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INTRODUCTION 

PURPOSE. 

It was the objective of this activity to obtain meaningful data concerning the 

foam quality and dispensing effectiveness of a high-capacity (1,800 gallons 

per minute (gal/min)) airport firefighting system using protein foam and 

aqueous-film-forming-foam (AFFF) under variable environmental airport conditions 
employing a modified fire test procedure. 

BACKGROUND. 

The development of larger commercial and military aircraft has emphasized the 

need for improved post-crash firefighting capabilities to effectively control 

the fire hazards associated with an increase in the quantity of fuel on board. 

The technology of fire suppression and extinguishment must, therefore, advance 

equally to meet the problems of these increasing hazards. One approach to a 

potential solution of the problem was the development of a firefighting system 

with a high-foam solution discharge rate and a long-range foam stream. The 

purpose of the high-capacity solution discharge was to provide the means for 

an effective foam discharge range equal to the fuselage length of the largest 

aircraft currently in commercial or military use. This philosophy was expressed 

by several members during the first Rescue and Fire Fighting Panel (RFFP-1) of 

the International Civil Aviation Organization (ICAO) held during March 1970 in 
Montreal, Canada. 

SCOPE. 

The scope of the project included a determination of the simulated fire control 

and extinguishing times representative of jet A fuel fires estimated to be 

consistent with the largest aircraft currently in service (reference 1) using 
a foam solution discharge rate of 1,800 gal/min (appendix A). 

The foam agents used in the experiments included AFFF conforming to the 

requirements contained in reference 2 and protein foam manufactured to con¬ 

form with the requirements of the pertinent federal specifications (reference 3). 

The quality of foam produced by each firefighting agent was evaluated in terms 

of the expansion ratio, 25-percent solution drainage time and foam viscosity. 

Foam ground patterns were determined for each agent in accordance with the 
procedures provided in reference 4. 

A limit of one experiment with each foam agent and pit size was imposed on 

this test series to minimize environmental contamination and conserve fuel. 

màáÊMÉmmmimmãmâá.m -.•.mmiÈM 



The high-capacity foam-dispensing system (appendix B) was provided by Boston- 
Logan International Airport with adequate operating personnel and expertise 
to perform and participate in the firefighting experiments. 

DISCUSSION 

DESCRIPTION OF THE AIRPORT FIREFIGHTING FOAM-DISPENSTNC SYSTEM. 

The foam-dispensing system comprised a turret nozzle and a single-stage self- 
primmg centrifugal pump. The foam monitor was hydraulically operated by 

c0“tr!i)1 ÍTom , console housing a series of electro-pneumatic selection 
Ive controls from either the normal position on the monitor platform with 

a mechanical override capability, or from the vehicle driver's control panel. 

Photographs of the foam nozzle and monitor are presented in figures 1 and 2. 

The nozzle was a single-barrel unit capable of selectively discharging either 

34° or 1,800 gallons of foam solution per minute. The monitor had a rotational 

capability of 330 with an elevation of 50° and an angle of depression of 5°. 

This nozzle provided means for imparting high energy to the foam stream by 

creating a condition of turbulence and shear to the foam during its passage 

Sf8 h FOam shapers> ^ the mouth the barrel, were able to 
modify -he discharge from straight stream to the fully dispersed pattern in 

a contxnuous manner. The straight stream protein foam discharge pattern at 

200 pounds per square inch pressure and 1,800 gal/min was approximately 

250 feet long and 47 feet wide, while the fully dispersed pattern was 140 feet 

long and 57 feet wide. AFEE under similar test conditions produced an effec- 

tive straight stream pattern approximately 255 feet long and 50 feet wide and 

the ÍÍfF ïendedS1oP"FterH ^ 62 feet wide* Ir' these experiments he AFFF tended to feather around the perimeter of the pattern to a some¬ 
what greater extent than protein foam. 

a comparative performance standpoint it is noteworthy that the foam ground 

foïm iP^dUCed 4V 3 composlte foa,n noz2le (reference 1) discharging a protein 

f width of 35 Set mUm rafce °f ^000 Sal/min had a reach of 188 feet and 

TSß/fnam fr?Uo«nPatt!rnS protluced with Protein foam at solution discharge rates 

AFFF4ataï 800 a1/a-/mS TÍ b0th ^ straight and dispersed streams and for 
in figure’T 8 /min the stral8ht and dispersed streams are presented 

