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SUMMARY SEER I

~ In 1965, the Joint Chiefs of Staff requestef that the Secretafy of Defense initiate research
todetermine the feasibility of destroying large areas of foresfor jungle growth by fire. Tests
conducted in Vietnam in 1965 and 1966 (Operations SHERWOOD FOREST and HOT TIP) were

inconclusive, A test series, code-named PINK ROSE, whs conducted in 1967,

Three targets, each 7 km on a side (approximate}’ 12,000 acres) were picked from rep-

resentative jungle areas in War Zones C and D). Eaclf area was double sprayed with horinone-

type defoliant chemicals, and half of each are

also sprayed with a contact herbicide. On
the first two targets, ignition was effected by sa rating the target with 72,000 M-74 incendi-
ary bomblets. This ignition density was doublefl on the third target.

In no instance was an appreciable amounyof forest canopy removed by the resulting fires.
Measurement of the moisture contents of ngle growth following application of defoliants
showed that leaves were being desiccated/to acceptable levels, but that twigs retained suffi-
cient moisture to prevent combustion. f'e ¢onciude that current defoliant chemicals applied
in the volumes and concentrations now fn operational practice in Vietnam do not act as effec-
tive desiccants. Successful removal #f Vietnamese jungle growth by fire will not be possible

unless effective chemical desiccants/can be developed.
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i o bt BACKGROUND

The dense vegetation canopies which are characteristic of tropical forest areus provide
coverand conceidment forthe movement and activities of enemy forces, Following an aborted
attempt (Operation SHIZRWOOD FOREST) on 31 March 1965 to burn tropical forest ve;.:ct:nion‘
at Boi Loi Wood in Tay Ninh Province, Republic of Vietnam, —I/CINCP.-\C requested that the
Joint Chiefs of Staff expedite the development of techniques whereby large arcas of tropical
forest growth could be effectively destroyed, The Secretary of Defense was requested by the
Joint Chicfs of Staff in December 1965 to initiate a [easibilit}," study to determine techniques
for chemically desiccating vegetation and destroving tropical forests by fire. The request
was approved and sctive participation in this program by the Branch of Forest Fire Research.
Forest Service. was initiated by the Advanced Research Projects Agency on December 20.

1965, under ARPA Order No, 813 (Project EMOTE),
The ARPA-Forest Service fire research program consisted of two parts:

1. Phasc 1 - the technical support of an operational field test (HOT TIP) conducted

by the irmed forces in South Vietnar: in 1966,

2. Phase 11 - the conduct of a three-to-{ive year research effort desipzned to de-
seribe the chemical treatment and fiummability requirements of tropical forests

=0 thit lorest vegetation might be operationally modified for incendiary attucks.

The culmination of Phase I occurred on 11 March 1966 with the HOT TIP operational
trial of forest incendiarism on Chu Pong mountain in Pleiku Province. The tarzet selected
was of military interest and included an area of 21 square kilometers., Orange defoliant was
spraved over most of the area between January 24 and February 6, This dry season herbi-
cide application delaved the onset of desired treatment effects, since the vegetation was
physiologically dormant, Blue was applied on February 22 and 23 in an attempt to achieve

minnimum possible tuel desicecation,

1/ Brent, et al. Neutralization of Viet Cong Safe Havens: A Preliminary Study (1) Tech,
Paper RAC=TP-191. 1965, 74 pp.
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OPERATION SHERWOOD FOREST

3Cl LOI WOODS, TAY NINH PROVINCE
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Fig. 2

OPERATION HOT TIP

CHU PONG MOUNTAIN
11 March 1966
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cen 1don wni fi20 on 11 March 1966, fifteen B=52 aircraft dropped 255 M-=35 incen-
“or<oon he amet area. This ignition strike was followed after 1430 by 11 napalm
Cone the wenond <ide of the tarcet area. Many of the fire sets merged and developed
Ceonvection enluimn reaching to 22,000 feet, Flames did not carry through the tree
C< except at ridoetops, nor were firestorm conditions produced. but the 17.5 percent

CoU ol the forest canopy was encouraging under the existing treatment conditions,

v ~pmizh the results of HOT TIP on Chu Pong Mountain were inconclusive, information
©luring the upvr;iti‘m warranted additional testing. Following the evaluation of HOT
soverad operational changes were recommended for forest incendiary programs in
Vietnam. These test plan changes involved chemical treatment, ordnance require-

1 weather requirements,

HOOOCAT RN

te~ o+~ carried out in February 1966, at a site in the Ceniral Hizhlands about
:#+ re (hu Pong test arca. Fuel moisture measurements were made of the

et~ arvas treated at different times:
N .w e 1 arva -- Sprayed with Orange in late November 1965,
_ Januar irea -- Sprayed with Orange on 24 January 1966.

v ments frem these two areas indicated that the moisture content of twigs less than 1/2
S hameter remamed at relatively high levels following chemical treatment and that.t.heir
Cire content actuadly increased over time, The average moisture content of all samples
“u-tree days in the November arca was 85.9 percent; in the January spray arca the

¢ was N4 percent,  Mojsture contents of this magnitude indicated that the internal

e (r:ms'lm-:mun .\_\stvms' of the vegetation were still functioning following chemical
- ent. Thus. more than half of the fine fuels needed to carry fire into and through the

Canopy were too wet to burn,

et al, Forest Fire Rescarch, Final Report, Phase 1, Vol, 1. Requirements for a
ol Destrovirn: Forest/Jungle Growth by Fire, Forest Servvice, U, 8, D A, 54 pp.,
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MOISTURE CONTENT OF SMALL TWIGS REMAINED

TOO HIGH TO PERMIT COMBUSTION FOLLOWING

DRY SEASON CHEMICAL TREATMENT.

OPERATION HOT TIP

March 1966
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In order to modify the moisture content of these critical stem and twig fuel components,

the new guidelines were prepared to insure the following changes in chemical treatment pro-

‘ cedures for forest incendiary operations:

1. An ear'y application of Orange or White while the plants are physiologically

active (prior to the onset of the dry season) to defoliate the upper canopy.

2. A repeat spray application approximately one month later with Orange or White

to penetrate lower canopy layers,

3. A spray application of Blue, a contact desiccant, approximately 10 days prior
to the strike date to desiccate those ground level species that were not suscep-

tible to the hormone type chemicals.

INCENDIARY ORDNANCE

! The ordnance plan for HOT TIP called for the mass ignition of the target area using
closely spaced small fire sets., On the HOT TIP operation, the ignition pattern using M-35
clusters was fairly satisfactory within a strip but spacing between strips was too great.
Consequently, ordnance requirements were recommerded to provide an increase in ignition
density and a reduction in spacing between aircraft strips. The recommendation specified at
least one fgnition per 8000 square feet of forest area and a contiguous pattern of flight strips

t¢ insure saluration of the target.

WEATHER REQUIREMENTS

Moisture content sampling dufing HOT TIP indicated a more rapid drying response of
leaf litter and attached dead leaves following a rain shower than was expected. These results
permiited the casing of restrictions in the weather specifications for burning tropical forest
fuels. The HOT TIP specifications of 2 drying days being required after a light rain and 5
days after a heavy rain were lowered for PINK ROSE planning to 1 and 3 drying days, respec-
tively, A light rain was redefined as one with less than .20 inch of rain instead of . 10 inch.

Specdications for a drying day were:
(1) No rain has fallen in the preceding 24 hours,
(2) Minimum relative humidity drops below 70 percent,

) .\_flcmunn ¢loud cover is less than 3/8'.'%

SEGRER
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INCENDIARIES TENDED TO CLUSTER IN STRIPS
OPERATION HOT TIP. |

March 1966
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OPERATION PINK ROSE, 1967

As a part of Phase II of the ARPA sponsored Project EMOTE program, the Forest Serv-
ice agreed to provide technical support to future forest incendiary operations. On 11 August
1966 CINCPAC approved the utilization of ARPA/Forest Service advisory services on Opera- |
tion PINK ROSE, a full scale field test to study the feasibility of neutralizing Viet Cong safe

havens by fire.

On 15-16 September 1966, two Forest Service representatives visited CINCPAC bead-
quarters to discuss the status of Operation PINK ROSE, The outcome of this meeting was an
outline for the preparation of PINK ROSE test and evaluation plan. On 30 October to 8 Novem-.
ber 1966, a four-man Forest Service team worked in Saigon assisting the PINK ROSE project
officer in preparing thé test plan (see Appendix I), '

Based on experience gained during previous incendiary attacks, PINK ROSE was planned

as a definitive test of the hypothesis that tropical forest areas could be destroyed by fire uti-
lizing only currently operational materials and technigues.

Selection of PINK ROSE Targets

Three tropical forest areas were selected for PINK ROSE incendiary tests in War Zones
C and D. Areas A and B were located in War Zone C and Area C was located in War Zone D.

T}_xe coordinates of the areas were defined as follows:
1. Area A - XT 5277, 5284, 5984, 5977 |
2, Area B - XT 0975, 0982, 1682, 1675
3. -Area C - YT 3441, 3445, 4148, 4141

The three areas selected ranged in fuel conditions from marginally iight and patchy (Area B).
through optimum density and distribution (Area A), to such heavy triple cacs e g

«uccessful desiccation appeared unlikely (Area C),

CHEMICAL PRETREATMENT
The initial defoliant spraying was completed as rapidly as pre~re =2 -
recular spray operations, Standard swaths were applied, each 9.1 X .0 woe

A e R’ 3
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Fig. 7

OPERATION PINK ROSE
January-April 1967
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Fig. 8A

PINK ROSE TARGET AREA A
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Fig. 9A

PINK ROSE TARGET AREA B
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PINK ROSE TARGET AREA C

C et L2

Gt



Fig. 108

AREA C FUELS: HEAVY TRIPLE CANOPY
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< wach swath length across one of the test areas. For each aircraft sortie, only 400 sailons
ere considered as delivered within the area. Thus. the data for the first treatment (see

P

Cahie 1) may show slightly less than the herbicide rate actually applied,

The second spray treatment was done as a special job with all the spray material applied
within the TKm. -square areas. Width of swath was reduced and spray discharge was adjusted

so0 that each sortie covered 3 swaths across an area -- a total of 21 Kms. per sortie.
The third spray was applied i1 a similar manner on oné half of each area.

The initial spraying of Area A was completed on 5 December, with most of the acreage
sprayed during the last half of November. Area B was sprayed over 1 3-month period ending

19 December. Area C was sprayed mainly in November, ending 27 November.

The second spraying was done on all three areas about one month later. between Decem-

ber 16 and 29,

The third spray was applied 5 January on one area and between 16 and 21 January on the

other two areas.

The fnitial spraying on each area was done with either Orange —l/or White,ydepending
on the chemical supply available when each mission was flown. After 15 November, all of the
spray on Area A was Orange and much of Area C was sprayed with Orange, but White and
Orange were used in about equal amounts on Area B, All of the second spray on Areas A and
C was Oruange, and all on Area B was Wite, Blueywas used in the third spray on half of

e¢ach area,

1/ Oringe
570" n-buty] ester of 2, 4-dichlorophenoxyacetic acid
30 n=butyl ester of 2,4,5-trichlorophenoxyacetic acid

27 White (Tordon 101)
300 4-amino-3,5, 6-trichloropicolinic acld as the triisopropanolamine salt,
707, 2, 4-dichlorophenoyacetic acid as the tritsopropanolamine salt,

2/ Bae (hhyvtar 160)

T dimethylarsinic acid as sodium cacodylate
10 dimethylarsinie acid

20
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Fig. 11
DEFOLIANT SPRAY OPERATION OVER
PINK ROSE TARGET AREA A.
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Table 1 - Herbicide 1':(_::1_1111@rjts.6n Arcas A, B, and C

Aren
Frearment Date Herbicide A B C
gallons appli>d on arca
First Sept. 24-29 Unknown 3.600
Oct. 7-10 Unknown 3,200
Oct, 1%-30 White 3,200 1,600 1, 600
Oct, 18-30 Orange 1,600 - 4,000
Nov, 1-15 White 5,600 3.600 4,000
Nov. 1-15 Orange 1,200 10,000
Nov, 16-27 White 4,400 4,200
Nov. 16-27 Orange 12,800 3.000 13,200
Nov. 16-27 Bota 3,200 1,200
Dec. 5-9 White 1,800 1,600
Dec. 11-19 Orange 6,300
TOTAL 27,800 33,100 34,000
Per Acre 2.30 2.73 2.81
Second Dec, 16 Orange 12,600
fXec. 26-30 White 28,800
Dec. 26-30 Orange 23,400 9.900
TOTAL 23, 400 28,800 22,500
Per Acre 1.93 2.3 1.86
Third Juan, 5-7 Blue 10, 800
dan, 16-1n Blue 14,200
dan, 19-21 Blue 23,700
TOTAL, 14,200 23,700 10, 800
Per Acre 1,95/ 3.912/ 1.783/

1/ Blie was applicd on about 0,6 of the total acreage in Area A, making an average rate of
approximately 1,95 1y, /a «- on the west side of the area.

=/ Blue was apphied on the south half of Arca B, but much of the first swaths drifted to the

~outh off the oren,
.’;_'.9' lh,\_ :

2/ Blae was appheed on the south half of Area C at about 1,74 lbs, /a.

(_SEERET

Actual overage rate on the arca {s not known but is much belaw the

22
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1ige ,‘~i-2;.‘..Yur‘-é'Qlfi.El‘\' Cluster Bomb was chosen tor the PINK ROSE ince ndian attacks.
Foas morh wcizns Va0 pounds and contains a cluster of 57 M TN bomblets, Fach bomblet
comiains V0 oends ol PT L incendiary filling, The bomb cluster was tuscd to open at an
dniwde ol gppronimatelr 000 jeet, Plans for ignition of PINK ROSE tareets called tor a 13-52
sivike of Do ajreridt, each carrving 42 M-35 Incendiary Cluster Bombs, Usine this ignition
feedesone B=32 provides approximately one igmition source for each 6200 square feet through-
ot oreattern 700 teet wide by 21,000 feet lona, The total B-52 strike would saturate an area
21,000 feet on a side with 72,000 individual iznition sources. Average spacing between jgni-

e points wis caleulated to be 5 feet,

PINK ROSE [[ ARLA €, 18 JANUARY 1067

PINK ROSE T arcet C, 45 miles northeast of Saizon in War Zone D, was ignited as plinned
on i~ Jamaary 1967, The target box was situated just north of the Dong Nai River., A smaller
stream drained the eastern half of the tampet and a north-south road bhisected the area, An
abandoned air strip was located on the north edge of Area C. The vegetation vas character-
1red Yy a dense (einle canopy trupical forest. Several swamps and clearings were scattered
throuchout the turzel, The topography in the :irc:t was flat and the elevation was approximate-
v 100 feet, '

On 1y January 1067, atmospheric ceaditions for burning forest fuels were generally un-
pvoradle,  The ai ;u§ cool. moist and stable; characteristic of periodic lulls 1n the winter
naortheast monsoon,  All South Vietham was under the influence of the southern portion of the
siberian High,  Low level winds were light iand northerly up through the gradient wind level,
Southeasterly tlow Lrom tie S50 mb through the 500 mb levels on January 17th became much
more pronounced on the Isth with the development of @ strong anticyclone north of the Philip-
aines e upper vevels s through 200 millibars,  This relatively strong and deep southeast -

ol oy was responaible tor the advection ol considerable moisture it all levels,

Baen itoas located about 15 miles southeast of target C, was the pearest weather station
Lo the taret area, igure 14 illustrates the values of several metcorological sarameters
Vinn LST far the Bren Hoa station trom 15 January through 21 January 1967, Fiaure L shows

e gl trend on T duanuany, the daey of the strike,

23
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OPERATION PINK ROSE
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PINK ROSE TARGET AREA C
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SECRET
Fig. 14 o
BIEN HOA 2PM WEATHER
7-31 January, 1967
TEMP  RELATIVE PRECIP CLOUD

DATE (°F) HUMIDITY (%) (IN.) COVER(8ths)
7 84 59 6+
8 84 57 6:
9 90 47 1-3

10 88 a1 1-3
11 88 50 | 3-5
12 90 a7 . 6+
13 84 53 3-5
14 83 54 3-5
15 83 54 6+
16 77 50 6+
17 81 47 6+
18 81 51 0.02 6+
19 72 70 0.08 6+
20 81 LT .08 6+
21 - 85 51 3-5
22 88 51 0.27 3.5
23 88 59 0.02 3-5
24 84 59 6+
25 86 LT 3-S
26 86 51 6+
27 88 52 3-5
28 90 45 1-3
29 92 43 6+
30 84 59 6+
31 88 45 1-3

SECRET
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BIEN HOA
18 January 1967
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Fhe nearest=tation taking upper air soundings was Tay Ninh, some 30 miles to the North -
wertor Tuarzet €. These soundings show a significant increase in moisture aloft beginning on
the 17th and continuing through the 24th, At 1400 on the 13th the sounding shows a decp in-
version from 2006 to 4500 feet, The sky was completely overcast in the vicinity of the target
area with a laver of clouds at 2500 feet and a second broken layer at 10,000 it. Virga was
prevalent in the vicinity of the target area, The FAC pilot reported light rain on his aircraft
at 1427, seventeen minutes after the strike began, The strike began at 1410 and ended at
Lid>. Ten B-52 passes of three planes per pass effectively delivered all ordnance durihg the
33 minute strike period. The strips were flown from east to west, starting at the south end
of the target box and working north. As judged from post-strike IR imagery, the ordnance

drop and ignition pattern were excellent.

As the incendiary strike progressed, the smoke spread in a shallow layer to the south~

west under the influence of the surface winds. The low inversion prevented significant con-
vection and kept the smoke trapped below 3000 feet. Aerial observers noted occasional brief
surges where small convection columns formed over hot spots and rose to 4000 ft. or higher,
but these lasted only a few minutes, and at no time *vas the column significant enough to be

detecwaable by radar,

Although at least three secondary explosions were documented during the strike, fire
spread was negligible except in the northwest corner of the target where fires started in the
hizh grass of the abandonec. landing strip and spread for several hundred feet into the adjoin-

ing forest.

Fuel removal as calculated from the convective heat release amounted to 550 pounds per

acre or less than 27 of the potentially available fuel.

At 0745 on 19 January. an evaluation team moved in by helicopt~r to assess the effects of
the |m'vinus'day's raid. The only available landing zone was in a swamp in the west central
portion of the target arca. Although conditior. were excellent for observing the pattern and
behavior of the ordnance, and the relative effectiveness of the chemical pretreatment, the
Sirvev site was too far removed from the northwest comer of fire activity for meaningful ob-
~ervations of fire behavior to he obtainable, The complete post strike evaluation report is

“hown as Appendix 11-A,

28
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Fig. 17

FIRST STRIKE
PINK ROSE TARGET C

1410 Hours, 18 Jan., 1967
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Fig. 20

FIRE SPREADING FROM ABANDONED LANDING STRIP
PINK ROSE TARGET C

18 January 1967
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-Fig. 21
ROUTE OF POST STRIKE SURVEY PARTY

PINK ROSE TARGET C
0745-0915 Hours, 19 January 1967
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Fig. 227
M-74 CASING RECOVERED BY
POST STRIKE SURVEY PARTY
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PINK ROSE 11, ARFA A, 28 JANUARY 196775

Area \ is located about 4 miles south of the Cambodian border and 12 miles southwest of
An Loce. Two tributaries of the Saigon Ri\-'er, Rach Trau and Cha Va, drain portions of the
tarcet arca. The vegetation consisted of adouble canopy forest stand with interspersed grass
ficlds and clearings. Bomb craters from a B-52strike in late 1966 were observed in Area A.

The topography was flat and the elevation of the area was approximately 160 feet,

Area A was ivnited at 1405 LST on 28 January 1967 under nearly ideal atmospheric condi-
tions. The northeast monsoon flow was well established. No rain had fallen for several days
and the dead fuels were well dried after having been exposed to strong solar radiation and

relatively warm surfacc temperatures.

Under the influence of the Siberian High with a flat pressure pattern, South Vietham and
target A were exposed to a well defined nortiieast monsoon flpw from the gradient wind level
up to 300 mhs., A strong anticyclone was oriented over the north Indochinese peninsula on 27
and 28 Junuary. The atmosphere was moderately unstable at TOT orn the 28th due primarily
to surface heating and dry air aloft,

Tay Ninh, located about 25 statute miles southwest of Target A was the nearest regular
reporting stition in the target vicinity,

Tay Ninh's suxi:wé weather for the week of 25-31 January is shown in Figure 24; the di-
urnal trend for 238 January is shown in Figure 25; and the 1400 sounding is shown in Figure
26. Note that, in contrast to the weather during the =trike on area C, weather conditions be-
come more favorable for burning as the strike progresses, Cloud cover was 2/10 or less
throughout the raid, Weather during this strike was as nearly ideal for incendiary operations

as can be expected {n South Vietnam,

The Area A strike used the same ordnance and delivery pattern as the 18 January raid on
Area C. The last bomb was dropped at 1443, less than 40 minutes from the start of the strike,

Again. delivery was on target and well within programmed time limits,

The initial smoke buildup was quite impressive even though flaming combustion was ob-

~crvedd only in the open grass flelds and in the timbered margins around openings, Post-
~trile color photography and aerinl reconnaissance flights Indicated that the combustion of
tuels in the openisgs was fzirly complete, Even such large down fuels as uprooted trees were
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e i aw li’ig'tf:nsh. This evidence of efficient burning can probably be attributed to the

citective dnving of Tuels exposed to direct solar radiation in clearings and clearing edges..

