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SUMMARY 

Tta research described In this report was conducted In Plelku Province, Republic of 
Vietnam In January-March, 1966 by the Forest Service, Department of Agriculture under the 
sponsorship of the Advanced Research Projects Agency, Department of Defense. The objective 
of the research Is to determine the techniques and conditions required to destroy large areas 
of forest or Jungle growth by firs. 

Factors Affecting Forest Fire Behavior. 
■ 

Because there Is little thermal feedback In a forest fire, Its combustion behavior is 
greatly effected by relatively minor changes In weather, fuel moisture or structure, and the 
pattern of Ignition. Each of these fire behavior controls was studied epeolücallyfor the central 
highlands of South Vietnam. 

Fcrctit F^ra CMrnste of Indoehtna. 

With t'.-o exocpticnof the eaotarn half of Kcrih Vtetcara, fto climate of Indochina Is such 
that iraoccceCal forartlnocudilary operatloaacRu bs con&ijted cr.jvhoroln the area for at least 
a s'lort period da.Ti.-j each ycir. Tlio porxibla tumi~ s&sfHa may ba EB short aa five weeks 
<Fcb. l-March 7 lafce dr.lta rejloncf Ey-ith Vlel^Jia), or ea li v; r.a ci^itcen weeks (Nov. 7 - 
Kr.wih 21 Incc-'-Kd Laoa anaajzilieastcmTiallcTid). la faece. Aral Li^ilandsof South Vietnam 
do covsial scacsa for buin.frj ci:-kn:''»;roui mid Dvocrü^sr & ndd lui.roh. 

Ft>rf^^,. rira Weatfaey In gpeth Vletosia. 

ftaortblobvutsltj; ror. 11    sec«sr In ':   "?. V»ctRamdu?.U\-; thonor<hea£tmonc^onperiod, 
Xii« most Cikvor&b!« woatLer oocux*: i     -.. :   M /3 afiec a SUI^O of cool, dsry air moxes over 
tuD i'. .;.-■.2fcomt^a c^-ii--•,-?,   ,■.'  .!'■    ;    - • ■ ^ a lanory.ei'iiCliüv.i,  li-o eur^a 
UKUJ'-IIy fvllo'wj tl.e .'vi.v-: I'-ni «:! i-. >..  :,.    '. ?. .     ;; <;rci,i Co H^th Ciiiaa coaet to the i 
RiiUpplnes« 

Dv.rii.j i.'v.rjfavort'blo pjiloJa, rvLr.tive hamldltlsi In üie Central Highlands can be 
cjipcctod to i*c:oh mlaivnum vt <uea bc-Iow 40% (occaeloi^Uy below S0%) with nmxhnum air 

3 
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I I ttmpetmturas Rear or exceeding lOO'F.   Such hot, cloudleea, relatively diy coadttloM are 
i neceBaaty for successful burning operatloiuik 

i ;l 

i ;[ 

5 
i • I 
n 

i1 

I3 

• 

Vegetation of South Vlctaam. 

Because of the mixture of sites and species, combined with the effects of shifting 
agriculture on the origbuu forest stands, the vegetation of South Vietnam is extremely 

I heterogenous and complex.  About the only generalizations possible in relation to burning are 
that: (1) Dwarf mangrove is unsuitable for incendiary operations; (2) Woodlands with a high 

f proportion of deciduous species should be either burned early in the dry season or avoided; 
(3) Dense, multistoried forests have only marginal amounts of ground fuels unless small 

I openings are present to provide "edge" effects; (4) Bamboo sites burn poorly; (5) Intermediate 
•■ forests with mixed tree sizes and a high proportion of evergreen species are optimum sites 

for forest inoendlaiy operations. 

Fuol Treatment. 

Intensive observations were made on two forest sites sprayed with Orange defoliant. Both 
Sites were immediately adjacent to the Due Co Special Forces Camp. One was sprayed in late 
November (before the onset of the dry season) and the other in late January (In the middle of 
the dry season). The November spray resulted in: (1) 95% mortality of leaves within 8 weeks 
of spraying; (2) S0% leaf fall from the upper and middle canopies an/l 50% leuf fall from the 

w understory. (Leaf mortality is absolutely neoossary for cuccesfful burning, leaf fall is highly 
ft undesirable.) IncontraRt, the Januaiy spray resulted in:  (1) Only 60% leaf morteUty within 

6 weeks of spraying, bat (2) only 20% overall leaf fall. 

On a 21 cqiiare kilo motor area at Chu Pong Mountain, 17 kilometers south of Duo Co, a 
late Janwary - early Februnry cprry operation alzo reflultcd In about 60% leaf mortality within 
six v/rtr.':«. Ticro tslasufÜcleAt d^tata cnfciclia'iv,hc'.hcr these poor reeultawcre due to season 
of •ppUeatton, eptcks of vegetation, or neehanioal apptionUoa difficulties duo to rough 
topography« 

p.-.r.l Moisture. 

3 
^ Two hundred forty two fuolmolcture eampliiswero collected nt tho Duo Co sites in order 

to dc-termlno the trfcots of weaüi^r, fuel troatmort and time of day.   Wo found that:   (1) The 
moisture content of green, uneprayed folisga P-veragcd 185% (dxy weight basis), much too high 
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for burning to b« poiaible; (2) The diylng mte of ■ucceMrfulfy ipnyed foliage to extremely 
rapid. Leaves which were killed loat 95% of their moisture within 10 days of aprayiag; (9) 
Diylng ratee following rain were also unexpectedly rapid. Leaf Utter redrted in leas than M 
hours following a 0.04 inch shower, and la less than 48 hours after a 0.27 inch rain; (4) Fine 
twigs, which make up two thirds or more of the available fuel, were not sufficiently dessioated 
by the Orange spray treatment. A month after spraying, twig moisture was 90%, too wet for 
acceptable burning. 

Fuel Flammability. 

