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A New Simple Gas Permeameter for Permeability Measurement of Small Samples
of Volcanic Eruptive Materials and Experimental Run Products

Shingo TakeucHI* and Satoru NakasHiMa**

In order to measure permeabilities of small volcanic eruptive materials and experimental run products, we
developed a new simple permeameter to measure gas permeabilities of millimeter-size samples. This permeameter
can measure permeability in the wide range from 10~ "7 to 10 '°m? with the precision within one order of
magnitude. Nitrogen gas is used as a working gas. The permeability is calculated by using Darcy’s law applied
to results of steady state gas flow measurement at fixed pressure differences up to 1.5 X 10* Pa (ca. 0.15 atm). The
pressure difference is measured with the precision of 10Pa by a water column manometer. Gas flow rate is
converted to water flow rate in an acrylic container and the water flow dripping from the container through the
tube into a flask is monitored by an electric balance.

We confirmed the accuracy in permeability measurement by measuring gas flow in a stainless capillary tube
(15mm in length and 100 #m in inner diameter). We carried out flow measurement with the pressure difference
of 1.2X 10 to 1.4 X 10* Pa at the flow rate of 3.5X 10 °t03.9X 10 ®*m®/s. Measured gas flow rate was compared
with calculated flow rate, assuming that the gas flow in the capillary tube is Poiseuille flow. Although the
difference between them becomes large for smaller flow rate than 10~°m?, the discrepancy is within 0.25 log unit
for the flow rate larger than 10 °m’/s. Permeabilities of centimeter-size, four air-fall pumice and scoria
measured by this permeameter are consistent with the permeability-vesicularity relationship obtained from
pyroclastic materials by Klug and Cashman (1996).

We measured permeabilities of nine samples of porous ceramics with varying dimensions from 1.3 to 8.3 mm
in length and from 5 to 78 mm’” in cross sectional area, which were cut from a homogeneous ceramic rod.
Permeabilities of millimeter-size samples are consistent with those of ca. 1 centimeter-size samples, indicating
that this permeameter can determine permeability for the millimeter-size samples.

The permeameter can be easily assembled with commercially available components at a very low cost, and will
be a useful tool to measure permeabilities of small volcanic eruptive materials and experimental run products.
Key words: gas permeameter, permeability measurement, degassing, vesiculation
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T IRBIAFBIEY 270, T L TR OE(LE &
BIWRBENEDL I ICHEL TV NIE, v7/=D
A RHERRRICB Y 3 < /v ORBWDOFREICOVT
AR EENER SN TV 5,

INZF T/ =0EBEICOWTI}, KRB RS
FMNEITEES W THIZEDBITIH N T X 72 (Bichelberger et
al., 1986; Klug and Cashman, 1996; Melnik and Sparks,
2002; Saar and Manga, 1999). L» L, K&ibkHi< 2
TWIRGIEZ THRE SN, EiE Twilsh 28T,
~ 7 RENC & B KIADEIE R A AT & B KA D fREE
T - 1R OFEANEE R M L 72 b DT h B alfEtEr b
5. Fhl, RAREHCESOTHITEL » oHikich
LETCO v ORBEWOMEILAFRT S T L ITIIIRRA
b B, %1z, Blower (2001) FEfEE FILER VTS
< ORI & B ROBRETE L TV S D0,
Z DI E 7V DZ Y EERGET 5 7o D DFEERI 7 — ¥
FInF T FELEL,

