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EPC Project Risk Analysis Technology

Technical limitations such as basic plant design... Leading to
delays and losses
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[t iz pointed out that it is urgent to make a =ict diagnosis on the overall overseas business
of domestic construction companies and prepare measures to improve profitability. The
UAE "Ruwaiz Qil Refinery Flant’ construction site, which provided the cause of the eamings
shock in the 1stguarter of GS E& C | /Photo courtesy of GS Construction
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EMAP Module Configuration

EMAP: Engineering Machine-learning Automation Platform

Critical Risk Check

Commercial
(Conditions of Contract)

Terms Frequency

Semantic Analysis

Risk Degree Rating

I
: IEIEIHIE

ITB Analysis
Module
L EPC Acronym

e '
L2 Technical Risk Extraction (TRE)
il Technical Specifications
: (Scope of Work(SoW))
Standard Design Parameter Comparison (SDP)
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**Commercial & Legal Risks from Conditions of Contract
*** Technical Risks from Technical Specifications(SoW)
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Research Process

] STEP. 1 ] Literature Review
Literature Review |
STEP 2 TRE | SDP .
Module Algorithm Phrase-matching Context-managing
STEP. 3 T L
Sys temn Tnt egration System Applicationfor TRE System Applicationfor SDP
STEP. 4 o o
Analysis of Result(TRE Anal f Result(SDP
Analysis of Result Y (IRE) ysis of Result(5DF)
............................................................................................................................................... +
STEPR. 5 Conclusionand Future
Conclusion Research

* TRE: Technical Risk Extraction Module
* SDP: Standard Design Parameter Module
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Technical Risk Extraction (TRE)

Technical Risk Extraction Process

Data Selection INPUT the Technical Specifications PDF

Lexicon Construction of Lexicon through collected data

Data l Lexicon I

Risk Impact Calculate the impact score for Lexicon grouped

Result The OUTPUT presents risk groups and scores

2 o
2046 2446
169 33
26 2

Analysis Results

Ranking | Risk Score | Tagged Group Tagged Keyword Sentence
0 1 47 A(15) C(2) in accordance with(C), all(A), company(A), Summary Summary ~
1 2 18 A(6) all(A), company(A), External Interfaces ~
2 2 18 A(6) throughout(A), all(A), company(A), Contractor's Interface ~
3 3 13 A(4) C(1) except(C), company(A), Company Responsibil ~
4 4 12 A(4) all(A), company(A), Interfaces Contractor ~
5 4 12 A(4) contractor shall provide(A), all(A), company(A), | Contractor shall ~
6 4 12 A(4) all(A), company(A), Companys HSE goal ~
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Technical Risk Extraction

(TRE)

Construction of Technical Risk Lexicon

Clause Type

High Impact/
High Probability
(3)

High(Medium) Impact/
Medium(High) Probability
(2)

Medium Impact/
Medium Probability
(1)

in compliance with

all unless otherwise specified
throughout unless otherwise mentioned inaccordance with
owner unless directed otherwise mentioned according to
company approved by shall comply with
no additional cost not exceed shall submit
by the bidder not applicable discrepancy

Impact

Medium

(reasonable impact,
to be monitored)

2
% Medium C(1)
_’.g (may occurat a time)
e
High
(likely to occur) B(z)
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(will have N
asignificant impact)

B(2) | t

Test

. Keywords can be added
+ according to the user's demand
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Technical Risk Extraction Algorithm

Module Algorithm for TRE

Techmnical
Spec
(Excel File)

Lexicon
Terms
(CSV File)

Count-Vectorizer

’ . / / Main Histogram
Pre- Word

| Start ——+ Input f(——» _ _ .  Result Data
processing Counting (Excel File) (Excel File)
_ | Summary Histogram

GTDU'.P SCDmg & " Output 1,/ Result Image

Counting Sorting - (Excel File) (PNG File)

| | — —

|
Phrase-Macher
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TRE Module Performance

RESULT of TRE Module

Technical Risk Lexicon

Technical Spedfications

Upload Data

Analysis Result Summary Result

O

Rank

Total Risk
Score

Group

Al4)
Bid4)
i1}

Al4]
8I3)
¢l

Al2)
B3}
ci1

Extraction
Keywords

(A) all
[A) company
{A) no additional cost
(B} ewisting
{B) modification
(C) additional

() all
() company
{4} no additional cost
(B} existing
({B) modification
(C) additional

(A) company
{A) no additional cost
(B} existing
{B) modification
(€) additienal

(Al all

Position
Number

411

Position
Name

ENVIRONMENT, HEALTH, SAFETY &
SECURITY

ENVIRONMENT, HEALTH, SAFETY &
SECURITY

ENVIRONMENT, HEALTH, SAFETY &
SECURITY

Risk Sentences

EPC Contractor shall confirm the required modification with the existing boiler vendor
and existing burmer manufacturer 5o all required modification can be implemented on all
five bollers at no additional cost to COMPANY,

EPC Contractor shall confirm the required modification with the existing incinerator
vender so all required modification can be implemented on all two incinerator packages
at no additional cost to COMPANY.

