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where
A = Area perpcndmular to flow

C, = The specific heat of air
- g = The acceleration caused by gravity -
. H=The height of t.he ductor turmcl at the fire
K, = 0.606. oy
K = Grade facror (sce chart below)
Q = The heat the fire is adding directly to the air at :hc Ere site’
T = The temperature of the approach air
=The averafe tenperature of the fire me gases
, V Critcal ve :
p= The average Jensxty of the approach (upstream) air
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This cdition of NYPA 502, Recommended Pracrice on Fire Protection for Limited Arcess High-
ways, Tunnels, Bridges, Elevated Roadways, und Air Right Struztures, was prepared by the Tech-
nical Committcc on Motor Vehicle and Highway Fire Proteciion and acted on by the
National Fire Protection Association. Inc., at its Annual Mccting held May 20-23, 1996, in
Boston, MA. It was issued by the Standards Coundl on July 18, 1996, with an effective date
of August 9, 1996. and superscdes all previous editions.

This edidon of NFPA 502 was approved as an Amecrican Natonal Standard on
July 26, 1996.

Origin and Development of NFPA 502

A tenrative standard, NFPA 502T, Standard for Limited Access Highways, Tunnels, Bridges
and Elevated Structures, was prepared by the Technical Committee on Motor Vehicle Fire
Protection and was adopted by the National Fire Protcction Association on May 16, 1972
at its Annual Meeting in Philadelphia, PA. It was withdrawn in November 1975. In 1980,
the Committee rewrote the documcnt as a Recommendecd Practice and included a chapter
on Air Right Structures. It was adopted at the 1981 Annual Meeting.

Minor revisions to Chapters 2 through 5, primarily water supply and firc apparatus
requirements, were made in the 1987 cdition.

The recommendcd practice was reconfirmed in 1992.

The recommended practice was revised in 1996 to incorporate a toully revised chapter
on tunnels and make other revisions and changes to correlate the ncw material in tunnel
and air right structure requircments with existing chapters in the document.

The reworking of thc document as related to tunnels and air right structures was to
bring it up to current technology and pracrices.

The devclopment of this 1996 cdition was accomplished by an NFPA 502 Task Group
appointed by the Chairman of the Technical Committee in October 1993. This task group
effort was conducted by the following individuals:

Arthur G. Bendclius, Task Group Chair, Parsons Brinckerhoff, NY; Dennis J. Becker,
Richard D. Kimball Co., Inc., MA: Anthony S. Caserta, U.S. Federal Highway Administra-
don, DC; William G. Connell, Parsons Brinckerhoff, MA; Stephan K. Dunbar, Boston Fire
Dept., MA; Phillip Egilsrud. Consultant, MO; William A. Eppich, Prolectowirc Co., MA;
John P. Kenney, Boston Fire Dept., MA; Maurice M. Pilette, Mechanical Designs, Lid., MA.
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NOTICE: An asterisk (*) following the number or leter
designating a paragraph indicates explanatory matcrial on
that paragraph in Appendix A.

Inlformaton on refercnced publications can be found in
Chapter 11 and Appendix H.

Chapter 1 General

1-1 Scope. This recommended practice is intended pri-
marily for the guidance of those individuals responsible for
the design, construction, operation, maintenance, and fire
protection of limited access highways, tunnels, bridges, ¢lc-
vated roadways, depressed roadways, and air right struc-
tures. [t also applies, to a lesser extent, to buildings and
structures that are exposced to the hazards of the opcrational
2ones.

1-1.1 This recommended practice does not apply to
requirements for the followiag:

(a) Parking garages:
(b) Bus tcrminals;
(¢) Truck terminals;

(d) Any other fadility in which motor vehicles travel or are
parked.

1-1.2 To the extent where a facility. including those listcd
in 1-1.1(a) through (d), introduces hazards of a similar
nature to those addressed in this document, this recom-
mended practice can be used as a guide.

1-2 Purpose. The purposc of this document is to ¢stablish
minimum criteria that provide a reasonable dcgree of pro-
tecrion from fire and its related hazards.

13 Equivalency. Nothing in this recommendcd practice
is intended to prevent the use of systems. methods, or
devices that are of equivalent or superior quality, strength,
fire resistancc. effectveness, durability, and safety to thosc
prescribed by this rccommended practice, provided tech-
nical documentation is submitted to the authority having
Jjurisdiction 10 demonstrate equivalency and provided the
system, method. or device is approved for the intended

purpose. :

1-4 Characteristics of Fire Protection. Fire protection on
limited access highways, in tunnels, and on bridges is
achieved through a composite of facility design. operating
equipment, hardware, software, subsystcms, and proce-
durecs integrated to provide requirements for the protection
of life and property from the effects of fire. The level of fire
protection desired for the entire facility should be achieved
by integratng the requirements developed through use of
this document for cach subsystem.

1996 Edition

1.5 Application.

1-5.1 The provisions of this document are considered nec-
essary to provide a reasonablc lcvel of protection from loss of
life and property from fire and explosion. They reflect the
practices and the state of the art prevalent at the time this
recommended practice was issued. -

1-5.2 Unless otherwise noted, it is not intended that the
provisions of this document be applied to facilites, equip-
ment. structures, or installations that were existing or
approved for construction or installation prior to the effec-
tive date of this recommendcd practice, except in thosc cascs
where it is determinced by the authority having jurisdiction
that the existing situation involves a distinee hazard to lifc or
adjacent property.

1-53 Applicavon of this recommcnded practice to
altcradons should be determincd by the authority having
jurisdiction.

1-5.4 That portion of this document that covers
emergency procedures does apply to both new and existing
fadliges.

1.5.5 This recommended practice also can be used
for upgrading fire protection facilities, except in thosc
instances where compliancc with this recommended practice
is not practical or possible within thc limits of the existing
strucrure. - :

1-6 Safeguards During Construction. During the course
of construction or major modification of any limited access
highway, tunnel, or bridge structure, the provisions of
NFPA 241, Standard for Sufeguarding Construction, Altsration,
and Demolition Operations, should apply. EE- LA

1-7 Limited Access Highways.

1-7.1 Limited access highways present two fire protection
problems. One i5 the protection of life and property trans-
ported by vehicles traveling on the facility, and the other is
the protection of pecrmanent installations located on, over,
below, or adjacent to the facility. Protection to life is to be
given primary consideradon in all cases. Protection of the
facility is also of major importance because of its vital rale in
the community. .

1-7.2 Protection of related facilities such as service arcas,
rest areas, toll booths, and buildings used for administration,
law enforcement, and maintenance presents problems that
are not basically different from the fire protection problems
of all such buildings. However, special consideration should
be given to the fact that on, or adjacent to, limited access
highways, such buildings might be located in isolated areas.
(See NFPA 30, Flammable and Combustible Liquids Code, and
NFPA 504, Autormotive and Marine Service Station Code, for ser-
vice stations.)

1-7.3 Protecton for people and property transported by
vchicles is somewhat more complicated., since the location of
emergencies cannot be predctermined; emergencies can
occur at any point or simultaneously at several points along
the course of any vchicle transport facility. Firc cmergencies
can range from incipient fires in passenger vehicles to major
acddents involving loaded buses and trucks arrying haz-
ardous matcrials. Heavy traffic, adverse weather conditions,
and night usage escalate the problem.
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1-7.4 Studics of fire protection for limited access highways
indicate that there arc three interdependent factors to be
considered. The first is the rapid transmission of alarms to
the proper authorities and a simultaneous warning to
approaching vehidle operators. The sccond is the response
of appropriate apparatus and fire-fighting personnci with
minimal delay. The third is thc matter of rescue operadons
followed by fire extinguishment or control. Where life is
endangcred by fire, the possibility of cfectve rescue opera-
tions decreases rapidly with any delay.

1-75  Unlcss an effective means of communication is pro-
vided, the reporting of fire and other emergencies by occu-
pants of passing vehicles has litde valuc. The distance to
interchanges, servicc arcas, and toll booths, and indccision
due to lack of familiarity with such emergendes, olten con-
sumes the limited time that exists for effective action.

1-7.6 Control of traffic is a continuous problem from the
start of any emergency to the time at which the occupants
and vchicle(s) are removed from the faciliry.

1-7.7 Tire protection for limited access highways is
addresscd in Chapter 2.

1-8 Bridges and Elevated Roadways.

1.8.1 A Ere occurring on an clevated roadway or bridge
has the same characteristics as a fire occurring on a highway,
but it usually is less accessible due to the elevated structure.

1-8.2 Protection of life is the primary concern. Howcver,
protection of the clevated roadway or bridge might be more
important than protection of vehicles and: cargo. Damage 10
a crtcal structural member from collision or exposure to
high temperatures could rcsult in dangerous weakening or
complete collapse of the elevated roadway or bridge.

1-8.3 Approaches to clevated structures and bridges fre-
quently pass direcdy over congested residential or high-
value industrial areas. Certain hazardous materials fires on
the structures could result in serious exposure fires in the
occupancies beneath and in close proximiry to the struc-
tures. Converscly, these occupancies, particularly those
dealing with hazardous materials. can seriously expase the
structures.

1-8.4 Fire protection for bridges and elevated roadways is
addressed in Chapter 3.

1-8.5 Consideration is to be given to the fact that flamma-
ble liquids or vapors can flow {rom the roadway by gravity
and thus extend the firc risk well beyond the area of the
original emergency. )

1-9 Depressed Roadways.
[ .

1-9.1 A depressed roadway is defined as an uncovered,
below-grade roadway where cmergency response access is
limited or a “boat section” where walls rise to the surface
above the roadway surface. oo

19.2 A fire occurring in a depressed highway poses prob-
lems similar to those of a fire in a bridge or elevated road-
way, with restricted access to the scenc of the fire due to the
containing walls.

1-9.3 Since the myjority of depressed roadways are associ-
ated with Lunnels as connectng scctions or open approaches,
depressed roadways are addressed in Chapter 4.

1-10 Tnnnels.

1-10.1 ‘The fire protccrion problem created by a fire in a
highway tunncl is similar to that of a fire occurring on a
highway in that the emergency is complicated by exisdng
traflic conditions, the number of passengers carried by
involved vehicles, and the wide diversity of cargo trans-
ported by trucks.

A fire in a tunnel can be extremcly destructive and dan-
gerous becausc the confined space hinders the dissipadon of
heat and smoke. Additional problems connccted with a fire
emergency in a tunnel include access limitations for fire-
fighting equipment and personnel, carly firc detection and
alarm transmission, control of traffic, and evacuation of the
public from an endloscd facility.

o |

1-10.2 Protcction of life is the primary concern. Access
points for fire personnel, emergency cgress for motorists,
fire detcction and alarm systems designed to meet the
demands of tunnel application, availability of water supply,
and adcquate ventilation capabilities are amang the funda-
meneals that are to be considered in providing adequate
safeguards for both the motorists and the fire fighters to
help cepe in an emergency. The secondary considerauon'is
protection of the tunnel soructure itself. Damage to the ven-
tladon, lighting. or fire suppression systems can endanger
lives. :

1-10.3 As in the case of highways, the primary need is a
means for prompt and rapid detection and notification to
the authorities of the existence and location of anremergency
and the dcvclopment of effective response plans, reliable
communications, and means of traffic conmrol.
ik 2
1-10.4 Every tunncl has its own unique characteristics.
Tunnels vary in length, cross section, profile, traffic opcra-
tions. and traffic volumes, among other characterisdcs. Tun-
nels can be found in either urban or rural ecnvironments and
can be subaqueous, subterranean, or mountain type. There-
fore, it is impcrative that cach of these characteristics be con-
sidered when establishing emergency/lifc safety system
rcquir:ments. -
1-10.5 For the purpose of this recommended practice, tun-
nel length should dictate minimum requirements as follows:

{a) Where the tunnd length exceeds 300 ft (90 m), a
standpipe system should be installed to ensurt that no point
along the tunncl roadway is more than 150 ft (46 m) from a
hose connection. ' \ Pal, eI

(b) Where the tunnel length exceeds 800 ft"(240 ‘m).
whereby the maximum distancc from any point within'the
tunnel (o an area of safety exceeds 400 ft (120 m), all provi-
sians of this recommended practice should apply. ’

1-10.6 Fire protection for tunnels is addressed in Chziptgr 4.

1-11 Air Right Structures.

1-11.1 Where a building is constructed using the air rights
over an active motor roadway, the facility begins to resemblc

1696 Edition
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a tunnel from the fire protection standpoint. If the sides of
the facility are closcd, then the air right structure is to be
considered a tunnel.

Where an air right structure is fully enclosed on both
sides of the roadway, it should be treated, from 4 fire protec-
ton standpoint, as a tunnel. Where the air right structure is
not fully enclosed, the dedsion to treat it as a tunnel should
be made by the autharity having jurisdiction after suffident
engineering analysis.

1-1L.2 Air right structures, as defined in 1-11.1, present
wwo distinctly different fire protcction problems. One relates
to the persons and property in the structure built above the
roadway. The other relates to the persons and property
using the roadway that passcs under or adjacent to the air
right structure.

