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ABSTRACT: Diamondoid compounds were analyzed by gas chromatography-mass spectrometry (GC-MS) on
condensate samples collected from the Donghae-1 gas field in the southwestern margin of the Ulleung Basin,
offshore southeastern Korea. As a result of the analysis, seventeen compounds were identified for adamantane
and eight compounds for diamantane. On a diagram of source rock environments, the diamondoid compounds
are plotted in the realm of lacustrine to marine clastic settings, indicating that the Donghae-1 condensates are derived
from a source rock deposited in the lacustrine or marine environment. Therefore, it suggests that lacustrine sediments
at a syn-rift phase and marginal marine sediments at a post-rift phase were developed as source rocks. Deep and
narrow geometry and sedimentary environments were favorable for the supply of the sediments with organic matter,
which were later developed into the source rock and generated hydrocarbons. Crude oil may have been cracked
into gas or condensate within the source rock or in the process of migration in reservoir beds.
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Woll A= 7EAe =2 SASHAIE Ao A2 A
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Fo-17kaA oA AREEe AA7EES AN
o|EL SERANN HgAl2To] S ur}
27 Yo] 2oz RE gyHol @A) AR
5 2 o]FEo| 9= Alo|tf(Stahl and Carey, 1975;
Son and Park, 2013). AG-A| AL ZY¢to] A 9]
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Dow, 1994; Lee and Son, 2007; Han et al., 2013).
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ARst= A28 A48T 7 gloh

o]} Zro] AR A|Fste] RIS o~ gl U
of et FH = AR7Z Wl EAste 479 +4
AiS BAsH] Ao r A& 7t Uh(Peters
et al.,, 2005). &, {5 8= K717 FolA
A& #(biomarker) 7} H= §4 =S £4I5t
o] ZULY B HEE & A5 = ohaL, A 2
ollA A &3 v REdla JEA #E thH|sto
[ ATAYE 3Hl5h7) & S (Tissot and Welte,
1984). 22} Bl diE5olAl= A= AAEA
A1 7kA7E AR 7] wi2ol /AR MEAE A

£ Bhssi) 2ey geel s Sa17k Ao
A= A 0| EZ}F AR I 917] wiizo]l A iAol
E Yol ko2 EAsts AeR BuEY Qe
tpolotR o] E(diamondoid) F71EES 4
sto] Lol et FEE €S 571 AUck(Dahl et
al., 1999; Schoell and Carson, 1999; Peters et al.,
2005; Schulz et al., 2001; Okui, 2005; Okui et al.,
2015).
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Fig. 1. Location of Donghae-1 gas field area in the Block VI-1 (modified from KNOC, 2020).
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Fig. 2. Conceptual cross-section of the gas reservoirs, from which condensate samples are collected (modified from

Kwon et al., 2001).
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%3). golol o=t AR AL} AUA0|E, 1
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o2 B8 9t 3 oS B4 128 7
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clololEEC| SR ThololEE 28 QHgEl 72
£ 7ML $7] wi2oll EAl Gl HA] gar 1
oA %= QHFBHA EAHRITE. fofl Bol E0l8l= &
dletoli} BuHRel e theby §riRElAE &
£} olAw HaElo] 2AEAg chojolmol
E 3RHEE Ao A = QHgsY| wjoll AdthA e
2 Z7}=A frh(Peters et al., 2005). wEtA A<
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t}. HPLCEEE ¢3te] 5% n-HARE NS A3}
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1.0 mL/min 8.2 3}t ZA Y2 Develosil-30 A 2]
7t A& Agstgler AHY UYAA7]= Sum,
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Fig. 3. Structures of diamondoid hydrocarbons.
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ato] 0.5 uLE FYAIH. o FY2=&=390TC
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min®| £E2 YASHA TEEE SIth Y2
Ultra ALLOY-1(HT)S ARgstglon] el 27
2 0.53 mm, F74= 025 um, 183 Zo]=30 m
At 5222 T3 (heating rate)> HA 100°C o
A 1.5 min, 28]31 5C /min, a}x|2to 2 390C o
10 min® & 3}gth A& x=390TC gt o9}
22 GCxA osto] HHAO|E AR n-Ut
243} o]z oo =7} RA F Gl
tholofR ol & e kAT 2utE Tatu)-Z
FEA7|(GC-MS) | oJste] A =it tho]
oMELo|E BAS 93t Al 2EH] Aat B4y
© 2 o BUSHI 4). WA AR °F 300 mg2
F5te] 30 mL ggke] Yol FAbAIHTh 18|31 dl6-
adamantane, d3-diamantane, tetralin®]| 10 ppm %
99 03 mLe] Wekgohg Wrlarc ol v di6-
adamantane¥} d3-diamantane2 GC-MS2] Y&

