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Phase I study conducted in 2013 evaluated water 

additives for use in fire control and vapor mitigation: 

Comprehensive literature review 

Identification of agents marketed as water additives

Intended to clarify fire protection benefit of water 

additives

Outlined performance criteria for water additives as 

established in NFPA 18A

Developed test plan for deep seated Class A fires and 

2D/3D Class B fire for comparative performance of 

water additives

BACKGROUND
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NFPA 18 ïStandard on Wetting Agents (1st Edition, 1951)

ÅWetting agents reduce surface tension and increase ability to 

penetrate and spread

ÅUL Listings

NFPA 18A ïStandard on Water Additives (1st Edition, 

2007)

ÅWater additives suppress, cool, mitigate fire and/or vapors, 

and/or provides insulating properties for fuels. They also might 

provide enhanced cooling, emulsification, and foaming 

characteristics

ÅNo UL Listing 

UL 162 ïStandard for Safety of Foam Equipment and 

Liquid Concentrates 

ÅFor foams with expansion ratio of 20:1 or less and used for fire 

extinguishment; film forming

BACKGROUND
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This project was carried out under a Fire Protection Research 
Foundation grant with the following sponsoring organizations:

David Miller, AEGIS Insurance 

John Reiter, AES Global Insurance 

James Biggins, Global Risk Consultants 

Michael Greiner, Hazard Control Technologies 

Robert Taylor, PRB Coal Users Group 

Blake Shugarman, Underwriters Laboratories 

Tracy Browder, Xcel Energy 

Steven Behrens, XL Global Asset Protection

The Project Technical Panel also included:

Jeff Harrington, Harrington Group 

Joseph Senecal, Kidde Fenwal

Don Birchler, FP&C Consultants 

Benjamin Truchot, Ineris

Ken Dungan, Risk Technologies 

TECHNICAL PANEL
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Coal and Power Industry

Concern that current systems unable to 

provide recommended 0.3 gpm/ft2 from 

NFPA 850

Interest of utilities to back fit agents into 

existing systems to upgrade performance

Prior demonstrations of water additives 

showed better performance than water on 

2D pool fire

MOTIVATION
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To provide comparative performance 

between plain water and water additives for:

ÅExtinguishment

ÅFire control

ÅThreat reduction

To determine whether water additives are 

effective on 3D running fuel fires

To evaluate Class B test methods for water 

additives

OBJECTIVES
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Class B scenarios were of most interest

Selected scenarios associated with real-life 

conditions:

Å2D pool 

Å3D running fuel fire 

ÅCombined scenario: 2D pool and 3D running fuel fire

All tests conducted at Underwriters Laboratories in 

Northbrook, IL

Optimized approach used; budget restrictions 

prevented full parametric assessment

Each test ran once

APPROACH
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Selection criteria:

ÅDifferent extinguishing characteristics compared 

to traditional foams

ÅUL listed as Wetting Agents 

ÅNOT UL listed as Foam Liquid Concentrates

All agents tested ñblindò

All agents donated by manufacturer

Three agents and water evaluated

AGENTS
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AGENTS

9

Agent

Recommended 

Concentration 

for Testing

UL Class B 

Concentration 

(NFPA 18 Wetting 

Agent)

Manufacturer 

Description

A 3% 6%
Agent rapidly cools fire and surrounding 

structures, encapsulates fuel, and interrupts 

the free radical chain reaction.

B 0.5% 0.5%

Agent works by absorbing the energy of the 

fire, cooling the fuel, blanketing the fuel to 

eliminate oxygen, and renders Class B fuels 

non-flammable.

C 6% 6%

Agent works by encapsulating the oxygen 

molecules to starve the fire, chemically

shearing hydrocarbon strings to render the 

fuel inert. Agent acts as a scrubber, 

knocking smoke and soot to the ground.
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Modified UL 162 sprinkler test

ÅTest pan: 50 ft2 (7.07 ft x 7.07 ft)

ÅNozzles: 15 ft to centerline of piping

ÅSprinkler grid: 4 sprinklers near corners of pan

ÅUpright, open-head sprinklers used

Rationale

ÅSprinkler test design vs. water 

spray/optimized approach 

ÅClosely resembles an actual installation

ÅReadily available and used by the test lab

WATER ADDITIVE SYSTEM
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WATER ADDITIVE SYSTEM
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Application rates varied by changing spacing, k-

factor, and pressure

Agents pre-mixed (by weight), pumped from 2,000 

gal reservoir

Water provided by UL fire pumps

0.3 gpm/ft2 baseline (ordinary hazard application 

rate)

WATER ADDITIVE SYSTEM
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Application 

Rate

(gpm/ft2)

Sprinkler 

Spacing

(ft)

k-factor of 

sprinkler

(gpm/psi1/2)

Approx. Nozzle 

Pressure

(psi)

Nominal 

Flowrate of 4 

Sprinklers

(gpm)

0.16 12 5.6 17 92

0.22 12 8.0 16 128

0.30 10 8.0 14 120

0.45 10 8.0 32 180
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FIRE SCENARIOS

2D Pan

3D Running Fuel Cascade 

Combined 2D Pan + 3D 

Cascade
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FIRE SCENARIOS

Small amount of heptane used to initiate fire 

Pre-Burn Times:
Å2D Pan 
ï30 seconds after full involvement of pan

Å3D Cascade 
ï1 minute after cascade pan fully involved, then fuel flow 

initiated

ï30 seconds after cascade trays fully involved

ÅCombined 2D Pan and 3D Cascade
ï1 minute after cascade pan fully involved, 2D pan lit and 

fuel flow initiated

ï30 seconds after cascade trays fully involved, 
suppression system activated.
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Application Rate

