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Project summary
‘Mountain Rain’ is a long-term integrated project which aims to encourage the development of sustainable
livelihoods in seven hillside communities in an environmentally sensitive and disaster vulnerable area of
western Nicaragua. The project area is located on the Western side of Nicaragua in the Department of León
(see Map 1). The beneficiary communities are Agua Fría, El Ñajo, El Caracol, El Ojochal del Listón, Mata de
Caña, El Cacao, and Las Pilas.
The outcomes of Mountain Rain over a three year period are expected to include:
1. Improved access to safe water in seven remote hillside communities through rainwater harvesting and
protection of spring sources.
2. Improved access to sanitation through construction of latrines and hygiene promotion by women.
3. Improved access to agricultural land through improvements to paths and tracks which allow better
access to markets.
4. Diversified land use and farming practices in target area to increase income, improve sustainability and
reduce vulnerability to environmental shocks and stresses.
Perhaps the fundamental challenge this project must address is access to water. For remote communities
on the slopes of Nicaragua’s volcanoes, access to water is a major problem. With the nearest source more
than 5 km away for some, these families face a daily four hour journey on foot or horseback to collect water
to meet only the most basic needs, consuming time and energy to the detriment of farming and education.
The location of the most water scarce community, El Ojochal del Listón, is shown on Maps 2 and 6.

Funding from the Georg Fischer Clean Water Foundation
In July 2008, the Georg Fischer Clean Water Foundation approved funding of US$80,000 to support the
construction of 21 rainwater harvesting systems in these communities. This funding covers the first year of
the water component of Mountain Rain.
The specific activities identified in the project proposal to be covered by the Foundation were:
1. Construction of six communal rainwater harvesting systems
It was explained that the construction of communal rainwater harvesting systems provides an
opportunity to introduce the technique to a community which does not already have any systems.
Communal systems typically had a capacity of 71,000 litres. It was envisaged that the six communal
systems would be built in the following communities:
 Mata de Caña (school)
 Las Pilas (shared system for four houses)
 El Caracol (community building)
 Agua Fría (school)
 Agua Fría (shared system for six houses)
 Agua Fría (church – for community use)
2. Construction of 15 household rainwater harvesting systems
It was proposed that the majority of the household systems to be built during the first year of the
project would be constructed in the community of El Ojochal del Listón as a communal system has
already been built at the school in this community. It was expected that 14 systems would be built in
this community with one additional household system at El Ñajo. Previous household systems were
typically 23,000 litres although it was noted that roof size and family size influence the supply and
demand respectively and some of the household systems may be constructed with smaller or larger
storage capacity.

Other funding approved
In addition to the funds received from Georg Fischer, donations totaling just over US$30,000 have been
received from New Hope Llantwit Major. Whilst these funds are restricted to the Mountain Rain project, they
may be used for any aspect of the project. A grant of US$2,335 was received from the Oxford-León Trust
following a successful application to fund some of the costs of an experimental water tank and the training of
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local builders which had not been included in the application approved by Georg Fischer. In addition, some
small donations totaling US$510 were received following an appeal for help for the road building component
of the project in December 2008. In all cases, specific expenses are allocated to each fund to ensure
transparency and accountability to donors.

Project scope – Year 1
The original project proposal included a budget of US$215,000 for the first year (July 2008 – June 2009).
The current projected income for the first year of the project is around US$120,000. This significant shortfall
has inevitably required some changes to the scope of the original project. Changes to the scope of the first
year of the project have also taken into account practical considerations and interdependencies between
project components.
The principal changes to the project scope are as follows:











