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B = Background of the research

© #EN 5 DHEEZ : Concept of Geological Disposal
o ARIDEFEMNGESITS

* HTFKRE —
** £1 % 2 £ Keep them away from human beings
8 caw O ZENYTIORTLANITHEXRANIT

Multi barrier systems

Y-
AR DEFRBICTTIAL, HTEL
EITEEELRBILTLD

© ARBIIEEAEZZ(T5H0[8ETE  Possible Scenarios

o HEDEE TUNNIGMNFRFTIIZ
@ ZEN)FURTL:ANT+RAN)T
O MHEMAMTKIZALH. HT/KDRNEELIZARBDEEE A : Groundwater Scenario
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TKEREIL? Whatis groundwater age ?
HTKDEE : i KA TICA > TH o DRRE— T TFKER ]

Groundwater age: the residence time of GW since recharge
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M TKERDHT L - REIMTOMTKORNS AR - EEFHTE TS
HEERF®MICEDS
Groundwater age can provide useful information about direction and flow rate

¢ of regional GW during long period 5




I [ R
T KERDEFEDILT ~DFFE

Use of groundwater age for HLW disposal
© PAMDEERY : Forming of public acceptance

© ETIJLEE M~ DE A : Application for model calibration

****** $$ HTFKRE —

fiw o
ERCH T KAENEZ TN EF B

We can “feel” groundwater is old

RH#i- LDt KR ENZ IEfE

The regional flow of groundwater during
the long period can be assumed from
age of groundwater

Point A Point B
10000 Yoar ™ 50000 Yoar
Point A to B
© criep) It takes 40,000 years ;
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Qi T IKFERELTDRIERE : Groundwater
dating and the principals
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T KERZEDFOIZFHET H5M ?
How to evaluate the groundwater age?
T KDFRXDHETE HE
ST TEZLHLDZEFIR ANV LARGE
Use of something increase in subsurface
ST TRALDZFIA  RADWS E%FE
Use of something decreases in subsurface
®EEDTIEZEHGELFIATESIES

Other methods: Use of paleo-climate etc.
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_____Use of something increase in subsurface
KT : N1 LS R (Representative example Helium)

N)JQLAREF?
- 5% (characteristics) : b D 'E &R IGL7ZEL Y (chemically inert)

- F 4 (origin in subsurface) : BERBIZEENDVTV/IMN)D LD K
s N io FE A (generated from reactions of U and Th)

m) oL TKIFEHRENE S, ERDPENEEHHTHES
The concentration of He increase with increase of groundwater age
< -
HMTKDAN)IDLEE, EENDAN)DLDOFEEERENHH
nIL, T KEKZHETED
Groundwater age can be estimated from concentration of He in GW
_and U and Th concentrations in rocks

@J llllll 9
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TR IKERDEEM T IE > TLLKED
__ Use of something increase in subsurface

Bl TR DISHHERHE (1C Ikt E)
=@ A - RKEFODERAEFTES

EF) e
'"""fffj%?fffff.'_'fffjf.'f.f.'fffff ......... O R OS5
14N+n_)14C ......................................... v %qﬂﬁ%ﬁ':*éijﬁtﬁuﬁ
l f&1k: O, E\VACS MY &
s\l2 A = 14 . .
Fﬁﬂl“CO iR =ND7 é}: C stable in air
| (KEFTIEEFE—ERE) T R DT ERIES &
Stable in air AR TR LI ZHE -
T35
= 14C decreases according to
146 KDk half-life in subsurface
c, — REEFRIANFERE
— Y7 ToN oo H#ETE T=5 (age can be
] — » estimated from

6000 12000 18000 24000  #TFKER(F) concentration and half-life)
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T KFRDOFHMEGE: TDIEH
Other methods

Hl:BEDSIEZEEZFIFH Use of Paleo climate
SURAYEL KA RASE T _, HEEOI—S

SURDNELY KIZHRDAEIFZLLY vs EiRNI—3F
—-——
AZADRENEVEFIE. [BMNMEVNEEITHTICAST-KTHLATREN

High concentration of gases may be caused by low temperature

LR (1) B2 ATDI T REDRES
L1 |72 (EX])
S FEL25mITEDI TFKIZFRMEL &S
ip(—mo—- T ///,J ‘:i'lﬂ-lt':)\’)f:
& —125—- = :\’:\)’// @
- KEAME-EBE AT 5T-180004EFE E I
DT IKTHAHEHERTES