A foam depth profile contour is shown in figure 4 which was developed in 

accordance with the procedure contained in reference 4 using protein foam and 

the straight-stream discharge at 1,800 gal/min with the foam nozzle elevated 

at an angle of 30 (figure 5A). In this procedure a grid of steel stakes is 

laid out on 3-foot centers ove.- the anticipated foam ground pattern area. 
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A. VIEW OF THE CONTROL PANEL FROM THE MONITOR PLATFORM 

NOZZJ.i: CONTFOL 

NÜZ74.K UARREL 

B. SIDE VIEW OF THE FOAM NOZZLE 

FIGURE 1. GENERAL CONFIGURATION OF THE FOAM NOZZLE 



A. FOAM SHAPERS FULLY EXTENDED 

FOAM 

B. FOAM SHAPERS CLOSED 

FIGURE 2. GENERAL CONFIGURATION OF FOAM BARREL SHAPER 
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FIGURE 4. PROTEIN FOAM DEPTH CONTOUR OBTAINED AT A SOLUTION RATE OF 

1,800 GAL/MIN USING THE STRAIGHT-STREAM DISCHARGE 
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A. PROTEIN FOAM BEING DISCHARGED AT 1800 GAL/MIN OVER THE STEEL GRID 

CONFIGURATION 

STEEL STAKE 
G KID MARKERS 

B. MEASUREMENT OF FOAM DEPTH AFTER DISCHARGE TO DETERMINE FOAM DEPTH 
CONTOUR 

FIGURE 5. FOAM GROUND PATTERN AND METHOD FOR MEASURING THE FOAM DEPTH 

PROFILE 
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After foam has been discharged over the erid for a npr-ina j » 

The protein foam discharge pattern and the grid of 60 steel stakes 
3-foot centers are shown pictorially in figure 5B. * P 

TEST PROCEDURES 

^ Ä* «r* "Tv* ^ 
^ 

The instrument employed in measuring foam viscosity in these exoerlmen#-«, h 

■imsmsm- 

= :- ¿¿“r , 
25 percent solution^MiSage^timrand^o^^iscosity (1 800 gS“810" fat!°; 
per minute ,t 200 pound, per „„are inch), are »«Sri'L" tnUe l" 

SiS Î “HS 
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FIGURE 6. FOAM VISCOMETER 
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TABLE 1. QUALITY OF PROTEIN FOAII AND AFFF PRODUCED BY THE 1,800 GAL/MIN 
DISPENSING SYSTEM 

Foam Agents 

AFFF Protein Foam 

Foam Solution 

Concentration-Percent 

Foam Expansion 

Rat io 

6.0 

11.8:1 

5.7 

9.0:1 

25 Percent 

Solution Drainage 

Time-Second 320 522 

Foam Viscosity 

120 Seconds After 

Formation 
Dynes/cm2 50 360 

74-19-7 

FIGURE 7. VISCOSITY OF PROTEIN FOAM AND AFFF AS A FUNCTION OF THE TIME 
AFTER FORMATION 
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FULL-SCALE FIRE-MODELING EXPERIMFNT.q. 

FIRE TEST FACILITY AND TEST METHODS ThP f-irp ^ÛQ^ K ^ 

" - — Llif 

f y™ 

r;„dS rí “««H? SelLTo^ól;^ “r“-S"al tIr' 

asrpossibleeXPTOMacdtthisepoalff0rt T“ alr P“11»“”» l-ofar 

a£«r the £¡ra PU '^aabpafflplately^nvolved^ií^flames^rior^to^foan^dJLschargeí^^ 

L£1FRLr“;“ 
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The effectiveness of foam discharge on the 60-foot diameter fire pool durim» 
each experiment was measured in terms of _ , j P 1 durinS Spassssllllli« 
A description of the instrumentation employed to monitor the f..i i cai= a 
modeling experiments is contained in appendix C. full-scale fire 

The protein foam and AFFF liquid concentrates werp of & 

lZTllhat thrl be Pr0p°;ti0ned wSr:at:rTmltae6-6pePrcSnercotnySeentra- 
ii The actual solution concentration produced by the round-the 

Sa„S reiïàdtoM«“^.^” “f“ T“C\af^dt“aSt<'Ke"i"ed bS <>f * ' 

r::dJL 
agant is 1«Lad L“aWe“.“'":“tra"0n <,b“laa'i ly th‘S “anS fOT 
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FIGURE 8. PLAN VIEW OF THE FIRE TEST BED 
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ESTIMATION OF FIRE CONTROL TIMES FOR PROTEIN FOAM AND AFFF BY MAINTAINING 

A FIXED-FIRE SIZE AND VARYING THE AREA OF FOAM APPLICATION> A series of six 

experiments was conducted (three with protein foam and three with AFFF) under 

ambient environmental conditions at Boston-Logan International Airport. The 

tests were designed to dispense foam solution at a fixed rate in simulated 

full-scale fire-modeling experiments in which the fire area was smaller than 

the total area of foam application, thereby conserving fuel and reducing 

atmospheric contamination. The adequacy of this technique for estimating the 

fire control time for agents applied at different solution application rates 

by experienced monitor operators was established in reference 5. 

