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1. INTRODUCTION

1.1. GENERAL

The 12 Sub-DivisionalTownsProject,which is a part of the Netherlands-BangladeshDevelopment
Co-operationProgramme,started in 1981 with the upgradingand expansionof the water supply
systemsin 12 towns (locationsfigure 1.1) amongwhich Habiganj (166 km north-eastfrom Dhaka),
Serajganj (130 km north-westfrom Dhaka at the right bank of the river Jamuna)and Gopalganj
(155 km south-westfrom Dhaka).

On the basisof a waterresourcessurvey, which was conductedduring the MasterPlanningphaseof
the project in 1986, it was decidedto abstractgroundwaterin Habiganj,Serajganjand Gopalganjfor
water supply for reasonsof costs and quality. The socio-economicsurvey (which was subsequently
carriedout) revealedthat the householdsin Habiganj,Serajganjand Gopalganjwerehardly interested
in a house connectionto the water supply system, due to the high iron content of supplied
groundwater(table 1.1.) with concentrationsup to 10 mg/li. Thereforethe systemsin Habiganj,
Serajganjand Gopalganjhavebeenprovidedwith an iron removal plant (IRP).

Table 1.1. — Groundwater guality

Parameter Unit Habiganj Se~ajganj Gopalganj

. depth aquifer (m) >90 <60 53—105 30—40

. pH (—) 6.9 6.8 6.8—7.1 7.4—8.2

. electrical conductivity (pS/cm) 250 320 400—500 1175—1320

. temperature (°C) 24—25 27—29 27 27

. hardness (mg CaCO
3/l) 130 170 200—400 45—220

. Fe(tot)=Fe
2~ (mg/i) 5—7.5 7.5—15 4.2—7.0 3—10

. Mn(tot) (mg/i) 0.1 0.3 0.7—1.5 0.05—1.0

. NH
4 (mg/i) 0.3 0.7 0.2 3

. rn—alkalinity (mmol/1) 3 — 5 10.7

. c1 (mg/i) <5 — 44—54 30—200

. H-’S smell no no strong slight

The preliminary designof the IRP’s was prepared in 1986 by DHV Consultantsand the detailed
designsin 1987by AquaConsultants.Subsequentlywork ordersfor theIRP’s at 1-labiganj, Serajganj
and Gopalganjwere issued. In May 1992, January1991 and June 1990 respectivelythe IRP’s in
Hahiganj, Serajganjand in Gopalganjhavebeentakeninto operation.

The presenceof iron in excessamountcauses:

- taste and odour problems
- stainingof laundry, and rice when cookedin such water turns brown
- obstructionsin the distribution network by precipitatingand forming deposits
- (possibly also) intestinesproblems
The maximum desirableand permissibleiron concentrations in drinldng water are 0.1 and
1 .0 mg/I respectivelyaccordingto the World Health Organisation
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In the period May 1992 technicalassistancehasbeenprovided by DHV ConsultantsBV to DPHE
relatedto:
- the startup of theIRP of Habiganjwhich covered:

the putting in operation
the performanceof severaltrial runs
the monitoringof the waterquality
the preparationof a technicaloperationand maintenancemanual
the introductorytrainingof the operators

- the performancetestof the IRP’s of SerajganjandGopalganjwhich covered:
a generalcheckon the level of operationandmaintenance
the performanceof severalfilter runs
the monitoringof the waterquality

In connectionwith abovementionedactivitiesthe following documentshavebeenused:
- Start Up Plan, Iron Removal PlantGopalganj,June 1990

Technical Operationand MaintenanceManual fir the Iron RemovalPlant in Gopalganj,Final
Version, January1991 -

- Logbook for the Iron RemovalPlant in Gopalganj,January 1991
- Technical Operationand MaintenanceManual ft)r the Iron Removal Plant in Serajganj,Final

Version, January1991
- Logbookfor the Iron RemovalPlant in Serajganj,January1991
- Guidefor Trainingof Operatorsof Iron RemovalPlantsin GopalganjandSeraganj,January1991
- Papersfor Trainingof’ Superintendentand Sub-DivisionalEngineerin Gopalganjand Seraganj,

January1991
- Evaluationof startup of Iron RemovalPlants in Gopalganjand Serajganj,May 1991

- Preliminarydesign 12 SubdivisionalDistrict TownsB-group
March 1985, DHV ConsultingEngineers

- Preliminarydesignof iron removalplants for Serajganjand Gopalganj,December,1986, DI-IV
ConsultingEngineers

- Masterplan andDetaileddesign,final reportHahiganj, 1986,AQUA ConsultantandAssociates
- Technicaloperationand maintenancemanualHahiganj,on productionwells,distributionsystem

and consumerconnections,March, 1990. -

The following documentshavebeenprepared:
- Technicaloperationand maintenancemanual for the Iron RemovalPlantin Habiganj, May 1992,

DHV Consultants
- Logbook Iron RemovalPlantHahiganj, May 1992
- Photoreport Iron Removal PlantHahiganj, May 1992
- Photoreport Iron Removal PlantSerajganj,May 1992
- Photoreport Iron Removal PlantGopalganj,May 1992
- Thisreport

1.2. OUTLINE OF THE REPORT

The nextchaptersof this reportgive an outline of the activities which havebeencarriedout in May
1992, relatedto the start up and the performancetests of the IRP’s. Moreover somebackground
information is provided on the IRP’s.
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- Chapter2: “Basic Designof Iron Removal Plant
Gives the key elementsin the designapproachfor theIRP’s and describesthe systemparts.
Thegeneral setup of the plants andthe main dimensionsand designdataaresupplied.

- Chapter3: “Set up of trial runs and performancetests”
Describesthe trial runsof Habiganjandthe performancestestsat SerajganjandGopalganj.

- Chapter4: “Results of trial runs and performancetests”
Containsthe combinedresultsof thetrial runsof Habiganjandthe performancetestsat Serajganj
and Gopalgan].In the differentparagraphsthe well performance,the waterquality, the aerator
and filter performance, back washing and wash water discharge, and the operation and
maintenanceis presentedand discussed.

- Chapter5: “ConclusionsandRecommendationsfor the next period
Lists conclusionsand proposedactions for the next period.
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2. BASIC DESIGN OF IRON REMOVAL PLANTS

The basicprocessesin iron removalare:
- Aerationto convertthe solubleferrous compoundsto insolubleiron hydroxideflocs.
- Filtration of aeratedwater to removethe formed iron hydroxideflocs in a filter consistingof a

layerof sand.

A safetydisinfectionwith chlorine(in the form of bleachingpowder)of the filtrated water is carried
out to preventbacteriologicalgrowth in the distributionsystem.

To enhancethe sustainabilityof the IRP’s, the key criteria in the designof the IRP’s havebeen:
- easyin operationand maintenance
- applicationof low costtechnologiesin order to enablethe recoveryof operationand maintenance

costs
- applicationof local materials,equipmentand labour to the largestpossibleextent
- presenceof representativesof suppliersof imported equipmentin Bangladesh

The generalsetup of the treatmentplantsof Habiganj,Serajganjand Gopalganjis listed in table2.1.
andthe main dimensionsanddesigndatain table2.2. In ~henextsection,the systemparts,which are
shownin figure 2.1. aredescribed.

2.1. WATER INTAKE

Raw waterfrom theproductionwells entersthedivision chamberwhereit is equallydivided overtwo
units by meansof overflow weirs. The water flow can he measuredwith the help of theseoverflow
weirs (V-notches).For thispurposemeasuringscalesaremountedanda conversiontableis provided
in the Operationand MaintenanceManualsof the IRP’s.

2.2. CASCADES

From the division chamber, the water flows via the V-notches to the cascadeaerators.For iron
removal it is necessaryto aeratethe anaerobicraw water. The atmosphericoxygen broughtinto the
water reactsabovep1-I = 6.5 quickly with the dissolvedferrous compoundsconverting them into
insolubleferric hydroxideswhich can be removed by filtration.

The reactionis: 4 Fe2~+ 02 + 10 H,O = 4 Fe (OH)
3 + 8 I-{~

Manganesecan also ratherquickly he oxidised and removedif sufficient catalyticactivity is present

in the form of a manganeseoxidelayeron the sandgrains:

2 Mn
2~+ °2 + 2 1120 = 2 Mn0

2 + 4 H~ -

During aerationcarbondioxideis simultaneouslyremovedfrom the water, increasingthe pH which
in its turn increasesthe conversionrate of ferrouscompoundsto ferric hydroxides.

