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Table II: PG&E Grade 1 Leaks in Gas Distribution Mains

Tvpe of No of Leaks Miles of Pipe Failure Ratio

Pipe (Grade 1) (% of total) (Leaks/mile) . .

PE 9 9.436 (28.9%) 01% AR IR RR I N e

Cast Iron 22 783 (2.4%) 2.8%

Steel 36 22 428 (68.7%) 0.2% .
TOTAL 87 32,647 VIA so¥g8

Table III. PG&E Grade 1 Leaks in Gas Services

Tvpe of No of Leaks No of Services Failure Ratio

Pipe (Grade 1) (% of total) (Leaks/mile)

PE 70 061.107 (38.3%) | 0.01%

Copper 31 105,273 (4.2%) 0.03%

Steel 412 1.439.925(57.5%) | 0.03%
TOTAL 513 2,506,305

Table IV. PG&E Cause of Leaks (Grade 1+2+3)

Damage Qutside External Other | Dig- | Material | Construction
by forces corrosion In failure defects
Frequency 56% 23% 12% 5% 3% 1%
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Table VI: Kobe Earthquake Failure Rates of Water and Gas Pipes

1A JLo 50 (nl5 agS (s i, 7.3 435

TIype of Pipe PE Steel DCIP | PVC | CIP | AC
Water Pipe 0.000 0.437 | 0.488 | 1.430 | 1.508 | 1.782
Damage/ km

Gas Pipe 0.000 1.210 | 0.052

Damage/ km
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Joint

Material Type/Diameter AWWA Standard Joint Type Ruggedness Bending Flexibility Restraint Total

Low vulnerability
Ducaleiron. ) OK C1xx Series B&S, RG, R 5 5 54 4 18

Polyethylene C206 Fused 4 5 5 5 19

Steel C2xx Series Arc-welded 5 5 4 5 19

Steel None Riveted 5 5 4 4 18
\StEEl ) C2xx Series B&S, RG, R 3 3 4 4 18
Low/moderate vulnerability

Conceetecvlinder 300, C303 B&S, R 3 4 4 3 14

Ductile iron Cl1xx Series B&S, RG,UR 5 5 4 1 15

Fvic CO00 CO05s B&S, R 3 3 4 3 13

Steel C2xx B&S, RG, UR 3 3 4 1 15
Moderate vulnerability C4xx Series Coupled 2 4 5 1 15

AC > 8-in. diameter

Cast iron > 8-in. diameter Mone B&S, RG 2 4 4 1 11

MiC Co900, C905 B&S, UR 3 3 4 1 11

Concrete cylinder C300, C303 B&S, UR 3 4 4 1 12
Moderate/high vulnerability

AC = 8-in. diameter C4xx Series Coupled 2 1 5 1 o

Cast iron = 8-in. diameter Mone B&S, RG 2 1 4 1 b

Steel None Gas-welded 3 3 1 2 9
High vulnerability

Cast iron Mone B&S, rigid 2 2 1 1 G
Source: Ballantyne, 1995
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POLYETHYLENE PIPELINE PERFORMANCE AGAINST EARTHQUAKE

Hideki Omuro Tomokazu Himono
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. Total length
Name of earthquake Magnitude Damage
of PE
2003 Miyagiken Hokubu Earthquake 6.4 10km MNone
2003 Tokachi-oki Earthquake 8.0 2.6km None
2004 Mid Niigata Prefecture Earthquake 6.8 11.4km MNone
2004 Noto Hanto Earthquake 6.9 2km MNone
2007 Niigataken Chuetsu-oki Earthguake 6.8 13km MNone
2008 lwate-Miyagi Nairiku Earthguake 7.2 47 .4km None
2011The Great East Japan Earthquake 9.0 996km MNone
2016 Kumamoto Earthquake 7.3 147.7km MNone
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PE Pipe was not broken
where the seawall is
not destroyed.
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No. Characteristic Requirement Result standard
1 |Elongation at break =350% 613% 1SO 4427-2
2 | Yield stress = 20MPa 28MPa JWWA K 144%
. No failure

3 | Hydrostatic strength at 20°C No failure 1SO 4427-2

12.4MPa 100h
_ . No failure |

4 | Hydrostatic strength at 80°C No failure 1SO 4427-2
5.4MPa 165h

3 Destroying water pressure = 4.0MPa 2.0MPa JWWA K 144%
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