References

Beauregard, MR, MIkU'&k, RJ. axd OlSOﬂ, BA. 1992. a practical Guide to
Statistical Quality Implement Opening up the Statistical Toolhox. \Van
Reinhold, New York.

Chrysler Corporation, Ford Motor Company, General Motors Corporation, 1995,
Potential Failure Mode and Effects Analysis (FMEA) Reference Manual.
The Automotive Division of the American Society for Quality Control
(ASQC) and the Automotive Industry Action Group (AIAG).

Halpem, . 1979, The Assurance Sciences An Introduction to Quality Control and
Reliability. Prentice-Hall of India Private Limited, New Delhi.

KoIariK WJ., 1995, creating Quality Concepts, Systems, Strategies, and Tools.
McGraw-Hill, Inc., New York.

Solomon Associates, 1995, asialpacific Fuels Refinery Performance Analysisfor
Operating Year 1994 Reference Manual. Solomon ASSOCi&’[GS, Inc., Texas.

The Haviland Consulting Group, [Online] Available from: ww.m ea.com/ffmethod.
Michigan. [2000, September].

Thai Lube Base Public Company Limited, 1995. 1994 Annual Report

Thal Lube Base Public Company Limited, 1999, Business Plan for 2000,

AaBetterBusiness, Inc., [Online] Available from: www 4aBetterBusiness.com.
FMEA Training and Implementation Guide-Demo, lllinois. [2000,
September].


http://WWW.4aBetterBusiness.com

APPENDICES



A general FM.EA form

Type of FMEA Involvement of others : Model / product _
Title of FMEA: FMEAdate
Prepared by : . . FMEA revision date
Paye  of  pages FMEA Number.

Sysiem/ otential Potential Potential 0 Detection D R Recommende Responsibility ~ Action results
esign/ failure ~ effect(s) \/ E cause(s) ¢ method E ﬁ action  &completion  Action 0 D

processs mode of failure V' of failure ¢ T date ken E ¢ E Rl

service . Vo T

function
x>
=

! =]
>
>

]

Approval signatures : . Concurring signatures




Appendix B

53

Suggested evaluation criteria and ranking system for the Severity ofEffects in a

process FMEA

(http://www.fmeca.com/fénethod/tables/pfmea.htmi)

E ffect

Hazardous - no
warning

Hazardous - with

warning

Very High

High

Moderate

Low'

Very Low

Minor

Very Minor

None

Criteria: Severity o fEffectfor PFMEA
May endanger machine operator or assembly operator. Failure
affects safe product operation or noncompliance with government
regulation. Failure will occur without warning.
May endanger machine operator or assembly operator. Failure
affects safe product operation or noncompliance with government
regulation. Failure will occur with warning.
Major disruption to production line. 100% of product may have to
be scrapped. The product is inoperable with loss of primary
Function.
Minor disruption to production line. Product may have to be sorted
and a portion scrapped. The product is operable, but at a reduced
level of performance.
Minor disruption to production line. A portion of the product may
have to be ‘crapped (no sorting). Product is operable, but some
comfort / convenience item(s) are inoperable.
Minor disruption to production line. 100% of the product may have
to be reworked. Product is operable, but some comfort /
convenience Items operate at a reduced level of performance.
Minor disruption to production line. Product may have to be sorted
and a portion reworked. Fit & finish or squeak & rattle item does
not conform. Most Customers notice the defect.
Minor disruption to production line. A portion of the product may
have to be reworked on-line but out-of-station. Fit & finish or
squeak & rattle item does not conform. Average customers notice
the defect
Minor disruption to production line. A portion of the product may
have to be reworked on-line but in-station. Fit & finish or squeak &
rattle item does not conform. Discriminating customers notice the
defect.
The Failure Mode has no Effect,

Rank
10
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Suggested evaluation criteria and ranking system for the Severity ofEffects in a

design FMEA

(http://www.fmeca.coni/ffinethod/tables/dfrnea.html)

E ffect

Hazardous - no
warning
Hazardous - with
warning

Very High

High

Moderate

Low

Very Low

Minor

Very iVlinor

None

Criteria: Severity ofEffectfor DFMEA

Failure affects safe product operation or involves noncompliance
with government regulation without warning.

Failure affects safe product operation or involves noncompliance
with government regulation with warning.

Product is inoperable with loss of primary Function.

Product is operable, but at reduced level of performance.

Product ISoperable, but comfort or convenience Item(s) are
inoperable.

Product is inoperable, but comfort or convenience item(s) operate at
a reduced level of performance.

Fit & finish or squeak & rattle Item does not conform. Most
customers notice defect.

Fit & finish or squeak & rattle Item does not conform. Average
customers notice defect.

Fit & finish or squeak & rattle Item does not conform.
Discriminating customers notice defect.

No Effect.

Rank
10


http://www.fmeca.coni/ffinethod/tables/dfrnea.html

Appendix D

Suggested evaluation criteria and ranking system for the Occurrence ofFailure

inaProcess FMEA

(http:/lwww.fmeca.com/ffmethod/tables/pfrneal.html)

Probability of Failure

Very High: Failure IS almost inevitable

High: Generally associated with processes similar to previous
processes that have often failed

Moderate: Generally associated with processes similar to pervious
processes which have experienced occasional failures, but not in
major proportions

Low: Isolated failures associated with similar processes
Very Low: Only isolated failures associated with almost identical
processes

Remote: Failure is unlikely. No failures ever associated with
almost identical processes

Failure
Rates
>lin2

lin3

1in8

1in 20

1UL80

1in 400

| in
2000

Lin
15,000

Lin
150,000

<lin
1,500,00
0

Cpk
<0.33
>0.33
>0.51
>0.67
>0.83
> 1.00

> 117

> 133

> 1.50

> 1.67

10

55

Rank


http://www.fmeca.com/ffmethod/tables/pfrneal.html

Appendix E

Suggested evaluation criteria and ranking system for the Occurrence ofFailure
in a design FMEA
(http://www.fmeca.com/ffmethod/tables/dfmeal.html)

Probability of Failure Failure Rank
Rates
Very High: Failure is almost inevitable >1 m2 10
Lin3 9
High: Repeated failures 1U8 8
1in 20 1
Moderate: Occasional failures 1in 80 0
| in 400 5
Lin 4
2000
Low: Relatively few failures | in 3
15,000
Remote: Failure ISunlikely Lin 2
150,000
Remote: Failure is unlikely. No failures ever associated with < 1in 1
almost identical processes 1,500,00

0


http://www.fmeca.com/ffmethod/tables/dfmeal.html
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Suggested evaluation criteria and ranking system for the Detection ofa Cause

offailure or Failure Mode inaprocess FMEA

(http:/www.fmeca.com/ffmethod/tables/pfmea2.html)

Detection
Almost

Impossible
Very Remote
Remote

Very Low

Low
Moderate

Moderately High
High
Very High

Almost Certain

Criteria: Likelihood ofDetection by Process Control
No known Controls available to detect Failure Mode or Cause

Very remote likelihood current Controls with detect Failure Mode
or Cause

Remote likelihood current Controls with detect Failure Mode or
Cause

Very low likelihood current Controls with detect Failure Mode or
Cause

Low likelihood current Controls with detect Failure Mode or Cause
Moderate likelihood current Controls with detect Failure Mode or
Cause

Moderately high likelihood current Controls with detect Failure
Mode or Cause

High likelihood current Controls with detect Failure Mode or Cause

Very high likelihood current Controls with detect Failure Mode or
Cause

Current Controls almost certain to Failure Mode or Cause. Reliable
detection controls are known with similar processes.

Rank
10


http://www.fmeca.com/ffmethod/tables/pfmea2.html

Appendix G

Suggested evaluation criteria and ranking system for the Detection ofa Cause

offailure or Failure Mode in a design FMEA

(http://www.fmeca.com/ffrnethod/tabies/dfmea2 -html)

Detection
Absolute

certainty
Very Remote
Remote
Very Low
Low
Moderate
Moderately High
High
Very High

Almost Certain

Criteria: Likelihood ofDetection by Design Control
Design Control does not detect a potential Cause of failure or
subsequent Failure Mode; or there is no Design Control
Very remote chance the Design Controls will detect a potential
Cause of failure or subsequent Failure Mode
Remote chance the Design Controls will detect a potential Cause of
failure or subsequent Failure Mode
Very low chance the Design Controls will detect a potential Cause
of failure or subsequent Failure Mode
Low chance the Design Controls will detect a potential Cause of
failure or subsequent Failure Mode
Moderate chance the Design Controls will detect a potential Cause
of failure or subsequent Failure Mode
Moderately high chance the Design Controls will detect a potential
Cause of failure or subsequent Failure Mode
High chance the Design Controls will detect a potential Cause of
failure or subsequent Failure Mode
Very high chance the Design Controls will detect a potential Cause
of failure or subsequent Failure Mode
Design Controls will almost certainly detect a potential Cause of
failure or subsequent Failure Mode

Rank
10


http://www

Appendix H

Questionnaire

L Suitability of upper and lower limit of the criteria
Criteria LLto  LLto  ULto  ULtoo  Suitable
low high low high
Severity of the effect
Occurrence of the failure mode
Detection of the failure mode

2. Suitability of level width of criteria’s level

Criteria Too narrow Suitable To wide

Severity of the effect
Occurrence ofthe failure mode
Detection of the failure mode

3. Ofher criteria should be considered
L

2.
3,
4
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List of failure mode from suggestion activity



Table 1-1: List of failure mode from suggestion activity

Section Process service Potential Failure
code function Mode
VDU-1 Feed preheating
section
VDU-2 Heater section Heater's efficiency is
low
VDU-3 Vacuum Too much stripping
distillation column steam
VDU-4 Stripping section
PDA-1 Feed/Extraction Heating coil of the
column is not working
section
properly.
PDA-2 DAO recovery

section

Potential Effect ( ) of

Failure

Loss steam for atomizing

and fuel oil

Loss of steam

Loss steam

Se

Vv

6

Potential Cause(s)

/IMechanism(s) of

1. 700 high air flow rate

(excess air).

2. Too high vacuum

(heater draft).

steam control valve

failure

1. Steam trap does not

function, (not open)

2. Steam trap does not

function, (not close)

3. Heating coil is

fouling

0

cc Detection Method

7 % Excess Oxygen, (directly

effect to heater efficiency)

Fire box pressure indicator

Monitor % out put of the

control valve

10 Heating rate to the column is

not enough.

Higher consumption of steam

flow to the heater.

Heating rate to the column is

not enough.

De t

2 120

R. P. N. Recommended Action

Remark

Reduce air flow to the

heater.

can notcalculate PRN becasue

can not estimate the occurrence

of the failure

can notcalculate PRN becasue

can not estimate the loss of

steam

Check the function of

steam traps.

Can not calculate the RPN

because can not estimate the

occurrence of the failure

Can not calculate the RPN

because can not estimate the

occurrence of the failure



Section Process service Potential Failure Potential Effect ( ) of Se Potential Cause(s) 0cec Detection Method De t R.P.N. Recommended Action Remark
code function Mode Failure \% /Mechanism(s) of

PDA-3 Solvent recovery

section
PDA-4 Asphalt recovery Hot oil exchanger loss of fuel oil The exchanger has Monitor the effficiency of the 6 can notcalculate PRN becasue
can not estimate the loss of fuel
section fouling been used for long time exchanger . .
oil occurrence of the failure
MPU-1 Feed/Extraction The temperature Loss of electricity. 4 The design is not 10 Measure the current 2 80
outlet of AFC is
section controlled bv usina optimization. consumed by AFC motor.
MPU-2 Raffinate recovery Too much stripping Loss of steam steam control valve Monitor % out put of the 6 Can notcalculate the RPN
because can not estimate the
section steam failure control valve .
occurrence of the failure
MPU-3 Extract recovery Too much stripping Loss of steam steam control valve Monitor % out put of the 6 Can notcalculate the RPN
because can not estimate the
section steam failure control valve

occurrence of the failure
MPU-4 Solvent recovery

section
HFU-1 Feed/Reactor Hot oil exchanger loss of fuel oil The exchanger has Monitor the effficiency of the 7 Can not calculate the RPN
because can not estimate the
section fouling been used for long time exchanger occurrence of the failure
HFU-2 Stripping section Too much stripping Loss of steam steam control valve Monitor % out put of the 6 can notcalculate PRN becasue

can not estimate the loss of

steam failure control valve
steam and occurrence

HFU-3 Hydrogen section



Section

code

SDU-1

SDU-2

SDU-3

SDU-5

BBU-1

BBU-2

UT-1

uT-2

Process service Potential Failure

function Mode
Feed chilling DPC fouling
section

Filter section One side of the
dewaxing filters does

not need liahtina all

DWO recovery Hot oil exchanger

section fouling

SLW recovery Hot oil exchanger

section fouling

Solvent recovery -

section
Feed/Reactor The compressed air
from the compressor

section

is excess and always

Off gas section

Cooling water The temperature of
cooling water supply

is lower than

Instrument air The compressed air
from the compressor

is excess and always

Potential Effect ( ) of Se
Failure V

Loss of electricity. -
Loss of electricity. 4
loss of fuel oil -

loss of fuel oil -

Loss of electricity. 6
Loss of electricity. 4
Loss of electricity. 3

Potential Cause(s)
/IMechanism(s) of

wax removal ratating

blade is not working
There is no separation
switch to separately

turn on/off for the

The exchanger has

been used for long time

The exchanger has

been used for long time

The air compressor on
each unit is designed at

over capacity.

The cooling fan motor
is fixed speed, so, it

can not reduce its

The minimum current
setting is too high. So,

the minimum

0

Cc

10

10

10

10

Cc

Detection Method

open the DPC cover and

check
Visual checking and current
indicator of electricity used for
the filter's liahtina.

Monitor the effficiency of the

exchanger

Monitor the effficiency of the

exchanger

Air pressure control valve %

output.

Cooing water supply

temperature indicator.

Air pressure control valve %

output.

De t R.P.N. Recommended Action

7 280

2 120

Modify separation
switch for each side of

tho filter.

