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SUMMARY
) In 1965, the Joint Chiefs of Staff requestefl that the Secretyfy of Defense initiate research

todetermine the feasibility of destroying larng areas of foresfor jungle growth by fire. Tests

conducted in Vietnam in 1965 and 1866 (Operations SHERYOOD FOREST and HOT TIP) were

inconclusive, A test series, code-named Plhr'K ROSE, was conducted in 1967,

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

resentative jungle zreas in War Zones C and D, Eacl 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 sahrating the target with 72,000 M-74 incendi-

ary bomblets, This ignition density was doublefi on the third target.

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

unless effective chemical desiccants/ can be developed.
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BACKGROUND

The dense vegetation canopies which are characteristic of tropical forest areus provide
coverand conceidment forthe movement and activities of enemy forces, Following up ahorted
attempt (Operation SHIERWOOD FOREST) on 31 March 1965 to burn tropical forest veg‘vt:nion~
at Boi Loi Wood in Tay Ninh Province, Republic of Vietnam, —IICINCP.-\C requested that the
Joint Chiefs of Stalf 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 und sctive participation in this program by the Branch of Furest 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 I - 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 desizned to de-
scribe the chemical treatment and fiammability requirements of tropical forests

=0 thit lorest vegetation might be operationally modified for incendiary attacks,

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 dofoliant was
spraved over most of the area between Jianuary 24 and February 6, This dry season herbi-
cide application delayved 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

nmunimum possible tuel desiccation,

1/ Bren, et al, Neutralization of Viet Cong S:fe Havens: A Preliminary Study (V) Tech,
Paper PAC=TP-191. 1965, T4 pp.
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OPERATION SHERWOOD FOREST
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OPERATION HOT TIP

- CHU PONG MOUNTAIN

11 March 1966
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cen Hion i TiZo on 11 March 1966, fifteen B=-52 aircraft dropped 255 M-35 incen-
<ter<on e tarzet area, This ignition strike was followed after 1430 by 11 napalm
cCong the wrevind <ide of the taraet area. Many of the fire sets merged and developed
. eonvection column reaching to 22,000 feet, Flames did not carry through the tree

csoexcept at ridoetops, nor were firestorm conditions produced. but the 17.5 percent

Hol the forest ciamopy was encouraging under the existing treatment conditions.

“imigh the results of HOT TIP on Chu Pong Mountain were inconclusive, information
“luring the upvr;itiun warranted additional testing. Following the evaluation of HOT
L =cverd operational changes were recommended for forest incendiary programs in
Vicetnam,  These test plan changes involved chemical treatment, ordnance require-

i weather requirements,

CCAT RN

tw~ o+~ carried out in February 1966, at a site in the Ceniral Highlands about
;e e Chu Pong test arca, Fuel moisture measurements were made of the

e v <t arvas treated at different times:
N opie 1o ared -- Sprayed with Orange in late November 1965,
.. danuar rea -- Sprayed with Orange on 24 January 1966,

“oments from these two areas indiczted that the moisture content of twigs less than 1/2
S cchameter renaaned at relatively high levels following chemical treatment and that lt.heir
vire content actuadly increased over time, The average moisture content of all samples
“n-tree days in the November arca was 85,9 percent; in the January spray arca the
cowas 814 percent, Mogsture contents of this magnitude indicated that the internal
e translocation .s'\ﬁt('ms‘ of the vegetation were still functioning foll«ﬁ-:ing chemical
«nt, Thus, more than half of the fine fuels needed to carry fire into and through the

Canopy were too wet o burn,

v et al, Forest Fire R.-xvurch,'l-‘in;‘.l Report, Phase 1, Vol, 1. Requirements for a
ol Destrovin: Forest/Jungle Growth by Fire, Forest Sevvice, U, S, D, \,, 34 pp.,
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Fig. 5

MOISTURE CONTENT OF SMALL TWIGS REMAINED

TOO HIGH TO PERMIT COMBUSTION FOLLOWING

CHEMICAL TREATMENT.

DRY SEASON

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-

ceidures 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 striph was too great.
Consequently, ordnance requirements were recommended to provide an increase in ignition
density and a reduction in spacing between afrcraft strips. The recommendation specified at
least one fgnition per 8000 square feet of forest area and a contiguous pattern of flight strips
t¢ insure sauration 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 cnbi.ng of restrictions in the weather specifications for burning tropical forest
fuels, The HOT TIP specifications of 2 drying dxiys heing 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,

() Afternoon eloud cover is less than 3/3 -

SEORER
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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
19686 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 head-
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-.
her 1966, a four-man Forest Service team worked in Saigon assisting the PINK ROSE project
officer in preparing thé test plan (see Appendix ), '

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 techniques.

Selection of PINK ROSE Targets

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

T}}e 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, 3446, 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 capcs lxw= 2

«uccessful desiccation appeared unlikely (Area C),

CHEMICAL PRETREATMENT
The initial defoliant spraying was completed as rapidly as prs~re gz -
reculur spray operations, Standard swaths were applied, each 9,1 X .0 aw-

I IR e
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OPERATION PINK ROSE
January-April 1967




e

P

Fig. 8A
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Fig. 9A

PINK ROSE TARGET AREA B

a

..




T e i




[URPron

~ae— ——— ™

Fig. 10A

PINK ROSE TARGET AREAC

T wdt L

E e s



Fig. 108

AREA C FUELS: HEAVY TRIPLE CANOPY
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< vachoswath length across one of the test areas., lf‘ydi*,(o:;c_h aircraft sortie, only 400 sailons
e considered as delivered within the area. Thus. the data for the first treatment (see

y-

[.hie 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

so 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 one 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 Omnge—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 Orunge, and all on Area B was Wiiite, Blueywas used in the third spray on half of

each area,

1/ Orange
50°" n-hutyl ester of 2, 4-dichlorophenoxyacetic acid
. n-butyl ester of 2,4,5-trichlorophcnoxyacetic acid

27 White (Tordon 101)
30 4-amino-3, 5, 6-trichloropicolinic acid as the trilsopropanolamine salt,
70°. 2, 4-dichlorophenoyacetic acid as the trifsopropanolamine salt,

2/ Blue (Phytar 160)
7. dimethylarsinic acld as sodium cacodylate

12 dimethylarsinic acid

~
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Fig. ll‘
DEFOLIANT SPRAY OPERATION OVER
PINK ROSE TARGET AREA A.
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Table 1 - Herbicide Treatments on Arcas A, B, and C

Area
re 1ent imte srhicide
| reatmen Ditc 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 Boti 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 Dee, 16 Orange 12, 600
ec, 26-30 White 28,800
Dee, 26-130 Orange 23,400 9. 900
TOTAL 23,400 28, 800 22, 500
Per Acre 1.93 2.3 1.86
Third Jan, 3-7 Blue 10, 800
dan, 16-1n Blue 14,200
Adan, 19-21 Blue 23,700
TOTAL 14,200 23,700 10, 800
Per Acre 1,95V 3.912/ 1.783/

1/ Blue was applied on about 0,6 of the total acreage in Area A, making an average rate of
approximateh 1,9, 1, /a -~ on the west side of the area.

27 Blue was apphied on the south half of Arca B, but much of the first swaths drifted to the
~outh off the ores,  Actual overage rate on the arca {s not known hut is much below the

3,91 s, oa,

iy Bhue s applied on the south half of Area C at about 1,78 by, /a,

22
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I e .‘\i~?;.'.‘Ym-L-;,":‘d}.§1‘\' Cluster Bomb was chosen for the PINK ROSE inee nedpam ;m.u-k.s.‘
Foas oo wcizns U0 pounds and contains a cluster of 57 M T4A1 bomblets, Each bomblet
coniaine 005 wands of PT D incendiary filline. The homb cluster was tuscd to open at an
drtade o approximatels 3000 jeet, Plans {or ignition of PINK ROSE taracts culled lor 4 B=52
Sivine of Sooaiveradt. each carrving 42 M-35 Incendiary Cluster Bombs, Usine this ignition
Lovdes one B=32 prowides approximately one ignition source for each 6200 square feet through-
oat o aattern 700 teet wide by 21,000 feet lonz, The total B-52 strike would saturate ;i are:
2000 feet on a side with 72,000 individual iznition sources, .;\\'(‘r:l.gc spacing between igmi-

tm points was caleulated to he S35 feet,

PINK ROSE [[ ARLA €, 1% JANUARY 1967

PINK ROSE T iruet C, 45 miles northeast of Saizon in War Zone D, was ignited as planned
oh i~ Juaary 1967, The target box was situated just north of the Dong Nai River, A smaller
stream drained the eastern half of the target and a north-south road bisected the area, An
abandoned air strip was located on the north edge of Area C, The vegetation wwas character-
red Dy a dense (eiple canopy trupical forest, Several swamps and clearings were scattered
throuchout the tureel. The topography in the :ir‘:l was flat and the elevationwas approximate-
Iv 100 feet, '

On Is January 1067, atmospheric cenditions tor burning forest fuels were generally un-
iavorable, The o as cool. moist and stable; characteristic of periodic Wills 1n the winter
northeast monsoon,  All South Vietham was under the influence of the southern portion of the
Siverom High, Low jevel winds were light and northerly up through the gradient wind level,
Sontheasterhy How 1eom the S50 mb through the 500 mb levels on January 17th became much
more pronounce d on the Isth with the development of a strong anticyclone north of the Philip-
panes an Uie upper tevels | through 200 millibars, . This relatively strong and deep southeast-

crlv oy was resoonsible tor the adyection ol considerable mojsture wt all levels,

aen itoa, located about 15 miles southeast of target C, was the nearest weather station
Lo the taroet area, igure B gllustrates the values of severad metcomlogical sarameters it
Vi LNT Lor the Bgen Hoa station trom 15 January through 21 anuary 1967, Fiaure Lo shows

e ctarnal trend an T anuaan, the day oof the strike,

23
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PINK ROSE TARGET AREA C
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EIEN 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 56 .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 L 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 as 1-3
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e neareststation taking upper air soundings was Tay Ninh, some 50 miles to the North-
werton Target €. These soundings show a significant increase in moisture aloft beginning on
the 17th aud continuing through the 24th. At 1400 on the 13th the sounding shows a deep 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 ft. 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
1445, Ten B-52 passes of three planes per pass effectively delivered all ordnance durihg the
335 minute strike period. The strips were flown ‘fmm 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
suryges 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

detecuaable 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 abandoned 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 pnwious’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
=irvey site was too far removed from the northwest comner of fire activity for meaningful ob-
~ervations of fire hehavior to be obtainable. The complete post strike evaluation report is

shown as Appendix I1-A,

28
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Fig. 17
FIRST STRIKE
PINK ROSE TARGET C

1410 Hours, 18 Jan., 1967
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Fig. 19
SECONDARY EXPLOSION DURING FIRST BOMB RUN
PINK ROSE TARGET C

1411-1413 Hours 18 Jan., 1967 (note difference in color and rate of rise of smoke)
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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
34
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Fig. 22

M-74 CASING RECOVERED BY
POST STRIKE SURVEY PARTY
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PINK ROSE 11, ARFA A, 28 JANUARY 1967 "

Area A is located about 4 miles south of the Cambodian border and 12 miles southwest of
An Loe. Two tributaries of the Saigon Rivcr, Rach Trau and Cha Va, drain portions of the
target arca, The vegetation consisted of adouble canopy forest stand with interspersed grass
fickls 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 icnited 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 influcnce of the Siberian High with a flat pressure pattern, South Vietnam and
target A were exposed to a well defined nortiieast monsoon flow from the gradient wind level
up to 300 mbs. A strong anticyclone was oriented over the north Indochinese peninsula on 27
and 28 January. The atmosphere was moderately unstable at TOT or 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 station in the target vicinity.

