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In Situ Buffer Material Test (I)

— Compacted Bentonite —

Masahiro KUMATA, Susumu MURAOKA, Kenji SHIMOOKA
Masamichi OKAMOTO® and Kunio ARAKI

Department of Environmental Safety Research
Tokail Research Establishment
Japan Atomic Energy Research Imstitute

Tokai-mura, Naka-gun, Ibaraki-ken-

(Received September 16, 1987)

Buffer materials would be placed between a package and wall rock
in a disposal pit in a deep geolegical formation in the concept for
geological disposal of high level radicactive wastes. A bentonite powder
produced in our country was compacted in a test hole in-situ into 1.27
kg/cm3 at 380 m below surface and heated with a electric heater about
882 hours. The value of obtained thermal conductivity of the buffer
material was slightly larger than those of the laboratory data. The
results of the measurements of the moisture of the buffer material using
a Neutron Molsture Meter revealed that the buffer material was dried
during the heating and groundwater penetrated from fractures of the

wall rock intc the buffer material after heating was stopped.

Keywords: High Level Waste, Geological Disposal, In-Situ Experiment
Buffer Material, Bentonite, Heater Test, Neutron Moisture

Meter, Thermal Conductivity
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Cii )



JAERI-M 87-164

H X
1 ﬂiubﬁc ...................................................................................................... 1
A <L > S ey 1
3. B ERER - -ovv e e 10
3.1 gﬁﬁ}l“ ................................................................................................... 10
3.2 BRREAA IR e 11
3.3 R L TR L R R R L TR E R R TR L PR TP PP R 11
3.4 FROAESR- e e e e e a e a e et ei et 12
A, B R R TP B e e 15
4.1 JEEEARAT - SRR S 15
4.0 BREEIER . e e e e 15
A3 TR AT e v ee e et r e e e e 16
B, T BD e e e 23
E 2 TR D T LY TP T RrE 23
B ST e e e e e e 24

Clii



JAERI-M 87-164

CONTENTS
1. Introduction .......................................................................................... 1
2. BUffer Material v e 1
3. In Situ Experiments .............................................................................. 10
T R = vl o T = T g 10
3.2 In-situ Compaction ........................................................................... 11
R T - T T o = 3 ol 11
3.4 MoTstlUre Meter oo e e e 19
4, Results and DisCUSSTON  rieriiiiiiii i et bt a e i5
4.1 Thermal DistribUbion  -cccoreer e e 15°
4.2 Thermal Conductivity oo Feereriarerareans 15
4.3 Moisture Distribubtion --ccrrrierrrieiiriiiiiiaria i tire s s 16
D SUMMA Y e s 23
AcknOW]edgment ......... Fer e e et ba i taer e etk eet sttty e re e arra e e nren 23
REeTErBNCES - rrrrrrrr i e a s s e errerareriarareirrrrraaraeeeeon 24

(iv)



JAERI-M 87-164

1. i C & (2

B OV S BRI OB, BHEREED I AT TERANN) TRAGDEL
THF NN T YAF LR THRT B EBEZSNTV A, 7 ABLSNIE L ~IVEE
i3, FhEaird+ 2RI RUZOMIERET LA =y VU EOEBRERCHAZ
f, WTERICEE SN cld 5 0o aFLic BRI N 30, OBSE L OMITIREH
BRIESH, ELEZEET L EMHESIR TS, BELAEEREEGRLEOBCEBINLGE
Fxtiz, EHLBCLBER K AT ) Y O—8E LT, BURHER o5 BERE -~ O s is A 30H]
TEIENRHONG, £ORY, BEKETEEOREHSS , BTN, BEricL
ETHHEElEEET szl BRENFAE Y- LT AREEARL, BOBEHE &1
EE L OURSEREINSE, COLIUERITERLHRETAMBO-DE LT, SEELE
WL~y 34 PBEABEEELTERY L oh T3 Y, 2x—7Fvel, RE7/4 3
SEED Y FFA4 b " Volclay MX—80 " & EMIE L CEBHME/ER L, ERERBETE S
EEGIEBER ) SEET KBV TBMT (8y 77 w272 )Y & LCRMERSEEE
LT3, 508, RPEIERT I~V M4 MO0, BBIRED 5B ARNE 12D,
LREEIEFER SO T 380maEL e, EE30 em, HES 3. 3moHEBRALAEEIL, Flodsk
KRB LBRE -5 L EREOMK, BEMHE2EHE THEERE L TNRAGARAIT L » 12, K8
Tiz, 832 BfOEEHMOMESE LESHARK L 3YHRAIEREE, RUSRZOEEMPOK
SAFEWEO T TEETRIET 5 20T, ®Cf 2R & T 20 FRAFTOERZ2EA/OTC
NERET 5,

