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OBJECTIVES, FINDINGS and RECOMMENDATIONS

This report hasbeenpreparedasasynthesisof appliedresearch,on avariety
of 1ssues~identified during discussionsbetweenCWSPU, the TSC and IDA
Missions,whichwascarriedout overtheperIodFebruary1993to August1994.
The main Dbjectlves. findings and recommendationsaresummarisedbelow :-

1.1 SystematIcLearning

Purpose; To valuetheconsumptionhenefltsof Improvedwatersuppliesand
providea rational basisfor :-

• Preparationof the CWSSPexpansionphase
• Economicanalysisto determineoptimum servicelevelsand
• infonnedcommunitydecisionmaking

Findings: Themain findings aresummarisedbelow :-

• Peoplewith improvedaccessusemuch thesametime to collectmore
waterI.e. theyvaluethe benefitsof increasedconsumptionover time
savings.

• IncreasedconsumptionIs associatedwith significanthealthbenefits
(AppendixE)

• The conventional approach to economic analysis and project
preparationvaluestime savingsbenefitsonly.

• Thevaluationofconsumptionbenefits,proposedherein,highlights the
benefitsoflinprovedservicelevelsparticularlypipedschemesandyard
taps.This Is Illustraled below :-
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F’lgure 1: Water Supply Benefits andAccessto Water

• The revisedapproachstill undervalueshealthbenefitsasit doesnot
accountfor the reducedrisk of epidemicsassociatedwith Improved
accessto waterI e fewer usersof a waterpoint.
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Recommendations;The valuationofconsumptionbenefits,proposedherein,
offersanimprovedbasisfor project preparationcomparedwith theconventional
approach which values time savingsbenefitsonly. The revised approach to
economicanalysisresultsIn the following optimum servicelevels :-

TabLe 1. : Optimum Service LevelsandEconomicPerformance

Scheme
and Facility

Optimum ServiceLevels CWSPU
Contrib
ution

~

Economic
Indicators

NPB
(Rn/RH)

BCR
(Ratio)

—

Coverege
(IiIi’s/

WPJ

Access
Rmaz
(m)

Conaum
ptlon
(lcd)

Piped, Yard Taps
Piped,Standposts
ShallowWells
Piped,Standposts
Tubewells

1
4
5
4
12

15
100
110
100
170

64
45
43
30
35

6,500
4,900
4.900
4,900
4,900

67,237
22,457
19,499
12,424
(694)

6.7
3.8
3.4
2.6
09

NPI3 = nett presentbenefitand13CR = benelitcostratio

• Theaboveservicelevelsshouldbeadoptedfor thepreparationoftheCWSSP
expanSIonphaseif not Immediately.

• Thechoiceamongsttheaboveservicelevelsdependson the availablewater
resources.

• Thebenefltsofpipedschemesandyard tapsaresosuperiorthaGOSLwould
be justified in increasingthe CWSPU cost contribution to Rs. 6,500 per
householdto encouragewiderapreadadoption of this solution wherever
waterresourcespermit.

• Wherewater supplies are limited the installation of piped schemesand
standpostsIs economicallyJustified evenif consumptionis restrictedto 30
lcd. E~cper1encehoweversuggeststheseschemeswould presentthe CBO
with asignificantmanagementchallangewhich shouldbedicussedwith the
community before their adoption eg. with the community before their
adoption eg. recentSRTS experience(seeAppendix D) Table 1 indicates
shallow wells area preferablesolutionwhereconditionspermit.

1.2 DESIGN CRITERIA FOR PIPED SCHEMES

Purpose: To Increasethe rangeof optionsand servicelevels availableto
local communities and to establishappropriatedesigncriteria for yard tap
schemesIn particular (IDA 1993band 1994 and RWSG 1993 a andb)

Findings: Consumptionvarieswith accessto wateryardtapsareassociated
with theoptimum level of consumptionto maximisehealthbenefits.
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Recommendations ; The following designcriteriaare proposed:-

reliable dischnrgeor
safeyield (ips)
consumption(ips)
KNqc where
maximum coverageo~.
population served(~L-X~
allowancefor leakageandwastage(1.3
~m1tconsumption(lcd) (133)

designdischarge(Ips)
unit designdischarge(lcd)

Water consumptionand collection Umes were surveyedduring preparationof
C’VSSP lCowater 1991) The resultsaresummarisedin Table 2. They show :-

• Strongassociationbetweenaccessandcollection time but
• No associationbetweenaccessand consumptioni.e. consumptionIn

constantregardlessof thedistanceto thesource.Therearetwo possible
explanations:-

Sampling Errors I.e. the time takento collectwaterandwalk to thesourceand
back can be estimated more reliably than the volume of water collected.
ExperienceIndicatesvillagers have trouble estimatingvolumes especiallyin
litres.

Small SampleSize;the classificationof acceptablesourcesdoesn’tdistinguish
betweenaccessandwaterquality considerations.Thevastmajority ofsources,
including all unprotectedwells, were therefore classifIed as unacceptable.
Furthermore they were then lumped together and no attempt was madeto
distinguishdifferencesIn waterconsumptionandcollection timeson thebasis
of accessas was donefor the nmch smallersampleof acceptablesources.

Thefollowing datasourceswerethereforeadoptedasabasis for analysiswhich
revealed a remarkabledegreeof consistencybetweenthem :-

• Consumption& Use Danlda 1991
• C~rctionTimes Cowater 1991

Table 2 Summary of Proposed Design Criteria

Facility Water Supply Consumption
qc (lcd)

Maximum
Coverage qr

(lcd)

Minimum
Design

Discharge qd
(lcd)

YardTap Adequate
Standpost Adequate
Stand~ost LImiting

60
45
30

80
60
40

100
75
50

Qr=

Qc=

N =

K =

qc =

Qd=
=

— -— —

‘
/

- ~— -- / -

2. DATA AVAILABILITY

Water Consumptionand usageweresurveyedIn rural areasof MataleDistrict
(Danida 1991). The results are presented In Table 1 and show a strong
associationbetweenaccessandconsumption.
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Table I : Study of Water Usage in Rural Areas of Eblatale
(Danida 1991)

Note 1. Average [or IJkü~eIá,iIã1aii~Oda~ind uaywoou.

Table 1e~Water Use for Various Purposes

Pan~rnetcr HouseholdsUsing for Purpose(%)

Ukuwcla Ilalangoda ilaywood

CookIng
DrInking
Bathing
Washing
Others

98
100
16
15
14

89
95
8
15
13

94
100
28
56
6

T~b1eLa; Factori Affecting Consumptionfrom Standposts

Parameter Unit Scheme

Ukuwela Halangoda Hay-wood
1)

Consumption lcd 19.0 18.5 39
Use of other water sources YIN Y Y N
Standposts No 5 8 4
FamiliesServed HHs 118 65 18
ServiceLevel - No. of users HHs/SP 24 8 4 1/2

Max. distance in 350 270 200
Reliability of supply R/U U U R

Note: 1 Haywood corisuinpUori adju~[edto excIude~31HFs~1Threcordedconsumptionin e
of IOO~cd

Table ib; Standpoat Consumption andDistance to Water

Dislanceto Water(m) Consumption(lcd)

0-50 26.0
51 - 100 17.2

101 - 150 18.8
151-200 17.6
201 - 250 12.7
251 - 300 13.2
301 - 350 7.9
351-400 0.0

cess
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Table 2 : CWSSPHousehold and ‘Mlla~eSurveys (Cowater 1991)

SUMMARY of DATA on ACCESS andCOLLECTION TIMES (mm/I)

SCHEME
TYPE

DENSITY
(RH/Ha)

DISTANCE TO ACCEPTABLE UNACCE
PTABLE
SOURCE
1)

0 - 15 15 - 150 50 - 150 150 - 250

ShALLOW
WELLS

3.62
1.06
052
0.27

0 59
066
0.83
0 42

0.98
090
103
092

1 31
102
1.21
1.31

3.08
1.17
090
1.80

1 63
1.38
140
2.09

We!ghtAv. 0626 0.954 1.212 1.585 1 570

PIPED
2)

1 74
1 53
054

0.62
057
038

NA 3) 122
1.20
081

1.13
202
1.80

1.64
1.57
159

\~reIghtAv 0.520 1 094 1.802 1 589

ALL \~rrightAv. 0573 0.931 1.183 1.637 1.582

Source~ F~rcalcuIated1rmi Cowater 1991
Notes: 1) Includes many sources closer than 250m but adjudged unacceptable on the basis

of quality considerations eg unprotected shallow wells
2) The 1 53 Huh-ia data relates to pumped schemes : other data are for gravity

schemes.
11 The 15 - 150m classInterval was used for piped schemes

SUMMARY of DATA on ACCESS and WATER CONSUMPTION (lcd)

SCHEME
TYi’l~

DENSITY
(RH/Ha)

DISTANCE TO ACCEPTADLE

0 15 15 - 150 50 - 150 150 - 250

UNACCE
PTABLE
SOURCE

SHALLOW
WELLS

:3.62
1.06
0.52
0 27

277
236
276
24.1

306
280
294
24.4

321
236
27.9
24.6

130
204
280
26 8

225
242
235
21.0

Weight Av. 25 8 28.3 27.1 23.5 23.0

PIPED I 74
1 53
0.54

202
23 6
22 1

NA 204
24.6
178

41.4
24 5
18.0

22.1
22 4
22.1

WelghtAv. 222 21.2 223 223

(~ftt.o~uo.~.S’ewi~e.&c.d~a,cd~ae a~i~w~ P~i~e7
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3. UNIT COLLECTION lIMES (MIN/L)

The following equations were derived previously and explaIn 99% of the
variation In collection times (CWSPU 1993)
Eqia t = 0.345OR°~’
Eqlb lay = O.3O25Rmax0.281

Eqic ts = 1.582 - 0.3O25Rma,~°’~where :-

= householdcollection time (mm/i)
= average collection time (min/))
= time savings(improvedaccess)(mini))
= distanceto water (m)

TheaboveequationIndicatesthatall dwellings presentlyhavewateravailable
within Rmax= (1.582,0.3025)1110281 360m

4. WATER CONSUMPTION RATES (LCD)

4.1 AccessandConsumption

The consumptionof waterwas a1Tect~dby the unreliability of supply to the
Ukuwela and Halangoda schemes (Table la). Estimates of unrestricted
consumptionat HaywoodarepresentedIn Table 3 below.

able lb (DanIda 199 J
Examplefor distance= 0 to 200m
3Schemcs:Q=(260÷i7.2x3+ 188x5÷ 176x7)16=
Ilaywood : Q 39.0 measuredfor Rmax= 200m (Table 1)
1~aUoHaywood/3Schemes 390/18.4 = 2.1.

The following equationexplain 97% of the variation In consumptionand is
Illustratedbelow
Eq2a Q = 131.OR 0268 for R � 300m
Eq2b Qav = 151.lRrnax 0266 for Rmax� 300m
Eq 2c Q~w = 65.72 - 0.109Rmaxfor Rmax� 300m

where Q
Qav
fl

= householdconsumption(lcd)
= averageconsumption(lcd)

distance to water (in)

t
tav
ts
R

Table 3 : Standpost Consumption and Accessto Water

Distance
(m)

Consumption
(lcd) 3 Schemes

Distance
(m)

Average Consumption (lcd)

3 Schemes Haywood

0- 50
51-100
101-150
151 - 200
201-250
251 - 300
301 - 350

351 - 400

26.0
17.2
18.8
17.6
12.7
13.2
7.9

0.0

0 - 50
0-100
0-150
0 - 200
0-250
0 - 300
0 - 350
0 - 400

26.0
19.4
19.1
18.4
16.4
15.4
13.4
10.3

55.0
41.1
40.4
39.0
34.6
32.6
28.4
21.7

Source
Note 1:

18.4
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~ Figure1: Accessto Water (in) andConsumption (lcd) ~

4.2 Present Consumption

The two sourcesof data were then compared.The comparisonrevealed a
remarkabledegreeof consistencyas illustrated below :-

• Cowater 1991 found presentconsumption to be 23.0 lcd
This correspondsto a maximumdistanceto waterof 360m i.e :-

from Eq ic for ts 0 = 1.582 - 0.3025Rmax°28’--> Rmax= 360m

• Danlda 1991 ; present consumption Is estimated below
Qav = 65.72 - 0.109 x 360 = 26.5 lcd
which representsgood agreementwith the actualvaluereportedabove.

4.3 Consumption andWater Use

The HaywoodschemeapproachedCWSSPtargetservicelevelsi.e4 standposts
serving 18 households(4 1/2 HHs/SP)with wateravailableto all households
within 200m. (Table Ia) Neverthelessthedataindicatesthat only 28 and56%
of householdsusewater for bathingandwashingrespectively.(Table ic) The
data canbe used to estimateconsumptionIf all householdsusedwater for
bathingandwashing

Q = a + b13 + cW where
Q = Consumptionof water (lcd)
13 = Proportionof householdsusing wate~for bathing
W = Proportion of householdsusingwater for washing

~0

20

2t
—0-

/3’,” O/~

I

0
0 100 zo~

O,.v r
4q%’c~- 7~ W,qr~-,q(,,~‘)

~40~
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From Table I c (Ignoring the small amounts used for other purposes)

= a + 0.1Gb+ 0.15cfor Ukuwela
= a + 0.08b+ 0.15c for Halangodaand
= a + 0.28b+ 0.56cfor Haywood

Q = 11÷6B+47W

The result Is consistentwith the acceptedminimum usagefor cooking and
ch-InklngI.e. Q = 11 lcd whenB = W = 0. It alsoIndicatesthatconsumptionof
64 lcd Is associatedwith the full adoptionof beneficial hygienepractices i.e
Q=64 whenB = W = 100%.

4.4 ServiceLevels and Consumption

Table4 presentsthe resultsof usingEquation2 to estimatethe consumption
associatedwith different servicelevels.

Yaro iap9 i~q~a. ouier aciltUcs i~qiD. coiisuinpuon 1mm tuoewells
reduced by 10% to allow for manualpumping

Table 4 Indicatesthat the target consumptionof 641cd, associatedwith full

adoptionof beneficial hygienepractices,Is only attained11pipedsuppliesand
yard tapscanbe provided.

19.0
18.5
39.0

Table4: ServIceLevel andConsumption of Water

Agency ServiceLevel Consumption
(lcd) 1)

Facility Access(m)

CWSPU
CWSPU
CWSPU
CWSPU
SRTS

CWSPU
NWSDB

YardTaps
Standposts

Shallowwells
Shallowwells
Standposts
Tubewells
Standposts

15
100
100
110
150
170
250

64
44
44
43
40
35
35

Notes:!.

i~ ~ e~eilId~ P~/0
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5. TOTAL COLLECTION TIMES (mln/HH/day)

The time spent collecting water may be estimated by combining Equations 1
and2 :-

a tQ = 45.2 R 0.018 for R � 300mand
a 45.7 Rmaic°°’5forR�300m where
a total householdcollection time (mcd)
= total averagecollection time (mcd)
= unit householdcollectiontime (mm/litre)
a householdconsumptionof water(lcd) and
= distanceto water(m)

Consumptionandcollection times aresummarisedbelowfor different levelsof
service.