B} Revamp a) EPC Contractor to verify the existing pump capability with existing pump
mianufactura that doesn't need any modification or needs some modifications based on
the followings at no additional cost to COMPANY: i),

All such modifications to the extent possible shall match the respective existing facilities

* A model that uses Phase-Matching technology to detect risks in technical specifications

« Match Technical Risk Keywords and Technical Risk Sentences in document to extract risk score
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TRE Module Performance

HISTOGRAM RESULT
SUMMARY RESULT
SUMMARY ITEM QUANTITY
>, Total Risk Score 3424
g
j Number of Risk Sentences 1258
Number of Sentences 3285
s 5 o, s Evaluation Factor 1.04
a 10 11 above 11

* A model that uses Phase-Matching technology to detect risks in technical specifications

« Match Technical Risk Keywords and Technical Risk Sentences in document to extract risk score
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Standard Design Parameter Comparison

Standard Design Parameter Comparison Analysis Process

Data Selection
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[SDP Analysis Process]
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Design Parameter

Comparison

Standard Paremeter

Standard Range

comparison Range

Parameterl Parameter2 Parameter3 Attribute Range | Unit = Attribute Range | Unit Check Sentence !

J .

. Hydrocarbon, chemical, ang

s d steam services above 123

Design Pressure Design Metal Temperature above 130 °C w above 120 °C False [0 °C design metal temper &

s ature and 1.7 MPa (250 ps}

o ig) design pressure. ]

o .

Design Pressure Design Pressure 1.7 Mpa . 1.7 Mpa True ~ !

o .

Minimum Thickness the Shell and Heads Carbon Steel/LAS | the larger of 7 mm  Fthe larger of 6 mm False ~ !
o .

Minimum Thickness the Shell and Heads Stainless Steel the larger of 3 mm fthe larger of 3 mm True ~ !
b el -
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Standard Range_Pressure Vessle

		Std_Equipment		Std_Parameter1		Std_Parameter2		Std_Parameter3		Std_Attribute		Std_Range		Std_Unit

		Pressure Vessle		Design Pressure		Design Metal Temperature				above		130		°C

		Pressure Vessle		Design Pressure		Design Pressure						1.7		Mpa

		Pressure Vessle		Minimum Thickness		the Shell and Heads		Carbon Steel/LAS		the larger of 		7		mm

		Pressure Vessle		Minimum Thickness		the Shell and Heads		Stainless Steel		the larger of 		3		mm



































SOW_csvformat

		Testing		Std_EQUIPMENT1		Std_PARAMETER1		Std_PARAMETER2		Std_Attribute		Std_Range1		Std_Range2		Std_Unit		Attribute		Range1		Range2		Unit

		Extracted		Pressure Vessels		Design Pressure		Design Metal Temperature		above		120				°C		above		110				°C

				Pressure Vessels		Design Pressure		Design Pressure		None		1.7		None		MPa		None		1.7		None		MPa

		Extracted		Pressure Vessels		Design Pressure		Wet Sour (H2S)		up to		120				°C		up to		150				°C

				Pressure Vessels		Design Pressure		Unfired Steam Boiler		above		0.34				MPa		above		0.34				MPa

				Pressure Vessels		Design Pressure		Carbon Steel - Thickness		over		19				mm		over		19				mm

		Extracted		Pressure Vessels		Design Pressure		Carbon Steel - Minimum Ultimate Tensile Strength		greater than		482				MPa		greater than		400				MPa

				Pressure Vessels		Design Pressure		All Thickness of Chromium-molybdenum steels (Chromium)		over		0.5				%		over		0.5				%

				Pressure Vessels		Design Pressure		Joint Efficiency		None		None		None		None		None		None		None		None

				Pressure Vessels		Corrosion Allowance		Corrosion Allowance - Removable		None		50		None		%		None		50		None		%

				Pressure Vessels		Corrosion Allowance		Corrosion Allowance - Non - Removable		None		100		None		%		None		100		None		%

				Pressure Vessels		Corrosion Allowance		Anchor bolts		None		3		None		mm		None		3		None		mm

				Pressure Vessels		Corrosion Allowance		Skirt support		None		1.5		None		mm		None		1.5		None		mm

				Pressure Vessels		Minimum Thickness		Carbon Steel/LAS - the Shell and Heads		greater than		6				mm		greater than		6				mm

				Pressure Vessels		Minimum Thickness		Stainless Steel - the Shell and Heads		greater than		3				mm		greater than		3				mm

				Pressure Vessels		Minimum Thickness		Nozzle Neck		None		None		None		None		None		None		None		None

				Pressure Vessels		Girth Flanges (Non-Standard)		Design Pressure 		None		None		None		None		None		None		None		None

				Pressure Vessels		Girth Flanges (Non-Standard)		Weld Neck Type		None		None		None		None		None		None		None		None

		Extracted		Pressure Vessels		Girth Flanges (Non-Standard)		Equipment in air/water service - design pressure 		less than		2070				kPa		less than		3000				kPa

				Pressure Vessels		Girth Flanges (Non-Standard)		Equipment in air/water service -  design temperature 		less than		200				°C		less than		200				°C

				Pressure Vessels		Girth Flanges (Non-Standard)		Equipment in cyclic service -  limiting rigidity index Maximum		None		0.85		None		None		None		0.85		None		None

		Extracted		Pressure Vessels		Girth Flanges (Non-Standard)		Equipment with design temperature 		greater than		350				°C		greater than		250				°C

				Pressure Vessels		Girth Flanges (Non-Standard)		Girth flanges - limiting rigidity index maximum. 		None		None		None		None		None		None		None		None

				Pressure Vessels		Loads		 wind and earthquake loads 		None		None		None		None		None		None		None		None

				Pressure Vessels		Loads		The maximum allowable deflection in the corroded condition at the top tangent line 		None		None		None		None		None		None		None		None

				Pressure Vessels		Transitions		 the minimum inside knuckle radius		None		10		None		%		None		10		None		%

		Extracted		Pressure Vessels		Flange gasket seating face		spiral wound gaskets		Range		125		250		AARH		Range		50		300		AARH

				Pressure Vessels		Flange gasket seating face		the side-walls of ring joint flanges		None		63		None		AARH		None		63		None		AARH

