W Asese: Water Supply Feasibility Study

HYDROGEOLOGICAL ANALYSIS

Proposal

The proposal is for a water supply for a communpity0 families on thesouthwestern margin of the
Asese peninsula, Municipality of Granad@he site of approximately 17 manzanas was purchased by
Seed Internationdfund Trust (SIFT) in order to house familgisplacedfrom the Isletas of Granada.

The land includes approximately 1.5 km of lacustrine coast, alongswitil hills, open woods and
low-lying wetlands. The proposed development is for a community db86es in the inland part of

the site, as well as other facilities such as a small marina and community buildingsredhs of
outstanding natural beauty and great care is being taken to ensure teavitbeamentally sensitive
areasremain undevelogkand unaffected by the proposed development. The initial population of the
community is estimated to be approximately 400 and based on standard projections of population
growth, this may rise to around Zafter 20 years.The estimated water demand peoximately D0

m/day and it is proposed that this is supplied from a borehole to be drilled within the site by means of
a header tank and grawtgd distribution system. This report assesses the technical feasibility of
meeting the required demand aretommends design criteria for the drilling of a borehole. The
potential environmental impact of the proposed water supplig@onsidered.

The location of the site imarked with a red flagn the1:50,000map below:
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Geological setting

The proposed sitis part of a peninsula and archipelagaich protrudes into Lake Nicaragua just south

of the city of Granadaat the foot of VolcA Mombacho. It is located on the eastern side of the
subductiorrelated volcanic chaiwhich runs from nortiwest to soutkeast along the Pacific side of
Nicaragua, parallel to the oceanic trench which marks the boundary between the convergent Cocos and
Caribbean plates. This zone is tectonicaliyiveand has one of the highest rates latgpconvergence

in the world at around 9 cm/year, producing high levels of seismic and volcanic activity. In common
with other subduction zones, Nicaragua has many differgpest of volcanoes incluth
stratovolcanoes, composite volcanoes, calderasiadgr cones witlvariablecompositions. Volcan
Mombacho is a 134#hetre andesitic and basaltic stratovolcano which is considered to be dormant,
although it has fumarolic activity near its summithe si te i n question | ies
cental depresion, an alluviurdilled trough which lies to the nortbast of the volcanic chain. The
proximity of the peninsula and archipelago to Volcan Mombaelsoshown in the satellite image
below,is an important clue to as to its origin.

“+\/olcan'Mombacho

Sitio del proyecto
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The location of the proposed site as seen from the slopes of Volcan Mombacho is shown below:

As can be seen from thelBrelief map below (constructed from a-8tregrid resolution Digital
Elevation Moel), the Asese peninsula and associated archipelago forapran at the foot of a
deeplyincised scar in the norast flank of the volcano, suggestive of a talus deposit formed by the
collapse of the volcano side. The possible extent of this scarsandiated deposit are indicated in
yellow.
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From geomorphological considerations aloiteis relatively obvious thathe Asese peninsula and
associated archipelagoere formed by a lahar (debris flow)Lahars are common feaes of active
volcanic ranges and are often associated wiitense rainfall events following eruptions.
Gravitationally unstable volcaniclastics and lavas on the upper slopes of ygqudiyng volcanoes are
further weakened by hydrothermal alteratiamd saturation from intense rainfall events can be the
final catalyst needed for catastrophic slope failurae lahar which formd the peninsula of Aseses

of a similar scale to the infamousudslideat Casita which killed around 3000 people off 8&tober

1998, following intense rainfatluring Hurricane Mitch. Volcan Mombacho has experienced several
largescale lahars in the past, the most recent of which was in 1570 when a village was destroyed on the
south side of the volcano. Risks of furthendes at Volcan Mombacho have been studied by the
United States Geological Survéyallance, et.al., 2001, USGS OpEite Report 01455 and the map
below indicates areas with the highest risk (yellow), medium risk (pale and dark blue) and lower risk
(pink), as well as areas which are now underlain by deposits of debris avalanches (green).

