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Vacuum-Permeability Test for Estimation of Loosened Area
at KITANOBE NATM Drift

Fumitaka Yamada* Haruyuki Kita** Masao Nakata**

Abstract

Excavation of an cavern in rock mass causes various changes on a surrounding
environment. HEspecially near the excavationrwa]l, mechanical and hydraulic properties of
the rock mass change because blasting vibration or stress re-arrangement expand existing
fractures and/or generate new ones.

A purpose of this work is to detect the extent of these influence {(Excavation
Disturbed Zone). For this purpose, vacuum-permeability test is conducted in four
boreholes drilled at KITANOBE NATM drift to obtain distribution of air permeability that
reveals fracture conditions in rock mass.

The vacuum-permeability test obtains the permeability by suction of air from a
sealed test section in the borehole. The air permeability around the test section is deduced
from either the degree of vacuum obtained: by continuously pumping or by how the
reduced pressure is maintained after the pump is switched off. Repetitive tests along
borehole give the distribution of permeability

Results of tests conducted in four boreholes (two are drilled in a section excavated
by blasting, and two in by machine) indicate that Excavation Disturbed Zone is larger in
the blasting section than in the machine section. And through comparison with borehole

TV image, the data shows more clearly the fracture condition in rock mass.

Work Performed by Mitsui Construction Co., Ltd. under contract with Power Reactor
and Nuclear Fuel Development Corporation.
'PNC Liaison : Geological Environment Research Section, Tono Geoscience Center
Koji Tsubota
* : Civil Engineering Division, Mitsui Construction Co., Ltd.
#* : Technical Research Institute, Mitsui Construction Co., Ltd.
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&-6 REZEKARTR—K (BVP-14L., BVP-21L)

BVP—1 BVP-2
TREE Pe 2 Q. St EEEBE R P F 0, St HEEERE
(cm®/ EWE |EEHE (cm®/ ERE |RERE
(m) |{{(mmHg)|(mmHg)| min) emd | em® | m |(mmHg){{mmHeg)| min) cm® | (cm®
0.30 | 726 | 686 | 18850 |3.432E+00|2.9E-09| 4.5E-09(0.35 | 743 | 723 | 20210 |4.972E+00|6.5E-09| 6.7E~0%
0.35 | 731 | 423 | 5596 |1.412E-01|1.58~10| 1.9E~100.45| 743 | 725 | 20210 |1.895E+00|8.0E-09, 2.8E-0%
0.40| 725 | 75 465 |4.194E-03|8.8E-12| 6.0E-12}0.50 ¢ 744 | 520 | 7466 !2.531E-01!2.8E-10| 3.8E-10
045! 725 | 13 36 |2.248E-05|6.9E-13| 3.3E-14|0.55 | 743 | 16 34 |2.272E-05)6.8E-13| 3.5E-14
055 720 | 17 39  15.299E-05(7.9E-13| 8.2E-14(0.65 | 744 | 14 31 |6.678E-06!6.3E-13| 1.0E-14
0.65| 733 | 12 29  |4.807E-05:6.0E-13| 7.7E-14[0.95 | 744 | 14 30 |2.712E-06|6.5E-13| 4.5E-15
0.95| 730 | 32 99 |9.140E~04|2.2E-12| 1.5B-12|1.25 | 745 | 17 35 |1.254E-04|7.8E-13] 2.1E~13
125 729 | 20 59 |3.779E-04|1.3E-12| 6.6E-13{1.55 | 746 | 17 34 - |7.7E-13] ———
155 | 730 25 69 |7.450B-04|1.6E-12| 1.3E-12|1.85 | 751 | 17 31 |3.911E-05|7.1E-13| 6.8E-14
1.85] 731 | 13 30 i9.847E-06|6.9E-13| 1.8E-14|215| 737 | 116 | 882 |7.295E-03|2.1E-11| 1.3E-11
215 727 | 12 29 |1.361E-05|6.98-13 2.5E-14|2.45| 736 | 15 34 |2.826E-05|7.9E-13| 5.1E-14
245| 733 | 16 31 |[6.617E~05|7.2E-13 1.2B-13|2.60 | 737 | 18 33 7.8E-13
2.75| 737 | 10 29 ——— |6.9E-13| — |2.90| 737 | 35 110 |7.848E-04|2.6E-12| 1.4E-12
305 735 | 12 25 |2.059E-055.9E~13| 3.7E-14]3.05 | 737 | 125 | 968 |9.024E-03(23E-11| 1.6E-11
335| 735 | 13 33 |4.932E-06]7.7E-13| 9.0E-15]3.20f 734 | 12 39 |9.354E-06|9.1E-13| 1.7E-14
3.65| 733 | 14 32 |2.455E-05|7.5E6-13| 4.5E-141335| 734 | 114 | 841 |7.449E-03|20E-11| 1.4E-11
3.95| 734 10 28 |3.122E-05|6.7E-13| 5.7TE-14(3.65 | 735 51 211 |1.996E-03(5.0E-12| 3.6E-12
4251 736 | 10 28 |2.655E-07|6.7E-13| 4.9E-16 (395 | 735 | 82 462 |3.619E-03|1.1E-11| 6.6E-12
455( 731 | 10 25 °{8.155E~06|6.0E-13| 1.5E-14|4.25 | 734 | 64 287 |2.299E-03|6.9E-12| 4.2E-12
480 747 | 12 23 12.378E-05|5.4E-13| 4.3E-14 4.55 | 733 | 729 | 19970 |3.499E+00|5.3E-08| 6.4E-09
485] 732 | 19 34 |2.943E-06|8.1E-13| 5.4E~15
AT
— |72t | 3 | 0 |5445E-05/4.0E-13] 1.08~13
BEE  : FIEXME (L=30cm) o RALE 0. : EEREOERFIEZHE
p. HEE st RQ)ORE
p, EEREOHERMANES — : FERALT (ClE)

