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1. SYNOPSIS

The research project, os the title briefly describes, attempts to discover
the possible influence of pru-zure on domestic (residential, or private) woter
consumption in the city of Mayaguez .,

As a result of experimental ressarch carrled out on the houses selacted
In the city mentioned above, exclusively with residential consumption, it can
be concluded that variations in water consumption rafes in the houses studied are
not due to mriﬁﬂon; in pressure in the water distribution system, Variations in

comumption rates are due to causes un-related to pressure.

2, INTRODUCTION

The present investigation, *Determination of Domestic Water Consump~

tion Rates Under Varying Water Prés;uros", hos as its principal objective;
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the experimental determination of the influence of pressure in the water distribution
system on domestic water consumption rates, (residential or private)
Frequently, in works on water sypply, it is found as given, that fotal consumption

increases as the pressure in the water distribution system incréusu end vice=vena.
it Is customary, in the practice of Hydraulic Engineering to divide the total

~ water consumption or volume supplied into the following classifications:

. Domestlc consumption (residential or priwfe) .

2. Commercial and industrial consumption

3. Public consumption

4. Water not measured or recorded

Domestic consumption includes woter used of ossigned to:

l. Toilet and urinal flushing

2. Penonal washing c-md boﬂ\.ir‘ug

3. Kitchen use

4. Drinking

5. Clothes quhing

6. Generol house eleo;wing

7. Wotering gordens and lawns

8. Automobile washing

Commercial ond industrial consumption includes water veed

I. Hotels

2, Office buildings



3. Brewerles

4. Cannerios

5. Laundries

6. Private hésp!tnls

7. Paper, steel, ond other factories

Public consumption, or supply, Includes water used or assigned to:
l. Street cleaning

. Sewer cleaning

. Public fountains

. Public sonitation

A W W

. Public hospitals

Water not measured or recorded includes used or ossigned water which has been
tent into the water aistributian natwork, but has not baen sold, measured, or recorded.
This item includes losses and leckages in the distribution system, but does not include
loss in the interior of buildings.

3. REVIEW OF PERTINENT LITERATURE

In Appendix |, which appears ot the end of this report, are cited the opinions
- of various authors of works dealing with water supply.

We would itke to make clear the fact that instantoneously Increasing the
discharge of different sanitary fixtures does not slways Imply on increase in spacific
daily consumption.

tn Appendix |, appear the opinions of professor Babbitt, Doluld, Clemby,
o3 well s of other professors, These professors do not moke clear whether the values

they fumish are the resuit of experimentation or not.
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These values coincide approximately with those obtalned from o mathematical formuio,
considering that the discharge of o foucet or outlet is given by the following equation:
Q = Kp /2
where
G = Discharge of the faucet or outlet
K « a.constan?
P : The prevailing pressure
Applying this formula for !hou cases whare pressure varies from 25 Il:m/'irl2
45 tbs fin2,

we have

Qg5 k 57 g O = k47
from which

Sa o s2

Qys 25 /2
Therefore

Qs = Qy  + 034 Qy

In view of the opinions in Appendix I, and of many others on water consumpticn
which could be cited, there is no altermative. but to turn:to further experimentation in
order to decide the influence of pressure on domestie consumption rates,

This report designates the term sanitery fixture to mean any fixture used in

residences which is designed for the convenience of, and in eccordance with, the

sanitary life of the house's inhabitants, and which uses o certain quantity of water,
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Considered as sanitary fixture or&: the toilet, the washbasin, the bathtub, the shower,
the sink, the washing machine, the dishwasher, stc.
Sanitary fixtures may be classified-into three groups:

a- Those consuming o fixed volume of water, such s tanks toilets, dishwoshers,

and washing machines.

b= Those consuming o variobie amount of water, the amount depanding on the

way the fixtyre is ued, such as washbasins, sinks, ste.

¢~ Those consuming o variable amount of water, the amount depending on the

time durimhich the fixture is used, for example, showers.

Having mode this clossification, consider the hypothetical situation of three

types of residences:

I+ A residence squipped with sanitary fixtures comuming fixed volumes of wataer,
or a residence in which the sanitary fixtures always used fixed volumes of water.
For example, o residence with tonk tollets, a washing machine, o dishwashing machine
and wmhbos'im_, ond bathtubs which are always used with the water deposited in them.

We have observed, especially in the United States, that many paopls, when
using the washbasin to wash their face or hands, or the sink to wath the dishes , are
ucmw to fill the woshbesin or sink, using a determined volume of water, This is
especially true in the United Stufu..

2, A residence squipped exiusively with sonitery fixtures which do not use
a determined volume of water, that is they are always used with the faucets open ond
running. For example, in Cuba, the general practice is to use sinks, washbasins, and

showers with water running constantly during use.
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3, A residence equipped with both kinds of sanitary fixtures, or using its
fixtures both Wways. In practice, this is probably the most frequent case,
In the first cote, water consumption during one day willl be

C = V.ot ¥V o4y a4y
I f L F 1 )

whare

C) = Volume of wm"e-r used during one day

Vi = V;olume of water used by the toilet during c;ne day
= Volume of woter used by the washing machine during one day

Vi = Volume of water used by the dishwasher during one &ay

VL ® Volume of water used by the washbasin during one day

Vg = Voluﬁe of water uied by the tub during one day

The prociding forr'nula iy be expressed

ZG = V. (Formulal)

it is evident in this cose thot the pressure prevailing in the water distribution

system exercises.no influence on daily consumption. The only effect is that the

fixture will-fill, In less time, when pressure is greater, in this cuse, water consump -

tion is indepandent of the pressure prevailing in the water distribution dystem.

In the second case water consumption during one day will be
| ¥ T+ 1
© 0% QT oy T 1T

where:
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G = Volume of water used during one day
QF x Discharge of sink faucet
Te = Time sink is used
QD =*  Shower discharge
| TD_ - Time shower s ysed
QL z Discharge of wushbasip faucet
TL - Time washbasin is used

Expressing consumption in general form, we derive thots

sz.' z QT

but each discharge may be expressed as a function of pressure:
Q = Kp "
and that
C2 = T KTp"™  (Formule 2)
In this case also, water consumption depends on pressure prevailing in the

woher distribution system, if we take into account-hydraulic corsiderations only,
oven though the pressure hes less effect in this case.

In the third case, water consumption during ona doy may be expressed as

= I V+ KIp" (Formula 3

In this case, water consumption depends on the pressure prevailing in the
woter distribution, although somewhat less than in the second case, Only hydraulic
considerations are taken into oé.t:ount, in the cases (a), (b) énd {c).

In order to arrive at o practical réwlf, it is wel! to include phychological
factors, as well os those of convenience and comfort. For example: if o person washes
his hawils with the faucet running, and there is axcessive pressure, the discharge will
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produce splashing due o the increased velocity produced by the pressurs. The tendency
is then to tum down the faucet and reduce the amount of water, |f the margin of pres-

sure producing excessive discharge is quite small, fhore is no doubt that the pressure

has no practical influence on consumption.

In the same, way when uperson is taking a shower he instinctively apens the
favcet so that wnf_cr is discharged is not bathersome. Here as well, if the margin of
pressure s quite ;mlt, the ﬁrmure will have no pruéﬁcdl influence on contumption,

in addition, water escoping with greater velocity under greater pressure will
wash off soap more quickly, and the favcet will run for less time. In Formule 2 and 3,
the decrease in time T moy compensate for the increase in pressure,

In the second and third case in order for the increase in pressure to compensate
for the decrease in time, the following would have 16 occur: the valve of n, In practice

is around 1/2, therefore, occording to our formula for one sanitary fixture wa haver
Tre)" a1 2 P§
Lot us assume that the pressure increase from 20'/ inZ2 to 40’/ in 2, or another words,

the pressure hos been doubled.

from which

T20 wmzu N P

T40 = (20/40) V2 Top

T4o = 0.71 Typ
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Consequently, in the cuse in which the pressure is 20 Ibs/in 2, the sanitary
fixture is used for 4 minutes, on the other hand if the prexsure was 40 lba/lnz,
one would only have fo use the faucet for 2.84 minutes, so that tha increase in dischary e
due fo increased pressure has been compensated for by a decrease in time used,
Innumerable examples could be cited to support this method of considering the
problem. In order to decide whether or not pressure in the woter distribution system
influences domestic consumption raies, we are left with the choice of experimentafion
to confirm our conclusions.
it is well to note that in the foregoing thooreﬂﬁ:l analysis when we speak about
residential consumption, we are refering to just that, without taking inte consideration
loss of wate. in the distribution system of the house due to lack of maintenance. There
is no doubt that leakage increases with pressure.  The formula to figure this for. one
day s
V = KTp"
where
V = Water volume of the lectk,
K = A constant,
T g A day, or the number of time units squivalent fo one day,
P = pressure at the leak,
n_ = anumber opproximately equot te 1/2,,
| Attention should be drawn fo the difference between discharge and consumption
or volume supplied. |

Discharge, is the volume per unit of time, while consumption, is the volume used

or assigned during o given time period. (one:day)
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There is iuv doubt that discharge always depends on the pressure, while consump-
tion or volume ipplied depends on the volume assignad or used, Consumption or
volume supplisd 1ay be obtained from the product of discharge for the Hme considered.

b}

For axiyple, if discharge is variable during a day, os happens in reality, | consumption
during the day wil! be |
| . consumption = f Q dt
whers
Q = insfanmneous.dischorgo
t = time
if o person tukes a shower using 5 gpm, for 10 minutes, with the fauut

open, he consumes not 5 gpm, but 5 gpm for 10 minutes, or 50 galions of water.

3~ EQUIPMENT, APPARATUS, AND INSTRUMENTS USED IN THE INVESTIGATION
AND THER TREYALLATION. ‘

The equipment, apparatus and instruments used in each house studies wers the

following:

a.  One centrifugal pump

b, \One ﬁu‘l’er mefor
c. One meter-master
d. VQIm

e. Metal pressure gauges

The cmhifug&l pump used in all cases was an Ingersol-Rand moforpump, 1=-MRVH-7 1/2
two stage with 30 gpm against 250 feet of total dynamic‘ load; 3, 450 rpm, curves
characteristic of No. 7512-A, with an open 7 1/2 Hp, 220/440 volt, 3 phase and 60
cycls slectric motor.

The water-meter was o six pointer Badger, with a circular dia! and reading in iters.
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FIG. I~

QIAL OF THE WATER METER
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The meter-master was model Neo. 60P2P, monufactured by F..$. Brainard and
Co.; the valves usad were of the gate valve type, and the metal pressure gauges of
the Bourdon type. |

The meter-master, is g registering instrument ﬂiaf, when atfached to a circular
dial water-meter, registers the dischargs or volyme of water, and also shows the

~prassure of water entering during the 24 hours of g day.

