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Investigation on Sealing in Geological Disposal

K.Hibiya* , T.Inaba* , Y.Shiogama* , K.Masumoto* ,
E.Fukazawa* , K.Taira* , T.Tanaka* , Y.Kondo*,
M.Yamamoto** , K.Okutsu**,

M.Furoichi***

Abstract

For the geological disposal of high level radioactive wastes, after placement of the wastes, it is necessary to close
off ( to be called “sealing” hereafter ) the underground potential passages ( disposal pits, disposal tunnels, liaison tunnel
and construction tunnels ) with an effective combination of engineered barriers such as buffers, backfilling materials,
* plugs and grout. It is necessary to ensure the Jong-term liability to isolate disposed wastes in the system.

The results of the research works this year are as follows ;

1) In order fo evaluate the permiation of plugs using blocks of compressed sand-bentonite mixture under high

water pressure, a permeability test modelling the plugs was carried out.

2) The main objectives are to discuss the design of tunnel sealing experiments at URL site for the appropriate

testing methods and construction methods.

Work performed by KAJIMA Corporation under contract with Power Reactor and Nuclear Fuel Development
Corporation. _
PNC Liaison : Geological Isolation Technology Section, Waste Technology Development Division, Tokai Works,
Hiroyuki Ishikawa
*  :Kajima Technical Research Institute.
** . Kajima Corporation, Civil Engineering Disign Dept.
=** : Kajima Corporation, Nuclear Power Dept.
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2. HEO/KETME
2.1 B8

BV ERERDLS BRI, M TEEmMERERT LI /AN TREIRTNED
shTwa, Z056, NIEPSOBBORRENHTZ2EDO—DDFELLT, X
YhFAPRKBTSINELCNTBY., TO/S7OBIEO—DEL T, EHENX
hFA M TOwv O EBALTAHFEMBRFEEINTHS,

MEEOWETIR, EHEAY A M ow LB ORMMERELT, R2b
T4 M 100%DBEDERN N FA N Ty 7 ESEOTKET TOEAKMEEEZBA.
HRFEE16g/mDES (o JMOMMEE2ERE L - EHERERE 1 1.48z/cm®) .
BRKGBENIX10 " m/sBETHLIEEHERLE,

Lol RYbFA MREBTHBIE, ROMFT1 MCERZ 30%XBERALTD
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1.66g/cm®) OEREDR L M FA N Ty 7ESEOEKET TOEKLEREZIEET
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2. 2 fERAME

MEELT, WEREONaAN M N (FZ50V 1) EHROEWIBLES

AW, £-2. 1, 2. 2IF0ERSEE2, B-2. 1CEPDONIAWERT.

-2, 1 RPMFAMOELEFE

Ka (% 5.8
B (%/—250M) 97.7
A (m 0/2g) 18
pH 10.0
REWHE 0.74
AFL TN —FFER (mmol/100g) 69

F-2. 2 #HBUPOEXREH

IEEW | 5E5EM [ 1:1RE
THRFOEE o0s (g/cm®) 2.716 2.682 2.700
BXREE (mm) 2.00 2.00 2.00
IR HETE (%) 0 1 0
BHEFRKEUC 1.62 2.79 4.26
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EOREDOMBET A ) v IFHTIHMESSEL,

EMED AN M T4 ST 0y s 0 BEEREEL1.8e/cm* &L, EMLIEDRY
brA b70v 2% 1EERL THERRRBICEY L. BRKEZRAZEBNSET,
B I&EIC 3.92MPa (40kgf/cm?) FTOEKEBKREE | Fr— AT 272,



2. 4 BAKEBRFE

EMAL R 709 2 OBAKBRIT. -2, 2KRTERICERL-ERERD
RybFA 70wy (7709 0) 2EES0cm,. EE5 cmOBKERBRER (K-
2. 3) Ky hLTIFo k.

| L 50

! 500 o

300

200

B—-2. 2 EEBXCPFT MOy IORBR



ERENRO{ 4%}

X-SRAILISVS)

(23

Al v ZALTRUAL

\V430x300—11T$kb'?9FRD

P/
g

Mo

&5

165

|

50

25

105

260

Ay FarzRURE

500

ARy -

aglt

s L

§00

KBHR,

3 BAKEEHE

B-2.



2. 4. 1 EMXUMFAbTOvoESR

SEEROBROEMBED AN b FA MTOv . M-2. 4~2. 6IRTEBRIC
KA LUIEEDRX S b 2AN, 200 TAXRS—TEHLT. UTFICRTE
JETHER-L /=,

K—-2. 4 EMEDXCMANTOyZ8E (1)




e

©@60 66

.

s
1
i
H
:
=

M—-2. 6 EMEDXIIFNTOy I8 (3)

BMESCMICEMLIZLEOREMNR M NOGBREE 0 W 1.8g/cm? |
KO ET KL 9OS%ITHMEL MR M1 MEFET S,

MR EREL, BRI M2 ANTAKECRDLIEITRLT.
ENFZHWERFET LV —LAICEOMFT,. S5 cmICBL2EMEBEZRDS.
WA Z R HRE, ReCBHTL (-2, 7~2. 9) .

FMEDB IR EERATHNEEZLYD., 1 HERKT S,

HEREDERZEDVDRITL. EMERAX M M TOy 720 BT (K- 2.
10~2. 12)

- Fr
-

2-6

s



M—2. 8 mHAlOTOv o OEMIRRK

X—-2. 9 H.oo7TOvwyoOERRRT

2-7



- 2.

M- 2.

11 RAloT7oyv 7 OoBDEL

12 #0070y 0BmDHEL



2. 4. 2 BARKER

BARBREBZR-2. 13, 2. I4KRY. Ef7O0y 708y a2 MmN,
BE50cm. BEX53cmDHDT, COPREHBEBX b1 bTovsety bL.
WKE 3.92MPa (40kgf/cm?) £ TEMIX B, EHERXY N1 KT Oy 27 0OEMN
Eid. tESFZAVWTHETALFIRAEL., BAEIIRA - HHEZHEL .

EHERR R 70y 7@, Joyvs/MoLBRTFHTICRRESNICEY b
L., BAKRMIIVIEZRBETS2LOCHREBL2PBEFMICYTT. B—2. 15125
T HMTHEAKE B,

M—-2. 13 #HAKRRESE (1)

R-—2. 14 FREAREE (2)

2-9




il

T | @k

¢
ol

™
?5
]

HJ%I\\U
| i

51

B-2. 15 BEAREBRTOEKRGH

HRBBRTOBEAKEOMER., LTOFIETIT - k.

O VHRETIFEKEEZBBELTHEAY M A FOFEERSZLNEZ LN
D7, BWiE0.098MPa (0.1kef/cm?) OBAXKETEKRRRBRET ., BEEMN
FFEERECRZAETIOEKEZRIFLE,

@ EBEHEREZEE—FOREBICR o EBEMT. BAKEZE 0.392MPa (4kef/cm?) 1238
mEE, BAENFEF-—EORBICELIEITEFORKEZREL =,

@ Fo#HIL. 3.92MPz (40kgf/cm?) F£T. 0.392MPa (4kgf/cm?) T2, @%#&

DR L,

2-10




2. 5 BRE#HZRE

2. 5. 1 EBEBSRCMFA DOy ORIE

£-2. 31T, EAC M MOy I ERBORRERGN. STEONERER
RT. £EVEER. BEG X 50.0mm+0.5mm ICH L T 49.55~50.70mm T&H o
o 70w OIER. £FEELUTORBNY mmicRs LD RBBp LN, EFED
BREICLEVEEEILTORBIE4 mmBEICRD. BEEEEBDCEE- T B- 2.
16~2. 1SKERMLEE2DTOY I ERT,

T/ BREEp X, BE/M 0 4=1.80g/cm®*iZx LT 1.79~1.80g/cm* TH Y. T
OEEORREREHIL. 6.67~8.53MPa (68~87kgf/cm?) TdHoi.

