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The study on engineering technology in the Mizunami Underground Research
Laboratory (MIU) project consists of (1) development of design and construction planning
technologies, (2)development of construction technology, (3)development of
countermeasure technology, (4)development of technology for security, and (5)
development of technologies regarding restoration or reversal and mitigating of the
excavation effect. The researches on engineering technology such as verification of the
initial design were being conducted by using data obtained during Construction phase of
the MIU project.

The purpose of the study is to develop design and construction planning technologies,
and countermeasure technology. And the analysis of data measured during earthquakes
was performed to characterize the seismic movement at deep underground; also applied
grouting methods were examined.

As for “Study on seismic movements at deep underground”, all the data obtained from
November 24th, 2008 to December 3rd, 2014 by measurement equipment, e.g.
seismometers installed at ground level, and at 100m, 300m and 500m depth were
analyzed to characterize the behavior of concrete lining and rock mass and to verify the
earthquake-resistant design of the shafts in Phase I (Surface-based Investigation Phase).
Overall evaluation of the relation between the geological condition and the seismic data
obtained at each depth was performed.

As for “Study on grouting method at deep underground”, post-grouting was conducted
at the research gallery-south at 500m depth based on the test construction scheme
established in FY2013 and its results were evaluated. Taking account of the task of the
post-grouting method, further research plan was established.

Keywords : Earthquakes, Shafts, Deep Underground, Post-grouting, Grouting Method
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iR T e RG> [Gall, J7 1)