Samples of Vietnamese fuels were collected at Duo Co and sent to the Northern Forest 
Fire Laboratory for analysis. Heat content and Ignition times were similar to those for 
standard forest fuels of the U.S. However the heat release rate of the Vietnamese fuels was 
only 75% of the standard, and flame heights only 60%. 

fenltlon Pattern and Fire Behavior. 

The 21 square kilometer test site at Chu Pong was burned, starttig at 1400 on March 11, 
1966. Fourteen thousand five hundred thirty five ignition points were laid down in a 20 minute 
period.  Ihls calculated spacing proved to be too low.  Later analysis showed that fire inter- 

£ action occurred only when ignitions occurred within 90 feet of each other.  Twice ss many 
incendiaries were needed as were used. 

Fires did merge in areas with exceptional concentrations of incendiaries. Iho reeultlng 
fire buildup progresaod as predicted with peak burning retched in approximately 35 minutes. 
The resulting convection column roached 22,000 feet. 

Although a total of S9,000 tons of vegetation were burned within the first hour, crown 
removal v.aa mt satisfactory, Tue fire barand about 25% of the total available fuel, but only 
about 10% of tho ovcrctory crown cover. T^o combination of too widely Biwcod ignitloas, high 
twig moistures, and only a 60% ef/cotive defoliation effort kept the fires on the ground. 

Rccommcnifotl oaa. 

Forest incendiaxy op; ntlona planned for tho Hcpubllo of Vietnam in 1967 chould 
essentially follow the same gw^llncs used in It:» except t", .t; 
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1)     Qpny optrattons uilng Orange ahould be performed before tiie 

S) 

3) 

of the dry 

Whenever poeslble, arete treated with Orange ehould be reaprajred with Btue or 
Black about 10 diya before the planned boning date. 

Ordnance requirements should be based oe obtaining at least one Ignition per 8000 
square feet of forest area. 

4) Ihe number of drying days needed betTwea the last rain and TOT can be reduced to 
3 days followir« rains of 0.2 inches or more and 1 day following tains leea than 
0.2 inch. 

I 
I 
I 
I 
I 
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INTRODUCTION 

In September, 1965, CINCPAC requested that the Joint Chief« of Staff take action to 

expedite the development of a device capable of destroying large areas of Jungle or foreet 

growth by fire. 

In December, 1865, the Joint Chiefs of Staff, by JCSM-862-65, requested the Se-tretaxy 

I of Defense to initiate programs to determine the feasibility of dehydrating Jungle growth v» the 

point where such material would support combustion, and to initiate development of operational 

means for determining the specific Jungle conditions under which there Is the greatest 
probability of destroying Jungle or forest growth fay fire* 

I 
I 

II 
■ 

I 
I 

i 

I 
1 

I 
I 

Ihe Branch cf Forest Fire Research, Forest Service, offered to assist In the conduct of 
research designed to answer the questions posed by JCSM-862. The Forest Service suggested 
a two-phase program. 

■ 

Phase I would be centered around an operational field test to be conducted by the armed 
forces in South Vietnam.  The objectives would be: 

■ 

To provide technical advisory service to the military units responsible for con- 
ducting the operational test. 

To upgrade existing Information on tad and weather potential for area inoendiary 

operations in South Vietnam, and 

To determine by lostrumcnted field trials the rate of dehydration of Jungle growth 

following desiccant application and otht-r characteristics of fußlsond microclimate 
that affect the buildnpendbebavlorof fire under South Vietnamese Juc^Ic conditions. 

Phase n would be a three-tt-five-ycar reoearch p-togram designed to opecify critorla tliat 
will inrjre operationally useful techniques for forest incendiary operationn, appJicoble to major 
forested areas of the world. 

The Advanced Research Projects Agency initiated Pirnso I of the proposed Forest Service 
program on December 20, 1935, under AUPA order No. 618 (Project EMOTE). 
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A five-nun taam of forest fire, reoeerch epeelallete moved to South Vietnam on January 
16, 1966, and returned on March 19, 1968. This report summarises the findings and con- 
cluf Ions of Project EMOTE, Phase I. 

FACTORS AFFECTING FOREST FIRE BEHAVIOR 

Essentially, a forest fire Is merely the free space combustion of several celluloslo 
solids. 

Forest fires differ from more familiar combustion reaction« such as -those In furnaces, 
engines, or even fireplaces, ia that they occrr in free space without confining walls. This 
means that moct cf the ndiatire and convectlve energy is lost to the combustion system. With 
little thermal feedback, a forest fire is always in a delicate state of balance, capable of being 
greatly accelerated or greater retarded by relatively minor changes in combustkn conditions. 

Forest fires also differ from most common combustion phenomena because they originate 
as a fuel controlled process, grow into an oxygen controlled phase, and then often alternate 
between the two sets of controls. The effect of a change In any particular variable, such as 
fuel moisture, depends on which regime «he fire Is burning In at the time. 

These characteristics of forest fires make it difficult to present, a simplified discussion 
of the factors that govern forest fire behtmor. Instead, the process is described stepwlse-- 
from ignition of an Individual fuel elemcatto development of.-Jnnr.es fire occupying a volume of 
several cubic miles (sec Appendix A, Volume II). 

This deeoriptlun of the fundamental process shows the importance of minor changes in 
several factors. Thevoluma cf fine fuel, its ratio of ßurface area to volume, and its structural 
arrangement in the fuel bed are critical In tgnftlon ncd In buildup of the fire. MöfetUN consent 
of thefJnefuoIgreatlj'affccf3t':epi"cc'uctior.orv(.»I..:ijl'i." atijjaltion, theheat Iocs during burring, 
the fhmmsblllty limits for the comfaustlblo r^-cn, tnd flavne temperatures attained v/hon the 
gE3;?s ».re Ignited. Relative humJc'lty burge^ detennlaea nurfsturs conlcnt of fine fuel. Solar 
iriltetlon reduces the fuel mokuire content by looreaslng tcirforaturo of the fuel aurfaoo; 
radiation also is an Important hent source that i-r'ds to comboation efficiency. Wind changes 
the oxygen supply and flame anjle, thus gretitly allcctlng buildup and spread of fire. 

