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The Unlucky Mexican

at the Wrong Place and the Wrong Time
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A methane gas explosion at a manhole
The unlucky Mexican just walked on it
Tossed him 25 ft into the air

Hit on a overhead power cable

Fell onto the roof of a passing bus

The fortunate thing was ... he was still alive
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But How about us in Hong Kong?

e OK In the past

e But

e A threatening phenomenon In
recent years



Telecom Manhole Blasting at Chung On St

on 12/01/2003

2 manholes, 8 covers
 Gas leak due to road settlement
e 4 Injuries
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Telecom Manhole Blasting at Chik Wan St
Due to Unidentified Gas on 17/04/2004
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Similarities of these Serious Incidents

e All telecom manholes

o All “Multi-Manhole” Explosion

e More and more serious
2> 6> 14> (30if 2X, 4+2) ??



Incidents related to other Flammable Gases

In Hong Kong
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/-Manhole Explosion in Japan

Due to Gasoline on 5/10/2001

Explosion blows manhole cover into school
window

WAWVYATA, Kyoto -- An explosion broke out underground in & residential area here
Friday, sending up a pilar of fire and blowing manhole-cover fragrments into a local

sSchool wandow, police said.

A resident called fire sarvices at about 4 a.m. Friday after hearing an explosion and

saaing a pillar of fire and smoke arupt from a manhole on the street.

Folice who rushed to the scene found thaf{seven manholes thin the gmounds of a

local school had bean blown out of place. Frag arne of therm were blown 17

meaters sway smashing a window at the schoal, Mo ane was injured

Investigations weare continuing into the cause of the explasion police said, adding thal

thie smell of gasoline was detected in a gutter in the area

Folice added that  gasoline Fan had been stolen fram an emergency-ecuiprment

storage room nearby. werenichi Shimbun, October 5, 2001)

hitpedrmdn. mainichi co jpfnewssiErchives/2001 1 0052001 1 005p2 a00rm 00 1 001 o il




Telecom Manhole Explosion in Singapore

Due to Unknown Gas on 17/12/2004

.ﬁ. CHAaMNMMNEL NEWSASILA,
Gas build-up causes 7 imanholes along Chanogl Rd To oy gy
17 Decamber 2004
a1:22
Channel MewesSsia

Enalish
(oo 2004 MediaZorrg Mews Pite Lid. All Rights Reserved

SiIHGAPORE A dgas build-up blews seven rmanholes \lonag Chandi Road on Friday.

At about 5. 200m, the telecormmuunication ma s along the extrerme left lane of Chanai Road

towards Sevlang, literally popped aut five metres aevay from its position.

Eachweighs saome 200 Kilodrarmimes, and it would have taken several rmen with tools just ta
rermowve it

Thoudgh the ncident happened dudng peak hour, it vwas fortunate o one was injured.

SingTel engineers inspectaed the affected manholes and confinrmed the incident resulted from a
das build-up.

The manholes were checked for gas leaks, butonly one showvwed 3 high level of carton dioxide,
wehich endineers say builds up natarally over a long pedod of time.

SimnaTel savs thhouah such blow auts are coarmmon, what's unoasual is seven covers beind blowr
out at the same time.

Cther agencies, like the PLIR, were also present to conduct further investigations.

Bvw ¥.20pm, six of the affected rmanholes had already been covered, except for one which is 10
badly darmaged.




Manhole Explosion in Shenzhen, China
on 11/05/2005

Damage to underground LPG pipe

»
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A flying cover hit a passer-by and killed - -
her instantly

The escaped LPG entered into
the nearby ducts, manholes and
cable troughs resulting in a
number of cascaded explosion
blowing up the covers



Power Cables could also

Cause Manhole Explosion

Suspected Power
cable fault created air
pressure or evolution
of combustible gas and
led to explosion.
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Power Cables could also

Cause Manhole Explosion

Suspected Power cable fault generated
combustible gas and caused explosion
after triggering by ignition sources.
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Electrical Manhole Explosion

IS not UNCOMMON in the U.S.