No | EERR B o [ WEA | BEB | GL-100m | GL-300m | GL-500m

1 2008.11.24 IR 2. IR 2 Y RS 1 12.0 B 6.6 -~ -~
06:15 & 11km, M3.9 EW EW

2 2009.5.25 i i) UL V5 51 9 5.6 B 3.1 1.8 B
20:26 S 26km, M4.7 EW EW NS

3 2009.7.14 gt B2 WL 6 HRGET 9 6.5 B 3.2 1.9 B
03:57 & 50km, M3.5 EW EW NS

4 2009.7.27 R VEE 9 8.2 _ 3.1 1.9 _
09:44 & 41km, M4.0 NS NS EW

5 2009.8.11 7SN 3 30.8 - 14.7 6.6 -
05:07 & 23km, M6.5 EW NS EW

6 2011.3.11 = 3 10.4 B 7.7 5.0 -~
14:46 & 24km, M9.0 NS NS UD

7 2011.3.11 PRI IR 9 2.3 - 2.0 1.3 _
15:15 & 43km, M7.6 EW NS UD

8 2011.3.12 B AR 9 4.8 - 2.4 1.0 -
03:59 S 8km, M6.7 NS NS NS

9 2011.3.15 e i YL SRS 9 9.1 B 4.2 1.8 _
22:31 & 14km, M6.4 EW NS NS

10 2011.4.11 ‘ R RIS 1 1.3 B 1.0 0.58 B
17:16 W& 6km, M7.0 NS NS NS

1 2011.8.1 ‘ 7 SR 9 B B 5.7 1.9 _
23:58 WS 23km, M6.2 EW UD

19 | 2011.12.14 ‘%iﬁiﬁiéé%%ﬁigﬁ 3 66.6 B 39.6 28.6 B
13:01 & 49km, M5.1 EW EW EW

13 2012.5.5  ERIRPEH 9 12.0 _ 4.9 4.4 2.3
18:56 & 45km, M4.3 EW EW NS NS

14 2013.2.6 ‘ TEHN I S 1 7.9 - 4.6 3.9 1.9
13:42 S 48km, M4.1 EW EW NS EW

15 2013.8.3 ‘ T 9 8.3 B 3.4 1.5 0.88
09:56 & 34km, M4.9 NS NS EW NS

16 | 2014314 | 7 1 2.8 B 1.8 0.46 0.24
02:06 S 78km, M6.2 NS EW NS NS

17 2014.9.16 | IRV PR 9 B 2.6 0.97 0.43 0.21
12:28 S 47km, M5.6 NS EW NS NS

1g | 20141122 | FEFIRALHS 9 4.5 5.1 2.1 0.88 0.0022
22:08 W& 5km, M6.7 NS NS NS UD EW

19 2014.12.3 | RN IRV ED 9 - 13.4 _ - _
23:19 S 45km, M4.2 NS

DRAHRE TER] TERRTOEE | 1XK4)TH—L— (http//www.data.jma.go.jp)
BT — & _X—2f%) L5l

G R & i

** No.16~19 OHIFED [THRKAIEE | 1. [3.1.83 HEEHGESOMIE] (TR LI HET, M
E L7 & & Off T,
**%G],-300m DT — & [T T
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(D) MEEFDREH LD EHE

MR DR EEFH L, BEAE O MR 2 FER R 5 I SRR B S T D B SRR 2 BRI SE AT O
ARG (K-NET) OfLHA GIF023 (K-NET 1) Oftek & ik L <, &iE AN AR
5T LT 5, HTOMEERL, [ U < BHEOHBBMFEZFM L T, #ROIELF & D
TR 2R A2 5l LT, SRESL RS2 L LT 5,
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T LU OKFRNTOBI X 2R3 84—y b () Z1ERL, mEEik Lz, TOfE.
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HF OTREE 100m OAMEEEFHZ, BEEO HUBBLHIECERZ A L T, MR DN EEFE & OFEXTHY
RN FEE T L C, BRE M EET S 2 & &5, RE 100m [ZF%E Siv7s 3 FEONEE
IZ2WTC, ZHE TOBMGEEOTNG, M EE Y O MBI ) 2 & R EMNBKRENEE X
HAV5H 2011 A HALH T AP HIEE O BLRIGOER 2 %51, K 2 J7 [ O NN E A Ff 5y L CZENL
Ml L CAEMA—E > b (BUR) ZERk L, 2 g iR OMEEH OB LS A
NA—Ey Mg Lz, 2ot —y b&X 3.1-7TIRT, KNIV, HE 100m OO#HE G
3 L MR ONMEEEE & OBIIFEERIZ, FAOTNNREO D, RE 100m OHFRIERLFHT
T DIMOTNE, TNEN+H40° | +30° | +40° XXV FEAERY . OGN CTHIE LA
&ﬁ~EyF%%8L8:%? TREE 100m ONLEEF 3 2 & HiFR ONHE R OEA A —E v b
FF L TCWDZERMERTE D, ZHZkY, FoMEET#EYITHL EEZLND,

— GL-100m
— HRIMEEET
xymax_ = 0,90246 at time 124.18 [sec] xymax = 0.90248 at time 124.18 [sec] = 0.90246 b time 124.18 [sec]
g S 067D at tine 12419 feec) | S U875 at tine 124119 [sec] Smax2= 087355 at dine 12419 [oec]
. . 1.00

o0 ) 0 1.00 1.0 T
¥ : Acc_BG093_01 c.ifD : Acc_BG09S_02_c.ifD Xt hec BGOGZ 01 . ifD Y & Ace BGOO93 02 c.ifD ¥ 1 Acc BGO93 01 0 Y poc BGO92 02 c.ifD
X2: Acc COT93_100n 01 c. ifD A= o b e e i CDW%JQUMM c. 11D ¥2: Acc LD193_100n_05_c. ifD ot Bestoia Yoy 00 . 140 va! HECED G l00m Ghe. 140
remake sraphics 7 (F/N) remake sraphics 2 (T/M) remake graphics ? (F/N)
(1) No.1 (2) No.2 (3) No.3
v - RIS - S L L _ ar
M 3.1-7 SRRRICED K EMOBMBDLLE., GL-100m &k, HIERAT
- . xomax_= (.90246 at time 124.13 [sec] xmax = 0,90246 at time ]24.18 [sec]
X'y’;giz; gg%gg g} gmg 1%1}3 E:g% - a2 = (.87359 at time 124.19 [sec] - xymaxi= 0.87355 at time 1 19 [sec]
1.00 : :
0 0 0
: -1.00 1,00
L0 0 1.00 -1.00 0 1.00 - 1.00
. ¥ kec BOO93_01 _c.ifD ¥ o hec BGO93_02 c.ifD ¥+ hee BGO93 01 c.if 1 Acc_BG093 02 c. ifD
Vo T P o Eﬁggg %g; [‘]ED, ip 2 hec LOIOO_ 1000 Dhr. 1D Y2: hcc COTSS 00t ifD ] Hoc L0193 100m | 07 D Y2 b 0019371 00n 08_r. 140
remake eraphics 2 (V/N renake sraphics ? (T/NT remake graphics 7 (Y/N]
(e} (o] O
(1) No.1 : +40 (2) No.2 : +30 (3) No.3 : +40

