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EXECUTIVE SUMMARY 

World Reliefs Rural Water Supply and Sanitation Programme (RWSSP) was a direct follow on from 
the 1992193 Emergency Water Supply lntervent~on (EWSI) along the Limpopo Corridor In response to a 
continued severe shortage of water In the d~str~cts of northern Gaza It sought ultimately to prov~de 
commun~ties with access to clean secure water sources by dr~ll~ng further boreholes and mstalling 
manual pumps that were sustamable In the long term and to expose the populat~on to water, san~tation 
and health messages which made the l~nk between malntalning a clean water source, good san~tation 
and hyg~ene pract~ces and good health 

The programme covered an extenswe area of about 50,000 kml in the north of Gaza Province and 
rncluded the Districts of Massangena, Ch~gubo, Chicualacuala, Mabalane and Guija where it's activitres 
touched on some 70 villages. 

The implementation of the Rural Water Supply and Sanitation Programme began in January 1994 and 
came to an end in September 1995. During this time WRC:- 

- Carried out a baseline survey in 4 distr~cts, sampling 2022 households and 15,179 inhabitants. 

- Drdled a total of 156 boreholes In two phases 127 were productive boreholes giving a success rate 
of over 80%. The overall average borehole depth was 46m. Average cost per product~ve borehole was 
about US$ 4,000 or US$ 85 per product~ve metre A comparison of borehole costs with the 1992193 
EWSI reveals a signif~cant (25%) reduct~on In drillmg cost from the US$ 11 5 per productive metre ~t ' 
cost then. 

- Drilled three shallow boreholes using manual drilling equipment (Vonder Rig) and rehabilitated a 
further three. 

- Installed 133 handpumps - 109 Afridevs, 19 Volantas and 5 Bucket Pumps. 

- Established community maintenance and sustainability capacity through training pump maintenance 
groups, encouraging communities to be financ~ally responsible for their pumps by setting up 
maintenance funds and by mak~ng spare parts available for communities to purchase. 

The Rural Sanitation Programme, based on the National Institute of Physical Planning (INPF) "Projecto 
de Latrinas Melhoradas", was implemented in selected areas for logistical, practical and geographical 
reasons. Community response to the programme was mixed but by the end of the programme 16 
demonstration improved traditional pit latrines had been built by WRC in 13 villages and over 1,400 
households had adopted the design and built latrines for themselves. 

Community water, sanitation, hyg~ene and health education was carried out hand-in-hand with both 
handpump installation and latrine construction It became clear that the link between clean water good 
sanitation and hygiene practices and good health was being made and understood by many of the 
communities. 

Water source, time, distance and quantity analyses both before and after the implementation of the 
programme in Massangena District indicated that:- 
- Use of protected pump water sources had changed from 7% of the population to over 97% 
- Average usage per household had increased from 58 llday to 77 \/day - an increase of 33% 
- Average distance to source had been reduced from 2.6 km to 0.7 km 
- Average time taken to collect water per day had been reduced from 84 minutes to 30 minutes 
- The incidence of dysentery reported for the 3 month period before the respective surveys , 

had dropped from 32% of households sampled to less than 1%. 

For the programme target area as a whole an estimated 130,000 people now have access to clean 
water. Protected water sources w~th  pumps now provide about 1,450,000 litres per day or an average 
of 11 litres per person per day. 



INTRODUCTION 

In 1992 World Relief responded to the worsening drought situation In the northern distr~cts of Gaza 
Provlnce and spec~flcally the Llmpopo Corr~dor by Implementing an Emergency Water Supply 
Intervent~on (EWSI) At the end of th~s  lntervent~on ~t was clear that there was st111 a severe water 
shortage In the region W ~ t h  an antlclpated Influx of refugeeslreturnees from neighbourmg South Afr~ca 
and Z~mbabwe followmg the reallsat~on of the October 1992 peace accord and a t~metable for elect~ons 
the s~tuatlon was set to get worse A number of previously inaccess~ble areas were also openmg up as 
returnees, w~ th  the assistance of UNHCR and OIM, made efforts to reach their orlglnal villages To 
fac~l~tate the~r return water was a pr~or~ty 

In response to th~s  need and the recommendations for future work made in the EWSl Final Report of 
August 1993, World Relief (WRC) proposed a more extensive and integrated Rural Water Supply and 
San~tat~on Programme to ~nclude two prev~ously ~naccessible districts - Massangena & Ch~gubo, to 
r a w  the quantity of potable water available In the other three districts - Chicualacuala, Mabalane and 
Guija, and to take into account the need to move away from emergency interventions and onto 
rehabilitation and development ln~t~atlves ~ n ~ t ~ a t ~ v e s  which focussed on community involvement, 
education and tra~n~ng. 

The following report gives details of this Rural Water Supply and Sanitation Programme which began In 
January 1994. It is an attempt to record clearly and concisely the activities which made up the 
programme. It is hoped that it will prov~de objective information and recommendations which may be 
useful to others implementing or planning to implement similar programmes. A series of Appendice's 
contam most of the technical data and detailed information about the programme. Appendix E 
includes detailed schematic maps of the region. 



Chapter 1 ' Background and History 

In September 1993 WRC put together a proposal for an expanded Rural Water Supply and Sanltatlon 
Programme designed to bu~ld on the knowledge and experience gained during the implementation of 
the EWSl and to address the water needs In the 5 districts In northern Gaza - Massangena, Chlgubo. 
Chlcualacuala, Mabalane and Guqa An ~ntegrated water, sanitation and basic hygiene and health 
education programme was proposeu which encouraged community participation and education. It 
placed emphasis on developrng the cornmunrty's capacity to secure and marntan their water supply In 
the long term and In mak~ng the link between clean water, good sanitation and hygiene practices and 
good health. 

1 I Programme Objectives 

The primary objective of the Rural Water Supply and Sanitation Programme was to achieve a secure 
supply of potable water to meet the recommended basic needs of the target population - a minimum of 
10 lltres per person per day for an estimated target population of 44,000, to ensure the communities 
acceptance of the responsibility for ~ ts  water supply and invest in the communities capactty to mainta~n 
and manage its water supply in such a way that ~t independently meets its responsibilities In the long 
term. 

This was to be achieved by:- 

Carrying out a water resource survey and needs assessment in the districts of Massangena' 
and Chigubo 

Identifying'in association with PRONAR, DPOPH-Gaza, local administrations, UNHCR and 
other NGOs areas of need which have the potential for groundwater development. 

Drilling 110 producing boreholes. by tendering and contracting out to a drilling company and 
by training a team to drill shallow boreholes using manual equipment, following criteria of DNA 
and PRONAR. 

Installing 110 handpumps (Afridev & Volanta) on the productive boreholes in line with 
the guide-lines of PRONAR and including PEC. 

Strengthenmg and developing the community's responsibility for their water supply 
through:- 

i) The training and support of community selected individuals in pump and 
well head maintenance and 'by encouraging communal participation 

ii) Encouraging and motivating the community to take financial responsibility 
for their pump by settlng up a maintenance contribution fund and by 
collecting money to buy spare pump parts 

iii) Making spare pump parts available and accessible 
iv) Providing technical and organisational support and advice and refresher 

training for a year after the implementation of the programme 

Promoting improved public sanitation and health through the construction of improved 
traditional pit latrines following the guide-lines of INPF "Projecto de Latrinas Melhoradas" 
and through a community awareness and water, sanitation, hygiene and health education 
programme 

Carrying out a baseline survey and water source, time, distance and use analysis in 
selected target areas and to mon~tor the mpact of the programme 

Monitoring the performance of all boreholes and pumps, their use, water quality and 
changing community requirements. 

Continuing to invest in human resource development and training of national staff in 
borehole design, water technologies and project planning, implementation, monitoring 
and reporting. 
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1.2 Funding 

Funding for the Rural Water Supply and Sanitation Programme with a budget of nearly 
US$ 2,300,000 was provided through an amendment to the original grant for the EWSl from USAID 
and from UNHCR and WRC 

1.3 Staffing 

The staffing structure for the programme IS shown In Figure 1.3. Other than the expatriate Programme 
Director and the South African Shangaan-speaking Community Education Advisor the staff were all 
Mozambican nationals The overall makfemale ratio was 8110 (excluding the community masons). 

The Borehole & Pump Test Techn~c~an (male) and Pump Installation Assistant (female) were 
contracted for 16 months from EPAR. Xal-Xai and 14 months from EAR, Chokwe respectively. Both 
had previously worked wlth WRC on the EWSI The contractual agreement was such that WRC woulc! 
pay saiarres in line wlth their staff salary structure for Mozambique but would also pay EPARJEAR for 
thelr services. The advantages of this agreement were three-fold. Firstly it meant the staff themselves 
recewed a reasonable salary for the work they were expected to do and were receiving similar salaries 
to staff contacted directly by WRC so there was no resentment within the team and they were 
motivated (a problem encountered during the EWSl when they continued to receive EPARIEAR 
salaries). Secondly it meant that EPAR could theoretically take on and train 2 new members of staff 
paytng them with the money they recerved from WRC thus building up their personnel resources for the 
future. Thirdly, WRC would not have to tram all staff from scratch and could benefit from their 
experience with Agua Rural. In return they would go back to their respective posts having been exposed 
to programme planning, implementation and management training. 

The Pump lnstallation Technician and Construction Supervisor also worked on the EWSI and were 
trained during that programme. These 4 key personnel formed the core of the 'water team'. All other 
staff members were recruited locally 

This structure represents the framework In which the programme was implemented. Considerable 
overlapping existed between the varlous activities. The abilrty and flexibility of all staff to do jobs outside 
their 'official' duties was of paramount importance due to the size and geographical extent of the 
programme. The need for this flexibility was reflected in the training staff received. 

1.4 Staff Training 

All staff members participated in short training courses and on-the-job training. Table 1.4  outlines the 
training undertaken both before and during the programme. In addition to these courses, larger training 
seminars/workshops were facilitated by WRC in association with other organisations. These will be 
detailed later on in the report under the relevant activity. 

On-the-job training was carried out pr~mar~l y during the first 6 weeks of the field programme in 
Massangena during April and May 1994. Massangena provided a good opportunity and environment for 
training for a number of reasons:- 

i) All programme activities were to be carried out in the District so all staff members were 
present and interaction possible. 

ii) At least 25 boreholes were to be dr~lled within a relatively short distance. One stable camp 
was possible and short travelling distances meant there was time for training 

11;) The Programme Director couid be present throughout the period to train and supervise 

trainmg, st~mulate d~scuss~ons and develop lines of communication 
iv) The Distrlct comprised both rural dispersed communities and communal villages so 

animators were exposed to the problems and differences associated with each early on. 
v) The likelihood of success w~th  the drilling programme and the potential impact appeared 

good and was thus a motivating factor for WRC staff. 
vi) Massangena District IS very isolated so there were few distractions! 
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The schedule for the actual implementation of the RWSSP is illustrated in Figure 1.5 

The geographical size of the programme area, some 50,000km2 the lack of good roads and large 
travelling distances and times meant that a series of camps had to be set up at strategic locations and 
appropr~ate times during the course of the field programme which ran from April 1994 to September 
1995 Where poss~ble, and after the initlal work in Massangena, two camps ran simultaneously w~th 
staff divided between them. The d ~ v ~ s ~ o n  depended on what activity was being carried out or 
emphas~sed In a particular area For practical, logistical and political reasons not all programme 
actlvit~es were carr~ed out In e v e r y  v~llage that had a new borehole and pump. For example, In Ch~gubo 
Dlstr~ct the populat~on IS dispersed, populat~on densties are low and road access very poor 
Implementation of the sanitation programme was therefore not appropriate. 

Anlmator lrainlng broadly followed the guidelines of PEC 

barragem. Cholcwe brtlllng Supervisor b a r n  how to use the manu& drilllng equlpmant - 
Manual Drllllng Assistant Tha Vonder Rig and the condrudlon. caslng and tedlng 

of shallow boraholes. 



Figure 1.5 Implementation Schedule for Rural Water Supply and Sanitation Programme 
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1.6 Baselihe Survey 

In order to assess the ~mpact of the programme a baselrne survey was also carrred out In the vlllages 
where a borehole(s) had been provlsronally allocated (actual allocation depended on the outcome of 
the dr~lling operat~on) Ch~gubo D~str~ct was the exception. No baselme survey was carrled out here for 
a number of reasons.- 

i) Politically the Distr~ct was dlv~ded, access was bad and population data poor 
i ~ )  Populatron numbers were low and h~ghly dispersed with no road access 
~ii) Many commun~tles had been isolated because of the war and were waty of 

questions being asked 
IV) Not enough ~nformation was available at the time on the locations of land mines 

and security in the area 

The baseline survey was designed to gather information on:- 

- Household size, gender balance and number of children under 5 years 
- Residential status 
- Water sources, availability (distance & time), collection and usage 
- Sanitation practices 
- Incidence and types of diseasela~lments suffered by the population 

1.6.1 Survey Questionnaire and Sampling Method 
. 

A 20 question survey questionnare was prepared in Portuguese in consultation with MSF(CIS) and 
revised after testing out in the field. A copy of the final questionnaire is included in Appendix A l .  All 
interviews were carrled out in the local language Shangaan. Interviewers (Animators) received trainmg 
In interviewing techniques and sampling method. 

