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Project data
Location:

San Jacinto, Municipality of Telica, Department of León, Nicaragua

Population:

670 houses, 2382 people

Project aim:

Increase capacity of community to meet water needs, reduce water-related
disease and improve management of natural resources

Project components: Construction of model/experimental rainwater collection systems
Training of community members in rainwater harvesting
Vector control and health and environmental hygiene promotion
Training of community health promoters
Reforestation and integrated natural resource management
Training of farmers and school children in reforestation
Key partners:

Ministry of Health (vector borne disease control, training of promoters)
Ministry of Education (school programmes, use of school facilities)
Mayor of Telica (solid waste disposal)
San Jacinto Power (water for construction)
PROLEÑA (subsidised eco-stoves and training)
World Vision (community liaison, health promotion)

Total cost:

US$ 86,301

Donors:

Georg Fischer SA, Switzerland
Mercy Ships Nicaragua

Project dates:

1st January – 31st October 2005

Beneficiaries:

Users of domestic rainwater harvesting systems
Users of rainwater harvesting system at school
Users of rainwater harvesting system at health centre (per day)
Persons trained in rainwater harvesting techniques
Persons trained in construction of ferrocement tanks
Persons positively affected by vector control activities
Health promoters trained
School children taught about health promotion
Persons positively affected by reforestation
Farmers trained in reforestation techniques
School children educated in environmental programmes
Total beneficiaries (eliminating double-counting)

72
758
50
12
85
2382
25
454
103
25
90
2382

Key indicators:
(at end of project)

Rainwater harvesting systems constructed
Available water (average litres/person/day)
Microbiological quality of water (E.coli/100ml)
Cost of water over 20 year design life (US$ per 160 litre barrel)
Infestation of Aedes aegypti mosquito (% houses)
Households observing good hygiene (% of entire community)
Trees planted

14
31
5
0.10
4.3%
60%
8211
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Fuel-efficient stoves introduced

25

Introduction
“God must think we are crazy. We let the rain fall off our roofs onto our soil, it washes the soil
away and flows to the bottom of the hill. We then climb down the hill and carry it back up to drink.”
(Ugandan project worker quoted on the website of the
International Rainwater Catchment Systems Association)

The concept of rainwater harvesting is both ancient and obvious, yet its ability to meet household
water supply needs is greatly underestimated. The community of San Jacinto is located in an area
where most groundwater is unsuitable for drinking and yet rainwater harvesting has never been
taken very seriously as a potential solution to water supply needs and existing applications of this
technology have had negative side effects. Small amounts of rainwater have been collected from
roofs in uncovered barrels creating numerous breeding sites for the mosquito responsible for the
transmission of dengue fever. Insufficient storage capacity meant that the community had never
previously considered that rainwater might provide for needs during the dry season as well as the
wet season. Poor management of the catchment and aggressive deforestation has led to soil erosion,
depletion of resources and adverse changes in the micro-climate.
This project has addressed all these issues in an integrated manner through educational programmes
and pilot schemes designed to introduce new technologies and reinforce environmental and health
awareness. This is a pilot project and in itself will not solve all the water, health and forestry needs
of the community. It has, however, been designed to build the capacity of the community to
develop their own solutions for the future. The main focus of the project was the construction,
operation and testing of domestic and community rainwater harvesting systems while additional
components tackled the problems of mosquito control and dengue fever, hygiene, environmental
health, deforestation and excessive consumption of firewood.
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Background
Nicaragua is the poorest country in Latin America and has a history of exploitation,
underdevelopment and civil war. It is also a country that has been repeatedly devastated by natural
disasters. It is at risk from earthquakes, volcanic eruptions, hurricanes, floods, tsunamis, landslides,
and drought. Nicaragua has suffered two famous natural disasters in recent history and numerous
others which did not attract so much international attention. Not only have the death tolls, mass
displacement and human suffering been catastrophic, but the economic effects have been profound
and long-lasting.
San Jacinto is located in the Department of León, on the line of the Maribios chain of volcanoes.
The nearest active cones are Volcán Telica (7 km) and Cerro Negro (12 km) but the area of San
Jacinto itself is also part of an active geothermal system as evidenced by the fumaroles and boiling
mud pits no more than 10 m away from some houses in the centre of the community. Volcanic
activity in this area means that most groundwater in the area is unsuitable for drinking.
At present, some houses in the town of San Jacinto receive water for two hours every other day.
This water is pumped from a spring in a nearby riverbed to a header tank from where it is
distributed to a tap in the house. For outlying parts of San Jacinto, water pressure is insufficient to
reach these taps and the communities of Gracias a Dios, Casa Blanca and El Ojochal del Listón
have no access at all to water within the community. These communities are forced to collect water
from sources up to 5 km away or pay more than $1/day to water sellers.
Mercy Ships Nicaragua undertook a participatory rural appraisal in San Jacinto in May-June 2004,
identifying needs through a series of activities that provide insights into community life without
asking direct questions that usually result in a ‘wish list’. It was apparent from this exercise that
water availability was by far the most significant need and meeting this need alone accounted for a
large proportion of the community’s resources. Health problems highlighted through this exercise
included dengue fever, diarrhoea and respiratory infections. It was also discovered that over the last
30 years, natural resources within the area have been in serious decline. Deforestation for firewood,
fence posts and furniture- making has resulted in deterioration in soil quality and adverse impacts on
the microclimate of the zone.
As a result of this appraisal, a proposal was prepared for an integrated project to address these
issues and was approved for funding by Georg Fischer in November 2004.
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Location of the project area