Sample 300mg

l&— n-Pentane 30 mL

n-Heptane Solution 0.3mL incl.
d16-Adamantane (100ppm, for sublimation check)
d3-Diamatane (100ppm, internal standard)
Tetralin (100ppm, for separation check)

Solid Phase Extraction
(Water, SepPak Silica, 10g9)

<— n-Pentane 50 mL

Adamantanes
— —=>| mesurement
(GC-MS)

Concentration
by N, blowing

Column Chromatography
(Wakosil C200, 20g)

<—n- Pentane 50 mL

[Fracuon 1] [Fract\onZ

40-50mL
Concentration
by N, blowing

Diamantanes
mesurement
(GC-MS)

Fig. 4. Workflow of GC-MS analysis for diamondoid
compounds
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Fig. 5. Open column for diamantane concentration
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Table 1. Concentration (peak area) of normal alkanes and isoprenoids.

Sample
Compound
A B C
n-Cyy 1446 1432 2488
n-Cip 1946 1294 5945
n-Ci3 2482 1059 6900
n-Ciy 2471 804 5920
n-Cis 2017 582 4467
n-Cis 1400 388 2988
n-Cyy 981 252 1972
Pristane 1210 321 2451
n-Cig 610 160 1240
Phytane 131 36 288
n-Cyo 403 103 807
n-Cy 245 63 484
n-Cy 144 37 291
n-Cp 84 21 163
n-Cp 46 12 89
n-Cy 22 7 41
n-Cos 12 5 20
n-Cas 5 3 8
n-Cy 3 3 4
n-Cag 2 2 3
n-Cy 2 2 2
n-Cso 2 2 1
0.32 mm x 0.52 pm)Z ARESIAT S2Z203  HESH B EH -
(heating rate)2 adamantane2] 79~ 60°C (1 min)
—5C/min -»160C - 60C/min —»320C(6.33 min) 5. & 1}

° 2 433} 3 diadamantane2 80C (1 min) —
10°C /min — 220°C — 50°C /min — 320°C (8 min)
= A48t SIMEE(m/z)= adamantane2 136,
135, 149, 163, 177°]9, diadamantane-2 188, 187,
2010]21, JEEZFEZ Q] d3-diadamantane-& 191,
d-16adamantane-2 152, Tetralin2 104 0|t}
Adamentare, 1-methyladamantare, 2-rethyladamentane,
diamantane, 4-methyladamantane, 1-methyladamantane,
3-methyladamantane®] HHFEAS 9ste] ol&
g0l T3k BEARE A 7Ieh H R
£2 d3-diamantane 1 ppmof 93 E=3} ot
77te| hololREO|E BgHES] 2AE tand
Ega} ] FAA7Hretention time)S 1A

ka3 gntgE ety 24 Aa n-gkE n-Cao
7HA] A =0, o]AZH| 0] = (isoprenoid)= ZE]
2H|l(pristane) o] THo]E]|Ql(phytane)o]] H]dte] Tk
< o= yehdthE 1). 1Y n-EHY FE+=
CuolA Caoe & 2 2= ¥, Caoll A Coo2 |
22 e E Yehdth ZtAamntEOq] a4
oA Cin - Co7t IA Y= A & & 47F itk
(L™ 6). Tt EA4E HRA 0| Ex= vl 712
Z Ao E(light condensate)2kal & 4=7} Qltt. T
3t IgoA B S iy B 22 o HoflA
= ST ASFE n- gy 27 oA = A
S EF7UY & Cu—>Cs > Co—>Cn 2
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£ Bk 47} 10017] o], £49 tjololiol
E FEo= AP dFo] o Aoy, tholoh
Eo|= S} Al gt o 27 e 4 9,
3HH, olaxy o] ZEjAH|Qlo] Tolg|Qle
ulatol 4yea) A ek oL 2elsto] H
2 FA] AR =& E It AS ouE
Ut 1Yy aAEGE Tl o]/ gol Q1Y
Hl7} oF 922 WS F7 heh e o2 Hol @
E3|(thermal degradation) &3}o] 71213t Ao =2
SiAE o= Qi &, ZEAH| QIS golE|QlE )t a1
204 HYL7| wjEoll LA fEkpaol s B
oFe] e e elo] 25} B,

