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I. INTRODUCTION 

1. The Purposes of the Study 

This study \'1as designed for tvlO purpo s e s: to compare r e t ardants in 
a way tha t  is r e levant to deci s i ons required o f  fire-contr o l managers, 
and to provide chemists working on high-expansion f oams with some idea 
o f  its present fie ld eff ectivenes s. 

To satisfy thi s  dual purp o s e, the main text is brie f hut detail on 
methods and re s ults i s  documented in appendic es .  

The scope o f  this s tudy is l imited - only three retardants vlere 
tested on backing f ire s f or one s et o f  f ue l and weather conditions . To 

compensate for this limitation, several of the reference s on retardant 
e f fectiveness have b e en abs tracted in the Bibliography . 

2. How Fire-Contro l f"lanagers use Ground-Tankers 

The fire-control manager has e ssenti ally tvlO uses of a ground
tanker: 

a) to e s tab l i s h  temporary con tro l lines, 

b) to reduce fire rate of spread. 

In pre scribed burns, chemica l s  have he en app lied to p articu larly 
h azardou s  areas such as boundarie s  between slash and timber, to reduce 
fi re intensity at these points to a more manageable level. Greater 
concentr ations o f  chemicals will fireproof the fuel, thus providing the 
manager with a me thod of constructin9 control lines so that he can burn 
in any b l ock s i z e. In f or e st- fire s uppr e s sion the objective is 
invariably to con struct a line that comp l ete ly re t ards fire spread, and 
fireproo f s  the tre a ted fuel f or at l e a s t  20 to 30 minutes . 

In are a s  o f  water s carc i ty and 900d acc e s sibi lity, ground tankers 
can be u s e d  as a substitute f or l engthy hos e- l ays . The excellent 
mobi l i  ty o f  4-\"rhee l-drive vehicle s carryin9 sna I l  s lip-on tankers has 
made them popu lar even where shor t  h o s e - l ay s  are po ssib l e . Fie ld 
experience has s11m,Tn that expert app lication of sma l l  amounts o f  
chemica l  s o lution i s  l e s s  costly and just a s  e f f ective a s  massive but 
indiscri minate ly p l aced amounts . 

1. 1\ Criterion f or C omparin9 Ground-Tankers 

Whether on pre scribed burn s or g oin9 f ires, whether the 
is partial r eduction o f  f ire intensi ty or comple te, the s ame 
tanker e f fectivenes s applies: f or a given transport vehic l e, 
effective s y s tem i s  the one tha t  f irepro o f s  the gre a t es t  are a  
a prescribed l eve l. 
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Consider the following comparison between tanker systems A and B: 

Prescribed 
Fireproofing Level 

1. Reduction of original rate 
of spread by 75% 

2. Retards fire spread com
pletely, fuel won't ignite 
for 30 minutes 

Area of Fuel 
that can be 
treated by A 

(one load) 

5, 000 sq. ft. 

2, 600 sq. ft. 

Area of Fuel 
that can be 
treated by B 

(one load) 

4, 000 sq. ft. 

2, 000 sq. ft. 

Now if the two systems cost the same, then system A is preferred to 
system B. 

Cost cannot be hanqled in a straightforward manner in the 
criterion. Capital costs and operating costs of a system are important 
but may be less important than the follm.,ing considerations: 

a. System dependability, 
b. training required to use a system, 
c. crew safety - many retardants are extremely slippery, 
d. problems in the storage of chemicals and maintenance of 

equipment. 

These and other considerations have been thoroughly 
N. F. P. A. Forest Committee pUblication "Chemicals 
fighting", 2nd edition, N. F. P. A. Assn. , 60 Batterymarch 
Mass. 02110. pp. 106, illus., photos. ( $3. 00 per copy). 

-2-

reviewed in 
for forest 

the 
fire 

Street, Boston, 



I I. LABORATORY I,ND FIELD TEST PRncr::DUIrCS 

Although many desirable properties of a retardant could be 
specified and te sted , both laboratory and field tests '",ere restricted to 
determining the weights of clier1ical required per square foot of fuel to 
achieve a specified level of fireproofing. 

A lab test fire was used to compare the effectiveness of both \vater 
and viscous retardant on a pine needle fuel bed. This test-fire 
procedure is i dentical to that used bv !4r. C.I:. Van Ha(mer in his 
investigation of the mechanisns of fire $pread in litter fuels. The 
results of retardant treatments on this test-fire are considered 
representative of backinq surface fires in Red Pine litter. Details of 
the lab test-fire p rocedure are in Appendix I. 

A field test-fire procedure ,·laS designed to estinate the 
comparative fireproofing effectiveness of retardants in a balsan-fir 
slash fuel, loaded at a rate of 15 tons per acre. The incrense(1 realisT'1 
of the field test-fire Vias offset hy the disadvantage of nore costly 
fuel material. Gusts of Hind during the test-fires caused 'Jreater 
fluctuations in fire behaviour than Has observed in the lab. 

To ensure a consistent noisture content, slash was stored in a 
drying shed for 2 months. Slash for each 2 ft. x 10 ft. test-fire \>las 
then carefully weighed before being placed on the test-fire strips. 

Photo 1. lleighing fuel samples for test strips. The fuel shelter is in 
the background. 
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Photo 2. Arrangement of test-fire strips. 1\ Bliss-Rockwood foam 
generator is in the centre and the arr an'1enent for t-leighing 
the amount of 'dater used is irU'1ediately behind it. 