90% Control Time (Visually 
Assessed)
Å2D Fire ï90% of pan area 

extinguished

Å3D Fire - (a) no trays burning, 
fire just in cascade pan; or, (b) 
if bottom cascade pan 
extinguished, fire on just one 
tray

Å2D/3D Fire - both the 2D and 
3D criteria achieved

Extinguishment Time 

(Visually Assessed)

Flame Height Reduction

Heat Flux Reduction

MEASURES OF PERFORMANCE
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3D
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Flame height indicator in plane of pan

IR camera

Two video cameras

Total heat flux gauges (10 ft and 20 ft from 

pan edge)

Thermocouples near ceiling

Flowrate through sprinkler piping

INSTRUMENTATION
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RESULTS 2D PAN
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All three agents and water tested at 0.3 

gpm/ft2

ÅAll agents extinguished the fire at this rate

ÅWater only able to achieve 90% control

All agents significantly quicker than water for
ÅAchieving 90% control

ÅReducing flame height and heat flux by 90%

Water extinguished at 0.45 gpm/ft2

Agents B and C successful at 0.16 gpm/ft2

Agent A successful at 0.22 gpm/ft2

RESULTS ï2D PAN
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RESULTS ï2D PAN
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Test Agent

Sprinkler 

Application 

Rate

(gpm/ft2)

Extinguished?

Time to 

90% 

Control

(sec)

Time to 

Extinguishment

(sec)

Time to 

90% Flame 

Height

Reduction

(sec)

Time to 

90% 

Reduction 

in Heat 

Flux ï10ft

(sec)

2 Water 0.45 Yes 85 153 35 23

1 Water 0.3 No 480 NA 510 191

3 A 0.3 Yes 131 157 80 17

8 B 0.3 Yes 39 50 50 18

15 C 0.3 Yes 22 29 29 16

7 A 0.22 Yes 180 243 215 19

6 A 0.16 No NA NA NA 40

11 B 0.16 Yes 95 98 100 23

18 C 0.16 Yes 43 62 29 29
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RESULTS ï2D PAN
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Test Agent

Sprinkler 

Application 

Rate

(gpm/ft2)

Extinguished?

Time to 

90% 

Control

(sec)

Time to 

Extinguishment

(sec)

Time to 

90% Flame 

Height

Reduction

(sec)

Time to 

90% 

Reduction 

in Heat 

Flux ï10ft

(sec)

2 Water 0.45 Yes 85 153 35 23

1 Water 0.3 No 480 NA 510 191

3 A 0.3 Yes 131 157 80 17

8 B 0.3 Yes 39 50 50 18

15 C 0.3 Yes 22 29 29 16

7 A 0.22 Yes 180 243 215 19

6 A 0.16 No NA NA NA 40

11 B 0.16 Yes 95 98 100 23

18 C 0.16 Yes 43 62 29 29
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RESULTS ï2D PAN (Test 15)
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RESULTS 3D CASCADE
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All three agents and water tested at 0.3 

gpm/ft2

ÅOnly Agent B extinguished the fire at this rate

ÅAgent C able to achieve 90% control

Water unable to achieve 90% control at 

0.45 gpm/ft2

Agent C also tested at 0.22 gpm/ft2

ÅUnable to control or extinguish

All agents and water at all flow rates able 

to reduce heat flux by 90%

RESULTS ï3D CASCADE
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RESULTS ï3D CASCADE
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Test Agent

Sprinkler 

Application 

Rate

(gpm/ft2)

Extinguished?

Time to 

90% 

Control

(sec)

Time to 

Extinguishment

(sec)

Time to 

90% Flame 

Height

Reduction

(sec)

Time to 

90% 

Reduction 

in Heat 

Flux ï10ft

(sec)

14 Water 0.45 No NA NA 314 44

13 Water 0.3 No NA NA NA 222

4 A 0.3 No NA NA NA 42

9 B 0.3 Yes 264 274 160 49

16 C 0.3 No 275 NA 150 52

19 C 0.22 No NA NA 365 252
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RESULTS ï3D CASCADE
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Test Agent

Sprinkler 

Application 

Rate

(gpm/ft2)

Extinguished?

Time to 

90% 

Control

(sec)

Time to 

Extinguishment

(sec)

Time to 

90% Flame 

Height

Reduction

(sec)

Time to 

90% 

Reduction 

in Heat 

Flux ï10ft

(sec)

14 Water 0.45 No NA NA 314 44

13 Water 0.3 No NA NA NA 222

4 A 0.3 No NA NA NA 42

9 B 0.3 Yes 264 274 160 49

16 C 0.3 No 275 NA 150 52

19 C 0.22 No NA NA 365 252
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RESULTS COMBINED 2D 

PAN AND 3D CASCADE
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All three agents tested at 0.3 gpm/ft2

ÅAgents B and C extinguished the fire at this rate

ÅAgent A was not able to achieve 90% control

ÅWater alone was not tested

Agent B tested at 0.22 gpm/ft2

ÅUnable to achieve 90% control

All agents at all flow rates able to 

reduce heat flux by 90%

RESULTS ï2D PAN & 3D CASCADE
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RESULTS ï2D PAN & 3D CASCADE
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Test Agent

Sprinkler 

Application 

Rate

(gpm/ft2)

Extinguished?

Time to 

90% 

Control

(sec)

Time to 

Extinguishment

(sec)

Time to 

90% Flame 

Height

Reduction

(sec)

Time to 

90% 

Reduction 

in Heat 

Flux ï10ft

(sec)

5 A 0.3 No NA NA NA 129

10 B 0.3 Yes 320 329 70 69

17 C 0.3 Yes 185 197 196* 129

12 B 0.22 No NA NA 458 88

* - Interpolated
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AGENT CHARACTERISTICS
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A

B

C


