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Information materials of research and development on geological isolation of
radioactive waste

ATSUSHI FUJISHIMAY, KENICHI UENO®,

YASUO SASAKI®, SHIN NOTOYA®,
TOMOKO KATO#, HITOSHI SONOBE?,
TSUNEO OKADA®* ,MASANORI HIROKAMIS*,
HIROSHI IGARASHI®

Summary

We have compiled and refined the information materials to explain ENTRY
(Engineering Scale Test and Research Facility) and Q UA L I TY (Quantitative

Assessment Radionuclide Migration Experimental Facility) . These include information
materials to show activities for research and development of radioactive waste disposal in
Tokai Works such as panels of experimental equipments. This work was carried out by a
working group in Waste Isolation Research Division, Waste Management and Fuel Cycle
Research Center, Tokai Works in 1998 ~2000.

We have developed database for above information materials including typical
experimental equipmentsof ENTRY and QUAL I TY. In the future, it can be easily
refined in case of reconstruction of the experimental equipments.

This report presents the database including the experimental equipments and several

pamphlet.

Members of working group (Waste Management and Fuel Cycle Research Center,
Waste Isolation Research Division ; Dec.1998~Dec.2000) :

1) Waste Isolation Research Division, Materials Research Group

2) Waste Isolation Research Division, Barrier Performance Group

3) Waste Isolation Research Division, Radiochemistry Group

4) Waste Isolation Research Division, Repository System Analysis Group

5) Waste Isolation Research Division, Planning and Co-ordination Group

%) ~June.19.2000
+) June.20.2000~
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Quantitative Assessment Radionuclide
Migration Experimental Facility

Tokai Works
Japan Nuclear Cycle Development Institute



JNC TN8450 2001-003

Quantitative Assessment Radionuclide Migration Experimental Facility
— QUALITY —

High-level radioactive waste (HLW) is to be disposed in an underground repository at depths
below several hundred meters. QUALITY is a research facility for obtaining basic data concerning
the chemical properties and migration behavior of radionuclides from such a repository under
simulated underground conditions. The data are used to support implementing radioactive waste
disposal and to assure safe isolation of such HLW for long period of time.

The facility has atmospheric-controlled chambers for recreating the chemical conditions of the
deep underground environment. It also has high-resolution analytical equipment for analyzing rocks
and measuring radionuclide tracers, solutions with radioactive materials dissolved in them, and so
forth.

This is one of the few such facilities available worldwide, and is expected to play an important role
in collaborative research with organizations in Japan and overseas.

Quantitative Assessment
Radionuclide Migration
Experimental Facility
(QUALITY)

Main specifications of the building

* Number of stories : One under and two
above the ground

 Base area : About 1200 m?

* Total floor area : About 3600 m?

» Structure : Reinforced concrete

History

* January 22, 1998 : Construction started.
* July 30, 1999 : Construction completed.
* August 18, 1999 : Tests started.

Outside View of Quantitative Assessment Radionuclide Migration Experimental Facility
=B
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Concept of geological disposal

To prevent high-level radioactive waste (vitrified waste) from affecting the biosphere

Multi-barrier system

The multi-barrier system delays
and attenuates qgroundwater
migration of radionuclides when
released from vitrified waste and
prevents effects on the biosphere.

Groundwater

Natural barrier — Natural barrier

Engineered barrier

Selection of stable host rock

A site with suitable geological
formation will be selected so that
vitrified waste will not approach the
biosphere due to crustal movement,
etc.

Promotion of R&D on the geological disposal of high-level radioactive waste
and mission of QUALITY

> B Jump o

Quantitative Assessment
Radionuclide Migration
Experimental Facility
(QUALITY)

(tests using radioactive materials)

» Safety regulations
* Disposal activities
* Collaborative research with Japanese
and foreign organizations :
* Expansion of nuclide migration database 0
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Viewpoints of Experimental Research

Groundwater in deep underground environments contains little dissolved oxygen and has very
different features from surface water and groundwater at shallow depths. To ascertain the safety of
geological disposal, it is necessary to identify the chemical properties of radioactive materials and
the migration behavior in deep underground environments, including:

e the extent to which radioactive materials in high-level radioactive waste can dissolve into
groundwater (solubility limits),

s the extent to which engineered barriers and rocks (natural barriers) can sorb the radioactive
materials dissolved in groundwater, and

s the extent to which engineered barriers and rocks (natural barriers) can retard the spread of
radioactive materials dissolved in groundwater

Atmospheric controlled chambers simulating the geological environment
of deep underground, and high-performance analyzers

(The atmospheric-controlled chambers can
simulate the chemical environment of deep
underground, and experiments are carried out
using radioactive materials in such environments
in these chambers. The environment of deep
underground can be simulated by keeping the
oxygen content below 1ppm and controlling the
carbonate content to any specified value. The
atmospheric controlled chambers are used to
perform tests and analyses for geological

disposal research. % Atmospheric controlled chambers

-
(

The high-performance analyzers installed in this
facility are listed below; various other analyzers
\are also installed. )

* X-ray diffractometer (XRD) Engingetad Ravisis: and
rocks having trace radioactive

materials are analyzed and
measured with respect to

. abundance, chemical specia-
e Electron probe microanalyzer (EPMA) tion and other characteristics.

e Scanning electron microscope (SEM)

* Inductively coupled plasma spectrometer (ICP)
e Inductively coupled plasma mass spectrometer (ICP-MS)
* Laser photoacoustic spectrometer (LPAS)

* Gas chromatography mass spectrometer (GC-MS) The . ichorhical . ok and

; - : uantities of radioactive ma-
e Fourier transformation infrared spectrophotometer (FT-IR) ?e,ials very slightly dissolved

) } in liquids are measured with
e Atomic absorption spectrometer (AAS) high accuracy.
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Tests and analyses using atmospheric controlled chamber

Gas purification Chamber
system
Filter
M. %
d < ——
L Gas
irculating
blower Gas
== ¢
Oxygen-
hydrogen Filter
Ee'actlor @
circula- D
ted gas
refining
L :column)
The atmosphere is kept Simulating an
constant by removing oxy- underground at-
gen and circulating the gas mosphere with
(nitrogen or argon, etc.) in low oxygen con-
the glove-box. tent
Examples of tests and analyses
Groundwater
N < 5 7 Iil
Groundwater Groundwat_er B lides
A Ra%onz_:gcllgdes Engineered barrier,
= E E E ock=
= 35 :
Engineered barrier,
Radionuclides Rock li'
Groundwater
Extent to which radioac- Extent to which radioac- Mechanism by which
tive materials are dissolved tive materials dissolved in radioactive materials
into groundwater groundwater are sorbed by migrate in engineered
engineered barriers and barriers and rocks
rocks
@ Radionuclides
() Other materials Groundwater @ Radionuclides Rock
Chemical form of radioactive Sorption mechanism of radioactive

materials dissolved in groundwater

materials sorbed on surfaces of rocks
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Engineered barrier Examples of rocks

Granit
(crystalline rock)

Examples of buffer material obtained
Vitrified waste Overpack by compressing and molding
(simulated) (test fabrication) a mixture of bentonite and sand (sedimentary rock)

e Sndstone '

JNC

Japan Nuclear Cycle Development Institute

Head Office : 4-49, Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken, 319-1184, Japan
Tel : +81-29-282-1122

Tokai Works : 4-33, Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken, 319-1194, Japan
Tel : +81-29-282-1111

Home Page : http://www.jnc.go.jp/



003

JNC TN8450 2001

I

EHEREFEY
v

on

=AY 1 U VRS
E -k L S




JNC TN8450 2001-003

BFHZAHALTHL 72012

EHEREFEVILT RS

A1z, BREFHETA A EICEVERL., XBAZEWTEE LA, ABEE AL
REZF2201IC, BEFABICEHEVWRRANICE U 2EEME . EYICAEBLST S
ZEDPEKHBOLENTUVWET, .

BFHIE. 95TV EZILEVWIBEREEFIHTAIZEICEN IRV —2EH
HLETH., KVICHAMTREECHNMREEN EE L £ T, BHMREEYIE. B
ICEAUIA®S ., RIBICEEEREILEVWE D ICHEOPRTEREINLTWET,

SHEDL. BEFHEFAL. BEEYOBERBICHEI IRHRXANDEHER/IBRICEED
3IC1d. BEYOREEZRS T EEHIC. BEHMMEEZREICHALAD T, FEIChE-
TABREICHEEERIFZIAVEDICAD TEIRMP ETEITERICL-TUVET,

CDEIBEMDDIKERET LEDZ WG, BFAIRILX—2FHEL TV3EM
ROBEEREEZONET,

Y1 I7NBBTIEIDL D AFRNOMERBICHEVICEVIEATHET,

RFADIRIVX—FIH EREEY

RFINFEETRIBRD SIRINF—ZRUE T ESICRETIRARESY FEENSE) 3.

AR E YA OIVTDESICHBESN. HETEEEDE L TUBASSNE T,
BEREIY 1 7 IV &

BT HREF fRREm

b ) 2 B ] HETEREY (SLANIVEEY -
vIEE BUETS

MURMEREEN L. REBACREE
RRADEBVCE ST, BN 3MH
MMEDBBEXENREY . T/,
Sk, Rk BV RE B
BTRELET,
NS I =



JNC TN8450 2001-003

EﬁaFjJaD:E:szdF;-zE*Mﬁﬁirasét\
EDLSBREREMDTHDTLELESD?

BLUANIVRETEREREY

BUEBTHICHEOVTRAERED SNBSS BARELNIVDEVREENZS L NIUHSIEREY &
HATOET. BUNIVERSIERZEYE. BROKE BUNIVEESIEER) T. ¥ORRE/ESHIC
REGREICTDILOICHZREIELET (IS REMEE) . HZRBILEEEEEK3 0~ 5 0 £/F
AHDICHEFBLICHER . ABRERICEEBZRIFISBVIDICHTRINANANTEIEAEATOET,

B ANIVRESHEREREY

RFINFEES EDRFNFERD SFEETHHKY, BABTBVPRENIIRG EORFHMERD
DRETEIIRHKGZEDLDIC, BMHEREUNIVDEOKSTMEEDZEL NIVRSTEEEY E LA T
WETo BUNUKEHEREEYE, [E. RiE. HBOEEEORETHRELET, CNBIE. DM
RICVUTCAED T DN, BEOEEMICOVNTE RS AGICHALICRICHEBPAD D THONE T,
BUNVBHMEEZEYDZ< (&, EBEPZOBTABRIBZIENEAOSNTHY . —RICDOTIEY
DIcHDBEENIEE > TOE T,

BRI (DS 1S

{E L LB B O
(E:RES. B X5y T F: 7 XTI 7L NEUEEDOEREY))

ELNIVEEEE) TR . B

R "y,» ufi‘_i: ]

= L ANIVESHEEE R 51 7 A B DEEE)

U%)



JNC TN8450 2001-003

BN RA

WTFRBIEIAEREL SBEHMINAZRETHY) ., REEICHOANDBDEHALAH THLD
WCEUEBREEZONTVE T, MR TIE. SLANIVESMEREEY & BN L /-
EED. WTRIBICEWIZIZENUT AT LAPMTKELOZIZEL . ZOBECY
TERLHEDTHHEAICODOVWTHELTVET,

HiBAL S DEATE S
MREEHMARZE U s T A
RS U F WFEASF A I__"L__J
7 \ RICRET B TR 22
BT AR R8T BFRZ GREERI P
N IcHS RBIEEEDE D 715 RBYEEP DM 1ET ' ' '
HEEABICEEZRIFTIIaEM FH MEKISBFEL .,
ICDWVWT ., ¥DOFRLEDTEMOX BPZHOTABOLEFTRES
ESCEBOREATMLFT ICERRFAFTMLFT N o .. A SR
-

ELADE
MR/ MEME

EFEKMYEIREE
{E=60%EE <

BRREMN/
b= £ 3

el N BRI
NLOEE, EEHOERE Ml e PR ET &
s e Y Ay soRR SO
B R BR INUPERTFRAD e Sie s
SBEW, BEEH/ P/ HszBs || PTHTEREEEND lwﬂ
BEOET, PEORE MR

ABRAGE DB - BE

ANI/NY T
REIZEHHZR

BEMOTEK

RRDIERE

BRROETIEIC & 3 REAEENFE

4

Rea B 4 0D S ZENY T Y AT LDOMREFHE

053 $ 4 O R
¥ h 4

( mewmTsoBElt ) ( motmoEmtaL )

BREMRESE

SENUT VAT L

RRISUT




JNC TN8450 2001-003

1EREFFIEAZE

[
HMENSOEZSEICDVWTOEREEE wrikesm urtomcecsssss

LRSS TEME DEEICED 3 |WRICDL
T, BAMTEVWRETEEHVTERETL.,
ACE21—XEBIMICRBLET,

ATINY TRt MEAE 'mT*t§U7M®ﬁm

A

\S. ‘-F[
BRI KZS
ATHEBMR O A —
N—NvHDOHER

Fz2BEEAIC
AN, €DBREF

one e Y (2 TR
° SRR, BENFEAEHDYE LA, D
REAIBT B, 50— TRy 5 RAREBE
—_ o DIFE AEBOREIKSL . AT PH. H#
g R AR ) Tk, BBABO B DILERBRET ST,
HTRKDENE EKE

BB EKDIERE
RIGZBN . REB
BFRKOEE X
DTEHZHBD
L&D,

BRRFEHKIZRABRE R SH AR KIERER R

WEZ=BIREE (KDEICENBEZBEHE) &2
HAERE KD'EEEZ—&RICBBHE) D2DDHA
TICRT THEBPOKOFNENENBE TS X HZX
L7xBENMCL&ET,

BHEX v b7 — 7 EHKEYEBITRERRR

BIRBEFDP TR, BHROIBRICOBHY, —BORY
_ EO—D%FEHEL TOET, ¥DEOIBBHEORY FD—
T = DICBIBRKORNENENBE TS XWX L%HS
NCTBID ., EROBEZAVICERZTOTLE T,




JNC TN8450 2001-003

HEEESEEEASS

SR (A (Rf) KERFFER(CRHBS)

.

ANEBNYFOFF 5 7))
7FrAaJmE

7 ) |V e il S ] - €
BAMERYDO M TREICS

WCBH BB -5 TN OHT

ROBRELTVWET, HS5 R DA

Fa2SIVPFOTHFERICLY ., B2 - %%%&ﬁl?