8 
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btformatlon on certain of these factors was obtained during Phase I In Vietnam. The 

comprehensive research program proposed for Phase n will develop better criteria for 

evaluating the factors that determine burning characteristics of Jungle fuels. 

■ 

RESULTS AWD CONCLUSIONS—PHASE I 

FOREST FIRE CLIMATE OFINpOClflNA 

For most of Indochina (Ihalland, South Vietnam, Cambodia, the southern portions of 

Laos and North Vietnam except for the northern Interior regions) the climate is monsoooal in 

nature (Tropical Savannah or Koppen Type Aw). It is characterized by two major »easons: the 

wet southwest monsoon from May through September, and the dry northeast monsoon from 

November through early March (Fig. 1). Ihe climate during the transition periods (March- 

April and September-October) varies with distance from the coast. 

In the northern Interior of Laos and North Vietnam the climate is more continental in 

character (Koppen typo C Wa or Warm Temperate-Winter Dry). Here the changes are less 

abrupt and rainfall is more evenly distributed throughout the year. 

Excellent detailed coverage of climatic patterns for Southeast Asia in general and South 

Vietnam in particular have been prepared by the U.S. Air Force. 

Using these climatic data, it is possible to calculate the number of days in any month at 

any location when forest Incendiary operations are possible under stated weather conditions. 

TSIIB was done for 15 stations in Thailand, Laos, Cambodia and Vietnam. The results are 
shown in figures 2 to 11. Using tho same criteria, it is türo possiblo to determine the 
probrbilnly for euscccs of an in«endiary mission comhict'/d against a randomly selected target 

on a randonily cc-lootcd Ciy of L'-.o month. Thcea data are listed in Tablo 1. Using a modified 
R'arkov die ID mttrlK, v.-o havo alco calculated tho probability that at least one of "x" selected 
tavjeta will be iultable tov burning within "y" days of any given date. A sample of the com- 

painr print out Is shown in figure 12. The criteria and methodology used for these analyses 

arJ a cornplcto listing of data arc presented In appendix E, in Volume Et. 

As improved crltori. r-.'•o developed, the programs will be re run toprovlde more accurate 

aaswwemontof the forest incendiary potential of particular areas of interest. Extension of this 

y/r .k will be accomplished errly In Phase II of Project EMOTE. 
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FOREST FIRE WEATHER Of SOUTH VIETNAM 

■ 

11ie.clinia.tic analyaea showed that many days hiving the weather conditions prescribed 

for successful forest Incendiaiy operations occur In much of South Vietnam during the period 

from December I to March 16. Inspectionof daily weather records showed that these favorable 

•burning days often occur in groups, usually preceded by short periods of drying weather. 
■ 

A synoptic scale study was made to determine nhether certain weather influences of the 

northeast monsoon season are associated with short periods of high potential fuel flammability« 

Knowing that hot, dry, relatively cloud-free days prcvide optimum burning conditions, we 

searched selected past and current synoptic records for general weather patterns that provided 

this type of day. We found that the most desirable synoptic situations are those that produce 

subsidence over the areas concerned. One such weather pattern, which occurred several 

times in January and February, 1966, Is described briefly below. Its drying effect Is usually 

limited to the Central Hishlanda, Transition, and Delta regions'. 

1,      A surge (outbreak) of cool air moves south or southeastward from the semi- 
permanent high pressure system located in or near oorthcrn China.  This surge 

usually occurs behind a cold front that moves from the South China coast to the 

Philippines. A pres&uro rid^e orientednorth-southornortheast-southwest follows 
I tho front. Hie f ront usually becomes dlfft^e and usually disappears before reach- 

ing Saigon and the Delta region. / 

I 2.      Anortheactflowucuallyprccedcsandfollowstho surge, with directional divergence 

over tho K'-.publto, An elonaatedhigh pressure rldgo at the surface, with its center 
I ULO ortaBtad N&SW or N-S along tho ccact, accomp^ofes tho streamline flow. 

3.      The desired drying eoodittoas occur ona or two diys after a «urge, 

I 4.      Two to four daya n?'fsr n curga the dfslred posithe wind spsod divergence occurs 
over the Dc-lt;j r.r.i ecoasloiarUy streets Ezi^on, 

I 5.      Tuo fc*wr-;i or fifth /■." after a surge raxy cr may not Iiavo favorable weather con- 

diUons for tmndi .;.   ThM: flcp?;id3 on e?suicnt wloci spaed and direction. 

) 6.      Ey tha tixth day the? surfaao rl^o begins to brosJc down or move eastward.  This 

results in a souflieasterlyOiiw over Vietnam. Sufficient moisture is then advected 

I Inkr.d to produce cloudiness end scattered showers. The period then ends as a new 
surtfc berjins to form on the seventh day. 
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Hilt example UluttnKertha necessity of considering weather pstteras when scheduling 
burning operations. It also serves to point out the need for further research of synoptic 
patterns affecting RVN throughout the year. Weather radar appears to us to be a valuable 
research tool in this connection. 

In addltlonto the synoptic studyabove, we made measurements of the microclimate Inside 
and outside the Jungle canopy. This work was done at Due Co In the Central Highlands. Of 
greatest Interest here are the air temperature and relative humidity values measured under 
Jungle canopy within six inches of the ground surface. V^e found that, while relative humidity 
values occasionally reached minima near 25%, the most common low daily values fell between 
34 and 39%. The minimum values usually occurred between the hours of 1330 and 1430 L.S.T. 
The maximum air temperature here always exceeded 960F and occasionally exceeded 110oP. 
Ih« maximum temperature values occurred at about the same time of day as the minimum 
relative humidity. 

i 

A graphic illustration of diurnal variation in relative humidity and temperature shows 
why incendlaiy operations should commence as close to 1400 as possible (Fig. IS). Before 
that time, temperature is rising and relative humidity is falling rapidly. On or about 1400 both 
are at their optimal point for good burning. Shortly after, a reverse situation occurs and 
chances for an effective burn are reduced rapidly. 