Fire protection for structures built over the roadway pre-
sents problems similar to those involving like buildings in
other locations. However, these problems can be compli-
cated by limited access, traffic congestion, and the fire situa-
tion an the roadway under or adjacent to the structure.

1-11.3 Fire protection for the roadway under an air right
structure is similar to that nceded for a tunncl. Occupancy
and use of the spacc above the ceiling of the roadway is sig-
nificantly diffcrent, as oudined in 1-11.2.

1-11.4 While protection of life is the primary consider-
ation, there are other important concerns. The structural
members that support the air right building could be sub-
jected to very high tcmperartures, particularly in a flamma-
ble liquids fire or explosion. Damage to these members
could have a serious effect on the building. In additon,
openings from the roadway such as vendladon shafts and
access/egress stairways could allow the passage of flammable
vapors to the air right scructure with subsequent damage
from fire or explosion.

1-115 Considcration is to be given to the fact that flamma-
ble liquids or vapors can flow from the roadway by gravity or
via the drainage system and thus extend the fire risk well
beyand the area of the original emergency.

1-11.6 Major structural elements that support an air right
structure could be subject to physical damage from motor
vehicle acaidents. '

1.11.7 Fire protection for air right structures is addressed
in Chapter 5.

1-12 Units.

1-12.1®* Metric units of mcasurement in this standard arc
in accordance with the modernized metric system known as
the International System of Units (S1). The liter unit, which
is outside of but recognized by SI, is commonly used in inter-
nadonal fire protection.

1-12.2 Ifa value for measurcment as provided in this rec-
ommended practice is followed by an equivalent value in
other units, the first stated value is to be regarded as the rec-
ommendation. A given equivalent value might be an
approximation.

1-12.3 SI units have been converted by multiplying the
value by the conversion factor and rounding the result to the
appropriate number of significant digits.
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1-13 Definitions.

Agency. The organization legally established and
authorized (o operatc a facility.

Air Right Structure. The roadway fadlity created when
a building is built over the roadway using the roadway's air
rights.

Alternate Central Supervising Station. A prearranged
location that is equipped, or that can quickly be equipped, o
function as the central supcrvising station in the event the
central supervising station is inoperative or untcnable for
any reason.

Alternative Fuels. Motor vehicle fuels other than gaso-
line and diesel.

Ancillary Facility. The structure usually uscd to house
or contain operating, maintenance, or support equipment
and functions. .

Approved® Acceptable to the authority having jurisdictorn.

Authority Having Jurisdiction.® The organization,
office, or indiviclual responsible for approving equipment.
an installation, or a procedure.

Backlayering. The reversal of the movement of smoke
and hot gases contrary to the direction of the ventilation air-
flow. .

Bridge. A structure spanning and providing a roadway
across an obstacle such as a waterway, railroad, or-andther
roadway.

Building. Any structure used or intended for support-
ing or sheltering any use or occupancy. The term building
should be construed as if followed by the words “‘or pordons
thereof.” R e e

Central Supervising Station. The opcrations center
where the authority controls and coordinates the facility
operations from which communication is maintained with
supervisory and operating personnel of the authority and
with participating agencies where required. e

Combustible. Capable of undcrgoing combustion.”

Command Post. The location during an emergcncf.
selected by the person in command, for controlling and
coordinatng the emergency operation.

Communications. Radio, telephone, and messe_ngér
services throughout the facility and particularly at the cen-
tral supervising station and command post. i o

Control Valve. A valve used 1o control the water supply
system of 2 standpipe system. ot e

Critical Velocity. The minimum steady-state velociti' of
the ventilating airflow moving toward the fire, within a tun-
nel, that is necessary to prevent backlayering.

Dry Standpipe. A standpipe system designed to have
piping contain water only while the system is being utilized.

Elevated Roadway. A roadway that is constructed on a
structurc that is located above the surface but that is not a
bridge.

Emergency Procedures Plan. A plan dcveloped by the
authority with the coopcration of all pardcipating agencies
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detailing specific actions to be performed by all those who
are to respond during an emergency.

Engineering Analysis. An analysis that evaluates all the
various factors that affect the fire safety of the facility or com-
ponent. A writtcn report of the analysis should be submitted
to the autharity indicadng the fire protecion method(s) rec-
ommendcd that will provide a level of fire safety commensu-
rate with this recommended practice.

Facility. As used in this recommecnded practice, this
includes limited access highways, runnels, bridges, elevated
roadways, and air right structures.

Fire Department Connection. A connection through
which the fire department can pump water into the stand-
pipe system.

Fire Emergency. The existence of, or threat of, fire or
the development of smoke or fumes, or any combination
thereaf, that calls for immediate action to correct or alleviate
the condition or situadon.

Hose Connection. A combination of equipment pro-
vided for connection of a hose to the standpipe systcm that
includes a hose valve with a threaded outlet.

Hose Valve. The valve to an individual hose connection.

Incidental Occupancy. A facility used by others who are
ncither employees nor mororists.

Labeled. Equipment or materials to which has been
attached a label, symbal, or other identifying mark of an
organization that is acceptable to the authority having juris-
dictdon and concerned with product cvaluation that main-
tains periodic inspection of production of labeled equipment
or materials and by whose labeling the manufacturer indi-
cates compliance with appropriate standards or perfor-
mance in a specified manner.

Latching-Type Detector. A detector circuit configura-
tion in which the detector cannot reset itself once it is in
alarm mode. The only way of resetting (restoring) the detec-
tor to normal operating mode is at the fire alarm control
panel.

Length of Tunnel. The length measured from face of
portal to face of partal using the centerline alignment along
the tunnel roadway.

Limited Access Highway. A highway where preference
is given to through traffic by providing access connections
using only selected public roads and by prohibiting crossings
at grade and direct private driveways.

Listed.* Equipment, materials, or services included in a
lise published by an organization acceptable to the authority
having jurisdiction and concerned with evaluation of prod-
ucts or services that maintains periodic inspection of
producton of listed equipment or materials or periodic
cvaluation of services and whose listing states either that
the equipment, material, or service meets idendfied stan-
dards or has been tested and found suitable for a specified

purpose.

Motarist. A motor vehicle occupant, including both the
driver and passenger.

MUTCD. Manual on Uniform Traffic Conirol Devices for
Streets and Highways.

Noncombustible Material. A material that, in the form
in which it is used and under the conditons anticipated,
docs not aid combustion or add appreciable heat to an ambi-
ent fire. Materials, where tested in accordance with ASTM E
136, Stundard Test Method fur Behavior of Materials in a Vertical
Tube Furnace at 750 Degrees C. and conforming to the criteria
contained thercin are to be considered as nancombustible.

Participating Agency. A public, quasi-public, or private
agency that has agreed to cooperate with and assist the
authority during an cmergency.

Person-in-Command. A person designated by the
authority or a responsible fire ar police representative on
the scene of an emergency who is fully responsible at the
command post.

Poini of Safety.® An enclosed fire exit that leads to a
public way or safe location outside the structure, or an
at-grade point beyond any endlosing soructure, or another
area that affords adequate protecdon for motorists.

Portal. The interface between a tunnel and the atmo-
sphere through which vchicles pass.

Power Substation. An arrangement of electrical equip-
ment that does not generate electricity but receives and con-
verts or transforms generated cnergy to usable electric
energy.

Replace-in-Kind. To furnish with new parts or equip-
ment, as applied to equipment and fadlides, of the same
type but not necessarily of identical design.

Should. Indicates a recommendation ar that which is
advised but not required. Y

Structures. Includes, but is not limited to, buildings,
bridges, and underground installagons.

Tunnel. An enclosed roadway for vehicular traffic with
vehicular access limited to portals.

Chapter 2 Limited Access Highways

2-1 Geoeral. The limited access highway poses unique
challenges for the bre fighter. The primary problem is the
limitation of access to the facility and the possible remote
location of the highway.

2-2 Alarm Transmission. Alarm transmission can be pro-
vided by the installation of outdoor-type telephonc boxes,
coded alarm telegraph stations, radio transmitters, sensing
equipment, or other suitable devices. The means of trans-
mission should be made conspicuous by indicating lights or
other suitable markers and should be located in a way that
allows uscrs to park their vehicles dlear of the roadway.

Milc markers or other readily available locadon reference
markers should be installed along the highway to allow
motorists to pravide authorities with reasonably accurate
locatioas for accident or emergency arcas.

2-3 Fire Protection.

2-3.1 Arrangements for the response of nearby fire compa-
nics and emergency squads should be made. Means of access
that allows the entrance of outside aid companices to the facil-
ity sheuld be provided, and procedures for utilizing such
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access should be includcd in the emergency plan. Appropri-
at¢ precautivns should be taken at these points of entry to
alert and control traffic to allow safe entrance by emergency
equipmeant. It is important that firc apparaius responding to
fires on limitcd access roads be equipped with booster tnks
[500 gal (1900 L) minimum] and foam-production equip-
ment or an cquivalent amount of dry chemical.

2.3.2 All ancillary facilities thac support the operation of
limited access highways such as maiatenance/service build-
ings, toll plazas, pump statons, and clectrical substations
should be protected as required by all applicable NFPA stan-
dards and local building codes.

2-3.3 Tire extinguishers should be provided at highway
installations and buildings in accordance with NFPA 10,
Standard for Portable Fire Extinguishers.

2-4 Emergency Planning.

2-4.1 Lt is important that a designated authority carry out
a complere and coordinated program of fire protection that
includes written preplanned response and standard operat-
ing procedures.

2-4.2®* Emergency traffic control procedures should be
esablished to regulare rraffc.

2-4.3 To derive the maximum benefit from the fire protec-
tion program. comprehensive training programs arc neces-
sary for all personnel and agencies expected to participate in

- fire-fightng operadons and hazardous mutcrials cmergen-
cies. Such a program should involve a competent supervi-
sory staff experienced in five-fighting techniques and haz-
ardous materials emergencies.

2-4.4 Conuacts should be made with roadside businesses
and responsible persons living along limited access highways
to elicit their cooperation in the reporting of fires and other
emergencies. The objective of such contacts should be to
establish a pasitive system for the reporting of emergendcs.
Those who agree to participate in the syscem are to be pro-
vided with specific information on the procedurcs for
rcportng and a means for detcrmining and reporting the
location of the emergency as precisely as possible.

2-45 Emergency procedurcs and the development of an
emergency response plan are addressed in Chapter 9.

Chapter 3 Bridges and Elevated Roadways

3-1 General. Elevaled roadways and bridges posc both a
vertical and a horizontal access problem for fire-fighting
activities. In addiuon, the potential for a fire under the
suucture that impacts the integrity of the structure is to be
considered. .

3-2 Alarm Transmission.

3-2.1 Alarm transmission can be provided by the installa-
don of outdoor-type telecphone boxes, coded alarm tcle-
graph stations, radio transmitters, scnsing cquipment, or
other suitable devices. The means of ransmission'should be
made conspicuous by indicating lights or other suitable
markers and should be located in a way that allows users to
park their vchicles dear of the roadway.
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Signs or mile markers should be installed along the bridge
to allow motorisis to provide authorities with reasonably
accurate locations for acddent or emergency areas.

8-2.2 A rraffic control procedure should be established so
that vehicles will either stop or proceed with caution. It is
essental that traftic does not block or otherwise interferc
with the response of emergency and firc equipment.

3-3 Fire Apparatus, Standpipe Systems, Water Supplies,
and Equipment Suitable fire apparatus should be avail-
able within 1 mi (1.6 km) of all paints on elevated roadways
and bridges in urban areas; use of ladders by municipal fire
fighters may be permiued where elevated smuctures and
bridges ave accessible from beneath. The design of appara-
tus intended for use only on bridges or elevated structurcs
should be based on the conditions encountered. Apparatus
responding to lires on bridges and elevated roadways
should be equipped with potassium bicarbonate-based dry
chemical/aqueous film-forming foam (AFFF) or similar self-
contained fre-fighting cquipment. In addidon, the vehicle
should have booster tanks [500 gal (15300 L) minimum]).

3-3.1 The responding fire apparartus should be cquipped
to dcliver a foam solution at a minimum rate of 125 gpm
(475 L/min) for 2 minimum duration of 15 minutes. If
hydrant or standpipe water is not available, suitable
arrangements should be made to transport water in tankers
so that the delivery rate of foam can be maintained. Addi-
tional supplics of foam should be readily available from
mutual aid fire departments or other sources so that the
application can be continued for an additonal 45 minutes if
necessary. These units also should carry mulipurpose dry
chemical extnguishers and an extinguishing agent for Class
D metal fires. Mutual aid, supplier, or manufacturer reserve
capability should be available. "

3-3.2 In urban locations, hose oudets (hydrants) from the
municipal water supply should be located at both ends of
bridges. Wherc more than onc agency has the responsibility
for providing fir protection, every effort should be made to
standardize hose connectors. If this is not possible, suitable
adapters should be readily available. In addition, where the
length or width of the bridge is such that hose lines of more
than 400 ft (120 m) cannot be provided from the hydrants, a
sandpipe system, in accordance with Chapter 6, should be
provided. In certain instances, it might be desirable for
duplicated systems (o be installed on cach side of the road-
way and to be cross-connected. Where freezing condidons
prevail, systems should be of the dry type. Signs should indi-
cate the locadon of street-level hydrants.

