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Helicopter-borne EM Survey over the Areas
Struck by the Tsunami of March 11, 2011 in Northeast Japan

Shigeo Okuma, Takumi Ueda, Yuji Mitsuhata, Motoharu Jinguuji and Toshihiro Uchida
(Geological Survey of Japan, AIST)

Abstract:

The Geological Survey of Japan, AIST conducted a helicopter-borne EM survey over inundated areas by the
tsunami on March 11, 2011 in northeast Japan 15 months after the 2011 off the Pacific coast of Tohoku Earthquake. The
purpose of the survey is to map the electrical resistivity of the ground intruded by seawater of the tsunami for its
reutilization as farming lands and water assessment of the area.

The survey was flown in June 2012 at an altitude of 60 m above ground with a speed of 50 km/h along survey
and traverse lines spaced 100 m and 1,000 m apart, respectively. The airborne EM system (Fuguro Airborne Surveys'
RESOLVE system) was installed in a bird and towed 30 m below the helicopter. This is a frequency-domain system
operated at five frequencies (340 Hz, 1.5, 6.9, 31, 140 kHz) in a horizontal coplanar configuration and at a frequency
(3.3 kHz) in a vertical coaxial configuration.

The observed electromagnetic data were processed and apparent resistivity maps were created for each
frequency. As for the apparent resistivity map at the maximum frequency of 140 kHz, low resistivities less than 20 QOm
range from close to the coastline up to 4km inland and are edged to the west by high resistivities (64 - 128 Qm),
corresponding to the inundation line derived from aerial photos by the Geospatial Information Authority of Japan (2011).
It is implied that these low resistivities can be associated with the effect of seawater intrusions by the tsunami. As the
frequency becomes lower, low resistivities areas (< 8 Qm) extend to inland, indicating the existence of deep salt water
wedges and/or fossil salt water. To verify the results by airborne surveys and confirm the groundwater environment,
further studies will be done with shallow drillings as well as with time-domain EM and high-density electrical surveys
on ground.
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Fig. 1 Study area

A: Southern Sendai Plain area, B: Matsukawaura lagoon
area
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Fig. 2 Apparent resistivity map at a frequency of 140
kHz of the Southern Sendai Plain area
Red solid lines indicate the inundation line of the 2011
Tsunami (GSI, 2011 :
http://www.gsi.go.jp/kikaku/kikaku60003.html). Blue
thin lines show the drainage system (Digital Map 25000
(Spatial Data Framework) (GSI)). A-A’ denotes the
location of the cross-section of Fig. 3.
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Fig. 3 Cross-section of apparent resistivity at a frequency of 140 kHz along the profile of A-A’ on Fig. 2.
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