Secondary explosions within the target area were noted by aerial observers during the
incendiary attack. These secondaries were distinguished from the burning of the natural fuels
by their accelerated rates of combustion. The FAC pilot on Area A reported 15 secondary

oxplosions during the course of the raid,

The rate of burning in these areas where fuels did support active combustion was con-
siderably greater than on similar sites in Area C. The burning of clearings and cdges on
Area A \\:as characterized by pronounced convective activity and the production of dense. black
smoke. The appearance of this smoke was in marked contiast to the grayish-white background
smoke evolved from the low intensity smoldering fires beneath the main forest canopy. Suf-
ficient energy was generated throughout the target box to create indraft winds, Smoke was
drawn into the main convection column by these winds from all points on the fire perimeter.
The convection column soon developed to a height of 4000 feet and was picked up by the Tan
Son Nhut radar within 7 minutes of the initial strike. The maximum height of the convection
column (10,000 ft. by radar check) was reached at 1445, just after the strike ended. The fire
died out very quickly. By 1457 the column top was down to 8000 feet and convective activity

was essentially completed by 1530,

A post strike ground reconnaissance mission was scheduled for 0800 on 29 January,
However, intense ground fire from the vicinity of the only possible landing zones precluded
dircet ground observations, Low level aerial observations indicated that crown removal had
been minimal, and that fire activity had been confined to clearings., The complete post strike

-evaluation report {8 shown as appendix I-B,

Two photo strips were flown in Area A on 30 January on an cast-west flight pattern in the
north half of ihe target, These strips covered approximately 2200 acres, or 18,2 percent of
the area. All recognizable burned areas larger thun one half acre were mapped. Some areas
of litter burn under dense canopy could have been missed. The remaining vegetation cover on
the burned areas was compared with the cover on the same areas on the pre-strike black and
white photographs, The results are shown as Table 2, The photo comparison conditions were

Classaficd as followss
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Fig. 23

PINK ROSE TARGET AREA A
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SEGRET
Fig. 24
TAY NINH 2PM WEATHER
7-31 January, 1967
TEMP RELATIVE PRECIP CLOUD

DATE F) HUMIDITY (%) (in.) COVER(8ths)
7 88 55 6+
8 87 49 6+
9 90 a4 1-3
10 88 47 1-3
11 85 51 ‘ 3-5
12 84 49 6+
13 86 43 ' 3-5

14 85 42 3-5
15 ‘ 81 50 | 6+
16 74 49 6+
17 79 50 6+
18 79 54 T 6+
19 81 58 01 6+
20 83 51 6+
21 86 49 | 6+
22 90 48 | 3-5
23 92 38 .76 6+
24 88 55 6+
25 86 63 1-3
26 90 = 45 ‘ 3-5
27 88 59 6+
28 90 40 1-3
29 88 59 3-5
30 90 56 3-5
31 86 59 | 1-3
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Fig ,27A
FIRST STRIKE: PINK ROSE TARGET A

1405 Hours 28 Jan., 1967 iNote light cloud cover)
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Fig. 278
THIRD STRIKE LINE OVER PINK ROSE TARGET A

: 1416 Hours 28 Jan., 1967
(Convection column from first 2 strikes is located
in lower left corner of figure)

4]




FIRES BURNED HOT IN CLEARINGS

(NOTE RESIDUAL WHITE ASH)
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o Tarrmy

Mearly complete removal of

vegetation,

Hot ground f{ire; partial reduc-

[ 3

- tion of tree canopy; probably
heavy scorching of canopy.
Light ground fire; little or no
canopy reduction; possible

scorching of canopy.

Results of the comparison showed

L R A RY il

Pre-Strike Vegetation Type

A, Low, secondary vegetation (under 1) feet
high, mainly under 5 feet) having a very
open tree canopy,

B, Other secondary vegetation with open to
semi-dense forest canopy.

A. Low secondary vegetation, with very open
tree canopy. - v

B, Open to dense forest canopy; but mainly open.

A, Low secondary vegetation, with very open
tree canopy. ' .

B. Open, semi-dense, or dense forest canbpy.

that only 7.5 percent of the total area of the post-strike

photo sample was altered by fire (Sce Table 2).

Table 2. Percent of Tropical Forest Modification by Incendiary Attack, Area A,
28 January 1967, (Based on Pre-Strike Black and White and Post-8.rike
Ektachrome Aerial Photo Coveruge of 18,2 Percent of the Total Target)

Percent of vegetation burned
by vegetation type

Aerial Photo Degree of
Strip Burn A B Total
Acres % Acres % Acres ]
North 1 52.4 3.7 56.1
Sauth | 27,6 o 21,6
Noth 1 80.0 3.6 3.7 0.2 83.7 3.8
North 2 5.7 28.6 34.3
South 2 21.5 A5 26.0
itoth 2 27.2 1.2 33.1 1.5 60,3 2.7
North 3 €.3 6.9 13,2
South 3 o 8.2 8,2
f50th 3 6.3 0.3 15.1 0.7 21.4 1.0
Petad 113.5 al 51.9 2.4 165, 4 T
45




Fig. 29A

1412
Hours

Fig. 298

1420
Hours

CONVECTION COLUMN DEVE! "PMENT
PINK ROSE TARGET A

28 January 1967
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Fig. 30
EXAMPLE OF PHOTOGRAPHIC CLASSIFICATION
OF BURNED AREAS. PINK ROSE TARGET A.

SEGRET—
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ool removal as cadeulated from meaaurements'of;comecti\e activity amounted to 2,5
T operacre or about 15 of the total a\mlable fuel This Ilgure agrees well with the esti-
Puies made during the 29 Junuary ohservation flights. but is twice that determined from the

sanple photography.,

PINK ROSE II - AREA B, 4 APRIL 1967

Area B is located in War Zone C, about 4 miles from the Cambodian border and 16 miles
north-northwest of Tay Ninh. The confluence of two small streams, Ky and May, near the
northern center of the target box forms the Ben Da River. National Route 22 between Tay
Ninh and the Cambodian border cuts across the southwest corner of the target area. Highway
217 which runs nearly east-west forms the southern boundary of the target. The vegetation
on the arca was comprised of a fairly dense stand of secondary growth with a patchy mature
overstory. Except along the banks of the Ben Da, the target was comparable in species com-
position and cover densily to research site TBNW (described later in this report). The to-
pography was flat and the elevation was approximately 60 feet.

The incendiary raid on Area B began at 1400 LST on 4 April 1967, Weather conditions
were less than ideal. but more favorable than those encountered during PINK ROSE 1, The
week preceding the strike was typical of the transition period between the dry northeast mon-

soon and the wet southwest monsoon,

A low pressure center over northern Indochina was already apparent from the surface
through the 830 millibar level, and accounted for the southwesterly flow over the souuwm
half of South Vietnam, This southwesterly flow was supported by anticyclonic streamline
flow from a centerlocated just off the South Viethamese cvast, which at times during the week
was located as far east as the Philippines. The two flows caused the development of a con-
vergence mnc over the mainland intermittently duriny the period, Recurded rain fell only on
the drd of ‘\pnl at Bu-n Hoa., No other moisture was notod other than fog at many stations in

South Viewam (It not in the taryzet area) on the momings of 2 and 4 Aprl.

On the morming of the strike, the sky over the target was covered with a double cloud
Fecery solul stratus at 3500 feet and broken altostratus at 7000 feet, By 1300 the altostratus

bt disipated and Jocal thermal conveetion had broken the stratus to form a 7/10 cover of

48
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Fig. 31

PINK ROSE TARGET AREA B
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-cratocemulus with bases at 35500 feet and tops about 4200 feet. This persistent morning over-
cast would significantly retard dew evaporation. and fuel moistures were undoubtedly higher
4t TOT than would be expected considering only temperature and relative humidity. Tay

Ninh's surface weather for 1-5 April is shown in Figure 32,

The Tay Ninh upper air sounding station is only 10 miles south of the target. The noon
sounding showed that conditions were considerably more unstable than on the previous two
strikes. The level of free convection was only 8200 feet and the surface free convective

temperature was 99°F, only six degrees above ambient at TOT,

For this strike. the B-52 force was reduced to fifteen aircraft, and the target box was

compressed to 2300 acres to provide a nominal incendiary spacing of 52 feet (80 feet was the
nominal spacing on the first two strikes). Compressing the target box permitted a strike force
redeployment such that all bombs were released within 12 minutes. As in both previous

strikes, hombing accuracy was excellent,

Because of the higher fuel moistures and lack of solar radiation, fire buildup was notice-
ably slower than that on the 18 January raid on Area A. For the first 20 minutes practically
nathing burned except the incendiaries. Fires did eventually spread, however, and by 1445
the convection column had broken through the cloud layer and topped out at 5000 feet. Rutes
of spread were determined from sequential infrared imagery, During the maximum buildup
period (1425 to 1445 hours) the rate of fire spread in clearings ranged from 2.4 to 4.7 linear
feet per minute, about what one would predict for hardwood forest types in the U, S, under
similar circumstances. From 1445 to 1515 hours, spread was drastically reduced as the
initially imited spots burmed out to leave thin rings of burning litter. As in previous strikes.

1ires then died out quickly and were confined to a few scattered areas by 1530,

In the ensuing hour, an extremely interesting and rarelv documented phenomenon occur-
red, Althoush all major fire activity had ceased, the accumulated heat finally pushed surface
temperatures above the free convective leve., A towering cumulus developed over the target

ad reached an elesation of 43,000 to 50,000 [eet,yx.ml more than 1/2inch of rain fell on the

P e Bower estimate is tihen from the Tay Ninh sounding, the upper estimate from airceradt
heervations, Unfortunately no radar observations were obtained,
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DATE

S w N

TEMP
(°F)
95
99
97
93
93

RELATIVE
HUMIDITY (%)

42
37
42
51
51

PRECIP
(IN.)

o O O o o

TAY NINH 2PM WEATHER

1-5 April, 1967

Fig. 32

CLOUD
COVER(8ths)
1-3
1-3
1-3
6+
3-5
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Fig. 34

INITIAL FIRE BUILD UP ON PINK ROSE TARGET B
1415 Hours 4 April. 1967
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Fig. 35

SOUTHWEST CORNER OF PINK ROSE TARGET B
1440 Hours 4 April, 1967
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1420 Hours

A

1440 Hours

1515 Hours

c

ig. 36
iINFRARED IMAGERY OF PINK ROSE TARGET B

F

4 April 1967
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tarzet area before the damage assessment party entercd the next morning. Neither towering

cumulus nor rain were reported from any other stations within 125 miles of the target area.

Although this event qualifies as a true "firestorm,'" it should be emphasized that this fire-
induced rainstorm in no way affected the course of the fire nor the damage produced, since
the fire was essentially over before rain fell.

Ground reconnaissance on 5 April showed that the results, like the weather, were inter-
mediate between those of t.he' firstv two PINK ROSE tests. Dead logs and snags burned well.
Fire had spread for appreciable distances in the surface litter. Clearings burned, and some
trees a. the edges of clearings were bumed. But fire did not spread into the forest crowns
and the effective increase in vertical visibility was negligible. Because of the "iirestorm" it
was not possible to use convection coluran sounding data to compute fuel removal,

Stem and twig samples taken from defoliated trees and vines showed that the maximum
depth of char was 0.17 inches. These samples were coueéted immediacely adjacent to loca-
tions where downed logs and‘snags up to 9 inches in diameter had completely burned through.
This is taken as additional evidence that chemical defoliants are not acting as effective des-
iccants.
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Fig. 37
FIRE INDUCED RAIN FOUND IN M-35 CANISTER
PINK ROSE TARGET B '

5 April 1967

SEGRET

57



TN

ASHES

Fig. 38

Fig. 39

ALTHOUGH GROUND LITTER BURNED,
THE FOREST DID NOT.
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RESEARCH SUPPORT

- + 3 I
AT I
PAM R R A A [

Between 9 January 1967 and 1 March 1967, a 5-man fire research team was detailed to
the ;\le.\ Rescarch and Development Field Unit in Vietnam in support of Operation PINK
ROSE, The team consisted of an infrared reconnaissance expert, a fire weather metcorolo=-
pist, a fuels specialist, 5 fire behavior specialist, and an herbicide specialist. The tcum
assisted in the interpretation of weather data, provided advisory services as requested by the
Project Officer, collected data to document the effects of the incendiary attabks, and investi-
gated the flammability properties of tropical forest fuels on a defoliated area near Trai Bi

¢

special Forces Camp south of Area B,

Trai Bi is located 5-1/2kilometers south of PINK ROSE Area B, Fuel sampling was con-
ducted during January and February 1967. One sampling area (Trai Bi North-TBN) was
located 2-1/2 kilometers north of Trai Bi on the east side of National Route 22, The other
area (Trai Bi Northwest-TBNW) was located approximately 1 kilometer northwest of Trai Bi,
Both areas received a single spray treatment. TBN was sprayed with Orange in September
and TBNW was sprayed with Orange in November or December. Data from ranchhand spray
crews indicated two missed spray strips in the TBNW area,

The vegetation at Trai Bi was quite comparable to the forest stands observed during
flights over arca B, The general vicinity was characterized by vegetation that was somewhat
sparse in comparison with most Vietnamese fuels, This was in contrast to the more optimum

fuel distribution in Area A and the dense triple canopy forest in Area C,

The vegetation at the TBN site was essentially a single canopy stand with scattered over-
story trees, The predominant canopy contained saplings and small trees from 12 to 30 feet in
height., The overstory trees were 50 to 60 feet high. A stem tally on a 1-milacre plot at TBN
produced a total of 38 stems from 6 inches to 20 feet tall, The largest stem diameters re-
corded on this plot were one of 3/4 inch and one of 1-3/4 inches. About 90 percent of the stems
at TBN showed definite treatment effects, Of this 90 percent of stems with treatment eflects,
approximately 80 percent of the stems were completely defoliated and 20 percent retained
dead attached leaves. The remaining 10 percent of the total stand had green attached leaves.
The forest floor litter of dead hardwood leaves was essentially continuous, but the fuel loading

(weizht/acre) of the litter was fairly low, There was practicaily no vertical continuity of fine,
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Fig. 41

GROUND COVER AT TBN SITE
(Compare with DUC CO fuels in Fig. 5)



Fig. 42
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dead fuel within this forest stand. The above vegetation description is characteristic of the

ertire stand from the woodline north for 1600 feet to the TBN sampling site,

The vegetation at TBNW differed from TBN by having a more pronounced overstory. The

- trees at the TBNW site did not approach a closed overstory canopy, but there were definitely

more mature trees per acre. There were sufficient overstory trees to classify the stand as
being double canopied, An active logging operation was working within the TBNW site through-
out the field sampling program. The undersfory was from 12 to 30 feet tall and the over-
story was 70-120 feet tall, The contrast between treated and untreated spray strips was
readily apparent at TBNW, Approximately 70 to 90 percent of the stems in the treated areas
were completely defoliated, In the untreated sfrips both the understory and overstory canopies
retained what appeared to be a normal complement of green leaves, The hardwood leaf litter
layer was usually continuous at TBNW, but there was little evidence of vertical continuity of
fine, dead material,

FUEL MOISTURE

The moisture content of fuels was determined for samples collected at TBN and TBNW
(See Table 3), The moisture content of hardwood leaves and grass was measured by xrlene
distillation and by oven drying at 103°C for stems and twigs less than 1/2 inch in diameter,
All moisture contents are expressed on a dry weight basis, The moisture content of lessthan
1/2 inch stemwood was consistently high on the treated study areas, The moisture content
of the stems was well correlated with the condition of the inner bark layer (i.e., phloem,
cortex, and cambium), All trees with a green inner bark, even though completely defoliated,
had moisture contents in excess of 100 percent (indicating a viable moisture translocation

system),

The cambium inspection of many stems showed that the large majority of treated stems
retained a green inner bark layer and thus were at adverse moisture levels in terms of com-
bustion. At moisture contents above 100 percent it is impractical to consider these stems as
available fuel under Vietnamese weather conditions, A few treated stems revealed a reddish-
hrown to brown inner bark which may have been indicative of a species susceptibility to the
chemical treatment, Only a very limited number of stems were killed by the chemiéals cur-
rently being used-in Viétnam based on the examination of the inner barktissue at the sampling
sites,
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SESREFT

FULL VOLUMIE AND ARRANGEMENT

The amount of surface fuel available for combustion was determined by collecting one
square foot plots of leaf litter, Three plots were collected at TBN and two plots were col-
lected at TBNW,- The plot samples were oven dried at 103°C. and the litter quantity computed
in terms of tons per acre of organic matter. The average sampled quantities of litter were 2

tons per acre at TBN and 4-1/2 tons per acre at TBNW,

Although the total unit weight of surface fuels was low, the distribution of the litter was
usually continuous over both areas, The continuous distribution of fuel was not maintained in
the vertical plane, The vertical orientation of fine dead fuels was limited on the sampling
sites and few ladders existed between the surface litter layer and aerial fuels,

FIELD BURNING TESTS

Small test ﬁres were ignited near Trai Bi using white phosphorus and incendiary gren-
ades, Fires were set inconcentrat,ions of logging slash at TBNW and in the hardwood litter of
chemically treated forest stands at TBN and TBNW, The presence of the logging slash per-
mitted the comparison of fire behavior in a fuel configuration which simulated native slash
and burn practices with that of the PINK ROSE fuel orientation,

Litter Test Fire, TBN, 15 January, 1967

Tue hardwood litter in a treated forest stand was ignited with a white phosphorusgren-
ade. A few ignition points were estaolished, but fire spreaﬁ was practically non-existent and
spot fires were confined to areas of approximately one square foot, Combustion was sus-
tained for only a short period of time within those small spots. The air temperature at 1640
near this burning site was 85°F, and the relative humidity was 49 percent, The moisturc

content of vf.'he ground litter was ten percent,

Slash Test Fire, TBNW, 17 January, 1967

One white phosphorus grenade was thrown into a rather heavy concentration of logging
slash consisting of large limbs, branches, and dead leaves, The slash fuels were contained
within a perimeter of 114 feet. Flame heights of 10 to 15 feet were observed shortly after
iznition, The weather ohservation at 1435 at the slash fire site indicated a1 air temperature

of ¥1°F. and a relative humidity of 47,5 percent, The fuel moisture at 1515 was 12 percent
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Fig. 43

LITTER COLLECTION PLOT AT TBN SITE.
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Fig. 44

FIRE IN SURFACE LITTER AT TBN SITE
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tor lead Gitter ! 10 percent for dead attached leaves, The relative humidity at 1315 was 50
pereent, By 1a00 the lire had consumied a large amount of the fuel within the slash concen-
tratien, Nething remained but white ash and charring limb and branch material, The fire did

not spread downwind into the sparse leaf litter,

Slash Test Fire, TBNW, 25 .January, 1967

At 1555 one incendiary grenade was thrown into a concentration of dead logging slash,
Combustion was rapid immediately following ignition, but fire spread was not sustained
throughout the furl bed, The fuel in the center of the slash pile was consumed with practi-
cally no spread chnnd the point source of ignition, The slash fuel was aerially arranged
without much fine surface fuel, The air temperature was 87°F. and the relative humidity was
61 percent at 1407, At 1420 the moisture content of attached dead leaves waé 13 percent and

the moisture content of small diameter slash branches was 14 percent,

Litter Test Fire, TBNW,k 25 January, 1967

At 1515 two incendiary grenades were throwr into a continuous bed cf hardwood leaf
litter . The litter was ignited but fire spread in the natural fuel was not sustained following
the burnout ol the zrenades, Flame heights werc on the order of 4-6 inches and the final size

of fire spots wa- a. »it 12 i kes in diameter,

Litter Test Fire, TON. 3 Fuhruary, 1967

Hardwood litier heneath the predominantly single canopy stand was ignited at 1205 with a

white phosphorus crenade. The [ire at the impact point spread slowly and by 123 had burned
an area approximately 25 feet in diameter. At 1240 flames 3-5 inches high were spreading
very slowly into unbarned hardwood litter. This spot closely resembled some of the ignition
points ob=erved in PINK ROSE Target A while flying over the area on Februaryv 3. Under the
canopy in target are A, the ordnance ignition points were confinedto small areas. Sustained

combustion of the litter did not occur following ordnance burnout.
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A spot fire also started about 50 feet from the grenade impact point. This spot was
characterized by a continuously spreading fire perimeter in all directions. The fire spread
slowly and maintained a circular configuration. At 1221 the perimeter of this spot fire was
100 feet. It was apparent by 1223‘Lbat the present perimeter would be close to the final fire
size. Flaming zones around the perimeter were quite scattered. Backing flames were 6~9
inches high and the flame depth was about 2 inches. The leaves burned to a black ash with the
leaf structure well preserved. The black ash readily disintegrated when touched. Some of

the residue was in the form of white ash.