8-3.8 Sand should be provided for use during icy weather
condidons. Suitable absarbent materials should be provided
for controlling the spill of hazardous materials. On bridges
and elevated roadways, consideration should be given to
drainage systems to channel spilled hazardous materials to
areas that cannot cause additional hazards. For example,
expansion joints should be designed to prevent spillage to
the area below.

34 Control of Hazardous Materials. Contral of hazard-
ous matcrials is addressed in Chaprer 10.
3-5 Emergency Planning.

3-5.1 Itis imporant that a designated authority carry out
a complete and coordinated program of firc protection that
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should include preplanned emergency response procedures
to be containcd in an emergency responsc plan.

3-5.2 To derive the maximum benefit from the fire pro-
tection program, comprchensive training programs are
necessary for all personnel and agencies expected to partci-
pate in fire-fighting operations and hazardous materials
emergencies. Such a program should involve a competent
supervisory staff experienced in fire-fighting techniques and
hazardous materials cmergencies.

3-5.3 Emcrgency procedures and the development of an
emergency response plan are addressed in Chaprer 9.

Chapter 4 Tunnels

41 General. A tunncl is an enclosed roadway for motor
vehicle traffic in which access is limited to portals, which
poses some unique fire-fighting challenges due to both the
restricied access to the firc site and the confined nature of a
tunnel.

4-2 Detection and Alarm.

4-2.1 Atleast onc and preferably two means should be pro-
vided to detect fire and transmit an alarm to a local 24-hour
monitoring facility, an approved central station, or the local
fire department.

4-2.1.1 Manual fire alarm pull stations of the double-action
type that are mounted on weatherproof boxes should be
installed at intervals of not more than 300 ft (100 m) and at
all cross passages and mcans of egress from the tunnel. The
stations should be accessible to both the public and tunnel
personnel. The manual fire alarm pull stadons should be
made conspicuous by lights installed directy above each pull
station. Pull stations should be resct with a key. All manual
fire alarm pull stations should use an idendcal key. Each
alarm should be transmitted to a local 24-hour monitoring
facility, an approved central station, or the local fire depart-
ment. The alarm is 10 indicate the location of the pull sta-
tion. Confirmation of receipt of the sent alarm should be
provided at the pull station by a light. Voice communication
at the pull station should be considcred if a local 24-hour
monitoring facility is available.

4-2.1.2 Closed-drcuit television systcms (CCTV) together
with traffic flow indication should be used to detcct and
identify fires only in tunnels with 24-hour, full-time supervi-
sion. Rooms within ancillary structures (pump rooms, utility
rooms, cross passages, veatilation structures) and areas not
covercd by CCTV should be supervised by automatic fire
alarm systemns.

4-2.1.3 Manual fire alarm pull stations or automatic fire
alarm systems should be used in runnels without 24-hour,
full-time supervision. The systems should bc in compliance
with NFPA 72, National Fire Alarm Code.

Exceprion:  Signals for the purpose of evacuation and relocation of
orcupants gre not necessary.

4-2.2 Firc detection in an automatc fire alarm system
should idendfy the location of the fire clearly and should
idenuify the device inidating any alarm (falsc or otherwise)
clearly. The initiatng device should have a light.that
remains on undl the device is reset. Automadc fire detection

should be provided in all normally unoccupied spaces such
as utility Tooms, cross passagcs, stairways, and ventilation
strucrures.

Automatic fire detection within the tunncl should be
zoned to zorrespond with the tunncl ventilation zones and
should also identfy the location of the fire to within 50 ft
(15.3 m). &

Portals should be provided with a remote fire alarm
annundaror pancl at a suitable location accessible to the fire
service. Rcmote annunciator pancls should indicatc the zone
in alarm and should display the location of that alarm.

4-2.3 Fire Alarm Control Panel. Means should be pro-
vided for the installation of a fire alarm control panel
(FACP). ‘The FACP should be zoned and should be of the
posidvc, noninterfering. successive (PNIS) type. Onc zone
entering into an alarm should not interfere with any other
zone entering into an alarm and should annunciate all
alarms. The FACP should have battery backup power. All
FACP should be locked, should use an identical key, and
should be in compliance with NFPA 72, National Fire Alarm
Code. The fire alarm zones should correspond to the vendla-
ton zones in the tunncl. The FACP should be in a suitable
cnclosure for the environment. The FACP should be
approvecl. All FACPS should be fed by a single-phase, three-
wire system. The circuit breakers protecting this system
should nor be configured in a common trip mode of opera-
tion. Each circuit breaker should operate independcntly of
all other circuit breakers.

4-2.4 Inspection, Testing, and Maintenance. Means
should be provided for the fire detection alarm systems,
including all associated appurtenances, to be inspected,
tested, and maincained in accordance with NFPA 72,
National Fire Alurm Code.

4-3 Traffic Control and Surveillance.

4-3.1 For tunnel lengths greater than 300 ft (90 m), a traf-
fic surveillance and control system should be provided. This
system should be capable of monitoring and controlling traf-
fic within and approaching the tunnel.

4-3.2 Tunncls longer than 300 ft (90 m) should providc
the capability to automatically prevent approaching traffic
from entering the tunnel when a fire alarm is activated. This
capability should consist of traffic signals in proximily to the
portal. The system should be reset to normal operation
when the fire site is cleared. Control of this system can be
either from within the tunnel or from a remote location.

4-3.3 Tunnels longer than 800 f (240 m) should provide
additional capabilitics 10 divert twrafflic from entering the
direct approaches to the tunncl and to clear traffic down-
stream of the fire site. 5

(a) Traffic beyond the direct approaches to the tunnel
should be diverred by means of signs. This also could neces-
sitate precempting traffic signals to prevent traffic from
entering the approaches. This can be accomplished by amit-
ting traftic movements or otherwise directing traffic to aleer-
nate roadways.

(b) Traffic within the tunncl approaching the fire site
should be stopped prior to the fre sitc undl it is safe to pro-
ceed. The controls used should be spaced for safe braking
requirements. Visibility requirements should be in accor-
dance with the MUTCD.
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(¢) The conrrol systems should be conligured to control
all modes in which the wnnel is operatcd.

(d) Controls should be provided so that traffic beyond the
firc sitc can procced to exit the wnnel. If signals are pro-
vided for this function, their display should be green.

(e) If contraflow operation is permitted during cmer-
gency vehicle response periods, the control systems should
be configurcd to control traffic in each direction.

(f) If rraffic exiting the tunncl is obstructed by intersec-
tional traffic signals in the area of the exit, such signals
should be preempted to eliminate the obstruction.

(g) The return of the traffic controls to normal operation
should fallow prearranged protorc] between the tunnel sys-
tem operator and authority having jurisdiction.

44 Emergency Communicatons. Radio communication
systems, such as highway advisory radio (HAR) and AM/FM
commercial station overrides, are recommended to the
motorist as communications routcs for all tunncls over 800 ft
(240 m) and should provide identification of the emergency
and actions the motorist should take. All messaging systems
for tunnels over 800 ft (240 m) should be capable of real dme
composition and selection by the emergency response
authority and should not be of the recorded type. Arcas of
refuge or assembly, if available, should be provided with
reliable two-way voice communication to the emergency
response authority.

4-5 Emergency Response Apparatus and Equipment.

4-5.1 Emecrgency response apparatus should be available
within the general site of the emergency, thus providing a
rapid response. Where the tunnel is a high-capacity urban
wunncl, it might be appropriate to house the apparatus at
one or both of the tunnel poruls.

4-5.2 Suirable apparatus, if appropriate, should be avail-
able at the tunnel portal(s). Apparatus should be designed
for double-end lifting operation and equipped with “dollics™
for towing disabled vehicles from the tunnel. The apparatus
should carry a potassium bicarbanate-based dry chemical/
aqueous film-forming (AFFF) or similar self-contained fire-
fighting system or means to obtain water from a standpipe
system, or any combination thercof. It also should carry
portable extinguishers, complete self-contained breathing
apparatus, cutting torches, forcible cntry tools, hose, chains,
cotfin hoists, tarpaulins, and other appropriate hand tools.
The apparatus should be equipped with a radio.

4-5.3 The responding fire appararus should be cquipped
to deliver a foam solution at a minimum rate of 125 gpm
(475 L/min) for a minimum duration of 15 minutcs. If
hydrant or standpipe water is not available, suitable
arrangements should be made to transport water in tankers
so that the delivery rate of foam can bec maintained. Addi-
tional supplics of foam should be readily available from
mutual aid fire departments or other sources so that the
application can be continued for an additional 45 minutes if
necessary. These units also should carry multipurpose dry
chemical extinguishers and an extinguishing agent for Class

D metal fires. Mutual aid, supplicr, or manufacturer reserve .

capability should be available.

4-6 Fire Standpipe and Water Supply. The fire standpipe
and water supply arc addressed in Chapter 6.
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4.7 Portable Fire Extinguishers.  Portable fire extnguish-
ers. each with at least a nominal 20-Ib (9-kg) capacity for
multipurpose agent, should be placed on both sides of the
roadway in well-marked, flush-wall cabinets at intcrvals of
not more than 300 ft (30 m). Portable fire extinguishers
should be provided in accordance with NFPA 10; Standard
for Portable Fire Extinguishers.

4-8 Emergency Ventilation.
addressed in Chapter 7.

Emergency ventilation is

4-9 Drainage System.

4-9.1 A drainage systcm should be provided in tunnels 1o
callect, store, or discharge, or any combination of these func-
tions. influent emanating from within the tuonel. In addi-
tion to water discharged from the fire protection system and
liquids from accidental spills, this influent also might include
water from tunnel cleaning operations and water from indi-

dental seepage.

4-9.2 The drainage collection system should consist of an
embedded main drain pipe with grate-covered inlets regu-
larly spaced along the curb rather than a continuous open
gutter, which could allow spills of hazardous material, such
as flammable liquids that could ignite, 1o propagate along
the length of the wunncl.

4-9.3 The spacing of conncctions to the gravity line should
be at 2 maximum of 100 &t (30 m) on centers.

4-9.4 Compouents of the drainage collection system,
including the main drainlines, should be noncombustible
(steel, ducdle iron, or concrete). Polyvinyl chloride (PVC),
fiberglass pipc, or other combustible material should not be
permitted.

4-9.5 The collcction system should drain to a storage tank
or transfer pumping station of suflicient capacity to receive,
as a minimum, the simultaneous rate of flow from two fire
hoses without causing flooding on the roadway.

4-9.6 Storage tanks and pump stations should be classified
for hazard in accordance with NFPA 70. National Electrical
Code®. All motors. starters, level controllers, and system con-
trols should be specified to conform to the intrinsic require-
ments of the hazard classificauon. .

4-9.7 Storage lanks and pump stations should be moni-
tored for hydrocarbons. Detection of hydrocarbons in the
drainage influent should initatc both a local and remote
alarm.

4.10 Control of Hazardous Materials. Control of hazard-
ous materials is addressed in Chapter 10. ;

4-11 Emergency Planning.

4-11.1 Itisimportant that a designated authority carry out
a complete and coordinated program of fire protection that
should include preplanned response and standard operat-
ing procedures in the form of an emergency response plan.

4-11.2 To derive the maximum benefit [rom the fire pro-
tection program, comprehensive training programs are
necessary for all personnel and agencics cxpected to partid-
patc in fire-fighting operations and hazardous materials
emergencies. Such a program should involve a competent
supervisory saff experienced in firc-fighting techniques and
hazardous materials cmergencics.
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4-11.3 Emergency procedurcs and devclopment of emer-
gency response plans arc addressed in Chapter 9.

4-12 Alternative Fuels.

4-12.1 Thc majority of the vehicles currendy in the U.S.
wraffic population are fueled by either gasoline or dicsel fuel.
Vehicles powered by alternative fuels have been introduced,
but, at this time, the portion of the vehicle population pow-
cred by alternative fuels remains too small to impact the nor-
mal ventilation of tunnels; however, there can be an impact
on the emcrgency ventilation. (See Appendix F.)

4-12.2 Mitgation Measures. As the use of alternative
fuels in road vehicles has gradually increased, each tunnel
operating agency has dealt with the issue of whether to allow
vehicles through the tunncls for which it is responsible. Most
tunnel agencies throughout the world do allow the passage
of alternative fuel vehicles.

The mitigation mcasures that can be taken by the tunnel
designer relate primarily to the ventiladon system, which, in
most circurnstances, can provide sufficient air to dilute the
fuel below any troublesome levels adequately. It might be
necessary to establish a minimum lcvel of ventlaton to
provide this dilution under all circumstances. The other
measure to be taken is to reduce or eliminatc any irregular
surfaces of the tunnel ceiling or structure where a pocket of
gas could collect and remain undiluted, thus posing a poten-
tial explosive hazard.