Each test-fire strip was divided into a control portion and a treated 
portion. l\fter a \veighed aT'1ount of retardant vIaS app lied to the treated 
portion, the front edge of the control portion t-las iryni ted. 

Photo 3. 7est fire advancing on the 
treated with hi si 
at I-foot intervals. 

control Dortion to the portion 
f'ozm. 'i'he aluninuD stakes are set 
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Rate of spread was measured in the control and treated portions by 
timing the advance of the burning edge betvieen successive stakes \"ith a 
stop-watch. Additional detail of the field test- f ire procedure is in 
Appendix II. I'later and viscous-,·tater vlere vleighec1 and appliec1 "i th a 
sprinkling apparatus as a fine spray. Foam treatments Here considerably 
more difficult to apply . It was necessary to generate several samples 
of foam so that, for each foam generator and foaninq aqent injector 
setting, foam expansi on could be estimated. The results of 5 foam 
expansion tests are in Appendix III. 

Photo 4 .  Foam sample generated \lith a nliss-Rock\vood foam qenerator. 
Total foam volume from a Heighe<I amount of I'later and foaming 
agent can be measured in the h ardboard e:"pansion char:ber. 

To deternine the vleight of foam applied to each test strir, foam 
depth and foam expansion >"ere measured. 
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Photo 5. Measuring foam expansion. The number of mI. of solution 
draining from the I-gal. samp le of foam is used to calculate 
foam expansion. 

As the burning edge advanced into the treated portion the rate o f  
advance and fire intensity decelerated. The fire t�en continued t o  burn 
at a new equilibrium or it went out altogether. 

If the fire 
effectiveness of 
formula: 

continued at a ne\'7 
the treatrrlent \'las 

equilihriun, the fireproofing 
calculated \'lith the ::olloHing 

1.0 Rose - ROS? v 100 
Rose 

Percent reduction in rate of spread 

'Rose' is the rate of spread in feet per ninute on the control 
portion of the test ::ire; 'ROST' is the rate of spread in the treated 
portion. In addition to the ahove neasure, the percent reduction in 
fire intensity can be estinated with ::ornula 2.0. 

2.0 I == II x ','1 x R 

Since 'II', the specific heat of wood, is constant at 7,00 0  Btu. per 
pound of fuel at 10 percent noisture content, and 'W', the Height of 
wood fuel burned, is constant at .7 lb. of fuel per square foot since 
combustion was conplete, this fornula can be sinplified to formula 2. 1, 
where 'R' is rate of spread in feet per ninute. 
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2. 1 I = 4,900 x R 

The percentage change in fire intensity from the control to the 
treated portion of the test-fire can be calculated as, 

3.0 490 0 x Rose - 4900 x ROST x 100 
4900 x Rose 

Formula 3.0 can be easily simplified to, 

3. 1 Rose - ROST x 100 
Rose 

which is the same formula as that for calculating the percentage change 
in rate of spread. 

If the fire was stopped completely by the treatment, then the time 
before the fuel would reignite was recorded as a measure of retardant 
duration. 
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III. 

Field tests of high-expansion foams, at this early stage in their 
development, can only serve as a ni.1estone that indicates ho\-, close they 
have come to a type that could be considered adequate for forestry 
purposes. Viscous retardants have had a comparatively lonq history of 
deve10pnent and application. 

Comparative data on the weight of retardants required to achieve a 
given level of fireproofing are given in Table 1 belml: 

'l'ab1e 1. \'leights of retardant per 100 square feet of test fuel for 
blO levels of fireproofing effectiveness. 

1. 

2. 

Fireproofing 
Level 

60 Percent Reduction 
in Rate of Spread 

30-minute fireproofing 

1. The Foam Treatment 

Hater 

50 lb. 

100 lb. 

Viscous-Hater 

20 lb. 

60 lb. 

Foan 

40 lb. 

Foam expansion appears to have an important bearing' on its fire
retarding effectiveness, but as can be seen from the 2 x-axes in the 
graph belo\-l, this property is confounded \·,i th the weight of solution in 
the treatnent. 

FIGURE I 
PERCENT REDUCTION IN TEST FIRE RATE OF SPREAD. 

VERSUS WEIGHT OF RETARDANT PER 100 SQUARE FEET, 
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To obtain foam expansions from 100:,1 to 400:1, a Jet-X :"Jozzle was used 
for the lower range of expansions, and a Bliss-RockwoodHoc1el-2 for the 
higher. 

Higher expansion foams failed to penetrate the test-fire strips 
completely, and the fire continued to burn beneath it. The best results 
were obtained with a 100: 1 expansion fOa!:1 (see photos belovl). 

Photo 6. Flame height in the control portion of the test strip. 
of spread is about 2.4 f.p.n. 

Rate 

Photo 7. Flame height and fire intensity 
treated portion of the test 
reduced by 70%, but the foan is 
burning edge. 
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As can be seen in the photograph above, foam stability 
conventionally measured as the rate of volume collapse of a foam sample 

is an important property of foam when it is used as a retardant. The 
terms "persistence" and "duration" are usually considered synonymous 
with foam "stability". Stability properties of a foam, as measured at 
room temperature and humidity, are believed to be an indication of its 
stability in high temperatures, low humidities, and after a fire has 
been lit next to it - heat radiation from 10 to 30 thousand Btu. for 
about one minute. At least one research chemist has developed a direct 
method of measuring a foam's heat-resistant properties (P.H. Thomas, 
1959). 