1
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Table 2.1. — General set up treatment plants

Parameter Unit Habiganj Serajganj Gopalganj

— Capacity (m3/h) 204 204 140
— Start of operation (—) May 1992 Jan 1991 June 1990
— Number of production wells (-) 5 3 7
— Number of division chambers (-) 1 1 1
— Number of V—notches (-) 2 2 2
— Number of cascades (-) 2 2 2
— Number of filters (—) 2 2 2
— Number of chlorination units (—) 1 1 1
— Number of high lift/

backwash pumps (—) 2 2 2
— Number of clear water tanks (—) 1 1 1
— Number of over head tanks C-) 1 2 (1 in use) 1
— Number of sludge tanks (-) 1 1 0
— Number of sludge pumps (—) 1 0 0

Unit Habiganj Serajganj Gopalganj

— Cascade
• number of steps (—) 3 (+2) 3 (+2) 3 (+2)

fall height (m) 0.9 (+0.8) 0.9 (+O.8) 0.9 (+0.8)
oxygen input (mg/i) 7—8 7—8 7—8

— Filter
surface (m2) 13.6 13.6 9.3
bed height (m) 1.5 1.5 1.5

• filtration rate (rn/h) 7.5 7.5 7.5
filter medium (—) sand sand sand

• grain size (mm) 1.2—1.5 1.2—1.5 1.2—1.5
overflow height (rn) 1.7 1.8 1.4

• back wash rate (rn/h) 40 30 30
— Chlorination Unit

dosing tank volume (rn3) 1.0 1.0 0.8
solution strength (%) 0.4—2.4 0.4—2.4 0.4—2.4
dose flow (1/h) 50—100 50—100 50—100
bleaching powder dose (mg/i) 2-6 2-6 2—6

— Clear water tank
• effective volume (rn3) 151 151 135

residence time (mm.) 45 45 48
— Overhead tank

• effective volume (m3) 682 682 682
height (rn) 30 26 26

— Sludge tank
effective volume (m3) 125 146 —

— Sludge pump (rn3/h) 130 - —

— High lift/backwash pump
high lift capacity
back wash capacity

(rn3/h)
(m3/h)

204 at 30m
>500 at ii m

204 at 26m
>500 at 9.2m

190 at 25 m
345 at 9.5m

Table 2.2. — Main dimensions and desiq~ ~
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For the IRP’s in Habiganj, Serajganjand Gopalganjcascadeaerators(the most simple caseof gravity
aeration) have been selected, as these cascadesare very easy in operation and robust, require little
maintenanceand areeffective for conversionof ferrous compoundsto ferric hydroxides.

2.3. SANDFILTERS

After the last stepof the cascadesthe waterfalls into the rapid filters (figure 2.2.). Rapid filtration is a
purification process,wherebythe waterto betreatedis passedthrough a porousmedium at relatively high
velocities. The filterbed consistsof a 1.5 m thick sand layer. The grain size of the filter sand is 1.2 -

1.5 mm.

During the processof filtration the suspendedsolidsare removedfrom the water, and accumulatedon the
sandgrainsand in the poresbetweentegrains. Dueto cloggingof the pores,the-resistanceof thefilter bed
increasesand consequentlythe water level on top of the filter rises. This water level is limited by an
overflow pipe.

When the filter run period is proceeding,the iron concentrationin the filtered watercan slightly increase
with time. At a certain moment,however, a steepincreasein turbidity/iron concentrationoccursrather
suddenly. This is called the break-through’of the filter. The suspendedsolids cannot be retained
adequatelyany more by the filterbed so that the bed must be cleaned/regenerated.

The sand filters aredesignedin such a way that overflowing(maximumallowablewater level) precedesthe
“break-through”of the filter bed (figure 2.3.). When overflowing is observed,the filter must be cleaned
to removethe accumulatedsuspendedsolids to restorethe original water level over the filter bed. This
cleaningis carriedout by hackwashingthe filter with clean eftluent.

The time betweentwo successivehackwashesof a filter bed is called the filter run length.

Backw~shing

Cleaningof a rapid filter is effected by reversingthe water flow through the filter. This expandsthe
filterbed and scours the grains, carrying the accumulatedsuspendedsolids to waste. The water of the
clearwaterreservoir is used for backwashingof the filters. After performingits duty in cleaningthe rapid
filterbed, the washwateris dischargedvia the backwashgutterand drain to the river.

The backwashingis the main aspectof the operationof the filters and requiresthe operationof several
valves. It is initiated on basisof high water level by the operator.

Although combinedair-waterbackwashing is increasinglypractisednowadays,this method is not selected
as the operationand maintenanceof compressors(which supply the air) is rathercritical and consideredto
he less suitablefor applicationin Hahiganj,Serajgarijand Gopalganj.Moreover,backwashingwith water
only is also effective.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1



12

Filterbedmaterial

The filterbed material is of utmostimportancefor the filtration process;sand is suitablefilter medium
becauseit is clean, durableand widely available(also in Bangladesh)at low cost. But as found in nature,
the variation in grain sizeof the sand is too large; fine materialgives a shortfilter run lengthdue to rapid
clogging, while coaisematerial doesnot addto eftluentquality. Thereforethe naturalsandmustbe sieved
to removecoarseand fine fractions. In practiseof iron removal the diameterof the grains of the filter
shouldbe between1.2 - 1.5 and the uniformity coefficientbelow 13.
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Figure2.2. - Aerator and Filter

13

!ACK WASH LINE

OUTLET LINE

CASCADE

AERATED WATER

-. —,

— ‘ FILTER SAND ‘

~ .. ..~.
HEAD

IOZZLE

-~r1tTET( tf iJ~’r~

DRAIN PIPE





14

Figure2.3. - Water Level over filter Bed and TheoreticalFilter Effluent Ouality duringFiltration Run
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2.4. CHLORINATION !R~IT

The effluent of the filters is subjectedto disinfectionwith bleachingpowder(solution) which is dosedby
adrip feed chlorinator,locatedabovethe entranceof the clearwaterreservoir.For Habiganj,Serajganjand
(3opalganja gravity dosingsystemhasbeenselectedas its operationandmaintenanceis moreeasythanthat
of pumpeddosingsystems.

The dosingsystemincludesa feeder, consistingof a cap with a small hole in it, which controlsthe dosing
(so that thereis no needfor furthercontrol devices).

The dosingrateof disinfectant(ca. 10-20ml/s) dependson the filter effluent flow, thesolution strengthas
well as the chlorinedemandof the filtered water. It shouldbe adjustedin sucha way thatthe free chlorine
contentin the distributionsystemis:
- high enough to preventbacteriologicalgrowth in the distributionsystem(>9.2 mg/I)
- low enoughto preventtasteand odour complaints (<0.5 mg/I)

Adjustmentsin the dosingrate may he effected by selectionof anotherfeederand/or by adjustmentof the
concentrationof bleachingpowderin the dosingflow

The main aspectsof the operationof the chlorinationunit is
- closingthe dosing valveat a powerfailure
- openingthe dosingvalve after a power failure
- the daily preparationof bleachingpowdersolutions(beforeStart up)

2.5. CLEAR WATER RESERVOIR

The effluent of the rapid filters flows by gravity to the clear waterreservoirwhich has a doublefunction:
- storageof clear waterfor back washing
- contactchamberfor disinfection;the disinfectingeffect becomescompleteafter a contacttimeof atleast

30 minutes

2.6. SLUDGE TANK

To prevent contaminationof paddy (rice) fields and fields with other crops the backwashwater is
transportedthrough a sludge tank and a pipe for discharge into a river in the casesof Habiganj and
Serajganj.The sludgetankservesas a temporarybuffer for the backwashwater, and is filled undergravity.

2.7. PUMPSAND ELECTRICAL CONTROL PANEL

In the plants two (imported) centrifugalpumps (of which one standby) havebeeninstalled.Thesepumps
transporttheproducedwater to the overheadtank, as well asprovidebackwashwater(from the clearwater
reservoir)to the filters. Powersupplyand pump operationis controlledby an electrical panel. In the case
of Hahiganjalso a sludgepump hasbeensupplied.
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3. SET UP OF TRIAL RUNS AN]) PERFORMANCE TESTS

A numberof checksandtestswerecarriedout and theinstallationdisinfectedbeforethe startup of the IRP
of Habiganj.

The startup includesthreetrial runs which are aimedat:
- characterizationof thefilter, so that the performanceandoperatingscheduleof the filters can (roughly)

bepredictedfor variousoperatingconditions -

- testingof the backwashprocedure
- settingof dosingof bleachingpowder

The introductorytrainingof theoperatorsof the IRP in Hahiganjcan be simultaneouswith the last trial run.

The performancetestsin Serajganjand Gopalganjcomprisethe following activities:
- investigationof the stateof maintenanceof all plant components
- checkingthe operationof the plant by performinga filter run and backwashcycle
- interviewof subdivisional engineer,superintendentand operatorsaboutoperationand maintenance
- checkingthe logbook

In this chapterthe relevanttestsand activities aredescribed.

3.1. PREPARATIONS START UP HABIGANJ

Beforethe plant can be put in operation,the physicalworks to be donemust he completed.The following

startup preparationswere made:

I. Operationof the wells and flushing the intake lines to removesand and suspendedsolidsandto check
the intake sluicevalves. Determinationof the productioncapacitiesof the concernedwells.

2. A numberof tests/checkswerecarriedout:
- mechanical/electricalcheckson pumpsand panels,including:

functioningof circuit breakers,on/off switches,control lamps, volt and amperemeters
presenceof fuses
the trouble-freerunningof the pumps
transport of water from clear water reservoir to the overheadtank and check of the pump
capacity
the operationof the low level cut-outdevice(which preventsthat the pumpsrun dry)
functioningof high water alarm

- calibrationof the overflowing weirs
- checkif nozzlesarevertically fixed
- checkif filter nozzlesareopen; for this test the flow should he reversed
- functioningof water level indicator in the clearwaterreservoir
- functioningof overflow of the filters and clearwater reservoir

3. Hereafterthe completeinstallationwas disinfectedwith a bleachingpowdersolution(150ppm). For this
about30 kg bleachingpowderis required. The nextday the disinfectingsolution was drainedoff and
the installationrinsedthoroughly.
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4. Simultaneouswith thedisinfectionof the installation,thefinal checkon the filter bedmaterialat thespot
was carriedout: at random20 samplesof! kg weredrawnfrom 20 bagsof sand.Thefraction of grains
smaller than 1.00 mm and largerthan 1.65 mm were analyzed.The resultswerefilled in on form I
(appendix2). The filter material was rejectedif the fraction smallerthan 1.00 mm exceeds5-10% ai~d/
or the fraction larger than 1.65 mm exceeds25%.

