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ABSTRACT 

 
We have used a suite of geophysical tools to characterize subsurface water for the village of Chasnigua, 
Honduras.  The village is small, with approximately 50 families (300 people) that rely on surface water of poor 
quality and, during the dry season, often dries up entirely. They have asked for assistance in developing water 
well, storage and distribution system. Honduras is economically one of the poorest countries in the western 
hemisphere, with about half the population below the poverty line. Consequently, the people do what they can 
to subsist on the land. This location is one with economic hardships and complex geology and hydrology.  
Geophysics aided in locating two sites for water wells in the unweathered volcanic terrain.  Because of the 
complex nature of the site and because of a lack of previous geophysical information, a suite of measurements 
was used.  These included magnetic and magnetic gradient measurements, self potential (SP), direct current 
(DC) resistivity, and Frequency Domain Electromagnetic Studies.   Water sampling and testing augmented the 
geophysical data and aided in interpretation. While geophysical measurements were acquired, an 
interdisciplinary team of senior level engineering students, working through the Humanitarian Engineering 
Program at Colorado School of Mines, worked with the people of Chasnigua and developed a design for the 
water treatment, storage and distribution system. Simultaneously, these students also be considered the full 
cycle of water and therefore engaged in community discussions of waste water recycling and sanitation with 
likely integration into family or community gardens.  The village of Chasnigua actively participated in all 
phases of the project.  Students from Universidad Autonoma de Honduras, Campus Valle Sula, a local branch of 
the Honduran public university, worked with the CSM group to learn about geophysical measurements, help 
with the collection of field data, and help with the water sampling. 
 
 

BACKGROUND ON THE FIELD SITE 
 

The rural village of Chasnigua, Honduras, is located in the mountains near the borders of the Cortez and Santa 
Barbara Departments.  Figures 1 – 3 show the location of Chasnigua.  The village is small, with approximately 
50 families (300 people) that rely on water from a bacterially contaminated stream that is collected and piped by 
gravity flow to their homes. They have asked for assistance in developing a water well, storage and distribution 
system.  

 



 
Figure 1. Map of northern Central America, highlighting Honduras with a circle showing field site (Google 

maps). 
 
 



 
 

Figure 2. Map (250000:1) of the Sula valley in northern Honduras. The circle is the approximate location of 
Chasnigua. 

 



 
Figure 3. 50,000:1 topographic map of the village Chasnigua circled. 

 
The village of Chasnigua in Honduras is located in volcanic terrain. A geologic map (Figure 4) shows an area of 
Tertiary Volcanism with nearby outcrops of carbonates.  Therefore, the geology and hydrology are complicated 
and the hydrology is probably fracture or structure- controlled.  In these situations, geophysical tools can help to 
determine the best location for water wells. Standard methods are recommended for exploration by Van Dongen 
and Woodhouse (1994), as well as Ward (1990), Reynolds (1997), and many others.  A literature search 
revealed a geologic cross-section generalized for Honduras (see Figure 5).  Also, an airborne magnetic survey 
was found with shows general structural trends (see Figure 6). 
 

 
Figure 4. Geologic map of Honduras with a circle showing the field site (Bundschuh and Alvarado, 2007). 



 
Figure 5. Generalized stratigraphic column of Honduras (Mann 2007). 

 

 
Figure 6.  

Airborne magnetic and structural  map of Honduras (Mann 2007). 
 

