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In order to contribute to the safety standards and guidelines which a regulator will
decide, a state-of-the-art assessment method is investigated and summarized in tables
about performance guarantee contents of backfill, bulkhead, tunnel (access, main,
connecting, disposal) and disposal pit. In addition, examples of assessment tools are
described. ' S

In this report, summary of (1) basic properties of bentonite, including swelling,
mechanical and hydraulic properties, (2) long-term behavior of bentonite, including
extrusion / erosion into host rock, and alteration, (3) effect of high pH plume from
cementitious material and (4) mechanical stability of the near-field is described.

Check points, assessment methods for (based on the data obtained from the
experimental results, the estimation value obtained from empirical equations and
database, and the modeling calculations) and latest results of these R&D programs were
also summarized.

Keywords: Assessment Tool, Safety Standard, Guideline, Performance Guarantee,
Backfill, Bulkhead, Tunnel, Disposal Pit
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4. FHETIRIC BT 2 R FEA

4.1 HDE UM O BEARM:

SR LML, SLENOERERIT 2 MG 5 7= OO R UM TRICHAE T HRRERX
RTOEMABRETIZE DA FN—Z N OEMFIC ié%ﬁﬁ9_ﬂmbt@ﬁﬁﬁﬁﬁ
BERENDZENEZOLND, T, KFEAM, BAEME - BItER SoMERERI NS,

DR LMIZERT 25 5E & U, et 2 R & 3 D8R0 O EARRHEIZB T2
HOLIRIEREEETH B,

MR M OB AR RIS ORI 5 5L, EBRFEROT — N ALEBRAZEmL, BES
NERHEIZH L TT — X OHEEZITI SO (BDT-DFERTHER TS5 Z & 2BE L TERIC
RO EMOBEEBATD) 1L T 5,

TEEM OEREMICE LT, H2WMY LD ETIT, FITBKRHM TSRS T 28EEL
7 — X OEAED, 2 WY £ L OLIKEIL, EEOMERESTEERETHD, AT
A, WREEH TR L OMEEEE 25 XA —& L LT, MAKRH RSN T 288 L 2B & o
AR KA e, BAEARTE, BN, ST — 2 OBIENM T TWB, FO—H & LT,

PSR TR OB Bk 8 B & IR 9 A % oFE (T, MEERER) owv
9)@%%%!4&1_v? Mk o E CIeBE LN ERB L UOSE ST T — 5%%
WCOORT 111250 F 72 [(BKRB X OVEK R T KSR T2 B0 5 F 8k 155 A & SR
mﬁ®%%%ﬂ4r&ﬁﬁ%i%ﬁkﬁﬁ@ﬁﬁ@%%%ﬂ4m3K%?mo@@ELH@
BHERE S EE, 2 REY F & O TIX 0.64Mgm3 & 72 D,

EBIT, BEMICET ARG KEE, BB, JFEMET — X 0 DRI KGR
TRBIFDHZATANY 7T ORMERL I OZEFMETICET 2SN BRI Tnd
11,12,51)

TNHOREE, B 2WBRVELDETOMRBLY, ER 16 FERE TICRE L
KB T ARG T AEEET — X 2T — ¥ =R L UTHEFR TH D,

HOERE UM ERBRICILAKT T 7 CHh IR+ 7T FOEREMIZOWNT Y, BEM & FRED
MEL (RETHLZ D, TORREBEORMEFIEE LTI ERLIZARPEATE DS
DEBZLND,