5. After disinfectionthe installationand testingthefilter material,the filters werepreparedfor operation.
The procedurefor preparationis:
- wash the filter material beforeplacing it in the filter bed
- fill up the filter to 0.6 m
- backwashthe filter to checkon equaldistributionof washwaterover the nozzles
- fihlupfilterto 1.5m
- backwashfor oneor two hoursto removeremainingdustparticles
- disinfectthe filter bed with 150 ppm bleachingpowdersolution(to removethe micro—organisms).

Per filter bed about 1.5 kg is required.
- Drain off the solution after 12 hours
- Rinse thebed thoroughly

The estimatedduration of the checks,testsand disinfectionof the installationand preparationof the filter
is 2 days.

3.2. TRIAL RUNS HABIGANJ

During the trial runs the following watersampleswereanalyzedon the in table3.1. indicatedparameters
and frequency.At the sametime the waterflow and the headloss over the filter bed wereregistrated.

Table 3.1. — To be measur~c~d~t~a

Parameter Unit raw water aerated water filtered water

frequency (h) every 6 every 6 every 2*
temperature (°C) -4- + —

pH (—) + + —

turbidity (NTU) — -4- +

oxygen (mg/i) + -4- —

total iron (mg/i) -4- + - +

ferrous iron (mg/i) + — +

water flow (m3/h) — — +

head loss (cm) — — +

* first hour every 10 minutes

Thesemeasurementswere carried out by an expermenceJlaboratory(zonal laboratroyof Comilla) and
requiredlaboratoryequipmentinclusivecalibrationstandards,otherauxiliary equipmentand stockchemicals
(appendix1).

In addition the analyticinstrumentsshould be properlycalibratedbeforeuse.
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3.2.1. Trial Run 1: Operation of two aerators and filters at designedcapacity

Filtration -

Duration: appr. 2 days

The first trial run intentsto characterizethe filter at its designedcapacity.During this run the chlorination

unit is out of operation.The performanceof the wells is also checked.

Before the startof the trial run the height of the bed was measured.
The trial run was stoppedif the iron concentration in the effluent (nearly) equals that in the influent. The
anticipateddurationof this (cointinuous)run is about40 hours (in caseiron concentrationin the influent is
4 mg/I). In this run the overflow of the filterbed was closed (normally the filter startsoverflowingbefore
the filter “breaks through”).

Fordeterminationof ferrouscompoundsin the aeratedwater,sampleswerecollectedin an acidified sample
bottleto preventtheoxidationof ferrous~compoundsto insolubleferric compounds.Theferrous compounds
can beanalyzedby omitting the reductionstepwith an iron field testkit.

Note: For effectiveiron removal it is requiredthat afteraeratiortall ferrouscompoundsare convertedto
the insolubleferric compounds.This conversiondependson the pH and oxygenconcentration.

The collecteddatashould be filled in on form 2 and 3 (appendix2).

Backwashing -

duration:30-45minutes -

After filtration is stopped,thefilter bed was cleanedat a filtration rateof 30 m/hl Beforebackwashingthe
backwashgutteris checked on sand. If present the sand was removed.
Every 2 minutes the turbidity of the dischargedbackwashwater was measured1 minute after the start of
backwashing.The backwashingwas stoppedwhen the clearwatertank was emptied.
After the backwashing:
- theheight of the bed was measured
- the backwashgutter was checkedon the presenceof filter sand

The backwashrate was adjustedin a next run, if filter material is lost duringbackwashor if filter bed is
not thoroughlyclean.
The resultsof the analyseshaveto be filled in on form 4 (appendix2).

3.2.2. Trial Run 2: Operation of the filters at designedcapacity and establishingthe bleaching
powder dose -

This trial run is aimedto: - -

- collect the samedata as at trial run 1
- perform ajar test with filtered waterto establishthe bleachingpowderdose
- to checkthe performanceof the pumps
- to check the calibrationof the V-notches
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- to produceai-i excessof filtered waterandstoreit in the overheadtankso that sufficientwater is present
to flush the distributionsystemattrial run 3

Both filters areoperatedduringthis run. The collecteddatawere filled in on form 2 and 3. thebackwashing
is also carriedout as describedat trial run I. The backwashdataarerecordedon form 4.

Thejar test is performedwith filtered wateraccordingto the descriptionin appendix3. The turbidityand
total iron concentrationof the filtered waterweredetermined.

The performanceof the high lift pumps is checkedby pumping waterfrom the clear water tank to the
overheadtankunder the following conditions:
- valves to distributionsystemsclosed
- productionwells off and filtered watervalve closed

From the level drop in the clear water tank and the level rise in the overheadtank in a certaintime the
pump capacitycan be calculated.
In the sameway the capacityof the pumpsat backwashing can he determined.
The calibrationof the V-notchescanhedeterminedby measuringthe level riseabovethe filter in a situation
of closed filtered water and backwashvalves.

3.2.3. Trial Run 3: Operationof the completeinstallationat designcapacities

This run aims:
- to flush the distributionsystem
- to set the bleachingpowderdosing
- to determinethe free residual chlorine concentration,turbidity and total iron concentrationin 5 tap

samples

The samplingof the raw water,aeratedwaterand filtered water includingregistrationof flow andheadloss
was carriedout in the sameway as in the former nins, alsofor backwashing.
The bleachingpowdersolutionwas preparedand the dosingvalve calibrated,
The distributionsystemwas cleanedby openingthe main washouts oneby oneand flushing at the pressure
of the overheadtank.
Five tap sampleswere analyzedon residualchlorine turbidity, total iron and the presenceof coil bacteria
after the dosingof bleachingpowdersolutionhasstartedand chlorinatedeftluenthasbeendeliveredto the
distributionsystem.
The resultswere filled in on form 5, 6 and 7 (appendix2).

3.3. PERFORMANCE TESTS SERAJGANJ AND GOPALGANJ

The performancetestsin Serajganjand Gopalganjcomprisethe following activities:
- checkingthe well performance
- investigationof the stateof maintenanceoff all plant components
- checkingthe operationof the plant by performingseveral filter runs and backwashcyclesand a water

quality monitoringprogramme
- interviewof subdivisionalengineer,superintendentandoperatorsaboutoperation,maintenance,failures

and problems
- checkingthe logbook
- analysingthe waterquality of 5 tap samplesspreadedover the entiredistributionsystem
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The investigationof the stateof maintenanceof the plant componentsincludethe following points:
- checkingthe presenceof strangeobjects,sediments,and a bacterialslimelayerin the:

division chamber(including measuringscale) -

cascades
filterboxes (including measuringscales)
clearwatertankand overheadtank

- checkingon corrosionof:
gratingsdivision chamber -

stairsand platform
inlet and outlet pipes,pipes insideIRP building
valves insideand outsideIRP building

- checkingvalves on leakageand easeof openinganti closing
- checkingpipeson leakageanddamage
- checkingthe filter on:

bed height
presenceof mud balls
equaldistributionof filtersand
equaldistributionof washwaterduringbackwashing
presenceof sandin back washgutter
presenceof sandin drainagewater(this is an indication for (a) brokennozzle(s))

- mechanical/electricalcheckingof pumpsandpanels:
• functioning of circuit breakers,on/off switches,control lamps, volt and amperemeters

presenceof fuses
• trouble free runningof pumpswithout strongnoiseand without vibrations -

• checkingthepump capacityat ~highlifting and backwashing
transportof waterfrom clear waterreservoirto the overheadtank
the operationof the low level cutout device(which preventsthat the pumpsrun dry)
functioning of waterlevel indicator in clear water tankandoverheadtank
functioningof overflow of the filters and clearwater reservoir

The operationof the plant was checked by performing tW0 or inure filter runs andbackwashcycles.The
samemonitoring programmewas carried out as at the trial runs of Habiganj. Both in Serajganjand
Gopalganjsupportwas given by the Zonal Laboratoriesof Rashahiand Kulna respectively.

Thecapacityof theproductionwells was determinedandthe stateof maintenancewas checked.From5 taps
spreadoverthe entiredistributionsystemsamplesweretakenand analyzedon turbidity and iron.

Finally the operationand maintenancewas discussedwith thesubdivisiona!engineer,the supervisorand the
operators.The dataregistrationin the log hook was alsodiscussedand checked.



I
I
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4. RESULTS TRIAL RUNS AND PERFORMANCE TESTS

4.1. INTRODUCTION -

The resultsof the trial runs in Habiganjand of the performancetests in Serajganjand Gopalganjare
combined,presentedand discussedin the following paragraphsof this chapter:
- well performance
- water quality
- aeratorand filter performance
- back washingand washwater discharge
- operationand maintenance

The start up preparationswere already madebefore arrival on Friday May 15, 1992 in Habiganj.These
included:
- checkingthe grain sizedistributionand uniformity coefficient of the filter sand (the U.C.1.3)seedata

appendix4). This result was reachedafter a secondtime sievmg. -

- removing sandand suspendedsolids from the intake linesby flushing
- cleaninganddisinfectionof the entireplant with a 150 ppm bleachingpowdersolution
- checkingthe functioningof pumps,valves,overflow pipes,filter bottomand nozzles,and theelectrical

system

The quality of constructionof the plant (civil, mechanicalandelectrical works) is very high and so is the
finishing touch. The contractorin cooperationwith the local consultanthasdoneavery goodjob. Theplant
performsalsovery well and producesa good filtered waterquality.
The start up of the plant was unfortunately delayed with two days becauseof a very heavy tropical
thunderstorm,which damagedtwo electricity poles and causeda power failure. The replacementof the
electricitypoles took two days. -

Dueto the fact thatthe SuperIntendentwas only partly and the operatorswerenot presentthe introductory
training could only partly he carriedout. -

The stateof operationand maintenanceof the Serajganjplant is good anda very good filtered waterquality
is produced.

