AGENDA
Statewide Fire Prevention Code (SFPC) Sub-workgroup
May 11, 2022
9:00 a.m.

Virtual Meeting: https:/vadhcd.adobeconnect.com/va2021cdc/

I) Welcome and introductions

II) Discussion

A) Fire Safety During Construction — Andrew Milliken proposals
e FP3303.3.1-21
e B3302.4-21
e EB1209.1-21

B) Code Change Proposals:

e FP1207-21

e FP107.11-21

e FP111.2-21

e FP906.1-21

e FP912.2-21

e FP5601.2.2.1-21

e FP5705.5-21

Ill) Other

V) Assignments and Next Steps


https://vadhcd.adobeconnect.com/va2021cdc/

FP3303.3.1-21

IFC: 3303.3.1, 3305.9, 3307.2.1, 3311.1, [BE] 3312.1, 3314.1, 3314.2, 3314.3

Proponents: VFSB Codes and Standards Committee (amiliken@staffordcountyva.gov)

2021 International Fire Code
Revise as follows:

3303.3.1 Violations. failgre-Failure to properly conduct document and malntaln documentatlon requrred by thls sectlon shall constltute an unlawful
act in accordance with Section

-1—1-2—3—H|seﬁ—t-he—t-hu=d-e#ense 111 and, the fire code officiah

work order be issued by the Building Official.

3305.9 Separations between construction areas. Separations used in Type | and Type Il construction to separate construction areas from
occupied portrons of the building shall be maintained in accordance with the applicable building code —eenstructetrofmaterials-thatcompty-with-oneof

3307.2.1 Pipe cleaning and purging. The cleaning and purging of flammable gas piping systems, including cleaning new or existing piping
systems, purging piping systems into service and purging piping systems out of service, shall comply with NFPA 56.

Exceptions:

1. Compressed gas piping systems other than fuel gas piping systems where in accordance with Chapter 53.
2. Piping systems regulated by the terrationat Virginia Fuel Gas Code.

3. Liquefied petroleum gas systems in accordance with Chapter 61.

3311.1 Required access. Approved vehicle access for fire fighting shall be provided to all construction or demolition sites. Vehicle access shall be
provided to within 100 feet (30 480 mm) of buildings and temporary or permanent fire department connections. Vehicle access shall be provided by
either temporary or permanent roads, capable of supporting vehicle loading under all weather conditions. Vehicle access shall be maintained until
permanent fire apparatus access roads are available.

[BE] 3312.1 Stairways—reettired. Where building construction exceeds 40 feet (12 192 mm) in height above the lowest level of fire department
vehicle access, a temporary or permanent stalrwayshall be prewded—malntalned in accordance with the applicable bU|Id|nq code. As construction
progresses, such stairway shall be € - maintained in
accordance with the applicable building code

3314.1 Where required. ir-buildings—bildings—reauireete-Where required by the applicable building code, a temporary or permanent standpipe shall
be maintained and remain in an operable condition so as to be avallable for use by the fire department te-have—s-tanelprpes—by—Seeﬂeﬁ—Qes—a—1—net

Reason Statement: Clean up of Chapter 33 Fire Safety Durning Construction to remove construction provisions and correlate better with the VCC
and VEBC.



Resiliency Impact Statement: This proposal will increase Resiliency
By improving the SFPC, the resiliency of communities is increased by protecting them from the hazards associated with poor fire safety practices
during construction.

Cost Impact: The code change proposal will not increase or decrease the cost of construction
No cost impact.



B3302.4-21

IBC®: 3302.4 (New), 3302.5 (New), [F] 3312.1, [F] 3313.1, [F] 3313.2, [F] 3313.3, [F] 3313.3.1, [F] 3313.3.2, [F] 3313.3.3, [F] 3313.4, [F] 3313.5

Proponents: VFSB Codes and Standards Committee (amiliken@staffordcountyva.gov)

2021 International Building Code
Add new text as follows:

3302.4 Separations between construction areas. Separations used in Type | and Type |l construction to separate construction areas from
occupied portions of the building shall be constructed of materials that comply with one of the following:

1.Noncombustible materials.

2.Materials that exhibit a flame spread index not exceeding 25 when tested in accordance with ASTM E84 or UL 723.

3.Materials exhibiting a peak heat release rate not exceeding 300 kW/m2when tested in accordance with ASTM E1354 at an incident heat flux of 50
kW/m2in the horizontal orientation on specimens at the thickness intended for use

3302.5 Fire safety requirements for buildings of Types IV-A, IV-B, and IV-C construction. Buildings of Types IV-A, IV-B and IV-C construction
designed to be greater than six stories above grade plane shall comply with the following requirements during construction unless otherwise
approved by the building code official:

1.Standpipes shall be provided in accordance with Section 3311.

2.A water supply for fire department operations, as approved by the fire code official and the fire chief.

3.Where building construction exceeds six stories above grade plane and noncombustible protection is required by Section 602.4 at least one layer
of noncombustible protection shall be installed on all building elements on floor levels, including mezzanines, more than four levels below active mass
timber construction before additional floor levels can be erected.

Exception:Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction.

4.Where building construction exceeds six stories above grade plane, required exterior wall coverings shall be installed on floor levels, including
mezzanines, more than four levels below active mass timber construction before additional floor levels can be erected.

Exception:Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction.

Revise as follows:

[F] 3312.1 Completion before occupancy. In buildings where an automatic sprinkler system is required by this code, it shall be unlawful to occupy
any portion of a building or structure until the automatic sprinkler system installation has been tested and approved, except as provided in Section
H4-3-116.1.1.

[F] 3313.1 Where required. An approved water supply for fire protection, either temporary or permanent, shall be made available as soon as



combustible building materials arrive on the site, on commencement of vertical combustible construction, and on installation of a standpipe system in
buildings under construction, in accordance with Seetiers-33+3-2-threugh-33+3-5- the Virginia Statewide Fire Prevention Code.

Reason Statement: Clean up of Chapter 33 Fire Safety Durning Construction to relocate construction provisions from the SFPC and correlate
better with the SFPC and VEBC. Sections 3309.3 and 3309.4 are relocating the deleted construction sections from the SFPC. Section 3312.1
corrects the reference to 116.1.1 for temporary occupancy. Section 3313.1 is revised with 2021 language and references the SFPC for fire flow
requirements. It also includes deleting sections 3313.2 through 3313.5 which are to be in the SFPC.

Resiliency Impact Statement: This proposal will increase Resiliency
By improving Chapter 33 of the VCC, the resiliency of communities is increased by protecting them from the hazards associated with poor fire
safety practices during construction.

Cost Impact: The code change proposal will not increase or decrease the cost of construction
No cost impact.



EB1209.1-21

VEBC: 1201.8 (New), 1209.1

Proponents: VFSB Codes and Standards Committee (amiliken@staffordcountyva.gov)
2018 Virginia Existing Building Code

Add new text as follows:

1201.8 Separations between construction areas. Separations used in Type | and Type Il construction to separate construction areas from
occupied portions of the building shall be constructed of materials that comply with one of the following:

1.Noncombustible materials.

2.Materials that exhibit a flame spread index not exceeding 25 when tested in accordance with ASTM E84 or UL 723.

3.Materials exhibiting a peak heat release rate not exceeding 300 kW/m2when tested in accordance with ASTM E1354 at an incident heat flux of 50
kW/m2in the horizontal orientation on specimens at the thickness intended for use

Revise as follows:

1209.1 When required. An approved water supply for fire protection, either temporary or permanent, shall be made available as soon as
combustible material arrives on the site—site, on commencement of vertical combustible construction, and on installation of a standpipe system
during alterations, repairs, or additions to any building or structure in accordance with the Virginia Statewide Fire Prevention Code.

Reason Statement: Clean up of Section 1209.1 to provide 2021 language and reference the SFPC for fire flow and associated details. It also
correlates better with the VCC and SFPC.

Section 1201.8 has been added due to comments during the SFPC Sub-workgroup where it was recommended to add this section to the VEBC
rather than just the VCC since it could involve an already occupied area. This language is identical to the language removed from the SFPC and
belongs in the VEBC.

Resiliency Impact Statement: This proposal will increase Resiliency
By improving the fire safety provisions of the VEBC, the resiliency of communities is increased by protecting them from the hazards associated with
poor fire safety practices during construction.

Cost Impact: The code change proposal will not increase or decrease the cost of construction
No cost impact.



FP1207-21

VFC: SECTION 1206

Proponents: DHCD Staff (sbco@dhcd.virginia.gov) on behalf of the SFPC Sub-workgroup.

2018 Virginia Statewide Fire Prevention Code
Revise as follows:

SECTION 1206 1207 ELECTRICAL ENERGY STORAGE SYSTEMS. _
Revise Section 1207 as shown on the attached document "20220418 SFPC SWG Meeting - Section 1207 Results".

Reason Statement: Section 1207 of the IFC - Energy Storage Systems - has received numerous revisions from the 2018 to the 2021 version of
the code. A number of said revisions contain construction requirements which do not belong in the SFPC - a maintenance and operation code. The
entire Section has been reviewed and edited by the SFPC Sub-workgroup to delete construction provisions, or, revise with maintenance type
language where appropriate. These efforts are a continuation of the edit efforts that occurred over the previous code development cycles. The
attached document "20220418 SFPC SWG Meeting - Section 1207 Results" shows all the proposed changes in legislative format.

Resiliency Impact Statement: This proposal will neither increase nor decrease Resiliency
Although it may appear that the proposal deletes certain construction code provisions, those requirements are in fact addressed by the applicable
building code.

Cost Impact: The code change proposal will not increase or decrease the cost of construction
It could be argued that the revisions proposed could potentially reduce costs as a result of clarifying which code provisions are to be applied to any
given scenario.

Attached Files

e 20220418 SFPC SWG Meeting - Section 1207 Results.pdf
https://va.cdpaccess.com/proposal/1137/1511/files/download/655/




2018 VIRGINIA STATEWIDE FIRE PREVENTION CODE

Make the following change to Chapter 1 of the SFPC:

TABLE 107.2 OPERATIONAL PERMIT REQUIREMENTS (to be filled in by local jurisdiction)

An operational permit is required for stationary and mobile energy storage systems requlated by Section
1207.

2021 INTERNATIONAL FIRE CODE

Make the following changes to Section 1207 of the 2021 IFC (2021 IFC 1207-series sections and
subsections not listed here to remain unchanged):

SECTION 1207
ELECTRICAL ENERGY STORAGE SYSTEMS (ESS)

1207.1.2 Permits. Permits shall be ebtained-for ESS-as-follows: required as set forth in Section 107.2.

1. onstructionperm hall be-obta

1207.1.3 Ceonstruction-documents: Documents. The
with the operational permit application:

Location and layout diagram of the room or area in which the ESS is te-be-installed: located.
Details on the hourly fire-resistance ratings of assemblies enclosing the ESS.

The quantities and types of ESS te-be-installed.

Manufacturer’s specifications, ratings and listings of each ESS.

At the minimum, the following information shall be provided

Description of energy (battery) management systems and their operation.
Location and content of required signage.

NS A LD -

Details on fire suppression, smoke or fire detection, thermal management, ventilation, exhaust and
deflagration venting systems, if provided.

8. Support arrangement assectated-with-the-installation, including any required seismic restraint.
. o | i h Seeti 072 1
10. A decommissioning plan eemplying in accordance with Section 1207.2.3.

1207.1.4 Hazard mitigation analysis. A As part of the operational permit application, a failure modes and effects
analysis (FMEA) or other epproved hazard mitigation analysis approved in accordance with the applicable building




code, shall be provided in—aeeerdanee—with—Seetion—104-8-2 to the Fire Official under any of the following

conditions:

1. Where ESS technologies not specifically identified in Fable 120711 the applicable building code are
provided.

2. More than one ESS technology is provided in a room or enclosed area where there is a potential for adverse
interaction between technologies.

3. Where allowed as a basis for increasing maximum allowable quantities—See-Seetion1207-5-2- quantities in
accordance with the applicable building code.

The FMEA shall be prepared by a qualified engineer, specialist, laboratory or fire safety specialty organization
acceptable to the fire code official and shall analyze the fire safety properties of the design, operation or use of the

building or premises and the facilities and appurtenances situated thereon, to recommend necessary changes. The fire

code official is authorized to require that the FMEA be prepared by, and bear the stamp of, a registered design

professional.

1207.1.4.3 Additional protection measures. Construction,-equipment Equipment and systems that are required
for the ESS to comply with the hazardous mitigation analysis, ineludingbut-netlimited-to-thesespeeifically
deseribed-in-Seetion1207; shall be installed; maintained and-tested in accordance with natienallyrecognized

standards-and-speeified-design-parameters: the applicable building code.
1207.1.5 Large-scale fire test. Wher%reqmred—elsewher%m—See&on—l%@?— ESS approved bV the burldrng official

based on large-scale fire testing sha v
testingshall-be conducted or wrtnessed and reported by an approved testrng laboratory in accordance w1th the
applicable building code, shall be maintained such and-shew that a fire involving one ESS will not propagate to an
adjacent ESS, and where installed within buildings, enclosed areas and walk-in units will be contained within the
room, enclosed area or walk-in unit for a duration equal to the fire-resistance rating of the room separation specified

in Seetion1207-74- the applicable building code. The-testreportshall-be-provided-to-thefirecodeofficialfor
review-and-approvalin-aceordance-with-Seetion 104-8-2-

1207.2.1 Commissioning. Cemmissiening—of Prior to operational permit issuance, newly installed ESS and
existing ESS that have been retrofitted, replaced or previously decommissioned and are returning to service shall




DEOVE 2 3 g3tes Ain h N i n-sh 3 h ving: commissioned in
accordance with the applrcable building code The fire official shall be provrded upon request with documentation

of personnel who are qualified to service, maintain and decommission the ESS, and respond to incidents involving
the ESS, including documentation that such service has been contracted for.

Exception: Commissioning shall not be required for lead-acid and nickel-cadmium battery systems at facilities
under the exclusive control of communications utilities that comply with NFPA 76 and operate at less than 50
VAC and 60 VDC. A decommissioning plan shall be provided and maintained where required by the fire code

official.
(0

1207.2.1.2 Commissioning report. A report describing the results of the system commissioning, including the
results of the initial acceptance testing required in-Seetion12072-1-1 by the applicable building code, shall be

provided to the fire code official prierto-final-inspeetion , upon request. and-approvaland A copy of the report

shall be maintained at an approved on-site location.

1207.2.3 Decommissioning. The 3 e i i issi o
Decommissioning shall be performed in accordance w1th the decommrssronrng plan %hat—mehades—th%fol—lowmg—
approved in accordance with the applicable building code. The fire code official shall also be notified by the ESS

owner prior to the decommissioning of an ESS.




1207.3.3 Utility interactive systems. Hrverters When required by the applicable building code, inverters shall be
listed and labeled in accordance with UL 1741. Only inverters /listed and labeled for utility interactive system use
and identified as interactive shall be allowed to operate in parallel with the electric utility power system to supply
power to common loads.

1207.3.4 Energy storage management system. Whererequired-by-the ESStistingan-approved Approved energy
storage management syster systems, required by the ESS listing, that meniters monitor and balanees balance cell

voltages, currents and temperatures within the manufacturer’s specifications shall be previded: maintained. The
system shall disconnect electrical connections to the ESS or otherwise place it in a safe condition if potentially
hazardous temperatures or other conditions such as short circuits, over voltage or under voltage are detected.

1207.3.5 Enclosures. Enclosures of ESS shall be efnencombustible-construction: maintained in accordance with
the applicable building code.

1207.3.6 Repairs: Repairs or Alterations. Repairs or alterations of ESS shall only be done by qualified personnel.
Repairs and alterations with-ether-than—identical parts shall be considered-retrofitting-and-comply-—with-Seetion

420737 in accordance with the applicable building code. Repairs shall be documented in the service records log.

1207.4 General installations maintenance requirements. Stationary and mobile ESS shall comply with the
requirements of Sections 1207.4.1 through 1207.4.12.

1207.4.2 Working clearances. Access and working space shall be previded-and maintained about all electrical
equipment to permit ready and safe operation and maintenance of such equipment in accordance with the applicable
NFPA 70 and the manufacturer’s instructions.

1207.4.3 Fire-resistance-rated separations. Reems Fire- re51stance rated separations for rooms and other indoor
areas contalmng ESS shall be eparate m-otherare e TR Ree e

1207.4.7 Toxic and highly toxic gases. Hazardous exhaust systems for ESS that have the potential to release toxic

and hlghly toxic gas dur1ng chargmg, d1scharg1ng and normal use cond1t10ns sha-l-l—b%pfeﬂded—“q{-h—a—ha%aféeas
. shall be operated and

malntamed.



1207.4.10 Occupied work centers. Electrochemieal Cabinets containing electromechanical ESS located in rooms
or areas occupied by personnel not directly involved with maintenance, service and testing of the systems shall

eempl—th&h—t-he—fel-lewmg— be secured and prov1ded with signage complying with Section 1207.4.8.

1207.4.11 Open rack installations. Where electrochemical ESS are installed located in a separate equipment room
and only authorized personnel have access to the room, they shall be permitted to be installed located on an open
rack for ease of maintenance.

1207.5 Electrochemical ESS protection. The protection of electrochemical ESS shall be maintained in accordance

with Sections 1207.5.1 through 1207.5.8 where-required-by-Seetions 12077 through120716.

electromechamcal ESS groups approved in accordance with the apphcable building code shall be maintained in
accordance with the applicable building code. The separation between different electromechanical ESS groups and

between electromechanical ESS and walls in the storage room or area shall be maintained in accordance with the
applicable building code.




1207.5.2 Maximum allowable quantities. Fire areas within rooms, areas and walk-in units containing
electrochemical ESS shall not exceed the maximum allowable quantities in Fable12075- the applicable building
code.

1207.5.2.1 Mixed electrochemical energy systems. Where rooms, areas and walk-in units contain different
types of electrochemical energy technologles the total aggregate quantltles of the systems shall b%detefmmed

qu&ﬂt}ty— not exceed those allowed by the am)hcable bulldlng code.

1207.5.3 Elevation. Electrochemical Unless otherwise approved in accordance with the applicable building code,
electromechanical ESS shall not be located in the following areas:

1. Where the floor is located more than 75 feet (22 860 mm) above the lowest level of fire department vehicle
access.

2. Where the floor is located below the lowest level of exit discharge.

1207.5.4 Fire detection. An Where requlred or provided in accordance with the applicable building code, approved
automatic smoke detection system systems or radiant energy-sensing fire detection system systems eomplying-with
Seetion-907-2-shall-be installed in rooms, indoor areas and walk-in units containing electrochemical ESS: ESS,
shall be maintained in accordance with Chapter 9 and the applicable building code. An Where required or provided
in accordance with the applicable building code, approved radiant energy-sensing fire detection system systems
shall-be installed to protect open parking garage and rooftop instalatiens: , installations shall be maintained in
accordance with Chapter 9 and the applicable building code. Alarm Where required or provided in accordance with
the applicable building code, signals from detection systems shall continue to be transmitted to a central station,
proprietary or remote station service in accordance with NFPA 72, or where approved to a constantly attended
location.

1207.5.4.1 System status. Where required by-the fire-code-officiat; or provided in accordance with the applicable
building code, visible annunciation shal-be provided on cabinet exteriors or in other approved locations to
indicate that potentially hazardous conditions associated with the ESS exist. exist, it shall be maintained in
accordance with the applicable building code.

1207.5.5 Fire suppression systems. Reems Automatic fire suppression systems required by the applicable

bulldlng code for rooms and areas W1th1n bulldlngs and walk-i -in units containing electrochemical ESS shall be
esionedandin ed maintained in accordance with ene-efthe




1207.5.5.1 Water-reactive systems. Electrochemical ESS-that utilize-water-reactive- materials shall be protected

by—aﬁ—appmved—&l-t%naﬂve Alternatlve automanc fire- extmgulshlng system systems approved in accordance
ection here-th db it the applicable building code, based

on large-scale ﬁre testmg eempl—ymg—w&h—SeeHeﬂ—I%GJ—lé— for the protection of electrochemical ESS that
utilize water-reactive materials, shall be maintained in accordance with the applicable building code.
1207.5.6 Maximum enclosure size. Outdeor Unless otherwise approved in accordance with the applicable
building code, outdoor walk-in units housing ESS shall not exceed 53 feet by 8§ feet by 9.5 feet high (16 154 mm x
2438 mm x 2896 mm), not including bolt-on HVAC and related equipment;-as-approved. Outdoor walk-in units
exceeding these limitations shall be considered indoor installations and comply with the requirements in Section
1207.7.

1207.5.8 Means of egress separation. ESS located outdoors and in open parking garages shall continue to be
separated from any means of egress asrequired-by-the firecodeofficied in accordance with the applicable building
code to ensure safe egress under fire condltlons—but—m—ne%aseless—thaﬁ—LO—feet—é(-MS—lﬂrm}

1207.6 Electrochemlcal ESS technology spec1fic protectlon Electrochemlcal ESS installations shall eemply-with
3 v : g : -6- be maintained in




1207.6.1 Exhaust ventilation. Where required byFable1207-6-or-elsewhere-in-this or provided in accordance

with the applicable building code, exhaust ventilation of rooms, areas and walk-in units containing electrochemical
ESS shall be previded maintained in accordance with the fnternational Mechanical-Code-and-Seetion 1207611
or1207-6-12- applicable building code.

1207.6.1.1 Ventilation based on LFL. The Where required or provided in accordance with the applicable
building code, exhaust ventilation systemshall-be systems designed to limit the maximum concentration of
flammable gas to 25 percent of the lower flammable limit (LFL) of the total volume of the room, area or walk-
in unit during the worst-case event of simultaneous charging of batteries at the maximum charge rate, in

accordanee-with-nationally recognized standards: shall be maintained in accordance with the applicable building

code.

1207.6.1.2 Ventilation based on exhaust rate. Mechanical Continuous mechanical exhaust ventilation, or
activated by a gas detection system, shall required by the applicable building code to be provided at a rate of not
less than 1 ft*/min/ft> (5.1 L/sec/m?) of floor area of the room, area or walk-in ssit: unit, shall be maintained in

accordance w1th the applrcable bulldlng code. %emﬂa%ron—shaﬂ—b%eﬁheﬁeoﬂ&mm&&o%shaﬂ—b%aem%d—by

1207.6.1.2.1 Standby power. Meeh&mea% Where stande power is requlred bV the am)hcable bulldlng code
for exhaust ventilation sha v A4

1207.6.1.2.3 Supervision. Reguired Where mechanical exhaust ventilation systems shall are required by the
applicable building code to be supervised by an approved central station, proprietary or remote station service
in accordance with the applicable NFPA 72, the system shall continue to be supervised. of Or, it shall initiate
an audible and visible signal at an approved constantly attended on-site leeation- location in accordance with
the applicable building code.

1207.6.1.2.4 Gas detection system. Where—required—by—Seetion—12076-12; Continuous gas detection

svstems requlred bV the apphcable bulldlng code for rooms, areas and walk -in unlts contammg ESS shall be

1207.6.2 Spill control and neutralization. Wher%rwured—b’;ﬁPablﬂ%G?—éer—elsewhereﬂ%eede Spill control

and neutralization required by the am)lrcable bulldlng code for areas contarmng free- ﬂowmg 11qu1d electrolyte or
hazardous materlals shall be g h—sp A : A




1207.6.4 Safety caps. Where e i q
shaH—b&pfeﬁded—wrﬂa—ﬂame—&ﬁesmﬂrg—safeby—eap& Flame arrestlng safetv caps for Vented batterles prov1ded or

required in accordance with the applicable building code, shall be maintained.

1207.6.5 Thermal runaway. Where required-by-Fable1207.6-or-elsewhere-in-this-code; the applicable building

code requires batteries and other ESS shall to be provided with a listed device or other approved method to prevent,
detect and minimize the impact of thermal renaway- runaway, such listed devices or approved methods shall be
maintained in accordance with the applicable building code.

1207.7 Indoor installations. Indoor ESS installations shall be maintained in accordance with Seetions—1207.71
through120774- the applicable building code.




1207.7.1 Dedicated-use buildings. E h i Hel
Buildings classified as Group F-1 occupancies and eempl—y—w%h—&l-l—ﬂ&%fel—lemg— am)roved as dedlcated -use ESS
buildings in accordance with the applicable building code, shall only be used and occupied as approved.

1207.7.2 Nondedicated-use buildings. E

buildings Buildings that contain ESS and
requirements. were approved as nondedicated-use buildings in accordance with the apphcable building code, shall

be used or occupied as approved.
1207.7.3 Dwelling units and sleeping units. Unless otherwise approved in accordance with the applicable building
code, ESS shall not be installed allowed in sleeping units or in habitable spaces of dwelling units.

1207.7.4 Fire-resistance-rated separations. Fire-resistance-rated separations for Reems rooms and areas

containing ESS shall-ineludefire-resistance-rated-separations—as—follows: , required by the applicable building
code, shall be maintained in accordance with the applicable building code.




1207.8.1 Remote outdoor installations. For the purpose of Fable Section 1207.8, remete-outdoorinstallations
inelude-ESS located more than 100 feet (30 480 mm) from buildings, lot lines, public ways, stored combustible
materials, hazardous materials, high-piled stock and other exposure hazards- , shall be considered remote outdoor
installations.

1207.8.2 Installations near exposures. For the purpose of Fable Section 1207.8, installationsnear-exposures
inelade all outdoor ESS installations that do not eemply-with meet the criteria set forth by Section 1207.8.1 remete
outdoorlocationrequirements: , shall be considered installations near exposures.

1207.8.3 Clearance to exposures. Where the applicable building code requires a minimum of 10 feet (3048 mm)

separation between ESS located outdoors shal-be-separated-by-aminimumof 10-feet-(3048-mm)from and the
following expesures: exposures, the separation shall be maintained in accordance with the applicable building code:

1. Lot lines.

Public ways.
Buildings.

Hazardous materials.
High-piled stock.
Other exposure hazards.

2
3
4. Stored combustible materials.
5
6
7

1207.8.4 Exterior wall installations. Where the applicable building code allows ESS shall-be-permitted to be
installed outdoors on exterior walls of buildings when—all-ef-the following eonditions—are—met: , they shall be

maintained in accordance with the applicable building code.




1207.9 Special installations. Rooftop and open parking garage ESS installations shall eemply-with-Seetions 120791
through1207-9-6- be maintained in accordance with the applicable building code.

FABLE 12079
SPECIAL-ESS-INSTALLATIONS

COMPLIANCEREQUIRED ROOFTOPS? OPEN-PARKING-GARAGES"

Feature Section
AHESS-installations 12074 Yes Yes
Clearanee-to-exposures 126793 Yes Yes
Eire-suppression-systems 120794 Yes Yes
Maxtmunr-cnelosuresize 120756 Yes Yes
Means-of cgress-separation 120758 Yes Yes
Rooftop-installations 120795 Yes Ne
Size-and-separation 12075+ Yes Yes
Smoke-and-automatic-fire-deteetion 1207.5:4 Yes Yes
Technelogy-speettie-protection -1207.6 Yes Yes

1207.9.1 Rooftop installations. For the purpose of Fable Section 1207.9, rooftop ESS installations are those
located on the roofs of buildings.

1207.9.2 Open parking garage installations. For the purpose of Fable Section 1207.9, open parking garage ESS
installations are those located in a structure or portion of a structure that complies with Seetion406-5—ofthe
Internationad-Building Code- the Open Parking Garage provisions set forth by the applicable building code.

1207.9.3 Clearance to exposures. Where the applicable building code requires a minimum of 10 feet (3048 mm)

separation between ESS located on rooftops and or in open parking garages shall-beseparated-by-a-minimum-of10
feet (3048 mm)from and the following expesures: exposures, the separation shall be maintained in accordance

with the applicable building code.

1. Buildings, except the building on which rooftop ESS is mounted.

2. Any portion of the building on which a rooftop system is mounted that is elevated above the rooftop on
which the system is installed.

Lot lines.
Public ways.
Stored combustible materials.

3
4
5
6. Locations where motor vehicles can be parked.
7. Hazardous materials.

8

Other exposure hazards.




Automatic fire suppression systems required by the applicable building code for the following, shall be maintained
in accordance with Chapter 9 and the applicable building code:

1.

3.

Automatic fire suppression systems, installed within the ESS enclosure, for ESS located in walk-in units on
rooftops.

Automatic fire suppression systems, installed within the ESS enclosure, for ESS located in walk-in units in
open parking garages.

Automatic fire suppression systems in areas containing ESS other than walk-in units in open parking
structures on levels not open above to the sky.

1207.9.5 Rooftop installations. The following features required by the applicable building code for ESS and
associated equipment that are located on rooftops and not enclosed by building construction shall eemply-with-the

follewing: be maintained in accordance with the applicable building code.

1.

Stairway access to the roof for emergency response and fire department personnel shal-be provided either
through a bulkhead from the interior of the building or a stairway on the exterior of the building.

Service walkways atleast5-feet-(1524-mm)-in-width-shall- be provided for service and emergency personnel

from the point of access to the roof to the system.
Distance required by the apphcable bulldmg code between ESS and assocmted equlpment shalt-be-located
from , and the edge of the roof a 3 al-to-atlea g

butneotless-thanS5-feet-(1524-mm).

The roofing materials under and within 5-feet-(1524-mm)-herizentally the horizontal distance, specified by
the applicable building code, from an ESS or associated equipment shall- be-nencombustible-orshall-have-a
Class-A-rating-when-tested-in-aceordance-with ASTME108-or HE790.

A Class I standpipe eutlet outlets shall-be installed at an approved location on the roof level of the building
or in the stairway bulkhead at the top level.

The ESS shall-be-the-minimum-of 10-feet-(3048-mm) separation from the fire service access point on the

rooftop.

1207.9.6 Open parking garages. ESS and associated equipment that are located in open parking garages shall

eemply—vmh—al-l—ef—th%feﬂeamﬂg— be maintained in accordance with the amohcable building code.




TABLE 1207.10
MOBILE ENERGY STORAGE SYSTEMS (ESS)

COMPLIANCE REQUIRED
DEPLOYMENT=
Feature Section
All ESS installations 1207.4 Yes®
Fire suppression systems 1207.5.5 Yes®
Maximum allowable quantities 1207.5.2 Yes
Maximum enclosure size 1207.5.6 Yes
Means of egress separation 1207.5.8 Yes
Size and separation 1207.5.1 Yes¢
Smgl;teeeclilig Iilutornatic fire 1207.5.4 Yese
Technology-specific protection 1207.6 Yes
Vegetation control 1207.5.7 Yes

a. See Sectlon 1207 10.2.

shall be requlred as set forth in Sectlon 107 2.

1207.10.4 Ceonstruction-documents—Constrnctiondoewments Documents. Documents complying with Section
1207.1.3 shall be provided with the eenstruetion operational permit application for mobile ESS charging and
storage locations.

1207.10.4.1 Deployment documents. The At the minimum, the following information shall be provided with
the eperation operational permit applications for mobile ESS deployments:

1. Relevant information for the mobile ESS equipment and protection measures in the eonstruection
documents required by Section 1207.1.3.

2. Location and layout diagram of the area in which the mobile ESS is to be deployed, including a scale
diagram of all nearby exposures.

3. Location and content of signage, including no smoking signs.
4. Description of fencing to be provided around the ESS, including locking methods.

5. Details on fire suppression, smoke and automatic fire detection, system monitoring, thermal
management, exhaust ventilation and explosion control, if provided.

6. For deployment, the intended duration of operation, including anticipated connection and disconnection
times and dates.

7. Location and description of local staging stops during transit to the deployment site. See Section
1207.10.7.5.

8. Description of the temporary wiring, including connection methods, conductor type and size, and circuit
overcurrent protection to be provided.

9. Description of how fire suppression system connections to water supplies or extinguishing agents are to
be provided.

10. Contact information for personnel who are responsible for maintaining and servicing the equipment, and
responding to emergencies as required by Section 1207.1.6.1.



1207.10.5 Approved locations. Locations where mobile ESS are charged, stored and deployed shall be restricted
to the locations approved in accordance with the applicable building code and established identified on the
construetion-and operational permits.

1207.10.6 Charging and storage. Installations where mobile ESS are charged and stored shall be treated as
permanent ESS indoor or outdoor installations, and shall comply with the following sections, as applicable:

1. Indoor charging and storage shall comply with Section 1207.7.

2. Outdoor charging and storage shall comply with Section 1207.8.

3. Charging and storage on rooftops and in open parking garages shall comply with Section 1207.9.
Exceptions:

1. Electrical connections shall-be permitted by the applicable building code to be made using temporary
wiring complying with the manufacturer’s instructions, the UL 9540 listing and NERPA-70- NFPA 70
shall be maintained in accordance with the applicable building code.

2. Fire suppression system connections to the water supply shall-be permitted by the applicable building
code to use approved temporary eenneetions: connections, shall be maintained in accordance with the
applicable building code.

1207.10.7.2 Restricted locations. Deployed Unless otherwise approved in accordance with the applicable
building code, mobile ESS operations shall not be located indoors, in covered parking garages, on rooftops,
below grade or under building overhangs.

1207.10.7.3 Clearance to exposures. Deployed Where the applicable building code requires a minimum of 10

feet (3048 mm) separation between deployed mobile ESS shall-be-separated-byaminimum-of 10-feet (3048
mm)frem and the following expesures: exposures, the separation shall be maintained in accordance with the

applicable building code.

1. Public ways.

Buildings.

Stored combustible materials.
Hazardous materials.
High-piled storage.

SRV RS

Other exposure hazards.

Depleyed Where the applicable building code requires deployed mobile ESS shall to be separated by a
minimum of 50 feet (15 240 mm) from public seating areas and from tents, canopies and membrane structures
with an occupant load of 30 or mere: more, the separation shall be maintained.

1207.10.7.4 Electrical connections. Electrical connections shall be made maintained in accordance with the
manufacturer’s instructions and , the UL 9540 kisting: listing and the applicable building code. Temporary wiring
for electrical power connections shall comply with NFPA 70. Eixed Unless otherwise allowed by the applicable
building code, fixed electrical wiring shall not be provided.

1207.10.7.5 Local staging. Mobile ESS in transit from the charging and storage location to the deployment
location and back shall not be parked within 100 feet (30 480 mm) of an occupied building for more than 1 hour
during transit, unless specifically approved by the fire code official when the operational permit is issued.

1207.10.7.6 Fencing. An-approved-fenee Fences with a locked gate gates or other approved barrier barriers shatt
be required or provided in accordance with the applicable building code to keep the general public at least 5 feet
(1524 mm) from the outer enclosure of a deployed mobile ESS: ESS, shall be maintained in accordance with the
applicable building code.

1207.11 ESS in Group R-3 and R-4 occupancies. ESS in Group R-3 and R-4 occupancies shall be installed-and
maintained in accordance with Sections 1207.11.1 through 1207.11.9. The temporary use of an owner or occupant’s
electric-powered vehicle as an ESS shall be in accordance with Section 1207.11.10.

1207.11.1 Equipment listings. ESS shall be listed and labeled in accordance with UL 9540. Unless otherwise
approved in accordance with the applicable building code, ESS listed and labeled solely for utility or commercial
use shall not be used for residential applications.




1207.11.2 Installatien. Maintenance. ESS shall be installed maintained in accordance with the manufacturer’s
instructions and , their hsting: listing and the applicable building code.

1207.11.2.1 Spacing. Individual Where individual units shalt are required by the applicable building code to be
separated from each other by at least 3 feet (914 mm) of spacing unless smaller separation distances are

documented to be adequate based on large-scale fire testing eomplying-with-Seetion12071-5- , the separation
shall be maintained in accordance with the applicable building code.

1207.11.3 Location. Unless otherwise approved in accordance with the applicable building code, ESS shall be
installed located only in the following locations:

Detached garages and detached accessory structures.
2. Attached garages separated from the dwelling unit living space and sleeping units in accordance with

Section 406.3.2 of the International-BuildingCode- Virginia Construction Code.

3. Outdoors on exterior walls located a minimum of 3 feet (914 mm) from doors and windows.

4. Utility closets and storage or utility spaces within dwelling units and sleeping units.

1207.11.4 Energy ratings. Individual Unless otherwise approved in accordance with the applicable building code,
individual ESS units shall have a maximum rating of 20 kWh. The aggregate rating structure shall not exceed:

1. 40 kWh within utility closets and storage or utility spaces.

2. 80 kWh in attached or detached garages and detached accessory structures.
3. 80 kWh on exterior walls.

4. 80 kWh outdoors on the ground.

1207.11.5 Eleetricalinstallation. Inverters. ESS-shall be-installed-in-accordance-with NFPA 70 Inverters Where
required by the applicable building code, inverters shall be listed and labeled in accordance with UL 1741 or
provided as part of the UL 9540 listing. Systems connected to the utility grid shall use inverters listed for utility
interaetion: interaction in accordance with the applicable building code.

1207.11.6 Fire detection. Reems Smoke alarms required by the applicable building code for rooms and areas
within dwellings units, sleeping units and attached garages in which ESS are installed, shall be proteeted-by-smeke
alarms-in-accordance-with-Seetion99072-10. maintained in accordance with the applicable building code. A Where
smoke alarms cannot be installed based on their listing, heat detector detectors listed and interconnected to the
smoke alarms shall-be installed in accordance with the applicable building code leeatiens within dwelling units,
sleeping units and attached garages where—smeoke-alarms—eannot-be—installed-based-on-theirlisting. , shall be
maintained in accordance with Chapter 9 and the applicable building code.

1207.11.7 Protection from impact. Stationary storage battery systems installed in a location subject to vehicle
damage shall be protected by approved barriers. Appliances in garages shall-alse-be installed in accordance with
Section—3043—of the International Mechanical—Code: the applicable building code, shall be maintained in
accordance with the applicable building code.

1207.11.8 Ventilation. Indeer Exhaust ventilation installed in accordance with the applicable building code for
indoor installations of ESS that include batteries that produce hydrogen or other flammable gases during charging,

shall be previded-with-exhaust-ventilation-in-accordance-with-Seetion1207-6-1- maintained in accordance with the
applicable building code.

1207.11.9 Toxic and highly toxic gas. Unless otherwise approved in accordance with the applicable building code,
ESS that have the potential to release toxic or highly toxic gas during charging, discharging and normal use
conditions shall not be installed within Group R-3 or R-4 occupancies.

1207.11.10 Electric vehicle use. The temporary use of an owner or occupant’s electric-powered vehicle to power
a dwelling unit or sleeping unit while parked in an attached or detached garage or outside shall comply with the
vehicle manufacturer’s instructions and the applicable NFPA 70.



2018 VIRGINIA CONSTRUCTION CODE

Add Section 433 (exact Section number TBD based on other, unrelated proposals), to read:

SECTION 433
ELECTRICAL ENERGY STORAGE SYSTEMS (ESS)

433.1 Scope. Electrical Energy Storage Systems shall comply with the applicable provisions of the
International Fire Code.




FP107.11-21

VFC: 107.11, 107.12, 108.1.1

Proponents: Joshua Davis (joshua.davis@vdfp.virginia.gov)

2018 Virginia Statewide Fire Prevention Code

Revise as follows:

107.11

State Fire Marshal's office permit fees for explosives, blasting agents, theatrical flame effects, and fireworks. Complete permit

applications shall be submitted to and received by the State Fire Marshal's Office not less than 15 days prior to the planned use or event. A $500
expedited handling fee will be assessed on all permit applications submitted less than 15 days prior to the planned use or event. Inspection fees will
be assessed at a rate of $66-$150 per staff member per hour during normal business hours (Monday through Friday, 8:30 a.m. to 4:30 p.m.) and at
a rate of $968-$225 per hour at all other times (nights, weekends, holidays). State Fire Marshal's Office permit fees shall be as follows:

—_
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Storage of explosives and blasting agents, 12-month permit $250 first magazine, plus $150 per each additional magazine on the same site.
Use of explosives and blasting agents, nonfixed site, 6-month permit $250 per site, plus inspection fees.

Use of explosives and blasting agents, fixed site, 12-month permit $250 per site.

Sale of explosives and blasting agents, 12-month permit $250 per site.

Manufacture explosives (unrestricted), blasting agents, and fireworks, 12-month permit $250 per site.

Manufacture explosives (restricted), 12-month permit $26_$200 per site.

Fireworks display in or on state-owned property $300 plus inspection fees.

Pyrotechnics or proximate audience displays in or on state-owned property $300 plus inspection fees.

Flame effects in or on state-owned property $300 plus inspection fees.

Flame effects incidental to a permitted pyrotechnics display $150 (flame effects must be individual or group effects that are attended and
manually controlled).

Exception: Permit fees shall not be required for the storage of explosives or blasting agents by state and local law enforcement and fire
agencies.

107.12

Other State Fire Marshal's office required permits, annual compliance inspeetiofr inspections and fees. Operational permits are

required by the State Fire Marshal's office in accordance with this section. Fees for permits and for compliance inspections performed by the State

Fire Marshal's office shall be as follows:

1.

Annual compliance inspection fees for nightclubs Nightelubs.

1.1. $356_$500 for occupant load of 100 or less.

1.2. $4568_$600 for occupant load of 101 to 200.

1.3. $566_$650 for occupant load of 201 to 300.

1.4. $5608_$650 plus $56_$100 for each 100 occupants where occupant loads exceed 300.

. Annual compliance inspection fees for private Private-college dormitories with or without assembly areas. If containing assembly areas, such

assembly areas are not included in the computation of square footage.

2.1. $+56 $350 for 3,500 square feet (325 m?) or less.

2.2. $266_$400 for greater than 3,500 square feet (325 m?) up to 7000 square feet (650 m?).

2.3. $256 $450 for greater than 7,000 square feet (650 m?) up to 10,000 square feet (929 m?).

2.4. $256_$450 plus $50 for each additional 3,000 square feet (279 m?) where square footage exceeds 10,000 square feet (929 m?).



3. Annual compliance inspection fees for assembly Asserbiy-areas that are part of private college dormitories.
3.1. $56_$200 for 10,000 square feet (929 m?) or less provided the assembly area is within or attached to a dormitory building.

3.2. $+66_$250 for greater than 10,000 square feet (929 m?) up to 25,000 square feet (2323 m?) provided the assembly area is within or
attached to a dormitory building, such as gymnasiums, auditoriums or cafeterias.

3.3. $+66_$250 for up to 25,000 square feet (2323 m?) provided the assembly area is in a separate or separate buildings such as
gymnasiums, auditoriums or cafeterias.

3.4. $+56_$300 for greater than 25,000 square feet (2323 m?) for assembly areas within or attached to a dormitory building or in a separate
or separate buildings such as gymnasiums, auditoriums or cafeterias.

4. Annual compliance inspection fees for hospitals Hespitals.

4.1. $366_$450 for 1 to 50 beds.

4.2. $466_$550 for 51 to 100 beds.

4.3. $566_$650 for 101 to 150 beds.

4.4. $666_$750 for 151 to 200 beds.

4.5. $666_$750 plus $+68_$200 for each additional 100 beds where the number of beds exceeds 200.

5. Annual compliance inspection fees for facilities Faettties licensed by the Virginia Department of Social Services and family day homes
licensed by the Virginia Department of Education, based on licensed capacity as-fotiows:

5.1. $56_$200 for 1 to 8.

5.2. $75 $225 for 9 to 20.

5.3. $+66_$250 for 21 to 50.
5.4. $260 $350 for 51 to 100.
5.5. $366_$450 for 101 to 150.
5.6. $486_$550 for 151 to 200.
5.7. $566_$650 for 201 or more.

Exception: Annual compliance inspection fees for any building or groups of buildings on the same site may not exceed $2566- $3500.

6. Registered eemptaints_complaint investigation fees.

6.1. Ne-chargeforfirstvisit{initial complaintandolations-arefound:_$150 per hour for each State Fire Marshal's Office staff during
normal business hours (Monday through Friday. 8:30 a.m. to 4:30 p.m.) and at a rate of $225 per hour at all other times (nights,
weekends, and holidays).

7. Required permits and fees for bonfires Bonfires (small and large) on state-owned property.

7.1. For a small bonfire pile with a total fuel area more than 3 feet (914 mm) in diameter and more than 2 feet (610 mm) in height, but not
more than 9 feet (2743 mm) in diameter and not more than 6 feet (1829 mm) in height, the permit fee is $56-_$200. If an application for a
bonfire permitis received by the State Fire Marshal's office less than 15 days prior to the planned event, the permit fee shall be $+86-
$250. If an application for a bonfire permitis received by the State Fire Marshal's office less than 7 days prior to the planned event, the

permit fee shall be $+58-_$300.

7.2. For alarge bonfire pile with a total fuel area more than 9 feet (2743 mm) in diameter and more than 6 feet (1829 mm) in height, the
permit fee is $+56- _$250. If an application for a bonfire permit is received by the State Fire Marshal's office less than 15 days prior to the
planned event, the permit fee shall be $388-_$400. If an application for a bonfire permit is received by the State Fire Marshal's office less
than 7 days prior to the planned event, the permit fee shall be $456-_$550.



8. Required operational permits and permit fees for hazardous materials processing or storage.

8.1. Aviation facilities. $200 annual operational permit for Group H or Group S occupancy for aircraft servicing or repair and aircraft fuel-
servicing vehicles. Additional permits required by other sections of this code include, but are not limited to. hot work, hazardous
materials and flammable or combustible finishes.

8.2. Waste handling. $200 annual operational permit for facilities conducting operations similar to wrecking yards, junk yards, and waste
material handling or recycling centers.

8.3. Combustible storage and hazardous operations.

8.3.1. $200 annual operational permit for facilities storing or handling more than 100 cubic feet of combustible fibers, rags. or scrap
lextiles.

8.3.2. $200 annual operational permit for facilities such as grain elevators, flour or feed mills, or other pulverizing processing producing
combustible dust.

8.3.3. $200 annual operational permit for storage of Flammable and combustible liquids:

8.3.3.1. Service station or repair garage, or
8.3.3.2. UST closure or temporary out of service

8.4. Flammabile finishes. $200 annual operational permit for spraying or dipping operations utilizing flammable or combustible products or
flammable floor refinishing operations exceeding 350 square feet in size.

8.5. High-piled and combustible storage. $200 annual operational permit for facilities storing more than 500 square feet of materials in
arrangements greater than 12 feet in height.

8.6. Plant extraction systems. $200 annual operational permit for plant oil processing and extraction systems.

8.7. Tire storage and rebuilding operations. $200 annual operational permit for facilities storing more than 2,500 cubic feet of tires including
scrap tires or operating tire rebuilding plants.

8.8. Welding and other hot work.
8.8.1. $200 operational permit for facilities conducting welding., open torches. or other hot work (except where used for construction

purposes)

8.8.2. $200 annual operational permit for hot work program.

8.9. $200 annual permit for flammable and combustible liquids storage.

©

9. Other required operational permits and permit fees.

9.1. Mobile food preparation vehicles. $200 annual operational permit for mobile food preparation vehicles equipped with appliances that
produce smoke or grease laden vapors.

Exception: Recreational vehicles used for private recreation.

.2. Tents, canopies and membrane structures. $200 annual operational permit for any individual or adjacent tent(s), stage canopy. or air-
supported structure(s) covering an area of more than 900 square feet unless used exclusively for recreational camping purposes.

9.3. Special amusement building occupancies. $200 annual operational permit for any temporary or permanent amusement facilities where
the means of egress is not readily apparent, is intentionally confounding, or is not readily available.

108.1.1 Permits required. Operational permits may be required by the fire official in accordance with Table 107.2. The fire official shall require
operational permits for the manufacturing, storage, handling, use and sale of explosives. Issued permits shall be kept on the premises designated
therein at all times and shall be readily available for inspection by the fire official.

Exceptions:

. Operational permits will ret be required by the State Fire Marshalexee
eaépbﬁves—m—beahﬂes—ﬁeﬁ—eﬁferemg—t-he—SFPe in accordance with Sectlons 107.11 and 107 12.

2. Operational permits will not be required for the manufacturing, storage, handling or use of explosives or blasting agents by the Virginia
Department of State Police provided notification to the fire official is made annually by the Chief Arson Investigator listing all storage
locations.




Reason Statement: The Virginia Statewide Fire Prevention Code, which is amended and adopted by the Commonwealth of Virginia Board of
Housing and Community Development, and set forth in Section 27-94 et seq. the Code of Virginia, shall be enforced, including the imposition of fees
to defray costs, as may be necessary for the administration and enforcement. The Virginia Statewide Fire Prevention Code sets certain procedures
for the Virginia State Fire Marshal's Office’s fee schedule which here in are recommended to be adjusted comparable with other localities in Virginia.
The 2006 SFPC list the initial fees for the State Fire Marshal’s Office and have not been adjusted for the past 15 plus years. To better serve the
Commonwealth of Virginia and to defray costs, as may be necessary for the administration and enforcement.

Resiliency Impact Statement: This proposal will increase Resiliency

The mission of the State Fire Marshal's Office is to make fire safety a way of life in the Commonwealth of Virginia. We accomplish this through
inspection and compliance of the Virginia Statewide Fire Prevention Code. The State Fire Marshal's Office continually strives to better serve our
citizens and the communities which we are tasked with protecting. The proposed increase in fees will be critical to the future services provided by
the State Fire Marshal's Office and to better maintain safe buildings across Virginia. The demand for services from the Fire Marshal has steadily
increased over the past 15 years. Therefore, the Virginia State Fire Marshal and the Director of Virginia Fire Programs propose an increase in
certain fees set forth in the Virginia Statewide Fire Prevention Code, permits and fees Section 107.

Cost Impact: The code change proposal will increase the cost of construction

The proposed fees will not impact construction cost, however, they willimpact those business that fall within these inspections and permits. This
increase is comparable with localities around Virginia and are in line with the increase in the State Fire Marshal's Office operational budget. The fees
imposed pursuant to this section shall be used to defray the cost of administration and enforcement under the Statewide Fire Prevention Code.

Attached Files

e Stafford County FD local fee schedule for fire prevention code permits.pdf
https://va.cdpaccess.com/proposal/1046/1493/files/download/696/

e SFMO proposed fire code amendment fee and hourly rate increase 2021.pdf
https://va.cdpaccess.com/proposal/1046/1493/files/download/695/

e Fire Prevention Code Permit Fee Schedule_201210051427510124.pdf
https://va.cdpaccess.com/proposal/1046/1493/files/download/694/

o Fee Schedule 2019 Albemarle County.pdf
https://va.cdpaccess.com/proposal/1046/1493/files/download/693/

e city_of_fairfax_permit_fee_schedule.pdf
https://va.cdpaccess.com/proposal/1046/1493/files/download/692/

e Chapter 15.25- Fire Code- 1-9-2020.pdf
https://va.cdpaccess.com/proposal/1046/1493/files/download/691/




https://library.municode.com/va/stafford county/codes/code of ordinances?nodeld=COCO CH12FIPR
PR ARTVIFIPRCO S12-62AMADDEVISTFIPRCO

Sec. 12-62. - Amendments, additions, and deletions to the Virginia Statewide Fire Prevention Code.

The Virginia Statewide Fire Prevention Code adopted by county Code section 12-60(a), is hereby
amended and changed pursuant to Virginia Code § 27-97 in the following respects:

101.1 Title. Delete this section and replace with the following:

The regulations set forth herein, as modified and amended in County Code section 12-62, together with
the additional regulations in county code chapter 12, shall be known as the "Fire Prevention Code," and
herein referred to as such.

Add the following subsection:

106.3.2. Inspection by others. The fire official may designate other persons as he deems necessary and
appropriate, to make fire safety inspections. Such persons may use the fire prevention code as the basis
for such inspections.

107.2. Permits required. Delete this section and replace with the following:

Operational permits shall be required by the fire official in accordance with Table 107.2. Fees for such
permits, as set by the board, shall be paid prior to issuance of the permit.

Exception: Such permits shall not be required for the storage of explosives or blasting agents by the
Virginia Department of State Police provided notification to the fire official is made annually by the Chief
Arson investigator listing all storage locations.

TABLE 107.2

Type  When Required Duration Fee

Section 1: Facilities, Occupancies and Precautions Against Fire


https://library.municode.com/va/stafford_county/codes/code_of_ordinances?nodeId=COCO_CH12FIPRPR_ARTVIFIPRCO_S12-62AMADDEVISTFIPRCO
https://library.municode.com/va/stafford_county/codes/code_of_ordinances?nodeId=COCO_CH12FIPRPR_ARTVIFIPRCO_S12-62AMADDEVISTFIPRCO

Assembly/Educational Occupancies Facilities operating in an assembly or educational occupancy
classification

Annual $200.00

Aviation Facility Facilities involving aviation operations/storage Annual $200.00
Covered Mall Building Facilities designated as or in a covered mall

(by main address, not individual suites) Annual $200.00

Commercial Cooking  Operation of a commercial cooking appliances in occupancies other than
assembly or dwellings Annual $200.00

Commercial Open Burning Site and land clearing operations for commercial, industrial, or
residential land development  Per Burn Site (90 Days Max) $200.00

Dry Cleaning Facility Facilities where textiles are cleaned by using solvents  Annual $200.00

Exhibit or Trade Shows Facilities operating temporary indoor exhibit or trade shows involving more
than 50 vendors

Per Event
(90 Days Max) $200.00

Hazardous Production Materials Facility (HPM) Facilities using NFPA 704 classification 3 or 4 materials
involved with semi-conductor manufacturing or other hazardous material processing  Annual
$200.00

Lumber Yards and Woodworking Operations  Facilities storing or processing more than 100,000 board
feet of lumber Annual $200.00

Mobile Food Preparation Vehicles Mobile food preparation vehicles equipped with appliances that
produce smoke or grease laden vapors.

Exception: Recreational vehicles used for private recreation. Per Event
(90 Days Max)
or Annual $200.00

Organic Coating Manufacturing Facility Facilities manufacturing more than 1 gallon of organic coatings
per day Annual $200.00

Private Fire Hydrants  Fire hydrants not serviced by Stafford County Utilities Annual $200.00

Special Amusement Occupancies Temporary or permanent amusement facilities where the
means of egress is not readily apparent, is intentionally confounding, or is not readily available. Per
Event

(90 Days Max)

or Annual $200.00



State-regulated Care Facilities (SRCF)  State-regulated care facilities except R-5 occupancies. Annual
$200.00

Tents, Canopies and Membrane Structures Any individual or adjacent tent(s), canopy, or air-
supported structure(s) covering an area of more than 900 square feet unless used exclusively for
recreational camping purposes. Separate permits are required for every 15,000 square feet of total tent
coverage area. Per Event

(90 Days Max) $200.00

Vehicle Display Inside of a Building Any display, operation or demonstration of a liquid or gas
fueled vehicle in an assembly occupancy building Per Event

(90 Days Max) $200.00

Vehicle Repair Shop Garages  Facilities conducting motor vehicle (including boat) repairs Annual
$200.00

Waste Handling

Facility Facilities conducting operations similar to wrecking yards, junk yards, and waste material
handling or recycling centers  Annual $200.00

Section 2: Combustible Storage and Hazardous Operations

Aerosols Facilities operating with more than 500 pounds of class 2 or 3 aerosol products Annual
$200.00

Combustible Dust-Producing OperationsFacilities such as grain elevators, flour or feed mills, or other
pulverizing processing producing combustible dust Annual $200.00

Combustible Fibers Facilities storing or handling more than 100 cubic feet of combustible fibers,
rags, or scrap textiles  Annual $200.00

Compressed Gases Facilities storing or using INERT compressed gasses when exceeding 6,000 cubic
feet of gas (such as nitrogen but does NOT include LPG) Annual $200.00

Flammable Finishes Spraying or dipping operations utilizing flammable or combustible products or
flammable floor refinishing operations exceeding 350 square feet in size Per Event

(90 Days Max)

or Annual $200.00

Fruit and Crop

Ripening Operations  Facilities conducting fruit or crop ripening using ethylene gas  Per Event
(90 Days Max) $200.00

Fumigation and Insecticidal Fogging Operations Facilities or enclosed areas using flammable or toxic
fumigation or insecticidal fogging Per Event



(90 Days Max) $200.00

High-Piled and Combustible Storage Facilities storing more than 500 square feet of materials in
arrangements greater than 12 feet in height Annual $200.00

Industrial Oven Operations Facilities operating large industrial size ovens or "furnaces" Annual
$200.00

Magnesium Operations Facilities that melt, cast, heat or grind more than 10 pounds of magnesium
Annual $200.00

Plant Extraction Systems Plant oil processing and extraction systems Annual $200.00

Tire Storage and Rebuilding Operations Facilities storing more than 2,500 cubic feet of tires including
scrap tires or operating tire rebuilding plants ~ Annual $200.00

Welding and other Hot Work  Facilities conducting welding, open torches, or other hot work (except
where used for construction purposes) Per Event

(90 Days Max) $200.00

Hot Work Program When approved, the fire official shall issue a permit to carry out a Hot Work

Program. This program allows approved personnel to regulate their facility's hot work operations. The

approved personnel shall be trained in the fire safety aspects denoted in this chapter and shall be

responsible for issuing permits requiring compliance with the requirements found in this chapter. These

permits shall be issued only to their employees or hot work operations under their supervision. Annual
$200.00

Section 3: Fireworks and other Explosives

BlastingOperations involving the use of explosives in any amount for demolition, stone removal, or
other purposes

Per Blast Site
(90 Days Max) $200.00

Explosive or Fireworks Storage Manufacture, storage or handling of any amount of fireworks or other
explosives

Annual $200.00

Fireworks: Aerial Display Operations involving an outdoor aerial display of fireworks Per
Event $500.00

Fireworks: Indoor Pyrotechnics Display or Special EffectsOperations involving indoor display of
fireworks, pyrotechnics or other special effects Per Event $500.00

Fireworks: Itinerant Vendor Temp facilities selling fireworks from June 1 to July 15

As noted $1,000.00



Fireworks: Distributor or Wholesaler  Facilities distributing or selling fireworks to only permanent or
itinerant vendors Annual $200.00

Fireworks: Permanent Vendor Facilities selling fireworks from a permanent address and permanent
structure throughout the year Annual $200.00

Section 4: Hazardous Materials (Use Appendix E of the International Fire Code for further classification
and information)

Corrosive Materials Facilities using, storing or handling more than 55 gal. or 1,000 lbs. Annual
$200.00
Cryogenic Fluids Facilities using, storing or handling more than 1 gallon inside or 50 gallons

outside Annual $200.00
Flammable and Combustible Liquids Facilities using, storing, manufacturing,
processing or handling more than:

Class 1 Liquids: 5 gal. Inside or 10 gal. Outside

Class 2 or 3A Liquids: 25 gal. Inside or 60 gal. Outside

Except for:

1) The storage or use of Class | liquids in the fuel tank of a motor vehicle, aircraft, motorboat, mobile
power plant, mobile heating plant, unless such storage in the opinion of the fire official, would cause an
unsafe condition.