FEARAFABRTETEESENRL ) VP05 EL T,

RIBBICODIC2RZRZBE5H & S REbEE4E

CBEEHN =T, o eE LT OB AL
Ao R%=BELTL
F9,

Mo

DERE & PRI DA

W TRRBBICH T D EEBEDILEE 5
BDEVEFHEICIBETSICHICIE.
SEZEBOMFEPOITEBESE
BCEARAL TODL R TRERUEZE
Ao CCITIRSN TV DMEE(S.
BN HARERICERICHEBIN
TOWBDHEBDO—TI,

Y4 704 % 2 E— LBHHEERESEE (MB)

HYMRBICH T B TROBE P % FHKIE
THBICOILUDNI B EDTEE T,

PEEETIATEESEE (ICP-MS) L—¥AEEI NS HEE (LPAS)

BRPICEHESENSHREBOREZAET BRPICSENDEFROEEVREZAE
BIENTEET, IBHENTEE T,



JNC TN8450 2001-003

| g
e EMEZ BV RS

LELTENFEL L VBEOFMHCHANERNTE 2E > AP SRETHHTZ 255, EROK
SMMBERVAERRETVET, BONAERERE. HTKEIENY THOR TCRIBICHA-T
I3 EHEERCPHHAMENEOBEICOVWT I B2 —2BICRIRLE T,

= LANIVA T AEEAE E B THSTEME DL FF R ET
HEFOERT —2ZMBLET,

= i Sy #
BLAVISHEMERERSR (CPF)  MFHE LIRS CPFO# 5 X&MIF  OPFCEBLL 7 4 5 X B
BLAIAS RBILEKES RS EERS > TOET, BB TS TRA L REOBL VKSR
BOIVS U — FEOBER ST & - THREHRAE UM% H52BIEL R ARV TE 2 S 2B RBET > T
NIRRT B L R<RBD TEBRBES > TIET, LET.

WTREBOBRED L VR ERE L LIRIET T, MAMED
BOEZHEPBITEEEOER T — 2 EMELET,

= et

i 7

WEMS B L7 hERR (QUALITY) KESHEMIO—THRy 7 200

HAMMEEBVERE TR, UTOL I L BB L TS ELERETVET,

sl

s R EHE
HEMES Carrl . b Txpicz
b DA S S CUIRR ot B
ME S B, AT | mEIBE |8
DESICL NPETE A aéa)%g i
<. entk 0SS : D&>(T; 5
i BT “gmitenng SLeDT Tamhnng
fjfgf LaoD?  yrarstean) L&2D?  mirsteap



JNC TN8450 2001-003

T HESF(HE:

A

[

AEa—9ICLHEMFH

T T IVEE DT
REPBZTOLCHIC,. SETEBHEI-—F
RV ZTO>TOLE T,

T&m.

Z men)

E—— T ]
B E 5 T DT RIART
HoRAEIEED SBBSNBROLHY =T
TIhERBOTERFLICATT. BiFnD#%5 0
FROBEDMZERLTOLE T,

Z (mea)

,//
/" year = 40000

Lu e
X (mm) 3500,

Coacentention Profile in Buffer (Am-243)
0008 0.010

AN 7RO s E BT EER D —B5l

BEMENENROVEBDEICATINY PhTE
DD ERALET. CORE—HIT. 40,000
FROBFAEVEOLN Y ZBDERVICKYURL
TOET,

ZENYTORTRECIBERE. BFEHIX
EERERICEDWVWTTFAEL. Zh 5 DREHIPE
FEEMNOREBEICHEZE-TEDL S ITET »
EWwolkZE®x, OACEL—2THMEL X7,

MBI 5135 AT/S Y 7

0.0
1

Z (own)

/ year = 50
TBEM (X2 hFA R ANOHTKOZRETF BRI
HNZ RELEPORSIEME(E . #TRKICEL>
THBDPZBE TR EEAONTLE T, N,

KRB EMNEDXDITRBIT DD ZRITL
12BITY,

~

-

X fmm) 1.00:04

HERLD DB T DEEH

ANZEKRESUBD SBENTICIZRRICERL &
IH BRPICEXNEROBRIBEL T,
N, MERNICH T8RO HZERT—
RICEDOVTHERLICHITT



JNC TN8450 2001-003

FMOBHERE [7’7:!/—-/\)»#]
10,000 FAd B B L R L SRR I A

“lapsed Time (day)

200 » R (‘
100

|
" ormoammNBLAL
(900~ % Ky
vl ~ur) [
/

0.01 - .

0.0001 —

0.000001 Mo virl 3 vonnd 4ol vuvond o Bl
1 100 10,000

BA&HORE [F]

PRTRETTT BTy
1,000,000

SRR ORE T RIART
HWRKE, BRPOBREZBEHTDEEA SN
TLET. N, BEPICHEOTHTKLEE
POBEEEDLDICBETEN%Z, ETIVEMA
WTERHFLICAITY,

WELS 2 X T LRSFHERER
WEADDREEICH D DB S ITELERE
ERLILYFUFICEDE, BRI R T LD
REMICOVTEBIFLICAITT, ¥XDORR. /8
MY 2T LD HELDEFBICRIETITELE. B
ROBRARDBHFBRL NIV PEABHNRL TS
REBEDBZTFEDBIENRSNTOET,

[
FEINUT7 VAT LOYEEEST T

RSP RELICERTEZILEIPEHMT 20101, HELSLHED
VAT LRI EDEFRENG AT EE T \Lbnﬁ/\ LM EFE T 502
BFHNET, TORLMEFMT MR L. HEFEAREFATHET,
WEMSDEEEEEZBHE. UTO2RICODVWTERTIVLENFS W ET,

cHTF. BAFECRIMBO TRVEIEEER L EThIEESHWZ &,

*EhBPENEENZVKRRADBEE WS AWETCAXLZMEFML &

Thidasnrwnwa &,

£ N= __‘Eié’l‘iﬁ’
COBRBEORBEL TERD&LS RHE D7 D D370

BEEPBAOBNTOET, £7. e ~
EEH%%@bE TS R T L DIREE > 7 A DIFRK
TS HB L OBRREBNBE < ' BEFR
BEL . B-BENEEBBEADEE | FIROAR
fg;seewé BEF (VFUA) AER EFILDIEEE
L&, 2T
RIC. ¥FUAICB> THs a3 " ;%*g};
PEBOBRICE DV CETIVAE U ﬁn *ﬁ D r—Hﬁ/—
TR DB D 2T L DMAE FATO) K It ,
@ R MA TG 7, g ——
=4: TR
h. 4
L4 D | T

TN



JNC TN8450 2001-003

D EET0GTH e

|
ATINU 7 DRz

77 AEERIE. B ICERLTH-—N=Ny JICMEh, &5
ICZDOEBEEREM TCEAET, COYATLEAINUT EFUET,
AINYT7OHEEZASHICL, MAMET -2 EZRBITHEEHIC,
AINDT7ORE - #IECRIMEEZT>TVET, £, LoD
RETHR. &% - BERUMASHICET 2 BMOMEREZT > TWVET,

77 ZAEEtE (R5E)

SUNIVREENEELICERET
BRENICASRE, EHD KD
BFEYZRE—EHEINDERE
BIFASN, A REIEEEL
TRESNZ T,

EREME D
BEMOLEKE, B2Y—
5. BEEMEDOREEIEE
AGEM, (EFE0REENE. £ —
N=INY ORFHEOERD Sk
B OM4ERZERTTL . BIELTC
_@J—C‘@-o

RERMA —/IN—INy T $A-RFERMA —/N—/Ny 7 GRENERE) FER-KEMA—N—INy T

F—IN—I1%y TEREH

SETEBEBIHICONT., ¥OMEM., MEMERETREOER, REROL »\OE, RIERUBE
BiFEDRF ZT>TOET,



JNC TN8450 2001-003

| g

W53 HEERICRE T DA

AVEL—RICHWET -2 EZANL . X¥DPICUITESR
ZRETLICPITT . MNhEsRIE. BERZMTORBICHKET S
LR E . WTORBICERZEZTE T S THHERICE UBMK
=NETo,

BEZM XA -TK BEZAX—UH

SUNVAS @I, EREICH 3 0 FEH S5 0 EE ETANRESNLR. 49
BRICEESNE T, ¥DR. DBEOREVPA—N—NVIONDHAGEDUNBZ L I-#
DN ENE T, ERICADERTIE. CNSDA X—IJ-HDEDICADNED TR (BE
&) PASINE REZE) (CHREBRSN., YOBKIZFICIUNECEEBOREINEE

AV 31— TRV ESRDES IV



JNC TN8450 2001-003

O _

Eddod]::F

BN SHEFBRZERBNDEEDON. TOA EZMEE UTcFLEHE
[F—UIDBZRRE. FCMZEBSBIEOIEFERD T NZFHOBEELL

CEMZEHTEFX U,

CDAEREICRA TAEDIDEFZBL DY VRILELTTY
A MELE UTce BRONCAREE/INU TPV RT LAZRULTHDET,
SUNIVRESHEREREYIE. 2E/INUTPVXTAICEKD. BEEEDET Uid
HEI. KOBFEZEZTH., RUCAEREBICHEZREEETVLIIC

HFEDHEZRUICBDTT,
KRIKER
L—t
o SEHH
5 VBRI DT (L@ RS HAFEE
(P7) B#RE (P4) (P5)
S BRI KERHBRRR

FEBEOATIOAVEE | | BEEHR
DiTRE (P5) (PB)

(P4)

XA 004 F 2V E— LEHEE
REDHTRE (P5)

By NO— o5
AT
(P4)

= g IV <
48

AR T 1 7 VBHRIEE (Y1 V7 ILIEE)

Japan Nuclear Cycle Development Institute (JNC)

%ﬁ ES # ZBRIERRBF AT 4-49 TEL. 029-282-1122

RBEEMN REEIPFREPR BN 4-33 TEL. 029-282-1111

K= L~NX—  hitp://www.jnc.go.jp




. JNC TN8450 2001-003

Research and Development
on

Radioactive Waste Disposal

Tokai Works
Japan Nuclear Cycle Development Institute (JNC)




JNC TN8450 2001-003

Utilization of Nuclear Power

Research and Development
on

Radioactive Waste Disposal

Civilization depends on the use of mineral and energy resources. The use of
any natural resources, however, inevitably generates wastes. To protect and
preserve the quality of our environment, it is essential to treat and dispose of
these wastes properly.

Nuclear power is produced from uranium and plutonium, and radioactive
waste is produced by the generation of this power. The radioactive waste is
sealed in containers and stored within monitored facilities to avoid any
significant impact on the environment. In order to continue using nuclear
power, while minimizing the burden of waste management on future
generations, technologies to reduce the amount of waste produced and provide
long-term isolation of the waste to avoid impact on the biosphere must be
established. The responsibility to implement waste management surely belongs
to the present generation which benefits from the use of nuclear energy.

JNC is conducting a wide range of R&D on the technologies to provide
responsible management of nuclear waste.

Utilization of nuclear energy and radioactive waste

The fission products (radioactive materials) resulting from nuclear power generation are separated when
the nuclear fuel is recycled, and are conditioned and disposed of as radioactive wastes.

Nuclear Fuel Cycle and

Spent fuel

Radioactive waste

Uranium ore (high-level waste and

Radioactive waste contains various
radioactive materials in different
quantities, depending on where and
how the waste is produced, and is
generated in different states such as
gas, liquid and solid.

- Recovered uranium and plutonium
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What kinds of waste are produced
when using nuclear power?

High-level radioactive waste

Waste with high radioactivity that is separated from the spent fuel in reprocessing plants is called
high-level radioactive waste (HLW) which is a solution (high-level radioactive liquid waste). It is
vitrified to produce a chemically and physically stable glass monolith (vitrified HLW). The vitrified
HLW is to be stored for cooling for about 30 to 50 years after vitrification and subsequently disposed of
deep underground to avoid any impact on the biosphere.

Low-level radioactive waste

Radioactive waste with low radioactivity levels originates in the waste water discharged from nuclear
facilities such as nuclear power plants and the process waste discharged from nuclear fuel cycle
facilities such as reprocessing plants and fuel-fabrication plants. This type of waste is called low-level
radioactive waste (LLW) and is produced as a gas, liquid or solid. The LLW is treated according to its
properties; for example, solid waste is held in drums for storage or disposal. Most low-level radioactive
waste is to be buried at relatively shallow depths in the ground, and disposal of some low-level waste is
now being carried out.

Waste Management

Simulated low-level radioactive waste items
(left: adsorbent; center: sludge; right: simulated bituminized waste)

Treatment

low-level waste) and
storage

DISpOS&l High-level ra&foactive Simulated vitrified
liquid waste high-level radioactive waste
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Research on Geological Disposal

The deep underground(deeper than several hunderd meters) is isolated from the biosphere, human
activities, and climatic variations, hence it is considered to be suitable for isolating radioactive waste
for a long period of time. Researchers in the Waste Isolation Research Division are studying the
influence of groundwater in particular on multi-barrier systems in underground environments after
burial of the high-level radioactive waste. The purpose of this research is to design and build multiple
safeguard barriers to assure the long-term safe isolation of the waste.

disposal

Concept of geological

Performance assessment
research

Scenario

Groundwater scenario

Research on stable host rocks

The direct influence of vitrified
waste on human beings, and the
possibility and impact of such
occurrence are evaluated.

Research on a
"multi-barrier system"

The phenomena whereby radioac-
tive elements in the vitrified waste
are dissolved into groundwater and
migrate into the host rock, thus

reaching the biosphere, are assessed.

Natural barrier
research

Groundwater flow / water
chemistry / absorption and
diffusion of radioactive
elements into rocks

Occurrence probability/
risk research

Volcano Activity / fault activity /
earthquake / uplift / subsidence /
erosion / climate changes /
sea level variations/
meteorite impact /
human invasion, etc.

Engineered barrier
research
Permeability of buffers /
corrosion of overpack /
engineered barriers and

effects on groundwater /
leaching from vitrified waste
/ dissolution and migration of
radioactive elements

Understanding of phenomena

Assessment of long-term behavior
by modeling

Performance assessment of
multi-barrier systems

Assessment of
isolation performance

(Upgrading of safety assessment melhcdsD

Stable host rock

Ground
water

Natural barrier

R&D on disposal
technology

e

Technical development for the Technical research concerning
manufacture of engineered barriers disposal facilities

Overpack Buffer material Disposal facility
research research research

Containability / Low permeability / Cavity stability /
corrosion resistance / sorption ability / construction technology /
L’;‘;:gﬁ;gz;g:?gs; chemical buffer / operation technology /

chemicallbuttar thermal conductivity, closing technology, etc.
properties. etc.

Research on
long-term behavior
of engineered barrier

Resaturation of buffers /
settlement of overpack /
buffer dissolution. etc.

Assessment of
disposal technologies

b 4

Reliability improvement of
disposal technologies

C )

. * Multi-barrier
" system

Engineered g
g —=<— Natural barrier

barrier
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Performance Assessment Research

k Experiments are conducted on phenomena
Basic Experiments on the Safety of Geological Disposal ~ concerning the various chemical reactions
between groundwater and various barriers and
the migration of radionuclides using non-radioactive
elements. The obtained data are used for computer
analyses.

