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T AlgEYolAd R 2% ElS vluste FEE R HIF A 90% o]
A= 717S 3el(heat & material balance A5 ¢ A 33l 7k& BokAo] o]lf&E T/ &
7hH

dolgy g | 2ddl 9 A X & golf 2% | d 2% o A&
A=A o] &

(bar) (bar) (%) (C) (C) (%)
MRO1(¥H-8-7]1) 18X.X 181.1 9X.X 35X X 351.2 9X.X
MRO2(¥F-S8-7]2) 18X.X 179.2 9X.X 35X.X 355.5 9X.X
MRO2(¥F-8-713) 17X.X 177.3 9X.X 36X.X 363.2 9X.X
MRO2(%H-8-7]4) 17X X 174.4 9X.X 36X.X 366.4 9X.X
MRO2(¥F-8-715) 16X.X 166.6 9X.X 36X.X 371.1 9X.X
HSO01(Feed furnace) | 19X.X 1914 9X.X 32X.X 329.3 9X.X
MSO03(HHPS) 16X.X 169.4 9X.X 36X.X 361.9 9X.X
MSO04(HLPS) 16X.X 166.3 9X.X 36X.X 359.8 9X.X
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(bar) (bar) (%) (C) (C) (%)
6 16X.X 161.2 9X.X 36X.X 366.2 9X.X
12 16X.X 162.3 9X.X 22X X 224.3 9X.X
18 166.X 162.4 9X.X 11X.X 110.2 9X.X
24 166.X 163.4 9X.X 9X.X 94.2 9X.X
30 16X.X 163.1 9X.X TX.X 77.4 9X.X
36 12X.X 122.8 9X.X 6X.X 64.3 9X.X
42 5X.X 549 9X.X 4X X 42.2 9X.X
48 4X.X 441 9X.X 3X.X 31.1 9X.X
54 1X.X 12.3 9X.X 1X.X 10.3 9X.X
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| 2ig0 | e
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1.2.3. Low pressure separation section
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- S
T T

1.2.4. Fractionation section ¥ Light end recovery section
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2.1. Peng-Robinson Equation Of State
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p— RT oa
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Z2Al 1 Peng-Robinson E.O.S
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oA SISt R, 5/ Series el W7lo] E2l uhg
BYBe] FUEUE 2IYe FAste] AR werle
a5
o =2 u T

A2/04e 578 RA0A FHetEs LRI T
2bA AP Eo] =2 BES7] FHOIAY AL AU E A&

L

0



Psstes sAEEe] $ud
OJFE ALTI}F Lol & ot
2o| =g

2 : S
AURE O ZRY SWAAY WS nst: 2IYS A
A}

.

F et st 2 %49494 & &<l fractionator?]
product= 719] inleto 2 7}Asta, o]
= A9 scoped] 7P xd%c’d 5719] series FEfQ| §13-7]¢]
feed2 FUstth. 7 o]z HLPS, CHPS, CLPS, CLPFDE A4
z]&A 0 2 Atmospheric FractionatorS X|Y product® &8
g

& 5739 feede A AW Y HFY gt A&
A9 A W4 AA(Composition, Temperature, Pressure,
Flowrate)2 o] &3t AA &Aists da=d 7 ot 7+
oil component2 BEsto] AIL5IY T Normal boiling
point(NBP)S 7]|&0 23t 0Oil hypothetical componentS-<
NBPS 7|&©=2 Naphtha, Gas Oil(GO), Atmospheric
Residue(AR)Z2 37| 37[X] 21 &o0 g J1RE=C}

= Aledo]ld RHoM = AL Ao HlojuA] Qf= st U
ofjq ZteFate RS Aledstatt. AAl M= oyA] 2

Ie &< 5789 A =2g #sll ot 348 #Als ol

il
App
2
o
an
o
Ul
U:
o|o

N

&5 3 (Heat Integration)s A&ttt stAITE £ Ao 20
o2 Aln Aldeest £A90) 012 Easr] gF £ A7
=40 dedy 22 24+ 2Ea%t SAEE SVl &
lojat HWHsto] A5t FHs] 7HF utilityE o835t &
S0l 89 A 3P JPststol BAlstort.

ZF unit @ stream®] APQK(specification) T @ U EE T of| A

)
of
<

PFD 3 P&ID9| 2 7oz ZFHAH.
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3. AR AU 8 &4 34 Aol RE 2 F 4

3.1. 38 374 Al&gold =1

At AluE] @ = /g0l BASEIQ stateo| A Bloju 9 & 5}K]

%2 statez9] AlZto] w& WHetz FA FA AlEdolde B
gich olo] el RAAE RES Jvtoz £ @t 7}
REYg Myelgch. B AlgolMe] B4 asel %
9] sizing data®} Aol 2A-S& :ESH5HY I, sizing datas
L AT oA A5t RDS process®] PFD 3 P&IDOJ HH
ALgstEt 240 eie MAstn Rl BALHS 9
Alo] =22] % Ao]7]19] parameter52 Alo}7]9] FFo T
Yutxlel Zro 2 HE TWQA] HA(tuning)S E5to] QHIAQI
fold w22 FLHFSIAT. Aloj7]E A|o] parameter
| Ze obe & 19 2o B =Y AR 24X &
2071e] AMoi7|7t 2 tElgin, L5, ke 94 7]7] U] x|
=0] HasS Alofshr] #st Aloj7]|E0lH, & Ao 2=+
cascade controlo] AEL&E AT =A FATH F7H=l TRF-1
unit o]so] Ayst At AUl eo] 1LHE Qs EAXN €W
(valve opening)®] AXIAQl HiHramp variation)S +31s}7]

9 7hgo] ARlolet,

gk

|

L

;_|:
o

-0

>,

2 o
U

10 oft rfu r o L N oo fo
O

)
=

L

-

Flow Level Pressure
Kc 0.5 2 2
T 0.3 - 10
Temperature
Liquid Gas
Time const. 0.5 0.1
Type First-order Lag First-order Lag

Aoj71d L8hAQl tuning parameters
oA A 4 Algold 29 ¥4 ss== 19, 99
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Pre-Reactor Leak®}t Heat Exchanger Leak & 39| =% A]
U] & s5t7] flste] o] HutRo] & 7i9 leak point
2 MR|5t9 1, o]= Event Schedulero] 9Jsf A==t} HLPS
9] gas line9|A] Flange Leak AlUg]QS 2|5t Flange-Leak
component?} lineg 02 JA|SIAUTE. Et ¥EET| S HOA]
o] +& AU E $I8t Reactor-Leak®= AREE & QA FA]
ot &4t RDS g0 ol F=7F At Al E F7t
o]} Z& F7} component?} flow lineg AJA35to] At

it

ol
2

.

ol
ol
= o,

oo ndt
4> 4o

3.2 A2l Q¥ Algaold st

At ARl @ SRPAEAbA] JjEEt whe |
©, HLPS %3 AlU2]QolN &4fste] gaigio] oo}
Qo] thst e 5L AR 4 Y= st X7t AU
Q2 ¥y HMnt Heater $To|A0 & Aales 37}
s, 2o oigt 55 34 AlgHold 1A 2

s 7143t}

3.2.1. ¥t27] 23 A|Uale

o dixdoR feedd TS Aoishs FIC-0130]
o] 2= Fojst= TIC-024, 12]1L Makeup H29] g

2 JtAl FAZE EEA AU oA
e Hlojzle QAAIZE QlgolE BT Aol Tnae
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(RERR0IA 1L, Do LEALIL WsHET] 0|23t Aln
1= T e g Zok vhgs] ATEe 9hg)
= Z7191%F compressor® L/dEo{Qltt. 0]
compressorofl= AP HY olgAo] FAE =Y WUt AEH
3% compressor?] EEU0] FAHAE YojuAg.
o] wWX|5t7] 95t main compressor o= standby
compressor’} AX| o]l =0 oJESt o] FHA F2
failure2 Al&shA] = 4 Aot ol2lgh 4% il
AROo g =oiX|1l EE lineo] AR AZ2% ¥H57]9] U Fsl
Bl er Aasttt. olEA AJSeH o
o =0 WAIHH Aol M3o=z Foiofd =X|=
field®} DCS(Distributed Control System)o & s 4 QlT}.
DCSoA+= & controller5& X1 (Auto->Manual of Off)
fieldo] A& s15 blocko2 QUHE §FS ATsly] s
block valveE AtHstojop gty o]l ¥h37] HF9 B%
TIC-0240] sigHtt. qref ol2jgt &£X|7F Adi= PaiFS 4%
of AFFEE ALt TEEX|TE T2X] st FFo] A
4£%]3 H27} flammable rangeo]] =257 = kA7) Ayt
o 4 shA7F WS Sl block R ofyzr FAof =
2] block=9] shutdown E3F XId§stojof sttt A HAjzZ =
Azl ot S FJA517] 95t makeup H2 line®] hand switch
Q1 UHS-012AF AF-&AlAOF 5t bleed gass AtHsH] $5Ho
FV-036& ZArzA|7of stth. o]%0] feed pump line9]
shutdowng $¢Joto] HS-900ACE AtzA|7|H =H
arep olelgh o) PSS Al SWskATHA
Al shutdown}’gd-Z HA A startup= At Algto
SEAIRE 1o styete ARd XS PHY startupzs &
R AEIZE 2o
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3.2.2 HLPS & AUz

Ao A AA A FE emo]H stol=atel Atas 7wt
o2 JNust HLPSOIMO =% Al Aeles 3

oz At Aueles Sttt wes] &
8% Mol Agsl HPSE 23
zEl 9AHQ Hol A Y AL
S3 Sl 24 o T B Al
A ahgo] k7] R HE Aueleo] oz MAsH

0 & 12

=

al,
L
.

S
T 0
S
z

S =

o] Al

41

4, 5APAE AlU2] 0 2 B4} AT9IA] 7bA QPR BAROlA Wotet
RDS 379 9184 B/ RS /o AT wwel 93X
2 mestel e Agstdt E3 AheAWI] RDS
process® ‘ESD(Emergency Shutdown Procedure) Step
Check List' & Aalsto] Alye]jeo] 7jAdo]l =11, &
of auge A T 4 Yr AL A @
= Ude=® st &d =0 3 A4 4Y
Fsd Aueles Agstn @ 2AUo) 3 Ao
Aeles Asesc. doedya

1
i)
M
Al

mu
RO
P
N ¥
2
(i
X
.
g
n
=
)
i)
fu)
o)
Rl

shet 7t

Hot Low Pressure Separator(HLPS)o|+= separator?] level
2 Aogst7|¥ st LC(Level Controller)/FC(Flow Controller) A
of 27} 1AL QT LCx= && Ao F+X(cascade control
logic)o|A] primary loop2. & secondary loop?Ql FCo| AAX]
(set point)& A7dstal, FCO o] 8oz AX| 549 %F
(HLPS®O] bottom flow)o] ZRAE|o] FA B4l Separator?]
NoE AATH AR KT Afol2AL WAstr] s o]t
e 54 Aol 7x2 TAEC] Utk o E4 Aol 19
Level Transmitter®] o]Afo] ¥rAI5lo] False low levelo] BHAY
Sto] Aol =AF ¥4l Liquid line valve(FV-049)9] 1t |
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M=Z Qlsf HLPSQ] Liquid flow rateo] 7Zt4Asto] HLPSQ] Level
o] W=5HA 4455tH, HLPSQ Pressure’t 455t €t o
2|3t o]4fo] =LASH F =Yool Bypass lined 7hs5Ho
HLPSS| ool 38 A9 2742 oMgetd 4 9lu, g
}\]-Q-Oﬂ}\-] 0]1\1- 7—12

ol-m b
%
|o ok_l
2 o
o o
ox M
ox
o
HJ&"
>
S
J;‘

SHA|9F Bypass line 7h=& 51X £ 749 HLPSQ] Levelo]
Al&R o g AL5HA &1, ngh Alarm (High High Alarm)o]
Aol ©1, HLPS % vapor line9] @ejo] 455 €t
vapor line?] PIC(Pressure Controller)o]] oJsf 4= Ajoj7} &
% ;\] HLPS_J level':'} /\} Oh_i o}aﬂg 5\_% }b}% S [;}/\] K—]/\P
HAS =AA =HAGE PICY Ao HAE HoyAY o=
A5 9 Aolrt & wA] e A ¢ w™o= s vapor
lineQ] Alarmo| Arzstal, PSV(Pressure Safety Valve)?] set
pressureZtA] o] J5& Ao PSVo| ofsf o] Ak o]
2 ADO] WAL WAIF 4 9tk o] 39 PSVE F8) +3E
7tA%= Flare line2 &E5| Flare stack© @ o]&&|o] v A ©9F
Aot 37 olyol e 2 k.

sHH PSV7F AASGH] A=351K] AL} PSVQ] capacity oAt
o] otalo] I ArA3 Ao pSyE Egf e sfisty AL
3=t ¢ , 228l oz F oot Flange F-7OllA leak7h
dbAisk 4~ 9lty. HLPS9 vapor linedt A= & w2y

™

2
i?-l"

ol

X

M

2 o
=

= =
(TT-08)2te] AFF FlangeofA leak7} WAYSH HLE 71745
L, o2igh At oA A tid =9 AU eE A
SHTH. Fu7|(TT-08)2] Flangeo|Al leak?t HAYeH F%-
leak flange At™o] sHe®wlH(TT-08 B/V)S AIHst gasd] &
= J

e AUtoEH F71H w5 Aigslol ot 71y
gas?l H2o| %52 A7)0 AL 3¢ £%9 w5 L2 &
A7t 7hseitt. o 79 Atnz Qs B4 FW A2 AYsior
s, e duy39] ‘ESD(Emergency Shutdown Procedure)
Step Check List'S 7|g9toz siiQ4oln] B FA Alg oM

DdoA 48ier 4 Q)= 7HeFgHE] shutdown proceduresS Al
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gt H AU E T8E 4 A o
B2 XtHSto 7HAAd gase] &= R
of F-&EAfalo] W shAfZF HAY 4 A, 7TAA gasQl Hyot

I 2 225" Ao Aetdo] g AR

3.2.3 W7l AT AREY] - AU
GiviEol wesler e e An AUzes 57}
sP7] glstel S 34 Algelold 2o W8] BB Fvt2
o5ttt 2 2w 5709 series FERS W71 I AT

A7), Heater 5 unito] #7tisich 7100 AT WS
7] FHolMe] 5 AUertt W8] Buo g4 o7 &7
o H% nemeel £0E BAHT ol Anel a1 m

sies o AXH. mefA of Al T ZIAIRY Rt RAX

Folol2l2 Qlstel A1 W =Eo] £& ¥heY] MTre Ui
7] Flangeol|X|9] & AlYUYLE F7iIAct. 3.2.31 3.2.4

o] &At=El Atal A|U2] 9] Event:=

Aol &pol7k QIARE e3h oz 39 10.1F o] Algdnt.

4 Lo o
J¥
>
C
hi
o
2
a
Rl
1
o

_25_



Event Tree

Instructor Field Operator Time step
‘ Compressor Malfunction I to = 0 (min)
‘ Standby Line Failure I toi =2
Flange Leak | t =5
by overpressure | L
¥
Gas Leak | _
‘ Detection | fo=6
[
BN
TEE
v
| emowen | e

S T
(Steam ring/gun)

t, =t + Aty

< Shutdown Procedure >

Bleed gas AtE¢h
(FIC-036)

Bleed gas AFTF X|A| |

t,+5

(FV-036 B/V) |
L

Bleed gas AFEt
(FV-036 B/V)

Makeup H2 X}¢h

t,+7
t; = t; + Aty

(PIC-053)

Feed Pump A}¢h

ts+1

(HS-900AQ)

t;+2

‘ Furnace Fuel AtEt X[A] |

t;+3

(PIC-I114) |
------------------------- femerm]
Product Slop X 2| ty+5
%EJ‘%E
(Success)
I3 10, 4" =5 AUl 29 Event Tree

a4 101 Ho] = wi(Instructor)yt  F=HAXHField
operator)®] HZS &3k, 54 HXA 7tA wF AL Y
A e ool wet ofefo] xxE Xt g FYe
Hol= AlX| ESD AXto] w2t shutdown procedureS Z1SHsH
ot £4 24 Algejold o] He shaf A, s AL ¥
At FH5HH, gas leak, 4%, AHy g2 RX|o] T2} &

Aol wato] that Anzke AAIsH
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4 Case 1, 22 Zo] Trip-vlve] Cv7} 7445t
@elo] AaoiA] @t olo] met Folreiow o4

AR 1e-ngel e A0 tet w59 stx 3
= AAshE aAa(Hy)e F=50 FAI0 Eei7t =7 diE
shajt WALSAIEICE olS Abm ohyol b sAAIta
1 0]%9] Shutdown(ESD) AX}7} XISt WAl Feed RIS
st AOV-007 block valve®] X o]% Steam gun&rmge
8% =589 Aspl AP 2ot YREW A gL
2ol Feed AMH, Unit WY 7249 Bleed gas AIH,
Furnace fuel Al & £X}AQl ESDAXS AXRItH Ao x®
A7 gaEW 34 Algdol4dol tﬁ%dr. 7}7+9]  Event
Condition®} 10 T2 ActionsE& o9 Event scheduled
delElo] Aot

_4
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Scenario #3 (Fire & ESD case)

Fault start

Elapsed 10 sec

Flange Leak & Fire

Line pressure
More than 214KG

AOV-007 operation

Elapsed 5 min

. —>
TC & PI.C in Rxtor HX Flange Leak open
section off
AOV-007 block
Heat flow in HS-01
PV-073 Cv decrease )
increase
Extinction Depressurization Bleed gas cut
Elapsed 5 min Elapsed 3 min Elapsed 2.5 min
—

Heat flow in HS-01

recover

VLV-201 block

PIC-053 Manual mode
PV-053 block

FV-036 B/V block

Makeup line cut

Elapsed 5 min

FIC-013 Manual

mode

FIC-013 zero OP%

Funace fuel cut

Elapsed 5 min

TC-temp zero OP%

Stop

Elapsed 5 min

Stop Integrator

_28_
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3.2.4 Heater +& AU e

3.2.39] ¥wkg7] At
10.2] Event Tree9]

dwdr] & Aot U5 19
Ao T2t Ay s AlSiET, gas
leakQ] X7} 1% ¥F-g-7] Mho] RSt Heater?] Flangez 4
Aglo] AYele AltalQolct. i) WAL o]% Feed At 3}

Al A, olojAl= ESD g2 s A==t

Scenario #4 (Fire & ESD case)

Fault start

Elapsed 10 sec

TIC & PIC in Rxtor
section off

PV-073 Cv decrease

Flange Leak & Fire

Line pressure
More than 214KG

Heater Flange Leak
open

Heat flow in HS-01

increase

—

AOV-007 operation

Elapsed 5 min

AOV-007 block

Extinction

Elapsed 5 min

Heat flow in HS-01

recover

Depressurization

Elapsed 3 min

VLV-201 block

—

Bleed gas cut

Elapsed 2.5 min

PIC-053 Manual mode
PV-053 block

FV-036 B/V block

Makeup line cut

Elapsed 5 min

FIC-013 Manual
mode

FIC-013 zero OP%

Funace fuel cut

Elapsed 5 min

TC-temp zero OP%

Stop

Elapsed 5 min

Stop Integrator
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3.3 A2l ¥ Algeold A BA

Y At Alyg]eo] & 34 374 Aledold2 HYSYSY
Event scheduler2 o]83st EX 7L THES Alo] diE
actiono] E&d 4 JeF ALASHAY. bAPF o] et vhE
7] ST(3.2. 1)k HLPS(3.2.2)9] Atil Alut2]of it Al&2]o]
A A= 220 ARt A5 4 348 Algdold =E
oAlA F7FeE AfaL Al42] @ (Case 3, 4)&
HEE ez oF ARl Alyt2] o] of % Algeold 2
£ ofgo 7lesH =t o] oA FF JNLSH AR Al

o EL

o] Aut= QIHA|E]Y L2 EERQIOA FAECE X|HO] A|gH

0
o As) RE BH WASY ZuE AL RSN, %

Auel o Za s Waol 2xF Aute ofgjo] MAlsT,

3.3.1 ¥1g7] 3% w3 Auale
- Scenario #1-1 (Mild case)
A HA A2} 2+ Event schedulerof] wetA 813-719] o4
o] $UHOR eIt ] Aoz Sotel oz 7
Elojlth. oA AR o] 7m0 compressorof o]%fo] 37|
@0l 455, stanby compresor’t 55t FAK O =
23t9E o] o] Y2 Sote] =t o2 ABeo]
FollAE Trip_vive] CvE H3e UHo=2 sttt
- Scenario #1-2 (Release & fire case)

l‘_?L o kI

= owA) AuRles A vl SUsPA wrele Uol 4
SHAISE 0|2 SAsHE el Al o] Fol A4 Astol

5 F 7 2ASHE AU eoltt. Alug] 9] AJARZ 1-1
I} OFEZFAI2 compressor O)fo] ThE ¥HS7] 4 AdSolt
SHRIgE o]® Alupe] QofA = stanby comprssor?} Af-&5HA]
ofx Cv7} gho]l Fopxl AElE {XIttt o] mizo ¢4 AL
AF2SHA E]aL feed lineo]] HZA% Rxtor-Leakl #8777} &

AN 2] 2SN Ay s SEET

- Scenario #1-3 (Worst case)
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Al B Alu] s Fdo] dojubs A9 Alug]eolt). A
A2 1-23}F v]%stth. shX|RE ahxfjo] Sof FAJA o g Ahssfopd
bleed gas line shudown(FV-013%)o] A2 AF=5HK] QrolA

B87] feed Yol A% AadTh AuHoz ¢ YR
oW Al et FrHCh

3.3.2 HLPS %+& AU

- Scenario #1 (Mild case)

A "R AlYyg] 2= Event schedulero] mekA HLPSQ] LCO
fault7} WHsto] leveld} o] &ots d42 AlBH 04 o)
71 YsA PIC-073(HLPSS] PC)9] modeZE ‘off 2 W75},
PV-073(PIC-073 control valve)?] Cv(valve size)S ZAAA|7]
o2 HLPSO ¢rae Ab&A)7Ith. s HLPSCO LCY set point
£ rampE ol 45 Al71E= levelZ S7H]7|0 ¢4 FA9]
292 WA o] O uFYRoR Aaste 42 sjast
11, HLPSQ levelg AAstetr] ot S Yo] bottomo]
bypass line9] valveZ ‘manually open’'sto] Z& 9] AAMATE|
2 2ust £AIS A 3% AAL HoWY A A 0
AlZ1 37HX]9] fault conditionS %£7]9] ro g Este X
RMAMAE S 3] B3tct ZAlo] AAMAMEZ g]AHorS Ao Aln
A glol Al et ZrE. (AAI9] 4% bypass line®| 713
ol At F=olM main lined] oS At 7hs &Y
N ERCRILTEN
- Scenario #2 (Relief Valve-RV case)

= 9A Al = Al BRI 55t Event schedulerg
o] &35ty HLPSQ] LCof fault7} ¥Aist x7Ao=z ¥H7Pshal,

ol

s 1o o

=
HLPSY] leveldt S FSA7I= 222 Algdolda Al
ok vl Ao o] Aeste AEOM  EHd]
bypass lineg A& ARt Hlo] 7h&stA] X& 4% HLPSY

=
levelS A|&™Mog Arasin, oral st 1t
C}. HLPSQ] PICO] Ao &L Xitst= o] A
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AL 27t AHAAAR 2 AX|of] & PSV(PSV-008)Q] set pressure
o =2 4% PSVE &l IS siastr] ¢si vapor flow
7t #&5 1 set pressure 0|49 4= A5 WASITE. PSV
= Zof &9 vapor= flare lineg w2} flare stackofA] <F
AstAl A2|dtt. o9 dds AASHR] &8 4% PSVE &
¢ 4 saes 249 siawsol oty flare lineg 5¢F
578 A9 &4 ESE Atz gg 4 ok PSVIZE Jiwtat
HAE SFESIHA S 24Qle] V2 o] H2 7tAE =&
Afds §HEste A & & 4+ Ao

- Scenario #3 (Release case)

Al S Aldgee A WA, £ SR Ay et A
A2 2stER faults LABA7|= Aoz AAfeit. Al Hs
X FAXl(bypass line 7h5)et & #A A FR|(PSV)Q] o] A
Solut @7 A AlTto] Eukg A] HLPSO| %efo] ahzst
Al ek, XY A 4 oo 45Z Al flangeet &
o] B|uwA Fwert ofgh oA leak’} TAAY 4 Ao F 7t
BR7F AASHA AFESHA] 2 Aol ApRlof] 47
f &= 9A 4= (27.5KG)E =tsr A|o] HLPSQ] vapor line &
@O Fuwg7|(TT-08)9] Aol 7149 Leak point2 “EX|gh
‘Flange Leak'(valve)E 7Julslo] Leak”} whAlsh Arsro] A|ita]
ot} o] & leak?l At flange AHQ 7P 77k
block valveg Afdst] F7HHQ =& #Al9 sd& At
2 malg Aastets o] £47h Wasith o] ALl ool
4L Ast AIZF WYof Flange leak AH<e] TT-08B/V valves
Aftistel leak® F9AIZ 4 Utk g0l FUEL HAlsH
57d= shutdownst= 2H7go] FHIE|ojo} Sttt AT ¥ 3.9]
ESD procedureZ 7|§tog & A|gdold TEOA AL 7=
st 7reRst=El  ESD  37FA] A XHFeeds cut/Quench gas
cut/Heater trip)E $°8stal 57do] edabd Al AlU2ert &
mECH

A

- Scenario #4 (Fire case)
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0l

Ul wim Algeles Al HAlet 59t fault7h EAEEH o]
O = FIx|9] HRIAFR|Q] nAHEo R Qs TEi e
}2, Flange©] leak’} st Alue] Qo). of
o5 A5t AIZF Yol Mtk WH(TT-08 B/V)7} A
A &R0 12 uto| H27t F&&7 547
SRl Ab7b wA¥sHs Alue] o). o] 7
79 stA(datd)e] x70] whet shA A}LT
L o]oJA &% Qlr},

é

ol
i)

o) mE
o

ol

=

Mo
i
ko

=2 1%

o (I | R W = Y
e wy A0
>
> =
O ox _L
r[o Ho

>

=)
(@]
o
i
Lo
A
o
>~

b

U

37l A Fug] =& AU e
Brl Event Tree(detail description)ofA =Ql &
2 Qe Ak Zol ey P Tt Eu#r]9] Flangeof A
Leaks} wJsto] &%l 7tA7l uiz siRj= o]ojx|= Atuo]

© ot alofAel LExlosl HA] %, T L& W&} 9

718 oArsr 4 Qlck o] I3 139 ‘%’ profiled]| A9}
J17t 43} shutdown procedureo] @& 2 T35}
=5 g 2 Atk 9Fol HS HLPSY Liquid
flowrateS UERH 7o 2 %7]9] AAMAE] A A|Q] S0 A,
Feed®?t Makeup flowe] &yt shutdowno]| 9Jsf S=o] %=
Moz UL g AT & ok gAY A
recycled-Feed & Makeup H; line®] PIC-0539|A]Q] =33F
Uetd Zlo=z ol Aol mef o] FAEL, ole FAL
oA Pelo] WAMOR At AS HAY 4 Yck.

wu my o oX
ie)
i)
S
-
19
L
S~

ol
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Flowrate (kgmole/h)
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1.

Shutdown, Stop Permissive for Recycle Compressors, Offigas Compressors, H2 Make-Up Gampressors
Module-1: PC-E18-01, Recycle Gas Compressaor
Madule-2: PC-E18-51, Recycle Gas Compressor
PR-E18-0#8, (ffGas Compressors
PR-E18-034, B, C & D, HZ Make Up Comprassors
Low Low Flow Trips Reactors Fead Furnacss and Fractinnater Furnace
Module-1. H3-E18-01, Reactor Feed Furnace
Module-2: H3-E18-51, Reactor Feed Furnace
HS-E18-02, Fracticnator Fumnace
Low Low Level Interlocks for Leidown Valves, Pump APS
Module-1: MS-E18-D4 HHPS, M3-E18-05 CHPS, AS-E18-01 HP H2S Ahaarher
Moduie-2: ME-E18-54 HHPS, MS-E18-55 CHPS, AS-E18-51 HP H2S Absorber
AS-E18-03, Fractionater BTM Pumps APS
MS-E18-19 Fractionator Reflux Drum Whols Maphtha Pump APS
Pumps Backflow Prevention Valves (Low Low Flow) Interlocks
Module-1: PP-E18-02A/5, PP-E18-05M/5
Module-2: PP-E18-528, PP-E18-558
PP-E18-03/5 Water Injoction Pumps
Pump AFS Interlocks

PP-E18-11/3 Fractionator Botlom Pumps
PP-E18-06/& Fractionator Reflux Drum Naphiha Pumgs
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B. Heat & Material Balance
Inlet Material Mass . Mass
Stream Flow[ka/h] Outlet Material Stream Flow[ka/h]
MPS _ 8499.999411 7 22032.78699
9 1913322165 8 62.72324372
10 8844.385962 14 703.1358074
11 96161.34868 15 12440.43218
12 336077.8113 16 9672.59504
13 22000.01132 33 79084.30456
31 17.97437196 35 348117.7894
ToFlare 0
17 696.7773103
Total Flow of Inlet Streams 471603.4444 kg/h
Total Flow of Outlet Streams 472810.5446 kg/h
Relative Imbalance 0.255956615 %

H 4. Material Balance
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Inlet

Energy Flow[kJ/h]

Outlet Streams

Energy

Stream Flow[kJ/h]
pumpQ 143111.4329 PA_1_Q-Cooler 53354985.09
MPS_ -110819038.7 7 5586869.913
9 -2521.530116 8 -10737.10789
10 -10868167.56 14 -1995953.586
11 -121840371.5 15 -26388025.29
12 -377623541.1 16 -133948955.8
13 119703035.2 33 -112254735.2
Q-104 -33240723.53 35 -427684254.2
Q-105 1329.695853 ToFlare 0

Q-106 2.236473952 17 76873.69606
Q-107 13165.15046

Q-108 2878999.536

Q-109 272273.9423

Q-110 19675.2215

31 -34218.45029

Total Flow of Inlet Streams -487422639.3 kJ/h

Total Flow of Outlet Streams  -493263932.5 kJ/h

Relative

Imbalance

1.198404172

%

3B 5. Heat Balance
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C. A2 AlU] ¥ Event Schedule & Result Profile

Compression Section 0] AH0)
A
oo

J| =8 2
ki Beo| T ol
T A
<Mild Case>
|
HEEJ| 3= pipeline
flangeGilAd 22 18
24 leak
|
Block valve Xt&
Y N
| |
| Humm—
= SHA &2
I N
ABLER NIES SES=))
<Release Case> <Fire Case>» <Explosion Case>

Bleed gas Xttt

(FV-036 B/V)
sd=g(fail)
N Y
| |
— e . Sl E=(success)
eelS=(fall) (orm 3} Zx| Mat
| DeS
Field
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HLPS LT-032 Failure
(False Low Level)2tM

|
o HHZ

Liquid line valve(FvV— 049) )
Qlst liquid 72 24

Manual Bypass around FV—049

Bypass Line JtS 0]

(;FV-049 B/V)
Y 1 i

HLPS il &5

(LT-031 High Alarm)

e A
<Mild Case>

&5}

Je
0

oF
=

«<Mild Case>

2 PSV-008 X5
M
HLPS Vapor line 2+2H0Hl
9|st TT-08 Flange Leak

Pressure RelievingOil

=13
gl

e el Mg
1 l
Flare line= Set Leak Flange(TT—08) & &t
vapors= pHCBHH(-TT—08 B/V)
AE
<RV Case>
Y N
<Release Case> ! <Fire Case>
A Vapor e FE AL Y
ZAD SLRY g
|
SHA &2
| 3
StHE e =z
seizs || sez=
<Explosion Case>
e (S

(1} [Simplified ESD Procedure]
1) Reactor feed pump stop
2) Healer trip Field
= AlY2] e (Case 2)

I 47 HLPS &



Scenario #1-1 (Mild case)

Standby Compressor
Fault start
on

Feed line pressure

Elapsed 10 sec
more than 210KG

Fault restore

Feed line pressure
less than 200 KG

N
TIC-024 off TIC-024 on
Makeup Hydrogen Trip_vlv Cv restore
line pressure
Trip_vlv Cv decrease setpoint change Makeup Hydrogen line
pressure setpoint
restore
Stop
Feed line pressure
less than 192 ®
Stop Integrator
Scenario #1-2 (Release & fire case)
Block valve remains :
Fault start open Leak & fire
TV-024 Op% more Feed line pressure
Elapsed 10 sec than 50% more than 215 KG
— —
Rxtor-Leakl OP%
TIC-024 off
Trip_vlv Cv remains more than 0
the same
Trip_vlv Cv decrease Stop Integrator
Scenario #1-3 (Worst case)
Block valve remains .
Fault start open Leak & fire
TV-024 Op% more Feed line pressure
Elapsed 10 sec than 50% more than 215 KG
— —
TIC-024 off
Trip_vlv Cv remains Rxtor-Leakl Op%
the same more than 0
Trip_vlv Cv decrease
Depressurization Explosion
failure p
Feed line pressure Feed line pressure
more than 215 KG —  more than 220 KG o

FV-036 remains

more than 0 Stop integrator

X 6 Event scheduler for Case 1
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Scenario #2-1 (Mild case)

Fault start

Elapsed 10 sec

PIC-073 off
PV-073 Cv decrease

LC sp ramp up

Bypass line on

Vessel pressure
More than 26.5KG

Bypass line VLV
‘OP%’ ramp up

Fault restore

Bypass line VLV open

PIC-073 on
PV-073 Cv restore

LC sp restore

Stop

Vessel pressure
Less than 25.2KG

Stop Integrator

Scenario #2-2 (Relief Valve;RV case)

Fault start

Elapsed 10sec

PIC-073 off
PV-073 Cv decrease

LC sp ramp up

RV setting

PIC-073 ‘off’ mode

PSV-008 Set
pressure setting

Stop

PSV open
for 20 sec.

Stop Integrator

Scenario #2-3 (Release case)

Fault start

Elapsed 10sec

PIC-073 off
PV-073 Cv decrease

LC sp ramp up

Flange leak open

Vessel pressure
More than 27.5KG

Flange leak (valve)
open

Leak valve block

Leak flow Greater
than lkgmole/h for
10 sec.

Leak block valve

ramp down

Quench gas cut

Leak block shut

Quench gas valve
close

Reactor feed cut

Leak block shut

FIC-013 close

PIC-053 close

Heater trip

Leak block shut

Heater heat cut off
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Stop

Feed flow cut

Stop integrator

Scenario #2-4 (Fire case)

Fault start Flange leak open Stop

Leak flow Greater
Vessel pressure

Elapsed 10sec than lkgmole/h for
More than 27.5KG
N _ 30sec.
PIC-073 off
Flange leak (valve)
PV-073 Cv decrease Stop Integrator
open

LC sp ramp up

(* E : Event Name, C : Condition, A : Action List)

B 7 Event scheduler for Case 2

D Scenario #2-1 (Mild case)

Flow Rate
(kgmole/h_[liq.) / m3*/h_(gas))

Mzt

Main Ling

Scenario #1 Flowrate profile
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Pressure (Kg/cm2(g))

AZH

Vapor Ling "P'

Scenario #1 Pressure profile

® Scenario #2-3 (Release case)

Flow Rate
(kgmole/h_(lig.) / m*/h_(gas})

200.00
100.00

0.00

Liquid Line

Scenario #3 Flowrate profile

Pressure (Kg/cm2(g))

45.00
40.00
35.00
30.00
25.00
20.00

15.00

NZH

Vapor Line "P'

2 51. Scenario #3 Pressure profile
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Leak Flow Rate (kgmole/h)

= 52. Scenario #3 Leak flowrate profile
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SHXF

= O

D.

Description

- Compressor 0 Malfunction
OS2 QI3 Process Fault 4

- %72 Standby Lineo| 0|
£ o ol of It @

3
(overpressure) 4

Event Tree

Instructor

Field Operator

< Success-1-A >

Time step

Compressor Malfunction

AlU2] 9] Event Tree (Detail description)

PAISE

to = 0 (min) l

Field Operator Of Al & 9|
Block valve XFEH X[ A|

Standby Line Failure

Flange Leak

by overpressure

Block valve XFEH X|A|

- 102 O|LO| A[Et 34| 28
| 28 ¥

A% /102 Z3A
38

to=2
t,=5
ty=7

(AOV-007)

- 58 O|Lf XtEHA| Early action
02 A LF case

- 5~102 A0l AEHA| Late
actionQ2 thE £F case

Y Prompt*

(At; <5min (5 <At; <10min)

*5 min. is specified
for the criteria

(At, < 10min)

Enough?

> 10 min)

e.g. 10min

Prompt*: the criteria would be
determined later after
the model is completed.

- Load Pro. Sim. Dataset(S-1-A)
- Total Time ( t) start
(t: BH AT =)

T

2

g

2 00

[

v [ S e —
M EN T

Time(min)
IfAt, <5

J’ Load Pro. Sim. Data 5-2-8

Acci. Sim. Data @-2

- h=t+5
the t+5 2O HE
S(min) 0] 22 € o[0|

! < Success-2-B > | < Success-1-B > < Fail-A >
2B FEUGY || 2FEE LN 2 |
(Pro. Sim. Data S-2-B) [ (Pro. Sim. Data S-1-B)
(Acci. Sim. Data @-2) (Acci. Sim. Data @-1)
T

Y

(Steam ring/gun)

- Shut down procedure®] 2t
H127| 2Lt bleed gas AtEH
HAl
(Pro. SimOflAf £+87] U Z

28 bleed gas line valve(7H4)

close)

#s7) 1= g%

< Shutdown Procedure >

Else if 5<At; <10
Load Pro. Sim. Data S-1-B
l Acci. Sim. Dataset @-1
Else
Stop Program,
Load Acci. Sim. Data @

(UHS-012A)

- Field OperatorOf #| &% 9|
Bleed gas valve At X[A|

Bleed gas Afct

(FIC-036)

Bleed gas AFTF X|A]

ty =t +5

(FV-036 B/V)

- 52 O|Lf0f AHet 434 =8
A% /58 AIA B8 Al
3z
A) (FE MD ZD FA Y

37 e o2 2 F8)

t o=t +2

t =ty + Aty
7IE AZH(eo) ol 1st actionof

-1 22 AlZar)g o ag M2

2 Nz 82()2 B2

- Total Time(t) = t; &2 X|&

Y Prompt*

Feed pump AtEH
(Pro. Sim.0l M Makeup line
valve close & Feed pump off)

(A, < SmMJgh?

N
( Aty > 5min)

- Field Operator O 4l &9
Feed Furnace Fuel XtEt X|A|
(Pro. Sim. O A Fumnace

heating duty '0'2 £%)

- 52 OLj0] A 3| 2
A% /58 ZIA| 28 AL
Z&(Shutdown procedure 0]
2422 2¥ 35)

- Acci. Sim. Dataset2 A)2t &

t, = t,+5+5

t, =t + At } 1

If (2, < 5)8(Data S-1-B case)
Load Pro. Sim. Data S-1-C
Acci. Sim. Dataset @-1 A%

Else if (At, < 5)& (Data S-2-B case)
Load Pro. Sim. Data S-2-C

Acci. Sim. Dataset @-2 A%

- Total Time(t) = t, 22 X[

- Vessels and columng drain |
Al

- ORI} action Of£0] et &
2 /40z 28 38

| =6ty }

Fail-B
Makeup H2 Xt — i <A ail-B >
(PIC-053) zHIEN
i (fail w/o Z2)
| Feed Pump A& | i
(HS-900AC)
Furnace Fuel XtEt X A|
(UV-031)
Prompt* N
(At, <|5miny~Enough? (Ats]> 5 min)
l Product Slop X{2] l
E i
,,,,,, < Success-1/2-D > l < Fail-C >
23 5= LR
(Success) (fail w/o Et)

|t = t3+5

]

If (At; < 5)8(Data S-1-C case)
Load Pro. Sim. Data S-1-D
Acci. Sim. Dataset @-1 A%
Else if (At; < 5) (Dataset 22 case)
Load Pro. Sim. Dataset @ -2
Acci. Sim. Dataset @-2 A%
Else
£ BE(Fail)

_70_

- 7|& AZk(t,)0 3rd actiond Z
2 AZhat) g H3t g2 M2e

| w2t ez mel

- Total Time( t) = t; 22 X|&




=4 HilM

2015. 03.



