

Results. A two dimensional scatter 
diagram-or-the 14 system plus the 41 system 
data relating average water use to price is 
given in F 13. The f also shows a 
least squares function wh best fit the 14 
system data. This truncated form of the 
model (it does not include outdoor use index) 
produced an R2 of 0.634. The points which 
are far the s t from the be s t fit 1 i n ear e 
generally those with extreme outdoor use 
index values. For example, of a group of 
five systems in the lower right corner of 
the figure, four have an outdoor index of 1 
(all outdoor use provided by a separate 
pressure irrigation system). Price elasticity 
calculations will be discussed in a separate 
sect ion. 

36,000 8,670 26.66 29.6 1.11 
10,175 3,219 10.24 15.2 1. 48 

8,065 2,376 22.40 24.0 1. 07 
9,041 2,626 30.26 31.8 1. 05 
8,760 2,500 48.67 33.7 0.69 
6,300 1,478 23.14 31. 3 1. 35 

14,000 3,000 40.04 28.5 0.71 
8,078 1,972 12.41 11.4 0.92 

11 ,405 3,200 25.88 28.4 1. 10 
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Avg. Ratio 1. 00 

The 14 system average demand function 
was used to ct the 1974-76 demand (D). 
Calculated demands were then compared to the 
water use reported by the survey (Dobs) by 
using a ratio of the two. This information 
is also displayed in Table 8. The average 
monthly demand function used in the com
parison (from Figure 3) is: 

D = 4.60 - 5.40 £n(P) + 2.4(1) 

The expectation of the research team was 
that the survey data would be biased toward 
higher flows than the demand functions 
because of possible reservoir outflow and 
high leakage included in the survey data and 
because the 14 system sample included a 
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larger proportion of small rural systems. 
However, th is did not occur. In fact, the 
average of the 41 (lJ/Dobs) ratios was pre
c isely unity suggesting both reasonable 
reliability of survey responses and that the 
14 system model represents the characteris
tics of all Utah systems reasonably well 
rather than being biased toward rural sys
tems. This implies that in terms of average 
water use, there is little difference between 
rural and urban demand and both can be repre
sented by a single demand function (if it 
includes an outdoor use index). The accuracy 
of the demand function in predicting the 
obser)!ed demands is summiHized as follows: 

D was greater than Dobs for 19 of 41 
systems 

D was less than Dobs for 22 of 41 
systems 

D was within 10% of Dobs for 37% of the 
systems 

D was within 20% of Dobs for 50% of the 
~ systems 
D was not within 50% of Dobs for 9.7% of 

systems 
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Presumably, an engineer making a plan
ning study for expansion of an individual 
system could obtain more reliable outdoor use 
data than that obtained via the statewide 
mailed questionnaire and therefore, appli
cation of the demand function in that setting 
should yield better results than those sum
marized above. 

Price elasticity of Utah systems 

Price elasticity can be calculated for 
a part icular pr ice -level by eva luat inF: the 
ratio of percent chanl"-€ in water quantity 
over percent chnnvC' in pril'l' in !hilt rdn;'c 
of the function. A more c()l1venh'nt m€'tho(l, 
however, is to derive [In eqwltion expressing 
elasticity as a function of the specified 
demand equation being used as follows: 

The form of monthly demand function 
selected from the regression analysis for 
both average and peak demand was: 

D = bO + bl ~n(P) + b2 1 (1) 



In order to isolate the variation of D 
with price only, the outdoor index can be 
treated as a constant. If price elasticity 
is ~iven in differential form rather than 
the finite (/).) form ven previously, elas
ticity is defined as 

aD/D aD (P) 
ClP/P or ClP i5 

Differentiating Equation 1 we have: 

therefore: 

Average demand price elasticity 

(2) 

(3) 

(4) 

The best fit equation for the Utah 
average month data was: 

Da.vg/c = 4.60 - 5.4 tn(P) + 2.4 I . (5) 

This implies a price elasticity at average 
water use (18.4 kgal) of -0.293. Elasticity 
at one standard deviation (9.7) above and 
below the sample mean of water use are -0.19 
and 0.61 respectively. 

If a model giving average demand as a 
f unct ion only of water pr ice is used (shown 
graphically in Figure 13) the best fit 
equation is: 

D avg / c = 6. 81 7 5 . 2741 P (6) 

Price elasticity for this form of equation 
is: 

(7) 

which at the sample average price and demand 
($0.82 and 18.4 kgal) is -0.35. This slight
ly higher average elasticity is generated by 
allowing all of the variance explained by 
the model to be attributed to the price vari
able (there is not total independence between 
the price and outdoor index variables). 

Peak month price elasticity 

The best fit equation for peak month 
demand is: 

3.20 - 10.86 tn(P) +6.74(I) 

This equation yields a price elasticity of 
-0.33 at an average use rate of 33.2 during 
the peak month. At a use rate of one s tan
dard deviation above this mean (57.7) elas
ticity would be -0.19 and 1.25 at one stan
dard deviation below the mean (8.7). Other 
research has shown that outdoor demand is 
much more e las t ic than indoor. The elas 
ticities calculated here for Utah systems 
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verify that relationship (because the peak 
month includes relatively more outdoor use 
than the aver month) but at mean use 
levels the and average month elas-
ticities (0. 9 and 0.33) are closer than 
ant icipated. 

Demand variations over time 

It has been customary in water planning 
studies to make a small allowance for growth 
in un.it demand over a period of several 
years. The rationale for this pract ice has 
been the increasing number of water using 
fixtures such as garbage disposals, more 
bathrooms per residence, etc. Analysis of 
data from Utah systems covering the last 
decade, however, do not support this concept. 
Total water use continues to increase due to 
populat ion growth but demand per person has 
either stabilized or in many cases has 
definitely decreased (Hansen et a1., 1979). 

A recent· study of water demand in Salt 
Lake County (Kirkpatrick, 1976) notes a very 
stable average water demand of 214 gallonsl 
day/person. Possible reasons for this 
phenomenon include the increase in multiple 
unit dwellings and the trend of increasing 
water costs (at a higher rate than other 
consumer goods) which tends to counteract 
the previous expectation of ever increas ing 
unit demand. In short, the era of mostly 
free water sources such as gravity flow 
directly from springs seems to be ending. 
As continual population growth and very high 
energy and importation costs produce ever 
increasing water treatment and conveyance 
costs almost uniformly over the state, there 
appears to be no justification for allowances 
for future growth in water demand per person. 

The demand functions presented here 
wh ich include pr ice as a var iable should be 
corrected for inflation in future years 
(using 1975 as the reference year). This has 
been demonstrated by compar ing the average 
demand-price relationships for the data 

esented in Table 5 to price elasticity data 
rom a previous Utah study (Gardner and 

Schick, 1964). The estimated demands are 
very different if compared directly but 
become almost identical if the 1964 dollars 
are inflated to 1975 price levels. 

Design recommendations 

. S a f e ty f act 0 r . A 1 I 0 f the d em and 
f un c tlon-Tfgures-:-s how both the bes t fit 
(expected value) function for the empirical 
data and some indication ofa re~ommended 
increase for des ign capaci ty. The expected 
value functions should be used for esti
mating average operating costs and the design 
functions should be used for capital invest
ment decisions. The objective is to insure 
design capacities which will meet demand 
during nontypical demand periods. Actual 
demand leve Is can be expected to be greater 
than expected values approximately half the 
time and less than these quantities the bal
ance of the time. Often the most difficult 



quest ions facing water supply planners are: 
How far above the expected values will the 
infrequent peak demand levels reach, and 2) 
is it possible to design for any peak however 
infrequent, or is a compromise between 
absolute confidence in ability to meet peaks 
and cos t of the proposed system necessary? 

Such questions in relation to instan
taneous peaks were addressed by Hughes et al. 
(1977). The concept of a design based upon 
defining an acceptable recurrence interval 
for demand exceeding capacity which was 
developed in that report was also used in 
this study for the instantaneous peak design 
criteria. The nature of longer term average 
and peak parameters discussed in this sec
tion, however, do not allow so explicit a 
determination of the recurrence interval vs 
maximum demand levels. For example, it is 
possible to obtain a amount of data 
on instantaneous peaks uring a single 
summer. However, if average demand a t a 
single system is bein~ analyzed the approxi
mately 30 data points required to develop a 
reasonable frequency analysis would require 
30 of data. During such a long period 
many factors which must be treated as 
constants (such as price, income, type of 
plumbing, etc.) would have changed signifi
cantly. It is necessary therefore, to make 
some reasonable es t ima tes of vari ance leve Is 
from a shorter term but multiple system 
record. 

The approach used here is to calculate 
means and standard deviations of average and 
peak period data for a large number of 
systems and to reduce these data to a common 
basis by using a ratio ot standard deviation 
divided by the mean (SID). Th is expresses 
an average variation from expected value as 
a percent of the mean. Then, assuming a 
normal distribution, inferences can be made 
about fractions of the time an average or 
peak period demand will exceed a part icular 
leve 1. 

Average demand. Hansen et al. (1979) 
include means and standard deviations for 
annual per capita demands of 47 Utah com
munities (Hansen's Table 11). The data con
sisted of demand during the 1960 to 1976 
period. The <Limensionless ratio discussed 
previously (SID) for these data is 0.15I. 
Th is s ts that if one is interested in 
estima a level of flow which will be 
exceeded only during one of 20 events (one 
in 20 years), th is would be est imated as 
(15.1)(1.65) = 24.9% above the mean. The 
calculation assumes a normal distribution 
and therefore 1.65 standard deviations as 
the 95 exceedance level. The actual 
design 1 suggested on F 3 and 4 for 
average demand is 25 percent above the mean 
(the e value). 

The design level for peak 
mon s recommended at 20 percent 
above expected value level (Figures 5, 6, 7, 
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and 8). No reliable peak month standard 
deviation data were available for a large 
number of Utah systems. Therefore, thi§. 
figure was selected by assuming that the SID 
ratio for peak month flows could be expected 
to approximate the ratio for peak day demand 
or it least be within the range between the 
average month and peak day ratios. 

Peak day. Standard deviations of peak 
day demand were characterized by using data 
gathered recently by the Utah State Division 
of Water Rights. Only a minority of Utah 
communities even record data on peak day 
flows. Eleven of these systems were used as 
a sample and means and standard deviations 
were calculated for the most recent 10 years 
of those data. The average SID ratio was 
0.1007. This suggests that the peak day 
demand during one out of 20 cases (years) 
would be approximately (10.07)(1.65) 16.6%. 
However, an increase of 20 percent over 
expected value was selected as the recom
mended design criteria because of lack of 
knowledge about data reliability. 