Modify air common line
in order to use only

one compressor to

Install motor converter

to vary the fan speed.
Study to reduce the
minimum current

setting of the

Remark

can not calculate PRN becasue
can not estimate the loss of

electricity and occurrence

Can not calculate the RPN
because can not estimate the

occurrence of the failure

Can not calculate the RPN
because can notestimate the

occurrence of the failure



Section

code

uT-3

uT-4

uUT-5

Process service

function

Potential Failure

Mode

Steam/Condensat 1. Steam trap failure

Hot oil heater

Sour water

treating

2. MP steam is
letdown to LP steam

with the rate uf4 - 5

Heater's efficiency is

low

Excess reboiling

Potential Effect ( ) of

Failure

Loss steam

Loss of energy (from

steam and electricity)

Loss steam for atomizing

and fuel oil

1. Loss steam and
increase amount of sour

water (increase waste

Se

v

Potential Cause(s)
/Mechanism(s) of

Corrosion in steam trap

No existing steam
turbine suitable to

support this flow rate.

1. Too high air flow rate

(excess air).

2. Too high vacuum

(heater draft).

Steam to reboiler is

excess.

0

c

10

10

c

Detection Method

Check steam trap working.

% output of let down valve.

% Excess Oxygen, (directly

effect to heater efficiency)

Fire box pressure indicator

Sour water to steam ratio

indicator.

De

t

R. P. N.

210

120

180

90

Recommended Action

Fix or replace the
steam traps which are

notworkina.

Modify by installing the

now steam turbine.

Reduce air flow to the

heater.

Find out the suitable
ratio and inform the

concerning people.

Remark



Appendix J
Dividing section of process for failure mode analysis



3 1 3 ' < ' 2 i 7 | 8 | 9 | 10 | 11 | 12 ' 13 1 14 ' 1% ' 16
~OTES
v % 3 =102 f=10%A,9/C £-104 £=1C5 1=10GA/8 £-1074/8 £ A £=109a/8 =113 £=11% €ty €117 = %
| I w2 TG 150 O S0 A D e o FEER/is0 \ATTRRIARD (R TEer 0 (R THOAGE. (R TECOTel  13vh 303960 MOV S0P _ HEA S ol e oo R
: Cedmce s ~  uCO PA [XCH, VGO PA [4CM, SLOP. (XCH. VGG (7€ wAC PAES. EICM VGO CXCH. RES CXCH  VAC, RES. EXCM. COOLER COOLER AR C

S (=110 PROVID(D FOP FLlrimn™
10 PROCLSS rCICITOCK a1 0T

3. BYPASS SACVIO(D FCR CPCRATON
e FLLOSIOCK AT 70T =

VOU" ¢ PUMUAOUNO (€ CAUSLS BOIN TXCACER
1OCTTwe

AND FYPASS VALV(S TO oCt
(PN OR QLOSC
PUNPAROUND

COOLER tuﬂ(gg WATER

)
TC CAUSCS (S vaLvEs
10 ACT w OPOCTIMON (CPIN & QLOSE).

E-110 orsen oure

OTE 1) = e

= =
o |
R @ | @ my

_grm N | Fuwi. g
__ mTm@ i 7 B |

: C;)_

. ) = o : e (:)...n corun
._.f.\_.g‘ R ¥ £-102 ;’9 S —_— @ -1 Jmsiw)
A1 ) : P @ ‘ £-10% E-113

e ..4_.; N7

;;
5

ACw R&TT g/t =

TLuPCRalyRC ‘T

o

-1 OUTY

7
=

= O PRCSIUNT sart
Q.

G e

7

TOU/TC STORACT B
i$
e o =2 e . TRow/TO uNn E
oI 58 553 SUPCRMEATED STRewG STCAM |- 52
‘l - o NORUALY MO FLOW
P PR T T ™S TIMPCR(O wATCR SUPSLY
H i) [C59) twa : TOMPERED waTCR ACTURN
i = ) o |<-~L“
Tt ATRN 0 30 13
) . T
gois vm = N 1
o3 vy mous a - :
- mﬂ' p——- ) L)
57 0| = Toea] CITT oy
L LS
= = S A R Oy
e T ST RIS
.
i - :
S s s £ 59
<
FLOW_ DIAGRAM
: €-1094/8 Gl Loloeve R i‘rh TION_ UNIT |00L
5 = T | = ) ‘4 AT SEcT e
'c b Vet anigen P eer setitasl E
E, g _MC . 8 . W i
'
’ emm.\-em-@-m-m
|'s &
J 3 : 4 C B | 6 i 7 | T P S e B 10 ' 1 1 T T T3 T

L . 4 [ ) [ 1e
] a [ 9




B3

10 12
VACUUM SYSTEM A-11 VACUUM sHﬂ:E Mie Eg &n ‘SSS!S::'A!E 2 'ﬂ&i P\IE HT
qu|p| I &%ﬁagﬁg%lc 1 oac R0 STAE AL WATR overnea a oﬁqbgﬁs‘ml ) = . oo
sea . ) al over Scu he i SOUR CAS VACUUM c;s/ ;CMBUSJON uﬂ/
- ORLM Mﬂﬁﬁm cooler  accumu ator sea{ é:rum coalescer X.0. DRUM  CHARGE MEATER C“Msgsnc":a X
J-102A/3/C
_ ‘.“‘J-101A/9/c " 1008 ﬂ(nc?‘: 2 moz
a [ s ]
= E.2 |—— f
] e g aTRmes § L 7 E |
20 : I
s;q.; s Y 528 amo)
o =101 W -@-——2 F-101
: \C‘L{ s . e uo:??‘
t{! OWG 40,001 Y
1184/8/C ’\_“ o o :::tslg&: 3 \ (OWG ~0.001)
2] £-119) [g-120 €=121
@ @__ -124 E-123
0 WP STCAM ol ? @
l | :@ ‘ i3 €9 F T | — -
o MAXE ~uP = N H é
(voTE 3) i X
= | [T i
O v-103¢ i ®
e p A PT |
; || | | O-x: 4 | |
! : = @_,- M st
{ H
= | . T
aﬁﬁﬁ%ifit g
— b i
R Q
u-1024/8 ¥
G |
Ly V=105 ~©
- b 1 V=101
fg{k
Ly @m
. RE | B i
- m i@ SOUR wATER 0
e es™
I HC CONDENSATE
P-1124/8 @-—‘ s e S O)
| |MC CONOENSATE (:)
HC COMDENSATE (::)
< INTERF
A o ON/QFT -
X P-113A/8
~
N K=103 J=1QU1A/3/C =1 =1 d=108 p-11 P=1134/8 M=101 M=1024/8 X=102 K=1014/8 -101
“ LGUD 23 1ST_SIAGE . 2NO STAGE IR0 STAGE R ;
s VACUUM PUMP EJECICR Z.ECTOR  EJECTOR. EIECTON %n'im ek S ”"nﬁ",..‘é;s o og‘acguuafg COMMON: STACK
@ ARRESTCR ARRESTOR 10 FANn
LH

16

15
NOTES

1. PROCESS DAT* FOR COMBUSTION
AIR ANO flue CAS ARC preliminary
PREDSC OESICN SATA TO «CALCULATED
3T MAIN COn TRACTCRI/VEnOOR.

2 The LICUIO RinC vacuum Pump
3Y EJECTCRS J-10J * J-10A

spared

PCV FOR PROTECTION OF LIiCUIO RiNC
VACUUM PjmP <—103

=

\

dAshiana

: FLOW RATE « /

: TEMPERATURE C
PRESSURE 0arC

I heat OUTY MW

: FROM/TO STORACE
FROM/TO UNIT

: SUPERHEATED STRIP®*NC STEAM
: NORMALLY NO FLOW

< vy coet

4781 =0=50-101

VACUU scsssil &

R
O'?'tl%l 100L
SYSTEM & CHG' HTR DETAIL
Err MX -

- e Aoz
1l B O350




“w

7

lv hd | 10 |

11 | 12 ' 1]

68

I : 2 : 5
£-101 £-102 =1 C=10a £-111 =312 £-t1a | NITCT
vACUUM 60 vCO 150 vCO 500 vCO LGO/10P 60 M0 LCel 51027 h
CHARGE mCATCR STRIPOER STRIPPER STRIPPER  PUUPARCUND  COOLER coqer | 1 SETe0mT e mecinier T3uwewsal(d
€ | FLAGH IO 1uwTRATURL SONTROL, a

vou-4

fawlan)

<13 anC C-10¢

w0 i :
s ] — |
a. IML BaCr M . ‘ o LD CONTREL NORualL™ aCTS Ow
- i 7aou =iaaigre : WAVE SLCPS BUNCOWN, Wit RCSTT s
8 Vs oo || A 1L o) @ D Toacsout Siteen eiiow
r ’ G Joee S l x
. o : 3 A Zua o8¢ .:7- e, B0 wCT,
: i - } YT Ry SN I
i b asatan; { ©— D) 31030 e
O = X A @ " e
3 \) E=111 (50,22 \J‘ {opCh o8 05T <
e oy —1 (e AT s X
wrns | Z-102a/3 =G . :
X\ | 2 2l y LS GUTY=e Souw EXE N ) i L,
e R BT :--u-;
l | - o=
L () T —— = an) "”‘..’.’Q g .Lana qa ﬂ&
iy =S ] ] & q
f : - n.
o o= ' =] f}ﬁ i
ih- — =0 m.wG} =l L%m.....@l.........
= e voure D : i
> EIRF E: A
| = Ho-rowp T mEy t :
e 730 7 = LEaouA
: 1 Nas =R O 2 4 erry:
) e n |
\‘ 735 ' / 2w RATT w/e —~
U'-l'.'-l'v
] ‘Z)d’ ; ;Ssl
AR ’\ T T e 3 TCuSCRATURE T A
X i Las) I " 3' . ,,-\ . -
|E)..._.._..... L_ /G: £ { SRESSURT e
lanainng -‘_, 8 133 TG -
m E ( ) AT DUTY uw
e 3 . [ Y] Y P ¢ i —— i
2 EJ — .....;;.7../,5_-(‘_'“ U Y m° (.\ 30u/1C 52eaCT S-5
=107A, : " - - 0 H
- —ST=T0% * M Y .}
{3 n-cl:p@ E=lia.. . ort 9 1l Tasmace L TACU/TC unet 3
g L ! > 27\ sl &= 558 SUPEANEAIES STRows ST [ L
I E ! P NORUMLT WO MLOW
700 Wo § 0 (-aase
"

S| e 0= 10

)

—

e*
3
£
£
A
41

23

g e A v
T ThCe 1=108 l—— s .

(337 (@9
1330 ; (38
AL <(IOuL € L=y
P=111A/8
.10/ :-vg;‘/u o-mu/g 2.10%a/6 P~10Rs P-110a/8 Patlia/n P-104a/3 Peinfa’ 1naa/B
A/ 0m 30 ¥CO UCRT SLOPS 500 VCO  MEAVY SLOPS/RECYCLE vACUUM RESIOUE 30 GO —-—3 —o—(,‘-,zg"
—_— '-V\',’u“'_;-wc ’uu:uuouw ’uuhncuuo sunp PUUPAROUND PuP Puue PROUCT PUUP PROCUCT Pume SeOmee! Puup
é 3 . “ ' s ' F ] ? [ S W) T B T 5 | ) i

1
T 8

| .
[ i A s v S B 4 i e s et Ao

1§} 1 12 [} 13 ]

—— Y ey




! 2 ' 3 ! 1 i < ' . A 7 " 3 |, 9 . 6 . i

! 12 ! 13 [ 14 1 19 | 16
Vet Nl O YA | =202 LY L >4 Lot (ILIE =102 ca101 fo1n% (=101 P Fori s CETPR - i ez
AQuoow 31t OwACE QIL/800  DWACE QL 3a0 S| TCLIHI. YaAPOUR/. 20C ICALPRMLIING: w340 fLdth P 340 FLATH  IAQ it 0T ZOLeCel e SR vEN 340 040 eCOUCT (F TiCam | = -
ey TEIY um  miT CACHANCER COOLLR  (varomalCe® lrnoour:uu.a rovee ovee RCQILLR TURCL 2Mum  COOLCT ooLce RUTCT COOLCA  SUPCAWCAIZ® | | &L [7TCm sumBCRI AR #0C7IRC) 204
X A
s She: 2 e amD | WCAN WIGH TCWACIATURT Zas( a
i AmD LV TCRPCRAILRE ZAZT PCIPCITIVCLT
-
B = ! - 1 c-102 1 z a
S L T o [ : ..I, '
> a ¢ pan : ” -
> —o & l e — -104 Lo 23] e
Vol - = ~ 39 1S a ———— e 2 c-1 > {
~ ) " N <>L_'l ! ] = ‘ . D
y e f —~ [ : EEE ;
TR Y e > l‘ ‘)
K, cfioe | ar~a] e A !
=1 q :i (/7 | N 27 © ' "‘:'( )
/ 1
=z UQ |31 937 [-m RN ! f;'!! -crl:m. '
2 L2 | - l
- h | iy s} Y BRI EID ,% :?:m;
-
c-13 1 JERTLY] H oy | Y v
= | re
[ 4 82 —
g ] foass | = =
2T g ‘,’.\ 7T @ &3 ~:~m§a/"
2-101a/3 33 = ! 1 \'f"ﬁ
; Tl a—l Jele =
1 | 1
3 \
_/@/ 1 i 2-102a/3
[ .D. 1 f?&‘l-].au/l’ i
: ~ LS ;
" = - 29 y @9 oM IR S i
= 2 21tan —-—-3 — I I@f L' o A i
A T | =t Im }
a0c c3MLs | { —_ [ =131 P : 3 ‘
g oo e _
1 — Hv IS C frm ety cetta . ey R -
COMOOCATERL | — [—’I % 5 | | ¥ ——
T — d —_—. - H .-
c-101 i ] | é}, u-v; E’—"‘-"’ == i e — B
— L £ 37 53 3V - 1
} et | i i | > I i : o . PRCIOAC sers 3
== - | e ;
— d— ““;m;‘:’j e B ) | N AT WTY - H
et LAY i fzrocaanon = PSR X fert 2 L2 AT é o
N -~ CRTAnINaILY 2-1334/9 e T L i :
- | D Hgill et | ACHE | i 22 . i
/U | Q ve19? ety i : | O :
' == - <2 | ! v H
g r (&= = @ T | - - e 1
; ¢ - 7 32 oo/ :.:. ~ | :
3 i : | |~ R ® ) < 2 i v @ NS STOGE
B < 1 — FRomR] ¢ e |
l e e | AQDO
'? oungz < [ CC 30TT0M 10 112 [omcimm ok m] +TWita30m1 36
i . ; o e ‘ QL 1 T
[ X] | SO |
SONOENSATL P=1074/3 I[ 3y ‘ — pm——
3-101as2 ParnTas
" s 2 2 S OV 111008
SiL e !_L;g,(:: e o TDLVENT P 3 340 PRODUCT s SIEIAEEET=S “_-"_.."'__‘."5__‘:.“‘._‘:.‘..‘
S S e & e = STty

l ey R e e
=TS
b Sl L) 1C -y e =
2 -
20 . | : | ¢ | ] ! - | 1 | . y | N | . « | " | w | o | » | = s | = % o, .
"‘( 'K'c -u:lu €3.C. 1w 3e) - = L
sty SRR owatia Iniom Tl el e T | S| e | aha | | I [ T | g | R | P | e [ A [ | e [ i
- r I et WIToms v Tl TovCR I owe Tovee| f1eisece e e 10 30 ov| Taveat | srsomwce | ek rec
- . | comorwtca
G — SN N L S N - S 11 R0 2 ere 3361 sy | ise ) ] T_swe 1 iy PR ENES S e |
~ L T ¥ % S % T O T TS TR S .09 1 ] T O T s . S
e~ LS 'Y T N S ST TS VY T TS RN ) 18 | e e | _emny | T T e.aee | 3176 | “OFear MUT A8 1 3.eer T vt
= 1 N 0 T i ) i 1 1 1 = e T = 2 .
—n 1 PR T R =T " e ) [ S I T T ) e ] - 7 nov ! 3
wrn \ ) [l | | 1 1 | V T T e res | I T 1 P m_@_m DI
s et e n - : 1 T 0 ] e 1 = { 1 1 3 + = TRy ,
hod — O P R O 2 T Y ) o - e | s 1 - - | dees 1 = 1 el - | . T ise - s l 8 | —
] ' 3 ' ] ] 4 ' S ] 4 ] ? L T e e T S O | 10 1 m ' 2 . %) N Te . s . o
1 8 1T E)



