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Existing water sources

Fig. 1 The principal drinking water
source in the community of Agua
Fria, also used by several families in
El Ojochal del Liston who travel for
up to two hours to collect water from
this source. This spring is protected
by a concrete box. Water is
abstracted by dipping a bucket into
the standing water. Note the muddy
and unhygienic conditions around the
spring. This water was found to have
190 E.coli /100 ml. This spring dries
at the end of the dry season in some
years.

Fig. 2 This well in El Najo taps into a
hot spring. This water has a
temperature of 44°C. Water is drawn
by a bucket and rope, as shown, and
was found to contain 19 E.coli /100
ml. This is the only existing source of
water in the community of El Najo
and is also used by most of the
community of El Ojochal del Liston.
This well dries at the end of the dry
season in some years.

Fig. 3 This partially protected spring
source is one of a small group of
springs which provides water to Las
Quemadas via a distribution system.
This particular source is used as the
main drinking water source for the
community of El Caracol. Water is
carried back to the community by
horse. This spring was found to
contain 40 E.coli /100 ml.



Fig. 4 For some in El Caracaol, this
stream is a closer source of water.
Water is skimmed from the surface of
the flowing parts of the stream.

While some families just use this
water for washing, others also use it
for drinking, despite being
downstream of the community of
Agua Fria where people and animals
bathe in the water. A sample taken
from the surface of the fastest flowing
part of the stream contained 490
E.coli /100 ml.

Fig. 5 Water collected from springs,
wells and streams is poured into 20
litre containers to be carried by
horse. Each horse can take 2 such
containers. Most families own
between one and three horses.

Fig. 6 A spring feeds this stream in
Agua Fria which is used for both
washing and drinking. Dogs and
horses bathe in the stream. This
water was found to contain 110 E.coli
/100 ml.



Fig. 7 Existing examples of rainwater
harvesting are plentiful. Almost every
roof is used to collect rainwater.
However, the storage capacity is
often limited to one or two barrels
which are left uncovered and
vulnerable to contamination. This
house is located close to the crater of
Volcéan Telica in the community of
Agua Fria. The acidity of the rain in
this area is likely to contribute to the
corrosion seen on this corrugated
galvanised iron roof.

Fig. 8 Even palm roofs, which are far
from ideal for rainwater harvesting,
are used to collect water. In this
case the water is channelled by a
hollowed out tree trunk to a partially
buried barrel.

Fig. 9 Another common method of
rainwater harvesting is to line a pit
with black plastic beneath the edge of
a corrugated galvanised iron roof.
Several families in El Ojochal del
Liston have employed this form of
rainwater harvesting to provide water
during the wet season.



Road building

Fig. 10 One of the principal
challenges of this project is access.
Most of the access routes to the
beneficiary communities could only
be considered as footpaths before
the start of the project. This photo
was taken on the route up to El
Ojochal del Liston before
improvements. This section is now
passable all year round in a 4x4
vehicle.

Fig. 11 On the steeper sections of
the road to El Ojochal del Listén,
cobbles were laid on the widened
and levelled surface and cemented
with mortar. 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.

Fig. 12 Critical sections of the road
which were subject to severe erosion
were protected with gabions which
permit the water to pass through
without causing erosion. These
gabions act as highly effective and
environmentally sensitive retaining
walls. Note that these road
improvements were funded
separately from the rainwater
harvesting project.



Transport of materials for
rainwater harvesting tanks

Fig. 13 Once the road to El Ojochal
del Listdbn was complete, the task of
hauling materials to build 16
rainwater harvesting tanks began. A
tractor was used for many of the
journeys up the mountain road. A
total of 833 bags of cement were
transported to El Ojochal del Liston
for the construction of the water
tanks.

Fig. 14 Sheets of welded mesh were
among the most cumbersome of
materials to transport and needed to
be rolled to fit in the back of the
pickup truck.

Fig. 15 Whilst the tractor and pickup
truck took most of the burden, ox and
cart were also used to carry bulky
loads such as PVC tubes and
gutters. Beneficiaries contributed
whatever resources they had to the
project.



Construction of domestic tanks,
El Ojochal del Liston

Fig. 16 A local source of clean sharp
sand was identified in El Ojochal del
Listén. 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
reduced the amount of material to be
hauled up the steep road to the
community.

Fig. 17 Construction of the first four
tanks in El Ojochal del Listén began
in February 2008. Locally available
boulders are being used to stabilise
the foundations.

Fig. 18 The welded mesh
reinforcement was brought to the
community in rolls on the back of a
pickup truck.



Fig. 19 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 16
gauge wire. The outflow tube is set
into the concrete base below the
reinforcement. 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.

Fig. 20 Eighteen year old Isidro Silva
from EI Ojochal del Liston 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.

Fig. 21 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 16 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. 22 Under the supervision of
Nuevas Esperanzas’ experienced
builders, the beneficiaries work on
the walls of the tanks with family
members helping to mix the mortar.

