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An Optimization Study on the NGL Recovery Process Using
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Abstract In this study, simulation and optimization works for a demethanizer column have been performed to
obtain ethane and heavier products from a pretreated natural gas stream. Pretreated natural gas feed stream is
partially condensed after being precooled by exchanging heat with demethanizer top vapor stream and by using
an external refrigeration cycle with a propane refrigerant. Vapor stream is furtherly cooled and partially
condensed through a turbo-expander and the power generated from the expansion of turbo-expander was
delivered to the compressor for the residue gas compression. Liquid stream is being cooled by Joule-Thomson
expansion valve and is fed to the middle section of the demethanizer. Ethane recovery percent for feed natural
gas was set to 75% and methane to ethane molar ratio was fixed as 0.015. Propane refrigeration heat duty was
reduced by splitting the feed stream and to exchange heat with side reboiler.

Key Words : NGL Recovery Process, Turbo-Expander, Demethanizer, Natural Gas, Joule-Thomson Expansion

1. M2 HA7 L Ao FUsE7] Aol WHEA] A A o

of Fit}. o|AlehetA e} ok RS AMITRAE AL B
2 o|g|3t AHJ7}2~= monoethanol amine(MEA)o|u}
diethanol amine(DEA) =8N o]-&35}o] &4} &

R oz QojAlt HAZkaY REL HE
& Aol gl e ek Helhae] Fyy

o oX

!

weto|n] ol AJROR ofek, gk Ret 9l Wek  HOoR FH4JE acid gas removal unit(AGRU)E 534
59| Aio] Egulo] ik vlEslea RO fluy A EN12]. ER HAVRS Fofl ZeFE] Sl 22
o] Z1=L o|alglElA W TSl AETF SHS o molecular sieve 1= triethylene glycol(TEG) 1| o]-&
S o oltt. o] oAl ojiilekan Al sy @ S AATHE B AARTBA). Y B
oA freezing EAIS WA 7], Fshph ARS Oj7| Az F9o] N7k NGL(Natural gas liquids) Z]4=3
Wl sl QA8 AgtEol Qi £4 Bdol el He AHA ol oo HEES wuere] slRw
2 =2 ANFAR SHIAEY “BA7IeAR T =Tk SAre] dFAlR SRE S

"WAIA A} 24 5 (jhcho@kongju.ac.kr)

e 11d 014 06 Y (12 11 024 064, 23+ 11 02¢ 17¢) AAZEL 11 034 10

1473



S| sle e 4129 AT, 2011

\:1] oy d

ol

oA AL, oo vigky) njgre] ok 9 =

|

= 27T
of mEyk olyye] HEEE Suleke AR dojHich
AA7hs A FAS 91T NGL Bt 1 79 34

of g Mok 28 1o el

1024

[22 1] NGL 3224 3t Ha=
7] 28 10] oJahH HAZFAL 10287} 102AH 9]
= Ao AEFog Yol 1021 AEZL E-101,

E-103 2 E-104 Fashr]of os)a] ddsmoa Wby

Bo REgoz SxEr) of FolA B-101 % E-104 &
TN A A7k Sergre] AR Z7|Ro)A B

o PAL olgsfo] AArne] Lwg wEch Teln
E-1030 A= HAZIAS Yok Lw71x] W37] Qa4
zZ23 YijE o] 83 Y Alo]EE AX|sle] EET)
wals 3asic) shE 10248 AEZ L Zaa W A}
O]Z2] heat dutyS &°]7] {3l side reboilere} Hmsk