The tests were performed by discharging protein foam and AFFF at a fixed rate 

of 1,800 gal/min on a test bed comprising a 2,827-square-foot circular water 

base jet A fuel fire positioned concentrically in diked areas of 12,000, 

18,000, and 36,000 square feet. A plan and pictorial view of the fire test 

bed is presented in figures 8 and 9. The area of foam application in these 

illustrations is indicated by the circle with the foam guide posts around its 

circumference (12,000 square feet) and the fire area by the smaller inscribed 

circle (2,827 square feet) containing the obstacle and three-dimensional fire. 

if. 
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The technique employed to simulate fire control and extinguishment was to 
pply foam over the entire selected area (either 12,000, 18,000 or 36 000 

dSqikeadrear:rLdÍnClUdÍnH8-the PÍt’ StartlnR Wlth the upwind edge ofthe0 
diked area and proceeding outward with a uniform side-to-side motion eivinv 

L entire t0 bUÍldÍn8 UP 33 Unlf°rm 3 foam blanket as possible over 

f!3"i3i^,±n determining the adequacy of the foam-dispensing technique in 

provided »X.'irîS'f, 'i" b,a''ke': “i'" “(‘""“i. «i« tost bod was 

iro^^^lir^idrrLT^ISL^^tS'^" 
fining the maximum limit of foam application. 

• 5?;5^ mix^ure of jet A and aviation gasoline which provided a readilv 

totai aroas ., »d 36^00^0^1,t .„«»slvo^p^nt. 

By this procedure, solution application rates of 0.15 0 10 and 0 OS oaii 
per minute per square foot (gal/min/ft2) were obtained. 8 

determined^ representative of that volume of solution could be 

tein f^^0fiSS'SoiitioffïpîStîon'îatr^ 15Sgaí/min/f^ 

S'tL",^f - Ät-xir' 

“■rLL?" ““ - -- 
î « aref WaS COVCired by f0ani at the conclusion of the te¡t ïhis 
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The estimated average foam depth was approximately 1.99 inches which is 
in good agreement with the minimum depth of 2.0 inches for protein foam 

established in reference 3 to provide adequate fuel (automotive gasoline) 

vapor securing for a period of 15 minutes. The failure to cover the entire 

diked area with foam is attributed in part to the inexperience of the monitor 

operator in the use of the equipment, since it was his first experiment the 

resistance of the monitor to rapid lateral and vertical motion, the visual 

difficulty inherent in following the precise area of foam coverage with the 

dispersed foam pattern and the relatively high solution application rate. 

During the course of foam discharge in the first experiment, the central 

fire pit (2,827 square feet) was controlled in 29 seconds and extinguished in 
41 seconds. 

The second test in the protein foam series was also performed from the 

monitor platform using the manual override system. Figure 12 indicates the 

relative positions of the foam-dispensing nozzle, central fire pit, satellite 
fuel pans, and the foam guideposts. In this experiment the foam pattern 

shapers were controlled by a firefighter positioned at the nozzle console to 

change the foam pattern at the discretion of the nozzle operator. 

Approximately 100 percent of the 18,000-square-foot diked area indicated 
in figure 12 was coveted by foam within 46 seconds after the start of foam 

discharge. The central fire pit (2,827 square ieet) was brought under control 

within 28 seconds and extinguished in 39 seconds. In this experiment the 

designed foam solution application rate was 0,10 gal/min/ft2 and the actual 

solution application density was 0.077 gallons per square foot. The calculated 

average foam depth over the area covered, including the satellite fuel pans 

which were extinguished, was 1.11 inches. The Increase in foam-dispensing 

effectiveness achieved in the second test over that obtained in the first is 

attributed primarily to increased familiarization of the operator in the 

use of the equipment and the greater visibility in applying foam within the 

diked area through the use of the variable foam stream over the fixed dispersed 
foam pattern. 