Another important property of high-expansion foam is its drainage 
rate. Drainage rate is the rate at which solution drains from a foam 
sample. Theoretical ly, drainage rates from foam should not exceed the 
fuel's capacity for adsorbing water from a film of free water, since the 
excess would be wasted. 

To estimate the rate at which fine fuels ( 1/4 inch diameter) 
could adsorb moisture, a foliage sample was taken immediately before the 
application of foam, and again 20 minutes after. The moisture increase 
was from about 10 percent of dry weight to 25. Larger diameter fuels 
did not increase in moisture content and it was precis�ly these fuels 
which carried the fire. Since most forest fuels will continue to burn 
below a 25% moisture content, the; heat-absorbing and heat-reflecting 
qualities of the foam must be developed for the additional retardant 
action needed. 

The graphs below illustrate the drainage rates from two 
commercially available high-expansion foams. 

FIGURE II 
TYPICAL DRAINAGE RATES FOR TWO FOAMS 
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2. 'l'he \'1ater and viscous-Hater Treatments 

1\ comparison of water and viscous-vIater treatnents is given in 
Table 1 of the last section. Since both of these treatr:1ents were 
applied as an even, find spray, the weights given must he considered the 
minimum that could be achieved in operational conditions. 

Further cOr:1parisons of viScOus-Hater in a {test fuel of Red Pine 
litter shows that the comparative advantage of a viscous retardant 
increased with the required level of fireproofing. 
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FIGURE III 

COMPARISON OF THE FIRE RETARDING EFFECTIVENESS OF 

VISCOUS-WATER AND WATER IN A RED PINE LITTER TEST FUEL 

-20 

10 

100 

50 

0 

LEGEND 

O--Visco us-water 

O-water 

-3 

o /' �)2 --/' 

M 09 .:... -------06 ---

1 2 3 

/' 

T 
I 
I 
I 

-5 68 

/ 
/ / 

,nj /' 
./ 

/' 

05 

4 5 

POUNDS OF TREATMENT PER 100 SQ. FT. OF TEST FUEL 

/ 

Cor-plete data on this test-fire series is given in 1\ppendix I. 
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IV. COMPARATIVE COSTS AND EFFECTIVENESS OF THE THREE SYSTmm 

At the outset of this comparison, the severe restructions on 
interpretation of the following tabular data will be explained: 

1. The effectiveness data is an approximation to results that would be 
obtained for backing fires in 15 tons per acre fuel, wind 0-5 
m.p.h., fuel moisture content 10-14 percent. 

2. The number of replications of each treatment are too few to permit 
statistical analysis of effectiveness measures. Emphasis was 
placed on the quality of the test fires and the exactness of the 
treatment rather than on number. 

3. Since both the water and viscous-water treatments w�re applied 
slowly as a spray and more carefully than is possible under 
operational conditions, weights of retardant per 100 sq. ft. listed 
in the following tables must be regarded as a numinum rather than 
an operationally attainable average. 

Table 2 
water-pumping, 
be a useful 
additives. 

below shows equipment costs above that for conventional 
and the costs of additives per treated area. It should 
guide when budgeting for adequate supplies of chemical 

Table 2. Equipment and Additive Cost Comparison 

Equipment cost above 
water-pumping equipment 

Cost of additives to 
treat 100 sq.ft. of test 

Water 

$ O. 

fuel to 30 min. level of $ O. 
effectiveness 

Cost of additives to 
treat 100 sq.ft. of test $ O. 
fuel to 60% reduction in 
rate of spread 

*1 
Viscous-water 

*3 
$ O. 

*5 (basis: 

*7 

.0779 Ib/sq. ft.) 
$ 0.129 

(.0260 Ib/sq.ft.) 

1. viscous-water. Gelgard M, .13% solution. 

*2 
High-expansion 

foam 

*4 
$550 

*6 

*B 
$0.415 

2. Walter Kidde high-expansion foaming agent, 100:1 expansion, 1.40 
percent solution. 

3. No additional costs for mixing the retardant by recycling solution 
through the pump. 

4. Approximate cost of a foam generator assembly. 
5. Basis: 60 lb. Gelgard per 100 sq.ft., .13% solution, $1.66/1b. 

F.O.B. 
6. This level could not be achieved in tests. 
7. Basis: 20 lb. Gelgard per 100 sq.ft., .13% solution, $1.66/ 1b. 

F.O.B. 
B. Basis: Foam expansion 120:1, foam depth 10", 1.39% foaming agent in 

solution, 43.24 lb. of foaming agent/lOO sq.ft. Cost $.70/1b. 

-12-



While the preceding table gives an indication of costs, an 
additional step is required to anS\'ler the vi tal question 'How many 
hundreds of square feet can I treat with one tank-load?' 

Take the case of the water-tanker system which has a maximum load 
of 3,000 lbs. (300 gaL) . The viscous-\'Tater payload would be 2, 9 50 Ibs. 
for the foam generator system because of foam generator weight. 

Fuel area that can be treated "lith one tankload follO\vs directly by 
calculating: Pa¥load weight 

Welght required per 100 sq.ft. 