Fig. 23 The walls are built up to
reach an optimal thickness of 6 cm of
mortar.

Fig. 24 With the walls complete a
fine mortar finish is applied to the
inside of the walls and the base of
the tank to reduce infiltration of water.



Fig. 25 The wooden structure inside
the tank to support the roof during
construction is built with branches.
Although tanks previously built used
sawn timber for this structure, these
poles were found to be just as
effective, considerably reducing the
materials which needed to be
transported.

Fig. 26 A view from inside the tank
showing the wooden supports tied to
the central column. 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. 27 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. The
wooden structure is left inside the
tank for at least 8 days.



Fig. 28 Following completion of the
tank, the tap station is constructed.
One advantage of this project over
previous rainwater harvesting
projects in flatter terrain is that almost
every system constructed has a
natural gradient which allows the tap
station area to drain freely.

Fig. 29 A well-fitting manhole cover
to protect the entrance in the roof of
the tank is essential if the tank is to
be kept clear of mosquitoes.

Fig. 30 Similarly, the overflow pipes
are protected with nylon mesh
secured with hose clips.



Fig. 31 Some houses in the
community of El Ojochal del Listén
were clearly unsuitable for rainwater
harvesting at the start of the project.
This house is where Gerald Arman
lived with his wife and young son.

Fig. 32 As part of the project, each
family without an adequate roof was
given sheets of corrugated
galvanised iron to ensure a minimum
area of 40 m* was available for
rainwater harvesting. As an incentive
to increase the potential for rainwater
harvesting, further sheets were
offered at half their market value to
increase the roof area up to 60 m?.
Five families accepted this offer.

Fig. 33 Several families took the
opportunity presented by this project
to build a new house to go with their
rainwater harvesting tank. This
photograph of Gerald Arman and his
son was taken on the top of their
rainwater tank with the newly built
house behind.



Fig. 34 While most pre-existing roofs
in El Ojochal del Liston were made of
palm or corrugated galvanised iron,
some asbestos-cement roofing
sheets were also found. This type of
roofing does not actually pose any
health risks. There is no evidence for
this in any research, although
airborne asbestos fibres from cutting
these sheets do pose a serious
health risk (cancer) if inhaled.
(www.lboro.ac.uk/well/resources/fact-
sheets/fact-sheets-htm/drh.htm)

Fig. 35 Before fitting guttering, each
house was surveyed to determine
pre-existing gradients. The optimum
configuration of gutters and tubes
was designed for each house as
every case was different.

Fig. 36 Some houses posed some
interesting problems when it came to
fitting guttering. The red line just
visible above the roof is a horizontal
surveying tape and shows the height
to which this roof needed to be raised
in order for rainwater to flow to the
tank (behind house).



Fig. 37 High capacity guttering was
used for all roofs to ensure maximum
yield. While some joints were glued,
others were left as detachable joints
so that tubes, vulnerable to distortion
in sunlight, could be dismantled at
the end of each wet season and
stored until required again.

Fig. 38 Some houses required
interesting and innovative
configurations of gutters and tubes to
maximise rainwater harvesting
potential. These gutters collect water
from unconnected parts of this house
before channelling flow into a buried
pipe to a shared rainwater tank
downbhill.

Fig. 39 This pipeline emerges from
below ground and is supported by
props on its route to the shared
rainwater tank.



Fig. 40 As far as possible, the tap
station is integrated into the design of
each family’s garden.

Fig. 41 The main valve used is a
robust, non-leaking, self-closing tap.
This tap, manufactured by Even
Products Ltd, was imported from the
UK. Although it is generally not good
practice to use components which
are not available in country, the tap is
such a critical part of the rainwater
harvesting system that a high quality
imported product was considered
justified.

Fig. 42 The project sign shows the
route to El Ojochal del Listén from
the main highway in San Jacinto.



Construction of communal tank,
El Caracol

Fig. 43 The work in El Caracol faced
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.

Fig. 44 This 40 m® tank was the first
to be completed. It was located at
the village school. The school
building was nothing more than a roof
and was rebuilt in the course of the
project.

Fig. 45 A trench was dug to lay a
pipe from the tank to a tap station at
the entrance to the community.



Fig. 46 The newly completed tap
station in El Caracol. Flow to the tap
station can be cut off by an isolation
valve located in a buried chamber
next to the rainwater tank. The
principal purpose of this system will
be to serve the village school and so
the valve will be shut off to conserve
water out of hours.

Fig. 47 Alongside this project, a
double latrine (separately funded)
was constructed in El Caracol close
to the tap station to ensure that the
school has water, sanitation and the
means to ensure good hygiene.

Fig. 48 The school building at El
Caracol was rebuilt in order to
improve the area of roof used for
rainwater harvesting, and the
gradient towards the tank.



Construction of communal tank,
Las Pilas

Fig. 49 In Las Pilas there was no
suitable community building such as
a school which could be used to
harvest rainwater to fill a large
communal tank. The community
decided however, that it would be a
good opportunity to build one as
many families were keen to establish
a pre-school and/or primary school
within the community. In this case,
the building was purpose-built to
connect to the rainwater tank.