The third experiment with protein foam was conducted by the operator from 

the monitor platform using the electro-pneumatic monitor control shown in 

figure 1-A. The schematic drawing presented in figure 13 indicates the rela¬ 

tive position of the foam nozzle, central fire pit, satellite fuel pans, and 

the foam guideposts. In this experiment the foam stream was varied at the 

discretion of the nozzle operator to obtain the most complete and rapid coverage 
of the area of application. 

Approximately 76.4 percent of the 36,000-square-foot diked area indicated 
in figure 13 was covered by foam within 107 seconds after the start of foam 

discharge. During this period of discharge the central fire pit (2,827 square 

feet) was controlled in 44 seconds and extinguished in 62 seconds. The designed 

solution application rate was 0.05 gal/min/ft2 and the actual application 

density was 0.117 gal/ft2. The estimated average foam depth over the area 

of application and in those satellite fuel pans which were extinguished was 
1.68 inches. 

17 
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FIGURE 12. TEST 2 - CONFIGURATION OF THE FIRE TEST BED AND THE AREA 
OF PROTEIN FOAM COVERAGE 
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FIGURE 13. TEST 3 - CONFIGURATION OF THE FIkE TEST BED AND THE AREA 
OF PROTEIN FOAM COVERAGE 
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The lack of foam coverage on the far downwind side of the pit was attributed 
in part to impaired visibility through and around the foam stream and the 

absence of any positive means of estimating the angle of elevation of the 

nozzle to achieve maximum foam range. It is speculated that one way of circum¬ 

venting this handicap would be to provide the operator with a means of deter¬ 

mining the angle of elevation of the nozzle and the associated foam discharge 
range. 

Because of equipment malfunctioning, the radiometer fire-monitoring system 

was operational only during test 1. The fire preburn, control and extinguish¬ 

ing times for subsequent tests were determined by means of a stopwatch and 
from an analysis of the instrumentation camera films. 

The failure of the thermal recording system and the necessity to minimize 

atmospheric contamination required the deletion of the burnback test after the 
first experiment. 

AFFF Tests. A series of three sequential experiments was performed with 
AFFF using the same test bed conditions as those employed with protein foam 

with the exceptions that neither the radiometer monitoring system nor the 

satellite fuel pans were used. The AFFF test sequence was initiated by charg¬ 

ing the center fire pit (2,827 square feet) with 1,000 gallons of jet A fuel.’ 

After the first experiment, each succeeding test was started by applying foam 

to the selected diked area after the foam from the preceding experiment had 

been completely burned off the central fire pit. This testing technique was 

required to minimize air contamination in polution-sensitive areas because 
of the adverse wind direction. 

The first experiment in the AFFF series (test 4), was performed by the 

operator from the monitor platform using the hand-operated mechanical override 

system. Figure 14 indicates the relative positions of the foam-dispensing 

system operator, central fire pit, satellite fuel pans, and the foam guideposts. 

The nozzle foam shapers were maintained in the fully extended position during 
this experiment which provided a solid stream discharge. 

At the conclusion of a 51-second preburn period, which was the time 

required for complete flame involvement of the central fire pit, AFFF was 

applied at the rate of 0.15 gal/min/ft2. Foam discharge was continued over 

the 12,000-square-foot area until the operator estimated that 90 percent had 

been covered by approximately 2 inches of foam. The total foam discharge 

required 30 seconds during which time approximately 75 percent of the total 
area had been covered by foam as indicated in figure 14. 

During foam application the central fire pit was controlled in 17 seconds 

and extinguished in 27 seconds except for the small three-dimensional fire over 
the drum obstacle in the center of the pit. The overall foam blanket was 

estimated to vary in depth from 1.5 to 1.7 inches. The estimated actual foam 

application density in this experiment was 0.10 gal/ft^ over the area covered, 

which is in general agreement with values obtained for pool fires of equivalent 
area (reference 1). 

! I 

...... < ■ , ,-..:- -•.-: 
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FIGURE 14. TEST 4 - CONFIGURATION OF THE FIRE TEST BED AND THE AREA 

OF AFFF COVERAGE 
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During the course of this experiment samples were taken to determine AFFF 

quality in terms of expansion ratio and 25 percent solution drainage time 
and the values obtained are presented in table 1. 

The second experiment in the AFFF series (test 5) was conducted by the 

operator from the monitor platform using the hand-operated mechanical over¬ 

ride system. Figure 15 indicates the relative positions of the foam-dispensing 

system and fire pits. The nozzle foam shapers were adjusted to provide a 

solid stream discharge during the entire discharge period. 

