UNCLASSIFIED

AD NUMBER
AD374320
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; MAR 1966. O her
requests shall be referred to Defense Advanced
Research Projects Agency, Arlington, VA 22203.

AUTHORITY
DARPA |tr 10 May 1983 ; DARPA Itr 10 May 1983

THISPAGE ISUNCLASSIFIED




UNCLASSIFIED

AD NUMBER
AD374320
CLASSIFICATION CHANGES
TO:
CONFI DENTI AL
FROM:

SECRET

AUTHORITY

31 Mar 1978, DoDD 5200. 10 G oup-3

THISPAGE ISUNCLASSIFIED




AD= 374320
SECURITY REMARKING REQUIREMENTS
LoD 5200.1-Re. DEC 78
REV1EW ON 28 MAR 86

400319



"UNCLASSIFIED

ADC37/71§0?0

C-LA\JSIFICATION CHANGED

UNCLASSIFIED_ -
FROlf CLQ)N]FI[][S? NTIAL_

AUTthT{ ﬂ P% _
/71 2@ %y £

UNCLASSIFIED




SECURITY
MARKING

The classified or 1imited status of this report applies
'to each page, unless otherwise marked.
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794, THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY
LAW,

NOTICE: When government or other drawings, specifications or other
data are used for any purpuse other than in connection with a defi-
nitely related government procurement operation, the U.S, Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.




THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



TR Y P

A I e P e

i e

Ab- 374 320

SECRET

”
N

FOREST FIRE RESEARCH
Roqulremcr;u for a Means of Destroying

Forest/Jungle Growth by Fire
S 5 NOTIQ! — |
::'hi.; document heg been withdrawn from the pp~
r:ci ftorage. It 1s the responsibiiity or +
Plent to Promptly mark it to indicate ty¢
Teclassification agtion shown hereon.

Volume I
- Final Report - Phase I

CLASSIFICATION
CHANGED TO SECRET

BY AUTHORITY OF.ALRLPR LK 3d,]ev 70

UNBIVIDUAL OR WRITTEN AUTHORITY)

§-27=70 T F DAVIS Jay R. Bentley

INANT & GRADE OF INDIVIDUAL MARING GHANGRD Craig C. Chandler

George R, Furnival
Melvin K. Hull
Stephen 8, Sackett

Alan R, Taylor

*Thia docursnt contnius irlarmetinn nflcetiny the National
Dofense of the United Si-teg v.ihin t3, o auing of the
Esplonngo Laws, 24139 30, U. 1. vl ¢ cuiie U3 Qut 794,
Its trancrission o1 1% tovl C o, 0 Sl e toitl in auy
Jranner to oo unaorttoee oy ROl ool T lled by luw,

U, 8, Department of Agriculture - Forest Service

£nonsored by
Advsnesd Reooarch Projects Agency:
Remote &Area Conflict mTDOWNanDEn AT 1! YEAR
ERVALS; NOT AUTOMATICAL
ARPA Order No, 818 DECLASSIFIED. LOD IR 520009 |
cooarzpY, CORTATHS CULOR ‘E"L»‘*W»K AND WLV BbMHartnDRD o 12 WHAR

1Lt BB N ELAC

- -y teb
D0 PEALCEAR LS,

SECRE:

L an IWTEORS WIRL
¥ AL HAY B DEEN N D

T

2 SR TR i iuse -

5 R 5 v

Voo mai &




o ST e A P Ay - vamm. ..'_‘?’/‘f'f"ﬂa':"" oz ;o ¢

peq  pmay pmmy  eZe  pemy ey pEmmg e

o= |

e a7 T (S PRSI E Wt | Sygene T

| =

4

e —

P

pachendirig = 4t o B0 2R |

ren

Ehestal Rk obealii Lot e st e

=3

SECREY

INDEX - VOLUME |

Acknowledgements

Summary

Intzoduction )
Factors Affecting Forest Fire Behavior .
Results and Conclusions--Phase [

Forett Fi1a Climate of Indochina
Forest Fire Weather in Scuth Vietnam
Vegetation of South Vietnam

" Fuela at Duc Co

f\tel Treatment
Fuel Moisture Content

Litter and Dead Attached Leaves
"Dead" Twigs
Green Leaves and Twigs

Fuel Structure and Flammabl'uty
Ignition Pattern and Fire Behavior
Operational Guidelines '

. en
3
‘!

e

mp

® ® 6 2 »w »

23
24
28

28
) |

39
39
46
82




{

F} Y RN RO ol R ) e ) s el Gy pEny X

P a0 LR

—

= T P PRI e N VIS O A L WYy S e e Al DRt RIS I af et ) TR AT TR GRS BRI S PPN o T R TSP P Ao "R BTATN A0, TV S P EWIET PRI g A A D VTN S AR SRR C T T Y rg T

]

oy

£

=2

B W e o

SECRET

ACKNOWLEDGEMENTS

The authors «re indebted to many individusls and groups within the armed services for
their cooperation and assistance, We are particularly grateful tos

Capt, James Couway and the A tcam of Co, B, 5th Special
Forces Group, Due Co., RVN,

Lt. Peter F, Carpcnter, USAF, Washington, D, C,

Dr. L. T, Burcham, Advanced Research Projects Agency,
Washington, D, C.

