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The authors have established strict formulation of mathematical equations for permeability determination by
transient pulse method and extended the formulation to the specified cases, i. €., the authors have applied the tran-
sient pulse method to the hollow cylinder specimen and extended it's application to the case where fluid leakage
from the pressure cell is taken into account. In the hollow cylinder specimen, fluid leakage along specimen bound-
ary can be easily prevented.

Intrinsic permeability £ was given by the following formula:

b = e 0B R) Vs
2L V+V,

where « is the value to be determined from test data, x is fluid compressibility, « is fluid viscosity, Ry, R; and L
are the outer radius, the inner radius and the height of the hollow cylinder specimen, respectively. V] and ¥, are
capacity of the spaces communicating with the inside and the outside of the hollow cylinder specimen in the pres-
sure cell.

The authors developed a simple apparatus for permeability measurement. Pneumatic permeability tests using
the apparatus were carried out and the permeability of a specimen made of limestone was determined. The perme-
ability test takes only a few hours even for a specimen made of low-permeability rock because of low viscosity of
air.

KEY WORDS : Mathematical Formulation, Permeability Test, Transient Pulse Method, Hollow Cylinder Speci-

3

men, Pneumatic Test

1.1 €L & IZ

ek, BEREOBERAECIIAELRRAGEE AV -RIES L
<FbhTE, LrLess, AEEREEZAVBERAE
B\, BEREIHREoEMFRIZEN S OT, HERER
HIBT AR OB LI TREET S, —F, FZEOEHR
EERVWBEERAEICEV T, REREREO#HLERAFR
s 0T, #HREREICBITAMARNEHTIELL, Zh
CHRABEOMNBIEHAERE V=V IHEN L TR LTS
ey, £k, BEBSHOHRBIC L CRBERAREITY
BA, REREAHEPRITINTRBRBEEPHEFERIEL RB EV)
BER D 3,

M T, ZhbOMBEAEZRY R D, FEOFHHRE
FRAVWERERABIC L AAEFERL O DORBHERL 7

* 20024F4 A25 B%AT 10A 16 ARHE
LB Lnk¥EdR ITHFREHRE
2. £ESR I LnkFER I¥ETHSERTEH
3. BB %)
[ #F# 845 1 FAX 0836-85-9392 (1thAk - I)
E-mail : ymizuta@po.cc.yamaguchi-u.ac.jp
F—U—F: &Egﬁﬁﬁ, FERRR, FFrYcv b, PEAGHRE BE
A

HARERH

118 (2002)

NIESPET AT AOBFHHEIZ>WTIRARB,

AFRIEBVTEBRITEoNZERIZTAR TH B, ThiL,
— R EEAEOEBHRAFIIN LT, NEREAETHER
BD> BICRREKRZDZENTE, HOBRVATAFGHEIC
THRZERTEDINPLTHD, UL, BEMNERIZOWVWTIH,
EARRTHhoTHBRRR ThHo CHEROBBEIIZLALR
CTh5b, 27EL, BARBRICBWTIANN (BEH) & LTE
HEERBTHHERD Y, FToKkOEMMERE L ZEOHMER
BOERERS,

B ( T2EAE ) #REICI2BEICE L TIE, Brace et
al.(1968) BNENEDEBFHT B L OZFOFHEI SV TR LIS
BdH5, HREKOBRIEETH-THLARETH-TH, EER
PRET D L CHERT IO, MhoFmicEERFEE CH -
T, WEF (AELREA ) TL3ERiTRV., HEZXRERO
RBRAFZEPLCABROEBACREL, RBRAOAROES
NOFEOFIEHZICERT 3 % 0% ORBNES ORFRRR
BEAETAZEICLVEBEERODIFEEZREL WS, %
OEEHEBIIHRENOREOENCET 2 ERS FRALE
HUEZEL ZLTHHAD, ERIFERXOBEHIZBEL TEOH
XS OMICTFTIALMIZEIN TR,

No. 10, 11 667 (37



RiL & - KEZBH - THEC

Brace et al.(1968) IZ L W R X -l (A#) R kiod4 3
PPz bRV RBIZ L BDBRBROBIERIL, T D% Hsich
et al(1981) {2 LV 1 KB BRAOMEIHE - EREREE LT
ERG TN, TOMOERCOMEDOKER 2B E M Brace et
al.(1968) iZ X D EWA FBRXOMIIKIGT B Z L3R &N,

Fie, AEHREEZRAVWEBRBBEROMEE, T V=)
7V RIEPSMT KRNI, BAME, Tu—RrPERMEA SR
Tﬁ@ EABIEIZEI U Tl Zhang et al (1998) 12L Y, ZDFHiE

L AEBERAEOCEBHEMIBRENTNWS, Eir, 7ua—
Ry HEZE LU TiX Esaki et al.(1996) 12L&V, FFo Pz kX
NAEOHE & FRRIC 1 RITTEEFBRXOMME - ERERE S
LT, Z0OFBI L2BERAECEBNEMTRZENRTNS
IHliZ, BEROINLOREEICEALT, BEHEDL (1998) 28
22—V avEEUORENLEHEERIT->TC, TROOELHES
HoMNILTN3E,

