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PROJECT OVERVIEW

The Central Artery Tunnel Project consists of
7.8 miles of highway. There are 161 lane-
miles with 1/2 underground.

It will service 245,000 vehicles per day.

7 Ventilation buildings - 125 exhaust and
supply fans (1,000,000 ft3 of air per min)

3 Electrical sub-stations

6 Emergency response stations for tow
trucks/ Ma. State Police vehicle

Plus 2 operation control centers (OCC) (1 as
a back up)










PROJECT DESIGN

Tunnel was designed in the 1980’s.
Tunnels came on line in the late 90’s and early 00’s.

State Project - So BFD did not have official
jurisdiction. However, CAT Project solicited BFD
approval.

State Building Code did not apply. Designers used
NFPA 502 used for guidance.

BFD used NFPA 502, but also used PIARC (World
Road Assoc.) Documents and U. S. Dept. of
Transportation Documents.

Ventilation System Design based on CAT funded
Memorial Tunnel Fire ventilation test Program




OPERATIONS CONTROL CENTER




OPERATIONS CONTROL CENTER

Electronic as well as visual information will be
obtained at this location - 40 televisions rotate among
approximately 200 cameras.

This information will be transferred to the Fire Alarm
Office by dedicated line Ventilation System is
controlled from this location.

The OCC has the ability to provide direction to
motorists by overriding their am/fm radios, as well as
electronic signage

A District Chief from BFD will also respond to the
OCC to assist the IC with information from the center.

Deputy Chief has option of responding to OCC
Instead of to a location “near” the incident.




INCIDENT DETECTION SYSTEM

At |least 2 systems to detect fires, including 1 manual
must be provided. (NFPA 502 2001 - 7.3.1)

1st - Pull Stations every 300-ft. (7.3.1.1)
2nd - Closed Circuit Television with traffic flow

Indicators monitored 24 hours. (7.3.1.2.1)
Traffic flow sensors

Carbon monoxide monitors

Video monitors (40 televisions with over 200
cameras.)

No automatic detection since 24 hour supervision
provided (7.3.1.3.1)




INCIDENT ZONE IDENTIFICATION

All incidents can be located within approximately 200-
300 feet using camera or pull stations.

The entire tunnel system is broken up into “response
zones” based on apparatus response.

For each zone - the following information is given:
The appropriate tunnel (e.g. east 1-93)

The entry route into tunnel in the same traffic flow
direction as traffic

The staging area for companies to report if
needed for counter-flow

Fill points
Egress and entry stairways




STANDPIPES

Approximately 275 feet apart
No pressure reducing valves.

All connections will be
marked with a three digit
number (e.g. 201) and the
box card will dispatch an
engine company to the fill
point above ground that
corresponds to the affected
zone In the tunnel

Standpipes may take up to
ten minutes to fill



CROSSPASSAGES/EXITS

These are doorways that
slide open or closed.

Civilians can use these to
reach safe refuge (stairs
or adjacent tunnel).

The BFD can use a cross
passage to hook-up in
one bore and run a line to
extinguish a fire in
another tunnel.

During incidents, people
have tended to use

roadways to egress




VENTILATION SYSTEM

The “full transverse”
ventilation system is
designed to move smoke
and heat forward, ahead of
the incident and out through
a plenum system. (This
mode of operation assumes
traffic i1s stopped behind
Incident and traffic has left
tunnel in front of incident.)

Design fire for system was
a 20MW fire. (Could
probably handle more.)




DESIGN FIRE SELECTION

Maximum Heat Release (MW)

Vehicles PIARC 1995 PIARC 1999
NFPA 502(2001)

Passenger 5MW 2.5MW (small)
Car 5 MW (large)
2-3 Pass. N/A 8 MW
Cars
Van N/A 15 MW

Bus 20MW 20MW
Truck 20MW 20-30 MW

Gasoline 100MW 100 -120 MW
Tanker

CAT Proj used 20MW, with 3 min to max, as design fire.




DESIGN FIRE IMPACT ON FIRE
DEPARTMENT RESPONSE

Ingason* suggests the following equation for growth
of design fires - Q(t) = at?> where a=0.01 kW/s? for
cars and a= 0.1 kW/s?for buses.