The experiment was begun after the foam had completely burned from the central 

fire pit and the bulk of the surrounding foam on the ground had been destroyed 

by the thermal radiation. AFFF was applied over the 18,000-square-foot area at 

the designed rate of 0.10 gal/min/ft^ over a period of 36 seconds. This 

discharge time was estimated by the operator to be required to cover 90 percent 

of the diked area to a depth of 2 inches with foam. 

At the conclusion of foam application approximately 79 percent of the 

18,000-square-foot diked area indicated in figure 15 was covered by foam to a 

depth of approximately 1.20 inches. The actual estimated foam solution appli¬ 
cation density over the area covered was 0.076 gal/ft^ which is in nominal 

conformance with that obtained under full-scale fire test conditions 
(reference 1). 

During the time required for the AFFF to burn off the central fire pit 

from test 5, the backboard and stand for collecting foam samples (reference 4) 

was erected within the foam application area. The results of the foam viscosity 

determinations are presented in figure 7. 

The third and final experiment in the AFFF series (test 6) was performed 

by the operator on the monitor platform using the electro-pneumatic monitor 

control system from the control panel shown in figure 1A. The schematic drawing 

shown in figure 16 indicates the relative position of the foam nozzle, central 

fire pit, and the foam guideposts. The foam stream shapers were variable in 

this mode of operation, but because of the large area of foam application and 

the long foam reach required to cover the pit, there was little need to modify 

the solid foam stream during the discharge period. 

After the residual foam from the previous experiment had burned off the 

central fire pit, foam was applied over the 36,000-square-foot diked area at 

the designed rate of 0.05 gal/min/ft^. AFFF was discharged at the discretion 

of the operator for a period of 73 seconds which was the time judged to be 

required to obtain 90 percent foam coverage of the 36 000- square-foot diked 

area. After foam application 85.3 percent of the total area had been covered 

by AFFF to a depth of approximately 1.10 inches. During foam discharge the 

central pool fire (2,827 square feet) was brought under control in 22 seconds 

and extinguished in 34 seconds except for a small three-dimensional fire 

in the center of the pit. The actual foam solution application density 

over the area covered was approximately 0.071 gal/ft^. 
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FIGURE 15 TEST 5 - CONFIGURATION OF THE FIRE TEST BED AND THE AREA 
OF AFFF COVERAGE 
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FIGURE 16. TEST 6 - CONFIGURATION OF THE FIRE TEST BED AND THE 

AREA OF AFFF COVERAGE 
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The electro-pneumatic monitor system provided adequate control and nozzle 

^hr^n^^^Ur^n8 ÍOT application ln this experiment, but limited visibility 
through the foam of the far rim of the pit resulted in the foam stream 

falling somewhat short of the outermost dike. Here again, as in test 3 a 

foam-range finder based on nozzle elevation would probably have been of’value 

distantTefoí ^ P°SÍtÍOn needed t0 reach the most 

SESiscSf VISI—17 FR0M 7118 CAB 0F THE FIREFIGHTING VEHICLE DURING 

mOS^ afActive use of a high-capacity foam-dispensing system such as that 
employed in these experiments requires that all of the available foam solu 

tion be dispensed as expeditiously as possible over the fire area. Any time 

fini°^f0am so^“on.lost in directing the accurate placement of foam detracts 
from the overall designed effectiveness of the system. Therefore, to mini- 

^hase losses, a knowledge of the exact position of the turret 

for ïhe nn T ^ ^816 ^ the an8le of elevation is necessary 
for the operator when positioned in the cab of the firefighting vehicle The 

horizontal position of the nozzle relative to the centerline of the tru¿k 

mLTT Î: ? m0re crltical than the of elevation in conserving 
time and materials during initial foam discharge. 8 

£ÏL °r ,rSi i0I\ f0r operatin8 the foam nozzle is from the monitor plat¬ 
form according to the equipment manufacturers’ literature. However, the 
nozzle may aiso be effectively operated from the vehicle driver's control 
pane! which is provided with an azimuth indicator showing the position of 

the nozzle with regard to the centerline of the truck. Since the monitor 

is positioned behind the driver's seat, the angular visibility afforded the 

operator at the maximum angle of rotation was considered significant. 

