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Abgtract - The proportion of naturd gas-fuded power generation is expanding due to the change of domestic
energy policy pursuing reduction of dust and increasing clean energy consumption. Naturd ges fuds used
for the combined-cycle power plants and the district-heating power plants are operated at high temperature
and high pressure in the fud supply system. Accidents due to leskage of the gas such as fire and explosion
should be prevented by agpplying risk management techniques. In this study, risk assessment was performed
on the natural gas fud supply system of a combined power plant based on the APl RP 581 RBI code.
For the goplication of the APl RBI code, lines and segments of the evduation target system were identified.
Operationd data and input information were analyzed for the caculations of probability of falure and
consequence of falure. The results of the risk assessment were analyzed over time from the initia
ingdlation time. In the code-based evauation, the gas fud supply system was mainly affected by thinning,
externa damage, and mechanica fatigue damage mechanisms. As the operating time passes, the risk is
expected to increase due to the externa damege caused by the CUI(Corrosion Under Insulation).
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Key wards : Risk, RBI(Risk-Based Inspection), CUI(Corrosion Under Insulation), Natural gas,

CCPP(Combined Cycle Power Plant)
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Table 1. Scenarios of power generation forecast in the 8th Basic Plan for Electricity Supply and Demand
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Fig. 1. Flowchart of CoF methodology of API
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Fig. 3. Classification of sub-system of fuel supply system for RBI

Table 2. Taxonomy hierarchy for combined cycle power plant

Hierarchy

Name

amount

Plant

Combined Cycle Power Plant
Combined Heat & Power Plant

Gas Turbine Unit

Unit #1, Unit #2 -

System Fuel Supply System -
Fuel Gas Compress Line

Sub system Fuel Gas Supply Line #1 3
Fuel Gas Supply Line #2

Line M1, M2, L12, etc. 66

Segment Seg. 1, Seg. 2, Seg. 3, elc. 452

Component Pipe, Elbow, Tee, etc. 731

Inventory Group Inv. 1, Inv. 2, Inv. 3, €tc. 85
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Fig. 4. Modeling of fuel supply system
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Fig. 5. Examples of segment selection for RBI

Table 3. Equipment data and design data of heaters

ol
N
-

AE

Heater #1 Heater #2
Criteria
shell Side Tube Side Shell Side Tube Side
Fluid Fuel Gas Feed Water Fuel Gas Feed Water
Operating
Preren) 47 6.4 47 6.4
Operating 60/95.98 115.93/67.58 95.98/200 254.07/115.93
Temperature(C)
PWH.T N/A N/A N/A N/A
Insulation E-Glass fiber E-Glass fiber E-Glass fiber E-Glass fiber
Material SA516-70N SA210-A1 SA516-70N SA210-A1
1500°C | Compressor| 60.00°C
S— - »
2.94 P A/B/C 4.57 I®s
200.00°C
60.00°C Fuel Gas 95.98°C Fuel Gas
4.57 W Heater #1 4.57 W Heater #2 4.57 WP

Fig. 6. Operating conditions of Fuel Supply System

Journal of Energy Engineering, Vol. 27, No. 2 (2018)



8 $4%5 - 4F0 - @
#13} #20] A9, dE| 27]9] IS T3l
SAeEe} ghelo] AgEh Wi AU PR

A106-B Zo]], T2Elle] Q18] Hol A%zt
A A312-TP304 A7k 2= gick T di(insula:
tion)= 91%7] kel e ZiE Q1Y A7)
‘pearlite(etol=) & Agstgich. dmer|e] Aw|
AHE= Table 33 Zch

3-4. ARTT7ASC| 2a7|7

ZIERIES] dmgaAse] A 4 471
o] AAl7|&(screening criteria) ME-S 0|83t 7t
ok A3, ARSAR A FAE] disske A A,
FH FEot 220l ot et &4 7]
aike] 71AA w2 E4J7197 AL -

[e)
API RBIoH A7k WiEEo) et A8

AFSIL YA ok APIE BES SAE
28 47170 TR P ofdnh 2 adel A

Table 5. Input data for external damage mechanism
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0.0125 mmpy, A312-TP304 7}A41¢] 7% 0.0025 mmpy
£ A8kt 75 32 AHE-A(uniform or gen-
eral corrosion)2 #-g-5}ith

QF HEXl(external corrosion), TR SR FA]
(CUI), s}zl olft 524t A(Externd CLSCC,
External Chloride Stress Corrosion Cracking) %! o
A SHF QlFHskEe] 2%t &= At A(External
CUI CLSCC, Externa Chloride Stress Corrosion
Cracking Under Insulation) 5 )% £AM2 H716)7]
Ol5}o], FGCL & FGSL #1/#2 3502 Q¥ &4k
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I8 FHAEEHR 5= AT APl RBIO| &F &
4 7lol Hga 12 gk Table 59 elaisic.