[ AR e 5
1. QoL BEE oo 5
2. O L T BIQ] s 5

1 L PR 6
1. AL AJ2f o] A THe] 7]& GIBT v, 6

1.1. 319 ARl T & T30 AJAF BAT 6

1.2, AF2 T2 730 @ SAF QU B 10

2. 73y % Mgotet BAE BALG ALL AlBElold R

EL D O NS0 17

2.1. A2 o] ZAZ AN AlS] BA] 17
2.1.1. Goldfish(GF) eXperiment e, 17
2.1.2. Desert Tortoise(DT) experiment s, 21

2.2, AF8 T2 T2 A G O] A AT} e 25

D 0 1 ALOHA  ceeerererseseresseressoresisietititstntet ettt 25

D 0 D PHAST +oeesererseseseresseresestssesesiiisetisistesesss sttt 27

D 0 3 FLACS ceerererereereresesitatateseiss sttt 30

23 AF2 m2 I gul AZ 9 gl ZEA 34
231, TR T [El AZD e, 34

2.3.2. TR T2 B FEA o, 36

I A B e 37
[ELE] AG] QO] E] wwrrevererrrerrsessssmsmsssmsisisisisssisis s 38



H =1

B 1. PHAST UDM(Unified Dispersion Model) parameter (default) value « e 13
H2. BAHHF)Q] Za]BFEHR] B A crovveeiesiseieirsisiiissi i 17
TE3. GOLAFISR AIB] ZE7] soerrereesssseerresessss s 19
H4, QDU OHNHS)O] Za]BFEHAl B AT orrrirrmiissinssissssiiss s 21
B5. Desert Tortoise }‘\_:11_6‘:]] _7](_7‘:1 ........................................................................................................ 24
j_:]:_6 GOldf]Sh }éé\j—] ALOHA C‘):}E_:!%l- ................................................................................................... 25
j_;].—_7 Desert TOrtOise }\E1§:-'] ALOHA ?:}F':il%}]: .................................................................................... 25
ES GOldeSh }\Elﬁt-]] PHAST (?:}E_ﬂ‘%}]: ................................................................................................... 28
H9. Desert Tortoise A8 PHAST QBIZE wrrrereereeeeeeesmeemssmmsssssssssssisssissssssssssssss e 28
F10. Desert Tortoise Al3l FLACS QIEIZE -rrrriirrrrimiesisiiisiiissssissssssssss 30

T11 AR T2 T30 QU AAZE T} e 35



18 sk

211, DNV GLAFQ] G Q0] Q] v 7
212, DNV GLAFO] ARl 28 ot 7
7213, DNV GL AFS] QI A ELIL  cerrerrrrrrrmsmesssssnsesssssess st siss s 3
T34, GexCon AFY] QO[] ittt 8
TDRIE. CFD 7]HE ZEA BEAE /W eeereeereeeeesssssesiesissssiss i 9
26, 3D CFD 7]8F TA] SFAF AJ B 0] A 0] HERIAL e 9
217, ALOHA USET INEEITACE wrrreerereressssereesessssssstsssss s 10
7218, A buoyant Gaussian air pollutant diSpersion plume « i 11
l%9 PHAST USET INTOITACE rorrrrrrrerreer ettt ettt 12
32110, PHAST CONSEQUENCE ANALYSIS wrrereesreeseessessssssssssstissitis st 12
T 1], FLACS USEE INTEITACE «+ersseessresseremsremssemseeiis i 15
2112, RANS 7]8F k-g modelQ] LHE LA} s 16
2113, GOldfiSh AlS] IoZs FFR] oeveereserssersssssss s 18
72114, Goldfish Al& Bl2F @ J|R| QL EA AR BLIL o 18
2115, Goldfish A8 G EA AFA] BLIL cooorrrrrrmeesssneeisisiiss s 19
116, Goldfish A& it 5= JeZ(downwind distance=300m) - 20
317, Goldfish A& 4t 5= JefZ(downwind distance=1000m) - 20
1518, Goldfish A& &t 5= J2Z(downwind distance=1000m) - 20
2119, Desert Tortoise Al3] I AFR| e 29
2120, Desert Tortoise A8 =% AFX] - Discharge CONdition s 29
2121, Desert Tortoise Al3] =G EA] AFR| BLIL woerrrmmmss s 23
12922, Desert Tortoise Ald] SRAF e TEJIL oo 24
37423, Desert Tortoise Ag &4t 5% Tz (downwind distance=100m) e 24
824, Desert Tortoise A& &hat 5% T2l Z(downwind distance=800m) e 24
125, Goldfish A ALOHA Toxic Threat Zone J2jZ(downwind distance=100m) - 26
12126, Goldfish A& ALOHA =59 AEGL Q& 7|2 LI s 26
127 DT A ALOHA Toxic Threat Zone J2Z(downwind distance=800m) - 26
32128, DT A3 ALOHA E® AEGL Q& 7]Z I e 26
2929, PHAST WollA] GF, DT Al 0] A|2JAH BIGF e 27
72130, GOldfish A1E] PHAST ZET wrereeeessssssreeressesssssssssisssessesssssss s sssssess e 29
72131, Desert Tortoise A1& PHAST ZAT} wrerrrrrresssrreresssiismissnsississssssissssseissseis 29
33132, Desert Tortoise Al8] FLACS AT eerreesressessesesissisiisiiiiisi s 33
1‘_:'6]33 Goldfish }\Elég E% 7‘5]% 7‘?.:]-{’} ............................................................................................. 35
32134, Desert Tortoise Al8] BTl Z1Z ZATP oo 35



1 A7 B8

B oRTAL W SME AREAAAY J12 AL B 18

HE Agtst YUEnARA, U AL AEeld Ve B
9 49stet BAME RAME AL AlBEO]M HE

=13

(@] =

B oHpEAL ;e
)

- 1
- Py
(user interface) Blw, J2]1 AA| 7tA &5

o

43 oojelg ugtoz

g = B 750 BYOoR A0, ooz L2 %Mo) vaE

Mg Bo) YA L ARSIBAE RALE AL AlBeolE S AF A
Rt

2 HUAoAN OF 48 m=279(37)2 )= S]] E(the
US National Oceanic and Atmospheric Administration, NOAA)2}
0= 2t4dA(the US Environmental Protection Agency, EPA)oA Gt
= "ALOHA(Areal Loacation of Hazardous Atmospheres), Lk 29]0]
DNVA}S] ‘PHAST', GexconAl?] ‘FLACS o|c}.
2t meaee] A SR 9 PEWAT AR 8742 ulad 3
AR 7tA & AEQl ‘Goldfish(GF, Hydrogen Fluoride +& A¥)
1 ‘Desert Tortoise(DT, Ammonia +& Al3) S dvigfoz it ol
= daet. 25 P2 &t s SR gigt 22 o=
FAC2(Factor of 2) oJUje] =S ZI=X] &Rldl= #5002 885t

%},



1.1. sie] AR 2 7= XA 2

Abeba- 2 AlgoldS sl 7 Wol ARREHE S/Wols k=
o] DNV GLAFS] PHASTSF = =29¢0] GexConAte] FLACSZ} Qltt.
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Uepfolch gdolelol REs] Brleke FAlE ofxlgh 20134
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Adolals 71251t GexCon A=
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S/Wg wojsta 9lct.

o] Qo= CFD-Urban, FEM3MP, FEFLO-Urban,

#2 CFD 7|49k 7kA &4b S/W7F EXfshY, tizfAiQl
Effict 53] 3D CFD 7|8t &A]
W - o] ALt

A

AP Aol Me] WRALS A
5571 AX5] WAHAHSS AAT 4 UL,

Zrolal, 20144 7

Mo
470
A A 667]=0

FLUENT-EPA2}

Characteristic | CFD-Urban FLACS FEM3IMP FEFLO-Urban FLUENT-EPA
Trpe Htad o ErhbdS Bodds LEs Hifal i
Mesh Finite volume, Finite volume Finive element, Unsorucoured Finite wolume,
adaptive Cartesian | rectangular hexahedrons terraheaedral unsrrucoured hexa-
h-adron doinlnan:
Trflomw Fixed log profile, Fixed log profila, Fixed log profile, Fixad log profile, Scala-d EPA wind
neutral, west- meutral, west- neutral, west- neutral, wesg- ounnel bound-
norcthwest. v = 5.3 | norcthwest. u = 5.3 | northwest, u = 5.0 | northwest v = 3.0 | ary layer. neu-
msfacr =50 m ms'arz = I0m mslaczr =92 m msactz = 10m cral, northwest
w=31 ms'ac
z = 100
Closure k—e k—£ nonlinear eddy Smagorinski -z
viscosity
Domain size 3.5 km o= 3.1 km Curer: 10 km 175 kom > 1.2 km 3.3 km east—west, | 2 km = 2 km
* 0.6 km * 7.5 kom > 1 km, = 0.8 km 2.6 km north— * 1.2 km
inner: 3 km * 3 km south, 0.6 km
wertical
Rescolution 3-m horizontal in 13-m horizoncal 5-m horizoncal, 2 m at streec 1—2 m mear
MSG area, l-m and 5-m wvertical in | 2—8-m vertcal buildings,
wertical strerched inner area expansion away
tc_:j!) m at &00 m - - _frorn buildings
Grid points, 20m 2.7 M grid cells 127 M 4.4 M poings. 1% M grid cellis
elements 25.2 M elemencs

= 5. CFD 7]gt 7t &kak S/W

3D CFD Urban Dispersion Simulations

weeks
time days

hours

mm Problem setup
== Flow solution
= MNumber of Buildings

Increa geometric complexity
from e buildings
O(100) Fast parallel computers + AMR
Siie Automated Embedded Boundary
) = :
grid generation
1990 2000 Our goal
year

2% 6. 3D CFD 7|9t £4] 841 Al g0l o] WAt
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2.2.1. ALOHA
1) =230 719 U AFRA} 87 (User interface)

0] =r9] sfj¥”]|&e]F(the US National Oceanic and Atmospheric
Administration, NOAA)QF ©0O]=2 =2FFA(the US Environmental
Protection Agency, EPA)oJA] ©t= ALOHA(Areal Location of
Hazardous Atmospheres)= 3tst=4A  glo]gH|o]A°9l CAMEO
(Computer-Aided Management of Emergency Operations)?} A]Z:

3t S/Wel MARPLOT(CAMEO’s mapping program)g o|&stct,
ALOHA: AL8A} WAlo] b3t sjsl2x Clojejdlo] A0l CAMEOZ
UYAsHY 9o, X=57tAE Gaussian modeldt Heavy gas model&
o] &sll WA & Qlal, 7|4 ah dAfo] &3t two-phase release?] &
Atel AAIE mealo] shssiche Aol ot shAlE ohe Qe of

7150 =9 v £&, 5EY IAOMY 24, 3R skE

©]

A
AN 2715, O7] F st BA #7L NREAE RaeiAl et

!

7. ALOHA User interface
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2) Al ol = Gaussian model with Heavy gas model

" 7]327H

- very low wind speed

- very stable atmospheric conditions (7]% D)

- wind shifts and terrain steering effects

- concentration patchiness, particularly near the zone

- chemical reaction, particulates, chemical mixtures, terrain, hazardous

fragments 2 112{5}X] 5

- Plume
] certerline

Pollutart -
concentration ——
profiles

Hs = Actual stack height

He = Effective stack height
= poliutant release height
= Hs + Ah

Ah = plume rise

1=28. A buoyant Gaussian air pollutant dispersion plume
Heavy gas model2 #9] Z7|¥c}t AL 71A7F /S =& S
o, AA) viol 2T g HAS WA W AE /1 pges o
of. 7hA go] vigwo R ojgate] met stak AA 3719 84
Elo] 5=7F €ofX] L diffusiond /ol w2t O]%Ol AR 7r&ehE.

_‘l‘l_



2.2.2. PHAST

1) =273 719 U AFEA} 87 (User interface)

290]9] DNVALoA 7hetst PHAST= 71, 284 9 =4 9&
of oisl 578 Z=A|A9] Y-S F7Ist= Consequence 7|8F =g 70
olt}. Alggfold A3 2DE UEIYH, 7] FollA HFuke] §hg 2

ChE s} WSS mestAl 2Rttt To] 9t

)8 s b Yrorem L5 WALT bt £ Bt |
L8 o e e G (ot i o
a8 B % Ta:r -k

1*'["1".1'»3 e 18 T
Pt o 1

S T [T

7219, PHAST User interface

Weather —| Toxic

Equipment
and Scenario

Discharge Dispersion Radiation

— Explosion

J=10. PHAST Consequence analysis!)

1) PHASTQ] Consequence analysist 123} Zto] AFX] & A|U2] @ ol A 28] Discharge, Dispersion
AALS HX 2|E5A 02 Effect(Toxic, Radiation, Explosion)g AASCH & Yy A ofA=

_12_



2) Al il = UDM(Unified Dispersion Model)

PHASTO] UDM 22 4% 24f(two-phase) A9 +Zof djst &
AR nElElst= o202 A  jet dispersion, non-equilibrium
droplet evaporation, rainout and touch down, pool spread and
vaporization, heavy gas dispersion, passive dispersion =92 ©thQF
st 52 vieto g == SAFS gytdo g gArsh 4~ Qith

S5 GFAIZEOIN Th21 Q= BAe] A9 St BAolAq 457]0t
o ®r3ol 9sif EYUHE JAHste & A AEo] ol ST
UDM =H2 249 ol2igh d9stA ndls 72ty wHlo] ZJste & =
olrt.

PHAST UDM =% noj2}ojglQ] default =1t L& L HAl
(Consequence analysis)2 of2fjet #ch.

> 1

H1. PHAST UDM(Unified Dispersion Model) parameter (default) value

Val-
Parameter ue
MODEL CONTROL FLAGS
Jet Model Flag(1-Emerson, 3-Morton et al) 2
Ground drag model flag (1-5.2 UDM, 2-McFalane) 2
Flag for heat/water vapor transfer(1-None, 2-heat only, 3- heat and water) 3
Thermodynamic model flag 2
(-1-no rainout, equlhbnum 1-equilibrium, 2-non equilibrium)
Mixing height flag(1-no, 2-yes) 1
Quasi-instantaneous transition allowed (1-no, 2-yes) 2
Duration adjustment (1-no, 2-yes) 1
Finite duration correction (1-no, 2-yes) 1
Averaging time correction (1-no, 2-yes) 2
Numerical solver (1-old synchronized Runge-Kutta, 2-new rigorous LLNL solver) 2
MODEL ACCURACY, LIMITS, INPUT AND OUTPUT CONTROL
ACCURACY
Numerical accuracy for cloud integration 0.001
Initial step size for cloud integration (m or s) 0.01
Maximum allowed step size for cloud integration (m or s) 100
Limits
Minimum temperature (K) 11
Maximum temperature (K) 900
Minimum release height (m) 0
Minimum velocity (m/s) 0.1
Maximum duration for a release (s) 3600

Dispersion Al471x19] Au} 3te Aleizhal A5 g,

_13_



Termination criteria 5000
Absolute maximum distance for dispersion (m) 0
Absolute maximum height for dispersion (m) 1000

AMBIENT
Wind profile flag(1l-constant, 2-logarithmic) 2
Cut off height for power law wind profile (m) 1
Atmospheric temperature/pressure profile flag(1-constant,2-linear,3-logarithmic) 3
Atmospheric specific heat (J/kg K) 1004
Atmospheric molecular weight 28.95

0
PHYSICAL MODEL PARAMETERS

Expansion zone
Expansion length/source diameter 0.01

Jet dispersion
Jet entrainment coefficient ALPHA1 0.17
Crosswind entrainment coefficient ALPHA2 0.35
Plume/air drag coefficient 0

Heavy dispersion
Dense cloud side entrainment parameter GAMMA (continuous) 0
Dense cloud side entrainment parameter GAMMA (instantaneous) 0.3
Dense cloud spreading parameter €, (continuous) 1.15
Dense cloud spreading parameter C, (instantaneous) 1.2

Passive dispersion
near field passive entrainment parameter 1.0
ratio of instantaneous/continuous sigma y 1.0
ratio of instantaneous/continuous sigma z 1.0

Liquid component
Coefficient of initial rainout 0
Pool vaporization entrainment parameter 1.5

TRANSITION CONTROL

Trainstion to passive
maximum cloud to ambient velocity difference 0.1
maximum non passive entrainment fraction 0.3
maximum Richardson number 15
maximum cloud to ambient density difference 0.015
distance multiple for phasing in full passive entrainment 2

Pool re-evaporation
Richardson number for transition above pool 0.015
cut-off for evaporation rate (kg/s) 0.1
power to use in pool rate calcuations 1

Other transitions
Quasi instantaneous transition parameter 0.8
Richardson number criterion for cloud lift off -20

_14_



2.2.3. FLACS
1) =2 330 71Q U AL} &7 (User interface)

r2do]9 GexConAtoA Th= FLACSE AFY et Y4 B7Hs
Qs CFD 7]¥to g ShAf-Zuindyl of7|statndls &S T2 T3io|
ot FLACSE 22 3D= UEE 4 Qts gl AT, Grids
Aurtgath & 4 Q7] giZof 8I™ Altro] ofgil, Geometry /0]

oj5i¢H, CADIAS =2 o o &49 =7t ot

= W O

il

=11, FLACS User interface

2) &AF il = RANS equation with k-&£ model

FLACS= 7]A4|9] 555 RANS (Reynolds-averaged Navier-Stokes)
= 7l9te 2 M5t Al YR/ 4% k - € modelZg F7tst] =
AFSHCE 0]2]3t "WrAlS o] fste] Dispersion of flammable or toxic
gas, Gas and dust explosions, Propagation of blast and shock
waves, Pool and jet fires 9] ¥ &< vgto 2 tjofst AAMS gt
Mo wagltt

FLACSE: A%, 253, d20, Uf 250Uz, A= Ayl So



53] FLACS7} &2 CFD codeg ARgshs Z2l3duh s F2

24t geometryoll Al RufjE FEubd(prosity) 7@ AFESth= Ao

W

of. olgjst Yoz F ZA|2t ¥ on-grido] YERY A2 =X
sub-gridof] ®J=T}.

7 Ax} sub-grido] BAH A2 2ASS 9 520 AFgow AL

|
B
!
M
S~
=
o

sto] WR7t AL 2e &

— — OQ
—3 = ~A oO
> —
— T \;,: /Q %
. S 5 i Sane ,-'—: ‘ﬁ\._t
H!r{"'_*—.- —= — T u: * x
ot

212, RANS 7|8t k-£ model®] W& WA}
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od =
M AE @ HAY

g2 95 SAHHF) HAE 1m =o]9of mpo]mof|A 24+9] ooz

Moz wEA7 4 5E2 54T (Continuous

upA
o2k
)
il
Pa)
1p-
J

elevated two-phase jet release). ©, += Z3} rain outo] 2Jst

liquid pool2 FG=HA] L=

1) HF Physical property
sk wegdof] Qlof st S4AHHF)S] E2etstAl £/442 offet o

BA(C) 19.51 AP (LA, AA]) i R0 I Ea
=712 (kPa) 122 at 25°C L= 84
=714 e 0.7 (&7]=1) H| & 1.002 (&=1)
e 0.256¢P (0°C, <iA)) BX}F 20.01
= 55719 Wk
uhox] @ n Z2]0] A (Hexamer state) - A S monomer statez 52 E3df
Tol0 | o aded wese s 31 YUl oe Ry
E o]l A
e » 2A o] 2E, BAl/457] £F ooj2E0] 3w 9 B B3 FL
oF A olOo
=2 T HYAo

_‘|7_



(1) & A

Figure 2-1

=13, Goldfish A& =& AHx]

@ Spill tank & Discharge pipe : 5000 gallon/ 4-in diameter spill line
40°C maintained by electrical heater
* Load cellg Ed|¥e] st % o MA|sto] Discharge pipeE Eoll F&5 & &4t

.
29 o2 E5) SF2 A4HoR =3

@ Liquid collection pad @ ¥4 JEHIZ =53 22& 556 A
® Liquid collection pipe : 49 42 AR R XAt A
@ Vent pipe : Vent towerg g 242 o|5A|7]= AR

=
® Ancillary equipment (7]E} A& AFX])
(generator trailer + water truck + breathing air supply system)

(2) 57 ZZX(Sensor)

(D Discharge condition : Spill line?Q] orificeof|A] A9 & /4= =4

=
@ Weather condition : t&4fat Wi, 7IAl2=(57]%, 7], ol&d) 574

LEGEND: 4 SiSiEocoums sunox + susowr
o WD D STATION R T e o MBSO T8 0
a4 BI VANE STATION
200
) Gla
500 - T ' H w7 H 150
s ] P ‘ P - Al
- h . ° : Z 10
o 250 - w o
2 1 | | "W , £ 5 [ of2
B ] ! Ly wwr® o ' o @ .
2 4 : L1 Glag g . WM W3 wis wie  wo | 5 9 Ly
S 0 GGk 8 g 3
] | - 2 3
g 1 i o wewe | 'V 5 -s0] — ¥
. : | ; i a ]
3 -250 ! bt . & -100] g
] § | | s 3
g ] ! ! o 3 @
1 ! | l | ~1503 e
=500+t A ODDI T 2007
=2000 =100 1 200 Qoo 4 - § " '
-500 -600 —<400 -200 O 200 400 600 BO@ 1000 1200
DOWNWIND DISTANCE (M) DOWNWIND DISTANCE (M)

14, Goldfish A& vt & 7|Hl2e 54 X &2

_18_



® Dispersion : g4td 49 5= 54 (5 7571)

m X(downwind direction) : 300m, 1000m, 3000m

® Y(crosswind direction) : -250 ~ 250m ; 50m {4
(Zr X 7#2lo] w2} crosswind ¥3Fo 2 225°0] o} I 3E))

m 7(vertical-wind direction) : 1lm, 3m, 8m

*

=T ZXFL 66.629] averaging timeO 2 Hdto] 7| =5t

LEGENG: LESOND:
::fgﬁmmmm 1 MITER SAMPLER MDGHT p 1 AND B METER SAMMUER MOGHT (TEST 1)
1004 » Shii. Pont o1 MO B WETER SAMMER WDGHT [TEIT 2] o 1, 3 AD § UITER BAMSLER HEGHT
E 1000 41 WD 8 VETER PR . e
757 ®
- B 750
2 507 . -
8 . 2 so0
= ) ¥
g : E 0
g -259 + s -250
B -sod : E ~500
=75 . ) ~750
STV Ma— - oy — ~1000
[ 50 100 150 200 280 300 350 [ 500 1000 1500 2000 2500 3000 3500
DOWNWIND DISTANCE (M) DOWNWIND DISTANCE (M)
215, Goldfish Ad =5 =& Ax| B
3) 4y =3
H3. Goldfish Al A
Atmospheric . .
Spill Tem: Pressure Duration Mean Stabilit Ambient Dew-point
Test Purpose Rate * e Wind Speed i Temp Temp
of Test Class**
(sal/min) (C) (Psig) (sec) (m/s) - (C) ()
System D
. 7. -8.
1 check out 469.2 40 111 125 5.6 (10.8) 37.0 8.5
D
2 Di i 175.1 38 115 360 4.2 o 36.0 1.1
ispersion (12.9°)
D
3 Dispersion 171.6 39 117 360 5.4 (6.5) 26.5 6.6
*spill rate(t+E7%) Hol8H= B3 E U] 2o A load cell Hol8& Ag g st
o] AlAtst Zro 2 A Bernoulli &/ A0 2 AAlsE mro] X orifice?d] liquid jet Zrat 10% o]

el eAtgs ©Y.
#*Stability class(Tf7]tA =)= EPA 1986 =319 9J8] 15-minute sigma thetaS 0] &35}

o AlAgt #59to] 4= mean sigma theta 32 9]0l
4) A9 Ay
BE A3oA liquid poole FAE X 99ttt =%2F0] 20%= adiabatic flashg]
57] ooj2% ez SArEQicth sirE oojzELe

A, YA 80%s =4t/4
ks 3 A

ol
=
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downwind #2] o]4}ollA dense gas effect7} LAY5HICE.

Testlo] A, 700-800mollA %780 Gotog Pat 7Hsalgln, Test29] A<,
400-500moj|A =7]9o0] TAME]ICE Test39] -=Ex|A0] 7|0 ,\57]% By
sfof HriG g B0l BA/4E7] WAWSS fuslAch Yuix] &L Test29)
SUstsict

g s ool BF [RE1)0] HRSIAL, B e oldls] A
Test19] 300m, 1000m, 3000mojjAjQe] Al7to]] W& il m=% T2z 5 ofefjof 2zt
7k AJE,

(a) z=1m (b) z=3m (c) z=Bm

10000 E.1 T 10000
= : E

W00 =Y

E 3 ) £ 5 R B 000 r'
£ 20000 ) 'E' npcre % o [01B000- 10000
& Cennae000. S B000
B 15000 i 5000-6000 i g
g =g B 4000
o 10000 -] o
% . [ E 2000
9 5000 u

g ot

J16. Goldfish A&

st

(a) z=1m (b} z=3m (€) z=8m
3500 3000 1400
= 3000 A — 2500 ot = 1200 A
g E - E )
& 500 g 2000 St B A CHI00-1800
= i £ Bosn o= i
§ o { 5 1500 5 000-1200
E 1m 1 E 1000 £ 800-1000
g . £ 3
§ 1m0 g s & BO0-B00
§ so0 ! § . E
Wb RS R o a o A00-600
L, 2 5 200-200
0500 &
=

i
P
gt
ot

a04150

117, Goldfish Ad A =& I = (downwind distance=1000m)

(@) z=1m (b) z=8m

| \
] = 120
& ’\ & 100 4
8 2 1td
T ! £ 80
S 2% g
B 200 g "
8 5 s 40
g w0 - E .
g i £
8 s 8
4 i
s 1“__\ 56
4 0
.?' " 1 - -
& & ;wﬁ"
o

118, Goldfish A¥ A =% T2 = (downwind distance=1000m)
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2.1.2. Desert Tortoise(DT) A3 - Ammonia release experiment

= Asle 1983d 8Y 24U(DT1 Ag), 89 29%(DT2 Ald), 9¥ 1
UDT3 4). 99 6U(DT4 L))o F a¥ioz
0]= yYujc}t 9] Frenchman FlatojA] AlsiE]Qict (9= 36°48.1018’
N, %= 115°57.3907°'W)

B3 e 4= dZYOoHNH;s) AAE 0.79m =0]9] mpo]moja] 7]-oH
289 oojzE(Aerosol)d] PH2 A &Koz REAA A FEE

ZX sttt (Continuous elevated two-phase jet release).

O

1) Ammonia Physical property

74, FBUOHNH3)O| Eelstelal 54

B=A(°C) -33.34 Q13Hd (LA, HA) i R
27]9HkPa) 1000 at 25°C g3l 873
3714 0.5967 (&71=1) LIRS s ela
e 0.276¢P (-40°C, °HA]) A 17.031

n PR E 1 630 °C

S L | w A L AMEAT AW vhS, A7 G714 2A
9rshst (LEL) : 15 Vol%

9rAHSH (UEL) @ 28 Vol%

Ol

_IH:I _IH:I
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Temperature
>

Pressure
Orifice g\ _ G~

plate

- L rTL

“Temperature
heat flux

"‘l\.-~.\.__$¢‘— —

Spill pipe
{6 diam)

Spill
valve

Nitrogen tube
trailer

urization valve
1319, Desert Tortoise

Al

49

Two 10960 gallon/
6-in diameter spill line (0.79m Elevated)
Discharge Pipe?| TR of ¢lo, o]l HA d=Yo} =&
3.19-in(DT1), 3.72-in(DT 2,3,4)Z20]9] A7,
Al A& A], Orifice PlateS 7J¥st &, Spill ValveS 2H4 5]
Fof &k Valves €435 o= o 20~30%, €& O 10x AH]

@ Ancillary equipment : vent pipe + breathing Nitrogen(N;) supply system

@ Spill tank & Discharge pipe :

@ Orifice Plate :

® Spill Valve :

(2) 57 ZR(Sensor)

|=
T w

(@ Discharge condition : L orifice plate (Im H)oA9 adw

------- e S e e
o, B Lt w“
D?ﬂf fice 5 Ground Poal
Plate Temp Temp 1

Exit
Temp. ™3

Array
Centerline

Exit «
Pressura

Heat
Flow
K

Spill Line

1420, Desert Tortoise | — Discharge condition
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® Weather condition : BRI Y& (turbulence). 7R E(57]&, Ti7], o]&X&) &4
® Dispersion @ 2HitEl twijolo] & 7
» X(downwind direction) : 100m, 800m (v}gto] ©o] B o] AN A2 2 HJX])
®m Y(crosswind direction) : -45.72 ~ 45.72m : 2F 15m 74 (X = 100m<¥Y ©f)
-200 ~ 200m ; 100m %A ( = 800m<Y m)
m Z(vertical-wind direction) : 1lm, 2.5m, 6m (X = m<eY o
Im, 3.5m, 8m (X = m%

~

)

i
* = EXIZFO 80%9] averaging timeC 2 Hd3lo] 7|25}t

Station x position y peosirion Coordinate System

cGoL —-30.00 0.00 Met tower Trae
North

G0z L00.00 -45.72

G03 100.00 -30.48

GD4 100.00 -15.24 Mass

GO5 100.00 0-00 Flux

CO6 100.00 .L5.24 Arfay

Go7 100-00 30.48

Go8 100.00 45.72

cz0 800.00 -200.00 :

G2l 800.00 -100.00 Dispersion

G2z 800.00 0.00 Arrcay

G23 800.00 100.00 H

G24 800.00 200.00

WOl —1000.00 0.00

woz ~500.00 0.00

Wo3 —300.00 —100.00

WO4 -300.00 100.00 wind

WoS 600.00 -200.00 Field

WOE £00.00 200.00 Array

WO 7 1000.00 0.00

WOS 1500.00 0.00

Wwog 2800.00 0.00

WLL* 0.00 —100.00

Wiz .00 106.00

3) A4 =4
5. Desert Tortoise A8 271
) Atmospheric . .
Spill Tank Tank X Mean . Ambient Dew-point
Duration X Stability
Test Rate Temp | Pressure Wind Speed Class Temp Temp
(m®/min) (C) (psia) (sec) (m/s) - (C) (C)
1 7.0 - 197 126 7.4 D 29.3 -1.8
2 10.3 - 204 255 5.7 D 30.5 3.2
3 11.7 - 206 166 7.4 D 33.0 3.4
4 9.5 - 203 381 4.5 E 33.1 7.8

Desert TortoiseAl 3 o] Aldi=] 0|2 Nevadaz2] Frenchman Flat& ZEX|3 o]
719} glo] &St FA|o 77tey, FF Eot Ao LAt oz, AATPAdE 2
WE glo] ulre] wakol A9 YstaC

TatA] o] Phast R®&ZF A5o= Al Data 5 Downwind Distance/ito]| Q=
MM E9Ql ‘g05 (Downwind distance 100m X]A)Q} ‘g22’ (Downwind distance

_23_



800m x|%)ere] DataZ o] &sto] Zate LpERRICE

E5F Goldfish A¥nh= 2] DT1~49] Az 1% | 37 g2x 2082, DTl
ez Agstalty. dee Silel HolHe 25 [F22]00] FReiall, st &

2 olsisl] sl DT19] AeAu}E ofefo] wAgIC)

DT1 Conc. vs Time

7

b

£ s

9.4

=

g 3

o 2

Qg4

Time (sec)

100m low(1m) 100m middie{2.5m) - B00m jow(1lm)
BOOm middie(3.5m) ——B800m high{8m)

1222, Desert Tortoise Ad AN =5 T2j

| Iy

(a) z=1m (b) z=2.5m

Concentration{vol3)

I=!

1200

(@) z=1m

Concantration(ppm)
B R L
2 5 m o=

Concentration{ppm)

o 8 4
& o

e

o6o8-01
0.06-0.08
0.04-0,06
0.02:0,04
D0-0.02

12124, Desert Tortoise A& A =% T2 I (downwind distance=800m)

2) DTAE Zit= GFAAW Z2] Averaging timed HIEOZ =2 HA4UX] ¢ 15 @Y= Raw
datas R Zstne, Jejmel o] Als] e o X7} AIZIT) watA 5% Phast Rate] ulw

A5 GACAME, =ol=& AASH & Al7Haveraging time=80s)o] w2} &

_24_
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|kl

2.2. &
2.2.1. ALOHA

1) Input data

ERL S 1

23}

6. Goldfish A& ALOHA =gk

Location GoldFish, NEVADA in US
elevation 960m
latitude 36 ) 48 N
= Deg. Min.
longitude 115 574 w
Chemicals Hydrogen Fluoride
Wind speed 5.6 m/s
Wind form 270
Measurement height 3m
Roughness 0.3cm
Select cloud cover 3
Air temperature 37 'c
Stability class D
Inversion height no inversion
Humidity 49
Release rate 30.2 kg/s
Release duration 2.05 min
Source height Tm
H7. Desert Tortoise A& ALOHA U337
Location Desert Tortoise, NEVADA in US
elevation 960m
latitude 36 . 48 N
longitude Deg. 115 Min. 57.4 W
Chemicals AMMONIA
Wind speed 742 m/s
Wind form 267.3
Measurement height 25 m
Roughness 0.3cm
Select cloud cover 3
Air temperature 293 'c
Stability class D
Inversion height no inversion
Humidity 13.2
Release rate 81 kg/s
Release duration 2.35 min
Source height m

_25_



2) Output data

GFe} DT9] Hdgdx7oA9] ALOHA
AEGL Y@7|&o0 2 A|ZstE Jdins

(a) z=3m

425, Goldfish A3 ALOHA Toxic Threat Zone

(a) x=300m

ppm

(b) x=1000m

-

(b) z=8m

£ Tode Thveat Zone.

(c) x=3000m

1 [E==rca =]
31 Toxie Tt Zone =y =)
Kiometers
Kdometers
| ,/\ |
p— [
I i wind
’ < ] :
— i
gl 1
3 3
7 10 2 4 6 B 0
Klometers kiometers
[Z7] areater than 44 ppm (AEGL-3 [60 min]) [T greater than 44 ppm (AEGL-3 [60 min])
greater than 24 ppm (AEGL-2 (60 min]) greater than 24 ppm (AEGL-2 (60 min])
[ greater than 1 ppm (AEGL-1 [60 min]) [ greater than 1 ppm (AEGL-1 60 min])
"~ wind direction confidence lines —~ wind direction confidence ines
Note: Threat zone picture is truncated at the 10 km lmit Note: Threat zone picture is truncated at the 10 ke imit.

AWE Toxic Threat Zonedt =td¥

T2 = (downwind distance=100m)

ppm ppm
8,000 800 100
6,000 Il Ly \
2 600
|
60 |
4,000 400 ||
‘ ‘ Il i — -3 (60 min)
| |
2,000 200 L AEGL-2 (60 min)
| 20
0 A EGL3 (60 min) o = i N———————r - AEGL-1 (60 min)
0 10 20 30 40 50 60 0 10 20 30 40 50 3 vy % 30 Es o e

minutes
—— Outdoor Concentration

—— Indoor Concentration

At Point:  Downwind: 300 meters Off Centerline: 0 meters

J=26.

(a) z=3.5m

minutes
—— Outdoor Concentration
—— Indoor Concentration
At Point:

J=27. DT A& ALOHA

(a) x=300m

Toxic Threat

Downwind: 1000 meters ~ Off Centerline: 0 meters

minutes
—— Outdoor Concentration

—— Indoor Concentration

At Point;

(b) z=8m

Downwind: 3000 meters Off Centerline: 0 meters

Goldfish A& ALOHA =¥ AEGL 3d7|& Oz

[/ 7orc hest2one Eie (o Trest zone e
dometers kiometers
— L] =5
1 L] } 1 \
1 e
— \\ wind = S \} wind
0 —_ 0 - —_
= )
\___/__,ﬁ e |
1 1
— —
3 3
o 2 4 6 8 Q s
ldometers Kiometers
[ greater than 1100 ppm (AEGL-3 [60 min]) [ greater than 1100 ppm (AEGL-3 [60 min])
greater than 160 ppm (AEGL-2 [60 min]) greater than 160 ppm (AEGL-2 [60 min])
[ greater than 30 ppm (AEGL-1 60 min]) [ greater than 30 ppm (AEGL-1 [60 min])
= wind direction confidence Ines ~ wind direction confidence ines

(b) x=1000m

pom
eom
3,000
200,000
150,000 2,000 |
100,000 "
25000 (60 miny
50,000
J AEGL-2 (60 min)
o AEGHZ (63 i)
o | ; 3 (60 min) 0 o 2w 4 s e
P T

minutes

minutes

Zone 12 Z(downwind distance=800m)

Outdoor Concentration
—— Indoor Concentration
At Point: Downwind: 800 meters Off Centerline: 0 meters

=& AECGL Hd71&

—— Outdoar Cancentration
Indaor Conesntration
AtPoint: Downwind: 100 metess Off Centerine: 0 meters

J428. DT A& ALOHA
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2.2.2. PHAST

1) Input data

PHASTO] &4t Alg2fo]d2 X274 FEE Wk ¢ & sl Aol A7gEy
202 9Hsto] Algeolds #°851H, Sourced|A9] Discharge A4t +& %0
Dispersion AAF & &HAtE] =T o] st Effect(Toxic, Radiation, Explosion)E 7
Atot= 1A o 2 AIsiEth (Consequence analysis)

GFet DT A2 2% 0]= YElth49] Frenchman Flatof A 385 Q17] o]
s A9 R|2jdHE o] 8sto] ol 1daf o] mz IsiofA wgkstitt. B,
= AdoA tpE 1 Q= EANToxic)dt @ U oK Toxic and Flammable)= A2 &
2atats Aol thEm, ARREEN L PRI d2r] g Az oF

Consequence analysis 75;}7} -3l

blHe =@ - Expetimental validation.pstix - DNV Phast 7.1 =& =]
Home [ Tools Data View  Help & @
B2~ . @ A00 L B LEPE #

| Properties  Show Show | Mode Run Stop | Repors Consequence Graphs Gl Effects  Search
Study - Grid GISInput = Data - -

Cippoard | Edit Navigate Caleulation Restits

| Active Study: Study. = :
‘.**l'i'_ "k L] Buiings

13 Mult-Energy]

4 Q) Study Iy [ BST obstru
I () GF experiment by o/ Equipment

I (@ DT experiment Iy [ ] Frenchman

GF 4o AHHF)Z} DT Agel guiols 9% &% WA= AAso] QIcpr

Short pipeEs &dl] +=5 22 PHAST W9 equipment % Pressure Vessel( @)
g olgstalrt. JAARE Z7to] Adnit h2oe, F4a g, AUSE
s MR OF 7B EE Hesto] He g A4S »osidlth. GF A™(GFL, GF2,

GF3)x DT A&(DT1, DT2, DT3, DT4)9] =gt off ®et ot
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18. Goldfish A3 PHAST 4=t
Series Goldfish
Substance Hydrogen fluoride
Release type Continuous
Release height, m 1.263
Jet type Horizontal
Dispersing surface Land
Surface roughness length, m 0.0002
Ref. height for wind speed, m 2
Ref. height for air temp, m 2
Stability class D
Solar flux, W/m”> 500
Bund diameter, m 0
Averaging time, s 66.6
GF1 GF2 GF3
27.14 10.26 10.07 | Release rate, kg/s
125 360 360 | Duration, s
41.1 41.7 42.2 | Release velocity, m/s
0.86 0.88 0.87 | Discharge liquid mass fraction
5.6 4.2 5.4 | Wind speed at ref. height, m/s
310.4 309.4 310 | Ambient temperature, K
0.0562 0.126 0.35 | Relative humidity
101325 101325 101325 | Atmospheric pressure, N/m’
310.4 309.4 310 | Dispersing surface temp, K
0.117 0.111 0.113 | Droplet diameter, mm
9. Desert Tortoise A3 PHAST U=3f

Series Desert Tortoise
Substance Anhydrous Ammonia

Release type Continuous
Release height, m 0.79
Jet type Horizontal
Dispersing surface Dry Soil
Surface roughness length, m 0.003
Ref. height for wind speed, m 2
Ref. height for air temp, m 2.46
Stability class D
Solar flux, W/m? 500
Bund diameter, m 0
Averaging time, s 80
DT1 DT2 DT3 DT4
80 112 130.7 96.7 | Release rate, kg/s
126 255 166 381 | Duration, s
90.3 72.7 59 60 | Release velocity, m/s
0.82 0.82 0.803 0.795 | Discharge liquid mass fraction
7.42 5.8 7.6 4.64 | Wind speed at ref. height, m/s
302 304 307.05 306.9 | Ambient temperature, K
0.132 0.175 0.148 0.213 | Relative humidity
90888 90990 90586 90280 Atmospheric pressure, N/',n2
304.8 304 304.8 304 | Dispersing surface temp, K
0.051 0.079 0.122 0.119 | Droplet diameter, mm
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2) Output data - Dispersion calculation

A IAL AT gre [$54l] st 3. ggm=2%

- Il:I

ERDTS
a l:]
= R

]

ofA19] PHAST =%
AZetE TEEg g

]
IS}

r&v

o},

Maximum Concentration Footprint
30465

SHA
AT oA AAMle] RAlSstE S gtk & ©@EolA= GFeF DT A%
At FE GIST2gfm o} Maximum concentration footprint2
23
=

29 3%
51 % 7]

7

— T
| ——— r
= =7
100 T

estl 5.6/D @ 2000 ppm
estl 56/D @ 4000 ppm
estl 56/D @ 10000 ppm
estl 56/D @ 20000 ppm |

=

\

)

Cloud Width [m]
o

=

E
s
rs

0 1

30. Goldfish A¥ PHAST ZAut

=
S

Distance Downwind [m]

wur LI I

Home  Took  Dats  view eners

@U@ 009

23, ] Expl 8.9

300 400 500

Ao Sl st DAY P 72 rE Maximum Concentration Footprint

Fust prevous Py P New Lut oo

— Testl @ 1000 ppm

| — Testl @100 ppm
T T
r —\\ — Testl @ 500 ppm

S P

— Testl @ 2000 ppm

N

Cloud Width [m]
-

o g : =

= & >

& b B westrer atrie p i
N A Tt @200 | 3 5 i
N A Tt @ 1 : ' 200

/

sovmas (RS | : | Y,_ e

0 2000 4000 5000
ALY Distance Downwind [m]

131, Desert Tortoise A3d PHAST A}
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2.2.3. FLACS

1) Input data

#10. Desert Tortoise A& FLACS =3t
SINGLE_FIELD_VARIABLES

Pool depth 1 (m)
Toxic concentration 1 (mg/m3)
xH3N 1 (-)
Pressure 1 (barg)
Fuel mole fraction 1 (m3/m3)
Temperature 1 (X)
Velocity vector 3 (m/s)
Velocity component x-direction 0 (m/s)
Velocity component y-direction 0 (m/s)
Velocity component z-direction 0 (m/s)
Panel average pressure 1 (Pa)
Panel average drag 1 (Pa)
MONITOR_POINTS

downwind crosswind measurement downwind crosswind measuremen
number . . ) number . . t

distance (m) distance (m) height (m) distance (m) distance (m) .

height (m)

1 100 -45.72 1 19 100 15.24 1
2 100 -45.72 25 20 100 15.24 2.5
3 100 -45.72 6 21 100 15.24 6
4 100 -30.48 1 22 800 0 1
5 100 -30.48 25 23 800 0 35
6 100 -30.48 6 24 800 0 8.5
7 100 -15.24 1 25 800 -100 1
8 100 -15.24 25 26 800 -100 35
9 100 -15.24 6 27 800 -100 8.5
10 100 0 1 28 800 -200 1
11 100 0 25 29 800 -200 35
12 100 0 6 30 800 -200 8.5
13 100 4572 1 31 800 100 1
14 100 4572 2.5 32 800 100 35
15 100 4572 6 33 800 100 8.5
16 100 3048 1 34 800 200 1
17 100 3048 25 35 800 200 35
18 100 3048 6 36 800 200 8.5
PRESSURE_RELIEF_PANELS
NAME Panel #
POSITION 3 -10 0
SIZE 0 20 20
MATERIAL 60
PANEL_SUBSIZES 0 0
SINGLE_FIELD_SCALAR_TIME_OUTPUT
NPP 1
NPDRAG 1
SIMULATION_AND_OUTPUT_CONTROL
TSTART -1
TMIN -1
TMAX 1000
LAST -1
LOAD -1
CFLC 10
CFLV 1




SCALE

1

MODD

1

DTPLOT

2.5

GRID

CARTESIAN

INCOMPRESSIBLE

0

WALLF

1

HEAT_SWITCH

0

BOUNDARY_CONDITIONS

XLO

WIND_SPEED

WIND_DIRECTION

RELATIVE_TURBULENCE_INTENSITY

TURBULENCE_LENGTH_SCALE

WIND_BUILDUP_TIME

XHI

NOZZLE

YLO

WIND

WIND_SPEED

4.51

WIND_DIRECTION

RELATIVE_TURBULENCE_INTENSITY

TURBULENCE_LENGTH_SCALE

WIND_BUILDUP_TIME

YHI

WIND_SPEED

WIND_DIRECTION

RELATIVE_TURBULENCE_INTENSITY

TURBULENCE_LENGTH_SCALE

WIND_BUILDUP_TIME

olo|o|~|u

ZLO

NOZZLE

ZHI

WIND

WIND_SPEED

451

WIND_DIRECTION

1

RELATIVE_TURBULENCE_INTENSITY

TURBULENCE_LENGTH_SCALE

WIND_BUILDUP_TIME

0
0
0

INITIAL_CONDITIONS

UP-DIRECTION

0

GRAVITY_CONSTANT

9.8

CHARACTERISTIC_VELOCITY

4.51

RELATIVE_TURBULENCE_INTENSITY

0

TURBULENCE_LENGTH_SCALE

0

TEMPERATURE

28.83

AMBIENT_PRESSURE

90861

AIR

NORMAL

GROUND_HEIGHT

0

GROUND_ROUGHNESS

0.003

REFERENCE_HEIGHT

2

CANOPY _HEIGHT

0

LATITUDE

36.48

SURFACE_HEAT _P1

SURFACE_HEAT _P2

MEAN_SURFACE_HEAT_FLUX

(el lelie)

PASQUILL_CLASS

GROUND_ROUGHNESS_CONDITION

RURAL

GAS_COMPOSITION _AND_VOLUME

POSITION_OF _FUEL_REGION

DIMENSION_OF _FUEL_REGION

VOLUME_FRACTIONS

AMMONIA

_3"_



LEAKS
GENERAL:

gas

type =

GENERIC
(W=17.03,

KAPPA=1.310)

GENERIC
(W=17.03,
KAPPA=1.310)

GENERIC
(W=17.03,
KAPPA=1.310)

GENERIC
(W=17.03,
KAPPA=1.310)

mole

weight =

17.03

kg/kmol

heat

ratio, kappa

Cp/Cv

1.31

critical

pressure ratio

0.544

RESERVOIR:

critical

pressure

0.755

barg

pressure

barg

temperature

C

density

kg/m3

volume

m3

initial

470.757

kg

MACH:

speed

M=0

= 391.911

m/s

speed

M=1

= 364.667

m/s

pressure,

6.334

barg

temperature,

-65.228

C

density,

===

7.126

kg/m3

maximum

velocity

995.454

m/s

NOZZLE:

effective

diameter

74.678

effective

area

4380.048

mm?2

discharge

coefficient

0.85

sonic

massflow

11.383

kg/s

jet

force

6925.324

ATMOSPHERIC:

pressure

0.9

bara

temperature

15

density

0.64

kg/m3

TYPE

POSITION

0

0.79

Sizig

0

START_TIME

DURATION

OUTLET

AREA

0.06779

MASS_FLOW

11.383

VELOCITY

209.09

RELATIVE_TURBULENCE_INTENSITY

0.1

TURBULENCE_LENGTH_SCALE

0.029379

TEMPERATURE

-43.6

DIRECTION_COSINES

\ 0

VESSEL

PRESSURE

TEMPERATURE

VOLUME

HEAT_EXCHANGE_COEFFICIENT

WALL_TEMPERATURE

o|o|o|o|Oo

IGNITION

POSITION_OF _IGNITION _REGION

0

TIME_OF _IGNITION

999999
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2) Output data - Dispersion calculation

DTo] A&z 71049 FLACS %% ZAut2 ol J1aa} 2ol Geometryol Thsh 3D
FEGCIAR) 02 At THE ke ol

rE
for
uu
o
14

(a) Time=0s (b) Time=2.5s (c) Time=37.5s

FMOLE_3D.Ammonia (m3/m3) FMOLE_3D.Ammonia (m3/m3 FMOLE_3D Ammseia (m3/m3
1t (i 1100 ~ as01e
nnnnn 00005 aceon
00008 00008 oo
uuuuu 00007 Q0001
00006 00006 e
nnnnn 00005 a0cos

//T i
0.0003 00003 - | 20c0)

00001 00001 asca1

nnnnn 0,000 20000

(a) Time=132.5s (b) Time=137.5s (c¢) Timel47.5=s

[FMOLE_30 Ammonia (m3/m3) [FMOLE_3D.Ammonia (m3/ms3), [FMOLE_3D. Ammonia (m3/m3]
- 00010, - 00010 00610,
00009, 00009 00005
00008 00008 00008
o7 1 Moo 00007
00006, oo06 oo
00005 00005 00005

) /1\ uuuuu ey
o0 aoc0s - ooo03
_ [ TR .