The meter-master rrmdél used in this investigation is the 60PZP. 1t was installed
on top of the box contoining the water meter, it hos o ﬂeﬁible hose connection designed
to measure pressure ond uses a double graph, one which medsures prassure, and the
other discharge.

One double graph lasts 24 hours and is divided into 15 minute intervals,

When the 24 hoyr graph is used, a pointer revolving not more than once every 3
minutes should be selected.

A complete osciliation of the pen's arm from one extreme to the other and back
again registers one revolution of the indicotor needls. If the meter-master instalted
is above the 10 hectoliter indicator neﬁdie, a complete oscifiation of the needle amm
would indicate 10 hactoliters, that is, its departure and it return,

Since the diol of jts departure and return is divided into 5 equal parts, sach of
the dial's sub=divisions rapresent one hectoliter. The Qmph shows the same units os
the meter,

Figure 1 represents the dial of the water mater used in the observations. The
water meter's 6 indicator pointer are represerited on the dial. The unit of volume corres-
ponding o one complete revolution is shown next to each nesdle,

Keeping in mind that one liter is equivalent fo the volume of 1 dm® and that

PHIa 100 liters, we have that-
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THE = 100 fiters w 100dm® = 0.1mS
and
10 fitors = 10dmS = 0.01md
For example, if we obtain 457489 upon reading the six needles in descénding
order, this number indicates litars, or dm . Now, i the master-meter is attached
to the needle for Hl one complete oscillation of the needle shows 10 HI, and Hi on
the groph,
In order to conduct the research, the af::parah;s' was installed in front of the
selected houses.
Esentially, the installation consisted of mounting a cenfrifugal pump in series
proceeding to the water meter, with by-pass ot « fire hydrant if possible.

- Figure 2 is a schematic diagram of the installation. The reason for this method
of apparatus installation is due to the fact that the pump must work constantly to
increase pressure available in the water systam, Water temperoture would reach
undesirable levels without the by~pass, which returns water to the water system if the
hydrant is open.

Leaks in the houses to be investigated can be Jocated by the following:

i. The water-meter |

2. The meter-master

If.the test shows that there are leaks in the interior water distribution systam of
the house selected which are difficult to repair, then this housa sho;.:ld not be used
in the experiment.

If the leak is visible and easy to repair, then if should be repaired, so that the

house can be used in the axperiment,
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To defama.ine leaks with the water meter procced as foliows:

Close all the faucets and water outlets that exist in the house and observe the water
meter for a period of time, i the water meter indicafes some consumption of water,
then fecks exist. If the water meter does not indicate any consumption, then the
house's distribution system is in Qood condition,

To determine leaks with the meter-master proceed as follows: observe the graph
corresponding fo the supply and assume that during the night ond early morning no ﬁmter
is consumed,

If the graph indicates some cousumpf_ion of .wafer, then leaks exist in the water
distribution system,

3. REQUISITES OF SELECTED HOUSES

If we examine carefully the schematic drawing of the installation of figure 2, we
- will realize some of the requisifions which' the houses selected should have. Some are
due to the type of investigation, others are measurss of sacurity,
The requisites are as follows:
1. They should be representative of the investigation to be reglized .
2, They should have a water meter to which o meter-master can attached.
3. The water meter should be close o o water hydrant,
4, The houses should be near a post that hos o three-phase current.
5. 'ﬂae traffic of pedistrians and vehicles, as we!l as the width of the sidewalk,
should be considered, so to enable easy instailation of the necessary

equipment and the avoidance of accidents,

8. There should exist below normal pressure, so that the investigator can
carry out increases of pressure. :

7. The location of the house should be such thot the possibility of damage to
the equipment instalied is ot o minimym,
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8.  There should not be any leaks in the house's water éistribuﬁon system,

?.  The interior pi line installations should be in good condition from the
pipe
point of view of resistence of the pipes 1o increases in pressure,

10.  The owner or tenant should give his avthorization for the instaliation of

the equipment and the carrying out of the investigation
| Complying with these requisitions resulted more difficult that it seems as was
proven by the effort exerted in the selection of the houses used,
Beside the difficulties inherent in the invéstigution and the requisites to comply
with, others of another nature deveipped.

For example, in the present case the following fook pPlace: after having selected

withdrew their authorization because some of the pipes fnstalled for the study broke.
There were many cases of damaged equipment due to troffic accidents and

pedestrians passing nearby,

be put at our disposal in o given house and after including this property in the Insurance
Policy of the Institute + in case of damages, we had to withdraw this house on order of
the Insurance Company due to g misunderstanding whereby they had been told that there
was no three-phase current availoble there .

6. THE SELECTED HOUSES

After overfcom:ng the various difficylties encounted in selection of the houses,

that complied with the established requisites, the following howsaes were selected ~;
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A, Bosque Street No, 59, between Nereida and Orquideas Streats
Mayaguez)

8. Padre Aguilera Street No, 119, between Washington and Kofreti Street
yoguez)

C. José De Diego Street No. 51, corner of Peral Streat Mayaguez)
Description of Each House

A, Bosque Street No. 59 ~ This house had of 5 inhabitanits, and had
instalied the following sanitary fixtures:

One bathroom, with

1 tank toilet

1 tub with shower
1 washbasin

1 bidet

One kitchen, with.

1 sink with two faucets

One loundry m, with

1 faucet
1 electric washing machine

Yard, or garden, with

3 faucets
The house's service pipe is 3/4 inch, Acoor&ing to the map of the Mayaguez
water system, a 6 inch diameter distribution main pipe serves this house, The map was
drawn up by The Pitometer Enginesr Associates.
Maximum estimated consumption for this house, using the Hunter method, Is

10 gpm.
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B. Padr.Aguﬂem Street No. 119 «~ This house hoccqhdw‘m
‘with the following sanitary fixtures Tnstal led:
One bathroom, with

1 foilet

T shower

1 washbasin
One kitchen, with

T sink with one foucet

One laundry room, with

1 clothes washing machine

Yard, or garden, with

1 faucet
The housa's service pipe is 3/4 inch. According to the same map of the
Mayagusz water system a 4 inch diometer distribution main pipe serves the house,
Macimom uﬂﬁnhd consumption for this houw, using the Hunter method, Is 9 gpm
C. Joss De Diego Street No. 5! - This house had 2 residents, and the
following santtary fixtures imtu!lodlz
One bathroom, with

1 tank toilet
1 tub with shower
1 washbasin

i h]\d.t

Ome kitchen, with

1 sink
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1 slop sink
1 diswashing machine
?m laundry room, with
1 clothes washer

Yard, or garden, with

1 faucet

This house has o 3/4 inch service pipe. According to the Pitometer map, o 4-
inch diameter distribution main pipe serves the houss. Maximum estimated consump~
tion for this house, according to the, Hunta.r method, is 10.gpm.

Generally, urban water distribution system pipelines are of o diameter such
that the velocity of water Howing through them is between 3 and 5 feet per second.
(Babbitt, Dolend, and Cleasby, Water Supply Engineering, éth. edition, McGrow
Hili).

Among the three houses, the most unfavorable situation with respect to the
system’s distribution main was that of the house at Padre Aguilera Street No. 9, which
consumes a maximun; probable volume of @ gallons per minute from a 4-inch diamater
pipe. It should be noted that the house at Jos& De Diego No, 51, if It does consume
@ maximum probable valume of |0 gpm from a 4=inch diameter pipe, is situated very
near to a [4-inch pipe, |

The average volume of flow through o 4<nch distribution moin whose velocity
is 5 feet per second is 194 gpm,

With a 4~inch pipe carrying 196 gpm thare is a loss of pressure of 43 fest in
every 100G feet, When a pipe conducts 196 + 9 5 205 gpm, it loses pressure of 45
feet in every 1000 feet. That is, withdrawl of 9 gpm, maximum probable volume used
by the house, from the 4-inch main, causes the hydraulic slope to dacrease 2 feet in
1000 feet, which is o 0.087 Ibs/in? in 1000 feet. This means that the withdrawl of 9
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.gpm has no appreciable effect on pressure in the service main serving Padre Aguilera
Street No, 119, Influence on pressure will be $till smaller when volume entering the
house I; less than .th'a meximum, as will be in most cases,

Inflvence of the withdraw! is still smaltler in fhe two other houses, Therefore,
volume withdrawn in ei!.fher of the three houses has no appreciable effect on pressure
prevailing in the water dlsh-ibution system supplying the house.

7. DATA OBTAINED FROM OBSERVATIONS MADE OF THE SELECTED HOUSES

In Appendix i, Table l there is o summary of the dafa collected from
observations for each of the houses used in the study. This information was raken from
the Meter-Master Graphs of the corresponding houses . |

Columa 1 Number of the graph corresponding to the data that appears

in Column 2, 3, 4 and 7.

Co!wnh 2:  Date of instaflation and removal of the meter-masters, and

the date they were read,

Column 3:  Time that the graphs of the master-meter were installed and

removed and that water-maeter wax read

Column 4: Water-meter readings in liters.

Column 7:  Pressure in the water distribuﬂén network in lbs/ln2 .

8. ANALYSIS OF THE OBSERVATIONS ACCOMPLISHED

The analysis of the dota cbtained procceded as follows:

The diffefencas, between consecutive réadings of the water meter is the volume
consumed in kters in the interval of time bntweeﬁ the two consecutive times correspon-
ding to the previous réadings. The volume of water consumed appears in Column 5 and

the interval of time in Column &, in Tables |-corresponding to the selected houses,
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Knowing the Qalunn consumed in the interval of time and the number of inhabitants of
the houses selected, we can find the volume consumed or used during 24 hours per person .
This valve appears in Column 8 of the tables mentioned, |

The prewailing pressu.re of the urban distributlon network was obatined in the
following manner .. During the hours of the day when water is used, which is ganerally
from 7:00 am to 10:00 am »r the pressure is read when no one is using the water.
This is easy to find our by observing the graph of the metsr master . This pressure is
the pressure existing in the distribution network when the water is consumed, The reason
for this will be betier understood by reading Appendix 4, which appears in the back of
this reporr. From these values are obtained the valus of the pressure during the interval
of time between two consecutive readings of the water meter.,

By obluf_ning the daily consumption by day and by person and knowing the
pressure existing in the urban distribution network we tire-able to relute these fwo
mgnffudes. |

In Tables )1, corresponding to the houses selected appear resume’s of the values
oﬁhined.

