
























cgrant
Text Box
Attachment A-1
   Page 1 of 1



cgrant
Text Box
Attachment A-2
   Page 1 of 3







cgrant
Text Box
Attachment A-3
   Page 1 of 2





cgrant
Text Box
Attachment B-1
   Page 1 of 2





cgrant
Text Box
Attachment B-2
   Page 1 of 4









cgrant
Text Box
Attachment B-3
   Page 1 of 4









cgrant
Text Box
Attachment B-4
   Page 1 of 5











cgrant
Text Box
Attachment B-5
   Page 1 of 6













cgrant
Text Box
Attachment B-6
   Page 1 of 4









cgrant
Text Box
Attachment B-7
   Page 1 of 4





12/13/2011

3

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
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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
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HOSE STREAM CHARACTERIZATION / AREA OF INFLUENCE
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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.  
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FORCE NEEDED TO PULL HOSE LINE
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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
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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 

 




