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Cement-type materials that are used for supports or grouting at high-level radioactive
waste disposal facilities leach into the groundwater and create a highly alkaline environment.
Of concern in highly alkaline environments are the alteration of bentonite used as buffers or
backfill materials, and of surrounding rock mass, and the increased uncertainty regarding
the provision of performance of the disposal system over a long period of time.

From such a background, The Japan Atomic Energy Agency and Shimizu Corporation
carried out a Joint Research aimed for technology development to reduce the use of
cement-type materials at high-level radioactive waste disposal facilities as much as possible.

The Japan Atomic Energy Agency has been conducting research and development of low
alkalinity cement with a view to controlling the effects of high alkalinity, and focusing on its
use as support materials.

In the meantime, Shimizu Corporation has been developing methods for constructing
tunnels using the minimum quantities of cement-type support materials and suggesting the
possibility of realization of support structures using greatly reduced quantities of cement.

In this study, the quantities of cement used for supports were first presented under the
geological condition (soft or hard rock) by the method of waste disposal (vertical or horizontal)
described in the secondary report on geological disposal of high-level radioactive waste. Then,
alternative supports mainly composed of rock and bentonite were proposed to ensure
long-term provision of the performance of the disposal system. The mechanical characteristic
values concerning the strength and deformation properties of the alternative supports and
backfill materials (for filling the gap between the tunnel wall and the segmental ring) were
examined. The supports were designed based on the physical properties of rock mass and
earth pressure described in the secondary report, and on the physical property values of the

This work has been performed in JAEA as a joint research with Shimizu Corporation.
+ Research and Development Co-ordination and Promotion Office

* Collaborating Engineer,

* 1The Tokyo Electric Power Company, Incorporated,

* 2 Shimizu Corporation
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alternative supports; and the specifications (dimensions, etc.) for the alternative supports
were determined. The excavation method was selected and a preliminary study was made of
methods for constructing the alternative support work.

Technical formation of the alternative supports planned for further reduction in cement
influence was indicated from a study result above-mentioned, and the problem future should
consider was derived.

Keywords : Low Alkalinity Cement, Alternative Supports
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AL MEM &L TS5 ORREINICET 2T (WhseH) | (A, 1999) 2, TH
JEAL 3T D T iigx OHLO R L (WF9EsRE) | (2 Hfil, 1999) TR S 7 BEIC S
T, BEEHOKL oL AT 7 M, 62
WELD F & VIR S B 2-2~B 2-5 1R 5 18, EE AR O B R S x VELER TH
Do TeB, BT AU NEAFEAM, 7T UF TR, HURRMIZOW T ERR 2 5Em 2 R S
NTWRN = DA R OF ) BRI LT,

THEELE, BELEMELYR 2-1 1277,

- >

=2-1 {FHA&MR, FEABEINOaVYY)—MERAE
(aEeRe®l BEZAAX
WRAH 2V )= g Tavp)=b g ) )=pMo7 pv b Yon' =bav) )= RB @5 |77 7 po))- B
(m?3) (m?) (m?) (m3) (m3) (m3) (m3)
SEHL (1055m*7 A) 15,330 12,418 - - 57 | 3,976 31,781
HEHE 33,848 - - 39,502 1,682 - 75,032
ETE 14,205 - - 16,578 824 - 31,607
WSy HiE 120,154 - - 140,225 5,580 | 9,396 275,355
b iEERERE HMESAR
WAy ) = Tav ) =b po )=y Ay YunT =bavy) =N RB @& (77 7 pv))-bnEE
(m?3) (m?) (m?) (m3) (m3) (m3) (m3)
NEHL (1055m*7 A) 15,330 12,418 - - 57 | 3,976 31,781
HELE 30,604 - - 35,716 1,526 - 67,846
FEHLE 11,309 - - 13,199 663 - 25,171
AHGE (30 -5#) 5,244 - - 6,120 384 | 8,700 20,448
WsyHHE  (RHUE) - - - - - — 0
CEERERE BEEARK
WA T2y ) = b Tayy)=h pv))=bes” jvhfon' =hay) )= RB @& (7727 o)) -MAEEE
(m3) (m3) (m3) (m3) (m3) (m3) (m3)
B (536m*7 A) 982 49,826 - - 124 | 3,976 54,908
HAEHLIE 376,411 - - 96,871 1,863 - 475,145
FEHE 186,949 — — 48,5112 1,255 - 236,316
WGy 538 2,289,594 - - 561,180 10,285 | 17,400 | 2,878,459
dEHeRER. HEEAK
WA T2y ) = b [ Tayy)=h pv))=bes” jvhfon =hay) )= RB &M (777 o)) -MAEEE
(m3) (m3) (m3) (m3) (m3) (m3) (m3)
SEHL (536m*7 A) 982 49,826 — — 124 3,976 54,908
HAEHLIE 250,116 - - 35,716 1,526 - 287,358
FEHLE 134,917 - - 13,199 663 - 148,779
WLGYHE (49 13 ) 87,687 — — 6,120 384 | 12,180 106,371
WSy HiiE (RY0E) — - 127,514 - - - 127,514
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FE2RMYELDICEDI A Y MEAEDETHE

