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P31 - Determination of High Risk Zones in Urban Areas (Sinkholes)
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ABSTRACT

Two subsidence phenomena occurred in February 2007 and May
2010 in the urban area of Guatemala City. Both episodes were located
over the western drainage main collector. The first one presented 25
m diameter and 60 m depth; the second 27 m and 48 m respectively;
human casualties and urban damages resulted from these incidents.

An Electric Resistivity Tomography was carried out along the collec-
tor trace with three different arrays (dipole-dipole, Wenner-Schium-
berger, and Wenner). A total of 1,777 m were measured and distribu-
ted into six different profiles, ranging between 110 and 960 m, with an
investigation depth ranging between 30 and 100 m.

It is possible to observe several areas that could represent a risk to
urban facilities. There are high resistivity anomalies related to a poor
volcanic consolidated material, with presence of gas or high probabi-
lity of irregular caves. Also highly water saturated zones suggested
from the observed anomaly geometry. The water flow seems to follow
the direction of natural topography which decreases from West to
East. In case that the interstitial water flows away, it would leave an
empty porous media, triggering a liquefaction process and a proba-
ble subsidence process.

METHODOLOGY

An Electric Resistivity Tomography was carried out along the collector trace with
three different arrays (dipole-dipole, Wenner-Schiumberger, and Wenner). The
field work was developed during September 2010.

Atotal of 1777 m were measured and distributed into six different profiles, rang-
ing between 110 and 960 m. In the longest one we used a roll-along technique.
Therefore the investigation depth varies between 30 and 100 m.

Data Acquisition was carried out with an IRIS Syscal Pro Switch 48. Electrode
layout deployed for ERT acquisition along six profiles. Driling is done to insert
the electrodes. This holes are drilled in the middle of the street to detect the
drainage collector (a). Electrodes are interconnected by means of a smart cable
(b) atintervals of 5 to 10m. The array finally is connected to the central console
).

RESULTS

Profile 1A

Low resistivity area (1-10 Ohm.m) is presented, associated to a highly satu-
rated wate region. Thse represent  high ik o the rban zone because

SINKHOLES IN GUATEMALA

Guatemala is a Central American country bordered by Mexico to the north and

During the collector's construction, several problems with the behavior of the un-
derground were reported. Collapses of the land due to the presence of cavities

west,the Pacifi Ocean o the southwest, Belize 0 the northeast, the Caribbean
o the east, and Hondk d El Salvador to . The
is located in a pull-apart basin. At least 8 main volcanoes surround the city all as-
sociated with Motagua's subsidence tectonic fault. Alot of volcanic and seismic
events affected the city in recent past (i. e. Pacaya Volcano in May 2010).

and poorly consolidated materials were reported. A location map was built during
1975).

the collector's construction time (Ceballos et al.,

The subsidence phenomena occurred in February 2007 and May 2010 were lo-
cated in a highly populated areas (6 and 2 districts, respectively). In appearance
both sinkholes were related with a fail in the western drainage main collector,
supposedly a rupture andlor an explosion caused by gas accumulation gave
origin to these events.

Monz6n(1991) Sinkhole 2010

1) Appropriate to resolve vertical changes
(horizontal structures)

2) Deficient to detect horizontal changes
(vertical structures)

3) Strongest signal strength

4) Median depth of investigation is approxi-
mately AB/8 to AB/6 (Butler, 2005; Looke

New hybrid (Pazdirek and Blaha, 1996)

1) Moderately sensitive to horizontal (low

“n" values) and vertical (high “n” values)

structures

2) The signal strength is, approximately, in-

versely proportional to the square of the “n”

factor

3) Median depth of investigation is about

S 10% larger than Wenner

- 4) Probably the best array between
Wenner and Dipole-Dipole.

1) Highly sensitive to horizontal changes
(vertical structures)

2) Deficient to detect vertical changes
(horizontal structures)

3) Low signal strength for large values of the
“n*factor. The voltage is inversely proportional
to the cube of the"n" factor

< 4) Median depth of investigation depend of
— the "a" spacing and the “n"factor

Profile 2A
Alayer of low resistivity (1-10 Ohm.m) is observed. This can be related to a highly
saturated water stratum, which extends throughout the whole profile following the

Ul topography and increasing its thickness in the east direction to a canyon area. At

72m horizontal,and 42m depth, a high resistivity zone appears around of 1,000
Ohm.m, that can be associate to a refilled area; could be a cavity already filled during
or after the collector's construction.

the ground ing frac

that affect building

The high resistivity oo may be related to an old checking well,which
ition and it seems to be

very deep (~ 46m).

L_EJ' rovead |
Profile 2.

rofile DE
This profile was obtained by employing a roll along technique (five:

Profile C

Profiles A,B,and C
These sections present a moderated saturation zones. The
sections present a stable subsoil Unfortunately,the region
where the drainage collector lies was not reached.

lying at 75%), reaching to 90m deep. | I

CONCLUSIONS

we can see a complex underground, where the average resistivity is about 100 to 250 Ohm.m, which can be associated with igneous

from 2007

material, such as vol h and pyroclastic flows,€

d
(Zone 6) and in 2010 (Zone 2).The blue areas define highly water saturated areas (<30 Ohm.m), while high-resistivity anomalies in red

(>10,000 Ohm.m) m:

There was a complex underground, conformed by igneous material, product of
P s o . 203, volcanic events and heavily water saturated areas.

There is a groundwater flow that runs along the west collector following the direc-
tion of the superficial topography.

There are two high-resistivity anomalies (>10,0000m) in 1A and DE profiles that
were associated with the presence of cavities. In the first case the cavity is empty
and the second one is being verified.

Itis important to verify the subsail around the collector, in highly water saturated
areas, to avoid structural problems (tubing, collector leaking by subsidence, sta-
bilty, etc.).
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