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EXECUTIVE SUMMARY

ACTION PLAN TO ADDRESS WATER AND PUBLIC HEALTH PROBLEMS

CITY OF BEIRA, MOZAMBIQUE

During the last threeyears,Belra’s normalpopulationof about275,000hasnearlydoubled
dueto an infiow of peopledisplacedby dvii war anddrought.Major internationallyfunded
projectscurrentlyareunderwayto increasethecapacityof thewatertreatment,transmission,
anddistributionsystems,to improvethewastewatersystem,andto strengthenCompanlade
Agua de Belra’s (AdB) capacity to effectively carry out Its responsibiities.While these
programshavea total value of over US$75 million, none addresssolutionsto the current
emergencyconditions or programsto guaranteeBeiraa reliablesupply of raw water.

Evenbeforethedrought, AdB providedonly intermittentserviceto lessthanhalf thepeople
In its servicearea.Theunservedportion of the population currentlydependsupon shallow
weils, astheydid beforeAdB startedto supply waterin 1954.

Effect of the Drought on the Water Supply

Severalyearsof below-averagerainfail haveproducedrecord-lowfiows in the PungoeRiver
(pronounced“Poong-Way”),Beira’sonly surfacewatersupply.Whilesufficient in quantityto
meetBeira’ssupplyneeds,theselow fiows fail to preventsaitwaterfrom reachingthe Intake,
some77 km from the mouth of the estuary.At best,this meanswatercanbe pumpedfrom
the river only during penodsof low tlde. At times,however,thewaterIs salineunderall tidal
conditions,andtheintakepumpsmustbeshutoff. During OctoberandNovember1992,the
situationwassoextremethatthe entiresystemwasshutdownfor nearlysevenweeks.Total
waterproducedin 1991 wasabouttwo-thirdsof thesystem’scapacityandIn 1992, It feil to
lessthan half.

The lack of rainfail neededto rechargethe groundwateraquiferscombinedwith the periodic
closureor intermittentoperationof the watersystemalso hasplacedaddedburdenson the
shallowwellsusedby the majority of the population. WaterJevelshavedropped;salinity has
affectedmanyweils; andthegeneralqualfty of the well waterhasworsened.Only 30 percent
of thepermanentpopulationIs servedby sewers.This lackof coverageand thepoor quallty
of thesewerscontributeto the groundwatercontamination.
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Findings

WaterNeedsandLosses

The immediatesurfacewaterneedsarethoserequiredto supplythe existingwatertreatment
plant: 30,000m3 perday andanother30,000n~perday for thenewtreatmentplant about
to be constructed.Until aproposedsecondtransmissionline Is constructed,only 24,000m3
per day can be pumpedto the city. Beira’s waterdlstribution systemis subject to frequent
breaksandhigh levelsof leakage;houseconnectionsandinternalplumbingalsoaresources
of significant losses.Theselosses,which amountlo abouthalf of the waterproduced,would
be greater1f systempressureswere not very low. Distribution systemImprovements,now
fundedby internationaldonors,areunderway.

SurfaceWater andDeep Wells

The PungoeRiver is the only feasiblesourceof surfacewater.While otherpossiblesources
of groundwatersupply shouldbe investigated,thechancesof successprobably arenot high.
Threedeep(>100m) testweils drilled in 1992weredisappointingin eitherquality, quantity,
or both. The drought over the past few yearshasmadeIt dearthat without someform of
regulationthe PungoeRiver Is not adependablesource.A suggestedhigh damatBueMaria
would certainlyachieveregulation,but high costsmakeIt anunrealisticsolution at thistime.

Theprlncipalfinding relativeto raw watersupply isthatthe presentsourcesareunreliableand
inadequateto meetcurrent presentor future needs.

Shallow Weilsand Standposts

Despitethe long drought andthe many problemswith quality, shallow weils continueto be
the prlncipal sourceof waterfor the majority of peoplenow living in Belra. In addition,poor
sanitationfacilities and practices,Improper well design, and inoperativehandpumpshave
limited the effectivenessof theshallowweils asmuchas thedrought.Similarly, asaresultof
the inadequatenumberandqualityof standposts,alargepercentageof peoplearenot directly
connectedto the water distrlbution system.

PubIîc Health Consequencesof Inadequate Water

During mastof OctoberandNovember1992, AdB did not supply waterto Beiraor Dondo
residents.The populationwasforced tousegroundwatersources,oftencontaminated.Water-
borne lilnesses,inciuding diarrheaandcholera, ncreasedsignificantly during this perlod.

Durlng thistwo~-monthperlod,healthauthoritiestreated2,286suspectedcasesof choleraat
the CentralHospitalof Belra (CHB). A total of 73 deathswereregIsteredwith aCaseFatallty
Rate (CFR) of 3.2 percent.Upon reviewing laboratoryresuits,1,110 caseswereconfirmed
as cholera, with a resulting cholera CFR of 6.6 percent.By mid-December,the cholera
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outbreakstartedto decrease.TheCity HealthDepartmentandCHB authoritieshavedonea
commendablejob In meetingthiscrisis, but medicalsuppliesnow arerunning extremelylow.

Casesof diarrhea,in generaland especlallyfor children under five years, haveincreased
significantly sinceOctober1992. Giventhe low nutritional statusofmanychildren in thearea,
additional diarrhea attackspose a significant risk. Health educationcampaigrishavebeen
conductedhaphazardlywith questionableresuits.

Recommendatlons

• Evaluationof Proposalsby Local WaterOfficials: As long as four yearsago,officials of
theNational Directorateof Water(DNA) preparedproposalsfor addressingtheproblerns
of the drought-lnducedwater shortage.Thoseproposalsappearessentiallysoundand
serveasthe basisfor the recommendatlonspresentedin this report.

• EmergencyProgram: It is the intention of the Governmentof Mozambiqueto request
financial assistancefrom the Internationaldonorsto fund the followlng programs.Where
donorsalreadyareinvolved andthe proposedprogramsrelateto their projects,specific
assistanceis requested.Thefollowing elementsof the emergencyprogramarelisted in
suggestedorder of prlority.

Emergency Program Elements

• Appoint anexecutivecoordinatorfrom within the Governmentof Mozambiqueto serve
as ilaison betweenthe governmentand the donors, andengagethe servicesof a field
coordlnatortomanagetheImplementatlonof proposedprojects.Without suchassistance,
local authoritieswill be too heavily burdenedto ensureeffective Implementation.

• Purchasemedicalsuppliesfor the Centra!Hospita!of Beira for the treatmentof cholera
andotherdiarrheas;purchaseselectedlaboratorysuppliesto monitorthecholeraoutbreak
andtest water quallty; and,begin long-term programsto Improve hygieneeducation,
sanitationandwatercollection in the urban andperi-urbanbairrosof Beira.

• RequesttheGovernmentof Italy to reallocatefundsto allow thecontractoralreadyon-site
to dredge the existing intake canal to store water for use when the river water is
contaminatedby salt. This would allow up to ten days’ storageof raw water.

• Design a low dam (5m In height), just downstreamfrom the exlstingIntake to actas a
saitwater barrier when river fiows are low. The design and environmental Impact

- assessmentshould be completedImmediatelyto allow constructionof the damon short
noticeshould the droughtcontinueafterthe currentrainy season.

• Constructthe damdescnbedin the aboverecommendationonly 1f the nver flow at the
endof the current rainy seasonIs sufficiently low to pose a threat.
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• Preparetermsof referencefor a detailedstudyof the area’swaterresourcesandidentify
alternativemeansof strengthenlngBeira’s raw watersupply. This activity Is critical to a
long-termapproachto solving Beira’s wate! shortageproblems.

• Conductthe waterresourcesstudy descrIbeclIn recommendation.

• Conduct a detailed study of the existing shallow wells and recommendedfeasible
improvements.The studyshouldnotelocation,type,waterdepth,waterquality of wells,
andnearbysanitaryfaciities.

• Requestthe Governmentof Finlandto perrriit its Belraconsultantto designunits which
combinestorageandpublic standposts,aspartof its taskof strengthenlngthe Beirawater
system.A total of 220 unitsarerecommendedandcould be servedby AdB’s pipelines,
tanker trucksor weils.

• Constructthe storage/standpostunits desaibedin recommendation.

• Implement,throughthe servicesof an approprlateon-sitenongovemmentalorganization
(NGO) suchasAfrlcare, aprogramto rehabiitate200 existingshallow weils, to replace
40 inoperative handpumpsin critical areaswith “Afridev” units, to construct 50 new
shallow dug weils and 200 new sanitary pit latrines in the vicinity of these weils.
Considerationshould be given to renovatingthe existlngpublic latrines.

• Enterinto a forma! agreementwith the Acucarelrade Mozambique (AdM)—the sugar
plantatlon which owns andoperatesthe raw water intake andcanal—thatwill requIre
AdM to stopusingthiswaterfor Irrigatlon wheneverthe flow andtidal conditlonsthreaten
operationof the intake.

• Designandimplementapublic educationprogramon basicsanltationhabitsandpractices
and on the needfor water conservatlonduring dry peiiods. This program would be
directedatschoolchildrenandthe generalpublic throughthe mediamostappropriatefor
Beira.

• Provide support training for health workers andstaff in Beira on the managementof
choleraanddiarrhealdiseases.The proposeciprograminciudestwo three-dayseminars
for 50 employees.

• Purchasewater tank trucks and other cornmoditles and equlprnent to support the
program.

EstimatedCostof the EmergencyProgram

As mentionedearlier, internationaldonorsalreadyarefunding projectswith avaluein excess
of US$75million. Yet, noneofthe projectsaredirectedto Beira’simmediatewaterandhealth
problems.Theestimatedcostof the recommendationsdescribedin the emergencyprogram
is $US4 million, or slightly more than 5 percentof the cost of the major projectsalready
fundedand underway.A summaryof the costsof the emergencyprogramis showri in the
following table.
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ESTIMATED COST OF SPECIFIC RECOMMENDATJONS

Recomniendation

Hire afield programcoordinator.

Purchasemedicalsupplies.

Dredgethe intakecanal.

Designtemporarydam.

Preparescopeof work for waterstudy.

Conductshallow well survey.

Designstorage/standpostunits.

Constructshallow well lmprovements.

Agreewith Açucareiraon wateruse.

Conductpublic Information programs.

Train healthworkers.

Constructstorage/standpostunits.

Conductwater resourcesstudy.

Purchasewatertrucksandmiscellaneous

Constructlow dam. -

equipment.

EstimatedCost

$200,000

100,000

100,000

30,000

20,000

50,000

60,000

800,000

Unknown

50,000

10,000

800,000

1,000,000

250,000

250,000

EstimatedTotal ProgramCost $3,720,000

SuggestedContingencyAllowance 280,000

SuggestedBudgetaryAllowance $4,000,000
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Chapter 1

INTRODUCTION

1.1 Objectives

The scope of work for this study is presented in Appendix A. The objectives are summarized
as follows:

• to assess the magnitude of the existing water supply and public health problems in the
city of Beira and surrounding areas caused by the extended dry periods in the Pungoe
River basin; and,

• to identify a range of altemative solutions or improvements to present to the
international community for their consideratlon for prompt implementation.

1.2 Methodology

1.2.1 WASH Team

At the request of USAID/Maputo, the Water and Sanitation for Health Project (WASH)
assigned a three-person team to conduct the assessment and present recommendations. The
team inciuded an environmental engineer (team leader), a groundwater hydrologist, and a
public health specialist. The team spent several days in Maputo at the beginning and end of
the assignment and two weeks in Beira, for a total of three weeks in Mozambique.

1.2.2 Team Member Asslgnments

• The public health specialist interviewed a wide range of government and NGO public
health officials in Maputo and Belra. The work included evaluation of the exlsting
health care delivery system and facilities and review of appropriate records and
statistics. The public health specialist conducted field studies of hospitals, clinics and
other health care facilities; investigated typical housing and water and sanitatlon
practices; and interviewed those giving and receiving health care.

- • The groundwater hydrologist interviewed government officials and contractors in
Maputo and Beira who had current knowledge of groundwater conditions in the Beira
area. The team member reviewed reports and records, made field visits to a wide
range of machine, hand-drilled and hand-dug weils, and observed current practices in
the use of groundwater, both Inside the city and in the surrounding area.
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• The environmentalengineerintervleweci governmentofficials and contractorsIn
MaputoandBelrawho hadcurrentkriowledgeof all aspectsof surfacewatersuppiles
and water delivery. Work included revlewing reports and recordsrelatedto the
currentdroughtandtakingfleld inspecticntrips to existingandformer intakeson the
PungoeRiver, proposedlow damsites,andthe watertreatmentplant.

1.2.3 Team Approach

With informationgainedfrom thelrindividual investigations,theWASHteamjointly developed
a rangeof alternativemeasuresto alleviatethe iclentified problems.Theserecommendatlons
werediscussedwlth waterand public health officials who haveprime responsibiityin each
disciplinearea,andthe team’sfindings andrecornmendationswerethenformally presented
to awideraudienceof interestedparties,includin~provincial authoritiesin Belra,international
donors,andseniormembersof the Ministry of ConstructionandWater (MCA or Mlnlsterlo
de Construcaoe Aguas),National Directoratefor Water (DNA or Dlrecclon Naclonal de
Aguas),andMinistry of Health (MOH) in Maputo. Discussionsandcommentsfrom those
meetingsweretakeninto accountin preparingthis final draft report.
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Chapter 2

BACKGROUND

2.1 Mozambique and the City of Beira

TheCity of Beira is thesecondlargestcity in Mozambique,afterthe capital of Maputo, and
is the capital of the Provlnceof Sofala(seeFigure 1, Location Map). Belra is an important
port and has good road and rail links to Zimbabwe,Zambia, and Malawi. Of particular
significanceIs the “Beira Corridor,” arelativelythin strip of land (approxlmately10 km wide),
extendingfrom Beirato 1-larare,Zimbabwe.Along the corridor runsapavedroad andrail,
oh, water,and powertransmissionlines.

The Provinceof Sofala has an estimatedpopulation of 1.4 million. The Ministry of State
Administration estimatedBelra’s population at 240,000 in 1989, but unofficial estimates
indicatethatthis numberhasdoubled.The presentroughestimateof thepopulation of Beira
andDondois over500,000,Includingpeopleliving in encampments,dispossessedby warand
drought (deslocados).The moredenselypopulatedareaof Belra is sometimescalledcement
city sincemost of its buhidingsareof masonryconstruction.

An agreementreachedbetweenthe governmentandrebelforcesin October1992appearsto
have reducedthe level of flghting; the country is relatively calm at this time. The United
Nations (UN) recently announcedplans to establlsha substantialpeace-keepingforce in
Mozambiqueto ensurethat the scheduled1993 electionsare held in acalm atmosphere.
Thesemeasures,whentaken,should providetmprovedconditionsforthe implementationof
the recommendationsof this report.

2.2 Current Water and Wastewater Development Projects

Severalongoingwatersectorprojectsarecurrentlybeingfinancedby bilateralandinternational
developmentorganlzations.Theseprojectsshould leadto Improvedwaterandsanitationin
Beira.However,while theyprovidebadly needed,long-termImprovements,nonespecifically
addressthe current ernergencyconditions. Theseprojectsaredescnbedin Appendix B.