Table 5 ConsumptIon,Coflectlon Timesand ServiceLevels

Service Level Consumption
(Lcd)

Collection Time

Unit
(mm/lcd)

Total
(mln/iflh/d)

Facility Access
Rmaz (m)

Yard Taps
Standposts
Standposts

15
100
250

64
• 44

35

0.73

1.111.43

47

49
50

Table 5 indIcates that housholdswith improved accessusemuchthe same
time to collectmorewater.

6. VALUATION OF COSTS AND BENEFITS

6.1 Cost Estimates

PipedSchemes; Experienceto datesuggestthat communitiesselectthebest
level of serviceavailableto themfor theCWSPIJcostcontributionof Ra.4,900
per householdeg.wherethesourceIscloseto thevillage theyoptfor yardtaps
Insteadof standpostsandvisaversa.Furthermorethis seemsto beresulting
In a mix of about2/3 standpostsand 1/3 yard tap schemes.

Eq 3a
Eq3b

T
Tav
T
Tav
t
Q
R

4eu~~Scwi~ .b~ef4aNd eda� (~8N~Td(dI4N~
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This Indicates the present level of funding Is about right and only a small
increasewould be required t’i promotewidespreadinstallation of yard taps
‘whereversufficient waterIs available.Costestimatesare summarisedbelow :-

Table 6: Cost Estimates for Piped Schemes

Deicription of Item Standposts

Present

YardTaps

Present Proposed

Present CWSPUcostcontributIon
Increaseddesigndischarge

Sub-totalCW5IPU costcontilbuUon

4,900
none

4,900
none

4,900
1.600

4.900 4,900 6,500

Value of unskilledvillage labour
Provisionof Individual cotmecUons1)

Sub-totalc’-omrnunity contribution

2,450
none

2.450
5,000

3,250
5,000

2.450 6.450 8,250

Life cycle O&M (allow 10%)

TOTAL ECONOMIC COST

650 1.150 1,450

8.000 12.500 16,200
Nöi~E~: 1 i ne previous Cö~t csum~te01 is. ~.uou per nousenorn or we provision of

Individual connections(Cowater 1991)soundsexcessiveandshould be checked
ihwrver It provides a suitably conservativebasis for assessingthe benefitsof
yard tap schemes.

Shallow Wells; The CWSPUcostcontribution of Rs.4,900 perhouseholdwas
justified (CWSPU 1993) on the basisof the target communitycontribution of
20°,b(IBRI) 1992). The value of unskilled labour Is now found to amount to
about 33%. ThIs representsan effective increaseIn the capital costof wells.
Furthermore experienceIndicates the actual cost of shallow wells is even
greater (by about 25% ?) and the target coverage of 4HHs/SW can’t be
achieved. These effects are Illustrated in Table 7.

Table 7 : CostEstimatesfor Protected Shallow Wells

Descriptionof Item Unit Original
(CWSPU 1993)

RevisedEstimates

Labour Cost

Coverage
CWSPUContribution
Coniinuiiity Contribution

HI-I’s/SW
P.s/HH
Rs/i1i’l

4
4.900
1,225

4
4.900
2,450

5
4,900
2,450

CWSPContribution
CommunityCon~trthutton

Total CapitalCost
Life Cydc O&M Cost (10%)

RsfS~V
Rs/SW

P~s/SW
P.s/SW

19,000
4.900

19,600
9.800

24,500
12,250

24.500
2.500

29.400
2,600

36,750
3.250

TOTAL ECONOMIC COST Rs/SW 27.000 32.000 40.000

e~�e~d�~~
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The RWSE has agreedto review requirementsand preparepractical cost-
effectivewell designsfor a rangeof situations. In the meantime the present
analysisIs basedon economicwell costsin therangeRs.32,000to Rs.40,000.

Tubewells; The following costestimatesareavailable:

Table 8 CostEstimatesfor TubeWdllaequippedwftk Handpumps

Descriptionof Item NWSDB Cowater1991

Well Drilling andConstruction
Supply and Installation of handpump
Rig Depreciation
GOSL CostContrlbuUon
Community Contribution (Apron ConstructIon)

Total Capital Cost
Abortive Drilling (nominal allowance)
Life Cycle O&M Costs(Cowater 1991)

30.000
25,000
23.000
78,000
6,500

84.500
5.000
13,500

91.800
7,700
13.500

TOTAL ECONOMIC COST 103,000 113,000
bEe t~v3u~iv.ilues are actual Iuirgcs which aje likely to be suL~lchlsrd

6.2 Valuation of Benefits

The analysis of the associationbetweenaccessto water and consumption,
presentedIn Section4 above,allows explicit recognitionof thecentralIssueof
the tradeoffbetweenincreasedconsumptionand decreasedtime savings.

The fact that householdswlthlrnproved accessuse much the sametime to
collect more water is strong evidencethat they value the healthbenefits of
increasedconsumption, up to 64 lcd, over time savings. It is reasonableto
assumethat the marginal benefit of increasedconsumptionIs equal to the
valueof time presentlyspentIn collectIngwater i.e the benefitsof consuming
23 lcd are equal to the cost of spending 1.582 mm/I x 23 lcd = 36 mcd
collecting water. This Is a marked Improvementon the previous approach
which requiredan arbitary assumptionregardingthevalue of Qav regardless
of access.Thetwo approachesarecomparedbelow for thenormal situationi.e.
shallow wells, tube wells and standpostswith adequatewater supplies.
Standposlswith limited water supplies and yard taps are consideredIn
Sections7.4.2. and7.4.3 respecthrely.

Vts = 1395 Qav (1.582 - 0.3025 Rina,c°2~) from Eq. 1 and
Vct = 1395 (1.582 x 151.1 Rmn~°2~45.7 Rmax°°~5)from Eqs 2&3
Vts = Previousestimateof the NPV of time savingsbenefits
Vct = [rnproved estimateof the NPV of consumpiion benefits

lessthe costof time spentcollectingwater.
gay = consumption(previously assumedto be the averageof presentand

targetvalues i.e. (23+45)12 = 34 lcd regardlessof access).

t~fttIiw.t~iv~Sew~e Aeoe4aacd ~at d.cd4~~i~a P~qe I’S
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The aboveequationsare illustrated In Figure 3 and are both basedon the
following reasonableassumptions -

• Inflation since1991 = 10%
• Averagefamily size = 5.5 persons/HH
• Opportunity cost of labour = 5 Rs/hr.
• Annual recurrentcostsandbenefitsdiscountedat 10% over

20 years.

q
1~l

Es

zç~

C

0

I FIgure 3 : Comparisonof the

L Improved

Valuation
Access

of the Benefits of

Table 3 Indicates that the conventional valuation of time savings benefit
substantiallyunderestimatesthebenefitsofIncreasedconsumptionassociated
with Improvedaccessparticularly the provision of yard taps.

3

I
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OPTIMUM SERVICELEVELS

..1 EconomicPerformanceCriteria

Previousanalysis (Cowater 1991 and CWSPU 1993)soughtto maximisethe
valueof nett presentbenefits(NPB). The presentanalysiscomparesthe NPB
with the benefitcost ratio (8CR).

7.2 Protected Shallow Wells

NPB = 1,395 (239.0Rmax°~- 45.7Rmax°°’5)- 4,000CD’ Rmax2
which is amaximum whend(NPB)/dR 0 i.e.
when 1,395(63.6R~2~+ 0.686R°°85)8,000CD’ R3
or whenRm~x= ~8.000~D’ If I ~ approximately

~l,395x63.6 I
BCR = 1,395D (239.0 R’ ~ 45.7R2015~)/4,000C

which Is a maxImumwhen tI(BCR)/dR = 0 I.e.
when Rmax = 1 239.0 x 1.734 \~2~ = 21 im

\~~jK~x2.015~)
i.e. the maximum8CR Is independentof both the costof the well C and
thevillage densityD

.

Table_9:_Optlniwn_Service Levels for Shallow Wells

Criteria Well
Cost

C (Rs)

Village
Density

0
(HR/Ha)

Servfce Level Economic
Indicators

CWSPU
Cost

(Rn/RH)
Access

Rmax(m)
Coverage
(}fflu/SW)

NPB
(Rs/IU1)

BCR
(ratio)

NPBmax 32,000
40.000
40.000
40.000

1.70
3.62
1.70
0.27

71
53
81

233__—

2.1
2.5
2.8
3.7

24,387
32.563
21,149
(1.890)

2.6
3.1
2.5
0.8

9,333
9,800
8.750
6.622

i3CRrnax 32,000
40.000
40.000
40.000

1.70
3.62
1.70
0.27

211
211
211
211

19
40
19
3

9,528
10,226
9,105

(2.091)

6.6
11.3
5.3
0.8

1,032
613

1.289
8.167

CWSPU 32,000
40.000
40,000
40,000
40.000

1.70
3.62
1.70
0.27
0.27

97
74
108
272
250

4
5
5
5
4

22,457
30.036
19.499
(2,299)
(1,980)

3.8
4.7
3.4
0.7
0.8

4.900
4,900
4,900
4,900
5,800
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FIgure 4 : NPB, BCR and ServiceLevels for ShallowWells

C = Rs. 40.000and D 1.70HH/Ha

Table 9 and Figure 4 indicate the current CWSPU cost contribution is
economicallysound.Coveragewill howevervarywith averagewell costbut is
expectedto bebetween4 and5 householdspershallowwell. Thereis a good
caseto he made,on both equity and efficiency grounds,for Increasingthe
CWSPUcostcontributionwhereverit canbedemonstratedthat targetservice
levels (4 to 5 householdsper shallow well) don’t allow water to be made
availablewithin 250m ~~average within the village i.e. wheredwellings are
verydispersed.Thesecasesshouldbe thesubjectofa specialapplicationto the
NSC.

o ‘oo 20o Joe 400
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7.3 Tubewellsequipped with Handpumps

The aboveanalysisis repeatedfor tubewells to allow for
• Increasedwell costsand reducedcoverageand
• TheIncreasedcollectiontime(mm/litre) associatedwith manualpumpir*g

(assumedto be 10%) whIch Implesreducedconsumptionasexperience
Indicates people usemuch thesametime to collect water (mln/HH/day)
regardlessof service level.

NPB = 1,395 (217.3Rmax°~6°-45.7 Rrnax°°15)- 4000C/DRmax2
which Is amaximum when
1,395(57.8 R’2~+ 0.686R°985)= 8,000C/DR3
or whenRmax = 8.000x CD’~ ‘~ approximately

1,395x 57.81

BCR 1,395D(217.3Rinax°266- 45.7 Rmax°°’5)/4,000C
Which is amaximum whenRmax l5Oin

Table 10: OptImumServiceLevels for Tube Wells

Criteria Well
Cost

C ma)

Village
Density

D
(ffHfHa)

ServiceLevels
~

EconomicIndicators CWSPU
Cost 1)

(Rs/HH)
Access
Rmax

(ml

Coverage
(Iil1’s/

TW)

NPB
(Rs/UH)

BCR
(ratio)

NPBrnax 103.000
113.000
113.000
113.000

1 70
362
1 70
0.27

147
101
155
444

9
9
10
13

454
8,253
(577)

(18,447)

1.04
1.67
0.95

NegatIve

5.989
6,533
5.880
4,523

BCRrnax 103.000
113.000
113.000
113.000

1.70
3.62
1 70
0.27

150
150
150
150

9 - 10
20

9 . 10
1-2

447
5.668
(599)

(63,186)

1.04
2.02
0.95
0.15

5,674
2,940
6.189

39.200

cwsru 103.000
113,000
113.000
113,000
113.000

170
3.62
1.70
027
0.27

161
115
168
422
250

11
12
12
12
4

304
7,905
(694)

(18,487)
(26.253)

1.03
1.84
0.93

NegatIve
002

4.900
4,900
4.900
4,900

14.700

tote: I CAISPU cost ( ocs not Includerig depreciation

The results presentedin Table 10 IndIcate that the benefits of providing
tubeweflsequippedwith handpumpsare marginalat best.

However CWSPUand local CornrnLwllIesboth considertuhewells the solution
of last resortandcoverage will be restrictedto lessthan20%.Thus the overall
economicviability of CWSSP is ensuresand the continuedprovision of tube
wells Is Justified to ensurean equitablelevel of servicewhereno otheroptions
areavailable.Table 10 showsthat the targetservicelevel of 12 householdsper
tubewell Is economicallysound (In that it minimizes losses)and resultsIn
CWSPU cost contribution similar to that adopted for shallow wells and
standposls.
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7.4 PIpedSchemes

The aboveanalysisoptimisedaccessto shallowwells andtubewellswherethe
relationshipbetweenunit costs (Rs/HH) and coverage(HH’s/WP) is known.
This Is not possiblefor piped schemes.However there are no significant
benefits In providing staridposts Insteadof shallow wells. Thus the same
expenditureis Justifiedby provisionof thesameaccesstofacilities. Experience
Indicatesthat standpostschemes(4 HH’s/SP)canfrequentlybeprovided at a
CWSPUcostcontribution of Es. 4.900.perhousehold. Different facilities and
levels of servicearecomparedbelow.

Table 11: NPB, BCR andFacilities for Piped Schemes

Facility
Beneficial
Consumption

Q (lcd)

Economic Indicators

Costs
(P.s/HH)

Benefits
(Rs/RH)

NPB
(Rs/UB)

BCR
(ratio)

Yard Taps

YardTaps

Yard Taps

St.andposts

Standposts

60

60

45

39

30

12,500

16,200

16,200

8,000

8,0O0

75.218

75,218

42,115

27,479

13,137

62.718

59,018

25.915

19.479

13.137

6.0

46

2.6

3.4

2.6-

Notes: 1. Standpostbenefits(45 lcd) from Table9 (4 HI1’s/S\V)
2. YTbenefits 1.395x 64 x (1.582 - 0.3025x 15°~)
3. SPbenefits 1.395x 30 x (1,582 - 0.3025x 97°~’)for 30 lcd

Interpretationof Table 11 leadsto the following conclusions:-

• Theoptimal service level for piped schemes depends on water availability.

• Theprovision ofyard tapsIs optimalwhereversufficientwateris available

• The beneflts of yard taps are extremely robust and GOSL would be
JustifiedIn Increasingthe CWSPUcostcontribution to encouragetheIr
wlderspreadadoptionwhereversuitable.CWSPUcostcontributionof Es.
6.500perhouseholdIs recommendedfor yard tap schemes.

• Wherewatersuppliesare extremelylimited time savingsbenefitsjustify
the provision of Improvedaccess (4 l-ll-I’s/SP or Rmax= lOOm) evenwhere
consumptIonIs restrictedto 30 lcd.
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8. DESIGN CRITERIA FOR PIPED SCHEMES

8.1 DESIGN POPULATION AND SCHEMEEXPANSION

Experienceto dateIndicatestheavailablewatersuppliesarefrequenUylimited
and communitiesarejustified In decidingto supply the existing population
without provision for schemeexpansion.Therefore, the following valves of
consumptionanddeslgndIschagedo not Includean allowancefor population
growthasIs conventional.

The following methodsareappropriatewherewatersuppliesare adequateto
allow for future expansion:-

• Increasethecapacityoftheentiresystemby afixed amounteg.30%.This
Is the conventional approach.

• Identify the likely area of future expansionand increasethe capacity of
the systemservingthis areaonly asillustrated below.This method Is to
bepreferredas it makesexplicit the allowancefor future expansion.

/>ir~’c4~Cc.f~C/
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N � Qr/kqc Where

f~o/y ~

schemecoverage(persons)either now or after
futureexpansion
safe yield or reliable discharge(ips) I.e. the
minimum flow anticipated over the life of the
schemeand

= percapitaconsumption(lcd) which varies with
accessto water
factorto allow for leakageandwastage.