Tay Ninh's surfacé weather for the week of 25-31 January is shown in Figure 24; the di-
umal trend for 28 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 in South Vietham,

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-

~crved only in the open grass flelds and in the timbered margins around openings., Post-
~tribe color photography and aeriad reconnaissance flights indicated that the combustion of
tuels in the openiags was fairly ¢onplete, Even such large down fuels as uprooted trees were

k7
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Lesi naw h‘ig’j;lsh. This evidence of efficient burning can probably be attributed to the

citective deving of fuels exposed to direct solar radiation in clearings and clearing edges..

Secondary explosions within the target area were noted by aerial observers during the
incendiaryattack. 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

+xXplosions during the course of the raid.

The rate of burning in these areas where fuels did support active combustion was con-
sidorably greater than on similar sites in Area C. The burning of clearings and odges on
Area Awas characterized by pronounced convective activity and the production of dense. biack
smoke. The appearance of this smoke was in marked contcast 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 wus
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 sirikc ground reconnaissance mission was scheduled for 0800 on 29 January.
However, intense ground fire from the vicinity of the only possible landing zones precluded
dircct 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 east-west flight pattern in the
north half of e target. These strips covered approximately 2200 acres, or 13,2 percent of
the arca. All recognizable burned areas larger thu 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

cla~safied as follows:
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Fig. 23

PINK ROSE TARGET AREA A
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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 44 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)
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Fig. 28
F_I'RES BURNED HOT IN CLEARINGS
(NOTE RESIDUAL WHITE ASH)

44
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_ Mearly complete removal of

vegetation,

Hot ground fire; partial reduc-

t

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

was W eIy

Pre-Strike Vegetation Type

A, Low, secondary vegetation (under 15 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. - »

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 (See Table 2).

Table 2. Percent of Tropical Forest Modification by Incendiary Attack, Area A,
28 January 1967, (Based on Pre-8trike Black and White and Post-8irike
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 9
Narth 1 52.4 3.7 56.1
South | 27,6 o _ 21,6
oth 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 4.5 26,0
Hoth 2 27.2 1.2 33.1 1.5 60,3 2.9
North 3 €.3 6.9 13.2
South 3 o 8.2 8,2
f0th 3 6.3 0.3 15.1 0.7 2.4 1.0
Petad 113.5 N 51.9 2.4 165, 1 0
45
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CONVECTION COLUMN DEVE! "PMENT
PINK ROSE TARGET A
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Fig. 30
EXAMPLE OF PHOTOGRAPHIC CLASSIFICATION
OF BURNED AREAS. PINK ROSE TARGET A.
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Vool venoval as cadeulated from mca:.urements of con\ecti\e actn ity amounted to 2,5

o M. Gy RS, vl

Pd oper acre or about 15 of the total a\mlable fuel Thns hgure agrees well with the esti-
mutes made during the 29 Junuary observation flights. but is twice that determined from the

=azuple photography,

PINK ROSE I - AREA B, 4 APRIL 1967

Arca 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
247 which runs nearly east-west forms the southern boundary of the target. The vegetation
on the area 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-
pozraphy 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 I, 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 530 millibar level, and accounted for the southwesterly flow over the eout.hern
half of South Vietham, 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 zone over the mainland intermittently during the period, Recuided rain fcll only on
the drd of A‘pn'l at Bicn Hoa, No other moisture was noted other than fog at many stations in

South Viewmam (ut not in the target arca) on the momings of 2 and 4 Apr'l.

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

Loty sipated and local thermal convection had broken the stratus to form a 7/10 cover ol
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PINK ROSE TARGET AREA B
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-trdocumalus with bases at 3500 feet and tops about 4200 feet. This persistent morning over-
cast would signiticantly retard dew evaporation. and fuel moistures were undoubtedly higher
AU TOT than would e 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, bombing 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
nothing 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, 8, under
similar circumstances. From 1445 to 1515 hours, spread was drastically reduced as the
initially imited spots burned out to leave thin rings of burning litter., As in previous strikes.

Hires 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 ceaced, the accumulated heat finally pushed surface
temperatures above the free convective leve., A towering cumulus developed over the target

et reached an elesation of 43,000 o 50,000 lcet.yuul more than 1/2inch of rain fell on the

P he Tower estimite 1s taken from the Tay Ninh sounding, the upper estimate from airceridt
ohervations,  Unfortunately no radar observations were obtained,
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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
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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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C.1515 Hours
Fig. 36

INFRARED IMAGERY OF PINK ROSE TARGET B
4 April 1967
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tarzet area before the damage assessment party entered the next morning. Neither towering

curmulus 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 thev firsf 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 burned. But fire did not spread into the forest crowns
and the effective increase in vertical visibility was negligible. Because of the "iirestorm" {t
was not possible to use canvection coluran sounding data to compute fuel removal.

Stem and twig samples taken from defoliatéd trees and vines showed that the maximum
depth of char was 0,17 inches, These samples were colleéted immediacely adjacent to loca-
tions where downed logs andAsnags up to 9 inches in diameter had completely burned through.
This is taken &s additional evidence that chemical defoliants are not acting as effective des-
iccants,
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ig. 37

FIRE INDUCED RAIN FOUND IN M

F
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Fig. 38

Fig. 39

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

Between 9 January 1967 and 1 March 1967, a 5-man fire research team was detailed to
the ,-\I{lf.\ 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-
nist, a fuels specialist, a fire behavior specialist, and an herbicide specialist. The teum
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 attacks, 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 area 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

(weight/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)
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Fig. 42

DEFOLIATED CANOPY AT TBN SITE
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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 stripsboth 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-
hustion, 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 hrown 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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Tuble 3, Moisture Content of Fine Fuels and 1/2-Ir ch Stemwood at Trai Bi, Vietnam, 1967

Date “Area Fuel Type

14 Jan, TBNW Ground litter

14 Jan, TBNW Attached dead leaves
14 Jan, TBNW < 1/2-inch stemwood
15 Jan, TBN Ground litter

15 Jan, TBN Attached dead leaves
15 Jan, TBN < 1/2-inch stemwood
15 Jan. TBN <1/2-inch stemwood
16 Jan, TBNW Ground litter

16 Jan, TBNW Attached dead leaves
16 Jan, TBNW < 1/2-inch stemwood
24 Jan, TBN Grass

1st 2nd
Replicate Replicate Average
Moisture Moisture Moisture .
Content Content Content
Percent Percent Percent
13 12 12
22 13- 18
129 46
10 10 10
11 10 10
11 11 11
153 163 158
12 13 12
9 1C 10
120 114 117
12 13 12

Remarks

Litter composed primarily of species
of Dipterocarpaceae, Anonaceae,
Guttiferae,

Two different species; 1st replicate
Litsea, 2nd replicate unknown,

Myrtaceae Family - Barringtonia
longipes, Genus and species,

Euphorbiaceae Family - Croton
poilanei, Genus and species; no
attached leaves; no visible inner bark,

Euphorbiaceae Family - Croton
poilanei, Genus and species; attached
green leaves and green inner bark
present,

Anonaceae Family,

Melastomaceae Family - Memecylon,
Genus; green inner bark present,

Negrandia madagascariensis, Genus
and species,



Table 3, Moisture Content of Fine Fuels and 1/2-Inch Stemwood at Trai Bi, Vietnam, 1967 (Continucd)

1st 2nd
Replicate Replicate Average
. Moisture Moisture Moisture
Date Area Fuel Content Content Content
Percent Percent Percent
24 Jan, TBN Ground litter . 12 14 13
24 Jan, TBN <1/2-inch stemwood 126 129 128
25 Jan, TBNW Attached dead leaves 12 14 13
25 Jan, TBNW <1/2-inch stemwood 14 14 14
5 Feb, TBN <1/2-inch stemwood 66 15 72
116 114

5 Feb, TBN <1/2-inch stemwood 112

134

Remarks

This plant had dead attached leaves
and green inner bark present.

Dead logging slash on the ground,
Brown inner bark,

Green inner bark present,
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FULL VOLUMIE AND ARRANGEMENT

The amount of surface fuel available for combustion was determined by collecting one
square fout plats 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 inconcenttations 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 estanlished, but fire spreaﬂ 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 ~t'he ground litter was ten percent,

Slash Test Fire, TBNW, 17 January, 1967

One white phosphorus garenade 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
ignition, The weather observation at 1435 at the slash fire site indicated a1 air temperature

(-] . . s 3
of ¥17F. and a relative humidity of 47.5 percent. The fuel moisture at 1515 was 12 percent
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Fig. 43

PLOT AT TBN SITE

LITTER COLLECTION
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Fig. 44

FIRE IN SURFACE LITTER AT TBN SITE

68



SECRET

tor leal Gitter anat i percent for dead attached leaves, The relative humidity at 1315 was 50
pereent, By 1520 the Tire had consumed a large amount of the fuel within the slash concen-
tratien, Nothing remained but white ash and charring limb and branch material, The fire did

not =pread 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-
callv no spread hevond the point source of ignition, The slash fuel was aerially arranged
without much finc 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, 25 January, 1967

At 1515 twe incendiary grenades were throwr into a continuous bed f hardwood leaf
litter. The litter was ignited but fire spread in the nétural fuel was not sustained following
the burnout of the prenades, Flame heights werc on the order of 4-6 inches anc lhe final size

of firc spots wa- a. »it 12 i hes in diameter,

Litter Test Fire, TON, 3 Fobruary, 1967

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

white phosphorus zrenade,. The fire at the impact point spread slowly and by 1237 had burned
an area approximat-ly 25 feet in diameter. At 1240 flames 3-5 inches high were spreading
very slowly into unburned hardwood litter. This spot closely resembled some of the ignition
points observed in PINK ROSE Target A while flying over the area on Februarv 3. Under the
cinopy in target avea A, the ordnance ignition points were confinedto small arens. Sustained

combustion of the litter did not occur following ordnance burnout.
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A spot {ire 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 spul‘fire was
100 feet. It was apparent by 1223 that 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 zrea 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 ait:ibuted to the logging operation in the area.