The estimatedtotal US$value of theseprojectsIs In the order of $75 million.

2.3 AgenciesResponsible for Water Supply and Sanitation

An organizationchart for the water and wastewatersectorin Mozambiqueis presentedin
AppendixC. Theresponsibleagenciesaredesciibedin AppendixD, andthekeyagenciesare
summarlzedbelow.
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Figure 1

Location Map

MOZAMBIQUE
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2.3.1 Pi-incipal Agenciesat the National Level

The Miriistry of Construction and Water provides overall responsibiity for water and
wastewater at the highest level of the government. MCA provides administrative control over
water and wastewater in the provinces through Provincial Directorates for Construction and
Water (DPCA).

The National Directorate for Water reports to MCA. DNA is the principal technical planning
and executing agency at the national level for municipal water and wastewater for Maputo and
12 other provincial capital cities. DNA provides technical control and assistance to these large
cities, either directly or through UNEAS, the Unit Directorate of Water and Sanitation
Companies.

DNA recently created a new supervisory unit called SUPRA. It monitors and supervises the
many intemationally funded water and sanitation projects now underway in Beira.

2.3.2 OtherAgenciesat the National Level

The Natlonal Program for Rural Water (PRONAR), reports to DNA and is the principal
natlonal-level technical planning and executing agency for the provislon of rural watersupply.

• The Unit Directorate of Water and Sanitation Companies (UNEAS) is the current
name of the Associatlon of Water Companies (UDAAS). UNEAS also reports to DNA,
but most of the larger city water companles appear to deal directly with DNA rather
than through UNEAS.

• The State Water Well Drilling Company (GEOMOC) reports indirectly to MCA.
GEOMOC Is responsible for all deep well drffling in the country.

• The State Hydraulic Equipment Company (HIDROMOC) reports indirectly to MCA.
HIDROMOC is responsible for the purchase of all chemicals, pipe, matenals and
equipment used by the water/wastewater sector. 1-UDROMOC also does some minor
construction.

2.3.3 Provincial andMunicipal Levels

The Provincial Directorate for Construction and Water (Dfreccion Proulncial de Construcaoe
Aguo.s, or DPCA) DPCA reports to the MCA. DPCA offices represent the interests of MCA
in the provinces. DPCA coordinates the efforts of other water and sanitation agencies in each
province.

The varlous city water companies (Empresas de Aguas, or E de A) sometimes report to DNA
through UNEAS, but larger companles deal directly with DNA. The water companies in the
provincial cities are responsibile for providing water, and sometimes wastewaterservices to the
people, industries, and commercial entities in their service areas.
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Belra Water Company (Companla Aguasde ~3eira,or AdB) is the municipal water and
wastewatercompanyfor the city of Belra. AdB startedproviding watersupply about 1954,
and wasassignedwastewaterresponsibilitiesin 1983.AdB dealsdirectly with DNA. As noted,
Beira’s Intemationallyfunded projectsaresupervlsedby DNA’s SUPRAunht.

ProvincialWorkshopsfor RuralWater(Estt.~!eIroProuinclal de AguasRurais, orEPAR)reports
to PRONAR andrepresentsthe interestsand fulfills the responsibiitiesof PRONAR In the
provinces.

Community EducationPrograms(Programad~’EducaçaoCommunldade,or PEC) is an
intemal departmentof EPAR.PECseeksto educatethepeoplein thecommunityabouthealth
and sanitatlonrelatedto watersupply.

Programfor Peri-urbanWater Supply (Prograria de Asabtfcementode Agua dos Batrros
Perefericos,or PAABP), reports to DNA through UNEAS. This agency is the peri-urban
equivalentof the urban watercompaniesPAABP doesnot serveall cities, andcurrently has
no responsibiitiesin Beira.

2.4 Agencies Responsiblefor Public Health

The Provincial Directorate of Health (Dlreccoo Provinclal de Saude or DPS), is the
governmentagencyresponslblefor thehealthof thepeoplein SofalaProvince.(SeeAppendhx
C for OrganizatlonalChart of SofalaProvince). In the city of Beira, inciuding the pen-urban
area,the city Departrnentof Health is responsiblefor providing healthservices. A few private
practitionerswork in the city but no private clinics exist. No other entities are currently
providing medicalservicesto thepeopleof Beira. In Dondo, the Ministry of Health (MOH)
district health team is responsiblefor delivery of health care. Severalnongovemmental
organizations(NGOs) provide relief services,indudhnghealth, water andsanitationrelated
services.

2.5 Nongovernmental Organizatlons (NGOs)

A variety of NGOs areworking In relief activitie5; in Sofala Province. Principal amongthese
are: International Comrnitteefor the Red Cross (ICRC), CARE, MozambiqueRedCross,
Food for the Hungry (F1-!]), LutheranWorld Fecleration(LWF), Africare, Redd Bame, and
M~didnsSansFrontières(MSF). Most of thesehavebeenworking in the BeiraCorridorbut
now areexpandinghnto otherdistrictsin theprovince.NGOsdlstributefood,seeds,andtools,
primarily to dislocatedpeople.No NGOs areworking in the city of Belra at this time.

TheWASH teamvisited with severalof the key NGOs working in water supply, sanitation,
and health In Sofala Province.Africare appear.;to be the most able and interestedof the
existingNGOs thatcouldprovide asslstancein urbanandperi-urbanareasof Belra. Africare
hasastrongadministrativeandtechnicalstructurein placeto respondto an emergencyaction
plan. A watertechniclan is expectedto join the Africare Beiraoffice in early 1993. Other

6



NGOscontactedduring thisvisit areneither interestednor ableto expandtheir programsinto
the urban or peri-urbanareasof Beira.
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Chapter 3

ASSESSMENTOF EXISTING CONDITIONS

3.1 Description of the Drought

The U.S. Foreigri Disaster Assistance (USFDA) unit of USAID assessed the effects of the
drought whlch has affected most of the low-lying areas of the southem portion of Africa, below
13 degrees latitude, for the past three to four years(USFDA 1992). The USFDA report
focused on the widespread and catastrophic problems of crop failures, but also addressed
impacts on water supply.

In reviewing the situation in Mozambique in April 1992, the report concluded that the drought
is “severe,” that “river flows have dropped drastically,” and that “drying up of wells and
boreholes throughout the country is causing distress migration” from the interior to such areas
as the Beira Corridor.

3.2 Impact of the Drought on Beira’s Water Supply

The details of the ground- and surface-water supply problems created by the drought are
presented in Chapter 4. Overall, the impact has been severe and extremely disruptive. The
combinatlon of record-low fiows in the Pungoe River and saline Intruslon at the city’s raw
water intake on the Pungoe River, resulted in the closure of Beira’s only water treatment plant
from October 9 until November 30, 1992.

For almost a week after the intake was closed, AdB was able to ration its stored water to
provide some service every other day for a few hours. From October 15 until November 30,
however, the water mains were dry. The combination of high tides and low river fiows caused
the intake to be closed down again on December 9. The intake pump station frequentiy has
been Inoperative during the past several months when salinity levels reached unacceptably high
levels.

When the watermains go dry, hotels, businesses, and wealthy individuals purchase water from
prlvate tank trucks which pump water from private weils or the few small surface water ponds
that stijl exist. Poorer people dig new wells, rehabiitate old ones, raise water from deeper
levels, or get by with water that is bracklsh or contaminated.
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3.3 Prior Studies Related to Drought Conditlons

Therehavebeenasubstantialnumberof studieson thedrought in the generalareaandthe
specific water problemsin Belra (see Appendbc E). Eachof thesestudieshascontributed
significantly to the ability of the WASH teamto gainarapidunderstandingof the problems
andthe rangeof possible solutlons.

The USFDA andWASH reportsprovide anexcel]entoverviewandsummaryof the problems
beingcausedby thedrought.TheInceptionRepoitpreparedforthe World Bankby theDutch.
consultancyDHV presenteda wealth of useful and current datacollectedin avery brief
tlme(DHV etal, 1992). TheDNA studieswerep~ttlcularlyhelpful In presentingspecificdetails
andcostestimatesof possibleinterventionstosafeguardBelra’swatersupply (seeReferences).

3.4 Limitatlons on the Government’~Ability to Take Action

The Republicof Mozambiqueis presentlyin asenouslyweakenedposition. Seventeenyears
of dvii war andapproxlmatelyeight yearsof drought havedisruptedthe country’seconomy
andthe Ilves of the majority of its people. Theseconditions have left the country with
extremely limited finandal resourcesand a severelydeficient infrastructure.Mozambique
receivessignificantassistancefromtheinternationalcommunityto staveoff famine;nearlyone
quarterof the 1.4 million peopleof the province of Sofala require relief food.

Mozambiqueis fortunateto haveacadreof skilled anddedicatedofficials in its water and
public healthsectors,someof whom haveservedMozambiquefor many years.They are
assistedby speclalistsfundedby severalnations.Thereportsandstudiesby DNA makeit dear
that the current critical problemshadbeenanticipatedfor severalyears but could not be
preventedbecauseof lack of funding.

3.5 Water and Sanitation Services

3.5.1 Water Services

The Beirawatersupply systembeginsat thePungoeRiver, approximately60 km northwest
of Beiraalong the Beira Corridor. The raw waterintakeis locatedimmediatelydownstream
from wherethe Beira-Harareroad crossesthe river (seeFigure2). The raw wateris pumped
into a7-km long opencanalwhich providesirrigationwaterto acomrnercialsugarplantation.
Water is thendivertedvia a 1.2 km long shallow conveyancecanalto the raw water intake
for the Mutua watertreatmentplant intake.

TheMutua waterplant wasbuit in theearly 1950sandhasanominalcapacityof treatingup
to 30,000m3 per day. Upon treatment,the wateris pumpedfrom a3,000m3 reservoir14
krn to Mezimbite. The pipeline hasa nominal maximumcapacityof 24,000 m3 per day.
Currently, approximately 20,000 m3 per day (non-metered)are treated at Mutua for
distribution. At Mezimbite, which has3,000m3 of storage,the water is deliveredby gravity
to theMangadistributioncenter,whlch lies 30 km to thesouthandhas30,500m3 of storage.

10



.4

.—

4’.-.

‘t

p.
dl

t4~~’

w.

/

~1

.-r...,
t

.4 t.
• .4 4’4

‘—S

II

(7

•1

—-t- -

‘1. ‘4

t’’
II

.4.
t

.dl.

to
to

(5
3
3
2
0
•0c
0
0
(5
4-

to
0
‘4-

0
0.
to

2~sr~

0.

ei’

f1
4”

1’

‘t-

t

ii

tt.

t

t

t



The Manga District and the alrport are supplied from this center. From Manga, the water Is
conveyed 6 km to the Munhava distributlon cenler, which has 9,500 m3 of storage. The city
center, harbor, and surrounding areas are served from the Munhava center.

Figure 3 graphically deplcts the monthly amount of water treated at the Mutua water supply
plant during the past three years. The effects of the drought are clearly evident in 1991 and
1992.

Minor amounts of water aredistTibuted to Dondo and the Mafambisse sugar factory. However,.
most of the output of the Mutua water treatment p~antsupplies about 125,000 people In Beira
(DHV et al, 1992). This represents less than half of the permanent population, and only one-
fourth of an estimated total population in excess of 500,000. Within Belra, certain areas such
as the Macurungo bairro and the Macuti nelghborhood have been served by small reservoirs.
As a result of poor maintenance, however, these reservoirs are no longer operatlonal.

The people living within the peri-urban areas of ]3eira are partially supplied by 76 standposts
connected to the water supply system, but less than half of them now are in working order.
The remaining portion of the population is dependent on shallow ground water and rainwater
catchment and storage because few surface wati~rsources are available in the area.

Many standposts and yard connections are broken. Low water pressure, poor water quality,
and frequent disruptions to service caused by electrical outages are common. Water losses
within the distribution system are estimated on the order of 50 percent, and would be greater
except system pressures are very low.

Compounding these problems has been the need to shut down the whole water supply system
for weeks at a time due to saline contamination at the raw water intake on the Pungoe River.
The most recent all-day disruption to service lasted for seven weeks (early October through
late November 1992), during whlch the entire Belra and peri-urban populatlons were
dependent on altemative supplies. Although many of these weils are known to be
contaminated, they continue to be used because of the limited, inadequate water supply
system currently in place.

One, very limited altemative supply has been a series of ponds located on the outskirts of
Beira called Six Miles. Water from here is pumpi~dinto tanker trucks (bowsers) and sold on
the open market to industry and private enterprises.

In June 1989, the governments of Mozambique and Finland initlated the Beira Water Supply
Project. The objectives of the project are to prepare appropriate plans for long-term
development of the Beira water supply system and to implement some urgently needed
rehabiitations. Phase 1 was recently completed. The goal of Phase II will be to supply 100
percent of Beira’s urban and peri-urban population with water which meets international
(WHO) water quality standards by the year 2000.

12
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3.5.2 SanitationServices

The existingseweragesystemfor Beira covers only part of the CementCity. The system
serves approxirnately 70,000 people, representingabout one-third of the permanent
populationof Belra(FinnConsultandVesi-Hydrc, 1992). Thedenselypopulatedareaswithin
many of the bairrosandperi-urbanareasareess2ntiallywithout sanitationservices;thereare
an inadequatenumberof pit latrinesandsepticvaults.

The Beira seweragesystemwasbuilt in the early 1960sand is the responsibilityof AdB to
maintain;ownershlpis held by CECB, the City Council of Beira. The systemwhich is in an
extremestateof disrepair, is currently undergoingrehabiitation.The World Bank is funding
rehabiitation and extension of the network of sewers,and the Netherlandsis funding
rehabiitatlonof the wastewaterpumping stations.

The main wastewatersystemis comprisedof four main pumping stations.The secondary
systemconslstsof 11 pumping stationswhlch areconnectedto the main system.Untreated
wastewateris dischargeddirectly to both the seaandthe PungoeRiver. Wastewaterpurnps
arecommonlyout of service.Many of the pipemainsarecorroded,clogged,or collapsed.All
of the pumpingstationshaveemergencyoverflowsinto the stormdrainsystem,but thestorm
drainsare generallydysfunctionalbecauseof inadequatemaintenance.As a result, leaking
wastewaterfrom sewers,backupsandoverflowsarecommon(DHV, 1988). In addition,most
houseconnectionsalsoaresaid to be in a statE: of disrepair. Wastewaterdischargesto the
environment(courtyards,streets,andto the subsurface)arecommon.

Beyondtheareacurrentlyservedby theseweragesystem,few sanitationservicesareavailable.
Manga,Dondo, andothertowns outsideof Beira haveasimilar lack of adequatesanitation
services.

3.6 Health ServicesDelivery

3.6.1 Health Infrastructure

The city of BeirahasaCentralHospital which is the only tertiarycarefacility in the province.
Four healthcenters,two matemities,andeight healthpostsarelocatedin Beira. In Dondo,
onedistrict hospital, ahealthcenter,andtwo healthpostsarecurrently functioning. In Beira
all casesof choleraaretreatedat the Central l-lcspital of Beira. In Dondo, choleracasesare
treatedat the District Hospital.