00001 00001 00001

o000 | M L Mo

1%1321‘“ Desert Tortoise A3 PHAS
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2.3. A48 m20% ool Az o ugEA

23.1. 278 ool A=

1) E_l:g A= Hcl-u-l

a o d
B 23 F52 et A

(a) Centerline concentration, c(x,0,z_cld), and concentration at a specified
height H, c(x,0,H) as a function of downwind distance, x(m)

(b) Centerline height, z_cld(m) as a function of x(m)

(c) Cloud width and cloud depth, A, (1+h,), (m) as a function of x(m)

(d) Vapor and liquid temperature(K) as a function of x(m)

B o o) SAS Wt
: B9 o & (predicted data)?] A EE AAZHobserved data)g o] &35to] HIt
®» For <Single experiment> with N data points

x, =[x, 2y, - x,y] - array of observed data

x, =z, -, 3,y  array of predicted data

. . Pa— z, 1 N Toi
* Geometric mean bias, MG = exp(lnz,— lnxp) =exp(ln—) = exp[—Zln( )
mp N'L: 1 :Epi
. . 2 0 \2 1 N Loi 2
* Geometric variance, VG = expl(Inz, —Inz,)’] = exp[ln(=)?] = exp[= D In (==)’]
Ty Nz @y,
® For <M_multiple experiment>
for experiment j(j=1,---,M),
Toj = T1js Tpajs s ,y;] + @rray of observed data
z,; =T, Tpjs >,y © array of predicted data
M N N, T % M #
¥ MG, = expl—— 31 Y In (22 Hexp Zl (L)) = [T MG ™
Niot (=121 Tpyj j=1 Ny gy j=1
MmN, NJ M Z‘V\vl
* VG, = expl Z Z In(=21) Hexp Zl U” =11 vGa

pzy ji=1 jlfl pz] j=1

FAC2(Factor of 2)&= 29 of&gfto] Aol 0.58]0|A 28] Apole] Hst 3t
S 7= 71&2E 9ustth. &, MG ol 0.59F 2.0 Apo]o] e zZt=

OPE7 R =, VGRio]l 1.6 =7t ¥ FACZ 7I& YoA Hlolg& l L) T
< UETH
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2) 2@ AZ A} (A3 golgE [124]0] HY)

EiL 4§ 23 99 A3 An

—_
—_

2 7328 Al Data points | MG VG

ALOHA Goldfish(GF) 38 1.36 4.86

Desert Tortoise(DT) 43 0.96 6.26

Goldfish(GF) 48 0.76 2.05

PHAST Desert Tortoise(DT) 32 1.48 4.55

FLACS Desert Tortoise(DT) 96 1.08 1.00

MG & VG Values for GF expriment

]
-]

h n o=l =) 00 i

186, 4.B6

i

VG
Soln @@ B s inok

(o]

o
n &

4:0
3:5
38
2.5
2.0
1.5

o f—

0.1 1 10

MG
Min MG curve o ALOHA O PHAST FAC2 Lne(0.5)

2133, Goldfish A3 odl A= Aq}t

076, 105~

FAC2 Line(2)

MG & VG Valuesfor DT1
10.0
0.5
50
8.5
75
T
6.5
B0 <

5.5

VG

B

45 o
4.0
13 455 —

3
25
30
i 1'5 -
T
01 1
MG
y PHAST FACZ LineiD.5)

Min MG curve O ALOHA o FLACS

FACZ Line(2)

=134, Desert Tortoise Ay @ A= Awt
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2.3.2. 2730 "y BN (SWOT)

SWOTE& Strength (73%&) / Weakness (2F4) / Opportunity (7]13]) / Threat (¢
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1. Downwind distance®¥ &Al=% do]g - GF Experiment

(Downwind distance = 300m)

Z=1m Offset distance(m)
Time(s) -60 -45 -30 -15 0 15 30 45 60

30.46 0.4 0.5 324 40 1882.4 101.8 474.7 1033.5 | 2906.5

97.06 0 27 | 49706 | 15386.7 | 171353 | 19752.5 | 19851.6 25473 | 16844.5
163.66 0.1 1 1849.9 6018 | 75787 | 7160.7 8679 | 63659 | 71022
230.26 0.5 323 3923 705.4 1948.8 592.2 6914 3314 106.4
296.86 1.1 45.5 8437 896.9 7779 121.6 760.1 2376 185
363.46 0.1 1.2 389 211.2 387.8 146.5 795.6 4184 225
430.06 0.2 1 51.9 187.5 116 122.8 304.1 244.8 141
496.66 0.1 1.5 97.9 2283 273.8 170 472.8 164.6 86.8
563.26 0.5 2.2 29.8 55.6 74.9 244.1 147 177.2 82
629.86 0.5 2.2 29.8 55.6 74.9 2441 147 177.2 82
Z=3m Offset distance(m)
Time(s) -30 -15 0 15 30

30.46 7.6 42515 3894.7 2874.7 2083.8
97.06 1492.8 6604.1 53475 6569.4 3987.1
163.66 619.6 2922.6 23575 3083.9 3014.3
230.26 275.2 546.8 4613 4389 3754
296.86 494.8 558.8 264.4 40.9 216
363.46 24.6 88.9 177.2 50.1 2094
430.06 22.8 844 89.2 51.2 1539
496.66 80.7 155.3 8114 34.2 145.2
563.26 14.1 9999 331 824 356
629.86 14.1 9999 33.1 824 35.6
z=8m Offset distance(m)
Time(s) -30 -15 0 15 30

30.46 5.1 1435.2 1875.8 3888.6 3582

97.06 42.2 107.4 953.3 570 4223
163.66 3.7 7.7 754.8 559.2 3595
230.26 113.2 7.6 53.9 57.2 2
296.86 162.4 26.1 61.8 27.7 9999
363.46 32 17.3 25.5 19.9 39.8
430.06 5.5 11.5 24.6 349 49
496.66 477 11.8 355 229 1078
563.26 29 55 59 5.2 5.6
629.86 29 55 59 5.2 5.6
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(Downwind distance = 1000m)
Z=1m Offset distance(m)
Time(s) -250 -200 -150 -100 -50 0 50 100 150 200 250
92 443 n/a 0.1 0.1 0.1 0.5 1.2 16.3 79.3 87.9 3.2
158 0 0.2 0 0.1 1339 468.3 1712 3045 3097 1887 950.6
225 0 0.1 0.1 0.1 24 493.7 2067 2688 1649 312.9 16.9
292 0 0.1 0.3 134 534 150.4 188 240.5 75.2 5.8 3.2
358 0.2 0.1 0.1 8.9 442 26.7 793 105.7 82.7 11 54
425 0.1 0 0.1 0.1 16.9 385 55.1 108.1 81 36.2 7.9
491 0 0.1 0.1 0.2 29 74 303 40.2 333 26.8 8.1
558 0 0.1 0.1 0.1 1 11.3 45,5 57.9 66.9 59 3.1
625 0 0.1 0.1 0.2 14 5.2 14.2 289 315 4.6 2
691 0 0.2 0.2 04 1.6 6.6 12 18.6 14.5 4 1.9
Z=3m Offset distance(m)
Time(s) -150 -100 -50 0 50 100 150
92 0 0 0.5 0.7 n/a 60.1 69.7
158 0 0 106.7 340.2 1878.6 2600 21304
225 0.1 0.2 25 419.6 2057.8 2410.6 1309.3
292 04 15.7 38.6 129.4 176.1 2171 214
358 0.1 9 432 284 70.2 116.1 60.7
425 0 0.1 318 14.3 43.6 63.2 55.9
491 0 0.3 2.7 6.8 18.9 447 12.2
558 0 0.1 1.1 14.2 36.6 44 69.1
625 0.2 0.2 0.6 4.4 131 258 n/a
691 0.2 0.5 12 5.7 0 15.2 10.8
Z=8m Offset distance(m)
Time(s) -150 -100 -50 0 50 100 150
92 0 0.1 0.6 2.5 14.5 65.5 82.6
158 0.1 0.1 915 210 777.5 837 1025.1
225 0 0.2 222.7 1221.5 9345 9314
292 0.5 149 439 86.6 938 76.6 28.1
358 0.1 7.3 40.5 14.6 537 432 40.8
425 0 0.1 304 11.7 447 39.1 36.5
491 0 04 2 7 23 10.6 21.7
558 0 0 2 10.7 32.6 27.3
625 0 0.2 1.6 3.8 10.6 7.6 12.6
691 0.1 0.5 1.3 3.1 5.6 6.5 7.5
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(Downwind distance = 3000m)

z=1m Offset distance(m)

Time -750 -600 -450 -300 -150 0 150 300 450 600 750
469.57 0.1 0 0.1 0 0.9 0.5 150.6 | 4108 121.9 1.2 24.5
536.17 0.1 0.1 0 0 9.1 0.8 39.5 43.6 34 0.1 0.8
602.77 0 0 0.1 0 0.1 0.2 43 47 1 0 0.6
669.37 0 0 0 0 0 0.2 24 34 14 0.1 0.6
735.97 0 0 0 0 0.1 0.2 14 36 2.1 0.1 1.1
802.57 0 0 0 0 0 9.1 1.6 5.1 1.9 0 0.8
869.17 0 0 0 0 1 46.1 13 2.2 1 0 0.7
935.77 0 0 0 0.1 04 19 1.1 1.6 0.7 0 0.5
1002.4 0 0 0 0.1 0 0.2 1.1 2.1 0.7 0.1 03
1069.0 0 0 0.1 0 0.1 0.5 1.1 15 0.7 0.1 0.5
z=8m Offset distance(m)

Time -150 0 150
469.57 4 21.2 1274
536.17 12,5 438 20.1
602.77 0.1 0.6 2.8
669.37 0.1 0.2 1.5
735.97 0.1 0.8 6.8
802.57 0.2 0.5 13
869.17 14 n/a 1
935.77 04 0.5 0.8
1002.4 0.1 0.3 1.2
1069.0 0.1 0.2 1.4
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2. Downwind distance®¥ &A=& d|o]g - DT Experiment

(Downwind distance = 100m)

Z=1m Offset distance(m)

Time(s) -45.72 -30.48 -15.24 0 15.24 30.48 45.72
40 0.005 0.7287 2.56946 2.33465 1.35423 0.05752 0
120 0.00318 0.05722 4.34552 4.99983 2.81617 0.08691 0
200 0.00163 0.03038 0.08731 2.10525 0.54907 0.00727 0.0012
280 0.00296 0.05091 0.28511 1.22586 0.09275 0.00793 0
360 0.00271 0.02692 0.07681 0.77411 0.05275 0.00935 0
440 0.0022 0.04357 0.03428 0.29538 0.04397 0.04245 0
520 0.00055 0.05093 0 0.03962 0.07767 0.09162 0
600 0.0007 0.05681 0.05571 0.17152 0.00023 0.00946 0.0006

Z=6m Offset distance(m)

Time(s) -45.72 -30.48 -15.24 0 15.24 3048 45.72
40 0 0.489163 1.875438 1.669275 1.244875 0.052475 0.0133
120 0 0.007563 3.100213 2.85285 2.0455 0.038025 0.013425
200 0 0.003 0.010963 0.654525 0.200888 0.002188 0.009638
280 0 0.010013 0.0703 0.112863 0.008588 0.002575 0.012038
360 0 0.003125 0.000163 0.1788 0.016725 0.002838 0.009925
440 0 0.002625 0 0.056925 0.006688 0.020325 0.011763
520 0 0.001625 0 0.002175 0.002188 0.040063 0.0137
600 0 0.001 0.001663 0.013375 0.024475 0.001663 0.010263
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(Downwind distance =

800m)

Z=1m Offset distance(m)
Time(s) -200 -100 0 100 200
40 0 0.0001 0.002 0.001 0
120 0 0.0139 0.146863 0.001038 0
200 0 0.210288 0.882438 0.366263 0
280 0 0.002088 0.144575 0.225588 0
360 0 0.001025 0.002888 0.001888 0
440 0 0.001 0.002 0.001025 0
520 0 0.001 0.002 0.001 0
600 0 0.001 0.002 0.001 0
Z=35m Offset distance(m)
Time(s) -200 -100 0 100 200
40 0 0 0.001 0.001975 0
120 0 0.010575 0.135163 0.002025 0
200 0 0.158413 0.799763 0.25885 0
280 1.25E-05 0.001388 0.179538 0.1404 0
360 0 0.001 0.015175 0.002 0
440 0 0.000875 0.00165 0.002 0
520 0 0.000025 0.0011 0.002 0
600 0 0 0.001 0.002 0.000263
Z=8m Offset distance(m)
Time(s) -200 -100 0 100 200
40 0 0 0 0 0
120 0 0.024388 0.029975 0.00245 0
200 0 0.02545 0.0854 0.054725 0
280 0 0 0.001025 0.006088 0
360 0 0 0 0 0
440 0 0 0 0 0
520 0 0 0 0 0
600 0 0 0 0 0
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3. Model Validation - GF Experiment

<ALOHA validation - GF experiment>

Time(s) X(m) Y(m) Z(m) Co Cp In(Co/Cp) {In(Co/Cp)}*2
43.74 300 0 3 1050 5347.5 -1.62784 2.64986
50.22 300 0 3 2400 5347.5 -0.80116 0.641858
54.18 300 0 3 4370 5347.5 -0.20187 0.04075
60.6 300 0 3 6050 53475 0.123429 0.015235
63 300 0 3 5600 5347.5 0.046137 0.002129
81.6 300 0 3 6150 5347.5 0.139823 0.01955
139.8 300 0 3 6150 2357.5 0.95885 0.919394
160.8 300 0 3 5850 23575 0.90884 0.82599
165.6 300 0 3 4560 461.3 2.291029 5.248815
171 300 0 3 3390 461.3 1.994537 3.978176
180.6 300 0 3 2140 461.3 1.534513 2.354729
183.6 300 0 3 1030 461.3 0.803265 0.645235
190.8 300 0 3 250 461.3 -0.61259 0.375264
204 300 0 3 78.2 461.3 -1.77478 3.14984
262.8 300 0 3 57.1 264.4 -1.53266 2.349044
3204 300 0 3 50.1 177.2 -1.26326 1.595821
403.2 300 0 3 43 89.2 -0.72968 0.532434
501.6 300 0 3 36 56.7 -0.45426 0.206348
574.8 300 0 3 29 33.1 -0.13224 0.017487
145.2 1000 0 3 35 340.2 -2.27419 517192
154.8 1000 0 3 115 340.2 -1.0846 1.176361
161.4 1000 0 3 238 419.6 -0.56703 0.321524
172.8 1000 0 3 346 419.6 -0.19286 0.037196
1824 1000 0 3 447 419.6 0.063257 0.004001
189 1000 0 3 548 419.6 0.266973 0.071275
198 1000 0 3 646 419.6 0.431498 0.18619
2004 1000 0 3 714 419.6 0.531581 0.282578
214.2 1000 0 3 731 419.6 0.555112 0.308149
235.2 1000 0 3 753 129.4 1.761157 3.101673
255.6 1000 0 3 730 129.4 1.730136 2.993371
271.8 1000 0 3 691 129.4 1.675231 2.8064
2784 1000 0 3 590 129.4 1.517214 2.301939
285.6 1000 0 3 481 129.4 1.312959 1.723861
2994 1000 0 3 353 284 2.520079 6.350798
3084 1000 0 3 235 284 2.113196 4.465599
319.8 1000 0 3 141 284 1.602371 2.567592
327 1000 0 3 54.4 284 0.649975 0.422468
3432 1000 0 3 17.8 284 -0.46719 0.218267
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<PHAST validation - GF experiment>

Time(s) | X(m) Y(m) Z(m) Xo(ppm) | Xp(ppm) | Xo/Xp InXo/Xp) | {In(Xo/Xp)}*2
97.06 300 -30 1 4970.6 5974 0.832039 | -0.18388 0.03381
97.06 300 -15 1 15386.7 6290 2446216 | 0.894542 | 0.800206
97.06 300 0 1 17135.3 6398 2.678228 | 0.985155 | 0.970531
97.06 300 15 1 19752.5 6290 3.140302 | 1.144319 | 1.309466
97.06 300 30 1 19851.6 5974 3.323 1.200868 | 1.442084
97.06 300 -30 3 1492.8 4878 0.306027 | -1.18408 1.40205
97.06 300 -15 3 6604.1 5135 1.286095 | 0.251611 0.063308
97.06 300 0 3 53475 5224 1.023641 0.023366 | 0.000546
97.06 300 15 3 6569.4 5135 1.279338 | 0.246343 | 0.060685
97.06 300 30 3 3987.1 4878 0.817364 | -0.20167 0.040671
97.06 300 0 8 9533 1296 0.735571 -0.30711 0.094315
97.06 300 15 8 570 1274 0.44741 -0.80428 0.646867
97.06 300 30 8 4223 1210 0.349008 | -1.05266 1.108092
163.66 300 -30 1 1849.9 5974 0.309659 | -1.17229 1.374252
163.66 300 -15 1 6018 6290 0.956757 | -0.04421 0.001954
163.66 300 0 1 7578.7 6398 1.184542 | 0.169356 | 0.028682
163.66 300 15 1 7160.7 6290 1.138426 | 0.129647 | 0.016808
163.66 300 30 1 8679 5974 1452795 | 0.37349 0.139494
163.66 300 -15 3 2922.6 5135 0.569153 | -0.56361 0.317652
163.66 300 0 3 23575 5224 0.451283 | -0.79566 0.633077
163.66 300 15 3 3083.9 5135 0.600565 | -0.50988 0.259983
163.66 300 30 3 3014.3 4878 0.617938 | -0.48137 0.231715
163.66 300 0 8 754.8 1296 0.582407 | -0.54059 0.292232
163.66 300 15 8 559.2 1274 0.438932 | -0.82341 0.678003
163.66 300 30 8 359.5 1210 0.297107 | -1.21366 1.472974
22547 1000 0 1 493.7 442 1.116968 | 0.110618 | 0.012236
22547 1000 200 1 312.9 222 1409459 | 0.343206 | 0.117791
22547 1000 0 3 419.6 439 0.955809 | -0.0452 0.002043
22547 1000 0 8 222.7 417 0.534053 | -0.62726 0.393456
22547 1000 50 8 1221.5 399 3.061404 | 1.118873 | 1.251878
22547 1000 100 8 9345 350 2.67 0.982078 | 0.964478
22547 1000 150 8 9314 283 3.291166 | 1.191242 | 1.419057
292.07 1000 0 1 150.4 442 0.340271 -1.07801 1.162109
292.07 1000 50 1 188 423 0.444444 | -0.81093 0.657608
292.07 1000 100 1 240.5 372 0.646505 | -0.43617 0.190248
292.07 1000 150 1 75.2 300 0.250667 | -1.38363 1.914435
292.07 1000 0 3 129.4 439 0.294761 -1.22159 1.492285
292.07 1000 50 3 176.1 420 0.419286 | -0.8692 0.755513
292.07 1000 100 3 217.1 369 0.588347 | -0.53044 0.281365
469.57 3000 150 1 150.6 70.2 2.145299 | 0.763279 | 0.582595
469.57 3000 0 8 21.2 83.9 0.252682 | -1.37562 1.892343
469.57 3000 150 8 1274 69.8 1.825215 | 0.601698 | 0.36204
536.17 3000 150 1 395 70.2 0.562678 | -0.57505 0.33068
536.17 3000 300 1 436 404 1.079208 | 0.076227 | 0.005811
536.17 3000 450 1 34 16 0.2125 -1.54881 2.398823
536.17 3000 -150 8 125 69.8 0.179083 | -1.71991 2.958074
536.17 3000 0 8 438 83.9 0.52205 -0.64999 0.422489
536.17 3000 150 8 20.1 69.8 0.287966 | -1.24491 1.549811
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4. Model Validation - DT Experiment

<ALOHA validation

- DT experiment>

Time(s) X(m) Y(m) Z(m) Cp Co In(Co/Cp) {In(Co/Cp)}*2
52 100 0 2.5 19.48212649 2476 -2.0628531 4.255363
95 100 0 2.5 19.02505695 4.701 -1.39798165 | 1.954353
137 100 0 2.5 19.21177733 3.046 -1.84169424 | 3.391838
151 100 0 2.5 2.353982301 1.998 -0.16396181 | 0.026883
207 100 0 2.5 0.159024705 1.119 1.951131139 | 3.806913
302 100 0 2.5 0.154955364 0.429 1.018319815 | 1.036975
353 100 0 2.5 0.098767434 0.049 -0.70094764 | 0.491328
592 100 0 2.5 0.086232754 0.012 -1.97214344 | 3.88935
76 800 0 35 0.00093026 0.001 0.072291441 | 0.005226
79 800 0 35 0.010904376 0.001 -2.38916418 | 5.708105
142 800 0 35 0.470746126 0.167 -1.03632512 | 1.07397
161 800 0 35 0.483876143 0.809 0.513969946 | 0.264165
178 800 0 35 0.485043422 0.817 0.521400677 | 0.271859
199 800 0 35 0.486844229 0.914 0.629886357 | 0.396757
213 800 0 35 0.478062861 0.804 0.519857037 | 0.270251
218 800 0 35 0.470220236 0.881 0.627856453 | 0.394204
230 800 0 35 0.463332801 0.957 0.725357803 | 0.526144
232 800 0 35 0.431366209 0.846 0.673561958 | 0.453686
238 800 0 35 0.390616023 0.8 0.716886689 | 0.513927
241 800 0 35 0.349151457 0.878 0.922140792 | 0.850344
244 800 0 35 0.303987138 0.818 0.989876944 | 0.979856
249 800 0 35 0.268769107 0.604 0.809721525 | 0.655649
251 800 0 35 0.237230274 0.495 0.735526474 | 0.540999
254 800 0 35 0.17882163 0.45 0.922858752 | 0.851668
263 800 0 35 0.153225284 0.17 0.103889157 | 0.010793
265 800 0 35 0.103269667 0.131 0.237853634 | 0.056574
268 800 0 35 0.076105621 0.089 0.156514241 | 0.024497
274 800 0 35 0.055363636 0.027 -0.71808613 0.515648
279 800 0 35 0.02726978 0.01 -1.00319402 1.006398
284 800 0 35 0.005475426 0.007 0.245640106 | 0.060339
285 800 0 35 0.000752636 0.006 2.07593324 4.309499
394 800 0 35 0.000753491 0.004 1.669332044 | 2.786669
481 800 0 35 0.000752636 0.002 0.977320951 | 0.955156
559 800 0 35 0.000752636 0.001 0.28417377 0.080755
660 800 0 35 6.99951E-05 0.001 2.659329556 | 7.072034
870 800 0 35 6.99951E-05 0.001 2.659329556 | 7.072034
138 800 0 8 0.495008052 0.081 -1.81012487 | 3.276552
148 800 0 8 0.514304207 0.071 -1.98013506 | 3.920935
157 800 0 8 0.534951456 0.047 -2.43202841 | 5.914762
165 800 0 8 0.54375 0.134 -1.40064978 | 1.96182
188 800 0 8 0.546036881 0.048 -2.43148551 | 5912122
215 800 0 8 0.539836878 0.252 -0.76183793 | 0.580397
226 800 0 8 0.529883405 0.224 -0.86101094 | 0.74134
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<PHAST validation - DT experiment>

Time(s) X(m) Y(m) Z(m) Co(ppm) Cp(ppm) Co/Cp In(Co/Cp) | {In(Co/Cp))"2
41 100 0 1 4.2401 5.175489 | 0.819265 | -0.199347 | 0.039739228
85 100 0 1 5.003725 | 6.145351 | 0.814229 | -0.205513 | 0.042235695
117 100 0 1 4156625 | 6.699890 | 0.620401 -0.477387 | 0.227899069
152 100 0 1 2.7866 0.593913 | 4.691925 | 1.545843 | 2.389630751
179 100 0 1 1.8074 0.467357 3.867274 1.352549 1.829391187
210 100 0 1 1.653875 0.404091 4.092819 1.409234 1.985940685
244 100 0 1 1.408475 0.364533 3.863777 1.351645 1.826945269
400 100 0 1 0.38885 0.150510 | 2.583547 | 0.949163 | 0.9009114
41 100 0 2.5 2.889537 | 0.929534 | 3.108586 | 1.134168 | 1.286337535
85 100 0 2.5 2.917037 | 1.089834 | 2.676586 | 0.984542 | 0.969323877
117 100 0 2.5 2.164462 | 1.165166 | 1.857642 | 0.619308 | 0.383542469
152 100 0 2.5 1121812 | 0495833 | 2.262476 | 0.816460 | 0.666606988
179 100 0 2.5 0426025 | 0379196 | 1.123495 | 0.116444 | 0.013559307
210 100 0 2.5 0.238362 | 0.329078 | 0.724336 | -0.322499 | 0.104005947
244 100 0 2.5 0.118862 | 0.292757 | 0.406009 | -0.901378 | 0.812483481
400 100 0 2.5 0.062875 | 0.105527 | 0.595814 | -0.517825 | 0.268143085
141 800 0 1 0.714475 0.127220 5.616055 1.725629 2.977797169
185 800 0 1 0.815225 | 0.149612 | 5.448926 | 1.695418 | 2.874444519
217 800 0 1 0.49575 0.158261 | 3.132466 | 1.141820 | 1.303754456
247 800 0 1 0.180012 | 0.036394 | 4946142 | 1.598607 | 2.555547527
274 800 0 1 0.003287 | 0.028080 | 0.117074 | -2.144944 | 4.600788732
305 800 0 1 0.003112 | 0.023581 | 0.131987 | -2.025048 | 4.100822114
339 800 0 1 0.002637 | 0.020427 | 0.129114 | -2.047054 | 4.190431319
390 800 0 1 0.002162 | 0.004212 | 0.513300 | -0.666893 | 0.444746817
141 800 0 35 0.631675 | 0.123583 | 5.111337 | 1.631461 | 2.661665175
185 800 0 35 0.760212 | 0.145900 | 5.210478 | 1.650671 | 2.724717259
217 800 0 35 0.501087 | 0.154740 | 3.238247 | 1.175032 | 1.380701214
247 800 0 35 0.208525 | 0.035874 | 5.812689 | 1.760043 | 3.097752599
274 800 0 35 0.037762 | 0.027755 | 1.360560 | 0.307896 | 0.094800259
305 800 0 35 0.028275 | 0.023337 | 1.211576 | 0.191922 | 0.036834366
339 800 0 35 0.007112 | 0.020198 | 0.352130 | -1.043752 | 1.089418589
390 800 0 35 0.00365 0.004228 | 0.863267 | -0.147031 | 0.021618113
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<FLACS validation - DT experiment>

Time(s) X(m) Y(m) Z(m) Co(ppm) Cp(ppm) Co/Cp In(Co/Cp) | {In(Co/Cp))~2
33 100 0 1 0.04613 0.045863 | 1.005832 | 0.005816 | 3.38E-05
34 100 0 1 0.05044 0.045863 | 1.099809 | 0.095137 | 0.009051
35 100 0 1 0.04969 0.045863 | 1.083456 | 0.080156 | 0.006425
36 100 0 1 0.04301 0.045863 | 0.937803 | -0.06422 0.004124
37 100 0 1 0.04256 0.045863 | 0.927991 -0.07473 0.005585
38 100 0 1 0.04212 0.045863 | 0.918397 | -0.08513 0.007246
39 100 0 1 0.04212 0.045863 | 0.918397 | -0.08513 0.007246
40 100 0 1 0.04241 0.045863 | 0.92472 -0.07826 0.006125
41 100 0 1 0.04791 0.045863 | 1.044644 | 0.043676 | 0.001908
42 100 0 1 0.05742 0.045863 | 1.252003 | 0.224745 | 0.05051
43 100 0 1 0.05662 0.045863 | 1.23456 0.210714 | 0.044401
44 100 0 1 0.0534 0.045863 | 1.16435 0.152163 | 0.023154
45 100 0 1 0.05059 0.045863 | 1.10308 0.098106 | 0.009625
46 100 0 1 0.05099 0.045863 | 1.111801 0.105982 | 0.011232
47 100 0 1 0.0538 0.045863 | 1.173072 | 0.159626 | 0.02548
48 100 0 1 0.053 0.045863 | 1.155628 | 0.144644 | 0.020922
49 100 0 1 0.0522 0.045863 | 1.138185 | 0.129435 | 0.016753
50 100 0 1 0.04865 0.045863 | 1.060779 | 0.059004 | 0.003481
51 100 0 1 0.04851 0.045863 | 1.057727 | 0.056122 | 0.00315
52 100 0 1 0.04836 0.045863 | 1.054456 | 0.053025 | 0.002812
53 100 0 1 0.04568 0.045863 | 0.996021 -0.00399 1.59E-05
54 100 0 1 0.04821 0.045863 | 1.051185 | 0.049919 | 0.002492
55 100 0 1 0.04553 0.045863 | 0.99275 -0.00728 5.29E-05
56 100 0 1 0.04227 0.045863 | 0.921668 | -0.08157 0.006654
57 100 0 1 0.04509 0.045863 | 0.983156 | -0.01699 0.000289
58 100 0 1 0.04464 0.045863 | 0.973344 | -0.02702 0.00073
59 100 0 1 0.04063 0.045863 | 0.885909 | -0.12114 0.014675
60 100 0 1 0.04004 0.045863 | 0.873044 | -0.13577 0.018433
61 100 0 1 0.04628 0.045863 | 1.009103 | 0.009062 | 8.21E-05
62 100 0 1 0.05079 0.045863 1.107441 0.102052 0.010415
63 100 0 1 0.05461 0.045863 1.190733 0.174569 0.030474
64 100 0 1 0.05662 0.045863 | 1.23456 0.210714 | 0.044401
65 100 0 1 0.05642 0.045863 | 1.230199 | 0.207176 | 0.042922
66 100 0 1 0.05642 0.045863 | 1.230199 | 0.207176 | 0.042922
67 100 0 1 0.05119 0.045863 | 1.116162 | 0.109896 | 0.012077
68 100 0 1 0.05139 0.045863 | 1.120523 | 0.113796 | 0.012949
69 100 0 1 0.04687 0.045863 | 1.021968 | 0.02173 0.000472
70 100 0 1 0.0436 0.045863 | 0.950668 | -0.05059 0.002559
71 100 0 1 0.04657 0.045863 1.015426 0.015309 0.000234
72 100 0 1 0.0494 0.045863 | 1.077133 | 0.074302 | 0.005521
73 100 0 1 0.053 0.045863 | 1.155628 | 0.144644 | 0.020922
74 100 0 1 0.05923 0.045863 | 1.291469 | 0.25578 0.065424
75 100 0 1 0.05984 0.045863 | 1.304769 | 0.266026 | 0.07077
76 100 0 1 0.05179 0.045863 | 1.129245 | 0.121549 | 0.014774
77 100 0 1 0.0494 0.045863 | 1.077133 | 0.074302 | 0.005521
78 100 0 1 0.04955 0.045863 | 1.080403 | 0.077334 | 0.005981
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79 100 0 1 0.05044 0.045863 | 1.099809 | 0.095137 | 0.009051
80 100 0 1 0.04955 0.045863 | 1.080403 | 0.077334 | 0.005981
81 100 0 1 0.04598 0.045863 | 1.002562 | 0.002559 | 6.55E-06
82 100 0 1 0.04256 0.045863 | 0.927991 -0.07473 0.005585
83 100 0 1 0.0387 0.045863 | 0.843827 | -0.16981 0.028835
84 100 0 1 0.04271 0.045863 | 0.931262 | -0.07121 0.005072
85 100 0 1 0.05139 0.045863 | 1.120523 | 0.113796 | 0.012949
86 100 0 1 0.05763 0.045863 | 1.256582 | 0.228395 | 0.052164
87 100 0 1 0.06326 0.045863 | 1.37934 0.321605 | 0.10343
88 100 0 1 0.05803 0.045863 | 1.265304 | 0.235312 | 0.055372
89 100 0 1 0.04806 0.045863 | 1.047915 | 0.046802 | 0.00219
90 100 0 1 0.04553 0.045863 | 0.99275 -0.00728 5.29E-05
91 100 0 1 0.04672 0.045863 | 1.018697 | 0.018524 | 0.000343
92 100 0 1 0.04836 0.045863 | 1.054456 | 0.053025 | 0.002812
93 100 0 1 0.04806 0.045863 | 1.047915 | 0.046802 | 0.00219
94 100 0 1 0.0494 0.045863 | 1.077133 | 0.074302 | 0.005521
95 100 0 1 0.05501 0.045863 | 1.199455 | 0.181867 | 0.033076
96 100 0 1 0.05401 0.045863 | 1.17765 0.163521 0.026739
97 100 0 1 0.05662 0.045863 | 1.23456 0.210714 | 0.044401
98 100 0 1 0.05944 0.045863 | 1.296048 | 0.259319 | 0.067247
99 100 0 1 0.05722 0.045863 | 1.247642 | 0.221256 | 0.048954
100 100 0 1 0.05461 0.045863 | 1.190733 | 0.174569 | 0.030474
101 100 0 1 0.04895 0.045863 | 1.067321 0.065151 0.004245
102 100 0 1 0.04583 0.045863 | 0.999291 -0.00071 5.03E-07
103 100 0 1 0.04761 0.045863 | 1.038103 | 0.037395 | 0.001398
104 100 0 1 0.04643 0.045863 | 1.012374 | 0.012298 | 0.000151
105 100 0 1 0.04286 0.045863 | 0.934532 | -0.06771 0.004585
106 100 0 1 0.04123 0.045863 | 0.898991 -0.10648 0.011338
107 100 0 1 0.04093 0.045863 | 0.89245 -0.11378 0.012947
108 100 0 1 0.03766 0.045863 | 0.82115 -0.19705 0.038828
109 100 0 1 0.04405 0.045863 | 0.96048 -0.04032 0.001626
110 100 0 1 0.04791 0.045863 | 1.044644 | 0.043676 | 0.001908
111 100 0 1 0.04643 0.045863 | 1.012374 | 0.012298 | 0.000151
112 100 0 1 0.04717 0.045863 | 1.028509 | 0.02811 0.00079
113 100 0 1 0.05199 0.045863 | 1.133606 | 0.125403 | 0.015726
114 100 0 1 0.05079 0.045863 | 1.107441 0.102052 | 0.010415
115 100 0 1 0.05561 0.045863 | 1.212537 | 0.192715 | 0.037139
116 100 0 1 0.05803 0.045863 | 1.265304 | 0.235312 | 0.055372
117 100 0 1 0.05863 0.045863 | 1.278386 | 0.245599 | 0.060319
118 100 0 1 0.05964 0.045863 | 1.300409 | 0.262679 | 0.069
119 100 0 1 0.05763 0.045863 | 1.256582 | 0.228395 | 0.052164
120 100 0 1 0.06064 0.045863 | 1.322213 | 0.279307 | 0.078012
121 100 0 1 0.05742 0.045863 | 1.252003 | 0.224745 | 0.05051
122 100 0 1 0.05044 0.045863 | 1.099809 | 0.095137 | 0.009051
123 100 0 1 0.04747 0.045863 | 1.03505 0.03445 0.001187
124 100 0 1 0.05139 0.045863 | 1.120523 | 0.113796 | 0.012949
125 100 0 1 0.05541 0.045863 | 1.208176 | 0.189112 | 0.035763
126 100 0 1 0.05441 0.045863 | 1.186372 | 0.1709 0.029207
127 100 0 1 0.0491 0.045863 | 1.070591 0.068211 0.004653
128 100 0 1 0.0491 0.045863 | 1.070591 0.068211 0.004653
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T3 3, 2T AFV Pilot AFK =1 werrmemie 13
2 4, BAE] AFV Pilot AFRI=2 e, 14
32 5. B8 O] AIR] AFR] e, 15
32 6. AFV BEJAFA]L, H O]l L E o 17
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72 15, RANS 7]8F ke REO] LE2 QAL e, 29
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E 2. AE TA7A Aota A EA4(2012~2014)

A% ol4EE B ol

MOV1 alarm
MOV1 full close
MOV1 full open
MOV?Z alarm
MOV?2 full close
MOV?2 full open
MOV3 alarm
MOV3 full close
MOV3 full open
MOV4 alarm
MOV4 full close

759 MOV4 full open
1938 RTU &4
2374 SSV 1 &3
828 SSV 2 &3l
9 SSV 3 &3
24 SSV 4 &3
124 SSV




B 3. AP TAVEA A4 AL EA(2013~2014)

3 2ol= o o b o 3 2ol= o N b o
IRIYE B 49 MOV3 o]t 3
2RI A H 1092 MOV3 2 3
Digital alarm 9 ON 56
7tA=A 690 SSV1 ¥HHuoial 991
MOV1 A Xt 10 SSV2 wie sl 811
MOV1 o]4t 19 SSV3 HWiE 3] 15
MOV1 At= 21 +&4 2
MOV2 - R 2 =84 13377
MOV2 o]t 7 74R0| At 697
MOV2 A& 4 ZAIRC(3G) 1
MOV3 AR 2 ZSAITE(BG)HE 2
ZA1 R E(3G)Kg 152 &3A 18958
1.2. XA98¥4E &4 o] HolH(E3 S AHl)

(1) AFVE 7] Spring #4102 7h5 <td

1. AL A] © 2000. 00. 00 (0) ~ 00:00~00:00

2. AR A 1 000000 RS L7

3. A]Ad3g ¢ AF.V 27 (Harnoreg Pilot) + Cabinet Type

4. AU E : A4%0]| main line®] SSV AF AldE 517 {5t
sub lineo.2 HA2 sheix|gh 7HEE R ekoct
Stabilizer Springy} 2X}F Pilot SpringS A7 ¥&o
2 ZQA|T JHEEA] T 2AKI 0] 1.6kPa 7HA] A
5tE]o] main line© 2 Rj7t= 5HYCE.

5. 2HA1Ql : Stabilizer Spring2 B3}t ZXAst Ayt Stabilizer

o] air ventz £#0] FUEO| Spring FA0o= g
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o A| etk
Stabilizer?} 2&} Pilotg &2]gtct.
Alo] ZI84%l Stabilizer Springg A tct.
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RO ICE L EX T e

Stabilizer Spring¥t 2A} Pilot SpringS Z|tfst Zoj &}
B2 lined] 1x1% ¥WHES opensti Y-S sholstet,

2544 line9] sensing line valveES opensttt.

Stabilizer Springd} 2%} Pilotg AlA| W&oz RoA 7=

10) AH5Are] o] xfo] glg Lol Aadiy,
o

1) Stabilizer?] 739 Air vent:= 6A|®SF, 2&F Pilote] Air Vent

= 1AL 3AL, 9A], 11A] ®¥&Foz z7]stct,

Me
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& 1. Stabilizer Spring, Diaphragm FAJA}%
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% 2. Stabilizer Air Vent ¢X] ®73 A

LS

(2) Cage 2= SSV Ath
1. &Rl A] : 2000. 00. 00 (0) 01:00~10:30

=
LT A 0 0000 AT Y7

2 A
3. A]A=Isr ¢ AF.V 37 (Harnoreg Pilot) + Cabinet Type
4 WRUE AL 71EE BHANUEY SRR st
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AFV Cage®} Pilote] =2 €Al o 2 AFV Body Sleeveo]A]
| AHgtElx] gato] 2xleelo] AP o SSV
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5. 2Rl 0000R19A %7 A(2005.07.22)
A F78d7100l 2XI=7|7HA] 5718 & & Foll YA H =
oA HY AUHER 70| FYE|0] o] Qs £~F9]
1R} Pilot @F AFV Cage 9 =2 2HAIA|7L.

T
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= 80| 3gH 7hATH ARV AolAlS S
2EYSHOIC)Z 80] Ao|A|sEo] SAT o] UJAHEARIY
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6.

10) Regulator Sensin

ZRHE

Main Line Regulator Sensing Valve x}Hsto] daloH=

gelett.

Sub Lineo 2 7}=AME|S sholstct,

ZdEje}elo] 1A}%, 241% WEE Adsty 7 U JtAS ©
It

LEAE S Ald8ste] AUES 237U JHIE et
AFV ¢} Pilotg #dlisto] &2 RE &Rlstil ois

A At

ARV 9} Pilot2 x50} R0 AZgHc}

B2 o]0l YL 2415 WY Open

el

o},
Line Valve S XA]A]5] Openstc}.

aa

11) JY719) SRS stelsict,

=2 1w u

12) Y471 Set Wi ih7 22 AlAst?] #stol sigA ol =1

wedsls Mg

=
Fsto] 4ol WASHA g Pt
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T2 4. =A% AFV Pilot AFRI-2
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1. FAAA] © 2000,00,00 (0) 14:50~16:10

2. LA A 1 0000 A9 Y7

3. A]dd3F ¢ AF.V 27 (Harnoreg Pilot) + 715 Type

4. UYL 1 0000 A FFF719] 2”4 0] 1A]7H-5-Qtof]

3.2kParbr] AAElo] 21FsHA 54 AR, of
AL ol 50 ALgFo] Ts] AL 7

9ojoz 1xkgilo] APrjol FAsHA 28K2ol
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3317 o2 wE FEo] olRofHo 3,

5. TAARl  AF.V o] EidAA oy HERES 43|
ZO|A] otal NAte M FiEdeole A B
Bdgol Yoo, FHERoAe] FFOR 5t
of Wojz YEREO| ojgelo] 1RF5AA 23150
2 HojPHES S5t 4y THAA o] YA
6. ZX]U-&

1) &% 5A Yd&@4 Line & #R&.

2) Regulator Sensing Line Valve & A}Hstil 2X1E ®HH =S

Aheraiet

3) 2x15 WY o] HA|TWEES Opensto] WP RS

ghelertt,

1) WPFgol HAHA 1215 WHS AT

5) 1A%, 2AH% W8 7R Jhag At

6) AF.VE vj#toA shA|ste Faidde HAlet

7) 284S dold HES £1% AFV 2 AlZsitt

8) 1At5 ®HS A A3] Openditt.