Agency Rznaz(m) qc (lcd) 1) DesIgn (lcd) k

WHO 250 35 45 1.29
SRTS 150 40 50 1.25

CWSPU 100 45 ADOPT 1.33
~ourèe Wi-lu = Jon an 1980 and SKIS Appendix I)

Notes: Consumptionqc = 151.1 Rnax°2~

CWSPUhasexperiencedsomedililculty In estimatingthereliabledischarge(Qr)
and existing proceduresneed to be Improved perhaps by deriving unit
hydrographsfor eachzone.

It shouldalsobenotedthatthe abovemethodputs somepressureon theCBO
to distribute waterequitably during the dry system.

Iweâ ~d ~ é.~da1I~ P�~e20
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8.2 WATER SUPPLY SCHEME COVERAGE

The yield of a water source varies throughout the
yearandfrom yearto yearasIllustrated opposite.

The following method is proposed to determine the
maximumschemecoveragewherethewater supply
Is limiting.

/

N

Qr

qc

k

The valueof k Is estimatedbelow.





8.3 THE SYSTEM DELIVERY CAPACITY

It Is alsoproposedthatthesystemshouldbe
designedto deliver more than the reliable
dischargeQrasillustrated oppositewhere:-

Qd design discharge (ips)

This has two advantages
summarisedbelow

which are

• Allows for some Inequity In water
distribution and consumption during
the wet seasonand

• Fully utilizes the available water and
purposeseg. vegetablegardens.

allows for some use for other

It Is proposedthat thedesigndischargeshouldbeatleast25%greaterthan the
reliable discharge.This leadsto thedesigncriteria summarisedbelow :-

-‘-

Table 13 Summaryof Proposed DesignCriteria

Facility Water Supply I Consumption
qc (lcd)

Max.
Coverage qr

(lcd)

Mm. Design
Disc. qd (lcd)

Yard Tap
Standpost
Standpost

Adequate
Adequate
Adequate

60
45
30

80
60
40

100
75
50

Oft~h*u,~Sewice 2e~e4~d (~at md~ct~ ~‘a~e 21
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Appendix A
SYSTEMATIC LEARNING WORKSHOP

Interim Mission 23 and 24 June 1994

Sw,una4~joj P4oceedi#z94

Participants: Interim Mission: Mr. KM. Minnatullah
Ms. SumuthaChakravarty

CWSPU: Director, DDCD and MIES (CSP)
TSC: MTSC, MES and TIES

PuRPOSE OFTHE WORKSHOP

Theworkshopwasseenasan opportunity to discussthe strengthening
of the CWSPU M&E system or the setting up of a “Learning,
DocumentationandDisseminationUnit” with full-thne researchofficer
to maintain the analytical rigor and to co-ordinate systematic data
collection, recording, analysis, feedback, documentation and
dissemination.

The feasibility of computerizing the entire system was also to be
discussed(Interim MissionDiscussionPaper).

2. REVIEW OFTIlE DISCUSSIONPAPER

2.1 What is SystematicLearning?

Systematic Learning was defined as a continuous processof applied
research to test the hypotheseson which the SAR was based and
document the key lessonslearned as a basis for refined project and
program design.

It was agreedthat a flexible learning framework is required if the key
lessonsareto emerge.The termstructuredlearning is too indicative of
a mechanical process.CWSPUwere,however,concernedbythe following
proposals

• “Computerization of the entireprocess“which is indicative of a
mechanicalprocessand

• Qualitative monitoring, as an alternative to structured learning,
lacks the key ingredients of learningdiscussedbelowi.e. analysis
andparticularly interpretation.

~ WtL4~
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Systematiclearning seemsto best describe the intended process.
Severaldistinct activities, with differentpotentialsfor computerization,
were recognizedand aresummarisedbelow.

Proposed Frameworkfor Systematic Learning

Activity Potential for Computerization

1. Quantitative Monitoring
2. Qualitative Monitoring
3. Analysis
4. Interpretation

YES MIS databaseessential
YES document ifies desirable
YIN potential for somebut not all
NO the computercan’t thinic

Interpretation of Experience is considered the key ingredient of
structuredlearning andrequiresacombination of :-

• Rigorousanalyliticalability(qualitativeandquantitativedata)and
• Practicalfamiliarity with CWSPUproceduresandprocessesand

preferably direct implementation experience.

Interpretation is likely to identify anumberof key issueswhich require
applied researchand analysis which is beyond the realm of routine
monitoring andevaluation.

2.2 Variables for Project Sustalnabillty

CWSPUproposed a revised conceptual framework to emphasis the
critical role of community mobilization in engendering a sense of
ownership and ensuringsustainedoperation andmaintenance.

,t~
4fl4I1~.~QAvtrLuuJ~ ,,id~cL1l~

O&M

Policy Policy

Mobilization

vPP

Demand/Proposal

Construction

Implementation

Use

Preferredby CWSPU Proposedby Interim Mission

O&M
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3. PRESENTSTATUS OF CWSSP

3.1 QuantitativeMonitoring (MIS)

It was agreed that the management information system (MIS) is
operationalwithin CWSPUbut needsto be consolidated.(SeeFigure 1).

• The present systemof monitoring project progress during the
developmentphasewasendorsedby the Interim Mission.

• The same needs to be elucidated, for the construction and
consolidationphases.

• The computer database needs to be developed to allow
aggregation of project data and facilitate program progress
monitoring i.e. for the variousroundsof SSIPand LSIP in each
of the threedistricts.

3.2 QualItativeMonitoring

CWSPUand P0staff havea systemof monthly progressreview meetings
for each of the main programs in each district. The minutes of these
meetings provide a continuous record of implementation problems
encounteredand the measurestaken to resolve them. The minutes of
thesemeetings should be compiled into a comprehensivecomputer ifie
which shouldthenbe updatedmonthly.

3.3 Program Development

The Interim Mission acknowledged that systematic learning has been
taking place within CWSPUandis reflected in successive refinements of
contractual arrangements,processes and procedures etc developed to
support the programsimplementedto date ; Pilot Projects, SSIPRoundi
and LSIP Round 1. Program development is recorded in various
documentsincluding :-

• Supportservicesagreements
• Minutes of consultative workshops with P0’s
• Training material andproceduresmanuals.
• Quarterly progress reportsand
• Internal discussionpapersetc.
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4. ESTABLISJEIM1ENTOF SYSTEMATIC LEARNING WITHIN CWSPU

4.1 ResourceRequirements; It was recognizedthat the presentfull time
staffof the CWSPUandTSC arefully committedto the developmentand
documentationofproceduresandpractices and facilitation of the various
implementation programs. Additional resourceswill be required to
developand operationalizea system of systematic learning.

4.2 ProposedConsultancy; CWSPU was requested to prepare a proposal
and action plan to develop and operationalize a system of systematic
learning using additional consulting inputs. The draft action plan,
attachedasFigure 1, wassubsequentlyendorsedby the Interim Mission.

4.3 Draft Termsof Reference ; The consensus was that the intent of the
Discussion Paper is clear and that it provides adequate orientation to
develop a proposal and implementation plan for the establishment of a
SystematicLearningSystemwithin CWSPU.

4.4 PhasedImplementation; It wasdecided to implement the consultancy
in phasesto allow for
• Regularopportunity for reorientation in the light of feedbackfrom

the stakeholderseg. the next IDA Mission due in late September
1994 and

• The different requirements for systematic learning viz :-

• Present programs involving a desk study of existing
documents supplemented by interviews with key CWSPU
and P0 Staffand CBO membersand

• Future programs requiring an operational system to provide
a continuous record of programdevelopmentand innovation.

The following phaseswere envisagedby the workshop participants

1. Development of detailed TOR basedon the discussionpaperand
preparationrequirementsfor a follow-up project (SAR 1992)

2. Documentationof the Pilot Project experience.
3. Documentation of SSIP and LSIP Round 1 experience and

developmentof an operationalmechanismand
4. Operationalsystemto docwnent subsequentprogram development

andinnovation.

sds/mtsc/sIwl sop/July 20, 1094
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PROPOSED IMPLEMENATION PLAN for

Consolidationof the CWSPUManagementInformation Systemand

Strengthening of the Systemfor Qualitative Monitoring

ACI1VITY RESPON-

SIBILITY

1994 1995
JUL AUG SEP I OCT NOV DEC JAN FEB MAR I APR

CONSOLIDATE MIS SYSTEM
* DevelopProgramReportingFormats MISS ttcrr~~ LEGEND MISS = MIS Specialist TSC

• ReviseProjectReportingFormats DTSC DTSC = Director TSC

* Develop ComputerDatabase MISS gtri.~cz~i DDME = DeputyDirectorM&E CWSPU
* RecruitMIS Co—ordinators DDME r~2~Z1

•

Train MIS Co—ordinators

STRENGTHENQUALITATIVE

MISS
~7.)’5’.x~~
~

MANAGEMENT INFORMATION

MONITORING SYSTEM
* DevelopSL ProposalandTOR

* Recruit5LConsultants

DTSC

DDME

-~a~~<~a
.

• DocumentPilot ProjectExperience Consultants Overlap
* Reviewand Reorientation

* Studyof Group I and LSIP

CWSPU/WB

Consultants :i~t~!:zci’
* Developmentof OperationalMechanism Consultants QUALITATIVE MONITORING

* Reviewand Finalisation CWSPU/WB CC3~
• Initial SupervisionandSupport Consultants

CONSULTING INPUTS

• Expatriate ‘C’’’

* Local Initial Assignment

Continuation
~TCfl CM~~~

LEGEND

CONSOLIDATION of the CWSPU MANAGEMENT INFORMATION SYSTEM (MIS)

To be Developed
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2. Conclusions

3. CostEstimates

4. WaterCollection
4.1 Individual Households
4.2 Waterpoints
4.3 Time Savings

5. Valuationof Time Savings
5.1 Water Consumption
5.2 Opportunity Costof Labour
5.3 Inflation Since 1991
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6.2 ProgrammeCostsand Coverage

“~ e”~~

Q*INAIQJFYf[ ~E~VHt~IE~LThNfl &S

cbwfrnwn Service Le’ri Pa3e I





OPTIMUM SERVICE LEVEL and the BASE CASE

INTRODUCTION

The original benefit cost analysis to determinethe optimum accessabilityservice level for
shallow wells ( Cowater 1991 ) has been reviewed and updated. The following factors
influencethe optimum servicelevel and are reviewedbelow

• Capitaland recurrentcosts
• Watercollection time savings
• Waterconsumptionincreases
• The value of time savingsand
• Inflation since 1991

2. CONCLUSIONS

The resultsof the original and revisedanalysisare comparedbelow :-

OPTD.IUT~.1AccEssto WATER POINTS I
PARAMETER UNIT

OPTIMUM SERVICE LEVEL

Original Improved

Maximum Distance
HouseholdServed
CapitalCost
CWSSPContribution
Net PresentBenefit

m
HH’s

Rs/HH
RsIHH
Rs/HH

188
15

1,500
1,200
6,400

100
4

6,125
4,900
16,430

The following improved level of service is now proposed. It is based on reasonable
assumptionsconcerningthe valuationof time savings benefits.

• Accessto waterpoints 4 HH’s/WP and
• Maximumdistanceto water lOOm

The proposalinvolves additional costsand substantiallyincreasedbenefits.The niost likely
scenrario involves a 10% increase in the CWSSP programmebudget or a corresponding
decreasein programmecoverage.Itis basedon the following assumptions:-

• Averageschemecostsequalto 75% of the maximumCWSPUcostcontributionplus
an allowanceof 33 % for constructionoverheadsand

• The most likely technologymix comrising 75% pipedgravity schemesand 25%
shallow wells.
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3. COST ESTIMATES

Averagewell costs are summarisedbelow. The recurrentcost is the nett presentvalue of
annualcostsdiscountedat 10% over20 years (Cowater1991)

CapitalCost i.e. ConstructionRs. 22,444
RecurrentCost i.e. 0 & M Rs. 2,300
TOTAL Cost per Well say Rs. 24,700

Unit costsmay be estimatedfrom the following formulawhich assumesa uniform distribution
of population around a waterpoint. It also allows for some overlap in coveragebetween
adjacentwaterpointsi.e. the serviceareais not a full circle but is takenas 2.5R2

C 24.700 = 24.700x 10.000 = 58.12x1O6R2
F 2.5R2xl.70

C unit well cost (Rs/HH)
F families served (HH)
R = maximumdistanceto water and(m)
1.7O=averagepopulation desity (Cowater1991) (HH/Ha)

4. WATER COLLECTION

4.1 Individual Households

The original analysis of water collection data (Cowater 1991) suffers from the following
deficiencies:-

• Inspectionof the examplepresentedas Annex I shows a simple arithmetic
error hasbeenmade in extendingthe basis data i.e. the calculation of total
volume collected accountsfor the numberof collectorsper householdbut the
total collection time does not. i.e. the averagecollection time for 0 - 15m is
simply (3.4+3.5)/11.6=0.6 andnot 0.3 mm/litre as presentedin the 12th
column (Annex 1).

• The analysisof time savings doesnot accountfor the population distribution
around the water point i.e. for a uniform populationdensityonly about25%
of householdshaveaccessto water within half the maximum distance.

The revisedestimatesof watercollectiontimes, for individual households,arepresentedin the
following table. Disaggregateddata on waiting and trevelling times is presentedas Annex 2.

The previousanalysisunderestimatedthe time savings benefitsof high service levels and vis
versa.This is illustrated in the figure presentedin section4.3 below.
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SUMMARY of DATA on WATER COLLECTION TIMES (mm/I)

SCHEME
TYPE

DENSITY
(HH/Ha)

DISTANCE TO ACCEPTABLE
SOURCE(m)

UNACCEPT
ABLE
SOURCE 1)

0-15 15-150 50-150 150-250

SHALLOW 3.62 0.59 0.98 1.31 3.08 1.63
WELLS 1.06 0 66 0.90 1 02 117 1 38

0.52 0.83 1.03 1.21 0.90 1.40
0.27 0.42 0.92 1.31 1.80 2.09

Weight Av. 0.626 0.954 1.212 1.585 1.570

PIPED 1.74 0.62 NA 3) 1.22 1.13 1.64
2) 1.53 0.57 1.20 2.02 1.57

0.54 0.38 0.81 1.80 1.59

Weight Av. 0.520 1.094 1.802 1.589

ALL Weight Av. 0.573 0.931 1.183 1.637 1.582
ource: Recalculatedfi~omCowater 1991

Notes 1) Includes many sources closer than 250m but adjudged unacceptable on the basis of
quality considerations eg.unprotected shallow wells

2) The 1.53 HHJHa data relates to pumped schemes,otherdata are for gravity schemes
3) The 15 - 150m class interval wasused for piped schemes

WATER COLLECTION TIMES for INDIViDUAL HOUSEHOLDS

INTERVAL AVERAGE INTERVAL AVERAGE
D (m) T* (mm/I) D (m) T* (mm/I)

0 - 15 0.573 0 - 15 0.573
15 - 50 0.931 0 - 50 0.8236
50- 150 1.183 0- 150 1.0632
150-250 1.637 0-250 1.29272

VARIABLE FORMULA EQUATION

Linear Exponential

T*
A
T

AID 1)
~ T dD

basiceqn.

a + V2bD
aR + ‘/2bD

2
a + bD

(alb+ 1)D”
(aIb+1)Db~

aDb
Note I From regressionanalysus
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4.1 Individual Households(Ctd.)