Peak day demand estimates are commonly 
expressed in the literature as a percent of 
average demand. The literature review 
included a summary of the ranges of such 
mult liers in current textbooks (Table 4). 
Most authors recommend a lower range of 150 
to 180 percent of average while the upper 
range varies from 200 to 400 percent. 

The per capita estimate of peak day 
demand suggested here for Utah systems 
(Figure 10) is the linear function: 

Dpdlp = - 49.4 + 2.5 Davglp 

This function produces a peak to average 
day ratio for the range of average demands 
encountered in Utah as follows: 

Average Peak Day 
Demand Demand PeaklAvg 
(g2cd ) 

100 200 2.0 
200 450 2.25 
500 1200 2.4 

The upper range recommended by five out 
of seven textbooks (Table 4) is lower than 
the factors sug~ested by peaks measured in 
Utah. This is another indication of the im
pact of outdoor demands in semiarid climates. 
I t also demonstrates the danger of us in~ 
textbook factors which may have been de
veloped from the eastern U.S. experience (al
though not necessarily identified as such) to 
design water systems in more arid climates. 

A discussion of peak hour to average 
demands will be given in a later section. 



INSTANTANEOUS WATER DEMAND 

Scope and Availability of 
Histor ic Data 

Ins tantaneous and peak hour water 
demands are used to size distribution mains, 
and in-line boos ter p~mps (Table 1). Fire 
flows govern pipe SIzes in distribution 
systems only in high value districts or in 
residential areas where the pipe capacity is 
less than about 500 gpm (about 250 connec
tions). Larger feeder line sizes are 
usually governed by residential demand. 

Ins tantaneous or peak hour da ta are 
almost nonexistent except for that generated 
by a few research projects (see literature 
review). Most utilities have master meters 
on lines connecting water sources or treat
ment plants to finished water storage reser
voirs. Such meters are necessary to monitor 
the performance of wells, springs, and 
treatment plants. But, having measured these 
inflows, very few utilities invest the rather 
substantial additional cost of master meter
ing the much greater peak flows which occur 
below these equalizing reservoirs. 

The reasons tha t loca 1 wa ter s y stem 
managers do not make these measurements on a 
routine basis are apparent if one examines 
the potential uses of these data. Continuous 
recorders are necessary for the data to be of 
value. (Daily and monthly readings of such 
meters would essentially duplicate the mea
sureme.nt of inflow to the reservoirs.) The 
cant inuously recorded data are not of par
t icular value to the operator of an existing 
system (except for planning decisions which 
are well into the future) because decisions 
on main feeder line diameters have already 
been made. The real va lue of such data is 
in planning an expans ion of a dis tr ibution 
sys tern. 

Another reason for the lack of incentive 
to collect such data is that a single mea
surement location such as immediately below 
an equalizing reservoir is not sufficient 
because the short term peaks per connection 
va ry wi th the number of connect ions served 
and probably also with the economic level of 
the neighborhood being served. It would 
therefore be desirable to monitor peaks in 
various neighborhoods, but because of the 
looped nature of the pipe networks, and the 
possibility of reverse flows, etc., several 
recording meters would be required for 
even a single neighborhood. The cost of 
purchasing a continuous recording meter and 
installing it in a 6 to 10 inch line would be 
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several thousand dollars. The use of non
recording integrating meters would be of 
comparable expense because of the labor cost 
of meter readers who would have to work 
several hours each day during the peak demand 
periods. 

The overall objective of this portion of 
the research was to develop des ign cr iteria 
for the capacity of water supply components 
which are related to very short term peak 
flows. This objective was pursued by ac
complishing the following subobjectives: 

1. Gather instantaneous demand data 
from a sample of Utah systems covering a 
range of number of connections from 30 to 
1000. All data were gathered from systems 
which have individual household water meters. 

2. Analyze both the frequency of peak 
events and the duration of peaks above given 
levels in such a manner that statistical 
inferences can be made about the probability 
of future peak flows. 

3. Examine the relationship between 
instantaneous peaks (1 to 5 minutes), peak 
hours, and peak days in order to: a) assess 
the validity of traditional factors being 
used to relate peak daily and peak hourly 
flows, and b) examine the validity of using 
peak hour rather than some short term peak 
for sizing distribution mains. 

4. Develop recommendations for design 
criteria for capacity of water supply facili
ties which depend upon short term peak flows. 

System selection 

The problems associated with the gather
ing of instantaneous water demand data were 
discussed previously. Very few water systems 
have master meters and pipe network arrange
ments which allow gathering of instantaneous 
data. Criteria for identifying such water 
systems for use in this study were as 
follows: 

1. The system must have a master meter 
(in working order) below any reservoir. 

2. The only inflow to the distribution 
system is through the master meter. (Having 
more than one inflow would entail using a 



second master meter and thus, would double 
meter reading costs.) 

3. The systems should have no major 
leakar,e problems. 

4. The Rystem must have off icials who 
agree to give researchers access to the 
master meters and to historic water use 
r ecordR . 

5. , The selected systems should cover 
the desired range of sizes (30-1000 
c onnec t ions) . 

During the spring of 1977, the research 
team met with representatives of both the 
Utah Division of Health and the Division 
of Water Resources Communities Loan Program. 
The meetings were called to 1) determine 
what instantaneous demand data if any were 
already available for Utah systems and 2) to 
determine which Utah systems would f it the 
select ion cri teria discussed above. Essen
tially, no instantaneous demand data were 
known to be available other than some 
spot checks of questionable accuracy. During 
the meetings a few potential water systems 
within Utah were identified. 

The study team then visited each pro
spective community. Permission to collect 
the necessary demand data was obtained, and 
information about the characteristics of the 
population (areas of employment, degree 
of outdoor irrigation, number of multiple 
dwelling units, etc.) was gathered. Utility 
managers were questioned concerning water 
pricing policies, water use habits (weekend 
water use versus weekday water use, morning 
peaks or afternoon peaks or both, etc.), and 
any large water users (dairies, golf courses, 
etc.) which would affect the water demand. 
After the leakage level for each system was 
checked, the final system selection was made. 
The systems chosen were Brooklyn Tap, South 
Price, and Chesterfield. The three water 
systems selected met all of the selection 
criteria. It was impossible to find a 
suitable water system which served a high 
value urban residential area. The systems 
had a range of 84 to 790 connections but all 
were rural or semi-rural ty s of systems 
except Chesterfield, which s in an urban 
area but serves a relatively low socio
economic area. The h value districts 
in Utah tend to be along the east bench of 
the Wasatch Front. These systems are tied 
into complicated distribution networks which 
either include reservoirs or would have 
required monitoring of several master 
meters to obtain the necessary data. 

Determination of Peak Periods 
and Leakage 

Near the end of July 1977, peak demand 
periods on each system were determined by 
observing master meter readings several times 
every hour for two 24 hour iods. The two 
day average daily demand ydrographs were 
drawn and peak demand per iods were ident i-
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fied. These hydrographs are shown in Ap
pendix A. During this preliminary data 
gathering period master meters were read 
between 1:00 a.m. and 4:00 a.m. to obtain 
an upper limi t on the amount of leakage from 
all three systems. The Brooklyn Tap and the 
South Price systems showed no signs of 
leak • The Chesterfield system would not 
r a zero flowrate even during these late 
hours. The lowest flowrate recorded for the 
Chesterfield system was 80 gpm. This 
measurement was obtained at 2;30 a.m. on July 
19, 1977. This flowrate could be considered 
an upper limit on the amount of water leaking 
from the system, and a correction could have 
been made to the peak demand data. The 
subtraction to be made from peak demand data 
would amount to 0.11 gpm/connection. This 
would lower the estimates of peak demand 
only slightly. Since there is no way of 
verifying that the entire 80 gpm was leakage 
this minor corLection was not made. The 
Brooklyn Tap and the South Price systems 
showed no signs of leakage; therefore, no 
corrections to the raw data for leakage were 
necessary. 

Data Gathering 

Meter readers were hired and were asked 
to read and record the meter readings at 
short time interva Is (l to 5 minutes) each 
day during a specified peak demand period as 
determined by the two day average hydrographs 
in Appendix A. On each of the three systems 
this peak period occurred between 6:30 p.m. 
and 9 :30 p.m. Communication with the water 
utility managers of each system determined 
that peak demands did not occur on the 
weekends in South Price or in Chesterfield. 
Therefore, meter readings were only recorded 
on weekdays for these two systems. The 
Brooklyn Tap system showed no difference in 
da ily water demand between Saturday and any 
weekday, so data were recorded six days 
a week at that system. No readings were 
recorded on Sundays as water demand was well 
below weekday water demand rates on all three 
systems. 

The data were recorded during part of 
July and all of August 1977. Meter readings 
were recorded at 1 minute intervals at 
Brooklyn Tap (84 connections), 2 minute 
intervals in South Price (124 connections), 
and at 5 minute intervals in Chesterfield 
(727 connections). It has been shown that as 
the size of a water system increases, the 
diversification in the water use habits of a 
large number of people tends to eliminate 
short term peaks in the demand (Linaweaver et 
aI., 1966). Therefore, flow measurements at 
the intervals listed above were considered 
sufficient to show the peak instantaneous 
demands on each of the systems. This assump
tion is discussed in more detail in the 
section on peak flow durations. 

During 1977, a personal problem of one 
of the meter readers resulted in a total lack 
of data from the South Pr ice system. Also, 
during 1977, Utah was experiencing the worst 



one year drought in its recorded history. 
Because Chesterfield customers were asked to 
decrease their water consumption levels, the 
1977 data were not considered to be a valid 
s ample of peak flowrates. For these reasons 
the data gathering effort was repeated during 
the summer of 1978". The same three systems 
were used during the second summer and time 
in"tervals and peak daily demand periods 
remained the same. As much data as possible 
were recorded dur ing July and August of 
1978. 

Description of the Systems Studied 

Some Utah communities purchase their 
water from local water wholesalers. These 
wholesalers keep accurate flow measurements 
by means of a master meter at the point of 
delivery. Many of these communities have 
storage reservoirs of their own, thereby 
eliminating them from consideration for this 
research. The few systems with no reservoirs 
were candidates for this study. All three of 
the systems described here fall into this 
category. 