In Tables 1| Appear:

Column.i:  The number of the graph cofresponding to the degree of pressure
and daily consumption per person which appear in the other columns of the table,
Other Columns. - Pressures existent in the wrban distribution network in Ib/in2, and the
consumption which corresponds to these pressures, in gallons per day and by person, both
veluet ere placed in the same, celumn ,
?. CONCLUSIONS AND RECOMMENDATIONS

Below is a fubk summarizing the final resylts obtained from the observations made .
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AVERAGE CONSUMPTION RATES FOR DIFFERENT PRESSURED
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In the house at Dé Diego Street No. 51, consumption tends to diminish as
pressure increoses. Upon reaching a minimum valye, consumption increases again.
in these three cases, if we repr'esent.the values for pressure on the abscissa
and for consumption on the ordinate ,. arithmetic, I[ogurithmic; and semi-logarithmic
graphs do not show defingd curves, since distribution of the varicus points is very
irreguiar, Fbr this reason it is lagicol to suppose that the variations in consumption

are due to on unknown couse + foreign to pressure .

3. Average consumption in gallons per day for each of the houses studied

is as fof lows:
Padre Aguilera No. 119 ,,,, 25 GPCPD
Bosque Street No. 59 .... 74 GPCPD
De Diego Street No, 51 ,,.. 93 GPCPD
The average values for each house have been obtained by ussigning to each
gvemae, corresnonding to eqch pressure, o weight equal to the number of times thot
pressure appeors,
4. The average for the three houses is 64 GPCPD. This average is not
significance because the it represent three cases anly.,
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Authorative Opinions on Water Consumption

Below is cited various authoratative opinions on water consumption,
. Babbin, Doland, and Cleasby in the 6, edition of Water

Svpply E.nginurmg, MceGraw Hill Company, States: -

"1-13.  Pressure and Quality . The rate of use of water increases

when the pressure is increased in the distribution system, The increased

use is due, in part, to the greater loss of water through leaks and the

from 25 to 45 psi. This. fact should lead the designer to pmwde the
lowest pressure that will give satisfactory service",
2, Falr and Geyor, in their work Elements of Water Supply and Waste

Water Disposal, John Wiley and Sons, States; -
“2-6, Uses and Averages .... The quantities delivered in North American

communities approximate the values shown in Table 2-3, with wide varia-
. tions to be expected bscayse of differences in (1) climate, (2) standard

of living, (3) extent of sewerage, (4) type of na'ercdntil-, commercial,

and industrial activity, (5) cost of water, (6) availability of private water

wppliu, ) quality of water for domestic , industrial, and other u.ses,

(8) pressure in the distribution system, (%) completeness of meterage, and

(10) management of the systom... The flow of water through faucets and
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similar outlets, as well qs through leaks in mains ond faulty plumbing,

is akin to flow through on orifice and so varies around the square roo:

of the pressure head. |n di;tribution systems, therefore, high pressui.:
result (1) in rapid discharge of fixtures and increased waste of water, «n -
(2} in Increased leakage, Operating pressores in excess of about 60 ps: oe
no longer us important for fire fighting as they were befors the advent of ihe
motor pumper, ”

3.  Professors Clark and Viessman, in their work Water Supply and

Pollution Contrel, edited by Intemational Textbook Company, states: -

"Water Pressure, Rates of water used increase with increasing pressure.,

This result is dye partly to leakage and partly fo the increased volumes

of Flow through fixture units per unit of time, For example, the water-use

rate has been known 1o increase by as much as 30% for 20-pst change in line

pressure. Pressures in excess of those required for satisfactory service shoul.i

be avoided whenever possible "

A, Professors Turneare and Russell, in their classie work Public Water
Supplies, 4th, ed. John W} ley and 3ons, stgte |

"Influence Affecting the Consumption Per Capita.... Good auality , flat

rates, and high pressure fend to increase the consumption by encouraging

a more liberal use and also, f* may be soid, greater wastefulness”, (Page

3. Hardenbergh, in Water Supply and Purification, 3rd. edifion,

International Textbook Company, states: -

"24. Effect of Pressure. - Higher pressures in the mains and distribution

pipes are conducive to Increased loss from leaks and to grecter wastage

within homés becayse of faulty plumbing fixtyresu (Page 14)
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6.  Linaweaver, of the Department of Senitary Engineering and Water
Resources, Johns Hopkins University, Baltimore, Md. on page 49, Report [f,

Phase 2, of Residentiq! Water Use states:

"Other Factors

Many other factors influence residéntial waler use.. Some factors often
thought to have considerable influence, suych o pressure, should have no
influence on actual domestic or sprinkling use, Under high pressure, the
rate of use, g, may increase, but the time on would be decreased to
compensate and the resulting Q@ would be fhe mﬁ + Low a longer t,

with a large number of consumers, Q@ would again be obout the same. ..., ."
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Appendix |}

Determination of Maximum Probable Water Volumes for the Selected Hauses

In every tase, the fixtures units have been taken from the table for that
purpose appearing in pub”cal;ion BMS 79, National Bureau of Sﬁndurds, United
States Department of Commerce. The maximur probable dischorge -are from the
accompanying graph in the some publication.

‘A. 59 Bosque Street  Fixture units for sanitary fixtures installed in this

houss are:
Bathroom
1 toilet tank
1 tub and shower
1 washbasin
1 bidet
bathroom fotal ..., .& fixture units
Kitchen
P sink
kitchen total ... 2 fixture units
Laundry
| 1 elactric washine machine
1 faycet
- laundry total | veees 3 Fixturs uniis
Gardan
3 Eumh

garden total eseas 3 Fixtures unifs

HOUSE TOTAL .....T& Fixtures units.



B. 119 Padre Aguilera Street  Fixture units for sanitary fixtures

installed in this house are:
Bathroom
1 tank follet
1 tub
1 washbasin
bathroom total  ...... 6 fixture units
Kitchen
1 sink
kitchen total sesens 2 fixture units
Laundry

1 slectric washing machine

iuundry total ... . 3 fixture units
Garden
1 faveer

yorden total evovas_| fixture units

HOUSE TOTAL  ...... 12 fixture units
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The maximum probable volume for these sanitary unit is 12 gpm.

C. 51 José de Diego Street Fixture units for sanitary fixtures in this
house are:
Bathroom
1 toilet rank
1 tub and shower
t washbasin
1 bidet
bathroom total . ...... & fixture units
Kitchen
T sink-
1 slop sink
1 eleciric dishwasher
kitchen total  ,..... 4 fixture units
loundry
1 electric wﬁshing machine
laundry totat  ...... 3 fixture units
Quiside faucets |
1 faucet
fotal outside faucels .. fixtore units

HOUSE TOTAL ..., . 14 fixture units

The maximum probable volume for these sanitary units is !OIQprn..
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- Appendix

3

FABLE {~- RE@ME OF DATA OBTAINED AND THE CALCULATIONS REALIZED

TABLE |

House Address

Padre Aguilera No, 1i9 Street, Buena Vista

No. of residents : 4
: ——— ~—y Y T L | ) Y
No. of ¥ Date ' Time © Meter ' Total ' Mo. of ' Pressure ' GPCPD
Graph + = ' Reading ' Consumption' Hours '
Y ¥ T =7 Y i T
v ’ ' Liters ' . Liters ' Hours ¢ ll:i/"fn.2 o
 § L B B ) ] ] . [] [
'I. t 2 1 3 t 4 ] 5 [l 6 1 7 ¥ & _
L] LA 4 ¥ ¥ L ] I
t ’967 " 1 1 L ) 1 §
Sept. 2 [ 230pm | 277263 L . )
L, N ) . 7 2050 ! ogs . 10,3
JSept. 23 ' ll:00am , Te2 ) )
2 -, , ] 60 24,50 6 Y260
| Septe24 M:30om | 278062 : = '
3 | | ) | 504 28,07 ' 65 ¢ |90
o Sept. 25V 340pm v 27mses ' : '
4 oo ' ' 505 '24.58 ' & ' 2
| Sept. 26 ' 45 pm * 279071 ' ' ' '
N ' ' ' 500 '24.75 70 ' 2.4
‘Sept. 27 ' 5:00pm ' 27957 ‘ ' t :
6 | ! ' ' 55 '22.75 ' 720t 25.7
"Sept. 28 ' 3:45pm ' 280122 ' ! ' y
7 Lo ¢ Y49 125,25 ' 20.8
'Sept.. 29 ' 5:00pm ' 2806i8 ' ' ' '
B 1 ) r ) ] ¥ 388 ] '3‘50 1 65 k 22_2
~'Sept. 30 ' II;30am  * 281006 ' ' , '
g ' S ! 1 s - S FOg5 -
' Oct. | ' I ' 106l '5225 ¢ - 125
- [} _ L ] 3 - L. ) - r .
' Y Oct, 2 ' 3:45pm ' 282067 ' to ' !
o x ' ' 520 ' 24, ' &5t 22,4
i 1 Oct, 3 1 4:20pm 1+ 282587 ' :-2 ' ” : ! : o7 4
R . . 24, '65 .
(Oet, 4 * 4:20pm ' 283213 6 ' ‘
12 o A © 481 '24.67 ., 65 . 19.3
3 O3 S00mm 26 55 2800 ' &5 257
4 ] . .
+Oct. 6 1 4:00pm 284220 , . .
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Mo.of ' Date ' Time ' Meter ' Totgl " No.of ! Presure * GPCPD
Ciraph ! ' ' Reoding * Consumption®  Hours ! '
T ' (| _ T : T H
' ‘ ‘Lirers ' liter ' Hours ‘lAn.2
L] L I T L L I T
s '3 4 ' 5 ! é ! 7 ! 8
—— T L ¥ ¥ i T
4 ' ' Yo 299 v 18,25 + &8 4 17,4
Qe 7 cl0:i5am 284519 ' ' '
5 ' " 1 ' - 1T - ' &5 t -
" Qet, 8 1+ . b - 3 507 v 49,75 - ! 0.8
-~ 1 ' ' ' 1 - 1 - s - ' -
" Qet, ? 1 12:00m 285026 1 ' s
L ' ' ! 971 v 26,25 65 394
' Qcto 10+ 2:15pm 1 285997 - ' '
7 L] v ' t - ] - ¢ &5 ' -
t Qet. - P - ' t ' 1
- ' _ H ’ ? - [ - t - ] -
1 Qct, 12 ¢ 1 - 1 [‘m r 93,25 ' 1 8.1
- 1 L) [ 1 t - ] - 1 - L) -
' Qe 13 1+ o 1 - ) ' 1 v
- ] ] ] ] - [ ~ & - t -
' Oet. 4 1130 am ¢ «B758% . ' ' '
i8 ' 9 " ' 295 ¢ 22,00 v 70 T 4.2
;o 'Ot 15 v 9:300m + 287884 ' o '
{9 ' ' ' ' ' 444 v 26,80 70 ' i7.8
" Ot 16 ¢12:00 m 1 288328 'y 5 ' |
20 — ' ' #p4 ' 23.50 1 0 ' 18,2
" Qete I7 1 1130 am + 288732 ' ' ' ' :
| o o ) 437 r 24,25 65 1 27.4
t Oct, 18 1i:45 am 289359 ) ¥ ' X
20 ' ' v 1,425 r 2400 ¢« 0 . &.0
' Qete 19 ¢ 1145 am + 290784 1 ' ‘
730 ' o , 245 3,75 ! 70 ! .0
' Oet. 20 ' [1;30 om @i ! i ! !
4 ) ' . ' - ! 2‘95@ Y70 ' -
' Oct. 2l Y 2:08 pm ' 29074f g I '
35 L ' 1 536 ' 2, 43 ' 70 ' 26.5
' Qet, 22 ;3G am ' 291277 o ' R !
-t L] 1 % . ] 520 £ 24 .33 ! 75 ¢ 22.7
' Oct, 23 10:50 am ' 291797 ' ' ' ' '
7 1 t L] t 4‘5 t 24.99 1 ?0 ] 2'.4
' Oct, 24 ' H:55gm 292282 ' ' ' 7 4
-8 0 ' Coreoe 7 vms 0 o v g
‘ Qct, 25 ¢ t1:40 am * 202099 ¢ ' ! '
@ . ! o388 246t 700 v 6.t
+ Qct. 26 ' 1:50 am 293265 ' ! ' '
0, ' : , 520 Y2400 70 4 534
' . ' . v ’ !
HE Oct. 27 W0 am [ 293785 798 1 - » 70, -
2 028 - A3 a0 o e .
;Qc,, 2 v v ' 383 ' ' ’
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GPCPD