9) 2415 WY Aol MAMYES Opendie] WPoI RS g

10) ©olidol RA=4dF 245 ES Openditt.
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1. Shutdown, Stop Permissive for Recycle Compressors, Offgas Compressors, H2 Make-Up Compressors
Module-1: PC-E18-01, Recycle Gas Compressor
Module-2: PC-E18-51, Recycle Gas Compressor
PR-E18-02/S, OffGas Compressors
PR-E18-03A, B, C & D, H2 Make Up Compressors
2. Low Low Flow Trips Reactors Feed Furnaces and Fractionator Furnace
Module-1: HS-E18-01, Reactor Feed Furnace
Module-2: HS-E18-51, Reactor Feed Furnace
HS-E18-02, Fractionator Fumace
3. Low Low Level Interlocks for Letdown Valves, Pump APS
Module-1: MS-E18-04 HHPS, MS-E18-05 CHPS, AS-E18-01 HP H2S Absorber
Module-2: MS-E18-54 HHPS, MS-E18-55 CHPS, AS-E18-51 HP H2S Absorber
AS-E18-03, Fractionator BTM Pumps APS
MS-E18-19 Fractionator Reflux Drum Whole Naphtha Pump APS
4. Pumps Backflow Prevention Valves (Low Low Flow) Interiocks
Module-1: PP-E18-02A/S, PP-E18-05A/S
Module-2: PP-E18-52B, PP-E18-55B
PP-E18-03/S Water Injection Pumps
5. Pump APS Interlocks
PP-E18-11/S Fractionator Bottom Pumps

PP-E18-06/8 Fraclionator Reflux Drum Naphtha Pumps

72 3. RDS 34 emergency shut down logic

2 TRHjoA= RDS 24 AAZF ofd U¥Ee malel]z Foluy
th.1) QAP @ojel BR2 7= 404 Low pressure separation
section ¥ fractionation sectiono|ti. TatA T 304 AFEZ EA
o] HQst 222 39¥9 Low Low Level Interlocks for Letdown
Valves, Pump APS, 4¥9] Pumps Backflow Prevention Valves
(Low Low Flow) Interlock ¥ 5¥19] Pump APS Interlocks 3t-=-o]|C}.

o]g B2 WAIFSI Ao e 9 B,

D) AAE U8 47140 BiuA

ot
P



RECYCLE GAS MAKE-UP
COMPRESSOR . COMPRESSOR

SECTION i i SECTION Make-up Hydrogen

- LOW PRESSURE LIGHT ENDS
AN REACTOR SEPARATION RECOVERY

FEED SECTIGH SECTION SECTION

FRACTIONATION
SECTION Product

Hyundai Oilbank &) 9

a2 4, &2stel RDS 3A block diagram

1.3. RDS 37 W ArL Alu2]e o] A 237

of7]skx olo] wel FIFAQI 2&F WoliE of7] Al & Qe Aol
SIESISI

RDS &&Al&2old ¥ =
ARl AFoJE YollAe dHEA ol AU oAty &bt
of 3ttt E3t AR Y 15t oA of ol whatA AL
Aue]ed] F& v 2ol dojd 4 o A duwiIoA A
Aol 1ARete] fHg Foto] JhHstt Aol AL AU s

=5 4 AT

FE2REH AIAEE A

19
l‘l[‘
|
o®
(@]
©

¥
i

bl —[Oll
=2
Mol
ri
r ©)
1o
m)‘l

_’IO_



L.LLinterlog
for letd

™,

22

Diesel .| Disct for pump
i Stripper
=

L.LFlow

=

Atnjospheric
L.L Level intaclocks Fryftionatar

im_“l!m letdown vglve, = &3 & 2

T2 5. RDS 24 A5 o]A ¥9

_‘I‘I_



o
g
<
>
Lo
ir
(]

Point 1. Fractionator

B9 (L ik

TN =t ' 5] 3
(62 <y
v =, g ! .
et (H .
i o W 4
1l
/ i 4 PP-E18-074/%
AS-E18-03 | TEES
25 135
bl | '
87
Vel 1793
] b e = : i
- £l 1 1§ K
25 136 218 313
3] L2 ] 3] P
- mn 72 o red
— el BT BAA i AS-E18-04
TR ) - — ~ i - - i
k3 ilE A1 420 10
45097 - LT
[T L
— ?!?9(
it L TSTE gy
i < 1 JT-E18-27
= o (B
| v i < i = ™
b3l e TSRS [ens | — A
| 385 = TE |, ~ -
£ - e TS b g W
mw = 43 T L)
] =] i EI
12 4 3 ] L35k |
403 bt uz.1 oh
v 298 - ) p2lihd p
| 703 Y SALICI B T T & S Ie
iy - it T T -
B7.2 (31 ny A (178
(23 §
250 |2un ] fozid L
TR D 186 | fC Ry 2=
e [t k) e
i B R
:_ 4 -
- o fo D g 4304
~ | B T-E18-11 -
Lk FP-E18-10A £
O |
TR f ;:: 3684
50— 435 G [T | _usl ¥ [
I 1 -
L {
e W <i
o (35 ] 1.
PP-E18-114/B/5 ary s 350
v r ' '

12 6. Fractionator PFD

A A 7ESS Alyg] = 1 69 fractionator(PP-E18-11A/B/S)
o] 2HoA FAst= Ay oltt. At LAY I FA FAIE Atgof
2w Ak ojmst YRl(fractionator inlet valve Adto 2 0I5t feed
L= A =2 level controller @AN=)0 =2 Qlsto] fractionator
bottomo|A 9] liquid levelo] low lowo]] =% stt}. Bottom9] liquid
levelo] &ol&9o| w2} pump(PP-E18-11A/B/S) suction Z£og ©.Ql
El= liquid S=Fo] ZFASH olof] m2lA pump? APS(Automatic
power switch)7b AF-gsflof SHA|QF AF-E5HA] ¢Fal Fro| Fg&= 7]

(work):=  YAstog discharge pressure 7} AF5s5H4  #ch

_12_



’%
c
3
D
0
=
c
=1

Discharge ¢f2o] g5aol| mets 2490l A-gh oA
down Process)E Z%l13§5to{of sHX|gt o] ol¥stA] AdS o=
A&o] A4 ArSsto] pipeline flange ZoA] FZo] wAisHA =)
Qrol o] WASHA EttH o] A2 2XMAMAL(EA], BE 5)0 = o]ojA
S Qoog FHHAd2 dAFYe=R EFsto] ARt OiAN(QIZ A9
total shut down)E Z|sliof sh=tl] o] A& o|3YstA] AZ F-¢ 2

RHAFILZE ojubA Fich

Frac. BTM liquid
level low low
|
BTM pump
suction §ZF7H4
of 2 APS TS

I_Y_I_u_|

HHSE Shutdown 0f Pump discharge
mHE 2 By PIESSIE o
Mild Case

HERSEL R
pipeline flange L2
Z 015t leak
|

Shut down

i

EER S}7] 3 Shut down

Y |

FIUI-

Lo
F=4A

Release Case

I'-IUI =

]
g

ot QI EH =

Fire Case Explosion Case

21 7. Fractionator Atal Alyg] Q@ EZ]

Point 2. HLPS(Hot Low Pressure Separator) Top Lineo]A 11¢9]

22 %3

_13_



I 1BE50.T

|5

FC

EIT.S

1r -

1 50 1855.5

T

(M5-E18-54) =
MS—E18-0d 5s

100 i

1pas 152 | SER
FC |_SES

| E55LS
| TAR5E

|1 55

FROM FC—ElRB—DI /51

RECYCLE Cos - E1E-106-003%

FROW WDDULE 1

19
¥ T0 TT-EI L-DB5E
HLPE woppr  E1E—10E-00d

0 FC
E1&-108-005

154
T0 H=-EIE-D1

i wes tpwp | E18-106-005

FEDN WDDULE 2

= 8. HLPS PFD

= W Alugje = = 89] HLPS(Hot Low Pressure Separator,
MS-E18-04)0]4] @A¥ske AL AlUe]Qolc}, 13 8o 2 2 Qe

AN

713 ZFo] HLPS9 level2 cascade control &I o|mje] FCC]
AT Uojel Hlof 9
stof FCO ¥ (power)? AIHEH sl valvel] opening(%)7} Z4sh
At o]Z9I5t9] valve AT unitQl HLPSO] U2} levelo] 4t&s}
Al =]a1, HLLPSO] =0l 5o def A2 o4 «dll FCY

N

actuator(valve)= fail to close2til 7} st}

= S5t controller’t FJANEsH =S £X|5t0o] 4ol ThA] <t
7J8}E] Al separator?] levelo] normal ¢to 2 HYE|ojof sHA|gE T

v S

2 712 vapor line9] flangeo]A] PSVzZ9] 1& 19 £A4A7}

_14_



TE2EHE ARt DS "o e wEo] ¥
afelo] whaba] point 11} ZHo] 2&pAbLL ¥hY Q.97
FC valve OP% Z¢
£0f 12 HE
(HLPS) 221 443
|
FC 4 M &5
(or Zg X4
Y I N
I i
e HLPS pressure
FC OP% % FgHer i
= Hys "y
Mild Case I

Vapor line P8V &
S0 M2 12 1%
22 leak

Shut down

Y N

|

HER S} 5! Shut down

ot

== 0
F=%

Release Case Y

|

4315 S8 =5 =z

Flot

Fire Case Explosion Case

T3 9. HLPS At AlUa]Q Eg]

2. RDS &7 W At 22y A Al&o]d

2.1. RDS ZA Al A|Ed o] nd

=22 AlLtstrl flsl

_15_



713ke 002 R|Asteich £ AJAARE &
ol=atele ofg IPat o] mAlst & 4 Q. mz e Aoja]

N5 Auelest AREY g2l 54 g4 ABeold RERNH A

HetA A, AATe 2 FHAANA AlsEo] A4S

Z2X2 FT 5 9Jr= gosich ol2st 4ol e shtol £
7S]

=

Loop)& 7435t A|&H02 o|RojAl=t Tef FAdo] Al7] A

—~

ZAE A RE0H w2 vtas 3 Wil A% 552 Zlola
ol AFRE oA % FEo|] 7tset s=(Flammable range)o] =
stA "ot mebA] oJf£E = 3D-CFD opxf 3 H Alggoldezr

B dojxl EAF(Thermal Radiation) 1 (Overpressure)dt HA AH
N2(CO2 5) ANYSS folg Wiagye E2{7 =k gk Jjol
2hQl AoflA AAlgE vl A A Z<ErY(Golden time)Ujof] A8

F XS FIBHAl Rt dRol= ol=iet F2= HE Al Aldt
e FREH.

7128 REA2 A9 fARit &Y AlEdold 2R, ¢



Scenario List Dynamic Model(DCS) Data Visualization

4 Pump Shutdown o R
4 Furnace low-low flow T 3_'_ i
# Separator letdown valve operation - j_ gt

4 Reflux drum low level
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i =1 Range?

Explosion DB (3D-CFD)

Process variables : A'CCIde.ﬂ‘t
(), PC).F () Simulation
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Valve opening(%) \f (x) /' Release rate(kg/s)
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(Thermal
Heat Flow(W) Radiation)
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4

Gassesivapours Disparse
to stmosphare

Vapour or Two Phase Liquid

¥(Choked)

N{Unchoked)

* Liguid flashes intovapour
+ Liguid collacted as in a pool

Gexcon FLACS

a9 11 w39 Aledold s

]
e

[

+1
=2

Cp
Release rate (for choked flow): Q = C4i.A E—" X p; X Py X (E%)T
v +1

n]

1

UDF(Simple resistance equation): @ = k,/Vopen X dP X p

Q@ = mass flowrate Ff—]
Caise = discharge coefficient
A = hole area [m2]

C,/C, = specific heat ratio
p; = inlet fluid density [:Tga]

P; = inlet pressure [kPa]

kg I

- T
k = conductance [h,__(kpﬂ.;,gpuayo-i

Vopen = valve opening[%]

dP = friction delta pressure[kPa]

(4) stAf & FH Algfold 23
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oA A& ¥ RDS F49 emergency shut down logic FOoJ|C}.
RDS 5749] shut down logice QO9FSH "o} Zro] "HjwA ot &
= Es]AHHaldor Topsoe, Shell)of 8|3 Automatic shut down logic
< 433] AltHolRr 34 vlgRE B Aol DCS 3 A 24

of AAeh & olslit HiAYYE A7t TaAolo. BRef ol2feh o4

Aol Eudol AAE AS shx] R Aol 3RO SH REo|
?:}'E:]O] _Z,"S_I-X-]

Elo] flangeE &3 714 &2 AA|Q] FFo] Loj'd Aoj1L
A

SHA] £ Ao oA R EWALL E3 Aot 4 9l

-

2Rt thA7

L

1. Shutdown, Stop Permissive for Recycle Compressors, Offgas Compressors, H2 Make-Up Compressors
Module-1: PC-E18-01, Recycle Gas Compressor
Module-2: PC-E18-51, Recycle Gas Compressor
PR-E18-02/S, OffGas Compressors
PR-E18-03A, B, C & D, H2 Make Up Compressors
2. Low Low Flow Trips Reactors Feed Furnaces and Fractionator Furnace
Module-1: HS-E18-01, Reactor Feed Furnace
Module-2: HS-E18-51, Reactor Feed Furnace
HS-E18-02, Fractionator Fumace
3. Low Low Level Interiocks for Letdown Valves, Pump APS
Module-1: MS-E18-04 HHPS, MS-E1B-05 CHPS, AS-E18-01 HP H2S Absorber
Module-2: MS-E18-54 HHPS, MS-E18-55 CHPS, AS-E18-51 HP H2S Absorber
AS-E18-03, Fractionator BTM Pumps APS
MS-E18-19 Fractionator Reflux Drum Whole Naphtha Pump APS
4. Pumps Backflow Prevention Valves (Low Low Flow) Interlocks
Module-1: PP-E18-02A/S, PP-E18-05A/S
Module-2: PP-E18-52B, PP-E18-55B
PP-E18-03/S Water Injection Pumps
5. Pump APS Interlocks

PP-E18-11/8 Fractionator Bottom Pumps

PP-E18-06/S Fraclionator Reflux Drum Naphtha Pumps

T2 3. RDS #A& emergency shut down logic
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H-S D] 2= pipeline
flangeOiIA & 18
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I L"‘""""‘"""'!
= SH &2
I N
ABSER NDEE (2eER)

<Release Cage> <Fire Case> <Explosion Case>
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(FV-036 B/V)

Ee1ZZ(fail)

M
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e Sl == (success)
= = i
SR EZ(fail) (OrMsh A% M2t

e OS5
Field
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HLPS LT-032 Failure
(False Low Level)2tA

Olet liquid =& 24

Liquid line valve(FV-049) T+ W42

(;FV-049 B/V)

Manual Bypass around FV—049
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JHA A Vapor W2 S= Al 2
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|
SHAl & et
| K
LrEFSFES =d 8% FMEACT e
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<Explosion Case>

(1) [Simplified ESD Procedurel]

1) Reactor feed pump stop
2}  Heater trip
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Scenario List

g A Z=EFY(Golden time)Ujo] A4

4 Pump Shutdown
4 Furnace low-low flow
% Separator letdown valve operation

4 Reflux drum low level

Process variables :
T(t), P(t), F(t)

Valve opening(%) \f (x) /' Release rate{kg/s)

(

Heat Flow(W)

Flammable
Range?

Accident
Simulation

Source-term)

Fire
(Thermal
Radiation)

pataser)

Thermal Radiation DB (3D-CFD)

Cased Case2 CazeM

[Dashsert | I.Enm:er," :
- -
H :

22 B e |
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a7 6. 23 L Algold Qg
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Gassadlvapours Disparse
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N{Unchoked)

. . L=
+ Liguid flashes inlo vapour _'_
+ Liguid collacted as in a pool
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Cp
Y
C.
Release rate (for choked flow): Q = C45.4 g—" X pi X P X Ezz )%‘ (1)
v Tg T T
UDF(Simple resistance equation): Q = k,/Vopen x dP X p (2)

Q = mass flowrate [éf]
Caisc = discharge coefficient
A = hole area [m2]

C,/C, = specific heat ratio
p; = inlet fluid density [:ng]

P; = inlet pressure [kPa]

k = conductance [ & I

hr-(kPa-kg/m3)%3
Vopen = valve opening[%]

dP = friction delta pressure[kPa]

(4) StA & FE Alzefold 22

Gexcon AtY] FLACSO= StA 5 F Alggfold AL EAfS
=2t go] FU Aol FHE Qlsto] HAsts Ax Y=
dAYsts el Attt Ate fste] 3D CFD Aito] Tasitt. o]
ol &4t Algefoldy 2 oln2 4 Alesloldae] dAIRE A
S= Hste 2metel HojHHolaf &go] Fasit. =t AlEo]
A 22 oAl R ofATAIoA A E Al e met
o A 2HE AclE & LY A0 mEp ATz Hio]

El2 Aajste] Algsts WS Agst}

O
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1. 4 G3stEHE 2R 24
1.1. JA2A(RDS) 718

Note: 2012.03 7} 5 Balance 7| &

P as. ) Moten |
#3 SRU b o | {ax 500 /D

‘_ 250x2 TPD I

Fuel Gas

F/G |

k.

F/G

#1RDS
77,000 BPD

-. :?:231

GO

-AR

o T-AR

Membrane
Purge Gas

W/N a0
£3

o

#1ALK
16,000 BPD

|9 Ref.C4_ _
4,021

‘ 4

Alkylate 14,955
(14.7%)

3

#1FCC
| 62,000BPD

878 \

H2

THIMHT |
(Existing)

HCN
H2
| ToHsD§4157 ™| BAGHT

Y

| *&bwwosm
TR

Slurry Oil

a2 1. HOU 24 block diagram
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systemOo = AAsto] FCCHAe] 29 AE7Ts
ot gigdsgdoz st dAtjeduise] RDS & 2}
dFS U= GAaAA FCCEAPY 382 =071 Yol <&

88%(4.1wt%—0.5wt%)S =21 =2 st QIT}.

Hydrogen M/U H2 Membrane
Bleed e ® Make-up H2 offgas to

TrainA Unit Compressor #3HMU

1st Reactor L 8&H ARG Fuel éﬂs
Surge Drum |
. Lean Amine
HP Amine Rich Amine —
2nd React Absorber Flash Drum LP Amine
ndReactor 1| Absorber
) —(_ Rich Amine
Centrifugal
Separator

3rd Reactor

CLPFD Amine
Absorber ==
(@

4th Reactor

(INI)T(INDT(INI)T(INI}T(IM

To Storage

CLPS
==
5th Reactor
Stabilized
Naphtha
Stpper ®
ER To Storage
Train-A
Reactor - == ARDS GO to #4GHT
pheric
Fumsce Filtered i .
Eaad f r Frationator
ee
- ! Atmospheric Treated AR to RFCC
! A MP Steam
L | Residue
P
v = D : 9 rwomonue
g,

rmmmmmm e

1

Bl RECYCLE GAS MAKE-UP

Bl COMPRESSOR COMPRESSOR

i SECTION - |  SECTION Make-up Hydrogen|
[}

i

1

HS AR LOW PRESSURE LIGHT ENDS
—_— zEét:cTTlgﬁ SEPARATION RECOVERY
FEED SECTION SECTION

TWO MODULES FRACTIONATION
SECTION Product

Hyundai Oitbank &) ¢

13 4. Sectional Block Diagram



RDS A2 I3 4.0xQ} o] 67FX] £Q sectionC 2 JLAJL]
o] it} <tojjA] WSt two train system& I 4.0|A] two

modules = E?ﬂﬂcﬂ Qlct, Kﬁﬂ TAL 7}Uro}7ﬂ 7F 1o "z

=l = o, 31 8FA9] feed

FO A= ?L—., ngh/Low pressure Z71

of| A2 H}o Bdes 2dste #+9, AY 78S °l&std o

Ft TRY AlE=Z S 2dctke A9 SAYEY AR 7t
= o

1=Fe] A
2 PR 4 9

g
o,
A

=
RDS 548 & 3, 49} o] reactor section, recycle gas
compressor section, low pressure separation section,
make-up compressor section, fractionation section, light
ends recovery section?] 6719] section® & LAdE o] QJCt.

1.2.1. Reactor section
SielA ¥he-2 dOoAA A TR U

of ==& 24, T
4 £)2 Asts W0l Lol BEolck 13 33 o] @
937 Re(EmaA Ad Wi)ol =4 s e 87 ZEe
=0 wAS ¢oted shut-down T start-upS S7|"A0=z2 A|3H
ot 2 Q= X9 two-train FE|Z o] Ut
FOl(Catalyst)= 24 A &0 2dH === AlAste &8
IS F45ke WA RN o4 S04 AR AlERE 0
AL, Aol YA, ITE & FejHfedt 22 vhs 54 T
A o

o] FYUE Ut LARARl a4 FUIY tha(Pore)&
Sol7} ZujrHe] WS A (Active Site)ollA] 47152 0] Ao
HA Fat 24a5S AT



Oil Feed

H, into .
1501-e_ ~ into Pore
Gas Out

Mouth
Catalyst

Product

a3 5. &0) whge] px

= : Yol 2atstoz EojuAle sy ojd ot
S5A2 stofof #ih. BE FulaA U ALE AQEE A7

Reaction section®] # ®h2o &rst gd& A4 B
CCR, Hydrocracking % Aromatics &3} gr2o|t}. 1
o1u}LA

Fo 7P F9 Bolztn & & 9t POl U

A PEALS 17 6.3} Lk,
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ES| A A ClLG
EJO-IH
===
HEAL Jsw
H x| 2 Z 107| 18002 ¢
0| (m) 13.5
XE m) 4.85
HH 24 = 770
b VL] 2 %4Cr 1 Mo V
ZH (mm) 316
242 (kg/cm2g) 210
A4 =3
25 g 454

. ¥F2.7] Specification.
9% ddjedsiio] wrgri= I1F 7.3}
22 spec.02 A|AE o] FAECEH

|d
by ot
)

5

1.2.2. Recycle gas compression section 2 Make-up gas
compression section

2 Ue2 A5 AH|sh= ‘ﬂ%ﬂﬂi
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1.2.3. Low pressure separation section

AL *“”E— 1gEZAN 2E T H 7“3;6}‘34 iﬂg} 7
[==|
[0}

A3t AR=9 F35
section?] AYHFS &5+

1.2.4. Fractionation section ¥ light end recovery section
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Zotoz2 S5 (Distillation Column)& o]-&
Alsdz et
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B8 H 378 AlEold 22

2.1. Peng-Robinson Equation Of State

25| o] oA
sto] Wst: E40)

2t Bejg AL 2o mep AR o2 3

Peng-Robinson equation of state(c]s} EOS)= AA7A W
Q4 AFFolA ZIA-AAIT B FE= ALtsted 7HE 'E@e] 20|

& ol 19704tho] 106t A2

£514 7t o=

HEl Axje] tfstQl D.B. University of Alberta® D. Peng ul
29} Robinson ZHUth oyA] YL3]l(Canadian Energy
Poardy} 502 AUSIC e ik ve WA o

p— RT aa
v=b 4200 —10°

P: e

R: 7| A5

T:%E

£ A1 1 Peng-Robinson E.O.S

2.2. 344l 4 AlgeolH 2
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2 75k, ol & A+Y scoped] 7HF ATl HHPSY
feed2 F4stty. 1 o] HLPS, CHPS, CLPS, CLPFDE X4t
Z]Z£A 0 & Atmospheric FractionatorS A|Y} product® &=
Elo},
5789 feede ALY IY Thefer AR 54 WL
A(Composition, Temperature, Pressure, Flowrate)S o] &
AR EAshs dEs2 @A o't 7 oil componentE
F8-s5t3ith. Normal boiling point(NBP)S 7]&°2 &35t Qil
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==
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3. AHL AUl 54 34 Ageold Bd Au 9 B4
3.1. 34 34 Al&dold v
APl AU R = 5780l AAAEIY statedf|A] Hlojy 9w 5}A]
U statez29] A7t & Wigtz A 374 Al=dolds E
Q2 st} ojof wef FAgH Rdls 7|t g A WAL 7t
S g Agsidct. 4 Algolde) W as9l 7}
71719] sizing data®?} Ao} =X ZLSISHUAL 51 AL, sizing
datats e Adui T oA A&t RDS process®] PFD @ P&ID
o] JHEE ARSI 3489 eZ AAst] Ht Ao A
2 A|o]7]19] parameter5-2 Aoj7]e] EEo] W2 UvtAQl 7k
C=2HH TRAl HA(tuning)S &5t FAR] A Al=d0]
A 2le FEsHH. AorE Al parameter94 Qe
< ofzff &, lﬂr 2ot 378 22 AAlof] 24 F 20719] Aloj7]
7V F7HEQAL, 25, 4™, 54, 7171 Y OHKﬂJ =0] aE2
dojs] sia Aollgolal, Sug Ao FE2E cascade
controlo] ALLoict =& ZAgdo] F7t=] TRF-1 unit&
ojgo HAFF At Aol 1S sl 57 ¥4(valve
opening)?] FxIAQl HistS SA5H7] {oh 719 FARlolH.

ol

ol

Flow Level Pressure
Kc 0.5 2 2
T 0.3 - 10
Temperature
Liquid Gas
Time const. 0.5 0.1
Type First-order Lag First-order Lag
Aloj7]¥ U¥rAQl tuning parameters

oA AArr A Alsdold 2RHe 34 =8+ 19 9%

2z,
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3.2 AUl Agdold A
oLy IoA AT euold slolcetel ARE U
o2 A ARPARY AL WA AU g egste] HFA0

2 A8t AUZes Aty B4 Aol sdEs we
719t HLPSE m@engto] o4 571 201 9, 59 A9
H2o 49 Sl BHLA EZ0IA AL WA 21 FAl

= An2 olold g0l &

A QHH R ET ARLeE AAEN
}_

RDS 370 AWY B A2 MO 4D WEeh HE
= st dJdZ AAsidT. Eh dtjeduido] RDS
process® ‘ESD(Emergency Shutdown Procedure) Step

Check List'g Ailsto] Aluaj o] 7hdgdo] &1, 24d &4
o aapde AUt & & e de= AT B AA
2HYS o= st £ mR o] WA dF 24Y9 &
o] 7hsdt AU RS sty AR A9 Y A9t 7t
s AuE| ez AAskeIch dAtjeduwac] FEEAe AR
=39 RS MM 24" AF AL AU es offet &
ct.

3.2.1. ¥127] =& AUl e
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Compression Section 014H0 2 HtS
7l FH dd N5

oted X AG
B Sas w20| Fu e
WE 42
<Mild Case>
|

H-Z2D] == pipeline
flangeOlld 2= 18

44 leak
|
Block valve XH=
Y M
| %
5= SHH &2

AYEEE MIEE

<Release Case> <Fire Case> <Explosion Case>

Bleed gas Xt
(FV—036 B/V)

=

S8 Z 2(fail) (Orm 3 23] A=

a7 9. wher] £& Aue]e
9HS 71 (9 400°C), aLY(eF 200bar) ZRZAOA FHEB
JolA 7P Aot dolid 7hs/dol s&oitt. mE
2 gHEE g2 HRoA Aojste A2 AT Fast,

o] =3kl o2 Alo]7](controller)et FRFX|Z0] FH]E 0] 9

>
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. JrAoR feed] 832 Aojst= FIC-0130] 911, feed

L= Aost= TIC-024, 12]i1 Makeup H29] ¢3S

5= PIC-0530] 9Jon] o]Qjo]x= 7z} 8t27]o] & oFad

= Z2Ad3= oY 71X FX)7F FFSH As ol

ojZgA £ Aoj7]e}t HFARIZE ASol= B ot Ao

Aaw 2rASteE tfrA o 2 pipelined]
al

Q| FEALI WAsHEE ol

:|O %

Ae WIS o2 2o §hEr] AT
HAS 57|t compressor2 A& 0]
t}. o] compressoro= 43 o240l FAHEH W7t
A2EY 4% compressor?] EEYU0] FHAHEHE HoluAEH.
ol wWX|st’] 959 main compressor@ol= stanby
compressor’} X =]0]Ql=H] o]E3t o]2A FHA Z2 power
failure2 ~AFEotx] g 4 Qlt. olgjdt Fo EEY
dRog FofX|1l EZE lined| AF AZ4H w579 YdH=Ed
A0 g Aaettt. oA Aod Y=Ee=r QIsto flange
ol FZo] WA Aol Ago=z Foiofd xX|=
field®} DCS(Distributed Control System)o & s 24~ 9T}
DCSOA= o= controller5& 1131 (Auto->Manual of Off)
fieldo A= dliig blockez {UAHE FF= AMHst7] 95
block valveE AtHstojof gich o] whgy] HHOl HO
TIC-0240] siEH . §roF olgjeh AX|7F A= FsliF= 8+
of AFFEE AtLL SREX|T I2A] X5 FFo] A
£&]31 H27} flammable rangeo] =257 =™ ahAj7} dAyst
of. Ut SR7 WAt Y block ¥ob ofuzt ZAo Qe
2] blocks9 shutdown %3t Zledstojo}f sttt A WA=
ZAE AdAE Sfist’] Yot makeup H2 line?] hand
switchQl UHS-012AE AF=A]7{oF ot bleed gass AIH5}H7]
9lsto] FV-0362 ZEA|70} gt 0] 2o feed pump lined)
shutdowng $¢]sto] HS-900ACE Atz A|7|H 2L &£ 7=}
groF of2fst Ao M= AUz sty 3782 o
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ol shutdown}A-& HAA] startupS st A]7to] ©HE=IC)
A
ES

S

FRIgE &30 shtete ARE XS Si® startups &
= AEP7E 9ot

£2

3.2.2 HLPS &% Alygle
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HLPS LT-032 Failure
(False Low Level)2tA

Olet liquid =& 24

Liquid line valve(FV-049) T+ W42

(;FV-049 B/V)

Manual Bypass around FV—049

Y

[

Bypass Line JF=0ll

mE S4st

<Mild Case>

HLPS & &=
(LT-031 High Alarm)

[e]3
=

e

A Ao}

(=]

<Mild Case>

Pressure Relieving Ofl

ME 2ol Zas

HLPS Vapor line 220l
Olst TT-08 Flange Leak

I gt
L ]
Flare ine= S Leak Flange(TT—08) & &t
vapors= el CHHH(TT—08 B/V)
ALk
<RV Case>
Y N

<Release Case>

JHA A Vapor
SEAND

l <Fire Case>

=
S0y =
=2el 55

(Fail)

Ao E

%E] o) =
A [=p=d i

zag

=2
S I

<Explosion Case>

(1) [Simplified ESD Procedurel]

1) Reactor feed pump stop
2}  Heater trip

I DS

Field

I 10. HLPS +& AlUg] 2
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|

Hot Low Pressure Separator(HLPS)o|+= separator?] level
S Alojst7| st LC(Level Controller)/FC(Flow Controller) A
of] 2o} 1ALt LCxw= £& Ao F+&X(cascade control
logic)o|A] primary loopO. & secondary loop?Ql FCo AAX]
(set point)E A7JstiL, FCO Alof 3oz Al 49 |
(HLPS9] bottom flow)o] AAE o] FA WAQl Separatorf]
ool zAFTE A7 KA} Alo|2=e wx|sh] o) olet
2e 54 Aol PRz 4ol Atk o E4 Aol 7xo
Level Transmitter?] o]/4fo] wAisto] False low levelo] 2HAY
sto] Aol =AF ¥4l Liquid line valve(FV-049)9] 1t mj
M2 Qs HLPSQ] Liquid flow rateo] ZFAsto] HLPSQ] Level
o] W=5HA 4455tH, HLPSQ Pressure’t 455t ot o
et o] ol LAY F¥
HLPSO] ol4to] tgi3& 8% &4

= &0l

FEoA ol dds 578
SHA]9t Bypass line 71=g SHA] £& 749 HLPS9] Levelo]

A&A o7 A4s5HA Eal, High Alarm (High High Alarm)o]
Ar&stAl =, HLPS ¥ vapor line?] 2ol A55HA o .
vapor line?] PIC(Pressure Controller)o]|] 2Jsf &= A|oj7} A
2 A] HLPSQ| levelgt J43t1 gele 4% 424 & oh] g4
Wolg =37 =Algh PICe] Aol WIS HoluAL nAes
A5l 42 Aot & HA e A ¢ wHOoR UsH vapor
line®] Alarmo| Arz5tal, PSV(Pressure Safety Valve)?] set
pressure7tx] 2ol A5 Alo] PSVo] o5} o] ajasol
2 AlDo WL YAY & Uk o] 4P PSVE Eo) a
7t~ = Flare lines ol Flare stack© 2 o]£&]o] v|wA QF
AstA 578 ool Hsgd &+ .

e PSVZE AEsHA AHEsHR] ®AY PSVO] capacity ©]4d
9] o 35 ol ¥FZ slasty 38=
st & &+ gl SRR FoFel Flange $2o|lA leak?}
dabaisk &~ olck, HLPS9 vapor linedt 4= o w3hy]
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(TT-08)9ke] &Y Flangeol A leaks} WiE %398 71gs}
T, olejst Aln AEold eAdel e #A Aueles a4
st Qwd7|(TT-08)2] Flangeod leak?} ‘A3t 749
leak flange At™o] sHeEwlH(TT-08 B/V)S AIHst gasd] &
v Atdstozx F7HARQl =&52 Fadgbsliop sttt 7tAd
gasQl H29| F&5 &27|o AHE 4% 2F9 +5 Atz £
A7} 7bsstth. o] A% Atal= Qlgh 3 FH AXNE Aleds)of

5t, e dui=3 9] ‘ESD(Emergency Shutdown Procedure)
Step Check List'2 7|gto g sHAlQ Ao|n & ZA Algdo]A
oo 43888 4 Qe 7teFslEl shutdown proceduresS %l
gt H AU E Y & At} gHH, A&Sh ATe jice

o taAmol E SAVL WA 4 UL HEA pasel H2L
2ot by e 59 AH Mol g Ao EZuatust
Al @A 2 9lct

3.2.3 AtaL Alyte] Qo] ot A Algelold 2
9lo] Abn AlUe] Qo] we £8 34
Event schedulerE o]&sto| &4 sk Alof| S
actiono] WES 4 S PSIACt WSIIFEM AUEe
£ 1, HLPSHHY AlY2]RF 28 Asto o3 AU eE2
w0z st

~ E

|82llo] M- HYSYSC]
]_
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Scenario #1-1 (Mild case)

Stanby Compressor
Fault start
on

Feed line pressure

Elapsed 10 sec
more than 210 KG

Fault restore

Feed line pressure
less than 200 KG

open

TV-024 Op% more

Elapsed 10sec
than 50%

TIC-024 off

Trip_vlv Cv decrease Trip_vlv Cv remains

the same

TIC-024 off - TIC-024 on
TI‘ip_VlV Cv decrease Makeup HydrOgen Tr‘ip_vlv Cv restore
line pressure

setpoint change Makeup Hydrogeg line
pressure setpoint
restore
Stop
Feed line pressure
less than 192 ®
Stop integrator
Scenario #1-2 (Release & fire case)
Block valve remains .
Fault start Leak & fire

Feed line pressure
more than 215 KG

Rxtor-Leakl Op%
more than 0

Stop integrator

Scenario #1-3 (Worst case)

Block valve remains
Fault start
open

TV-024 Op% more

Elapsed 10sec
than 50%

TIC-024 off

. Trip_vlv Cv remains
Trip_vlv Cv decrease
the same

Leak & fire

Feed line pressure
more than 215 KG

Rxtor-Leakl Op%
more than 0

_23_



Depressurization
failure

Feed line pressure

more than 215 KG

FV-036 remains
more than 0

Explosion

Feed line pressure
™ more than 220 KG

Stop integrator

3 5. Event scheduler 1
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Scenario #2-1 (Mild case)

Fault start

Elapsed 10 sec

PIC-073 off

PV-073 Cv decrease

LC sp ramp up

Bypass line on
Vessel pressure

More than 26.5KG

Bypass line VLV
‘OP%’ ramp up

Fault restore

Bypass line VLV open

PIC-073 on
PV-073 Cv restore

LC sp restore

Stop

Vessel pressure
Less than 25.2KG

Stop integrator

Scenario #2-2 (Relief Valve;RV case)

Fault start

Elapsed 10sec

PIC-073 off
PV-073 Cv decrease

LC sp ramp up

RV setting

PIC-073 ‘off’ mode

PSV-008 Set

pressure setting

Stop

PSV open
for 20 sec.

Stop integrator

Scenario #2-3 (Release case)

Fault start

Elapsed 10sec

Flange leak open

Vessel pressure
More than 27.5KG

Leak valve block

Leak flow Greater
than lkgmole/h for

— 10 sec.
PIC-073 off
Flange leak (valve) Leak block valve
PV-073 Cv decrease
open ramp down
LC sp ramp up
Quench gas cut Reactor feed cut Heater trip
Leak block shut . Leak block shut Leak block shut

Quench gas valve
close

FIC-013 close

PIC-053 close

Heater heat cut off

X 2. Event scheduler 2
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Stop

Feed flow cut

Stop integrator

Scenario #2-4 (Fire case)

Fault start

Elapsed 10sec

PIC-073 off

PV-073 Cv decrease

LC sp ramp up

Flange leak open Stop

Leak flow Greater
than lkgmole/h for
N 30sec.

Vessel pressure
More than 27.5KG

Flange leak (valve) )
Stop integrator
open

(* E : Event Name, C : Condition, A : Action List)

@® Mild case

Flow Rate
(kgmole/h_[liq.) / m3/h_(gas})

Main Ling

I 11. Mild case flowrate profile
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Pressure (Kg/cm2(g))

AZH

Vapor Line 'P'

13 12. Mild case pressure profile

Release case

Flow Rate
(kgmole/h_(lig.) / m*/h_(gas})

100.00

0.00

Liquid Line

1% 13. Release case flowrate profile

Pressure (Kg/cm2(g))

45.00
40.00
35.00
3000
25.00
20.00

15.00

Az

Vapor Line "P'

13 14. Release case pressure profile
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Leak Flow Rate (kgmole/h)

13 15. Release case leak flowrate profile
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1.

Shutdown, Stop Permissive for Recycle Compressors, Offigas Compressors, H2 Make-Up Gampressors
Module-1: PC-E18-01, Recycle Gas Compressaor
Madule-2: PC-E18-51, Recycle Gas Compressor
PR-E18-0#8, (ffGas Compressors
PR-E18-034, B, C & D, HZ Make Up Comprassors
Low Low Flow Trips Reactors Fead Furnacss and Fractinnater Furnace
Module-1. H3-E18-01, Reactor Feed Furnace
Module-2: H3-E18-51, Reactor Feed Furnace
HS-E18-02, Fracticnator Fumnace
Low Low Level Interlocks for Leidown Valves, Pump APS
Module-1: MS-E18-D4 HHPS, M3-E18-05 CHPS, AS-E18-01 HP H2S Ahaarher
Moduie-2: ME-E18-54 HHPS, MS-E18-55 CHPS, AS-E18-51 HP H2S Absorber
AS-E18-03, Fractionater BTM Pumps APS
MS-E18-19 Fractionator Reflux Drum Whols Maphtha Pump APS
Pumps Backflow Prevention Valves (Low Low Flow) Interlocks
Module-1: PP-E18-02A/5, PP-E18-05M/5
Module-2: PP-E18-528, PP-E18-558
PP-E18-03/5 Water Injoction Pumps
Pump AFS Interlocks

PP-E18-11/3 Fractionator Botlom Pumps
PP-E18-06/& Fractionator Reflux Drum Naphiha Pumgs
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B. Heat & Material Balance
Inlet Material Mass . Mass
Stream Flow[ka/h] Outlet Material Stream Flow[ka/h]
MPS _ 8499.999411 7 22032.78699
9 1913322165 8 62.72324372
10 8844.385962 14 703.1358074
11 96161.34868 15 12440.43218
12 336077.8113 16 9672.59504
13 22000.01132 33 79084.30456
31 17.97437196 35 348117.7894
ToFlare 0
17 696.7773103
Total Flow of Inlet Streams 471603.4444 kg/h
Total Flow of Outlet Streams 472810.5446 kg/h
Relative Imbalance 0.255956615 %
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lSr]cIreetam Energy Flow[kJ/h] Outlet Streams Elr:)ev\r/%zlJ/h]
pumpQ 143111.4329 PA_1_Q-Cooler 53354985.09
MPS_ -110819038.7 7 5586869.913
9 -2521.530116 8 -10737.10789
10 -10868167.56 14 -1995953.586
11 -121840371.5 15 -26388025.29
12 -377623541.1 16 -133948955.8
13 119703035.2 33 -112254735.2
Q-104 -33240723.53 35 -427684254.2
Q-105 1329.695853 ToFlare 0

Q-106 2.236473952 17 76873.69606
Q-107 13165.15046

Q-108 2878999.536

Q-109 272273.9423

Q-110 19675.2215

31 -34218.45029

Total Flow of Inlet Streams -487422639.3 kJ/h

Total Flow of Outlet Streams  -493263932.5 kJ/h

Relative Imbalance 1.198404172 %
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TC = absolute temperature at the critical point
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712 1. Mollier diagram for methane
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O Physical properties for pure components(C1~C4)

PLvs. Temperature
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T2 2. Liquid vapor pressure of each pure component with respect to temperature
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23 3. Liquid enthalpy of each pure component with respect to temperature



O Physical properties for mixture
(C1:90mol%, C2:5mol%, C3:3mol%, iC4:1mol%, nC4:1mol%)
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sfel WUt Teleg ety
DAE 3739 FAAE] stream dataws Ot Er
B4 R YA FATE Algdold 2t
Va Tempe | Pressu Molar M Fl VU?Uid Heat FI
Neme | Yepour | Taufe | Mie | How | Meso Fow | Volime | Heat flaw
[C] [bar] | [kgmole/h] [m3/h]
1 1 0.00 | 834 | 424044 | 7695099 241.47 -7.9E+07
2 1 000 | 834 1060.11 19237.75 60.37 -2E+07
3 1 000 | 834 1060.11 19237.75 60.37 -2E+07
4 1 0.00 | 834 1060.11 19237.75 60.37 -2E+07
5 1 000 | 834 1060.11 19237.75 60.37 -2E+07
7 1 -156 | 588 | 424044 | 76950.99 241.47 -7.9E+07
8 1 -156 | 588 1060.11 19237.75 60.37 -2E+07
9 1 -156 | 588 1060.11 19237.75 60.37 -2E+07
11 1 -156 | 5.88 1060.11 19237.75 60.37 -2E+07
10 1 0.00 | 834 1060.11 19237.75 60.37 -2E+07
12 1 -156 | 5.88 1060.11 19237.75 60.37 -2E+07
7-1 1 172 | 563 | 424044 | 76950.99 241.47 -7.9E+07
6 1 000 | 834 1060.11 19237.75 60.37 -2E+07
13 1 0.00 | 834 1060.11 19237.75 60.37 -2E+07
14 1 000 | 834 1060.11 19237.75 60.37 -2E+07
2) =& A WAL Y HA|(Aspen Hysys v.8.4, Microsoft excel )
FIF & A7 AR AlgEol Al AAIE Ba= S| gz, 34
Alzdo]lds Al a8stal ot 3748 AlgdoldE RN Atsor
A4 4 9l Automation HF= 7 £yt AL Algefold
I AAS interface 2 12300 2 ExcelS AIL519 T Case studyz
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B 5 2% W] g Cl~iC49] Ao

TEMP PRES LIQUID H LIQUID H LIQUID H LIQUID H LIQUID H
METHA-01 ETHAN-01 PROPA-01 ISOBU-01 N-BUT-01
C bar kJ/kmol kJ/kmol kJ/kmol kJ/kmol kJ/kmol
-70 1.01325 -80809.6 -102630 -130790 -166690 -159500
-68 1.01325 -80729 -102480 -130610 -166470 -159270
-66 1.01325 -80648.4 -102320 -130420 -166240 -159030
-64 1.01325 -80567.9 -102160 -130230 -166010 -158790
-62 1.01325 -80487.4 -102000 -130040 -165780 -158560
-60 1.01325 -80406.8 -101840 -129850 -165550 -158320
-58 1.01325 -80326.3 -101680 -129660 -165320 -158080
-56 1.01325 -80245.9 -101520 -129470 -165090 -157840
-54 1.01325 -80165.4 -101360 -129280 -164860 -157600
-52 1.01325 -80084.9 -101190 -129090 -164630 -157360
-50 1.01325 -80004.4 -101030 -128890 -164400 -157120
-48 1.01325 -79923.9 -100860 -128700 -164160 -156880
-46 1.01325 -79843.4 -100690 -128510 -163930 -156640
-44 1.01325 -79762.9 -100520 -128310 -163690 -156390
-42 1.01325 -79682.4 -100350 -128110 -163460 -156150
-40 1.01325 -79601.9 -100170 -127920 -163220 -155910
-38 1.01325 -79521.4 -99997 -127720 -162980 -155660
-36 1.01325 -79440.8 -99818.2 -127520 -162740 -155420
-34 1.01325 -79360.2 -99637.1 -127320 -162510 -155170
-32 1.01325 -79279.6 -994534 -127120 -162270 -154920
-30 1.01325 -79198.9 -99267 -126920 -162020 -154670
-28 1.01325 -79118.2 -99077.5 -126720 -161780 -154430
-26 1.01325 -79037.5 -98884.8 -126510 -161540 -154180
-24 1.01325 -78956.7 -98688.5 -126310 -161290 -153920
-22 1.01325 -78875.9 -98488.2 -126100 -161050 -153670
-20 1.01325 -78795.1 -98283.4 -125890 -160800 -153420
-18 1.01325 -78714.1 -98073.6 -125680 -160550 -153170
-16 1.01325 -78633.2 -97858.2 -125470 -160310 -152910
-14 1.01325 -78552.1 -97636.2 -125260 -160060 -152660
-12 1.01325 -78471 -97406.5 -125050 -159800 -152400
-10 1.01325 -78389.9 -97167.7 -124840 -159550 -152140
-8 1.01325 -78308.6 -96917.8 -124620 -159300 -151880
-6 1.01325 -78227.3 -96653.8 -124400 -159040 -151620
-4 1.01325 -78146 -96371.2 -124180 -158790 -151360
-2 1.01325 -78064.5 -96062.3 -123960 -158530 -151100
0 1.01325 -77983 -95711.7 -123740 -158270 -150840
2 1.01325 -77901.4 -95277.7 -123520 -158010 -150570
4 1.01325 -77819.7 -94313.2 -123290 -157750 -150310
6 1.01325 -77737.9 -93225.2 -123060 -157480 -150040
8 1.01325 -77656 -92398.7 -122830 -157220 -149770
10 1.01325 -77574 -91751.3 -122600 -156950 -149500
12 1.01325 -77491.9 -91229.1 -122370 -156680 -149230
14 1.01325 -77409.8 -90797.6 -122130 -156410 -148950
16 1.01325 -77327.5 -90434 -121890 -156140 -148680
18 1.01325 -77245.1 -90122.5 -121650 -155870 -148400
20 1.01325 -77162.6 -89852.2 -121410 -155590 -148130
22 1.01325 -77080 -89615.3 -121160 -155310 -147850
24 1.01325 -76997.3 -89405.9 -120910 -155030 -147570
26 1.01325 -76914.4 -89219.7 -120660 -154750 -147280
28 1.01325 -76831.5 -89053.4 -120400 -154470 -147000
30 1.01325 -76748.4 -88904.1 -120140 -154190 -146720
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H 6. 2% ¥gto] IE Cl~iC49] 4=H(571%)

TEMP PRES LIQUID PL LIQUID PL LIQUID PL LIQUID PL LIQUID PL
METHA-01 ETHAN-01 PROPA-01 ISOBU-01 N-BUT-01
@ bar bar bar bar bar bar
-70 1.01325 65.61132 2.503534 0.249489 0.049785 0.025682
-68 1.01325 69.16391 2.729338 0.279934 0.057012 0.029705
-66 1.01325 72.83466 2.970285 0.313316 0.065096 0.03425
-64 1.01325 76.62441 3.227014 0.349837 0.074113 0.039368
-62 1.01325 80.53392 3.500174 0.389707 0.084146 0.045116
-60 1.01325 84.5639 3.790422 0.433142 0.09528 0.051554
-58 1.01325 88.71497 4098423 0.480367 0.107606 0.058746
-56 1.01325 92.98769 4.42485 0.531614 0.12122 0.066758
-54 1.01325 97.38254 4770384 0.587119 0.136221 0.075664
-52 1.01325 101.9 5.135715 0.647132 0.152715 0.085537
-50 1.01325 106.5403 5.521537 0.711903 0.17081 0.096458
-48 1.01325 111.3039 5.928542 0.781692 0.19062 0.10851
-46 1.01325 116.1909 6.357458 0.856763 0.212266 0.121782
-44 1.01325 121.2015 6.809031 0.937389 0.235869 0.136365
-42 1.01325 126.3359 7.283927 1.02385 0.261559 0.152356
-40 1.01325 131.5941 7.782901 1.116428 0.289467 0.169855
-38 1.01325 136.9761 8.306693 1215416 0.319733 0.188968
-36 1.01325 142.4819 8.856038 1.321109 0.352498 0.209804
-34 1.01325 1481113 9431698 1.43381 0.387909 0.232476
-32 1.01325 153.8641 10.03446 1.553827 0.426117 0.257103
-30 1.01325 159.7403 10.66504 1.681473 0.467278 0.283806
-28 1.01325 165.7395 11.32423 1.817067 0.511553 0.312712
-26 1.01325 171.8614 12.01281 1.960932 0.559106 0.343951
-24 1.01325 178.1057 12.73157 2.113398 0.610104 0.377659
-22 1.01325 184.472 13.4813 2.274803 0.664724 0.413975
-20 1.01325 190.9598 14.26281 2445479 0.723142 0.453041
-18 1.01325 197.5688 15.07689 2.625773 0.785538 0.495006
-16 1.01325 204.2983 15.92437 2.816033 0.8521 0.54002
-14 1.01325 211.1478 16.80608 3.016611 0.923015 0.588239
-12 1.01325 218.1168 17.72284 3.227865 0.998478 0.639823
-10 1.01325 225.2047 18.67549 3450157 1.078686 0.694935
-8 1.01325 2324106 19.6649 3.683852 1.16384 0.753743
-6 1.01325 239.7341 20.6919 3.92932 1.254145 0.816416
-4 1.01325 247.1744 21.75738 4.186937 1.349808 0.883131
-2 1.01325 254.7307 22.86223 4457079 1.451043 0.954064
0 1.01325 262.4022 24.00731 4740129 1.558064 1.029399
2 1.01325 270.1883 25.19352 5.036473 1.67109 1.109322
4 1.01325 278.0879 26.42178 5.346492 1.790344 1.19402
6 1.01325 286.1004 27.69301 5.670614 1.916049 1.283687
8 1.01325 294.2248 29.00813 6.0092 2.048435 1.37852
10 1.01325 302.4603 30.36809 6.362663 2.18774 1478716
12 1.01325 310.8058 31.77385 6.731411 2.334189 1.584479
14 1.01325 319.2606 33.22636 7.115851 2.488025 1.696014
16 1.01325 327.8236 34.7266 7.516398 2.649487 1.81353
18 1.01325 336.494 36.2757 7.933468 2.81882 1.93724
20 1.01325 345.2706 37.87448 8.367482 2.996271 2.067357
22 1.01325 354.1525 39.52405 8.818864 3.18209 2.204107
24 1.01325 363.1388 41.22533 9.288046 3.376528 2.3477
26 1.01325 372.2283 4297976 9.775456 3.579842 2.498365
28 1.01325 381.4201 447879 10.28153 3.792289 2.656329
30 1.01325 390.7131 46.65128 10.80671 4.014129 2.821821
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l’d VBA Automation Code