Regressionanalysis resultsin the following equations :-

T = 0.6060 + 0.005715D and
T = 0.34497D°280~where
T = watercollectiontime (minll) and
D = distanceto water (m)

The exponentialequationanddistanceto waterexplain99% of the variation in water collectiontimes for
individual households.The correspondingvalue for the linear equationis 96% which is not statistically
significant at the 1 % level.

4.2 Waterpoints

The aboveequationsneedto be modified to accountfor the distribution of population arounda waterpoint
i.e. for a uniform population density only about25% of people have accessto water within half the
maximum distance.

[ AVERAGE WATER COLLECTION TIMES from a WATERPOINT

VARIABLE FORMULA
EQUATION

Linear Exponential

T
V

Tav

DR
~ R

0irR~dT

T-V/A

1) a+bR
V3irbR

3

a+2f
3bR

aRt’
7rabR b+2

b+2
2aRb
(b+2)

Note 1. From table above

The modified equationsare summarisedbelow :-

Tav
Tav
Tav
R

0.6060 + 0.003810R and
0.302519R°

28065where
averagecollection time (mm/I) and

= maximumdistanceto water (m)
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4.3 Time Savings

Time Savings(Ts) arecalculatedsimply as the differencebetweenwatercollectiontimes for unacceptable
sources(seetable above)and the improved level of service :-

Ts = 0.976 - 0.003810R
Ts = 1.582 - 0.302519R°2~

Thedifferencebetweentheresultsof thepreviousandpresentanalysisis illustrated below.

1.0

08

0.6

04

0.2

0

Revised Analysis

Ts = 0.976— 0.004 R

C

E

0
z
>
C’)

w
I—

z
0
I—
C-)
w
-J
-J
0
C.)

Original Analysis

Is = 0.435— 0 00074A

MAXIMUM DISTANCE to WATER R (m)

1 COMPARISON of WATER COLLECTION TIME SAVINGS 1
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5. VALUATION of TIME SAVINGS

Vs = 5.5 x 7.58x (365/60)Cw Cl Ts
= 253.6CwCITs
= nett presentbenefitof time savings

Ts = averagetime savings
Cw = waterconsumption
Cl = opportunity cost of labour
5.5 = averagefamily size
7.58 presentvalvediscountingat 10%

5.1 Water Consumption

(Rs/HH)
(mm/I)
(lcd)
(Rs/hr)
(No/HH)
over 20 years.

The CWSSPis designedto increaseconsumptionto 45 lcd (World Bank 1992). This is consistant
with modernpracticeto maximizethe healthimpactof watersupply schemes.Health benefitsare,
however, difficult to quantify. The above analysis implies health benefitscompensatefor the
additionalcollection time associatedwith increasedconsumption.Presentwaterconsumptiondata
are summarisedbelow.

SUT~IMARYof DATA on PRESENT WATER CONSUMPTION (lcd)

SCHEME
TYPE

DENSITY
(HH/Ha)

DISTANCE TO ACCEPTABLE SOURCE (m) UNACCEP
TABLE
SOURCE0 - 15 15 - 50 50 - 150 150 -250

•

SHALLOW
WELLS

3.62
1.06
0.52
0.27

27.7
23.6
27.6
24.1

30.6
28.0
29.4
24.4

32.1
23.6
27.9
24.6

13.0
20.4
28.0
26.8

22.5
24.2
23.5
21.0

Weighted Av. 25.8 28.3 27.1 23.5 23.0

PIPED 1.74
1.53
0.54

20.2
23.6
22.1

NA 20.4
24.6
17.8

41.4
24.5
18.0

22.1
22.4
22.1

WeightedAv. 22.2 21.2 22.3 22.3
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5.2 Opportunity Cost of Labour

ORIGINAL VALUATION of TIME SAVINGS

USE of TIME SA’% ED PROPOTION
%

VALuE
(Rs/hr)

~~EIGHTED
(Rsfhr)

IncomeEarning
Housework
LeisureActivities

43
42
15

5.0
2.5
zero

2.15
1 05
zero

TOTAL 100 3.2
S~iur~~(.,~ jier I 9~I

It hasbeenarguedelsewherethat valuejudgementsarein appropriateandall time savedshouldbe valued
atthe real wage rateof Rs. 5.0 per hour (Coffley 1992)

5.3 Inflation Since1991

The analysismight also accountfor the significant iflation, in the cost of materialsetc, since 1991.
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6. IMPACT of IMPROVED SERVICE LEVELS

6.1 Nett PresentBenefits (B)

B = PresentValue of (Benefits - Costs)

= 253.6 Cw Cl (0.976 - 0.003810R) - 58.12 x 106 R2

= 253.6Cw Cl (1.582 - 0.3025R°28065)- 58.12 x 106 R2

The NPB is maximisedwheredB/dR = 0 i.e when :-

R 2x5S12x106
253.6 x 0.003810Cw Cl

= 493.7 (Cw Cl )~/3

= 895.2 (Cw Cl) -1t2 28065

linear
exponential

The effect of a rangeof reasonableassumptionsregardingthe valuationof time savingsbenfitsis reviewed
below :-

Note Sourceof original relationshipCowater 1991

The following improved level of service is now
sustantially increasedbenefits.

• Accessto waterpoints4 1111’s
• Maximum distanceto water lOOm

proposed.It involves additional costsand

) 1/3

VALUATION ~.rBENEflTS OPTIMUM ‘ERVICE LEVEL

\\dIv~r

Consumption

(lcd)

~alu~ ,iI
Time

Say.
(Rs/hr)

Irtljlii:.r.
since 1991

(%)

Timc Sj~..
Distance

Relationship

Mj~imum

Distance
(m)

Fjm~lit-~
Served
(HHs)

C.~~it~l
Cost

(Rs/HH)

CWSSP
Contnbution

(Rs/HH)

Md\Imum
NPB

(Rs/HH)

23 3.2 0 original 1) 188 15 1,500 1,200 6,400

23
23
34

3.2
5.0
5.0

0
0
0

exponential
exponential
exponential

137
108
97

8
5
4

2,800
4,500

5,600

2,240
3,600

4,480

3,969
8,327

14,935

34 5.0 10 exponential 97 4 6,125 4,900 16,429

34
34

45
45

5.0
5.0
5.0
5.0

25
0

0
25

exponential
exponential

linear
exponential

97
84

84
84

4
3
3

3

7,000
7,500
7,500

9,375

5,600
6,000
6,000
7,500

18,669
20,044
22,173

27,716
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6.2 Programme Costsand Coverage

AVERAGE UNIT SCHEME COSTS (Rs/HFI)

COST COMPONENT

ORIGINAL PROGRAMME IMPROVED

Piped Wells HP Tube Piped Wells
Wells Wells

Max. Direct Cost 6,000 800 2,270 3,100 4,900 2,300
ConstructionOverheads1)

Max. SchemeCost

2,000 270 760 1,000 1,600 750

8,000 1,070 3,030 4,100 6,500 3,050
Av. SchemeCost 2) 6,000 800 2,270 3,100 4,900 2,300

Sources : World Eank 1992 and present analysis
Note: 1. Overheadsat 33% of direct costs.

2 Averageschemecostsat 75% of maximumcosts

ESTIMATED CWSSPPROGRAMME COSTS(MRs)

ORIGINAL TECHNOLOGY MIX i.e

TECHNOLOGY

PROGRAMME Proporlion of Piped Schemes

Coverage Cost 100 75 50
(HH’s) (MRs)

Piped Gravity 31,200 187.1 541.0 405.7 270.5
Shallow Wells 52,800 42.1 - 63.5 127.0
HandpumpWells 1,900 4.3 - - -

Tube Wells 24,500 75.8 - - -

Pumpedi.e. Small Towns 13,700 163.9 163.9 163.9 163.9

BUDGET REQUIRED 124.100 473 2 ~‘O-I‘-) 633.1 ~6I 4

BUDGET AVAILABLE S~4 SS 4 582.4 S~24
S.’r~e ~%‘~.~ii.1~ ~

The abovetableshows that the most likely scenario,wherepiped schemescomprise75% of the
total would require a 10% increasein the programmebudgetor a correspondingdecreasein
programmecoverage.

ANNEX 1 : Example of Previous Extension of Water Collection Data
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Well Water Collection Data - Population Density 3.62 HH/Ha
15 Meter Time Savings

ACC — the acceptable distance weigniad avalage UNAC ihe unacceptable distance anø source type weighted average

TSO lime saved on the original volume of waieq TS1 time s.,vod on the incremental volume of weter

ITS — (olsI time saved inclusive of volume. I3TS — gross tunis ,av~,deicclusive of ‘olum.

Oi.i.i,ic. Voium.(T,~ Tim./T~,, Wa~dTn~I lot Tiiv. C Co~i.cic. .,iiil TC,IlJ Vohirn. P61 ~te EI1D.Ct.a Wag.; S~no4~ZS TOL%j lye Tiensllit,, I i,iasyee~isvo.u i~ (T~ jr~ s

o . ‘5 it 6 34 35 7’ 20 ‘676 62 Ii_ij ~ 0 Si 0 031 375 .__2.!, ~ 4 772

— 2 65 dl ~I 20 ‘760! SI! ooo eat os

jSi~,so— 1521 120 79 951 ‘2 ‘775 541 ‘sI 1663 ii

‘S1—2~C ,05~ 261 62 52 ¶S~ 015 131 SO! 10 tUd 20

I*Jflfll.C.Pl.bi.l 127r 13% 76 62 ‘6~ 2431 SCI soj ~aoo ,ve to

[IJI4AC A to a 29 I 63 6 I 30 I - 56 SO] 93.3 126 2 i 0 00 00 00 00 I 00

50 Meter Time Savings
‘Vo~,,e/T,,O T1m.lT~o Wa~i1T,,~ 1114 T~.ps• Co,i.cio,..plI1 Toi~VcIu,n. 1191 Sb, IE~.o.ci.,oWag. a.sn’p.. &z. Toi.n lye TIm,iLjt,. ie~c~.,n.vi~jVo~ ISO TSt flS iGT~1

0-Is I ito 24. 3s~ 7aJ~ 201 1676 62 itt ~.0 510 03

16—50 129 65! at io .~oi i~oef so 54 200 851 05~ —

ACCB 23 47~ 72 2~)J 17101 It 04! 2t0! ead o’ ~ blOT,40 ,~ 6,0

S1—’SO ¶52 i2Oj 79~ 95 21 779 54 45! 130 603 It

— ,os ~ i I 62 62 I dl 5 6.3 0 1 40 ‘646 20

Uvnac.ot4041 127 ¶31 161 52 I 6 1260 96 50 3310 1270 I 0 — —

120 I32~ 76153 ¶6! tOld Sel 1177 1305 to 00 00 00





ANNEX 2: Waiting and Travelling Times for Water Collection

WAITING TIMES for WATER COLLECTION (minhl)

SChEME
TYPE

DENSITY
(HHIHa)

DISTANCE TO ACCEPTABLE SOURCE (m) UNACCEP
TABLE
SOURCES0 - 15 15 - 50 50 -150 150-250

SHALLOW
WELLS

3.62
1.06
0.52
0.27

0.30
0.36
0.38
0.19

0.47
0 37
0.44
0.37

0.52
0.30
0.51
0.33

0.59
0.35
0.35
0.42

0.60
0.46
0.49
0.59

WeightedAv. 0.31 0.41 0.42 0.40 0.53

PIPED 1.74
1.53
0.54

0.44
0.38
0.21

0.73
0.84
0.44

0.17
1.27
0.82

0.61
0.53
0.50

WeightedAv. 0.34 0.69 0.89 0.54

TOTAL WeightedAv. 0.32 0.51 0.52 0.52 0.54

Source: Recalculatedfrom Cowater1991

TRAVELLING TIMES for WATER COLLECTION (nun/I)

SCITEMIE
TYPE

DENSITY
(HH/Ha)

DISTANCE TO ACCEPTABLE SOURCE(m) UNACCEP
TABLE
SOURCES0 - 15 15 - 50 50 -150 150-250

SHALLOW
WELLS

3.62
1.06
0.52
0.27

0.29
0.30
0.46
0.23

0.50
0.53
0.59
0.55

0.79
0.72
0.69
0.98

2.49
0.82
0.55
1.38

1.03
0.92
0.91
1.50

Weighted Av. 0.32 0.54 0.79 1.18 1.04

PIPED 1.74
1.53
0.54

0.18
0.19
0.17

0.49
0.36
0.37

0.96
0.75
0 98

1.03
1.04
1.10

WeightedAv. 0.18 0.41 0.91 1.05

TOTAL WeightedÀy. 0.25 0.44 0.65 1.12 1.04

Source. Recalculated from Cowater 1991

~dz/osISc:

O~,dmw,,Service Level Page 1!





OPTIMUM SERVICE LEVEL and the BASE CASE

Attachement: Optimum Service Level for Tubewells; 23 Sept. 93

Ecomnomlc Tubewell Costs

D Capital Cost RI’ 91 e800 Cowater
o Well Construction Rp 30,000
o Iiandpump Rp 25,000
o Rig Depreciation Rp 23,000
o Apron Construction Rp 6,500

o Total Capital Cost Rp 84,500 NWSDB
o MaintenanceCost (NPV) Rp 13,500 Cowater

ECONOMICCOST Rp 98,000

Nett Present Benefits

B 253.6 Cw Cl (0.976-0.003810R)-230.6x 106 R2

K—I 2x230.6x 106 ~ ~ formaximumB
I 253.6x0.OO381OCwCII

R = 141 m

:::::::::::::lm.::Jr:w:.-::::::::ll, :--:mr:!!!12L!:::

Parameter Unit Time Savings_Realationship

Linear Recommended ~xponentlal

Max. Distanceto Water
FamiliesServed
Contributions: CWSPU

Rig. Dep.
CBO’s

m
liti’s/TW
Ks/Jill
Rs/llU
Ks/Jill

141
8
6,900
2,900

800

150
10

5,500
2,300

650

172
12

4,600
1,900

500

Total CapitalCost
NeLt PresentBenefit

Rs/Il1l

Rs/IiIi
10,600

7,300

8,450

6,200
7,000

5,100

&ds/opst





Appendix C
IMPROVED ACCESS to and CONSUMPTION of WATER

Draft Discussion Paper : MARCH 1994

CurrentCWSPU design criteria have been adopted from the StaffAppraisalReport (IBRD
1992) which specifies:-

Average Daily Design Demand for
Standposts 45 lcd
Individual Connections 140 lcd

Population Growth Factor (1 .7% over 15 years) 30%

• Allowance for Leakage and Wastage 50%

• Peak Factor for Distribution Systems 2.5

CWSPU understand the Mission now propose :-
Individual connections offer additional health benefits and should be promoted in
preference to standposts wherever they can be provided cost-effectively and
The design demand for individual connections should be reduced to make them
more readily available to rural communities.

CWSPU concur and seek the Missions advice regarding appropriate design criteria.
The key issues are reviewed below :-

1 The Benefitsof Individual Connections

Consumption of 45 lcd is the current international standard based on WHO studies
(Jordan 1984). This presumably allows for improved personal and domestic hygiene,
particularly handwashing and flushing of toilets, to optimise health benefits. The Mission
is requested to provide copies of the original WHO studies and details of the Banks
experience.