F£-2. 3 EHREDRXCFIAA MO 0HRENDER

WErE
- E (mm g (mm - o | RG]
L@ |No. 22 (mm) & ) 28 RBREE | (Mpa)
Bl | T | AEE | FHE (g) (glow?) | (eglfom?)
51.10 96.69
51.59 96.51 7.26
2989.5 7
1| o6 50.70 o7 22 96.91 989.5 1.79 o)
50.56
51.82 98.39
49.97 97.19 ' 8.04
. 7, 2991.0 7
s | 2| 4848 49.65 95.99 97.19 991 1.79 (82)
49.52
49.14 97.84
49.97 97.04 2
ri 2
31 o008 49.59 o5 08 97.48 2996.3 1.80 St
49.27
50.79 97.96
50.01 97.15 7.65
50. . 2990, 7
4| 5088 | °O% 96.93 97.15 990.4 178 (78)
49.58
50.18 110.10
49.78 109.68 8.58
. . 5226.6 1.8
mg | O | 4956 49.83 11023 | 11084 0 (87)
49.85
50.46 109.82
50.11 110.93 8.04
7 997 5 .
6 | 4000 50.15 119, | 11087 | 82275 1.80 )
50.12
A 49.97 76.91 , . , 6.67
s | 7 50,09 50.03 96, 85 76.90 445.5 1.79 (68)

B7Ow 7 EAELELEOSERIZ0629m’ TH Y., RBEBRNOEHE 10406cm® i
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(1) BKE

BAKFEIZIEEENZIE—ERSETIH0.098MPa (0.1kegf/cm?) &L, ZD# | JHEME
BE*E% &L T0.392MPa(4kegf/cm?) FOEME & BKMIZ 3.92MPa(40kglf/cm?)
XTHmEEE.

¥, EHEDRONFAINTOIOMBMKTHRZENS LS. BLEOLE
SR T LTERKENREL, TORDEKNEHTLSBETKREBEZL, FOBETEH
EEo+FESEZRBELR.

K- 2. 22, B/KE1.18MPa (12kgf/cm?) £ TOE/KY) O HEKE O RKEE(L
ERLEBOTH D, MEB/AKEIX, B/KE0.098MPa (0.1kgf/cm?) DOIREETIE 2700cc
BETNELE, SSIWKHEKEZ 0.392MPa (4kgf/cm?) FTHEME 2 & @K L
MU=, EREBXMFA T Oy 208 H\AKL G T, gkl ENAN- 2, @
IKIED 0.785MPa (8.0kgf/cm?) WZ/xo =T, HEARMDISA TS D HEARDERD &
Ni=, st b, RbFA 70y JEOMBNE /-, HOXR> M4 T 0w 2
DREMICETSEAKEIZ4192ccTHBDITH LT, HEAKNRD SN 7=5EKE 0.785MPa
(8.0kgf/cm?) DR TOLBAKEIL3400ccTHY, BMFMEILSIBEETEINA, *
DHBOBE/KEIE. BRKEOEMITHEWEFEINT 2 EREICH >0, EREEDXS NS
1 h7oy 78T 5 ETITE, BKRE 0.785MPa (8.0kgf/cm?) LA LETHRD O
MSEIckhsbDEHERINS,

CDHRIE, - VTR (V) TEBELEXD MFA NEED TOy 7 TOR K
BREFERETD Iz, TEHOMBHIENZ 3 0 BIRELIZATRER > TWVD N, &
EZaiEo 1.6e/cm®* K0 H@EL<, 1.8g/cm®* L L TR, FEREBEDHKREE -
MBI Tholzl NG, AERERCR 2D DEEIENS,

4500 : . . : 4.5
4000 degree of saturation ---{ 4.0
e (100%)
53500 -------------------------------------------------- 35 =
- ! . o
© 3000 |-~ r e 30 =
= v
S 2500 [ff- e 25 5
> ' ' ' o ?
= 2000 | - - - Total Water Volume ] 20 O
= Water Pressure ; i (a8
%= 4500 |-~~~ TEr IR TR e e RS iR TR bu s Al R e s En o = 15 3
= ; ; Z : ©
81000 |- - A R 10 =
= : : : :
800 s rreanssresmanandsas AR EEER S NS EaE a5 AP 0.5
0 L 1 ! I 0
0 20 40 60 g0 100
Time (days)

M—2. 21 #®EBEBKEORFZE(
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(2) BEAREE
CORBTIR., BRKEEKIIRATHEZNS.

_ot
k= an

Tric. Q: BBBtYZD0BEKE (cm?)
0 BP0EE (cm)

t o B{IRERT (B)

A HBOEEE (cm?)

h : KEZ (cm)

M—2. 220 BAEBERCHEKENSHEENLEZKBROBRE{LERLI.

BAREFSHEINIBEKRGEE., BRKEBEBEBWTREKFEOROBERTHY., #
KRBOSNTRSDBETFRANDIBENREREIROELVOREZEKFBEEZEAS
Tl LS T, BRI M Ov I OBABEEL T, HFKRERLS
SHELEBONRELVEEZEZ NS,

ek BB 5 N-OIXBAE 0.785MPa (8.0kgf/cm?) NS5 TH o, TOE
1.18MPa (12kef/cm?) FTEBAEEHEKENZE-HL.,. FEINZERKFEHIT k=1
X10 " ¥m/s Th o=,

FODH., BAKE#® 3.92MPa (40kgf/cm?) EFTEMES B, BRKEREETFELSR

SFBETELALELELET, BRMWICRk=6X10"m/s THo%.

SEOBEBANY hF1 70y 2 OBKEBKRRTESNABKBERE, INET
TFoTEERY M, FEFEOTO v 7 OBKEFZB KRR, RUBYAR T MES
Sk XY bFA b EB=7:3) XY A MEGONBBEAER (BEE 4om. (=%
mm)fvbhtﬁm%ﬁ%wﬁbtmﬁ\lz.231%%n$ﬂﬁmﬁﬁfwkm\
p ¢g=1.5~1.80g/c* DEBTE 10 ¥*m/sHA —F —DET, FEITEWEKREZRL,
EREEOEMICEVWNS S RIERICH 7.

N R B ER T, &Mﬂ/hfﬁbﬁAingﬁpfﬂﬁym1®7 & Lk
WH, Ry b4 FEFOBESOKkOESDEQ@EBOTVHICHD . XN bF1 FE
EOFBRRRHEKBENNEIWEREZTH S,

Fir, ER7 Oy 7 ESEOBKE 3.92MPa (40kef/cm?) TOBEAKGEEIT. JEaN
VFT4FE%i&N?FT{Fﬁ@mﬁﬂu¢@ﬁﬁﬁﬁ®ﬁ%&m%®ﬁfﬁjt:

LT Ry 70y 7 OBMZELBEOERZTEKLERBEERBNRTS
TOLSRESEYL, MEMBOEEIIBR TR, XObFM FPOBEBRI TR b
FAMTO I —EERD., BEE2ERE LA LEOHRREE &S > ERBAEICHEAS T
HEKFEEZETIBOEEALSNS,
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O Bentonite

@ Bentonite(Blocks)

A Bentonite-sand

A Bentonite-sand(Blocks)

| L Il

1.2 1

B~ 2..23
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(3) BEHE

RREBOLFTTEADAE AR TITEFZAVWTHEHEZREL, -2, 241D
BREEERLE, REMABE. 0.098MPa (0.1kgf/cm?) EWIHE WEBKEZHFFL
EEOTEHOREMIZ. 0.392~0.686MPa (4 ~ 7 kgf/cm?) ICNERL7Z. FDE.
B/KEZ 0.392MPa (4kegf/cm?) £ THEMEE2 L EFOREMEIL0.637~0.716MPa
(6.5~7.3kgf/cm?) /b, & 5ICHEAKESR 3.92MPa (40kef/cm?) ETHEMESES
&, TEFTOREMIX, BARKECEWETH - =,