Table 3. Areas that can be fireproofed with a tank load of water, 
viscous-vJater, and foam. Retardant costs are included. 

Maximum payload 
in lb. if max. 
water load is 
3,000 lbs. 

*1 

Hater 

3, 000 lb. 

Sq. ft. of test-fuel 
that can be treated 
to 60% reduction in 
rate of spread 6, 000 sg. ft. 

Cost of chemicals 
per 100 sq. ft. 

*4 

$ 0.0 

Sq. ft. of test-fuel 
that can be fire
proofed for 30 min. 3,000 sq. ft. 

Cost of chemicals $ 0.0 

1. Basis: . 5  lb. water/sq. ft. 
2. Basis: .20 lb. /sq. ft. 
3. Basis: . 422 Ib./sg. ft. 
4. Basis: 1 lb. /sq/ft. 
5. Basis: .60 Ib./sq. ft. 
6. Not attained with foam treatments. 

-13-

viscous-'va ter Foam 

2, 950 lb. 2,950 lb. 

*2 *3 
1 4, 750 sq. ft. 6, 822 sq. ft. 

$ 0.043 $0.415 

*5 *6 
4, 833 sg. ft. 

$ 0.129 



V. CONCLUSIONS 

These tests indicate, on the basis of "Minimum weight per 100 sq. 
ft. for specified retarding effectiveness", that a viscous-water tanker 
system is preferred. 

Treat this conclusion with caution. Foams of greater stability and 
fire-retarding properties are being developed. Skilled operators are 
required to realize the full advantages of viscous-water retardants. 
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Paper 64, 1962. 

- 1 6-



Seven cor:ul1ercially available long-term fire retardants 
are evaluated by their effectiveness on lab test fires 3 
hours after apnlication. A different ranking was 
obtained for no wind, and for 3 m.p.h. wind durin(1 the 
fire. Algin-DAP, Firetrol, and Firebrake ranked high in 
both 0 m . p . h . willd and 3 m.p.h. Hind during the fire. 

Johansen, R.W. and J.tl. Shimmel. 1963. Increasing the viscosity 
of water and chemical fire retardants with clays and 
gums. Georgia Forest Research council. Res. Pap . 19. 

Thomas, P.II. Fire spread in wooden cribs. Part III. The effect 
of wind. Department of Scientific and Industrinl 
Research and Fire Office's COMmittee Joint Research 
Organization. Fire Research Note 600/1965, and Note 
537/1%4. 

Tyner, Howard D. 1941. Fire-extinguishinq effectiveness of 
chemicals in water solution. Industrial and Enqineering 
Chemistry: 33. January 1941, p. 60-65. 

Superiority of chemical solutions over water was measured on 
standard lab test fires . Two mensures of super iority are qiven for 
each of the 38 chemical solutions tested: 

a) Superiority = Volume water to knock dO\m flnmes 
Volume solution to knock dovm flames 

b) Superiority Volume vlat er to extinguish the fire 
Volume of solution to·extinquish the fire 

For many of the chemicals tested, and those listed below, 2 
percent solutions possessed a major portion of the extinction 
advantage possessed by much higher concentrations. 

Superiority in Extinguishing 
Fire, 2% solution 

1. 70 
1. 70 
1. 65 
1. 60 

Chemical in 
solution 

Diammonium phosphate (DAP) 
Phosphoric acid 
�1onanmlOnium phosnhnte (r1AP) 
Boric acid 

Selected conclusions from author's paper: 

1. As wind speeds increased froD1 0 to 15, the superiority of l'1AP 
increased rapidly from 1.1 to 4.0. 

2. "As extinguisher-solution application rates approach the 
minimum rate at \·,hic11 extinction can bE} accomplished the 
amount of vlater required increased greatly, \1'hereas

· 
the alnoun t 

of 10 percent �1AP solution required remains approximately 
constant." 

3. H For effective agents studies. posRession of one or both 
of the following capabilities seems to be important : 
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aJ reduc t i on o f  the vo lume o f  conbustible qas f ornled ( by 
increasing the proportion o f  charcoal forned) . 

b) f orma t i on o f  a fused inactive sur face-protnctive- layer on 
the combustible surface. " 

other factors appeared to have l imi ted inpor tance . 

Tyner, H . D .  1967. Deve lopment of f oans for use in f orest f ire 
contro l .  Forest Fire Research Ins t i tute, ottawa, Onto 
In f o .  Rp t .  FF-X-3. 

Repor t on research at Petawm'la, d irected toward : 

1. Ilor k i nq f ire-re tardinq chemical compounds i n to the 
f oaning agent, ye t naintaining des i red propert i es o f  
the f oam . 

2. Developing l aboratory test 
superior f oaming aqents, 
existing agents w i th them . 

Ple thods 
and the 

for se l ecting 
eva lua t i on o f  

3. Theore tical stud i es i n  sur face chenistry that mai 
a id in search f or net-I foaminq aqent fornulae . 

Hoo l iscro f t, H. and H. LaYl . 1965. A report on f orest f ir e  f i e ld 
work . Fire Research Note Ho . 617, 1967. 

Wright, J .G. Experiments on the use o f  che1'li c a ls in forest f ir e  
suppression .  Dominion Forest S ervice . F i le Rpt .  C-3, Fir 
Res . F i l e  116.3203. 

