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1. TREATMENT PLANT REHABILITATION

Following my visit to the project in April 1990, I made a number of
recommendationswhich were included in the brief report to the Water
Departmentdated l2th April 1990. I wilI now presentmy observationsin
threemain groups. Theschematic]ayoutof the treatmentplant indicatedon
Appendix.1 wiIl be useI for the descriptionof the units.

, 1 Downflow RoughingFilters (DRF) Rehabilitation

1 , 1. 1 Thevee-notchweirs havebeen installedat the inlets to alI thefive DRF which have
beenmodified.

1. 1 .2 The suggestedincreaseof the net length of flow from 5.60 to 6.60m was effected.

1. 1 .3 In an attemptto improve the performanceof the underdrainagesystem, insteadof
thetwo 400mmdiameterductileiron pipesproposedto be installed in eachfraction,
the following havenow beenprovided:

DRF 6 & 1: One355mm PVC pipe in eachgravel compartmentwith Gate
Valves.

DRF 2~5: i) Two 250mm PVC pipes in the coarsefraction with
butterflyva1ves.

ii) Two 250mm PVC pipes running through the medium
and fine fractions.

Both pipesare spacedat approx. 5.0 metrescentre to
centre.

_~ a) It is importantto notethat the useof PVC pipeswasbasedon theneed
to minimizecapital costs. However,toavoid or minimizechancesof

— damageof PVC pipes due to exposure to sunrays, a]1 the valve

chambers

with exposeIPVC pipes should be covereIat once. The
consultantdoesnot seetheneed to change these pipes to Ductile Iron

— to be of any urgencynow if theexposedportionsof Thepipes canbe
keptcovereIaJl the time.

— - -- b) The operators areawareof how to usethe systemto quicldy flush the

DRF

units. Generally it takes between 20 to 30 minutes for the dirty
water to ceaseflowing out.

c) The 160 mm diameterfiltered water collection main pipe provideI
shouldin futuredesignsbe increasedto 200mmand also bekeptabove
the drainagepipe or channel in order t~reducechancesof draining
dirty water if the underdrainagepipe is not frequently drained. In
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fact, the provision of such a collection pipe underdrainage system is
optional as water can be collected by other means. Unlike in the
modified DRF 2-5, future designsshould a1so ensure that the water
collection pipes are spreadacrossthe whole plan areaof the DRF
compartmentsin order to minimize chancesof formation of dead
zones. A typical design of such a DRF with a sloping floor and a
false bottom channelending in a pipejust beforethe waII is shown in
Appendix.2to tliis report. Such adesign ensures complete remova1 of
the depositedsludge. It is a good engineeringpractice to provide
washout pipes to drain water from every filter box compartment.

1.1.4 During the time of my visit, the DRFwere being operated at 60 cu.m/h which isjust
below its original design capacityof 72 cu.m/h. This dischargecorrespondsto a
filtration rateof approximately0.92 m/h. This rate is still slight]y on the high side
of the conventionalaverageof between0.6 and 0.8 m/h (ref. 1 ,2,3) and at present
doesnot allow one to iricreasethe rateof the other DRFif any unit is undermajor
repair.

. 1 .5 During the first visit to the plant on the l6th Feb. 1992 it was noted that the third
compartmentof theDRF2 commissionedon the l2th February1992, was submerged.
The possib]ecausefor this was the installation of an 1 lOmm in placeof an l6Omm
equal tee on the water collection main pipe. The technician responsibleshould
replace this with an l6Omm equal-teesoon in order to avoid such an operational
condition which wilI ultimately result in encouragingalgal growth on the gravel.

1. 1 .6 Regardingthe condition of the filter media for DRFs, the raw crushedaggregates
brought to the treatmentplant site appearto havea lot of dust. Apart from having
to sieveit into 3 fractions,(i.e50-25mm,25-l2mm, 12-6mm),its importantto ensure
that the initial washing is done properly so as to minimize the flushing to waste
period initially. Furthermore,current design guidelines(3) require that RF media
size should range írom 3Ornm to Srnm, future DRF designs should observethis
requiremelit.

. 1 ,7 The Rehabilitation of the DRFI should be speededup so that the raw water
influenced by the current rainy seasoncan passthrougha fully modified treatment
works so that the systern can be testedwithout any intcrruptions. Such an operation
wiil provide the Water I)epartmentwith reliabledata on a ful]y operationalsystem
during its flrst yearof properoperation.