VEGETATION OF SOUTH VIETNAM 

I 
I 
i 
! 

I 

The vegetation of Vietnam is far from a homogeneous fuel type. It includes several 
broad vegetation typos, each being a complex mixture of many species in assoolations that are 
adapted to specific site conditions. Adding to this complexity are the effects of man's 
activity—principally the temporaryclcariKj of Jungle for shifting agricultural use—which has 
left the vegctetive cover on mr-ayarcriS in a secondary Btago of development ranging from open 
savannah to donco woodland scrub. 

A dowiiled fore&t mnp of VMaun v.vild give the best overall picture of the vegetative 
cover. Such a map chows f- o lecationa of braid vcccit&Uon types, such as moist forest, 
secondary forest, mlxturea of thotwo types, dry Dipterocarpus forest, eemi-declduous forest, 
pine forest, and tree or shrub savannah. But the burning potentials of forest areas are most 
variable within a broad type. From aorial reconnaissance in Central Vietnam, it was not 
po6»ible to asaign a single fuel rating to the vegetation on any large block of land within any of 
theae broad forest types. _, 
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I A fImplified olM«lflo»tloa ihould be uaed tentatKvljrto dewrlbe th« vegetativ« cover oa 
uy area ooaeldered for burning.  Hie olaaaeo are: 

1. Dense foreat—Typically haa a inuItl-Btorled oancpy dominated by evergreen 
•peole«. 

2. Woodland—Usually has single canopy structure dominated by deciduous species. 

3. Intermediate forest—Often is degraded dense forest, but also includes complex 
mixtures of dense forest and woodland. 

4. Woodland scrub—Is an early successlonal stage alter temporary clearing of 
Jungle, with dense shrubby vegatatlon and varying amounts of tree canopy. 

5. Savannah (tree or shrub)—Refers to Jungle areas that have been repeatedly 
cleared, with an herbaceous cover and scattered trees or shrubs. 

I 
I 
I 
I 

' 

s 

These general types have been combined as shown in Figure 14. 

Classification and evaluation of these broad forest types can best be done from aerial 
photography, using techniques specially developed for this purpose. But aerial photographs do 
not provide information on fuel distribution beneath the top canopy. During Phase I we relied 
on ground observations to obtain this irfortnatlon. In Phase If, remote sensing techniques 
such as side-looking radar and multi-band sensors will be investigated since opportunities for 
ground obeorvation in hostile territory are limited. 

Popr'bllUIcB for ground observations in Vietnam during Phase I were too limited for 
good evaluation of the lower story vesctatlou—the critical fuel for building and sustaining an 
effective forest fire. Aortal observation Indicated that certain degraded Jungle types contain 
adequate volume of low-growlsg vegetation to support a flro, and that this vegetation has good 
horizontal and vertical continuity. The dense, often multi-storied Jungle has good horizontal 
continuity of crov/rts, but a few ground obcervations indicate that volume and continuity of 
burnable ground fuel m.«y bo borderline. 

Bijoeuco grjundfuol coac.'lktf-O rvy be marginal, research during Phasen should bo 
oonoontratcd on the lower htny vegetatfon nther ttwa on the upper canopy layers which were 
of BMI taapertaaee la d-cXoUütiaa eijd!oa, TJavoIopmont of the most effective desiccation 
trcatr'cut for fher a unvVv^ntory chTz'ya Ja Ir^pdratlve« The treatment may involve application 
of more t:;un o^'j hsvMcicb, poihtv^ i üi cuiuiI^Hon, to obtain raa-xlrium desicoatim of all the 
pknlu ia tJjo grc?ur.d cover, 26 
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AerUl observation Indicates that on« forest typ«--scrub mangrove—Is a poor spool«« 

for burning. Ground vegetation 1« lacking, or th« tre«« actually grow In water, and ftt«l 

continuity Is poor. Fortunately, however, this typ« can usually b« removed adequately by 

herbicide treatment alone. 

FUEtSATD^OCO 

I 
I 
I 

I 
I 
I 

I 

Fuel studies were made at a site selected In the Central Highlands about 17 kilometer« 

from the large scale operational trials (Fig. 16). The study alt« was near the Special Forces A 

team camp at Due Co, located on gently rolling terrain at an elevation of approximately 1300 

feet. 

The Jungle vegetation was a degraded moist forest classified as "Intermediate forest"« 
It was similar to the cover on parts of the large operational trial area. Structurally, the vege- 

tation resembled a dense hardwood thicket. The ovsrstor - (dominant trees) ranged from 20 

to 30 meters in height and consisted mainly of species in the Lauraceae family. Litsea 
lanoillmba was a common species. Vines and tree stems with few branches occupied the 10 

to 20 meter level. The entire crowns of a few species occurred within this level. Ihe lower 
level, particularly from the ground to 2 meters, was heavily populated with saplings, shrub«, 

and vines, but foliage was not exceedingly denso (Fig. 16). Ground litter was composed 
almost entirely of dead leaves that had dropped during the dry season. 

r«iel Treatment 
■ 

Fuel measurements and critical obcervutions were made on two study areas treated at 
different times; 

1. Kovcrnhftr ar-.^.—J?_?r«iyc4 in lato Novcrcber, 18Q5, 

2. January ar<,'a—C.:rrÄyed en Juauary 24, 10SS« 

Taa destecattoa treatiur.'-t, tvMch la ematiol bt-'ara burning jangle fuc-la, w&o the 

Biftr.iird "Oreii^i" dficHoat ap.-lkd by aerial «praying.   Vieutil effects of tho eprcylnj were: 

NpytJyrjbpr^ci;ca—Mafit of the v^^ctotion was brown In color when first observed on 
January 21.   When fuel SimpUr^ etartod oa February 2, leaf mortollty was estimated to bo in 

excess of 95 percent.  Approximately 80 percent of the leaves ia the upper and middle canopy 
28 
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Jayeri had fallen. Ill« lower vegetation atlU hold SO percent of iU leafage, whleh was brown. 
Only aa oooaaloaal woody plant remained green and apparently unaffeoted by the ipny treat- 
ment (fig. IT). 