A thirty by fifteen cluster survey was mitiated based on population data provided by the Administration 
Sampling of households was random. 

1.6.2 Survey Problems 

A number of problems were encountered In the field whilst carrying out the baseline survey. These can 
be divided into sampling problems and questionnaire completion problems. 

Sampling Problems 
- Population data provided by the administrations were old and inaccurate 
- Movement of populations including repatriat~on programmes were taking place all the t~me 
- Numerous houses were empty or abandoned. This in addition to the daily exodus of 

people to their fields meant findmg people to interview was often difficult. 

Quest~onnaire Completlon Problems 
- Although carried out in Shangaan the understanding of the mostly illiterate rural 

population, not only In what the quest~on was asking but why it was being asked, could 
have led to inaccurate completton of the questionnaires. 

- Time and distance to water sources and quantity used for different purposes were open to 
errors. Where possible these were measured by the animators. 

1.6.3 Survey Analysis 

A summary baseline survey analysls for the programme target area is shown in Table 1.6. Full data 
tables and analyses by district are presented in Appendices A2 to A5. 

A total of 2022 questionnaires were completed representing over 15,000 inhabitants and more than 
11 % of the estimated total beneficrary population. 
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BOREHOLE DRILLING AND HANDPUMP INSTALLATION PROGRAMME 

Chapter 2 Borehole Drilling Programme 

2.1 Preliminary Surveys and Investigations 

Water resource surveys and needs assessments were carried out for Massangena and northern 
Chigubo in December 1993 and central and southern Chigubo and northern Guija in May 1994. These 
formed the basis on wh~ch borehole locat~ons for the two distr~cts not covered by the EWSl were 
decided The knowledge, drrlling experrence and data collected during the EWSl provided a framework 
from which to provls~onally allocate addit~onal boreholes In the districts of Chicualacuala, Mabalane 
and Guija. 

With population numbers and therefore water needs changing all the time due to the return of refugees 
and movements of internally displaced people, regular reassessments of the situation were required. 
There was also a degree of uncertainty about the quality of water likeiy to be found in parts of Chigubo 
and Mabalane In particular. As a result it was decided nut to specifically allocate all proposed 
boreholes (148) but to adopt a more flex~ble approach and drill boreholes on an 'as required' basis 
taking into account amongst other criter~a the PRONARIUNICEF target of 1 boreholelpump per 500 
people. Site selection however was only finalised after:- 

i) community meetings to discuss the implications of the programme in terms of their , 
commitment both during implementation and their responsibility afterwards for the 
maintenance of the borehole and pump, 

ii) further consultations with the village leaderslbairro secretaries, and 
iii) consideration of DNAJPRONAR criteria for the siting of borehotesiwells. 

Although sites were generally chosen by the communities all were ultimately authorised by the 
Programme Director. 

2.2 Borehole Drilling Tender and Contract 

An integral part of the borehole drilling programme was the preparation and development of a borehole 
drilling tender document and subsequent contract. This process was considered of prime importance 
not only to the success of the RWSSP but also for the water sector in Mozambique. WRC wanted to 
stimulate compet~t~on in the dr~lling of boreholes In an attempt to improve the quality of borehole 
construction and to bring down the cost of drilling boreholes. 

Durmg January and February 1994 tender procedures and a tender document, including a 
prequalification questionna~re. were drawn up with help from the hydrogeological section at DNA for 
the drilling of 25 boreholes In the D~str~ct of Massangena. An advertisement inviting bids was then 
placed in the national newspaper "Notic~as". 

Response to the tender, the first of its kind in the water sector, was very good with fourteen drilling 
operators buying the tender document Ten drilling operators submitted bids which were opened in 
public on 7th March. Evaluation procedures as stated in the tender document were then followed wrth 
the top 5 financial bids being assessed on technical merit. The initial contract was subsequently 
awarded to Terrasearch Mozamb~que The complete evaluation document with names and addresses 
of all the companies that tendered 1s ~ncluded In Appendix 81. 

Drilling began on 21 st April 1994 The first 25 productive boreholes were completed by 1 I th June 1994, 
a period of 52 days. With only 1 unproductive borehole due to saline groundwater this represented a 
production rate of 1 complete borehole every 2 days. Average borehole depth was 54m. 

With the performance of Terrasearch Mozamb~que as it was and with the machines and materials on 
s~te the decision was made to negotiate a further 100 borehole contract. This was achieved with an 
average cost reduction per productive metre of about US$ 5. 



The tender prodedure and contract developed by WRC was later revised and used by other NGOs 
working in the water sector and by early 1995 PRONARIUNICEF were preparing a standard tender 
document to be used by all organisattons lnvolved in borehole drilling programmes with technical 
specifications and tender procedures clearly set out. 

WRC used this prototype document for ~ t s  1995 borehole tender and contract in Guija District. The 
advertisement inviting bids was placed in the same way in early February and evaluated in March The 
response to the tender and contract for 20 boreholes in Guija District starting on 1 st May was 
disappornting. Only four companies submitted a b~d. Evaluation of the bids led to the select~on once 
again of Terrasearch Mozambique wlth a financial bid of US$ 92 per metre. 

The PRONAR standard tender and contract document has since been revised further with the help of 
WRC and CARE International 

2.3 Borehole Deslgn and Construction 

Borehole design, construction and inspection generally followed the criteria of DNAIPRONARIDRH as 
stated in the document No 22/93 "Criterios Para a Construcao de Furos a Serem Equipados corn 
Bombas Manuais em Mocambi~ue" 

All boreholes were drilled wherever possible using a rotary percussion method (down-hole-hammer) 
was used often with a foam flush This was the cheapest and quickest option. However in caving 
formations rotary flush with a blade b ~ t  or direct circulation drilling with a tricone bit and polyflrp was ' 
used. 

Boreholes were drilled initially at 21 5mm (8.5") to allow the installation of temporary steel caslng then 
at 165mm (6.5") to base of hole I lOmm (4") internal diameter threaded PVC casing and screen was 
mstalled on productive boreholes Screen slot slze was 0.5rnm for 1994 contact and 0 3mm In 1995 
All boreholes were pump tested for 1 hour and recovery measurements made. The electrrcal 
conductivity of the water was measured durrng drilling and durlng pump testrng A number of samples 
were also sent to the water analysrs laborator~es In Maputo (Agua de Maputo EE) for chemrcal 
analysts. Details of these analyses are presented in Append~x 84 

' A borehote was considered 'productive' if rt had sufficient water (normally a minimum of I m3), at a 
depth less than the maximum working depth of any handpump to be installed, (60m for Afridev and 
85m for Volanta) and of an acceptable quality to the beneficiary population. 

2.4 Borehole Inspection 

The independent inspection of boreholes was arranged on a contract basis initially with DNA Maputo 
and later on in 1995 with DPOPH-Gaza. 

In order to develop the capaclty of DPOPH-Gaza and to provide further training for EPAR and WRC 
staff WRC sponsored a borehole inspect~on training course run by DNA during the 1995 drilling 
programme in Gulja. As a result there are now 2 trained borehole inspectors (Fiscals) wrthin DPOPH- 
Gaza and 1 in EPAR, Xai-Xat who can be contracted out in the future. 

2.5 Drilling Programme Details 

Details of all the boreholes drilled durrng the programme are presented by district in Appendices 82 
and 83 for 1994 and 1995 respectwely. Locations of all boreholes drilled since November 1992 are 
shown graphically on a schematic map of the region in Figure 2.5. Full drilling reports including 
lithological descript~ons will not be ~ncluded rn this report. They have already been submitted to DNA for 
inclusion on the national borehole database. 

Table 2.5 provides a summary analysis of the drilling programme. This has been divided into the two 
drilling contracts (1994 & 1995) so a comparison can be made between drilling time, metres drilled, 
success and cost. 

A total of 156 boreholes were drilled of which I27  (81%) were productive and have subsequently been 
fitted with a handpump. Average borehole depth was 46m. 





Tabie 2.5 Borehole Cost Anatvsis l W 9 5  

Number o f  
District Boreholes 

Total No. 
Producing 
Boreholes 

27 

15 

26 

11 

22 

I I 

otals 1994 1 125 1 101 

Total number of days drilling = 1 84 

Success 
Rate 

(%I - 
82% 

60% 

90% 

79% 

92% 

81% 

Average number of work days per borehole = 1.5 
Average number of metres drilled per day = 34 
Total distance moved between sites (krn; = 1400 (Massangena via Chigubo and Guija to Chicualacuala) 

Total 
Metres 
Drilled 

1821 

640 

2114 

720 

882 

6177 

Total 
Drilling 
Cost 
(US$) 

1 142.910 

$51.977 

9152.035 

$54.615 

$74,704 

$476,241 

Total number of days drilling = 21 
Average number of work days per borehole = 0.7 
Average number of metres drilled per day = 44 
Total distance moved between sites (krn) = 180 (7 de Abril to Purnbe) 

GUUA (1995) 

Total mnnbw of days &iUing = 205 
Average number of work days per borehole = 1.3 
Avemge number of metres drilled per day = 35 
Total distance moved between sites (km) = 1580 

31 26 

r 

Programme Totals 

84% 

156 

928 

127 

$92.203 $99.4 

81% 7105 $568,444 

809 SE2.805 $102.4 3 1 $3.1 85 



2.5.1 Drilling' Contractor Performance 

The dr~lling contractor, Terrasearch Mozamblque, provided first class drilling equipment for both the 
contracts in the form of Schramm T650W and T450W Rotadrill machines. Durlng the first contract they 
achieved an average dr~lllng rate of 34 metres per day and 1.5 days for each borehole In 1995 thls 
Improved to 44 metres per day and 0 7 days per borehole or about 3 boreholes every 2 days. 

Over the two contracts 7105 metres were drilled at a rate of 35m per  day. This is only very marginally 
better than the performance of Modrill in 1992193 who averaged 33m per day (EWSI Final Report). 

Down t~me due to technical problems or breakdown of the drilling equipment was negligible. Delays 
were mainly the result of the failure of Terrasearch Mozambique to supply adequate quantities of 
casing and their naivety in the admin~stration of their operations and knowledge of Mozamblque 
Although their drilling performance for the 1995 contract in Guija appears significantly better these 
figures hide the fact that they began the contract 50 days after the starting date stated In the contract 
Including these days shows thelr performance to be very poor at only 13m per day.The quality of the 
boreholes was superior to the 1992193 EWSI drdllng programme though this was largely due to more 
deta~led specifications for the construction of boreholes being stated In the tender and contract 
documents. On occasion despite this Terrasearch Mozambique failed to adhere to the contract by not 
provldlng the specified caslng dlameter or adequate pump test equipment in terms of pump capacity, 
electronic dip meter and electrical conductivity meter. The later led to much of the pump test data bemg 
of limited value. The quality of reportlng throughout the 1994 contract was poor and like many of the 
invoices often inaccurate. In 1995 this improved significantly. 

2.5.2 Costs 

The average cost per productive borehole metre for the whole drilling programme was just over US$ 
85. The analysis in Table 2.5 shows a breakdown of costs for 1994 and 1995. The increase in cost per 
metre for 1995 can be attributed to:- 

i) Shallower boreholes (average of 31 m as opposed to 50m) meant that the set up cost and 
pump test cost are proportionally higher 

ii) Use of direct circulation drilling method in caving formations had an extra set up cost and 
higher per metre cost. 

In comparison to l992/93 the cost of drilling a borehole has been reduced by more than 25% from US$ 
11 5 per productive metre to US$ 85. See Appendix 85 for cost comparison data. This is considered stdl 
too high. 



Chapter 3 'Manual Shallow Borehole Drilling Programme 

3.1 Aim of Programme 

The aim of the manual shallow borehole dr~lling programme was to train a small World Relief team to 
drill and construct low cost boreholes through active community partic~pation in areas of need where 
suitable groundwater and litholog~cal cond~ttons exist. 