Overall TreatrnentPlant Layout

1.2~1 It has beenobservedthat asa follow up on my comments(1990visit) regardingthe
non-flexible layout of the units, a number of additional valves have now been
included in the pipe network in order to easeisolation of any of the units should this
be necessaryin íuture.

A new layout plan should be drawn at a bigg~rscale in order to show
positionsof alI the valvcs if none is availableat the moment.
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2. TREATMENT PLANT PERFORMANCE AND OPERATION

2. 1 Treatment Plant Operation

The operationof the treatmentplant betweenJanuary 1991 and todate has
beenscrutinized. Onehasto note that while the SSF3-6havebeenfed with
Roughing Filtered water as of June 1991, prior to then, the DRF were
commissionedin stagesas indicatedbelow:

DRF 5 On 09/01/91
DRF 4 On 19/03/91
DRF 6 On 12/05/91
DRF 3 On 25/05/91

The SSF2 was connected to the DRF2 system very recently, i.e. on
12/02/1992andhencefor mostof thetimeit wasoperatingwith un-prefiltered
water. As at the time of writing this report, the SSFI was the only one
filtering raw water from the dam directly.

2.1.1 Filter run times

Apart from operatingunder the aboveexplainedconditions, the SSF (in this
caseSSF3-6)showeda substantialimprovementin its operational conditions
by increasingthe filter run time from 3 days to 2 weeksreportedin April
1990 to an averageof aboutone mpnth. This averageincluded filter run
times of up to just over two months. Moreover, even the minimum filter run
times recordedduring the heavy rains went up to at least 10 days (with 2
weeks as the typical minimum). This clearly proves the merits of the
modified DRFs.

2.1.2 Scheduleof Cleaningof SSF

In the longrun, a well plannedscheduleof start-upof theSSFwill haveto be
preparedin orderto ensurethat thechancesof any two SSFrequiringcleaning
at thesametime is eliminated. Such a planningcanbe ensuredwhen typical
filter run tirnes of all SSF are recordedovera periodof at leastone year. Its
therefore importantthat thedataon this continues to be kept until at least the
end of 1992.

2. 1 .3 Hygiene~ConsiderationsDuring Cleaning

On the basis of occurrence of a few unusualbacteriologicalanalysisresults
which for example,showa high level ofcontaminationin theSSFoutlet while
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theRoughingFilter outletshowsnone,a discussion was held with the resident
SeniorTechnical Officer at the plant regardingthe conductof the workers
during thecleaningof SSF. It was very clear that thereis a needfor all the
involved staff membersto be enlightenedon the importanceof observing
hygiene. If possible,theworkersinvolved shouldbe providedwith bootsfor
wearingstrictly only while doing theSSF cleaningwork andfor ~ otheruse
(including going to thetoilets with them). Theneedfor a specializedin-house
training of the workers is very evident.

2. 1 .4 Changes of the SSF Filtration Rates

In August 1991 the SSF were found to have beenoperating at a low rate
(approx. 0.06 m/h). It was then decidedto increaseit to the usual rate of
approx. 0. l 1 m/h. This broughtsuddenincreasein thefiltration rate to nearly
doublewithin a short spell. The efíectof this was theoccurrenceof short-
termdeeperpenetrationof impuritieswhich is narratedin section2.3.2of this
report. The need to keep thefiltration rate asconstantaspossiblecannotbe
over-emphasized.

2. 1 .5 Inadvertent Opening of the Bottom Intake Pipe

During routine troubleshootingat the irìtake of the~
carried out by the WD in the first weekof January1992, it wasdiscovered
that the bottom intakepipe (i.e. 20rn deep)waskept openfor an unspecified
time. Thepipewasclosedon thatoccasion. However,this musthavecaused
continuousdeliveryof poorquaiity water to thetreatmentplant for quite some
ti me,

2.2 Treatment Performance

2.2. 1 Treatment Works Laboratory Data

The results cover the period betweenApril 1991 and January 1992 and are
groupedinto three main sections. The first sectionsummarizesthe sulphate,
Nitrate, Nitrite, total Iron, Ammonia and Dissolved Oxygendataattachedas
Appendix.3.

