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Development and Enhancement of Grouting Technologies
in the Mizunami Underground Research Laboratory (Part 2)
(Contract Research)

Jun NOBUTO™*and Shinichiro MIKAKE

Tono Geoscientific Research Unit
Geological Isolation Research and Development Directorate, Japan Atomic Energy Agency
Akiyo-cho, Mizunami-shi, Gifu-ken

(Received February 6, 2008)

In the Tono Geoscience Center of Japan Atomic Energy Agency (hereafter, JAEA), Mizunami
Underground Research Laboratory project has been conducted to develop a scientific and technological
basis for geological disposal.

The concept of geological disposal is based on a multi-barrier system which combines a stable geological
environment with an engineered barrier system (EBS). In order to develop an engineering basis for the
construction of disposal system, the enhancement of grouting technologies among engineering technologies
is needed.

In this study, the comprehensive performance of suspension type grouting materials to seal rock fractures
encountered in excavation works at deep underground has been checked, and the clogging phenomenon at
the entrance of rock fractures has been investigated following the previous year.

Research issues are as follows: study on rheology of high viscous grouting material, study of clogging
phenomenon of suspension type grouting materials under high injection pressure, literature review on
infiltration characteristics of grouting materials to point out research issues to be solved and summary of this
research works to date. Among these, in high-pressure clogging test, prototype test equipment developed
last year has been improved completely to simulate grout flow accurately in actual grouting scene. The test
results indicate the possibility to prevent the clogging phenomenon of thick cement slurry by increasing the

injection pressure gradually.

Keywords: High Viscous Grouting Material, High Injection Pressure, Infiltration Characteristics of
Grouting Materials

This work was performed by the Shimizu Corporation under contract with Japan Atomic Energy Agency.

*Civil Engineering Technology Division, Shimizu Corporation
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GAO0PC10B 20 6366 17 17 39.2 24.4 100
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GA10PC15B 40 8726 5 7 17.0 24.8 73
GA41NF10B 59 6984 0 0| —*2 24.9 67
GA41NF20B 40 5184 0 0| —*2 24.4 89
GA41NF30B 20 198 0 2 60.5 24.4 92
GA41NF30S-2080 0 99 0 2 51.0 26.2 98
GA41NF30S-1660 0 99 0 3 63.3 26.5 98

1 HAWHEE 22.4 (1/s) 1Z351) 5 ARG
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Passerande mangd, %

o UF12 .
wl| GEER) | L] j
. i S A
= 4 VAN 1

o [/ L/

B 1A 4

© 8/

m N X

2 X

1 2 4 B 16 32 o4 128

UF12 ———— Komstorlek, pm

Example of particle size distribution.

SETTING TIME AND BET SPECIFIC SURFACE AREA

Setting time (guideline value) BET specific surface area (guideline value)
(min) (m?/kg)
Ultrafin 12 30 2200
PHYSICAL PROPERTIES
Compact density approx. 3 100-3 200 kg/m’
Bulk density 8001 500 kg/m?
CHEMICAL PROPERTIES
MgO max. 5.0 percent by weight
SO;Chlorides, max. 3.5 percent by weight
Chlorides, calculated as C1 max. 0.1 percent by weight

3.3-1 R —TF > Cementa 1 &! Ultrafin12 (UF12) MD4¥4
(Cementa ff Ultrafin12 ® 37 Ly s X 0 HFy)
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e A VA 0.5 0. 10 1. 780 1.19
0.5 0.41 1.719 1.15
0.5 0. 00 1.778 1.19
i 2 POk 1AV b 0.5 0. 10 1. 760 1. 17
0.5 0.41 1.707 1. 14
BETTR Y U 0.5 0. 00 1.799 1.18
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(2) BEITZIMBBEDHTE

FENORKE FER, ARIED 2ETLMBPRTH L LME LIEG, ARIEITHY
FTORBRMRIC LY ERCBREFTIAT 22D TORET (g) OV T U MEEEAT D ME
WD,

Dos

T=72R?>xbx

X PG (#3L 5.3-3)