The sanitation component of the project (construction of latrines managed by women) will not be
implemented this year with the exception of a few individual latrines in schools. Funding is still being
sought for this component.
Agroecological development during the first year of the project will be limited to investigations,
development of proposals and small scale experimental activities. This component has generated
significant interest from MARENA, the government’s environmental department, and several promising
leads for future funding are currently being followed.
Work on improvements to spring sources will not be undertaken until more funding is approved.
Since the construction of rainwater systems is considerably easier where access by vehicle is possible,
priority has been given to road improvements to El Ojochal del Listón where most rainwater tanks are
scheduled to be built. This is also the highest community with the severest water shortages.
The high levels of motivation of the community at El Ojochal del Listón to improve access to their
community have lead to a greater investment than budgeted in a permanent road (see Map 3). This has
been at the expense of road improvements in other communities, although a significant investment has
also been made in the road to El Caracol. Improvements to access to Las Pilas have been made by the
community with minimal assistance from Nuevas Esperanzas. No progress has been on access to El
Ñajo from Las Quemadas as had been planned.
The number of families present in El Ojochal del Listón has increased since the project proposal was
prepared. It is now anticipated that 18 domestic systems will be built to meet the needs of this
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community (increased from 14). Of these 18 tanks, 5 will be larger tanks (40 m ) shared between two or
more families living in close proximity (see Map 4).
In view of the above changes, it may only be possible to build one communal rainwater system in Agua
Fría this year (reduced from 3).

Progress update: July 2008 – February 2009
In July 2008, the implementation phase of the Mountain Rain project began with improvements to the route
from San Jacinto to El Ojochal del Listón, previously only accessible on foot or horseback. Whilst work
continued on participatory appraisals, with a particular emphasis on agriculture, July nonetheless marked an
important transition from the appraisal, analysis and design phase of the project to the implementation of one
of the projects main components: improvements to access. In participatory appraisals, access was ranked
by both women and men as the second highest priority after water. Since access has a very significant
influence on the implementation of the rainwater harvesting component of the project, it obviously made most
sense to invest in road improvements with the goal of facilitating access by 4x4 vehicle as close as possible
to El Ojochal del Listón where the greatest number of tanks were to be built. It was not necessarily
considered possible at the outset of this work to create access as far as the community itself, but it soon
became obvious that the families in El Ojochal would not settle for anything less.
Early work on what was becoming a road (having been nothing more than a footpath) was driven by the
community members themselves and their enthusiasm and initiative influenced the prioritisation and planning
of work by Nuevas Esperanzas. During July and August, Nuevas Esperanzas provided tools and materials
(including 170 bags of cement) to improve the road as shown in figures 1-7 at the end of this report.
Farmers from the community of San Jacinto who rent land on the slopes of Volcán Telica also participated in
this work, along with groups of students from the secondary school as part of their community service.
Worked slowed somewhat during harvest time (first harvest) and in September progress was significantly
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hampered by heavy rain caused by two hurricanes in the Atlantic.
In September 2008, as part of the preparations for the rainwater harvesting component, an experimental
rainwater tank was built using a new technique and 6 local builders were trained. This work was partially
funded by Georg Fischer and is described below.
Work continued on the road to El Ojochal del Listón in October and November (with another 230 bags of
cement used), although progress was difficult during these months because the beneficiaries were
particularly busy in the period leading up to and following the bean harvest (second harvest). However, the
heavy rains at this time did give Nuevas Esperanzas’ technical staff an opportunity to observe drainage of
the area around the road to identify where erosion prevention measures were necessary. A topographic
survey of the micro-catchment which carried water to one of the most critical points on the route was
undertaken so that storm drainage could be designed. Also during this time, significant progress was made
on developing the agroecological component of the project. A proposal for organic coffee production and
agricultural diversification was researched and prepared. Workshops were held by MARENA to formulate an
environmental management plan for the Telica-Rota Protected Area (see Map 1) and Nuevas Esperanzas
contributed significantly to this process as the only organisation with a significant presence in the majority of
the communities which fall within the protected area. As a result of Nuevas Esperanzas’ influence in this
process, the published management plan for the area now supports the promotion of all the activities
included within the Mountain Rain project, including rainwater harvesting for domestic use.
In November work began on improving access to the community of El Caracol (see Maps 2-3). Whilst this is
nothing like the same logistical challenge as the road to El Ojochal (El Caracol is situated at 200 metres
above sea level compared with El Ojochal at 600 m), there was nonetheless a significant amount of work to
be done.
In December and January with the agricultural year closed, work on road construction continued in earnest
with very high levels of community participation. Progress advanced rapidly on the roads with 300 bags of
cement used on the route to El Ojochal and 60 bags on the road to El Caracol. The community of El Ojochal
were eager to finish this part of the project so that the long-awaited construction of rainwater harvesting
st
systems could begin. On 1 December 2008, the community of El Ojochal was reached for the first time in
more than 30 years by vehicle. Although the road was not complete and not yet ready for a fully laden
vehicle, this provided a much needed boost to morale (Fig. 8). The road was finally completed two months
later at the end of January 2009. Following completion of the access road to El Ojochal, the residents of the
higher part of the community began work on a temporary access road to their houses (Fig. 9; Map 4).
Construction work on the rainwater harvesting systems funded by Georg Fischer began in January in El
Caracol and February in El Ojochal del Listón, greatly facilitated by each community’s newly completed
access roads. Work has also begun in Las Pilas, but in this case vehicle access is only possible for a part of
the route and materials are being hauled the rest of the way to the construction site by horse.