4-13 Safeguards During Construction. During the course
of construction or major modification of any structure, the
provisions of NFPA 241, Standard for Safeguarding Construc-
tion, Alteration, and Demolition Operations, should apply.

Exception:  Where specifically addressed in this rscommended
practice.

4-13.1 Temporary Firc Detection and Alarm System. A
temporary fire detection and alarm system should be
installed and maintained during construction. The system
should consist of heat detectors; manual pull stations spaced
not more than 200 & (60 m) apart; indicaden appliances
consisting of horn and light combination units spaced to
be clearly visible/heard in all arcas of constructon; a fire
alarm control panel: a backlighted graphic annunciator that
depicts (graphically) the entirc area under construction;
and an approved firc alarm master box connected to the
local authority having jurisdicdon. All system controls and
devices should be in compliance with NFPA 72, National Fire
Alarm Code.

Chapter 5 Air Right Structures

5-1 General. An air right structure imposes limitations on
the ability of a firc Sghter to fight a firc similar to those of a
tunnel, due to its limited access and restricted work space.

5-2 Detection and Alarm Transmission.

5-2.1 Wherethcair right structure approximates the phys-
ical characteristics of a tunnel, an alarm system similar to
that of a tunnel should be considered. (See Chapter 4.)

5.2.2 Truffic Control and Survcillance.

5-2.2.1 Where the air right structure approximates the
physical characteristics of a tunnel, a traffic control and sur-
veillance system should be considered. (See Chapter 4.)

5-2.2.2 A traific control system should be provided. It may
be permitted to be interlocked with the fire alarm system.
The system should be capable of operation from a rcmote
contral source or from either end of the roadway passing
under the air right structure. The traffic control system
should be designed for use by authorized persanncl only.

5-3 Fire Appararus, Equipment. Fire appararus responsi-
ble for air night structurc roadways are to be equipped to
deal with flammablc liquid and hazardous materials fires
and incidents effectively. They should be equipped to carry
foam, potassium-based dry chemical/aqucous Alm-forming
foam (AFFF), or similar systems and should be suited to the
unique characteristics of the structure. If the air right struc-
ture roadway approximates the physical characieristics of a
tunnel, fire apparatus similar to the type used for tunnels
should be used.

54 Fire Standpipe Systems and Water Supply Systems.
Standpipe systems for roadways within air right structures
should be designed and installed as a Class I system in accor-
dance with N¥PA 14, Standard for the Installation of Standpipe
and Fose Systems. (See Chapter 6.)

5-5 Portable Fire Extinguishers. Partable multipurpose
fire extinguishers, each with a minimum nominal 20-1b
(9-kg) capaciry, should be placed on both sides of the road-
way in well-marked, fush-wall cabinets at intervals of not
more than 300 ft (30 m). Consideration should-be given to
incorporating removal detecdon of an extinguisher into the
alarm system.

5-6 Emergency Ventilation. Emergency ventlztion is
addressed in Chapter 7. .

5-7 Drainage System. A drainage system designed in
accordance with Secdon 4-9 should be provided for road-
ways beneath air right structures.

5-8 Control of Hazardous Materials. Contral of hazard-
ous materials is addressed in Chapter 10.

5.9 Structural Factors.

5-9.1 All structural elements that support buildings over
roadways or provide separation betwcen the-buildings and
roadways, or both, should have a 4-hour fire rcsistance rat-
ing in accordance with ASTM E 119, Standard Test Methods
for Fire Tests of Building Construction and Materials.
Exception: Buildings with a fire resistance raling greater than
4 hours. ;

5-9.2 Structural members should be protected from physi-
cal damage from vehicle-bascd accidents. An inspection and
repair program should be kept in force to monitor and
maintain the protecton of the structure.

5-9.3 Structural support elements on centerlines of road-
ways should not be permitted.

5-9.4 Buildings above roadways should be dcsigned with
consideration for the fact that the roadway below the air
right siructure is a potential source of heat, smoke, and taxic
gases. The structural elements should be designed in such a
way as to shicld the air right buildings from these potential
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hazards. The design of the building should neither increase
nor create any risk to those using the roadway below.

5-10 Emergency Planning.

5-10.1 Itisimportantthat a designated authority carry out
a complcte and coordinated program of firc protection that
includes written preplanned response and standard operat-
ing procedures.

5-10.2 To derive the maximum benefit from the fire pro-
tection program, joint comprehensive training exercises are
necessary for all peryonnel and agencics expected to partci-
patc in fire-fighting operations and hazardous materials
emergencies. The training program should involve a com-
petent supcrvisory staff experienced in fire-Gghting tech-
niques and hazardous materials emergencies.

5-10.3 LCEmecrgency procedures and development of emer-
gency response plans are addressed in Chapter 9.

Chapter 6 Fire Standpipe and Water Supply

6-1 Standpipe Systems.

6-1.1 Standpipe systems for tunncls, bridges, and elevated
and limitcd access roadways should be designed and
installed as Class I systems in accordance with NFPA 14,
Standurd for the Installation of Standpipe and Hosa Systems.

6-1.2 Suandpipe systems should be permitted (o be cither
wet or dry, depending upon climatic conditions, fill times, or
the requirements of the authority having jurisdiction, or any
combination thereaf.

6-1.3 Wherc wet standpipe systems are requircd in areas
subject to freezing conditions, thc water should be heated
and circulated, and all piping and fittings exposed to such
condiuons should be heat-traced and insulated.

6-1.4 Wet standpipe systems should be provided with suit-
able interconnection and bypass valve arrangements to allow
isolation and repair of any segment without impairment to
the operation of the remainder of the system.

6-1.5 Dry standpipe systems should be désigned to ensure
that the delivery time of water to any hose connection on the
system is Jess than 10 minutes. Dry standpipe systems should
have provisions for complete draining aftcr use. Combina-
tion air relief/vacuum valves should be installed at each high
pointon the system.

6-1.6 Dry standpipes should be installed in a manner that
provides accessibility for inspcction and repair and should
be protected from damage by moving vehicles.

6-2 Design Capacity.

6-2.1 Standpipe systems should be designed to provide a
minimum water supply of 250 gpm (16 L/s) at 100 psi
(690 kPa) residual at the most remote hose connecdon with
a minimum of two hose connections flowing for a total flow
of 500 gpm (32 LVs) at 65 psi (450 kPa) residual.

6-2.2 Maximum residual pressurc at any hose connection
should be limited to 175 psi (1207 kPa) by means of an
approved pressurc regulating device.
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6-3 Water Supply.

6-8.1 Wet standpipe systems (automatic or scmiautomatic)
should be connected to an approved water supply capable of
supplying the sysccm demand for a minimum of 1 hour.

6-3.2 Dry standpipe systems should have an approved
water supply capable of supplying the system demand fora
minimum of 1 hour and accessible to a fire depart-
ment pumper wichin 100 ft (30 m) of each fire department
connection.

6-3.3 Acceptabl: water supplies include the following:

(a) Municipal or privately owned waterworks systems
having adcquate pressure and flow ratc and a lcvel of integ-
rity acceptable to the authority having jurisdiction; ’

(b) Automatic or manually controlled fire pumps con-
nccted to an approved water source;

(c) Prcssure-rype or gravity-type storage tanks installed in
accordance with NFPA 22, Standard for Water Tanks for Pri-
vate Fire Prolection.

6-4 Fire Departraent Connections.

6-4.1 Fire decpartment conncctions should be of the
thrcaded two-way or three-way type or should consist of one
4-in. quick-connect coupling located at ground surface level
and accessible to a fire department pumpcr.

6-4.2 Each standpipe 20ne should have a minimum of two
tire department connections located remotely from cach
other. -

6-4.3 Firc department connections should be protected
from vehicular damage by mcans of bollards or other suit-
able barricrs.

6-4.4 Wherever possible, fire department connection loca-
tions should be coordinated with emergency access/egress
locations.

6-5 Hose Connections.

6-5.1 Hose connections should be spaced so that no loca-
tion on the prot:cted roadway is more than 150 ft (45 m)
from the hose connection. Hose connection spadng should
not exceed 275 ft (85 m). Hose connections should be
located so thac they are conspicuous and convenient yet
reasgnably protucted from damage by errant vehicles or
vandals.

6-5.2 Hose connections should have 2Ye-in. (63.5-mm)
external threads in conformance with NFPA 1963, Standard
JSor Fire Hose Connections, and the authority having jurisdic-
tion. Hose connections should be equipped with caps to pro-
tect hose threads.

6-6 Fire Pumps. Fire pumps should be supplied as neces-
sary and should be installed in accordance with NFPA 20,
Standard for the Installation of Centrifugal Fire Pumps.

6-7 ldentification Signage.

6-7.1 ldentification signage for standpipe systems and
components should be developed with input from the
authority having jurisdiction. Identification signage should,
asa n;inimum. identify the namc and limits of the roadway
served,
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6-7.2 [ldentification signage should be conspicuous
and affixed to. or immediately adjacent to, ground surfacc
level fire department connections and each roadway hose
conncction.

6-8 Standpipe Installation in Tunnels Under Construction.

6-B.1 A standpipe system, either temporary or pcrmanent
in nature, should be instalicd in tunnels under construction
before the tunnel has excecded a length of 200 ft (60 m)
beyond any access shaft and should be extendcd as tunnel
work progresses.

6-8.2 Tcmporary siandpipes, which can bc used by
contractors to furnish water for consirucrion purposes,
should be cquipped with hose outlets and valves with 2Y/2-in.
(63.5-mm) hose thread conforming to NFPA 1963, Standard
for Fire Flose Connections, and can have suitable reducers or
adapters attached for connection of contractar's hose. Such
reducers or adapters should be readily rempvable using the
fire fighter's hose spanner wrenches.

6-8.3 Pcrmanent standpipes or temporary standpipcs
installed in tunncls during construction should be provided
with risers to approved fire department connections at
ground surfacc level.

6-8.4 Permanent or temporary standpipes installed during
the construction phase should be supporred securely and
adequately and should be of sufficient strength to withstand
the pressure and thrust forces to which they are subjected.

6-8.5 Temporary standpipes should remain in service
until the permanent standpipe installation is complete.

Chapter 7 Emergency Tunnel Ventilation

7-1 General. Ventilation systems and procedures should
be developed to allow maximum utlization of the tunnel
ventilation system for the removal and control of smoke dur-
ing fires. The ventilation equipment should be heat resistant
s0 it is capable of operating even under sustained fire expo-
sure temperaturcs. The design of the ventilation system
should provide for excess ventilation to accomplish this pur-
pose. The vendlation proccdurces should be designed to
assist in the evacuation of motorists from the tunnel.

7-2 Design. The design objectives of the cmergency venti-
lation system should be as follows:

(2) To provide a stream of noncontaminated air to pas-
sengers in a path of egress away [rom a fire (yee Appendix C);

(b) To produce airflow rates to prevent backlayering of
smoke in a path of cgress away from a fire;

(c) To limit the air tcmperaturc in a path of egress away
from fire to 140°F (60°C) or less;

(d) To provide excess ventilation capabilities to achicve
the temperature limitation specified in Section 7-2(c);

(c) To prevent or minimize adverse cffects on air right
structurcs and their occupants trom fire products such as
heat, smoke, and toxic gases.

7-3 Memorial Tunnel Fire Ventilation Test Program.
The Memorial Tunnel Fire Ventilation Test Program is a
full-scale test program conducted under the auspices of the
United Sutes Federal Highway Administration (FHWA) o

evaluatc the effectivencss ot various tunnel ventlation sys-
tems and vendlation airflow rates to control the smoke from
a Bre. The results of this program can have an impact on the
design criteria for highway tunnel emergency ventilation,
(See Appendix G.)

74 Criteria. The design heat release rate produced by a
vchicle should be used to design the emergency vendlation
system.

7-5 Fans. Ventilation fans used for emergency service,
their motors, and all related components exposcd to the
ventilatian airflow should be designed to operate in an ambi-
ent aumosphere of 482°F (250°C) [or at least 1 hour.

7-5.1 Tans should be fixed or variable speed type driven by
single speed, multiple fixed speed, or variable frequency
drive motors. They should be permitted to be reversible and
should be both locally and remotely controlled, as approved.
They should be connected to two powcr foeders derived
from two separate sources. Power [eeders from a udlity fur-
nishing power for fans should be isolated {rom each other
and should originate from separatc and distinct utlity
sourccs Lo the extent possible.

7-5.2 Remote control operaton of the tunnel ventilation
fans at an approved location accessible to authorized fire and
emergency personnel should be provided.

7-5.3 local fan motor starters and related operating con-
trol devices should be located away from the direct airstream
of the fans to the greatest extent practical.

7-5.4 Discharge/outlet openings for cmergency fans
should be positioned 2 sufficient distance from supply air
intake apenings to prevent recirculation. If this is not possi-
ble due to area constraints, intake openings then should be
protected by other approved means or devices to prevent
smoke from reentering the system.

