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6. METERING OF WATER CONSUMPTION

6.1. Introduction^

The present study came about as a supplement to the sociological study

on water use to provide up to date background information to the proposed

evaluation mission due in May/June 1987.

The study has therefore takenplace during the last months of the rainy

season, which is unfortunate, because higher consumption figures should

be expected in the dry season. Concequently it has been decided that

the metering programme described in this chapter shall be repeated in

the dry season (September/October 1987). Furthermore, it has been

decided to expand the dry season programme to cover all three regions,

and two villages have been identified in Ruvuma Region for that purpose

in addition to the four villages included in the present programme. As

stated above higher consumption figures are expected in the dry season

so it is considered premature at this stage to perform thorough

statistical analysis of the results of the metering programme.

Similarily results of metering of water use at a Health Centre and

some individual connections are not evaluated at this stage and no

calculation of storage requirements performed.

6.2. Methodology

Before commencing the actual programme a pilot study was carried out

at Kippnzelo village at 2 DP's. The purpose of the pilot study was

to test the ability of villagers to act as meter leaders, to check

suitability of forms for recording and to try out suitability of

different meter installations. The conclusion was that only minor

adjustments were required and that the water meters could be installed

at the tap and still maintain an accuracy within + 1 %.

The meters used are ordinary house installation meters with a nominal

capacity of 2.5 m^ per hour, showing cubic metre readings with digits,

and fractions (down to 0.0001 m^) on 4 "clock type" counters. The

meter readers ( villagers employed by the project for that purpose)

should not interpret the readings, but only copy the m^ reading and

the position of the arms on the "clock" counters (copy of form for

meter readers is enclosed in Appendix 1). The meter readers-were

issued with forms, ballpen, torch and digital watch , and recorded

readings every hour from 06.OO to 21.00 hours. The meter readers

performed well, and only a few readings were wrong.
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The meter readers were supervised by 2 hydrologists per village made

available for the programme by Regional Water Engineer, Iringa. The

hydrologists collected meter reader forms every day and also took

readings at the master meter installed on the outlet pipe from the

village storage tank.

The master meters used are 50 mm Meineckemeters with a capacity range

from 1.5 to 35 m /hour and with readings down to 0.01 m (Accuracy

_+ 5 % from 0.18 m3/h to 1.5 m /h and _+ 2 % above 1.5 m3/h) . The

master meters were read every quarter hour from 06.00 to 21.00 and

at 3 hour intervals for some nights to determine system losses,

(copy of form for master meter recording is enclosed in Appendix I

page 2).

The hydrologists were very dedicated to the programme and fulfilled

the task in the most excellent way. Supervision of the programme in

general by senior researcher was carried out 3-4 times for each village.

6.3. Population Counts

It is equally important to get reliable population figures as reliable

water consumption figures. The last population census was in 1978,

so census figures are not applicable. It was therefore decided to

carry out household interviews at all households using water from the

system investigated, so as establish total population using the water

and also how the population is distributed on various DP's. At the

same time people were asked whether or not they used water for other

than domestic purposes and if they use other water sources.

Household interviewswere carried out in Kiponzelo and Mbalamaziwa

villages, and the resulting population figures are considered reliable.

Indicators of total population such as Nos. of Primary School Children

confirm the results of the household interviews, so the method is

considered good, but very time demanding.

The use of alternative water sources and/or the use of water for

other than domestic purposes appeared insignificant for this study.

For the villages in Mbeya Region (Mlangali and Kasumulu) another

approach was tried out. Each 10 cell leader (balozi) was requested

to supply information on the households he/she represented.Unfortuna-

tely the information received appears inaccurate. The ratio adults/

children is strange, and comparison with Nos. of primary school children

is also quite different from normal.
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It cannot be stated categotically that the figures for the last two

villages are unreliable, but they should certainly be used with caution.

For the dry season metering household interviews will be carried out in

all villages.

The population figures used in the sub-chapters below are the

following:-

Kiponzelo : 2237 (from household interviews)

Mbalaraaziwa : 1146 ( from household interviews)

Mlangali : 1314 ( from balozi)

(The estimated population in Mlangali is

probably on the high side, as school .children

only constitutes some 19% of total population)

Kasuraulu : 1280 (increased from the figure of 1146 given

by balozis , Without increasing population figure

school children would be 27.3% of total population

which is unlikely).