Criteria Input Options
1. Marine / Cooling Tower Drift Area
Externa damage driver Temperate 2 Temperate
3. Arid
4. Severe
Coating date March 17, 2018 Same as instalation date
1. None (No coating or primer only)
Coating quality Medium 2. Medium (Single coat epoxy)
3. High (Multi coat epoxy or filled epoxy)
Corrosion rate Basad on AP Corrogon rate for external oqrrosuon or exFernaI CUI corrosion based on
operating temperature and driver, or user input.
Insulation type None or Pearlite None, Foamglass, Perlite, Fiberglass, Minerd Wool, Cacium Silicate,
Asbestos
1. Below Average
Insulation condition Above Average 2. Average (Good jacketing with small damaged areas)
3. Above Average (No signs of damage)
1. Bdow Average (Penetrations in the insulation system do not exist)
Insulation complexity Average 2. Average (Some penetrations in the insulation systems)
3. Above Average (Many penetrations in the insulation systems)
Piping support penaty Optional Yes or No
Soil/water interface penalty No Yes or No

OlX|Sst M27H H2= 2018
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Table 6. Input data for mechanical fatigue mechanism

Input
Criteria Options
FGCL FGSL #1 | #2
Vibration source with .
1524 m (50 fi) Optiona No Yes or No
. ) 1. Reciprocating Machinery
Type of cydic !oaQ|ng Reciprocating 2. PRV Chatter
connected within Machin i 3. Vave with high pressure dro
1524 m (50 ft) b : ¢ p P
4. None
1. Modification based on complete engineering anaysis

Corrective action

taken No modificationg - 2. Modification based on experience
3. No modifications
1. 0 to 5 total pipe fittings
Piping complexity Optiona - 2. 6 to 10 total pipe fittings
3. Greater than 10 total pipe fittings
Missing or damaged supports, improper support
Condition of pipe | Good condition - Broken gussets, gussets welded directly to the pipe

Good condition

Joint/branch design Optiona -

~wn e

Threaded, socketweld, saddle on

. Saddle in fittings
. Piping tee, Weldolets

Sweepolets

[y

Branch diameter Optional -

N

. All branches less than or equa to 2 NPS
. Any branch greater than 2 NPS
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Table 7. CoF input data for APl RBI System
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S84 8
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Input
Criteria Options
FGCL FGSL #1 / #2
Representative C-C .
material C-GC Water (Hester TS) Cl - C2 : methane, ethane, ethylene, LNG, fuel gas
Initial fluid dtate Gas Gas or Liquid Gas or Liquid
Toxic fluid None None -
A. Instrumentation designed specifically to detect material losses by
changes in operating conditions(i.e., loss of pressure or flow) in the
. . system.
Detection rating A A B. Suitably located detectors to determine when the material is present
outside the pressure-containing envelope.
C. Visua detection, cameras, or detectors with margina coverage.
A. Isolation or shutdown systems activated directly from process
instrumentation or detectors, with no operator intervention
Isolation rating B B B. Isolation or shutdown systems activated by operators in the control
room or other suitable locations remote from the leak
C. Isolation dependent on manually-operated valves
1. None
2. Inventory blowdown, coupled with isolation system classification B
T or higher
Mitigation systems 8 3 3. Fire water deluge system and monitors
4. Fire water monitors only
5. Foam spray system
. 3 0.66 (C; - Cy)
Gas density(kg/m) 0.66 0.08 (Steam)
Equipment inventory User input User input )
mass (kg)

Table 8. Risk assessment results at initial instalation time

Sub svstem Fuel Gas Compress Line | Fud Gas Supply Line #1 | Fuel Gas Supply Line #2 Total
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Table 9. Trend of change of risk according to operation time for the fuel gas supply system

Assessment datg  Initial assessment date

10 years later

20 years later
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Table 10. Comparison of area-based risk matrix and financial-based risk for fuel supply system

Risk criteria Risk matrix Risk matrix

(Arearbased risk) (Financial-based risk)
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4-3. Area—based risk®} financial—-based risk2]
H|m

APl RBIOJA 98 =x areabased risk(m’)e} fi-
nancial-based risk($) S 2 7= FAT 2= ok
Financial-based risk= 1x}4 o8 F=29] oJ3ke 2A
Ao g Hh= mgHAo| IATIY 7|EA 07 A
u, 234K 0 2 FhEETheR ol &4 9 T Ts)o}
PeIs ulgo] EFEh B AT H AR
Al 9 7]E R8-S 215}, financial-based risk 9]
7ol Hagt TeHAY AduH]-E{equipment cost
per area)2 563 $/m’, 1YY EHALA v]-8(produc-
tion loss cost)-S- 119,487 $day, Akl A &4 HlE
(production loss ratio)2 100 %, <15 =(population
density)= 0.0008 personnel/m’ U 1Q1% HAWAPY
HAM|-E(injuries/fatality cost) 300,000 $/personnel-2
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