GC-MSEA A3}, adamantane2 177 3HtHE,
diamantane & 87} 3keH2o] S1|gich. kzte] 1)

Sii-1 7IAKe| TiA -
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32 Yepht+= 1770 adamantane 3H3H-E3} 87) dia-
mantane 2FetES A & 20 A5t A4
3k T3 ZHz2ke] adamantane 33HET} diamantane
SjahE o) Ao BAZHS T 33} T 4o] AASHATH
FollA o % Q= ek 2] adamantane SHHES)
F%7} diamantane &}3Eo] H]gte] E53] A
Uehde}, 2495 ojolREol=o] 2= Fe)
o} Bais= g 73 1 89 AAEkIt ¥
oA admantane 3}EHEF} diamantane $¢HE2]
v Zymel §2je kS 2 B 47 Sl

6. E 9|

thololEo|E A el S= AEEET
(cycloalkane)A| 9] #7]3}eHEo] GolUX|E ot
A A== Ao g8 A ot whEkA, oy
5, A&7t 371E fololZ ol =9 FRfkd
Z7}¥81A "ch(Dahl et al., 1999). tololEzol=
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Fig. 6. Gas chromatogram of the Donghae-1 condensate showing distribution of n-alkanes and isoprenoids.
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Table 2. Peak identification and assignment of diamondoid hydrocarbons.

nﬁ;ﬁfer Compound Assignment Abbreviation Monltz)rgl/nzz% Mass
1 Adamantane Ad 136
2 1-Methyladamantane IM-Ad 135
3 1,3-Dimethyladamantane 1,3DM-Ad 149
4 1,3,5-Trimethyladamantane 1,3,5TriM-Ad 163
5 1,3,5,7-Tetramethyladamantane 1,3,5,7TetraM-Ad 177
6 2-Methyladamantane 2M-Ad 135
7 1,4-Dimethyladamantanes,cis 1,ADM-Ad,cis 149
8 1,4-Dimethyladamantanes,trans 1,4,DM-Ad,trans 149
9 Adamantanes 1,3,6-Trimethyladamantane 1,3,6TriM-Ad 163
10 1,2-Dimethyladamantane 1,2DM-Ad 149
11 1,3,4-Trimethyladamantane,cis 1,3,4TriM-Ad,cis 163
12 1,3,4-Trimethyladamantane,trans 1,3,4TriM-Ad,trans 163
13 1,2,5,7-TetraMethyladamantane 1,2,5,7TetraM-Ad 177
14 1-Ethyladamantane 1E-Ad 135
15 1-Ethyl-3-methyladamantane 1E3M-Ad 149
16 1-Ethyl-3,5-dimethyladamantane 1E3,5DM-Ad 163
17 2-Ethyladamantane 2E-Ad 135
1 Diadamantane DIA 188
2 4-Methydiamantane 4M-DIA 187
3 1-Methyldiamantane IM-DIA 187
4 . 3-Methyldiamantane 3M-DIA 187
5 Dlamantanes =g ethyldiamantane 4,9DM-DIA 201
6 1,4&2.,4-Dimethydiamantane 1,4&2,4DM-DIA 201
7 4,8-Dimethyldiamantane 4,8DM-DIA 201
8 3,4-Dimethyldiamantane 3,4ADM-DIA 201

ShghEol ofet

A& 2 0] Aé

R = R IR S

SE9 5L S oY

527} 27k Bk weha, MALE 24gke]

o

o} 23y Chen et al. (1996)2 AHA0|EQ] G4
%58 B8] Y5k methyladamantane x|
(MAD2H= Tlolol o) = 2|45 Rlgtalgich. MAR:
1-methyladamantane 5=2} 2-methyladamantane
F=E % 5xof digt 1-methyladamantane &
=24 1-MA/(I-MA + 2-MA)& EX|EtHChen
et al., 1996; Peters et al., 2005; Nisir and Fazeelat,
2013). & EF o] HE$tH adamantane2 Eo o
st AP k2] gme] e 2AA 2
T Atk &, 1294 1-methyladamantane 2.t}
2-methyladamantane”} o 2] 93| 5|d, o]of| u}
& 22 (A45)7F #2455 I-methyladamantane

