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A Study on the Improvement of Explosion-proof
Inspection Process using Process mining

Kim, Zi Moon

Department of Electric & Electronics Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Since 2010, most offshore plants have been subjected to explosion-proof
inspection in accordance with IEC 60079 to prevent catastrophic offshore plant
explosions. However, domestic shipyards have a lot of difficulties in the
inspection process due to the lack of experience in explosion-proof.
Nevertheless, domestic research institutes and shipyards do not have a
interested in understanding, technology development, and process analysis
about explosion-proof. Moreover, as a domestic shipyard that is always chased
by delivery schedules due to complicated construction processes and frequent
design changes, any small part for completion must take action to meet
construction schedule. Most of the research for process improvement is

focused on the production process but not on quality process.

In this paper, in the process of explosion-proof inspection at offshore
plant, a meaningful knowledge was extracted for the accumulated data (event
log) from the production and quality management system and this was
analyzed a frequency perspective and a duration perspective using a process
mining technique. It was found that there had more lead time than 1~2 days
predicted for explosion-proof inspection. Three of improved methods were

proposed to improve the process of explosion-proof inspection. The first was

- viii -
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a combine inspection, which is conducted together with the prerequisite
inspection and explosion-proof inspection. There are many duplicate inspection
items in the electric and instrument prerequisite inspection items and
explosion-proof inspection items. For this reason, it was expected that the
total inspection time will be reduced due to the reduced burden on duplicate
inspection items and prompt on-site action on the faults found. As a result of
the combine inspection for 4 days, the efficiency of the combine inspection
was lower than the separate inspection due to the waiting for the
explosion-proof inspector during the prerequisite inspection, the waiting for
the prerequisite inspector during the explosion-proof inspection, and the
waiting for the explosion-proof inspector for equipment that does not require
explosion-proof inspection. The second was the cable gland pre-inspection.
Cable gland inspection is required for most explosion-proof inspections and
can be conducted with or without the completion of prerequisite inspections.
As the cable gland inspection is only one check item for explosion-proof
inspection, it was not available to proceed with a the inspection as official
inspection and was conducted when the explosion-proof inspector had a time
to spare. Therefore, no objective figures to confirm the improvement were
obtained. However, it was found that the explosion-proof inspection time was
reduced in the applied module compared to the non-applied module. Third, an
algorithm was developed to check tags that is able to perform the
explosion-proof inspection through the system, which had checked by manual
method.

The algorithm is composed of an input, a process, and an output. The
input is equipment tag list, cable tag list, and quality verification document
(QVD) extracted from the quality management system that require
explosion-proof inspection. The process checks the completion status of all the

prerequisite QVDs such as the cable inspection and the prerequisite equipment

_iX_
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inspection required for the individual explosion-proof equipment from the
extracted QVD status data. The output is that the system screen shows the
tag which is able to carry out an explosion-proof inspection if all the

prerequisites for explosion-proof inspection are completed.

For empirical verification of this algorithm, two modules that did not start
the inspection were applied for about 11 months. In the first module, the time
from the completion of the prerequisite QVD to the completion of
explosion-proof QVD is improved up to 11 days. The second module, maximum
8 days was improved. In particular, it was found that the QVDs with high
frequency were improved more. Although some of the prerequisite QVDs had
an additional delay of 1 to 4 days and no improvement after application of
the algorithm, the frequency was not high and did not significantly affect the

process delay.

From this paper, a significant delay improvement was achieved through an
algorithm for confirming the explosion-proof inspection possibility in the
explosion-proof inspection process. In addition, it was found that the cable
gland pre-inspection, which could not confirm the improvement result with
quantitative  values, also contributed to the improvement of the
explosion-proof inspection productivity. Through the improvement of the
explosion-proof inspection process, it helped the schedule of MC (Mechanical
Completion) Walk-down and commissioning, which is a follow-up process, and
helped the entire project completion schedule reduction. In addition,
improvements in human and material resources that occurred in the previous

manual method were also found.

KEY WORDS: Offshore plant, Explosion-proof, Process mining, Inspection, I[EC 60079.
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Liguid level — Ground
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4.0 to 15.0 | 0 to 15.0
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m Zone 1 ® Source of release

- Zane 2

DIMENSIONS I[N METRES

Fig. 2.2 Fixed roof vented storage tanks, adequately ventilated *'

f
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A9 9] 25F(Group) Q1A Ede] EA wel 2-FdY. A TFY
7] Auls AHE F9d wEt g2 JASE worn o] wA TAHEL. o] &
| % £+ g3 aFeleta sk

o 15 [ Ty rlxo] Wz Fatel Algst= AR5 833
o 1E I 7l &7 9 ARV} e Lo A= AR A AlA)

o 1% I 71AA EZ(combustible dust)o] Y= Lo AL}

% & 37/ A2 OFd 1A, 1B ¥ ICE FE&3FW 7t~ 9 F77F A=
= =y dy d@EA =Y 2ed ouxE ZAZ FEHAT Table 2.1&
b 28 % 55, dE &%, &3 Z 34 (LEL, Lower explosion

limit)e} 43+ 22 34 (UEL, Upper explosion limit)E el Folt),
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Table 2.1 The gas grouping table

G Temp. Ignition Lower Upper
TOup Gas or vapor e tem;ztoeé?ture exlpélonﬂon ex%k)m%on
[ Methane 595 5.0 15.0
Acetaldehyde T4 140 4.0 57.0
Acetone T1 535 2.5 13.0
Ammonia T1 630 15.0 28.0
Amylalcohol T3 300 1.3 10.5
Butane T2 365 15 8.5
Benzene T1 560 1.2 8.0
Butanol T2 340 0.8 5.8
Butylacetat 2 370 1.2 75.0
Cyclohexane T3 259 1.2 8.3
Cyclohexanone T2 419 1.3 94
Decane T3 205 0.7 5.1
A Ethane T1 515 3.0 15.5
Ethanol T2 425 3.5 15.0
Ethyl acetate glil! 460 2.1 11.5
Ethyl chloride T2 510 3.6 14.8
Heptane T3 215 1.1 6.7
Hexane Ji3 233 1.2 74
Hydrogen sulfide 18 270 4.7 46.0
Carbon monoxide T1 605 12.5 74.0
Chloro benzene T1 638 1.3 11.0
Methane T1 595 5.0 15.0
Methanol T1 455 5.5 26.5
Naphthalene T1 528 0.9 5.9
Nonane T3 205 0.7 5.6
Ethylene T2 425 2.7 34.0
B Ethylene oxide T2 440 3.0 100.0
Ethylether T4 170 3.0 50.0
Tetrahydrofurane T3 224 1.5 12.0
Acetylene T2 305 15 82.0
c Hydrogen T1 560 4.0 75.6
Carbon disulfide T5 102 1.0 50.0

Collection @ kmou
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Table 2.2 Maximum surface & ignition temperatures by temperature class

Temperature class required |Ignition temperature of gas Allowable temperature
by the area classification or vapour in C classes of equipment

T1 > 450 T1 - T6

T2 > 300 T2 - T6

T3 > 200 T3 - T6

T4 > 135 T4 - T6

T5 > 100 T5 - T6

T6 > 85 T6

213 W= 7719 B F

-?464%&1 A 7P del AHgsE BA 24 bed st BE s 3
B Abgee Aol o A A AE A4 B 4789 ) o

b BENA FEF B AT 7] Aol

D Wt W= 7]7] (Flameproof Enclosure, ‘Ex d’ )

