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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 

m
3
/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 Nicaraguaôs 

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 30
th
 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 ódebris avalancheô.  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. 
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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 km
2
.  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: 

 

Niveles del Lago de Nicaragua a Paso Panaloya
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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 fine-

grained 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 m
3
/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 m
2
/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 HCO3-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 ócontaminantô 

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 óplumeô 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 14
th
 April 2005.  This correlates well 

with the maximum recorded lake level in 2005 at Paso Panaloya of 32.07 masl (26
th
 October). 

 

 

 

 