No. of ' Date. ' Time ' Meter ' Total ' No.of ' Pressure !
Troph ' *_Reading 'Consumption ' Hours ° '
h § [ [] ] i i ]
) ‘ . « Lites | Liters i _Hours 1A in.2 .

| S 1 3 v 4 ' 5 6 ' 7 ! 8
:ch. 30 : 1): 50 am : 294966 : : : :

33 i ] [] 1 644 [] 27-42 1 65 1 24.9
Oct. 3l 3:45 pm . 295610 ; ' '

34 . o, , , 48l v 28,83, 45 v 23.4
Nov. | 1:05pm | 296091 , . .

B, , , . 1,534 23,92 . &5 ¢ 68.0
Nove 2 1:00pm | 297625 | , , .

36 v 1 E ' ” ' - 65 s
Nove 3 145 am | - , 42 . 47.50 | V9.2
Nov. 4 1230 pm | 298037 : ) .

37, . : R ., 800 . . 18.9
,Nov. ¢ , 10:30 om , 300i48 \ L . i

cl: I ) ' . 539 , 26,50 ,  ¢o . 2.6
(Nov. {0 1:.00 pm , 300687 . » .

¥ . . ., 408 . 24.00 &0 , 18.0
(Nov. Il | 1.0 pm | 30095 . : .

40 . . . 92 225 ¢ , 9.6
(Nov, 12 10:i5 am , 301287 | . . '

4 , ) ) , 454 . 25.58 . 4o , 18.8
(Nove 13 l:50am | 301741 : : ,

42 . . , 570 . 2417 60 . 25.0
,Nove 14 [ 12:00m 300311 , . .

4 . . ., 404 . 23.8 . 55 , 18.0
Nov. 15 1:50am | 302715 , \ .

44 , , . 998 , 23.92 55 . 44.2
yNov. 16 I1:45am 303713 . : ! s

45 , . | _ ' 0 . 24,00 i 65 . "
,Nov, 17 . H:dSam | 303713 . . . .

46 , . 857 27.25 , 60  '33.4
(Nov. 18 | 3:00pm | 304570 ' \ ,

47 , L0 W0 . s . -

o (MNove 19 2:00pm ! 304570 ) ; .

48 ] ' ' ' iy ' . ! 60 .
llNcwv. 20 . . T . 998 ) 47.50 . 2.2

= = L - -

o JNev-2l ' 200pm !30sss : . :40

g Y 934 24.50 |, e -4
"Nov. 22 ' 230pm ' 306502 : \ X

59 ! o ' ‘oo ) 27.50 , 60 . 8.8
Nov. 23 ' 400pm ' 306715 , .

5t ' ) L34 L 2033, 55 iz
"Nov. 24 ' 2:20pm ' 307056 ! . \

52 ' P t o —?. 380 : 23.67 . &5 ' . 17.0
"Nov. 25 ' 2:00pm ' 307435 . . .

55 ¢ ' ' <! ' 22,00 65 40.0




35

* Time ' Meter. * Total ' ‘No,of ' Pressure ' GPCPD
Graph ! ! ' _Reading ' Consumption ' Hours ° ' !
] [] 1 [ ¥ ]
o , . Liters Lites  , Hous ,IAbin2 |
* 2 Y 3 v 4 a5 e a5 .8
yNov. 26 © 12:00m ' 308267 ' : T
54 ' 0 ' 23,75 60 I
) :Nov. 27 : H:45 om : 308267 : : : '
55 . N _ . . , - ) - &0 t -
 Nov.28 ' . - . hi58 4792 v 25,6
- . ™ - - L] -
:Nov. 29 : H:40 am : 309425 : : | : v
56 - ; ) L 629 23.83 , &0 1 28.0
 Nov. 30 | H:30am 310054 ‘ -t ) '
57, . ) . LS4l 2433 . 55 ¢ 7.3
1 Deecl ISOam | 3lise5 : . '
58 ) ) . 393 2407 |, 55 roi7.3
 Dec. 2 12:00 m , Jlisss ! . , '
59 . . . 04 24,00 , 40 ' 4.6
-y Dee. 3 12:00m : 3lzc92 ‘ . '

60) . \ : ! o, 142 ) 23.75 - ' -
,00c 4 HdSam | 312234 ) . '
. ) ) o 298 23,58 , 55 t134
, Dec. 5 , W:20 am , 312532 . ¢ !

62 | : : . 624 2442 | 55 . 97
, Dec. 6 [1.45 om , 313156 ! ] 1
a3 _, . , S8 275 55 1 214
' Dec., 7 . 4:30 pm . 33737 , ] '

64 . . ; 81 ., ' 875 , 55 1 47,0
 Dec. 8 15 am | 3i4563 o '

65 . ; , L4222  '2675 = 55 1 56,3
(Dec. 9 | 2:00 pm . 315990 ) \ -

66 | ' - ' . 55 ~
, Dec.20 " 1130 0m | 319963 ) ) , '

67 | 394 - 55 ¢ -

(Dec2t |- sy : ' 43,08 | 16,4
68 o ‘ ; 34 - | ' -
(Dec.22 | H:35am | 320708 ) '
& ) . ) 361 2892 55 v 4.2
yDec. 23 | 2:30pm | 321064 ; \ '
70 . X ' 492 '22.00 | 0 v 23,9
,  1Dee-24 | 230pm | 32ise0 | ' ,. '

i - - 55 1 -
) (Dee.25 1 -1 L' g ‘4750 |, - ' 208
£ _ - - 1 -
. Dec.26 | 12:00m | 322491 , . : o
73 . , ' 33 | 2600 , 55 ' 3.3

)  Dec. 27 2:00 pm v 322814 | . N '

Z 3 . . : 4“4 2,3, 55 o+ 22
. D‘.e,p 28 . ":20 am ’ 323253 ' ' . t '

73 — — . 469 . 247, - 55 ' 22,2
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No, of ! ' Time ' Meter ' Total ' No.of ' Pressure ! GPCPR
Gra ' ¢ ' Reading Consumption ' Hours ¢ ¢

¥ 1 H ¥ ¥ ' ]

T S , e Lites Liters , _Hours 1A in,2 '

{ ! 2 ! 3 ! 4 b 5 '8 ' 7 ' 8.
" Dee, 29 : 30 am 323727 ' ' ' )

.?6 ] ] T - ] - % 55 . -
' D30 ' - ' . N <7/ ' 49,75 ' v 17.8

77 1 ] 1 - 1 - ] - s -
, Dee.3l ' lluSam  '3z4ses ' ) -

78 - ' 409 ''23.75 ' 85 ' 8.3
L} |968 ] 1 ] .| 1 '
' Jon, | " :000m ' 324973 ' s -

7% i ' ! Y 457 *24.17 ' 40 v 20,0
' Jon. 2 0 am ' 325430 ' ' ¢ ¢ '

80 ! i ' Y 45] ‘24417 60 ) 2.6
' Jan.3 ' l:35am ' 325881 ' ' ! '

8l ! ) ' Y997 ''23,59 + 55 t 45,0
' Jon. 4 ‘' H:l0am 1326878 ' ' ! 1

gz ' ' N Vv ' 27,00 * &0 ' 6.2
“den.5 ' 2i0pm  '327035 ¢ ' o '

83 ' v b ' 395 *'20.33 * 40 \ 20,6
' Jan. 6 ' 10:30 am ' 327430 ' ' ' '

84 ' ! ' ' v4i8 . V2417 v 45 ' 8.4
' Jon. 7 ' 10:40 am ' 327848 ' ' ' '

85 ' ! ' v 548 ' 23.83 1+ 40 ' 24 .4
* Jon. 8 " 10:30am ' 328394 " L 1 ,

86 1 ' ' - v 419 " W07 v 85, 19.2
'Jon.® ' 9:40am 1328815 ‘ ' .