2) The storage or use of paints, oils, varnishes or similar flammable mixtures when such liquids are
stored for maintenance, painting or similar purposes for a period of not more than 30 days.

3) The storage of fuel oil used in connection with oil-burning equipment. Annual $200.00
Flammable Gases Facilities using, storing or handling more than 200 cubic feet Annual
$200.00
Flammable Solids Facilities using, storing or handling more than 100 pounds Annual
$200.00

Highly Toxic Materials Facilities using, storing or handling more than 10 gallons, or 100 pounds, or any
amount of toxic gas.  Annual $200.00

Liquefied Petroleum Gas (LPG) Facilities using, storing or handling more than 10 water gallons capacity
of LPG with exception to single containers or aggregate quantity of less than 500 gallon water capacity
for residential use. Annual $200.00

Organic Peroxides Facilities using, storing or handling ANY amount of class 1 through 4 (permit not
required for class 5) Annual $200.00



Oxidizers Facilities using, storing or handling more than 55 gallons, 500 pounds or 504 cubic feet
(see VSFPC for specifics)Annual $200.00

Pyrophoric Materials  Facilities using, storing or handling ANY amount Annual $200.00

Pyroxylin Plastics Facilities using, storing or handling more than 25 pounds Annual
$200.00

Unstable Materials Facilities using, storing or handling more than 10 gal. or 100 lbs. Annual
$200.00

Water-Reactive

Materials Facilities using, storing or handling more than 55 gal. or 500 Ibs. Annual $200.00

Add the following subsection:

107.5.1 Duration of permit. Permits shall remain in effect for no more than 12 months from the date
issued unless otherwise specified in Table 107.2 or unless suspended or revoked in accordance with the
code.

Add the following subsection:

107.10.1 Non-refundable fees. All required permit fees identified in table 107.2 are non-refundable once
the required inspection is completed.

Add the following section:

109.4. Approvals. Approval as the result of an inspection shall not be construed to be an approval of any
violation of the provisions of the fire prevention code or another regulation. Inspections presuming to
give authority to violate or cancel provisions of the fire prevention code or any other regulation shall not
be valid.

Add the following section:



109.5 Inspections performed outside business hours. Inspections may be performed outside of normal
government business hours when approved by the fire official. Fees for these inspections may be
assessed at the overtime rate for the inspector in addition to any permit fees.

Add the following section:

110.7. Imminent threat to human health or safety or to property. If the fire official shall determine that
the violation creates an imminent threat to human health or safety or to property, the fire official may
restrain, correct or abate such violation and institute appropriate legal proceeding to collect the full cost
of such response from the owner and the tenant or other person in control of the premises.

202. General Definitions. Add or replace the following words, terms and definitions:

Corrosive: A chemical that causes visible destruction of, or irreversible alterations in, living tissue by
chemical action at the point of contact. A chemical shall be considered corrosive if, when tested on the
intact skin of albino rabbits by the method described in DOTn 49 CFR 173.137, such chemical destroys or
changes irreversibly the structure of the tissue at the point of contact following an exposure period of 4
hours. This term does not refer to action on inanimate surfaces. A substance shall be considered
corrosive if it has a pH less than or equal to 2, or a pH greater than or equal to 12.5 on a pH scale of 0-
14.

Fire Chief: The head of the Stafford County Department of Fire, Rescue and Emergency Services, also
referred to as the fire and rescue chief, county fire chief, or chief of the fire department.

Fire Lane: An area designated by pavement markings or signs in which parking shall be prohibited,
whether on public or private property, to ensure ready access for and to fire fighting and rescue
equipment and facilities. A fire lane is a type of fire department access road.

Fire Marshal's Office: The county fire marshal, and, under the authority of the fire marshal, deputy or
assistant fire marshals, and members of the fire marshal's staff, also referred to as the Fire Prevention
Division or the fire official.

Fireworks: Any article, device, or any substance or combination of substances designed for the purpose
of producing a visible or audible effect by combustion, explosion, deflagration, or detonation, regardless
of its name or form of construction. This shall include, but not be limited to, those items known as



firecrackers, cherry bombs, Roman candles, torpedoes, skyrockets and any other substance or thing of
whatever form of construction containing nitrates, chlorates, oxalate, sulfide of lead, barium, antimony,
nitroglycerine, phosphorus or any other explosive or flammable compound or substance.

Fireworks Retailer: Any person selling fireworks or offering fireworks for sale at retail within the county
which shall include itinerant fireworks retailers and permanent fireworks retailers.

Fireworks Wholesaler: A person, firm or corporation offering fireworks for sale or selling fireworks to a
retailer. Such term shall include a manufacturer of fireworks, a representative of any such manufacturer,
a distributor, a jobber and a middleman of any description dealing in fireworks, any of whom shall sell or
offer to sell or offer to sell fireworks to a retailer within the county.

Immediately: Without delay.

Itinerant Fireworks Retailer: Any person selling fireworks or offering fireworks for sale at retail within
the county from a temporary location from June 1 to July 15 each year.

Legal Counsel: County Attorney or the Commonwealth's Attorney for the County of Stafford.

Occupant: Any person physically located or situated in or on any property, structure, space or vehicle
irrespective of the length of time or the reason for such occupancy.

Permanent Fireworks Retailer: Any person selling fireworks or offering fireworks for sale at retail within
the county from a permanent address and a permanent structure throughout the year.



Virginia State Fire Marshal’s Office Cost Recovery Rate Increase (Draft) 2021

Amendments proposal to the Virginia Statewide Fire Prevention Code; related fees and cost recovery for
operational permits.

The Virginia Statewide Fire Prevention Code (VSFPC), which is adopted and promulgated by the Virginia
Board of Housing and Community Development, as set forth in the Code of Virginia, § 27-97, provides
for enforcement authority for prescribed regulations for the protection of life and property from the
hazards of fire or explosion and for the handling, storage, sale and use of fireworks, explosives or
blasting agents. Specific enforcement authority for the State Fire Marshal is provided for in § 27-98 and
provides authority for the State Fire Marshal to enforce the VSFPC in jurisdictions in which the local
government do not enforce the Code and may establish such procedures or requirements as necessary
for the administration and enforcement for the Code. Additionally, § 27-98 provides for the State Fire
Marshal to charge fees to recover for the actual cost of administering and enforcing the Code. The
requirements for operational permits, state annual compliance fees, and fees for registered complaints
are establishes in the VSFPC.

Due to the increased cost for providing code enforcement services the Virginia State Fire Marshal and
the Director of Virginia Fire Programs propose an increase in certain fees set forth in the Virginia
Statewide Fire Prevention Code, Section 107 Permits and Fees and Section 108 Operational Permits.

The SFMO is currently the Fire Official for 60 of the 95 counties in Virginia and includes code
enforcement of all State owned facilities regardless of which jurisdiction they reside. This proposal sets
out to adjust the existing fee schedule for services provided by the State Fire Marshal’s Office (SFMO)
given fees for service has not been adjusted for the past 15 years.

The SFMO provides specific services that is partially funding from general fund monies and
supplemented by the Internal Service Fund which is monies received for contracted or recovery services
provided by the SFMO. The proposed fee and cost recovery increase is specific for a fee increase to
recover actual cost for the administration and enforcement of the Code. Code enforcement services
include but not be limited to:

e Annual Fire Prevention compliance Inspections

e Re-inspections

e Complaint based inspections

e Operational Permits

e Construction and Site Inspections

e Fireworks, Flame Effects, and Pyrotechnics

e Reduced Cigarette Ignition Propensity inspections

Cost associated with administration of code enforcement include but not limited to:

e Staff compensation for code enforcement services
e Vehicle cost and associated annual maintenance
e |T equipment, support, and required cost and maintenance of software solutions



e Required Personal Protective Equipment and replacement cost

e Tools and equipment

e Fire Inspector certification, continuing education requirements, and professional development
e Administrative support

The State Fire Marshal’s Office continually strives to better serve our citizens and the communities
which we are tasked with protecting. The proposed increase in fees will be critical to the future services
provided by the State Fire Marshal’s Office and to better maintain safe buildings across Virginia. The
addition of annual operational permit fees is intended to establish a risk assessment of facilities to the
State Fire Marshal, those locations where Hazardous Material (as classified with national recognized
reference standards or through approved qualified organizations) is stored, dispensed or processed.

Hourly rate increase

The SFMO hourly rate (cost recovery rate) should be set on the following factors that affect the SFMQ’s
operational budget.

1. The average pay worksheet for staff in the SFMO (the average per hour rate).

$ 1,338,084 Total Salaries of 21 Positions
S 70,426 Average Annual Salary
S 34 Average per Hour Based 2080 hours worked in a year

2. Cost associate with SFMO vehicles usage. The SFMO is supported with leased vehicles and as
such need to add in compensation for the use of these vehicles when providing fire code
inspections and support to other state agencies.

S 25 per hour for vehicle use recovery

3. The SFMO receives support from the Virginia Department of Fire Programs IT department to
maintain and support operation of data systems such as DEB - BITS;
SFMO - Imagetrend, RCIP, SFMD.

S 66 per hour for IT support

4. Administrative support for record entry and processing reports for billing and cost recovery.
S 25 per hour for Administrative support

5. Total recovery cost per hour for individual SFMO staff and inspectors
S 150 SFMO per hour

S 150 - Total cost for contracted and construction inspection services or recovery
services by the SFMO per hour.
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CODIFIED ORDINANCES OF LOUDOUN COUNTY
PART SIXTEEN — FIRE PREVENTION AND COMPLIANCE
FIRE MARSHAL'SOFFICE
CHAPTER 1602

Adoption of State Law and L ocal Amendments
Adopted 2-7-2011

1602.01 ADOPTION OF SECTION 27-94 et seq. (Statewide Fire Prevention Code) of

Code of Virginia.

The Virginia Statewide Fire Prevention Code as set forth in Section 27-94 et seg. of
the Code of Virginia shall be enforced in the County. Except as specificaly modified
by this Chapter, al the provisions and requirements of the Statewide Fire Prevention
Code, are hereby adopted, mutatis mutandis, and made part of this Chapter as if fully
set forth and shall be known as the Loudoun County Fire Prevention Code. No person
within the County shall violate or fail, neglect or refuse to comply with any provision
of the Loudoun County Fire Prevention Code and in no event shall the penalty
imposed for the violation of any provision or requirement adopted herein exceed the
penalty imposed for a similar offense under such Section 27-94 et seq. of the Code of
Virginia of 1950, as amended

1602.02 ENFORCEMENT; APPOINTMENT OF FIRE MARSHAL

There shall be appointed by the Board of Supervisors in and for the County a Fire
Marshal, who shall be responsible for the enforcement of this Chapter. The duties of
such Fire Marshal shall include investigation into the origin and cause of every fire
and explosion occurring within the limits for which he/she is appointed. The
investigation and prosecution of all offenses involving hazardous materials, fires, fire
bombings, bombings, attempts or threats to commit such offenses, fase alarms
relating to such offenses, possession and manufacture of explosive devices, substances
and fire bombs and environmental crimes shall be the responsibility of the fire
marshal, his’her designee and legal counsel. As used herein, the terms "Fire Officia",
"Enforcing Agency" and "Code Officia" shall refer to the Fire Marshal for the purposes
of this chapter. The Fire Marshal and his/her office shall be a part of the Department of
Fire Rescue and Emergency Management.

1602.02.01.1 POWERS; OFFICE OF THE FIRE MARSHAL

The Fire Marsha and all duly appointed assistants shall be authorized to order
immediate compliance with the provisions of this Chapter and to exercise all powers
authorized hereunder.
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(b) In addition to such other duties as may be prescribed by law, the local fire marshal and
those assistants appointed pursuant to Section 827-36 of the Code of Virginia
designated by the fire marshal shall have the same police powers as a sheriff, police
officer or law-enforcement officer to include the authority to arrest, to procure and
serve warrants of arrest and search warrants, and to issue summons in the investigation
and prosecution of all offenses, and related offenses, involving the violation of fire
prevention and fire safety laws and related ordinances, hazardous materials, fires, fire
bombings, bombings, attempts or threats to commit such offenses, possession and
manufacture of explosive devices, substances and fire bombs.

(c) The police powers granted in this section shall not be exercised by the Fire Marshal or
any assistant until such person has satisfactorily completed a course for Fire Marshals
with police powers, which course shall be approved by the Virginia Fire Services
Board. In addition, the Fire Marshal and those assistants with police powers shall
continue to exercise those powers only upon satisfactory participation in in-service and
advanced courses and programs, which courses shall be approved by the Virginia Fire
Services Board. The Fire Marshal and his assistants, before entering upon their duties,
shall respectively take an oath, pursuant to Code of Virginia, Title 27-37.

1602.03 ENFORCEMENT PROCEDURES; AUTHORITY
The enforcement procedures of this Chapter shall be instituted by the Fire Marshal and
administered in accordance with this chapter.

1602.04 ADMINISTRATION
The Fire Marshal shall establish such procedures or requirements as may be necessary
for the administration and enforcement of this Chapter.

1602.05 VIOLATIONS
It shall be unlawful for any owner or any other person, firm, or corporation, on or after
the effective date of the Loudoun County Fire Prevention Code, to violate any
provisions thereof. Any such violation shall constitute a Class 1 misdemeanor and any
owner, or any other person, firm, or corporation convicted of such violation shall be
subject to punishments set forth in Chapter 202.08(b) of the Codified Ordinances of
L oudoun County.

1602.06 LOCAL BOARD OF FIRE PREVENTION CODE APPEALS
The Loudoun County Building Code and Appeals Board shall be designated as the
Appeals Board to hear grievances arising from the application of the Loudoun County
Fire Prevention Code.

1602.07 SMOKE DETECTORS IN CERTAIN BUILDINGS
In accordance with the authorities specified in Section 15.2-922 of the Code of
Virginia, smoke detectors shall be installed in the following structures or buildings:
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@ Any building containing one or more dwelling units,
(b) Any hotel or motel regularly used or offered for, or intended to be used to
provide overnight sleeping accommodations for one or more persons, and,
(©) rooming houses regularly used, offered for, or intended to be used to provide
overnight sleeping accommodations.
1602.07.01 Smoke detectors installed pursuant to this section shall be installed in
conformance with the provisions of the Uniform Statewide Building Code. Smoke detectors
shall be either battery operated or AC powered units. The owner of any unit which is rented or
leased, at the beginning of each tenancy and at least annualy thereafter, shall furnish the
tenant with a certificate that all required smoke detectors are present, have been inspected, and
are in good working order. Except for smoke detectors located in hallways, stairwells, and
other public or common areas of multifamily buildings, interim testing, repair and
maintenance of smoke detectors in rented or leased units shall be the responsibility of the
tenant. The owner of any unit which is rented or leased shall be obligated to service, repair or
replace any malfunctioning smoke detectors within five days of receipt of written notice from
the tenant that such smoke detector isin need of service, repair, or replacement.

1602.07.02  Article not exempt from compliance with code

Nothing in this article shall excuse any owner for the required buildings from
compliance with all other applicable provison of the Virginia Uniform Statewide
Building Code in Chapter 14 of the County of Loudoun Codified Ordinances
pertaining to buildings and building regulations.

1602.08 RESERVED

1602.09 RESERVED

1602.10 RESERVED

1602.11 AMENDMENTS.
The following sections of the Statewide Fire Prevention Code are hereby amended as
follows: (Editors note: The Loudoun County Fire Prevention Code hereby deletes,

modifies or amends the sections of the SFPC as set forth below. Refer to the SFPC for
original language).



1 Chapter 1
2 Administration
3
4 107.2 Fire Prevention Code Operational Permits may be required by the Fire Marshal as
5 permitted under the Statewide Fire Prevention Code. The application process and issuance of
6 permitsisin accordance with the Loudoun County Fire Marshal’ s Fire Prevention Operational
7 Permit Fee Schedule.
8
9  All permits issued under this Chapter requiring the payment of a fee, shall be issued by the
10 Fire Marsha or his designated agent.
11
12
13 FIRE PREVENTION OPERATIONAL PERMIT FEE SCHEDULE
14
PERMIT

PERMIT CODE

DESCRIPTION REQUIRED FEE REFERENCE
(Yesor No)

Aerosol products. An operational permit is required to | Yes $90 2801.2
manufacture, store or handle an aggregate quantity of Level
2 or Level 3 aerosol products in excess of 500 pounds (227
kg) net weight.
Amusement buildings. An operational permit is required | Yes $90 Table 107.2
to operate a special amusement building.
Aviation facilities. An operational permit isrequired to use | Yes $90 1101.3
a Group H or Group S occupancy for aircraft servicing or
repair and aircraft fuel-servicing vehicles. Additiona
permits required by other sections of this code include, but
are not limited to, hot work, hazardous materials and
flammable or combustible finishes.
Carnivals and fairs. An operational permit is required to | Yes $90 Table 107.2
conduct a carnival or fair.
Battery systems. An operational permit is required to | Yes $90 Table 107.2
install stationary lead-acid battery systems having a liquid
capacity of more than 50 gallons (189 L).
Céllulose nitrate film. An operational permit isrequired to | Yes $90 301.2
store, handle or use cellulose nitrate film in a Group A
occupancy.
Combustible dust-producing operations. An operational | Yes $90 1301.2
permit is required to operate a grain elevator, flour starch
mill, feed mill, or a plant pulverizing auminum, coal,
COCoa, Magnesium, spices or sugar, or other operations
producing combustible dusts as defined in Chapter 2.
Combustible fibers. An operational permit is required for | Yes $90 2901.3

the storage and handling of combustible fibers in quantities
greater than 100 cubic feet (2.8 m3).
Exception: An operationa permit is not required for




DESCRIPTION

PERMIT
REQUIRED
(Yesor No)

PERMIT
FEE

CODE
REFERENCE

agricultural storage.

Compressed gas. An operational permit is required for the
storage, use or handling at normal temperature and pressure
(NTP) of compressed gases in excess of the amounts listed
below.
Exception: Vehicles equipped for and using compressed
gas as afuel for propelling the vehicle.

PERMIT AMOUNTS FOR COMPRESSED GASES

TYPE OF GAS AMOUNT (cubic feet
at NTP)

Corrosive 200

Flammable (except cryogenic | 200
fluids and liquefied petroleum
gases)

Highly toxic Any Amount

Inert and simple asphyxiate 6,000

Oxidizing (including oxygen) 504

Pyrophoric Any Amount

Toxic Any Amount

For SI: 1 cubic foot = 0.02832 m?

Yes

$90

3001.2

Covered mall buildings. An operational permit is required

for:

1. The placement of retail fixtures and displays,
concession equipment, displays of highly combustible
goods and similar itemsin the mall.

2. The display of liquid- or gas-fired equipment in the
mall.

3. The use of open-flame or flame-producing equipment
in the mall.

Yes

$90

Table 107.2

Cryogenic fluids. An operational permit is required to

produce, store, transport on site, use, handle or dispense

cryogenic fluidsin excess of the amounts listed below.
Exception: Operational permits are not required for
vehicles equipped for and using cryogenic fluids as a
fuel for propelling the vehicle or for refrigerating the
lading.

PERMIT AMOUNTSFOR CRYOGENIC FLUIDS

TYPE OF CRYOGENIC | INSIDE OUTSIDE

FLUIDS BUILDING BUILDING
(gallons) (gallons)

Flammable Morethan 1 60

Inert 60 500

Yes

$90

3201.2




DESCRIPTION

PERMIT
REQUIRED
(Yesor No)

PERMIT
FEE

CODE
REFERENCE

Oxidizing
oxygen)

(includes | 10 50

Physical or health hazard
not indicated above

Any Amount | Any Amount

For SI: 1 gallon=3.785 L.

Dry cleaning plants. An operational permit is required to
engage in the business of dry cleaning or to change to a
more hazardous cleaning solvent used in existing dry
cleaning equipment.

Yes

$90

1201.2

Exhibits and trade shows. An operational permit is
required to operate exhibits and trade shows.

Yes

$90

Table 107.2

Explosives, ammunition and blasting agents:
Storage, approved overnight

Transportation, each vehicle (valid 6 months)
Use, each blasting site or blasting location
Firm or company license

Yes

$90
$24
$60
$60

3301.2
3301.2
3301.2
3301.2

Extremely Hazardous Substances (EHS)

Yes

$ 600

Table 107.2

Fireworks
Retailer and/or Wholesaler
Private Display, not open to the public

Yes
Yes

$ 600
$ 600

3301.2
3301.2

Fire hydrants and valves. An operational permit is
required to use or operate fire hydrants or valves intended
for fire suppression purposes which are installed on water
systems and accessible to a fire apparatus access road that
isopen to or generally used by the public.
Exception: An operational permit is not required for
authorized employees of the water company that
supplies the system or the fire department to use or
operate fire hydrants or valves. Permits or monitoring
devices are issued through the respective water purveyor
company.

No

Fire Lane Plan Review (existing)

Yes

$95

Table 107.2




DESCRIPTION

PERMIT
REQUIRED
(Yesor No)

PERMIT
FEE

CODE
REFERENCE

Flammable and combustible liquids. An operationa

permit is required:

1. To use or operate a pipeline for the transportation within
facilities of flammable or combustible liquids. This
requirement shall not apply to the offsite transportation in
pipelines regulated by the Department of Transportation
(DOT) (see Section 3501.1.2) nor does it apply to piping
systems (see Section 3503.6).

2. To store, handle or use Class | liquids in excess of 5
galons (19 L) in a building or in excess of 10 gallons
(37.9 L) outside of a building, except that a permit is not
required for the following:

2.1. The storage or use of Class | liquids in the fuel tank
of a motor vehicle, aircraft, motorboat, mobile power
plant or mobile heating plant, unless such storage, in
the opinion of the fire official, would cause an unsafe
condition.

2.2. The storage or use of paints, oils, varnishes or
similar flammable mixtures when such liquids are
stored for maintenance, painting or similar purposes
for a period of not more than 30 days.

3. To store, handle or use Class Il or Class I1A liquids in
excess of 25 gallons (95 L) in a building or in excess of
60 gallons (227 L) outside a building, except for fuel oil
used in connection with oil-burning equipment.

4. To remove Class | or Class Il liquids from an
underground storage tank used for fueling motor vehicles
by any means other than the approved, stationary on-site
pumps normally used for dispensing purposes.

5. To operate tank vehicles, equipment, tanks, plants,
terminals, wells, fuel-dispensing stations, refineries,
digtilleries and similar facilities where flammable and
combustible liquids are produced, processed, transported,
stored, dispensed or used.

6. To install, alter, remove, abandon, place temporarily out
of service (for more than 90 days) or otherwise dispose of
an underground, protected above-ground or above-ground
flammable or combustible liquid tank.

7. To change the type of contents stored in a flammable or
combustible liquid tank to a material, which poses a
greater hazard than that for which the tank was designed
and constructed.

8. To manufacture, process, blend or refine flammable or
combustible liquids.

Yes

$90

3401.4

Floor finishing. An operational permit is required for floor

Yes

$90

1501.2




PERMIT

PERMIT CODE
DESCRIPTION REQUIRED FEE REEERENCE
(Yesor No)
finishing or surfacing operations exceeding 350 square feet
(33m?) using Class | or Class 11 liquids.
Fruit and crop ripening. An operational permitisrequired | Yes $90 1601.2
to operate a fruit-, or crop-ripening facility or conduct a
fruit-ripening process using ethylene gas
Fumigation and thermal insecticide fogging. An | Yes $90 1701.2

operational permit is required to operate a business of
fumigation or thermal insecticide fogging and to maintain a
room, vault or chamber in which a toxic or flammable
fumigant is used.




PERMIT

PERMIT CODE
DESCRIPTION REQUIRED FEE REEERENCE
(Yesor No)
Hazardous materials. An operational permit isrequired to | Yes $ 600 2701.5

store, transport on site, dispense, use or handle hazardous
materials in excess of the amounts listed below.

PERMIT
MATERIALS

AMOUNTS

FOR HAZARDOUS

TYPE OF MATERIAL

AMOUNT

Combustible liquids

See flammable and
combustible liquids

Corrosive materials

Gases
Liquids
Solids

See compressed gases
55 gallons
1000 pounds

Explosive materials

| See explosives

Flammable materials

Gases See compressed gases
Liquids See flammable and
combustible liquids
Solids 100 pounds
Highly toxic materials
Gases See compressed gases
Liquids Any amount
Solids Any amount
Oxidizing materials
Gases See compressed gases
Liquids
Class4 Any amount
Class 3 1 galon®
Class 2 10 gallons
Class1 55 gallons
Solids
Class4 Any amount
Class 3 10 pounds’
Class 2 100 pounds
Class 1 500 pounds
Organic peroxides
Gases See compressed gases
Liquids
Class| Any amount
Classli Any amount
ClassI| 1lgdlon
Class 1V 2 galons
ClassV No permit required




PERMIT

PERMIT CODE
DESCRIPTION REQUIRED FEE REFERENCE
(Yesor No)
Solids
Class| Any amount
Classll Any amount
Classll| 10 pounds
Class IV 20 pounds
ClassV No permit required
Pyrophoric materials
Gases See compressed gases
Liquids Any amount
Solids Any amount
Toxic materials
Gases See compressed gases
Liquids 10 galons
Solids 100 pounds
Unstable (reactive) materials
Liquids
Class4 Any amount
Class 3 Any amount
Class2 5 gallons
Class1 10 gdlons
Solids
Class4 Any amount
Class 3 Any amount
Class 2 50 pounds
Class1 100 pounds
Water-reactive materials
Liquids
Class 3 Any amount
Class 2 5 gallons
Class1 55 gallons
Solids
Class 3 Any amount
Class 2 50 pounds
Class1 500 pounds
For Sl: 1 gallon =3.785 L, 1 pound = 0.454 kg.
HPM facilities. An operational permit is required to store, | Yes $90 1801.5
handle or use hazardous production materials.
High piled storage. An operational permit is required to | Yes $90 Table 107.2

use a building or portion thereof as a high-piled storage

area exceeding 500 sguare feet (46 m?).




PERMIT

PERMIT CODE
DESCRIPTION REQUIRED FEE REEERENCE
(Yesor No)
Hot work operations. An operational permit is required | Yes $90 2601.2
for hot work including, but not limited to:
1. Public exhibitions and demonstrations where hot
work is conducted.
2. Use of portable hot work equipment inside a
structure.
Exception: Work that is conducted under a
construction permit.
3. Fixed-site hot work equipment such as welding
booths.
4. Hot work conducted within a hazardous fire area.
5. Application of roof coverings with the use of an
open-flame device.
6. When approved, the fire official shall issue a permit
to carry out a Hot Work Program. This program
allows approved personnel to regulate their
facility’s hot work operations. The approved
personnel shall be trained in the fire safety aspects
denoted in this chapter and shall be responsible for
issuing permits requiring compliance with the
requirements found in this chapter. These permits
shall be issued only to their employees or hot work
operations under their supervision.
Industrial ovens. An operational permit is required for | Yes $90 2101.2
operation of industrial ovens regulated by Chapter 21.
Lumber yards and woodworking plants. An operationa | Yes $90 1901.2
permit is required for the storage or processing of lumber
exceeding 100,000 board feet (8,333 ft3) (236 m3).
Liquid- or gas-fueled vehicles or equipment in assembly | Yes $90 Table 107.2
or mercantile buildings. An operational permit is required
to display, operate or demonstrate liquid- or gas-fueled
vehicles or equipment in assembly or mercantile buildings.
L P-gas. An operational permit is required for: Yes 3801.2
1. Storage and use of LP-gas. 0-499 gals $0
Exception: An operational permit is not required | 500+ gals $90
for individual containers with a 500-gallon (1893
L) water capacity or less serving occupancies in
Group R-3.
2. Operation of cargo tankers that transport L P-gas.
Magnesium. An operational permit is required to melt, | Yes $90 3601.2
cast, heat treat or grind more than 10 pounds (4.54 kg) of
magnesium.
Miscellaneous combustible storage. An operationa | Yes $90 315.1

permit is required to store in any building or upon any
premises in excess of 2,500 cubic feet (71 m?) gross volume




DESCRIPTION

PERMIT
REQUIRED
(Yesor No)

PERMIT
FEE

CODE
REFERENCE

of combustible empty packing cases, boxes, barrels or
similar containers, rubber tires, rubber, cork or smilar
combustible material.

Open burning. An operational permit is required to
operate a specia incineration device as defined by the State
Air Pollution Control Board.

Yes

$ 120

307.2

Open flames and candles. An operational permit is
required to remove paint with a torch; use a torch or open-
flame device in a hazardous fire area; or to use open flames
or candles in connection with assembly areas, dining areas
of restaurants or drinking establishments.

Yes
Torches

No
Candles

$90

308.4.1

Organic coatings. An operational permit is required for
any organic-coating manufacturing operation producing
more than 1 gallon (4 L) of an organic coating in one day.

Yes

$90

2001.2

Places of Assembly or Educational. An operational permit
is required to operate a place of assembly or educational
occupancy with arated occupancy greater than 49 persons.

Yes

$90

Table 107.2

Private fire hydrants. An operational permit is required
for the removal from service, use or operation of private
fire hydrants.
Exception: An operational permit is not required for
private industry with trained maintenance personnel,
private fire brigade or fire departments to maintain, test
and use private hydrants.

No

Pyrotechnic special effects material. An operationa
permit is required for use and handling of pyrotechnic
specia effects material.

Yes

$90

Table 107.2

Pyroxylin plastics. An operational permit is required for
storage or handling of more than 25 pounds (11 kg) of
cellulose nitrate (pyroxylin) plastics and for the assembly or
manufacture of articles involving pyroxylin plastics.

Yes

$90

4201.2

Refrigeration equipment. An operational permit is
required to operate a mechanical refrigeration unit or
system regulated by Chapter 6.

Yes

$90

601.2

Repair garages and service stations. An operationa
permit is required for operation of repair garages and
automotive, marine and fleet service stations.

Yes

$90

2201.2

Rooftop heliports. An operational permit is required for
the operation of a rooftop heliport

Yes

$90

1101.3

Spraying or dipping. An operational permit is required to
conduct a spraying or dipping operation utilizing
flammable or combustible liquids or the application of
combustible powders regulated by Chapter 15.

Yes

$90

1501.2

Storage of scrap tires and tire byproducts. An

Yes

$90

2501.2




DESCRIPTION

PERMIT
REQUIRED
(Yesor No)

PERMIT
FEE

CODE
REFERENCE

operational permit is required to establish, conduct or
maintain storage of scrap tires and tire byproducts that
exceeds 2,500 cubic feet (71md) of total volume of scrap
tires and for indoor storage of tires and tire byproducts.

Temporary membrane structures, tents and canopies.
An operational permit is required to operate an air-
supported temporary membrane structure or atent.

Exceptions:

1. Tents used exclusively for recreational camping
purposes.

2. Tents and air-supported structures that cover an area
of 900 sguare feet or less, including al connecting
areas or spaces with acommon means of egress.

3. Fabric canopies and awnings open on all sides which
comply with all the following:

3.1 Individual canopies shall have a maximum
size of 700 square feet (65m2).

3.2 The aggregate area of multiple canopies
placed side by side without a fire break
clearance of 12 feet (3658 mm) shall not
exceed 700 sguare feet (65m?) total.

3.3 A minimum clearance of 12 feet (3658) to
structures and other tents shall be provided.

Yes

$$90

2403.4

Tent Event. An operational permit is required for an event
with 20 tents of any size.

Yes

$ 360 per

every
tents

20

Tire rebuilding plants. An operational permit is required
for the operation and maintenance of atire-rebuilding plant.

Yes

$90

Table 107.2

Waste handling. An operational permit is required for the
operation of wrecking yards, junk yards and waste material-
handling facilities

Yes

$90

2501.2

Wood products. An operational permit is required to store
chips, hogged material, lumber or plywood in excess of 200
cubic feet (6 m3).

Yes

$90

Table 107.2

Note: Oxidizing materials:

less.

or less.
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a 20 galonswhen Table 2703.1.1(1) Note k applies and hazard identification signs
in accordance with Section 2703.5 are provided for quantities of 20 gallons or

b. 200 pounds when Table 2703.1.1(1) Note k applies and hazard identification
signs in accordance with Section 2703.5 are provided for quantities of 200 pounds
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Chapter 2
Definitions

Bonfire: An outdoor fire utilized for ceremonial purposes. Bonfires must consist of seasoned
wood, piled neatly, no more than 5 feet in diameter by 5 feet in height and ignited with a small
quantity of paper. Bonfires shall not burn longer than 3 hours. Any increase to the maximum
size and duration of a bonfire may be approved by the Fire Marshal based upon a
determination that fire safety requirements of the situation and the desirable duration of burn
warrant theincrease. Bonfires shall not be utilized for waste disposal purposes.

Built up areaz  Any area with a substantial portion covered by industrial, commercial or
residential buildings.

Campfire: An outdoor recreational fire, no larger than 3 feet in diameter by 2 feet in height
and used for cooking purposes.

Clean lumber: Wood or wood products that have been cut or shaped and include wet, air
dried and kiln-dried wood products. Clean lumber does not include wood products that have
been painted, pigment-stained or pressure-treated.

Land Clearing Debris: Brush, stumps and other vegetation and similar matter generated from
site clearing. This shall not include demoalition materials, refuse or similar debris products
from other sites.

Nuisance: Dangerous or unhealthy substances which have escaped, spilled, been released or
which have been allowed to accumulate in or on any place. Smoke or odors that are created
by the burning of materials may be considered a nuisance if it permeates surrounding
buildings or does not readily dissipate due to atmospheric conditions.

Open Burning: Combustion of solid waste without control of combustion air to maintain
adequate temperature for efficient combustion, containment of the combustion reaction in an
enclosed device or control of the products emission.

Person: Includes a corporation, firm, partnership, association, organization and any other
group acting as a unit, as well asindividuals. It shall also include an executor, administrator,
trustee, receiver or other representative appointed according to law. Whenever the word
“person” appears in any section of this code prescribing a penalty or fine, as to partnerships or
associations, the word shall include the partners or members thereof, and as to corporations,
shall include the officer, agents or members thereof who are responsible for any violation of
such section.
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Virginia Forestry Fire Laws: State law pertaining to open burning, specifically Sections §
10.1-1135 through § 10.1-1161 of the Code of Virginia which mandate certain requirements
and conditions for open burning.

Virginia State Air Pollution Control Board’ s Regulations Concerning Emissions Standards for
Open Burning: (9 VAC 5-40-5600): Regulations promulgated under the authority of the Code
of Virginia (8 10.1-1308) that pertain to the abatement, control and prohibition of air pollution
throughout or in any part of the Commonwealth.

Yard Waste: Grass, grass clippings, tree trimmings, bushes, shrubs and clippings from bushes
and shrubs.
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Chapter 3
General Precautions Against Fire

Section 307 Open Burning and Recreational Fires
Delete Statewide Fire Prevention Code 307.1 through 307.5.

307.1 Prohibited Open Burning

1. Between May 1 and September 30, open burning is prohibited. Exception: Campfires are
allowed provided they are located no closer than 50 feet from a structure.

2. During periods designated by the Virginia Department of Forestry, open burning is
restricted.

3. Burning of household trash, garbage, refuse, household waste, commercial waste,
construction waste, combustible liquid, debris waste, hazardous waste, impregnated lumber,
junk, rubber, plastics, stumps, tires, tar based materials, oil or petroleum based products,
products of salvage operations, chemicals, animal carcasses and similar materials is
prohibited.

4. Open burning of yard waste in urban or built up areasis prohibited.

5. Any other burning that creates a nuisance is prohibited.

6. Open burning that is offensive or objectionable because of smoke or odor emissions

or when atmospheric conditions or local circumstances make such fires hazardous shall be
prohibited.

307.2 Permitted Open Burning

1. Open burning is allowed as limited by this section unless prohibited by Section 307.1

2. Burning of yard waste in non-urban areas where materials are generated on site. The
burning may not be closer than 50 feet from a structure.

3. Agricultural burning, such as clearing of afield or fence row, for materials generated on
site. The burning may be no closer than 50 feet from a structure and 1,000 feet from an
occupied structure, unless prior permission has been given by the occupant and may not pose
a hazard to highways and airfields.

4. Bonfires, located no closer than 50 feet from a structure.

5. Burning of product generated by land clearing operations approved by the Fire Marshal
and shall aso comply with provisions of the Virginia State Air Pollution Control Board (9
VAC 5-40-5600) and shall not be within 1,000 from an occupied structure.

6. Warming barrels containing clean lumber at a construction site, as approved by the Fire
Marshal. Such burning shall be contained within a barrel or similar container, be covered or
screened to prevent flying embers and may be no closer than 15 feet from a structure.

7. Campfireslocated no closer than 50 feet from a structure,

8. Burning that is approved through the Virginia State Air Pollution Control Board regional
director for the purpose of training firefighting resources. Exception: Training schools
having permanent facilities for firefighting instruction are not required to obtain approval.

9. Other open burning as approved by the Fire Marshal as needed for public safety, abatement
of hazard, destruction of pests or other common good.
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307.3 Attendance

Allowable open burning, to include bonfires or recreational fires shall be constantly attended
by responsible, competent persons over the age of 18 years old as may be necessary to contain
the fire until the fire is extinguished. A minimum of one portable fire extinguisher with a
minimum 4-A rating or other approved on-site fire-extinguishing equipment, such as dirt,
sand, water barrel, garden hose or water truck, shall be available for immediate utilization.

307.4 Notification. Notification to the Loudoun County Emergency Communications Center
isrequired prior to and at the conclusion of any allowable open burning event permitted under
this section.

Exception: Campfires.

307.5 Extinguishment. The Fire Marshal shall order extinguishment, either by the responsible
party or local firefighting resources of any open burning which violates the provisions of this
section or otherwise creates a nuisance.

307. 6 Grills: Open flame grills, hibachis, gas grills, manufactured fireplaces or firepits, etc.,
shall not be utilized within 15 feet of any apartment, apartment building, condominium,
commercia business, health care facilities, housing for the aged or housing for the physically
and/or mentally impaired.

Exception:
One and two-family dwellings.

Chapter 4
Emergency Planning and Preparedness

408.3.5 Posting Egress Plans: All classrooms, libraries, laboratories and other areas of public
access within an educational occupancy shall be posted with evacuation plans in a
conspicuous area of each room.
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Chapter 5
Fire Service Features

503.1Exemptions. 1(a). Fire Apparatus Access Roads, to include Fire Lanes, shall be
designed in accordance with the Loudoun County Facilities Standards Manual.

503.4.1 Enforcement: Any violations of Section 503.4 shall be enforced by the Fire Marshal
or designated representative; any authorized law enforcement officer or any law enforcement
official of Loudoun County under Chapter 486, of the Codified Ordinances of the County.

505.1 Addressing of Premises: Addressing of premises shall be in accordance with Chapter
1026 of the Codified Ordinances of Loudoun County.

507.5.3.1 Rural fire protection. Features such as dry hydrants, underground water storage tanks and
related water supply accessories shall be maintained by the owner according to the conditions of

acceptance.

Chapter 9
Fire Protection Systems

901.10: Misuse of 9-1-1 system: No person shall use a prerecorded message transmitted
directly to a “9-1-1" telephone number, nor shall any person install, operate or maintain an
automatic dialing device which is programmed to transmit a prerecorded message or code
signal directly to a“9-1-1" telephone number.

Chapter 24
Tents and Other M embrane Structures

2403.4.1 No vendor or other person shall erect atent without first having applied for a permit.
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Chapter 33
Explosives and Fireworks

3301.2.3.2 Applicant Restrictions: No person, corporation or other entity, having been
convicted of aviolation under this Chapter shall be eligible to obtain a permit for the display
or sale of fireworks, or participate in any manner in the transportation, sale, or display of
fireworks for period of five (5) years from the date of conviction.

3301.2.4.1 Insurance for Blasting: The minimum amount of a certificate of insurance shall
not be less than $5,000,000 (five million dollars). This certificate of insurance shall further
indemnify the County of Loudoun, its agents and employees from any and all actions which
may result from the permitted blasting.

3301.2.4.2 Insurance for fireworks display: The applicant for a permit shall furnish a
certificate of insurance in the amount of five million dollars ($5,000.000). This certificate of
insurance shall further indemnify the County of Loudoun, named as an additional insured, its
agents and employees from any and all actions which may result from the permitted display.

3301.1.3 Exception 4: The possession, storage, sale, handling and use of specific types of
Division 1.4G fireworks listed as permissible.

3301.9: Transportation: The transportation of explosive materials shall comply with
applicable provisions of this Chapter and the regulations governing the transportation of
hazardous materials as promulgated by the Virginia Waste Management Board.

3301.9.1 Vehicle prohibitions. The attachment of any type of trailer behind a truck, a
tractor/semi-trailer or truck full-trailer combination for transporting explosive is prohibited.

3301.9.2 Vehicle restrictions: Vehicles containing explosives shall not be taken into a garage
or repair shop for repairs or storage.

3301.9.3 Vehicle contents: Only explosives and related material authorized by the applicable
provisions of Title 49 of the Code of Federal Regulations listed in Appendix A shal be
carried in the body of an explosive transport vehicle.

3301.9.4 Emergency conditions. The Department of Fire, Rescue and Emergency
Management and the Office of the Loudoun County Sheriff shall be promptly notified when a
vehicle transporting explosives is involved in an accident, breaks down, or catches fire. Only
in the event of such an emergency shall the transfer of explosives

from one vehicle to another be allowed on highways within the County and only when
qualified supervision is provided. Except in such an emergency, a vehicle transporting
explosives shall not be parked, before reaching its destination, on highways within the
jurisdiction or adjacent to or in proximity to any school, hospital, bridge, tunnel, dwelling,
building or place where people work congregate or assemble.
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3301.9.5 Drivers. Vehicles transporting explosives shall be in the custody of drivers who
possess avalid driver’s license with proper endorsements. Such drivers shall be familiar with
all State and County traffic regulations and al provisions of this Article governing the
transporting of explosives.

3301.9.6 Enforcement: The Fire Marshal may enforce the regulations contained herein
pertaining to the intra-County transportation of explosives.

3301.9.7 All “bulk” explosive transport vehicles shall have in working order, a metering
device to accurately measure the amount of explosives or blasting agents being expelled from
the vehicle.

3302.1 Definitions; Fireworks; Permissible Fireworks. Those 1.4G fireworks that have been
approved through testing or other means and published as such in an annual list by the Fire
Marshal.

3308.2.3 Permits for the display of fireworks or other pyrotechnic effects shall be applied for
not less than thirty (30) days prior to the date of the display.

3308.3.1 Fireworks or other pyrotechnic effects shall not be approved for use in an inhabited
building.

3308.11 Retall sales. A representative from the store shall monitor the display of the
approved (“permissible’) fireworksto prevent maliciously tampering, attempting to ignite, or
underage accessibility. This store representative may have other duties or assignments in the
immediate area of the approved fireworks but may not be a cashier.

A store security video system shall monitor the fireworks display during business hours. In
times when the store representative's attention is focused on other duties and cannot monitor
the display of fireworks, the store security video system shall be continuously monitored by
store personnel. Thistemporary unattended option shall be utilized no longer than 10 minutes
per hour while the store is open to the public. If unable to comply with this procedure the
display of fireworks must be constantly supervised by a competent person and safeguarded
behind an approved physical barrier that prevents tampering or access by unauthorized
persons. In sprinklered buildings, the maximum permitted quantity of fireworks shall not
exceed 250 pounds net weight of pyrotechnic composition of the total quantity of fireworksin
the building, including retail display samples. Where pyrotechnic composition is not known
25 percent gross weight of the fireworks including packaging shall be used as the maximum
permitted quantity.

In non-sprinklered buildings, the maximum permitted quantity of fireworks shall not exceed
125 pounds net weight of pyrotechnic composition of the total quantity of fireworks in the
building including retail display samples. Where the net weight of the pyrotechnic
composition of the fireworks is not known, 25 percent of the gross weight of the fireworks
including packaging shall be used as the maximum permitted quantity.
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A minimum of one pressurized water portable fire extinguisher complying with Section 906
shall be located not more than 15 feet (4572 mm) and not less than 10 feet (3048 mm) from
the hazard. “No Smoking” signs complying with Section 310 shall be conspicuously posted
in areas where fireworks are stored or displayed for retail sale. All structure outlets, whether
temporary or permanent, used for the sale or display of fireworks, must be inspected by the
Fire Marshal or his’her designated representative prior to the sale or display of fireworks. All
necessary business licenses, zoning approvals and other permits must be available at the time
of this inspection. Location of a temporary retail sale location shall be approved by the Fire
Marshal.

3308.11.1 Dates of sale: Approved permissible fireworks may be sold in Loudoun County
from June 15 through July 15 each year, and from December 15 through January 6, provided
that the authorized vendor has acquired the appropriate Loudoun County permits, licenses and
inspections. Permits for the sale of permissible fireworks shall be applied for not later than 30
days prior to the beginning of each sales period.

3308.11.2 Additiona inspections. The owner or hisher designated agent, of any temporary
structure used for the sale or display of fireworks, if provided with electricity from any source,
shall provide proof of a satisfactory electrical inspection prior to the sale, display or storage of
fireworks. This inspection shall be required each time the temporary structure is moved,
assembled or reconfigured in any manner.

3308.11.3 Insurance for sale of fireworks. The permit holder shall furnish a certificate of
insurance in the amount of $5,000,000 (five million dollars). This certificate of insurance
shall further indemnify the County of Loudoun, its agents and employees from any and all
actions which may result from the permitted sale.

3308.11.4 Seizure of fireworks: The Fire Marshal shall seize, take, remove or cause to be
removed at the expense of the owner, al stocks of fireworks that are offered, exposed or
stored for display or sale that are in violation of this Chapter. This seizure shall include any
approved fireworks which may be found with those fireworks which are in violation, Seized
fireworks shall be held until any criminal charges arising from these violations have been
adjudicated.

3308.11.5 Disposal of seized fireworks: If ajudgment of conviction be entered, the court shall
determine whether fireworks not prohibited by the Loudoun County Fire Prevention Code or
otherwise restricted by this Chapter are to be returned to the owner or disposed of in a manner
approved by the Fire Marshal upon expiration of the time alowed for an appeal for such
conviction. Prohibited or otherwise restricted fireworks shall be disposed of in a manner
approved by the Fire Marshal. Where no criminal charges are instituted, seized fireworks
shall be disposed of in a manner approved by the code official after a period of thirty (30)

days.
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3310.1 Unlawful activities: Except as hereinafter provided, it shall be unlawful for any
person, firm or corporation to transport, manufacture, store, possess, sell, offer for sale,
expose for sale or to buy, use, ignite or explode any firecracker, torpedo, skyrocket, or other
substance or thing that contains any explosive or inflammable compound or substance, and
which explodes, rises into the air or travels laterally, or fires projectiles into the air, other than
sparks or those fireworks excepted under the provision of those listed in 3310.2.

3310.1.1 Enforcement: The Fire Marshal or any law-enforcement officer may enforce the
regulations contained herein pertaining to the unlawful transport, manufacture, storage,
possession, sale, purchase or use of unlawful fireworks.

3310.1.2 Seizure and destruction of certain fireworks.
Any law-enforcement officer is authorized to seize any article of fireworks as defined by
3310.1 in the possession or under the control of a person.

3310.2 Permissible fireworks: The provisions of 3310.1 shall not apply to fireworks, which
have been approved by the Fire Marsha’s Office.

3310.3 Approval of permissible fireworks: Persons, firms or corporations engaged in the
selling or offering for sale fireworks at retail establishments shall sell only fireworks approved
by the Fire Marshal.

3310.4 Approva of fireworks assortments: Pre-packaged fireworks assortments shall bear a
label listing the contents of said assortment showing the trade name, manufacturers and
individual item number of each item included. Assortments not so labeled or containing
individual items that have not been approved shall not be approved for sale.

3310.5 All vehicles transporting fireworks classified by DOT as 1.3 display fireworks, shall
comply with 3301.9.

3311.1 Minimum age of sales personnel: No person under the age of eighteen (18) years shall
be allowed to sall fireworks.

3311.2 Salesto Minors: It shall be unlawful to sell any firework to any person under the age
of eighteen (18) unless accompanied by a parent, legal guardian or other competent adult.
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Chapter 38
Liquid Petroleum Gases

3801.2.2 Revocation of Permit. In the event that a valid permit is revoked, the distributor
shall within twenty-four (24) hours of notification remove all LP-gas containers from the site.
The Fire Marshal is authorized to have such cylinders removed by any distributor and at no
cost to the government if proper action is not taken within the prescribed timeframe.
Notification for the purpose of this section shall be satisfied by a telephone call to the main
business or emergency contact number for the distributor.

3809.12. Location of storage outside of buildings. Storage outside of buildings, for containers
awaiting use, resale or part of a cylinder exchange program shall be located not less than 10
feet (3048 mm) from openings into buildings, 20 feet (6096 mm) from any motor vehicle fuel
dispenser, 10 feet (3048 mm) from any combustible material, 5 feet from any lot line or public
way, and in accordance with Table 3809.12.

TABLE 3809.12
LOCATION OF CONTAINERS AWAITING USE OR
RESALE STORED OUTSIDE OF BUILDINGS

Quantity of LP-Gas Stored Distances to a Building or | Distance to a Property Lot
Group of Buildings (feet) Line or Public Way

2500 pounds or less 0 5

2,501 to 6,000 pounds 10 10

6,001 to 10,000 pounds 20 20

Over 10,000 pounds 25 25

For SI: 1 foot: 304.8 mm, 1 pound = 0.454 kg.

3809.16 Quantity limitations. Quantities of nominal 20lb cylinders in cylinder exchange
locations shall not exceed 72 cylinders. Used returned cylinders shall be counted and stored
in the same manner as full cylinders.




August 7, 2019 (Regular Day Meeting)
(Page 46)

AYES: Mr. Gallaway, Ms. Mallek, Ms. McKeel, and Mr. Randolph.
NAYS: None.
ABSENT: Mr. Dill and Ms. Palmer.

ORDINANCE NO. 19-A(12)

AN ORDINANCE TO AMEND AND ADOPT
THE ALBEMARLE COUNTY FIRE RESCUE
OFFICE OF THE FIRE MARSHAL FEE SCHEDULE

WHEREAS, pursuant to Virginia Code § 27-97, the Board has adopted the Virginia Statewide Fire
Prevention Code as set forth in § 6-200 of the Albemarle County Code; and

WHEREAS, the Board is authorized by Virginia Code § 27-98 to establish such procedures or
requirements, including the imposition of fees to defray costs, as may be necessary for the administration
and enforcement of the Virginia Statewide Fire Prevention Code.

NOW, THEREFORE, BE IT ORDAINED THAT the Albemarle County Board of Supervisors hereby
adopts the Albemarle County Fire Rescue Office of the Fire Marshal Fee Schedule, as amended, attached
hereto and incorporated herein.

This ordinance shall be effective immediately.

*kkkk

FEE SCHEDULE (Effective on May 15, 2015)

PERMIT REQUIRED
DESCRIPTION
(Yes or No) PERMIT FEE INSPECTION FEE

Aerosol products. An operational permit is required to
manufacture, store or handle an aggregate quantity of Yes See inspection fee
Level 2 or Level 3 aerosol products in excess of 500 (annual/per location) $200 below
pounds (227 kg) net weight.
Amusement buildings. An operational permit is Yes See | fion f
required to operate a special amusement building. (Fixed—Annual/location or mobile-30 $200 e |n§p?c onee

days/location) elow
Aviation facilities. An operational permit is required to
use a Group H or Group S occupancy for aircraft
servicing or repair and aircraft fuel-servicing vehicles. Yes See inspection fee
Additional permits required by other sections of this (annualiper location) $200 below
code include, but are not limited to, hot work, hazardous
materials and flammable or combustible finishes.
Carnivals and fairs. An operational permit is
required to conduct a carnival or fair. Yes

(30 days/location) $200 No
Cellulose nitrate film. An operational permit is ] )
required to store, handle or use cellulose nitrate film in Yes $200 See inspection fee
a Group A occupancy. (annual/per location) below
Combustible dust-producing operations. An
operational permit is required to operate a grain
elevator, flour starch mill, feed mill, or a plant Yes See inspection fee
pulverizing aluminum, coal, cocoa, magnesium, spices (annuallper location) $200 below
or sugar, or other operations producing combustible
dusts as defined in Chapter 2.
Combustible fibers. An operational permit is required
for the storage and handling of combustible fibers in _ _
quantities greater than 100 cubic feet (2.8 m3). Yes $200 See inspection fee
I/per locati bel

Exception: An operational permit is not required for (annual/per location) elow
agricultural storage.
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Compressed gas. An operational permit is required for the
storage, use or handling at normal temperature and pressure
(NTP) of compressed gases in excess of the amounts listed
below.

Exception: Vehicles equipped for and using compressed
gas as a fuel for propelling the vehicle.

PERMIT AMOUNTS FOR COMPRESSED GASES

permit and facility inspection with associated fees.

Use of explosives/blasting requires a use permit every 30
days with associated fees.

Fireworks and Pyrotechnic special effects require either
wholesale (60 days), retail (60 days) or use/display (per

event 1 day)

TYPE QF GAS AMOUNT (cubic feet at NTP) Yes See inspection fee
Corrosive o 200 (annual/per location) 3200 below
Flammable (except cryogenic fluids
and liquefied petroleum gases) 200
Highly toxic Any amount
Inert and simple asphyxiant 6,000
Oxidizing (including oxygen) 504
Pyrophoric Any amount
Toxic Any amount
For S: 1 cubic foot = 0.02832 m?.
Covered and open mall buildings. An operational permit is
required for:
1. The placement of retail fixtures and displays,
concession equipment, displays of highly
combustible goods and similar items in the mall. Yes $200 See inspection fee
2. The display of liquid-fired or gas-fired equipment in (annual/per location) below
the mall.
3. The use of open-flame or flame-producing
equipment in the mall.
Cryogenic fluids. An operational permit is required to
produce, store, transport onsite, use, handle or dispense
cryogenic fluids in excess of the amounts listed below.
Exception: Operational permits are not required for vehicles
equipped for and using cryogenic fluids as a fuel for propelling
the vehicle or for refrigerating the lading.
PERMIT AMOUNTS FOR CRYOGENIC FLUIDS ; :
TYPE OF CRYOGENIC INSIDE BUILDING OUTSIDE BUILDING ves $200 See inspection fee
FLUID (gallons) (gallons) (annual/per location) below
Flammable More than 1 60
Inert 60 500
Oxidizing (includes oxygen) 10 50
Physical or health hazard Anyamount ~ Any amount
not indicated above
For SI: 1 gallon = 3.785 L.
Cutting and welding. An operational permit is required to Yes $100 No
conduct cutting or welding operations within the jurisdiction. (per event/location)
Dry cleaning plants. An operational permit is required to . .
engage in the business of dry cleaning or to change to a Yes ! $200 Ses inspection fee
more hazardous cleaning solvent used in existing dry cleaning (annual/per location) below
Exhibits and trade shows. An operational permit is Yes $200 See inspection fee
required to operate exhibits and trade shows. (per event/location) below
Explosives, fireworks, and pyrotechnics. An operational Fixed Facility: Yes: ; :
permit is required for the manufacture, storage, handling, sale (annual/location) $200 See ngﬁ)ﬁon fee
or use of any quantity of explosive, explosive materials, Site Storage: in addition to use
fireworks, pyrotechnic special effects, or pyrotechnic special (30days) |
effects material within the scope of Chapter 56.
Exception: Storage in Group R-3 or R-5 occupancies of Use/ Blasting : Yes (per event $200 No
smokeless propellant, black powder and small arms primers - 30 days maximum/location)
for personal use, not for resale, and in accordance with the Wholesale (fireworks): |~ No
quantity Yes (60 days/location) $500
limitations and conditions set forth in Section 5601.1, Retail (fireworks): yes (60 |~ See inspection fee
exception numbers four and twelve. days/location) $500 below
Note: Manufacture, storage, handling, sale of explosives, Display/Use (fireworks): $600
explosive materials and pyrotechnics requires annual Yes (per event 1 day/location) No
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Fire hydrants and valves. An operational permit is required
to use or operate fire hydrants or valves intended for fire
suppression purposes that are installed on water systems and
accessible to a fire apparatus access road that is open to or
generally used by the public.

Exception: An operational permit is not required for
authorized employees of the water company that supplies the
system or the fire department to use or operate fire hydrants
or valves.

Yes
(per event/location)

$100

No

Flammable and combustible liquids. An operational permit
is required:

1. To use or operate a pipeline for the transportation
within facilities of flammable or combustible liquids.
This requirement shall not apply to the offsite
transportation in pipelines regulated by the
Department of Transportation (DOTn) nor does it apply
to piping systems.

2. To store, handle or use Class | liquids in excess of 5
gallons (19 L) in a building or in excess of 10 gallons
(37.9 L) outside of a building, except that a permit is not
required for the following:

2.1. The storage or use of Class | liquids in the fuel
tank of a motor vehicle, aircraft, motorboat,
mobile power plant or mobile heating plant,
unless such storage, in the opinion of the fire
official, would cause an unsafe condition.

2.2. The storage or use of paints, oils, varnishes or
similar flammable mixtures when such liquids are
stored for maintenance, painting or similar
purposes for a period of not more than 30 days.

3. To store, handle or use Class Il or Class IllA liquids in
excess of 25 gallons (95 L) in a building or in excess
of 60 gallons (227 L) outside a building, except for fuel
oil used in connection with oil-burning equipment.

4. To remove Class | or Class Il liquids from an
underground storage tank used for fueling motor
vehicles by any means other than the approved,
stationary on-site pumps normally used for dispensing
purposes.

5. To operate tank vehicles, equipment, tanks, plants,
terminals, wells, fuel- dispensing stations, refineries,
distilleries and similar facilities where flammable and
combustible liquids are produced, processed,
transported, stored, dispensed or used.