Report on activities funded by the Georg Fischer Clean Water Foundation
Community organisation
This project, like all community development projects, depends on a close working relationship with the
beneficiary communities and also on close working relationships between the members of each community.
In the case of the beneficiary communities of the Mountain Rain project, organisational structures are either
absent or function ineffectively. For this reason, a significant investment is being made in helping
communities to develop effective organisation and leadership structures. Nuevas Esperanzas began this
process through the participatory appraisals undertaken from February to June 2008. In El Ojochal del
th
Listón, elections to form a community committee for the first time were held on 12 June 2008, just before
the Mountain Rain project entered the implementation phase.
From July 2008 to February 2009, numerous planning meetings have been held with beneficiary
communities to help organise the voluntary labour necessary to improve access routes and build rainwater
tanks. Each community is distinct in the challenges they face and many additional visits by Nuevas
Esperanzas’ community development staff have been needed to understand the dynamics of each one. This
work will be formalised in the following months and a training programme for community leaders has been
developed.
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Surveys and site measurements
Visits have also been made to each community in the project area to collect census information. It has been
found from experience that data is only reliable when collected house by house. Visits to individual houses
in the project area were completed in El Ojochal del Listón, El Caracol and El Ñajo from October 2008 to
January 2009. Photos were taken of each house and locations recorded using GPS. Information collected
included the names and ages of everyone living in each house, as well as its dimensions, roof materials,
existing types and dimensions of containers for rainwater harvesting and legal documents held such as ID
cards and land titles. All of this information has been entered into a Geographical Information System
database. Some information exists for Agua Fría and Las Pilas (collected by Nuevas Esperanzas in 2006)
but this needs updating and new information is also needed for the communities of Mata de Caña and El
Cacao.
Rainwater harvesting systems – modifications to tank design
In preparation for the construction of the rainwater harvesting systems, a critical review was undertaken of
the technique used to construct all 30 systems previously built by Nuevas Esperanzas in San Jacinto,
Gracias a Dios and Casa Blanca to look for ways to improve functionality, reduce costs and construction time
and minimise the quantity of materials required. In particular, comparisons were made with an alternative
design which used welded mesh for reinforcement and sacking instead of formwork. This alternative design
had an obvious appeal as it eliminated the need for the plywood formwork and supporting wooden structure
used in previous models, thereby significantly reducing the quantity of materials that would need to be
hauled up the mountainside. Quotations indicated that the price would compare favourably with the previous
design and so the decision was made to build a trial tank.
The main differences between the new design and the old are as follows:
 The new design uses welded mesh reinforcement cut to shape for the base of the tank (Fig. 30) instead
of rebar arranged in a concentric and radial configuration around the central column. This saves time.
 Welded mesh is used as the reinforcement for the walls. It has sufficient rigidity to be freestanding (Fig.
31) which allows the tank to be built without the need for formwork. This saves time and cost and
reduces the weight of materials required for construction.
 The welded mesh reinforcement for the walls is wrapped in chicken wire to help the mortar to adhere
and then tensioned with 14 or 16 gauge plain steel wire (Fig. 32). Previously barbed wire provided both
the tension and the surface necessary for adhesion of the mortar. The new reinforcement structure is
lighter and more manageable than barbed wire which was difficult to tension.
 The new design uses sacking wrapped around the outside of the tank as a mould for the mortar (Fig. 12)
instead of plywood which was previously used to form the inside of the tank. This is obviously cheaper
and lighter. As a result of this change, the inside surface is rendered first in the new design rather than
the outside.
 The roof of the new model is made of ferrocement (Fig. 24) instead of the concrete used in the old
model. The reinforcement is provided by welded mesh instead of rebar. This is lighter and saves time.
 Previous tanks were fitted with two valves; a 2 inch valve drew water from just above the base of the
tank and a 4 inch valve drained the tank completely for cleaning at the end of the dry season. The
cleaning valve has been eliminated from the new design. It was found that in order to clean the tank
effectively, sediment which collected in the bottom needed to be washed out through the cleaning valve
manually by entering the tank with a bucket of water. The new design simply incorporates an indentation
in the base of the tank which enables sediment to be scooped up manually and lifted out through the
access hatch. This is just as effective and reduces cost significantly as the cleaning valve has been
eliminated (the 4 inch valve was expensive and only used once a year!).