Lt, Gen. Paul Emrick and the staff at CINCPAC, Honolulu,
Hawall,

Col, Gail RoVerts, DOPLT, Sirategio Alr Command,
Omaha, Nebraska,

30th Weather Squadron, Alr Weatler Service, Saigon, RVN,

.Joint Research and Test Activity, Salgon, RVN,

ARPA-RDFU-V, Saigon, RVN,

Develcpment of the formula for spztci;:g of tecondiery oxdnenco was performed by T, E.
Lommasson, Dikowood Research Corporation under contract to the U, 8, Forest Service,

Czpt, Bruco B, Dunntng, U,8,N,, decigned the incendiary devices usad in ground teats
to simulats M-35 Lomblets,

Clraatio duin for eouthenet Aela were supplied by the Bavireumental Testintenl Applica-
tioas Ceatar, USAL,

Meny of tho pholegraphis vead in this report wera cupplied by the 600th Pholo qusdron,
USAF,




o

T T el T TS W e N SN Oy D . PPranes

bt oo

I3 X7 GO GUS CGED e G omy eED GNP NP GNP GES

wio

ke

¥}
1

i3

|

i
f

'..—"‘4 BT - e s @ BNt 3 el SR GV AALE ) 5 e Rl e N AN S e N

SECRET

BUMMARY

The research described in this report was conduoted in Plelku Province, Republic of
Vietnam in January-Maxrch, 1866 by the Forest S8ervice, 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 gonditions required to dettrcy large areas
of forest or jungle growth by fire.

Ectoro Affecting Forest Fire Behavior,

Because there is little thermal feedback in & forest fire, its oombutjﬂon behavior is
groatly affected by relatively minor changes in weather, fuel moisture or structure, and the
pattern of ignition. Each of thesefire bebavior controls wasstudied gpcoifically for the central
highlands of South Vietnam.,

Ferest Nra Climste of Indochina,

With tho excepiioncf tho eastorn half of North Vietaam, tho cliimate of Indochina is such
that cucceselil forzct Incendiagy operationzenn hs condusted oiyvaoroin the area for at leest
a ghort pordod duxing cach year,  The poseibla buriiug seesin may bs en stort as five weeks
(Fcd, 1-Riarch 7T fathis dalia zeglonct fonth Vie'zam), or a8 Jung aa elghteen weeks (Nov, 7 =
kizvch 41 Incenivel Lroa apdnorilicastsra Teadland), In (hecesiral hichiands of South Vietnam
tho normal seassa for burnlng culends from mid Desershar (o rald Rarch,

Forest Flre Westher fn Boalh Vistasm,

o e e o

Fevorsblsburnizy cond e asaur £ for' R Vicinam dunlos thonorihenst monsoonperiod,
Tha wwst favorable wenll.or ganis 4 p g5 MR | wan of eoal, dry alr movee ove
tho Fopoilie from the nontdennn Wivh piesmuve {2 pariheva China, Tho surge

re

usnelly follswas the femunllon of & woll wo frona the sowlth China coszet to the

1'-\0112.; lru\(’a".

During Uweae favoreblo perlods, rolative humidit{es in the Central Highlands can be
expected (o reach minhimum velues below 40% (oocasloually below 30%) with maxfinum alr

8
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temperatures near or exceeding 100°F, Such hot, cloudless, relatively dry conditions are
necessary for successful burning operations,

" Yegetation of South Vietnam,

Because of the mixture of sites and species, combined with the effects of shifting
agriculture on the originai forest stands, the vegetation of South Vietham is extremely
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
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
openings are present to provide "edge" effects; (4) Bamboo sites burn poorly; (5) Intermediate
forests with mixed tree sizes and a high proport!on of evergreen species are pptimum sites
for forest fncendiary operations.

Fucl Treatment.

Intens{ve observations were made ontwo forest sites sprayed with Orangedefoliant, Both
sites were immediately adjacent to the Duc Co Special Forces Camp. One was sprayed in late
November (before the ongset of the dry season) ard the other in late January (in the middle of
the dry geason), The November spray resulted in: (1) 95% mortality of leaves within 8 wecks
of spraying; (2) S0% leaf fall from the upper and middle canopfcs and 50% leaf {all from the
understory. (Leaf mortality is absolutely necessary for cucceseful burning, leaf fall s hizhly
undesirable.) Inconirast, the January spray resulted in: (1) Only 66% leaf mortality within
6 weels of spraying, but (2) only 20% overall leaf fall,

On a 21 square kilometor area a¢ Chu Pong Mountaln, 17 kilometers south of Duc Co, &
late Jaauary - early Februnry cpray cperution elzo renulted in about 60% leaf mortality within
gix wezizs, Thera {afneuf(llcnt datato establich whether these poor resulta were dueto scason
of application, speeies of vegetation, or mechaniczl appifeation difficuliles due to rough

topogveply.
el Moletuxe,

Two hundred forly two fucl moisture samples wero collectedat tha Duce Co sites in order
to determino the cliects of wsather, fucl trestment and time of day, We found that: (1) The
molisture content of grean, unsprayed follagoe averaged 185% (dry weight hasia), much too high

4
SECRET
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for burning to be possible; (3) The drying rate of successfully sprayed folisge is extremely
rapld. Leaves which were killed lost 95% of their moisture within 10 days.of apraying: (3)
Drying rates fellowing rain were also unexpectedly rapid. Leaf litter redried in leas than 34
hours following a 0.04 inch shower, and in less than 48 hours after a 0.27 inch rain; (4) Fine
twigs, which make up twotkirds or more of the available fuel, were not sufficiently deasicated
by the Orange spray treatment. A month after spraying, twig moisture was 90%, too wet for
scceptable burning, - :

el mmability,

Samples of Vietnamese fuels were collected at Duc Co and sent to the Northern Forest
Fire Laboratory for analysis, Heat eontent and ignition times were similar to those for
standard forest fuels of the U,8, However the heat release rate of the Vietnamese fuels was
only 75% of the standard, and flame heights only 60%.

tion Pattorn and Fire avior.