"At thetime of treatment the 6verstory 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 overstory 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

Croton
Acronychia
Grewia
Aparosa
Nephelium
Ancistrocladus
Sindora
Callophylum
Popowia
Calomus
Cinnamomum

Pasania or
Lithocarpus

Genus

Eugenia
Parinarium
Dillenia
Anisoptera
Sirdora
Mangifera
Adina

Irvingia
Dipterocarpus
Dipterocarpus

Pasania or
l.ithocarpus

Species

poilanei
laurifolié
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

Pa.imae
Lauraceae

Fagaceae

OVERSTORY

Family

Myrtaceae
Rosaceae

Dilleniaceae

Leg'umihaceae
Anacardiaceae
Rubiacea.e
Irvingiaceae
Dipterocarpaceae
Dipterocarpaceae

Fagaceae

SECREP

Remarks

Retained green leaves

Retained some green leaves

Retained green leaves

Low, green herbaceous plant

Retained green leaves

Remarks

[ 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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LABORATORY FUEL DESCRIPTION

Spproximately 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

Weinht, Unit \ren
RV

Ieat Content

Ash Content (¢ .caves)

Leal Density

i.eaf Specific Gravity
: 2

-

Compactness of
Litter Fuel Bed

°

Weight /Unit Area

1,
ticat Content
Ash Content (Leaves)
T.eaf Density
veaf Specific Gravity

2/

Cempactness of

j.itter Fuel Bed'

o

TBN
English
1.95 tons/acre

——— ——
5.2%

16,8 lb/ft3

65.8 ft2/ft°

1772 ft2/ft3

TBNW

4,50 tons/acre

8264 Btu/lb
10.4%
3
17.4 Ib/ft

125.7 ftz/ft3

1675 (2 /5t

Metric

4,37 metric tons/hectare

5,2

0,255 gm/cc
2.2 cmz/cm3

58,1 cmz/cma

10,09 metric tons/hectare

4591 cal/gm
10.4%

0,270 gm/cc
4.1 cmz/cm3

55.0 cmz/cm3

1/ Heat content is expressed as the low heat value on an oven dry basis,

volume of the fuei bed (ftz/fts),

2, Compactness is defined as the surface area of the fuel divided by the void volume of the

3/ ¢ (Sipma) is defined as the surface area to volume ratio of the fuel, or the surface area

of a tuel particle divided by the particle volume, Generally, the higher the value for
sizian the greater is the rate of fire spread since more surface area per unit volume is
cupnased to convective and radiative heating, Incontrast tothe values for hardwood leaves,

the o value for i/2-inch sticks is 96 ftz/fts.
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DISCUSSION

The marginal results of HOT TIPin 1966 were attributed to ineffective desiccation treat-
ment of the vegetation and an inadequéte 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 contentlevels 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 thesg 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 requirements for 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 ''slast-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 have 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 was dozed into windrows and
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burmed. 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 bhy:

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-
tors formed 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 chservatioas 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/ Breitet al. Neutralization of Viet Cong Safe Havens: A Preliminary Study (U). Tech.
Paper RAC-TP-191, 1965, 74 pp.
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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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APPENDIX 1
PINK ROSE 'Test Plan

77



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 recefpt 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 7th 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

78



PINK ROSE
TEST PLAN

79



References . « v« v v ¢ ¢« v o o o @

Purpose e s e e o s e e o o o »

Background: « + + « + ¢ ¢ ¢ ¢ @

Technique . . . . . ¢« . ¢ ¢ ¢ o« &

Objectives . « + v ¢« ¢ &+ o o ¢ o o

Discussion « « « « ¢ ¢ o ¢ ¢ o o o

a,

bo

‘Co

Selection of Specific Targets for Burn

Selection of Date for Target Burn
Defoliation Program .« « . . o
Ignition
Weather . . . . . . . . ...
Documentary Photography s o 0w
Groﬁnd Reconnaissance . . . .
USDA, Forest Service . . . .
Aerial Reconnaissance . . . .
FACSupport . . « « ¢ « « « &

Psychological Operations . . .

Data Collection . . . . . « . .

m, Command and Control . . . . .

Support Requirements . . . . . . .

a,

MACV « « = v ¢ e v o o o s @

INDEX

82
82
82
82
83
83
83
83

84

85

86

86

87

88

90

92

93

93

80



S 2 93
C., IstWenather Group + + « o o ¢ ¢ o ¢ o o o o o o o o o o o o o o 93
d. 600th Photographic SQUadron « « « « ¢ o ¢ o o o o o ¢ o o o o & 95
e. ForestService, USDA =« « ¢ ¢ ¢ ¢ o o s ¢ o o ¢ o o o o o o o o 95
f. OSD/ARPARDFU-V &« ¢ ¢ ¢ ¢ s o o o o o o o o o a s s o o o s 96
g. 460th Tactical Reconnaissance Wing . « « « o o « « « o o o o « 96

h. 12th Air Commando Squadron 96

8., TimeSchedule . . . . ¢ ¢ ¢« v ¢ o 4 o v o o s o o o o o o o 96
9. Coordination . . . . . . . . . i e L L e et e e e e e e e e e e 97
APPENIX 1  « « ¢ o o+ b e e e e e e e e e e e e e e e e e e e e e e 98
AppendiX 2 . - .t it bt e e e et e e e e e e e e e e e e e e e e 99

Approved Test Plan Distribution LiSt - « « « « « « « o « « o« o o o o o o & 100



SRERET —

PINK ROSE TEST PLAN
1. | References:
a. Sccret MACJ3 memorandum dated 7 Oct 66 to Commander 7AF and JRATA.
b, Secret COMUSMACYV message DTG 050830Z Oct 66 to OSD.
c. Secret COMUSMACYV message DTG 0115282 Jul 66 to CINCPAC.

d. Secret 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 growth 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
was 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 he resprayed using blue desiccant approximately ten days before ignition, In late

Jienuary 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
vegetation and denude the target sufficiently to deny its use as a safe haven,
J. 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 us 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 are:is 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.possible within the potentiul 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 reclative humidity is lowest and the
tompenature is highest at approximately 1400H. Since these conditions are optimum for good

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

3) It is desirable that the target date be flexible {crtwo reasons. First, operational
requirements may 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
wouid 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 ar=as. Herbic!de operations will be conducted in three phases:

1. Phase I - 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 threc gal/acre of white
herbicide or 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
Avreca C - 18 November 1966. (Note: all areas were completed bv 27 November 1966.) Dcs~
iccation of the upper canopy as quickly as possible is essential if the treatments are to be ef-
f_ectivc by the schcduléd target strike dates. Orange herbicide is 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 treated 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 Dec 1966, Area B = 28 Dec 1966, and Area C - 26 December 1966.

3. Phase Tl - 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 and € will receive three gal per acre and Target B will receive 3 gal/acre. The desiceant
should be applied on the south half of area B and C and the west half of A approximately ten
davs 2head of target ignition, It should be applicd at right angles to the flight lines used 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.

c. 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 am;ﬁcation applied to half the target area 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 eftectively 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,

and current planning provides for strikes on all three targets, at least 3780 M-33 bombs must
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Peoavadlable to the Srd Air Division on Guam. Programming should provide for complete units
to include M=35 bombs, M-11 tail fins, two M152/AN-152A1 fuzes per bomb and M23 tyvpe B
arming wires,

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

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

last vear indicate the need for a greater number of ignition points than were used previously.

Reference 4 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 cach 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 one drying day.

f. Documentary Photography:

Project PINK ROSE will probably be the final test of the feasibility of destroying
f:n'est/jﬁnglc growth by fire., Many agencies, both military and civilian, will be intcrested
in the results. It is, thercfore, cxtremely important that this project be adequately docu-
mented. Documentary photography will be required to cover initial planning, defeliation and
its effeets, strike aircraft support, ignition and post strike effects.

¢,  Ground Reconnaissance:

(1) The Fifth Special Forces Group will be requested to provide combat team sup-
port for four people = A Forest Service Specialist, an ARPA Observer, a MACCOCT Repre-

cotative uand 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

pcermit 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 beiore 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, N 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
Vietnam, 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
metcorologist and a fuels specialist. This team will arrive in Saigon approxima_tely 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

SEGRET




(2) A fire behavior specialist will arrive in Saigon on 14 January 1967. He will
-make cvaluations 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-

4quested 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 available for assistance in compiling or analysing daia 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. Recudrements 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 is expected in the convection column and it should be
avoided if possible. Specific requirements tollov»? 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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. Sidelap: 30%
J. 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.
4. Resolution: 1 inch ground.
5. Overlap: 55 - 70%.
6. B8idelap: None.

7. Date required: Prestrike - three to five daysbefore 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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Recording: 5 inch film and magnetic tape.

I
.

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 {8 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) Supportof 12ACS RANCH HAND operations already is being provided and will not
be further affected by PINK 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 Contiuller 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, \?ill 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) shoﬁ“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 ime intervals.
3. Height of column at condensation level.

4. Height of column at icing level.

9
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3. Diameter of r;olumn at base, smoke fallout junction, icing zone and top.
G. 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).

‘2. Increase in horizontal visibility support by B&W photographs.

3. Samples of partially burned fuels for resid(nal energy determination.
. 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 interest.