20— 7T——7T——T7—— 71—
9.5x10° 1.0x107 1.1x107 1.1x107 1.2x10”

KrigE (cc.../g)
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1 FHZEH - Recent case studies
v8IKrIZ kB EMEIRE : Groundwater dating with 81Kr
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Characteristics of 3Kr

O S KrD4FE (ZD1)
- ETER A R AL RS TR

Radioactive noble gas: it is not involved in geochemical reactions
RIBER: 2295 F—10~ 10077 FF2E O #h K F K FTE AT 88

Half-life 2.29x10° years:it can be used for dating for 1x10° to 1x10° years
SEFEDMFEORREICEY . WENGH T ILETHIMAIRELE T
Development of measurement method allows us to measure 8Kr with
relatively small amount of sample

Cooling

Atom Tram Trace Analysis
(ATTA)

TA)N-pE-A—ANSIT
DR REE TH el EE

o It can be conducted in US,
51 UTSCIR—An— China and Australia

13
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IKrdD A A Usefulness of 81Kr

© SKrDFFH (T D2)

MR TIEFEERLH M. T TEREREN(FEAE) G
Production of 8Kr is almost negligible in subsurface

< L
HERDK-BEVLHTKZADIEIEELGD
81Kr can act as an indicator of intrusion of surface/young water

HIT M T TRERHY T THOREREHRTES
CIEEILIELY ® o0
- TLOREH R I TEOBRHEAES
® S ® ® | (BKEROHTK
0® o 0% | mTToOCEESL =
oo & o o S KM TO S
.O.O.. .. . 35C10D K% 2 L [EEBATETHREE
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SIKrAD F|FH (B AR TMDERRE) Use of 81Kr (Issues in Japan)

& BARTIIMTKIZEBITEAAIVEENGSWNVT—ANH D
Concentration of methane is sometimes high in Japan

® AIVICKYKDRENEFEO>TNE>REDHANBE
Concentration of Kr is diluted by methane

® AZUITKYSITHEEAANDEAFHHLLIGD

High concentration of methane makes the transportation difficult

N

HTRAKNSHHBLIEARNS AV EREL KIEEZSHS
RITzRAESEIDLENDHD

Development of removal method of methane from gas
samples is required
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A3 NDBEAEDFRET Removal method of methane

3DDFEDEET

Development of removal method of methane is required

Fik F 5= (merit) R i (demerit)
A2 DERIE HHIIOBIFEE bR E-KERET BN

Oxidation of methane

(Mentioned later)

=
H,O and CO, have to be

removed

FRADRTE

Sorption of methane on titanium

ZLDRISEDHR%E
BRETED

Many kinds of gases
can be removed

BEEEMNLEMNLS. 3230
P, FAUREIREED H]
fEIANEEL LY

(High vacuum results in
contamination. Controlling the
surface conditions of Ti is difficult)

RENNSYT
Sorption on cold trap

=E COMBNTE
High temperature is
not required

[E] 4R KL

Low recovery

© CRIEPI
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A3 NDBEAEDFRET Removal method of methane

A2 DERIE— TV T A
Development of removal method of methane is required

77\7;17_]‘/&:73% o A \
PRESTE oo =i _Efiﬂﬁﬁ @
E it €73 RE) EXR 2 D2
B2 vA7A—
AT J»hbto—7
i T
€7 17 RAERERF
6mmE | |
WA FENFE T 7S [ e 2] ek
%ﬂf_ﬁﬁlﬂﬁ% S .
I SR S EES
D 8
KDY
CO2DYIN - “EEELS
;@Eﬁ mEHAY

O ER{EERPABELR (combustion furnace): A2 % ZEg{b ik R & KIZER{E
O ELXa15—>—TJ(molecular sieve): IKEFTYT
O ZEERFBINFIAYH R/7Vv% (gas bag with CO, absorber): Z &
{bixFTELTYT
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A3 NDME A EDREET Removal method of methane