Hie appearanc« of-the vegetation on this area remained about the aame until the end of the 
sampling period, February 2S. 

\ 

January area—Vegetation reaction to the spray treatment was much more limited on thla 
area. The apparent reason was that the treatment was applied af*«r most plant growth had 
ceased; leaves of deciduous species on nearby areas were already turning brown at the time 
this area was sprayed. 

>rtkl By February 2, theleaf mortality was estiroatedat about 40 percent throughout theoanopy, 
with about 10 percent overall leaf fall. By February 25, the estimated leaf mortality Increased 
to 60 peicent, and the leaf fall to 20 percent. Many plants in the upper and lower canopy layers 
remained grcm and apparently unaffected by the spray treatment (Fig. 17) 

\ 
Fuel Moisture Content 

Measurements of fuel moisture oirizg February provided basic isformatiou for better 
understanding of lael characteristics in Vietnam Jungles. 

Moisture samples were taken on\l3 days during the period February 2-25. On 
each sampling sortie, a sample of fuel components was taken at each of two sampling plots In 
the two treatment areas. Vegetation on sampling plots was selected as being typical of the area 
as a whole* The components selected for sampling in each plot also were typical for the plot. 

Fuel components sampled on each plotWeret 
\ 

*•      Dry lof Hf sr—TTCila Uilor tnolud;d the full depth of the leaf layer made up by 
brown leaves from the current leal crop. 

*•      n^^j ^ti^c^fUf rr 3~«'^.ega v/croVhe current brown Inaves still attached to the 
stetus v/iJ.'a c^ry reach. \ 

'•      "D? ■-V* tv^rs—"Ü^se twl^i, spproxiViUtely 1/2 inch in diameter, were the twigs 
with doAd iMTCf or from which the leaves had recently dropped. 
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4, Owen attached lgave3 (sampled only on the March-eprayed ate«)—TheM green 

leaves were apparently unaffected by the aprny treatment. 

5. "Live" twlnf (only on March area)—These twigs of l/2-lnch diameter were from 

branches apparently unaffected by the spray. 

A few samples were taken from the outer tissues of the stems of both "dead" and "live" 

trees. 

Most samples (210 out of 242) were collected between the hours of 1200-1430 to tit down 

the rangeln moisture content during the part of the day recommended for conducting Incendiary 

operations. The other samples wore taken at approximately 0800 and 1700 on February SI to 
determine the ifcte of drying after a thunder shower during the previous evening. A total of 242 

bags of samples were collected to provide, as far as possible, the necessary data on fuel 
moisture content (Fig. 18). I 
IEaoh sample was weighed soon after collection In the field. Later it was dried In an oven 

at 100*C until it reached constant weight. Th<5 moisture content was calculated as a percentage 
{of oven dry weight (ODW). For example, a sample with a field weight of SO grams »id an ODW 

of 25 grams was coneidered to havo a 109 percent moisture content In the field i^—'-xlOO 

■ 100% k Checks of sample weights by xylene distillation showed that satisfactory determina- 

tions were obtained by the oven dxyliig technique. 

Litter and Dead Attached Leaves 

The data show no marked trend* In moisture content of the dead leaf Utter and the dead 

attached leaves (figa 19 and 20). During the luiddlsof tho day, for all rain-free days preceded 

by a dry day, tho moisturecontcnta of most camples worebetwecn ? and 15 percent. For days 
preceded by Urht ralna tho niciehiro contcnta rruijjcd from 17 to 37 percent. The leaf litter 

averaged 10.0 percent fortTiO Novercbör area and 12.7 for the Januaiy area. For the attached 

dead leaves tho fif^r - wer/« 12.2 peroeat for tho November «rea and 10.0 percent for the 

January area. Diu-.Tt^cos bcivA*eu areas may have been caused by sampling error, although 

observations inutccted t'v-t moleturo conteti of ^lUoron tho January area could well have been 

higher because of greater ohadlng from' green tree canopy. 

Hie above results have Important implications in conducting Incendiary operations in the 
Central Highlands. They show that dead leaf fuel, either attached to the trees or in the ground 
litter,  reached a low moisture content soon after they turned bro'vn.   Extending the drying 
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period through February did not materiality lower their moitture content. Ihls Indloatee, u 

far aa leaf fuel 'a concerned, that an Incendiary operation sao be carried on early ta the (fay 

season, provided that a prior desiccation treatment has effectively deadened the leafape. 

Samples taken on days following a rain shower shov ed a much quicker drying of leaf 

litter andattsched dead leaves than was expected. After a heavy shower of .27 Inch, the 

moisture content dropped rapidly the next day between the h- urs of 0900 and 1700 and down to 
normal by the second day (fig. 21). 

These results have Important application In modlfyli g the specifications for burning 

Jungle fuels. For example, the 1966 rajuirements, which specified 2 diying days as being 
required after a light rain and 5 daya after A heavy rain, can now be lowered to 1 and 3 drying 

days, respectively. A light rain can be redefined as one with less than .20 inch of rain instead 

of .10 inch as defined in 1966. "Ilvese changes in specific! tlons will add materially to the 
number of days considered favorable for burning at any glvei location. 

"Dwid" Twlga 

The level of moisture content in so-called dead twigs a id the treud in moisture through 

the sampling period wore not soclear cut as for leaf litter am deadattaohed leaves. Moisture 

contents or individual twig samplos differed greatly througlout the sampling period. This 

variation occurred in both the November-treated area and the Jonuazy-troated area. 

