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Prelude 

Mr. Chairman, fellow panel is ts ,  Ladies and Gentlemen - My topic on 

t h i s  panel i s  new ignition systems. Time does not permit me to  discuss every 

ignition device tha t  has shown on the market. Many very good specialized 

systems and devices have been adequately documented in the l i t e ra tu re .  In 

the limited time available I decided t o  concentrate on two developments tha t  

. I am familiar with and tha t  have not been so well documented. 'Please don't 

be offended i f  I f a i l  to  mention your favouri t e  system. 

Introduction 

The a b i l i t y  t o  provide ignition a t  .the proper time, sequence and 

place has long been recognized as a prime requirement for  successful pre- 

scribed burni ng. 

In Prescribed Fire Planning in the Intermountain ~ 1 e s . t ~  Beaufai t 

1966, emphasized the importance of ignition devices with the following s ta te-  

ment "Proper ignition devices should provide rapid control 1 ed 1 i g h t i  ng of 

. l i n e s  of f i r e  along predetermined routes. The success of the burn frequently 

depends upon the speed and efficiency of ignition crews". In "A Guide t o  

Broadcast Burning of Logging Slash i n  Bri t ish Columbia", Annon. 1969 the 

s tated objective fo r  the ignition phase i s  t o  igni te ' the  en t i r e  area in  one 

burning period and t o  complete the burn as rapidly as possible. The need t o  

adjust the  pattern and ra t e  of ignition and t o  maintain f l e x i b i l i t y  i n  the 

ignition pattern i s  strongly emphasized. 

I n  Brit ish Columbia the requirei~ic.~:: Fot- iinoroved ignition systems 



was strongly emphasized i n  the early 1960's with the use of prescribed f i r e  

fo r  post logging treatment i n  the in te r io r  of the province. Larger cut  blocks, 

generally level te r ra in  (requiring more ignition per acre than slopes) and 

1 ess avai 1 able manpower emphasi zed the need for  be t te r  i gn.i tion techniques in  

order t o  improve the use of prescribed f i r e .  To respond t o  th i s  need the 

PFRC f i r e  research group, establ ished an informal, ongoing survei 1 lance, 

tes t ing  and development study. Similar studies of varying degrees of formality 

were being conducted by a number of agencies involved w i t h  prescribed burning 

i n  the U.S. and Canada. Through the course of these quasi-operational t r i a l s  

v i r tua l ly  anything tha t  could carry f i r e  o r  be ignited was carr ied,  thrown, 

launched, propelled or  flew was t r i ed .  

Incendiary bul lets  f i red  a t  s tyategical ly located bot t les  of fue l ,  

the bow and flaming arrow and even the slingshot resulted in some successes 

but more' often embarrassed burners. 

Our  par t icular  interpretat ion of ignition needs i n  Brit ish Columbia 

suggested tha t  cost ,  safety,  and ava i l ab i l i ty  largely dictated the users 

acceptabilj ty.  From the outset i t  was obvious tha t  the dr ip  torch was by 

f a r  the most e f f i c i en t ,  safe  and versa t i le  d i rec t  ignition tool.  I t  was also 

obvious tha t  devices tha t  deposited burning material were f a r  more e f f i c i e n t  

than systems tha t  only provided an open flame. If  ignited fuel was deposited 

such as with a dr ip  o r  drag torch the r a t e  of ignition was influenced primarily 

by the r a t e  of transport. 

Mith the non-deposition devices such as a fusee or  propane torch 

the ignition ra t e  i s  fur ther  limited by the time required t o  preheat and 

i o n ;  t e  tile . fuels  being treated. For th i s  reason we rejected a l l  such devices 

, b.,ll- -;Iiis c;,ieconomici.il for  a substsirled opera~ionai  prescribed btlr~lir;, pi -a3. ' , - ' .  



Another early conclusion was tha t  users did not want t o  be involved 

i n  fabrication of devices. They were w i l l i n g  t o  fabricate  on a t r i a l  basis 

but would never seem t o  allow enough time t o  fabricate for  operational use. 

I f  a system could not be purchased off the shelf i t  was generally non-acceptable. 

Operational Cost Analysis 

A rough estimate of expected operational costs of the various components 

tha t  together form an ignition system emphasized tha t  improved igni t ion devices 

themselves was only part  of the answer and tha t  consideration of each aspect 

of a system was 'required t o  i so la t e  and compare the costs of various alterna- 

t i  ves. 