a7 U — b OxEHEHERE (40MPa) 22 2 h &3 LUV JAEA ([T TH%E L T\ % HFSC

O ITMEDOEREEN LR ET S
(FEIHI2%) ORI 7 ) — hOFEAERERE T
j‘é OPC-1 @nxd‘%ﬁgﬁr X 36MPa T&Jéﬁ‘

T

EEZREL TWHDT,H

ERE Licarz ) — b &A%

*®2-2 RUERBWRMTEER

- -
0 = —

T, F&2-2 IR

BREZ A LTV LA LBE L LT,

G Mt T 7 I T e T
BUAEEY 2581 L, vk, K
BN T o A aliRgs 1% 40MPa D 5#
2&E&Dik&bf RELTCWDLEFRAL T REA L R (ELF, OPC)

Al A KA | AHE BN B (kg/m3)

x5 A MK FEAH B | CHE | RN | e
54 (%) W | tAvh | YIhka=h | 79ATyva S ) Zal G Z)
(%) C SF FA G Ad Fi

OPC-1 | 43.3 | 56.9 | 173 | 400 — — 1,068 | 806 | 2.00 —

HFSC-1 | 30.0 | 59.7 | 150 | 200 100 200 974 | 655 | 3.25 —

HOE Rl DB E X RO SHLEDOKRS 27 U — R 2XRIZ, Bk 2.2.1 THTRD 7=
ayvy7 )—MEHEZHWT, OPCE LKL Lizar 7 ) —hoga Lt HFSC OGAEDE A v
MEFAEZHEH L, £2-2 X0, OPCEZEEKE Lear 7 ) —NOBAOHENEA L NEE
OPC-1 ™ 400kg/m3, HFSC DA DHA & A > F &% HFSC-1 @ 200 kg/m3 & LT A bk
HEICHRE L, R2-3 1Ck A MiABORE AT, R2-3 XLV, OPC &#LffL Lo
7 U= OHZEDOE A MEFAEIZXY LT, HFSC OFADO® A v MEAREIZ 1/2 (50%) &7

S TW5H,
R2-3 LAY MEAEDHER
A% a/))-ME & (m3) | v MiEH & (ton)
OPC-1 915,838
HFSC-1 2,289,594 457,919
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2. 4 REXRIHBMOYMEEDZRE

2. 4. 1 BR-FBILFIVEEMHOEE - TRFEORE
(1) H#

aAMHEZ A ME, $EC VO TROEAT a7 2RE L TsA T By 7 BT
SNDEMNCEALINETESTHZ LTI AV FE LT MLz IEETH D, = DOREE
IZOWT, FEAZLENE LI ERT 0 v 73 2.5.1 TR MO RN TE LD
AT D58 (21.5N/mm?2) & Y YO T TR E L2 R E (10kN/mm2) 25 L CW\WhHZ &%
BHONZTDOMEND D,

F T, KRBT, EAX AL ENESETEADO—HEMRRRAIT, SHEELZILD
BEMELE L COME A, pH OFRIEIZ OV THH~N,

(2) B

AGRER TIE, -8 \IRT Lo EAaT vay 7 MOEE T ARG E LT, EAXNLEEAR
AR ER AR (EAE 80mm, B E 160mm) Z/ERI L, —#hEiERriiTr- 7,

RER 7 — 2T T N A NVOFE, AL D EWORASESEE L TRELEZ, Ry —2%
=& 2-41"9, —A 1~ —Z 31X 0PC LW BIELNDEWENALZ LT, AL MWD
Blatbzr—A 1M 1:4, F—A2M01:3, Fy—A3N1:1ELETr—ATHDH, r—A4
e —A 51X HFSC #/W=EALZ LD —AT, OPCOEEZWO L, TOZHEATH UL
Za—Ah (SF) L7747 va (FA) IZLDRY T UG E > TEA Y MK OET v
VML ZRM LTS D TH 5, 7 — A AITBOKAI ZFE STk LT 2%, 77— A 5130.8% (OPC
WX LT 2%) &L —ATHD, HZBELXLOESIZOWTIZJISRS5201 T2XA2 Fd
WELERER) OISR CEA I TV ELY