In the summe r  o f  1936 tests of chemi cal addi t ives were 
undertaken t o  increase the suppression e f fect iveness o f  
water . Fires burn inq in a match-sp l in t  fue l were 
suppresse d  w i th water and chemical solution sprays . 
E f f i ciency o f  a chemica l  solu t i on �as calculated with the 
f ormula: 

E == Volur.1e o f  solution to extinquish 
Volume of water to extinqulsh 

(100) 

Ammon ium sulphate so lut i on resu l ted in 47% saving in 
water vo lume . 

4. C ombined Lab and Fi e ld Tests o f  Retardant E ffectiveness 

Davis, J . B . ,  D . L .  Dibb le, e t  a le G e lgard - a new f ire r e tardant 
f or air and ground a t tack . Fire Techno logy ( Boston, 
Hass . ) . 1965. 1 (216-24). Also in F ire Res . Abst . 
Rev . ,  \vash. 1966. B (2), (110-1). 

F ire S top . 1955. Fire retardants. Progress Report No. 4. 

Fons, N . L. 1950. \Je t  water f or forest fire suppressi on. U,S. 
Forest S ervice, C al i f .  For. and Range Exp t . S ta .  Res. 
Note 71. 
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Results o f  a comparison of 14 brands of "letting agent to 
p lain water on 93 model fi res . 66 f ie ld test fires, 108 
mop-up f i res: 

1. S avings up to 23% in the volume of wate r  requ i red , 
and 13% in t ime , for mopp ing-up f i res. 

2. Rekindling r educed by as much as 30% on fire mopped 
up w ith ,,"et water compared to pla in . 

3. Het water is supe rior in knock ing dmm f lames. 

4. Dead fuels remain wet up to 50% longer on back f ire 
l i nes. 

The mechanisms of ,"et ,,,, ater and plain Itlater effectiveness 
are reviet'led. Costs of add itives in 100 qal lons o f  
solut ion are. as low a s  20 cents. 

Phillips , C.P. and II.R. M iller. Swelling Bentonite C lay a new 
forest fire retardant. Techni c a l  Paper No. 37 , Pac i f ic 
Southwest Forest and Range E xpt. Sta. , Berke ley , C a l i f. 

5. F i e ld and Ope ration a l  Tests 

Bangtorf, C.E. 1967. DevelopPlent of slip-on forest fire tankers. 
Fire Contro l Notes, Vo l . 28 (2), pp. 3, 4, 16. 

S l ip-on tankers for jeeps and 4-""hee l  d rives comp lement 
California's l arger and permanent qround-tanker f lee t. 
In 1964 there vlere 1,455 s l ip-ons , of which 1 , 277 w e re 
between 50 and 200 g a l lon capacity. The 50, 75, 125 and 
200 g a l lon si zes appear to he most popu l ar. 

B rown, E. 1962. Comparat ive tests , chemical fire figh t ing agents. 

C h a r l es , 

Rickre a l l  Test S e r i es No. 9. Oregon Dept. of Forestry 
Activities in Fire Control 2. 14 pp., illus. 

Attempts to e va luate comp a rati v e  e f fectiveness o f  water, 
viscous-wate r ,  and ge l d i rectl y  with ope ration a l  
equ ipme nt and on going fires were unsuccessful. Standard 
test fires were devised so that the effeet iveness of 
three suppr essants could be compared. 

tv. G eorge and C h a r l es E. Hardy. 1965. F i re retard ant 
v iscosity me asured by modifie d  Harsh Funnel Northern 
Forest Fire L aboratory. Int. For . Res, E xpt. sta. , 
Ogden, Utah, Res . Note. 

Tab les for the re lationsh i p  behleen B rook f i e ld v iscomete r 
viscosity readings, and the correspond ing me asurement in 
Harsh Funnel seconds. Hoeli fied Harsh Funne ls are 
operational too ls and available from : 

1. Baro i d  Division, Nation a l  Lead Co., P .O. Box 1675 , 
Hou s ton , 'fe x as. 
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Davis, 

2. Hestern Fire Equipment Company I 69 t1ain street, San 
Francisco, California 94105. 

J.D., et al. viscous water and algin gel as fire control 
materIals-.- Derkeley, P.S.H. For. & Ranqe l�xpt. Sta. 1962. 

In addition to field tests which were not too conclusive, 
a questionnaire was distributed to crews using viscous 
water and algin qel operationally. The results of this 
questionnaire are summarized as follows: 

1. Crews using viscous water on hot fires were 
enthusiastic, but crews usinq viscous water on low 
intensity fires were nnt. 

2. Cre\.,s complained 
penetration, its 
handling problems. 

of viscous 
slipperyness, 

water lack of 
and in mixing and 

3. Viscous water superior to vlater in knocking down 
flames and in preventinq rekindling. 

4. Galvanized tanks corroded, forminq a layer of zinc 
alginate in tanks. 

Davis, J.D., D.L. Dibble and C.D. Phillips. 1961. Fire fighting 
chemicals. V.S.F.S. PSi'l Forest and Ranqe Expt. Sta. Misc. 
Paper 57, 27 pp. illus. 

Davis, J.D. and Clinton 
tankers by fire 
Committee. 

Findings useful 
construction. 