		Extracted		Pressure Vessels		Flange gasket seating face		nonmetallic gaskets		Range		250		500		AARH		Range		200		1000		AARH

				Pressure Vessels		Manways		Min. - Trays 01 to 25		None		None		2		EA		None		None		2		EA

				Pressure Vessels		Manways		Min. - Trays 26 to 41		None		None		3		EA		None		None		3		EA

				Pressure Vessels		Manways		Min. - Trays 42 to 61		None		None		4		EA		None		None		4		EA

				Pressure Vessels		Manways		Min. - Trays 62 to 80		None		None		5		EA		None		None		5		EA

				Pressure Vessels		Manways		Min. - Trays 81 and over		None		None		None		None		None		None		None		None

				Pressure Vessels		Test Pressure		 vessels except in Lethal/Hydrogen Service		None		None		None		None		None		None		None		None

				Pressure Vessels		Test Pressure		 vessels in Lethal/Hydrogen Service		None		None		None		None		None		None		None		None

				Pressure Vessels		Test Pressure		A calculated Pm - Sy for Carbon steel/LAS vessels 		less than		0.9				m?		less than		0.9				m?

				Pressure Vessels		Test Pressure		A calculated Pm - Sy for Stainless steel		less than		0.95				m?		less than		0.95				m?
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MeteringPressureVessels

		EQUIPMENT Parameter in Range

										3/6/2020

		EQUIPMENT				PARAMETER		RANGE		TYPE

		Pressure Vessels		Design Pressure		1. Design Metal Temperature		 above 120°

						2. Design Pressure		1.7MPa (250 psig)

						3. Wet Sour (H2S)		up to 120°

						4. Unfired Steam Boiler		above 0.34 Mpa (50 psig)

						5. Carbon Steel - Thickness		over 19 mm (0.75inch)

						6. Carbon Steel - Minimum Ultimate Tensile Strenghth		greater than 482 Mpa (70,000 psi)

						7. All Thickness of Chromium-molybdenum steels (Chromium)		over 0.5%

						8. Joint Efficiency				- For the vessels with joint efficiency 0.85
- Alternative joint efficiency 1 with proposal more economical design result

				Corrosion Allowance		1. Corrosion Allowance - Removable		50%		on all wetted surfaces for removable carbon and low alloy steel components

						2. Corrosion Allowance - Non - Removable		100%

						3. Anchor bolts		3 mm (1/8 inch) on diameter

						4. Skirt support		1.5 mm (1/16 inch) on diameter		when fireproofing is specified

				Minimum Thickness		1. Carbon Steel/LAS - the Shell and Heads		the larger of 6 mm (1/4inch)		(D/650+1.5)mm where D is uncorroded inside diameter of the vessel

						2. Stainless Steel - the Shell and Heads		the larger of 3 mm (1/8inch)		(D/500)mm where D is uncorroded inside diameter of the vessel

						3. Nozzle Neck				below given table

				Girth Flanges (Non-Standard)		Design Pressure 				design pressure added up with equivalent pressure due to external/piping loads

						Weld Neck Type				 {Fig. 2-4 sketch (5), (6), (6a) and (6b) of ASME Section VIII Div. 1 only}. 

						Equipment in air/water service - design pressure 		 ≤ 2,070 kPa (300 psig) 

						Equipment in air/water service -  design temperature 		 ≤ 200 °C		optional type per Fig. 24 sketch (8a), (9), (9a), (10), (10a) and (11) of ASME Section VIII  Div. 1. 5

						Equipment in cyclic service -  limiting rigidity index Maximum		0.85

						Equipment with design temperature 		 greater than 350 °C

						Girth flanges - limiting rigidity index maximum. 		0.9

				Loads		 wind and earthquake loads 				 in accordance with ASCE 7. Refer B01-E01 for details. 

						The maximum allowable deflection in the corroded condition at the top tangent line 		150 mm/30 m 		of height or as specified in the Data Sheet, whichever is lesser. 

				Transitions		 the minimum inside knuckle radius		 10 % of outside diameter 		 in accordance with ASCE 7. Refer B01-E01 for details. 

										of height or as specified in the Data Sheet, whichever is lesser. 

				Flange gasket seating face		spiral wound gaskets		125 (3.2m) to 250 (6.4m) AARH

						the side-walls of ring joint flanges		 63 (1.6m) AARH

						nonmetallic gaskets		 250 (6.3m) to 500 (12.5m) AARH

				Manways		Minimum number - Trays 01 to 25		2		Table 3. minimum number of manways

						Minimum number - Trays 26 to 41		3		Table 3. minimum number of manways

						Minimum number - Trays 42 to 61		4		Table 3. minimum number of manways

						Minimum number - Trays 62 to 80		5		Table 3. minimum number of manways

						Minimum number - Trays 81 and over		special application		Table 3. minimum number of manways

				Test Pressure		 vessels except in Lethal/Hydrogen Service		 as per UG-99(b): 1.3 times the Maximum Allowable Working Pressure (MAWP)

						 vessels in Lethal/Hydrogen Service		 1.3 times the Maximum Allowable Working Pressure (new & cold) per UG-99(c). 

						A calculated Pm - Sy for Carbon steel/LAS vessels 		Pm ≤ 0.90 

						A calculated Pm - Sy for Stainless steel		Pm ≤ 0.95 





Metering

		Standard Specification _HIGH RANGE SURVEY METER

		PARA. NO.		STANDARD SPECIFICATION(A)				VENDOR SPECIFICATION(B)		DEVIATION(A-B)

		4.01.A		A. GENERAL DESCRIPTION

				The model is a portable equivalent dose rate meter(SI unit) with a
telescoping probe, which consists of a probe, a pole & a ratemeter.
The model is battery-operated and comes with rugged & durable
construction. The model design shall allow for monitoring high
radiation levels from remote area. The probe and main body shall
communicate through a wire cable.		 monitoring high
radiation levels from remote area. The probe and main body shall
communicate through a wire cable.