Household surveys, conducted during the preparation of CWSSP, indicated that water
is presently available within 240m (on average) and that this result in consumption of
only 23 lcd regardless of the type of source or its proximity to the dwelling (Cowater
1991).

However another study of a local scheme, with a reliable supply of water and
comparable service levels (4 standposts serving 18 households with water available to
all households within ZOOm), indicated the following variation in consumption (Danida
1991) :-

45 lcd where water is available within 50m and
30 lcd where water is available beyond 50m

This indicates that the provision of standposts for every four households (i.e 4
HH/Standpost), which make water available within 1 OOm (on average), will achieve a
substantial increase in consumption. However the target consumption of 45 lcd is only
likely to be achieved, by all households, if service levels are further increased viz :-

H = DA and A = 2.5 R2/1O,000 where :-
H = the number of dwellings served by a waterpoint (HH)
D = population density = 1.70 HH/Ha on average (Cowater 1991)

£1’ tv rpIlL ~ ~ t~”l4~ J~)~ ~ .~-4
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A = waterpoint catchment area (Ha)
R = maximum distance to water

= 50m to ensure consumption of 45 lcd (Danida 1991)
H = 1.70 x 2.5 x 50 ~/l 0,000 = 1.06 HH’s/waterpoint.

This implies that the provision of yard taps (i.e 1 HH/standpost) Is required to achieve
the target consumption of 45 lcd for all households. Furthermore the provision of
individual connections is likely to have a direct impact on the inddence of diarrhoea by
reducing the risk of epidemics eg. children using private wells have been found to suffer
64% less diarrhoea than those using communal wells (Bradley and Karunadasa 1989)

2 DesIgn Discharge for Yard Taps

People with individual connections tend to consume more water than people who have
to carry it from the source to the dwelling. Local studies indicate the following values
for individual house connections :-

Consumption from Individual Connections

Type of Individual Connection Consumption (lcd) I)

- Multiple tap house connections
SIngle yard taps supplying household storage

tanks not equipped with float values

I 3 1
144

Source Danida 1991
Note I Adjusted consumption increased by i/O 875 as unreliable supply caused 25% ol households to

use alternatIve sources throughout the year For an assumed 50% oF theIr consumption

This indicates that 140 lcd is an appropriate value to the design of multiple tap house
connections. However the natural’ consumption from yard taps appears to be
intermediate between standposts and multiple tap house connections

3 Other Design Criteria

The other design criteria which affect system capacity and hence cost are reviewed
below.
• PopulationGrowth Factor; In the spirit of community ownership the CBO should

be allowed to decide whether or not to provide for future population growth.
• Leakageand Wastage ; The current average daily demand values quoted above are

based on NWSDB design criteria which ‘include unaccounted water, wastage and
leakage and any further additional allowances are unwarrented”. Confirmation is
sought as to whether the target consumption of 45 lcd also includes a reasonable
allowance for leakage and wastage which amounted to only I 3% in a local system
with adequate service levels and reliable supply (Danida 1991)

• Peak Factors ; Peak demand is clearly related to the service level provided, SRTS
design the system for 0.1 l/sec/stanclpost and assume all standposts operate
simultaneously. This is logical where more than about 10 households are served by
a single standpost but is too conservative for higher levels of service. Study of a local
standpost system, with similar levels of service (4 standposts serving 18 families),
found the peak factor to be 2.85 (Danida 1991). The peak demand for yard tap
systems is likely higher again. On the other hand it seems reasonable to expect
households to draw water out of peak hours to satisfy other than basic needs i.e.
peak demand should be restricted to that for standpost systems.

C~W~\iPl1I~ .v, ~“14~’~/P ~ ~ ~4d. ~





4 ApproprIate Service Levels

It is now proposed that communities should be enabled to make informed decisions
regarding the level of service appropriate to their needs and resources within the limits
spedfied below. The upper limit of design discharge should recognize the following
factors :-
• Consumption above 45 lcd presumably has an amenity value to the individual but

not an economic health benefit.
• Increased System Capacity causes higher costs and tends to reduce coverage.

Preliminary analysis indicated yard tap systems designed for 120 lcd cost about 50%
more than standpost systems designed for 45 lcd.

• Increased Water Requirements reduce coverage where limited water is available.

The lower limit of design discharge should recognize that :-
• Consumption Inequities are inevitable i.e. people in privileged locations will tend

to consume more than others even where the overall water supply is limited. The
provision of yard taps tends to exacerbate such inequalities by facilitating increased
consumption. The inclusion of regulating devices can mitigate, but rarely eliminate,
inequalities. Therefore the design of yard tap systems should allow for some
consumption in excess of the target level (45 lcd) to ensure fledgling CBO’s don’t
become embroiled in conflict resolution.

Proposed Design Discharge Limits

Design Criteria Unit Standposts Yard Taps

Mm Max Mm Max

Average Daily Demand
Population Growth Factor
Leakage and Wastage
Peak Factor

lcd
%
%

%

45
0

15
3.0

45
35
15
3.0

70
0
0

NA

105
35
0

NA

Design Discharge: Av:
Peak

lcd
lcd

50
150

70
210

70
150

140
210

5 Location of Storage Tanks

Storage tanks may be relocated to the downstream end of the distribution system rather
than further upstream as is conventional eg :-

Standposts could be equipped with cistern or
• Yard taps could discharge to individual household storage tanks

equipped with float values to minimise wastage.

The additional cost of providing multiple small storage tanks would be offset by the
saving in the cost of the distribution system which would be designed for the
average demand rather than the peak rate. CWSPU are preparing cost-effective
designs for individual storage tanks and cost comparisons of alternatives.

sds/mtscjm22/Mardi 22, I994,IO4Oam
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AUGUST 1994
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3. Sustainability
3.1 Kandy and Nuwara Eliya
3.2 Matara
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4.3 Safe Yield or Reliable Discharge
4.4 System Delivery Capacity
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PreliminaryEvaluationof 16 SRTS Piped Gravity Schemes

This preliminaryevaluationis basedon a rapid reviewof 16 completed
questionnaires.Theresults aresummarisedin theTable 1.

SUMMARY OF FINDINGS

The preliminary findings reviewed below are significant and warrent
detailed analysis and interpretation on completion of the survey and
availability of results for all 250 schemes.

1.1 Sustalnabllity ; Coveragegenerally increased alter completion of
schemesin Kandy and Nuwara Eliya (one anomaly remains to be
explained)Schemesin Matara,however,displaysaconsistentdecrease
in coverage(average30%!).

1.2 Causes of Decreased Coverage ; The regional differences noted
abovearequite apparentand are likely associatedwith differencesin
waterresourceendowmentsi.e.wateris abundantin KandyandNuwara
Eliya but less so in Matara.The reportingof problemsand constraints
also displaysregional differenceswhich are consistent with the above
interpretation.In particularit seemssystemsin Mataraareconsistently
constrainedby :-

• Shortages of water at the source particularly during the dry
seasonand

• Systemdelivery capacity (design discharge) i.e. indications are
thatmanyschemeshavebeendesignedto deliver 1.24x 30=37.2
lcd which is inadequateto meetpresent demandlet alone allow
for future expansionasintended.

2. RECOMMENDATIONS

2.1 Procedures to Estimate Safe Yield need to be improved. The
development of regional unit hydrographs and improved to techniques
integrateindigenousknowledgeofwaterresourcesshouldbeconsidered
asan alternativeto prolongedflow measurements.

2.2 Design Discharge and SafeYield ; SRTS schemes are designedfor

SafeYield = Design Demand = SystemCapacity

Theabsoluteminimum requirementis 52 lcd to meetpresentdemand.
This should only be increasedto allow for future expansion where
sufficient water is available i.e. safeyield is adequate.

Preliminary Evaluation of 16 SRTS Pipe4 Gravity Schemes Page 2
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Table 1 : Sustainabiity of SRTS Piped Gravity Water Supply Schemes

Scheme

No

Age

~

Design
Discharge

(lcd)

Sustainablllty ReportedCausesof ReducedCoverage

Coverage(Irns) Water Supply
———

1 2 3 4 5

System Capacity
—~—~—

1 2 3 4 5

Social Conflicts
—————

1 2 3 4 5 6 Total
(No)

Add
RCa.

Design Present Change
(%)

3/17 0 60 69 ÷15 / / / / / / 6 0

3/37 14 18 +29 / / / / / / / / / 9 0

7/18 4 240 198 -18 / / / 3 0

7/27 2 42 46 ÷10 / / / / 4 0

7/30 2 31 40 ÷29 / / / / 4 0

Sub-total 387 371 -4 0 1 2 1 1 0 0 2 1 4 0 3 5 1 2 3 26 0

5/01 13 15 / / 1 1 1 1 1 1 1 1 10 3

5/03 10 66 31 -53 / / / / / / / / / / 1 11 5

5/05 7 21 / 1 1 1 4 0

5/06 8 32 24 -25 1 1 1 1 1 1 1 / 1 9 0

5/08 7 63 42 -33 1 1 1 1 1 1 1 1 8 0

5/09 9 40 28 -30 1 1 1 1 1 1 6 3

5/10 72 46 -36 1 1 1 1 1 1 1 1 1 9 0

5/11 6 44 33 -25 1 1 1 1 1 1 1 1 1 1 1 11 3

5/14 4 126 90 -29 1 1 1 1 1 1 1 7 0

5/15 4 63 55 -13 / 1 1 1 1 1 1 7 0

5/18 2 50 42 -16 SaysNo Changein Coverage? 0

Sub-total 556 391 -30 5 7 9 1 3 9 1 6 6 5 2 1 9 3 7 8 82 14

TOTAL 943 762 -19 5 8 11 2 4 9 1 8 7 9 2 4 14 4 7 11 108 14





3. SUSTAINABILITY

3.1 Kandy and NuwaraEIlya

Thefive schemesin KandyandNuwaraEliya reportanaveragedecrease
in coverageof 4%.

The results arehoweverdominatedby a single largescheme(No7/18)
where coverage is reported to have decreasedby 18%. This is an
apparent anomaly which warrents follow-up study based on P1~Aas
indications are that a lack of social cohesion resulted in reduced
coverage.Indicatorsinclude :-

• The evaluatorobservedthereis sufficient water (for extended
coverage?)but much is beingwastedor usedfor cultivation.

• The schemewas extended twice ; once by SRTS, during
implementation to supply a satellite village and later by the
caretakerwithout benefitof technicaladvice.

• This was the only one of the 16 schemesto report a major
breakdown(leakingstoragetankscostingRs. 19,500to repair).
Reportingof this fact is curiousas it wasfunded by SRi’S (not
thecommunity !) and seemsto havebeenremedialworks prior
to commissioning.

The remaining four schemesreport a consistentincreasein coverage
averaging18%.

3.2 Matara

Schemesin Mataradisplaysa consistentdecreasein coverageaveraging
30%. This is substantial and must be cause for concern. A single
scheme(No 5/03) warrents further considerationas it reported an
exceptionalreduction in coveragefrom 66 to 31 householdsassociated
with five illicit private connections.

4. CAUSES OF REDUCED COVERAGE

4.1 RegionalWater Resources
Regional differences in sustainability (change in coverage after
completion) appear to be associatedwith different water resource
endowmentsasillustrated below.

Table 2 : RegionalDifferences in Sustainability andWaterResources

Region Change in Coverage (%) Water Resources

Kandy andN’Eliya
Matara
Badulla

plus 18
mInus 30 I

to beverified

Abundant
Moderate

Moderateto Scarse
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4.2 Reported Problems and Conflicts

The reporting of problems and constraints also displays regional
differenceswhich aresummarisedbelow.

Table 3: Regional Differences in Sustainability andWater
Resources

Problemor Constraint Frequency of Reporting (%)

Kandy+N’Eliya Matara

Water SourceProblems
Dry SeasonShortages
DecliningYields
GeneralShortages
Other Problems

10
40
20

none
20

50
90
70
50
20

SystemCapacity Problems
Delivery Limitations
Other Problems

14
none
17 1/2

54
90
45

Social Conificts
ConsumptionInequalities
Lackof Maintenance
Lackof OrganIzation
Private Connections
ExpansionPressures

23 1/3
100
60
40
20
30

50
90
80
70
30
15

In KandyandNuwaraEliya socialconflicts arereportedmorefrequently
than water supply or system capacity limitations. All five schemes
reported consumption disputes. Evidently consumption inequalities
exist, and cause conflicts, even where overall water supplies are
adequate.

In Matara, on the other hand, water shortagesat the source, system
delivery capacity limitations and social conflicts are all reportedwith
equal frequency. Evidently water availability to consumers is a
widespread constraint. The relationship between sale yield, system
capacityand water shortagesto consumersis illustrated in Figure 1
while the reportedfrequencyof occurrenceand resulting reductionsin
coveragearepresentedin Table4.
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SafeYield Limitation SystemCapacity Limitations SimultaneousLimitations
(Dry SeasonShortages) (ContinuousShortages) (Continuousshortages:

WorstDuring the Dry
Season)

[ FIgure 1: SafeYield, SystemCapacity andWater Shortages

Table 4: Reported Frequency of Limitations andReducedCoverage

Limitation Reporting
Frequency (%)

Average
Reductionin
Coverage(%)

SafeYield of Source
SystemDelivery Capacity
Both SafeYield and Deliveiy Capacity

10
10
80

25
30
32

Table 4 indicates that sale yield and delivery capacity limitations are
equally important in restricting water availability to consumers.

4.3 Safe Yield or Reliable Discharge

The aboveanalysis indicates that water supply limitations arepervasive
in Matara. Furthermore while 40% of schemes report shortages only
during the dry season a further 50% report general shortagesas well.
This indicates extreme water supply limitations which, however, are not
reflected in differences in the reduction of coverage. There are two
explanationsof water supply limitations (CWSPU has experiencedboth
problems) :-

• Consistentoverestimationof saleyield and
• Community pressurefor extendedcoverage

with limited watersupplies.
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4.4 SystemDelivery Capacity

The aboveanalysis also indicatesthat continuousshortagesof water to
consumersare pervasivein Matarabut not in Kandy or Nuwara Eliya.
There are severalpossibleexplanations:—

• General water supply limitations at the source, discussed
above, which implies consistent gross overestimation of sale
yield

• Overestimation of the hydraulic capacity of pipelines. SRi’S
design criteria specify ks = 0.01 mm whereas the hydraulic
chart used for design appears to employ ks = 0.10mm
(Helvetas 1992) The more conservativevalue is recommended
by CWSPU. This explanationis thereforediscountedsubject to
confirmation of the actualvalueof ks usedin designand

• Insufficient delivery capacity(design discharge)to meetpresent
demand.

SRi’S employ the following design criteria and reject the scheme if the
sale yield of the source is less than the lower value of future demand
(Helvetas1992) :-

• Future Demand = 1.24 x 55 = 55.8 lcd normally or
wherewater is scarse=1.24 x 30 = 37.2 lcd minimum

• DesignDischarge = FutureDemand (as above)

There are two alternative methodsof estimating presentdemandwhich
arecomparedbelow :-

Method 1: Based on the Results of the SRTS Survey particularly the
changes in coverage presented in Table 2 above. It requires the
reasonableassumption,which should be verified, that schemesin Kandy
and Nuwara Eliya were designedto deliver 55.8 lcd while most schemes
in Mataraweredesignedfor 37.2 lcd in responseto water scarcity.