$E2 AHsHt) A8 47} ol
chololR ROl shatge] 4L dHSE Bl
oh et HelNol =8 A iore] ohast 5
Aol ThzbA = Th2 A Urepdthe Rlo] o] gt
t}(Petrov et al., 1974; Schulz et al., 2001). &, t}o]
ofmEo|= SfgEe] 2AL AHSE Bt ohz}
29re] gpaoll mebAE b 4 9l B3, 2
A e FEFEY 2AF-Fol w2t 24 9
S Hk=t}. Wei et al. (2006a)2 ThoFst 217 o)l 4]
B2 AEHES 7HRA AL, Eo] EA5h= AdHE el
A1) Q83| (hydrous pyrolysis) 23S A5+
o, tho|ohR o E RIS JEFEC] EA

-
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Table 3. Concentration of adamantanes (ppm).
Peak Compound Name Sample

number (abbreviation) A B C
1 Ad 135.8 136.8 131.0
2 IM-Ad 340.4 344.9 334.4
3 1,3DM-Ad 258.3 261.3 253.1
4 1,3,5TriM-Ad 93.5 95.8 92.0
5 1,3,5,7TetraM-Ad 9.8 9.9 9.2
6 2M-Ad 178.9 180.4 173.8
7 1,ADM-Ad,cis 124.4 124.9 120.0
8 1,4,DM-Ad,trans 121.2 121.2 116.4
9 1,3,6TriM-Ad 92.0 94.3 90.3
10 1,2DM-Ad 101.3 101.6 97.3
11 1,3,4TriM-Ad,cis 77.3 79.0 75.5
12 1,3,4TriM-Ad,trans 80.6 82.4 78.0
13 1,2,5,7TetraM-Ad 55.3 57.8 55.1
14 1E-Ad 31.5 31.7 30.0
15 1E3M-Ad 48.1 48.8 46.3
16 1E3,5DM-Ad 49.5 46.7 45.8
17 2E-Ad 69.0 65.5 62.6

Table 4. Concentration of diamantanes (ppm).
Peak Compound Name Sample

number (abbreviation) A B C
1 DIA 7.8 7.9 7.2
2 4M-DIA 7.5 7.7 7.1
3 IM-DIA 3.5 3.5 3.1
4 3M-DIA 3.3 3.2 2.8
5 4,9DM-DIA 1.9 1.9 1.5
6 1,4&2,4ADM-DIA 2.4 2.3 2.0
7 4,8DM-DIA 2.4 2.4 2.0
8 3,4ADM-DIA 2.3 2.3 1.9

ol w2t 24 Y e

L M ol

2, 7lH o2 YEFELS olesiEo] LT AKE
7} =7] w2l @3l o] vk jul Fof) Thoj et
S 9L, webA cololREo|Ee] WAS 93t
o QS Frh= Aot o] 52 EOhE A A,
A Z Aol st = Fo] EAsh= AdejollA e &
3f|(hydrous pyrolysis) AdE& AA5tF o, A=

Ao mn

T

Y2fo|E 5o HEFBo| Yol HU%

2 2 $a)=|3 cholobEo| S5k S7kae Pob

tH(Wei et al., 2006b). o)<} Zro] EFES thF &
S 2L TololEo|=] FA

o 279,
A% AERE| tholobREol= BHL 9T Sl

2A 2A 2L 2= & 7 ok vkt
2 EAHEFE(CaCOs)2 Tholof o] = 0] F A
S W3fgtch(Wei et al., 2006a). CaCOs+= tho]olht
=olE 4L Al AEFE] st S-S
= TSI o|9f Fro] UYL EF A w
£ T A=A Efjlof whe} thoolZ ol =9
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ARFE A 24 YehdA "o &, S4dou
AP EHE FE RF(algae)7| €2 B M}
Bt 11-S A=At S47]149] By A=A
A o B2 tho|otR o] =5 A EHA Hrh(Wei
et al., 2006b). 943719 E|AE0] ELES wo|
R3kaL Q7] w2l Bh A = A of it Safuk
$& 2 HER WL tolofREo| =5 §A]
51A "t