. _ Reactions between groundwater
Performance of engineered barriers and barriers

;r :

Test samples of
buffers containing
simulated ground-
water are kept in
contact with a met-
allic container, and
its corrosion pattern
and corrosion rate
are examined.

B 4. 9

7Exploratory Data Acquisition System

The deep underground contains little oxygen. To simulate
the environment, glove-boxes are kept almost free from
Example of corrosion test oxygen, to perform var:xous chemical tests using the
of overpack engineered barrier materials, groundwater and rocks.

Groundwater flow and
water chemistry

Water/rock inter-
actions are examined,
to clarify the properties
of deep groundwater
and how it is formed.

Laboratory Test using Mass Transport
Rock Characterization in Host Rock

Host rocks are broadly classified into two types, i.e.,
fractured media (water mainly flows through fractures) and
porous media (water flows diffusively through rocks), to
clarify the mechanism of water flow and migration of
materials into the rock.

Integrated Mass Transport
and Geochemistry

Fracture Network Rock Block Experiment

In a fractured medium, fractures are interconnected
with one other in a complex manner to form a network.
Tests using real rocks are performed to clarify the
mechanism of water flow and material migration in such
a fractured network.
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Performance Assessment Research

Natural analogue research
of engineered barriers

"Natural analogue" refers to an
occurrence of materials or processes
which resemble those expected in a
proposed geological waste repository.
Natural analogue research can clarify
and confirm the long-term phenomena
that cannot be obtained by
laboratory tests, etc.

Volcanic glass

Application of solid and solution

analytical techniques

To accurately identify the nature and
behavior of nuclides in deep underground
environments, various analytical methods
and equipment must be used in experiments.
Shown here are some of the analytical
techiques used for R&D on geological
disposal technology.

Indhctively coupled plasma mass
spectrometer (ICP-MS)

Extremely low concentrations of elements
in solutions can be measured.

Japanese archaeological bronze-bell (1800 years old)
(source: Osaka Prefectural Buried Cultural Assets Association)

As a natural analogue
g study on the leaching
¢, and alteration of vitrified
% waste, volcanic glass
resembling vitrified waste
in chemical composition
is examined.

Micro ion beam analyzer (MIB)

The concentrations and distributions of
elements on the surfaces of minerals can be
non-destructively analyzed.

Laser photoacoustic spectrometer (LPAS)

The chemical form and concentrations of
chemical species of nuclides contained in
solutions can be analyzed.
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[ g

Research using radionuclides

Real radioactive elements are used, in particular, when the element has no corresponding stable isotope
and/or analysis of higher sensitivity can be achieved. The experimental data are used for computer
analyses on long-term chemical reactions between groundwater and/or various barrier materials and on
migration of radionuclides.

Data with respect to chemical properties of actual vitrified high-level waste are obtained, as
well as data on radionuclide migration from the waste.

Chemical Processing Facility (CPF) Glass melter of CPF Vitrified waste produced
Physical property evaluation cell/operation room at CPF
High-level vitrified waste contains high radioactivity. Radiation Vitrified samples of high-level radioactive liquid
is shielded by thick concrete walls, etc. to allow researchers to waste brought from a reprocessing plant are used for
carry out tests without being exposed to the radiation. various tests.

Data of chemical properties and migration characteristics of radionuclides are obtained in a
low oxygen (anaerobic) condition which simulates a deep underground environment.

S = 3 BT ——
Quantitative Assessment Radionuclide Migration Example of an atmospheric controlled chamber
Experimental Facility (QUALITY)

Various experiments using radionuclides are performed from the following viewpoints:

Amount of Mechanism Mechanism by

radionuclides by which which the host

leached and radionuclides : rock retards the

dissolved from migrate in &N 7 migration rate

the high-level engineered : § of radionuclides

radioactive barriers ‘ -

waste glass into Diffusion test in Migration test
groundwater a buffer material in rock
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Performance Assessment Research

e = :
Overview of model analysis

For long-term predictions, various computation
codes are used.

0o
. 6000

/ P
¥ (mm)
7

2 (mm)

0.0

X (m)

6000,

Repository Thermal Distribution (Deg-C)

450 100.0
S

Temperature distribution prediction analysis
The heat diffusion from vitrified waste is simulated

by a model. The diagram shows a temperature
distribution around the vitrified waste after
disposal.

- 3500

3500.
Z (mm)
- 0.0
year = 40000

s
3500,

Concentrtion Profile in Bulfer (Am-243)

1.00-00 0.010

An assessment on the migration of
radionuclides in an engineered barrier
This assessment indicates how radionuclides
behave in engineered barriers over long time
periods.
radionuclides after disposal.

[ g

Computer Simulation of Multi-barrier System Performance

This diagram shows the diffusion of

Phenomena occurring in multi-barriers are
calculated based on theoretical models, natural
analogue data, and experimental results.

The progress of those phenomena over tens
of thousands of years is evaluated by computation.

An engineered barrier at a disposal site
(an image of vertical emplacement)

1.00404

Z ()

X (mm)

Analysis for predicting the infiltration of
groundwater into a buffer (bentonite)
Radionuclides in vitrified waste are carried by
groundwater into geological formations. This is an
example of how groundwater penetrates the buffer.

Analysis of fracture distribution around a gallery

The repository should be located away from
significant faults although many small fractures
exist in rock masses in Japan. The above shows
the distribution of fractures around a gallery.
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1 100 10,000 1,000,000

Time after disposal [year]
Analysis for predicting the flow of Safety assessment of geological disposal system
groundwater in a rock body

This result is an example of assessment based

Groundwater may predominantly flow through on a scenario taking various system factors into
fractures in rock. The above shows a groundwater account, and shows that the impacts of the system
flow pattern simulated by a model. on the biosphere are lower than the natural radiation

level and the safety standard values proposed by
the nations promoting the disposal of HLW.

| g

Performance Assessment of Multi-barrier System

To confirm whether the geological disposal system can be safely implemented, it
1s necessary to sufficiently examine the safety and impacts of the system on the
living environment. Such safety research is called "performance assessment
studies." The following two matters must be taken into account concerning the
safety of geological disposal:

* Very long periods of more than several thousand years must be taken into

account.

* Many kinds of host rock and engineered barrier systems must be investigated.

Flow of assessment

To enhance reliability

These issues are addressed in the following ; £ 3
manner. First, every conceivable situation Preparation of scenario Tiaformat g
which could change the conditions of a disposal ' kIIl] (g)\ivr]réilgf):nfro (;m
system over a long period is assumed, to iden- experts
tify the scenario under which the living envir- Construction of model
onment is affected. T

Then, a model is constructed based on the ' Sufficient safety
results of field observation and experiments 3 tolezance
conducted according to the scenario, and the Analysis
future performance of the geological disposal ]
system is finally assessed. % Safety standards

Judgment on safety
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Research and Development of Disposal Technology

[

Development of Engineered Barriers

The vitrified waste is packaged into an overpack, then the space between the overpack and
host rock is filled with buffer material. This system is called an engineered barrier system.

Research is being conducted to clarify the functions of engineered barriers and to obtain
data on the physico-chemical properties of materials and also on the design and manufacture
of engineered barriers. Research and development on the design, construction, operation and
enclosure technologies on disposal facilities are being conducted.

Vitrified waste

Glass is melted together
with the high-level liquid
waste at a high temperature.
The molten glass is poured
into a metallic container
called a canister to be stored
as vitrified waste product. e e :
(Simulated vitrified waste in An experimentally manufactured buffer
a canister is shown at left)

e

The buffer material shown here was
manufactured based on the specifications
established by examining low water
permeability, self-sealing, retardation
of migration of radioactive material,
thermal conductivity, chemical buffer
properties and overpack bearability of
buffers.

b

Carbon steel overpack Copper-carbon steel Titanium-carbon steel composite overpack
composite overpack (carbon steel container covered with titanium)
(copper shell with carbon steel inside)

Experimentally manufactured overpacks

Various candidate materials are examined in terms of pressure resistance, corrosion resistance, maintenance of
reducing environment, radiation shielding, manufacturing, welding techniques, etc.
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Research on Disposal Facilities

Surface
facility

Underground
facility

This shows an example where a disposal facility is designed
by entering geological data, etc. into computations. The
disposal facility consists of a surface facility for transferring
waste into underground depths and an underground facility for
placing the waste deep underground.

Image of vertical emplacement Image of horizontal emplacement

High-level vitrified wastes are cooled and stored on the ground for about 30 to 50 years after
vitrification. They are then inspected as required and sealed in an overpack, etc., to be disposed of. In the
disposal facility, the waste in the overpack is emplaced vertically or horizontally in disposal galleries as
shown in the above images, and the gallery is back-filled with clay, etc.

Computer graphic models of disposal facilities
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Explanation of the symbol mark

Old legends claim that peacocks eat poisonous snakes, and that
the Kujaku Myoo (peacock god) eliminates all poison and has the
power to initiate or stop rainfall.

Based on the Kujaku Myoo legend, the pattern of peacock
feathers has been used to symbolize geological disposal of waste.
The nearly concentric circles symbolize a multi-barrier system.

This symbol allegorically means that the radioactivity of high-
level radioactive waste is contained in a multi-barrier system, and
that even taking the presence of ground water into account. the
system ensures no significant impact on the biosphere.

Cover Photo
Laser
Exploratory data photoacoustic
A view of model acquisition system spectrometer
analysis (P. 7) (P. 4) (P.5)
Mass transport
characterization
Inductively coupled in host rock (P. 4)
plasma mass Solubility
spectrometer (P. 5) test (P. 6)
Fracture network rock
Micro ion beam analyzer (P. 5) block experiment (P. 4)

JNC

Japan Nuclear Cycle Development Institute

Head Office : 4-49, Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken, 319-1184, Japan
Tel : +81-29-282-1122

Tokai Works : 4-33, Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken, 319-1194, Japan
Tel : +81-29-282-1111

Home Page : http://www.jnc.go.jp/ 46
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F—aN—IAEHEES 2 {ERL BRF
RERZEE R Triaxial gas migration test apparatus BE#R AFS

B#Y - 812 The corrosion of the carbon steel overpack in aqueous solution under anoxic conditions will be accompanied by the

/BIERIE generation of hydrogen gas, which may affect hydrological and mechanical conditions of bentonite buffer. To
evaluate the consequences of gas generation on radioactive waste repository in deep underground, it is necessary to
clarify the fundamental characteristics of gas migration in bentonite and rock under the underground conditions
(temperature, ground pressure, hydrostatic pressure).

AR specimen size; p38mm X 1.38~76mm
usage of gas; helium, nitrogen
gas pressure; 35 MPa (Max.)

HAERAZR Gas and water will be supplied to sample by a fluid delivery system. Water and gas flow rates will be measured by
an acoustically monitored separator system. Compacted bentonite or rock core will be placed in the coreholder in
the test vessel. Water/Gas is injected at its right hand side of coreholder by the fluid delivery system. Gas pressure
in the sample is measured by a data acquisition system. This data acquisition system controls precisely (0.01%
F.S.) electronic pressure transducers, (upstream flow pressure, and downstream flow pressure), and provides output
compatible with a host computer system.

<Apparatus: see Figure 1>

( #xxcgpr ) zemcgz ) smcos ) #r )(2ro-reusc)

00.8.28  13:22 mIMEBIERK

FREGr.[JL53/3 ) 7 PEREREZEGr.

=3 O BAE RES

TF 7 71L& AFS(EN).eps

ABRKER - S f

e

00.9.27

09:50

€00-1002 0S¥8N.L ONI



F—aN—IBBEE 2 {ER% B ¥ 00.8.28 13:22 ZRIREEFHR 00.9.27 9:50
BB AFS EE[0BEAZ X% |
ECEN SCEH X2 ECEX3

SLEX4 FCE X5 H 6

( #wxwcoz . ) zsmcos ) ssmcos ) B )(2ra-rexse)

€00-100¢ 0S¥8N.L ONI



T —EIN—ABBES

BRI AFS
ISR ILDHHER

2 {ER B

IS IV DILERR

Triaxial gas migration test apparatus
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Contents

Gas migration property of bentonite rpecimen
under tho underground conditions

The corrosion of the carbon steel overpack in aqueous solution under anoxic
conditions will be panied by the g ion of hydrogen gas, which may affect
hydrological and mechanical conditions of bentonite buffer. To evaluate the

qt of gas g ion on radioactive waste repository in deep underground
msnmsarywclmfytheﬁmdammlchnmmmmofgumgmnnnmbenmmm
and rock under the underground conditions (temp ground p y
pressure).

specimen size ; ¢ 38 mm X L 38~76 mm
usage of gas ; helium, nitrogen
gas pressure ; 35 MPa (Max.)

Gas and water will be supplied to sample by a fluid delivery system. Water and gas
flow rates will be d by an ically monitored sep system.,
Compacted bentonite or rock core will be placed in the coreholder in the test vessel.
‘Water/Gas is injected at its right hand side of coreholder by the fluid delivery system.
Gaspreumemtheumpleumeumedbyadmacq\nsmonsymm Tlusd.m
acquisition system ls p (0.01% ES.) el
(upstream flow pressure, and downstream flow pressure), mdprovtdu output
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SERZEE R Bentonite Extrusion/Erosion Test Apparatus (2) BEFR BENTFLOW-II FREGr.[ 53 7 PEReFZEGr. |

E#Y - 12 It should be maintained the long term stability for HLW geological disposal. For buffer material composing the Z OBAAZE EE
/BITEIRIE engineered barrier system, the density in the future becomes an issue, because it is considered that extrusion/ erosion
of the swelling buffer material into fractures and erosion of buffer material by groundwater flow will take place. EFI771)L% BENT2(EN).eps
BENTFLOW-II facilities are used to make quasi-fractures of rock mass with rock mass specimens or acrylic one.
The subject of this experiment is to establish quantitative assessment.

ol

FARMEHR - Dimensions of rock mass specimen  :1.500 X WS500 X H200 mm

-Dimensions of bentonite specimen  :050 X H50 mm BBRIER - Sl
- Water back pressure :1 MPa (max.)

*Vertical load :250 kN

-Swelling pressure of bentonite :10 MPa (max.)

-Water flow rate :50 ml/min (max.)

- Temperature of thermostatic room  :20°C

RERAZ This equipment is used to assess the extrusion and erosion behaviors as parameters of below items;
* Width of fracture * Velocity and pressure of pore water
Swelling pressure of buffer material *Roughness of fracture surface

<Apparatus: see Figure 1>
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Bentonite Extrusion/Erosion Test
Apparatus (2) (BENTFLOW-II )

Objecﬁves It should be maintained the long term stability for HLW geological disposal. For
buffer ial ing the engineered barrier system, the density in the future
b an issue, b it is idered that ion / erosion of the swelling
buffer material into fractures and erosion of buffer material by groundwater flow
will take place. BENTFLOW-II facilities are used to make quasi-fractures of rock
mass with rock mass specimens or acrylic one. The subject of this experiment is
to establish quantitative assessment.