6. To install, alter, remove, abandon, place temporarily
out of service (for more than 90 days) or otherwise
dispose of an underground, protected above-ground or
above-ground flammable or combustible liquid tank.

7. To change the type of contents stored in a flammable or
combustible liquid tank to a material that poses a
greater hazard than that for which the tank was
designed and constructed.

8. To manufacture, process, blend or refine flammable or
combustible liquids.

Yes
(annual/per location)

$200

See inspection fee
below

Floor finishing. An operational permit is required for floor
ﬁnishiEg or surfacing operations exceeding 350 square feet
(33 m“) using Class | or Class Il liquids.

Yes (30 days/location)

$75

No

Fruit and crop ripening. An operational permit is required
to operate a fruit-ripening or crop-ripening facility or conduct
a fruit-ripening process using ethylene gas.

Yes
(annual/per location)

$200

See inspection fee
below

Fumigation, thermal and insecticidal fogging. An
operational permit is required to operate a business of
fumigation, thermal or insecticidal fogging and to maintain a
room, vault or chamber in which a toxic or flammable fumigant
is used.

Yes (annual for facility/
location)
(per event/location)

$200 (annual)
$75 (event)

Facility:
See inspection fee
below
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listed below.

PERMIT AMOUNTS

TYPE OF MATERIAL
Combustible liquids
Corrosive materials

Gases

Liquids

Solids
Explosive materials
Flammable materials

Hazardous materials. An operational permit is required to store, transport on
site, dispense, use or handle hazardous materials in excess of the amounts

FOR HAZARDOUS MATERIALS
AMOUNT

See flammable and combustible liquids

See compressed gases
55 gallons
1000 pounds
See explosives

(annual/per location)

Gases See compressed gases
Liquids See flammable and combustible liquids
Solids 100 pounds
Highly toxic materials
Gases See compressed gases
Liquids Any amount
Solids Any amount
Oxidizing materials
Gases See compressed gases
Liquids
Class 4 Any amount
Class 3 1 gallon®
Class 2 10 gallons
Class 1 55 gallons
Solids
Class 4 Any amount
Class 3 10 pounds®
Class 2 100 pounds
Class 1 500 pounds
Organic peroxides Liquids
Class | Any amount
Class Il Any amount See
Class Ill 1 gallon Yes (annual/per $ 200 inspeci
. pection
Class IV 2 gallons location) fee below
Class V No permit required Solids
Class | Any amount
Class Il Any amount
Class Il 10 pounds
Class IV 20 pounds
Class V No permit required
Pyrophoric materials
Gases See compressed gases
Liquids Any amount
Solids Any amount
Toxic materials
Gases See compressed gases
Liquids 10 gallons
Solids 100 pounds
Unstable (reactive) materials
Liquids
Class 4 Any amount
Class 3 Any amount
Class 2 5 gallons
Class 1 10 gallons
Solids
Class 4 Any amount
Class 3 Any amount
Class 2 50 pounds
Class 1 100 pounds
Water reactive materials Liquids
Class 3 Any amount
Class 2 5 gallons
Class 1 55 gallons
Solids
Class 3 Any amount
Class 2 50 pounds
Class 1 500 pounds
See Note on following page
For SI: 1 gallon = 3.785 L, 1 pound = 0.454 kg.
a.  Twenty gallons when Table 5003.1.1(1) Note k applies and hazard
identification signs in accordance with Section 5003.5 are provided for Yes _ See_
quantities of 20 gallons or less. . (annuallper location) $200 inspection
b.  Twenty pounds when Table 5003.1.1(1) Note k applies and hazard fee below
identification signs in accordance with Section 5003.5 are provided for
quantities of 200 pounds or less.
HPM facilities. An operational permit is required to store, handle or use Yes See
hazardous production materials. $ 200 inspection

fee below
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High piled storage. An operational permit is required to use a building or Yes See
poition thereof as a high-piled storage area exceeding 500 square feet (46 (annuallper location) $200 inspection
m<). P fee below
Hot work operations. An operational permit is required for hot work Facility: Yes
including, but not limited to: i $200 See
) o . . . (annua|/|Ocat|0n) inspection
1. Public exhibitions and demonstrations where hot work is conducted. | . e fee below
2. Use of portable hot work equipment inside a structure. Fixed Site: Yes =
Exception: Work that is conducted under a construction permit. (annualllocation) $200 ~ See
3. Fixed-site hot work equipment such as welding booths. — inspection
4. Hot work conducted within a hazardous fire area. Other: per fee below
5. Application of roof coverings with the use of an open-flame device. event/location $100 _
6. When approved, the fire official shall issue a permit to carry out a Hot | yegs (30 day/location)
Work Program. This program allows approved personnel to regulate No
their facility's hot work o perations. The approved personnel shall
be trained in the fire safety aspects denoted in this chapter and shall
be responsible for issuing permits requiring compliance with the
requirements found in this chapter. These permits shall be issued only to
their employees or hot work operations under their supervision.
Industrial ovens. An operational permit is required for operation of See
industrial ovens regulated by Chapter 30. Yesk()ir;ggﬁl)/per $200 inspection
fee below
Lumber yards and woodworking plants. An operational permit is See
required for the storage or processing of lumber exceeding 100,000 board Yesl (an?uallper $200 inspection
feet (8,333 %) (236 m°). ocation) fee below
Liquid-fueled or gas-fueled vehicles or equipment in assembly Y,
buildings. An operational permit is required to display, operate or es . See.
g p p q play, op
o . , : (per event 30 $200 inspection
demonstrate liquid-fueled or gas-fueled vehicles or equipment in assembly davs/ocati fee bel
buildings. ays/location) ee below
LP-gas. An operational permit is required for:
1. Storage and use of LP-gas.
Exception: An operational permit is not required for individual Yes (annuallper See
containers with a 500-gallon (1893 L) water capacity or less or multiple location) $200 inspection
container systems having an aggregate quantity not exceeding 500 fee below
gallons (1893 L), serving occupancies in Group R-3.
Operation of cargo tankers that transport LP-gas.
Magnesium. An operational permit is required to melt, cast, heat treat or See
grind more than 10 pounds (4.54 kg) of magnesium. Yesléigggil)/per $200 inspection
fee below
Miscellaneous combustible storage. An operational permit is required to
store in any building or upon any premises in excess of 2,500 cubic feet (71 Yes (annual/per $200 inssgciion
m3) gross volume of combustible empty packing cases, boxes, barrels or location) feepbe|ow
similar_containers, rubber tires, rubber, cork or similar combustible material.
Open burning. An operational permit is required for the kindling or
maintaining of an open fire or a fire on any public street, alley, road, or other Yes (Land Clearing See
public or private ground. Instructions and stipulations of the permit shall be Operations Only — 60 $500 inspection
adhered to. days/location) fee below
Exception: Recreational fires.
Open flames and candles. An operational permit is required to use open $200 (annual if
flames or candles in connection with assembly areas, dining areas of Yes (annuallper sole permit) See
restaurants or drinking establishments. location) P $100 (if ifnspection
ancillary to ee below
another permit)
Open flames and torches. An operational permit is required to remove paint Yes (per event-30 See
with a torch; or to use a torch or open-flame device in a wildfire risk area. dayz flocation) $100 ifnspection
ee below
Organic coatings. An operational permit is required for any organic-coating Yes See
manufacturing operation producing more than 1 gallon (4 L) of an organic . $200 inspection
coating in one day. (annualiper location) fee below
Places of assembly. An operational permit is required to operate a place of Yes See
assembly (greater than 50 persons) (annualiper location) $200 ifnspgcltion
ee below
Private fire hydrants. An operational permit is required for the removal
from service, use or operation of private fire hydrants. Yes See
Exception: An operational permit is not required for private industry with (annualiper location) $200 inspection
trained maintenance personnel, private fire brigade or fire departments to P fee below
maintain, test and use private hydrants.
Pyrotechnic special effects material. An operational permit is required Yes (per event-1 See
for use and handling of pyrotechnic special effects material. dayF/)Iocation) $200 inspection
fee below
Pyroxylin plastics. An operational permit is required for storage or See
handling of more than 25 pounds (11 kg) of cellulose nitrate (pyroxylin) Yes (annual/per $200 inspection
plastics and for the assembly or manufacture of articles involving pyroxylin location) fee below
plastics.
Refrigeration equipment. An operational permit is required to operate a Yes (annuallper See
mechanical refrigeration unit or system regulated by Chapter 6. location) $200 ifnspgcltion
ee below
Repair garages and service stations. An operational permit is required for
operation of repair garages and automotive, marine and fleet service stations. Yes (annual/per . See.
Note: (If in conjunction with Flammable/Combustible Liquid permit than location) $200 inspection
no fee for this permit) fee below
Rooftop hgllports. An operational permit is required for the operation of a Yes (annuallper $200 ' See.
rooftop heliport. inspection

location)

fee below
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Spraying or dipping. An operational permit is required to conduct a Yes (annual/location) $200 (fixed
spraying or dipping operation utilizing lammable or combustible liquids or facility) . See.
the application of combustible powders regulated by Chapter 24. Yes (per event /30 $100 (per inspection
days /location) fee below
event)
Storage of scrap tires and tire byproducts. An operational permit is See
required to establish, conduct or maintain storage of scrap tires and tire Yes (annual/per $200 inspection
byproducts that exceeds 2,500 cubic feet (71 m”) of total volume of scrap tires location) f P
. . . ee below
and for indoor storage of tires and tire byproducts.
Temporary membrane structures and tents. An operational permit is $100 if
required to operate an air-supported temporary membrane structure or a tent. application
Exceptions: received 30
1. Tents used exclusively for recreational camping purposes. days before
2. Tents and air-supported structures that cover an area of 900 square event
feet (84 m2) or less, including all connecting areas or spaces with a $150 if
common means of egress or entrance and with an occupant load of 50 application
or less persons. received 15-29
Note: (permit good for 30 days with a maximum of 5 renewals (total of days before
180 days within a 12 month period allowed before tent must come Yes event No
down) ( per event — gopd for .
30 days/location) $200 f
application
received 8-15
days before
event
$300 if
application
received 7 days
or less before
event
Tlre-repulldlng plantg. An operanonal permit is required for the operation Yes (annuallper . See'
and maintenance of a tire-rebuilding plant. location) $200 inspection
fee below
Waste handling. An operational permit is required for the operation of Yes (annuallper See
wrecking yards, junk yards and waste material-handling facilities. location) P $200 inspection
fee below
Wood products. An operational permit is required to store chips, hogged Yes (annuallper $200 . Seet'
material, lumber or plywood in excess of 200 cubic feet (6 m3). location) }résépgglm

ALBEMARLE COUNTY FIRE RESCUE /OFFICE OF THE FIRE MARSHAL
ADDITIONAL/MISCELLANEOUS FIRE PREVENTION FEE SCHEDULE

PURPOSE DESCRIPTION FEE

Facility Inspection Fees

(in any fixed facility requiring
a permit in Table 107. 2 of the Fire $100/hr thereafter
Prevention Code)

Inspection Fee First two hours no charge

1 - 8 persons $25

9 — 20 persons $50

21 - 50 persons $100

Reqqlred _Flre Inspection for Social 51 — 100 persons $200
Service License

(Ex: Day care/Adult Care etc) 101 - 150 persons $300

151 — 200 persons $400

201 or more persons $500 plus $50 for every 100

persons over 201

After initial inspection, if all
violations are corrected, no charge. o
If not, then each re-inspection $0 (violations corrected)
incurs a fee until an agreement on $100 (per inspection)
remediation is reached or all
violations are corrected.

Re-inspection Fee

Site Plans $100 (per set of plans)
Albemarle Fire Rescue Plan . . -
Review Fee Special Use Permit $50 (per application)
All Other $75 (per event)

Similar to the Zoning Variance and o

Appeals Process to offset Cost of $350 (application fee)

the Fire Board of Appeals
Operations

Request for Fire Code Variance/
Modification and Albemarle County
Fire Code Board of Appeals Request
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After initial inspection, annual
Homestay Reqistry Inspection Fee inspections due by the inspection $50

anniversary date

Agenda Item No. 24. From the Board: Committee Reports and Matters Not Listed on the
Agenda.

(Note: Ms. Palmer returned at 7:28 p.m.)

Mr. Gallaway commented that the Board took up this item earlier in the meeting, and asked if
there were any other reports.

Mr. Gallaway added that the letter crafted by the Board regarding the Zan Road bridge, was part
on the MPO’s agenda and discussed.

Agenda Item No. 26. Adjourn to August 21, 2019, 1:00 p.m., Lane Auditorium.

At 7:29 p.m., Mr. Gallaway adjourned the Board to August 21, 2019, 1:00 p.m., Lane Auditorium.

Chairman

Approved by Board

Date 02/19/2020

Initials CKB
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Account # Account Name

2022 Rate
Adopted  Unit

Notes

313225 Rental Housing Occupancy Inspection
Required inspection and all re-inspections after first re-

inspection

Install smoke detector in rental unit where none are
present, or at owner's request.

$75.00 per unit

$65.00 per detector

Required inspections are: 1. Following application; 2.Every
four years, if there has been no intervening inspection; and
3.Inspection resulting from valid complaints.

313226 Fire Prevention Fees
Aerosol products

Amusement buildings or structures

Aviation facilities

Care facility

Carnivals, circuses, fairs, festivals, exhibits or tradeshow
Cellulose nitrate (pyroxylin plastic)

Cellulose nitrate film

Combustible dust-producing operations
Combustible fibers

Combustible (miscellaneous) storage

Compressed gas

Type of Gas
Carbon dioxide used in carbon dioxide enrichment
systems
Carbon dioxide used in insulated liquid carbon
dioxide beverage dispensing applications
Corrosive
Flammable (except cryogenic fluids and liquefied
petroleum gases)
Highly toxic
Inert and simple asphyxiant
Oxidizing (including oxygen)
Pyrophoric
Toxic

Covered and open mall buildings

Cryogenic fluids

Type of Cryogenic Fluid
Flammable
Inert
Oxidizing (includes oxygen)
Physical or health hazard not indicated
Dry cleaning plants

Explosives
Use at non-fixed site (6-month permit)

Use at fixed site (annual permit)
Storage

$160.00 Flat fee

$160.00 Per site
$160.00 Flat fee
$160.00 Flat fee
$250.00 Per event
$160.00 Flat fee

$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$90.00 Per site with hourly inspection rate

$300.00 Flat fee
$160.00 Per magazine or control room

Manufacture, store or handle an aggregate quantity of
Level 2 or Level 3 aerosol products in excess of 500
pounds net weight.

Group H or Group S occupancy for aircraft servicing or
Location occupied by persons in the care of others.
Exception: Religious or Educational occupancies.
Assembly or manufacturing of articles involving any
amount, storage or handling of more than 25 pounds.
Store, handle or use cellulose nitrate film in a Group A
occupancy.

Storage and handling of combustible fibers in quantities
greater than 100 cubic feet. Exception: Agricultural storage.

Store in any building, structure, or upon any premises in
excess of 2,500 cubic feet gross volume of combustible
empty packing cases, boxes, barrels or similar containers,
rubber tires, rubber, cork or similar combustible material.

Storage, use or handling at normal temperature and
pressure (NTP) of compressed gases in excess of the
amounts listed below. Exception: Vehicles equipped for
and using compressed gas as a fuel for propelling the
vehicle.

Amount (cubic feet at NTP)

875 (100 Ibs.)

875 (100 Ibs.)

200
200

Any Amount

6,000

504

Any Amount

Any Amount

1. The placement of retail fixtures and displays, concession
An operational permit is required to produce, store,
transport on site, use, handle or dispense cryogenic fluids
in excess of the amounts listed below.

Exception: Operational permits are not required for
vehicles equipped for and using cryogenic fluids as a fuel
for propelling the vehicle or for refrigerating the lading.
Inside Blda (aals) Outside Blda (aals)

More than 1 60
60 500
10 50
Any Amount

Any type of dry cleaning plant and systems using any
solvent classification or to change to a more hazardous
cleaning solvent used in existing dry cleaning equipment.

$90.00 per hour / per inspector during normal business
hours. $150.00 per hour / per inspector outside of normal
business hours and holidays

Exceptions:

1. Storage in Group R-3 or R-5 occupancies of smokeless
propellant, black powder and small arms primers for
personal use, not for resale, and in accordance with the
quantity limitations and conditions set forth in SFPC
Section 5601.1, Exceptions 4 and 12.

2. Portable or mobile magazines not exceeding 120 square
feet.

Rates & Levies K -7
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Account #

Account Name

2022 Rate
Adopted  Unit

Notes

313226 Fire Prevention Fees (continued)

Temporary storage, any quantity (24-hour permit)
Restricted manufacture
Unrestricted manufacture

Fireworks

Outdoor Display (NFPA 1123 or 1126) (24-hour
permit)

Retail sales of Permissible Fireworks (45-day
Wholesale (45-day permit)
Storage

Fire protection system

Flame effects before an audience (NFPA 160, 24-hour
permit)

Flammable or combustible liquids

Flammable liquids

Combustible liquids

Flammable or combustible above or underground
Up to 10,000 gallons
10,001 gallons to 30,000 gallons
30,001 gallons to 100,000 gallons
Greater than 100,001 gallons
Installation
Removal of Class | or Class Il liquids from
an above-ground or underground storage
tank used for fueling motor vehicles by any
means other than the approved, stationary
on-site pumps normally used for dispensing
Alter, abandon, place temporarily out of
service (for more than 90 days) or
otherwise dispose of an underground,
protected above-ground or above-ground
Change the type of contents stored in a
tank to a material that poses a greater

Flammable or combustible above ground bulk tank
Up to 49,000 gallons
49,001 gallons to 425,000 gallons
Greater than 425,001 gallons
Add or replace roof / floating roof or
Removal or abandonment

Flammable or combustible liquids
Where flammable and/or combustible
liquids are produced, processed, stored,
Manufacture, process, blend or refine
flammable or combustible liquids.
The storage, handling or use of flammable
liquids in an operation other than motor
vehicle dispensing, for greater than 30
days. Exception: Where exempted in this

$250.00 Per magazine or control room
$160.00 Per occurrence
$160.00 Flat fee

$90.00 Per site with hourly inspection rate

$90.00 Per site with hourly inspection rate

$750.00 Per site

$750.00 Flat fee

$160.00 Per magazine or control room
$160.00 Per location

$90.00 Per site with hourly inspection rate

$160.00 Flat fee

$160.00 Per tank
$160.00 Per tank
$250.00 Per tank
$300.00 Per tank
$0.003 Per gallon
$160.00 Per tank
$160.00 Per tank

$160.00 Per tank

$160.00 Per tank

$160.00 Per tank
$160.00 Per tank
$250.00 Per tank
$0.0007 Per gallon
$325.00 Per tank
$160.00 Per tank
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee

$160.00 Flat fee

$90.00 per hour / per inspector during normal business
hours. $150.00 per hour / per inspector outside of normal
business hours and holidays

$90.00 per hour / per inspector during normal business
hours. $150.00 per hour / per inspector outside of normal
business hours and holidays

Exception: At display sites.

Where approved fire protection systems are installed
throughout a building or systems protecting an individual
occupancy (tenant) within the same building. (Annual
permit). Exceptions: Handheld portable fire extinguishers.
$90.00 per hour / per inspector during normal business
hours. $150.00 per hour / per inspector outside of normal
business hours and holidays

Use or operate a pipeline for the transportation within
facilities of flammable or combustible liquids.

Store, handle or use Class | liquids in excess of 5 gallons
in a building or in excess of 10 gallons outside of a building.
Exceptions: 1. The storage or use of Class
| liquids in the fuel tank of a motor vehicle, aircraft, motor
boat, mobile power plant or mobile heating plant.

2. The storage or use of paints, oils, varnishes or similar
flammable mixtures when such liquids are stored for
maintenance, painting or similar purposes for a period of
not more than 30 days.

Store, handle or use Class Il or Class A liquids in excess
of 25 gallons in a building or in excess of 60 gallons
outside a building. Exception: Fuel oil used in connection
with oil-burning equipment at one- and two-family detached
single family dwellings and townhouses.

Rates & Levies K - 8




FY 2022 Adopted Budget - City of Fairfax, Virginia

Account # Account Name

2022 Rate
Adopted  Unit

Notes

313226 Fire Prevention Fees (continued)

Floor finishing (30-day per site permit)

Fruit and crop ripening

Fumigation, thermal, and insecticidal fogging

Hazardous materials

Tvpe of Material

Corrosive materials
Liquids
Solids
Flammable solids
Highly toxic materials
Liquids
Solids
Oxidizing materials
Liquids
Class 4
Class 3
Class 2
Class 1
Solids
Class 4
Class 3
Class 2
Class 1
Organic peroxides
Liquids
Class |
Class Il
Class lll
Class IV
Solids
Class |
Class Il
Class lll
Class IV
Pyrophoric materials
Liquids
Solids
Toxic materials
Liquids
Solids

Unstable (reactive) materials

Liquids
Class 4
Class 3
Class 2
Class 1
Solids
Class 4
Class 3
Class 2
Class 1
Water reactive materials
Liquids
Class 3
Class 2
Class 1
Solids
Class 3
Class 2
Class 1
HPM facilities
High piled storage

$160.00 Flat fee
$160.00 Flat fee

$16.00 Per site

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

Floor finishing or surface operations exceeding 350 square
feet using Flammable or Combustible liquids.

Fruit- or crop-ripening facility or conduct a fruit-ripening
process using ethylene gas.

Fumigation, thermal, or insecticidal fogging and to maintain
a room, vault or chamber in which a toxic or flammable
fumigant is used.

Store, transport on site, dispense, use or handle hazardous
materials in excess of the amounts listed below.

Amount

55 gallons
1000 pounds
100 pounds

Any amount
Any amount

Any amount
1 gallon

10 gallons
55 gallons

Any amount
10 pounds

100 pounds
500 pounds

Any amount
Any amount
1 gallon

2 qallons

Any amount
Any amount
10 pounds
20 pounds

Any amount
Any amount

10 gallons
100 pounds

Any amount
Any amount
5 qallons

10 gallons

Any amount
Any amount
50 pounds

100 pounds

Any amount
5 qallons
55 gallons

Any amount

50 pounds

500 pounds

Store, handle or use hazardous production materials.
Use a building, structure or portion thereof as a high-piled
storage area exceeding 500 square feet.
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FY 2022 Adopted Budget - City of Fairfax, Virginia

Account # Account Name

2022 Rate
Adopted  Unit

Notes

313226 Fire Prevention Fees (continued)

Hot work operations, including, but not limited to:
Public exhibitions and demonstrations where hot
work is conducted
Use of portable hot work equipment inside a
structure Exception: Work that is conducted under
a construction permit
Fixed-site hot work equipment, such as welding
Hot work conducted within a hazardous fire area
Application of roof coverings with the use of an
open-flame device
Hot Work Program (annual permit)

Industrial ovens

Lumber yards and woodworking plants

Liquid-fueled or gas-fueled vehicles or equipment in

buildings

LP-gas
Storage and/or use inside any building or structure
Storage and/or use outside, portable installation,
per event more than 10 gallons agaregate (30-day
Storage and/or use outside, more than 10 gallons
aggregate (annual permit). Exception: One- and
two-family detached single family dwellings and
Dispensing and/or cylinder refill operation
Retail cylinder exchange location
Install above or underground tank of more than
100 gallons aqggregate

Magnesium

Mobile food preparation vehicles

Open burning

Open burning: Bonfire (10-day permit)
Open flames and candles

Organic coatings

Places of assembly or education

Pyrotechnic and/or special effects material. Indoor or
outdoor display (24-hour permit)

Repair garages and service station

Repair garages or service station and motor vehicle fuel
dispensing

Temporary membrane structures and tents

Tent cooking

Tire-rebuilding plants
Waste handling

Water recreation facility
Wood products

Administrative fee for issuance of Stop Work order due to
failure to obtain required permit

$160.00 Per occurrence or Per Location
$160.00 Per occurrence or Per Location
$160.00 Per occurrence or Per Location
$160.00 Per occurrence or Per Location
$160.00 Per occurrence or Per Location
$160.00 Per occurrence or Per Location
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Flat fee
$160.00 Per tank
$160.00 Flat fee

$160.00 Per vehicle

$100.00 Per site

$100.00 Per site
$75.00 Per event

$160.00 Flat fee

$160.00 Flat fee

$90.00 Per site with hourly inspection rate

$160.00 Flat fee

$320.00 Flat fee

$160.00 Per tent

$50.00 Per tent

$160.00 Flat fee
$160.00 Flat fee

$160.00 Flat fee
$160.00 Flat fee

200.00% permit fee

Storage or processing of lumber exceeding 100,000 board
feet.

Display, operate or demonstrate liquid-fueled or gas-fueled
vehicles or equipment in buildings or structures.

Exception: One- and two-family detached single family
dwellings and townhouses.

Exception: One- and two-family detached single family
dwellings and townhouses.

Melt, cast, heat treat or grind more than 10 pounds of
magnesium.

Mobile food preparation vehicles equipped with appliances
that produce smoke or grease laden vapors (annual
permit). Exception: Recreational vehicles used for private
recreation.

Kindling or maintaining of an open fire or a fire on any
public street, alley, road, or other public or private ground.
Exception: Recreational fires.

In connection with a meeting, gathering or assembly.
Manufacturing operation producing more than1 gallon of an
organic coating in one day.

Assembly (occupant load 50 or greater) or educational
occupancy.
$90.00 per hour / per inspector during normal business
hours. $150.00 per hour / per inspector outside of normal
business hours and holidays
Motor vehicle repair or service operations inside a building
or structure.

Motor vehicle repair or service combined with the storage
and dispensing of flammable / combustible liquids (up to
four storage tanks that are above- / under-ground or
combination thereof, and up to 100,000 gallons aggregate).

Exceptions:

1. Tents used exclusively for recreational camping
purposes. 2. Tents and air-supported structures that cover
an area of 900 square feet or less, including all connecting
areas or spaces with a common means of egress or
entrance and with an occupant load of 50 or less persons.

Any size or configuration tent where cooking is performed
for the purpose of retail.

Wrecking yards, junk yards and waste material-handling
facilities.

Dispensing, storage, and use of common swimming pool
chemicals.

To store chips, hogged material, lumber or plywood in
excess of 200 cubic feet.

$250 Maximum
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Account # Account Name

2022 Rate
Adopted  Unit

Notes

313227 Fire Protection Systems
Fire Alarm Systems
Main Panel including branch circuit
First five initiating, detecting or indicating devices
Each indicating or initiating device over five
Dialers and expansion panels

Sprinkler or Other Fixed Fire Suppression Systems- New
Dry-pipe, alarm or deluge valve
Piping and sprinkler heads
Fire Service Line, each 100 feet or fraction
Fire Service Line, repair

Standpipe Systems
Not part of a sprinkler system
Fire Pump
Halon, Carbon Dioxide and Fixed Chemical Agent
Systems
Minimum permit fee
Amendments involving additional work

Amendments not including additional work
(homeowners are exempt)

$90.00 each

$90.00 first five
$3.00 each

$90.00 each

$90.00 each
$2.50 per head

$90.00 each 100 ft

$90.00 each

$90.00 each
$175.00 each
$100.00 each

$90.00
$90.00 each

$90.00 each

Minimum $90

or fee as listed for work involved on amendment,
whichever is higher
plus hourly review fee

313231 Fire Marshal Development Fees
Group Home
Non-Residential Use Permit Inspections
Business — Tenant

Gross Floor Area
New building, shell only
0-500 sa. ft.
501 — 5,000 sa. ft.
5001 — 15,000 sa. ft.
15,001 — 50,000 sa. ft.
50,001 + sa. ft.

Major Home Occupation

$ 90.00 each

$90.00 each
$90.00 each
$125.00 each
$150.00 each
$175.00 each
$225.00 each
$90.00 each

313233 Public Safety Fee
Bulk storage handling or use of flammable liquids over
425,000 gallons

$0.0007 gallon

313234 Inspections
Stop Work Order-SWO
For more than one inspection after a Stop Work Order or
deficiency
Inspections outside regular hours

$90.00 each occurance
$90.00 each

$90.00 hour

Re-inspection

4 hour minimum

313308 Sign Permits
Signs:
Under 100 sq. ft. in total sign area
100 sq. ft. and greater in total sign area
Temporary signs:

$115.00 flat fee
$7.75 square foot

Construction Signs $26.00 each
Special Events Signs $26.00 each
Business Openings and Sales $26.00 each
Real Estate/Leasing Signs $26.00 each
Political sign 10 sq. ft. or less in area $26.00 per 100
Political sian larger than 10 sa. ft. $26.00 each
Signs Removed from Public ROW:
10 days or less $5.25 each
greater than 10 days $10.50 each
313309 Zoning Permits
Commercial Building Construction $60.00 each
Commercial Use and Occupancy $60.00 each
Residential Building Construction $30.00 each
Residential Use and Occupancy $30.00 each
Temporary Use Permit (Nonresidential) $210.00 each
Temporary Use Permit (Residential) $20.00 each

Small Cell Facility

$100.00 each

each facility up to 5 small cell facilities on an application
plus $50 for each additional small cell facility above 5 up to
35 facilities on an application
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Chapter 15.25
FIRE PREVENTION CODE*

Sections:

15.25.010 Adopted — Purpose — Etc.

15.25.015 Amendments and Additions.

15.25.020 Availability of copies.

15.25.030 Repealed.

15.25.031 Appointment and authority of the Fire Marshal and Deputy and Assistant Fire Marshals.

15.25.032 Enforcement.

15.25.033 Authority to order immediate compliance with law, etc., or prohibit use of building or
equipment.

15.25.034 Right of entry to investigate releases of hazardous material, hazardous waste or
regulated substances.

15.25.035 Summoning a Fire Marshal.

15.25.040 Repealed.

15.25.050 Liability insurance as prerequisite to issuance of blasting permit.

15.25.055 Permit fees.

15.25.057 Miscellaneous fire prevention inspection and review schedule.

15.25.060 Repealed.

15.25.070 Appeals.

15.25.080 Repealed.

15.25.010 Adopted — Purpose — Etc.

(1) The Virginia Statewide Fire Prevention Code, as amended and adopted by the Commonwealth of
Virginia Board of Housing and Community Development, of which copies are filed and maintained and
required by law is hereby adopted and incorporated herein by reference as fully as if set forth and the
provisions thereof shall be controlling in the local enforcement for the protection of life and property from
the hazards of fire or explosion arising from the improper maintenance of life safety and fire prevention
and protection materials, devices, systems and structures, and the unsafe handling and use of material
and devices, including explosives and blasting agents, wherever located. .

(2) The Fire Code Official and any Assistant Fire Code Official shall be appointed by the city manager and
shall have all powers set forth in the Virginia Statewide Fire Prevention Code. In the absence of such
appointment, the Fire Chief of the City shall be Fire Code Official. Any Assistant Fire Code Official may
perform the duties of the Fire Code Official in the Fire Code Official’'s absence or when otherwise
designated by the Fire Code Official or City Manager.

State law reference — Authority of city to adopt fire prevention code, Code of Virginia, §27-97.

15.25.015 Amendments and Additions.
(1) The City is empowered to adopt fire prevention regulations that are more restrictive or more extensive


http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.010
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.020
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.030
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.040
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.050
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.055
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.060
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.070
http://www.codepublishing.com/VA/Staunton/html/Staunton15/Staunton1525.html#15.25.080
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in scope than the Statewide Fire Prevention Code provided such regulations do not affect the manner of
construction, or materials to be used in the erection, alteration, repair, or use of a building or structure,
including the voluntary installation of smoke alarms and regulation and inspections thereof in commercial
buildings where such smoke alarms are not required under the provisions of the Code. The following
provisions are in addition to the Virginia Statewide Fire Prevention Code: Appendix B through J.

15.25.020 Availability of copies.
Copies of the fire prevention code adopted by this chapter are available for viewing at the office of the
Fire Code Official during normal business hours. (Code 1964, § 12-6; Code 1985, § 13-32).

15.25.030 Administration and enforcement.
Repealed by Ord. 12-13-01. (Code 1985, § 13-33).

15.25.031 Appointment and authority of the Fire Marshal and Deputy or Assistant Fire Marshal.

City Council shall appoint a Fire Marshal and Deputy or Assistant Fire Marshal for the City of Staunton.
The Deputy or Assistant Fire Marshal shall have the authority to perform the duties of the Fire Marshal in
the Fire Marshal’s absence or when otherwise designated by the Fire Marshal or City Manager.

State Law Reference--Authority to appoint Fire Marshal and assistants, Code of Virginia, §27-30, §27-
36.

15.25.032 Enforcement.

The Fire Marshal, Deputy and Assistant Fire Marshals and Fire Code Official(s) shall have the authority to
enforce the Virginia Statewide Fire Prevention Code, the Code of Virginia and any sections of the
Staunton City Code related to fire prevention and protection to the extent authorized under this Chapter
and under the Code of Virginia.

15.25.033 Authority to order immediate compliance with law, etc., or prohibit use of building or
equipment.

The Fire Marshal and Deputy and Assistant Fire Marshal and Fire Code Official(s) shall have the authority
as prescribed under this Chapter to exercise in the same manner and subject to the same conditions, the
powers conferred upon other authorities by the Code of Virginia, subject to the limitations prescribed by
the Code of Virginia, including the prohibition on the use of a building or equipment.

15.25.034 Right of entry to investigate releases of hazardous material, hazardous waste or
regulated substances.

The Fire Marshal, Deputy and Assistant Fire Marshals and Fire Code Official(s) shall have the right to
enter upon any property from which a release of any hazardous materials, hazardous waste, or regulated
substance, as defined by state law, has occurred or is reasonably suspected to have occurred and which
has entered into the groundwater or soils of the city, in order to investigate the extent and cause of any
such release.

15.25.035 Summoning a Fire Marshal.

The fire and rescue department officer in charge of any fire, explosion or environmental crimes incident
scene shall contact the Fire Marshal, Deputy Fire Marshal, or Assistant Fire Marshall to investigate the
circumstances involved when such circumstances require investigation.
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15.25.040 Violations.

(1) Any person who shall violate any of the provisions of the fire prevention code adopted by this chapter,
or fail to comply therewith, or who shall violate or fail to comply with any order made thereunder, or who
shall build in violation of any detailed statement of specifications or plans submitted and approved
thereunder, or any certificate or permit issued thereunder, and from which no appeal has been taken, or
who shall fail to comply with such an order as affirmed or modified by the Local Board of Fire Prevention
Code Appeals or by a court of competent jurisdiction, within the time fixed therein, shall severally, for
each and every such violation and noncompliance, respectively, be guilty of a Class 1 misdemeanor . The
imposition of one penalty for any violation shall not excuse the violation or permit it to continue; and all
such persons shall be required to correct or remedy such violations or defects within a reasonable time;
and when not otherwise specified, each 10 days that prohibited conditions are maintained shall constitute
a separate offense.

(2) The application of the above penalty shall not be held to prevent the enforced removal of prohibited
conditions.

15.25.050 Liability insurance as prerequisite to issuance of blasting permit.

(1) As a condition to issuance of a blasting permit, the applicant for such permit shall comply with the
financial responsibility provisions of the Explosives and Fireworks chapter of the Virginia Statewide Fire
Prevention Code.

(2) Where blasting is to be conducted in an area where there is a high density of persons or where there
are a number of nearby structures of two stories or more, the fire code official may require liability
insurance coverage greater than that specified in subsection (1) of this section, in order to adequately
make available protection commensurate with the risk to persons and property.

(3) This section shall not apply to blasting operations undertaken by city forces. (Code 1964, § 12-29;
Code 1985, § 13-35; Ord. 3-24-88; Ord. 1-9-92; Ord. 12-14-01).

15.25.055 Permit fees.

(1) Payment Prerequisite to Issuance or Amendment of Permit. No permit required by the Virginia
Statewide Fire Prevention Code to begin work shall be issued until the fees prescribed in this section
have been paid to the department of building inspection or other authorized municipal agency, nor shall
an amendment be made to such a permit necessitating an additional fee, because of an increase in the
estimated cost of the work involved, be approved until the additional fee has been paid.

(2) Fees. The fees for fire code permits shall be as follows:
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_n Permit .
Description . Fee Time
Required
Amusement buildings. An operational permit is required to operate a Yes $25.00 |Event
special amusement building.
Carnivals and Fairs. An operational permit is required to conduct a Yes $100.00 |Event
carnival or fair.
Explosives. An operational permit is required:
To store explosives, fireworks or pyrotechnic special effects — per site. Yes $200.00 |Annual
To use explosives — per site. Yes $150.00 |90
days
To conduct a fireworks display (public or private). Yes $200.00 |Event
Sale of fireworks — per site. (Allowed June 1st through July 15th per Yes $150.00 |45
calendar year.) Days
Flammable and Combustible Liquids. An operational permit is required:
To remove Class | or Class Il liquids from an underground storage tank Yes $50.00 |90
used for fueling motor vehicles by any means other than the approved, Days
stationary on-site pumps normally used for dispensing purposes — per site.
To remove, abandon, place temporarily out of service (for more than 90 Yes $100.00 |90
days) or otherwise dispose of an underground, protected above-ground or Days
above-ground flammable or combustible liquid tank — per site.
To change the type of contents stored in a flammable or combustible liquid |Yes $50.00 |90
tank to a material which poses greater hazard than that for which the tank Days
was designed and constructed — per site.
To store, handle or use Class Il or Class IllA liquids in excess of 25 gallons |Yes $50.00 |Annual
(95 L) in a building or in excess of 60 gallons (227 L) outside a building,
except for fuel oil used in connection with oil-burning equipment.
Hazardous materials. An operational permit is required to store, transport |y $50.00 |Annual

on site, dispense, use or handle hazardous materials in excess of the

amounts listed below.

PERMIT AMOUNTS FOR HAZARDOUS MATERIALS

TYPE OF MATERIAL AMOUNT
Combustible Liquids See flammable and combustible
liquids

Corrosive materials
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Gases

Liquids

Solids

Explosive materials

Flammable materials

Gases
Liquids
liquids
Solids
Highly toxic materials

Gases
Liquids
Solids
Oxidizing materials

Gases (including oxygen)
Liquids
Class 4
Class 3
Class 2
Class 1
Solids
Class 4
Class 3
Class 2
Class 1
Organic Peroxides
Liquids
Class |
Class
Class llI
Class IV
Class V
Solids
Class |
Class
Class llI
Class IV
Class V

Pyrophoric materials

Gases

Liquids

Solids
Toxic materials

Gases

200 cubic ft (at NTP)
55 gallons

100 pounds

See explosives

200 cubic ft (at NTP)
See flammable and combustible

100 pounds

Any Amount
Any Amount
Any Amount

504 cubic ft. (at NTP)

Any Amount
1 gallon
10 gallons
55 gallons

Any Amount
10 pounds

100 pounds
500 pounds

Any Amount
Any Amount
1 gallon
2 gallons
No permit required

Any Amount
Any Amount
10 pounds
20 pounds
No permit required

200 cubic ft (at NTP)
Any Amount
Any Amount

Any Amount
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Liquids 10 gallons
Solids 100 pounds
Unstable (reactive) materials
Liquids
Class 4 Any Amount
Class 3 Any Amount
Class 2 5 gallons
Class 1 10 gallons
Solids
Class 4 Any Amount
Class 3 Any Amount
Class 2 50 pounds
Class 1 100 pounds
Water-reactive materials
Liquids
Class 3 Any Amount
Class 2 5 gallons
Class 1 55 gallons
Solids
Class 3 Any Amount
Class 2 50 pounds
Class 1 500 pounds

For SI: 1 gallon=3.785L, 1 pound=0.454kg

permit is required to operate an air-supported temporary structure or a tent
that covers an area in excess 400 square feet (37m?2) and less than 900
square feet (84m?).

Exceptions:

LP-gas. An operational permit is required for: Yes $50.00 |Annual
Storage and use of LP-gas.
Exception: An operational permit is not required for individual
containers with a 500-gallon (1893 L) water capacity or less
serving occupancies in Group R-3; and
Operation of cargo tankers that transport LP-gas.
Pyrotechnic Special Effects Material or Flame Effects Material. An Yes $100.00 |Event
operational permit is required for the use and handling of pyrotechnic
special effects material or flame effect material.
Storage of scrap tires and tire byproducts. An operational permit is Yes $50.00 |Annual
required to establish, conduct or maintain storage of scrap tires and tire
byproducts that exceed 2,500 cubic feet (71 m3) of total volume of scrap
tires and for indoor storage of tires and tire byproducts.
Temporary membrane structures, tents and canopies. An operational |Yes $25.00 |Event
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50 or less persons;

the following;

Tents used exclusively for recreational camping purposes;
Tents and air-supported structures that cover an area of 400
square feet or less, including all connecting areas or spaces with a
common means of egress or entrance and with an occupant load of

Fabric canopies and awnings open on all sides which comply with

Individual canopies shall have a maximum size of 700
square feet (65m?);

The aggregate area of multiple canopies placed side by
side without a fire break clearance of 12 feet (3658 mm)
shall not exceed 700 square feet (65m?) total; and
A minimum clearance of 12 feet (3658 mm) to structures
and other tents shall be provided.

(3) Refunds. Refunds shall be issued at the discretion of the fire code official or their designee. Refunds
shall be based on the amount of staff work completed at the time of the request for permit withdrawal,

with the refund not to exceed 50 percent of the permit cost. (Ord. 2005-11).

15.25.057 Miscellaneous Fire Prevention Inspection and Review Schedule

The fee schedule for inspections and/or reviews is as follows for the indicated purposes:

PURPOSE DESCRIPTION FEE

1-8 persons $50

9-20 persons $75

Required Fire Inspection for 21-50 persons $100
Social Service Licensure or 51-100 persons $200
Behavioral Health Licensure 101-150 persons $300
(Ex.: Day Care/Adult Care, etc.) 151-200 persons $400
201 or more persons $500

Re-inspection Fees

Initial inspection and first re-
inspection, if all violations are
corrected, no charge. Upon 3
inspection and each subsequent
inspection incurs an increased
fee until remediation is reached
or all violations are corrected.

$0 (violations corrected)
$50 (3 inspection)
$100 (per inspection for 4 or
more)

Staunton Fire and Rescue Plan
Review Fee

Special Event Permit
All Other

$50 (per application)
$50

15.25.060 Modifications.
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Repealed.

15.25.070 Appeals.

The Board of Building Code Appeals (BBCA) shall act as the board to hear all fire code related appeals.
An appeal case of applied appendixes decided by the BBCA shall constitute an appeal in accordance
with this section and shall be final. Appeals regarding the Virginia Statewide Fire Prevention Code shall
also be heard by the BBCA and in accordance with the provisions set forth in Chapter 1 of the Virginia
Statewide Fire Prevention Code.

15.25.080 New materials, processes or occupancies requiring permits.
Repealed.



FP111.2-21

VFC: 111.2

Proponents: Steven Sites (steven.sites@fairfaxva.gov)

2018 Virginia Statewide Fire Prevention Code

Revise as follows:

111.2 Service. The written notice of violation of this code shall be served upon the owner, a duly authorized agent or upon the occupant or other
person responsible for the conditions under violation. Such notice shall be served either by delivering a copy of same to such persons by mail to the
last known post office address, by delivering in person or by delivering it to and leaving it in the possession of any person in charge of the premises,
or, in the case such person is not found upon the premises, by affixing a copy thereof in a conspicuous place at the entrance door or avenue of
aceess—access, or by transmitting to a valid electronic mailbox. Such procedure shall be deemed the equivalent of personal notice. When the owner
is not the responsible party to whom the notice of violation or correction notice is issued, a copy of the notice shall also be delivered to the owner or
owner's agent.

Reason Statement: Fire Officials that utilize fire inspection software have the ability to send a copy of the notice of violation directly to email
address(s). This software retains the official original notice.

Resiliency Impact Statement: This proposal will neither increase nor decrease Resiliency

Cost Impact: The code change proposal will not increase or decrease the cost of construction

There is no cost impact to citizens or or those doing business with the Commonwealth of Virginia. This method of service delivery can reduce the
operating costs to the Fire Official - state and local government. The costs of paper, printing, U.S. Postal Service mailing, vehicle maintenance, fuel,
and employee time per-inspection is reduced.
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Proponents: Dwayne Garriss (DwayneSCG@gmail.com)

2018 Virginia Statewide Fire Prevention Code
Revise as follows:
906.1 Where required. Portable fire extinguishers shall be installed in all of the following locations:

1. In Groups A, B, E, F, H, I, M, R-1, R-4, and S occupancies.

Exceptions:

2. In Group I-3 occupancies, portable fire extinguishers shall be permitted to be located at staff locations and the access to such
extinguishers shall be permitted to be locked.

Note: In existing buildings, whether fire extinguishers are needed is determined by the USBC or other code in effect when such buildings
were constructed.

2. Within 30 feet (9144 mm) distance of travel from commercial cooking equipment and from domestic cooking equipment in Group I-1; I-2,
Condition 1; and R-2 college dormitory occupancies.

. In areas where flammable or combustible liquids are stored, used or dispensed.
. On each floor of structures under construction, except Group R-3 occupancies, in accordance with Section 3315.1.

. Where required by the sections indicated in Table 906.1.

o 0~ W

. Special-hazard areas, including but not limited to laboratories, computer rooms and generator rooms, where required by the fire code official.

Reason Statement: The concept of trading off portable extinguishers in sprinklered buildings has been largely abandoned by fire protection
principles. The National Fire Codes of both NFPA 1 and the ICC- IFC require portable fire extinguishers in all occupancy classes. A portable fire
extinguisher is an effective item of fire protection which allows for small fires to be tackled by the occupants of a building and saves 100s of
thousands of dollars in property loss. It is important to appreciate that while different to official assumptions and desire for evacuation, research
shows the public’s priorities to be rational and appropriate. The public’s experience of fire is vastly different to that of the professionals involved in
the planning for and responding to fire.

Some key findings from research studies have been identified and the public’s-oriented outcomes include, avoidance of embarrassment,
inconvenience, damage to the premises or property, concern for others, pets and possessions and lastly personal injury. The evidence further
identifies that the public is willing and will accept minor consequences in their pursuit of achieving personal humanistic priorities and instinct. Concern
for people, pets and possessions are strong and established drivers of behavior in the event of a fire. Therefore, this should be no surprise to see it
as an influential feature of most individual's response to a fire. Limiting a fire to the smallest area within a building is a sensible aspiration.

Official policy and attitudes are most singularly directed at avoiding the risk when the public encounters a fire. This is well meaning but the research
has shown that this DOES NOT | REPEAT DOES NOT align with the publics’ attitude or the ability of the general public.

Thus, it is important to give the public the intelligently designed and placed tools intended for their use and not the necessarily firefighters. NFPA 10
states: 5.1.2 The selection of extinguishers shall be independent of whether the building is equipped with automatic sprinklers, standpipe and hose,
or other fixed protection equipment. Other codes, and other occupancy chapters have abandoned this concept in recognition of the fact that
portable extinguishers are a valuable, cost-effective layer of fire protection, and are intended for a different purpose than sprinklers. To avoid
addressing fires in their earliest stages is counter-intuitive, and studies have shown that people will aimost always attempt to extinguish a fire if it's
small and they believe they can mitigate the hazard. If a fire extinguisher is not available, people have (and will continue to) use makeshift means to
try to extinguish the fire, which is far less safe than using a portable extinguisher that is designed for safe and effective use by novices. (Ref: An
Evaluation of the Role of Fire Extinguishers by David Wales)

A significant amount of data has been collected to support the requirement for portable extinguishers, including: WPI/EKU Study: “Ordinary People
and the Effective Operation of Fire Extinguishers”, which clearly showed that the vast majority of people who have never used an extinguisher can
operate one safely and effectively.

2013 NFPA Report: “U.S. Experience with Sprinklers” reports that there were 48,460 reported structure fires annually in buildings equipped with
sprinkler systems between 2007-2011, and 40,440 (83 percent) never grew large enough to activate the system. Based on this report alone, it's
clear that people are reacting to small fires and extinguishing them prior to sprinkler activation.



A study by Richard Bukowski in 2014, the life cycle cost of portable fire extinguishers was determined to be between one and a half and four cents
per foot annually; if coverage could be maximized to that allowable by code, the cost drops to between a half cent and one cent per foot annually. It's
unlikely that any other layer of fire protection is so cost-effective.

Portable fire extinguishers are required in certain instances to give the occupants the means to suppress a fire in its incipient stage. The capability
for manual fire suppression can contribute to the following:

- The protection of the occupants, especially if there are evacuation difficulties associated with the occupancy.
- The protection of our environment by reducing large amounts of airborne pollutants.
- The protection of our environment by reducing large amounts of contaminated water runoff associated to large fires.

- The reduction of impact of the carbon footprint by requiring potential less repair/reconstruction of the area involved when the fire is extinguished or
contained in the early stages in lieu of waiting for a fire to grow large enough for the activation of the automatic sprinkler system.

- The potential reduction in downtime for facilities suffering from a fire if used in the incipient stages of fire discovery reducing the economic impact
on the community.

Portable fire extinguishers are required in occupancies in Groups A, B, and E in both the National Model Fire Codes of the ICC and NFPA because
of the need to control the fire in its early stages and because evacuation can be slowed by the density of the occupant load, the capability of the
occupants to evacuate or the overall fuel load in the building. Because the IBC (building code) references the IFC (fire code) for fire extinguisher
requirements in new buildings, the code is applicable to new buildings. The current exception 1 to 906.1 that exempts the installation of portable fire
extinguishers (PFEs) in low-hazard areas of Group A, B and E occupancies when the fire areas are equipped with an automatic sprinkler system
utilizing quick-response automatic sprinklers was deleted from the 2012 edition of the IBC and the IFC after considering a proposal from the National
Association of State Fire Marshals (NASFM). NASFM, and other supporters of the exception’s removal, rightly argued that exempting occupancies
from fire extinguisher requirements can leave those buildings without a proper firefighting tool for small, controllable fires. The ICC agreed with this
rationale and removed the exception in the last 5 versions (2012, 2015, 2018, 2021 and currently sustained in the 2024 edition under development)
of the International Fire Code.

Many code officials believed it is inappropriate to place complete reliance on automatic sprinkler systems for the protection of assembly, business
and educational occupancies. An analysis of fire loss data for Group A occupancies, performed by the National Institute of Science and Technology
(NIST) during the investigation of a large life loss fire confirmed that assumption was correct. While investigating the Station Fire, a nightclub fire
where 100 people died in 2003, NIST also analyzed the performance of portable fire extinguishers in night clubs. NIST also analyzed NFPA fire loss
data for nightclubs from 1990 through 1994 and found that almost 36 percent of fires in public assembly structures were extinguished by PFEs or
other means during the incipient phase. These data show that without PFEs, occupants commonly used other tools to try to extinguish incipient
fires. The NIST analysis found that 28 percent of all incipient fires were extinguished using PFEs and the remaining 8 percent used makeshift
means. The study concluded that it was important for fire code officials to reinforce and educate nightclub employees on the purpose and capability
of PFEs for controlling incipient fires.

The removal of PFEs is believed to reduce the level of protection in the building. Based on the referenced NIST report we believe the deletion of the
exception for Group A occupancies is warranted.Virginia is not unique in the decision to base the building and fire codes on these national model
codes, as most jurisdictions do the same. The reasons are relatively simple: by utilizing a national consensus process the requirements of the ICC
model codes are well vetted by a cross-section of regulators and industries. This results in appropriate safety provisions for the vast majority of
jurisdictions, based upon national consensus processes. Amendments that weaken the model codes upon their state adoption should be carefully
considered and only made through deliberate, well-reasoned processes, resulting in changes that only make the model codes safer for the
residents of Virginia.

Fire extinguishers are the first line of defense for small, controllable fires. They are intended to be used for fires of limited size and easily controlled.
If a fire is discovered in its early stages, the most effective means of protecting life and preventing property loss is to sound an alarm and then to
control and/or extinguish the incipient stage fire with a portable fire extinguisher. To simply wait for the fire to grow large enough in size for a sprinkler
head to activate, is contrary to lessons and guidance from fire service and fire protection professionals. Since fire extinguishers provide a first line of
defense versus sprinklers, it remains unclear as to the justification for this exception.

As the state of Virginia bases its building and fire codes on these national model codes, when drafting the update of the State Fire Protection Code
for Virginia, we believe the Codes and regulations adopted by the Board of Housing and Community Development should not be one of only three
other states varying from the National Mode Codes when it comes to layered fire protection in buildings by providing one of the first lines of defense
for building occupants. We believe the Division should maintain the model codes level of fire safety and not be one of only three other states varying
from the National Mode Codes when it comes to layered fire safety in buildings by maintaining exception 1 to Section 906.1, eliminating extinguishers
in some of the most populated public buildings.

By providing a layered approach to fire and life safety for business properties, educational facilities and assembly occupancies, located throughout



Virginia, you are providing a level of safety to the citizens of Virginia and its visitors at a level already established throughout the rest of the country
for businesses and properties located throughout the country. The more we can reduce fires or fire growth, the better we can protect lives,
property, and our environment. The reduction in fire sizes and fire growth will help reduce the carbon footprint impact on our environment by
producing less fire byproducts released into the atmosphere, producing less contaminates introduced into our groundwater with smaller amounts of
water runoff with smaller fires and with smaller fires requiring less reconstruction or renovation the overall impact on the carbon footprint is further
reduced. As with the current Federal Administration’s concern for the protection of our environment, the resiliency of our communities and reduction
of the carbon footprint, the AIA, NFPA , ICC, as well as others, are striving to make a difference for our future generations.

A 2021 report supported by the Independent Fire Engineering & Distributors Association (IFEDA) considers the fundamental discrepancy between
policy directives and public response in the face of a fire event. The report finds that people will naturally attempt extinguish a fire, especially an
incipient fire, either using portable extinguishers or other improvised means. They are usually successful in doing so, with 70-80 percent of fires
dealt with by the public without training or professional assistance. (A separate study conducted by Worcester Polytechnic Institute and Eastern
Kentucky University titled “Ordinary People and Fire Extinguisher Effectiveness” also found that of 276 untrained persons, over 90 percent operated
the extinguisher effectively on a simulated fire.)

RJA'’s Study on the Life Cycle Cost of Portable Fire Extinguishers demonstrates that installing fire extinguishers cost only a fraction of a penny to a
few penny’s per square foot over their lifetime, probably the most cost-effective layer of fire protection available. Use of extinguishers often minimize
costly damage to property and human life by intervening before sprinklers are activated. Additionally, a separate study conducted by Worcester
Polytechnic Institute and Eastern Kentucky University found that of 276 untrained persons, over 90 percent operated the extinguisher effectively on
a simulated fire, decreasing the costs association with training employees.

The NFPA'’s study on the U.S. Experience with Sprinklers and Other Automatic Fire Extinguishing Equipment notes the value of sprinklers but
critically reports that the majority of reported never grew large enough to activate operational equipment. In one study, 65 percent of fire events in a
space with automatic sprinklers, the sprinklers were not activated. This report, intended to showcase the benefits of automatic sprinklers, clearly
indicates that someone is successfully intervening in fire events prior to sprinkler activation.

FM Gilobal's technical report on the Environment Impact of Automatic Fire Sprinklers shows that benefits gained from effective green initiatives can
be negated by a single fire event. While the report looks at the value of sprinkler systems, it acknowledges the shortcomings of the sprinkler
systems to adequately manage all fires and again emphasizes the need for a layered approach that includes portable extinguishers.

In 2010, The International Code Council's Code Development Committee recommended to remove the exception to Line 1 of 906.1 of the
International Fire Code (IFC) that allows certain buildings to function without portable fire extinguishers. The history of code change committee
debates in 2010 for the International Fire Code (IFC) on the sprinkler/portable extinguisher exception show a consistent consensus decision by fire
safety experts from across the country to require portable fire extinguishers since the reinstatement of the requirements into the International Fire
Code since 2012 edition over 10 years ago. This decision has been challenged in every code development cycle since. Each time, after detailed
consideration of the argument, the Committee reasoned that even within sprinklered buildings, fire extinguishers have made a difference in
controlling fires and the exception for quick response sprinklers in certain buildings should be deleted. The Committee also reasoned that citizen are
accustomed to seeing extinguishers within buildings and expect them to be available for use. This decision has also been supported overwhelming
by the Governmental Voting Members of the ICC membership including those in the VA fire service.

Evidence shows that people will intervene in fire events that are small and manageable. Providing proper tools, such as fire extinguishers, is the
clear means to assure the best outcome in fire prevention. Additionally, the installation and maintenance of fire extinguishers is more economical
than other fire protection features.

- In 2004, portable fire extinguishers were used on 371,500 residential fires (CPSC report published 2009).
- In 2008, portable fire extinguishers were used on 190,400 commercial fires.

- Fire in residences were mitigated in over 95% of the cases without intervention from the fire department. In over 75% of the cases, someone in the
home extinguished the fires. (CPSC report published 2009)

Again, both national model fire codes, NFPA 1 and the International Fire Code (IFC), embrace portable extinguishers as key parts of overall fire
safety — regardless of the presence of sprinklers. None of the source documents for the International Fire Code (IFC) being the BOCA (Building
Officials and Code Administrators International building code), SBCCI (the Southern Building Code Congress International building and fire
construction codes) and the USBC (Uniform Standard Building Code which the State of Virginia followed before the adoption of the IFC) had the
exception for these occupancies. It was inserted at the end of a multi-year drafting process for the IFC. Realizing the importance and success of
portable fire extinguishers and need for layered fire protection states very quickly began amending this section as they adopted the IFC as the
basis of their state fire code since portable fire extinguishers were not previously omitted from sprinklered buildings. NASFM and other supporters
rightly argued that exempting occupancies from fire extinguisher requirements can leave those buildings without a proper firefighting tool for small,
controllable fires. This representative has proposed to reverse the 2012 decision in every code development cycle since.