The only portion of the zarea still burning by 1227 was on the northeast and east sides,
where flames were backirg into a slight wind. By 1240 the fire spot was almost out. There
was no vertical continuity of fine, dead fuel in this area and the fire remained a surface fire

throughout the burning period.

The weather observation at 1200 on 5 February indicated an air temperature of 86°F. and

a relative humidity of 55 percent.

DENDROLOGY

The species composition of the vegetation at TBNW was identified on 7 February by a .
botanist from the Botanical Garden in Saigon (See Table 4). The identification of vegetation
is important in interpreting the response of different species to spray treatment., The iden-
tification was stratified by understory and overstory vegetation. There were instances where
the same species were defoliated in the overstory but not in the understory. An explanation
of this disparity in treatment effects might be a't:ibuted to the logging operation in the area.

"At thetime of treatment the dverstory rnay have been more extensive, preventing good under-
story contact from the single spruy flight over TBNW, Or spray drift may have affected
overstory trees in the missed strips at TBNW, but not come into contact with understory
vegetation. The majority of the oversiory trees at TBNW were defoliated. More green leaves

remained in the understory at TBNW than were observed at TBN,
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Table 4, Understory and Overstory Vegetation Identified at TBNW

Genus

Ci‘oton
Acronychia
Grewia
Aparosa
Nephelium
Ancistrocladus
Sindora
Callophylum
Popowia
Calomus
Cinnamomum

Pasania or
Lithocarpus

Genus

Eugenia
Parinarium
Dillenia
Anisoptera
Sirdora
Mangifera
Adina

Irvingia
Dipterocarpus
Dipterocarpus

*asania or
Lithncarpus

Species

poilanei
laurifolia
Paniculata
filicifolia
chryseum
cochinchinensis
cochinchinensis
retusum

aberrans

zeylanicum

Species

annamense
ovata
cochinchinensis
cochinchinensis
cochinchinensis
polycephola
oliveri
intricatus

alatus

UNDERSTORY

Family

Sapindaceae

Ancistrocladaceae

Leguminaceae
Guttiferae
Anonaceae
Paimae
Lauraceae

Fagaceae

OVERSTORY

Family

Myrtaceae
Rosaceae

Dilleniaceae

Legumihaceae
Anacardiaceae
Rubiacea.e
Irvingiaceae

Dipterocarpaceae
Dipterocarpaceae

Fagaceae

Remarks

Reté.ined green leaves

Retained some green leaves

Retained green leaves

Low, green herbaceous plant

Retained green leaves

Remarks

L 4

Retained some green leaves

No leaves in overstory tree

Retained green leaves

Retained some green leaves

No leaves in overstory tree
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U ABORATORY FUEL DESCRIPTION

“pproximately 35 pounds of hardwood leaf litter were collected near Trai Bi and shipped

to the Northern Forest Fire Laboratory for fuel testing purposes. The leaf litter was mea-

sured and described in terms of properties which influence fuel flammability (See Table 5).

The description of fuel properties will be used in support of subsequeat labcratory burning

tests.
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Toble 5, Fuel Propervties of Samples Collected at TBN and TBNW
TBN
English Metric
Weight, Unit Arven 1.95 tons/acre 4,37 metric tons/hectare
/
Heat Content secccaea ———————
Ash Content (3.caves) 5.2% 5,2
Leal Density : 16,8 lb/l‘t3
i.eaf Specific Gravity 0,255 gm/cc
Compactness of . 65,8 ft2/ft3 2,2 cmz/cm3
Litter Fucl Bed
o 3 1772 12/8¢° 58.1 cm>/em>
TBNW
Weight/Unit Area 4,50 tons/acre 10,09 metric tons/hectare
1,
licat Content 8264 Btu/lb 4591 cal/gm
Ash Content (Leaves) 10.4% 10.4%
1.caf Density 17.4 lb/ft3
T eaf Specific Gravity 0.270 gm/cc
2/ ‘
Cempactness of 125.7 ftz/ft3 4,1 cmz/'::m3
litter Fuel Bded
Y 1675 &2/ﬂ3 55,0 cmz/cm3

1/ Heat content is expressed as the low heat value on an oven dry basis,
2/ Compactness is defined as the surface area of the fuel divided by the void volume of the
volume of the fuei bed (ftz/fts).

3/ < (Sipma) is defined as the surface area to volume ratio of the fuel, or the surface area
of a fuel particle divided by the particle volume. Generally, the higher the value for
sivran the greater is the rate of fire spread since more surface area per unit volume is
cxposed to convective and radiative heating, Incontrast tothe values for hardwood leaves,

3
the o value for i/2-inch sticks is 96 ft2/ft .
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DISCUSSION

The marginal results of HOT TIPin 1966 were attributed to ineffective desiccation treat-
ment of the vegetation and an inadequé.te density of ignition points. The absence of overall
sustained and active combustion following the incendiary attack was interpreted to result from

one or more of the following treatment deficiencies.

1. The vegetation was not drying tolow moisture content levels because single pass

spray applications were not getting down to treat understory vegetation.

2. Thedry season application of chemicals was less effective than spray treatments

during the wet season when plants would be more physiologically active.

3. Difficulties in the effective dispersal of chemicals could be caused by the moun-
tainous topography of Chu Pong.

4. The ignition strips had been too widely spaced and this might have prevented the
individual fire sets from adequately reinforcing each other,

The PINK ROSE test requirements were planned to minimize all of thes_e treatment defi-
ciencies. The new requirements called for double spraying during the wet season with Orange
and White, followed by % desiccant spray application prior to the ignition of targets. Targets
were selected in flat topography to provide optimum flying conditions for spray coverage,
Ignition density was increased to saturate the targets with individual fire sets.

Despite the modifications of the forest incendiary requirementsfor Operation PINK ROSE,
the three PINK ROSE tests gave conclusive evidence that tropical forest vegetation was not
appreciably altered by fire under existing conditions. Fire has been used successfully for
centuries in tropical regions by native people employing "slask-and-burn' agricultural tech-
niques. Shifting agriculture burning is characterized by the felling of all, or most, trees on
an area and the dry season curing of thisfuel just prior to burning. Tropical forests prepared

in this way bave produced effective fires for clearing purposes.

Prescribing siinilar clearing practices during wartime is not feasible in insecure areas.
During the follow-up stages of the Iron Triangle military operation in Vietnam in 1967, con-

siderable tractor clearing of land was observed, The vegetation wasdozed into windrows und
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burned, The results of such clearing appeared effective. but possibilities for widescale appli-
cation of this technique in areas which remained totally insecure appear questionable, Cost
estimates for achieving effective land clearing through aerial bombing with high explosives
are extremely high ($340,000 per square Kilometer).y Also, such treatment may not satis-

factorily prepare an area for subsequent burning since the resulting craters destroy horizontal

fuel continuity at the same time that they improved vertical continuity.

In contrast to the optimum fuel arrangement established by slash and burn techniques is
the less flammable PINK ROSE fuel model. This model, wtich developed following the defoli-
ation of standing vegetation, was characterized hy:

1. A low surface litter fuel load per unit area.

2, A continuous surface fuel layer in the horizontal plane, but limited vertical con-
tinuity of fine, dead fuel; standing defoliated stems usually at excessively high

moisture content levels.

3. A minimallevel of solar insolation; although the stands are defoliated, the drying
of surface fuels is not effectively assisted by solar radiation because of signifi-
cant shading by branches, limbs and stems.

The high moisture content of the numerous standing small stems combined with the other fac-
torsformed a fuel pattern which was incapable of sustaining active combustioa following igni-
- tion. The low intensity test fires observed near Trai Bi did not generate the emergy required
to influence even the small stems. Post-strike aerial and ground chservations and photo
reconnaissance of PINK ROSE targets revealed the same results: ignition point sources
burned out rapidly within forest stands with little surface spread and practically no vertical

fire spread.

' When 1/2-inch stems are at a moisture content of 100 percent there is not sufficient
energy produced from the litter fire to ignite these stems, If these stems were at 10 percent
moisture content, the litter energy level is theoretically capable of igniting the stems. So the

1, Breit et al. Neutralization of Viet Cong Safe Havens: A Preliminary Study (U). Tech.
Paper RAC-TP-191, 1965, 74 pp.

75

SEGRET




problem to date in forest incenciary attacks in Vietnam appears to be the inability to effec-
tively desiccate the vegetation. It is evident that current defoliation chemicals, applied in the
volumes and concentrations now in operational practice, are not doing the desiccation job.

Successful crown removal by fire in Vietnam will not be achieved unless techniques of actual
chemical desiccation can be developed.
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REPLY TO
ATTN OF:

SUBJECT:

TO:

DEPARTMENT OF THE AIR FORCE
HEADQUARTERS SEVENTH AIR FORCE (PACAF)
APO SAN FRANCISCO 96307

26 December 1966

PL

PINK ROSE Test Plan (U)

See Distribution (Pages 100 and 101)

1. (S) This test plan is effective upon receipt and provides for the operational
evaluation of a technique to clear forest or jungle growth by fire.

2. (U) The nickname for the 1967 test of this technique is "PINK ROSE."

3. (U) Task organizations will prepare supporting documents containing local

procedures and directives as required.

4. (U) Comments and/or recommendations for changes, additions, or deletions
to this test plan will be addressed: Headquarters Tth Air Force (PLR), APO
96307.

FOR THE COMMANDER

A. L. HILPERT, Colonel, USAF
Deputy Chief of Staff/Plans

DOWNGRADED AT 3 YEAR INTERVALS;
DECLASSIFIED AFTER 12 YEARS
DOD DIR 52.00.10

PL-66-00783
RDFU Log S-025-67
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PINK ROSE TEST PLAN
1. » References:
a.  Seccret MACJ3 n%emofandum dated 7 Oct 66 to Corﬁmander 7AF and JRATA,
b. Secret COMUSMACYV message DTG 050830Z Oct 66 to OSD,
c. Secret COMUSMACYV message DTG 0115287 Jul 66 to CINCPAC.

d. Secrct US Department of Agriculture Forest Service Final Report - Phase I, Forest

Fire Research, Volume 1.
2. Purpose:

To determine the techniques and conditions required to destroy large areas of forest or
jungle growth by fire.

3. Background:

In September 1965, CINCPAC recommended to the Joint Chiefs of Staff that an imme-" '
diate requirement be established to develop a capability to destroy by fire large areas of for-
est and jungle growih in Southeast Asia. This request was approved by the Joint Chiefs of
Staff and fhe Director of Defense Research and Engineering directed the Advanced Research
Projects Agency (ARPA) to accompiish the required research tasks. The Forest Service,
under contract to ARPA, researched this problem in Vietnam and collected data. A test op-
eration was conducted at Chu Pong mountain (YA 88 02) near Pleiku, Burn of this area was
accomplished on 11 March 1966 by B-52 strikes (HOT TIP I & O). The area selected had
previdusly been defoliated and incendiaries were dropped to ignite the area to be burned. It
wus concluded that although results of HOT TIP were indeterminate, sufficient information
did exist to warrant proceeding with prbject PINK ROSE in three areas selected within War
Zones C and D. '

4. Technique:

During the period August = December 1966, selected areas will be defoliated twice by
C-123 aircraft using orange or white herbicide dispensed from standard dispensers. Selected

arcas will be resprayed using blue desiccant approximately ten days before ignition, In late

Junuary and late February 1967, the selected areas will be bombed by B-52 aircrafi using
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M=25 Incendiary Cluster Bombs, The ensuing forest fire is expected to consume the Jried

veaetation and denude the target sufficiently to deny its use as a safe haven,
3. Objectives:

a. Validate conclusions reached from previous research on optimum techniques for de-

struction of forest/jungle areas in Vietnam by fire.

b. Determine feasihility of employing PINK ROSE techniques as routine operational

programs,

c. Determine supplemental advantages gained by use of burn techniques following defo-

liation over use of defoliation techniques alone.

d. Determine magnitude of possible long-range benefits derived from PINK ROSE tech-

niques,
6. Discussion:
a. Selection of Specific Targets for Burn,

(1) War Zone 7 and D are elements of the 1966-1967 MACV-GVN defoliation pro-
gram, Three areas have been selected as representative forest/jungle growth for PINK
ROSE tests. Each is a square having sides of seven kilometers and each contains approxi-
mately 12,000 acres of jungle. These areas also contain known and suspected VC/NVA in-.

stallations,
(2) A target map is attached as Appendix 1.
b. Lelection of date for Target Burn:

(1) Optimum conditions for a forest,/jungle burn exist on a hot, dry, relatively cloud-
less day. Work accomplished during Phase I of Project EMOTE, (Refcrence 4) indicates that
the number of days when forest incendiary operations are-possiblc within the potenti:d target
arcas is greatest during January and February, These two months have the least rainfall and
most nearly meet the optimum requirements, For these reasons, late January has been se-

lected for date of first test burn,
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(2) This same source also indicates that the relative humidity is lowest and the
toarperature is highest at approximately 1400H.  Since these conditions arce optimum for good

burning, 1100H has been selected as the start time for ignitions.

3) It is desirable that the target date be flexible {cr two reasons. First, operational
requirements niay prcempt the use of B-52 strike aircraft for higher priority targets. Sc-
cond, since weather plays such an important part in successful PINK ROSE operations, it
would be highly desirable to have the capability to delay target ignition for one to three days

if the weather is unfavorable.
c. Defoliation Program:

(1) Preparation of PINK ROSE targets by aerial herbicide operations will be accom-

plished to insure proper pra-burn conditions.
(2) Concept of operations will be as follows:

(a) During the period November 1966 - February 1967, continue defoliation of
the three target ar2as. Herbic'de operations will be conducted in three phases:

1. PhaseI - In'tial treatment of each target area. Total target will be
treated with three gal/acre of orange herbicide‘ on areas A and C and three gal/acre of white
herbicide on aiea B, Initial application should be completed as quickly as possible. Desired
schedule for completion is: Area A - 14 November 1966; Area B - 16 November 1966; and
Area C - 18 November 1966. (Note: all areas were completed by 27 November 1966.) Des-
iccation of the upper canopy as quickly as possible is essential if the treatments are to be ef-
fgctiv?: by the scheduled target strike dates. Orange herbicide 18 preferred because of quicker

action and greater possibility for defoliation of lower canopy through volatilization,

2. Phase II - The three targets selected for burning will be treuated with a
sccond herbicide application at a rate of thfee gal/acre. Targets A and C will be treated with
orange and Target B will be treated with white. The following schedule is desired: Area A -
27 Dece 1966, Area B - 28 Dec iv966, and Area C - 26 Decemnber 1966,

3. Phase T - During this phase a desiccant, agent blue, (phytar), will be

applied to half of each target area to dry dead foliage and other combustible material. Targets
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A nd € will receive three gal per acre and Target B will receive 3 gal/acre. The desiceani
should be applied on the south half of area B and C and the west half of A approximately ten
days chead of target ignition. It should be applicd at right angles to the flight lines uscd in
the initial application on each area. Desired schedule is: Area A - 19-21 January 1967; Area

B - 26-23 January 1967; and Area C = 5-7 February 1967,
(b) Schedule and tasks for Herbicide Operations:

1. War Zone C was approved and ordered executed by the Joint General
Staff for the period 5 September 1966 - 31 March 1967, War Zone D was approved and or-
dered executed by the Joint General Staff for the period 16 September 1966 - 31 March 1967.

2. Aircraft and herbicide requirements.

a. The target area of forty-nine square kilometers will require 34

sorties and 34,000 gallons of orange/white herbicide.

b. The first application to three targets will require 102 sorties and
102,000 gallons of orange/white herbicide.

€. The second application to three targets will require 102 sorties
and 102, 000 gallons of herbicide -— 68,000 orange and 34, 000 white,

-

d. The third argiication apolied to half the target arca will require an
additional 51 sorties and 42,500 gallons of blue.

e. The total herbicide requirement is 255 sorties and 246, 500 gallons
of orange/white/blue. ' " '

d. Ignition:

(1) The M-35 Incendiary Cluster Bomb has been selected to provide PINK ROSE ig-
nition, This bomb is a stundard munition and is available. It weighs 750 pounds and con-
tains a cluster of 57 M74A1 bomblets, each bomblet containing 2. 75 pounds of PT1 incendiary
filling. The bomb cluster is normally set to open at an altitude of 5000 feet.

(2) In order to effectively ignite one selected target, 1260 M-35 bombs must be

dropped (42 for each of 30 aircraft), Since three targets have been selected and prepared,

1

bombs must

Y

and current planning provides for strikes on all three targets, at least 3780 M-35
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“oavailable to the Srd Air Division on Guam. Programming should provide for complete units
toinclude M=35 bombs, M-=14 tail fins, two M152/AN=152A1 fuzes per bomb and M23 type B
arming wires, '

(3) Ixnition of each target will be accomplisl .d by a B-52 strike of 30 aircraft,

Each aircraft will carry 42 M-35 Incendiary Cluster Bombs. Results of a similar operation

list year indicate the need for a greater number of ignition points than were used previously.

Reference 1 also specifies that there should be at least one ignition point for each 8000 square

feet. Information provided by SAC indicates that one B-52D can provide approximately one
ignition for each 6200 squarc feet throughout a pattern 700 feet wide by 21000 feet Jong. (Ref-
ercnce Secret message SAC to CINCPAC DTG 061630Z Sep 66.) Proper spacing between in-
dividual aircraft and aircraft cells so that each 700 foot swath touches an adjacent one will
properly saturate a square 21000 feet on a side or approximately 41 square kilometers. Use
of synchronous techniques is desired to reduce the overall span of time between the first air-
craft over target and the last, Also, this technique should provide a greater probability of

uniformly saturating the target area.
c¢. Weather:

Since weather conditions so critically affect the burn potential of the target areas,
the maximum weather information and advice obtainable must be available to the Project Of-
ficer. If a rainfall of 0. 2 inches or greater falls in the target area, three drying days will be
required. A rainfall of less than 0. 2 inches will require onec drying day.

f. Documentary Photography:

Project PINK ROSE will probably be the final test of the feasibility of destroyingv
fucst/Jun;:lc. growth by fire, Many agencies, both military and civilian, will be intcrested
in the results. It is, thercfore, extremely fmportant that this project be adequately docu-
mented.  Documentary photography will be required to cover initial planning, defeliation and
its effects, strike airceraft support, ignition and post strike effects,

2.  Ground Reconnaissance:

(1) The Fifth Special Forces Group will be requested to provide combat team sup-
port for four peaple = A Forest Service Spccla.hst, an ARPA Observer, a MACCOC7? Repre=-

catative and a photographer.  They are to be airlifted into the target area shortly after dawn
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of the doy following cach incendiary strike (or as soon thereafter as ground and air conditions

permit as determined by 5th SFG) and to be airlifted out the same day.

(2) On-site analysis by a qualified Forest Service observer after strike can provide
critical answers necessary to logical data analysis not obtainable by any other means. Spe-
cific answers required are actual existing species of vegetation, lower canopy conditions,
ground fuel type and availability, impact pattern of incendiaries, dud rate determination, ef-

fectiveness of ignition, ground cover removal, etc.

(3) It is desirable to obtain samples of ground fuel before strike to determine the
true moisture content of existing fuel. Sampling kits and instructions will be provided by the
Forest Service for use of Special Forces. I Special Forces personnel are in target area
prior to strike, fuel samples should be obtained. A specific mission to fulfill this require-
ment is not considered necessary. If possible, it would be highly desirable for a Forest Ser-
vice fuels specialist to obtain samples in or near target B area prior to strike. It may be
possible to accomplish this by operating out of the Special Forces camp at Ap Trai Bi (XT 12
70).

4) An on-site evaluation of the tactical effectiveness of the PINK ROSE technique
can be provided by accompanying Special Forces personnel. Special Forces personnel asso-
ciated with the post strike entry party will be interviewed by the Pink Rose Project Officer
and their evaluation of effectiveness will be included in the PINK ROSE operational report.

h. U. S. Department of Agriculture, Forest Service:

(1) The Forest Service has had much experience in removing cover by fire and has
participated in both Operation SHERWOOD FOREST (1965) and HOT TIP (1966) conducted in
Victnam. For PINK ROSE, the Forest Service will make available to the Project Officer a
3-man tcam consisting of an infra-red reconnaissance expert (team leader), a fire weather
meteorologist and a fuels specialist. This team will arrive in Saigon gpproximately 9 Jan-
uary 1967, The team will be prepared to conduct laboratory determinations of fuel moisture
content, assist in interpretation of weather data, and provide advisory services as requested

by the Project Officer.

87

SECRET




(2) A fire behavior specialist will arrive in Saigon on 14 January 1967. He will
-make evaluations of fire behavior during the operation and on-the-ground technical evalua-

tions of effectiveness after the strike. He will also be available for advisory service as re-

‘qucsted by the Project Officer.