Training and contracting of local builders
Rather than build the trial tank in one of the beneficiary communities it was decided that the tank should be
built in Gracias a Dios where access was more straightforward and to use this experimental tank as an
opportunity to train local builders from San Jacinto, rather than León. It was considered more appropriate to
use builders who already live close to the beneficiary communities to supervise construction in the Mountain
Rain project.
The construction of the experimental tank and the training of local builders took place in September 2008
and each step of the process is documented in figures 10-27 at the end of this report. Eight local builders
from the San Jacinto area were invited to participate in the three week training course; seven began the
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course. Each day the builders, supervised by Nuevas Esperanzas’ civil engineer, worked on the
3
construction of a 23 m rainwater harvesting tank at the house of Soila Montes, an elderly lady with two
handicapped daughters who was unable to meet the requirement to contribute manual labour in a recently
completed rainwater harvesting project in Gracias a Dios.
During the training course the builders had the opportunity to learn more about the vision and approach of
Nuevas Esperanzas through a series of talks which took place after lunch. These talks were in the form of
participatory discussions on the mission, vision and values of Nuevas Esperanzas, as well as on topics
related to working together as a team. The areas covered were commitment, honesty and transparency,
professionalism, ecumenism, empowerment, stewardship, human relations and resolving conflict.
Participation in these talks was excellent and the topics which most interested the group were
professionalism and ecumenism. Six of the builders completed the training course.
After construction was completed, the group evaluated the new tank and reviewed the modified features to
assess what worked well and could be implemented in future tanks. The group also visited each of the thirty
tanks which had previously been built by Nuevas Esperanzas to monitor any problems which had arisen,
carry out some minor repairs and consider what improvements can be made to avoid such problems arising
in the future.
Whilst an allowance had been made for training in the proposal submitted to Georg Fischer, it was not
envisaged at the time that an experimental tank would be required. For this reason a separate funding
proposal was submitted to the Oxford-León Trust and a grant was received which covered the cost of the
materials, transport and grants to enable local builders to participate in the month-long training. The cost of
staff time for the training was charged to the Georg Fischer fund.
Of the six builders who completed the course, four have now been contracted by Nuevas Esperanzas to
work on the Mountain Rain project. They are now supervising the construction of the 23 tanks financed by
the Georg Fischer fund and will supervise up to a total of 80 over the next three years subject to funding.
rd
They started work for Nuevas Esperanzas on 3 November on six month contracts.

Movement of materials for tank construction
With access to El Caracol by vehicle made possible early in January 2009, work began on transporting
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materials for the construction of a 40 m communal rainwater harvesting system at the school. This
community is located close to a wide river bed (dry) which is an excellent source of sharp sand and coarse
aggregate. This material was transported to the construction site along with the necessary cement, welded
mesh and other materials.
With the road to El Ojochal del Listón complete by the end of January, the logistical challenge of transporting
materials to this community for the construction of 18 tanks began in February. As El Ojochal has no source
of water whatsoever in the dry season, all water necessary for construction is also being hauled to the
community in barrels on the back of a pickup truck. The vehicle used is a Toyota Land Cruiser 4.2 litre 4x4
pickup truck with a 1.5 tonne payload on the level. This is equivalent to around 33 bags of cement. For the
6 km steeply inclined road to El Ojochal, the maximum carrying capacity is considered to be around 25 bags
3
of cement or 6 barrels of water. For the construction of each 20 m domestic tank in El Ojochal, the following
pickup loads are needed:
 1 journey of aggregate
 1 journey of reinforcement (each tank uses 4 sheets of welded mesh which can be rolled and
transported on the back of the pickup)
 2 journeys of cement
 4 journeys of water
 6 journeys of sand
It is possible to make a maximum of 3 journeys to El Ojochal in one day, depending on the source of the
material being transported.
Fortunately a local source of sand has been identified (Fig. 28) which eliminates the need to transport sand
up the mountain. This sand is clean and sharp and the deposit appears to be sufficiently extensive to supply
the material needed for all 18 tanks in El Ojochal. The owner is one of the project beneficiaries and the use
of his sand has been negotiated for a nominal fee regardless of how much sand is extracted. The sand is
being transported to the construction site of each tank using a combination of the pickup truck and ox and
cart.
6