7-55 Operation and hil-safe verification of proper opera-
tion of ¢mergency fans should be cffccted from a remote
loation with indication provided for all modes of operation
for cach fan. as well as from a local control isolated from the
direct airstream of the fans. Thermal overload protective
devices should not be located on motor controls of fans ded-
icated sulely to emergency ventlation. Local controls should
allow overriding of the remote control. Local control should
be capable of operating the fans in all modes in the event the
remote controls become inoperable.

7.6 Controls — Fire Detection and Alarm System Opera-
tian. A fre-fighter fan control override control station
should be provided to give full control of the running speed
of all tunnel fans to the local authority having jurisdiction.
Thelocation and marking of the fan override control station
should be determined by the authority having jurisdiction.

Chapter 8 Electrical Systen;s

8-1 General.

8-1.1 The electrical systems should support personnel life
safety, cmergency operauons, and normal operations.

8-1.2 ‘The systems should maintain illumination, commu-
nicaions, and vendlation, identify areas of refuge/exit and

1996 Edttion
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exit routes, and provide remote annunciation/alarm and
drainage under all operating and emergency modes associ-
ated with the roadway.

8-2 Wiring. All wiring materials and installation should
conform to NFPA 70, National Electrical Code, as modified in
this recommended practice.

8.3 Materials.

8-3.1 Materials manufactured for use as conduits, race-
ways, ducts, cabinets, and equipment enclosures and their
surface finish materials, as installed, should be capable of
being subjected to temperatures up to 600°F (316°C) for
1 hour and should not support combustion under the same
temperature condition.

8-3.2 The systems should not use materials within thc con-
fincd spaces of limited access roadways that produce toxic
by-products during electric circuit failure or when subjected
to an external firc. PVC conduit and vinyl- (PVC) insulated/
jacketed conductors or cables should not be used in tunnels,
plenums, or endosed spaces.

8-3.3 All insuladons should conform to N¥PA 70, National
Electricul Cuds, and should be of the moisture- and heat-
resistant types with temperature ratings corresponding to
the conditions of applicaton.

8-3.4 Al conductors should be completely enclosed in
armor sheaths, conduits, or cnclosed raceways, boxes, and
cabincts. Conductors in a raceway can be embedded in con-
crete or run in protected electrical duce banks, but they
should not be installed in an exposcd manner or surface
mounted in aiv plenums that could carry air at the elevated
temperatures accompanying fire emergency conditions.

8-4 Power Source. The power source for all systems
should be of a capacity and configuration commensurate
with the purpose of the system. The following systems
should be provided with emergency power:

(@) Emergency ligl.\ting;

(b) Mcans of egressirefuge lighting;

(¢) Exitsigns;

(d) Communications as defined herein;
(e) Tunnel drainage and firc pump(s).

Consideration should be given to providing emergency
power to suppoit ventlation of tunncls where such tunnels
arc necded to support the passage of vehicles during loss of
normal power.

The recommendations for emergency sources should be
as defined in NFPA 70, National Electrica! Code. In addition,
the normal and emergency source should be wired to system
cquipment so that a single event or fire minimizes the affect an
the operation of the overall system. (It is cxpected that the
operadons of all systems within the vicinity of a fire will fail.
This provision is intended to limit the area of this failure.)

8-5 Reliability. The primary source of electric service
should be from the local electric udility.

Exception: A separate service may be permitted lo be an emergency
source, provided it can be demonsirated that a single event within the
utility system cannot affect both the primary and emergency source.

8-6 Standby System. It should be recognized that normal
service within the utility system affects one source at a time.
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It is not the intent of the emergency recommendaton to
address an cvent within the roadway while one source is not
available. However, an additional source supportng sclect
systems can be permitted to be provided near the roadway
system (0 maintain operatons.

8-7 Lighting.

8-7.1 Roadway illuminadon should meet the requirements
of ANSI/IES RP-8, American National Standard Practice for
Roadway Lighting, and ANSI/IES RP-22, American National
Standard Practice for Tunnel Lighting. In additon, means of
egress, exits, and emergency lighting should be in accor-
dance with NFPA 1019, Life Safety Code®. Emergency tunnel
lighting illumination levels should not be less than 0.2.foot-
candles {0.22 lux] (minimum average) throughout person-
nel cgress paths.

8.7.2 There are several issues that are related to the avail-
ablc cquipment and features of a limited access roadway.
The most significant is the emergency response agency(ies).
In rural areas wherc response units are often made up of
volunteers, longer response times can be expected. Under
these conditions, sclf-rescue should be considered. Lighdag
of special features (such as fire pull stations, extinguishers,
and tclephones) and special feature instructional signagc
should be provided with emergency lighting.

8-8 Life Safery During Construction. The construction or
renovation of a tunnel or other below grade roadway should
include the basic worker safety provisions of OSHA 29 Code
of Federal Regularions, 1910S, "Underground Construction,
Caisson, and Compressed Air,” and OSHA 29 Code of Federal
Regulations, 19108, “Electrical. Safcty-Related Work Prac-
tices.” In addition, systems should be installed that support
the construction opcrations in a safe manner. The method
of lighting, heating, ventilation, and drainagec should sup-
port the expected number of construction personnel and
consider the equipment, the task, and thc duration of the
work. The primary underground power source should be
electric. Electric power distribudon should be configured so
that system failure or an emergency condition allows for the
safe cvacuation of the facility. ;

Chapter 3 Emergency Procedures

9.1 General. The agency that is responsiblc for the safe
and cfficicnt operation of the facility should anticipate and
plan for emergencies that could involve the system. Partici-
pating agencies should be invited and should assist with the
preparation of the emergency procedurc plan. )

9.2 Emergencies. The following types of emergendes
should be considered cause for invoking the emergency pro-
cedure plan: it }
(2) Fire or asmoke condition in a vehicle or in the facilivy;
(b) Fire or a smoke condition adjoining or adjacent to the
fadlity;
(c) Collision involving one or more vehicles;

(d) Loss of electric power resulting in loss of llumination
and ventilation; ) ;

(e} Evacuation of motorists from vehicles under adverse
conditions where they need assistance;

(f) Panic of motorists; :
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(g) Disabled vehicles under adverse conditions;

(h) Serious flooding condition duc to watcr main break.
heavy rain, poor drainage, loss of electric power, or failure
of pumping equipment;

(i) Structural collapse or imminent collapse that threatens
safety:

(§) Sccpage and spillage of petroleum products or flam-
mable, toxic, or irritating vapors;

(k) Serious vandalism or other criminal acts, such as a
bomb threat;

(I} First aid or medical attention needed by motorists;

(m) Extreme weather conditions, such as hcavy snow,
rain, high winds, high heat. low temperatures, or sleet and
ice conditions, causing disruption of operation;

(n) Earthquake.

9-3 Emergency Response Plan.

9-3.1 The emergency response plan should indude. but
should not be limited to, the following:

(a) Name of plan;

(b) Name of responsible agency;

(c) Dates adopted, reviewed, and revised;

(d) Policy, purpose, scope, and definitions;

(e) Parucipating agencies, top officials, and signatures of
executives signing for cach agency;

(f) Safery during emergency operations;

(g) Purpose and operaton of central supervising station
and alternate central supervising station;

(h) Purpose and operation of command post and auxil-
iary command post;

(l) Communications: radio, tclcphone and messenger
service available at central supervising station and command
post; also, cflident operation of these faclites;

() Firc detcction, fire protection, firc extinguishing
equipment, and access/egress and vendlation fadlites avail-
able; details of the type, amount, location, and method of
utilization;

(k) Procedures for fire emergencies; various types of

firc emcrgencics, agency in command, and procedures to
follow;

(1) Maps and plans of the roadway system and of all sur-
face and connecung strects;

(m) Any additonal information and daca that the partci-
pating agencies desire to have in the plan.

9-8.2 A sample emergency response plan outline is pro-

vided in Appendix E.

9-4 Participating Agencies. Participating agencies that
should be summoned by operators to cooperate and assist,
depending upon the nature of an emergency, indude:

(2) Ambulance service;

(b) Building dcpartment;

(c) Fire department;

(d) Medical service;

(c) Police department;

(f) Public warks, bridges, streets, sewers;

(g) Sanitation department;

(h) Utility companies (c.g.. gas, electricity, telephone,
steam); o

(i) Water supply;

(j) Local transportation companics.

The agencies and names will vary depending upon the
governmental structure and laws of the community.

9-5 Central Supervising Station. [ the facility has a cen-
tral supervising station (CSS) for the opcradon and supervi-
sion of the facility, 9-5.1 through 9-5.7 should apply.

9-5.1 The CSS should be staffed by trained and qualified
personnel and should be provided with the essential appara-
tus and cquipment 10 communicate with, supervise, and
coordinate all personncl.

9-5.2 The CSS should provide the capability to communi-
cate rapidly with partiapating agendies. Agendes such as
fire, police, ambulance, and medical service should have
direct telephone lines or designated welephone numbers
used for emergencies involving the fadlity.

9.5.3 Kquipment should be available and used for record-
ing radio and telephone communications and CCTV trans-
missions during an emergency.

9.5.4 (SS personnel should be thoroughly familiar with
the emstgency proccdurc plan and irained to employ it
effectively.

9-5.5 An alternate site(s) that can function efficiently dur-
ing an emergency in the event the CSS is out of service for
any reason should be selected and equipped, or equipment
should be readily available.

9-5.6 The CSS should belocated in anarea separazed from
other oc cupancies by construction having a 2-hour fire resis-
tance rating. The area should be used for the CSS and simi-
lar acdvitics and should not be jeopardized by ad_)oxnmg or
adjacent occupancies.

9-5.7 The CSS should be protected by fire detection, pro-
tection, and extinguishing equipment to provide early
detection and extinguishment of any fire in the CSS.

9-6 Lisison. oo

9-6.1 An up-to-date list of all liaison personnel from partic-
ipating agencies should be maintained by the operating
agency and should be part of the emergency procedure
plan.

The list should include the full name, tite, agency, busi-
ness telcphone number(s), and home telcphone number of
the primary liaison as well as an alternate.

9-6.2 The list should be reviewed at least-once every
3 months to verify the ability to contact theliaison without
delay.

- 9.7 Command Post

9-7.1 During an emergency where it is necessary to invoke
the emergency procedure plan, a command post should be
established by the person in command for the supervision
and coordination of all personnel, equipment, and resources
at the scene of the emergency.
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9.7.2 The emergcncy procedure plan should delineate
clearly the authority or participating agency that is in com-
mand and responsible for supervision, correction, or allevi-
ation of the emergency.

9-7.3 The command post should be located at a site conve-
nicnt for responding personnel, easily idenuifiable, and suit-
able for supervising, coordinating, and communicating with
partcipatng agencies.

9-7.4 Fach partcipating agency should assign a liaison to
the command post.

9-7.5 Lfective use should be made of radio. tclephone,
and messenger service to communicate with participating
agencices.

9-7.6 To identify the command post easily during day or
night and under bad weather conditions, designated mark-
crs should be employed. The emergency procedurc plan
should prescribe the specific identification markers to be
used for the command post and its assigned personnel.

9-8 Auxiliary Command Post.

9-8.1 Where it is nccessary for an emergency opcration to
use an auxiliary command post because of the extent of the
operation, the person in command should establish an aux-
iliary command post(s) that can function as a subordinate
control point.

9-8.2 Where authorized, a participating agency (not in
command) should establish an auxiliary command post to
assist with the supervision and coordination of its personnel
and equipment,

9-9 Training, Exercises, Drills, and Critiques.

99.1 Operating agency and participating agency person-
nel should be trained 10 function efficiendy during an cmer-
gency. They should be thoroughly familiar with all aspects of
the emergency procedure plan.

9-9.2 Exercises and drills should be conducted ac least
twice per ycar to prepare the authority and particpating
agency personnel for emcrgendes. Critiques should be held
after the exercises, drills, and actual emergendies.

9-10 Records. Written records and telephone, radio, and
CCTV recordings should be kept at the CSS, and written
records should be kept at the command post and auxiliary
command post(s) during firc cmergencies, exercises, and
drills.

Chapter 10 Control of Hazardous Materials

10-1 Geoceral. The facility opcrating agency should adopt
rules and regulations applicable to the transportation of haz-
ardous materials. A program should be maintained for
enforcing these regulations. In developing such reguladions,
consideration should bc given to the following:

(a) The availability of a suitable alternative route(s) mect-
ing federal requirements as prescribed in Title 49, Code of
Federal Regulations, 177.825, “Routing and Training
Requirements for Class 7 (Radioactive) Materialy,” and Tide
49, Code of Federal Regulations, Part 397, Subpart C, “Routing
of Non-Radioactive Hazardous Materials.”
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(b) Tirle 49, Department of Transportation, Code of Fed-
eral Regulations, Subtitle B, Parts 100 to 199: -

(¢) The firc and accident cxperience of other similar
facilities;

(d) Past fire and accident experience on the facility and
adjacent roads, or, in the casc of a new [acility, the past fire
and accident expericnce on roads in the area;

(e) Antdpated traffic volumes in peak and off-peak periods;

(f) The need [or inspection of vehicles and cargo and the
availability of a sale place to conduct inspections with a min-
imum of traflic interfcrence;

(g)- The need and desirability of escart service with due
consideraton of the extent to which it could disrupt the
orderly flow of wraffic and create additional hazards;

(h) A plan developed by an operating agency in a dense
urban area is refcrenced in Appendix H. This might not be
suitable for all such facilides.