“

()

- ! ' ) ' I

1 12

& mm B

2

WPTRCAIlD L i
M R S

2

-

TR

e I
Fom Coiedsveint

s 9%,

4%

Vel 02( IE:
(e

-

FeTeA.

XK W1 IO (e Coie

8 /5

POOP sl

ar € P
UL R A<
fuuv)

|

At
T ey

g
fp I

=
F-106A/3

io

LUONUENGL D warTR
T wyis U AP
COMI el ATCY

IRain

LUNTAM ALY
A (14

" ] 1 ' |4 1 1" ' |

=11 ‘”- ‘n( 7‘: . o108 - !.'.1.0.7”:” Colug L';L’ﬂ- ) ;’_'L‘!J =104 E-llan. NOIL”
ATPHALT MIX ASPWALT Mix DAM SOLVENT ASPMALT FLASH LP S0LVCNI CUNTAMINA ASEMALT WU A Puay aieirece RCS Prall” LU | o e e s

WCAICR FLASHTTONER CCONDCNSER TOVED Ve aad SUNCE Doum Co WAICP — 51B1pBLD '+ IDIERTR COMLHATE SUCTION & 0 bt CORLY VTR0 16w iamaces ave secr1Ch 2on
LONUCHIZER FLASH T UVLETE nlt LUt P U -

O AN AN MEL T T RATUME Ll

— ANU LUV LR RalueC CasC MEIPCCT I .
& LTy L 3 O GUNATIUNAL O STaNDRY
A [ = Ceiae ,

NI TP A TWE CATC/LOV [TMPCRATIAL
Last

o e el

CONDENSATT
1008 vall@
JTRIPRCH
Wit som

-

]
2 =t

g9 N

Srrstssesettnenad

o FROZEN
[T ] fuov aaic ege
|
g 2 ! » | ‘CmecRATRC ‘T
() SeLIIRE sert
S
ar (= AT UTY
S
LIPCAN Bl
aw NURMALLY WU LDV

FRUM/TD STORAGL

TR0/ TT umit T
= - v | Afen |

“™

AN

]

PP p——
2_194a/8 ©o{usasy P LUIAZN 1=l ubaza
LP LCLVENT Pume ASFHAL T IVIRTT VT LU SR FUMTAMIRATED
AIZI A Jap Al CO@ wi ey Oy ILMer2a QL TATIS 1 g CUNUENSATE Pume
=]
1T%Can | a3 | e [ i " " | 2 ” n 3 n | = 3 P
- wrour A 10 (CON0. wallR| vap 10 | O var v, T
HIIHIeTion - W WOTI0N | et T v o
e | SRR [0 SRS C¥rethal Wi R YT I e G PROCESS NOW OlaCaan
"Ge $ CatlF  (fiale TOWCE|FLALe 1OWCP LML o | 31 S0meaCl A 18 Sewac T | tTRIPeCE PROPANC OCASPMALTING Uil TOOL
- RIS RO awh ALY SROOUCT SCCTWMC
= . : ! 308 3 a8 = =t TS A
YRR L R ) [N RN e vy alive :. ’;:. '. —— | - . EmL Y -
Tars s we | e T T eare | O™ 378 iite T om Tae QawiLy . P RS M o f
T — s o o 3 ; & e s |
o ] - oy p———e e L] LT} v L . ST (e 1 - SN (R
e ! : v i Tarer R T8 Fer > o @ M‘@-@"m
s [ T enite — o oo — — T
@ o8 1 Te8 1 - we e e | L T e P WSS (oo "l “Tom o * * ’.'—_*_._—‘ Fu-_i—- - ‘ 5'&
| E] | 3 [ “ ' s ] - ) ? L.’ ' 12 | 13 | 14 [ ) ) i



s . A o | 7 ' 3 'l k4 ' 10 | 1 1 12 [} 13 1 14 ] 1S [ 15
il =00 Tan €102 =1t M-101 £~ 104 C=! =1 -11 -
7iEo AQSCRBER STARTUP ABSORBER  AGSORBER ) FECD TRIM TREATING .n:mnc SOLVERT | NOTES
ADSCROLR Ovhe LD FZID/BIM  PROMCATCR FILTER COOLER TOWER OWER TRIU
y CONDCNSIR wEATIR EXCHANGER WIERCIOLER COCLER LCHT S | 1 IQUPCRATURE CONTROL BY VARG ATCH
2 &  Mom oo OF Fan SLADCS a
\ﬁ_ 3. OFFSIE FECO 1AMKS MOULD S€ WCRT
gy le CaS MANKETTED.
e U “m‘t»—"w 5 DCSICH DUIY 15 1.5 uw %
H -7
seusne
) 10 €=1074/3
= "N- ' NE 10 A . :
SWE_LOCATION |
owQ vasce |
- ROM C- 107
oo
ﬂ: . .MIM L wx
c . = i ! '3"’3 ‘ e 162 s
s AT | =1, 22317 ; y_00¢ i -
—_—— A ' <
s - '
] - ) & | ey ‘ ® wge e - bDNTNGAIUAN
—4 'e @ ~ 5 Y So108/n . o
AP = I a1 INaA
ST : : f};
s 1 1 o Ly [ue ! i 1365 -o./-lz. S f]Q/] = |
| i " -n.'/rzzr‘zrri - : ; i ---...........u.
i : fidd & L 4. : 10 3iC 1 -n‘
H = P 4 hs g——\m, .
= i ' N — -
i :
~ je=i08 By i : 4
LR} —aa e < Ak |
- W, 1 ‘0 .
& e : l e-116 z
| ! ™M _® ! 1.6 0 4 1D e SN
1 i 116 ' . e
| : | i @ PR A ! E E %18 E |
o : o > : . -
H { ' \ LroENn
~— H i @ : Tymact |
e ' H STARTUP RECYCLL LCMGY —_
' Fey l PN 2 PO APSN : < e | /™ . now AT w/s :
: €-103 \Y ce s g i i
. | @ i | | « B e & s
. { I - ;
oL 3 : I"_ﬁ O . PREISURE bor ©
G : ; ageveLe -
- : . &._/ YASRTILY] : ; l' l S /RO8_ICUD ¢ ) AEAT OUTY ww 3
: T 007 &5
: = | [ Py A | . & o wan
w - L ! -r NORUALLY %O FLOW i ig
: = T 3
: = _106 o | gl | U
p 63 r@—' o | FROZEN]: | ij
) ; AN |EorRcssE —_—1 ¥
' el (‘\o f}\ (I} E (‘} s [ o v cons | won
: - ORI 419w b 3040V Py
: e T inore 1 ' o] e
' & £-102a/8 ad ‘ souvewt [T L
' ~ T H FRQu 2-11Ca/8 %3 [, ?
! ¢ ETEE BT e A
= H JAT) 73] \ _“_)Tlonu,‘~l==‘ [PrRLTY v-’*"'”
' ' (=] i HACHIPT e SO u0e sy
CD|q o & A I S vk ) s e . —
) O Z oot e e
; -Alu LN ——n——._-—n—--—--—-——
& \T b= & ® & S & il Sl
. oo B -
/[1a39s; U T o \__j JALATIYVA —
) = Pt = = -
32X TAEANNG TOWCR FECO PuMPS ' "
< RAIED CAP. = 83.8m2/n gy o Rt ey PROCISS MLOW OuCRAM
MATZRUL BALANCI FCR SCN OPERATICN CASE = 1D, ATOMTON &
TT3CAM MO ' 100 | 108 ¢ 107 20 3911 53 733 <537 373 " prisve—
SRS O FEL0 | MSORBER ABSORBEA Wﬁ INTERCOOLCA WIERCCCLER STEam 10 AMSORBLA CRCUATING BS
a N | e 30TI0uS TowER CIRCUATION CRCURAIION AFSORBLR OVERMEAD SOLVENT 3 p———
SuPTaNi 2 | e 13 o WP o w0 X
=2 il . 9000 900 910 0000 0058 1 0 294 359 Ten RO e O3Vt se T oo
T 0.000 000 000 1957 1363 1 13,367 000 000 | &
ST 1076y 11 308 11308 1810 00001 5500 500 707 1 e @W—Gm 2
.:.u.:f 3127 165 168 0 000 38911 1893 007 D00 © = ;“ l"(.—-::
& 14 894 | 14973 14 DAY 3781 T 10 TS R 361 33811 18 ]
wvriaes wart. e we o : ] 2 : L ' 5 i 6 [ ST Y O O e s R D P 10 i 1 ] 1 5] e ' S i s
Rt S —if 3 i

L

- O - € D T, S W A — W A 0% S A L A O ——




& [li-fEi-oro-a

V-'02
RAFFINATE UIX
SURCE ORUM

fgC?ﬁJCT.\{mUUM <'LAS* VAPCA A

pal pngie. UX

Hfm-Z

£y

——

=2

RAFFINATE UIX CHAftCE PUMPS

RalED CAP. - 64.3 ml/h
4P-4.3 BAR
MATE3!AL Baling; for 5CN operation case
«a<am -C ‘ot 202
OCSCRIPTICN 4aFFINAIE IWTmalC
CCMPONCVT
-2 ! 0000 0.000
v Gl 1951
A wixrr 0. *1aio 11.810
0.000 0.000
w 761 1761

F- IQfiAlq E-
ORY SOLVENT Raffinate
CONOENSERS ~ FEED/0OTTOUS

exchangers

T

C-11s

RaFFinalE Raffinae « m NATE
mot oil PROOUCT COOLER VAC. flash
exchancer TOWER

mD E-114

®l

c-'09

RaFFinaTE

<«AFFTHAIE S7THRRCR yMjtHCA™

- AEAT DUTY ww
8] y
! STHLAM WUMELR
'
' NCRWALLY MO FLOW
y N
s @ Ll
T -
: @ q= i
' HOT_SATATE ..
& s & | £ /10 wronciSesind “out it
K EH
LR
onv soiveNt s =]
n =) [oscone, ot =) B
T T
QL 1 1
WAIELLV QL e
L2 e R U R O
W sefensgg] revasne [
— 1 Xir i S
Q?D YISO
e —————
S T e e e T s T o
Al M PG e e P 5
RaFFmaTBPROOUCT PUMPS
RATED CAP. - 61.5 m-»/h
4P-10.5 Bar
PROCESS PLOW OIACRAU
UP «riNIMC UNIT TOOL
maFTTmaTC WWPMT «COVERT (MHI
o i 512 517 607
=<APNAIC VACUUM i VAcuuM i kaffinaie raffinate RaFFinalE
PVASH "STRIRRCR FLASH VACUUM Fiash STRIRRER
REFLUX RCFLUX BOTTOMS OvCRhCAO OvERhEaO ST'sJCam
o.oco 0.000 0000 0.000 0.000 =0.278 0277~
1*82 4 0.JuU 0.156 0.005 0.000 1«9(_)" 0.461 0.000
8069 1.39 0.9'> n.yyr 0.0l 001? 0.000
0000 0000 0.000 0 000 0.000 0.000 0.000 0.000
1051 2.207 iLiojl 11141 ket it 6.751 0.278

13 L L

WBNAITATLAS

L@Bﬁ@éaj Lo K

l/,

3

i.GCcND

10w AT /s

TCuPCRATURE 'S

PRCSSURE er ©




o | NCTES
=11 G=10% C-106 f=112
EXTRACT CXTRACT EXIRACT EXTRACT !
STRIPPLR VAC, FIASH STRPPLR PRODUCT : B
HEATER TCwER COOLER !
o
t~ | zr9act amastue Jriveie seoany b
o AT
ot
: MPR-3 3
|
-1 - -
& CXIRACT VACUUM FLASH VASOR !
10 £-108 |
/ | . |
: . ETEEEERESI Q G357 L 1aNdAS armar |F
| '_a b I N H
—{ “30u Pei3easa 2L o D 'i‘ | ﬂ ’]

—— , ' e “"”3‘—'-"—\ 77&%’]"/‘ O’ Y

: 5 .
fagu - o4 ) =)
—

(%]

A ALY o c-10%

B é., & = : -
T o .