&71(Enclosure) W Fo] &A A, &7]7F WH Fog A | 5 )

[€]
ng 55 %o Askd $eEst Qe Aotk F2 A2, BH,

+ 2
A Foll Bel HEHH, F2 FHE TS, AHY sFo] vixa, g

15
e 2 Bevl Weg EX4L AT ok
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Fig. 2.3 Photo of pressurized enclosure

3 Y W= 717] (Liquid Immersion, ‘Ex 0’ )

2y g7]E WAL 5 b RES 09 mE Vg Htay 29 o

of 9A oUW A Telm AFEA 9% sha R 377 A7 ok, 2

A ohgol A WAISHE v A7 ol o5 WHHA F=S
3z

=
= W& 7)7]elth. Fig. 2.4.& dis 71712 444 wWelr)o

o

o
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Fig. 2.4 Photo of oil filled transformer

4) ¢+tAZ WEZ 717] (Increased Safety, ‘Ex e’ )
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DER R
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2.2 ZEA| 2 wlo]y

22170 &

ojuf AAl a7 vﬁd AXE FEdtE A0l
o ZEA2 AR Ay Az} @ oWlE #HI} =I1F FZ

Al 71, dEAs 71H, ASH HENS 7Y 58 ol &kl EAFoEH,
Z2A 2 BdS FESAY, 459 AR, AdAe A AL
ZA 2 Y3 B B Fig 255 Z2A 2 wlold o] A4l sid
< Uedth Az Ego] Al2~"ol 758 oWlE Zd(Event logs)S 7IRIC®

L ENE Anks g ZeAzd 2 g8t

transactions,

configures ete.

implements
analyzes

discovery

conformance
~— =N
enhancement

ERP, CRM
SCM, MES, ...

Fig. 2.5 Schematic of process mining
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222 Z2A| 2 ulo]d9] {3

ZEA 2 wlold 2 Fig. 2.6 Zo] 8 Al 7HA fF3o=E YEd Ao
A WA, T2A 2~ =&(Process Discovery) e Al2HloA o|HlE ZIE
ZIWto g ZEA~ BEAE wEs ZE Wth ole ZEAM2 oy &
Moz oME Uk o]83le] ojudt B} AR Qlo] T2 A wuS uh

o T A, Z2A2 299 HAgE AiKConformance checkings ME &
3] = N

i

ol
=
O

9 ZEA 2 2d3 7|E oA AAFE oWlE RIE Hlwale] XA
zdo] Ui AHAEE A otk AFA A5 S 58 FAHA e F
d, B3 ARPe] DAY 2o ZT2Ax BHA A BHE ST
T Atk Al AR, Z2A| 2~ 2] s (Enhancement)> ©o|HIE 212 gl
H ZRA2E Hriste], ZRA2 2dS A 2 FAEE Aotk Jj=E A
A I;Ll SFAF O

o
Aol ae Ba) Wslele Aol aRAOR ey AFow ZaA
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Process
Event Log Discovery :
ry

(a) Process Discove

Event Log == | Conformance . .
Hocki ) Diagnostics
Model :> Checking
(b) Conformance Checking
Event Log :>
Enhancement :> New Model
Model )

(a) Enhancement

Fig. 2.6 Three types of process mining
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Table 2.3 Features of Event logs

Item Description
Case ID Unique identifier where the events can be ordered.
Activity A well-defined step in some work flow/process.

The date and time at which something worthy of

Timestamp note happened.

oWl E 1% Table 2.33 #Zo] Case ID, Activity, Timestamp 59 £4-<
73 Tk Y Al 7EA Y D5 94 9% g A2~ (Resource), TA AR

(Transaction information) 5 =3 & 4 it}

L =<abec,d>? <acbd>? <aed>] 2.1

2] 212 oWIE =719 8 FA FHjolth <>+ Aol WA YT
ElulEle] HHS @ity &, <abcd>= Aol uloA HEMIE ab,cd A
= AEHErt S TE Aot o] stue] dES Ef o] X(trace)gtal 7t
o <> fe e A Y iy s Bole Aolxvt dojd 3FE v|d
ok &, AA oWIE Z oA <ab,c,d> HEES B Aolxrt 37, <a,c,b,d> I
HS Bl Aol2v) 27, <aed HEE B Aolxrt el 3t
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223 F8 ¥4 71 3 #4

ZEA2 mpoldo g mEA~ BRI WHsEty] 93 EH dagEe
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(a) Sequence pattern

v
"

=g
[~
(b) XOR-split pattern
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(c) AND-split pattern
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(d) XOR-split pattern
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1

(e) XOR-join pattern

Fig. 2.7 Principle patterns of alpha algorithm
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Fig. 2.8 Dependency graph
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2) Process model 3) Organizational model 4) Organizationalrelations

‘élnd Vb @
@ @ 5) Performance characteristics
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7) Simulation 6) Auditing/security 77
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Fig. 2.10 Process mining overview
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Table 2.4 Process Mining Application Project

Sector Description
Port Logistic Container management process
Manufacturing Motor production process to compare plans and performance

Ship building Block assembly process

Analyze the distribution of store and marketing method based

Department store on customer’ s movement

Education Comparing the standard curriculum and student enrollment
curriculum patterns through the course completion data
How to find the pitcher’s pitching pattern based on the
Sport pitching record and how the pitcher can attack in each
situation

=] 24 4+ A= ERP(Enterprise Resource Planning) 5
2o A 7|55 = HHolE S oHIE 27 BA4S T3 &
gol A BAst=A getsta, TEAAE NSt e v A7s 3 A
g7 FREATG. FHZoe, i QA 33 w2 A &
A N Soll B3 A77F ol FAA L AT ZEAZ mro|d 2 A, dHH
ZEA~ RS Mo g FAE Hdstal sfjdste W, 8la yoprt
2ZA 2] AR} v E St HHES MUste HOoE FA T4l A
Zhar ot

L
©
1
©
>

AN, A% FR Hs TN B AT} ol FofHA gt 3
FEAE FA FA W] ZEAL nlelgoz BHATL BT ARE

A gekel Bt ATt

i
e

111
e
ol
=

]_
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Table 3.1 Inspection schedule for

“EX d” and EX “e” [18]

EX “d” EX “e”
Check That : . .
X = required Grade of inspection
Dl C v|D C|V
A | GENERAL (ALL EQUIPMENT)
Equipment is appropriate to the EPL/Zone
1 requirements of the location X| X X| X| X} X
2 | Equipment group is correct
3 Equ)ipment temperature class is correct (only for
gas
4 | Equipment maximum surface temperature is correct
Degree of protection (IP grade) of equipment is
5 | appropriate for the level of protection / group / X| X| X| X| X| X
conductivity
Equipment circuit identification is correct X X
7 | Equipment circuit identification is available X X| X| X| X| X
Enclosure, glass parts and glass-to-metal sealing
8 gaskets and/or compounds are satisfactory X X X X X X
9 | There is no damage or unauthorized modifications X X
10 | There is no evidence of unauthorized modifications X| X X| X
Bolts, cable entry devices (direct and indirect) and
blanking elements are of the correct type and are
1 complete and tight
- physical check X| X X| X
- visual check X X
Threaded covers on enclosures are of the correct
type, are tight and secured
12\ _ physical check X| X
- visual check X
Joint surfaces are clean and undamaged and
13 | gaskets, if any, are satisfactory and positioned X
correctly
14 | Condition of enclosure gaskets is satisfactory X X
15 | There is no evidence of ingress of water or dust X X
in the enclosure in accordance with the IP rating
Dimensions of flanged joint gaps are:
16 | within the limits in accordance with X
manufacturer’ s documentation or within maximum
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values permitted by relevant construction standard
at time of installation or within maximum values
permitted by site documentation

17 | Electrical connections are tight

18 | Unused terminals are tightened

19 Enclosed-break and hermetically sealed devices are
undamaged

20 | Encapsulated components are undamaged

21 | Flameproof components are undamaged

22 | Breathing and draining devices are satisfactory X
EQUIPMENT SPECIFIC (LIGHTING)

23 | Fluorescent lamps are not indicating EOL effects

24 | HID lamps are not indicating EOL effects

95 Lamp type, rating, pin configuration and position
are correct
EQUIPMENT SPECIFIC (MOTORS)
Motor fans have sufficient clearance to the

% enclosure and/or covers, cooling systems are X
undamaged, motor foundations have no indentations
or cracks.