San Jacinto

Department of León showing the location of San Jacinto

El Ojochal del Listón

Project area

Casa Blanca

Gracias a Dios

Map of the project area from INETER 1:50,000 series sheet for Telica
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Rainwater harvesting
The purpose of this component of the project was to construct ‘model’ rainwater harvesting systems
in the parts of San Jacinto with the most limited access to water as well as in two public buildings in
the centre of the community that would be highly visible to the whole community. These model
systems would serve to meet some of the urgent water needs of the community but would
principally be used to promote awareness of the technique. The impact of the project is thus
measured not only in the number of people served directly, but also in the number of people who
have learnt how to apply the technique or simply seen and understood how it could benefit them in
the future. In addition to building the model systems with the full participation of the users, training
was given in the technique and its operation and maintenance.
Methodology
The original intention of the project was to work with the three communities with the poorest access
to water, namely Gracias a Dios, Casa Blanca and El Ojochal del Listón, building fifteen rainwater
collection systems in each community. It was thought that water needs during the dry season would
need to be met from other sources with rainwater harvesting accounting for non-potable water needs
during the wet season. Early on in the project, however, it soon became apparent that the
community would only truly appreciate the technique if it were also able to meet their needs during
the dry season, preferably for drinking water as well as for washing. For this reason, the preferred
design of the system was changed to include much larger storage tanks than initially envisaged.
The number of systems proposed for each community was then reduced to six to account for the
increased cost.
In the case of El Ojochal del Listón, a community 5 km from San Jacinto high up on the slopes of
Volcán Telica and accessible only by foot or on horseback, it was decided that construction should
be postponed for a future project in view of budget and time constraints and the severe
inaccessibility of the community. Construction of a single model system in this community has
begun as a separate project following the completion of the present project.
Selection of recipients of the model rainwater harvesting systems was undertaken in the
communities of Gracias a Dios and Casa Blanca by a lottery (the most culturally appropriate way to
make such decisions!). Eligibility for the lottery was first determined from a range of criteria
including, most importantly, the means and willingness to provide the manual labour to build the
tanks. There were six winners of the lottery in each of these communities representing a range of
family sizes, locations and house types.
An important consideration in determining the eligibility of participants was the existing roof
structure. Since this is a key component of a rainwater harvesting system, it was important to assess
the size and material of the roof with respect to its potential to capture water of sufficient quantity
and quality to meet the needs of each household. A range of roof types are found in San Jacinto,
but the three most commonly used materials are tiles, corrugated metal and thatch made from palm
leaves. The vast majority of houses in Gracias a Dios and Casa Blanca have roofs of corrugated
metal which is ideal for rainwater harvesting.
Rainfall, the most crucial component of this project, has never been measured directly in San
Jacinto and thus indirect methods were used to estimate the mean annual rainfall and its distribution
over the year. Time series data were available for a meteorological station in León and isohyets
have been published for mean annual rainfall and rainfall during specific periods of interest (e.g.
different stages of the El Niño – La Niña cycle) by INETER, the Nicaraguan geological survey.
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The mean annual rainfall for the period 1994-2002 in León was 1738 mm and the distribution of
this rainfall is shown in the graph below:
Monthly rainfall for León, 1994-2002
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A reasonably conservative estimate of annual rainfall for San Jacinto based on isohyet maps of
1400 mm was used to calculate a typical annual cycle for San Jacinto rescaling the time series data
for León. This is shown in the graph below:
Typical annual rainfall estimate for San Jacinto
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It can be seen from this cycle that there are five months of the year that are effectively completely
dry and thus a design criterion for rainwater storage was that the tanks should be large enough to
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store sufficient water to meet a basic minimum household demand for 150 days. This was
calculated for each household using a national standard for rural water supply of 30 litres per person
per day.
However, it was also important to take into account the size of roof and its potential to fill the tank.
In some cases, such as the school, the available roof area was very large and most unlikely to be a
limiting factor since it should be capable of filling the largest tank that could be constructed in the
available space at least ten times over during the year. However most houses have smaller roof
areas and in some cases have the potential to collect only the equivalent of two tanks full of water
during the year. Since rainwater would be used during the wet season and not just stored for use
during the dry season, it was considered that the tanks should not be larger than half the volume of
rainwater that could be harvested by the roof in one year.
In the case of one of the winners of the lottery, their very simple house (coincidentally, the one
shown on the cover of the project proposal) was not considered sufficient to collect enough
rainwater to fulfil this criterion. However, to avoid losing the opportunity to benefit from a
rainwater harvesting system, this family decided instead to build a new house that was big enough
to fill their proposed tank! Building work on their tank was scheduled for late in the programme to
give them time to build the house, but in practice the house was built far more quickly, such was
their eagerness to participate in the project!
Taking into account the rainfall and roof areas, it was decided that a typical household water tank
should be built to hold 27 m3 . In the case of one household of 13 people, it was decided to modify
the design by increasing the height of the tank, building a little below ground level to accommodate
the extra height, in order to store 31 m3 . In the case of the two smallest households, smaller tanks
of 14 m3 were constructed. The tank at the health centre was larger than the household systems as
the roof area was larger and the school tank was the largest that could be accommodated in the
space available between two buildings with a significant proportion of the tank below ground level
in order to maximise its capacity. The graph below illustrates the ‘water budget’ of a typical
household system at San Jacinto calculated using the annual rainfall estimate given above.
Cumulative roof runoff versus demand for typical household at San Jacinto
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The 14 systems constructed were as follows:
Name

Location

No. of users

Instituto Sara María Parrales (School)

San Jacinto

Puesto de Salud (Health Centre)

San Jacinto

Luvy Vallejos
Julia Leytón
Marvelí Salgado
Angela Flores
Suyen Borda
Martha Urroz
Lucia Donaire
Yadira Machado
María Engracia
Pedro Montes
Andrea Martínez
Lorenza Orozco

Gracias a Dios
Gracias a Dios
Gracias a Dios
Gracias a Dios
Gracias a Dios
Gracias a Dios
Casa Blanca
Casa Blanca
Casa Blanca
Casa Blanca
Casa Blanca
Casa Blanca