[ At i3 MR 3 3tk 45 0D 75 A A\ D2 FH 5l

(Application to gases obtained in Horonobe, Hokkaido ]

- FER 9 (Main component) : X%2:(Methane )»EF&(N2)
B 7 IWOEFIE(Volume of sample) :40L—0.46L
‘KrERFE AL (high Kr recovery) —=CO, A% +U7 D&l (CO, acts as carrier gas)

B BELYUTLOREIEL
(We do not lose important samples)

© CRIEPI

HUJ)L BE | HAEE (%) Concentration Krie &
S |
(Sample) H, |0, N, CH, |cCo, (ppm)
13-350LGE-MO01 Before 40L 0.0 | 0.6 2.6 89.4 (59 |[0.04
treatment
After 0.46L [ 0.0 [ 51.0 |48.6 | 0.1 0.4 |3.06 >_
treatment
XD BS

92%

Be transported easily
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M52 4iE tHh 38k ~ 0D 1 F Application to groundwater in Horonobe

R - hEEREEBI T A RA TSN
(Shallow groundwater may flow through the
| boundary)
A
«250m(HBEIRSRTE) T, HARZIREN*L.

ol +350m( #PIE ) BIKrE S
LL-W Koetoi Formation Gas was obtained and 8'Kr was measured

I after the treatment at the depth of 250 and

H AR
(HRI94)

T 7K
oy HARRREOMEE

HA

F—1i
ZA—

Schematic view of “water

displacement method” for

- obtaining the gases from
| Ll A groundwater

AR E

/

1L AR 5

Wakkanai Formation
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M52 4iE tHh 38k ~ 0D 1 F Application to groundwater in Horonobe

HDB-6 _ Riil FILH HDB-3

sl B3 KD TR
Results of 3Kr measurements
S J
A RS
° hg.i’% oy-wLL-Mo, Koetoi Formation gggm&‘) Bl
¥ 250mICHIT B8 KriRE Significantly
81Kr at 250m larger than that
12.6 pMKr at 300m
300mic& T8 KNiRE g o [ b Y
Boundary 81Kr at 300m Close to O
0-2PMRr o mmmm<cemL

2.5 pMKr ith FK T3 Kr=0%E:2

Wakkanai Formation
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81KrZ& &6 Summary of 81Kr

¢ 3 KrOFE - TOHED S, KIKRADIREELTES
Characteristics of 8 1Kr:It can provide information about intrusion of
surface/young groundwater

¢ REFERTORE: AN KD ITEEANDRE - FERLEHXHPEETS
NDREEMEDHD2 A2 EERBL. KiREZ2EHIFE2HF
Methane can be a big issue for safety transportation and
measurement of 81Kr— The method that can reduce the amount of
methane has been developed

& RIERBIES DM TKADER : 250micLEBIIE UL B T KRARNIAA L
AREMERE(CIRESLAN - FL3 AV E)
Application to Horonobe groundwater : The results indicated young
groundwater may flow into 250m (further investigation is required)

~_

BADOHETFKTKrEEAL. ERXFEMHTEEI 2B R
It was confirmed that 8'Kr can be used as a tracer of groundwater age
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& Summary

L iﬂz‘Fggﬁﬁ - REA- GO T/KRENZRET HIEHR-ETEREDZ L MR
SFZE%

Groundwater age can provide useful information about regional flow of
groundwater during long period: it can be applied to calibration of flow model

& M TKER  MTHTEZTLLKED, BoTLKEDIZEBL, #TKD
FEFHi I SFiE

Groundwater age is estimated from something increase/decrease in subsurface

& SHTOEF CKrDFA) :81KrIERKHAEDH T KD AFHEIZH R, A
BUEBRBELSKED T AFRERAAESIREMBTOREEEZRL:

Recent case study (use of 81Kr) : 81Kr can indicate the inclusion of young
groundwater into old one. The method for removing methane from gas samples
has been developed—> 8Kr has been applied to groundwater in Hornobe area
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