The 21 squarekilometer test site at Chu Pong was burned, starting at 1400 on March 11,
1866. Fourteen thousand five hundred thirty five ignition points were laid down in a 20 minute
period. This calculated spacing proved to be too low, Later analysis showed that fire inter=
action occurred only when ignitfons occurred within 90 feet of cach other, Twice as many
incendiaries were neoded as were used,

Fires did mergo in areas with exceptional concentrations of incendiaries. Tho resulting
fire bulldup progressad as predicted with peak burning reached in approximately 35 minutes,
The reeulting convection columa roeached 22,000 feet,

Although a total of 39,000 tons of vegetation were burned within the first hour, crown
removal was not satisfactory, Tho {ire burnad ebout 25% of the totel available fuel, but only
about 10% of the ovcreotory erowa cover. The combination of too widely spaced ignitions, high
twig moistures, and only a €0% eficctive dafolietion effort kept the fires on the grouxnd.

Recommendations,

Forest incendiary opx *aliona plarned for tho Republio of Vietnam in 1967 should
essentially follow the samo gurwlines used in 1668 except thats
8
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Spray operations using Orange should be performed before the canset of the dry
soason, : ]

Whenever possible, areas treated with Orange should be resprayed with Blue or
Black about 10 days before the planned burning date,

Ordnance requirements should be basedo» obtaining at least one ignition per 8000
square feet of forest area, ' ’

The number of drying days needed betveen the last rain and TOT can be reduced to
3 days followirg rains of 0.3 inches or more and 1 day following rains less than

0.2 inch,

]
SECLET
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In September, 1965, CINCPAC requested that the Joint Chiefs of .m take action to
- expedite the development of a device capable of deetroying large areas of junxle or forest
growth by fire. ’

In December, 1865, the Joint Chiefs of Staff, by JCSM-862-63, requested the Searetary
of Defense to initiate programs to determine the feasibility of dehydrating jungle growth \» the
point where such material would support combustion, and tc initiate development of operatioral
means for determining the specific jungle conditions under which there s the greatest
probability of destroying hingle or forest growth by fire,

-

The Branch cf Forest Fire Research, Forest Sexvice, offered toassist in the conduct of

_research decigned 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 exl:ting information on fuel and weather potential for area incendiary
operations in South Vietnam, and

To determine by irstrumented field trials the rate of dehydration of jungle grewth
following deciccaut applicationandother characteristics of fuels and microclimate
that affect the buildup endbehavior of fire wnder South Vietnamaeso jucglo conditions,

. Phage I would beathree-tc~five-year researchprogramdesignadto specify criterir that
will insure operationally useful techniques for forest incendiary oparations, applicable to mzjor
foresied aress of the world,

The Advanced Research Projects Agency initiated Pliaso I of the proposed Forest Service
program on December 20, 1035, under ARPA order No, 618 (Project EMOTE).

7
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A five-man team of forest fire revearch cpoeialm- maved fo South Vietnam on January
18, 1966, and returned on March 13, 1968, This report summarizes the nndlmudooa-
clusions of Project EMOTE, Zhase 1.

FACTORS AFFECTING FOREST FIRE BEHAVIOR

Fssentially, a forest {ire is merely the free space combustion of several cellulosic

solids. RN
I 4

- Forest fires differ from more familiar combustion reactions such as those in furnaces,

engines, or even fireplaces, ia that they occur in free space without oonflnlnz walls, This

mesns that most cf the radiative and convertive energy is lost to the combustion system, With

little thernwul feadback, a forest firs is alwuys-in a delicate state of balance, capable of being

greatly accelerated or greatly vetarded by zelotively minor changes in combusti. a conditions,

. Forest fires also diffarfrom n:ost commoncombustion phenomena becruse they originate
as a fuel controlled procass, grow into an oxygen controlled phase, and then often alternate
between the two sets of controls. The effect of a chunge in any pariicular varixble, such as
fuel moisture, depends on which regime the fire is burning in at the time,

These characteristics of forest {ires make it difficult to presant a simplified discussion
of the factors that govern fores: fire behuvior. Instead, the process {s described stepwise--
from ignition of anindividual fuel elemest to development qf.-:'z’m:ms fire occunying a volume of
several eubic miles (see Appendix A, Volume II),

This desoriptiun of the fundamental process shows the imaportance of minor chunges in
scveral faciora. Thevolums of fine fucl, ita r::tio of surfacearcatovolume, and its structural
'arranvement in the fuel bed arecritical in fg;nitton ard inbuildup of the fire. Moisture content
of the fine fuel greatly affecisthe production of volniiles at ipniticn, theheat loss during hureing,
the flammability Umits for the combustiblo poses, und llame temrpercatures attalned when the
gosas wre {gnited. Relative humidity largaly deternidocs molsture conlent of five fucl, Solax
redietion reduces tha fuel moiziuve content Ly Lisweasing temperature of the fuel surface;
radiation also 18 an importiant heat source tiat ndds to combustion efficfency, Wind changes
the oxyzen supply and flame angle, thus greatly atfccting buildup and spread of fire,

8
SECRET
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Information on certain of these factors was obtalned during Phase I in Vietnam., The
comprehensive research program proposcd for Phase II will develop better criteria for
evaluating the factors that determine burning characteristics of jungle fuels,

RESULTS AND CONCLUSIONS~-=PHASE

FOREST FIRE CLIMATE OF INDOCHINA

For most of Indochina (Thailand, South Vietnam, Cambodia, the southern portions of
Laos and North Vietnam except for the noxthern interior regions) the climate is monsoonal in
nature (Tropical Savannah or Kdppen Type Aw), It ischaracterized hy two major seasons: the
wet southwest monsoon from May through September, and the -dry northeast monsoon from
November through early March (Fig. 1). The climate during the transition periods (March-
April and Scptember-October) varies with distance from the coast,