With more than a decade’s worth of experience with the issue, FEMA has been able to curate the following detailed account for the model codes’



requirements for portable fire extinguishers.- If there is any question as to whether the citizenry in the United States is acting early to extinguish
incipient fires, the report of the U.S. Consumer Products Safety Commission should put those doubts to rest. According to their report, only 5-10
percent of fires are reported to fire departments in the U.S. We submit that, since people are, in fact, extinguishing small fires in their incipient stage
on a very regular basis, the code should provide for the proper tools to do so - that is, maintain the requirements for portable extinguishers.
According to this report, people use portable extinguishers on 371,000 residential fires in the U.S. annually. In this same report, the agency stated
that extinguishers were effective in 80 percent of the cases where they were used. The entire 234 page report, published in 2009, can be found at:
https ://www.cpsc.gov/PageFiles/105297/UnreportedResidentialFires.pdf

Some of these fires are extinguished using fire extinguishers; others are being extinguished with makeshift means. Extinguishers are the appropriate
tool and designed for use on incipient fires. Providing portable fire extinguishers in facilities greatly enhances safety, including the safety of those
who choose to extinguish a fire in its incipient phase; extinguishers should be available in all buildings.- An NFPA report on fires in sprinklered
buildings published in 2010 states that in fires reported in buildings equipped with sprinkler systems, the fire didn't grow large enough to activate the
sprinklers in 65 percent of the cases (page 11). The fires cited in this report were large enough to be reported to the fire department; the sprinkler
systems were operational and would have activated if the fire had grown larger, but were extinguished or otherwise mitigated prior to sprinkler
activation. This report verifies that people are intervening when a fire is small, saving the property owner(s) substantial sums of money by putting
the fire out before it grows larger, doing more damage and before sprinklers activate, while protecting the lives of building occupants. You can see
that report here: http://www.tvsfpe.org/ images/us experience with sprinklers.pdf

- Where cost is a consideration, portable fire extinguishers are, without a doubt, one of the most cost effective layers of fire protection available. A life
cycle cost analysis was conducted in 2014 by Richard Bukowski, P.E, then working for RJA. In that study, the actual cost of portable extinguishers
in several facilities was used to determine the real-world cost of these devices. Using 12 health care facilities, the costs of initial purchase,
installation, monthly and annual maintenance, as well as all associated maintenance required by NFPA-10 (the standard referenced in ICC Codes)
were compiled and analyzed. According to this study, the actual costs of portable extinguishers in these facilities ranged from $.015 (one and one
half cent) to $.04 (four cents) per square foot per year. His study also states that, if a facility were able to utilize the minimum number of
extinguishers required by the Codes based upon coverage of an area, the costs would be between $.005 (one half cent) and $.01 (one cent) per
square foot per year. This report can be found at: http:/www.femalifesafety.org/docs/006GRCAtt01RJAFinalReport011714.pdf

- Finally, the question of whether a person needs to be trained in order to use a portable extinguisher has been mentioned. While we encourage
training those who may utilize portable extinguishers, there is substantial evidence that people without training can and do use extinguishers safely
and effectively. Specifically, Worcester Polytechnic Institute and Eastern Kentucky University conducted a study titled “Ordinary People and Fire
Extinguisher Effectiveness”. In that study of 276 untrained persons, over 90 percent operated the extinguisher effectively on a simulated fire, with
98% successfully pulling the pin, squeezing the trigger, and discharging the agent. 74% used proper techniques including aiming at the base of the
fire and using a sweeping motion. This study dispels any doubt that extinguishers can be effective in the hands of novice users.
http://www.femalifesafety.org/docs/WPIStudy Final.pdf

It is recommended to look at the strengths and weaknesses of automatic sprinkler systems. Although we do support automatic sprinkler system
installation in buildings, the NFPA’s 2017 study on the U.S. Experience with Sprinklers and Other Automatic Fire Extinguishing Equipment notes the
value of sprinklers but critically reports that the majority of reported fires were too small to activate operational equipment. In 65 percent of fire
events in a space with automatic sprinklers, the sprinklers were not activated, making a layered fire safety approach that includes portable
extinguishers vital.

- Confined fires and unconfined fires that were too small to activate the sprinkler system equate to 84% of reported fires in sprinklered buildings.

- Sprinklers are ineffective in 12% of fires that grow large enough to activate the system.

- Reported sprinkler failures were twice as common as reported fires in which sprinklers were ineffective.

0 40 % of the combined sprinkler problems were due to system shut-offs.

0 59% of incidents in which sprinklers failed to operate, the system had been shut off.

0 51% of fires in which sprinklers were ineffective, the water did not reach the fire.

- Fire departments responded to an estimated 29,800 sprinkler activations caused by a system failure or malfunction and 33,600 unintentional
sprinkler activations in 2014.

There has been argument that training is required if portable fire extinguishers are provided as an OSHA requirement. OSHA requirements are only
applicable to OSHA regulated or participating governments. Even then, training is not required unless personnel are specifically designated to
respond to fires and use extinguishers. FEMA highly recommends training regardless but provides for such with VIDEO links and instructions found
in 2-3 minute video training at https/fireextinguisherssavelives.org/.

Lastly, we must explore human instinct and the use of portable fire extinguishers. In 2021, David Wales, with support from the Independent Fire



Engineering & Distributors Association (IFEDA), published a report evaluating the role of fire extinguishers in buildings through an evidence-based
assessment. The report aims to relay the public’s perception of and behavior around fire extinguishers in order to ensure manufacturers provide the
most relevant instructions.

There is a fundamental discrepancy between official/policy assumptions and the public in relation to priorities in the event of a fire. Government and
professionals focus on avoiding injuries and see that as the sole aspiration. As a result, they consider the public role to be one of compliance in
which they simply exit the premises on becoming aware of a fire.

- In contrast, the public have a wide and largely unrecognized range of priorities when encountering a fire, based on their individual circumstances.
These can include:

o The avoidance or embarrassment/inconvenience.
o Mitigating the impact of damage to the property by avoiding the risk of being unable to remain in their home.
o Concern for the wellbeing of other people, pets, or valued possessions.

- A desire to achieve their self-appointed tasks is a strong motivation for the public’s behavior when encountering a fire. This includes investigating
the initial cues and tackling the fire, often using improvised means. They are usually successful in doing so, with 70-80 percent of fires dealt with by
the public without requiring professional assistance.

- People’s disaster response actions differ significantly from disaster myths that commonly portray victims as dazed, panicked, or disorganized.
Instead, most people respond adaptively.

Cost Impact: The code change proposal will increase the cost of construction

A life cycle cost analysis was conducted in 2014 by Richard Bukowski, P.E, then working for RJA. In that study, the actual cost of portable
extinguishers in several facilities was used to determine the real-world cost of these devices. Based upon his study, the costs of initial purchase,
installation, monthly and annual maintenance, as well as all associated maintenance required by NFPA-10 (the standard referenced in ICC Codes)
were compiled and analyzed. According to this study, the actual costs of portable extinguishers in these facilities ranged from $.015 (one and one
half cent) to $.04 (four cents) per square foot per year. His study also states that, if a facility were able to utilize the minimum number of
extinguishers required by the Codes based upon coverage of an area, the costs would be between $.005 (one half cent) and $.01 (one cent) per
square foot per year.

This report can be found at: http://www.femalifesafety.org/docs/006 GRCAtt01RJAFinalReport011714.pdf

Resiliency Impact Statement: This proposal will increase Resiliency

FM Global's 2010 technical report on the Environment Impact of Automatic Fire Sprinklers shows that benefits gained from effective green initiatives
can be negated by a single fire event. While the report looks at the value of sprinkler systems, it acknowledges the shortcomings of the sprinkler
systems to adequately manage all fires and again emphasizes the need for a layered approach that includes portable extinguishers.

- In all occupancies, from residential dwellings to office buildings, the lack of proper risk management and effective fire protection statistically
increases carbon emissions over the lifecycle of the occupancy.

- Typical benefits gained from green construction and energy efficient appliances and equipment can be negated by a single fire event.This is due to
subsequent carbon dioxide, and other greenhouse gasses, generated from burning combustible material, in addition to the embodied carbon
associated with disposal of damaged materials and reconstruction.

- U.S. fires release about 290 million metric tons of carbon dioxide per year, the equivalent of 4-6 percent of the nation’s carbon dioxide emissions
from fossil fuel burning.

- While automatic sprinklers can be a key factor in reducing the carbon footprint of building fires, sprinkler systems only cover 10% of all building
fires. In the other 90% of fires where a sprinkler system is not activated, fires can be reduced by fire extinguishers which provide a safe and
accessible way to mitigate the climate impact of building fires.

By providing a layered approach to fire and life safety for business properties, educational facilities and assembly occupancies, located throughout
Virginia, you are providing a lave of safety to the citizens of Virginia and its visitors at a level already established throughout the rest of the country
for businesses and properties located throughout the country. The more we can reduce fires or fire growth, the better we can protect lives,
property, and our environment. The reduction in fire sizes and fire growth will help reduce the carbon footprint impact on our environment by
producing less fire byproducts released into the atmosphere, producing less contaminates introduced into our groundwater with smaller amounts of
water runoff with smaller fires and with smaller fires requiring less reconstruction or renovation the overall impact on the carbon footprint is further
reduced. As with the current Federal Administration’s concern for the protection of our environment, the resiliency of our communities and reduction
of the carbon footprint, the American Institute of Architects, The National Fire Protection Association, The International Code Council, as well as
others, are striving to make a difference for our future generations.
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Aim and audience

This report was produced with the aim of providing an evidence-based assessment of the role of portable
fire extinguishers within dwellings. This includes both single private dwellings and houses in multiple
occupation (HMO), or other places where some form of accommodation is provided. Its value stems from
its adoption, as far as possible, of a user-informed view of their benefit and operation.

The report is intended to inform discussions and present a currently underrepresented perspective: that
of the public. It explores both what is known about their behaviour/motivations when encountering a
dwelling fire and considers how they are represented in official policies.

As such, it will be of specific interest to those who produce guidance in relation to portable fire
extinguishers, professionals involved anywhere in the lifecycle of portable fire extinguishers and to those
with responsibility for fire safety in a property. It will also be relevant to policy makers, academics and
others interested in the relationship between guidance, professions and the public.

However, it has also been written in the hope it will also be accessible for the lay reader. Authentic two-
way engagement with the public is essential for any meaningful and effective fire safety strategies, and
more needs to be done to ensure their voice is heard.




Evidence base

This report is not the result of a systematic review, but one in which, within the confines of the remit,
evidence was sought to illustrate specific issues. The results help to build an ‘as is’ description of the role
of portable fire extinguishers as seen from a user perspective.

As far as possible, the evidence was sourced from academic studies, recognised sector publications and
published data sources (see Bibliography). Each of these has its strengths and weaknesses along with
various factors that influence its content and reliability. Individual assessments are not given for each
evidence source, but, in combination, they were sufficient to develop a broad understanding in most
areas and detailed insight in others.

Throughout the report, reference is made to information that appears to be unavailable. It is accepted
that some of these sources may exist, but were either not discovered by the author, or may be held
within private domains, e.g. companies. Unless otherwise stated, their omission does not undermine the
findings.

In general, this report refers to both dwelling (single) and HMO premises without distinction. This is
because the evidence either, does not reveal notable differences, or is too scarce to form a view.
However, the application of the findings of this report are not always of equal significance to each
property type. Each section identifies any important features applicable primarily, or solely, to an HMO.

In recognition of the limited and fragmented evidence, it is a recommendation of this report that more be
done to build a comprehensive and integrated understanding of the public experience of using a portable
fire extinguisher. Without this, it appears impossible to have confidence that those charged with making
decisions about portable fire extinguishers are doing so based on a full and current knowledge. Where
public safety is at stake, this should be a minimum requirement.

Where opinion is offered, it is that of the author’s alone unless otherwise stated. Readers are welcome to
disagree and, in doing so, may find it helpful to consider why. Is it due to their experience, knowledge or
assumptions? A curiosity-driven mindset will enhance the value of the report far beyond its stated
content and will hopefully lead to discussions that continuously drive improvement.




Definitions

Dwelling fires — fires in properties that are a place of residence, i.e. places occupied by households such
as houses and flats, excluding hotels/hostels and residential institutions. Dwellings also includes non-
permanent structures used solely as a dwelling, such as houseboats and caravans.

Houses in multiple occupation (HMOQ) —is a property rented out by at least three people who are not
from one ‘household’ (for example, a family), but share facilities like the bathroom and kitchen. It is
sometimes called a ‘house share’.

Non-residential buildings — includes properties such as offices, shops, factories, warehouses, restaurants,
public buildings, religious buildings, etc.

Primary fires — are potentially more serious fires that harm people or cause damage to property and meet
at least one of the following conditions: any fire that occurred in a (non-derelict) building, vehicle or
(some) outdoor structures; any fire involving fatalities, casualties or rescues; any fire attended by five or
more pumping appliances.

Response time — the ‘total response time’ measures the minutes and seconds taken from time of call to
time of arrival at the scene of the first vehicle.

Risk — a function of the combined effects of hazards, the assets or people exposed to hazards and the
vulnerability of those exposed elements.

Other building fires — fires in other residential or non-residential buildings. Other (institutional) residential
buildings include properties such as hostels/hotels/B&Bs, nursing/care homes, student halls of residence,
etc.

Sources: all definitions are from Fire Statistics definitions except for ‘houses in multiple occupation’ from
www.gov.uk and ‘risk’ from Sendai framework (see Bibliography).



http://www.gov.uk/

Executive summary

This report considers the use of portable fire extinguishers in dwellings/HMO. It does so by drawing
largely on evidence and data that provide a human or public perspective on their use and benefit.

It finds that the contribution of the extinguisher and the public in using them, attracts little
attention and is poorly recorded within academia, government or the wider fire safety sector. And
yet, it is this perspective which ultimately identifies their true contribution and value.

The report identifies that there is a fundamental discrepancy between official/policy assumptions
and the public in relation to priorities in the event of a fire. Government and professionals focus on
avoiding injuries and see that as the sole aspiration, in the pursuit of which everything else is
secondary. As a result, they consider the public role to be one of compliance in which they simply
exit the premises on becoming aware of a fire. If true, this would require little, if any, decision-
making by the public.

In contrast, the public have a wide and largely unrecognised range of priorities when encountering
a fire, based on their individual circumstances. These include: the avoidance of
embarrassment/inconvenience; mitigating the impact of damage to the property, e.g. avoiding the
risk of being unable to remain in their home; and their concern for the wellbeing of other people,
pets or valued possessions. Pursuing these priorities requires numerous decisions, and yet they are
not aided in this by any guidance from the professional services either before, or during the event.

A desire to achieve their self-appointed tasks is a strong motivation for the public’s behaviour
when encountering a fire. For most, this will involve an active response of on average five actions,
although for some it will be as many as 11. This includes investigating the initial cues and tackling
the fire, often using improvised means. They are usually successful in doing so, with 70% to 80% of
fires dealt with by the public without requiring professional assistance. It is important to note that
in doing so, they are willingly acting against official advice and are not being coerced into this. The
evidence shows the public to be effective and capable in tackling fires, even in the absence of any
professional support, or often without specialist equipment.

The size of fires is decreasing — both those the fire and rescue service (FRS) attends and those that
the public deal with. In either case, the early interventions of the public are likely to be the most
significant determinant of the outcome.

The FRS response time to dwelling fires has increased by nearly 50% over the past 25 years. As the
FRS does not routinely provide any support or intervention until their arrival, the reduction in fire
size, etc. must be attributable to other factors, including the role of the public. The continued focus
on the FRS response time diverts from the exploration of other policy options to share their
professional expertise in the absence of a physical attendance, e.g. remote assistance.

Literature shows the relatively small and distinct section of the public at risk of a fatal outcome in a
dwelling fire generally has specific characteristics. These characteristics make them vulnerable by
leaving them to be unable to respond to a fire or causing them to do so in an appropriate way.

However, most people do respond appropriately, and the literature confirms that they oS
do not panic. Typically, most people are at risk of a minor injury at worst, due to the
low risk from the fire and their own ability to assess and act in accordance with the

situation. Where a minor injury is incurred, the public almost unequivocally see it as

a reasonable trade-off for whatever activities they were undertaking.
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There is limited literature and data readily available regarding the public experience of
dwelling/HMO fires, particularly of tackling fires and extinguisher use. The value of available
dwelling fire research is often diminished by numerous studies failing to understand and
distinguish between different types of risk, e.g. the risk of a fire starting or of it causing an injury.
Instead, they often use the term interchangeably and generically.

This is further compounded by official advice that at times confuses and exaggerates the risks to
people encountering a fire and overstates the influence of equipment such as smoke detectors.
This is likely to be a self-perpetuating process due to inherent biases, which, in turn, inform and
limit the nature of data collection and analysis providing a partial and skewed perspective. This
undermines credible risk communication and may explain the limited the impact of official advice.

This report identifies that the provision of fire extinguishers in private dwellings is generally low
and, as such, improvised means are often used for fighting fires. Extinguishers are more prevalent
in HMO because of legislative requirements for the common areas. Several publications identified
vandalism as a significant issue affecting extinguishers in common areas. However, this could not
be verified in either its potential nature or scale due to a lack of data/evidence.

Training in the use of extinguishers is an important issue and one in which opinion appears more
influential than the evidence. Whether purchased for a private dwelling or provided through
regulatory processes, there is no mandatory requirement for training to use an extinguisher, and
studies do not reveal training to be a requirement for their safe or effective use. In fact, the
available data and studies demonstrate the opposite to be the case.

Despite this, the potential for them to be used by untrained people is stated in some codes of
practice/guides as a sufficient reason to not install (or remove existing) extinguishers in common
areas. The evidence to support this claim could not be identified, and yet it continues to be
repeated. For example, the advice given by experts to the Grenfell Inquiry led it to feel unable to
recommend the use of extinguishers in its Phase 1 report. Unfortunately, the potential for the
absence of extinguishers to create a more significant risk does not seem to merit consideration.

Various documents from professional bodies identify that competent risk assessors should have a
knowledge of human behaviour. However, little evidence was found to identify human behaviour
as an active and influential component of the sector. Fire safety is grounded in the engineering
discipline, and this brings many strengths. But it is insufficient, and fire safety effectiveness is
limited by ignoring, or insufficient incorporation of, other disciplines, including the social sciences.

Overall, this report finds that the use of fire extinguishers suffers from several systemic issues
which adversely distort their true role and influence. Some of the key ones are:

a. Too many false assumptions and evidence gaps in influential policy areas.
b. A disconnect between the fire safety profession (in both public and private sectors) and the
public it serves. The latter being poorly represented (directly or indirectly) in policy and

guidance creation.

c. The dominance of the engineering discipline to the detriment of a broader multi-
disciplinary and user-centred model.

d. A paternalistic approach by which government and the fire safety sector seek to
change, rather than work with the public. This, despite the evidence that public
behaviours are safe, effective, and largely unaltered by current guidance and
campaigns.
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The public view of a good outcome

A portable fire extinguisher is an item which allows for small fires to be tackled by members of the
public. Despite the apparent simplicity of that statement, the risks and benefits of using one are
complex and extend beyond the immediate point of operation to include long-term and
consequential outcomes.

To make an informed decision regarding the suitability and use of extinguishers requires that a full
appreciation of risk and benefit sought be incorporated into any calculation/decision. That does
not appear to be the case currently, and the public perspective is absent or at least poorly
represented in available literature and data. Neither do they (directly or indirectly) seem to be well
represented in design/planning structures.

Beyond extinguishing a fire to remove the immediate threat, defining a ‘good outcome’ when a fire
occurs is surprisingly an area that has not received much attention. In the absence of a common
understanding, the answer will often be closely aligned to the viewpoint and interests of specific
stakeholders. However, with so many different stakeholders, there is clearly not a single answer,
and each claim will have its own legitimacy. But the central theme of this report, is that the public
view is poorly known and under-represented. And that has important consequences for their
safety.

As such, this report starts by considering the public view of what a good outcome looks like. This
then frames and informs the remainder of the report content and allows consideration of the
extent to which current arrangements reflect their needs. It is important to appreciate that whilst
different to official assumptions, the research shows the public’s priorities to be rational and
appropriate.

The public experience of fire is vastly different to that of the professionals involved in planning for,
responding to and recovering from dwelling/HMO fires. This is at the same time obvious and yet
not fully appreciated in practice. Some key findings from research studies are set out below and
briefly identify desirable public-oriented outcomes under the headings of 1) avoidance of
embarrassment/inconvenience; 2) damage to premises; 3) injuries; 4) people, pets and possessions
and 5) consequential impact.

Avoidance of embarrassment/inconvenience — Recent studies have demonstrated the important
influence of emotion in how the public react. For many people, calling the FRS is a last resort as
they are aware it will attract potentially unwanted attention from neighbours due to the visibility
of the emergency response presence. Others stated concerns that they would be diverting the FRS
from more important incidents. Some still believed they would be charged for calling the FRS.

Therefore, the potential to avoid the need to call 999, by tackling the fire themselves, prevents
exposing them to these negative emotions. So, one driver of behaviour at the early stage of a fire is
the desire to avoid certain perceived social consequences or unwanted attention from official
agencies (for which there can be many reasons).

Damage to premises — Recording the extent of damage to a premises is clearly an important
and useful indicator. However, its perceived value appears more geared towards internal
use by the various professions than to considering it to inform and optimise public
outcomes. For that, consideration must be given to the possible impacts of damage

to the premises.
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Limiting the fire to the smallest area within a premises is a sensible aspiration, but of itself is
potentially insufficient to achieve the best possible outcome. From the public perspective, the
function of the rooms affected also matters. A fire affecting two rooms may seem relatively minor
for official recording purposes. But if they are the kitchen and/or bathroom, then rehousing may
be necessary, even if the remainder of the house is unaffected. Awareness of the potential
consequences of fire damage is likely to be more intuitive and important to those present/affected
than to professionals. As such it guides their actions in a way that is not recognised in fire safety
guidance or emergency response tactics.

If a dwelling/HMO is made untenable because of the fire, then those affected may have to stay
with family/friends, pay for temporary accommodation or be allocated social housing intended for
others. All these eventualities can disrupt normal patterns of life in areas such as schooling, work
and social life. Where the fire affects someone in a house adapted to their specific needs, the
disruption and distress is even more acute. Therefore, avoiding the need for re-homing or other
consequences is, of course, a desirable outcome for most people and may lead them to act to
preserve key rooms. With many fires starting in the kitchen, this is an important consideration for
why people may tackle fires themselves.

Injuries — Official policy and attitude is almost singularly directed at avoiding the risk of injury when
the public encounter a fire. This is well meaning, but research has shown that it does not align with
the public attitude or ability. This reality gap reduces the relevance and impact of fire safety
measures.

Most of the public do avoid injury, not by luck, but through active decision-making and because of
the relatively low level of risk they encounter in dwelling/HMO fires. And where incurred, most
injuries are of a minor nature. The relatively small group at risk of dying, tend to have specific
characteristics which prevent them responding to the fire either through physical or mental
limitations. This means those most at risk are unlikely to use fire extinguishers.

The evidence further identifies that the public are willing to accept minor injuries (e.g. small burns
or smoke inhalation) in pursuit of achieving their priorities. Even in hindsight, few, if any of those
injured, would change anything. Avoidance of any injury is not therefore of itself sufficient to be
considered a good outcome, although, clearly, a serious injury would be an undesirable outcome in
most circumstances.

People, pets, and possessions — Concern for people, pets and possessions are strong and
established drivers of behaviour in the event of a fire. In fact, this can be instinctively appreciated
as the desire to protect things people cherish from any form of harm is a natural tendency. It is
therefore no surprise to see it as an influential feature of people’s response to dwelling fires.

Mass casualty studies show that sustained concern and care for other people can also result from
relatively minor associations, or even where there has been no previous contact. Selfish behaviour
is, in fact, rare. Dwelling fire studies identified ensuring the welfare of family and friends is
something that people would view as a good outcome. However, the research also identified that
warning other residents in a multi-occupied property (e.g. flats) was important. This
suggests a sense of concern for others and potentially a personal desire to know they K
have done the right thing, which is also an important outcome for most.
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Pets were also found to be very influential in driving behaviours. For some, they are their only
companion and were afforded the same importance as a person would be. Their wellbeing and
how they were treated (even if they did not survive) matter.

The importance of possessions can easily be overlooked and dismissed as most objects are
replaceable. Whilst that is true for many items, not all possessions are equal. For some people, a
laptop may just be an easily replaced entertainment device, storing nothing of importance. For
others, it may contain the only record of their personal or business records, which if lost, would
severely impair their future prosperity. Mobile phones may be important both for what they
contain but also because the occupier may foresee the need for one to stay in contact with
friends/families during and post-fire.

Items which cannot be replaced are also highly valued and may result in attempts to preserve them
from the effects of a fire. These may include obvious items such as photos, high-value items or
something with sentimental value. Other categories include those where replacement represents
significant perceived effort or inconvenience if lost, e.g. a passport or other formal documents.
Preservation of valued items, as determined by the owner, is an important outcome.

Long-term consequences — There are also other less obvious or longer-term consequences incurred
by the public. These are often invisible as they are not captured by routine data collection,
potentially due to perceived difficulties in obtaining or sharing information or even institutional
bias which does not recognise its value and importance.

This is compounded by the limited number of studies that have looked at dwelling/HMO fires from
the survivor perspective to understand, amongst other aspects, the emotional/psychosocial
experience and personal/extended impact. The public are exposed to many of the same (and some
unique) experiences as the professional responders. And whilst the potential mental health risks to
the latter are recognised, this is not the case for the public. As a result, they are unlikely to receive
the support they need after the fire. Studies have shown that even small fires can have long-term
or life-changing consequences and the impact of a fire is not always linearly proportional to its size.

It has also been found that for some people, the effects of a fire, in isolation or in combination with
other life events, can be overwhelming. They then experience various degrees of difficulty dealing
with everyday life and/or recovery from the fire. As a result, they suffer a form of vulnerability
which is greater than the sum of its parts and can affect every part of their life.

Linked to emotional wellbeing is the fact that people believe they did the right thing and all within
their ability to reduce the harm caused by a fire, particularly if they felt some degree of
responsibility for its cause or development. How people feel about their actions is an important
outcome and influence. This can be either positive or negative and relates to their own assessment
and the judgement of others.

Avoidance of the longer-term or consequential effects is clearly a good outcome for the individual
and others impacted as a result. Unlike the other categories, these long-term consequences are
likely to be less appreciated at the time by the public. As such, it may not influence their
behaviour during a fire, and it could be some time before they realise the true impact

it has had on them.

(
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To capture the concept of indirect harm, the definition of risk adopted by the Sendai
Framework (see definitions) is helpful because of its inclusion of ‘vulnerability’. This
recognises that events can have an immediate impact but also make those affected
vulnerable to secondary or consequential harms.

Other stakeholders — Raising awareness of the public need is not denying the legitimate interests
of the other/professional stakeholders. Each is invested in the fire safety ecosystem and has a vital
role to play. Each will also understand what a good outcome looks like for them, both as
individuals and organisations.

For some, compliance with legislation, regulation or technical standards will be important, others
will have financial incentives or considerations, and some may need to act in accordance with
client requirements. Ideally these will all align or can at least co-exist.

Each of these participants will usually have the means and opportunity to bring their valuable
organisational and professional perspectives to the debate where necessary. Unfortunately, that is
not the case for the public who rarely, if ever, directly participate in policy/industry forums and
whose accounts are poorly documented in evidential or data sources. That means many decisions
are made without being informed by those most impacted by the decisions: the public.

As such, understanding and aligning the needs of all stakeholders, or at least finding a shared aim,
is a prerequisite to getting the optimal outcome for all. This requires purposeful design and cannot
be left to chance or be assumed to be a natural and self-organising outcome.

It should also be noted that in such a complex environment, there is always the potential for
conflicts of interests at an organisational and personal level. These may occur where compliance
with the stated (or assumed) common purpose is detrimental, or where deviance from it provides
the opportunity for benefit to individual stakeholders. Considering the presence or extent of
conflicts of interest was not a feature of this research or report. It is highlighted to acknowledge
they exist and are likely to have at least some influence on all stakeholders within the fire safety
domain. No organisation (public or private) is entirely neutral or without their own agenda.
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The previous section addressed a public-oriented view of what a good outcome looks like when a
dwelling/HMO fire occurs. Many of their priorities will be achieved, or strongly influenced, by
restricting the damage caused by a fire. Typically, that means tackling it as soon as possible after
discovery. The evidence identifies that this occurs in most fires, mainly due to the actions of the
public. This section attempts to understand the characteristics of dwelling fires from published
data and, in doing so, to identify the nature of the risk in terms of fires encountered by the public.

Portable fire extinguishers are intended for use on small fires. Similar generic descriptions (e.g.
they are for “first aid firefighting’) are frequently used but not particularly helpful, as they are
subjective and may mean different things to different people. Therefore, this section seeks to
quantify the size of real fires encountered, albeit based on an estimation of the post-fire damage.

The location of fires has not been included although it does, of course, influence some features of
the fire and its behaviour. However, it is assumed that where extinguishers have been
professionally commissioned, the appropriate extinguisher would have been selected for the risk
profile.

The likelihood of experiencing a dwelling fire
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The number of dwelling fires attended by the FRS has been on a long downward trend, in absolute
terms, despite a rising population size and an increased number of dwellings. Official FRS data
identifies that:

a. In Great Britain (GB), the FRS attended 64,032 dwelling fires in 1994/95; a figure which
had fallen to 36,283 in 2018/19.

b. For England, there were 44,601 recorded dwelling fires in 1981/82, which then rose to a
peak of 58,280 in 1999/00, from which it has subsequently maintained a general downward
trend to the 2018/19 figure of 29,592.

c. In Scotland dwelling fires also decreased, from 9,811 in 1990/91 to 5,137 for 2018/19.

d. Wales has followed a similar trend with 3,030 recorded in 1994/95 falling to 1,554 in
2018/19.

It should be noted that these figures identify fires attended by the FRS but not the actions taken. A
proportion of these fires will be ‘out on arrival’ and would not have required an active intervention
by the FRS.

Data in relation to dwelling fires that the FRS does not attend is not routinely collected. However,
the results of periodic sample surveys such as the British Crime Survey (BCS) and English Housing
Survey (EHS) do, at least, provide some insight. The figures from these provide a national estimate
derived from the survey results, and so care must be taken in using them. However, at face
value they do suggest a downward trend in the number of fires, like that seen in fires
attended by the FRS.
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Between 2001/02 and 2002/03, the BCS recorded an estimated drop in the number of
dwelling fires from 383,000 to 372,000 in England and Wales. The English Housing Survey for
2013/14 recorded an estimated 206,980 dwelling fires in England compared to 273,000 in its
2004/05 survey.

In summary, whether attended by the FRS or dealt with by the public, dwelling fires have exhibited
a sustained downward trend. As such, the likelihood of any person, household or other dwelling
experiencing a fire is also decreasing.

Dwelling fires rarely extend beyond the room of origin
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In respect of the fire size, official published data relates to the end state after the fire has been
extinguished. For this report, it is a proxy indicator as it does not directly identify the conditions at
the time the fire was discovered, and/or when attempts were made to tackle it by the public.

Overall, the data reveals that the size of dwelling fires is relatively small. Two FRS data sets have
been used as indicators for the purpose of this assessment - fire spread and area of fire damage.
And data from the BCS relating to financial loss provides some insight in to fires that were not
attended by the FRS.

Fire spread

56.

57.

58.

Of the dwelling fires attended by the FRS in England during the 12-month period in 2018/19:

e 30% resulted in no fire damage
e 32%resulted in the fire being limited to the item first ignited
e 25%resulted in the fire being limited to the room of origin

This means that in 87% of cases the fire did not spread beyond the room of origin.
This data was first published for the year 2010/11 and during that period the findings were similar:

e 32%resulted in no fire damage
e 28%resulted in the fire being limited to the item first ignited
e 27%resulted in the fire being limited to the room of origin

This means that, again, in 87% of cases the fire did not spread beyond the room of origin.
Of the dwelling fires attended by the Scottish FRS during the 12-month period in 2018/19:

e 47% were recorded as causing smoke and heat damage only
e 26% were confined to the item of origin
e 16% were confined to the room of origin.

This means that in 89% of cases the fire did not spread beyond the room of origin.
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In 2009/10 the figures for the same were:

e 45%resulted in no damage,
e 21% were limited to the item first ignited
e 19% did not extend beyond the room of origin

This means that in 85% of cases the fire did not spread beyond the room of origin.
Of the dwelling fires attended by the Welsh FRS in the 12-month period 2018/19:

e 25% were recorded as causing no fire damage
e 39% were limited to the item first ignited
e 23% were confined to the room of origin.

This means that in 87% of cases the fire did not spread beyond the room of origin.
In the 2009/10 period, the corresponding figures were:

e 35% caused no fire damage
o 34% were limited to the item first ignited
e 21% were confined to the room of origin

This means that in 90% of cases the fire did not spread beyond the room of origin.

For the years shown, the percentage of fires that either caused no damage or did not extend
beyond the item first ignited ranged from 60% to 73%. And in a further 25% to 26% of incidents
attended by the FRS, the fire did not spread beyond the room of origin. The data suggests a stable
but downward trend for the spread of fire.

Area of fire damage
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In England, the average area of fire damage for all dwelling fires in 2001/02 was 26.3 m2. With
minor fluctuations, this has gradually decreased to an average of 16.2 m2 in 2018/19 (Home Office,
2019). This represents a reduction in average area of fire damage of 38% in just 17 years.

In Scotland:

e the proportion of fires resulting in no damage increased from 11% to 14% in the period
2009 to 2019

e those causing smoke and heat damage only (no fire damage) accounted for 38% in 2009/10
and 43% in 2018/19.

e Fires causing under 5 m2 of damage decreased from 25% to 22% and

e Fires causing between 6 m2 to 10 m2 of damage remained at 4%.

e Llarger fires of 11 m2 or above fell from 22% in 09/10 to 16% by 2018/19.

Overall, the proportion of fires attended by the Scottish FRS resulting in no damage, smoke and
heat damage only or under 5 m2 of fire damage accounted for 75% in 2009/10 and 80%
in 2018/19. The data shows an increase in smaller fires and a decrease in larger ones.

(
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In Wales:

e the proportion of fires resulting in no damage increased from 10% in 2009/10 to 20% in
2018/19

e fires causing under 5 m2 increased from 47% to 49%,

e Fires causing between 6 m2 and 10 m2 decreased slightly from 11% to 9%.

Larger fires appear to be decreasing as a proportion of dwelling fires attended. Grouping the
categories for damage in the range of 51 m2 to 1000 m2 identifies a reduction from accounting for
10% of dwelling fires in 2009/10 to 8% in 2018/19.

Overall, the proportion of fires attended by the Welsh FRS resulting in no damage or under 5 m2 of
fire damage accounted for 57% in 09/10 and 69% in 2018/19.

For the years shown, the size of fire by average area of damage has shown a substantial reduction
in England. Scotland and Wales have shown more moderate changes, but the trend in each is that
the size of fires is decreasing. In turn the proportion of small fires is increasing, and the proportion
of larger fires is decreasing.

Financial estimates
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The BCS did not record the area of physical damage due to fire. Instead, it used a cost-based
measure. In the three surveys covering the period, 2001 to 2005, between 42% and 48% of fires
resulted in no financial loss. The two surveys between 2001 and 2003 both identified that a further
19% caused only a minimal financial loss.

Whilst not directly comparable to FRS data, this does provide some degree of consistency in
suggesting that most dwelling fires are small. Of note is that the majority of the BCS respondents
did not call the FRS, and so, within reason, the data provides an insight into the experience of this
important group.

Characteristics of HMO fires
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It is not clear how many fires in an HMO do not result in calling the FRS, and whether the ratio
between those they attend and do not attend corresponds with that of dwelling fires in general.
There are factors which could potentially influence it to be higher or lower. Further data and
studies from real fires are needed to improve the evidential basis for this area and any implications
resulting.

However, data recorded by the FRS does identify how many properties providing some form of
accommodation other than single private dwellings they attended. The figures below are for fires
attended by the FRS in England in the period from 1994/95 to 2018/19.

e Fires in Hospital and medical care facilities have decreased from 1006 to 636
e Fires in Education premises have decreased from 884 to 582

e Fires in Hotels and Boarding premises have decreased from 1018 to 613

e Fires in Communal Living have decreased from 2348 to 1168

Note: Communal living includes: Boarding school accommodation, Military/barracks,
Monastery/convent, Nurses'/Doctors' accommodation, Other residential home,
residential home, Sheltered housing and Student hall of residence.
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All categories are exhibiting pronounced downward trends with the number of fires in communal
living premises attended by the FRS falling by 50%.

The role and influence of fire growth modelling
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Published data regarding the size of a fire is helpful in providing a reference point for the final
extent of a dwelling fire. If the fire was extinguished quickly by whatever means, then the end
state may closely resemble the fire as it was on discovery or when being tackled. However, if there
were delays in sourcing/preparing extinguishing medium or its application was ineffective in
tackling the fire for any reason, then it may not. Given that most fires are contained to the item
first ignited or the room of origin, it is likely that there is not much difference between size at
discovery and when extinguished.

Only one study was found that provided an insight into the size of fire from discovery onwards,
capturing this information in survey form. The lack of data from real fires, despite its ready
availability and benefits, means reliance is placed on other means. And yet, an accurate knowledge
of typical fire development behaviour is an essential requirement for meaningful risk assessments.

Within the literature, there is an active and extensive body of work addressing various aspects of
fire and fire development, either as a natural or applied science. A number of these seek to
develop a ‘standard’ fire growth curve model. This is clearly an extensive subject, but a brief
overview of its role is useful in considering dwelling/HMO fires.

By necessity, the models are usually underpinned by data collected from fires created for the
purpose and set under controlled but often artificial conditions. This approach obviously has many
advantages. Not least, the ability to install equipment to record different aspects of the fire and to
plan when the fire will occur. However, they do have limitations in their ability to replicate real fire
conditions and development. Some of these discrepancies have been exposed through the
ongoing Grenfell Inquiry.

Typically, controlled tests produce a pattern of fire growth and decay, often with indicative timings
for the duration of each phase. Examples of the application of the resultant fire development
models include testing scenarios in relation to fire safety for new building designs or to assess
mass evacuation plans. As many of these relate to unique premises with customised fire safety
arrangements, the modelling approach is an appropriate, proportionate and cost-effective option.

Quantifying and standardising predicted fire development also underpins influential concepts such
as the ‘Available Safe Egress Time’ (ASET) or ‘Required Safe Egress Time’ (RSET). Their efficacy
relies largely on the assumption that the public/occupants would respond in line with official
assumptions. Further, they assume the fire development to be the dominant feature, and one
largely unaffected by the actions of the occupants/public, which is not supported by the evidence.

The models are also used to identify the time after which it is believed anyone trapped in the
building is unlikely to survive. This is informed mainly from fatal fire studies and knowledge about
survivors is notably limited. For example, a recent literature review found no studies that e
focussed on the behaviours and motivations of children who survived fires. This has
important ramifications for fire safety across multiple policy areas.
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This quantified modelling approach and resultant timings are very influential on thinking, policy
and the planning of fire safety services. For example, they underpin the assumptions made in the
provision of fire cover by the FRS. However, in relation to dwelling/HMO fires, the evidence from
real fires does not seem to accord well with the models in predicting fire behaviour. It has been
seen that many fires do not develop beyond the item first ignited, and the proportion of larger
fires is decreasing.

As the data shows the trend in fire development to be dynamic (e.g. the fire size is decreasing),
test fire conditions and modelling should be regularly reviewed, and cross-referenced to real fire
data to ensure their representativeness and appropriateness. This should include the known
influence of human behaviour and activity in relation to fire behaviour. Many tests fail to
incorporate this and present a potentially false model in which the fire and building alone are
presented as the key and unconstrained determinants of fire development. This can lead to worst
case and atypical results being misrepresented as a standard and common scenarios. This has
serious and often harmful repercussions on subsequent thinking and practice.

The average FRS response time is increasing

In England, the average response time to primary fires in 2018/19 was 8 minutes and 49 seconds.
This is an increase of 11 seconds since 2017/18 and 33 seconds since 2013/14.

The latest published average response time for a dwelling fire in England is 7 minutes and 47
seconds which is a one-second improvement on the previous year but an increase of 18 seconds
since 2013/14, and a significant increase from the 5 minutes and 33 second average recorded in
1994/95.

The response time is a longstanding and important measure for the FRS, which is used as a proxy
for effectiveness. It is assumed that the quicker the professional emergency response, the better
the outcome, and this is a key factor for planning emergency cover.

However, caution is suggested in the application and interpretation of this measure, as it is, in
many ways, misleading and insufficient on its own. It assumes that the public, on becoming aware
of a possible or actual fire, immediately call 999. Studies refute this, demonstrating that the public
are active and calling 999 is their penultimate action, although in the majority of dwelling/HMO
fires they do not need to do so.

There is also an assumption or expectation that, the public, having called 999 and exited the
dwelling/HMO, will wait passively until the FRS arrives. Again, studies demonstrate this to be
untrue, with the public often remaining active, including re-entering the property. As data is not
routinely collected on these public actions and interventions, it is not possible to fully understand
the relationship between them, fire development and the response time.

A further caveat is that the response time simply means the first appliance arrived at the scene.
For a dwelling/HMO fire, at least two appliances will typically be mobilised, and the time until the
full required attendance is at the scene is not published. As such, the response time does o
not provide any insight into how long after arrival after the first appliance it takes for o
the FRS to have sufficient resources present to carry out any meaningful interventions.
This is compounded by the absence of any published data regarding the post-arrival
activity and performance of the FRS.
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As set out above, the correlation between response time and specific outcomes is questionable
and not established by the available data, which fails to provide a complete picture. That is not so
much an argument against the response time, but recognition that on its own, it provides little in
the way of meaningful information to predict the outcome of a dwelling/HMO fire. Other
important data is required to achieve this.
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In this section, an outline of some of the important and relevant findings from the available
literature regarding human behaviour in dwelling/HMO fires are set out.

There is a specialised but active field of study that considers the public experience and role in
relation to mass casualty or large-scale events. These studies increasingly recognise the positive
contribution made by the public prior to the arrival of the emergency services.

Conversely, relatively little is known about how people respond as individuals or in small groups in
domestic settings to what may be considered normal or everyday dwelling fires. Pioneering studies
of the public experience of dwelling fires were undertaken by Bryan (1977) and Wood (1972) in the
USA and UK, respectively. They found that the public undertook a range of self-appointed tasks
including investigating and tackling fires. Recent studies have confirmed similar findings and these
behaviours appear consistent over time.

Where undertaken, many studies that try to identify risk factors in relation to dwelling/HMO fires
erroneously assume a ‘flight’ response as the sole intended aim of the public. This is often
accompanied by a degree of paternalism that assumes that where the public behaviour differs
from official guidance, it is wrong and can be changed. As a result, these studies focus more on
how to segment the public or change public behaviour rather than how to adapt policies and
practice to better accord with the public.

Whether this approach influences, or is influenced by, official policy which takes the same view is
not clear. But it does compound the failure to appreciate the wider scope of public priorities and
their contribution prior to, or in the absence of a professional response.

This reality gap was recognised by a Dutch study which recommended ‘understanding how
individuals behave in the case of fire and fire evacuation is essential if we are to bring fire safety
measures into line with occupants’ needs during an incident.’

The lack of academic grounding, in favour of assumptions about human behaviour for key policy
areas and practice is concerning and potentially harmful. The belief that ‘undesirable’ behaviour
can be changed by advice, campaigns or other measures has been shown to be inaccurate. Instead,
fire safety policies must adapt to work with the evidenced and generally beneficial behaviours of
the public.

Injuries
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In fire safety literature and guidance, there is a tendency to refer to injury risk as a single and
generic classification. This is an inaccurate simplification and has detrimental consequences.

Due to their higher profile and the subsequent investigations providing abundant data, fatal fires
tend to be well studied. As a result, the characteristics of those likely to die in a fire are

relatively well known and generally consistent. Most studies identify that these __
characteristics mean this group is poorly disposed (through mental or physical
impairment) towards responding appropriately in the event of a fire. As such, they are
unlikely to use an extinguisher, or if they did, could not be relied upon to do so safely
and effectively.
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Instead, they need different interventions to keep them safe, and are better served by enhanced
fire prevention measures or automated protection in the event of a fire, e.g. sprinklers. However,
they are excluded as potential extinguisher users for the purpose of this report.

Literature and guidance do not adequately recognise that this is a relatively small and specific risk
group. Instead, there seems to be an implicit assumption that everyone starts with an equal risk of
dying in a fire, and only an intervention of some sort prevents them all from that fate. This can be
seen where fire safety messaging to the general public still relays the ‘Fire Kills’” message
suggesting everyone is at risk of this outcome.

Fortunately, most people encountering a fire will avoid any injury or will be exposed to a low, and
often considered risk of a minor injury at worst. This is not a matter of luck but due to a
combination of their own abilities and to the low level of risk presented by most fires.

This is even allowing for the fact that compared to other fire types attended by the FRS, accidental
dwelling fires are responsible for a disproportional number of injuries. They account for between
8% and 20% of all fires but are responsible for between 58% and 70% of all fire-related injuries and
deaths. This trend has been consistent for many years and suggests a failure of policy for this
group. Whilst the likelihood of having a dwelling fire has decreased, the potential for it to cause an
injury has not altered. This may again suggest the need to rethink the current reliance on a
professional response model rather than an integrated model that works with the public by design.

However, the total number of injuries has been falling for many years. Dwelling fires attended by
the FRS in 2018/19 accounted for 5,239 non-fatal injuries compared to 5,458 in the preceding year
and 7,455 in 2008/09. This is at least partly explained by the decrease in the overall number of
dwelling fires which has led to a related drop in injuries. Unlike fatalities, the circumstances leading
to an injury are rarely, if ever, recorded meaning little is known about how they are incurred

As the FRS only attends 20%—30% of all dwelling fires, its data does not provide a true or full
means by which to assess the risks associated with a dwelling/HMO fire. For that, the EHS and BCS
are useful additions as their random sampling means that it includes both fires attended by the
FRS and those dealt with by the public. Their data identifies that between 89% and 93% of the
dwelling fires resulted in no injuries at all. Where an injury occurred, it was most likely to be due to
smoke inhalation with burns/scalds being another reported, but lower frequency type of injury.

Headline injury trends from 2018-19 FRS data identify that there were 2 fatalities in communal
living premises and 279 non-fatal casualties.

A 2015 study identified that there was a disconnect between the government/FRS and the public
in terms of what they referred to as ‘risk tolerance’. This was most evident in attitude to injuries.
Official policy seems to place avoidance of any injury as its highest priority and assumes this to also
be the public’s main motivation and enough to dictate any response to the discovery of a
dwelling/HMO fire. However, the same study found that almost all those who incurred a minor
injury accepted it as a reasonable cost in relation to pursuing or achieving their personal priorities.
Further, they stated, in hindsight, they would do the same again.

This willingness of the public to accept minor injuries to protect loved ones, the home or
its contents is understandable. This may, on the face of it, seem problematic for

services trying to avoid this outcome. But the literature and data show these to be well
established behaviours which policy makers need to work with, rather than against.
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It is a dilemma found in many other areas, where a balance must be found between personal
freedom and risk. Generally, it is accepted that people may choose to incur reasonable risk to
themselves but should avoid placing others at risk through the consequences of their actions.

Numerous every day and discretionary activities carry similar or higher levels of risk to those
resulting from using an extinguisher. DIY and sport for example are frequently responsible for
injuries or even fatalities. In response, the government and industry seek to help make products
safer or provide advice. This is preferred to denying people the option to participate in either
activity by withdrawing public access to tools or sports equipment, which would be a last resort,
and unpopular, option. The benefits achieved by the public using extinguishers are significant,
given the potential for a fire to otherwise lead to detrimental and life-changing outcomes. A low
and calculated level of personal risk willingly accepted by an individual tackling a fire can avoid, or
reduce, a much higher risk to others should they ignore the fire and allow it to develop. Where
current guidance discourages the provision of extinguishers in public spaces, this policy is neither
supported by the evidence or justifiable through a consensus from the public. Rather it is imposed
on them and is inconsistent with other approaches to public health.

As well as the evidence of risk presented in this report, there is, of course, an ethical dimension to
the above that can only be highlighted but not discussed in depth. However, it is clearly important
to find a proportional and consistent balance between personal freedoms and interventions which
prevent or limit that ability. Where this is done in the name of public safety, the evidence and case
should be robust and transparent.

The myth of panic
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Despite the media’s enthusiasm for portraying the public as prone to panicking when faced with
an emergency, the literature does not support this. This was found to be true for dwelling/HMO
fires and by others who have studied the public’s response to emergencies.

‘People’s disaster response actions differ significantly from disaster myths that commonly
portray victims as dazed, panicked, or disorganised.’ (Fischer, 2008). ‘Instead, most people
respond adaptively, albeit somewhat delayed because normalcy bias stimulates
confirmation (milling) before initiating protective action.” (Lindell, 2013).

In another study, the influence of the media in promoting the idea of a panic response was
highlighted, but it concluded that, ‘After five decades studying scores of disasters...one of the
strongest findings is that people rarely lose control’. (Clarke, 2002: 21).

The Kerslake Arena Review (2018: 212), following the Manchester bombing also commented
positively on the public contribution to the response.

‘The Panel found that many unsung heroes played an important role in providing first aid,
care and reassurance and in assisting with moving people from the foyer to the Casualty
Clearing Station. In addition to members of the public who ran to help, staff with
no formal remit in this role selflessly and bravely did their best to provide care
and support and undoubtedly made an important contribution to the response.
Others also played a part away from the Arena whether providing shelter in
local hotels or donating food and drink. Every one of them is owed a debt of
gratitude.’

=
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That people’s behaviour changes in response to a threat and that they may experience some
distress, does not mean they are not rational or capable. Emotions have understandably been
shown to play a strong role in the public’s response and experience of a fire or emergency (as they
can for professionals). But this does not incapacitate the public in terms of taking rational and
beneficial self-appointed actions.

Their concern for, and desire to help others is not lost to selfish behaviour, beyond a few
exceptional and, generally extreme, circumstances. However, in most dwelling/HMO fires the
threat is low to moderate and the public exercise sensible and appropriate risk judgement,
achieving positive outcomes for themselves and others.

The public response versus official advice
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‘Government policy seeks to improve fire safety in the home, reducing the incidence of fire and
associated injuries and deaths’ (English Housing Survey 2015: 13).

This policy appears to dominate official fire safety guidance and advice in multiple guises. Whilst it
is an important focus, it has already been shown that it does not reflect the full range of public
aspirations in relation to dwelling/HMO fire outcomes.

Furthermore, it does not seem to offer any view on whether there are specific priorities for
interventions within a range of injuries, which extend from the very minor to serious or fatal. This
simplistic tendency to treat all injuries the same is reflected in other areas of fire safety. It masks
the need to recognise the different risk characteristics and behaviours associated with various
injury types. Rather than being seen in generic terms, each will require different strategies and
interventions to engage the relevant groups. The evidence shows that a reliance on the FRS
response time is not an appropriate focus or strategy to achieve this.

The policy also fails to accord with the public who have been shown to be tolerant, or accepting, of
the incurrence of minor injuries in pursuit of their personal priorities. It is important to
acknowledge that the public will trade off some injury risk (or occurrence) for the attainment of
personally valued rewards. In not recognising, or aiding this process, the public may be put at
greater risk. For example, if an appropriate means of tackling the fire (extinguisher) is not readily
available, they will improvise with whatever they can, which can cause delay in tackling the fire or
mean using something that is unsuitable for the task.

Reflecting official policy, national and local fire safety messaging has, for some time, urged the
public, on discovering a fire in the home, to ‘get out, stay out and call us out’, ‘Don’t put yourself at
risk’, ‘Never tackle a fire yourself’ and ‘Leave it to the professionals’.

This paternalistic messaging confirms the government and FRS’ belief that a professional response
is the only intervention capable of safely tackling dwelling/HMO fires. Again, this starkly contrasts
with the reality that between 70% and 80% of dwelling fires are tackled effectively and at low risk,
by the public. The public success in extinguishing fires and, in most cases, avoiding any injury is
something that should be worthy of greater study. In that way it would be possible to -
develop relevant messaging based on positive actions the public can adopt to tackle the
fire and stay safe. Improving the relevance and usefulness of the advice to the target
group in this way may help close the gap between official guidance and what people
actually do.




120. Surveys from the National Association of Fire Equipment Distributors (NAFED) in America reveals
the same trend of public firefighting, with even higher percentages not needing the FRS.

‘In both the 1979 and 1985 surveys, the fire department was only called for 13% of the
reported fires. In the 1996 survey, the fire department was called in 24% of the reported
fires. However, in the 2010 survey the number dropped to 17% of the time’. And ‘These
results are not unique to NAFED surveys. A 1978 publication by the U.S. Department of
Commerce stated that about 90% of fires in households are not reported, based on their
survey of 33,000 fires.” (NAFED, 2010: 9)

121. Dwelling/HMO fires have a very personal impact, and it is not surprising that most people are
strongly motivated to try and tackle it themselves. The importance attached to people, pets, and
possessions is again emphasised. Any policy or intervention which fails to recognise this will be
ineffective from the start and may leave the public exposed to greater and avoidable risks.

122. In fact, if the public did follow official advice, it is unlikely that the FRS would welcome or be able
to deal with a potential increase of up to 500% in calls to attend dwelling/HMO fires. The policy
default of assuming every fire is immediately high risk is evidently untrue both in practice, and in
the public assessment. Fortunately, the public use their own initiative to assess which fires they
can tackle and when to call the FRS. And yet they are still not aided in this process as any
professional guidance continues to be withheld in favour of repeating the ‘get out...” message. In
that respect, the public are an integral but invisible, and neglected, part of the response to
dwelling/HMO fires. For those who do so, calling the FRS is usually the penultimate action, after
various self-appointed investigation, mitigation, or preservation tasks.

123. Arecent study also showed that the public do not just get out, with 49% never leaving the
property during the fire. Whilst this may surprise or concern many professionals, it is likely to be
explained by a difference between the fire as perceived by professionals and the lived experience
of the public. There is nothing to suggest that the public routinely take unnecessary risks. A more
likely explanation is that the fire was small and not sufficiently well-developed to pose an
imminent injury or life threat. As such, they were able to remain in the premises safely and
relatively comfortably, which is supported by the evidence in relation to the majority of fires not
spreading beyond the item first ignited or the room of origin. Inclement weather or other factors
may also make remaining in the premises a safer or more comfortable option. Fires, like other
emergencies, must also be understood in human terms.

124. Not only do many people not leave the premises, but a further group (21%) will re-enter one or
more times having initially exited. This is not something which is recognised in guidance or
standards but is an evidenced and rational behaviour. Again, in most cases this is not due to
reckless risk taking by the public but a sensible (and intuitive) assessment that the conditions
present a low level of risk. They will then exit and re-enter as they undertake their various tasks
(investigation, warning, firefighting, salvage, etc.).

125. For some, re-entering may even result from a sense of frustration during what can be, or just
seem, a long wait for the FRS, if called. Current FRS procedures typically do not retain
communications with those at the scene between the conclusion of the 999 call and
appliances arriving. Sometimes, a change in circumstances may dictate the need for
urgent action before the FRS arrives, or the urge to ‘do something’ is overwhelming.
Not much is known about this group but again these nuances highlight the need to
move away from a generic and assumption-led behavioural model.
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In summary, there is a significant difference between official assumptions/guidance and actual
public behaviour. However, the government and FRS seek to deter this behaviour, and, in
singularly promoting their ‘get out’ message, they exclude recognition of any other course of
action or advice. What is clear is that limited numbers follow their advice and ignoring it may even
provide better outcomes for most. Many policies in this area are demonstrably failing and need to
better reflect the public’s priorities and the contribution.

How the public tackle fires
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Despite tackling most dwelling/HMO fires, little is known about the public’s experience in doing so.
Further, there seems to be limited and sporadic interest from academia or the fire sector in
researching this subject, particularly in terms of building a detailed and objective knowledge of
how the public tackle fires.

For example, the FRS does not publish (or possibly even record) information regarding any
attempts to tackle the fire prior to their arrival at those they are called to. This is a missed and
readily available opportunity to capture important data, particularly when they arrive to find the
fire already extinguished. Equally, where they arrive to find an active fire, understanding what took
place before and its impact on the circumstances of the fire would be insightful not just for
operational reasons, but to enhance professional knowledge. Capturing this would aid them and
others to drive forward public safety. The general lack of curiosity or professional interest in the
public’s capability and experience undermines the relevance and effectiveness of many fire safety
arrangements.

Encouragingly, a recent study made an important start on understanding the fire conditions the
public encountered at different stages of interaction with a dwelling/HMO fire. For example, the
flame size and smoke volume when they entered a room and when they exited. From this, some
insight could be gained into the potential risk and how the public assess it. Much more remains to
be done on this topic, but if progressed, it would make a meaningful contribution to a range of
areas, e.g. improving risk communication between the services and the public.

Studies also identify other findings which differ from official guidance. For example, they show that
the most common way in which the public are alerted to something being different (i.e. before
they know it is a fire), is through either smelling or seeing smoke. Actuation of a smoke alarm was
third, accounting for about one third of occurrences. It is known that the public’s initial response is
typically to investigate and then undertake a range (between one and 11, with an average of five)
of other actions. This typically includes tackling the fire. Their response behaviour is the same
regardless of how they are first made aware of the fire or its effects.

The public are likely to encounter a fire that is relatively small and often contained to the item first
ignited. They are often present when it starts, e.g. whilst cooking. The evidence also suggests that
very few fires develop rapidly in the way perhaps anticipated by legislation and fire models.

The EHS and BCS do not describe the way in which individual fires were tackled by the public
or the FRS but do identify what fire safety measures the respondents had in their
homes, including extinguishers. During the period 2002/03 to 2016/17, fire extinguisher
ownership fell from 18% to 11%, possibly due to official discouragement. In not having
access to purpose-designed equipment, it is likely most would have used water as an
extinguishing medium and applied it by means of improvising with household items.

(
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A 2003 UK survey found that private houses accounted for only 3.3% of extinguisher use. However,
across all categories of location, extinguishers were successful in extinguishing 79.9% of fires, which
seems to correlate with the dwelling fire data. It reported that 58.6% were operated by trained
staff, 36.4% were operated by untrained staff and in 5% of incidents, this was unknown. Data from
the National Association of Fire Equipment Distributors (NAFED) provides even more robust
validation of the influence of fire extinguishers as used by ‘ordinary civilians’.