Figure 17 indicates the approximate angle of visibility from the driver's 
seat to the point of foam impact for a nozzle elevation of 30°. The 

sketch shows the wide angle of approach to a fire affording good visibility 

in visuaí>rrat0r' T-±S Cf confi8uration ten<is to provide maximum flexibility 
in visually maneuvering the vehicle through the airport operations areas and * 
over difficult and complex terrains when responding to an aircraft accident 

vLïbmtv'affor^HÎ Tí"5 /f SÍ8ht’ ShOWn Ín figUre 17 ’ With the actual visibiiity .afforded the driver/operator positioned in the center of the cab 

cLpÍp Joam-^spensing truck, a series of photographs was taken using the 
camera described in reference 7. Figure ISA shows a panoramic view of a por¬ 
tion of an airport encompassing an azimuth angle of 255°. In this photograph 

the lens of the camera was focused on the wing root of a Boeing 707Paircraft 
iocateti 300 feet from the driver's seat in the cab of the foam-dispensing 

ohotoerlnhTie l}or^zontal and vertical grid structure superimposed over the 

visibility.ln inCrementS °f 5 and is usad to measure the angles of 
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FIGURE 17. APPROXIMATE VISUAL ANGLES OF REMOTE NOZZLE OPERATION FROM 

WITHIN THE CAB OF THE "PATHFINDER" AIRPORT CRASH TRUCK 
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The photograph shown in figure 18B is a composite panoramic view taken from 
the same position as that presented in figure 18A. 

From figures 17 and 18A it is apparent that the azimuth angle of visibility 

from the driver/operator’s seat at the foam nozzle console permits the accurate 

dispensing of foam through an angle of 127.5° on either side of the centerline 
of the vehicle. 

RESULTS OF THE SIMULATED FULL-SCALE FIRE TESTS. 

The environmental conditions and test results obtained during the simulated 

full-scale fire-modeling experiments using protein foam and AFFF are summarized 
in table 2. 

The profiles in figure 19 show the foam discharge (simulated fire control) 

time as a function of the foam solution application rate. The solid line 

profiles indicate that more rapid coverage of the area of foam application was 

obtained using AFFF than protein foam. The superimposed dashed line profiles 

are included for reference and were derived from reference 1 in which protein 

foam and AFFF were evaluated in full-scale fire-modeling experiments using a 

solution discharge rate of 1,000 gal/min which was the highest rate then 

available from a single turret nozzle. Although these curves are not directly 

comparable with those obtained at 1,800 gal/min in these simulated tests, the 

data does suggest the use of an area of foam application larger than the actual 
fire area for training and equipment evaluation. 

A comparison of the profiles (figure 19) developed for protein foam at discharge 

rates of 1,000 gal/min (reference 1) and 1,800 gal/min indicates that at solu¬ 

tion application rates above 0.08 gal/min/ft2 the higher discharge is some¬ 

what more effective. Although the profiles for AFFF under the same test con¬ 

ditions are quite similar, there is also evidence indicating that at solution 

application rates above 0.11 gal/min/ft2 where these curves intersect, there 

was a small reduction in the foam discharge (simulated fire control) time 

required to obtain area coverage at the higher discharge rate. These data 

tend to indicate that foam application (fire control) times may be somewhat 

reduced by an increase in the foam solution discharge rate from a single 
nozzle. 

The time to control the central fire pit during the course of foam application 

is indicated by the profiles presented in figure 20. The. significance of these 

data is that they provide a means for comparing the relative firefighting 

effectiveness of protein foam and AFFF and a measure of the efficiency of foam 
distribution over the diked area. 

From the data presented in table 2 it is apparent that the fire control time 

using protein foam at 0.10 gal/min/ft2 was 28 seconds, which was somewhat less 

than would have been anticipated from the control times obtained at solution 

application rates of 0.05 and 0.15 gal/min/ft2. This lower fire control time 

is attributed in part to the increased effectiveness of the foam distributing 

technique, in this experiment, as evidenced by the complete foam coverage of 
the area (18,000 sq ft) of foam application. 
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A. VIEW SHOWING THE "TARGET" AIRCRAFT AND GRID OVERLAY I 