Construction | - Dimensions of rock mass specimen + L500X W500 X H200 mm

* Di ions of bentonite specimen : 50X H50 mm
= Water back pressure : 1 MPa (max.)
» Vertical load 1250 kN
* Swelling pressure of bentonite : 10 MPa (max.)
« Water flow rate : 50 ml/min (max.)
* Temperature of thermostatic room :20°C
This equipment is used to assess the ion and erosion behaviors as p of
below items;
* Width of fracture * Velocity and pressure of pore water
* Swelling pressure of buffer material » Roughness of fracture surface
----- e
] T e s :.;E: B
| pu— i [ poiid [e=l==]
]
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F—aN—ZAEBES 6 {ERR BBF
FAERLEBE R Characterizing laboratory test on unsaturated zone #E#: CLUE

E/Y - BEZE The objectives of this equipment are to understand the mechanism of the evolution of the unsaturated zone around
/BITERIE the disposal tunnel including the EDZ due to the construction and to understand the mechanism of the resaturation
phenomena after the closure of the disposal tunnel.

EARMEAR Water tank A: 1450mm X 1300mm X 300mm
Media: Glass beads  Water pressure: 0.02MPa(max)
Water tank B: 800mm(Diameter) X 380mm
Media: Natural rock block  Water pressure: 0.50MPa(max)
Data measurement system
Pressure transducer, Electric conductivity sensor, Thermocouple psychrometer

FAERANZA By using an artificial rock formations considering EDZ around a disposal tunnel, the outflow to the tunnel and the

evolution of unsaturated zone during the both construction and operation phases will be observed. And the recovery

of the water table and resaturation process will be also observed.

<Apparatus: see Figure 1>

EEEEE EEEEED EEEET D EERED

00.8.28 14:03 =IXEILEHRF

PREGr. L5237 VERERFZEGr.

S O BAE REE

TF 7 71 )v%& CLUEEN)L.eps
CLUE(EN)2.eps

ABRKER - 2RI

<See Figures 2 ~ 6>
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Data Measurement
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Unsaturated zone around the test hole
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Characterizing laboratory test
on unsaturated zone (CLUE)

The objectives of this equip are to und d the mechanism of the evolution of the
d zone around the disposal tunnel including the EDZ due to the construction and
to understand the mechanism of the resaturation phenomena after the closure of the disposal
tunnel,

. Water tank A : 1450mm X 1300mm X 300mm
Construction Media : Glass beads Water pressure : 0.02MPa(max)
aratus

Water tank B : 800mm(Diameter) X 380mm
Media : Natural rock block
Data measurement system
o docer. Blectric conductivi ;
Thermocouple psychrometer

‘Water pressure : 0.50MPa(max)

By using an artificial rock formations considering EDZ around a disposal tunnel, the outflow
to the tunnel and the evolution of unsaturated zone during the both construction and
operation phases will be observed. And the recovery of the water table and resaturation
process will be also observed.

App Water

Tank A

Unsat:
Zone

ted
Damage
Zone

AmplifiefAD Converter

Pressure/Yentilation
Control

Data Processing
system

Data Measurement
-Pressure
-Conductivity
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F—gN—ABBES 8 frRk B

HERZEBER Triaxial Compression Apparatus B&#5 CREEP I, CREEP II

B9 - #12 The essential components and properties to maintain each performance of the engineered barrier system (EBS) have

/BIFERIE possibility to be influenced by the natural phenomena such as an earthquake or a diastrophism, and the long-term
static external force such as swelling pressure caused by ovrepack corrosion products or rock creep behavior caused
by the earth pressure. Quantitative understanding of these influence is very important to evaluate the long-term
mechanical stability of EBS. This system has aims to obtain various data by each basic test, especially for the
buffer material. And these data contribute to the development of constitutive models for the buffer material.

EARMEIR <See Figure 1>

<Components of the apparatus: see Figure 2>

ABRAE

axicps ) eemcge ) smcos ) g )(2ra-redsc)

00.8.28 14:04 ZIEIERRF

PREGr.[JL5/3) 7 PEABREZEGr.

=% OAASE RESE

F7 7 1)V CREEP(EN).eps

I]II

[ﬂﬁ'l

ABRHKER -

00.9.27

Consolidated-Undrained triaxial compression test

Bentonite-sand mixture
Dry density: 1.6 Mg m”
Shearing rate: 0.01mm min"'

<See Figure 3>
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EBBEFR CREEP I, CREEP 11
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an

= v
o1
Low pressure type A Low pressure type B | High pressure type
Abbreviated name CREEP I CREEP I
‘The number of systems 1 3 T 3
axial load (kN) 20 50 l 100
Shearing rate (mm min") Load controlled only 10* ~10" (2 systems),
102~10' (1 systems)
Maximum confining pressure (MPa) 5 10 ] 50
i axial displ (mm) 10 25 I 25
Specimen size (mm) $50Xh100 $50Xh100, ¢35Xh70
imum heating () 100
Obtained data Axial load, Axial displacement, Confining pressure
Pore water pressure, Drainage discharge, Temperature in vessel

L X4
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Triaxial Compression Apparatus (CREEP I, CREEP II)

Obj 5 The easential componsnts sud propartias o malnteis sach. perfrmunnce of the enginsered
bearies zystom (EBS) have possibility o be inflosaced by the naturel phenvmens roch s m
earthquake nr & diastrophism, and the long-term sixtic exizamal force such, as pwelling prosyurs
enuned By overpack coeroeion prodocts o ek croep hehavior cansed by the ewrth presywne,
Quantitative mdeatanding of thess infiemnce is very important te evalnate the long-bem
machanical stahdlity of ERS. This systan has ains 2 obtein vardons dsta by aach basie test,
wpecially for the belier mutwrial, And fhess datn coatribute i the develupmeat of comtitotive

‘mindells for the il muerisl.
| Basic Specifications|
Lowpomswotzpod | LowpowuotypeB |  Mighpowsusiype |
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| it il ¢ et (o) EL] = z
| Spouities w0 Caes) @30 XE100 STKNIB0, SISKKN
| Dswiipmon heatiog teospetatacs (C) 100
Obendmed det g'b:lﬂ MTUI Ly

LozciDisylacemant Conroled P Hixted-Undrainad triaxial
= Cigplacement B
Bark Prassure ‘ O §2435 cumpresrion test
Load-cel " Eentonite-sand mixtore
Dry fenity :1.6 Mg mc9
& 1 | Shearing rate 0.0 %mm min!
g o ’ 1 14 e e s
£ = ] Vessel g2 e i
Cendaing Bt - S G
'y Pre=sure |3 & B x - ?
5 Carsiiolizy : I = 3oy —
< i B = §os o
L 1 = B
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(Electron Probe Microanalysis)
AIEEE | SSHCHr <R LBRTFRERHL. TOLEMBMSHEHEINEZRRT
C&YREEEOMRET. $i, ARCKRHINIHEXRITRES
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RERIEBE R Electron Probe Microanalysis E&#: EPMA PREGr. |l B ZEGr. |

B - #5E Electron probe microanalysis is based upon measurements of wavelength and intensities of the characteristic lines in EE OQBHAZ REE
/BIFERIR the x-ray spectra emitted by elements bombarded by an electron beam.

TEF 7 7 1)V EPMA(EN).eps
<See Figures 1 and 2>

FEAR{EAR Magnification: X 10~ X300,000 SHEREEE - LAl
Accelerfitmg Nolug D gy The section of bentonite sample, which has been kept in
Resolution: 6 nm

5 contact with carbon steel
Element: B~ U

Detection limit: 0.01 % <See Figure 3>
Despersing crystal: STE, TAP, PET, LIF

HBRAT
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sCEEN sCE2
Secondary electrons Lo
% Ch: teristi
e_. Primary beam electrons (ﬂ;‘(afm;lsph:tf:srﬂ (1)When an incoming ion is transmitted to spring out an inner-shell orbit electron from an primary

sCE 4

beam electrons.
(2)An outer-shell orbit electron is transited to the inner-shell.

(3)The electron transition between shells of different energies can result in either the ejection of
an Auger electron or the production of an x-ray photon of a characteristic energy.

X-rays produced in this fashion are called "characteristic" x-rays because their energies are
characteristic of a particular electron transition in a particular element.
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Electron Probe Microanalysis
St Electron probe microanalysis is based upon of length and
Prmc1ples i ities of the cl istic lines in the x-ray spectra emitted by elements bombarded
by an electron beam.
Secondary electrons ¢
3 Characteristic energy
e Primary beam electrons (X-ray phomn)
e
M
[¢)) @ 3)
(1)When an incoming ion is transmitted to spring out an inner-shell orbit electron from an primary
beam electrons.
(2)An outer-shell orbit electron is transited to the inner-shell.
(3)The electron transition between shells of different energies can result in cither the ejection of
an Auger electron or the production of an x-ray photon of a characteristic energy.
X-rays produced in this fashion are called "characteristic" x-rays because their energies are
istic of a particular electron ition in a particular element.
. . Magpification : X10 ~ X300,000
Specifications| A celerating Voltage : 0.5 ~ 35kV
Resolution :6nm
Element :B~U
Detection limit :0.01%
Despersing crystal : STE, TAP, PET, LIF
Examples

Na area analysis
‘The section of benmnimumple,whichhnbea:kaptinmmwiﬂ:uﬂ:unad

Rk BEF
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oY - B8 FHT AR XM ERINL T, AEFEZHINT 50 RO LAEFD, BERFICL o THELS R,
JREEE THRIcL Y, BIRBICE#PEC S, SREBMIT A2 LICXY, BRETORMECREDNE

BEDS DD 5,

s R XA 2 1 Hs¥R EXAFS

Rk, 22085

EARMH ST LaB67 4 7 A ¥ MK 18 kW
W7 1 F XY MERIKF 13.5 kW
EHERE . 5~30kV
ERE B LaB67 4 7 X~ MEHK 10~1000 mA
W7 1T A MEFRK 10~450 mA

HETLH © Mg
ek L Ge(

~Ag (KWIE) , 1~U (LoIG)
220)2d=4.000, Ge(311)2d=3.412, Si(840)2d=1.265
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SR S P S 2 v
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FBRETR EXAFS =2 W BAE [xEZ
SCEBE FCEIX2 SCE X3
N] . 0.0085
X(k)=2kF|fi(k)|Sln(2ka +¢j) =
Xi5 J J !
hv=E ®” 0.005 |
é‘é xexp(- Zo?kz)exp[- ZR’} e \/\,\_\
ol WY =
k:iBREAY MV, y(k) : EXAFSHRED, 0002
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Nj : R] DEEICEé]E@E?@ﬁ (R{ﬂ&) 5 o.oozmm 8200 8300 8400 8500 8600 8700 8800 B8S00 9000 9100
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F—aNXN—IBEBES 11 1ERk HEF
EBREHIR EXAFS 55 WAAE OxRE
IS ILDIMERT INZILDLER2
HFRImERE SR =E
(EXAFS)

(Extended X-ray Absorption Fine Structure)

P E R BETIRFAXBERNLT, ABFERHT S, RUHUALRTH, BERT
IC&o>THELE N, FHHRICLY, RREBICEMAELS. ChERFTSC
Lok Y, BERTORMMCRUDOEMSDNS,

N, \
0 "‘;% " x(k)=§l;kk—/-l,y,(k;|sm(zkf +9))
xexp(- Za;k’)elp[- .l%)_]

k: BBARY B, y(k) : EXAFSIRRE).

o: FRA-75—BF. ¢: i@ b,

Nj: Rj DERICH 5/BORTFOM (REH) .

fib) : RFORAMEBF, Mk) : XFOFHERTE

P9 T LaB6 7 4 5 A MEREE 18kW

EHRERE : 5~30kV
EREB/H : LaB67 4 5 A > MERFF 10~1000 mA
W7 4 547 MMERR 10~450 mA
M E T Me~Aeg (KIRIRSE) | I~U (LIRIRIE)
4 % # & : Ge(220)20=4.000, Ge(311)2d=3.412, Si(840)2d=1.265
S 47 % R RAWE. RTMER

<WHEMNETIIFA >
SEAVWANB L
5 4 6

e : Ni-0

aos a : Ni-Ni
g 00045 H .

oo 2
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#70 w00 800 000 9100

8100 8300 8600 3
IRNH— (V) ERA)

Ry bFA FICRE U/NIDEXAFSARS MLET7— ) IEROER

( #xxcwg ) z=umcys ) smcog ) BR )(2ra-raysc)

00.8.28

14:06 =IEMEIEHR

00.9.27

10:06

€00-100¢ 0S¥8N.L ONI



T—anN—2BEHES 12 {ERk BEF

B2 E R Extended X-ray Absorption Fine Structure B&#R EXAFS

B9 - #2E A center atom absorbs X-ray and emits photoelectron. The photoelectrons are scatted by neighboring atoms. The

/BIEEIR interference between the outgoing and the incoming photoelectron gives the sinusoidal variation of absorption
coefficient to X-ray energy. Analyzing the variation (EXAFS), one can tell the coordination number and distance
of the neighbor atoms.

