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MCFRS at a Glance

• Operating Budget: $183 M (down from $197 M)

• 1110 County-employed emergency positions

• 985 County-employed uniformed positions

• 883 volunteer emergency personnel (FFII and 
above or EMS Provider I and above)
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• 135 County-employed technical and 
administrative positions

• 49 work sites, including 36 stations

• 34 engines (24 AFRA engines), 25 ambulances,       
17 medic units, 15 aerial units (1 AFRA aerial 
tower),     7 heavy rescue squads, 7 tankers

Mix of Urban, Suburban and Rural
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The Modern House Fire

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

MCFRS Fire Loss Statistics FY08-FY11

Loss FY08 FY09 FY10 FY11 Avg

Civilian 
Fatalities

10 3 1 2 4

Civilian 
Injuries

28 48 55 27 39.5
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Property 
Loss (M)

$38.1 $47 $36.2 $29 $37.6

Fire 
Fighter 
Fatalities

0 0 0 0 0

Fire 
Fighter 
Injuries

628 638 612 582 615

Civilian Fire Deaths and Injuries

Civilian Fire Deaths and Injuries
Per 100,000 Population
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MCFRS CAFS History
• 1998-2000 Internal Water Supply Study

• 32 recommendations implemented over 8 years

• Stretch the use of available FF water in lieu of water 
on wheels (tankers)

• Sitting Fire Chief Tom Carr believed CAFS would 
improve our performance and improve FF Safety
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• Large CIP project funded in 2006 to replace all 34 front 
line engines & 6 reserves equipped with large volume 
pumps, CAFS and uniform inventories including 
standard attack lines and low pressure fog nozzles with 
slug tips

• Implemented 2008-2009; rural, non-hydrant areas first 
on a Battalion based model
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MCFRS CAFS History, con’t
• Engines delivered and personnel received mandatory 

12-hrs training (reduced from 20 hrs) including pump 
operator, command staff and outside practicals plus a 
seven module on-line blackboard power point 

• Poor marketing effort in the face of the first of 3 years 
of steady budget cuts (no practical interior FF-ing)

SOP i d th f CAFS did t i f

Capabilities and Limitations of CAFS for Structural Firefighting
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• SOP required the use of CAFS, did not give preference 
to CAFS equipped units in the order of arrival

• CAFS turned off by FCGO in March of 2010 after 
concerns raised by labor portion of Joint Health and 
Safety Committee

• Mandatory use of foam solution (no air) at legacy 
pressures and flows since March of 2010

Risk Assessment Improvements

• Occupancy (occupied vs unoccupied)

• Construction and Fuel Packages
• Occupancy classification used to drive 

• Now, Type V wood frame means something very different

• Saw cut lumber vs lightweight engineered systems
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• Occupancy, size, area & volume of modern 
construction stretches the limits of even the best 
trained & equipped fire departments

• Higher Challenge Fires
• HRR, Fast Thermal Columns, High Temperatures

Today’s Fires Real & Present Dangers

Four Factors To Evaluate: (HRR Model)

1. Fuel Load (quantity, type, distribution)

2. Interior Finish (flame spread)

3. Air Supply (ventilation controlled fire)

Capabilities and Limitations of CAFS for Structural Firefighting
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4. Size, Shape, and Construction of the Room

Serves as a More Accurate Predictor for 
Structural Firefighting & Demonstrates the 
Need to Improve Water as an Extinguishing 
Agent

MCFRS Goals of Implementing CAFS

• Quicker knockdown with less water

• Post knockdown fire security

• Attack from greater standoff distances

• Lighter (40%) attack lines (speed & efficiency)

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

g ( ) ( p y)

• Improved performance with the challenges 
presented by lightweight construction,             
McMansions and other high risk fires

• CAFS simply fit nicely into an improved risk 
assessment suppression model

The Risk

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

Favorable Outcomes

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD
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CAFS & Plain Water Attack Flows

CAFS (GPM + CFM)

Water
(GPM)

*Air 
(CFM)

