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ABSTRACT: Recently, the groundwater drainage by large-scale underground facilities forms unsaturated
fractured rock of several tens of meters locally. It is necessary to establish the hydrogeological characterization
method for unsaturated fractured rock. As unsaturated fracture rock is mostly filled with air, a pneumatic test can
be a useful method to investigate the hydrogeological characteristics under natural fracture condition. In this study,
pneumatic tests had been performed in unsaturated fractured rock, and the suitability of pneumatic test was examined
with comparison to a hydraulic test. Results of pneumatic tests showed a wide range of permeability changes
depending on fracture characteristics. According to the comparison between the results of pneumatic and hydraulic
test, the permeability values by pneumatic tests were 2 ~ 4 times larger than those by hydraulic test in the sections
where permeability values are larger than 10" m’. But, hydraulic test results were 2 ~ 10 times larger in the sections
with the permeability of lower than 10" m®. This is because hydraulic tests in highly permeable unsaturated
fractured rock did not satisfy the saturated groundwater flow condition. In case of pneumatic tests in the low
permeability section, the injected gas could not enter into the aperture filled with pore water by capillarity. As field
test methods to investigate the hydrogeological properties of unsaturated fractured rock, it is confirmed that a
pneumatic test is suitable for the permeable sections, and a hydraulic test is suitable for the sections with low
permeability. However, because the permeability of fractured rock varies greatly depending on the depth of field,
a single field test method has limitations in investigating the permeability distribution of unsaturated fractured
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rock. Therefore, it is considered that both pneumatic test and hydraulic test should be complemented for effective

investigation.

Key words: unsaturated fractured rock, hydrogeology, pneumatic test, hydraulic test, permeability
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Table 1. Details of pneumatic test condition by each test section.

Unsaturated zone Etc. (depth of

Division Soil Weathered Fractured groundwater
ot rock rock table; m)
Interval (bgs*, m) 0~24 24~12.0 12.0~94.4
HTB-1 94.4
Length (m) 2.4 9.6 82.4
Interval (bgs, m) 0~1.7 1.7~7.5 7.5~943
HTB-2 94.3
Length (m) 1.7 5.8 86.8

*bgs is the abbreviation of below ground surface
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Fig. 1. Location

of study site and borehole arrangement (Sources: Google Earth and MGEO of KIGAM).
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Fig. 2. Schematic diagram of pneumatic test in unsaturated fracture rock.
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Table 2. Details of pneumatic test condition by each test section.

Initial pressure at test

Test section section before

Injection rate

Borehole (bgs, m) pneumatic test (L/min, standard state) Ete.
(kPa)

31.0~45.8 99.9 5-10-15, 10-20-30 2 times
48.5~61.6 100.7 30-60-90
505625 1003 5 excesgive pressure rise,

HTB-1 interruption
70.7~77.1 100.9 5-10-15
81.5~89.8 101.0 5-10-15
89.8 ~94.4 101.2 15-30-60-90
51.0 ~58.6 101.6 5-10-15
59.8~69.7 101.1 30-60-90

HTB-2
69.5~75.3 100.9 30-60-90
75.8~943 101.2 15-30-45

Table 3. Details of hydraulic test condition by each test section.

Borehole T‘zitgss‘fﬁ)on Injeiﬁggé’rﬁs“re Etc.
32.0~458 3 constant pressure injection
45.5~52.6 6 constant pressure injection

HTB.1 49.5~61.6 1,3,5,7,10 lugeon test (5 stages)
70.0 ~ 80.2 1,3,5,7,10 lugeon test (5 stages)
81.5~91.1 0.5,1.5,3,5,7 lugeon test (5 stages)
89.5~97.0 1,3,5,7,10 lugeon test (5 stages)
40.5~51.0 1,3,5,7,8 lugeon test (5 stages)
51.0 ~62.0 1,3,5 lugeon test (3 stages)
HTB-2 61.5~73.0 1,3,4 lugeon test (3 stages)
73.0 ~ 84.0 1,3,5 lugeon test (3 stages)
83.5~95.0 1,3,5 lugeon test (3 stages)
of Saysteich. THEE ARTAIIA 9 AF 10 BTHS AA) e L A ojo] w3 - 185

T

F

o

off

g

p

AL 7|
el el

ru{
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Q1 kel 45

A 1054 35 2
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29lae Faste] AN HS AT
ﬂi?ﬂﬂdﬂ$ﬂ%¢5ﬂﬂﬂﬂﬂﬂ¥ﬂm
o) uAE 5] ofat ool &4 EE gjRa