<See Figures 1 and 2>

EAR{EAR Rated output: 18 kW (using LaB6 filament)
: 13.5 kW (using W filament)

Rated tube voltage: 5~30 kV
Rated filament current: 10~1000 mA (using LaB6 filament)

10~450 mA (using W filament)
Element: Ma~Ag (K absorption edge), I~U (L absorption edge)
Analyzer crystal: Ge(220)2d=4.000, Ge(311)2d=3.412, Si(840)2d=1.265
Information of analysis: Valence, Coordination, Distance
<Attachment>
Atmosphere controlled cell

HEBRAE

(

axcoe ) aemcog ) smcos ) B )(2ra-rexec)

00.8.28 14:08 SiEEHRF  00.9.27 11:52
AREG I’I%ﬁ‘ﬂﬂ'ﬁf |
OBAZE B *%:E

EF 7 7 1 )V EXAFS(EN).eps

nl&%ﬁ

[

i

RERFER - oI
EXAFS spectrum and FOURIER transform resutls of Ni
adsorption on bentonite

<See Figures 3 and 4>
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#BETR EXAFS SR 0BAZE K%XZE
FCE X FCEE2 SCEIX3
i N] : 0.0085
Center Atom | X(k) g 2 kRZ |f;(k)|S1n(2kR] +¢j ) |
X-ray j j 0.0055 |
hv=E 2 R 0.005 |
xexp(- 202k exp|:- ] ] B il
( ! ) Mk = oot
0.0035 |
k : Wave number vector, (k) : EXAFS oscillation, el
' o : Debye-Waller factor, ¢ : Phase shift, 0.0025 |
g Nj : Coordination number at R, o P B e ey s o e
fik) : Back scattering amplitude, A(k) : Mean free path. Energy (V)
a4 §E§325 ” EHe

Magnitude of FOURIER Transform
-3 - ~ @ - > a - [ ©
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>
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#BREHR EXAFS i E3 OBK%E R%EZ
ISR ILDIMER ISZILDHERR
Extended X-ray Absorption Fine Structure
(EXAFS)

s A center atom absorbs X-ray and emits photoel The photoel mscanedby
neighboring atoms. The interference b the ing and the i i
gives the sinusoidal variation of absorption coefficient to X-ray energy. Anllyzmg the
variation (=EXAFS), one can tell the coordination number and distance of the neighbor

atoms.
Center Atom
(k)= Z i Vikhein(2AR +4,)
) __RL]
xexp(- x,k‘)expl: i)
k : Wave number vector, x(k) : EXAFS oscillation,
u: Debye-Waller factor, ¢ : Phase shift,
: Coordination number at j,
Neighbor atom ﬂk) Back scattering amplitude, A(k) : Mean free path
Specifications| Rated output : 18 kW (using LaB6 filament)
: 13.5 kW (using W filament)

Rated tube voltage  : 5~30kV
Rated filament current : 10~-1000 mA (using LaB6 filament)

: 10~450 mA (using W filament)
Element : Mg~Ag (K absorption edge), I~~U (L absorption edge)
Analyzer crystal : Ge(220)2d=4.000, Ge(311)2d=3.412, Si(840)2d=1.265
Information of analysis: Valence, Coordination, Distance
< Attachment>
Atmosphere controlled cell
Examples
b 4 Ni-O
By
0.008
0.0088 E g
s g Ni-Ni
¢ g
00038 ; 3
00 =12
00023 } L}
Ll °

§100 €00 00 6100 800 800 ST00 00 E00 500 9100
Energy (eV) Distance

°
"
-
-

EXAFS spectrum and FOURIER form results of Ni ad ionon b
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F—aNX—-2EEEES 14 {ERR BB
HERIEBE L Studies of geochemical processes at reaction fronts ¥R GEOFRONT

B9 « BIZ Understanding of chemical evolution processes for reducing grounwater, and evolution of redox front/high pH front
/BIFERIE in near-field.

EARMAR - Atmosphere controlling glove box: quantity 3 (O,<1ppm)
- Soil-water reaction tank: quantity 2 (volume 25 littler)
-Column: quantity 1 for each glove box (length 150, 300, 500mm)
+ Automatic monitoring
pH, Eh: at inlet and outlet of column, in column (continuous)
dissolved oxygen: at soil-water reaction tank, inlet and outlet of column (for 2nd box)
- Teperature control: room temp. ~90°C (for 3rd box)
-Data processing system: server, client PC

SERAZA Column experiments under anaerobic conditions will be carried out. The chemical evolution of solution (pH, Eh,
dissolved oxygen, elemental concentration) will be monitored.
-The chemical evolution of groundwater will be confirmed by experiments. The solution which reacted with soil
will be introduced into the rock/mineral column.
-The evolution of redox fronts in near field will be studied. Oxidizing solution will be fed into the rock column.
-The effects of pH and Eh fronts on nuclide migration behavior will be investigated by adding non-active tracer.

Reducing groundwater evolution study / The schematic view of the system
<See Figure 1>

(

el EC EEEEE D EEREED
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Reducing groundwater evolution study / The schematic
view of the system
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ECEIEN

lution study ,/ The schematic view of the system
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Bhi 008~ ob mihe)

Anaerobic glove box (02: < Ippm) E
(Variation of pH, Eb, clemental concentration will be measured.
Decrease in Eb and increase in concentrations of alkaline ions  cffluent tank
are expected by reactions with rock/minerals.)
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ZEBBEFT GEOFRONT S 0BAAxsE KW*KE
ISZILDSVER

Studies of geochemical processes at reaction fronts 1
(GEOFRONT) ‘}'

Objective |  Understanding of chemical evoluti for reducing groundwater, and
nfredoxﬁvntlh:;hpﬂfrontmmrﬁeld.

* Atmosphere controlling glove box : quantity 3 (02 <1ppm)
* Soil-water reaction tank : quantity 2 (volume 25 littler)
* Column : quantity 1 for each glove box (length 150, 300, 500mm)
* Automatic monitoring
pH, Eh : at inlet and outlet of column, in column (continuous)
dissolved oxygen : at soil-water reaction tank, inlet and outlet of column (for 2nd box)
* Temperature control : room temp. ~ 90 C (for 3rd box)
+ Data processing system : server, client PC

Specifications

{ER BB

ISZILDSVER2

Contents Oolmmexpmmumdummmumwmumdmmm
ution of solution (pH, Eh, dissolved oxygen,
* The chemical of d will be confirmed by experi: The
solution which reacted with soil will be duced into the rock/mineral column.
* The evolution of redox fronts in near filed will be studied. Oxidizing solution will be
fed into the rock column,
* The effects of pH and Eh fronts on nuclide migration behavior will be i igated by
adding non-active tracer.
Reducing ground lution study ,/ The schematic view of the system
gas sampling
ft§*
DO meter| ﬂ_qgunmplms
=k
lm»ﬁl
" -] Im:kmh:nleolnn/ mwz
soil/ water 1eaction a0k | e Pty o () 1
vaciation of pH, E, clemental = | s e = m (= Sy pat
‘concentration ete. will be measzed. ,— 8 |
Decrease in Eh and increass in ’ 2 B
concentration 5|
yela
L ghe ' i
O Ll
e~ Sl
Anaerobic glove box (02: <lm|) ,_’_l
(Variation of pH, Eh, elemental will be s NN
Docrease in Eb xod i effluent tank
arc expected by reactions with rock/mincrals.)
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( HYDROGEN-II )

AREFHRURT—IHRE

Al L2 SHH OBRHE

HTFRBOBTRAT CHRRAA— /<~y I PBEULARHRERET S,
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T—aN—ZXBEBEES 16 {ERL BHRF
HERZEE R Hydrogen gas migration test apparatus (2) f&F¥R HYDROGEN-II

HEY - B2 The corrosion of the carbon steel overpack in aqueous solution under anoxic conditions will be accompanied by the

/ BITEIRTE generation of hydrogen gas, which may affect hydrological and mechanical conditions of bentonite buffer. To
evaluate the consequences of gas generation on radioactive waste repository in deep underground, it is necessary to
clarify the fundamental characteristics of gas migration in bentonite.

FEARERR specimen size ; ¢ 50 mm X L10~300 mm
gas pressure ; 40 MPa (Max.)
usage of gas ; hydrogen, helium, nitrogen
temperature : ~60 C

HERAZA Clay powder is placed in the test vessel and compacted uniaxially to predetermined dry densities. Water is supplied
from the lower side of bentonite specimen by water head.
The swelling pressure is measured by a load cell. Hydrogen gas is injected from the lower end of the bentonite
specimen and injection pressure is increased stepwise up to the pressure at which breakthrough occurs.

<Apparatus: see Figure 1>
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ABRKER - 2
The major conclusions obtained in this study (bentonite
100 % and bentonite/sand mixtured materials) are as
follows;
1) The magnitude of gas permeabilities obtained are 10*'m
~10"m .
2) It is assumed that there occurs a time lag between the
gas pressure change in clay and the expansion response of
cracks that serve as the gas pathways as the sample
thickness increases.
3) As to reproducibility of the breakthrough pressures, it
was observed that first and second breakthrough pressures
were almost the same for the specimens, which suggests
that gas pathways created during the first gas injection
period were closed by bentonite swelling during the
resaturation period.

fia®

€00-100¢ 0G¥8NL ONI



F—aN—ABBES 16 fERREBF  00.8.28 14:12 REEHER  00.9.27 10:27
L ERHF HYDROGEN-I AREESE - ES]
SCE X1 X2 FCEBI3

o w

-/
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Hydrogen gas migration test apparatus (2)
(HYDROGEN-II )

Objectives The corrosion of the carbon steel overpack in aqueous solution under anoxic conditions will
be panied by the ion of hydrogen gas, which may affect hydrological and

mechanical conditions of bentonite buffer. To evaluate the g of gas
on radioactive waste repository in deep underground, it is y to clarify the
a fitics of gas i sratioe T 1 y

T

: specimen size ; ¢ 50 mm X L10~300mm  usage of gas ; hydrogen, helium, nitrogen
Construction e o

Contents Clay powder is placed in the test vessel and compacted uniaxially to pred ined dry
densities. Water is supplied from the lower side of bentonite specimen by water head.

= pot —

The swelling pressure is measured by a load cell. Hydrogen gas is injected from the
< jimen and injects isi 3 sionserine oot tho

lower end of the b

»

at which breakthrough occurs.

P g0

== The major conclusions obtained in this study

H : ( ite 100 % and t jte/
| |gauge E ' are as follows;
U 7 Lond ocjl E 1) The magnitude of gas p bilities obtained are
ik : 10"m ~10™m.

2) It is assumed that there occurs a time lag between the
gas pressure change in clay and the expansion response
of cracks that serve as the gas pathways as the sample

3) As to reproducibility of the breakthrough pressures,
it was observed that first and second breakthrough
pressures were almost the same for the specimens,
which suggests that gas pathways created during the
first gas injection period were closed by bentonite
swelling during the resaturation period.

(Small-scale cell)
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T—anN—EBES 18 fERR B BF
HERLEE R Laboratory test on mass transport in fractured rock ## LABROCK

BAY - #8E Understanding following influence of heterogeneity caused by variable aperture field and filling material in the
/BITER fracture:

-The influence of the heterogeneity on the head distribution and the velocity distribution in the fracture,

-The relation between channel structure by variable aperture and mass transport properties.

EARMEAR Dlnjection system

For water: Double-stepping cylinder 5 (Ability: 10-100 cc/min)
For tracer: Single-stepping cylinder 1 (Ability: 10-400 cc/min)

(DLoading system
Load cell: Max 375 tonf (Normal stress 15MPa)
Flat jack: Max 20tonf (Normal stress (0.8MPa)

(3Electrical balance for measureing of the outlet quantity
5 points (0-7kg)

(®Monitoring system
Double-stepping cylinder for water injection (total Spoints): Pressure (0-2 kgf/cm?)
Injection ports (total Spoints): Pressure (0-2 kgf/cm?), Electrical conductivity (NaCl 0-3%)
Outlet ports (total Spoints): Pressure (0-2 kgf/cm®), Electrical conductivity (NaCl 0-3%)
Inside rock (total 6points): Pressure (0-2 kgf/cm?), Electrical conductivity (NaCl 0-3%)

—801—

SERANZA (DMeasurement of the asperity of fracture plane or the aperture distribution in the single fracture.
(i.e. Using 3-D Profile-Meter, Laser Profile-Meter, and the Resin Injection Method)
(2)The water flow and the tracer injection tests.
(setting the one-directional flow or the radial flow)

<Experimental setting of LABROCK: see Figure 1>
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<See Figures 2 and 3>
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Flow paths under the normal stress

Doble-sepping - trans; i
cylinderforwates)  (Contour map of concentration in a fracture and the breakthrough curve at the outlet port) Resul‘f Of_z D ﬂ.oW sl J sy Injection
Load Stonf (Normal stress 02MPa) ~ Load 10tonf (Normal stress 04MPs)  Load 15tonf (Normal stress 0.6MPs) Sl s b‘;l:l:':g'l: e ]
| st | s w-l'ﬂ-"“' ] Load :5 tonf (Normal stress 0.2 MPa)

. f Aperture data

= Aperture was measured by using

é, Laser profile meter by interval 2 cm

El| ‘ ‘:;"v" (,_,ﬂ“ f:; Transform from aperture to transmissivity

- i i 0.5

W ® AROIXTT 1., ransmissivity (m/s)
g At : transport aperture(m)
o o o [ o | | | o [ [ o [ [ | [ o [ ] mmwmﬂym”l
P dog; cytindec Load Stonf Load 10tonf Load 15tonf with dispersion coef. as foll
—— % i 2 ; : Longitudinal : 0.001 (m%/s)
| Transverse : 0.0003 (m?/s)
= = Ll I (The longitudinal dispersion coef. is — Lt ;
w = i . Vel » t A one-order larger than the transverse o m L = bl = )
| Experimental setting of LABROCK CE AL W=l wll o=t dispersion coet)
Time(sec) Time(sec) “Time(sec)
& X4 sCEIX5 N6
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¥ EBEEEHF LABROCK S5 O BAE KRFE
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Laboratory test on mass transport ], “L
in fractured ROCK | { g~
(LABROCK) ; /
ettt I

ObjecﬁVCS Und ding following influence of ity caused by variable aperture

field and filling material in the fracture:

-The relation b channel by variabl
and mass transport properties.

7 (@ Injection system
For water: Double-stepping cylinder 5 (Ability:10-100 cc/min)

For tracer: Single-stepping cylinder 1 (Ability:10-400 cc/min)
@ Loading system
Load cell: Max 375 tonf (Normal stress 15 MPa)
Flat jack : Max 20 tonf (Normal stress 0.8 MPa)
@ Electrical balance for measuring of the outlet quantity
5 points (0-7 kg)
@ Monitoring system
Double-stepping cylinder for water injection (total 5 points) :
Pressure (0-2 kgf/cm?)
Injection ports (total 5 points) :
Pressure (0-2 kgf/cm?), Electrical conductivity (NaCl 0-3%)
Outlet ports (total 5 points): Pressure (0-2 kgf/cm?), Electrical conductivity

b

e |11 G

(NaCl 0-3%)
Inside rock (total 6 points): Pressure (0-2 kgf/cm?), Electrical conductivity
(NaCl0-3%)

ml ? A of the asperity of fi plane or the aperture distribution in the single

(i.e. Using 3-D Profile-Meter, Laser Profile-Meter, and the Resin Injection Method)

@ The water flow and the tracer injection tests.
(setting the one-directional flow or the radial flow)

( Axcgr ) zsmcoz ) smcogs ) #ge )(2ro-rensc)

-The influence of the heterogeneity on the head distribution Results
and the velocity distribution in the fr

1Rk B EF 00.8.28 14:14 BRIEEARF 00.9.27

cytinder

e e, (foc!
Gum rubber  Transpareat chloroeiliyleoe piats.