1-3/4” 120 60

PLAIN WATER FLOWS
(GPM)

1-3/4” 150
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2” 170 85

2-1/2” 230 125

Blitz-fire 300 160

* Note: The practical limit of the air 
compressor is 210 CFM

2” 185

2-1/2” 250

Blitz-fire 500

Note: Pump operators are taught to vary 
pressures based upon needs which can vary 
the flows

CAFS-Wet to Dry

Capabilities and Limitations of CAFS for Structural Firefighting
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What We Told Them

Research over ten years plus supports the 
addition of foam additive entrained into a 
water/air mix clearly outperforms plain water in 
suppression efforts. (United Kingdom)

Less water needed to suppress majority of fires
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Less overhaul needed, less $$ loss 

Attacks made from a safer standoff distance

CAFS is a more efficient cooling medium than 
water fog (Merseyside-Europe)

Advantages of CAFS

CAFS applied to ceilings and walls remains in 
place until all bubbles have been vaporized. This 
slows fire growth and burn back as compared to 
plain water fog.

CAFS produces a significant and immediate drop 
i t t i th fi t t i i
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in temperature in the fire compartment improving 
conditions for fire fighters and causalities.

Reduction in the amount of water equals a 
reduction in the amount of steam produced 
during suppression and the amount of water 
damage.

Advantages of CAFS

Less steam raises the neutral plane of visibility 

CAFS can be used to minimize suspected backdraft 
conditions similar to fog techniques with the added 
advantage of inerting the gas layer from greater 
distances at a faster rate with further penetration
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distances at a faster rate with further penetration 
into the compartment

The greater surface area of the smaller droplets 
reduces the rate of combustion

Disadvantages of CAFS

Initial stronger nozzle reaction for fire fighters to 
control than plain water

Using lower pressures, lines are easier kinked 
impeding minimum flows

High ene g t e m nd the e tion of obje t to
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High energy streams and the reaction of objects to 
those streams can be a potential hazard

CAFS can be an eye irritant

Foam makes walking surfaces more slippery
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Disadvantages of CAFS

Can obscure SCBA face pieces and other hazards in 
sufficient quantities

Foam may contaminate fire investigation efforts

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

Problems and Concerns

• Legacies, traditions & controversies

• “Inside out, one room at a time”

• “I think, I feel”… vs we know based upon science

• Fog vs straight stream 

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

• MCFRS (30 degree fog, Z, inverted T, O-O-O)

• The 2nd fuel package-smoke with an ignition source

• GPM flow (reduced flows prevalent in early CAFS)

• Plain water, foam solution of CAFS

• Myth of “Pumping air onto the fire”

Problems and Concerns, con’t

• Joint Health & Safety members do not accept 
legacy research and the assumptions MCFRS 
enacted which leaves the burden of proof on 
management to produce acceptable deliverables

• Emotionally and politically charged issues some of 
which have nothing to do with the science of fire

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

which have nothing to do with the science of fire 
extinguishment

• Joint Health & Safety committee met to organize all 
concerns presented by field members 

• Organized and presented in three categories in no 
priority order…

Tactical Questions

• Does CAFS cool fire gasses as effectively as 
water?  How do the cooling processes differ? 

• What tactics are most effective when using 
CAFS vs. water for extinguishment?  Gas 
cooling and prevention of rekindle? 

Wh t i th t i t t f

Capabilities and Limitations of CAFS for Structural Firefighting
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• What is the most appropriate percentage of 
foam solution for interior fire fighting       
0.1%-0.5%?

• Does the foam mixture separate when the line 
is shut down for a period of time before being 
re-opened?

Equipment Questions

• Does the type of hose we are using fail to 
properly prevent or lessen kinks? 

• Test for burn through time of charged hose 
lines (CAFS vs. water). Are crews in greater 
danger of lines burning through behind them 
with CAFS over water?

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

• Include various pressure fog nozzles in CAFS 
testing (i.e.; 50 psi, 75 psi, 100 psi nozzles)

• Include testing of smooth bore nozzles with 
various size tips

• Which nozzles perform better?