WEoIND

B4 N
| | —
=111 = cc¥=sd ! T 0w eIt va/s 1
‘@ E % ' > i = ” |
' Pl _——- ) 1 ] TwPCRAIURC T S \
4 =) |- — : ' iy |
@'"'"""‘""‘“""“""“‘“'"“, O SALSSUAC ser 17|
" C-106 |==d ) .
E H ( ) AT WY ww ‘<3
-:)_i 4 il
g \ H | 3
I \ O SR woneCH 3
rc ’ ' 2
— ! . 1
.; ; G A N i |
3 : i |
3 em) : i |
!
|
' ’ 5 S
H 308
¥ o e @ o r Feo A7 iyt
- -1
=
P-1064
o RAIED CAP. = 32.4 mi/h
o a1
& #R0CESS FLOW DUCIAM
. - . — T 300
L MATIRIAL SALANCE 92 30N OPSRATION CASE ¢ 4 mzmn (s0)
= 37 333 354 363 SiAl 3 S8 sl Al (o |
> ] AT "< CETRACT ac TrTRaCT THTRACT - e
o) f FLase STRPSCR| o STmeng stmwer =
S |zzuennint o AL 2o 80TOus! OvEmeCA0! ST B B
N acwm 7.5COt 301 ooal 379 oy A | i oA
i . 2L NCIH Jae 346 55 9o —ﬂ-=&=ﬁ S
| o Tl g W ﬁra%i 000! ) 5001 won @-EAL e -m -G
ey LT gl 201w 093] % .07 0331
-5 R I 30731 301 37 7330 9331 o7
: ' J ' 4 ' S ] 6 ] 7 L ] 10 | 1! ] 12 ] 13 [ 14 ' s ! e

O — - —" € ), —— —} . S—— . - — - ) AEE CHUY W TS A ¢ DR N S 4 S




FWIAINTANNIINY 1A
CHuLALONGKORN UNIVERSITY



Z \ o | ‘ | 8 I 9 ' 10 | 11 | 12 | 13 ' 14 ' 13 1 15
[- LCuT O NOTES
De €-117 V=1 V=1
S 20— —_— — - 1, Pums (CHT On 10 SLOP Tawx ¥ LICH!
S A —d WET SOLVONT WET SOLVENT ORY SOLVENT BURDUP 10 AN UMACTIPTASLL LIV, -
CONDENSER ACCUMULATOR ACCUMULATOR = o

v
0~

&

T s smeecs sna % — ‘aﬂml%%;&j—q

o o & :

& = €=117 warvj 2 o 1
Pl el D) @ ] : F a’] L%’]ﬂ-----ﬂ.......q.

©

wET SOULVINT
10 C=107

Q'-)

-t FACH T~

F
B

DRY SOLVENT
Q0 C-107
g 1 €
o E —
LECEN
v-105 ¢ m LLe V=106 o g2

MOw RATT vq/s

|

®

NC
AP, S N

—7
—a " (] TTueAAIRC T - z;
@"-&E’ O + PACSEUNG ar C ;2
- H =
= ! ' . O AT DUTY uw
O STRGAM wUMB(R
’ . H
oo H l ' o o s NORMALLT MO NLOW
2 : . -
n m-‘?f‘!&' EXY | 5 i | ) M NOTC 1 m
E : |ELL] CASEI (et
: H Wik, S T8 ke 0~ 403
I i : [5) T 1
vacuum 52

S

| -
Q 1 -
h 2 102101 Q | § B |
. ! (1 & == &A + Jl %07 -ty w‘.-‘! [V . 1 :
. L - -t e g
€S '—Q '—t) LT t :‘:m; Bl

s -—oil—-----&..--l:..—-——-. -—::
A LYe 2-1094/8 P=117 e Y
N WET SCLVENT PUMPS ORY SOLVENT PUMPS UGHT OIL Pume ===
RATED CAP.=6.8m 3 /n RATEQ CAP.=16.7m3/n RATED CAP_=9.0m3/n -
P=5.08AR P4, 78AR oPe4.88AR oy E
? .-
&
Q PROCTSS M_:l‘;:‘
i R pacE 2 i w RCIwG
o [UATERIAL 3ALANCE 7OR 30N OPERATICN CASE SOLVENT ACCUMULATORS. (60N)
~ [GPoe < i Sie 519 1 320 530 $33 : »__-‘
‘:‘ OSSP oMy MY SSUANT WCT SOVl ORY SOLvINT wCT SOLVENT A ; |
3 e aas
w 23 2342 201 RI32 : =
=193 2 |
2 ‘ P T T w o Q-FETD-0-O-GEED
,—— 7 Y E ~ A = - q o=
i * daa | A 500 ) 1 e ?3?‘,'— |Bl°° L4 —
1 2 ! 3 ! 4 ! S i B i 7 (OO I T T N T 55 W 10 i 1l ] 12 \ 13 i ) i 1S [ 16
T E]

l T - — i, — O, ——— —— " C— - — ] 1 —— (Y s W 0 A —— O —




IS

=1n I| 1 USE WS !‘<<<N’O 900W0E i
soung g é@lj w % 61'(‘» SOINT OG0 <D AN O €

A7 vl ¥ L XtALE

.............................. e O .k 11 i 90 gt

,,,,,,,,,,,,,,,,,,,

AOW »A‘s g
MSHZ' 16 XACA
K |ZZ 9 "9 G« g
g IO LA
é SINEH NesGER

150 oL

gﬁ% OAHlNZ on ﬁmpfn/\NON 92]% "

pON(<T

#0 € NyOW D, ZEAK

— € U O

0683 TRy 3 G0 L
S TR gt

<]

o ﬂdllaﬁ% ------- %

' e =
o T K |\ VheedV,
Wyri'f e



AWIAINTAUNNIING 1A
CHuLALONGKORN UNIVERSITY



w

w
[
o

78

V=102
Faruadr w0 ¢
LR FI0) o

TAATC
ATIVER

M1

1/102/)

Shmady FLILT

sty

DSSASE R TS

I |

L f3gu 10223 33vai 7 crae 5

23 dgadv ¢ o3

.
i
;
|
1
| -
A ~
' '—_/
& i I 2
: T a7 = i i 4 4
| S
: I | ¢
| R | |
| s
1 ; % a7 l—
' > L] Vo
| | oy b co
2
-] ] \d
- gt I . e -
s \r"_! s S I N3 acewass i gt
=2 | o o b | Eaery Lo ) > - e~
: : ! .
i | o .('-—— -Z
| t i
|
+ g
J | —r— i
e SRR ppoepen. it L B | V=i )
I Sl V=103 | }
_—N——/ -*9
[ [ =28z T
-~ ; ':j TN - [ :_———
- - | . " Rri—
~
" . = - 1 PRI I L T e o
S ) - X Sy l =4 > e R I T S
‘ rs AR ) e L T
271 ) ! & >< ==
SRl e SIATS C3 e T3 | - F
| 2108, -t
' w0 TURAE SLuss 4 2 RS ' =
— — s | ALY 242 o168 =i/w 2QInARY 3CCT 1 ,uPs QA mNG <
1Pe152) IR INTII AR LT mire g ICIT M oo
s<—7 33 > WIED L2 at4T wiie =
Sty —
: SALANCE 723 3CN. JPERATI e 4 =
< puAEs SALANCE 72 30N '.JP_QAI CN C(‘S‘- ' T e T o
St 1 —Toe s = - ROCISS 7LOW CIAGRAM =
~ SESSHATCN G 'k»_’:c';' w0 H:c: _.;:g.;xs_g ;:c}i:v;.?s SCLYENT JEWAXING UNIT 4CCL v
eyt s ¢ LV + ” o e sopw 2. -
S e ol e P gt o e PRIMARY FILTER SETCTICN (50N ==
> o YT} 701 500 o0 o
T 1281 2437 2387 RETE) $% ==
R 7K n 71yl ﬂ-gﬁ FRITY! R varg "2 = 383 - W ial S——
) s/t 25007 2500 2262 2GS0 o ALy e
vails o et 17991 3799 20001 23C0 -wﬁ
T, e/t 22001 22001 2000 2 e
py BETYH VAR 26001 2600 2060 q o~ PRz
Qs o ) IR 0 371 Toans 1



' ) . < : s ) 4 . ? ~ 3 I a | 19 | 1 < i3 | 13 . 14 ‘< | 1
: 3 G = % EAES VeLA Sl . St e LR s 54 o I | NOTES
-y .m0 - ) “_"ng _mne [-2n§a ’0/ .o 3 i - 3ng {
TWC ATWOSPHERC CwO/ATu owe/wP 3“'0/"" Owo/up Dwo L2 owo WP Owo OwQ FiNAL Swi OwC 3C0LVENT ¢
SOLVENT CO0LER VAPOR 0] VAPQR FLASH T10OwER FLASH TOWER  CVAPORATOR cwo ’“C"‘J‘" FLASH TOWER  STRIPPCR  FiNaL TCCUCR | &
EXCHANGER  CXTMANGER Elcw= CXCWANGER o £ ACAANGER
I =1 ]'r.
—— OwO_PRONUCT
B FLAZH TOWlR seCuia
$DU-3
e i i
~ a= | i i =
H . H 3
ET) 1 !
— il - i
Tws ASYCLS |
s
< 300 - A7) 1 @ﬂﬂ '
N IRtA e :-'3 3 9
3 (,:if.rf} UM
- 3 —~ |
|
- "‘ “aq -
STOST I N
|
- |
- ¢ e i
- I
ty‘.l-zw.eu :

v T

~ oo —~ | ~——ur ) !
i=301 anxiNC ¢
“d ee-wm |
~ H . T Aow RATC e/
- i s PO pos ;
: T N TEWPLRATURE 2 | bty
s | 4= | 1 i : / u_'_?'.\ v |
-n =0~ ‘ J— 0 T "
(N NERAS A [,—’r'c\ : ) Za\ ] \ - - , 29/ it I O 2RCIIURE sev 3 {
Y- BT L T 2
- | ~q NS5 ! ! j AT U ww B
VALY — ) H o) 3
' ' Al ~ A
t : il :1 s mach i
o : N -3y |
{ ! E—| i NORMALLT O FLOW i
Lo Sy |
- i L= = I \
' =211 Al
B I . ?
7 o) @ > ’
@ w Lalisomemrn: EEmE ) (e TR SRR SDP St S, | | -
‘<t 4 Ca st : : ' T IR i
= / ) o - — :
~——T H | 3 o - - AT e e
= \ ! : ; w0 semvie 1 : st S “;Ot 21 - - i
N - . < . — '
I H 3 e A
- |
| AT-0P o0 — T= |

=) L e

s |/ 4 <

f.
|
té

H
‘—J —= 2-°0a'3 3.7N4a 3
1 WA WO =P FEID PUMPS OWC PRCOUCT PUNPS ;
FAIEC A2 «1720 mi/n IATED CAP = 1220 mi/n AAITD ARSI 3 misn sovenr |
= sPasd 3AR 2Pals R 33433 2R " =“,’-7L
o
E? Lemsa . ——— PROCLSS NOW mu
MATTRAL FALANCI 2P 30N "PfPAuon CASE IO s R sao
otaw v 2 205 | 199 7 HI ) ) ST T ORI 0 el ) T N =) ) Sownts ou. aeeavery Tecron [6om) e
SLSCRIE ey QVERRFAD [ DRY %RKN' I REAC |CRY IOLVENT| JATICWS | OVERm(AD|CAY ZOLVENT eor-..s c-v \c\vurl SvEATACAD | { w(n-‘.a»c.u :;,.n;-u.
. c wx (0 FRou ! racu | ROLYE 19 “Acw | a0 | AEFiux D fuOu . 0w v | YOt
rastonon C-2om g~ 0l c-2c2 ! : z-302! =203 =203 S el 2-30¢ 3
@ - — 2o 500 | 15007 37300 TN T 3 PSR 7558 Toa 33T
X ] 1963 EN] o 337 L35, BT R TH R 3189 33121 3253 PRl
] = R P EXEX] 3317 2941 T3y T (A 3091 %5 6% 1
E3X) 3799 SO0 3001 a1 30001 391 3 3081 0T TTa1 7 3.000 ) 7037 5200
—A ] 3 000 & B0 D) X T R X X 000 | 000 | 3 000 1 U oe0 |
" . 30«77 =08 1 937 Teoes | Suin T8 YRR T TV i0e 50377 YOS L
- - Lt 14 s 1
ey . s we - ! 3 ! 4 ! s 5 ] 7 i g &4 12
s

) E]
U R o 9§ L | e} ® A— s — - AT (YR D e § o L T —




A

3 | > ) 7 ) 4 Hl fi Mt 1 ! 1 | 12 | 12 (14 ! 15 | 16

& NOTES
v=301 "'~}Q] r_mz C'IQI y=302 -_1Q4 E-}_Q) !‘-‘Qz E‘}Q.'i r-}Qﬁ f_-lQ.Z
A NAX MIX WAX MIX/LP WAX MIX WAX HP WAX LP WAX HP FEED/ WAX WAX WAX ORY WAX LP
el o B T o e
TXCRRNCCR TXCTANCER X ER  TOWER COOLER swop -
< FROM P-116A/8
= w00 | s
L —— ORY SOLVENT
q . =" ; ribu »- TN
! : fomeeey
: ' i 3
1 ) !
) 1
f 1V=104]
= 1(PFO-303% D (o7 i
4CI33 REAULP FILTRATE ACCYCLD : 1631 —- DRY SOLVENT
£