Option Explicit

Public hys As HYSYS.Application
Public simcase As SimulationCase
Public s2 As ProcessStream
Public s10 As ProcessStream
Public s12 As ProcessStream
Public filename As String

Sub Importrealtime()
Application.OnTime Now + TimeValue("00:00:01"), "Uploaddata"
End Sub

Public Sub Uploaddata()

Set hys = CreateObject("HYSYS.Application")
hys.Visible = True

Set simcase = hys.ActiveDocument

If simcase Is Nothing Then

filename = Worksheets("Sheet1").Range("c6")

If filename <> "False" And simcase Is Nothing Then
Set simcase = GetObject(filename, "HYSYS.SimulationCase")
simcase.Visible = True

End If
End If

simcase.Solver.CanSolve = True

simcase.Solver.Integrator.IsRunning = True

Set s2 = simcase.Flowsheet.MaterialStreams.Item("2")
Set s10 = simcase.Flowsheet.MaterialStreams.Item("10")

Set s12 = simcase.Flowsheet.MaterialStreams.Item("12")

Worksheets("Sheetl").Range("B2").Value = s2.Pressure.GetValue("bar")
Worksheets("Sheet1").Range("C2").Value = s10.Pressure.GetValue("bar")
Worksheets("Sheet1").Range("D2").Value = s12.Pressure.GetValue("bar")
Worksheets("Sheetl").Range("E2").Value = s12.ActualVolumeFlow.GetValue("m3/h")

Importrealtime

End Sub
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A8UAE BAVIAS AT EYARRH Wotso L% 24F ¥
S SRA7IHA ZFsh= AFRlolch. Aspen HYSYS v.8.45 Apg3to]
GG EH A9 YAS Bl ot A9 UAY AAHA x2S
d5s] Aol e 22 H8s ARH

578 Algdold ot 9o | 9o
ol & Mz7t 1A 0
oe] 24 d=27F 1Ed 0
BUHY 24 Ad=27F +dd O
7 ¥Hl B (Regulator valve) 2707} 131 0
NGAFAAR](Slam: shut valve) 2707 L3 = 0
OFXWRH (Safety valve, a. k. a. relief valve)7t Ld= | O
ALY E/d0] S 0
EAPEAS] o] 0
LEAIZEAS] fRRgo] S+ d 0
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CAPACITIES IN THOU SANDS OF SCFH / Nmdih OF 0.5 SPECIFIC GRAVITY NATURAL GAS
FOR REGULATORS WITH STANDARD LINEAR CAGE, STANDARD TRAVEL
INLET OUTLET AND LINE SIZE EQUALS MAIN VALVE BODY SIZE
PRESSURE
PRESSURE SETTING NP4/ NP5 2/ NP5 3/ NPS 41 NP5 &/ MNPSE8xG! | NPS42xE/
DM 25 DN 50 DN 20 DN 100 DN 150 DN 200 x 450 | DN 300 x 150
EBody Size Body Size Body Size Body Size Body Size Body Size Body Size
psig | bar psig bar SCFH | Nm®h | SCFH | Nm%h | SCFH | Nm®h | SCFH | Nm?h | SCFH | Nm®h | SCFH | Nm®h | SCFH | Nm®h
3 |o21| Finowe 17 mbar ] 0.2 12 0.e 88 18 | o1 | 27 |- | -mem | men [ e | e | -
7in. wc. 17 rbar 11 0.3 42 1.1 87 23 | 135 | 28 | 257 | 80 | 372 | 100 | 427 | 1
5 | 034 1 0.o7 10 03 0 10 E2 22 | 128 | 24 | 241 | 85 | 350 | o4 | 401 | 107
LR [ 02 25 0.e 73 20 | 12 | 30 | --en | mmmm | semm e | mmem o
7in. w.e. 17 mbar | 17 0.5 63 17 | 120 | 35 | 201 | 54 | 3 | 101 | 542 | 145 | @22 | 167
i i 2 02 18 0.4 56 15 | 1e | 31 180 | 45 | 341 B.1 | 403 | 132 | 585 | 151
e 5 03 13 04 40 13 | 02 | 27 | 158 | 42 | 202 | 81 | 438 | 17 | 502 | 135
T 05 11 0.3 40 1.1 82 22 | 127 | 34 | meem | cmom | mmm | e | e | -
1 0.07 21 08 78 24 183 | 44 | 254 | 65 | 471 | 128 | 678 | 182 | 777 | 208
5 | 10 4 03 20 0.5 T4 20 | 153 | 41 | 237 | 64 | 445 | 110 | 842 | 172 | 735 | 187
b 8 0.5 17 0.5 62 17 | 130 | 35 | 200 | 54 | 335 | 103 | 557 | 149 | @3 | 174
12 08 12 0.3 44 12 1 24 | 140 | 38 | --o- | oeem [ e e | e | 2o
1 0.o7 7 07 | 102 | 27 | 207 | 56 | azs | 8& | 577 | 155 | 827 | 221 | 948 | 254
aw | #i4 10 07 21 08 7 24 184 | 44 | 254 | 68 | 482 | 129 | 6o | 187 | 7em | 214
: 15 10 16 04 &0 16 | 125 | 34 | 192 | 652 | 371 | o0 | 533 | 144 | 616 | 165
17 12 12 0.4 48 13 oo P T e B R ol o | ey
4 O3orless | 25 08 | 131 | 35 | 287 | v2 | 422 | 113 | vas | 199 | 1088 | 288 | 1221 | 327
. — 15 1.0 20 08 | 108 | 28 | 323 | 60 | 345 | o2 | 85y | 175 | 940 | 252 | 1077 | 289
- 2 1.4 25 07 3 25 | 192 | 52 | 297 | 20 | 588 | 152 | 822 | 220 | @42 | 252
25 17 18 0.5 60 18 | 144 | 3@ | 221 | 50 | 420 | 115 | 622 | 187 | Vi3 | 190
] Oforless | 42 1.1 181 | 43 | 327 | 88 | 517 | 139 | 010 | 244 | 1204 | 340 | 1405 | 409
el o 20 14 36 10 | 136 | 38 | 280 | v5 | 434 | 116 | 818 | 288 | 1178 | 318 | 1350 | 382
5 an 24 28 0e | 105 | 2 217 | 58 | 335 | 80 | 644 | 173 | o033 | 250 | 1089 | 228
35 24 b 0& 7 2. 181 43 | 247 | 66 | 4230 | 129 | 897 | 187 | Vs | 214
13 Oforless | 5O 1.3 | 190 | 51 | 388 | 103 Qa11 | 184 | 1077 | 289 | 1542 | 413 | 1788 | 474
20 14 45 12 | 172 | 48 || 354 | o5 Q551 | 148 | 1023 | 274 | 1473 | 305 | 1683 | 452
50 | 34 a0 21 40 1.1 152 | 41 ) 313 | 84 Q435 | 130 | o1 | 248 | 1327 | 3568 | 1521 | 408
40 28 3 08 | 5 | 31 f 240 | 64 Qaso | p@ | 7i2 | 181 | 1032 | 277 | 1182 | M7
45 3t 2 06 55 23 B 178 | 47 Qo270 | 724 | 528 | 141 | 784 | 205 | avs | 235
24 1Borless | 69 18 | 284 | 71 f 536 | 144 Qaa7 | 227 | 1403 | 400 | 2133 | 573 | 2451 | 857
75 | 52 50 34 54 16 | 203 | 54 f 418 | 112 Qo48 | 174 | 1232 | 330 | 1781 | 477 | 2041 | 547
& 80 4.1 44 12 | 188 | 45 | 343 | o2 Q520 | 142 | 1019 | 273 | 1478 | 398 | 1602 | 453
70 48 g 07 | 104 | 27 §J 208 | 56 Q322 | 883 | 627 | 188 | @11 | 24.4 | 1044 | 280
a5 24arless | B 2. 337 | 80 || 685 | 184 Q1083 | 200 | 109 | 512 | 2734 | 732 | 3134 | a40
100 | A@ a0 41 T4 20 | 280 | 75 § &V 165 | 238 | 240 | 1820 | 453 | 2433 | 653 | 2704 | 740
75 52 2 17 | 236 | 63 | 489 | 131 Q754 | 202 | 1444 | 387 | 2000 | 560 | 2308 | 842
s [ 48 22orless | 108 | 2 411 | 10 | 834 | 224 | 1310 | 353 | 2225 | 823 | 2330 | 802 | 3817 | 102
= : 75 532 o1 2. 344 | g2 | 710 | 100 | 1100 | 285 | 20072 | 555 | 2600 | 800 | 3427 | ;s
w0 lana &7 30orless | 127 | 34 | 434 | 120 | 084 | 264 | 1555 | 417 | 2741 | 735 | 3028 | 105 | 4500 | 121
75 52 115 | 31 | 438 | 1.7 | 207 | 240 | 1208 | 374 | 2503 | 685 | 3735 | 100 | 4281 | 145
75 | 121 fa 47orless| 147 | 38 | 558 | 150 | 1433 | 304 | 1791 | 480 | 3157 | 246 | 4522 | 121 | 5483 | 130
200 | 138 188 | 45 | 831 | 189 | 1282 | 344 | 2007 | 543 | 3573 | 958 | G118 | 137 | 5%@@ | 157
250 | 172 206 | 55 | 778 | 209 | 1581 | 424 | 2500 | 470 | 4405 | 115 | @310 | 160 | 7232 | 104
oo | z07 75 Slorless | 244 | 65 | 0826 | 248 | 1680 | 504 | Zov2 | 7EG | 5237 | 140 | 7502 | 201 | &s588 | 230
350 | 241 282 | 76 | 1073 | 288 | 2178 | 58.4 | 3444 | 923 | o060 | 163 | %604 | 224 | ©DB4 | 267
400 | 278 b 86 | 1220 | 327 | 2477 | 864 | 3p18 | 105 | @e01 | 185 | @88 | 265 |11.331| 204

w2 JY7e]l AAstA 8% o

1.2. AAYLL x| AS
Aoigerac] A PAALE sbao dee sdst: gws
(regulator valve)o|tt. THAF A UAVE AML5H= HWid L= FISHERAIC]

u
1098-EGR Z®loj mUsl cfojojLel(Diaphragm)ol 61LDE A-&gh 7
o7 I AYe ot 2o



A 25 4H 2'7.6 bar

o) s 22 ¢ 41.4 bar
27 4= HY 0.7 ~ 1.4 bar
TLEXRA 3 inch

573 AgAolol YR} AU SHLRER S,
29] 1§92 AN VEYEA HAS) 2 4 ok Woo] geo|
TE 2y PAZ EPSHE OBAYA RS0 5EA%(flow

coefficient)So|tt. #HO] flow coefficient= FA Cg(gas sizing
coefficient), Cv(liquid sizing coefficient), Cl(flow coefficient)7} Q)
on Z7}H0o 2 KmS AbRsto] AARS sich

wu A AR 9SS cheut e AEA WAl A8

| =3 1T O Yyl
HES 459 AsSolct
7]Al(Choked gas)

Q=P X C,x1.29

Z7]Al(Unchoked gas)

520 3417 [AP
= X X X
Q=g < G < P < SIN( o\ P

)
Q : FF(SCFH)

P1 @ U=+ 7179 2= (psia)

G : 71A|9] specific gravity

T : Y5+ 71419 A =(R)

AP: HBH o] A 0] 275} (psi)



i 1:1 LINE SIZE TO BODY SIZE 2:1 LINE SIZE TO BODY SIZE CBEECF?H?I.E?&T
Cg Cy Ca Cy K
Cq Cy X | F | Fe
NP5 DN Regulating | Wide-Open (Regulating | Wide-Open Regulating | Wide-Open |Regulating| Wide-Open
1 25 ETE 807 1687 1768 345 L] L 15.8 18 .4 340 0.753| 0.10
2 50 1870 2030 547 7.8 ag.0 1830 1830 523 551 350 0520 .07
3 50 vao 3080 107 113 350 36830 3830 108 110 342 0775 | 0.05
4 100 G230 BE10 130 120 343 6020 3340 171 180 352|080 [0.v68 | 0.04 1089
] 150 Q450 B950 295 0 320 9240 a730 201 306 N 0642
2xd8 (200 x 150 10680 11,220 308 i | 10,020 10,550 288 a1 0.03
350 5.0 0.775
12 x6 (200 x 150 11,050 11.630 31a 332 10,330 10,930 207 2
B 4 QWU g5
T+ AA Holg] Alefo]d
Cv 106 49.39
Km 0.80 0.9
Cl 34.2 25.0
Cg 3630 1234.7
£ 5 A dlojelet Algeold AAe] xfo|
Valve
Delta P !
EA C| Al
Name b CHA kg/cm2] Cg Op[%/g]mg
Relief
RV valve ) ) "
EMV Feed 0.021 8366.5 50
VLV Product 0.022 19754 50
Discharge
Hole / Release 0.022 27.50 0
Mainv_1 | _Main 4519 1234.7 50
=" | regulator ) )
. Reserve
Main.V_2 regulator 4.519 1234.7 50
Safety
SSV_1 suction 0.024 4009.5 100
Safety
SSV 2 suction 0.024 4009.5 0
B 6 FAAE Alggold Y tolH

_'IO_




A QA AFESE Al=d0]E]Q1 ASPEN HYSYS+= Universal Gas
Sizing 9| ThE WHES ALEINA LU sizingS A Y
Ato] ARESH REAISES AA "HEOAN AlEste dfat RFo]rt o
gt o] AlrE2 %%“ﬁﬁﬂ 58 7 % =94 Z7|e HHE AL
Sol1 UAZ FYWuo == L

l
Ae 2Al v 99 B8E Eoid & BARSEEAlS &]dsior & A

Ul
mlo

2. 38788 578 Aledold 24t 25
2.1. 38788 78 AlEdold

AP E BE streamE9] FE7t Atk Al YA
e 7t sl AAstdE o] RojX]aL ojmgt ‘*‘9}4 o] g &=
OJUA] o2 JEIE RASIAT. ol2leh FAE Aleelolds 7Idt
2 ol Ayl B AN older FAdo] Helst= wby, 1
AL ojfo] WAst= B I/ dit Aledlolds AlddE Al=olH,
P A7y =0 AFE Tt

9¥ streami}t release stream, 12]1 Hole valvex= R| A QrA4of A
ha wgo] WA A9S wAb] ¢t 2oz FANE 34 A8
oJ o= AMREIR] U=t} THRZIR|Z ofje] 7] 2419l 5.6,79
streami} QPAHMEE £ QALSE 11¥, vent stream E3SF S-2Fo] Qo] T]of
of gttt

[0 ne oX

i)

Dall

_‘l‘l_



Name | Vapour | [CUR | pressure | TG00 | HGL “ogare Heat Flow
@ (kgmole/n] | [ka/n) | (Fo%
Feed 1 9.618 5.724 78.01 1438 4454 -1693
1 1 9.604 5.703 78.01 1438 4454 -1693
2 1 9.604 5.703 78.01 1438 4454 -1693
3 1 9.59 5.679 78.01 1438 4454 -1693
4 1 6.652 1.06 78.01 1438 4454 -1693
5 1 9.604 5.703 0 0 0 0
6 1 7.205 1.06 0 0 0 0
7 1 7.205 1.06 0 0 0 0
8 1 6.652 1.06 78.01 1438 4454 -1693
9 1 6.652 1.06 0 0 0 0
10 1 6.652 1.06 78.01 1438 4454 -1693
11 1 6.652 1.06 0 0 0 0
12 1 6.652 1.06 78.01 1438 4454 -1693
Release 1 6.648 1.033 0 0 0 0
Vent 1 6.648 1.033 0 0 0 0
Distribute 1 6.638 1.038 78.01 1438 4454 -1693

£ 7 A998 e FYGE Alefold stream H|o]H

Apgel 37 Ageloldol BAE &% U U 59 SAIS0] A
eAste Al FYa] SRl T AxSHEA| Helstgict AGPYL
S oMY W ZHT 4 Ut AXEL FULFW FRUA(A ).
T3 SHRYHRA el Ut

201549 490 AF AMC 282 AL AGYUYLOINY QYT
7t 42e st dolelg Abgstel el 37 Aeold AnE
Azstgct. s dolels BANY JHEHE gele YY1zt ofd
Y71 e AW 59 AL S JIEA T B H9
olefolct. (%5 A1)

_‘|2_



Bo0

00

400

300

T &, ms/h

200

100

oA dlolEl: FAAERlA 2A 2ol opioE Alzte] et
L ogke A "ok 270 ASsA gt AWINE THEA

A #al )
U5 oAl FAATIE 2AOME e SHaM st gEie o

Aoty 578 WY Y 3= 7HRAl " AAIE Hlo]E oA 1A}
22 5 594kg.cm20)|A  5.74bkg/cm2Ato|e]  ZrS,  2AF ¢H
1.051kg/cm20]4 1.068kg/cm2Atole] 3Zt= ZHAIth. Aleggo]Add
QA 1A = 2R} QbR 2] A3 Holg & Algeol Mt 7
o 1A Y wle) 2xF Y=g ulmstol AEetyct 1 Adt A
378 Algelold2 99% oY FEtez AR XYL dH As

BARE 4 ks 22 gstec).

2 rlo 2@ w
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1z} 49 27} Qe
(kg/cm2) (kg/cm2)
&7 tolg 5.702885348 1.06128011
Al=do]d 5.703 1.06
e 99.99% 99.88%

o8 YA AB0lA dolg B3

o pAbslg AAl] 2R AAsH 2aete] AlwsiE &S 3]0
wa(disturbance)o] WAt ¢S] YRSHAIL otk Lef} AAlH
dlolele] 1231 Yoy B & Q%o ¥Aol AL 1 Jare HA

]} ojojsich
239 Zow 19 RARIC BEAT WH dg A4HoR 33
T e 1 g A7uo B ASt Y 39 Alge ool

Sefu *@Oﬂ R Aol FFEE
1

AL TeA 43—@01 oA watsheAt AR 15 K
UPSLN BIAYo| AAT AL 23 YoAolt FYFRAS ¢

rlo
flo od %

BrE
o XItt. X9 HEY O] /\}Oke control varlablei AotH 2XF &4
2 gol Wsto] met wslA Bk oheb 3 AUl e oA E At
ol Jo] HAY ¢ At AiFS st FgRFol ¢ds] 00] =7] o
<o 71&9 fEUH=E sa=EHAY SEHA Y F 79 Feut &£
Afstch
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el B Algeloldol ofd B 3 Algeolde] Aeolt A

= o LN
7kxle) Alglol e Syt 27k dlol sk ol4o] Wy
o o¥] ALY7E 7Heste A%, AW EIL VheEE 4, 1Al 9
o Y] 9 Qbdwiy, Jejn ZIGANHERIZE 7SR ot Tha

)

o
oLk H 9] Al 7] g RASHY

PV Value kg/cm2 Percentage open %

=]

et

Ao AESH YUTIolA 9ArFo] WAsto] ujel Wus} e &
Hol Aujs) 2x ol Aaste AUTeg BARIAC. 27 Yol
FEoP] ARSLol(902) L ol o] EZGe e SS.V.IT
25(130%) S 00 Hn ohAl ol grIvt AHEste] e Ay
oz gt

PV kg/cm2 Phase - Mass Flow kg/h

TIME

=Phase - MassFlow ka/h

Al 20014 9] 2xF &4 wst 28 9 AP 20149 & {5 wist
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9] Alye] b= &2l S.S. V.7t AHEsHA] grs AL 2xF &
& AdSeith 2RF 4ol Aestrl AlASH(160
Z582 XY= 5110 relief valve?l Ab&sHA &
off 1UY 7IA7E FEAE saEH = AS Y=t Relief valve
7T HiEEH7] g2 & 732 £ol=7 "o

2l

S
o
S

N

e
S
R

3. W] BHOJAS] 7tA =5

PV Value kg/cm2 Percentage open %

a2 10 AlY2] e 30|A49] 2&F &3 Wt

Relief valve?} S.S.V. & O A5stX] s 74 20o= AYLA 7EA
F50] dojd & ot AMAo ZALS = holey} release Z0 =
Adojutt] o= AXH AYAZRY 71A F5& AIHB0R)E 4=

ot
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al
ll. XS AW X SLAE
FpAEdE BYA BY SR BAL AL Aued 53 3
Ageold B AR, Aldeled B ABeld w4 L my

2 23 Aol

1

A

o 1=}
912 34 eAAE B4

S 9 A4S A S8 3 AEold 2o] o
ofri3t AL oAl BAlstel olsh Wast oict
GPUs A ClolElet 3RS Fvte HRY & b AGPYL
_]
.

HolHE =42 A=old

O St
— =
x| 2w

2) AT AlUEleE 3 34 ABold 2T A

=

APIL Algdo]dS B2 AUt AAlste 80 AL A&l
A 2] Azof tieh A5 AR oz £odsto], Ata A[U2] 7t A|
TEHe g2 & 10709 Aldg] e gist 34 578 Algdold mds
,—\ﬂx}& A|&lolc}. SRIIA|] 27 Qo) /}J%ﬁ}% a5l tisto] 7ta &=

Alue] @, oHAHEE Jhg AluE] e, ofjd] AHAdY] ThE AluE] 9] Al
7?‘] A 34 Aleelold U2 AAts }?idr. 3APA ol = 2AF 0]
oot 4ol tigh o Ay tigh 38 34 RAL 27F 4

stdste 4ol digt Alygjesof dist &4 34 ZAF 50| ol
ofd Zolth. Xg7HA] BAtd & 374 Algdoldo] izt &2 o
< HalAof Z]xRfEof ot
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SO o

3) 348 AlEdold I A5 R B

g 34 38 Algdold =0 AAEY AAE R3S
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1) X948 g4a 4 dojg O
seros - BINEYUY | BROEYUY | BUSHRY

(m3/h) = (kg/cm2) (kg/cm2) (m3/h)
8.250572 2015-04-16 5.698332376 1.05789446 | 10.64323788
8.413824 2015-04-16 5.699004227 1.056476 10.85383296
8.554598 2015-04-16 5.698842551 1.05642624 | 11.03543142
8.64761 2015-04-16 5.6987194 1.05731108 | 11.1554169
8.243475 2015-04-16 5.700486976 1.05864488 | 10.63408275
7.769247 2015-04-16 5.702192563 1.05843939 | 10.02232863
7.383744 2015-04-16 5.699046953 1.05814183 | 9.52502976
7.538936 2015-04-16 5.699428949 1.05696828 | 9.72522744
7.696568 2015-04-16 5.697735924 1.05713005 | 9.92857272
7.515498 2015-04-16 5.702397801 1.05784529 | 9.69499242
7.40208 2015-04-16 5.701660618 1.05683848 | 9.5486832
7.060716 2015-04-16 5.700272519 1.05624328 | 9.10832364
7.113063 2015-04-16 5.698341595 1.05803528 | 9.17585127
7.218644 2015-04-16 5.699531145 1.05767841 9.31205076
7.14042 2015-04-16 5.699448211 1.05816881 92111418
7.187665 2015-04-16 5.697413408 1.0579549 9.27208785
7.365777 2015-04-16 5697641264 1.0584017 9.50185233
7.854348 2015-04-16 5.699312507 1.05769131 10.13210892
8.036083 2015-04-16 5.701751923 1.05720277 | 10.36654707
7.506995 2015-04-16 5.699347688 1.05758743 | 9.68402355
6.937169 2015-04-16 5.700678815 1.05654864 | 8.94894801
6.943749 2015-04-16 5.701456216 1.05681448 | 8.95743621
7.279863 2015-04-16 5.700679651 1.05881909 | 9.39102327
7.855383 2015-04-16 5.69776106 1.05777593 10.13344407
9.457138 2015-04-16 5.694550106 1.05730781 12.19970802
12.38923 2015-04-16 5.691790673 1.05834238 | 15.98210412
15.95761 2015-04-16 5.689908338 1.05807788 | 20.58532206
19.31757 2015-04-16 5.680928054 1.05741031 24.91967046
22.22637 2015-04-16 5.676368383 1.05646541 28.67202246
24.53474 2015-04-16 5.680145626 1.05586959 | 31.64981202
27.0692 2015-04-16 5.682658767 1.05772822 | 34.91926671
29.81068 2015-04-16 5.677691964 1.05834498 | 38.45577978
31.5595 2015-04-16 5.682424202 1.05730186 | 40.71174984
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33.11408 2015-04-16 5.689994616 1.05800726 | 42.7171632

34.26261 2015-04-16 5.688738886 1.05894478 | 44.19876174
35.09801 2015-04-16 5.687800645 1.05826803 | 45.27643548
36.16122 2015-04-16 5.687580336 1.05859504 | 46.64796735
37.06353 2015-04-16 5.68951126 1.05761806 | 47.81195757
38.4213 2015-04-16 5.69165245 1.05823273 | 49.56347571
40.03725 2015-04-16 5.690921966 1.05809958 | 51.6480525

41.24648 2015-04-16 5.689795241 1.05731259 | 53.20795533
42.25763 2015-04-16 5.690669821 1.05803268 | 54.5123427

43.11226 2015-04-16 5.68894078 1.05879902 | 55.61481411
44.07646 2015-04-16 5.686780317 1.05757048 | 56.85863598
44.31868 2015-04-16 5.685337776 1.05676795 | 57.17109333
4447535 2015-04-16 5.686899267 1.05784512 | 57.37319892
44.86736 2015-04-16 5.688648417 1.05742492 | 57.87889182
46.07666 2015-04-16 5.686414239 1.05577304 | 59.4388914

48.27545 2015-04-16 5.688418043 1.05749797 | 62.2753305

51.10396 2015-04-16 5.687516665 1.05621221 65.92410324
52.55067 2015-04-16 5.68752002 1.05559883 | 67.79036043
53.43332 2015-04-16 5.687799809 1.05676481 68.92898022
53.95442 2015-04-16 5.686353077 1.05602791 69.60120309
53.64448 2015-04-16 5.687256137 1.05613622 | 69.2013792

53.28116 2015-04-16 5.688632499 1.0578857 68.73269253
53.22534 2015-04-16 5.689071457 1.05841334 | 68.66068344
53.13639 2015-04-16 5.686664712 1.05795368 | 68.5459431

52.9188 2015-04-16 5.689388955 1.05691069 | 68.26524684
52.87843 2015-04-16 5.689082347 1.05698106 | 68.21317083
52.80427 2015-04-16 5.687032463 1.05770413 | 68.11750572
52.41196 2015-04-16 5.686272662 1.05584956 | 67.61143227
52.09485 2015-04-16 5.689299322 1.05590703 | 67.2023565

52.34675 2015-04-16 5.68766745 1.05682475 | 67.52730879
52.87244 2015-04-16 5.690146248 1.05671835 | 68.20544502
53.42637 2015-04-16 5.687296345 1.05705067 | 68.92001472
55.61518 2015-04-16 5.680676735 1.05743279 | 71.74357833
61.93821 2015-04-16 5.679664778 1.05722873 | 79.90028703
67.6889 2015-04-16 5.68073286 1.05845983 | 87.31867584
70.78121 2015-04-16 5.682868197 1.05684804 | 91.30775703
71.85314 2015-04-16 5.687994157 1.05813555 | 92.69054415
71.98341 2015-04-16 5.687485665 1.05855801 92.85860019
71.6521 2015-04-16 5.692167652 1.05759242 | 92.43121158
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71.55088 2015-04-16 5.699431457 1.05653276 | 92.30064036
71.20641 2015-04-16 5.699774918 1.05716917 | 91.85627406
70.51245 2015-04-16 5.696598318 1.05598502 | 90.96105921
70.18011 2015-04-16 5.700202995 1.05713101 90.53233545
70.2045 2015-04-16 5.701711716 1.05907789 | 90.56381016
70.48938 2015-04-16 5.692814366 1.05845782 | 90.9313002

7142379 2015-04-16 5.691800727 1.05871919 | 92.13668523
72.12899 2015-04-16 5.689122565 1.05799779 | 93.04639839
74.31751 2015-04-16 5.687570281 1.05754581 95.86958145
77.2045 2015-04-16 5.67677216 1.0570854 99.59379855
79.71848 2015-04-16 5.676155598 1.05675052 | 102.836834

84.29498 2015-04-16 5.679016392 1.05504976 | 108.7405281
88.12 2015-04-16 5.676830793 1.05620228 | 113.6748039
91.13098 2015-04-16 5.679404251 1.05761969 | 117.5589681
92.55655 2015-04-16 5.675298619 1.05687366 | 119.3979482
93.34597 2015-04-16 5.690426884 1.0561642 120.4162961
93.40571 2015-04-16 5.689031249 1.05636714 | 120.493362

93.13029 2015-04-16 5.690518189 1.05703263 | 120.1380793
92.5859 2015-04-16 5.690620395 1.05826481 119.4358136
92.32232 2015-04-16 5.686065741 1.05797924 | 119.0957915
92.41289 2015-04-16 5.686174647 1.05708472 | 119.2126294
92.76084 2015-04-16 5.685342803 1.0584231 119.6614772
93.07388 2015-04-16 5.687427032 1.05731991 120.0653065
93.26146 2015-04-16 5.682925994 1.055629 120.3072795
94.97367 2015-04-16 5.682680548 1.05656719 | 122.5160395
99.43499 2015-04-16 5.681103129 1.05630687 | 128.2711358
106.9999 2015-04-16 5.679041518 1.05589581 138.0298104
111.7227 2015-04-16 5.679339744 1.05645762 | 144.1222585
113.8256 2015-04-16 5.678096577 1.05632178 | 146.8349943
114.6315 2015-04-16 5.682864842 1.05667161 147.8746118
114.711 2015-04-16 5.686595178 1.05706944 | 147.9771436
113.8401 2015-04-16 5.690499763 1.05742363 | 146.8536877
113.2753 2015-04-16 5.691436321 1.05761545 | 146.125097

112.7809 2015-04-16 5.689333666 1.05789949 | 145.487401

112.447 2015-04-16 5.689771788 1.05830364 | 145.0566752
112.4498 2015-04-16 5.691446376 1.05850603 | 145.0602046
112.653 2015-04-16 5.685394737 1.05873385 | 145.3223971
113.3141 2015-04-16 5.684969179 1.05843441 146.1751709
114.4417 2015-04-16 5.679199849 1.05999288 | 147.6297775
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116.417 2015-04-16 5.67562449 1.05997106 | 150.1778913
126.5417 2015-04-16 5.677053632 1.05885481 163.2387375
141.8826 2015-04-16 5.679366552 1.05965047 | 183.0284895
151.6184 2015-04-16 5.682540654 1.05901264 | 195.5877463
147.9177 2015-04-16 5.696659471 1.05871986 | 190.8137995
135.254 2015-04-16 5.7040481 1.05927283 | 1744776781
120.5808 2015-04-16 5.70620018 1.05937914 | 155.5492836
114.999 2015-04-16 5.697947036 1.05735719 | 148.3487358
115.779 2015-04-16 5.687809028 1.05850448 | 149.3549719
128.1425 2015-04-16 5.673187582 1.05910742 | 165.3037631
144.8701 2015-04-16 5.668213243 1.05993223 | 186.8824213
155.4049 2015-04-16 5.667512912 1.05980846 | 200.47233
160.5439 2015-04-16 5.676606293 1.05940803 | 207.1015665
161.4582 2015-04-16 5.687327344 1.0601861 208.2811038
153.7337 2015-04-16 5.695939867 1.05858662 | 198.3164098
142.7963 2015-04-16 5.700637771 1.05958638 | 184.2072644
132.135 2015-04-16 5.699422249 1.06019699 | 170.4541642
131.2246 2015-04-16 5.68876234 1.05896656 | 169.2797779
140.9322 2015-04-16 5.675785329 1.05849322 | 181.8025032
151.8597 2015-04-16 5.669552742 1.05843847 | 195.8990594
158.75 2015-04-16 5.667455951 1.05998062 | 204.787509
162.6644 2015-04-16 5.669318187 1.05760821 209.8370979
164.3726 2015-04-16 5.675834755 1.05875575 | 212.0407069
164.776 2015-04-16 5.677887148 1.05955057 | 212.5610877
165.0492 2015-04-16 5.676706816 1.05938563 | 212.9135093
165.3471 2015-04-16 5.67791312 1.05950215 | 213.2977861
166.1793 2015-04-16 5.677526933 1.05819905 | 214.3712648
167.1728 2015-04-16 5.674522054 1.05801015 | 215.652952
170.4055 2015-04-16 5.66983086 1.05958082 | 219.8231569
174.5336 2015-04-16 5.66857513 1.0604976 225.1482911
175.7863 2015-04-16 5.671069009 1.06166521 226.7643734
179.4158 2015-04-16 5.666450694 1.0604367 231.4463768
185.6214 2015-04-16 5.656846313 1.05927693 | 239.4516292
190.4812 2015-04-16 5.657548317 1.05986325 | 245.7207196
195.3253 2015-04-16 5.654975695 1.06056714 | 251.9695893
198.7652 2015-04-16 5.658783101 1.05933536 | 256.407139
201.4198 2015-04-16 5.655459061 1.05973164 | 259.8315859
204.7432 2015-04-16 5.651381909 1.05978898 | 264.1187241
209.6856 2015-04-16 5.645993739 1.05914252 | 270.4944472
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214.1957 2015-04-16 5.64440962 1.06024864 | 276.3124014
221.1951 2015-04-16 5.639625438 1.05986618 | 285.3416326
228.1664 2015-04-16 5.640843479 1.0592399 294.3347166
234.0436 2015-04-16 5.638200486 1.05800951 301.9162079
241.2634 2015-04-16 5.634512876 1.05609116 | 311.2297615
2464756 2015-04-16 5.637966767 1.05732209 | 317.9535201
250.7384 2015-04-16 5.643164781 1.05818359 | 323.4525308
254.5111 2015-04-16 5.648777452 1.05703313 | 328.3193783
258.1572 2015-04-16 5.647733671 1.05698048 | 333.0228435
261.5361 2015-04-16 5.642896708 1.05622817 | 337.3816129
265.7386 2015-04-16 5.6473768 1.05523464 | 342.8027966
2714236 2015-04-16 5.640634049 1.05636798 | 350.1364982
277.9856 2015-04-16 5.637269791 1.05686575 | 358.6013814
286.1785 2015-04-16 5.629466495 1.05706801 369.1703024
295.5007 2015-04-16 5.627868977 1.05732436 | 381.1959301
304.9693 2015-04-16 5.622470752 1.05721629 | 393.4104073
313.7508 2015-04-16 5.615965075 1.05731556 | 404.7385385
320.0237 2015-04-16 5.617854956 1.05701188 | 412.8305924
325.0141 2015-04-16 5.615908939 1.05550066 | 419.2682213
32943 2015-04-16 5.623848786 1.0562027 424964669

332.8446 2015-04-16 5.625814901 1.05598468 | 429.3695082
335.2508 2015-04-16 5.629473194 1.05415605 | 432.4735836
336.7058 2015-04-16 5.629985041 1.05356584 | 434.3504304
338.5834 2015-04-16 5.623641039 1.05382235 | 436.7726479
340.8641 2015-04-16 5.621390098 1.05439672 | 439.7146761
343.3149 2015-04-16 5.617386671 1.05514849 | 442.8761694
346.6362 2015-04-16 5.617958824 1.05596102 | 447.1606425
350.542 2015-04-16 5.61777034 1.0546784 452.1991736
353.6728 2015-04-16 5.613900945 1.05469741 | 456.2379533
356.5241 2015-04-16 5.616347071 1.05405841 | 459.9161084
358.3561 2015-04-16 5.617012211 1.05374301 | 462.2793832
359.7852 2015-04-16 5.619160947 1.0538639 464.1228487
361.5023 2015-04-16 5.618810787 1.05400781 | 466.3380018
363.5079 2015-04-16 5.6144086 1.05324085 | 468.9251291
366.8246 2015-04-16 5.617249285 1.05522421 | 473.2037843
370.5336 2015-04-16 5.611816716 1.05471116 | 477.9883247
374.15 2015-04-16 5.605859738 1.05390737 | 482.6535477
376.95 2015-04-16 5.603416131 1.05374653 | 486.2655116
379.2431 2015-04-16 5.60638582 1.05340001 | 489.2236596
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381.3055 2015-04-16 5.610792197 1.05443458 | 491.8840382
383.034 2015-04-16 5.609861492 1.05343385 | 494.1138794
382.9576 2015-04-16 5.608238838 1.0529164 494.0153543
382.466 2015-04-16 5.604806728 1.05445163 | 493.381091

383.1808 2015-04-16 5.609006185 1.05418591 | 494.3032049
384.3611 2015-04-16 5.606058277 1.05283966 | 495.825819

385.7015 2015-04-16 5.605275012 1.05320365 | 497.5549273
387.8702 2015-04-16 5.608201985 1.05290165 | 500.3525541
389.7823 2015-04-16 5.608131615 1.05095612 | 502.8192186
390.2588 2015-04-16 5.611582151 1.0539558 503.4338352
390.6551 2015-04-16 5.610118675 1.05350498 | 503.9450609
392.2226 2015-04-16 5.608459994 1.05232305 | 505.9671695
394.1471 2015-04-16 5.60630205 1.05237847 | 508.4497629
395.8277 2015-04-16 5.597562185 1.05431249 | 510.6177059
398.3009 2015-04-16 5.595297854 1.05374653 | 513.8080991
400.4766 2015-04-16 5.599930404 1.05233737 | 516.6147869
401.5493 2015-04-16 5.596541021 1.05306317 | 517.9986267
402.2905 2015-04-16 5.593987672 1.05415303 | 518.954696

402.8334 2015-04-16 5.600494185 1.05477909 | 519.6550563
403.1055 2015-04-16 5.60200207 1.05307829 | 520.0060473
403.0642 2015-04-16 5.601563103 1.05361388 | 519.952827

403.0114 2015-04-16 5.606050731 1.05350959 | 519.8847266
403.1081 2015-04-16 5.607814962 1.0546325 520.0094813
403.0647 2015-04-16 5.607894541 1.05251707 | 519.953494

402.8343 2015-04-16 5.602978 1.05195555 | 519.656296

402.7193 2015-04-16 5.596110435 1.05214692 | 519.507888

403.4235 2015-04-16 5.599249346 1.05439957 | 520.4162686
405.2858 2015-04-16 5.600062764 1.05277998 | 522.8187452
408.3073 2015-04-16 5.598879077 1.05344236 | 526.7163667
411.2564 2015-04-16 5.599368296 1.05311779 | 530.520805

412.368 2015-04-16 5.598381476 1.05394097 | 531.9547174
412.277 2015-04-16 5.594169446 1.05539218 | 531.8373081
411.7041 2015-04-16 5.596976623 1.05668166 | 531.0983187
411.61 2015-04-16 5.597497688 1.05568801 530.9769026
411.2496 2015-04-16 5.60087199 1.05495166 | 530.5120304
411.0229 2015-04-16 5.609270067 1.05551917 | 530.2195062
410.5603 2015-04-16 5.613247531 1.05622603 | 529.6227251
410.0403 2015-04-16 5.615659303 1.0558656 528.9519315
409.6987 2015-04-16 5.619992791 1.05467271 528.5113811
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407.824 2015-04-16 5.62767881 1.05556554 | 526.0929768
401.839 2015-04-16 5.633481648 1.05600634 | 518.3723177
394.0594 2015-04-16 5.642031356 1.05650193 | 508.3366454
387.417 2015-04-16 5.650942106 1.05741579 | 499.7679816
381.6851 2015-04-16 5.650621262 1.05514986 | 492.3738035
378.2835 2015-04-16 5.647733671 1.05641137 | 487.9857485
376.4347 2015-04-16 5.644480827 1.05645678 | 485.6008223
375.2059 2015-04-16 5.641652705 1.05610427 | 484.0156407
374.4703 2015-04-16 5.640348386 1.05730484 | 483.0667257
373.9558 2015-04-16 5.638352118 1.05777458 | 482.4029897
372.722 2015-04-16 5.638939352 1.05822418 | 480.811322
370.2227 2015-04-16 5.644782408 1.05843177 | 477.5872611
367.348 2015-04-16 5.647466433 1.05814314 | 473.8789652
363.286 2015-04-16 5.648534525 1.05975519 | 468.6389
359.1282 2015-04-16 5.65149416 1.06022225 | 463.2754154
354.9001 2015-04-16 5.651627355 1.05860735 | 457.8211316
350.1836 2015-04-16 5.652408947 1.05790585 | 451.7367808
344.3956 2015-04-16 5.658251992 1.05903002 | 444.2703085
338.0478 2015-04-16 5.661771227 1.05976256 | 436.0816349
332.849 2015-04-16 5.660765134 1.06068274 | 429.3752306
326.1306 2015-04-16 5.663353663 1.06096957 | 420.7084289
319.6595 2015-04-16 5.669818297 1.05972516 | 412.3607615
312.8313 2015-04-16 5.66461442 1.06045614 | 403.5524183
306.0825 2015-04-16 5.668555868 1.06175258 | 394.8464173
299.0805 2015-04-16 5.678203811 1.06119592 | 385.8138424
292.2376 2015-04-16 5.677474999 1.06203079 | 376.9865221
285.5791 2015-04-16 5.678646123 1.06352187 | 368.3970738
279.1266 2015-04-16 5.677478344 1.06259791 360.0732534
273.8733 2015-04-16 5.677784952 1.06246958 | 353.2965583
269.0101 2015-04-16 5.684407907 1.0633077 347.0229826
263.883 2015-04-16 5.682243263 1.06311236 | 340.4090971
259.0438 2015-04-16 5.687289645 1.06530443 | 334.1665201
255.0988 2015-04-16 5.686518944 1.06647506 | 329.0774417
250.8695 2015-04-16 5.687789755 1.06692126 | 323.6216357
246.2825 2015-04-16 5.690474627 1.06700466 | 317.7043928
241.752 2015-04-16 5.688838574 1.06777426 | 311.8600181
2373112 2015-04-16 5.687288809 1.06580601 306.1314325
232.9318 2015-04-16 5.696276629 1.0661883 300.4820104
228.5431 2015-04-16 5.700331163 1.06630068 | 294.8205706
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224.7882 2015-04-16 5.700620171 1.06715385 | 289.9768064
219.4166 2015-04-16 5.70182313 1.06802238 | 283.047414
215.0235 2015-04-16 5.698738672 1.06641302 | 277.3803473
210.5397 2015-04-16 5.699284863 1.0652024 271.5961575
206.3945 2015-04-16 5.709007357 1.06537329 | 266.2488934
202.4152 2015-04-16 5.714826113 1.06754318 | 261.115657
198.6719 2015-04-16 5.710189371 1.06772425 | 256.2867729
195.6745 2015-04-16 5.708375725 1.06718317 | 252.4200586
192.4247 2015-04-16 5.709546012 1.06570084 | 248.2279172
190.1557 2015-04-16 5.714559722 1.06626084 | 245.3008659
185.9602 2015-04-16 5.718827867 1.0661483 239.8886503
180.5853 2015-04-16 5.719493854 1.06465374 | 232.9550628
174.3244 2015-04-16 5717313282 1.06523787 | 224.8784683
158.814 2015-04-16 5.716701759 1.06446668 | 204.8701064
140.612 2015-04-16 5.712902724 1.06471732 | 181.389422
135.8037 2015-04-16 5.693814595 1.0649817 175.1868117
146.9426 2015-04-16 5.681133292 1.06597694 | 189.5559566
158.4166 2015-04-16 5.671146916 1.06387061 204.3573547
164.3004 2015-04-16 5.667212177 1.06404828 | 211.9475225
166.4069 2015-04-16 5.674146758 1.06478576 | 214.6648365
166.7756 2015-04-16 5.678754182 1.06466384 | 215.1404866
166.5153 2015-04-16 5.680903754 1.06529644 | 214.8047564
166.2489 2015-04-16 5.687022418 1.06184268 | 214.4611107
166.0242 2015-04-16 5.697446916 1.0625954 2141711612
166.2262 2015-04-16 5.700840491 1.06362704 | 214431829
164.8608 2015-04-16 5.710001723 1.06386839 | 212.6704862
148.3193 2015-04-16 5.715936084 1.06506707 | 191.3318918
124.8464 2015-04-16 5.719729255 1.06554536 | 161.0518199
112.7332 2015-04-16 5.70943627 1.06543608 | 145.4258822
122.1581 2015-04-16 5.687963168 1.06538871 157.5839787
139.1294 2015-04-16 5.680320711 1.0649626 179.4769067
155.7322 2015-04-16 5.680039239 1.06316086 | 200.8945677
162.0661 2015-04-16 5.694313869 1.06379211 209.0653
152.1092 2015-04-16 5.704154487 1.06251062 | 196.2208641
130.1486 2015-04-16 5.715369795 1.06300282 | 167.8916489
115.4256 2015-04-16 5.71465941 1.06286749 | 148.8989698
107.8687 2015-04-16 5.703363687 1.06295188 | 139.1505946
115.2974 2015-04-16 5.689182035 1.06242292 | 148.7336808
131.5554 2015-04-16 5.677911448 1.06305175 | 169.7064983
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140.5388 2015-04-16 5.678564025 1.06299127 | 181.2950933
144.1664 2015-04-16 5.691018309 1.06343223 | 185.9746147
137.8348 2015-04-16 5.708336353 1.06140967 | 177.8069359
124.1044 2015-04-16 5.717103853 1.06193758 | 160.0947031
108.307 2015-04-16 5.714763288 1.0614309 139.7159952
102.0651 2015-04-16 5.705401008 1.06246509 | 131.6639145
99.02006 2015-04-16 5.697131936 1.06437692 | 127.7358748
101.4517 2015-04-16 5.696042073 1.06361444 | 130.8727562
107.1755 2015-04-16 5.688565484 1.06307256 | 138.2564285
114.0839 2015-04-16 5.687342416 1.06256516 | 147.1682439
118.4314 2015-04-16 5.688784121 1.06122759 | 152.7764596
120.2784 2015-04-16 5.699753137 1.06073368 | 155.1590921
120.0542 2015-04-16 5.704158678 1.06207928 | 154.8699064
116.3087 2015-04-16 5.706061958 1.06213449 | 150.0382578
105.5509 2015-04-16 5.714564749 1.06079428 | 136.160692