‘The combined results of the 34 years of data are based on the performance of 32,756 fire
extinguishers used on 13,453 incidents. Of the 13,221 fire incidents reported, portable fire
extinguishers successfully extinguished 12,505 fires (95%).” (NAFED 2010: 2)

As previously identified, the government/FRS policy is to actively deter attempts at firefighting by
the public, in favour of a default to the professional response model. This has wide ranging
consequences including for those who call 999. Even where someone is determined to do so, the
FRS will not give them any advice on how to tackle a fire. Instead, it will repeat its advice to get out
and wait for the professionals, unless it deems there is an immediate risk to life, in which case, it
provides advice on how to avoid the effects of the fire (fire survival guidance). But in either case,
the FRS will not share its expertise to help the public to tackle a fire more safely or effectively.

Once the FRS has the information it requires, they will end the call. This then leaves the caller and
those present unsupported until the physical arrival of the FRS. From a risk management
perspective, this seems an unusual and obvious gap. Despite being aware of a high-risk event
(accounting for most recorded fire injuries), and which is still in a dynamic stage, the FRS has no risk
mitigation interventions for this period, other than rushing to the scene. From a service design
perspective, this means there is a neglected, and yet critical, risk period averaging nearly eight
minutes. During this period, the incident is left to develop without professional influence. This
omission is hard to understand either from a risk management approach or in recognition of the
increasing capability of technology to bridge the gap between remote operations.

Studies also identify that the public experience time differently depending on what they are doing.
They underestimate how long they spent when active with tasks and overestimate how long passes
when they are in a passive state, e.g. waiting for help. Again, from a risk management and guidance
perspective this is important because it will influence their decisions and behaviours.

Historically, FRS policies did include the provision of advice to the public in terms of how to tackle a
fire, whether as a free service or for some as a commercial proposition. Anecdotally, the current
policy of withholding advice seems to be primarily due to a concern that the FRS could be sued if
the person following their advice incurs an injury. By not providing advice the FRS believe it avoids
that organisational risk, even though it may leave the public exposed to otherwise avoidable
injuries. If true, this is a perverse logic for a service aimed at enhancing public safety. Given the
established and beneficial nature of public interventions to tackle fires, the default of repeating ‘get
out’ to avoid injuries ignores the reality of the evidence of the public’s motivations and behaviours.
The health sector may well offer ready-made solutions for progressing this issue given its
experience in providing critical life and health advice by remote means, e.g. phone.

(




6. Extinguishers



Portable fire extinguishers

Introduction
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It is assumed that most readers will be familiar with the relevant legislation and guidance regarding
portable fire extinguishers (see Bibliography).

In combination, the legislation, standards and guidance, etc., are the instruments used to support

the ability to create fire-safe premises. They include prescriptive requirements as well as providing
scope for judgement/contextual application, usually through the process of industry guidance and
tools, such as a risk assessment.

Where bibliographies are provided in the guidance documents, they primarily or exclusively refer
to other technical guidance or standards. There is a notable absence of qualitative academic
studies, referenced data sources or social science contributions relating to real life events. This
observation tends to suggest that this type of evidence does not seem to be formally recognised or
influential in the fire safety regulation and advice domain. This may reflect the fact that fire safety
and its related fields are typically seen as and dominated by engineering-oriented professionals and
related disciplines.

This relationship is recognised by British Approvals for Fire Equipment (BAFE) which observes,

‘It is not expected that the fire risk assessor will have the skills of a behavioural
psychologist. However, whilst most other aspects of fire safety are concerned with physical
or system-based issues, understanding human behaviour in the event of a fire is an
essential part of the knowledge of a fire risk assessor’s role.” (2011: 13)

This is then qualified by several requirements including, ‘To enable the fire risk assessor to carry
out the above, the fire risk assessor should; Be aware of current professional thinking and practical
guidance on human behaviour in fire, including case studies.” (2011: 13)

Similar acknowledgements appear in various guises in other publications. However, the study of
human behaviour and related social science approaches are a distinct and specialist discipline. And
one in which a broad range of expertise is available. Given the fundamental importance of human
behaviour, it is not clear to what extent and by what means the fire safety sector actively fulfils the
requirement to have a current and sufficient knowledge, either at a national or individual level.
Certainly, the composition of committees, bibliographies of key standards and codes and some of
the issues raised by this report strongly suggest that the engineering expertise needs to be
enhanced by ensuring that human behaviour/social science perspectives are represented and
influential throughout the fire safety system.

The influence of major fires/case studies is also noted for their tendency to inflate awareness of
rare and memorable events rather than put them in context of more typical incidents. This again
can have a distorting effect on how people perceive risk.




The role of portable fire extinguishers
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The role of the fire extinguisher appears to be generally regarded as that of a first aid fire-fighting
appliance suited to tackling small fires. Either to deploy against contained fires, or for a quick
intervention against one that is still developing. However, terms such as ‘small’ are of course
subjective and will vary in interpretation between individuals and within the context of a specific
fire. Whether there is a good correlation between the meaning of these terms as used in fire safety
publications and in practice by the public is not clear.

Recognition of the valuable role of extinguishers came from a 2003 report which concluded, ‘Fire
extinguishers are designed to prevent relatively minor incidents becoming major conflagrations.” It
is, of course, difficult to prove how many and which fires would have developed to pose a serious
risk if not tackled and contained early on. Events such as the Grenfell fire are a reminder of the
consequences when this happens.

It would be inappropriate to comment in detail on the Grenfell fire. However, it is important to
learn from all fires, and whether a fire was contained or not, the contribution of the public and
portable extinguishers should be routinely recorded. Over time, the data would highlight both the
critical risks and the opportunities for effectively intervening to prevent catastrophic fire spread.

For professionals, compliance with industry regulations and standards in terms of fire extinguisher
provision can be important objectives. Given their influence, it is useful to understand how the
guidance anticipates the extinguisher may be used at a practical level. Within the various
publications, there appear to be three underpinning principles relating to the use of extinguishers.

To protect the escape route
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As would be expected, government policy and the widespread assumption that the singular aim of
the publicis, or should be, to quickly get out of a premises when encountering a fire, is reflected in
the relevant standards and guides.

Both the legislation and standards/code of practice typically identify the fundamental role of the
portable fire extinguishers as being to protect escape routes from the effects of fire. This is
expected to facilitate evacuation and discourage people from deviating from escape routes.

For example, BS 5306-8 encourages their prominent use on escape routes and specifically
discourages installation where a fire could compromise access to them. It also cautions against use
in locations that are not on an exit unless it is required for a specific hazard.

The ‘Fire safety in shared or rented accommodation’ guide does not make any reference to tackling
a fire or the provision/use of portable fire extinguishers but offers the following advice to the

public: ‘Plan an escape route and make sure everyone knows how to escape. It could save your
life.”

In relation to dwellings/HMO the public seem to disagree. It does not appear that data in relation
to the use of escape plans is routinely collected following a fire, even to inform campaign
evaluations. However, periodic surveys identify that only 5% — 7% of households had
prepared an escape plan. Neither does it accord with the research regarding risk profiles
which identifies that those at greatest risk of dying are typically unable to respond
(through physical or mental impairment) to the fire cues. As such, an escape plan is
unlikely to be an appropriate option for this group.




To avoid injury
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The disparity between government/professional policy and the public in relation to injuries has
already been outlined. It is reiterated that avoidance of an injury (minor) in most dwelling/HMO
fires is not a key driver for the public, even in retrospect when asked if they would do anything
differently. Despite this, there are frequent references in the various guides to this being an aim
that extinguishers can facilitate. The removal or non-provision of extinguishers in HMOs may even
increase the risk of injury to the public. This results from increased time to source a means of
fighting the fire and the risk of using improvised rather than purpose-designed equipment.

There is also a wider cost/benefit dimension. In exposing themselves to the low likelihood of a
minor injury, the fire extinguisher user is likely to extinguish or potentially delay the fire
development. In doing so, they may reduce the subsequent risk to many others including
professional responders. Thus, the risk exposure is moderate and tolerable in relation to the
benefit achievable, including avoiding a higher risk to greater numbers of people.

A default position of ‘do not trust the public’
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The view regarding the general public’s capability is to some extent ambiguous and conflicting in
the various documents. Overall, it tends towards a default position of not trusting them to use
extinguishers, with many publications specifically stating this as a reason not to install them.

It is not clear what the origin or continued justification is for this distrust of the public’s capability.
Studies consistently demonstrate this view to be incorrect. No information was found (or provided
in response to enquiries made) of the specific evidence base used to justify the advice that it is
unsafe for untrained members of the public to use extinguishers. Whilst sources were limited, the
available survey data and literature overwhelmingly identified the opposite to be true. They are
used safely and effectively by ordinary and untrained members of the public in ways beyond those
anticipated by legislation and guidance. If evidence to the contrary exists, it should be made
available or transparent in the appropriate bibliographies. Otherwise, this guidance, wherever it
appears, must be urgently reviewed and aligned with the evidence as it has the potential to do
harm if perpetuated without sound justification. It clearly conflicts with the public will, need and
right to choose for themselves.

Selection and provision of extinguishers
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Occupiers of single private dwellings are of course free to choose what, if any, fire safety measures
they adopt. But for residents in an HMO, the common areas will be subject to fire safety
legislation, and through a risk assessment, a decision will be made by third parties whether to
provide fire extinguishers in these spaces.

Different types (or classes) of fire require the use of an appropriate extinguishing medium. As a
result, a range of extinguishers are available to choose from. In most cases, the appropriate
provision of extinguishers (e.g. type, number and location) for a specific premises will usually result
from professional advice or a risk assessment incorporating a blend of advisory criteria -
and local circumstances.
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To help the end user distinguish between the various extinguishers, a system of standardised
marking has been adopted. Where the risk profile requires it, there may be different types of
extinguisher in the same location. Various means exist, e.g. placement, signage and training, by
which any potential confusion for the end user can be reduced. Another approach to reduce the
likelihood of confusion is, where appropriate, to provide general purpose extinguishers.

The operation of a fire extinguisher has the potential to create some risks to the user. The
extinguishing medium of some can present a risk from direct contact during or after use or indirect
contact (e.g. contact with the horn of a carbon dioxide extinguisher). An inappropriate choice of
medium could also lead to an adverse reaction between the extinguishing agent and fire, e.g. using
water on live electrical equipment. Or it could present a risk through an inability to effectively
extinguish the fire or by allowing it to re-ignite.

The likelihood of these risks or the predicted severity of harm is not clear, due to the lack of data.
However, these risks are all reduced by the measures applied to the manufacture, supply and
maintenance of extinguishers identified above. In combination they should ensure that, when
faced with a fire, the public will find the correct extinguisher in the correct location. Training is
cited as another means to reduce the risks and is discussed in more detail in the next chapter.

Another concern is that the extinguisher will not be available when required, either through theft
or vandalism. The ‘Housing — fire safety guide’ states: ‘The installation of extinguishers can also
lead to problems if they are not properly maintained or where equipment is discharged through
malice or horseplay. For these reasons extinguishers are not recommended inside units of
accommodation unless there are resident staff who are trained in their use (a caretaker,
housekeeper, warden or similar).’

BS 5306-8 also acknowledges the potential for vandalism but does not consider it a significant
issue. It believes that most extinguishers should be on an escape route and so their absence would
not put the potential user at enhanced risk. It then identifies that any risk to life would be
mitigated by other fire safety arrangements or the attendance of the FRS.

Whilst both acknowledge the problem, the difference in guidance is stark, and the BS 5306-8
seems the more logical and measured approach. However, there does not seem to be any
compelling evidence to identify the presence, scale or nature of the suggested problem. Neither it
is there evidence to suggest that the absence of an expected extinguisher or the failure of one to
operate presents a significant risk to life, or of causing an injury.

Possibly, the assumption is that in the absence of an extinguisher, people will just evacuate the
premises in line with official advice. However, studies suggest that the public are in fact likely to
find another extinguisher or an alternative means to tackle the fire. Having decided on a task, or
course of action, they will typically persevere and find a way to achieve it unless the circumstances
render it impossible.

Other cost-effective options for reducing the potential for vandalism or theft, which do not impede
the provision of fire extinguishers, include measures such as CCTV and secure access
arrangements. Both are frequently found for general security in common areas and can
be used to monitor fire safety equipment. Specific solutions such as tracking technology
provide a viable option for active management to reduce the potential for theft.
Alternatively, the fire safety provision can anticipate some degree of inoperability and
incorporate a degree of redundancy allowance. But there are multiple alternative
solutions that do not result in denying the public access to extinguishers.

(
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A health parallel to extinguishers is the deployment of automatic external defibrillators in public
spaces. Recognising that the first few minutes of a cardiac arrest are critical to the outcome, the
UK and other countries have recently seen a strategy of placing these portable devices in locations
where they can be immediately accessed by the public (untrained users). User-centred design
ensures that they are simple to operate with remote assistance provided via the 999 call. Concerns
about vandalism were also cited but instead of halting a life-saving programme, they have
continued to ensure the equipment is available. It is accepted that, even if occasionally one is not
available, the majority will be, and these make an invaluable contribution.

Training

168.

169.
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173.

The Regulatory Reform (Fire Safety) Order 2005 sec 21 states that the responsible person must
make sure that employees are given training to ‘include suitable and sufficient instruction and
training on the appropriate precautions and actions to be taken by the employee in order to
safeguard himself and other relevant persons on the premises.’

It does not specifically identify training as a necessity in relation to the use of portable fire
extinguishers. In the absence of a legal duty, the issue of whether training is required then
becomes a discretionary one. It is in some of the codes of practice and similar documents that the
idea of training as essential is created.

For example, following revision, PAS 79 was recently published as two codes of practice, part 1
being for ‘Premises other than Housing’ and part 2 for ‘Housing’. The documents both positively
recognise the role of the extinguisher. However, in part 2 (which applies to housing), it advises
against the provision of extinguishers where untrained users may access them. The justification
given is that doing these users may pose a risk to themselves or others when tackling a fire. In part
1, the opposite applies and the risk to the user or others is not accepted as a justifiable reason for
not providing extinguishers. On a human level the difference in advice is both confusing and
counter intuitive. People will take more risk to protect their homes than they would a place of
work and yet this guidance advises the opposite and does not accord with established human
traits.

Any risk assessor who considers ignoring the advice, in either case, is strongly cautioned against
doing so and is expected to provide a justification for their decision. Conversely, compliance with
the code of practice requires no justification. Given their influential role, it is crucial then that this
and other guidance is fully and transparently evidenced. Where advice reflects professional
opinion and is not corroborated by evidence then this must be explicitly stated.

The bibliography for parts 1 or 2 did not suggest any evidence source which may inform the strong
direction given. They are both limited to listing technical documents and do not include any
surveys or social science studies. As such, the underpinning evidence for such important advice
remains unclear.

It is also important to understand how the content and forceful tone of the advice is
understood by risk assessors and other users of the guidance, on a human level. The
important influence of human factors is becoming much widely appreciated, having
developed from the aviation sector. In this regard, suitable consideration must be
given to the intended, and potential unintended, consequences of any directives.

(
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BS 5306-8 considers that encountering a fire could cause distress which may impair the decision-
making of even someone who has had appropriate training. Whilst studies refute the idea of panic,
it is not unreasonable to acknowledge that stress could impair normal abilities to some extent. But
this statement by BS 5306-8 suggests a lack of confidence in prior training as the solution. A view
reinforced in the same document when it discusses training and cautions that this does not
provide sufficient experience for encountering a real fire. Most people will rarely encounter an
uncontrolled fire and this, along with the different experience it creates to simulated or contained
fires created for training purposes, mean that their response to the two may differ. It is likely that
these considerations are more relevant to the few fires which are larger than expected or are
developing rapidly. However, as the data has revealed, these are few and seem to be decreasing in
number and proportion. Here, again, any discussion should recognise the most likely fires people
will encounter rather than a default to the rare and worst-case scenario.

Compared to many items routinely used in everyday life, extinguishers are relatively simple and
easy to operate. Most fire safety publications seem to recognise this to be the case, with British
Standard 5306-8 adding the caveat that, they should be installed and maintained appropriately. In
fact, there are many examples of items with comparable or greater technical complexity which
pose serious risks, e.g. power tools for which training could be beneficial but is not mandatory.

The method of safely tackling a fire is also something which can be covered in training. This can
provide an opportunity to use an extinguisher in controlled conditions allowing users to see how
different extinguishers discharge. Whilst a jet of water coming from an extinguisher will not
surprise most people, the use of dry powder or carbon dioxide may, because of the sounds and
sight as it is operated. Familiarisation with this is clearly useful, but no data was found which
suggests that it represents a significant risk or that training would reduce it.

Training also provides an opportunity to demonstrate how a fire responds to different
extinguishing media. Evidence identifies that the public are tackling dwelling/HMO fires regularly,
successfully and at low risk using improvised means. Hence, the act of tackling a fire does not seem
to pose any training need.

Studies relating to the need for, or impact of training are scarce. However, between 2010 and
2012, Eastern Kentucky University and Worcester Polytechnic Institute conducted a joint study on
the effectiveness of ordinary people using portable fire extinguishers, and the impact of a minimal
amount of training, involving 276 participants. The study concluded that ‘the ordinary person is
able to use a fire extinguisher without hurting themselves or others’, and that ‘participants are
able to use a fire extinguisher with great effectiveness.’” (2012: 3)

It further found,

‘Almost three-quarters (74%) used proper technique of aiming at the base of the fire and
used a back and forth motion until the fire was extinguished. On average, users discharged
the extinguishers in 13.4 seconds. After just a few minutes of training, 100% of the
participants pulled the pin, squeezed the trigger, and discharged the extinguisher, with 96%
aiming at the base of the fire and sweeping back and forth.” (undated factsheet) -
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The results from this study are helpful in supporting other evidence source that show that the
public are not reliant on training to use extinguishers safely and effectively. However, it remains
the case that whether for research or training, it is hard to fully create the conditions of a real fire.
As such, the reaction of someone to either event may differ, and it is not clear whether one
predicts the other. Pursuing this discussion in generic terms is unhelpful and more needs to be
done to understand the difference between a fire that poses little, if any risk, and those with the
potential to develop and pose a significant risk.

Most dwelling/HMO fires pose a low and tolerable risk to those that encounter them. The evidence
shows they are being dealt with effectively, and by people without training or even specialised fire-
fighting equipment. There are of course options to further reduce the risks for this group, but
these do not seem to be a priority. However, there may be opportunities to enhance the market
for domestic fire-fighting equipment by encouraging adoption of extinguishers suited to a domestic
environment to reduce reliance on improvised equipment. Instead, an urgent focus should
examine why some fires develop to create higher risk and what their characteristics are. This is an
area that has the potential to make the greatest contribution to reducing the harm from
dwelling/HMO fires and is in need of user-centred and targeted interventions.

Overall, the case for training being critical for the safe use of extinguishers (and conversely using a
lack of training to justify their non-provision) requires greater scrutiny. Understanding what
difference training makes, what it should include and how often it is required are key questions.
These, in turn, inform whether it is required and, if so, the burden it places on
businesses/organisations because of the scope, duration and frequency required to maintain
competence. If the burden is perceived to be unnecessarily high, then from a financial, if not public
safety perspective, it may become attractive not to provide extinguishers. But available evidence
clearly identifies that extinguishers are being used safely and effectively by untrained persons.
Advice to the contrary should be considered unsound unless there is relevant and robust evidence
to justify its continuation. Removing, or not installing extinguishers, is not a neutral act. It must be
one made from sound evidence and risk management practice if it is to improve, and not be
detrimental to, public safety.

Despite this lack of evidence, the requirement for training and the risks to untrained users appear
to be widely promoted within professional fields in the UK.
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Research and data

The point has been made that the evidence base for some of the fire safety publications is not
always clear in relation to portable fire extinguishers, or that it tends to draw on a limited range of
material. Consideration of why this is the case is beyond the scope of this report. However, it is
appropriate to discuss evidential material relating to dwelling/HMO fires and portable fire
extinguishers in general and to highlight some of the sources that could enhance legislation,
guidance, and risk assessments. Some of these exist already but are possibly not being referenced.
Others are not available but would provide valuable insight.

In all professions, academic literature is a core source of knowledge, but fire, unlike crime and
health, attracts limited and sporadic interest. Despite various attempts to do so, it still suffers from
the absence of a national and co-ordinated research strategy or capability. Many important
knowledge gaps remain unexamined, in part due to the limited stimulus to initiate work and partly
through the difficulty of working with the sector.

Despite the complexities involved in fire safety issues, there is also a reliance on a relatively
narrow range of academic disciplines, with engineering tending to dominate. Greater use of other
fields, e.g. social sciences, would be insightful and help to narrow the gap between the perceived
and real world.

There is also a tendency towards deductive studies (starting with a hypothesis and then testing it)
and examining issues through the lens of current policy and assumptions. Studies using the
grounded theory method (start with the evidence and then construct a theory) are rarer. This is
true of research in relation to dwelling/HMO fires and fire extinguishers. Both approaches are
necessary, but the limited use of the grounded theory method may restrict an appreciation of
different perspectives, such as that of the public and, in turn, impair policy innovation.

Despite this, there is a valuable supply of material available for incorporation into standards and
guidance publications. However, as with any evidence, it should be assessed for its quality, any
influences and to identify further research needs. Whilst the issues in relation to commissioning
new research have been outlined above, it is important to at least be transparent and informed
about what is known and where assumptions have been made.

In addition to literature, data provides an important pool of evidence. Routine administrative data
is one useful source, as it is available during everyday operations. For those involved in the fire
safety sector, this includes information available throughout the life cycle of risk assessments,
commissioning, servicing and use of extinguishers. For the FRS, this includes fire safety planning
work and attending fires. Some relevant data is collected but generally relates to the service
providers interests rather than seeking to capture the experience and contribution of other
parties, including the public.

If undertaken in a structured and co-ordinated manner, it is entirely feasible to routinely collect
data which would provide primary and cohesive evidence of the customer’s end-to-end
needs and experience. In this sense, ‘customer’ is used to describe someone who uses
commercial services as well as a user of a public sector service, e.g. someone who calls
the FRS.
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Currently, risk assessments appear to be lacking relevant and up to date knowledge of some safety
critical issues including the decisions and actions taken by the public when tackling a fire. For
example, were fire extinguishers present and used or not? If not, was anything else used to tackle
the fire? how effective were these at tackling the fire? what are type and rates of injury associated
with different scenarios? how many people had formal training on firefighting, and what influence
did that have on effectiveness/injuries? This type of information seems essential to know before
meaningful and credible advice can be given to the public and to inform fire safety strategies and
risk assessments.

As well as ongoing data collection, sample surveys created for a specific task are also useful in
providing a snapshot. Their value can be further enhanced when they are undertaken periodically
to track trends and changes.

Between research and data there is a vicious cycle at play. The absence of data recording the
public’s experience, in turn, limits visibility of the public’s experience and contribution, which, in
turn, hides recognition of the need for academic research. Academia is, in general, poorly engaged
with fire-related issues, and whilst major events attract some interest, the everyday emergencies
do not. As such, academia is not driving the need for new data to underpin studies, nor does the
sector seem to provide sufficient incentives for it to do so.

Where there is an absence of evidence, there will be a need to apply some professional judgement
to make assumptions. This is sensible, but good practice would see these made explicit. In
combination with transparency in the selection and use of evidence, the potential for false
assumptions to become embedded and unchallenged would be greatly reduced.

Footnote: Being evidence-based is increasingly an expectation and aspiration for many
organisations (for example, the National Fire Chiefs Council). However, achieving it requires a
strategy, sustained commitment and specialist skills. Fortunately, there are sources of guidance
and support available, and it is important that recognised methods are used at all points of the
evidence cycle. For example, the quality of evidence varies, and tools such as evidence standards
are useful in guiding decision makers on how to understand the merits and limitations of specific
types.




8. Key Findings,
Discussion,
Recommendations



Key findings, discussion, and recommendations

196. This report has taken a public and human perspective towards understanding the role of portable
fire extinguishers. A summary of the key findings, along with a discussion and recommendations
are set out below.

Defining a good outcome
Findings

197. The evidence shows that a public-informed perspective of what constitutes a good outcome
includes a broad range of objectives. For individuals, this will be very much determined by their
specific and contemporary circumstances, which only they will be aware of.

198. The public’s priorities include avoidance of embarrassment or inconvenience; limiting damage to
their premises including avoiding the need for rehousing; avoiding or limiting the severity of
injuries (although they will accept minor injuries in pursuit of achieving their goals); saving people,
pets and valued possessions; and avoiding or minimising the longer-term consequences including
emotional wellbeing and consequential vulnerability.

199. There are multiple stakeholders within the fire safety environment, and each will have their own
needs, but the public perspective is poorly known and represented in professional forums.

Discussion

200. The public’s needs and perspective in relation to their desired outcomes following a dwelling/HMO
fire appears poorly represented in literature, policy, and practice. Officials and professionals tend
to focus on the immediate, observable, and quantifiable damage whilst the public have a better
appreciation of its impact and consequences, both at the time and in the longer term. The
outcomes desired by the public are rational and, if achieved, are likely to reduce the cost (in the
widest sense) to those affected, whether directly or indirectly. The public are also unlikely to
change their behaviours, and it would be counter-productive to continue attempting to do so,
without finding ways to help them address their concerns.

201. The best opportunity to meet the outcomes desired by the public is in minimising the effect of the
fire products (fire, heat, and smoke). However, studies identify that even with fires considered
minor, there can be life changing effects, and so how fires are tackled is an important but
underappreciated consideration.

202. Until the public’s requirements in terms of desired outcomes are fully understood and
incorporated, any fire safety strategy or risk management plan (including those relating to
portable fire extinguishers) can, at best, only be partially effective. Equally, no matter how
professionals assess their own performance, failure to acknowledge and contribute towards
achieving the public’s aspirations means many of the real costs following a dwelling/HMO fire
remain hidden, yet influential.

(

Recommendation 1

203. Policy makers and professionals should recognise, and actively aid achievement of the
outcomes that the public seek when encountering a dwelling fire.



Characteristics of dwelling fires

Findings

204.

205.

206.

207.

There has been a substantial and sustained reduction in the number of dwelling/HMO fires, both
for fires attended by the FRS and for those dealt with by the public. Therefore, the chance of
having a dwelling/HMO fire is lower, even allowing for the increase in the number of households
and population size over the same time.

Most dwelling/HMO fires are relatively small, with the majority not going beyond the item first
ignited and few extending beyond the room of origin. The average area of damage caused by the
fire is also reducing and financial losses are often minimal. There is no need for the FRS to attend
these. Future risk communication and advice to the public should seek to help them understand in
what circumstances the FRS should be called.

There is evidence to suggest that the use of standard fire growth models in relation to
dwelling/HMO fires needs further research to assess their alignment with observations or data
from real events.

The FRS response time to all fires and dwelling fires has increased substantially from 5 minutes and
33 seconds in 1994/95 to 7 minutes and 47 seconds.

Discussion

208.

209.

210.

211.

The characteristics of dwelling fires have been shown to be continually changing with the data
identifying a trend of fewer and smaller fires. The causes of this are unknown but are likely to be
due to multiple factors. However, there is an opportunity to understand the changing nature of
risk and identify relationships indicated by these and other sources of data. This must incorporate
what is known about the fires dealt with by the public.

It is reasonable to assume that the FRS data is likely to represent the more serious fires where
those present felt the situation could escalate or was already beyond their ability to manage. And
yet, even allowing for pre-call activity, the FRS response time and then the period until an effective
intervention is made, the fires rarely extend beyond the item or room of origin. This challenges the
idea that all or even most fires represent a serious risk of injury to the public.

The size of fire data and number of fires dealt with by the public also demonstrates that the public
can deal with most fires and, in doing so, will achieve the best outcome. This should be the default
assumption for planning and guidance. However, little is known about when and why they decide
to call the FRS. Ideally, they would call as soon as they recognised a situation had, or was likely to,
develop to be beyond their ability to safely tackle. This requires specific and evidence-based
guidance. Certainly, a structured and evidence-informed assessment model would be a useful
addition to guide the public when they should call the FRS. This would provide a tiered basis upon
which the public and FRS could identify and communicate about risks in a meaningful way.

Published data regarding the final size of a fire is useful but does not provide any understanding of
how the fire developed and over what period. Dwelling/HMO fires are a regular occurrence
and are usually witnessed by those present. This presents a valuable and relatively easy
means by which the fire development and its association with other activities

(e.g. closing doors) could be captured. This could then assess the validity and inform

the ongoing development of fire growth models.
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Response times do not appear to be influential on the fire size as they have increased over the
same period, and yet they are still seen as a key performance indicator. The effect is to draw
resources to attempts at improving the response time rather than looking at what is happening at
the premises during that period and considering other ways to assist the public prior to arrival, or
even avoiding the need to attend e.g. remote assistance.

Recommendation 2

213.

Information from real fires (whether dealt with by the public or the FRS) should be captured to
develop an evidence-based understanding of fire development. Emphasis should be given to
understanding the early indicators or specific situations when the public would be placed at risk of
a serious injury.

Human Behaviour

Findings

214.

Dwelling/HMO fires have attracted limited academic research, and, as a result, there are
significant knowledge gaps.

215. Not everyone is at the same risk of injury. Most people are unlikely to be at risk of anything more
than a minor injury, as they can assess and react to their environment, and most dwelling/HMO
fires pose a low level of risk.

216. Research finds no evidence of panic in the public and in fact demonstrates a rational and often
altruistic response.

217. The public do not follow official advice, which is often to their benefit.

218. Once they are aware of a fire, the public will undertake several (between one and 11) self-
appointed tasks including tackling the fire. Often this will be with improvised means.

219. FRS policies do not recognise the public outcomes or ability and therefore do not routinely offer
any remote support (via the 999 call) despite considering it a high risk and dynamic event.

Discussion

220. Thereis so much of importance that is known and even more that remains to be researched

regarding human behaviour when encountering fires. Perhaps, most significantly, it challenges
many of the negative assumptions about the public that are embedded in legislation, guidance
and services. The public’s behaviour is typically rational, effective and beneficial. The evidence of
this cannot keep being ignored in favour of institutional assumptions and paternalism. Yet this
finding still struggles to find popular acceptance, which has damaging consequences.
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By recognising the motivation and capability of the public, professionals should seek to work with
their behaviours. Where a specific and unacceptably high risk is identified, officials should work in
conjunction (co-create) with the public to find ways to reduce or avoid this. But in deciding the
tolerable balance or risk/reward, regard must be given to seeing this from the public’s perspective
as well. The level of risk the public experience in most dwelling/HMO fires (and their acceptance of
incurring minor injuries) is entirely comparable to other everyday activities such as DIY or driving,
which individuals are free to undertake, the principle being that people should not unreasonably
endanger others. Tackling a fire generally presents a low risk to those undertaking it but is also an
activity which can reduce the risk to others if the fire were otherwise allowed to develop. The
potential for small fires to develop catastrophically remains, as has been seen in several recent
fires, including the one at Grenfell. The longer the period that lapses until an active intervention is
made, the greater the risk. Therefore, the early use of portable extinguishers must be considered
as an essential option in any objective and evidence-based fire safety strategy.

Currently the public are not recognised as the essential component of fire response that they are.
If the professional services acknowledged them as partners, fire safety could be enhanced or even
transformed. There is an opportunity to build on the public’s willingness and capability through
taking a user-centred approach to develop the advice, support and equipment they need. In that
respect, it is like the model used for cardiac arrest response by placing automated external
defibrillators in the community and providing remote assistance by phone. It empowers those first
at the scene to get the best possible outcome until professional response arrives, if required. This
should be the model and principle for dwelling/HMO fires.

Reframing the relationship with the public would have important consequences for the fire
extinguisher sector. Not least of which would be to see extinguishers as not just a regulatory
requirement but something which is valued by the end-user to reduce or avoid the consequences
of a fire. How the public tackle fires and their experience of using an extinguisher needs greater
research. But ensuring the public have access to appropriate equipment, such as extinguishers, is
key. Despite their success in doing so, the public are having to tackle fires with improvised means
too often. Better aligning extinguisher design and marketing with actual customer behaviour and
motivations, is likely to create new opportunities to expand the market for them and related
services.

The use of standards makes an important contribution to the safety and effectiveness of
extinguishers by providing a minimum criterion. The potential disadvantage is that these can
discourage or impede innovation. Ideally, all standards should strike a balance between
maintaining contemporary thresholds whilst encouraging continuous improvement.

Recommendations 3 and 4

225.

226.

Legislation, standards, guidance and services in relation to fire safety should be better aligned to
the evidence of the public’s desires, capability and contribution when encountering a
dwelling/HMO fire.

Human behaviour knowledge, customer feedback programmes and a user-centred approach
should be adopted to provide new insight into the public’s requirements in terms of fire
extinguisher design, including their aesthetics.




Extinguishers

Findings

227.

228.

229.

230.

Standards and guidance in relation to fire safety and fire extinguishers tend to be framed in
engineering and compliance terms. Academic and human behaviour references are rare.

The role of an extinguisher as stated in guidance is narrow and does not accord with their benefit
as identified from real fires and the literature.

Concerns about the risk to the public arising from selecting an inappropriate extinguisher or
because of one being damaged/stolen, are identified in various codes of practice and the recent
Grenfell Inquiry Phase 1 report. The nature and scale of either is not evidenced and solutions are
readily available to address both issues.

Training is often cited as an essential safety requirement, and some guides advocate restricting or
not providing extinguishers solely because untrained personnel are present. And yet, the evidence
shows extinguishers to be safe and effective. The requirement for, and benefit of training is not
clear and is certainly insufficient for justifying a policy of using training to determine whether
extinguishers should be provided or not.

Discussion

231.

232.

Fire safety guidance and practice is built upon engineering foundations. This brings many
advantages but may have tended to limit an appreciation or the influence of more social oriented
or qualitative approaches. The implications of this are seen in numerous areas, the tone and
content of standards and guidance being obvious ones. In some publications, strong emphasis is
given to the onus placed on risk assessors should they fail to comply with guidance. If official policy
and the public’s need/experience aligned, this would be reasonable but in so many areas, the
evidence demonstrates that it differs. Without appropriate social science or public input
throughout the policy cycle, this will continue to the detriment of the public and the fire safety
sector.

The practice of referring to an extinguisher as a first aid device may need re-examining as it is
potentially misleading. They are rarely used, as suggested in the guidance, just to buy time for
escape before professional help arrives to extinguish the fire. Instead, the evidence suggests that
the public discover most dwelling/HMO fires at an early stage, and even by using improvised
means, they tackle most of them without requiring further assistance. Fire extinguishers, if more
widely available, would then in most cases be sufficient to deal with the majority of dwelling/HMO
fires. As such, they are not just a first aid product but are effectively a standalone intervention
suited to most dwelling/HMO fires. If their contribution and needs are to be recognised, it will be
crucial to fully adopt this concept.
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Training in the use of fire extinguishers is a discretionary and not mandatory requirement, and its
contribution towards reducing the potential risk of using one or enhancing the ability to tackle a
fire is not clear. In fact, available studies and research find high rates of untrained people safely
and effectively using extinguishers. This issue matters because some guidance states that
extinguisher access should be restricted or even denied where those present are not trained.
Given the evidence about the public ability, fire characteristics and increasing FRS response times,
this seems hard to justify practically or ethically. Options exist to make relevant information more
accessible to everyone and not just via formal courses. Alternatively, real-time and on demand
support could be given to reduce any risks. But their potential for use by untrained personnel is
not a viable justification to deny the public access to extinguishers.

Recommendations 5 and 6

234.

235.

Social science and customer perspectives need to be better represented in the fire safety sector,
informing both guidance and practice, including those in relation to fire extinguishers.

The requirement for, and role of training in relation to extinguishers needs to be reviewed. Any
claims made about the critical role of training should be supported with evidence or rescinded.

Research and data

Findings

236.

237.

The fire sector attracts little and sporadic academic interest, resulting in many knowledge gaps or
thin evidence.

Data collection represents institutional interests and there is little data relating to the
customer/public experience. This is compounded by data silos resulting from multiple
stakeholders.

Discussion

238.
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240.

The recognition that the fire sector attracts limited academic interest is not new but is re-
emphasised. Since the demise of the national facility, there have been many attempts to create a
research strategy and capability, but none have been realised. This increasingly places the
effectiveness and credibility of the sector at risk and undermines any aspiration to be
demonstrably evidence-based. It also leaves the sector unable to meaningfully exploit new and
transformative technologies such as Al and machine learning. More importantly, it leaves the
public exposed to avoidable risks and harm through the failure to collate, assess and disseminate
knowledge.

Institutionally biased and siloed data collection means the public experience is almost invisible to
policymakers and other professionals. In place of knowledge, assumptions are made. Good
practice would, as a minimum, see these made explicit as they represent unverified beliefs and
therefore cannot be relied upon. Better still, the opportunity to collect relevant data through
routine activities (including dwelling/HMO fires) should be exploited to both inform and
evaluate interventions.

(

However, the fire sector is not unique in facing these challenges, and, if the will were
there, quick progress would be possible by learning from other sectors. Concepts such
as the ‘What Works’ centres may be replicable in part or at reduced scale.
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Recognition of the influence of what and how data is collected is not entirely new. In 2003, an
industry survey identified that the role of extinguishers was not accurately represented and did
not accurately convey their important contribution. It is clear, 18 years later, that not much has
changed.

Recommendations 7 and 8

242,

243.

Risk

The fire sector urgently needs to co-operate to develop an integrated and dynamic knowledge
management system.

A specific focus for the above should be to ensure the customer/public experience and perspective
is fully represented.

Findings

244,

The understanding and application of risk in relation to dwelling/HMO fires is varied, confusing
and ambiguous both in the literature and in practice. The research finds that there is a need to
better align risk theory, evidence, practice and communication between professionals and with
the public.

Discussion

245.

246.

247.

248.

Throughout the research for this report, references were found to ‘risk’, which was not
unexpected. However, it was clear that this was most often used in a generic and unqualified
sense. As the fire sector (including services related to fire extinguishers) is ultimately in the risk
business, it would be inappropriate to ignore this observation or to consider its impact.

Several studies have identified that even in academic papers, the term risk is used interchangeably
and without distinction to variously mean the risk of a fire starting, of it developing, causing an
injury or leading to a fatality. These are all very different risks.

This oversimplification and failure to convey the complex and layered or nuanced nature of risk is
then seen in sector publications and practice. As a result, there is little appreciation that those
who incur minor injuries are vastly different to those at risk of a fatal outcome, with each group
having different needs and capabilities. This is accompanied by a tendency for policies and
interventions to overly focus on the worst-case outcome. Hence, we see the general public
discouraged from tackling fires despite the evidence of their effectiveness, low risks presented and
benefits achieved.

Selectivity about what data is of interest distorts the true picture. In the same way that the police
recognised the need to capture the full picture and nature of unrecorded crime, the fire sector
would benefit from having a single and full view of all dwelling/HMO fires. This would better
inform existing interventions and potentially identify new options/community needs. But
certainly, the absence of a complete picture means that the level of risk evident from FRS
data, whilst relatively low, is still significantly more than the real risk encountered if all
dwelling/HMO fires were included. Risk management cannot be effective if the data or
knowledge it is based on is incomplete or flawed. The role of bias (individual and 45
organisational) and assumptions must also be understood in terms of their influence
on the interpretation and assessment of risk.

(
O




249.

250.

The role and influence of case studies may also overly inflate perceived risk, despite the fact that
they are highlighted because they are atypical. That is not to say they do not provide a valuable
learning opportunity, but so do most events which avoid bad outcomes. The chance to learn from
success, when fire spread is limited, and injuries avoided should be of equal interest.

There is much more that could be discussed in relation to risk. But for the purpose of this report, it
is important to note that the guidance and advice (to professionals and the public) regarding the
use of fire extinguishers is not informed by a complete and objective evidence base or risk
framework. As a result, insufficient distinction is made of the risks in relation to different groups,
and, perversely, it may leave many vulnerable to worse experiences and outcomes than could be
achieved for them by a more positive and informed approach to the use of extinguishers.

Recommendations 9 and 10

251.

252.

The fire sector needs greater clarity, consistency and transparency in relation to its approach to
risk management. This should include areas such as definitions, use of evidence, risk models and
evaluation processes.

Legislation, standards, guidance and public advice should be amended to provide evidence-based
and objective information in relation to the benefits and risks associated with the use of portable
fire extinguishers, which are currently misrepresented.




REFERENCES

British Standards Institution (2010) BS EN3-10 Portable fire extinguishers Provisions for evaluating
the conformity of a portable fire extinguisher to EN 3-7 [Online]. Available at
https://shop.bsigroup.com/

British Standards Institution (2012) BS 5306-8 Fire extinguishing installations and equipment on
premises Part 8: Selection and positioning of portable fire extinguishers: Code of Practice [Online].
Available at https://shop.bsigroup.com/

British Standards Institution (2017) BS 5306-3 Fire extinguishing installations and equipment on
premises Part 3: Commissioning and maintenance of portable fire extinguishers: Code of Practice
[Online]. Available at https://shop.bsigroup.com/

British Standards Institution (2019) BS EN 1869: Fire Blankets [Online]. Available at
https://shop.bsigroup.com/

British Standards Institution and Todd, C.S. (2019) PAS 79-1:2020 Fire risk assessment — Part 1:
Premises other than housing Code of practice [Online]. Available at https://shop.bsigroup.com/

British Standards Institution and Todd, C.S. (2019) PAS 79-2:2020 Fire risk assessment — Part 2:
Housing — Code of practice [Online]. Available at https://shop.bsigroup.com/

Bryan, J.L. (1977) Smoke as a Determinant of Human Behaviour in Fire Situations, Washington DC,
National Bureau of Standards.

Centre for risk communication (n.d.) Community Relations Strategy Consulting [Online]. Available
at http://centerforriskcommunication.org/communication-strategy-services/community-relations-
strategy-consulting/

Clarke, L. (2002) ‘Panic: Myth or Reality?’, Contexts, vol. 1, pp. 21-26 [Online]. Available at
https://www-jstor-org.ezproxy4.lib.le.ac.uk/stable/41800735

Communities and Local Government (2015) Fire safety in shared or rented accommodation
[Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/f
ile/475170/Fire-Safety-in-Shared-or-Rented-Accommodation.pdf

Communities and Local Government (2015) Fire Safety in the Home [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/f
ile/564803/Fire-Safety-in-the-Home.pdf

Department for Communities and Local Government (2006) A short guide to making your premises
safe from fire [Online]. Available at https://www.gov.uk/government/publications/making-your-
premises-safe-from-fire

=



https://shop.bsigroup.com/
https://shop.bsigroup.com/
https://shop.bsigroup.com/
https://shop.bsigroup.com/
https://shop.bsigroup.com/
https://shop.bsigroup.com/
http://centerforriskcommunication.org/communication-strategy-services/community-relations-strategy-consulting/
http://centerforriskcommunication.org/communication-strategy-services/community-relations-strategy-consulting/
https://www-jstor-org.ezproxy4.lib.le.ac.uk/stable/41800735
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/475170/Fire-Safety-in-Shared-or-Rented-Accommodation.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/475170/Fire-Safety-in-Shared-or-Rented-Accommodation.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/564803/Fire-Safety-in-the-Home.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/564803/Fire-Safety-in-the-Home.pdf
https://www.gov.uk/government/publications/making-your-premises-safe-from-fire
https://www.gov.uk/government/publications/making-your-premises-safe-from-fire

Department for Communities and Local Government (2014) English Housing Survey: Fire and Fire
Safety 2012/13 [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/335757/EHS Fire and Fire Safety 2012-13.pdf

Department for Communities and Local Government (2015) English Housing Survey: Fire and Fire
Safety 2013/14 [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/445702/EHS Fire and fire safety 2013-14.pdf

Department for Communities and Local Government (2018) English Housing Survey: Fire and fire
safety, 2016/17 [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/724327/Fire_and Fire Safety.pdf

Department for Local Communities and Government (2011) The economic cost of fire: estimates
for 2008 [Online]. Available at
https://webarchive.nationalarchives.gov.uk/20121105004836/http://www.communities.gov.uk/d
ocuments/corporate/pdf/1838338.pdf

Drury, J., Cocking, C. and Reicher, S. (2009) ‘The Nature of Collective Resilience: Survivor Reactions
to the 2005 London Bombings’, International Journal of Mass Emergencies and Disasters, vol. 27,
no. 1, pp. 6695 [Online]. Available at
http://www.sussex.ac.uk/affiliates/panic/IJMED%20Drury%20et%20al.%202009.pdf

Ewen, S. (2006) ‘Managing Police Constables and Firefighters: Uniformed Public Services in English
Cities, c.1870-1930’, International Review of Social History, vol. 51, no. 1, pp. 41-67 [Online].
Available at https://www-cambridge-org.ezproxy4.lib.le.ac.uk/core/journals/international-review-
of-social-history/article/managing-police-constables-and-firefighters-uniformed-public-services-in-
english-cities-c18701930/1A9B1D50CB77E85571C8B26F03619344

Fire and Rescue Services Act 2004 [Online]. Available at
https://www.legislation.gov.uk/ukpga/2004/21/contents

Fire Risk Assessment Competency Council (2011) Competency Criteria for Fire Risk Assessors:
Version 1 [Online]. Available at

https://www.nationalfirechiefs.org.uk/write/MediaUploads/Grenfell/111221 FRA Competency C
ouncil - Competency Criteria for Fire Risk Assessors (2).pdf

Fire Sector Federation (2020) Approved Code of Practice: A national framework for Fire Risk
Assessor Competency Version 1 [Online]. Available at FSF_Approved Code of Practice.indd
(firesectorfederation.co.uk)

Ghosh, B. (2008) Assessment of the benefits of Fire Extinguishers as fire safety precautions in New
Zealand Buildings [Online]. Available at https://ir.canterbury.ac.nz/handle/10092/14702



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/335757/EHS_Fire_and_Fire_Safety_2012-13.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/335757/EHS_Fire_and_Fire_Safety_2012-13.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/445702/EHS_Fire_and_fire_safety_2013-14.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/445702/EHS_Fire_and_fire_safety_2013-14.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/724327/Fire_and_Fire_Safety.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/724327/Fire_and_Fire_Safety.pdf
https://webarchive.nationalarchives.gov.uk/20121105004836/http:/www.communities.gov.uk/documents/corporate/pdf/1838338.pdf
https://webarchive.nationalarchives.gov.uk/20121105004836/http:/www.communities.gov.uk/documents/corporate/pdf/1838338.pdf
http://www.sussex.ac.uk/affiliates/panic/IJMED%20Drury%20et%20al.%202009.pdf
https://www-cambridge-org.ezproxy4.lib.le.ac.uk/core/journals/international-review-of-social-history/article/managing-police-constables-and-firefighters-uniformed-public-services-in-english-cities-c18701930/1A9B1D50CB77E85571C8B26F03619344
https://www-cambridge-org.ezproxy4.lib.le.ac.uk/core/journals/international-review-of-social-history/article/managing-police-constables-and-firefighters-uniformed-public-services-in-english-cities-c18701930/1A9B1D50CB77E85571C8B26F03619344
https://www-cambridge-org.ezproxy4.lib.le.ac.uk/core/journals/international-review-of-social-history/article/managing-police-constables-and-firefighters-uniformed-public-services-in-english-cities-c18701930/1A9B1D50CB77E85571C8B26F03619344
https://www.legislation.gov.uk/ukpga/2004/21/contents
https://www.nationalfirechiefs.org.uk/write/MediaUploads/Grenfell/111221_FRA_Competency_Council_-_Competency_Criteria_for_Fire_Risk_Assessors_(2).pdf
https://www.nationalfirechiefs.org.uk/write/MediaUploads/Grenfell/111221_FRA_Competency_Council_-_Competency_Criteria_for_Fire_Risk_Assessors_(2).pdf
https://www.firesectorfederation.co.uk/wp-content/uploads/2020/11/FSF_ACOP_National-Framework-FRACompetency_25Nov2020.pdf
https://www.firesectorfederation.co.uk/wp-content/uploads/2020/11/FSF_ACOP_National-Framework-FRACompetency_25Nov2020.pdf
https://ir.canterbury.ac.nz/handle/10092/14702

Harpur, A., Boyce, K. and McConnell, N. C. (2013) ‘An investigation into the circumstances
surrounding fatal dwelling fires involving very young children’, Fire Safety Journal, vol. 61, pp. 72—
82 [Online]. Available at https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.firesaf.2013.08.008

Her Majesty’s Government (2003) Fires in the Home: findings from the 2001/2 British Crime Survey
[Online]. Available at
https://webarchive.nationalarchives.gov.uk/20090704061118/http://www.communities.gov.uk/do
cuments/fire/pdf/130655.pdf

Her Majesty’s Government (2004) Fires in the Home: findings from the 2002/3 British Crime Survey
[Online]. Available at
https://webarchive.nationalarchives.gov.uk/20090704061104/http://www.communities.gov.uk/do
cuments/fire/pdf/130652.pdf

Her Majesty’s Government (2006) Fires in the Home: findings from the 2004/05 Survey of English
Housing [Online]. Available at
https://webarchive.nationalarchives.gov.uk/20090704010217/http://www.communities.gov.uk/do
cuments/fire/pdf/143501.pdf

Her Majesty’s Government (2018) Kerslake Report: An independent review into the preparedness
for, and emergency response to, the Manchester Arena attack on 22" May 2017 [Online]. Available
at https://www.kerslakearenareview.co.uk/media/1022/kerslake arena review printed final.pdf

Her Majesty’s Government (2019) Grenfell Tower Inquiry: Phase 1 Report Overview [Online].
Available at https://assets.grenfelltowerinquiry.org.uk/GTI1%20-
%20Phase%201%20report%20Executive%20Summary.pdf

Her Majesty’s Government (2019a) Effect of reductions in funding to police, fire and rescue
services, House of Commons Debate Pack Number CDP-2019-0043 [Online]. Available at
https://researchbriefings.files.parliament.uk/documents/CDP-2019-0043/CDP-2019-0043.pdf

Her Majesty’s Inspectorate of Constabulary and Fire & Rescue Services (2020) State of Fire and
Rescue 2019 [Online]. Available at https://www.justiceinspectorates.gov.uk/hmicfrs/wp-
content/uploads/state-of-fire-and-rescue-2019.pdf

Hill, R., Andrews, S., Murphy, P. and Lakome, K. (2019) National Review of Community Risk
Methodology across the UK Fire and Rescue Service, Nottingham, Nottingham Trent University.

Home Office (2018b) Fire statistics definitions [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/738440/fire-statistics-definitions.pdf

Home Office (2019) Detailed analysis of fires attended by fire and rescue services, England, April
2018 to March 2019 [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/831136/detailed-analysis-fires-attended-fire-rescue-england-1819-hosb1919.pdf

=



https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.firesaf.2013.08.008
https://webarchive.nationalarchives.gov.uk/20090704061118/http:/www.communities.gov.uk/documents/fire/pdf/130655.pdf
https://webarchive.nationalarchives.gov.uk/20090704061118/http:/www.communities.gov.uk/documents/fire/pdf/130655.pdf
https://webarchive.nationalarchives.gov.uk/20090704061104/http:/www.communities.gov.uk/documents/fire/pdf/130652.pdf
https://webarchive.nationalarchives.gov.uk/20090704061104/http:/www.communities.gov.uk/documents/fire/pdf/130652.pdf
https://webarchive.nationalarchives.gov.uk/20090704010217/http:/www.communities.gov.uk/documents/fire/pdf/143501.pdf
https://webarchive.nationalarchives.gov.uk/20090704010217/http:/www.communities.gov.uk/documents/fire/pdf/143501.pdf
https://www.kerslakearenareview.co.uk/media/1022/kerslake_arena_review_printed_final.pdf
https://assets.grenfelltowerinquiry.org.uk/GTI%20-%20Phase%201%20report%20Executive%20Summary.pdf
https://assets.grenfelltowerinquiry.org.uk/GTI%20-%20Phase%201%20report%20Executive%20Summary.pdf
https://researchbriefings.files.parliament.uk/documents/CDP-2019-0043/CDP-2019-0043.pdf
https://www.justiceinspectorates.gov.uk/hmicfrs/wp-content/uploads/state-of-fire-and-rescue-2019.pdf
https://www.justiceinspectorates.gov.uk/hmicfrs/wp-content/uploads/state-of-fire-and-rescue-2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/738440/fire-statistics-definitions.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/738440/fire-statistics-definitions.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831136/detailed-analysis-fires-attended-fire-rescue-england-1819-hosb1919.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831136/detailed-analysis-fires-attended-fire-rescue-england-1819-hosb1919.pdf

Home Office (2020) Response times to fires attended by fire and rescue services: England, April
2018 to March 2019 [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fil
e/857924/response-times-fires-england-1819-hosb0120.pdf

Home Office (n.d.) FIREO201: Dwelling fires attended by fire and rescue services by motive,
population and nation [Online]. Available at https://www.gov.uk/government/statistical-data-
sets/fire-statistics-data-tables##dwelling-fires-attended

Home Office (2018a) Fire and Rescue National Framework for England [Online]. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fil
e/705060/National Framework - final for web.pdf

Hulse, L., Galea, E. R., Thompson, O. and Wales, D. (2019) ‘Perception and recollection of fire
hazards in dwelling fires’, Safety Science, vol. 122, no. 104518 [Online]. Available at https://doi-
org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2019.104518

IFEDA and FETA (2003) Report on a Survey into Portable Fire Extinguishers and their use in the
United Kingdom and other member countries of Eurofeu [Online]. Available at https://ifeda.org/wp-
content/uploads/2015/07/IFEDA-portable-fire-extinguisher-survey-results.pdf

Institute of Lifelong Learning (2011) MSc in Risk, Crisis and Disaster Management, Module 2, Unit 3
Irwin, A. (1995) Citizen Science, London, Routledge.

Jennings, C. R. (2013) ‘Social and economic characteristics as determinants of residential fire risk in
urban neighborhoods: A review of the literature’, Fire Safety Journal, vol. 62, pp. 13-19 [Online].
Available at https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.firesaf.2013.07.002

Jonsson, A. and Jaldell, H. (2018) ‘Identifying sociodemographic risk factors associated with
residential fire fatalities: a matched case-control study’, Injury prevention, vol. 24, no. 2 [Online].
Available at https://10.1136/injuryprev-2018-043062

Kahneman, D. and Tversky, A. (1974) ‘Judgement under Uncertainty: Heuristics and Bias’, Science,
vol. 185, no. 4157, pp. 1124-1131 [Online]. DOI: 10.1126/science.185.4157.1124

Kobes, M., Helsloot, I., de Vries, B. and Post, J.G. (2010), ‘Building safety and human behaviour in
fire: A literature review’, Fire Safety Journal, vol. 45, no. 1 [Online]. Available at https://www-
sciencedirect-com.ezproxy4.lib.le.ac.uk/science/article/pii/S0379711209001167

Kuligowski, E. (2013) ‘Predicting Human Behaviour During Fires’, Fire Technology, vol. 49, pp. 101—
120 [Online]. Available at https://doi-org.ezproxy3.lib.le.ac.uk/10.1007/s10694-011-0245-6

Kuligowski, E. (2016) ‘Burning down the silos: integrating new perspectives from the social sciences
into human behaviour in fire research’, Fire and materials, vol. 41, no. 5, pp. 389-411 [Online].
Available at https://doi.org/10.1002/fam.2392

=



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/857924/response-times-fires-england-1819-hosb0120.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/857924/response-times-fires-england-1819-hosb0120.pdf
https://www.gov.uk/government/statistical-data-sets/fire-statistics-data-tables#dwelling-fires-attended
https://www.gov.uk/government/statistical-data-sets/fire-statistics-data-tables#dwelling-fires-attended
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/705060/National_Framework_-_final_for_web.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/705060/National_Framework_-_final_for_web.pdf
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2019.104518
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2019.104518
https://ifeda.org/wp-content/uploads/2015/07/IFEDA-portable-fire-extinguisher-survey-results.pdf
https://ifeda.org/wp-content/uploads/2015/07/IFEDA-portable-fire-extinguisher-survey-results.pdf
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.firesaf.2013.07.002
https://10.0.4.112/injuryprev-2018-043062
https://www-sciencedirect-com.ezproxy4.lib.le.ac.uk/science/article/pii/S0379711209001167
https://www-sciencedirect-com.ezproxy4.lib.le.ac.uk/science/article/pii/S0379711209001167
https://doi-org.ezproxy3.lib.le.ac.uk/10.1007/s10694-011-0245-6
https://doi.org/10.1002/fam.2392

LACORS (2008) Housing — Fire Safety: Guidance on fire safety provisions for certain types of existing
housing [Online]. Available at https://www.cieh.org/media/1244/guidance-on-fire-safety-
provisions-for-certain-types-of-existing-housing.pdf

Lindell, M. (2013) ‘Disaster Studies’, Current Sociology Review, vol. 61, no. 5-6, pp. 797-825
[Online]. Available at https://journals-sagepub-
com.ezproxy4.lib.le.ac.uk/doi/abs/10.1177/0011392113484456

Liu, T. and Jiao, H. (2017) ‘How does information affect fire risk reduction behaviors? Mediating
effects of cognitive processes and subjective knowledge’, Natural Hazards, vol. 90, no. 3, pp. 1461—
1483 [Online]. Available at https://link-springer-com.ezproxy4.lib.le.ac.uk/article/10.1007/s11069-
017-3111-0

Local Government Association (2018) Fire Vision 2024 [Online]. Available at
https://www.local.gov.uk/sites/default/files/documents/10.20%20-
%20Fire%20Vision%202024 4.pdf

London Fire Brigade (2016) Fire Survival Guidance (Supervisor); (submitted as evidence to Grenfell
inquiry) [Online]. Available at
https://assets.grenfelltowerinquiry.org.uk/documents/Fire%20Survival%20Guidance%20%28Super
Visor%29%20-
%20Providing%20support%20and%20assistance%20t0%20CROs%20handling%20Fire%20Survival%
20Guidance%20%28FSG%29%20calls%20LFB00003541 0.pdf

Matellini, D. B., Wall, A.D., Jenkninson, I. D., Wang, J. and Pritchard, R. (2013) ‘Modelling dwelling
fire development and occupancy escape using Bayesian network’, Reliability Engineering & System
Safety, vol. 114, pp. 75-91 [Online]. Available at https://doi-
org.ezproxy4.lib.le.ac.uk/10.1016/j.ress.2013.01.001

Mytton, J., Goodenough, T. and Novak, C. (2017) ‘Children and young people’s behaviour in
accidental dwelling fires: A systematic review of the qualitative literature’, Safety Science vol. 96,
pp. 143—-149 [Online]. Available at https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2017.03.019

National Association of Fire Equipment Distributors (2010) The effectiveness of Portable Fire
Extinguishers: An Overview 1976-2010 [Online]. Available at
http://www.nafed.org/uploads/1/1/6/7/116763213/nafed 2010 effectivenessofpo.pdf

National Operational Guidance (n.d.) Hazard - Failure to handle emergency calls and mobilise
resources in a timely manner [Online]. Available at https://www.ukfrs.com/training-
specification/search/failure-handle-emergency-calls-and-mobilise-resources-timely-manner

NESTA and Alliance for Useful Evidence (2016) Using Research Evidence: A practice guide [Online].
Available at Using-Research-Evidence-for-Success-A-Practice-Guide-v6-web.pdf
(alliance4usefulevidence.org)

=



https://www.cieh.org/media/1244/guidance-on-fire-safety-provisions-for-certain-types-of-existing-housing.pdf
https://www.cieh.org/media/1244/guidance-on-fire-safety-provisions-for-certain-types-of-existing-housing.pdf
https://journals-sagepub-com.ezproxy4.lib.le.ac.uk/doi/abs/10.1177/0011392113484456
https://journals-sagepub-com.ezproxy4.lib.le.ac.uk/doi/abs/10.1177/0011392113484456
https://link-springer-com.ezproxy4.lib.le.ac.uk/article/10.1007/s11069-017-3111-0
https://link-springer-com.ezproxy4.lib.le.ac.uk/article/10.1007/s11069-017-3111-0
https://www.local.gov.uk/sites/default/files/documents/10.20%20-%20Fire%20Vision%202024_4.pdf
https://www.local.gov.uk/sites/default/files/documents/10.20%20-%20Fire%20Vision%202024_4.pdf
https://assets.grenfelltowerinquiry.org.uk/documents/Fire%20Survival%20Guidance%20%28Supervisor%29%20-%20Providing%20support%20and%20assistance%20to%20CROs%20handling%20Fire%20Survival%20Guidance%20%28FSG%29%20calls%20LFB00003541_0.pdf
https://assets.grenfelltowerinquiry.org.uk/documents/Fire%20Survival%20Guidance%20%28Supervisor%29%20-%20Providing%20support%20and%20assistance%20to%20CROs%20handling%20Fire%20Survival%20Guidance%20%28FSG%29%20calls%20LFB00003541_0.pdf
https://assets.grenfelltowerinquiry.org.uk/documents/Fire%20Survival%20Guidance%20%28Supervisor%29%20-%20Providing%20support%20and%20assistance%20to%20CROs%20handling%20Fire%20Survival%20Guidance%20%28FSG%29%20calls%20LFB00003541_0.pdf
https://assets.grenfelltowerinquiry.org.uk/documents/Fire%20Survival%20Guidance%20%28Supervisor%29%20-%20Providing%20support%20and%20assistance%20to%20CROs%20handling%20Fire%20Survival%20Guidance%20%28FSG%29%20calls%20LFB00003541_0.pdf
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ress.2013.01.001
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ress.2013.01.001
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2017.03.019
http://www.nafed.org/uploads/1/1/6/7/116763213/nafed_2010_effectivenessofpo.pdf
https://www.ukfrs.com/training-specification/search/failure-handle-emergency-calls-and-mobilise-resources-timely-manner
https://www.ukfrs.com/training-specification/search/failure-handle-emergency-calls-and-mobilise-resources-timely-manner
https://www.alliance4usefulevidence.org/assets/Using-Research-Evidence-for-Success-A-Practice-Guide-v6-web.pdf
https://www.alliance4usefulevidence.org/assets/Using-Research-Evidence-for-Success-A-Practice-Guide-v6-web.pdf

New Local Government Network (2015) Fireworks: A collaborative way forward for the fire and
rescue service [Online]. Available at https://www.basw.co.uk/resources/fire-works-collaborative-
way-forward-fire-and-rescue-service

Nickerson, R. S. (1998) ‘Confirmation Bias: A Ubiquitous Phenomenon in Many Guises’, Review of
General Psychology, vol. 2, no. 2, pp. 175-220 [Online]. Available at
https://doi.org/10.1037%2F1089-2680.2.2.175

Pidgeon, N., Hood, C., Jones, D., Turner, B. and Gibson, R. (1992) ‘Risk Perception’, in The Royal
Society Report, Risk: Analysis, Perception and Management, London, Royal Society.