TR
A P
2 T E e 1 LGS E— , i
8.0 , I ——o 1 A& ATEA 06400l 17|
7.0 [o) T HEERTOK : 0 200 1) : £
6.0 o 10 H e momm o 020mer i L o - .
®  NaCliBHE  :0.50[mol 17'] : Qo
5.0 - ®  HaCHER  :0.80Imol 7]
— & ®  NaCLE®  :1.70[mol 1)
4, 40 = g0 [ ® mcusm dd2lmol D[ @ _
= o : ‘
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%: g o | < T8
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ey g e N
- 20 % L \
i BARETK
5 XX 102 1 / o= ‘(p(424p -20.04p,° +763p 26.07)
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10 ¥ | | - 1 ‘ I ?
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: —-—‘—- REKBBIRN 30)
10714 . Do m - ATsmkBfg=t 51 [........... -
: O EBK 12 e s
107 1 A ATk 12) ?12‘%7kﬁ1%5t :
T e e smEmTR [T . )
R o T R | k=exp(-42.1+1.1447p, - 2.1232p,")
< . ; 1 3 ATH#KBER -
Y ST P -
I S B . Kk =exp(—47.155+15.138p, = 7.878p.%)
L S R ) ,
10719 L »,_ ,,,, ':-,,-u,.,:;._,.,.’! ........ e _
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1 R A
1072 ‘ i [ \ ‘\\‘
0.40 0.80 1.2 1.6 2.0

BUHLEE Mg ]
X 4.1-3 AR EEE p, Mg m3] & FABERE « [m2] & DR 12

4.2 HWOHRERLM O - BAHS

HOR LM T, EHMOMBICBOCHIERNOBKEZ RS HMEET2 28RO TEH
v, 2EOBHFP~DOWH - BABIRIR LRI MBLETH D,

BEM BT, ATNY 7HEERE ISR T DEEM OB R EMEORRER TR 21T
5 FT, ThHoHLAEERMICHEMTA2Z ENEETHD & LT, BT ~D
T - BASEEN G 2 B WEHMET TV OSSN RE2MThh T s, HOERE LI
DONT HEEM KT D EHFEME T VOBARE X B D,

LMo, 22 TOMGITEL, TN (BETVTHWARTI A-FZORELETr) %
L, MESNELMHICH L THETRD A b DICHEYT L, —F, BEMORABHSIC
BILTCIE, BESNAESFZHTTORY MIA MEFEa e A ROBAFMBFICET L7 —F I
BEITH OIS T D,

(DR ARG

M ClE, BACRHITIK GREAK) BIXOWKRMTA (ATHEAK, BIEHTA) 28
T ABRABAHEDIEETH L HURE T — % 208 L, AR TFATHE, <> A b
DBF~DEAPEKRHITAKE B L CTHEFINSWEREZE NS (K 4.2-1), 77,
Ry bAoA FOEAZEENE, A A UREN/NIVKEIZERAL, WA T URENKEL
RAHIFE, BADBHHIESND Z &R0 Tm 17,
TNLDOEBRMARMALY, WAKARHTAKIZBO T BRI AT L AREEM O Wiy
REME~OBENEE TRV EHMTE, BEFMIZB WO CTHEACRI T RS T THEES N
XHELTHDZEIRENT,
BABRZOETAIZEB T, # 2 RIY F & OICHWIME, #EIZESW-ET 1
RIZBIT B b A FOYHET — 2 ZoWTC, BREEZESGT 578 LTTF — X OE#EME
mEEEY, BFVCEBA Lz, £, FEREREIC L > TARERAEESHE2HEL, 5
BN EEZRAWEETLOZSMELFML TV D, %I, B LW R Z T T L~
I D2 LIk, ETFTLVOREDBRONDIBDEEZBND,

(2)F B

B % LM A DT OFEORFT — 2 OFHEEM L, bW, A FE
BN X DERATIHME~ DTS & WO BRT, BRI TR GREK) B I UHAKRHT K
(NaCl§#R) EAWET —Z OBGEIT o1z, TOMR, BACRHTTAKTIE, KEBROW
B 2x106[m sIZBWNTC, BRI A FOAERPHR SN, Lieh> T, BAKRHT
KEFCBNTRAEBRPFET DEESRMEIL, LD b/NSWIRES Th 5 FTRetEs
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TR ENTZ 10, —F, WAKZRH KT, RERROTVHFHE 8x106(m sz T, B
awAf R ®HiJ$Z75>u.u W HNRWT LD, BERSARATHIHEMAMEMET, NIV BK
XUVWRESE THAZ L EABAICIBE L 10, ZhomBEOMRLY, BEHRAIL, MWKR
HTFA LD bEAKRHIT KBRS %b‘f%f?é“%%ﬁfﬁ)é & A BRI IRIE U7,