Hojdl & mzgk Y AolZ Fuo] AEu A

=3}

oh. AGhAE 1068 2N Fi $5o] o]Rolx]
ol Zeha] Sell A 714 Oate] Helh o] ojAic,

oful, evkere] £Aoke 2 106¥ A=Y &
St Sl shol) oletel si-g 9%
ol 3l wels 7R e
A X108 olgsto] wrulgE 4] gl
2] ol B YIS ol §HH YL B
che) Al /A el 3ol sick
5E FalA gee "olmelt A5 ur)
7] ol Seeie Aol & A
QUeke Folth. o & Ul e
ste] W Al heat duty S
CRCER EPER L ICER
L ehavle See age & 4+
B W] R FE o] o]
A, o)t gvekelA 35 A2
A o] oflste] 84288 Z7HIA £

oh 39 1o ofshe E Y] X-1012

)
=

o I BNy
%0

i)
[11

kY
j_

N

do @ o mv -
k=

=2

FIF

N oM mE o WL HI

>
o
o o

e

d
° l

o

fr e Mo

1

By
e 1o r
ol @ ne
4 dn
ok, 4
I 2y
50 flo
2

[*]

[*]

o
pas

2 o
(0

m{n

I
QL
>N'

X ol

A

<]

i)

>«

=

=
ox
O

2
o 12

=X

M lo 2 7l o my o rlo
o

52
%
olt

o 12

f
fab
o

1474

2L residue gas?] ¢S sol=g|
1 G710 At o ghes
b A Rl Aebat 2

k]
i

EHH s gojmel Fof o2t

N 10

4> n'}fﬂ ox nd

= AA7rA9 %Ee 7<T7]
Tl 4aIE Sl Jic
skl QlotAl 1 Faw A
e Aok sl 2 @
oetgto] %T%ﬂ—% Y
7O 2E7F EolxuE QTEI% %*%4 °o‘:°| %‘*ﬂml
Z29 Y& Alo]Z9] heat duty”} S718HA EHIAL ol
T AtolEol AMEEE 45719 48 59& SV
o} W2 geEe] AEs YR WA H5HE residue
gas9] delivery pressureE 97| Qa4 =7 428 &
Yol F7leith= @ol ok &4, Edi4] &= Ade

=S Aok Foltt. olZe Sulege] exige x4
Sfolq Foldl ofet B4gg WE 5 Qi LES 24
shel ik, w3k st ofg Atole] Helwi ofgh x
23t Aol o] Bejwurt 217] uhio] Pusite] of2et

2L Zn7)E xE3ksle] 10tto]d 2R3tk A, side
reboiler?} dmelEl: He7kao] £e) fFE AHsiol
ol &3l T2 Wi Alo]E9] heat dutys o= A

o]t} o] side reboiler®] heat dutyS A &4-E 2
3lt} side reboilerof| Al 34EE 225 -40°CE AL

e A7k 225 37°CR Ao 1Y 194
= 23 o] 10493} 102BH AEF o] Zhe: 2reof A
FAAA At
2 oA ErerE shtolA ofeke] S
T5%2 A3t om, shiol A ofgtel cheh Higke] EHl=
0.015%2 A3t} o s8-8 w7 32 AL 50

NGLE R ofshe wefste] ofjgt Zehgel s 44
sfot 7|22 oA 7] SlalMolch gk ofjsho]
dhat vige] 1) 00152 WA ek 2L o] o)
B3} 9 oH] 25%9] ofehe Eato s B)4ake] W
P Ao R Eum sjgolet. ofigte] 3

AN O O
TEE =

042 wujeigel LAgRe Wolx7) wul et
T AlolEY A8 5 E?}'} Z7131c} 3HH residue gaso)
Delivery pressure= HA7}A0] 2592w} Z+& 70 bar
2 kit
2, ™LA AL
E 1ol 2 Aol 283 AA7ts 2=, o,



NGL 3537 Z#3}e] digh o

T R 24& UEh Itk NGL g5l digh dat
BAFE 93lA] InvensysAFe] PRO/II with PROVISION
release 9.0[5]& ARE3lglon, g9 muioml
Peng-Robinson A e Al[6]2 &85}t Evete 5
Holl A ofgte] 3482 75% oo R AHslglon, sHR
ofl Al ofgtoll thgt wgke] EHl= 0.0152 Ask¢ich FHH
residue gas?| delivery pressurer= A7} 9] 4=z &
2 70 bar2 A}