Equipment Questions 

• What effects does CAFS have on the use of Thermal 
Imaging Cameras (TIC’s)

• How hot does the line get?  Is it possible to burn fire 
victims or firefighters using CAFS?

• Is there a period of time when lines are not flowing that 
C S b h h l ?

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

CAFS becomes hotter than plain water?

• How hot does the line get?  Is it possible to burn fire 
victims or firefighters using CAFS?

• Is there a period of time when lines are not flowing that 
CAFS becomes hotter than plain water?
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Environmental Questions

• Is it possible to back-flow CAFS into potable water?  If 
so, is that a hazard?

• Is there a danger to the environment from CAFS? 

• Is there a difference in Federal pollution requirements 
for training use and emergency use?

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

• Does the noise level created by the flowing fog and 
smooth bore nozzles create a problem with digital 
radios?

• Is the post CAFS fire ground a slip trip and fall hazard 
due to slippery floors?

Training Questions

• Test for percentage & uniformity of solution 
when the nozzle is opened & closed frequently 
and not flowing steadily. This will test the 
proportioners, pneumatic and hydraulic pumps, 
and manifolds under realistic conditions. Does 

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

this effect firefighting?

• Lack of live interior firefighting with real life fuel 
packages that demonstrate a difference

• Are we more interested in process or 
outcomes?

Our Challenge

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

Properties Of A and B Foams

Class A Foam
• Carbon-attractive so that 

material is prone to 
migrate toward the fuel.

• Low water surface tension 
to promote spreading.
L t f t i

Class B Foam
• Carbon-shedding so that 

the foam tends to stay 
away from the fuel.

• Low water surface tension 
to promote spreading and 
allow a film of solution to

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

• Low water surface tension 
to promote wetting

• High detergency to 
emulsify oils & waxes to 
allow wetting.

• High foamability
• High degradability in the 

environment.

allow a film of solution to 
form over fuel.

• Low detergency to resist 
fuel pickup.

• High foamability.
• Moderate degradability in 

the environment.

Nozzle Characteristics 

Fog Streams
• Displaces O2

• Entrains Air When Water 
Doesn’t Reach

√Upsets Thermal

Solid Streams

√ Penetration

√Greater Flow @ Lower 
Pressure (Easier to 
Advance)

Capabilities and Limitations of CAFS for Structural Firefighting
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√Upsets Thermal 
Balance

√ Absorb More Heat

• Creates Lots of Steam

• Outdoor Use Limited

Advance)

√Reach

√High Energy Stream

√ Better Bubbles

Pump Notes - QMax+CAFS

• Limiting Factors

• Tank to Pump

• 3-inch (500 GPM)

• 4-inch (1000 GPM)

Capabilities and Limitations of CAFS for Structural Firefighting

Rockville, MD

• CAFS Manifold

• 5 CAFS Discharges

• 3 NAAF Discharges

• Air Compressor

• 210 CFM
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CAFS
The Fort Worth ExperienceThe Fort Worth Experience

• CAFS program began in 2000 

•First CAFS Engines in 2005

• Supported by the Texas ISO

addendum, which awards credits to

departments that have CAFS

equipped engines

• Country’s 16th largest city (740,000 people)

• 11th largest geographically (350 square miles)

• 41 fire stations

• 900 firefighters

• 38 engines

• 15 aerials

• ARFF, water rescue, bomb squad 

• Many people think 
CAFS is just a 
wildland tool—but 
it’s so much more!

• “Force Multiplier”

• Water is 3 to 5 times more effective

• Quicker knockdowns—minimizes

exposure of firefighters to hazards

• Reduces overhaul times

• Minimizes potential for rekindles

cgrant
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• It’s misunderstood

• It’s expensive (up to $40,000)

• Change is hard: Water is in firefighters’ DNA

• People wonder, “Does it really work?”