3.2 Drilling Equipment - The Vonder Rig 

The drilling equipment - The Vonder Rig proposed for the programme was developed in Harare by 
V & W Engineering is illustrated in Figure 3.2. It basically consists of a tripod, worktable which aligns 
the drilling auger on a series of drill rods, a crossbar and a winch. The auger is a steel tube fitted with 
hard steel blades for cutting and lifting sod This IS attached through a bayonet adapter to the drilling 
rods When in operation these rods are ralsed and lowered into position using the winch The Vonder 
Rig IS deslgned to drill 170mm (7") boreholes through soils and decomposing rock format~ons. 

Additional equipment is also available to drill through sandy and muddy formations whlch are prone to 
collapse and cavlng These 'sand attachments' consist of steel temporary work casing units, a 
specialised auger with non return valve and a steel bailer. 

Figure 3.2 Working Parts of the Vonder Rig 

I 
-- r- 7 

Working parts of 
the Vonder Rig. I -7 



3.3 Identification of Suitable Sites 

It was initially proposed to drill shallow boreholes using the Vonder Rig in parts of the districts of Guija. 
Mabalane and Chicualacuala in the shallow alluvial aquifers along the Limpopo R~ver. 

The Identification of suitable sites for the use of the Vonder Rig proved particularly difficult for a number 
of reasons: 

a) In all 3 distr~cts depth to groundwater generally exceeded 20m (Identified durmg 
contracted drilling programme) 

b) Groundwater in Mabalane and parts of Guija at shallow levels was saline 

c) It IS only poss~ble to dr~ll about 3 metres into caving sand formations. Hydrostat~c 
levels In alluv~al aqu~fers are l~kely to fluctuate during the year. In order to give 
some guarntee of the borehole not drylng up dr~ll~ng in such formations should only 
take place at the driest tlme of the year 

d) Community commitment and ~nterest despite efforts by the Community Liaison 
Gfficer was disappointing and restricted the implementation of the programme. 

3.4 Programme Implementation 

As a result of the problems in the selection of sultable sites outlined above the ~mpact of the 
programme was clearly going to be small Emphasis was therefore placed on the contracted borehole 
dr~ll~ng programme Add~tronally there was a long delay in the arrlval of the sand drillmg attachments 
from Zimbabwe Tralning of technlc~an and assstant in the operatton of the machlne was done by the 
Programme Director In February 1995 Four boreholes not exceedmg 12 metres were subsequently 
dr~lled during March and Apr~l In Mabalane Distr~ct. Three had suffic~ent water to be developed and 
were equipped wlth handpumps Detalls can be found in Appendix 83. 

Further drilling using the Vonder Rig was restricted by the lack of an adequate vehicle to carry all the 
equipment -the extra sand drilling attachments required meant transport in a 1 tonne pick-up was not 
possible, and the need to use staff for supervision and inspection of the second borehole drilling 
contract during June/July In Guija. 

3.5 Appraisal of the Programme 

The manual shallow drilling programme did not have the success and impact originally envisaged. Thls 
was predominantly due to the lack of su~table sites in the 3 districts proposed, the lateness in the 
arr~val and limitations of, the drilhng equipment and the need to deploy resources (personnel 8 
vehicles) on the contracted borehole drill~ng and pump mstallation programmes in order to meet output 
targets Progress was further hm~ted by the reluctance of communities with whom the programme to 
provide adequate labour to do the work. 

The drilhng equipment was not su~table for the zones along the Limpopo as proposed due to hard 
gravel and conglomerate layers and depth to water table. It is felt however that the equ~pment could be 
used successfully in areas where the overburden IS silts, sands and soft clays and where watertables 
are less than 10 metres Mot~vating communit~es to do the work themselves without payments w ~ l l  
remaln a very real obstacle unless ~nd~genous organisat~ons like the Churches are directly mvolved 



Chapter 4 Handpump Installation, Maintenance and Repair Programme 

4.1 Introduction 

In accordance with PRONAR policy on handpumps WRC installed the two types of recommended 
handpump; the Afridev for depths up to 60 metres ( a revision of the original guide-line'of 45m following 
the development of stronger forged steel hooks and eyes on the pump rods) and the Volanta for 60 - 90 
metres Both pumps operate by pos~tive d~splacement and were originally considered vtllage level 
operation and maintenance (VLOM). 

A third type of pump was installed but only as a last option in places where there was a critical 
shortage of potable water and where the discharge of localised (suspended) aquifers was less than 
0.5m3 The Bucket Pump, a s~mple bucket and windlass lifting device designed for boreholes was 
mounted in such cases eg. Keke In Chigubo District. See Figure 4. 

Figure 4 The Bucket Pump 

4.2 Components of the Programme 

The implementation of the Programme can be divided into 4 main components; community awareness 
construction of the concrete aprons and bases. pump maintenance group training and pump 
installation, and pump care, water transport and storage education. 

4.2.1 Community Awareness 

Prior to the start of any work on a new borehole the Community Liaison Officer (GLO) and l o r  2 
animators would meet with the communities to remind them of all the responsibilities associated with 
havmg a borehole and pump. Namely:- 

- Provision of labour for construction work 
- Selection of 2 women and 2 men to form a pump maintenance group 
- Install the pump under supervision 
- Construction of a protective fence around the pump - Set up and contribute to a pump maintenance fund from which to buy spares to 
maintain the pump 

- Keep the pump environment clean and tidy and be open to receive water and sanltat~on 
education 

Once this meeting(s) had taken place the Construction Supervisor in coordination with the CLO would 
devise a construction schedule. Each commun~ty would then be informed when they should be 
available and ready to work well in advance. 



4.2.2 Constru'ction of Pump Aprons and Bases 

Although the pump aprons and bases for the Afr~dev and Volanta are different the organ~satlon of the 
work was bas~cally the same In order to facll~tate the construct~on of the concrete aprons and bases 
(espec~ally as water was scarce In most of the area) cement blocks were made at the WRC camps 
and transported to s~te along w~th  other mater~als, gravel, sand, cement, water and tools Construct~on 
usually took 1 to 11/2 days for Afr~dev bases and 2 days for Volanta bases. 

4.2.3 Maintenance Group Training and Pump Installation 

A fridev Handpump 
Two men and two women were selected by the community to form a pump maintenance group (PMG) 
w~th responsibility for maintaining (and repalring) their pump and for keeping the pump environment in 
good order. One maintenance group for each pump - the smallest management unit - was found 
through experience to be the most effectwe. Th~s group received 1 full day of pump training which 
where poss~ble coinc~ded with the construct~on work. Th~s training done by the pump technician andlor 
pump tramed animators mvolved the ~dent~f~cat~on and naming of pump parts, learnlng how the pump 
worked, which parts were hkely to wear and need regular replacing, how to diagnose problems and the 
concept of routine ma~ntenance lmmed~ately before the pump was installed this initial training was 
rev~ewed The PMG then Install the pump under the supervision of WRC staff. Where a number of 
pumps were to be installed In the same vlllage or close by training may have been given to more than 
one PMG at a time. Each PMG would Install thew own pump and then assist in the installation of the 
others. In this way they were exposed to the lnstallation procedure on several occasions - an advantige 
should a repair be required It also meant that relationships were developed between PMGs and thus 
solutions to pump problems or lack of a spare part at a particular pump may be found more locally and 
easily. 

Pump installation took a maximum of one day with the installation of the rising main followed by the 
foot valve, piston, rods and the fitting of above ground parts except the T - handle (to prevent use). The 
pump was then left overnight. The followmg day, assuming all conditions had been met eg, the 
protective fence was complete, the pump was handed over to the community. Handing over involved 
pumping water and cleaning the pump apron and drain, giving the PMG a fishing tool, M24 spanner. 
pump log book complete w~th borehole and pump lnstallation data, a list of the costs of pump spare 
parts and a brush (to encourage cleaning) Once this small ceremony had taken place the community 
was both technically and financially responsible for the pump. 

Volan ta Handpump 
The experience with the Volanta handpump from the EWSl had indicated it did not have VLOM 
characteristics at its present level of reliability primarily due to the high cost of spares. This meant that 
the community could never become f~nanc~ally responsible for the maintenance and repalr of the pump 
- a conclusion confirmed In a report for CARE International on a cost recovery p~lot project in Machase 

As all but 3 of the Volanta pumps were located in Chicualacuala District and centered on Mapai a 
different approach was adopted Here a two man community 'repair team' was intensively tramed in the 
installation, maintenance and repalr of the pumps and supplied with tools and spare parts. They along 
with the WRC pump technician, assistant and the community then mstalled all the pumps. Basic 
tralnmg of 2 caretakers for each Volanta pump took place dur~ng the two day ~nstallatlon perlod 
However they were mainly respons~ble for maintaming a clean pump environment and should a 
problem arise for informtng the 'repa~r team' and then assisting in the repair. 

The Volanta pumps were handed over In a s~m~lar  way and the community encouraged to set up a 
maintenance fund w~th the vlew to making a contribution to the cost of repairing their pump eg. they 
were respons~ble for buylng the glue, th~nner and sandpaper required for any rising main repair. 

4.2.4 Pump Care, Water Transport and Storage Education , 

Throughout the duration of the act~vities described above, and for a period after the installation of the 
pump, community meetings, home w i t s  and informal pump site education sessions were carried out 
by pairs of animators. The target group was the women and girls, the primary collectors of water and 
users of the pumps The aim was to make them aware of the need to keep the pump environment 
clean and hygienic and to educate them In how to transport and store water. 



4.3 Pump In'stallation, Maintenance and Repair Details 

4.3.1 Pump Numbers 

A total of 133 handpumps were ~nstalled during the Programme - 109 Afridevs, 19 Volantas and 5 
Bucket Pumps. This brings the total number of pumps installed on boreholes to 162 since the 
beginn~ng of the original grant. Table 4 3 summarlses pump numbers and types by district. A database 
of all pump installat~ons (1 992-1995) IS ~ncluded In Appendices C1 to C3. Standard PRONAR pump 
installat~on, ma~ntenance and repalr forms have also been completed and will be submitted to DPOPH 

Table 4.3 Summary of Pump Installation Numbers and Type by District 1994-1 995 

Total number of handpumps installed 1994195 (RWSSP) = 133 

Total number of handpumps installed 1992l93 (RNSI) = 29 

District 

Massangena 

Guija 

Chicualacuala 

Mabalane 

Chigubo 

Totals 

4.3.2 Pump Performance and Pump Failures 

Details of all reported failures, estimated repair costs and analyses for both the Afridev (in 
Massangena) and Volanta handpump are presented in Appendices C5 and C6. 

I 
Type of Pump 

I 
Afridev Volanta Bucket 

27 

51 1 

9 17 

11 - 1 1 

11 4 

1 09 19 5 

The Afridev pump has proved in general to be reliable and has performed well in the short term. Of the 
65 pumps that have been mstalled for more than one year 47 (72%) have never had a problem, 6 are 
reported to have failed just once and 12 more than once. Annual maintenance and repalr cost at on 
average between US$20 and US$40 to the communities is considered acceptable and payable by 
most of the participating communities. 

Comments 

All new boreholes 

3 rehabilitations 

All new boreholes 

3 Manual (Vonder Rig) boreholes 

All new boreholes 

A number of problems however have been experienced with pumps installed to depths in excess of 55 
metres and with large estimated user groups. Initial breakages of the hooks on the pump rods appears 
to have been resolved though a few breakages of the rods are still being experienced as are 
breakageslcracking of the PVC rlslng main In the long term concern is expressed over the rate of 
corrosion of a number of metallic parts of the pump especially in areas where salinity levels are high. 

The Volanta handpump remains unreliable and at present rates of failure unsustainable in the long 
term without external assistance The vast majority of the failures are rising main related - separation of 
the rising main and breakinglcracking of the couplers used to join the PVC tubes. The pump 
manufacturers have recently produced new stronger couplers and PVC solvent cement. Both are bemg 
tested In Mapai. The introduction of centraiisers should also be considered. The pumps installed durtng 
the current phase of the programme In December 1994lJanuary 1995 are estimated on average to 
have been non funct~onal due to pump fa~lure for 20% of the time. The estimated average cost of 
maintaining each new pump In a working cond~tion is US$ 1 .OO per day. This is the cost of spare parts 
and materials alone and represents the level of contribution the community must collect in order to take 
financial responsibility for their pump. 