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 mlssloné. He will also request the Seventh Air
Force TACC Plans Division to frag photo reconnaissance units and documentary photo units.
The Il DASC will frag FAC units for recessary support missions. The current Operations

Division, in coordinadon 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 Il DASC, Forward Air Controller visual observations in
target areas as specified in paragraph 6j,

(4) Provide through the IIl DASC, observation flights for photographic personnel as
specified in paragraph 6§.
c. First Weather Group at Tan Son Nhut will:
(1) Provide a 1st Weather Group coordinator to monitor and coordinate all Air

Weuather Service meteorological activity in support of this plan (WGO-PL) and furnish PIRAL
cguipment to Combat Weather Team at Quan Loi to support requirements of this operation,
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(2) Through the Fifth Weather Squadron:

(2) Provide two PIBALS per day, maximum height of 12,000 feet at 05001 and
T1ent, from Quan Loi commencing on or about 12 January 1967 and continuing until the day of
the final strike, approximately 25 February 1967, The PIBAL data will be furnished to Det 2,
40th \\;eather 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 strikc, photos tu 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 represcntative termin-

ates the requirement,

(f) Other meteorological services and/or data requested by the ARDPA 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 hoﬁrs 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 iorecast of temperature in degrees F, and

relative humidity for 1400H on day of strike will be provided,
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(bt Other meteorolowical services and/or data requested by the ARDPA Staff Me-

velagyst and eoordinated through 1st Weather Group Project Officer,

A, The 600th Photographic Squadron will provide documentary photographic support in

wccordance 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
+nh Photographic Squadron. Basically, this will be a scenario covering initial planning,
deioliation of selected areas and its effects, B-52 suppert, strike of target and post-strike

cifects,
(4) Photography will require the following aircraft support:
(a) One CH-3C or equivalent for D~day.
(h) 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
Jdays 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 picture photography,

(1) Two flights with RANCH HAND aircraft,

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

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

prant reguarements and distribution,
¢e. F . « <ervice, USDA will:

v > +.e technical advisory service to OSD/ARPA RDFU-V and Project Officer

« specifient on, azraph 6h,

2y Caitect data as specified in paragraph 6i,
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{. 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 Squ@dron will: Provide herbicide and desiccant treatment of

areas as specified in paragraph 6c,

8. Time Schedule:

PINK ROSE Project assigned to AFTU-V | 4 Oct 66
Arrival of ARPA/Forest Service Team 1 Nov 66
Selection of three specific target areas - 6 Nov 66
Preliminary draft of Test Pian . 9 Nov 66
Coordinated Test Plan complete | 15 Dec 66
Establish weather watch ‘12 Jan 67
Blue Spray of target areas 8 Jan, 5 Feb, 10 Feb 67
Igmition of target areas C-18 Jan; A-25 Jan: B-1 Feb 67
Post-stril'e analysis 19 Jan, 16 Feb, 23 Feb 67
Operational report 23 Mar 67
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SECREE

Militasy Axsistance Command, Vietnam

MACIS
MACJIIH

MACSA

MACCOC?2
MACCOC7
MACCOCS
ARPA RDFU-V
Seventh Air Force
TACC
DOSACLO

1st Weathcr Group

12th Air Commando Squadron

315th Aiv Commando Wing

460th Tac Rccon Wing

600th Photo Squadron

U. S. Department of Agriculture

Celonel Gregoiy, 144 Dec 66
Coloncel Brooks, 1.3 Dee 66

Dr. McMillan,
Colonel Hammett, 10 Dec 66

Colonel Stanton. 11 Dee 66
LtCol Callanan, 1: Dcc 66
Colonel Lemoine, 11 e 66

Major Rosenthal. 15 Dec 66

B/Gen Taibott, 15 Dece 66
Colonel Weyant, 15 Dec 64
LtCol Hughes, 12 Nec 66
LtCol Dennis, 1, D¢ 66
Colonel Blair, 13 Doz 66
Colonel Nelson, 14 Dec 66
Capt King, 12 Dec 66

Mr. Chandler, 6 Nov 66

Naie: Final Coordination will be with MACV J2, J3 and Director, COC, Seventh Air Force

will be with DI, DO and PL.

SEGRE
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X4 An Loc

X ¢—Minh Thanb

[\«@—=Tay Ninh

VIETNAM Saigon ——p

¢
Target A - XT5277-5284-5984-5977
Target B - XT0975-0982-1682-1678
Target C - YT3441-3448-4143-4141

‘TARGET MAP

APPENDIX 1
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APPROVED TEST PLAN DISTRIBUTION LIST

Deonartment of Defense

Director, Advanced Research Projects Agency, Besearch and

Development Field Unit, Vietnam 10

United States Air Force

AFRDQR 1
AFRDC 1
AFRDQ-A 1
AFRDDE 1
Pacific Command _
J-3A12 2
Scientific Advisory Office 2
Pacific Air Forces
DORQ . 1
Military Assistance Command, Vietnam
MACJ3 10
Seventh Air Force
DO 5
DI 1
-TACC 1
Air Force Advisory Group (ODC) 1
AFSC Liaison Officer (DAFSC) 1
SAC Liaison Officer (DOSACLO) 1
1st Weather Group B
12th Air Commando Squadron 1
315th Air Commando Wing 1
460th Tactical Reconnaissance Wing 1
600th Photographic Squadron 1
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aited States Army

Army Concept Team in Vietnam 1

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

United States Navy

Navy Research and Development Unit, Vietnam 1

Strategic Air Command

CINCSAC
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
Dost 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 effected 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-
proximately 1 kilometer (to YT 349447), moved south to the margin of the swamp and fol=-
lowed the swamp margin back to the LZ. Obséwauons were made in an area aﬁproximately
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 pattern 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-G0 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 the 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 207) bomblets were brematurely activated by contact with trec
branches before reaching the ground, and thermite ejecta was found up to 50 ft. from these
homblet casings. Such premature activation would be helpful = spreading fire providing that
the lquid 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, s ould st determine whether

material other than thermite had come down hot,
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From thermite cjecta 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. These shnﬁld be con-
sidered as duds since c¢jected material 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-

yvond 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 obscwatjons, no evaluation of the effectiveness of contact desiccants on this opera-

tion i8 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
both species susceptibility and differential spray penetradon. Néarly 80'% of the bamboo type
épccies were green, about 1/2 of the low palmetto types appeared dead, and nearly all broad-

lcaved vines and shrubs were killed,

FUEL COMPOSITION:

Fucls 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 sbout
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 consisted almost
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catively of broadleaved tree species, mostly suppressed or shade tolerant types with large,
thivk leaves. The upper canopy was 80-120 ft. high, Since most of the upper cinopy 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-
pcarcd 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

wiater 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 scts
wias confined to open grassy areas of good drainage such as the Dong Bo abandoned landing
strip, and the 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 igniuon source, and many spread
only a few inches. The only fires still burning on Thursday morning were in Jdead stumps,
snags, and limb crotches where dry wood had been sheltered from the rain. In no observed
instance was acrial vegetation ignited by fire in ground fuels. Fires in standing treces had

evidently started from direct contact with incendiary material,

These observations indicate that litter fuels were at or above their fiber saturation mois=
turc 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 afterncon of Jan, 15,

Craig Chandler

U, S. Forest Service
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APPENDIKX 1I-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 cvaluation was made of the
cffects 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 booby-trapped. Corisequently, evaluation was limited to low leve! aerial sweceps
over the target. No information was obtainable on ordnance effectiveness, but special note

was made of defoliation effectiveness, fuel compsition, and fire behavior.

DEFOLIATION:

Measured by color change, about 70°¢ of the forested area had been completely killed by
double spraying. Tecn percent of the area had up to 25" 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 completely 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-

mincd from aerial inspection,

FUEL COMPOSITION:

Fuels in Target A were slightly lighter than the average for Vietnam. Estimated weights
of potenti:ﬂly 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
was probably different between single and double canopy sites, since trees on single canopy
sites had lost virt_ually all of their leaves, while upper story trees on double canopy sites

rotidined appreciable foliage, probably more than half,
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Vertical continvity could not be readily determined, but appeared to be adequate to sup-
+t crown fires in most double canopy sites. Crown fires could not be 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 acrial 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-52 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

4 feet on either side of the parent ignition source.

Approximately 757 of the area in clearings burned over, while only about 9=12% of the
ground area under single canopy and about 3-5% of the ground area under double canopy
" 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 wﬁs selected
as being better than average in vertical continuity. The area was double sprayed with herbi-
vides with visually satisfactory results, The weather was as nearly optimum for burning as
can be reasonably expected In Vietnam. Incendiary spaciné was adequate to produce rein-
forcing fires, But even under this favorable combination of civrcumstances, it was impos-

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

Craig Chandler

U. S. Forest Service
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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, COMUSMACV

FROM: W. G. McMillan, MACSA
RE: PINK ROSE Incendiary Tests

CONTENT
Section Page Scction Page

1. Purpose . . + « ¢« o o o o o o 110 8, Outstanding Technical Questions . 116
2. Background . . . . . . . . . 110 6. Ancillary Military Effects , , ., . 117
3. Principal Technical Results . . 112 7, 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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TABLE 1. INCENDIARY OPERATIONS IN SOUTH VIETNAM

Location , Ordnance
Area Diesel Ofl  Napalm  #M-35
Test Date  Province Target Coords (km?) #A/C (Metric T) (Metric T) Clusters
SHERWOOD Boi Lol 8 B57
FOREST 31.M.65 Tay Ninh Woods XTS035 154 29 AlE 96 2.0 64
24 C123 '
Chu Pong o
HOT TIP 11.01.66 Pleiku  Mountain YA8900 14 13 B52 - 0.25 255
PINK- Long War Zone D
ROSE I 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 48 30 B52 - - 1260
PINK _ War Zone C
ROSE M 20.0-€7? Tay Ninh (Target B) XT1178 vi 30 BS52 - - 1260

_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 jellied hydrocarbon which 18 ejected rearward into a band perhaps 0.5m wide and

~ 3m long, depending on angle of incidence. Wlth the seeding density of incendiaries used,
a regular distribution on a square lattice would have yielded a spacing of 26m between igni-

tion points,

Mcteorological conditions for the tests are given in Table 2.
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TABLE 2. METEOROLOGICAL TEST CONDITIONS

# Days Temp RH WIND CLOUD
T Timce Since Rain CF) = (9 &) Cover
: S oxD .
FooaT . 1600 - 0 74 72 2 10/10 .
HOT TIP 1400 9 ‘ 94 45 10 2/10
PINK DOSE 1 1400 15 84 65 0 *0/10
(w. mist)
PINK ROSE I 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) IR Recce Grassland _Floor Crown _Fires
SHERWOOD :
FOREST dense 2.5 -— aerial 5 <1 <1 >5
HOT TIP v dense 6.5 - aerial DNA 30 17 ?
FPINK ROSE1  dense 1.5 good ground 50 2 0 >5
PINK ROSE I v dense 3.0 poor aerial 75 10 <1 >15

l~; rom the meteorological conditions alone -=- particularly the number of contiguous

pricor oLivs without rain -- it is clear in retrospect that only HOT TIP and PINK ROSE 1I had
cvon n remote chance of producing extensive burning, In fact, ground follow-up the day after
P HGSE T found the ground actually muddy in some places. Messrs Chandler and Hirsch
(i1 15 Forest Service attribute the relative excellence of HOT TIP, especially the crown
¢, sennarily to the mountainous terrain, That forest fires burn more fiercely on uphill

i« peesumably due 1o a combination of better heat transfer ahead of the fire, favorable

:cod rreater draness resulting from good drainage.,

12



In the absence of adequate ground post-reconnaissance, several indirect footors must
be used to arrive at an estimate of the extent of burn. The height of cloud risc, coupled with
information on the local temperature structure of the atinosphere provides an estimate of the
total heat liberated. Acrial photography is usecful in estimating the extent of grassland and
crown fires, but does not vield 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 iﬁfor:nuh’on 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 tﬁe ignition
points,

It is virtually impossible tv convert visual observations on the smoke into anything
quantitztive, 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-

ten.