X 3.1-8 EGBIFEERXICE DK EMOMBDLE. GL-100m &HhER, #HIEH
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(iii) R’E 300m (GL-300m) DIEREEFTDREHLLDOERE

R OBREE 300m OANEFEFHZ DWW T HEEE 100m OALEE G OB & ARk, BEEO RS
WFLER AT LC, MEONEEFE & ORI FArZEE2 G L, RETNEEET L& &
T %,

TRIE 300m [ZRRTE S A7z 3 SO NEEFHZ W T, 2011 4EHUIL MG ASEPE S O BLRIFT %
WZEESSEMOA—E Yy &K 3.1-912737, KLV, HRE 300m ONLEEET 3 4 & HiZk o hn#
FERE OBMPFLERIZ, FALOTHNRD i, TOTNOEIZZNZIN+40° | +30° | +40° &
BAID T EINTED, FOFMTHIELIZENMNA—E Y &K 3.1-10 2~ F, R 100m D
IEREER 8 B & MR DOMBREFF O LN A—E Y MIUFIFEF—H L TND I ENERTE 5, Zhic
XU, FRNOMEETEY THL EEZ LMD,

— GL-300m
— HRIMEEE
womax = 0.90246 at tine 124,18 [sec] symax = 0. 90246 at time 124.18 [sec) a2 04240 5t 12020 Eiiﬂ
o 0.81579 at time 124.20 [sec] 1qp e 082048 at time 124.20 [sec] 1.00
0 ]
; -1.00
1-091.00 T.00 1.00 -1.00 0 1.00
% hoc_BG093_071 c.ifD Y i hcc BGO93_02 c. ifD ¥ hec BGOY3_01 c.ifD Yo Aee BOO93_02_c. ifD ¥ i koo BGDYS_01 c.ifD ¥ o hoc BRD93_02 c.ifD .
: - i ¥2: Aee C1T54-300m-1_04_c. i Y¥2: Ace C1154_300m-1_05_c. i %21 hec CX154_300m-2 01 _c.i ¥2: Acc_CX154_300m-2_02_c.i
régakéc%ggﬁﬁﬁgﬁrg } ()JW _ci Y& Acc 1154 300m 102 c.i Rl renake stachics 7 LY/
(1) No.1 (2) No.2 (3) No.3
B 3.1-9 SHBIRIFICEDCEMOUNMOLLE., GL-300m &z, FHIERT
- ; smax = (). 00246 at time 124.18 [sec] wma = 090248 at time 124.18 [sec)
AR 7 3 dine fododn Foed | gy T 002248 at tine 124170 [ser] g L 0782800 at tine 124120 [<ec]
1.00 . "
0 0
-1.00 -1.00
-1.00 0 1.00 -1.00 0 1.00 1.00
% o bec BGROIZ_01 _c.ifD Yoo hec BGRO93_02 c.ifD % o bec BGO98_01 c.ifD ¥ o bec BR093 02 c.ifD Xt Acc BGR093_01 c.ifD t Acc BG0Y3_02 c. ifD
¥2: Acc C1154_300m- 1 01_r.i Y2: Acc_CI154-800m-1_02_r.i %2: bec 1154 300m-1_04_r.i Y2: Acc 1154 SUOm 106 r.i %2 e CX1947300m-2 01_r. i YZ Acc 0154 SUUm 202 r.i
remake zrachics © (Y/) remake graphics 7 (/) remake graphics 2 (VD)
o o o
(1) No.1 : +30 (2) No.2 : +30 (3) No.3 : +55