AR, ZFBLBEROBHICLY, SRBO—HELEEL CTERLALSDTH S,

2. % W M

Ry RFA ML, BHEKESEREHETEYE Yo+ 4 MELACE®D, D0 AEHTE
T EBKIERPEANERAZ > CTHERL 60T, M THF ey a4 FEERD
EFBHTUME ! T, BRAEICE L TOEENIK RIS NTV b0 TH 5, BEH &
LTNY b+ 4 FZRD ST B IKEPERICL 80 Y — vl SR, £0Xms
THrsEVEY DA POPFMENHEICERT 5 60TH L, EVEY 0F 4 Hid, BROHE
REEEHFOTI VT EBEO-BIIBTAIZAA 754+ (K1) 0—8T, BREIOKSTHK
VAT NTERAE S, N ¢ AMEER - T 5, HEEBETICSRATEELSEA + v 0
B (X1, R0 4  O(E)EZEOR) PHD, TIWCA-TOLMEA4 YOFICE->TNa
B, CaBl, WEKARTLNE, S, EEMELTHO VA4 MR, BERTHOEEO~NY
PHA PEHREBETH R, BHE HEOERLLTEON YA FEEYD, XEOiFikic L

_1_



JAERI-M 87-164

1. 3 T & |(Z

SV VREHEEEM OB T, B EEEED AL TERAN TEMAGORT
TNFNNT VAT ALE > THITZLEBEBLONT NS, 7 RELSNIE L ~VEESE
T, ThiE8ir+r 2 RS ROTONMUERET D4 -~ Ny 7R EDEBBIBHICHAL
1, MFEDICEE SN IclS 2 OB OMNTLIERS N5, CoBSEE - ORICIIERM
BHEESN, BEULESEET R EBHEESNATO S, BLEEREAREOMICHEIRS NI
Ei#tid, BILEPESBERL LI AT ) YOo—E LT, WEHEE L EEAORELE M
THIEMRDON D, TORY, EHEKETHEORSHN S, RHREMLAH, BREACE
ETHD A LEEE LI VBN L AEAY - VT A/FEEREL, ROBEENEEHON
EECOEENERSNS, COLINERNERABESTAHBO 2L T, BEECE
LNy A POEABME L TR LFshTwa" Y, 2o—-Fv TR, K@U+ Y
SEED~Y b F4 b Volclay MX—80 " % [EAEEE L CREM AR L, ERERBREITES
EEbicEEER b ) SEE KBV TBMT (Ny 77 2272 R)Y ELTREBRE S ER
LTb, SF, ZHEEIKENT ARV FFA biz20T, HEiiBikk g 285428~ 5 109,
LEREEEFEICS O 380mOERIe, EE0 om, FE 3. 3mORBRAEMEIL, flogs
KRB L-BRE -7 EEBEOMK, BEMARETERREL TIAREBREITE 7, A#H
T, 882 BffloBREM OMEEH L ZERERICL ZUEHEE R, KUABROEEMTOK
NEEHEOE IBRBTAE TS0, B0 #RE LT 2R TFRASHOERERSOTL
hEHET 5,