4.4 Sustainability 

Sustainability of the handpumps in the long term by the communities themselves remains a difficult 
issue and one that is not easlly resolved especially in isolated rural areas where there is little or no 
infrastructure, poor commun~cations and often barely a cash economy In order for pumps to be 
sustainable the communities must be technically able to maintain and repair their pump, be financ~ally 
responsible for their pump and have access to spare parts for the~r pump WRC addressed these 3 
constraints to sustamability for the Afridev handpump by - 

1) Training community pump maintenance groups before and durlng pump installation and by 
holding 1 day maintenance and repair workshops within 1 year of installation. The Mobile 
Pump Maintenance, Reparr and Monitoring Unlt (MMMU) will continue to provide refresher 
training at least until September 1996. 

i i) Encouraging each family to contribute towards a pump maintenance fund and to buy spare 
parts when a significant fund has bullt up. Regular meetings were held by the CLO stressing 
the importance of such a fund and monitormg the contributions collected whenever possible No 
specific figure for a per family contrtbution or how the money should be collected was Impose 
by the Programme. The role of the CLO was more that of a facilitator so each community could 
discuss and decide what was appropriate for them. 

iii) Making spare parts available, initially an attractive financial proposition for the communities 
and by providing outlets for the sale of spares and through the MMMU. No spares were givens 
during installations all spares had to be purchased. Once a stock of spares had been acquired 
by WRC boxed sets of recommended spares were put together and soldlare being sold by 
WRC at a'competitive price unt~l  the end of the year to encourage communities to buy spares 

The issue of sustainability was also addressed along with the issues of installation, routine 
maintenance , repair, reliability, quality control and the availabliity and commercialisation of spares 
during a week long sem~narlworkshop fac~litated by WRC in association with CARE lnternatlonal at the 
7 de Abril camp in Guija (July 1995). 

The sustainability of the Volanta handpump IS much more problematic for a number of reasons and at 
this stage is not sustainable without external assistance. 

1) The pump working at depths over 60m has proved very unreliable as mentioned earlier. Thls 
has become a demotivat~ng factor for the communities dependant on them. 

i i) The availability of spares despite Stenaks taking on responsibility for their supply is poor as 
they still need to be imported from Holland 

iii) The cost of spares is prohibitive for the communities to be able to afford. 

WRC is committed to the communities served by the pump and has set up a two man community 
technical maintenance and repair capacity in Mapai. Small salaries and all spares are provided by 
WRC. In add~tion the MMMU w ~ l l  prov~de back-up support. Some communities eg. Gerez have been 
provided with a full set of tools and spares and have proved capable of repairing the pumps 
themselves. Further to t h~s  WRC IS ~nvestlgatlng the possibility of bringlng in an independent 
consultant to assess the design limitations of the pump and propose a plan of action. 



4.5 The Mobile Pump Maintenance, Repair and Monitoring Unit (MMMU) 

Once the implementation phase of the RWSSP had been completed a team of 3, including the Pump 
lnstallat~on Technlclan and CLO, was set up to support the sustainabihty initiatives. The role of the 
MMMU includes. 

- Assisting communities to repalr pumps 
- Encouraging the communities to carry out routine maintenance and help decide a 

maintenance schedule for each pump 
- Providmg 'refresher traming' for pump mamtenance groups 
- Reminding communities of the importance of keeping the pump clean and hyg~enic 
- Monitoring and encouraging the community to collect contributions to the pump maintenance 

funds and to purchase spare parts regularly 
- Providing an outlet for the sale of spare parts 
- Supervising the work of the community Volanta repair team in Mapai and prov~ding spares 
- Monitoring the use and user group numbers for each pump 
- Periodically measuring the hydrostatic water levels and the water quality in the boreholes to 

monitor any changes 

Through this initiative it is hoped (expected) that most communities served by an Afridev handpump will 
mdependently meet its responsibilities and secure a clean safe water supply in the long term. 



RURAL SANITA'TION AND HEALTH EDUCATION PROGRAMME 

Introduction 

The rural sanitation and health educat~on components of the programme were designed to compliment 
the provlslon of clean safe water through the borehole drilling and pump installation programme so as 
to maximlse beneficial impact, to promote improved public health and sanitation and encourage 
communal participat~on and care of water resources. 

The Rural Sanitation Programme consisted of three main activities:- 

- Construction of demonstration (model) pit latrines 
- Making of concrete latrine slab and tops, and 
- Education to encourage the adoption of improved hygiene and sanitation behaviour 

Although the overall objective was to fac~l~tate public awareness of sanitation-hygiene issues at all 
pump sites demonstrations of Improved p ~ t  latrmes were targeted on communities where populat~on 
dens~t~es were higher eg Mbocoda In Massangena District, Mapai in Chicualacuala District and Donga 
In Gu~ja District. 

Chapter 5 Rural Sanitation Programme 

5.1 INPF Improved Pit Latrine Project 

In 1992 INPF (National Institute of Physical Planning) established technical standards and 
specifications for the construction and siting of improved pit latrines under the National Low Cost 
Sanitation Programme (Project0 de Latrinas Melhoradas). It was these specifications that were 
followed by WRC (Figure 5 1). In coordinat~on w~ th  INPF, Xai-Xai the Construction Supervisor. 
Santtatron Technlcran and Mason attended a week long trainrng course to famrliarrse themselves wrth 
these specifications, to learn how to make trad~t~onal pit latrine slabs for rural situations and to Drocure 
the appropriate latrme slab moulds for the programme. 

Figure 5.1 The lmproved Traditional Pit Latrine 

I- 
----- -. 



Figure 5.2 Diagram Shoking the Implementation Process for the Rural Sanitation Programme 
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Table 5.3 Summary of Distribution of Latrine Slabs 

assangena 

District 

Notes: 

Number of Demonstration 
Latrines* 

Number of Latrine 
Slabs Distributed 

Does not include latrines built as demonstrations at the WRC Camps at 
Mapai, Donga, Mbocoda and 7 de Abril 



5.2 Programme Approach 

Figure 5.2 illustrates the steps In the implementation process. 

5.3 Success 

16 demonstration pit latrmes were constructed and over 1400 familieslhouseholds adopted the design 
and built latrines for themselves Table 5 3 above summarises the locations and numbers by district of 
demonstration latr~nes and the total number of latrlne slabs distributed. Appendix D2 gives details of all 
villages where latrines were made 

5.4 Problems and Limitations 

The introduction of up graded pit latrines was limited by: 

- Perceived lack of need for improved sanitation practices despite education messages brought by 
WRC. This was particularly apparent in areas with low population densities, where there was plenty of 
bush and where populations made dally trlps to their fields some distance from their homes. 

- Reported lack of time to collect building materia.1~ and dig the pit at certain times of the year ie 
ha~est ing and land preparationlplanting 

- Lack of tools to dig a pit and cut wooden poles 

- Lack of natural building materials close by, the lack and cost of transport to collect raw materials. 
Th~s is particularly acute in places with hlgher population densities where there is a greater and felt 
need for ~mproved sanitation practices Slgnif~cant effort or expense is incurred if people wish to adopt 
even simple sanitat~on technologies. This in many cases in poor rural locations is a limitmg factor. 

- Type of underlying soillrock formation. In some areas the ground was too hard to dig 2m deep pits 
without specialised tools in others the ground was prone to cavinglcollapsing after rainfall. Both were 
demotivating for communities. 

- In parts of northern Gaza where many men are working in South Africa the lack of a male member of 
a household to dig the pit was reported as a limitation. 

- The lack of time on the part of WRC animators to effectively get the sanitation messages across and 
limlted time the population had to see the benefits of latrines from those who adopted the design early 
on before WRC latrine slabs were not available. 

On the technical and practical side a number of problems were encountered:- 

- The tops for the latrine slabs as specified were prone to breaking across the middle. 

- Transport of the slabs was not easy and did lead to breakages and wastage 

- Unless adequately supervised In using the latrine children were reported to have accidentally 
dropped the top into the pit! 

- There was rarely enough raw materials to construct a roof for the latrine so after rain maintenance 
and refilling around the latrine slab was required. 

- Often there was a lack of adequate containers to hold water in the household so no water was 
available for handwashing at the latrine after use. 



Chapter 6 Community Water, Sanitation and Hygiene Education Programme 

6.1 Aim of Programme 

The primary aim of the programme was to make the link between a clean safe water supply, good 
san~tat~on and hygiene practices and good health. In doing so through an education and training 
programme ~t was hoped to encourage communal participation and care of water resources, improve 
public health and thus maxlmlse the potent~al beneficial impact of the whole programme. 

6.2 Scope of Work 

After their initial training in Chokwe 5 female animators under the supervision of the Community 
Education Advisor were assigned spec~fic areaskones often ba~rros or villages for which they were 
respons~ble. After 4 months as the programme expanded geographically a further 4 animators were 
trained and assigned work locat~ons. 

Animators had the responsibility for community education (and training) associated with the 5 main 
activities of the programme: 

- Pump care and hygiene ( + I -  maintenance) 
- Water transportation, storage, utilization and water borne diseases 
- Sanitation, use and maintenance of pit latrines 
- Hygiene, personal, environmental and food 
- Health, basic health messages to combat high mcidences of diseases identified during the 

baseline suwey eg. Bilharzia or diarrhoea. 

The locattons and methods used for community education were varied and depended primarily on the 
specific messages, type of community (dispersed rural, communal village, illiterate) and the time and 
resources available to the an~rnators. Table 6.2 outlines the locations, methods used and target groups 
for education and training sessions. 

During the initial water resource survey of Chigubo District it was evident that many communities had 
inadequate containers for collecting, carrying and storing water. Small broken, topless containers 
animal skins and rusty cans were being used. In response to this need WRC distributed nearly 2000 
twenty litre water containers primar~ly in Chlgubo and northern Guija but also latter on to needy fam~l~es 
in Mabalane and Chicualacuala districts. Distribution figures are presented in Appendix E l .  

6.3 Limitations to the Impact of the Programme 

The size of the whole programme in terms of the number of beneficiaries and geographical size in 
relation to the resources (personnel and transport) available for education activities meant that an 
extenswe rather than intensive approach had to be adopted. This in turn limited the potent~al impact of 
the programme. Behavioural and attitude change requires time. 

The impact of the programme was further limited by the lack of time the mothersiwomen had to either 
attend small meetings/discussion groups or were at home to benefit from a home visit. Many women in 
the rural areas spend time in their fields during the day returning after 16:OO thus g~ving them l~ttle 
opportunity to receive education messages Literacy in the programme area was estimated to be 
s~gnificantly less than 20% and although demonstrations and pictures were used wherever possible 
this too limited the promotion of improved hygiene and sanitation behaviour. Many communit~es were 
also In a state of flux due to population movements, repatriations and continuing internal 
displacements. Without a stable commun~ty it was impossible to set up health care groups or identlfy 
suitable village level promoters. Many families were not sure whether they would be staying or leaving 



Table 6.2 Outline of the Components, Locations, Methods and Target ~ r o u ~ s  for Community Education 

Component Messages Target Groups Training Location Training Method(s) 

PUMP Care of Pump Users - Community meetings Discussions 
Cleanliness 98% women and Pump sites Demonstrations and informal talks 
Maintenance girls during time of collecting water 

WATER Transport 
Storage 
Usage 

Water collectors Pump sites Demonstrations 
Household keepers Small meetings Discussions 
(women and girls) Household visits 1 to 1 conversations and instmction 

SANITATION Why use a latrine Men and women Community meetings Teaching sessions using pictures 
How to use latrine and Men, wo'men and Latrine constmctions Discussions 
handwashing ch~ldren over 5 years Small meetings Practical demonstrations 
Maintenance of latnne Men and Women Schools 

Household visits 

HYGIENE Personal (washing) All Schools and clinics Teaching sessions using p~ctures 
Emironmental (waste ) All Small meetings Discussions 
Food Women and girls Traditional washing Stroy telling ,songs and dramas 

site eg. riversnakes 1 to I conversations 
Household visits 

HEALTH Area specific Women and children Clinics Teaching with pictures 
eg. Bilhama. Scabies Small meetings Discussions 

Household visls 1 to 1 conversations 

Notes: Each animators work was evaluated during the course of the programme against a series of criteria 
eg. number of latrine slabs requested, standard of pump cleanliness. organisation of households in terms 
of cleanliness water storage, hygiene and waste disposal 



Chapter 7 .Programme Outputs and Initial Impact 
- 

S~nce the inception of the EWSl In November 1992 World Relief has drilled and equipped wlth manual 
pumps 162 boreholes Table 7 1 shows that in the areas targeted by the RWSSP in the 5 d~str~cts 
these water pomts represent 94% of all protected water sources and provide an estimated 1 4 mllllon 
lltres each day to a benefic~ary population of over 130,000 Th~s  represents an average of 11 litres per 
head per day Although thls IS sttll low it IS a slgnlflcant rmprovement especially as there IS evldence 
that the populat~on figures prov~ded by the District Admln~strat~ons and used here are inflatedl 

An ~nitlal impact assessment of the programme can be made by comparing the baselme survey data 
before the implementation of the programme and the resurvey data using the same questionnaire just 
over one year after the pumps were ~nstalled. Summary analysls data for Massangena only are 
presented in Table 7.2. A comparison shows that.- 

- More than one third of all households sampled after programme implementation were returnees 
compared with only 2% before. 