By the end of February 2009, materials for the first four tanks had been hauled up to El Ojochal. Within a
few weeks of the completion of the access road to El Ojochal (600 metres above sea level), the residents of
the higher part of the community (860 metres above sea level) had cut a track which will permit temporary
access to their houses (Fig. 9). The route of this temporary road is shown on Map 4. All materials for the
higher part of the community (including sand) will be hauled up this steep 1 km long road.
In the community of Las Pilas, work also began in February 2009 on hauling materials. In this community
access by vehicle to the construction site will not be possible. The community did, however, improve access
from Rota to the first house in the community (Map 5) so that materials could be brought by vehicle some of
the journey. Sand for the communal tank in this community was brought by lorry to Rota and then
transported by pickup in various journeys to the first house in the community. From there it has been carried
up the hill to the construction site by horse. The remaining materials will be taken up the hill the same way in
March, although the rather cumbersome rolled sheets of welded mesh may present something of a challenge
for the narrow footpath!

Construction of school rainwater harvesting system, El Caracol
Work to date on the construction of the tank in El Caracol is shown in figures 37-39. The makeshift school is
the only community building and although it is very basic it did at least have a reasonable area of corrugated
roof. This roof will be removed and the wooden frame rebuilt as part of the project but most of the roofing
sheets are in reasonably good condition and can be reused. Whilst communal tanks in other schools have
3
ranged in size from 50-71 m , the size of the school roof in El Caracol was considered too small to fill a tank
3
of this size. The tank currently under construction is 40 m , the same size as the shared domestic tanks to
be built in El Ojochal del Listón.
Work in El Caracol is being supervised by one of the builders contracted by Nuevas Esperanzas after the
training course in September 2008. He also supervised the improvements to the road and has developed a
good relationship with the community. He stays in El Caracol during the week, returning home at weekends.
A significant challenge, however, has been the availability of manual labour. It is common for young men in
rural areas in Nicaragua to migrate during the dry season looking for work, but in El Caracol, the situation is
quite extreme and almost all the young men of the community are currently working away. This has created
significant challenges as although women are willing and able to provide manual labour, most have to care
for young families. Despite these challenges, work on the tank has progressed well and by the end of
February, the walls were complete. As an additional incentive to boost work at El Caracol, Nuevas
Esperanzas is providing some basic food (rice and beans) for the community volunteers. This minimal extra
help has enabled some of the volunteers to work on the tank most days of the week, instead of taking shifts.

Construction of domestic rainwater harvesting systems, El Ojochal del Listón
One of the recommendations of the evaluation of the experimental tank constructed using the new technique
3
3
was that a standard domestic system should be 20 m rather than 23 m . This is because the walls of the 23
3
m tank required a little more than two complete sheets of welded mesh to form the circumference. The gap
between the two sheets required an extra piece which was harder to manage when trying to form a perfect
cylinder. The volume sacrificed is relatively small. All 13 individual domestic tanks in El Ojochal will be
3
constructed at 20 m using two complete sheets of mesh to form the walls. Family sizes are relatively
similar, so there is little justification for varying the capacity based on this criterion and where roof area is
inadequate, additional roofing sheets will be supplied to ensure that all families have sufficiently large roofs
to fill their tanks.
Construction began on the first domestic tank in El Ojochal del Listón in the first week of February 2009 with
around half the community participating. The idea behind this was to use this opportunity to train as many
people as possible in the construction technique. There is no shortage of manual labour in this community
and participation is almost always excellent. Once the walls of this tank were complete, the community
volunteers divided themselves between the next three tanks to start work while the mortar dried on the first
tank. By the end of February the first tank was nearly complete, two others were around 50% complete and
one was just beginning. Three of Nuevas Esperanzas’ building supervisors are currently overseeing the
work in El Ojochal del Listón. The progress of the work there can be seen in figures 29-36.
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Financial statement for period 1st July 2008 – 28th February 2009
Mountain Rain general income and expenses
Income and expenses for the Mountain Rain project as a whole are shown in the table below. Although the
overall income slightly exceeds the expenditure, the distribution of costs with respect to restricted funds is
such that the some components have a positive balance (water) whilst other have a negative balance
(access).