X 3.1-10 ERAIFEERICE DK ELIDEMBIDLEE:, GL-300m L #hFE, #HIER

,12,



JAEA-Technology 2015-039

(v) #’E 500m (GL-500m) DIEEEFTDHREALLOEE

HF OTRE 500m OANEEEFHE, BEEOHEBIHGEISZFIH LT, EE 300m OIEEEEE O
FARH 22 FAL 752Gl L C, RE AN AR T 22 L L35, W 500m (TR E S 17z 3 FLo
WG 9B, Nol MHEFHIOW T, ZHVE THE 500m OAEEFH COBRGEEO T 15
PR R O M BB R 0y % B AN DR E W E B 2 B D 2014 4700 IR R 51 H1E o B naﬁ
TR, K2 HFIMONRE &2 f 5 U CEN 270l L CEMA—E v b @) 21k L7z,
Z LT, ZNZEEE 300m @ No.1 JEEFH OBLHIGEECE S EMA— Yy M E iR LTz, 72
. VREE 300m @ No.1 MHEFFOZEAM A — > ME, HIRONHEEF & xfs3 2 L 5 12+30° 4l
ELfigkExtg s Lz, B o4 —Ey b2 3.1-111R7, KLY, WEZFoHFMIE—HKL
TWD LHlTE 5,

spmax =0, 005227 at time  9.89 [sec]
0 wymax2=0. 002457 at time  9.87 [szec]

— GL-500m (No.1)
— GL-300m (No.1., +30° )

-0.00 0 0.00
: GL-300_01.140 1 GL-300_02. 14D

)(2 GL-500701. 44D Y2 GL-500702. 11D
remake graphics ? (Y/N)

3.1-11 EFAESRICE DK ERDEBD LLE . GL-500m No.1 & GL-300m No.1
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WIZ, TEFEE 500m O No.1 MHEE & RE 500m OMONEER & OGO EE, FL
< 2014 R MBEOBMFLEICIK S A A—y FTHEE L, B4 —Ey b &
3.1-12 12T, KLY FAOTINED Hv, ZAUTMH T & $420° LKL 0 FHEARD Z &N
TE5, TOFNMNTHELEZEMNA—E Y &K 3.1-13 1273, ML LIz B A4 —E v
MIIFIET—EH L TWVWDZENMERTE 5, ZHUC LD  H O EEITEYI TH D EE 2 LD,

=0.002457 toti 4.81 [sec] xvmax_=0.002457 at time 4.81 [sec]
zzmg§210.002481 2“( t;m: 4.81 [z:g] 0.00 xvmax2=0. 002484 at time 4.81 [sec]
00 T . . T .

0 0
-0.00 L . -0.00 - !
-0.00 0 0.00 -0.00 ] 0.00
Koo GL-500_07.ifD Yoo GL-500_0Z. 1D ¥ o0 GL-500_01.ifD ¥ ot GL-500_02. 1D
H2: GL-500_04.ifD ¥2: GL-500_05. 110 ¥2: GL-B00_07.ifD ¥2: GL-500_08.ifD
remake grachics ¢ (Y/N) remake graphics 2 (Y/N)
(1) No.2 (2) No.3