27 | The ventilation airflow is not impeded

28 Insulation resistance (IR) of the motor windings is X
satisfactory

B | INSTALLATION - GENERAL

1 | Type of cable is appropriate X

2 | There is no obvious damage to cables X

3 Sealing of trunking, ducts, pipes and/or conduits is X
satisfactory

4 | Stopping boxes and cable boxes are correctly filled | X

5 Integrity of conduit system and interface with X
mixed system maintained
Earthing connections, including any supplementary
earthing bonding connections are satisfactory (for
example connections are tight and conductors are

¢ | of sufficient cross-section)
-physical check X
-visual check

7 Fault loop impedance (TN systems) or earthing X

resistance (IT systems) is satisfactory

_34_

Collection @ kmou




8 Automatic electrical protective devices are set X X
correctly (auto-reset not possible)

9 Automatic electrical protective devices operate X X
within permitted limits

10 Specific conditions of use @f applicable) are
complied with

11 | Cables not in use are correctly terminated

12 Obstructions adjacent to flameproof flanged joints x| x| x
are in accordance with IEC 60079-14
Variable voltage/frequency installation complies

13 with documentation X X X X
INSTALLATION - HEATING SYSTEMS

14 Temperature sensors function according to X X
manufacturer’ s documents

15 Safety cut off devices function according to X X
manufacturer’ s documents

16 | The setting of the safety cut off is sealed X X

17 | Reset of a heating system safety cut off possible e X
with tool only

18 | Auto-reset is not possible X X

19 Reset of a safety cut off under fault conditions is X X
prevented

20 | Safety cut off independent from control system X X

921 Level switch is installed and correctly set, if X X
required
Flow switch is installed and correctly set, if

22 required X X
INSTALLATION - MOTORS

93 | Motor protection devices operate within the X
permitted tE or tA time limits.

C | ENVIRONMENT
Equipment is adequately protected against

1 | corrosion, weather, vibration and other adverse X| X| X| X| X| X
factors

2 | No undue accumulation of dust and dirt X| X| X| X| X| X

3 | Electrical insulation is clean and dry X

(D = detailed, C = close, V = visual)
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Table 3.2 Inspection schedule for Ex “i” installations

[18]

Check that: Grade of inspection
X = required D C \

A | EQUIPMENT

1 Circuit and/or equipment documentation is X X X
appropriate to the EPL/Zone

9 Equipment installed is that specified in the X X
documentation

3 | Circuit and/or equipment category and group correct X X

4 IP rating of equipment is appropriate to the Group X X
I material present

5 | Equipment temperature class is correct X X

6 Ambient temperature range of the apparatus is X X
correct for the installation

7 Service temperature range of the apparatus is X X
correct for the installation

8 | Installation is clearly labeled X X

9 Enclosure, glass parts and glass-to-metal sealing X
gaskets and/or compounds are satisfactory
Cable glands and blanking elements are the correct
type, complete and tight

10 ). physical check X X X
- visual check

11 | There are no unauthorized modifications X

12 | There is no evidence of unauthorized modifications X X
Diode safety barriers, galvanic isolators, relays and

13 other energy limiting devices are of the approved X X X
type, installed in accordance with the certification
requirements and securely earthed where required

14 | Condition of enclosure gaskets is satisfactory X

15 | Electrical connections are tight X

16 | Printed circuit boards are clean and undamaged X

17 | The maximum voltage Um of the associated X X
apparatus is not exceeded

B | INSTALLATION
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Cables are installed in accordance with the

1 documentation X
o | Cable screens are earthed in accordance with the X
documentation
3 | There is no obvious damage to cables X X X
4 Sealing of trunking, ducts, pipes and/or conduits is X X X
satisfactory
5 Point-to-point connections are all correct (initial X
inspection only)
Earth continuity is satisfactory (e.g. connections are
6 | tight, conductors are of sufficient cross- section) for X
non-galvanically isolated circuits
7 Earth connections maintain the integrity of the type X
of protection
8 | Intrinsically safe circuit earthing is satisfactory X
9 | Insulation resistance is satisfactory X
Separation is maintained between intrinsically safe
10 | and non-intrinsically safe circuits in common X
distribution boxes or relay cubicles
11 Short-circuit protection of the power supply is in X
accordance with the documentation
12 Specific conditions of use @f applicable) are X
complied with
13 | Cables not in use are correctly terminated X
C | ENVIRONMENT
1 Equipment is adequately protected against corrosion, X X X
weather, vibration and other adverse factors
2 | No undue external accumulation of dust and dirt X X X

(D = detailed, C = close, V = visual)
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ACTION:

DECISION:

Type: initial
Grade: detailed

.| Determine provisional
periodic interval

v

Type: sample
Grade: visual

v

Modify/confirm periodic

EXISTING
PLANT

A 4

interval

Type: periodic
Grade: close

A 4

A

Type: sample
Grade: detailed

No

an an increase in

the periodic inspection interval
be justified?

Is the periodic

Increase periodic
interval

interval already
three years?

v

Type: sample
Grade: visual

'

Type: periodic
»  Grade: close (IC)
visual (not IC)

Can an increase in

\ 4

Type: sample
Grade: detailed

the periodic inspection interval
be justified?

Yes

v

interval

Carry out safety audit to
recommend new periodic

Fig. 3.1 Schematic of typical inspection procedure for periodic inspections"®’
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Table 3.3 QVD Definition

QVD Number Description

ICS-011-A (AD Fire and gas Device Installation Checklist
ICL-014A (AD PA System Installation Checklist
ICL-004H (AD) Radio and Wireless Gateway Equipment
ICS-010-A (AD Instrument Installation Checklist
ICS-013-A (AD Instrument Junction Box
ECS-040-A (A1) Junction Box
ECS-034-A (AD Control Station/Panel/Cubicle
ECS-036-A (A1) Motor
ECS-056-A (A1) Thermostat
ECS-068-K (A1) Heat Tracing Tape - Before Insulation
ECS-066-K (A1) Heat Tracing Circuit
ECS-002-A (AD LV/Control Cable Test Record
ICS-016-A (AD Schedule of installed instrumentation cables
ECS-064-A (A1) Ex Inspection (Explosion-proof)

2 Avls =4 Z2F 2 A =7Fe] Uil mEkM AA, A=, A E
Nede AARE 7] AR F4 AAE A7) d5d nkel 2], ZRAEJ
A AR F2F 9 A webs AgEY. BE HAe Aee A7 2 AR
o] Haket FE=0 A EH, [EC 60079-175 7|E2 =
of ¥ A717171 tHalA AA o HA X3 dapel @
o qGEHEANA BFE HAE A7 ' AR A 458