In the northern interfor of Jaos and North Vietnam the climate is more continental in
character (Koppen Type C Wa or Warm Temperate-Winter Dry), Here the changes are less
abrupt and rainfall is more evanly distributed throughout the year,

Excellent detailed coverage of climatic patterns for Southeast Asia in géneral and South
Vietnam in particular have been prepared by the U.8, Air Force,

ﬁsing these climatic data, it i8 possible to calculate the number of days in any month at
any location when forest incendiary operations are possible under stated weather conditions,
This was done for 15 statiorns in Thailard, Laos, Cambodia and Vietnam. The results are
shown in fizures 2 o 11, Uaing the same criteria, it is clso possible to determine the

probzbility for succees of an {ncendiary mission contucted ajainat a randomly selected target

on a rancdomly gelected Cuy of tho month, These dala are Meted in Table 1, Using a modified

farkov choin motrix, we bavo glso calculated the probability that at lcast one of "x" selected
tergets will be suftabls for burning within "y" days of any given date. A sample of the com-
paier print out {8 shown in figure 12, The criteria and methcdology used for these analyses
and a completo Usting of data ave presented in appendix E, in Volume II.

As improvederiteri: nrodeveloped, the prograwns will be rerun to provide more accurate
assossmentof the forest incendiary potential of particular arens of Interest. Extension of this
wr .k will be accomplished errly in Phase II of Project EMOTE,
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' FOREST FIRE WEATHER IN SOUTH VIETNAM

The.climatic analyses showed that many days having the weather conditions prescribed
for successful forest {ncendiary operations occur in much of South Vietnam during the period
from December | to March 18, Inspectionof daily westher records showed that these favorable
Jburning days often occur in groups, usually preceded by short periods of drying weather,

A synoptic scale study wes made to determine shether certain weather influences of the
northeast monsoon season are associated with short periodsof high potential fuel flammability,
Knowing that hot, dry, relatively cloud-free days prcvide optimum burning conditions, we
searched selected past andcurrent synoptic records for general weathsr patternsthat provided
this type of day. We found that the most desirable synoptic eftuations are those that produce
subsidence over the areas concerned, One such weather patiern, which occurred several
times in January and February, 1966, is described briefly below. Its drying effect is usually
lmited to the Central Highlands, Transition, and Delta reglons.

1, A surge (outbreak) of cool air moves eouth or southeastward from the semi-
permanent high pressure system locsted in or near northern China, This surge
usually occurs behind & cold front that moves from the South China coast to the
DPhilippines., A pressureridge orientednorth-south ornortheast-southwest follows
the front, The front usuclly becomes difiyse andusually diseppears before reach-
ing Salgon and the Delta reglon, '

2.  Anortheart flowueually precedesand followsthe surge, with directional divergence
over the Republie, An elongatedhizh pressure ridze at the surface, with itscenter
Hug orfenied NE-GW or N-S along the ccast, accompanies tho streamline {low,

3.  The desired drying conditicng occur ons or two d=ys after a surge,

4, Two to four days aitzr & curg? the desired poeitive wind speed divergence occursg
over the Doiln nnd coonelonn Yy effccts Salgon,

5., Taefourirer /il &y aftor ¢ purga way o ooy rot have favorable weather con-
citdong for Lurviiy, This dopends on gradient wied spzed and direction,

8. DBythe einh day tho euxvace ridgo beging to bresk down or move eastward, This
results In a southensterly flow over Vielnam, Sufficlent moisture 18 then advected
inland to produce cloudiness end scattered showers, The period thenendsas a new
surgo begins to form on the soventh day,

23
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This example illustrates the necessity of considering weather patterns when scheduling
burning operations. It also serves to point out the need for further research of synoptie
patterns affecting RVN throughout the year, Weather radar sppears to us to be a valuable
research tool in this connection. '

In additionto the synoptic study ubove.' we made measurements of the microclimate inside
and outside the jungle canopy. This work was done at Duc 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. We found that, while relative humidity
values occasionally reached minima near 25%, the most common low daily values fell between
34 and 39%. The minimumvalues usually occurred betweenthe hours of 1330 and 1430 L,.S,T.
The maximum air temperature here always exceeded 96°F and occasionally exceeded 110°F.
The maximum temberature values .occuriced at about the same time of day as the minimum
relative humidity.

A graphic illustration of diurnal variation in relutive humidity and temperature shows
why incendiary opeutions' should commence as close to 1400 as possible (Fig, 13). Before -
that time, temperature s rising and relative humidity is falling rapidly. On orabout 1400 both
are at their optimal point for good burning, Shortly after, a reverse situation occurs and
chauces for an effective burn are reduced rapidly.

VEGETATION OF SOUTH VIETNAM

- The vegetation of Vietnsm s far from a homogeneous fuel type. It includes several
broad vegetation types, each being a complex mixture of many specles in associations that are
adapted to specific site conditions, Adding to this complexity are the effects of man's
tcﬁvity--prlncipéilly the temporaryclearing of jungle for ghifting agricultural use--which has
left tho vegetative nover on many arcas in a secondary stage of development ranging from open
savannsh to dense woodland gerub,

A deiailed forest map of Vielnam weuld give the best overall picture of the vegetative
cover, Guch & mep thows tie lecations ‘of broad vegetation types, such as moist forest,
sccondary forest, mixturea of thetwo typos, dry Dipterocarpus forest, serui-deciduous forest,
pine forest, and tree or sirub savannzh, But the burning potentials of forest areas are most
variable within a broad type. From sorial reconnaissance in Central Vietnam, it was not
possible to assign a single fuel rating to the vegetation oa any large block of land within any of
these broad forest types, 24
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A simplified claseification should be ﬁoq tentatively tv desoribe the vegetative cover oa
any area considered for burning, The classes are:

1, Dense forest--Typically has a multi-storied cancpy dominated by evergreen
species,

3. Woodland--Usually has single canopy structure dominated by deciduous species.

3. Intormediate forest-~-Often is degraded dense forest, dut also includes complex
mixtures of dense forest and woodland,

4., Woodland scrub--Is an early successional stage after temporary olearing of
jungle, with dense shrubby vegatation and varying amounts of tree vanopy,

8. Savannah (tree or shrub)--Refers to jungle areas that have been repeatedly
cleared, with an harbaceous cover and scattered trees or shrubs,

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 thispurpose, But aerial photographs do
not provida information on fuel distribution beneath the top canopy. ‘During Phase I we relied
on ground observations to obtain this irformation. In Phase II, remote sensing techniques
such as side-looking radarand multi-band sensors will beinvestigated since opportunities for
ground obeervation in hostile territory are limited.

Poecibilities for ground obrervations in Vietnam during Phase I wero too limited for
good evaluation of the lower story vegetation--the eritical fuel for building and sustaining an
effectivo forest fire, Aerial observation indicated that certain degraded jungle types contain
adequate volume of low-growing vegetation to support a fire, and that this vegetadon has good
horizontal and veriical continuily, The dense, often multi-storied jungle has good horizontal
contlzuily of crovms, but a fow ground oboervetions indicate that volume and continuity of
burnzhle grouwi fuel msy be bordoriine, ‘

Becaune ground fuel conditicns may ba marginal, research during Phase II should be
conoontrated on the lower elory veralation wailice then on the upper canopy leyers which were
of more fmporiance ta dofolintica sizdlea. Dovelopment of the most effective desicoation
treatmout for thera undoestory carhs b3 tiapsrativa, The trentment may invelve application
of moroe thun ozg harbicida, perkaps tu comhiastion, to cblain maximum destecation of all the
planie {n the ground cover, 28
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Aerial cbsérvation indicates that one forest type--sorub mangrove--is a poor species
for burning, Ground vegetation is lacking, or the trees actually grow in water, and fuel
oontinuity is poor, Fortunately, however, this type can usually be removed adequately by
herbicide treatment alone,

FUELSATD'GCO

Fuel studies were made at a site selected in the Central Highlands about 17 kilometers
from thelarge scale operationsal trials (Fig. 16), The atudy site was near the Special Forces A
team camp at Duc Co, located on gently rolling terrain at an elevation of approximately 1800

feet,

The jungle vegetation was a degraded moist forest classified as "intermediate forest",
It was similar to thecover on partsof the large operational trial area, Structurally, the vege-
tation resembled a dense hardwood thicket. The overstor;r (dominant trees) ranged from 20
to 30 meters in height and consisted mainly of species in the Lauvraceae family, Litsea
lancilimba was a common speeies, Vines and tree ctems with few branches oceupied the 10
to 20 meter level, The entire crowns of a few species occurred within this level, The lower
level, particularly from the ground to 2 meters, was heavily populated with seplings, shrubs,
and irlnes, but foliege was not exceedingly denso (Fig. 16). Ground litter was composed .
almost entirely of doad leaves that had dropped during the dry season,

Taal Treatment

Fuel measurements aud oritical obeervations were made on two study areas treated at
different times:

1.  Novembher arna~-2rraved in lato November, 1065,

2, Jarvory arca~-Tovayed on Junvary 24, 1968,

Tho degloeniinn treatingat, vhick {3 erecntis]l befora burning jungle fusls, wae the
giandard "Orenge” éolciinat apylicd by asvial epraying, Visusl offects of the epraying were:

November sarea--Moat of the vegetation was brown in color when first observed on
January 21. Whaen fuel sampling stextod on February 3, leef moriality was estimated to be in

excess of 95 percent, Approximately 80 paorcent of the leaves in the upper and middle canopy
28
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Figure 16

LOWER VEGETATION-DUC CO TEST SITE
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layers had fallen, The lower vegetation atill held 80 percent of its leafage, which was browa,
Ounly an occasional woody plant remained green and apparently Mocudbyﬂuopmtrm-
ment (Fll- 17).

The appearance of the vegetation onthis area remained aboutthe same until the end of the
sampling period, February 28,

January nru--Vegetmoi‘x reactionto the spraytreatment was much morelimited on this
area. The apparent reason was that the treatment was applied af'er most plant growth had
ceased; leavea of deciduous cpe?iel on nearby areas were already turning brown at the time
this area was sprayed,

By February 2, the lea! mon\\lity was estiratedatabout 40 percent throughout the canopy,
with about 10 percentoverall leaf fall. By February 25, the estimated leaf mortality increased
to 60 peicent, and tholeaf fallto 20 percent. Manyplants in the upperand lower canopy layers
remained greon and apparently una.t}thd by the spray treatment (Fig. 17)

Riel Moisture Content

Measurements of fuel moisture durirg l-‘ebxinry provided basic irformation for better
understanding of auel characteristics In Vietnam jungles.

Molsture samples wore taken on |18 days during the period February 2-28, Onm
each sampling sortie, & samplo of fuel components was taken at each of two sampling plots in
the twotreatment areas, Vegetation onsamplingplots was sclected as being typical of the area
as & whole; The components selected for sjmpling in each plot also were typical for the plot,

Fuel components sampled on each plot

. 1, Dryleaf Jitter--This Uiler includzed the full depth of the leaf layer madeupby
browa leaves from the current leaf orop,

3. 214 stlachod JonveawaThato werolthe current hrown leaves still attached to the
stems witifa cacy reach,

8.  M"Deoaa" tvims-=Thogo twigad, spproxfinately 1/2 inch in dismeter, were the twigs
with dead leaves or from wilch the Lgves kad recently dropped.
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NOVERMBER AND JANUARY SPRAY AREAS
- DUC CO TEST SITE
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4, Green attached leaves (sampled only on the March-sprayed area)--These green ‘

leaves were apparently unaffectod by the spray treatment,

8. "Live" twige (only on March area)--These twigs of 1/2-inch diameter were from
branches apparently unaffected by the spray.