Chesterfield 

The Chesterfield Improvement District, 
the largest system studied, serves a suburb 
just west of Salt Lake City. The district 
purchases its water from the Salt Lake County 
Water Conservancy District. The community 
varied in size between 527 connections and 
590 connections during the two year study 
period. Two hundred occupied mobile homes 
were located in two large trailer courts in 
the service area. The 200 mobile homes were 
added to the number of active connections for 
a total of 727 and 790 families served. 

The Chesterfield outdoor water demand 
included both lawn and garden irrigation but 
the landscaped areas were relatively small. 
Most of the working population of Chester
field dr ive to work somewhere in Salt Lake 
metropolitan area or they use the limited bus 
service ava ilable to them. The water system 
does supply water to approximately ten Ugh t 
industrial users and to several restaurants 
and small stores. 

The 12 inch main distribution line 
servicing the Chesterfield system has two 
positive displacement meters in the meter box 
operating in parallel. During 1977, one of 
the two lines in the meter box was closed off 
and all of the flow was forced through one 
meter. This caused no problem with the water 
service and also facilitated the meter 
reading. In 1978, when there were no water 
use restrictions in effect, more water was 
being used and it was necessary to keep both 
meters operating in order to handle the peak 
demands. 

South Price 

South Price water system serves semi
rural type residences in central Utah. It 
purchases its water from the City of Price. 
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Unlike the Chesterfield system, the South 
Price area has supplementai ditch water for 
irrigation available to nearly 100 percent of 
its residences. There is almost no commercial 
or industrial use of water within the system. 
The homes in the area vary in age with many 
being relatively new ones, built before a 
current moratorium on building went into 
ef fect. There were 124 individual connec
t ions at the time of the study. Mos t of the 
work force in South Price is employed in coal 
mining operations in the area. 

The flow of water en~ering the South 
Price system passed through a dual positive 
displacement meter. When demand was low (0 
to 25 gpm) the low flow meter recorded flow 
volumes. When the flowrate reached a certain 
level (approximately 25 gpm) the low flow 
meter shut off and the flow volumes were 
recorded on the high flow meter. Because 
the meter readers only recorded data dur ing 
peak demand periods the low flow meter was 
seldom operating. 

Brooklyn Tap 

The Brooklyn Tap Water Users Association 
buys water from the town of Elsinore which is 
located in south central Utah. The system 
serves 35 connect ions, one of wh fch is a 
trailer court supplying 50 occupied units. 
The 50 occupied trailers plus 34 residential 
connections represent a total of 84 
connect ions. 

As is the case with Chesterfield, the 
Brooklyn Tap users do not have access to 
secondary irrigation water. The average area 
irrigated is small, and the climate is hot 
and dry. The system does supply some stock 
and wash water for one dairy. Water is also 
supplied to a cement and gravel operation in 
the area. There is no other commercial 
or industrial water demand on the system. 
Brooklyn Tap has a positive displacement 
integrating type meter. This single meter 
measures both high and low flowrates. 

Frequency AnalysiS of Data 

Theoretical distribution of the data 

A problem which is frequently confronted 
in hydrologic studies is using empirical data 
to make inferences concerning the probability 
of future events. In this study, frequency 
analysis is used to define the instantaneous 
demand flowrate (not a hydrologic parameter) 
with a probability, P, of being equaled or 
exceeded on any hot, summer day. This 
probability can also be expressed in terms of 
a return period, Tr (measured in days). Re
turn period and probability are reciprocals. 

In a previous study by Hughes (1977), 
peak daily flow data (gpm/connection) during 
hot, summer days were shown to be normally 
distributed. The small skew coefficients 
found for the five sets of data obtained 
during this study (Brooklyn Tap, 1977 and 
1978; Chesterfield, 1977 and 1978; and South 



Pr ice, 1978) suggest that these daily peaks 
are also normally distributed. 

The cumulative probability of normally 
distributed data may be represented graphi
c ally on norma I-proba bi li ty paper. For th is 
study the ordinate represents the maximum 
daily instantaneous demand and the abscissa 
represents the probability, P, or the recur
rence interval, Tr. The ordinate and abscissa 
scale~ are so designed that normally distri
buted data plot as a straight line. The 
reason for using the normal probability paper 
was to linearize the distribution so that 
plotted data can be extrapolated more ac
curately (Chow, 1964). 

To plot data on normal-probability 
paper, a plotting position must be used. A 
study comparing several proposed plotting 
position formulas (Benson, 1962) revealed 
that on the basis of theoretical sampling 
from normal distributions, the Weibull for
mula provides the most consistent estimates.: 

where: 

N 

m 

N + 1 
m 

is the number of days of data 

is the order number of the daily peak 
demands arranged in descending 
magnitude (m = 1 for the largest peak 
demand) 

The probability distribution of the five 
sets of daily peak dat~ are shown in Figure 
14 and Figure 15. The lines through the data 
were located by using the method of moments 
(Chow, 1964). By this method, the mean and 
the standard deviation of the data sets (see 
Table 9) are computed and used as estimates 
of the true populat ion parameters in the 
normal probability function: 

x X + SK 

where: 

X 

X 

S 

K 

the estimation of peak daily 
demand 

the mean of the sample 

the standard deviation of the 
sample 

the number of standard deviations 
from the mean for a normal distri
bution. This value is available 
from standard normal tables for 
various probabilities. 

The values computed for X at different 
probabilities plot as a straight line through 
the data on norma 1 probabili ty paper. Th is 
method of curve fitting requires the assump
tion that the estimates of means and standard 
deviation from the sample data equal the true 
means and standard deviations for these 
populations. This assumption introduces 
Ii ttle error when the number of data points 
is large. But when the number of data points 
is small, the t-distribution may be a de
s irable alternative to the normal distribu
tion (Ott, 1977). The t-distribution assumes 
a normal distribution but allows variability 
in the point estimates of the mean and 
standard deviation of the sample. It does 
this by considering variability as a function 
of degrees of freedom of the data. As the 
number of data points increases the t
distribution approaches a normal distribu
tion. By allowing the randomness in the mean 
and standard deviations, peak flows predicted 
by the t-distribution are more conservative 
(are higher). In order to check the validity 
of the frequency analysis using the method of 
moments, t-distribution frequency analysis 
was also calculated. 

The five data sets used in this study 
had between 12 and 29 days of peak demand 
data and therefore, 11 to 28 degrees of 
freedom. The peak demand at a given proba-

Table 9. Statistical parameters for daily maximum instantaneous flows in gallons per minute 
(gpm) per service connection. 

Parameters 

Number of Connections 
Number of Days (N) 
Mean Daily Maximum (X) 
Standard Deviation (S) 
Skew Coefficient (g) 
Maximum Measured Flow 

Brooklyn 

1977 

84 
17 
1.10 
0.220 
0.227 
1. 48 

Tap 

1978 

84 
29 

1. 30 
0.1"68 
0.019 
1. 67 
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Water Sys tern 

South Price Chesterfield 

1978 1977 1978 

124 727 790 
20 12 16 
0.51 1.17 1. 30 
0.056 0.129 0.245 

-0.225 -0.052 0.231 
0.60 1. 39 1. 70 
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bility of occurring on a hot summer day using 
the student t-distribution is (Kempthorne and 
Folks, 1971): 

x +x 

where: 

Ct P 

t students t 

N number of data points in sample 

S standard deviation of sample 

X mean of sample 

X expected peak flow 

Values for expected peak flows for 
various probabilities for both the normal and 
the t methods are summarized in Table 10. 
Both methods produce similar results from a 
one day recurrence interval (P = 1) through 
abou t a three recurrence interval (P = 
0.0009). As e recurrence interval gets 
larger the t method estimates higher values 
of peak demand than does the normal method at 
the same probability. When there are more 
data and when the standard deviation of those 
data is small, the t method and the normal 
distribution give nearly the same etimates of 
peak demand all the way through a 27 year 
recurrence interval. The Brooklyn Tap data 
from 1978 are a good example of this (see 
Table 10). The Chesterfield data created the 
largest differences between the two methods. 
The Chested ield 1977 data included only 12 
days of peak demand. Wi th so few of 
freedom, the t-distribution deviates from a 
normal distribution much more than it does 
for say, the Brooklyn Tap 1978 data, where it 
had 28 ees of freedom. In 1978, the 

Chesterfield data had a large standard devia
tion (0.245 gpm/connection). This standard 
deviation causes the t distribution to 
deviate from normal more than, for example, 
the South Price data which actually has more 
da ta days and thus more degrees of freedom. 
A logical conclusion seems to be that instan
taneous demand data are normally distributed 
and that deviation from the best fit straight 
line is significant only where the number of 
data was relatively small. Therefore the 
e ted value of peak flows used throughout 
t remainder of the report will be those 
predicted by the method of moments line. 

The number of usable data days are shown 
in Table 9 for each of the five data sets. 
The meter readers actually recorded more days 
of peak flow data. After all of the raw data 
were collected, weather records were checked 
for temperature and precipitation which may 
have occurred in the area of each system. 
When there were cooler temperatures (tempera
ture < 8S0 F) and/or significant precipita
tion (precipitation 2 0.01 inch) water demand 
dropped off from the norm. These days were 
excluded as being not representative of peak 
demands. 

Defining the Recurrence Interval 

In Figure 14 and Figure 15 the proba
bilities of various peak flowrates being 
experienced on any hot, summer day are given. 
This prediction was based on a normal distri
bution of peak daily flows. Since peak daily 
flows used to make the prediction were 
recorded only on hot, summer days the recur
rence interval for infrequent events (periods 
longer than one summer) requires some modi
fications. One might expect that if the peak 
instantaneous demands on a ven system were 
known for each day of the year that a more 
reliable prediction of peak flows could 
be attained. However, this is not the case. 
Peak water use rates are correlated with time 

Tab Ie 10. Comparison of uni t demands (gpm/ conn.) from t dis tribut ion and from linearized 
normal distribution. 