Gk, 373 OREFRICBET 5 L FEEIE T — 5 D
GO dIcid, EmEREREE W~ 7 <8
DFTAFERICE D & < /v ORBHEOFR AL TV
MEDND 5, EBRO <7 <YE A SESE FoRias
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bR & b BRI iR R ERA L Tv B
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%€ (Eichelberger et al., 1986; Klug and Cashman, 1996;
Melnik and Sparks, 2002; Saar and Manga, 1999) 7> & I3,
FIAEDEL vol.% 7> & 90 vol. % 12 b4 2 DTt L T
RBERIZI0 "M 5 10 "' mETeMT b T s &
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L7tk A RE Q) & A0k T 2 1% T
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ThHsH, —f, HEftzEgcERWRERERkE LT
AOWGEIcd, ENC X 2RIEOKRBOZLAHIE S
N TNioXBHsn s (U - PER, 1991, p19-
22).
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FhEEF O 7 2 ), Wkh@EREom 2EITh b, K
W7 TIEI (2) 1T & » TRBERZHE T 5. ABELEER
BEE TP & P IRGTITIFIFELL, PLRREEE
BESNFEE (AP=P,—P,) OFNCEE L., AREET
13, BN U 2 (4P) BERATH 1.5X10°Pa TH
n, K1) &K (2) THEINZEFERDENIZHRAT
b1%ICEEFY, JURDEREIC L 2E ISR EXR
LW,
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ARBE K GABRSEE (LS A A ) 4 —/X— (high pressure
gas reservoir) * FE/JZE(LER (pressure stabilizer) * &%,
)V (permeable cell) « Z=TFHHIES (water column ma-
nometer) * {fEACHZS (flow rate converter) * BB T RFF
(electric balance) 7> 575 % (Fig. 1). &5 (3N 5Smm
LemmOE=—VFa2—TIlk-THEIESN TV,
PIFOEiTREEB >\ THEICEER L T L.
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Fig. 1. Schematic configuration of the newly developed simple gas permeameter.
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£ - TRETE D 5 KT+ 1.5x10°Pa (150 cm DK
(78) PREOHF T Lo A 2 ET)OHEE N AIfETH
5. HEITLEACENS, DRSS N O BRI BRI 12 &
K-> THEUZEFEOARLEERRO B HEE R LT
5. F ARl O@EBA TR D 4R D &K E N L TRK
ANEHFESE LIk, RRENEF L Tbiliso
HZEMFE U 12 B B 72 DICEF ORLE ZH U1
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IRNDBfIEES N TWA, Fig. 11dh 5 & 9 kX vn
SEANF A RGAM A 7 THEBDIENT % TEpN
LEEIC -TVWE, CORER T~ 4w Mak] &
RIS (elk « 5fk, 2002, p76) T, AéaND
IKEIDME M & 2 ZEAFEIMO R . BENDH A D
WA L O IKEAME N LTV A, Wl YA 7O 05
Sk b RIKENH BB, AROHBOFEIIF—EIIC
Rich, ZEOLEBENERS NS,

BN OHHT 2KB=EM7 5 2 3 icidsrh, TOE
B LABETRFECHHIL, HIETOKOBEEA[H > T
BHEREEAEREICHREL, 7 2OEEREERD T
W3, Fa—T7OHIKOET 7 ) VEENEBD P < A
TOMOEESEEbLEZESICE, BXEVO NEbIE
JERGEEFLL 05, BEBFRREIGRS232C 7 — 7 v
Ik ->Toy a v L, A v a il
TW3,

ALEE Tl b 2 BEKERRICHRH LA A iE
TSR CE A & & THAIIRI O A R iR Z RS TV
b1z, REICIG L CEKHMAHEETSE itk -
T, BLEVHFTORBHENTE S, Fhoh 2 K%
KOG RICERT 2 121, MyNIRTEOFEE S HE D
THEICIE > TV B, TS EMIEFICIRL WA R R
Dt AIREIC U, AREEE O EFAIE HIFH O I8 2 A
TW3,

4. KESHRBREBEORE L EEHE
ABEEOETEPCTROERGEEIERT 5720, B
15mm « NE 100um D 2 7 v L 2 8IS REME = ftg 1
B IA A T VB LB SXEABR 2 T8 - 72, Z DB
ZEEHS 1.2X102— 1.4 X 10* Pa, # RRENI3.5X107 10—
3.9X10 ' m’/s DM THERT S E . TORFTERE
1118 - 12354, @BEBMENOHEND LA /2 WV ZE (Re=
OVR /1, T T Tp, HEHRAREE; V, I AFHE; R, EF
By u, RN ZREMER) 3B X2 102100 TH 5.
N, SEHENORNIE T XA LHRENEIGE T &
%, BEMENO X T XA 2N EIREL, Aok
ZEHECHT 2 R E 0GR & TS & O AT - 12
(Fig. 2). #F, T8 bbHRKEINES LB RIT>N
T, AEE,rSOFNIKEL S, TOERIIEHE
DEHICIETFREOAZEREIC X > THEN ZREN
RELBBLODTHEEELZOND. TORELZBET
B1edITlE, BT REOBRERROUECHEREDO LD G
WETFRMOMEREENGHRE LTELON S, BR
THHRAFEN1079m/s DL D EERSA; DEPH T

Pressure difference (Pa)

101.5 102,5 103.5 104.5
@ 0.4 T T
s
5 L |
2
B o2t © -
=
3 i o) |
S
~ O @)
© 0 O_Qj‘:
IS oCo ©
5 i |
(=]
= 0
'c -
cg -0.2 o
g | ]
=)
504 ' ! ,
101 10? 10 107

Calculated flow rate (mz'/s)

Fig. 2. Comparison between measured and calcu-
lated N, gas flow rates through a stainless
capillary tube with 100xm inner diameter at

various pressure differences. In the calculation,

the flow in the stainless capillary tube was
assumed to be Poiseuille flow.