Mountain Rain Income and Expenses
July 2008 - February 2009 (US$)

Income
Restriction

Donor

Amount

New Hope Llantwit Major
(restricted funds brought forward)

Any project component

18,968.39

Georg Fischer Clean Water Foundation

Rainwater harvesting (inc. management)

39,882.54

New Hope Llantwit Major

Any project component

11,298.36

Oxford-León Trust

Training of local builders in tank construction

Fundraising appeal

Access improvements

2,335.22
510.60

Total

72,995.11

Expenses
Project component

Staff time

Vehicle use

Direct
expenses

Indirect
expenses

Total

Water (rainwater harvesting)

6,095.02

1,874.75

8,294.38

2,439.62

18,703.78

Access (roads)

9,367.20

4,077.35

13,901.54

4,101.91

31,447.99

Agroecological development

9,861.11

1,102.10

517.25

1,722.07

13,202.53

Community organisation and project
management

7,151.88

274.75

949.31

1,256.39

9,632.33

32,475.21

7,328.95

23,662.47

9,519.99

72,986.62

Total

Use of the grant made by the Georg Fischer Clean Water Foundation
Expenses made against the grant given by the Georg Fisher Clean Water Foundation are shown below.
This includes all expenses related to the water component of the project except the specific items financed
by the Oxford-León Trust, as well as certain aspects of community organisation and project management.
Staff costs are based on timesheets submitted by all staff on a weekly basis, with the exception of the
building supervisors who are contracted exclusively for the water project. An itemised list of direct project
costs is available on request.
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Mountain Rain: Rainwater Harvesting Component
Expenses funded by the Georg Fischer Clean Water Foundation
July 2008 - February 2009 (US$)

Staff costs
Project Manager
Civil Engineer
Community Coordinator
Logistician
Coordinator for Women
Administrator
Building supervisors
Subsistence

hours
243.5
484.5
300.5
356.5
249.5
101.5

rate
17.48
6.49
6.49
4.54
4.22
9.01

cost
4,256.38
3,144.41
1,950.25
1,618.51
1,052.89
914.52
891.93
602.58
14,431.45

Transport costs
Toyota Land Cruiser pickup
Chevrolet Blazer SUV
Horse expenses
Bicycle expenses
Public transport

km
2,513
1,576

rate
0.45
0.25

cost
1,130.85
394.00
356.51
75.66
65.37
2,022.38

Other direct project costs
Materials
Communications
Stationery and office supplies
Maps
Other

4,976.25
49.62
51.62
70.83
32.68
5,181.00

Indirect project costs
Includes rent, utilities, support staff, etc

3,245.23

Total costs (1st July 2008 - 28th February 2009)

24,880.06

Funds received from the Georg Fischer Clean Water Foundation

39,882.54

Balance of funds

15,002.48

Tracking of project progress based on ‘earned value’
The graph below is based on the ‘earned value’ method for project tracking. The blue line represents work
done and is plotted alongside the project plan and amount actually spent. Note that this method was
introduced in January 2009 and whilst work done and expenses made in 2008 are included in the amounts
shown, the comparison is only valid so far for January and February 2009. This plot is updated on a monthly
basis and provides a useful tool for monitoring project progress.
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Mountain Rain
Earned Value
2008-2009
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As the above plot only reflects progress against the project plan, an additional graph is included to show
funding approved (not just received) in comparison with the project plan. In practice the blue and red lines
on the above graph are both likely to fall below the dotted line as the project has not yet been fully funded as
shown below.
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Improvements to access
Fig. 1 One of the principal
challenges of this project is access.
Many dirt roads are only passable in
the wet season in a 4x4 vehicle. This
photo was taken near Santa Elena on
the way to El Caracol (see Map 2).