Table 5 : Estimate of Present Demand based on SRTS Survey

Region Design
Discharge

(lcd)

Actual
Coverage vs
Planned (%)

Present
Demand

(lcd)

RandyandN~Eliya
Matara

55.8
37.2

1.18
0.70

47.3
53.1

Average Value of Present Demand 50.2
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Method 2 : Basedon the Resultsof Recent CWSPU Research
• Consumption= 151.1 Prnax°266(lcd) where
• Water is available to all householdsservedby a

standpost within Rrnax which is about 150m for the level of
serviceprovidedby SRi’S (8 to 10 per standpost)

• An allowanceof 20%is adequatefor normal
leakageand wastage(Danida 1991 and IRC 1983)

• Demand = 1.20 x 151.1x 150 0.266 = 47.8lcd

Thus the two results are consistent and indicate that the lower SRTS
design dischargeof 37.2 lcd is inadequateto meet presentdemandlet
alone allow for future expansion as intended. What then should be
adoptedas the minimum value of design discharge? The current WHO
standard is 45 lcd (Jordan 1981) which is presumedto relate to the
current target of making water available, to all users of a standpost,
within 250m (NWSD and IRC 1983).This value needs to be revised to
allow for increasedconsumptionfrom the improvedlevel of service:-

II Minimum DesignDischarge = 45 (150/250) 0.266 = 52 lcd

4.5 Community Organization andSocial Conflicts

Thus it would appearthat community developmentand organizationare
not a constraint and the (slightly !) increasedincidenceof social conflict
in Matara reflects the water supply limitations discussedabove.There
us however an apparent need to enable communities to make more
informed choices from amongst a range of practical options and to
appreciatethe managementimplications of eachoption.

4.5.1 Consumption Inequalities appear to cause social tensions
whether water supplies are limiting or not. Some consumption
inequalities are unavoidable (becauseconsumption is related to
access)unlessyard tapscanbe provided.

4.5.2 Private Connections appearto be a responseto water shortages
rather than their cause

• Nonewere reportedin Kandy and Nuwara Eliya wherewater
is sufficiently abundant to supply them and

• 40% of schemes in Matara reported unplanned private
connectionsamounting to about 7% of the design population
in each case. Only one of these schemes,however, was
associatedwith an exceptional reduction in coverage(53%)
which warrentsfurther consideration.
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s~s/mtsc/31crc/Auqust22, 1994





4.5.3 MaintenanceRequirements were obviously not a constraint as
none of the schemesrequired a major repair, costing more than
Rs. 1,000, alter commissioningof the works (seeSection3.1)

5. Further Analysis and Interpretation

The preliminary findings reviewed above are significant and warrent
further detailed analysisand interpretation on completion of the survey
and availability of results for all 2~Uschemes.

In particular it will be interesting to see if the results for Badulla show
a further reduction in coveragecompared with Matara. In interpreting
this information it would be useful to know the designdischarge for each
schemei.e. 55.8 lcd or 37.2 lcd?

In addition CWSPUseek the following minor clarifications of terminology
• Water Supply Facilities (Question 1.02) the meaning of the

rationreportedunderyard tapsis unclearasis theinterpretationof
thedifferencebetweenyard tapsandhouseconnections.CWSPUuse
the following terminology :-

• Standpostsservemultiple households
• YardTaps involve individual connections

and a single tap in the yard
• HouseConnectionsinvolve single or

multiple taps in the home.
• Extensionsand ReducedCoverage; The summarypresentedunder

Question 1.02 often doesn’t tally with reporting under Question 4
and 5 which attempt to measurethe key issueof sustainability. eg.
for schemeNo 5/18 Q L02 indicatescoveragereducedfrom 50 to 42
HH’s but Q5 reports no reduction and identifies no problems or
disputes.CWSPUrecognizethefollowing extensions:-

• Extensionof Coverage(Q 4a) to serveadditionalhouseholds
either with existing facilities or through provision of
additional standpostsand

• Improvementof ServiceLevels (Q 4b) throughtheprovision
of individual connectionseither sanctionedor illicit.

Preliminary Evaluation of 16 SETS Pi~e~~Gravity Schemes - - Page 9
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Conceptual Framework for Hygiene Education

1. Findings and Recommendations __________________

The results of the Kurunegala Study have been reinterpreted and found to be
consistent with the findings of international health impact evaluations. The main
conclusions are summarized below where water supply and sanitation interventions
are listed in the likely order of their impact on diarrhoea morbidity in children.
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The Impact of water Supply and Sanitation interventions

Sanitation and Water Consumption have the Greatest impact

O Provision of improved access to water, fewer users of a waterpoint and
preferably individual connections, to promote increased consumption
and reduce the risk of water borne epidemics.

o Provision of sufficient water and its use for :-
o cleaning and flushing water seal latrines and
o haridwashing with soap after defecation or handling childrens faeces

and before food preparation, feeding, eating or collecting water
o Provision of sanitaly latrines and safe disposal of faeces particularly of

young children and babies and of people with diarrhoea.

improved Water Sources may also have an Impact

o The impact of improved water sources (protected shallow wells, piped
supplies and tubewells equipped with handpumps vs traditional
unprotected sources) increases as other interventions become effective and
environmental contamination and diarrhoea rates are reduced.

o Improved hygiene practices at the waterpoint, i.e. during collection, are
also likely to be effective and CBO’s should be encouraged to sterilize
sources in the event of waterborne epidemics.

Other Water Quality interventions have No Discernable Impact I.e.

o Improved household storage of water and
o Boiling of drinking water
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Mobilization; to create awareness
of both the benefits of, and
stimulate demand for, water
supply and sanitation
improvements

hand (kau~i.ig

liaditional
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- ~ C~..ceptualFrameW~rkfor HygieneEdU~ati9fl I
Project Phase + Purpose Sanitation interventions Improved Access and Improved Water Sources &

Consumption Quality

Faecal - Oral

Transmission
Routes and Barriers

[~ ~

Participatory Planning; to assist
communities in the selection and
location of appropriate water
supply and sanitation facilities

0 Promote the benefits of water
seal latrines where water is
plentiful and

0 VIP latrines where it is not
0 Latrines to be located > 30m

from wells

0 Promote the benefits of improved
access, fewer users of a
waterpoint and of individual
connections (yard taps) in
particular

0 Promote the benefits of schemes
designed to supply at least 45 lcd
and review management
implications where availability is
limiting.

0 Promote the benefits of improved
water sources and the need to
protect them from contamination.

Construction; to promote
appropriate hygiene practices and
reduce diarrhoea morbidity
amongst children.

0 Promote the sanitary disposal of
faeces, particularly of y~ung
children and babies, and of
people with diarrhoea,

0 Promote widespread adoption of:-
o Cleaning and flushing of latrines
o Handwashing with soap after

defecation or handling childrens
faeces and before food
preparation feeding, eating or
collecting_water

0 Establish an early warning system
for diarrhoea epidemics.

0 Encourage CBO’s to sterilize water
sources during epidemics

0 Promote improved hygiene
practices at the waterpoint

Consolidation Reinforcement of Hygiene Practices : Activities to be Defined.





2. Purpose and Method

Partner Organizations have requested a more focused and clearly defined HE program to
facilitate community mobilization (LSIP regional progress review meetings 28 Jan to Feb
1994) This paper has been prepared to provide a basis for the discussion and agreement
of a conceptual framework prior to a three month assignment by the Hygiene Education
Specialist (1 March to 31 May).

In addition the NSC meeting of 1 5 Feb 1994 agreed that the draft HE Policy paper should
be reformulated in the light of the detailed comments provided by Mr. K.A.H. Ranaweera
the Secretaty to the Minister of Housing.

The discussion paper was prepared following review and interpretation of Health Impact
Evaluations (HIE’s) available in the literature. These aim to quantity the associations
between water and sanitation improvements and associated hygiene practices and the
health of the rural population particularly the incidence of diarrhoea (morbidity) amongst
children. The following sources of information were considered. Each offers a different
perspective.

Review of International HIE’s (Esrey et al 1990 and 1991) has been described as the
definitive comparison of the health impact of different WSS interventions (Simpson
1992). It is based on a review of 144 international studies of which 84 were
concerned with diarrhoea morbidity. The findings of six more recent studies were
found to be consistent (Sandiford and Gorter 1992)
The Central Java Cross-Sectional Study (Wibowo and Tisdell 1993) used multiple
regression techniques to investigate the interaction between safe water supply and
sanitation coverage over an extensive area.
The Kurunegala Case-Control Study (Mertens et al 1990 and 1991) warrants
particular scrutiny because
o It is the only comprehensive study conducted recently in Sri Lanka.
o The authors reached the following main conclusions which conflict with the

consistent findings of the international studies cited above :-

• The Impact of Improved Water Sources on Diarrhoea Morbidity
The provision of improved water sources (protected shallow wells, piped supplies
and particularly tube wells equipped with hand pumps), rather than unprotected
traditional sources, is likely to bring about a substantial reduction in childhood
diarrhoea morbidity (Mertens et al 1990 c)
Water Consumption, Sanitation and Diarrhoea Morbidity
Little evidence of confounding of the above association between diarrhoea and
water source was observed (Mertens et al 1990 c) and
Water Supply and Sanitation Interventions and Anthropometric Status
No convincing evidence was found of a rational association between the
anthropometric status of children and water supply, sanitation and hygiene
practices even though such data are though to be indicators of both chronic
undernutrition and diarrhoea (Mertens 1990 d)

o The reported conclusion appears to have had considerable influence on WSS policy
in Sri Lanka. One local NGO, prominent in the WSS sector, promotes the widespread
availability at safe drinking water. The paramount importance of water quality
interventions seems to be the basic premise underlying project preparation for CWSSP
(Cowater 1989) and is reflected in the current hygiene education policy paper.
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3. MethodoJogical Difficulties of HIE’s

Policy makers require an understanding of how the various water and sanitation
interventions interact to improve health eg to develop a conceptual framework for
hygiene education or set priories for applied research.

Unfortunately H1E’s suffer from a number of methodological difficulties (Esrey et al 1990).
In particular there are multiple causes of health problems many of which are ultimately
assodated with poverty. Poorer households are less likely, for example to boil drinking
water, wash with soap or dispose of childrens faeces. Diarrhoea morbidity is likely,
therefore, to be more highly correlated with indicators of poverty than with any
individual hygiene practice even though poverty is obviously not a direct cause of
diarrhoea. There are two basic approaches to HIE’s:-

Case - Control Studies don’t resolve the basic dilemma (Sandiford and Gorter 1992) but
are more prevalent, They evaluate the health status of indMduals in relation to their
access to water and sanitation facilities and hygiene practices. The problem is that this
usually involves a limited number of interventions and simple binary variables eg. :-

o Health Status sick or not sick
o Access to facilities yes or no
o Hygiene practices do or don’t

The resulting statistical models have limited explanatory power as they can only evaluate
the impact of one intervention at a time (n - 1 = 1) while controlling confounding
variables.

Cross-Sectional Studies recognize that water supply interventions often serve entire
communities. They employ multiple regression analysis to develop health production
functions similar to those used by the agricultural and hydrological sciences. These have
the potential to quantify for each intervention, alone or in combination, its health impact
and statistical significance. The method involves continuous variables eg. the proportion
of the community suffering a particular health problem or with access to WSS facilities
etc.

Unfortunately these studies are rare. The problem is that each WSS project or community
represents a single data point. Consistent data are rarely available for an extensive area
and the many variables of interest.

-
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4. RevIew of International HIE’s (Esrey 1 990 and Esrey er at I 991)

The results o184 international HIE’s were reviewed. The median reduction for total child
mortality was 60%. Based on the 6 better studies, the median reduction in total child
mortality was 55% with a range of 20 to 82%.

When all relevant studies were considered, the median reduction in general diarrhoea
morbidity was 22% but the reduction based on the better studies was 26% with a range
of 0 to 68%. It is worth noting that some studies showed no significant reduction. The
results for specific interventions are summarized below

Summary of the Results of Health Impact EvaluatIons of WSS Interventions

WSS Intervention

Health Impact I) Diarrhoea Morbidity impact

Total
Studies

(No)

Positive
Impact (%)

All Studies Rigorous Studies 2)

Sample
(No)

Reduction
(%)

Sample
(No)

Reduction
(%)

Water&
SanitatIon
SanItation 3)
Water Supply 4)
Water Quality
Water Quantity
Hygiene

11
30
43
16
15
6

64
70
56
63

93
100

7
II
22
7

7
6

20
22
16
17
27
33

2
5
2
4
5
6

30
36
17
15
20
33

TOTAL 121 68 60 22 24 26
Source: Esrey et al 1990 and 1991

Notes. I. The health Impacts reported were diarrhoea morbidity and mortality and nutritional status. 84studies
were reviewed I e some reported on more than one intervention or impact

2. Rigorous studies are those that meet specific methodological criteria (Esrey et ai 1990) The better
studies and those conducted in the past few years have both a higher proportion showing a positive
impact (100% for sanitation andwater quantity interventions) and a higher reduction in disease which
may reflect better studies or better projects or both

3 Of the studies that compared the relative Importance of water and sanitation most reported that
sanitation had the greatest Impact on chiid health based on mortality, growth and morbidity
indicators.

4. These studies have been grouped together because it is difficult to know if the Impact was due to
quality, quantity or both. However In the studies reporting a health benefit the water was piped Into
or near the home whereas in those studies reporting no benefit the Improved water supplies were
protected wells, (1) tube wells (I) and standposts (5).

Studies tend to report the reduction due to a single combination of interventions.
Thus the median reductions reported above are not strictly comparable as they are
based on different study samples. Some results are also counter-intuitive eg. the
median reduction due to sanitation alone is greater than the reduction due to the
combination of water and sanitation interventions. This reflects the variability of the
estimated reductions. The results however, support the following conclusions.(Esrey
et al 1990):-
o Safe excreta disposal and proper use of water for personal and domestic hygiene

appear to be more important than drinking water quality in achieving broad
health impact. (particularly in highly contaminated environments where diarrhoea
rates are high)

O Access to water supply should be as close to the home as possible- to foster the
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use of more water for hygiene practices and
0 Hygiene education is necessary to encourage people to use more water for

personal and domestic hygiene.

The above review was extended during the project preparation for CWSSP when
a further six international studies were identified (Sandiford and Groter 1992) The
emphasis was on the impact of water quality interventions. The results are
reviewed below.

RecentStudies Examining the Health impact of Water Quality

Counfry Type of
Improvement

Comparison Observed Impact

China Quality & quantity Deepwell tap water In

house or yard vs surface
water at l0-40m

Reduction oF 38% in
diarrhoea Incidence, 73%
in hepatitis, 88% in El Tor
cholera and 0% in
Shigella

Bangladesh Sanitation, water
quantity, and water
quality

Intervention area with
handpumps, latrines and
hygiene education vs
control areas

25% reduction in
incidence of diarrhoea. No
impact on nutritional
status

Quality only Exclusive wet season use
of handpump water

Not significant

Egypt Quality Tap water versus well
water for drinking

Nil

Malaysia Quality Absence vs presence of
faecal coliforms In water

InsignIficant 23% reduction
in diarrhoea

source

Absence vs presence of
faecal coliforms In drinking

water

insIgnificant 31% reduction
in diarrhoea

Nicaragua Quality Piped water versus
protected wells versus

unprotected wells

Nil

Nigeria Quality Boreholes versus traditional Reduced incidence of

sources dracunculiasis. NIl effect
on diarrhoea.