AF
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£1 AEEKHBRER R MVP-13L, MVP-27L)

MVP—1 MVP-2
RE| p. | P Q. st BRERE |EE p. | P Q. St BAERE
(em®/ BRI | FEEFE (cm®/ EFEE (EERY
(m) [{mmHMg)(mmHg)| min) (emd | em® | (m) [(mmHg){mmHg)| min) (em® | (emd)
0.35 | 733 | 347 | 4253 |7.780E-02;9.7E-11| 1.1E-10]0.25 | 732 | 728 | 20950 | (-————) {2.6E-08} (———)
0.40 | 731 15 | 37 -———— |6.96-13| ————- [0.30 | 735 14 34 -———— |5.6B-13| ——
0.45| 744 | 17 35 |1.T4TE-05|6.5B-13| 2.5E-14|0.35 | 736 | 13 30 -—— |[5.3E-13| ——
0.55 | 741 14 31 |[2.380E-05|6.2E-13] 3.6E~14|0.45 | 733 | 14 37 ——— IT.1E-13]| ——-
0.65| 738 | 13 34 -————-- |7.0E-13{ ———— 0.551 730 | 14 38  |8.005E-06}7.6E~13| 1.2E-14
075 742 | 14 32 |1.B33E-06(6.8E~-13| 2.6E-15|0.65 ; 736 | 731 {20210 | (-——-) {3.2E-08|(-————-)
0.85 [ 743 17 37 | ——-- 7.9E-13| ———— [0.75 | 729 17 38 ——— |8.0E-13| ———
095| 739 | 13 29 |1.051E-05/6.4E-13| 1.8E-14 095 | 735 | 36 144 |1.401E-06|3.1E-12} 24E-15
1.05] 740 | 13 35 |2.686E-06|7.7E-13| 4.5E-15]1.05| 730 | 16 49 |4.754E-05}1.1E-12| 8.1E-14
1.25| 737 | 12 33 |3.386E-05|7.3E-13| 5.8E~14|1.25 | 731 | 30 93  |1.344B-05|2.1E-12| 2.3E-14
1.55| 736 | 10 36 -—— |8.2E~13} ———--- [1.35 | 734 | 457 | 6323 |1.465E-01|2.3E-10| 2.5E-10
1.85 | 737 13 30 ——==- |7.0E-13, ——— |1.55 | 729 11 33 1,.141E-05{7.5E-13| 2.0E-14
2,151 736 | 16 38 - |8.7E-13| ——~ {1.55 | 737 15 31 |4.478E-05|7.0E-13| 7.8E-14
2.45 | 741 14 34 }5.433E-05|7.9B-13| 9.7E~14]|1.85 | 728 9 30 - |{6.9E~13| ————==
275 | 737 | 23 68 |5.687E-04{1.6E~12| 1.0E-12|2.15| 724 | 10 29 —— {6.8E-13| ———-
3.05| 733 15 33 - | .TE-13{ ——— |2.45 | 725 13 31 —— | TA4E-13| ——-
3.35 | 734 | 11 29 ——— |B.8B-13| ~——— |2.75| 733 | 12 31 - {7.2E-13
3.65| 735 | 17 32 |2.903E-05|7.5E-13| 5.3E-14{3.05 | 724 | 10 28  |1.301E-056.7E-13| 2.4E-14
3951 735 ¢ 11 33 | —— |[7.9E-13| ———— [3.35| 725 | 10 32 |1.749E-05[7.7E-13| 3.2E-14
425) 733 | 17 37 |1.121E-05|8.7E-13] 2.1E~143.65 | 728 | 15 32 |5.715E-06|7.7E-13| 1.1E~14
3.95| 728 | 10 34 |6.169F-06|8.1E-13| 1.1E-14
425 730 | 11 33 |3.471E-05|7.8E-13! 6.4E-14
455| 726 | 13 30 |2.866E-05|7.3E-13! 5.3E-14
485| 725 | 10 31 ]2.626E-06|7.4E-13} 4.9E-15
BEEE  : FERM (L=30cm) O HRAE 0. [ EEREOET(ZELRE
P, HSE st R OAR
P EEREOMERENEH — FIEBFRLUT (BLE)
AT HERLEOCEASNET LA (RONRyA—2RBUTRESELE)
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BVP-1 BVP-2 MVP-1 MVP-2
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T2 1) —hES (C) | 28cem 25 cm 12 cm 7 ecm
- F@RiEdamE 28cm 26cm 20cm 15cm
(B. CORENVHIDHE) LVHE | XDBR | XDHBE | kDHE