Flatjack
________ *==" Experimental setting of LABROCK
Flow paths under the normal stress

(Contour map of concentration in a fracture and the breakthrough curve at the outlet port)
I.MIH (Illl-l-‘)m Load 10tonf (Normal stress 0.4MP2) l.adl!nl (Notmal stress 0.6MPa)

[ ] o o [ | || s || o | e [ ||

e

T

l;m'

,’!‘A'— s | o | oo

Load Stoaf Load 10tonf Load 15tonf
1 = i
[ Vs i 1
—H 1 [ {
A aollt———\ 0 A
° 2000 4000 6000 000 000 400 600 000 W00 4000 0000 00

Result of 2-D flow and transport analysis

Sumplo : Artificial singlo fracture
‘made by tension stress
Load :S tonf (Normal stress 0.2 MPa)

(The i coef. is
one-order larger than the transverse
dispersion coef.)
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F—aN—EBES 20 {ER% B R
SERIEEZ Mass transport Characterization in Host Rock B&#¥F MACRO

B#Y - $1Z Clarify the validity of following traditional dispersion theory in heterogeneous flow field in laboratory scale:
/BITEERIE -Analogy of Fick's law to express dispersion flux

-Scale and time dependency of dispersion coefficient
-Expression of dispersion coefficient as asfunction of dispersivity and flow velocity

AR

HBAR

( #axcor ) zemcgs ) sscog ) se )(2vo-rexgc)
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<See Figures 1~4>
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Flow Diagram of Single Hole Tracer Injection

ERk B I

Results of Single Hole Tracer Injection/Pumping Test

/Pumping Test * Test conditions
e - Flowrate (injection and pumping) ~ : 150 cm 3/min
tracer injection - Tracer injection time : 32 min
e b R - Total volume of injected tracer : 4800 cm?
: . . i y
za; head for I 'INW‘CH Sl chilen Average radius of tracer migration  : 20.2 cm
Head difference

Radius of the single hole : 0.03m

o4
Analysis Results

Obtained by Neuman (1990)

Calmmﬂ(fﬂ.lSm)

myém«o.l mm)

1.0E-5
0.01

0.1 1
Distance [m]

Relationship between averaged migration distance
of tracer and longitudinal dispersivity

Heterogeneous flow bed : 0.85m x 0.85m x 0.1m
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Mass Transport Characterization in Host Rock ,L,' ',
(MACRO) | /m'
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in Porous Medis
Objectives f:{nifyﬁev:ll:di_tyof“' /ing traditional dispersion theory in heterog: flow field in
-m;;afmsuwwm fiix

dispersion
- Scale and time dependency of dispersion coefficient
- Expression of dispersion coefficient as a function of dispersivity and flow velocity

Flow Diagram of Single Hole Tracer Injection Results of Single Hole Tracer Injection/Pumping Test
/Pumping Test * Test
Pomibeite -Flowrate (injection and pumping) ~ : 150 cm3/min
Bpthevie 0 o TR, )
=i Iz ] B i - Average radis of tracer migration  : 202 cm
1 Head differcace.

ping Test)

Analysis Results

1082

‘Obexined by Newman (1990)
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HERIEEZ Mass Transport Characterization in Host Rock B&#F MACRO II

By « 8E Understanding following physical/chemical processes on well-defined heterogeneous media and support relevant
/BIEERI detailed models prior to application in PA

AR

ABRAE

-Flow and transport at saline-fresh water interface
-Effects of heterogeneous flow and mineralogy on sorptive solute transport
-Fully coupled flow and reactive solute transport

-Flow bed with heterogeneous porous medium: 100cm height x 200cm length x 10cm depth
-Material for tthe flow bed and fluid used in the experiment:

<See Figure 1>
-Measurement: Flow rate, Pressure in the flow bed (25 points), Electrical conductivity (100 points)

(1)Saline water intrusion test:

Behavior of saline-fresh water interface in heterogeneous distribution of conductivity
(2)Sorptive tracer transport test:

Behavior of sorptive tracer in heterogeneous distribution of conductivity and sorption coefficient
(3)Precipitation and dissolution test:

Preogress of chemical reaction with precipitation and dissolution in heterogeneous flow field

<Flow diagram: see Figure 2>
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Experiment Material for flow bed Fluid l o nEJ m T%J f%J 1T :%P% Qﬁ
Saline water intrusion Glass beads Water (back ground flow) + NaCl (intrusion) : : L@)L ‘ (1 s posmig sy
Sorption Tone: m resin | CHCOOH (back ground flow) + NaOH (injection) - La_) L 4 oe ? 1
Precipitation/dissolution Glass beads Naz2COs (back ground flow) + CuSO« (injection) B [ ! i
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Mass Transport Characterization in Host Rock _i," ".‘v

(MACRO 1)

Objectives

Specifications

Contents

1 £

on well-defined heterogeneous media

mdmppmxelcnntduuledmdnhpnorlnayphmmmPA
mwmmmnmmmm

- Effects of I flow and mineralogy on sorptive solute transport
- Fully coupled flow and reactive solute transport

Flow bed with heterogeneous porous medium : 100cm height x 200cm length x 10cm

depth
v ial for the flow bed and fluid used in the

Bxperiment Material for flow bed

Saline water intrusion Glass beads ‘Water (back ground flow) + NaCl (intrusion)

Sorption hm"ﬂ CHsCOOH (back ground flow) + NeOH (injection)

NsaCO» (back ground flow) + CuSOs (injection)

* Measurement :

Flow rate, Pressure in the flow bed (25 points), Electrical conductivity (100 points)

(1) Saline water intrusion test :
Behavior of saline-fresh water interface in h

tanibution of condectivh

a)mmmmm:

(S)Eeuplmnnmddunlmnnm
of chemical reaction with p

distributions of conductivity and sorption

flow field
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OpEEHEL - RBS : Rutherford Backscattering Sprectroscopy
@FFEX#  PIXE : Particle Induced X-ray Emission
EDS-PIXE : Energy Dispersive X-ray Spectroscopy
WDS-PIXE : Wavelength Dispersive X-ray Spectroscopy
@K ¥E1 + ~ ERDA : Elastic Recoil Detection Analysis
(GRE#EE1, 228D
AEARMR - JEELE © 990keV
S IESK L F T AR
- &AL F — © He" ik K3MeV, He'BtA2MeV, H'EA2MeV

- HTRETD -

HZ2Hl%E  RBS BHBER  0.1%L0TF
EDS-PIXE B BRS:  FppmllF
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(M1 B)

(Micro-Ion Beam Analyzing System)

FIEREE | MBI BIXNF—(42 ERERTEOWEICLYECSUTORREANT,

Be DAWFSITAEINERTT.
R ®) @ # B
@ @ meaaE. RrBS - B

@ $HEX#| PIXE : Particle Induced X-ray Emission
EDS-PIXE : Energy Dispersive X-ray Spectroscopy

sl ° i WDS-PIXE : W Dispersive X-ray
® RBtAA> ERDA: Elastic Recoil Detection Analysis
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HERIEBE L Micro-lon Beam Analysing System : m&#5 MIB

B - #5FE This MIB analyzing system can perform various kinds of analysis utilizing the following phenomena, which are generated

/BIFEETE by the collision of high-energy ions and sample atoms.

(principles)

(analysis)

@ORBS : Rutherford Backscattering Sprectroscopy
@PIXE : Particle Induced X-ray Emission
EDS-PIXE : Energy Dispersive X-ray Spectroscopy
WDS-PIXE : Wavelength Dispersive X-ray Spectroscopy
®ERDA : Elastic Recoil Detection Analysis
<See Figures 1 and 2>
FEARMEAR - Accelerate Voltage: 990 keV
- Accelerate Method: Tandem Type
- Accelerate Energy: He**3MeV(Max), He'2MeV(Max), H2MeV(Max)
-Measurement ability :
Measurement in vacuum RBS Detection limit ~0.1%

EDS-PIXE Detection limit ~Ippm
WDS-PIXE Detection limit ~0.1%(B, C, N, O)
ERDA Detection limit = ~1%(H)

Measurement in atmospheric RBS Detection limit ~1%

ABRAR

EDS-PIXE Detection limit ~10ppm
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@ When incoming ions are elastically scattered by atomic nuclei, the energy
value of scattered incoming ions exactly corresponds with the target mass of

the nuclei.

@ The characteristic X-ray is emitted when an incoming ion is transmitted to
spring out an inner-shell orbit electron from an atom and an outer-shell orbit
electron is transited to the inner-shell.

@ If the opponent atomic nucleus is lighter than the incoming ion, the atomic

nucleus is sprung out forward.
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ERDA Spectrum
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Micro-Ion Beam Analyzing System
(MIB)

Principl es| Thls MIB analyzing system can perform various kinds of analysis utilizing the following
% P which are g d by the collision of high-energy ions and sample atoms.

(principles) (analysis)

@ RBS :Ruth i

@ PIXE : Particle Induced X-ray Emission

EDS-PIXE : Energy Dispersive X-ray Specmoyy
WDS-PIXE : Disp X-ray Sp P

® ® ERDA : Elastic Recoil Detection Analysis

® When i ing ions are elasticall d by atomic nuclei, the energy

value of scattered incoming ions exactly corresponds with the target mass of

the nuclei.

@ The characteristic X-ray is emitted when an incoming ion is transmitted to
spring out an inner-shell orbit electron from an atom and an outer-shell orbit
electron is transited to the inner-shell.

@ If the opponent atomic nucleus is lighter than the incoming ion, the atomic

nucleus is sprung out forward.

AocelmteVoltage 1990 keV
|S 1ﬁcatlons| y el S

+ Accelerate Energy : He?* 3MeV(Max), Het 2MeV(Max), H* 2MeV(Max)
* Measurement ability :
Measurement in vacuum RBS Detection limit ~ 0.1%
EDS-PIXE Detection limit ~ 1 ppm
WDS-PIXE Detection limit ~ 0.1% (B, C, N, O)
ERDA Detection limit ~ 1 % (H)
Measurement in atmospheric RBS Detection limit~ 1 %
EDS-PIXE Detection limit ~ 10 ppm

RBS Spectrum PIXE Spectrum ERDA Spectrum
sample : Au, Cu, Si02 sample : Cu sample : Diamond like carbon
Incident fon : 1915 keV He™  Detector Angle © 140 deg o0 Incideat fon © 1915 keV He' Detector Angle | 130 deg m&ml—:zuﬂmsuvm" Range foil © 105 4 m Mylar

Surface H Surface H
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TF—EN—XEEEE 26 {ERk B EF 00.8.28 14:19 HEBERR
SERIEE R Fracture Network Rock Block Experiment E&FR NETBLOCK PREGr.| ¥ A T AfEHTGr. |
B9 - #1Z The aims are to study the hydraulic characteristics and to understand a mixing pehnomena at the fracture intersection  5&& [ H AZE R EZE
/BITERIE by using fractured rock block including a fracture intersection or simple fracture network.

&EF 7 7 1 V& NETBLOCK(EN).eps

EARMERR Pressure Vessel: Size of rock sample is S0cm or 100cm cubic block. SREREER - AT
Confining pressure up to 10MPa can be applicable. = <l
Gasket: The gasket for 100cm rock block contains 10X 10 regularly arranged square cells. The gasket can be applied
to all six faces of the rock block as injection/withdrawal cells.
Injection/Withdrawal: injection side (constant pressure and constant flow rate, 2-Line for each). Withdrawal side
(constant pressure, 2-Line). tracer injection (constant flow rate, 1-Line).
Data logging: Flow meter, Pressure transducer and Electrical Conductivity Sensor.

SHERAZA 1.Hydraulic test: All cells attached on rock sample surfaces are connected to injection/withdrawal line. Hydraulic
tests are conducted between each cell.
2 Tracer test: Several sets of tracer tests are conducted (with changing injection/withdrawal flow ratio) between the
cells selected by the hydraulic tests results.
3.Mixing phenomena understanding tests at fracture intersection: Tracer tests are conducted through the fracture
intersection with two sets of injection cells and two sets of withdrawal cells. At the injection side, tracer is injected
from one side, water is injected from another side. At the withdrawal side, tracer concentration is compared among
the cell for studying mixing and/or branching of tracer at the fracture intersection. g%

( #xcom ) eamcos ) smcos (s )(2vo-reuse)

00.9.27

11:04

€00-1002 0S¥8N.L ONI



F—aAN—IABBEES 26

#EBEREHFR NETBLOCK
ZCE N

—88l—

EX4

]

B

REESE-ESA
SHE?2
ZCEXS

EEEE

anmcs )

scs ) s J(2va-Fexgc)

{ERk BB

00.8.28

FECEE3

scE X6

14:19 HEIERRF

00.9.27

11:04

€00-100¢ 0G¥8NL ONI



—Pel—

F—aN—2BIBEE 26 fER% BB
®BRFF NETBLOCK £ O HAZ R*R:E

INZIVDSAER INZILDAER2

Fracture Network Rock Block Experiment
(NETBLOCK)

Objective The aims are to study the hydraulic characteristics and to under

stand a mixing phenomena at the fracture intersection by using
fractured rock block including a fracture intersection or simple
fracture network.

Pressure Vessel: Size of rock sample is 50cm or 100cm cubic block.
Confining pressure up to 10 MPa can be applicable.

Gasket: The gasket for 100cm rock block contains 10X 10 regularly
arranged square cells. The gasket can be applied to all six faces of
the rock block as injection/withdrawal cells.

Injection/Withdrawal: injection side (constant pressure and constant
flow rate, 2-Line for each). Withdrawal side (constant pressure,
2-Line). tracer injection( constant flow rate, 1-Line).

Data logging: Flow meter, Pressure transducer and Electrical
Conductivity Sensor.

Contents 1. Hydraulic tests: All cells attached on rock sample surfaces are

connected to injection/withdrawal line. Hydraulic tests are
conducted between each cell.

2. Tracer tests: Several sets of tracer tests are conducted (with
changing injection/withdrawal flow ratio) between the cells
selected by the hydraulic tests results.

3. Mixing phenomena understanding tests at fracture intersection:
Tracer tests are conducted through the fracture intersection with
two sets of injection cells and two sets of withdrawal cells. At the
injection side, tracer is injected from one side, water is injected
from another side. At the withdrawal side, tracer concentration is
compared among the cell for studying mixing and/or branching of
tracer at the fracture intersection. |
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SHERUEB R Scanning Electron Microscope/Energy Dispersive X-ray Spectroscopy B&#5 SEM/EDS FREGr.[JL55# B ZEGr. e |
B&Y « BEZE Scanning Electron Microscope (SEM) == [ RAZE R%EE

/BIFEEIE  The electrons ejected from a filament and accelerated and focused into a small probe that is scanned over the surface
of a sample. EF 7 7 1)v% SEM(EN).eps
Energy Dispersive X-ray Spectroscopy (EDS)
When the sample is irradiated, the X-ray which has inherent energy is produced. The elemental composition is
obtained by the measurement of the energy.
<See Figures 1 and 2>

i

EAMAL Scanning Electron Microscope (SEM) =p A%
= - i
Accelerating Voltage: 1 ~ 35 kV B e

Magnification: ~ X 100,000 SEM and EDS showing bentonite attached on the carbon

Energy Dispersive X-ray Spectroscopy (EDS) itgzle At b
Element: Na ~ U >

Quantitative analysis
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LEEWETR SEM/EDS EEAREEEN-EE]

CH N sCEX2 FCEI3

(1) When an incoming ion is transmitted to spring out :
| an inner-shell orbit electron from an primary beam
electrons.
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Characteristic energy
Primary beam electrons (Xrayphoton) 9y Ap outer-shell orbit electron is transited to the
inner-shell.