A bus fire could reach 20 MW In approx. 8 minutes.

The BFD estimates that 20 - 30 MW is the maximum
fire that can be extinguished with a high degree of
probability and without exposing firefighters to
excessively hazardous conditions. (This assumes
that ventilation system used to assist fire attack.)

The BFD wants to have an “ignition to start-of-
extinguishment” time of approximately 8-10 minutes.

** An Overview of Vehicle Firesin Tunnels’ , Safety in Road  Tunnels.
4th International Conference, April 2001.




ADDITIONAL RESPONSE
CONSIDERATIONS

“If the 1st response by tunnel vehicles is to have any
chance of controlling fires as large as as the Holland
or Caldecott, dry powder or water may not be
enough. AFFF (foam) would have a chance of
knocking down such a fire.” (DOT - Prevention and
Control of Highway Tunnel Fires.)

NFPA recommends apparatus be located at “tunnel
portals”. (This is not practical for Central Artery.)

NFPA recommends that apparatus be equipped to

deal with flammable liquid and hazardous material
fires.







BFD RESPONSE TO CAT FIRE

A larger response than normal will respond on a first
alarm, usually four engines, two ladder companies,
four district chiefs*, one deputy chief and a rescue
company. (* Extra chiefs are required for unigue
command issues posed by tunnel fires.)

1 eng & lad with traffic flow, 1 eng & lad in adjacent

tunnel, 1 eng at surface standpipe, 1 eng standing-by
to go against traffic, if needed. (This option is
coordinated with State Police.)

The response cards will give specific entry and
staging locations as well as fill points for eng. cos,

The preferred response is to have companies enter
through a tunnel heading in the opposite direction
from an adjacent bore. This is not always possible.




INCIDENT CATEGORIES

Category One: Minor traffic incident no fire or injury.
(No BFD Response)

Category Two: Motor vehicle accident with minor
Injuries .(One engine & one ladder. May upgrade)

Category Three: Multiple motor vehicle accident with
Injuries. (Category Three Box Response)

Category Four: An incident involving fire and or spills,
or blockage of a bore. (Category Four Response).

Category Five: Same as Four except it involves more
than one bore. (Category Five Response).

THIS AUTOMATIC RESPONSE SYSTEM PLACES
APPARATUSD IN POSITION MORE QUICKLY THAN IF
REQUESTED UPON ARRIVAL OF 1ST BFD OFFICER.




FIRE DEPT. COMMUNICATIONS

Communications should work exactly as it does
above ground due to a series of hardwire antenna
system which acts as a “repeater” system

Some communications may be lost due the effects of
fire on the system

If communications are lost, one recourse IS to have
the mobile command post run our portable antenna
down into the tunnel

Effective fireground communication is critical to
successful fire dept. operations. This allows for
coordination of traffic flow and ventilation with
fireground operations.




TANKER TRUCK FIRE 03/99
10,000 GALLONS OF GASOLINE




COULD THE BIG DIG TUNNEL
COPE WITH THIS SIZE FIRE/BLAST?

Headline - “Big Dig tunnels could cope with
blast, officials say.” (Boston Globe, 3/23/99)

Quotes by CAT Project Spokesperson -

“West Virginia (Memorial Tunnel) tested
explosions of much greater magnitude than this
one ... including one in a gasoline tanker that
would have generated 100MW of heat with
temperatures up to 2,400 degrees.”

“The Tunnels did not collapse, and Big Dig
officials say their tunnels will be even better able
to withstand a blast.”




RESULTS OF MEMORIAL
TUNNEL TESTS

Longitudinal Flow will manage smoke up to 100MW.
(Expressway spill/fire must have produced far greater
amounts of heat.)

Longitudinal Flow will improve smoke and heat on
one side to the detriment of the other. (What if traffic
stalled on both sides?)

Fan response time should be minimized since hot
smoke can spread up to 1,900 ft in initial 2 minutes.
(Since Fan response Is not automatic then detection
must occur In less than 2 minutes. Are systems
designed to provide this type of detection time?)