AR, ZFELBROGHICEL D, RBO—HE2RZAEL TERLLLDTH S,

NYRNFA ML, BHEKESERERTEYE Yo+ A MELAELD, AV IEAEHTEE
1 EBBGKIER PR ERAE S THER L 60T, MM THSE )0t 4 TS
LT AKHRME] T, BARCE T OBEENK—BIREREINTOE60TH L, BEHE
LTRY R4 MCRDEN TV BIREPEECLIZED Y - AHLEORHE, £03ks
ThirEVE)uF A FOEYFENHECGERT 240 TH B, V€ ) o1 bif, BROKE
RREEEFFOTNI JERBEO—HIKBETER A4 (K1) Oo—F&ET, BRItk FHK
WCIAENTEEAME, N S AREAR - TV D, BREESTICRTEESEA 4 YO
B (1, 22754 FO(EX2EUR) HHY, ZIRA-TOLEAAYOEHICL->TNa
M, Ca#l, K& HnFonsd, Shl, Bt E L THOcRY A ME, BNTHEEO~NY
b4 PERETHL L, BE FEOSELSTEONYFFA FEED, XEREHTEICEK

_1_



JAERI-M 87-1¢64

5T, EVENOFA FOESFEA B L TSFESELEVLHE LIEED [7=51VA ]

(FR%) ZRELI, BELALNY FFA4 FOFEHAR AL E L Kt XFdgko
S NV RS FOEBERSTHLEYE Y0 FA ML, 12,6 A RERKS £HoNa®
THAHLEEFRLTLS,

Bt &I B~Y P4 MG, IBAKEREEE S S OEEDM, AaAhTEkEEEUE,
BEEY Ny i — DARERART 2 O NEHYEESA L, BRFUREERLEL D,
BEESERENE”Y, SEEALLEE~Y b+ 4 P OERHE L AREE S OMEE K
»h A, EMEES, 10kg/o® 45 1000 kg/om? % T LOBRREICHRE L, B & REROE
AR -, ERERRIEIE, EREL0mm ¢ QMER £ — v FAERH L, KEROBHOERELSS
DOHANZIT T 78545 (50mm@ x 50mm) k—#fiFHREL 7o, 1000ke/on® QR % BRE,
BWEBER DV TAFEOHBEREM O, BEER2BLOR2ITFT., THREERELERLZED
BAMRIL, BIEMTEAH40 keg/ o fHE THBEPZELL T 2P WEDORBIMNICHENVERE LG RE (A
Tkh, TORDPLREMAEOEHALIZE L THREREL SREROEEARDEZILHETE S,

BEMOERY)IRSGH SR 5700, [EREREL 2280 EE, AR OSKELH]
SEL T, X, HMAEEEENL o —MERREAREL o, BEERE, BMEL W %o
QTMBERZEEH ARV THR Yy 7 27 0 — 7 HROBEHE" K DRIEL 72, H#, SKFE
HESHTAKRBESE () KB UTRE L, —SEMEEE, BATERE (JI1S) k-
CTHIEL . BEAFEDBIER L 12 50mm @ X 50mm@O0OREC 20T, ZEETHEESR L
—EERBREEAE L, 2B 130EIc>WT, 110°CTHHERSE IAKBHE LD S
REREATE -7, HEORATIKEBELTE, TAIHORAERROAISREHE T BRR48
mm, & 3mmOEEEREREE L THO ., BB EERLR 3 I, LAOHIER
RFER4K, GKEMESEBIVC—HEREEREERLEL L RUEGILThE AT, [3
i3, BEMEME L AREER A EDMFRERLLGD T, K4k, BERPLERETEE
DEBRTEDL LD TH S, K53, HHREHEE —BTHEEEOMELERLIEDOT, K
63, —MEMRELrRIEEEEOBFHETELLLLDTH S,