Sy ] 1 0 v-108
e ! 0

o

¢QQ-SU -0yQ-0

'
H
}
]
:' | R C | t
'
- 3 i -
- 5 ~' | | | i -
i v-302! i e , TN e w STheeca
WPFO-00T), ! ‘ RIS A /E 215 0 z-401
| : ! ~ - e o :
b) s ! ' a1 v 7 /
kT3 i (00) H V] Pretee 1 F%L)
-y~ | peesee | ]
sk max N I ® | c-302|
= A B0 22106107500 < s v S §— r"‘/""—( 53] ‘ 1 o | & @ s I i
03 \ ! ' h - o O 2 |
— e w2 L [ o | (] s
] Vs e L P e B A Il - s S G \O e o) -2 h 1
=1 s . ' v=301 7 ! €
ek ax ECYCLE | ' —-___.59_  — @ @/ b" ;;‘\\/ 3 e { v E ."«@ I -‘-@ |
i T 0=~ e |~ A) | £ | b | ° & 1
] . T 3 = i=302 :-.‘04( SO, ! . 1 —
| 2 - — e T Cae g | OF T —= | | |
H I | H NERT s
; - Caoaq " FROM 2-102 |
: ¥ : o T S e | L EE
! [ED)] || : v ‘@ﬁ
" | i) l =307 B won] L
- | : - ! 000) (%3 haxy SoLvENT
; s P 20 . y 2-TiAsa |
. ‘ o ]
o i @‘ RV : 1 @ E SLACK wAX PRCOUCT G
v ! ; i ] 70 STORMGE
i ‘ (
/_9 1 & <-306 ' e
“ ’ ®\ 1 | B e | -
i - 1
'f' Y ) =] el /3T897  OT SCLVENT CTCLE
3OLVENT T fRCU =107
8 e Sy i P i i "
“ = i I} ! | (BON TASE) .FROZEN 1
[ i £-303 E~-308 & r":'"‘ re)l | S ] < . ook | w0 _
E = L. Eq’}, A~ & e JETp—— =
2 | L ® @ ')
. , S s e e e e e O —Nn
R o - L% O & '
3 Y = L2 L2 | —
! o &
Q Laﬂﬂq?(ﬂjuﬂm] = > T T —
£-i01a/8 2 2zila/3 o ey e e T e
WAX MIX CHARGE PUMP 3 o ¥ AUnP NAX PRCOUCT PUMP ‘i‘._‘-‘._:._.‘;.'—:..‘—'.‘-’.‘—-.—..—_-. PRy
RATED CAP.«37.0 md/n 4 pm NX ‘ a «36.7 m3/h mrzg cap .:’z,;:s/n ‘ | == : Z
AP = 49 BAR —-p-] %@ 3P PS5 BaR - 11 - S
RS LTE _ =
IR ; p)
= . | . PROCLSS NLOW DIACRAM o)
VATZRIAL SALANCE CR 30N SPERATICN CASE L O emessunc e Y eccovent (s =
T 1w 0 o 02 303 09 313 720 730 332 340 350 . SUAcx way ‘occoveny (6owh —
TESCRPTION | OTE_as 2 SRR % SRS SoTTous S Wrious T oS S St C ) meat oury uw SES—. =
#Acu | gy
CouPnNENT | 21087107 r.‘gg A v-.;g; .--g‘. c..g‘. =-307 e c- C 301 =
~ Y2l 1220 3.000 3000 000 2.000 000 2106 000 108 .000 0 STREAM NUMBER Lo <
uis sa/s! L34 1548 L9342 £2 9.133 920 3.29 2 = = | _eewesr . Loalo . __wowe o
29— = - — == i 2 B = ) o o Q- Q-E-00TD 2
CEwaxgd o sg/al ERETY] 2.164 000 18 0.000 184 003 ;181 000 000 o~ NORMALLY NO FLOW _——— '_T“"TT'_
/31 4031 1403 40 2.002 1 401 017 84 000 000 [— r —_—
/1l ‘87 4387 730 KES 1.907 1658 FIL) 1348 106 nn




5 | s

?

' a

w157 SOLANY
TI0U Pt ika-9

' ) 11 | 12 13 \ La 3 o)
5~ 106a/8/C v=-109 y-1c8 =192 ¥=106 £-108 2=-101 =129 | NCTZIS
HOT WASH DRY ZOLVEN! WARM WASH »Qf DRY SOLVENT ORY aND wOIST MEK SIRIPPER  WEK 3STRIPPER  WEK STRIPPER b s
SOLVEMT SHILLER ECEVER SCLVENT CECANIER SOLVENT ECENVER OVERNEAD FEED B01T0MS |
o FIRAINER HEATER SIRAINER ZONCENSER EXCHANGTRS
| F —_— 0D v’C)

ne ra
MISTE watTa
FACM smad

S

o

|
£<108¢ - }.©) ‘
|
|

09

SN RO
“ot

1102402

G

BISE

"\:

RAIED CAP w153 ml/h

RAIED 24P w62 mi/n

RATED AP «1810 mI/N

“ '
04 ‘ 3 | 8 | '
| { L\ I I !
e I | ] ol |
e ! i | ] ' : JN— i 3
— - n |
; | ] : i , : T _'Z)" i ol .'.oq\.-_.;‘o‘g;r; G
27 - ' 1 l I a e mm—
21 " : | ' i ot 330
d R T 3 | : 1 . | T f -
A i
= ! : ERGl . oo '
DUMANE ST NS MRCES & Q1 #ASH F41¢) @'"" _— l | L &2 : % 5 = ; |
122,105/°94/1387 128 T 7 A = ~ v‘_‘| : | FR0Z= ‘
] i i, 29> | e P | | HVIERY | ! | 'RO‘:& i
< —- -
: - - : - - . [sOn_Casc] == ‘
Surnr e ~ ' z £-107 w-108 | I ™ il | ——— l
K e h | o ! .4 2 ,_.\. @i, o8 =) R e e AY e A
) el IR = 0.09 | = > Y ‘\»C/ - WRETT ™
eee—— A o . e O 1 : =
] I ’ ; h X =
LandIsaluad ) i pal S rarvyT T s =
K = = == E
. 2-1124/39 2.114a/3 2.1tta/Q O-110A
23 =t WARM WASH PUMPS wEK STRIPOER FIZD PUMPS  ORY SCLVENT PuwPs WOIST SOLVENTRPUWPS =
-
J

Videsseiilvivissaigae aP = 2.3 8AR QRN S0 AL RN 3222
SDU-5§
LIGEND =
A9 zh AT e L FLCW RWIE ag/w
22 3CN SPCRATION ZASE - “ PROCISS TLOW JiACRam
20 LTI 79 2081 3021 750 7037 203 20 e CHPETRAIE.S e+ TS A Wy
o Frad DRY SSUANT WISt | SCLVENT VERFO PROOLO atus St | i : ) —
ANt 16| soLvENT cAcu 0 soLvEnt 1o | agFLUx 10| U PHETIURE der 3 < e R
oL V=126 /=108 v=108 ! e : s - At — o=
20co! 200 7.000 3.0001 3001 000 2,000 uCot ( ) “EAT OUTY v . Ny TN e —
=9%3] T ie5 85T 65 000 300, ~ OERELT S LIPS, U =
IR ETF) 0001 000 £00 200 A T mpason = it .08
; 1 R RlAu vUMBLR e > <
70001 3029 001 500 000 30! v o W-@-Fﬁ-{ﬁ:ﬁ I
3000 | 2 000 0001 900 000 000 b NORMALLY NO ALOw sy — =T
3560} = 200 Taerl 348 3901 (LY = |'5 | 7,}:—_;
M Qari ) i YR I T 3901 a9l -
3 \ 1 1 3 ) S N ] * e V) e D O ) i 1 1 2 i 13 i L4 [ B e i
- T !
d r-\( O, - D — - W T . - — - D - —— (NI e R S S S



| » 7 \

4 ' 4 S | 5 | ? | 3 9 | 10 ' R} [ 12 ! 13 < z 3
gyrTcs
r £=129 £-10! V=101 £-102a/8/C/0 £-:104/3 NGEES
PRO0UCT FEED/PRCOUCT FEED SURGE COMBINATION FEED/ REACTOR FEID
z AR COOLER EXCHANGER ORUM EFFLUENT EXCHANCER HEATIR ' S
L ] ~OIT 3
N -
== B ’
.
K "- '
3 pmemea PENLAANGE -
' . \
: i i
—_—c ; Al
B N, : 3 L =
40D ¥ |
| | I NS~ N~
mocl Vs A I RIS I £
: . ac ‘ ) (=) SR oy 15 S o ? S Iy }J -
|, T8 A o & e L2383}
1 v / o] AN T <10 '
t B, b =2
- i | S— T Nii 3, [4 ‘
| [ o B ‘ a wh ) 1=
f V101 | | @ = —S 15en NG LY N
\ | 1 : | = 7 | = VN
S \L : Tr-- 2-1:24/3 o ~ 3 Y :
: o] @) P ﬂ
' = H 1 2
: Yt
- ‘ N i~ B % =
_ 3 | A /
e : e 4
! ' P ¢ (== i smmyn i
o i S N o ) , et z
: & z-o2s3/c/0 | 7 |
H { - g, b LW WML o
M ' Lo S/
i ' L] O L -@ . D | i
: 1 ‘ At T
i : 23 i
—_— —_— . ’ i TWACRATURL TCR TUAT I dum
: TWMAANRC DA En0 I Aum
e AR S5 = ) 39 ' S 2
i (e A~ ! : 1% s 20523URE ser 3
seT3uCt 0 % D g —~ | ' | N |
— S b
= N v e v Ut =
J908UCT 10 "<C l £-109 £ : | ™ i o i
e ' & 3
o 35 i ) : . X TR wumeca
= 22! Nao, ' = ; S|
' A w? NIAUALLT NC LW
: Y 3
e ' | ¢
‘ & 343)
; 229 ) I
' en
H 4]
EX ' oo ™
' ==L WACTOR =TT
. 3 @ o gnUY: [S0N Cas: ]
_.J 351 ) = J el i TR —r—
- T 1 ‘:"’) ! 12 secolfr [T 3
7;."\4 ..3 — 4?) \ : mOu 210 0
: 3 %
H oo 0 T —
amin T | fc) -
S50 TP e AN 1 & Y ) GET s romod PRI o e
e - 7S
A 0 qod | c® / ) foom - B3 YT TI0
— ~C ) > — — I %
S v =
=
p— e
S_1A1a/ === - @
MaTIAL 3ALINCI 7CR SCN CPERATION CAaSE © PUN 8
[ T Ton ool = 7 hrso;::‘-'ssézmms/»
! SCaCAeT O UITATE| e ‘w:; TTUB I -CAS] RX TFFLU Levl e
204 3AT Lul P-10§ TQ A MD-{fF A=) 33
TIMOTNENT | SUCTIOM ZXCH -102 19 €% ?ﬁ;&a‘z.ﬁ;&“ -
: o= e FELO/NLACTIR STSTOM (SON) e
001 oot e Rt G e AaLB ey T ]
00! SRIGACMA _UOr 3557 Au seqret
- = e
300! 2001 eat 0% E
30001 0001 =% = T vgeass Byt
oo o B s Sl 5o
= ey
o T 1931 ERLETE Ay
e T 195 BT 8 \ ar—
2 ‘ E) | 4 ] S ' 6 \ 7 Y EB) N T R | =) 10 ' 1y [ 12 [ 13 ) ¢ B te
Ly C I ‘« -n—z O ——r - ) ), A W — e - — A W - —— D CHD W N AT € e B S e




> : 7 | | 10 1 ' 12 | 13 P4 ' N ‘ I~
/=102 V=104 £-10Y F-195 €.1ng U= v=110 | NOTES
G TOMPERATURE H7 WAKEUP H2/M1 SEPARAIDR W7 WAACUP T 3ZPAMATON LOW_TEMPERATURE SOUR waTfR T e s sTOROTON TYStiu ] S0 D)
L 3T~ARAICR COMPRESION VAPOR CXCHANCER COMPWESSOR VAPOR AR COWPRESIOR SEPARAIOR FLASH CRUM /owC Ne083- 2= 0T ?
= ez 2 a=Tocac, oo ~ol oo PSP OUR marfr | — e "t e ™
10 QFrgme T K=1C1A/A anC «-1074, N B COuBw(D
[ — — - wite SCwaON JRN( SaZFAGID wOOW{
P | I | ACCowuCnOCd
-4
| : 3 ' | 35 vy P i ISweetion =
| ~ . ' VINDD
3
! A —
NPT i 2
8) ! !
| ; f 4 t
- 7 % p ey e ! J e [ -
| 2 % -101A/8 ' %//’/ 7 1
2 . | wrr |
wgm. O || —77) | == : e = s - =y l
waksuw TG A T A A, ARREIEEET R Vi) y ~ i -
s =l e | | T s st 76 S B g IBNATTATLAM .
- [ / | ~ '
5] e Nz } S0 e | |
3 55 =3 89 )
- ~C3 ! > S = a
; E‘TWB%’W]...&..'...,,,(.
e ~ \
V‘\ ) ?
“3 )
3 o}
| \
4 |z -g\’é‘\ 3
{ b
- R “ =
<N CUR wATER OFFCAS SESENC
; D v=106 AP Ul
- 1 -~
: ] e 0w AT e/ B
| p—
: = Al E ! TLMERATURC T
- i : | ! -~ 2
| i g | ) POLITURE sor 2
i | ' 1 . . 8
I & A EAl JLTY ww
H ~
) § /=102 | ! f':—JT-_'/_o_‘. 7308 RV} . ‘ < TTROw swelk S
. NPT e ) S ) 1 'Q 26rSE g
b @ = N S
32 L I\ \ LT 3CPR 0u0
: Y — ' "9 _T-10e I
= = '
\I_/ R |@-, - 1
B Skt g g a - s v | [Faoz=n]
,"TT | [5CN_ZASE] < - e | e
| - - PN - 0D
1« ‘ ol Y o —
B X1
P L e X
- -t - Ao
X=101a/3 ¥=tg2a/9 Fo - 3 o
2 MAKEUP COMPRESSOR ~2 RECYCLI COMPRESSCR H
3.0 m3/min 3.2 ml/min
b aa==
=
MATERAL SALANCI TOR SCN SPERATION CASE
TN ' :0% o6l or 58 Ty
' eSCIP7C| MACYP c*s makeup CaSl ‘R Al SOM f SP) "K> EIP]I uo cr .1 «0: PV REC CAS 101 RECYCLE CAS
oW H SEP V-IG2 toi VAP TO e-10C. On R C-ioj SEP V-1 TO *uiHe scr!  REC CAS coup! Q0P SLCT PROCESS FLOW  CRAM
:3uPOnCO X- | SIR c-'0%*i H2-NTS V Cxi 10 *¢ E-'O«l NTS STB c-'0*i c-lor  SUCT <0 V-'0SI 10 K-'0? HYfINISH.NC unit SOOL__
oooi 20001 .axa oo o.cool an [oJes] 000 HYDROCCN CCUAPY/nN/TBOFtHC TYSTTu (ON)
. 0%1 2081 0 .*61 0 61 Qo | 0lisl )
ool ! 00'51 0| oam 0031 [(Jess! 0.000
000 .ag o0 con 00l oax pJes]l 01 30
0.00l vl 0061 0081 oam 00081 0092 '
00771 o> "Qll 3'0il ‘Oil 0061 23
0071 02~ 00701 0.0/0i 000i 001 00851 [esiit
00161 0 ..1 0.062! 00521 “Jooi 00861 o77 "
b7 1 77> oom 0071 00371 00*1 00Jl 055
< 0 soil 6flji 00*li 061 0 ::

«. d



3 \ . | < \ S | 7 ' 2 |+ < ¥ 0 i

' : ! 12 | 13 14 ' 1% ! 16
: : i NOTES
f‘_v:‘ -‘-:2, .-'4"3 J
VACUUM vACUUM VACUUNM 3IRIPPER VACUUM SIRIPPER VACJUM T SRCRARE. G, T
SIMwoCR CRYER REIONER OVERHEAC SIRPPCR OVIR™NIAD H -
T ioom aaiin CONCENSER CoLuMN ~OIf & CONDENSER RECEVIR ABSIAPTON TYIICw LN T
it 4a 110 ;Et :-CT-\M--. :
o5 _‘ | s{oento )
>3 i : sl

. o(slcn 'xm ISt Auw UASID DN STARTUP >
H ACOURE w(NT

HFV-Z .

n 3vsnt ‘ol

\] ~!