Tne 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 Twigs < tem Dia,
Jungle type Dry Wt* @% Water Dry Wt* @% Water Dry Wt* @' Water
Grassland 10-12 @ 8-11 cecceccacccaDNA=ccccacmmmn=-=
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 « 40=50
2 €@120-150 20 (1120=150
Triple Canopy 15 @12-15 15 @ 11-14 8 vt 40=50
15 ©@120-150 22 a1 20-150

*Netrie tens per hectare (1 hectare = 0,01 km= = 2,47 acre)




4. Theoretical Orientation

In order to estimate the conditions required for effective jungle burning and to as-
=c~s whether our test conditions are anywhere close to these, we here examine the various
sourc>s 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
reccived from the sun per minute per unit area (at the equatorial zenith). The magnitude of

1

the SM unit is 0.8x10 6 erg per hectare, or 0.2 tons HE equivalent per hectarc.

Sir.ce the energy liberated by burning (dry) wood to completion i8 approximately 4
times that from the explosion of an equivalent weight of HE, we may express the amount of
hcat recleased 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-{mcuon f, the heat iovestment Q' peressary to vaporize
the water would be

Qv = 3.0 Wf (SM). (2)

Since the wood won't burn at the boiling point of water (100°C) we must invest enough 2ddi-
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 efficienéy 7 for the process of drying out and bringing the vegetation
ahcad of the fire to the ignition point, the excess heat is simply

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

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

prropagate,
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A large positive excess heat should lead to good burning, while a small or negative

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

” v
For the 72,000 M-74 incendiarics 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 be greater than ~ 1 (metric ton/hectazc), /W is
negligibly small in comparison with the additive 20 in Eq. (4).

The heat transfer efficiency 7) is very hard to estimate, since it depends scnsitively
upon the geometry of the 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 effi-
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 eguation equal to zero and solving for thé
cﬂ'icicnc!v. we obtain

N = (3.0f + 1.0)/20 = 0.15( + 0,05, (6)
Thus, for a2 moisture content { = 0.1 (l.e., 10%),M ~ 7%; while fort = 1,07 ~ 20,

We know from tne existcnce of forest fires inwestern US that the efficiencics ~ 5-107
.predicted by Eq. (6) to be n-quired for burning dry dense vegetation containing only 10-20'7
moisture are indeed achievable. Even greater efficiencies are possible on mountain slopes
under favorable meteorolugical and geometrical conditions. But the likelihood of achievirg
anvthing 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 coma«t of | the understory fuels with the standing trees and canopy, and the critical
question of the rate 3 the burning process as opposed to the thermodynamic admissibility,
whjch §s all this calculation addresses.

1s




5. Qutstanding Technical Questions

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

make operationad cffectiveness more likely.

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

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

bH) Time of Day~1ln 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 bx holding the heat closer to the ground. However, prevailing opinion, based
upon the chservation ths! {orest fires subside appreciably at might, is that any such inversion
cnhancement would he morv .~ compensated by the greater molsture absorbed as the after-
noon temperature declines.

c) Ordnance Density - While it is clear : ~mm the calculation of the previous section
that a tremendous fincrease in ordnance dreasxity womld be required to make any substantial
contribution to the overall heat liberated, an lncmse 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 into flames by application of a match to the smoke
lcads to the question whether it might prove effective to withold some of the incendiaries,
dropping them into the smoking regions perhaps 20 minutes after the iivet seeding. Our con=-
census is that this probably wouldn't cause any reduction in total burn, and might increase it.

c¢) Effect of Terrain - While there is little doubt that SHERWOOD FOREST and
PINK ROSE I were not even close to being 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 questions that the firving of Target B '

might help answer, it cannot be argued at this stage that these answers 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 successfulin burning elcphant grass and even in burning a substantial portion of the

jungle in the mountainous Chu Pong HOT TIP test.

¢, Ancillarv Military 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 (¢f. 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) Secondaﬂes - K several hot, dry days hgve 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 ukel_y that inflammable surface
structures and materiel would be ignited and damaged if not destroyed. Indeed, numerous
secondarles' have been observed. While such materiel is also vulncrable to GP bombs, we
note that the area covered in PINK ROSE I or II, 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 densc, experienced forest firefighters believe that trained personnel would have
no difficulty surviving. Untrained personnel, on the other hand, might patuc and he overcome
or cven burned, It i8 not known whether the hostile rifle fire encountercd by the pcst-recon-
naissance houcépter 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 psychological 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
fecedback from captives or Chieu Hois who may have experlencedv 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 Muuht:u‘n, representing about 10% of the total enemy strength believed to be located

there==roughly the same percentage as the area burned.

"z
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7. Conclusions and Recommmendations

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 in 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

weather 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,

i) Nevertheless, upon adding to the desired technical data the not inconsiderable
potential ancillary military effecte, 1 am moved to recommend proceeding with PINK ROSE M1,

provided this does not interfere seriously with other demands for the B=52 resources.

iii) Assuming that the decision is reached to stage PINK ROSE HI, 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 Fcbruary nominated by combined ARPA/7°

AR PINK ROSE Planning Group, subject, of course, to continuing fair weather.

e
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v) Finally, it is essential to have detailed post-ground reconnaissance ii we are to

obtain the technical data desired.

W. G. McMillan
12. .67

1ne
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NAM KO LIE FR:\TIO\ ARMY

)

CHEN —1 A RIA AND BIEN HOA/ PROVINCE UNIT No. 30/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 37mm recoilless rifle shell. When dropped, the boxes opencd and released the
homb.s, Some pierced the soil as deep as 30cm, some lay sideways on the surface of the
zround, The bomhs 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
enemy 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
dit, sand or ash to put out the fire (if the fire spreads into the trenches) or cloth mats, gunny
siucks, ete, .. may be 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-
vidod with covers,

Upen receipt of this circular various addressces will expeditiously disseminate it to take
precautionary 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 Vill.aze, agencies, units, District Party Headquarters Chxc;‘nf Staff,
nromittee Seeurity Scection and District Unit, /8/ HA VAN THUAN

9 March 1967
r the District Unit Headquarters clerk,

SOONMINH H()AN(:
------------------------------- END OF TRANSLATION==ac=comacmmcccccmmcmecmannnn
KIN

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

Th1s report is 1imi*ed essent1al]y to an analysis of c11matologlca1
and meteorological data related to 0perat1on Pink Rose, conducted in
early 1967. _

A.gfeat deal of information is reqdiiy available on the general
‘c1imaté of Southeast Asia, particularly the southwést monsoon season
and the §ynoptic cadses of it. We were more ihtefe:ted in the dry--
’éeason (October-April) climate commonly referred to as the northeast
monsoon. Littie information on this subject is available in analyzed
form althOugﬁ a great deal of raw méteorélogical dafa are becoming
available primarily due to the‘increased bolitica] activity in the aréa.

The Siberian High dominates thé Southeast Asian é]imate., The
seasonal north-south movement oflthé Intertrqpi;al Convergence Zoﬁe (I1CZ)
controls large scale flow regimes. Toge;hér, 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.wet to
conduct burning experiments {n-nearly all of Southeast Asia. The dry
season is interrupted often with convectiveiy‘produced showér activity,
but at times limited burning cperations may be conducted. |

Tables of‘statistica1 prbbabflities (see Appendix 4)’have been
calculated to aid in plannwng burn1ng operatlcns In two attempts tﬁ‘

‘arrive at meanwngful probab111t1es we have succeeded in bracket1ng whaf
we feel arev1mportant oarameters in conducting burnvng operatvons.

The factors most critical to successful burn1ng are the cond1t1on _

and arrangement of fuel and the env1ronment within which it must burn.
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Suff:c1ent dry1ng after spec1f1ed amounts of rain will produce burnable

fuels. The proper env1ronment is one in which air temperatures are

_high and re]at1ve hum1d1tres are Tow. The atmospherlc 1aose rate should

be unstable such that a fire- produced convect1on co1umn can read11y form
' to he1ghts of 30,000 feet or more Such an atmosphere is d1ff1CU1t but
not 1mposs1ble to come by in Southeast Asia, spec1f1ca11y South Vietnam.
'Perhaps, equa]]y dxff1cu1t is fuel cond1t1on1ng in an env1ronment not
partlcu1ar1y suwted to drying. It has long been recognlzed ‘that wind is
a maJor_fa;tor')n evaporat1onvandvdry1ng. Dense trop1cal growth may
have sufficient wtnd'uélocitiés over the canopy to adequately dry crown
fuels, but flow is llght near the ground and low-growth fue]s and, sub-
sequently, dry1ng is poor even though temperatures are quwte warm.

- Meteorologjcal aspects of three burning exper1ments are discussed
in some detail. The first experiment was a failure due primari]y,to
~ poor fuel conditioning;“ The.second and third experiments were moderately

successful.




" THE SYNOPTIC CLIMATOLO Y'OF SOUTHEAST ASIA

-fin he‘cl1mate of outheast Aswa is dom1nated by the semi- permanent

N IS1ber1an High and controlled by the seasona] mwgratlon of the Inter-

- qtropical Convergence Zone (IC7). Twn primary flow systems in the Iower _
- troposphere, the southwest monsoon-and the northeast monsoon~ together

w1th the transition per1ods between them are responsible for a wet

'+ season and a dry season. -

e :NORTHEAST AND SOUTHWEST MONSOON
. The fundamental cause of the Indo-As1at1c monsoon w1nd system is

";d1fferent1a1 heat1ng (or cooling) of 1and areas, as compared with sur-

uzeroundwng ocean reg1ons In winter, w1th the deficit of solar rad1at1on

f;1n northern latltudes the land surfaces and the overlying air become

o ’o1der than the sea surface temperatures over the surround1ng Pac1f1c
ﬁfand Indian Oceans. This tropospher1c temperature d1fference aids in
‘?the format1on of the large, cold semi-permanent Siberian h1gh 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.

During the summer period the Asian continent is warmer than the
surrounding oceans. The resu{tant temperature difference aids in forming
_ aAIarge; 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 ’

ﬁziof SOutheaSt ‘Asia. - These winds are known as the southwest monsoon.