		4.01.B		B. PRIMARY SPECIFICATIONS

		4.01.B.1		1. Probe  Detector type : GM tube or Pin Diodes
- Diameter of Detector : ≤ 50 mm
		GM tube or Pin Diodes
≤ 50 mm

		4.01.B.2		2. Measurement range : 0.01 mSv/h ~ 9.99 Sv/h (autorange function)		0.01 mSv/h ~ 9.99 Sv/h (autorange function)

		4.01.B.3		3. Energy response : within  ± 30 %
3-1 X-ray,  Gamma-ray from ① 80  keV  to  ② 1.25  MeV]		 ± 30 %
 from ① 80  keV  to  ② 1.25  MeV]

		4.01.B.4		4. Linearity(doserate) : within ± 15 % of full range(minimum 5 points using  Cs-137)		within ± 15 % of full range(minimum 5 points using  Cs-137)

		4.01.B.5		5. Angular response(directional dependence) : within ± 40 % as detector is rotated from 0° to 45° from reference direction, normalized  to  Cs-137.		within ± 40 % as detector is rotated from 0° to 45° from reference direction, normalized  to  Cs-137.

		4.01.B.6		6. Response time(second)

				0.01 mSv/h ∼ 10 mSv/h : < 10 s		0.01 mSv/h ∼ 10 mSv/h : < 10 s

				above 10 mSv/h : < 2 s		above 10 mSv/h : < 2 s

		4.01.B.7		7. Display  : Digital  &  Bright  back-light(or  equivalent)  display		 Digital  &  Bright  back-light(or  equivalent)  display

		4.01.B.8		8. Telescopic length
- Extension : 3.3 m to 5 m
- Contraction : ≤ 1.2 m
		3.3 m to 5 m
≤ 1.2 m

		4.01.B.9		9. Weight :  less than 3.5 kg(including batteries)		 less than 3.5 kg(including batteries)

		4.01.B.10		10. Alarm (Dose rate) : audible & visible alarm, range adjustable and alarm under abnormal operating conditions 		audible & visible alarm, range adjustable and alarm under abnormal operating conditions

		4.01.B.11		11. Sealing : more than IP 53		 more than IP 53

		4.01.C		C. SECONDARY SPECIFICATIONS

		4.01.C.1		1. Power supply : commercial dry cells
		 commercial dry cells

		4.01.D		D. ACCESSORIES

		4.01.D.1		1. PC calibration/configuration program compatible with the latest Windows version : 1 set		1 set

		4.01.D.2		2. Connection cable to PC :  1 ea		 1 ea

		4.01.D.3		3.  Cable  (more  than  10  m) :  1  set(per  each set)		1  set(per  each set)

		4.01.D.4		4. Carrying case : 1  set(per  each set)		.1 ea(per  each  set)

		4.01.D.5		5. Handling strap : 1  set(per  each set)		1 ea(per each set)

		4.01.D.6		6.  Plastic  or rubber sheath : 1  set(per  each set)		.1 ea(per  each set)

		4.01.D.7		7. Operating & maintenance manual(hard copy & file) : 1 vol.		1 vol.

		4.01.E		E. PACKING

		4.01.E.1		1. Standard export packing and detector shall be securely packaged.		packaged.

		4.01.E.2		
2. Each set of accessories should be packaged and classified.
		classified.

		4.01.F		F. TEST AND INSPECTION

		4.01.F.1		1. The   Supplier   shall   submit   satisfied  ( IEC   60846-1   type )   test   report issued by an accredited laboratory(ISO/IEC 17025). It shall contain at least following test items.
- Energy response, Angular response, Response time, Temperature (outdoor use), Humidity, *Drop, Electrostatic immunity, Radiated electromagnetic wave immunity		 IEC   60846-1   type

		4.01.F.2		2. The Supplier shall submit the (inspection certificate) for  the materials to be supplied, including factory test report which is to be  issued  from the Manufacturer.		inspection certificate

		4.01.F.3		3. The Supplier shall submit a valid certificate of calibration issued from the Primary Standard Dosimetry Lab(PSDL) or an accredited laboratory based on ISO/IEC 17025. It shall contain at least following calibration range.
- Calibration range(minimum 2 points irradiation at each range)
:  100 uSv/h ~ 1 mSv/h, 1 mSv/h ~ 10 mSv/h,
10 mSv/h ~ 100 mSv/h, 100 mSv/h ~ 1 Sv/h		:  100 uSv/h ~ 1 mSv/h, 1 mSv/h ~ 10 mSv/h,
10 mSv/h ~ 100 mSv/h, 100 mSv/h ~ 1 Sv/h

		4.01.F.4		4. The Supplier shall be responsible for supplying the equipment and materials 100% compliant to his submitted specifications and shall get the NOA(notice of acceptance) after performance inspection by the User. If these two requirements are not fulfilled, the Supplier shall be liable for liquidated damages for the elapsed days of failure.		100% compliant  

		4.01.G		G. WARRANTY

				A two year warranty after the date of NOA shall be provided by the Supplier.
		two year warranty






























Standard Range_Pressure Vessle

		Std_Equipment		Std_Parameter1		Std_Parameter2		Std_Parameter3		Std_Attribute		Std_Range		Std_Unit				SOW문장 (PDF 파일)

		Pressure Vessle		Design Pressure		Design Metal Temperature				above		120		°C				Hydrocarbon, chemical, and steam services above 120 °C design metal temperature and 1.7 MPa (250 psig) design pressure. 