R T, T—F 0 TiER<, MREFMEAITICKRT 2 TITEE S THRWVE, 4
%7 — 5%%%5&5 LT, Kg@ﬁ@ﬁk@ﬂgfﬁ LABEREFHICHLT, auAs
FWRRAET HHENREEOMANELNDL LD EEIOND,

1. 6Mg/m3 74
84

EFNET |

&
ik
i
S

0 10 20 30 40 50 60 70
FamRERY ¢ [hrl/?]

4.2-1  BEAKRE K OVEACRHL TS TIZR T 2 REGE R & RAERRED BILR

4.8 FRME O SRR E RS

TEER DM FL D O ZEENI R LT, 8 2 WELD £ & OIZB W, fEEH OB
FiER e & D R LA OBRMERRIE N D, BUBARATIC X DS i 21T > T 5,

KRB O F 2B R OIM T ER, 7N (EFATHWE T A —Z OEE b Ete)
REAEL, MESNESEECKH L THETROD D L DOIZEYT 5,

FREM O SRR E BB 23T B 72D OBRET LV OEM E LT, £ OMBHHESE
LU P BETE O HUB ALy & W D EEM OB D EESEE L, B0 - KEET V)
52  [RT - [{ETF/L) BB ESIN, Zhbd 2 OOFTNVTHEHT LT A —FORES
1TV, ZBZXFHEREL TS 5459,

F7r, FPERTRENEETARSNINT A —Z ERWTA— ="y 7 O HEILTEN
& BRIEEMNT B Tt T 5 59,

4.4 ar 7 V— BN X BT VI U

W RSB IC BT ARBORELWE T T SO LTar 7 Y — MERELZ LT
By Zoary J— MEOERICBONTE, a7 ) — MMiBHCEKRT 55 pH F— 4
WWEATAHYEBECLY, BEM, TRy 70 EORE, FK, BREEGED
Bt N T 5 2 ERESND, Thb DT, BREBITIHMEICIT 2 AT 7 HEE
HNCEREBRRIFT LD, a7 V—MEHZ K BT AN Y BB ERMICEHE T 2 &
NEETHD,

T ZTIE, Tovh BBt AREM ORYE - HLEHE, ABRORE - H{eiith, A —
R—=r%y 7 OIEEZEEFMIC B9 2 AR 2R E %2 LU TR T,
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(1) #EEMOEE - £k

BEM I RO D O OMERESHEFF SN D Z EBHIRFIN TS, H 2RI E& 8
B D REE M OEPLEETM TIE, BEMIBEELY 100CUTETHZ 8L TG=a 7Y
— MBI LTIET A U MEE A FEFIF LE T VL VEBELREMET 2 2 &2k, B
MOBEERTEABTAZENTEDLE LTS, —J, ==y 7 EFRERY E D
BAERIZOWTIIRBOEBEZHET D7 —FBLT Lb-FaThRnz &, 7 UMHER
BECOREMEEICET AT — X OREPLBETHL L EHERHmLTND

ANIANY 7 OGN, TORENLIGIZDTY , K2 OWFOERESWBEL-TEY,
AL53 %% TRV 5 2EEBRS OB FEPRFT STV D 20, BETTIE, &EMOR
Mzl 7 v — 2B L, BEREINARES @(Mmﬁ%b<i@m+%Fm,ﬁ
@M@flmcuT AL NEBRTOFBIEEET D) B TLEEMN LoEEMEEE
ELT,?%/F@M@i62%754F@%%#ﬁn&%®10kbfﬁﬁéﬂfwéo
LIS A k% ~ T,