CHB hasadedicatedcholerainfirmary with only 35 beds.During the currentepidemlc,this
infirmary is filled to capacitywith severalpatientsIn eachbedandotherson thefloor. Patients
who havepassedthe critical phaseof the diseasearemovedto anursing schoolclassroom
wheremostare without beds.

City healthcenterstreatsuspectedcholeracases3ndsendthem dlrectly to the CHB. Patients
with othertypesof dlarrheaaretreatedwith oral rehydrationsolution (ORS) anddischarged
to their homes.

14



3.6.2 HealthPersonnei

Total health staff in the reglon, inciuding those posted at the CHB, the City Health
Departmentandprovincial anddistrict levels,arelisted In Table1. As Table 1 shows,the ratio
of healthworkersto the population Is extremelylow andis inadequateto meetapotentially
worseningpublic healthemergency.

The locationof staffwithin the provinceis changingrapidly. With therecentreturn of peace,
district healthactivities are again functioning. Health workersareretuming to their district
positions. As aconsequence,fewer healthstaffarein the city to copewith any emergency.

No community-basedhealth workers (agéntes poltualente) arecurrentlyworkingin the health
field.

Table 1
Health Personnel in Sofala Province

Pop. Per
City of Health

Beira Worker’

Sofala
District Province
Level Total

• Population per Health worker combines health personnel working at
- Beira Health Department. Population used = 500,000

b Represents all personnel including support staff.

CBH and City of

Cadre

Central
Hospital
of Beira

Medical Doctors 15 1 29,412 2 18

Nurses
Specialists
Basic
Basic MCH
Elementares

23
176
30
2

3
42
32
20

0
66
13
40

26
286
75
62

Nurses Subtotal 233 97 1,515 119 449

Medical Assistants
Preventive MA
Basic MAs

1
0

15
14

11
10

27
24

MAsSubtotal 1 29 16,129 21 51

Total Care Givers 250 127 142 518

Total Health Staffb 713 350 587 1,350
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3.6.3 Health PersonnelAssignedto Treatment of Cholera

In orderto respondto the currentincreasein chcleracases,healthstaffweredrawnfrom the
City HealthDepartmentclinics andpostsandreassignedto CHB. As aresult, healthservices
at the clinic level suffered.

Sanitatlon

No MOH departmentsare involved in constructionof latrines.The MOH hasaCenterfor -

Prophylaxiswhich is responsiblefor disinfectionof weils with chiorine. While threepeopleare
asslgnedto this task, lack of transportatlonlimits their effectiveness.

The National Institute of PhysicalPlanning hasan improved latrine project (Programade
Latrinas Melhoradasor PLM). Since1979, PLM hastrainedtheir own staff to makeslabsfor
latrineswhich arethensold to consumersat a subsidizedcost. PLM absorbs75 percentof
costs. UNDPandothershavebeensupportingthisprojectfor manyyears. In recentplanning
discussions,PLM hasdecidedto privatizeand increasethe costof latrine slabsto consumers.
Any developmentprojectsalmingto increaselatrine usein poor communitieswill needto take
into considerationPLM’s move towardsthe priv~tesector.

PLM hasbeenworking in Beirafor severalyears. However,the numberof latrinessold could
not be determined. In 1991, Africare submitteda proposalto USAID for fundirig 7,000
latrinesthrough PLM for the City of Beira. This proposalhasyet to be funded.

3.6.4 Laboratory Services

Two laboratoriesin Beirawater-bomediseaseoutbreaks,lncluding cholera:theRegionalFood
andWaterLaboratory(LaboratoryReglonalde H~~gienede AguaeAlirnentosor LRHAA) and
the CentralHospitalof Beira’sLaboratory(CHBL). Both of theselabswerevisitedduringthis
consultancy.A microbiologist working with FI-il assistedin reviewingthe capabiitiesof these
labs to effectively perform their duties. She also recommendedlaboratory materialsand
equipmentneededto improve efficiency andeffectiveness(SeeAppendix E).

The LRHAA (Laboratorfô Reglonal de Higien~de Aguae AIimentos) based in Beira is
responsiblefor bacterlologicalandchemicalanalysisof watersamples.In addition, the five
techniciansperform periodic water samplingfrom selectedpiped water points and weils
throughout the city. At the presenttime, LRHAA can analyzea maximum of 60 water
samplesper weekfor coliforms and salinity.

Table2 sumrnarizesthe watertestingconductedal: LRHAA sinceSeptember1992. Seventy-
six percentof all watersamplestestedwereclassifiedascontaminated(fecalcoliforms greater
than 1). Samplestakenfrom city weils weremoreoften contaminatedthanwaterfrom the
AdB piped water. However, over half of the Ad]3 pipedwatersamplestestedwerefoundto
be contaminated.
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The standardtestfor assessingwaterquality takesfour to five days. TheLRHAA is not able
to conductthesetestson adaiy basisdueto inadequatequantitiesof reagents,numbersof
staff, andfacilitles for refrigeration.The LRI-IAA doesnot havethe capacityfor rapid testing
of chlorine concentrationin water or otherrapid waterquality testingsystems.

Under current conditions,the LI-IRAA canneitheranalyzewater quality in a timely fashion
norin the quantitiesnecessaryto providepromptfeedbackto authoritieswho areresponsible
for disinfectionof the public watersupply.

The CHBL performsteststo diagnosecholera. The lab is staffedby threetechnicianswho
appearadequatelytrained to confirm the presenceof vlbrlo cholerae in stool samples.
However,the reagentsusedin thesetestsarepasttheirexpirationdate, perhapscontributing
tounreliableresuits. Thematerialsusedto determineantibiotic sensitivityalsoareout-of-date.

Table 2

Results of Water Tests
Conducted by Regional Water and Food Laboratory

September to December 1992

Source of Total Contaminated Uncontaminated
Water Samples Tested (%) (%)

AdB Piped 54 30
(56%)

14
(44%)

City welis 135 114
(84%)

21
(16%)

Total 189 154
(76%)

35
(24%)

3.6.5 Public HealthEducationCampaigns

During the recentwatershortagehealthauthoritiesconductedan informationalcampaignto
reducethe cholera emergency. Messagesconcerningboiing water, proper hygiene,and
chiorination of drinking waterwereregularlyairedon radioandtelevisionandprinted In the
newspaper.Somehouse-to-housecanvassingwasconducted. However, no MOH funds
wereavailablefor large-scale,focusedcampalgnsto educatepeopleinpreventativemeasures.
The Importance of boilng drinking water was a typical messagedisseminatedby health
authorities; however, without supplementalprogramsthis adviceIs not practical. It is not
feasiblefor thepoor who cannot afford the wood usedas fuel to boil the water. Distribution
of chlorlnation productsfor homeusealsoIs not consideredfeasiblebecauseof the dlfficulty

17



in establishingan effective distributlon systemand implementingthe intensiveeducational
campaignthatneedsto accompanythis type of intervention.
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Chapter 4

FINDINGS

4.1 Water Supply from Groundwater Sources

4.1.1 HydrogeologicSetting

Physlographyand Cllmatology

The city of Belra and the Beira Corridor (up to the Pungoe River) lie within three
geomorpholiczonesof the MozambiqueSedimentaryBasin,north of the SaveRiver: the
Littoral (coastal)Zone;the Chire-UremaGraben,whichgenerallyfollows theestuarlne-affected
portion of the PungoeRiver; andthe CheringomaPlateau,which generallycoincideswithin
the Manga-Dondo-Mutuaarea (DNA, 1987).

Average rainfail variesfrom 900 mm per yearinland, up to 1,400 mm per yearalongthe
coast;rechargepotential is consideredgood. However,asa resultof the lower thanaverage
rainfail over the pasteight years,river dischargeshavedecreasedand shallow groundwater
tableshavedropped.NearMutua, precipitatlonduring the pasttwo yearshasbeen40-50
percentbelowthe 20 yearnorm for the rainy season,NovemberthroughApril.

Geology

Thesurfacestratigraphyof the studyareais characterlzedby the TertiaryMazambaFormation,
which is composedof sandstonesand conglomeratesof continenta]origin. The Mazamba
Formation is essentiallyexposedwlthin the Manga-Dondo-Mutuaarea.Inland from Beira,
alluvial materlal composedof loose, finely texturedclayey sandsor sandyclays is found.
Along thecoast,old beachfrontsform a systemof parallellow sandridges.Along the coastal
marginsof the PungoeRiver arerecentalluvlal depositsof considerablethickness.

Groundwater Avaliablilty and Quailty

The MazambaSancistonesin the study areahavepoor to fair productivity, rangingin yields
from 0-10 m3 per hour. The mostproductive weils arethosethat intersectathin permeable
layer,(only afew metersin thlckness)found atdepthsrangingfrom 50-100 m. Waterquality
variesstgnlficantly,rangingin totaldissolvedsolids(TDS) from 350mg/l to greaterthan1,500
ifig/l. In areaswherethe MazambaSandstonesareoverlain by alluvial sands,shallow (<10
m) groundwateris perchedon local day layers, rechargeddirectly from meteorlcwaters.
Shallowgrouridwateralsois foundwithin thesandycoastalareas.Yieldsarereportedto range
from less than 1 m3 per hour to greaterthan 40 m3 per hour. The shallowestwater can
commonly be usedfor potable purposes,but with increasingdepth, the water becomes
brackishto salty dueto the effects of saitwaterIntrusion.
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4.1.2 Hlstoric Usageof Groundwater

Priorto the early1950s,the city of Belraandoutlying areasalongthe BelraCorridorobtained
freshwateralmostexclusivelyfrom shallowdug wellsandcapturedandstoredrainwater.Few
deepweils (>15 m) werein useatthattime. In 1954, the watersupply systembegantoserve
the city. Becausethis systemonly servesabout 125,000people, the remainderof the
populatlon within Beira andthe Corridor is stil critically dependenton groundwater.

4.1.3 Recent Groundwater DevelopmentActivities

Becauseof the drought andthe war, recentgroundwaterdevelopmentactivitieshavebeen
implementedto strengthenthe existIng water supply system. A brief summaryof these
activitiesfollows.

GeoelectricalInuestigatlon

The groundwatersupply potentialalongthe Belra CorridorbetweenDondoandMutua was
exploreddunnglate 1991 andearly 1992 using remote sensingtechniques(DNA, 1992a).
A geoelectricalfleld survey was conductedby DNA. For security reasonsthe survey was
lirnited to within 3 km of the Belra-Harareroad. The specific objectivesof the study wereto:
augmentgeologicalinformationon the Mazambaaquifer,delineatethe limits of thefreshwater
aquifer,andevaluatethe watersupply potential of fault/fracturezones.

Resuitsof the investigatlonshowedincreasingsalinity with depthandanaquifermatrixwhich
containeda significant day content. Recommendationsfor future investigativework were
made.

Dnlled Boreholes/WeIIs

En the Beiraarea,public sectorgroundwaterdevelopmenthasprimarily beenconductedby
PRONA.R,wîthsomeasslstancefromthe Italian company,CMB. GEOMOChasprovidedthe
equipmentandpersonnelto drill boreholesandcompletethemaswells. Within the studyarea,
the total numberof drilled weils over the pastfour yearsis summarizedbelow:

1 Including the Manga area.

2 Including the areas of Mezimbite, Mafambu5se and Mutua.

Number of Drilled Wells, 1989—1992

Year Beira Area Dondo Area

1992 3 35

1989-1991 9 34

20



In 1992, within the city of Beira,three holeswere drilled. Total depthsrangedfrom 10-15
m; in all cases,the groundwaterwas found to be too salinefor potableusage.

The poor quallty of thedeeper(>10 m) groundwaterIn the Beiraenvironshasbeenevident
sincehistoric drilling activities (“Arqulvo,” 1989). The drilling attemptsin 1992 confirm that
deep groundwateris not a dependableresourcedue to saltwaterintrusion. However,
groundwaterquality doesImprove (becomeslesssalty) with increasingdistancefrom thecoast
andthe PungoeRiver estuary.

Drilled Weils in Town of Dondo

In 1992, within or nearthe town of Dondo, approximately26 holes were drilled. They
provide dependablesuppliesof waterto industries,municipal works, andthe public sector,
primarily the bairrosandareaswhere many deslocadoshaverecently settied.Well depths
generallyrangedbetween40 and100.Well yields rangedfrom lessthan1 m3 per hour to a
maximum of 12 m3 per hour, wlth averageyields around 4 m3 per hour, typical for the
Mazambaaquifer. No salinity problemswereidentified in any of the boreholes.

Drilled WelIs In Mezlmblte, Mafambisse,andMutua

In Mezimbite andthe Mafambissearea,four holes—rangingin depth from 50 to 105 and
yielding 3-6 m3 per hour of acceptablequality water—weredrilled in 1992.

NearMutua, CMB drllled andcompleteda103-meter-deepwell which was discoveredto be
flowing artesian.Initially, the water quality wasacceptable,however,overashort period of
time it becamebrackishandunusablefor potablepurposes.

CMB drilled attwo otherlocatlonsin the area:attheirencampmentto provide alocal supply
of water andat the Mezimbite reservoirs.At the Mezimbite reservoirs,two 100-meter-deep
holes were drllled and completed as a pumping well and a piezometerfor aquifer test
purposes.The planis to usethis well, or seriesof weils if aqutfercharacteristlcsarefavorable
asan emergencysupply,pumpingwaterdirectly to the Mezimbitereservoirs.Although water
quality appearsto be acceptableat this location, well yield has not yet beendetermined
becauseof problemswith thepump well. A report by CMB on the groundwaterpotentialat
this locationis forthcomlng in January 1993.

Shallow Hand-dugand Hand-drilled Wells

As aconsequenceof the drought,many shallow hand-dugwellshavegonedry or become
brackishfrom saltwaterIntrusion. In additlon,many wells in the denselypopulatedareasof
thecity arecontaminatedfromsewerageand/orpoor well headprotection;I.e.,lackof proper
chlorination anddisinfection,no sanitarywell seal,lack of positivedrainageawayfrom the
well head,andgeneralpoor housekeepingpractices.
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Shallow Wel!s In Beira andPeri-urban Areas

Within the city of Beira,a largepercentageof the population is servedby shallow hand-dug
weils. Estimateson numbersof weils rangefrom fewerthan50 to asmany asa 1,000.Water
within theseweils is generallylessthan 10 from groundsurfaceandyields areestimatedto be
lessthan5 m3 per hour on the average.

Given the recentemergencydrought situatlon, DPCA hasassistedin the renovation of 39
weils, the digging of five new weils, and the supplying and installation of four Afridev
handpumps.DPCA hasplansto dig 20 new additlonal wells, but currently hasno available
funding. EPAR alsohasassistedby handdrilling approxlmatelysix shallow weils during the
last few months. Privatecontractorsareassistingin this effort.

Campode Golfo Well

EPARhasplansto renovatetheCampode Golfo well which formerlysuppliedthe PontaGea
hospital.Currently,the hospitalhasno reliablebackupsourceof waterwhentheMutuasupply
systemis non-operational.As part of a largerproposalto upgradethis well, EPAR recently
re-developedthe Campode Golfo well at 40 m3 per hour for four hours with little to no
drawdownandacceptablewaterquality. Theupgradewould includeinstallationof anelectric
pumpandasanitarywell sea]andrenovationof i~heexistingpumphouseto supply the Ponta
Geahospita], acommunitystandpost,andaclothes-washingarea.Theseplansare on hold
until appropriatefunding can be madeavailable.