17 Sistel, 7 A2kl clefed
g dsaom S
1202 AR g oL, AuTL
HsE Tejst] AlEAI7LS
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278 533} gt
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(j) HTB-2, 75.8~94.3 m (bgs)

Fig. 3. Pressure variations during pneumatic test at each test section “bgs” is the abbreviation of “below ground surface”.
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ifies
il
2
o
k1
32
e
o o
4z
|n}
iR
=}
27
=
=)
x
N
)
lo
Jo

=] w0 2 2YEIcHLeCain,
1997). E3] HTB-1 Al5232] X|5l4 TA9l A%
89.8 ~ 94.4 m F7ke] AP AN E FHT 4
AT S7Ro2 Uehksd (T 3, AE27] A
sl AR F7ke 2 ARt ofa) B2 A9
A Sl Trelo] Bep] WEo 2 25T,

HTB-1 A|220] A% 595 ~ 62.5 m F7Foj A=
A2 FYUFFOIE FHsL A&HH A4 A=
Uetio] 1aAol A FU4& Sastgied], Ald+3t
o] FiL T} vl 2] wZo|e 1 3c). HIB-2
AlF59] A= 51.0 ~ 58.6 m ¥ 59.8 ~ 69.7 m 7+
o] o s 2 o2 3 e FEHE UE
U= =, ol F97E= SAZI= M 7t
WIEHE FAIHA 93, AE ST FAREFS
AdAshs A= Alfo] o|FojF7] mZelrt
(29 3g, 3h).

32 FIIAIE Znt HRAE SN

E7IAE Ao ARAH e 294 27
AT GAE AL HE o] 835te] kel Bxtw
(permeability)& B7}sk= Aolth AF/SH 34
o= gke] 22789 (4] 4 o83tIHLeCain, 1997).
3 40 ZF AEFZHY] AR e Tk Bt

< Akt Fo= 9] gk HTB-1 A|5=F
o] A% 81.5 ~ 89.8 m F7HolA] 4.02x10"° m’2 U}
ERgon, gk HIB-2 Al339] 4= 59.8 ~
69.7 m 7ol A 3.54x10™"° m> 2 2| AZre] v]3] 90
v 71 & Ao 2 yebyh

T AN o] GAR S=3Y5te] A4t
H Bi=E FYREe] S7Fl et gAY
(ex. HTB-1 A& 31.0 ~ 45.8 m 7h), &718k=(ex.
HTB-1 A% 81.5 ~ 89.8 m 7:7H A3S Yehr=
stgch FUF 7kl et Boert gashe
AL HAg 550 o3t YPF &4 FHE
$ 9lom, Batwrl ek AL AR doE
PN PO 2 QA 7R - (leakage) Tt
A 5 Qltk

a9 4= A2 B=Y B2 8]
ato] 2ol wstol w2 Al WS et

W ot (4] 4ol sy, Fotes FURFTL S
SAFRY vE(Q. /(A p))ol BlEH SRR T
e FRIAM o dAR AldE AHE o83t
71&71E Axtetd, FH=e distghe A
At & Ao B2 =20l =oE
VB2, FUFF S7Hl ATt FH=] 4 8l
37t YF2 FAISIAT Al e & 4
of A =lstit

F7INE AR B, Bt gdizes 3
A vebd 72 HTB-1 Al332] A& 485 ~ 61.6
m 9 89.8 ~ 944 m F7H} HTB-2 A|l&39] A=
59.8 ~ 69.7 m 7k} o] FIH2 A|F Fof| 2]
49 A% e FE w72 3ot

33 EIIAIE A1 SRR 34

E71ABA Aol e Fest 42F ol8st
of RYFAHR kel Tz g Brrstect 1
A 3142 Cooper and Jacob (1946)2] & AH
ol 7123 (4 6) L (4 7)¢] 2aRke] AZH e
2713 9 AT 271%S ol g5t Brletsich
(LeCain, 1995; Suthersan, 1997).

