Asese: Water Supply Feasibility Study

HYDROGEOLOGICAL ANALYSIS
Proposal
The proposal is for a water supply for a community of 80 families on the south-western margin of the
Asese peninsula, Municipality of Granada. The site of approximately 17 manzanas was purchased by
Seed International Fund Trust (SIFT) in order to house families displaced from the Isletas of Granada.
The land includes approximately 1.5 km of lacustrine coast, along with small hills, open woods and
low-lying wetlands. The proposed development is for a community of 80 houses in the inland part of
the site, as well as other facilities such as a small marina and community buildings. The area is of
outstanding natural beauty and great care is being taken to ensure that the environmentally sensitive
areas remain undeveloped and 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 722 after 20 years. The estimated water demand is approximately 200
m3/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 gravity-fed distribution system. This report assesses the technical feasibility of
meeting the required demand and recommends design criteria for the drilling of a borehole. The
potential environmental impact of the proposed water supply is also considered.
The location of the site is marked with a red flag on the 1:50,000 map below:
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Geological setting
The proposed site is part of a peninsula and archipelago which protrudes into Lake Nicaragua just south
of the city of Granada, at the foot of Volcán Mombacho. It is located on the eastern side of the
subduction-related volcanic chain which runs from north-west to south-east 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 tectonically active and has one of the highest rates of plate convergence
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 different types of volcanoes including
stratovolcanoes, composite volcanoes, calderas and cinder cones with variable compositions. Volcán
Mombacho is a 1344-metre andesitic and basaltic stratovolcano which is considered to be dormant,
although it has fumarolic activity near its summit. The site in question lies at the edge of Nicaragua’s
central depression, an alluvium-filled trough which lies to the north-east of the volcanic chain. The
proximity of the peninsula and archipelago to Volcán Mombacho, as shown in the satellite image
below, is an important clue to as to its origin.
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The location of the proposed site as seen from the slopes of Volcán Mombacho is shown below:

As can be seen from the 3-D relief map below (constructed from a 90-metre grid resolution Digital
Elevation Model), the Asese peninsula and associated archipelago form an apron at the foot of a
deeply-incised scar in the north-east flank of the volcano, suggestive of a talus deposit formed by the
collapse of the volcano side. The possible extent of this scar and associated deposit are indicated in
yellow.
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From geomorphological considerations alone, it is relatively obvious that the Asese peninsula and
associated archipelago were formed by a lahar (debris flow). Lahars are common features of active
volcanic ranges and are often associated with intense rainfall events following eruptions.
Gravitationally unstable volcaniclastics and lavas on the upper slopes of rapidly-growing volcanoes are
further weakened by hydrothermal alteration, and saturation from intense rainfall events can be the
final catalyst needed for catastrophic slope failure. The lahar which formed the peninsula of Asese was
of a similar scale to the infamous mudslide at Casita which killed around 3000 people on 30th October
1998, following intense rainfall during Hurricane Mitch. Volcán Mombacho has experienced several
large-scale 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 further lahars at Volcán Mombacho have been studied by the
United States Geological Survey (Vallance, et.al., 2001, USGS Open-File Report 01-455) 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).

Whilst the Asese peninsula lies beyond the reach of any of the modelled scenarios for future lahars, it is
clearly shown as being part of a previous ‘debris avalanche’. The thickness, volume and timing of the
event which gave rise to these deposits are all unknown but the general geological setting is reasonably
clear.
4

Asese: Water Supply Feasibility Study

The deposits themselves are typical for lahars of this scale. The islands and raised parts of the
peninsula are comprised of large blocks, some of which are more than 5 m in length. They are mostly
basaltic in composition and form irregular and structureless deposits as shown below.