AWML TIE, PENFRREEZAVEZ NI V2 bULREE
WL BPBERBES AT L%, Brace et al.(1968) DFEIZREV, &
Moy FREROBHIC X Y BEEAOCEBMT Lz, FEROEHI
BWTIE, FAESHEREN T Darcy Bllv=—(k/u)VP & B2 3 Z
EBIVAP=0%HZIFTZ E2ANTWD, EEL, k iIRE
DEBFER, iTHMAEORISERE, P IMERERNOREETH S,

MXOBRIITREOLBY TH D, 2. T, WOFBRADED
L R 3 EERROBRABOERICB T AREDEHICET S
HEAFEXEZELS, 3. TIE, 2. OFEE L Brace et al.(1968) {2 J:
SIRIENERER T =T MEICE Y, ARHRER X UhZEl
RHRETCOREDENCET 2MAFTEREZEE, TOMER
BRI LARZ KD B, & HIZ Brace et al.(1968) & FliE/nE
2\ X ERAELEE AV P OEHRAKC L 5BERD
BIEEFRREL, EFACL Y Z0REM%ETT, 2B, Z0ES
ROWREFEL, 4. TRARDREWERBERELRVET LD
BERERVTEREORERFELEL —KT 35,

4. CiT, {RIBMIZERER % RE LW EF/KIZ & Y AR
LHEMERRETOMSFRR L EH L, ZOMERY 3. T
ROTERYDEPREEZRI—RTEILETT, TDZ &I
;Uﬁﬁmﬂﬁ%%mibbw%?wom%ﬁ%%Bmm#%&
FEEIZ, BEEEFRD DD, FENERZRIT-ETE
XV fEERET LTS T%é LERRB, ZOZ kXS k
DEETCHEETHD, ZRRNUBE UL & &iIT, FEHZERET
ERITIZETMUICE S BERL (HMOFERXOEH ) #1To71
BE, TOMRERD, MOWEEEZAALEZABOEDOT ALY
ALEERT A L, FHCOWTITRRTWARNA, FES
TFA—FIZ IV BT OREDIELOTRETH S,

Thizxt LT, RANZERBERITRWVET AT, 5. 0%
TRRTNB XS ICABED =D TN I Y XAOEENBTEETH
D. TRHDZ LIMEENMEREZRITRVETNMEO Y L
FIRERLTWS,

2. ExFEXOEH

Fig.t DX 5 ITEBORMROBRAES, BRAOKKLER ST
BELTWD LT3, SHIAEBNOKER S 2 BLTOZEA -
HEEITD & 75, EBRNOREOENS P, K% v, &k
B (5 F3ON, Boltzmann B by & L, EHARAEOREFER
PV=NkgT ZHIcT LT3, T, [EOHRENTOEES v,
MRS 4, BREOBERY £ & L, #RENIBVTI
Darcy Hllv=—(k/)VP RV Lo L+ 5,

RFHRFR (EEREA) LY, BRE S Lotttk »s

668 (38) BREEH

NU~DBMIERRY MvEn b$5 L
e s J
=P H(——VP) dS——P J'J'

LizB, ﬂﬁm%@ﬁﬁ4«mx—uPrbO,ME®ﬁ¢mk%
KHEHEBLBZWZ & LY, MHEED =0 TBIT3ERRcE AWV
BLROEFRFERNEBD,

w5

3. REMLGERRERITIETIVE

3.1 FARBRECEIATEIOER

1. Tl~7z X 51Z, Brace et al.(1968) 1T E B D EERZAEES
7%, HEROBRF #FZALZHAGROEBHNICHREL, R
BAEROBRBATJEOHBNEREZBE L,

Elz, BoneT - bBEERERDBLDOEER LT
L7z, UL, Z0OEEHEEE RIEZFELIIRL TR,
ZIT, ThEHFRL, pOohZEEEERE L OLBREITS 2D
2. TRDEFEKICLY HE@R%@%@@&EE’JE%%%%‘T
%, Fig2nXkoicRE L oMEHRAEEEZ B,

BRELR (ER) OBFBNORIEDIES % P (P, 558 % V()
15, e, HREOHRA(ER) ORFETIEE 5)(S,) &
L, 8i(Sy) EOBEENGIHMU~DEMIERS7 & n & T35,
KXMIZIVROFERER/D (LEL, BBREFR LV ERE
LTW3),

= w%”ﬁﬁ

jﬁiﬁ

Brace et al.(1968) I L2 EFNVLERU L S, ERLEOYWE
ThIBEREETMELT, FEMICHEHRERE ORIz
EHRLTWBEEXD, ST LB REHZERESOREDES

Pressure cell

Fig.1 The interface (s) of arbitrary shape of the specimen and air in

the pressure cell where » is outward unit vector normal to S.

Ve
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Fig.3 Outline of permeability test using a hollow cylinder specimen.
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Fig.5 The hollow cylinder specimen made of limestone.
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Fig.6 The pressure-time records obtained from the pneumatic
permeability test with no leakage for a limestone specimen.
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Fig.8 The pressure-time records obtained from the pneumatic
permeability test for a limestone specimen.
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Fig.9 The pressure-time records obtained from the pneumatic
permeability test for steel specimen.

Table 2 The initial pressures set up in the tests and the parameters determined
from the test results.

Parameters No leakage With leakage
P’ (Pa) 3.36 x10° 3.19x10°
P (Pa) 1.22 X10° 8.98x10*
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K(m/s) 6.7x107 5.8x107
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