D. Phillips. 1965. Corrosion of air 
retardants. Calif. �ir �ttack Coord. 

in selecting materials for tank 

Dodge, M. and J.D. Davis. 1966. Fire retardant chemicals - an aid 
in slash disposal. Journ. of For., Feb. 1966, Vol. 64, 
No. 2 .  

Viscous diammonium phosphate, costinq 6 to 7 cents per 
gallon, was a very effective retardant when applied at a 
rate of .11 to .15 gallons per 100 sq. ft. (I.e., 1.1 
lbs. to 1.5 Ibs. per 100 sq. ft.) 

Maul, T. \'1. 1961. 'resting equipment desiqned for ground 
application of viscous water and calcium alqinate qel. 
Oregon Dept. of For. Activities in Fire Control 1, 22pp. 
illus. 

� truck tanker capable of deliverinq both viscous water 
and gels, developed in California, is tested on fires in 
heavy fuels in Oregon. Results are presented for each 
test fire. 
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Macleod , J.C. 1967. Detection and control o f  forest fi res. 
Recent developnents in tcchn iques and r es e a rch. Woodlands 
Rev i ew WR 118, p. 126. 

Comments on the U.K. method o f  8a f ecrua rd i ncr outside 
boundar i es of p rescribed burns vri th thickened vlater and 
the un ique equ ipnent that h as heen developed for its 
application. 

t'iontsanto Phosche k  259 P i r e  retardant f or 
control o f  crrass, brush, and timb e r  
Techn ical Datn Sheet No. 1-274. 

e f f ect ive crround 
f i res. tlontsnnto 

Evolution of Phosche k  259, i ts advantages over 
competit ive v iscous agents , and cruidelines f or its 
mixi n g , handl i ng nnd appl icat i on w ith qround equ i pme nt. 
C o p i es a r e  avnilable f rom : 

Montsanto 
Inorqanic 

1. 800 
St. 

Chem icnl C o., 
Chemicals Div. , 
a t  

L i ndbe rg Blvd. , 
Louis 66, f1ssou r i , 

or 
2. 175 Rexdale, 

T oronto , Canada. 

U.S.7\.. 

Tuck e r , L.A. 1961. Report on 1Jash i n gton Depnrtnent of Natural 
Resources vlOrk vIi th f i re retardan ts and fire equipme nt. 
\veste r n  Porest P i r e  Res e a rch C ommittee Proceedings, 1961: 
29-30. 

6. F i re Behavi our 

Van Wag n e r, C.E. 1967. C alculations o n  fo rest fire spread by 
flame radiat ion. Pores try B ranch Depa rtmental Publicati on 
No. 1185. 
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APPr:llDIX I 

THE L1\B TEST-PIPE PTCtOC1.:nUm: mJD DATA 

For the design of a laboratory test procedure, the author is doubly 
indebteJ to 11r. C. r::. Van l1aqner of the Petat.JB\.Ja Porest Experinent 
Station for the use of hi;; hurninq chmnber r for his research on 
relating lab test-fires in Red pine litter to field fires in that fuel 
type. The critical contribution of this previous research to tests of 
retardant effectiveness i;; nB follmvs: 

1. For fires in windless conJitions, or backing into the wind, 
radiative heat transfer throuqh the fuel hed is the dominant 
mechanism. 

2. Rate of advance in needle test beds is relatively 
to wind velocity, and observations on field 
confirms this principle. 

insensitive 
bac}: fires 

3. A needle litter test bed has been designed which is similar to 
the bulk density and fllel arrangement in natural stands. 

Field test-fires in 
direction and velocity, 
consiJerable preheating of 
raJiation through the fuel 

slash were senBitive to changeB in wind 
so, unlike the lab test-fires, there was 
fuels by flame radiation as Nell as by 
berl. 

EffectiVeness comparisons on lab test fires were limited to viscous 
water-diammonium phosphnte (abbrevinted as VH-DJ\P) solution and plain 
water. Effectiveness was measured by two indices: 

n. If the trentment reduced rate of advance 

E ROS. COnTROL - ROS. 'rREAT 
nos • COl�TROI, 

vrhere ROS.CONTROL is 
of the test fire, 
treated portion. 

the rate of ndvnnce in the untreated end 
ROS.TREAT is the rnte of advance in the 

b. If the trentment put the fire out, 

E = minutes till it would reignite with a match = duration. 

The procedure in each case wns to apply a specific weight of 
treatment \'lith a paint sprny (Tun to one half of the test bed; iqnite the 
untreated end of the test bed and time rate of advnnce, measure rate of 
advance or duration in treated portion of the test bed. 
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I 
N 
VJ 
I 

Table 4. 

;:Jo. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

Viscous-water Series 
Centipoise gms/ 

400 
400 
400 
400 

50 
50 
75 
30 

100 

Plain \Tater Series 

90 
30 

100 
llO 

40 

Hix 

15% DAP 
15% DAP 
15% DAP 
15% DAP 
15% DAP 

LAB TEST-FIPX DATA 

*1 
Ros.Control 

f.p.n. 

. 69 

. 46 

. 48 
.50 
. 48 

. 58 

. 72 

. 77 

. 54 
.51 

*2 
Ros.Treated 

fop.n. 

. 42 

. 31 
0.00 

.39 
0.00 

. 51 

. 58 

. 31 
0.00 

. 39 

*1 Rate of spread in the control portion of the test-fire. 
*2 Rate of spread in the treated portion of the test-fire. 