6.4 Definitions

The following definitions are used:

o Total daily consumption: The water used between 21.00 the

day before and 21.00 on the day in

question,

o Day usage : The water used between 06.00 and

21.00.

o Night usage : The water used between 21.00 the

day before and 06.00 on the day in

question,

o System losses : Water being lost through leakages

in pipes and fittings between the

storage tank and the DPs.

o Water waste : Water wasted at DP1s from not closing

bibcocks properly or leaving the

water running (water used for cleaning

the buckets is not waste).

o Net daily consumption: Total daily consumption less system

losses and waste.



o Peak flow : The highest flow on that particular

day within a specified time,

o Peak factor : The peak flow divided by the average

flow(a factor used for design purposes).

o Average daily : The average of all the consumptions

consumption recorded per village,

o Maximum day consumption: The highest daily consumption recorded

per village,

o Factor for max day : The maximum day consumption divided by

average day consumption.

The system losses were determined by reading the master meter at night,

if no flow, no losses,For villages with losses, the losses have been

calculated as the difference between DP meter readings and master

meter readings.

The water waste has been estimated from all night use at DP1s exceeding

50 litres and from hours with excessive use during daytime. This method

is considered giving a fair indication of the water waste.

6.5. Computation of Results

Back in office the readings of DP meters were changed to digits and

hourly consumption worked out . For each day and each DP a computation

sheet (see Appendix I page 3) was completed showing:

O Total daily consumption,

o Day usagej

o Night usagej

o Consumption per household,

o Consumption per capita,

o Hourly peak flow and time for it,

o Peak hour factor,

Similarily a compution sheet was completed for the master meter for

each day (see Appendix I page 4) showing:

o Total daily consumption,

o Day usage ,

o Night usage ,
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o Consumption per household,

o Consumption per capita,

o 1/4 peak flow and time for it,

o 1/4 hour peak factor.

o Night losses (if any).

For villages with no system losses (leakages) the summary of total

daily consumption at DP's has been compared with the summary of total

daily consumption recorded by the master meter with the result that

in both cases (2 villages) the summary of DP readings was 1.7 % higher

than the summary of master meter readings. This is an excellent

result, which proves that the meters are working satisfactory.

6.6. Water Consumption per Village

The programme was carried out concurrently in two villages in Iringa

Region and later in two villages in Mbeya Region. For general

information on individual villages please refer to chapter 3 above.

6._6_.1_. _ Kiponzelo Village^

The water supply system is an old pumped supply, which has been changed

so a gravity system and extended with additional DP1s to serve more

people. It was realised during the programme, which took place from

4th to 13th March, that the old system has numerous leakages and some

pipe burst* occured as well. Furthermore, the master meter was out of

function a few days due to dirt from the intake, so the master meter

readings are not very useful from this village. However, the meters

at DP1 s performed well,although supply to some DP ' s was interrupted

during pipe bursts.

More than 50 % of the water recorded at the master meter was lost in

the old pipe system before reaching the DP's, so rehabilitation work

appears necessary,

Figure 6.1 shows the water consumption in Kiponzelo village for each

day of metering at all DP's.
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It can be seen that there is a distinct maximum day on Sunday 8th March,

although when looking at individual DP1s only 7 out of the 14 has their

maximum on the same day. The waste is not significant being 1.4 % only

on average for the 10 days.

The average daily net consumption is 25.993 m and the maximum day

net consumption 34.274 m , which is 32 % higher than average (.i.e

max. day factor - 1.32). This is illustrated in Figure 6.2.

No overall peak factor have been calculated due to the excessive losses

in the system.

6.6.2. Mbalamaziwa Village

The water supply system is new and has been in operation for about a year.

The metering programme took place from 3rd to 13th March, and there were

neither interruptions to supply nor malfunctioning of meters. There

were no leakages in the system and the water waste was neligible. From

a technical point of view Mbalamaziwa has provided the best results of

all four villages.

Figure 6.3 shows the water consumption for each day of metering at

all DP's.

Also in Mbalamaziwa there was a distinctmaximum consumption on Sunday

8th March, which then dropped to less than half on Monday. It should

be noted that only 4 DP's out of a total of 8 has maximum consumption

on the day of maximum consumption for the whole village.

The average daily net consumption is 19.706 m and the maximum day net

consumption 27.316 m , which is 39% higher than average. Figure 6.4

illustrates the consumption pattern.

The overall peak factor in relation to net consumption has been calculated

both for 1/4 hour peak flows and 1 hour peak flows. The correlation

between the peak factors and the daily consumption is shown in figure

6.5, and it can be seen that apart from a single odd case, there is a

clear tendency to lower peak factors with higher consumption. Quarter

hour peak factors vary from 3.1 to 4.7 and one hour peak factors from

2.6 to 3.8 (based on net consumption).
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6,6.3. jyilangali_ Viliage

The water supply system has been in operation for about 3 years, and the

metering programme took place from 24th March to 1st April. There was

an interruption to the supply on the first day, due to a silted up intake

and during the night between 30th and 31st March 2 meters and bibcocks

were stolen. A spare meter was fixed on one DP, but the other remained

closed for the last two days of the programme.

