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ABSTRACT

In this article, we are to suggest the hazard-assessing method for the underground pipelines, and find
out the pipeline-maintenance schemes of high efficiency in cost. Three kinds of methods are applied
in order to refer to the approaching methods of listing the hazards for the underground pipelines: the
first is RBI(Risk Based Inspection), which firstly assess the effect of the neighboring population, the
dimension, thickness of pipe, and working time. It enables us to estimate quantitatively the risk expo-
sure. The second is the scoring system which is based on the environmental factors of the buried pipe-
lines. Last we quantify the frequency of the releases using the present THOMAS' theory. In this work,
as a result of assessing the hazard of it using SPC scheme, the hazard score related to how the gas
pipelines erodes indicate the numbers from 30 to 70, which means that the assessing criteria define
well the relative hazards of actual pipelines. Therefore, even if one pipeline region is relatively low
score, it can have the high frequency of leakage due to its longer length. The acceptable limit of the
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release frequency of pipeline shows 2.50E-2 to 1.00E-1/yr, from which we must take the appropriate
actions to have the consequence to be less than the acceptable region. The prediction of total frequency
using regression analysis shows the limit operating time of pipeline is the range of 11 to 13 years,
which is well consistent with that of the actual pipeline. Concludingly, the hazard-listing scheme sug-
gested in this research will be very effectively applied to maintaining the underground pipelines.

Keywords : Gas safety management, Risk based inspection, Scoring system, THOMAS model, Basic release
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Classification Management Service Length Specification Using pressure
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Table 2. Cause analysis for domestic release accidents in pipeline”

Release detail causes 91 92 93 94

95 96 97 98 99 00 Total

Corrosion 20 24 26 235

161 147 51 58 48 32 802

The third accident 5 8 8 13

57 30 30 28 4 6 189
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Damage Probability Damage Loss
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(yr) Type Test pressure Energy Length | Diameter | Thickness Number | Density
(kg/em?) M) | (mm) | (mm)
T>20 B,G all on- design 300<E<
3 or ’ " CSIEN | 600 or | L>1500 | 400<D | 2.55t | 250<W | City
cast record pressure
unknown unknown
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Table 4. Estimation criteria of gas pipeline

Table 5. Weighting factors based on gas accidents
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25>S Negligible E Neglect
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Equation Descriptions

Pc = (Pc/ Pp) * Pp ... 1) P, = Leakage failure probability

Qr = a shape and quality factor
F = the vessel age factor

B = the learning factor

C = an empirical scaling factor

PL=C*QL*F*B .......... (2)

Qp = the parent geometry factor
A = the weld penalty factor
Qw = the weld penalty factor

E = the quality factor

D = the diameter of the vessel
L = the length meterial factor
T = the thickness of the vessel

NC = the number of circular welds

Qw = L.75 * NC # D/T 1.75 * NL * L (3.14 * T).......... (5) NL = the number longitudinal

Pe=@®c/P)*C»(Q+A=*Qyw*E*F=*B ... 6)
Pe e P¢ the catastrophic fraction is
a subset of the total leakage
probability P

PL may be estimated from global vesse| statistics as follows :

More
precisely
Giobal estimate Modified for specific plant factored
- A ~ A ~ ey
; Sum if
Siz e shape . Factors for
PL « | gweldrisk | X | Age factar | X Jﬁf?:ﬁor X quality X fa?;i‘;zsreﬂ"
guantified difference causes
eg 151 .
Imp?oveme eg fatique
orPy e Qe X F X B X nt factors + X Imodel{s’¥ %)
others + others

P¢/PL may be estimated from fracture mechanics and statistical data for
roughness and crack proportional and rupture statistics

Then, P; =P x EE.
pl.

Fig. 2. The overall approximation strategy.
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Table 7. Parameter values for Thomas model®