Information obtained from various sources ‘residents, hospita] personnel, and visual
inspections) indicate that many shallow wel]s in Beira and the peri-urban area are
contaminatedwith coliform bacteria(andmany morearesuspectedof beingcontaminated).
Areas within which the shallow, freshwateraquifer is contaminatedare those which are
denselypopulatedandhave with very limited accessto sanitatlonservices.Incidencesof
cholera areknownto be high in theseareas.

Recently,DPCA conducteda one-weeksurveyof alimited numberof shallow weils in Beira.
Resultsof this survey arenot yet available.

Wells In the Beira Corridor

In areasoutsideof Beira thatarenot servicedby i:hesurfacewatersupplysystemthe situation
is believedto be lesscritical. The population density is lower andthereis agreatersenseof
community. There is lower potential for well and/or groundwatercontaminationfrom
industrial, septage,or surfacesources.However, very littie information is availableon the
numberandstatusof welis within the corridor.
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4.2 Water Supply from the Pungoe River

4.2.1 Historical Recordsof Flow andWater Quality

The PungoeRiver is the raw watersupplysourcefor the city of Beira.The river hasbeenused
for this purposesincethe early 1950swhen the Mutuawatertreatmentplant anddistribution
systemwereconstructed.

The PungoeRiver drainagebasiri hasan approximatetotal areaof 29,500krn2, 28,000km2
arein Mozambiqueand 1,500krn2 arein Zimbabwe.Although only a small fraction of the
basinlies in Zimbabwe,40 percentof the PungoeRiver’s meanannualflow is estimatedto
originate in the headwatersof Zimbabwe.Basedon the recordsof the Buè Maria gaging
station(E66), locatedapproximately100river krnupstreamfromthe intake,themeanannual
flow from 1953 to 1980 was 122 m3 per second,with amonthly maximumof 306 m3 per
secondin Febmaryandamonthly minimumof 22 m3 per secondin October.

BetweenBuèMaria andthe raw waterIntake,the Pungoereceivescontributoryflow fromthe
Metuchira andUrema Rivers for a good portion of the year. However, during low flow,
approximatelyJuly throughNovember,thesetributaryrivers generallydry up andcontribute
littie to no flow to the PungoeRiver. As aresult,during the lowflow portionof theyearfiows
measuredat BuèMaria areconsideredto correlatecomparativelywell with fiows observedat
the raw waterintake

Historically, the PungoeRiver at the raw waterintake hasbeena fairly reliable sourceof
acceptablequality waterfor domesticpurposes.However, during tlmesof extremelylow river
flow at the intake (< 10 m3/s) compoundedby high tides whlch canintrude as far as 50
kilometersupstreamof the intake, waterquality can be severelycompromisedby saitwater
intrusion.

During the past decade,precipitation throughout Mozambique generallyhas beenbelow
average.The past 12 months have beenparticularly dry. The three instantaneousflow
measurementsweretakenin 1992attheBuèMaria gagingstationandcomparedtothemean
monthly fiows of the threeworst droughtyearssince 1953 (seeFigure4). Within threedays
of the December4th measurement(<6 m3/s), the raw water intake was perlodically
shutdownduring hightidesandthenshutoff for severaldaysdueto the high salinity readings
(electricalconductivity >3,500umhos/cm)at the raw waterintake.

4.2.2 Locatlonof IntalceandCurrentProblems

Thepresentlocation of the intakeon the PungoeRiver is 77 nverkm from the Port of Beira
at the mouthof the estuary.The original location of the intakewas0.5 km furtherupstream,
but thislntakewasabandonedin 1975 whenit becameflooded andno fundswereavailable
to rebuild It. Since that time, AdB has receivedits water from the intake constructed,
controlledandoperatedby AdM (seeFigure 5).
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This current intakesuffersfrom many problems,including:

1. Increasinglythereare extendedperlodsof saitwaterintruslon;

2. Almost constantdredging is required lo keep the channel free of silt from the
unprotectedbanksnearthe intakepump station;

3. The intakeis controlledby AdM who paysfor its operation,andAdB appearsto have
no legalrights associatedwlth this systern;and,

4. Six of the 7 lan of the canalwhich carry waterfrom the intake to the treatmentplant
are ownedandcontrolledby AdM. This canalis in extremelypoorcondition: badly
silted, filled with vegetation,subject to flooding andsubject to contaminationfrom
livestock.Further, it is reportedthatattimesof flooding, drainagefrom thecanefields
sometimesfinds its way into the canal.

Theonly apparentadvantageto AdB usIngthe currentsystemis that the costof operationis
bomeby AdM.

4.2.3 Non-Water Supply Usesof the River

Ten percentof the drainageareaof the Pungoe River lies in Zimbabwein an areathat is
largely paridand. Little use is madeof that pcrtion of the flow. As far as is known, no
significant abstractionsare made from the river upstream from the present intake.
Undoubtedly,minor amountsaretakenfor smail-scaleinigation andindividual use,but there
do not appearto be any majorusers.Somelossescan be attributedto evaporation,but no
estimatesappearedin the various reportsreviewed. It seemsprobablethat during the dry
season,the fiows recordedat Buè Maria areessentiallythe fiows aniving at the intakesite
(Tributary streamsdownstreamfrom BuèMaria areusually dry at thattime of year).

AdM is the majoruserof the watersof the PurigoeRiver, talcing an estimated4.5 m3 per
secondfor Irrigation (Gibb, 1992). However,the largestrequirementof flow appearsto bethat
which is necessaryto prevent the salinetidal wE’dge from reachingthe intake location. This
amountwasestimatedatfrom 10 to 20 m3 persecondby DNA (DNA, 1988). By comparison,
AdB’s needsareonly 0.34m3 persecondnow,0.7 m3 persecondwhenthecurrenttreatment
plant expansionis completed,andpossibly 1.0 m3 persecondby the year2000.

Should the high damat BuèMaria everbe consbiicted,significant additionalirrigational use
could be madeof the potentialestimatedyield of 60 m3 per second.
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4.2.4 Future Needsfor Water Supply

The1991 WaterMasterPlan (Plancenteretal, 1991),estimatedAguasdeBeira’swaterneeds
as49,000rn3 perday (0.57m3/s) in the year2000,and66,000 m3 per day (0.76 m3/s) by
2010. On the otherhand, an expansionof the water treatmentplant capacityto atotal of
60,000m3 per day (0.69m3/s) is aboutto beginwith fundingfrom the Governmentof Italy.
Any future waterresourceplanning should assumein the order of 86,400 m3 per day (1.0
m3/s) for Beira’s needsfor municipal water.

AdM is planningapossibleexpansionof its capacityby 1994.Theirestimatedfuture needfor
waterfor irrigatlon Is about7.5 m3 persecond1992).

In the absenceof a saltwaterbarrier, approximately15 m3 per secondmaybe requiredto
preventthe salinewedgefrom reachingthe intake. Studiesneedto be conductedto more
closelyestimatethis amountanddetermlneunderwhatconditlonsthe flow will be required.

In summary,It Is dearthatmunicipal watersupply requirementsarethe lowestamongall the
potentialdemandson thePungoeRiver. However,theyshouldhavethehighestpriority when
allocatingwhateverfiows are available.

4.2.5 Alternativesfor MeetingWater Needsfrom SurfaceSources

Until the pastfew yearsthe PungoeRiver hasbeena reasonablydependablesourceof water
for Belra. However,during recentdry weather,fiows of lessthan10 m3 persecondhavenot
beensufficientto keepthe saltwaterawayfromthe intake.Also, the river is subjectto perlodic
flooding whlch in the pasthascauseddamageto intakestructures.Without someform of
regulatlon,the PungoeRiver cannotbe consideredareliablesourceof supply for Belra.

Lackof a dependablewatersupply hasraisedthepossibilityof constructingahigh damon the
Pungoe.In 1972,COBA, aPortugueseconsultingengineeringfirm, studiedseveralpotential
damsitesand Identified BuèMariaas the mostpromising. In 1980, Geotechnicaconducted
aseriousstudy of the feasibiityof constructinga45-m high damatthe BuèMaria site. This
damwould be some80 lan upstreamfrom the existing intake, about145 1cm northwestof
Beira. The damwould provideflood control,hydroelectrlcpower, andan estimatedyield of
60 m3 per second(with 80 percentreliabiity) for Irrigation andmunicipal watersupply. The
high cost and the need for extensive environmentalstudies have prevented serious
considerationof constructingthis damup to the presenttime.

The only otherriver within reasonabledistanceof Belra is the BuzI, to the southwestacross
from the PungoeRiver estuary.Thisriver haslower fiows andIs alsosubjectto extenslvetidal
salineintrusions. In addition, the estuarinebaniermakesthe Buzi alessdesirablesourcethan
the PungoeRiver.

An additionalsourceof waterwhich hasrecentlybeenexploltedis asetof man-madelagoons
knownasSixMies.Locatedapproximately12 kmnorth of Beira, Six Milesconslstsof aseries
of Interconnectedshallow ponds,totalling 3 to 5 hectaresIn surfacearea.The ponds, dug
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within an old river course,apparentlyintersectadayIayerwhich allowsfor waterstorage.The
first recordeduseof waterfrom theseponds was in 1904.

Sir AlexanderGlbb & Partners(November1992) recently proposeddevelopmentof this
resourceby installingapump and3 km of pipeto deliver 20 m3 perhour of waterto the main
road.Waterwould be chlorinated,possiblytreated,andstoredfor distributionby tanktruck.

Currently, the pondsarebeingpumpeddirectly ait arateestimatedat 500 m3 per day. From
evaluationof the rateof pumpagein earlyDecember,approximatepondcapacity,andcurrent-

waterlevel within the ponds,theseponds appearto be maintainedprimanily from surface-
waterrunoif, possiblyreceivingmarginalinput from groundwaterrecharge.Without significant
precipitation, theseponds could be dry by theendof December.

DNA staff have devoted considerabletime and effort to evaluating the possibiity of
constructinga low damon thePungoe.The darri would serveasa salinebarrierandprovide
someadditionalstoragecapacity.Severalaltemzulive types andsiteshavebeenstudied,but
all arewithin the areaof the existIngIntake works. In general,low damsor (acudes)should
be consideredrelatively temporary.They areneededonly during extremelow fiows andare
likely to be washedout by periodic flood fiows.

Thereareno economicallyfeasiblealternativesto ~hePungoeRiverasthe majorpresentand
future sourceof watersupplyto Beiraandthe BeLra Corridor.The constructionof ahigh dam
at Buè Maria should be consideredfor the future, but It may be many years before
Mozambiquewill be in apositionto rankthisprojectamongIts priorities. For now, someform
of low damon the PungoeRiver to the westof the Mutua watertreatmentplant appearsto
be the preferredalternativefor providing aguaranteedwatersupply to Beira.

4.3 Public Health Situation Resulting from Water Shortages

4.3.1 Statisticson the CholeraOuiitbreak

Cholerahasbeenendemicin Beira for the last severalyears. The October-November1992
outbreakof cholera hasbeencausedby a reducedquantity andquality of water, andpoor
hyglenepracticesandsanitaryconditions.Overcrcwdingduetotheinfiux of dislocatedpersons
hasexacerbatedthe problem. Cholerais alsobeingreportedin four district centers:Dondo,
Buzi, Nharnitanda,andChibabava.

Figure 6 depictsreportedbut unconfirmed cholEracasesfor the city of BeirasinceJanuary
1992. In Beiraalone,2,290caseshavebeenreportedwith 74 deaths.This representscase
fatality rate (CFR) of 3.2. In Sofala Provincean additional 913 caseshavebeenreported,
bringing the total casesto 3,303, with 147 deaths.The CFR for SofalaProvince is 4.5.

Figure7 depictsreportedcholeracasesanddeathsfor all of SofalaProvince. In 1991, Sofala
Provincereported300 casesof cholera with 18 deaths,aCFR of 6.0. Mortality hasbeen
highestin children. Eighty-ninepercentof the deathswerein children under 10 years.
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In reviewingthe laboratoryanalysisof uibrio chc1erae in stool samples of suspectedcases,It
is apparentthat the reportedcasesrepresentall patientsbeing treatedas In-patients at the
CholeraInflrmary at CHB. Confirmedcasesof cholerawere70 percentof all cases,or 1,110
cases.CFR for confirmed cholera casesis 6.7. During the peak outbreak in October,
approximately80 percentof stool samplesfor in-patientswereconfirmedpositivefor cholera.
By the secondweekin December,roughly 25 percentof the stool samplesof in-patientswere
confirmed positivefor cholera.

Eventhoughthe numberof confirmed choleracasesis less thanreportedcases,the health-

caresystemhasbeenoverwhelmedby a langenumberof peoplewlth dlarrheasof various
etiologies. ThetreatmentforseveredlarrheasIs sirnilar. The time andeffort, bothhumanand
financial, to respondto a largenumbersof patientswith acutediarrhealdiseasesis the same,
whetherit is choleraor otherdebiitatingdiarrhealdiseases.

As would be expected,all other diarrhealdlseiseshave beenon the lncreasedurlng the
October—Novemberwatershortage.No studiesof etiologiesother thencholera havebeen
performed. Figure 8 plotstotalcasesof dlarrheaandtotalcasesof reportedcholerafor 1992.
A seasonalpeakof dlarrheais usually seenin March-April. During this sameperiodtherewas
asmall outbreakof cholera.

In 1992, over 11,000casesof diarrheawere reported. Nearly80 percentof thesewerein
children lessthen five years. Given the alreadycompromisednutritlonal statusof many of
thesechidren,the current incTeasein diarrheawill further taxtheir alreadyfragile state. The
City of Beiradoesnot haveany wet or dry feedLing programsfor young children.

Choleracasesby bairro In the city of Beira areclepicted in Figure 9. A list of the 22 bairros
in Belra is shown In Appendix J. Bairros 1-8 located in CementCity, had the highest
incidence.This areais normally servedbe the ACIB watersystem.When waterwas cut off in
OctoberandNovember,the CementCity resideitsusedexistingweils andalsodug welis in
theiryards.Fewif anyof theseweils wereprotectedor treatedwithchiorine.Thegroundwater
in much of this areais believedto be contaminiatedbecauseof the poon condition of the
sanitationsystems.

4.3.2 Treatmentof Cholera Cases

The CHB treatedapproximately20-40 new suspectedcasesof cholera per day during
October-December1992. CHB reportsusing4-5 liters of Ringer’s LactateIntervenous(IV)
solutlon per patlentduring the initial acutephaseof the disease.Oral rehydrationsolution
(ORS) accompaniesIV treatmentand is usedthroughoutthe in-patient stay.Choleracases
aretreatedwith tetracyclineusing standardWHO approvedregimes. Health authoritles
reported resistanceto tetracycline in approximately 10 percent of cases. However, this
resistancewasbasedon suspiciouslaboratoryfindings. Thetetracyclineimpregnatedsensitivity
disk beingusedatthe CHB Laboratoryexpiredin early1991. Healthauthonitiesreportusing
Gentamicinand/or nitrofurantoin for resistantcases. However, the use of Gentamicinor
nitrofurantoin doesnot follow standardtreatmenl.practicefor cholera. Cotrimoxazole,
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erytbromycin,norfioxacin, furazolidone,andchloramphenicolareappropriatealtemativesto
tetracycilne.