JAERI-M 87-164

hBE~S Y b F 4 P DEEFITES L UREEHE

==
£ % o # {8 W OB % #®
(%)
§i0, 655 ~ 75 X K = 2.4
Al, 0, 14~ 17 # & (mesh) 300
FE; O; 19 ~ 24 E %‘ j—t E 060 ~ 063
Ca0 12 ~ 1.9 pH 92 ~ 105
MgO 1.8 ~ 3.0 7K b % SLLF
Nz, 0 18 ~ 25 BE cc? 205l E
K,0 0.5 ~ 1.0
Ig-loss 45 ~ 5.0
£ 3 BN EHWTER
MM EB(X10 3cal/cmes*C)
W=
(kg/cm?) HEES
ki
1 2 3 4
10 0.567 0.584 0.572 0.582 0.575
15 0.632 0.628 0.665 0.665 0.647
20 0.589 0.689 0.742 0.722 0.711
25 0.722 0.757 0.718 0.758 6.739
30 0.793 0.829 0.801 $.788 0.803
50 0.935 0.944 0.965 1.0086 0.964
100 1.253 1.258 1.294 1.299 1.275
250 1.708 1.726 1.767 1.736 1.733
500 2.185 2.033 2.104 2.201 2.131
1000 2.521 2.543 2.526 - 2.528
4 hBBTEHER
HEE th # L e k-3
(kg/cm?®) (cal/g) N (kg/cm®) | (cal/g)
10 0.135 30 0.189
15 0.181 100 0.184
20 0.154 250 0.161
25 0.184 500 0.155
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® 5 e EESER

HEE &kt HWHE ki
(kg/cm?) (%) (kg/cm?) (%)

10 7.63 30 8.02
15 7.74 100 7.886
20 7.58 250 7.87
25 7.75 500 7.61
30 7.94 1000 7.61

* gkl = (Wi—Wa) /WeX100{%)
W,.: BARBRER
W l10CHEMEZRRATER

& B —EREEANTER
— Sy EFEHE (kg/cm®)
HE
(kg/cm?) ARES
5 E
1 2 3 a
10 2.68 2.391 2.66 2.50 2.69
15 4,78 4.34 3.81 4.30 4.31
20 7.04 6.63 5.56 5.46 6.17
25 6.73 7.81 7.24 8.11 7.47
30 9.84 8.78 9.69 10.9 9.75
50 15.5 17.1 16.2 15.3 16.0
100 36.7 36.7 32.9 31.6 34.5
250 74.3 72.9 73.5 74.9 73.9
500 118.9 119.9 134.7 115.3 122.2
1000 141.3 157.73 160.7 - 153.2
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Vb A P ORIEEEERDI, S0, -5 R - TEFIHLT, MEFRICET BRI
o~y b+ 4 ORI EERTF RS LD BB TREL 7.

WY EORBANEREICE, RADHNBHSEEL, KE» HH80 omiiiic HESAk R
BT A FHIc 7 BB & 280 ~ 300 O T L 5 17215 DEZH HHI FKASIE LAt T B 0453
BN, RETLNEmCBEES BRI RERNR 8 I RT. LAOH FADBIEIR,
RBRATHIE L5~ b+ 4 FFRETOI0ERMTH 26 £iciL, Fi 10, 8mf/h THAMITH
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3.2 H®EHOTM
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ZHIC LMEY » v FAEEL TR CRIMFEFIRCHE O <Y M F 4 F2FELF, THD
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STEP1 @ £—# R ) —7%HFBAOPLICHET 5200 0EER (300mme x 10mmt) %
ERICHEBEL, t—FRV—7TE@AT 5,

STEP2 | XY+ 4 FRBKEZEHTAL, THMERIC TECHFLED S,

STEP 3 : MEMA 1 745K5 L, HEEISF IR0 E, EEMTBEFEE, i
Jy oy xOER N ViCEET S, BEEY FEEHSEHESCT S (20 kg/cm?)
FT LR U A THI0RRIRS LRHT 5.