-~ } [ ] 1 ] - 1 - 1 - ‘ -~
* Jon,l0 ' - LIRS 't B34 ' 49.83 + 55 . 17,7

87 L] ] ' ' - 1 - ' - N -
Y demJl v H:30am v 329449 ' ' ' '

- ! ' ' ' t 545 ' 23,75 - . 244
' o, 12 ' H:dS5am 0 330194 ' ' ' '

88 ¢ ' ' ' o309 v 26.50 « 50 . 12,4
' Jon 13 * 45 pm ' 330503 ' r. ' .

g ! , ! ' ' v 342 © 20,75 + &0 ' 7.5
Y Jon 4 ' 10:30 am  '330845 @ ! ! "

9 ! ' ' 825 125,00 v &0 1 35,0
* Jom.15 30 am  f 331670 ' ' ) |

9 ' ! ' ! - ’ - ' 50 ' -
: Jan .16 : - : - ' 1,029 " 45,00 ! ¢ 24,2

— ] - | - 1 - ' -
“lan.d7 ' 8:30am 1332699 | v ' ‘

g2 ! o ¢ ‘sl Y2650 ' 40 v 22.5
"don. 18 ' I:00am 333226 ' ' ' ‘

93 ! ‘ ' ' 476 ‘24,25 100 .« 20.8
"Jon. 19 ' {50m  '333734 ' ' ' |
[ ] 1 3 [} [ ] '
] | 1 L} )| 1 i
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o.of ' Date ' Time ' Meter ' Total No.of ' Pressure ' GPCPD
“raph ~ * ' : ' Reading ' Consumption*  MHours ! v
' T | ] T T ; T
! ¢ ' Liters  ° Liters ' Hours '1hin.?
I L] L] L] 1 ) ]
. ] v 2 ) 3 1 4 ' S ' 6 K 7 ' 8
1 1 ' 1 ' '
"1 Jdoa, 3 v th:i5aom, 340460 : ' ' '
93 a [ 1 ] ] 37' ] 27.75 1 '05 1 1402
1 Feb, | v 3:00 pee + 340831 ¥ ¥ % t
b ' . ; y 485 v 27,50, 108 2 18,7
|F3b. 2 t 2:30 Pm 34'3'6 s . L 1 '
"3e . " ‘ 1 392 v 21,50, 105 1923
Feb. 3, 12200m , 341708 ) ' : )
o d ' ' : s 522 v 22,75 ' - . -
1 Feb. 4 1 |0:45 am , 322230 [ 1 1 '
73 a i ' ' : 420 ¢ 24,50 « |20 « 18.2
1 FQb. 5 t l|:|5 am 34-2650 1 . v 5 1
P3F 1 1 1 _ : 2,221 v 23,42 ' - \ -
Feb, & « 10:40 am; 344871 ' ' 3 Y
By, \ \ . 340 ¢ 24,08 , 20 , 150
1Feb, 7, 2:45.pm, 345211 ' " v
93 h 1 1 t B ' - : = ' -
1 Fﬂb. 8 1 - ' - [ - 1 48.00 } L] .
931 ' ' ' ' _ ] - 1 - ' - 1 -
Feb. 9,  2.45 pm, 3452% ' ' ' '
cf?’ i t 1 1 1 552 1 2' uSG 1 ”0 1 27-2
(Feb. 10, 1215 pm, 345763 | . , ,
93 k ¥ ' ¢ o 472 « 27,17  HO s 18,2
' Feb. 1} ' 3:25 P, 346235 1 ' 1 [
] [ ' ’ o 1 l, 6248 e 24,08 r Ho s 7.5
vFeb, 12 3:30°pm, 347861 _ i ' ' '
93 m ] [ . [ 423 -‘ - ¥ - ] -
‘Feb.- 13 ¢ ~ 1348284 ' . ' '
3 a ] ' . 1 - | - ) - 1 -
] 3 t 1 1 ) '
L L] 1 i ' .1 t
| 1 t ' I % 1
1 ' ' ' 3 1 i
' ' ' ' H 1 1
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Total

oof ' Date ! Time ! ' No.of ' Pressyre ¥ GPCPD
Graph 1 K ! Reading ' Consumption ' Hours ¢ : '
B | ¥ 1 ¥ ) 4 T
_ ) Liters  Liters Hous  1hin2
! ' 2 ' 3 ' 4 ' 5 ! 6 ¢ 7 L
h i ] ] ¥ | 3 ] ] !
v Feb. 20 ¢ 9:30 am 345343 ' : '
54 t ' ' 1 1 1,045 ¢ 3L75 80 v 34,9
¢ Feb. 2! w 515 pm 1346388 ' ' t 1
- ' ¥ ] 1 ] - ] - ] bt ] -
t Feb, 22 [ - t - 631 t [ 80 '
?5 I . Li ] 1 1 [ ]
' Feb. 23 + {40 am 347019 ' 42,42 '
v " ' t - ' - t - ' -
' Feb, 24 ¢ - ' - 92 ' I ' '
=1 t 1 1 ' -~ 1 - 1 - L] -
+ Feb. 25 ot 1 347931 ' v 75,33 1 '
PE T ' o 6482 ) - ' 8O ‘ -
1 Feb. 26 ' 3:00 pm :343593 ] ’ ' ] '
“7 ' ' ' ' ' e 626 x 24,75 80 e 26,9
1 Feb, 27 v 3:45 pm 1 349219 [ [ % '
- ' N . v 554 » 25,92 - v 22,7
1 Feb, 28 + 5:40 pm 1 349773 ¥ 1 ' ' v _
78 ' a1 ' v 306 v 23,00 80 v 4.2
» Feb, 29 v 4:40pm 2350079 ' 1 .
X% .t 1 ' 1 v 424 » 22,86 80 s 9.8
' Mar, | + 3:20pm 1350503 . ' ¥ 1 .
100 ' ' : ' v 531 v 25,i7 . 60 v 22,4
' Mar.: 2 s 430pm 351034 ; ' 1
] f : ' L t 380 ‘200 ' 70 9.2
: ' Mar, 3 ' 130 pm 351414 ¥ d ! ¢
2. * U g ' 2733 ' 70 ' 20.0
' Mar, 4 ' 450 pm 1351929 ¢ ' ! '
03 ! ! ' ' ' 808 ' 28,67 ' 70 36}
*Mar. 5 ' 430pm '352737 ! ! t '
il 1 ' ' ¢ 505 ! - ' - 1 -
' Mar. 6 P - 1353242 ! t ' '
B | L} r ] ] L] 1
¥ | 1 [ | ¥ [ ] | ]
L} ) ] 1 ] 1 3 ]
[ I ] t ] 1 ] |
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TABLE | - RESUME OF DATA OBTAINED AND CALCULATIONS REALIZED
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APPENIDIX 3

: 59 Bosque Street, Ensanche Martfnez

wiy OF I‘esid.nf! : 5
Sl ef U Date * Time ' Meter ' Total _ ' No.of ' Pressure ' GPCPD
Ticph ¥ ¥ ' Reading * Consymption * Hours ! )
o 1 Y T Ty Y 1 5 7
N ¢ ' 1 Liters ¢ Liters +  Hours 1A int .
2 "B ' 4 ' 5 t 6 v 7 8
! J . [] [ : [ ]
*Sept. Il ' 7,30 pm ' 82i197¢ ' B ' '
; t 1 ’ : ¢ t - Ll - t 70 I -
'Sept. 12 4:00pm ' - ' ! ! ot
T ] ] ] - ' - ' 80 ' -
‘Sept. 13 ' 12:2¢ pa ' ' 5,060 905 ot 'O70.5
t t ' ' - . 1 70 1 -
"Sept. 14 ' 345pm ' . ' ' ‘ '
' t ' ' - ' - ' 70 -
"Septu 15 ' 2:00pm ‘827039 ! ' '
1 LI L] ] - 1 - 76 L -
"Septds ' . ' - ' 2,486 ' ,0.25 Y 67.5
: 1 ' ' - - - '
"Sept.17 ' i2I5pm 820525 v ' ' '
r L o ] 3J2 1 25.75 ' - ] _ 4.8
‘Sept.I18 ' 2:00 pm ' 829827 ‘ ! ! '
LA ' ! ' 2,604 '23.50 * 65 * 1400
‘Sept.l9 ' [:30 pm ' 83243] ' D ' !
s ! _ ' v 'L, 046 2400 ' &5 ' 55.0
'Sept.20 ' 1:30pm ‘833477 o ' ! !
¥ ! " ! - Y LI ' 25,50 + 70 ' 55,0
“Sept, 2l ' 3:00pm '834588 ‘ . : '
HY R ' : ! 'L, 677 - ' 2400 ' 80 ' 88.8
'Sept.22 ' 3:00pm ' 836245 ' ' ‘ _ ‘ :
i 4 ¢ : v ¢ 897 ' 20,50 * 70 ' 85,3
1 Sept, 23, 11:30 am - |, 837152 ' ' ! !
] t : [ ! ! = ! - ! -
_ v R ' '
: l : ) ) ; :




No..of ' Date . ! ' Meter ' Topul ' No.of ' Pressure ' GPCPD
Graph ? ¥ ' _Reoding ' Consumption*  Hours * !

T : I 4 - . T i 7 T
. . L Liters  Liters , Hours iAin .

1} t 2 ' 3 ' 4 1 5 r 4 7 t 8
| i T 7 i ] ¥
5 Sapl’. 24 . - P - ¥ v ' '

- 5 ' ' ' - 1 - PO ' -
» Sept, 25+ - r = ' ~ ’ v '

- [} L i 1 [ - 1 1 -
' S!pt'. 26 » l30pm " - ' ' ' t

‘2 1 ] LI ] - T - H 65 § -
*Sept. 27 4 1:30pm . 840747 _ ' : 1

3 v ; v 2,231 v 26.50 « 70 . |0s.0
t Sept, 28 » 4.00 pm t 842998 ' ' '

14 ' P 1 ® [ ' - t - X &3 ' -
1 Sept, 20 ¢ 1 - s 1,009 , 42.25 ' 30.4

- ) ' ' 1 - ' - ' - $ -
' SOP}. 30 10:15 am « 844017 $ 1 ' '

15 ' ' ' ' 1,479 « 24,25 ' 70 ‘ 76,6
t Oc'l'. o : '0230 am 345496 s 1 1 [

16 ' . ] ) 1 213 1 22.50 ' 75 ¢ 51.0
1 Qct, 2 4 2:00 v B4S409 1 1 t

!7 | ¥ ] 1 - ] - ] 70 k -
1Qct. 3 .+ . T ) ' f 1

- L [} ] 1 3, F22 1 73.67 [] - t 53.5
1Q¢ct, 4 § o " s ' 1 1

- $ 1 ] [] e 1 - t - t =

\ 1 Oct. 5 '0’:40 am  84953| [ ' 1 C '

18 T I ' 3 ' - ' - ' 80 ’ -

. tQet, 6 3:40 pm 1+ - ' 1 1 '

9 ' ' ' e 5,520 » 73.33 , 80 ‘ 93.0

- 1Qet, 7 - t - I ' 1 1

-~ ' t ) 1 ' = 1 - 1 - 3 -
+Oct, 8 4 12:00m 1+ 855051 ' ' ' '

- ] . 1 [ t - t - 1 - ] -
TQct, 9 2:00 pm ' B53821 ! ' '

20 ' ' t ! had ' - t 70 1 -
' OG". lo ' - ' - i ' ] ]

- 1 ' " X - ' - \ - . -
‘Qct. I + - ‘- ' : ‘ '

- i ' ' ' - ! - ) - . -

- 'Oct. 12 * 12:00m * gs773g ° ' . :

2t t ot 1 s - A, , - . -
'Ocr, I3 ' . 'L ' 2,504 ‘45,75 |, 70 ‘ 80.0

- 1 ' ' ' ' - . - . -
'‘Oct. 14 ' 9:45am ¥ 60634 ) . '

22 ' ! ' | , 097 24,50 s 75 ' 52,2

'- '‘Oct, 15 * 12:45 pm ° | ‘ ;

23 1 ¢ . pm 1 Sl 73 1 - 1 - : 75 . ~
1 ' i " '




4 ' Dot t ' Meter ' Topgl * No.of * Pressure ' Gotyu

o ' ' Reoding * Consumption ' Hours * ’
) T ] ¥ ¥ : 4 4 [

1 ' ' Liters ' Liters ' Hours 1A 1
b LI J 8 ' L] '

t 2 ¢ 3 1 4 N 5 ) ' 8
t [} [ ] 1 : [ ]
(Octl6 - L - w0 ' aggs ) ,
¢ Oct. 17, 12:00m , Bois3l ) ! )

a , : : v 248 B50 L0 ! 29.00

1 Octe 18, 1H:300m , 864334 . , . .

5, ‘ . 900 245 170 ' s
1 Oct. 19, 12:05pm , 860U . , :

5 . . c 2080 2350 ' 70 ! 90
+Oct. 20, N35om | 867344 . ) )

: : ' v M8 2625 1 o 4
N oc’o 21 ' ':50'!!\ R “7437 ' ' ' '

YA ' X v L6 22 70 ! g5
1 O.22 | lidSam | asoUs ) ) :

8, ‘ . . oly U400 | 80 | 8.5
 Oct, 23 ¢ N:45 am , 870165 . . ) '

I A ' . , 848 . 2400 |, . , 44.5
1 QOet. 2‘ 1 “:“ﬂl'l ' 871013 ' . . ‘

N“E‘} [ [} : " N zrm Py 3075 M 70 ' MOoO
2 Ot 25 N30am | 873846 . ) ) .
ST \ ) . 1,8l U433 0 s
1 oc" 2‘ " "3500"! . 374797 ' ' ] ¢ .