0
Iz,
825 (cm)
fBZLE(em)
Dos : B BIRFOBmEE (kg/l)
D, : 7 70 MR ok E (kg/L)
0G: HEAT T T MIEIOEE (g/em3)

b
R

I'w

>l

=

T R

‘-
<«

|
53-11 BERBERMIK

v

FEEDBENT., RN HERR TIE AW, RO TREN S EIFEDIEARIT
VETH2NWEDEEZLNDN, AEICBWUIZ2MEEZE LT EX2Z0EF#AT L
DETDH, 2T, BEIEROID 3.0mDAE 1 ROFEANSUET D E LIEGAEONES
70 MEAET 2HE LI-EREE 5.3 7T~F 5.3 101017, 2B, 3.0mOUBKREZEE L
BREIE, MEEEEEOMRARE R LD . ALBROBRERUER! b o R UZBT 52— 7 L7 Z T R OvE
AFLE >y F (FEAFLEER) 28 3miEE CTH D Z LIS TEHEL TWD, £z, # 5.3 7T~F%
5.3-10FH BB & LTIL, AV v MBRIEEDOE R Y v FOKIEE (& 5.3-2) ZH\T
W5,
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® 537 REIVIVNIAE (FEEtLAT M R=3.0m)

FE 2R O e W7 Z o MEAR (9)
(AV » B M (w/c) =1.0 M (w/c) =1.6 M (w/c) =2.0
(um) (cm) a=0% | «=10%] a=41%] «=0% | a=10%] a=41%] «=0% | a=10%| o« =41%
13] 1.30E-03 887 876 845 1153 1139 1099 1330 1314 1268
291 2.90E-03 1978 1955 1885 2572 2541 2451 2967 2932 2828
57| 5. 70E-03 3888 3842 3706 5055 4995 4817 5833 5763 5559
791 7.90E-03 5389 5325 5136 7006 6923 6677 8084 7988 7704
110] 1.10E-02 7504 7415 7151 9755 9639 9297 11256 11122 10727
156] 1.56E-02] 10642 10515 10142 13834 13670 13184 15963 15773 15213
x 53-8 WEITYMIAE (BMAFEAY b+, R=3.0m)
TE .20 L g W75 MEAR (9)
(AV v MBROE) M (w/e) =1.0 M (w/c) =1.6 M (w/c) =2.0
(pm) (cm) a=0% | a=10%]| a=41%] «=0% | «=10%] «=41%] a=0% | «=10%| «=41%
13] 1.30E-03 882 872 843 1147 1134 1095 1323 1308 1264
291 2.90E-03 1968 1946 1880 2558 2529 2444 2952 2918 2820
57| 5. 70E-03 3868 3824 3695 5028 4971 4803 5802 5736 5542
791 7.90E-03 5361 5300 5121 6969 6890 6657 8041 7950 7681
110] 1. 10E-02 7464 7380 7130 9704 9594 9269 11197 11070 10695
156] 1.56E-02] 10586 10466 10112 13762 13606 13145 15879 15699 15168
% 539 WEITSYRIAE BLAMHFEA L, R=3.0m)
e RSB N e W7 T MEARE (9)
(AU > B OhE) M (w/c) =1.6 M (w/c) =2.0
(pum) (cm) a=0% | «=10%| a«=41%| «=0% | «=10% | a=41%
13| 1. 30E-03 1133 1121 1088 1307 1294 1255
291 2.90E-03 2527 2502 2427 2916 2887 2800
57] 5. 70E-03 4967 4917 4770 5731 5674 5504
79] 7.90E-03 6884 6815 6611 7943 7864 7628
110f 1. 10E-02 9585 9490 9205 11060 10950 10621
156 1.56E-02] 13594 13458 13054 15685 15528 15063

*® 5310 BEI SV MNIAE (BEHERHKRS Y H. R=3.0m)