In general, the treatmentplant consistently shows a very good removal
efíiciency of Iron and Ammonia. Thesulphateremoval is a1sovery notable.
On two occasionswhen DissolvedOxygen (D.O.) was analyzed(i.e June&
July 1991 only), the fìltrate D.O. was a bit low. This might have been
partially causedby the use of the bottom intake pipe which usually delivers
water that is nearly anaerobicin deep reservoirs. In order to check the
intensity of biochemical activities in the DRF and to avoid anaerobic
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conditions in the distribution lines, it is proposed that D.O. should be
monitored bi-weekly for RFI, RFO and SSFOduring a periodof at leastsix
months.

A summaryof Turbidity remova1and Bacteriologica1improvementresults is
given in Appendices4 and 5 for the period of April 1991 to January1992.
Appendix 6 shows the graphscorrespondingto this period. In general the
improvementof both Turbidity and the Bacteriologicalquality was very good
and kept on improving with time with the exceptionof occurrenceof a few
undesiredincidences. Upon comparingthe turbidity remova1with the Local
Standards(of 25 NTU), with theexceptionof someperiodsin the monthsof
ApriI & December1991 and January 1992, during therest of the times, the
SSFoutlet turbidity was within acceptableIevels. In fact, at no time did the
monthly mean turbidity exceed 29.5 NTU. This was so inspite of the
inadvertentuseof thebottom intake pipe at the dam site.

Regardingbacteriologicalquality, its clear that morecarehas to be takento
supervisetheworkerswhen theyare cleaningthe SSF. Any supportingstaff
askedto takebacteriologicalanalysissampleshas to be madevery conscious
of the need to maintain absolutesterility of any equipmentsused. It may be
agood ideato secretlycounter-checkthe first few sampleswhich theytakeon
their own. The need for formal short-terni training of supporting staff in
healtheducationis very clear.

The most importantobservationsfrom theseresultsare that any increasesin
the fìltration ratesof the SSF have to be done graduallyand should be done
undersupervisionoî Engineers. The shockchlorinationof the DRF and SSF
donefor purposesof identifying the sourceof algaein November1991 is not
desirable. At no time should oneconsiderdosingchlorine in eithertheDRF
or the SSF again becausethat is detrimenta] to the bio-chemicalprocesses
taking place in both units.

2.2.2 Results from the Danish Laboratory

The parametersanalyzedby the Danish L.aboratory betweenJanuaryand
December 1991 for water samplcs from some nine locations within the
catchmentof Mpira/Balaka project are summarizedin Appendix.7. These
included the main treatmentworks and four depthsof thedam reservoirwhich
are shownon theschematicsketchon Appendix.8. ThepatternofTotal Iron,
Aluniiniuiii and Total Phosphorusis describedin detail in this report.

2.2.2.1 Total Iron

Frorn the graphson Appendix.9, it can be seenthat the total Iron distribution
in the reservoirs]iowedadistinct increasein concentrationwith depthwith the
highestrecordedvalueof 43. 1 ppm at 2Oni deptli in January1991. This by
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chanceled to thehighestlevel of total Iron in theSSFOrecordedof 6,54 ppm
on the samedate. Otherwise, during the rest of the time, the level of total
Iron in the SSFO was within the averagevalueof 1 .64 ppm that is also well
within theallowablelocal temporarystandardof 2.0 mg/1. TheSSFOranged
from 0.022 to 6.54 ppm total Iron during this period. Theeffect of useof the
bottom intake wateris very apparentîrom the resultsand if oneexaminesthe
total Iron Ievel at thedepth of 5.Om one clearly seesthat the maximumnever
exceeded1 1.6 ppm insteadof the 43. 1 ppm reported.

2.2.2.2 Aluminium

The graphs in Appendix. 10 show that the level of Aluminium in the reservoir
and along the treatmentplant followed a similar trend to the total Iron. The
highestlevel of Aluminium recordedwas in the reservoirand at a depth of
20m which was 50 ppm and resultedin a high (inexplicable)RFOof 63 ppm
that was neverthelessbroughtdown to only 9.2 ppm in theSSFO. By chance
the ]atterwas to becomethehighestvalueof theSSFOwhichgenera1lyranged
from 0.01 1 to 9.2 ppm with an averagevalueof 1 .96 ppm that is well within
tlie local temporarystandardsof 2.0 mg/1. Inspiteof using thebottomiritake
pipe, the DRF/SSFsystemcoped very well with thehigh Aluminium load in
tlie reservoirwater. It is fair to commentthat althoughthe Aluminium levels
do increasein the reservoirduring the rains especiallybetweenFebruaryand
April, the levels in theSSFOare not alarming at aIl. It is importantto a1so
notethat orally ingestedAluminium compoundsat such low concentrationsdo
not have any deleterious health eîfects to most human beings with the
exceptionof kidney dialysis patients. Even the WHO guidelineva1ueof 0.2
mg/1 was set on compromisebasis purely by consideringnon-healthrelated
mattersassociatedwith discoloration. Final]y, one can note that if the 5.Om
depthintakewastheoneused,themaximumAluminium Ievel recordedwould
havebeen only 12.0 ppm in placeoî the 50 ppm currently observed.