Recurrence Brooklyn Tap Chesterfield S. Price 
Interval Parameter 

1977 1978 1977 1978 1978 

P 0.25 Q (t) 1. 26 1. 42 1. 26 1. 47 0.55 
Tr = 4 Daysa Q(normal) 1. 25 1. 42 1. 25 1. 47 0.55 
P = 0.01 Q( t) 1. 69 1.73 1. 53 1. 96 0.66 
Tr = 100 Days Q(normal) 1. 61 1. 70 1. 47 1. 87 0.64 
P = 0.0009 Q (t) 1. 83 1. 83 1. 65 2.26 0.72 
Tr = 3 Years Q(normal) 1. 79 1. 83 1. 57 2.06 0.69 
P = 0.0005 Q(t) 2.01 1. 93 1. 76 . 2.33 0.74 
Tr 5.5 Years Q(normal) 1. 83 1. 86 1. 59 2.11 0.70 
P 0.0001 Q(t) 2.19 2.04 1. 91 2.54 0.78 
Tr 27.4 Years Q(normal) 1. 92 1. 93 1. 65 2.21 0.72 

aThe recurrence intervals listed in this table equal the reciprocal of the ted 
probabilities and refer to hot, midweek, summer days. Actual recurrence intervals are four 
times the amount shown here. 
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of the year (with climate), especially in the 
arid western states. In an arid climate, 
where outdoor water use is a significant 
component of demand, a large variation in 
demand occurs between the summer days and the 
winter days. This increased variation 
would show up as an increased standard 
deviation of the data. The equations used 
previously for estimating flowrates using the 
t or the normal distribution show that an 
increase in the standard deviation of the 
data will result in h er estimates of 
peak demand at the longer recurrence inter
vals. Th is is due to an increase in the 
slope of the line through the data as the 
variability of the data increases. Since 
the objective of this study was to determine 
peak demands, which occur only during the 
hot, summer months when outdoor use is at a 
maximum, the data base was limited to such 
days. This data base, restricted to the hot 
days in the summer when the temperature 
exceeded 850F and there was no measurable 
precipitation, should give the proper peaks 
and the proper variability. A question 
arises, however, as to the mean ing of the 
recurrence i nterva 1. Norma lly, the recur
rence interval is considered to be equal to 
the reciprocal of the probability (Tr lIP). 
However, long term recurrence inte.rvals 
should include all of the off peak days as 
well as the hot, summer days. 

Changing the normal recurrence levels 
(Tr = IIp) to the actual recurrence intervals 
required the determination of the average 
number of days in a year when there was no 
measurable precipitation and the temperature 
was greater than 850F. To determine this 
average, records from the weather station 
nearest each water system studied were 
obtained. The total precipitation from the 
months of June, July, and August were calcu
lated for each of the ten years from 1968 
through 1977. The wettest and the driest 
three month summer iod (June, July, and 
August) during those a years at each station 
determined the two years used in calculating 
the average number of days meeting the 
criteria assumed above. The calculations 
showed that on the average there were 52 days 
each year when peak flow could be expected to 
occur on the Brooklyn Tap water system. 
There were 63.5 and 72.5 possible peak demand 
days expected during an average for the 
Chesterfield and the South Pr ce systems, 
respect ively. 

When the number of possible peak demand 
days was counted for each water system no 
accounting for off peak days (Saturday and 
Sunday) was made. Since it had been deter
mined that the South Price and the Chester
field systems did not experience peak demands 
on the weekends. The average number of 
possible peak demand days was adjusted to 
45.4 days for the Chesterfield system (63.5 
days x 5/7), and 51.8 days for South Price 
(72.5 days x 5/7). Because the Brooklyn Tap 
system experienced demands on Saturday 
but not on Sunday, average number of peak 
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demand days was adjusted to 44.6 days (52 
days x 6/7). 

Factors were applied to the original 
recurrence intervals (Tr = IIp) to get the 
actual recurrence intervals. These factors 
were determined by dividing the number of 
days in the year (365.25) by the average 
number of poss ible peak demand days deter
mined for each system. The factors were 7.05 
for South Price (365.25/51.8), 8.05 for 
Chesterfield (365.25/45.4), and 8.19 for 
Brooklyn Tap (365.25144.6). Multiplying the 
recurrence intervals in Figures 14 and 15 by 
these factors gives the correct recurrence 
interval for each system. 

A comparison between peak instantaneous 
demand to be expected at the original recur
rence intervals (Tr lIP) and at the revised 
recurrence intervals is shown in Table 11. 
As the recurrence interval increasesi the 
difference between the two decreases (less 
than 0.3 gpm/conn at Tr = 27.4 years). The 
revised recurrence intervals as shown in 
Figures 16,17, and 18 are used for sub 
sequent comparisons with the results of other 
stud ies. 

Impact of the Drought 

The effects of the drought on both the 
Chesterfield and the Brooklyn Tap water 
systems can be seen by comparing the pre
dicted demand values for 1977 and 1978 in 
Table 10. In 1977, the drought year, the 
Chesterfield community was required to comply 
with temporary water res tr ict ions. The 
customers were only allowed to water their 
lawns and gardens after 8 :00 p.m. Also, 
there were severe financial penalties for 
excessive monthly water use ($IO/kgal for any 
usage over a monthly allotment). The result
ing large reduction in monthly water use 
also clearly reduced instantaneous peaks. In 
1978, a very wet year (50 percent more 
precipitation than an average year) no 
conservation efforts were made. The dif
ference between the peak demands experienced 
in 1977 and those which occurred in 1978 is 
shown in Table 10. 

Table 11. A comparison of the predicted flow-

Original Tr 

Original 

rates (gpm/conn.) at recur-
rence intervals using original 
Brooklyn Tap, 1977 data and using 
a modified data set. 

Predicted Flowrate at Specified 
Recurrence Intervals 

50 100 1 5 27.4 
Days Days Year Years Years 

._---------- -- .. ------

\ Original Tr 
Modified Tr 
(N x 4) 

1. 55 
1. 41 
1. 42 

1. 61 
1. 49 
1. 50 

1 72 
1. 61 
1. 62 

1. 83 
1.73 
1. 81 

1 92 
1. 84 
1. 95 
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The demands during 1977 and 1978 for the 
Brooklyn Tap water system do not show signi
ficant differences because ~ater usage 
restriction were not imposed upon Brooklyn 
Tap customers during the dr t. 

The very dramatic ran in weather 
experienced during 1977 and proved to be 
beneficial to this study. The data obtained 
during the two summers should be representa
tive of essentially the maximum climato
logical range and therefore the maximum water 
demand range for these systems. 

The estimations made in Figures 15 and 
16 def ine the average or ted va lues of 
peak flows for hot, summer at any time 
probabi 1 ity level. However, in order to 
define the probability of level of 
peak flmv occurr ing dur ing a time 
period, further statistica s is 
necessary. A method used to estimate the 
probability Chill;) hydrologic event with 
<1 v e r ;1 g e pro b;1 b iii l Y P w ill bee x (" 0 0 d f' cI 
cX;)("lly I< timE'S durinr. if ("('rlail' time period 
(Linsley ot ill., 197)) can be modified for 
use in lhis analysis. The equation given is: 

J 1 - (~) (1 
N-K K 

P) P 
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where 

N 

K 

p 

J 

number of days 
time interval 

number of 
will be 

the average 
occurrence 

the probabi i 
probabi Ii ty 

in the specified 

the expected value 

probability of 

that an event with 
11 be exceeded 

When risk levels are to be placed on the 
laq~est event or, in this case the highest 
peak demand to occur during a certain time 
interval, then K 0 and the eouation 
becomes: 

J = 1 (l p)N 

Figures 16, 17, and 18 show the 95 
percent assurance levels drawn above the 
expected values of peak inBt,1nt;w€'ouB rlen.~lnrl. 
Tnblel2 gives values or th" mOBt Drobal']l' or 
tho t'xpcctL'd penk ins(OIfll;!I1C'OUf' (il:-mnT1(1 ;;n<l 
lhe 95 percent i1BSUri!flC(' Ir'vels for s('ver<ll 
time intervals. A sample c;Jlculation ror <In 
interval of 100 day" is Bhown in Appendix C. 

Referring to Figure 17 or to Table 12, 
the Brooklyn Tap system would have a 1 



~ 

Table 12. Ninety-five percent confidence 
(J 0.05). 

----~-~----

Time Probability Period Parameter 
(N) (P) 

40 Days 5.12 x 10- 95% Limit 
Expected 

200 Days 1. 03 x 10-3 95% Limit 
Expected 

400 Days 5.13 x 10- 4 95% Limit 

4 Years 1. 40 x 10- 4 95'70 Limit 
Expected 

12 Years 4.68 x 10- 5 95% Limit 
Expected 

20 Years 2.81 x 10- 5 95% Limit 
Expected 

percent chance eN = 100 number of hot, 
summer days) of experiencing a peak flowrate 
of 1.62 gpm/conn or eater on any given 
hot, summer weekday. ing a 700 day period 
there is only a 5 percent chance that the 
peak demand will exceed 1.83 gpm/conn. 

Comparison of Instantaneous, Hourly, 
and Da By Peaks 

The peak demands estimated from Figure 
16, 17, or 18 for a given recurrence interval 
are based on average flowrates during the 
i nterva 1 between me ter read ings. The data 
used in this study were taken from master 
meter readings in intervals of 1,2, or 5 
minutes depending upon the size of the 
system. The Brooklyn Tap system with 84 
connections was read every minute. The data 
for the South Price and the Chesterfield 
systems were recorded every 2 and every 5 
minutes, respectively. Thus, the recorded 
demands are actually the average flowrates 
experienced for those few minutes. 

For example, the Chesterfield data for 
1978 predicts the peak average demand of 2.06 
gpm/connection for a duration of 5 minutes at 
a recurrence interval of 24 years (P 
8.05/24 X 365). During this 5 minute period, 
the absolute maximum demand will be something 
greater than the 2.06 gpm/connection 5 minute 
average demand. 