EXPLANATION

Lahar-Hazard Zones

Channels that head on Mombacho voleano are subject to lahars generated
by landslides. debris avalanches, torrential rains, and easthquakes.

Distal hazard zones are subdivided mto four zones on the basis of a
range of hypothetical lahar volunes [3].

Area that could be inundated by a lahar having a volume of | million
cubic meters. Highest probability.

Area that could be inundated by a lahar having a volume of 2 million
cubic meters.

Area that could be inundated by a lahar having a vohme of 4 million
cubic meters,

Area that could be inundated by a labar having a velume of 8 million
cubic meters, Lowest probability.

Debris Avalanches
Areas now underlain by deposits of debris avalanches.

I BRNT

Whilst the Asese peninsula lies beyond the reach of any of the modelled scenarios for future ilghars, it
clearly shown as being partopar evi ous 6édebris aval anched. The
event whichgave rise to these deposits are all unknown but the general geological setting is reasonably
clear.
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The deposits themselves angpical for lahars of this scale The island and raised parts of the
peninsula are comprised of large blacksme of which are more than 5 m in lengithey aremostly
basaltic in compositioandform irregular and structureless deposits as shown below.

Between thedrge blocks of lava, the matrix of the lahar is comprised of a poorly sorted and jumbled
mixture of unconsolidated silty sands, silts and claahar deposits typically contain a mixture of
lavas, volcaniclastic sediments and clays which result fromh&gaty and hydrothermal alteration of
volcanic rocks. The thickness of the lahar deposit is unknown although boreholes drilled up to 25 m
deep on the peninsula have been found to coigtiter sorted sands and silts than are present in the
superficial a@posits (pers. comm. IPEMSA), perhaps indicating the presence of underlying
volcaniclastic and/or alluvial sedimenikthe Pleistocend.as SierrasGroup

TheLasSierrasGroupoutcrops to the west of Asese on the hillsides around Diriamba and San Marcos,
but underlies the Holocene deposits of the central depression. It is in excess of 500 m thick in places
and comprises unconsolidated and seamsolidated volcaniclastic and alluvial deposits with grain
sizes ranging from silts to gravels. These sedis@me crossut by extensional faults and intrusions
related to Holocene volcanism. A cressction from soutlwest to nortkeast through the Pacific zone

of Nicaragua is shown below. This figure has been modified frorMtpa Geologico Minero de la
Republica de NicaraguédINETER, 1995).
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Hydrological and hydrogeological setting

The Asese peninsula falls within the catchment of the Rio San Juan and the hydrology of the area is
dominated by Lake Nicarag&ocibolca) the second largest lake in Latkmerica at 8264 km The

lake is fed by numerous rivers includinige Rio Tipitapa which is sourced by Lake Managua
(Xolotlan). A hydrograph of lake levels for Lake Nicaragua at Paso Panaloya (Estacion 690302) is
shown below:

Niveles del Lago de Nicaragua a Paso Panaloya
(mediomensuales: 1998-2004; diarios: 2005)
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The level of the lakshows a clear annual cycle, but also demonstrates the relatively slow response of
the lake to precipitation, with the minimum level at the end of the dry season having a significant
influence on the maximunevel attainedduring the subsequent wet seasdihis is also apparent from

the level of the lake following Hurricane Mitch in October 1998. The lake rose sharply froom&61.8

in September to 31@aslin November but its maximum at the end of the wet season was exceeded the
following year which recaled a lower seasonal precipitation. The rise of only 1 m over two months of
Lake Nicaragua as a result of Hurricane Mitch contrasts sharply with Lake Managua which rose 3.5 m
in only one weekLas Lluvias del Siglo en NicaragutNETER, 1998) The slowresponse of Lake
Nicaragua is a reflection of both its size and the extent of its catchment

The Asese Peninsula itself has numerous small watercourses, lakes and w&landsnuch of the
peninsula is lowying, there are mangreassusceptible to floding, either directly from the incursion

of lake water or, where there is no direct connection with the lake, from resurgent groundwater which
itself isinfluencedby the level of the lake. Some parts of the peninsula are below the maximum level
of the bke, but do not appear to be as susceptible to flooding, an indication of the relatively poor
transmissivity osome parts athe lahar sediments.