FERZI A bE M7 77 MEARE (g

(A Y~ BHOE) M (w/c) =2.5

(pm) (cm) a=0%
13] 1.30E-03 1524
29 2.90E-03 3401
571 5.70E-03 6684
791 7.90E-03 9264
110] 1. 10E-02 12899
156] 1.56E-02 18293
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5.4 HERFER
5.4.1 EEMEHER
IRFEMERER I X 5Bk R —H AR 5.4-LUTRT,
Fo, FOEETEE A > MEHIRIT e L ME Y T U MER Rk 51
BT,
Wkt (FFE AL FBRE) X 5.4-1
AR 72 A2 b ¢ X 5.4-2
AR 2 A b 2 [X 5.4-3

e
E
u

FRLOFER, MEZ T T MERESEE L — 2%, BELAF-00-16 (BRI A2~ K
v A RE1.6), AU v FBOME 100 u m D7 —ADHRTh Tz, TDr—AZBITHT 4 VH
— =X ORMEE 5.4-42, BAREEYS7-0 07T 7 MEEii RO 2K 5.4-551,
Fo, B LRSI —RIBTH T 4 N == RNOE | M 54-61T77, S HIZ
W L7277 NOHEEFEANT T U FOHEDOHRELFR 542177,

FROFR LY | ARENERBRICBWCRE S T 7 M EANEIE L2 — AW L, BATEE
M0 OB 77 MiRITZEL TNDZ e KT 4 v E—r—FICHRR 7 T 7 Mgtk
BRI TWAZ E, il L7277 NOEITIEAZ T U MEED 99% TH Y, 1AL
TELIONTWRNZ &, OB LT, &G 770 MEEfRE A EEICHE £ 28 2
TR 7T RNER LTV b EHERI S LD,

—J7, 1B L TWRW T — R ZBW T T 4 VX —r—F2 7 T 7 MEEEOTLN A REA LT
BOT, TANZ—r—F P BRREBETRZEL TV o7 bDEEZ HILD,
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U-00-20N. 150 # m

546 TA4LE—7—FXDRE (BBLEWNEE)
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* 542 BALEITY MMHOLEANEHER (EEMEHER)

smms | s IR | e || 25y | @EBZTYE |

AREREL S Ak ﬁﬁ% 7k/*§JM§H§ 7 %(%J (pm) i e & i (@(;)@))
(g/cm’) (2) (em®) | (g/cm®) ’
R-00-16 P A B 0% 1.6 MR 150 1.348 683. 5 640] 1. 068 79%
S A I BEE 0% 1.6 MR 100] 1.348 181.3 195] 0.930 69%
E A I BRE 0% 1.6 PR 75| 1.348 65. 7 75| 0.876 65%
i A FBAE 0% 1.6 RN 50] 1.348 44.7 65| 0.688 51%
R-00-16N EE A B 0% 1.6 FUIVEY ., 1% 150 1.347 789 635] 1.243 92%
0 A R B 0% 1.6 KUAVE Y 1% 100 1.347 416. 6 320] 1.302 97%
P A B 0% 1.6 RUAVE Y 1% 75| 1.347 39.5 40[ 0.988 73%
P A B 0% 1.6 KUAVE Y 1% 50( 1.347 19] - - -