2.2.2.3 Total Phosphorus

The graphson Appendix.1 1 clearly show that in the reservoir, therewas a
very clear tendencyof the total phospliorusincreasingwith depth. However,
in the treatmentplant, one can observethe existenceof a moderatecapacity
to rernove the total Phosphorus. While the maximum RFI total Phosphorus
was0.62 ppm, the SSFOvaluerangedfrom 0.027 to 0. 19 ppm. In genera],
the total phosphorusIevels in the RFI was fairly similar to the samefor the
2Oni depth in the reservoir.

The rainy seasonIed to someincreasein total Phosphorusconcentrationthus
reinforcing thevalidity of thetheoryof leachingfrom nearbyfarmlands. The
shifting of most of the farmersfrom the Mpir~river catchmentwhich was
largely completedin August 1991 is expectedto reduceevenfurthertheeffect
of nutrients Iike Phosphorusand Nitrogen on algaegrowth in the reservoirin
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thenearfuture. In fact, therewerefeweralgaerelatedproblemsin 1992 than
1990.

2 .2 .2 . 4 Other Parameters Analyzed

Apart from Silica and to someextent pH, the results of the other compounds
analyzed are of no immediate interest due to the delay between the time of
sampling and analysis involved.

2.2.3 Results from the Central Water Quality Laboratory, Lilogwe (CWQ)

Due to the tendencyto leavewater samplesfor long durations before ana1ysis,
the resultsof most samplestaken to theCWQ wereof very limited use. The
most useful datawas that of total suspendedsolidsconcentrationwhich albeit
did not distinguishthe volatile from the non-volatileproportion. Thedatais
presentedin Appendix.12 and shows that the maximumrecordedsuspended
solids concentrationwas 465 mg/1 for a water sampletakenfrom a depthof
20m in the reservoir. Once again, an increaseof the concentrationof the
suspendedsolids with depth is apparentwith the qua1ity of the RFI being
closely related to that of the 20m depth samples. The Ievel of suspended
solids concentration in theSSFOremainedfairly low at between3.0 to 32
mg/1 with an averageof 11.35 mg/1.

The DRF and SSF jointly contributed for suspended solids removals of
between 62 and 95%. It is proposed that this parameterbe monitored
intensively for at Ieastduring the whole of the current rainy seasonfor the
RFI, RFO and SSFOand should include both the volatile and non-volatile
components.

2.2.4 Analysis Data from the University of MaIawi (ICU)

At the time of writing this report, only two setsof data were receivedfrom
the Chancellor Collegefor the samplestaken on the 24th July 1991 and of the
lOth September 1991. However, with the exceptionof the total Iron results,
the data on the other parameters was so different from those reportedby the
Danish Laboratory which has a better quality control that one has to get
further information on the methodsof analysis usedthere prior to making any
coniment. In addition, tlie consultant was informed of the delays in analyzing
tlie sampleswhich originatedfrom bureaucraticbottlenecks. Thesemusthave
partially contributedto the mentioneddifferences. The Water Department
should follow up this matterwith the relevantauthorities.
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2.3 Overall Treatment Plant Assessment

While bearingin mind theoperationalconstraintsfacedduring theyear 1991
togetherwith the continuationof the taskof modifying the DRF expectedto
be finished soon, the treatmentworks operation and treatmentability has
improved tremendously. The merits of the modification of the DRF have

. been establishedin this review report.

Theconsultantis recommendingthat theWD shouldconcentrateits efforts in
finishing the modification of the DRF1 as soon as possible so that the
treatmentworks can be run under the long-term conditions with six SSF and
DRF1. The exclusion of the bottom intake pipewill a1so ensure delivery to
the water works waterof betterquality throughoutthe year.