- 96% of the population draw water now from protected, clean and safe water points as opposed to 7% 
before the programme 

- Collect~on of water per day per household has increased on average by 19 litres or 33%. Thls 
Increase appears to be the result of more people collecting water rather than each person collecting 
more water. 

- Distance to water source has been reduced to an average of 700 metres whereas before it was more 
than 2.6 km and time taken to collect the same volume of water has been reduced to 30 minutes from 
more than one hour and twenty minutes. 

- The incidence of dysentery reported by households in the 3 months prior to the respective surveys has 
dropped from nearly one third of all households to less than one percent. 

- A twenty five percent decrease in the Incidence of bilharzia is also shown with the population 
spending less time at the river. 

The indirect benefits from the programme should not be underestimated either. As a result of World 
Relief water points. 

- Small vegetable gardens are bemg planted at up to 10 locations near the pumps 

- Construction and improvement work has been possible within many villages as water (often drain 
flow) is used to make mud and bricks (for own use and for sale) 

- Building work has made been possible on a larger scale by other NGOs working in the area. Schools 
health posts (SCF, LWF, AMDA, MSF, NRC) an Agua Rural workshop (NOVIB), and Administration 
building rehabilitation have all been made possible as water in the region has become more 
accessible. 



Table 7.1 Anabls by Dlrtrlct of Number of People per Borehole and Estimate olhvallable Water from HandpumDs per Head of Populatton 

Nuns 
of 

Dl*t 

Number 
of 

Viltages 

--rl- 
Number 

World R e l l d  
pumpsf 

Number 
or m e r  
Pumps 

Estimated 
Population 

now supplled 

A = Ahidev 
V = Volanta 
B = Bucket 
Olher pumps Include Afridev. lndla MK II and Natlonal 
" Based on Rsld experience of 12 hours operating time per day &80% utlltzatlon. 
AMdev pump dlscharge 1000 Vhr. Volanla 500 Vhr and Buckel Pump 300 bhr 

Date of Ratlo of 
Peopk 

per Pump 

918 

440 

485 

552 

989 

772 

NErUnute of 
Lltrar 

Pumped may 

268.800 

Avlllable 

PenonKhy 

ave R b r  

few han&dug wells 

rain - twlce a week 

15.7 Impopo W e t  t 
ome 34 han&dug wells 

Population estimates are based on latert aMUable data Born dlstrld Admlnldrutlons and vlllage leaden 
All didrids haw seen and lncreasr In population by d lead 20% since the start of the programme. 
eg In Massangene Didr id In December 1993 populdlon estlmate was 19.799, 



5abk 7.2 B a s r h  8 u t - v ~  DpCp and Water Source. D l W c e .  T l r n m .  Quarrtlhr and RlcUc*s Comparison - Masranmna Dlrtricf APril I994 qnd Awaurt 1995 

Source Dldance Tbne Taken 
Rhrer to to Collect 

Source Waler per Day 
ms) (hn) 

264 
2.6 1.4 

93% - 

8 
0.7 0.8 

4% 

-89% -1.0 1rm -0.6 hm 
(40 mhr) 

Total Volume 
of Water 
Collected 

(lams) 
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APPENDIX A 1  

W O R L D  R E L I E F  MOCAMBIQUE 

PROGRAMA DE ABASTEGIMENTO D E  

AGUA RURAL E SANEAMENTO 

Distritos de Massengena e Chigubo 

Provincia de Gaza 

Abril 1994 

Distrito: Localidade: --- 

Bairro: 

Questionario 

A entrevistada e (marca uma cruz) 

Mae 

Outra (Quem?) 

0 Pai vive em casa? (se nao onde vive o Pai) 

Alem destas Mges, existem outras Maes na mesma casa? (quantas) 



1. Quantas Ressoas moram na casa? (escreve o numero) 

Pessoas (incluindo as crianqas) 

2. Quantas mulheres e quantos homens? (incluindo as crian~asj 

Mulheres Homens 

3. Quantas crianqas com menos de 5 anos tem em casa? (escreve o 
numero) 

corn 5 anos 

4. Esta localidade e a sua zona de origem? (marcar uma -cruz) 

Sim NBo 

(Se n6o) Quanto tempo pretende ca ficar? 

Sempre . Pouco tempo , 

Outra (Qual?) N2io sabe 

5. Qua1 e a sua situaqiio residential? 

Residente 

Deslocado 

Regressado 

Misto 

6. S e  e deslocado, de onde vieram? 

Outro Pais (Pais) 

Outro distrito (Distrito) (Localidade) 

Mesmo distrito (Localidade) 

Para onde vgo? 

Outro distrito (Distrito) (Localidade) 

Mesmo distrito (Localidade) 



7 .  Onde e que a f a m i l i a  recolhe agua p a r a  c a s a ?  (marcar  t o d a s  que 
i d e n t i f  i c a )  Diqa outras. 

Furo corn bomba 

POCO aberto comunal 

Rio 

~ g u a  da chuva 

Lagoa 

Outro (Qual?) 

8 .  P a r a  que que usam e s t a  agua? 

Beber 

Cozinhar 

Tomar banho 

- Lavar loiqa 

Lavar roupa 

9. Onde e que a mde lava a roupa? (marcar uma cruz) 

No mesmo furo com bomba 

No mesmo poqo 

No rio ou lagoa 

Casa 

Outra (qual?) 

10. Qual e a distancia a fonte principal de onde tira a aqua? 

Perto 

Longe 

Muito longe 

Se possivel diga o numero de quilometros? (medir corn c a r r c ! )  

Km Ndo sabe 



n 

11. Q u a l  e a quantidade que consegue tirar por dia? (escreve G : I  
de litros ) Diga o nGmero de latas. 

Diqa :  E possivel ver o tamanho das latas? 
(de latas, calcule oh litros. Ao mesmo tempo, podem ' d e r  

e yue guardam a agua ern c a s a  - coberta ou nao) 

Litros 

NBo sabe 

12. Qual e .a quantidade que a familia utiliza cada d i a  para: 

Beber (escreve o numero de litros ou latas) 

Tomar banho 

Cozinhar 

Lavar roupa 

13. Quanto tempo leva para recolher toda a agua para a familia 
para urn dia? (escrever o numero) Diga: Inclui todas as viaqens 
por todas as pessoas. 

Numero de viagens 

Quanto tempo de viagem (incluir o tempo de i d a  e 
volta e espera a fonte) (escreve 

horas/minutos) 

Todo dia 

NBo sabe 

14. Quem recolhe a agua? 

Filhas (Escreve o numero e diga a idade) 

Filhos (Escreve o numero e diga a idade) - 

Outros (Quem?) 

15. A familia tern latrina? (marcar uma cruz) 

Sim NZo 



(Se sim) Quem da familia usa a latrina? 

Pai 

Mde 

Crianqas 

Crian~as com menos de 5 anos com ajuda,dos Pais 

(Se sim) Outras familias usam a latrina? 

Sim N6o 

16. (Se n a 0  tern latrina) Onde yue a familia defeca? (marc<\ to r i i l s  
que identificar) 

No chao p e r t o  de casa (pergunta: onde?) 

No chao fora do quintal 

Outra latrina 

- Machamba . 
Outra (Onde?) 

17. Onde v5o quando estao doentes? 

Curandeiro 

Posto/Centro de saude 

Outro (qual?) 

Nenhum lado 

18. Se nSo vai ao Posto/Centro de saude quando esta doente d : y s  
porqug? 

Muito Longe 

Falta de transporte 

Falta de dinheiro 

Falta de pessoal qualificado 

Falta de medicamentos 

Outras (quais?) 



19. Quais SZIO as doenqas mais comuns que as crian~as sofreram ~ I O S  

3 meses passados? 

Sarampo 

Diarreia simples 

Diarreia corn sangue 

Dor de est6mago/vomitos 

Doenqas de pele ou sarna 

Bilhaziose , 

Outra (Qual?) 

N&o sabe 

. 
20. Quantas das suas crian~as fizeram fezes liquidas no mesmo c l ~ a  

durante os ultimos tr6s dias? 



WORLD RELIEF R u ~  WATER SUPPLY AND SANITATION PROGRAMME 

Baseline Swvev Data Amill994 - Massanclena District 
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WORLD RELIEF RURAL WATER SUPPLY AND SANKAllON PROGRAMME 

Water Source. Mstmts,Thne, Quantlhr and Pnctlter Analvsls . Musmaena Dlrblct. April 1994 
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W R L D  RKEF RURAL WATER SUPPLY AND SANllATlON PROGRAMME 

AldelaEMm 

Acordo do Lusaka 

Chlbabsl 

ChMgurnr  

Chlchongoro 
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Manguguene 
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WORLD RELIEF R U W  WATER SUPPLV AND SANCTATWN PROORAMME 

Barollne Survev Data October 19M - Chlcualacuala DhMcf 
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WORLD R N E F  RURAL WATER SWPLY AND SANITATION PROORAMME 

Water Source. Mstance. Thna. Q u a W  and Pnct lces  A n M h  - Outla Dtsblct Sentember 10- 
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WORLD RELIEF RURAL WATER SUPPLY A N 0  SANITATION PROORAMME 

Water Source. Dlstance,TIme. QuanUtv and Prac t l ca  Anllvtls - ChlcualacuPb DlfMct. October 1984 
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WORLD RELIEF R U W  WATER SUPPLY AND SANITATION PROGRAMME 

Water Source. Distamo, llmo. Qurntfhr and Prwtlces Analysis - Mabalane Distrkt  March 1995 
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APPENDIX H1 

WORLD RELIEF MOZAMBIQUE - Rural Water Supply and Sa nitation Programme 

Evaluatian of Borehole Drillina Tender and Contract RWS OAF94 

On Tuesday 8th February 1994 Wodd Relief published in the newspaper "Noticais" an 
invitation to tender for a contract to drill 25 boreholes in the Districts of Massangena and 
Chigubo. This same invitation to tender (attached) was also sent to a number of external 
(non-Mozambican) drilling companies who had learned of World Relief's rural water supply 
act~vrtres and had visited World Relref rn Maputo over the last 6 months. As a result 14 
companies collected the tender documents and by 4th March 1994 10 bids had been 
received. The names and addresses of these companies are also attached. 

The original procedure for opening the documents, Point 8 in the tender document, was 
altered as a result of a discussion with World Reliefs donors when it was decided more time 
should be made available for an evaluat~on of the technical bids. A fax notifying all bidders of 
this change was sent on 25th February 1994. Deadline for the submission of bids was 09:OO 
on 4th March. A public opening of the bids was held at the World Relief office in Maputo at 
09.30 on that same day. All the financial proposals were opened and in turn the prrces 
quoted for selected key items/works were read out to allow interested parties present an 
immediate assessment and comparlson of the various bids. The selected key itemsharks 
were: 

- Mobilisation cost 
- Drilling cost for 0 - 50 metres 
- Drilling cost for 50 - 100 metres 
- Supply and installation of 4" PVC casing 
- Supply and installation of 4" PVC screen (filter) 
- Supply and installation of gravel pack 

Financial Evaluatian 

Immediately following the public opening the World Relief Water Engineer undertook a cost 
comparisonlevaluation exercise. This comparison was based on: 

Initial mobilisation cost 
300km of mobilisation beyond 20km 

and the assumption of 25 Boreholes to 50m each with:- 

11 Omm PVC casing to 50mm with 9m of screen 
0.2m3 of gravel pack 
3 hours development 
pump and recovery test 
sanitary seal 
full set of reports 

This enabled the financial bids to be ranked according to cost and to rationalise this cost a 
per borehole and per metre cost was calculated. 

Two of the financial bids received did not meet the specifications or follow the tender 
guidelines and were therefore deemed non responsive. The other 8 bids were accepted and 
compare as overleaf. 



Modrill - A ~ozhmbican company w~th  considerable experience In Mozamb~que but wlth a 
very vaned reputation Rate of progress IS generally good but the qualrty of work especlally rf  
unsupervised has been report poor The technical proposal is good but has two serious 
flaws, the experience of the foreman and the standard of the reporting forms and geologlca( 
logs Both points have been brought to thelr attenbon before World Reliefs concern IS the~r 
abtl~ty to deal wlth hydrogeolog~cal problems should they arise, give good detailed reports 
and hydrogeolog~cal data and provide good log~stlcal support and back-up 

Terrasearch - Although this South African company has no experience in Mozamb~que and 
is as yet unregistered it does have considerable experience In several other Southern Afncan 
countries. The drilling r ~ g  and equtpment provided for the contract allow the use of both rotary 
and down-the-hole hammer techniques. An understanding of waterwell problems and the 
hydrogeology of the area was indicated in both their technical and financial proposals. The 
experience, education and background of the foreman and standard of drilling log and 
reporting forms to be used are superior to Modrill. Concern over the logistical support and 
back-up provided for the programme could be justified. However both proposals indicate a 
professional approach to the task at hand. 