AV PBBIRICEARRA T XA SO

FEMR IR DWW T, EBREROT — 4 N—2ECERALEM L, E SN RFwt
LTCTF—ZOWEEITO> LD (B, SO-OFEBRCHRET A LE2BEL TERIEASE
WO HITH) ICELTEILOTHD, LL, BMEEOEBRIEHDOED, AATH
A MREREERBRC AFM (2 X 2 EfER SR TEOEH ORI TON TV AERTH 5
21)

B, BEOINEBMED S b, BELENY A MIERT A H DI OV TUHIEIENT KL
STEELEDBNTVD 50, fHHIZ PT%%*#@%ﬁngfﬁéﬂ, EELSRMEITR
AT =% L LTHIAFRETH D, £, SHRIILER ﬁm&f%@%m#ﬁbht& e
M BT DR DOIUEE DR NLE L 2D,

(a) ~ANT L REHE

YA MHEROKBICY A A BT R THLEEDORISICHESND ERE LTZYANT
VAREZITY, BIEEGR E 2RV ELEDODOIRTIEX) R TR, BHIIRST
BINCRBE G > Th 20% B ETHhH -7 (K 4.4-1),

(b) VEFLREHE

AR HA NOEIRE 2RO EZERT DA, THMEHFERET LV (EF7VTH
WBERTA—ZDEELET) ZEEL, MESNEREICH L THETRD S HDICH
W7 MERBIT RN E BN v 7Y 7 EETE L k@2 — R (PRECIP)
AW BEM OLEERBICET AT EIToCND, SHRIILVERRAAIZZA O
IRHE T — % ORUE, BEM OEMRELZE LR e 08, ZRIEWRED
T4 PEREERSe ZIRIE DI X BIEEM AR~ DR BT — X OBUS N LETH S 20,

B 203, BEoEBNEBRORICESITIE, pH>12.5 @ Ca BEIZETRIK T, 100°CLA
T OELEZBWT, C-S- H /7/1/%’ C-A-S-H 7 VOESBPRERD BN TNSE, 5% IR MR
W% ED LD REMPRECHFET HNEHEET HILERD D,
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XBEIEE(m)

Concrete

ELEYOFINEREE )

N

EEO DB E

S>FRIDEEH40~50cmT, RUbFA D RAEL D2 BB

B7ILAYEa Y —FDEE

—EF A (OPC) DEH120kg/cmiELBIAV I —FDES LT,
AABACDBEMBLEEIL V) —FDIHFEITHART, #HEE,

M 4.41 a7 ) —FRROESERNTA=FZELIZEVET T A O
iREIC B o MR R

Q) BBoLH - %1tk

BRI ATV ) B X AEE - H{LEHE & LT, TRU BEEMIFRIZ IV Thst
INTWNB 8, .

TRU B¢ ¢id, AL MCHET 35 pH 71— ADOKKRAY 7oz kit 5 R « 22/
R Y 3 57201, BEFEOMRICESESTERBREEMI/RL, ZofRIZESELIL
AT R LT, 1 REDICERIS-WERBEERET VEBE L T, S7PrE
b, HTFAHEROER L OEROWEBREBRFEOE(L ML TV 5,

R, 5 (EFTAVTHWDL AT A—ZOBEbET) Z8HL, BEI -5t
W L TEHBE TR A bOICHRYT D, LnLiaih, HEOEYE - H{CFHEIC T 5 i
X, MRORRR EORHEEEEZALTEY, SR OIMEE ST ) AT T AEERIIET
HRBOEMI KD LI D,

(8 A==y 7 OFEREE)

A==y 7 DFERZFB T, BE SO T KRS GEEMRIBK) CIEEFORE
FFICBWT, FTEOHIH OO CiADWEEH T 2 12 DI BERIERF6H 2 TR
i 52 ENLEE D, FHITHE, FEISNDIBRESFICH L TERETE, BaEE%IC
OV TELRERBPCRBERBREOBARRICLV T ZBEL, ThbDT7 —XITED
WAL RS 2 Z R L R IFMAME A LETH D,

A==y 7 OFRFEICET LRI TR, ERFEEERE (TRhbbLRRGTEE<
=a7ub) L, BESNERMETT —F OBEEIT I bOIEYT 2,
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