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Abstract - The combined cycle power plant has a cycle of operating the gas turbine with fudl, such as
naturd gas, and then producing steam using resdua heet. The fud gas is supplied to the gas turbine
a alevd of 4to5 MPa, 200 C through a compressor and a heat exchanger. In this study, the risk
assessment method considering the piping system stress was carried out for safe operation and soundness
of the gas fud supply piping sysem. The APl 580/581 RBI code, which is wdl known for its risk
assessment techniques, is limited to reflect the effect of piping stress on risk. Therefore, the systematic
gress of the pipdine is andyzed by using the piping analysis. For the study, the piping system stress
andysis was performed using design data of a gas fud supply piping of a combined cycle power plant.
The result of probability of failure evduated by the APl code is compared to the result of tress raio
by piping andysis.

Key wards : Piping stress anadlysis, Risk, RBI(Risk-Based Inspection), combined cycle power plant, natural
gas
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Table 1. Data required for determination of the mechanical fatigue damage factor[10]

Required Data

Number of Previous Fatigue Failure : None, One or >1

Severity of Vibration (audible or visible shaking): Minor, Moderate or Severe

Number of weeks pipe has been shaking: 0 to 2 weeks, 2 to 13 weeks, 13 to 52 weeks

Sources of cyclic stress in the vicinity of the item : reciprocating machinery, PRV chatter, high pressure drop valves, none

Corrective Actions taken: Modifications based on compete engineering anadlysis, Modifications based on experience, No
Modifications

Piping Complexity: Based on 15.24 meters (50feet) of pipe, choose:
0 to 5 branches, fittings, etc.

5 to 10 branches, fittings, etc.

>10 branches, fittings, etc.

Type of Joint or brach design used in this piping: Threaded, Socket Welded, Saddle on, Saddle in, Piping tee, Weldolet, Sweepolet

Condition of the pipe: Missing/Damaged Supports, Unsupported weights on branches, Broken gussets, Gussets/supports welded
directly to pipe, Good Condition
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Table 2. Operating conditions for analysis cases
Case Condition @ ® ® @ ® ® @
Pressure
2.99 2.98 2.92 4.57 454 454 454
(MP3)
! Gas Temp. () 15 15 15 60 60 200 200
Ambient Temp. (C) 5
Pressure
2.75 2.74 2.68 4.57 4.54 4.54 454
(MP3)
2 Gas Temp. () 15 15 15 60 60 200 200
Ambient Temp. (C) 32
® (2) (3)
Emergency Filter Fuel Gas
Shut-off — Separator ¥ Compressor
Valve & Scrubber P
5 @ a6
Unit 1 Unit 1 Unit 1 Unit 1
- Fuel Gas |— Fuel Gas | Fuel Gas |+ GT Internal
Flowmeter Heater Unit
(=D Foy P2
5 6 7
[ P ey
Unit 2 Unit 2 Unit 2 Unit 2
L » Fuel Gas | Fuel Gas |+ Fuel Gas (= GT Internal
Flowmeter Heater Unit

Fig. 1. Process flow of fuel gas piping of CCPP
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Fig. 3. Model of fuel gas compressors part

Table 3. Piping components

Piping Length Supports Eblow Reducer Tee Valve
595.7 m 93 ea 132 ea 9 ea 91 ea 59 ea
ofliX|Zst AM27& H2= 2018
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Table 4. Specifications of the pipe

Piping range Materia DN Schedule Ins. THK. (mm)

To comp. inlet A106-B 350 STD NA
Comp. inlet line to comp. A/B/C A106-B 300 XS NA
Comp. A/B/C to comp. outlet line A106-B 300 XS 20
Comp. outlet line header A106-B 350 XS 20
Comp. outlet line header to fuel gas flowmeter, A106-B 200 40 20
Fuel gas flowmeter to fud gas heater#l A106-B 200 40 30
Fuel gas heater#l to fuel gas heater#2 A106-B 300 40 35
A106-B 200 40 30

Fuel gas heater#2 to fuel gas unit
A312-TP304 200 80S 30
A312-TP304 200 80S 30
A312-TP304 150 80S 30

Fuel gas unit to GT internal

A312-TP304 100 80S 30
A312-TP304 50 80S 25

L, " Heater 1

Heater 2

I

Fig. 4. Model of heaters to gas turbine internal part of unit 1
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Table 5. Mechanical properties of A106-B and A312-TP304
Min. Yield Stress Ultimate Strength Hoop Shear
Materal (MPa) (MPe) Modulus Modulus Modulus 5(3;:]% Po::oi;n S
a RT |a200cC | a RT |a 200C (GPe) (GP) (GP)
A106-B 241.3 207.0 4137 414.0 202.7 202.7 78.0 7833.0 0.3
A312 206.8 144.0 517.1 442.0 195.1 195.1 75.0 8025.3 0.3
P304 . . : ) . . X . .
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Fig. 6. Locations of high stress ratio occurred ; (a) before the unitl flowmeter, (b)
initial part of vertical piping of unitl, (c) right after vertical piping of unitl,
(d) initial part of vertical piping of unit2, and (e€) right after vertical piping
of unit2
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Table 6. Stress analysis results of top 10 stress ratio points

Case 1 Cae 2

Compo- Material Pressure Teomp. S”?‘S Sys. | Sus. | Exp. | Hoop | Sys. | Sus. | Exp. | Hoop
nent (MPg) | () | ralio | gress | stress | stress | stress | stress | stress | stress | stress

(MPg) | (MPa) | (MPg) | (MPg) | (MPa) | (MPa) | (MPg) | (MPa)
1 | AC46 |Support| TP304 | 454 | 200 | 07813 | 1125 | 382 | 956 | 60.8 | 100.7 | 382 | 826 | 60.8

Rank| Point

2 | DG42 | Support| TP304 4.54 200 | 07772 | 1119 | 383 | 952 | 60.8 | 100.2 | 383 | 823 | 60.8

3 | DG17F | Elbow | A106-B | 454 200 | 0.6660 | 1379 | 60.0 | 123.0 | 60.8 | 1272 | 60.0 | 107.8 | 60.8

4 | AC15 |Support| A106-B | 4.54 200 | 0.6605 | 136.7 | 326 | 1209 | 60.8 | 1220 | 32.6 | 1048 | 60.8

5 | DOO7 | Support| TP304 454 200 | 06216 | 895 | 373 | 725 | 608 | 818 | 373 | 627 | 60.8

6 | M3ON | Elbow | A106-B | 454 60 | 06192 | 1424 | 414 | 1549 | 61.2 | 919 | 414 | 799 | 612

7 | AC16F | Elbow | A106-B | 4.54 200 | 06144 | 1272 | 329 | 1422 | 608 | 1139 | 329 | 1232 | 60.8

8 | AKO7 |Support| TP304 454 200 | 06119 | 881 | 365 | 69.7 | 608 | 808 | 365 | 60.2 | 60.8

9 | M26 Tee | A106-B| 454 60 | 06090 | 1401 | 371 | 1578 | 61.2 | 889 | 37.1 | 814 | 612

10 | AC44 | Tee | Al06-B| 454 200 | 0.6066 | 125.6 | 388 | 1478 | 60.8 | 1115 | 388 | 127.7 | 60.8

Fig. 7. Piping deflection result of unit 1 piping (exaggerated)
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Table 7. Probability of failure result of fuel gas piping system at the initial stage of the instalation by APl 581 code

PoF 1 2 3 4 5 Tota

No. of Segment 445 3 4 0 0 452
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