Secondary electrons

(3) The electron transition between shells of different
energies can result in either the ejection of an Auger
electron or the production of an x-ray photon ofa
characteristic energy.

X-rays produced in this fashion are called

D @ o "characteristic" x-rays because their energies are
characteristic of a particular electron transition in a
particular element. SEM
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#EEREFR SEM/EDS

IS IVDSHERA : INZILDAVER2
Scanning Electron Microscope

/ Energy Dispersive X-ray Spectroscopy
(SEM /EDS)

-
O
m
>
B
=
2
B

s Scanning Electron Mi pe (SEM)
Principles | “pye el ejected from a fil and accelerated and focused into a small
probe that is scanned over the surface of a sample.

Energy Dispersive X-ray Sp py (EDS)
When the sample is irradiated, the X-ray which has inherent energy is produced.
The el 1 iposition is obtained by the of the energy.

0‘;""”'“‘“““ (1) When an incoming ion is transmitted to spring out
Primary beam eloctrons {Feay phowin) an inner-shell orbit electron from an primary beam
= electrons.
(2) An outer-shell orbit electron is transited to the

Secondary electrons 5
v , ) S inner-shell.
© (3) The electron transition between shells of different
@ energies can result in either the ejection of an Auger
= = electron or the production of an x-ray photon of a
1 3 3 characteristic energy.
M Mo
(0] @ (0]

X-rays produced in this fashion are called
"characteristic” x-rays becanse their energies are
characteristic of a particular electron transition in a

particular element.
. . Scanning Electron Microscope (SEM)
Specifications| ™, cejerating Voltage : 1~ 35 kV
Magnification : ~X 100,000
Energy Dispersive X-ray Sp py (EDS)
Element :Na~U
Quantitative analysis
Examples
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SEM EDS
SEM and EDS showing bentonite attached on the carbon steel.
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(S1MS)
(Secondary Ion Mass Spectroscopy)
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HERIEER Secondary Ion Mass Spectroscopy

BE#R SIMS

B - #1Z The sample surface is sputtered by irradiation of the primary ion.

/BIERIE Elemental composition is obtained by mass analysis of the secondary ions that are discharged from the sputtered

surface.

The composition is obtained as quantifiable mass spectra, and as in-depth.

<See Figure 1>

EAHAL Ton gun : O, Cs', Ga’
Accelerate voltage . 8 kV
Mass separation . Quadrupole mass filter
Detector . Channel electron multiplier
Element : H ~ U
Detection limit . ppb ~ ppm (Isotopes)
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ABRKER - 2l

Experimental result on the interaction of simulated waste
glass with Si-saturated solution.(75C ,64days)

<See Figure 2>
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LEMIR SIMS ; g% O BAAE K%
INZIL DR
Secondary Ion Mass Spectroscopy
(SIMS)
Lt e A
discharged from the sputtered surface.

The composition is obtained as quantifiable mass spectra, and as in-depth.

Primary ion Secondary ion
Trradiation of the ion Sputtered ion

. : Ton gun : 0%, Cst, Ga*
Specifications| Iong B i

Detector  Channel electron multiplier
Element tH~U
Detection limit : ppb ~ ppm (Isotopes)

Log (Counts / Second)

Experimental result on the interaction of simulated waste glass with Si-saturated solution.(75°C,64days)
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ABREEL 0B EEIGAREE - B SSRT(Slow Strain Rate Test) FREGr.[IL3/\) 7 VEREFZEGr. |
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HE : JIS G 3106 SM 400 B

FLR% & 0.12%C-0.22%Si-1.08%Mn-0.019%P-0.007%S
2. GRBRVE
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M 80 C

i 4
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R BEBEFF SSRT(Slow Strain Rate Test) B WH%xE 23
INZILDSVER

BAhBREINFRES
(SSRT : Slow Strain Rate Test)
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man Ao
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#8A% : IN Na:COs +1N NaHCOs
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pH :94
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HERIEE R Equipment for stress corrosion cracking test B&#5 SSRT(Slow Strain Rate Test) BGr [Ny 7 e ZEGr. |
2 OBXRE WRFE

“:'ﬂ_l‘

B9 « #82 The purpose of test is to evaluate the condition for the initiation of stress corrosion cracking on the candidate
/BIFEEE materials (Carbon Steel, Copper, Titanium) for overpack under the repository condition.

(]

11
i

F7 71 )V3 SSRT(EN).eps

EARMLAR - Number of the test cell © 10 SHERFER - S
- Maximum Load : 1000 kgf T :On e
- Strain Rate : 0.1~ 0.0001 mm / min s
Material . JIS G 3106 SM 400 B
Component :
0.12%C-0.22%$i-1.08 %Mn-0.019%P-0.007 %S
2.Solution
Component : 1IN Na,CO,+IN NaHCO,
Temperature . 80°C

—Q81—

pH . 94
3.Bentonite
Kind of bentonite : Kunigel V1
w . . 3
HERNZA The specimens are immersed into the solution, and extended at a fixed strain rate. Dry density : 1.4 g / cm
The surface of specimens after the rupture are observed to judge whether the cracks initiate or not. The test is carried 4'SSRT ; FaL
out with changing the test conditions such as electrode potential pH and the anion concentration, and the condition Strain rate © 3.3 X 19 S
for the initiation of stress corrosion cracking of the candidate materials for overpacks are evaluated. Electrode Potential : -650 mV (vs. SCE)
<See Figure 1> SEM image of surface of carbon steel specimen after SSRT
<See Figure 2>
fig %

( rxcor ) eamcos ) secoz (B )(2va-rensc

€00-1002 0S¥8NL ONI



F—aN—IBEES 32
S BREFR SSRT(Slow Strain Rate Test)
o1

{ER B BF 00.8.28

SCEIX3

Date processing
system

Solution

=]

Computer

=191~

ACEX4

(@ with Bentonite ® without Bentonite

SEM image of surface of carbon steel specimen after SSRT
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T—anN—ABEES 32 {ERk BB
L BREH SSRT(Slow Strain Rate Test) EEDOAAE R%ER

1832 VO HHEN : ISZILDSVER2

Equipment for stress corrosion cracking test
(SSRT: Slow Strain Rate Test)

‘The evalustion of stress corromion cracking
@ the candidiats matenials for overpacks
o izs The purpose of test is to evaluate the condition for the initiation of
Objective stress corrosi king on the candid ials (Carbon Steel,
Copper, Titani for pack under the repository condition.

= Number of the test cell : 10
* Maxi Load : 1000 kgf
- Strain Rate : 0.1~ 0.0001 mm / min

The speci are i d into the solution, and ded at a fixed strain rate.

The surface of specimens after the rupture are observed to judge whether the
cracks initiate or not. The test is carried out with changing the test conditions
suchnelectmdepotmﬁnlpHmdlheaniunooncenmﬁon.mdthcwndiﬁanfor
the initiation of stress i king of the candid ials for overpacl
are evaluated.

Specifications

g5l —

Solution — o i
Cell Computer
| S |
Body
Test condition
1.Specimen
Material : JIS G 3106 SM 400 B
Component : 0.12%C-0.22%Si-1.08%Mn
-0.019%P-0.007%S
2.Solution
Component : IN Na:COs+1N NaHCO»
Temperature : 80°C
pH : 94
3.Bentonite

Kind of bentonite : Kunigel V1
Dry density : 1.4 g/ cm’
4.SSRT
® with Bentonite @ without Bentonite Strain rate : 3.3X10*s*
SEM image of surface of carbon stecl specimen afer SSRT Electrode Potential : -650 mV (vs. SCE)
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REBREEL BRI E PR T A F — SRR E B&¥5 TEM/EDS FREGr.[JL5 H B FEGr. ]
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F—aN—IEFEE 33
EBREF TEM/EDS S WAxE OxE

INZILD4VERD

ABDRFRRG/ TR FE—S RS X B FRE
(TEM / EDS)
(Transmission Blectron Microscopy / Eneeyy Dispersive Spectroacopy)
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REXZEER Transmission Electron Microscopy / Energy Dispersive Spectroscopy #&¥5 TEM/EDS
iy - $EE Transmission Electron Microscopy
HIEEIE  This instrument illuminates a thinfilmy specimen with an electron beam of several hundreds of kV. High resolution
images (up to X 1,500,000) can be obtained by electron transmission and scattering. Additionally, the TEM can analyze
crystal structure using the Bragg reflection of incident electrons.
Energy dispersive spectroscopy
This instrument, attached to the TEM, can conduct elemental analysis through detection and measurement of the
characteristic X-ray emission pattern of particular elements, as the specimen is illuminated by the electron beam. The
electron beam can be focused on a minute area, which makes it possible to conduct microanalysis of elements.
<See Figure 1>
EARMEAR Transmission Electron Microscopy
Accelerating Voltage : 100 ~ 400 kV
Magnification : 1,500,000
Resolution : 0.17 nm
Energy dispersive spectroscopy
Element: B ~ U

HRNE

( zxcgm ) memcgs ) sBcos ) Bge )(2vo-Fadge)

00.8.28 14:25 RIMEIEARF  00.9.27 11:54
FREGr. (L5 M ZEGr. 1
# OBAE REE

5F 7 7 1 )LE TEM(EN).eps

(]

&

ABRKER - DB

Lattice image of smectite, main constituent of bentonite,
which has been kept in contact with carbon steel.

X-ray spectra of bentonite interlayer.

<See Figures 2 and 3>

fia %

€00-100¢ 0S¥8N.L ONI



TF—aN—EEBES 34 {ER B BF
4B REFR TEM/EDS a8 [0 HAZE RRE
ZCE1 soEX2
Incident Electrons
vV
Sample C
<Ay
Back Focal Plane BN Al
[ (5X10°mm)
—_— Y ¥
wl
-]
| o e Pl Lattice image of smectite, main constituent of bentopite
e which has been kept in contact with carbon steel.
LH X4 FHE5

( #wxcgs ) aamcops ) sscegs ) e )(2ra-rexge)

00.8.28 14:25 S#BEHS 00.9.27

SCEX3

¥ F‘e Cu
e JLUB
5

o—}

o b %
Energy (keV)
X-ray Energy (keV)

X-ray spectra of bentonite interlayer.

FCH X6

11:54

€00-100¢ 0S¥8NL ONF



et an

F—aN—IBEBEE 34
HEBREFR TEM/EDS

ERk BB

S 0OBAAXE K*EE
ISZ IV SLERR

Transmission Electron Microscopy
/ Energy Dispersive Spectroscopy
(TEM/EDS)

o] e

Savple

L)
»

This instromest fTominates o thinfilery specimen
with wn slectron beam of several lnmdreds of KV,
High seschution imagss {ap tn X 1,500,000) can be
obixined by slsctron trensmission mnd scatteing.
Additionalty, the TEM can aualyze crysial structnre
‘naing the Bragy reflsction of incldent eloctoons.

Heergy dispersive spectroscapy
This instroment, attached o the TEM, can condnct

3 alementnl analysls thinngh dececting snd mesmmement

of the cheractecistic X-tuy smisslon puttem of pexticals
slemenis, w the specimen iy Mamingted by the electron
heana. The alsctraz beam can ha focosed oo a oxinmis
wren, which maloss it possible to condnot micremmlysis
of alemsents.

Trensmission Hisstran hiceascogy
Acvelerating Voltage : 100~ 400KV

EEECE

awmcgE )

st ) Be )(2La-ragsc)

00.8.28

14:25 mIBIEBRF

00.9.27

11:54



F—aN—ABBEE 35 fEFERF  00.8.28 14:26 RAMEIEAK  00.11.7  11:19
RBREBER FHAHB 7O —THKy 7 A ' ' - B&#F TRU No.2, No.3 BOX FREGr. Lo M ZEGr. 1

BAY - #E WG ERET o R L 7R R PR (FREIREEIppmIAF) 12T, BB, ATN) 7HEOLAER S53E R BAAE %S
/RERE CREMMILEEZ AVIATNY) THREFIST 2BTRREEET L2 L2 HNE T 5,

&F 7 7 1 )VE TRUGB(IP).eps

EREE 70T FHEA <& o
LA = L o)
Ry 7 AWEEE ZEH L TEiRD 5260C £ TOMMELAERAHT H sk 2 i,
fHIE D A A 3R TR A A DWREEDOWEH T RE (%€ & T BRAi#2.8ppb) BACKNTSIVE, T LOMRE ARERE ENM

L7z (M-121) ,
FL—HENI20.1molAD T 7t ¥ v A %

[
5 W, HIEENVDI TR T LRERSHL,
| %@ﬁ%m‘ﬁa{t%ﬂ?’f:o

CRESFD

FEFO—P % K213, B & & dicllE VDI
%R, VT LADREOEMBA LN,

CROERIXI 12208 )

HEBAR TRUBREWILG Y AT AT, S5O ERECREREROTEM E L TEX Y FRAMEZMHHT A
ENEZLNTWVWD, AV FRAMEZMHEH LGS, WG RAOMTKIZEX Y FREMENrLDT
VARG OERICEY, &7 VAU pHIZREE) I22sZ e TFHEINSE, ARETIX, Tk
AV FRETOERTOITERT LY T L OBITEHZHET A EZHEME LTEBL, UL
TICRBRE M O—B %R,

KERT L e L G

NEERA - fema CEEELSem, B £0.5cmD PA)

AREBRIAIL : Bl 2~ MR (BRAKIRAL Y VS 7 L5, pHI2.5) i€
WRITHF IR, Y ya (DIWiEELX10" mol/)

S A vyrax b r57

( #xxcgs ) zaxcopz ) ssmcor ) #e )(2ro-redge)

€00-1002 0S¥8N.L ONI



—081—

F—anN—AHBES 35 1ERk B BF 00.8.28 14:26 =IXMEIEHRF 00.11.7 11:19
EBBEHFF TRU No.2, No.3 BOX EZ W BAE O*R3E
sCE N B2 CEIE3
391-5
ﬁ’: A_.‘_A"AX{ ::’
B ERvAionm s /A‘ i C: o Q -
L~ 2,/([;
125 QEEENA-QOG-O——0- 0 o =
E X4 sCEI5 scE X6

( #xcom ) eamcos ) smcos ) ke )(2va-reusc)

€00-1002 0G¥8N.L ONF



F—AN—2BBEKE 35

HEEREFR TRU No.2, No.3 BOX =2 WAXE [OxESE
INZILDYVERA

RESHBI/O-TRy o R
(TRU No.2,No.3 BOX)

LAHBMAEHRIIL  ERRTAY (BRRE1ppmUT) ©T, Bk, AT
RUTHEOSERBRVRERMTRERNVEAT/ 7THRSCH T 585
HRERNT 5 LEANETS,

Ry & ANERWEER L TERH 5260°CE TOMBERATTRE
FROBRBH XM THRBAZAOREORENAE (FR FRI#2.8ppb)

HEAR TRUBERMIALS S R T ATIS, SMHBOMERECEREDTERA L L TEAY b
RIHEERTALHERSNTIND, £AY PRMBEERLAES, 4518
BAOMTFKRIZEA Y FREBPSOT VA YBRAOBRRICEY, B7LHUE
(pH12EE) [CZBCEMFREIND. FBURTIE. COLSQEAY MRET
DEBPOIAVRRUES D AOBITEMEBET S LEHANELTRIBELE,

LT CRBREGO—FIZRT.