*3 
Effectiveness 

39. 1 
32. 8 

100. 0 
22. 0 

100. 0 

12.1 
19. 4 
59. 7 

100. 0 
23. 5 

20 ninutes 

15 minutes 

10 ninutes 

Lb. Treatment 
per 100 sq. ft. 

2. 20 
2. 20 
3. 31 
1.32 
4. 41 

3. 96 
1. 32 
4. 41 
4. 85 
1. 76 

*3 Effectiveness is measured as percent reduction in rate of spread as � result of the treatment, 
or E = (Ros.Cont. - Ros.Treat. x 100) 

Ros.Cont. 



1\ppr;NDIX II 

SL1\Sll FUEL TEST-FIRE P ROCEDURE 

The most important considerations in definin<l a test fuel are as 
f o l lows :  

1. The total avai l ab l e  fue l per ground are a . 
2. The mass of fine fue ls . 
3. The density of the fuel per unit of g round area. 
4. The tota l surface area of the fuel p e r  unit of g r ound are a . 

Each of these factors were considered in the design of the test 
fire . 

1. The Tot a l  1\vai l ab l e  Pue l Per Ground 1\rea 

The test fue l was loaded at a r ate of .7 Ibs . pe r sq . ft . ,  which 
corresponds to 15 tons of avai lab l e  fue l per acr e . 1\dmitt ed l y , s l ash 
fue ls often have several pounds of fu e l  on some square feet , bare ly none 
o n  othe rs , but 15 tons avai lable fue l is a limit se ldom exceeded even o n  
e v e n  the most intense s l ash burns . 

To ensu re that the fue l of e ach test fire was of a simi la r  moisture 
content , the ba lsam fi r b ranches were trimmed in Jun e and stored o n  
racks in a fue l she lter for thre e months . 

Moisture content samp l es taken in 1\ugust indicated that both fin e  
a n d  he avy f u e l s  had approached the moistur e content o f  12%. 

2. The Mass of Fine Puels 

Ba lsam fi r br anches were chosen as the test fue l ,  because of this 
species' exce l le nt n e edle retention in both the green and dry state . 
The n e e d l e  comp l ement of the test fue l is an important conside r ation , 
because its l arge surface-to- area ratio r educes the amount of radiation 
ene r gy that must be absorbed for ignition . This quantity of e ne rgy is 
usu a l ly te rmed "the critic a l  ignition impu lse" . 

3. The Density of the Fue ls P er unit of G round 1\re a 

1\ "fue l box" procedure was app lied to e nsure consistency of fue l  
d ensity for e ach test fi re. Each boxl o ad of f u e l  was tested b y  two 
criteria before acceptinq it as a va lid fue l: 

1. The box must be fu l l .  
2. '1'he fuel load must \veiqh 7 Ibs. 

Whe n the tvlO cri t_eria were satisfied , the fue l Has enptied onto a 
2' x 5 '  strip . 1\ seco nd samp l e  Has attached to the end of the first 
strip to compl ete a 2' x 10' test bed. 

4. The Tota l Surface Area of the Fue l per Unit of Ground A re a  

The fue l surface area Vias not knmm f o r  e ach test fire. Variation 
of surface area betVieen t est fire s was minimi zed by constructing then of 
on ly b a lsam fi r branches \'lith a 100'6 need le compl ement. 
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The final precaution, perhaps the most critical, and yet the most 
open to chance, \4aS to set the test fires in similar ,,,eather conditionso 
Fires were set only when wind speeds were less than 5 m.p.h. 

Evaluation of Test Fire Consistency 

Rate of fire spread in the control portion of each test fire was 
analyzed statistically. 

Mean rate of spread: 2.72 feet per minute. 
Standard deviation: .67 feet per minute. 

In other .. lOrds, there is a 613% chance of a rate of spread .. Tithin the 
limits of 2.72 plus or minus .67 f. p. m. , and a 95% chance that an 
individual rate of spread will be within the limits 2.72 plus or minus 
1.34 f. p. m. 

To further reduce the effect of test fire inconsistencies, the 
effect of a treatment is expressed as a percentage reduction of the rate 
of spread in the control portion of that same test fire. 
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1\PPENDIX III 

PERFORP'll\NCE TESTS OF TilE DLIS S - ROCKl'lOOD HODEL - 2  1\ND THE ,TET-X NO Z Z LE 

1\ s tandard i z ed p e r f ormance t e s t  VlaS app l i e d  to the b'Jo generators 
to determine wh i ch one p roduced the tyre of f oam that , o n  the b a s i s  of 
f i e ld te s t  f i r e s , was the mos t  e f f e c tive . Fur thermore , it was e s s e n t i a l  
t o  knml a t  wh a t  r a t e  thi s f o am c o u ld b e  p r oduced . 

In e a c h  per f ormance t e s t the f o l lm·,ing measures I'le re take n , ( se e  
T a b l e  5 ) : 

1. The r a t i o  o f  age n t  to \"l a te r ,  s o  that the amoun t and cos t o f  
add i t ives could b e  c a l c u l a te d .  

2 .  Foam expan s i on , a me a s u r e  c lo s e ly r e l ated t o  f o am e ff e c tivene s s . 