=3

1] Aarkro] g 48 9 24

A A (E%)
N> 022
CH,4 91.33
CyHe 5.36
C;H8 2.14
iC4Hio 0.46
nCsHio 0.47
iCsHy» 0.01
nCsHi 0.01
Temperature (°C) 45.0
Pressure (bar) 70.0
Flowrate (kg/hr) 625,000
2.1 side reboiler2t SuwelE stX| ¥= B

off cHet FAtRA}

A NGL =34 9] dAE s 2rede] &
AgeEE 27 bar2 ASioich ErEEe] 2ugEe 2

B3 ol B4 £3 v Welhre] e
ATt Sl ol aal TsvE

i

= Z35 A~
= E#QT

mlm

17%L°P°1 %_‘Uﬂ%%* Sl A OﬂEJ Ql—rg 75%
QA3 Zdj4] =8 Aol %9 -54.54°C7}f
Zhale Tol dsle] 2wel Eme] BA
coolmg curveE A ()2 UEMQITH ggter AR
%8s} 1z Helrkastel Anshe 9falA SCel 2
SHTLEE lete] 40°C7H) Thshs Bl chat
T4 ()= e it 17 20 vehd
A A7} 29} residue gaso]l TSt heating X cooling curve
= 19 39 AA7tA YEE EE5lo] side reboilere} &
WIS SH e AR Ve AT Rolth. o]
oA HA7FAL] L5 -54.54°CHHA] Ysk= AL &
HEHE SHoA] olete] BlEel T5%E 4 &
2zo|t}.

heating curveE

~—
[e]
A

e o

o
=

1475

55.4729*105Kcal/hr

-20
24.3923"105Kcal/hr

-40

Temperature(C)

-60
13.6163"10%Kcal/hr

-89.79°C
-80
41.8593*105Kcal/hr

-100

20

Heat duty(10° Kcal/hr)

[22] 2] side reboiler} e 3}A] b= Qo HA
soso} okt AR AEE 9 Zw Yoo
3t heating X cooling curve
24 (a): YF AA7}A9] cooling curve
24 (b): e AN residue gas®] heating

curve

nesel Helstast Awee ot

residue gas®] heating curve

Z27 Y5 A}o]Z9] heating curve

30 40 50 60

1

A

il

(c):

A (@):

%

T

a9 290 o5t
% heat duty+—

A7FAE W2A717] $i9) Hast
Yol 231 55.4729x10° keal/hro]
E}. ojnf = 715 oF -89.79°CollA] 40°C
71 T of AEYL heat duys F41 ()2 U
Bl Azt o] 7] o] HAA7RAo] gk cooling
curve®} 2% cross-over’t Yottt webA ey &
%o L7l 40CARE WS B4l Uiy
heating curve= 1% 02 £ o]Fdlo] HAVIAL] 2
Ty} 2o o] AEYT dwde Atk LEU) o
Z0] HA7}Ao] IS 93t heating curve= A1
(©° YehRe el gt heat duty=
24.3923x10° keal/hro|t}. 310 M A7FAL] 271w oo
£ 40°ce] Eagtk Yol ol WE Aol ofshA
YA 71 o] A A (R YESaL olof tigt
heat duty= 13.6163x10° kcal/hro|t}. o] ZFolA] Tz}
Wk gt e ARom el Uk S
St IPgE el =Sk ik $hH 19 304 gu
37] E-01& HaA7pA0] 2B B3] Residue gasQ}QJ o
TS LER Fo]m, B-028 gk WS o] g3
T AtolZel o3t HAZFA WS E-03& Ewehe
AR Z7150} HI7lA0ke] ATeHS Lhetl Zolc. v}
oro. E-04& gojeigte] Aul|S thebdl Aol

‘1

—l\__

T]—;jl—/l

o]