758 students
and teachers
50 staff and
patients /day
4
8
3
7
4
6
13
6
4
4
5
8

Roof area
(m2 )
565

Tank size
(m3 )
71

132

50

56
112
37
42
65
64
47
47
47
47
47
47

27
27
14
27
27
27
31
27
27
14
27
27

The designs of the five different systems were all based on a proven technique using a reinforced
concrete base, ferrocement walls using thick wire and barbed wire for tensile strength, a domed
reinforced concrete roof and a central load-bearing pillar which consists of a PVC tube filled with
concrete and reinforced with steel. This technique has been used for many years in various African
countries and has been thoroughly tested and refined. Although it is simple and can be
accomplished without the need for specialised equipment, it does require significant expertise in
supervision as quality control is crucial to its success. Details of the technique are published in
Rainwater Catchment Systems for Domestic Supply by Gould and Nissen-Petersen (ITDG
Publishing, 1999). As part of this project a full technical specification (63 pages) and operation and
maintenance manual (9 pages) have been produced in Spanish (available on request). Detailed
designs appropriate to each location were produced by hand in the field (samples attached).
Collection of water from roofs was achieved by installing PVC gutters and pipes, ensuring tight
seals on all joints. Inflows from gutters, ventilation pipes and overflows were all protected with a
fine mesh to ensure that mosquitoes are not able to enter the tanks. Water is extracted from a tap
below ground level accessed from a walled pit with steps. Water for domestic use is drawn from a
5 c m pipe controlled by a gate valve that extracts water from approximately 10 cm above the
bottom of the tank to avoid drawing off any sediment that has settled. A second 10 cm pipe with a
gate valve can be used to drain the tank completely for cleaning and maintenance purposes.
Community organisation was one of the most significant challenges in this project. Having
established where the trial systems were to be built, meetings were held with the participants to
agree on a programme of work. It was realised early on in the project that there was insufficient
expertise amongst the participants to expect all the building work to be done by them with Mercy
Ships’ staff providing only the technical supervision, so skilled masons were contracted to act as
‘foremen’, providing the link between the technical supervision and the manual labour contributed
by community members. In all nine masons were contracted although only six were used at any
one time. In addition, some of the participants contracted other members of the community to
provide some of the manual labour required. The school and health centre organised teams of
volunteers, providing a basic level of subsistence for each worker.
Since the technique of building ferrocement water tanks was new to this area, none of the workers
involved had any experience of the techniques required. It was therefore decided that the tank at the
school should be built first with all the masons working together to learn the necessary techniques
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under the supervision of Mercy Ships’ water engineer. The masons then separated with two
assisting construction at Gracias a Dios, two at Casa Blanca, one at the health centre and the other
completing work on the tank at the school. In Casa Blanca the participants worked as two teams
moving from one tank to the next, whereas in Gracias a Dios, work continued on most tanks
simultaneously. There was considerable pressure to complete as much work as possible before the
end of the dry season since availability of labour was much less once the agricultural season began.
In practice, not as much progress had been made as had been hoped and the rains arrived exactly as
expected on 15th May. From this point onwards, progress slowed considerably as most participants
had to balance their participation in the project with their agricultural work. Work on the tanks was
not finished until early September and due to adverse weather conditions in September and October
as a succession of hurricanes affected Nicaragua, it was not possible to complete work on the
installation of gutters until mid-October. It had been intended to paint the insides of the tanks with
an impermeable acrylic paint to protect the ferrocement from corrosion, but as there were no dry
days on which this could be done, it was decided that it was more important to start collecting
water. Painting will be undertaken at the end of the dry season when the tanks are empty and the
weather is dry.
Training
The training component of the project was carried out in three forms:
1. Open meetings in the two communities participating in the project at which the basic
principles of rainwater harvesting were discussed.
2. Formal training sessions for the 12 households participating in the pilot project.
3. ‘On the job’ training of masons and labourers in the construction of ferrocement tanks.
At the open meetings, questions from the community tended to focus on whether enough rainwater
could be harvested and what the quality of the water would be like. Simple diagrams and
photographs of rainwater harvesting systems were shown to the community to generate interest and
improve awareness including examples from India and Africa as well as more sophisticated systems
such as the Millennium Dome in London. The latter example was important as it demonstrated that
rainwater harvesting is not something that is only suitable for ‘poor people’ who cannot afford
anything better but that it is a well recognised, legitimate form of water supply in many developed
nations as well as developing nations.
Five workshops were held on Saturdays in April and May for representatives of the 12 participating
households. The themes covered included community organisation, communication and leadership,
rainwater harvesting and its main components, hygiene and disease prevention, and operation and
maintenance of rainwater harvesting systems. The need to clean roofs and gutters at the start of the
wet season was emphasised as well as the need to maintain good standards of hygiene around the
valves used to extract the water.
Evaluation of rainwater harvesting systems
As the systems were only completed in October it is too early to make a full analysis of the
effectiveness of the systems in terms of operation and maintenance and the quantity and quality of
water provided. In any case, since the design criteria were changed at the outset of the project to
include the provision of water during the dry season, it will not be possible to evaluate the success
of the rainwater harvesting systems built until May 2006 when the dry season ends. As systems
were only completed towards the end of the wet season, it is arguable whether the first dry season
will be representative since not all the tanks are likely to be full when the rains stop. Although a
full evaluation will only be possible over a longer timescale, a number of observations have been
made on the basis of the few weeks that the systems have been operating.
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It is widely recognised that the amount of water used by a household is closely correlated with the
proximity of the source. Current water use in Gracias a Dios and Casa Blanca is between one and
two barrels per household per day which is equivalent to 20-50 litres per person per day when
taking into account the sizes of families. The range is quite wide since larger families use less
water per person as water for washing and cooking is shared. The unpredictable factor in this
project is the effect of providing water at the house. It is very likely that water use will increase
with the increased availability of water, but it remains to be seen whether the participants will
replace their previous source of water with the new one or simply supplement it. Until an analysis
had been undertaken of the quality of water in the tanks, the community had been advised to use
their existing source for drinking water and the rainwater for washing, so at the start, participants
were using both sources. Very heavy rains at the time that the gutters were installed ensured that
some water was available as soon as the systems were complete, and most participants started using
the water immediately for washing rather than storing it for the dry season. One household was
using the below ground tap stand for laundry as soon as the first rains fell. At the end of October,
most domestic tanks were 20-50% full of water with one tank of 14 m3 being 80% full.
By contrast, the 71 m3 litre tank at the school filled to overflowing within one week of the
installation of the gutters. This is a reflection of the very large roof area available at the school but
may also reflect the fact that the water in the school tank was not used immediately. Based on this
observation it can be inferred that at least 120 mm of rain fell in that week, almost one tenth of the
estimated annual average. Levels of water in all tanks will continue to be monitored providing
useful data on both rainfall and water use for the design of future systems.
Analysis of water quality in half the tanks was undertaken on 29th October 2005 for pH, Total
Dissolved Solids (TDS) and faecal coliforms. Rainwater collected the previous day in an open
barrel was also sampled for comparison and a control sample of purified water was taken. This
analysis should be regarded as only a preliminary indication of water quality as the tanks had only
recently started to fill; ongoing monitoring will continue after the formal end of this project. The
results of these analyses were as follows:
Name

Location

Instituto Sara María Parrales (School)
Marvelí Salgado
Angela Flores
Suyen Borda
Lucia Donaire
Pedro Montes
Andrea Martínez
Rainwater collected in open barrel
Bottled purified water

San Jacinto
Gracias a Dios
Gracias a Dios
Gracias a Dios
Casa Blanca
Casa Blanca
Casa Blanca
Gracias a Dios
“Alpina”

Tank size
(m3 )