97.06459 2015-04-16 5.717358517 1.06124053 | 125.2133237
92.47115 2015-04-16 5.718873112 1.06148984 | 119.2877861
89.5537 2015-04-16 5.712109416 1.06129012 | 115.5242743
88.62048 2015-04-16 5.707098214 1.06084688 | 114.3204153
88.17523 2015-04-16 5.708565045 1.05958374 | 113.7460506
87.7155 2015-04-16 5.704495439 1.06214572 | 113.1529911
87.49975 2015-04-16 5.700785202 1.06154906 | 112.8746788
87.71809 2015-04-16 5.699186012 1.06130839 | 113.1563297
87.85472 2015-04-16 5.697185553 1.06157629 | 113.3325875
87.623 2015-04-16 5.698184946 1.06149578 | 113.0336739
87.11055 2015-04-16 5.699367796 1.06149226 | 112.3726108
86.829 2015-04-16 5.705034084 1.06222112 | 112.0094113
86.19027 2015-04-16 5.709941407 1.06093699 | 111.1854431
85.16477 2015-04-16 5.707436648 1.06044026 | 109.8625533
84.2351 2015-04-16 5.715264244 1.06056203 | 108.6632726
82.57486 2015-04-16 5.718741589 1.0611116 106.5215642
77.53883 2015-04-16 5.721779976 1.06082096 | 100.0250959
70.46631 2015-04-16 5.716867626 1.06045676 | 90.90154248
65.52456 2015-04-16 5.718444199 1.05946223 | 84.5266824

63.05191 2015-04-16 5717971723 1.05965503 | 81.33696261
62.17503 2015-04-16 5.714274895 1.0592301 80.20578225
62.08076 2015-04-16 5.712743557 1.05924121 80.08417524
62.27661 2015-04-16 5.7106853 1.05853363 | 80.33683077
62.43646 2015-04-16 5.709835856 1.05910428 | 80.54303856
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62.41273 2015-04-16 5.701060811 1.0601508 80.5124217

62.41288 2015-04-16 5.700951905 1.06094192 | 80.51261262
62.06338 2015-04-16 5.702885348 1.06128011 80.06176149
61.87152 2015-04-16 5.702121356 1.06160175 | 79.81425693
61.63544 2015-04-16 5.706829305 1.06076316 | 79.50971502
61.07227 2015-04-16 5.708360643 1.0590193 78.78322314
60.75013 2015-04-16 5.7074978 1.05970157 | 78.36766125
60.40011 2015-04-16 5.717263021 1.05930102 | 77.91614319
59.55731 2015-04-16 5.721008438 1.05866528 | 76.82893119
55.88068 2015-04-16 5.719472909 1.05745998 | 72.08608107
49.44889 2015-04-16 5.729629343 1.0582037 63.78907197
44.16925 2015-04-16 5.731720282 1.05889 56.97833508
41.59782 2015-04-16 5.724063579 1.05931166 | 53.66119167
40.4958 2015-04-16 5.720276282 1.05772561 52.23958587
39.59275 2015-04-16 5.718665355 1.05917742 | 51.07464105
38.92872 2015-04-16 5.71404704 1.05892891 50.21805267
38.87564 2015-04-16 5.709097837 1.05879441 50.14957173
38.89804 2015-04-16 5.712111088 1.05917942 | 50.1784716

39.04517 2015-04-16 5.71183297 1.05976678 | 50.36827317
39.28451 2015-04-16 5.712705868 1.05967023 | 50.67701145
39.61374 2015-04-16 5.710706245 1.05795436 | 51.10172847
39.44081 2015-04-16 5.712522401 1.05987255 | 50.87863974
37.98197 2015-04-16 5.7207722 1.05912288 | 48.9967413

35.4742 2015-04-16 5.724964957 1.05963392 | 45.76171671
30.96394 2015-04-16 5.729564836 1.05688983 | 39.94348131
26.44784 2015-04-16 5.731559432 1.05833928 | 34.11771231
23.3091 2015-04-16 5.732988574 1.06008239 | 30.06873384
21.36553 2015-04-16 5.731091994 1.0597004 27.56153886
20.5376 2015-04-16 5.722589202 1.05736804 | 26.49349884
20.56444 2015-04-16 5.720370106 1.05592019 | 26.52812115
20.57249 2015-04-16 5.71812 1.05679425 | 26.53851726
20.60776 2015-04-16 5.72047063 1.05902898 | 26.58401169
20.36252 2015-04-16 5.719662229 1.05988105 | 26.26764435
19.49354 2015-04-16 5.721297446 1.05824001 25.14666918
18.77 2015-04-16 5.726026339 1.05747908 | 24.21330258
17.32536 2015-04-16 5.729619289 1.0597226 22.34971569
15.29189 2015-04-16 5.727546787 1.05868614 | 19.72654068
13.68518 2015-04-16 5.732465001 1.05847239 | 17.65388607
12.3306 2015-04-16 5.727355794 1.05806401 15.90647013
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10.73498 2015-04-16 5.731904575 1.05751016 | 13.84812291
8.538998 2015-04-16 5.733720741 1.05901942 | 11.01530742
6.637357 2015-04-16 5.731623939 1.0587643 8.56219053
4.699044 2015-04-16 5.731334095 1.0597252 6.06176676
3.813953 2015-04-16 5.731073567 1.05907471 491999937
2.775593 2015-04-16 5.732191911 1.05921315 | 3.58051497
2.05464 2015-04-16 5.726182988 1.05828174 | 2.6504856
1.38012 2015-04-16 5.729078972 1.05909033 | 1.7803548
0 2015-04-16 5.726827194 1.05903329 |0
0 2015-04-16 5.730508104 1.06062904 |0
0 2015-04-16 5.740380558 1.06003372 |0
0 2015-04-16 5.742698506 1.06045132 |0
0 2015-04-16 5.743151708 1.06092379 |0
0 2015-04-16 5.744822116 1.06036428 | 0O
0 2015-04-16 5742424579 1.05929628 | 0O
2) A9 GA2 4 dolg @
o - HIARYY | HINRYY | SMEEQ
(m3/h) (kg/cm?2) (kg/cm?2) (m3/h)
0 2015-04-06 5794273162 146867707 |0
0 2015-04-06 5.798255653 146715105 |0
0 2015-04-06 5.799094206 146477826 |0
0 2015-04-06 5.793411155 146381504 |0
0 2015-04-06 5.788188851 146593364 |0
0 2015-04-06 5.779485849 146641323 |0
0 2015-04-06 5.781076667 146612505 |0
0 2015-04-06 5.79045822 146437393 |0
0 2015-04-06 5.769460101 1.46949271 0
0 2015-04-06 5766179613 146833629 |0
0 2015-04-06 5.77397621 146589576 |0
0 2015-04-06 5.779819255 146378925 |0
0 2015-04-06 5.756759525 146890644 |0
0 2015-04-06 5.757831798 146741334 |0
0 2015-04-06 5.766390714 146520444 |0
0 2015-04-06 576811222 146379699 |0
0 2015-04-06 5.757531063 146746749 |0
0 2015-04-06 5.748824706 1.46932811 0
0 2015-04-06 5.748333804 146854187 |0
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0 2015-04-06 5.756178155 146584286 |0

0 2015-04-06 5.756903611 1.4639345 0

0 2015-04-06 5.746593036 1.45974931 0

0 2015-04-06 5.750366935 145167678 | 0O

1.712463 2015-04-06 5.74307213 144984704 | 2.20907727
2.796812 2015-04-06 5.731660802 1.4489697 3.60788748
3.171299 2015-04-06 5.710749808 145087237 | 4.09097571
3.730036 2015-04-06 5.69282442 144848114 | 4.81174644
4.636198 2015-04-06 5.672938781 144960335 | 598069542
5.602693 2015-04-06 5.64833514 144746683 | 7.22747397
11.78547 2015-04-06 5.624063243 144137684 | 15.20324985
26.61449 2015-04-06 5.586580606 144487272 | 34.33269339
42.06769 2015-04-06 5.573953756 1.4400391 54.26731752
52.44154 2015-04-06 5.566090143 143512945 | 67.64958273
62.21096 2015-04-06 5.551734252 143292336 | 80.25213582
73.90487 2015-04-06 5.527368531 143440495 | 95.33727843
86.49296 2015-04-06 5.522412618 143136341 111.5759197
107.4135 2015-04-06 5.50949676 143242702 | 138.5634498
127.7763 2015-04-06 5.501386865 1435616 164.8314515
145.4212 2015-04-06 5.499951023 1.43447557 | 187.5933674
157.703 2015-04-06 5.506835352 143433718 | 203.4368636
166.5303 2015-04-06 5.539917474 142869264 | 214.824118
171.4798 2015-04-06 5.563212596 143160291 221.2089962
172.5022 2015-04-06 5.568073012 143335055 | 222.5278806
171.0172 2015-04-06 5.584033957 14278262 220.6122177
168.0666 2015-04-06 5.601006868 142711623 | 216.8059746
165.4342 2015-04-06 5.594672921 143285065 | 213.4101412
162.2831 2015-04-06 5.60691442 142819852 | 209.3452338
160.4691 2015-04-06 5.606752744 142766682 | 207.005139
159.6171 2015-04-06 5.607923022 1.42394841 205.9061003
159.9882 2015-04-06 5.610085167 142034669 | 206.3848012
162.0762 2015-04-06 5.596950661 142375753 | 209.0782709
165.8038 2015-04-06 5.579284965 142511439 | 213.8868401
172.5632 2015-04-06 5.561047116 1.4253515 222.606568
179.5273 2015-04-06 5.555059138 14241776 231.5902067
188.798 2015-04-06 5.553600679 142232839 | 243.5494432
198.1479 2015-04-06 5.552427883 142154722 | 255.6107342
207.2539 2015-04-06 5.537425278 142353383 | 267.3575658
215.5854 2015-04-06 5.539848786 1.4185665 278.1052189
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222.19 2015-04-06 5.540086696 141939446 | 286.6251323
227.5361 2015-04-06 5.538860284 141938679 | 293.5215239
231.5759 2015-04-06 5.548188219 14173452 298.7329703
234.8152 2015-04-06 5.557372905 141485898 | 302.9116661
237.8482 2015-04-06 5.54355985 141874309 | 306.8241612
240.8111 2015-04-06 5.547107565 141651782 | 310.6463345
244.7845 2015-04-06 5.548606231 141548241 315.7719418
248.9597 2015-04-06 5.538382781 141617667 | 321.1580259
253.5631 2015-04-06 5.530494878 141805759 | 327.0964429
258.3863 2015-04-06 5.536122631 141540487 | 333.3183244
263.9728 2015-04-06 5.53136024 141544165 | 340.5248862
269.0625 2015-04-06 5.539995381 140989002 | 347.0906044
273.9021 2015-04-06 5.525146079 141339649 | 353.3337554
278.8775 2015-04-06 5.528140904 141347248 | 359.7519247
283.1985 2015-04-06 5.525502113 141049494 | 365.326096

287.9549 2015-04-06 5.523530971 1.40829861 371461852

2929274 2015-04-06 5.519954776 140867714 | 377.8763021
298.2161 2015-04-06 5.523673385 1.4066572 384.6987793
302.735 2015-04-06 5.525146079 140446146 | 390.5281823
307.1931 2015-04-06 5.521258258 140467202 | 396.2790887
312.1226 2015-04-06 5.500072492 141113386 | 402.6381256
316.397 2015-04-06 5.508432033 140568126 | 408.1521145
320.3983 2015-04-06 5.511639632 140288341 | 413.3137773
3244637 2015-04-06 5.499806937 140515802 | 418.558133

328.5498 2015-04-06 5.49359864 140604646 | 423.8292897
333.0716 2015-04-06 5.492693081 1.40270079 | 429.662413

337.6873 2015-04-06 5.494363478 140182295 | 435.6165719
341.8309 2015-04-06 5.50050894 1.39938147 | 440.9618391
346.1653 2015-04-06 5.494195092 1.3973596 446.5531802
3514576 2015-04-06 5.483343364 1.39974487 | 453.3803337
356.2483 2015-04-06 5.489188082 1.39621075 | 459.5603483
360.8958 2015-04-06 5.480123192 1.39789231 | 465.5555214
365.8037 2015-04-06 5477476855 1.39629905 | 471.8868053
370.6727 2015-04-06 5.476048559 1.39406407 | 478.1678269
375.5266 2015-04-06 5473831971 1.39386318 | 484.4292947
379.838 2015-04-06 5.470600072 1.39389632 | 489.9909761
384.8012 2015-04-06 5.465226984 1.39233779 | 496.3935093
389.7072 2015-04-06 5.464545079 1.39101043 | 502.7223151
393.2555 2015-04-06 5.4650075 1.38942363 | 507.2996002
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397.5977 2015-04-06 5.467550795 1.38829195 | 512.9010549
401.8814 2015-04-06 5.459715662 1.38802004 | 518.4270653
407.0708 2015-04-06 5.469098051 1.38299697 | 525.1213604
411.4244 2015-04-06 546373417 1.38163635 | 530.7375044
415.7294 2015-04-06 5.453911152 1.38329595 | 536.2909841
420.7351 2015-04-06 5438181418 1.38572763 | 542.7482661
425.1269 2015-04-06 5.441703997 1.3837995 548.4137204
428.9697 2015-04-06 5.444347815 1.37988444 | 553.3708975
433.1725 2015-04-06 5436687768 1.37979337 | 558.7925663
436.8714 2015-04-06 5437001912 1.37777994 | 563.5641383
440.7427 2015-04-06 5.435017371 1.37720467 | 568.558132

445.4681 2015-04-06 5.436608189 1.37442187 | 574.6538387
449.1105 2015-04-06 5433219642 1.37283188 | 579.3525424
453.2366 2015-04-06 5.430335395 1.37105074 | 584.6752101
457.1478 2015-04-06 5.424514967 1.37129518 | 589.720613

461.0496 2015-04-06 5.421450607 1.36952756 | 594.7539995
465.6361 2015-04-06 5.408602601 1.36941212 | 600.6705871
470.2324 2015-04-06 5.407769085 1.36971755 | 606.5998592
474.5405 2015-04-06 5415945996 1.365757 612.1572527
4779122 2015-04-06 5.408750042 1.36489587 | 616.5067793
480.9501 2015-04-06 5.400547995 1.36510979 | 620.4256742
484.3185 2015-04-06 5.399423789 1.36361622 | 624.7708134
487.9755 2015-04-06 5.395190825 1.36218323 | 629.488404

492.6346 2015-04-06 5.393199574 1.36032061 635.4986546
496.2853 2015-04-06 5.386553165 1.36249788 | 640.2080435
499.8235 2015-04-06 5.384354168 1.3609672 644.772266

504.1162 2015-04-06 5.383978035 1.35851898 | 650.3099186
509.1654 2015-04-06 5.381646679 1.35663927 | 656.8233854
513.8017 2015-04-06 5.370467397 1.35661808 | 662.8041646
516.4196 2015-04-06 5.372666395 1.35461757 | 666.1813137
522.0541 2015-04-06 5.376854961 1.35048249 | 673.4497942
527.0194 2015-04-06 5.371948474 1.3492209 679.8550079
531.2479 2015-04-06 5.357545676 1.35297365 | 685.3097781
533.7861 2015-04-06 5.355460611 1.35147908 | 688.5840148
536.5895 2015-04-06 5.361716651 1.34853979 | 692.2004666
538.5519 2015-04-06 5.354134511 1.34997346 | 694.7318981
538.8877 2015-04-06 5.359716193 1.34835297 | 695.1651059
538.2293 2015-04-06 5.349047075 1.35254561 694.3158589
534.2233 2015-04-06 5.354167182 1.36130283 | 689.1480802
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533.4056 2015-04-06 5.36304526 1.3600226 688.0931982
530.0197 2015-04-06 5.368509664 1.35798933 | 683.7253562
525.9468 2015-04-06 5.376313797 1.35956638 | 678.4713565
521.8886 2015-04-06 5.374620783 1.36282291 673.2362424
517.3949 2015-04-06 5.38539796 1.3614772 667.4394468
512.7837 2015-04-06 5.380969801 1.36597845 | 661.4909988
505.903 2015-04-06 5.381350961 1.36757342 | 652.6148261
498.6899 2015-04-06 5.389130804 1.36770733 | 643.3099297
493.4061 2015-04-06 5.393696339 1.36827288 | 636.4939245
489.0083 2015-04-06 5.398583563 1.36638978 | 630.8207405
484.4558 2015-04-06 5.396068749 1.36750661 624.9480259
479.3535 2015-04-06 5.392278933 1.3703672 618.365984

475.8592 2015-04-06 5.391081837 1.37324399 | 613.858417

472.318 2015-04-06 5.388165765 1.37697865 | 609.290189

468.1827 2015-04-06 5.381128132 1.37963627 | 603.9556933
465.0843 2015-04-06 5.38991826 1.3783817 599.9587805
461.8756 2015-04-06 5.391610438 1.38003749 | 595.8195627
457.0488 2015-04-06 5.396588968 1.37850644 | 589.5929017
454.148 2015-04-06 5.402158923 1.37804913 | 585.8509355
450.3605 2015-04-06 5.402117033 1.37803057 | 580.9650037
445.0412 2015-04-06 5.395845911 1.38386753 | 574.1031261
440.9074 2015-04-06 5.400361183 1.38519643 | 568.7705396
4374724 2015-04-06 5.401073241 1.38437932 | 564.3393715
433.1426 2015-04-06 5411604136 1.38367188 | 558.7539385
429.6364 2015-04-06 5.407004247 1.38741395 | 554.2310166
4252176 2015-04-06 5.395300566 1.39147465 | 548.5306537
420.5363 2015-04-06 5.407901444 1.3895526 542.4917948
416.1192 2015-04-06 5411542984 1.38846034 | 536.7937216
411.7726 2015-04-06 5.408292648 1.39188421 531.1866385
407.0725 2015-04-06 5.422880586 1.39188982 | 525.1235547
403.2575 2015-04-06 5410813326 1.39652364 | 520.2021453
398.6037 2015-04-06 5418556316 1.39382129 | 514.1987678
393.5351 2015-04-06 5.419502929 1.39537899 | 507.6603203
388.6088 2015-04-06 5.400053443 140253715 | 501.3053804
383.7721 2015-04-06 5.420025656 1.39874191 | 495.0660387
379.0258 2015-04-06 5418459974 140239427 | 488.9432485
373.7594 2015-04-06 5421363493 140221692 | 482.1495705
368.522 2015-04-06 5416650518 140551279 | 475.3933774
363.8725 2015-04-06 5.416090082 1.40709625 | 469.3955327
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358.6225 2015-04-06 5423532328 140329314 | 462.6230302
353.4687 2015-04-06 5.429506896 140318215 | 455.974614
349.155 2015-04-06 5.430697282 140622359 | 450.4099784
344.4541 2015-04-06 5.435000617 140709687 | 444.3457529
340.2441 2015-04-06 5434248352 1.4093208 438.9149329
3354179 2015-04-06 5.435103659 140907647 | 432.6891374
330.6884 2015-04-06 5.431209965 141307024 | 426.5880012
325.7864 2015-04-06 5437138462 141037556 | 420.2644444
320.6764 2015-04-06 5.436222002 14120789 413.6725895
315.7474 2015-04-06 5.442096883 141182984 | 407.3141241
311.7795 2015-04-06 5.446329011 141445508 | 402.1955718
307.6206 2015-04-06 5.446540113 141405138 | 396.8305637
303.106 2015-04-06 544222757 141727717 | 391.0066936
298.4031 2015-04-06 5.440497693 1.4186586 384.93999
293.4448 2015-04-06 5441537294 141961306 | 378.5438526
288.6139 2015-04-06 5438059113 142087705 | 372.3119555
284.0449 2015-04-06 5.445941152 142110067 | 366.4178862
279.3772 2015-04-06 5456179674 141857802 | 360.3965841
2744708 2015-04-06 5.453133751 142166789 | 354.0673075
269.2757 2015-04-06 5.451700428 142266787 | 347.3656749
263.9422 2015-04-06 5.457354989 141990019 | 340.4853993
258.9367 2015-04-06 5460721755 142164821 334.0283172
254.0723 2015-04-06 5.460834852 142663342 | 327.7533109
249.2562 2015-04-06 5.45538971 14287548 321.5404916
244.5617 2015-04-06 5.450824175 143213428 | 315.4845685
239.6762 2015-04-06 5.466748268 142707497 | 309.1822838
235.3049 2015-04-06 5.471756951 142643756 | 303.5432578
230.4553 2015-04-06 5.473399703 142672963 | 297.2873293
225.5184 2015-04-06 5474665487 142961786 | 290.9187579
2204022 2015-04-06 5474225694 143066409 | 284.3188961
215.2893 2015-04-06 5.485124339 142796953 | 277.7232305
209.7582 2015-04-06 5.471339775 143412503 | 270.5880135
204.7214 2015-04-06 5.465797464 143682269 | 264.0905879
200.2807 2015-04-06 5.485352195 143262702 | 258.3620991
195.6537 2015-04-06 5495976914 142995776 | 252.3932575
190.4703 2015-04-06 5.482404287 143534973 | 245.7066986
185.8013 2015-04-06 5479351654 143782593 | 239.6836835
180.5212 2015-04-06 5.493887658 143384954 | 232.8723699
175.5662 2015-04-06 5.498940739 1.4331501 226.4804341
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170.3911 2015-04-06 5496137753 1.43659641 219.8045577
164.9914 2015-04-06 5.497666583 143723207 | 212.8389241
159.4392 2015-04-06 5.490520045 14415371 205.6765254
155.0013 2015-04-06 5.501750435 1.43965287 | 199.9516628
150.5207 2015-04-06 5.493974782 144463443 | 194.1716708
145.81 2015-04-06 5.502515263 144182813 | 188.0949593
140.4535 2015-04-06 5.509616556 144128968 | 181.1850266
136.017 2015-04-06 5.519907858 143900614 | 175.4619764
130.768 2015-04-06 5.526368301 143989597 | 168.6907239
124.6002 2015-04-06 5.510797734 144602542 | 160.734307
120.295 2015-04-06 5.514752571 144564631 155.1805526
114.5174 2015-04-06 5.526010605 144520818 | 147.7274447
110.8998 2015-04-06 5.523320706 144855134 | 143.0607033
106.2915 2015-04-06 5.527130621 144846882 | 137.1160918
101.4546 2015-04-06 5.526795542 145018414 | 130.8763798
96.60146 2015-04-06 5.542384535 144819053 | 124.615877
90.33972 2015-04-06 5.534338301 145184394 | 116.5382349
86.2821 2015-04-06 5.545250356 144974706 | 111.3039026
81.57206 2015-04-06 5.552027451 145225489 | 105.2279548
76.90424 2015-04-06 5.536572489 1.4584697 99.20646831
72.60692 2015-04-06 5.541878562 1.45718711 93.66292035
67.5425 2015-04-06 5.554596718 1.4573307 87.12982887
63.56503 2015-04-06 5.564415555 145880969 | 81.99888483
58.01471 2015-04-06 5.56466771 146172758 | 74.83896945
54.07228 2015-04-06 5.571173387 146346794 | 69.75323475
49.63972 2015-04-06 5.576614338 146724181 64.03524138
45.07645 2015-04-06 5.580141944 147015963 | 58.1486205
40.47547 2015-04-06 5.601676199 147019527 | 52.2133563
36.16706 2015-04-06 5.609036348 147213818 | 46.65550224
32.63061 2015-04-06 5.622900501 147179007 | 42.09348819
29.03716 2015-04-06 5.634265748 147376025 | 37.4579364
21.06247 2015-04-06 5.644304905 147313243 | 27.17058501
11.32381 2015-04-06 5.660169518 147159287 | 14.60771103
4.536458 2015-04-06 5.652101503 147582179 | 5.85203082
0 2015-04-06 5.665181555 147196452 |0

0 2015-04-06 5.66102147 147581094 |0

0 2015-04-06 5.655666808 147743842 |0

0 2015-04-06 5.661586087 147461146 |0

0 2015-04-06 5.639806386 1.4803123 0
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0 2015-04-06 5.647954827 147715431 0
0 2015-04-06 5.646709977 147817645 |0
0 2015-04-06 5.644645021 147738259 |0
0 2015-04-06 5.641862134 147881659 |0
0 2015-04-06 5.640726191 148039448 |0
0 2015-04-06 5.65194569 1.4749491 0
0 2015-04-06 5.649329506 147607508 |0
0 2015-04-06 5.655087945 147430859 |0
0 2015-04-06 5.647662464 147557241 0
0 2015-04-06 5.638538094 1.48036821 0
0 2015-04-06 5.653580071 1.47551 0
0 2015-04-06 5.640093722 147879787 |0
0 2015-04-06 5.644550361 147744802 |0
0 2015-04-06 5.650417696 147582322 |0
0 2015-04-06 5.649628579 147582138 |0
0 2015-04-06 5.657648004 1.4729411 0
0 2015-04-06 5.652783397 147370141 0
0 2015-04-06 5.646358145 147744261 0
0 2015-04-06 5.645678759 147855703 |0
0 2015-04-06 5.65016136 147768718 |0
0 2015-04-06 5.652764971 147647153 |0
0 2015-04-06 5.650413515 147801096 |0
0 2015-04-06 5.652133338 147585778 |0
0 2015-04-06 5.648146656 147607496 |0
0 2015-04-06 5.646429352 147607826 |0
0 2015-04-06 5.637753147 147729521 0
0 2015-04-06 5.636425375 147709194 |0
0 2015-04-06 5.636410293 1.47820481 0
0 2015-04-06 5.63716005 147816544 |0
0 2015-04-06 5.639052449 147603927 |0
0 2015-04-06 5.636733655 147607039 |0
0 2015-04-06 5.638406571 1.4756881 0
0 2015-04-06 5.643141328 147565764 | 0O
0 2015-04-06 5.640087859 147618172 |0
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X HEY|
(Jeonbuk
Citygas)
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NG KOG XTEY2I
—»  (Jeonbuk .
70kg/cm: AS g.Skgmm L Citygas) ) 6 ka/cm?2
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2014 & & Q1%0], 6kg/cm29] U
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© O)EHQ SPYRRI7E QPR Y (Relief valve)o|ch. QPHMiEE Ao
L DS QAIRE B 2x1Qreio] TEshl EolAlE A9ol: WuIt o
oA gl HEs] FHE JtAS WU} 231 ThAl ePgals)
L ogarg i

2 APolA AR BHL Mg A5 AXF APLaA,

of7]of AMREE U719 specificatione thZat 2.

B 1. A7 Specification

BY7I

End Connection CL125 FF, Cast Iron

Main Valve Size NPS 3 / DN 80

Actuator Type 1098 - 40
Pilot Type 61




QA9 S LA BAA

2.1. Aspen Hysys

i -
T, T, Heal insulation
PR T T = TR R A e | R B e e
| B " 3 1
Ca b
Stream of gas | ey |
[ — P.IF : J‘!ﬂtu' livj |
L), |
e L
P T T R A e e R e e T B e T
1
Throttle

72 3. Joule-Thomson throttling

Joule-Thomson effectst, 73 59} o] ©(Insulation)®l WY =
3to] ojhst 528 ARE3(Throttling) A2 o &% 52 85 2

of oo} re PetAIAgh Tl A (Enthalpy)l HZL S

or V
Kgr ([‘)P)H_ C;)(OéT_l)

pyr = Joule-thomson Alp=2A, SATT =A0A f=Fsto] T



2 wwisto] Jr S LERACE

700
600
500
400
300
200
100

Temperature (K)

Pressure ( bar)

2 4. Joule-Thomson diagram of nitrogen

A=) 62 EAQ] Joule-Thomson diagram© & Al A 9]
Joule-Thomson A4 E3H3ILE o] oA Bo{F1 Qith HAd4
57 Algglold RHol A=A AAVIAE FQ/dEo] ogt

(Methane)o.2, AdA HALHH oA Joule-Thomson A& 3fo]

Jrolct mepA BUE Eolo] ARSYEA) AL Fool, ewst E

9] JY71= Fisher type ®HRIM|, o] A& 52+ 7IAI(Pt2)9 =

S QA= universal gas sizing WS AHEstot,

F(ib/hr) = Ut ractact-06 G, \/p(lb/ft3)*P1 *sin (Argument)

64, [ P
Argument = 596513 * I—F?*cpfac




C, g
ep, = 0.4839
fac 9 (%1)
1= ()"
1+7
_%
=2

P, = Pressure of inlet stream
P, = Pressure of outlet stream

Vs~ Vapor fraction of outlet stream

Hysyst 919 22 74tAe Soto] 2i(gapo] Wat %90 olo u}
2 SF(YAPL AL,

. =1 T

2.2 Fluent

Fluents= Hysysel #o] HX|E=2 Aol -7t ALtAlo] Q= A
o] ofYal AREAPZL FojRl A 7
AEISHe] fofof oty 7|2A o g A &AM Rullg(Momentum) B

EAZ AL 2283 AREst=d, gilzs s YR (Turbulence)?] 4%

_,d
>
2
>
a)
X
-
ol
o
4>
<)
rir
-
.
o
g
o

of mulsel wEAS At@ste] §Ale] &wRS AMsHs realizable

k— e turbulence T 3o] QlC}.

Realizable k—e€ turbulence model :

0

0
E(Pk) +

M ok

J J

_10_



) o 5] Iy €
E(Pé)ﬂLa—%(peuj) oz, —[(u+ UE) B%HPO& p@m+ G+ GG+ 5,
C, = max[0.43, —] n= S ;5= 1/285,5,;

o] mdle = AL (turbulent viscosity)7l AJjA Y o SAbSE
ATt
FAIS 2e oflyA] BEAS ARESHY] Albd. dirdoz A

F7F AR o ARGt EE ofuix] WAlel St

(dissipation rate) ¢S A=FxRlo 2 AAtsti

Energy equation under natural convection-dominated condition :

o — — -
o —(pE)+V « (v(pE+p)) =V « (k, fVT—zj]thj—F(Teff- v))+.S,

oAl BAISH A5 Fluentg ©]&5to] Hysysz ¢/dsh 2 45 o
ol 2ol 7]2AQ1 AlZoltt. F7MARQI B2 SIEFolA AAS] o

=

O

3. FluentE 0] 83l Hysys 2@ AZ

Fluentg o]g&sto] &/dd Hysys 2G5S AASIAH. 5722
37 Hysys?| 47| ©WE AlLE AA| e ALe}; vluw, F5ste 7
w1} Hysys®| QHad¥iE 2283 Fluent® H] L

oA MBI

R
oY
o\)l{
I‘_IF
qz
ghs
|o
u
i

3.1. Y7l 88 A~ FF

_‘l‘l_



WB ARG, BS )= WHO| 1QF EAS Uenjolit 1gd

Algolct. B A

SUI2 Wu AL A ol AN, o8N T oYy 5

4>
rlr
g
|z
1
>
)
|U
N
=2
o
A
ol
o
|0
gl
g
|z
2,

™

ba)
[-'>~l
=2

oA JTsl Sastt. 27t ZARRE s FG00A 20l FYV=

1=, EMERSON AtoflA  Al5sh=

=

AR WY AleES THA A
1098-EGR regulator?] 34 €Wy 75= tp23F o}

® 2. 1098-EGR AQI7| w8 A2

; ; IEC SIZING
PR 1:1 LINE §IZE TO BODY SIZE 2:1 LINE SIZE TC BODY SIZE COEFFICIENT
cil Cw Cq Cy Ko
Ci Cy %y | Fo | Fo
NP3 DN Regulating | Wide-Open |Regulating | Wide-Open Regulating | Wide-Open | Regulating| Wide-Open
1 25 576 8oy 18.7 176 345 520 L1 15.8 18.4 340 0.753 | 010
2 50 1870 2030 547 7.8 3g.o 1830 1830 £23 51 350 0820 0.07
3 &0 vao 3080 107 113 350 3830 3820 108 110 342 0775 | 0.05
4 100 G230 6610 180 120 343 6020 240 17 180 352 020|0.760| 0.04 089
i 150 9450 8950 298 30 32.0 224D 4730 M ki ] ny 0642
Bx8 [200x150] 10.680 11,220 aos 321 10,020 10,580 288 am 0.02
35.0 35.0 0.775
12x8 (300 x 150 11.050 11,6830 L] 332 13330 10,930 207 32

TYPE 1093-

TYPE 6352, i
6353 OR 6354

3 5. 1098 EGR Y7 ©

)
I

_12_



Hysysw= WHEASS AFE of YoM 7=

L2 10

rlo

&
0
glo
2
tjo
>
>
o
rok
0

F(Ib/hr) = Ut racract-06 C, \/p(lb/ft3)*P1 *sin (Argument)

59.64 P,
Argument = c * 1——2*0pr
1 1
C
Cl:?j
o 0.4339
fac 9 (%1)
g
1+~
_ &
T

Ao wpaw, Wy mE(Lif)%, ST fE0 ¥ I Wy

=
Esto] 2t §aro] AMEW WH AL AHEo] spsaidct. 92
o]

Fluents At&sto] AR stgict.

_13_



# 3. 4971 Algdlold =4

3D geometry modeling

ANSYS Design Modeler v.17.0

Mesh

ANSYS Mesh v.17.0

Solver

ANSYS Fluent v.17.0

Solver type

Density-based

Models

Realizable k-¢€

Spatial discretization gradient

Least square cell based

Courant number 5
Working fluid Methane
3D geometry B2 EMERSON AtofA R AUAS 1098-EGR
Y7 BE RS Aol Wagl: YRS $ste] ALgsiac)

0.000
I

5.000

1b.000 20,000 (ermy

15.000

I 6. 1098-EGR AYU7] geometry

_14_



Mesht= RWHE €Y Alo] &
gt7folct, wBY o] QlaLe} H41 HILo]
AO0JA tetrahedral mesh& Al&sto] LEll AAte] MG /dES SESHY

o},

x
)
A
N
)
]
b
ol
ok
v
&
ol
ok
I‘Il‘
Pa)
ox
o

0.00 150.00 300,00 {mrm)
L HEEEEE— |

75.00 225.00

a4 7. 1098-EGR A Y7] mesh

a8 -
Mo
=2
&2
c
()
=
=
=
o)
rr
=
AU
[-'EI
o
AN
N
P
=

boAgsl w0 mebd e Amold 9Al9 852 A mAR 4 9
= density-based solverE AR5t Esh £ %71 =7 i &0 U&
(Turbulent)7} ¥AisH=0] AU7|= FA27F 8|uA™ Eestoz ol A

BALEE 4 Q= realizable k-e¢ 23S AREot¥TH 3D geometry,

z
N

B

rlo

1
Ao
2

N

)
o)
ﬂ

>

Jf

ol

o
b4%
0

mesh, solver A&Hof %

Fluento]A] Hysyse} =& 42 AA XA (Pressure boundary



condition)& At&sto] Alseo]d-g ZIsistAct. HysysofAl+= HBHOf
A Joule-Thomson ZZs5Io|A SAET A4S °85HA| T, Fluentoj
= QYOI EXsHA] A=r). metA wE Q2o A(Orifice)fta ©

dzx7doz HAsFo] Joule-Thomson Gt} F|oish H]LSE s

9rSof Z9ich A Bold ZAube et Pt

12 8. Pressure contour

2 9. Density contour

_’]6_



12 10. Velocity contour

=2 11. Velocity streamline

# 4. Simulation boundary condition & result

Inlet pressure[kg/cm2] 5.702

Outlet pressurelkg/cm2] 1.063

Molar flow[kgmole/hr] 165.8

_’]7_



Joule-Thomson effectS 112{5}A] AgF ealojA HLHEofA]

O
1S A
Uelo] FASHA TolAlk g AT 5 AUk E3t A 540

eemAoA F7t stR=dl ol @Al FotAl7] miEo] EAsh:

=]

1

dgoleti Z24Ect opx|stoz QemAS Fukstr| Mo actuatord]

FAREROIA AFAIO] 3] 1 Zs & o ASde o]FEA A

|

r
o

©)

LI N AN AN
A 2 92 Hysysol Q2istol U719 sizinge AASIAL, 1 2
7 E30] 9t EF AU wlastAc,

B 5. +#3%} Hysys AY¢7] ©HE A4 dH

Body size : NPS 3

Body size : DN 80

Aim Regulating
Characteristic 1:1 Line to Body size
¢ - =4 113[USGPM(60F, 1psi)]
¢, - Hysys 102.3[USGPM(60F, 1psi)]
Relative Error 9.46%

ulm A3 A QAF= OF 9.46% & OF 90.54%°] AEr 2 1S A 9

A
[} LS
Aot

3.2. =& ZA AMEolA] Aspen Hysys?} Fluent B

AM d5ol ¢dad & HFLR ofio+ A AJEOA Aspen
Hysys®t Fluent?t ojmst A& Ato|& 7HA|=A] sHASHILAL SHITE. o]
= #5t oAl AU 5 A5t 2 W Aspen HysysollAl AAIZE
o7 ZefAlE 27 4 WS dY=E AdESEL FluentofA £

=

_18_



boundary condition® 2 A|&do]AE

N

O
T

&

3

o)

}2 Aspen Hysyso| gtil H] st

FEf wE As AFC) 29E AT

UAste] AR o2 ojA|

o} Zute orgm Pk Axte
=
(@]

QoA Abgshect

6. 499 4= A o ©E Hysys® Fluent 53 Ato]

Inlet & Outlet ¥= | S=F-Hysys | S=F-Fluent |[Relative
[kg/cm”™2] | [kg/cm”™2] |[kg/hr] [kg/hr] Error[%]
5.70 1.06 153.04 165.83 7.712718

5.70 1.23 143.23 149.22 4.014207

5.70 1.62 136.56 141.24 3.313509

5.70 1.95 129.22 126.90 1182821

5.70 2.11 125.67 120.49 -4.29911

olo] Zojl e AT) oxfe] AL LS 8% WA U= FiF 4%
= HOo&E. o]= Hysys?} Flunet’} 7|24 02 AREsh= Fa&& WAF
ste Ale oAttt 7|2Aor £ Fedits ZARSHL Q7] diE
o 2 A= 2 AoVt glth= Ae WolEth olet SAlo AEs Al
S 438st= Fluento] H]wsto] Hysys®= 7] WHO 7&2 ZA

_19_



Aspen Hysyst= 57 ZAMO| ARSE|= QIRBAQI ZAZ|S siuolt). 7]
240z st WA g A oHA] X AESI ARSSTE gh
of HHH = WALSH= AJ&ol2td o2t Ao S8 219 -5

Aol F7bdtt. ol2{el Aspen Hysyso] ARt Zis 44 CFDZ sh4

AzZIolM 79| ulaet §F LSS AUCL ol Aspen Hysys7| 2
ug wARg] lolAt olu] 2glo] WEY CFDE} Hlwsloj= £Ao]
Qi e WAECL ol2lgh WS YL AMA Aspen Hysys2 ©

AR A E R A 8 EY 58 AluEl ot Bidsits Sle d
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JR— T

178873.00

o |

& . . .

=

]

2

W 100000.00 :

=

=

& 75000.00

=]

E 5000000

z ! ! ! !