Initially, health authoritieswereusing tetracyclinefor prophylactictreatment,but oncethe
epidemicwas in full swing theydid not havethe resourcesor staff to continue.At the current
time healthstaff reportproviding prophylactictreatmentto family memberswho accompany
the caseto the hospital.Treatmentof family mEmberswho eatcommunally is appropriate.

City Health Departmentofficials reportedthat on]y two of their staff hadundergonetraining

in managementof dlarrhealdiseasesprovided b’) the NationalCDD Programin Maputo. A -

province-widetraining in managementof dlarrhealdiseasesinciuding cholerawasscheduled
for this yearbut this did not takeplacefor lack of funds.

4.3.3 Assessmentof Adequacyof Cholera Treatment Practices

The casefatality ratefor cholerain Beira is within reasonablelimits ascomparedto cholera
epidemicsin otherdevelopingcountries.In SouthAmericaover the lastfew years, the CFR
in choleraepidemicswas 1-2, with higher CFRsin the earlyphaseof the outbreak. In most
recently reportedcholera epidemicsin Africa, CFRs of 10 arecommonly seen.

The amountof IV solution usedper patientin l3eira is low. Normally, higher volumesare
neededto rehydrateacholeracase.It is possiblethatin lessseverecasespatientswereable
to rehydrateorally. Healthauthoritlescould alsobereporting IV usefor all diarrheas,not just
choleracases.

The current treatment of suspectedresistan~cases is not correct. Gentamicin and
nitrofurantoin,whicharecurrentlybeingusedfor ireatmentof resistantcases,havenot proven
to be effectivefor treatingcholerain other settings.Other drugsare recommendedby the
World HealthOrganizatlonfor treatmentof resisiantcases,andsuchdrugsarenot available,
choleracasescan andshould be treatedfor dehydrationonly. Thoughthe illness mayhave
alongerduration, patientsdo recoverwlthout antibiotictreatment.Choleracasesshouldbe
assessedclinically for possibleresistance. Practitionersat CHB should not rely on laboratory
analysisof resistanceas thesetestsare providirig questionableresults. Issuesconcerning
quality assurancein the CHB laboratorywerediscussedwith the Hospital Director,andplans
to confirm resistantcaseswereput into place.

ORSis producedlocally andstockshavebeenadequatefor treatment. IV solutions,on the
other hand, areimported andsuppliesarescarce. Cliniciansat CHB maybe ableto treat
morepatientswith oral rehydratlonandreserveIV solutionsfor moreseverecases.
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4.3.4 MeasuresTakento Prevent Worsening of Outbreak

The City Health Department’s and the CHB’s responseto the outbreak has been
commendable,particularlyin thetreatmentof cases.The managementof suspectedresistant
cases,however,needsto be improved. CHB andthe City HealthDepartmenthavebeenable
to assignstaff to the cholerainfirrnary andacqulrenecessarysuppiles.Limited resourcesand
scarcefunds havebeenredirectedto meetthis crisis. Howeveratthis time, stocksare very
low. Hospital andCity Health Departmentofficials haverequestedsuppliesfrom varlous
donors.

Someeffortshavebeenmadeto chiorinateweils within the bairroswith the highestcholera
incidencerates.One-timechiorination of a well Is apracticewhich mayprovide only short-
term benefits. The contaminatedgroundwaterwill continueto supply non-potablewaterto
most weils throughoutmost of the denselypopulatedareasof the city unlesschiorination

occurson a regularbasis.

Educationalprogramshavetakenplacebut their effect on changingbehavloris questionable.
A more intensiveeducationalprogram aimedat improving behaviorsis needed,and an
educationalcampaignmust play a major role in a comprehensivewater and sanitation
Improvementproject.

4.4 Actions Taken to Address the EmergencyConditlons

DNA recognizedthethreatof the droughtto Belra’swatersupplyasearlyas1988. In areport
preparedin October1988, DNA discussedthe problemof salinity reachingthe waterIntake
and proposedthe constructionof a low damon the PungoeRiver to serveasatidal barrier.
The report calledfor a waterresourcesstudy of the Pungoeto investigatefeasiblesolutions
to thesalinity problematthe Intake,however,no apparentactionwastaken,possiblybecause
heavyrains earlyin the 1988-1989rainy seasonraisedfalse hopes.

After below-averagerainfails In 1990 and 1991, the situationbecamecritical whenrainfail
durlng 1991 and 1992 was sharplybelow average.This led to a flurry of activity in March
1992 to addressthe watershortage.The governmentformedan EmergencyCommitteefor
WaterSupply thatheld meetingswith Interestedpartiesandcalledfor morestudIes.

DNA preparedadetailedreport in April 1992, which presentedawide range of suggested
actionsfrom the constructlonof a low damon the Pungoeto the installationof newshallow
weilsandthe rehabiltatlonof existingones.Thereport inciudedestimatedcostsandproposed
phasesfor construction.At onepoint, DNA hadarrangedfunding fromthe Dutchto construct
thedam.This offer waswithdrawnwhenno funding wasobtainedfrom othermembersof the
internationalcommunityfor other projectcomponents.

As notedin Section3.3,severalstudiesrelatedto theseproblemswerepreparedin 1992,but
no significant actionshaveresulted.
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Chapter 5

RECOMMENDATIONS

5.1 Utilizatlon of Ground Water

5.1.1 EmergencyProgram

RecommendationNo.1, SurueyExisting Weils

Conductacomprehensivesurveyof shallow weils in Beira assoonaspossible.DPCA began
asurvey on 13 December,but maynot havethe resourcesor experienceto conductthetype
of survey neededon whlch to baselmprovements.It is proposedthat the moreambitious
programdescrlbedbelow, becamedout underthe directionof an experiencedteam,possibly
managedby an appropriateNGO.

Data collectedduring this surveyshould inciudethe following: well location (desciibedand
shownon amap),ownershipdateof, constructiofl,coridition of, well head, casingtype,well
diameter,totaldepth,depthto water,waterquality, estimatedmaximumyield, estimateddaily
usage, water quality, presenceand cofldition of handpump, and any other pertinent
observations.

1f the geographicextentof the surveymustbe limited funding, emphasisshould be placed0fl

obtainingdatafrom: areasknownto havehadahigh incidenceof cholerain the recentwater
shortage,areaswith densepopulationandlimited waterresources,andareasbelievedto have
good waterquality andyield.

RecommendatlonNo.2A, Design Well RehabilitationProgram

Design a prioritized shallow well rehabiitationprogram based0fl the well survey resuits.
Primaryconsiderationshould begiven tothoseweilswhich couldbe quickly andeconomically
rehabililated,yetprovide a long-term,dependablesupply of potable water.

Two extremely important factors which must be consideredIn the selection processare:
overpumpingof shallowweilsmayinducesalt waterintrusion,precludingcontinuedshort-and
long-term use of the well; and (2) rehabiitatingweils which havebeencontaminatedfrom
wastewateror otherpollutant sourcesmaybe Impossible.

RecommendationNo.2B, RehabilitoteWells

Rehabiitateweils meetingthe target criteria. Those wells identified as having long-term
potential of providing a good supply of potable water should be rehabiitatedfirst. 1f well
location, waterquality, andyield all arefavorable,ahandpumpor electricpumpwith above-
ground water storageandstandpostdistribution systemshould be installed. Above-ground
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storagewould alsoallowfor bulk waterchlorlnaticnon atemporarybasis.The numberof weils
to be rehabiitatedwasveryroughly estimatedto be 200. Anestimateof 40 new handpumps,
probablyof the“Afridev” type,Is suggestedfor replacementof inoperativehandpupsIn critical
areas.Constructionof some 200 new sanitary latrines also is suggestedin areaswhere
sanitationimprovementsareparticularly critical.

Recommendation No.2C, Rehabilitate Campo do Golfo Well

Assumingfavorableresuitsfromthe survey,rehabiitationof theCampode Golfo well should
averyhigh prlority. This well is reportedto yleld up to 40 m3 per hour of goodquality water.
Careshould be takennot to over-pumpthis well to insurethatground water quality canbe
sustainedover time.

Recommendatlon No.2D, Instail New Shallow Weils

Dig or drill by hand, new shallow weils in accordancewith (1) the resultsof the well survey
and well rehabiitation program, and estimatesof future water needs throughout Beira.
Budgetaryallocationsweremadefor 50 new shallow weils.

Recommendation No.2E, Monitor SIx Miles Ponds

Initiate aprogramto monitorthe amountof waterpumpedfrom the pondsat Six Miles, and
the waterlevel in the ponds. Currently the land ownersellswaterto the ownersof private
water tank truckswho directiy pump water from the ponds and seil It without treatment.
During afield inspection,an estimated500 m3 per day wasbeingpumpedfrom thissource.
There is some doubt about whether the pond.s can sustain this rate of withdrawal, the
proposedprogramshouldanswerthequestion.1f yieldsof thisorderaresustainable,AdBmay
wish to considerthis sourceas a modestsupplementuntil its basicsourcebecomesmore
reliable.

5.1.2 Longer Term Program

• Iniflateamonitoringsystemto insurethatkeyelementsof the well rehabiitationprogram
are maintained. At a minimum water quaiity must be routinely monitored for total
dissolvedsolidsandcoliform bacteria.Pumpingshould be abruptly haltedat weils which
showsalt waterintrusion. Otherwise,salinitv will only worsenwith continuedpumpage.
Wells which show coliform bacteriacontaminationshould be closed,sanitized,andre-
evaluatedwith respectto long-term ground water contamination.

• Continuethe investigationsof deepgroundwaterpotentialin the Mutua-Dondoarea,but
do so cautiously.Yields from within this areahavebeenextremelylimited or too saline
for potableuse.Maximumyields havenot beenmuch higher than10 m3 per hour. The
Italian contractor, CMB, expectsto submita report on their findings. This report and
future DNA investigationsshould guide anyfuture efforts.
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• As securityimprovesconducttheplannedstudyto explorethe alluvial aquiferwithin the
UremaRiver valley andotherpotentialareas.Developmentof thesepotential resources
is expectedto be severelylimited by the cost of connecting to the presentMutua-Beira
water supply line.

5.2 Utilization of Surface Water

5.2.1 Overview

TheWASH teamconcludedthatgroundwateris unlikely to be avaiablein sufficient quantity
andquality to augrnentthe existingmunicipalwatersupply, andthe only feasiblesurfacewater
supply appearsto be from the PungoeRiver. 1-lowever,some meansof preventing saline
contaminationof the water at the intake must be developed.The most feasiblemeansof
achieving that objective in the near term is to constructa low damto act as asalt water
barrier.

5.2.2 EmergencyProgram

Recommendatlon No.3A, Design Temporary Low Dam on Pungoe

At theendof the 1991-1992rainy season,It wasclearlyapparentthat the 1992 dry season
(from Marchuntil November),would be very difficult for Beira. The flow in Marchmeasured
less than 2 m3 per second,an all-time low. 1f plans for a temporary low dam hadbeen
available,DNA probablywould havebeenableto obtain donor funding to constructit.

1f the damhadbeenbuit atthat time, it would stil be functioning becausetherehavebeen
no fiows largeenoughto threatenIt. Morelmportantly,Beirawould havebeenableto provide
an uninterruptedsupply of waterduring thesepasteight months.

The 1992-1993rainy seasonis now underway,and recentlytherewassomeram. Shouldthe
seasonprovide normal rainfail, there will be no needfor this dam. Should last year’s
conditionsbe repeated;however,the constructionof suchadamin early 1993 maybe the
only factor preventingthe recurrenceof the problemswhich occurredin 1992.

Accordingly,it is recommendedthat a temporarylow dam—with aminimumheightof 4-5 m
necessaryto actasasalinebarrier—bedesignedassoonaspossiblebeforetheendof March
1993. The damshould be constructedin the least expensivemannerpossible,with a
rudimentarysplllway to prolongits life expectancyduringmoderateriverfiows thatexceedthe
needsof AdB andAçucareira.
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Recommendation No.3B, Conduct Environmen~alAssessment

Eventheproposedtemporarystructurewill impactthe PungoeRiverenvironment.At thetime
of design,anenvironmentalassessmentshouldaddressnot only theimpactsof alow damand
thesubsequentimpoundment,but alsopotentialeffectsof possiblefailure of the dam.

Recommendation No.3C, Select Site Downstrecrn from Intake

Two locationswereconsideredby DNA for the sile of a low dam.Eachhasadvantagesand
disadvantages,andboth shouldbe considered. The site upstreamfrom thepresentintake,
north of the highway,hasmanyadvantagesoverichesite downstreamfromthepresentintake.
However, the upstreamsite hasonevery costly disadvantage:thatmuch moretime will be
requiredtodesignandconstructanewintakepurrip stationandtransmissioncanalor pipeline
to the treatrnentplant.

For the emergencyplan, an altemativeto constructa temporarydamat the slte downstream
from the presentintake. This will permit the continueduseof Açucareira’sintake faciities.

Recommendation No.4, Dredging and Widening of Exlsting Raw Water Canal

Theexistingraw watercanalextendssome8 km 1 mm the intaketo the watertreatmentplant.
As notedearller,this canalis in very poor condition.

It is recommendedthatthiscanalbe widenedanddeepened,with sideslopesno steeperthan
1:2%, awater depth up to 3.0 meters,andacrosssectionin the order of 30 m2. Sucha
canalcould provide about10 daysstorageat thepresentmaximumrate of pumpingto the
city (24,000m3/d).

This would require expandingthe canalwidth, eitherby utilizing the old AdB canaladjacent
to the existingcanalor by taking landfrom Açuc:areirato the southof the canal.Additional
storagecould beobtainedby usingthe length of theAçucareira’scanalwhich extendsbeyond
the treatmentplant.

Thisstoragewould allow mntakepumpsto operateatmaximumcapacitywhenthe riverwater
quality is acceptable,filling the canal at a fastetrate than wateris abstractedfrom it. The
treatmentplantcouldthendraw on thisstoredwaterwhenthe river wateris too saltyto pump
from the intake.

Recommendation No.5, Agreement with the Açucareira on AdB Priority for Water

AdB shouldenterinto an agreementwith the AçucarelrathatIt will stoptaking waterfrom the
canalfor irrigation duringperiods of low river flow andsalineintrusion at the intake.A city’s
watersupply is far more importantthanany irrigation project, andall possiblestepsmustbe
takento protectandextendthe supply of water1:o the city.
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Recommendatlon No.6, Prepare Terms of Reference for Water Resources Study

The most critical link in the AdB watersupply systemis the sourceof raw water; however,
noneof the studiesandprojectscurrently underwayaddressthis issue.lintil suchastudy is
completed,AdB hasno basisfor makingdecislonson how to improvethe intakesituation.

Preparetermsof referencefor such a studyandmakean estimateof the costof the studyand
the time to completeIt. Oncethis Informationis in hand,donor supportcanbe moreeasily
obtalnedandstepscanbe takento engagequalified specialiststo conductthe study.