pH

71
14
27
27
31
14
27

9.2
10.3
10.5
10.2
10.0
10.0
10.0

Total
Dissolved
Solids
(mg/l)
40
110
130
90
100
90
90

9.4

50

E. coli per
100 ml
sample
0
0
0
5
0
0
1
19
0

These results are very encouraging as all samples taken from the tanks meet the internationally
recognised standard (Sphere) for untreated rural water supplies of <10 E.coli/100 ml and only two
of seven tanks samples contained any faecal coliforms at all. The rainwater collected in an open
barrel exceeded this limit, illustrating the importance of a protected system for harvesting and
storing rainwater. Samples taken before the project began indicated that the water used within the
community for drinking had as much as 30 E.coli/100 ml. On the basis of these preliminary results
it appears that these systems will provide drinking water of a better quality than the spring source
previously used.
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The values for pH and TDS are interesting. All measured values were quite similar with the
exception of the school which had a slightly lower pH and lower dissolved solids. It is likely that
both the dissolved solids and high pH in the tanks are related to contact with the cement walls of the
tanks. Since the 71 m3 tank was the only one full of water at the time of sampling and its ratio of
volume to surface area is the highest, it is not surprising that it should have the lowest pH and TDS
values. Both pH and TDS are acceptable from a drinking water perspective (the values for the
school tank were almost the same as those for a popular brand of bottled water sold in Nicaragua),
but the high pH would present problems if it were decided that the water needed treatment as
chlorination is only effective where the pH is below 8.5. In practice, though, the water quality
seems to be so good that any form of treatment should be considered unnecessary at this stage.
In addition to the quantitative and qualitative analyses of rainwater harvesting, it is also important to
evaluate the economic aspects. The estimated costs of materials used in the systems range from
US$ 1113 (14m3 ) to US$ 2886 (71 m3 ), with a ‘typical’ household system of 27 m3 costing around
US$ 1471. It should be noted that this does not cover the full cost of building the system since no
labour or technical supervision costs are included. However, since the cost of materials per tank is
more or less independent of the number of tanks constructed in the course of a programme, it is a
reasonable indicator to use. It is very clear that the larger tanks represent better value in terms of
the cost per m3 of available storage. The costs of the five systems built at San Jacinto are plotted
below, together with costs of four different sized systems built in Kenya and published in 1999.
The absolute costs are obviously very different due to the times and locations, but the concept is the
same. If it were possible to manage the sharing of rainwater harvesting systems, it is clear that costs
could be significantly reduced by constructing fewer systems of larger capacity.
Comparison of cost per m3 for different tank designs
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The ‘realistic expected tank- life’ is 20 years based on published studies (Gould & Nissen-Petersen,
1999). A cost per barrel (160 litres) can thus be calculated for each system taking into
consideration the area of roof and the size of tank. The cheapest water would be from the school
system at US$ 0.03 per barrel and the most expensive, at US$ 0.20, from a domestic system with a
27 m3 tank but with a roof area of only 42 m3 . The average cost for all systems built during this
pilot project is less than US$ 0.15 per barrel. At the time of producing this report, water was being
purchased from water sellers who deliver water to Gracias a Dios for between US$ 0.88 and US$
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1.17. The rainwater harvesting systems are clearly favourable to purchasing water in the long-term,
even if the programme costs (labour, technical supervision, administration, etc) were taken into
consideration; the disadvantage, of course, it that virtually all the costs of the rainwater harvesting
systems are in the initial investment.
It is unlikely that rainwater harvesting would be considered an appropriate solution to meet all the
water needs of San Jacinto. A programme to build rainwater harvesting systems for all 670 houses
in the community would cost over US$ 1M, and it is probable that the alternative option of a
borehole 5 km away with pipeline, reservoir and distribution system would be cheaper to
implement. At the time of writing, a plan was being considered by the Mayor of Telica for such a
system that would, in theory, meet the needs of Gracias a Dios and Casa Blanca as well as San
Jacinto itself. However, for smaller, more remote communities such as El Ojochal del Listón,
which is unlikely to ever benefit from such a major investment, rainwater harvesting is a much
more viable alternative and can mostly be undertaken by the community themselves. Indeed, for
such communities, rainwater harvesting may be the only option they have. In the light of this
analysis, attention is being given to the development of future rainwater harvesting projects in the
smaller, more remote, hillside communities. The option of expanding the project in Gracias a Dios
and Casa Blanca remains should the plan for a borehole and pipeline not come to fruition and a
proposal for wider implementation of the technique in Gracias a Dios has been developed.
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Health promotion
There were several reasons for including a health component to this project. The Participatory
Rural Appraisal undertaken in 2004 identified significant challenges faced by the community with
respect to access to health care and most of the transmissible diseases most commonly encountered
are preventable. The Ministry of Health for the Municipality of Telica identified San Jacinto as
‘high risk’ in terms of vector-borne diseases such as dengue fever, malaria and leishmaniasis
because of conditions relating to the storage of water and the lack of sanitary solid waste disposal.
From 2002-2004 there were 16 confirmed cases of dengue fever in the community and an
entomological survey of household water in 2004 found that 45% of houses were infested with
larvae of Aedes aegypti, the mosquito which transmits the disease. Lastly, there was a concern that
with the introduction of rainwater harvesting as a technology to meet urgent water needs, new
breeding sites for mosquitoes might have been created, thereby solving one problem but creating or
exacerbating another. In view of these considerations it was considered appropriate and advisable
to include a preventative health component with a particular emphasis on dengue fever and other
vector-borne diseases.
The specific objectives of the health component of this project were:
1. Reduce infestation of mosquito larvae, breaking the life cycle of the mosquito.
2. Determine the extent of knowledge, attitudes and practice in the general population with
respect to the control of dengue.
3. Develop a training programme in hygiene and health promotion for a network of health
promoters.
4. Improve environmental hygiene in houses and in schools through lessons and
environmental activities undertaken by the students.
The health component of the project was undertaken in close collaboration with the Ministry of
Health (MINSA) and particularly with the team responsible for the control of vector-borne diseases.
Baseline surveys, entomological studies, fumigation, larvicide treatment of water, training of health
promoters and co-ordination of litter campaigns were all undertaken as a partnership between
Mercy Ships Nicaragua and MINSA. In some cases Mercy Ships community health staff supported
existing activities of MINSA, but in most cases the contribution made as part of this project acted as
a catalyst, enabling MINSA to undertake work that had been planned but was not being undertaken
due to resource limitations. For example, Mercy Ships Nicaragua provided fuel for fumigation and
MINSA provided the insecticide and the trained personnel to carry out the work; without the
contribution of fuel, no fumigation would have taken place in San Jacinto in 2005.
Control of Aedes aegypti requires a multi-pronged approach. Unlike its relatives which transmit
malaria, this mosquito breeds in clean water and needs only a very shallow depth. Uncovered
barrels, buckets and even cups or vases within the house provide potential breeding sites as do tyres
and plastic bags left outside collecting rainwater. The mosquito bites during the day and night
which means that bed nets do not offer sufficient protection. Although dengue fever and dengue
haemorrhagic fever are more prevalent during the wet season, breeding sites within houses for the
mosquito are available all year round and dengue can be contracted at any time. Control of Aedes
aegypti requires a combination of fumigation to kill adults, larvicide applied to water to kill larvae,
solid waste management to reduce external breeding sites, and long-term behaviour change of
communities with respect to domestic storage of water. The last of these is, of course, the greatest
challenge.
The vector-control programme designed for this project in conjunction with MINSA included four
cycles of fumigation and larvicide treatment of stored water. Of the 670 houses in the community,
an average of 99.4% were fumigated three times in each cycle using a mixture of petrol and
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permethrin. Stored water was treated with a larvicide known as ‘Abate’ which is safe for use in
drinking water supplies. Baseline and post- intervention entomological surveys were undertaken for
each cycle. Results are given in four different ways: percentage infestation by area, by house and
by container and the ‘Breteau index’ which is the number of positive containers divided by the
number of houses sampled given as a percentage. The results of these surveys are given in the
tables below:
Baseline prior to treatment:
Area (Total 79 Mz)
Cycle
I
II
III
IV
Total

Sampled
76
65
76
66
71 (mean)

Positive
49
34
29
30
142

Houses (Total 670)
Sampled
172
160
167
167
666

Positive
59
39
36
45
179

Containers
Sampled
880
851
627
597
2955

Positive
128
49
41
64
282

Indices (%)
Area
64.4
52.3
38.1
45.4
50.2

House
34.3
24.3
21.5
27.0
26.9

Cont.
14.5
5.7
6.5
10.7
9.5

Breteau
74.4
30.6
24.5
38.3
42.3

After treatment:
Area (Total 79 Mz)
Cycle
I
II
III
IV
Total

Sampled
67
65
70
66
67 (mean)