For the purpose of these estimates capital  costs fo r  specialized 

non-comsumptive equipment such as torches, pumps o r  dispensers were not con- 

sidered because of the unknown and variable use tha t  they would experience. 

We f e l t  tha t  capi tal  costs could best be jus t i f ied  by the user based on t h e i r  

individual needs and expected use. A factor  tha t  was unknown t o  us. 

To compare the costs of various systems we estimated the cost  of 

the various components per 1000 f t  of igni t ion l ine.  We thought a cost  per 

length of ignition l ine  was more appropriate than a cost  per acre because i t  

considered the variations of ignition requirements due t o  slope and shape of 

area. More importantly the planning phase of prescribed burning and resul t ing 

crew allocation i s  based on the to ta l  length of ignition l ine  required and 

time constraints rather than the number of acres. 

We considered an ignition system t o  consist  of a t  l e a s t  three 

c.l.lr;.?cnts ., .. tha t  could be assignod a cost on ; use basis. 
..-. . . 
I r : - >  7 1 , f 1 t  t i nn  device o r  material - i s  t h z  r.teria! o r  cP.nmjcals t h z t  ::lb.Cr 



igni tes  o r  i s  ignited by the dispenser. The device o r  material 

including i t s  containers i s  the d i rec t  cause of flame t ransfer  t o  

the fuel complex. I .e. 1 iquid hydrocarbons, grenades, contained 

chemicals. 

The dispenser - i s  the specialized equipment required t o  meter and o r  charge 

the ignition -device or  t o  cause ignition i n  the case of f ree  flowing 

liquids.  The dispenser i s  part  of o r  carried by the transporter.  

1.e. torches, dispersing charges, AID dispensers. 

The transporter - i s  the means by which the other ignition system components 

a re  located t o  achieve the desired ignition pattern. 1.e. personnel 

on foot ,  a l l  te r ra in  vehicles, a i r c r a f t ,  or  launch systems. 

The component cost  of obtaining a 1000 f t  of l ine  f i r e  by a variety 

of techniques are  shown in Table 1. 

Development of Flying Drip Torch 

We recognized tha t  superheated droplets of diesel o r  other l iquid 
. . 

hydrocarbon was the most economical ignition material. The dispenser or dr ip  

torch was a s ibple tool.  On small accessi bl e areas a man could provide 

adequate transport t o  achieve an e f f i c i e n t  igni t ion system. However, on 

large areas,  the. slow ra te  of manual transport required large,  highly 

organized crews which in most cases did not sa t i s fy  considerations of safety,  

time constraints ,  and overall f i r e  behaviour observation. The problem was 

one of transportation. 

The .helicopter was the obvious answer especially a f t e r  our cost  

nc"'rTtas showed tha t  a t  20 miles per hour a G47B helicopter could be moved 

1/ l u u Q  i t  for  1.42 whereas a man a t  1 mile per hour would cost  1.13-. - 
i 

I / ~ e l  icopter  and crewperson cost  based .on $150.00 and $6.00/hourY respectively. 



TABLE 1. Cost e s t ima tes  f o r  i g n i t i o n  system components, $11000 f e e t  of 

i g n i t i o n  l i n e .  

r a t e  of 
use  per + 

ZOO0 f t  

0.5 ga l lons  
1.0 " 

2;o " 
1.0 " 

20 cubes 

10 u n i t s  
5 " 

15 " 
15 " 

100,000 u n i t s  
1,200 f t .  

10 u n i t s  
1,200 f t .  

1 milelhour 
4 mileslhour 

15 mileslhour 
40 1 'I 

60 1 
15 1 " 

40 1 I t  

60 1 
5 units/1000 

con ta ine r  
number 
and c o s t  

Free flowing 
11 

11 

10@.15=1.50 
Fuse 1.20 
(401@.03/ft.)  