Source SandiFord and (.,orter I 99L

The above studies indicate minimal health benefits even though they generally
involved major water quality improvements to achieve faecal coliform (FC) counts
close to zero. The review also noted that water quality intervention more likely to
have a positive health impact through reducing contaminations from very high levels
(eg. several thousand FC) to moderate levels (around 100 FC) than from moderate
to low levels. Furthermore such improvements are more likely to be effective where
many families share a water source than where the source is used by just one or two
families. This implies that water consumption and access considerations subsume the
benefits of water quality improvements particularly moderate ones.
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5. The Central Java Cross- Sectional Study (Wibowo and Tisdell 1993)

The following equation was found to explain 75% of the variation in diarrhoea
morbidity within 194 Subdistricts in Central Java.

938.5Wi + 101.55’ where
Diarrhoea morbidity (%)
Safe water coverage (%)
Sanitation coverage (%)

Data on other variables which might be expected to influence diarrhoea morbidity.
were either unvariable or unreliable. The particial regression coefficients are however
significant at the 2.5% and 0.5% levels respectively. The greater variability associated
with water supply interventions may reflect their relative complexity eg. involving
both quality and quantity considerations.

The impact of improved water supplies is nearly five (5) times that of sanitation (1 %
increases in present coverage reduce diarrhoea by 1 .51% and 0.34% respectively)
This subsumes any cost advantage increased sanitation coverage may enjoy. The
potential benefits of full coverage are summarized below and compared with those
reported in case-control studies.

Health Impact of WSS interventions I

Study Type Intervention

Water Sanitation Combined

Cross-Sectional 2)
Case-Control rigorous studies 3)
Case-Control all studies

38
17
16

8
36
22

46
30
20

Not~: 1~Reduction in prevaJ~nceof diarrhoea i~orbIdi~
2. Central Java, Indonesia (Wibowo and Tisdell 1993)
3. Median valve for ngorous studIes from a review of 84 internatIonal studies

(Esrey eta] 1990 and 1991)
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6. The Kurunegala Case-Control Study
(Merteris I 989 arid Mertens et al I 990)

6.1 Purpose and Methodology

The study was conducted between January 1987 and March 1988 and involved case—
control studies of the impact of WSS interventions on diarrhoea morbidity and
anthropometric status of children as well as household surveys of a community
comparison group and microbiological analysis of water samples and faecal spedmens.
The relevant results are presented in several complementaiy papers.

The study was conducted in support of the GTZ Rural Water and Sanitation Project. This
project promoted the provision of wells, particularly tube wells, and was justified in
terms of the health benefits of providing safe drinking water rather than increased
consumption or the time savings benefits associated with improved access to water
(Kumarasiri 1994). The study concentrates on water quality issues and the findings
reflect these concerns VIZ:-

The above conclusions conflict with the consistent findings of international studies
(Sections 4 and 5 above) and were therefore subject to particular scrutiny. Health
indicators and their present status were first considered briefly (Section 6.2). The
published results were then re-interpreted to evaluate the justifications for the above
conclusions.
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Summary of the Main Published Conclusions of the Kurunegala Study

• The Impact of Improved Water Sources on Diarrhoea MorbIdity
The provision of improved water sources (protected shallow wells,
piped supplies and particularly tube wells equipped with hand pumps),
rather than unprotected traditional sources, is likely to bring about a
substantial reduction in childhood diarrhoea morbidity (Mertens et al
1990 c)

• Water Consumption, Sanitation and DIarrhoea Morbidity
Little evidence of confounding of the above association between
diarrhoea and water source was observed (Mertens et al 1990 c) and

• Water Supply and SanItatIon InterventIons and Anthropometric Status
No convincing evidence was found of a rational association between the
anthropometric status of children and water supply, sanitation and
hygiene practices even though such data are thought to be indicators of
both chronic undernutrition and diarrhoea (Mertens 1990 d)





Drought conditions prevailed during the conduct of fieldwork. Monthly rainfall was
consistently below the mean and many traditional sources dried up. This is likely to
have suppressed the impact of water quality interventions and the benefits of using
improved sources in particular. On the other hand the benefits of using improved
sources appear to have been overestimated as liiustrated below :—

Relative Rate of Diarrhoea: Improved vs Unprotected Sources

Type ot~
Source

Sample size Incidence
I (%)

Cases Controls Total

Improved
Unprotected

1.561 3,065 4,626
808 1.029 1,837

34
44

Relative Rate ( I improved! I unprotected) - 0.77

Logically the incidence of diarrhoea is the number of cases divided by the ~Q~i
sample and the relative rate is simply the incidence amongst children using
improved sources divided by that associated with unprotected sources. Of the
Children in hospital 44% of those using unprotected sources had diarrhoea
compared with only 34% amongst those using improved sources. Thus the
relative rate is 770!o less diarrhoea compared with those using unprotected
sources.

The authors note that ‘the cross-product estimates the relative rate of disease
among exposed and unexposed rather than the odds ratio (Rodrigues and
Kirkwood 1990)” However the adds ratio is the same as the cross-product of
cases and controls (Fingeleton 1984) and it seems likely that the cross-product
referred to is that between cases and the total sample VIZ:-

(1,561 x l,029)/(3,065x808) = 0.65
(1,561 x 1,837)/(4,626x808) = 0.77

The latter interpretation agrees with the simple rational explanation. The original
authors, however, adopted the adds ratio and are likely to have overestimated
the health benefits of WSS interventions as a consequence.

The relative rates of diarrhoea morbidity reported herein have been adjusted
using the above simple rational explanation. This was not possible for the
relative rates of wasting as the original paper (Mertens 1990 d) contained
insufficient information.
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6.2 Health Indicators and Present Status

Health impact evaluations should be based upon an understanding of the health problems suffered
by the rural population particularly children. Mertens estimated the inddence of diarrhoea to be
of the order of two (2) episodes per child per year based on an assumed average duration of 3
days per episode and the measured two-week diarrhoea prevalence of 7.9% which confirmed the
results of the nationwide DHS study conducted in 1987. This is higher than the country median
of 1.0 episodes per child per year reported by WHO in 1987. This hardly seems to represent the
prevalence of chronic diarrhoea. Nevertheless further corroboration and bases for compailson are
being sought.

Indicators of Nutritional Status of Children

Z Score Indicator of Undernutrition

Description Type

Height-for-Age
Weight-for-Height

Stunting
Wasting

Chronic
Acute

The Z score is described as a standard WHO technique to compare the local population with an
international reference population. The Z score measures the number of standard deviations from
the median while stunting and wasting are defined as two or more standard deviations below the
median. The nutritional status of children is summarized below. The illustrations shows that the
prevalence of stunting increases with age up to about 2 years while wasting may persist a little
longer at least in girls.

Summaryof the Nutritional Status of Children

Parameter Z Scores Prevalence of
Stunting!
Washing (%)Mean Range SD

Height-for-Age
Weight-for-height

-1 .44
-1.13

-5.77 to +2.95
-5.17 to +2.67

1 .33
0.99

34.2
19.3

The study found that 34.2% of children are stunted and 19 3% are wasted. There is considerable
evidence to support this horrorfying conclusion (Daily News 1992. Gamage 1994 and IBRD 1991)
and it appears that most rural children simply arn’t getting enough to eat

Height-for-Age (stunting) is typically taken as an indicator of chronic undernutrition while weight-
for-height (wasting) is considered an indicator of current undernutrition The implication is that
weight-for-height is the preferred indicator of the impact of WSS interventions as wasting tends
to increase following an episode of diarrhoea. Furthermore weight-for-height is a continuous
variable and has more explanatory power than wasting which is a simple binary variable.
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6.3 Impact on Diarrhoea

Reinterpretation of the published results of the Kurunegala Study is constrained by
the focus on the impact of improved water sources (piped suppliers, protected
shallow wells and particularly tube wells equipped with handpumps) compared with
unprotected sources.

6.3.1 Improved Water Sources

The Relative Rate of Diarrhoea Morbidity associated with improved Sources

Variable Unit
Source of Water 1)

TW PS PW IS US

Relative Rate of Diarrhoea
95% C I upper limit

lower limit
Sample Size

Unit
Unit
Unit
No

0.68
0.86
0.51
281

0.77
0.96
0.58
287

0.77
0 85
0.69
4,058

0.17
0.84
0.69

4,626

1.00
NA
NA

1,837

Contamination Source
Mean FC (÷vesonly)
Mean FC (all samples)

(%)
FC count
FC count

52
96
50

77
62
48

95
93
88

90
92
83

98
203
199

Sources. Mertens et al 1990 c (diarrhoea) and Mertens et ai iQOO b (water quality)
Note 1W tube well equipped with handpump . PS = piped supplies

PW = protected well . IS Improved sources . US = unprotected sources

2 The relative rates are all significant at the 99 9% probabIlity level

Children using tubewells equipped with handpumps suffer 32% less (i e. a relative rate of 0.68)
diarrhoea compared with children using unprotected sources and a reduction of 23% is
associated with the use of other improved sources i.e. standposts and protected wells. Mertens
et al concluded that the incidence of childhood diarrhoea could be reduced by these amounts
simply by achieving full coverage of improved sources. The type of water source is, however,
only an indicator of faecal contamination which is itself an indicator of the enteropathogens
which cause diarrhoea viz.

Improved Water Sources

Reduced Diarrhoea
Morbidity

Can a Strong
association be

demonstrated?

Strong
Association

Demonstrated

Reduced Faecal Coliforms

Reduced Enteropathogens

~( The Impact of Improved Water Sources on Diarrhoea Morbidity
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6.3.2 Contamination of Water Sources

The assumed causal relationship between improved water sources and diarrhoea
morbidity should be reflected in a strong association between source contamination
and diarrhoea (the presence of enteropathogens was not measured directly). The
assodation is explored below

of

The Seasonailty of Diarrhoeaand its Association with Contamination

The above figure shows that the incidence of diarrhoea is markedly seasonal. Diarrhoea
increases when it rains. The figure also shows the monthly variation in contamination for
Maho whith is indicative of the general trend in all five areas. (Mertens et al 1 990b) No
assodation between contamination and diarrhoea is apparent i.e. contrary to intuitive
expectation contamination is not seasonal.
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ource figures In Mertens et al I 990a (diarrhoea) and Mertens

Note 1. In M~hofrom February 1987 to January i 988 Indusive

I 990b (contamination)

Contamination of protected wells in Maho explained only 20% of the
diarrhoea and there is no significant association between the two variables.

variation In

The Impact of improved Water Sources In different Areas

Variable Unit Area of Recruitment

W N K M A

Relative Rate of Diarrhoea
95% CI upper limit

lower limit
Sample Size

Unit
Unit
Unit
No

0.19
026
0.13
269

0.87
I 10
0.72
274

0.89
1.10
0.68
289

0.93
1.11
075
415

1.01
1.45
0.57
131

Relative Poiution of Sources Unit 0.51 053 0.41 0.62 021
Sources Mertens et al I 990c (dIarrhoea) and Mertens et al I 990b (water quality)

Note, I W = Wariyapola . N = Nikaweratiya, K = Kurunegala
M = Maho and A = Ambanpoia hospitals

2 The relative rates of diarrhoea are all signIficant at the 99 9% probabilIty level

Clearly there are substantial differences between the five areas

o Children using improved sources in Wariyapola suffer 81 % less (relative rate of 0.19)
diarrhoea compared with those using unimproved sources. Children in Ambanpola,
however, suffer much the same rate of diarrhoea whether they use improved sources
or not.

0 Unimproved sources are more poluted particularly in Ambanpola where mean FC
counts are nearly five times (relative rate of 0.21) those for improved sources.

o Contrary to intuitive expectations there is a negative association between the relative
rates of diarrhoea and polution of sources. If unimproved sources are more poluted
children using them tend to suffer ~ diarrhoea compared with improved sources
eg. in Ambanpola compared with Wariyapola.

The issue of what then causes the very large differences in the relative rates of
diarrhoea between the five areas is considered in the following section.
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The Association between Contamination of Protected Wells and Diarrhoea Morbidity 1)

Variable Unit F M A M J J A S 0 N I) J
inddenceof DIarrhoea cases 78 102 44 29 36 36 46 47 56 64 31 23
Mean FC (all samples) rc 54 79 64 63 66 74 65 62 77 118 136 112

Reinterpretation of the Impact of improved Water Sources

o The general association between improved water sources and reduced
diarrhoea morbidity is spurious and has no practical significance as it is
not confirmed by a positive association between source contamination
and the incidence of diarrhoea in children.

0 Surface runoff is not causing significant polution of shallow wells as FC
counts don’t peak during the wet season.





6.3.3 Environmental Contamination and Rates of Diarrhoea

The Impact of Improved Water Sources In different Areas

Variable Unit Area of RecruItment 1)

W N K M A

Relative Rate of Diarrhoea UnIt 0.19 0.87 0.89 0.93 1.10

lnddence of Diarrhoea

Mean FC count (all samples)
%
FC

27 0
91

34 4
126

45 6
98

35 6
126

59.5
277

Mertens ci al I 990c (diarrhoea) and Mertens Ct al I 990b (water quality)

I W Warlyapola . N = Nikaweratlya, K = Kurunegala
M = Msho and A = Ambanpola hospItals

The Impact of improved sources appears to be very different in Wariyapola compared
with the other four areas :-

o The most significant simple correlation is with the incidence of diarrhoea which
explains 76% of the variation in the relative rate of diarrhoea between the live
areas and is significant at the 90% probability level.

o This is however inadequate to explain the very large impact of improved sources
in Wariyapola as simple linear regression would predict a relative rate of only
0.51% (2.7% incidence) compared with the actual value of 0.19 (which is itself
significant at the 99.9% probability level)

o The most significant simple correlation within the other four areas, is with the
mean faecal coliform count for all samples which explains 97% of the variation
in the relative rate of diarrhoea and is significant at the 99% probability level.

This clearly suggests confirmation of the findings of international studies i.e. water
quality improvements will only produce significant impacts once other inteiventions
have reduced environmental contamination and rates of diarrhoea (Esrey et al 1990).
This is illustrated below.

Relative Rate
of Diarrhoea
improved vs.
unimproved
sources

11 Irn
pact of Improved Water Sources and Rates of Diarrhoea 1]

Pa
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Stratified analysis of 19 extraneous variables found that the following confounded the
association between improved water sources and diarrhoea morbidity :-

Confounding of the impact of improved Water Sources

Simultaneous Logistic Regression I) Test for Homogeneity 2)

5 areas 4 areas

Age
Period of recruItment
Distance from home

Hospital of recruitment
Time of return trip to water source
Latrine Use
Method of childs excreta disposal

58
87
65
999
51
69
36

61

22
82
12
96 *

94 *

15

Note. I. The designated varIables were Induded In the preferred regression equation.
2 IndIcates statistIcal significance at or near the 95% probability level.

The above presentation confirms the different nature of the interrelationship between
independent variables in Wariyapola compared with the other 4 areas.

While the results don’t quantify the interaction of sanitation and water consumption
interventions they indicate they are likely to have a significant impact in all areas
other than Wariyapola. The lack of results from a seperate analysis prevents similar
conclusions regarding the most likely determinants of diarrhoea morbidity.