2=c-,.,00.
270 080 050 1

023 0.30 040 0.50 0.60

00

Element Metrics

12 12. Element Quality
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14770000

12500000

100000.00

5000000

Mumber of Elemeaents
=]

2500000 ~

0.0
7055

75.00

87.50

12 13, Maximum Corner Angle

100.

o

{ 11250 125.00 137.50

Element Metrics
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* Tatd

§24311.00

400000.00

=
L=

200000.00

MNMumber of Elements

=
=1
=
=
=

0.00
0.00

2 14. Jacobian Ratio

050

Element Melrics
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388759.00

300000.00

E=1

250000.00

200000.00

150000.00

100000.00

Mumber of Elemenis

50000.00

040
118

=1 15, Aspect Ratio

250

37

500

Element Metrics
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el 714

20412400

180000.00
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=
=
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2 1 A7) FLEH Set Pressure 8
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18 =Kt
a =

I8 1 3%, Al A9, @ERE)EYT] Ale=

a2 YA W 7t ZE 9
O 3 IGAIHEE (Z]m] mA]) 10
O3 4 HvWiE o]l xR 12
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Scenario #1

PIC Off

Logically Always

Pressure Rise

Pressure Stabilized

Main V2 Open

Elapsed 10min

— —
VLV ‘Cv’ Ramp Re-setting
PIC-100 Mode off
Ramp(TRF-1) On Ramp(TRF-1) On
Valve OP Change PIC-101 Auto Stop
Elapsed 10sec N Flapsed 30sec N Pressure Stabilized o
PIC-101 OP PIC-101 Mode
Stop Integrator
manually change change to Auto
Scenario #2
PIC Off Pressure Rise Main V2 Open
Logically Always R Pressure Stabilized Elapsed 10min o
VLV ‘Cv’ Ramp Re-setting
PIC-100 Mode off
Ramp(TRF-1) On Ramp(TRF-1) On
Valve OP Change PIC-101 Auto PIC-101 off
Elapsed 10sec N Elapsed 10sec _,  Pressure Stabilized N
PIC-101 OP PIC-101 Mode
PIC-101 Mode off
manually change change to Auto
Pressure Rise R.V. On Man-vlv Shut
PIC-101 Mode off Non-zero Vent Flow Man-vlv3 Shut
— — —
Ramp Re-setting
Ramp(TRF-1) On
Stop
Elapsed 5min [ )

Stop Integrator

(* E : Event Name, C : Condition, A : Action List)

B 6 X A2 AlYE] Q. Event Schedule
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Scenario #3

PIC Off

Logically Always

PIC-100 Mode off

Pressure Rise

Pressure Stabilized

VLV ‘Cv’
Ramp(TRF-1) On

Main V2 Open
Elapsed 10min
Ramp Re-setting

Ramp(TRF-1) On

Valve OP Change
Elapsed 10sec

PIC-101 OP
manually change

PIC-101 Auto
Elapsed 10sec

PIC-101 Mode
change to Auto

PIC-101 off

Pressure Stabilized

PIC-101 Mode off

Pressure Rise
PIC-101 Mode off
Ramp Re-setting

Ramp(TRF-1) On

R.V. On

Non-zero Vent Flow

Man-vlv Shut Fail

SSV2 On

Stop
Elapsed 5min

Stop Integrator

Scenario #4

PIC Off

Logically Always

PIC-100 Mode off

Pressure Rise

Pressure Stabilized

VLV ‘Cv’
Ramp(TRF-1) On

Main V2 Open
Elapsed 10min
Ramp Re-setting

Ramp(TRF-1) On

Valve OP Change
Elapsed 10sec

PIC-101 OP
manually change

PIC-101 Auto
Elapsed 10sec

PIC-101 Mode
change to Auto

PIC-101 off

Pressure Stabilized

PIC-101 Mode off

Pressure Rise
PIC-101 Mode off
Ramp Re-setting

Ramp(TRF-1) On

R.V. On

Non-zero Vent Flow

SSV2 Fial Condition

Hole Release

Large Vent rate

Supply Block
Immediately

Ramp(TRF-2) on

Stop
Elapsed 5min

Stop Integrator

(* E : Event Name, C : Condition, A : Action List)
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Scenario #5

Ramp(TRF-2) on

Stop Integrator

PIC Off Pressure Rise Main V2 Open
Logically Always Pressure Stabilized SSV1 Block .
VLV ‘Cv’ Ramp Re-setting
PIC-100 Mode off
Ramp(TRF-1) On Ramp(TRF-1) On
Valve OP Change PIC-101 Auto PIC-101 off
Elapsed 10sec Elapsed 10sec _,  Pressure Stabilized N
PIC-101 OP PIC-101 Mode
PIC-101 Mode off
manually change change to Auto
R.V.&SSV?2 Fail Pressure Rise SSV2 On & Stop
PIC-101 Mode off R.V. Fail SSV2 Block °
R.V. Set Pressure Ramp Re-setting
Stop Integrator
Change Ramp(TRF-1) On
Scenario #6
PIC Off Pressure Rise Main V2 Open
Logically Always Pressure Stabilized SSV1 Block
— —
Ramp Re-setting
PIC-100 Mode off VLV ‘Cv’ Ramp On
Ramp(TRF-1) On
Valve OP Change PIC-101 Auto PIC-101 off
Elapsed 10sec Flapsed 10sec N Pressure Stabilized N
PIC-101 OP PIC-101 Mode
PIC-101 Mode off
manually change change to Auto
R.V.&SSV2 Fail Pressure Rise Hole Release
PIC-101 Mode off R.V. Fail High Pressure
— —
R.V. Set Pressure Ramp Re-setting Hole Open
Change & SSV2 off Ramp(TRF-1) On (OP Change to 100)
Supply Block Stop
Elapsed 5min Elapsed 5min o

(* E : Event Name, C : Condition, A : Action List)
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Scenario #7

SSV1 Fail

PIC Off

Pressure Rise

Logically Always - Logically Always - Pressure Stabilized
VLV ‘Cv’
SSV1 Mode off PIC-100 Mode off
Ramp(TRF-1) On
Wait Relief Man_vlv shut MainVZ2 Open
Non-zero Vent rate — Man_vlvl Closed - Pressure Stabilized
Ramp Re-setting
Ramp(TRF-1) On
Valve OP Change PIC-101 Auto Stop
Elapsed 10sec - Elapsed 10sec - Pressure Stabilized
PIC-101 OP PIC-101 Mode
Stop Integrator
manually change change to Auto
Scenario #8
SSV1 Fail PIC Off Pressure Rise
Logically Always - Logically Always - Pressure Stabilized
VLV ‘Cv’
SSV1 Mode off PIC-100 Mode off
Ramp(TRF-1) On
Hole Release Supply Block Stop
Large Vent rate ) )
— Immediately - Elapsed 5min

for Smin

Ramp(TRF-2) on

Stop Integrator

(* E : Event Name, C : Condition, A :

Action List)
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Scenario #9

SSV1 Falil R.V. Fail PIC Off

Logically Always - Logically Always - Logically Always

SSV1 Mode off R.V. Fail Condition PIC-100 Mode off
Pressure Rise MainVZ2 Open Valve OP Change
Pressure Stabilized — Man_vlvl Closed — Elapsed 10sec
VLV ‘Cv’ Ramp Re-setting PIC-101 OP
Ramp(TRF-1) On Ramp(TRF-1) On manually change
PIC-101 Auto Stop
Elapsed 10sec — Elapsed 5min o

PIC-101 Mode

Stop Integrator
change to Auto

Scenario #10

SSV1 Falil R.V. Fail PIC Off

Logically Always - Logically Always - Logically Always

SSV1 Mode off R.V. Fail Condition PIC-100 Mode off
SSV2 Fail Pressure Rise Hole Release
Logically Always N Pressure Stabilized N High Pressure
VLV ‘Cv’ Hole Open
SSV2 Mode off
Ramp(TRF-1) On (OP Change to 100)
Supply Block SSV2 On & Stop
Elapsed 5min — SSV2 Block [ )
Ramp(TRF-2) on Stop Integrator

(* E : Event Name, C : Condition, A : Action List)
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3. AR AlUElE 54 24 Algfold 2 2t @ BA

3.1 Aly2]ed Al&Edold At
(D Scenario #1

Pressure (kPag)

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

Az

-Pre. Ling{kgmaig/h) e W 310 LiNE{ kgmioie/ b

a8 Algde]d 21t (Scenario #1)
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@ Scenario #2

Pressure (kPag)

=Main Line 2nd P Pre Line 2nd P

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

AZH

- Main Line{kg ) = Pre. Line{kg

®) Scenario #3

=Mlain Line 2nd P Pre Line2nd P

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

=S
AfZH

- Main Line{k; ) - Pre. Line(kg

a2 10 A2 o] ATt (Scenario #3)
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@ Scenario #4

Pressure (kPag)

Az

=Mlain Line 2nd P Pre Line2nd P

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

Az

- Main Line{k ) - Pre. Ling{kgmolef}

a3 11 Al E2fo]Xd Z1}t (Scenario #4)

® Scenario #5

Pressure (kPag)

=Main Line 2nd P Pre Line 2nd P

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

a2 12 A& o]ld Z1} (Scenario #5)
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® Scenario #6

Pressure (kPag) Feed Flow Rate (kgmole/h)

A2t

=Mlain Line 2nd P Pre Line 2nd P

R.V. & Distribute Hole Release
Flow Rate (kgmole/h) Flow Rate (kgmole/h)

a2 13 A& o] ATt (Scenario #6)

@ Scenario #7

Pressure (kPag)

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

5y

A

- Main Line{k ) - Pre. Ling{kgmoie/h)

a3 14 Al&2fo]d ZAt (Scenario #7)
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Scenario #8

Pressure (kPag)

Az

=Mlain Line 2nd P Pre Line2nd P

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

Az

- Main Line{k ) - Pre. Ling{kgmolef}

a2 15 A& o] ATt (Scenario #8)

® Scenario #9

Pressure (kPag)

=Mlain Line 2nd P Pre Line2nd P

Feed Flow Rate (kgmole/h) R.V. & Distribute
Flow Rate (kgmole/h)

A

- Main Line{k ) - Pre. Line{kgmoie/h)

a2 16 A& o] ATt (Scenario #9)
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Scenario #10

Pressure (kPag) Feed Flow Rate (kgmole/h)

A7

=Main Line 2nd P Pre. Line 2nd P

R.V. & Distribute Hole Release
Flow Rate (kgmole/h) Flow Rate (kgmole/h)

a2 17 Alagfo]d 23t (Scenario #10)
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Event treeitoA A ¥HA @A 2 PIC-100S Off2 H7st= 71
Controller7}t Valve OpeningS £A61 UH-E Set Point2 S-X]
st 212 ofa elo] Aastt g AR gl feoz
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b

ol
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® Scenario #2
T H1A AYg = 3 HJRHQ} Y5 PIC-1002 I1a 2AY=

R KA lHlEJrJ g Agho] "o}, shA|9F 1 o] 9o ofFl3g]
Yol Yoole RAY FLES IPFsol 21190l Al S
a1, QP H (Relief valve)?] AAAAUHES =16t Vent Flow7 &

AMotA "o A= 4.0 kPagolA] Seating Pressure?l 3.5
W sttt £ARHES )l olstel ojuletele] At
HFEEW AR AU S SasHA Ho

1 2N I 9oMet go] 2 & A e REEo
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Arso = Qlst TEkE Bl o]0 7tA Tg3 Ao w2t
A GAashes Z2YE HolA| = E35t Vent Flow?} Aol o2}
A] Distribute Flow?] S-&fo] ZFAst= Z% &0Ish 4 9itt o]Q}

9
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® Scenario #3

A WA Ao s & A AluEest SAsH dulzilos A
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@ Scenario #4
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1.1.1. Preliminary line operation A|YUz]Q

Scenario run

2nd Pressure rises

PID-100. Saturation

SSV 1 closes

SSV_2 opens
PID-101. on

Pressure reseat

End

2 1. Preliminary line operation A|Ud]Q £A %

——— HAZHOE HE |Scenario Generation

Real-time integration engine(Microsoft Excel)

2 2. Preliminary line operation A|U2]Q 7@ AA =

olu] elel ALE AUelet AW Aelest AgE, AlgAte] 7}
M9l A glo] ARl est Erect ALEAHE 2xto] AFAstol, oy
rejo] ohA] QPgstEl: TS ZREEQ oboA] @
W, £% WX Hysyse AAOR AEEo] L,



PV Value kgfcm2

2 3. Preliminary line operation AJU2] @ 2X1eH

Maonitor

Phase - Mass Flow kg/h

2 4. Preliminary line operation AlU2]Q S=F

1.1.2. Relief valve operation AUz
EMVE &+ AMEALY] ZAo] gt Alug] olth. Alute] @7} AsyE]
W 2Ato] Asstal, SSV_10] AlES shA] 9h7] miZof ofs]2telo] Af
&SR] 4o, o] mFof relief valve’l @A "t & MAlofA R
elief valveZ7t @2l AIXFE t022 AZJsta, FA/JEA Hlojd

d2 BAIAIZIZT Y5t ARRAPE EMVE B AIFS t1oz At
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-
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Scenario run

2nd Pressure rises

PID-100 Saturation

S5V 1 Block Saturation

RV opens

Read RV opening time(t0)

EMV OP% Adjustment
Yes
EMV OP%=07?

No

Read adjustment time(tl)

No

t1-t0 < 900s7

Yes ¥

End

12 5. Relief valve operation A|Ug]Q S£SAE
— UAZEE HE |Scenario Generation

——————— - ASA EA Hu

Process Simulation : Aspen HYSYS

to,

OtoF relief valvert Ao EMVE 2 AU, £A|E Fsthed 4

2= AlRHt1-t0)o] 900&(15%) Hot Iobd Old2 Aojerct. dach



37 ol Aldg|eolng Atx Algd|o]d2 AlYstA] eton F&lRl
L relief valveZ} GA|7t AR} RARS J7FsHA|ZE, AW AES H

T

ysyset AA|Zto g FyHb=r},

Maonitor

PV kgfcm2

0 10 30 &0 B0 1| X406 ME e 2 B MEEREE0 E2 B4 E6 B2 M0 02 L0
TIAE

=y Valuie bgfom2

12 7. Relief valve operation AlUg]Q 2XF ¢4

Monitor

Percentage open %

2 8. Relief valve operation A|U2] @ RV OP%

1.1.3. Hole & release AlUz]Q

AAl EMVE Z= AREARY] ZAfo] Hesh Alug]eoltt. Aly={ 7t
ASYE|H 2AFQto] AbEetal, SSV_10] AHE-& ShA] ¢17] miEof ofju|at
olo] A= 5lA] ¢rom, ZIPAOo 2 relief valve E3t Rt=61R] 917] wj

2ol 28120l A4 Y53t, AUHOR holeo] A7 7hATt {EHLY,



YT hole®] op%7t 00] obd thE U= 7AW, S¥AT2 HAICe =
oje] A= e AL HlojlHE =224 ©

22 A2 aAst=alWldEAl), ek g AlZFel 900&<to] EMVE

fo
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o
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=
=
T
=Z
<
fuu

A A=r(t1-t0>900) i Admjstl AU es Fa¥Hal, EMV
S 900&CQto] F=0h(t1-t0<900) EMVE E& Algto] mepA ZetAl

AL HlolElE MARtoR Been, njde ABa

Accident Result

2 9. Hole & release AUl @ 7jdE AA®



Scenario run

2" Pressure rises

PID-100 Saturation

SSV 1 Block Saturation

RV doesn't wark
Call Source-term
Read Hole opening time(t0)
Call Accident data

EMV OP% Adjustment
Yes No

EMV OP%=07?

Read adjustment time(t1)

Call corresponding accident data

Yes No

t1-t0 < 900s7

Mission completed Missicn failed

End

22 10. Hole & release AlU2lQ &A%

Monitor

PV kgfcm2

NITEFEOFFEFIINNINMET I

2 11. Hole & release AlUg] Q@ 2XHH
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Monitor

Phase - Mass Flow kgfh

2 12. Hole & release A|lUg] Q@ &=F

12. AT AUEle A b WY 2 LuE Y5yt
w Aol ARgshE 578 AlEdolE Q] Hysyse AlRFAIZFO] ZrobA]
AU ofmst £% SfME ST AKY Excelst ATHglo] AAIZH
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If 0<EMV Closing time<=450

Data of discharge duration = 4505

ase : Data of discharge duration =

B

/ t=1800s

N
ime |
J
t=2800s 0 )
: mission success/failure : end\ng_tu_‘ne
when mission success

Allowed EMVIC\as{ng

[
|
[
L
t=0
-
if 0<

t=450s
: leak oceurs : selective data import
3 determination
Da‘ta EY
dAY Ao OE ARl Al R A

a4 13, 29
Accident Result

Y

Gos concentration at vent{M]

Accident Result

Case 2

Accident Result

=

Gas cancentration at vent(M]

Accident Result
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[F=5] SHE 2AHIEE AIEdI0|Y EEE

Ele] AlUdl2 TE(VBA)

A. Time-checking module

Sub hole_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Hole"
End Sub

Sub ref_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Ref"
End Sub

Sub pre_check()

Application.OnTime Now + TimeSerial(0, 0, 1), "Pre"
End Sub

B. Reeal-time 2D image updating module

Sub start_updating()

_‘|5_



Application.OnTime Now + TimeSerial(0, 0, 1), "updating"

End Sub

Sub updating()

On Error Resume Next

Dim i As Integer
Dim x As Integer
Dim y As Integer
Dim z As Integer

Dim a As Integer

7z = Worksheets("Accident").Range("B1").Value / 10

For x =z + 3 To 100

If Worksheets("Accident”).Cells(x, 7).Value = ™ Then
a=x-1

Exit For

End If

Next

y = Worksheets("Accident").Cells(a, 6).Value

_16_



If y <= 60 Then

For i = 1 To 50

Worksheets("Process”).Shapes("picture” & 1i).Visible = False

Next

Worksheets("Process”).Shapes("picture” & y / 10 + 26).Visible = T

rue

Call start_updating

Elself y > 60 And y <= 120 And Worksheets("Accident").Range("B2
").Value <> "™ _

And Worksheets("Accident").Range("B2").Value - Worksheets("Acci
dent").Range("B1").Value <= 60 Then

Fori =1 To 50

Worksheets("Process”).Shapes("picture” & i).Visible = False

Next

Worksheets("Process").Shapes("picture” & y / 10 + 1).Visible = Tr

ue

Call start_updating

Elself (y > 60 And y <= 120 And Worksheets("Accident").Range("B

_‘|7_



2").Value <> ™) Or _

(y > 60 And y <= 120 And Worksheets("Accident").Range("B2").Val
ue = ") Then

Fori =1 To 50

Worksheets("Process”).Shapes("picture” & 1i).Visible = False

Next

Worksheets("Process”).Shapes("picture” & y / 10 + 26).Visible = T

rue

Call start_updating

Elself y > 120 And Worksheets("Accident").Range("B2").Value = ™
Then

MsgBox "Mission failed. Reset scenario and try again", , "Warnin

g

Application.OnTime Now, "updating”, , False
Application.OnTime Now, "Hole", , False

Exit Sub

Elself y > 120 And y <= 240 And Worksheets("Accident").Range("B
2").Value <> ™ _

And Worksheets("Accident"”).Range("B2").Value - Worksheets("Acci
dent").Range("B1").Value <= 60 Then

Fori =1 To 50

_18_



Worksheets("Process”).Shapes("picture” & 1i).Visible = False
Next
Worksheets("Process").Shapes("picture” & y / 10 + 1).Visible = Tr

ue

Call start_updating

Elself y > 120 And y <= 240 And Worksheets("Accident").Range("B
2").Value <> ™ _

And Worksheets("Accident"”).Range("B2").Value - Worksheets("Acci
dent").Range("B1").Value <= 120 Then

Fori =1 To 50

Worksheets("Process”).Shapes("picture” & i).Visible = False

Next

Worksheets("Process”).Shapes("picture" & y / 10 + 26).Visible = T

rue

Call start_updating

Else

MsgBox "Accident scenario complete”

Application.OnTime Now, "updating”, , False

Application.OnTime Now, "Hole", , False

Exit Sub
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End If
End Sub

C. Mild case scenario module

Sub Pre()

If Worksheets("Process”).Range("C10").Value > 0 Then
Worksheets("Source").Range("]5").Value = 200

With Worksheets("Process")

.Range("Q5").Value = "Off"

.Range("Q10").Value = "Off"

End With

If Worksheets("Process”).Range("Q6").Value > 1.2 Then
Worksheets("Source").Range("]5").Value = 790.1547
With Worksheets("Process")

.Range("Q12").Value = 0

.Range("V12").Value = 100

.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"

_20_



.Range("V5").Value = "Auto"
.Range("V10").Value = "Auto"

.Range("V7").Value = 1.059207

End With

Exit Sub

Else
Call pre_check
End If

Else

MsgBox "You have to start Dynmaic Integrator first"

End If
End Sub

D. Relief case scenario module

Sub Ref()
If Worksheets("Process”).Range("C10").Value > 0 Then
Worksheets("Source").Range("]5").Value = 150

_2‘|_
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With Worksheets("Process")

.Range("Q5").Value = "Off"

.Range("Q10").Value = "Off"

End With

If Worksheets("Process”).Range("G5").Value > 0.1 Then
Worksheets("Accident”).Range("B6").Value = Worksheets("Process").
Range("C10").Value

Exit Sub

Else
Call ref_check

End If

Else

MsgBox "You have to start Dynmaic Integrator first®, , "Error”

End If
End Sub
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E. Worst case scenario module

Sub Hole()
If Worksheets("Process”).Range("C10").Value > 0 Then

Worksheets("Source").Range("]7").Value = 300
Worksheets("Source").Range("]8").Value = 300
Worksheets("Source").Range("]5").Value = 90

With Worksheets("Process")
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"

End With

If Worksheets("Process”).Range("L4").Value = 10 Then
Worksheets("Accident”).Range("B1").Value = Worksheets("Process").
Range("C10").Value

Dim i As Integer

Fori =1 To 50

Worksheets("Process").Shapes("picture” & i).Visible = False
Next

Worksheets("Process”).Shapes("picturel”).Visible = True

Call start_updating
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Exit Sub

Else
Call check
End If

Else

MsgBox "You have to start Dynmaic Integrator first", , "Error"
End If

End Sub

F. Scenario reset module

Sub reset_scenario()

On Error Resume Next

Worksheets("Source").Range("]5").Value = 790.1547
Worksheets("Data_Plot").Range("G1").Value = ™

1.4

1.4

Worksheets("Source").Range("]7").Value

Worksheets("Source").Range("]8").Value

With Worksheets("Process")

.Shapes("EMV_on").Visible = False

True

.Shapes("EMV _off").Visible
.Range("G4").Value = 50
.Range("Q5").Value = "Auto"
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.Range("Q10").Value = "Auto"
.Range("Q12").Value = 100
.Range("V12").Value = 0
.Range("Q7").Value = 1.059207
.Range("V7").Value = "=Process!Q7"
.Range("V5").Value = "Off"

.Range("V10").Value = "Off"
End With

Application.OnTime Now, "Hole", , False
Application.OnTime Now, "Pre", , False
Worksheets("Accident”).Range("B1").Value = 100000
Worksheets("Accident”).Range("B2").Value = ™

Worksheets("Accident”).Range("B6").Value = ™

Dim i As Integer

Fori =1 To 99
Worksheets("Accident”).Cells(i + 1, 7).Value = "=IF(F" & i + 1 & "=
0,0,IFERROR(INDEX(Data_2min!B:B,Accident!F" & i + 1 & "/10+2),"

e
Next

Application.OnTime Now, "updating”, , False
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Fori =1 To 50

Worksheets("Process”).Pictures("picture” & i).Visible = False

Next

Worksheets("Process”).Pictures("picturel”).Visible = True

End Sub

_26_
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FOP)7} EAfiertt. A-8A<Ql OTS7H 2D 7]¥t 7HgegdoAl CROPE i
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2 SHAR QIsto] AMEA E7HsSHAZ] T2l
oh. SHAITE 7]so] W= 7|Iste] FOPE ¢k 3D 7Hgdd &4 A
Atol 7hssto] A|HAl Fol= CROP %k ofYzl FOPZHA] of-& 4
U= OTS7h AJAT= AL Qitt

FOPE 9gh OTSOA HaAlor fEtEojof & Q4 3D 7HSHA]
t}. CROPet= Z8] FOP= AAl S oty HA 3489 AAlsS
ZAYSE7] oo AA| A gt vt ARE s+ 2DTre
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2D 719k OTS&= oreA ofe FHHASH =ArAQl Zoks Jdst
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S dhotx| ZAS M Al(Immersive Virtual Reality)e] 7fee &k
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1.1. EYESIM immersive Training System

EYESIM Immersive Training System2 J=29 Scheneider
Electric AtolA 7j2st 298 OTS AmEgojolct. MEA OTSeH
oM 2 B BT 2 SANEE A
%50 ol DynSimolebe mz g Esfo] o|2oj4lth. ¥ OTSE
CROP9} FOPE #5t ws A|A”S 2% AlFst=d CROPE ¢35t w
5 A2®9 49 HoneywellAte] OTSet o] 7]&9] 2D 7hd=td
S oh2Al Yth 5B 0t 714 FOPS 9§ 3D HyE =3
24l o]= DynSim& Sim4me bridgest= AMAIAQ1 Al&2fo]d-714)

#7 AFETS ALGslo] 3D MIEAT At WAoR 25l

Training Scenario + Process Dynamic Simulation

9 1. EYESIM A|AHD L&



i Lkl SR InORIELEY
T (1]

I3 2. DynSim AFEX} QIE|Hjo] A

= Process Dynamic Simulation(DYMNSIM) with 3D
Virtual Reality

= Mainly for process mode change(start-up/shut-down)
and process Monitoring SCENATIOS @by
= Limited Accident Scenarios - Do Not calculate accident :

Detection of fiowrate decrease - Close Bypass valve & Isolation
: vaive
i - Check the stabilization of fiowrate by trend

E}..................................... EI. 2 L,u.ak a Firﬂ.

Tl s .
TS T
= _—.-—"‘ g

i

Detection of accidental release 2 Stop the pumps
> Fire” pccurs - Raise the alarm and Escape
! (Do not calculate the fire effects, just image!) ==

T2 3. EYESIM &% A|Ua] e ojA]
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1.2. VR Safety Training

2¢0]9] GEXCON AtofAl 7ider U 7HdAA7]er OTSolt.
oFA Al 475t Scheneider ElectricAl= DynSimol2ts 24 A8 0]
Bl ARESt 389 AYFEH R SAGES Algdolde dagste
th. o]+ wstido]l CROPF FOP & FHolQl7] wiwolt}y. VR-Safety
Training 1 th%fo] FOP#oltt. o] tiwo] 57 Al&efold2 HA|
SHA] 4ot FLACSzt= Aoz 7ideh AlE2olEE ARESto] At
AL AlgEoldS AAIstaL o5 B35t Atalz Rlsto] TAE 4 Qe
ANES APFHoz AAlsto] &t EAQ o2, TreF shajrt LAY
I 8 JAMFS ARESH] 7Hdehd Uloll Qe otbtEY] AFgES Al
fo &t
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Accident Simulation Based on Training Scenario

Virtual Reality (VR)

Scenario Generation CFD Simulation

Mapping to
Virtual Reality

N

D 7FAstA e EYESIMa} ORI 2 @ B8] A2 AR5t 7}
FEHEY EUES E=ol2a SIAL ol HEol BAAAMES AMESHA
FOP7} AR = XA Flst= o2 7HA] Ps(e.g. WHO opk =2
s)es JHIAM0NA Fest sttt obA] FAle o] Hofd 7l
S olJ® demonstrationt]Ao] wofjz]o] AFRAIE9] feedback2 b

2 QIT.

T8 5. FLACS VR Safety Training €73

1.3. Virthualis Project
olgkejoto] el rfshof A

UASHH ol 3AdHSY TS =t} st o2, Ttef ZA9 st A
oA FFo] YAsIH o] &2 orifice AG} T4 4H, 2%

of metA 2dg. g 2

l

GEXCONAQ] VR-Safety Training
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gt Wshrl= oj3ch ol2jst BAIES sjdstut olZelore] wat

=
L Histolde s78u AbAlEoldS A0l Aldste AlRS AI°Y

Reaction

=0 section

' Process drum

T3 6. Virthualisol|A] AtRst= Al AJLte] @

a9 6.1 Zol 3449 SAAEANA FFo] LYASH 1 XS V%
© =2 poolo] Y=L, TF pools Fdsh= =40l AsHd EAol2tH
SHRZF A & ot oA B w A IFHSE AP RHElZ Higfo® &
A ol AL AlYR] E Vidstal o] 3D 7HIEH 4ol mapping &t
He Al=7F olRojX|1 oty &34 Al=#o]Ad2 Honeywell Ate]
UniSima ARESto] A[Sstal At Algdo]de ApA|Ao=z 7 st
AXIMo|gt= =g 7388 AL85tH, Visual BasicE Atgsto] o] = &

2 Asstn k.
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Dynamic ProcessiAccident Simulation Virtual Reality (VR)

- 5 < . Real-time
F. | I_ ! osbsers simuleion realization i 3
e T ——— L
Ill-|.-' o :-I\lfl'll'\‘.f"".l.'l'h“' | - g b LY e

=y LM ——

I Laak

=F L Dyramic Accident SurolEins
| - et I e e e "
T ermagopr e

| P 1 oFs E
L
Visual Basic™ b= e mm 1
{Oibject Linking and Embedding) e e i

a2 7. Virthualis 7@ 2AIE

1.4. 70 i =2 EE] AFAE

VR Safety Training by Gexcon

EYESIM™, (Honeywell)

' Dynamic Dynamic
‘ Process Accident
Simulation - Simulation

@ 5379 AL AlEEold Ba, 34 4 Aledeold 19l vHd
A o] AIPHAl Bs9f Z3ol o] FoXof g

@ g ¢ 8 =29 Ao Fgsts tdet AL Ay ot
EAlstofof <tet.

@ UG T AlLE S mElE H78(F8)0l ARl AlY £T o2t

Z% AlGjo] 0xE YA BoiFol ALgAlA Wrt o P ATE



Process condition

ty | Process unit operation failure 'y TR u Rebease rote, git] celcuation
i A Ly
{Fault detection) - - Liquid leskage modes
1 - Hote formation E aith =P, el
-y [ e
; i isolation Pool formation & evapornization
I Operator Swarenss = | - Gas leakage model

[Remaote) 5.5V shut-off jet release modeling

Field oparators star 1o move

Scenario Generation

tz | Complete chosure of valves
[Manl) Feed suppdy bipck § ventilstion 30 CFD Simulation

Escape of field operatar
| |

e o oy | ! Pre-calculatediof-ing) data

* - Pre-processing for Vil angine
: h i - Dt 521w r.t Dperator Actions
Dynamic process simulation Engine

e ® § T
B Rk 2! "= '
ks koe || @ B @
S .‘l ) I' per—t=af - i -
B ey ¢ 9@

— — AP AILEE S
{2 —— LS

uopenwis JUapYY BLll-jeay

29 9. /AL dF € E g dAE

© 979 g8 Y derode AR AAARD ol (trip) Alu
]_

2lost EAict of7]A olold, eufelolele] A& u40= QA
AR RRE ] B WatdAS wiAIG THE of7]x] 23 9RaQlo
2RE WA 3F WA AR TR o2t o wHo 2
AFHFHY ABO02 g relief WHo] AHEo] 9lct

aror, ol2igh 37 wWakadel AW FeT EAUCHE, Gad B4
ol dold ALE 1 At olojAlA Tk @l o2k 240l
55t e o, relief Wust AHEetA] eobA] 2xKgo] A4 Abastel

o
%
atolmatelo] F7kel S AR Loto] tiEE A9t ot

2 AFfA S JAl=do] 9] 4% Aspen TechAte] Aspen

rr
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Hysys(o]st Hysys)& AR&-stil, AbaLAl&2o]d9] -9+ Gexcon A9
FLACS(o]st FLACS)E Ahgsto] Alg2folds Alsyeitt. o]
|
A
Asst7] Hslide & Algdolds oloja+ Qixlo] Hastth. 1 7id
T2 ofzfe] 1o UERIT.

Rref ofmot AJZHtO)oIA BB} Z2 34 /R Aso] ool A

LIS
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=
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A e 1= sH So| A2 2oz, FZAo|AozHE X
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©)
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o
i

ri

Anpl AL olojRls @AS eAHOoR s|asti, AARIoR

ATk sbgstat. 8w 370 og WAT:RE, P, Figa)5ol
AARTO2 WSk Stk oF ol dRiAol ojmt MEHS Holut A

Ht2)o0 A ARzt Ase®, o] e AARIC2 Welste 374 Al

g2]0] M (Hysys)®gt ohjel 1 Aj7te] EAWA(T, P, F)E Jdvise
JIRIE AFn AlBEO] M(FLACS)S Alasint. o|&7] MAztos wals)
L gAAEYold Auet gAAlBHolMoRYE ol YAwpz
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Ao g2  MicrosoftAle] Exceldt AlX|7Fog2 H=o] &= Aspen
Workbookol2f= F0] UlgEo]QlojA] ExcelZ AMESIH Ao =
Aspen Hysys®t FLACSES A =o] 755ttt ZAA O 2 ExcelofA]l %]
Aot= =2y Aol 28 mz 3l VBA(Visual Basic
Application)o]&351H CfgFst ALst A|Ue]l Qo A|&ro] Jpsstog, &

AFolM = Excelz YAz &5t /AL Besd AAR

Microsoft EXCEL

‘!‘ ! = % =

Real-time PV integration between
Aspen HYSYS & FLACS through E

2.1. Aspen Hysys/Excel 9% &dy2]|&5

Hysysoll&= Aspen Workbooko|2til st &0] £Afsto] AA|Zto =2
37 =21 3 38 FHHSES HARKICRZ Exceltt 5T 4 U
Workbookof:= Organizergl= W& E17} £A15to] Hysyse] ¥H4s

Excel2 22101 AARIOZ o] WaSo| of@r WsteAlS FAL 4

_14_



Microsoft EXCEL

Aspen Simulation Workbook
(organizer)

2.2. FLACS/Excel 9% <13 &
FLACS= CFD(Computational Fluid Mechanics:3A}d &57HS &
2L, 249 220 JAlY f5=2 BF, dUAl, 25 EEAL
2 EolUe IR =218 Alkg)z2 a8017] miFo] HysysAH
2 ZIS Excelo] ¥Fobd & ot mebA st =24(2 k&,
dH, 7NN AlEfold ZE vl2] A3Adsto] Excelo] A7&sto]
=31, o] AExceld] YWAE ] Q= 2 Jefrldojol VBA(Visual Basic
Application)Z ©0]&3}0] Hysys®| ZAo] wef HARTO R Wil &%
Ha(2l, 9, g0 T2tA dste AL AlE2fold 2atE AAIKD
o2 E9F & =T dyuES dstY. FLACSOM= 54 At
VAU o theh AlEdo]ld Zumd-E Excelo] AFEE 4 Q1= Ho]
B gz g & Ql=dl, o] o, AREAPE HiolEE Shwol ZotE
& Q=S SHHO| flolf 7hg& At o= AA] VBAE o]&gitt.

O_u
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Accident Simulation : FLACS

Visual Basic Application

T3 12. FLACS/Excel 9% &dya]= 7jd HAE
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3. ZaME QIEHAEE A8 o]M mzEEl]

ama Valys Linits  Monitor [T Walus Uity dgaitor Mama Valus Uity Wesdtor Hame Walus nity  Moniter
Ry GE 50 % Hole OFS o FIC-100 Setup FIC-101 Sebup
e OFR 353653 % Talase et EE3ELL kgt LEEN on Hods on
Man WMaarforw 144E=C3 kg™ Holy Lo QoC8 m2 I Pesnune) 148833 piom2 | il PEnd Preuure) 122804 kgicm2
Prabm gy Repuow 6 I5EL4 kg® Sag 14823 kgioma T |sewenm L4£833 kgiomi
MEav L OP% 511159 % Manv_T OP% LEEEH %
Runbdode Dyramic S5V_1 Block Selup 55W_2 Block Setun
SNUINOn LT I9EC sHronds Mode o - o
Lodate Aoyl i0 sezonds 50 _1 Eiodk Thrsmolg 11352 kpremnd 35W_I Bledk Thrashaid 11352 kgiemd
Rkl e fato 33 ST 1 OF% 100 % 32 OF% o

| te Soevarie |
i e R . e '- @ e
[ ] s Casa 3 ﬂunll: . —— _ . - ' ; . " Py kﬁ.ﬁm:‘

Overpressure
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3.1. 2 EEQ] 24494

Dynamic Integrator & Simulation Mode

Mame
Runhlode
Simulabon time 210 | seconds
Update interval 10 seconds
Resl time factor 10

T 14. Dyranc niegaiar & smubin mode

>
l:Tf
&£
i)
2
1Tkt
o
F
rlm

(run, pause, reset)s FollA AlsgfoldS ASE

sIAY W& 4 9l Simulation timeg resett{£L =2 A|AHE

F& UEfUY il update interval2 AARS] 81: &,
A

real time factor= AlEZold-g Lot w=2A XSRS

<
2a)
N
>
2
X
oX.
=
o
>,
N

Regulator Operation

Regulator Operation

Mame Value Units Monitor
EMV OP% 50 %
RV OP% G.59E-99 %
Main. Massflow 1.43E+03 kg/h
Preliminary. Massflow 142E-10 kg/h

2 15. Regulator operation

Qomao]g7} £AS 715H= Control RoomS UERAC} ValveZ
1 ZEAY RV OP%s 38%8AY dFEE = 5+ Adoh

e
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Source-term Model

Source-term Model

Mame Value Units  Monitor
Hole OP% 0%
Release rate 6.63E-11 kg/h
Hole size 0.008 m2

2 16. Source-term model

Aty HAel S o 2dstel= Ao|tt 2.2.3.94 T]astd2 FZF0|
choked =2 unchokediEjollA] dojut=A] &Qlstn o|ouizt Hole
OP%Z AF=zo 2 AAXsto]Fct

Controller set-up

Main. Controller Preliminary. Controller

Name Value Units  Monitor Name Value Units  Monitor
PIC-100 Setup PIC-101 Setup
Mode Auto Mode Off
PV(2nd Pressure) 1.059539 kg/cm2 PV(2nd Pressure) 1.059539 kg/cm2
Setpoint 1.059207 kg/cm2 Setpoint 1.059207 kg/cm2
Main.V 1 OP% 51.00342 % MainV_2 OP% 56.58941 %
SSV_1 Block Setup SSV_2 Block Setup
Mode Auto Mode Off
SSW_1 Block Thresheld — 1.135199 kg/cm2 S5V 2 Block Threshold | 1.135199 kg/cm2
S5V 1 OP% 100 % SEV 2 OP% 0%

1 17. Controller set-up

A EA5H= 2719] PID Controllers(PID-100, PID-101) & 2
7§9] on/off controllers(SSV_1 Block, SSV_2, Block)?] F+4d&
sttt Controller®] mode &% % setpointZ-2 threshold ¥7o] 7}

ot

ol

=
o
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Monitor

Monitor

PV Value kg/cm2

1.06

1.0588

1.0596

10554

1.0592

1.059
101 (B (B 8.5 P B D OO T AR RO VI [

= 18. Monitor

S7dH o] Ao & trendE AR o= sl & QT
Trip scenarios

Trip Scenario

‘Cmn1 |Cnm2 ‘Gamﬂ“l:m&d-J

Casa B Casa 8 Casa 10

View Scenario Tree

21 19, Trip scenarios

A oAt AlUg] e & Alsisttt. View Scenario Tree H

OfoJAlAEof| A AAleH 37 ol AlUElR EdE & & ¢
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Y | N
wjuldels] ats RelietV X1§
Y T N Y 1 N
1 1 | 1
I3
axpet Hat Relief.v &5 Il FH
Hphs xpgk HChE = X
| X I N I"_I_“I —
[ =
ofj | 2tol &5 Apa uba g1t}
.SV (@ 2%per A A s 2k}t % =S
23 gk e Aok @ teEd (Hole Release) ey (Hole Release)
<Case 1> I"'_I_“| I"_I_"'I | <Case8> | <Case 10>
AT b AT g APTL uhal ofiH|2fel ofle|atel
5.5V @ =3 5 = o
= 3H ® (32 3%) (Hole Release) HY 23 H4 A3
<Case 2> I'f_l_"l <Case5> <Case6> <Case7> <Case 9>
Ap b Ap b
32 3%) (Hole Release)
< Case 3> <Cased >

a3 20. 57 ol Ay Ed]

Accident result

Indoor Gas Concentration Outdoor Gas Concentration Overpressure

A a I
AL SRS Alo] HeTistaold 485t Al AlBeo]d Antz
HolECh JYAo DTES AAMOE HolEW FA FUA YR
of 7] PolA FEY 7120 MARF 5E U #I]T EoloHY HUh
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3.2. B} ARt HF

2M12 Platform[Visual Basic Application Base]

Main Server VR Engine{Unity 3D)[C# Base]

Comenast UM Scenario Controller

SN2t 22 A0l

Pressure P2

HAIZEH Y225 - P(t. valve OP%, etc..)

SIAJZE A2 OO E

(81 1ol sty eebeune: 0] Mo e 0l e

-
[T —
..... i)

Overprewand 2 70ary / .1barg Process Unit
Unit information

%, s | transmission -Ai_..

[UDP protocol]

+= u
4r
on
';
oF
fn
[n)
®
!
N

NP, u:vzt}

olfer Algdlold Avts MRS THIdd SRS dedn. AA
2R 80 AL AlEdfo]dS AdAlste A
2 25, 79 o) AARE ARAEY P(BYLE UFE Vthek, YA
& b2 7RI o o2t HE-55 UDP Hojg $44l JEi=
INIFol @AFA = 7P Woll EXfsts o AlolA
Ztel Zgule] gto]l Aledold Aol SiEo] v "ot (F2 S ®)
Rrof 7hde g WiollA ofutElyt ©BH.S xAYsto] HEBO] OP%7F v 7|
2 4% ol £ UDP tHiolg &4l PEHIZ 2N 79 =2 EERQo] A
SEol v 20N Al o]dS AR (2 std®) ol E=H

E710] JeArge Elo] ML S A% o] ojAlt

o

22 Al

=]
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A dES Foy Aestal A&sHA Alest=Ro detA I 5ol 2
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[F=5] SHE AHHAEIE AEI0|NM ExE

& & FdAT(VBA)

Worksheet event procedure module

Private Sub EMV _off _Click()

On Error Resume Next
Worksheets("Process").Shapes("EMV _on").Visible = True

(
Worksheets("Process").Shapes("EMV _off").Visible = False
Worksheets("Process").Range("G4").Value = 0

(

Worksheets("Accident").Range("B2").Value = Worksheets("Process").Range("C10").Value
Dim i As Integer

If Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B1").Value
<= 60 And _

Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B1").Value
>= 0 Then

Fori=1 To 99
Worksheets("Accident”).Cells@ + 1, 7).Value = "=IFF" & 1 + 1 &
"=0,0,IFERROR(INDEX(Data_1min!B:B,Accident!F" & i + 1 & "/10+2),""))"

Next

Elself Worksheets("Accident").Range("B2").Value -
Worksheets("Accident").Range("B1").Value <= 120 Then

Fori =1 To 99

Worksheets("Accident”).Cells@ + 1, 7).Value = "=IFF" & 1 + 1 &
"=0,0,IFERROR(INDEX(Data_2min!B:B,Accident!F" & 1 + 1 & "/10+2),""))"

Next

Else

MsgBox "Mission failed. Reset scenario and try again”, , "Warning"
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Application.OnTime Now, "updating", , False
Application.OnTime Now, "Hole", , False

End If

If Worksheets("Accident").Range("B6").Value <> "™ And _
Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B6").Value
<= 120 Then

MsgBox "Relief valve operation scenario completed", , "Sucess"

Elself Worksheets("Accident").Range("B6").Value <> ™ And _
Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B6").Value >
120 Then

MsgBox "Mission failed. Reset scenario and try again”, , "Warning"

Else
End If

End Sub
Private Sub EMV_on_Click()

If Worksheets("Process").Range('L4").Value = 10 Then

MsgBox "You cannot open EMV during Hole & Release scenario’, , "Warning"

Else
Worksheets("Accident").Range("B2").Value = ™

('

Worksheets("Process").Shapes("EMV_on").Visible = False

Worksheets("Process").Shapes("EMV _off").Visible = True
(‘

Worksheets("Process").Range("G4").Value = 50
End If

End Sub
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Private Sub Worksheet_SelectionChange(ByVal Target As Range)

On Error Resume Next
Worksheets("Process").ChartObjects().Visible = False
Worksheets("Process").ChartObjects("chartspot").Visible = True
Dim i As Integer

Dim j As Integer

Fori =4 To 12

Forj=1To 4

Worksheets("Process”).Cells(i, 5 * j + 4).Interior.Colorindex = 0
Next

Next

Dim x As Integer

Dim y As Integer

x = Worksheets("Process").Range("A1", ActiveCell).Rows.Count

y = Worksheets("Process").Range("A1", ActiveCell).Columns.Count
If y =9 And x >= 4 And x <= 7 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 14 And x >= 4 And x <= 5 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 19 And x = 6 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 19 And x = 8 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 19 And x = 12 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 24 And x = 6 Then

ActiveCell.Interior.Colorlndex = 17

Elself y = 24 And x = 8 Then
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ActiveCell.Interior.ColorIndex = 17
Elself y = 24 And x = 12 Then

ActiveCell.Interior.Colorlndex = 17

End If
Worksheets("Process").ChartObjects('chart" & y & x).Visible = True
End Sub

A. Time-checking module

Sub hole_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Hole"
End Sub

Sub ref_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Ref"

End Sub

Sub pre_check()

Application.OnTime Now + TimeSerial(0, 0, 1), "Pre
End Sub

B. Reeal-time 2D image updating module

Sub start_updating()

Application.OnTime Now + TimeSerial(0, 0, 1), "updating"

End Sub

Sub updating()
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On Error Resume Next

Dim i As Integer
Dim x As Integer
Dim y As Integer
Dim z As Integer

Dim a As Integer

z = Worksheets("Accident").Range("B1").Value / 10

For x = z + 3 To 100

If Worksheets("Accident").Cells(x, 7).Value = ™ Then
a=x-1

Exit For

End If

Next

y = Worksheets("Accident").Cells(a, 6).Value

If y <= 60 Then

Fori =1 To 50
Worksheets("Process").Shapes("picture” & i).Visible =
Next

False

Worksheets("Process").Shapes("picture" & y / 10 + 26).Visible = True

Call start_updating

Elself y > 60 And y <= 120 And Worksheets("Accident").Range('B2").Value <> ™

And Worksheets("Accident").Range("B2").Value
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Worksheets("Accident").Range("B1").Value <= 60 Then

For i = 1 To 50

Worksheets("Process").Shapes("picture” & i).Visible = False
Next

Worksheets("Process").Shapes("picture” & y / 10 + 1).Visible = True

Call start_updating

Elself (y > 60 And y <= 120 And Worksheets("Accident").Range("B2").Value <> ") Or
(y > 60 And y <= 120 And Worksheets("Accident").Range("B2").Value = ") Then

For i = 1 To 50

Worksheets("Process").Shapes("picture” & i).Visible = False

Next

Worksheets("Process").Shapes("picture” & y / 10 + 26).Visible = True

Call start_updating

Elself y > 120 And Worksheets("Accident").Range("B2").Value = "™ Then
MsgBox "Mission failed. Reset scenario and try again”, , "Warning"
Application.OnTime Now, "updating", , False

Application.OnTime Now, "Hole", , False

Exit Sub

Elself y > 120 And y <= 240 And Worksheets("Accident").Range("B2").Value <> ™ _
And Worksheets("Accident").Range("B2").Value -
Worksheets("Accident").Range("B1").Value <= 60 Then

Fori =1 To 50

Worksheets("Process").Shapes("picture" & 1).Visible = False

Next

Worksheets("Process").Shapes("picture" & y / 10 + 1).Visible = True
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Call start_updating

Elself y > 120 And y <= 240 And Worksheets("Accident").Range("B2").Value <> ™ _
And Worksheets("Accident").Range("B2").Value
Worksheets("Accident").Range("B1").Value <= 120 Then

Fori =1 To 50

Worksheets("Process").Shapes("picture" & 1i).Visible = False

Next

Worksheets("Process").Shapes("picture" & y / 10 + 26).Visible = True

Call start_updating

Else

MsgBox "Accident scenario complete"
Application.OnTime Now, "updating', , False
Application.OnTime Now, "Hole", , False

Exit Sub

End If
End Sub

C. Mild case scenario module

Sub Pre()

If Worksheets("Process").Range("C10").Value > 0 Then
Worksheets("Source").Range("]5").Value = 200

With Worksheets("Process")
.Range("Q5").Value = "Off"

.Range("Q10").Value = "Off"

End With
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If Worksheets("Process").Range("Q6").Value > 1.2 Then

Worksheets("Source").Range(']5").Value = 790.1547

With Worksheets("Process")

.Range("Q12").Value = 0
.Range("V12").Value = 100
.Range("Q5").Value = "Off"

("
(
("Q
.Range("Q10").Value = "Off"
.Range("V5").Value = "Auto"
.Range("V10").Value = "Auto"
.Range("V7").Value = 1.059207

End With

Exit Sub

Else
Call pre_check
End If

Else

MsgBox "You have to start Dynmaic Integrator first", , "Error"

End If
End Sub

D. Relief case scenario module

Sub Ref()
If Worksheets("Process").Range("C10").Value > 0 Then
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Worksheets("Source").Range("]5").Value = 150

With Worksheets("Process”)
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"

End With

If Worksheets("Process").Range("G5").Value > 0.1 Then
Worksheets("Accident").Range("B6").Value = Worksheets("Process").Range("C10").Value

Exit Sub

Else
Call ref_check

End If

Else

MsgBox "You have to start Dynmaic Integrator first", , "Error"

End If
End Sub

E. Worst case scenario module

Sub Hole()

If Worksheets("Process").Range('C10").Value > 0 Then
Worksheets("Source").Range(']7").Value = 300

300

90

Worksheets("Source").Range(']8").Value

Worksheets("Source").Range(']5").Value
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With Worksheets("Process")
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"

End With

If Worksheets("Process").Range("L4").Value = 10 Then
Worksheets("Accident").Range("B1").Value = Worksheets("Process").Range("C10").Value