Peak flowrates for various durations are 
plotted in Figure 19. The three days with 
the three highest recorded peak flows for 
each of the five data sets were used in the 
ca lculat ions for the expected durat ions. 
The demand patterns for each of the 15 days 
are plotted in Appendix D. Values for the 
ave peak demands lasting a given duration 
are lated from the hydrographs. Some of 
these values are listed in Table 13. 

exceedance levels (gpm/ conn. ) for unit demand 

Chesterfield Brooklyn Tap S. Price 

1977 1978 1977 1978 1978 

1. 50 1. 92 i. 66 1. 74 0.65 
1. 33 1. 61 1. 38 1. 52 0.58 
1. 56 2.05 1. 79 1. 83 0.68 
1. 43 1. 80 1. 55 l. 65 0.63 
1. 60 2.10 1.83 1. 86 0.70 
1.47 l. 87 1. 62 1. 70 0.64 
1. 64 2.18 1.91 1.92 0.72 
1. 53 1. 97 1.72 1. 78 0.67 
1. 67 2.23 1. 96 l. 95 0.73 
1. 57 2.06 1. 79 1. 83 0.68 
1. 69 2.26 1. 98 l. 97 0.74 
l. 59 2.10 l. 82 1. 86 0.69 
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Figure 19 shows that the absolute 
maximum instantaneous demand is unknown. If 
it were known it would be plotted along the 
ordinate where the time duration equals zero. 
In the previous study in Utah (Hughes, 
1977), a similar approach to estimating peak 
flow duration was used. In that report, the 
data were taken on a continuous recorder. 
This allowed identification of the absolute 
peak instantaneous flow. In each case, 
the demand dropped quickly from the absolute 
maximum to a lesser demand lasting a duration 
of 3 or 4 minutes. These duration curves are 
also plotted in Figure 19. All of the 
duration curves plotted in Figure 19 tended 
to level off at a fairly constant flowrate as 
the time durat ion increased. The curves 

Table 13. Average flowrates (gpm/conn.) last-
various durations on the three 

days with the highest peak instan-
taneous demand. 

Time Duration 

System Name Number of (Minutes) 
Connections 

3 5 15 30 

Lapoint 4 3.18 3.10 2.71 2.60 
Lapoint 12 2.04 1. 98 l. 80 l. 68 
Lapoint 22 1. 80 1.71 1. 59 1. 50 
Brooklyn Tap 84 l. 36 1. 33 1. 29 1.18 

(1977) 
Brooklyn Tap 84 1. 51 1. 50 1.41 l. 38 

(1978) 
Chesterfield 727 1. 38 1.02 0.96 

(19 
Ches 790 l. 64 1.18 1. 05 

(1978) 
South Price 124 0.55 0.49 0.41 0.37 

(1978) 
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plotted from the data used in this study do 
not include the more steeply sloped part of 
the curve from a time duration equal to zero 
to a duration of 1, 2, or 5 minutes. How
ever, the number of connect ions for each of 
the systems studied in th is report were 
all much larger than the number of connec
tions used in the earlier report (Hughes, 
1977). The time duration curves for these 
new data should be much flatter in the region 
between 0 and 5 minutes duration than the 
curves plotted from the int data. The 
Lapoint data, taken on wa lines serving 
only 4, 12, or .22 connections, fluctuated 
much more rapidly than did the data taken 
from these three systems. 

Dr Peak 

Enf1;ineers normally design distribution 
networks in urban areas to meet peak hourly 
water demands (Steel, 1960). In an urban 
area the diversification of water use habits 
amon/2, t he many customers tends to reduce the 
fluctuations in the daily demand hydrograph 
(Linaweaver et al., 1966). In a more rural 
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demand durations. 

area where fewer customers are served by the 
water system (perhaps < 1000 connections), 
one would expect to see greater and more 
frequent variations in the daily demand 
hydrograph. The instantaneous demand data 
from Utah systems which have been produced by 
this study and by Hughes (1977) have con 
firmed this expectation. 

The Lapoint data '(4 to 22 connections), 
which were analyzed in thE previous study, 
showed the greatest fluctuations in the 
demand. This was expected since the systems 
were the smallest ones studied « 22 connec
t ions). However, the da ta from Ches ter [ield 
used in this study showed large fluctuiltions 
in the demand frolii one 5 minute interval 
to the next. This amount of deviation (see 
Appendix D) was not. expected since Chester
field was considered an urban area with 
between 700 and 800 service connections. 

If the demand on a rural water system 
(less than 1000 connect ions) fluctuiJtes so 
rapidly then, perhaps desip.n based on 
hourly flow is not suffjcient. If the 
instantaneous dem[lnd exceeds the desj~n 



capacity of the system (normally peak hourly 
demand) for more than a few minutes, low or 
theoretically even negative line pressures 
may result. Low pressures would cause 
reduced service to the customers. Negative 
line pressures may cause contamination of the 
water supply. 

The peak flow duration analysis in the 
previous section showed that there was very 
1 i ttle di fference in the highest 30 minute 
water demand and say the highest 10 minute 
water demand. Figure 19 shows that only 
very short duration demands (0 to 5 minutes) 
were significantly h er than the maximum 30 
minute or the peak hour demand. In order to 
test whether a shorter duration gave a 
significantly higher demand than the peak 
hourly demand used in des ign an analysis of 
variance was performed. 

Many of the equations used by engineers 
to estimate peak hour flow are simply some 
multiple of the peak da ly flowrate. Because 
another objective of this project was to 
compare actual peak day and peak hour demand 
to demands estimated by design equations, an 
analysis of variance was also carried out to 
determine if peak hourly demands were signi 
f icantly d if ferent from peak daily demands. 

In order to get day demands from 
the five data sets it was necessary to have 
recorded meter read for successive days. 
Then the meter readings from the previous day 
could be subtracted from the next day's 
reading and recorded 24 hours later to give a 
typical peak daily demand. Including periods 
when data were not recorded (days when 
it rained or Sundays) and then averaging over 
the period to get several peak days was not 
done because it had already been decided that 
those were not peak days and thus, those days 
should be excluded. With this restriction, 
the number of days of actual peak daily data 
which could be extracted from the data varied 
from 5 days from the Chested ield 1977 data 
to 17 days from the Brooklyn Tap 1978 data. 
The data from South Price were not included 
in this analysis because the South Price 
system experienced peaks so low that South 
Price was not representative of other sys
tems. Reasons for the low peak values will 
be discussed in the section comparing the 
results of this study to other research. 

The raw data from the days when peak 
da ily dema nd was ava Hable were stud ied to 
determine the maximum hourly flowrate, the 
maximum 10 minute flowrate, and the maximum 5 
minute flowrate. An analysis of vari 
ance was then performed on each of these four 
data sets (Brooklyn Tap, 1977 and 1978; 
Chesterfield, 1977 and 1978) to determine if 
there were any significant differences 
between: 1) the peak daily flowrate and 
the peak hourly flowrate, 2) the maximum 10 
minute flowrate and the hourly flowrate, 
and 3) the maximum 5 minute flowrate and the 
peak hourly flowrate. Where the data per
mitted (Brooklyn Tap) the comparison was also 
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done between the 1 minute peak flowrate and 
the peak hourly flowrate. 

When samples (data) are selected from 
different populations (peak dai , peak 
hourly, peak 10 minute, and peak minute 
flowrates) which may have different variances 
(ol f 02

2 f 03
2

) then the t-distribution (used 
for compar ing means when there are few data 
points) is no valid. However, Cochran 
(1964) showed that when the sample size from 
each of the populations is equal (nl = n2 
= n3) then the t-distribution is approxi
mated by: 

t' 

where: 

t' the approximated test statistic 

the mean of the sample from 
population 1 

the mean of the sample from 
population 2 

Y2 

tandard deviation of the 
s from 1 

S2 tandard deviation of the 
s from 2 

nl the size of sample 1 

n2 the size of sample 2 

The rejection region for t' is 
standard student-t tables for 
freedom, df = n-l (Ott, 1977). 

found in 
ees of 

In all of the analyses the hypothesis to 
be checked was whether the mean of one 
population was equal to the mean of the other 
population. The means and standard deviations 
for each of the data sets in each of the 
categories (peak day, peak hour, etc.) were 
calculated. When comparin two of the 
categories for significant dif the t' 
statistic was calculated. When this calcu
lated statistic exceeded the standard 
students'-t with a ven number of degrees of 
freedom at a certain significance level then, 
the hypothesis of the two populations having 
equal means was cted and a significant 
difference in the means was statistically 
shown. 

Calculated t' values are shown in Table 
14 and Table 15. These tables summarize the 
comparisons between maximum 10 minute and 
peak hourly flowrates and maximum five minute 
and peak hourly flowrates, respectively. 
Table 16 shows the compar ison of max imum 
1 minute and peak hourly demand for the 
Brooklyn Tap data. When there is a s if i
cant difference between the means of two 
populations being compared the t' statistic 
exceeded the appropriate student's t. These 



Table 14. t' statistics for peak hourly 
versus 10 minute maximum flowrate. 

System Name 

Chesterfield 
Chesterfield 
Brooklyn Tap 
Brooklyn Tap 

Year n(days) 

1977 
1978 
1977 
1978 

5 
11 

9 
17 

Significance 
Level 

0.:=0.1 0.:=0.05 

ctID 
~ 
~ 

ctID 
1. 20 
1. 55 

Table 15. t' statistics for peak hourly 
versus 5 minute maximum flowrate. 

Significance 
Level 

System Name Year n(days) 
0.:=0.1 0.:=0.05 

Chesterfield 1977 5 ( .3 00 ) ( .3 .00 ) 
Chesterfield 1978 11 <3.16) ( .3 16 ) 
Brooklyn Tap 1977 9 (1. 60 ) 1. 60 
Brooklyn Tap 1978 17 ( 2 03 ) ( 2 03 ) 

Table 16. t' statistics for peak hourly 
versus 1 minute maximum flowrate. 

System Name 

Brooklyn Tap 
Brooklyn Tap 

Year 

1977 
1978 

n(days) 

9 
17 

Significance 
Level 

0:=0.1 0:=0.05 

(231) (2.31) 
(327)( 3.2]) 

values are circled. For each data set there 
was a significant difference between peak 
daily and peak hourly flowrates even at the 
0.005 level of significance. Since this 
difference was seen for each data set at 
every level of significance, these t' values 
were not tabularized. 

The analysis of variance showed that 
although there is very little difference 
between the 1 hour maximum and the 10 minute 
maximum flowrate there is a significant 
difference between the 5 minute peak demand 
and the maximum hourly flowrate. Also, where 
1 minute demand data were available, the 
difference between the 1 minute demand 
flowrate and the 1 hour demand was signifi
cant at even the lowest (0.05) significance 
level tested. 

The conclusion to be made from the 
results of the analyses of variance is that 
des of rural distribution systems (less 
than 1000 connections) based on peak hourly 
demands is not sufficient. If the elimina
tion of low or ne~ative pressures is a 
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primary objective of the design then design 
based on the higher value of instantaneous 
demand (durations of 5 minutes for example), 
should be used. 