6.3.4 Improved Access and Consumption of Water

The time taken for the return trip to the drinking water source appeared to modify
the effect of the type of water source. People who took more than six minutes for
the return trip gained greater benefit from using improved sourceS. i.e. they suffered
less diarrhoea. This effect is significant at the 96% level and implies a benefit to
increased consumption although no significant association was found between
consumption and the distance to the source.

The number of households sharing a water source was not considered as a variable.
Data from another case study in a rural village in Sri Lanka are however available and
are summarized below.

Access to Water and Incidence of Diarrhoea (%)

Type of
Shallow Well

Drinking Water Reduction
(%)

Unbolted Boiled

Shared
Seperate

52.1
18.8

25.0
14.3

27.1
4.5

Reduction (%) 33.3 10.7 37.8
Source. Fernando i9&3 quoted in Bradley and Karunadasa 1989

The results indicate that the use of separate wells in associated with a 64% reduction
in the incidence of diarrhoea (from 52.1 to 18.8%). it also indicates that boiling of
drinking water is only marginally beneficial if families enjoy access to a separate
source.
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6.3.5 Sanitation Interventions

Sanitation Practices and Diarrhoea Morbidity in Children

Practice
on

Households Relative
Rate

SignIfi

cance
Cases controls Total

Yes
No

578

837

947

1357

1 .525

2,194 099

No

Yes
No

578
837

947
1357

1,525
2.194 099

No

Faeces Yes
No

97

2.232

301

3.503

398
5,735 063 >999%

Source Mertens 1989

Note I Clinic and community control data on the prevalence of the disposal of chlldrens faeces

In a latrine or day pot

The data for latrine ownership and use are identical. The data appear to refer to
latrine ownership, rather than use as they indicate a negligible benefit whereas
latrine use was found to be a significant confounder of the association between
the use of improved water sources and diarrhoea morbidity.

There was however strong evidence of a simple association between the disposal
of childrens excreta and diarrhoea morbidity. Children whose mothers dispose of
their faeces in a sanitary manner suffer 37% less (relative rate 0.63) diarrhoea
compared with children who defecate outside. The association is highly significant
at better than the 99.9% probability level. This compares most favourably with
the 10% reduction due to the use of improved sources in the four areas other
than Wariyapola.

6.3.6 Hygiene Practices

There is considerable potential for improved hygiene practices particularly those
associated with sanitation and water consumption interventions, viz :-

O Handwashing was practiced by only l6%, and soap used by only 11%, of
respondents

o While 42% of respondents had ‘atrines only 8% used them to dispose of
childrens faeces.

o On the other hand 33% of respondents always boiled their drinking water and
39% sometimes did ; presumably in response to the risk of epidemics.
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6.3.7 Other Water Quality Interventions

Water Collection ; The quality of groundwater available from tubewells was
assessed by sampling after sterilizing the mouth of the handpump. Less than 5%
of samples were found to be poluted and only one FC count in excess of 150 and
two in excess of 50 were found compared with 52% sample polution and a mean
FC count (positives only) of 96 when samples were collected normally. It seems
some polution is taking place during collection but it is difficult to envisage why.

The Effect of Storage and Boiling on Water Quality

Location Variable Unit Source of Water 1)

1W PS PW IS uS

Source Poluted Samples
mean FC (+ves only)
mean FC (all samples)

%
FC
FC

52
96
50

77
62
48

95
93
88

90
92
83

98
203
199

Stored Poluted Samples
mean FC (-i-yes only)
mean FC (all samples)

%
FC
FC

83
64
53

88
99
87

94
101
95

93
97
91

94
144
135

Boiled Poluted Samples
mean FC(+ves only)
mean FC (all samples)

%
FC
FC

42
55
23

53
52
28

53
103
55

52
96
50

54
71
38

Note 1W = lube well equipped wIth iarldpurnp
PS = Piped Supplies . PW = Protected Weli
IS = Improved sources , US unprotected sources

Storage; The above results indicate very little polution is taking place
storage. Furthermore there was no evidence of an association between FC
in stored water and the disease status of children.

Boiling of Drinking Water ; The results indicate the reported boiling of drinking
water is not very effective in reducing polution. There is no evidence of a direct
link between the practice and the incidence of childhood diarrhoea.

e~i~uo~Pape~- Ccsece
1~t~~atO7aamewo4h/04 .d/1~9se4w.&~ca/.as~

JMtc.I4Iazi/A1w43, /994
- -. PaqeJ8

Water
during
counts





6.4 Impact on Nutritional Status

Nutritional status is presented first because the analysis was more comprehensive
and considered a number of WSS interventions whereas the investigation of
diarrhoea morbidity concentrated on interventions which influence water quality. The
results of the associations between WSS interventions and weight-for-height Z score
and wasting are summarized below.

Notes 1 StatIstIcal Significance eg of the assodation between consumption and nutritional status
0.002 = the probability of a general assodatlon between the intervention and
o 34,3 28 = the 95%confIdence interval of the wasting odds ratio

There Is a significant assodation between water consumption and both wastIng and the mean Z score while

the presence of soap shows considerabie promise as a scondary explanatory variable

Pc2qe-19.~hI4c~&o#~2a~e~- C~c~’121a~sI~a,nejtio44/84 ~ edgcd~o~
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Exposure

Impact of WSS Interventionson_Weight-for-Height and Wasting

Outcome Wasting Odds
Ratio

Water Quantity

Consumption

Mean Z Score

Crude Adlusted Crude Adlusted

SIgnificance 1)

Crude

Presence of Soap

<I Olcd

10-20 lcd

>20 lcd

yes

no

Adjusted

1.00

1.06

0.71

1.00

1.18

1.00

I 04

Handwashlng (Food Prep)

1.00

0.84

0.99

1.00

1.52

1.00

0.88

-1.24

-1.02

-1.14

-1.14

-1.20

-l 12

-0.92

-1.03

-0.85

-0.82

-1.04

-1.03

-0.83

yes

no

Sanitation

Latrine Ownership

0.002

0.34,3.28

0.39,1.28

0.99

0.67,2.08

0.27

0.49,2.23

0.02

0.46,1.54

0.66,1.48

0.19

0.58,3.95

0.19

0 39, 1. 19

Disposal of Faeces

yes

no

yes

no

1.00

104

100

0.81

1.00

0 99

I.00

0 82

Water Quality

Type of Source

—I ii

-i.l5

-1.21

-1 13

-0.90

-096

-0.90

-0.96

0.50

0.68,1.57

0.50

0.44, 1.48

0.39

0 29, 1 02

0.62

0.44,1.52

piped

handpump

prot.we II

unimproved

always

sometimes

Boiling of Water

1.00

0.84

0.52

0.67

1.00

0.90

1.00

1.73

1.10

1.29

1.00

0.71

-1.40

-1 07

-1.10

-l 20

-1.12

-l 13

-1.15

-0.96

-0.90

-0.88

-0.99

-1.04

-087

never

0.22

0 00, 1.97

0.09,2 90

006,7.10

0.95

062,1.31

0.47, I 020.69

0.39

029,103

0 20,5 92

0.23,7.12

0.05

0.47,1.05

0 27.0.710.43 -089





Statitled analysis, of the assodation between each outcome and exposure of interest,
were performed to control for possible confounding. The following cofounders were
selected on the basis of the magnitude of the change in the odds ration ; age of the
child, area and month of recruitment, fathers education and employment, mothers
education and size of the families house.

Logistic regression (wasting) and analysis of variance (Z score) models were then
constructed. The first pair of models used all the cofounders listed above and all the
exposures of interest, except the method of disposing of the childs stools. Because
the high cross-correlation is obvious the method of stool disposal replaced latrine
ownership in the second pair of models. The estimates given above are those
obtained from the first pair of models except for stool disposal which is taken from
the second pair of models.

This raises the need for more systematic consideration of the cross-correlations
between independent variables (why recognize the association between latrine
ownership and disposal of stools and not that between handwashing and the
presence of soap etc. ?) in particular the results presented above appear to represent
the difference between samples, eg with and without latrines, with all other variables
adjusted to provide a standard basis for comparison. This approach fails to take full
advantage of the explanatory power of the stepwise multiple regression based on
the analysis of variance (Haan 1977). This procedure consists of building the
regression equation one step at a time by starting with the highest simple correlation
and adding at each step the variable that explains the largest amount of the
remaining unexplained variation (NB. not necessarily the next tested separately for
significance. The procedure continues until all significant variables are included and
all insignificant variables excluded. The original data was amendable to such analysis
as the highest simple correlation is between weight-for-height Z score and water
consumption which are both continuous variables. The other binary variables could
be treated as dummy variables. Unfortunately the original data are not available to
support such refined analysis.

6.4.1 Water Consumption and Hygiene Practices

The most significant simple correlation is between water consumption and the
weight-for-height Z score which is highly significant at the 0.2% probability level and
remains so (2%) after indiscriminate controlling for confounding variables. The
association between water consumption and wasting is also significant (3% simple
and 1 % adjusted) These associations should however be treated with some caution
as it is only consumption above a threshold (± 30 lcd ?) which is likely to be
associated with improved hygiene and impact on health status. Only 44% of
respondents used more than 20 lcd. Furthermore the relationship is unlikely to be
linear but to show decreasing returns to consumption beyond the optimum 45 lcd
established by WHO. This is illustrated below and makes the health impact of
increased consumption difficult to quantify.
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asymptote

Health
Impact

Water Consumption (lcd)

I Conceptual Model of the Impact ol increased Consumption j

The presence of soap in the house also shows promise as an explanatory variable
as it is associated with less wasting and heavier children (mean z score) especially
after controlling for confounding variables. Furthermore only handwashing before
food preparation was considered and the use of soap for handwashing both after
using the latrine and before eating and food preparation is likely to be a more
powerful explanatory variable.

6.4.2 Water Quality and Sanitation Interventions

There is no evidence of a simple correlation between either the weight-for-height Z
score or wasting and any water quality or sanitation intervention. However the
possibility of a secondary association can’t be ruled out without performing the type
of stepwise analysis described above.

It should be noted that there is a significant negative association between health
status and the boiling of water after controlling for confounding variables i.e people
who drink boiled water appear to be more underweight and suffer more wasting not
less of each as might be expected. The authors of the study observe that it is likely
the association arose by chance (Mertens et al 1990d). There may however be a
rational explanation if people who use poor quality water are more inclined to boil
their drinking water and boiling is not entirely effective in eliminating pathogens. This
may also improve the association between health impact and the type of water
source.

sds/i/mtsc/cftiet/ March 2, 1994
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PROPOSEDWELL POLUTION STUDY

25 May 1993

Background

Recentreports found protectedwells, are as polluted with faecal coliforms as
unprotectedwells (Cowater1991 and Haskoning1991 ).

2. Hypotheses

The study is designedto testthe following hypotheses.

2.1 EpidemiologicalRisk

Faecal coliforms (E-coli) analysis alone is an inadequate indicator of
epidemiologicalrisk asboth choleraand typhoid arerelatively fragile organisms
whosesole reservoiris man. (Bradley1977).

2.2 Shallow WellPolution Mechanisms

Theseare three mechanismsof polution of shallow wells each with different
implication for CWSSPprogrammedesign.Theseare:-

• Groundwater polution particularly from latrines where
contaminationis limited to humanwastes.

• Surfacewaterpolution from runoff following rainstormswhich
drains into openwells and is likely to be contaminatedwith both
humanandanimal wastes.Anecdotalevidencesuggestsepidemics
are also seasonal.

• In-situ polution associatedwith unhygienic water extraction
practices eg. contaminationof the bucket. Polution levels would
be relatedto thenumberof users.

2.3 GroundwaterContaminationModel

Groundwater contamination by latrine effluent is influenced by local
hydrageologicalconditionsand thenumberand locationat latrinesratherthan a
single factor. Themodel illustrated in Figure I is postulated.





2.4 SimpleIndicator ofGroundwaterPolution

Not withstanding the abovethere is a need for a simple indicator to predict
groundwaterpolution levelsfor planningpurposesi.e. to locatewells relativeto
latrinesand visa versa.

3. Purposeand Methodology

Theproposedwell study is intendedto : -

• Determinetheseasonalvariationof well polution and theorigin of faecal
contaminationi.e. humanor animal.

• Evaluatethe relative importanceof the alternativethree well polution
mechanisms.

• Verify theaccuracyof theproposedgroundwatercontaminationmodel.

• Test the distanceto the nearestlatrine as an indicator of groundwater
polution.

Measurementof the following variables is proposedto provide a basis for
multiple regressionanalysis.

TABLE I: Variablesto be Measured

PARAMETER UNIT

Symbol Description

F~ Faecalcoliform (E-coli) No! 100mg

F Faecalstreptococci No! 100mg

S Seasoni.e. wet or dry W/D

P Well protection YIN

U Well use HR

k Hydraulic conductivity * rn/day

i Hydraulic gradient ‘I’ rn/rn

h Latrine heightaboveWT * rn

n Latrinesupstreamof latrine ‘1’ No

Distanceto upstreamlatrine ‘1’ rn

d0 Distanceto nearestlatrine * m
.1 — - —.Note : Uroundwaterpolution mode! variablesseeFIg 1.





4. Well SampleSelection

The Selectionof wells requirescareful considerationto ensurea representative
sample.24 shallow wells should be selectedfor study of which 12 should be
adequatelyprotectedad the others should have no effectiveprotection from
surfacerunoff. Thesamplechosenshouldhavethe following characteristics.

TABLE 2: Characteristicsof Wells Sample

Notes: 1.
2.

The simple distanceto
Wetseasonwell users.

Wells in thevicinity of concentratedsourcesof animal wasteshouldbe excludedfrom
the sample.

5. MeasurementofParameters

5.1 HumanFaecalPolution

FaecalColiform (E-coli) analysisis the acceptedtest for recent faecalpolution
while concurrenttesting for FaecalStreptocciallows calculationof the FC/FS
ratiowhich is an indicatorof theoriginof polution i.e. humanor animal.Because
of their survival characteristics,however, faecal streptoccishould not be used
aloneasan indicatorof water quality (Millipore 1986)viz:-

Distanceto
Latrine(m)

1)

SampleSize(No) Well
Users

(HHs)2)

SampleSize (No)

Protected Unprotected Protected Unprotected

0-10

10-20

20-30

30-50

3

3

3

3

3

3

3

3

1

2-4

5-8

9-15

3

3

3

3

3

3

3

3

TOTAL 12 12 TOTAL 12 12

thenearestlatrine is adequate.





TABLE 3: Interpretation of the FC/FSRatio

FC/FSRatio INDICATIVE ORIGIN OF POLUTION

> 4.0 Polutionderivedfrom humanwastes

2.0 - 4.0 Predominance of human wastes in mixed polution

1.0 - 2.0 Uncertain interpretation(samplenearersource)

0.7 - 1.0 Predominanceof animalwastesin mixed polution

< 0.7 Polutionderivedfrom livestockor poultry

Source: Millipore 1Y~b

FIELD TESTING and LAB VERIFICATiON

5.2 SeasonalVariation

FREQUENCYof TESTING (WS and DS)

5.3 WellProtection

Wells should eitherbeadequatelyprotectedor completely unprotected.Partially
protectedwells shouldbeexcludedfrom thesample.Adequateprotectionrequires
provision of the following effectivemeasures:-

• Wellheadi.e. parapetwall and apron

• Lining of the upper well shaftand

• Drainageto divert surfacerunoff
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