Power restored after small explosion in Berkeley: driver hurt WTHR-TV 1Indianapolis, IN WTHR W%
MBoandg SNe;utl:mbeMQ‘EDUS 1%4@&'(@'905 S MAKE THIS YOUR LOCAL NEWS T o, | DIANAROES S
September 19, 2005 4@L e . - L L N ATC o
Berkeley -- Fower was restored to 2,200 Pacic Gas and tlectric Co. customers in Berkeley about For tl{‘)ullth 7t11711(e, eXpl(‘)blon blows out
two hours after an underground connection splice failure sent a manhole cover into the air today. An R e
underground WTHR TV : :
The exposion occurted on Bancroft Way near Telegraph Avenue around 230 p.m, accrding to connection Stove Jofforson/ Eyewitness News Indianapolis, 6 Sep 05

the Berkeley Fire Department. . . . .
Y P Spllce fallure Indianapolis, Se-lpt. & - A downtown underground CableS

manhole explosion caught

PGAE spokesman Jeff Smith said the cable splice Failure caused what the utilty company calls a sent a f'];‘:]'zgj 'j:;’f]tf'fi'?g:;;‘;;‘:'fa'lI';e went bad, ......... The
onason manhole ' underground pressure
"That concussion pushed the manhole cover up," Smith said. cover |_nto from the bU”dUp

the air. forced the manhole

When the manhole cover came down, it collided with a Mercedes Benz 190 and the car's air bag deployed, strikiythe driver in th

body and causing minor injuries, according to the Fire Department.
> Aug 19, 2005 10:12 am US/Pacific

Exp10510n In PGXE Vault Rocks Downtow San Francisco, 19 Aug 05

Joe WVazquez
Reporting

cover into the air.

smaller flare-up a few feet away at

An explosion in an underground

(CBS 5) SAN FRANCISCO An explosion in an underground PG&E utility chamber in downtown San Utlllty Chamber In downtown San
Francisco sent manhole cowvers flying, shattered store windows, and started fires Friday. Two people FranC|SCO Sent manh0|es Cover

were injured. .
J flying ...

The blast struck at the intersection of Post and Kearny about 10am, buckling a section of the

sidewalk. The explosion ignited the awning of the Ralph Lauren store on Post, and broke its

Pyrolysis - Formation of combustible gases when cable sheath melts
at high temperature and anaerobic condition




Why Bother?

 Hong Kong Is just too congested.
— too many people on the ground
— too many underground ducts
— too many manholes

* A single manhole explosion could injury a dozen.

AND

* The risk of multi-manhole explosion is too high!

15



How Many Covers Can You Find?




What Went Wrong?

Hostile & Irresponsible Type of Criticism —
“No Leak, No Explosion!”

Reality:

 Not only piped gas — LPG, Sewages, lllegal
disposed chemical, gas generated from
electricity fault.

« 3'd party damage and external disturbances.

17



What has the Gas Company done?

 Replaced all cast iron mains

— Probably the only gas company > 30 years old had
no C.l. mains

« Reduced 3" Party Damage
— 80% | vs 1997

 Enhanced leakage survey
— 1 per year > 3 per year

But

It iIs not possible to eliminate all possibilities of gas leak y



What Really Went Wrong?

e Congested Underground Facilities.

 Dramatic Increase of Utilities
e.g. Liberalization of Telecom Market: 1 — 10+

Hong Kong is unique !
* No orderly disposition rules.

* |Increased Road Work Activities — damage to
underground faclilities such as fragile PVC ducts
left unaware.