• There’s a huge gap between FDs and

apparatus manufacturers, leaving FDs

without the proper information/training 

Simple system

Good foam

• Good SOPs 

• Good trainingGood foam

Right equipment 

Good training

• Success stories

• Must be “firefighter‐friendly”

• Look for easy systems with a minimum

number of steps to commence

operation

• Dependable: It must work every time
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CAFS nozzle Fog Nozzle • Hard to develop when first starting out

• Talk with departments that are doing itTalk with departments that are doing it 

right

• SOPs should be in pencil; they’re always

changing

• Failures travel fast in 

the fire department

• Successes are the key

to your CAFS program

Specialty Applications: 
Master Streams
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Specialty Applications: 
Monitors
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TASK 4
FIRE GROUND EVOLUTIONS

California Polytechnic State University, San Luis Obispo

National Institute of Standards and Technology

Fire Protection Research Foundation

December 13‐14, 2011
Montgomery County Public Service Training Academy
9710 Great Seneca Hwy, Rockville MD

OBJECTIVE

 The objective of this task is to enhance the scientific 
knowledge base regarding the effectiveness and safety 
implications associated with the use of CAFS for 
structural firefighting, with emphasis on safety 
implications.

2

CAFS Workshop December 13, 2011

TASK 4

 Analysis of fire ground evolutions to evaluate differences 
between CAFS and plain water hose lines.

3
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FIRE GROUND EVOLUTIONS TESTS

Measurement

Nozzle Reaction Forces How will these be measured? Design instrument to 

perform this measurement.

Forces needed to carry and move 

hose streams

How will these forces be measured? Design instrument 

to perform this measurement.

Forces needed to kink hose lines. How will this force be measured?

Hose stream throw and How will flow rate, distance, area coverage be

CAFS Workshop December 13, 2011
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Hose stream throw and 

distribution

How will flow rate, distance, area coverage be 

measured?

Hose spray comparisons Characterize spray patterns

Area of influence Quantify how much area is covered.

Water mass flow rates What instruments are needed to perform 

measurement?

Slippery surface measurements What instrument can be used to make this 

measurement?

FRICTION CHARACTERISTICS OF WETTED SURFACES

 Evaluating a number of ASTM standards for this testing
 ASTM C1028 ‐ 07e1, Standard test method for determining 

the static coefficient of friction of ceramic tile and other like 
surfaces by the horizontal dynamometer pull‐meter method

 ASTM D2047 ‐ 11 Standard Test Method for Static Coefficient 
of Friction of Polish‐Coated Flooring Surfaces as Measured by 
the James Machine

 ASTM D5859 96 1 St d d T t M th d f D t i i ASTM D5859‐96e1 Standard Test Method for Determining 
the Traction of Footwear on Painted Surfaces Using the 
Variable Incidence Tester (Withdrawn 2005)

 ASTM F462 ‐ 79(2007) Standard Consumer Safety  
Specification for Slip‐Resistant Bathing Facilities

 ASTM F609 ‐ 05 Standard Test Method for Using a Horizontal 
Pull Slipmeter (HPS)

 ASTM F1679‐04e1 Standard Test Method for Using a Variable 
Incidence Tribometer (VIT) (Withdrawn 2006) 5

CAFS Workshop December 13, 2011

FRICTION CHARACTERISTICS OF WETTED SURFACES

 ASTM F‐462 ‐ NBS Brungraber (Mark I) device

 Other devices

6
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PARAMETER RANGES FOR OTHER TESTS

 Nozzle reaction force, kinking force, hose weight, mass 
flow rate, hose stream throw, and area of influence tests 
will use parameter ranges shown on following slide

 Ranges for nozzle sizes and nozzle inlet pressures are based 
on data from International Fire Service Training Association 
(IFSTA) Fire Protection Publications ‐ Fire Stream Practices.

 Ranges for SCFM to gpm ratios and foam concentrations are Ranges for SCFM to gpm ratios and foam concentrations are 
taken from Hale CAFSPro User Operation Manual.