32 | [ ] - . " m 1 23.34 ¥ 70 & 34.2
1O0eh 27, lNidoom | 675445 ) .
33, ' " . 642 , 24.33 . .. 33,3
+Oct, 28 ¢ 12;00 m , 876087 . . . .

L ; . -, 7o 2 2400 | 75 . 37.2

1 00?. 2 3 'amm ' 876797 ' ' ’ . _
5., ] , . hL3s4 . BI5 | 75 . 7.5
o Och 30 | ldsom | ermiel : ) )
36 , \ . , 1,044 s 27,25 . 70 ., 48.5
1Oct. 31 |, 3:00pm ; 879225 . | . ) .
7, ‘ . e LM U225 Jg0 ' g
s Nov, | ’ l:lSpm + 880334 ' . : . .

3'8 1 . & l '; "3 t z.’l . 70 ' &os
] Mo 22 [} thpm x ﬂm9 " . ' .

i? 1 o " . ., 1 l.l' 0'0 ¢ 22.34 ' 70 ' 5700
sNov, 3 o H:30 om s 882459 1 . ' - '

5 ‘Nov. 4" 130 'y 70,2400 [ 70 ' 455

¥ . B am _ P : - r

4 E ) [ § T !;'96 : 25’.25 T 70 : 39.8
e Nov, § , 12:45 pm , 884525 o . . .

' ’ N ' N - . - . 70 | . -
.‘. . | B ] t 8 .




w2 -

ol : Date . ' Time ' Moter ' Total ' No. of * Pressure ' G- "
Grqph - : * Reading ' Consumption ' Hours ! 1
£ i ] ——r - ——
: , v Lites 1 Litens « Hours s IAbin2,
bd ' e
Y . 3 4 ’ 5 ‘s "7 ' g
' 1
, Nove 6 , L3300 4725 ' 88.0
" , Nov. 7 ' i200m ' 887626 : ¢ . ;
~ 624 ‘23,25 ' 75 ' 338
) : Nov. 8 : 11:}5 am : 888450 t ¢ 1 1
. X : 899 ' 2425 75 4.
, Nove 9 11:30 am : 889349 ! 3 Y '
at _ . ) ' ’ . |
.  Novo 10 ' 1245pm ' 892614 25 BB T 160
i Mevi ! oem 8o 'o249 ' 24m' 0 'm0
. voe i L40pm " 895053 ' '
: : : ' 1,943 20,33 80 'izi.o
3 , Nov. [2 . 10:00 am \ 896996 : ' ) '
" | - il 2550 80 '
\ ' Nov. 3 ' 1l:30em ' se7507 ' ' '
2 1 . ¥ ¥ l lw t u.n [} m 1 c«,ﬂ
5 : Nov, 14 : 1:45am ' 898615 ' ! . 5 .
? ] y - : | ' 2,0i0 ‘ 24,00 'y ' 1061
N \ Nov, 15 : il:45 am . 900625 t ' ’ '
m ' , . ©2,204 “23.75°' 70 Wz
\ Nov. 16 ' 11:30am 902829 ' ¢ 1
2 . ' ! 1,585 ‘24,08 80 ' m5
_. ‘Nov. 17 ' I35am ' o045 : ‘ ‘o
33 . X ' o274 Y 2807 ' 70 ' i
y , Nov. I8 [45pm ' 05689 ' ' '
54 _ ' ' ' 579 * - ' 720 ' -
: ' ' ' t s %




Pressure * GPCPD

3
g
o
g |
£
o,

No.of ' Date ' Time '
Graph * ' ! Reading * Consumption' Hours °* ¢
: i T i T
. Liters I Liters __Hous  Ihind
|+ 2 ! 3 v o4 ' 5 ¢ é v 7 ' 8
L] ¥ ] ’ Ty 1 ¥ t
tNov, 19 - * 906263 ' » 48.75 ' 1
55 L] i ! ) [ |,075 1 - ] 70 ’ =
INOV. 20 ] 2'30pﬂ1 ¢ 907343 ] ] 1 1~
5 s ' e 1,313 1 23.25 ' 70 v 71,0
+Nov, 20 I:45 pm v 908454 L ' ) '
57 . a s 1,155 ' 24,75 e 70 . 59.0
1Nov, 22 « 2:30pm . 098l ' ' ' R
58 . 1 1 ' - ' - s 70 1 -
! NGV. 23 - (] - 1 336 ] 46¢75 1 1} e.1
- 1 1 ] ' - ! - t - 1 -
INDV. 24 |:|5 pm 1 9'0‘47 1 1 ] ’
59 ) ' 3,386 ¢ 25.25 : 75 v 169.0
*Nov. 25 + 2:.30pm . 913533 : . .
60 ' ' v 2,186 ¢ 21,50 r 80 + 28,5
'Nov. 26 ¢ 12:00m . 95719 ; ‘ ‘ :
6l e : S v L774 v 23,383, 80 : 96,0
tNov, 27 1+ 11:20am , 917493 ' ‘ '
62 ' " 1,189 . 28.75 : 70 v 52,1
L] h’bV. 28 1 4:05 pm [ 9'8682 1 t 1 ) .
& 1 | | [ 96' 1 23&” 1 80 1 50-4
tNov, 29 1 400pm . 919633 ' 1 ' '
64 A 1 : . 88| v 20,00 B0 v 55,5
Nov. 30 +[2200m v 920514 . . . '
65 . ' * ' - . - v 70 ' -
tDec, | 1 - - v 2,233 , 46,75 . 60,2
- ’ 'l ] T - r - ' - ’ -
'Dec. 2 1 10:45am 922747 . ' '
8 ' ' ' v 1,054 v 25,00 . 120 ¢ 53.5
tDec, 3 ¢+ l:45am + 923801 L ' ' .
&7 1 _ ’ ' v },306 1 23,75 v 30 $ 69.3
Dec. 4 + {1:30am » 925107 ' ' ' '
&8 ' t v 1,105 v 24,25 1 |20 v 57.3.
Dac., 5 ¢ ih:45am + 926212 ' o ' ' '
&9 4 ' ' ' 944 2375+ 20 v 503
tDec. 6 + 1:30am 1 927156 ' ' ' '
70 ' ' ¢ 1,421 28,75 20 v 62.4
tDec. 7 * 4:AS5pm 1 928577 i ' t |
71 t ' ' v 2,14] 1 19.00 {30 v 141.0
~ 'Dec. 8 ' [l:5am 930718 ' . R
72 ' ' v 1,849 v 25,25 t 10 t 92,0
‘Dec. 9 t12:30pm 1 932567 ' ! '
73 s ' ' v ' V2,897 - t 100 . -
'‘Dec. 20 ¢ H:30am + 945264 ' 1 '
74 ’ ' o 1,866 2400 . 00 ' 98,0
] ] ] i t ' ' ’ )




T e e T

R Ay e+ o

LN"" of 1 Date Hours Meter Total No., of Pressure | GPCPD
- Graph Reading Consumption Hours .
| Liters Liters Hours §/b in,2
| 2 3 4 5 é 7 8
Dec, 2| N:30 am | 947130 | |
75 1,156 24.00 100 98,0
| Dee, 22 11:30 am 948284
76 ,238 27.00 lio 57.8
Dec. 23 2:30 pm 949524
77 [, 940 22,25 to [10.0 |
Dec, 24 12:45 pen 951464 !
78 - - 105 - :
Dec. 25 - - 570 47,25 5.2 |
Dec. 26 12:00m | 952084 l
Dec, 27 - 952728 47,16 |
80 ?73 - "0 ' ;
Dec. 28 1:10 am 953501 5
gl -_ ' 517 21.83 100 29,9
Dec, 29 9:00 am 954018 |
82 958 32,00 105 37.8 |
Dec, 30 5:00 pm 954876 : . :
83 | 943 18.50 HO 64.4
Dec, 31 11:30 am 955919 - :
84 e 1,673 24,00 | 1o 87.0 f
1:30 957592 : r
gs  |Jom an 936 24.00 | 1o 4.3
Jon 2 11:30 am 958528
86 {, 25| 27.50 [0 - 57,3
Jan 3 3:00 pm 959779
87 1, 679 20,67 - 102.0 |
- Jon, 4 1:40 am | 941458 |
88 1,057 26.33 1o 51,0
- Jon 5 2:00 pm 962515
89 l,334 21,00 o 80.0
Jon & 1:00 am 963849 _
90 i, 319 23.50 i20 70.6
Jon 7 10:30 am 965148
] 1,000 23.67 120 53,2
Jon 8 0:10am | 966148 ~
92 | 1,678 23,33 I20 90.8
Jang 9 9:30 om 967846
93 2, 30 28.50 120 102.0
Jon 10 2:00 pm 970147 .
o4 | 3, 579 21,75 120 206.0
Jon N H:45 am 973726
95 - 3,245 22.25 130 84,0 |