Poole, B. R. (2012) Ordinary People and Effective Operation of Fire Extinguishers, Worcester
Polytechnic Institute [Online]. Available at Student Work | Ordinary People and Effective Operation
of Fire Extinguishers | ID: t148fh606 | Digital WPI

Rodriguez, H., Trainor, J. and Quarantelli, E.L. (2006) ‘Rising to the Challenges of a Catastrophe: The
Emergent and Prosocial Behavior Following Hurricane Katrina’, ANNALS of the American Academy
of Political and Social Science, vol. 604, pp. 82—-101 available at: https://www-jstor-
org.ezproxy4.lib.le.ac.uk/stable/25097782

Schmidt, S. and Galea, E.R. (2013) Behaviour — security — culture: Human behaviour in emergencies
and disasters: A cross-cultural investigation, Lengerich, Pabst Science Publishers.

Scottish Fire and Rescue Service (2020) Fire and Rescue Incident Statistics [Online]. Available at
https://www.firescotland.gov.uk/about-us/fire-and-rescue-statistics.aspx

Spinardi, G., Bisby, L. and Torero, J. (2016) ‘A Review of Sociological Issues in Fire Safety
Regulation’, Fire Technology, vol. 52, no. 5 [Online]. Available at https://doi.org/10.1007/s10694-
016-0615-1

The Regulatory Reform (Fire Safety) Order 2005, [Online]. Available at
https://www.legislation.gov.uk/uksi/2005/1541/contents/made

Thompson, O., Galea, E.R. and Hulse, L. (2018) ‘A review of the literature on human behaviour in
dwelling fires’, Safety science, vol. 109, pp. 303—312 [Online]. Available at https://doi-
org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2018.06.016

Thompson, O.F. and Wales, D. (2015) ‘A qualitative study of experiences, actions and motivations,
during accidental dwelling fires’, Fire and Materials, vol. 39, no. 4, pp. 453—-465 [Online]. Available
at https://doi.org/10.1002/fam.2248

Thompson, O.F., Hulse L., Wales, D. and Galea, E.R. (2013) ‘Get Out, Stay Out versus occupier
independence: the results of an 18 month study of human behaviour in accidental dwelling fires in
Kent’, Conference Proceedings: Volume 2: Interflam 2013, London, Interscience Communications

=



https://www.basw.co.uk/resources/fire-works-collaborative-way-forward-fire-and-rescue-service
https://www.basw.co.uk/resources/fire-works-collaborative-way-forward-fire-and-rescue-service
https://doi.org/10.1037%2F1089-2680.2.2.175
https://digital.wpi.edu/concern/student_works/t148fh606?locale=en
https://digital.wpi.edu/concern/student_works/t148fh606?locale=en
https://www-jstor-org.ezproxy4.lib.le.ac.uk/stable/25097782
https://www-jstor-org.ezproxy4.lib.le.ac.uk/stable/25097782
https://www.firescotland.gov.uk/about-us/fire-and-rescue-statistics.aspx
https://doi.org/10.1007/s10694-016-0615-1
https://doi.org/10.1007/s10694-016-0615-1
https://www.legislation.gov.uk/uksi/2005/1541/contents/made
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2018.06.016
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.ssci.2018.06.016
https://doi.org/10.1002/fam.2248

United Nations Office for Disaster Risk Reduction (2020) Sendai framework: Understanding Risk
[Online]. Available at https://www.undrr.org/building-risk-knowledge/understanding-risk

United Nations Office for Disaster Risk Reduction (n.d.) Understanding Risk [Online]. Available at
https://www.undrr.org/building-risk-knowledge/understanding-risk

Ursano, R., Fullerton, C. and Terhakopian, A. (2008) ‘Disasters and Health: Distress, Disorders, and
Disaster Behaviors in Communities, Neighborhoods, and Nations’, Social Research, vol. 75, no. 3,
pp. 1015-1028,1035 [Online]. Available at https://www-jstor-
org.ezproxy4.lib.le.ac.uk/stable/40972101?seq=1#metadata info _tab contents

Veeramany, A., Weckman, E. J. and Pandey, M. D. (2014) ‘A Semi-Markov Fire Growth Model’, Fire
Technology, vol. 50, pp. 437-454 [Online]. Available at https://doi-
org.ezproxy4.lib.le.ac.uk/10.1007/s10694-012-0304-7

Wales, D. (2020) Unrecognised: The public role as first responders to dwelling fires, Unpublished
MSc dissertation.

Wales, D. and Stiles, K. (2019) Saving Lives Is Not Enough [Online]. Available at
https://tinyurl.com/SLINE2019

Wales, D.G., Thompson, O.F., Hulse, L.M. and Galea, E.R. (2015) ‘From data to difference —
considering the application of a large-scale database of human behaviour in accidental dwelling
fires’, 6™ International Symposium: Human Behaviour in Fire 2015: Symposium Proceedings.
London, England, Interscience Communications, pp. 465-476.

Walker, R. G. (2017) Practical Assessment of the Dependence of Fire Service Intervention Times on
Life Safety, PhD thesis (partial) [Online]. Available at
http://clok.uclan.ac.uk/20721/1/20721%20Walker%20Richard%20Final%20e-
Thesis%20%28Master%20Copy%29.pdf

Wood, P.G. (1972), ‘The Behaviour of People in Fires’, Fire Research Note 953. Boreham Wood,
Building Research Establishment.

Xiong, L., Bruck, D. and Ball, M. (2015) ‘Comparative investigation of ‘survival’ and fatality factors
in accidental residential fires’, Fire Safety Journal, vol. 73, pp. 37-47 [Online]. Available at
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.firesaf.2015.02.003

Xiong, L., Bruck, D. and Ball, M. (2014) ‘Utilization of the Haddon Matrix to Organize Factors of
Survived Accidental Residential Fires: Frequencies for Human, Agent, and Environment-related
Variables’, Fire Safety Science, vol. 11, pp. 1049-1062 [Online]. Available at
http://www.iafss.org/publications/fss/11/1049/view/fss 11-1049.pdf

Thanks also to Community Safety Statistics /Welsh Government for Welsh FRS data.



https://www.undrr.org/building-risk-knowledge/understanding-risk
https://www.undrr.org/building-risk-knowledge/understanding-risk
https://www-jstor-org.ezproxy4.lib.le.ac.uk/stable/40972101?seq=1#metadata_info_tab_contents
https://www-jstor-org.ezproxy4.lib.le.ac.uk/stable/40972101?seq=1#metadata_info_tab_contents
https://doi-org.ezproxy4.lib.le.ac.uk/10.1007/s10694-012-0304-7
https://doi-org.ezproxy4.lib.le.ac.uk/10.1007/s10694-012-0304-7
https://tinyurl.com/SLINE2019
http://clok.uclan.ac.uk/20721/1/20721%20Walker%20Richard%20Final%20e-Thesis%20%28Master%20Copy%29.pdf
http://clok.uclan.ac.uk/20721/1/20721%20Walker%20Richard%20Final%20e-Thesis%20%28Master%20Copy%29.pdf
https://doi-org.ezproxy4.lib.le.ac.uk/10.1016/j.firesaf.2015.02.003
http://www.iafss.org/publications/fss/11/1049/view/fss_11-1049.pdf

About the author

David Wales CCXP MSc FRSA

David is the founder of SharedAim Ltd., a company established to help organisations deliver excellent
customer experience and enhance performance. It specialises in using a human first approach that
recognises the dynamic and complex nature of people’s lives. Uniquely, this allows organisations to take
an outside-in view and have a realistic understanding of how they fit into their customers world.

Prior to this, David had a distinguished career in the Fire and Rescue Service, where he instigated and led
an award-winning national study of human behaviour in fires. His insights provided an entirely new
perspective and changed thinking and practice in the sector, in the UK and internationally. As a result, he
was appointed as the first customer experience manager in the FRS, where he was also recognised for his
innovation.

In 2019, his co-authored report ‘Saving Lives Is Not Enough’ (https://tinyurl.com/SLINE2019) was
published, bringing a survivor and evidence-based perspective to challenge current pre-hospital burn care
arrangements.

David completed a MSc in risk crisis and disaster management at the University of Leicester. His
dissertation was titled ‘Unrecognised: The public role as first responders to dwelling fires’.

He retains an interest in supporting the emergency sector and is an advisor to several international crisis
and disaster organisations. He has held a variety of voluntary roles, including the international research
lead for the National Fire Chiefs Council and the evidence champion (for the FRS) with the Alliance for
Useful Evidence.

An award-winning presenter, best-selling author, awards judge and recognised customer experience
influencer, David has worked extensively across multiple sectors. Taking a human-centred approach, David
advocates the need to re-imagine and transform services in partnership with citizens and communities.



https://tinyurl.com/SLINE2019

Acknowledgement

The author is grateful for a funding contribution in support of the preparation of this report that was
received from the Independent Fire Engineering & Distributors Association (IFEDA). The contents of the
report belong to the author and should not be assumed to reflect IFEDA policy or views.

Report design by Rory Blacktop-Wales

=

Graphic Designer | Photographer

https://roryblacktop-wales.myportfolio.com/

rorybw31l@outlook.com



https://roryblacktop-wales.myportfolio.com/
mailto:rorybw31@outlook.com

This report is available to view or download free of charge.

Copyright

The author asserts their full copyright in respect of this publication. © David Wales 2021



ZARJA

ROLF JENSEN & ASSOCIATES, INC.
FIRE PROTECTION CONSULTANTS

STUDY ON THE LIFE CYCLE
COST OF PORTABLE FIRE
EXTINGUISHERS




ZIRJA

ROLF JENSEN & ASSOCIATES, INC.
FIRE PROTECTION CONSULTANTS

600 West Fulton Street
Suite 500

Chicago, IL 60661 USA
www.rjainc.com

+1 312-879-7200

Fax: +1 312-879-7210

STUDY ON THE LIFE CYCLE
COST OF PORTABLE FIRE
EXTINGUISHERS

Richard W. Bukowski, P.E., FSFPE

Prepared for:

Fire Equipment Manufacturers’
Association
Cleveland, Ohio

January 8, 2014

RJA Project No. C58655

© 2014 Fire Equipment Manufacturers’ Association. All Rights
Reserved



STUDY ON THE LIFE CYCLE COST Page 1 C58655
OF PORTABLE FIRE EXTINGUISHERS

BACKGROUND

First developed in the early 19th century, portable fire extinguishers have long played
an important role in fire safety strategy. When detected early by building occupants,
portable extinguishers can be used to extinguish a fire before any significant damage
occurs, often eliminating the need for fire department suppression activities. As a
required feature in many buildings, portable extinguishers are subject to regular
inspection and maintenance by the model fire codes, International Fire Code (IFC) and
NFPA 1, and by the primary technical standard, NFPA 10, Standard for Portable Fire
Extinguishers. Since proposals to the model codes that would mandate portable
extinguishers in certain occupancies are required to consider the economic impact of
such mandates, this life cycle cost analysis quantifies the impact for any size facility.

LIFE CYCLE COST ANALYSIS

Life Cycle Cost (LCC) analysis is a widely accepted methodology for comparing
alternative investments or purchases to determine the most cost-effective option
under a specific set of assumptions. There is a consensus standard in the US
published by ASTM International that details the methodology for such an analysis,
Standard Practice for Measuring Life Cycle Costs of Buildings and Building Systems,
ASTM E0917-05.

LCC techniques are used to collect all associated costs, either single costs at a point
in the system life or recurring costs over the system life, and move them to a single
point in time utilizing an assumed discount (interest) rate. The discount rate
selected represents the interest rate that could be realized if the money spent on the
system was invested. LCC permits valid comparisons of cost over a specific period,
even if the life of the alternative systems vary, since replacement costs and even
cost of removal and disposal (including any salvage value) can be included.

PORTABLE EXTINGUISHER REQUIREMENTS

NFPA 10, Standard for Portable Fire Extinguishers, is the base document for the
requirements for portable fire extinguishers and is either adopted by reference or
extracted to the fire codes (NFPA 1 and the IFC), building codes (NFPA 5000, NFPA
101, and the IBC), and to specialty documents for specific occupancies, such as
boats and RVs. Portable extinguishers are required in a long list of occupancies,
primarily divided among those containing Class A hazards and those with Class B
hazards. Sufficient Class A- or B-rated extinguishers are to be provided so that the
maximum travel distance from any point to an extinguisher is 75 feet for Class A, or
30 to 50 feet from the hazard (depending on rating) for Class B. Class D and K
hazards are handled as special cases with extinguishers located near the hazards.



STUDY ON THE LIFE CYCLE COST Page 2 C58655
OF PORTABLE FIRE EXTINGUISHERS

INSPECTION AND MAINTENANCE

Portable extinguishers are required to be visually inspected at 30-day intervals and
maintained at intervals of 1 year with an examination of internal parts at 1 year
(unpressurized), 3 years (AFFF and FFFP) or 5/6 years (stored pressure) where
such maintenance generally involves disassembly for examination of internal parts,
recharging, and replacement of some parts. Pressurized extinguishers require
hydrostatic pressure testing at 5 or 12 year intervals depending on agent.

MONTHLY INSPECTIONS

Every extinguisher must be inspected every 30 days to determine that:
1. The extinguisher is present;
2. Access and visibility is not obstructed; and,
3. Pressure is within a specified range.

While maintenance (annual or longer) must be performed by certified personnel
[NFPA 10, Sec. 7.1.2], monthly inspections can be performed by anyone. Often
these are performed by staff of the facility as an additional duty but, in any case, the
recordkeeping requirements must be followed to demonstrate compliance to various
authorities.

DATA AND ASSUMPTIONS

Annual extinguisher maintenance required by NFPA 10 is usually performed by an
extinguisher technician under a separate contract. RJA obtained (via online search)
public details of fire extinguisher contract awards by municipalities that included
prices for new extinguishers and for performance of required inspections and
maintenance on portable extinguishers located in municipal facilities ranging from a
small town to an entire state. Quoted prices, which often included a per-building
service charge and a per-extinguisher charge, covered a range reflecting the size of
areas needing services and the number of extinguishers present in any building.

Because the cost data includes ranges for some costs, the economic analysis was
performed as a bracketing, present value comparison. Further, since such cost
analyses require an assumed service life for the equipment, it was assumed that the
life of an extinguisher is 24 years, having been hydrostatically tested once (at 12
years) and then replaced at Year 24, just before a second hydrostatic test is due.
For an assumed 24 year service life, there will be one hydrostatic test at Year 12
and three disassembly and recharge services at Years 6, 12, and 18 because any
service due at the end of life would not be performed.

The salvage value at the end of the service life is assumed to be zero since the
initial cost of each component is low. Also, disposal costs of the units and
equipment are assumed to be zero.
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Another assumption is the discount (interest) rate. This is set at the estimated
(annual) rate of return that could be realized on alternative investment of the funds to
be used for the purchase being evaluated. A rate of inflation may be included in the
discount rate but does not have to be. A discount rate that includes inflation over the
service life is called the nominal discount rate and one that does not include inflation
is called the real discount rate. The nominal discount rate (i) is defined as:

i = (1+n)(1+)-1
where r is the (annual) interest rate and | is the (annual) inflation rate.
Since inflation has been very low for some years, the real discount rate was used for
this analysis. The baseline discount rate was assumed to be 5% which is the

commonly used value for economic analysis

COST ANALYSIS SPREADSHEET

The economic analysis is easily performed using an Excel spreadsheet. See
Appendix A, Present Value Analysis, attached to this report. Costs per extinguisher
were listed using the low and high costs obtained to bracket the values. Costs were
further categorized as first, monthly, semi-annual, annual, maintain and recharge (6
years), and hydrostatic test (12 years) to facilitate identification of costs that had the
greatest impact on the overall cost.

The assumed number of extinguishers in the facility, interest rate, and service life
assumptions were based to the extent possible on actual buildings. RJA examined
drawings for a dozen actual health care facilities ranging in size from 33,000 sq. ft. to
560,000 sqg. ft. to determine the number of extinguishers required in each, which
ranged from 15 to 420. The number of extinguishers required in each facility was
then divided by the gross floor area to obtain the number of extinguishers per sq. ft.
This ranged from 1500 to 2000 sg. ft. per extinguisher across all 12 facilities. NFPA
10 limits area coverage to not more than 6000 sq. ft., but other requirements make
this density difficult to reach in real buildings. For this analysis, it was assumed that
all extinguishers are nominal 5 pound ABC dry chemical type units rated 2-A:10-B:C,
as these would be the most common in these applications.

It should be understood that in a present value analysis such as this, the discount
(interest) rate only affects future payments, reducing their present cost. Thus,
changing the assumed discount rate will only reduce monthly, semi-annual, annual,
6- and 12-year costs that are assumed to be made at the end of the period.
(Monthly costs are paid at the end of the year in which they accrued.) First costs are
not affected by the discount rate.

Monthly inspection costs consist of a per-extinguisher charge only, based on the
cost of an employee spending 10 to 20 minutes per month per extinguisher at $18/hr
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salary (including benefits) performing the inspection. If these inspections are
performed by an outside contractor, the cost would likely be higher, consisting of a
service charge and a per-extinguisher charge.

Annual, 6- and 12-year costs include both a fixed service charge (one per visit per
facility) and a per-extinguisher charge. Costs associated with the 6- and 12-year
maintenance do not include costs associated with the provision of temporary
replacement extinguishers since NFPA 10 does not require such replacements
where maintenance is performed on-site as is the common practice of the service
industry.

Charges for hydrostatic testing are applied at Year 12 but not at Year 24 since the
analysis assumes that the extinguisher will be replaced at that time. Similarly, the
disassembly and recharge is performed at Years 6, 12, and 18, but not at Year 24
because the extinguisher is assumed to be replaced.

RESULTS

Because actual costs vary depending on many factors, including the facility size and
geographic location, costs were calculated as a bracketing range, following
conservative assumptions in each case. For 5 Ib., 2-A:10-B:C extinguishers the first
cost (procurement, installation, and all required inspection, testing, and maintenance
over a 24 year life all paid at the time of purchase) ranged from just over $700 to just
over $1400 per extinguisher.

Based on the actual health care facility extinguisher location drawings, the annual
cost per square foot ranged from $.015 to $.04 per square foot per year. If a facility
was able to maximize extinguisher coverage at 6,000 square feet per extinguisher,
the annual cost per foot would range from .005 to $.01. While unlikely that any
facility can achieve the maximum permitted coverage, this calculation is provided for
comparative purposes.
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APPENDIX A -- PRESENT VALUE ANALYSIS
RJA PROJECT NO. C58655-1

C58655

Activity Cost per Extinguisher Service Charge per Facility Visit Notes
Low High Low High
Initial extinguisher purchase (5 Ib., 2-A:10- $40 $56 NA NA Plans for 12 health care facilities were reviewed
B:C) to determine extinguisher quantities and sizes
Monthly inspection labor cost (10 to 20 $3 $6 $3 $6 Where inspection performed by owner, no
minutes per extinguisher per month service charge assessed
@$18/hr.)
Annual maintenance per NFPA 10 $3 $6 $50 $100
Disassembly and recharge per NFPA 10 $10 $12 $50 $100
@ 6, 12, 18 years, incl. cost of temporary
replacements
Hydrostatic testing @12 years, incl. $20 $25 $50 $100 Assumes extinguisher is replaced before
recharge and cost of temp. repl. second hydro. test

First costs $400 $560

Monthlyinsp. cost $33 $66 Assumes "payment” atend of each year (24 periods in analysis).
Annual NFPA 10 cost per year $80 $160

Maintain and recharge per 6 years $150 $220

Hydrostatic test per 12 years $150 $230

Total extinguishers per facility 10 Calculation amortizes service charge over 10 extinguishers per facility
Interest rate (%) 5%

Service life (years) 24

First cost ($400) ($560)

Annual costs over life ($6,568) ($13,136)

6 year costs over life ($258) ($378)

12 year costs over life ($84) ($128)

Total cost over life per exnguisher ($731) ($1,420)

Square feet per extinguisher 2000 1500

Annual cost per extinguisher per sq ft r ($0.015) r ($0.039)




RESEARCH

n

NFPA

U.S. Experience with
Sprinklers

July 2017
Marty Ahrens

© July 2017 National Fire Protection Association



Abstract

Sprinklers are a highly effective and reliable part of a building’s fire protection system. National estimates of
reported fires derived from the U.S. Fire Administration’s National Fire Incident Reporting System (NFIRS) and
NFPA’s annual fire department experience survey show that in 2010-2014 sprinklers were present in 10% of
reported U.S. fires. The death rate per 1,000 reported fires was 87% lower in properties with sprinklers than in
properties with no automatic extinguishing systems (AES). The civilian injury rate was 27% lower and the
firefighter fireground injury rate per 1,000 fires was 67% lower in sprinklered properties than in fires in
properties without AES.

In fires considered large enough to activate the sprinkler, sprinklers operated 92% of the time. Sprinklers were
effective in controlling the fire in 96% of the fires in which they operated. Taken together, sprinklers both
operated and were effective in 88% of the fires large enough to operate them. In three-fifths of the fires in which
the sprinkler failed to operate, the system had been shut off.

This report provides information about the performance of sprinklers in general as well as wet pipe and dry pipe
sprinklers. Estimates are provided of sprinkler performance in all fires, with additional details provided about
fires in all homes. Properties under construction are excluded from these estimates.

Keywords: Fire suppression, sprinklers, fire statistics, sprinkler performance, home fires
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Sprinklers in Reported U.S. Fires during 2010 to 2014

Fire sprinklers can control a fire while the fire is still small. Some type of sprinkler was present in an estimated
average of 49,840 (10%) reported structure fires during 2010 to 2014. Automatic extinguishing systems (AES)
are designed to control fires until the fire department arrives. Sprinklers are a type of AES that uses water to
control fires. Other types of AES use something other than water.

Sprinkler Presence

Presence of sprinklers in reported fires

Sprinklers were most likely to be found in institutional by occupancy

occupancies such as nursing homes, hospitals, and

. . . 0,
prisons or jails. 67%

Prison or jail 56%

Nursing home or hospital

Most structure fires and fire deaths occurred in
residential properties, particularly homes, but only
8% of the reported residential fires were in properties
with sprinklers.

Manufacturing
Educational
Warehouse

Public assembly
Wet pipe sprinklers accounted for 87% of the
sprinklers in reported structure fires, dry pipe
systems accounted for 10%, and other types of
sprinklers accounted for 3%.

Store or office

Residential

All structures

0% 50% 100%

Impact of Sprinklers

Civilian death rates per 1,000 fires in properties
with sprinklers and with no AES

With sprinklers 0.8
No AES 6.3

0 1 2 3 4 5 6 7
Civilian deaths per 1,000 fires

The civilian fire death rate of 0.8 per 1,000 reported
fires was 87% lower in properties with sprinklers than
in properties with no AES.

Civilian injury rates per 1,000 fires in properties
with sprinklers and with no AES

With sprinklers 23
No AES 31
0 10 20 30 40
Civilian injuries per 1,000 fires

Firefighter injury rates per 1,000 fires in properties
with sprinklers and with no AES

With sprinklers 20
No AES 61
0 10 20 30 40 50 60 70
Firefighter injuries per 1,000 fires

The civilian injury rate of 23 per 1,000 reported fires
was 27% lower in properties with sprinklers than in
properties with no AES. Many injuries occurred in fires
that were too small to activate the sprinkler or in the
first moments of a fire before the sprinkler operated.

The average firefighter fireground injury rate of 20 per
1,000 reported fires was 67% lower where sprinklers
were present than in fires with no AES.
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Sprinkler Operation and Effectiveness

Sprinkler operation and effectiveness Sprinklers operated in 92% of the fires in which
sprinklers were present and the fire was large
enough to activate them.

Operated Failed to » Sprinklers were effective at controlling the fire
and ‘ operate, 8% in 96% of fires in which they operated.
effgg’;}ve, ~ Operated » Sprinklers operated effectively in 88% of the
. ineffectively, 4% fires large enough to activate them.

Only one sprinkler head operated in four out of five (79%) fires in which sprinklers operated. In 97% of
fires with operating sprinklers, five or fewer heads operated.

Reasons for combined sprinkler failure Reported sprinkler failures (660 per year) were
and ineffectiveness twice as common as reported fires in which
sprinklers were ineffective and did not control

59% the fire.
» 40% of the combined sprinkler problems were
due to system shut-offs.
» In three of every five (59%) incidents in which
sprinklers failed to operate, the system had
been shut off.

» In half (51%) of the fires in which sprinklers
were ineffective, the water did not reach the fire.

System shut-off s

Water did not reach
fire . 51%

Manual intervention

Not enough water
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Lack of maintenance
= Combined

System components
damaged
Inappropriate system
for type of fire

Failure
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Source: U.S. Experience with Sprinklers, National Fire

Protection Association report, 2017.
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Sprinklers in Reported U.S. Home Fires During 2010 to 2014

Some type of sprinkler was present in an estimated total of 24,440 (7%) reported home structure fires during
2010 to 2014. These fires caused an average of 35 (1%) civilian deaths, 616 (5%) civilian injuries, and $198 million
(3%) in direct property damage per year. Homes include one- or two-family homes and apartments or other muilti-
family homes. Properties under construction were excluded from the analysis.

Sprinkler Presence

Automatic extinguishing systems (AES) are designed to control fires until the fire department arrives. Sprinklers
are a type of AES that uses water to control fires. Other types of AES use something other than water.

According to the 2011 American Housing Survey, 5% of all occupied housing units had sprinklers. Buildings with
more housing units were more likely to have sprinklers. Almost one-third (31%) of units in buildings with 50 or
more units were sprinklered.

Wet pipe sprinklers accounted for 89% of the sprinklers in reported home fires, dry pipe systems accounted
for 9%, and other types of sprinklers accounted for 2%.

Impact of Sprinklers

Death rates per 1,000 fires in homes
with sprinklers and with no AES

With sprinklers 1.4
No AES 7.5

0 2 4 6 8
Deaths per 1,000 fires

Civilian injury rates per 1,000 fires in homes
with sprinklers and with no AES

With sprinklers 25
No AES 34

0 10 20 30 40
Civilian injuries per 1,000 fires

Firefighter injury rates per 1,000 fires in homes
with sprinklers and with no AES

With sprinklers 13
No AES 62

0 10 20 30 40 50 60 70
Firefighter injuries per 1,000 fires

Percent of fires confined to room of origin
in homes with sprinklers and with no AES

With sprinklers 97%
No AES 74%

0% 50% 100%

The civilian death rate of 1.4 per 1,000 reported fires
was 81% lower in homes with sprinklers than in homes
with no AES.

The civilian injury rate of 25 per 1,000 reported fires
was 31% lower in homes with sprinklers than in homes
with no AES. Many of the injuries occurred in fires that
were too small to activate the sprinkler or in the first
moments of a fire before the sprinkler operated.

The average firefighter injury rate of 13 per 1,000
reported home fires was 79% lower where sprinklers
were present than in fires with no AES.

Where sprinklers were present, flame damage was
confined to the room of origin in 97% of fires compared
to 74% of fires without AES.
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» RESEARCH (continued)

Sprinkler Operation and Effectiveness

Sprinkler operation and effectiveness in Sprinklers operated in 94% of home fires in which
home fires sprinklers were present and the fire was considered
large enough to activate them.

Operated Failed to » They were effective at controlling the fire in
and operate, 6% 96% of fires in which they operated.

effg;:g(\’/e, Operated » Sprinklers operated effectively in 91% of the

ineffectively, 3% fires large enough to activate them.

Only one sprinkler head operated in 88% of home fires with operating sprinklers. In 98% of fires with operating
sprinklers, five or fewer sprinkler heads operated.

In three out of five (62%) of fires in which sprinklers failed to operate, the system was shut off.

Combined Impact of Smoke Alarms and Sprinklers

The lowest home fire death rate per 1,000 reported fires is found in homes with sprinkler systems and hardwired
smoke alarms. Compared to reported home fires with no smoke alarms or AES, the death rate per 1,000
reported fires was as follows:

» 18% lower where battery-powered smoke alarms were present but AES were not

» 39% lower where smoke alarms with any power source were present but AES were not
» 62% lower where hardwired smoke alarms were present but AES were not

» 88% lower where hardwired smoke alarms and any AES were present

» 90% lower where sprinklers and hardwired smoke alarms were present

Average fire death rates per 1,000 reported home structure fires
by presence of smoke alarms and AES
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Source: U.S. Experience with Sprinklers, National Fire
Protection Association report, 2017. Source: NFPA Research: www.nfpa.org/research
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U.S. Experience with Sprinklers

INTRODUCTION

Sprinklers play a critical role in fire protection. Information about sprinkler presence and performance in
reported fires is essential to understanding the prevalence, impact, reliability and effectiveness of these systems,
as well as avenues for performance improvement. This report provides a statistical overview of sprinkler
presence and performance in reported fires. Because the majority of deaths are caused by home fires, additional
details are provided on sprinklers in fires in homes.

METHODOLOGY

Estimates were derived from the details collected by the U.S. Fire Administration’s (USFA’s) National
Fire Incident Reporting System (NFIRS) and NFPA’s annual fire department experience survey. NFIRS
collects detailed incident-based information about causes and circumstances of fires from local fire
departments. The coding structure is documented in the National Fire Incident Reporting System Complete
Reference Guide [1]. Participation in NFIRS is voluntary at the federal level. Some states require fire
departments to report all incidents or all fires, some have a loss threshold, and in other states, reporting is
completely voluntary.

NFPA’s annual Fire Experience Survey (FES) collects summary data from a sample of fire departments to
calculate estimates of fires and associated losses by broad category. More details can be found in NFPA’s report,
U.S. Fire Loss during 2015 and other reports in the series. [2]

To compensate for fires reported to local fire departments but not captured by NFIRS, fire and loss
estimates from the FES are divided by comparable totals in NFIRS to develop multipliers. NFIRS data are
scaled up by these multipliers. In most cases, unknown data are allocated proportionally. The basic approach was
documented in a 1989 Fire Technology article by John Hall and Beatrice Harwood. [3]

Fires with one of the six NFIRS confined fire incident types are included in estimates of sprinkler
presence, fire spread, and heads operating, but not of operation in general. NFIRS 5.0 includes six types of
structure fires collectively referred to as “confined fires,” identified by incident type codes 113-118. These
include confined cooking fires, confined chimney or flue fires, confined trash fires, confined fuel burner or
boiler fires, confined commercial compactor fires, and confined incinerator fires. Losses are generally minimal
in these fires, which by definition, are assumed to have been limited to the object of origin. Although NFIRS
rules do not require data about automatic extinguishing systems for these fires, local departments do sometimes
provide it.

All estimates in this report exclude fires in properties under construction. Fires in which partial
systems were present and fires in which sprinklers were present but failed to operate because they were not
in the fire area were excluded from estimates related to presence and operation.

Casualty and loss estimates can be heavily influenced by the inclusion or exclusion of one unusually
serious fire. Property damage has not been adjusted for inflation. In most cases, fires are rounded to the
nearest ten, civilian deaths and injuries are generally rounded to the nearest one, and direct property damage
is rounded to the nearest million dollars. Less rounding is used when the numbers are smaller.

Appendix A has more details on how national estimates are calculated and Appendix B contains specific
information about the NFIRS data elements.
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Sprinklers in All Occupancies

SPRINKLER PRESENCE AND TYPE

Some type of sprinkler was present in an estimated average of 49,840 (10%o) of reported structure fires

during 2010-2014. Sprinkler presence varies widely by occupancy. Figure 1 shows the percentage of fires by
occupancy in which any type of sprinkler was present. Sprinklers were most likely to be found in institutional

occupancies, such as nursing homes, hospitals, and prisons or jails. Although the majority of structure fires,
civilian fire deaths and injuries, and property damage occurred in residential properties, particularly homes,

only 8% of the reported residential fires were in properties with sprinklers. Sprinklers in home fires are
discussed in greater detail later in the report. High-rise buildings were much more likely to have sprinklers than

were shorter structures. [4]

Figure 1. Presence of sprinklers in U.S. structure fires, by occupancy: 2010-2014
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Table 1 provides information about more occupancies and shows estimates of automatic extinguishing system

(AES) presence in 1980-1984 and 1994-1998 for historical context.! Table A summarizes information about

AES in all reported structure fires except those under construction.

Table A.
Summary of AES presence and type in reported structure fires
2010-2014 annual averages

Direct Property

Civilian Civilian Damage (in

AES Presence of Type Fires Deaths Injuries Millions)

AES present 57,430  (12%) 45  (2%) 1259  (9%) $793 (8%)
Sprinkler present 49,840  (10%) 42 (2%) 1,148 (8%) $709 (7%)
Wet 43,540 (9%) 39 (1%) 1,058 (7%) $579 (6%)
Dry 4,770 (1%) 2 (0%) 69 (0%) $120 (1%)
Other 1,530 (0%) 1 (0%) 21 (0%) $10 (0%)
Non-sprinkler AES present 7,590 (2%) 4 (0%) 110 (1%) $84 (1%)
Partial system AES of any type 2,190 (0%) 5 (0%) 56 (0%) $66 (1%)
AES of any type not in fire area and

did not operate 1,630 (0%) 2 (0%) 47 (0%) $75 (1%)
No AES present 422,180 (87%) 2,659 (98%) 13,241  (91%) $8,609 (90%)
Total 483,430 (100%) 2,711 (100%) 14,602 (100%) $9,544  (100%)

! Data about specific types of AES was first collected in NFIRS 5.0, introduced in 1999.
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Wet pipe sprinklers accounted for 87% of the sprinklers in reported structure fires, dry pipe systems
were in 10%, and other types of sprinklers were in 3%. See Figure 2.

Figure 2. Types of sprinklers found in U.S. structure fires: 2010-2014

Wet pipe,

87% \ Dry pipe, 10%

Other, 3%

Figure 3 and Table 2 show that dry pipe sprinklers were more common in storage occupancies. “Other”
sprinklers were seen most frequently in eating and drinking establishments. It is possible that some of these
other sprinklers were actually miscodes of systems designed specifically for cooking equipment.

Figure 3. Sprinkler type by occupancy: 2010-2014
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FIRES IN PROPERTIES WITH SPRINKLERS VS. NO AES

The death rate per 1,000 reported fires was 87% lower in properties with sprinklers than in properties
with no AES. These rates are based strictly on reported presence or absence. Operation is not considered.
Figure 4 shows that in reported structure fires with no automatic extinguishing systems (AES), the civilian
death rate was 6.3 per 1,000 fires. When any type of sprinklers were present, the death rate was 0.8 per 1,000
fires. When wet pipe sprinklers were present, the death rate of 0.9 deaths per 1,000 fires was 86% lower than in
home fires without AES. Table 3 shows these rates for all sprinklers and wet pipe sprinklers by occupancy. The
smallest reduction (33%) was seen in manufacturing properties. Civilian deaths in sprinklered properties are
discussed in greater detail later in this report.

While the reduction in deaths was greater in some occupancies with wet pipe sprinklers than total sprinklers, the
differences were small. With so few deaths in sprinklered properties, the differences are not meaningful.
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Figure 4. Civilian death rates per 1,000 fires in properties with sprinklers
and with no AES: 2010-2014
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The civilian injury rate per 1,000 reported fires was 27% lower in properties with sprinklers than in
properties with no AES. Figure 5 shows that when sprinklers of any type were present, reported civilian
injuries averaged 23 per year, compared to 31 per year in which no AES was present. The injury rate in fires
with wet pipe sprinklers was 24 per 1,000 fires or 22% lower than in fires with no AES. In more than half of
these cases, the fire was too small to trigger the sprinkler. In others, someone was injured while trying to fight a
fire in the initial moments before a sprinkler operated.

Figure 5. Civilian injury rates per 1,000 fires in properties with sprinklers
and with no AES: 2010-2014
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The average firefighter fireground injury rate per 1,000 reported fires was 67% lower when sprinklers
were present than in fires with no AES. Figure 6 shows that when sprinklers of any type were present, 20
firefighters were injured per 1,000 fires, compared to 61 firefighter injuries per 1,000 fires in properties without
AES protection. The 19 firefighter injuries per 1,000 fires in properties with wet pipe sprinklers was 68% lower
than the rate in fires without AES.

Figure 6. Firefighter injury rates per 1,000 fires in properties with sprinklers
and with no AES 2010-2014
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Reductions in average dollar loss per fire varied greatly by occupancy. Table 4 shows that compared to
properties with no AES, the average overall loss was 30% lower when sprinklers of any type were present and
35% lower when wet pipe sprinklers were present. The average loss was actually higher in sprinklered
warehouses than in those with no AES. The reduction in property loss in manufacturing properties ranged from
23% to 34%. Average losses were higher in warehouses and manufacturing than in other properties. A very
small fire can damage expensive equipment. Warehouse contents may be rendered valueless by smoke. The
reduction in average losses for public assembly and various residential occupancies ranged from 55% to 86%.

When sprinklers were present, fire spread was confined to the room of origin in 96% of fires compared
to 71% of fires without AES. See Figure 7. Table 5 shows these percentages in different occupancies. In a
change from previous editions of this report, fires with NFIRS incident types indicating confined structure fires
(NFIRS incident type codes 113-118) were all considered to have been confined to the room of origin.

U.S. Experience with Sprinklers, 7/17 4 NFPA Research, Quincy, MA 02169



Figure 7. Percent of fires confined to room of origin in properties with sprinklers
and with no AES 2010-2014
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SPRINKLER OPERATION, EFFECTIVENESS AND PROBLEMS

Sprinklers operated in 92% of the fires in which sprinklers were present and the fire was considered large
enough to activate them.? They were effective at controlling the fire in 96% of fires in which they operated.
Figure 8 shows that sprinklers operated effectively in 88% of the fires large enough to trigger them. Table 6
provides details on sprinkler operation and effectiveness in different occupancies and for different types of
sprinklers.

Figure 8. Sprinkler operation and effectiveness: 2010-2014

Failed to
Operated ‘ operate, 8%
and
effective, Operated
88% ineffectively, 4%

Only one sprinkler activated in four out of five fires in which sprinklers of any type (79%) or wet pipe
sprinklers (80%) operated. Figure 9 shows that in 97% of fires with operating sprinklers, five or fewer
heads operated. The percentages were smaller for dry pipe and other sprinklers. Table 7 provides more details
on number of sprinklers. The percentage of fires in which only one head operated is higher in this report than
in previous editions because fires sprinklers operating in fires with the NFIRS confined fire incident types
were included in the calculations.

Figure 9. When sprinklers operated, percentage of fires in which one or one to five heads
operated by type of sprinkler 2010-2014
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In 97% of the fires in which one sprinkler operated, it was effective. Figure 10 shows that sprinklers
were somewhat less likely to have operated effectively when more heads operated.

2 These calculations exclude fires with confined structure fire incident types (NFIRS incident types 113-118). Among
confined fires with sprinklers present, the fire was too small to operate 76% of the time, sprinklers operated and were
effective 19% of the time and failed to operate 4% of the time. Since these fires are, by definition, confined, it is likely that
a substantial share of fires in which the sprinklers were said to fail, were, in fact, too small to cause the sprinkler to operate.
The 44% of non-confined (NFIRS incident types 110-123, excluding 113-118) that were too small to activate the sprinkler
and 1% of non-confined structure fires with unclassified operation were also excluded.
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Figure 10. Percentage of fires in which sprinklers were effective by number operating
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In three of every five (59%) incidents in which sprinklers failed to operate, the system had been shut off.
Figure 11 shows that manual intervention defeated the system in 17% of the incidents. In some cases, someone
turned off the system prematurely.

Figure 11. Reasons for sprinkler failures: 2010-2014.

System components damaged, 7%

Inappropriate system for
type of fire, 7%

System A Lack of maintenance,
shut off, 10%

59%

Manual intervention
defeated system, 17%

The system was inappropriate for the type of fire in 7% of the incidents in which sprinklers failed to operate.
Throughout a building’s life cycle, the use and occupancy type may change. A system that was designed for the
original purpose may not be sufficient to meet the requirements of the changed building use. In another 7% of
sprinkler failures, system components were damaged.

Table 8 shows the failure reasons for different occupancies and different types of sprinklers. In all cases, system
shut-off was the leading reason.

In half (51%) of the fires in which sprinklers were ineffective. the water did not reach the fire. Figure 12
shows that in 30% of the incidents, not enough water was discharged. In 7%, system components were damaged.
The system was inappropriate for the type of fire in 6%. Lack of maintenance was identified as a factor in 4% of
the incidents. Manual intervention was the cause of 3% of ineffective systems. Table 9 provides more details by
occupancy and by type of sprinkler.

Figure 12. Reasons for sprinkler ineffectiveness: 2010-2014

Manual intervention, 3% Lack of maintenance, 4%
Inappropriate system for type
of fire, 6%

System components
damaged, 7%

Not enough water
discharged, 30%
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In 2010-2014, reported sprinkler failures (660 per year) were twice as common as reported fires in which
sprinklers were ineffective (320 per year). Figure 13 shows that 40% of the combined sprinkler problems were
due to system shut-offs. In 17% of these incidents, water did not reach the fire. In 13%, manual intervention
defeated the system. In 10%, not enough water was discharged. Lack of maintenance was a factor in 8%,
system components were damaged in 7%, and in 6%, the system was inappropriate for the type of fire.

Figure 13. Reasons for combined sprinkler failure and ineffectiveness: 2010-2014

System shut off 59%

Water did not reach fire

51%
Manual intervention
= Combined
Not enough water discharged 30% Failure
0

Lack of maintenance = |[neffectiveness
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CIVILIAN DEATHS IN SPRINKLERED PROPERTIES

While sprinklers were present in 10% of all properties, only 2% of all fire deaths occurred in
these properties. Fires in sprinklered properties killed an average of 42 people per year in 2010-02014.
During the same period, fires in properties with no automatic extinguishing systems caused an average of 2,660
civilian deaths per year.

Figure 14 shows that 69% of the deaths in properties with sprinklers were caused by fires in which the sprinklers
operated and were effective in controlling the fire. In some of these cases, the sprinklers actually extinguished
the fire. The victims were typically fatally injured before the sprinklers activated. In one of every five (20%)
such deaths, the fire never became large enough to activate the sprinkler. The sprinklers failed to operate in fires
causing 3% of the deaths in sprinklered properties, and operated or were ineffective in controlling fires that
caused 8% of the fatalities.

Figure 14. Civilian fire deaths by sprinkler performance: 2010-2014

Fire too small to
operate, 20%

Failed to operate,
3%
Operated but
ineffective, 8%
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Compared to victims of fires with no AES, people who died in fires in which sprinklers operated
effectively were less likely to have been sleeping and more likely to have been in the area of origin, even
more likely to have been involved in the ignition and in the area, to have been at least 65 or older, to have
clothing on fire, or to have been physically disabled. Figure 15 shows this contrast; more details are provided
in Table 10. Note that many of these differences are also seen in victims of fires with and without working
smoke alarms. [5] There are limits to even the best fire protection. When someone is directly involved in the
ignition or their clothing is burning, they may be fatally injured before the fire protection operates. If someone is
physically incapable of getting themselves to safety, even a fire controlled by sprinklers may still cause harm.
Figure 15. Victim characteristics in fires with effectively operating sprinklers
and with no AES 2010-2014
Victim in area of origin 90%
Involved in ignition and in area 80%
Not involved but in area

Victim 65 or older

Clothing on fire
m Operating sprinklers

Physically disabled
No AES

Sleeping 8% 3204
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UNWANTED ACTIVATIONS

Fire departments responded to an estimated 29,800 sprinkler activations caused by a system failure or
malfunction and 33,600 unintentional sprinkler activations in 2014. According to the NFIRS 5.0 Complete
Reference Guide [7], false alarms due to sprinkler failures or malfunctions include “any failure of sprinkler
equipment that leads to sprinkler activation with no fire present.” It “excludes unintentional operating caused by
damage to the sprinkler system.” Unintentional activations also include “testing the sprinkler system without
fire department notification.” Figure 16 shows that more than one-third (37%) of the system failures or
malfunctions occurred in January, as did one-quarter (27%) of the unintentional activations. This suggests that
cold weather may have played a role.

Figure 16. Unwanted sprinkler activations by type and month in 2014
40% 37%

30% 27% ® Failure or malfunction = Unintentional activation
0
20%
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Not all activations result in water flow outside the system. For example, water may flow in the pipes of a dry-pipe
system. This could alert a monitoring company and trigger a fire department response.
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Sprinklers in Home Fires

SPRINKLER PRESENCE AND TYPE

During 2010-2014, some type of fire sprinkler was present in an average 24,440 reported home structure
fires per year. These fires caused an average of 35 civilian deaths, 616 civilian injuries, and $198 million in direct
property damage per year. Properties under construction were excluded from these calculations.

Table B summarizes information about AES in all reported home structure fires except those under construction.

Table B.
Summary of AES presence and type in reported home structure fires
2010-2014 annual averages

Direct Property

Civilian Civilian Damage (in
AES Presence of Type Fires Deaths Injuries Millions)
AES present 25,700 (7%) 36 (1%) 650 (5%0) $203 (3%0)
Sprinklers present 24,440 (7%) 35 (1%) 616 (5%) $198 (3%)
Wet 21,760 (6%) 34 (1%) 581 (5%) $184 (3%)
Dry 2,140 (1%) 0 (0%) 26 (0%) $10 (0%)
Other 540 (0%) 1 (0%) 9 (0%) $4 (0%)
Non-sprinkler AES
present 1,260 (0%) 1 (0%) 34 (0%) $5 (0%)
Partial system AES 970 (0%) 5 (0%) 31 (0%) $17 (0%)
AES Not in fire area
and did not operate 600 (0%) 2 (0%) 24 (0%) $19 (0%)
None present 329,460 (92%) 2,471 (98%) 11,979 (94%) $6,359  (96%)
Total 356,740 (100%) 2,514 (100%) 12,684 (100%) $6,599 (100%)

According to the 2011 American Housing Survey, buildings with more housing units were more likely to
have sprinklers. Figure 17 shows that 5% of occupied year-round housing units had sprinklers, ranging from a
low of 1% in manufactured homes to a high of 31% in buildings with at least 50 units. [7]

Figure 17. Percentage of occupied units with sprinklers in 2011 American Housing Survey

Year-round housing
Manufactured homes
Single-family detached homes
Single-family attached

In all multi-unit buildings

In buildings with 2-4 units

In buildings with 5-9 units

In buildings with 10-19 units
In buildings with 20-49 units

In buildings with 50 or more units 31%

0% 10% 20% 30% 40%

Source: American Housing Survey
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Wet pipe sprinklers accounted for 89% of the sprinklers in reported home fires, dry pipe systems were in
9%, and other types of sprinklers were in 2%. See Figure 18.

Figure 18. Types of sprinklers found in home structure fires: 2010-2014

Wet pipe,

89% )
Dry pipe, 9%

Other, 2%

FIRES IN HOMES WITH SPRINKLERS VS. NO AES

The death rate per 1,000 reported fires was 81% lower in homes with sprinklers than in homes with no
AES. These rates are based strictly on reported presence or absence. Operation is not considered. Figure 19
shows that in reported structure fires with no automatic extinguishing systems (AES) present, the death rate was
7.5 per 1,000 fires. When any type of sprinkler was present, the death rate was 1.4 per 1,000 fires, a reduction of
81%. When wet pipe sprinklers were present, the death rate of 1.4 deaths was 79% lower. With so few deaths in
sprinklered properties, the differences are not meaningful.

Figure 19. Civilian death rates per 1,000 fires in homes with sprinklers
and with no AES 2010-2014

With any type of sprinkler 1.4
With wet pipe sprinkler 1.6
No AES 7.5
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Civilian deaths per 1,000 fires

The civilian injury rate per 1,000 reported fires was 31% lower in homes with sprinklers than in homes
with no AES. Figure 20 shows that when any type of sprinklers were present, reported civilian injuries
averaged 25 per year, compared to 34 per year in which no AES was present. The injury rate for wet pipe
sprinklers of 27 per 1,000 fires was 27% lower than in fires with no AES. In many cases, the fire was too small
to operate. In others, someone was injured while trying to fight a fire in the initial moments before a sprinkler
operated.

Figure 20. Civilian injury rates per 1,000 fires in homes with sprinklers
and with no AES 2010-2014

With any type of sprinkler 25
With wet pipe sprinkler 27
No AES 34
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Civilian injuries per 1,000 fires

2012 Fire Protection Research Foundation study found that sprinkler presence was associated with a
53% reduction in the medical cost of civilian injuries per 100 home fires. In addition, larger percentages of
injuries in sprinklered homes resulted from fires that were limited to the object or room of origin than in home
fires without sprinklers. [8]
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The average firefighter fireground injury rate per 1000 reported home fires was 79% lower when
sprinklers were present than in fires with no AES. Figure 21 shows that when sprinklers were present, 13
firefighters were injured per 1000 fires, compared to 62 firefighter injuries per 1,000 fires in properties without
AES protection.

Figure 21. Firefighter injury rates per 1,000 fires in homes with sprinklers
and with no AES 2010-2014

With any type of sprinkler 13
With wet pipe sprinkler 14
No AES 62
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When sprinklers were present in reported home fires, the average property loss per fire was less than half
the average in homes with no AES. Figure 22 shows that when any type of fire sprinkler was present in
reported fires, the average loss was $8,100 per fire. This was 58% lower than the $19,300 average in home fires
in which no AES was present. When wet pipe sprinklers were present, the average loss of $8,500 was 56%
lower than in homes with no AES.

Figure 22. Average loss per fire in homes with sprinklers
and with no AES 2010-2014

With any type of sprinkler $8.1
With wet pipe sprinkler $8.5
No AES 19.3
$0 $5 $10 $15 $20

Average loss per fire in thousands of dollars

When sprinklers were present, flame damage was confined to the room of origin in 97% of fires compared
to 74% of fires without AES. See Figure 23. In a change from previous editions of this report, fires with
NFIRS incident types indicating confined structure fires (NFIRS incident type codes 113-118) were all
considered to have been confined to the room of origin.

Figure 23. Percent of fires confined to room of origin in homes with sprinklers
and with no AES 2010-2014
With sprinklers 97%

No AES 74%

0% 20%  40% 60% 80%  100%

SPRINKLER OPERATION, EFFECTIVENESS AND PROBLEMS IN HOME FIRES

Sprinklers operated in 94% of home fires in which sprinklers were present and fires were considered
large enough to activate them.® They were effective at controlling the fire in 96% of fires in which they
operated. Figure 24 shows that, taken together, sprinklers operated effectively in 91% of the fires large
enough to trigger them.

3 These calculation exclude fires with confined structure fire incident types (NFIRS incident types 113-118). Among
confined fires with sprinklers present, the fire was too small to operate 74% of the time, sprinklers operated and were
effective 22% of the time and failed to operate 4% of the time. Since these fires are, by definition, confined, it is likely that
a substantial share of fires in which the sprinklers were said to fail, were, in fact, too small to cause the sprinkler to operate.
The 34% of non-confined (NFIRS incident types 110-123, excluding 113-118) that were too small to activate the sprinkler
and 1% of non-confined structure fires with unclassified operation were also excluded.
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Figure 24. Sprinkler operation and effectiveness in home fires: 2010-2014
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In 98% of home fires with operating sprinklers, five or fewer heads operated. Figure 25 shows that only
one sprinkler operated in 88% of fires with operating sprinklers of all types. The percentage of fires in which
only one head operated is higher in this report than in previous editions because fires sprinklers operating in fires
with the NFIRS confined fire incident types were included in the calculations.

Figure 25. When sprinklers operated, percentage of home fires
in which one or one to five heads operated

One head

One to five heads

2010-2014
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In three of every five (62%) home fires in which sprinklers failed to operate, the system had been shut off.
Figure 26 shows that manual intervention defeated the system in 18% of the incidents. System components were
damaged in 10% of these fires, lack of maintenance caused 7% of the failures, and 3% occurred because the

system was inappropriate for the type of fire that occurred.

Figure 26. Reasons for sprinkler failures in home fires: 2010-2014
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System Lack of maintenance,
shut off, A 7%
62%
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In almost half (46%0) of home fires in which sprinklers were ineffective, the water did not reach the fire.
Figure 27 shows that in one-third (35%) of the incidents, not enough water was discharged. The system was
inappropriate for the type of fire in 8% of the incidents. In 5%, system components were damaged. Manual
intervention was the cause of 6% of ineffective systems. Table 8 provides more details by occupancy and by

type of sprinkler.
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Figure 27. Reasons for sprinkler ineffectiveness in home fires: 2010-2014
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IMPACT OF SMOKE ALARMS AND SPRINKLERS IN DEATHS PER 1,000 HOME FIRES

The lowest home fire death rate per 1,000 reported fires is found in homes with sprinkler systems and
hardwired smoke alarms. Figure 28 shows that compared to reported home fires (excluding manufactured
home fires) with no smoke alarms or automatic extinguishing systems/equipment (AES) at all, the death rate per
1,000 reported fires was:

o 18% lower when battery-powered smoke alarms were present but AES were not;

e 39% lower when smoke alarms with any power source were present but AES were not;
e 62% lower when hardwired smoke alarms were present but AES were not;

o 88% lower when hardwired smoke alarms and any AES were present; and

e 90% lower when sprinklers and hard-wired smoke alarms were present.

Figure 28. Average Fire Death Rate per 1,000 Reported Home Structure Fires
by Presence of Smoke Alarms and AES 2010-2014
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UNWANTED ACTIVATIONS

Fire departments responded to an estimated 5,600 non-fire activations of home fire sprinklers caused by a
system failure or malfunction and 6,800 unintentional sprinkler activations in 2014. Note that activations
in manufactured homes could not be identified or screened out. According to the NFIRS Complete Reference
Guide, [9] sprinkler failures or malfunctions include “any failure of sprinkler equipment that leads to sprinkler
activation with no fire present.” It. “excludes unintentional operating caused by damage to the sprinkler system.’
The latter should be considered unintentional activations. Unintentional activations also include “testing the
sprinkler system without fire department notification.

b
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20 YEARS OF HOME FIRE SPRINKLERS IN SCOTTSDALE, ARIZONA

Survey in Scottsdale, Arizona found that home fire sprinklers were still operational after 20 years.