Most samples showed a high moleture content for tb" 1/2-lnch twigs that had dead 

leaves. The average of all samples on raln-freediys In the N yveabev area was 85.9 percent 

moisture content; in the Jamtaiy area theaverage was 81.4 pe "cont. These moleture contents 
indicate that most of the twigs were not Rotuallydfad even tho< gh the leaves had turned brown 

and may have dropped from the twigs. 

However, mar\y of the "dead" tvrlg camplei en bo'ij itre-ai showed low moielure contents. 

Out of a total of 50 mnplM, 11 anmples hrJ njoitiuro coatesiti of cwJy 13 to T-O percent. Tae 
restron fortheso low motofctrtlavcll was pnt dHermlned; theermplcs msy hfivebeeit collected 

from plants thntworc killed by tho epray treatment. Trie Etudy wr.>j not deeifjaed to determine 
tJie proportion of toinl twig voliimo with low mol&turo content. 

Re^ardU^ss of tho apparent great variation in twig mo etui-e, the results show con- 
if this imt 
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olusivoly Umt average moisture content of this important fim fuel constituent is well above 
37 

' 



[ 
E 
C 
ß 
II 
f 
I! 
B 
( 

i 

• 80 
^ 
q 70 
o 
§ 60 
o 
^ 50 
o. 
t; 40 e 
• 
e SO 
3 
• 20 

10L 

=       J 

80 

70 

60 

50 

40 

30 

20L 

10 

Diti 
Tina 

f ^1 

155%      SECRET 

• 
prrmrt 

' ■* 

Date 2/20 2/21 2/21 2/21 2/22 
Time 1354 0830 1330 1630 1315 

LITTER 

**-.... - 

- 
j 
; 5 ri   n 

flf:^ 

2/20 2/21 2/21 2/21 2/22 
1334 0330 1330 1630 1315 

ATTACHED LEAVES (DEAD) 
Figure 21 

HSTUHE CONTENT CHANGES OF DEAD LEAF 
MATERIAL FOLLOWING A RAI^J SHOWER 

January Spray Area-Due Co Test Site 
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SCCRIT 

the 20 to 40 percent level required for Ignition «ad efdolent combustion. Ulla If partloularljr 
Important ■Uoo twig« oomprlse the bulk of the fine fuel la the underetoiy ehzub leyer where 
forest fire Ignition take« piece (Pig. 22). ObHouely, ooe of the most pressing researoh 
problem« la Phase n 1« development of desiccation treatment« that will bring the moisture 
content of twigs down to the lowest possible level. 

The trend In moisture content of twig« during February on each area wa« confused by the 
variations between samples. Using all samples in each area, the result« do not show definite 
trends in twig moisture through the sampling period. If the samples with low moisture content 
(13 to 30 percent) are removed from the data, the remaining sample« in both area« «how 
Increases through the entire sampling period for moisture content of "dead"'twig« (fig. 23). 
Ihe reasons for such an increase in moisture content are not apparent. But die data do present 
one more reason for intensüication of research on the problem of twig desiccation. 

j. 

Green Leaves and Twig« 

All the «ample« taken from living green tree« in the area sprayed in March had high 
M 

i moisture content throughout the entire sampling period (fig. 24). These data show that all the 
g vegetation on any forest area to be burned must be effectively desiccated ahead of burning.  If 

appreciable green vegetation remain«, it will add excess moisture to the combustion system 
and «ill materially lower the intensity of aqy fire occurring in the area. 

. Fua! Structuve and Flammabillty 

The lower level vegetation at Duo Co did not have the desired vertical continuity at the 
end of February (fig. 25).   Dry leave«, the moat combustible of the fine fuels, mainly had 

■ dropped from the brauches. This thin Inyer of new Isaf litter provided the bulk of the dry fuel, 
H with only sparsa dry lei^o reEßlntej in the lower level vegatatta,   The nearly bare stem« 

% of vines, ehrubs, roj tc..>Kr.;>t, wliich were not readily ignited, were &1EO too widely spaced 
}' for rea^y bumlag. 

j| Wovt:ii ; couditioos did cot allow the intensive sampUcg required to determine volume of 
|    ■ dry to A at each Vegetation level.   Ccllocflon of a few equate-foot samples indicated that the 
t    if litter averaged about 3 tons dry wel^hrpor acre. 

f   * 
I Burning of small plots periodlcpllyduriitj the fuel sampling period showed low flamma- 
I   j] bully of the litter.   Dry leaf litter, loot sly stacked to a depth of a few Inches on an area of 4 
( 
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■qutr« feet, failed to produce «a Intense fire when ignited. Flame height was short, burning 
rate was alow, and heat release rate was appreciably less than for common forest fuels in the 
United Stales. The leaves remained intact after being burned; th«ir black color indicated 
incomplete combustion. 

t 

The same general flammablllty characteristics were observed during a test of igidtion 
and fire build up on February 26. This test, conducted on the area sprayed in November, 
Involved simultaneous ignition of 32 sets spaced 100 - 200 feet apart. Each set consisted of 
1/2 gallon of thickened gasoline spread over a space about 10 feet in diameter (Fig. 26). 

Although weather was most favorable, the 32 fires burned slowly and did not reinforce 
one another during the limited Are build up. After two hours none of the fires had merged 
with another; man)'had died after traveling only short distances. The remainingfires traveled 
slowly and burned the ground litter on several acres during the next few days. 

Ignition points in this test were obviously too widely spaced for building an intense fire 
under the prevailing fuel conditions. Vertical continuity was also inadequate to carry low 
Intensity fire into the tree crowns. But low fuel flammablllty also appeared to be a major 
factor in limiting Are behavior. 