The transition from the southwest monsoon to the northeast monsoon
takes place, at the ear11est around the 1atter part of September
.Unfortunately. onset dates of the northeast monsoon have not been

| | 4 -:‘* =




" established for individual years. -

-

The northeast monsoon period (October- pr11) is generally
characterized by 10nglra1nless pe}fods interspersed with‘reIatively
éhort rainy périods. For example, duringidanuary and February the
" majority of weéiher stations in Southeast Asta ha&e or.y, on thé
average, I-S'déys with rain above a trace. However, tﬁe topogréphy
: .of-thg areqlhas Qn imporiant effect on the spatial rainfall patterns
_with ceffain local cOasfaI areas ‘receiving significant amOunté of
rainfall auring the normally dry period. | |
" During winter, surges of.thé monsoon alternate with 1ulls. Surges
of the nbriheaSt monsoonl&re associated with deepening cyﬁlbnes within
the strongly frdntogenetic China and Japan §gasi CycloééneSis
accelérateévfhe northerly f16w west of the cyclone center and.causes
a "surgg“.' As the ;ytlone passes away tb the east} the monsoon grad-
ually weakens until the next débression develops; A monsoon surge
reaches the tropics as an east-northeast wind'and, as thefcolder air
moves acrosc the much warmer seas, convection clouds ;apidly form.
Preéipitation may result, especially along gxpose& coastal fegions of
Southeast Asia (e.g , north-central coast of Vietnam). '
Lulls between surges occur when the continental anticyclaone, or
a cell wﬁich splits off from it, hoves eastward. ‘Winds south of the
high pressure cénter veer, édhvection.clpuds over the warm seas decrease
" and cooling a10n§ tﬁe coast may"prqddce stratifbrm clouds. Little |
- chénge occurs in short iul]s but when they are prolonged, high pressure:
over China may break down a]tcéether.and 2 ridge from the Pacific-anfj§
cyé?ong eitends.a;rOSS'thg area aﬁd onto the mainiand; Thesé conditjons
‘may eventually lead to the development of “crachin? along the'nbrthern
céastal regions of Vietnam. S gy '



SUB-TROPICAL JET STREAM = e A

' - During the transitional period between tﬁe southwest monsoon andv

' northeast monsoon a significant. change occurs in the'upper-]evel‘flow

over south China and soytheaét Asia. Perhaps, the most significant feature
is the establishment of the sub-tropical jet stream along‘ﬁhe southern edge

of the Himalayas. Its onset 1s abrupt first becoming ev'dent over north-

- west India in late September or ear]y October, and then advanc1ng down-

stream at about 3 deg. longitude per day. Once the jet 'stream is estab-

_1ished south of the Himalayas its position remains almost stationafy through-

out the dry season (Yeh 1950).
Over the southeast Asia region, subsidence is both more intense and

confined then cver North AmE{ica., Widespread subsidence bccufs 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-leve1 (300-200 mb) southwesterlies of equatorial origin seem to
result in much more vigorous subsidence downstream.' The excess of air at
high levels, which can escape neifher north nor south, subsides downs tream
in a zone, which has rather rigid latitudinal limitation. It has been
suggested that the coo]-seaSon'aridity of Burha,.Thai]and, and Indo-China

results from tdmpensating,subsidence and-low-level divergence bepeath upper

" convergence. (Rémage 1952).

TEQMINATION 0F THE DRY PERIOD

A pronounced warming trend over the mainland of southeast Asia and

_ soufhérn China begins in March, April and continues into May. -During

this time screen temperatures may reach extreme values varying from 100

| “to 114%. A general increase in rainfall is also observed.
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.Thé.northyarqlgdvance of tﬁe monsoon westerlies (southwest EOnsoon)
bégi;éhﬁitﬁltﬁfs»warming trend but the principal adyénce over southeast
Asiajpctu;s in qgnjunctibn with trobica1 cyclogenesis in the Bay of Bengal. ..
-The -mean calendar date of the onset of "the §Outhwest monsoon has been
estab1ished'af6und 17 May with &n approiimate'range>of 33 days.

. Tﬁe oﬁﬁet of the southwest monsoon ushefs'in.the summer periond of
diétufbed'weéther in which»thunderétdrmsvand sqﬁal1-lines become more
fréqqenf over the south Asia regions; An inspection of daily single-

Asiétjoﬁ‘rainfall amounts for §tations in Bufma, Théiland, and the wind-
‘ward s{de of Vietnam show géneral'increases in the frequency and amourt of =
rainf&ll} | | '

'”During the-period of the onset of the southwest monsoon another abrupt'
change_oécurs in the large-scale circulation featﬁres. ‘The sub-tropical
je; stregm south ofAthe Himalayas weakens and eventually disappears; the
polarAQesterlies shift hdrthWafd in cﬁnjunction with the sub-tropical ridge
and eventué]ly the upper-level winds (306-200 mb)'ghfft to easﬁerly direc-

_.tiqhs over all of southeast Asia. | ‘

SYNOPTIC SCALE NEATHER SYSTEMS WITHIN THE COCL SEASON
1. Cr&thin : » | |

| Thé "éraéhin" ofbthe coastal regions of northern Indo-China and south
China’is.a huhid'befiod of foés‘and drizlléJor light rain which sets in at
about the fime 6fAthe normél annua1_temperature minimum, generally toward |
the end of January, and interrupts the dryvseason;. The_cka;hin_méy persist
infb ﬁfd-Ap}jl; éradué]ly_mergiﬁg‘with'the rains of the raiﬁy’season proper.

Though :heré mdy be prolonged precipitation, the amounts recorded are small.

-

3.



;—f , A

It has been suggested that';raéhiﬁ may develop in two ways: (1) as
the reshlt of mixing of two neakly Saturated.air masses along a fronta]
surface, ahd'(Z) By surface cooling of é'warm moist a%r mass. The latter
“is:a'mest .always the cause of.the yOrst andsnost perSisteﬁt cfdchin.

v'The trend in monsoon surges and lulls. is toward an increasing number

of easterly éurges. intredsihg1yﬂlong Tulls befwéen.Surgesvand more per-
sistent crachin, as the dry seasoﬁ advances. furbulence, topography,
diurnal heating, anq dew point/sea temjerature dif‘erénce, éll play impof—_
tant parts'in deterﬁining when and whare crachin will develop and what
form it will takeQ The interrelation of thesé factors along the coast
may bé'extremély‘complex. | o

Since the vigdrous crachin usually occurs in thﬂ cobier trough fegioh
west o? the surface high. ii is asséciated with local winds véering with
- height. Surges of the northeast monsoon may be important crachin modifiers.
.However, from February onwérd even moderate surges may not dissipate crachin
fqr the air behind the front can §t111 be undergoing surface cooling alorg
thé'toast, ‘ | |
2. Trbpicaf TrOugH A |

“Tropical trough" is a name given to an uppéf;leve] disturbance which -
appears around mid-January over southern India at and above 30,000 feet.
- The troﬁgh,'mOViég eastward, sharb]y intérrupts the prevailing ubpér
tropospheric.southwésterlies.. The ldwe} tropospheré is little affecfed”
until the trough reaches the Andémans but from.there on it intensjfies and

~ colder ajr'moves_in,frdm the north.
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Once over Thailand or‘lndo-China, a tropical ﬁrOugh may remain sta-
ticnary for a week.or more. The reason for thié may lie in the long-wave -
pattern of the Tow latitude polar westerlies.

The first sign of the evenfua1 dissipation pf5the tropical t;ough
‘comes with feappearance of the upper southwesteriies over southern Incia.
Spfeadiné northeast, they reestablish with the 1ow-Tatitudé polar wester-
lies, creating the normal patterh of high-level convergence in the région
of the tropical trough. The tfdugh Qeakens or dissipates in situ, a]though
it may sometimes move eastward if the low-latitude portioh of an Asia Minor
trough has alreadj started to move eastward. The sdb-tropic&] ridge moves
north to its usual latitude, and weather retu}ns to norma1:winter con-
d%tions. |

! The "tropical trough" occurs from three to six times in a coo]_season,
but has not been observed to develop much before mid-January.. From there
on, it is incfeasingly common, being the major rain producer for the'dry
telt during March and April. The monthly variatfon in dccufrence‘probably'
‘results from increasingiy frequent breakdown in.the upper southef]ies to
the south and wes® of India as the season #dvances. The reason for this.
is hot knowﬁ. | |
3. West China Trough

In winter the major Far Eastern l;ng'wave mid-latitdde_Westérly trough. 
lies along about 125%E.  Surface cyclones usﬁa1ly deve]bp easf of this
lungitude. However, a fe; times (rarely morelthan_four) evefy cool season
the trough along 125% dissipates or moves rapidly eastward. A warm Eidgé ‘

extends westward from the Pacific anticyclone bfingingvfine weather to China




and sea fog to the China coast. The Siberian anti-cyclone retreéts north-
' ward and westward over south China with dew point.and temperature rises,
and pregsurg falls. At fhis state, a trough in the westerlies moving éasi
from indié will intensify over west China. This results in the reéion’of
;urface‘cyclbgenesis being'displaﬁed about 20 degree; westward.'

A Océasionally, a Qest China trougﬁ situation lésts.from ten to twenty
days. However, when tﬁe trougﬁ~fina11y moveg'édstward to its normal posi-
tion the continental anticyclone i§ restored to its usual position. Toward
the end of April this sitﬁation cease;.to be of sigéfficance. . |

_The west China trough situation is usually favorable for “crachin”
develobment‘but further research is necessary.to ~stablish the effect of
this situation on the weather of southeast Asia. |
4, Tropkca] Cyclones and Easterly Waves

In most parts of the world, during winter, tﬁe-sub-tropiéal'ridge
slopes equ&torward with height and usually reaches to within 10 to 12
degrees latitude of the equator in thé high troposphéfe. Over southeast
Asia and'thé Philippines, however, the ridge axis above 760 mb is almost
vertical and is found between 15 and 17°N. | |

South of théfridée,‘in the.region of deep'gasterly flow, disturbances
typical of summer continue to be ébserved. Trqpicai storms or.typhoons
may'persist there for several days, usually dissipating when 5 strong

northeast monsoon surge feeds:cbld; dry surface air into the circulation.

-t
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~Waves in the easterlies are not uncommon. They propagate 510w1y west-

' ward with Icnrlevel divergence and fire weather ahead and low-level con-

vergence and preC1p1tat1on behind.

" Tropical Cyclones develop in the sOutheast Asia waters. (China Sea and

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

trans1t1on periods (September-November Apr11 May) and during the southwest

" monsoon (May-September).

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 especiai]y south of 30°N,
the situation is one of ebb and flow between the northeast monsoon and
typhoons; 'the latter dom1nate at first, but by January only feeble storms
or weak easter1y waves penetrate west of 125°E.

' Easterly waves are relatively more common than tropfcal cyclenes in

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

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

0ccas1ona11y. the superposxt1on of a wave in the easterlies on a trough
in the po]ar westerlxes may result in mutual intensification and general

rainy cond1;1ons.. However, the frequency of th1s type of,s1tuat1on is

" unknown.

Tropical'cyclogenesis;in the Bay of Bengal .and to a lesser extent ir
the China Sea precedes or coincides with the onset of the southwest monsoon.
~ A large nahber of tfopical cyclones that develop in the 8ay of Bengal

dﬁring May often track to the'horthefn sections of the Bay or into Burma.