X, BKRAROBRPRUORTROBBEZER T 5/20, B@/AKEZ 0.098MPa
(0.1kgf/cm?) WRERLZD, LEFOREMEIX 0.588~0.785MPa (6~8kgf/cm?) T
HO., FEOEBX T NT Oy 7 OBEMEIX 0.588~0.785MPa (6~8kgf/cm?)
EEZXIENS,

R FA M TOv I OBKEBEKBRTEHEONEEBMES., ThETIT > TERAN
MOBHMERRTORMEZLEBELEZONK-2. 25TH3, SEAVWEZTOy 70H
BREEC Oy /OBRMEZERL T, RREBATHEHMLEZEZOEHEBREBEZRD
5L 1.66g/cm*Eiad N, EAEOEREEEZFH>ERAUCEAEKHEO/NHOBHMERRT
DEZHMED 0.686MPa (Tkegf/cm?) BETHD. BERETH o=,

Ko, EWZEI0BEBEESLEEDR M1 MEELERD M FA1 FEEDOIBBEEE L
RTDE, MUEBREECBWTIZ, XV M1 MEFOFVREHENELS. CNET
HONTVA/NUDOBHERROEREFAFEOEDNZRL TS,

4.5 4.5
_ 4.0 { 4.0
é —Top
535 — Left { 35
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©3.0 —Right {130 =
g ——Water Pressure =
®25 125 o
o 5
Q. o
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=
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=] o T AT, e gty
.E [ [t e
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Swelling Pressure(MPa)

1E+02

O Bentonite

@ Bentonite(Blocks)

A Bentonite-Sand

100%

A Bentonite-Sand(Blocks)

1E+01 |
70%
1E+00 |
/A :
1E-01 - : '
1.4 1.6 1.8 2.0
Dry Density(g/cma)
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(4) BBRETRORYNFA MOV S
M-—2. 260 M—2. 27iF. RBETRORV M TSI MT Oy 7 ORATHSD. B

BizARNr hra b0y rid—feid, Ty 70BRRAREAS BN .
B—2.26. 2. 27TERTEOR. ERETRORRAECE. FREBLIHD N
Bvohk, k. RRERFEFRIMEAZERNRC SN, BRLEBLEHDEZR
BRICERLEZIED, R MM MEETORREFARTH .
INSOEKOEREE LT, fIEOREETRANLZLSIT, X bFA bRONA
SAFPBIEINTEROHAAKNERTS I &, MEBERTHENHET A > 2Rt

KRBT LRNOBETELEENEA NS,
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B—2. 28WWRIMEBTTOy ZRICHE ZHIML, BEARA, FRE, Fek@D 3D
WAEILTEKMLEEREEEZRD., TORREZECHENEEZFELZ,

TOHRR, B 2. 4REUKR~-2. 29. 2. 30ICARTELEIIT, SKEITENKE >R
HM=HKADIRCE< ., EREEEPECHKU=SFRE>BRAQIECEN > 2,
o, BAMERHKMTESYRBREOK,DHo M., L, RBRETHEOX b
T4 MAREFEOZHE., RELSOHBRENEZISN, PFREOBAMEN L00BEETH
Sl ENS, REBEZIZIEREMNLTWAEDDEEZENS,

Kz, RUMFAMTOVIOMBEFLTOEKERVEREECHBRRENRS
Nixpolel &M, Ry bF1 70y ZidEy MERKTOT OV 7OEEICKI DR
MREEAERLIRD, ARBALZEBETEE—FELEDDEEZLISNS,

B—2. 28 FEHERENLE
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F—-2. 4 BBRRTROSKECEREE

Herk PREP Bk

EREE| Skt | EREE| BN | BNBE| ookt |ERRE| ANE | BMERE | Sk (SRR S
1| 1.970f 23.3%| 1.598] 91.2%] 1.985] 26.0%| 1.575| 98.3%] 1.729]| 40.4%| 1.231] 91.4%
20 1.913] 23.3%| 1.552] 85.0%j 2.010f{ 25.6%| 1.600| 100.5%| 1.741] 39.5%| 1.248] 91.7%
3] 1.957| 23.3%| 1.587] 89.7%| 2.026] 24.6%| 1.626| 100.5%] 1.866] 32.9%| 1.404| 96.2%
41 1.996] 22.7%| 1.627] 93.0%| 1.984{ 23.5%| 1.606] 93.2%| 1.858] 31.4%| 1.414| 93.3%
5] 1.960] 23.0%] 1.593] 89.4%) 1.094| 24.2%| 1.605| 95.8%| 1.914| 28.6%| 1.488( 94.7%
6! 1.951] 22.3%| 1.595| 86.9%; 2.008{ 23.6%| 1.625| 96.3%| 1.939] 29.4%| 1.498] 99.0%
7] 1.935| 22.6%| 1.578] 85.8%| 2.054] 24.3%| 1.652| 103.5%| 1.862]| 32.7%| 1.403| 95.6%
8] 1.968| 22.8%| 1.603] 90.0%| 1.298{ 25.4%| 1.593] 9B.7%| 1.807] 39.2%| 1.298| 98.0%
9] 1.966] 22.9%| 1.600] 89.9%| 2.033] 24.9%| 1.628{ 102.2%| 1.835| 34.0%| 1.369( 94.4%
10] 1.933]| 23.5%| 1.565] 87.5%| 2.030| 25.5%| 1.618j 102.9%] 1.802] 35.2%| 1.333| 92.6%
11] 1.963| 22.7%| 1.599] 89.0%| 2.003] 24.5%| 1.609{ 97.6%] 1.836]| 34.2%| 1.368| 94.8%
12] 1.936]| 23.0%| 1.574| 86.9%| 2.007|25.2%| 1.6031 989.5%| 1.817]| 36.6%] 1.330| 95.9%
13| 1.927] 23.09%| 1.567] 85.9%| 2.011] 24.1%| 1.620{ 97.6%| 1.886| 29.4%| 1.457| 93.1%
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2. 6 SEOBRE

SE, B 30%. R MFI MTO%OESTZEHBLTHELEZTOYy7ZAVTS
KEBKERZT V., BB, BEEZRAELAHER. RACBESEHFTONEOKBRE
TOEKGE. BERELBERFOEELEZ S,

T, CNETRKERLAEAD M1 PEBOERT O 7 ORREEELTDH, BE
FAZEOERETHY. 70y 7HOBEANmMOERIIH L T4mm BETHNE, X2
b1 7Dy R—-EkbL ., AE0EREEZF I 2MEERETHSN TS D LM
BROEKE, BEEZRTIENDbho T, |

S8, JOoOvZOBRBOKREIICOVTIE. " hHS FOBESHEIORETEFT
BHENHSN., SHOERTOBBEEBEIR M Moy 2 2EAERNE. EK
HIEEERZ WD EEZ NS,

SEERLEZER30%. X b1 MT0%ORELTOEHB IOy yiE. AECLTO
TS ERTHLEAENA LB THY, TORBNEBRRTEE, BB~
A MESLTOTRO Y 7 OBRKEIIDOWTHRATHILHENDH D,

2.7 BBEXR
1) BAS BT B —1U 2 JHHE () : PNC PJ1100 94-002, 199442 A
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3.