Aotm BAsECl A AW, PE PA4E o] A
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Ex inspection Requirement Review

A 4

A

Contractor
Inspection
Request

Field
Monitor

Completions
System
Requirement

y

A

A

Ex inspection Company Ex Coordinator

Y

Initiate Initial Detailed
Inspection

Fault
Identified

Ex QVD Completed

Ex Punch list Item
Raised by CPY & Contr.
Ex Inspector

4

Punch list reviewed by
CPY Supervisor

4

Input Punch list into
MC Plus

4

Request Punch Close
Inspection after
Correction

€

\ 4

4

A

Y

‘Cat A’

Remedial

QVD Manage System

Upload

Y

‘Cat B’

Action
Complete

Fig. 3.2 Schematic of Explosion proof inspection
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Table 4.1 Details of Disco

Disco Process Mining Tool

Company Fluxicon (Netherlands)

Mac OS X 10.7 or later

Windows XP or later

Java JRE 1.7 / 7.0 or later

2 GB RAM (4 GB or more recommended)
Dual-core CPU or better recommended
At least 5 GB free disk space

SSD / fast HD recommended

At least 1440x900 display recommended
Internet connection recommended

System requirement

CSV files

MS Excel (XLS and XLSX) files
MXML and MXML.GZ files (ProM 5)
XES and XES.GZ files (ProM 6)
FXL Disco log files

DSC Disco project files

Supported import formats

PDF vector-based documents
PNG images
JPEG images

Process map export

4.2.2 dl°o]g &H]

NSEHNE ZEAHEE FH HA #AZE  #13te], [TR(nspection Test
Report) &2 QVD& #4138 st #ste A=EES 7HAL o I 425,
MCPlus, Zenator, WinPCS 12|31 ICAPS S| Qt}t B =%o) A8x Z=HE

£ ¥4 #8 Nz¥o2 MCPusE AHSaHsith Table 4.2& MCPlusdl X %%
& tlolH=E /8 QVDE Aol ID 9 E 7HAAL low, % @, Bl g

z

a8 dY 2E TY AEE JHAIL
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Table 4.2 Example of event logs

Re<|:8rd QVD Number QVD Description ComDpaIteete q Tag Number Moﬁﬁle
147061|ECS-064-A (A1]Ex Inspection 2018-09-11 | 42-NGC-020305 |  MO71
147062[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-08 | 42-NGC-020305 MO71
147329|ECS-064-A (A1]Ex Inspection 2018-09-19 [ 42-NGC-020306 | MO71
147330[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-15 | 42-NGC-020306 MO71
147351|ECS-064-A (A1]Ex Inspection 2018-09-15 [ 42-NGC-020310 |  MO71
147352[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-11 | 42-NGC-020310 MO71
146655|ECS-064-A (A1]Ex Inspection 2018-09-19 | 42-NGC-020314 [  MO71
146656(1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-15 | 42-NGC-020314 MO71
147354|ECS-064-A (A1]Ex Inspection 2018-09-13 | 42-NGC-020315 [  MO71
147355[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-04 | 42-NGC-020315 MO71
147694|ECS-064-A (A1]Ex Inspection 2018-09-19 | 42-NGC-020316 |  MO71
147695[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-15 | 42-NGC-020316 MO71
146658|ECS-064-A (A1]Ex Inspection 2018-09-15 | 42-NGC-020328 | MO71
146659|1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-12 | 42-NGC-020328 MO71
146661|ECS-064-A (A1]Ex Inspection 2018-09-15 | 42-NGC-020329 |  MO71
146662[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-09-12 | 42-NGC-020329 MO71
147360|ECS-064-A (A1]Ex Inspection 2018-07-18 | 42-NGC-020415 |  MO71
147361[1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-07-14 | 42-NGC-020415 MO71
147706|ECS-064-A (A1]Ex Inspection 2018-07-18 | 42-NGC-020416 |  MO71
147707|1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-07-14 | 42-NGC-020416 MO71
147363|ECS-064-A (A1]Ex Inspection 2018-07-27 | 42-NGC-020417 MO71
147364|10S-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-07-25 | 42-NGC-020417 MO71
262546|ECS-064-A (A1]Ex Inspection 2018-07-27 | 42-NGC-020418 |  MO71
262547|1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-07-25 | 42-NGC-020418 MO71
147076|ECS-064-A (A1]Ex Inspection 2018-07-18 | 42-NGC-020419 |  MO71
147077]1CS-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST 2018-07-14 | 42-NGC-020419 MO71
147739|ECS-064-A (A1]Ex Inspection 2018-09-15 [ 42-NGT-020197 |  MO71
147740[10S-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST | 2018-09-11 | 42-NGT-020197 | MO71
147097|ECS-064-A (A1]Ex Inspection 2018-09-19 | 42-NGT-020199 MO71
147098|10S-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST | 2018-09-15 | 42-NGT-020199 | MO71
147745|ECS-064-A (A1]Ex Inspection 2018-10-05 [ 42-NGT-020206 | MO71
147746[10S-011-A (A1]FIRE AND GAS DEVICE INSTALLATION CHECKLIST | 2018-09-19 | 42-NGT-020206 | MO71
146685|ECS-064-A (A1]Ex Inspection 2018-10-05 [ 42-NGT-020207 |  MO71

- 49 -

Collection @ kmou
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oy dAg] @A = E49 A GEE ¢ EZ 8T HeoleE A
Agth B g 9" F 8053 QVD 5 7] & A QVD o]el QVDE=
WZ AAA S FA gorng wFE A 181, MC(Mechanical
Completion) &ls HA stela shte] AnjojAwt A B A|~EIE=E QVD7}
g3dH A, she]l QVDE AlQsta AtAglon BE AATE 87 EHA e
e A8 QVDE Al AR

Sog ZEAN2 ulolyd ZE Il DiscoE EA4517] Y8 ZF mlolEE
A Fejol A EFAo Table 4.3& FZF #Fg AzdHolde BF
Disco?] 943 &ejol W2 EFFolth Case D= 7+ Avle] Bl I E Y
Wi, Activity= o® Zds A&t AHde BoFe Aoz & AT
QVD 94X E 9oulstH, mpx|Eto 2 Timestampw A ¢&¥ QVD7F F2

B2 Azdel gYEE DR R,

Table 4.3 Application to process mining analysis tool

Disco

QVD Management System (Process Mining Program)

Tag Number Case 1D
QVD Number Activity
Date Completed Timestamp

w7d Hlol8 = Discodll f48 5] £4=HAT. A3 QVDE 7HAA €= W
H

Z QVD+ Disco?] ZE 7|5z EA oA A3t
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43 4 23

BE A S 8 Yoz drook s QUDE sFoE WE
S AT A7 BHoE RS MES BEe AY QD7 BAR A5
g Foste], 3P NN GFYL FAF] AFolth. A BAHe AL
A QD 92 F ¥E QD7 98F WX dee A BUsEs Aol
=aolth, ME QDS BARA e AW QVD oMo 3 Ade] tE 2
e g ATolA MAsA

431 Q1= 3 4 (Frequency)

ZAz vloldoR BAG ARE WA NEse B BAstgth W
x4 78 va AAE FAEE Hs] gl A
ks

Fig. 4.2 (@A 7] QVD<l ECS-040-A 5% A7 QVDSl ICS-016-A7F A%k 3
7HA 7d-5-¢k A% QVDSI ICS-016-A ¥ 7] QVD<Rl ECS-036-A7} 24 27}
A8 57 A A= A7l 2 AFe FET 24 Adede Addn. =y A2
I 24 A3 =AY FAIE o, A4S fs) dxe] 79