These storms with a nokthﬁard track‘are'often accompanied with deepening

monsoon westerlles in the1r r1ght hand sectors. It is these westerlies



thch usher in the ;outhwest monsoon over southeast Asia and terminate
the pro}qnged.uinter dry peribd,'
ns_soscALt’uEmER SysTems
Ihe'predominate mesoscale weather system is the thunderstorm or squail
“line During the dry season conventiOnal surface heating aided by oro-
graphic influences provide the poss1b1e trigger mechanxsm for such storms
However certatn synoptic dlsturbances which augment the 1ow-1eve con-
vergence, e.g., "tropical trough".-easterly waves or tropical cyclones may
increase-thunderstorm or squal]-line'deve1npment{ R '
Genera]ly speaking, good observational data for mesosca1e.weather
systems are Taciing_for southeast Asia.
LOCAL EFFECTS
Many of fhe local effettsvon meteorological elements are produced by
topography. Meteorological observations are usually lacking in the
mountainous regions. Therefore, it is not too surpriéing 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'
As1des of the Arakan Yoma and B11auk Taung in Burma, Trengganu H1gh1ands
of Malaya Cha1ne des Cardamomes of Cambodla and Chaine Annam1t1que in

Vietnam and Laos.

‘ _ _:—‘-
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During the wihtér or cool season, rainfall is augmented along the
Chaxne Annam1t1que in VIetnam due to the forced ascent of the northeast
inonsoon. Thls also occurs along the extreme southern pen1nSu1a in Thawland
. énd the Malay peninsula.

Fcenn winds have been qoted to occur in ceftain regisns of Indo-China.
During certain s}noptic situations a warm, d;y wind descends from the
western highlands of Lao§ causing very'uncomfortab1e conditicons aiong the
north-central coast of Vietnam and possibly in fegions'ofﬂLaoskand Thailand.
Strong foehn conditions may also be obéerved on the leeside of the Chaine
Annamitique in Vietnam during strong surgeé in the northeast monsoon.'

Along coastairéreas land and sea breezes should be expected. However,
iittleiinforﬁétion is available on‘this subject for southeast'Asia,

| FIRE NEATHER PROBABILITY IN- SOUTHEAST ASIA
ASSUMPTIONS AND LTMITATIONS OF THE DATA
' Fire Weather Probabi]ities.--Severa] stations in southeast Asia for
which data in “N-Summary" form were available were used as a basis for
computing the probabil{ty of térget readiness for Project Emote operations.
. (Appendix ﬁ'). The fofmap illdsirated in Table 1 is similar to that.uﬁea
'in:an earlier report (Forest Fﬁre Research Final Report, Phase 1, Volume 2)
with some significant changes. First, the basis for the input data has-
been changed_in light of the'néw requiréments for Accumdlating drying days.-
After a light rain'( 5 0.2 inch), 1 drying day must occur befere térgeﬁ

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

R j
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liGiF))ZOKLlllFGCR _ ' . 1e50Me) 1 JANUARY) . _ e Plég i
INPUT OATA’ 0.015°0.031 €.105 0.437 0.412 "

___APROOABILI'V THAY AT LEAST ONE SITE BECOMES READY IF ALL SITES RECEIVE A NtAVf.lllN
THE DAY BEFNRE THE WEATHER WATCH BEGINS

.-.-o-------b.------------------------------------------—_-——------------—-----o--.

DAYS SINCE o NUMBER OF SITES INCLUDED IN WEATHER WATCH
WEATHER  @=emccccecccccccmccccmcecamenmmsmsoaemmmenoeeneccacmececacaeaccsaann——ca
WATCH BZGAN R SR 4 s 6 . 1 » 9 10
1 © 0.000 =0.000 ~0.000 ~0.000 -0.000 =0.000 -0.000 -0.000 -0.0CO -0.000
2 0.000 -0.000 -0.000 ~0.000 -0.000 =0.000 -0.000 -0.000 -0.000 -0.000
3 0.070 0.133 0.195 0.252 0.306 0.353 0.398 0.440 0.479 0.516
L) " 0.IR6 0,623 0.768 0.858 O0.913 O0.966 0,967 0.980 0.988 0.992
5 0.684 0.900 0.968 0.990 0.997 0.999 1.000 1.000 1.000 1,000
— 6 0.850 0.978 0.997 0.999 1.000 1.000 1.000 1.000 1.000 1.000
] 0.926 ° 0.99% 1.000 1.000 . 1.000 1.000 1,000 1.000  1.000 1.000
. 0.961 0.998 1.000 1.000 1.000 1.000 1.r00 1.000 1.000 1.000
9 - 0.978 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 "
- 10 . 0.908 - 1.000 1.000 1.000 L1.000 1.000 1.000 1.000 -1.000 1.000°
1 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000
: 12 “0.997 1.000 1.000 1.000 1.000 1.000. 1.000 1.000 1,000 1.000
‘ 13 . 0.998 1.000° 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
oo 14 © 0.999 1.000 1.000 1.C00 1.000 1.000 1.000 1.000 1.000 1.000.
. 15 1.C00 1.000 1.000 -1.000 1.000 1.000 1.000 . 1.000 1.000 1.000
. eemeniececcmcecaiieann et mmam - T emecmtmmmem—nan emmcm—a e caceee
=
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PlOBAGlLI'V THAT AT LEAST ONE SITE BECOMES READY 1F -ALL Sll(S RECEIVE A llGN' RAIN
YHE DAY BEFORE THE WEATHER WATCH BEGINS
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OAYS SINCE NUMBER OF SITES INCLUDED IN WEATHER WATCH -

WEATHER cememan— ceccccccccrcca e B T T e ——————

WATCH BEGAN . | 2 3 . s e L L] 9 10
T i 0.412 0.6%5¢ 0.797 0.880 0.930 0.959 0.976 0.986 0.992 0.995
2 0.8)9 0.974 0.996 0.999 1.000 1.000 1.000 1.000 1.000 1,000
3 0.942° 0.997 1.000 '1.000 1.000 1.000 1.000 1.000 1.000 1.000
. 0.967 0.999 1.060 1.000 1.000 1.000 1.000 1.000 " 1.000 1.000
s 0.978 1.000 1.000 1.600 1.000 1.000 1.000 1.000 1.000 1.000
R .. ©.987 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 0.993 1.000 1.000 .1.000 1.000 1.000 1.000° 1.000 1.000 1.000
. 0.996 1.000 1.000 1.000 1.000 1.000 .1.000 1.000 1.000 1.000
L] 0.998 1.€00 1.0€0 1.000 1.000 1.000 1.000 L.000 1.000 1.000
10 0.999 1.000 1.000 1.000 1.000 :.000 1.000 1,000 1.000 1.000
11 0.999 1.000 1,000 1.000 1.000 1.000 1,000 1.000 1.000 1,000
M ¥ 1.000 1.000 1.000 i.000 1.000 4.000 1.000 1.000 1.000 1.000
T 13 1.000 1.060 1.000 1.000° 1.000 1.000 1.000 1.000 1,000 1.000
Ao 1s 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 - 1,000 1.000
7 3 19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 "1.000

'.w.} PaoaAaltllv THAT A RANDONWLY -CHOSEN SIVE IS READY « 0.880

l‘"r‘

TABLF 1. FORMAT nr STATISTICAL TABLES OF PROBABIL!TY OF TARGET READIN[SS

)

,("




rust be accumulated A-drying day is defined as one in which fue]-moisturev
content w111 decrease. f1na]]y down to equilibrium Ievel Specificatiens
for a drymg day are: A '

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

2. %1n1num re]at1ve hum1d1ty drops be]ow 10 percent;

3. Afternoon cloud cover is Tess than 3/8

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

" There are five input probab111t1es for each stat1on for each montn
Referring aga1n to Table 1, note these probab111t1es are as fo]]ows

0.015

Py = probability of a heavy rain within a day

]
©
[}

0.031 | = probability of a light rain within a day

0.105 = P, = probability of an overcast day
0.437 = Pb = probability of a half-overcast day |
0.412 =°P_ = probability of a clear day.

Pu and P_ were determined from "N-Summary #3" data which are pre-
cipitation amounts grouped in classes and mean numper of days/class on a
monthly Sasis. ‘Fof our burposes >‘0.004eiﬁ;h was definec ;s a rainy day
and this data foge;ﬁer with the class ».39 inch and > .99 inch were
plotted on semi-log paper and'ahvinterpolated value for » .2 inch was
‘deterﬁined from ihe‘graph ' This Qalde wes'the number 6f heavy rain days.
V'ATh1s value subtracted from the total rain days { ».004) geve the number

of l1ght rain days. Then

'-15- TR} ’;.. _-,.“ .o
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. numbter of heavy rain days
P = number of cases

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

‘The cloud cover probabilities were determmned from '‘N-Summary 17" for

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

indicated total and low cloud amounts)vgroups_data by cloud cover classes .

as 0 - 1/8, 0 - 2/8 ( =£.25), 3/8 - 5/8 (.25 < N < 75) and 6/8 - 8/8 .
( i.l?S); The interval 0 - 2/8 is defined for our purposes as being c]edr
3/8 - 5/8 as being 50 percent cloud cover, and‘thc‘6/8 - §&/8 interval as

being 100 percent cloud cover. Then

. . humber of days 6/8 - 8/8 cover
Pa overcast number of cases

number of days 3/8 - 5/8 cover
number of cases

Pb = 50 percent cover =

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

It is realized that these approximations»for cloud cover and interpulated

rain values leave something to be desired. But it is not unreasonable tr

“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
inte]iigent]y} |
COMPUTATIONS OF FIRE HEATHER PﬁOBABILITIES
1. Single sites
Given:

,PH’ PL’ pa“ Pb' Pc

e NOLASSFED
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Assuming that:

2. Present weather is independent of past weather.

b. No dryiqg occurs on rainy or overcast days (zero "dryiné .
days"). _ _ |
_¢. A half-overcast day {s equivalent to one-half "drying day”. A
d. A clear qéy is equivalent to one "drying day". | S
e. A fire will burn if 3 or more quying days" have actumulatéd
'sfnée the last heavy rain>0.2 ihcﬁ provided that 1 or more ,
“drying days" have accumulated since thevlast 1ight'r§in.
What is the probability that at ieast one "burning'day“ will occur -
wichin an N day weather watrh (N =1, 2, . 15),'if
| A. When the weather watch. is 1nst1tuted 2 "dry1ng days have
accumu]ated since the last heavy rain? .
8. When the weather watch is institued, no "drying days" have
accumu1ated since tne last heavy rain?
We recognize that a given site on any given day may Eequire 0, .
1, 14, ... s 3.5dryjng days" before béing in a Sui;able coendition for
burning. Thus a site may be descfibed as being in cne of the fo]lowing

states:

‘1.-.(\ ._’ V . V | .“
\‘0.9" ) -]7- )



State Dry1: 1 Days | Days Since Days Swnce Y

"Number Neeged . Heavy Rain L1ght Raxn L

1 | 3 0
2 23 1 ‘ ;
3 2 1 -
4 13 13 .
1 2 0
6 2 2% 2
7 0 3 1

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

in no more than N steps.