_15_



Ssﬂmw_vﬁmﬂﬁ

E-6ic &ILOEE). nE TOAEBRES T ERT. BESEERAYNEHBIISEND
FEEORREOHEA VL, £, FEGMYET»>OEEE L, RFICHETRHLES
PREREMER L, IhE DEYIZEEREHNEL . | -

(1) BVP-1¥L (FEmel,. MBI A FE)
B ZBEIEE. L EOERDREMEATIEIFIO en’d —F— &, ERiHRER K
LARIT—ELTWS, ZOSHHEMEHNTSE. FILIEGOREIZEERETIIEN,

(2) BVP-2fL (RERHEA!. MAceyEEEF)

B4 %EE R R0, nLUEIXIFIEI0 e’ A — 5 — & BRIBBREFAICEL XN T—ELT
WBHK, BE( TEFERENIA—F —HUEBLLTWS, ZOHMHHERNSHETS &,
FILILEE OB ZE RSB EE N 5 0.156mOEETH 5.
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5 AREILIIEE S LB THBOMERE SN EM D, 0. 20n~0. 25nDEA BBEIA =
WD — U RRERE - I TN S D B R 5. & o THILES QWYL EER
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A EEN R TE S,
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54 RPHE—ILFLEBEREBERLEDE

MG CREEZEEREROEESSNAEEBREN TN 5 &REILAT ORYEEEE L ¥
Wlie, ZHIGENIC XS EEEEOSBEE I NEROBSSEN IS 5220 L0
BLEZHDTHY. BBERAREOEOIRICHATIIENS, HEBSRBRITARED
CH L TRBECHBRARTH 2., —FLEORTF—IFLEEETE. BEEOHEIH
5500, BRENZEZEEETALENTEA-0EHOHAOERFAEZM A Z ENTE
B, Lo TEEBERBEEERT A7 L VEEEEL KT 52 &3, S@EORE
DEREMEAR CERORRE XV EHCERT B DAY TH S,

SEHEEBERREEMLUIAROREIL T, RS- FLPBERERINE, 0
L Py LEEBSRRERERHET S, BT R R—LFLPESE, B EOAROK
EHNIZBI 284 TH 5. HICREAEOEL. BOBELRL. EFEEESHEM Lz,
BB, EEREYEENSOFEEELE. BT, ORI SHHENZFEEFIET S,

(1) BvP-19L CRuBdEHI. HuwaEH

+ REMETRAAAZNZEABEEEIMENMET—ELTWS,

e AT T V- REPS0.20OMBICERERMGTI U - M EORAPBRREIN
o TORAVACRFAIPPLERICIEFTERBENKREN > (F-6. B42R) .

