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* Countermeasures of gas pipeline system in Tokyo Metropolitan
area against earthquakes
» Real-time earthquake disaster mitigation system

SUPREME
¥/ SUPREME

lllllllllllllllllllllllllll bipaakes

* Countermeasures of water supply system against multi-hazards
» Ductile cast iron pipe with earthquake-resistant joint
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Damage to Gas Pipes after the 1994 Northridge EQ
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Gas from a ruptured supply line burns, and water from a broken
water main floods.

Gas supply should be suspended soon when damage to pipes is
anticipated.



Supply Shut-off after the 1995 Kobe EQ
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Kobe 2 Jan. 17, 11:30 £
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Osaka 7 16:15 103 make decisions to shut-off gas
Kobe 1 19:10 220 supply because of the lack of
Kobe 4 21:00 124 damage information.



Service Area of Tokyo Gas and Seismic Sensors used in
SIGNAL (since 1994)

Other e
distributor’s ® 331

Service area,

SI sensors

720
Liquefaction
Sensors

AS
Downhole
Accelerometers




SUPREME (SUPer-dense REaltime Monitoring of
Earthquakes) with 4,000 Seismic Sensors




SUPer-dense REaltime Monitoring of Earthquakes
(SUPREME)
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The 2011 off the Pacific Coast of Tohoku Earthquake
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Estimated risk of liquefaction

staLI?KX?E‘“ N TRR) EEE7 2011/03/11 14:46:00

& X
\\ ’%,»lutln
o ?mm = N
’Q!n —L} TR HER,
73" GE*HH\ a3 2 BB

mﬁ}-\_ X pwmx

j » : T AR LAY
b &u\mﬂ‘\
a R
~ - \ Y.
L Pl wi,{;g;;m‘\\\\ \’;‘;,
71 ;f N gy AHREEE Et‘l\‘.“; O, o8 &
S IPL i : -
ﬂ'lla N RAZRA \ o DERART rmaTH
| ® A
x E“ﬂ ] NEWE 1:'1 AT
. S ;EB \' i ld‘_.::{.:_ \
Risk of * ke
\ TEes oR) B w¥n
. o BRE ﬂlﬁ{’_FHN \ S rEAE X < ) 2 \
Liquefaction o . gunmt g N\ T35 R\ i
Hi h £ Wil Y b4 . HEYUER p—— [CRgd ¢ ) ‘ m .
— : 7 z\ \ 7 it
g e B s O\ i ¥ ¢
. ~ 30 !iif.ia /5= ‘.,% ERFE i*ﬂn @ N\
| | o *® \ N Fmam e )
D ~15 x HFFEa._ 0708 ()
! ! | 307 ,_m:m;n
D Rk iﬁ&ﬁng“l MEH O BSEam
N B FRAGEW \
LOW - = F@pnET TN B
o 2 . STRo s mm
Ti‘;” Fr—+ NI _nm s
20 O TR TN o TR
‘... ©2011 ZENRIN CO,, LTD. (Z11LE % 226 &) BT A

The estimated results are similar to the actual state, and the effectiveness of
liquefaction estimation is confirmed. ;



* Countermeasures of gas pipeline system in Tokyo Metropolitan
area against earthquakes
» Real-time earthquake disaster mitigation system
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* Countermeasures of water supply system against multi-hazards
» Ductile cast iron pipe with earthquake-resistant joint

HRDIP
HRDIP

Mlazard g2AKEIHLT

@esilient #xhomy, 3
LB A et &k

(D] uctile

(Ilron ADB1 V88

HAZARD RESILIENT [Plipe

10



Damage to Water Pipes during Recent Earthquakes in Japan

2011 Tohoku Japan EQ.
Ductile cast iron pipe (K-type, ¢ 500 mm)
deployed in 1974
S\ R

2011 Tohoku Japan EQ.
Steel pipe (¢ 2400 mm) deployed in 1981

v 0ld types of water pipes were
sometimes damaged during recent
earthquakes in Japan.

v" Newly deployed water pipes with
earthquake-resistant joints were
completely safe against large
earthquakes. 11



Deformation Test of DIPs with Earthquake-Resistant Joints

https://www.kubota.com/innovation/our-stories/earthquake-resistant-pipes.html

Ductile cast iron pipe (GENEX, ¢ 300 mm)

The joints are fine under the extreme large deformation. 1



Mechanism of DIPs with Earthquake-Resistant Joints

https://www.kubota.com/innovation/our-stories/earthquake-resistant-pipes.html

protrusion

The pipes are
not slipped out.
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2018 Western Japan Floods and Rain
Aki Ward, Hiroshima City




Earthquake-Resistant DIPs Deployed in USA

Current ERDIP projects in LA

Trunk Line

» Foothill trunk line project
[Crossing 1971 fault rupture]

- Pipe size: 54" #1350 mm
- Pipe length: 2miles 3.2 km

» Century project (Planning) —
[Crossing fault and liquefaction zone]
- Pipe size: 48
- Pipe length: 2 miles




Earthquake-Resistant DIPs Deployed in USA

54" Foothill trunk line project
(Installing)

1971 Surface Ruptures
& Total Displacement (cm)
(Barrows et al., 1975)

1971 San Fernando
earthquake
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-Larger Fault Displacement
> Install Long Collars.

Enhance ERDIP performance to absorb large displacement.
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Earthquake-Resistant DIPs Deployed in USA

June 26, 2018
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Countermeasures of gas and water pipeline system against natural
hazards in Japan are introduced.

® Real-time earthquake disaster mitigation system SUPREME was
activated during the 2011 Tohoku Japan earthquake, and the
initial responses of Tokyo Gas were properly performed.

® The DIPs with earthquake-resistant joints are fine under the

extremely large ground deformations. Hence, they are safe
against not only earthquakes but also floods.
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Thank you very much!