Comparison of Daily and Hourly Peaks 
to Textbook Recommendations 

Factors recommended by several textbooks 
for estimating peak daily and peak hourly 
water demand were iven in the literature 
review. The act values for peak daily 
water use from the four data sets are list
ed in Table 17. The estimations of peak 
daily demand as calculated from the eight 
water supply textbooks reviewed previously 
are also listed in Table 17 for comparison. 

Table 17 shows that the 1977 drought 
year peak daily average flows were much lower 
than the 1978 flows (176 gpd to 294 gpd). 
Chesterfield's average peak daily demand for 
1977 was below all of the textbook estimates. 
The highest peak day demand recorded that 
year was lower than all of the estimates 
except one. However, in 1978, the average 
value of peak daily demand for the Chester
field data was within the range of all of the 
estimations. The highest value recorded 
(355 gal/pers/day) was higher than or on the 
high end of the estimated ranges. With the 
relatively inexpensive water ($0.30/kgal) and 
the hot, dry climate one would expect this. 

The Brooklyn Tap data also show the 
difference in water consumption between the 
drought year of 1977 and the wet year (ap
proximately 50 percent above average) in 
1978. The average peak daily consumption 
was within the range of estimates in 1977 but 
not in 1978. The highest peak day recorded 
in 1978 was well above all but one of the 
es tima t ions. 

Table 18 lists the estimated peak hourly 
demands as calculated by the eight water 
supply textbooks. The actual values are 
listed for comparison. Since it was shown in 
the preceding section that the peak 5 
minute demand was significantly higher than 
the peak hourly demand, these values are also 
listed in Table 18. 

Table 18 shows that the Chesterfield 
peak hourly demand was lower than the range 
of estimates in 1977 and within the estimates 
in 1978. The Brooklyn Tap data were on the 
high side of the estimates during 1977 
and well above all but one of the estimates 
in 1978. Only one of the estimates of peak 
hourly demand goes high enough to include the 
5 minute peak demands. 

In defense of the textbook recommenda
tions it can be said that they were reporting 
typical ranges of peak daily and peak hourly 
demands as compared to average daily demands. 
However, in only two of the texts (C lark and 
Viessman, 1966; Hardenberg and Rodie, 1970) 
do the authors remind the readers that these 
ranges are for typical, residential com
munities and that very large deviations from 



Table 17. A comparison of actual peak daily demands to available estimations of peak daily 
demand. 

Authors 

Babbitt and 
Doland 
Linsley and 
Franzini 
Steel 

Walker 

Twort and 
Hoather and 
Law 
Clark and 
Viessman 
Fair and 
Geyer 
Hardenbergh and 
Rodie 

Predicted Peak Daily 
Demand 

(gal/pers/ day) 

Chesterfield Brooklyn 
Tap 

225-375 

270 

270-300 

225-300 

180-600 

225 

225 

188-313 

225 

225-250 

188-250 

150-500 

188 

188 

Actual Peak Daily Demand 
(gal/pers/ day) 

Chesterfield 
(Ave = 150 gpd) 

1977 1978 

Ave = 176 

High 192 

Ave = 294 
High ,.. 355 

Brooklyn Tap 
(Ave = 125 gpd) 

1977 1978 

Ave 241 

High = 332 

Ave = 323 

High 399 

Table 18. A comparison of actual peak hourly and peak 5 minute demands to available estimations 
of peak hourly demands. 

Authors 

Babbitt and 
Doland 

Lins and 
Franzini 

Steel 
Walker 
Twort, Hoather 
and Law 

Clark and 
Viessman 
Fair and 
Geyer 
Hardenbergh and 
Rodie 

Predicted Peak Hourly 
Demand 

(gal/pers/day) 

Ches terfield Brooklyn 
Tap 

450-600 

540 
405-450 
468 

<600 

225-1800 

375 

375-450 

375-500 

450 
338-375 
390 

<500 

188-1500 

313 

313-375 

Actual Daily and 5 Minute Peak Demand 
(gal/pers/day) 

Chesterfield 

1977 

Peak Hourly 
Ave = 385 
High 434 

1978 

Peak Hourly 
Ave 441 
High = 550 

Peak 5 Minute 

Ave = 479 
High 541 

40 

Ave = 559 

High = 740 

Brooklyn Tap 

1977 

Peak Hourly 

Ave = 473 
High 568 

1978 

Peak Hourly 

Ave 524 
=671 

Peak 5 Minute 
Ave = 517 

High = 625 

Ave = 568 

High = 720 



average demand (7 to 12 times the average) 
h ave been recorded. The communi ties showing 
the most deviation have been the high eco
n omi c areas with arid c lima tes and thus, 
with a large amount of outdoor sprinkling. 

In using any of the equations, it must 
be remembered that the equations were de 
veloped from typical residential communities. 
Water demand is greatly affected by the 
factors listed in the literature review 
(climate, leakage, etc.) and thus, experience 
and knowledge of the characteristics of" the 
population are essential in estimating 
peak demands of any duration. 

Discussion of Results 

Peak demands for mobile homes 
compared to demands for 
residences 

A similarity in peak water demands 
between mobile homes and other residences was 
documented by the Brooklyn Tap data. Th is 
finding is contrary to the expectation that 
mobile homes would use less water. One 
reason for this expectation is that trailers 
generally have smaller yard areas to irri
gate. Secondly, some trailers may have 
smaller indoor appliances such as washing 
machines. A third reason is that trailers 
probably average less occupants per liv 
unit than do households. An important factor 
in the opposite direction was that although 
the mobile home parks were master metered, 
individual trailers were not and there
fore individual water users had no reason to 
conserve water. Unmetered demand is signifi
cantly larger than metered (Walker, 1978) and 
th is one factor seemed important enough to 
increase the instantaneous peak demand 
of mobile homes to the level of an average 
res idence. 

Of the 84 connections within the 
Brooklyn Tap water system, 50 of these were 
mobile homes. Water going to the trailer 
court was metered but individual trailers 
were not. The mobile home owners pay a flat 
fee for their water. Originally, it was 
thought that the water demand from the 
trailer court would not be representative of 
the Brooklyn Tap system and so it should be 
excluded. In order to do this, the meter 
reader recorded meter readings from the 
master meter at 1 minute intervals for 
approximately 30 minutes. He then traveled 
to the trailer court meter and recorded 
flows. After 3 or 4 minutes he returned to 
the master meter where he recorded meter 
readings for another half hour. This 
routine was repeated several times during the 
2 to 3 hour daily peak iod. This allowed 
separation of the trai court demand from 
the residential portion of the demand. When 
the data were ana separately, us 84 
connect ions and the master meter read or 
using 50 connections and the trailer court 
meter readings, no significant difference was 
found in the peak instantaneous demand on a 
per connection basis. The average daily peak 
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demand was found to be 0.97 gpm/trailer 
and 1.01 gpm/residence. There appeared to be 
no significant difference between the mobile 
home and other residential demands. 

A compar ison of the results of th is 
study with those reported in other literature 
is summarized in Figure 20. The points 
labeled Utah are the most probable peaks for 
a 27 year return interval. These values 
are from this study and from the previous 
work done by Hughes (1977). Other labeled 
points are for the maximum recorded event 
from the following stud ies: Kansas- -Allen 
and Montgomery counties n.Ji11 iams, undated); 
Kansas (Johnson, 1978); Oklahoma #3 (Goodwin, 
1973). The function labeled Ginn was pro
duced from the aggr tion of individual 
demand distributions n urban Mississippi 
into a statistical model. 

Included in Figure 20 are the Farmers I 

Home Administration Ohio minimum and average 
standards (FmHA, 1976). The FmHA reports 
that over 5,000 water systems throughout the 
midwest and eastern U.S. have been designed 
according to their minimum standard curve. 
Using the FmHA minimum standard for des in 
a humid area where the outdoor water nd 
is small may be adequate. In a more arid 
climate this minimum design curve is clearly 
not acceptable. All of the systems studied 
except for the South Price system and the 
Kansas systems recorded demands above the 
FmHA Ohio minimum but below the avera 
standard. The South Price system and t e 
systems studied in Kansas are all well 
below the FmHA minimum curve. The Kansas 
studies do not offer any explanation for the 
low values reported. The pr ice of water in 
Kansas at the time the studies were conducted 
was approximately one dollar per thousand 
ga llons of wa teL Th is was a high pr ice bu t 
not unreasonably so compared to other systems 
studied. The South Price system had an 
average price of $1.62/kgal. Th is is re
latively expensive water but, as has been 
shown the price of water is an important 
determinant of monthly demand but not daily 
demand and should be even less important in 
determining instantaneous demand. South 
Price also has supplemental ditch water 
supplied to nearly 100 percent of its service 
connections. With the availability of supple
mental water, one would expect lower water 
demands upon the culinary system. 

Another factor which influences peak 
instantaneous demands is the nature of the 
work force in the service area. If a 
portion of the working population 0 a 
community come home, eat dinner, do the 
dishes, take showers, etc., at the same time 
then, the largest demand upon and system will 
probably be experienced within the few hours 
after dinner. This is typiccll of most 
communities. The South Price area is 
not a typical community_ Most of the working 
population is employed by the coal industry 
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Figure 20. Comparison of measured instantaneous peak flows to FmHA standards. 