Positive
4
2
3
5
14

Houses (Total 670)
Sampled
67
71
70
117
325

Positive
4
2
3
5
14

Containers
Sampled
237
282
293
433
1245

Positive
4
3
4
5
16

Indices (%)
Area
6.0
3.0
4.2
7.5
5.2

House
6.0
2.8
4.2
4.2
4.3

Cont.
1.7
1.0
1.3
1.1
1.2

Breteau
6.0
4.2
5.7
4.2
4.9

These tables show a dramatic fall in infestation by Aedes aegypti with each cycle of treatment. It is
also apparent, however, that numbers rise again after each cycle. The World Health Organisation
defines targets for control of dengue fever based on epidemiological studies which correlate
morbidity with these indices. A Breteau index of <5% is considered to suggest that dengue fever is
‘under control’. It can be seen from the table above that this standard was achieved on average after
treatment and that the initial values were much higher indicating a high risk of transmission of the
disease. It is also clear that regular treatment in the long-term is necessary to keep populations
under control.
To complement the programme of fumigation and larvicide treatment, baseline surveys of
awareness of basic health issues were undertaken from which a training programme was devised.
Questionnaires were given to the 25 women who agreed to participate in the community health
education programme, and surveys were also undertaken in a sample of 25% of the wider
community. The baseline test for health promoters included questions about personal, food and
environmental hygiene, dengue and malaria, immunization, diarrhoea and cholera, respiratory
infections, breastfeeding, sexually transmitted diseases, HIV/AIDS, healthcare for women and
children, and mental health. Scores of below 60% in the baseline test were considered ‘inadequate’,
between 60% and 80% ‘adequate’ and more than 80% very good. The average score was 38% with
only 20% of participants showing ‘adequate’ knowledge.
The training programme given to health promoters consisted of 9 workshops covering the areas
mentioned above and 60% of participants attended 8 or 9 of the sessions . The programme was
taught jointly by both MINSA personnel and the health staff of Mercy Ships Nicaragua. Specific
attention was given to training in the recognition of symptoms of dengue fever and methods of
mosquito control. Correct storage of water and application of larvicide were covered in depth and
the disposal of bags and tyres and storage of empty bottles were also emphasised. The health
promoters trained were also involved in project activities in the wider community including surveys
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of household hygiene and mosquito infestation, and jornadas de limpieza. At the end of the course,
79% of the participants showed an ‘adequate’ knowledge of basic health and hygiene.
The environmental hygiene programme consisted of a litter campaign using promotional signs, a
large street banner and over 1000 visits to individual houses by the health promoters to spread the
message. Four jornadas de limpieza (‘clean-up days’) were organised in which rubbish from
around the community was collected and burned or collected and taken to landfill. An agreement
was reached with the Mayor of Telica for the collection and disposal of waste and the Mayor’s
office provided a lorry to collect the rubbish. ‘Mini-jornadas’ were also organised at the school
involving students in the campaign of waste collection and disposal. Competitions were held with
each of the four cycles to determine the cleanest house in each zone and the cleanest classrooms
within each school. Prizes awarded included spades, brooms, rakes, buckets, etc. At the end of the
project 60% of houses were considered to be in a hygienic condition compared with a baseline of
40%.
Overall, the health component was successful in improving hygiene, increasing awareness and
dramatically reducing the infestation of Aedes aegypti. All the indicators showed significant
improvements and the collaboration between Mercy Ships Nicaragua and MINSA was excellent. A
post-project evaluation was held with representatives of MINSA (including a nationally-recognised
expert in vector control), the Ministry of Education, the Mayor’s office and World Vision who
intend to continue much of the work begun by Mercy Ships. Some specific recommendations were
made (e.g. the need to reduce the time interval between applications of the larvicide) but the main
challenge is clear: this must not be a one-off intervention but a long-term programme of continuous
vector control, monitoring and education to bring about lasting behaviour change.
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Reforestation
The Participatory Rural Appraisal undertaken in 2004 identified deforestation as a major problem.
There was a widely- held perception that soil quality had deteriorated progressively over the last
three decades and that forestry resources had diminished significantly. Deforestation can also have
negative impacts on micro-climate and the stability of hillsides and an increase in surface runoff
reduces water retention within the catchment leading to desertification. The main reasons for
deforestation are unsustainable consumption of firewood, use of wood for carpentry and building,
‘slash and burn’ practices to clear areas for agriculture, hunt animals such as iguana, and collect
honey, and the lack of any organised form of replanting. A reforestation component was included
within this project as part of a wider concept of ‘catchment management’. Although the emphasis
of the rainwater harvesting component of this pilot project was on domestic systems, the wider
concept of rainwater harvesting can be applied at the catchment scale by strategic placement of
small dams and gully plugs coupled with reforestation. The potential for rainwater harvesting in the
wider context of the management of natural resources was thus addressed as part of this project.
The specific objectives of the reforestation component were:
1. Improve awareness of the need for environmental stewardship and, specifically, the
sustainable management of forests.
2. Introduce new concepts and technologies to promote sustainable use of natural resources.
3. Plant trees on farms based on agroforestry systems.
4. Develop a catchment management strategy including future reforestation and soil and water
conservation activities.
The first step of the reforestation component was to identify the farmers through whom the project
would be implemented. Having visited 30 farms in the area around San Jacinto to investigate the
previous experiences of farmers with environmental projects and general levels of awareness, 25
farmers were selected according to their availability to participate and the location of their farms. A
survey was undertaken of each of the farms and sketch maps prepared of the layout. Existing tree
species were identified and the main forms of production in each farm were noted. This
information was used to design the programme of reforestation and training; tree species and
forestry systems were selected according to the types of farms. Three agroforestry systems were
established comprising of wind breaks, plantations and hedges. Tree species selected had multiple
uses including firewood, nitrogen fixing, fodder for livestock and organic insect repellent.
A tree nursery was established at the school in San Jacinto (Instituto Sara María Parrales) to grow
four of the five species selected for the project. All seeds for the nursery were collected by the
participants, while Mercy Ships’ forestry staff advised on the selection and treatment of the seeds to
plant. No specific treatment was needed to break dormancy for the species selected although the
Neem and Blackwood seeds were treated for 24 hours in water to accelerate germination. The
nursery at the school not only fulfilled the necessary criteria in terms of soil, space, shade and
availability of water for irrigation, but also acted as a focal point within the community and allowed
students from the school to get involved. The preparation of nursery bags with the sowing medium
was undertaken by the farmers and the school children. A mixture of soil, sand and manure was
used as a cheaper alternative to compost. A total of 5,000 plants were grown from seeds in the
nursery including Blackwood, Moringa, Neem and Roble. A further 5,000 Eucalyptus trees were
purchased as it is very hard to find seeds of this tree in the area.
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Tree name

Uses

Neem
Moringa
Eucalyptus
Blackwood
Roble

Firewood, furniture, fence posts, insecticide
Fodder, nitrogen fixing, fence posts, medicine
Wind break, construction , firewood, medicine
Fodder, nitrogen fixing, fence posts, firewood
Precious wood for furniture-making