Prelimlnaxy tests of certain ignition and combustion characteristics of the Due Co fuels 
have been made In the laboratory, using samples that had been oven dried in Saigon. The 
measurements of leaf samples from Vietnam wero compared with concurrent measurements of 
ponderosapine needles—a standard laboratory fuel in the United States. The procedures used, 
and a complete listing of data is shown in Appendix B, Volume U. 

The tests did not show that InitJal icmltlon time for dried Haves from Jungle vegetation 
was neceosavlly diflerent thtvu for the p!no neet'les. Inconsistencies occurred in pilot ignition 
delay bc-iwetn Iftrtvea collected whlla green compaired to leaves collected after they had dried. 
It is likely that the oven diylrj pro-ueso resulted in loss of some volatile constituents. These 
results will Le checked with samples that have not been oven dried before ignition. 

A laboratory combustion test did show a low energy release rate for the Jungle leaves as 
compared to the pine needles. Leaf fuelbcds paired with needle fuclbedsof comparable density 
showed relative releases in terms of BTU per square foot per minute as follows: 

■ 
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Leaves collected when dead — 

. 7 out of 8 lees than ptno needles, with sversge of 72 percent as great. 

' Leave« collected while green — 

| 6 out of 7 less than pine needles, with average of 80 percent as great 

I Flame heights of leaf samples previously oven dried were in all cases lower than for the 
paired needle sample, averaging only 58 percent as high, 

I Ash content of Jungle leaves was significantly greater than for pine needles, averaging 
6.92 for leaves and 4.01 for pine needles, on an oven dry basis. 

Determination of chemical and physical properties and their effects on burning of forest 
t fuels should be greatly expanded in the Phase II research. Basic information on flammability 

and energy release is needed for specifying ignition patterns and predicting fire behavior in 
• incendiary operations. 

. IGNITION PATTERN AND FIRE BEHAVIOR 

I 
A targetof military Interest was selected forthe operational trial of forest Incendiarism. 

| Ihe specified area included HI square kilometers on the Chu Pong mountain complex in Pleiku 
Province (fig. 27). 

I 
I 
I 
I 
5 
3 
3 
J 

Most of the area was sprayed with Orange defoliant between January 24 and February 6, 
1966. Reaction of the herbioids applied at this time of year was greatly delayed. Additional 
defoliant (Bluo) was added on February 22 and 23 in an attempt to obtain maximum poseible fuel 
desiccation. Ttxls defoliant covered a critical comer and some of the greenest patches of 
forest within thd original area and included additional area ou.jlde the western boundary. 
Bombing boxe» were adjaeted to includo the now\' sprayed area. 

Tlie Initial c-^a for burntej was poi-tponcduclil I!aroh 3 to allow time for desiccation of 
the fuel. By Alt time, pos'tloao e( th« «xea ppr^yed wiih Oraago lud tamed brown, but little 
efic-ct waa appard from the Blug anplicatloa.   Raia forced cancellation of the initial date. 

Tha area wsa fired on Maroh U, ieS3,   BstaMS 1430 and 1420, fifteen B-52 aircraft 
dropped 253 11-25 inoewJlaty cluotcrs on tho tßrgct isrcvi, Thlo firitj was followed after 1430 
by 11 napilja ooiüos (3 F-4 and S F-100) aloi:^ iho upwind B2<IO of tho target area, 

«f 



SECRET 

- 

a. 
:     -A 

■ —-^- 

:■..'■/■,.■' 

.'^   ' 

a - \ 's %vS/v a 
- 

A- 

JL. 
■ » 

i / 

Hk 
■ -»^ --^i 

»^.Ml-.. ■.■■ .«.., ■ lAi»«'« ii i '■» V. 

47 
: -^J 

SECRET 



I 
I 
I 
I 
I 
I 
3 
i 

ffcm 
The ordnance requirements for this mlMton were baeed on formuUe developed hy the 

Dikewood Cnrporetlonfor predicting firestorm formation lo cities. Modifications andteohnioal 
input data required to adapt the formula to Vietnamese forest Conditions wese supplied by the 
Forest Service. Details of the rationale are contained in Appendix C, Volume II. 

The calculations predicted that firestorm formation would occur only if coalescense at 
fires occurred in 60 minutes, or less, and if indraft velocities of 35 ra.p.h., or higher, were 
reached within 30 minutes of ignition. With the fuel conditions assumed for Chu Pong, an 
average spacing of 14S fee| between initial sets would be required for firestorm production on 
a 65 square kilometer area, using the M-74 bomblet in the M-35 configuration. For the 21 
square kilometer area finally selected, the spacing requirement was 125 feet. 

But the spacing requirement would be relatively insensitive to bomb size. For example, 
the required spacing for 65 square kilometers would be 210 feet for 500-pound napalm bombs 
to get the same firestorm effect, "his means that 29 such napalmborabs would be required to 
equal one M-35 cluster that weighs only 750 pounds. 

■ 

In the Chu Pong operation, many of the initial fires merged and developed a strong con- 
vection column reaching to 22,000 feet, with assumed strong indrafts, within the prescribed 
length of time (fig. 28). But flames did not carry through the tree canopies to produce the 
desired firestorm.  Even so, the total reaction appeared to be only slightly short of this goal. 

It is likelythat the input data on volume of fuel and its characteristics were in error, and 
that the basic formula is ctlll applicable to forest incendiary operations. 