TR R R ET

3.1 RBROEED 2) 3) 4)

.11 HREHOHME

BB TOUSHEOY— L/ EERR (20— X TR BAF FARCL &8

BMEBPNCOFEXRFE L L TEDENTVS, BEY A b, AFFRLOAZM L JVITEH

EY L ARRVETOERPTFESINTED (K-3.1) , BEHOHLRMEIZEE Y
— U T &ﬂJﬂ‘ﬁ'{ﬁJGD:/DU—M\.J:%a/-—U/ﬁ#ﬂuéjﬁﬁbfﬁ‘ﬂﬁi?‘%ﬁf@l:f;
2 TWd,

BT, AFICERENETHEICAR T I~7't:i v BB LTET ST LERR
BHEEHIC7U—FXBETSFO2DEREL (B-3.1), Zh507 57 0RAOKRH
CHEKEFS. 7x—X 1 (Pressure Test) TikiF420m TOEBAE 2 8E L THRA 4)P
AETKEE LFXE, FOMDEDI (Bxcavation Damage Zone) PEADER LTSV OERE
TS TRBOKOFENEBRA TS, 7x—X2 (Thernal Test) TRHHESCTOEKEEKT
%5, SEHOERAMETHE, 72— X2BELTRERITHFRAEEEL TWizn,

.12 #EBHFIBOLTITYUR

HERFIE Roomd25) DL 77 MDD TIE, IRLOL2MUURNIIBITIMEEZERET S
VENRSS, RREETOREOHFEE, B3 FRT LS KERERNSFIERESH
EMWTWRZETHD, %4, AFFRUNSHREERN 0 KFETRGRTRAL OB E
R OBRIIED L1 77 M REEINAE (K—3.2, 3.3, Experiment Arrangement 2) 7%,
BAflofBAIEEE U THIBROLAIFEO TR DS WD, BRAERT 0.1
EAAAETEAAEOMERRICGESY 2RBYEO L1 7Y MRERMR S REANE
(E—3.2, 3.3, Experiment Arrangement 1) . BigOKR, RABRIEOL 17U MEIK -
3.4, L5ITRT LD, HEENLmM, HmAERTT 0. (55E5MPa) ICEFTBRFRETT AR
2 hEL BONABRRORBRYIENERENE, 2B, 0.1d48+50Pa, 00314 1MPaTH
B, AT A MR, A4 LRIV TRoondl 7, 423, 4243 B FET, EFHLAN
JLTRoom418, 419738, TFERL- L TRoond21 WEEIFETH D, T 7 LA M RIOMEFIR
ZH—3. 61T
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Ay 130 LEVEL

| 240 LEVEL
AN
s 300 LEVEL
1 A
The Tunnel Sealing
z / Experiment location
420 LEVEL

"URLLA7TD b
&3, 1

keyed concrefe
bulkhead

warter distribution header
embedded in sand

keyed highly-compacted
clay-block bulkhead

steal support
heater

pump

room profile shaped

to accommodate stress field
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Stress Components oy o9 o3

Magnitude (MPa) 5L 5 48+ 5 14+1
Trend (°) 135+ 10 044 + 10 290+ 25

Plunge (°) 10+5 055 795

Stress Ratios o1/o2 o1/03 oaf o3
1.15+£0.1 3.93 05 3.43£0.5

Experiment Arrangement 1

Upper/Lower Level 10 Ventilation Raise

Access Galleries . Main Leve! o w 30 40

lieries
Access Ga e RES

Integrated Vault Sealing Experiment

Experiment Arrangement 2

Upperfiower Level to Ventilation Raise

A it y .
ccess Galleries Main Level W o om m w

Access Galleries —
SCALE INMETRES

Iniegrated Vault Sealing Experiment

K—-3.2 HEBLA47YF (HPEHE)
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"Experiment Arrangemeﬂtuj_

URL Shaft

145°

0552
=

420 Level

Experiment Arrangement 2

URL Shaft

0552 145°

420 Level

ain Level

® : Plug
| : Measurement Boring

H-3.3 RBNEBOBME (HHE)
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3.2 246THE

oz e—) FRBROEETIEZK -3 TICRd. 1998FE 1 ANG 2FM 7z —X 1
oW ToORRBRRETDLN, 00E1LANS2EM 77— X2 DNTORBRETONSFE
THB. TUEARC RN, RRUEOBMEITEI AT TRETL, 20HI» AT
TS Y OME, 73S ORE, EAEEORE, HAFv IN-—NOEHELEEEHRT S,

B—3 8 BAMAEEL 2 ROBIOFEIEERT., 7I7HR—F, XY hFA hT
5/ ORE, BRKEBOBE (K> hFA FT IV ERABKT) , BHREL (X2 RFA ~
S5 ERABKT) . A U— TS ORBOIECHETETS. SROT T R— R
ERYRFA RS IIRT LORBELTHET 3D, tHERTKRETZHENSD,
FORBAL I TSI ERBICRTTAEIE o TWS, BEs Sy FAOREL
LT, BABOR—U > FHLOMALEREORBERY A T 5 VORBHICTS.
TNERRHELAETEEE-3 9()IFET,

LOERROREERITHF FRAGELTEEE -3 Q) LRT. BIFIEE LT
i, BAKEEORE, O hAA FTSIOBE, TIVHR—b, @BEL (759
— N ERBET) , Y2 - RS Y ORBEOMEICED, TI IR N ERY R FA R
TS Y OREBITETTHEICLY, TS5 SOMPPERY MF1 b T 0w o &R LTS
CLIMTE, Eit, T5USR-F EEPELERABKEITES &5, BIBEOE
BB TE S,
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6-8

1995 1996 1997 | 1998 1999 | 2000 | 2001 2002

N N N T N R A I A U D D U U N U A I N D B B

| | Conceptual Design
[ ] Access Tunnel Construction

[ ]Rock Instrumentation
[ ]Hydrogeological Characterization

[ ]Test Tunnel Construction

| Construction Methods Development

[ ] Bulkhead Construction
[ | Pressure System & Backfill Placement

Test Operation | Phase I |

Reporting| Phasel |

Test Operation (Thermal phase) | Phase 11 |

Reporting|[ Phase II |

lll||II|ll!|ll|llll|lll|lllllll
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CONSTRUCTION SCHEME

Bentonite Plug

Measurement

Bentonite Grouting

Concrete Plug & Others

Bentonite Block Compaction

’

v

Borehole Drilling for
Bentonite Grouting

!

Installation of
Bentonite Grout Line

Installation of Steel Support

'

Installation of Sluice for Seepage

Construction of Bentonite Plug--

_____ Instrumentation &
(Cable Routing i Sealing

!

Installation of Pressure System

!

Backfill

|

4

Construction of Concrete Plug

;

Pressure Test & Maesurement

Pressure Test & Maesurement

!

Bentonite Grouting

T-3.8 FURAL—U U RBEIE (GBETE)
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SCHEDULE OF BULKHEAD CONSTRUCTION

Apr.

May

Jun.

Sep.

Oct.

Nov.

Dec.

Bentonite Plug
Mixing of Bentonite/Sand
Block Compaction
Management of Water Content
Installation of Steel Support
Construction (Lower)
Construction (Middle)

Construction (Upper)

Jul.

Measurement
" Installation of Sluice
Instrumentation &
‘Cable Routing / Sealing

Bentonite Grouting

Borehole Drilling
Installation of Grout Line

Concrete Plug & Others

Installation of Pressure System
Backfill
Concrete Plug Construction

J

BENNANNEREEEE
NENNENEARANNE ?

?

ENNERRNERNEE?

B—3.9(1)

PRIV —U D TRBOEMX Y 2 —I
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SCHEDULE OF BULKHEAD CONSTRUCTION

Mar.

J uIi.

Jul.

Aug.

Oct.

Nov. | Dec. | Jan.

Excavation
Excavation of Test Tunnel
Excavation of Bentonite Key
Excavation of Concrete Key

Apr.