1% 5% Suthersan (1997)9] 34 4]-& o]-83}7]
5t Hi<4(semi-log) A} ZE ZA|St] 21
9] MM SIS AR Ao, 19 62
LeCain (1995)9] 3}444]2 o] &3}7] $J3}| semi-log
I ZE =ASte] 2] AR AT St
22 Aakst At o]t 3 50 AR AP 3
Pol e EREe Felsiglon, Mok S5
Pl el AEER FASte] AASHC HTB-2
Al&F2] A= 51.0~ 586 m ¥ 59.8 ~ 69.7 m 7t
& WA Rolely] Brks A4el A £ A1
olm, WE o] AR AE SISt

Suthersan (1997)9] sj44]2 2 HrlH Tz 9
HAZFS HTB-1 3329 A% 595 ~ 62.5 m TL7F
oA 9.12x10™° m’2 ehgon, Hoizke HTB-2
AZg2] A% 59.8 ~ 69.7 m L7F)A] 2.94x10™° m”
o2 Uehgzr) 2agte] o 320uo]c LeCain (19%)
o] a0 2 b Eaiwe] Hagha ARk
FUT 7oA Uelton, Haghe 576x10°° m’,
2279510 m? 2 AThA © 2 2A] rebget.

A B7IA1E A= o] thske] Suthersan (1997)
shal0 R kel Eah(E SR LeCain
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Table 4. Steady-state analysis results of pneumatic test.

. . . Pressure Permeability
Test section Injection rate . k. m>
Borehole . increase (k, m")
(bgs, m) (L/min) . :
(kPa) individual steps representative
5 5.59 1.69 x 10
10 14.09 1.29 x 10
15 22.49 1.17 x 10 4
31.0 ~45.8 - 1.10 x 10
10 15.56 1.16 x 10
20 32.18 1.04 x 10
30 4423 1.08 x 10
30 2.00 3.05x 10"
48.5~61.6 60 4.68 2.68 x 10" 234 % 107"
90 8.48 2.18x 107"
59.5~62.5 5 >100 - -
HTB-1 w7
13.36 1.24x 10
70.0 ~ 77.1 10 28.27 1.10 x 10 1.02 x 10
15 4471 9.69 x 107
5 31.95 417 % 107
81.5~89.8 10 59.38 4.02 % 107" 430 x 107"
15 75.59 446 x 107
15 12.34 5.66x 10
30 13.63 1.02 x 107" "
89.8 ~94.4 - 1.63 x 10
60 17.79 1.53x 10
90 21.17 1.90 x 107"
5 18.72 8.05x 107
51.0 ~58.6 10 58.50 437 % 107" 471 x 107"
15 76.92 4.65x 107"
30 2.24 3.54x 10"
60 5.55 2.80 x 107" "
59.8 ~ 69.7 - 2.72%x 10
60 5.40 2.88x 10
HTB-2 90 9.02 2.55%x 107"
30 11.64 1.01 x 10"
69.5~75.3 60 24.11 922 x 10™ 8.86x 10
90 36.72 8.60 x 107
15 22.76 9.42 x 107
75.8 ~94.3 30 54.65 6.87 x 107 7.04 x 107
45 75.36 6.92 x 107

(1995) sfjMdAlez HrlE ZtRoh HFFoez ofF ol XA AP 2 71 zfold] oJFt Aoz
19% 7k 2A vepgdet. B71E Eoerh 7P 2 A

2 2kS Y uf Suthersan (1997) 3j4] 4] 2] Az}

7} A 58% 71 A yehgon, Ealert 7 34 MRAES SEFAR siA Zu} Hin

St tiRE 15% o9 HlE= Yehdth o]2dt E3X3} ot FIA R ol 7 A9 AlF TRt
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3 9 o)A E ] S m &S] S5
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s, ARAE Bohgtel 3R

el ] B7Rgk
Z AR Yepyitt 1|
= A A ZALA(USGS) A 1990¥ 9| ArizonaF -&
B|AA Gol| A =35t F7|AIE oM = HF
Fajer}h FgR 3 9] Bicha(semi-log)
Evtewct 2 ~ 3uj(EF 2.62
AR FE=