The Geophysical Field Plan 
 

Geophysical tools can help to determine the best location for water wells especially in areas of complex geology 
and hydrology. Standard methods are recommended for exploration by Van Dongen and Woodhouse (1994), as 
well as Ward (1990), Reynolds (1997), and many others.  Previous work by Colorado School of Mines in a 
valley about 15 miles from the village mapped water table using Dipole-Dipole Resistivity measurements 



(Skokan and Munoz, 2006).  This tool proved helpful as well in the more mountainous area.  However, the 
more complex structure demanded different tools, or a combination of devices.  We used a variety of surface 
geophysical tools:  electromagnetic, very low frequency (VLF), SP,  magnetics and magnetic gradiometry, DC 
resistivity, to try to unravel the complex structure of the subsurface.  Water samples were also taken (see Figure 
10) 
a) at an existing well,  
b) within a local pila (or concrete home water storage tank) and  
c) at the reservoir on a small creek currently used for potable water by the local people.  
These samples were analyzed to yield a better understanding of the physical properties of the near-surface and 
assist in the geologic interpretation process.  The results from these studies have helped to determine the best 
location for the citing of water wells for the community.  This combined information suggests a protocol for 
groundwater mapping in volcanic areas with complex geology for future projects. 
 

Field Trips to Honduras 
March 2009  The first trip field data collection included a total-field magnetics survey, a magnetic gradiometer 
survey, and EM-31 and EM-34 mapping.  A grid was established in an 80 by 100 meter area with ten-meter 
spacings. The Trimble Pro-XRS GPS units were used for station location determinations (see Figure 7).    
Magnetic and both vertical and horizontal magnetic gradient measurements were first surveyed (Figure 8).  
Then EM-31 and EM-34 (Figure 9) measurements were made at the same locations as the magnetic survey 
stations. For the EM-34 measurements, 10 – 20- and 40 meter spacings were recorded.  Also, water was 
sampled, and a topographic map was created with use of a GPS system. The EM 31 and EM43 data were 
consistent with the magnetic and magnetic gradient measurements and helped to delineate the local structure.  A 
structural trend striking NW-SE appeared along with a set of more complex structures to the south.   
 

Village Map from Google Earth & 
GPS Measurements
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Figure 7:  Map of the Village of Chasnigua showing the location of the detailed 
geophysical surveys along with measurements made for present and future water 
distribution systems. 



 
Figure 8. Magnetic and Magnetic Gradient Data 

EM34 – 40m Loop Spacing

 
Figure 9:  EM-34 measurements using a 40 meter loop spacing. 

 
 



 
 
 
Figure 10.   Water sampling with CSM and Autonoma University students. 
 
June 2009:  In the second visit, DC resistivity surveys using the dipole-dipole configuration were undertaken 
with a Supersting Resistivity Meter. The location of the first line was situated perpendicular to the overall 
structural trend (Figure 11).  N (see Figure 12)-spacings of 5, 10, and 20 meters were used.  A second survey 
line was located perpendicular survey line to the first dipole-dipole line (see Figure 6).  The lines extended 
beyond the original 80 by 100 meter survey area where the magnetic and electromagnetic data were collected.   

Approximate Locations of 
DC Resistivity Lines

 
Figure 11:  Location of the DC Resistivity lines showing the extension beyond the purple 
survey area where magnetic and electromagnetic data were taken. 
 



DC Resistivity Results: NE/SW 500 m line, 
20 m electrode spacing

         
Figure 12:  Results of Dipole-Dipole inversion of data from a NE/SW 500 meter line using 
electrode spacings of 20 meters. 

 
The initial magnetic and electromagnetic survey tools confirmed the complex nature of the geology of the area.  
However, a structural trend northeast-southwest was recognized.  Overlaying the regional trend were more 
complex signatures.  Based upon the general structural trend, the dipole-dipole soundings were located.  These 
perpendicular surveys with multiple n-spacings showed a highly resistive region to the northwest where there 
were numerous volcanic outcroppings.  Toward the middle of the profiles, a more conductive zone appeared on 
the original inverted cross sections (lines 1 and 2). This was previously determined to be a good location for a 
water well for the Chasnigua community as this represents more brittle material that has likely fractured 
allowing surface water to penetrate to lower lying aquifers. It should be noted that this was also the low lying 
area for the village. Towards the end of the second trip, a political disruption occurred in Honduras.  Our field 
crew was subject to curfews and finally came home safely.  This political situation caused a delay in our project 
and a no-cost extension was granted to deal with this problem. 
 