May

Sep._

Plug Construction
‘Mixing of Bentonite/Sand &
Block Compacting
Bentonite Plug Construction
Installation of Steel Support
Installation of Pressure System

Backfill B
Concrete Plug Construction

Measurement of Bentonite Plug
Instrumentation &
Cable Routing / Sealing
Partition for Ventilation Test

Other Test
Rock Mechanics
EDZ Flow Test
Construction of Test Bulkhead

B—-3.92) ;rRIVO—UVITEHBROFERR TP 1 ~Jb




3.3 Wit 7T ORI AEORE

3.3.1 XYbFAMTTTOER

R FARTIZOBRIZDVWTIRAERR, A7 FR» SR ABRPRESNTND
(0—3.10) « HFFROACLR1IRI IV —F TS/ TREENTVRBIHREALHOD
T, 3m, TIVEEREO N RZNEARAOBEOBIR 3 AR GEEIIHER) THS
CENRBEESD., COBRICTEIERLY, HERETSTEORMEED DO
Fr TS5 ORE c EANERIIRS, REHOBRPERICTEZ D LWVH>EFIRNE
5%, SARROEEEHIBERESTNIE (45° BE) EMIGER LRV EWSIER
HRHELESNTWEN, 4AROENEBRNZNICIRETSHD, Tk, X MF1 T
OwZE2ERELERRFA NS/ ORITZERMIRE L TWSHIZYD, HIRHAESL TH
L7097 ORI ETEREEICEZEVWIBI LOMERELS, INBOQIERASEE
BIFEANICHEBRN 4 /8K EEEIRRER) o7/ BREREL TV, #FT5AO
BOE (ARCLE2) 77 /240@IE3mTH 54, BIRMOES 2m, HEERM4 4
HOHDTH5D,

AN, SHEHBOEN3m, BEERF4AFODOEREL T (PNCE1)
M, k0TS TOBEHOENES THEIICR > A NHEOBHEEHRIEEND 0N
FRENS, EBRZ2mObOEREL TS PNCR2, 3) , PRE2TRTZ7THE-
FolN—ROBRDRELEImIKY, B, XCFFT r2EALEEDRULHERET S
Sirk, EROEDPELHOBIHOEREFKEORY A MO0y 7 OBREEHE<
BE Y/ LTS, LHL, SEORRCREKERMEN2ELEL, JOBDRLY
MABRHENIC TS VADOKOBADEE L3 HEENRD DD, EITRINZLELL
TWwa, — A THPELHOBINZRRETAHENSZ LD, 75 7D0AMIC 1 mOED
ELEF>ZEICA->TWS, B-3.11, 3. 12ICPNCE 2, RI3DEBERRETRT.

3.3.0 MERTRFA NROFE

R RN —U S HRBTIE, RObFAPTOv I OMBLUTEHERS T MEE
BEAZLELTHEY, TOHMBIEODWTEREEP ST FRICEMTII LR TS,
ERBICKERNRY b4 FROFEZToAFEREEZR-3.13, 3. IR, FEIER
THERYFFA R TO I DORY A FEWOHRET:, BEROFEZ]L 8g/cn’, &
KELE6%, BERZFLLIEARAALTH>TVS,

B —3. 105 DABCLE 2 Ti1135t, B—3. 10 DPNCE 1 TIRI6tDX b FAWET
HDH (H—3.13) ., T/, B—3. 10HDINCE 2, 3 TRILORL FFT MEBETHS
(B—3.14) . BLEDABCLE 2, PNC2, 3B TESLSIE, AENS DI NVIZE
BETI501 RLICENTBFETH S, -

3—13



3.3.3 N hFAbTOw s DERIE

BEERDRFA R TOvI70RESE, ABBESET20CEBORVWEEITZAD
12, BEMEE—3 151077 25cnX 25X 15enD K EFEFEZREL &, COBES, Jovwsl
DOERIIEKEE% &L THI8kgs2 D,

R MNP MTOv7OERFHEELT, IFFRAEB2OOFEREEZRELTWS, 1D
WBAFFERND Steinbeckdd T3> ) — T (Barkman Concrete Lid. ) iT% % Concrete
Block Machine 2F[B T 5HE, HI—2@ 7 AULOVIPPTHEDLN TS Adobe Brick
Maker EFIAT 3 HETHS, TNENOFRERAER 8. I5RT, WHOMRE -
T7Oy VERBBREZERL., Th2ECEKNRERFRERETSITFETH .

3.3.4 U3 UEIEEOMEIS B

AERIARELTWS 7S 7BR TR, REHOERMICTERRNAELEI OGNS, M3
1613, HEHOHHAERORERATH S, RBRNEOEEIZE S 1> P U > 7EIZ L DED
IZBMAMDNEILTBEIICLTBY, REFOHEICBWTEEBROFEEZR WS, HEE
KN4 AMICRD X SHER2HEIT 32, K3 1600, @QORITAMEEZTENIL,
O OB EKEICEDRICHENTE (@) FENEALNS, TI 7 OHK LILEOR
BIAEIZDWTIE, AloFE (Roondld, ®—3.428) THRENLZTS VI E2EBEL TH
BRETETFETH 5,

3.3.5 RUMFA RIS TOMITHE

HEMPBRELAER A MSV/DOBIAEZR -3 1TICRY. 3.2 24TR8) T
HIRATRRIC, COMIAHETESERO TS T IR-PEBR T EOBKELELTWEED, &
WMEBHCEHEBLT, 7570KET, #HELOBEIIRITAII LIRS, XORFA T
OwZid, BOGHROT 7R -t DESFROF v N —flIcmd > TEEICEA LTS,

AFFRORIAEEZR -3 18ICRT,. 3.2 £46I8) ThRRERIZ, BT S
EHRILT, #ROTS/HR-FEBEDRLEZARICHEITSZ &K%, X hF1h
Jow i, TSTOmMANCREAEETSEIENTES,

M3 1N TSI HERERR L M1 MOy 7 OEEERT. 2mig075 5
OFE, HEET DO VREHMUENKETH S, sFRIBROEZOSD 1 BIZI2HERKD T
EIRTEDELTHG. 3H, 1EMSBELTHIRRATHRILITES LIRS, JOv Y
THNR—LENRVNEFEOBRRIIOVTIE, RO b MUY -IlEERERPHDOED
ETOTFETH D,
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THRICFRTAORYODE—AV FOBDEONGT VA IIERT 35| REHER
ET So =

llllll
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4 500 1

@1 STEEL BLLKHEAD
CONCRETE

COUNTERFORT

|||||||||

e

1000

:::::::
T
JJJJJJ
T '

LT
O 4 AOWS OF 11-36mm DIA oo
DYWDAG THREADEARS

avyy— MEEDERE

mk=23x40xa8%%xﬂxz54&4ﬁ )

ToA—OFEHREACIBR0EMODE-A VM
M#4HBX(%§+L®—4€BX05—1&4X®5+40X§)

= 10456 tf*m

Ul TT oh— 1 REDICERTA515EEHR
M 10456

LXn 32X(4X11)
=74 tf

RIc7 oA —5%5 D35 (a7 Y — M EOFAEMNBIEHE © 18kegflem?) &35 &,
EEER

74
7 X 0.035 X 180
=837m PlESHEEID.

A EDEy FAFT En D 1R AR NS E e T &
R (L R TR TS B,
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(iv) @ (BfH=r7 J— MURE)
oy V- MNREORE

MR ESE LTI EET B,
THEERE
J425X35 = 386m

S M max=M r(x=0)
B+ )p0a2
16
_(3+02)X400%X193
- 16
=298 tf*m/m
Lzt T, HREOSIREAER
M

o= —
z
298 X10°
100 X 1207
6

=124 kgfifem2 > 3 kgficm? .out

n

EEHARICIERT 5 EAMITE

%g§=wumnfb5#5\3?7U-b®$ﬁﬁh%mﬂﬁm
X 10° '
c= -%gé—x—ﬁo =174 kgflem2 > 4.5 kgflem? .out

L1, @D Y — P TIRE IR - SAMBIEOBRL S 5.
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3.5.5 MmERH

(i) OF (Eg=orv/s VU — PREE-HSRTE) 50T

BEELUT, SERANCEGEREE LB SO NELREET 5.