Sel f  contained 
Included 
Included 
15@.02=. 30 

' 

7 

IGNITION DEVICE OR MATERIAL 

type 

Hydro Carbons 
Liquid, Gas-Diesel 

J e l l i e d  Gas 
So l id ,  F i r e  S t a r t e r  

Chemical Devices 
D.A.I.D. 
Grenades 
KmXoq-Glycol 

o r  

DISPEXSING EOUIPFENT 

Hand Drip Torch 
Flying Drip Torch 
A I D  Dispensers 
E l e c t r i c a l  Wire 

Caps 
Fuse - B Line 

TRAlNSPORT PETHOD 

.Person on Foot . 
ATV 
Helicopter  

47G3 

2 06 

Launch Systems 

t o t a l  c o s t  
11000 f t  of 

1 i n e  

-30 
-60 

1.20 
2.11 
3.00 

1.80 
15.00 

1.05 
.60 

.22 

18.00 

55.20 

1.13 
-95 

1.88 
-7 1 
-47 

3.77 
1.41 - 

-94 
20.00 

u n i t  
c o s t  

$ 

- .60/gallon 

.6 l /ga l lon  

.09/cube 

.18 each 
3.00 " 

.07 " 

.02 " 

60.00 each 
800.00 + 

1500.00 e s t .  
1O.O0/10OO1 
65.001 100 
46.00/10001 

6.001 h r  
20.001 h r  

150.00lhr 

300.001 h r  



Consolidation of the en t i r e  ignition task in to  a moving space platform tha t  

provided complete surveillance of f i r e  behaviour, the extreme f l e x i b i l i t y  of 

ignition patterns., the a b i l i t y  t o  manipulate f i r e  behaviour and oversee control 

needs seemed a bargain fo r  the extra $.29 per 1000 fee t .  

We determined tha t  an ordinary drip torch could drop f i r e  from a 

height of a t  l e a s t  40. f ee t ,  (determined from the roof of our laboratory 

building). From our experiences w i t h  d r ip  torches from moving vehicles we 

knew favourable burning charac ter i s t ics  a t  the torch could be maintained a t  

l e a s t  up t o  an a i r  speed of 10 miles per hour. We thought we could maintain 

flame charac ter i s t ics  a t  higher a i r  speeds and provide protection from rotor  

. wash w i t h  protective coverings a t  the torch. 

In the summer of 1973, a f t e r  advancing the concept of a f lying dr ip  

torch t o  a number of skeptical users, Northwood Pulp and Paper i n  Prince 

George provided the s t a f f  of t h e i r  Service Centre t o  construct a prototype. 

After a few embarrassing demonstrations we achieved a protective shroud fo r  

the torch tha t  allowed constant combustion a t  the torch w i t h  enough super- 

heated fuel remaining t o  carry f i re .  t o  the ground. The prototype f lying dr ip  

torch i s  very ~ i m i l i a r  t o  a hand torch consisting of an angle iron frame w h i c h  

supports a ten .gallon fuel drum, vented and secured by shock cords. Fuel i s  

conducted from the drum via a one way flapper valve, a manual valve, a quick 

couple in to  1/4  inch black iron pipe with f lash back hoop. Upon entering 

the hooded torch the  fuel conductor i s  "U" shaped t o  provide a heating coi l  

for  the fuel w i t h  the e x i t  a t  the top of the shrouded torch. A conventional 

asbestos pad provides a combustion area.  ,The orginal torch a lso  had a solenoid 

V ? ? $ J ~  to  shut off the fuel flow howzver th i s  was discarded because of power 

- .  * . J  ,. .. ;t-eakage when the torch twisted. The torch i s  suspended approximately 



20 fee t  below the helicopter by fore and a f t  l ines  t o  a ring which are secured 

t o  the helicopter. The prototype dr ip  torch was f i r s t  operationally demonstrated 

on a 200 acre slash burn on the Summit Lake Dis t r ic t  i n  1973. Subsequent t o  

th i s  Northwood, using Northern Mountain Helicopters burned approximately 2200 

acres w i t h  a record performance of 30 minutes t o  prescribe burn a 250 acre 

block for  a d i r ec t  ignition cost  of about .35 per acre. 