13, FEAMEOFEM I 2 i3z r — v 0.25
L O/NEW (Fig. 2). €hilk, T OEBRSIHOEHL S
&, HORPHNORE CHREANETE 50T, FnEE
M vol.% D> 5 90vol. % & TEALT 2 DIcxI LT, RiFE
Fhs 6 &AL d 2 KILE IR O HIE I i3 oA
Ths.

AEEE T, HRAFEEKOFEICERL, KE=MA
75 2HEFLT, EEEMEL TS, 75 2ah
KRGS TV B0, HRAEEN 7S 2amrs
DIKDFFEHE A o] - 15& I3 7 2 REs T X
. FEiR 25°C « JE 60-70% « &UT 1,010 hPa @ Bl
TTE, $0.5X107°m¥/s DA RFEICHY T 2 7Kk0 =
A7 5 2apoEKET 5, REEOEFREROMHRA
&, CDKDEFEHEE LB RS « WiiifEic & - Tk
FoTW5,

AREEE T & - CTHIERRES G E ORI IL, 2D
1.0X10°—1.5X10*Pa, # A{EH 107°—10"m*/s TH
5. COFHEFH T, 1mm 2 5% cm 14 XDEHED
BT 1077107 m? OO EERARET 5 <
EMTE B,
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Table 1. Results of permeability measurements for pyroclastic fall samples.
Sample Length Diameter Bulk density Solid density Vesicularity* Permeability ** n***
(mm)  (mm) (10kgm’) (10°kgm’)  (vol.%) (log m%)
Mt. Takatsuka red scoria 14.0 9.9 2.30 2.9 21 -14.3 2
Mt. Takatsuka black scoria 12.7 9.9 1.67 2.9 42 -12.9 2
Mt. Usu 1977 pumice 142 9.9 2.5 54 -13.5 5
Komagatake 1929 pumice 7.8 9.9 0.84 2.6 68 -11.6 2

* Including +/- 2 vol.% error due to uncertainty of solid density (+/- 100 kg/m’).
**Average values in replicate measurements. Standard deviations (1) of replicate measurements are within 25% of

the average values.
*** Numbers of replicate measurements.
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5-1 ESHBOOOREOER

RERAEHZ D W T PR BXRREITR S 720, 4
SO N KRR (BRI 1977 FEE KD 71 A b
BRG (&2 - fth, 198D, JuigEs & 1929 FHE KO
LIS B84 (Takeuchi and Nakamura, 2001), {75 5]
B KB O—2Th 2EFIIR 3 ) T EOXREHSR
B3y 7E, ThopEmBERbshssick->TH
Ktz a ) 7 (LEFFE « i, 2004)) (22 WTESG
R 7o OB 2R L 7. AAMKEN B L& Tlh]
FHSNTOAEMH I 7Y v 75 —Z2HOTEEY
10mm OMEERE 28B4 « 23 ) TR S DAL,
FFEA S ICHIE L, - 2 MR = R L /2.
BEgcHEREOBER « R&s%2/ FXTHELL. E
REBICHEIERE 1) Z2RD2DIVETH S

CORfRT, MEREOFEE kY, ERENET S
CEILE-T, pEEELEED, & OIEEEEEH
W5 &Lk - GRRIOFEEE A5 Lo CBIRERIC &
ZFIAE R D). »SEE « EHBE « FiaEollE
fii% Table 1 1S/R9. FIEIC K D RD t0p SEE D
LHAREL S 2700, KiEEEE 2 OIIHED BEA
IO WTHERIE 21T - 74558, 2.32X10°kg/m® & 75 -
fz. TOUF A FROFEFICE » TR MHIED BIEG
DFEE1F 2.320X 10°kg/m’ EEENTH YD (Okumura
et al., 2003), T DO—FH» LI X B h S EEEHIE D
TRREE AR - TWAB Z ENMERTE 1.