In his 2008 Executive Fire Officer Program Applied Research Project, Residential fire sprinkler reliability in
homes older than 20 years old in Scottsdale, AZ, Richard Upham described the results of a survey he
conducted of owners of single-family homes built in 1986-1988 after requirements for residential sprinklers
systems took effect. [10] Respondents could check yes, no or unsure to four questions. They could also request
a free inspection of their system.

Excluding blanks and responses of unsure, all of the respondents answered “Yes” when asked “To the best of
your knowledge, is your fire sprinkler system still in operation?”

With the same exclusions, 89% said “N0” when asked “Has your sprinkler system ever had a leak or
maintenance problem?” The author noted that leaks or maintenance issues on Scottsdale were usually due to
either relief valves that had developed a leak or sprinkler heads that were unintentionally damaged. He also
noted that more than 300,000 Omega sprinkler heads manufactured between 1983 and 1998 were replaced in
Scottsdale after a recall. Some of these may have been considered maintenance issues.

Again, with the same exclusions, slightly more than half (54%) said “Yes” to “Has your fire sprinkler system
ever been inspected?” Two (1%) of the respondents said “Yes” to "Has your fire sprinkler system ever been
activated as a result of fire?”

Two-thirds provided contact information to request a free fire department inspection of their sprinkler system.
No issues were found that would have prevented the systems from working in the 60 inspections completed
when his paper was written.

CONCLUSIONS AND FURTHER READING

Sprinklers are a very reliable and effective part of fire protection. Their impact is seen most strongly in the
reduction of civilian fire deaths per 1,000 reported fires when sprinklers are present compared to fires without
AES. Notable reductions are also seen in injury rates, and in most occupancies, average loss per fire. Increasing
the usage of sprinklers will the reduce loss of life and property from fire.

NFPA standards provide essential guidance in installation, inspection, testing, maintenance, integration of
sprinklers with other systems, and in evaluating needs when an occupancy changes use or contents. See

e NFPA 13: Standard for the Installation of Sprinkler Systems,

e NFPA, 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and
Manufactured Homes,

e NFPA 13R, Standard for the Installation of Sprinkler Systems in Low-Rise Residential Occupancies,

e NFPA 25:, Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection
Systems, 2017 edition, Quincy, MA, U.S.: NFPA, 2016. See NFPA 25 for minimum inspection, testing,
and maintenance requirements for sprinkler systems.

e NFPA 4: Standard for the Integrated Fire Protection and Life Safety Systems Testing, 2015 Edition,
Quincy, MA, U.S.: NFPA, 2014. See NFPA 4 for test protocols to ensure that the fire protection and
life safety systems will function correctly together.

o NFPA 1, Fire Code, 2015 Edition, Quincy, MA, U.S.: NFPA, 2014. NFPA 1 has evaluation
requirements to assess the adequacy of existing sprinkler systems if the use or contents in the space have
changed.
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Because sprinklers control fires in the early stages, far less water is needed than if the fire extinguished by
traditional methods. See FM Global’s 2010 report, The Environmental Impact of Automatic Fire Sprinklers.

See www.firesprinklerinitiave.org for resources to help increase the number of new one- and two-family homes
built protected by sprinklers and to reduce this death toll. Three out of every five fire deaths were caused by
fires in one- or two-family homes, excluding manufactured housing. Sprinklers were present in only 1.5% of the
fires in these properties.

The Fire Protection Research Foundation has produced a number of reports to inform home fire sprinkler codes
and standards. See:

o Stakeholder Perceptions of Home Fire Sprinklers (2016)

e Home Fire Sprinkler Cost Assessment (2013)

e Sprinkler Impact on Fire Injury (2012)

o Residential Fire Sprinklers - Water Usage and Water Meter Performance Study (2011)

o Sprinkler Insulation: A Literature Review (2011)

o Incentives for the Use of Residential Fire Sprinkler Systems in U.S. Communities (2010)

e Analysis of the Performance of Residential Sprinkler Systems with Sloped or Sloped and Beamed
Ceilings (2010)
o Antifreeze Solutions in Home Fire Sprinkler Systems - Phase Il Interim Report (2010)

o Antifreeze Solutions in Home Fire Sprinkler Systems - Literature Review and Research Plan
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Presence of Sprinklers in Structure Fires by Property Use, Excluding Properties under Construction

Table 1.

Number of Structure Fires With Equipment Present and

Percentage of Total Structure Fires in Property Use

Any Automatic Extinguishing Equipment Any Sprinkler
Property Use 1980-1984 1994-1998 2010-2014 2010-2014
All public assembly 4,280 (13%) 4,380 (26%) 6,610  (47%) 3,760 (27%)
Variable-use amusement place 120 (8%) 140 (16%) 240 (21%) 190 (17%)
Religious property 50 (2%) 90 (5%) 230 (14%) 180 (10%)
Library or museum 80 (14%) 110 (28%) 260 (44%) 230 (39%)
Eating or drinking establishment 3,310 (16%) 3,240 (29%) 4,360 (59%) 1,860 (25%)
Passenger terminal 70 (20%) 60 (35%) 400 (54%) 390 (53%)
Educational property 1,620 (13%) 1,820 (24%) 2,130 (43%) 1,950 (39%)
Health care property* 6,920 (47%) 4,400 (68%) 3,350 (53%) 3,100 (49%)
Nursing home 2,250 (61%) 2,060 (76%) 1,870 (70%) 1,780 (67%)
Hospital 3,370 (47%) 1,650 (74%) 900  (79%) 770 (67%)
Prison or jail 370 (10%) 430 (19%) 260 (59%) 250 (56%)
All residential 7,090 (1%) 11,110 (3%) 33,880 (9%) 31,500 (8%)
Home (including apartment) 5,120 (1%) 8,440 (2%) 26,390 (7%) 24,440 (7%)
Hotel or motel 1,590 (15%) 1,690 (35%) 2,130 (58%) 2,020 (55%)
Dormitory or barracks 430 (16%) 620 (29%) 2,210 (56%) 2,100 (53%)
Rooming or boarding home 70 (4%) 230 (17%) 1,120 (40%) 1,100 (39%)
Residential board and care home or
assisted living Not available Not available 990 (52%) 950 (50%)
Store or office 5,510 (13%) 5,230 (21%) 5,380 (32%) 4,270 (25%)
Grocery or convenience store 1,160 (15%) 1,190 (27%) 1,820 (47%) 1,000 (26%)
Laundry or dry cleaning or other
professional service 330 (8%) 310 (13%) 320 (21%) 310 (20%)
Department store 1,340 (44%) 1,100 (52%) 460 (46%) 440 (44%)
Office 1,240 (12%) 1,470 (25%) 1,150 (37%) 1,100 (36%)
Manufacturing facility 11,910 (44%) 6,400 (50%) 2,660 (55%) 2,390 (50%)
All storage 1,430 (2%) 1,090 (3%) 680 (3%) 660 (3%)
Warehouse excluding cold storage* 1,060 (13%) 740 (22%) 370 (30%) 360 (29%)
All structures 38,620 (4%) 37,100 (7%) 57,430 (12%) 49,840 (10%)

* “Health care property” includes other facilities not listed separately. In 1980-84 and 1994-98, this category excludes doctors’ offices and

care of aged facilities without nursing staff (which are assumed to be residential board and care facilities).

Notes: These are structure fires reported to U.S. municipal fire departments and so exclude fires reported only to federal or state agencies or
industrial fire brigades. Post-1998 estimates are based only on fires reported in Version 5.0 of NFIRS and include fires reported as confined
fires. After 1998, buildings under construction are excluded. Sprinkler statistics exclude partial systems and installations with no sprinklers

in fire area.
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Table 2.
Type of Sprinkler Reported in Structure Fires
Where Equipment Was Present in Fire Area, Excluding Properties under Construction
by Property Use: 2010-2014 Annual Averages
Fires per year

with any type of Wet pipe Dry pipe Other
Property Use sprinkler sprinklers sprinklers sprinklers*

All public assembly 3,760 3,080 (82%) 300 (8%) 380 (10%)
Variable-use amusement place 190 170 (91%) 20 (8%) 0 (1%)
Religious property 180 160 (88%) 10 (3%) 10 (6%)
Library or museum 230 210 (91%) 20 (9%) 0 (1%)
Eating or drinking establishment 1,860 1,450 (78%) 130 (7%) 280 (15%)
Passenger terminal 390 280 (73%) 50 (13%) 50 (13%)
Educational property 1,950 1,670 (86%) 220 (11%) 60 (3%)
Health care property** 3,100 2,740 (88%) 300 (10%) 60 (2%)
Nursing home 1,780 1,550 (87%) 180 (10%) 40 (2%)
Hospital 770 690 (89%) 80 (10%) 0 (0%)
Prison or jail 250 210 (85%) 30 (11%) 10 (4%)
All residential 31,500 28,050 (89%) 2,700 (9%) 660 (2%)
Home (including apartment) 24,440 21,760 (89%) 2,140 (9%) 540 (2%)
Dormitory or barracks 2,100 1,910 (91%) 160 (8%) 20 (1%)
Hotel or motel 2,020 1,850 (92%) 130 (7%) 40 (2%)
Rooming or boarding house 1,100 970 (88%) 130 (12%) 0 (0%)
Residential board and care or

assisted living 950 840 (89%) 90 (9%) 20 (2%)
Store or office 4,270 3,710 (87%) 430 (109%) 140 (3%)
Grocery or convenience store 1,000 830 (83%) 90 (9%) 80 (8%)
Laundry or dry cleaning or other

professional service 310 270 (87%) 40 (13%) 0 (1%)
Department store 440 380 (86%) 60 (13%) 10 (1%)
Office 1,100 980 (89%) 100 (9%) 20 (2%)
Manufacturing facility 2,390 2,010 (84%) 290 (12%) 90 (4%)
All storage 660 510 (77%) 150 (23%) 0 (1%)
Warehouse excluding cold storage 360 300 (82%) 60 (17%) 0 (1%)
All structures *** 49,840 43,540 (87%) 4,770 (10%) 1,530 (3%)

* Includes deluge and pre-action sprinkler systems and may include sprinklers of unknown or unreported type.
** Nursing home, hospital, clinic, doctor’s office, or development disability facility
*** Includes some property uses that are not shown separately.

Note: These are based on structure fires reported to U.S. municipal fire departments in NFIRS Version 5.0 and so exclude fires
reported only to federal or state agencies or industrial fire brigades. Row totals are shown in the leftmost column of percentages,
and sums may not equal totals because of rounding error. In Version 5.0 of NFIRS, if multiple systems are present, the system
coded is supposed to be the one system designed to protect the hazard where the fire started. This field is not required if the fire
did not begin within the designed range of the system. Buildings under construction and partial systems are excluded.

Source: NFIRS and NFPA fire experience survey.
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Table 3.
Estimated Reduction in Civilian Deaths per Thousand Fires
Associated With All Types of Sprinklers,
by Property Use (Excluding Properties under Construction): 2010-2014 Annual Averages

With Percent With Percent
Without sprinklers reduction wet pipe reduction

Property Use AES of any type  from no AES sprinklers from no AES
All public assembly 0.7 0.0 100% 0.0 100%
Health care 0.9 0.3 71% 0.1 83%
Residential 7.5 1.1 85% 1.2 84%
Home (including apartment) 7.5 1.4 81% 1.6 79%
Dormitory or barracks 0.4 0.0 100% 0.0 100%
Hotel or motel 7.0 0.3 95% 0.0 100%
Rooming or boarding house 8.4 0.3 96% 0.4 96%
Residential board and care or
assisted living 7.2 1.3 82% 15 80%
Store or office 0.9 0.3 68% 0.3 63%
Manufacturing facility 1.6 1.0 33% 1.2 21%
Warehouse excluding cold
storage 2.7 0.6 79% 0.7 74%
All structures 6.3 0.8 87% 0.9 86%

Note: These are national estimates of structure fires reported to U.S. municipal fire departments, based on fires reported in NFIRS
Version 5.0, and so exclude fires reported only to federal or state agencies or industrial fire brigades.

Source: NFIRS and NFPA fire experience survey.
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Table 4.
Estimated Reduction in Average Direct Property Loss per Fire
Associated With All Types of Sprinklers
by Property Use (Excluding Properties under Construction): 2010-2014 Annual Averages

Loss Loss with Loss with Percent
without sprinklers Percent wet pipe reduction

Property Use AES of any type reduction sprinklers ~ from no AES
All public assembly $37,900 $9,100 76% $8,900 7%
Health care* $14,900 $4,000 73% $3,700 75%
Residential $19,200 $7,100 63% $7,300 62%
Home (including apartment) $19,300 $8,100 58% $8,500 56%
Dormitory or barracks $3,900 $1,300 67% $1,400 65%
Hotel or motel $35,200 $10,900 69% $10,700 70%
Rooming or boarding house $12,200 $1,700 86% $1,800 85%
Residential board and care or
assisted living $5,500 $2,300 58% $2,400 55%
Store or office $52,400 $26,100 50% $26,300 50%
Manufacturing facility $107,200 $82,500 23% $70,900 34%
Warehouse excluding cold
storage $90,700 $138,300  no reduction $120,800  no reduction
All structures $20,400 $14,200 30% $13,300 35%

*Nursing home, hospital, clinic, doctor’s office, or other medical facility.

Note: These are national estimates of structure fires reported to U.S. municipal fire departments, based on fires reported in NFIRS
Version 5.0, and so exclude fires reported only to federal or state agencies or industrial fire brigades.

Source: NFIRS and NFPA fire experience survey.
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Table 5.
Percentage of Fires with Fire Spread Confined to Room of Origin in Fires
with Sprinklers Present vs. No Automatic Extinguishing System
2010-2014 Annual Averages

Percentage of fires confined to room of origin
excluding structures under construction
and sprinklers not in fire area

With Difference
sprinklers (in percentage

Property Use With no AES of any type points)

Public assembly 75% 93% 18%
Religious property 2% 90% 18%
Library or museum 83% 97% 14%
Eating or drinking establishment 70% 92% 22%
Educational 88% 97% 9%
Health care property* 92% 98% 6%
Residential 73% 97% 24%
Home (including apartment) 74% 97% 23%
Dormitory or barracks 96% 99% 3%
Hotel or motel 82% 97% 15%
Store or office 65% 92% 26%
Grocery or convenience store 69% 93% 24%
Department store 65% 72% 7%
Office building 72% 94% 22%
Manufacturing facility 62% 85% 22%
Storage 26% 87% 61%
Warehouse excluding cold storage 53% 77% 24%
All structures** 71% 96% 25%

* Nursing home, hospital, clinic, doctor’s office, or other medical facility.

** Includes some properties not listed separately above.

Note: Percentages are based on structure fires reported in NFIRS Version 5.0 to U.S. municipal fire departments and so exclude fires
reported only to federal or state agencies or industrial fire brigades. All fires with one of the six NFIRS confined structure fire incident
types were considered confined to the object of origin by definition. Fires that were confined to the room of origin include fires confined
to the object of origin. In NFIRS, if multiple systems are present, the system coded is supposed to be the one system designed to protect
the hazard where the fire started. This field is not required if the fire did not begin within the designed range of the system.

Source: NFIRS and NFPA fire experience survey.
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Table 6.
Sprinkler Reliability and Effectiveness When Fire Was Coded as Not Confined and Large Enough to
Activate Sprinkler and Sprinkler Was Present in Area of Fire,
by Property Use: 2010-2014 Annual Averages

A. All Sprinklers

Percent
Number of  Non-confined Percent Percent where
fires per year fires too small Fires Number of where effective of  equipment
where to activateor codedas qualifying equipment those that operated
sprinklers  unclassified  confined  fires per operated operated effectively
Property Use were present  operation fires year (A) (B) (AxB)
All public assembly 3,760 590 2,540 640 90% 94% 85%
Eating or drinking
establishment 1,860 300 1,150 410 90% 92% 83%
Educational property 1,950 420 1,360 180 87% 96% 84%
Health care property* 3,100 600 2,200 310 85% 97% 82%
All residential 31,500 2,490 24,870 4,140 93% 96% 89%
Home (including 0 0 0
apartment 24,440 1,900 18,970 3,570 94% 96% 91%
Hotel or motel 2,020 350 1,340 330 90% 98% 89%
Store or office 4,270 1,030 2,200 1,040 91% 96% 87%
Grocery or 0 0 0
convenience store 1,000 240 570 190 89% 93% 83%
Department store 440 160 170 120 90% 98% 88%
Office 1,100 230 700 180 91% 96% 87%
Manufacturing facility 2,390 610 760 1,030 91% 94% 85%
All storage 660 140 220 300 86% 96% 82%
Warehouse excluding
cold storage 360 80 90 180 84% 97% 81%
All structures** 49,840 6,350 35,460 8,040 92% 96% 88%

* Nursing home, hospital, clinic, doctor’s office, or other medical facility.
** Includes some properties not listed separately above.

Note: These are percentages of fires reported to U.S. municipal fire departments and so exclude fires reported only to federal or state agencies or
industrial fire brigades. In Version 5.0 of NFIRS, if multiple systems are present, the system coded is supposed to be the one system designed to
protect the hazard where the fire started. This field is not required if the fire did not begin within the designed range of the system. Buildings
under construction are excluded. Percentages are based on estimated total fires reported in NFIRS Version 5.0 with the indicated type of
automatic extinguishing system and system performance not coded as fire too small to activate systems. Fires are excluded if the reason for
failure or ineffectiveness is “system not present in area of fire.” Fires are recoded from “operated but ineffective” to “failed to operate” if the
reason for failure or ineffectiveness was “system shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason
for failure or ineffectiveness was “not enough agent” or “agent did not reach fire.”

Source: NFIRS and NFPA fire experience survey.

U.S. Experience with Sprinklers, 7/17 21 NFPA Research, Quincy, MA 02169



Table 6. (Continued)
Sprinkler Reliability and Effectiveness When Fire Was Coded as Not Confined and Large Enough to
Activate Sprinkler and Sprinkler Was Present in Area of Fire,
by Property Use: 2010-2014 Annual Averages

B. Wet Pipe Sprinklers Only

Percent
Number of Non-confined Percent Percent where
fires per year fires too small Fires Number of where effective of  equipment
where to activate or codedas  qualifying equipment  those that operated
sprinklers  unclassified confined fires per operated operated effectively
Property Use were present  operation fires year (A) (B) (AxB)
All public assembly 3,080 490 2,030 560 90% 96% 86%
Eating or drinking
establishment 1,450 250 860 340 93% 95% 89%
Educational property 1,670 370 1,140 160 90% 96% 86%
Health care property* 2,740 530 1,940 270 88% 97% 85%
All residential 28,050 2,320 21,970 3,770 96% 96% 93%
Home (including
apartment) 21,760 1,680 16,730 3,350 95% 96% 91.2%
Hotel or motel 1,850 320 1,240 300 91% 99% 89.8%
Store or office 3,710 890 1,860 950 90% 96% 87%
Grocery or
convenience store 830 210 460 170 89% 95% 85%
Department store 380 140 140 110 89% 99% 88%
Office 980 200 620 160 91% 98% 89%
Manufacturing
facility 2,010 520 650 850 91% 94% 86%
All storage 510 100 150 250 82% 96% 79%
Warehouse
excluding cold
storage 290 60 80 160 84% 97% 82%
All Structures** 43,540 5,540 30,790 7,210 89% 96% 86%

* Nursing home, hospital, clinic, doctor’s office, or other medical facility.
** Includes some properties not listed separately above.

Note: These are percentages of fires reported to U.S. municipal fire departments and so exclude fires reported only to federal or state agencies or
industrial fire brigades. In Version 5.0 of NFIRS, if multiple systems are present, the system coded is supposed to be the one system designed to
protect the hazard where the fire started. This field is not required if the fire did not begin within the designed range of the system. Buildings
under construction are excluded. Percentages are based on estimated total fires reported in NFIRS Version 5.0 with the indicated type of
automatic extinguishing system and system performance not coded as fire too small to activate systems. Fires are excluded if the reason for
failure or ineffectiveness is “system not present in area of fire.” Fires are recoded from “operated but ineffective” to “failed to operate” if the
reason for failure or ineffectiveness was “system shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason
for failure or ineffectiveness was “not enough agent” or “agent did not reach fire.”

Source: NFIRS and NFPA fire experience survey.
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Table 6. (Continued)
Sprinkler Reliability and Effectiveness When Fire Was Coded as Not Confined and Large Enough to
Activate Sprinkler and Sprinkler Was Present in Area of Fire,

by Property Use: 2010-2014 Annual Averages

C. Dry Pipe Sprinklers Only

Percent
Number of Non-confined Percent Percent where
fires per year fires too small Fires Number of where effective of  equipment
where to activate or codedas  qualifying equipment  those that operated
sprinklers  unclassified  confined fires per operated operated effectively
Property Use were present  operation fires year (A) (B) (A x B)
All residential 2,700 240 2,230 230 79% 95% 76%
Homes 2,140 180 1,800 160 91% 95% 88%
Store or office 450 110 260 80 77% 89% 68%
Manufacturing facility 290 70 80 150 82% 93% 7%
All storage 150 40 70 50 73% 93% 68%
All structures* 4,770 660 3,480 630 79% 94% 74%

* Includes some properties not listed separately above.

Note: These are percentages of fires reported to U.S. municipal fire departments and so exclude fires reported only to federal or state agencies or
industrial fire brigades. In Version 5.0 of NFIRS, if multiple systems are present, the system coded is supposed to be the one system designed to
protect the hazard where the fire started. This field is not required if the fire did not begin within the designed range of the system. Buildings
under construction are excluded. Percentages are based on estimated total fires reported in NFIRS Version 5.0 with the indicated type of
automatic extinguishing system and system performance not coded as fire too small to activate systems. Fires are excluded if the reason for
failure or ineffectiveness is “system not present in area of fire.” Fires are recoded from “operated but ineffective” to “failed to operate” if the
reason for failure or ineffectiveness was “system shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason

for failure or ineffectiveness was “not enough agent” or “agent did not reach fire.”

Source: NFIRS and NFPA fire experience survey.
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Table 7.

Number of Sprinklers Operating, by Type of Sprinkler
2010-2014 Structure Fires Excluding Properties under Construction

Percentage of structure fires where that many sprinklers operated

Number of

Sprinklers Wet Dry Other type All
Operating pipe pipe sprinkler sprinklers
1 80% 67% 51% 79%
lor2 93% 82% 66% 91%
1to3 95% 87% 7% 94%
lto4 97% 89% 86% 96%
1to5 97% 92% 88% 97%
1t0 10 99% 97% 99% 99%

Note: Percentages are based on structure fires reported in NFIRS Version 5.0 to U.S. municipal fire departments and so exclude
fires reported only to federal or state agencies or industrial fire brigades. Percentages are based on fires where sprinklers were
reported present and operating and there was reported information on number of sprinklers operating. Figures reflect recodings
explained in Introduction: Fires are excluded if the reason for failure or ineffectiveness is “system not present in area of fire.”
Fires are recoded from “operated but ineffective” to “failed to operate” if the reason for failure or ineffectiveness was “system
shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason for failure or ineffectiveness was
“not enough agent” or “agent did not reach fire.” In NFIRS, if multiple systems are present, the system coded is supposed to be
the one system designed to protect the hazard where the fire started. Buildings under construction are excluded, as are partial

systems and fires reported as confined fires.

Source: NFIRS and NFPA fire experience survey.
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Table 8.
Reasons for Failure to Operate in Fires with Non-Confined Structure Fire Incident Types
Large Enough to Activate Sprinkler that Was Present in Area of Fire, by Property Use
Based on Estimated Number of 2010-2014 Structure Fires per Year

A. All Sprinklers

Manual
intervention System Inappropriate Total
System defeated component Lack of system for fires per
Property Use shut off system damaged maintenance type of fire year
All public assembly 45% 17% 4% 22% 12% 63
Eating or drinking
establishment 43% 12% 3% 27% 15% 39
All residential 59% 21% 9% 7% 4% 257
Home (including
apartment) 62% 18% 10% 7% 3% 203
Store or office 62% 16% 7% 5% 9% 97
Manufacturing facility 59% 14% 5% 12% 9% 89
All structures* 59% 17% 7% 10% 7% 657

* Includes some properties not listed separately above.

Note: Percentages are based on structure fires reported in NFIRS Version 5.0 to U.S. municipal fire departments and so exclude
fires reported only to federal or state agencies or industrial fire brigades. Percentages are based on fires where sprinklers were
reported present and operating and there was reported information on number of sprinklers operating. Figures reflect recodings
explained in Introduction: Fires are excluded if the reason for failure or ineffectiveness is “system not present in area of fire.”
Fires are recoded from “operated but ineffective” to “failed to operate” if the reason for failure or ineffectiveness was “system
shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason for failure or ineffectiveness was
“not enough agent” or “agent did not reach fire.” In NFIRS, if multiple systems are present, the system coded is supposed to be
the one system designed to protect the hazard where the fire started. Buildings under construction are excluded, as are partial
systems and fires reported as confined fires. Fires reported with unclassified reason for failure are treated as cases of unknown
reasons for failure.

Source: NFIRS and NFPA fire experience survey.
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Table 8. (Continued)
Reasons for Failure to Operate in Fires with Non-Confined Structure Fire Incident Types
Large Enough to Activate Sprinkler that Was Present in Area of Fire, by Property Use
Based on Estimated Number of 2010-2014 Structure Fires per Year

B. Wet Pipe Sprinklers Only

Manual System Inappropriate Total
System intervention component Lack of system for fires
Property Use shut off defeated system damaged maintenance type of fire per year
All public assembly 50% 24% 3% 13% 10% 44.00
Eating or drinking
establishment 47% 16% 5% 21% 11% 25.00
All residential 60% 21% 9% 6% 4% 225.00
Home (including
apartment) 63% 19% 9% 6% 3% 181.00
Store or office 60% 19% 8% 4% 10% 81.00
Manufacturing facility 58% 18% 2% 8% 14% 64.00
All structures* 59% 20% 7% 7% 7% 530.00
C. Dry Pipe Sprinklers Only
Manual System Inappropriate Total
System intervention component Lack of system for fires
Property Use shut off defeated system damaged maintenance type of fire per year
All structures 61% 9% 8% 16% 5% 98.00

* Includes some properties not listed separately above.

Note: Percentages are based on structure fires reported in NFIRS Version 5.0 to U.S. municipal fire departments and so exclude
fires reported only to federal or state agencies or industrial fire brigades. Percentages are based on fires where sprinklers were
reported present and operating and there was reported information on number of sprinklers operating. Figures reflect recodings
explained in Introduction: Fires are excluded if the reason for failure or ineffectiveness is “system not present in area of fire.”
Fires are recoded from “operated but ineffective” to “failed to operate” if the reason for failure or ineffectiveness was “system
shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason for failure or ineffectiveness was
“not enough agent” or “agent did not reach fire.” In NFIRS, if multiple systems are present, the system coded is supposed to be
the one system designed to protect the hazard where the fire started. Buildings under construction are excluded, as are partial
systems and fires reported as confined fires. Fires reported with unclassified reason for failure are treated as cases of unknown
reasons for failure.

Source: NFIRS and NFPA fire experience survey.
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Table 9.
Reasons for Ineffectiveness in Fires with Non-Confined Structure Fire Incident Types
Large Enough to Activate Sprinkler that Was Present in Area of Fire, by Property Use
Based on Estimated Number of 2010-2014 Structure Fires per Year

A. All Sprinklers

Water Inappropriate
did Not Manual system
not enough System intervention Lack for Fires
reach water Component defeated of type of per
Property Use fire released damaged system maintenance fire year
All public assembly 69% 21% 0% 0% 5% 5% 41
Eating or drinking
establishment 69% 25% 0% 0% 6% 0% 33
All residential 39% 40% 7% 3% 5% 7% 119
Home (including
apartment) 40% 35% 8% 3% 6% 9% 102
Store or office 39% 32% 8% 13% 4% 4% 34
Manufacturing
facility 39% 26% 9% 9% 13% 6% 62
All structures* 44% 30% 8% 7% 7% 5% 300

* Includes some properties not listed separately above.

Note: Percentages are based on structure fires reported in NFIRS Version 5.0 to U.S. municipal fire departments and so exclude
fires reported only to federal or state agencies or industrial fire brigades. Percentages are based on fires where sprinklers were
reported present and operating and there was reported information on number of sprinklers operating. Figures reflect recodings
explained in Introduction: Fires are excluded if the reason for failure or ineffectiveness is “system not present in area of fire.”
Fires are recoded from “operated but ineffective” to “failed to operate” if the reason for failure or ineffectiveness was “system
shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason for failure or ineffectiveness was
“not enough agent” or “agent did not reach fire.” In NFIRS, if multiple systems are present, the system coded is supposed to be
the one system designed to protect the hazard where the fire started. Buildings under construction are excluded, as are partial
systems and fires reported as confined fires. Fires reported with unclassified reason for failure are treated as cases of unknown
reasons for failure.

Source: NFIRS and NFPA fire experience survey.
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Table 9. (Continued)

Reasons for Ineffectiveness When Fire Was Coded as Not Confined and Large Enough to Activate Sprinkler

and Equipment that Was Present in Area of Fire, by Property Use
Based on Estimated Number of 2010-2014 Structure Fires per Year

B. Wet Pipe Sprinklers Only

Water Inappropriate
did Not Manual system Total
not enough System intervention Lack for fires
reach water component defeated of type of per
Property Use fire released damaged system maintenance fire year
All public assembly 66% 26% 0% 0% 0% 8% 25
Eating or drinking
establishment 66% 34% 0% 0% 0% 0% 17
All residential 42% 37% 8% 3% 3% 6% 108
Home (including
apartment) 43% 33% 10% 4% 3% 7% 93
Store or office 34% 35% 6% 19% 0% 5% 29
Manufacturing
facility 36% 31% 3% 12% 12% 6% 46
All structures* 43% 32% 6% 10% 5% 5% 240
C. Dry Pipe Sprinklers Only
Water Inappropriate
did Not Manual system Total
not enough System intervention Lack for fires
reach water component defeated of type of per
Property Use fire released damaged system maintenance fire year
All structures 42% 27% 11% 0% 12% 8% 33

* Includes some properties not listed above.

Note: Percentages are based on structure fires reported in NFIRS Version 5.0 to U.S. municipal fire departments and so exclude
fires reported only to federal or state agencies or industrial fire brigades. Percentages are based on fires where sprinklers were
reported present and operating and there was reported information on number of sprinklers operating. Figures reflect recodings
explained in Introduction: Fires are excluded if the reason for failure or ineffectiveness is “system not present in area of fire.”
Fires are recoded from “operated but ineffective” to “failed to operate” if the reason for failure or ineffectiveness was “system
shut off.” Fires are recoded from “failed to operate” to “operated but ineffective” if the reason for failure or ineffectiveness was
“not enough agent” or “agent did not reach fire.” In NFIRS, if multiple systems are present, the system coded is supposed to be
the one system designed to protect the hazard where the fire started. Buildings under construction are excluded, as are partial
systems and fires reported as confined fires. Fires reported with unclassified reason for failure are treated as cases of unknown
reasons for failure.

Source: NFIRS and NFPA fire experience survey.
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Table 10.
Characteristics of Fatal Victims
In Fires with Sprinklers vs. No Automatic Extinguishing Equipment
2010-2014 Annual Averages

A. Fire or Victims by Sprinkler Presence and Performance

Deaths when
sprinklers Deaths when

Sprinkler/AES Status present no AES present
Total civilian deaths 42  (100%) 2,659 (100%)
Operated and effective 29 (69%)

Fire too small to operate 8 (20%)

Failed to operate 1 (3%)

Operated but ineffective 3 (8%)

B. Characteristics in Fires with Operating Sprinklers vs. No AES
Deaths when
sprinklers Deaths when
Fire or Victim Characteristic present no AES present
With operating Sprinklers 29 (100%) 2,659 (100%)
Victim in area of origin 26  (90%) 1,319 (50%)
Involved in ignition 23 (80%) 940 (35%)
Not involved in ignition 3 (10%) 379 (14%)

Victim 65 or older 15 (52%) 833 (31%)
Clothing on fire 7 (26%) 192 (7%)
Physically disabled 4 (13%) 139 (5%)
Victim returned to fire,

unable to act, or acted

irrationally 7  (25%) 535 (20%)
Intentional fire 5 (16%) 368 (14%)
Sleeping 8 (8%) 854 (32%)

Note: Statistics are based on structure fires reported in NFIRS by U.S. municipal fire departments and so exclude fire reported only to
federal or state agencies or industrial fire brigades. In NFIRS, if multiple systems are present, the system coded is supposed to be the one
system designed to protect the hazard where the fire started. This field is not required if the fire did not begin within the designed range
of the system. Buildings under construction are excluded.

Here is an example of how to read this table: Nearly all (90%) the people who died in fires despite the presence of operating sprinklers
were located in the area of fire origin, hence closer to the fire and probably less able to escape than victims located farther from the fire,
compared to only 50% of fatal victims in fires with no automatic extinguishing equipment present who were located in the area of fire
origin.

Source: NFIRS and NFPA fire experience survey.
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Appendix A.
How National Estimates Are Calculated

The statistics in this analysis are estimates derived from the U.S. Fire Administration’s (USFA’s)
National Fire Incident Reporting System (NFIRS) and the National Fire Protection Association’s
(NFPA’s) annual survey of U.S. fire departments. NFIRS is a voluntary system by which participating
fire departments report detailed factors about the fires to which they respond. Roughly two-thirds of
U.S. fire departments participate, although not all of these departments provide data every year. Fires
reported to federal or state fire departments or industrial fire brigades are not included in these estimates.

NFIRS provides the most detailed incident information of any national database not limited to large fires.
NFIRS is the only database capable of addressing national patterns for fires of all sizes by specific
property use and specific fire cause. NFIRS also captures information on the extent of flame spread, and
automatic detection and suppression equipment. For more information about NFIRS visit
http://www.nfirs.fema.gov/. Copies of the paper forms may be downloaded from
http://www.nfirs.fema.gov/documentation/design/NFIRS _Paper Forms_2008.pdf.

NFIRS has a wide variety of data elements and code choices. The NFIRS database contains coded
information. Many code choices describe several conditions. These cannot be broken down further.
For example, area of origin code 83 captures fires starting in vehicle engine areas, running gear areas or
wheel areas. It is impossible to tell the portion of each from the coded data.

Methodology may change slightly from year to year.

NFPA is continually examining its methodology to provide the best possible answers to specific
guestions, methodological and definitional changes can occur. Earlier editions of the same report may
have used different methodologies to produce the same analysis, meaning that the estimates are not
directly comparable from year to year.

NFPA'’s fire department experience survey provides estimates of the big picture.

Each year, NFPA conducts an annual survey of fire departments which enables us to capture a summary
of fire department experience on a larger scale. Surveys are currently sent to all municipal departments
protecting populations of 5,000 or more and a random sample, stratified by community size, of the
smaller departments. Typically, a total of roughly 3,000 surveys are returned, representing about one of
every ten U.S. municipal fire departments and about one third of the U.S. population.

The survey is stratified by size of population protected to reduce the uncertainty of the final estimate.
Small rural communities have fewer people protected per department and are less likely to respond to
the survey. A larger number must be surveyed to obtain an adequate sample of those departments.
(NFPA also makes follow-up calls to a sample of the smaller fire departments that do not respond, to
confirm that those that did respond are truly representative of fire departments their size.) On the other
hand, large city departments are so few in number and protect such a large proportion of the total U.S.
population that it makes sense to survey all of them. Most respond, resulting in excellent precision for
their part of the final estimate.

The survey includes the following information: (1) the total number of fire incidents, civilian deaths,
and civilian injuries, and the total estimated property damage (in dollars), for each of the major property
use classes defined in NFIRS; (2) the number of on-duty firefighter injuries, by type of duty and nature
of illness; 3) the number and nature of non-fire incidents; and (4) information on the type of community
protected (e.g., county versus township versus city) and the size of the population protected, which is
used in the statistical formula for projecting national totals from sample results. The results of the
survey are published in the annual report Fire Loss in the United States. To download a free copy of the
report, visit http://www.nfpa.org/assets/files/PDF/OS .fireloss.pdf.
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Projecting NFIRS to National Estimates

As noted, NFIRS is a voluntary system. Different states and jurisdictions have different reporting
requirements and practices. Participation rates in NFIRS are not necessarily uniform across regions and
community sizes, both factors correlated with frequency and severity of fires. This means NFIRS may
be susceptible to systematic biases. No one at present can quantify the size of these deviations from the
ideal, representative sample, so no one can say with confidence that they are or are not serious problems.
But there is enough reason for concern so that a second database -- the NFPA survey -- is heeded to
project NFIRS to national estimates and to project different parts of NFIRS separately. This multiple
calibration approach makes use of the annual NFPA survey where its statistical design advantages are
strongest.

Scaling ratios are obtained by comparing NFPA’s projected totals of residential structure fires, non-
residential structure fires, vehicle fires, and outside and other fires, and associated civilian deaths,
civilian injuries, and direct property damage with comparable totals in NFIRS. Estimates of specific fire
problems and circumstances are obtained by multiplying the NFIRS data by the scaling ratios. Reports
for incidents in which mutual aid was given are excluded from NFPA’s analyses.

Analysts at the NFPA, the USFA and the Consumer Product Safety Commission developed the specific

basic analytical rules used for this procedure. “The National Estimates Approach to U.S. Fire

Statistics,” by John R. Hall, Jr. and Beatrice Harwood, provides a more detailed explanation of national
estimates.

Version 5.0 of NFIRS, first introduced in 1999, used a different coding structure for many data elements, added
some property use codes, and dropped others. The essentials of the approach described by Hall and Harwood are
still used, but some modifications have been necessary to accommodate the changes in NFIRS 5.0.

Figure A.1 shows the percentage of fires originally collected in the NFIRS 5.0 system. Each year’s release
version of NFIRS data also includes data collected in older versions of NFIRS that were converted to NFIRS 5.0
codes.

From 1999 data on, analyses are based on scaling ratios using only data originally collected in NFIRS 5.0:

NFPA survey projections
NFIRS totals (Version 5.0)

For 1999 to 2001, the same rules may be applied, but estimates for these years in this form will be less
reliable due to the smaller amount of data originally collected in NFIRS 5.0; they should be viewed with
extreme caution.
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Figure A.1. Fires Originally Collected in NFIRS 5.0 by Year
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NFIRS 5.0 introduced six categories of confined structure fires, including:
e cooking fires confined to the cooking vessel,
confined chimney or flue fires,
confined incinerator fire,
confined fuel burner or boiler fire or delayed ignition,
confined commercial compactor fire, and
trash or rubbish fires in a structure with no flame damage to the structure or its contents.

Although causal and other detailed information is typically not required for these incidents, it is provided in
some cases. Some analyses, particularly those that examine cooking equipment, heating equipment, fires caused
by smoking materials, and fires started by playing with fire, may examine the confined fires in greater detail.
Because the confined fire incident types describe certain scenarios, the distribution of unknown data differs from
that of all fires. Consequently, allocation of unknowns must be done separately.

For most fields other than Property Use and Incident Type, NFPA allocates unknown data proportionally among
known data. This approach assumes that if the missing data were known, it would be distributed in the same
manner as the known data. NFPA makes additional adjustments to several fields. Casualty and loss projections
can be heavily influenced by the inclusion or exclusion of unusually serious fire.

Rounding and percentages. The data shown are estimates and generally rounded. An entry of zero may be a
true zero or it may mean that the value rounds to zero. Percentages are calculated from unrounded values. It is
quite possible to have a percentage entry of up to 100% even if the rounded number entry is zero. The same
rounded value may account for a slightly different percentage share. Because percentages are expressed in
integers and not carried out to several decimal places, percentages that appear identical may be associated with
slightly different values.
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Appendix B
Data Elements in NFIRS 5.0 Related to Automatic Extinguishing Systems

M1. Presence of Automatic Extinguishment System (AES)

This is to be coded based on whether a system was or was not present in the area of fire and is designed to
extinguish the fire that developed. (The latter condition might exclude, for example, a range hood dry chemical
extinguishing system from being considered if the fire began in a toaster.)

Codes:

None Present

Present

Partial system present (Added in 2005 for use beginning in 2006)

NFPA recode when M1AES Presence was coded as 1- Present, M3 AES Operation was coded
as 4- Failed to operate and M5 AES Failure Reason was coded as 5- Fire not in area protected
U Undetermined (restored to coding in 2003 for use beginning in 2004)

0N -z

M2. Type of Automatic Extinguishment System

If multiple systems are present, this is to be coded in terms of the (presumably) one system designed to protect
the hazard where the fire started. This is a required field if the fire began within the designed range of the
system. It is not clear whether questions might arise over a system that is not located in the area of fire origin
but has the area of fire origin within its designed range; this has to do with the interpretation of the “area” of fire
origin.

Codes:

Wet pipe sprinkler

Dry pipe sprinkler

Other sprinkler system

Dry chemical system

Foam system

Halogen type system
Carbon dioxide system
Other special hazard system
Undetermined

CO~NOUAWNR

M3. Automatic Extinguishment System Operation

This is designed to capture the “operation and effectiveness” of the system relative to area of fire origin. It is
also said to provide information on the “reliability” of the system. The instructions say that “effective” does not
necessarily mean complete extinguishment but does mean containment and control until the fire department can
complete extinguishment.

Codes:

System operated and was effective
System operated and was not effective
Fire too small to activate the system
Failed to operate

Other

Undetermined

cCorwN R

M4. Number of Sprinklers Operating

The instructions say this is not an indication of the effectiveness of the sprinkler system. The instructions do not
explicitly indicate whether this data element is relevant if the automatic extinguishment system is not a sprinkler
system (as indicated in M2). The actual number is recorded in the blank provided; there are no codes.
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M5. Automatic Extinguishment System Failure Reason

This is designed to capture the (one) reason why the system “failed to operate or did not operate properly.” The
instructions also say that this data element provides information on the “effectiveness” of the equipment. It is
not clear whether this is to be completed if the system operated properly but was not effective.

Text shown in brackets is text shown in the instructions but not on the form. Note that for code 4, the phrase
“wrong” is replaced by “inappropriate” in the instructions; the latter term is more precise and appropriate,
although it is possible for the type of fire to be unexpected in a given occupancy.

Codes:

System shut off

Not enough agent discharged [to control the fire]

Agent discharged but did not reach [the] fire

Wrong type of system [Inappropriate system for the type of fire]
Fire not in area protected [by the system]

System components damaged

Lack of maintenance [including corrosion or heads painted]
Manual intervention [defeated the system]

Other [Other reason system not effective]
Undetermined

CoOoOoo~NOoOOhdwWN B
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Abstract

There is much speculation about the average person’s ability to use a fire extinguisher effectively. This
speculation includes the ability of a novice user to adequately extinguish a fire with a fire extinguisher
without harming oneself or others.

This study employed a random sampling of the population to gather data that described and quantified
several aspects relating to use, technique, and safety. Participants were presented with an extinguisher
and asked to extinguish a controlled propane fire. The BullEx Intelligent Training System was used in this
study to simulate a Class A fire through a controlled propane system.

Participants were recruited from the campuses of Worcester Polytechnic Institute and Eastern Kentucky
University. The sample pool consisted of 276 participants who participated in a two-trial process. The
first trial observed the participant’s ability to use a fire extinguisher without any training or guidance
from the investigators. The second trial observed the participant’s ability to use a fire extinguisher with
a small amount of training provided immediately after the first trial. This enabled the investigators to
determine the level of ability without training or guidance (Trial 1), and improvement demonstrated for
each variable after a short training session (Trial 2).

Overall, the results demonstrate that the subjects of the study were able to operate a fire extinguisher
without prior training. In addition, participants demonstrated increased confidence and performance in
effective operation of the extinguisher when exposed to just basic levels of training.



Executive Summary

The ordinary person is able to use a fire extinguisher without hurting themselves or others. These same
people’s ability to use a fire extinguisher is improved by a measureable amount when they were
exposed to a minimal amount of training.

This research investigated how effectively an untrained person would be able to extinguish a small or
incipient fire. Specifically, the study posed two main questions that were answered by defining the four
aspects that represent effective use of a fire extinguisher: usage, technique, safety, and extinguishment
simulation. These aspects were represented by variables that can be measured.

The project team conducted a search of the literature on similar studies, i.e., a person’s ability to use a
fire extinguisher, but no archival published literature was found. Studies do exist related to incidents in
which a fire extinguisher was used in an industrial setting, whether adults above age 60 are able to
extinguish a small fire, and whether a fire extinguisher is useful to have in an academic setting. It should
be noted that decisions are being made about placement, use, maintenance, and testing of portable fire
extinguishers. No other studies were found, however, on the untrained individual’s ability to use a fire
extinguisher.

The study was carried out by Worcester Polytechnic Institute and Eastern Kentucky University. To assure
repeatability and constituency throughout the tests, the project team employed the BullEx Intelligent
Training System (ITS). The BullEx ITS is a training simulator that teaches participants how to use a fire
extinguisher against Class A, B, or C fires. For this study, the BullEx ITS was used to replicate a repeatable
Class A fire for participants to extinguish. Unlike a woodcrib, the BullEx ITS allowed for a fire to be
simulated in the safest conditions possible with numerous fail safes. Specifically, the ITS has the ability
to extinguish the simulated fire instantly through the controller.

For two years, the study collected data from a random sampling of the population on their ability to use
a fire extinguisher. Specifically, the research answered the two main study questions.

1) What is ability of the study participants to use a fire extinguisher with respect to the four
key aspects: usage, technique, safety, extinguishment simulation — without prior training?

2) How much would the participants’ usage, technique, safety, and fire control and
extinguishment simulation improve, if at all, with a minimal amount of training?

The project team addressed these questions by conducting two trials. Trial 1 observed a participant’s
performance on the 10 individual variables that make up the four aspects without any prior training. In
the Trial 2, participants were given a small amount of training, similar to the instructions found on the
side of a fire extinguisher, and observed for any improvement on the same variables.

The results were very consistent between the two investigating universities. Overall, participants are
able to use a fire extinguisher with great effectiveness. However, the studies scope was limited to only
the participants’ ability. It is recommended, therefore, that this study should continue on a greater scale
by focusing on:

e The flight-or-fight response when confronted with a fire.
e How the BUllEx ITS compares to a real Class A fire.
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1.0 Introduction

In most public buildings and many other locations, fire and building codes require fire extinguishers.
Extinguishers are typically bright red and highly visible to the occupants. Questions surround the
placement of fire extinguishers in areas where the general, untrained population may use them. If a
small or incipient fire were to break out, would the untrained individual be able to operate the
extinguisher? That is a central question debated by the fire-protection community every time a
protection designer considers the selection and placement of portable fire extinguishers.

Currently, some fire protection professionals hypothesize that an ordinary person (“amateur”) untrained
in the operation of a fire extinguisher will not use the device effectively. Furthermore, these same
professionals often speculate that, even if an untrained person chose to operate the fire extinguisher,
he or she would be unable to do so safely. Such questions result, in part, due to a lack of research on the
many elements of the interaction between amateurs and fire extinguishers. An extensive search of the
archival published literature failed to uncover any tests specifically aimed at people’s ability to use a fire
extinguisher.

The purpose of this study was to collect data from a random sampling of the general population on an
ordinary person’s ability to use a fire extinguisher safely and effectively. For the purposes of this study,
an ordinary person is defined as an untrained, novice, or amateur user of a fire extinguisher. Specifically
this study addresses the following questions and data points:

Question 1. What is an amateur’s ability to use a fire extinguisher with respect to four aspects describing
this ability: usage, technique, safety, and extinguishment simulation— without prior training?

Usage — Ability of a random sampling of the population to operate a fire extinguisher.

Data points collected:
e Percentage able discharge the agent on the fire?
e Average pre-discharge time?
e Percentage that reads the label before usage?

Technique — What percentage of the same random sampling of the population who use good techniques
of extinguishment?

Data points collected:
e Aims at the base of the fire?
e Uses a back and forth sweeping motion?
e Continues spraying agent after the fire appeared to be extinguished?

Safety - What percentage of the population completes the task safely?
Data points:

e Stands a safe distance away from the fire?
e Doesn’t turn his/her back on the fire?

Extinguishment Simulation — What percentage of the population is able to control and extinguish a fire?




Data Points:
e Percentage who are able to simulate extinguishment of the fire?
e Average time to extinguish a simulated Class A fire?

Question 2. With a minimal amount of training, how much would the participant improve his/her
performance on the four aspects: usage, technique, safety, and extinguishment simulation?

During the 1980s a series of tests were conducted at the Underwriters Laboratories’. These tests were
not designed to determine a person’s ability to use a fire extinguisher, but to develop revisions to the UL
test standard for portable fire extinguishers (1). During 1979, 1985, and 1996, the National Association
of Fire Equipment Distributors (NAFED) collected data on incidents of use of portable fire extinguishers
in industrial or building environments. The data from 1979 showed that 5,076 out of 5,400 fires (94%)
reported were extinguished solely by one or more portable fire extinguishers. The data from 1985
showed that 1,049 out of 1,153 (91%) fires were extinguished solely by one or more portable fire
extinguishers. The data from 1996 showed that 2,154 out of 2,267 fires (95%) were extinguished solely
by one or more portable fire extinguishers. Of all the fires extinguished, it is unknown whether the
person using the extinguisher had any formal training. The fires extinguished were a Class A, Class B, and
a mixture of fire classes. The study concluded that portable fire extinguishers had an “extraordinary
success rate” (2).

In 2010, D. Bruck and I. Thomas investigated “Interactions Between Human Behavior and Technology:
Implications for Fire Safety Science.” One part of the study examined the ability of adults above the age
of 60 to use a fire extinguisher on a small fire. This study concluded that 18 out of 23 (78%) of the
participants were able to extinguish a fire with a fire extinguisher in a moderate amount of time (3). The
average time for extinguishment for the fire was 38 seconds with a standard deviation of 16.3 seconds
(3). Of the five participants who were not able to extinguish a fire, three were able to extinguish the fire
after failing the first part of the experiment’s protocol. The study by Mr. Bruck and Mr. Thomas provides
valuable insight on how older people use fire extinguisher equipment. As stated in their study, older
adults have altered reflexes and cognition abilities that limit their reaction time.

Raymond Ranellone, a WPI graduate, conducted an investigation in 2010 called “Fire Extinguishers in
Academic Settings.” (4) His research involved tracking detailed news reports of incidents in which a fire
extinguisher was used in an academic setting from 2001-2010 (4). Specifically, his project used Google
Alerts to estimate the number of incidents in which “fire extinguishers were beneficial in providing life
safety and property protection...” (4). The report documented that fire extinguishers do provide “life
safety and property loss prevention.” A close look at a fire incident reporting system showed that, when
a fire extinguisher is used effectively, it goes largely unreported, as there is no need for further action by
anyone.

A literature search was also performed that showed “to date, no study has addressed these concerns
that are facing many fire protection professionals in their everyday design considerations, yet all major
authors of fire, life safety, and building codes require them in many occupancies.” (5) The National Fire

1

Note: The 1984 edition of UL 711 was a revision; UL 711 was established long before then and is used to evaluate relative effectiveness of
various extinguishers by using repeatable, live fire testing. The 1984 Edition of UL 299 made major changes to the design of the extinguishers,
including new operating instructions and other changes based on live fire testing with novices.



Protection Association’s Standard 10, Standard for Portable Fire Extinguishers, is one of the most
commonly “incorporated by reference” source on the inspection, testing, and maintenance for these
devices and addresses many topics on the matter. A search in the NFPA online code subscriptions using
EKU’s library search engine shows that this standard is referenced in at least 103 NFPA documents as of
March 2, 2012 (5). The International Code Council’s International Fire Code section 906 and
International Building Code section 906 require the placement of fire extinguishers in many occupancies,
save for few exceptions, and incorporate NFPA 10 for requirements of testing, inspection, and
maintenance. The same applies to the Occupational Safety and Health Administration’s Regulations in
both general industry and construction as found in 1910.157, Fire Extinguishers, and many others, which
also incorporates NFPA 10 by reference. As such, NFPA 10 is considered the authoritative document on
the topic.

NFPA 10, 2010 edition Annex D addresses several areas related to this study, and although not
mandatory, every annex to such a document must be carefully considered by the individual applying the
code to the built environment. First, D.1.1.1 recognizes three types of users — those trained in
extinguisher use, such as responders and employees, and two additional groups of novice users —
untrained private owners and untrained members of the general public. It was the latter group, the
general public novices, whom the authors of this study sought to observe.

Section D.1.2.1 in NFPA 10 recognizes five basic steps to the operation of a fire extinguisher:

Recognition of a device as a fire extinguisher
Selection and suitability of a fire extinguisher
Transport of a fire extinguisher to the fire
Actuation of the fire extinguisher

Application of the extinguishing agent to the fire

ok wnN e

This study assessed the abilities of untrained individuals in all the listed areas, except number 2. This is
in no way intended to minimize the importance of selecting a suitable extinguisher, but simply was not
within the scope of the present study.

The United States Department of Labor and Occupational Safety and Health Administration (OSHA) has
outlined a series of strict standards for the placement, use, maintenance, and testing of portable fire
extinguishers provided for the use of employees. In its guidelines, “Should employees evacuate or be
prepared to fight a small fire?” there is a table on options a business can take depending on its
circumstances. The options range from “total evacuation with no fire extinguishers required” to “certain
or all employees being able to use a fire extinguisher. (6)

The Fire Protection Engineering Department at Worcester Polytechnic Institute (WPI) and the Fire and
Safety Engineering Technology Program at Eastern Kentucky University (EKU) jointly conducted a study
of 276 participants. Participants between ages 18 and 76 were asked to extinguish a controlled propane
fire using the BullEx Intelligent Training System (ITS) before and after some limited training. After the
trials they were surveyed on their comfort level and knowledge of fire safety.
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2.0 Background

The following background information provides a Brief History on Fire Extinguishers that will provide
context on past fire extinguishers and many of the common chemical agents used today in fire
extinguishers. The Types of Fire section details briefly the classifications of fire and classifications on the
fire extinguishers used to extinguish them. Finally, the BullEx I.T.S. and Smart Extinguishers section
provides details on the systems used by WPI and EKU for this research.

2.1 A Brief History of Fire Extinguishers

From hand pumps to bucket chains to portable fire extinguishers, fire extinguishing devices have been
around for a long time. Can these devices be considered fire extinguishers? According to Merriam-
Webster, a fire extinguisher is “a portable or wheeled apparatus for putting out small fires by ejecting
extinguishing chemicals.” (7) In 1723, German Chemist Ambrose Godfrey-Hanckwitz built the first fire
extinguisher. (8; 9) His invention was a “cask of fire-extinguishing liquid containing a pewter chamber of
gunpowder.” (9) Notably his invention was used with great efficiency in stopping a fire in London,
according to Bradley’s Weekly Messenger on November 7, 1729. (9; 8)

However, it was not until 1818 that the modern fire extinguisher was invented by British Captain George
William Manby. His invention, nicknamed “Extincteur,” consisted of “a copper vessel of 3 gallons (13.6
litres) of pearl ash (potassium carbonate) solution contained within compressed air.” (10; 9) The soda-
acid extinguisher was invented in 1866 by Francois Carlier of France. His fire extinguisher mixed water
and sodium bicarbonate with tartaric acid that produced a stream of carbon dioxide (CO,) gases. Almon
M. Granger also invented a soda-acid extinguisher in the U.S. in 1881. The soda-acid extinguisher used
“the reaction between sodium bicarbonate solution and sulphuric acid to expel pressurized water onto a
fire.” (9; 11)

The Russian Aleksandr Loren invented the first chemical foam fire extinguisher in 1904. Similar to how
the soda-acid fire extinguisher worked, the chemical reaction between water, foam of licorice root, and
sodium bicarbonate would expel the CO,-rich foam onto the fire. (9; 8; 11)

In 1910, the Pyrene Manufacturing Company of Delaware patented the use of carbon tetrachloride
(CTC) on fires and in 1911 deployed this agent in their own fire extinguisher. This fire extinguisher
utilized a “brass or chrome container with integrated hand pump, which was used to expel a jet of liquid
towards the fire.” (9) One unique aspect of this fire extinguisher was the ability to be refilled with CTC.
However, CTC is toxic and converts into phosgene gas, which is most commonly found today in chemical
weapons. (9) In essence, the hazards to occupants were just as great as that posed by the fire and by
products of combustion.

Bell Telephone Company encouraged the invention of the next fire extinguisher. Bell needed an
“electrically non-conductive chemical for extinguishing the previously difficult to extinguish fires in
telephone switchboards.” (9) In 1924, Walter Kidde Company invented the carbon dioxide fire
extinguisher to meet Bell’s need. The carbon dioxide fire extinguisher was a tall metal cylinder that held
7.5 lbs. of CO,_ (9)

In 1954, DuPont and the U.S. Army created Halon 1301, or bromotrifluoromethane. (9) This chemical
agent “opened a new era in...industrial fire protection.” (12) Though Halon 1301 is not a type of fire
extinguisher, this chemical agent is an incredible extinguishment tool. This miracle chemical attacks fires
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without harming sensitive electronics. Halon 1301 was used widely across Europe and the U.S. up to the
1980s, when speculation began that Halon 1301 caused ozone depletion. Now heavily restricted, Halon
1301 and its other iterations have phased out in favor of more environmentally friendly options. (12; 9)

Over the past century, fire extinguishers have naturally evolved from the common bucket to today’s
sophisticated portable fire extinguisher. This evolution implies that fire extinguishers have been a useful

tool for trained or untrained individuals for close to 300 years.

2.2 Types of Fire and Extinguisher Classification

There are five different types of fire classifications, labeled A, B, C, D, and K. NFPA 10, Standard on
Portable Fire Extinguishers, dictates the color, pictograph, and other components of these markings. A
fire can be classified in more than one class. A campfire that uses lighter fluid to ignite can be classified
as a Class A and B fire until the lighter fluid is completely burned away. (14) The following pictures used
in the figures were taken from the New York City Fire Department’s website
[http://www.nyc.gov/html/fdny/html/home2.shtml], but are representative of those being used
throughout the United States.