The contract for the drilling of 25 boreholes in the Districts of Massangena and Chigubo was 
awarded to Terrasearch S.A on the condition that they immediately take steps to register as 
a company to operate in Mozambique and fulfil all legal requirements. Work will start no 
later than April 1 1 th 1994. 

The introduction of another drilling company to Mozambique was considered a positive 
move, in line with the recommendations made by World Relief after the Emergency Rural 
Water Supply Programme in September 1993, which it is hoped will further increase 
competitiveness, bring down drilling costs and improve standards. 

Names and Addresses of Comoanies Who Submitted Bids to Workl Relief 

Terrasearch SA 
Box 1433, K i i r  2118; Johannesburg 
Repubiic of South Africa 

Agua Terra Construction Engiwrmg Soc. 
S a m m  Maahel Avenue. hi-Xai 
Mozambique 

ModrUI 
285 Samora Machel Av. 5th Floor, Maputo 
Mozambique 

Drilling Developments 
P.O.Box 33925, Jeppestown 21143 
Republic of South Africa 

WUTO 
Au. Kim II Sung 961, M-o 
Mozambique 

T echnosol 
V i  Ciro Menotti No. 4, Roma 
Itaty 

Southern Drilling Pipes 
P.O.Box 39482, Mweleta Park 0061 
Republic of Sorlh Africa 

Geomechanik Bohrgesellschafl 
PraMa Str. 1,31311 W e  
Federal Republic of Germany 

Geomoc E.E 
Sede Av. Emilia Ozusss 1144, Maputo 
Moarnbique 

Ground Water Practitioners 
P . 0  Box 107, Sundn 2200 
Republic of South Africa 



US$ 
Corn~anv Namq Total Cost Cost per Borehole Cost ner Metre 

Agua Terra 97,460 3,898 78.0 

Terrasearch 102,000 4,080 81.6 

Modrill 108,238 4,330 86.6 

Drilling Developments 117,369 4,695 93.9 

Profuro . 149,131 5,965 11 9.3 

Southern Drilling 227,500 9,100 182.0 

Geomechanik 235,053 9,402 188.0 

Geomoc 1992 prices add 30% for 1994. Bid not accepted. Specifications not met. 

Ground Water Practitioners - Bid not accepted as specifications not met. 

According to the revised evaluation procedure the best 5 financial proposals were then 
evaluated by the world Relief Water Engineer in consultation with the Engineering Officer 
and his Assistant Engineer from USAID. 

Included in the tender document was a technical pre-qualification questionnaire. These 
questions were designed by World Relief who have experience of the technical and logistical 
problems that are likely to be encountered in the drilling project area and were used to 
assess the capabilities, professionalism and understanding of the bidding companies. Any 
bid which failed to address all these questions adequately were deemed non responsive. 

Technical Evaluation 

Following the disqualification of Agua Terra on their failure to submit any semblance of a 
technical proposal the 4 remaining technical bids were examined. Brief details of their 
strengths and weaknesses are given below. 

Profuro - A new Mozambican company with very little operational experience in 
Mozambique and none in isolated rural areas. Capability unknown! The drilling rig and 
equipment proposed, background research of the area, experience of the foreman and the 
drilling Ioglreporting forms are good. However the overall cost some 30% higher than the 
successful bidder was the deciding factor with particular concern over the cost of the PVC 
screen and the mobilisation cost per site. 

Drilling Developments - This South African company has no experience in Mozambique 
and little overall in waterwell drilling. Primarily a mining drilling company World Relief were 
concerned over their understanding and ability to deal with waterwell related problems. No 
geological/lithological log form is provided. In reading the technical proposal and the 
financial proposal, which contains a number of naive client conditions, the overall 
impression is that Drilling Developments are not prepared to set things up properly in 
country, the logistical backup is weak and they could potentially place too many 
administration and other demands on World Relief. Discrepancies within their conditions 
and costs were also a concern. 



APPENDIX lU1 

WORLD RELIEF MOZAMBIQUE - Rural Water Supply and Sanitation Programme 

Evaluation of Borehole Drillina Tender and Contract RWS 01195 

packaround 
During February 1995 World Relief published in the newspaper "Noticais" an invitation to tender for a 
contract to drill 20 boreholes in the Districts of Guija, Mabalane and Chokwe. As a result four 
companies collected the tender documents and by Friday 3rd March 1995 four bids had been received. 
The names and addresses of these companies are also attached. 

The tender document used by World Relief was developed by PRONAR, DNA and UNICEF during the 
course of 1994. 

Denina Procedure 
A public opening of the bids was held at the World Relief office in Maputo at 09:OO on the 7th March 
1995 to which PRONAR, DNA and USAID had been invited. In the event only the Country Director of 
World Relief, Ms Trudi Schwartz and the Director of the Rural Water and Sanitation Programme, Steve 
Ray were present. 

Tender Com~arisonlEvaluation 
Immediately following the public opening the World Relief Director of the Water and Sanitation 
Programme cost comparison/evaluation exercise. This comparison was based on: 

Initial mobilisation cost 
Set up cost per site 
400 km of mobilisation between sites 

and assuming 20 boreholes to 40m each with:- 
100mm PVC casing to 40m including 6m of screen 
0. l m3 of gravel pack 
2 hours development 
pump and recovery test 
sanitary seal and cap 

This enabled the financial bids to be ranked according to cost and to rationalise this cost a per borehole 
and per metre cost was calculated. 

USS 
Comnanv Name Total Cost Cost ~ e r  Borehole Cost ~ e r  Metre 

Terrasearch 74,250 3,713 92.81 

Mozaqua 74,340 3,717 92.93 

ATC Engineering 89,540 4,477 11 1 .90 

World Relief has firsthand knowledge of the all the drilling companies concerned, their equipment, 
technical ability, reliability and productivity. The contract for the drilling of 20 boreholes in the Districts of 
Guija, Mabalane and Chokwe was awarded to Terrasearch Mozambique. Work will start on 1st May 
1995. 

Names and Addresses of Com~anies Who Submitted Bids to World Relief 

Agua Terra Construction Engineering Soc. Modrill 
285 Samora Machel Av. 5th Floor P.0 Box 161 
Samora Machel Avenue Xai-Xai 
Maputo 

Termsearch Mocambique 
P. 0 Box 472 
Maputo 

Mozagua 
Av Emilia Dausse No. 857 
Maputo 



WORLD RELIEF MOZAMBIQUE - Rural Water Supply and Sanitation Programme 
6 

porehole Drillinn Tender and Contract - Cost Com~arison IEvaluatIon of Bids (7th March 19951 

The cost comparison /evaluation of the bids opened on 7th March 1995 was based on: 

Initial mobilisation cost 
Set up cost per site 
400 krn of mobilisation (20 site moves) 
20 Boreholes to 40m each with:- 

100mm PVC casing to 40m including 6m of screen 
0.1 rn3 of gravel pack 
2 hours development 
pump and recovery test 
sanitary seal 

Extra costs 

Name and Address of Company: Terrasearch Mocambique 
P. 0 Box 472, Maputo 
Mozambique 

Ref Description Unit Unit Cost Bid No. Units for Total Cost 
US$ Evaluation US$ 

1.1 Initial Mobilisation 2,000.00 1 2,000 

1.2 Set up cost per site per site 400.00 20 8,000 

1.3 Moving cost per km 10.00 400 4,000 

2.1 Drilling 6 m 38.50 800 30,800 

2.2 Supply & lnstallation casing 
2.3 Supply & Installation screen 

2.4 Supply & Installation gravel pack m3 250.00 2 500 

2.5 Borehole development hr 110.00 40 4,400 

2.6 Pump & Recovery test per hole 1 50.00 20 3,000 

3 Installation sanitary seal sum 55.00 20 1,100 

Sub total f 72,000 

Extra costs 
Drilling 203mrn (8") @ US$ 44.5 per metre (assume 10m per hole) 1,200 
Drilling Chemicals @ US$ 3.5 per metre (assume 15m per hole) 1,050 

Note: If mud drilling is required extra costs will be incurred 
TOTAL f 74,250 

Total Cost for comparison purposes is f 74,250 

Cost per Borehole = f 3,713 

Cost per Metre = 

, I : > ?  
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WORLD RELIEF BOREHOLE MULLING PROGRAMME -April to October 1W 
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WORLD RELIEF RURAL WATER SUPPLY AND SANlTATlON PROGRAMME 

WATER QUALITY ANALYSIS - Massangena District 

Village Ref No EC uslcrn Anions Total Cations Total Total Organic 
Field Lab Cf SO CO HCO NO Anions #H Ca Mg Fe Na+K*Mn Cations Ions Matter 

mgA man man mgll 
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Note: Amlysis done by Agua do Maputo E.E 



WORLD RELIEF RURAL WATER SUPPLY AND SANITATION PROGRAMME 

WATER QUALITY ANALYSIS - Chigubo District 

Viage Ref No EC usicm Anions Total Cations Total Total Organic 
FiM Lab CI SO CO HCO NO Anions NH Ca Mg Fe Na+)(+Mn Cations Ions . Matter 

rngn mgtl m d  mfl 
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Nhampunguane 
Nhampunguane 

Sf0 

Acordo L w a b  
A d o  Lusaka 
Acordo Lusaka 

Chibabel 
Chibabel 

Pmbe 

Naltd 

Mairnane 

WORLD RELEF RURAL WATER SUPPLY AND SANITATION PROGRAMME 

WATER QUALITY ANALYSIS - Guija District 

Vdlage Ref No EC uslcm Anions Total Catiom Total Total Organic 
Field Lab CI SO CO HCO NO Anions NH Ca Mg Fe Na+K+Mn Cations Ions Matter 

mgll mgA mgA mgn 

Note: hnaipis done by Agua do Maputo E.E 



WORLD RELIEF BOREHOLE DRILLING PROGRAMMES 

Borehole Cost Comarison 1992193 and I W 9 5  

District 

CHlCUALACUALA 21 13 

M A W E  9 7 

GWA 11 9 

Programme Totals 41 29 

1 

Name 
of 

District 

SSANGENA 

HIGUBO 

ICUALACUALA 

ALANE 

ULJA (I 995) 

rogramme Totds i. 

s 199495 

Total 
Number of 
Boreholes 

Success Total Total Average Total Total Cost 
Rate Metres Drilling Cost per Productive Productive 
(%) Drilled Cost Metre M e t m  Metres 

(US$) (USS) (US$) 

Total No: Success 
'reducing Rate 
3orehdes (%) 

Total 
Metres 
Drilled 

1821 

640 

21 14 

720 

882 

61 77 

928 

71 05 

Total Average Total Total Cost 
Drilling Cost per Productive Productive 
Cost Metre Metres Metres 
(US$) (US$) (US$) 

$142,910 $78.5 1468 $125,324 



APPISNDIX C1 

WORLD RELIEF R U N  WATER SUPPLY P R O O M M E  

Volanta Pumr In#t.llrtlon DeWIp -January 1863 to Septwnber 1- 

(Aldal+r&lno) Coordlnatea I I OPS 

16 de JUNHO (2) 2243' 47. S I j m o s l w E  

16 dc JUNHO (3) 22 44' CW S I ~ 2 0 5 ' l l E  

I 16 de JUNHO (6) 22 43' W' S 6 3 2 W 4 T  E 

TVP* 
of 

Handpump 

volanta 

Volanta 

Volanta 

Volanta 

Volanta 

Volanta 

Volanta 

Volanta 

Volanta 

Volanta 

Volam 

Valanta 

Volanta 

Vdanta 

Volanta 

Volanta 

Volanta 

V0laInA 

Volanta 

VOlanta 

Volam 

Volanta 

Volanta 

Volam 

Volanta 

1 or 
Pump 

1WI. (m) 

694 

51.7 

6 9 0  

8 6 7  

84.1 

82 8 

Eao 

6 4 8  

83.6 

63.3 

74.2 

88.2 

m I 

87 0 

68.1 

70.5 

71.4 

70.1 

64 0 

8 2 0  

74 0 

63.0 

6 2 8  

W 2  

80.8 

Drr* of 
Pump 

l 8 ~ & 0 1  

6 Hour 
Tast 

Q (rn3lht 

2 1  

4 0 

2 9  

3 0  

1 0  

3.3 

4 5  

4 0  

4 6  

1.0 

0 9  

1 0  

2.1 

2.2 

4 2  

1 6 

2.4 

3.0 

3.3 

2 9  

2.8 

2 9 

1 6  

I 5  

1.2 

Depth 
o f  

yllndar ( 

Pump 
Innalladon 
Tachnlclan 

66 75 r Matbasse (EPnR) I. 