Fig. 2 Higher up the slopes of Volcán
Telica, the challenge is not mud but
rather large boulders carried down
the hillside during heavy rainstorms.
This photo was taken on the route up
to El Ojochal del Listón (see Map 2)
before improvements. This section is
now passable all year round in a 4x4
vehicle.

Fig. 3 Most of the access routes to
the beneficiary communities could
only be considered as footpaths
before the start of the project. Many
sections of the route up to El Ojochal
del Listón had to be widened and
levelled before laying the new road
surface.
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Fig. 4 Access routes were surveyed
before the start of construction work.
A topographic survey was
undertaken at one of the critical
points on the route to El Ojochal del
Listón to estimate runoff carried by
the road during storm events.
Appropriate drainage was then
designed to divert this flow away from
the road.

Fig. 5 On the steeper sections of the
road to El Ojochal del Listón, cobbles
were laid on the widened and levelled
surface.

Fig. 6 The cobbles were then
cemented with mortar. Virtually all
materials (including water) were
hauled up the road in small loads on
the back of a pickup truck. The work
was undertaken without the benefit of
machinery – the only exception being
the small cement mixer which was
loaned to the project by another
NGO. A total of 760 bags of cement
(each 42.5 Kg) were used in the road
improvements from July 2008 to
January 2009.
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Fig. 7 All the manual labour for the
road improvements was provided
voluntarily by community members
working in rotation. Work was
overseen by Nuevas Esperanzas’
building supervisors under the
direction of its Civil Engineer.

st

Fig. 8 1 December 2008: a vehicle
arrives in El Ojochal del Listón (600
m above sea level) for the first time in
at least 30 years. The community
were surprised to hear the engine
and thought at first it must have been
a helicopter.

Fig. 9 Not content with the
permanent road to El Ojochal del
Listón, families living in the higher
part of the community built a
temporary (dry season only) road up
to the highest houses. This photo
shows Nuevas Esperanzas’ vehicle
at 860 m elevation with a view of the
Maribios volcanoes. This road is now
being used to transport materials for
rainwater harvesting tanks.
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Construction of experimental tank,
Gracias a Dios
Fig. 10 In September 2008, work
began on the construction of a new
rainwater tank in the community of
Gracias a Dios at the foot of the
volcano. The purpose of this was
twofold: to trial a new construction
technique which reduces time and
cost, and to train local builders for the
role of building supervisors. This
new design uses welded mesh for
the reinforcement of the base, walls
and roof of the tank.

Fig. 11 Day 3
A free standing frame of
reinforcement is erected and pulled
into shape. This consists of the rigid
welded mesh wrapped in chicken
wire and tensioned with rings of 14
gauge wire. The concrete floor is
then laid and a central column set in
place.

Fig. 12 Day 4
The frame of reinforcing steel is then
wrapped in sacking. This sacking is
the most important innovation of the
new construction system as it allows
the walls to be built without the need
for wooden formwork, reducing time,
cost and, most importantly, the
weight of materials which needs to be
transported to the remote
communities where these tanks are
to be built.
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Fig. 13 Day 5
In the previous design mortar was
applied from the outside of the tank
but here rendering begins from the
inside.

Fig. 14 The walls are built up from
the base of the tank to cover the
reinforcement. Once this first coat is
dry, a technique is used to ‘throw’
additional layers to build up the wall
to its required thickness. This
technique involves a flick of the wrist
which takes practice to perfect!

Fig. 15 At the end of the day the
part-rendered tank is covered in
polythene to protect it from rain.

15

Fig. 16 Day 7
Two days later the sacking is
removed from the outside. This
sacking can be reused for the
construction of the next tank. Excess
mortar from the outer surface is then
chipped with a small blunt axe to
prepare for rendering on the outside.

Fig. 17 Day 8
The outside wall of the tank is
rendered in the same way as the
inside, to build up walls 6 cm thick.