o]} Zro] LUGo] tho|olZ ol =8 24 g
ol BA7E Ath= AR ol F537F Okui et al. (2003)
< FAEHo] g o7 ZdgeE FE A4E
Aot AdAo| ES AlA 2 G o = RE ZfF st
of tholofZ ol SRME #AS AASHATE &,
s fluviodeltaic) $39] e, 2/d(lacustrine)
37 o] U9, aFalAd A (marine clastic) 83 9] &
Q¢ 1831 sioFA eAFE H(marine carbonate) £+
739 U 7o 2 FRIE dRet Ao ER

m/z 136

m/iz177

M

Retention Time ———mmmm>

Fig. 7. Mass chromatograms of m/z 136, 135, 149, 163,
and 177 showing distribution and elution order of ada-
mantanes in the condensate sample. Refer to Table 2 for
identity of peaks.

3 TololE RIS 43S EHslic HHAT
£ olgle] T BT HHES WA
S -8 Tholol 1L THER e, o] Tholo]
2 AFgelo] Lpol AUMOIES AT FE
Ao HHes E-E 4= UATHOkui et al., 2003;
Okui, 2005). t}o]o]1342 adamantane, 1-meth-
yladamantane, 2-methyladamantane& =5 t| 3}
tololREo| E o] FEgHppm) & TFR S0 5}
11 methyladamantane index (MAl) & AMZ2F0 2
S UTH2R 9). Sloll Al Ak vhe} o] MALE
cololEEo|Ee] A4S AXTHE AR I8l
A Q% aeleke] 44=E AR AeE &
QItHChen et al., 1996; Peters et al., 2005). 7}2%2
tlo|olRo|E 9] ZAHO] agdamantane, 1-meth-
yladamantane, 2-methyladamantane®] Fg&Fo]ct.
o|AZ EHH o FFE W=t A5E=E AAst
= N2%2 1-methyladamantane 5=} 2-meth-
yladamantane =5 3%t 5= tjgt 1-methyl-
adamantane =24, adamantane ST = o

m/z 188

3
4
j\ m/z 187
6 7 8

N

m/z 201

Retention Time —m—m07— >

Fig. 8. Mass chromatograms of m/z 188, 187, and 201
showing distribution and elution order of diamantanes
in the condensate sample. Refer to Table 2 for identity
of peaks.
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512 gheth 2= 72 S 3] Wil EH g
A AujEH, 259 g2 d&=ol AHj=A
Hrt 2% 994 L5} Ao E Q] tho|olE
o|E IHE 2L HHSH T} Ao w242t
02 Aol A== AL F BojFal gt oF
A Az T2 2ol ZAEE o= A/t AddA
o|=S A Hge] AERR B, 17
I A&ert A2 g27] gl&Eo|th(Wei et al., 2006;
Okui et al., 2015).

Fo)1 7h2Ae) tholol o= 24 HaE of
cholof 1glel EAIBHETHH 9). £495 37h9) A
27} B 22 9Aol] EAEE R0 Hop 24
234 A Rl Ao AT g 904 st
BE B3 dole TR SA0), MAI 4%
% 2|57k Z7p3tel ufet HA) cololREol =9 35
=t 37kt HEst B $AelA HlaE 2
042 A4 WBto] uhel BE o tholol ol
=7} w2 FARCE AL A A g 248 37
9 A& BFE $A(lacustrine) 23 7199 E¥ES
A XSk ool =AETE 342 A= &
8] Ae=rF AFs] JgE G BAEE ), o]
AL 7Aa =mrtE 2] (GC) &4 oA - 7
& AEY n-gbo] F2 AEE= A & dAE

T2 6). ALET} BE Aol 2A YehtA

Sol-1 TAT T -
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o="9
N RaY

Sh Cuole) n-2igh B2 7e] ZAfa) e,
3, A RokE s Aol AR gkl 5yt 3}
oA o] EL] AR7L SRE S A o= A7
S BARES BoiFm Stk olef o] Fad
2otETh)(GO)oA QIR|H FHa T evaporation)
£ AT, tholohZ o= Rk ol 5
SRS Holo] mheby 1 99) BAIgES AA =
A ARt 2 B8] AT Aole). 2, FuE
Fof| ofsto] HA| AR HT} AE0 2 o] Fto] FAY
a3 2L IR0 EAE A2 HHE v}
A F8li-1 7kA7 9] AR HololZ ol == d g
(marine clastic) B3 & 37 Zo2 o]FEo|A
of Ao= Az ARH O S aHe
AdANo|EE AT B LY T4 (lacustrine)
2 E= g (marine clastic) E|& 3ol A
g Aoz 43 4= 9k