The shallow hydrogeology of the Asese peninsula and the Isletas is highly varied due to the
heterogeneousature of the lahateposit Poorly sorted sediments with significant proportions of-fine
grained materials including silts and clays are likely to have relatively low tly@i@nductivities

whilst the volcaniclastic despoits and large boulders of \aligh are also incorporated into the lahar
may be more permeable.

Underlying the superficial deposiése volcaniclastics and alluvial deposits of tles SierrasGroup

which is a regionally important anth placeshigh yielding aquifer. 1t is likel that these deposits are
several hundred metres thick beneath the Asese peninsula, although some lavas may also be present
The degree of hydraulic continuity between this aquifer and the superficial deposits is unknown, but it
is possible that the twa@poorly connected in the area of Ase¥élds from boreholes in the arase

variable, but supplies of 188 gallons per minute (828 nt/day) have been reported from wells drilled

to 80 feet (24.4 m) in which the superficial deposits have been casddeto ground irtability (pers.

comm. IPEMSA).

The area of interest is covered by the maps and regtrtios Hidrogeoldgicos e Hidroquimicos de la
Region del Pacifico de Nicaragirasny & Hecht, 1998, published by INETER)hich indicate that

the Asese peninsula has a transmissivity of between 100 and £y moting the paucity of data in

the area and thus the unreliable nature of the estirRagional groundwater flows from therecharge

zone in the hills and volcanoes to the west, towahe discharge zone, Lake Nicaragua itsékis

means thatfithere is poor hydraulic connection between the shallow groundwater system and the
underlying regional aquifer, it is possible that artesian conditions exist close to the discharge zone.

Maps of groundwater quality indicate that groundwater in the Asese peninsula is ofG4CQ
HCO;-CaMg type. It is important to note, however, that poorer quality water exists in the area to the
north andto the southwestof the peninsulalue to upwelhg waters of GINa type at both Laguna de
Apoyo and Volcan MombachoThis isshown in the map segment belomodified from Krasny &
Hecht (1998)
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Since groundwater flow is generally fraime southwestto the northeast inthisarea a &6 c @ ™t a mi
plume of CiNa water exists, flowing from the norast side of Laguna de Apoyo towards Granada.
This gives rise to elevated TDS values (>1000 mg/l) and high chloride concentrations in groundwater
in parts of GranadaSimilarly, groundwater flowingdwards the nortleast from Volcan Mombacho is

of HCO;-ClI-Na type with TDS values in excess of 500 mg/l. Whilst groundwater in the peninsula of
Asese itself ishownas being of suitable quality for potable use, it is unlikely that much data exists for
this area andt is probablethat water quality assessments are basedaomples ofsurface water or
shallow groundwateiif on any sampling at all There is aisk that at deptbeneath the peninsula of
Asese, groundwat er amslthawateralostraeted friamya deep bosehole maywnah e 6
be suitable for drinking due to high concentrations of chloride.

Site investigation

Site-specific information has been analysed from both a wmlkr survey and soil sampling at six
locations. Much of thesite is relatively low lying and susceptible to flooding. The photograph below
shows the eastern part of the site. Stakes (painted red) mark the high water line of incursion of the lake
from the wet season of 2005. The line formed by these markeesponds very closely to the 32 m
contour line on the topographic survey of the site undertaken el 2005. This correlates well

with the maximum recoraklake level in 2005 at Paganaloya of 32.0fhasl(26" Octobey.