(3) An herbicide specialist will be located in Bangkok during January. He will be
available for PINK ROSE on Request. Under its contract to ARPA, the Forest Service will be
conducting research in Vietnam after the conclusion of PINK ROSE. Forest Service personnel
will be ava.ilable for assistarice in compiling or analysing da;ta for inclusion in the operational
report as requested oy the Project Officer. Forest Service personnel will be returning to
CONUS approximately 1 March 1967. "

i. Aerial Reconnaissance:

(1) Analysis of target area data furnished by aerial reconnaissance will provide the
major input for the technical evaluation of Project PINK ROSE. Recmdrements can be grouped
into three areas - infrared photography, simultaneous dual color photography, and infrared

coverage.

(2) The targets will be very hot. Unless precautions are taken during IR readouts,
amplifier saturation and DC-level shift will occur obscuring terrain detail on the non-hot
areas. Terrain detail is essential for data analysis. Smoke in the area will prevent location
of the target center by visual means. Real time viewing of IR signals will be required to lo-
cate flight lines, Severe turbulence i8 expected in the convection column and it should be
avoided if possihle. Specific requirements (ollow" and will be required for each of the three

targets.,
(a) Infrared Photography:
1. Area: Complete coverage - a square, 7 km on a side.
2. Filter: Wratten 12 or minus Blue (yellow).
3. Film: IR black and white.
4. Resolution: Three inch ground

5. Overlap: 55 - 65%
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6. Sidelap: 30%
7. Scale: Not less than 5000 feet/frame.

8. Date required: Prestrike - between 1 December 1966 and strike date;
Poststrike - three to five days after strike,

9. Clear sky and high sun are desirable to minimize shadows.

10, Individual 1:8,000 scale mosaics of this coveruge 2re desired as soon
as possible after strike, '

(b) Color Photography:

1. Area: Sample coverage of each area simultaneously in two colors. Ap-

proximately two percent area coverage is required. It should consist of strips flown at right
angles to each other. North-South strips should be flown during prestriké photography; East-
West strips should be flown during postrike photography. '

2. Film 1: High Speed Ektachrome.

Film 2: CD Color (Camouf'age Detection).
3. Filter 1: Haze,
Filter 2: Minus Blue or G.

Resolution: 1 inch ground.

s

Overlap: 55 - 70%.

L

-

. Sidelap: None.

7. Date required: Prestrike - three to fivedays before strike; Poststrike -
three to five days after strike.

(c) Infrared:
1. Spectral Region: 8 - 14 microns,
2. Resolution: 2 milliradians.

3. Viewing: Real Time.
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4. Recording: 5 inch film and magnetic tape.
5. Scan Angle: 120 degrees.

‘6. Flight Altitude: 10, 000 feet.

7. Time: Start as soon after strike as possible. Runs will be made at
five minute intervals for 30 minutes (six runs). Additional runs at 30 minute intervals will be
made for the next two hours (4 runs). One run is reyuired the day after the strike, preferably

between 1100H and 1400H.
jo Forward Air Controller Support:

(1) Support from Forward Air Controllers in the following locations will be re-
quired - Tay Ninh, An Loc and Xuan Loc. Support required will consist of routine direction
of 12ACS operations prior to strike, visual observations of target area, and aerial photog-
graphy in conjunction with normal missions. '

(2) Supportaof 12ACS RANCH HAND operations already is being provided and will not
be further affected by PINX ROSE. It is desirable to have reports from Forward Air Control-
lers on precipitation or lack of it in the target area starting three days before strike date.
This report can be called by telephone to the TACC after normal daily flights are completed.
* The 600th Photo Squadron will provide photographic documentation of Project PINK ROSE.
Occasional flights by aerial photographers in Forward Air Conta oller aircraft are required.
These will be conducted in conjunction with normal missions,

k. Psychological operations:

Psychological operations exploitation of B-52 (Arc Light) strikes will continue in
accordance with existing instructions to II Field Force V,

1. Data Collection:

(1) Forest Service personnel, from the U, 8. Department of Agriculture, vhll col-
lect technical data and publish technical reports for the PINK ROSE operation.

(2) Support requirements will be obtained through the Seventh Air Force Project

Officer, .

(3) Data collection will generally be in accordance with the following outline.
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(a) Defoliation Program - Obtain maps from the 12th Air Commando Squadron
of cach area (1/50,000 scale) shovf’fng the area sprayed each day by date, the chemical used
and the rate of application,

9) Weather - Obtain copies of all data as specified in paragraph 7c(4) of this

plan.
(c) Fuels - Obtain:

1. Samples of both treated and untreated leaves and twigs for fuel moisture

determination.
2. Samples of ground litter for determination of fuel loading.
3. Herbarium records of species composition of each target area.
(d) Oidnance and Delivery - Obtain:
1. Copy of frag orders for each target.

2. Copy of SAC debriefing information to include time of first and last
bomb on each target; number of aircraft and bomb load; and formation type, altitude and air-
speed during strike,

3. Depthof penetration of individual incendiaries by sofl type supported by
B&W photos.

4. Typical ejection pattern of individual incendiaries and extent of varia-
tion from the typical pattern (to be determined by analysis of infrared film).

5. Copies of all available photography taken by SAC.
(e) Fire Behavior - Obtain:

1. Rateof fire spread and time of coalescence (to be determined by analy-
8is of infrared film).

2. Rate of rise of convection column by five minute time intervals.
3. Height of column at condensation level.

4. Height of column at icing level.

9
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5. Diameter of column at base, smoke fallout junction, icing zone and top.
6. Copies of all photography taken during strike.
(f) Fire Effects - Obtain:

1. Increase in vertical visibility (to be obtained from pre and post-strike
photography).

Increase in horizontal visibility support by B&W photographs.

It

Samples of partially burned fuels for residual energy determination,

e

4. Depth of char measurements on standing stems.
5. Measurement of stub diameters by height class.

6. Photographic documentation of casualties produced and damage to tar-
gets of military iaterest. ' '

m. Command and Control:

(1) The normal command channels of all participating units will be used to conduct
this test,

(2) MACV COC-8 will task the Third Air Division for B-52 support for this mission.
Exccution of SAC forces will remain with the Strategic Air Command. PINK ROSE require-
ments will conform with existing Arc Light procedures.

(3) The Seventh Air Force TACC will control all other aircraft participating in this

test.

(4) The Project Officer, having evaluated information provided by weather officers,
the Seventh Air Force SACLO, Forest Service representative, and FAC reports, will request
MACV COC to frag strike units for ignition mlasioné. He will also request the Seventh Air
Force TACC Plans Division to frag photo reconnaissance units and documentary photo units,
The I DASC will frag FAC units for recessary support missions. The current Operations

Division, in coordination with the Project Officer, will issue any necessary instructions to
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recail the B-52 force through MACV COC-8 to Third Air Division, Recall could be from Sev-
enth Air Force if necessary. This instruction to recall would normally only be requested in

the event of unfavorable weather which would negate test,

(5) During the execution phase, the Project Officer will closely monitor all con-
ditions affecting desired test results, He will have the authority to cancel a tasked mission at
any time that unfavorable conditions preclude optimum test results. Cancellations and subse-
quent rescheduling of missions will be relayed to participating units through normal control
agencies,

7. Support Requirements:
a, MACYV will be requested to:
(1) Ex'ecute defoliation program within priority as specified in paragraph 6c,

(2) Provide coordination with US Army to obtain support from Fifth Special Forces
Group as specified in paragraph 6g,

(3) Provide coordination with SAC/3rd Air Division to assure necessary strike air-
craft support, K-17 camera film of strike is requested if conditions permit.

b. Seventh Air Force will:

(1) Provide through the TACC, fragging for the photographic reconnaissance mis-
sions and the documentary photographic missions,

~ (2) Provide through the III DASC, Forward Air Controller Support of defoliation op-

erations,

(3) Provide through the III DASC, Forward Air Controller visual obéervauons in
target areas as specified in paragraph 6§,

(4) Provide through the IIl DASC, observation flights for photographic personnel as
specified in paragraph 6j,
c. First Weather Group at Tan Son Nhut will:

(1) Provide a 1st Weather Group coordinator to monitor and coordinate all Air
Weather Service meteorological activity in support of this plan (WGO-PL) and furnish PIRAL
cquipment to Combat Weather Team at Quan Loi to support requirements of this operation,
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(2) Through the Fifth Weather Squadron:

(1) Provide two PIBALS per day, maximum height of 12,000 fect at 050011 and
THooH, from Quan Loi commencing on or about 12 January 1567 and continujng until the day of
the final strike, approximately 25 February 1967, The PIBAL data will be furnished to Det 2,
40th \\;ealher Squadron,

(b) Insure that all upper air data received from US Army Meteorological Units
at Tay Ninh, Cu Chi, and Phuoc Vinh during the pericd shown above are encoded and trans-
mitted on the SEA Weather Net,

(3) Through Det 2, 30th Weather Squadron, provide to the ARPA Staff Meteorologist

the following data:
(a) Weather observations from III Corps in the vicinity of the target area,

(b) Rawinsonde data (plotting and sounding) from Tay Ninh, Cu Chi, and Phuoc
Vinh,

(c) Coded PIBAL information from Quan Loi,
(d) Target Area forecast provided by Det 14, 1st Weather Group,

~ (e) Radar scope photos beginning five days before each strikce, photos te be
taken only where echoes appear on scope. On the day of the strike, pictures will he taken at
10-minute intervals beginning at 1300H and continuing until the ARPA representative termin-

ates the requirement,

(f) Other meteorological services and/or data requested by the ARPA Staff Me-
teorologist and coordinated through 1st Weather Group Project Officer,

(4) Through Det 14, First Weather Group, provide:

(a) At approximately 64, 40, 16 and 10 hours before strike time a 24-hour
forecast for the target area, This forecast will contain cloud condition, surface wind in miles
per hour, and a specific forecast of rain or no rain, If rain is forecast, the amount of pre-
cipitation expected will be included, In addition, a 1orecast of temperature in degrees F, and

relative humidity for 1400H on day of strike will be provided,
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(" Other meteorological services and/or data requested by the ARPA Stafl Me-

welocrst and coordinated through 1st Weather Group Project Officer,

d.  The s00th Photographic Squadron will provide documentary photographic support in

«eordanc e with the following:
(1) Motion picture format - 16mm ECO,
(2) Still photography format - 120 and 35mm Color, 120 B&W,

(3) A shooting outline will be followed as agreed to between Project Officer and
ai'mh Photographic Squadron, Basically, this will be a scenario covering initial planning,
iefoliation of selected areas and its effects, B-52 suppert, strike of target and post-strike

vifeets,
(1) Photography will require the following aircraft support:
(a) One CH-3C or equivalent for D-day.
() Two each F-100F's for D-day to photograph release of ordnance,

(c) Two 0-1F's to photograph target area prior to D-day, on D-day, and 2-3
days after D-day. The flights prior to and after D-day can be made with one aircraft on two
* separate flights, one for still photography and one for motion pictdre photography .,

(d) Two flights with RANCH HAND aircraft,

(¢) Aircraft to fly photo chase on RANCH HAND aircraft, possibly F-100 or
CH-3C. '

(3) The Projct Officer will provide photography dates, locations, contacts, and

prant reguirements and distribution,
¢. F . s <ervice, USDA will:

ir = e technical advisory service to OSD/ARPA RDFU-V and Preject Officer

< pecified on, izraph 6h,

i2) Coilect data as specified in paragraph 6i,
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f. OSD/ARPA RDFU-V will:

(1) Provide technical inputs to Project PINK ROSE through Project Officer and pro-
vide liaison between Forest Service and OSD/ARPA RDFU-V,

(2)  Direct the ARPA Staff Meteorologist to:

(a) Coordinate with task organizations through 1st Weather Group on existing

and future weather requirements,

(b) Provide film for scope photography.

g. 460th Tactical Reconnaissance Wing will: Provide reconnaissance requirements as

specified in Section 6i.

h. 12th Air Commando Sqdadron will: Provide herbicide and desiccant treatment of

areas as specified in paragraph 6c,
8. Time Schedule:

PINK ROSE Project assigned to AFTU-V |
Arrival of ARPA/Forest Service Team
Selection of three specific target areas
Preliminary draft of Test Pian
Coordinated T'est Plan complete
Establish weather watch

Blue Spray of target areas

Ignition of target areas

Post-stril-e analysis

Operational report

4 Oct 66

1 Nov 66

6 Nov 66

9 Nov 66

15 Dec 66

12 Jan 67

8 Jan, 5 Feb, 10 Feb 67

C~-18 Jan; A-25 Jan: B-1 Feb 67
19 Jan, 16 Feb, 23 Feb 67

23 Mar 67

96




§EgREE

Y Coordination:

Militasy Axsistance Command, Vietnam

MACIS , Celonel Gregoiry, 14 Dec 66
MACJS4 Colonel Brooks, 1.3 Dee 66
MACSA Dr. McMillan,

Colonel Hammetr, 10 Dec 66

MACCOC?2 Colonel Stanton. 11 D.e 66
MACCOC7 LtCol Callanan, 1+ Dcc 66
MACCOCS , Colonel Lemoine, 11 )¢ 66

ARPA RDFU-V Major Rosenthal. 15 Dec 66

Seventh Air Force

TACC | B/Gen Talbott, 15 Dee 66
DOSACLO . Colonel Weyant, 15 Dec 60
1st Weather Group LtCol Hughes, 12 Nec 66
12th Air Commando Squadron LtCol Dennis, 15 Dc: 66
315th Aiv Commando Wing . Colonel Blair, 13 Des 66
460th Tgx Rccon Wing Colonel Nelson, 14 Dec 66
600th Photo Squadron Capt King, 12 Dec 66

U. S. Department of Agriculture | . Mr. Chandler, 6 Nov 66

Noie: Final Coordination will be with MACV J2, J3 and Director, COC. Seventh Air Force
will be with DI, DO and PL.
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APPROVED TEST PLAN DISTRIBUTION LIST

Department of Defense

Director, Advanced Research Projects Agency, Research and

Development Field Unit, Vietnam 10

United States Air Force

AFRDQR
AFRDC
AFRDQ-A
AFRDDE

o pmb b b

Pacific Command
J-3A12 2
Scientific Advisory Office 2

Pacific Air Forces

DORQ A 1

Military Assistance Command, Vietnam

MACJ3 10

Seventh Air Force

DO

DI

-TACC

Air Force Advisory Group (ODC)
AFSC Liaison Officer (DAFSC)
SAC Liaison Officer (DOSACLO)

L I S S S

)

1st Weather Group
12th Air Commando Squadron
315th Air Commando Wing

b ped s

460th Tactical Reconnaissance Wing
6:00th Photographic Squadron : 1

SECREF
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Unitedd States Army

Army Cor_wept Team in Vietnam 1

Headquarters, Dept of the Army, ACSFOR CM, Washington, D.C. 1

United States Navy

Navy Resenrch and Development Unit, Vietnam 1

Strategic Air Command

CINCSAC -1
Cmdr, 3rd Air Division 5
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APPENDIX II-A

Post Strike Evaluation Report PINK ROSE Target Area C
19 January, 1967
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OPERATION PINK ROSE
DPost Strike Evaluation of Target C

From 0745 to 1915 on Thursday, January 19, 1367, a post strike evaluation was made of
the effects of the January 18 incendiary raid on Target C. Landing was cffected in the cast
end of the swamp at YT 359443. Light ground fire was experienced on landing and fresh
tracks were observed at the margin of the LZ. The evaluation party moved north from the
LZ approximately 100-150 yards until reaching the estimated centerline of a bomb run (pro-
bably the south plane on run 5). We then moved east along the bomb run centerline for ap-
proximatecly 1 kilometer (to YT 349447), moved south to the margin of the swamp and fol-
lowed the swamp margin back to the LZ. Observations were made in an area abproximately
1 km. long by 1/4 km. wide, or 1/2 of 1% of the entire target area. Special note was made
of the ordnance effectiveness, defoliation effectiveness, fuel composition and fire behavior.

ORDNANCE:

Dclivery pattern wae approximately as predicted. The patiern was planned to give an
average spacing of 71.1 ft. between incendiaries within a strip extending 271 ft. on each side
of each centerline, and an average spacing of 102. 2 ft. in the intervening 158 ft. between ad-
jacent centerline strips. The actual pattern was somewhat tighter than this with average
spacings of 50-6G0 ft. alung the centerline and about 120-130 ft. at the extreme edge of the
pattern. The distance between adjacent centerlines could not be determined accurately, nor
could the relative area receiving.heavy and light concentrations. Our impression was that
about half the area received heavy (50 ft. spacing) and the other haif light (120 ft. spacing)
rather than the 2:1 ratio predicted,

The dispersal of incendiary material from the tail of tiw: canister varied from 2 to 20 ft,
depending on the angle of penetration of the canister into the ground. No duds were found,
However, many (perhaps 20%) bomblets were bremalurely activated by contact with trec
branches hefore reaching the ground, and thermite ejecta was found up to 50 ft, from these
bomblet casings. Such premature activation would be helpful ta spreading fire providing that
the liquid material would also reach the ground before barwi=, « €. Becamse of the highly fire
resistant nature of the ground fuels at the time of the strde, w: cvuld st determine whether

muaterial other than thermite had come down hot,
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From thermite ejecta found remote from bomblet casings in the swamp where contact
with trees was impossible, it was evident that some additional bomblets had also activated
prematurely, probably at the time of the main M-30 canister opening. Thesc should be con-

sidered as duds since cjected matarial would burn out in the 5000 ft, free fall after canister

opening,

- Except in the swamp, bomblets did not bury themselves deeper than 2/3 the length of the
casing, even though the ground in the forest was quite moist and soft. In the swamp, bomb-
lets often buried themselves completely., But in all cases where bomblets were located, tail
cjection had been sufficiently forceful to eject incendiary material at least a foot or two be-

vond the impact crater,

In summary, the M-74 munition in the M-35 cluster mode, dropped with a 5000 ft. fuse
altitude is an acceptable and effective ordnance for forest ignition,

DEFOLIATION

Measured by color change, the double sprayings onc month apart were extraordinarily
effective in desiccating heavy triple canopy. The final spray with contact desiccant produces
no color change, and since the weather precluded moisture measurements or meaningful fire
behavior obsewations. no evaluation of the effectiveness of contact desiccants on this opera-

tion is possible,

The overstory was almost completely killed and about 80% of the leaves had fallen. The
middle canopy was 807 dead and had lost 15-25% of its leaves. The 207 of green material
remaining in the middle canopy appeared to be a result of species susceptibility rather than
spray penctration. The understory was about half dead - half green with clcar evidence of
hoth specics susceptibility and differential spray penetraﬁon. Nearly 804 of the bamboo type
épccies were green, about 1/2 of the low palmetto types appeared dead, and ncarly all broad-

lcaved vines and shrubs were killed,

FUEL COMPOSITION:

Fuels in the surveyed area of Target C were heavy by Vietnamese standards. Total avail-
able fuels were estimated at 35-40 tons per acre. The understory vegetation averaged zbout
15 ft. in height and consisted of a mixture of palmetto types, bamboo types, broadleaved

vines and tree seedlings. The middle canopy averaged 30-50 ft. inheight and consistedalmost
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catively of broadleaved tree species, mostly suppressed or shade tolerant types with large,
thick leaves. The upper canopy was 80-120 ft, high, Since most of the upper canopy was de-
foliated, species identification was difficult, Judging from the leaf litter on the ground, the

predominant species had small, thin leaves similar to ash or poplar,

The litter laver averaged 3/4 inch to 1-1/2 inches in depth.  About 2/3 of the litter ap-
pearcd to have come from the defoliated upper canopy. Horizontal distribution of liiter was
uniform. There were no barriers to fire spread with the exception of puddles of standing

water in areas of poorest drainage.

Vertical continuity was also good. Although the vines and suppressed seedlings alone did
not have sufficient fine fuels to carry fire into the middle story crowns, about 1/4 of the for-
ested arca had sufficient additional fuel in dead brush and bamboo types to initiate crowning in

the middle canopy.

FIRE BEHAVIOR:

Essentially nil. Free burning spread outside the immediate vicinity of incendiary sets
was confined to opcn grassy areas of good drainage such as the Dong Bo ahandoned landing
strip, and thc road banks on highway 323, In thh area surveyed by the evaluation team, it
was a rare fire that spread more than 2 feet from the parent ignﬂion source, and many spread
only a few inches. The only fires still burning on Thursday morning were in Jead stumps,
snags, and limb crotches where dry wood had been sheltered from the rain. In no observed
instance was aerial vegetation ignited by fire in ground fuels, Fires in standing trees had

evidently started from direct contact with incendiary material,

These observations indicate that litter fuels were at or above their fiber saturation mois-
ture content at the time of the strike (1410-1450 Jan, 18). Either rain had fallen in the morn-
ing of the 18th, or drying conditions were insufficient to remove the water absorbed from dew

or ground fog during the night,

In summary, Target C was just too wet to burn on the afternoon of Jan. 1%.