There were no leakages in the system, but in this village water waste

amounted to some 11 % of the total daily consumption, a unreasonable

high figure.

Figure 6.6 shows the water consumption for each day of metering at all

DP's.

The maximum day occured at Saturday 28th March, although only 4 DP's

had their maximum on that day. The average daily net consumption is

24.600 m and the maximum day net. consumption 31.730, which is 29 %

higher than average. Figure 6.7 illustrates the pattern of variation.

The overall peak factor in relation to net consumption, has been

calculated both for 1/4 hour peak flows and 1 hour peak flows. The

correlation between the peak factors and the daily consumption is

shows in Figure 6.8. There is a slight tendency to lower peak factors

with higher consumption, bul. not such a clear tendency as in Mbalamaziwa ,

Quarter hour peak factors vary from 3.3 to 4.2 and one hour peak factors

from 2.2 to 3.4.
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6.6.4 Kàsumulu Village

The water supply system has been in use for about 2 years, and the metering

programme took place from 24th March to 1st. April. There were no interruptions

to the supply, but a major leakage was observed, which accounted for a loss

of about 29 m^ per day. This loss has been eliminated from the calculations.

Figure 6.9 shows the water consumption for each day of metering at all DPs.

The variations in daily water consumption are not so large in Kasumulu as in •

the other villages, maybe because of very little rain during the programme.

The maximum day was on Tuesday 31st March, but the consumption was almost

constant from 29th March to 1st April. There are, however, large variations

in consumption at individual DP's and maximum days for DP's are spread over

the whole time interval. Only 2 out of 14 Dp's had maximum consumption on

the same day as the maximum day for the whole village.

The average daily net consumption is 26.561 m and the maximum day net

consumption 29.162 m , which is only 10 % higher than average. Figure

6.10 illustrates the consumption pattern.

The overall peak factors in relation to net consumption are shown in Figure

6.11. The correlation between peak factors and daily consumptions indicates

a slight tendency towards smaller peak factors with higher consumption.

Quarter hourpeak factors vary from 3.5 to 5.4, and one hour peak factors

from 2.8 to 4.3. These factors are higher than for other villages a point

which is discussed in chapter 6.7 below.

So far all peak factors have been calculated based on net consumption.

When applying peak factors during design, they are normally used on

total consumption including allowances for losses and waste. Losses

occur for 24 hours and it is unlikely that major waste of water takes

place during peak flows, so with a normal allowance of 20 % to 25 % for waste

and losses the above calculated peak factors can be reduced by some 20 %

before being used for design purposes.

It is the peak factors on the maximum days, which are significant for

design. These peak factors have in this study been found to be the

following before and after reduction by 20 % :
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VILLAGE 1/4 HOUR PEAK FACTOR DESIGN PEAK FACTOR

Mbalamaziwa 3.5 2.8

Mlangali 3.6 2.9

Kasumulu 3.6-4.4 2.9-3.5

It should be expected that peak factors will decrease when the water

consumption increases in future. The factor of 3.0 suggested in WMP is thus

likely to be on the safe side.

6.6.6 Conclusion

A significant outcome of the metering programme is the determination of

the daily variations in water consumption. If the variations are of the

same order of magnitude during the dry season, then it will be necessary

to extend the duration of metering j.n order to secure a high probability

for recording maximum day or near maximum day.

When studying figures 6.1, 6.3, 6.7 and 6.9 it is obvious that metering

with a master meter on some randomly chosen days will give a low

probability of useful results. From the same figures it can also be

seen that extrapolation of village water consumption from consumption

at a few DP1s is extremely risky and should not be applied. The large

variations at individual DP's and that the consumption pattern for most

DP1 s does not correlate with t:he pattern for the whole village renders

such a method highly unreliable. However, the situation might be

different in the dry season.

Since only storage for balancing peak flow is provided at villages, the

water supply system should be designed for the maximum day consumption.

6.7 Water Consumption at DP1s

The programme has confirmed the general impression that people are mainly

collecting water from DP's during daylight hours. However, it might not

be so well known that a considerable amount of water is collected between

19.00 and 20.00 (it is dark after 19.00 hours), and even some between

20.00 and 1M.00. Bot:w<;tm ¿1.00 ,md Ofi.OO next morning most DP ' S are not

used at all and the ones used are only supplying the equivalent of some

2 to 3 buckets. For some villages most of the water collected after

darknes is drawn between 19.00 and 19.30, but in Kasumulu and Mlangali



21.

considerable amounts of water are drawn after 20.00.