TEHZEFAORE] TEHRENW-MEAEZAVWTEGHEZT S, EHE
IXE3E4R 3 EXERAS & L. D3BD10cent w» F ED41D 12, 5ent »F D 2 F— A DO
'C%'I-ﬁ %ﬁ’)f:o_ 7

BRI r—2A 1) 2)
M (tf*m) 238.0 238.0
N (tf) 0.0 0.0 .
D38@100 | D41@125 |
As (em ™) (38 | (38D e
(40cm H7-0) 136.80 128.64 E—— igg
400

CHERRRERCREILTT

br—21) Tlio =236 kgflem? > 0 «.=100 kgflom? out
0 s=2716 kgflem? > 0 ;.=1800 kgficm? .out
4r—22) Tio =239 kgflem? > 0 0.=100 kgflcm? out

o ;= 2861 kgflem?2 > 0 5.~1800 kgflcm? .out
LD, B - 207 Y~ b EBIFFFISIEIERIT .

Eir, BAMCH LTI 7 Y — b GRETEERE - 300kgficm?) A%
4.5%X40%X110=19.8 X 103 kgflem? HIEL.
TN ET ARG (MRS THFER A 10.0cm ¥y FTERET S ERE) TE

EO>EDET S E,
_ 115S,*a
Aw= o *d(sin & +cos 0)
115X (293000 ~19800) X 10.0
- 1800 X110 X1
=15.9cm? (HEAKFR 40cm H7zh) HEEELD
ML CIEEEAMIC D25 % 10en Vv FTEHTIEE SIS,
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$x¢ ROV U — FDHE
5T CASE 1) 2)
. piFEe—2 > b (tm) | 238.00 238. 00
- L sl (t) 0.00 0.00
5 SIAERAIE - {m) 0. 600 0. 600
2 A WA (t) 0. 00 0.00
% " # & {m) 1. 200 1.200
| B O# & (m) 0. 400 0. 400
[ % 1 & B (m) 0. 900 0. 900
% Gl 2 B H (m) 1. 000 1. 000
= s B H (m) 1. 100 1.100
i % 1 B H (cn##2) | 45.600 42.880
% 3] 2 B B (emxx2) | 45.600 42. 880
8 B B (cmkx2) 45. 600 42.880
W ﬁ% vy Y=k (wkE2) 0. 249 0. 245
W3R | #%& B (cmx2) | 136,80 128. 64
- (R P (m) 0.622 0.612
B ¢ i (m) 0.622 0.612
ay |k ] (ke/omt2) 236 239
I
REALNS Bl (kg/cmixd) 0 0
Bl 8 | £ Al (kg/emxd) -1579 -168¢
. g | T il (ke/ems2) -2716 -2861
¥ A B (kg/omEEl) - -
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) @ (BEH=or 7V —PREE) o0 T
BEELT. SIEEAICSEHBERE L BSOITEXEET 5,

(EREFACORN] CHHESAEFEA BV CREHELT, RER!
ZBER 3 BEG L L, D5 10ent v F L D38D12, bent’ v F D 2 S — AT DO

THEE2ITo, _ o
L 1) 2)
M (tf+m) 298.0 298.0
N () 0.0 0.0
D38@100 | D41@125 E
As (em ?) (3B (3E) — ::ﬁ
(1m &729) 342.00 321.60 o | 10
IHEEEERAREITRT
r—2R1) Tldo =118kgflem2 > 0 .,=100 kgficm? out

g = 1360 kgf/cm2 < 0 5.=1800 kgflcm2 0k

r—A2) Tiko .=120kgflem? > 0 =100 kgfiem?
0 s=1433 kgfiem? < 0 ..=1800 kgffem? .ok

EEh, av s - bOERRENBIEVEREN S, UE. SHESR 20ecm BREE
CFhiEar 7= FBELHERICNEAERETS, '

Fio. BAMNICH LTiZar 7 U — b (GREFESERE : 300kglcm2) &°
4.5X100X110=49.5 X108 kegflem2 HEL.
LN ABERS (DR THEEFEIC 10.0c0m By FTEET 5 &{E) TX

E2RDETEE
1158,*a

g *d(sin 0 +cos 8)

_ 115 X (191000 - 49500) X 10.0

- 1800 X110 X1

=8.2cm2 (HAFH Im Hich) BEELZY,
D16 *MHEAFMIT 20cm Ey FRETEHT A I &KL 5,
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¥k SKEID V2 Y — MEJIEE

& CASE 1) 2)

- fFE—2 >k (tm) | 298.00 298.00
- B 7 (t) 0. 00 0.00
N W ERIALE (m) | 0.600 0. 600
¥ A B A (t) 0. 00 0.00

£ = (m) 1. 200 1. 200

% ELEZ I {m) 1. 000 1. 000
i % 1 R B (m) 0. 900 0. 900
g a ? B H (m) 1. 000 1.000
= 3 B H (m) 1.100 1.100
B % 1 B B (cm##2) | 114.000 107. 200
% E] 2 B H (ems$2) | 114.000 107. 200
3 B H (em##2) | 114.000 107. 200

B ‘ﬁ% avs Y~ (meE2) 0. 622 0. 612
o3 % & (em¥%2) | 342.00 321. 60
= I (Y FR (m) 0.622 0.612
Bl & I &h (m) 0.622 0.612
. 3‘|J £ B (kg/cmix2) 118 120
7+ |F M (kg/em¥%2) 0 0

A & | L Al (kgfem#d2) -791 -B4%
= B | T Al (kg/cmex2) -1360 -1433
E A B (kg/cm¥tl) - -
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(i) FE ER~OEIBZOBOLEEEH= 2 ) — MEE) KO0
TROLS KEDAHOENER Y7 ) — PTHEERBSABEE. av 7 —h
EEBEONBARMETENOB SNVHTEAN R ERT 5 FENEL SN,

a7 ) —+

h

U.25m (7 &)
B.50m({8)

2 AR L 2 7%

O ar7Y— MEEOLEES
REIERTARUKREANIHLT, a7 V- bOAABTRIOSNVHICL TS
BE—F L TEREE S, DXVBOEWHES TR Y — FEEOEAMNEAT
BT 55D LELTREOLERSEHET B,
FREED b RABHFHEIEL E L. VMOV 7 ) — bAOEHALEZE 15cm
ERET D LIk E AN AICER S 2@
Am2 (4252~ 0.15)22+ (35./2-015)° ‘L

=11.8L m2 &7T5,
a7 Y= FORETHRMEBER 0 a.=300kgllcm? &5 5 & HEZHEID
. 4673 X10°
(113 XL)X10*
kb,

£ 4.5 kegficm?

L= 92m
LichioT, L=95m &ERET 3,
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PARNER 1 B D OFERAMAL. TERERAZIARERE] OoThily (R vy
F) OREFERICEL S,

VRIVE%ED22. 227V — PDEDABEF 15em ET2E 1 RS OFEFTA
# i

Q .=30d2 o
=30X2.22% /300
= 9515 kgfl4
Lot T~V O ABEREIL
N 4673 X10°
2515

=1859 & &5,

I O RIVEE 2000 &REAT S ET0E. FHEEY Yy Fid
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2000
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3.6 EHRIAFEORE

3.6.1 RYbFANTITNOEH

AARIMNBERLTVIHEOHELRBERZE~3.3, H-330IKRY. Fv 2 /N\—ROK
MR b M TITAANBETZIEKEENIDE EOBENS, Fv 2 N—HIIEILR
DB BOREBIC L., £, FGROERAEER-3INOKRIITO Y ITRAIEDATE
KT B, OFERFY ON—RIPS2FBOTOy JICHYE T 230enDMUEILRD, &
RS BRRr— TN OARER 3. 32~3. 35IZR T,

F—3 AT HTFRHORELTWAHBOKREERT., hygrometeridpsychroneter TR
EEAOBEISULUTOREDFRICAWS, -3 5ICRHERRFHFOLEKERT. X,
AppendixiTIZE BB AN —DEREZHNT S,

3.6.2 BAREOREAE

TS5 FRNOKOBBIZEL T 6. ITRRAEHBTRAEEZTIN, 757REREL
EAKOBEIZOWTIRERDO TS IR — MCEROMIT ANV T ERKBARDD I LT
E0HETHRERZHAMIIFToOTNS (B—3.36) » £k, NITEHDZ I EITLD,
WO Mt EEAERE TKEZRETELLDIIT D, EDIZEABL TERLKIZEL TE,
BEBIFTFOPTOKDAMIZEDABETSIFETH D, £z, EDIZEBL TE/IZKD
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#—13.3