-45-

,_No. of

GPCPD

Date Time Mater Tokal No. of | Pressure
Graph Reading Consumption Hours
Liters Liters Hours' | | /A/in2
i 2 3 4 5 6 7 8
Jan, 12 10:00um | 973726
i 96 : I, 965 27.50 125 £0.0
; Jon, 13 1:30 pm 978976 -
;’ Maor,i9 | 2:30pm [ 018360
97 [, 045 25.00 76 52.6
Mar .20 3:30 pm 0i94i4
98 , | 805 25,17 70 40.4
Mar, 2} 4:40 pm 020219
* 99 : - - - -
Mar, 22 I, 898 42.83 70 56.7
Mar,23 11:30 om 022147 ¥
Mar,24 - - _
- 2,496 - 77.33 - 40.7
; Mar,25 - - -
Mar. 26 4:50 pm 024413 o
| oo : : 1,214 22.42 70 68.5
1‘ Mear,27 315 pm 025827
: 10l - 786 24,00 70 41,3
! Mar,28 | 3:15pm 026413
-l (,208 26.68 70 57.0
Mar .29 5:50 pm 087821
£ 103 {, 100 23.75 70 58,4
Mar 30 5:35 pm 028921
104 - - 80 -
Mar.3| - = lr I22 4‘6.92 30c2
Apr. | 4:30 pm 030043 _.
105 2,228 22,50 70 125.0
) Apre 2 3:00 pm 032271
P 106 . |, 308 19.16 70 86.0
; Apr. 3 10:10 e&m 033579




No. of Date Time Meter Toral No. of | Pressure| GPCPD
Graph Reading | Consumption | Hours
: Liters Liters Hours i/ irl‘.:"l
i 2 3 4 5 é 7 8
Apr, 4 H:35 am 03381l _
107 1,281 23,92 70 68.7
Apr. 5 11:30 am 85072
- \ 5,228 99.50 - 67.0
108 [,337 24,16 70 69.7
Apr. 10 3:10 pm M1637
09 t, 082 30.5t 70 42.7
- HoO {,803 17 .66 70 L 129.0
Apr. 12 3:20 pm 044472
~ i, 020 23,42 - 55.0
Apr. 13 2:45 pm 045492
1 . : 479 23.08 75 26.2
Apr. 14 1:50 pm 045971 :
H2 1,56 26.75 70 7,5
Apr. 15 4:35 pm 047487
13 , 726 19.25 70 47,5
Apr. 14 11:50 am 048213
H4 . 2,449 30.17 70 103.0
Ape. 17 6:00 pm | 050682
15 : 290 2t,50 70 7.0
Apr. 18 3:30 pm | 050972
21[) 699 19,00 70 46,3
Apr, 19 {0:30 am | 051671
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APPENDIX #3

TABLE ! - RESUME OF DATA OBTAINED AND CALCULATIONS REALIZED

House Address. 3! José de Diogo Street, Peral corner ’
No. of residents . %
Neo. of Date Time Meter Total No.of| Pressure | GPCPD;
Graph ' Reading | Consumption Hours i
Liters Liters Hours |1/b in,2
I 2 3 4 5 6 7 8
1967
Dec, 28 2:10 pm 068260
: - - 60 -
Dec. 29 - - {, 092 51,00 *
Dec. 30 5:10 pm 0469352
2 367 18,32 60 63.5
Dec, 3| H:30 om 069719
| . | 103,0
Pl s am 074890 770 23.75 60 ®
4 - N 60 -
Jon 2 - - [, 998 48.25 3.0 .
Jon 3 | N:30em | o72487 ;
5 736 24,00 55 97.5
Jan 4 11:30 am 073223 . 5
6 642 26,00 60 ?8.? J
Jan 5 1:30 pm 073845
7 3,597 265,50 - 43,0
Jon 16 3:00 pm | 077462 ;
3 | |, 107 24.00 &5 146,0
Jan 17 3:00pm | 078549
9 - 795 24,16 65 104,0
Jon 18 3:10 pm 079364
0 553 19,00 70 92,3




No. OF

Reading total e
the Date Hour Water-Meter Consumption Time Pressure IGP PO
Graph Liters Liters Hours b/in.< T
i P 3 4 5 é 7 )

Jan. |9 10: 10 am 079917 _
{] 3,624 120,84 - 95.5
. Jdan, 24 11:00 gm 08354
12 | 658 22,50 70 92,5
{Jan. 25 | 9.30 gm 084199
13 558 24,25 &5 73.0
_ Jan. 26 9:45 am 084757
4 | 817 25.75 é5 lol .o
) Jan, 27 1:30 am 085574
I5 ‘ 452 23,33 70 él.5
Jan, 28 | 10:50 am 086026
16 | - - 70 -
Jan. 29 | 10:00 am }, 432 47,17 96,0
Jan. 30 | 10:000m | ogz4sg ) i )
17 - {,085 25. 40 65 135.0
Jan. 3 H:24 am 088543 ’
{8 L, 655 27.35 60 192.0
| Feb. | 2:45 pm 090198 " )
9 [, 366 2 60 184.0
Feb. 2 | 205pm | 091584 30 )
20 832 21 60 21,5
Feb, 3 | 12:00 m 092396 73 a
2i 747 o 65 (00,0
Feb. 4 | 1:40om | 093143 367 "
22 | | 947 2.3 65 128.0
| |Feb. 5 H:(0 am 094090 3.35 )
23 ' i, 907 24.18 65 250.0
Feb, 6 | W42 am | 095097 ’ ' o
24 86} 24.30 60 2.5
Feb, 7 1:30 am 094858 -
25 o ' - - 60 -
Feb, 8 10:30 am - 23,75
Feb. 9 10:15 am. | 097494
24 . | 623 25,42 60 77.5
Feb, 10 f1:40 am 098317
27 ' 907 27.58 65 104 .0
_ Feb, Ii 3:15 pm 099224
28 1,065 24,25 60 139.0
Feb. 12 | 3:30pm | I00289
Feb. I3 - - I, 047 42,67 40 77.8
29 - - - .
Feb, 14 10:10 om {01336




40

No. of eadir.g Kg'er. Totkal N
the Dote Hour Meter Consumption] Time Pressure |G PCPD
Grph [ Liters Liters Hours | Th/in.2 '
1 2 K| 1 L3 A 7 I
30 | Feb, I5f . ° P 1,337 48,17 60 88.0 .
Feb, I& 10:20 om | 102¢73 - - - *
3) . e 25,67 60 82,7 |
Feb. 17 { 12:00 am | 103344 ;
32 923 25.25 & 5.0 |
Feb. I8 1:30 pm 104267 i
kI 928 25.75 &0 4.0 |
_ Feb. 19 3:15 pm tG5195
a4 . 492 22.75 65 8.7
Feb, 20 2:00 pm 105487 ;
35 1,010 27 147 &0 HE.C
Fel,, 2! 5:0 pm | 04697
36 - - 65 ~
Feb. 22 - - :
Feb, 23} 1:30am | 10887 i
37 | 528 22,25 65 75.2
Feb. 24| 945am! 109399 f
38 Feb. 25 - - | A00 55.25 &5 8G.2 |
Feb. 28]  5:00 pm| 10799 ,?
39 1,055 24.50 &5 137.0 ¢
Feb, 27 3:30 pm 11854 .
40 631 24 .00 60 83. & !
Feb. 28  5:30 pm| 112486 i
4} 679 23.08 &5 B.U |
Feb. 20 4:35 pm {13164
42 | 1,341 22.59 65 188.0
1 Mar, | 3:40pm| 14505
43 - 152 25,50 65 43.¢
- Mar. 2 4:40 pmi 114857 ;
44 | 397 21.00 &5 60,0
Mar. 3 140 pm 115254
45 | 4,02 27.00 60 130. ]
| Mar. 4 4:40 pm| 114364
46 ‘ | 761 24,00 80 100 |
Mar, 5 4:40 pm Hz27 I
47 o 647 75,00 &0 82.2|
Mar, 6 5:40 pm H7774 : !
48 . 630 2i.33 60 93.5
Mar. 7 3:00 pm| 18404
49 1,172 29.25 60 126.5




- B S A

. No. of Recding Water] Total ' ' 3
he . Date Hour Mater Consumption Time JrPusure GPCP
O mph Liters Liters Hours b/in.< |
1 2 3 4 5 6 ‘7 B !
Mar, 8 8:15 pm 19576
- 258.00 - -
Mor, 19 { 215 pm 137532
50 _ oM 27.33 65 7.0
Mor. 20 | 585 pm 138143
51 ' 1,481 23.17 65 203.0
Mar. 21 | 445 pm 139424 :
52 807 18 .75 65 136.5
Mar. 22 111:30 am 140431 '
Mar, 23 - - -
Mar. 24 | - - 2,9% 01, 16 9.5
Mar.25 - - -
Mar.26 | 4:40pm | 143429 |
53 . 698 24 52 60 90.0
Mar. 27 [ 5:i0 pm 144127 '
54 : 805 24,00 60 106.3
Mar. 28 | 5:10 pm 144932 i} _
55 : 899 24 .57 60 &.0
Mar, 29 | 545 pm 145831
56 . 686 23,75 é0 91.5
Mar, 30 | 5:30 pm 146517
57 o - - - -
IMar, 31 - - 1,615 47.16 65 i09.0
58 lApr. ! [ 4s40pm | i48132
685 -23.92 65 91.0
Apr, 2 4:35 pm | i48817 _
59 : i, 122 29.42 40 j12i.0
Apr. 3 10:00 pm 149939

~50-
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CNolaF T _ ' Reading Total | '
© the Daote Hour Water-Meter |Consumption] Time Pressure | GPCPD
i raph J; ) Liters Liters 17 Hours 1 5/, £ 1
. < 3 i 8 7 M
Apr. 4 130 am 150343
&0 1,094 23.00 55 150.1
Aor. 5 {0:30 am 151437
- o 3,203 48.00 - -
Apr. 7 § 10:30 am | 154639 -
6l 1,398 25,00 70 177.0
Apr, 8 | 11:30 am 156037 : '
62 1,034 28.00 60 H7.0
Apr, 9 3:30 pm 57073
Apr, 10 - 157073 41.50
63 488 70
1 Apr. 11| 9:00am | 157561
64 . 1593 30.25 &5 166.0
~Apr. 12 ] 3:15 pm 159154
65 519 23,25 &5 70.8
Apr. 13§ 2:30 pm 159673 _
66 . 824 23,25 65 2.0
Apr. 14 | 45 pm 160497
&7 _ 1,74 27.00 65 126.0
' Apr. I5 | 445 pm | 161571
48 _ 540 18.92 55 90.7
Apr. 16 | 1140 am {6214t
49 1,086 29.83 55 5.0
] AP 17| 5:830em | 163197 |
70 877 21.50 55 129.0
Apr, I8} 3:0U pm 164074 ' :