B. PANORAMIC VIEW OF THE "TARGET" AIRCRAFT FROM THE DRU 

FIGURE 18. PANORAMIC VIEWS FROM THE DRIVER/OPERATOR'S SEAT IN THE FIREFI 

AIRCRAFT THROUGH THE CENTER OF THE WINDSHIELD 
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FIGURE 19. FOAM DISCHARGE (FIRE CONTROL) TIME AS A FUNCTION OF THE 
SOLUTION APPLICATION RATE USING PROTFIN FOAM AND AFFF 
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FIGURE 20. FIRE CONTROL TIME OF THE CENTRAL POOL FIRE (2,827 FT2) AS A 
FUNCTION OF THE FOAM SOLUTION APPLICATION RATE USING PROTEIN 
FOAM AND AFFF 
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irs-di r,0-15 - 
te.t. varied by only 5 seconds Th!.. .t . "«l”1 ti»>es for all three 

of the AFFF stream and the rapid coverag* of'“, SeiUrta'c^ 

»t.a't'oi'in«™,1^™8 bo“b“;r”sLooi 8ic"r“dfoa" 
the information provided in reference 8 3 nnn 1 economic aspects. From 
discharged at 800 gal/min from one foaf’truck wfs solutlon 
lmg fires in critical access areas of a C-97 Tr J^nrr ad®quate for control- 
severe fuel spill fire conditions. However at soÎ ,Cfeg°ry alrcraft ««der 
time to control the fire was 140 seconds whioí h solution rate employed, the 

time required for the destruction of an ¡irííaft skifwhi w ^ eXCeSS °f the 
be approximately 40 seconds in reference 9 tm WaS reP°rted to 
solution discharge rates to protect the inteJîîv Sf8f!St! 3 need for adaq«ate 
tam a survivable passenger environmpn^ 8 ity/f the fuselage and to main- 
ment. One method of achieving this obi err ? minimura of manpower and equip- 
the foam solution dischar« rfte of S ^ ^ Part> be t0 Increase 
reasonaable economic limits without increase ^efight±n® vehicles within 

uc increasing the manpower requirements. 

“S o1^Är1eA(sFLSSd1itheSe eXPerimentS — protein 
of the solution application rate is ín aen.rí^ tlme 38 a functi°n 
in reference 1 employing full-scale fire i-p t- agreament wlth thp lata presented 
speculated that the grefter firelightP"°cedures- Ther^. re. lt ls 
may lie in part in its greater ease of ® ^^^Y60688 demonstra. ^ by AFFF 
application. 8 6386 °f dlatribution over the area o: foam 

The average depth of foam over the 
for each test. The foam depth varied from I^Q^^ÏS ^ presented in table 2 
foam series during tests 1 and 2. In general the^rwlthln the Protein 
application density, foam depth and th^ Pr°tein foam solution 

random by comparison with the data obtained usingeAFFF. ^ C°Verage 

«LYf^iLitSarsrbba'srsS«^ ^ 2i> ^ 
the average foam depth decreased which f«1 application density as well as 
during an extensive series of full-seal of W±th the trend shown 
in references 1 and 6. Íre ’"cddÜag experiments reported 

u^wiid1 siSer^ethe cÍucifoS dru^confíguíatÍ“11?"^^ ^ °n the lmnedlate 
The largest accumulation was observed ^ ^ t ? wîth Crîerp°f ^ fire P°o1 
the greater number of foam traverses remi-frf i l th proteln foam because of 
experiment. This foam accumS^ïon wís not Ln dlked 3rea ln thia 
taken to estimate the average fol depth 0^^ ^ dît d ,neasure”'cnts were 
means was available to approach the drum ppnf-i h d!ked areas since no safe 
proximity to the three-dïLSnÏ C°nfigUratlon due its close 
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SUMMARY OF RESULTS 

fîn^ir.°ïtain,ed„fr“n the f0am quallty determinations and the simulated 

solution :p;îirceaïïorfSt8esTerîmentS f0ain ^ ^ at different 

¡;H Jhe Pr0t®in foam Produced by the 1,800 gal/min foam-dispensing system 

!inn^ P^SÍf ratÍ0 0f 9:1 and 3 25 Percent 80 lut ion drainage tLe oïl 7 
minutes. The foam viscosity was 360 dyn/cni2 120 seconds after format-* 
Which increased to 400 dyn/cm2 after 2lS seconds. formation 

«tio^lfs-Îlnfals3 S0luti0n ^ate of i*800 gel/min had an expansion 

riaS1“* s* 
Î'800TÏal/mlnlnrtternS Pr0dU^o With Pr0tein f°am at a solution rate of 
1,800 gal/min and a pressure of 200 pounds per square inch had a reach of 
approximately 250 feet and a maximum width of 47 feet using the straight 

llni? 1 S" reaf °f the fully dlspersed patt«n -s approxSS 140 feet and the maximum width 57 feet. y 

5. The estimated (simulated fire control) times retmirpd tn nkra-c« on 

ir»¥sr°-^^ 
petí0"“" “d 

ferHr r r ^ both the cab and monitor platform of the vehicle, 

required to provide adequate mobility and response. 