R A TS HTROERES

INSTRUMENTS FOR BENTONITE PLUG

Instruments sect. D | sect. @ | sect. @ | sect. @ | sect. ® | sect. ® [ Total
Thermocouple Psychrometer 21 25 25 2 ) 26 {121
Piezometer 4 4 8
Earth Pressure Cell (Radius Direction) 4 4 4 H 12
Earth Pressure Cell (Axis Direction) 4 2 2 8
Total 8 21 31 29 31

29 !149
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ARRANGEMENT OF INSTRUMENTS FOR BENTONITE PLUG

Measurement for 0909 20 : Section® Section® Section®

Swelling Pressure v ¥ 1 Measurement for
Yy Y Pore Water Pressure
YyYYYY A )

Measurement for
Temperature and Moisture

Pressure
Chamber

Jididill

Clay/Sand |t
Backfill '

W ks 600 1400 Steel Support

Measuring Sections

Legend : + Thermo-couple Psychrometer a Piezometer
UNIT : mm = Farth Pressure Cell = Farth Pressure Cell
( Radius Direction ) ( Axis Direction )

K—3.30 FSUHESEDERHBEE
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250mm

INSTALLATION OF SENSOR

Sensor

///g;ntonite Powder

* Compacted Bentonite Block

X —3. 31

Sensor

Bentonite Powder

250mm

Compacted Bentonite Blocklégéi

0o Atk v —0EBERAE
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SPECIFICATION FOR_THERMOCOUPLE PSYCHROMETER

Sensor

HMP233

70

A\Y
J2

ID Name HMP233H

Manufacturer Vaisala Co. Ltd.

Humidity Range 0~100% R H

humidity Accuracy +2% RH (0~90% R H.) %1
+3% R H (90~100% R H.)
+1% R H (0~90% R H) ¥
+2% R H (90~100% R H.)

Temperature Range -40~120°C

Temperature Accuracy =0.1CQ20C)

Cable Length 2, 5, 10m

Note

¥1: accuracy{including nonlinearity and repeatability)
when calibrated against salt solutions(ASTM E104-85)
%9 maximum achievable accuracy when calibrated against

high-qualily,

B—3.32 iBEREtssdi#E (Thermocouple Psychrometer)

certified humidity standards

65

Transducer

104

F 3

145

133

S

(®

@)

120
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SPECIFICATION FOR EARTH PRESSURE CELL

BE_50KR81 10

ID Name

Manufacturer KYOWA Electronic Instruments
Pressure Range 50kg/ém2

Temperature Range -30~80°C

Rated output

ImV/V(2, 000X 10-° strain)

Non-linearity

1% R. 0.

Excitation voltage (max) | 10V
Bridge resistance 35002
Safe overload rating 120%_R.0.

~Sensor
$110 25
a7, y (10)
w© toeansene “ """""""" A\ o Y
o . =L -
A ]_ __________ 1 !
¢80 ¢e3d
e/
A
BE-R.1.8

E3EE'F%11053

B—3.33 BEETEEOMLHE (Earth Pressure Cell)

|



SPECIFICATION FOR PIEZOMETER

99-¢

Sensor

ID Nane BP-60KCT T

o <=
Manufacturer KYOWA Electronic Instruments SR Y| P 5
Pressure Range 60kg/cm - T T

, SR TNEEe—

Temperature Range -30~70C = !
Rated output ImV/V(2, 000X 10-° strain) 78 _
Non-linearity 1% R. 0.
Excitation voltage (max) | 10V
Bridge resistance 350Q
Safe overload rating 150% R. 0.

X—3.34 BRFHEIFOMLE (Piezometer)



SPECIFICATION FOR CABLE

L9-¢

Manufacturer KYOWA Elecironic Instruments Cable Cross Section
Number of core 4
Conductor Nominal{cross-section area 0.5 Conductor
construction No. /mm { 20/0. 18 ~ ggpirggor 1
diameier mm 0.9 Z Bedding | |Meuiation
. —~— ginder
Nominal thickness of insulation mm 0.5 g?gg;gmg bratd
. . . | T~ Palychloroprens sheath
Nominal thickness of bedding - |mm 0.9
Nominal thickness of shielding braid|mm 0.3 Core Identification
Nominal thickness of sheath mm 1.8
- Diameter of complete cable(approx.) |mm 11. 5
Weight of complete cable (apptox.) [kg/km 170
Conductor resistance at 20°C Q/km 39. 8
Insultation resistance ai 20°C Mohm/km 500 Note) B t Black
_ W i White
Withstand voltage {or Iminute v 1000 R ¢ Red
G : Green

B—3.35 EEErEOI#ER (Cable)
| |
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F—3.4 ERERONE

EHAIEE

ErEREE A—H— B | RE BE JKE +F £E
Thermocouple Psychrometers |Wescor 170, O O
Total Pressure Cells Roctest 20 O O
Earth Pressure Cells Roctest 32 O O
Total Pressure Cells Geonor (Norway): 1 O O
Piezometers Roctest 10 O O
Hygrometers Supplied by ANDRA 15 O O




%£-3.5 HEHEFBROME (AECLYAF)

Vibrating Wire Total Pressure Cell

Manufacturer: Roctest Canada, 665 Pine Street, St-Lambert, Quebec, Canada,
phone 514-465-1113, FAX 514-465-1938
Specifications:

Vibrating Wire Total pressure cell model TPC-0/STP, with special thick plate,
All stainless steel construction

Main Plate, 6 inch (150mm) diameter, 19mm thickness

Vibrating wire pressure transducer, 35mm diameter, 127mm length

oil filled :

integrated thermister

operating range to 8 MPa

temperature range to 85 C

cable 15m of IRC-41A

accuracy +-1% (our own calibrations)

Note: | There have been problems with the cable under the combined temperature and
pressure conditions specified for the TSX phase 2.

Initially purchased instruments will be retrofitted to meet the environmental

conditions and the outstanding order will have an upgraded wiring/slieve system.

Vibrating Wire Earth Pressure Cell

Manufacturer: Roctest Canada, 665 Pine Street, St-Lambert, Quebec, Canada,
phone 514-465-1113, FAX 514-465-1938 '
Specifications:

Note 1:

Note 2:

Vibrating Wire Total pressure cell model TPC-0/STP

All stainless steel construction

Main Plate, 6 inch (150mm) diameter, 19mm thickness

Vibrating wire pressure transducer, 35mm diameter, 127mm length
oil filled

integrated thermister

operating range to 8 MPa

temperature range to 85 C

cable 15m of IRC-41A

accuracy +-1% (our own calibrations)

This is basically the same cell as the total pressure cell supplied by this
manufacturer, excepting that it has not got the thick backing plate which
would allow it to be mounted on a rock/concrete surface. These cells will be
mounted within the body of the seal.

There have been problems with the cable under the combined temperature
and pressure conditions specified for the TSX phase 2.

Initially purchased instruments will be retrofitted to meet the environmental
conditions and the outstanding order will have an upgraded wiring/slieve
system.

3-69



Vibrating Wire Piezometers

Manufacturer: Roctest Canada, 665 Pine Street, St-Lambert, Quebec, Canada,
phone 514-465-1113, FAX 514-465-1938
Specifications;

Note :

Vibrating Wire Total pressure cell model PWS

Stainless steel housing

integrated thermister

operating range to 8 MPa

temperature range to 85 C

cable 15m of IRC-41A

nominal dimensions of sensor 150mm length, 19mm diameter
accuracy +-1% (our own calibrations)

There have been problems with the cable under the combined temperature and
pressure conditions specified for the TSX phase 2. A modified wiring slieve
has been identified which will ensure the proper operation of the instrument
under the longer term (Phase 2) thermal environment.

...............................................................................................................