We worked closely with a North American aid worker to develop the first sets of data acquired during the first 
two visits to Chasnigua. He was involved with the development of an orphanage for the Episcopal Church. He 
was also serving as caretaker of the church land on which our initial measurements were made and in fact 
encouraged us to make measurements on the land in anticipation of a community well. Additionally, the 
municipality had drilled a 200 foot deep well near the confluence of two streams located just upstream of the 
church property. A faith-based non-profit had installed a small submersible pump in that well drilled by the 
water and sanitation department of the municipality of Villanueva (similar to a county seat responsible for this 
area). However, the well was experiencing poor transmission of water. The townspeople were able to collect 
approximately 10 gal/min water for an hour or two per day, but the pump would run dry and they would have to 
wait for 20-24 hours before restarting the pump. This was the first evidence that the subsurface in that location 
likely contained low permeability material. 
 After sharing the results from the first series of tests with the North American aid worker, and noting the 
potential for a productive water well site on that land, he indicated a strongly worded desire to not have a well 
located on that land. He was worried about the ensuing traffic negatively affecting the coffee plants that he had 
placed on the land prior to the study. The team tried to reason with him but he would not relent. Rather than 
pursue an alternate decision from the local Bishop, we asked for an additional no-cost extension and elected to 
return to Chasnigua to acquire additional DC resistivity data outside the church land.  



One advantage of acquiring additional data is the resulting more complete understanding of the local 
subsurface in the area. Two additional lines were acquired with the DC resistivity. During this trip the 
Supersting was not available. Instead, we rented an older unit, the Syscal R1 Earth Resistivity meter which took 
longer to acquire the data and therefore limited the variations in spacing to 20 meters only. Figure 13 provides 
an indication of all of the measurements acquired with the DC resistivity. 

 
Figure 13. Google earth photo of the area of study in Chasnigua.  The yellow shaded area shows the location of 
the magnetic and electromagnetic profiles.  The four lines indicated the DC profiles. 
 
 Lines 1 and 2 were acquired during the prior visits to the area. Lines 3 and 4 were collected in August 
2010. Note the location of the existing well (the red dot) discussed earlier. The inversion results of lines 3 and 4 
are shown below in Figures 14 and 15, respectively. 



 
Figure 14 Comparison of the inversion results for lines 1 and 3 showing some of the same geologic features 

continuing in a northeasterly direction. 

 
Figure 15. Inversion results for line 4 indicating the likely pervasive presence of clays and shales. 

 
 
March 2011:  A fourth and final trip was made to meet with the village governmental officials of Chasnigua 
and finalize our recommendations for a new well location.  We also discussed the application for funding 
through CEPUDO, a local Honduran non-governmental organization (NGO), to enable a well to be drilled.  
While in Honduras, we ran a short SP line over the same area as line 3 of the DC lines to further verify the 
favorability of the well location.  Figure 16 shows the results of this survey and confirms that a good well siting 
would be as indicated. 
 



 
Figure 16.  DC line 3 with SP profile.  A favorable well location is indicated. 
 

Interpretation and Conclusions 
The initial magnetic and electromagnetic survey tools confirmed the complex nature of the geology of 

the area.  However, a structural trend north-south was recognized.  Overlaying the regional trend were more 
complex signatures.  Based upon the general structural trend, the dipole-dipole soundings were located.  These 
perpendicular surveys with multiple n-spacing showed a relatively resistive region to the northwest where there 
were numerous volcanic outcroppings.  Toward the middle of the profiles, a more conductive zone appeared on 
the original inverted cross sections (lines 1 and 2). This was previously determined to be a good location for a 
water well for the Chasnigua community as this represents more brittle material that has likely fractured 
allowing surface water to penetrate to lower lying aquifers. It should be noted that this was also the low lying 
area for the village. However, as was previously noted, we encountered a change in the desire of the person 
designated as the caretaker for the church land and therefore returned to make additional measurements.  