7
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PARAMETER RANGES FOR OTHER TESTS

 Solid Bore Nozzles

 Solid bore diameters from 0.375” to 2.75”

 Nozzle Pitot pressures (at inlet) from 40 to 200 psig

 SCFM (of air) to gpm (of solution) ratios from 0 to 11 (0.5 to 1.5 is 
considered “wet,” 1.75 to 3.0 is “medium,” and 3.0 to 11.0 is “dry”)

 Class A foam concentrations from 0 to 3.0%

 Fog Nozzles

 Nozzles rated at flows from 13 to 2000 gpm

 Nozzle inlet pressures from 50 to 125 psig

 Nozzle adjusted from full fog to straight stream

 SCFM (of air) to gpm (of solution) ratios from 0 to 11 (0.5 to 1.5 is 
considered “wet,” 1.75 to 3.0 is “medium,” and 3.0 to 11.0 is “dry”)

 Class A foam concentrations from 0 to 3.0%
8
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PARAMETER RANGES FOR OTHER TESTS

 All nozzles will be tested with valves fully open

 Hose throw will be measured for angles from 0° to 90°, 
and the maximum distance will be recorded

 Kinking forces will be measured as linear force required 
to turn a full loop into a kink

9
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HOSE LINE REACTION FORCES

CAFS Workshop December 13, 2011

10

NOZZLE REACTION FORCES

11

CAFS Workshop December 13, 2011

HOSE & NOZZLE REACTION FORCES

 Lower flow rates = lower reaction forces

 Considerations

 Impact of two‐phase flow in hoselines on 
reaction forces

 Dynamic effects associated with uneven 
mixing / flow rates (sputtering)

12
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HOSE STREAM FLOW RATES / THROW DISTANCES

 Hose stream flow rates and throw distances will be 
measured as a function of:

 Discharge pressure at engine

 Foam concentration / Foam solution / air ratio

 Hose type, size and length

 Nozzle type, size, setting and pressure

13
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HOSE STREAM CHARACTERIZATION / AREA OF INFLUENCE

 Hose stream discharge will be characterized and areas of 
influence will be measured as a function of:

 Nozzle type, size, setting and pressure

 Foam concentration

 Foam solution / air ratio

14
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HOSE STREAM CHARACTERIZATION / AREA OF INFLUENCE

15
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CHARGED FIRE HOSE WEIGHT

 1.75” CAF attack lines weigh on average 61% of a typical 
water‐only attack line.  (Taylor 1997)  

 In 146 instances of CAFS being used by the Boston Fire 
Department (Routley 1994):

 133 times CAFS was reported easier to maneuver than water p
only, 

 10 times CAFS was reported same, and 2 times CAFS was 
more difficult to maneuver.  

 Report indicates some problem with CAFS hose line kinking 
in2 of 146 uses.  

16
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FORCE NEEDED TO PULL HOSE LINE

17
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HOSE KINKING

 Anecdotal evidence that CAF‐filled hoses more likely to 
kink than water‐filled hoses

 Current plan:

 Determine force necessary to cause looped hose to kink

18
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HOSE HEATING AND LINE BURST

 Two firefighter fatalities related to CAFS usage during 
interior structural firefighting were reported in Germany 
in 2006

 Among several other factors, line burst from exposure to 
radiant heat reportedly contributed to their deaths.  

 Police investigation of the firefighters’ deaths found that 
in radiant heating conditions, such as those produced by 
a bed of coals, CAF lines burst in under a minute at 394 
degrees Fahrenheit. 

 It took water‐only lines several minutes to burst in the same 
conditions. (de Vries 2007)

 Further analysis of hose heating / line burst is planned
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DISCUSSION

 Are there additional fire ground evolution tests that 
should be conducted?

 Are there recommendations / suggestions to revise or 
enhance the fire ground evolutions presented here?enhance the fire ground evolutions presented here?
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Experimental Plan

• Objective: To evaluate the effectiveness and 
safety of CAF for interior structural firefighting

• Approach: Real scale, instrumented fire 
suppression experiments. pp p

• Two key issues
• Gas Cooling

• Suppression

• Strict “interior attack” or should we consider 
“transitional attack”?