A few ~aa;xple| were taken froimn 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 tia down
the range in moisturecentent duringthe partof the day recommended for conducting incendisry
operations. Tue other samples wore taken at approximately 0900 and 1700 on February 31 to
determine the rate of dryingafter a thunder shower during the previous evening. A total of 242
bags of samples were collccted to provide, as far as possible, the necessary data on fuel
moisture content (Fig. 18). . |

Each sample was weighed soon after collection inthe field, Later it wasdried in an oven
at 100°C untllit reached constant weight., The molsturccontent wascalculated as a percentage
of oven dry weight (ODW). For example, a sample with a field weight of §0 grams and an ODW
of 26 grams was coneidored to have a 109 percent moisturc content in the field "025”- x100
= 100% p. Checks of sample weights by xylenc distillation showed that satisfactory deternina-

tions were obtaincd by the oven dryiiy technique,
Litter and Decad Attached Leaves

The data show no marked trends in moisture content of the dead leaf litter and the dead
at'ached leaves ({igs 19 and 20). During the middleof the day, for all rain-free days preceded
by & dry day, tho molsturecontents of most camples werebetwecen 7 and 15 percent, For days
preceded by lizht rains the moleliro contents ranged from 17 to 37 percent, The leaf litter
averaged 10,0 percent for tho Novembaer arcaand 12,7 for the Juwary area, For the attached
dead leaves the flqures were 12.2 percont for the November nrea and 10.0 percent for the
Januery area, Difieresces beilwsen areas may have been caused by sampling error, although
obrervatlons indiceted thyt moisture come:i of }itter on the January area could well have been
higher because of greater chading frongn green tre/e canopy.

The ahove results have lmportanumplicatidns in conducting incendiary operations {n the
Ceutral Highlands, They showthat dead leaf fuel, eifher attached to thetreee or in the ground
litter, reached a low moisture content soon after they turned brown. Extending the drying

SECRET
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period through February did not materially lower their mo:sture content, This indicates, as
far as leaf fuel 's concerned, that an incendiary operation 3an be carried on early in the dry
season, provided that a prior desiccation treatment has effectively deadened the leafage.

Samples taken on days following a rain shower shoved a much quicker drying of leaf
litter and attsched dead leaves than was expected., After a heavy shower of .27 inch, the
moisture content dropped rapidly the next day between the b urs of 0900 and 1700 and down to
normal by the second day (fig. 21).

These results have important application in modifyl g the specifications for burning
jungle fuels. For example, the 1966 requirements, which specified 2 drying days as being
required after a light rainand § days after A hecvy rain, can now be lowered to 1 and 3 drying
days, respectively. A light raincan be redefinedas one with less than .20 inch of rain instead
of .10 inch as defined in 1966, These changes in specific: tions will add materially to the
number of days considered favorable for burning at any giver location,

"Dead" Twigs

The level of moisture content in so-called dead twizs aad the trend in moisture through
the sampling period were not soclear cut as for leaf litter anc deadattached leaves, Moisture
oontents o individual twig samples differed greatly througl out the sampling period. This
variation occurred in both the November-treated area and th¢ January-troated area.

Most samples showed a high molsture content for the 1/2-inch twigs that had dead
leaves. The average of all samples on rain-freed=ys in the November area was 85.9 percent
moisture content; in the January area theaverage wan 81.4 po-'cont, These moisture contents
indicate that most of the twigs were not ectually dead cven ther gh the leaves had turned brown
and may have dropped from the twigs,

‘However, mzany of the "dead" twig camples on boih nreat gshowed low moisture contents,
Out of a total of 50 eamnples, 11 samples had moisture contentt of only 13 to 30 percent, The
reason fortheee low moisturelevela was ot determined; the o mples moy havebeen collected
from plants that were killed by the epray treztmont, The gtudy wes not deeigued to dstermine
the proportion of tolul twig volume with low motsture content,

Regardless of tha apparent great variation in twig mo sture, the results show con-
clusively that average moisture countent of th%:; important fine fuel constituent i8 well above
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the 20 to 40 percent level required for ignition and effiolent combustion. This is particularly
important aince twigs comprise the bulk of the fine fuel in the understory shrub layer where
forest fire ignition takes place (Fig. £3). Obviously, cne of the most pressing research
problems in Phase II is development of desiccation treatments that will bring the moisture
content of twigs down to the lowest possible level.

The trend inmoisture contentof twigs during February on eacharea was oonfused by the
variations between samples. Using all samples in each area, the results do not show delinite
trends in twig moisture throughthe sampling period. If the samples with Jow moisture content
(13 to 30 percent) are removed from the data, the remaining samples in both areas show
increases through the entire sampling period for moisture content of "dead'’ twigs (fig. 29).
The reasonsfor suchan increasein moisture content arenot apparent. But the datado present
one more reason for intensitication of research on the problem of twig desiccation.

Green Leaves and Twigs

All the samples taken from living green trees in the area sprayed in March had high
moisture content throughout the entire sampling perfod (fig. 24). These data show that all the
vegetation on any forest area to beburned must be effectively deslccated ahead of burnlng{ 14
appreciable green vegetation remains, it will add excess noisture to the combustion system
and Will materially Tower the intensity of any fire occurring in the area.