Subjective distribution for Distribution for scaling Distribution for the weld Distribution for quality
Pc/P, factor C penalty factor A factor E
Value Probability Value Probability Value Probability Value Probability
0.01 0.15 1.0 * 10E-9 0.2 45 0.35 0.01 0.25
0.02 0.25 3.0 * 10E-9 0.25 50 0.5 0.1 0.50
0.04 0.25 " 1*10E-8 0.25 65 0.1 1.0 0.25
0.06 02 3.0 * 10E-8 02 90 0.05 -
0.1 0.1 1.0 * 10E-7 0.1 - - - -
0.2 0.05 - - - - - -
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Table 8. Estimation results of quantitative risk exposure for city-gas pipeline
Damage Probability Damage Loss
i ; i Total .
NO| Time | Vessel Water Service | Storge | Pipe .Plpe Pipe Weld |Population| g Ranking
(yr) T Test Pressure | Energy | Length |Diameter|Thickness Number| Density core
i ko) | @) | ™) | o) | (mm)
jp |Bocuting | non-  design oy 500 | oo | 58 | ss | city
1 G: cast record | pressure 99 B
2 2 3 2 3 1 2 1 1 3
15 | Gall non- | design |\ 50, 1000 | 200 58 114 city
2 cast record | pressure 110 A
2 3 3 2 2 2 1 1 2 3
3 |BGal mon- | design |5y gg0 | 300 7 100 city
5 cast record | pressure 90 B
2 3 3 2 1 1 2 0 2 3
B: cast design .
10 . record 600 1350 400 7.9 150 city
7 G: cutting pressure 66 C
1 1 2 2 3 2 2 0 2 3
B: cast design .
12 . record 300 1300 400 19 145 city
9 G: cutting pressure 66 C
2 2 1 1 2 2 2 0 2 3
i |Brouting o | 980 300 | ogso | 300 7 95 city
12 G: cast pressure 7 C
2 3 1 2 2 1 1 1 1 3
B: cast non- design .
10 . 150 2100 600 7.9 234 city
13 G: cutting | record | pressure 91 B
1 2 2 2 1 3 3 0 3 3
o |BGall ] o | desien | ow sy 1 s | g7 56 city
15 cutting pressure | known 36 D
2 0 1 1 3 1 1 0 1 3
B: cast design .
8 . record 600 1250 400 79 140 city
17 G:cutting pressure 48 D
1 1 1 1 3 2 2 0 2 3
e °i17<114°19}-4 EYE F AFsT B = 7K A F2200 P44 4 299 T Figs.
o A4Y FEAVARNTL Y BYYS & 3, 43 Bk
M %llii at7] 918 7k AR Al F =Rl HA Fig. 3904 oiduiae] #9088 J ghel
T, Fol waste] +HRYel e wid, EHEE  F8Y G070 ST ¥ 2o Hop 4%
BOAE SEEL Y2k S M, B G Au @ Bblel Aasl JA AU @
2ha AZbshe Wi, o @A) w3 FA MEE X Vel AEE AAEIEE & F
7b 73 A wjdeu(BF), =4l 1°ﬁ°ﬂ X% ok 22X Fig 4004 5 808 FF 3 g-z-lo] 9%
g, FARE 223 i T O F HiFEe A ALl Fig 39 43 HSE TrendE Hole
sEgsharh e wje) AAgAe] Rl €8 RAAS % % Uk
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Fig. 3. Results for risk assessment to target corrosion pipeline.
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Fig. 4. Results for risk assessment to target total pipeline.
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Table 9. Estimated results for release frequencies to gas pipelines

Dimension Corrosion The th“,-d weld + de.SIgn * Total
construction operation

NO | Diameter/ No Pipe | Release Release Release Release Release
Thickness wel& length | frequency | Score | frequency | Score | frequency | Score | frequency | Score | frequency

(gm) (m) No./yr No./yr No./yr No./yr No./yr
1 200/5.8 55 500 [27x107%| 60 | 1.6x102| 19 [50x107| 20 |53x103{| 98 | 2.6x107
2 200/5.8 114 | 1020 | 55x 10| 70 {39102 | 21 |1.2x107%| 17 |94x1023| 108 | 6.0x 1072
5 30077 100 900 {4.6x107%| 63 [29x102]| 19 |88x107| 20 }93x107| 102 | 4.7x 107
7 400/7.9 150 | 1350 |7.0x 102} 44 |3.1x10%| 21 |15x107%| 17 |1.2x10?%| 82 [57x10?
9 400/7.9 145 | 1300 | 6.7x107%| 32 [2.1x102| 20 [13x102| 17 | Lix10?2| 69 |[46x107
12 | 300/7 95| 850 |43x107| 30 |13x107| 21 |9.1x107| 18 |7.6%x107°| 69 [3.0x107
13 | 500/7.9 234 | 2100 { 1.3x 107" | 47 |57x107| 19 [24x10?2| 18 |22x102| 84 |1.0x10"
15 { 150/9.7 56 500 {3.1x107| 46 |[14x102| 20 |6.1x107| 17 |51x10°] 83 [25x107
17 | 400/7.9 140 | 1250 | 64%x107%| 30 | 19x102| 14 |9.0x10] 17 | 1.I1x10%| 61 |3.9x10?
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Fig. 5. Risk level &consequence by release frequency
values.
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Fig. 6. Rupture probability of pipeline working times.
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£ Jerts A=Y 7 mdEsEey, ¥3 ¥
2T A TEIIIA 3] 7184 (Regression
Analysis)8 A-83% Z3} Low Exposure Riske C =
107[1.434 * exp(—0.2414 * log10(f)] ¥ High Exposure
Riskv= C=10"{1434 * exp[-0.2414 * log1 () — 1.5] + 1.5}
£ vehlle BAAE 58 5 A o)) s 7t
2o A (Target) E=AI7Em] Aol s T2 3&
dEFozy Aozl AF7} Table 110t 2 AFHES
A4 E¥ o] X3 High Frequency9t 354 High
Consequence(Fatalities) g 71Xe Z1& B £ Slof
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Table 10. Prevention method for defect & damage in city-gas pipeline