ERHEREE L, KRt 2 BRIc Lic b oico vk
ZHVIcE s 2 2= —ik (LT - R, 1991, p17-18)
Lk - TR, BV A—4 —ETIR, —EOKREE
FiofcEr /A =5 —ofusilEim R s AnCiEL,
HREAARDA 7287 /) A =8 —%IKTHiT LIS
SICRERZITV, EROWIND D OEW 72K EIE % K
B, HEERDBA TV WEY /) A — 4 —DRFEEE
WEIKDEREEDEE E BT ETHROERDEHE S h
5. 138, KuaEEF T OIHIED ZEHOBRICOWL

T, B/ A=y —EEROTEEEZRDIE A,
2372X10°kg/m* £ 75, BREP T v+ 4 72 OJHE
EHOTRDBEE FIE—HKT 2. 2OTEnS, B
J A= —ETIERESC A>T E100kg/m® D%
THEMEEAZHETCETVWEEELIONS.

B shHEREOF 0 % 10 HEE TesicE L
T 588 (Kulzer #5157 / £ b 4004 F) TlE, ]
DY —vafr-t. CORMEDRMHEEHrcE <, K
SHEAMES THEE S BPR 0 I B W T IREEIZER A~ O #ilE D
PIE IR A RIS - 72, Wi CElW fRic, 1000 & T
DK CIERBHEE L, o [ FHE42FE ORI
BZ T 2D%, KET Y/ — NIk - TSR
TV, ZERAOHENZMRE L2 Bk L 23 %
KRR e — 7 —ORNICE &, WgEEfTR -7 TO
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Fig. 3. Measured permeabilities of several pyro-

clastic falls plotted against their vesicularities.
Error bars for vesicularities are *2vol.% due
to uncertainty of solid density (#=100kg/m?) of

rock samples. Error bars for permeabilities are

standard deviation (20) of replicate measure-
ments. Bold solid curve indicates the rela-
tionship obtained by Klug and Cashman (1996)
from 73samples of pyroclastic materials. Two
fine solid curves indicate the upper and lower
limit of the scattered permeability data for these
73 samples.
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P CE(L S, SO R LUAIEE{TE 7. O
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—1.5X10 "m*/s TH > 7z, SEIORBRAEICLZE
PRI 1977 HEE KA OB R O fE1Z 3.2 X107 4 m?
(1073 m?) |, 5[EOHEIET — & DIF 5> = FFEEICH
LT9% DHPHICE S £ - 7. T T &0 SEERAIE
PR ERELE > TWA T ENTEETE L. T
DikHE 2 Bl BSEARER LT 5 itk - TR
BRAERD T,

4 TR DB T KN 2 W\ C DIREER & FETaE D BfR
% Fig. 31287, 4 > DB OFIAEL1Z 20-70 vol. % D
PlichicoT05b. 45D N KRR O EESR &5
JAEORRE, UL TAPIOREREZ G
F— & Bl FHRE S N/ Klug and Cashman (1996)
O EBBLR—E L. KRFEENCET 2 :BE 00
FEDBEEN O b, ABXEARIEE TS IEDE
B afH->T0Wa T E0bn s,

Table2. Results of permeability measurements for
small porous ceramic.
Sample Length  Diameter  Area* Permeability*"’nW
(mm) (mm) (mm?) (log m’)

Alsimag L 7.7 9.9 77 -13.4 2
Alsimag 1 8.3 10.0 78 -13.4 2
Alsimag 2 7.2 9.9 76 -13.3 2
Alsimag 3 3.3 9.9 76 -13.2 2
Alsimag 4 2.1 9.9 77 -13.1 2
Alsimag 6 2.0 irregular 25 -13.3 2
Alsimag 7 1.5 irregular 11 -13.4 2
Alsimag 8 1.6 irregular 15 -13.5 2
Alsimag 9 1.3 irregular 5 -13.3 2

*Average cross sectional area of upper and lower end surfaces
of the samples. Standard deviations (1) of the areas of upper
and lower surfaces are within 4% of the average values.
**Average values in replicate measurements. Standard
deviations (1) of replicate measurements are within 37% of
the average values.

***Numbers of replicate measurements.
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Fig. 4. Measured permeabilities for small porous
ceramic samples with varying dimensions shown
in Table 2. (a) Permeability vs. length of the
porous ceramics. (b) Permeability vs. cross
sectional area of the porous ceramics.
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