LEMEA, EMA T, THRINERSRDERE, STEP 1~3 %40 E L THEREE T

Y bFA PERELS, FEHEEONY b A P DEKEER S, FRMERS, ABRAED

50.5m, L1m RUE23IMFELALLEIATEKEAEDHOHEEEHFWL 7.

HBAIE, BEMT.5kgD~NY b4 FERAL, FALCRUERE, ARAERP S
E—921Y—7, BEER BELGFRE A T7OFEEELSICLKT2.8 L LT, BMETD
PHEFEFRE I 1,278/ & i to, ZHRBR2OFMREAEEEEOBRP S KD HE
E—BT 5,

HERTLED 58 1300mm AR L fc & A TREEM D OREMEDI D IRDABNEFE L1,
ACEE B 120° MIBTA, B, C&ARNC, 2V —7&KiEH» S 6 mm, 6l mm, 116 mm DEREEIC
3EOBMEBRARE L 7 (X7 B8R,

3.3 b - %

E—-#id, 2.0mmed=7osiEiE T4 RICEN 2 mMOBRT A, AF25.4mm, EX
22MPDAFVLAFTY—A LD EB I, BEAFDbRO Y -2 B2 7 v L ZAEFREIC,
E—SBEAE= s — L, avbo—dhicd, 7oA TAL (CAERERNTIRD T
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mme, PIEE 20 9mme @ SUS 34 EDRIC L — 9 2 %E L UNARBRETE »7. 2 ) - 7H
De—-% FTFOERE, EAFHAOE TSN, AV -ThoORBETEAIHLET
Ll LEBOVIEREMLICOBO®RE Uiz, e- 2 HA%xRET S0, EREARe V%
AOVTFRAFEAITE -1, MMEERA A -FLLEBEES ESim, AE T, A8, ONE
2EZ DL, EEREBCSOTHEEA BT IHREE, 7)) ol
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2
L

L1 2", CCTEBRDE — 5 OBAKEN b DREEE q &R,
Q=T RZLL Xq
ThHoho, BEEAT=1t, —t, G TOE3iIKkK4,

In

_ 9Q-+R¥

ANT = lnﬁ

24 r,

BEERE L TR, ENEBT, HAE0kg/om* (BNEOFTEMEIHEYTE) THREL
frEMC L TE LGNl 0.7lcal/an’es°CEANLK (RIBB), 1, #MBEERT
NTIBCEL, e—7dulin b 2 mOMNETIE, EIEEBRI- NG EKE L, SRR, D,
E—4 OFRBEE (700°C) LITT, MEBEERHITBT I~ 4 FOEED 100°CEL Eicis
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3.4 KAAESR

PEFEIEE LTCE, BIEICHEAEEEEZA A HES — 7 4 T VRO SX—-8nHY
ORETFHELE KA T4 E O 7, PETRATE, Sl TE & SR B A2 o4
REQRDERET BHIE T, Bhick D 3 HRAREDHIEELE, 1K BEAHTR
o (FFISVERD D) RS TVWE Y b0TH 2, AkDitiR, RobEFASIH ©
TR S LT, BRESEICLY, B2 MeV @& 74 L, AT#EohET 5
VAT T4 —EB T BCHOLNETC AL LD TH B, HE LS RUTIEEIEE
AL 72, AEAOmm ¢, & & 520 mmDAKSGERIE A € - ¥ DRODICR Y - FIHAL, MA
OEF &, MBS EEER UM L 2 FRSERETKE L AHET, KAELTOCE
EAATH D RDEET I, KGEHCLBREBE ¥ 7Y Y 7T L BEKILE OMEE DY,
BEM PO EEE D0, 2 FEEBBOKIAERC, PR 183 cm DI 1
FEFUERE 2 SEE 150 cmE THBRAA T E— 42 ) — 7 i O @@ O—B 28I L 2,
FRHRL 7o30BH3,  110°C TI8HRIRIR L TER MDD SRS BERLE L o
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