(2) BVP-2fl (FEREiEEl. MRBWAEEE)

s RFA TV —FREMS0. 20DMBICEBRERMTIS V- N EDBERPEBIN
.

o EO InfHEK I ARNEELEFBBENAZ L., JOARIARTRREIN AR
BERRBEMERL, HHEICEEFEFLTVNS, ZOHEENS D ZNDRBEIEEICX>
THOLZBEEEX NS,

o FEL SfTEE TREOAZENZ BEZBEXE N,

« BE2. nfHE TR A D ARIERI AP o R PEABRENAZEFLUEESELL
Rl ERE, BTOBRKERZETRAHOBEENER NS,

« BELONMHEIIZAOGL AmOBR/NERINSE, CITHILEENELLTBD., BE
2. nfhificEEEI N2 8. RUTROEES. WfifO8REHEFETIEEL NS,

c BEONy H—WEAEORDARICANBRE (EEL Snffir, EES. nftil) TIRILE
ERELLTED., >—IVBR+4THo ik,

o FES. InfHETIRILEENKZ <EBLL. BEL MHETHIETEEENRAENT ENG,
AAEICH5ABHIHSMCEELEBERBEERLTWS,

s N7 HR—NFUETHEESN-REFLBEAOASEDIER, FOMBICBISEABRE LT
HE LW, BEOE0. somTEASSBENC e’ 0BE (FEL InfHE) BH5—F4. B
OEX ImE CTHEEBREN I’ L ENES (FELnfhHE) &%, LzdisT, &
WA REOBRBOIBOAZ S > TEAEDOEND AR ORK ZHN T2 DITERTDH
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5, FILHEHMEOWEITAL—F 27/ L09<, BREILENELBARIPRBELEILT
Emwmﬁuﬁﬁﬁ%<matﬂ%ﬁﬂééo

2B, FELMTENSETEAZREENMEIS D DR, JORMMFLTEICT TICHEIEh
TWEBEFEOREILOEENS SONTHLAEEENSH 2.

(3} MVP-1%L (%%WEE‘!J MR R A =)

« RO IR ICRBENEET SN, BEBBERII A —F—L/hEn, ORI
MVP-2FLIEEEL. On~3. OniC L5 N A2 BB R OEMER 2R T I &M S, BB,
SHEELEEESHEEZAONS., LASENE, SO TP 0cnBECHLEICHZITHMM
HoT, BEBRENED TNENI ERBETREEETH S,

« TNUFERBOSEN R EFBREREVNET—EL TV,

(4) MVP-29L. CEEMRHHI. MRS XM

« BWRID/Xw A —BREHITHNBEMTIE, @ﬁ%ﬁﬁﬁk%<%ﬁ&%£kbrmé(%ﬁ
0. 8mfHiE) . '

« EEO. SnfHEICE DEL im0 BEPHEB I NEDNBEFBBREIXI0 en’ & KELS W,

« 2ENIZARBLWREFROBHOZOBEERNLZ S, BABEBER—HKIZEN,

6y £&&
cBEHBBENREVEEICRIEEHEOARNEET S LEATRVS, HOKROEFEELE
ABBEOHARERTSIDIITIEAY. TALLENTEELBSERER I o2
F&ARNEET 3,
HEPWEETHEONERRA (BVP-17L. MVP-17L) BAHENEBEALR<EEFBRBESTHE
WET—ELTHD. —HFlDEEEORERA (BVP-27L. MVP-27L) I O&RNE
Vi, _

« REHHIER (BVP-27L) Tid, WHHIEE, SW1cnDBICHBEICL > THACHOAR
MELEbDEEISND, —HFEMREEREM (MVP-170) T, EEIEEE M S #920cn D,
BH2HEANCEEE5 RNk EEIGND, TOT EMNS, EBRARNICHETE
BEP A ERICE L S EENAT N EERAINS,

e RT7F-NFLETERINEREABEAOAHDIESL, TOMBRBIHSEFEEEELI
HELRWI LSS, HE$LREORBRROEOSE b o TAREOLERD PEEATORE
EHET50I3ERTH 2. HFiIFMAOBEIAL—F I/ L27<, BEHEALENFD
BARPHBLEZETAMTOROBARE Lo LTRBIEND 5.
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