In an attempt to iniprove even further the monitoring of the treatmentplant

J capacity, the Iaboratory at the treatmentplant should be strengthenedand
expandedto carry out a few morerelevantroutine tests(including suspended
solids and D.O.) in order to ensure existence of the loca1 capacity to handle

I this matter. The laboratory might also be useful for monitoring the water
— quality in the distribution mains apart from also serving any nearby water
• supply schemesin future. Complicatedtests will however, still haveto be

_~ carriedout at the Central Water Quality Laboratory in Lilongwe (CWQ).
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3. TREATMENT PLANT CAPACITY OF THE MAIN WORKS

3. 1 Introduction

Therearesix Slow SandFiltersandfive modifiedDownflow RoughingFilters
(DRF) which are operational. The Downflow Roughing Filter is nearing
completion but still needs to be filled with media. The modifications to the
DRF proposedby the consultantin ApriI 1990, havebeen carried on four
DRF (which becameoperationalby theend of May 1991 (i.e. DRF3-6). In
May 1992, water analysis of a complete year of operation with the four
modified DRF will be available. However, the resultswi]1 be largely based
on the useof the bottom intake (20m deep) which was found to havebeen
inadvertentlyIeftopenuntil during thefirst weekofJanuary1992 when itwas
closed. It is difficult to guesswhen this pipewas actuallyopenedfor thefirst
ti me.

3.2 ProjectedCapacityfor the Year2005

To establish the required plant capacity at any time, apart from the plant
filtration ability, a numberof operationalfactors haveto be considered.

3.2. 1 OperationalFactorsConsidered

The first operational factor consideredis SSF cleaning, records collected
betweenJanuary1991 and 1992 show that it usua1ly takestwo (up to three)
days to clean the SSF bed becauseprior to scrapingthe top 20 - 3Omm, the
filter has to be drainedand then refilled up to the operationallevel before
restarting. For a DRF prõtectedSSF unit, this operation is doneon average
once a moiith. Assuming ten SSF are provided and consideringthe worst
circumstances,one filter will be out of operation perrnanentlyfor cleaning
purposes.

Regardingresanding,if its assumedthat the averagescraping thicknessof
sandis 25mm,for an averagefilter run time of one month and with an initial
sanddepthof 1200mm,in two years. the net scrapingdepthwill be 600mm
to bring thesanddepthto the minìmum of 600mm. Experienceat Balakahas
sliown that it takesapproximatelythree monthsto completethe resandingof
one unit. Again consideringthat tenonly SSF areprovided,anotherSSFunit
wiIl also be permanentlyinoperational for purposesof resanding.

Currentoperationalexperieiicehasshown that the DRF can operateat up to
60 éì.~rn/h_without~yproblems.This correspondsto afiltration rateof about
0.9 m/h. This in turn correspondsto a SSF filtration rateofabout0.12 m/h.
However; the averageoperational flow is usually set at between50 and 55
cu.m/h thus Ieading to an averageflow of 15 1/sec. The capacityof the six
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SSFunits now constructedhasthus beenshown to beabout90 1/sec.ata rate

of just under0. 1 m/h if all areoperationalat the sametime. Consideringa

I specific domesticwaterconsumptionof 27 1/c.d., the total waterdemandforthe project areaby the year 2OO5 when excludingBalaka town expectedto
haveits own supply and including other miscellaneousrequirementswill be

I 120 l/sec.

SinceeachSSF unit can treatabout 15 1/sec., in order to treat 120 1/sec.,at

I Ieasteight SSFunits are required.Consideringthat two unitsarepermanentlyout of operation, 10 SSF units are required in order to provide standby
capacityfor both cleaningand resandingof the SSF.

Ï
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4. CONCLUSIONS

The following conclusionscan be made regarding the current status of
Mpi ralBalakaWater treatmentworks:

4. 1 Thewater treatmentplant which now comprisesof themodifiedDRFandSSF
is capableof improving therawwaterqua1ity from Mpira damreservoirto an
acceptablelevel evenunderthe mostdifficult operationa1conditionsexplained
in this report.

4.2 The SSF filtrate from thewaterworks is safefor humanconsumptionafter
addition of minimum of chlorine for fina1 disinfection and for preventionof
recontamination.