LeCain (1995)2 AFA e o] Hrlgko| _l?_z
Bolghact 24 yehts
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. .
Z)AH 0] 85% 4220 2 LRt v} QItHLeCain, 1995).
12000 2000 ‘
| ! s | .
10000 | 1 / O I N S
& 8000 - --— - ‘ ——————————— & ; )
% b %1200 - 7
& 6000 | N ] 4
B VAl S 800+ -~ S
& 4000 % Y =352.79 X 8 | g ‘
X R? = 0.996 200 N Y = 18.274 X
2000+ - - /- - R,2=0.995 R? =0.987
{1 /¢ ‘ . R.2=0.980
0+ e 04—
0 10 20 30 40 0 20 40 60 80 100
Flow rate (L/min) Flow rate (L/min)
(a) HTB-1 31.0~45.8 m (b) HTB-1, 48.5~61.6 m
25000 6000
20000} - - - - e A 5000 R S
) 1 ! v % 4000 | .
S 15000 - ! oY I i
3 ! V BR300 - e
£ 10000 ] o 1 . X P ]
[} L Y =14499 (35711 1 10 U U SN
e e Re = 0.998 o] Y = 61509 X
5000 R,2=0.997 R? =0.908
: He i I R.2=0.878
P 0 +—————————
0 4 8 12 16 20 0 20 40 60 80 100
Flow rate (L/min) Flow rate (L/min)
(d) HTB-1, 81.5~89.8 m (e)HTB 1, 89.8~94.4 m
2000 10000
* | |
1 1 1 | | b4
1600 | ; 8000 | ! ! s
5] L ® : »
S 1200 g & 6000 - 1 e
i i Rrd
% 800 4 ——-d--- - R % 4000 - - - - - R G s sh
a 1 Y=19.854X a 1 /‘/ Y =94.429 X
d e 1 R2=00994 i R? =0.998
400 T R2=0992 e R, =0.997
0+ 0
20 40 60 80 100 20 40 60 80 100

Flow rate (L/min)

(g) HTB-2, 59.8~69.7 m

Fig. 4. Derivations of the representative permeability at each depth using squared pressure change and injection

rate (steady-state).
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AAAO UERE BT fARE 4= Sl Hidie
(semi-log) & A o] e ™(type curve analy-
sis) H ot FI=7} 37 F7hEE A2 A d T o)
R E A @27) AFRolA B A5 G3Kwellbore
storage effect)= = 4= lci(Papadopulos and
Cooper, 1967).
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Fig. 5. Transient-state analysis of pneumatic test ? Suthersan (1997) method.
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Table 5. Transient-state analysis results of pneumatic test.
Suthersan (1997) LeCain (1995)  Aifmetic average
Borehole Test section Injection rate . .
(bgs, m) (L/min) sersnz)-pog Permeabzility serrln- 08 Permeabzility Permeabzility
(kPa/sec) (k, m©) (kPa*/sec) (k, m©) (k, m)
5 332 571x10" 687 546x 10"
31.0~458 10 9.88 3.84x 10" 2,173 345x 10" 462 %107
average 47810 446 x 107
— 485~61.6 30 0.766 1.68 x 107 157 1.61 x 10" 164 x 10"
59.5~62.5 102.6 9.12x10™ 31959  576x10"° 744 % 10
70.0~77.1 11.83 337x10" 2,675 292 %107 314 %107
81.5~89.8 297 148 x 10 5364 124 %107 136x 10"
89.8~94.4 15 295 6.18 x 10™ 663 538 x 10™ 578 x10™
5 11.64 3.17x10" 2,574 2.82 %107
10 B.73 169x10° 12301  118x 10" s
51.0~58.6 — = 1.98 x 10
15 61.46 1.80 x 10 17,737 1.23%10
average 222%10" 1.74x 10"
30 0.579 294107 120 279 %107
HTB-2 g 13
60 296 1.15% 10 626 1.07 x 10 13
59.8 ~69.7 = = 1.69 x 10
90 445 115 %10 970 1.03 % 10
average 1.74x 10" 1.63x 10"
69.5~753 30 875 335x10™ 1,869 3.08 x 10™ 321 x10™
75.8~943 15 13.76 331x10" 3211 279 % 107 3.05% 107

UERTh o] F7E AlF Fofl Zhdg<ro] HF E
£ FE F7h A gtoloh §id HTB-1 A|3
39 A% 595 ~ 62.5 m F7+e] Efrl 7x10™°
m’ O 2 245 o] A ZA| UEREA sfgdtzto] AR
a1-2] ]3] Adsie kg sk )
Zgz‘ﬂ-

AN 520
T o2es=

ol

[e)

= s
== e

7 AR ARAES 7S o] ghel 2.2
o] (4110 ~ 12)F ol g3t Saldmm ot 22k
Axkstdek. ol F Zeigkeo] w2 flow pattern
273t T o= Al A1 di i e
=oh AGE BUISIATHR 7).