H ‘ Laﬂé’ﬁﬁ'ﬂ?ﬂﬂ&l

2099
: | 0 iy T - (|
1 | - ) .
— 28 L o P %\'
[ = (<3 (a8 ] 3
. = 1] € ”Iﬁmwr g é. a
S | ' ) \
' i /:/ [ -~ XSCHARGE \
| % " ! 1 ") =0T -'J'f' —
' / —— | \
-y : ‘ ' ]
| G5 meelees el |
‘ 4
- | il -
| + -
1  NT
1 ey LW AATC g/
— ; — TIMPCRATLRE T
| 2
! / 65 o 1.'—'1--.-# ~ £, IRCIZURE der G
] S i . i
. ’." 9 | B
& = i T et oury we
\ S’
D) SIRDAM wMBIR c
3 G
- NORMALLY ~O TLOW
|

(o
P

e -
— 50N_Cast]) T

0 off oy L I B4 —r—
=l : ( | g fe : : :
e 7] 3 o ~ [ i) WA H \ | | ; T
sveou —— - & & i o = | = i fis . e d =
S0ucs & 339 | ~. X 5. ') S
o : < b, s (o K
9 = | ek 3-'08a/3 ( ’ r U2y o incacn 1 v ~— =
Y AL 425 STRIPPER =X X = VACUUM SIRPSER = | N, inarE 1l =
— MrSﬁLU: ?’w l acﬂcus Punp 3_103A D_iNaA <) a_11 -. |
YY) CAP. 20.20m3/h o o -103A/8 284/3
Z3uR wantR apazl aan Y i o e VACIUM_STAIPPER UACTUM STRIPPER UGUID RING T=T——so—sio Tt
B t510a - OVERMEAD PUMP S0UR ﬂ’ltﬂ P VACJUM PUMPS P e e T
— 1 ATy RATZS AP w).Iml/n  RAIED CaP m3/n | RATED ZAP =G, 14Nm3/mun S A
it AD o i . f—
MATIRIAL 3ALANCE FOR SON JPERATION CASE . - -
iBfa Ne i bl 329 Test Tee] w0l sl 3081 509 5101 [TE] S AR [0 ¢
2 [TSESCAPTION TIT0 G 3% wP 310 10| N5 STR COL/ CROSS G vAPI SOUR OFTCAS| UG DISTHL| WIS 3TR 2wl SOUN wATCAI WP STCA 10| CAGES v waP| U0 DBTIL| VAC TR Ol SOUR wAICR| WaC TR 31t G aC SRYER] VS TR 31
SIRPOCRINIS STRWSCR| BTWS 70 VAC! FR0M wIS STR| 7R =I5 SIR{ MM v=016 w3S|  RCFLUXK 101 R =25 STRIvAC TTRMPPCR VAC STRPR v=107 v RCFLUY TCIPUMP SUCT PRl PROO 10 val| OTw UQ 0| ATw vA® 10| U SO :
I3UBONENT S-104l s=-104l S1RW C-1031 C-10410m ¥C v-106l STR OW ACCINIS STR 2- 1041 Ok AHC v 106 <102 C-107] STR OmM QECVAC STR C-1CINAC Sim ow (Cl oavER| P-105| v=10710 IC8 RECW| ':'“N’””‘w;“ "su“'m
=29 [TVET] 0001 J.2en 2.0 . 350! 202! o001 3 000! Sanl 1301 "sl 3.000" S C001 18 2031 902! 2071 00 foucnA: SYeTru eaw)
/s 3081 2001 0001 ‘0081 o081 3001 3001 e ) 500 5001 500! 3000 o001 et T ! ; e
Nyl 3130 200t 0001 EIEl} [IE] 2001 P 300w o001 Sccl 5001 000! coon 5001 0001 3001 500 : - =
Y2 Q001 001 cocl 0001 0001 3001 5001 2001 oocl___ 3000l 0001 0001 000! 9001 0001 200! 0001 o ue o eat ot _—=T
g/ 209 2004 Q0C! 009 2001 ocal 001 200 000+ 000! x: 000 000} 000 S00) -t 3 = e
T 333 0! 2001 023 o001 2001 oc0] 0 cony 0001 5001 9001 0001 500} ;
| orsl ER E coo! 025! 3 cool 1 0301 Ec_"!"—Tg 0001 000! 1 000} 2001 2001 2001 500}
3 3001 000 036 301 3 2001 3 ouor 0001 5001 [ 200] 0001 0001 900!
- L Za) 3 2001 ‘139 153 203 2 00 001 " 2071 [L&il m VAW ~ -0-71 0ol N
- H a. salw Soae ISk c] SEYYY Y Janr e ol 307 Tval 7T 2830 3 ml 0051 1 sssl
aos it s e 2 J ! 3 ! s ] > ] : R B B B L1 i 10 | 1 ] 2 [ 13 i
-t T 3 T
ot -+ RS S - s € D —

AL W A — . — W A - AT W 1w A € B — . ——



| J | 4 | S | 5 ' 7 L) t 9 ) 10 | 1 \ 2 N 13 g e ‘e . &

r-vg‘ !—!(‘) Cc-10) fF=11a V- 101 -‘_”5 I NCTIS
FLED PRCMEATER FEED TR mEATER BufrER VESSEL SMUMEN BLOWING CiL SCRUBBER OiL CIRCULATION OFFGAS < 0. DRUM RECOVERED Cit :
1500 0 ¢ 2,300 T/T mm TOwER 200 © t 2,500 T/T mm COCLER 200 © t 1000 1T mm COOLER |1 My CCuPCNTS Dm T w-n-cl_'o 2€
2300 © £ 1500 /T mm R | SUEFIXEG 4T oMaID ImOww JIMEMWIST
3 @ b fow TS CUAITY M wwuL G
| w3
- - 5 3
OFFCAS TO INCINCRATOR i . :
FACKAGC 2103 B STI0N IINOMGNS 'C 3L AP
L d ] 3 MM TTART. O IPCRATON NTO
| 5
£< 199 |
.
I FLED Jetaation [T
. 19aC
. 1 ) - 23w -
. - O.e6leg/y -
l_J s
.
o (23) " 0 3¢ weurd |
=5 i ALuBary
l g & 2
B 4 | z - 1402
S St JOUR wATER . - s
't 0 Sws umr(soo) | e Y- -
: | -
! ¢ | 7 3monrsiocs IIRACT % uSEO fom fefp
5 [ HENOWG MTn TRE FOLLOWING SLENOWG RATIS,
{ S3 .+ oo - 432
l ]
l
(% ~
2| 7aou ero pune v & —
*-1014/9 ) 8 | j
{03¢) 7 | ih (3. 5
WTE 3 e S~ fT’ ; ~ & 4 S [
! 2 Fem ) VASYSIEN .. _.—.'_/Lr - o o(cM.(p o l I
= 3 3100 wss IPTIANNS TUACIATLRE T1
| Bar? = 2-1004/3 - Gaoe \ Sar 5108 Buscx
i .__.. | ITHiaw wuwdlR ?
MOWN DSTRLAIC
’ |
' . 5 ekl J00oaING WSISUAL dorC)
i =
J STARY . P ﬁﬁaalﬂz ~i “ oL R
T 1 ) r
| )
. ' CTAUMATON IT e °
ol | - TiCw.TI ITCRACT
5 s | | l CRumATIN 37 L NEAS
— 3 (E e g BN LI | e - racM/ 'S it
it 3 o eeii2d o i
W gy k &) 1‘ ! S oS —
- H ~C WCHMALLY IL3SEC
e =i52) i
' H | e SOAWALLT N L
0BT |
2. 1074, L ./ \_@ iWSw AT wass)
=1 | e ! =]
7 | : ] | IS Vo g az]
20 | i o 150 (b I ’(\m'-. - . =1 38 -
1 MTuucn 0 slons T = - R
-~ ; TANK, --un/lI 3
S—. ] ————
. — ~OTC 4\ 0.26
A=101 M=02 =101 V=107 2-107a/9 2-109a/9 2-119 )
’”U‘C" BLOVING  AIR FILTER IITUMEN SLOVING CoMPRL T 3LOWN 3ITUMEN PumMP DIL CIRCULATION PUMP  SOUR YATER Pume  31TUNEN CIOLER
CMPREZZCR AND SILENCER COMPRE SSOR X.0. DRUM AND TPAREC AND SPARE S A 10 v
= PACKA&. D3 CAP 3,326 W7 /s B30 1D X 2,000 /Y me O3 CAP 27.0 Adine A CAr 12.8 AV
- .
: = A | S v 3 49 d 1 PROCIZS MW JUaCRau
Sattuen | S 1O l<> l@ IO IO TR THO & T@ DNHANTAILUAN o o S0
e opetaw
'S | e | FE0 A0, | ARRID|MCOACS] Mt T Bluuln | Miumcn | Somec 3 wowme 0" F
o | eeneion | a0 Siocn | omocas | SAae |ree3e fios 0 #0M0 | 10 seevae —
hr CARS | DRUMMING N E
[T oW < 5845 3845 | ST8T 1 5748 D 630 0390 e 347 | 35000 1 3ei% 1 TS o = FROZEN [—
S ecanec 7z T 0T 0 1 wo 118 170 30 90190 1 90 1 756 a’q VAN q
Pa(55URE = 1 B 1. 1 D21 317 30 T T 1 ——l R -~
G af_133C ‘wwi [ECEETY) -on-vJnlon--uunn--n-una--vu: (28 0) 2400 EED) T O1= 10811 01=1081131=135] Tov=1 .51 E—:—,,t
B SoiC 3.7 -eu."]-a'Tt_‘?' T I SOTE 3 7 ~0TC 3 1~ 5 | —T e "E
=5 V T ' T 7 T ] 1 \ 1
i ' 2 ' 3 i 4 | 3 | ] 7 7T TP RN SO I Y N T O S [ | 10 ' 13 ] 12 ] 13 ] 3 32 %)
CILONAnC - S0P a2 TTALL o > - 3
0 NI wamet

! - . .- -
- ey I - - | —) ) ® A—l| " - —t - W - — T G W e T T = ae ad
...



86

- —— - — . — ——- @ € SOVEEA S ©

- ——— - A————_ O - T—— " —

) 3 | 4 1 5 | 5 ' 7 \ 3 10 ' | 12 | 13 14 ] A I
SCOUNG_WAIZR SYSTEU |
]
1 OTML A TUGDE IRMON SuuP S f
CONMMMILT Sl Wi D WOTOR DANEN i
PP O Tiam . Y |
T N0 T TOONMG TOWER et OF TIMCERTAC !
CONTIMITON s CONTRACTIR O CONRM |
—— COOUNG wallR 10 UILRS
fvoocs 1 A=103 3 PRCLIURE & TWPCAATISC oT USRS BATCRY ; |
[PAMEE | s0c sTRow AR ot 2 I
@ 1 | Now 150 mi/n v
! : i O ML MIIURES SOTRRCS TC SAUCE l
> s . TUICR(D aw warta
LLI )\{_1. 2 Z_) reou mr esoo 3 AL AT TMNTOHT & e - I
<> & i LML COUWMENT \OT AR OLMICD W0 T |
- s 00" 2R SCUNG wATR ’
! 2 ' B s
) IHECA ASOTE iom |
) Y i 5 ca-—(J \
SRam ;
Pl NN ‘3 q\]; ]’gl}
: &l fdooNMf
3 — LIADAID waTR C) t q |
A l TROM el 4330 L |
o2 i
= - o
e | ae | [ SBAFITAIUF |
f...;u ; I ] i ¥
| T i i
L oma ' s ] ) |
| *aCnacE : b i A
- i i a‘ iq1~3y O] : i
R L3 S E S C Sy ¢ < '
—ans \ |
i == e - ! -
[ 2 e ‘ i |
e Y i | !
2=1014/9 K=1014/3 | i, b—
C30UNG walcn : B | l ucho :
QRCLAING s © H o0 | OWR fue \’\/ TR (R |
AL W e wIN v T ) | !
0L5. 0P . 341 ser : | 1 / I N g . i
: (ot 1) X DL OMRAING MRCSINE (berc) 1
7 / N NS
| / 3 / / ) S | | e
| . TSOUNG wATCR FCTUM | i ¢
™ —~ e — u=1014/9 | 1.9 WO TROM PWOCTTS MITAY T
AT PR M — RS — CIUNC 1OWR @ ! €@ UV T CCTT WITERY Lat
—_ A~ ’ o~ AL DA g uw |
= A o ~ R : O G W —
' = ! i
—v—1 WESC ROCESS AT ARE OR D(SKN ZWPOSES
Y. Wl USUWA A4S & SUOL 0 SPCANOM WY i
l 20 ~a7 ¥ 3% TUCT POANG w s !
l FROZEN| m==r=1 ¢ !
t HOwOOwWH G . | et WA F——
@ 0 oMuoa S : :
AT 57 T 1
T :
w Tw U ST u-102
COONG TOWR e
CAPACTY - agTwed
3
U1- ' =
NATERAL AT &
Erw——— | | @ | Q & ] o | TSOUNG wATLR Ul ATOOL
v o 1 T -
SIAR O | ey l WOw DOwM I w—g-ur i RCTURN ,‘:fu I oSS ——
e — . - — - “ =
RS - - ; T =
i TS “F T Y . ~ = 3 mae—s=e w2 J
YT LITVAl TR T T —_— : -~ . S~ . -
I o . = ; o - ) — - e
\ bl
! 8 | e | il ) VY = '3100 r—
2 ' 3 ' 4 ] 3 ' S \ 7 Y \ Bl 10 ] | 12 ] 13 ‘e ' z L L]




87

G| loi issr-Owmp |

' ] 11 9 | 10 ) 11 | 12 ) 13 ' 1e f 4.1 ' V6

i NOTZ3 |
= w—— e ] ® = |
AT W IIUSVESSOR /—‘—"‘ Y ! ‘ A= l 5 ® C o] . 1AL VESSE. JWENSKENS N wen l
Ee \ i INSTRUMCNT wR DRER PACKACL i T ® s 0 usts P o it oz o H
-\;_n \ 1 l ’ l @ ‘ PeCrial0 I "350u. - - i
/ H u-103A/8 u-1044/9 { !
A o { | sneraicr o — | < ! i : i
) A | { ks ) I |
O | | N t =
\f/ \ l | fr [—ﬁ l o q SR SYSTen Sttt/ :
s \ ] I i ’l_" i | sowi i IO COWPRESIORS i !
f.10ta/a | | ! v | b
— L : - @ | { !
— e | Lol l | | ; | i
Afwia . — i | ‘—, f | : = .
i | / & N T | ST, (7,
z ! ‘ e . | | s ’ t;;i
- 1 " H g
Cs v i Pk 54 ' | , ey E Laﬂﬁjj N Fa
: A | 1 i s ,
&/ 3000 © 1 3900 171 :
| | | | o EEEre | :
' | R i wo
b — | | LaNEsAIVAN
I =
1 1
1 ] =
) -
5 i Fuwn.d.. |
b7, | H
4] |

; O TROw N2
N

# OPLRAIMG PICSSURE 3er )

1
e s i
P /7\ . IPERAING TWPERATRE [T
) \
—/ o/ | (@) e secu secctss O st
- & % A |
< e oM i e
Iy € - users | @ UL 'T 2e0IISS BATCRY Ukl
Ed NORMALLY “C MLOw.