Craig Chandler
U, 8. Forest Service
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APPENDKX I-B

Post Strike Evaluation Report PINK ROSE Target Area A
29 January, 1967
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OPERATION PINK ROSE
Post Strike Evaluation of Target A

From 1030 to 1230 on Sunday, January 29, 1967, a post strike evaluation was made of the
effcets of the Jan. 28 incendiary raid on Target A, Landing could not be effected in either of
the two potential LZ sites due to intense ground fire and the lead pilots estimate that both
sites were boobyv-trapped. Corisequently, evaluation was limited to low level aerial sweceps
over the target, No information was obtainable on ordnance effectiveness, but special note

‘was made of defoliation effectiveness, fuel compwition, and fire behavior,

DEFOLIATION:

Measured by color change, about 70°¢ of the forested area had been completely killed by
double spraying. Ten percent of the area had up to 257 green leaves mixed with the brown,
and 20% of the area had from 25-50% green leaves. The "greener" areas were all in locations
with double canopy, and were concentrated in fairly large blocks of 2-5000 acres. Not all

double canopy showed green; in fact, most double canopy appeared completcly dead at all

levels. Riparian sites with palm type understories seemed exceptionally susceptible to chem-

ical treatment,

In summary, desiccation efforts on Target A were effective, so far as could be deter-

minced from aerial inspection,

FUEL COMPOSITION:

Fucls in Target A were slightly lighter than the average for Vietnam. Estimated weights
of potenti:illy available fuel were 4-5 tons per acre in the grassy clearings, 10-15 tons per
acre in single canopy sites, and 20-25 tons per acre in double canopy sites. (It should be

noted that aerial estimates of fuel weight are not too reliable.)

Specics composition could not be determined from the air, except for the fact that palm
tvpe understories were confined to streambank and marshy sites. Overstory composition
wus probably different between single and double canopy sites, since trees on single canopy
sites had lost Virt_uully all of their leaves, while upper story trees on double canopy sites

rendned appreciable foliage, probably more than half,
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Vertical continvity could net be readily detéermined, but appeared to he adequate to sup-
~rt crown fires in most double canopy sites. Crown fires could not he expected in single

Canepy sites because of the excessive loss of crown foliage.

In summary, at lcast one third of the area had sufficient fuel, brown ani arranged so

that, from close aerial inspection, it should have supported crown fires.

FIRE BEHAVIOR:

Only in the grassy clearings did fires spread well. Flame heights in the clearings
reached 10-15 feet. Chemical treatment had no apparent effect on these clearing fires which
burned identically to "farmer" burns of similar clearings in untreated areas under similar

wcather conditions.

Many downed logs and ~nags burned fast, hot, and completely, leaving residues of white
ash (a sign of good environmental conditions). Even the trunks of some trees uprooted by the
December, 1966 B-32 strike burned to white ash, showing a higher rate of drying in heavy
fuels than anticipated. '

Under single canopy, fires spread in ground litter for about !5 feet on each side of the
incendiary set before dying out. Under double canopy, ground litter fires spread only about

6 feet on either side of the parent ignition source.

Approximately 757 of the area in clearings burned over, while only about 9-127% of the
ground area under single canopy and about 3-5% of the ground area under double ca.nopy
Lburned. The extent to which these fires removed underbrush could not be determined from

the air, Crown canopy removal was definitely negligible.

The incendiary strike on Target A can be considered as a definitive test of the operational
feasibility of removing crown cover by fire in Vietnamese forests. The target wég selected
as being better than average in vertical continuity. The area was double sprayed with herbi-
cides with visually satisfactory results, The weather was as nearly optimum for burning as
can be reasonably expected In Vietnam, Incendiary spacing was adequate to produce rein-
forcing fires. But even under this favorable combination of circumstances, it was impos-

=ible to reduce the overall fuel moisture content sufficiently to produce a crown fire.

Craig Chandler

U. S. Forest Service

108




APPENDIX III

Memorandum: Dr, W. G. McMillan to Gen, W, C. Westmoreland
12 February, 1967
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HEADQUARTERS
UNITED STATES MILITARY ASSISTANCE COMMAND, VIETNAM
APO San Francisco 96222
Office of the Science Advisor

MACSA

TO: General W. C. Westmoreland, COMUEMACV
FROM: W, G. McMillan, MACSA
RE: PINK ROSE Incendiary Tests

CONTENT
Section Page Bection Page
1. Purpose . . + « ¢« s o ¢ o o o 110 8. Outstanding Technical Questions . 116
2. Background . . . « ¢ ¢ o o 110 6. Ancillary Military Effects , . . . 117

3. Principal Technical Results . . 112 17, Conclusions and Recommendations 118
4, Theoretical Orientation . . . . 114

1. Purpose
This note constitutes a preliminary and informal summary of the results of the two

PINK ROSE tests so far conducted under ARPA Project EMOTE, and discusses the advisa-
bility of ‘continuing with the projected third and final tast. Although the opinions expressed
here are mine, I have had the benefit of extensive conversations with Colonel C. E. Hammett
(MACSA), Lt. Colonel K. A, Davidson (7° AF), Major H. M. Rosenthal (ARPA-RDFU-V),
and Messrs. C. Chandler and Hirsch (US Forest Service). )

2. Background

As shown in Table 1 below, there have been altogether four attempts to produce
large-scale fires in the jungle areas of South Vietnam.
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L TABLE 1. INCENDIARY OPERATIONS IN SOUTH VIETNAM

Location , Ordnance
Area Diesel Ofl  Napalm  #M-35
Test Date Province Target Coords (km2) #A(C {Metric T) (Metric T) Clusters
SHERWOOD Bof Loi 8 B57
FOREST 31.11.65 Tay Ninh Woods XTS035 154 29 AlE 96 2.0 64
24 C123 '
Chu Pong
HOT TIP 11.01.66 Pleiku Mauntain YA8900 14 13 BS2 - 0.25 255
PINK- Long War Zone D
ROSE 1 18.L. 67 Khanh (Target C) YT3744 49 30 B52 - - 1260
PINK War Zone C :
ROSE II 28.L.67 Tay Ninh (Target A) XT5580 49 30 B52 - - 1260
PINK War Zone C

]
]
[
l:
&

ROSE M 20.0-€7? Tay Ninh (Target B) XT1178 vi 30 B52

_Based on the information gained from SHERWOOD FOREST and HOT TIP, an attempt was
made to design the PINK ROSE series to optimize defoliation and choice of weather conditions,
Accordingly, threc arcas (Targets A, B & C) 7x7 km were defoliated during fall 1966. Tar-
gets C and A were struck in January, with each of 30 B-52's dropping 42 M-35 incendiary
cluster bombs fuzed to scatter their 57 M-74 incendiaries at ~ 1km altitude. Each M-74 in-
condiary consists of a nose-fuzed thermite stick surrounded by a cylinder containing 1. 25kg
of PT1 jellicd hydrocarbon which 18 ejected rearward into a band perhaps 0.5m wide and
~ 3m long, depending on angle of incidence, With the seeding density of incendiaries used,
a regular distribution on a square lattice would have ylelded a spacing of 26m between igni-

tion points,

Mecteorological conditions for the tests are given in Table 2,

"
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TABLE 2. METEOROLOGICAL TEST CONDITIONS

# Days Temp RH WIND CLOUD
T Time Since Rain CF) . () (k) Cover
: D .
Te AT : 1600 - 0 74 72 .2 10/10 .
HOT TIP 1400 9 94 45 10 2/10
PIXK PCSE | 1400 15 84 65 0 *0/10
(w. mist)
PINK ROSE II 1400 5 92 52 0 - 2/10
_ 3. Principal Technical Results
The resuits of the four tests are summarized in Table 3.
TABLE 3. INCENDIARY TEST RESULTS
Guesstimated % Burned
, Cloud Post Forest Expls/
Test Smoke Rise (km) R Recce Grassland Floor Crown Fires
SHERWOOD
FOREST dense 2.5 -— acrial 5 <1 <1 >5
HOT TIP v dense 6.5 - aerial DNA 30 17 ?
PINK ROSE T  dense 1.5 good ground 50 2 0 >5
PINK ROSE I v dense 3.0 poor aerial 75 10 <1 >15

From the metcorological conditions alone == particularly the number of contiguous
privo v without rain -- it is clear in retrospect that only HOT TIP and PINK ROSE 1I had
euen o remote chancé of producing extensive burning. In fact, ground follow-up the day after
PR HGEE T found the ground actually muddy in some places. Messrs Chandler and Hirsch
+i 15 Forest Service attribute the relative excellence of HOT TIP, especially the crown

coey, srnarily to the mountainous terrain, That forest fires burn more fiercely on uphill
©ocedreater draness resulting from good drainage.,
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In the absence of adequate ground post-reconnaissance, several indirect footors must
be used to arrive at an cstimate of the extent of burn. The height of cloud ris¢, coupled with
information on the local temperature structure of the atimosphere provides an estimate of the
total heat liberated, Acrial photography is useful in estimating the extent of grassland :nd
crown fires, but docs not vicld information on the understory burn when the canopy is unaf-

fected.

The intent of the IR measurements is to determine the spreading ratc of the under-
story fires and to follow the persistence of hot spots, both of which yield ihfor:nution on the
fuel condition and fire fintensity. Unfortunately the only successful IR meaéuremcnts were
those on PINK ROSE 1, for which there waé very slight (~15cm) spreading about tﬁ‘e fgnition
points. |

It is virtually impossible to convert visual observations on the smoke into anything
guanrtizzlive, While some fuels give smokes having characteristic colors, the ~olor of wood
smoke apparently depends to a considerable extent upon both particle size and moisture con-

tent.

The Forest Service represcntatives have provided the estimates given in Table 4
for vegetation amounts in the several types of South Vietnam jungles.

TABLE 4. TYPICAL FUEL DISTRIBUTIONS IN SOUTH VIETNAM JUNGLES

Understory Fuels (Below 3m)

Grass & Leaf Litter Leaves Twiygs < tem Dia,
Jungle t\pe Dry Wt* @% Water Dry Wt* @% Water Dry Wi* ' Water
Gr(lSSland 10-12 @ 8-11 -----;-----DNA—---- --------
Single Canopy : 7 @ 9-12 4.5 @ 8-11 5 @ 40=50
: 0.5 @120-150 15 €@120-150
Dougle Canopy 10 w10-13 10 @ 9-12 6 4 40<50
2 @120-150 20 («120=150
Triple Canopy 15 @12-15 15 @ 11-14 8 vt 40=50
15 ©@120-150 22 #120-130

*Metric tens per hectare (1 hectare = 0,01 km? = 247 acre)




4. Theoretical Orientation

In order to estimate the conditions required for effective jungle burning and to as-
=¢~s whether our test conditions are anywhere close to these, we here examine the various
sources and sinks of heat energy for the burning process. A convenient unit of cnergy in
which to express the various heat quantities is the Solar Minute (SM), i.e., the radiant energy
received from the sun per minute per unit area (at the equatorial zenith). The magnitude of

16

the SM unit is 0.8x10" " erg per hectare, or 0.2 tons HE equivalent per hectarc.

Sir.ce the energy liberated by burning (dry) wood to completion 18 approximately 4
times that from the explosion of an equivalent weight of HE, we may express the amount of
hcat released Q per hectare in terms of the dry weight W (tons/hectare) of fucl burned as*

Q = 20 W (SM). ' (1)

If the fuel contains water in weight-fraction f, the heat investment Q' pressary to vaporize

the water would be
Qv = 3.0 Wf (SM). (P

Since the wood won't burn at the bofling point of water (100°C) we must invest enough a2ddi-
tional heat Qp to bring the fuel to the ignition point, which I estimate to be 300°C. This ad-
ditional heat investment is

Qp = 1.0 W (SM). 3)
Finally we necd to include the heat of combustion q (per hectare) of the incendiary ordnance

itself,

Combining the heat generated by the burrung vegetation and ordnance fuel, and as-
signing a heat transfer eft‘icienéy 7 for the process of drying out and bringing the vegetation
ahead of the fire to the ignition point, the excess heat is simply

excess heat - [-r, (20 + /W) - (3.0f + 1.0) ] w. 4)

* Parentheticully, one might well ask why a forest fire has 8o m: ° more destructive effect
thun say 20 W minutes of sunshine. The reason is that the heat f. the fire at the burning
front is greatiy concentrated in both space and time, leading to a temperature high cnough to

propagate,
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A large positive excess heat should lead to good burning, whilc a small or negative

excess will give very little area burned outside that actually splattered by the ordnance fucl.

” v
For the 72,000 M-74 incendiaries in the 49 km”™ of PINK ROSE I or II, the heat con-
tribution g of the ordnance is readily calculated to be

q = 0.9 (SM). @)

Since to represent a significant burn W must he greater than ~ 1 (metric ton/hecta=c), ¢/W is
negligibly small in comparison with the additive 20 in Eq. (4).

The heat transfer efficiency i) is very hard to estimate, since it depends sensitively
upon the geometry of tﬁe fuel (e.g., logs lying in contact with tinder are more easily ignited).
However, we may turn the question around by estimating what value of the heat transfer efli-
ciency would be necessary to give zero excess heat, and see if that value appears feasible of
achicvement. Setting the excess heat in the above equation equal to zero and solving for tlie
cfficiency, we obtain

M = (3.0f + 1.0)/20 = 0.15( *+ 0,05, (6)

Thus, for a moisture content { = 0.1 (l.e., 107%),7 ~ 7%; while for f = 1,07 -~ 20,

We know from the existence of forest fires inwestern US that the efficiencics ~ 5-10%
.predicted by Eq. (6) to be required for burning dry dense vegetation containing only 10-20'C
moisture are indeed achievable, Even greater efffciencies are possible on mountain slopes
under favorable meteorological and geometrical conditions. But the likelihood of achievirg
anmvthing approaching the necessary 20% or greater efficiency in the flat, mcist jungles of

South Vietnam acems very small,

It should be emphasized that the above calculation is for orientation purposes only,
and glosses over <ech important points as the fuel distribution, the variable moisture content,
the poor comact of the understory fuels with the standing trees and canopy, and the critical
question of the rate o the burning process as opposed to the thermodynamic admissibility,
which is all this calculation addresses.
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5. Outstandine Technical Questions

With the possible availability of one last test of the PINK ROSE serics, we may ask
what technical questions remain unanswered and what test parameters might be altered to

make operational cffectiveness more likely,

a) Mecteorology - Several days, perhaps preferably even two wecks, of dry hot
weather should precede the test. In III CTZ the weather for late February or early March is

probably as good for this purpose as we are likely to get.

b) Time of Day-~ln examining whether 1400 hours is thé best delivery time we con-
sidcred the possibility that the late-afternoon beginning of the nocturnal inversion might en-
hance the fire by holding the heat closer to the ground. However, prevailing opinion, based
upon the chservation thst forest fires sabside appreciably at might, is that any such inversion
enhancement would be mor~ . 3 compensated by the grester molsture absorbed as the after-
noon temperature declines.

c) Ordnance Density - While & is clear i ~wm the calculation of the previous section
thuf a tremendous fncrease in ordnance demsity would be required to make any substantial
contribution to the overall heat liberated, an hcmse of the density of ignition points might
causc the ignited areas to run together and, through the mutual reinforcement resulting from
the quicker burn, promote more efficient heat-transfer and drying of the overstory fuels.

d) Ordnance Delivery Sequence - The observation that smoking wood fires can,
under certain conditions, be made to burst irto flames by application of a match to the smoke
leads to the question whether it might prove effective to withold some of the incendiaries,
dropping them into the smoking regions pcrhaps 20 minutes after the fivet seeding. Our con-
census is that this probably wouldn't cause any reduction in total burn, and might increase it.

¢) Effect of Terrain = While there is little doubt that SHERWOOD FOREST and
PINK ROSE I were not even close to befng marginally successful, the firing of Target Bunder

weather conditions similar to those of HOT TIP would permit a comparison of flatland vs

mountain jungle burning.

In summary, while thcre are some technical quecstions that the firing of Target B '

mizht help answer, it cannot be argued at this stuge that these answvers are likely to hold any

116
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promise for the development of an operationally effective method of jungle burning in South
Vietnam. Against this pessimistic view we might note, however, that these operations have
beenquite successful in burning elcphant grass and even in burning a substantial portion of the

jungle in the mountainous Chu Pong HOT TIP test.

G. Ancillarv Militarv Effects

In our disappointment over not being able to produce on call a spectacular jungle
firestorm there is Aanger of overlooking the not inconsiderable military effects (cf. Table 3)
which these incendiary raids have produced, effects which may rival those of the average B-52
bombing attack. The most significant military factors appear to be the following.

a) Secondaries - H several hot, dry days have preceded the strike, the junglefloor
leaf litter and understory fuels should be dry enough to cause appreciable spread of fires from
the ignition points. Under these circumstances it appears likely that inflammable surface
structures and materiel would be ignited and damaged if not destroyed. Indeed, numerous
secondaries have been observed. While such materiel is also vulncrable to GP bombs, we
note that the area covered in PINK ROSE I or I, 49 kmz, is per aircraft ~ 5 times that of the
standard B-52 strike, |

b) Smoke - While the smoke generated, cven in the poor PINK ROSE I event, ap-
pcared very dense, experienced forest firefighters believe that trained personnel would have
no difficulty surviving. Untrained personnel, on the other hand, might pazuc and he overcome
or even burned. It is not known whether the hostile rifle fire encountered by the pcst-recon-
naissance hollcépter party on attempting to land in the PINK ROSE I LZ came from survivors

or from outside enemy reconnaissance units,

c) Psychological - There may be a psaychological factor in adding incendiaries to
all the other weapons systems the enemy has to suffer, He might well ask himself: "Good
gricf! What next?" The psychological effect would, of course, be greater if some of the
enemy were actually killed or injured, which stresses the importance of trying to get some
feedback from captives or Chieu Hois who may have experienced' or witnessed these events.
One rumor we haven't been able to pin down has it that some 200 VC were killed by fire on
Chiu Pong Mnuht:u’n, representing about 10% of the total cnemy strength beh‘eycd to be located

there=-roughly the same percentage as the area burned,

"z
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7. Conclusions and Recommendations

a)  We foresee no real prospect of deriving a practical method of achicving jungle

burning of military consequence in South Vietnam, at least in the humid flatlands.

) In the drier, higher plateaus and mountains, jungle burning might be made ef-
fective under ideal weather conditions which, however, would seriously restrict the season

and operational flexibility,

c) Even in the flatlands the elephant grasslands have been demonstrated to burn

cfficiently.

d) The favorable combination of high, dry and defoliated mountainous terrain in the
western DMZ and panhandle might make it worthwhile to consider burning as an aid in imped-
ing infiltration and in clearing for better observation,

e) We have examined the possibility of substituting for Target B {a PINK ROSE Il
some other area of military importance that is both mountainous and already defoliated, but
have found no such area in South Vietnam for which there is likelihood of suitably hot and dry

wt_-athcr in the next few months,
With respect to the advisability of firing PINK ROSE III in the Target B area,

f) While there are some interesting technical data (e.g., the extent of hurn, size
of twigs burned, rate of spread, etc.) which PINK ROSE II would help nail down, we cannot
argue that these data are critical to our understanding,

if) Nevertheless, upon adding to the desired technical data the not inconsiderable
potential ancillary military effecte, I am moved to recommend preceeding with PINK ROSE I,

provided this docs not interfere seriously with other demands for the B~52 resources.

iii) Assuming that the decision is reached to stage PINK ROSE II, I concur in the
recommendatior of the 7° AF to reduce the area to one-third of the originally planned 7x7 km
target, without reducing the number of aircraft, in order to increase the density of ignition

peints,

iv) I concur also in the firing date of 20 February nominated by combined ARPA/T°

AF PINK ROSE Planning Group, subject, of course, to continuing fair weather.
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v) Finally, it is essential to have detailed post-ground reconnaissance il we are to

obtain the technical data desired.

W. G. McMillan
12,11, 67

1ne
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RIS N .\-}\1 LO LIE FRA»\TJON ARMY
U CHIN BA RIA AND BIEN HOA/ PROVINCE UNIT No. }O/TB

CIRCULAR

On 17 and 28 January 1957, the enemy B52 bombers dropped incendiary bombs in the vi-
“inity of war zone D to sct fire to the forests in Suoi Bang area.

This type of bombwas contained in boxes of 32 cach. The bomb, itself resembles the con-
taner of a 57mm recoilless rifle shell. When dropped, the boxes opencd and released the
homt.s, Some pierced the soil as deep as 30cm, some lay sideways on the surface of the
zround, The bombs exploded and set fire to the forest. The phosphorous burned for about 60
seconds, igniting trec leaves, especially dry tree leaves, because prior to the bombing the
cnemy sprayed defoliants on the target areas.

At first the bombs produced white smoke which turned black after the forests caught fire,
Some small bombs did not explode until five minutes after they came into contact with the ground.