7] QVDETF 43 23, Fig. 4.2 (b Yelhtxe] ECS-002-A QVD7} 246

. A718 AA v (Junction Box)-& ECS-040-A QVD7}
1252 F HAR B2 NETE /M-S APt A7) AA 376 QVD
%, % QVD7} 3712, 98.7% AA 5 :LEJEE, T QVD &5 ¥ F AA
AY7AA o] FAH &

e A

fllo
qm
1%
ol
ol
i)
=
N
)
=

f
)
A
0,
=2
=
rot
bote)
rlo
=
2
o
>0
filo

Fig. 42 (O& A% QVDY] H=o @ 4=, 1CS-016-A QVD7} 249w 0.
2 A% QVD % 844%, theo= 3hA A A QVD ICS-011-A7} 28w
< gl gt ICS-013-AGI% A4 1h2s), 1CS-010-A (Lwk A% %), ICL-014A
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Auk F41 ) 293 ICL-0MHET L 3 74 FuDE WMES7t BA eg
|

Ao

filo

Ashz o g AA AolE AA QVDSl ICS-016-A7} 254 case® g RE oA
71 =47t godth o2, 7] AolE HAF QVDRI ECS-002-A7} 2463
o7 AAL 36.1% Aot WE AA ZEA 2 AL YA E FAr] 2 AR
AolE HAAS} A7]E A v EAE £40] ¥vt=A] HasigesE A

St

o W
_l (
ro
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(a) Overall QVDs
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(b) Electric QVDs

®

- 124 1]

'.5
L0144 (A1)
36

ECS-064A (A1)
295

®

------ 1st step
Next step

(C) Instrument QVDs

Fig. 4.2 Schematic of frequency
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AAAE BRel 242 A3 QVDrE ¢5d F, WE HA 4E7HA &8
= AREE #]lsts Aol =320 dn. Azt &4 A= B AlHMean
A

duration)® %43zt AlZHMedian duration) 33

U 22 S gee] EA8tY Yk AlzHMedian duration) 2.2 #4131 ok
Fig. 432 A QVDl &t 4%k, 271 QVDel ti&t gk, A% QVDel

&t S E e

Fig. 4.3(2)2 #A| A3 QVDol #3st A=z saxme] w72 A% QVD ¥
FAAA AAANLEE gt 17] QVDES A AA-E YERA Fig. 4.3(b)e
A= wZ QVDE Fastr] $)s A8 QVDE ECS-002-A, ECS-034-A 18]
ECS-040-A oA ECS-002-A QVD7} %3k Adoz 13d7l, HAFo=Z
14.1d 2850 713 28 KAA o] BAZIT. G-SL ECS-034-AZ %%
% 5d, Bt 9.4dE FTIHA Bkl 44de] Aolrt ATk mpA o R
ECS-040-A= 4%k 48ha}t B3k 64.9h 225t

S|

o

Fig. 4.3(0< A% QVDEel digt A#4E vepdch ICL-004H-A QVD7} 7H4
7 ARl 1547 28993, THe o2 ICS-010-AE %3 9d 183 B
o2 63d7F 285 YT} ICS-011-AE ZY#Fo=Z 6d7F 28593, ICL-014-A
L 24hre] o} /e A AATFS HAF )

A7) 2 A QVD FellA ICL-004H-A QVD7} 15d2 A3 QVD ZHA} o] &
HE QVD $E7HA 25 o] AlRtol 354 3, ECS-002-A QVD& 13d=&
Oeo® 1 AAARE JHT 7P &9 Azl &2 QVDE ICL-014-Ast

(CS-03-AZ 49 QVD 44 % 1d U2 928 AS SAAT. BrEH
B W o A= ECS-034-AS A)9)sta 3d oo =olE& Rt}
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Legend

------ 1st step
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(a) Overall QVDs
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ECTOM-AAT) o

(b) Electric QVDs

Y
ICL-0 14 (A1)
-1y akan b

»
ICS-011-A (A1)
= -

ICLO04H (A1)

>
ICS016-A (A1)

24 hrs

v

(O] Legend

(©) Instrument QVDs | TT777 Ist step
Next step

Fig. 4.3 Schematic of duration
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433 84 A3t U@ 1B
B ERAAL AYBAE BF PN FHY ZRAXE ZEAZS nlo]YS

ol g3tel BASAh HlolHE AA T mHzelA Axst 9 BE

ZeAe F4 B Axdeld FESAI, Hold AxY 4y B

L3 HolHE AlAsAH.

2 EEdAE WE HAAE a7FHs Ao TRl weh HE HA A
Adsi=ojof st= F 13719 QVD = 9717} &5 AT

Table 4.3 &4 A5 HolE JHE £H
(Frequency) .2 ICS-016-A¢} ECS-002-Ae] Al % 67] Aol & 7151/\} QVD7}
WE AA XS e Hd AAY] 734 %S AAStE AR RISkt
ECS-040-A7} 188 %= Al WAZ @2 QVDE 7FA A ™A QVD=
2 1 RNEFE BA F5s FQlsdnh =3, 2H HAF QVDl ECS-036-A
o AHEI7E gloerz, & EedAe AdAtdd o gud =EEVF flee Tt
o7 ZQlslyty. EHT(Electric Heat Tracing) & QVD<Sl ECS-056-A,
ECS-066-K 18] ECS-068-K AslA] 308 HEo Ho] 87%H= &

r
p‘h
32
o
2
o2
g
'L
b
4
M
1%

o Hol AAAES BIAGAHJA Z2A A,
g Aoy (aE F Adve S 1T
o] 16.7 = A™ ECS-002-A¢] A%+, Ao
3l WE AAF e Ado] HAG Ao FRIFTE Ha AAALHS A
7hedt AAANE &shy] ey, “0” o'

o= Qs My A}t WF HAY
Aot 18 Ft AAATE

Yebdth Fd AAAT SR ADAEE I gelA 2 Aolrt gles &

1o
T
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gtomX =T X9 ghol| o3 Yol AALS . A A
A5 2AF HE9EH Ao HluoAE AFRG 2-3¥ AT AAFH= A
S
Table 4.4 Analysis of activity
Relative Median Mean Max. Min.
Fr(%quen)cy frequency | duration | duration | duration | duration
e (%) (Day) (Day) (Day) (Day)
ICS-011-A 0
) 28 4.1% 6 d 8.2 d 14 d 2.d
ICL-014A .
(D 2 0.3% 1d 1d 1d 1d
ICL-004H .
(AD 1 0.1% 15d 15d 15d 15d
1CS-010-A f
(A1 3 0.4% 9d 6.3 d 9d 1d
1CS-013-A 0
D 12 1.8% 1d 1.6 d 3d 0d
ECS-040-A 128 18.8% 2.d 277 d 14d 1d
(AD
ECS-034-A .
AD 7 1.0% 5d 76 d 16 d 3d
ECS-036-A B . :) B - _
(AD)
ECS-056-A B h g _ - _
(AD
ECS-068-K B B _ _ - _
(AD
ECS-066-K B B _ _ _ _
(AD
ECS(X)IO)Z‘A 246 36.1% 13 d 41d | 11694d 0d
ICS-016-A .
(A1) 254 37.3% 4d 6.9 d 37 d 0d
ECS-064-A
(A1) 681
Total 1362
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4.4 ALHE A I