Fig. 18 Throughout the rendering
process checks are made to ensure
that both sides of the wall are plumb.
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Fig. 19 Day 9
A fine mortar finish is applied to the
walls of the tank.

Fig. 20 The floor is also finished with
a fine mortar which reduces
permeability and improves hygiene
by making the inside surface of the
tank easy to clean.

Fig. 21 Day 10
A wooden structure is assembled to
support the roof of the tank during
construction. This structure is built
around the central column. Although
this column is cast in concrete inside
a UPVC tube, its role is principally to
facilitate access to the tank. It is load
bearing only during construction as
the domed shape of the roof is selfsupporting once set.
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Fig. 22 The wooden structure inside
the tank viewed from the roof of the
house.

Fig. 23 Chicken wire is laid over the
wooden structure to support the
sacking which in turn supports the
mortar and reinforcement which
forms the roof.

Fig. 24 Day 11
Mortar is applied to the top of the roof
leaving a space for the access hatch
and for the inflow from the guttering.
The new design replaces concrete
with mortar which reduces the weight
of the roof.
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Fig. 25 An additional isolation valve
has been added to the outflow in this
design. In previous projects,
problems have been experienced
with leaking valves which are difficult
to resolve when the tank is full of
water. Although there is no
guarantee that the same problem will
not be experienced with the isolation
valve, the fact that it is used very
rarely significantly reduces this risk.

Fig. 26 Day 14
3
The 23 m tank is complete. The
new design reduces the construction
time by a third which in turn reduces
costs.

Fig. 27 The beneficiary of this
experimental tank, Doña Soila
Montes, is an elderly lady with two
handicapped daughters who was not
able to participate in previous
projects because she was unable to
provide the manual labour required.
The construction of this tank not only
provided an opportunity to
experiment with a new design and
train local builders, but it also
benefited one of the most
disadvantaged families in this
community.
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Construction of domestic tanks,
El Ojochal del Listón
Fig. 28 A local source of clean sharp
sand was identified in El Ojochal del
Listón. Investigations revealed that
the extent of this deposit was
considerable, and potentially
sufficient for the construction of all
the domestic systems in this
community. Use of this material was
negotiated with the owner (also a
beneficiary) for a nominal fee. The
discovery of this deposit significantly
reduces the amount of material to be
hauled up the steep road to the
community.

Fig. 29 Construction of the first four
tanks in El Ojochal del Listón began
in February 2008. Locally available
boulders are being used to stabilise
the foundations.

Fig. 30 The welded mesh
reinforcement was brought to the
community in rolls on the back of a
pickup truck.
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Fig. 31 The beneficiary families work
alongside trained building
supervisors to assemble the
reinforcement frame.

Fig. 32 This photo shows the
reinforcement frame with welded
mesh, chicken wire and 14 gauge
wire rings above the concrete base.
The outflow tube is set into the
concrete base below the
reinforcement.

Fig. 33 Eighteen year old Isidro Silva
from El Ojochal del Listón is working
closely alongside Nuevas
Esperanzas’ experienced builders.
He is one of the young people in the
community who has shown an
enthusiasm to learn vocational skills
through this project which will help
him in the future.

21

Fig. 34 A lesson learned from the
experimental tank was that the
tension of the sacking was
insufficient to hold in the mortar
rendered from the inside. A good
solution is to wrap the outside of the
sacking in chicken wire and 14 gauge
wire while the inside of the wall is
rendered. This wire can then be
reused on another tank once the wall
is set.

Fig. 35 One of Nuevas Esperanzas’
building supervisors, Mayo Vargas,
demonstrates the technique for
‘throwing’ mortar to render the
outside of a tank.

Fig. 36 The walls of the first 20 m
tank in El Ojochal del Listón were
completed by the end of February
2008. Three more tanks are
following closely behind.
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Fig. 37 The makeshift school in El
Caracol where a communal tank is
being built. As part of this project,
the roof of this building will be rebuilt
reusing existing materials.

3

Fig. 38 This 40 m tank is the first of
this size to be built using the new
technique.

Fig. 39 The work in El Caracol faces
particular challenges because many
of the men from the community have
left to find work abroad or in other
parts of Nicaragua during the dry
season. Progress has depended to a
significant degree on the participation
of women in the building work.
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