BT © MGk

SHRER : EHE (3£21.5cm, EX0.5cmD)FAHER)

BRI : WS A MRIEE (BRABMEAIL Y ABHK, pH12.5)
ST : AVR, PV A @IRIRETX 10" T mol/1)

HFER : (F o0 NS5

<HiE>

ABCHTIAVR, LU AOLBBRRERELAE (R-18K) .

FL—H IS0 ml/ID I V{EtE S D ABBERL. ARENOIAVRKRULY
ULAREERHL. TORRELERL.

=10~

<®R>
BRO—PMZER-2ICRT. BMELSCAELNIOITR, €20 AOREDRM
mHShi.

e A"/{‘
e
FL-ven Ween e 7 A /"
5 A °
E1 uROonR O@"’S ol
-H;mumo-m‘ﬁr-cr—c =+ — =
waE,

B2 WEeAPOIIR, €U0 LOREOIETIL

{ER BB

IS ILDYLER2

( Axcos ) msmceps )

s ) Bk )(2Lo-FenRc)

00.8.28

14:26 RIEMEIERR

00.11.7

11419

€00-100¢ 0S¥8NL ONI



=ggt—

F—a~N—28BES 36 {ERR HRF
HERIEEZ Glove Box System for TRU Waste Disposal Study B&#: TRU No.2, 3 BOX

B9 - #12 To investigate the degradation behavior of the barrier materials and the migration behaviors of nuclides through
/BIERIE those under the simulated TRU waste disposal condition.

EAR{EHR Atmosphere : Ar
O, concentration : <lppm

Thermostatic chamber : room temperature ~ 260C
CO, analyzer : detection limit 2.8ppb

SESINZA In the TRU waste disposal system, cementitious materials are proposed for the structure material of the disposal
facility and the filling material of the waste. It is predicted that groundwater through the disposal facility become
high pH (about pH12) by the leaching of the alkaline components, when the cementitious materials were used. In
our experiments, the migration behaviors of iodine and cesium in rock were investigated.

An example of experimental conditions is shown as follows.

Experimental method : through-diffusion method

Rock : granodiorite (cylinder 3 cm in diameter and 0.5 cm in thickness)
Solution : artificial cement-pore-water (saturated Ca(OH)2 solution, pH12.5)
Tracer : iodine, cesium (initial concentration of 0.1 mol/L)

Analytical method : ion chromatography

(rxcom ) eemcos ) smcoE )_#e (2o FEeRRR)

00.8.28 14:26 HRIMEEHRF  00.11.7 11:19
G| 2L BT SEGr. |
@ OBAAE REE

5F 7 7 1 )V TRUGB(EN).eps

Py

[l

i

ABRIER - HRf

The through-diffusion experiments of iodine and cesium on
the rock were carried out in this equipment. Csl was added
into the tracer cell and the concentration was adjusted to 0.1
mol/L. The concentrations of iodine and cesium in the
measurement cell were monitored during the experimental
period. (Fig.1)

An example of results is shown in Fig. 2. The
concentrations of iodine and cesium in the measurement
cell increased with time.

<See Figures 1 and 2>

fin g

€00-100¢ 0S78N.L ONF



F—an—2BBES 36 R BB 00.8.28
BB WEFR TRU No.2, 3 BOX R EEEN-ESA
ACE[ 1 ECE X2 sCEE3

concentration (mol/l)

il

tracer cell measurement cell

0 100 200 300 400 500 600
time (day)

e o

Fig. 2 The time dependence of iodine and cesium concentration in the measurement cell

Fig. 1 Schematic view of the diffusion cell

R4 sCEX5 &6

( #wxcgs ) zsmcgs ) seceg ) s )(2ro-reuge)

14:26 mRAXMEIEHRF

0017

11:19

€00-100¢ 0S¥8N.L ONI



ol 2

—aAN—-XBKBEES 36
BB TRU No.2, 3 BOX B OBAE KEE

ISR ILDILERA

Glove Box System for TRU Waste Disposal Study

(TRU No.2, 3 BOX)

Objectives

Toinvewgmdndegadmbdnmofd:ebamzmmahmdthemgrm
of nuclides through those under the simulated TRU waste disposal condition.

Properties of
this equipment

Experiments

Atmosphere : Ar

0, concentration : <lppm
Thermostatic chamber : room temperature ~260°C
CO, analyzer : detection limit 2.8ppb

hhmm&mﬂmmmﬁm“wfmﬂum
ial of the di Mhtymdﬂ:ﬂhngmmﬂofﬁcwmnummm

Results

d ﬂnwghthe‘ | facility become high pH (about pH12) by the leaching
oﬁhllhhnewmponmu,whﬂlmecmuwmmdahmnnihmexpmmn
the migration behaviors of iodine and cesium in rock were investigated.

An example of experimental conditions is shown as follows.

Expedmnlmmd.ﬂ:wgh-dtﬁnimmﬁhod
3 cm in di and 0.5 cm in thickness)
Sohnon. artificial cement-pore-water (saturated Ca(OH):2 solution, pH12.5)
Tracer: jodine, cesium (initial concentration of 0.1 mol/L)
The through-diffusion experiments of iodine and cesium on the rock were carried out in
this equipment. CsI was added into the tracer cell and the concentration was adjusted to
0.1 mol/L. The concentrations of iodine and cesium in the measurement cell were monitored
during the experimental period. (Fig.1)
An example of results is shown in Fig. 2. The concentrations of iodine and cesium in the
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{ER BB

INZILDIVER2

. 53
1.
_ I
([ #axcoper ) asmcps ) smcgs ) B J(2va-Fexse)

00.8.28

14:26 mEMBIEBREF

00.11.7

11319

€00-1002 0S¥8NL ONF



F-anN—2BBES 37 fER BBEF  00.8.28  14:27 ZIMEERRF  00.9.27
RBREBE LETDOHN /4 -V 2 BFOHEEE ' W&¥R XPS/AES FREGr. (L5 A FEGr. ]
B - BB LB TS TEE == R EAS [0%S

/RIERE BTN L Z2RESITIE. EERTOBRENOKXBOBENT X o> TR SN BB T2 TRV F—
BINT B HETHD, LY — 7@u%@t 7 S EER P ARY P VB HALE #A&%LmTéﬁﬁ%wé TEF 7 7 1)V% XPSUP).eps
W e
FPx %%ﬁytﬁﬁ/‘ﬁ?ﬁ%
F—VICXBEREMITTIE, REEES~10ADELZDERZBLI LD TE L, Tz, RERKRTHOBETE
CBWT, HHeZB L I RTOTLEDFAEZIT) SN TE DL, A+ YV A8y ¥ 2[RI T) & T, EEHHD

PHEITH)ZLDTED, GG, 228D
EARMAR t;‘(@g&%ﬁﬂﬁ%ﬁﬁ e AEREER - S

S s sed e $k LB L 7o b T A b OEEAHT R
0—5 > F¥4 7L 500mm CEREEHD

| 2 R X 180

= T -V BFHTE

6 74727} LaB6
RAE— L& T10p A

HEBEAR

fin &

( xxcog ) ssmcgs ) smcos ) sx J(2ro-reuse)

11255

€00-1002 0G¥8NL ONI -



~+§91

TF—aN—-ZA¥EEFS 37

EERSHR XPS/AES
B AR

AKX *BF

sE 4

{ER BB 00.8.28 14:27 mIMEIERAF 00.9.27

= EESERES]

11:55

soEX2 FCEX3
8
ok
A
#OXHRE L U TR % MeKab 3 L BAKa ERE 13, 2N 50 XREEHEDITI0Hm 2
A—H—ORESETEATS, RBHRICLY, REORT LHALFEAL THBFEMLY 33
¥ IORBFOEHIXI LK —RBRRXTEAONS, i
ZINE RN hy =Ek-+Eb+ ¢ g .
Ty BXBOIXN¥— T ERBFRMARIZEFHEOBEIXLX-T, ¢ 2 .29
BAXROHEEBERT, i 7 2
HEIXLK—BBINEP SORTFOAAIRN¥—EEABZENTES, BT 1 y 38
BECLVEBLLAAFBELD. ZALCHAYTIRETTFOEBMIILF -2 3, it i ] 5.’ b
8
1200 7000 w0 600 w0 2:10 )
B - (V)
( Binding Energy)
SEIEM LAY A POEMRSHER
CE5 s#E6

( #wxcog )

anmcgs )

secs ) B J(2ra-rKExnge)

€00-1002 0S¥8NL ONI



e | B

T—aN—-2ERES 37 fERk BEF

EBWEFF XPS/AES
ISZILDSVER

ISZ VDY ER2

ABFRARN/ F— 2 tBFINAITEESRE
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(X-ray Photo electron Spectroscopy/Auger Electron Spectroscopy)
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HERIEEZ X-ray Photo Electron Spectroscopy / Auger Electron Spectroscopy B&¥R XPS/AES PREGr.[W5 M BT FEGr. |
H#Y - $1E X-ray Photo electron Spectrosco EZ O BEAZ R *K:E

/BIFEEIE  Surface analysis by XPS involves irradiation of the solid in vaco with monoenergetic soft x-rays and sorting the
emitted photoelectrons by energy. Identification of chemical states often can be made from the exact position and EF 7 7 1 & XPS(EN).eps
separation of the peaks, as well as from certain spectral contours.
Auger Electron Spectroscopy
Auger electron spectroscopy is a surface analysis technique used to analyze the surface of samples to depth of only
5-50 A, and identifies all elements except H and He, in the outer atomic layers of a material. When combined with

i)

ion sputter etching, AES provides compositional data as a function of depth. <See Figures 1 and 2>
EARMAR X-ray Photo electron Spectroscopy SRERKEER - S}

STy SO NEal 0 XPS spectrum of the bentonite in contact with carbon
X-ray Monochromator : Al 350 W W
Rowland circle : 500 mm <See. Fioataas
Analyzer :180° 2

Auger Electron Spectroscopy
Filament : LaB6
Beam current (max) 10 A

ABRAR
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T =T . T T
5F -
X-ray Photon
hy Bk MgKa X-rays or AlKa X-rays are ordinarily used. 1hese pnotons have limited penetrating power in a solid, 4 -
hv of the order of 1-10 micrometers. They interact with atoms in this surface region by the photoelectric effect,
~ causing electrons to be emitted. The emitted electrons have kinetic energies given by: -
= 7 117 Fermi level hy =Bk +Eb+ ¢ g 3r 5
< . where h v is the energy of the photon , Eb is the binding energy of the atomic orbital from which the > 3
) ! electron originates, and ¢ is the spectrometer work function. G 2 39 N
) 4 = Eb = F @
g ; 3
The binding energy may be regarded as an ionization energy of the atom for the particular shell involved. g % g §
1 0 A
K - 9
P Sp i 2 gs
L 1 1 1 2

N
200 [}

800 600 400
Binding Energy (eV)
XPS spectrum of the bentonite in contact with carbon steel.
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X-ray Photo electron Spectroscopy
/ Auger Electron Spectroscopy

(XPS/AES)

o X-ray Photo electron Spectroscopy
PﬂﬂClples Surface analysis by XPS involves irradiation of the solid in vaco with monoenergetic

soft x-rays and sorting the emitted photoel by energy. Identification of ch

states often can be made from the exact position and separation of the peaks, as well as
from certain spectral contours.

Auger Electron Spectroscopy

Auger electron spectroscopy is a surface analysis technique used to analyze the surface
of samples to depth of only 5-50A, and identifies all elements except H and He, in the
outer atomic layers of a material. When combined with ion sputter etching, AES provides
compositional data as a function of depth.

X-ray Photon
by .m hv -
\
~ & Work functi :
- Uk Eenievel
(Ep C
‘O e Eb
Sample Spectrometer
MgKa x-rays or AlKa x-rays are ordinarily used. These photons have limited penetrating power in a solid,
of the order of 1-10 micrometers. They interact with atoms in this surface region by the photoelectric effect,
causing electrons to be emitted. The emitted electrons have kinetic energies given by:
hv =Ek+Eb+ ¢

where hv is the energy of the photon , Eb is the binding energy of the atomic orbital from which the
electron originates, and ¢ is the spectrometer work function.

0L~

The binding energy may be regarded as an ionization energy of the atom for the particular shell involved.

Specifications Examples
X-ray Photo electron Spectroscopy | |
X-ray source : Mg/A1400 W
X-ray Monochromator : Al 350 W 1
Rowland circle : 500 mm o
Analyzer :180° g | 4
Auger Electron Spectroscopy i /}/\ H o
Filament : LaB6 y i i
Beam current (max) 110 A =

“Binding Encegy (V)
XPS spectrum of the bentonite in contact with carbon steel.
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RBREER

X-ray Diffraction (glancing incidence)

B9 - BIE Bragg's law

/BIFEEIE When a beam of x-ray strikes a crystal surface in which the layers of atoms or ions are regularly separated, the

AR

HBAZ

maximum intensity of the reflected ray occurs when the complement of the angle of incidence, 0, the wavelength of

{ERk B BF
B&F5 XRD

the x-rays, A, and the distance between layers of atoms or ions, d, are related by the equation

2d sin 6 = nA
where n is an integer.

<See Figure 1>

Rated output: 2kW

Rated tube voltage: 20~60kV

Rated filament current: 2~ 50mA

Range of angle: -60~158° (26)
Analyzer crystal: Ni, Graphite

Analysis: Qualitative, Quantitative
<Attachament>

Atmosphere controlled cell

Thin film measured cell (depth: 100~1000 A )
Humidity controlled cell (0~100%)

<See Figure 2>
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HERFER - HrfH
Qunatitative analysis of corroded carbon steel
Basal spacing of bentonite under controlled humidity

<See Figures 3 and 4>
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where n is an integer.
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