.Fugl Structure and Flammability

The lower level vegetation at Duc Co did not hava the desired vertical continuity at the
end of February (fig. 25). Dry leaves, the most combuctible of the fine fuels, mainly had
dropped from the branches. Tais thinlayer of newleaf litter provided thebulk of the dry fuel,
with anly sparse dry leafage remninizg in the lower lovel vezetation. The nearly bare stems
of vines, ehrubs, eud eaplinga, waich were not readily iymited, were aleo too widely spaced
for ready burning, :

Working conditions did notallow the intensive sampling required to determine volume of
dry fucl at cach vegetation level, Collaction of a few squara-foot eamples indicated that the
litter averaged sbout 3 tons dry weizhé por aore,

Burning of small plots perlodically during the fuel sampling period showed low flamma-
bility of the litter. Dry leaf litter, loosely aqtgcked to a depth of a few inches on an area of 4
L7
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POOR VERTICAL CONTINUITY OF LOWER VEGETATION
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* square feet, failed to produce an intense fire when ignited. Flame height was short, burning
rate was slow, and heat release rate was appreciably less than for common forest fuels in the
United States, The leaves remained intact aiter being burned; their black color lnd!catpd

incomplete combustion.

The same general flammability characteristics were observed during a test of ignition
and fire build up on February 28, 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 (iig. 26).

Although weather was most favorable, the 32 fires burned zlowly and did not reinforce
one another during the limited fire build up. After two hours none of the fires had merged
with another; many had.died aftertraveling 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 {ire into the tree crowns, But low fuel flammability also appeared to be a major
factor in limiting fire behavior.

Preliminary tests of certain ignition and combuetion chardcteristics of the Duc Co fuels
Jhave been made {n the laboratory, using samples that had been oven dried in Saigon. The
measurements of leaf samples from Vietnam were compared with concurrent measurements of
ponderosapine necclea--a standard leboratoryfuel inthe United States, The proceduresused, .-
and a complete listing of data is shown in Appendix B, Volume II. ‘

The tests did not show that initial fgnition time for dried 1aves from jungle vegetation
was necessarily different thau for tie ping needlea. Inconsistencies occurred in pilot {gnition
deloy biiween laaves collected whils green compaved to leaves collected after they had dried.

$ 18 likely that the oven drying process resulted in loss of some volatile constituents. These
resuits will Le checked with samplea that have not been oven dried before ignition,

A laboratory combuetion test d!dshow a low energy release rate for the jungle leaves as
compared to thepine needles, Leaf fuelbeds paired withneedle fuclbeds of comparable density
showed relative releases in terms of BTU per equars foot per minute as follows:
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Leaves collected when dead --
7 out of 8 less than pine needles, with average of 73 percent as great,

Leaves collected while green --
6 out of 7 less than pine needles, wifh average of 80 pcrccnt as great.

Flame heights of leaf samples previously oven dried were in allcases lower than for the
paired needle sample, averaging only 88 percent as high,

Ash content of jungle leaves was significantly greater than for pine ncedles, averaging
6.92 for leaves and 4,01 for pine needles, on an oven dry basis,

Determination of chemical andphysical properties and their effects on burning of forest
fuels should be greatly expanded in the Phase II research, Basic information on ﬂammlbinty
and energy release is needed for specifying fgnition patterns and predicting fire behavior in
!ncendiary operations,

IGNITION PATTERN AND FIRE BEHAVIOR

A targetof military interest was selected fortha operationaltrial of forestincendiarism,
The speocified area included 21 squarekilometers on the Chu Pong mountalncomplex in Pleiku
Province (fig. 27). .

Most of the area was sprayed with Orange defoliant between January 24 and February 6,
1966, Reaction of the herbicide applied at this time of yoar was greatly delayed, Additional
defollant (Bluc) was addedon February 22 and £3 inan attempt toobtain maxiraumpossible fuel
desiccatlon, This defollant covered a critical corner and some of the greenest patches of
forest within tha original area and fncluded edditionzl area ou.iide the western boundary.
Bombing boxes were adjueted to includo the nowly eprayed area,

The initial ¢alo for huring was poctponeduntil Mfarch 3 to allow time for desiceation of
the fuel. By thnt time, por:iazis of the wrea sprayed with Ocange had tarned brown, but little
eflcet way apparsut from the Blus applicsticn. Roin forced cancellation of the {nitial date,

The arca was fired on March 11, 1683, DBatwesn 1400 and 1420, fifteen B-52 airoraft
dropped 255 I4-25 insendlary clusters on the tazpet area, This firing was followed atter 1430
by 11 napalm eoriion {8 -4 and § F-100) alongi fhe upwind gic9 of the target area,

Lo
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The ordnance requirements for this mission were based on formulas developed by the
Dikewood Carporationfor prediotingfirestormformationiv cities. Modifications andtechnical
input data required to adapt the formula to Vietnamese forest sonditions were supplied by the

-Forest Sarvice. Detalls of the rationale are contained in Appendix C, Velume II,

" The calculations predicted that firestorm formation would occur only if coalescense of
fires ocourred in 60 minutes, or less, and if indraft velocities of 35 m.p.h., or higher, were -
reached within 30 minutes of ignition, With the fuel conditions assumed for Chu Pong, an
average spacing of 145 feet between initial sets would be required for firestorm produstion 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 meansthat 29 such napalmbombs would be required to
equal one M-35 cluster that weighs only 760 pounds.

In the Chu Pong operation, many of the initial fires merged and developed a strong con-
vection column reaching to 23,000 feet, with assumed stroug indrafts, within the presoribed
length of time (fig. 28). But flames did nt carry through the tree canopies to produce the
desired firestorm, Even g0, the total reac‘ion appezred to be only slightly short of this goal.