19



Characteristics of a Rapidly Developing

Metropolitan City

Year 1984 2004
Population 5.4M 6.9M (+28%)
Permanent Quarters 1.5M 2.4M (+60%)
Length of Roads 1,279km 1,943km (+52%)
Electricity Consumption 56,829TJ 152,313TJ (+168%)
Gas Consumption 6,907TJ 27,137TJ (+293%)
Internet Cyber Traffic Volume None 3.0M Terabits (roughly
3-4 fold a year)

U/G Utility Undertakings 7 17 (+143%)

BUT

« No increase in pavement width (3.5m max. typically even in

new town)

 No orderly disposition rules for U/G utilities 20



Characteristics of a Rapidly Developing
Metropolitan City

Increasing Risk Increasing
of 3rd Party Congestion and

Damage Interaction




Spaghetti at Construction Sites




Cracks or Holes at Ducts




5 Elements of Typical

Flying Manhole Cover Incident

4. Ignition

\

255 3. Manholes 5. Manhole Cover

/

/

2. Cracked Duct

1. Flammable Gas



Means to Eliminate Flying Manhole Cover

e Flammable Gas

— Various types of gas? 3 party damage? External disturbances
and road settlement?

e Ignition
— Unpredictable. Too many potential sources

« Enhance Integrity of Underground PVC Ducts

— Remove cracks/holes on fragile ducts? Use stronger ducting,
e.g. PE? Too costly? How about those already installed?

+” Modify Manhole Design
— Venting
— Mechanical Restraint
— Eliminate / Reduce Explosive Volume
— Duct Sealing 25



Venting — Perforated Manhole Cover

e Vent size — too small? too big?

* Rainwater, trash or even ignition sources?

e Hygiene

e Huge cost for modification? -




Mechanical Restraint

t Combustible Gases

T T
llllllllllll

o)

[ [:[
Anchor for lock
pin to fit

Mechanical Lock Metallic Chains Hinged Cover

e Long term integrity
* Not eliminate problem — Explosion still occurs!
* Huge cost for modification

27



Testing of Mechanical Restraint Design

28



Volume (Energy) Reduct

Sand Bags Water / Air Bags Foam Materials

« Hindrance to future maintenance
e Long term integrity - Deflation of Bag

29



Testing of Volume Reduction Design

s 3755

e
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Duct Sealing

Duct Occupied with

Cable \

________________________________

———————————————————————————————————————————————————————————————

Reserved

_ Duct
Duct Openings to be

Sealed
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Sealing of Reserved Ducts by Blank Plug

::::::Z::::: Cover
N
N
Soil AN Plug
N / (Wrapped with Denso Tape)
Reserved Duct = 9 Manhole
)
N
N

s
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Plugs for Sealing Reserved Duct

Blank Plug with Denso Tape




Custom Design Tool for

Easy Removal of Installed Plug

Hook
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Custom Design Removal Tool
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Speedy Removal of Installed Plug
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Sealing of Ducts Occupied by Cables

2 Part Resin (Resin Pack 7A)

EOTTLE

DucT
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Speedy Removal of Expanded Foam Seal
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Double Safety

Even if one seal slightly deteriorates,

It will not enter the next manhole

38



Sample of Duct Sealing adopted by
a company in the U.S. for street manholes
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Duct Sealing as the Simplest and

Most Cost Effective Solution

- Totally eliminate the accumulation of hazardous
gases inside manhole

- Easily applied to existing manholes
- Simple Installation
- Low Cost

- Already a standard for ducts entering building

40



What Have Been Achieved To Date

* Duct Sealing for Building Entry promulgated In
Building Rules and Office of Telecommunications
Authority (OFTA) Codes.

« Highways’' recommendations to seal ducts.

 Most telecom companies agreed to seal at least
reserved ducts of new manholes.

e Highways’ consultancy study to determine way
forward.

41



Thank You
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Gas Safety — How well are we?

Public Reported Gas Escape (PRE)
per 10km Pipe Length from 1998 to 2004
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3rd Party Damage to

Underground Gas Pipes
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1 60

40

Pressure (kPa)

120

100

Typical Pressure inside Manhole

during Gas Explosion

Combustion cormplete
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Venting — Idea to Prevent Ingress of Water

A
! Pit | Pit
/T%)\\ cover ] ’(\)‘\ cover
\ \

{7 / \ \ Rain
Polystyrene Normal

: water

ball state with U
4‘7 ventilation
opening

Pit

Side view

Archimedes’ Principle

| Upthrust of polystyrene
I ball blocks the entrance
' h ' of rain water

O | Ventilation resumed as
’ | long as water

| Top view of evaporated

Pit Cover
47
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