89 60 r Jurna (WR) P 
69 60 r Mantas (EPnR) i. 

86.75 r Maibasse (EPnA) P 

2300 

2140 

2500 

1600 

l BOO 

990 

960 

960 

930 

1080 

2400 

2320 

1010 

530 

14W 

950 

1000 

1000 

1300 

1620 

880 

I2W 

1380 

1 m 

700 

- 
Notes: 

. C*ndcr depth calculated using number d rods x 1.85m +I .im (rod hanger) 
D W  is dynamic water I& 
0 is dscharpe 



WOULD RELIEF RURAL WATER SUPPLY PROORAMME 

Yol# Pump lnrtrlldlon D+llr - Januur 1983 to Septembrr 1986 

Locttlon 
VJd*l-dno) 

E G W  (1) F- 
P E G W  (2) 

1̂  P U S  RIO (1) 

1̂  P U E  RIO (2) 

I= UMBE (3) 

I 

Notes: 

Coordhates Ref. No Pur 

- 
66 2 

84 8 

58.0 

47 8 

77 0 

82 1 

68.1 

4 8 

(m3lhr Handpump 

3 8 Volanta 

4 8 1 Volanta 

1 6 Volanta 

2 6 Valanta 

3 8 Volanm 

1 3  Volanta 

3 0 Volanta 

3 5 Volanta 

InNaJladon 
nNaJlttlon Rods Cyl1nd.r (m T*chnlclan 

02/03/83 r Zefan~as (€PAR) 

68.75 ~efan~as (EPAR) 

Wnder depth calculated using m b e f  af mds x 2.85m + 1.2m (rod hanger) 
PMbdywrvcwater lwcl  
a is discharge 



APPENDIX C2 

WORLD RELW RURAL WTER SUPPLY PROQrUMMt 

hMdw Pump InWlaUvn D l t J I s  - Mw 1894 tv Auaust f886 

ED€ (transit) 

OKOTE 

HICUMBE (3) 

Notes: 
None d the first pumps supplied by Stcnalo had serial numbers 
Dcpb, d qbnder = No. of mds * 2 . h .  CWA = Wamc vrater levtl. 

Amdsv 

Amdw 

Amdw 

Pfrdw 

m d w  

Pmdw 

Pmdw 

Amdw 

m d w  

m d w  

N n d w  

Amdw 

AMdw 

Pmdw 

Amdw 

Amdw 

m w  

PJndw 

N n d w  

m w  

Amdw 

m d w  

PJndw 

Afndw 

PIndev 

m w  

Am* 

lumbb 
bf 

Reds - 
15 

i e 

18 

22 

1 8 

15 

18 

I 5  

20 

23 

20 

16 

12 

15 

18 

6 

5 

10 

15 

18 

16 

19 

15 

18 

15 

17 

8 

ra Caranna 

ra Catanna 

4 3 5  rJurna k n Catanna 

58.0 r Juma f ra Catanna 

ra Catanna 

ra Catanna 

ra Catana 

n Caanna 



APPENDIX <I2 

HNONGUEM (1 24 31' 13's b 33 05' 52' E 

HNONGUENE (4 24 2W .BB S 6 33 08' 4 8  E 

1 Hour 

Amdev 12107/95 

AMW 1m7m 

Amdw OlABls5 

Amdw 15/07/95 

Amdw 02A8195 

AMw 18/07/95 

Wndw 08108/85 

pump 
S*rld 

Number - 
2728 

2736 

2737 

2738 

2780 

2832 

274s 

2889 

2790 

2888 

2884 

2680 

2787 

2884 

2750 

2844 

264849 

2847 

2045 

2558 

2670 

2858 

2649 

1666 

2870 

Uumb 
of 

Rodr 

- 
7 

5 

8 

6 

6 

10 

10 

10 

8 

10 

8 5 

7 

7 

B 

6 

9 

9 

B 

10.5 

12 

125 

12 

11 

1 1  

12 

11 

14 5 ra Catanna 
I r a  EwrancaI 

0 b~~ I ZOOO 
ra Esperanca 

2 0 a I 1300 
ra Esperanca 

ra Esperanca 

r Calanga 

a Ckrnenc~a 

Calanga 

r Esperanca 

r Calanga 

28 1 ra Esperanca 
c a l m  I 

28 1 ra Esperanca Fr ,,,,a I 

36.3 r Wanga 
ra Ckmenc~a 

34.8 r Cabnga 
ra Clemencia 

31 9 r Calanga 
ra Clernencra i 





WORLD RELIEF R U M  WATER SUPPLY PROORAMME 

p i d w  Pumn I n t t l l l ~ a n  D d l t  . Mn 1- to Auautt 1W 

ONTALTO (I) 

NT ACT0 (3) 

ONT ALTO (4) 

ONT ALTO (6) 

ONT ALTO (7) 

I* O M  ALTO (8) 

1 ONT ALTO (9) 

O M  A T 0  (2) 

O M  ALTO (5) 

da PBRIL ( I )  

de AsRL (3) 

79 0 

20 2 

44 5 

16 3 

41 0 

36 0 

37 5 

38 8 

20 1 

26 1 

27 0 

23 4 

30 0 

345 

30 B 

27 1 

28 4 

31 1 

19 1 

32 5 

30 8 

29 1 

21 3 

16 6 

- 
der = n 

m c ) w  

/Ifrldev 

Ahdw 

Afndw 

Amdw 

Amdw 

m d e v  

Nndev 

M l d w  

Amdw 

Afrrdw 

AmdW 

N n d w  

Afndw 

Afndw 

N n d w  

m 

Afndw 

Afndw 

AmdW 

Ahldw 

m a w  

Ahldw 

Afndw 

Amdw 

Amdev 

AmdW 

Phldev 

Ahldw 

iEG 

Date 
d Pump 
lNII4U0 

- 
Pump 
S*rl.l 

Numbar 

IUnIb* 
ef 

Rods 

ra Esperanc 

ra Esperanc 

ra Esperanc 

ra Catanna 
ra Espnanc 

a Esperanc 

ra Catanna 
fa Esperanc 

ra Esperanc 

ra Esperanc, 

ra Esperanc 

ra Esperanc: 

ra Catanna 
ra Esperanc, 

ra Esperanc, 

ra Catanna 
ra Esperanc, 

ra Catanna 
ra Esperanc, 

ra Esperanci 

ra Catama 
Esperanc; 

ra Esperanc; 

20 3 raCatanna b n Esperanc: 

Esperanc; 



?$ 

APPENDIX C2 

WORLD REUW RURAL WATER SUPPLY P R O O W M E  

pump Insalwon D ~ t r l l r  - Mav l834 to Auaurl lw 

Bonhola 
Ref. No 

- 
Borehol 

Depth 
(m) 

- 
4umba 

of 
Red. 

Pump 
LnrMCIdon 
nhnlolm(l 

1 Hour Pump 
Serial 

Uumb*~ 
Pum 

I (mUh 

0 0  

3 4  

08 

36 

2 1  

1 0  

1 5  

2 9  

2 3  

2 1  

0 5  

Date of 
Pump 

InsWatlen 
Temt 
Dm (m 

209 

221 

289 

188 

380 

313 

278  

121 

143 

127 

142 

a Catar~na 

a Calar~na 

Juna 

Juma 

Juma 

Calanga 

Zefan~as 

Juma 

Juma 

Zetan~as 

Zetamas 
&ma 

Notes 
DVK = ~ a m i c  ruaw &I. Q = Borehole discharge 



APPENDIX C2 

WORLD RELIEF RURK WATER SUPPLY PRODFUMME 

- 
Pump 
Smrld 

Number 

DIsafcC MABAUAE 

W n s r  
Qualhy 

C (uslco~~ 

Loeatlon 
(A ld twBam)  

Date of 
Pump 

I~stall.llon 

p F w ( 1 )  IWMW~ 

P F W  (2) , 

Buehol* 
Ref. No 

QPS 
Coordlnma 

1 Hour 
N U  0 1 Inrullalon Pump 

Rods Cylinder (m) Tmchnlclm (r; 
Pum 

( M r  

3 5  

3 0  

3 0  

30 

3 1  

1 2  

3 4  

1 5  . 

2 0  

2 7  

2 1 

3 0  

2 6  

N n d w  

N n d w  

A h d w  

Amdw 

mfrdw 

A h d w  

Nndw 

Ahidw 

m w  

Amdw 

Amdw 

AmdW 

AmdW 

Bonhole 
Depth 

(ml 
Test 

D m  ( r  

. 

- 

- 

400 

4 4 0  

586 

357 

450  

417  

388  

40.4 

338 

8 0  

ra Esperanca 

SOtlc 
W.L 
(m) 

a Catanna 

ra Esperanca 

58 ra Cinanna r 

Borehde hied wth skmesl 

1 ; 1 y:: b c a i n a  ra Catarina 

1450 ra Canrma 
ra Esperanca 

1 Hour Type Pump 

2g ra Catanna P 

Pum 
(myhr 

3 4  

1 8  

2 i 

3 6 

2 8  

3 4 

3 1 

3 I 

2 8 

ra Catanna 
ra Esperanca 

T e n  of SerlaI 
DWL (m) Handpump Numbmr 

102 Mndw 1423 

46 7 PSndw 1436 

300  m a w  1431 

28 8 Amdev 1434 

30 0 Amdw 1441 

24 7 Nndev 1442 

234 Amdw 1420 

184 Amdw 1422 

184 Nndev 1430 

ra Esperanca 

ra C a n n a  
ra Espcranca 

ra Esperanca 

ra Catanna 
n Esparanca 

ra Catanna 
rs Esperanca 



APPENDIX C3 

WORLD RnlEF RURAL WATER SUPPLY PROORAMME 

IiJuake1 Pump Inrtrllafon M l l n  - Mrv 1W tv Aunuqt 1- 

Borrhole Date d 
R d .  No Drilling 



APPUN DIX C4 

WORLD RELIEF RURAL WATER SUPPLY P R O O M E  

NWE (2) 

HCUMBE (1) 

HICUMBE (2) F 

Alrldev PumD F d u r o  and RepIJr D ~ t d l p  and Cprt AnaMls . June 1883 to November 1- 

UCAMBENE ( I )  

I 

oken pump rod hook 01101A5 

oken pump rod hook lW1fY95 

CornmonnK)b~ervatlonr 

oken pump rod hook . 
oken pump rod hook 03/02/85 

oken pump rod hook OW 1/95 

L o e ~ o n  
(Uddr lBJno)  

ackedmroken tube 27/04195 

on. of 
Fallurr 

oken pump rod hook - 
oken pump rod hook 02105/84 

Borehol. 
R d .  P)r 

oken W C  nsmg man 7 

oken W C  rtsmg main 11/11/95 I 

E a r n m d  
U s w  

o m u p  

0 a e  o f  
Ropalr 

Pump 
Serial 

Number 

oken pump rod hook efora 1 lA r 
,oken pump rod hook 2410395 
:parawn of ~ b e s  

Pvn 
Roplased 

Date o f  
Pump 

Insallatlon 

uken pump rod hook 13/07/94 
oken pump rod hook 16A7194 
u b n  pump rod hook 02108/84 
oken pump rod hook O U O W  

C o n o l  
SparePam 

(Us) 

oken purnp rod hook I m 5  I 

Depth 
of 

W l n d o r  
(m) 

seal 

seal 

Typo of 
Pump Fa l lun  

1 pump rod 
1 6 5  I 'new type' pump rod 

seal 
lastic bearngs 

131 185 W C  cwp!ers k Seal 

lastic bearings 

W C  cwpisrs 

291 Vo fa~lurts reponed 

281 Vo fadurcs w e d  

201 VO M u m s  reponed 

888 Jnol May no new type houks 
and w s  on pump rods w r e  
aMlbble 
Other spares were llmitea 

989 

989 

'a88 

889 

2110 

788 

786 Vo fatluns rcpDncd 

788 o failwes reported i. 

nol M a y  no nar we hooks 
nd eyts on pump rods were 

daMe. Other spares wry 



f l d r v  Pump FJlum and Rwdr DIWlr and C o ~ k l a I w l r  - Jun* 1W to Flovqmbar 1986 

D m  of 
Pump 

inml lwJrn 

Pam Cost of Estlrnatmd Comrn~nti/Obrmrvadons 
R.pl.cad kp;u"s(';nl ;:tJp 1 

en pump rod hook 
hole fdled v& slor 

olan pump md hook 

roken pump rod hook 

roken pump md hook 

ken b& In handle 

roken pump rod hook 

roken W C  nsvlg mall 

roken W C  nslng mall 

Oken pump rod hook 

racked nnng mam 

- 
1 m m  

0810w 
?fore 1% 

2W2i95 

10185 

efore 12n 
18/05/05 

lMl3195 

1W11n35 

14108185 

O W  1/95 

18105195 

031 1/95 

- 

10185 1 ' n w  lype' pump md 
2 W C  couplers 

23/05/85 J-seal 
Pismn 
Plastic beanngs 

-seal 
Iston 
lasttc beanngs 

I 
Total Cosl 

~ o r i  m U S  Stenalo 1985 
Esbrnled Usw p p  based on vlllagehtrm populam esnmates eimer irom Admlnrsoahm or presrdenfslsecremru?~ of vlllagesha~rros 
Whera here IS mwe than one pwnp m a vrllageharm esarnated user group IS total populahon dmded by nmber of pumps 

W L Y s t s  

Total number c4 plm~s mtalltd = 27 

Total c m  d repan nported = U S  1,430 

A v e r a p e ~ d m a r L h r w q ) a ( J u a 1 8 9 4 t o N w e m b e r  1885)=18 

=> c o a  per punp per year = U S  40 

NB: Cost of Rplwng pump rods -It/ supplied = U S  870 or 80% ot ml repalr cons 

o failures reported 

D f a b e s  mpomd 

3 failures reported 

3 fadures reported 

3 M w e s  repurted 

epau made by community 

3 fa~hrres reponed 



IWW >lam 





P& 1000 lib working Day Condition d Pump 
Pumped or5000liEs at 01 los/ps 
WSS) WSt) 

I " I  
3 1 per 2250 308 (each) 924 0.27 1.37 Not Working 

1 1 per 6600 8 
2 1 per 3300 308 65% 0.20 1 .O Not Working 
1 1 per 6600 34 
1 1 oer 6300 8 Not workina . . 