These bombs will cause insignificant casualties but some burns and damage to equipment
(if precautionary measures are not taken),

Prccautionary Mcasures

- The area around trenches must be clear of dry tree leaves for 1 to 2 meters (uncovered
trenches must be eamouflaged with green tree branches),

- Trenches must be provided with covers. In the trenches there must be cans of loose
dirt, sand or ash to put out the fire (if the fire spreads into the trenches) or cloth mats, gunny
sucks, ete... may he used (better when soaked in water) to coverthe entrances of the trenches,

- Documents, equipment, food and other items must be properly kept in trenches pro-
vidded with covers,

Upen receipt of this circular various addressces will expeditiously disseminate it to take
precaitionary measures in time to foil the enemy attempt and preserve our forces,

True copy No, /S/ 9 March 1967
Di-tribution: For the Province Unit
1 1 Villuce, agencies, units, District Party Headquarters Chxcx of Staff,
..... nittee Security Scection and District Unit, /S/ HA VAN THUAN

19 March 1967
r the Districet Unit Headquarters clerk.
SOOMIINH H()A\G
------------------------------- END OF TRANSLATION=wcccccccnccccccccnccnrrcrenana
KIN

it oment captured 27 March 1967, 15 km, NE of Vung Tau.)
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SUMMARY™""

Th1s report is limi*ed essent1al1y to an analysis of c11matolog1cal
and meteorological data rc]ated to 0perat1on P1nk Rose, conducted in
early 1967, _

A-gfeat deal of -information is readfiy available on the general
‘c1imaté of Southeast Asia, parcicularly the southwest monsoon season
and the syhoptic causes of it. We were more interested in the dry-"
‘season (October-April) climate commonly referred to as the northeast
monsoon. L1tt1e 1nformatlon on thrs subject is avallable in analyzed
form although a great deal of raw meteorolog1ca1 data are becoming
available primarily due to the lncreased political act1v1ty in the area.

The Siberian High dominates the Southeast Asian c11nate The’
seasonal north-south movement of.the IntertrppIcal Convergence the (1c2)
controls large scale flow regimes. Toge;her. the Siberian High and the
ICZ are responsible for the wet and dry seasons and their intermediate
transition periods. The southwest monsoon season is much too»wec to
conduct burning experiments {n‘near1y all of Southeast Asia. The dry
season is interrupted often with convectiveiy'produced shower activity,
but at times limited burning opefations may be conducted.

Tables of'statistical probabflities (see Appendix 4) have been
calculated to aid in plann1ng burn1ng operat1cns In two attempts tc

“arrive at mean1ngful probab1]1t1es we have succeeded in bracketung whac
we feel are important parameters in conducting burn1ng operatlons

The factors most critical to successfu] burn1ng are tne cond1t1on '
ahd arrangement of fuel and the envuronmeht within which it must burn.
ST




Ihlgh and re]at1ve hum1d1t1es are Tow. -The atmOSpher1c Iaose rate should

Suffuc1ent dryrng after spec1f1ed amounts of rain will produce burnable

'fuels The proper envwronment is one in which axr temperatures are

be unstable such that a f1re-produced convectxon co]umn can read11y form

“to he1ghts of 30,000 feet or more Such an atmOSphere is deflCu]t but

not 1mposs1b1e to come by in Southeast Asia, spec1f1ca11y South Vietnam,

'Perhaps, equa]ly dtff1cu1t is fuel condltwonwng in an env1ronment not

part1cu1ar1y suwted to drying. It has long been recogn1zed that wind is
a major factor 1n evaporat1on and dry1ng Dense trop1cal growth may
have sufficient w1nd ve]oc1t1e= over the canopy to adequate]y dry crown
fuels, but flow ‘s lught near the ground and lnw-growth fue]s and sub-
sequently. drytng is poor. even though temperatures are qu1te warm.
Meteorolog1ca1 aspects of three burning exper1ments are d1scussed

in some detail. The f1rst experiment was a fajlure due prtmar11y to

‘ poor fuel cond1t1on1ng ~ The second and third exper1ments were moderately

successful,
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T " THE SYNOPTIC CLIMATOLO Y “OF SOUTHEAST ASIA

-fe;c11mate of outheast A51a is dom1nated by the semi-permanent

.'1_751berran High and controlled by the seasona] m1grat1on of the Inter-
'Vftropical Convergence Zone (IC’). Twn primary flow systems in the Iower ‘
. ;'troposphere the southwest monsoon and the northeast monsoon together

* w1th the transition per1ods between them are respons1b1e for a wet
;:?;Cseason and a dry season. .~ |

| ;‘;-"A;;:NORTHEAST AND SOUTHWEST MONSOON

B The fundamental cause of the Indo-As1at1c monsoon w1nd system is
’;d1fferent1a1 heat1ng (or cooling) of land areas, as compared with sur-

":iround1ng ocean regions. In winter, w1th the deficit of solar rad1at1on

; n northern 1at1tudes the land surfaces and the overlying air become
Y?older than the sea surface temperatures over the surround1ng Pac1f1c
:and Indian Oceans. This tropospher1c temperature difference aids in
'fthe format1on of the large, cold semi-permanent Siberian high preSSure
area which’ covers all of the Asian mainland. The clockwise low-level
- f]ow of air around this'high pressure area results in a general north-
east wind regime (northeast monsoon) over Southeast Asia.
Dur1ng the summer period the Asian continent is warmer than the
surround1ng oceans. The resultant temperature d1fference aids in fonh1ng
1_a large; semi-permanent low pressure area over northern Southeast Asia
and south of the Tibetan Plateau. The counter-clockwise circulation
' around this 1ow pressure system results in southwest winds over much
ﬁifof Southeast As1a - These mfnds'are'known'as the southwest monsoon |
The transition from the southwest monsoon to the northeast monsoon
takes place, at the ear11est around the latter part of September

Unfortunate]y. onset dates of the northeast monsoon have not been

v. “":’??3 “ —-;g




~established for individual years. - ?- '
. The northeast monsoon period (October- prll) is generally

character1zed by long rainless periods 1nterspersed with relatively

short rainy pervods For eXample during January and February the

" majority of weather stations in Southeast A51a have or.y, on the

average, 1- 5 days w1th rain above a trace. However, the topography

- of the area has an 1mportant effect on the spatial rainfal) patterns

_with certawn lTocal coastal areas ‘receiving swgn1f1cant amounts of

raxnfall dur1ng the normally dry per1od

Durlng winter, surges of the monsoon alternate wlth lull. Surges
of the northeast monsoon .are associated w1th deepening cyclones within
the strongly frontogenet1c China and Japan seas CyclogeneSIS
accelerates the northerly flow west of the cyclone center and causes
a surge ‘ As the cyclone passes away to the east the monsoon grad-
vally weakens unt.l the next deoress1on develops A monsoon surge
reaches the tropics as an east-northeast wind and, as the colder air
moves acrose the much warmer seas, convection clouds rap1dly form.
Prec1p1tat1on may result, espec1ally along exposed coastal reg1ons of
Southeast Asia (e.g , north- -central coast of Vietnam).

Lulls between surges occur when the continental anticyclone, or
a cell wh1ch splits off from it, moves eastward. " Winds south of the

high pressure cénter veer, convect1on clouds over the warm seas decrease

" and cooling along the coast may produce stratvfonn clouds. Little

. change occurs in short lulls but when they are prolonged, high pressure

over China may break down altcgether_and a ridge from therPacific-antj?

cyclone extends across the area and onto the mainland. These conditions

vmay eventually lead to the development of crach1n" along the northern

coastal regions of V1etnam ‘ ' -
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SUB-TROPICAL JET STREAM _ A

' - During the transitional period between the southwest monsoon and’

' northeast monsoon a significant. change occurs in the'upper-level'flow

over south China and southeast Asia. Perhaps, the most significant feature
is the establishment of the sub-trOpical jet stream along-the southern edge

of the Himalayas Its onset is abrupt first becoming ev*dent over north-

. west India 1n late September or early October, and then advanc1ng down-

stream at about 3 deg. longitude per day. Once the jet 'stream is estab-
lished south of the Himalayas its position remains almost stationary through-
out the dry season (Yeh 1950).

Over the southeast Asia region, subsidence is both more intense and

confined then cver North America. Widespread subsidence occurs south of
| .

the jet stream over northwest India. However, over northeast India and

southeast As1a. north of 15N, Juxtapos1t1on of jet-stream and convergent
upper-level (300 200 mb) southwesterlies of equatorial or1gun seem to
result in much more vigorous subsidence downstream.‘ The excess of air at
high levels, which can escape neither north nor south, subsides downstream
in a zone, which has rather rigid latitudinal limitation.. It has been
suggested that the cool-seasonraridity of Bunha,.Thai]and, and Indo-China

results from tdmpensating_subsidence and - low-level divergence bepeath upper

" convergence. (Ramage 1952).

TERMINATION OF THE DRY PERIOD

A pronounced wann1ng trend over the mainland of southeast Asia and

, southern China begzns in March, April and continues into May Dur1ng

th1s time screen temperatures may reach extreme values varying fromlloo

‘to 114%. A general increase in rainfall is also observed.

- *-.,.D,_s_.




.The'northyaru_advance of tne monsoon westerlies (southwest Fonsoon)
neginehuitnltnfs»warming trend but the principal adyance over southeast
Asia:pcturs in cgnjunctibn with tronica1 cyclogenesis in the Bay of Bengal.
The mean calendar date of the onset of “the eouthwest monsoon has been
estab1ished‘ar6und 17 May with an'approiimate'range of 33 days.

The onset of the southwest monsoon ushers in. the summer period of
_ d1sturbed ‘weather in which thunderstorms and squa11 lxnes become more
frequent over the south Asia regwons An 1nspect1on of daily single-
_stat1on ‘rainfall amounts for stat1ons in Burna Tha1land and the w1nd-
‘ward side of Vietnam show genera1'1ncreases in the frequency and amount of
ra1nfa11 | | | '

Dur1ng the per1od of the onset of the southwest monsoon another abrupt
change_occurs in the large-scale circulation features. The sub- tropical
jet stream south of'the Himalayas weakens and eventually disappears, the
po]ar westerlwes shift northward in conJunct1on w1th the sub-tropical ridge
and eventua11y the upper-level winds (300-200 mb) sh1ft to easterly direc-
A't1uns over all of southeast Asia. A
SYNOPTIC SCALE QEATHER,SYSTEMS WITHIN THE COC. SEASON
1. 'CraEhin , _ | _ .
| Tne "eraehin" of'the "oastal regions of northern Indo-China and south
Chipa'is a humld per1od of fogs and drizzle or 11ght rain which sets in at
about the twme of the norma] annua] temperature minimum, generally toward
the end of . January, and 1nterrupts the dry season.. The crach1n may persist
1nto mwd Apr11 gradua]]y merg1ng with the rains of the ra1ny season proper.

Though there may be prolonged precipitation, the amounts recorded,are‘sma11.
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It has been suggested that'craéhin may develop in two.ways- (1) as
the resu\t of m1x1ng of two nearly saturated .air masses along a frontal
surface and (2) by surface cool1ng of a warm moist air mass. The latter
’ 1s:a,mcst:aIways the cause of_the uorst and rost pers1stent crachin.

'The trend in monsoon surges and lulls.is toward an increasing numberv
of easterly surges. 1ncreas1ng1y 10ng Tulls between surges and more per-
sistent crachin, as_the dry season advances. Turbu1ence, topography,
diurnal heating, anq dew point/sea temjerature d1f‘erence, all play 1mpor-_
tant parts in deternining when and where crachin will develop and what
torm it will take' The interrelation of these factors along the coast
may be extreme]y complex.

Since the vigorous crachin usually occurs in tha couier trough fegion
west ot the surface high. it is asseciated with local winds veering with
- height. Surges of the northeast monsoon may be important crachin modifiers.
'However, from February-onward even moderate surges may not dissipate crachin
fqr the air behind the front can still be undergoing surface cooling along
the'eoast, |
2. Trbpicaf Trougn

“Tropical trough" is a name given to an upper-level disturbance which
appears around mid-January over southern India at and above‘30,000 feet.

- The trough,'mouing eastward, sharnly interrupts the prevailing upper
troposphericisouthwesterlies.‘ The Idwer tropOSphere is little affected;
until the trough reaches the Andamans but from.there on it intensifies and

~ colder air moves in from the north.




W - € P et " . .

Once over Thailand or‘Indo-China, a tropical crough may remain éta-
ticnary for a week.or more. The reason for thié may lie in the long-wave
pattern of the Tow 1at1tude po1ar westerlies.

" The first sign of the eventua1 dissipation of the trop1ca1 trough

'comes with reappearance of the upper southwesterlies over southern India.
Spreading northeast, they reestablish with the 1ow-fatitude polar wester-_
11es, creating the normal pattern of h1gh -level convergence in the reg1on
of the tropical trough. The trough weakens or dissipates in situ, although
it may sometimes move eastward if the low-latitude port1on of an Asia Minor
trough has alreadj started to move eastward. The sub-tropical ridge moves
north to its usual latitude, and weather returns to normal winter con-
d1t1ons

| The "trop1cal trough" occurs from three to six times .in a cool season,
but has not been observed to develop much before mid-January.. From there
on, it is 1ncreas1ng]y common, being the major rain producer for the dry
belt during March and April. The monthly var1a*ion in occurrence probably -
'resu]té from increasingiy frequent breakdown in.the upper soucherlwes to
the south and wes* of India as the season edvances. The reason for this .
is ﬁot knowﬁ; |
3. West China Trough

In winter the major Far Eastern leng‘wave mid-latitude westerly trough._
lies along about 125°E." Surface cyclones usﬁalIy deve]bp easc of this
lungitude. However, a fee times (rarely more‘than,four) every cool season
the trough along 125% dissipates or moves rapidly eastward. A warm ridge ‘

extends westward from the Pacific anticyclone bringingvfine weather to China




and sea fog to the China coast. The Siberian anti-cyclone retreats north-

' ward and westward over south China with dew p01nt and temperature rises,
and pressure falls. At thls state, a trough in the westerlies mov1ng east
from Ind1a will intensify over west China. This results in the reg1on of
surface cyclogenesis being d1sp1aced about 20 degrees westward.

. Occaslonally. 3 west China trough sltuat\on lasts from ten to twenty
days. However, when the trough finally moves eastward to its normal posi-
tion the continental anticyclone is restored to its usual position.ﬂ Toward -
the end of April this situation ceases4to be of signfficance. ‘ |

_The west China trough situation is usually favorable for fcrachin“
development but further research is necessary‘to ostablish the effect of
this situation on the weather of southeast Asia. |
4, Tropfcal Cyclones and Easterly Waves

In most parts of thetworld; during winter, the-sub-tropital ridge
slopes equatorward with height and usually reaches to within 10 to 12
degrees latitude of the equator in the high troposphere dver southeast
As1a and the Ph111pp1nes, however, the ridge axis above 700 mb is almost
vertical and is found between 15 and 17° ‘ »

South of the r1dge, in the reg1on of deep easterly flow, disturbances
typical of summer continue to be observed. Tropical storms or typhoons .
may pers1st there for several days, usuully dissi pating when a strong

northeast monsoon surge feeds cold dry surface air into the cwrcu]at1on

. e
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- Waves in the easterlies are not uncommon. They propagate slowly west-

" ward, with lew-level divergence and fire weatheé ahead, and low-level con-

vergence and pfecipitation behind.

" Tropical Cyclones'deve16b in the southeast‘Asia-waters‘(Chin; Sea and

Bay of Bengal) any time of the ycar but are more frequent during the

trahsition periods (September-Novémbér;_Apfil-May)‘and during the southwest

" monsoon (May-Septembér).

i

The rajnfa11 in Indo-China and Thailand during the fall transition

‘ period_(September-NOQember) is due primarily to tropical cyclones moving

from the sea to the land. During this period, especiafly south of 30°N.
the situation is one of_ebb‘pnd flow between the northeast monsoon and
typhoons; -the latter doﬁinate at first, But by January oqu feebie storms
or weak easterly waves penetrate west cf 125°€. |

' Easterly waves are relatively more common than tropfcal cyclénes in

mid-winter, but they seldom produce rain in the region of extremély shallow

_low-level easterlies north of the sub-tropical :-idge aloft

0ccas1ona11y, the superposut1on of a wave in the easterlies on a trough
in the polar wester11es may result in mutual intensification and general

rainy conditions. However, the frequency of thlS type of,svtuat1on is

" unknown.

Tr0pical'cyclogenesislin the Bay of Bengal and to a lesser extent ir
the China Sea precedes or coincides with tne onset of the southwest monsoon.
A large number of tfopical cyclones that develop in the 8ay of Bengal

during May often track to the northern sections of the Bay or into Burma.

‘These storms with a northward track ‘are often accompanied with geepening

monsoon westerlves in the1r rvght -hand sectors. It is these westerlies

.gn'.,r. """"'13 .-11.-? :



~ which usher in the southwest monsoon over southeast Asia and terminate

the prolanged winter dry period.

MESOSCALE' WEATHER SYSTEMS

The‘predominate mesoscale weather system is the thunderstorm or squall

‘lline. During the dry season conventional surface heating aided by oro-

graphic influences provide the poss1b1e trigger mechan1sm for such stonns
However. certavn synoptic d1sturbances wh1ch augment the 1ow 1eve con-
vergence e.g., "tropical trough", easterly waves or trop1ca1 cyclones may
increase thunderstorm or squall-line deve1opment '
Genera]ly speaking, good observational data for mesoscaIeAweather
systems are Taciing_for southeast Asia.
LOCAL EFFECTS
Many of fhe local effeets,on meteorological eIenents are produced by
topography,' Meteoroiogica1-dbsefvations are usually lacking in the

mountainous regions. Therefore, it is not too surprising to find little

written on the subject except perhaps in the broad-scale sense.

- Examination of mean mcnthly rainfall charts for southeast Asia
indicate in general terms the influence of the topography. During the
southwest monsoon, rain shadow regions can be observed in the Irrawaddy .

Basin of Burma, the central Valley in Thailand, and to a certain extent

- on the leeside of the Chaine des Cardamomes in Cambodia.

Geogr aphic enhancement of rainfall can be observed on the w1ndward

s1des of the Arakan Yoma and B11auk Taung in Burma, Trengganu H1gh1ands

of Ma]aye, Cha1ne des Cardamomes of Cambodxa .and Chaine Annam1t1que in

Vietnam and Laos.

‘ _ _.:-'-
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During the winter or cool season, rainfall is augmented along tne
Cha1ne Annam1t1que in V1etnam due to the forced ascent of the northeast
inonsoon. Th1s also occurs along the extreme southern pen1nSula in Thalland
. énd the Malay peninsula.

Foenn winds have been qioted to occur in certa1n regisns of Indo Ch1na.
During certain synopt1c s1tuat1ons a warm, dry w1nd descends from the
~vestern Highlands of Laos causing very uncomfortable conditions along the
north-central coast of Vietnam and possibly in regions'ot-qus and Thailand.
strong foehn conditions may also be observed on the leeside of the Chaine
Annamitique in Vietnam'during strong surges in the northeast monsoon.'

Along coastal areas land and sea breezes should be expected However,
l1ttle 1nfonnat1on is available on this subject for southeast Asia..

A FIRE NEATHER PROBABILITY. IN- SOUTHEAST ASIA
ASSUMPTIONS AND LIMITATIONS OF THE DATA
' Fire Weather Probaoilities.--Several stations in SOutneast Asia tor
which data in "N-Summary" form were available were used as a basis for
computing the probabillty of terget readiness for Project Emote operations
_(Apoendix 4). The format illustrated in Table 1 is similar to that.useo
Vin:an earlier report (Forest Flre Research Final Report, Phase 1, Volume 2)
with some siynificant chenges.' Flrst. the basis forithe input data has-
been changed in light of the'new requirements for eccumuletino drying days.-
After a light rain‘( 5 0.2 inch), 1 drying day myst occur befcre terget

readiness is achieved. After a heavy rain ( » .2 inch), 3 drying days

e v
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rust be accumulated A drying day is defined as one in which fue]-moisture'
content w111 decrease. finally down to equilibrium level. Specificatidns
for a drying day are: '

1. No rain has fallen in the preceding 24 hours.

2. Minihuh relative humidity drops below 704percent;

3. Afterncon cloud cover 1s.1ess thah 3/8. _

A.secend difference is that column XX in Fig. 12 of the Phase 1, Volume ‘
2 report has been expanded (see Table 1) to include more than one site after
a heavy rain. ' '

" There are five input probab111t1es for each stat1on for each m0nth

Referring aga1n to Table 1, note these probab111t1es are as fo]lows

0;015 P, = probability of a heavy rain within a day

H
0.031 = PL = probab111ty of a light rain within a day 4
0.105 = P, = probability of an overcast day
0.437 = Pb = probability of a half-overcast day_'
0 412 =P _ = pfobability ot a ciear day. |

P and P were determined from "N-Summary #3" data which are pre-
cip1tat1on amounts grouped in classes and mean number of days/class on a
monthly basis. For our purposes > 0.004 1nch was definec as a rainy day
“and this data together with the class >, 39 inch and > .39 inch were
p]otted on semi- 1og paper and an 1nterpo1ated value for > .2 inch was
'determ1ned from the graph. Th1s ualue was ‘the number of heavy rain days.

