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Overview research work of groundwater pollution risk on east coast of
Tohoku, Japan

HTPRER ™ o FERAEE—RR 2 « EDERIRNS 1 - ISR - PERES] - SAfE] ¢ - SR SRS -
FARNAT T« /NGRS V8 - NHEEEE 29 - FHES Y - el - RRESHE - B R - L0 !
Reo Tkawa, Seiichiro Ioka® Akinobu Miyakoshi"? Harue Masuda®, Shinji Nakaya’,
Naoaki Shibazaki®, Shiho Yabusaki®, Koki Kashiwaya’, Naoki Kohara'®, Yohei Uchida?,
Mauimi Yoshioka"?, Yuji Mitsuhata', Shigeo Okuma', Takumi Ueda' and Atsunao Marui',

Abstract: To make clear the impact of the Tohoku Earthquake to the groundwater environment by tsunami and an
accident of Fukushima Daiichi Nuclear Plant, hydrogeological research were carried out in the east coast of Tohoku.
The research project was constructed from groundwater study and geophysical sounding study. Groundwater research
are operated in step by step, the first, overview work was operated in whole area by using rivers, springs and existing
wells. The next, four points were selected to make a detail work with a drilling holes. And finally, evaluation of
groundwater pollution risk were analyzed by groundwater flow simulations. The hydrogeological overview work which
have been cooperated by many colleagues from all Japan were described in this section.

Keywords: groundwater risk, evaluation, Tohoku Earthquake, east coast of Tohoku, overview
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Fig.14 Distribution of Salfa and Salfate isotope.

Fig.15 Distribution of 1¥0 and CI' concentration.
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Fig.17b Deep groundwater condition in Sennan.

DRI O, TBRERSFs S ONHREREA] (1L



H R KI5 e AT 52

17 18

5 18a X VAT ORI, TS K ONHAREIRER (il
AT7ER) .

Fig.18a Shallow groundwater condition in Senpoku
plane.
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Fig.18b Shallow groundwater condition in Sennan
plane.
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Fig.19a Spring water condition in Senpoku plane.
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Fig.19b Spring water condition in Sennan plane.
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Fig.20a Deep groundwater recharge area and APP in
Senpoku plane.
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Fig.20b Deep groundwater recharge area and APP in
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Sennan plane.
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% 21a EHF Ok S APP (LA FE)
Fig.21a Shallow groundwater recharge area and APP
in Senpoku plane.

% 21b BT O e APP (Il F-2F)
Fig.21b Shallow groundwater recharge area and APP
in Sennan plane.
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%5 22a [ EAKOEERE APP (lAEEE)
Fig.22a Spring water recharge area and APP in
Senpoku plane.

%5 22b B/KOWiIEE S APP (IliFEE)
Fig.22b Spring water recharge area and APP in
Sennan plane.
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Fig.29 Water quality diagram.
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Fig.30 Water quality distribution.
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BERTE M - [ULE - EHERES L UERICEITHMTKERY X HERR
On site research of the risk evaluation for groundwater pollution at
Rikuzentakata, Kesen-numa, Minami-souma and Tatebayashi

S e ARILAETEA 2« SPEPRIE D - HIPRRR Y - NEEE Ve NEFR T - BTH Byt e B B
Atsunao Marui®, Tetsuro Moriyama'?, Tomoaki Hirano', Reo Ikawa', Naoki Kohara"?,
Masahiko Ono', Isao Machida' and Masaru Koshigai'

Abstract: To make clear the impact of the Tohoku Earthquake to the groundwater environment by tsunami and an
accident of Fukushima Daiichi Nuclear Plant, hydrogeological research were carried out in the east coast of Tohoku.
The research project was constructed from groundwater study and geophysical sounding study. Groundwater research
are operated in step by step, the first, overview work was operated in whole area by using rivers, springs and existing
wells. The next, four points were selected to make a detail work with a drilling holes. And finally, evaluation of
groundwater pollution risk were analyzed by groundwater flow simulations. The intensive hydrogeological work in
some devastated area were described in this section.

Keywords: groundwater risk, evaluation, Tohoku Earthquake, east coast of Tohoku, onsite work
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Airborne EM and magnetic surveys in the southern part of
the Sendai Coastal Plain

RAESEHE ™ - BH [ ? - WA E] - fE =locis 2 - WHFBL>® - R !
Shigeo Okuma', Takumi Ueda?, Yuji Mitsuhata®, Motoharu Jinguuji,
Toshihiro Uchida®* and Tadashi Nakatsuka'

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 (Fugro 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. A Cesium magnetometer sensor was also installed in between the EM
transmitting and receiving coils in the bird and total magnetic intensity was measured at a frequency of 10 Hz.