R-00-16M | @K V7V AV 0% 1.6 PR 150] 1.348 | 656.6 530] 1.239 92%
R-10-16 B A B 10% 1.6 RN 150| 1.341 125.3 130] 0.964 72%
A B 10% 1.6 RN 100| 1.341 43.6 44] 0.991 74%
B A NBEE 10% 1.6 SERAN 75| 1.341 22. 4 24] 0.933 70%
07 A B 10% 1.6 MR 50[ 1.341 7.8 8] 0.975 73%
R-00-20 EF A B 0% 2.0 KUBIVE Y, 1% 150{ 1.287 803. 4 680] 1.181 92%
F-00-10 kLA 0% 1.0 KUIVE Y. 1% 100] 1.497 | 1110.1 790] 1. 405 94%
B A b 0% 1.0 KUBIVE Y, 1% 75 1.497 336.5 275] 1.224 82%
Bk A 0% 1.0 RUIVE Y, 1% 50| 1.497 124.0 120] 1.033 69%
B2 AV b 0% 1.0 FUAVE Y, 1% 25| 1.497 20. 6 60 0.343 23%
F-10-10 BBk A 10% 1.0 KUAVE Y 1% 1500 1.487 | 1715.7] 1240] 1.384 93%
BBk A 10% 1.0 RUAVE Y 1% 100 1.487 681. 3 510 1.336 90%
[ N 10% 1.0 KUAVE Y 1% 75| 1.487 224. 17 180] 1.248 84%
B A b 10% 1.0 KUIVE Y, 1% 50| 1.487 152.9 140 1.092 73%
F-41-10 B A b 41% 1.0 758V, 2.5% 150| 1.454 | 1039.8 760] 1.368 94%
B Ak 41% 1.0 758 3%, 2.5% 100| 1.454 484, 1 400] 1.210 83%
[ N 41% 1.0 78, 2.5% 75| 1.454 154. 2 145] 1.063 73%
BBk A 41% 1.0 FT758) %, 2.5% 50( 1.454 94.9 105] 0.904 62%
F-00-16 Bk AT 0% 1.6 RUAVE Y 1% 100 1.344 [10152.1]  7600] 1.336 99%
B A b 0% 1.6 KUIVE Y. 1% 75 1.344 706. 1 550] 1.284 96%
B A b 0% 1.6 KUAVE Y, 1% 50| 1.344 478. 1 430 1.112 83%
Bk A 0% 1.6 FUIVE Y, 1% 25| 1.344 8.7 11] o0.791 59%
F-10-16 Bk A 10% 1.6 FUAVE Y 1% 100] 1.337 800 630] 1.270 95%
BBk A 10% 1.6 RUAVE Y 1% 75| 1.337 486. 0 380] 1.279 96%
F-41-16 LA 41% 1.6 FT74) %, 2.5% 150 1.317 501. 6 420] 1.194 91%
kLA 41% 1.6 FT748) %, 2.5% 100{ 1.317 275.7 250] 1.103 84%
Bk A b 41% 1.6 758 3%, 2.5% 75 1.317 136. 8 135| 1.013 7%
B Ak 41% 1.6 78 3%, 2.5% 50| 1.317 76. 6 64 1.197 91%
F-10-20 Bk A 10% 2.0 KUAVE Y 1% 150 1.279 | 6172.0] 4960 1.244 97%
BBk A 10% 2.0 KUAVE Y 1% 100 1.279 | 1091.4 895 1.219 95%
kLA 10% 2.0 KUAVE Y 1% 75| 1.279 108. 0 110] 0.982 77%
BB T A b 10% 2.0 KUAVE Y 1% 50| 1.279 126.7 130] 0.975 76%
F-41-20 B A b 41% 2.0 F758) %, 2.5% 150] 1.264 844. 2 700] 1.206 95%
U-00-20 HB % Bk B A B 0% 2.0 RUIVE Y, 1% 150] 1.279 | 1235.6] 1010] 1.223 96Y%
B & b - A b 0% 2.0 KUAVE Y, 1% 100 1.279 228. 8 215] 1.064 83%
R < Bk - A B 0% 2.0 KUAVE Y 1% 75 1.279 147. 4 150] 0.983 77%
A& Bk B A B 0% 2.0 RUAVE Y 1% 50 1.279 65. 2 75 0.869 68%
U-00-20N | 8~ kit AL 0% 2.0 RUAVE Y 5% 150 1.277 | 2034.8] 1645] 1.237 97%
B & Ok - A B 0% 2.0 RUAVE Y 5% 100] 1.277 | 1486.3] 1280] 1.161 91%
B & ok T A B 0% 2.0 KUAVE Y, 5% 75 1.277 367. 0 325 1.129 88%
B & b A b 0% 2.0 KUAVE Y, 5% 50| 1.277 52. 4 49] 1.069 84%
U-10-20 B & Bk - A B 10% 2.0 KUAVE Y 1% 150{ 1.275 467. 8 410] 1. 141 90%
8 % bR AV 10% 2.0 RUAVE Y 1% 100] 1.275 127.7 130] 0.982 7%
R 2 Bk AV 10% 2.0 KUAVE Y 1% 75| 1.275 96. 4 89 1.083 85%
B & Ok - A B 10% 2.0 RUAVE Y 1% 50[ 1.275 69. 0 66] 1.045 82%
S-00 LS D 0% 2.5 +T749) %, 0.35% 150 1.235 | 1217.2 1300] 0.936 76%
SRR U 0% 2.5 74893, 0.35% 100 1.235 745. 6 690] 1.081 87%
SRR U 0% 2.5 748 %, 0.35% 75 1.235 214.5 210] 1.021 83%
TRE R R U 0% 2.5 1759 %, 0.35% 50[ 1.235 93.6 110 0.851 69%
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5.4.2 mEMEHALR