FALE o) 2 S EFH|(flow pattern)= AlF
Fo] AR AR 7k AL ‘dilation’ ©. 2 LyEREO.

o, fjEE 17+e ‘wash out' 02 UERgT} o]&

X 2

o e

71 A2 2Rk ©go] o] A 9
A A= AL, G Y] B o] AU}
£ @A HEE Ao g FHH

S AT o] Hhghe HTB-1 A|329] A% 495
~ 61.6 m F-7Fo)| A 8.66x10° cm/sec @ LFERG o1,
2| A7 HTB-1 A|3222] A% 70.0 ~ 80.2 m -7+
of| A 5.88x10° cm/sec2 LR T B71E 42 A
Tw o] XAkt H gk Atol= oF 158 7HFo 2
E7|A @3} vt 2ol 7t 3] ¢k Ao & e}
ok $RAE PR B, HTB-1 A|SgollA 4=
PHEZ7FAH o2 FA vepd 17k A% 495
~61.6 m % 89.5 ~ 97.0 m LOE A|2ZE Zejs
O] A T FE w7t EAgE Ht7tolth HTB-2
NF-gol A 405 ~ 51.0 m 71k A Qlska Al
A7} FARE HHYE ek, ol giRE A
P77l BpAdo] B8 dhdo] Z3HEQ7] e
2 A"t

3hE, HTB-1 AJ222] Al 32.0 ~ 45.8 m 2 495 ~
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Table 6. Comparison between the steady-state and transient-state analysis results of pneumatic test.

Steady-state Transient-state Arithmetic
Borehole Test section (A) (B) average Etc.
(bgs, m) Permeability Permeability Permeability (ratio, A/B)
(k, m’) (k, m) (k, m)
31.0~458 1.10x 10™ 462 %107 7.82 % 107" 2.39
485~61.6 234x 107" 1.64 x 107 1.99 x 107 1.43
— 59.5~62.5 - 7.44 x 107" 7.44 x 107" -
i 70.0 ~ 77.1 1.02 x 10 3.14x 10" 6.65x 107" 3.23
81.5~89.8 430% 107 1.36 x 1077 2.83x 1077 3.16
89.8 ~94.4 1.63 x 107 578 x 10 1.10 x 107 2.81
51.0 ~ 58.6 471 %107 1.98 x 1077 334 % 107" 2.38
HTB 59.8 ~ 69.7 272 x 107" 1.69 x 107 220 x 10" 1.61
69.5~75.3 8.86 x 10 321 x10™ 6.04x 10 2.76
75.8~94.3 7.04 x 10" 3.05x 10" 5.04 x 107" 231
Table 7. Analysis results of lugeon test.
. Hydraulic
Borehole T?Zt ssecmtl)o n conductivity luile 0;1 l;t?e‘:*]n Etc.
£, (K, cm/sec) vaid p
49.5~61.6 8.66 x 10 5.673 Dilation leakage during boring
HTB.I 70.0 ~ 80.2 5.88 x 10 0.397 Wash-Out
81.5~91.1 9.62 x 10° 0.657 Wash-Out
89.5~97.0 3.11 x 107 2.218 Wash-Out leakage during boring
40.5~51.0 6.11 x 10° 0.410 Dilation
51.0 ~ 62.0 3.45%x 107 2.299 Wash-Out
HTB-2 61.5~73.0 5.45%x 107 3.601 Wash-Out
73.0 ~ 84.0 3.06 x 107 2.039 Wash-Out
83.5~95.0 3.50% 107 2311 Wash-Out

52.6 m ol A= 22 4057 A5 (constant
pressure injection test)S 4~ HUAFAAH
2 dutEo g BAR AR sk, FH Al
FATE AP 275 EH Sk #ispt 37 g
w27 27 =Eetn 2 FRAES] Thiem
(1906) 3441S HET (4] 10)2 o]g3te] |7
T=E Bt B7HE EHEEE AT 320
~ 458 m 7ol A 1.53x10° cm/sec, A= 49.5 ~
52.6 m 7-7+ol| A 4.20x10° cm/sec @ LFERG T

5. SIINE L UM F HD A

SN @t AP AdTIe] et 2

A gk, 744 AF el ole) =5
E3lE Er SeEEs} Agke] oie e
3, Bx3} dAYute) Bt Hge A ES
7¥st7] st & 7] A Ete] =&
A2 v LT 9)