Briefly the mode of operation was t o  se lec t  a landing a t  the edge 

of each area t o  be burned where the control crew and ground support crew w i t h  

extra helicopter and dr ip  torch fuel could rendevous with the helicopter. The 

torch was ignited on the landing and ver t ica l ly  l i f t e d  i n  excess of 200 f e e t  

so tha t  burning fuel would be extinguished i n '  the a i r .  The a i r c r a f t  would 

then f l y  to  the s t a r t  of the ignition pattern and descend t o  operational 

elevation. The procedure was reversed t o  return t o  the landing. I f  additional 

dr ip  torch fuel was required the quick connections and shock cord tie-downs 

required only a few minutes t o  replace the empty fuel drum. Normally the - 

torch would be flown from 15-20 fee t  above the slash a t  an a i r  speed between 

. -15 and 20 knots. A 50-50 percent gas-diesel fuel mix provided the best 

performance from t h i s  torch. The greatest  operational problem was to  maintain 

the torch in a steady f l i g h t  a t t i tudes ,  osc i l la t ions  and twisting tender t o  . 

disrupt the fuel flow or  cause complete combustion of fuel within the burning 

chamber. 

The performance of the flying drip torch was t o  encouraging tha t  

two additional models were constructed by the Prince George and Kamloops 

fores t  d i s t r i c t s  in the f a l l  of 1973. A1 though l i t t l e  operational use was 

i:s& of these uni t s  they a1 loxed further  ilu:l-Lr:+#.Li iofial t r i a l s .  A co-operative 

dcvelcp:r.ent project was i n i t i a t ed  by Johl; ' i ' i u 4 ~ ,  ~f ;:he B.C .  Forest S;lrvicc, 



Prince George and Okanagan helicopters i n  the f a l l  of 1973. T h i s  program 

resulted in a larger  torch w i t h  a fuel capacity of 45 gallons remote fuel 

flow control using a motorized gate valve and e lec t r ica l  ignition system for  

in-fl  ight  igni t ion.  The most important contribution however was the design 

of a slinging arrangement tha t  provided in-f l ight  s t a b i l i t y  t o  the torch. 

T h i s  consisted of a "hockey s t ick"  shaped pipe tha t  acted as a spreader on 

the two supervisor cables and locked into the wheel well of the skid pool. 

T h i s  design held the torch a t  r ight  angles t o  the he1 icopter to  provide 

be t t e r  torch v i s i b i l i t y  from e i the r  side of the helicopter and prevented 

twisting. The increased fuel flow allows use of a 40% gas t o  60% diesel . 

fuel mix and an increased operational a1 t i tude.  Torches of t h i s  design, 

requiring a Bell 206 o r  equivalent helicopter were used extensively through 

the province i n  the 1974 and 1975 prescribed burn programs. There a r e  

presently a t  l eas t  15 flying dr ip  torches throughout British Columbia most 

of which are owned by Okanagan helicopters,  the remainder owned by the Forest 

Service, other he1 icopter charterers and Forest operators. !dorking drawings 

are contained i n  the f inal  report by Fielder 1975, available from Protection 

Division, B.C. Forest Service, Victoria, B.C. ,  V8V 1x5. 

Through the development and use of th i s  new ignition tool we 

learned some valuable lessons, the most important being: 

(1) Efficient use of the drip torch required good planning and 

ground support t o  provide extra fuel for  both the torch and 

the he1 icopter.  

(2) Aerial ignition should be planned to  include as large an 

acreage as  possible in the sa;,;2. t r i p  t o  write off ferry t ine  - 
.Ldr of s~-.all b:~:',;. e i the r  on sing12 largc S l x k s  c r  a n i - - -  



( 3 )  The person in charge of the burn o r  the i r  delegate must 

accompany the p i lo t  t o  oper'ate the torch controls. This 

removes the responsibili ty for  the ignition pattern from the 

p i l o t  and allows him t o  concentrate wholly on the flying. The 

torch operator can provide instructions via the intercom on 

course changes, a1 t i  tude, a i r  speed and general torch perfor- 

mance while maintaining communication with the control crew. 

(4)  Extreme care must be exercised on perimeters, t o  avoid rotor  

wash from scat ter ing f i r e  across the l ine  and a lso  t o  avoid 

inadvertent ignition by the torch. 

(5) Cri t ical  perimeters such as top edge should be ignited by hand 

drip torches t o  ensure a good downslope burn. I t  i s  v i r tua l ly  

impossible t o  make a second pass along the perimeter without 

blowing f i r e  across the l ine.  

(6) Small modifications are  necessary t o  allpw the torch operator 

t o  estimate the amount of fuel remaining so he can plan his  

igni t ion.  pattern in phase with refueling requirements. Either 

a fuel gage o r  a selsyn system on the motorized gate valve 

would provide t h i s  refinement. 

Development of the AID system. 