NORAEEBEZLTHRE L, 2B, EAY T
N EWDOECAIIAREIE TR L, Fo, il emETa Y
FEAZNLOREGEEICOVWTIIffHI A SRS ——El
Nz, AET L H VT Z L OB ITEEED [;‘;’ﬁﬁ;’”
e 9% SEZIZ L CRIE LT, 7ok, kRO ‘
VI I RAENANZNVEFHLIEOEX, vy 7K
VR OFHEIR & LR B D B Sl 2-8 BE-EILIIEEMH
LLTHISCEX NS ThDH, 2O LI vy DEEERE
AEVE VD BAF IR R 2 BT — AR 3E LT,
£2-4 ELRAILDEET—R
= S
r—aNe | NS | VS TR T B ok
W OPG SF FA s | ”
r—21 65% 240 369 0 0 1685 3.69
EEEILZIL
r—2x2 57% 260 455 0 0 1561 4.55
—23 h?»/rfejféb 40% 349 931 0 0 931 —
r—2R4 E7 LAY 45% 400 356 178 356 638 17.78
r—2X5 BB 45% 400 356 178 356 638 711
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pH (ZHOW TR, Bl L 72 BV 2 L 2 fliKITIRIE LIRIER D D A 7 ZABEMEIC TRIE LTz, 725,
EAT 0y 7 BROEALZMAIONT Y, BIROIEBRA 2 ER L, —#ERRRE1T -7,
BRI B L 7B 2 LU ISR,

HAAERE T e Y 7

OPC : @AV F T R AV b
(RHEE A v bR

TVUVIvIARTALENLZI) : SN RT A F/LHZ)L
(fr—-xz 7 —4LH)

SF: 3 U hT7a—4b (A rrftil~srasUh

(971-0))

FA: 7947 v = (JIS4 HE)

. BEpE LD

BOKAl CEEENLZNVOEE) : ~A T 1 3000s (fEER),

BOKAl KT VB U EAZNADEE) @ miEae AE BokH (7e—1 v 7 i)
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TtEaJ0ovy

AA7ay 7 XBEERE2-1 IR THROEME 7 e vy 7 #EH LT, 25128 A LD
2R, BA L REWOREEN1:1 D7 —Z 31250 T, Fr R THEAERZD
HATHEDO T LI v I ARGIAENLZNL (r—xz 7 - —4H) ZFH LT, T2-6(271 3
I ARTAENZNLVOEERE T,

RER R OER 71k %2 B 2-9 12T,

RK25tALNEWDERFER

AL NOERE AL RO HMIEAF D5 L HiE A D
(g/cm?3) BN FEE & (g/cm?) BN AFEE &
(kg/m?3) (kg/m3)
3.16 1500 2.62 1714

26 SNFZAELZILDEESEK

BE tbE rE

kg g/cm3 L
LEEAVN| 936 3.16 2.96
FEARINA | 064 2.20 0.29
e 10.0 2.67 3.74
ast 20.0 6.99
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(3) #BRALR

FNXNLO—EIEAFRBRORE R 2K 2-8 12, LA OWELFHERBRORS 2% 2-9 12, —1il
[EAERBRAE R AR 2-101R" T, 2B, F—A% 21250 TIE, B 2-10 (R3O AHEIE LIS
£ 2 — W EREREBR 2 FEhE L TV RV, 072w, —lEAERER O FIEF ) 5 1XBRS L7-, pH
BB L TWD 0T, pH HIE DR REEIIEH L,

TVHVERO —BHERETREICOWT, HWEALZ LD —A 1 L —23TiE, BAV b
EWOBAEEN1: 4D —A1 XV HEAH1: 1D —A3DIEHINKELR>TND, —
55, T NAH VRN AINDr—A 4 L —25, BLOEALZNLVDEISEZ/NSL LIy —A
ELTHMNDEBMLE S —AD7—25 GBI IZ2WTE, 7 —RA 4 & —2A 5 O£
FEIXRIRE CH DM, y—A 5 (GBI TlEr—24, 5 X0 K< o7z, 2o\ TIT,
FURLDOT7 T4 T v vaZfEHlLEN, 7F—24, 5L7—25 (GBM) TlEfMAe >y PR
20, FRICEDAMEOENVREELLLDEEZOND, B, YU AT 2—L0Hay
FiZRICTH -7,

£2-8 EILZILO—EEMARER

—BhEHE " .
MR R7IUH
r—=x ELZIERE s TR
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