3.1-12 ERIEERICE DK EHDOEMDLEE .. GL-500m M No.1 & No.2,3. ##IEH]

symax =0 002457 at time 9.8] [=ec] =0, toti 9.81
o wymax2 =0, 002481 at time 9,81 [gec] iﬂ:;g:g[ﬂ]g%jgz g{ timg 9.81 EZE%
T T 0.00

| 2

-0.00 : : -0.00

Th0.00 0 0.00 Co.m ‘ 0 0.00
¥ ¢ GL-500_07. 4D ¥ o GL-B00_ 02110 ¥t GL-500_01. 14D ¥ GL-BO0 02,140
%2: GL-500_04. 4D ¥2: GL-H00_05. 11D %2: GL-500_07.i4D ¥2: GL-500_08. 1D
remake graphics 7 (Y/N) remake grachics 7 (/M)
(e} (o]
(1) No.2 : +20 (2) No.3 : +20

3.1-13 ERIEERICE DK ERDEMDLEE. GL-500m M No.1 & No.2,3, #IE#%
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A9~ 5 BRI
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a cos¢g —sin a,
PV = ,¢ e (3.1-1)
Ay sing cos¢g ||4,
ZZlZ
ax, ay : MR G TR S 7ok g
arw, ans - J7LAHIE RS D NN EE Ak 4y
DR E LD
* 3.1-3 MEEHOHREFLDOELSD
No.1 No.2 No.3
3 A -35° — —
i B -22° — —
GL-100 m +5° -5 +5°
GL-300 m -5° -5° +20°
GL-500 m -35° -15° -15°
3.1.4 MEERIEE

2014 FEICIE, £ 314 R T A HIEZBIHI L (F 3.1-2 L0 HFY).,

Z D OHIEE O N F T OB FEERIZ IO TR L 72 N B & 257 ORI JEE & Nk B 28
AR MV K 8.1-14 B 3.1-54 1T T, B, THDOT— XL, BIROHAEL L
TbDThD, o, BIOTHORAIEZ, ¥ 3.1-55 & [X 3.1-56 IZR-7T,

B, B & B0 | B ICRRN YR FRSE R IR E LR B IBEE R TIE, 2014 4E 5
A 14 BICBZBASE L TV D72, No 17 LIEOHIEIZOW T, BRSSO TS, £
72, No.17 OHFETIX, HRALHI0 < S IO MF M EFH A TITBRILEE N/ NS < A X b
NU T =L rYUIZE L2 o 72720, fRdk STy, [AERIC. No.19 OHEETid, Hhz ik
FEEFA E T OMARER CTIERRE S TRy, F 72, B0 AFHCEI L CiE, No.16 & No.19
OHIEL . No.17 DHEDOTEE 100m. No.18 DHIFEEDIEE 300m 23 KHl| & 72> Tnd,

#* 3.1-4 2014 FICEHBILF-hEDND—E

iR BRIGEE [Gall, J71H)
No | RERAF IR O | WEA | WEB | GL-100m | GL-300m | GL-500m
16 2014.3.14 | 7 1 2.8 B 1.8 0.46 0.24
02:06 & 78km, M6.2 NS EW NS NS
17 2014.9.16 | R L R 9 B 2.6 0.97 0.43 0.21
12:28 S 47km, M5.6 NS EW NS NS
1g | 20141122 | B RALE 9 4.5 5.1 2.1 0.88 0.0022
22:08 PES Bkm, M6.7 NS NS NS UD EW
19 2014.12.3 | ZEN IRV ED 9 - 13.4 _ - _
23:19 S 45km, M4.2 NS
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Table 4 Penetration length calculated in MIU-300m-niche by means of the Swedish design method

Input parameter and output Reference
(a) 180 min gel time. (b) 120 min gel time
Smallest hydraulic fracture 10 pm Fig.7
aperture to be sealed (b)
Bore hole distance (d) 3m Fig. 2
Overlap 50 % Same condition applied in TASS-tunnel
Required Penetration (7 ;) 2.25m Lre=3/4d (Table 3)
Grouting overpressure (Ap) 2 MPa Table 3
Viscosity (1) (a) 2.14 mPas (b) 2.24 mPas Measured during the grouting experiment
Gel induction time (7¢) (a) 60 min (b) 40 min 1/3 of gel time (Funehag, 2008a)
Theoretical penetration length  (a) 3.37m (b) 2.69m Equation 2
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