N



S| sle e 4129 AT, 2011

[Z22 3] Side reboiler®} WIS 1] k2 7-29] NGL
Sl4=g ol gt e E

19 40 ujsigre] exgrele] Walo] mE xe
2 W) 2719 AR5 residue gas YE7|0] 40

99| ghe] Wgke yERd Aolth 19 404 Hizo]
ghuekete]  2HgEo] 27bard W, & 4£RFFo|

43857kW=E 47t HBE o|F Hreigo] &0 &
A% oz AR

# 200 29 39 FAof tigt AatAr daks QoF
lth FE 20 19 39 FAudl side reboiler?} ¢
T AA7EAS Atol] Fughs oFA] g Aol gk A
AtRAL ATE QoFstie)k. & 20| 93 E-012] heat
duty= 24.3923x10° keal/hr2 4] o] 18] 29] LAl (¢)o]
sraleh E-029] heat duty= 13.6136x10° keal/hr2 4 o]
= 1% 29 A (doll STt E-039 heat duty:=
17.4670x10° keal/hr24] o] T4 (a)2] heat dutyo]A]
T4 ()2 T4 (D)9 heat dutys T2t v W A}
Zreh. E-049] heat duty= 16.5769x10° keal/hr2 4] Ehojjet
o] 2jH]7]9] heat dutyo|th 18]l E-052} E-06= Z}
ZF residue gasol] ©idt =FAoA inter-coolere}
after-cooler®] T3} heat duty 24 2z} 3.6396x10° keal/hr
9} 30.7754x10° keal/hrg]-S & 2= Qlich

47000

46000

45000

Work(kW)

44000 ___.,.//

Pressure(bar)

[T 4] goeree] e Halel e ¥E 5719t
residue gas Y57] 20 FH9] Fael Wt

[# 2] 739 39 HAmAL Hit Qo

Ki el

24.3923x10° keal/hr
13.6136x10° kcal/hr
17.4670x10° kcal/hr
16.5769x10° kcal/hr
3.6396x10° keal/hr
30.7754x10° keal/hr

E-01 heat duty
E-02 heat duty
E-03 heat duty
E-04 heat duty
E-05 heat duty
E-06 heat duty

04 ~EFO] o -54.54C
X-01 A28 =8 5,301kW
Ccol 28 =9 5,301kW
Cc02 28 =9 29,873kW

2.2 Side reboileret Eugs dh= 20
CHSt TALDAL

18 59)= 18 19 YeRA side reboiler2}o] &gk
= To=a 2o YEAtolE9 heat dutyE &0l ¥
Aujof ojgt Zkzke] AEZ| cooling curve®} heating
curveE YERAITE FA ()& HA7EA7E dE2del
45 CollA Y] o] Duleke shoA] ot Fpg 75%
£ a7198 a7 Ed4 =8 Ag2 %4l -54.54C
7HA] Y 2tel= 2o it cooling curveE UERSICE
o] I o) tdt = heat duty:= 43.3832x10° keal/hro|t}.
I (b= P=oA 2= o] side reboiler?} HughE]=
AA7FA AEHo] tigt cooling curveE YUEF ]S
o] I 3t heat duty= 12.0874x10° kcal/hro]c}. ¢
2 AA7IA7T AR B o] side reboilere} & 3ls}o]
ST WZHEol] o La WE AolE Fuo)
g8 AEYI PAYORA L2e B Aolo] ta
heat duty & & 4= Stk T4 (o= grilgd 4+ 371
ol tgt heating curveE UEHH Zlojm &7 2=
-A0°C7HA] 7HEEEE Btg o o] mAo| gt heat
duty= 17.4646x10° keal/hro]t}. T3F A ()2 residue
gasol| T3l heating curveE YR Zolu] o] e of
3} heat duty= 24.3934x10° keal/hro]c}. 28]3 T4 (c)
o} T4 (d) Aole] HHE Tz WS Aol fi
heating curveS UERH Zlo 2 o] o] st heat
duty= 1.5252x10° keal/hro|t}. side reboiler®} Am3he:
SHA] 2 o] ZEI YE AlolE9] heat duty:=
13.6163x10° kcal/hro]QI 2. 22 side reboiler?} An3hS
&= Aol = side reboilere} S oFA| o= AL
o H]3JA] heat duty7} 89% 723 & 4= ATk & 3
o= 18 19 ZAHY side reboilere} YE HAVIA
Ato]e] ks k= Aol gt A=A AiE &