Recommendatlon No. 7, Design Combined Storage/Stondpost Units

AdB directly servesonly about 125,000peoplethroughconnections.Therearesaidto be
about 75 standposts,but less than half of them operational. There is a greatneedfor
additionalstandposts,particularlyin themoredenselypopulatedareas.Standpostsservethe
peopleas long as the watersupply is operational,but therearefrequentdisruptions.

It is recommendedthat new units which provide a combmnation of low storagetanks
(maximumheight of 2-3 m, with acapacityof from 5-7 m3), directly linked to aseries (four
to six) faucetsor standpostsbe designed. Theseunits would be designedso asto accept
piped water wheneversystempressurespermit, or to be filled with waterfrom tank trucks.

Storagecouldbedivided into compartments:onesectioncould bebatchchiorinated,andone,
previously dosed,to serve half the faucets. In locations where groundwatersourcesare
adequate,this could be a third option for supplying the standposts.

There are 22 bairros or neighborhoodsin Beira, an estimated140,000personsare not
connectedto the AdB system.Thesestoragestandpostsdescribedabove areproposedto
provideareasonablysafesourceof potablewater,ratherthanto supplyof althe community’s
water needs.The standpostscould supply waterfor drinking andcooking, while waterfor
cleaningandgeneralhygienewould stil! comefrom backyardor neighborhoodwells.

Assuming10 liters per capitaper day (lpcd), and 140,000people,the units would haveto
serve1,400 m3 per day. That relatesto 200 units providing 7 m3 per day. Another way to
determinethe units is to assumeabout650personsservedperunit (which meansabout100
peoplecoming for waterto eachunit), which would require215units. It is recommendedthat
an averageof 10 unitsperbairro be designedand constructed,makinga total of 220 units.

Recommendatlon No.8, Construct the Combined Storage/Standpost Units

The storage/standpostunits shouldbe constructedassoonastheyaredesigned,agreement
Is reachedon the mostappropriatelocationsfor the units, andfunds aremadeavailable.
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Recommendatlon No. 9, Conduct the Water Resources Study

Oncethe termsof referencehavebeenpreparedandthe funding arranged,the executionof
this studyshould proceedwfthout further delay.

Recommendatlon No.1O, Construct the Temporary Low Dam 1f Needed

1f the rainfail of the previousrainy seasonfails to providePungoeRiver flow of at least60 m3
persecondby mld-March 1993, 40 m3 persecondby mid-April 1993, or 30 m3 per second
by mid-May through mid September,constructionof the temporarydamshould proceed
immediately.

5.2.3 Longer Term Program

• With guidancefromthe waterresourcesstud, designandconstructnewrawwaterIntake
andtransmissionfacilities.

• Completethe currentprogramsfor: doubling the watertreatmentplantcapacityandthe
treatedwater transmissionline to the city, expandingand improving the distribution
network,and Improvlng the wastewatercollection andpumpingfacillties.

• Expandthe waterdistributionsystemto serveatleast75 percentof the peopledirectlyby
piped connectionswithin five years.

• Improveandexpandthe wastewatercollection systemto serveatleast50 percentof the
peoplewithin five years,andconstructnew treatmentworks.

• ImproveAdB’s capacityto operateandmanageits facilities.Goalsinciudesreducingwater
lossesandwastesto 30 percentof production in five yearsand20 percentwithin ten
years,andchargingfor servicessothatoperationandmalntenancecostscanbe covered
by userchargeswithin ten years.

5.3 Mitigatlon of Public Health Rlsks

To reducethe negativeeffectsof the waterbome diseasesInciuding cholerathreebasicareas
of support are needed. They include: treatment of cholera and diarrhea cases,
implementationof preventionprograms,andas;istanceto laboratorieswhich monitor water
quality anddiagnosecholera. Theserecommendationsarebasedon two assumptions. 1f
watershortagesin areasof the city suppliedby AdB continuebecausethe flow in the Pungoe
River doesnot increase,a continuation or worseningof the current cholera epidemicwill
result. Second,city areasnot servicedby AdB water will continueto have avaiablepoor
quality and inadequatequantitiesof water.
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5.3.1 EmergencyProgram

Recommendatlon No.1IA, Purchase Medical Supplies

Provide urgently neededmedical supplies for treatmentof cholera and other diarrheal
diseases.Suppliesinclude IV solutions, drugs,andbasicmedicalsuppliessuch as IV set-up
kits, needles,syringes,glovesandother materials. Choleracots or otherportablebedsare
neededandcould be madelocally. It is recommendedthatasix month reserveof medical
suppliesbe madeavailableforfuture needs.SeeAppendicesF andG for alist of suppliesand
materials.

Recommendation No. 11 B, Purchase Chiorine

Providechernicaldisinfectingproductsfor usein disinfectingtargetedwellsandhomebased
distribution. About 100 drums are neededat this time; imported preparationscould be
considered.Disinfectionof wellsshouldbe donein combinationwith improvedsanitationand
hygieneeducationprograms.

Recommendatlon No.I1C, Purchase Laboratory Supplles

Purchaselab materialsandsuppliesfor the Food andWaterLaboratorysoIt is betterableto
monitor waterquality in Beira. Also, purchaselab materialsfor CBHL so It is betterable to
diagnosecholeraandotherwaterbomediseases.SeeAppendix H for a list of supplies.

Thepurchaseandshipmentof laboratorymaterialsandequipmentcould befacilitatedthrough
Food for the Hungry International (Fl11). FI-il’s current administrator in Beira is a
microbiologist with 30 yearsexperiencein Zimbabwe. Shebasthe necessarycontactsand
capabiitiesto ensuretimely andcorrectdisbursementof thesematerials.

Recommendation No. 12, Prouide Health Training

Providesupportfor training of healthworkersin the city of Beira for managementof cholera
anddiarrhealdiseases.Twothree-dayseminarsfor50 City HealthDepartmentandCI-IB staff
would improveoverall treatmentpractices.

Treatmentof tetracycline-resistantcasesof cholerashould not be treatedwith Gentamicinor
nitrofurantoin. WHO standardtreatmentregimesshould be utilized.

5.3.2 Longer Term Program

1f the cholera outbreakcontmnues, moremedicalsupplies anddrugswill be needed. Local
healthauthoritiesshould havea reservesupply of necessarysuppliesandequipment.

The PontaGeaClinIc should be completelyrenovatedandupgradedas ageneralhospital.
Beds, basicmedicalequipmentand suppliesare needed.SeeAppendix 1 for a list of this
equipmentandmaterials.In a city of over 500,000,more hospita! capacityis needed.
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5.4 Other Recommendatlonsfor EmergencyProgram

Recommendation No. 13A, Design and Implement Public Information Programs

Design a public educationprogram to changepeople’s behaviorIn orderto improve their
understandingand practices in basic sanitation. Africare’s current two year sanltatlon
improvement project could be expandedto include an intensive hygiene and sanitation
educationprogramfor Beira.

Similarly, the publicshouldbe advisedof the seriousnatureof thecurrent watershortageand
the needto conservewaterto the maximumextentpossible.

Education prograrns should indude elementsdesignedfor use in classrooms,as well as
approachesto the generalpublic. Radio, newspaper,andothermediashould be used,and,
to a lesserextenttelevision, becauseit is not widely available.

Implementthe public educationprogramsoncethayaredesigned.

Recommendatlon No.14A, Appoint an Executlue Coordinator

The Ministry of ConstructionandWaterhasoveiall responsibiityfor the implementationof
theseemergencyrecommendations.This irnplernentationwill requlreextensivecontactswith
the internationaldevelopmentcommunity,representativesof variousgovernmentdepartments,
and,officials andcontractorsin Beira.

Unlessa qualified and dedicatedpersonis appointedand given the authority required to
ensurethatactionsarepromptly taken,chancesfor, effectiveimplementationarepoor. This
authorIty should include the abiity to receive and allocate funds from the international
community under proceduresacceptableto thesedonors.

It is recommendedthat the executive coordinatorbe aseniorofficial from DNA, havevery
good English languageskills, and reside in Maputo. Considerationshould be given to
appointing Mr. NelsonBeete,DNA Technical Director, to this position.

Recommendatlon No.14B, Appoint a Field Coordinator in Beira

The principal work will be conductedin Beira. And most of the programswill affect the
operationsandfacilitiesof Aguasde Beira.AdB basonly oneengineerfor itsentire operation.
Heis not only responsiblefor all of AdB’s technicaloperations,but alsoiscurrentlysupervising
four internationalwaterandwastewaterprojectsin Beira. It is unrealistlcto expectthisperson
to effectively coordinatethe emergencyprogram.

It is recommendedthatafull-time programfield coordinatorbeassignedfor aperiodof atleast
one year.

A field coordinatorwill be neededto managethe largenumberandvariety of programsand
thevarioussourcesof funds. Implementionwill be effectedby a largenumberof consultants,
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contractorsandNGOsandwil requlrecoordinationto ensurethattheprogram’sgoalsaremet
on scheduleandwlthin budget.

The field coordinatorwould reportto the executivecoordinatorIn Maputo, but would work
closely wlth AdB’s TechnicalDirector, MagalhaesMiguel, at AdB’s Munhavawater supply
dlstribution center.The provision of office spaceandsupportat this locatlon wifi requirethe
approval of Finnida, whosefunds now support that office. The field coordinatorwould be
provided wfth a vehide,computerand associatedoffice equipmentunder the ernergency
program.

Recommendation No.15, Purchase of Equipment and Contlngencles

Commoditlesandequipment,beyondthoseIndicatedin the public healthrecommendations,
will be requlredfor the Implementationof this emergencyprogramfor examples,AdB will
needat least four watertanktrucks.

It is recommendedthat an appropriatelist of commoditiesandequipmentbe developedand
purchased.Also, thereshould be anallowanceof five to ten percentof thetotal emergency
planbudgetbe allocatedfor contingencies,to be expendedatthe direction of the executive
coordinator.The executivecoordinatormust alsobe provided with a budgetfor expensesnot
relatedto his work with DNA.

43





Chapter 6

IMPLEMENTATION ACTIONS AND COST ESTIMATES

6.1 Assign Responslbilitles to Implement EmergencyProgram

6.1.1 Appoint a Mozambican ExecutiveCoordinator

The needfor aMozambicanexecutivedirectorandsuggestedqualificationsare describedin
Section5.4.2.

Action MCA: It is proposedthat thisappointmentbe madeby the Ministry of Construction
andWaterbeforethe nextscheduledmeetingbetweenMCA/DNA andthe Donors (planned
for early 1993).

Action Donors: Donorsto agreethatoneof them wifi assumeresponslbiityfor preparing
termsof referencefor executivedirector. Termslncludethe powersthatMCA shouldreserve
for the position, andan estimatedannualbudgetfor the project (to be completedby early
1993.

6.1.2 Agree on Needfor Full-Time Fleld Coordinator In Belra
andPrepareTerms of Referencefor this Positlon

The needfor this positlon is describedin Section5.4.3.

Action Donors: By early1993, donorshaveto agreeon who wifi assumeresponsibiltyfor
preparingtermsof referenceafull-time field coodinator,suggestatimepenodfor services(one
yearminimum), andestimatethe costof funding this position.

6.2 Obtain Funding from the International Community

6.2.1 Meetingsof the InternationalCommunity

The internationaldevelopmentfunding communityIn Mozambiquehasestablisheda liaison
committeeto addressfunding needsand requestsfor the water sector. The international
community was briefed on the basic recommendationsincluded in the WASH report on
December18, 1992, in ameetingchairedby Vice Minister AugustinhoMonjateof MCA. The
Govemor of Sofala,the Directorof DNA, and the directorsof all the major departmentsof
MCA/DNA were present,as well as many seniorpublic healthofficials. The international
community had representativesfrom UNICEF, UNDP, Denmark, France, Italy, the
Netherlands,Swttzerland,the USA and the United Kingdom.
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Following the briefing, Mr. Jappvan Strattanof the NetherlandsEmbassy,chairmanof the
watersectorliaison committee,andMr. PeterArgo of USAID met on December21, 1992.
Theydiscussedthe programandplan for a meetingof the donorsto considereachcountry’s
potentialinterestin funding portionsof the program.TheVice Minister setJanuary20, 1993
as thenextmeetingbetweenofficials of the governmentandthe internationalcommunityto
agreeon an emergencyprogramto addressBeira’s waterandhealthproblems.

6.2.2 AgreementAmong Donors ~f Portlonsof EmergencyPlan
TheyareWilling to Fund

Action Donors: Donors have to discussemergencyplan recommendationswith their
govemrnentsandwith oneanotherto agreeon the extentto which theyarewilling to commit
fundsto specificprojects.Donorsto agreeon the proceduresunderwhich thesefundscanbe
madeavailable.Targetdatefor tentativecommilments:joint meetingon January20, 1993.

6.3 Agree on Priority of EmergencyPrograms

6.3.1 SuggestedOrder of Priority of Recommendatlons

Priority Descrlptlon Number (asdescribedin
Chapter5)

1. Appoint executiveandfield coordinators. 14

2. Order medicalsuppliesasrecomrnended. 11

3. Dredgethe intakecanalto provide storage. 4

4. Designtemporarylow damassaltwziterbarrier. 3
5. Prepareterrns of reference,water resources

study. 6

6. Conduct study of shallow wells. 1

7. Design combined storage/public standpost
units. 7

8. Implementshallow well program. 2

9. Agreewith Açucareiraon water priorities. 5

10. Irnplementpublic educationprogram. 13

11. Train public healthstaff to treatcholera. 12

12. Constructstorage/publicstandpostunits. 8

13. Conductthe waterresourcesstudy. 9

14. Constructtemporarydam (when needed). 10

15. Purchaseequipmentandcommoditles. 15
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6.3.2 Agreementon Priorltles

Action MCA and Donors: Thesepriorities should be evaluatedby the governmentand
donersproviding funding and should be modified as appropriate.The result should be
agreementon thepriority of the emergencyrecomrnendations.Manyof theprogramscanand
should proceedconcurrently.

6.4 PrepareDetailed Implementation Plans

Once programsand funding have beendecidedupon andpriorities established,dataied
implementationplansshouldbe developed.Detaiedschedulesandcostestimatesshouldbe
preparedfor eachprogram. For example,the completionof the designsfor the temporary
dammight include aseriesof stepssimilar to the following:

• ImplementationPlanfor Design of Dam:

o MCA would formally request(DonorX for financial assistance,and Donor X would
approveandarrangefor the funding.

o Donor X (or possiblyDonorY) would engageaspecialistto preparetermsof reference
for theseservicesandfor an environmentalassessment.The specialistwould also
preparea revisedcost estimateandscheduleof completion for theseservices.This
specialistwould then select a consultant on damsto preparethe plans and the
environmentalassessment.Selectionandcontractingwould be in accordancewith
criteria establishedby the donor.

o The consultant would make a site visit and preparepreliminary plans and an
environmentalimpactassessmentto be reviewedby the executivecoordinator.

o Following reviewof theseplansandassessmentsandanynecessarychanges,thedam
consultantwould provide copiesof the final plans andspecifications,along with an
engineer’sestimateof coststo constructioncosts.

• Other ImplementationPlans:Thedonorsshould considerthe possibiityof engagingthe
servicesof short-termconsultants.They could preparedetailedimplementationplans,
schedules,andrevisedcostsonceagreementhasbeenreachedon thoseelementsof the
emergencyplan to be funded.