The flying dr ip  torch adequately provided an aer ia l  ignition system 

for  l ine  f i r ing  on c l ea r  cut areas o r  areas not obstructed by t rees .  Inter- 

ception and shattering of the superheated droplets and the additional 

L ;  :.; +,,,- ,LJe required to c lear  t r ee  tops did not allow ef fec t ive  use of the dr ip  . 
& . .  !- ,, . , . is t ~ l l  , dcnsz forest  canopies. I t  would not be part icular ly desirable 



f o r  i g n i t i o n  t o  occur i n  t he  crowns i f  the ob jec t i ve  was t o  underburn. 

There was a  c l e a r  need f o r  an a e r i a l  system su i t ab le  f o r  prescr ibed 

f i r e  treatment under f o r e s t  stands. Var iab le  spacing o f  p o i n t  source i g n i t i o n s  

were requ i red t o  manipulate f i r e  i n t e n s i t y  t o  s a t i s f y  a  v a r i e t y  o f  l and  

management of ob jec t i ves  through the use o f  underburning. I n  add i t i on  t o  

the  increased f u t u r e  requirements o f  prescr ibed under burning the p o t e n t i a l  

f o r  a e r i a l  i g n i t i o n  systems f o r  w i l d f i r e  management had a1 ready been 

demonstrated by Wodgson and Cheney, 1970 i n  Aus t ra l i a  and by L a i t  and Taylor, 

1972 i n  the  Yukon. Alaskan use o f  a  m i l i t a r y  a i r  t o  ground system has a l so  

been documented by Ramberg, 1974. The immediate need f o r  an a e r i a l  i g n i t i o n  

system f o r  use under a canopy was expressed through a  request t o  provide 

i g n i t i o n  c a p a b i l i t y  f o r  aspen e rad ica t ion  burns i n  the Peace .P,iver area o f  

B.C. A l l  i nd i ca t i ons  i nc l ud ing  our component cost  analysis suggested the 

Aus t ra l ian  technique described by Baxter Parkham and Peet, 1966 and Packham ... 

and Peet, 1967 o f  i n j e c t i n g  a  conta iner  o f  potassium permangate w i t h  e thy l  

g l yco l  o f f e red  most advantages. The s i z e  cons t ra in ts  o f  the p a r t i c u l a r  j ob  

and an t i c i pa ted  f u t u r e  use suggested a  he l i cop te r  r a the r  than a  f i x e d  wing 

operat ion.  The weak p o i n t  f o r  our app l i ca t i on  was the  d ispers ing component 

o f  the i g n i t i o n  syjtem. Nei ther  the hand powered and hand loaded prototype 

constructed a t  the Northern Forest  Research Centre nor the Aus t ra l ian  hand 

loaded b u t  motorized dispensers s a t i s f i e d  our needs. Ne i n s t i n c t i v l y  f e l t  

t h a t  an automated feed system was requ i red so t h a t  the operator  could sus ta in  

a long term operat ion and a lso achieve a  h igh r a t e  o f  dispensing f o r  f u t u r e  

back f i r i n g  app l i ca t ion .  

Our f i r s t  model, designed t o  rnee.; z!ii-~ i,i:i~cciiat,e need u t i l i z e d  a  

pressur ized g lyco l  r ese rvo i r  accessed by ~ticj  Ji a soienoid valve which was 



energized when t he  hol low needle penetrated the top o f  a styrene v i a l  conta in ing 

potassium permangate. The v i a l s  were contained i n  a 100 v i a l  capaci ty magazine 

and g r a v i t y  fed i n t o  the dispenser, charged and allowed t o  drop through the  

tube. 

The second u n i t  incorporated a cen t r i f uga l  pump t o  force g lyco l  

through the  needle on valve opening and provided for  a s l i g h t l y  fas te r  drop 

r a t e  o f  1.5 devices per second. A t  about t h i s  t ime Roy Kruiger o f  the 