The survey area is located at the border of Miyagi and Fukushima Prefectures along the Pacific coast in the southern
part of the Sendai Plain and is divided into two sub-areas: Watari-Yamamoto-Shinchi area (area A) and Matsukawaura
Lagoon area (area B). The observed electromagnetic data were processed and apparent resistivity maps were created for
each frequency. As for the apparent resistivity map at a frequency of 140 kHz, low resistivities less than 20 Qm 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 as 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 were conducted with shallow drillings as well as with time-domain EM and high-density electrical
surveys on ground.

Aeromagnetic anomalies were processed and reduced onto a smoothed observation surface, using a method in the space
domain. However, it turned out that the magnetic data seem to be contaminated by artificial noise probably caused by
the survey helicopter. Then, the generalized mis-tie control method was applied to the observed magnetic data and
magnetic anomalies were successfully reduced onto a smoothed observation surface. According to the preliminary
aeromagnetic anomaly map, magnetic highs lie over Cretaceous granitic rocks which outcrop on the north-trending
Wariyama Mountains and were sampled from a hot spring exploration well at northern edge of the Matsukawaura
Lagoon. The granitic rocks indicate high magnetic susceptibilities in the order of 102 (SI) according to the petrophysical
database (PB-Rock 21: https:/gbank.gsj.jp/pb-rock21/). The magnetic highs also extend NE and reach the Pacific coast
in the southern Sendai Plain, implying the existence of Cretaceous granitic rocks. It leads to an estimation of shallow
basement depths there.

Combination of analyses between resistivity and magnetic data observed by the airborne EM and magnetic survey will
bring a better understanding of the subsurface structure from shallow to deep parts of the study area. These
information derived from the airborne EM and magnetic survey can be used for planning of reconstruction/recovery of
the damaged area by efficient usage of land and underground water resources.

Keywords: airborne EM survey, resistivity, the 2011 off the Pacific coast of Tohoku Earthquake, tsunami, groundwater
environment, salt damage
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Fig.1 Study areas. A: Southern Sendai Plain area,
B: Matsukawaura Lagoon area

BKDRA

%2 FRATHIE O T KBREAE SR ORRE - =
(2013) ; HLRREYR (1980) (ZHN4EELE)
Fig.2 Schematic diagram of the groundwater

environment of the study area (Okuma and Ueda
(2013); Modified from Tohoku Regional Agricultural
Administration Office (1980)).
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Fig.3 Schematic diagram of the helicopter-borne
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EM survey system (modified from Okuma and Ueda
(2013)).
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Table 1 Outline of the helicopter-borne EM survey over

the tsunami damaged area in the northeastern Tohoku,

Japan.

Survey period | June 10 - June 25, 2012

Survey area Refer to Fig.1

Survey AS350B3 (JA6573)

helicopter

Flight altitude | 60 m above terrain

Total flight km | 1,404 km

Flight / tie line | E-W (spacing: 100 m) / N-S (spacing: 1,000

m)

Navigation /

Visual flight aided by GPS positioning /

Flight pass | DGPS
recovery
Air base Temporal heliport at Miyagino Golf Club,

Yamamoto Town, Miyagi Pref.

Ground station

Miyagino Golf Club, Yamamoto Town,
Miyagi Pref.

37 54'13.14" N, 140° 52' 54.3" E, 28.3 m
ASL

Survey In the air
instruments Fugro Resolve EM survey system
(Horizontal coplanar: 340Hz, 1.5, 6.9, 31,
140 kHz, Vertical coaxial: 3.3 kHz)
Data acquisition system: HeliDAS console
Airborne magnetometer: Scintrex CS-3
Cesium magnetometer
DGPS: Ashtech GPS receiver, Radar
altimeter (Honeywell AA-300), Video
camera (Panasonic WV-CP464)
On ground
Ground magnetometer: Scintrex CS-3
Cesium magnetometer
GPS receiver: Fugro CF1 data logger
Contractor Nippon Engineering Consultants Co., Ltd.
(flown with Toho Air Service Co., Ltd.)
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Fig.4 Apparent resistivity maps at a frequency of 140 kHz (modified from Okuma and Ueda (2013)).
A-A, B-B, C-C’ and D-D’ indicate the locations of cross-sections appeared in Figs. 5 — 7.
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Fig.5 E-W resistivity cross-section in the southern Sendai Plain (1) A-A’ profile in the Fig. 4(a). Vertical exaggeration
is 20. (a) Apparent resistivity cross-section at a frequency of 140 kHz (Okuma and Ueda, 2013). (b) Resistivity
cross-section by 1D inversion of a TEM survey (modified from Ueda et al. (2014)).
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Tig.6 E-W resistivity cross-section in the southern Sendai Plain (2) Apparent resistivity cross-section at a frequency of