4.3 Tlie merits of the modificationsof the DRF havebeen shownin the form of
a much improvedoperationalconditionsin termsof theSSF filter run times.

4.4 In order to meetthefuture(year2OO5)waterdemandsexcludingBalakaTown
without any difficulties, the water works should be expandedto have four
moreDRF and 4 moreSSF units.

4.5 To improvefurther theperformanceof theworks, a comprehensivein-house
training of the lower cadrepersonnelinvolved with routineoperation of the
treatmentplant should be effectedassoonaspossible.

4.6 The Laboratory facilities at the waterworks should be upgradedin order to
iniprove its routinemonitoring capability.

4.7 Thereis no needto go for ful] scalechemical treatmentin this project asthe
currenttreatmentsystemis suitableespeciallywhen one considersthe aspect
of long-termsustainability which is critical for future successof any rural
water supply scheme.

4.8 Assessmentof failure or successof any water treatmentplant shouldbe based
on the quality of fina1 filtrate and not on the raw water quality as such.
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APPENDIX 2

I

A TYPICAL CROSS—SECTIONOF A DRF PROVIDED WITH A DRAIN CHANNEL
(FALSE BOTTOM TYPE)

NOTE:

DRAIN CHANNEL (FALSE
BOTTOM) ENDING IN A
PIPE (D.I.) & VALVE AT
THE INSIDE OF WALL

FILTERED WATER COLLECTION PIPES ARE
OPTIONAL
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TREATMENT WORKS LABORATORY ANALYSIS RESULTS

Date
Sulphate
(iug/1)

Nitrate
(mg/1)

Nitrate
(iug/1)

Total Iron
(iug/1)

Aimrionia (mg/1) Dissolve
oxygen (

d
iug/1)

RFI SSFO RFI SSFO RFI SSFO RFI SSFO RFI SSFO RFI SSFO

April 1991 7.20 4.75 0.31 0.38 0.20 0.03 0.26 0.07 0.31 0.32 — —

June 1991 5.83 3.33 0.15 0.45 0.02 0.01 0.20 0.08 0.05 0.00 6.70 5.88

July 1991 4.75 2.63 0.12 0.70 0.02 0.04 0.14 0.04 0.00 0.00 6.45 4.99

August 1991 2.67 1.29 0.25 0.50 0.02 0.01 0.20 0.05 0.05 0.05 — —

September 1991 3.40 1.20 0.36 1.40 0.12 0.03 0.14 0.04 0.15 0.17 — —

October 1991 3.86 2.14 0.05 1.48 0.02 0.21 0.32 0.03 0.68 0.21 — —

November 1991 2.67 2.83 0.01 1.69 0.00 0.37 0.49 0.04 1.30 0.25 — —

December 1991 6.00 2.72 0.04 0.64 0.09 0.08 0.68 0.06 1.01 0.34 — —
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TURBIDITY (NTU)
APPENDIX 4

Date
Results

EXPLANATIONS
DRFI SSFO

April 1991 48 - 157 31 — 132 i) Generally Turbidity reiuoval low, sometiiues an increase
in SSF Outlet observed.

ii) Only DF4&5 comiuissioned by 19/03/91. Flushing just
finished on DF4 and iuost of the water is not
pretreated.

June 1991 54 — 70 23 - 33.8
Mean = 29.5 NTU

i) Average SSF filtrate quality is better and very stable.
(See graph, Appendix. 6.1)

July 1991

.

28 - 60 17 — 32 i) Average SSF filtrate turbidity is within local
standards for most of the tiiue.

ii) On a number of occasions, slightly higher SSF filtrate
than DRF outlet turbidity observed. This could either
be caused by cleaning of the two SSF or unusually fine
algae penetration which is not unusual in a SSF. If the
latter is the cause, Chlorophyl—at analysis could
confirin it. (See graph, Appendix. 6.2)
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August
1991

19 - 28 9.4 - 19.2

Mean = 15.2 NTU

i) DRF outlet ranged from 9.4-19.2 NTU. The SSF outlet was
for sometime slighty higher that the SSF outlet.

ii) Possible cause of higher turbidity is deep penetration
of impurities causedby uprating as a result of
increase in flow from 25 - 30 to 60 cu. m/h. Exact date
not known but increase not affected gradually. (See
graph, Appendix.6.3).