OPINION OF BFD REGARDING
CLAIMS OF CAT PROJECT

Memorial Tunnel (West Virginia) Tests looked at the
following fire sizes 10MW, 20MW (representative of a
bus or truck), 50 MW, and 100MW (Representative of
480ft2 of flammable fuel)

The 100MW fire appears to be meant to simulate a
spill from 100 gallons of tanker fuel or a spill from a
pipeline break not a major release of tanker cargo.

Expressway Fire is estimated to have been 400 ft by
20 ft (8,000 ft?)

Contrary to claims of Big Dig Officials - The fire
on the Expressway was far larger than any tested
during the Memorial Tunnel Tests.




BFD OPINION OF CONSEQUENCES
OF XWAY SPILL IN TUNNEL

A spill/fire of this magnitude involving flammable
liquid cargo would overwhelm any installed fire
mitigation systems, ventilation, sprinklers etc.

It is unlikely that any occupants of vehicles located in

the tunnel for hundreds of feet in front and in back
would be able to safely evacuate.

It is unlikely that any firefighters would be able to
approach close enough to extinguish.

Survivability of tunnel would be an issue to consider.
LESSON: UNDERSTAND ALL OF THE DETAILS

AND CONDITIONS UPON WHICH CONCLUSIONS
OF A REPORT ARE BASED BEFORE ADOPTING
THEM FOR A PARTICULAR USE.




BFD RECCOMENDATIONS

Specific guidelines should be created for
“minimum fire dept. response” based upon”
Maximum fire size expected & fire growth rate.

How quickly fire can “realistically” be detected
using reasonable worst case scenario.

Installed fire suppression.

Response time, time to start of extinguishment

and typical manning all important items.
Designers seem to overestimate, or not even
consider, the realistic capabilities of local fire
dept. when making assumptions that affect
the tunnel design and operations




BFD RECCOMENDATIONS - CONT.

No Hazardous Materials carqgo should be
allowed In vehicular tunnels. These fires
could easlily produce fires of 100MW or more.

No fire dept. could extinguish this fire.
No built-in suppression could extinguish this fire.

Unlikely that occupants of vehicles in tunnel could
evacuate quickly enough to survive this of fire.

Possible exception might include a situation where
escort provided and hazmat cargo vehicle is the
only vehicle allowed in tunnel. In addition, tunnel
should be built to withstand fire magnitude and
duration. (Probability of event is so low that risk
might be deemed “acceptable”.)




BFD RECCOMENDATIONS - CONT.

Guidelines should be created for full scale
“test fires” to check operation of ventilation
system. (BFD used approximately 2 MWS.)

Initially, all the smoke stayed near the celling.
Once the ventilation system was put into “fire

mode” the air cooled and entrained the smoke.
The portion of the tunnel in front on the test fire
filled with smoke from the surface to the ceiling.
This Is a problem if vehicles did not clear tunnel.

If this was a building the ventilation designer
would have to specify a design fire as part of the
plans submission.




BFD RECCOMENDATIONS - CONT.

Designers should use fire models to assess
tunnel designs’ performance when subjected
to “reasonable worst case scenarios” .

Reasonable Worst Case Fire, specified by
maximum heat output as well as growth rate. (Is it
reasonable to assume that 2 trucks are involved?)

Reasonable Worst Case Detection Time (How
many TVs per camera? How many operators per
TVs? (What if one person has to watch 20 TVs that
change camera views every 15-30 secs.)

Reasonable Fire Dept. assumptions - response
time, time to start extinguishment, number of
apparatus, number of firefighters on apparatus,
foam capablility, communication effectiveness etc.




BFD RECCOMENDATIONS - CONT.

It is difficult if not impossible to develop “prescriptive
design codes”, similar to building codes, for tunnels.

Few local officials have skills needed to review
designers assumptions/methodology.

But, If designers are going to be given flexibility in
regards to the output of a performance-based design

process they must be restricted in the number of
choices they have for the inputs into a performance-
based design, i.e. the assumptions.

The designer is not objective and these assumptions
contain value judgements, i.e. cost/benefit decisions,
about what constitutes an “acceptable risk”.

THIRD PARTY “PEER REVIEW” IS CRITICAL.