\vhich operates a few miles north of town. 
ThE l]linini'· opeLltion continues on a round
the-clock basis. Instead of nearly all of 
the \·lOrkers coming home in the evening, the 
South Price workers are employed in three 
shifLs. This situation reduces the peaks 
in the daily demand hydrograph and makes the 
flo\·.'rale through the system more uniform. 
Another reason for the lower peak demands 
e x~'er ienced in Sou th Pr ice is the f act that 
sho\-Iers are available at the coal mines. 
Miners always shower before leaving 
All of these reasons combine to 
water denl,lnd in South Price lower 
in a typical Utah community. 

the mine. 
make the 
than thal 

An interestill/! thing Lo note about 
Fi~'ure 20 is the close agreer.;ent between the 
statistical model derived by Ginn (Ginn, 
Co':"ey, and Middlebrooks, 1966) and the data 
rrojected by this study. The Ginn function 
and the rtah eiiita are nearly coincidental 
throughout their ranpe of service connec
t inns. The Utah data and the Ginn function 
a~ree despite rhe fact thaL two very dif
ferent approaches were used. Ginn et al. 
(1C,66) de·termineci peak flow I'eriods and then 
re~!d several individual household meters 
during that peak period. These individual 
dec:and patterns were then combined using 
coraitional probability to derive the 
fUllction shown in figure 20. The approach 
r ,I k (' n i nth iss L u d y was l () r (' ,! d mas t e r 
met e r s . I n L his way, in d i v i cI U iI 1 fl ow r i1 t e s 
\-Iere con!bined ami measured di rectly. 
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Derivation of the Expected 
Demand Function 

Figure 21 includes the FmHA minimum and 
average standard design curves and the Utah 
State Division of Health standard. It also 
includes a demand function derived from the 
Utah rural system data recorded in this 
report and by Hughes (1977). The Utah 
expected demand funct ion is for rura I wa ter 
systems with individual household meters. 
The function was developed to best fit the 
three data points from the previous report 
by Hughes and two of the (ive sets of datil 
from this report (the Brooklyn Tap data). 
The Chesterfield data were not lIsed in fit
t jng th is curve because of a desire not to 
mix an urban system with otherwise rural 
data. In order to use a conservatively high 
estimate of demand, the points used to derive 
the expected demand function were the 95 
percent assurance exceedence levels at a 27 
year recurrence interval (P = factor/Tr x 
100/0) calculated in the section on frequency 
analysis (see Table 8). The best fit equa
tion here from regression analysis is: 

y 

where: 

12.68 + 1. 80 
~X~ 

Y peak demand (p;pm/conn) al Lhe 95 
percent assurance level (or 
a 27 year recurrence interval 
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Returning to the uestion of whether 
or not there is a dif ence between rural 
and urban water demand, the instantaneous 
demand function drawn in Fir,ure 21 tends to 
imply that there is only a slight difference 
betl/leen the two. The Utah demand function 
fits well through the points from all of the 
rural systems except South Price (R2 
0.966). South Pr ice was excluded from the 
regression analysis for reasons discussed 
previously. The Chesterfield system seems to 
have a slightly higher peak demand than would 
be predicted from an extension of the rural 
demand function. One explanation of the 
higher peak for Chesterf ield is that although 
the residential demands may be no greater 
than those of rural systems, the industrial 
demands are, and these show up as higher per 
connection peaks. The Chesterfield system had 
10 industrial water users. It was not 
possible to separate out this industrial 
demand on an ins tantaneous bas is and there
fore, Chesterfield was not included in the 
demand function regression analysis. 

Figure 21 cJ.early shows the Utah State 
design standard to be well above both the 
expected demand function and the FmHA average 
standard, especially within a critical r 
of 4 to 200 service connections. In th s 
range, inflated des standards of this 
~a~nitude can cause the cost of a rural water 
syslem to increase to where it becomes 
fin (l n cia 1 1 yin f e a sib 1 e tot h e few wh 0 are to 
ue served by it, 

One reason for the high instantaneous 
design criteria required by the Utah Division 
of Health is the possibility of low or 

negative line pressures when peak periods are 
experienced by the system. The demand 
function derived in this study predicts that 
the flowrates in F e 21 have a 5 percent 
chance of occurring once every 27 years for a 
duration of 5 minutes. During these few 
minutes nerative line pressures can result if 
the system is limited hydraulically. tive 
pressures may cause contamination 0 the 
water supply if, for exalJ1ple, a hose end 
were lying in a puddle or a leak in the 
pipeline were below the water table. It is 
more probable however, that low pressures 
not negative ones, would s imply reduce p 
flowrates for those few minutes. If 8 very 
short term nerative pressure did CBUS~ 
contamination, it would not be any more 
serious than the contamination caused by the 
almost yearly pipe ruptures which occur on 
mos t systems. 

A sample calculation of combined ital 
investments and operating costs us ni!. a 
hypothetical water distribution system I-Ias 
performed in a evious report (H hes, 
1977). The ca culat ions were per ormed 
using. the Utah Division of Health require
ments, the FmHA average design criteria and a 
simi lar des ig,n curve der ived from the three 
Lapoint systems. The FmHA minimum desi~n 
criteria were used as a base calculation. 
The cost increase above the FmHA [J>inil~un1 
caused by us ing the Lapoint des ign cr i ted a 
was 27 percent. The Utah Divisiof' of Heillth 
requirements w0uld in('rei'~se the toti'll system 
cost by 68 percent. The 1i'lq!e increils~' in 
capital investment and in l'per<.1tinr. costs 
could easily milke a ,,'CiteI' project infc;lsible. 

The difference between the Chesterfield 
demands projected from the 1977 and from the 



1978 data should represent essentially all of 
the variation which can be expected from year 
to year at that type of system. The lower 
1 Imi t of the pr-ojected demand is seen from 
the 1977 data due to the water use restric
t ions in effect dur-ing the drought. Because 
1978 was 50 percent wetter- than an average 
year the utility officials were encouraging 
wa ter- use that year. The demand projected 
from the 1978 data is probably near the upper
limit of the r-rin~e of expected demands. 

Design Recommendations 

1. The Utah demand curve (Figure 21) 
should be used as a design standard for those 
low density rural systems where cost of a 
project is a cr i tical issue, and where there 
is no r-eason to believe some unusual charac
ter-istic such as large landscaped lots exists 
which would cr-eate higher- peaks. 

2. For rural systems where some factor 
suggests the possibility of exceptionally 
high shor-t term peaks, or where the pipe cost 
is not as critical a higher- factor of safety 
should be achieved by using the FmHA average 
standard (F igure 21). For- example, if the 
system to be designed includes a high value 
distr-ict with large landscaped lots, the 
FmHA average standard would be mor-e suitable 
than the Utah demand function which was 
derived from systems which were in low to 
middle value districts. Also, if the size of 
the lawns to be irr- ed is or if a 
large percent of the households are to be 
unmetered. then the FmHA average standard 
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should be used. All of the factors in
f luencing demand that were tnent ioned in the 
literature review should be. looked at 
carefully before the design cr-iteria i,s 
selected to see if the system to be designed 
is unusual in some respect. 

3. When designing small systems (Jess 
than 1000 connections) the textbook equations 
for estimating peak hourly demand as a 
mul t iple of average demand ShOll I d not be 
used. Design should rather- be based upon 
either the Utah demand curve or the FmHA 
average standard depending upon the water use 
characteristics of the population. 

4. Even the high range of textbook 
factors generally produce peak hour estimates 
which approximate or are less than actual 
peak flows in small rural systems. 

5. For- systems of less than 1000 
connections the design should allow for- 5 
minute peak demands which ar-e higher than 
peak hour demands. If textbook equations are 
used or if some estimate of peak hourly 
flow is available, some adjustment should be 
made to raise the estimate of hourly demand 
to the va lue of the expected 5 mi nu te peak 
demand. For the systems analyzed in this 
study that factor varied from 1.08 to 1.24. 
The high end of the range should be used for 
middle income neighborhoods where no supple
mental i rrigat ion water is ava Hable. For 
lower value districts with secondary water 
a va i 1 a b 1 e the low end oft her an g e 0 f 
factors should be used. 



SUMMARY OF DESIGN RECOMMENDATIONS 

A mult iple regress ion approach was used 
to develop demand functions for Utah munici
pal and rural domestic water systems for 
daily and longer durations. Specifically, 
peak day, peak .month, and average month 
functions are presented. The independent 
variables were reduced to either one or two 
parameters for which data are readily avail
able thereby producing design criteria which 
are easily usable by consulting engineers. 
Despite the simple form of the equations, 
correlation with empirical data from 14 Utah 
systems was very good with R2 values from 
0.8 to 0.95 and F test ratios much higher 
than that required for "good" predictive 
models. 

A key to producing the simple demand 
functions was development of an outdoor use 
index wh ich character hes each system in 
terms of the portion of irrigation demand 
which is provided by the domestic system. 
Use of this parameter allowed both rural and 
urban demands to be represented by a single 
demand function. The other important demand 
determinant was price of water. Both expect
ed valu,es (avera~es) and infrequent peak 
event demand were presented to allow both 
average and design level calculations. 

Very short term demands (less than one 
hour) were analyzed by a uency analysis 
approach. Both expected values and exceedance 
levels were presented for any recurrence 
interval, allowing a designer to select any 
level of safety factor that is desired. 
There appears to be a small but significant 
difference between rural and urban systems 
in regard to instantaneous demands. The data 
from this study suggest that the Utah func
t ion in Table 21 should be increased by 
approximately 10 percent for urban design, 
perhaps more for high value urban districts. 

Daily and Monthly Demands 

The following demand functions are 
grouped first as those using price and out
door use as independent variables and then as 
funct ions relating one type of demand to 
another. 

Basic functions 

Average demand (thousand gallons per 
connect ion): 
D 4.6-5.4 ~n(P)+2.4 (I) (average value) 
D = 5.75-6.75 ~n(P)+3 (1) (des ) 
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Average demand (gallons/person/day): 
D 3.91-29.32 R-n(P)+24.64 (I) (average value) 
D 4.9-36.65 R-n(P)+30.75 (1) (design) 

Peak month (thousand 
connect ion): 
D -3.2-10.86 R-n(P)+6.74 (1) 
D ~ -3.84-13.0 R-n(P)+8.09 (I) 

gallons 

(average) 
(des ign) 

Peak month (gallons/person/day): 
D -27.7-66.9 R-n(P)+63.64 (1) (average) 
D -33.2-80.3 R-n(P)+76.37 (1) (design) 

pe r 

Peak day (gallons per connection) 
D 287.4 (I) - 68 (average) 
D 345 (1) - 82 (desi~n) 

Peak day (gallons/person): 
D 77.1 (I) - 17.2 (average) 
D 92.5 (I) - 21 (design) 

Ratios between demands 

Peak month as relation to average 
month (thousand gallons per connection): 
Dpm ~ 2.47 Davg - 12.31 (ave:age) 
Dpm = 2.96 Davg - 15 (desl~n) 

Peak month relation to average month 
(gallon/person/day): 
Dpm = 2.43 Davg ~ 108.1 (average) 
Dpm = 2.92 Davg - 130 (des ) 

Peak day relation to average month 
(thousand gallons/conn.): 
Dpd = 84.26 Davg - 206.6 (average) 
Dpd = 101.1 Davg - 248 (des ) 

Peak day relation to average month 
(gallons/person): 
Dpd 2.5 Davg - 49.4 (average) 
Dpd = 3.0 Davg - 59.3 (des ign) 

Utah systems have peak day dema 
approximately 2.25 times average deman 
1 t should be noted that th is is a h 
ratio than that suggested by most litera 

s 

The regression equations presented here 
should used only wi th in the ranges shown in 
the figures (note minimum values suggested 
in Figures 3 to 12). 