SEIIE - cam— | IeESE PROCESS JAIA ARC FOR JCSIGN SURPOSLS _
{ | oy we AS A SUDE 10 OPERATION ‘WCY i
- | 00 NOT MCTSSARRY ACPRCSINT OUCT GPCRATRG |, o

| COMOMONS. (=
; | FROZEN| ===T =] *
TR
| 31 5
feX] 1 L3 5
2102 < t = ™1
Pt - - il ity hemue & ot X,
ALctmx el e et 1
3200 0 1 9900 1T ~ 1 T il
l 0P PACSIURE . 7 serC . Vo

2P ITMPERAIURE : «0°C

¢='02
= a

AT R
ITuPeCIICR
APACTY 1000 wml N

VATCRAL Saanct

PRCIIIS ALOW DUTRAM
u‘-z PN ANO INSTRUMENT AR UMT $300L

=
==
-
= 2
\.Z‘_:T_E-F_____;: T E
=
—
=

N
STRCAM wUNBER 0 ] @ ] e
J(SCROTON W SuPeLY l Pa sy , o - ..E 7 —!;
— e e e [ Tow  (wemarm) T | oo | I oo @-Car-0-0-COR0
- = =
| iwecmaime oy | - | - | 5 | Tos |
| oR05AE et | [ v | v 8 lon !
g ' 3 ! 4 ! 3 ' 5 i 7 I T T R VT TR VA T OO O 10 ' $1 1 12 ] 13 1 T 1 3 [ '8

J 3 lLt W S— —— - ——— - —— " €\ ——— - —— - — - ———— O T W— " ——




2
o
»

88

w

©

"

28
w7 2N
30w 3-3014 \./
[ ]

wp 3onr ,’;\ —= @

-0
M=10

N < B )

~

|

<

you_ i f

(1oe) | I ;?;;
I
|

" f200) |

| [ D

! L[mwvt] [aw ;:sus]JI {mem

orrses |
roaunc|

J

i
e )
5

| Compren 20ty

PUMP TURGINCS
(WP=p LT 00WN)|

:‘l‘ll?
/‘\\ Jane
)

- B (] i hmtey

. R NI
- S
![m(uun:x | Lcomomn:
( T . |

! |

L@ﬂﬁ’]iﬂ’)‘ﬂ@!&l

>

AUWIN.. A,

Cat

NEL AR o aSITTE VENT

.

ML TOUPWIYE TCw wwele, axl 23CTurd
BY Ll SRR = eGUTL

80P MAGWC 28N “IuwuEm !
AL TR i
COOUMG #alfR 2w 4'AF <22 0la)
IUPCRT AAIEH PUS aa00L -0 Dial
VOGT ALANT M aCRL-s=1128)

WEC JTWALT FUL JR Buwd AI0R-3. 1014
3. COMCENSAID waxl u» *) T{weC3C) wallw
3YSIEw "0 20 TIULITIES TROw ot AL
FOUMCT (LT TiaM “ACKC, Tane wCATING
C305), wam COWTRACTOR 5 O
OCTERWWE wUST SUTaBLE SOURCES an0
INMCORPORATT S(PARA ONDUNSATE
COUTITION/TIASH SAUM D et
AL EOUPWENT SHCwn § OTATTD wMian -
Wet . JSwl: mlt

3. EXCLUDED LONG ACTOUS TaNGS SONGENSATE
WACH WAL OE COMIAMMATED WiTH O
EATING COIL S TAMAGED. ™

# EXCLUCED FUEL S ~EATER CONOENSATE
WHCH WAL 3€ SONTAMINATED Wil O #
EATER 15 DAMACZD

[ =)

- C N .4
<> TIROAM wwusiP .
N B
\/‘, IPCAAING FRCIILPL derC)
OPERAING “CulCaaluRg 7))
Nl FROM POZITIL ATV Lt o
@  OouTPUT D SeIIITI MTCOT M 2
WWE NCRMALLY %O TLIW -
IMEST PROCCSS 3AlA ARC FOR 3ESON 2a9Cs(s = |
oMY, el JSTFUL 45 4 CUDC IC OPERATON TWEY 41
20 0T WCETISARMY FCOOTSENT (LT PIRAING 3
CONOIMONS. = ¥
[FARCZEN| === =1 ¥ |
[PeTRe— —
Bl
—
M.

ComoE
TREATMENT N
ZOMOENSATE . :
wx(-uP 0 Q
o | TOwreR0 warmn 2
. 4u-:t “a00) g . il
a worg 3) B = |
3 — e e ——
' P PROZISS NLOW DlaCRAM %
3 2~ D 0 f STCaM CENCAATION Umil 4000%
3 wx © © Y TTEase AGTRMHLICN OF LUBE SOMR.CX = |
- P AN FLASH SN AT »uw;! 1 ‘ sm—
v P oRUM CONDENSA PRI N —
E] ;ts ::“(;s -, el COMOENSAT e ptwm om=giys |- !
= 3 A 7 I Tres ! 6% P T miw il
3. o8 : - — S s aon P e
e 208 1 DES. 0P 0 bor & > !
| Teev 12w B T T _____M—"
! e 12159 s v—:
. s ot o (-2 - O~ G- Ui jasae
(o2 et p— — T = = T =
: e ot ;B lon Fie—!
= 3 x 7 l_ri_._‘}_’:?=:1__l Lt i ] 13 ' 14 ! 5 6
s - . O — -, —— . Ow— W - ———— . A . - — -~ A Y (WD —— o —




' > ' 3 ' | b | 2 1 7 1 8 | 9 | 10 11 ' 12 | 13 f |4 ' o | ia '
7= 100 £-10) | NOTES |
SUPCE 2RUM oy ..9":."“' fER (1) CAICR OC3ICH DUTY 8430 uw i
o 5837 ®
1 i
o e = = '
2 e uey : -
=y €-110 : ' - !
L m . o e i L ANRITIENAIUAN
3 196 ~ ! S 0 i r S0 : ' '
i : A Z-11t & i ! a £-208 ! !
{ s i 2 ! : 'y v
| prl— ! L2~ ; | 2\ i o 1
. | 8 = @, | : -
: H : 343 ' [287]: ) |
(- T | i K -l I 7 6b | ] ' 2 ~ !
I _ ! Ea1ts l—-——————-: ‘ £-304 c &aﬂ;"‘ 135 a‘Uﬂ&l £ !
< O s s . s i G - ! o ~ O i | O AL @R I i 1 e |
i V [ [ < i R 1 &t '
" 10 | o = j gunIn..4.......F
; & [
b H g |
3 . i
-4 /V |
H
e & | 1
s | £
> /=10 —
i 5T%) i
: = p 3 (zb { fLOW RATE  <q/% :
1 01 «03/ v
— f (@—- fi) IEweERATURE 2 |
N asit? = SRLIIURE  derC
5 | 4 | LA DUTY  uw
2 ; STROAM wumBth
3 et
~
i q0» 1 o) NORMALL NC LW
! RSN [ SR G-
B - =) e ee] Y l |
=02 R o 0 M |
EATER CHAR
=0T 2t DIManD ‘MA;F:MP);A e (368.375] VAT L) |
™ it TCw O * 4CN ] 150 | 300 | ] SESICN | AT :
o~ - 1 .n e 1 w i 4781 +4=90-490 ~YT
v 1 ] T 1
B T I T B 5 N Tes o o; 1 ;27 : l 5T . .
T 30CE = 1 043 34a ' 3 3000, =€~ 102 | \ T
Tiee :; 1 R Y RET) E 35 .49 | 3000t <€~ 1034/8] | T [Ty Py ] X
3006 =120 1«0 [l 231 . i) 31 ~M'!-lalll97“ : ﬁmﬂ:ﬂ&w—a ' e B |
1 308 "OTaL T 337 3.7 - B3 i O T o e
T | 1 : ! HvITioet
BRI S e — — ] T e LY T Ry T
T200C= 304 (P K 16 (D) T Y R A ! : s e o S TR s s S e & e S ®
TSus TotaL L2 S ) 232 a7 ocs | ) i ==T=ss
- . : 1 et WA :
=+ w1 S00E-icA__ 9539 X I ) F5) 0 J ______ 2 = 4 = A
5006110 [NE) V.48 ! 745 “ 20 D) I b
= 1Su8 TolaL_ S0e [P A P T Ta 370 |
o AN | '
i I Y ) fryno) YT 3507 | ) noﬁx:-nz\:ro;a‘ﬂn
0 1 ] | L]
o [1°5a milicee-rer =i s ) MO Y ) TN BB % [ o oo
~N 1300C- 105" “he 1 oe 04 T3 1 136 X
= TI00L= T 730 50 0. 5% | 1034 N
g TS0C- Tk | CEF | ¥ 013 | 0131 93 FROZEN : it e = - \eat -]
[0 TCUR fOla T 1iis [FRT) ¥ - T ) O R X I T v st s o
I 1 1 L 1 i
= : ! 1 ot -0)-E-
{ Gt 5% ) XN I 1% s lf'-l'mMF..‘l TRAIN NO.ZI l} Q-GETD - IB T
i + e 3 - o0
' 3 ' 3 ! ' S [ 5 [ 7 T N Y | N vl e 19 1 ' 12 ] 13 | 14 [ 1S | S
L et T 3 l T 3
Bail 1M esssetian



L

1 : 2 | 3 ' « | s ' [3 | ? \ 8 9 \ 10 ! Ui ! 12 ! ) ! 14 . ) . i5
o v=10 £-105 P-1014/8 v=103 C-10} £-102 P=102A v=102 NOTES
ANTI=FOAM SOUR WATCR ANTI= FOAM STRIPPCR ANTI=FOAM DRUM STRIPPING COLUMN OVERMEAD CONOENSER Rtfl.ux PUMP RCFLUX DRUM
ACITATOR SURCE DRUM DOSING PunP FEED PuwP 782 10 ¥ 1000 T/T mm 1000 0 T 23350 1/1 mm S CAPs 19 mi/ 730 0 X 1440 /T mm 1.7QFSACS Tak 40T NOMWALY USEO BUT :
a 2930 0 T 8613 T/ mem 05 CaP= 0014 mi/MR  DLS CAP= 32.4 mi/NR 280OC3 14 ~OURS Cw(ACINCY ST0MACC 0f |~
3 STeern --n:n - 'vtrnl OF twadn, LFf Uil
—i— 1RCATUENT PLANT CUTAGE.
g N VONT 10 FARL 2 OFFSITC LOSATON B2
= I | ! X
i : &% S ML EOUPUENT ON Ty DAume 10 SC
| A @ O 10 PREFIXED S00L. UMLIZZ GnOww OTHCiSL
e — s SULPMUR RECOVERY
2 S : ot (7000) 3
£-102 @ —50] iseun
: RanCE 10 5
—@-——4 RCCOVERY unal
o {7000)
— )  SOUR wATER FRCW
<nue watre ' =101 —9 ‘s&m‘mﬂn’:mr«r
-ﬁ ~~ ~
o e | — LBNETAIUAN |:
| = 229 k]
| O .
| g Py | 2 =] —
= e IS |
3 2 awn.. Ao
...... 4
2 RO ! )
I = S ! 3
H 2-1024/89 3 ﬂ
c 231" :
£ | )
: | AN
— om-grF E o1 —_— i
| @"‘ £=) | — ! T oetmate “tucaatuae o2t
——— t ! 2 | = 3 !___~
- ; 3 | [ { <> STRCAM wuMBER
| (1.50 | ~
{ 5-1014/3 L___@_.M.@wl | i RO
o 3 [E=t ! \ lmc ? N i - =
[ ) SurY (uw *
| gg ~— ¢ 3
- ,‘; TCRMINATION OF (INERS :
- | @ T ‘ 210§ - FA0M/T0 STORAGE <
| | TERMINATION OF UNERS
: P | ® -~ FROM/TC UMITS
(.
= | ,.( + & fg STRePCo marcR 10 e MeREEmn =cF
| @) Trwon FTLUE e Sh -
| TREATMENT ’U"" NNF NORMALLY O FLOW G P
o <104 z-108 3
) 0
— i ,.'7—)
=
o Inl
. 2-104 £~101 o £-104 Z-10% £=103 I=10n 2106
SLOP OIL PuMP FEED/EFFLUENT STRIPPED STRIPPED STRIPPED WATER STRIPPED WATER SIRIPPED WATER STRIPPED WATER
€T CaP= 3.0 misMm EXCHANGER WATER PUMP WATER COOLER TRIM COOLER RCBOILER STORAGE TANK STORACE PuMP
35S CAPw 343 mi R OPERATING CAPACTTY= $50m’ DES CAP= 5.0 mi/wR
(wOTE 1) ware )
l 0 Sastocllarce i Sl @ [ & | 7-5 - -
. TReerR up | sTmeern stpery | souR u =
S DESCRPTION ion STEAM | OVEAWEACS. wATCR s PROCLSS FLOW DNACRAW %
P = — ; — = — = SOUR waTCR STRIPPCR Uil 600U =
" T 3 3 « « 8091 3.0160 -
= Jassnow iite 008 | — 333¢ 1 8991 T 3ae ] wh s
& | OWNCAC w77y @5410° . 310 | — 0.437 300 =1 = 2 E
L |isow INMA/s VAPOUR | — - - - 00t |
o i 10 — 0.9 T 0 (34 11) 1 "E
=2 3080 — 1346¢ [0 8999 |
892 = 19654 8% 3303
TCWPCRATURC( ) ) = 30 [T} 30
= | 29LSSURE(berC) 193 1 — 1.00 1.8% i\ 00 {
Oz tvanns | | \
] \ 2 t 3 ] 4 ] S ' 6 \ 7 VIR T O T ¢ | I | 10 [ 1 | 12 1 13 |
[] 2] S