In Gopalganjthe operationandmaintenanceof theIron RemovalPlantis poor. Pumpmotorsurgentlyneed
lubricationand all metal parts @ipes,valves,gratings,etc.) arecorrodedand haveto be painted.Because
of the too small water production(wells must he regeneratedand new wells sunk) only one filter can be
operated(total flow only 73 m3Ih). Back washingis not alwayscarriedout so thatfilter runs areshort: only
3-4 hours.Normal filter runsof 13-15hourscould he realisedat threetimesaftereach otherbackwashing.
The filtered waterquality is very good.

4.2. WELL PERFORMANCE -

The performanceof the wells in the threeDistrict Towns is listed in table4. 1.

The operationand maintenanceof the wells is good.Only in Gopalganjtwo pumpswereleaking. Onepump
and pump motor was just repairedand the two leakingpackingsweregoing to be repairedthe nextday.



I
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Table 4.1. — Well Performance (May 1992)

Well Year of
No. Construction

Capacity Iron - hour counter V
(m

3/h) (mg/l) (h)
ibrations

Noise
Leakage

Habiganj

1 1962 (pump, pumpmotor and foundation need repair) —

2 1963 40 3.1 0 no rio
3 1975 40 2.9 0 no no
4 1988 120 3.4 0 no no
5 1990 70 3.3 0 no no

Seraj ganj

1 1964 25 8.3 2766 no no
2 1964 (choked up)
3 1964 75 7.8 2722 - no no
4 1964 (not in use, not connected to IRP)
5 1964 (not in use, not connected to IRP)

no6 1988 100 9.7 2698 no

Gopalganj

1 1973 16 4.6 — no yes
2 1973 20 3.9 — no no
3 1973 12 4.2 — no yee
4 1979 (not in use, not connected with IR?)
5 1979 (not in use, not connected with IRP)
6 1988 25 3.3 —

7 1988 (well out of order, screen is blown up during regeneration)
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In Habiganj sufficient overcapacityis presentespeciallyif well I is repaired,which is the intention to be
carriedout in the nearfuture.

In Serajganjthereis just sufficientcapacityand thusno overcapacity.The situationin Gopalganjis critic~1
as only half the capacityis available.During the performancetestonewas busyto sink two wells.

Regenerationof the existingwells and connectionof well 4 and 5 to the IRP intakesystemis advisedto
structurallyimprovethe situation.

4.3. WATER QUALITY - -

The dataof the trial runsat Hahiganj anti of the performancetestsat Serajganjand Gopalganjaresupplied
in appendices5, 6 and 7 respectively.A summaryof the quality of the raw, aeratedand filtered water Is
presentedin table 4.2. -

The iron is very well removed from 3.3, 7.2 and 3.9 mg/i in Habiganj, Serajganj and Gopalganj
respectivelybelow 0.3, 0.1, and 0.1 mg/I. Theseconcentrationsare belowthe maximum desirablevalues
of theWorld HealthOrganisationin Serajganjand Gopalganjandfar belowthe maximumpermiss~blevalue
in Habiganj.
It is expectedthat after several daysthe iron concentrationin Hahiganjwill furtherdrop and also reach a
level below0.1 mg/I. In this period the surfacecharacteristicsof the sandgrainschangeby the formation
of an Fe203-Fe(OI-1)3layer, which resultsin an improved filtration efficiency. The samephenomenawas
alsoobservedin Serajganjand Gopalganj duringstart up the iron concentrationsin the filtered waterwere
around0.3 mg/I and several days later below 0.1 ing/l. -

The turbidity removal runs parallel with the iron temoval becausethe turbidity is mainly causedby he
insolubleand visible iron hydroxides.

During the secondtrial run in Hahiganjthejar test for the determinationof the bleachingpowderdosewas
carried out with a filtered water sample (appendix 3). Due to the iron concentrationof 0.4 mg/I and
turbidityof 3.5 NTU arelativehigh bleachingpowderdose(6 mg/I) turned to benecessaryto obtaina free
residualchlorineconcentrationof 0.5 ppm after 45 minutes reactiontime.

Large amountsof iron containingsedimentsweredischargedduringtiushing of the distributionsystemin
Habiganj. --

After dosingof 6 mg bleachingpowderper liter filtered waterthe waterquality at the nearesttap andsome
tapsat the peripherywereanalyzed(appendix5).
The total iron concentrationvaried between0 1 and 0.22 mg/I and the free residualchlorineconcentration
between0.2 and 0.6 mg/I, which is a very good water quality. Only at the Police station the iron
concentration(5.3 mg/I) and turbidity (3.5 NTU) weretoo high. This part of the distribution systemwas
obviously not flushedyet.
The free residualchlorineconcentrationis in thegood rangewhich implies that thechlorine doseis correct.
It is expectedthat aftera decreaseof theiron concentrationbelow 0. 1 mg/I a smallerbleachingpowderdose
can he applied.
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Table 4.2. - Summ~ryof wpter qua1j.~y ~ncj ~ ~i]tgzz per~p~u~pnce -

Parameter Unit Habiganj Serajganj Gopalganj

— raw water
• total iron (mg/i) 2.9— 4.2(3.3)* 7.2—7.3 3.9—4.2

pH (—) 6.9— 7.1 6.7—6.9 7.0
temperature (°C) 24 —27 26 —27 27

— aerated water
• oxygen (mg/i) 8.1- 9.2 — -

• pH (—) 7.1— 7.4 7.1— 7.2 7.5—7.7
• turbidity (NTU) 6.9—10.0 24 -39 28 —38

— filtered water -

• total iron (mg/l) 0.16_0.50(0..3)* 0.04—0.09 0.04—0,09
ferrous iron (mg/i) < 0.02 < 0.02 - < 0.02
turbidity (NTU) 1.3 — 4.8(3.O)* 0.4 —0.8 0.5— 1.0
pH (—) 7.2—7.5 7.0—7.2 7.3
oxygen (mg/i) 8.8 - 9.8 - — - -

residual chlorine (rng/L) 0.2 — 0.6 — —

— filter run length (h) 15—17 9 —11 16 —17

— bed height 1.50 1.65 - 1.60
— grain size (mm) 1.2— 1.5 1.2— 1.5 - 1,2— 1.5
— overflow height (m) 1.65 1,80 1.40

(above top filterbed)

--* average values -

Table 4.3. - Summary of backwash results - -- - - —

Parameter Unit Habiganj Serajganj Gopalganj

— filter surface (m
2) 13.6 13.6 - 9.3

— back wash flow (m3/h) 533 -- 508 342
— back wash rate* (m/h) 39.2 37.4 36.8
— back wash time (mm) 13—15 - 15—17 13—15
— run time filter (h) 15—17 9—11 16—17
— back wash frequency (1/day) 1 1 1
— back wash water

• consumption 125 135 80

* at this back wash rate no bed expansion occurs (0% at <42 rn/h) -



I



25

Thewater quality of sometapsat Serajganjand Gopalganjis presentedin appendix6 and 7 respectively.
The iron concentrationsare below 0. 11 mg/I and 0.07 mg/I respectivelywhich is very good. Only at
Maroarypat-tyin Serajganjthe distributionline hasto beflushed becauseof a ratherhigh iron concentration
of 0.74 mg/I.
Manganeseis removedvery well in Serajganjfrom 1.4 mg/I below 0.03 mg/I accordingto appendix8.

No bleachingpowderis dosedin Serajganjand Gopalganjand sqis expectedin I-Iabiganj.
Reasonsfor this are:
- the tap samplesof Serajganj and Gopalganjusually contain no coIl bacteriaaccordingto the Zonal

Laboratoriesof RashahiandKulna. A copy of a wateranalysisreportof Serajganjin appendix8 shows
this.

- the expenseson electricity, salariesof employedpeopleand small maintenanceactivities balancethe
incomeon consumercontributions.No moneyis left for the relatively expensivebleachingpowder.

4.4. AERATOR AND FILTER PERFORMANCE

The aeratorsare working well in the threetowns becausethe ferrous concentrationin the aeratedwater is
below0.02 mg/I. Thewaterdistributionover thewhole lengthof the weirsandfalling of the water into the
guttersis good, the temperatureabove24°Cand the pH above6.9 so that all conditionsfor a rapid iron
oxidation are fulfilled
The oxygen concentration has risen from <1.0 ing/l to 8.1-9.2 mg/I in the aeratedwater and to 8.8-
9.8 mg/I in thefiltered water of Hahiganj.The small concentrationincreaseis causedby the aerationat the
falling of the water in the clear water reservoir.
The filters alsoperform well in the threetowns. The resultsaregraphicallypresentedin appendix5, 6 and
7 andsummarizedin table4.2. The filtered! waterquality is very good as discussedbefore andthe filter run
length correspondsrather well with the resultsof the filter model calculations(table 8, page23 0 and M
Hahiganj, in this table the filter run length at 128 in3/h and 7 mg/I suspendedsolids must be 12 hours
insteadof 22).
The filter bed is designedin such a way that the overflow level is belowthe water level of breakthrough,
so that filtered waterquality is guaranteedDuring the trial runsat Habiganjthe overflowpipeswereclosed
so that an overflow level of 2.20 m instead of 1 .70 m was reachedafter 20-25 hours filter run time. No
break throughoccurred,only a slight increaseof the iron concentrationafter 20 hours.Theseobservations
showthat operationin practise corresponds well with theoretical predictions.

The filter run length in Serajganjwas considerablyshorterthan in theother towns,which is causedby the
considerablyhigher iron concentrations.