I BEAA #Ee A By d~EWBrain storming)dtgth £4 A} 019]

o, &1 As5=2 28 5 Punch list)e} AleFa AR S48 Al

A 2 &5 o dolE Fd HAA AA HolHE AMESAT F8& 7H
o5, X AL It F4E AAE A IYsteE FEAAL BF

g
lﬂ

AArkel = 0] Aol ZF@ME(Cable gland) A X AALS WZ AAL
ojFol MY AAstE Wk rpAHo R WE HAL b FRlE FU)d 9
z=3e v oA A 2E o B

2 A Tbe = AlzdE A kel AdE

441 54HAF (Combine Inspection)

Adbd FEArbs WE A Aol ddHoR k= ik 7] 2 711% A A

=

-

Z, o AolA AFE 13 AW QVD AAtsh WE AAE FAlOl sk weto]
o 9wk 17 D AR A BE Aol 28 5o gol A4 Al &
Zo] 2 Aow daHED, A4 F A8 AHFae APYAT A4AST
ssRA @RA HA ZARO SR, B WA Bass AY I,
A% Ael 2L e A ME AS Y 5 e Ao dusid

= E 490 A AFHYUTE 1 A= Table 459 o)
AYHAT AA & AT 2 =& I9(Small Power) Al2=®He] 7, 7/1E ®F
Z A A A e QVDZE 9E JPeRA™, FEAA AdE 379
QVD7} 7bsatath A8 AAKMC HADY A% 7]

% < A2 AEE 2 A2
= AAND F AAAE, FEAANAE 15719 AT Thsskan. A A
7N

& AA wae] S AEAA o BE DAY PA BE 71E ohu) 33%
S EE AT HA Sk BN AR, BE ANE 6% 49 B4

¥ rr

& s
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B AselA, Ha A BE A SA APFoRA AUHAE A

oA A4 AW 2 PE QNS ¥4 Ul HE A4 5

09 ZAE B4 t7] 2el3 $E AA a7EA 9 Ao td 49

Ba% tj7] Azl wol WAL wet

b2 olal HE AANE A& oM 4676%, AW AAE 5023%% &
o

A
40 ot AL At adEE 2 A HHS BE A 224
3

o)
N
>
i
ol

fd
Y
>~
>
(o
lo
=
N
ojf
1o
7
i
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Table 4.5 Analysis

of combine inspection result

Collection @ kmou

i Ex Inspection MC Inspection
i Inspection ; . ) -
Ttems Separate | Combine | Effici. | Separate | Combine | Effici.
Inspection | Inspection | (%) | Inspection | Inspection | (%)
LTCCi}r Cgflitsp 5 QVD 3 VD 60 2 gi\chuit 1.5QCVirDcuit ~
o | et | saw 1w | 3| e ovd | Cable v | B
P pase | saw | eaw | w | ENCSE | 2NCEE | w
Power JB's | 3 QVD 1 QD B | Ame v | caoe v | 3
POVLES | saw | 2zam | e | ShCad | G | o
ond POW?ZY) Bs | 3qw A 3 | Cleovd | Cable ovb | 33
DY reG B's 4 QVD 2 QVD 0| SoSavh | 2MCcQwD |66
(S)?ﬁ(e% 5 QVD 3 QVD 66 2 Si\chuit O'SQCVig:uit 20
Power JB's | 3 QD 1 QVD B | SNEam | Cheavh | 3
power kit | 5O | 1aw | 2 | GG | dbeavh | @
Sra(;, LTC?r C(ilclitSP 5 QVD 2 QVD 40 2 81\§]%uit 1 g\chuit 50
SP JB's 5 QVD 4 QVD 80 | ooeavb | G avh | 130
Mevices | 3Qw 2 | 8 | Cile vd | Covleavp | 0
LTCG{r.%l)SP 5 QVD 2 QVD 40 2 8i\chuit 1 Schuit 50
LTCC}I.%Z )SP 5 QVD 3 QVD 66 2 (%g]c)uit 1 8chuit 50
LTCGir%3 )SP 5 QVD 2 QVD 10 2 81\%111‘[ 1 gvrcDuit 5
4n | Power JB's 3 QVD 1 QVD 33 o e 6\,% e 5le 33
P e | san | vow | w | EMesd [ ANCAL | w
PO\S(I;IrTKit 5> QVD 2Qvb 40 gagi[ec 6\/?) Czagi[ec 6V]23 66
Fan Motors | 2 QVD 1 QVD 50 | e 5\/% e 6le 50
Switches 5 QVD 2 QVD w0 | SNCSD | ENSSD | 68
Average Efficiency 46.76% 50.23%
- 62 -




442 AolE W= HA A

A3 AgE HAAF 2AE Jde BEF HA FE F, AolE =

gland)= #Alo] & dEZ tjnlo]2~(Cable entry dewce)Q] 3 FHZ UREe ¥
Z Ao A e 7= AAF FFolttk 1, TRl wE AA gRe

of ZrFAte] s wet Axo] B EHOI ATH T BE HAF A
30% 8= AL, Ay AAEe] g5 o Fet BAgle] YL = Jerng
Z A a7 AHQIAY &1 T AHAAE JPD F Uvh wEkA, 4L HA
g

ANre 29 ¢ A, TA"E AR st wmE FHo= HAF e Yk

2 2= PA

/\4% Sk

A E@ BE AASO] Aol AAlstel FA WE A A A

B A gk, A8 EEd v REE Yo AT ¥

A= QA NA AFsles REYE AolE S A3 45dH 2E 23 A
A

ARt ALl E 2AKSite Surgery)g F3F HARZ AT 4 AQ AAE of
AR AR Y] HTem BE Aol Al Af7E e Al A

om, ad® Aol dalAE ZeAE A4 Ay ZAzd old At of

frzg&?; 84 PHoE AWHAT. 24 P BAe, AX gAY B

Aol e AH Astol U FHe ALAAFL, 2Hel UlF Axw 9,
Z =

'131 g A4 aEa g5

o
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443 AN AR ZEA2 AM

o] B# el ~E"(Brain storming)S 3,

(Bottle neck)<= A}

AlZ=dlo] ols| A Adst= Zlo] ofyzl, 7dE
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=

AR Ve #

o
‘._ﬁO

At
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N3
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AN el
M 2 Ave 712 7 dgAeA
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Z1E wwd WA A=
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Fig. 4.4
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Q
% Equipment }—» Cable
=
=
’ Proposed Algorithm
r T
.7 l Field + Document | |
o (Notification Of | |
= Inspecti .
g nspection) M L, Trigger |
: | |
S I I
Tl I
iy I
.?uality management System g . A .
x Inspection
o
> Execution
2
3 Pass
%. Ex Register
=

Fig. 4.4 Schematic of explosion proof inspection
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2
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A5 A FA N dadgF

51 &1glE ML
B dug|Ee, WE HAF Anje] A HAF g5 HRE HiEgo R W=
ARG b ARE J1E S el A Az B FAsE Blo) B3

At Fig. 5.1 AQtd dag]F9 ¢AEolt.

Ex Inspection Requirement Review

A A 4

Associated
—» Equipment Tag Status of QVD
Cable Tag

v A 4 i

Consolidated information

All prerequisite

QVD complete Add. Reference info.