For fuclcoadltlona at Chu Pong, which were somewhat less favorable than predicted, the 
calculated 12S feet for overall average epaciiig of sets was too gre^t. Examination of the post 
8tr}!:o photos, a« wsllaa the moWeate'iea durinjthe epcratlon, ehow that fully effective bum- 
1B<I c".d cccitv to evctsln "bacitoirg ttrlpa" v.tiei-e eonoefltniioa of hnirthWtl appeared to bo 
grcitsr f.'".;* c.o par 90-foot cpacir^ (i's. 29), 

iPropör tv.l.-Ulricas of retired lT.'.Jticßpaiter5iS r.ro vital In pl&aidng iRccndmry opera- 
tions. 1i.:. msf\j:;:cui£.v.y Lvsendiary oi'^anc* required toigalto aaarca wiU vary as tlio s^vare 
iof the rcolproccl cf the spacing,   t?i otUer worda, If apaclag distance between sets is cut in 

■u half, tlie wdHMM requireme.it will bo increased four tlmea.   For this reaoon, investigation 
of ignition pattern requir<iti?cnt3 will be intensified during the Phase U research.  Included in 

I the study will be a seiiGitivlty tsualysis of the DikRvvood equations« 
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OPERATIONAL GÜIDEIJWES—19t6-67 

FOREST INCENPIARY OPERATIONS IN SOUTH VUSTKAM 

Procedurea 

1. Conduct the inoendlaxy operations within the portion of Vietnam that has little or no 
rainfall during the NE monsoon season. 

2. Apply hezbioidal spray to desiccate the fine fuels before burning. 

I The standard Orange desiccant is recommended.   Apply it after tree leaves are fully 
formed, but while leaf and twig Mssuesare still tender. Best spraying date probably Is in late 

I October or early November. 

j 3.  Make a trial of double spraying onat least one area, or a portionof a large area. On 
an area already sprayed with Orange, apply a quick-acting herbicide such as Black. Hie 
purpose is to desiccate those ground level species that are not susceptible to Orange. Apply 
the second spray about 10 days before the plannsd burning date. 

j 4. Select a dnte nndhour for TOT. Burning in early January at hour 1409 is suggested. 
Tho dato should bo at least 4 weeks after the Oranjjo opray has bceu applied; dslay setting the 

I date «alii all leaf^sa has turned brown.   Attenjpt to burn before natural leaf fall of deciduous 
plarts has started, which probably will bo February 1, or earlfor. 

I 
I 

Attempt to s*loot t*te pk: .::i5 t^ret dito to ooteido with fnvorcMo büraüJ» d^ys within 
a short-term wet aor cycle, If nvzh. cycJao can be idei tified by tI*o foiecasönj experts. Ihla 
uTll sMov! livfiST tä-ho-w for;of ils, asid 14 ttill glvo more eatorsiRco that &o weatkff will be 
favorable o;i tho pliicißd c':.*?i. 

If opöratio.lally ff-£ c'A.fo, K^'.i» tho thir-X stlsct'ca of tetf/A date osly 4 to C Cp.yz aliearl. 
:j Tbia vrJl rHow boUör fit vtiihtx \ve:.'Z:zs cyolts. ■ 

a Also, if cfwr^UoiriUy ft-nsic'^, sot up a slidüij; data tlwit can be changed, If necessary, 
i at it hMt intervals. 
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9. Mike dtlfcr foreoMta of the expected weather et 1400 for eeoh target area. Start 
foreoaeta a few weeke preceding the expected date of burning. 

0. Start botti 24-hour and 48-hour forecasts three days before theplaaned date of burn- 
ing. If the last 24-hour forecast la favorable, nuke forecasts at 18, 12, and 8 hours ahead 
ofTOT. 

The forecasts should Include Information on precipitation, air temperature, relative 
humidity, cloud cover, wind, and stability expected at 1400. 

7. Mount an aerial weather watch during daylight hours, starting 4 days before the 
planned date of burning. 

Esch watch should report indications of precipitation, or lack of it, since the preceding 
watch; also report precipitation at the time, cloud cover, and wind. 

8. Postpone the date of burning If rains occur on the target area immediately ahead of 
the planned target date.  The new requirements for drying days after a rain nre: 

Lieht rain (less than 0.2 Inch)— 1 drying day. 

Heavy rain (more than 0.2 inch)-- 3 drying days. 

A drying day is defined as one In which fuel tuoiature content will decrease, finally down 
to equilibrium level. Specifications for a drying day are: 

(1) No raiu has folkn In the preceding 24 hours. 

(2) ilWwm retrttvo tausldl^r dt-opa below 70 percent. 

(3) Aftaraooa cLud cove:? la läev ti;an 3/8. 

y.  riyüte lie iVna overall oi' ihe t:.-::;* tuxa byu^ir.3 a maeo Ifpiiioa technique. I&my, 

F.-^ulremeatc for 10G7 c&x ho oatoilatedttiiK% by comparioou with cctunl reotdts from 
tho li.G opeiiitiosal test.   The Ignition pattern from M-36 clusters was entlefectory in the 
retotlvoiy narrow utsiiia v/ithln «kleh tlio boniblets from one flicht landed.   However, the 
pattern over the area as a wltolo could Lave boon icoproved by spacing 'he strips so that they 
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wtn conttfuc " - n *. .ut, Mtantod all of th« tarfet MM. A rough Mthwto from tbo pool 
•trlka photor \^ t. . ytoo of tht oparatton iadlcataa that botvaan two and threo Umoa aa maqy 
flighta would hav« been roqulrad to aataratothaentlra area, llnia, more <haa twice aa rnaagr 
benblata were needed. 

Aaüihar approach la to deoreaaethe required average opaolng between aetaorer an entire 
area. A calculated average of 125 feat between boiobleta was uaed in planniog the 1966 opera- 
tion. Ibe resulta indicated that thla ^pacing ahould be greatly reduced. But additional triala 
are needed to determine the moat effective and efficient apadng. AamnLog aa azbitraxy 
reduotir;. of 60 percent in spacing ia required, the number of bomblet aeta that are required 
will be four tlmea as great aa used in 1966. 

We reeoramand that the required number of bomblets per unit of area in 1967 be three 
times the number used in 1966. Tbey should be dropped in essentially the same manner aa la 
1966, but without spacing between the bomMsg stripa. Spacing of flight strips, aircraft In a 
flight, and fusing of bombs can be adjusted to deliver the best overall pattern and intensity of 
Ignition. 
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