S5uAet A9 T2 A7I9 Z2 AN E
A Ao deiA Qi Aol Yolsbet RAoA
A A AR ololEEo|E A3 BAAE 5
a1 7424 AR =] ThololEo|E BAj
o 2 ARG ol =AHIL JTHZE 9). Yolzt
eel A RE ] g0l Bl ARt L
AdAo|Eo|BR J&rofli= Zpol7} et 2=ut
S 712718 HoloRtzolrme} Eke- TX(lacustrine)
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Fig. 9. Plots of the Donghae-1 condensates, and oils and condensates collected from different depositional environ-
ments on an adamantanes (x-axis) vs. MAI maturity index (y-axis) diagram. Note that the Donghae-1 data are shifted

left due to the evaporation effect.
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23 s el d=(marine clastic) o] E22H G
o =AIEE Yol7tehi A = Sl o Ed AHst
of e glon SFEA} A 22 HHJAE
7FA] 2 QJth(Takano, 2002). £3], Yo]7te} EX]=
ST EAE 22 Al71Q1 utol 2A1¢] Bl (syn-rift)
A7l fraddge] TEE A EA7de F
I Ze AFo] TrEolA L f71ES Wol et
- Eo] EHE 57} qlo] TEY o] golsltt.

JgEg SFEAE ML} EAEE7] 0 7
5 o T3 o] A EHEo] EXA o EHE
< Aol LYo 2 ISt ES Aotk E5=A|
AR EZS] gt g A8 AFAE,
S A 7HAE AT T BA EUHAl B4
H A EFAHE(syn-rift lacustrine sediment)¥} &
A ol BEFIol Eae s EaiE(mergnal
marine sediment)o] UL E IS IHS 7+
53& AXN B Utk (Lee and Kim, 2002). o] A
chololRzol= A7 Avkeh 2 AAFT. Tl
2ol vhE T Heigewol mesE 497 4
53, A ET Zol o) nel, LEE TS 2
7VeHA| =, Yf= AN ERZ IR A=A A
ojtt. 7 X9 ZUUA B AdAoIE=
TUY R RE W& EHo G|V & T2 T =
2 5fo] gFgo] F& AT o7 $27] o] Fs AL
58 A 732 et o] 5ol Aol ARt Fol
-1 7k2A 2199 AFH U= A o]th(Lee and Son,
2007; Son and Park, 2013).

Eo &S8R FAFY Fol-1 7oA A
gk AQA0| E 9] tojolE ol IgtES HAI5H
Pom, FAANE fE oh3a 22 el o
FAHARES S5 AU
1) tholofE =0l FRHE0] BAAE EZHEH
= AAShe tholo]1do] =St E A,
F30-1 7k2 9] ARIAo|Ex $4(lacustrine)
37 = ok (marine clastic) E]ZE7 o
A B HE T o= HE FAFE S

2) &52A9) Gl Eafel =S (synift
lacustrine sediment)3} Q7 o] & Bx]|&-47]
o ElAH s ¥&E(marginal marine

sediment)o] US| H&E U A=

A7y
3) SN HEE Aot Aol EE T
%l

ol th: E8 E2 2 Flo] 227 o|%35}1, o}
A AFEE T o5t Fal-1 7kaA
Aol EYE| S Aolct.

2 grliet B3| F1 72 EX < g
AL wskpa g A7)0l Fget EHE
F71ES HHAAE ol TEAS HEAF S
Ao g B3t HE A E5EA A= dRe
AR R Fa1 7k} ATy o] Ext BEAE T Q%]
o] AL ZUY ol AUt T2 A 7FSollA YRt
TSR 1L o] F3he oA AN o] EY 7k
2 AP EIE A o2 yzhdct

o] B3 7kAo] T gt AEIE 25
SSEA Y] HFAI Ao gt dAte] 7] E 4= 9l
S 702 7|gdcth

ZAe 2

o] AT IHAHALAT LY AFA] ‘=
W 5% 33 AfA2d 27 94 AdrkaAd
EGR + 937]& 7id (FAHE 20-3311)" AFY 2
A Yoz L=t AFE H5te] A0 E A

£ AlFete & =A3-FAet AdAo| B9 £
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