REAEESENE L7 BESE D BRICB W T, BdA 3 (Biki A b, KEAV N 1.6, 77
U A K 10%EIN) (XA Y > FBAAME 50 pom (2 U TR ERER (1MPa$J‘zFr) TIL78.3
g LY 77 MO Lo 7228, 5 MPa % CiElft AT L 7= & eI Cdumim &8 431
g L. 5.5 fFITHRLTND,

ZORERNSHEIT % & REMERBRICB N TV ESZ T T MBilEDO 18% (=100%+5.5)
i L7 — A0 BEMNERBRICB W CHE Y 7 7 &N T 5 AN @m0 &5 x5,
T, AEERERIDSOVEE (RIZ, 5% E&E) & BLISHERA Y v M DR Z % E
L. @ENERBRICE T 227 7 7 MEERIICIG CTRitRO A Y » MHOEAEH L CHRRE
i+ srbDE LT,

REMERBRICB W TREZ T T F&EO 10%2L Fdil Lcik/h A Y » MBI AR & RBRR G O
MATIXLLTO®EY Th b,

AU > FBEONE 50 um : F-00-16
Z U v FBAAME 100 um : F-00-10, F-10-20, U-00-20N
2 Y NBHEOME 150 pm : F-10-10, F-41-10

2T, BRI ERRAREBRA Y v MR ARICERE L CaEMNERBR 2 Eli 3 223, Kt A
VR EBEEEVRAEDRBR (BAY MEEE VY AT 2 — ARIMENFR 25 AX. KAV
MEREWERHGEE W BETIZS W EW D BIR) MOHEMATRER 7 — ANAEUTGEIT, #HE
HWE72 AU > MRNRARET HHDET 5,

L RER ORERE R —EREE 5.4-41T77,
Fio. AU FBHOVE 150 um OFAICB T 2@BEEG (=77 v MaRE/ VWEZ T U MEik
) #X 5.4-712”71,

# 5.4 4IBWTC MET T NEN BB L2 —ADR/NAY v AR AL TF 5.4-3
IR d, Z0OLHIC, NEST T NENEIR L A v MEEILZ, Bk A L~ & R
FERALNDODHATHD,

® 54-3 REJSVIENBBLEF—RXERNRY v FEAME

R A b AR A 2 B
KEAL REH=1.0 | KEAL FH=1.6 KA MEHE=2.0
7770 b AN IR 0% 75um 50 um 50 p mk
7779 b AN IR 10% 150 um 100 2 m —

*S A & 5% EIN L 7= U-00-20N O34
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VL7 T N g LT — A DOBNLFF Y Y ot E & FEAE S OBR, R OERE T
Bz A v FREBRIEE 2R LTZBRD 7 4 V2 —r—F ORI A UL T OBEE TR,

<WEEEB e —A>

o BRI TE A b
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F-00-10, 75um: [¥ 5.4-9
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F-00-16, 50 um (2 [BIH) : [X 5.4-12
F-10-16, 100um (1 [A1H) : X 5.4-13

o AR TEAL b
U-00-20N, 150 um: [X 5.4-14
U-00-20N, 75pum: [¥ 5.4-15
U-00-20N, 50 um: [¥ 5.4-16

Flo, W LRy —RACB T LT 4 NVE—r—FDflE LT D — 2 2% L TR
R
<d@iE Lo 72— A D>
R-00-16M, 150 um : [¥] 5.4-17
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