Variations in consumptions at DP's from day to day are much larger than

for the village as a whole. Maximum days at DP's do not necessarily

correlate with the maximum day of the village, but apart from Kasumulu

village there are more DP maximum days on ifunday than on other days.

(See figures 6.1, 6.3, 6.6 and 6.9).

From evaluation of individual DP's it is found that the hourly peak flows are

not falling at the same time every day. Peak flows are in fact scattered over

all hours of the day, which is illustrated in Figures 6.12 to 6.15.

Kiponzelo and Mlangali villages (Figure 6.12 and 6.14} has peak flows

spread fairly even over the day with highest numbers of peak flows

occuring between 14.00 and 15.00 in Kiponzelo and 13.00 and 14.00

in Mlangali.

Mbalamaziwa village (Figure 6.13) has the majority of peak flows in

afternoon and evening, and most peaks from 18.00 to 19.00

Kasumulu village (Figure 6.15) has a fairly even number of peaks during

the day, but some very significant peak hours from 07.00 to 08.00

in morning and 18.00 to 20.00 in evening. These very distinct peak

hours are the ones causing generally higher overall peak factors at

Kasumulu village than at the others (see chapter 6.6.5 above)

The calculated hourly peak factors for individual DP's are not

significant for design purposes, and no peak flows metered are

anywhere near the flow capacities of individual DP's. It can therefore

be concluded that if any queuing is taking place it would be of short

duration only.
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6.8. Per Capita Water Consumption

Based on the daily net consumption figures given in Chapter 6.6. and

the population figures in Chapter 6,3 the following can be worked out:

Village Minimum Day Average Maximum Day

Kiponzelo

Mbalamaziwa

Mlangali

Kasumulu

9.4

11.7

13.7

18.3

1

1

1

1

11.6

17.2

18.7

20.8

1

1

1

1

15.3

23.8

24.1

22.8

1

1

1

1

NET CONSUMPTION PER CAPITA PER DAY (Litres)

6.8.1. Kiponzelo Village, Comments to per Capita Consumption

The per capita consumption at Kiponzelo is lower than for the other

villages, which is supprising as the village has had water supply for

longer time than the others.

At the time of metering a large part of the adult population left the

village for their fields in early morning and came back in the evening,

which surely will effect the water use. Furthermore, there were many

interruptions to the supply caused by pipe breakages and cleaning of

master meter, which will also have an effect on the water use. It is

therefore most likely that, at times where people are in the village

and the supply is well functioning, the per capita consumption would

be higher than the results of the programme shows. How much higher

cannot be stated.

The supply to the Primary School DP is included in the figures, but

the Health Centre and doctor's and nurses' houses are not.

-'^L^Z, _ Mbjalamaziwa^Village^ Comments to per Capita Consumption

There are some low standard hotels serving people travelling on the main

road and using water from DP 2. These hotels might account for some

6-7 % of the total water consumption, but such activities are part of

the village life, just as beer brewing on Saturday/Sunday, and water

should be supplied in sufficient quantity to cover such uses. The

Primary School i;; situated away from the village and is not using water

from the system.

The results of the metering are considered reliable.
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6.8.3 Mlangali_

The village is situated at a gentle sloping area along the old

Dar es Salaam - Zambia road. The ditches along the old road are

small water streams, with water that by appearance is looking as

good as the water supplied through the pipelines in the rainly season.

Many people have therefore shorter distance to the road ditches than

to the DP's. As a consequence of this it was quite common to see

laundrying taking place in the streams.

With the above in mind it is supprising that Mlangali has a high per

capita consumption. There are no water consuming institutions or

hotels in the village, but the Primary School has a DP. The figures

are, however, quite similar to Mbalamaziwa and Kasumulu and should be

considered of the right order of magnitude.

6.8.4 Kasumulu Villacje^ £°Elinen^-s_ t o Pe£. Capita Consumption

Kasumulu is situated at an altitude of about 500 m, whereas the other

villages are situated at altitudes higher than 1500 m. It is considerably

warmer in Kasumulu, which might be the reason for the high water

consumption and probably also the reason for the distinct peak periods

in morning and evening. There are no water using institutions in the

village, but 2 Primary Schools each of which has a DP. There are some

doubt on the size of population, but the correct population is most

likely within i 10 % of the population figure used. The results must

be considered useful.

6.9 Conclusion

Conclusions should not be drawn before the dry season metering is

completed. However, the results received from the present metering

programme are significantly higher than the ones on which the present

design criteria are based, so an adjustment to the design criteria

should be made eventually.

A design per capita consumption of some 35 litres per day appears

more reasonable^when allowance is made for increased future use, water

waste and water losses.
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