Sept. 1991 15 — 21 2.6 - 7.8

Mean 4.9 NTU

i) DRF outlet ranged from 3—7.5 NTU. The SSF outlet was
for a short period higher than the DRF outlet. (See
graph, Appendix. 6.4)

— Other reasonsas in August 1991.

Oct. 1991 13 - 21 0.8 — 3.0 i) DRF outlet turbidity, 3.7— 9.0 NTU

ii) SSF outlet quality is very good and stable. The
incoming turbidity is fairly similar to September. (See
graph,_Appendix.6. 5)

Nov. 1991 11 - 23 1 - 4.5

Mean = 2.2 NTU

i) DRF outlet turbidity, 3 - 10.3 NTU.

ii) However, the overall performance was very good with
SSFO ~ 10 NTU. (See Appendix 6.6)

Dec. 1991 27 - 229 0.6 — 58.3

Mean = 7.9 NTU

i) The SSF outlet is only froiu SSF3 — 6.
ii) Very high inlet water turbidity on 27th and 3Oth, the

shock load led to low removals in the DRF but the SSF
took the majority of the load. (See Àppendix 6.7)

January
1992

12 - 180 3.4 - 74.5

Mean = 20.5 NTU

i) During the first week of january 1992, the bottoiu
i~ntake pipe which had been open was closed. Note the
decrease of RFI the next day from 87 to 15 NTU. SSFO
value down to ~ 10 NTU. (See Appendix 6.8)
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BACTEREOLOGICALQUALITY (No./100 inl)

Date
Faecal Coüforms (FC) FaecaL Streprococci (FS)

EXPLANATIONS
DRFI SSFO DRFI SSFO

April 1991 4 - TNTC 0 - 51 0 - 32 0 - 9 i) Performance is Average/Moderate.

ii) Some unsatisfactory results obtained even when DRF Inlet
quaLity is good, Suspect Analysis. Possible causes are:

1) Sanple contamination
2) Poor hygiene during cteaning of SSF. e.g. SSF 3,4 & 5

cteaned on l3th, l5th, and l7th.

June 1991 O - 42 O - 4 O - 2 O i) BacterioLogicat quaLity good.

July 1991 O - 4 O - 2 O - 1 O - 1 i) Perforrnance generally goo, pol(ution Load tow.

Aug. 1991 O - 12 O - 4 O - 1 O i) Results ~jere good but suprisingly no probLems associted wìth
increase ~n the rate of fiLtration.

ii) The exptanation is plausibLe if one considers the difference in
the nature of the partictes i.e. co(Loids and bacteria

Sept. 1991 2 - 26 0 - 10 O - 2 O - 1 i) Performance is good inspite of the filtration rate increase

Oct. 1991 O - 60 0 - 2 0 - 2 0 i) Bacteriologicat quaLity in~>rovement is very good

Nov. 1991 6 - 56 0 - 9 O - 12 O - 2 i) Performance is good although the shock chLorination of DRF and
SSF done in Nov. 1991.

ii) SLight_reduction_in_removaL_of_bacteria_noted.

Dec. 1991 13 - TNTC O - 33 O - TNTC O - 26 i) BeLo~average performance and hence chlorination is computsory
after SSF.

Jan. 1992 11 - TNTC 0 - 3 4 - 37 0 i) The performance is better than nornìal inspite of the worse
inlet water quality.

Note: TNTC Too Numerous To Count :D
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A SUM~ARYOF THE DANISH LABORATORYRESULTS

PARAMETER DATE DAY
No.

SAMPLING POINTS

UF DF SURFACE 5 Trt 10 m 20 in RFI RFO SSFO

Iron,
Total
(ppTrl)

29/1/91
10/1/91
28/2/91
11/4/91
16/5/91
18/6/91
24/7/91
10/9/91
21/10/91
28/11/91
17/12/91

29
10
59

101
136
169
207
255
296
334
353

3.00
0.66
4.12
0.56
0.54
0.70
0.33
0.22
1.13
0.91
2.04

—

2.8
18.9

0.53
0.89
0.46
0.36
0.17
0.12
0.88
8.20

2.03
1.53
2.70
2.60
1.62
2.25
1.13
0.48
0.17
0.031
0.23

11.6
2.10
4.16
2.56
1.93
1.77
1.01
0.53
0.20
0.097
0.26

—

3.9
12.3

2.59
1.95
1.97
1.01
0.71
0.50
1.05
3.10

43.1
3.53

30.5
2.30
3.64
4.36
1.01
0.93
1.90
2.41
7.45

—

1.23
19.7

3.42
2.66
2.82
1.00
0.39
2.65
0.65
3.95

24.5
0.51

17.7
3.44
1.77
1.55
0.74
0.14

0.052
0.008
0.65

6.54
0.022
3.87
2.71
1.12
1.26
0.72
0.064
0.022
0.12

—

Day O = 31/12/90
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PARAMETER DATE DAY
SAMPLING POINTS