2 11per3150 1 308 1 624 1 0.20 1 1.0 I Rlscnn maln stuck in bwehole 
1 11 oer 5700 I 8 I 1 I 
1 I ber 5700 358 690 0.24 1.20 ~ o t  Working 
1 1 per 5700 324 
1 1 per 6450 8 
1 t per 6450 374 
1 1 per 6450 340 1436 , 0.45 1 2.21 Not Working 
1 1 per 6450 374 
1 l i  per 6450 1 340 1 
1 1 per 5400 8 Not worhng 
3 1 per 1800 356 (each) 1466 0.54 2.70 Borehole destroyed - Rsing 
1 11 per 5400 1 390 1 1 1 main ~rret r ieva~e 
5 1 per 1260 340 (each) 
1 1 per 6300 374 I 
2 11per3t50 1 340 1 2762 1 088 1 4.40 1 Not Wolktng I 

I L I L - d  I I Broken top bolt 1 1 per 6300 8 
16 de Junho 1 2700 Separat~on nslng man 2 1 per 2700 324 

I 
68 1 890 I ::I :: + 5400 

05iWR/93 ] W o ~ o u t  con~cal seat 2 1 per 2700 358 1364 Not Working 
890 5700 2850 1 Worn out conical seat 1 1 per 5700 358 

I Cracked coupler 2 1 per2850 324 10D6 0 35 1 1 75 Nol Work%- 
61 i 5400 2700 Worn out con~cal seat 1 per 2700 358 I 

&parafton nsmg man : / 1 p_qr-5400 324 1040 0 39 __! 1 95 
68 895 52 5 59 5250 2 6 2 5  Broken top bolt 1 1 per 5250 8 i 

I Worn out con~cal seat 1 1 per 5250 358 1014 0 39 1 1 95 Not Worlung 
r 1 Broken cgupler- 2 1 per 2625 324 I 

I 
-- - 

l ~eaua  1 77 870 1 840 7 9 7 p T 4 2 0 0 p i  2 1 ~ l B r o k e n t o ~ b o i t  1 2 l l o e r 2 1 0 0 1  8 I I 1- p 

WFYRt33 
Mpure Rlo 1 
; 101WR.KJ3 
f ~ e r e z  1 

1 ber 4500 ' 3.65 
1 per 4500 1 356 1 

1 per 4200 
1 per 2100 
1 per 42W 
1 oer 4500 

I 
I I I I Broken coupler- I 1 ( 1  per 4500 1 356 1 I 

I I I I I I I I I I 

1 l l l W R ~ 3  I Cyllnder selzure 1 
1 Separat~on rlslnq main 1 

68 

74 

Notes 
'Based on average of 10 hrs pumping per day except for Regua w~th 5 hrs per day 
t €stmated number of worklng days is based on recorded fallure and repatr data II is probably a hlgher estmate than reallty due to non recorded fallures and repairs by cornmunitlea 
+ Based on pumping rate of 500 lmes per hour - Cost of repalr IS based on 1995 Maputo prices The nstng main repalr cost IS related to depth Cost formula (depth12 85*2)= number of new coLIplerS 

1 coupler costs USS 16 
2 PVC tubes cast US8 96 
1 bn PVC solvent cement costs US$ 10 
t an thtnner costs US$ 10 
1 cwvcal seat costs USS 34 

372 
324 
324 
340 

NO PUMPS WORKING 

865 

865 

388 

972 
420 

450 

0.1% 

0.46 
49 

52 

0.90 

2.30 
4200 

4500 

Not Work~nq 

Not Working 
21 00 

2250 

Broken cdup~er 
Separatlon nsmg main 
Broken coupler 
Worn out conrcal seat 

1 
2 
1 
1 



W U N T A  HANDPUMP - FAILURE ANALYSIS & COSTS - HANDPUMPS INSTALLED DEC 04-JAN 95 (UP TO 0 1 , J O m  

Failure 
I hours) 

83 - 180 1 05 58 1050 525 Blocked cylinder 1 1 per 1050 
I I I I I I I separation rising main I 1 I I ber 1050 

180 100 55 1000 500 Separation rising main 1 1 per 1000 
1 3AlW?4/OA 

66 200 105 53 1050 525 Broken coupler 1 1 per 1050 
Conical set fell out 1 1 per 1050 

74 200 150 75 1500 750 Broken cou~ler 1 1 oer 356 
38/WR/94 
Mapai 7 68 200 1 35 68 1350 675 Broken ooupler 1 I per 1350 
3Q1WR/94 

IM- 8 71 1 225 150 66 1500 750 Broken coupler 1 loer1500 
I 

68 225 1 65 73 1650 825 Broken coupler 1 1 per 1650 

71 240 220 91 2200 1100 Separation rising main 1 1 per 2200 
I Broken coupler 1 1 per 2200 

71 / 225 21 5 96 21 50 1075 - - - 
I ! 

71 1 225 210 93 2100 1050 - - - 
! 

Mapai 1 3 71 ! 200 , 180 90 1800 900 - - - 
* 120rvm/94 I 
, i-B de jUnho3 T- 6 3  

I 
750 /Broken coupler 

I 
1 /l per 7500 

34'594---p 
1116 de Junho 6 ! 66 I 200 1 175 1 88 1750 1 875 1 - - - 

I 

1 ' ' 3 5 ~ ~ / 9 4  - i ! I 
1:16 de Junho 7 1 68 200 160 80 1600 800 - - 

I - 
I ?36/WR@4 

1;Regua 2 1 68 1 185 1 185 100 1850 925 1 - - - 
c:EE~~~~~ 77 185 1 185 100 1850 825 - - - 

1 1 ~ ~ 1 9 4  
(MpuzeR102 1 54 1 85 175 95 1750 875 Broken coupler 1 1 per 1750 
[ 1 16MW94 , Gerez 2 74 210 1 200 95 2000 1000 - - - 
'-1 14/WR/94 
TOBLS/AVERAGES I Se~arati in risina main 3 1 per 549hrs 

Broken coupler; 9 1 per l83hrs 
18 7 1 204 165 80 1647 824 Conical seat fell 1 1 per 1647hrs 

L-- Blocked cvlinder 1 1 per 1647hrs 
I- 

Cost Total Repair' Cost of Cost per 
of Cost Per Repair Per Working Day Condition P u m ~  

Repair Pump 1000 lits or 5000 litt d 01/08/95 
(US$) WSS) Pumped tUSQ d 

I - Not Workmg 
404 404 0.77 3.8 
420 420 0.84 4.2 Not Working 

3 24 Not Working 
358 682 1.30 6.5 
356 358 0.47 2.4 Not Working 

Not Working 

Not Working 

324 0.40 1.96 Not Working 

340 Not working 
340 680 0.62 3.1 - - - - Not working 

Not working 

Not Working 

308 i 308 j 0.41 
I 

- - - - Not Working 

Working 

15 Not Working 
3 Working 

-- -- 

Based on average of 10 hrs pumping per day unless stated otherwise. 
# Esbmated number of working days is based on recorded failure 8 repair data. It is probably a higher estimate than reality due to non reported failures & repairs by the community. 
+ Based on pumping rate of 500 lares per hour. 
" Cost af repair is based on 1995 Maputo prices. The rising main repair cost is related to depth. Cost formula: (depthl2.85.2) = number of couplers 

1 coupler costs US$ 16 
2 W C  tubes cost USS 96 
1 tin PVC solvent cement cost 
1 tin thinner costs US$ 10 
1 conical seat costs US5 34 



WORLD RELIEF R U t U l  WATER SUPPLY AND SANITATION PROGRAMME 

= Perrentage oi households ma1 reported at least 1 case of me dlsease In prmous 3 rnonths 

Water Source. Dlrhnc., Tirnr. Quarrdtv and Pnct icos Ambyris - Massanarna Distrlct.Avril1994 

Number of Total 
lwseholds Number of 
keswned lnhabttanls 

I 
l i m e  Taken 
to Collect 
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OH 
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7 

14 

21 

7% 

Total Volume 
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Average usage per household 
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WORLD RELIEF R U M  WATER SUPPLY AND SANITATION PROGRAMME 

Eamllne R e t u w w  Data August 1- - Massmgena D I d c t  

AldeiYSatrrc 

Msange 

Massangma 
Sede 

W o d a  

Mabondzo 

CJamune 

hhrcMbene 

Toulr 
r\v.rag* 
Pr rcenwm 

rmal NO 

:Mdren 
:5 years 

12 

8 

45 

54 

22 

62 
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0 9  
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Number of 
IouseholdS 
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18 

I 

15 
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29 
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41 
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56% 

Male 

27 

40 

141 
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52 
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42% 

Res~dentral 
~es~den$~sp lacec  

- 
- 

18 

3 

1 

22 

10% 

Gender 
Fernalt 

52 

21 
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235 

67 

245 

825 

58% 

--T-- 

= Percentage cJ hwseholds that reporled at least 1 case of lhe d~sease In last 3 monhs 

i 
Water 
'wnps 

15 

15 

50 

57 

15 

57 
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Watmr Sourca. Distance. Tlme. Quanmy a n d  Pracdcrs Analvsls - Massangmna Dlsnlct, August 1995 
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APPENDIX D l  

Rural Sanitation Programme - Distribution of Latrine Slabs 

MASSANGENA DISTF u 
Village Name 

bocoda 
hicumbo 
hitlumane 

Maninge 
Massangena Sede 
Mucarnbene 

Demonstration 
Latrine 

CHICUALCUALA Dl' 
Mapai 

Bairro 1 
Bauro 2 
Bairro 3 
Bairro 4 
Bairro 5 

16 de Junho 
Bairro 1 
Bairro 2 

Bueila 
Mpuse Rio 

UlJA DISTRICT 

hivonguene 
de Abril 

hinhacanine 

Number Slabs 
Distributed 

I TOTALS I 16 1418 1 



APPENDIX D2 

World Relief Twenty Litre Water Container Distributions - 1995 

Location 

CHIGUBO DISTRICT 
Catine 

I l ~ r a n d  Total 1 1995 

Date 

'Tchai-~chai 
Saute (Chigubo Sede) 
Solane 
Dindiza 
Lagoa Ndlufu 
Ke ke 
Nhanale 

Number Containers 

1 1/05/95 

l~a imane 1 07/02/95 ( 149 
I Total 1 478 

104 
1 1/05/95 
1 1/05/95 
1 1/05/95 
12/05/95 
12/05/95 
12/05/95 
08/02/95 
09/02/95 
12/05/95 

Total 

GUlJA DISTRICT 
Nalazi 
Pandzane . 

78 
44 
93 
121 
39 
21 1 
119 
103 
248 

1160 

07/02/95 
07/02/95 

MABALANE DISTRICT ( 
Chipsuane 1 09/08/95 

258 
7 1 

117 1 
Mabomo 
Hoyo Hoyo 

Notes: 
5 containers were faultyldamaged on arrival or during transportation 

09/08/95 
09/08/95 

Total 

19 
19 

CHICUALACUALA DIST~ICT 

110 
111 
338 

Mapai 12/08/95 
Total 