| oM

1476



ofstedck. 30 oJabW  E-1019] heat
243934x10° keal/hr24] o= 18 59| 34 (d)o] s
hc}. E-1029] heat duty= 12.0874x10° keal/hr2 4] o]=
a7 59 ZA (byell siERith E-1039] heat duty=
1.5252x10° keal/hr2 4] o] Za7} W% X}o]Z9] heat
dutyo|th. E-1049] heat duty:= 17.4646x10° keal/hr2
T4 (¢)o] FFac E-1059] heat duty:= 4.8216x10°
keal/hr24] ghu|eteto] zju]7]9] heat dutyo]t}d. 1z]al
E-10637} E-1072 Z}Z} residue gaso] tfgt F=x4 oA
inter-cooler®?} after-coolero]] Tt heat duty@Z4 ZHzf
3.5934x10° keal/hrS} 30.8318x10° keal/hro]ch, X-101-2-
E& PA7]o)x] doll= SEHOREH 5,254kwe] 5
= A ¥R dE718 C-1010f] B2 AsiH, C-102+

HA QFE7|2H AQEFL 29 932kWolt

duty+

40

20

43.3832*105Kcal/hr

20 24.3934"105Kcal/hr

-40
-54.54°C

Temperature( C)

-60

1.5252"10¢Keal/hr 17.4646"105Kcal/hr

.80 12.0874*10Kcal/hr

-100

0 10 20 30 40 50

Heat duty(10® Kcal/hr)

[2! 5] side reboilere} G shS dh= Ao AA7PAL}
goee AR 25y 9 Z2g Yoo gt
2 cooling curve
U7 AA7F29] cooling curve
24 (b): HelE P=E71A9] cooling curve
D AR TRt duehs 97t
residue gas®] heating curve
ouo] Helstaet AWIE 9Yat

residue gas®] heating curve

[# 3] 2% 19] H4kmAl A3} goF
T a1}
E-101 heat duty 24.3934x10° keal/hr
E-102 heat duty 12.0874x10° keal/hr
E-103 heat duty 1.5252x10° keal/hr
E-104 heat duty 17.4646x10° keal/hr
E-105 heat duty 4.8216x10° keal/hr
E-106 heat duty 3.5934x10° kcal/hr
E-107 heat duty 30.8318x10° keal/hr

106W AEO] o -54.54C
X-101 28 9 5,254kW
C-101 28 59 5,254kW
C-102 28 £ 29,932kW

2.3 T2 WSAIO|20 Ch3t &
21§ S ek 35 Aol el whek
Uehelek 19 6o ojshe 7] o

‘—‘ [¢)
Aol ol A, 23 ol ol Welel $53
A, E5L WARE) O3 WY THY W) S0

o e s

Compressor

Condenser

Evaporator

Expansion
valve

[32 6] == Y& AtolZol gt 3% 7ax

o At 23
o=
case 1 case 2

=7] Ziotel (bar) 15.885 15.885
A=V 28 (%) 70 70
s d=7] 29 59 (kW) 13,925 1,559
WA E STk (bar) 1.114 1.114
©27] heat duty (10° kcalfhr) 25.5491 2.8603
Z4}7] heat duty (10° keal/hr) 13.6163 1.5252
Wojjo] & &3hgeF (kg/hr) 279,557 31,325
F 4ol I8 69 =2 JF Alol2of st 1