In Gopalganjthe first filter runswerevery shortonly 3-4 hours. This was causedby not or too short back
washing.The filter sandturned to he sticky andslimy. After thorough back washing (threetimes after each
other) the filterhedswere clean and normal filter run times wererealised.

Filter sandwas found in the filterdrain outlet of filter I in Serajganj.Removal of the sandbedshowedthat
7 nozzleswerenot fixed well and I was broken. After fixing, replacingand control of the othernozzlesthe
sandwas put back in the filter box andoperationcontinued.

The filter bed height in Serajganjand (3opalganjhas grown with 15 and 10 cm respectively.This is caused
by the formation of a sedimentlayeraround the sandgrains. Dissolving of a filter sand samplein strong
hydrochloric acid showedsmall air bubbles and yellow-brown colouring of the acid and in the caseof
Serajganjdark brown colouring.
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The sedimentlayeris mostprobablyamixture of CaCO~and Fe203 - Fe(OH)3and in the caseof Serajganj
also Mn02. The sedimentlayer dissolvedcompletelyand only in the caseof Serajganjpart of the sand
surfaceremainedblackmostprobablywith Mn07. This sedimentlayerhasa positiveinfluenceon the iron
removal and servesas a catalytic surfacefor the manganeseoxidationand removal. The experimentalso
showedthatlargeamountsof stronghydrochloricacid will herequiredfQr dissolvingtheinorganicmaterial
at well regeneration.

4.5. BACK WASHING AND WASH WATER DISCHARGE -

After 15 minutes back washing with a back wash rate of 37-39hiTh he filters in the threetowns were
completely clean and the turbidity in the wash water has droppedbelow7 NTU (summaryback washdata
table 4.3.). Only in Serajganj hack wash times area few minuteslonger. No mudhallswereobservedand
no sand was found in the hack wash gutter.

It can he concluded that the applied hack wash operation in the three towns is performing well.

Calculations with DHV’s EXPANSI PROGRAMMEshow that at the applied conditionsno bedexpansion
occurs. Even better results areobtainedat bed expansions of I %or 2% at back wash rates In this case of
respectively 42 or 45 m/h. This small bed expansion causes scouring of the sand grains and results in a
better and quicker cleaning and it decreases the chance on mudihall forming even more. A 10-15% increase
of the backwashrate is necessary. This can be realised by removing the back wash orifice. Back washtimes
can be several minutes shorter so that the samehack wash watervolume is required.

The wash water in Gopalganj is discharged into the river running closely besides the plant. No extra
facilities are required.

In Habiganj and Serajganj the wash water is discharged in rivers at a distance from the plant of 1.4 km and
0.85 km respectively.The washwaterflows by gravity from theback wash glitter into the sludge tankwith
a volume of 125 m

3 and 146 m3 respectively in the cases of Hahiganjand Serajganj.In Serajganjtheflow
Starts after the air has escaped from the transport pipe (to the sludge tank) and the back washwater level
in the filters has almost reachedthe overflow level (1 80 m). In Hahiganj the sludge tank is situated closer
to the plant and the resistance in the transport pipe is much smaller so that the level rise of the back wash
water is less than 0.5 in. The situation in Serajganj is not ideal and requiresreductionof the resistanceof
the transport pipe in order to.
- improvethe removal of dirty wash waterabovethe filter to reducehack wash time
- improvethe back wash rate
This can he realisedby lifting the undergroundtransportpipe to an overgroundexactly horizontalposition
(so no vertical parts).

Wash water transport from the sludge tank to the river is in Hahiganjperformedby a sludgepump (capacity
130 m3/h) and in Serajganj by gravity. In both cases 150 mmPVCpijes ar~used.Thewashwatervelocity
in the transport pipe of Hahiganj is 2.0 m7s sothat nosedimentation and clogging problems are expected.
In Serajganjthe water velocity is lower so that sedimentation can occur and clogging belongs to the
possibilities. If in the courseof time pipe resistance increases the pipehas to be flushed. This has to be
madecarefully to preventblowing up of the pipe. If frequentflushing turns out to benecessaryit is advised
to install a sludgepump with a capacity of 135 m3/h.
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Table4.4. - OperationIron RemovalPlants

Habiganj Serajganj Gopalganj

- - yes
correct

yes
good

1.50
no

on top of filterhed yes
water yes

washgutter no
water - no

yes

yes
yes
yes
yes
0
0
236
239
532

- 534

yes
correct

yes
good

1.65
no
yes
yes
no
no
no

yes
yes
yes
yes
1416
1223
212
-

508
-

yes
correct

yes
good

1.60
no
yes
yes
no
no
no

yes
yes
not all
yes
1379
1678
200
200
342
345

yes
yes
yes
yeS -

yes
no
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
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4.6. OPERA]1ON AND MAINTENANCE -

The stateof operationand maintenanceof the threeplants is presentedin table4.4. and 4.5. The IRP in
Habiganj was Operatedby the contractorin cooperationwith the local consultant.Due to the fact that the
Super Intendent was only partly and the operatorswere not present despite repeated invitations the
introductorytraining could only partly he carriedout (appendix9). A thoroughtheoreticaland practical
training will be providedby the local consultant.After handingover the operationof the IRP to the Super
Intendentandthe operatorsit is advisedto control occasionallythe properoperationand maintenance.
Financial problems for the operation and maintenanceare not expected becauseincome balancesthe
expenses(appendix10).

The operationand maintenanceof the IRP in Serajganjis very good.The way of operationis as follows:
- 500 startproduction,fill clearwaterreservoir
- 5.45 starthigh lift pumpsto fill overheadtank - - - -— -

- 6.45-9.30 delivery’ to distributionnet from overheadtank and clean watertank
- 12.00-14.00 delivery to distributionnet -

- 13.00 stop productionand backwashfilteis - -- -

- 16.30-18.30 deIveF~If~inoverheadtank to distribution net?

On the basis of the hour countersof the wells (±2700 h) and the period of operation(January1991-May
1992 = 16 months)the daily productionis approximatelyonly 6 hours.The hour countersof the high lift
pumps total approximately 2600 h so that can he concludedthat the overheadtank is intensively used for
water supply (about 10% of the time the pumpsare used for hack washing).

The plant in Serajganj was operatingtrouble free until now according to the logbook and the operators.The
following things can he improved:
I. Back wash water discharge to the sludge tank by lifting the transport pipe to an overground position

2. To prevent future problems with hack wash water transport from the sludge tank to the river it is
advised to install a sludge pump of 135m3/h.

3. Because of the rather strongsmell of the toxic H,S (rotten egg smell) escapingfrom the groundwater
it is advisedto improvethe aerationaboveeach filter with a fan with a shaftlength of 1.0 m.

4. During the performancetest lift pump 2 stoppedto work. The pump and pump motor are in good
condition. Most probably the problem is somewhere in the control panels.This will he soonrepaired.

Point of attentionfor the Sub Divisional Engineer,Superintendentand Operatorsis that the logbook should
be filled in more accurate. - -

The well performanceand the stateof operationand maintenanceof the IRP in Gopalganjis poor. The
water productionis too small so that only one filter can be operated.The way of operationis comparable
with that in Serajganjwith the differencethat the productioni~16 hours insteadof 8 hours.Back washing
is not always carriedout so that filter runs are short: only 3-4 hours. Normal filter runs of 13-15hours
could be realizedat threetimes after eachother hack washing.
No or almostno maintenancehasbeen carried out with the result that:
- the high lift pump motorsare very noisy ~ndstrongly vibrate. The vibrations can be felt in the entire

IRP building. The pump motorsneedurgently lubrication
- somecontrol lamps and fusesare brokenor missing
- almostall metal parts(pipes,valves,gratings,stairs and platform) are corrodingand needurgentlyto

be painted
- the logbook is not filled in

The knowledgeof the new superintendentand the operatorsis poor. It is advisedto let the training in
Habiganj attendby the peopleof Gopalganj.
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Table4.5. - MpintenceIron Removal Plants

Habinganj Serajganj Gopalganj

good good good
good good dirty
good good good
good good goad
clean clean clean
clean clean - *

good good good

no yes yes
no no yes
no no yes
no no no
no no yes
no no no

no no no
minor minor minor
no no some
fl() no no

yes yes no
-- yes yes no

-- all all not all
all all not all

several beenestsin the supportingconstructionclimbing of the
recommended
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5. CONCLUSIONS 4N1) RECOMMENDATIONS

In this chapterthe conclusionsand recommendationsaredrawnand the proposedactionsfor the nextperiod
aregiven.

The overall conclusionis that the Iron RemovalPlantsareconstructedvery well and producea very good
filtered waterquality. Operationand Maintenanceis also very goodpossiblein Bangladeshfor examplein
Serajganj,but is a point of attentionin Gopalganjand mostprobablyalsothe first few monthsin Habiganj.

Below the conclusionsarelistedmore specifically:

- Thequalityof construction(civil, mechanicalandelectrical works) of the plant in Habiganjis very high
and so is the finishing touch.

- Thestateof operationand maintenancein Serajganjis very good.The filtered waterquality is alsovery
good (below 0.1 mg/I, the maximumdesirableconcentrationof the World Health Organization).

- The well performanceand also the operationand maintenancein Gopalganjis poor. The filtered water
quality is very good.

- The operationand maintenanceof the wells in the threetowns is good.Only in Gopalganjtwo packings
haveto be replaced.

- In Hahiganj sufficient overcapacityis present.In Serajganjno overcapacityis presentand in Gopalganj
only half the capacity is available.

- Large amounts of iron containingsedimentsweredischargedduringflushing of the distributionsystem
in Hahiganj.