• Pre-ProgramImplementationNeeds:As soon as the governmentandthedonorsagree
on the Beirawateremergencyprogram,someactionsmustoccurquickly. The termsof
referencefor the executivecoordinatorandthe field coordinatormustbe determined.

To ensurethat theseactionsaretaken,somedonor funding wifi be required.No costs
havebeenallocatedfor this task in the estimateswhich follow. It is suggestedthat a
specialistbe engagedto preparethesetermsof reference.This effort mustrecognizethe
constraintson the time of the executivecoordinator;it maybe necessaryfor his superior
to rearrangesomeexistingtasksto allow him time for this proposedrole.
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6.5 Budget Cost Estimates

6.5.1 Basisof Estlmates

The costestimatesin this sectionprovide a reviewof the overalfunding requirementsof the
emergencyprogram,andareintendedto inform ~heinternationalcommunityaboutelements
of the emergencyprogram.Theseestimateswerebasedon the limited dataavailablein the
field. Estimateswifi requirerevisionasthe programneedsevolveandmoreaccurateunit costs
aredeveloped.Supportingdatafor theseestimateshavebeenprovldedto USAID andDNA.

6.5.2 EstlmatedCostsof Specifk: Recommendatlons

The estimatedcostsof thevariouscomponentsof the emergencyplanaresummarizedon the
following page.

ESTIMATED COSTS OF SPECIFIC RECOMMENDATIONS

Recommendatlon EstimatedCost

Hire a field programcoordinator US$ 200,000

Purchasemedicalsupplies 100,000

Dredgethe intakecanal 100,000

Designtemporarydam 30,000

Preparescopeof work for waterstudy 20,000

Conductshallow well survey 50,000

Designstorage/standpostunits 60,000

Constructshailow well improvements 800,000

Agreewith Açucareiraon wateruse

Conductpublic informationprograms 50,000

Train healthworkers 10,000

Constructstorage/standpostunits 800,000

Conductwater resourcesstudy 1,000,000

Purchasewatertrucksandmiscellaneousequipment. 250,000

Constructlow dam (whenneeded) 250,000

EstimatedTotal ProgramCost US$ 3,720,000

SuggestedContingencyAllowance 280,000

SuggestedBudgetAllowance US$4,000,000
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Appendix A

SCOPEOFWORK
EMERGENCYWATER SUPPLYFOR BEIRA, MOZAMBIQUE

November/December1992’

1. TASKS

1. Analyze Existing WaterSources

• Evaluatethecapacityof the PungweRiver formeetingthe imrnediatefuturewater
supply needsof Belra

• Evaluatethe increaseduseof groundwaterasan altemativefor providing Beira’s
immediatewaterneeds,particularly in the periurbanareas

• Evaluateexistinggroundwaterstudiesandexplorations,andconsiderthe impact
of saline intrusion on groundwatersources

2. Estimatethe CapacityandQuality of Existing WaterSources

• The flow andquality of the PungweRiver at the exlsting Intake of the water
treatmentplant

• Quantity andqualtty of groundwatersourcesfrom boreholesanddug or drilled
wells

3. Estimatethe Time Periodfor Wbich TheseExisting SourcesareLikely to be Available
andSuitable

4. Identify PossibleAltemative Meansof Augmentingthe Existing WaterSuppiles

• Considersourcesfrom within or outsideMozambique

• Considertemporarypipelines,truck andship tankering

• Evaluatestudiesby otherswhich haveaddressedthe existlngdroughtandwater
shortagesituation

• Considerany otherpossiblemeansof solving the currentproblemsthatcan be
effectedin a relatively short period of time

‘Surnmary and modification of the SOW preparedfor WASH by PeterArgo, USAID/Maputo
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5. Considerthe Health Consequencesof ExistingWaterSources

• Evaluatecurrent andpotential impad: of waterborne diseasesfrom the exlsting
watersupply situation

• Identify possible healthinterventionsto counteractthesecurrent andpotential
impacts

6. Review Existing Health Delivery Systems

• Meet with relevanthealthofficials at the nationalandprovincial levelsto obtain
an understandingof the existing heulth delivery systems

• Evaluatethe capacityof theexistingsystemto meetemergencyconditlonscaused
by the current waterproblems

• Proposesuggestedimprovementsto the presenthealthcaresystemsto address
currentandpotentialproblems

II. STUDY OBJECTIVES

1. Assessthe Magnitude of the Current ProblemsCausedby the Drought, Including
Public Health Impacts

2. Identify aRangeof AlternativeSolutionsor Improvements,with Indicationsof Time
to ImplementandLevel of Difficulty, for PossibleImplementationby the International
Community

3. Make Specific Recommendationsin Orderof Priority

III. REPORTING

1. Prepareand Presenta Draft Report of Findings and RecommendationsPrior to
Departurefrom Mozambique

2. Make an Oral Presentationof Findings and Recommendationsto Officials of the
Provinceof SohalaPrior to Departurefrom the City of Beira

3. Make an Oral Presentationof Findings and Recomn-iendationsto Officials of the
Governmentof Maputo andUSAID Prior to Departurefrom Maputo

4. PrepareaFinal Draft ReportWhich TakesIntoAccount CommentsReceivedDuring
the Oral Presentationsand Deliverthis Reportto USAID/Maputoprior to Departure
from Mozambique

5. Within 20 daysfromReceiptof USAID’s Commentson this Draft,PrepareandDeliver
20 Copiesof the Final Report,inEnglish, to USAID/Maputo
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Appendix B

INTERNATIONALLY FUNDEDWATER AND
WASTEWATER PROJECTSIN BEIRA

1. World Bank Study Project

• Project: Provincial TownsWaterSectorStudy

• Funding: World Bank

Value: Unknown

• Consultant: DHV ConsultantsBV (Dutch), with

Consultec,andFemandoBraz de Olivera

• Desciiption: This feasibiitystudycoversthe 12 provincial capitals,induding Beira.
The study Includes water, sanitation, and health as well as
environmental,institutional,andfinancialmatters.The15-monthstudy
startedin October 1992.

2. Finland Bilateral Project

• Project: BeiraWaterSupply Project - PhaseII

• Funding: Governmentof Finland (FINNIDA)

Finnish InternationalDevelopmentAgency

Value: US$30 million

• Consultant: FinnConsultLtd.

This projectstartedwith a “WaterMasterPlan” financedby FINNIDA,
which was completedin April 1991 by PlancenterLtd. The current
project Includespreparationof tenderdocumentsandconstructionof
recommendedimprovementsto the Belrawaterdistribution system.
Therealsois an institutionaldevelopmentcomponentwhich relatesto
all activitlesof the CompanlaAguasde Beira (CAB) exceptfor those
relatedto supply, treatmentandtransmissionof treatedwaterto the
city.

3. Itallan Bilateral Project

• Project: Improvementsto the BeiraWaterSupply

• Funding: Governmentof Italy

Ministero Degji Affaii Esteii

• Description:
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Value: US$42rnillion

• Consultant: IngegnerlRiuniti (Tum Key Project)

• Contractor: CooperativaMuratori e Braccianti (CMB)

• Description: Thisprojectis intendedto constructthefacilitiesrecommendedin the Finnish
“WaterMasterPlan”. Faciitiesiricludethosefor supplyandtransmission,as
well asdistribution. This projectincludedthe 1989 rehabiitationof portions
of the existingwater treatmentplant.

The current phaseof the project includes the constructionof new water
treatmentplant facilities, anew transmissionpipeline to the city, andnew
intakeworks. The latter taskbasbeenpostponedpending a decisionon
whereto locatethis intake.In re.sponseto the watershortage,theconsultant
alsodrilled threedeepwells which wererecentlycompleted.

4. Netlierlands Bilateral Project

• Project: BelraSanitation-IV

• Funding:

• Consultant:

• Description:

Governmentof The Netherlands

Value: US$2million

DHV ConsultingEngineers

This project will design and construct renovationsto wastewater
pumping stationsin Belra.

5. World Bank Constiruction Project

• Project: Rehabiitation andExtensionof the Beira SewerageNetwork

• Funding:

• Consultant:

• Contractor:

• Description:

World Bank

Value: US$2 million

Dar A1-Handasah

CETA (Local)

This project wifi replace several key sections of sewers in the
wastewatercollection system.
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Appendix C

ORGANIZATIONAL CHARTS FOR WATER AND SANITATION

AND HEALTH SECTORS

THE WATER SECTOR IN MOZAMBIQUE
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Appendix D

AGENCIESRESPONSIBLEFOR WATER SUPPLY AND SANITATION

D. 1 Principal Agenciesat the NationalLevel

An organizationchartfor the waterandwastewatersectorin Mozambiqueis shownin
Annex B. The principal agenciesaredescribedbelow.

• Ministry of ConstructionandWateror MinIsterio de ConstrucaoeAguas(MCA)

MCA hasoverall responsibilityfor waterandwastewateratthe highestlevelof the
government.MCA providesadministrativecontrol overwaterandwastewaterIn
the provicesthroughProvincial Directoratesof ConstructionandWater(DPCA).

• NationalDirectoratefor Wateror Direccion Nacionalde Aguas (DNA)

DNA reports to MCA. DNA is the principal national technicalplanning and
implementationagencyfor municipal waterandwastewaterfor Maputo and12

otherprovincial capitalcities.DNA providestechnicaldirectcontrol andassistance
to theselargecities,andindirectassistancethrough UNEAS, theUnit Directorate
of WaterandSanitationCompanies.DNA alsois responsiblefor the cities’pen-
urban areasthrough PAABP, the Program for Peri-Urban Water Supply.
PRONAR andUNEAS which reportdirectly to DNA.

• Water and SewerageDepartmentof DNA or Departamento de Aguas e
Saneamentode DNA (DAS)

DAS is oneof severalintemaldepartmentsof DNA. Otherdepartmentsinciude
Hydraulic Resources,Administration, PersonnelandFinance.SUPRA is anew
unit addedto DAS.

• SupervisoryUnit (SUPRA)

DNA hasrecentlycreatedanew supervisoryunit underthe Departmentof Water
and Sanitation called SUPRA. SUPRA monitors and supervisesthe many
internationallyfundeddevelopmentprojectsnowunderwayto improvewaterand
sanitationin Beira. This unit will act for DNA at the provincial level in Sofala.
SUPRA’s only responsibiityis to superviseinternationalprojectsin Beira.

D.2 Other Agenciesat the National Level

• National Programfor Rural Water or Programa Naclonal de Aguas Rurais
(PRONAR)

55



PRONARreportsto DNA. it is the pnincipalnational-leveltechnicalplanningand
executingagencyfor the provisionof ruralwatersupply. PRONARsupervisesthe
work of EPAR, the Provincial Rural Wateragengy.

• Unit Directorateof WaterandSanitationCompaniesor UnidadedeEmpresasde
Aguase Saneamento(UNEAS)

UNEAS is thecunentnameof the Assoclationof WaterCompanles(UDAAS).
UNEAS reports to DNA. However, most of the larger city water companles
appearto dealdirectly wlth DNA raiherthan throughUNEAS.

• StateWater Well Drilling Companyor GeoiogicoMoçambique (Approximate)
(GEOMOC)

GEOMOC reportslndirectly to MCA. This agencyis responsiblefor all deepwell
drilling in the country.

• StateHydraulicEquipmentCompanyor Hldraulicos Moçamblque(Approximate)
(l-IIDROMOC)

1-IIDROMOC reports indirectly to MCA. This agency is responsiblefor the
purchase of all chemicals, pipe, materials and equipment used by the
water/wastewatersector.1-IIDROMOCalsoimplementssmallconstructionprojects
such as packagetreatmentplants andthe installationof relatively low capacity
pumps and motors on wells. Municipal andrural water agenciesrequestthis
constructionassistance.

D.3 Provincial andMunidpal Levels

• Provincial Directorate for Constmction and Water or Direccion Provinclal de
ConstrucaoeAguas(DPCA)

DPCA reportsto the MCA. TheseI)PCA agendesare locatedin all provinces.
The agenciesrepresentthe interest~of MCA in the provinces,andcoordinate
provincial waterandsanitationagencies.

• Provincial Workshopsfor Rural Water or Estaleiro Provinclal de Aguas Rurais
(EPAR)

EPAR reports to PRONAR and tepresentsthe Interestsof and fulfilis the
responsibiitiesof PRONAR in the provinces.

• CommunityEducationProgramsorP’rogramade EducaçaoCommunidade(PEC)

PEC is an intemal departmentof EPAR. PEC implementsvariousprogramsto
educatethe peoplein the communityabouthealthandsanitationrelatedto water
supply.
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• City WaterCompany (Generic) or Empresas de Agua (E de A)

The water companlessometimesreport to DNA through UNEAS, but langer
companiessuch as Aguas de Beira, deal directly with DNA. The official water
companies of the provincial cities are responsiblefor providing water, and
sometimeswastewater,servicesto the people,industniesandcommercialentities
in their serviceareas.The companiesarefrequently ownedby the municipalities
In which theyarelocated.DNA providestechnicalcontrol while DPCA maintains
admlnistrativecontrol.

• BeiraWaterCompanyor Cornpania Aguasde Beira (CAB)

CAB is the municipal waterandwastewatercompanyfor the city of Belra. All
otheraspectsareasdescribedabovefor thegenericmodel. CAB startedproviding
watersupply in 1950andwasassignedwastewaterresponsibilitiesin 1983.CAB
deals directly with DNA ratherthan going through UNEAS. As noted, Beira’s
internationalprojectsaresupervisedby DNA’s SUPRAunit.

• Programfor Peri-UrbanWaterSupply or Prograrna de Abasticementode Agua
dos Bairros Perefericos(PAABP)

PAABPreportsto DNA throughUNEAS.This agencyis the peri-urbanequivalent
to the urban watercompanies(E de A). PAABPdoesnot serveall cities,andhas
no responsibiitiesin Beira.

• Provincial Counterpartsof HIDROMOC andGEOMOC

The provincial units of HIDROMOC and GEOMOC report to their national
counterparts.Theseprovincialentitiesimplementtheresponsibiitiesof theirparent
agenciesat the provincial level.
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Appendix E

MICROBIOLOGIST REPORTON BEIRA LAB
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FOOD FOR THE HUNGRY INTERNATIONAL
RIJA LUCEANO CORDEIRO/OFIR— TALHÂO 366—MACUTI—BEIRA
TELEFONES 31 1319-311520— FAX 311347— P 0 BOX 2006

DATE: 14 December 1992

KATE BURNS
WASH PROJECT
BEIRA WATER EVALUATION

MICROBIOLOGICAL EVALUATION

1. LABORATORIO NACIONAL DE HIGJENE DE AGUA E
ALIMENTOS (CENTRO)

Director: Dr. M Lucas

This is the laboratory analysing rnunicipal , private, industrial
etc sources of water, and also for the analysis of environmental
specimens for potential contamination.

The examination of water for bacteriological/faecal contamination
was described and noted as being the traditional standard method
of 37°C to 45°C evaluation through tube differentials demonstrating
E coli/faecal material presence. This procedure inherently has
a 4-day turn around time for results.

Equipment was adequate and in working order (water baths, incubators,
balances, microscopes). However minimal supplies for continh#ing
evaluations were on hand. Dr. Lucas has been in the post for
three months and is the only microbiologist on the staff.