LR RCE R AL EER SR E SR At
JAEET} §ASP Lehd P7EL X138 HTB-L
O] A= k70 ~ 80 m fzto]m, T2 F7HE S=ul 9]
Aol UEhgleh. BHA o ARageld 2]
84 27 WS HAS EF ARTIE
NHE 7S Boto] BrhE Eahert 5x10"
m2(—’,\—E] AT £x10* cm/ seq) 2 A3 A U
Ehton, o5 ko] SRl 29 H o B

i o ok i
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Table 8. Comparison of results between pneumatic test and hydraulic test.
Pneumatic test (A) Hydraulic test (B)
i i Etc.
Borehole . - Hydraulic _ Hydraulic )
Te(itgssecrﬁ;) n Perr(lr(lefrtél)hty conductivity Teg[gssecrﬁ;) n Perr(nkeabll)l ty conductivity (ration, A/B)
’ ’ (K, cm/sec) (K, c/sec)
31.0~458  7.82x10"°  7.65x10° 320~458 156x10" 1.53x10° A/B=0.50
A/B=225
485~616 199x10  195x10° 495~616 886x10™ 866x10° (including the fractures
where water leakage
occurred during drilling)
HTB-1  700~77.1 665x10"° 651x10° 700~802 601x10" 588x10° AB=111
81.5~89.8 283x10" 277x10° 815~91.1 9.84x10"° 9.62x10° A/B=029
A/B=347
808~944  1.10x10°  108x10% 895~970 3.18x10™ 3.11x10° (including the fractures
where water leakage
occurred during drilling)
- - - 405~510 625x10"°  611x10° -
51.0~586  334x10"°  327x10° 51.0~620 353x10™ 345x10° A/B=0.09
598~69.7 220x10"  2.15x 10" A/B=3.95,1.08
615~730 557x10™%  545x10° (The section where water
HTB2 69.5~753 6.04x10™ 591x10° ' ’ ' ' lealgi%f; occgnarfédur)ing
ing: m
73.0~840 3.13x10™ 3.06x10°  A/B=0.16,0.14
758~943  504x10"°  493x10° " , (Thesection where water
83.5~950 3.58x10° 3.50 x 10 leakage occurred during

drilling: 91~95 m)

The value obtained by converting the permeability using the propemes of groundwater of 20°C
" The value obtained by converting the hydraulic conductivity using the properties of groundwater of 20°C

£ ghach 2 ~ 4] 7 2

< dehglth. SakE

A 7A@l 2 YA 3ol 71719 ol

7H A Uehd 22 B7IAEL 7SS 2 HTB-1  A27F YAEA X3t 7] o2 4ot gk
N53o) A= 485~ 616 m AR 606m,  F7IABS Balo] Hrig 5?%57} X107 m’ (52
614 m ZFP, A= 898 ~ 944 m F(rawd FAEE $x10° cm/sec) 2 FHe Ao iR

90.5 m, 94.2m Z3gH, HTB-2 A|552] 4= 59.8 ~
69.7 m £7HFrHE 63.5 m, 65.2 m, 66.7 m :‘TE?E})
ojtt. o] oA +UAE S S5t B7HE
Hr(Ee FHAER)7E Aoz 24 "}EP‘Q‘
AL FUAE Y] DA s 429 7] 271 235}
/Ro]—EH_,] A=s22 u]-&}\]z‘__! Ar =2 E—*] 2,‘._("’:] o] o]
FoJR) 2] FoHAY, Gy AAY] ¥ Foe=
QI3 Th=o] Fad dER2E B0l 3VIE L =
017}11 Zote] £ f5 AR ATE ] i e
2 FA"thHPruess and Tsang, 1990). &&=
o go) g HTB-2 Al522] A= 75.8 ~ 94.3
m 77H91.2 m, 93.0 m £3)2 23| F=YAES
5o} Wrhe F2Es) 6 ~ 7] 27 vehh ol
YRR e] Asiwl 2Ao] azte] 3

FUAAYP e 2 Yrid Evert 238 2 ~ 108 7}
& 3A YebdTh ol Al Yo 9Ee] 7=
(aperture)©] Zto} HA| Qo] 9«1311 1P°47il°1 7=

S EE AF Y84 Fol B RE A5
slel 79 7147 W5 4 7] fEoR 249

ok E7IAE T PR e H7HE BT AL
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Fig. 6. Transient-state analysis of pneumatic test? LeCain (1995) method.
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