-.Duplicate inspection
-.Cancellation/Rejection

-.Punch information

Yes in “Ready for EX”

Fig. 5.1 Schematic of proposed algorithm for explosion proof inspection
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A3 AT vhst o], B Aol MW HE AAE Fn FFA
mel aTEE A FAs) gt R WA

©
b
N
juies
o
N
o
e
i
LA
m
>
>
N
N
e
b

X
(g
o=
1
o
>
i
™
o
ek
o
a7
T

A, [EC 600799 <3 #AAdd 938 A9 FE&% (Hazardous Area
Classification)ol] whe}, &n]7} W& 2

WZ AA a3 Adle AN Bl gl ~E(Tag list)7F 2= a, Ao A
A== AolEdd Wt BI1x dugFY dAHHUo = ARRS] fdl g =ES}
Hoh dagEY dEBpoEs U AR g g2E, BE Ao A H
Aol&e] B g2E T8i 22AE F4 #Ad AxHIoRRY YZE §
2 =%o] 7153 QVD #HAF A3HQVD Status)th.

jus

aga A¥ e ARl o wEl FEs] d™esidth 1 2
Lighting & Small power, Fire & gas, Electric, Instrument 18]3 HVACO.Z F
SR FEEAT. TR FHE, AxFE FRoE, A% FAHAU
Walk-down team¥} A]-&#(Commissioning) BollA A~ 945 L njgz &
Hlo gt BRE HA AFst7] Aol

AolE Hlae ZEEE AHH AolE A E(Cable Schedule)9] From & To
ARE o] gajA AHld A== AolES st 12, Table 51 &
A4 Aol E(Heat tracing Cable)e] & AolE A Eol From & to2 HE7}
S, dAHe gax 3¢9 AHAH =rx(Power Junction Box) ElZ WHIE S}
EHT(Electric Heat Tracing) el WH&7} #&=o] o] F4 #g Al=He
1 &EjQl 43TDB9207-01_EHT-012} Zolslitt. &8 o =2 A3t Y8, 3
A A w29 g1 AF(Circuit) e EHT Bl HE=2 F4 Fg Alx
go] gt 5Y FEE ST
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Table 5.1 Heat tracing schedule

Marshalling Circuit : Normal :
Box/Transition | Reference Power Jlll\%ctlon Box| EHT Temp. %es1gn Heater type Le(
Box No. : Tag No.| (¢ -
EHT-01 25 75 BSX 8-2-FOJ| 6.9
25 75 BSX 8-2-FOJ| 1.2
EHT-02 25 75 BSX 8-2-FOJ 116
25 75 BSX 8-2-FQOJ )
EHT-03 25 75 BSX 8-2-FOJ| 11.5
S TDB2207-TIB- |58-TDB-2207 58TDB2207-TJB-0101 25 75 BSX 8-2-FOJ| 1.3
0Ll 01 25 75 BSX 8-2-FOJ 96 4
EHT-04 25 75 BSX 8-2-FOJ
25 75 BSX 8-2-FOJ| 24
25 75 BSX 8-2-FOJ 911
25 75 BSX 8-2-FOJ )
25 75 BSX 8-2-FOJ
58TDB2207-TIB-0103 | EHT-05 |5 75 Tpox soo-poy| 131
QVDe] ZA#=, QVD & Z2AM| o) mgl A A AAVE gsEH
ID HlZ=(Barcode)E 7} QVDel| 71251, 18 E2 #g AzH 5=
g JeEs F4 @ A2"dA QD g8 94 R Ay Ao 98E
god = ot dulolExR QVD AEi(Status)= A o] gxE Y= F
5o Yoz ASHAD. of wolEE AA JuolEH, Yoz 3

1C5-016-A or ECS-D69-K o ECS-002-A or (C1-004D or ICS-D14-A or ECS

1C5-071-A or ICL-001A-1 af ICS-013-A or ECS-040-A

gl AHgstlon, a3k o

- Assaciated Cable #1 Assodiated Inspection
M) Emamci fag o DE:ﬂ {ah}eTag. Date Result Result #1 Tag Date Pmkewﬂ Rasult #1 | in:
1 [58-NAL-220081-R 58-NAL-220081-R SP— oed | Actepted SENAL-200B1-RI e
2 |56-NAL-220101-R 58-NAL-220101-R 1My 010 |completed |Accepted | NALROIIRY vt |completed |aceepted
3 |58-NAL-220102-R 58-NAL-220102-R 15:Mayj-2018 |Compléted |Accepted 58-NAL-220102-R, 1-Jun-2019 -Cmn]ﬁe!eé et
4 |58-NAL-220131-R SENALZIIIR | o fcompleted |nccepted | T AERIRL Lo i
5 |58-NAL-220132-R 58-NAL-220132-R 15:May-2018  |Completed | Accepted 58-NAL-220132-R 1i-Jun-2019 Completed |Accepted Yes Yes. Accepted
b |56-NAS-220081 58-NAS-220081 Moy |completed |Acepted  |NASZB | |G ——— es
T |58-NAS-220101 58-NAS-220101 15-May-2019 Accepted 58-NAS-220101 21-1un-2019 completed |Accepted Yes Yes
§ |58-NAS-220102 58-NAS-220102 15-May-2019 | Completed _|Accepted ‘E\B—MM.—HO![IZ 1-un-2019 completed | Accepted Ves Yes
9 [58-NAS-220131 58-NAS-220131 ST— e Aviepied SENAS-20131 | e g e Ves Yes
10 |58-NAS-220132 58-NAS-220132 15:May 2010 |Completed [Accepted 58-NAS-220132 ‘ Yes

Fig. 5.2 Screen of output from proposed algorithm
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E= A9 QVDEol &
< WEUT =3, A4 4 5
Ay F 5 A A A 3 g
A (Reject) 2|3 Al g o] Zo 2dE + 3l

= sk

Fig. 5.2 A3+ %131%2 TAY ot YA vl B1EES /]E
o= W AolE P A AU QVD Fet 9E
I3 BE AAE 98 9E 5401 of 3= ¥ QVD7} =¥ 27t © Zlo] &

Q1=]™ ‘Ready for Ex inspection” o] ‘Yes’ 2 #7|¥®4. &3], FEF7F &
HE T35 Z4-5c A8 A8 JAE 8 75A FoF B4 AlolE A 8
= WE HArt R8e] 7bestry] W&o ‘Cable Test Completion” &8 u}
2 Fol HE HA 7l ARE A & F JEE Aok HE HAF Vel E
A B1ES A"l dEEe 34 HAF AA Al NOI= Table 5.29F 2

Table 5.2 Example of NOI (Notification Of Inspection)

| Dision OFFSHORE To
| Issued Date | 2019-11-15 DAILY INSPECTION SCHEDULE NOI No. ExMOTE-040
Insp. Date | 2013-11-16 Revision No. 0
| Ma. Project Mo| Disp | Lecation | Time MC TAG NO. Insp. Characteristic SUB-SYSEM NO- QVD NO. Results Remark
PC5/DCS
1| 606B | E | MOTB |1330| 42-BDII-034111.1 |ANALOGUERDHGITAL (/0| 42-0340-GS-G55-G52 | ECS-064-K (A1)
JUNCTION BOX

F&G
. -G5- 1-
2 | BOEB E MOTE | 1330 | 42-BFIN-034153 | ANALOGUE&DIGITAL /0 e L ECS-064-K (A1)

FaZ2
JUNCTICN BOX NOT

FIRE & GAS - VISUAL 42-0340-G5-RIEDT-
3 | BOEB E MOTE | 1330 | 42-MNAL-034006-R ALARM BEACON raz2 ECS-064-K (A1)

FIRE & GAS - MANUAL | 42-0340-G5-RIEDT-

4| gosB | E | mMo7e [1330| 22-nmc-03s076 it s ECS-064-K (A1)