Number
grown
1800
1300
5000
1500
400

Grown from seed
or purchased
Seed
Seed
Purchased
Seed
Seed

The farmers and school children took responsibility for the care of the seedlings (including
weeding, irrigation, monitoring of pests and application of organic insecticides) under the
supervision of Mercy Ships’ staff. At the appropriate time, plants were taken from the nursery
strictly in accordance with a planting plan designed for each farm in which distances between trees
were carefully calculated. The transportation and planting of seedlings was undertaken in the early
hours of the morning to minimise the stress to the plants. A total of 7,211 trees were delivered to
the participating farms. A further 700 plants were delivered to three nearby schools and a further
300 were given to other farmers in the area who were not participants in the project. Around 10%
of the total plants were lost due to lack of germination or damage, which is reasonable for this type
of nursery. Seedlings planted in hedges were protected by constructing new barbed wire fences
parallel to existing ones thereby creating a corridor in which the new trees could grow protected
from grazing. Weeding around the newly planted trees was carried out every two weeks.
Alongside the practical training given in the establishment of the tree nursery, 3 half-day workshops
were given each month for six months to promote environmental awareness and increase
understanding of the types of plantations, the importance of multipurpose trees, the need to mix fast
and slow growing species, types of seeds, optimum times for planting, plant care, transplantation
and pruning.
In addition to the reforestation activities, deforestation due to consumption of firewood was
addressed through the introduction of fuel-efficient ‘eco-stoves’. These stoves have been developed
by PROLEÑA, an NGO based in Managua that has manufactured and distributed these stoves over
a number of years. Most people in rural areas cook over conventional ‘three stone’ stoves which
consume large quantities of firewood. The eco-stoves burn firewood in the centre of an insulated
kiln, directly heating a top plate. In addition, heat is retained from the gases and smoke which are
collected and circulated under the top plate to a chimney stack which carries the fumes out of the
house. This design uses 50% less firewood than the conventional three stone stove and can have
other positive impacts such as a reduction in respiratory problems caused by inhalation of smoke in
the house. A training course in the operation and maintenance of the eco-stoves was given to
participants by a promoter from PROLEÑA and each of the 25 participants in the reforestation
project was given a stove. This was used as a small incentive to the farmers for their participation
in the reforestation project as well as helping to promote more sustainable use of resources.
The final activity undertaken as part of the reforestation component of the project was a
participatory workshop to develop ideas f o r more effective management of the catchment. An
important observation from this workshop was the need to involve the families living at the top of
the catchment. San Jacinto itself is located at in the foothills of the Maribios chain of volcanoes and
most of the farmers involved in the reforestation project live on the gently sloping hillsides close to
the community. As almost all the land between San Jacinto and the crater of Volcán Telica (see
map) is in some form of agricultural use, there are many farmers higher up in the catchment who
were not involved in this project. Since the effects of catchment management practices are felt
‘downstream’, it was argued that any future programme should involve farmers at the top of the
catchment at the outset.
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It was concluded that the following three objectives should be the focus of a catchment
management plan:
1. Improve forests (reforestation using agroforestry systems)
2. Improve soil and water conservation
3. Reduce slash and burn practices
In order to achieve these objectives, the main activities should be education and awareness-raising
with respect to environmental issues. As forestry has not traditionally been regarded as a priority
for the low income farming families, it was also recommended that a more diverse commercial form
of forestry be developed including cultivation of tress for furniture- making and construction. This
will require a complete change in the perception of forestry by farmers to see it as a form of longterm production, and not simply as an ‘unnecessary’ extra activity that does not generate returns.
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Recommendations
·

This pilot project has clearly demonstrated the potential of rainwater harvesting to meet
domestic water needs in this zone and the experience from this project should be shared as
widely as possible.

·

Monitoring of rainfall, water use and water quality should be continued throughout the dry
season at the very least, and preferably for an entire year in order to better evaluate the potential
of the rainwater harvesting systems.

·

Future projects should focus on the smaller, more remote communities on the hillsides as in
most of these areas there are no conceivable alternatives to rainwater harvesting to improve
access to water.

·

Communication should be maintained with the Mayor of Telica and other agencies working in
the area to assess the likelihood of an alternative solution being built to meet the needs of
Gracias a Dios and Casa Blanca. In the absence of such a solution, funding should be sought to
increase the number of households in these communities with access to rainwater harvesting
systems.

·

In order to ensure a greater sense of ownership amongst the participants, future projects should
require a financial contribution from beneficiaries as well as the manual labour.

·

Vector control activities should continue in accordance with the cycles of fumigation, larvicide
treatment and solid waste management established under this pilot project, shortening the length
of time between applications of the larvicide as recommended above.

·

Hygiene and health promotion activities should continue, seeking to establish long-term
behaviour change. Until a vaccine for dengue fever is found, vector control with high levels of
community participation is the only way to combat this disease.

·

The concept of rainwater harvesting should be expanded, not just in the construction of
domestic systems, but as part of a wider strategy of catchment management which includes
measures to combat soil erosion, retain water, reduce ‘slash and burn’ and establish agroforestry
systems. This will require co-ordination across a wide range of stakeholders.

·

New innovations should be sought to improve environmental conditions, prevent disease
transmission and increase access to water. These innovations should be developed and trialled
in partnership with the community.

·

It is clear that the techniques developed in this project in all three components could be applied
much more widely in western Nicaragua, especially in communities located close to the
Maribios chain of volcanoes. Proposals should be developed and funding sought to build on the
successes of this project at a much larger scale.
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Final Note
On 31 st October 2005, Mercy Ships closed its operations in Nicaragua. In order to secure the
continuity of existing projects and to develop new projects for the future, Mercy Ships Nicaragua
merged with FUNDAPADELE (Fundación para el desarrollo de León), a local NGO. The staff,
resources and projects that were formerly Mercy Ships Nicaragua are now an autonomous
programme operating under the direction of FUNDAPADELE. This programme was given the
name “Nuevas Esperanzas” (New Hope). All future developments of this integrated project at San
Jacinto, and other projects promoting rainwater harvesting, preventative health, reforestation and
integrated catchment management will now be undertaken by Nuevas Esperanzas.

info@nuevasesperanzas.org
www.nuevasesperanzas.org
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Financial statement
All values given are in US$ based on the exchange rate at the time purchases were made
1

2

Salaries
3
Project Manager
Senior Water Engineer
3
Water Advisor

hours
103
996.5
280

rate
15.00
7.64
5.10

Senior Community Health Specialist
Community Health Promoter
Senior Forestry Specialist
Forestry Assistant
Forestry Advisor
Community Development Assistant
Promoter/Logistician
Senior Administrator
Skilled construction workers @ ~US$8/day
Total salaries
Materials
4
Rainwater harvesting systems
Reforestation
Barbed wire
Eucalyptus trees (5000)
Eco-stoves (25)
Other
Health promotion
Fuel for fumigation (4 cycles of 670 houses)
Prizes for 'cleanest house' competitions
Promotional signs and banner
Other
Total materials
Transport
Use of pick-up truck, small lorry and 4WD
Public transport
Total transport
Subsistence
Other
Subtotal
7
Indirect project costs @ 15%

561.5
415
576
476.5
86.5
925
1197.5
51.5

7.64
3.88
4.41
3.90
5.12
4.41
2.34
5.10

1545
7613
1428
4290
1610
2540
1858
443
4079
2802
263
5225
33697
27477
748
293
1705
35
1184
383
103
65

5

km
21465

31993

6

rate
0.25

5366
182
5548
3374
432
75044
11257

Total Project Cost

86301

Received from Georg Fischer (excludes final 10%)

36467

1

hours recorded on weekly timesheets
rate includes salaries, health insurance, statutory bonuses, paid holiday and 30% non-productive time
3
volunteer staff (Gift in Kind)
4
details of materials used given separately
5
vehicle use recorded on control sheets
6
rate includes fuel, maintenance, insurance & depreciation (based on 2004 costs)
7
contribution to office overhead costs, non-programme staff, etc
2
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Cost breakdown for materials used in rainwater harvesting systems
1