Chapter 11 Referenced Publications

11-1 The following documents or portions thereof are ref-
crenced within this recommended practice and should be
considered part of the recommendations of this document.
The edition ind:cated for each reference is the current edi-
tion as of the date of the NFPA issuance of this document.

11-1.1 NFPA Publications. Nadonal Fire Protection Asso-
ciation, 1 Batterymarch Park, P.O. Bax 9101, Quincy. MA
02269-9101.

NFPA 10, Standard for Portable Fire Extmguishers, 1994 editon.

NFPA 14, Standard for the Installation of Standpipe and Hose
Systems, 1996 cdition,

NFPA" 20, Sundard for the Installation of Centrifugal Fire
Pumps, 1996 cdiuon.

NFPA 22, Stundard for Water Tanks for Privaia Fire Protac-
tion, 1996 edidon.

NFPA 30, Flammable and Combustible Liquids Code, 1996
cdition.

NFPA 304, .4utomotive and Marine Service Station Code,
1996 edition.

NFPA 70, National Electrical Code, 1996 cdition.
NFPA 72, National Fire Alarm Code, 1996 edition.
NFPA 101, Life Safety Code, 1994 edition.

NFPA 241, Standard for Safeguarding Construction, Alter-
ation, and Demolition Operations, 1996 edition.

NTFPA 1963, Standard for Fire Hase Connactions, 1993 edition.

11.1.2 Other Publications.

11-1.2.1 ASHRAE Publication. Amcrican Society of Heat-
ing, Refrigcrating and Air Conditioning Engineers, Inc.,
1725 Tullie Circle. Atanta, GA 30329.

ASHRAE Handbook — Applications, 1995 cdition.

11-1.2.2 ASTM Publicadons. American Society for Testing
and Materials, 1916 Race Street. Philadclphia, PA 19103.

ASTME 119, Standard Test Methads for Fire Tests of Building
Consiruction und Materals, A-1995.
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ASTM E 136, Standard Test Method for Behavior of Materials
in a Vertical Tube Furnace at 750 Degrees C, A-1994.

11-1.2.3 IES Publicadons. Illuminating Enginecring
Society, 345 East 47th Streer, New York, NY 10017.

ANSUIES RP-8, American National Standard Practice for
Roadway Lighting, 1983.

ANSI/IES RP-22, American National Standard Practice for
Tunnel Lighting, 1987.

11-1.2.4 U.S. Government Publications. Superintendent
of Documents, U.S. Government Printing Office, Washing-
ton, DC 20401.

Tide 29, Code of Federal Regulations, Subtide B, Chapter
XVII, Part 1910, Subpart S, “Underground Construction,
Caissons, and Compressed Air,” 1994,

Tide 29, Code of Federal Regulations, Subtide B, Chapter
XVII, Part 1910, Subpart S, "Electrical,” 1994.

Tide 49. Department of Transportaden, Code of Federal
Regularions, 177.810, "'Vchicle Tunnels.”

Tide 49, Department of Transportation, Code of Federal
Regulations, 177.825, “Routing and Training Requircments
for Class 7 (Radioactivc) Materials.”

Title 49, Department of Transportation, Code of Federal
Regulations, Part 397, Subpart C, “Routing of Non-
Radioactive Hazaxdous Matenals.”

Titlc 49, Department of Transportation, Code of Federal
Regulations, Part 397, Subpart D. “Routing of Class 7 (Radio-
acuvc) Materials.” . =

Tide 49, Department of Transportation, Cude of Frdeml
Regulations, Part 397, Subpart E, “Preemption Procedures.”

Tide 49, Department of Traasportation, Code of Federal
Regulations, Subtitle B, Parts 100 to 199.

“Guidelines for Applying Criteria to Designate Routes for
Transporting Hazardous Matcrials,” DOT/RSPA/OHMT-
§9-02-1989.

"Guidclincs for Selecting Preferred Highway Routes for
Highway Route-Controlled Quantity Shipments of Radioac-
tive Matcrials.”

US DOT, Federal Highway Administradon, Pub # FHWA-
SA-94-083. Available through National Technology, Septem.
ber 1, 1994, Informaton Scrvice, Springficld, VA 21661

11-1.2.5 MUTCD. Manual on Uniform Traffic Control
Dewices for Streets and IHighways.

Appendix A Explanatory Material

This Appandix is not @ part of the recommendations of this NFPA ducu-~
ment bus is included for informational purpases anly.
A-1-12.1 See ASTM E 380, Standurd Practice for Use of the [nier-
national System of Units (SI) (the Modernized Metric System), and
ANSITEEE 268, Americen Nativned Stumdard for Metric Practice.

A-1-13 Approved. Thc Nadonal Fire Protection Associaton
does not approve, inspect, or certify any installations, proce-
dures, equipment, or matcrials; nor does it approve or evalu-
atctesting laboratories. In determining the acceprahility of
installatons. proccdures, equipment, or materials, the author-
ity having jurisdiction may basc acceptance on compliance with
NFPA or other appropriate standards. In the absence of such
standards, said authority may require evidence of proper
installadon, procedure, or use. The authority having jurisdic-
ton may also refer to the listings or labcling practices of an

organizaton concerned with product evaluations that is in a
position t determine compliance with appropriate standards
for the current production of listed items.

A-1-13 Authority Having Jurisdiction. The phrase
“authority having jurisdiction” is used in NFPA documents
ina broad manner, since jurisdictions and approval agencies
vary, as clo their responsibilitics. Where public safety is pri-
mary, the authority having jurisdicdon may be a federal,
state, local, or other regional department or individual such
as 4 fire chief; fire marshal: chicf of a fire prevention bureau,
labor department, or health department; building offical;
clectrical inspector; or others having statutory authority. For
insurancz purposcs. an insurance inspection department,
ratng buvean, or other insurance company rcpresentative
may be the authority having jurisdiction. In many dcrcum-
stanccs, the property owner or his or her designated dgent
assumes the role of the authority having jurisdicdon; at gov-
crnment installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A-1-13 Listed. The means for identifying listed equip-
ment may vary for cach organization concerned with prod-
uct evaluation, some of which do not recognize equipment
as listed unless it is also labeled. The authoricy having juris-
diction should utilize the system employed by the listing
organization io identify a listed product.

A-1-13 Point of Safety. The egress population to be
served should be determincd by engincering analysis.

A-24.2 Such procedures have the dual purposc of preventing
the involvement of additional vehicles in the original accident
and of slowing traffic during inclement weather conditions.

Appendix B Air Quality Criteria in Emergencies

This Appendix is not a part of the recommendations of this NFPA docui-
menl bul is inctuded for informational purpases only.

B-1 General.

B.1.1 Inthisappendix, criteria for the protection of the motor-
ist, employce, and fire fighter during emergency situations arc
provided. with regard t0 air quality, temperatures, and velociges.

B-1.2 o alarge extent, the quantitative aspects of the cri-
teria for emcrgency situations is arbitrary because there are
no universally accepted tolerance limits pertaining to air
quality, remperatures, and velodtics. In fact, tolerance limits
vary with age, health, weight, sex, and acclimatizaton. Most
of the studies on buman wlerance 1o adverse situadons have
dealt with cxposure tests on healthy, acclimated adults.
These individuals can survive in environments potcntally
harmful to thc lcss physically fit. Criteria should instead be
established based on the tolerances of higher risk groups:
infants, the aged, and those suffering from respiratory or
cardiac ailments. Litde information is available on the phys-
iological tolerance limits of people with health impediments,
especialty for short-term but intensc cxposures.

B-2 Emergency Air Quality Criteria.

B-2.1 During tunnel emergencies involving firc or genera-
ton of smoke, the products of combustion produce gascs
and acrosols, some of which are potentially toxic or incapac-
itating. The aerosols in smoke also tend to limit visibility. In
the event of fire, the intended purposc of all emergency ven-
tdlation equipment, therefore, is to provide control of smoke
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migration and an effective means to purge smoke and sup-
ply fresh air to motorists and fire dcpartment pcrsonnel
during cvacuation and early firc-fighting operations.

B-2.2 Since some cmergency situations could conceivably
occur where all motorists cannot be provided with fresh air
for the entdrc length of an ¢vacuadon route, criteria are
nceded to maintain air quality for those passengers. Such a
situation would exist, for example, where two fire incidents
have occurred in a tunncl. Because fresh air might come
from only one dircction, motorists positioncd between the
incidents could be exposed to air containing some combus-
tion products, while motorists located in arcas beyond either
incident receive fresh air. Sufficicat fresh air, however,
needs to be supplied to motorists downwind of a firc to
dilute adequately any harmful combustion product.

B-22.1 The usual way in which potentally harmful gases
or aerosols enter the human body is through the respiratory
tract. The physiological reactions of a person depend on the
contaminant and its concentration and cxposure timc and
will vary for cach person. A person’s reaction to potentially
harmful combusdon products is proportional 1o a character-
istic of the environment that is quantified by the
concentration-time product, CT.

B-2.2.2 During design, the ventilation cngineer does not
know how much of the smoke and combustion products will
bec made airborne or the exposure time of passengers in the
smoke. Thesc quantities depend on the nature of the cmer-
gency, the construction materials, and the tunnel's overall
emcrgency policies. Nevertheless, emergency ventilation
systems need to be sized, and somc guidance is provided by
approximating the concentration-time product, CT, for dif-
ferent airflow rates. (See Subway Environmental Design Hand-
book, Val. I, Principles and Applications.)

B-3 Emergency Air Temperature Criteria.

B-3.1 Itis anticipated that the 140°F (60°C) air tempcra-
ture will place a physiological burden on a few motorists, but
the exposure also is andcipated to be brief and to produce
no lasting harmful effects. Motarists should not be exposed
to maximum air tempcratures exceeding 140°F (60°C) dur-
ing emergencics. The heat released from a fire depends on
the type and amount of material burning as well as the rate
at which it burns. In a tunnel, thc materials capable of sup-
porting combustion are engine fuel, plastics, oil, wood,
paper, cardboard, and bituminous products.

B-3.2 Studies of the severity of tunnel fires with respect to
human environmental criteria demonsurate that the air tem-
peraturc in the absence of toxic smoke is a limiting criterion
for human survival.

B-4 Emergency Air Velocity Criteria. The purposc of
ventilation equipment in a tunnel emergency is to sweep out
heated air and to remove the smoke caused by any fire. In
essentially all emergency cases, protection of the motorists
and cmployees is enhanced by prampt activation of emer-
gency venalation procedurcs as planned in advance.

B-4.1 When emergency ventlation air is needed in evacu-
ation routes, it might be necessary to cxpose passengers to
air velocites higher than those permitted by normal nui-
sance considerations. The only upper limit to the ventilation
rate occurs when the air velocity becomes great enough to
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create a hazard to persons walking in that airstream. Accord-
ing to the descriptions of the effects of various air velocities
given in the Beaufort scale, motorists under cmergency con-
ditions can tolerate as much as 2200 fumin (11 m/s).

B-4.2 The minimum air velocity within the tunnel section
experiending the fire emergency should be sufficicnt to mit-
igate backlayering of the smoke (i.e., a flow of smoke in the
upper cross scction of the tunnel that is opposite in direction
to the forced ventiladon air).

B4.3 Increasing the airflow rate in the tunnel decrcases
the airborne concentration of potentially harmful chemical
compounds (refcrred to hercinafter by the general term
“smoke"). The decreasc in concentration is benefical to
thosc exposed to the compounds. However, a situation
could arise in which the smoke source is completely
removed and poses no threat of cxposure to passengers, and
actuating any fans would draw the smoke to the evacuation
routes. Under these conditions, the fans should not be acti-
vated until it is safe to do so. To make decisions under these
crcumstances, a rapid and thorough communication system
is nceded so that the responsible personnel can make judg-
ments bascd on information available that are consistent
with established emergency palicics.

B4.4 The effectiveness of an emergency vendladon system
in providing a sufficient quantity of noncontaminated air and
in minimizing the hazard of smoke backlayering in an evacua-
ton pathway is a function of the fire load. The fire load in a
tunnel results from the buming rate of a vehidle(s), which, in
turn, is a functon of the cambustible load in Bru of the vehicle.

Appendix C Critical Velocity Calculations

This Appendix is nut @ pan of the recommendations of this NFPA docu-
ment but is included for informational purposes only.

