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A Study on the Safety Improvement of Buried Pipeline Using
Scoring Model

ABSTRACT

As the gas is manufactured, handled and used more often due to the continuous increase of gas, the related facility gets expanded and
more complex causing small and big accident which causes economic loss including damage for humans and materials. The gas
pipeline, the most common gas facility, has the biggest risk of accidents. Especially in the urban area and densely populated areas, the
accident due to the high pressure pipeline may cause even more serious damages. To prevent the accident caused by the buried pipeline,
it is required for the relevant authorities to evaluate the damage and risk of the whole pipeline system effectively. A risk is usually defined
as a possibility or probability of an undesired event happening, and there is always a risk even when the probability of failure is set low
once the pipeline is installed or under operation. It is reported that the accident caused by the failure of the pipeline rarely happens,
however, it is important to minimize the rate of accidents by analyzing the reason of failure as it could cause a huge damage of humans
and property. Therefore, the paper rated the risk of pipelines with quantitative numbers using the qualitative risk analysis method of
the Scoring Model. It is assumed that the result could be effectively used for practical maintenance and management of pipelines
securing the safety of the pipes.
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Fig. 1. Buried Pipeline of Urban Gas

Fig. 2. Buried Pipeline Age of Urban Areas

Table 1. Examples of Weighting of Index Based Model (Son, 2016)

- -

Classification (\i](j;%/}ilzli?iin; Evaﬁz;z?lu\r/r:ilue
Third Construction 50%(£20) 70
Corrosion 25%(£15) 40
Design 17%(£11) 28
Incorrect Operations 8%(+4) 12
Total 100% 150

tpdo g slo] Zpnema Rt 715Ee] FS451, FS4529) Uuhea]
T2 AR37} 71Ee] FP551, FP552 o] Ekg-war gltf(Korea Gas
Safety Corporation, KGS CODE FS451, 452, FP551, 552., 2015).
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Selecting the Checking the Recognition of

target scenario risks

Evaluation of
accident
frequency

Decision for risk
risks management

Calculation of

Evaluation of
accident effect

Fig. 3. Procedure of Risk Analysis Management Evaluation (Kim et al., 2000a)
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Table 2. Risk Assessment Programs of Several Countries (Son,

2016)
Countries Programs
USA IAP (Integrity Assessment Program) :
ROF(Risk of Failure) & COF(Consequence of Failure)
Canada TRPRAM
(Transcanada Pipeline Risk Assessment Model)
Mexico RAMP
x (Pipeline Risk Assessment and Management Program)
UK PIPESAFE, TRANSPIRE
Australia AS 2885-1997
(Australian Petroleum Code)

138221 ROF9} COFES 7gogh wff dgollxie] Tz AjaL
AR 4, SCCF 2] AR a) 22 44 oA Ade
53 tloleie] &3, 72wl v ] mALE B3 nddy,
W FATA Ale] 2 FoRRE AEE Al JrkKim
and Go, 2000).
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Table 3. Risk Assessment Classification and Application Example for Pipeline (Korea Gas Safety Corporation, 1998)

Classification Contents Overseas Program Model and Host Company | Domestic Program Model and Host Company
Giving a relative score by type for
Scoring pipeline risks to evaluate the risk. | - LAP (Bass-Trigon) - SPC (Korea Gas Safety Corporation)
Model Both quantitative and qualitative | - Pipeline Risk Model (Trans Canada Pipeline) | - RiskFree (Korea Gas Corporation)
evaluation.
Describe the risk in a quantitative
Accident Effect | way involving interpretation about
- PIPESAFE (B
Evaluation |the spread and explosion of gas after TRAEI/S\PIP](E G - TRIMS (Korea Gas Safety Corporation)
Model the accident. Various techniques are
developed.
Damage To indicate the risk of pipelines by
- PIMOS (GRI&Wood Ward Clyd .
Probability Data |applying the risk factors and damage . ( ood Ward Clyde) - TRIMS (Korea Gas Safety Corporation)
e - Corrosion Model (BG)
Model probability

Table 4. Procedure of Risk Evaluation

Stage

Description

1 Classification of Pipelines

Classification by conditions like pressure, environment, laying years, etc. and environmental changes

2 Generalization

Setting each factor. Relative importance by factor.
Stage to decide the weighting (based on experienced of the local workers and data from Korea and overseas)

3 Collecting Data

Stage to collect data by factor for evaluation by pipeline classification

4 Maintenance

Stage to select a maintenance plan based on the evaluation result and establish database for changes afterwards
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Table 5. Thomas Model: External Factors of SPC System

External Factors

Items

1. Corrosion

- Environmental Factors (interface, air environment, liquid and soil corrosion, lapse year of pipelines, etc.)
- Measurement (coating condition, coating test, cathode type, Smart Pigs, patrol interval, etc.)

2. The Third Construction

- Environmental Factors (the third construction frequency, on-land facilities, etc.)
- Measurement (laying depth, index condition, damage prevention measure, indication of pipelines, patrol frequency, etc.)