Full operational requirements for routine work would inciude:

1. consumr~ab1e: stocks of media, reagents, chemicals
2. glassware: sampling botties, tubes
3. trained staff: bacteriology

In an emergency mode the director would not have time to set
aside for training.Seconded staff would be useful for temporary
time periods. Available in Maputo? Medical School in Harare?

2. PROVINCIAL LABORATORY, HOSPITAL CENTRA DA BEIRA

Director: Sr. Moniz Africa
Bacteriologist: Sr. Chidacage

This is the diagnostic clinical laboratory for the provirice of
Sofala. The staff were interviewed with reference to Cholera
organism identification and the operational procedures were
outlined. As specimens were in varlous stages of being analysed
the routine was evaluated in progress. Classical standard
procedures are being used, namely alkaline peptone water
transport of rectal swab samples, plating onto TCBS media,
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KATE BURNS, page 2
14 December 1992

ending with antisera aggiutination verification.

A non-standard procedure for antibiotic susceptibility testing
was also being done. Validity of resuits queried as to purpose,
use of outdated discs, non-standard spacing specimen/media ratio.
This procedure purpose will be queried with Chairman, Medical
Microbiology, University of Zimbabwe School of Medicine for any
current literature on the subject.

No other biochemical Identificatiori tests were being done on the
isolated organisms.

Due to financial and staffing constraints, Iess than optimal
conditions are available for an emergency mode on top of routine
clinical work. Only one bacteriologist availabie.

The equipment is adequate. However in order to process the more than
20 specimens received daily for V. cholera isolation,
consummable supplies will be required:

1. same list as prevlous laboratory

Laboratory records well documented with cholera work in a special
register. Brief scan showed about 5 confirmed V cholera isolated
from daily specimens received over the past few weeks.

In summary: both laboratories are doing a noble effort with
inadequate supplies and insufficient staff.

Thank you for the opportunity to be of assistance.

Attached is what fax information h~s come to me.
These are main sup-pliers and manuf~cturers in Harare.

G1 a d ysJ ~
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AppendLx F

SIX MONTI-IS EMERGENCY HEALTF-I SUPPLIESLIST

Materials Requested

IV Catheters w/tublng
-No. 16
-No. 18
-No.20
• No. 21
-No.22

IV scalp needies w/tubing
-No. 18
-No.19
-No.20
- No. 22

Syrhiges (Disposable)
-10 cc
-5 cc
-3 cc

Amount
Requested

5,000
5,000
5,000
5,000
5,000

2,000
2,000
2,000
2,000

5,000
5,000

10,000

ESTIMATED
TOTAL COST

sus
10,000

5,000

5,000

Needles (Disposable)
-No.16
-No. 18
-No. 19
-No.20

Naso-Gastric Tubes
-No. 16
-No. 18
-No.20

Surgical Masks
Surgical Booties
Examination Gloves
- Small (No. 6)

~- Medium (No. 7/8)
- Large (No. 9)

Int ant Scales (hanging)

10,000
10,000
10,000
10,000

1,000
1,000
1,000

5,000
5,000

10,000
10,000
10,000

10

300
500

10,000

1,500

10,000

500
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Drugs Requested 15,000

Tetracycline Caps 500mg 40,000
Gentamyclne InJ. 80 mg 10,000
Gentamyclne InJ. 40 mg 5,000
Nitrofurantoln Tabs. 10,000

Chemicals for Chlorlnation 3,000
Sodium Hypochloride (powder)
Sodium Hypochloride (tabs)

Total Medical Suppiles 60,800

Basic Suppiles 10,200

GRAND TOTAL 71,000

BASIC SUPPLIES REQUESTED

ESTIMATED
Basic Supplies Amount TOTAL COST

Requested $ US

Dishes 300 200
Bowis 300 200
Spoons (Large) 300 200
Spoons (Small) 300 200
Cups Small 300 200

Medium 300 200
Large 300 200

Plastic buckets 100 500
Plastic Jugs (10-20 liter) 50 1000
w/taps for ORS

Electric Stove 2 bumer 2 300

Beds (cholera cots) (locally made) 200 2000

Bed sheets 2000 5000

Total Basic Supplies 10,200
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Appendix G

WHO RECOMMENDEDSUPPLIESFOR CHOLERA

Estimated minimum supplies needed to treat 100 patients
during a cholera outbreak

Rehydration Supplies
650 packets ORS (for 1 litre each)
120 bags Ringer’s Lactate Solution, 1 litre, with giving sets
10 scalp-vein sets
3 naso-gastric tubes, 1 6 Fr. (50 cm) long for adults
3 naso-gastric tubes, 8 Fr. (38 cm) long for children

Antibiotics
For adults:
60 capsules doxycycline, 100 mg (3 capsules per severely dehydrated case) or
480 capsules tetracycline, 250 mg (24 capsules per severely dehydrated case)

For children:
300 tablets trimethoprim-sulfamethoxazole, TMP 20 mg + SMX 100 mg
(15 tablets per severely dehydrated case)

1f selective chemoprophylaxis is planned, the additional requirements for 4 close contacts
per severely dehydrated patient (about 80 people) are:
240 capsules doxycycline, 100 mg (3 capsules per person) or 1,920 caps tetracycline, 250
mg (24 capsules per person)

Other Treatment Supplies
2 large water dispensers with tap (marked at 5 and 10 litre levels) for making ORS solution
in bulk
20 botties (1 litre) for ORS solution (e.g., empty IV bottles)
20 botties (0.5 litre) for ORS solution
40 tumblers, 200 ml
20 teaspoons
5 bags cotton wool
3 reels adhesive tape

•The amount of supplies listed allows enough intravenous fluid followed by ORS for 20
severely dehydrated patients, and the exclusive use of ORS for the other 80 patients.

~lf Ringer’s Lactate Solution is not available, substitute normal saline.
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Appendix H

SUPPLIESAND ESTIMATED COSTS
FOR PUBLIC HEALTH ACTION PLAN
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SUPPLIES sus

SUPPLIES FOR LABORATORIES

1. Food and Water Lab
- Reagents 2,000
- Water Sampling Containers 500
- Refrigerator 1,000
- Disposable Suppiles 1,000
- Chiorine Analysis Kits 500
- Portable Water Ouality Testlng System 2,500

Subtotal 7,500

2. Central Hospital of Belra Lab
- Reagents/Media 5,000

Mueller Hlnton
tTCBS

Peptone
- Cholera Test KIts 2000
- Disposable Petri Dishes 500
- Glass Petri Dishes 500
- Antibiotic Sensitivity Disks 500

Subtotal 8,500

Laboratory Suppiles Total 16,000

Renovatlon of Ponto Gea Clinic $ US

1. Principal Building 289,853
2. Future Intirmaries 57,747
3. Preventive Health Clinic 82,442
4. Emergency Unit 34,602
5. Kitchen 17,435
6. Creche 28,000
7. Carpenter Shop 6,667
8. Pharmacy 6,667
9. Laundry 6,667
10. Morgue 10,000

TOTAL RENOVATIONS 540,078
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Appendix 1

COST ESTIMATES AND REQUESTSFOR FUNDS
TO PARTIALLY RENOVATE PONTA GEA CLINIC
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~EP0BUOADe MOAM5IOUE

M1NISTÈ~O DA ~NSTBUAO E AQUAS

—..— ———— —

DIRECÇAO PROVINCIAL DA COC.STIUÇAO ~ AGUA$
SOPkLA

REABILITAÇAO 00 HOSPITAL DA PC~1TA-GEA

* neceesloaae 0e ee txenaformer o Posto de Sedde de Ponta-G~ana Beire cm Hoe.
pital Oeral paase pele aua reobilitaç~ou/ou z’emodelaçk de modo a muder o eau
sisteme funciona]..

A epidemie de cdlere qua eclodiu na Ciclade de Beire tom. eet. ecç~ode impe-

riosa e urgente porquanto o Hospita]. Centra]. de Beir. j~ r~o diep~ede cepecidsde
de atendimerito para o eflwco de doentee que ee servem daquel. Hospitel.

Aasim, fomem defenidee algunee ecçöes de emezg~nciequa dever~osam reelizades
neete hnRp1t.l’~1 tele como:

1) Reebi1itaç~oe remode1aç~ode b,1’~.~rios• senit~rioe

2) Montegem de um eisteme de eltari~etivo de abeetecimento de dgue

3) Repareç~ogeral do edificio

0 Custo estimad0 das obras ~ de 150.000 USO (CENTO E CINQUENTA MIL DOLARES)

essim divididos:

— Balnedrios e senitdrios - 30.OC() USO

— Abectecimento de ~gve - 45.0(10 1)50

— Repereç~ogen]. edificto —75.000 IJS!)

T 0 T A 1 ——————————————- 150.000 USO

Beire, 15 de,~zambro de 1992

/
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Barrios na Cidade de Beira

* = estimated 4.5% annual increase
= High Rates in
October—November

### = High Ratesin
February- March

(ID-~
0
11

0
(1)

Bairros

No. Bairro
Population
Est. 1988

Population
Est 1992*

with High
Cholera Rates

1 Macuti 8,600 10,256
2 Chipangaro 20,500 24,447 #######
3 Ponto Gea 14,600 17,411
4 Chamute 11,300 13,475
5 Pioneiro 5,700 6,797
6 Esturo 17,350 20,690 ********

7 Matcuani 18,000 21,465 #######
8 Macurungo 6,900 8,228 #######
9 Munhava 21,700 25,878

10 Manango 13,500 16,099
11 1 de Maio 5,300 6,320
12 25 de Julho 20,300 24,208

1 2A Chota 2,500 2,981
13 AltoManga 10,000 11,925
14 13,700 16,338
15 Chingussura 17,000 20,273
16 3 de Fevreiro 10,600 12,641
17 Mungara 3,900 4,651
18 Mdundo 7,100 8,467
19 Nhamsseque 10,100 12,044
20 Muhavi 1,500 1,789
21 Inhamizua 11,100 13,237
22 Nhangoma 11,600 13833

Total 262,850 313,454
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Appendix K

PRINCIPAL CONTACTS

Name

Alvarinho, Manuel

Beete, Nelson

Curtis, lan

Kranendonk,Leonard

Muianga,Americo

Stolk, LeendertJ.

Vembana,Inocentes

Zanting, Harm Albert

Miguel, Magalhaes

Carlos, MouzinhaA.

Saliu, Djalo Mamadu

Africa, Moniz

Amos, JuvenaldoZ., M.D.

Guilande, R.

Jojo, F.

Mannel, Joao

Sangano,M.D.

Cungara,M.D.

Confetti, Mauro, M.D.

Joaquim,Chiclacage

Organization— Title (City)

National Level

DNA—Director (Maputo)

DNA—Civil Engineer(Maputo)

DNA—Institutional Development(Maputo)

DNA—Senior Hydrologist (Maputo)

PRONAR—Geologist(Maputo)

PRONAR—SanitaryEngineer(Maputo)

DPCA—Director(Beira)

DNA—Hydrologist (Maputo)

Provincial and Municipal Levels

AdB—Civil Engineer(Beira)

EPAR—Directorof Services(Beira)

GEOMOC—Hydrogeologist (Beira)

Sofala Health Department—ProvlncialSupervisorof
Medical Lab (Beira)

Sofala I-lealth Department—Director(Beira)

Sofala Health Department—PlanningUnit (Beira)

Sofala Health Department—Chief of Community
Health (Beira)

Sofala Health Department—Provincial Nursing
(Maputo Supervisor(Beira)

CentralHospital—Director(Beira)

City Health Department—Director(Beira)

Public Health Lab—Advisor (Beira)

Public Health Lab—Technician(Beira)
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Lucas, Marcelino, M.D.

Kallio, Risto

Mattila, Heikid

Piteira,A.J. Viejas

Topo, Lasse

Bagnoli, Ariberto

Geom,Alberto Limido

Argo, Peter

Brook, Jill

Becker, Daniel

Coleman,Ralph

lssacson,Karen

Jongeling, Gladys

de Sousa,Bob Gombe

Sack,David, M.D.

Public Heaith Lab—~Director(Beira)

InternationalContractors

FinnConsult—ConstructionSupervisor(Beira)

FlnnConsult—Organization and Manpower
Development Expert (Beira)

FinnConzuit—Sodoeconomist(Beira)

FinnConsujt—TeamLeader(Beira)

CMB—. (Dondo)

CMB—TechnicalDirector (Dondo)

Internationali Entities

USAID—EngineeringOfficer (Maputo)

USAJD—k-Iydrologist (Maputo)

U.S. Embassy—SecurityOfficer (Maputo)

NGOs

Africare— Country Representative(Maputo)

Africare—Health Advisor (Beira)

Food-For-The-Hungry.---Adrninistrator(Beira)

LutheranWorld Federation

Other

JohnsHopkins University (can be reachedby FAX)
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Camp Dresser & McKee International Inc.
Associates in Rural Development, Inc.

International Science and Technology lnstitute
Research Triangle Institute

University Research Corporation
Training Resources Group

University of North Carolina at Chapel Hill

WASHOperations Center
1611 N. Kent St., Room 1001

Arlington, VA 22209-2111
Phone: (703) 243-8200

Fax. (703) 243-9004
Telex. WUI 64552

Cable Address: WASHAID

THE WASH PROJECT

With the launching of the United Nations International Drinking Water Supply and Sanitation Decade in 1979, the United States Agency
for International Development (A.l.D ) decided to augment and streamline its technical assistance capability in water and sanitation and,

in 1980, tunded the Water and Sanitation for Health Project (WASH). The funding mechanism was a multi-year, multi-million dollar
contract, secured through competitive bidding. The first WASH contract was awarded to a consortium of organizations headed by Camp
Dresser & McKee International Inc. (CDM), an international consulting firm speclaliz1ng in environmental engineering services. Through

two other bid proceedings since then, CDM has continued as the prime contractor

Working under the close direction of A l.D.’s Bureau for Science and Technology, Office of Health, the WASH Project provides technical
assistance to A 1 D. missions orbureaus, other U.S. agencies (such as the Peace Corps), host governments, and non-governmental

organizations to provide a wide range of technical assistance that inciudes the design, implementation, and evaluation of water and sani-
tation projects, to troubleshoot on-going projects, and to assist in disaster relief operations. WASH technical assistance is multi-discipli-

nary, drawing on experts in public health, training, financing, epidemiology, anthropology, management, engineering, community
ei ganization, environmental protection, and other subspecialties.

The WASH Information Center serves as a clearinghouse in water and sanitation, providing networking on guinea worm disease,
rainwater harvesting, and peri-urban issues as well as technical information backstopping for most WASH assignments.

The WASH Project issues about thirty or forty reports a year WASH F/e!d Reports relate to specific assignments in specific countries;
they articulate the findings of the consultancy. The more widely applicahle Technical Reportsconsist of guidelines or “how-to” manuals
on topics such as pump selection, detailed training workshop designs, and state-of-the-art information on finance, community organiza-
tion, and many other topics of vital interest to the water and sanitation sector. In addition, WASH occasionally publishes special reports

to syrithesize the lessons t has learned from its wide field experience

For more information about the WASH Project or to request a WASH report, contact the WASH Operations Center at the above address.