Dim i As Integer

For i = 1 To 50

Worksheets("Process").Shapes("picture” & i).Visible = False
Next

Worksheets("Process").Shapes("picturel").Visible = True

Call start_updating

Exit Sub

Else
Call check
End If

Else

MsgBox "You have to start Dynmaic Integrator first", , "Error"
End If

End Sub

F. Scenario reset module
Sub reset_scenario()

On Error Resume Next

Worksheets("Source").Range("]5").Value = 790.1547
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Worksheets("Data_Plot").Range("G1").Value = ™
1.4
1.4

Worksheets("Source").Range(']7").Value

Worksheets("Source").Range(']8").Value

With Worksheets("Process")
.Shapes("EMV_on").Visible = False
.Shapes("EMV _off").Visible = True

.Range("G4").Value = 50
.Range("Q5").Value = "Auto"
.Range("Q10").Value = "Auto"

.Range("Q12").Value = 100

(
(‘Q
(
(
.Range("V12").Value
(
(
(
(

=0
.Range("Q7").Value = 1.059207
.Range("V7").Value = "=Process!Q7"
.Range("V5").Value = "Off"
.Range("V10").Value = "Off"

End With

Application.OnTime Now, "Hole", , False
Application.OnTime Now, "Pre", , False
Worksheets("Accident").Range("B1").Value = 100000
Worksheets("Accident").Range("B2").Value = ™

Worksheets("Accident").Range("B6").Value = ™

Dim i As Integer

Fori=1 To 99

Worksheets("Accident").Cellsi + 1, 7).Value = "=IF(F"
"=0,0,IFERROR(INDEX(Data_2min!B:B,Accident!F" & 1 + 1 & "/10+2),""))"

Next

Application.OnTime Now, "updating', , False
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Fori =1 To 50
Worksheets("Process").Pictures("picture" & i).Visible = False
Next

Worksheets("Process").Pictures("picturel”).Visible = True

End Sub
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) reaction section®] 7}=st FHAXRAO
A WAl ko] 54 Brhssto] o

oetal, B3] Hhs Bg=RE LAY

ga)
o2

l
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st 12/0d0 2HA At7E dojd 4 Qe FET H
HE xdsto] B2gZ Agsidth. A 2ol Hel= vh37|
SURE 4 F5Y TWAA WS Zadsts UYL A
PYotoii, 1 FYNE sEE: 3Y 83 Zoh AW
fractionator?] productES &A3sH H o= ¥r27|9] outputl

2 75k, olF & A9 scope?d 7Y ATl HHPSY
feed2 FUstth. 7 o]lg HLPS, CHPS, CLPS, CLPFDE A4
2]&A 0 2 Atmospheric FractionatorS AU productzZ £ &
g

2 53789 feed= AT AW O] Theer A|AAAL 7 H
Al A (Composition, Temperature, Pressure, Flowrate)S o|&
e AA XSk s @ gt 71 oil componentE
AFE51E T Normal boiling point(NBP)S 7|&0 23t Qil
hypothetical component52 NBPS 7|&°2 =2 Naphtha, Gas
0Oil(GO), Atmospheric Residue(AR)2 A 37HX] 21502 L

= AlEdold RHEoAE A4t FA0 BlojUA] ode o= Y
ANM d&d LEHS Aldstdch. AA sZoM= AyAl 24
= &< 389 BAd =28 Ho e 348 aAls ol €
5 Y(Heat Integration)g A-&3IATh SHA|TEF 57 7lo]2of o
© AL AlY2| 9} FHEY tiSS 5] At & AollA
SR dedd 22 84+ SEa% SAES 77 2
Qlofat TWEsto] A5t TS| 7HJ9] utilityE ©]85to] &
ol 8" AA 3482 {HHeste 2ASHA

ZF unit ¥ stream 9] AFQH(specification)L d1T] @ U HE 3 of A]

)
of
rok

PFD 9 P&ID9| 3& 7|E0 AR}
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o
ﬁ” dyn_ralval
CHFE
& &8
E-100
v it
7 oy PC_valval
VLV-100
LE_valved cIeg
4 L
VLy-101 —
FED, np

™ i LE_valvaE E-108

FED_AR 1 TEe-100

-1ee

e
HHPS : [:‘/2] Ta Flam -11
i E‘j G | MM Rt FE_aival e
wiz-101 i L

W-1H LE_vaival L
g

SldeBtinoar
w1
o
8 o-10¢ S
] .,_.@-*:M—-:
RCF- & a
& ‘g’ wi-e
2
U I, ;
B E) 7 F-108 ﬁ—h[}ﬂ—
L valvat g
! Funsce S TEE-10E w1
o-108

19 8. FAEE Aledold 22 §74d sE5&=(PFD)
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3. Al AUe] oY =& A A|Eo]d el Axl 9l B

3.1. 88 &4 Aledold =3

An A et ROl

AAHERY] stateol ol o £5tx]

LS statezo] AlZto] W wstz SA FA AZoldg I
olo] wat HAYEl RAL s|oR SH LA 7}

Q=2 st

ST 2HEdS
71719} sizing datafl Aol =A1Z ZSFSIAUAL SFR
datas I LW I oA AT
o] JEE ARESIGI.
A Ao}7]9] parameterz2 Ao]7]9] &
o zHF HQA] ¥4(tuning)S &5+ OJ’EJE*OJ &8 A=
A RES 55T Aof7]E Ao parameterQJ

Astoict. 54 A8

St

339 e

o ofef m. 13 Zch. B4 2 AAC 2A %

R

Alojstz] feh Alo7l=old,

o} (O
’ %E‘v ]:]%]I Tr‘—|

=

]017\4—1 ru_/'\_ _9_/\0] 71—
1l, sizing
st RDS process® PFD % P&ID
AAsE7] 95 Ho] =

Foll otE Qv @
0]

Qubsel g

HA

20789} Ao17]

7171 W AA9] =o] Hass

ZH3st Aol JFAR=Z = cascade

controlo] Ag&xlQict A FARH F7F& TRF-1 unit2
oo HYPY At AUl S Hdi EA Ha(valve
opening)?] AR ¥stS Fdstr] gt 71 ARl ol
Flow Level Pressure
Kc 0.5 2 2
T 0.3 - 10
Temperature
Liquid Gas
Time const. 0.5 0.1
Type First-order Lag First-order Lag
# 1. Aloj71¥ L¥tAQl tuning parameters
olZAl AMART A Algdold 229 34 s8=v 19, 9%

2ot
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3.2 Aue] o Alg ol Azt
3.2.1 £5 24 ABolde AT AL Auale
RO AFL Aluele Zoh} AjeUWAdA AlBE o
glold stolEatel Atee J|uloR WA b5 Ak A
2Agsto] s AlLkel 9ol thstol AAMAIE B4 A
olojx] 4 24 ABeolde AU} tEg
3 % 9lk 24 Aol nemgte] H2E Atw WA
1

e
) N
wEatnel SAlo] FA

HLPS LC/FC2| FC
Power fail

FC valve OP% ZkA
o g HTHHHPS)
obsi 43

He
spHslzs

FC H|Y el &5

(or HE Hash)

=Hs (Ao wE
gﬁ'% !,i;!.:w,'.‘ﬂ HLPS pressure
- L-H® J-!I‘E 'g%

< Mild Case > I

Vapor line PSV &

SO E 20y
H, =SAID

< Release Case >

= 10, AFaL Ay e
Hot Low Pressure Separator(HLPS)oj|= separator?] level
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S AoJst7|¥st LC(Level Controller)/FC(Flow Controller)
loopo] A& ojdtt. LCE £4& Ao FtX(cascade control
logic)©. 2 primary loopC. & LC7}, secondary loopl.& FC7}
ARE0] AIRE AlA} Abo]2 S WAISHES Eof ot o] o
FC(FTC;fail to close)9] A9lo] xthg]o] HJAMAFEfol A Af|ojg]
 valvef] openingo] fAasto] A Y=ol gl HH
oleist Aol WSS U EAUo] AAF xAZ 38
of Aol Fdet = FC7F A4 Assto] valve openingit

S| Mol e AAstelo] Abst WAl ekl B AA
o] AMoj7|2 ofzte] 9JTHe AMst FANENR LHDCh A

o A 2R MR B S HLPSS] Y
2 55to] ALE QMRAAIY PSVE AFEstol mengtel H2vt
FEEE AL WA 4 9ln, Yol o flangeold &

o WS 4 9lrk.

©]

| Bl HL

3.2.2 Atn AlURleo] dhgt S4 Algaold At

Aol At Alyg]eo] TE FA Alggo]d2 HYSYSS
Event scheduler2 ZIdfstct. 71 10.9] Aty AU & Xl
A5H7] Ysto] B 2. °F #L Ao Z ‘Mild case’'?} ‘Release
case o gk 27}X] AtaL Algefo]dE A5t
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Scenario #1 (Mild case)

FC1 Mode recover

Controller Fail Pressure Rise
(Casc mode)
El d 10 FC1 Mode off VLV “OP%:
apse sec ode o
P - - Less than 35%
VLV ‘OP%’ Ramp Re-setting
FC1 Mode off
Ramp(TRF-1) On Ramp(TRF-1) On
Stop
VLV ‘OP%’
totally recover ®
Stop Integrator
Scenario #2 (Release case)

Controller Fail Pressure Rise Stop
Elapsed 10sec FC1 Mode off Elapsed 20 min
— —

VLV ‘OP%’
FC1 Mode off Stop Integrator

Ramp(TRF-1) On

(* E : Event Name, C : Condition, A : Action List)

B 2. Event scheduler

@® Scenario #1 (Mild case)

Pressure (Kg/cm?(g))

= 11. Scenario #1 Pressure profile
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Release Flow Rate (m3/h_(gas))

Azt

LeakageLine'F

I3 12. Scenario #1 Release flow rate profile

@ Scenario #2 (Release case)

Pressure (Kg/cm?(g))

Az

-LeakagsLine 'P'

= 13. Scenario #2 Pressure profile

Release Flow Rate (m3/h_(gas))

I

LeakageLine 'F

2 14. Scenario #2 Release flow rate profile
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3.3 AlY=| ¥ Alg2old Axt &4
3.3.1 Scenario #1 (Mild case)

A A Ayl = Event schedulerd] wela] FC1o] XA
Ao we} mode?t ‘casc oA ‘off 2 WZE 1, FTC typeQ]
valveZ} ©35]7] A|ASHHA] Kiq(Leakage line)o] 4ol FA
‘JEH(25kg/cm2_(g))oll Al AMAS] 4F5st7] AJARSHT. o] m w]o]
groe Sollt 9 slAE fd A QAN PSVe

set pressure(b0kg/cm2_(g) : UHY 45 7HAgte} EHAY

1=
AxE 9Jsto] BAgom At xR0 wUstr] Mo FaAL
FC1o] AYe 2ea7= AAst & |

2o metA FCL9l valvers TA] HAAEIY YAZ2 EHUE7]
AZFshal, o]of whet o] FAtetE . PSVE] set pressureo]
TESHA] Qgfoug 7@ 1dol H27tA =5 S Qo] A

Heles S=H0.

3.3.2 Scenario #2 (Release case)

= RA AuEles A RAeh S5 FClo Ade A
3 mode® $AstE Yool A5 Hek. A £
QE= AP Uol AEst RX|E FSHA] X5t9 s 24
=o] PSVO set pressureo| Z=gsHA E= AlLpe] Q0]
Set pressure| =ESHAIEW PSVE 7R o] 7tAE “PxﬁfL
B715t ghele slast). PSVel Jjut mals) v e oY
2felo] i 1ol H27[A7E &t AHo| ¥hEE= AZ 1
145 Soff &eld & o o] 4% AA RDS 37gdoA+=
2}olo| flare stack® headZ HZAEo] H|WA OFXSHA
s A2lstAl =, HLPS] 7 Qolet shgat A9 w3
Abe mestn AEe] Abn Al sbgstact of Al
Qo] HZAAM AZdistuor FI7HAQ +5 AU E W1
Jof whe stA @ Edro] sbsE AlueleE AHE Aol

O

L ot

g

ol

o

f

e o
P~ ol -
rEl ofm

=
=
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4. HRStetEAE AEAEE A geold 22 eete] AL
1 af

7AYo= DCSO|A +%35t= CROP2t CROPS o wtA A &
Aol ®iE St 22 34 GRS Z2Aske Field Operator(o]s)
FOP)7} &xjstct. MEARQl OTS7} 2D 7|5t 7pAatgt7do Al CROPS i
=5t= Ao 2F8E % g, ol 2D 7oA+ FOPUSZ ¢
oz 08 AMAro] Z]eARl AR Qlsto AMAA E71s5%7] WE
ot SHAIRE 7]=o] R 7|Qlsto] FOPE £igt 3D 74 &
Ato] 7hssto] X|HA Z|Lofl= CROP #8F ofyzt FOP7HA] of-¢-
Ae OTSTF AATE] AL Qloy
FOPZ ¢35t OTSoA TR0z RTE|ojof & Q4= 3D 7HSdA
C}. CROPo}= &2 FOP o 3 =
ZASH | mjof AR A o
+ A7 EAisH7] ™iEoltt. 3D THgRIA e 71E9] CROPE ¥
St
=
k=1

P
¥Q T
rlr

2 o g

2
(@]
=
=

rlr
>
)
roh
N
bl

U

2D 719F OTS9t+= o2 of% FHASH =SAAQl Fors d4
Ao z|o|z Tk 3AME ™ol ofd of2| 7R =
S dlopa] ZUFH 7P Al(Immersive Virtual Reality)?] 72z &
SHAl AgEl L it 29F 7HEdAols ©stA 3D oS He
A
v

> nE oo kI oot o o

= 89A 2F2{£(Oculus), 7]0f(Gear) &2 7|8t gH]9] =35 U5

o@K A7, W7y, &7 50| M7 7SS At2sto] ALgAtolA mop
aubHel BYUTe A JPREA Al et G Hofolc). o|ajd
AUS0] £88 WS O AMBAMS AlZL A7 £7Ho] grto] mot 2
AL W Ho, ol etaEIE woled A lelgitte Ao| ¢
zeloich meb 288 MU0 BHoR she OTS AMolAE ofaia
Aulse Mgstels wo] Fwstch ofwh, oled 8o Aulse
olEl7tA] 717o] Ul WIKI Yula ABEHE obAl o]2of A kgl
mgo] BE Au)sl AgE OTSE ofal Wojelx] gigkon] Wumoe
A7 E7), 2e A7E S pEA 2A7e AlTstel eiEETlE Rolt

2
&
5
0
o o
%0,
oon

OTS& Al
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4.1.1 EYESIM immersive Training System

EYESIM Immersive Training System< 9=9] Scheneider Electric
KpolA T 29E 0TS amEFojolth, AEAQ 0TS DHTLA
2 39 BAYEH E SATHE AlgdoldE 7|EAo= AlSYstH
o] DynSimO|2l= 2 I3 F5to o]Fojflt}t. & OTS+= CROP%}
FOPE 93 1% AARE wF MBS0 CROPE 93t B8 AL

9] 4L HoneywellAl9] OTSe} Zo] 7|&9] 2D 7Htetdy 34 o=
x] ot F=& uhgh 7142 FOPE 9Jgh 3D 7Hehd Z3=Qlg] o]
= DynSim& Sim4me bridgegt= AHA|AQl Al &0 -7HdEHY A=

8 Aglo] 9D AR AdstE Ao R TEHog

Training Scenario + Process Dynamic Simulation

T2 15, EYESIM AJAEl L%

FOPO] 32 13 150] Mol Ziat o] 370 olxo] WAsIAS
90 FOP7E Fsho} st WAL 7t2As 952 wojolct. oA
20 7o) YoF EANU} vl4F AASHOR st AR A7}
ol RolX|K| A W, B AlZFakstol ALGALAA Ateje] WzHde 2t
Ol*l?lh P15 D gk G A ol B AR A g
02 of st ARERY] AZHY e Holx
) Aé}oq A7l BT e ool ol wildoen Lei
e gt 0

LIS
£ 27189 ma) 2



v wwlkE B8 8 we LIS

? = Process Dynamic Simulation(DYNSIM) with 3D
Virtual Reality
= Mainly for process mode change(start-up/shut-down)
and process Monitoring SCeNAMos - o,
= Limited Accident Scenarios - Do Not calculate accident :
o1 effects
Detection of flowrate decrease - Close Bypass valve & Isolation
vatl.re
: + l:nech me slan:hzahun of l‘iuwrate w lrenu ;
; E: 2 Laalr. g F"-.,r et ey

T *:.-'

Tl

3 e
Detection of accidental release 3 Stop the pumps

>"Fire” occurs = Raise Ine alarm and Escape

f‘

|Do not calculate the fire effects, just im&gn‘}

e]g 17. EYESIM &3 A2l oA

B7hs)

i
X—]EOUH oz ﬁl‘l-

(o] 11—

4.1.2. VR Safety Training
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29o]9] GEXCON Atof|A il 243 7HIAdAd7Idr OTSo|t}. &f
A A A7Rst Scheneider ElectricAl= DynSimol2t= 54 Al=d 0]
= A}835to] Aol AAMAME] 2 E=AIAMEfO] A]Edo]HdS AlsEslaT)
ol uwstf4fo] CROPLF FOP & AHo]7] wj&o|td. VR-Safety
Training w5 tj4fo] FOP#o|t}. o] o 574 Alggfolda AA|
stx] gron] FLACS2H= AHAldo= 7just A8olElS Atgstel At
1 AlggoldE AAIstL olF &5t Atz Qlsto] WAL -~ Qe
Avtss FFACE AAlste &0 timAQl o=, Tref shajrt dAy
S @ BAIFS ALgslo] ZPEY U] 9t ofulele] g A
stol Zrh

Accident Simulation Based on Training Scenario

Virtual Reality (VR)

Scenario Generation CFD Simulation .
— Mapping to

Virtual Reality

= 18. GEXCON FLACS OTS 7@ ZAl:

D 7IAMEH7S EYESIMit ORI 2 Q F3]AZ AFR35to] 7}
AbsAlo] 2l 2 o|gl 1Y o]t HEo TMAMAZS ARSI
FOP7} AR|2 dA&MoJA] Zst= ofa] 71X lZ(e.g. ©HO op% X=A
S)ee 7MIAAA FRdste] =5ttt ofA] AgAw ol e A

'J ™ demonstrationt]do] #oj&]o] AFEAI=9] feedbacksS wh

4.1.3. Virthualis Project
olgrelote] Watw cjstolq A JHAES OTSolch AlME Abwst
WASIA o= ¥ JdFE ©=n. o o=, §reF 549 st K]

o j
FollA wF0] TAsHH o] wEF2 orifice AF 389 ¥, 2=
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23 19. FLACS VR Safety Training £743
o] watA AA=CH oA A7)t GEXCONALS] VR-Safety Training

AR Aol MRt Aalstne 247} He el 2w e A

dojz YAsl 27 €L of WEo] AAAES Aats| b
st71e ot} ol2jst 2AIHS sidstuxt oltelote]
st A= 2R} ALRA B0l S Ao At AlRE X8

o
Ry
K

off K ret 2 rfo
0
ki
e

section

24 203 Zol 3 &
© 2 poolo] PJEL, TFF poole @F/dst= =40 debd 24&0l2tH
SHRZF HAY 4 ot olFA vluwA JHHSE Al 2@ HIRfo R &
g ol W AR AlR] 5 JiESHaL o] 3D 7HdE 4ol mapping S}
He Al=7F o]FolX|al Ity ¥4 AlEo]idE Honeywell AR9]
UniSim2 ARg-5}9 AAR o= 7idRh
AXIMo|2t= =g 7388 AFE5HH, Visual BasicS AR5t o] &= &

,.
o
K
ol
1
m
)
Pa)
)
=2
X
I
Ut
o
e
o
ol
o
o rg
|
Pa)
oz
o
N

>
o%
ol
o
Kl
S
al
Kl
>
o
v’}
o
2
o
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virtual Reality (VR)

L B B < Real-time =il
Yy & = ] izati ; y
- L r | ] bt sl realization X
" 2 = = Vias: madurten "
. (LS \L u Tk f::‘fh-l:;-'L'l'h‘\- - I - - |
| I

Visual Basic™ L
(OBt Linking and EMBEAANg) % eeeceememe=e-.

T2 21. Virthualis 7@ ZA %

4.1.4. 7 iy =2 EER) A|&FA

VR Safety Training by Gexcon

EYESIM™, (Honeywell)

Dynamic Dynamic
Process Accident
Simulation - Simulation

_l
EFQUEM S ofo] AE7tA] mefd

® =34 1 AL ABeold 2E, X B A
#A o] AR REY] Eo] o]ojo} it
® Choryd 1 AN m2 o] SR REstt o AL Alue] et

EAfstofof gk,
@ U8 1 An2 g WalS R(Fol YAl Ao ok opey
Z9 Aol Olx]t AR Holzol ALGAROIA He} o P



Axstel 84S £Y Bast Aok

Time-fine of the event Geometric info. Source-term Modefing

Process condition

- Data &1 w.r.t Opérator Actions

Dynamic process simulation Engine

‘ - _ P, .' .l .a

L — e )
, —— AL S

ta : Process unit operation failure 'y e s Rebesse rote, qit) calcuation
= . A Ldga iy
o [Fauit detection) - - Liquid leakage modet
§ | o formaton & altl = Rith, hitl)
a P l —————— -
E ;’ 0 i trolatizn Pool formation & evapornization
E fz : Dperator awaremnsss I"'! I - 335 leakage model §
= [Remate) 5.5 ¥ shut-off .! jet releass modeling =
— R - — i
E Fizld pperators s1art (0 move -
H Sl R L] q ﬁ
tz | Complete chosure of valves (] B
(Manisal] Feed suppy block I ventilstion 30 CFD Simulation a8
u | Extinguish o
Escape of fieid operatar o o o e e | PrE-CHICLIISTEGOMT-INE) 2T 2
I =3
‘- ! - Pre-processing for VA engine w
A 3
| =

2 Ao tids8d ARetetEHEd = o27HAe] ARIAQD o4
(trip) AlU2] @7} ER|stc). of7|A] o]Atolgt, @ mejo]ge] =AF O]& 0
= st FAAHRRES 374 WIS viAigt OE o7]1X] k3t 2
HQologHg wrASH 24 WISANS X|ASICh THAQl o2k or:
At&0 2 QISH relief WiH o] AbFo] Qlrt

gk, oljst T4 Watd Aol A4St st s Ryshodd, ©adt 34
oJAFS WojM AtmE 1 Aurt o]ojx|A wrh TAol o2l otgio]
doorR e W, relief WH I} AE5HA] QIopA] o] A& A5 5to] mo]l=
2ielo] 71 4=E AYA] Xoto] meEs= 497t o

2 AN FEAlEE0lde] d% Aspen TechAte]  Aspen
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Hysys(0]at Hysys)E AR8-5hil, AtA]E2o]/de] Jf+ Gexcon Ate]
FLACS(o]s} FLACS)E Al&sto] Alsgo]dE Zldgstt}. o] &= Al&d
ol de A Y, 15 &4 5ol AR 2oz, ZAHoIFoRHH £
e 2t AFLR o]ojX]= EAS SARCR T]&chil, AAlez
Asst7] HsiMe & Alsdold 7hd
TS oke] Tdof YERHATEH
groF ojm et A|ZHtO)ol A WH e} 22 Z7g
obaL 7PgshAr. 22jH 349 ofg| W
AlRFo g2 TASHA Elot. gheF o]4t& o] A
(t2)oll A AP} WAsIRITHH, o] W AAIZte = ®3tsh=
o] d(Hysys)# gt ofye} 1 A
7R AL Abal Algeo] A(FLACS)S ZIsggicy. oA AA
Algeold Akt FPAEoldoz2RE o
I Af Algdold AEE dA 7Iedg2 & AlgdoldE of%
= dxoz2 [MEHEnt o] B WXL Al&shA At
WS Ao g wrol o AlE Tt BheF AR m e o]
g AIRHE2)0ll AAIskaL, o]2 ISt B AJTH(t2)
7T, 3 H(T.PF)e] glo] "uppo =z A}
A AET. o2t 3481 At Algeold 24
o= HIEO AREAP} WIS AEAHC
QAAA|6tAL o] & sliFst=dl AFEEC)

sk £ WMol o

Aol= & A2 microsoftAte] Excel(o]s}
Excel)}2 A5t FLACSO|A Qojx]l= Alsdlold ZAif LS
Excelof| Al AFdo] 7hsst Hiolg Fejz Fopd 4 Qlil, Hysyse AHA|
Ao g  MicrosoftAle] Excelyt AlAZFOo 2 HEo] L= Aspen
Workbookolah: S0l Upgelo]glols Excelg AMEsHA AAZtoz
Aspen HysysQt FLACSE A =o| 7tssict. ZAA O 2 ExceldA] X
ozl mzgjy olo] o8 nil%*?_l VBA(Visual Basic
Application)o]-&5tH tfeFstil FHeh AU AAo] 7hasta=z, 2
Aol M+= Excelg WA=z &St /AL B3 AARKL

ox.

o
i)
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i)
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Microsoft EXCEL

..
T

Real-time PV integration between
Aspen HYSYS & FLACS through E

I |

J

™ 24. Hysys/FLACS/Excel & &d1a]%5 7|E AAE

4.2.1. Aspen Hysys/Excel g% &d12]%
Hysysoll= Aspen Workbooko]gtil 3sh= E£o0] &£Afsto] AlA|7to =z
oA 2A W A AEHAS AA7to 2 Exceldt HE3F 2 9Jr}
Workbooko]|= Organizergt= WA =17} £As5to] Hysyse] HAE
Excel2 2201 AlAztog o] WixSo] ojgs wat=rlg &g 5

o] [r
S .
Process Simulation: Aspen HYSYS Aspen Simulation Workbook I\I\cro SHIEEACEE

(organizer)

4.2.2. FLACS/Excel 9= 2d1a]&
FLACS+= CFD(Computational Fluid Mechanics:3x}d Z7F2 A
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= H)=

AAIRTO = 7;342 Exce10ﬂ Hord 4 gloh EUrEJrH cheret iﬂ(%i,
O]—E O

L=

1, o] ZAExcelof| YdEo] 9l
Application)= ©]-8-5} HYSYS4 AR A EUrEJr %‘*PJQE Hots 54
HA(Q T ot oak)o wela Yst= AL Al S ol A= AlA|7L
o8 FHEZ & AT LV EE 5T FLACSON = 54 Al
VAUl o] digt Alggfo]ld ZAutmtd-E Exceld] AMEE & Q= Hlo]
B JEHiZ2 Yx2d 4 =dl o] ©f, AFEAE Ho|]HE sheof &

o e F St goly 7t5Z AXIG. ojff: Al VBAE o|& 8&"—}

N

Accident Simulation : FLACS

723 26. FLACS/Excel 9= ¢ 12]= 7jd HAAE
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RunMode
Smulston Time
Updats Interval
Resk Time Factor

Units

Value
Crynamic
0 seconds

100 seconds

Ei

Regulator Operation

fures rox

Mame Walue Units Mame Value Units MName Value Units Monitor Mame Value Units Monitor
Man_vivi OP% 100% Hole OP% 0% TRF-1.PV Value PC_2 Setup
Man_vh2 CP% 100G:% Release Mass Flow B.63E-11 kg/h PC_1 Control Mode Man USGPM{ECF 1psi) PC_2 Control Mode Man
Man_ viva OP%% 100:% Hole Size 001 m2 RV-100.5et Pressure 107402 kgfem2 Pre. Znd Pressurs 106309 | kg/cm2
Man_vivd OP% 100:% RV-100.Full Open Pres  1.07402 | kg/cm2 Prz. Mazs Flow 6.63E-11 kg/h
Refef Valve OP% 553533 % FC_1 Setpoint 106345 kg/cm2 PC_2 Setpoint 105974 kg/em3
ent Mass Flow 0 kg/h PC 1 0P% 50 % PC 2 OP% 2%

Cascade FC1 Cascade FC2
0 K Setpoint Source Lca % Setpoint Scurce LCS kgicm2
OP% 100 % CP% 100 %
Aot
=2 o < 2 Monitor
o paie vt T = Main Mass Flow kg/h
e o ! ares v
E s LR =t e
4 P o i rtes Hies
L s s L. 1
| J, = TIME
] i e e
> e Training Guideline
ies res z
= - ren
- ] - "
.o 28 o5 s _'@ Ll Start a scenario

_32_




5.1. T2 EEQ QA
Dynamic Integrator & Simulation Mode

Dynamic Integrator

Mame Walue Units
RuniMode Cynamic
Zimulaton time 210 | seconds
Updsate interval 10 seconds
Real time factor 10

72 28. Dynamic integrator & simulation mode

Algeo]d AdiH E(run, pause, reset)s FollA AlEdoldE AdPsiHY HE 4 ot
Simulation time resett| &3 +& AIAEH XA e A|7HE YERY 1L update
interval2 AAQ] HIZ 2 real time factore Al &0

g},

2

Regulator Operation

Regulator Operation

Mame Value Units = Monitor
EMV OP% al %
RV OP% 9.59E-99 %
Main. Massflow 1.43E+03 kg/h
Preliminary. Massflow 1.42E-10 kg/h

- 29. Regulator operation

QmEo|E 7} RAMS 7}8t= Control Room& UEHACH ValveE E31 @AY RV OP%E
(o]
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Source-term Model

Source-term Model

Mame Value Units
Hole OP% 0%
Release rate B.63E-11 kg/h
Haole size 0.008 m2

Monitor

72 30. Source-term model

ATE wgRe o @Y

Folct. 2.2.3.904

=0

%o0] choked

50
-

ez

unchokedJefoll Al Lojupx] 2elstl ojojate} Hole OP%E AHEO.R Astol&tt.

Controller set-up

RW-10005et Pressure 107402 kg/cm2
RV-100.Full Cpen Pres 107402 kg/cm2

MName Value Units Monitor MName Value @ Units Monitor
PC_2 Setup PC_2 Setup
PC 1 Control Mode Man USGPM{EOF, 1 ps1) PC_2 Control Mode Man

Pre. 2nd Pressurs
Pre. Mass Flow

PC 1 Setpoint 106345 kg/cm2 PC_2 Setpoint

PC_1 OP% 50{% PC_ 2 OP%
Cascade FC1

Setpoint Source Lc2 % Zetpoint Source

OPF% 100 % COP%

106309 kg/om2
E.63E-11 kgih
105574 kg/cm2
0%
Cascade FC2
LCE kg/cm2

100 | %

I3 31. Controller Setup

TN BRI

27§19l PID Controllers(PID-100, PID-101) %

27819 on/off

controllers(SSV_1 Block, SSV_2, Block)9] #4452 AAsic}t Controller®] mode &2 @

setpoint= threshold ¥70o| 7}5s}ct.

Monitor

Monitor

PV Value kg/cm2

% 32. Monitor
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AL A7t O trendE AlZAAOC = SIS 4~ QI
RDS Sections

RDS Sections

=

RDS 348 Algsiatol ALAE W71 rfstol Et.

Accident result

Accidnet Result

At WA Ao AeristmolA £3et Ak Algelold ATE W&t RDS
o] 3D2EE AZHCR woED SA0] A(EE, oh, @ St Lol m ¥
7 3 Ants AZAAS BolED)

5.2. E} NRelo] AT

olglgt Algelold Autt 1AR0] JPEA BRET Asdch Ax 2RE 2T A
AlgeElol e AAstel AT AWl YA, L&, 93 S)at AR AnAT 3
FARIAL Slek. oleidt HEES UDP dloje] 44 Feiz 1A dAZRA = s
el EAHE G2 Alniat 28 e el ol AGaAeld Askol ool vz
Ch.otob JbgEd o] ofulelst WEE mlstel Wuo| OP%Z} ullAl Y A% o]
UDP Holel 4441 el 24190 32 EEelo] Hasol B £7IolA X|EAolHS
Algth ejst BEzie] gEAtee Edlo] AP L FU A olojArt.

>~

o}
o o mjo RJ
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A AYaE 2z AARE Z2EERIS V|vtoR Az iy 34
I RDS &40 tier &8 282 AlASHAH Excels 7IRTez 57
AlEefolEle} AtAL AlEfolEE A& o] RREE2 APdE] 1
Al FollA AArE RDS 5789 HMIQF dEsto] 2ol o 4R
v 494 Y 4 A=F st=d A 9ES F 4 dS A0
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1.

Shutdown, Stap Permissive for Recycle Compressors, Offgas Gompressors, H2 Make-Up Gompressors
Maodule-1: PC-E18-01, Recycle Gas Compressor
Madule-2: PC-E18-51, Recyele Gas Compressor
PR-E18-0&S, Off3as Compressors
PR-E18-034, B, C & O, HZ Makse Up Compressnors
Low Low Flow Trips Reactors Feed Furnacss and Fractinnater Furnacs
Module-1: HS-E18-01, Reactor Feed Furnace
Module-2. H3-E18-51, Reactor Feed Furnace
H2-E18-02, Fractionator Furnace
Low Low Level Interlocks for Leidown Valves, Pump APS
Module-1: M3-E18-04 HHPS, MS-E18-05 CHPS, AS-E18-01 HP H2S Absorber
Module-2: MS-E18-54 HHPS, MS-E18-55 CHPS, AS-E18-51 HP H2S Absorber
AS-E18-03, Fractionator BTM Pumps ARS
MES-E18-19 Fractionator Reflux Drum Whale Maphtha Pump APS
Pumps Backflow Prevention Valves (Low Low Flow) Interiocks
Module-1: PP-E18-02A4/5, PP-E18-05A/5
WModule-2: PP-E18-528, PP-E18-558
PP-E18-03/5 Watar Injection Pumps
Pump APS Interdocks
PP-E18-11/3 Fractionator Botlom Pumps
PP-E18-06/& Fractionator Reflux Drum Maphiha Pumps
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PRI e 35 | 25 | BB g5 | 3
[HEAMALES L e it chsE ! TAGone + o
| — , B
8| - . =
Ei Eame " |
| S—
maioy |fiili;?;’m,x-_",m-.; - - g
| Sk u
| ) B
B. Heat & Material Balance
qu%taMaterlal Mg\?vs[kq/h] Outlet Material Stream E/Ilg\?vs[kq/h]
MPS_ 8499.999411 7 22032.78699
9 1913322165 8 62.72324372
10 8844385962 14 703.1358074
11 96161.34868 15 12440.43218
12 336077.8113 16 9672.59504
13 22000.01132 33 79084.30456
31 1797437196 35 348117.789%4
ToFlare 0
17 696.7773103
Total Flow of Inlet Streams 471603.4444 kg/h
Total Flow of Outlet Streams 472810.5446 kg/h
Relative Imbalance 0.255956615 %
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ISr]clreetam Energy Flow[kl/h] Outlet Streams E%%C%%/h]
pumpQ 143111.4329 PA_1_Q-Cooler 53354985.09
MPS_ -110819038.7 7 5586869.913
9 -2521.530116 8 -10737.10789
10 -10868167.56 14 -1995953.586
11 -121840371.5 15 -26388025.29
12 -377623541.1 16 -133948955.8
13 119703035.2 33 -112254735.2
Q-104 -33240723.53 35 -427684254.2
Q-105 1329.695853 ToFlare 0

Q-106 2.236473952 17 76873.69606
Q-107 13165.15046

Q-108 2878999.536

Q-109 272273.9423

Q-110 19675.2215

31 -34218.45029

Total Flow of Inlet Streams -487422639.3 kJ/h

Total Flow of Outlet Streams  -493263932.5 kJ/h

Relative Imbalance 1.198404172 %

C. EHE QAHIEHE A Eo]d 2 EEQY X
T(VBA)

Worksheet event procedure module

Private Sub EMV _off_Click()

On Error Resume Next

Worksheets("Process").Shapes("EMV _on").Visible = True
Worksheets("Process").Shapes("EMV _off").Visible = False
Worksheets("Process”).Range("G4").Value = 0
Worksheets("Accident").Range("B2").Value = Worksheets("Process").Range("C10").Value

s
gl

Dim i As Integer
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If Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B1").Value
<= 60 And _

Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B1").Value
>= 0 Then

Fori=1 To 99

Worksheets("Accident").CellsG + 1, 7).Value = "=IFF" & 1 + 1 &
"=0,0,IFERROR(INDEX(Data_1min!B:B,Accident!F" & i + 1 & "/10+2),"")"

Next

Elself Worksheets("Accident").Range("B2").Value -
Worksheets("Accident").Range("B1").Value <= 120 Then

For i = 1 To 99

Worksheets("Accident”).Cellsi  + 1, 7).Value = "=IFF" & i + 1 &
"=0,0,IFERROR(INDEX(Data_2min!B:B,Accident!F" & i + 1 & "/10+2),"""))"

Next

Else

MsgBox "Mission failed. Reset scenario and try again', , "Warning"
Application.OnTime Now, "updating”, , False

Application.OnTime Now, "Hole", , False

End If

If Worksheets("Accident").Range("B6").Value <> "™ And _
Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range("B6").Value
<= 120 Then

MsgBox "Relief valve operation scenario completed”’, , "Sucess"

Elself Worksheets("Accident").Range("B6").Value <> ™ And _
Worksheets("Accident").Range("B2").Value - Worksheets("Accident").Range('B6").Value >
120 Then

MsgBox "Mission failed. Reset scenario and try again", , "Warning"

Else
End If

End Sub

Private Sub EMV _on_Click()

If Worksheets("Process").Range("L4").Value = 10 Then
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MsgBox "You cannot open EMV during Hole & Release scenario”, , "Warning"
Else

Worksheets("Accident").Range("B2").Value = "
Worksheets("Process”).Shapes("EMV_on").Visible = False
Worksheets("Process").Shapes("EMV _off").Visible = True
Worksheets("Process").Range("G4").Value = 50

End If

End Sub

Private Sub Worksheet_SelectionChange(ByVal Target As Range)

On Error Resume Next
Worksheets("Process").ChartObjects().Visible = False
Worksheets("Process”).ChartObjects("chartspot").Visible = True
Dim i As Integer

Dim j As Integer

4 To 12

1 To 4

Worksheets("Process").Cells(i, 5 * j + 4).Interior.Colorindex = 0
Next

Next

For i

For j

Dim x As Integer

Dim y As Integer

x = Worksheets("Process").Range("Al", ActiveCell).Rows.Count
y = Worksheets("Process").Range("Al", ActiveCell).Columns.Count
If y=9 And x >= 4 And x <= 7 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 14 And x >= 4 And x <= 5 Then
ActiveCell.Interior.Colorindex = 17

Elself y = 19 And x = 6 Then

ActiveCell.Interior.Colorindex = 17

Elself y = 19 And x = 8 Then

ActiveCell.Interior.Colorindex = 17

Elself y = 19 And x = 12 Then

ActiveCell.Interior.Colorindex = 17
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Elself y = 24 And x = 6 Then
ActiveCell.Interior.Colorindex = 17
Elself y = 24 And x = 8 Then
ActiveCell.Interior.Colorindex = 17
Elself y = 24 And x = 12 Then
ActiveCell.Interior.Colorindex = 17

End If

Worksheets("Process”).ChartObjects("chart” & y & x).Visible = True
End Sub

A. Time-checking module

Sub hole_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Hole"
End Sub

Sub ref_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Ref"
End Sub

Sub pre_check()
Application.OnTime Now + TimeSerial(0, 0, 1), "Pre
End Sub

B. Reeal-time 2D image updating module
Sub start_updating()

Application.OnTime Now + TimeSerial(0, 0, 1), "updating"
End Sub

Sub updating()

On Error Resume Next

Dim i As Integer

Dim x As Integer
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Dim y As Integer
Dim z As Integer
Dim a As Integer

z = Worksheets("Accident").Range("B1").Value / 10

For x = z + 3 To 100

If Worksheets("Accident").Cells(x, 7).Value = ™ Then
a=x-1

Exit For

End If

Next

y = Worksheets("Accident").Cells(a, 6).Value

If y <= 60 Then

For i =1 To 50

Worksheets("Process”).Shapes("picture” & i).Visible = False

Next

Worksheets("Process").Shapes("picture" & y / 10 + 26).Visible = True

Call start_updating

Elself y > 60 And y <= 120 And Worksheets("Accident").Range("B2").Value <> " _
And Worksheets("Accident").Range("B2").Value -
Worksheets("Accident").Range("B1").Value <= 60 Then

For i = 1 To 50

Worksheets("Process").Shapes("picture” & 1).Visible = False

Next

Worksheets("Process”).Shapes("picture” & y / 10 + 1).Visible = True

Call start_updating

Elself (y > 60 And y <= 120 And Worksheets("Accident").Range("B2").Value <> ™) Or

(y > 60 And y <= 120 And Worksheets("Accident").Range("B2").Value = ") Then
For i =1 To 50
Worksheets("Process").Shapes("picture” & i).Visible = False
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Next
Worksheets("Process").Shapes("picture” & y / 10 + 26).Visible = True

Call start_updating

Elself y > 120 And Worksheets("Accident").Range("B2").Value = ™ Then
MsgBox "Mission failed. Reset scenario and try again", , "Warning"
Application.OnTime Now, "updating", , False

Application.OnTime Now, "Hole", , False

Exit Sub

Elself y > 120 And y <= 240 And Worksheets("Accident").Range("B2").Value <> " _
And Worksheets("Accident").Range("B2").Value
Worksheets("Accident").Range("B1").Value <= 60 Then

For i =1 To 50

Worksheets("Process").Shapes("picture" & i).Visible = False

Next

Worksheets("Process").Shapes('picture" & y / 10 + 1).Visible = True

Call start_updating

Elself y > 120 And y <= 240 And Worksheets("Accident").Range("B2").Value <> " _
And Worksheets("Accident").Range("B2").Value
Worksheets("Accident").Range("B1").Value <= 120 Then

For i =1 To 50

Worksheets("Process”).Shapes("picture” & 1i).Visible = False

Next

Worksheets("Process").Shapes('picture” & y / 10 + 26).Visible = True

Call start_updating

Else

MsgBox "Accident scenario complete”
Application.OnTime Now, "updating", , False
Application.OnTime Now, "Hole", , False

Exit Sub

End If
End Sub
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C. Mild case scenario module

Sub Pre()

If Worksheets("Process").Range("C10").Value > 0 Then
Worksheets("Source").Range(']5").Value = 200

With Worksheets("Process”)
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"

End With

If Worksheets("Process").Range("Q6").Value > 1.2 Then

Worksheets("Source").Range(']5").Value = 790.1547

With Worksheets("Process”)

.Range("Q12").Value = 0
.Range('V12").Value = 100
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"
.Range("V5").Value = "Auto"
.Range("V10").Value = "Auto"

.Range("V7").Value = 1.059207

End With

Exit Sub
Else
Call pre_check

End If

Else

MsgBox "You have to start Dynmaic Integrator first", ,

End If
End Sub
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D. Relief case scenario module

Sub Ref()

If Worksheets("Process").Range("C10").Value > 0 Then
Worksheets("Source").Range(']5").Value = 150

With Worksheets("Process”)
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"

End With

If Worksheets("Process").Range("G5").Value > 0.1 Then
Worksheets("Accident").Range("B6").Value = Worksheets("Process").Range('C10").Value

Exit Sub

Else
Call ref_check

End If

Else
MsgBox "You have to start Dynmaic Integrator first", , "Error"

End If
End Sub

E. Worst case scenario module

Sub Hole()

If Worksheets("Process").Range("C10").Value > 0 Then
Worksheets("Source").Range(']7").Value = 300

300

90

Worksheets("Source").Range(']8").Value
Worksheets("Source").Range("]5").Value

With Worksheets("Process")
.Range("Q5").Value = "Off"
.Range("Q10").Value = "Off"
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End With

If Worksheets("Process").Range("L4").Value = 10 Then
Worksheets("Accident").Range("B1").Value = Worksheets("Process").Range('C10").Value

Dim i As Integer

For i = 1 To 50

Worksheets("Process").Shapes('picture” & i).Visible = False
Next

Worksheets("Process").Shapes('picturel").Visible = True
Call start_updating

Exit Sub

Else
Call check
End If

Else

MsgBox "You have to start Dynmaic Integrator first", , "Error"
End If

End Sub

F. Scenario reset module
Sub reset_scenario()

On Error Resume Next

Worksheets("Source").Range(']5").Value = 790.1547
Worksheets("Data_Plot").Range("G1").Value = ™

Worksheets("Source").Range(']7").Value = 1.4
Worksheets("Source").Range('"]8").Value = 1.4

With Worksheets("Process")
.Shapes("EMV _on").Visible = False
.Shapes("EMV _off").Visible = True
.Range("G4").Value = 50
.Range("Q5").Value = "Auto"
.Range("Q10").Value = "Auto"
.Range("Q12").Value = 100
.Range('V12").Value = 0
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.Range("Q7").Value = 1.059207
.Range("V7").Value = "=Process!Q7"
.Range("V5").Value = "Off"
.Range("V10").Value = "Off"

End With

Application.OnTime Now, "Hole", , False

Application.OnTime Now, "Pre", , False

Worksheets("Accident").Range("B1").Value = 100000
Worksheets("Accident”).Range("B2").Value = ™
Worksheets("Accident").Range("B6").Value = ™

Dim i As Integer

Fori =1 To 99
Worksheets("Accident").Cells(i  + 1, 7).Value

"=0,0,IFERROR(INDEX(Data_2min!B:B,Accident!F" & i + 1 & "/10+2),"""))"

Next

Application.OnTime Now, "updating”, , False

Fori =1 To 50
Worksheets("Process").Pictures("picture" & i).Visible

Next
Worksheets("Process").Pictures("picturel").Visible =

End Sub
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