Materials used per system
2
71,000 litre system at Instituto Sara Maria Parrales
50,000 litre system at health centre
31,000 litre domestic system
27,000 litre domestic system
14,000 litre domestic system
Total materials used
3
Materials remaining
4
Materials for construction of tanks
PVC gutters pipes, joints, etc
5
Non consumable tools
Total materials remaining
Other

unit cost
2886
2250
1596
1471
1113

Total cost of materials for rainwater harvesting systems

Equipment owned by Mercy Ships Nicaragua used during project
Trailer-mounted water tanker (4000 litres)
Power tools (saw, drill, angle grinder, etc)
Automatic level, tripod and staff
Hand-held GPS
OXFAM DelAgua microbiological testing equipment
Palintest instruments for pH and TDS
1

estimate only, as some materials were shared between tanks (e.g. wood for formwork)
detailed breakdown of materials used in this tank given separately
3
will be used for construction of system at El Ojochal del Listón
4
some materials were not used and others can be re-used
5
wheelbarrows, shovels, pickaxes, crowbars, saws, hammers, pliers, etc
2
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quantity
1
1
1
9
2

cost
2886
2250
1596
13239
2226
22197
2940
1020
1200
5160
120
27477

Detailed cost breakdown of materials used in 71,000 litre tank
DESCRIPTION (Spanish)
Adaptador macho con rosca PVC S40, Ø 2"
Adaptador macho con rosca PVC S40, Ø 4"
Alambre de amarre N° 16
Alambre de pùas N° 13
Arena de llano
Bajante para canoa 3" (modelo colonial)
Bloque de mortero standard 15 cm x 20 cm x 40 cm (dos huecos)
Bridas de 2"
Bridas de 4"
Brochas 400 3" Mango madera (BRT-4)
Brochas 400 4" Mango madera (BRT-4)
Brochas 400 6" Mango madera (BRT-4)
Canoa 4" x 6.0 m (medelo colonial)
Cedazo fibra de vidrio 36 x 100 gris obscuro
Cedazo metálico 4 x 4
Cemento Portland gris ASTM C 1157 -GU (bolsas de 45 Kg.)
Clavo electrogalvanizado econòmico (caja 200 unidades / 2")
Clavo corriente de 1½"
Clavo corriente de 2½"
Clavo corriente de 3"
Clavo corriente de 4"
Codo liso con 2 enchufes PVC S40 Ø 2" x 90°
Codo liso con 2 enchufes PVC S40 Ø 4" x 90°
Codo liso con 2 enchufes PVC Ø 3" x 90° (sanitario)
Codo liso con 2 enchufes PVC Ø 4" x 45° (sanitario)
Codo liso con 2 enchufes PVC Ø 4" x 90° (sanitario)
Cuarton de pino de 2" x 2" x 5 vrs
Cuarton de pino de 2" x 4" x 4 vrs
Cuarton de pino de 2" x 4" x 5 vrs
Esquinera exterior para canoa (colonial)
Estuche de sierras
Felpa de 9" x 3/4" larga
Gaza PVC para canoa (soporte) modelo colonial
Guantes de cuero reforzado para construcciòn (Best Valle)
Guantes de cuero reforzado para construcciòn
Hierro liso standar de ¼" x 6.0 m
Hierro corrugado estándar de 3/8" x 6.0 m
Hierro corrugado estándar de ½" x 6.0 m
Lápiz de carpintero Taiwan
Llave de chorro de ½" bronce
Llave de pase / compuerta de bronce Ø 2"
Llave de pase / compuerta de bronce Ø 4"
Nylon (rollo de 100 m)
Pegamento PVC 1/16 de Gln
Pegamento PVC 1/8 de Gln para canal
Pegamento PVC 1/4 de Gln
Piedrín ¾"
Platina de Ho. 1" x 3/16" x 6.0 m
Plomadas
Plywood corriente (4' x 8' x 3/16")
Reducción lisa PVC S40, Ø 4" a Ø 3" (enchufe-espiga)
Regla de pino de 1" x 3" x 5 vrs
Rodillo 9" x 3/4" para felpa larga
Sierra para cortar hierro (standard) 12 x 18 x ½")
Sierra para cortar hierro (standard) 12 x 18 x ½")
Tabla de pino de 1" x 8" x 4 vrs
Tapas PVC 4" para canoas (modelo colonial)
Tee con 3 enchufes PVC S40 Ø 2", 90°
Tee con 3 enchufes PVC S40 Ø 4", 90° (sanitario)
Teflón (cinta de ½" x 10m)
Tornillos SPAX de 1½" para soporte de canoas
Tubo PVC, SDR 17, Ø 4" x 20 pies, S/E
Tubo PVC, SDR 26, Ø 2" x 10 pies
Tubo PVC, SDR 26, Ø 4" x 20 pies
Tubo PVC SDR 64, Ø 3" x 20 pies (para captación de agua lluvia)
Tubo PVC SDR 64, Ø 4" x 20 pies (para captación de agua lluvia)
Unión PVC 4", para canoa (modelo colonial)
Unión PVC, SDR 41, Ø 4" (lisa)
Zinc liso calibre No. 26 de 4' x 6' (para formaleta de techo)
TOTAL
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Units

Quantity

Unit
Unit
Lbs
Roll
m³
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Yard
Yard
QQ
Unit
Lbs
Lbs
Lbs
Lbs
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Pair
Pair
QQ
QQ
Bar
Unit
Unit
Unit
Unit
Unit
Can
Can
Can
m³
m³
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Pair
Unit
Unit
Roll
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit

2.00
2.00
100.00
6.00
9.37
4.00
386.00
1.00
1.00
1.00
1.00
1.00
20.00
1.00
5.00
120.00
1.00
25.00
25.00
25.00
25.00
1.00
3.00
4.00
0.00
2.00
5.00
11.00
27.00
6.00
2.00
1.00
78.00
8.00
5.00
4.00
2.00
1.00
8.00
2.00
1.00
1.00
3.00
8.00
2.00
1.00
6.00
1.00
2.00
10.00
4.00
36.00
1.00
10.00
6.00
36.00
8.00
1.00
2.00
3.00
2,000.00
1.00
1.00
1.00
1.00
1.00
22.00
0.00
15.00

Unit Cost
C$
12.60
79.13
10.00
430.00
112.50
37.82
6.75
15.00
30.00
10.82
43.02
68.58
263.48
7.19
22.61
92.50
19.60
8.69
4.00
4.00
4.00
15.00
118.26
32.85
50.35
57.44
42.00
55.00
70.00
37.82
25.00
31.36
14.72
25.00
33.04
550.00
482.02
63.48
1.74
30.44
194.78
555.75
29.56
34.38
68.63
260.87
670.00
50.90
42.00
138.26
30.00
32.00
40.37
8.70
12.75
58.00
21.01
27.00
55.80
2.19
0.15
1,186.09
80.87
593.00
120.60
177.30
14.72
0.00
143.00

Total Cost
C$
US $
25.20
158.26
1,000.00
2,580.00
1,054.13
151.28
2,605.50
15.00
30.00
10.82
43.02
68.58
5,269.60
7.19
113.05
11,100.00
19.60
217.25
100.00
100.00
100.00
15.00
354.78
131.40
0.00
114.88
210.00
605.00
1,890.00
226.92
50.00
31.36
1,148.16
200.00
165.20
2,200.00
964.04
63.48
13.92
60.88
194.78
555.75
88.68
275.04
137.26
260.87
4,020.00
50.90
84.00
1,382.60
120.00
1,152.00
40.37
87.00
76.50
2,088.00
168.08
27.00
111.60
6.57
300.00
1,186.09
80.87
593.00
120.60
177.30
323.84
0.00
2,145.00

1.48
9.31
58.82
151.76
62.01
8.90
153.26
0.88
1.76
0.64
2.53
4.03
309.98
0.42
6.65
652.94
1.15
12.78
5.88
5.88
5.88
0.88
20.87
7.73
0.00
6.76
12.35
35.59
111.18
13.35
2.94
1.84
67.54
11.76
9.72
129.41
56.71
3.73
0.82
3.58
11.46
32.69
5.22
16.18
8.07
15.35
236.47
2.99
4.94
81.33
7.06
67.76
2.37
5.12
4.50
122.82
9.89
1.59
6.56
0.39
17.65
69.77
4.76
34.88
7.09
10.43
19.05
0.00
126.18

49,067.20

2,886.31

Field designs of ferrocement tank and tap stand

Plan view of 71,000 litre tank with below ground tap stand and soakaway

Side view of 71,000 litre tank with below ground tap stand
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Layout of reinforcement used for base of 71,000 litre tank

Plan for reinforcement in lower part of 71,000 litre tank
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Design of central, load-bearing pillar for 71,000 litre tank

The community of San Jacinto is
located at the foot of Volcán
Telica, along the axis of the
Maribios chain of volcanoes.