Between the large blocks of lava, the matrix of the lahar is comprised of a poorly sorted and jumbled
mixture of unconsolidated silty sands, silts and clays. Lahar deposits typically contain a mixture of
lavas, volcaniclastic sediments and clays which result from weathering 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 contain better sorted sands and silts than are present in the
superficial deposits (pers. comm. IPEMSA), perhaps indicating the presence of underlying
volcaniclastic and/or alluvial sediments of the Pleistocene Las Sierras Group.
The Las Sierras Group outcrops 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 semi-consolidated volcaniclastic and alluvial deposits with grain
sizes ranging from silts to gravels. These sediments are cross-cut by extensional faults and intrusions
related to Holocene volcanism. A cross-section from south-west to north-east through the Pacific zone
of Nicaragua is shown below. This figure has been modified from the Mapa Geologico Minero de la
Republica de Nicaragua (INETER, 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 Nicaragua (Cocibolca), the second largest lake in Latin America at 8264 km2. The
lake is fed by numerous rivers including the Rio Tipitapa which is sourced by Lake Managua
(Xolotlán). A hydrograph of lake levels for Lake Nicaragua at Paso Panaloya (Estación 690302) is
shown below:
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The level of the lake shows 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 maximum level attained during the subsequent wet season. This is also apparent from
the level of the lake following Hurricane Mitch in October 1998. The lake rose sharply from 30.8 masl
in September to 31.8 masl in November but its maximum at the end of the wet season was exceeded the
following year which recorded 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 week (Las Lluvias del Siglo en Nicaragua, INETER, 1998). The slow response 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 wetlands. Since much of the
peninsula is low-lying, there are many areas susceptible to flooding, either directly from the incursion
of lake water or, where there is no direct connection with the lake, from resurgent groundwater which
itself is influenced by the level of the lake. Some parts of the peninsula are below the maximum level
of the lake, but do not appear to be as susceptible to flooding, an indication of the relatively poor
transmissivity of some parts of the lahar sediments.
The shallow hydrogeology of the Asese peninsula and the Isletas is highly varied due to the
heterogeneous nature of the lahar deposit. Poorly sorted sediments with significant proportions of finegrained materials including silts and clays are likely to have relatively low hydraulic conductivities,
whilst the volcaniclastic despoits and large boulders of lava which are also incorporated into the lahar
may be more permeable.
Underlying the superficial deposits are volcaniclastics and alluvial deposits of the Las Sierras Group
which is a regionally important and, in places, high yielding aquifer. It is likely 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 two are poorly connected in the area of Asese. Yields from boreholes in the area are
variable, but supplies of 15-18 gallons per minute (82-98 m3/day) have been reported from wells drilled
to 80 feet (24.4 m) in which the superficial deposits have been cased out due to ground instability (pers.
comm. IPEMSA).
The area of interest is covered by the maps and report Estudios Hidrogeológicos e Hidroquímicos de la
Región del Pacífico de Nicaragua (Krasny & Hecht, 1998, published by INETER), which indicate that
the Asese peninsula has a transmissivity of between 100 and 1000 m2/day, noting the paucity of data in
the area and thus the unreliable nature of the estimate. Regional groundwater flow is from the recharge
zone in the hills and volcanoes to the west, towards the discharge zone, Lake Nicaragua itself. This
means that if there 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 of HCO 3-Ca or
HCO3-Ca-Mg type. It is important to note, however, that poorer quality water exists in the area to the
north and to the south-west of the peninsula due to upwelling waters of Cl-Na type at both Laguna de
Apoyo and Volcán Mombacho. This is shown in the map segment below, modified from Krasny &
Hecht (1998).
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Since groundwater flow is generally from the south-west to the north-east in this area, a ‘contaminant’
plume of Cl-Na water exists, flowing from the north-east 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 Granada. Similarly, groundwater flowing towards the north-east from Volcán Mombacho is
of HCO3-Cl-Na type with TDS values in excess of 500 mg/l. Whilst groundwater in the peninsula of
Asese itself is shown as being of suitable quality for potable use, it is unlikely that much data exists for
this area and it is probable that water quality assessments are based on samples of surface water or
shallow groundwater, if on any sampling at all. There is a risk that at depth beneath the peninsula of
Asese, groundwater is affected by this ‘plume’ and that water abstracted from a deep borehole may not
be suitable for drinking due to high concentrations of chloride.