Instantaneous Demands 

Very short terms demands (1 to 5 min 
utes) were measured during this study at 3 
Utah systems. The daily peak events varied 
from 0.5 to 1.6 gallons per minute per 



connection. Frequency analysis of these 
data suggest that once in about 30 years, 
peaks may approach 2 gpm in lines serving 50 
or more connections, that 3 gpm peaks may 
occur in lines serving 10 connections and 
that 5 gpm levels may be expected only in 
lines serving 4 to 5 families. These levels 
are all within the FmHA "average" design 
standard and that cr iteria appears to be a 
reasonable minimum design standard in semi
arid climates such as Utah. 

Another significant result of this study 
is that systems serving less than 1000 con-
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nections experience large variations in 
demand during hourly intervals and that 
sizing distribution pipelines for hourly 
peaks is not adequate. Five minute peak 
flows were as much as 24 percent higher than 
hourly peaks. Also peak hour levels recom
mended by most textbooks are lower than 
hourly peaks measured in the Utah systems. 

Another interesting observation was that 
trailer courts which do not have meters at 
individual units produced short term peak 
demands almost identical to those of metered 
houses. 
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APPENDIX A 

TYPICAL DAILY DEMAND HYDROGRAPHS 
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Figure A-I. Typical dai water demand hydrograph for Chesterfield. 
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Figure A-2. daily water demand hydrograph for South Price. 
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APPENDIX B 

DAILY MAXIMUM FLOWRATES AND RECURRENCE INTERVALS 

Table B-1. Daily maximum flowrates and recurrence intervals, Chesterfield, summer 1977. 
(727 connections) 

Data in Chronological Sequence Data in Ranked Sequence 

Flow Per Interval Probability 
Metered Flow Rank M Service 

tr N+l/M P 1/ 
Date Q (gpm) M q22 (gpmc) (Days) 

July 26 954 2 1 1. 39 13.00 7.69 
27 784 9 2 1. 31 6.50 15.38 
28 856 7 3 1. 27 4.33 23.08 

Aug. 10 1010 1 4 1. 24 3.25 30.77 
11 884 5 5 1. 22 2.60 38 46 
13 774 10 6 1.18 2.17 46.15 
16 924 3 7 1.18 1. 86 53.85 
22 860 6 8 1.11 1. 63 61. 54 
23 902 4 9 1. 08 

Sept. 6 809 8 
7 738 11 
8 685 12 

q 1.17 
s 0.129 
n 12 
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Table B-2. Daily maximum flowrates and recurrence intervals, Chesterfield, summer 1978. 
(790 connections) 

~ 

Data in Chronological Sequence Data in Ranked 

Flow Per Recurrence 
Metered Flow Rank M Service Interval Probabi Ii ty 

Date Q (gpm) M N+l/M p= l/tr 
q22 (gpmc) (Days) 

July 19 1312 2 1 1. 70 17.00 5.88 
20 1228 4 2 1. 66 8.50 11.76 
21 904 12 3 1. 57 5.67 17.65 
23 796 14 4 1. 55 4.25 23.53 
24 800 13 5 1. 50 3.40 29.41 
25 1238 3 6 1. 47 2.83 35.29 
26 1184 5 7 1. 30 2.43 41.18 
27 1020 8 8 1. 29 2.13 47.06 

Aug. 4 914 11 9 1.26 1. 89 52.94 
7 1024 7 10 1.18 1. 70 58.82 
8 1160 6 11 1.16 1. 55 64.71 
9 1340 1 12 1.14 1. 42 70.59 

10 998 9 13 1. 01 1. 31 76.47 
11 936 10 14 1. 01 1. 21 82.35 
14 Rain 
15 Rain 
21 796 15 15 1. 01 1.13 88.24 
22 778 16 16 0.98 1. 06 94.12 

q 1 30 
s 0.25 
n 16 

Table B-3. Dai maximum flowrates and recurrence intervals, Brooklyn Tap, summer 1977 . 
(84 connections) 

Data in Chronological Sequence Data in Ranked Sequence 

Flow Per Recurrence 

Date Metered Flow Rank M Service Interval Probabili ty 
Q (gpm) M q22 (gpmc) tr = N+I/M P I/tr 

(Days) 

Aug. 3 114 2 1 1.48 21. 00 4.76 
8 90 9 2 1. 36 10.50 9.52 

10 71 16 3 1. 35 7.00 14.29 
11 111 4 4 1. 32 5.25 19.05 
12 87 11 5 1. 25 4.20 23.81 
13 105 5 6 1. 25 3.50 28.57 
15 72 15 7 1. 20 3.00 33.33 
16 95 8 8 1.13 2.63 38.10 
17 49 20 9 1. 07 2.33 42.86 
18 82 13 10 1. 07 2.10 47.62 
19 124 1 11 1.04 1. 91 52.38 
20 55 18 12 1. 01 1. 75 57.14 
23 55 19 13 0.98 1. 62 61. 90 
24 101 7 14 0.88 1. 50 66.67 
25 90 10 15 0.86 1. 40 71.43 
26 74 14 16 0.85 1. 31 76.19 
27 56 17 17 o 67 1. 24 80.95 
29 85 12 18 0.65 1.17 85.71 
30 113 3 19 0.65 1.11 90.48 
31 105 6 20 0.58 1. 05 95.24 

n = 20 
q 1.10 
S 0.220 
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Table B-4. Dai maximum flowrates and recurrence intervals, Brooklyn Tap, summer 1978. 
(84 connections) . 

Data in Chronological Sequence Data in Ranked Sequence 
--"""" 

Flow Per Recurrence 
Date Metered Flow Rank M Service Interval Probability 

Q (gpm) M tr = N+l/M P Ittr 
q22 (gpmc) (Days) 

---.... --

July 11 115 9 1 1. 67 32.00 3.13 
12 113 11 2 1. 60 16.00 6.25 
13 128 4 3 1. 52 10.67 9.38 
14 108 16 4 1. 52 8.00 12.50 
15 109 15 5 1. 50 6.40 15.63 
17 85 28 6 1. 46 5.33 18.75 
19 93 26 7 1.42 4.57 21. 88 
20 104 22 8 1. 38 4.00 25.00 
24 101 23 9 1. 37 3.56 28.13 
25 140 1 10 1. 36 3.20 31.25 
26 116 8 11 1. 35 2.91 34.38 
27 85 29 12 1. 33 2.67 37.50 
28 112 12 13 1. 31 2.46 40.63 
29 107 18 14 1. 31 2 29 43.75 

Aug. 2 105 20 15 1. 30 2.13 46.88 
3 128 3 16 1. 29 2.00 50.00 
5 110 13 17 1. 29 1. 88 53.13 
8 123 6 18 1. 27 1. 78 56.25 
9 134 2 19 1. 26 1. 68 59.38 

10 119 7 20 1. 25 1.60 62.50 
11 95 24 21 1. 25 1. 52 65.63 
15 81 30 22 1. 24 1.45 68.75 
16 108 17 23 1. 20 1. 39 71. 88 
17 110 14 24 1.13 1. 33 75.00 
18 105 21 25 1.12 1. 28 78.13 
19 94 25 26 1.11 1. 23 81. 25 
21 106 19 27 1.10 1.19 84.38 
22 114 10 28 1. 01 1.14 87.50 
23 79 31 29 1. 01 1.10 90.63 
25 126 5 30 0.96 1. 07 93.75 
30 92 27 31 0.94 1. 03 96.88 

q 1. 29 
n 31 
S 0.056 
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Table B-5. Daily maximum flowrates and recurrence intervals, Price, summer 1978. (124 
connections) 

""*-'-'--,; 

--~.~--.-~ 

Data in Chronological Sequence Data in Ranked Sequence 
.. _-----------

Flow Per Recurrence 

Date Metered Flow Rank M Service Interval Probabili ty 
Q (gpm) M (gpmc) = N+l/M P '" I/tr 

(Days) 

July 17 60.0 15 1 0.60 21. 00 4.76 
19 62.0 13 2 0.60 10.50 9.52 
20 72.5 3 3 0.58 7.00 14.29 
21 67.5 5 4 0.58 5.25 19.05 
25 53.5 18 5 0.54 4.20 23.81 
26 74.0 1 6 0.54 3.50 28.57 
27 57.0 17 7 0.54 3.00 33.33 
28 67.5 6 8 0.53 2.63 38.10 
31 63.5 11 9 0.53 2.33 42:86 

Aug. 2 65.5 9 10 0.52 2.10 47.62 
3 72.5 4 11 0.51 1. 91 52.38 
7 62.5 12 12 0.50 1. 75 57.14 
8 74.0 2 13 0.50 1. 62 61.90 
9 67.5 7 14 0.50 1.50 66.67 

10 65.0 10 15 0.48 1.40 71.43 
11 61. 5 14 16 0.47 1. 31 76.19 
14 51.0 20 17 0.46 1. 24 80.95 
15 66.1 8 18 0.43 1.17 85.71 
16 52.5 19 19 0.42 1.11 90.48 
17 58.0 16 20 0.41 1. 05 95.24 

q 0.51 
n 20 
S 0.056 
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APPENDIX C 

SAMPLE CALCULATION OF 95 PERCENT CONFIDENCE EXCEEDANCE LEVEL 

Table C-l. le calculation of 95 percent confidence exceedance levels. 

Time Interval 100 N 

Number of times expected peak will be exceeded 
This gives us the largest event 

K o 

J 0.05 Probability that the predicted event will be exceeded 

J 1 - (l_p)N 

0.05 

p 

Looking at 
that the 

1 (l_p)lOO 

5.128 x 10- 4 

14 for Chesterfield 1978, there is a 1% chance (P =1) on any summer day 
instantaneous flow should reach 1.87 gpm/connection. 

To get the 95% confidence exceedance level, go to Figure 14 at: 

P 5.128 x 10- 4 x 100% 5.128 x 10- 2 

There is a 95% assurance that a flow of 2.10 gpm/connection would not be exceeded during a 
805 day time span 

"'8.0.5 is the recurrence interval factor calculated for the Ches terfield sys tem in tlle 
section "Defining the Recurrence Interval." 
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APPENDIX D 

TYPICAL HYDROGRAPHS DURING PEAK DEMAND PERIODS 
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