Risk Management Method
Defect/Damage Local . . . Manufac?ure/ Release Geological | Coating Water
Observation Site Diagnosis| Production Inspection |Investigation| Inspection Testing
Management
the third damage premeasure | postmeasure - - - - postmeasure
outside corrosion - postmeasure - - - premeasure | postmeasure
inside corrosion - postmeasure | premeasure - - - postmeasure
fatigue/crack - postmeasure - - - - postmeasure
coating damage - - - - - premeasure -
material/production - ostmeasure - - - - ostmeasure
defect P P
feeble ground - - - post-measure - -
gas release postmeasure | premeasure - postmeasure - - postmeasure
intention premeasure - - - - - -
Table 11. Estimation of consequency using exponential regression from Table S(total frequency)
Low Risk Exposure
Equation ¢=107(1.434 * exp(-0.2414 * log10(frequency)))
Frequency 2.60E-02 | 6.00E-02 | 4.70E-02 | 5.70E-02 | 4.60E-02 | 3.00E-02 | 1.00E-01 | 3.90E-02 { 2.50E-02
Cz’f';f:l‘}zz's‘)ce 1.27E+02| 8.44E+01 | 9.47E+01 | 8.64E+01 | 9.56E+01 | 1.18E+02 | 6.70E+01 | 1.04E+02 | 1.29E+02
High Risk Exposure
Equation c=107(1.434 * exp(-0.2414 * log10(frequency) — 1.5) + 1.5)
Frequency 2.60E-02 | 6.00E-02 | 4.70E-02 | 5.70E-02 | 4.60E-02 | 3.00E-02 | 1.00E-01 | 2.50E-02 | 3.90E-02
Cz’f';f:l‘ﬂ’;‘s‘)ce 3.31E+04( 1.85E+04 | 2.18E+04 | 1.91E+04 | 2.21E+04 | 2.99E+04 |1.33E +04|3.41E+04 | 2.48E+04
2 A7) gy BAZANBES A58 Belvh Be  olfsd A wWuda I £9¥ 5 A9
e ¢ T AT gef wj#g welske dAlZE BE i tiaf F4

Fig. 62 AHEAIZe) Ti@ vl dhe] slE8ES Ve
=2 A o] 3§ 37|24 H(Regression Analysis)
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AE T4 2 2 y=4E-06exp(0.3413x)2] 2FA2 &
A8, #3137 Total Rupiure®] &4 gholl
7tzke] FENIE g dE¥simzA o8 AT
(pipeline working timey2 7& = AU 2R Table
129 Vehfiich AR duaEY A8 9 F
< 11dellA 13d o2 vhelt Table 8] A o /el
wE9 d¥st Ao URFE BAYF ok

4 do
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Table 12. Assume of working time as rupture probability

Equation ¢ = 4E-06exp(0.3413x)

Frequency 2.60E-02 | 6.00E-02 | 4.70E-02 | 5.70E-02 | 4.60E-02 | 3.00E-02 | 1.00E-01 | 2.50E-02 | 3.90E-02
Working Time(yr)] 11.2 12.2 11.9 12 2 11.9 11.4 12.9 11.1 11.7
Table 13. Examples for management countermeasures for corrosible pipelines

Countermeasure
Item lilr\n/[::x i,l:]?]e czfisi(:inotn Eorced d.rajn Alt.ema.ltive 'Coati1.1g cfjgzlsi;:;
installation pipeline inspection inspection
Environmental 3 3 3 3 3 3
Soil property 10 10 10 10 10 10
laying time 15 7 7 15 7
Other material pipeline 5 5 5
AC 5 5 5
DC 10 0 8 0
Coating condition 20 0 0 20 15 9
Coating inspection 4 0 0 0 0
Cathode corrosion 20 0 20 0 0
Pig 10 0 0 10
Patrol 4 4 4 4
Total score 70 44 46 53 53
5 @ g A s IS Hrre] A AEskd 3FHY /&
A84 "red vtdalof & Aotk 3 oy

o) gellA] A E uie} 7ho] AR TAIZEE tlAdul
9] THOMAS model& 83 £ A ggsl-6i0 gl
&9 32 (Table 8) TFALS] A7 & Fe2|akle]
28318 7E F dom, X si2o] dE =714 &
g arge] &3t ¥ 7k ALRE o Ete A S
A$e FE oM 718 AE=2M 888 5 3l
o AlA 7 BA] JRRAEC] AHE FRE 4 Qe
713 Toole] Aol Wigh 712 RFEEA &&o] 7}
T2, A 7|e3d SHAAME 7H2Ala F i
FAILE B AAE EUg wde] PHe FF
Bgtoen oz Adsld wide AFAL 94
71Eol =A8M £Al2 ¥ HrFg = AT (Table
9, Figs. 3, 4), ololl tha] HA3 wjze] o) Rt
] 2 oi-ek(Table 1002 AT 4 Ui &%
7b29] FEe W e 2 A3 TS 1 H-s)
Al H7FE F Ude x4 o)lE Z software modelS&
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]
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