		Pressure Vessle		Design Pressure		Design Pressure						1.7		Mpa				Hydrocarbon, chemical, and steam services above 120 °C design metal temperature and 1.7 MPa (250 psig) design pressure. 

		Pressure Vessle		Minimum Thickness		the Shell and Heads		Carbon Steel/LAS		the larger of 		6		mm				For Carbon steel/LAS, minimum thickness of the shell and heads shall be the larger of 6 mm (1/4 inch) and (D/650+ 1.5) mm, where D is uncorroded inside diameter of the vessel.

		Pressure Vessle		Minimum Thickness		the Shell and Heads		Stainless Steel		the larger of 		3		mm				For Stainless steel, minimum thickness of the shell and heads shall be the larger of 3 mm (1/8 inch) and (D/500) mm, where D is uncorroded inside diameter of the vessel. 







SOW_csvformat

		Testing		Std_EQUIPMENT1		Std_PARAMETER1		Std_PARAMETER2		Std_Attribute		Std_Range1		Std_Range2		Std_Unit		Attribute		Range1		Range2		Unit

		Extracted		Pressure Vessels		Design Pressure		Design Metal Temperature		above		120				°C		above		110				°C

				Pressure Vessels		Design Pressure		Design Pressure		None		1.7		None		MPa		None		1.7		None		MPa

		Extracted		Pressure Vessels		Design Pressure		Wet Sour (H2S)		up to		120				°C		up to		150				°C

				Pressure Vessels		Design Pressure		Unfired Steam Boiler		above		0.34				MPa		above		0.34				MPa

				Pressure Vessels		Design Pressure		Carbon Steel - Thickness		over		19				mm		over		19				mm

		Extracted		Pressure Vessels		Design Pressure		Carbon Steel - Minimum Ultimate Tensile Strength		greater than		482				MPa		greater than		400				MPa

				Pressure Vessels		Design Pressure		All Thickness of Chromium-molybdenum steels (Chromium)		over		0.5				%		over		0.5				%

				Pressure Vessels		Design Pressure		Joint Efficiency		None		None		None		None		None		None		None		None

				Pressure Vessels		Corrosion Allowance		Corrosion Allowance - Removable		None		50		None		%		None		50		None		%

				Pressure Vessels		Corrosion Allowance		Corrosion Allowance - Non - Removable		None		100		None		%		None		100		None		%

				Pressure Vessels		Corrosion Allowance		Anchor bolts		None		3		None		mm		None		3		None		mm

				Pressure Vessels		Corrosion Allowance		Skirt support		None		1.5		None		mm		None		1.5		None		mm

				Pressure Vessels		Minimum Thickness		Carbon Steel/LAS - the Shell and Heads		greater than		6				mm		greater than		6				mm

				Pressure Vessels		Minimum Thickness		Stainless Steel - the Shell and Heads		greater than		3				mm		greater than		3				mm

				Pressure Vessels		Minimum Thickness		Nozzle Neck		None		None		None		None		None		None		None		None

				Pressure Vessels		Girth Flanges (Non-Standard)		Design Pressure 		None		None		None		None		None		None		None		None

				Pressure Vessels		Girth Flanges (Non-Standard)		Weld Neck Type		None		None		None		None		None		None		None		None

		Extracted		Pressure Vessels		Girth Flanges (Non-Standard)		Equipment in air/water service - design pressure 		less than		2070				kPa		less than		3000				kPa

				Pressure Vessels		Girth Flanges (Non-Standard)		Equipment in air/water service -  design temperature 		less than		200				°C		less than		200				°C

				Pressure Vessels		Girth Flanges (Non-Standard)		Equipment in cyclic service -  limiting rigidity index Maximum		None		0.85		None		None		None		0.85		None		None

		Extracted		Pressure Vessels		Girth Flanges (Non-Standard)		Equipment with design temperature 		greater than		350				°C		greater than		250				°C

				Pressure Vessels		Girth Flanges (Non-Standard)		Girth flanges - limiting rigidity index maximum. 		None		None		None		None		None		None		None		None

				Pressure Vessels		Loads		 wind and earthquake loads 		None		None		None		None		None		None		None		None

				Pressure Vessels		Loads		The maximum allowable deflection in the corroded condition at the top tangent line 		None		None		None		None		None		None		None		None

				Pressure Vessels		Transitions		 the minimum inside knuckle radius		None		10		None		%		None		10		None		%

		Extracted		Pressure Vessels		Flange gasket seating face		spiral wound gaskets		Range		125		250		AARH		Range		50		300		AARH

				Pressure Vessels		Flange gasket seating face		the side-walls of ring joint flanges		None		63		None		AARH		None		63		None		AARH

		Extracted		Pressure Vessels		Flange gasket seating face		nonmetallic gaskets		Range		250		500		AARH		Range		200		1000		AARH

				Pressure Vessels		Manways		Min. - Trays 01 to 25		None		None		2		EA		None		None		2		EA

				Pressure Vessels		Manways		Min. - Trays 26 to 41		None		None		3		EA		None		None		3		EA

				Pressure Vessels		Manways		Min. - Trays 42 to 61		None		None		4		EA		None		None		4		EA

				Pressure Vessels		Manways		Min. - Trays 62 to 80		None		None		5		EA		None		None		5		EA

				Pressure Vessels		Manways		Min. - Trays 81 and over		None		None		None		None		None		None		None		None

				Pressure Vessels		Test Pressure		 vessels except in Lethal/Hydrogen Service		None		None		None		None		None		None		None		None

				Pressure Vessels		Test Pressure		 vessels in Lethal/Hydrogen Service		None		None		None		None		None		None		None		None

				Pressure Vessels		Test Pressure		A calculated Pm - Sy for Carbon steel/LAS vessels 		less than		0.9				m?		less than		0.9				m?