It is likely that the inputdata on volume of fuel and itscharacteristics were in error, and
that tho basic fornmla is still applicable to forest incendiaxy operations,

for fuelconditions at Chu Porg, which were somewhat lesafavorable than predicted, the
celculeted 125 fect for overallaverzge epacing of sets wag too great. Examination of the post
etrike phiotos, s wellas the woviesiaken duringthe eperation, show that fully effective burn-
ing ¢ld cecur In cerinin "bonwbing ciripa' where consentretion of homblets sppenred to be
greater than ano per 90~foot cpacing (1»,,. 9).

Propey ¢oloulnlions of roguived imnitlon paliersis are vilal in planning incendiary operg-
tiong, 1o numberelany nosndiary oiinanos required toigaite anarca wiil vary ase the siuare
of the reciproczl of the spacing, In other words, If spacing distance between sets is cut in -
half, the ordnance requirement will be increased four times. For this reason, investigation
of fguition pattern requisrurrents will be {utensified during the Phase II research. lncluded in
the study will be a sensitivity sualysis of the Dik awood equations,
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THE CORVECTION COLUNIN REACHED 22,600
FEET WITHIN 30 MINUTES
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REST NDIARY OPERATIONS U

Procedures

1. Conduct the incendiary operations within the portion of Vietnsim that has little or no
rainfall during the NE ‘monsoon season, :

2. Apply herbicidal spray to desjocate tha fine fuels before burning, .

The standard Orange desicoant {s recommended. Apply it ufter tree leaves are fully
formed, but whileleaf and twig Hssuesare still tender, Best spraying date probably is in late
October or early November,

3. Make a trialof double spraying onat least ons area, or & portionof a large area, On
an area already sprayed with Orange, apply 8 quick-acting herbicide such as Black. The
purpose is to dasiceate those ground level species that are not susceptible to Orange. Apply
the second spray about 10 days before the planned burning date,

4. Sclect a dato andhour for TOT, Burning in errly January at hour 1490 is suggested,

The date should be at least 4 weceks after the Orangs opray has been applied; delay setting the

cate uatil 211 leafago has turned brown, Attempt to burn bofore natural leaf fall of deciduous
plaris has stavted, which prohably will bo February 1, or earlier,

Attempt to meloot the plannad target date to coinctde with favorable burning deys within
& ghort-term wet aer cyclo, if such cyoles can be identified by tho forecacting exverts, This
will allow firmey 48-honr forasssis, and it will glve more scrurunce that the weathor will Lbe
favorchle oa the planzed data,

¥ operationally feaelblo, maln the {ined seloction of $arget Gats only 4 to ¢ ¢rye ghead,
Tals will pllow halter fit within waather eysies, .

Algo, If eperationally feasivle, mol up a sliding date that can be changed, if nesescary,
at 48-hour Intervala,
82
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8. Make daily forecasts of the expected weather at 1400 toruohurgdnu. Start

'kmmu!wmpmodlnuhomcteddaudmm

6. Start both 24-hour and 48-hour forecasts thm days before tieplanned date of burne

ing. N the last 24-hour forecast is favorable, make forccasts at 18, 12 and 8 hours shead
of m'r

. 'The forecasts should inolude information on precipitation, air temperature, relative
humidity, cloud cover, wind, and stability expected at 1400,

7. Mount an aerial weather watch during dayvlight hours, starting 4 days before the

planned date of buruing.

Each watch should report indications of preocipitation, or lack of it, since the preoedin;
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 dry!ng days afler & rain nre:

Light rain (less than 0,2 inch)-= 1 drying day.
Heavy rain (more than 0.2 inch)-- 8 drying days.

A drying day is definedas one in which fuel rioisture content will decrease, finally down
to equilibrium level, Epccifications for a drying day are: :

(1) No rziun has follen in the preceding 24 liours.
(2) Mindwwum reloitve huridity drops bolow 70 percent,

()  Afisracon cloud cover is izig than 3/8,

Y, Imiite the fusia overall of the tarpet area by psing a mess Igadiion tecknique, M:any,'_

closoly cpaced, woudifiro soto will ba vormived,

n.quremea‘.r. for 1067 can ba calcwiated sinmply by comparisou with acturnl results from
the 1260 operntional test, Thae ignitton pattarn from M-356 olusters was eatiefactory in the
relativoly nsrrow stripa within which the bomblets from one flight landed, However, the
pattern over the area as a wiwlo could Lave bggn iraproved by spacing ‘:e strips so that they
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were contiguo ;s 2, 8, ‘i.umodanocm farget area. -Amg'im,tmﬁomﬂoﬁu
strike photor .1 1~ .vies of the operation indicates that betv'esr two and three times as many

muwu«m-mnmmmmum Thus, norotlut\ﬂoou-ny

bomblets were needed.

Anviherapproach is to decreasethe requiredaverage spacing between sets over anentire

area, A calculated averageof 125 feet betweenbomblets was used in planning the 1966 opera-

tion. The results indicated that this spacing should be greatly reduced. But additional triale
are neoded to determine the mosat effective and cfficient spacing., Assuming an arbitrary
veductic.. of 50 percent in spacing is required, tbo number of bomblet sets that are nqulrod
wtnbolourtimelumatu used in 1966, :

We recommand that the required number of bomblets per unit of ares in 1967 be three

 times the number used in 1966, They ahould be dropped in essentially the same manner as in

1966, but without spacing between the bombing strips. Spacing of flight strips, aireraft ina

- flight, and fusing of bombs can be adjusted to deoliver the best overall pattern and intensity of

ignition,
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