140 kHz. B-B’ profile in Fig. 4(a). Vertical exaggeration is 10.
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Fig.7 Cross-sections of apparent resistivity at a frequency of 140 kHz in the Matsukawaura Lagoon area. Vertical
exaggeration is 20. (a) East-West cross-section (C-C’in Fig. 4(b)). (b) North-South cross-section (D-D’ in Fig. 4(b)).
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Fig.8 Aeromagnetic anomaly (total magnetic intensity) maps of the study area. (a) Southern Sendai Plain area

(Okuma et al., 2013). (b) Matsukawaura Lagoon area. A red circle denotes the location of hot spring exploration well.
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EORHIRIC X 2 EARIHE K FICBE T DA - MRl &

& FEHRaFitgcH T HELES - BHIFE
BEUR— VTHRE
Electric and electromagnetic survey and boring investigation
in the southern part of Sendai Coastal Plain

BT ME R - FERER - KAESRRE® - SERE] - PNEFIBL Y - SR
Takumi Ueda', Motoharu Jinguuji', Reo Tkawa', Shigeo Okuma?,
Yuji Mitsuhata', Toshihiro Uchida"? and Atsunao Marui!

Abstract: The Geological Survey of Japan (GSJ), AIST has conducted electric (direct current, DC) and transient
electromagnetic (TEM) surveys to investigate subsurface resistivity structure of the south part of Sendai Plain intruded
by seawater of the tsunami on March 11, 2011 in northeast Japan. The purpose of the survey is to confirm the
pre-existing result of helicopter-borne EM measurement that was also carried out by GSJ in June 2012.

The TEM results show a resistivity distribution to depths of approximately 150 m while the DC measurement estimates
detailed 2D resistivity distribution to depth of 20 m. These results show good agreement with the apparent resistivity
model of helicopter-borne EM investigation.

The goal of this survey is to reveal near surface ground water information of this area. In addition to DC and TEM
surveys, the ground boring investigation with in-situ electric conductivity (EC) measurement and coring are being
conducted. Further interpretation of DC and TEM data using ground boring results is essential and important to
present detailed and more accurate estimation of resistivity distribution of the study area.

Keywords: resistivity, direct current method, electromagnetic method, transient EM, near surface, geophysics

1. FEED HFKBRBE ZOW I 2 3 L 7= b DO Th 5. AL
TuYzy b CIWEIEREE AW L LT, AR
PESEHATROAIIEANS, ok 23 AEEMIETHE TEX THET D ETOERITIHAT LT, 22 BREa

HEE - HESKEEICHE S BHARE Y R 7 5l (2O, W/ =Y TR AV TR o2 NA 1A 1R AT T] e s T 1] B4 N B e
2011 FEHACHIT ACFEEMHEIZLE O e, bRt g, IO T A TESE M EE SHU7- (Okuma et al., 2013,

Bk, 588 - T KIGYUC BT 2 EERIR ) 2 7 2l KREIE>, 2014). B BFAACIE, ZEPaERERATAIC K
187> & PSS 2T TR B ROICHIAS L, #S DT BG T LMERR AT, S ORI A 2 B R A (R
[\ ZE T DAHANIFE A FEhE L C & 7o, ATHAS, HITOK R R B X UMHE AR —Y 7 XD, LY
1G9 ) A7\ ZBT DAF5E0—B & LT, WBibEdEEA H TEPE D\ MR FRB U IE OHEE 2170, i FKBREE A
UN TR S LoD it T RR AU LA (DA T ELHRPD) B K OY RS2 AL L.

35° - H3s

138" 139° 140° 1417 142°

1 A
Fig.1 Study area.

AL TERMERIC X2 EAHHE K FICRET 29 - 198 PRIWE) (P 25 FELEOME - IFEENEZBRLE LI b D THD
*Corresponding author

1. MRS PEERBERFZE R (Institute for Geo-Resources and Environment, AIST)

2. HUEAHAFZEELM (Institute of Geology and Geoinformation, AIST)

3. BUFTIE « HUEL /B 7E = (Research Planning Office of Geological Survey and Applied Geoscience, AIST)

479



H R KGR AT IE

2. FAAHMERIZ OV T

FRATHIIE L, Al R R AT e ik oD ek R
P (EFEREEINT « |L5Th]) 36 K OME B IRALET (FRES AR
SHTHUET < FHES ) 12381F 5 2011 4AE B ARSERE R L o1
D IR & RS D R FRR A O — T H D (B
11XD).