.’.Thws value subtracted from the ‘total .rain days ( ».004) gave the number -

of 11ght rain days. Then

"50'!1 ". .’,‘1‘ B
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. number of heavy rain days
P. =. number of cases

p . number of light rain days
L number ot cases -

The cloud cover probabilities were determined from "N-Summary 17" for

~ the local time nearest 1400 LST.  N-Summary 17 (mean number of days with

inditated ‘total and 1ow cloud amounts) ‘groups data by cloud cover clacses '
as 0 - 1/8, 0 - 2/8 ( 5 .25), 3/8 - 5/8 (.25 < N < .75), and 6/8 - 8/8 |
( z..?S). The interval 0 - 2/8 is defined for our purposes as bexng c1ear
3/8 - 5/8 as being 50 percent cloud cover, and‘thc.6/8 - &/8 interval as

being 100 percent cloud cover. Then

' " number of days 6/8 - 8/8 cover
Pa : overcast * number of cases

number of days 3/8 —44/8 cover
number of cases

Pb = 50 percent cover =

. . Number of days 0 - 2/8 cover:
Pc clear number- of cases

It is realized that these approximations for cloud cover anc interpulated

rain values leave something to be desired. But it is not unreasonzble te

assume that for a first approximation, considering the type of data which are

available, that the statistics can have meaning in a general sense if usec
inteliigent]y} |
COMPUTATIONS OF FIRE wEATHER PﬁOBABILITXES
1. 'Single’sftes
Given:

Pus PLs Pyo Ppo P

L

UhuU\ ol ir.ﬂ
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Assuming that:

a. Present weather is independent of past weather.

b. No dryiqg occurs on fainy or overcast days (zero “dryinﬁ .
days"). |
'c. A half-overcast day {s equivalent to one-half "dfyinq'day“. _
d. A clear qéy is equivalent to one "drying day". A’ S
e. A fire will burn if 3 or more Fering days" have actuhulatéd
vs%née the 1ast heavy rain»>0.2 ihcﬁ provided that 1 or more _
"drying days" have accumulated since the last 1ight'r§in.
What is the probability that at ieast one "burning.day" will occur -
within an N day weather wat(h. (N=1,2, ..., 15),‘if
A. When thé,weather wqtch.i§ instituted, 2 "drying days" have
* - accumulated since the last heavy rain? o A_
8. When the weather watch fs fnstituwted, no "drying days" n$ve
accumulatéd since the last heavy rain? |
We recognize that a given site on any given day may fequire o;} .
1, 14, ... . 3_5dryjng days" before béﬁng in a Sui;able condition for
burning. ‘Thus §-site may be descfibed as being‘in cne of the fo]lowinc

states :-

@ v : '
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State Dry1: 1 Days Days Since Days S1nce 2y

Number Neeged . Heavy Rain . Llﬂﬁﬁ_ﬂal_ L
o 3 0 | |
2 2% 3 | -
3 2 1 -
4 132 13 -
5 1 2 S0 -
6 3 23 | -
7 0 3 1

The des1red probabilities for questlons A and B above are then
A. The probability that a site now in state 5 arrives in state 7 .

in no more than N steps.

8. The probability that a site now in state 1 arrives in state 7
in no more than N steps. , | o |

We have assumed that present weather is 1ndependent of past weather,
which of course it is not. However. the degree of dependence -is unknOwn
As e €irst aoproximation we have assumed dependence of present:weather on
past weather to be sme11 end have formuiated the problem as ; Markdv.Cnain;

. that is, the process of drying may be described as a random or stdthastic
process which movesvfrom state i‘to'state J with probapf1fty qﬁ'ij whene the -
depend only on the present state of the process

The matrix Q' of s1ng1e step trans1t1on probab111t1es qQ ‘Jb in .erms

Aof the P described earlier are g1ven 1n Table 2. The probab111t1es we

requ1re for quest1ons A and B can easily be derived from these swngle step

oy ¢ . o - .
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Where

La. b c
H La b c
La b c
La b
L
L
HLa ='PH + PL = Pa s
CH=PL
‘La = PL - Pa;
as= Pa H
b= Pb H
©*Pcand
L=P

Ql




’probabi1itie$. We form the matrix Q (see Table 3) from 0' by making’
state 7 an absorbing state and computing the N step transition matrix
Q(N) by raising Q to the N-th power. The desired probabf\ity for question

A is then qu; and, for quest1on B, q% );

.Both ‘occur in ?ha right most
“column vector of the matr1x. Hence, 1nstead of Q(N) we nay compute Q(‘ ])
where q is the seventh column of q..'The comput tions were performed

from right to left as:

Each mu1tip1icatibn wasAthen a maérix by a co]qmn vector; no multi-
p]icafion of Q by itself was necessary.
2. Multfp]e.Sités | | ,

Find the probability that at least one of M sites (M =1,2, ...,10)
will experience at least one "burning. day" within an N day weather watch
(N=1, 2, ...., 15) if, when the weather watch is instituted, 2 "drying
days" haQe accumuiated at each site since the last heavy rain, and also
.under the assumption that no drying days have accumulated since the last
heavy rain; , | |

" These probabilities were calculated ffam the formula:
Py = 1" (1 - e |

Where . ’ . .

A PM N desired probability for M sites and an N day Qatch.

(N) (N\

PN = s1ngie site probab111ty from 1, (q5 7) or (q

)
-The basic assumption here is ‘that the weather at one site is
ndegendent of the weather at any Otner other s1*e which of course it 1sn
This obvious error w111 be minimized during the drier months when ramfa11

is essentia11y of theishower type from air mass rather than frontal

cystems.. Individual rain showers tend to be random,in'their;occurrence
w3 °
-20- .
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Nheré

H=P

La - b c,f;fﬁ;”

HLa = P + P + P, ;

W
la=P +P, 3
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a~1 in this sense the araument for site iﬁdebendence 1s,oresentéd.
3. Uncond1t1ona1 Probgb111t1es |
| Khat is the probabwl*ty that a random day is a- burn1ng day7

' cor the solution to th1s problem, we 'eturn to the matrix Q'

of section 1. The des1red probab111ty. U, is the orobab111ty that the

process is found to be in state 70 a h1gher state on a random day

If the u; are the probabilitias from the stationary dvstr1but1on of
the chain then

Y 6
U=7 wu,=1-75 U,
i 9

The sfationary probabilities satisfy the system of equations
uQ' =

where u is a row vector with elements uj and Q' ‘s the extension 0 Q.

A stepwise solution of the system for the first ten u, was obtained

with the following fonnu1ae:'

TS IVAIRE AR

up = up P/ (T Py=Pl )

ug = (P U+ Pyugg )/ (s Py o P)
where i =3, 4 -
_ . _ .

ug = [Pc Uz + Pyoug* PL‘(1- §=] ui)] ;] (O - Pa)

' ug = (P uy + Pb ug Y/ Q- P‘) ‘

o 4. Days that Burning 0perat1ons are Possibie

How many days are burnlno operat1ons possvble at any 1ocatwon in
any month? A
" The number of days equals the uncond1t1ona1 probab111ty. v, t1ﬂes“

the number of days in the month in question.

. 7 - A )
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ANALYSIS OF NUMBER OF DAYS THAT BURNING IS POSSISLE o

In Phase 1 of Project EMOTE, restr1ct1ons on amounts of rain and
ber of dry ng days were recogn1zed to be too severe. In an effort to,
remedy this we have gone too far the other way in establishing a hnav,
rain as > 2 1wch /day and reduc1ng the number of dry1ng days to 1 after
a ]1ght rain and 3 after a heavy rain. A comparison of map<ana1yses
of the two sets of conditions readily bear this out. We have the advantage
now of_at 1éast knowing the 1imits withinAwhfch we can operate. Thuy are
és follows:
a. Affef a-h;avy rain (> .2 inch) 3 drying days are not
enough and 5 drying days are too many. -
4b, After 2 11ght rain (g .2 inch) 1, drywng day is not enough
‘and 2 drying days are too many .

These 1imjts would apply generai]y to the dryer months - November
throbgh'March. It is recognized that only in isolated areas could a
succéssfu] operatibn be conducted in the rainy seésdn. Fdr convenience
1n';omparison, two maps for the same mdnih appear on each page (see
FigureS‘l-IZ).' The map on the right illustrates too liberal resfrictions
on burning operations whl]e the one on the left illustrates too con-
servat1ve restr1ct1ons., The 11bera1 analysis (r1qht chart) appears to
'. be quite sens1t1ve to the prevailing monsoon flow..certainTy'mUCh mora
so than the conservative analysis; One can readi1y see the effects of
Drgvailing southwest flow moving northward from Malaysia beginning in
MarCh.aﬁd cdntinbing throygh November whj]e the effect of.northeast'flow
can be seen frbﬁ October through Feerafy. .Septehber and ‘October, as
well as.Februéryland March,are transition months. The ihterioklof the
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Indochinese perinsula contihues to be relatively dry from Octbhér to"
Aﬁrfl when compared to the'cgast. Frovaay to September the nurher o?
burning days in the in;erior are }eduted .relative to coastal areas.
- One would tend to conclude from these analyses that the tctal number
of burnihg days are‘generally much.greatef in the interior Korat plateau
region and var.ab]e with the seasons a]ong the coast11nes The-data are
also sensitive to elevation w1th h1gher 10cat10ns near]y alweys hav1ng
more possible burning days than the lowlands. For this part of the worlc
such_a conclusion seeﬁs reasOnabTe in Tight of the fact that when we o
talk of lowlands we general]y mean high rawnfa]] areas and lush JunQae-
type vegetation. Our test operat1ons would tend to confirm that Onxy
.uuder the most ideal cond1t1ons can mode*ate]y successful burn1ng take
piace in the lower elevations. . Two tests actua11y took place in Janu:fy;
the month when success was most likely andjonvoniy-one:of'these days
was modest sgcéeés achieved.
THE BURNING EXPERIMENTS
Thfee burning experiments were conducted in Soﬁth Vietnam in ega=iv
1967. They were referre& to as "Pink Rose I, II, and III". The targets
_;were ignited by clustered incendiaries dfopped from 8-52 aircraft on
Janﬁéry 18, 1967 (Afea "c"), January'ZS 1967 (Area "A") and on Aprii 4,
1967 (Area "B"). The civilian adv1sory team observed the experlments ‘
in Aress "C" and "A" only. Meteorolog1ca1 data for area "B" waS_prCy~qﬁ:
by the First weathef.Group; and comments on what was observed reflect
the interprefation of personhel who saw the bufn_and reported on*tnéi%
ouserVatwns |
The burns were no; par;; u]arIy intense, énd in no caée 3ic ar

RS ]

actual firestorm occur where-411] major burn1ng elements contributed te’

b e——
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aumm———
a single convection cnlumn} Trere were hoi'spoté'in each burn, altrocugh
in Area "C" these'were short-lived.  Ground reconnaissance after each
burn ‘indicated many areas of unbturned fuel, which.is'emple evidence of
the relatively light fire intensity.
PINK,@OSE 1; AREA C, 18 JANUARr 1967 ‘
The flrst experiment (Area ‘e, Figure 13) Was ignited at 1409 LST,
Jar,ary 18, 1967 under extreme1y unfavorable atmospherwc conditions for
" ourning tropical forest fue];. The atmcsphere at_TOT was cool, moist
and»stable-—charatteristic of the peribdic 1ulls in the relatively dry
ncrtheast.monsoon. | . .
The eouthern portion of the Siberian High was dominatingrf1oe..
.Over South Vietram. Low level winds were light and nortneriy.' Finure‘li
illustrates a surfaee pressure ana]ys1s and gradient w1nd level stream-
line analysis for 00Z (0800 LST) for 18 January 1967. Southeaster1 f:cw
frem the 850-500 millibar levels on.January ]7thA(Figure 15) Beceme much
imore proncunced on January 18th (Figure 16) with deve10pment north of zre
.Phillippines of a strong. ant1cyclone in the upper levels through 207
m1111bars Unfortunately, southeaster]y flow advects moisture over Souzh
V1etnam and the result is ev1denced by the dense cloud cover 111usrra.ec
by the Nimbus IT satellite photo in Figure 17. The Tay Ninh and B1en npa
'RAG3s, Figure 18, ‘show considerable moistdre:dn the 18th. ‘Tay Niah much
- farther inlend near the Cambodian border has {ncreaSed moisture in tre
middle ’ayers and slight drying in the lower iayers whicn is mos* t*(e‘u
»-caused by norma1 diurnal warming and m1x1nq from afternoon nea.1ng
Tarqet area weather was. represented by Bien Hoa--located about 1¢

statute miles soueheast of target "C". Table 4 illustrates da11y weatrer
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f1qure 17.--Nimbus 11 sate]l\te photoqranh fkr ‘~2 7!
18 January 1968. .
Note: Clouds are b1ack whxte aress. are EE}a
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Temp * R. H. PEN - Sky Conattion . ,‘s-..:fbw
tize TN BH TN BM TN B4 Th_ BM TN . 8K W
7ian6? 88 86 70 68 55 59 - - 1008  2000/8 4.0 .
can67 B st & & B 57 - - 1500/@  0DIS00/M@ 6.0 -
Jjan 6 S0 S 656 44 & - - /@ 250/0 6.0 -
Jm6? 88 B3 65 61 & & - - /20 0 S -
Y an67 85 88 67 & 51 50 - e‘oﬁé’i_-.w" | %0/0 A -
e W e B e W - - L@@ o 508 s40 -
13 Jan 67 e 8 6 6 43 53 - -  /-D "3. 300/-0 10 -
16 Jan 67 S5 B3 §3 65 42 54 - - /-© L w0/@ . eme -
1567 31 B3 60 65 S0 54 - - 1200/-@  320800/@ -1t .
womer Je o W owm B s - . e 0O/ - 20 -
17Jan§ 79 81 59 59 50 4 - - 1500)‘59’ ®I00C/® - +12.C -
8an67 79 81 61 6 4 50 T .02 v.z:@""i_é;f L B0 7.3 -
9Jan 67 81 72 65 67 58 70 .01 .08 ss'o‘/i%q_:k 100100@75- o3
20006 83 81 6 65 51 58 - .08 150@/'9 C15Q200/@  +i o -
21Jan 67 86 85 65 65 49 1 - - 1sc0L® 10001560 <
2067 0 88 €8 68 48 S - .27 3BOI0O/Q 00/ 20T 5. -
23Jan 67 92 88 63 72 38 5% .76 .02 /@ A 0000/D . 3.0 -
240n67 €8 84 70 68 S5 59 - - 00,8 0BG - -0 -
25Jan 67 86 8 72 68 6 55 - - 3~d>1;a5 8P . e -
260an 67 90 56 66 66 45 51 - - 350/.-@ 00O L -
2Jan67 88 88 72 68 59 52 - - 3101000/$. 'ﬁooéca»/@ R
8Jan67 90 90 68 66 48 45 - - 00 . 250/-Q - +e5. -
29067 88 52 72 8 s & - - 1 300/-0 e -
3056 90 88 72 68 56 59 - - 250/-® - 30,-© 2.

3 Jan 67 86 88 70 66 59 45 - - 300 BO/Q 5.

Observations a* 1400 LST except as indicated
FTE00 LST; *++1200 LST; ****1309 LST
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obsnr»anlons for 3ien Hoa and Tax \ nh from Langar/ 7-31, 1957, ‘ote

tre 31 F. temrerature for Bien nca on the 18tn is relat*‘eu/ .,:? for -

January. Cn the o;her hand tne cew point of 6105. and 'eiative"

humidity of 50 percent appear tc ind1;a*e moderately dry condticnc

“re atmosphere was :u1te_stab1e,'however. wits a Shdwaiter Index of

_ *7.0 by 1400 LST at Tay Ninh. Earlier at Bien Hoa'a‘fsic‘showclier

-incex, together with the moisture advection, confirms tre enc of 3

~3rm, dry unstable period whfch'begad.on Januéky 9 and tontinuec throoor
the 17th. abruotly ending on the 18*h: This can bnst be 111ust’a;ed
w‘th the ver* ca] time section of temoeratue minus dew point at Tay Niah
shown un Fvcure 19 S1gn1ftcant coo:1ng and 1ncreases in moisture are
aoparent at near]v all levels start1ng on the 17th and continuing tnrcugh
the 24th. 1t rained at Bien Hoa ¢on § days of this period anc 3 ¢z s a:
Tay Ninh (Flgure 20).

Based on the January 18 RAOB at Tay Ninh (1400 ! ST) the cor-

vective condensatwon lTevel (CCL) at 13,00Cfeet MSL nre-determ1neq 3

convection temperature of 113°F. <o establish a aood conveccicr -olumn

sius a 10%F, effect1ve increase from good combust: on the necess:c - )

‘Figure 18c); With 3 maximum afternoon temperatire of °l°F . at 8ien =3
y20-

was comple»eiy cut of the question,. Teb]e 5 ind 1fatps obs r'ﬂ‘ weatner

parameters at ignition ‘time on the lBth D1urna. var1at on o‘ Tanperatyre,

dew. po1nt and relat1ve hur1d1ty on January 18 are illustrated for S - R
in Ficure 21. .erperatures decreaseu rap1d1y after 1500 LST witn corr.

ordlnq 1ncreases in re]at1ve hum1d1ty Of more s‘gnificanfe' n:;Vver.

s _tre ﬁradual rise ln dew pownt throuqhout the dau--1nd1cat~v= 27 tra

.hy:;t air au«e;t1on anreadv d1scussed

lU_l P A
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TABLZ 5. WEATHER OBSERVATIONS AT 1400 LST, 18 JANUARY 1967

Temperature
DeQ'Point:
Relative Huﬁidity
- Sky Condjtion
Stability Index
jPrécinitafioh
Days sincé Precipitation
' Drying Days

Precipitable Water

Bien Hoa

81%F

- 619F

50% '
25100 o0
+6.OV(0200L)
.02 inch (1800L)

6 daysv
2+

~ -48-

Tay Ninh
< 79%F

61°F

545

1200/
+7.0 |

T (Ton.Son Nhut
.05 inch) '

14 days
3+ (0800L)

3.27 (0800L) cm..
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2970 W1 12 13 14 15 16 Igaisat &

HOURS (Local Time i s e
--Diurnal variation of temoerature, dew point and
relative humidity for Bien Hoa, 18 January 1957.
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Altnougn. fuels were dry (no rain had faller for 6 days) ard the
_target had accumuiated tEe prescribed 3 dEying day;,‘1ow ciouds and a
high overcast limited solar heating Significantly so‘thai ) cool tern-
erature and rising dew point were enough‘to make the exogriment a |
failure. | | - |

The';onvection to1umn reached its maximum height at 1454 LST
(70T + 45 minutes) and was est1mated by aerial observers to be at
4.000 MSL. This top was not detected by radar. Observevs noted that
only a small port\on of the northwest corner of the target was burning
with any great amount of r]am1ng Assum1ng the Tay Ninh RAOB as . |
representative of the targg; at 1400 LST -that small portion of fire was
wcnerat§nq an equivalent temperature at the surface of aporoximaﬁely

- s8%F ., seven degrees of which might be attributable to tre firevitsé1f.

An 1nve*s1on near 2,000 feet effect1ve1y suppressed the rzmainder of the

fire. »

Although v{rga was observed between 1007 and 1100 LST over the
target, no rain was measured at the surface (Bien Hoa) until }800 ST
when .02 inch was recorded. Precipitation h;d been'?orecast 24 rour;
pricr to 107. |

SINK ROSE 11, AREA A, 28 JANUARY'1967 |

The second experiment (area "A", Figure 13) was ignited at 1405 iS©

January 28, 1967 under nearly 1dea1 atmospheric conditions. Northeast
monsoonal f1ow'wa§ well established. No précipitétion had Taller fur &
days and fﬁels were we]i conditioned by previous warm, dry days- ;ggir
under thé inf]ueﬁce of~the S{berian High; Figure 22, ‘the target arez
MRY w;s‘éxposed3to strohg npftheast monsoonal f?ow from the gradien’.

wind level up to 30C millibars, Figure 23. A strong anticycl ne‘w 1§

I'IJ*‘ et

-50-
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" Fiqure 22.--Surface prnssure aﬁuuys1s ard aradient wind level str _;:ﬂ’-;
analysis, 00Z (08L), 2R January 1S57. L}’P‘ n -~;§
. . - : . LJ
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Ccat- over tre -orth Indo-Thinese peninsula on January 27 ang 3. -

Tee Jiugsshere was moderately -unstabie at TOT due primarily o ciriaze

neating and dry air aloft. Thin -clouds are apparent in hiTous i}

~:nutes for January 27, Figure 24.

Target "L" was located about 25 statute miles nootheast of Tz,
%inh which was the nearest reguiarly resorting upper<air staticr.