Site investigation
Site-specific information has been analysed from both a walk-over survey and soil sampling at six
locations. Much of the site 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 markers corresponds very closely to the 32 m
contour line on the topographic survey of the site undertaken on 14th April 2005. This correlates well
with the maximum recorded lake level in 2005 at Paso Panaloya of 32.07 masl (26th October).
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The southern margin of the site at the edge of the lake is a wetland area. Although only inundated for a
few months of the year, this area is perennially wet with the groundwater level only a few centimetres
below the surface. Although no data are available for the gradient of the water table it was observed at
the end of the dry season that groundwater drained towards the lake along a very shallow gradient. The
presence of perennial wetlands and groundwater flow from the peninsula to the lake at the end of the
dry season indicates a relatively low aquifer diffusivity (ratio of transmissivity to storativity), i.e. the
combination of high storage and low permeability allows the aquifer to retain enough water and release
it slowly enough to maintain baseflow to the end of the dry season. This is typical of low-yielding
aquifers with high silt content. Aquifer recharge probably results from a combination of direct
precipitation and inflow from the lake when lake levels are high, equivalent to the ‘bankside storage’
effect observed in river systems. Since no time series data are available of groundwater levels it is not
possible to prove whether the hydraulic gradient is reversed in this way, but the range of lake levels
from 1998-2005 of around 2 m suggests that this is likely.
The photograph below, taken on 5th May 2006 at the end of the dry season, shows the wetland area
with a small flow draining towards the lake.
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There are several small hand-dug wells on the site, both within the wetland area and on higher ground.
Groundwater levels in these wells appeared to closely reflect the lake level at the time of observation
(19th September 2006). The pH and TDS of water from one of these wells were recorded as 8.5 and
400 mg/l respectively. The TDS was somewhat higher than values typically reported for Lake
Nicaragua which are in the range 100-250 mg/l with a mean of 157 mg/l (Krasny & Hecht, 1998), but
this does not necessarily imply that groundwater is unconnected with the lake water.
A soil survey (for the purposes of design of foundations) was undertaken by Ingeniería de Materiales y
Suelos (IMS) in August 2006, with cores of between 4 and 5 metres taken at six sites. Laboratory work
included sieve analysis of samples of several horizons from each core. The lithological logs and sieve
analysis data have been used to interpret aquifer properties of the superficial (lahar) sediments. A plan
of the proposed layout of the central part of the site with the locations of the core sampling points is
shown below.
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A summary of the lithologies encountered at each numbered point is given below:
Sondeo No. De (m)
Hasta (m)
1
0.00
0.45
0.45
4.50
2
0.00
2.25
2.25
2.55
2.55
3.55
3.55
4.00
3
0.00
0.45
0.45
0.80
0.80
3.05
3.05
3.55
3.55
4.00
4
0.00
0.45
0.45
1.20
1.20
1.85
1.85
3.15
3.15
3.45
3.45
4.55
5
0.00
0.45
0.45
3.60
3.60
4.05
4.05
4.50
6
0.00
0.45
0.45
4.95

Litología
Arcilla
Arena limosa
Arena limosa
Limo
Toba volcánica
Limo
Limo
Bolones
Arena limosa
Bolones
Arena limosa
Limo
Bolones
Arena arcillosa, mal graduada
Bolones
Arena limosa, mal graduada
Bolones
Arcilla
Limo
Arena limosa
Limo
Arcilla
Limo

As shown above, two of the core samples encountered boulders (Nos. 3 and 4), both of which were
from small hills within the site. The two samples taken from the low-lying areas (Nos. 1 and 5)
recorded clay, silt and silty sand as did the two samples taken from slightly higher ground. One core
(No. 2) encountered volcaniclastic deposits, probably from within the lahar, in view of its depth. In
view of the large amount of silt and clay present in the core samples, the superficial deposits are likely
to have low transmissivity.
In order to estimate the hydraulic conductivity of the coarsest parts of the lahar deposits, an analysis
was undertaken using the Hazen approximation of the silty sands encountered in core samples Nos. 1, 3
and 5. The grain size distribution from sieve analysis was plotted on a logarithmic scale, and an
estimate made of the d10 grain size (effective grain size), the size at which 90% of the sample is coarser
and 10% of the sample is finer. Ideally this value is obtained by interpolation of points plotted on the
graph. Note that in this analysis, the d10 grain size was finer than the finest sieve used and thus the
value was estimated by extrapolation rather than interpolation, thereby increasing the level of
uncertainty of the estimate. For this reason, only the three samples with the smallest percentages of
fines were used; finer grained samples would have required extrapolation to an even greater extent to
determine the d10 grain size. The plots of grain size distribution are shown below.
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Distribución granulométrica de muestras de arena limosa de Asese
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The d10 values for samples Nos. 1, 3 and 5 were 0.001 mm, 0.03 mm and 0.007 mm respectively. The
Hazen approximation is given by the following formula:
k = C (d10)2
where k is the hydraulic conductivity in m/d, d10 is the effective grain size in mm, and C is a constant
which depends on the type of material being analysed. For a fine sand with fines or poorly sorted fine
sand, this value is between 350 and 700 (Field Hydrogeology, Rick Brassington, 1998).
The hydraulic conductivities derived for these three samples are as follows:
Sample No.
d10 (mm)
k - lower limit (m/d)
k - upper limit (m/d)

1
0.001
0.00035
0.0007

3
0.03
0.32
0.63

5
0.007
0.017
0.034

Only the most optimistic of these estimates (0.63 m/d) could be considered sufficient to classify the
deposit as a productive aquifer. Using the Logan’s rule approximation
s = 1.22 Q/T
where s is the drawdown in m, Q is the required yield in m3/day and T is the transmissivity in m2/day,
the saturated thickness of aquifer which would be necessary to produce the required yield of 200
m3/day would be around 20 m, assuming that the entire thickness of the aquifer had a hydraulic
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conductivity of around 0.63 m/d. In view of the heterogeneity of the lahar deposits and the results
obtained from the soil survey, it is extremely unlikely that this is the case. It is therefore concluded that
the superficial deposits are unlikely to produce the required yield.