3 .  Foam p roduc t i on r ate , a me asure e s s e n t i a l  t o  c a l c u l a t i on s  o f  hm,., 
many 100 sq uare fee t could be trea ted p e r  minu t e , or per tank f u l  o f  
,vater . 

In e a ch te s t  the amount o f  water and foaming a g e n t  pumped i n to the 
generator was w e i ghed , and the total cub i c  feet o f  f oam p roduced 
me as ured . Foam p roduc t i on r a t e  was c a l c u l a ted by d iv i d ing the t o t a l  
cub i c  f e e t  o f  f o a m  produc ed by t h e  t ime taken t o  p roduce i t ;  a nd f oam 
exp a ns i on c a l c u l ated f rom I - g a l lon f oam s amp le s . 1\ Gorman-Rupp b a ck
pack pump was u s e d  i n  each t r i a l .  

D e s p i t e  at tempts to s t andard i z e  the pe r formance tes ts , the mos t 
obvious conc l us i on from T ab le 5 i s  that the r a nge o f  r e s u l t s  was 
e n ormou s . Part o f  the exp l a n a t i o n  for this var i ab i l i ty i s  the v a r i a t i o n  
o f  t h e  d e l ivery rate for t h e  pump . T h i s  va r i a t i on can b e  e xp e c te d  in 
ope r at i o n a l  cond i t i ons , h O\"lever , un l e s s  s ophi s t i c a ted p r e s s ure gaug e s  
are u s e d  t o  e ns ure that the s o lu t i o n  i s  pumped a t  a c o n s tant p r e s s u r e . 
Foam samp le s  taken immed i a t e ly a f t e r  produc t i on i nd i c a ted a muc h  l o�er 
s o lu t i o n  content than c a lcu l at i on s  b a s e d  on t he vlC i qh t s  of aqe n t  and 
\"later actua l ly u s e d . The tHO pos s i b le s ources o f  error a r e : (1) H igh 
r ate of d r a i n aqe b e f ore foam s amp le cou ld b e  taken .  ( 2 )  Water \"las tage 
from f i l l i ng the h o s e , l e a k s , and p o s s ib ly from the g e ne rators . 
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T ab l e  5 .  
FOl\r l GE!lEf'.ATOR PEROFPJ ll\tJCE 

1 .  2 .  3 .  4 .  
C . F  /t1 
Foan 

Age n t  S e t t i ng S o l u t i o n  Exp an s i o n  P rod . 

B l i s s - J e t - x  3 4 . 7 4 5 6 8  9 7 5  
RockH ood 
Hod e l  2 J e t - X  3 4 . 3 3 1 0 8  3 0 9 

J e t- X  3 6 . 8 2 2 5 2  8 4 2  

J e t - X  ;'Y a l  t e r - l( i clcl e  1 1 .  4 0  1 0 2  3 6 6  
N o z z l e  

J e t - X  3 3 . 3 5  1 6 0  2 5 0  

F oo t n o t e s  -

1 .  S e tt i ng : F oani n g  age nt i nduc t o r  s e t t i ng . 

2 .  S o l u t i on : ( lb .  aer e n t  
( lb .  'da t e r  

( 1 0 0 ) )  
) 

a s  d e te rn i n e d  by He i gh i ng s . 

3 .  Expans i on :  ( mI .  f oan ) a s  m e a s ured by f o am s amp l e . 
( m 1 . s o lution) 

4 . C ub i c  F e e t  F o am Produc t i on p e r  1 1 i n u t e  ( C u . f t . F oam 
( P rodu c tion Time 

5 .  6 .  7 .  

S o lu t i o n  Run n i ng 
D e l . Ga l . C . F . Foan T ime 

1 . 7  1 6 , 1 6 0  1 8  

2 . 9  3 , 3 1 1  1 1  

3 . 3  7 . 5 6 1  9 

3 . 6  3 , 0 6 0  8 

1 . 6 4 , 8 0 8  1 9  

5 .  S o l ut i on D e l iv e ry Rate i n  G a l l on s  per M i n u te : T h i s  r a t e  i s  the amo u n t  o f  s o luti o n  d e l iv e r e d  
p e r  m i n u te t ha t  b e c omes f oam . F o r  i n c omp le t e ly under s to od r e a s o n s  t h e r e  H e r e  l ar g e  l o s s es o f  
s o l u t i o n  i n  s om e  t r i a l s , ve ry l i t t l e  i n  o the r s . T h i s  r a t e  i s  t he r e f o r e  the ma ximun a t ta i n ab l e  
s i n c e  i t  i s  a s s umed t h a t  a l l  s o lu t i o n  i s  e xpanded i n t o  f o am .  

6 .  Cub i c  F e e t  o f  F oam f ron 3 0 0  G a l l o n s : T o t a l  cub i c  f e e t  p o s s ib l e  w i t h  z e r o  w a t e r  H a s t age . H o s e  
l ay s  o f  5 0  f e e t  o f te n  r e q u i r e  2 0  g a l l o n s  o r  mor e  to f i l l  the h o s e  a n d  f o am g e n e r a to r  t o  
o p e r a t i ng p re s s ur e s . 

7 .  Run n i n g  T ime : (.1 i n u t e s  t h a t  g e ne r a to r  'do u l d  r rodu c e a t  z e r o  ,va t e r  'da s tage , 3 0 0 -g a l l o n  ,va t e r  
l o ad . 