A lber ta  Forest Service Equipment Development sect ion became i n te res ted  and 

a f t e r  consu l ta t ion  w i t h  the s t a f f  a t  PFRC turned t h e i r  a t t e n t i o n  t o  designing 

an automatic f e e d  system. It was no t  long  before the idea of using a 

spher ical  container f o r  the permangate ra the r  than a c y l i n d r i c a l  v i a l  was 

proposed. This obvious so lu t i on  t o  the  problem o f  a hopper feed system 

turned us a l l  green w i t h  envy. The Alber ta  people then i n i t i a t e d  development 

o f  a g r a v i t y  feed system suppl ied s i ng le  spheres t o  a r o t a t i n g  arm which 

caused them t o  be impinged on a hinged needle, i n j ec ted  and then e jec ted 

from the u n i t .  This dispenser i s  hung from the hook o f  a he l i cop te r  and i s  

s e l f  contajned. It has been opera t iona l l y  tes ted i n  Alberta.  I reg re t  I 

don ' t  have s l i des  o f  the u n i t  however the modi f ied feed system on our t h i r d  

u n i t  i l l u s t r a t e s  the general p r i n c i p l e .  
I 

I n  the  meantime we had designed a prototype dispenser u t i l i z i n g  a 

hopper feed system f o r  spher ical  containers. Bas ica l l y  t h i s  dispenser 

consisted o f  f o u r  metal s l i ppers  moving back and f o r t h  i n  a hor i zon ta l  plane 

through an eccen t r i c  d r i ve .  As each s l  i pper  moved forward an i n t e r n a l  c a v i t y  

was a l igned w i t h  an opening, a l low ing  a sphere t o  f a l l  i n t o  the cav i ty .  As 

tile s~ ipr~ey continued t o  move forward the capt ive sphere i s  impringed on a 

S i . , , , , , , ~ r j  i~eeclle and a mechanical v a l v e  opened t o  a i low g lyco l  ilo;;. 'rne 
t 

. s l i p p e r  then reverses d i r e c t i o n  ca r ry ing  the cap t i ve  sphere past  the p o i n t  



of pickup to  the rear  extremety of travel where the sphere ex i t s  through an 

aperature in a lower plate.    he spheres a re  stored in a rotating hopper 

above the machine and fed through chutes t o  the s l ipper  assembly. 

The hopper has a capacity of about 400 - 1% inch diameter spheres 

and i s  eas i ly  r e f i l l ed  from auxil lary containers in the helicopter. The 

previous models were mounted externally on the skid of the helicopter 

whereas t h i s  model s i t s  on the f loor  of a Bell 206 but will 'adopt t o  other  

machines. I t  can be used from e i the r  rear  door, which must be removed, and 

i s  powered d i rec t ly  from the a i r c r a f t  supply. I t  has a gravity fed f i r e  

extinguishing system and i s  secured i n  the a i r c r a f t  by an external. belly 

band and by the sea t  be l t s .  The top loading assembly i s  quickly detachable 

i n  the event of feed problems which occurrs occassionally with a fractured 

sphere. A so f t e r  but stronger styrene will  be used to  reduce the frequency 

of fracturing. Maximum dispersal r a t e  i s  4 spheres per second with a maximum 

a i r c r a f t  speed of 60 knots and an elevation of 200 fee t .  The 50-50 glycol- 

water solution allows approximately 24 seconds before ignition. 

The important aspect of t h i s  development i s  the en t i r e  system can 

be purchased. Five production models of the dispenser have been manufactured 

- I /  by a local machinist- . Three of these units were constructed under contract 

two for  the Yukon Forest Service and-one fo r  the Ontario Ministry Natural 

Resources. 

The 1% inch styrene spheres e i the r  i n  the half shell  fo r  user 

charging o r  in the charged and sealed mode are produced by a Victoria 

Company 2/ . The charged and sealed spheres have been designated as AID 

--. A - 

2 / ~ u w t i n  C .  Wilson, Fulford Harbour, B . C .  
t ' ~ r e m o  Plast ics  Engineering, 863 Viewfield Rd. , Victoria, B. C .  



standing f o r  Ae r i a l  I g n i t i o n  Device. 

Conclusion 

Well people as you've probably detected, I ' m  r a t he r  biased, however 

I ' m  persona l ly  s a t i s f i e d  t h a t  the  problem o f  i g n i t i o n  has ceased t o  e x i s t .  

As long  as fuel  costs don ' t  p r i c e  us ou t  o f  use, the conventional d r i p  

torch,  t h e  f l y i n g  d r i p  t o r ch  and t he  AID systems should s a t i s f y  t he  m a j o r i t y  

o f  prescr ibed and w i  1 d f i  r e  management i g n i t i o n  requ i  rernents. 