?• Jhe driver/operator position in the forward center of the cab of the 

appSx^tVS- Pr°VÍ'i'd " Cf,“tlV* Vle,I"S aZl“th “81« “f 
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9. Maximum effectiveness was obtained in dispensing foam on the extreme 

downwind side of the diked area in only one experiment, because of limited 

visibility through the foam stream and the inability of the operator to 

estimate the optimum angle (30°) of nozzle elevation to obtain adequate foam 
reach. 

CONCLUSIONS 

Based upon the results of the foam quality tests and the simulated full-scale 
fire-modeling experiments, it is concluded that; 

1. The quality of protein foam and AFFF produced by the 1,800 gal/min foam 

discharge in terms of the expansion ratio, 25 percent solution drainage time 

and foam viscosity was in nominal conformance with that determined to be 

effective (reference 1) in combatting large aircraft-fuel spill fires. 

2. The foam ground patterns produced by protein foam and AFFF using a solu 

tion discharge rate of 1,800 gal/min provided adequate reach and width to 
cover each of the concentric simulated fuel-spill areas. 

3. The hydraulically operated electro-pneumatic selection valve system pro¬ 

vided adequate response and control for accurate foam application over the 
simulated fuel-spill area. 

4. The application of protein foam and AFFF over diked areas larger than 

the fire area is economical of fuel and more ecologically acceptable for 

estimating the fire control times of large simulated fuel-spill fires than 
the use of completely flooded fuel areas. 

5. ^The location of the driver/operator in the forward center of the cab of 

the ’’Pathfinder” vehicle provides a clear view for dispensing foam and 

maneuvering in congested airport operational areas and over difficult terrain 

6. To assure maximum range during foam discharge a knowledge of nozzle 
elevation is required. 
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RECOMMENDATIONS 

Based upon the results of the foam quality, foam ground patterns and the 

simulated full-scale fire-modeling experiments, it is recommended that: 

1• The quality of protein foam and AFFF produced by high-capacity airport 

firefighting equipment be evaluated in terms of the expansion ratio and 

25 percent solution drainage time in accordance with the methods (reference 4) 
employed in this effort. 

2. Studies be conducted and/or continued by investigators in an effort to 

determine the effect, if any, of foam viscosity on the control and extin- 

quishing times of large simulated aircraft fuel spill fires. 

3. Foam ground patterns be determined for dispensing equipment employing 

the straight and fully dispersed streams In accordance with the method employed 

in this evaluation using the procedure contained in reference 4. 

4. Fire control times be estimated and foam application techniques be eval¬ 

uated for high-capacity airport foam discharge equipment by dispensing foam 

over a larger area than the actual fire area to conserve fuel and minimize 
environmental contamination. 

5. A means be provided the nozzle operator indicating the optimum angle (30°) 

of elevation from the horizontal to obtain the maximum foam/water discharge 
range. 
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APPENDIX B 

HIGH-CAPACITY FOAM-DISPENSING 

VEHICLE FROM MANUFACTURER'S LITERATURE 

C°St °f Vehicle as oi January 1975, 
$¿.65,000.00 F.O.B. England) 



B. OVERALL DIMENSIONS OF THE FOAM TRUCK 

(FROM MANUFACTURER'S LITERATURE) 

FIGURE B-l. MASSPORT'S PYRENE "PATHFINDER" (CHUBB FIRE SECURITY LIMITED) 

AIRFIELD FIREFIGHTING CRASH TRUCK 

B-l a. 
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APPENDIX C 

ELECTRONIC FIRE-MONITORING EQUIPMENT 

The instrumentation employed for the required parametric measurements consisted 

of radiometers and cameras. Recording instruments consisted of one potentio¬ 

meter recorder, Dynamastei Model No. 960 manufactured by the Bristol Company, 

with two pens and equipped with an event marker which was manually actuated 

when foam was discharged. 

Two heat-flux transducers manufactured by Heat Technology Laboratory, Inc., 

Model GRW20-64P-SP, were mounted on metal stands and positioned around the 

fire pool. These radiometers measured the radiant heat flux and were rated 

at 10+1.5 millivolts (mv) at 15 Btu/ft^-sec. The angle of view was 120 degrees 

Each unit was provided with a calibration curve by the manufacturer. 
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