3. Welding & Test

- Environmental Factors (welding to circumference or length)
- Measurement (nondestructive test, internal pressure and confidential test)

4. Design

- Pipeline materials, soil movement, maximum operation pressure MAOP (Maximum Allowable Operating Pressure)

5. Operation & Maintenance

- Pipeline remote monitoring system (SCADA), education/training, maintenance procedure statement

¢ Environmental Factors : Factors that causes leakage by destructing integrity of the pipelines
% Measurement : To prevent leakage coping with environmental factors that cause leakage
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Table 6. Weights for External Factors (Son, 2016)

Classification Weighing% Maximum
(xdeviation) | Evaluation Value

1. Corrosion 28% (+14) 42
2. The Third Construction 48% (£24) 72
3. Welding & Test 9% (+4) 13
4. Design 7% (+4) 11
5. Operation & Maintenance 8% (+4) 12

Total 100% 150
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Fig. 4. Sub Categories and Their Evaluation Scores for Corrosion
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Construction

o
ox
rH

Sk vk F9l0] FRISA) Fhsol 191 e
5 clejol i FRLER A Ao 2 EFBA] Hel glo]
XK WA BHEAE AT SR QL R o]
WSS 1) Tlolel S Flo] Akue] Z71RHAN W, ekt
o=m Auslshg ALST FE ek

SRR il 2o wiel) 3 E 5 e 8/
o] QQIES A a3 AR TR,
A alo 2= vipdE nivke] YRk SN o del,
AoPdak 8447 7ire] a9le] glow, Ao 2= wid

o] AR Al Bk AL freh wihs: vikde] ghasl
ARESRIE 7] S18) AR Sl Tk

5
2

Fig. 6. Sub Categories and Their Evaluation Scores for Welding & Test
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Fig. 7. Sub Categories and Their Evaluation Scores for Design
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Table 7. Management Standards by Criteria (Son, 2016)
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7} wjdul o), wie] 724 ¢ 32 Tables 8 and 9%}

o] ARde APISL-X65¢0]™ 782 30 inch (762 mm)= vlj ¢k
ZZol= AR ~ B4 7.82 km, Boe)k ~ CHEls 14.12 km

Criteria The Thlr.d Welding/Test Design OPeratlon/ Total Score
Construction Maintenance
Maximum
Evaluation Value 42 2 13 i 12 150
Very Good 30~42 60~72 10~13 9~11 10~12 119~150
Good 25~30 50~60 8~10 7~9 8~10 98~119
Bad 20~25 40~50 6~8 5~7 6~8 77~98
Very Bad Less than 20 Less than 40 Less than 6 Less than 5 Less than 6 Less than 77
Table 8. Section for Risk Evaluation - CASE 1 Table 9. Section for Risk Evaluation - CASE 2
Pipe Diameter 30 inch (762 mm) Pipe Diameter 30 inch (762 mm)

Material Polyethylene coated steel pipeline Material Polyethylene coated steel pipeline
Pipeline Standard API-5L-X65 Pipeline Standard API-5L-X65 API-5L-X65
Length of Pipeline 1,547.1m Length of Pipeline 595.8 m 1,080 m

‘Wall Thickness 17.5 mm Wall Thickness 17.5 mm 14.3 mm
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Fig. 9. Test Location for Case Studies

Table 10. Result of Risk Evaluation - CASE 1

% 9184 W7RPd FIHCASE 1 @ A¥RI ~ BHE)), (CASE
2 : BEgA ~ CHEA)Q] 1.547 kmé} 1.675 kmol| thsle] 2As}
Ak

4.3 Oidulzt Sledd "ot

Hie] SRS WUkl SlEAE dAmiES oy FRie =
e o] Fastk ARRlelt): wile] ES A W St
FBIA| Y, Akge] R B e AR} Ajdo] Hasir)

Wil vl eths A sk AL vlgo g A A 5
AUARF EAJo] The Fo| Ao AS- FHoel 29 gl
AG 7Fo 7 WAs|of sl Avte] oy} sk Hewrt
Hagict wEh 7P 22 Ee ofd JHRE S8 st
A7NE Feld Yo 24 oJv] Sle TR R FHEShE Zlofth

vl ko] ARTEL A 194 7k 7XHCASE
1 - AZEP- ~ BEEls CASE 2 - Boeks ~ CHE)2 1547 kme}
1.675 kmz wipdufigke] ), 7, 2454, v 5] AR
AFeRS wkgEkIT

CASE 1,29] td vljzte]l 9lojA] Aax]= Tables 10 and
113} 2xo1 Table 7¢] SCORE® #a)7)E0] oJa)] EaF wg71E
o sgsl= e glon] SCORE #a)7|2e] 4 15078 29

NO Corrosion The Third Construction Welding/Test Design Operation/Maintenance| SPC TOTAL
SCORE SCORE SCORE SCORE SCORE SCORE
Node-1 25 52.6 9 7 8.9 102.5
Node-2 25 55 11 7 8.9 106.9
Node-3 25 55 11 7 8.9 106.9
Node-4 25 53 11 7 8.9 104.9
Node-5 25 55 11 7 8.9 106.9
Node-6 25 53 7 7 8.9 100.9
AVERAGE 25.0 53.9 10.0 7.0 8.9 104.8
Table 11. Result of Risk Evaluation - CASE 2
NO Corrosion The Third Construction Welding/Test Design Operation/Maintenance| SPC TOTAL
SCORE SCORE SCORE SCORE SCORE SCORE
Node-1 25 55 7 7 8.9 102.9
Node-2 25 55 11 7 8.9 106.9
Node-3 27 53 11 7 8.9 106.9
Node-4 20 55 11 7 8.9 101.9
Node-5 20 55 11 7 8.9 101.9
Node-6 20 53 11 7 8.9 99.9
Node-7 20 55 11 7 8.9 101.9
AVERAGE 22.8 54.3 10.3 7.0 8.9 103.4
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Scoring Model-& ©]-&3F ujjduj
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Fig. 10. Result of Risk Evaluation — CASE 1
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Fig. 11. Result of Risk Evaluation - CASE 2
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