Appendix K
The calculation ofRisk Priority Number

Potential Failure Mode No. L vo u s eaters efficiency is low
Seventy ranking

Assumptions

1. % Oxygen excess is increasedfrom 3% to 5%

2. Heatofcombustion offuel oil - 42,000 kJ/lkg

.Fluegas temperature - 350 OC

From BP combustion guide chapter 6;

Table K -1

% ofexcess 02 5% 3%
%bExcess air %  15%
% Efficiency 84.20% 86.60%

Fuel il used (TPD) 219 213

Costestimation

Different fuel oilused - 0.6 Ton/day

- 18 Ton/month
Fuel oil price ~ 200 USD/Ton
Cost to be saved ~ 3,600 USD/Month

144,000 Baht/Month
From Table 3.5,Severity Rank = 6

Occurrence Ranking

The process record shows that around 50% of the percent of excess
Oxygen from the VDU'’s heater flue gas is around 5%.
From Table 3.6, 0 ccurrence Rank = 1
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Detection Ranking

In the process control system, the percent of excess Oxygen from the
furnace has indicated in the control room that can be monitored by process
operator all the time.

From Table 3.7, Detection Rank =2
RPN = 6X7x2
84

Potential Failure Mode No. 2: Hot oil Heater's efficiency is low
Severity ranking

Assumptions

1. %Oxygen excess is increasedfrom 3% to 5%

2. Heat ofcombustion offuel oil = 42,000 kJ/kg

3. Flue gas temperature = 380 °C

From BP combustion guide chapter 6;

Table K-2

% 02 7.5% 3.0%
96Excess air 50%  15%
w Efficiency 78.00% 84.00%

Fueloilused (TPD) 113 1049

Cost estimation
Different fuel oil used

8.07 Ton/day

= M1 Ton/month
200 USD/Ton
484286  USD/Month
1937143 Baht/Month

d

Fuel il price
Cost to he saved

d

From Table 3.5, Severity Rank



93

Occurrence Ranking
The process record shows that the percent of excess Oxygen from the

hot oil’s heater flue gas is around 7.5% all time,
From Table 3.6, occurrence Rank - 10

Detection Ranking
In the process control system, the percent of excess Oxygen from the

furnace has indicated in the control room that can be monitored by process
operator all the time.

From Table 3.7, Detection Rank > 2
RPN = 9x10x2
180

Potential Failure Mode No. 3: excess stripping steam (Sour water stripping
unit)
Severity ranking

Assumptions

1. Ratio ofsteam used in stripping and sour waterflow is increasedfrom 1:10

to 1:9
2. Sour watersflow rate = 400 TPD
3. Water treatment cost = 40 Baht/ton
Table K-3
R atio 1:10 19
Steam used (1) 40 4444

Loss of steam from over stripping 4.44  Ton/day
Cost of loss of steam ~  73,000Baht/month

Cost of additional water treatment 5,300 Baht/month
Total additional cost ~  78,300Baht/month

ld



From Table 3.5, Severity Rank 5

Occurrence Ranking
From the control record, the steam and sour water ratio is out of control

around 30%.
From Table 3.6, Occurrence Rank — 6

Detection Ranking
In the process control system, the ratio of steam and sour water has

indicated in the control room that can be monitored by process operator all the
time.

From Table 3.7, Detection Rank e =
RPN 3 5X6x2
60

Potential Failure Mode No. 4: Failure ofsteam traps
Severity ranking

Assumption
Estimated steam lossfrom steam trap — 2 Ton/hour
Steam price = 50 Baht/ton

26,400 Baht/day
792000  Baht/month

Estimated cost saving

I
—

From Table 3.5, Severity Rank

Occurrence Ranking

From the steam trap surveying, the steam trap is not working around
25%.
From Table 3.6, Occurrence Rank = 5



Detection Ranking

The steam trap working can not be visually checked and there is not any
indicator to inform the responsible people to know its status. In order to check
the working of steam trap, the surveying by inspection team is needed. So, the
detection on the working of steam trap is low.

From Table 3.7, Detection Rank = 6
RPN = 7x5x6
210

Potential Failure Mode No. 5: One side ofthe dewaxingfilters does not need
lighting all the time.

Severity ranking

Assumption: The lighting at spay nozzle side is used around 20% ofthe wax

boot side.
Table K-4
1 Before modification  After modification
Total elec. Used for the filter lighting. (KWH/M) 12,960 6,480
Electricity (Baht/Month) 25,920 12,960
Bulb cost (Baht/month) 5100 4,050
Total cost (Baht/month) 46,980 23490

Cost can be saved 17,010 Baht/month

11
o~

From Table 3.5, Severity Rank

Occurrence Ranking

This potential failure mode is occurred because of the design of the
process does not provide the separation switch to separately control the lighting
ofboth side ofthe filter.
From Table 3.6, Occurrence Rank = 10



Detection Ranking

The occurrence of this failure mode can be checked by the technicians
who work at the local and can not be detected from control room. The
technicians are assigned to check the area every 6 hours, so, it can be said that
the detection of this failure mode is very low.

From Table 3.7, Detection Rank = 7T
RPN = 4x10x7
280

Potential Failure Mode No. 6: The compressed airfrom the compressor is
excess and always blown to atmosphere,

Severity ranking

Energy consumed from the air compressors when both compressors are run to
support two units.
800L-K-101
850L-K-101

150 kw (normal operation at 88% of full load)
231 kw (normal operation at 88% of full load)

Energy consumed when 850L-K-101 is run to support two units.

850L-K-101 = 2625 kw (100% of foil load)
Energy reduced 150-(262.5-231) kw
1185 kw
Electricity price 2.0 Baht/kWh
Estimated energy cost saving 5,688 Baht/day
170,640 Baht/month

Note Thepay back time is depended on the running capacity ofthe bitumen
units in case o fthe totalproduction is less than 1,000 TPD.

From Table 3.5, Severity Rank 6



Occurrence Ranking

This potential failure mode is occurred hecause of the design of the
ProCess.
From Table 3.6, Occurrence Rank = 10

Detection Ranking

The occurrence of this failure mode can be checked by using the
indicator of the flow of the compressed air vented to atmosphere in the control
room all the time.

From Table 3.7, Detection Rank = 2
RPN = 6x10x2
120

Potential Failure Mode No. 7: The compressed airfrom the compressor is
excess and always blown to atmosphere.
Seventy ranking

It is estimated that the if the vented air from the compressor can be
eliminated the current will be reduced from 60 Amp. to 50 Amp.
Due to the reduction of the current; power used will also be reduced from 22.8
kw to 19kW.

2.0 Baht/kWh
5472 Baht/month

Electricity price
Estimated energy cost saving

1
w

From Table 3.5, Severity Rank

Occurrence Ranking

This potential failure mode is occurred because of the design of the
Process.
From Table 3.6, Occurrence Rank = 10

97
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Detection Ranking

The occurrence of this failure mode can be checked by using the
indicator of the % opening of the air-vented line in the control room all the
time but the indicator is more difficult to monitor than the potential failure
mode No.6

From Table 3.7, Detection Rank = 3
RPN = 3x10x3
90

Potential Failure Mode No. 8: The temperature ofcooling water supply is
lower than designed value.

Severity ranking

The cooling water supply temperature is increased to 31.9 ¢ when one cooling
fan is switched to low speed mode.

Energy reduced = 122.5-80.6 kw

= 419 kw
Electricity price Sfe=a Baht/kWh
Estimated energy costsaving = 20112 Baht/day

= 60,336 Baht/month
From Table 3.5, Severity Rank 5

Occurrence Ranking

This potential failure mode is occurred because of the design of the
ProCess.
From Table 3.6, Occurrence Rank = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the

indicator of the motor status in the control room all the time.
From Table 3.7, Detection Rank = 2
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RPN 5x10x2
100

Potential Failure Mode No. 9: The temperature outlet o fAFC is controlled by
using by-pass valve.
Seventy ranking

There are three temperature controllers use the control valves and the
electricity power used for these AFC are shown below.

200L-E-107 1936 kw

200L-E-114 164 kW

300L-E-116 0 kw

Total 250 kW

The estimated of power loss is 10% of the total power used

Estimated power loss 7% kW

Electricity price 71760 Baht/kWh

Estimated energy costsaving = 1,200 Baht/day
= 36,000 Baht/month

From Table 3.5, Severity Rank = 4

Occurrence Ranking

This potential failure mode is occurred because of the design of the
Process.
From Table 3.6, Occurrence Rank = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the
indicator of the control valve in the control room all the time.
From Table 3.7, Detection Rank = 2
RPN = 4x10x2
80



Potential Failure Mode No. 10: MP steam is letdown to LP steam with the

rate of4 - 5 TPH constantly.

Seventy ranking

Basis

1. When all ofsteam turbines except 4700L are running, the MP steam still let
down to LP steam around 4 TPH.

2. Steam turbine consuming MP steam 4 TPHprovidespower at the same as
112 kw motor.

3. Electricityprice = 2.0 Baht/kWh

[f modify an additional steam turbine that consumes MP steam at around 4
TPH
The electricity cost will be reduced = 5376 Baht/day

= 161,280  Baht/month

11
o

From Table 3.5, Severity Rank

Occurrence Ranking

This potential failure mode is occurred because of the design of the
ProCess.
From Table 3.6, Occurrence Rank = 10

Detection Ranking
The occurrence of this failure mode can be checked by using the
opening percent indicator of the let down control valve in the control room all

the time.
From Table 3.7, Detection Rank
RPN

2
6x10x2
120



Potential Failure Mode No. 11: Too low product run down temperature

Seventy ranking
Basis
1. Electricityprice 2.0 Baht/kWh
2. Product rundown * temperature - 90 C
Table K-5
1 Actualpower (kW)  Expectedpower (kW) Costsaving ( /Month)
1 100L-E-112 15.3 7.8 10,800
2 100L-E-113 4.4 2.53 2,692.8
3 100L-E-115 31.5 32.2 7,660.8
Total 21,153.6

11
o~

From Table 3.5, Severity Rank

Occurrence Ranking

This potential failure mode is occurred because of the design of the
Process.
From Table 3.6, Occurrence Rank = 10

Detection Ranking
The occurrence of this failure mode can be monitored by the
temperature indicator of the rundown product in the control room all the time,
From Table 3.7, Detection Rank = 2
RPN = 4x10x2
80
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Appendix L

Plant's shut down schedule July 2001 .

Unit

July

15{16|17|18|19(20|21|22(23|24|25|26

27

28

29

30

31

VDU

PDA

BBU 1

BBU 2

TEXACO

HOU

SRU, ADIP, SWS

= Unit is on operation.

erl = S/D activity




Appendix M
Energy Intensity Index (Eli) Calculation

Table M-I Capacity and utilization before the actions’ implementation
Unit name otal Capacit Feed ration  Operation  Each Mode mnl. - Actual percent  GF. Nergy,  ener
" Tl Gapacty Opigaton - Opere &apa'\c/:%(/j Sogg%egll Processing o Camacity HX veoc G e,

BPSD Hus % BPD  wthass BP0 BPD % - «eo KBD KBTUB MEBTUD
Bitumen I;A;\Sufacture 731 7341 I 5,072 69.09 115 583
oy 5,460 i 0 00 BIBE T e ; 00 109 e 507 1%l
. ?;? 31 1467
W& dn e W W .

Table M-2: Capacity anti utilization after the actions’ implementation
i Total capacity  Feed  Operation Operation  Egch Mode minal.  Actual percent  CF. veoc  ENe Energy
Unt Na: | capeey Pos. R0 Capad SO&%@%% Processing P Lorcene CREC P

Utilized

BPSD Hours % BPD wbasis  BPD BPD % - KBD KBD KBTUB MBTUD
Bitumen g/l;gufacture 7,341 7’341 & 5’600 7628 115 644
e e 5,653 BON 0 6195 "R e 0 00 13 o 541 2448
N 26 310 501 75 5,07
NN 35 183 5790 N 178
{508S 1M 07 1836 17 317
Tota 6 1000 1525 800



Table M-3: E i Calculation

Unit
Fuel oil

(Ton/cay)

MP steam

(Ton/cay)

LP steam

(Ton/day)

(KWHD)
Total Artnal
Co (f (s,E Wbi)o n
“mBfub"
(VBTUD)
Ell

Note

[
2.
3.

Before implementation

SbU BBU
180
0.0 115
49 236
116,666 9063.23
Al 33
1212 124
1%1 583
65 21

Fuel oil latent heating value

To convertelectricity to foel

To convert steam to foel

| foel

| foel

After implementation

Sou BBU
19.9
0.0 174
415 191
105216 5,038.45
3 31
1,304 114
2,448 644
53 18

10,562 Kcallton

kWh X3,600/4.19/9,400
kg(steam) X670/9,400



Appendix N
Equipmentfigures

Figure N-1: Bitumen blowing units

Figure N-2: Instrumentair compressor
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Figure N-4: Ollturnace Figure N-b; Dewaxingrilter
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