- A jar test for the determinationof the chlorine dosingshowedthat 6 mg/I bleachingpowderhasto be
dosedin Habiganj. -

- The free residual chlorineconcentrationat 6 taps was between0.2 and 0.6 mgI].
The iron concentrationat thesetap sampleswas below 0.22 mg/I. -

- The water quality of the taps in Serajganjand Gopalganjis alsovery good.
- In Serajganjand Gopalganjno bleachingpowderis dosed.Reasonsfor this arethe fact that according

to the Zonal Laboratoriesthe waterdoesnot containcoli bacteriaand thefact that no moneyis left for
the relatively expensivebleaching powder.

- Manganeseis also removed very well in Serajganjfrom 1 4 mg/I below 0.03 mg/I.
- The cascadeaeratorsareperforming well in the threetowns becausethe ferrous concentrationin the

aeratedwater is below 0.02mg/I.
- The filters perform well in the threetowns. Filter runsof 9-11 hoursareobtainedin Serajganjwith an

iron concentrationin the raw water of 7.3 mg/I In Hahiganj and Gopalganj the filter run length is
15-17 hoursat an iron concentrationof respectively3 3 - 3.9 mg/I.

- After 15 minutesbackwashingat a backwashrate of 37-39 mg/h the filters in the threetowns were
completelyclean. No mudballswereobserved.It is expectedthat at slightly higherbackwashratesand
shorterbackwashtimes evenbettersresultswill be obtained.

- The backwashwaterdischargein HahiganjandGopalganjoperateswithoutproblems.In Serajganjsome
changesshouldbe carried out.



— — — — — — — — — — — — — — — — — — — — —



31

The recommendations and proposed actions for the next period arelisted below:

llahiganj - -

- Reparationof the pump,pump motor and foundationof well 1. -

- Translation of Operationand MaintenanceManual and Logbook in Bengali and supply to Super
Intendentand operators.

- Provision of a theoretical and practical training for the Super Intendentand operators.The training
material and papersof Gopalganjcan be used.

- Control of the Operation and Maintenanceof the plant, the recordings in the Logbook and the
knowledgeof the SuperIntendentaftera few months.

Serajganj - - -

- It is recommendedto increasethe potential well capacityfor exampleby connectingwell 4 and 5 to the
IRP, so that someovercapacityis directly available. --

- To preventfuture problemswith the backwashwater dischargeto the sludgetank the transportpipe
should he lifted to an overgroundexactlyhorizontal position.

- If frequentflushing of the backwashwatertransportpipefrom the sludgetank to the river turns out to
he necessarya 135 m3/h sludgepump should he installed.

- Fixing a fan with a shaft lengthof 1.0 m above each filter.
- Reparation of the control system of high lift pump 2
- Checkingthe recordingsin the Logbookafter a few months.
- Paintingcorroded parts (for examplethe gratingsin the division chamber).
- Removingbackwashorifice to obtain biggerhack wash flow. - -- - - - - -

Gopalganj -

- Urgently increasingwell capacityby regeneratingexistingwells, connectingwell 4 and 5 to the IRP if
possibleand sinking new wells. - -

- Repairingleakagesat existingwells and valves inside IRP.
- Urgently improvingOperationand Maintenanceof the treatmentplant.

The Super Intendentshould study the Operationand MaintenanceManual. After a few monthsthe
Operationand Maintenanceof theplant should he checked,the recordingin the Logbook andalso the
knowledgeof the SuperIntendent.

- Urgently lubricatingthe high lift pump motorsand valves (all hearings).
- Urgently replacingbrokencontrol lamps and missing fuses by new ones.
- Urgently removing the corrosion from corroded parts and paint them (pipes,valves, gratings, staIrs and

platform).
- Removingback washorifice for biggerhackwashflow.
- Cleaningof division chamber. The bacterial slime layer should be removed to preventbacterial

infectionsof the IRP and distributionsystem. Disinfectionof the whole IRP and distributionsystem
would requirelargeamountsof bleachingpowder.
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Appendix 1: List of relevantitems requiredfor startup

I. Analytic instruments(mci, documentation~and calibrationstandardsfor measurementof the water
quality variables -

Analytic Instrument Calibration standard(s)

Turbidimeter 1, 10 and 100 NTU -

Iron analyzer(photometer)
Chlorineanalyzer
Thermometer
E-coli samplebottles - - - -- --

Oxygenmeter ZeroStandard(sodiumphosphate)
pH meter pH = 4, pH - 7 buffer solutions

II. Other requiremenlsfor measurements

- jar testapparatus
- filtering paper - - —

- 6 beakers(1000ml)
- balance(0-5 kg)
- balance(0-20 kg)
- measuringcylinders(500, 1000, 2000 ml)
- baumedensitymeter
— 25 semplebottles (glass, 1 litre)
- 25 samplebottles (plastic, 1 litre)
- onefunnel
- 2 no. 10. Sieves(0.5 m2)
- 2 no. 16 Sieves(0.5 m2)
- 20 litre distilled water(iron free)
- stopwatch
- 10 litre bucket

HI. Item for handlinghlepchingpowder -

- safetyglasses
- plastic gloves
- rubberapron

IV. Stock chemicals,

250 kg bleachingpowder
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Appendix 2: Blank forms for trial njj~

FORM 1: FILFERBED IJIERIRI

II— I

i~erator
Date
Hr. filterbed

FILIERBERSED HAIERIAL
I I I I

Saple Fraction Fraction ReurXs
a size . . a I . .

(kg) (kg) (kg)

I I I I

I I I I I I

I I I I I

I ~ I
I I I I I

I I I I

I I

I I I I I I

I I I I I I
.....I______.._..____I__.._.. ~

I I I I

I I l_______

I I I I I

I I I I

I I I

I l_.._.. I I

I I I I I
I I I I I I
I ~,__l_______ I___._._______I_____________I

I I I
I I I I I

I I I I I

~ ~••____I ___ —
I I I I I

I I I
I I I

I I I I ..__..._.._I —— —
I I I I
I I I I I
I I I I I

.___...__I I ________
I I I I I

I J I I I
I I I I I



I



FORM 2: CASCADE AERIIORS

:c~erator
Urial run nr. ..

Date
{Cascadenr.

RAM WAFER FILTER WFLUENT

rise Fbi Teupera— Oxygen pH Oxygen pH Felt Fetot ResarKs
~hr:sin) ts3fhr) ture (~)(sq/i) (si/b) (sq/b) (sq/b)

I I I I I I I I
I I I I I I I I I I

I I__________..._..___I_____.______.___I~._._.___..__._.____I I_____~~__._I
I I I I I I I I I I
I I I I I I I I I
I I I I I I I I I I

_.__I I I I I I
I I I I I I I I I
I I I I I I I I I I

I I I I I I I I I
I I_..._,.. I______~ ____ I I ~ _.___.__.•.•_____._.._.••.____•.

I I I I I I I I I I

I I I I — I I I I I
I I I I I I I I I

.~__I I___~___ I_._~.__.._.__.__._~_I I_________~__,__I _._..I.__.__.._...__~...I ~
I I I I I I I I I I
I I I I I I I I I I

I I I I I I I I I
I .__......I_.____._.______....____.___ I I__._._.__I._.__..__.________I___.__._._..__..I_._...___..__ _

I I I I I I I I I I
I I I I I I I I
I I I I I P I I I

_I_.____,.~._...I_... ____..I..___._._.____.__.__.. __ —

I I I I I I I I
I I I I I I I I I
I I_~___,~~ I I I_._______~.__._.__.I___.__._______ I__~__ I~_______ ______

I I I I I I I I I I

I I I I I I I I

I I I I I I I I I I

I I ___.~I_..._.._____.__.._...___I i~...._ I 1_____ I____.__~.___.~___I.____. I
I I I I I I I I I I

I I I I I I I I
I I I I I I I I I I

I ____. I___..____.______I I_______________I___..___ I______ 1_.____.__. 1___..._..__.._.______.I
I I I I I I I I I

I I I I I I I I

I I I I I I I I I I

I I I__.________._~.I I __ ___ I I
I I I I I I I I I I

~I I ~~____I I_______~___ I___.~__•___.__..____..~__.~__~ I_____.__._.___.__._..____I_.___._ I________~_____,______
I I I I I I I I I I

I I I I I I I I I I

I I..... I__.________I_______~__________ _ ~ I______.~.__I_.___._______~___.___I
I I I I I I I . I

I I I I I I I I
I I I I I I I I I

I I I__.___.._____~__~_.I ~ __.I.___. ‘_.___._._ _
I I I I I I I I I

I I I I I I I I I
I I I I I I I I I

I I._.__~,__.__I.__..._._.._..._..._.._._I I_~~,~___~________I________________I I____.___~~_~I..___,_~_, ________ I
I I I I I I I I I

~ote Fe2+ soluble ferrous cospounds
Fetot : total iron concentratIon





FORM 3: FILTERS

~erator
Trial run nr.
Date
Filkernr

IAFLUEHT FILTER EFFLUENT

Tile Flow Fetot :!urtiditvneadioss Fetot Turbiaxty; Resarts

__

I I I I I I I

I I I I I I I I

_________ —

I I I I I I I I
I I I I I I I I

I I I I I I I I I
I I I I I I I I

I I I I I I I I

I _______ ,___________.._._I_____.__~__.._._I_.._~
I I I I I I I I

I I I I I I I I
I I I I I I I I I

I _____ I I
I I I I I I I I
I I I I I I I 1
I I I I I I I I

I I I I _I I _..~L. ___
I I I I I I I I

— I I I I I . 1 I I
I I I I I I I I I
I _...._I...______...__________I.._..__..._~_.._..__.._.._I......,...__._........_..I..__. _~_~I~~_