				Pressure Vessels		Test Pressure		A calculated Pm - Sy for Stainless steel		less than		0.95				m?		less than		0.95				m?
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MeteringPressureVessels

		EQUIPMENT Parameter in Range

										3/6/2020

		EQUIPMENT				PARAMETER		RANGE		TYPE

		Pressure Vessels		Design Pressure		1. Design Metal Temperature		 above 120°

						2. Design Pressure		1.7MPa (250 psig)

						3. Wet Sour (H2S)		up to 120°

						4. Unfired Steam Boiler		above 0.34 Mpa (50 psig)

						5. Carbon Steel - Thickness		over 19 mm (0.75inch)

						6. Carbon Steel - Minimum Ultimate Tensile Strenghth		greater than 482 Mpa (70,000 psi)

						7. All Thickness of Chromium-molybdenum steels (Chromium)		over 0.5%

						8. Joint Efficiency				- For the vessels with joint efficiency 0.85
- Alternative joint efficiency 1 with proposal more economical design result

				Corrosion Allowance		1. Corrosion Allowance - Removable		50%		on all wetted surfaces for removable carbon and low alloy steel components

						2. Corrosion Allowance - Non - Removable		100%

						3. Anchor bolts		3 mm (1/8 inch) on diameter

						4. Skirt support		1.5 mm (1/16 inch) on diameter		when fireproofing is specified

				Minimum Thickness		1. Carbon Steel/LAS - the Shell and Heads		the larger of 6 mm (1/4inch)		(D/650+1.5)mm where D is uncorroded inside diameter of the vessel

						2. Stainless Steel - the Shell and Heads		the larger of 3 mm (1/8inch)		(D/500)mm where D is uncorroded inside diameter of the vessel

						3. Nozzle Neck				below given table

				Girth Flanges (Non-Standard)		Design Pressure 				design pressure added up with equivalent pressure due to external/piping loads

						Weld Neck Type				 {Fig. 2-4 sketch (5), (6), (6a) and (6b) of ASME Section VIII Div. 1 only}. 

						Equipment in air/water service - design pressure 		 ≤ 2,070 kPa (300 psig) 

						Equipment in air/water service -  design temperature 		 ≤ 200 °C		optional type per Fig. 24 sketch (8a), (9), (9a), (10), (10a) and (11) of ASME Section VIII  Div. 1. 5

						Equipment in cyclic service -  limiting rigidity index Maximum		0.85

						Equipment with design temperature 		 greater than 350 °C

						Girth flanges - limiting rigidity index maximum. 		0.9

				Loads		 wind and earthquake loads 				 in accordance with ASCE 7. Refer B01-E01 for details. 

						The maximum allowable deflection in the corroded condition at the top tangent line 		150 mm/30 m 		of height or as specified in the Data Sheet, whichever is lesser. 

				Transitions		 the minimum inside knuckle radius		 10 % of outside diameter 		 in accordance with ASCE 7. Refer B01-E01 for details. 

										of height or as specified in the Data Sheet, whichever is lesser. 

				Flange gasket seating face		spiral wound gaskets		125 (3.2m) to 250 (6.4m) AARH

						the side-walls of ring joint flanges		 63 (1.6m) AARH

						nonmetallic gaskets		 250 (6.3m) to 500 (12.5m) AARH

				Manways		Minimum number - Trays 01 to 25		2		Table 3. minimum number of manways

						Minimum number - Trays 26 to 41		3		Table 3. minimum number of manways

						Minimum number - Trays 42 to 61		4		Table 3. minimum number of manways

						Minimum number - Trays 62 to 80		5		Table 3. minimum number of manways

						Minimum number - Trays 81 and over		special application		Table 3. minimum number of manways

				Test Pressure		 vessels except in Lethal/Hydrogen Service		 as per UG-99(b): 1.3 times the Maximum Allowable Working Pressure (MAWP)

						 vessels in Lethal/Hydrogen Service		 1.3 times the Maximum Allowable Working Pressure (new & cold) per UG-99(c). 

						A calculated Pm - Sy for Carbon steel/LAS vessels 		Pm ≤ 0.90 

						A calculated Pm - Sy for Stainless steel		Pm ≤ 0.95 





Metering

		Standard Specification _HIGH RANGE SURVEY METER

		PARA. NO.		STANDARD SPECIFICATION(A)				VENDOR SPECIFICATION(B)		DEVIATION(A-B)

		4.01.A		A. GENERAL DESCRIPTION

				The model is a portable equivalent dose rate meter(SI unit) with a
telescoping probe, which consists of a probe, a pole & a ratemeter.
The model is battery-operated and comes with rugged & durable
construction. The model design shall allow for monitoring high
radiation levels from remote area. The probe and main body shall
communicate through a wire cable.		 monitoring high
radiation levels from remote area. The probe and main body shall
communicate through a wire cable.