No. of Reoding {  Total | T T
the Date Hour | Water<fierar '} C-.:unsumpfiorj Time Pressure Gpe £
Graph . P Ve :  Litens Hourrs tb/in. 2 i
I N S O S N N A 7 o
) ; i i
- Apr. 294 3:00pm | i7iese E |
71 X A 25,67 7 1 g5
Apr. 30 4:A40 pm § 72344 (o ; ﬁ
72 ,r 19 ; 25.08 70 SHA
_ Mey, 1 | 5.4% pr | {3547 5 { *
73| § L 170 | 24, 25 65 22,1
May. 2 § 6:00 pm | (79712 K
- : i - ‘ - -
May 3 - -
74 - - 50 -
_ May. 4 9:30 om- 174755 ‘
75 | } 27.50 50 "
Maoy. 5 {:00 pm 175787 %] ©
May. 25} 9:30 am | 192500 |
76 678 24.50 70 877
May. 26 | 10:00 am | 193473 )
77 592 23.50 75 HURCIE
May 27 ¢ 9:30om | 193770 | :
Mor27 | 900am | 93705 |
78 | 873 25.00 90 Mo
Moy 28 | 10:00 am | 19458 ; j
79 s 25 .50 80  lizac !
May 29 H:30 am | 195578 s
80 404 21.50 75 59,5
Meay 30 700 am | 195982
; K SN
May 3i 130 pm [ 197313 ‘ i ?
z; i 5 e
Jun |, } 9:15 am | 197753 ; '
:
]
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3

*o. of Date Time Meter | Totol No, of | Pressure| GPCPD
iCraph Reading | Consumption| Hours "
Liters Liters Hours L/ in?

to 2 3 4 5 é 7 8

! a3 944 23.25 85 128.0
Jun, 2 8:30 am {98697

i

; Jun, 6 11:00 am 201632

| 84 859 24,00 B5 i13.5
f Jun, 7 H:00 am 202491

| 85 | 827 26.50 85 | 9.0
: Jun. 8 1:30pm | 203318

P86 957 (9.50 85 156.5

f Jun. 9 9:00 am 204275

. 87 | 844 30.75 85 89.2

; Jun. 10 [ 345pm | 205139 - -

_‘ 88 ' 643 24.25 85 84.0

: Jun. Il 4:00 pm 205782

|89 489 24,00 85 64.5
Jun, 12 4:00 pm 206271 '
% - |, ol 24.25 85 | 132.00
r Jun. 13 415 pm 207282

1

s

|

b,




SPPENDIX No. 4~ DAILY CONSUMPTION FER PER:

54

ON AT DIFFERENT PRESSURES

Table No., 2 .

t'ome Address: Padre Aguilera St. No. 119, Buena Vista

‘o. of _ Pressures: - Ib/in. 2 i
. the 55 ) ' 65 b7 75 | 80 F &5 loo no
' raph h Dmiy Consumption Per Person: GPCPD !
C 2 | 4 ' 5 T & F 7 8 0§ i1
9 0.3 '

2 26.0
3 19.0
4 21.8
|5 21.4
s - ¥} 25.7
.7 20.8
iE 8 22,2
g 9 21.5
: 10 22.4
IRTE ' 127.4
a2 19.3
T 25.7
Y 17.4
Ls 10,8
P14 39.4
| t
4 [
g 14.2 |
19 17.8 ;
20 18.2
274
f

|
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Pressure: Ib/in, 2

A v s e e a

55 6065'70’]75'{80'85'[90 00 9 T
Ger—y—g-22ily Consumption Per Person: GPCPD e
234*‘5'6'7'8'9‘ io T
63.0
11.0
26,5
22.7
21.4
27.6
16.1
23.0
24,9
23,4
68.0
21.6
18.0
9.6
! 18.8
f 25.0
» 18,0
44,2
33.4
{22.2
KO .4
8.3
17.8




wBbu
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APPENDIX No. 4.- DAILY CONSUMPYI ON PER PERSON AT DI EFERENT PRESSURES

Toble No. 2

| __Home Address: Bosque 57, No. 39, Ensanche Martinez

o Rt - .

e P ML e e, e
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APPENDIX No.4.- DAILY CONSUMPTION PER PERSON AT DIFFERENT PRESSURES

: Table No. 2
Home Address: José de Diego St. No. 5]

No. . Pressures: Ib/in.2
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: Daily Consumption Per Person: GPCPD
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Ne. of Pressures: lb/in, 2
the 55 0 b 5 70 I* g0 100 4 Ho | 120
Graph Daily Consumption Per Pamon: GPCPD
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Daily Consumption Per Person: GPCPD

1 2 3 4t 5 1 & |7 8 9
7 85.5 | |
72 5.0
73 22,1
74
75
74 87.6
77 ' 80.0
78 | .0
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APPENDIX |V

EFFECT OF VOLUME WITHDRAWN FROM A DISTRIBUTidN PiPE ON THE
' UR THE POINT OF WITHDRAWAL

Aand B (Fig. 3) are two supply mainsof a water distribution system.,
and a disrributioﬁ main connects them. There is o closed outlet at point {e) of
the distribution main, Let

| Q = discharge flowi'ng through the distribution main when the
outlet is closed

L = Length of the distribution main

Q
H

diometer of the distribution main
L; = Length of the distribution main between supply main B and

point of the outlet

N
L

= Length of the distribution main batween supply main A or.

the point of the outlet

=X

= Loss of pressure betweeon supply main A uﬁd ]

Gy = discharge flowing between main B and point of tﬁe cutlet
at the time of withdrawal

® discharge flowing between main A and point of the outlet

at the fime of wiihdm;vu!

4 = discharge withdrawn at point of the outlet
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When the volume withdrawn is zero, that is, when the outlet is closed,

we have
H =K . 5~
ar

When q volume is withdrawn, that is, when the outlet is open

T - LE’ -

- L i L I8 i

H e = (:{;‘ t-_‘fl + ¥ gg‘ ’*"J.:
I

pressures in mains A. and B remain constant,

From the two foregoing eguations, we get

Sy oL L T2 92
T - ;f- = : + T -T 05
In § a4 6—:5- d) 5
simplifying we get
o 2 o
[ P T_ s
1 ’1 T L: \.{l - o >
but:
L = L, + L, , therefo--
1 = i . o
o v . . -I' ‘ :‘_ 3 .L..» iy p
'I’l QF + L, 8% 5 g iy 5 o
from which
- - L0 N o
Ly ( '()L":\ - GEY = T yo LT = Uy Formulo (fidh1)
J‘l \_l A I i .

However, if we lat L/ Ly =

rand we know that Qy = Qy - g, we get

s ' 2
e ; - N
r (():' - Qz} = .\; - ("~<._}_ = G
‘1
Carrying out operations and ordering with respect to Q;. we get the equation
2
Lt T ol
. 2 - Ihi P 3 '1‘:‘ q
Il - i \51 - (,ir - ) . ) vz O
DI I+
The roots of this equation are:
o - “ + F et 1‘ q2
5 et N W S A ooy €
£ 1 5 r \i
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If we now substitute the value of Q » Q9 + q in the equation Ad-l,
we get

L

Carrying out opemtians and ordering with respect to Q2. we get.
2qr

-, }.. - -
B —10 g @l ®y o
= 1+ 1 = 1+ r
The wots of this equation gre:

. xIr

Q2 = - ._:.._..__,,..‘__.., . - Q;?' - ._,.._...,.._..___....._J qg
Lo / _ {1 + )~
Since Qp  cannet be negative, ifs value will be

er ,
\

e e a1 s

¢ r o ‘
02 W ww -—.-4..:.._--“..,... 4 \‘\ f'r:le - ﬂ.__..._.f-...._..._. q2
I +p (1+2)2

q -
AT '/{:3_

Ql - Q.:) = q
In effect: _
| q qw
.\-1 — t\J'? = e
- 1 Lo l -
t:‘}'l - QE = q

I in the formulas that give the final values taken ‘or Q; and Q?’ we suppose that

the volume withdrawn is null, ie. +q = 0, we will have:

Ql = .’2 1 \'3

[

which is correct



~7f=
The following conclusion may be drawn from the foregoing. When a given
volume, g, is ﬁithdruwn from a point ona distribution main, the volume flowing in
the main above the point of withd rawal, Q). increases with respect the original
volume, Q, in the main. Volume flowing below the point of withdrawal, Qo, de-

creoses with respect to the original, velume, Q. That is
0> 9
0% < 2
Therefors, the hydrulic slopé of the water obove the point of withdrawal is
greater than the hydmulic slops below the point of withdrawal. The first slope has o
greater inclination than th§ original one; the second has less inclination then the
original slope. See Fig. 3.
if h is the fall in the original slope in the section of withdrawal, we have aceording
to the Weisbach-Darey formula that:
h = i HL} Q°
, a

Ifh) iz the fall in the slope above the section of withdrowal, when it is effected,
we have, according fo the Weisbach-Dorey formulas
hy = % - 0F
1 P
The difference between pressure heads in the section of withdrawe! will bes
f[zh =hy - &

Ty

h —E (@F - QP
'(3.5 1 Q)

]

That is, there Is a difference in pressure in the section of withdrawal betwesn
the pressure prevailing before the withdrowat and thot prevailing after the withdrawal
However, if the volume withdrawn is small relative to the original volume in the dis-

tribution main, then the fall in pressure caused by the withdrawal is negligible,
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Suppose o 4 inch distribution main 1000 faet long, through which an originally
o volume of 196 gpm is flowing, ond ot o given point ? gpm is withdrown (situction ot
H? Padre Aguiiera St, ¢ the most unfovorable of fﬁe three selected cases in this study]} .

Applying the foregoing procedure 1o threa separate points on the section of the

wifhdmw&lz

L. 10 feer from the jnfet of the distiibution main
2. 500 feet from the inlet of the distribution main

3. 990 feet from the inlet of the distribution main

The following table summarizes the resulis obtained in the three coses:

Tobfe.: Effect of Volume Withdiawn on Pressure in the Seetion of Withdrawal

Withdiawal T~ 7 ] 7 ] T C 0. 002 T o
. b e e TR AT - {r¥z,. i
T 2 Ty 3 5T ~ % 7
i I 1 I J I .
S gpm
0 ft. ool ' 099 ' oo '0.0099 ' 0.0002 ' 204.9
1 i i . i ] t
500 ft, ' 1.00 . 0.50 '0.25 ‘' 0.00053 ' 200.5
I 1 3 1 [
990 ft, %t 000t 0,000l '0.0099 ' 0.00021 " i9e. )

Withdrawal 10 ft. from inlet = 0.0I5 Ibs/in.2

Withdrowel 500 ft. from inlet = 0.0065 ths/in,2
Withdrawal 990 ft. from inlet = 0.0000 lbs//in. 2

1

The difference in bressure of . 0015 lbs/in. 2 is neglrg:ble confirming what has
been already established. The other d differences in pressure are even smaller.,

Therefore, pressure prevailing in the distribution main betore and after the wuth-—
drawal, is effectively the some.

Pressure i in the dlstnbuhon main'is thot registered by tha meter-master when no

withdrawal takes place.