I I I I I I I I I

I I I I I I I I I
I I I I I I I I I
I ______ I I ___ __ I ~ I____.•.________________.___~_
I I I I I I I I I

I I I I I I I
I I I I I I I I

~_I_~,~___._I ___ _.I__._____.._._._I__.__._,_~___________ ~_______ —

I I I I I I I

I I I I I I I I I

I I I I I I
I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I

I ~
I I I I I I

I I I I I

I I I I I

I I I I I I I
I _____I ______.___I ____._______....______L I

I I I I I I

I I I I I I I
~

I ___ _____.___ I____~____ _______

I I~ I I I I I I

I I I I I I I I
I I I I I I I I

I______.___..___I__..___..____.._._._I_____.....__—_—..__—_~____•___I_____________I_______~•______•___~._____•_
I I I I I I I I

I I I I I
I I I I I I I I

1111 III

I I I I I I I I
I I I I I I I I
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FORM ; : BACKVASHIHOOF FILTERS

bed height before backwashing : a
bed height during backsashing : .

bed height after backsashing
f~ltersaterial lost during backwasn:nq I -es/no

I I

PUHP BACKWASH

DISCHARGE

Tue :rusp headEackwast ruroidit. Resorts
(hr:iin) Cs) fLow Intu)

(s3/hr) I

I I I I
I I I I
I I__~_______~__I

I I I I

I I I I

I ___ I _______ I ___________________

I

I_~~ - -

II __

I I I I

I I ~~~___ ~

I I ~ ______________ --

I

I I

I I

~erator : -

rriai run or.

Date:
Filternr.

I





FORK 5: CHlORINATION UNIT

~arator
:rrial run nr.
Date :
locauon taps of distribution r1etwork

taai
I 4 1

~ap
tapl
tap 4

RAW WATER SLEACKIHG POWDER: RESIDUAL CHLORINE hg/fl

Tue Flow Solution Dosing lap Tap : :~ lap 4 Relarks
(hr:nn) (a3/hr) strength flow :

hU) (al/sI

I I I I I I I
I I I I I I

I l____._._____l I I___._____..___~_~__ _______I___.._ I__•~~_____•_•••_~________•_______________~_
I I I I I I

I I I I I

I I I I I I I I
_l I I ___l _I____~ ———————

I I I p I — I I P

— I I I I I I I

I I I I I I

I •••____~_~•~l I I_...__, I_.__..._......._....__,.. ~ I — —
• I I I I I I

I I I I I p
• f I I I I I I
____•I_,._ I._____. _~_~__•__I___~•_.~_.__I ~____~______._I._..

• I I I

r ~_• - __~ —

I ~p~~ji ~ r

I I I I I I —

I________._’____ ..._.____p ,_____•;______4

I I I I I P I I
• I I I I —

_-_I l___ ~ — --•

I I I I
I I I I _I — —

‘I
I
I
I
1
I
1
1
I
I
I
I
I



1



FOAM 6: IRON CONCENTRAIION IN DISTRIBUTION NETWORK

:~rator
Trual run nr.
Date
Location taps of distribution network

tapi
tap2
tao3
taps

:s*v WATER IRON (ag/i)

Tin : Fbi Tap 1 Tap 2 Tap lap 4 Resarks

(hr:ain) : (i3/hr) : : :
I I I I I I I
• I I I I I I I

I I I I I I I I
I I I I I I I I
I .___I ,___I...___.._..________I I__
I I I I I I I I

I I I I I I I
I I I I I I I I

____,______I I__.______I___________~__________~,_ I
I I I I I I I I
I I I I I I I I

I I I I I I I I
_,_._I ____,._I.,_._._____T ____

I I I I I I I I

I I I I I I I I

I I I I I I I I
I ____~_I I 1_ I I _______

I I I I I I I I
I I I I I I I I

I P I I I I I

I I I I I I
I I I I I • I I

I I I I I I

I I I I I I I I

I I_._.__.__.._I._ I_.__._I __I.__,___,.
I I I I I I I I

I I I I I I
I I I I I I I I

I I I I I ~————I
I I I I I I I I

I I I I I I I

I I I I I I I I

I I I I I I • I

I I I I I I • I
I I I I I I I

I I _._I I
I I I I I I I

I I I I I I
I I I I I I I





FORK 1: E—COII IN DISTRIBUIION NEIVORI

:o~rator
Triab run nr.
Date

location taps of distribution network

tap2
tapS
tap4

Tue

(hr:ain)

SAW WAlER: E-COLI :

Flow Tap!

~

Tap2 Taps Taps Reiarks

- I



I
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Appendix 3: Jartesthleachingyowderdose —~----~--~-~ - - -

1. Make up 3.00 g bleachingpowder in 1 .00 1 filtered water (shakewell). The active chlorine
concentrationis approximately1.0 g/l

2. Cleanfour 1.000 ml beakers
Fill eachbeakerwith 500 ml filtered water

3. Add the following amountsof 1.00 g/l active chlorinesolutionto the four beakers
(Filteredwater quality: total iron 0.4 mg/I, turbidity 3.5 NTU)

- Beaker 1 2 3 4 5

- requiredactivechlorine
concentration(mg/I)

1 3 5 7 9

- ml bleachingpowder
solution_(1.00_g/l)

0.50 1.50 2.50 - 3.50 4.5

Measuredfree chlorine < 0.1 < 02 0.4 0.6 1.5

4. Keep the beakersin a darkplace - -

Stir eachof the beakers30 minutes by hand

5. Wait 15 mintues(reactiontime)
Keepthe beakersin a darkplace

6. Determinein each beakerthe residualfree chlorine with the testkit
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Appendix4 - Sieve analysisfilter sand

DUTCH ASSISTED WATER SUPPLY, SANITATION AND DRAINAGE PROJECTS
PROJECT NAHE : 12 DTP - -

PARTICLE SIZE ANALYSIS

SAMPLE COLLECTED

LOCATION
DATE OF TEST
SAMPLE NUMBER
TESTED AT

Mr. A.K.M.Abdus Satter, Sr. WS Engineer
& Hr. Jahangir Alamn, SDE DPHE Habigonj
Filter sand for IRP Habigonj
30th April, 1992 -

Two times sieving and washing
Syihet Polytechnic Jnstitute

SIEVE ANALYSIS

SIEVE SLOT -- MATERIALS MATERIALS CUMULATATIVE FINER
NUMBER SIZE RETAINED RETAINED RETAINED

no mm gm - -

04 4.76G 0.000 - - 0.000 0.000 100.000

08 2. 362 0 .700 0. 070 99. 930

10 1. 700 14 .900 1. 493 - 1. 564 98. 436

14 1. 180 917 .900 92. 002 - - 93. 565 6. 435

16 0. 991 0 .000 0. 000 93. 565 6. 435

20 0. 833 0 .000 0. 000 93. 565 ~. 435

28 0. 600 62 .200 6. 234 99. 800 0. 200

35 0.417 0.000 0. 000 99. 800 0. 200

0.07Q -

PAN 0.000 2.000 0.200 100.000 (0.0000)

TOTAL 997.700 100.000

RESULTS: -

a. Uniformity Coefficient:-

D10 1.25 mm D60 1.45 mm Uniformity Coefficieiit, U 1.16

b. Grain Size Distributian:— -

Grain size range in mm

2.50 to 2.00
2.00 to 1.65
1.65 to 1.50
1.50 to 1.20
1.20 to 1.00
1.00 to 0.00

RECOMMENDATION:

% materials

As the percentage of sand size lo~..’er than 1.20 mm 15 8.00 percent, so --

the filter sand sample can be used as a:f~lter safld for the IRP
Habi~oni. - - - -

01. 00
01 . 00
07.50
82.00
03.50
04.50
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Appendix 5 -
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Appendix 6 - Dataperformancetests Serajaanj
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-5 90
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:i: 80

70

60

50

40

30

0 2 4 6 8 10

TIME [hoursf - -

rT - Effluent RI flIII±iC ±~6wwo[ér
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READL0-~S~:

0- 2~ 4 - 6 8 -- 10
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0
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20

TIME [hours]

0 RU~ I n 1 -- -!- Run IFII 2 -
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WATER QUAUW ____ --i-- -: - — -
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I P I I I I a a a a a a a

PERFO&IMCE TESTS SERACJGMJ WATER QUALITY

Date hue
[h]

RAW WATER
Tenperatu

(C]
pH
[..]

RAW
Oxygen
(rç/l]

WATER RAW WATER
TixrbldltyTotal Iron
[lIEU] [nigJl]

AERATED W
Tee~erflu

[C]

ATER
pH
[—)

AERATED WATER
Oxygen TurbjØlty
[i/l] [1110]

AERATED WATER
Total Iron

[n~/ij

24-05-92 12.00 26.0 6.7 - 4.5 7.3 260 71 - 39 7.3
24-05-92 15.00 27.0 6.7 - .7 7.2 27.0 7.2 - 24 7.2
24-05—92 18.00 27.0 6.9 - 35 7.3 270 7.1 - 34 7.3

BAIX WASH DATA SERA.JGMJ WATER QUALITY TAPS

lAP PlO. LOCATION TURBIDITY pH CHLORINE TOTAL IRON
[NTU) (—] [~/i] [~/i]

Pu

TIME TURBIDITY
[mm] [NTU]

RuT? 1 Eli 2

TIJRBIDETY
[1110)

Run 21112

I 900 860
3 850 550
5 800 450
7 62 76
9 80 60

11 40 9.5
13 24 3.2
15 6 4
17 2 5
19 2 -

21 10 -
23 14 -

1 KalIberl Co~ound
2 Maroarypetty (WT- 2)
3 MunIcipality Office
4 HessanpurYerdccnnectlon

0.5
5

0.6
0.4

7.5
7.6
7.3
7.4

-

-

-

-

0.09
0.74
0.11
0.09



I
I
I
I
I
I
I
I
I
I
I



b

~ a
~
~~ or-~tz

5$.-.