A

) Ordinary
Combustibles

Figure 1: Class A Fire Symbol

Class A fires are those that are fueled by materials that, when burned, leave a residue in the form of ash.
(15)
Examples: paper, wood, cloth, rubber, certain plastics

Flammabla
Liquids
Figure 2: Class B Fire Symbol

Class B fires are those that involve flammable liquids or gasses. (15)
Examples: gasoline, paint thinner, kitchen grease, propane, acetylene

J ‘ I
Eleclncal
Equipmant

Figure 3: Class C Fire Symbol

Class C fires are those that are energized by electrical wiring or equipment. When the electricity to the
equipment is cut, the classification changes to the other types of fire. (15)
Examples: motors, computers, circuit breakers
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$——"1| Combustible
Melals

Figure 4: Class D Fire Symbol

Class D fires are those that involve “combustible metals.” (15)
Examples: magnesium, titanium, sodium

o Combustible
Cooking

Figure 5: Class K Fire Symbol

Class K fires are those that involve cooking oils and fats used in cooking appliances. (15)
Examples: vegetable oils, animal oils, fats

For this study, a Class A fire is simulated for extinguishment using the BullEx Intelligent Training System.
It should be noted that Class A fires are complex fires that involve many variables. A fairly detailed
discussion of Class A fires can be found in NFPA 12A, Standard on Halon 1301 fire extinguishing systems,
2009 Edition, Annex I, Fire Extinguishment. Section 1.2 reads in part:

1.2 Fires in Solid Materials. Two types of fires can occur in solid fuels: one in which volatile gases
resulting from heating or decomposition of the fuel surface are the source of combustion; and
another in which oxidation occurs at the surface of, or within, the mass of fuel. The former is
commonly referred to as “flaming” combustion, while the latter is often called “smoldering” or
“glowing” combustion. The two types of fires frequently occur concurrently, although one type
of burning can precede the other. For example, a wood fire can start as flaming combustion and
become smoldering as burning progresses. Conversely, spontaneous ignition in a pile of oily rags
can begin as a smoldering fire and break into flames at some later point.

This excerpt provides the background for discussion on the complexity of Class A fires and
extinguishment with portable fire extinguishers. Portable fire extinguishers are installed in buildings to
be used on small fires during their incipient stage. Typically, the incipient stage of a Class A fire includes
flaming combustion at the surface of the fuel and will not include smoldering (deep seated) combustion
because significant heat buildup is needed that can only occur over a prolonged period of time (not at
the beginning stages of a fire).

The discussion in NFPA 12A continues:

Flaming combustion, because it occurs in the vapor phase, is promptly extinguished with low
levels of Halon 1301. In the absence of smoldering combustion, it will stay out.

Although the excerpt references the extinguishing agent Halon 1301, the concept can be used in a
discussion of other extinguishing agents and portable fire extinguishers. A reasonable assumption is that
the flaming combustion of an incipient fire can also be promptly extinguished with other more potent
extinguishing agents applied with portable fire extinguishers. Once extinguished, these fires will stay out
due to the absence of smoldering combustion.
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2.3 BullEx Intelligent Training System

The BullEx Intelligent Training System (ITS) is a tool for training ordinary people how to properly and
effectively use a fire extinguisher. The ITS uses sensor technology to determine if the trainee
demonstrates the proper technique to extinguish a fire. The proper technique to extinguish a fire using
the BullEx ITS is described later in the methods section.

On the front of the unit, there are four sensors that detect the sound of compressed air and water vapor
being discharged from the Smart Extinguisher. These sensors are connected to a microprocessor that
controls the flow of propane to the burner. (16) The system responds to different scenarios depending
on how the user performs. For example, if the participant is aiming above or below the base of the
flames, the system will dim the flames but not fully extinguish them. If the participant aims at one side
of the flames only, it will extinguish on that side but increase in intensity on the other.

The Bull-Ex ITS consists of four parts: the unit, a propane fuel
source, an electrical source, and a controller. The unit is 28
3/4” x 18” x 13”, is made out of stainless steel, and has four
40 kHz ultrasonic sensors on the front. (16) Fueled by a
conventional 20-lb. propane tank, the system produces
500,000 Btu/h. (16) The entire system is powered by a 12V DC
battery pack that draws up to 6 amps. The final part of the
unit, the controller, controls the fire. (16) The controller has
settings for a Class A, B, or C fire. For each setting, the fire can
be assigned a difficulty ranging from 1 to 4, with 1 being the
easiest and 4 the hardest. (16)

The system has five safety features that prevent accidental Figure 6: BullEX ITS Activated
injury to the participant or trainer.

1. The controller has an emergency stop/deadman switch on the controller. The switch needs to
be fully depressed and held for the system to run. If the switch is released or controller
disconnected while testing, the system will immediately shut off. (16)

2. A bump/tilt sensor. If the system is no longer level, the unit will issue a loud beep and will need
user input to reset the system. (16)

3. An auto-ignition pilot light that continuously sparks until there is ignition. (16)

An auto-off after 25 seconds of full-flame evolution. (16)
5. The system cannot be started unless a key-code entry is entered at start up. If an incorrect code
is entered, the system will force the user to reassemble the unit before allowing the code to be

input again. (16)

e

2.3 BullEx Smart Extinguishers

BullEx Smart Extinguishers are training extinguishers used to deploy agent on the controlled propane
fire. The extinguisher comes in a variety of sizes to represent different types of fire extinguishers. The
fire extinguishers are differentiated by how many discharges it has before refilling. This is marked either
by 5X or 7X, standing for five or seven discharges before refilling respectively. (16) 5X extinguishers are
filled with four liters of water. 7X extinguishers need six liters of water. All extinguishers are filled with
100 PSI of regular air. (16) This is marked by the Schrader valve on the extinguisher. The extinguishers
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have approximately 15 seconds of discharge time of the
agent before the pressure inside the extinguisher is too
low. (15)

BullEx Smart Extinguishers mimic actual fire extinguishers
in their size, shape, and weight. Most fire extinguishers can
be described as metal cylinders filled with an agent to be
deployed at high pressure on a fire. The agent is deployed
from the extinguisher by the depression of the lever,
allowing the pressurized air and water to escape (13).

3.0 Methods

This section details the study methodologies used for
selecting participants, setting up the BullEx ITS, conducting
the experiments, recording on each of the four aspects, and surveying the participants after the trials.
The methods used during the study are discussed by topic. The Participant Selection section details
information on the types of participants selected in the study. The Set Up section provides information
concerning the materials used on how the BullEx system was set up in the WPI Fire Lab and EKU test
site. The Experiment describes how the trials were carried out along with information defining the four
aspects of fire extinguishers and their variables. Finally, the Survey details the final steps of experiment
and how the survey was administered. A copy of the survey form given to participants can be found on
page 18.

Figure 7: BullEx Smart Extinguisher filled and
ready for use.

3.1 Participant Selection

The most effective way to test an amateur’s ability to operate a fire extinguisher is to use a random
sample of the population near the testing site. For WPI, the testing site is located in Higgins Laboratory
in Worcester, MA WPI’s random sampling of the population consisted of a diverse group of participants,
including undergraduate and graduate students, faculty and staff at WPI. At EKU, the sample came from
faculty and staff only employed at EKU’s main campus in Richmond, KY, as well as the remote campuses
in Corbin, Manchester, and Danville, KY.

3.2 Set Up

The BullEx ITS testing protocol set up was duplicated at both investigating locations, save for the type of
location itself. At WPI, the location was in the WPI Fire Labs. The test areas for EKU’s data collection
mimicked the set up as described below, but occurred at several locations consisting of the main and
several remote campuses. An outdoor location at the site of each EKU test was chosen to provide
protection from wind gusts and vehicular traffic.

The complete system was assembled and disassembled following the BullEx guidelines. The BullEx ITS
unit was placed in the middle of the identified test area free of any debris or unassociated items. To one
side of the unit, a gas source and power source was located. There was a distance of at least four feet
between the system and any object, wall or bench.
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Two Bull-Ex Smart Extinguishers 7x were placed 10 feet away from the front of the propane training
system. Each extinguisher was filled with six liters of water and pressurized to 100 PSI.

After the BullEx ITS base unit was placed in the center of the test areas, the quick-connect propane hose
was connected to the rear of the ITS base unit. The other end of the hose was attached to the propane
tank. The male end of the black controller cable was inserted into the ITS, and the female end inserted
into the handheld controller. The yellow power cable was inserted into the rear of the ITS base unit. The
other end of the power cable was inserted into the 12 V battery pack. The battery pack had an
industrial-grade extension cable inserted into the battery pack and wall circuit. The ITS unit was leveled
by adjusting the position and adjustable feet. The unit was then filled with water until it overflowed the
overflow cut-outs. The sensor guard was then removed and placed eight feet away in front of the unit.
The propane valve was opened and soapy water solution was added on all connections on the propane
hose and unit to check for leaks.

The head assemblies of the BullEx Smart Extinguishers were removed and placed gently on the table to
prevent damage. Six liters of water were measured out and slowly added into the fire extinguisher. The
head assemblies were then placed back inside the fire extinguisher and screwed on hand-tight. They
were carried to the air pressure valve and filled with 100 PSI or until no sound of filling was heard. This
was marked by the sound of no rushing bubbles inside the fire extinguisher. The single metal pin was
inserted into the tank so that the loop was beside the valve. The pin was perpendicular to the floor
when the BullEx plastic break-away tamper tab was inserted around the top part of the handle and
tightened so the pin could not move freely. The extinguisher was placed off to the side one foot away
from where the participant was asked to stand.

The startup sequence was entered into the controller and the ITS was started up to make sure all
systems were working on a setting of Class A Level 2. The system ran for 15 seconds before the switch
was let go and testing could begin.

3.3 The Experiment

WPI and EKU employed the same experimental procedure and data-recording procedure. This was
achieved by common test protocol and data-collection spreadsheet. Each participant was provided a
date and a location for the test. When participants arrived, they were directed to read through the
Institutional Review Board Approved Informed Consent Agreement for Participation. After they reported
that they fully understood the form and signed it, they were given a safety briefing. Only one participant
was permitted in the testing area at a time. For Trial 1, the participant stood 10 feet away from the
system and was read a short introduction to the study and what to do:

Hello, today you are participating in our study on fire extinguishers. There is a fire extinguisher to your left
(POINT TO BULLEX EXTINGUISHER). We will be remotely lighting the fire. When you see the flames from
the BullEx ITS (POINT TO BULLEX ITS), we will ask you to grab the extinguisher and use it to extinguish the
fire we have created. Please stay behind the safety line at all times (Point at safety line). There is a label
on the extinguisher to answer any questions. We are now ready to start the study. The BullEx System
takes a few seconds to warm up so | will give you a verbal “Go” when you may look at the fire extinguisher
and use it to extinguish the fire to the best of your abilities.

The area was checked once more to ensure the safest possible testing environment. After pressing down
the BullEx ITS ignition key, the fire lit and the investigator gave a verbal “Go” when the fire reached full
intensity. Two stopwatches were used to record the pre-discharge time and the total time it took to
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discharge agent. At any time, the test was stopped when the subject stopped discharging agent, the fire
extinguisher ran out of compressed air, or there was a safety violation.

In this experiment, the BullEx ITS worked as a constant test source, as it was able to reproduce the same
intensity fire for every simulation. When the BullEx ITS had reached full flame evolution or intensity, the
system emitted a beep and began recording time until extinguishment. When the beep was heard by
the investigator, he/she gave the verbal “Go.” The ITS continued to simulate a Class A fire until the
participant was able to extinguish the simulated fire. For a participant to extinguish the fire, the water
spray from the Smart Extinguisher would be recognized as an acoustic signature by the BullEx ITS.
Depending on the signature made by the water spray, the system would be able to understand the
trajectory of the agent and vary the heights of the flames by metering the flow of propane. The fire was
considered extinguished when the controller displayed an extinguishment time.

The participants were observed and measured on the two main questions posed at the start of this
paper. The two main questions can be broken down into four aspects, each with a set of variables.

3.3.1 Usage
Percent Discharged: The percentage of subjects who were able to expel the agent onto the
simulated fire.

Pre-Discharge Time: The time from when the subject was told to start until the time when the
agent was discharged from the fire extinguisher, measured in seconds. This time involves the
subject picking up the fire extinguisher, reading the label if he/she choose to do so, breaking the
seal, removing the pin, and applying pressure to the level to expel the agent.

Read the Label: The percentage of subjects who read the label of the fire extinguisher before or
during the individual trial.

3.3.2 Technique
Percent Aimed at Base of the Fire: The percentage of subjects who consistently aimed at the
base of the fire as they discharged agent.

Swept Back and Forth: The percentage of subjects that used a proper sweeping motion when
applying agent to the fire. The proper sweeping motion is detailed as a moderate sweep of the
agent across the entire fire from both left to right or right to left and back again.

Continued to Apply Agent: The percentage of subjects that continued to apply agent after the
fire was no longer visible and the BullEx ITS indicated extinguishment.

3.3.3 Safety
Stood a Safe Distance Away from the Fire: The percentage of subjects that did not cross the
eight-feet safety line.

Back to Fire: The percentage of subjects who physically turned their backs to the fire. This is
measured by observing the subject and noting whether their shoulders were parallel with the
sides of the BullEx ITS.
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3.3.4 Extinguishment Simulation
Able to Simulate Extinguishment: The percentage of the subjects who were able to simulate
extinguishment and an extinguishment time was displayed on the BullEx controller.

Average Time to Extinguish a Simulated Class A Fire: Time from when the BullEx ITS activated its
internal stopwatch until the BullEx system determined that the simulated Class A fire was
extinguished, subtracted from the amount of time the participant took to deploy agent onto the
fire.

For Trial 2 of the experiment, the participant was directed back to the 10-foot mark for the test to begin.
The investigators briefed the participant on the proper way to safely and effectively use a fire
extinguisher via a training sheet. The sheet was modeled after the “P.A.S.S” technique (Pull, Aim,
Squeeze, and Sweep). The first tip on the sheet was “Twist pin to break seal.” The investigator showed
the physical action in the air of inserting fingers into the imaginary pin and twisting left or right.

The next tip is to “Pull pin put”. The investigator demonstrated this with a quick tug of the imaginary pin
in the air. The investigator also verbally mentioned that the plastic seal can be broken by pulling it apart
with their fingers instead of using the pin to break the seal.

After “Pull pin out,” the sheet recommends to “Stand back 6-8 feet” from the fire. The investigator
reiterated the point of that this is general fire safety information and for lab safety. If the participant
crosses a safety line that is eight feet away from the fire, the investigator stops the test.

The sheet then briefed the participant on the proper way to deploy the agent stored in the fire
extinguisher: “Aim and squeeze the lever. Aim at the base of flame. Use a slow sweeping motion.
Continue to spray until you are sure fire will not rekindle.” The investigator gestured and mimicked
aiming at the base while using a slow sweeping motion toward the BullEx ITS.

When the participant indicated an understanding of the proper technique, he/she was briefed for the
next trial:

You have now been briefed on the proper way to extinguish a fire. We ask you now to use the training we
have just issued you while you repeat our experiment. We ask you again to be sure to not step over the
tape line for your safety. The extinguisher is full and ready for use. We are now ready to begin the second
trial of our experiment; we will again be giving you a verbal “Go” for when to begin.

The participant was then timed and observed again on fire extinguisher usage and general fire safety
knowledge. When the second trial was over, the participant was directed out of the lab area to a place
where he/she could fill out the survey. Any questions or concerns of the participant were addressed at
this point. At this time, one of the investigators reset the experiment area by clearing away the floor
from the plastic break-away tamper tabs and refilling the extinguisher. The extinguishers were refilled
with compressed air after every test and with water after every two to three tests.

3.4 Survey

A post-trial survey was used to gauge the participant’s general knowledge of fire safety, his/her
experiences with fire, and overall comfort level with the experiment. The survey was given directly after
completion of Trial 2. The investigator briefed participants to fill out the survey to the best of their
abilities and said to feel free to ask questions about the survey if any arose. The investigator then left



the room to help his/her partner in setting up the experiment for the next participant or briefing new

participants on what they were about to test for.

Fire Protection Lab (Survey Form)

Fire extinguishment assessment

Please put an “X” in the column that best shows your answer:
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How often does this happen?

Never/None

A little

Some

A lot

Strongly agree/Always

Yes

No

Have you ever used a fire extinguisher
before?

What is your knowledge level of fire
extinguishers?

Have you ever witnessed a real fire?

Can you remember your last fire training
course?

Can you remember your last fire drill?

Comfort level in extinguishing a Fire before
the experiment?

Comfort level in extinguishing a fire after the
experiment?

What was your age during your most recent fire drill or fire safety training?

Have you had a real life situation with a fire? If so please explain what actions you took.

Briefly state any Do’s and Don'’ts in extinguishing fires:

What is your first form of action when a fire is present? Ex. Run, call authorities, or look for a fire
extinguisher

¢ Did you find the training sheet is an effective way to teach an individual how to properly use a fire
extinguisher or do you find that the instructions on the fire extinguisher are sufficient?

4.0 Results

The quantitative data collected on each of the four aspects of ordinary people and the effective
operation of fire extinguishers is presented here. This data answers the two main study questions’:

1. What is an amateur’s ability to use a fire extinguisher with respect to the four aspects
(usage, technique, safety, extinguishment simulation) without prior training?

2. How much, if at all, would the participants improve their usage, technique, safety, and
fire control and extinguishment simulation with a minimal amount of training?

Presentation of the results is organized by the four individual aspects of fire extinguishers: usage,
technique, safety, and extinguishment simulation. For each aspect, multiple data points were collected.

2 The Results section of this report details the results collected from WPI 2011, WPI 2012, and EKU 2011-2012. WPI 2011 and WPI 2012 are not
combined, as there were different primary investigators collecting the research. For WPI 2011, Scott Brady and Chrystian Dennis were the
primary investigators. Along with Professor William Hicks and Professor Kathy Notarianni, they created the procedure, handout, and survey to
give to students. For WPI 2012, Brandon Poole was the primary investigator. Working with Professor Notarianni, they updated the procedure
and survey for clarification. As previously mentioned, all investigators at WPI and EKU followed the same guidelines and procedures to collect
the data.
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Each section of the results focuses one of these aspects and the specific data points collected that define
the aspect both for Trial 1 — with no prior training, and Trial 2 — with minimal amount of training. The
last section contains data concerning the survey administered to participants from EKU and WPI 2012.

Between January 20 to February 22, 2012, 85 participants were tested using the BullEx ITS on key
aspects of fire extinguisher usage for WPI1 2012 testing. During the previous academic year (2011-2012),
WPI and EKU also collected data, bringing the grand total of number of participants that chose to
contribute to the study to a staggering 276. WPI1 2010-2011 data contributed 64 participants. EKU 2010-
2012 data contributed 127 participants. WPI 2011-2012 data contributed 85 participants.

For WPI 2011, 80% of those were male and 20% were female. The average age of participants was 20
years. For WPI 2012, 74% of those were male and 26% were female. This ratio, while skewed in favor of
the male population, was expected as the ratio of male to female students at WPI is 3:1. (17) The
average age of the participants was 21 years. The range of ages for WPI 2011-2012 was 18 to 56 years.
For EKU 2010-2012, 61% of participants were males and 39% were female. The average age of the
participants was 36 years. The range of ages for EKU was 20 to 76 years.

4.1 Key Milestones of Usage Results

During the experiment, participants demonstrated their ability to use a fire extinguisher as they
deployed agent. Specifically, the investigators observed whether or not the participants read the label
on the extinguisher, if they were able to discharge agent from the extinguisher, and the amount of time
it took them to deploy the agent.

Observations from both locations included:

e Throughout the experiment, it was observed that many participants had difficulty pulling
the pin out from the extinguisher.

e There were occurrences in which participants did not use enough strength to pull the pin,
which led them to read or reread the label.

e For Trial 1, one participant was not able to understand how to pull the pin out of the
extinguisher, and the machine timed out after the fire had burned for one minute and 30
seconds.

[ )

Table 1: Trial 1 Collected Data for Key Milestones of Usage

Trial 1 Collected Data for Key Milestones of Usage*

# of tests conducted | able:;edr:icharge Ave.tI:;ee—(ziSseccr;arge Read Label
WPI ‘11 64 100% 15.2 47%
WPI “12 85 99% 14.6 49%
EKU "11-12 127 97% 11.6 16%
0, 0,
TOTAL/AVERAGE 276 98% 13.4 33%

*BullEx ITS and Smart Extinguishers were used to measure these variables
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Table 1, Trial 1 Collected Data for Key Milestones of Usage, shows all the collected data throughout the
entire experiment for key milestones of usage for Trial 1. Specifically this table looks at the number of
participants in Trial 1 and the averages for the trial. For WPI ’11, all 64 participants were able to
discharge agent onto the fire; 47% chose to read the label with an average discharge time of 15.2
seconds. EKU "11-"12 had 127 participants, of which 97% were able to discharge the agent; 16% read the
label; and the average discharge time was 11.6 seconds. WPI 12 had 85 participants; 99% of those were
able to discharge the agent with 49% reading the label and an average discharge time of 14.6 seconds.
The total number of tests conducted for Trial 1 was 276, with 98% of those who participated being able
to discharge agent, 33% chose to read the label, and an average discharge time of 13.4 seconds overall.

Table 2: Trial 2 Collected Data for Key Milestones of Usage

Trial 2 Collected Data for Key Milestones of Usage*

# of tests conducted % abIe;Zedr::charge Ave. Pre—(:isseccr;arge time Read Label
WPI 11 64 100% 6.5 2%
WPI “12 85 100% 6.7 7%
EKU '11-12 127 100% 7.9 22%
0, (o)
TOTAL/AVERAGE 276 100% 7.2 13%

* BullEx ITS and Smart Extinguishers were used to measure these variables

Table 2, Trial 2 Collected Data for Key Milestones of Usage, shows all collected data throughout the
entire experiment for key milestone of usage for Trial 2. Specifically this table looks at the numbers of
participants in Trial 2 and the averages for the trial. For all participants, they were able to discharge the
agent. For WP1’11, 2% chose to read the label, EKU "11-"12, 22% chose to read the label and WPI’12 7%
chose to read the label. Of the 276 particpants, 13% chose to read the label. WPI’11 discharge times
average for 64 participants was 6.5 seconds. EKU '11-'12 average discharge times average for 127 was
7.9 seconds. WPI '12 average discharge time for 85 participants was 6.7 seconds. The average time for
the 276 participants was 7.2 seconds.
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Percent Improvement with Training for Key Milestones of Usage*

ct::jziizsd % able to discharge Pre-discharge time (sec) Read Label
WPI ‘11 64 All Subjects Discharged Agent Decreased by 57% | Decreased by 45%
WP ‘12 85 All Subjects Discharged Agent Decreased by 54% | Decreased by 42%
EKU 11-12 127 All Subjects Discharged Agent Decreased by 31% Decreased by 6%
TOTAL/AVERAGE 276 All Subjects Discharged Agent Decreased by 44% | Decreased by 26%

* BullEx ITS and Smart Extinguishers were used to measure these variables

Table 3, Percent Improvement with Training for Key Milestones of Usage, shows the percentage
improvement from Trial 1 to Trial 2 for key milestones of usage. Overall, all 276 participants were able
to discharge agent. There was a 46% decrease in discharge agent time. And there was a 20% decrease in

reading the label.

Figure 8: Participant viewing the label on the BullEx Smart Extinguisher while BullEx ITS was active

Figure 8 shows a participant squatting down to read the label on the fire extinguisher. The participant
was not permitted to read the label on the fire extinguisher before the BullEx system reached full
intensity. A verbal “Go” was given when the system started recording the time until stopping the
discharge and this was the first action of the participant. At all times the participant had the fire and
BUllEx ITS in his field of vision.

4.2 Technigue in Handling a Fire Extinguisher Results

Participants were then observed on their technique as they handled the fire extinguisher. Did they aim
at the base of the fire, use a slow back and forth sweeping motion, and continue to spray after the fire

was not visible?
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Observations from both locations included:

e In one occurrence a participant did not grab the hose from the holder on the fire
extinguisher and used the base of the fire extinguisher to aim at the fire.

e Another participant misread the instructions and pulsed on the handle of the fire
extinguisher to deploy the agent instead of allowing for a continuous stream.

Table 4: Trial 1 Technique in Handling a Fire Extinguisher

Trial 1 Technique in Handling a Fire Extinguisher*

# of tests . . Back/forth sweeping Continued to spray after
conducted Aimed at base of fire motion fire not visible
WPl 11 64 64% 81% 50%
WPI 12 85 54% 45% 32%
EKU "11-“12 127 88% 89% 57%
0, 0, 0,
TOTAL/AVERAGE 276 2% 74% 48%

* BullEx ITS and Smart Extinguishers were used to measure these variables

Table 4, Trial 1 Technique in Handling a Fire Extinguisher, shows all the collected data for Trial 1. For WPI
11, 64% aimed at the base of the fire, 81% used a back-and-forth sweeping motion, and 50% continued
to spray after the fire was not visible. For EKU '11-'12, 88% aimed at base of fire, 89% used a back-and-
forth sweeping motion, and 57% continued to spray after the fire was not visible. For WPI’12, 54%
aimed at the base of the fire, 45% used a back-and-forth sweeping motion, and 32% continued to spray
after fire was not visible. For all 276 participants, 72% aimed at the base of the fire, 74% used a back-
and-forth sweeping motion, and 48% continued to spray after fire was not visible.

Table 5: Trial 2 Technique in Handling a Fire Extinguisher

Trial 2 Technique in Handling a Fire Extinguisher*
# of tests Aimed at base of Back/forth sweeping Continued to spray after fire
conducted fire motion not visible
WPI ‘11 64 98% 100% 80%
WPI 12 85 86% 94% 86%
EKU *11-12 127 96% 95% 82%
TOTAL/AVERAGE 276 93% 96% 83%

* BullEx ITS and Smart Extinguishers were used to measure these variables
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Table 5, Trial 2 Technique in Handling a Fire Extinguisher, shows all the collected data for Trial 2. For WPI
11, 98% aimed at the base of the fire, 100% used a back-and-forth sweeping motion, and 80%
continued to spray after the fire was not visible. For EKU '11-'12, 96% aimed at base of fire, 95% used a
back-and-forth sweeping motion, and 82% continued to spray after the fire was not visible. For WPI’12,
86% aimed at the base of the fire, 94% used a back-and-forth sweeping motion, and 86% continued to
spray after fire was not visible. For all 276 participants, 93% aimed at the base of the fire, 96% used a
back-and-forth sweeping motion, and 83% continued to spray after fire was not visible.

Table 6: Percent Improvement of Technique in Handling a Fire Extinguisher

Percent Improvement of Technique in Handling a Fire Extinguisher*

ct):::lzi:tesd Aimed at base of fire | Back/forth sweeping motion | Continued to spray after fire not visible
WPI ‘11 64 Increased by 34% Increased by 19% Increased by 30%
[s) 0,
WPI 12 85 Increased by 32% Increased by 49% Increased by 52%
0, 0,
EKU ’11-12 127 Increased by 8% Increased by 6% Increased by 25%
o) 0,
TOTAL/AVERAGE | 276 | Increased by 21% |  'ncreasedby 22% Increased by 34%

*BullEx ITS and Smart Extinguishers were used to measure these variables

Table 6, Percent Improvement of Technique in Handling a Fire Extinguisher, shows the percentage
improvement from Trial 1 to Trial 2. Overall, 276 participants improved their ability to aim at the base of
the fire by 21%, so 93% aimed at the base. Participants improved their ability to use the proper sweep
technique by 22%, so 96% used the sweeping back-and-forth motion. Finally, 83% of participants
continued to spray after the fire was not visible, a 35% increase.

3| Where water was being
o sprayed

The black line indicates the
base .

Figure 9: Participant aiming above the base of the BullEx ITS
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Figure 9 shows the participant incorrectly aiming at the top of the flames. The compressed air and water
mixture was depolyed to the top of the flames and sprayed the door instead of the base of the flames. A
black line was added to indicate where the base of the flames are.

Figure 10: Participant aiming at the base of the BullEx ITS

Figure 10 shows a participant correctly aiming at the base of the BullEx ITS unit. The participant also
used a slow sweeping motion as she aimed at the base of the flames to deploy agent.

Figure 11: Participant using a sweeping motion to deploy agent on BullEx ITS

Figure 11 shows a participant aiming at the base of the flames and using a slow sweeping motion across
the BUllEX ITS system. The two arrows represent the path that should be followed as the extinguisher is
swept slowly from side to side. The BullEx ITS system reacts to the correct sweeping motion and aiming
at the base, as signified by dimming of the flames on the right side of the unit.
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Figure 12 and 13: Participant is not continuously deploying agent

Figures 12 and 13 shows a particpant extinguishing the fire but but not continuing to deploy agent. The
fire re-ignites in Figure 13 as the participant begins to turn away from the fire.

Figure 14: Participant continuously deploys agent on propane fire, thereby preventing re-ignition

Figure 14 shows a participant continuously deploying agent onto the fire by using the proper technique.
The participant continued to spray the unit until she was told that the trial was over.

4.3 Key Knowledge in Fire Safety Results

During the test, participants were observed for key knowledge in fire safety. Did the participant turn
his/her back to the fire once it was started, and did the participant cross the recommended safety
distance of eight feet from the fire?



Table 7: Key Knowledge in Fire Safety for Trial 1
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Key Knowledge in Fire Safety for Trial 1*

# of tests conducted

Stood a safe distance

Turned back to fire

away

Wel 11 64 100% 2%
WPl L2 85 100% 4%

0, 0,
EKU 1L 127 99% 6%

0, 0,
TOTAL/AVERAGE 276 100% 4%

*BullEx ITS and Smart Extinguishers were used to measure these variables

Table 7, Key Knowledge in Fire Safety for Trial 1, shows data for Trial 1. For WPI’11, all participants
stood a safe distance away from the fire, and 2% turned their backs to the fire. For EKU '11-"12, 99% of
participants stood a safe distance away from the fire, and 6% turned their backs to it. For WPI 12, all
participants stood a safe distance away, and 4% turned their backs to the fire. Overall, on average all

participants stood a safe distance away, and 4% turned their backs to the fire.

Table 8: Key Knowledge in Fire Safety for Trial 2

Key Knowledge in Fire Safety for Trial 2*

# of tests conducted

Stood a safe distance

Turned back to fire

away

WP ‘11 64 100% 0%
WPI “12 85 100% 4%

0, 0,

EKU "11-“12 127 100% 2%

0, 0,

TOTAL/AVERAGE 276 100% 2%

*BullEx ITS and Smart Extinguishers were used to measure these variables

Table 8, Key Knowledge in Fire Safety for Trial 2, shows data, for Trial 2. For WPI ‘11, all participants

stood a safe distance away from the fire and no one turned their backs to the fire. For EKU '11-'12, all
participants stood a safe distance away from the fire, and 2% turned their backs to it. For WP1’12, all
participants stood a safe distance away, and 4% turned their backs to the fire. Overall, on average all

participants stood a safe distance away, and 2% turned their backs to the fire.
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Table 9: Percent Improvement of Key Knowledge in Fire Safety

Percent Improvement of Key Knowledge in Fire Safety*

# of tests conducted Stood a safe distance away Turned back to fire

WPI ‘11 64 All participants stood a safe distance back Decreased by 2%
WPI ‘12 85 All participant stood a safe distance back Decreased by 0%

EKU '11-12 127 All participants stood a safe distance back Decreased by 4%
TOTAL/AVERAGE 276 All participants stood a safe distance back Decreased by 2%

*BullEx ITS and Smart Extinguishers were used to measure these variables

Table 9, Percent Improvement of Key Knowledge in Fire Safety shows the percent improvement of key
knowledge in fire safety from Trial 1 to Trial 2. Overall, all participants stood a safe distance away. The
percentage of participants who turned their backs to the fire was decreased by 2%

Figure 16: Participant standing just over 8ft away from the BullEx ITS

Figure 16 shows a participant standing more than eight feet away from the BullEx ITS system. Due to
safety regulations, if a participant were to cross the BullEx black sensor guard, the investigator would
immediately end the test due to safety concerns.
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Figure 17: Participant turning back to the fire while attempting to free the pin from the BullEx Smart
Extinguisher

Figure 17 shows a participant turning her back to the fire. The participant immediately turned her back
to the fire to read the label and then attempted to free the pin from the fire extinguisher.

4.4 Participants Effectiveness in Extinguishing a Simulated Fire Results

During the tests, participants were observed on how effective they use the BullEx device to simulate
extinguishment. For this study, we used a setting that simulates a Class A fire. Although the device
provides an extinguishment time when the proper technique is used and simulated extinguishment
occurs, the results are not intended to be used as a direct correlation with actual Class A fires due to the
many variables that are associated with a Class A fire.

Further testing is needed to determine if the extinguishment times achieved using a BullEx training tool
correlate with the extinguishment times achieved using a fire extinguisher on a real fire. The following
information lists the percentages of participants able to cause extinguishment simulation via the BullEx
ITS and the average amount of time it took to simulate extinguishment for all the trials.

In Trial 1, 65% of the 276 participants (both WPI and EKU) were able to extinguish the fire using the
BullEx ITS. The average amount of time it took to extinguish the simulated fire was 11.2 seconds. In Trial
2, 90% of the participants were able to cause extinguishment simulation via the BullEx ITS. The average
amount of time it took to extinguish the simulated fire was 7.3 seconds. In this portion of the study,
there was a 25% increase in the number of test subjects able to cause a simulated extinguishment in the
second trial. In addition to this increase, the time to achieve a simulated extinguishment was reduced by
an average of 34%.

4.5 Survey Results

The same survey was given out to all study participants. The survey’s purpose was to understand the
participant’s knowledge about fire safety, experiences with fire, and overall comfort level with the
experiment. Participants were surveyed on 15 questions in a table or free response.

Only one question from the table section generated useful information: Have you ever witnessed a real
fire? The remaining questions in the table had a wide variety of responses to the seven possible choices.
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In the free response section, eight questions gave adequate responses. Of the five questions on the
original survey sheet, four more were asked verbally and added at the end of the survey. The verbal
questions were:
1. Have you ever used a fire extinguisher before? Yes/no.
2. Onascale of 1-10 with 1 being the most uncomfortable and 10 being the most comfortable,
what was your comfort level of using an extinguisher before this experiment?
3. Onthe same scale of 1-10, what is your comfort level with using an extinguisher after this
experiment?
4. Did you find the training sheet an effective way to teach an individual how to properly use a fire
extinguisher, or do you find that the instructions on the fire extinguisher are sufficient?

Table 10: Survey Responses

Instructi
Age of Used a Fire Comfort Level After ar::cerru;:ril;)lnlS
a. Witnessed Fire Last Fire Extineuisher Before Using the | using the were more
S Drill & BullEx ITS BUllEx ITS
helpful
49% 19 11% 6 9 31%
Instructions
Age of Used a Fire Comfort Level After after Trial 1
3 Witnessed Fire Last Fire Extineuisher Before Using the | usingthe Were more
T Drill & BullEx ITS BullEX ITS
helpful
54% 32 17% 5 9 45%

Table 10, Survey Responses, show the percentage of participants from both test locations who have
witnessed a fire, the average age of participants’ last fire drill, the percentage of participants who have
used a fire extinguisher before, the average comfort level of the use of a fire extinguisher before and
after an experiment, and the percentage of participants who clearly stated that the instructions were
more helpful.

Of the 127 participants tested by EKU, 54% had witnessed a fire emergency. The average age of the
participants’ last fire drill was 32 years. Seventeen percent of participants had used a fire extinguisher
before this experiment. On a scale of 1-10 with 1 being the most uncomfortable and 10 being the most
comfortable, the average participant had a comfort level of 5 before picking up a fire extinguisher. After
the experiment, the average participant had a comfort level of 9. Of the 127 participants, 45% said that
the instructions were more helpful than what was written on the fire extinguisher.

Of the 85 participants tested by WPI 12, 49% had witnessed a fire emergency. The average age of the
participants’ last fire drill was 19 years. Eleven percent of participants had used a fire extinguisher
before this experiment. On a scale of 1-10 with 1 being the most uncomfortable and 10 being the most
comfortable, the average participant had a comfort level of 6 before picking up a fire extinguisher. After
the experiment, the average participant had a comfort level of 9. Of the 85 participants, 31% said that
the instructions were more helpful than what was written on the fire extinguisher. This does not mean
that 69% did not find the instructions more helpful, but chose not to respond to the final question.
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Both studies collected similar results for the query Briefly state any Do’s and Don’ts in extinguishing a
fire. Most participants chose to respond by reiterating the instructions on the fire extinguisher and what
was verbally told to them. Some participants added this Do: Keep calm during a fire and not to panic. A
few participants added specific information on how to extinguish specific fires, such as not using water
on grease fires.

5.0 Discussion
The purpose of this study was to examine the current questions of the fire protection industry
concerning the ability of amateurs to operate a portable fire extinguisher. The study was conducted in
two stages to answer the two separate questions:

e What are the capabilities of the novice population to operate a fire extinguisher effectively?

e How well can the above performance improve with a small amount of training?

WPI and EKU studied this problem and conducted experiments involving 276 participants. Study

participants discharged a fire extinguisher on a simulated fire using the BullEx ITS. They were observed
on the four aspects of fire extinguishers, which were quantitatively measured by 10 variables.

5.1 Key Milestones of Usage

In the data point titled Key Milestones of Usage, participants were observed for their ability to discharge
agent onto the fire, their average pre-discharge time, and whether or not they read the label. As shown
in Table 3, Percent Improvement with Training for Key Milestones of Usage, participants were able to
increase their ability to discharge the agent as well as being able to decrease the time it took to
discharge the agent. Overall, participants were more confident in their second trial in not needing to
read the label for instructions.

For both WPI’11 and WPI’12, the average age of the participants was the early 20s. The read the label
variable for WPI’11-"12 decreased from Trial 1 to Trial 2. Overall, 33% of participants read the label for
Trial 1, and 13% of participants read the label for Trial 2. This suggests that most participants do not
need to read the label to use a fire extinguisher. This decrease in reading the label was expected as
approximately half of the participants viewed the label in the first trial.

For EKU '11-"12, the average age of the participants was the late 30s. There was an increase of 6% in
reading the label. EKU '11-"12 also had the least amount of improvement for time to discharge agent by
31%. For WPI’11 and '12 pre-discharge time, they decreased by 57% and 54%, respectively, for Trial 1 to
Trial 2. This suggests that the younger generation has a faster reaction time.

5.2 Technique in Handling a Fire Extinguisher

In technique in handling a fire extinguisher, participants were observed for if they were able to aim at
the base, used a slow back and forth sweeping motion, and continued to spray agent on the fire even
after the fire was no longer visible. As shown in Table 6, Percent Improvement of Technique in Handling
a Fire Extinguisher, all milestones showed improvement from Trial 1 to Trial 2. EKU '11-"12 had the
smallest overall amount of improvement with WPI’11 following and WPI '12 with the greatest amount
of improvement. EKU '11-"12 had the highest starting numbers for their key milestone data for Trial 1.
The data suggests that most participants are able to use the proper technique to deploy agent onto the
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fire and with verbal instructions of how to use a fire extinguisher, the participants’ ability to use a fire
extinguisher improved.

5.3 Key Knowledge in Fire Safety

For the key knowledge in fire safety, participants were observed on if they turned their backs to the fire
and if they kept a safe distance from the fire. Of all the aspects, this one resulted in the smallest
improvement. Overall, only 4% of the participants turned their backs to the fire in Trial 1. Two percent
of EKU "11-"12 still turned their backs to the fire in Trial 2. WPI’11 had the greatest improvement, with
no participants turning their backs to the fire in Trial 2. WPI’12 had no improvement in the number of
participants who turned their backs to the fire.

The data suggests that most participants know not to turn their backs to the fire. All participants
respected the eight-foot mark after being briefed not to go beyond it at the start of the experiment, per
Institutional Review Board general guidelines and BullEx safety instructions. There were some instances
at EKU in which a participant did cross the line but by a marginal amount. For WPI ’11-'12, many
participants stood at a distance greater than eight feet away. This finding suggests that participants will
approach the fire at a distance they are comfortable with.

5.4 Participants Effectiveness in Extinguishing a Simulated Fire

Investigators observed participants on their effectiveness in extinguishing a simulated fire. Two key
factors from the data collected are considered in this measure: the percentage of participants able to
simulate extinguishment of the fire, and the amount of time it took to extinguisher a simulated Class A
fire. According to the data collected, nearly all participants were proficient in their ability to discharge
agent onto the fire (98% in Trial 1, 100% in Trial 2). The majority of participants were able to simulate
complete extinguishment in the Trial 1 (65%), and almost all were able to do so in Trial 2 (90%).
Participants that were able to complete extinguishment in Trial 1 accomplished this task in 11.2 seconds
and 7.3 seconds in Trial 2.

The question remains: Can this data validate the current ability of an ordinary operate a fire extinguisher
successfully? Before this is answered, what does the study need to accomplish to answer this question?
In order to compare extinguishment of Class A fires, they need to be created in repeatable
configurations and materials, provided with a reliable/repeatable ignition source, and allowed a known
pre-burn time. For example, UL 711, Standard for Safety for Rating and Testing of Fire Extinguishers,
goes into great detail to specify exact lengths and sizes of lumber used in their wood crib fire tests,
prescribing the percentage of moisture content as determined by ASTM D2016-74, Test for Moisture
Content of Wood; the exact configuration of the crib; the flammable liquid ignition source in a specific
pan; and a precise pre-burn time in order to establish a standardized repeatable test.

However, the Bull Ex system, like any good simulator, is capable of presenting very challenging and
similar conditions. This makes it highly likely that in real world incipient fires, the extinguishment success
rate would be higher. Therefore the data reported in this report may or may not correlate with an
amateur person’s ability to extinguish a Class A fire or any other type of fire. The data does show the
ability of participants to extinguish the Class A fire simulated by the BullEx ITS.
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5.5 Survey

The post-test survey provided valuable insight on how knowledgeable and comfortable the “current”
generation is with fire safety. Of the 276 participants surveyed, more than half had witnessed a fire
emergency. Therefore is can be speculated that, when the population is in their early 20’s, about 50%
will have witnessed a fire emergency. For WPI 12, the average age of their last fire drill was 19 years;

at EKU the average age of their last fire drill was 32 years. Only 11% of the 85 participants surveyed from
WPI’12 and 17% of the 127 participants at EKU have used a fire extinguisher before participating in this
study. Yet judging from the experiments results, this did not affect the participant’s ability to use a fire
extinguisher.

For both EKU and WPI’12, the comfort level before using a fire extinguisher was 5-6 on a scale of 1-10.
After using the BullEx ITS, their comfort level rose to a 9. Due to the safe environment created by the
experiment, it is unknown what the ordinary person’s comfort level would be while using a fire
extinguisher during a true emergency. The data does show that, with one trial and a brief instruction on
how to effectively use a fire extinguisher, a participant’s comfort level rose significantly. The verbal
instructions given to participants were received well by 45% of EKU’s 127 participants and 31% of WPI’s
’12 85 participants. This suggests that verbal directions about how to effectively use a fire extinguisher
improved the participant’s performance.

5.6 Conclusion, Limitations, and Further Study

As shown throughout the Results section, the data collected strongly suggests that the ordinary person
can operate a fire extinguisher and utilize proper technique to effectively extinguish a fire. Overall, 98%
of the 276 participants were able to discharge extinguishing agent onto a fire on their first trial; 100% of
the participants were successful on their second trial. Second, with a minimal amount of training, there
was a measureable improvement in all variables measured for in this experiment from Trial 1 to Trial 2.

During testing, many ideas surfaced on how to improve the experiment and possible areas of further
study. This section addresses these ideas.

As previously mentioned, the BullEx Smart Extinguisher can deploy agent for approximately 15 seconds
before the effectiveness of the extinguisher decreases. Specifically, the sound signature produced by the
extinguisher begins to weaken. This time limit affected the participants’ ability to extinguish the
simulated fire through proper use of the fire extinguisher. Many participants went past the 15-second
mark of extinguishment and were unable to extinguish the fire at this point, as there was no longer any
pressure inside to expel the agent. When it was obvious to the investigators that the extinguisher ran
out of pressurized air to expel agent, the test was stopped and marked as not extinguished. It is
reported that real fire extinguishers have up to 30 seconds of agent to deploy. Given this extra 15
seconds to extinguish the fire, it is expected that many participants would have been able to extinguish
the fire on their first trial. This hypothesis is support by the results of Trial 2 extinguishment, in which
90% of the 276 participants were able to extinguish the simulated fire.

According to the BullEx recommendations, the Smart Extinguishers would need to be refilled with water
after 3-4 trials of use. This recommendation was followed in the experiment, enabling some participants
to use a fire extinguisher weighing slightly less to extinguish the fire. There were no instances where a
participant ran out of water to extinguish the fire, only out of pressurized air. There was only one
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instance in which a participant struggled to lift the fire extinguisher and had to drag it on its base toward
the safety line to deploy agent.

Due to the enclosed area, which included a ventilation system for added safety, the BullEx ITS tended to
operate at a somewhat higher difficulty setting. This caused a small increase in extinguishment time for
WPI compared to normal outdoor usage, such as at the EKU the setting.

The experiments conducted by EKU occurred on the main campus as well as several remote campuses.
These locations were out-of-doors in areas sheltered from wind gusts. No negative factors were
observed in these locations that affected data collection.

The participants gathered at WPl and EKU were limited to participants that visit or work on a college
campus. This includes students, faculty, staff, friends, and family. Thus the data collected represents
only a small portion of the general amateur population.

The experiment conducted by WPI and EKU brought participants into an environment that controlled as
many variables as possible, with a focus on participant safety. Participants had the knowledge of where
the fire extinguisher and simulated fire were located and were allowed to ask any questions that could
be answered without influencing the study. This alleviated anxiety that could exist when confronted
with a real fire. Participants did have a choice to stop the experiment at any time if they felt they were
unsafe, even though they were also surrounded by numerous safety precautions that they had been
briefed on.

An area meriting further study is to examine the percentage of participants that would pick up a fire
extinguisher in a real fire emergency along with the other factors studied for in the present experiment.
The participant would need to be deceived and walk into a normal room where a controlled fire is lit
remotely. The participant would be provided access to a fire alarm, fire extinguisher, and several exits.

To further study an ordinary person’s ability to use a fire extinguisher effectively, a study needs to be
conducted investigating an ordinary person’s ability to extinguish different types of fire classifications or
whether a fire extinguisher should be used at all.

As noted in the Results section, participants had difficultly removing the pin. During data collection at
both EKU and WPI ’12, it was noted that most participants during either Trial 1 or Trial 2 had difficultly
removing the pin. This can be seen in the number of participants whose pre-discharge time was more
than 15 seconds. While this can be attributed to the participant being flustered in a stressful situation,
the use of a fire extinguisher can be a very stressful activity. An investigation should be conducted to see
if there is a more user-friendly design for the pin or more appropriate way to prevent accidental
discharge.
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7.0 Appendix

7.1 Procedure
Protocol for Test Day

1.

19.

20.
21.
22.
23.

Set up the BullEx system

a. See BullEx Quick Reference Manual
Fill the BullEx extinguishers for the test subjects with 6 liters of water

a. Thisis the 7x Smart Extinguisher (This lasts 3 trials at most)
Pressurize the extinguishers to green line
Set Hood on the “Low” setting to ventilate area.
Mark safety line 8 feet away
Hello, today you are participating in our study on fire extinguishers. There is a fire extinguisher to your left
(POINT TO BULLEX EXTINGUISHER). We will be remotely lighting the fire. When you see the flames from
the BullEx ITS (POINT TO BULLEX ITS), we will ask you to grab the extinguisher and use it to extinguish fire
we have created. Please stay behind the safety line at all times (Point at safety line). There is a label on
the extinguisher to answer any questions. We are now ready to start the study. The BullEx System takes a
few seconds to warm up so | will give you a verbal “Go” when you make look at the fire extinguisher and
use it to extinguish the fire to the best of your abilities.
Double check the test area for safety
Fill out date and age for the subject
Clear the test area for the test subject to begin
Ignite fire and start the timer (for the stop watch)

. Record time up to water being sprayed

. Monitor to see if subject puts back to fire

. Monitor to see if subject reads the label

. Record how far back from fire the subject stays

. Monitor to see if the subject aimed at base

. Monitor to see if subject used a sweeping motion

. Record if the continued to spray

. Record total extinguishment time (from BullEx ITS)

. Turn Hood on the ‘Medium’ setting after 1°* test. If trial lasted for more than 45 seconds, turn

Hood on ‘High’ setting and open door to ventilate area.

Investigator briefs the test subject on the correct use of a extinguisher

(See Training Sheet)

Investigator returns the lab to its original state prior to the first extinguishment
Fill the used extinguisher for second trial

Turn Hood back to ‘Low’ as not to interfere with acoustics of system.

Test subject is returned to the FPE lab to perform the experiment again

You have now been briefed on the proper way to extinguish a fire. We ask you now to use the training we
have just issued you while you repeat our experiment. We ask you again to be sure to not step over the
tape line for your safety. The extinguisher is full and ready for use. We are now ready to begin the second
trial of our experiment; we will again be giving you a verbal “Go” for when to begin.



24. Return to STEP 7, repeat all steps until STEP 17
25. Test subject exits, Return to Step 1 to begin the next session

7.2 Hand Out
Training Script for Proper

Extinguishment

TWIST PIN to break seal

PULL PIN OUT

Stand back 6 to 8 feet

AIM and SQUEEZE the lever

o Aim at base of flame

o Use a slow sweeping motion

37



2004-2005 National Sample Survey of Unreported
Residential Fires

Michael A. Greene
Division of Hazard Analysis
Directorate for Epidemiology
U.S. Consumer Product Safety Commission

Craig Andres
Division of Hazard Analysis
Directorate for Epidemiology
U.S. Consumer Product Safety Commission

July 2009

This report was prepared by the CPSC staff, has not been reviewed or approved by, and
may not necessarily reflect the views of the Commission. Because this report was
prepared in the authors’ official capacity, it is in the public domain and may be freely

copied. -
. .
?/ %
Lo \ERS PRVTLELRYZ A

PRODUCTS IDENTIFIED

— EXCEPTED BY: PETITION
RULEMAKING ADMIN, PRCDG

. WITH PORTIONS REMOVED:




Executive Summary

This report provides information from the third national telephone probability
sample survey of unreported (and non-fire department-attended) residential fires
sponsored by the U. S. Consumer Product Safety Commission (CPSC). The first survey
was conducted in 1974 and the second in 1984." All three surveys have had the same
objectives, that is, to develop an understanding of the causes of residential fires, the
ignition sources, what objects ignited first and the behavioral factors associated with the
fires. The surveys also examined how people became aware of the fires, including the
role played by smoke alarms and how fires were extinguished.

The three surveys complement the understanding of fire and fire loss from official
statistics on reported fires with information on fires that were not attended by or reported
to fire departments. All three surveys show that the vast majority of unwanted fires that
start in residences were not attended by fire departments.

Statistics on fire department-attended fires have shown that fire incidence and fire
loss in general have decreased during the last 20 years. Despite decreases in residential
fire losses in recent years, fire is still a serious national problem. For 2005, the most
recent year for which data were available when this report was written, there were an
estimated 375,100 unintentionally caused fire department-attended residential structure
ﬁres,2 resulting in 2,630 fire deaths, 12,820 fire injuries, and $6.22 billion in property
loss.

The current survey, conducted between June 2004 and September 2005, contained
data from 916 households that reported to the telephone interviewers that they had
experienced at least one fire during the previous 90 days. Households were selected from
across the nation as a probability sample using random digit dialing. The sample was
stratified by region of the country and demographic composition of the population. Fires
were defined in a manner similar to the two previous surveys as

... any incident large or small that you have had in or around your home...that
resulted in unwanted flames or smoke, and could have caused damage to life
or property if left unchecked.

In addition to the sample of fire households, there was a second probability
sample of 2,161 households that did not have a fire during the previous 90 days. These
non-fire households were asked questions about their demographic and socioeconomic
characteristics. Also, these households were asked about the types of fire defenses in
their homes including smoke alarms and fire extinguishers. The purpose for selecting

"' U.S. Consumer Product Safety Commission (1978), “Special Report: Results of National Household Fire
Survey.” HIA Special Report, U.S. Consumer Product Safety Commission, Washington, DC. Audits and
Surveys, Inc. (1985), “1984 National Sample Survey of Unreported, Residential Fires.” Final Technical
Report Prepared for the U.S. Consumer Product Safety Commission. Princeton, NJ.

2 Chowdhury R, Greene M and Miller D (2008), “2003-2005 Residential Fire Loss Estimates,” U.S.
Consumer Product Safety Commission, Washington, DC.



this second sample was to compare the fire and non-fire households and to examine the
factors that might be associated with the risk of fire.

The response rates in the survey were either 22.5 percent or 31.6 percent,
depending on how unknown eligibility was allocated.> Unknown eligibility occurs when
it could not be determined if the location dialed was a residence (eligible) or a business
(not eligible) because the phone was not answered, it was answered by an answering
machine, or the call was actually answered and the respondent hung up before identifying
the phone line as residential or business.

The first task of the survey, to estimate the number of unreported fires from
information reported by survey respondents, required correcting for the possibility that
respondents may have forgotten some fire incidents that occurred during the previous 90
days. An analysis in this report showed that recall of fire incidents among fire
households decreased with increasing time between interview and fire. Also, incidents
that respondents characterized as more severe or involving more fire damage were
recalled longer than less severe incidents. Accordingly, estimates of the number of fires
(reported and unreported) were made using a 14-day recall period for less severe
incidents and a 21-day recall period for the more severe incidents. This was similar to
the 1984 survey where fire estimates were based on the previous month although
respondents were asked to recall fire incidents over the previous three-month period.

An important finding of the survey is that the number of reported and unreported
residential fires declined substantially from the 1984 estimates of 25.2 million fires of
which 23.7 million were residential structure fires. This was a rate of 28.3 residential
structure fires per 100 households. In the present survey, it was estimated that there were
7.4 million fires in the U. S. (annualized rate for 2004-2005) and a rate of 6.6 residential
structure fires per year per 100 households. This was a decrease of 68.7 percent in the
number of residential structure fires and a decrease of 76.8 percent in the household fire
rate. These decreases were much greater than the 43 percent decrease in the number of
residential structure fires that were reported by fire departments over the same period.

According to survey results, about 3.4 percent of residential fires were attended
by fire departments. This is essentially unchanged from the 1984 survey, where 3.7
percent of residential fires were attended by fire departments.

Fires involving cooking appliances were associated with the largest single type of
fire incident, accounting for 4.7 million fire department-unattended fires (65 percent) in
the present survey. This represented a 62 percent decrease from the 1984 survey estimate

? The lower response rate is calculated by assuming that all respondents where eligibility is unknown are
non-responses, while the higher response rate is calculated by assuming that the non-response rate is the
same as the rate among the respondents with known eligibility. The calculations are based on methods
developed by the American Association for Public Opinion Research and are in widespread usage. See
American Association for Public Opinion Research (2000), “Standard Definitions: Final Dispositions of
Case Codes and Outcome Rates for Surveys,” AAPOR, Ann Arbor, MI.
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of 12.3 million fire department-unattended fires. The decrease in cooking fires accounts
for much of the decrease in all types of fires during the twenty years between the surveys.

Although fewer in number, fires involving matches, lighters, and smoking
materials as the heat sources — collectively non-appliance fires -- decreased by 84 percent
between the two surveys. This was a larger percentage decrease than all fires. The
decrease in these types of fires may be a result of decreases in the number of smokers
over the past 20 years.

A number of comparisons were made between fire and non-fire households. The
differences that were statistically significant were type of ownership, where 34 percent of
fire households were renters in contrast to 23 percent of non-fire households that were
renters. The average size of fire households was significantly larger than non-fire
households; and in particular, fire households averaged more people under 18 and fewer
members over 65 than non-fire households. Race and ethnicity did not appear to be
associated with whether a household was a fire or non-fire household.

Another finding of the survey was that an estimated 97 percent of U.S.
households had at least one smoke alarm, an increase from 62 percent in the 1984 survey.
Over 80 percent of households had two or more alarms, and 84 percent had alarms on all
floors. However, only 31 percent had alarms in all bedrooms, and 19 percent had alarms
that were interconnected. Moreover, fire households and non-fire households differed in
their alarm configurations. Fire households were significantly less likely than non-fire
households to have alarms on all floors, in all bedrooms, and with interconnections.

Overall, people were home and smoke alarms sounded in an estimated 30 percent
of fires, alerting residents to the fire in 12 percent of incidents, and providing the only
alert of the fire in 10 percent of incidents. People were home and the alarms sounded in
53 percent of incidents for fires in households with interconnected alarms, providing the
only alert of the fire in 26 percent of incidents. For fires in households that did not have
alarms on all floors, the alarms sounded in 4 percent of incidents, alerting people in 2
percent of incidents, and providing the only alert of the fire in those 2 percent of
incidents.

Fires originating on the stove set off the alarm more frequently than other fires, at
41 percent of incidents, providing an alert of the fire in 16 percent of incidents and the
only alert in 13 percent of incidents. In fires associated with lighters, cigarettes, and
matches, the alarm sounded in 28 percent of incidents, alerting people and providing the
only alert to the fire in 8 percent of incidents.

In 55 percent of fires, someone was home when the fire began but the alarm did
not sound. In almost all cases, survey respondents attributed the lack of alarm operation
to not enough smoke reaching the alarm. When enough smoke had reached the smoke
alarm but it still did not operate, almost all respondents reported that they believed that
before the fire, the alarm had been in working condition.
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The survey also showed that more smoke alarms were better than fewer alarms
because in homes with alarms on all levels, residents were alerted to fires more
frequently than in homes that did not have alarms on all floors. Interconnected alarms,
however, appeared to be the best for warning residents of fires and, in particular, in
providing the only alert of the incident.

Residents reported that most fires were put out by using water, turning off power
to the equipment, smothering the fire, or separating the burning item from the source of
heat. Fire extinguishers were used in 5 percent of incidents and, put out the fire
completely in about half the incidents when used. Extinguishers were used most
frequently in cooking fires. Fire extinguishers were also more likely to be used if they
were in the same room where the fire started (most frequently the kitchen) rather than in a
different room.
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