39] side reboiler?} H gk 5}A] S A (case 1)} 1
2 19] side reboilere} IS dF= 7 X(case 2)o] 3l
A AREAL A3HE 217} vl 8 ackstgch E 4o o
shul mag Wi AlolZe] Yl 957 Feke] gree
15,885 barolch. o] §1%7] FetelH 9571 Aol
QFEelE nefalo] WaGR Yo 4 o Sxel
45°CollA] g sk SHs] %ol old 4 gl
SFRI7IA] ZH9HaE O 45°Col M ZRgtk Yole] 7=
deoll =St 0.5 barg Tgh Aoloh g WAWE
AHL 1.114 barE o]= -40°Col|A] ZE3 Yuj|
o] o]&7 SHT 2k 2719 heat dutyl case 19]
oo 13.6163x10° keal/hrof] A case 29 %o
15252x10" keal/hr2 Zol5glom o]of weps Zagt
Wojjo] = = 279,557 kg/hrofA] 31,325 kg/hr2

¢

l

1477



S| sle e 4129 AT, 2011

Fol5912e o 4 otk ol YR HhrY ARE
side reboiler®}0] AW3AZ] Fof T2 WE Alo]Z
Fotel Aelrlao EUTORN TR WE Aol
heat duty7} E0]5317] wiZo|t)
3. 848
# QoA NGL 515374 olth Zeg U AL
o]Z& EFT duEye] 4 HueEe] e 44
g zZ2g dF AtolE 9 heat dutyS X|43HA]7]7] 9j8t
o] YRS ET5}o] side reboiler?} s E3A U
& 3pshe Ao el AAEALS askglen o
<1 22 428 4tk

1 goleiete] 84 qrele 27 bar AL, of &
A GOl olgk Bg 75%S oy $1% &
24 SR ATe] LR S45CYS o 5 9)
ick.

2. Etyeleto]| A side reboiler@} bottom reboiler®] heat
duty BHIE B4 353 ke 12.0874x10°
keal/hr24] AJH]7]2] & d2Fel 16.9090x10° keal/hr
o Hlsto] oF 71.495%9] WEE 3T 4= U

3. side reboiler®] heat duty & FalA 343k Y
42 ol gstel HAZks ARS Helaho] WrbA|Y
omn mEw WS Aol29] heat duyD
13.6163x10° keal/hrofl 4] 1.5252x10° keal/hi7}7] 2
o 4 ogith R W) AE719 4a Few
13,925 kWoll A 1,559 kW= 2 2= 319tk

|

]
rar

=z

[1] Arthur Kohl and Richard Nielsen, "Gas Purification",
Springer, 2005.

[2] Saeid Mokhatab, William A. Poe and James G.
Speight, "Handbook of Natural Gas Transmission and
Processing", Elsevier Inc., 2006.

[3] Gas Processors Suppliers Association, "Engineering
Data Book", Gas Processors Assication, 2004.

[4] Arthur J. Kidnay and William R.
"Fundamentals of Natural Gas Processing", Taylor &
Franscis, 2006.

[5] 243, 7AE, 8-&7], "PRO/MI with PROVISIONS
o] &3t sletEA e BA, TAET oA, 2004.

Parrish,

1478

[6] Peng, D. Y. D. B, "A New

Two-constant Equation of State for Fluids and Fluid

and Robinson,

Mixtures", Ind. Eng. Chem. Fundam., vol. 15, pp.
58-64, 1976.
Z 8 Z(Jungho Cho) [(H3| 9]

o 1988 29 : st Faid
st ststgelat (33Hh

e 1991 8¢ @ =&Y B}
shgatat (FEHAD

* 19981 29« AlgTista Fad
st sietg skt (F8kHAD

e 1991 19 ~ 19974¥ 2¢ : ¢
AR 28

* 1997 39 ~ 20009 29 : IR} AT ARH
SH AR

* 2000 39 ~ 2008 29 : FYThst FHcys)
gepetg et 2

* 2008 39 ~ AA : gt BhEkae)

ol

oZ

H Py
Sl

4

Tl

A8, 24 Simulation

Z & 0OJ(Yu Mi Kim)

e 20109 &R : Bl #
dak sherpaly 48 (e
A elg)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