Delaware County (PA) Emergency 
Services Training Center

Potential Arrangement

Room Designations Potential Flowpaths
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Instrumentation
Instrumentation

• Thermocouples

• Total Heat Flux Sensors

• Radiometers

• Bi‐Directional Probes

• IR Video

• Video

• Water/foam flow rate

Thermocouples
• Used to estimated the gas temperature

• Once they get wet, they may no longer be providing data about the 
gas temperature

• Potential Approaches

– Two sets – Bare bead – exposed and bare bead covered with a shield 
to protect from direct liquid contactto protect from direct liquid contact

– Two sets – one measuring to the point of suppression, insert another 
after suppression

Total Heat Flux & Radiometers 
• Used to measure the rate of energy transfer in to the surface of the 

sensor

• May be used to monitor the energy from the fire/compartment

• Used in pairs can assess convective vs radiative heat transfer 
components

• If covered with water or foam limited value of resulting post 
suppression datasuppression data.

Bi‐Directional Probes
• Used to determine direction and speed of gas flows.

• Rely on a differential pressure sensor and a thermocouple.

• Moisture adversely affects measurement.

• Water in the pressure tubes – no measurement

Infrared Video

• Can be used to “see” thermal flows

• Can be used post test to record energy 
emission from ceilings, walls and floors within 
the test structure post suppressionthe test structure, post suppression

• Can be used post suppression to record 
energy emission from fuel package
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Video

• Multiple cameras used to document 
experiments.

• Used to confirm experimental timeline and 
events during experimentevents during experiment.

• Line of sight needed.

Video ‐ IR Examples

Remote Control Monitor

Water Flow Rate Gas Cooling

• Flow water and CAF in to hot gas layer 
generated by a steady state propane burner.

• Focus on measuring gas flows in the hallway

FIRE
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Suppression

• Room and contents 14 ft by 20 ft?

• Structure fire?

• Basement fire?

• When is the appropriate time to attack?

• Ventilation conditions?

• Application – nozzles?

Traditional Fire Behavior

Typical Structural Fire Behavior?

Townhouse Fire
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Post Fire
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2.1.2. Smooth bore vs. fog nozzle important for CAFS (probably done already for water). No 
need (at present) to look at different types of nozzle diameters, but instead focus on 
current standard size. 

2.1.3. Mechanical failures 
2.1.3.1. What failsafe features exist when mechanical failure occurs? 

2.1.4. Cost and maintenance in literature review 
2.2. Tactical 

2.2.1. Increased firefighting efficiency 
2.2.2. Reduced extinguishment time 
2.2.3. Reduced opportunity for burn-back/re-ignition (best in acquired home), which where 

most hose ruptures occur 
2.2.4. Others 

2.3. Equipment 
2.3.1. Time-to-task better than “maneuverability”/hose weight. 

2.4. Environmental 
2.4.1. Heat absorption and potential for flashover (focus on firefighter safety) 
2.4.2. Reduced smoke and steam (difficult to quantify) 
2.4.3. Surface adhesion 
2.4.4. Others 

2.5. Training 
2.5.1. Time-to-task 
2.5.2. Be careful that “exposure protection” might reinforce that CAFS for exterior only. 

3. Priorities for testing – Disadvantages  
3.1. Tactical 

3.1.1. Hose kinking 
3.1.2. Slip hazards 
3.1.3. Nozzle reaction 

3.2. Equipment 
3.2.1. Heating and line rupture 
3.2.2. Obscured vision from splash-back 
3.2.3. Thermal imaging 

3.3. Environmental 
3.3.1. Gas cooling and heat absorption covered above 
3.3.2. Cold environment problems (no testing, but be aware) 
3.3.3. Environmental concerns (matching grant via ARI???) 

3.4. Training 
3.4.1. Health risks 
3.4.2. Acknowledge that there is a steeper training curve. 

4. Other Issues 
4.1. Will provide workshop participants a draft copy of literature review and solicit works to fill gaps 

 