Fig. 50 To prevent erosion at the
base of the tank at this sloping site,
two retaining walls were built. This
new community building, rainwater
tank and terracing provide a new
focal point for this community.

Fig. 51 Some of the young men
working on the project take a short
break with Civil Engineer Arturo
Juarez (left) on the top of the tank at
Las Pilas, thereby proving its
structural load-bearing strength!



Construction of two communal
tanks, Agua Fria

Fig. 52 Agua Fria is the largest and
most dispersed community included
in this project. The sites selected by
the community as the most
appropriate to build the communal
tanks were the two churches located
on opposite sides of the community.
Work in this community has required
significant planning and volunteer
helpers are seen meeting at the
school with Nuevas Esperanzas’
staff.

Fig. 53 One of the tanks in Agua Fria
was built at the top of a significant
(16 degree) slope. This meant a
significant investment in slope
stability with construction of terraces
down to the house below.

Fig. 54 The two retaining walls built
to prevent erosion and stabilise the
slope beneath the tank at Agua Fria.
These walls were built to allow
seepage, both between stones and
though drainage tubes installed in the
wall.



Construction of communal tank,

El Najo

Fig. 55 Whilst the community of El
Najo has no community building,
some of the traditional houses are
very large and the decision was
taken by the community to build the
communal rainwater tank at one of
these houses to take advantage of
the large roof area. Although some
of the corrugated galvanised iron
sheets were badly rusted, this does
not adversely affect water quality and
the house itself, which was built more
than 50 years ago, is structurally
sound.

Fig. 56 Fitting the gutters to this
building required many helpers and
good teamwork!

Fig. 57 Building supervisor Donaldo
Trujillo checks that a standard 20 litre
water container fits conveniently
under the tap.



Water quality sampling

Fig. 58 Samples were taken for
water quality analysis from all 21
rainwater harvesting tanks, as well as
all existing sources, including those
not used for drinking. This sample
was taken from as close as possible
to the source of this hot spring in San
Jacinto.

Fig. 59 Nuevas Esperanzas’
Director, Andrew Longley, takes a
sample from a rainwater tank for
bacteriological analysis.

Fig. 60 Nuevas Esperanzas’ Civil
Engineer, Arturo Juarez, prepares a
sample from a spring source for
incubation. Bacteriological analysis
is undertaken using the Oxfam
DelAgua field kit which uses the
membrane filtration methodology.



M Ferrocement Rainwater
nuésperan Harvesting Tank — 20 m®

Drawing 1 : General scheme of tank and tap
station with dimensions for typical domestic tank
of 20,000 litre capacity.

NOT TO SCALE

Drawn by: Ing. Arturo Ju




M Ferrocement Rainwater
nugsperanZ®  Harvesting Tank — 20 m®

Drawing 2: Detail of construction of tank base
showing ground preparation, reinforced concrete
base and central column.

NOT TO SCALE

Drawn by: Ing. Arturo Ju
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M Ferrocement Rainwater
nuésperan Harvesting Tank — 20 m?

Drawing 3 : Detail of construction of tank walls
showing spacing of pre-stressed 16 gauge
galvanised wire.

NOT TO SCALE

Drawn by: Ing. Arturo Ju

/ gy

Y

"
%




$(#

G R

-/

B
o068
&
o nas
9068
05051
o8e8
4 A
8 S
a &
a o0ee
e
5 5!
] S
AR SRS
e aleses g 508,
26!/ e2e8 o0eS
3 e
393020888 2618288 4568,
e ieeatstes 0allalel 988,
9 T0T05 0305 20//0305 9503
SRR 82i1 2826 3
R 3 2 q i
T ISeTuS 5 e
RS e SRR
505 & 9515958 5050,
o be 8 oo!latel 9558
oo e S 3508
2 2 ®
108 S5 8 SISESe! SBSS:
BT SISe 858 ! = H 0T 593
TR 2ii08; 526 9 256282 268
SRR TR SR Seiozes aZes
] 2 2 228262 2/ 2aS 2
R i R 2 2 q 2828282
PO a8 8756050595 39/[0595! CHC
= =8cs
SRR a8 SR S azes 5
0262676 20128 P05 829 2 8 i
] 2 2 2 B282ES S

Ferrocement Rainwater

Harvesting Tank — 20 m*

-/S\as
nugg.‘;‘eran

Drawing 4: Detail of construction of tank walls
showing use of 6.2 mm welded mesh, chicken
wire and 16 gauge galvanised wire.
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Drawn by: Ing. Arturo Ju
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osP Harvesting Tank — 30 m?

Drawing 5: General scheme of tank and tap
station with dimensions for large domestic tank of
30,000 litre capacity.
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Drawn by: Ing. Arturo Ju
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Drawing 6: General scheme of tank and tap
station with dimensions for shared/communal tank
of 40,000 litre capacity.
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Drawn by: Ing. Arturo Ju