Figure 14 includes two inversion results; the bottom image represents that of line 1 and was presented in 
an earlier paper (Munoz and Skokan, 2010). Whereas the top image represents the subsurface resistivity for line 
3. Some of the features observed in line 1 were also observed in line 3. A dashed line is used to connect similar 
features. Additionally there are potential faults visible, allowing a path for water propagation from the surface to 
a lower lying aquifer. Figure 15 is the inversion for line 4 that passes directly over the existing well. The 
resistivity magnitudes are consistent with that of clay and shale (and is consistent with clay observed at the 
surface), in which water permeability is low. These results corroborate the difficulties that villagers had 
previously experienced when trying to access water from that well. From the geophysical study described 
above, an overall image of the subsurface is surmised and depicted in Figure 16 below. Basalt is predominating 
to the west (left side) of the line running NE/SW, while clay and shale (to depths of ~40m or more) are believed 
to reside on the east side of this line, at least within the vicinity of the streams. There are also outcrops of 
limestone on the surface of the hills located further east of this location but this is not present in the survey area. 
Surface and subsurface maps have been developed which are used to explain the poor performance of an 
existing well (see the red dot on the right side of Figure 13 for well location) and develop a budget for a water 
system. Our electrical resistivity results are consistent for a 40 m thick layer clay and shale at the existing well 
location. These materials have very low permeability to water (see the blue region of Figure 15, bottom 
graphic). The existing well, installed by the municipality of Villanueva prior to this study, can be run for only 
an hour a day (at 0.63 l/s or 10 gal/min) before it has to be turned off for 12 hours to allow the well time to 
recharge. We are suggesting that a new well be drilled on land that is available and associated with the left (or 
west side) of line 3 shown in Figure 17 and 18. Basalt is old volcanic rock that is brittle and will fracture, 



allowing surface and subsurface water to penetrate to lower lying aquifers. We believe these areas will offer 
much improved well performance. 

 

 
Figure 17 Approximate delineation of basalts and clays residing in the Chasnigua valley. 

 



 
Figure 18. Generalized geologic cross section that runs along line 1. This cross section extends past the ends of 
line 1 to show the regional geology. The line 1 DC resistivity data is included above as a reference. The old 
well refers to the original well drilled. New well refers to the recommended location for the new well. In this 
figure, east is to the right and west is to the left (Weaver, 2011). 
  
There is a small road running parallel to line three, along which we have suggested the placement of a new well. 
The electrical power is located along the main road going through Chasnigua, but not along this secondary road. 
Efforts are underway to work with local leaders, non-governmental agencies and the municipality of Villanueva 
to drill a new well, construct a water tank and water distribution system for Chasnigua. 
 



Additional Studies: 
 
  A team of engineering students mapped the area with the GPS units to yield sufficient information to design a 
water distribution system, found a suitable location for the water storage tank to provide sufficient pressure for 
gravity feed to each home. Water samples were extracted from the source flows and at various home storage 
tanks (called “pilas”). Laboratory testing results indicate nonfecal coliform levels well above World Health 
Organization (WHO) standards and acceptable metal concentrations. To mitigate the bacterial water quality 
issues, a system including a novel self cleaning rough filter, followed by a slow sand filter, were designed and 
included in a final report that was translated into Spanish and shared with the villagers. Water distribution lines 
have also been developed for gravity flow from a tank storage location as shown in Figure 19. 

 
Figure 19. Water distribution system allows gravity flow from water storage tank to each home. 

 An estimate of the expenses for completing the water project follow from analysis of the pipe lengths 
relative to the proposed water tank location and the location of each home, and knowledge of the terrain and 
subsurface. We have requested funds to offset the cost of travel from the US to Honduras from an NGO, 
CEPUDO. 
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