The simultaneous soludon of equations C-1 and C-2, by iter-
ation, determines the critical veloaty. The critical velocity is the
minimum steady-state velocity of the ventilation air moving
toward the firc that is necessary to prevent backlayering:

s 2 e
)T e

where:
A = Area perpendicular to the flow [/* (m™)].
C, = The specific heat of air [Btw/lb R (k]/kg K)].
g = The acceleration causcd by gravity [f/sec-sec
(m/s-s)].
H = The height of the duct or tunncl at the fire site [ft (m)].
Kl = 0.606.
_ = Grade factor (see chart below).
Q = The heat the firc is adding directly to the air at the fire
sitc [Bru/hr (MW)).
T = Thec wmperature of the approach air [°F (°C)].
T¢ = The average temperature of the fire site gases [°F (°C)).
V. = Cridcal valocity [f/min (mys)).

p = The average dcnsity of the approach (upstream) air
(/& (kg/m’)).
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Figure C-1 Grade factor for determining critical velocity.
Appendix D Fire Sprinklers in Highway Tunnels

This Appendix is not @ part of the recommendations of this NFPA docu-
menz bus is included for informational purpeses only.
D-1 General 'This appendix provides design consider-
atons for firc sprinklers in road tunnels.

D-1.1 Currcnty, the use of and effectiveness of fire sprin-
klers in vehicular roadway tunncls is not universally accepted.
Although it is acknowledged that sprinklers are highly
regarded by fire protection profcssionals and fire departments
in certain rypes of structures, there is much evidence to suggest
that sprinklers are not only incffective in conwolling a fuel fire
but can actually conmibute to the spread or severity of the fire,
Furthermore, it is felt that vehicular tannel conditions cannot
exploit sprinkler systern swengths and could turn most of their
advantagcs into disadvantages.

D-1.2 The major concerns expressed by tunnel authorities
regarding fire sprinklcr use and effectivencss include the
following:

(a) Typical fires usually occur under vehicles or inside
passenger or engine comparuncnts designed to be water-
proof from above; therefore, overhead sprinklers would
have no extnguishing cffect

(b) A thin water spray on a very hot fire, if any delay
occurs between ignition and sprinkier activation, will pro-
duce large quanuties of superheated steam without materi-
ally suppressing the fire. This steam has the potential to be
more damaging than smoke.

(¢) Tunnels are very long and narrow, often sloped later-
ally and longitudinally, vigorously ventilated, and never sub-
divided, so heat normally will not be localized over a fire.

(d) Because of stratification of the hot gases plume along the
wnnel ceiling, 2 number of the actvated sprinklers would not,
in all probability, be located over the fire. A large number of
the activated sprinklers would be located away from the fire
scene, producing a cooling efect that would tend to draw this
stratified layer of smake down toward the roadway level.

(¢) Evena light spray from sprinklers would catch motor-
ists unaware and would be in excess of that which windshield
wipers could clcar (cven if they were on), possibly causing
the roadway to become dangerously slippery.

(f) Water squirting from the ceiling of a subaqueous tunncl
could suggest tunnel failure and induce panic in motorists.

(g) The use of sprinklers could cause the delamination of the
smoke layer and induce rurbulence and mixing of the air and
smoke, thus threatening the safety of persons in the tunnel.

(h) Testing ofa fire sprinkler system on a‘periodic basis to
dctermine its statc of readiness is impractical and costly.

D-1.3 Because of the concerns detailed in D-1.2, the usc of
sprinklers in highway tunncls generally is not recom-
mended. However, three recentdy commissioned U.S. vehic-
ular tunnels have been cquipped with sprinkler systems: the
Central Artery North Area (CANA) Route 1 tunnels in Bos-
ton, MA, and the [-90 First Hill Mercer Island and Mt
Baker Ridgc tunnels in Seatde. WA. The decision to provide
sprinklers in these tunnels was motivated solcly by the fact
that these tunnels will be opcrated to allow the unescorted
passage of vehicles carrying/hauling hazardous cargo.

D-2 Application. The installation of sprinkler systems
should be considered applicable only where the passage of
hazardous cargo is considered. Howcver, even in these
cases, the tunnel operator and the local fire deparumncent or
authority having jurisdiction should consider the advan-
tiges and disadvanwuges of such sysiems as they apply to a
particular tunnel installation.

D-3 Exiinguishing Agent. AFTF (aqueous film-forming
foam) systems should be considered for in-tunnel sprinkler
systems in licu of watcr-only systems. Water-only sprinkler
systems pose significant concerns where applied to roadway
tunnels, The high water demand rate needs to be available
from the local supply, and in-tunnel drainage piping, stor-
age, and pumping systems all become much larger. Addi-
donally, after deluge, the possibility of vapor explosion is
dangerously increascd. The sirong cooling effect of a water-
only system reduces the ahility of the smake to stratify at the
ceiling, where it can be contained more easily by the tunnel
ventilation system. and instcad causes the smoke to spread
over the cross section of the incident area.

D4 Sprinkler System. To help ensure against acddental
discharge, the sprinkler system should be designed as a
manually activated deluge system. The sprinkler system
piping should be arranged using interval 2oning so that the
discharge can be focused on the area of incident without
necessitating discharge for the entire leagth of the tunnel.
Each zone should be equipped with its own proportioning
valve set to control the appropriate water/foam mixture per-
centage. Sprinkler heads should provide an open deluge
and be spaced so that coverage extends to roadway shoulders
and, if applicable, maintenance/pamrol walkways. The system
should be designed with enough water and foam capadity to
allow operaton of at least two zones adjacent to the incident
zonc if the fire occurs in a “border” area. Zonc length should
be based on activation time as determined by the authorites
having jurisdiction. Piping should be designed to allow drain-
age through hcads after flow is stopped. ]

D-5 System Control. It can be assumed that a full-lime,
attended control room is available for any tunnel fadlity in
which safe passage necessitates the need for sprinkler system
protection. Therefore, consideration should be given to
human interaction in the sprinkler system coatrol and acti-
vation design to ensurc against false alarm and accidental
discharge. Any automatic mode of operation should include
a discharge delay to allow incident verification and assess-
ment of in-tunnel conditions by trained opcrators.

An integrated graphic display of the sprinkler system zones,
fire detection system zones, tunnel ventilation system limits,
and emergency access and egress locations should be provided
at the control room to allow tunnel opcrators and responding
cmergency personnel to make initial response dedisions.
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Appendix E Emergency Response Plan Outline

This Appendix is not a part of tha recommendations of this NFPA ducu-
ment but 15 mcluded for infor al purpuses only.

1 Gencral.
E-1.) Purpose.
E-1.2  Background. .
E-2 Emergency Response Plan,
F-2.1  General
E-22  Elements of the Plan,
F-2.2.1 Central Supervising Station (CSS).
E-2.2.2 Alicrnate CSS.
E-2.2.3 IncidentActivity Idcntification Systems.
E-2.2.4 Emecrgency Command Posts.
E-2.3  Operadonal Consideratians.
E-2.4  Types of Incidents.
E-2.5  Possiblc Locations of Incidents.
E-2.6  Inddents on Approach Roadways.
E-2.7  Inddents within Tunncl or Faaility.
3 Coordination with Other Responsible Agencies.
3.1  Firc Fightng Operational Procedures.
[-3.2  Traflic Management.
3.3 Mcdical Evacuation Plan.
3.4  Emergency Alert Notification Plan.

Appendix F Alternative Fuels

This Appendix is not a part of the recommasndations of thus NFPA docu-

ment but is included for informational pusposes only.
F-1 General. Most vehicles currenty in the trafic popula-
tion are powered by either spark-ignited or compression-
ignited engines. Vehicles that use alternative fuels such as
CNG, LPG, and LNG are being introduced into the vehicle
population, but their percentage of the population is still too
low for their characteristics to be a significant influence in
the design of highway tunnel ventilation with regard to vehi-
cle emissions. Howcver, growing concerns regarding the
safety of some of these vehicles operating within tunncls
might soon affect the fire-related life safety design aspects of
highway tunnels.

It is evident that therc will be continucd growth in the use
of vehicles powered by alternative fuels (i.e., fuels other than
gasoline or diesel). Of these potential alternative fuels, lique-
ficd petroleum gas (LPG) currently is the most widely used,
although the use of both compressed natural gas (CNG) and
liquefied natural gas (LNG) arc growing. The Amcrican Gas
Association estimates that by the year 2000, approximately
50 percent of the 16 million fleet vehicles in the United
States will be powered by alternative fuels such as CNG.
Under the Energy Policy Act of 1992 and the Clean Air Act
Amcndment of 1990, the following are considered potendal
alternative fuels:

(a) Methanol;

(b) Hydrogen;

(¢) Ethanol;

(d) Coal-derived liquids:
(e) Propane;

() Biological materials;
(g) Nawral gas;

{h) Reformulated gasaline;
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(i) Electricity;
(§) "Clcan” diesel.

The ahernative fucls considered most viable in the near
(uture arc compressed natural gas (CNG), liqucficd petro-
leum gas (LPG), liquefied natural gas (I.NG), and methanol.

F-2 Compressed Natural Gas. CNG has some excellent
physical and chemical propertics that make it clearly a safer
automotive fuel than gasoline or LPG, provided well-
designed carrier systems and operational procedurcs are
followed. Although CNG has a relativcly high flammability
limit, its fammability range is relatively narrow compared to
the ranges for other fucls.

In air at ambicnt conditions, 2 CNG volume of at least
5 percent is necessary to support continuous flame propaga-
tion, compared to about 2 percent for LPG and 1 percent for
gasoline vapor. Thus, considcrable fuel leakage is necessary
in order to render the mixrure combustible. Moreover, fires
involving combustibie mixturcs of CNG are relatvely easy to
conuain and extinguish.,

Since natural gas is lighter than air, in the event of a leak,
it normally dissipates harmlessly into the atmosphere
instead of pooling. However. in a tunnel environment, this
can lead to packets of gas collecting in the overhead struc-
ture. Also, since natural gas can ignitc only in a range of
5 percent 1o 15 pércent volume of natural gas in air, leaks
are not likely to ignite because of a lack of sufficient oxygen.

Additionally, the fucling system for CNG is one of the safest
in existence. The vigarous storage requirements and greater
strength of CNG cylinders compared ta those of gasoline con-
tribute to the superior safety record of CNG automobiles.

F-3 Liquefied Petroleum Gas. There is a growing aware-
ness of the economic advantages of using LPG as a vehicular
fucl. These advantages include longer enginc life, increased
travel time berwcen oil and oil filter changes, longer and bet-
ter performance from spark plugs, nonpolluting exhaust
emissions. and, in most cases, mileage comparable to that of
gasoline. LPG normally is delivered as a liquid and can be
stored at 100.4°F (38°C) on vchicles under a design pressure
of 250 psi to 312.5 psi (1624 kPa to 2154 kPa). Itis a natural
gas and petraleumn derivative. On one hand, it is cosdy 1o
store because a pressure vessel is rcquircd. On the other
hand. if engulfed in a five, its heating could result in a rapid
increase in pressure, even if the outsidc temperature is not
excessive relative to its vapor pressure characteristcs. Rapid
pressure increase can be mitigated by venting the excessive
buildup of pressure through appropriate relicf valves.

F-4 Methanol (Alcohol-Fueled Vehicles). Currently,
methanol is used primarily as a chemical feed-stock for the
production of chemical intermediates and solvents. Under
the EPA's restrictions, it is being used as a substtute for lead-
based octane enhancers in the form of methyl tertiary-butyl
ether (MTBE) and as a viable method for vehicle emission
control. MTBE is not consumed as a fuel substitute but is
used as a gasoline additive.

The hazarde of methanol production, distribution, and
usc are comparable to those of gasoline. Unlike gasoline,
however, methanol vapors in a fuel tank arc explosive at
normal ambient twmpcrature. Saturated vapors above non-
diluted methanal in an enclosed tank are explosive at 50°F
to 109.4°F (10°C to 43°C). A methanol flame is invisible, so a
colorant or gasoline has to be added to enable detection.
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Appendix G The Memorial Tunnel Fire Ventila-
tion Test Program

This Appendix is not a part of the recommandations of this NFPA docu-
ment but is inctuded for informational purposes only,

G-1 Geperal. The primary purpose for controlling smoke
in a tunnel is to protect life (i.e., to allow safc evacuation of
the tunnel). This involves creating a safe evacuation path for
both motorists and any operating personnel located within
the tunnel. The secondary purpose of smoke control venti-
lation is to assist fire-fighung personncl in accessing the fire
site, by again providing a clear path to the site if possible.

The tunnel ventilation system is not designed to protect
property, although the effect of ventilation in diluting
smoke, thus recovering some of the heat, results in reduced
damagec to the facilities and vehicles. The continued reduc-
tion of vehicle emissions has shifted the focus of the ventila-
ton engineer from a design based on dilution of emission
contaminants to a design bascd on the control of smoke in a
firc emergency.

Despite this increasing focus on lifc safety and fire control
in modern highway tuanels, no uniform standards for fire
cmergency venulation or other firc control means within
highway tunnels have been established in the United States.