“ctin: Table 4 anc Figure 20, lanuary 28 was one of the better Zays to

-corduct a burning operation. At Bien Hoa, temoeratufes at 1400 LST

had been increasing and humidities had been decreasinc daiiv since "

_ January'24. Tay Ninh continued to be guite warm although somewhat

~ore variable. Dew point and humidity cortinued to drcp after tarce:
1gniiion to minirum values ‘of 66°F..and 4€ percent while surface ie*:-
erature remained at 90°F (Figure 25)."° TaSle 6 incicates weather para-

~eters at TOT for Tay Ninh and Bien Hoa. Although the analysis in

"Fisure 1§ indicates January 28 to be at the end of a dry period cinija-

in magritude to the period ending January 17 and 1€ tnere ¢ sne imooriznat

difference between the twe.
~0

~ -

Surface temoeratures are ngar?y i F.;higher dn the 27th and ¢zZtn.
Also a s*ability ipaex of +4.5 on fhe 28th ihdicates a reTative}Q unstan e
at=osphere. The CCL at Tay Ninh'at 1200 LST on the 23th (Figure 26) -

was ai'9.400 MSL. A surface témberturé‘of 107%F. was recuired to estat?4e;

a good convection column. With a surface temperat.re of SOOF.this Wi

‘recriv hopeless to achieve even with the estimated 10°E. assist Triv
200d combusticn. At 1413 tne smoke layer was at ciou? base (T07 + 2

‘mirutes;. An inversion base at 5,600 feet MSL (Figure 25° coinzides

¥1%7 “gaSurel c.oud tops over target and vicinity. Aerial obserizrs

estirated F:o]umn neight gt 9,000 feet MSL. Radar .at Ten Son ?"h“i:"‘,"-”""' - —]

-53- g .
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Figure 24.--Nimbus II satellite photograch for 0450 Z (1250L),

27 January 1967. : )
NOTE: Clouds are black: clear areas are white.
' -54. e Voo
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Figure 25.--Diurnal variation of temperature, dew point Ld Lol -0
relative humidity for Tay Ninh, 28 canu:iry 1557 . -
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. ~ TABLE 6. WEATHER OBSERVATIONS, ]400 LST, 28 JANUARY 1967
Bien Hoa = Tay Ninh.
Tem;ergtufe o ‘ 90°F~1f ' ' 95°F

Dew Point S 6% e
Relative Humidity - 455 BT
Sky Condition - 250/-0 . 40@/@
éﬁabi]fty Index e ' +4.5
» Pregﬂé-b:itation 0 o
Daysbsjnce érecipitation | 4 days v o ‘4 d#;ﬁ (0800t}
Orying Days 3+(.020n1/23/67) 3+ (.76 on 1/23/67
o - : _ .7 (Ton Son Nhut .25 on
1/23/67) :

Precipitable Water - LS ©3.38 cm. (ogocL:

Ty b . I V .
B . ) ——————




JOYEO1INDD S13udI0 IHALVEIWIL ,
oL’ 0 . ot- 02-

] I !.Il‘l‘!?.!’ll.—ﬂ:ﬂvl_

1233 20 SONVSOORL

——e .-

1334 40 SANYSNOHL

oy

04

ot J

1%

"

9t

%

-

2]

«(121) 7v0 (Q). pue (96t Auenuer £z *(T21) 19C (°) ve

w

P I

1961 Kaenuer 82
yuiN Aey 404 S,80Vd--

JWA01INID SITW030 FUNIVEIMIL
o
AL

o ot

L —

"9z »anbty

-57-

i

N—

Nyy? e



asroort measured‘an ocho heigrt of 10,000 fee:'msp. Bean width is
the most 1ikei, explanotion for the difference in values. # seriesAof
raoar nhotos i]lustfatoé‘the fire image on the<§HI ond crl scounes of
toe CPS-9 Weather Radar (Figure 27). The 9,C00 foot tap irdicates ar
effectivo temnerature of 105°F. was achieved in.a small part ot tre
fire. Maxioum neight occurred at 1445 LST (70T + 40 minutes) ard
coincides with the period of most intense burning activity; hcwever,
A12 minutos Jater at 1457 LST tho.radar.top had decreasec¢ to 8,000 feel
a~d continued to decrease rap?d1y,as did the burning activity.
PIMK ROSE m AREA B, 4 April 1967 |
Area “g" (F1gure 13) was ignited at 1400 LST, Apr1l 4 1967 unaer
2:rly good atmospheric conditions in spite of the cloud cover present
aﬁ TOT. A low layer of clouds existed at 3,500 feet MSL, along witn an
overcast of unmeasured height, but which was estimated to be 7,300 fezt
MSL until after 1300 LST. This cloud cover prevented early evaporelich
of dew in the general target area. Although the relative humidity
droppeo to 51 percént at 1300 LST and was estimated to be 45 ;erient
‘a: TOT, trere was véry little drying time available to gropa=ly cun-
dition fuels. |
‘ 'The upper—airvstream]ine charts (Figures 28o33) from the pericd
- March- 331, 1967 through Apr11 5, 1967 were typ1cal of the end of the
strong northeast monsoon and its subsequent breakdown pr1or to the on-
set of the southwest monsoon. A 1o~ pressure center over northe.n
Indo China was alreody apparent from the surface through the‘8SD miiiibar
level, and accounied for the oouthwesterTy fiow ovor the southern half
3¢ South Jietnam;' Thi§ southwesteriy flow wos supported by antic;:ﬁ&o?:v

B -ss; L e— “‘1




DATE: 28 Jan 1967 TIME: 1L28 LST . DATE: 23
CAZIMUT 3Ls” . . STC: LES

HORIZONTAL SCALE: 7% Mi. ' : PLLIE 1ENGTH:

ELEVATIC!

.Jan

.
al ALl

o ' REVARLD

LATE: 28 Jan 1967 L
3TC: Off SCALE .(PPI): 77 mi.
DULEE LENGTH: Lew

H

ELEVATION ANGLE

—_ )
—
8
—

~

Figure 27.--C.P.5.-9 weather radar photographs “«z -

showing echos of targzet area "A".
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Jan 1737 :
I Cff STALE (PPI) .75 =i.
ST OLINGTH:  Low |
AT ANGLE: Z7

%gnge marrer 2t .57 st. mi.

'THOUSANDS OF FEET

’

[TIMUTH: 3kS ' S7¢C:

i7E: 28 Jan 1967 TIME: 145 IST . DATE:

4 RTTONTAL SCALE: T5'mi. - ©PULSE LanIT
‘AR¥5: Tors of echc at 9000 ft. ELFVATITN ANGLE

f-

Tigsure 27.-- Continued
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CATS: 28 Jan 19€7 TIME: 1455
s7C: Orf SCALE (PPI): 75 mi.
PULSE LENGTH: Leng
ELEVATION ANGLE: 2

REMARXE: Range marker 3h2 /ST st. mi.

(¢

DATE: 28 Jan 1967 TIME: 1503 LST
STC: Off ‘SCALE (PPI): 75 mi.
PULSE LENGTH: Longo
ELEVATION ANGLE:
REMARKS: Range marker 3&2 /57 st. mi.

Figure_27.--Continued
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DATE: 28 Jan 19€7 TIME: 1457 L

AZIMUTH:

3LL°

HORIZONTAL SCALE: Tf ™

REMARKS:

DATE:
STC:. O
PULSE LENGTH: Lo

ELEVATI

FEMARKS:

Tops of ech 8 750 ft.

ANDS OF FEFT:

~
N

THOU

N

28 Jan 1967 TIME: 1512 1ST
m

£ff SCALE (PPI):

ON ANGLE: 2
Range marker 3h2 /57 s
_..ﬂ—‘g ~ec

-




CATE: 23 Jan 1967 TI¥E: 1530 LST DATE: 1857 0
TC: 0= SCALE (PFIV.745 r. : STC .. .

[

~alv e

PULSE LENGTH: Zons B » .. LR LENSTE:  Long
ANGLE: .27

SLEVATION ANGLE: :2
FMARES: E)épaniable
"o/C 3L27/57 mi.

28 Jan 1967 TIME: 13
HCFTZCNTAL OCALE: - 75 st. mi. .
AZIMUTH: - 34L° » L o
RESARKS: Tops <f echo at 5C3% Tt., 3Lh° : :

Figure 27.--Continued . : ‘ : : -
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sirecaniine flow “rom a center ?ocated just =i tr‘fJOuth v atnaqese
hY
c3az1. ~nich at times durwnq the ceriod Aprii 2-5\ 1967-tas locatec as
far east 25 the Fr=111p1res The two- flows cau se” the deeloc —r* of
aAﬁcn:erﬁence zorne over the maznuand 1ntenn1’teﬂt1) dU'1rg tho pef‘”'
-ReéorCed rain ‘el .n1/ on the 3rd o‘ Apf11 at 2ien nva."t: otrhff

‘moisture was notad otuer thar ‘og at. nany stat c S "n Sc.;r Y ztram

9 tre mCrNINGE, J‘ April 2, 4, and 5. Fog 1s of no suror*se st ince tne

teﬂ~eratu'e -dew coint spread was as low as 3- 4%F. at-OGOO L)\.,.chever;

<nore was no fod in the target area on tre marning o April &, {'zuds

are apparent ir. Nimous- I1 photo prior to TOT,.Eigqre.Eép

“ow at 700 millibars and above was generd]Ty.hor:heastgwly gf:%

ire "enher of a fairiy 1ntense anticyclone located cver Thai“ard, Furz

\

2nd Laos. f1uure 35 shcws ‘the Tay Ninh RANS .for {4307 {1230 L3T). ‘e~

Nirn is lccated about 10 miles south of the target and 7ars Sz consifes
as reoresentative of the target area. This sounding indicatez a "«

onvect’ve Curuensat1on Level) of 2, 300 feet anc a L7C of 3,200 TeiT

L convective temperafure of 99°F. was nearly acnieved Betwe . 1207370

1820 LT when the maximum temperature wus @stimatad o 02 G70F. al Toy

tinh and proba:iy'rea; 950?5096°Ff at TOT.{ngu}e 32). The ncffaf

A podst excecteq fror good combusticn shou:id have :eenlvore [4ghle ;5?:;51
20 estab1 sh a substanti a1 convec'1on colemn to 20-u4u ‘agt or hizner.
nfter 707 a cumulus c]oud over the fire area deve1opec s5 .r €yt Tl
refont of 50,000 feet. Therefore.we can réESOETrt) -c.zi;dQ That e

forest fuels and the incendiaries together diz buv< interie esi - -

Y
19

srovide an equivelent surface temperature toost of &t lezst s=7TF.

Compared to tergets “C" and "A" the atmos:nire was mCre 4mstal’s

,-69-  ;. ". ; — x |




Figure 34.--Nimbus 11 photoaranh for 04357 <1235} 4 April 1967
Note: Clouds are black: clear areas are white.
-70-
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: f'_;f;zer_______;=,L

'Po <nowa1ter Index over tarsg et “8" Was

P .
[\
s

)

/\r

20137 dezres. dmmen <053t 1800 LST "‘gure 35).

! ‘fﬂ s*'o o the ccnvect1ve coTumr groung recgr-

~,c a *r’a*1ve1y noor burn OCCurred C?o;d cover

ir :f%utfr :,*s ‘a brodable exoTa"a 1or ‘or near fyel condisicnc
i *es§f35né cosr burr N1rh’t1me condensat1on permitted ‘ha; *??i'
znd 5637JM f~els to absorb no1sture wh ch was not evacorated be*wner
ATﬁf'-}3’? L*7--2 ti=e when cloud cover wou]d norma‘ly be exrected to

on Hrr‘1 &, 1967 a* 1300 LST ‘the target was stil] Grercast.

:f:e: weu,*n' e ustrated by da y weather ohserv ations a* Rier -i:
ang N*ﬂr from hﬁr,l 1.5, 1967 (fwaure 37 and Table 7).

Caﬁswdarxnﬂ ¢he me.eoro Jogical cond1t1ons at ’OT it would seen- ks

[ S-",TC"'"

t fuel cond1t1ons, the4energy developed in the..wre (due to *re
="rreasecfcen51ty o‘ 1ncend1arves) was enough to force the corvection.

Co1u”r ;"Auch the overcasf layer at 7 000 feot to the LFC where addiz-(n:

energy ?*om thg condessation arocess permitted the continued arowth <<
2 cupulugiflguq aboge-the‘convectioh column from'the fife.' A cloud
rea”wind tﬁe estimated height o‘ 50, OOO feet would orobab?y cause

ores r*at on ard cou1d acc0unt for the standvng water obse*ved by the

g?o‘und re;anaﬂ.ssance team the morning after the burn.

. = ) ’ .ro.".\
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Figure 37.--Temperature, dew point, relative humidity ana clsuds 3t
Bien Hoa and Tay Ninh for 1-5 April 1967. ’
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Vo &pr 67
2 Apr 67
3 Aor 67
4 Apr 67
-1 Apr 67

TABLE 7. WEATHER.OBSERVATIONS AT BIEN MOA AND TAY NINK

0: % 1 _ '

Temp 7d - R, M. PCPN Sky Condition Stadbilit:
™ Bs  IN_ BN TN B4 TN BN TN _ BH TN 84
% % &8 % # B - - k0 £300/0 - - -
-’ » ‘ ' »

9 91 6 70 -37 S5 - - o) 50 - -
97 91 70 72 42 sS4 - - 350 300/0® - -
35 08 72 0B O3 & . .  soue 200e700/@ +175 -
93 9 722 10 51 ST . . 00800/-@ 250/ @ - -

LST; ***1200LS

Cbservations at 1400 LST except as indicat
1500 13T, ¥971300 ] 1 j
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. APPENDIX I1

PROGRAM FOR MARKOV CHAIN
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APPENDIX 111

DICTIONARY OF NAMES
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HELFMAN PROJECT EMOTE

MEMORY

SYSTEM, INCLUDING IDCS

FILE BLOCK ORIGIN

NUMBER OF FILES = 2
1. S.F8IN

‘2. S.FBLU
" OBJECT PRUOGRAM

i« DECK -ENCODE-
2. DECK -DECUDE-
"3, DECK -CHRTAB-
4. DECKX -CHRINS-
5. DECK -STRING-
6. SUBR -INSYFB-
7. SUBR -QUSYFB-
8.  SUBR -POSTX - -
9.. SUBR ~CHNSTNT- e
10.. SU3R -FC5 -
11« SUBR =FU6
i2. 'SUBR -10S
+3. SUBR -Rwb
l4. SUBR =RwD
15. SUBR -ACV
16 SUBR -HCV -
17. SUBR -X(CV -
18. SUBR =-TMTARR-
19. SUBR =FPT -
20. SUBR =-XEM - e
21. SUBR =XIT -

(e « INSERTIONS OJR DELETIONS MADE IN THIS DECK)

 INPUT - OUTPUT BUFFERS

UNUSED CORE

M A

12226

12251

12274

126474
12640
1274C
13022

13102

13141

13172
13311
13321
13322
13323
13601
14213
14721
14751
15054
15072
15243
15631
16042

P

UBJECT PRUGRAM IS BEING ENTERED INTO STORAGE.

'EMOTE STATION INDEX

SIAGON, SOUTH VIETNAM ~

© 12GRF332QKLIBIFQCR

SCTRANG, SOUTH VIETNAM:
52GUR.GF32Q0KLZBIFACK

NHATRANG, SOUTH VIETNAM
ZFQRRJIGF32CKLZBIFICR

JLEIKU, SSUTH VICTNSM

NETNMEPIMIN S S S IeP S as

48900
6544

48913
65C89

48877

600YY

. 48566
S ATHTT

\' ’
' ‘;EEEE ~ IBLDR == JGB . 30000t

00000 THRU 12217

12226

12274 THRU lo043

17067 THRUL. 1277=

16044 THRU . 77062




TAVOY, BURMA
RQ3LVNJIKRC

MANDALAY, BURMA
CFRRWRHVNJKRC

KENGTUNGy BURMA
TFBQGFKVGJKRC

" VICTGRIA POINT, BURMA

" ILQUJIRIISFIVQJIKRE

SANDOWAY, BURMA |
2FR3WROVNJKRC

- THARRAWADDY, BURMA
ZQIRRJRDWWVNIKRC

 BASSEIN, BURMA o
RV221BVFJKRC

. MINGALADON, BURMA
CFIRGRH3NVFJKRC

AKYAB, BURMA
TRRNVVJKRC

SONGKHLA, THAILAND
32GFZTRHZQ IRRHWF

BAN DON, THAILAND
RVWFF3ZQIRRHWF

PHUKET AIRPORT, THAILAND
SKZBTRQJ13SQIZQIRRHKF

RANONG, THAILAND
RJ3FGFZQIRRHWF -

* CHUMPHON, THAILAND
© ZUCKZSF3ZQIRRHWF

PRACHUAP KHIRIKHAN, THAILAND
_’SRJZURKTSKZlJlTFRZQlRRHHF

MAE SARIANG, THAILAND
PC2BJRRIGFZQIRRHWF

PHITSANULOK, THAILAND
$122QFRHKT 3ZQIRRHWF

SATTAMIP, THAILAND
R2QQCRS 1ZQ IRRHWF

SURIN, THAILAND
" 2JKFIZQIRRHWF

ST THAMMARAT, THAILAND
2QIRZCCJRQRZQIRRHWF

CHIANGRAI, THAILAND

-86-

48477

48108
69004

48042
64016

48060
64047

48112
69019

48230 ¢
64040

48088
64000

480940
64065

48096
64075 .

480620 .
64017

48568

60607

48551
60090

48565

60007

©3532
60018

48517
600Y9

48500

© 60044

48325
68001

48378
6200Y

660YY

48432
66018

48552
60010

| 48303 ;;J'

(S



RTSL 43¢ JVCW3RI

BATTAMBANG, CAMBODIA
RVQGCRRVGFRUVCW3R ]

KRAKOR, CAMBODIA
JTTRIIRIVCWIRI

SIEvREAP, -CAMBODIA
12CBBJSRRUVCW3RI]

KIMPUNG CrAM, CAMEODIA
TC33SGFZUCRRUVCW3RI

PHNOMPENH, CAMBODIA
 SFZC3BSZFRUVCWIRI

PAKSE, LAOS
STRB2RH23

LUANG PRABANG, LAOS
KHFRSGRJRVGFRHZ3 ‘

VIENTIANE, LADS
LBIQFRIBFRH23

SEND, LAOS
B23FRHZ23

KHON-KAEN, THAILAND
T3Z-FRTFBZQIRRHWF

UDORN, THAILAND
K3WFJZQIRRHAF

NAKHON-SAWAD, THAILAND

RFZTF32-DRWRZQIRRHWF

JBON, THAILAND
VRF3ZQIRRHNWF

NAKHON-RATCHASIMA, THAILAND
FTR32Z-FRJUQRZI2RCZQIRRHWF

EANGKOK, THAILAND
VFRTGT3ZQIRRHWF

AELLESLEY, MALAYA
D1H3BHH2NBRCRHRN

~ MALACCA, MALAYA
CHRURRURCRHRN

PINANG, MALAYA
»SRFGFRCRHRN

- .er-

' 64080

65000

48962
65017

48968

65007

48966
65077

48995
65C0>

48991
65095

48955
65000

48930
65043

48940
65046

489438

65C06 -

48381

68090

48354
68060

48400
66C44

48407
660Y4

48431
66098

48455

66000

48602

67014

48665%

. 67CO7

4B601
6709« -

«8053
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DANANG, SUUTH VIETNAM
RWRFGF32QKLZBIFQCR

HUE, SOUTH VIETNAM
1BK32QKLZBIFQCR

QU [-NHON, SOUTH vIETNAM

KA-IZFF332QKLZIBIFQCR

RACH-GIA, SOUTH VIETNAM
RJZUG=RI32QKLZBIFQCR

BAOLOC, SOUTH VIETNAM
"RVH3U332QKL2ZBIFQCR

DJIRING, SOUTH VIETNAM
WIEIJGF32QKLZBIFQCR

DALAT, SOUTH VIETNAM
WHRQR32QKLZBIFQCR

. QUANGTRI, SOUTH VIETNAM "

KAFRQGIJ32QKLZBIFQCR

BAN ME THUOT, SOUTH VIETNAM
RVCFQBKZQ332QKLZBIFQCR

BAC KAN, NORTH VIETNAM
RVTUFR3FQJLZBIFQCR

CAQD BANG, NORTH VIETNAM

. U3RRVGF3FQJLZBIFQCR

THANH HOA, NORTH VIETNAM
ZQFRZZR33FQJLZBIFQCR

 MONCAY, NORTH VIETNAM

3CUFNR3IFQJLZBIFQCR

THAI NGYEN, NORTH VIETNAM
QRZFINGFB3FQJLZBIFQCR

LANGSON, NORTH VIETNAM
HFR2GF33FQJLZBIFQCR

VINH, NORTH VIETNAM
ILZF3FQILZBIFQCR

HANOl, MORTH VIETNAM

- ZFRI33FQJLZBIFQCR

CHAPA, NORTH VIETNAM
URZRS3FQILZBIFQCR

STUNGTRENG, CAMBODIA
Q2FKQGBJGFRUVCW3RI -

. SVAY RIENG, CAMBODIA ~ -~

ZRLJNBIGFRUVCﬂSR[

KAMPOT, CAMBQODIA

. -%-




312 SRLGIRZQIRRHWF 68084
CHIANG MAL, THAILAND : 483:7
: 68071

JIZFRCGIRZQIRHwF - L
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