Geonor Total Pressure Cells (new-type)

Manufacturer: Geonor (Norway),
Purchased through Canadian distributer (Hoskin Scientific, Vancouver, Canada)
Specifications:

.Note :

Dual wire vibrating wire total pressure cell Model P100M

stainless steel A1S1 316 construction with tube fitting connector
outside diameter 200mm, thickness 50mm

operating range to 8 MPa

temperature range to 85 C

15m of cable

accuracy <1% of full scale (manufacturers, confirmed by our own labs)

These cells are higher pressure versons of the cells used in the Buffer/Container
Experiment and have been purchased specifically for the TSX.

Geonor Total Pressure Cells (old-type)

Manufacturer: Geonor (Norway),
Purchased through Canadian distributer (Hoskin Scientific, Vancouver, Canada)
Specifications:

Note :

Dual wire vibrating wire total pressure cell Model P100

stainless steel A1S1 316 construction with tube fitting connector
outside diameter 230mm, thickness b50m

operating range to b MPa :

temperature range to 86 C

accuracy <1% of full scale (manufacturers, confirmed by our own labs)

These cells were left over or recovered from the Buffer/Container Experiment
and have been included in the TSX as supplimentary instruments. They will
be used in the lower temperature/pressure regions of the clay seal. :
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Rotronic Hygrometers

Japanese Distributor for Rotronic Sensors
Meister Sentronic Co. Litd.
1-11-1 Iwata Bldg. 102
Sengen-cho, Nishi-ku 220
Yokohama
telephone 81-45-320-2521
FAX 81-45-320-2535

Series I-400 Sensors,
Humidity range 0...100% RH
Temperature range -55 ... +125 °C (our specification is for 0-100 C)
QOutput voltage for temperature and pressure
0... 1 (5)V (our selected output)
0... 10V
0 4)... 20 mA
Supply voltage 12 VDC +-15%
24 VDC +-15%
116VAC, 50-60Hz (our specification)
230VAC, 24VAC (other available voltages)

Cable length 20m
Flange Probe 120mm length, with slotted metal cap
15mm diameter on cable mounted probe
Filter Element Sinter steel
Accuracy at 23 C +-1. 5% (RH 10-95%)
+-2.5% (RH <10% or >95%)
+ 0.3 K

.........................................................................................

3-11
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Fow in Rock Evaporation Measurement
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$EFRTID MCDWTE, YOBEAMNS 75 FRBEHRONANT 1m, 24FE0F—1U >
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Evaluation of Grouting

E D D
4MPa — | 4MPa —

| Pressure Test
— Measurement of Seepage

|

B—3.39 #1RIT S50 POWMRICXT S5HEAE (S 9ETE)

Pressure Test Grouting
— Measurement of Seepage
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Industrial

transmitiers Series 1-400

Serie 1-400

Special features:

* Humidity range: 0...100% RH
» Temperature range: -55...+125°C
= Output voltage for .
humidity and temperature: 0...1(5)v  ®
0...10V
0(4)...20mA
* Supply voltage: 12VDCx15%
24V DC £15%
115V AC, 230VAC, 24 VAC
* Cable mounted probe
¢ Length of the cable mounted probe: up to 100m
e Transformer
* DC/DC converter

Applications:

= |n all industrial processes up to 125°C

'’

1-400 with screw-in probe

Order numbers
Cable mounted probe for flange mounting,
probe length = 120 mm Screw-in cable mounted probe, with steel sinter filter
Instruments Length of the probe cable Instrurments Length of the probe cable
1-420722 + WFC1-C05T Em 1-420T22 + EFC-CO2T 2m
1-420T22 + WFC1-C10T i0m 1-420T22 + EFC-CO5T 5m
i-420T22 + WFC1-C20T 20m 1-420T22 + EFC-C10T 10m
[-420T22 + EFC-C20T 20m

For installation accessories see general accessories.
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Industrial
transmitters

Technical data of the series I-400

HUMIDITY SENSOR
Temperature sensor
Operating range
Humidity

Temperature (probe)
Termperature (housing)
Air speed

Measuring range
Humidity

Temperature
Temperature compensation
Output signals
Hurmd:ty Temperature
Accuracy at 23°C
Humidity

" Temperature
“Repeatability

- Humidity
Temperature
Long-temt stablllty

Time constant at 1 m/s alr speed ,

Humldlty at 23°C
) Temperature

- Adjustment points (potentiometers) - T

Humtchty

_ Temperature N
Type of protectlon

' . chs:_ng material
Housing dimensions (L x W x H)
Connection ‘

Supply voltage: see next page

103K

-0.5% RH

~<1% RH/year typical under normal conditions
|o<tss

<15s

_Tmin, Tmax.

" ‘Makrolon -

HYGROMER® C94
Pt100 */s DIN

0...100% RH

-55...+125°C

~20...+60°C

3m/s; with filter up to 20 m/s

0...100% RH

4 different ranges (see order code)
HYGFtOC_OMF’EFt®

4...20 mA, 0...20 mA, 0...1 . of..s v, 0..10V

1 S%RH({10.. QS%RH),iZ 5%RH(<10 > 95% RH)

01K

35%, 80 6 'IO% %RH
P85

230x120x75 mm

1xPGE9: terminals ccnnectiort for low vcltage

2xPG7: terminals connection for mains and/or
low voltage

Tuchel connector 7-pole: only for low voltage




Industrial
transmitters

Technical data of the series 1-400

Supply voltage AC for all types

Supply voltage and max current consumptron for:
. types with 0(4) 20 mA mgnals

', supply voltage -

| max.power consumption” - .-
-typesw:tho 10V 0.. SVO 1\/
__supply vo[tage e

Sensor protectlon
Probe length

' Probe dlameter of the cable mounted probe
Length of the oable mounted probe

Connectlon

Conneotloni VL"able mounted probe/ electronlc case

Type of mstallat[on

Housmg d:mensnons (H x W X D)

Weight

_ "mln Ioad 1000 Q/output )
"ma)f'pow'er éthUrhpt_ior_i_ _* L R : e o L
A Slotted cap (metal) W|re smtered- and teﬂon filter

230/115/24 VAC +15%, 50...60 Hz o

- 12/24 £16% VDC

max. Ioad 500 Q/output -

L BW

12/24VDC +15%

a) Cable mounted probe for ﬂange mount 1 20/250 mm

b) Screw |n probe type EFC Iength total = 1 26 mm
Standard Iength 2 m/5 m/A O m/20 m max 100 m
1. max. possible length=100m -7

PG or Tuchel connector
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Industrial

transmitters

Order code
Example:

Temp. measuring range:  0...+50°C

Supply voltage:

Probe conneciion;

Output signal;

Connections:

Probes:

Sensor protection;

Cable length:

Cable connector:

Option filter:

Order code table series 1-400

*0...+100°C/
-30...+70°C
=55...+125°C
others, in°C or °F

230V :£15%, 50-60 Hz
A15V£15%,.50-60 Hz. ; Input transformer
24V +15%, 50-60 Hz .
12VDC£15% DC/DC converter

24 VDC+15% DC/DC converter

Tuchel connector 7-pin

Current: 0...20 mA

Current: 4...20 mA

Voltage: 0,..1. W/

Voltage: 0...5V

Voltage: 0...10V

Voltage: 10mV per 1°C or 1% RH

2 x PGY and terminals

Tuchet connector 7-pin (supply 24 VAC 0. DC + signal)
mains plug + Tuchel connector 7-pin (signal)
HeBls P+ UGl ¢

Screw-in probe (15 bar max.)

Slot;ed cap (metal)

2m

5m

10m

20m

95m
Tuchel 7-pin

SP-815  Steel sinter fitter elernent (Industry type)
SP-M15  Wire filter element (Industry type)
SF-TF15  Teflon filter

SP-PE15  Polyethylene fitter (max. 80°C)

For installation accessories see general accessories.
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Industrial

transmitters

Connection diagrams and dimensions Series 1-400

f+—12

I-400 I-400
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