G-2 Vendlation Concepts. The vendlation concepts that
have been applied to highway tunnels have been based on
theoretical and empirical values, not on the results of full-
sale tests. Accordingly, the design approach currently ut-
lized to dctect, control, and suppress fire and smoke within
highway tunnels has become a controversial issue among
tunnel design engineers, owners, operators, and firc fighiers
throughout the world.

While most highway tunnels have ventilation systems with
smoke control opcrating modes, there is limited scientific
data to support opinions or codc requircments regarding
the capabilitics of various types of ventilation systems to con-
trol heat and smoke effectvely.

G-3 Investigations. Engineering investigations of ventila-
tion operating stratcgics and performance in full-scale fire
situations were authorized by the Massachusetts Highway
Department and the U.S. Federal Highway Administration
to be performed in the Memorial Tunnel. The American
Society of Heating, Refrigerating and Air-Conditioning
Engineers Technical Committee 5.9 report, ASHRAE TC
5.9, “Encloscd Vchicular Facilities,” had idendfied the need
for a comprehensive full-scale tcst program in the carly
1980s.

Technical Committee 5.9 was commissioned in 1989 to
form a subcommittee, the Technical Evaluation Commiutee
(TEC), to develop a "Phase 1 Concept Report” and work
scope. This report outlined the objectives of the testing pro-
gram, which indluded identfication of appropriatc means to
account for the cffects of fire size, tunnel grade and cross
section, direction of traffic flow (unidirectional or
bi-directional), alttude. type of ventilation system, and any
other parametcrs that could have a significant influence on
determining the ventilation capacity and operational proce-
-dures needcd for safety in a fire situation.

Establishing specific approachcs to permit cffcctive recon-
figuration for both new and existing tunnel facilies was
deemed of equal importance. The goals and test matrices
developed and documented in the “Phase 1 Concept
Report” cvolved into the described test plan.

The purpose of the Memorial Tunncl Fire Ventilation
Test Program was to develop a database that provides wn-
nel design engineers and operators with an experimentally
praven mcans to determine the ventilation rate and systermn
configurarion that provides effective smoke control during a
tunnel fire.

It was even morc imporwant to esablish specfic operational
stratcgics to permit effective reconfiguration of ventilation
parameters for cxisting tunnel faciliies. While the life safery
issue is paramount, it should be recognized that significant cost
differentials exist among the various types of vendlation sys-
tems. In the instance where more than one venuladon config-
uration offers an acccptable level of fire safery, the project’s
overall life-cycle cost needs to be zaddressed to identify the
option witn the optimum cost benefic.

In addition, the impact of ventilation systemns that cause
horizonral roadway-level airflow on the effectiveness of fire
supprcssion systems (such as foam deluge sprinklers) can be
better determincd on the basis of full-scale test results.

G-4 The Test Facility. The Memorial Tunnel is a two-
lane, 2800-(t (854-m) highway tunnel located near Charles-
ton, WV, originally builtin 1953 as part of the West Virginia
Turnpike (I-77). The wnnel has a 3.2-percent uphill grade
from the south to the north tunncl portal. The original ven-
tilation system was a transverse type, consisting of a supply
fan chamber at the south portal and an exhaust fan chamber
at the north portal. 5

The muanecl has been out of service since it was bypassed
by an open-cut section of a new six-lane interstate highway
in 1987. The existing ventilation equipment was removed to
allow installation of new variable specd, reversible, axial Qow
central ventilation fans. The equipment rooms were modi-
fied to accepe the ventilation components needed to allow
supply or exhaust operation from both ¢nds of the tunncl.

There are six fans, three each in the modified north and
south portal fan rooms. Fach of the fans has a apacity to
supply or exhaust 200,000 cfm (94.4 m%s), and they arc fit-
ted with vertical discharges to direct the smoke away from
the test facility and the nearby interstate highway.

The existing overhead air duct, formed by a concrete ceil-
ing above the roadway. is split into longitudinal sections rhat
can serve as either supply or exhaust ducts, and a mid-
tunnel duct bulkhcad has been installed to allow a two-zdne
ventilalion operation. Openings in the duct dividing wall
and duct bulkhead have been designed to create airflow pat-
terns similar to those that would be observed if the dividing
wall was not present. The width of the ducts varies linearly
along the length of the tunnel to provide maximum area at
the point of connecrion to the [an rooms above the tunnel
portals. . S

High temperature insulation was applied extcnsively to
various structural ¢lements, including the concrete ceiling
and ceiling hangers, as well as all the utilities, instrumenta-
tion support systems, wiring, gas sampling lines, CCTV cam-
era cabinets, and all other related items that are exposcd to
high tunnet fire temperatures.

G-5 Fire Size. Fires with heat release rates ranging from
20 MW — cquivalent to a bus or truck fire — 1o 50 MW —
equivalent to a flammable spill of approximarely 100 gal
(400 L) — to 100 MW — equivalent to a hazardous matcrial
firc or flammuble spill of approximately 200 gal (800 L) —
were produced. The fires were gencrated in four Boor-level
steel pans in which a metered flow of No. 2 fuel oil up 10 2 in.
(5 cm) deep was floated on top of a 6-in. (15-cm) layer of water.
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Engineering cstimates concluded that a fire heat release
rate of approximatcly 10 MW would be produccd when
an exposed fire surface area of 16 fi* (1.5 m?) is provided.
The total surface area of the pans uscd for a 100-MW fire is
478 fi? (44.4 m?).

The actual burning rate differed somewhat from that
used for the enginecring esumatc, due to effccts such as heat
re-radiation from the tunnel walls and varying ventilation
flow rates. ‘Therefore, the measured wnncl conditions were
interpreted to determinc a measured heat releasc rate. The
ventilation systems configured and tested under varying
flow rates and varying heat release rates, with onc or two
zones of ventilation, included:

(a) Transverse ventilation;

(b) Partial transverse ventilation;

(c) Transverse ventilation with point extracdon;

(d) Transverse venulation with oversized exhaust ports:
() Natural ventilation;

(f) Longitudinal ventilation with jet fans.

When the f{irst four series of tests in Section G-4(a)
through (f) were completed, the tunnel ceiling was removed
to conduct the natural ventilaton tests, [ollowed by the
installadon of jet fans at the crown of the tunnel [or the lon-
gitudinal jet fan-bascd ventilaton tests.

A firc suppression system that was available to suppress
the fire in an emergency was installed; howcver, it was uscd
during several tests 1o evaluate the impact of vendlation air-
flow on the operation of a foam suppression system.

G-6 Data Collection. All of the mcasured values were
entered into a data acquisition system (DAS) that monitored
and recorded data from all field instruments for on-line and
historical use. Various trend graphs and rcports were gener-
ated from the data acquisidon system. The DAS consisted of
five data acquisidon units (DAUs), three located in the tun-
nel and two in the portal clectrical equipment rooms. The
DAS central processing units (CPUs), operator consoles,
daraloggers, printer, and wape drives were located in the
control trailer. The accuracy of the DAS input/output cards
is =0.05 percent.

The mcasurement of tunnel air temperaturc was accom-
plished through the use of thermocouples located at various
cross sections throughout the length of the tunncl.

In total, there were approximately 1450 instrumentation
sensing points. Each sensing point was monitored and
recorded once every second during a test, which lasted from
20 minutes to 45 minutes.

Approximately 4 million data points were recorded dur-
ing a single test. All test data was recorded on tapcs in a con-
trol center trailer, where conurol operators monitored and
conrrolled cach test. X

There were instrument trees Jocated at ten tunnel cross
sections, which were designed to measure airflow to a modi-
fied ASHRAE traverse method. At these locations, Type K
thermocouples with an expected accuracy of = 0.75 percent
were located at cach air velocity scnsor and measurcd air
tempcrature [rom 32°F to 2500°F (0°C to 1370°C).

Additional temperature measurements also were taken at
five other tunnel cross sections and at two locations (15 m)
outside of the tunnel porals. The measurement of air veloc-
ity in the tunncl under test conditions was accomplished
through the use of differendal pressure instrumentation
designed to measure very low pressure ranges from 0 psi to
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Y4 psi (0 Pa to 61 Pa). Tempcratures in the vicinity-of the
bidirectional pilot. tubes and the ambient pressure were
combined with the measured pressure to calculate the air
velocity.

A gas sampling systcm extracted sample gas from specific
tunne! locations to analysis cabinets located in the electrical
equipment rooms. Sample gases were analyzed within the
analysis cabincts for two ranges of CO, COq, and total hydro-
carbon context (THC). The analyzers were housed in
climatecontrolled cabinets.

To ensurc personnel safety, methane gas could be
detected at the test fire location through the use of indi-
vidual in-situ clectromechanical cell-type analyzers at the
control trailer. In addition, portable detectors capable of
detecting carbon imonoxide, total hydrocarbon, oxygen, and
methane were provided for personnel safety when cntering
the tunnel after fire tests.

Two meteoralogical towers located outside of the north
and south tunnel portals include instrumcntation that mon-
itored and recorded ambient dry and wet bulb air tempera-
tures, barometric pressure, wind speed, and wind directon.

These weather-rclated parameters were monitored for
over 1Y years to track weather conditions to assist in plan-
ning, scheduling, and conducting the tests.

G-7 Instrumentation. Spedfic instrumentation was pro-
vided to monitor and record the following variables during
the fire tests: ‘

(a) Air tempcrature;
(b) Air velodity;
(c) Gas concentrations.

G-8 Cameras. The closcd-circuit television (CCTV)
system originally included six camcras, two located within
203 futo 217 ft (62 m to 66 m) of the fire area, two located
outside of the tunnel (near the portls), and two located on
the north and south meteorological towers. Another
roadway-level camera was added during the tests that was
located 1100 ft (335 m) north of the fire to secure added
video footage of smoke movement. 4

Each of the four outdoor cameras had pan-tilt-zoom capa-
bilities. They werc used to monitor the fire area, visibility
obscuration, and smoke stratification. Instrumenaadon to
monitor and record important paramecters of the fire sup-
pression system. the chilled water system used for equip-
ment coaling, and the compressed air and fuel oil systems
also were included.

G-9 Conclusions. The Memorial Tunnel Fire Ventiladon
Test Program represents a unique opportunity to cvaluate
and devclop design methods and operational strategies
leading to safe underground transportation faclites. This
comprchensive test program, which began with the initial
fire tests in September 1993 and concluded with the final
tests'in March 1995, produced much-needed data that was
acquired in a full-size facility, under controlled conditions
and over a wide range of system paramecters.

The results of the test program were proccssed and made
available to the professional community for use in the devel-
opment of emergency tunnel ventilation design and cmer-
gency opcrational pracedures in late 1995, titled: “Memorial
Tunnel Firc Ventilation Test Program Test Report,” pre-
pared for Massachuserts Highway Department, prepared by
Bechtel/Parsons Brinckerhoff, November, 1995.



APPENDIX H/INDEX

502-23

Appendix H Referenced Publications

H-1 The following documents or portions thereol are ref-
erenced within this recommcended practice for informa-
tional purposes only and thus are not considered part of the
recommendations of this document. ‘The edition indicated
for each reference is the current edition as of the date of the
NFPA issuance of this document.

H-1.1 NFPA Publications. National Fire Protection Asso-
ciation, 1 Batterymarch Park, I.O. Box 9101, Quincy, MA
02269-9101.

NFPA 30, Flammable and Combustible Liguids Code, 1996
edidon.

NFPA 130, Standard for Fixed Guideway Transit Systems,
1995 cdition.

NTFPA 259, Standard Test Method for Potential Heat of Build-
ing Materials, 1998 edition.

H-1.2 Other Publications.

H-1.2.1 ANSI Publication. American National Standards
Institute, 11 West 42nd Strect, New York, NY 10036.

ANSU/IEE 268, American National Standard for Metric Prac-
tice, 1992,

H-1.2.2 ASHRAE Publication. American Socicty of Heat-
ing, Refrigerating and Air Conditioning Engineers, Inc.,
1725 Tullie Circle, Atlanta, GA 30329.

ASHRAE TC 5.9, "Enclosed Vehicular Facilities.™

H-1.23 ASTM Publications. American Socicty for Testing
and Materials, 1916 Race Street, Philadclphia, PA 19103,

ASTM E 136, Standard Test Method for Behavior of Materials
in a Vertical Tube Furnace at 750 Degrees C, A-1994.

ASTM E 380, Standard Practice for Use of the International
System of Unils (SI) (the Modernized Meiric System), 1993.

H-1.2.4 Trunsportation Regulations at Tunnel and Bridge
Facilities Hazardous Matarials, The Port Authority of New
York and New Jersey, Onc World Trade Center, New York,
New York 10045, November 28, 1987.

H-1.2.5 Subway Environmental Devign Handbaok, Vol. I, Prin-
ciples and Applications, 2nd cdidon, 1976, Associated Engi-
neers — A Joint Venture: Parsons Brinckerhoff Quade &
Douglas, Inc., Delew Cather and Company; Kaiser Engineers,
under the direcdon of Transit Develop Corporadon. Inc.
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