No. UF DF SURFACE 5 m 10 in 20 m RFI RFO SSFO

Aluminiuin 29/1/91 29 5.0 — 6.9 0.97 — 2.0 — 2.2 0.64
Total 10/1/91 10 0.99 0.73 1.2 1.7 4.4 1.6 0.97 0.37 0.041
(ppin) 28/2/91

11/4/91
16/5/91
18/6/91
24/7/91
10/9/91
21/10/91
28/11/91
17/12/91

59
101
136
169
207
255
296
334
353

8.4
0.60
0.68
0.68
0.29
0.098
0.12
0.82
3.8

25.0
0.39
0.94
0.21

0.093
0.057
0.10
1.0

20.5

6.4
6.1
3.3
2.63
1.84
0.70
0.18
0.095
0.26

12.0
7.0
3.2
2.41
1.58
0.77
0.18
0.073
0.39

23.0
6.4
3.8
2.69
1.70
0.79
0.086
0.17
2.8

50.0
8.2
5.1
5.31
1.53
1.1
0.10
0.12
6.6

46.0
8.4
5.1
3.62
1.36
0.46
0.22
0.11
2.3

63.0
8.5
3.1
2.34
1.15
0.17

0.061
0.11
0.44

9.2
6.0
2.2
2.10
1.21
0.095
0.11
0.027
0.02

Day O = 31/12/90
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PARANETER DATE DAY
No.

SÄMPLING POINTS
~

.UF DF SURFA
CE

5 in 10 in 20 in RFI RFO SSFO

Phosphorous
Total (ppin)

29/1/91
10/1/91
28/2/91
11/4/91
16/5/91
18/6/91
24/7/91
10/9/91
21/10/91
28/11/91
17/12/91

29
10
59
101
136
169
207
255
296
334
353

0.14
0.66
0.15
0.036
0.038
0.037
0.029
0.041
0.29
0.069
0.17

—

2.8
0.78
0.085
0.10
0.065
0.060
0.11
0.13
0.15
0.43

0.28
0.15
0.14
0.14
0.084
0.30
0.091
0.14
0.086
0.039
0.062

0.31
0.12
0.22
0.13
0.095
0.11
0.063
0.088
0.056
0.040
0.063

—

0.21
0.43
0.14
0.096
0.11
0.071
0.067
0.074
0.098
0.22

0.77
0.18
0.78
0.22
0.15
0.19
0.071
0.081
0.18
0.20
0.48

—

0.087
0.62
0.20
0.13
0.15
0.074
0.066
0.19
0.20
0.27

0.74
0.077
0.51
0.16
0.096
0.092
0.051
0.35
0.044
0.14
0.053

0.18
0.044
0.18
0.19
0.10
0.073
0.061
0.028
0.027
0.034
0.035

Day O = 31/12/90

:D,
PtJ

tJ
z
t,
H
D4

..J

w



l

I



APPENDIX 8

l
I A SCHEMATIC LONGITUDINAL SECTION OF ThE LOCATIONS WHEREWAT ER SAMPIÆS WERE TAKEN
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TOTAL SUSPENDEDSOLIDS CONCENTRATION

Date
Concentration (mg/1) Removal *

%
Mpira
(UF)

River Mpira Dam
Surface

Mpira
20 ni

Dam RFI RFO SSFO

28/02/91 67.0 8.0 465.0 310.0 131.0 17.0 94.5

11/04/91 21.0 42.0 89.0 46.0 22.0 9.0 80.4

02/05/91 — — — 22.0 7.0 3.0 86.4

16/05/91 4.0 14.4 36.0 24.0 2.8 6.8• 71.7

30/05/91 8.4 — — 22.0 12.0 6.8 61.9

18/06/91 12.0 59.0 65.0 44.0 11.0 14.0 72.7

Undated 27.0 16.0 353.0 321.0 65.0 32.0 91.6
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