~
~
~

~

I:
C

—
ci

43 i-I-C C

“ci —ciii~H~
1; ~i

~ 43 4-i

Co Sn Lii ~ in in in in in in in in int~~in
00000000000000000

0.-..-C0CCOC3.-.OCieno.-.00en0

C- F-.. C-. Co C-. C- F-- C-Co I—. r-.. 1~-C-~r- F--CC-

1!

4 ~CI!i.-C
CCI r CCI

M

CC
4-.

C

ci

S-i

0 otao oo4 d docscici 0c -

Co C- r—. Co Co ‘nil in in in in in in in ~ in in Co F-—9

00 00 0 0-0 00000 0000 000 0

-: 9 -: 9 -~ -2- - 9

I�flUI UI igUI ra ~ Si UI 2

I~Z2 2~AUI2A~

DOCCIC.I~inUI9..........
.lCCIFflinLflCor—CoO400.-.

C

Li F.
- 0

+3
C

8

I-
Ci.

%+JI—i

~izz~gw
I.

U

85

2.—.

C 4-’ ‘—I
SC

Is
Cii-.

I-

;~

82

St

4
iCI r 04CC

0CC 04 Lii C-

~i 51 UI UI Si UI 521..-, 12

UI UI UI UI UI UIUIUI St St UI UI UI UI UI UI

Lii Ofl 0 iii 0000 iii 0000000
00.-4.-41CJCC4Cflin





vu-i

Data perfo~ancetest opoJg~pj
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Appendix7 -

150

1 40

130

120

110
r

100

45

4

35

‘N
0~

E

I),
25

0
I-
4
I—
z
LSJ

z
0
U

05

0

0 - Run T Eli 1

0 2 4 6 - 8 10 12 14 16

2 -

TIME [hours]

— -T-~- f~un1 ElI 2
2111

IRON R~A~QPAJ

0 2 4 6 8 10 12

TIME [hoursi -

-I- E~fIueritRt F2 0 Effluent ~ E2 - )< Raw water

14 16

0 Effluent R1 Fl



I
I



C

~ 2.—.
S Sn

C -

p
C

C

Li C

— qi c.
S

2.—.

8’a 4-.
C

La

1±!

~
Ci
iC-

82
I—

0

0 -

I-

Li

C

-S_i C

S_CC- Cfl (4) C-
00 00dooco

C) C- in in in

Sn 0000

C ~--inC %-
4.i~- i-fl

— CCI C) in Li)

00000LO+CCoCoCoLCCo I

F-i) in C-CC .-iii) U)r-. CC 5]

CCCci9iaC

fl CC) C) C) CC) in

—in inC-U)

Li 000 0-0

000CC 04.-i

Coin CCC) Co CC

000000

00000-0

~:2~t

..i.-I(CiO

St St St St St
• 1, IL S L ii)

i 0005i5I



I
I
I
I
I
I
I
I
I
I
I
1
I
I



s

PERFO~4AICTEST 1 9WALGMJ

Date: Date:
Filter in operation:
T&çeretsre:
~inning tiue:

Motes: Filteroverflc~closed
~9Qetrmeterd�fect

18-05-1992
Muter 1
26-27 C
3.5 hours

P1820 PEE TEST 2 ~P1.SM)

Date: Detet 19-05-1992
Filter In opereti~: Muter 2
Temper-store: 26-27 C
Runnilw tine: 16.5 pours

Motes: Fitterowr-flow tiosed
Oxy9enneter defect

1fme Flow Heed loss Fjltered water Filtered water Renerks
p11 Oxygen TurbidityTotel Iron

[h] [o3/h) (cait) 1—) [09/i] [Mlii) [mg/I]

0 37 27 start at 10.30 x
.10 4-4 43 7.3 3.4 1.0
.20 44 45 7.3 1.3 .5
.30 44 45 7.3 0.7 .3
40 65 53 7.3 0.4 .2

.50 65 66 7.3 0.4 .2
1.0 65 83 7.3 0.4 .2
2.0 65 103 7.3 ~•5 .1
3.0 5~ 133 7.3 ~.5, .1
3.5 ~ 140 iS ff.s .07 stop at oLoo em (overflow)

PERF0P$N(CE TEST 1 GIPALSMJ

0ate~ 0ete~ 18-05-1992
Filter in operation- Meter 2
Tewer~tere~ 26-27 C
RunninQ tine: 4 hxrs

Motes: Fi1t~rovrf~owc’osedOxygesnterdefedt I

Time Flow Head loss Filtered water Filtered water Reaerks
P~ Oxygen Tsr~idityTotalIron

[h] [ea/h] [c~c] [—3t~/1] [MTU] [mg/li

0 69 27 start et 04.00 em
.10 69 55 7.3 3.2 .9
.20 69 59 7.3 2.1 .7
.30 69 64 7.3 1.1 .4
.40 69 69 7.3 0.8 .3
.50 69 74 7.3 0.6 .2
1.0 69 91 7.3 0.5 .11
2.0 69 109 7.3 0.5 .09
3.0 69 128 7.3 0.4 .07
4.0 69 140 7.3 0.4 .07 stop at 08.00 ~ (overflow)

Time

[11]

Flow

[e3/h)

Heed loss

[c~)

Filtered water
~H Oxygen
[—] [mg/i]

Filtered water Rewrks
TurbidityTotel It-on

I (8Th] [ic/I]

0 69 27 start at 10.00 em
.10 69 55 7.3 1.3 .14
.20 69 57 7.3 1.0 .11
.30 69 57 7.3 0.7 .04
.40 69 58 7.3 0.5 .04
.50 69 58 7.3 0.5 .04
1.0 69 56 7.3 0.5 .04
2.0
3.0
4.0
5.Q
6.)J

69
69
69
59

60
63
65
68
72

7.3
7.3
7.3
7.3
7.3

1.3 .11
0.8 .09
0.6 .07
0.5 .06
0.5 .04

power failure for 5 tin
power failure for 4 un
power failure br 3 tin

!

7.0 59 77 7.3 0.5 .04
8.0 59 81 7.3 0.6 .04
9.10 59 86 7.3 0.6 .04

10.0 60 92 7.3 0.6 .04
11.4
12.0

69
59

97
105

7.3
7.3

0.6 .04
0.6 .04

!

~
13.0
14.0-

69
60

113
121

7.3
7.3

0.6 .04
0.6 .04

15.0- 59 127 7.3 0.5 .~

16.0
16.5

69
69

136
140

7.3
7.3

0.7 .05
0.7 .05

!

stop at 02.30 ~u (overflow)
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Appendix 9 - Letter operationIRP Habiganj
NETHERLANDS-BANGLADESH DEVELOPMEN~L~CO-.OPERATION PROGRAMME

DPHE~-WATE~RSUPPLY & SANiTATION PROJECTS
DPHEQJ~PI C~

i~0. ARAMBAGH. INNER CIRCULAR ROAD

DHAKA-I000 ~ANGLADE~H

TELEPHONES: 41787D. 4103Ge

: Project Director
Mr. S.A.K.M Shafique
Dutch Assisted Water Supply, Sanitation and Drainage
Projects.
Dhaka.
Acting Programnie Coordinator -

C.M de Boer
Dutch Assisted Water Supply, Sanitation and Drainage
Projects.
Dhaka.
28 May 1992
Nil
DHA/CB/FAJ5-~3c

C.2 +L~<~O6
IRP Habigaflj

In the period May 15th -21st a team of our office carried out
testing and commissioning of -the IRP in Habiganj.
From a technical point of view, construction and performance, the
results were very positive. The input, cooperation and presence
of the SDE, SI and the operators however was very disappointing,
although they were invited several times to attend. Due to this,
an excellent opportunity for training has been lost.
In order to continue supply of water the contractor has been
instructed to run the installation up to June 21st.
In this context I kindly, but urgently request you to instruct
the relevant officers and staff~ memTb~rs~to operate the
installations in this period in consultation and cooperation with
the contractor’s staff. - - - - -

By June 21st or preferably even before that, the installation
should be run completely by PWSS staff. - -

As soon as we have finalized the Operation and Maintenance Manual
additional training and instruction will be provided by a team
from our office.

Acting Programme Coordinator
C.M de Boer
Dutch Assisted Water Supply,
Drainage and Sanitation Project

To

From

Date
Your ref.
Our ref.
File
Subject

Dear Sir,

Yours S:

cc. A.Satter, Senior Water Supply Engr.
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Appendix 10 - IncomeandexpensesDrinking Water SupplyHahig~n.i

Incomeper month

- 600 ½inch-houseconnections,feeTK 50.-~
- 50 M inch-houseconnections,feeTK 100.--

TX 30,000.00
- TK 5,000,00

TK 35,000.00

pensesper month

- Electricity
- Salaries:

Superintendent
Operator
Assistantoperators
Plumber
Guard
Bill Clerc

TK 2,U00.00 - - -~ -

- - TX 1,500.00 - - - -

TK 1,200.00 --

TK 1,200.00
TK 80000
TK 1.500.Q0 TKJO,OQO.00

TK 12,000.00

Stationary

Total

So 2,500.00Takacati be used for maintenance

TK 50Q~0Q~

TK 32,500.00~-

Cost of houseconnectionsfor a family i.n Habiganj

Connectionfee
Securitydeposit
Clamp
Application form

TK 300.00
TK 300.00
TK 200.00 - - -

TK 10,00 —.--- - — -

TX 810.00
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