		4.01.B		B. PRIMARY SPECIFICATIONS

		4.01.B.1		1. Probe  Detector type : GM tube or Pin Diodes
- Diameter of Detector : ≤ 50 mm
		GM tube or Pin Diodes
≤ 50 mm

		4.01.B.2		2. Measurement range : 0.01 mSv/h ~ 9.99 Sv/h (autorange function)		0.01 mSv/h ~ 9.99 Sv/h (autorange function)

		4.01.B.3		3. Energy response : within  ± 30 %
3-1 X-ray,  Gamma-ray from ① 80  keV  to  ② 1.25  MeV]		 ± 30 %
 from ① 80  keV  to  ② 1.25  MeV]

		4.01.B.4		4. Linearity(doserate) : within ± 15 % of full range(minimum 5 points using  Cs-137)		within ± 15 % of full range(minimum 5 points using  Cs-137)

		4.01.B.5		5. Angular response(directional dependence) : within ± 40 % as detector is rotated from 0° to 45° from reference direction, normalized  to  Cs-137.		within ± 40 % as detector is rotated from 0° to 45° from reference direction, normalized  to  Cs-137.

		4.01.B.6		6. Response time(second)

				0.01 mSv/h ∼ 10 mSv/h : < 10 s		0.01 mSv/h ∼ 10 mSv/h : < 10 s

				above 10 mSv/h : < 2 s		above 10 mSv/h : < 2 s

		4.01.B.7		7. Display  : Digital  &  Bright  back-light(or  equivalent)  display		 Digital  &  Bright  back-light(or  equivalent)  display

		4.01.B.8		8. Telescopic length
- Extension : 3.3 m to 5 m
- Contraction : ≤ 1.2 m
		3.3 m to 5 m
≤ 1.2 m

		4.01.B.9		9. Weight :  less than 3.5 kg(including batteries)		 less than 3.5 kg(including batteries)

		4.01.B.10		10. Alarm (Dose rate) : audible & visible alarm, range adjustable and alarm under abnormal operating conditions 		audible & visible alarm, range adjustable and alarm under abnormal operating conditions

		4.01.B.11		11. Sealing : more than IP 53		 more than IP 53

		4.01.C		C. SECONDARY SPECIFICATIONS

		4.01.C.1		1. Power supply : commercial dry cells
		 commercial dry cells

		4.01.D		D. ACCESSORIES

		4.01.D.1		1. PC calibration/configuration program compatible with the latest Windows version : 1 set		1 set

		4.01.D.2		2. Connection cable to PC :  1 ea		 1 ea

		4.01.D.3		3.  Cable  (more  than  10  m) :  1  set(per  each set)		1  set(per  each set)

		4.01.D.4		4. Carrying case : 1  set(per  each set)		.1 ea(per  each  set)

		4.01.D.5		5. Handling strap : 1  set(per  each set)		1 ea(per each set)

		4.01.D.6		6.  Plastic  or rubber sheath : 1  set(per  each set)		.1 ea(per  each set)

		4.01.D.7		7. Operating & maintenance manual(hard copy & file) : 1 vol.		1 vol.

		4.01.E		E. PACKING

		4.01.E.1		1. Standard export packing and detector shall be securely packaged.		packaged.

		4.01.E.2		
2. Each set of accessories should be packaged and classified.
		classified.

		4.01.F		F. TEST AND INSPECTION

		4.01.F.1		1. The   Supplier   shall   submit   satisfied  ( IEC   60846-1   type )   test   report issued by an accredited laboratory(ISO/IEC 17025). It shall contain at least following test items.
- Energy response, Angular response, Response time, Temperature (outdoor use), Humidity, *Drop, Electrostatic immunity, Radiated electromagnetic wave immunity		 IEC   60846-1   type

		4.01.F.2		2. The Supplier shall submit the (inspection certificate) for  the materials to be supplied, including factory test report which is to be  issued  from the Manufacturer.		inspection certificate

		4.01.F.3		3. The Supplier shall submit a valid certificate of calibration issued from the Primary Standard Dosimetry Lab(PSDL) or an accredited laboratory based on ISO/IEC 17025. It shall contain at least following calibration range.
- Calibration range(minimum 2 points irradiation at each range)
:  100 uSv/h ~ 1 mSv/h, 1 mSv/h ~ 10 mSv/h,
10 mSv/h ~ 100 mSv/h, 100 mSv/h ~ 1 Sv/h		:  100 uSv/h ~ 1 mSv/h, 1 mSv/h ~ 10 mSv/h,
10 mSv/h ~ 100 mSv/h, 100 mSv/h ~ 1 Sv/h

		4.01.F.4		4. The Supplier shall be responsible for supplying the equipment and materials 100% compliant to his submitted specifications and shall get the NOA(notice of acceptance) after performance inspection by the User. If these two requirements are not fulfilled, the Supplier shall be liable for liquidated damages for the elapsed days of failure.		100% compliant  

		4.01.G		G. WARRANTY

				A two year warranty after the date of NOA shall be provided by the Supplier.
		two year warranty






























Standard Design Parameter Comparison

e Establishing 10 types of analysis equipment by Discipline

—EED— G

Parameter Selection Discipline Selection Equipment Selection
Pressure Vessel Mechanical

Control Valve

O
D
<D
-
<=
b

Firewater System Pedestal Crane

Actuator Seawater Pump Diesel Tank

Transmitter
Electrical

Control Valve UPS System

ZH|E : Pressure Vessel

. Equipment can be added
+ according to the user's demand

Value Creating University

rPOSsSTR2LCH This information is confidential. Do not disclose outside POSTECH. 11
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Standard Design Parameter Comparison

e Establish parameter criteria (Definition 2> Component 2 Subelement)

3rd year SDP

Present a clear definition of the parameter to the user

Std_Equipment Std_Parameterl Std_Parameteﬁ Std_Parameter3 | Std_Attribute | Std_Range | Std_Unit
‘ Pressure Vessle Minimum Thickness the Shell and Heads Carbon Steel/LAS | the larger of 7 mm

