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Abstract - The purpose of CBA(cost-benefit analysis) in risk assessment is to show whether the benefits of
implementing additional risk reduction methods(RRMs) derived through risk assessment outweigh its costs
and it is proper to implement the methods. In this paper CBA has been conducted in order to select the most
effective and reasonable RRM as implementing the RRM derived after QRA for the high pressure urban gas
pipelines. As conducting QRA again by applying the derived RRMs, No. 10 measure which includes pipeline
corrosion monitoring, MOV (motor operated valve) installation and the method to protect pipeline damage
caused by third-party mechanical interference has showed the highest risk reduction effect. Also it has been
considered to be reasonably practicable by conducting CBA and then is selected as the most effective and
reasonable RRM on the objects of this paper.
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Fig. 1. Societal risk criteria[4,7,11].
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Table 1. Proper VPF estimates
Classification VPF 2009.7(W) Remark
DOT(2007), USA $5,800,000 (2007) 4,690,362,595 PPP & CPI
HSE & DfT(2004), UK £1,312,260(2003) 1,997,208,699 PPP & CPI
2,083,237,420 1:3.6)Y & CPI
Road Traffic Authority (2007), Korea 411,707,100(2006)"
2,058,535,500 Heinrich Method (1:4)

Hawang Mt. fire compensation cost (2009),
Korea

¥400,000,000~700,000,000”| 2,000,000,000~3,500,000,000 | Heinrich Method (1:4)

Francois Bellavance
(2007), Canadian paper

$1,552,525°(2000)

1,630,556,614 PPP & CPI

=9] VPF 3t 5 ZAS}taL, PPP(Purchasing Power
Parity, 7l &% 7% 5)2} CPI(Consumer Product
Index, 2H 2 71X )& A 8514 2009 7€ 7]
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Table 2. Pipeline specification for QRA

Pipe diameter 400A
Material Polyethylene coated steel pipeline
Pipeline standard API-5L-X42
Length of pipeline 3 km
Wall thickness 9.5 mm

Study Folder: HP Gas
Line_RYU

Audit No: 83046
RunRow Combinations
Risk Cut-off 1e-008
IAvgeYear

— sector 7
~ sector 8 )

)

Maximum risk criteria
= Minimum Risk Criteria

Frequency (/AvgeYea

Number of Fataliies (N)

Fig. 2. F-N curve before applying RRMs.
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Table 3. RRMs vs. risk reduction rate

APLL Risk
No RRMs reduction
sector 7 | sector 8 | rate(%)
1 C/S 15t 473E-03 | 231E-02 | 55%
2 ILI 7.39E-04 2%
3 C/S 15t + ILI 4.92E-03 | 2.40E-02 57 %
4 CCTV 3.772E-03 | 1.82E-02 | 43 %
5 CIC 5.31E-03 | 2.60E-02 | 62 %
6 DCVG 1.23E-04 | 5.41E-04 13 %
7 Ccéiéiggé; 5.45E-03 | 2.66E-02 63 %
8 MOV 7.61E-03 15 %
9 X42—X65 5.23E-03 | 2.57E-02 61 %
10 C CT(\:fli-lecs\t/gEIL oV 6.69E-03 | 3.12E-02 75 %

* CIC : Concrete inverted channel

Study Folder: HP Gas

Audit No- 89363 et
RunRow Combinations =
Risk Cut-off 12-008
AvgeYear

Sector 8

" secor 7
Maxmum fisk crtenia

= Minimum Risk Citeria

Frequency (/AvgeYean

e

Number of Fataliies (N)

Fig. 3. F-N curve after applying RRMs(No. 10).
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Table 4. Cost estimates for concrete slab 15t

Material Construction Total
Size(mm) QTY Unit cost(¥) cost() Indirect cost(W) )
700%1200*150 1 M 37,943 23,733 4,542 66,218
Table 5. Cost of pipe for each grade
Size Description QTY Unit Cost(W)
16" API 5L X65 9.5t (3-LAYER PE-Coating) 1 M 263,030
16" API 5L X65 9.5t 1 M 263,030
16" API 5L X42 9.5t (3-LAYER PE-Coating) 1 M 236,680
16" API 5L X42 9.5t 1 M 236,680
Table 6. Total cost for pipe up-grade
RRMs Cost Estimates
Pi ade Sector 7: 36,890,000 W = 26,350 Wx14,000 m
pe grace up Sector 8: 42,160,000 ¥ = 26,350 ¥x16,000 m
Table 7. Cost and benefit estimates for RRMs on sector 8
No. of RRMs CRRMs Disc. rate APLL ICAF PF
1 105,948,800 2.31E-02 1.53E+08 0.076
5.64E+09 2.821
2 125,038,758 74,634,462 7.39E-04
(3.37E+09) (1.684)
3 230,987,558 2.40E-02 3.21E+08 0.160
4 240,000,000 1.82E-02 4.40E+08 0.220
5 393,412,800 2.60E-02 5.05E+08 0.252
6 11,000,000 5.41E-04 6.77E+08 0.339
7 481,987,558 2.66E-02 6.04E+08 0.302
8 40,000,000 7.61E-03 1.75E+08 0.088
9 42,160,000 2.57E-02 5.48E+08 0.027
10 521,987,558 3.12E-02 5.47E+08 0.273
* (e 35%%2 A= FS
1M 2AE oY gol B Ao FAHY. 2 Busc
7H ZX](C/S 15t+ILI+CCTV+DCVG)= A 4 8l ZAMOV)= A& 44 EH7)15 %°|H, PF

37163 EA FHAE &7 XA PFETT 7} 0.0882 4] M| 8- A APALZAZ I
Zra 8 7ko] 2421 1.39929 0302 2 A1 e A el Ao A
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Table 8. Cost and benefit estimates for RRMs on sector 7

No. of RRMs CRRMs Disc. rate APLL ICAF PF

1 92,705,200 4.73E-03 6.53E+08 0.326

5.64E+09 2.821
2 125,038,758 74,634,462 7.39E-04

(3.37E+09) (1.684)
3 217,743,958 4.92E-03 1.48E+09 0.738
4 240,000,000 3.72E-03 2.15E+09 1.075
5 344,236,200 5.31E-03 2.16E+09 1.080
6 10,000,000 1.23E-04 2.70E+09 1.350
7 457,743,984 5.45E-03 2.80E+09 1.399
8 40,000,000 7.61E-03 1.75E+08 0.088
9 36,890,000 5.23E-03 2.35E+08 0.117
10 497,743,984 6.69E-03 2.43E+09 1.215

¥ (O)E 35%% FAshE AS

9% ZX|(Pipe up-grade)= 61 %] A HAEd
E 7t = AS 2 HrlE o, PF+= 0.027(8 T
H# 0.117(7 FIHEA B FAE WA 8t ZA(1
4,5 2R} U ¥ T Y Bl OMEHUJ
i ZHNAHE Hol g & 4 AU TH whEhA] 1)
o) AAGA ANA vl He] TH S T AA = A
ol AEAL aHrt E AR BHE T

Z2] 10H(C/S 15t+ILI+CCTV+DCVG+ MOV) 9]

AL AL LEHI} 75 %2 7P B4 JYERER
Th AP T P2 A FNFAY =
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Value of Preventing Fatalities and Injuries in Pre-
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