5| B0BB | E | MO7E |1330|  42-RWY-0303 ROOT ACCESS POINT | 202 D'GiR'Em' ECS-064-K (A1)
42TDBO3D1-TIB- TRACE HEATING 42-0340-G5-EEDD1-

g -064-K (AT

6| 606B | E | moTe |13:30 peh RiRatingas iy ECS-0B4-K (A1)
42TDBO302-TIB- TRACE HEATING 42-0340-G5-EEOD1-

- [5-1 - 1

7| eoeB | E | more [1330 i e oA ECS-0B4-K (A1)
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5.2 A& asel A

Adbe duEFES A&7 A, 7t Z2A 2 FAHH AL E AT
% =5 PHL A AR 25 Hol| FHlH
o, Aotd duES HL3 T ado] F LYHEAE, T dEgt
A Z1EoZ Ju o EH o,
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Fig. 5.3 3D model of A module
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(b) Electric QVDs
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(©) Instrument QVDs

------ 1st step
Next step

Fig. 5.4 Schematic of frequency for A Module
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(a) Overall QVDs
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(b) Instrument QVDs

------ 1st step
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Fig. 5.5 Schematic of duration for A Module
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Table 5.3 Analysis of activity for A module

Relative Median Mean Max. Min,
Fr(ecquen)cy fre uency duration | duration | duration | duration
o %) (Day) (Day) (Day) (Day)
ICS-011-A o
(AD) 30 3.5% 2d 4.3 d 10 d 1d
ICL-014A o
(AD 7 0.8% 5d 4 d 6 d 1d
ICL-004H o
(Al 6 0.7% 4d 43 d 11 d 1d
ICS-010-A o
(AD 16 1.8% 3d 28 d 4 d 0
ICS-013-A 0
(A1) 30 3.5% 35d 4d 13 d 0
ECS-040-A X
(A1) 147 16.9% 3d 11 d 64 d 0
ECS-034-A _ % B . B _
(AD
ECS-036-A _ _ i 5 B _
(AD
ECS-056-A _ F | = B ~
(AD
ECS-068-K 0
(AD 3 0.3% 6 d 6 d 6 d 6 d
ECS-066-K .
(AD 40 4.6% 1d 1d 2d 0
ECS-002-A -
(A1) 315 36.3% 2d 6 d 74 d 0
ICS-016-A 9
(AD) 274 31.6% 3d 10.3 d 157 d 0
ECS-064-A
(A]) 868
Total 1736

Table 5.3 Z=A|2 mlojdo] o 49 A 259 AAE W=Fe AA
1ts A A7) fal HeolEE E3st. =43tE RFHA ¥, A
A A7 ﬂ]‘?’} Ry :LFJIL JJUJIJMD ADATE A HEF T A4l A

S
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AME 3L oW FdEA Hagkol Aolrt Ase FUskth ECS-034-A
(AD, ECS-036-A (AD) 18|31 ECS-056-A (AD) AA= £ EEol fle Zo=
gl = et ICS-010-A (AD), ICS-013-A (AD, ECS-040-A (AD, ECS-066-K (AD,
ECS-002-A (AD 18], 1CS-016-A (AD2> F3 &89 Aoz <laf &
Akl A AAE 22 gl gRE FeUE o, HaE AAARe] 07 c=
E71E Ao

T WA B RELS, 7t A Z2A|2d AR EHe o]zl ¥HE wy
Z(Pipeline Valve Manifold) &2, ¥ T% 1,000 =7]|= Zo| 49.9m,
Z 159m 283 %] 89mE I A4 AFEE SN RE F FLS A
710l sig3Th. Fig. 5.67 o] TEA|2 vlo]Zel WiHyl FQ Anjolw, A7
A 7HA YA R B 2ELS [EC 600799 w2t =E AA7F 9dE+Y
Zone 18 AAE glovzg HAH BE Al W3 AAE 780 7],
A 28l WE AAs 20199 49 1995 20199 7€ 397bA] AldEA
o}.

3z
=

Fig. 5.6 3D Model of B Module

_77_

Collection @ kmou



S 834719 & QVDE Disco Z21#8o g RBAsYET. B REI A= Case
= 4177 28] ar Activitye 107FA]7F = S1dth

Fig. 5.7¢ M=% of@ @7 2 A% QDS Aztelth 743 Ae A9
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T HAE 33.3%= ERST ICL-004H, ECS-034-A 18]31 ECS-036-A QVDZ}
2w YYNA WS HAsAL

AN YEUIE Fig 5804 ECS-066-K7h MEsE Hou) 714 2
A 97 2L HUR, B 7P T NESE 7HAE ECS-002-A QVD
7 5dz R AR 2 AdAzt] BB LS FAsdnh T Mz 1
I} =e [CS-016-A% 2do] HE AANZES mown, 1oz QVDEE 1-3d
Aol el grelAel A dArzhe BTk
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(a) Overall QVDs
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(@) Electric QVD

@ Legend

(b) Instrument QVDs

1st step
Next step

Fig. 5.7 Schematic of frequency for B module
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Legend

------ 1st step
Next step

(@) Overall QVDs
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(b) Electric QVD

@

54
ICS-010-A (A1)
ina aenr

ECS-084-K (A1)

= Legend
«r. il Y 1st step
@ Next step

(¢) Instrument QVD

Fig. 5.8 Schematic of duration for B module
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Table 5.4 Analysis of activity for B module

Frequency
(Cases)

Relative
frequency
%)

Median
duration

(Day)

Mean
duration

(Day)

duration
(Day)

duration
(Day)

ICS-011-A
(AD

18

4.3%

2.d

18 d

3d

ICL-014A
(AD

0.5%

3d

3d

3d

3d

ICL-004H
(AD

ICS-010-A
(AD

0.7%

1d

1d

3d

ICS-013-A
(AD

28

6.7%

2d

23 d

9d

BCS-040-A
(AD

10

2.4%

2.d

6.7 d

20 d

BCS034-A
(AD

ECS-036-A
(AD

BCS-056-A
(AD

1.2%

2d

44 d

9d

BCS-068-K
(AD

BCS-066-K
(AD

1.0%

9d

7.8 d

9d

4d

ECS-002-A
(AD

208

49.9%

5d

6.9 d

37 d

2d

ICS-016-A
(AD

139

33.3%

2.d

2.8 d

20 d

2d

ECS-064-A
(AD

417

Total

834
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Table 5.5 Comparison delay day between un-applied and applied modules

i Deviation with
Un-applied Spllizd, ldulls un-applied Module
Module
( Agt\i,\,]l-)ty) A Module B Module A Module B Module
Days % Days % Days % Days Days
CSULA T 6 | amw | 2 |346% | 2 | 430% | - )
CLAOVA 11 Jo20% | 5 |081% | 3 | 0.48% 4 9
ICL(_X% ol s oasw | 4 [069% | - | 000% | -1 -
ICSU0A | 9 o | 3 |184% | 1 |o72% | -6 3
CSU3A | 1 | 76% | 35 |346% | 2 | 671% | 25 .
ECSOA0A |5 1880%| 3 |1694% | 2 | 240% | 1 0
ECS002-A | 13 |3612% | 2 [3629% | 5 |4988% | -1l 8
ICOI6-A | 4 |3730% | 3 [3L57%| 2 |3333% | -1 i
Total
(Averagey | 694 Days | 256 Days | 356 Days | -438 | -338
verage
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Fig. 5.9 Comparison the delay day of QVDs by modules
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Fig. 5.10 Comparison the frequency of QVDs by modules
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