PRSI D2 <1, RO R SR O LIS TR
&, KitE, IR EIEICHERS L, R TR
JEHTRK S, TR SR I/ R KN ES D &5
ZBHNTVD (FRIFD, 2012 ; HALEEUR, 2012). £7-,
AR I AR STV T2 Dl R C O UK DR A 22 1T,
IR R 0D B TR T LK 0D 1R AR HEZS H
2 L DHKDIFAENE BTN D (FRIFDy, 2012 ; Fdk
BER), 2012).

A 1513 201 1 AR FRAL DT RS Eh R -
T, UEFRRD S NFEEL km (23072 > TEEENE A LK
TAEENSRA L, 1BIH - EEYEE L LT Ao
PREGVESEO— BB M - FEE RN OAE TR D BT
D0, EEABUKHERR ORHREC L 0 e S E3EIc K
BENH T D IR B IEIET 5. 72 & Z20E, EYIRE RS
EHIRTSCEBEERLGTHT CIL, A4 T DT AR KA
THY, Bk =— N7 ZDIEFED 7= DIZYAMED
HTFKOMERDE & 2p > TN D. £T2, FHIRAOE
BUEHE 251 2 s L OMEEOBE - iR e o+
HF RIS, JR A A RO IR LTl T — 185
IFETHET R 35T 2 R A HENC & L A SR e
L7025, ZOT- ORI ATREAR K IER R K ORI Z,
HEF 7K DIRAT « EGLIRILOITRf i e e =4 U v 7
MPROLNTEY, T HHRPUWESE, HT/KAOHEE
NEETHD.

3. FEHIE - #R

3. 1 EXEE
ARSI IR (5 2 XD IR B T,
FURIRE 800m~1000m £ (25 3 X)) CTHEARAE (Bt
PR (WHHEA 2, 1998, p. 241-265) % ki (5 34
m) L. RSN EREE T McOIM Profilerd (ith
FAHET (B0 ) & AV, i, BRZEr—7 12 v
TT—#BF L7 SHEIZEWT,  GPS KIEHSEE 5m
UMK O PE Lz izl & L, JRE 94m (FEMRH
b 2m, 48 HEftR) CHIERZ BB L T ikl A R
b« B A R MEONIRRE CHIEEFT 72, JET
— RN 7 R =T E-tomo (XA ¥ 2B
I (BF) ) Cffitt L, 2 WocD B isrmi & /ERk L
72 (A XD) . 7238, A RIOFHA TIXETORSITBNT,
JEBH U 7= SRR (94m) IS EZE Im DL EOERDME
ELIR o TaTe®d, 25/ LT fifTidds 2 7> T

480

BR[LTTINKE M
5 2 TR - TR R I, &R L7
7y MW BB, Y (log, SO, M: R IHOESS
1)) LB T L 0 PEES & LGRS, (B P
10 343 1iR/KEPABRLX 14 L0, AREDSERIR /K
FERY. )

Fig.2 Site location of electric and TEM survey. (W:
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Fig.3 Location of DC and TEM survey sites in the line W1 at Watari town (Blue: TEM, Green: DC). Borehole locations
are also shown as orange (drilling depth 20m) and red (drilling depth 30m) dots (based on GSI, 2011:
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Analytical study on risk evaluation for groundwater pollution
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Naoki Kohara'?, Reo Ikawa', Tetsuro Moriyama"®, Tomoaki Hirano', Atsunao Marui,
Masahiko Ono', Isao Machida' and Masaru Koshigai'

Abstract: To make clear the impact of the Tohoku Earthquake to the groundwater environment by tsunami and an

accident of Fukushima Daiichi Nuclear Plant, hydrogeological research were carried out in the east coast of Tohoku.

The research project was constructed from groundwater study and geophysical sounding study. Groundwater research

are operated in step by step, the first, overview work was operated in whole area by using rivers, springs and existing

wells. The next, four points were selected to make a detail work with a drilling holes. And finally, evaluation of

groundwater pollution risk were analyzed by groundwater flow simulations. The groundwater analysis and evaluation

of groundwater risk of pollution were described in this section.

Keywords: groundwater risk, evaluation, Tohoku Earthquake, east coast of Tohoku, groundwater analysis
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Table 1 Relationship between water cycle model and
water flow model.
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