Volcanic fumaroles found in
various parts of the community
are evidence of the geothermal
activity of this zone.

Boiling mud pits associated with
this geothermal activity
demonstrate why groundwater is
not a viable option for a water
supply in many areas.
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The principal existing water
source is a spring from which
water is pumped to parts of the
community served by a
distribution network. The parts of
the community which do not have
a piped water supply rely on
collecting water from this source
directly or buying water from the
water sellers who haul barrels by
ox and cart.

A secondary water source is a
borehole at the offices of a
geothermal energy project which
is turned on for one hour per day
for community use. Children
often have the responsibility for
collecting water on horseback.

Rainwater has mostly been
overlooked in terms of its
potential for providing for the
water needs of the community
despite an annual rainfall of
around 1400 mm.

29

Existing rainwater harvesting
systems are improvised from
barrels. Storage capacity is very
limited and these barrels are
vulnerable to contamination and
to breeding mosquitoes.

Mercy Ships’ water engineer,
Yalmar Zamora (centre) discusses
plans for the new rainwater
harvesting systems with mason
Héctor Calero (left) and project
participant Lucia Donaire (right).

Work begins on the construction
of the ferrocement storage tanks
with the excavation and laying of
foundations.
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Excavations are also dug for the
tap stands which are below
ground level. Signs on the wall of
the house advertise the training
workshops on rainwater
harvesting.

The reinforced concrete floor of
the 71 m3 tank at the school is laid
(20 cm thick; 1:3:4 mix) and the
central load-bearing column
installed.

The below-ground part of the tank
at the school is constructed from
cement blocks.
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Plywood formwork is erected for
the 50 m3 tank at the health
centre. The wood is reusable for
up to four tanks.

Formwork is supported on the
inside of the tank with timber
struts.

The formwork is wrapped in a
lattice of thick wire and then
tightly spaced rings of barbed
wire.
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The wire reinforcement is then
‘plastered’ with mortar (1:3 mix)
and compacted.

Mason Daniel Pichardo and three
volunteers from the community
check that the thickness of the
ferrocement walls are built up to a
uniform 6 cm.

The plywood formwork is
removed and the inside walls of
the tank are inspected for defects.
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Cement blocks are used to
construct the side walls of the tap
station.

The domed roof is constructed
from reinforcement and mortar
over wood and sheet metal
formwork, leaving a manhole for
access. This photograph looking
through the manhole shows the
inside of the 71 m3 tank at the
school.

A completed 27 m3 ferrocement
water tank with domed roof and
tap station. The smaller valve at a
higher level draws water for use
from within the water column.
The larger valve at a lower level
drains the tank completely for
cleaning purposes.
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The overflow pipe is protected
with a securely attached wire
mesh, to prevent mosquitoes
entering and breeding in the tank.

Gutters from both sides of this
corrugated iron roof channel
rainwater into this 31 m3 tank.
All entrances to the tank are
protected with wire mesh.

Although the roof of this
carpenter’s workshop is
somewhat more makeshift, the
surface is perfectly adequate for
collecting rainwater.
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The 71 m3 tank at the school
collects water from school
buildings on either side.

A completed water tank of 31 m3
with gutters in the community of
Casa Blanca.

Yadira Machado, with her 27 m3
tank collecting rainwater in a
well-kept garden at Casa Blanca.
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Mercy Ships water team members
Yalmar Zamora, Yamil Fuentes
and Josiah Engblom (left to right)
show their delight at discovering
that the 71 m3 tank at the school
filled to overflowing after just one
week of rain in October.

Water at last! Luvy Vallejos, a
very happy resident of Gracias a
Dios fills a bucket with clear
water from her tank.

Mercy Ships’ Project Manager
Andrew Longley analyzes water
samples in the field for chemical
and microbiological quality.
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Domestic water is often stored in
uncovered barrels; apart from the
poor hygiene associated with this
practice, the water breeds the
mosquito Aedes aegypti which
transmits dengue fever.

Environmental hygiene is very
poor, in part due to the absence of
organised solid waste disposal.
Plastic bags can catch enough
rainwater to breed mosquitoes.

There is a proliferation of old
tyres in San Jacinto, despite the
fact that very few families have a
vehicle! These tyres are
notoriously bad for breeding
mosquitoes in the water which
accumulates inside the rim.
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Training is given to health
promoters jointly by Mercy Ships
and MINSA staff, covering a
wide range of health topics.

Training of the health promoters
by a vector control specialist from
MINSA.

The trained health promoters
carry out house-to-house surveys
and hygiene promotion.
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Fumigation of houses in San
Jacinto kills adult mosquitoes
breaking the life cycle.

Samples are taken from water
containers to test for the presence
of mosquito larvae. A larvicide is
added to containers such as this.

Strategically-placed signs
discourage tipping of rubbish.
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A large banner in the centre of the
community reads “All united for a
clean San Jacinto” to promote the
environmental hygiene campaign.

High levels of participation in the
collection of waste during one of
the ‘jornadas de limpieza’ (cleanup days).

Small bonfires are used to dispose
of some of the waste within the
community.
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The lorry provided by the Mayor
of Telica is used to transport
waste collected in San Jacinto.

Mercy Ships and MINSA staff
meet with each of the
communities to adjudicate the
‘cleanest house’ competition.

One of the winners of the cleanest
house competition is presented
with some household tools by
Mercy Ships and MINSA staff.
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View from Gracias a Dios
towards El Ojochal del Listón.
It can be seen that very few large
trees exist in this area.

This area of deforested hillside is
burned to hunt for animals which
nest in burrows and under rocks.

Firewood collected from the
burned hillside removes almost all
vegetation cover.
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Deforestation results in soil
erosion and increased rapid
runoff.

A carpentry business in Gracias a
Dios is a user of forest resources
but also demonstrates a potential
market for commercial forestry.

Mercy Ships forestry staff meet
with farmers on their land to
assess existing practices and
consider the potential for
reforestation.
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Five of the participating farmers
bring seeds they have collected
for sorting, treatment and sowing
in the nursery.

Farmers prepare the sowing
medium from soil, sand and
manure at the tree nursery in the
school.

School children fill nursery bags
with the sowing medium.
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Mercy Ships’ Forestry Assistant,
Marlon Mendoza, shows a student
how to thin seedlings.

Some of the 5000 Eucalyptus
trees that were planted.

Farmers arrive very early in the
morning to collect plants from the
nursery using oxen and carts.
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A healthy Blackwood tree planted
to form a new hedge.

The ‘eco-stoves’ introduced in
this project consume 50% less
firewood than the traditional three
stone stove due to their innovative
design which insulates the heat
and circulates fumes.
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A promoter from PROLEÑA
explains to the project participants
how the eco-stoves work.

25 eco-stoves are presented to the
families of the 25 farmers who
participated in the reforestation
project.
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