Recommendations for the proposed borehole
The proximity of the proposed project site to a large body of freshwater would suggest that an ample
supply of potable water should be readily available. However, it is clear from the above findings that
the drilling of a borehole at the site will not be without its challenges. The superficial deposits are
clearly water-bearing and, if sufficiently well protected from contamination, would be a potential
source of good quality water. However, the high proportion of fine-grained material in these deposits
is likely to result in a poor yield and/or a large drawdown in the water table. The deeper aquifer, on the
other hand, is more likely to produce an adequate yield, but with the risk that water of poorer quality
will be encountered. Other boreholes drilled on the peninsula have produced yields of up to 100
m3/day, but this is only half what is required for the present project. In addition, there may be technical
challenges with the construction of the well including instability in the superficial deposits, ingress of
sand into the well at depth and the possible risk of encountering artesian conditions at depth. It is
important that all these issues are identified and understood by all relevant parties from the outset, and
it is recommended that a drilling contractor who has experience of all the above conditions is used.
In order to maximise the potential yield of the borehole and to minimise its potential environmental
impact, it is recommended that it is located such that it is closer to the lake margin than it is to the
wetland area in the south-east part of the site. The most suitable location is thus to the west of the
proposed housing area, approximately 50 m north-east of the proposed marina. The precise location
within this general area is not critical from hydrogeological considerations and can be determined in
accordance with urban design constraints.
It is recommended that an appropriate drilling method is used which allows continuous formation
sampling, so that decisions on the required depth and potential yield can be taken as drilling progresses.
It is possible that a borehole of around 30 m depth may be adequate, although it may be necessary to
drill significantly deeper if a significant thickness of unstable deposits need to be cased out or if ‘clean’
sands are not encountered within the first 30 m. It is recommended that careful monitoring of water
quality parameters is also undertaken as drilling progresses.
A preliminary specification for the borehole is proposed as follows:
Method:
Depth:
Drilled diameter:

Screen/casing diameter:
Screen length:
Screen type:
Filter pack:
Grout:

Rotary (with fluids) or percussion
30 – 60 m (to be assessed during drilling)
12” (unstable formations may need to be drilled at 16” and cased
out separately with provision for possible artesian conditions
depending on the method used)
4”, allowing a 4” annulus for filter pack
To be determined during drilling
Johnson screen or equivalent
To be prepared based on sieve analysis of formation
Bentonite/cement mix
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Well development:
Pumping test:

To be determined after drilling
A step-drawdown test will be required and a constant rate test (to
be determined after analysis of step-drawdown test results)

Environmental impact
The proposed abstraction of groundwater will not have any detectable impact in terms of the overall
water balance of the area, since Lake Nicaragua can effectively be regarded as an infinite water body
by comparison. There are no outflowing watercourses which will be impacted and the entire
abstraction will be at the expense of flow into the lake. The potential does exist, however, for an
impact on groundwater levels due to drawdown. Whilst this is of no importance in most of the site,
groundwater levels are critical to the maintenance of wetland conditions in the ecologically sensitive
area in the south-east of the site.
Abstraction of groundwater from boreholes creates a ‘cone of depression’ in the water table which
reduces groundwater levels locally modifies groundwater flow directions. In the case of the proposed
borehole at Asese, however, local factors may mitigate this impact. Not only is the proposed borehole
site located around 150 m from the wetland, but its proximity to the lake will reduce the spread of the
cone of depression, as the lake acts as a boundary which is able to supply limitless amounts of water to
the pumping well. Also, casing out of the superficial deposits during drilling will ensure that the well
is only drawing water directly from the deeper aquifer; although the degree of hydraulic continuity
between the deeper aquifer and the wetland-related superficial deposits is not known, it seems likely
from the evidence presented above that the continuity is poor thereby protecting the wetland from
groundwater abstraction at depth. As a precaution, however, it is recommended that a constant rate
pumping test of sufficient duration is undertaken, including monitoring of groundwater levels in the
wetland.

Conclusions
The proposed abstraction of groundwater at Asese is feasible, although the required yield of 200
m3/day cannot be guaranteed. It is recommended that a well of at least 30 m is drilled and precautions
taken for unstable ground, ingress of sand and artesian conditions. There is a small risk that the quality
of groundwater obtained will not be appropriate for potable use. The environmental impact of the
abstraction can be minimised by appropriate siting of the borehole and installation of casing to prevent
drawdown in superficial deposits.

Report prepared by:

Andrew Longley PhD, MSc, MA, FGS
Director, Nuevas Esperanzas UK & Consultant Hydrogeologist
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