4th year SDP
| 1

DISCIPLINE | EQUIPMENT PRM1_DEFINITION IPRMZ_COMPONENT PRM3_SUBELEMENT [|ISTD_ATTRIBUTE ISTD_RANGH STD_RANGEZ | STD_UNIT
Mechanical | Pressure Vessel | | Minimum Thickness Shell Carbon Steel/LAS greater than 7 D/650+ 1.5 mm
Mechanical | Pressure Vessel | | Minimum Thickness Shell Stainless Steel greater than 7 D/650+ 1.5 mm
Mechanical | Pressure Vessel | | Minimum Thickness Head Carbon Steel/LAS greater than 4 D/500 mm
Mechanical | Pressure Vessel | | Minimum Thickness Head Stainless Steel greater than 4 D/500 mm

l v v
4 Add DISCIPLINE 4 PRM1: Definition (4 ATTRIBUTE Organization

: Ul configuration by — Definition of numerical requirements (Range) :One word that represents the

adding Discipline, PRM2: Component Attribute scope

which is a Hierarchy — Name of equipment, elements of equipment (ex: the large of > grater than)

of Equipment

Value Creating University

rPOSTERLCH

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY

PRMS3: Sub Element
— Additional information on equipment condition

This information is confidential. Do not disclose outside POSTECH. 12



Standard Design Parameter Algorithm

Module Algorithm for SDP
Mo
T T
' Sentence =
-

Technical Spec
(Excel File)
Text Data | Keyword ARU
_h Input Extraction Comparison T D
~._ Done
= - / -_____
Pre- Yes
Start j.'_ . . processing v T 1 |
Standard Context Context-Manacer
_','-' Data Input | Update 8 { Output
F3 II II
| l ¥
—— Standard
- DB . ARU Set »  Selection Result
— Check List Selection Context (Excel File)
1. SDP (JSON File) onte
2. Synonym o ) -
This information is confidential. Do not disclose outside POSTECH.

Value Creating University
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SDP Module Performance

Standard Design Parameter Management

Technical

Manage Parameter

° Specifications

Discipline
Instrument
Instrument
Instrument
Mechanical
Mechanical
Mechanical
Mechanical
Mechanical
Mechanical

Mechanical

« The SDP module uses Context-managing technology to analyze technical specifications

» Check the synonym of the standard design parameter

Value Creating University

rPOSTERLCH

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY

O

Standard Design Parameter(SDP) 2|

Equipmen
t
Gauge

Transmitter

Transmitter
Pressure Vessel
Pressure Vessel
Pressure Vessel
Pressure Vessel
Pressure Vessel
Pressure Vessel

Pressure Vessel

PRM 1

Accuracy

Accuracy

Accuracy

Corrosion Allowance

Corrosion Allowance

Design Metal Temperature

Design Metal Temperature

Design Metal Temperature

Design Metal Temperature

Design Pressure

PRM 2

Local Gauge

Electronic Transmitter

Pneumatic Transmitter

Pressure Component

Pressure Component

Service

Service

Service

Service

Service

PRM 3

Full Scale

Full Scale

Full Scale

Removable

Non-Removable

Hydrocarbon

Chemical

Steam

Wet Sour

Hydrocarbon

Select Equipment

Range

at least

at least

greater than
greater than

greater than

greater than

This information is confidential. Do not disclose outside POSTECH.
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Figure 2

Analysis Result
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SDP Module Performance

RESULT of SDP Module

Technical Spedfications Manage Parameter Upload Data Select Equipment Analysis Result

© & © © O

'EQUTPN[ENT‘ PRM 1 PRM 2 PRM 3 A R1 RESULT SENTENCE
G A i Full Scal 10 FALSE Accuracy Unless otherwise stated, the minimum accuracy of instruments
8 " . 2 + |
anee coacy .2 e shall be: + 1.0% of full scale Electronic Transmitters
Control b
Val Noise Level |Control Valve greater 85 TRUE |Predicted noise level at 1m downstream shall not be greater than 85dBA.
alve
than
Control Pressure ! Normal Flow " . | Valve Characteristic When 50% or more of the dynamic pressure drop is to be
Control Valve B or mere 50 TRUE : : S
Valve Drop Condition sustained by the control valve at normal flow conditions.
Control Pressure T Maximum T TRUE Valve sizing shall be based on 1.1 times maximum flow at the given pressure
Valve Drop Flow drop.
Conitel Globe And
ontro
V] I Nominal Size | Ball Valve minimuam 1 TRUE |The minimum nominal size of globe and ball valve bodies shall be DN25 (1").
alve
._ Body
Globe And
Control 2 4y ; el ; The minimum nominal sizes of eccentric plug valves shall be DN30 (27) and
Nominal Size | Ball Valve minimum 4 TRUE ) L
Valve Bod of butterfly valves DIN100 (47).
ody .

« Parameters of equipment by discipline are shown and ARU are compared

« Comparative analysis results are expressed as TRUE and FALSE

Value Creating University

rPOSTERLCH

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY
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Result of Module Validation

Module Algorithm for TRE

Risk Extraction Extraction Validation Extraction

(Q’ty) (by SME) Rate (%)
System o
TRE Module 342 314 92%
Engineer 311 264 85%

Module Algorithm for SDP

Risk Extraction Extraction Validation Extraction

(Q’ty) (by SME) Rate (%)
System 0
SDP Module 187 168 90%
Engineer 172 151 88%

* SMEs excluded mutual discussion on the validation so that independent verification could be made

« The TRE extraction accuracy result is 92%, and the SDP comparison accuracy result is 90%

R?%Iﬁﬁﬂ This information is confidential. Do not disclose outside POSTECH. 16



End of Document
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