8. The probability that a site naw in state 1 arrives in state 7
in no more than N steps. | | h |

We have assumed that present weather is 1ndependent of past weather
which of course it is not. However. the degree of dependence s unknown.
As a £irst aoproximation we have assumed dependence of present:weather on
past weather to be sma11 and have formuiated the problem as a Markdv.tnain;

. that is, the process or drying may be described as a random or stochastac
process which moves from state i to state j with probabi11ty q' ij hhere the -
depend only on the present state of the process

The matrix Q' of s1ng]e step trans1t1on probabilities Q 13. in -erms

.of the P described ear11er are g1ven in Table 2. The orobab111t1es we

requ1re for quest1ons A and B can easily be derived from these swng]e step

e aT T T .
11 TS DR ] :
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Where

Q'
2 3 4 5
La. b c
La b c
La b c
La b
La
L
L
HLa =‘PH + PL = Pa 3
=P s
‘La = PL - Pa;
as= Pa H
b f Pb ;
¢ =P ; and
L=p

L
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'probabi]itieé. 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(N5 by raising Q to the N-th power. The desired probability for question

(N) (N}
7

. A is then 95 9 and, for duestion'B,q] . .Both'occur in the right most

(N). )

_column vector of the.matfix. Hence, instead of Q we‘may'cﬁmpute Q(N'] q
whére g is thé seventh column of q..'The éomputaiions‘were serformed
from right to left as: - |
i _ ‘ ; :
tach multiplication was then a matrix by a column vector; no multi-
p]icafion of Q by itself was necessary.
2. Mu]tip]e.Sités | |
Find the probability that at.1east one of Msites (M=1,2,...,10)
will experience at least one "burning day" within an N day wéather watch
(N=1,2, ...., 15) if, when the weather watch is instituted,.z."drying
days" haQe accumujated at each site since the last heavy rain, and also
vunder the aSSumptﬁon that no drying days have accumulated since the last
heavy rain; ' |
| These probabilities were calculated f}am the formula:
Py = 1= (- py" |
Where .

N

PM‘N = desired probability for M sites and an N day watch.
P, = single‘site probébi]ityvfrom 1, (q(N)) or (q(N)) ,
N ' 75,7 1,7
" The basic assumption here is that the weather at one site is
indegendent‘gi the weather at any other site, wirich of course it isn't.
This obvious error wil]vbe minimized during the drier months when rainfall

is essentially of the'shower type from air mass rather than fontal

systems.. Individual rain showers tend to be random in their occurrerc2
. o B Sl
u‘{‘-‘. P . ..20- M
b, b . .
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Where

Ha=p s

Q

HLa = P, + P 4P ;

H

- be



a~1 in this sense the aruument for site iﬁdebendence 1s.oresented.
3. Uncond1t1onal Probcbilities |
What is the probab11 ty that a random day is a- burnung day7
'f0r the solution to th1s problem, we -eturn to the matrix Q'

of section 1. The des1red probab1]1ty. U, is the orobab111ty that the

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

If the u; are the probabilitias from the stationary d1str1but1on of
the chain then

U=+ wu,=1-3% u,
B A =1 7

The sﬁationary prcbabilities satisfy the system of équat1ons

uQ' =
whefe'u is a row vector witnh elements u; and Q'v‘s the extensidn 05 0.
A stepwise solution of the systéﬁ for the first ten Uy was obtaingd

with the following fOan1ae:'

up =y Pyl (Lo Py =Py
u; = (P Ui o * Py ui_1’) f (=P, =P )
where i = 3, 4 :
. E . o :
ug = [PC uy + Pb_u4 + PL (1- %21 ui)] / (- Pa)

ug = (P, ug * Py Us ) /(=P

“ - 4. Days that Burning 0perat1ons are Possible

How many days are burn1nc operat1ons posswb1e at any 1ocat10n in
any nonth7 '
The number of davs equals the unconditional probab111ty. LD t1ﬂes“

the number of days in the month in question.

- -22-
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ANALYSIS OF NUMBER OF DAYS THAT BURNING IS POSSIBLE

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 hoav,
rain as > 2 inch /day and reducxng the number of dry1ng days to 1 after
a 11ght rain and 3 after a heavy rain. A comparison of map-ana1yses
of the ;wo sets of conditions readily bear this out. We have the advarntage
now of‘at 1éast knowing the limits within‘whfch we can operate. Thuy are
é; follows: | A
a. Affér a-héavy rain (> .2 inch) 3 drying dayé are not

enough and 5 drying days are too many. -

"b, After a 11ght rain (s .2 inch) 1 dry1ng day is not enough

“and 2 drying days are too many .

These 11m1ts would apply genera]]y to the dryer months - November
through March. It is recognized that only in isolated areas could a
successful operatibn be conducted in the rainy seéson. Fdr convenience
1n‘;omparison, two maps for the same mOnﬁh appear on each page (see
Figure5‘1-12).' The map on_the right illustrates too liberal restrictions
on burning operations while the one on the left illustrates tos con-
servafive réstrictions.‘ The 1i£era1 analysis (right chart) apbears to
'_ be quite sénéitive to.the preVailing monsoon flow..éertain1y'm0ch more
so than the conservative analysisl One can readi1y see the effects of
prgvailing southwest %low moving northward from Malaysia beginning in
Marth.éﬁd cdntinhing throygh November whi]e the effect of.northeast'flow
can be seen from October through February. 'Septehber and ‘October, as
well as‘Februéry‘and March,éré transition months. The ihterior’of the
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Fiqure }.--Number of days that burnlnq is possible in January qiven:

(a) Five or more “drying days" have . (b) Three or more "drylng days" have .
accumulated since the last neavy rain ~accumulated since the last heavy rain
provided that 2 or more “drying days" provided that 1 or more “drying days"

_ have accunulated since the last liuw‘

, - have accumulated since the Jast 1ight
rain. . rain. :
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.lgure 2.--Number of days that burnlnq is possible in February g\ven

(a) Five or more "drying duys“ have
accumulated since the last heavy rain
proyided that 2 or more "drying days"

~ have accumulated since the last llght
rain .

(b) Three or more "drying days"” have
accumulated since the last heavy rain
~provided that 1 or more "drying days"
have accumulated since the last light
rain.
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Figure 3,—~Number‘of days that burning is possible in March given:

)

Five or more "drying days" have
accumulated since the last heavy rain
provided that 2 or more "drying days"

have accumulated since the last light

rain.

- (b)

Three or more "drying days" have |

accumulated since the last heavy rain

provided that 1 or more "drying days"

have accumulated since the last light -

rain. )
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Fibure 4.--Number of days that burning is possible in April given:

- (a) Five or more "drying days" have
accumulated since the last heavy rain
provided that 2 or more "drying days"

have accumulated since the last l\cht
ra1n. ’

- (b)

Three or more "drying days“ have
accumulated since the last heavy.rain
provided that 1 or more "drying days"

have accumulated since the last light
‘rain.
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Figure 5.--Number of davs that bufning is possible in May given:
(a) Five or more "drying days" have

: (b) Three or more "drying days" have
accunulated since the last heivy rain _ accumulated since the last heavy rain
provided that 2 or rore “drying days" - - provided that 1 or more "drying days"

- have accumulated since the last light have accumulated si
rain. . . . '

nce the last light
‘rain. '
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" {a) Five or more "drying days" have

accumulated since the last heavy rain
provided that 2 or murc “drying days"

have accurulated since the tast Tight .
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FigqfeAGQ-QNumbef'of days that burning is possible in June given:

~(b) Three or more "drying days" have
‘ accumulated since the last heavy rain
provided that 1 or more "dryinq days"
have' accumulated since the last light
‘rain. o S _
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Figure 7.--Number of days that burning is possible in July given:

{a)

five or more "drying days" have -
accunulated since the last heavy rain

‘provided that 2 or mare "drying days"

hava jacumulate’ sfice the Tast Tight
ratr. ’

.(b) Three or more “drying days" have
accumuiated since the last heavy rain
provided that 1 or more "drying days"
have accumulated since Lhe iast light
rain.
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Fiqure 8.--Number of days that buraing is possible in Rugust given:

PHONG SALY \

.
LUANG
PRABANG

. accumulated since the Jast
provided that 2 or mure "drying days"

have accunilated since
rain. .

the 1

‘{a) Five or more “drjing days" have

heavy rain

ast light
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(b) .

Three or more "drying days have -
accumulated since the last heavy. rain
provided that 1 or. more "dryan days"
have accumulated since the last light
rain.
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Figure

(a)

five or more "drving days" have
accumulated since the lust heavy rain
provided that 2 or wcre "drying days”

“have accumu!ated since the last light

rain.
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9.--Number of days that burn1ng 's possible in September given:

Three or more "drying days" have
accumulated since the last heavy rain
provided that 1 or more "drying days"
have accumulated since the lastu light
rain.
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(a) Five or more "drying days" have
- accunulated since the last heavy rain
provided that 2 or more "drying days"

have accumulated since the last Tight
. rain.
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. Fiqure 10.--Numbér of days that burning is possible fn October given:

(b} Three or more “drying days" have

accumulated since the last heavy rain

provided that 1 or more “drying days"

have accumulated since the last light -

rain.
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Figure 11.--Number of days that burning is possible in Novemwber given:

(a) Five or more "drying days"
accumulated since the last heavy rain
. provided that 2 or more "drying days"
Luvn arcumuldted since the last light -

(b) Three or more "dfying days" have

accumulated since the last heavy rain

‘provided that 1 or more "drying days"
have accumulated svnce the 1ast light
~rain,
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Figure 12.--Number of days that burning is possible in December given: ‘

(b) Three or more "drying days* have
accumulated since the last heavy rain
provided that 1 or more "¢rying days"
‘have accumulated since the last light
rain. S

- (a) Five or more "drying days" have
“accymulated since the last heavy rain
provided that 2 or more “"drying days"
ha.» accumulated since the last light
rain. :




Indochinese perinsula contihues to be relatively dry from 0c16hér to"
Aﬁri] when compared to the coast. From,May to Septerber the nurher o%
burning days in the interior are reduced relative to ccastal areas.

. One would tend to conclude from these analyses that the tctal number
of burnihg days are‘generally muchAgreater in the interior Korat plateau
reg1on and var.ab]e with the seasons along the coast11nes The'data are
also sensitive to elevation w1th higher 1ocat1ons near]y alweys havwng
more possible burning days than the lowlands. For this part of the woric
such a conclﬁsibn seeﬁs reasbnabTe in light of the fact that when we o
talk of lowlands we genera11y mean high rainfa1i areaswahdv1ush junq?e-
tyﬁe vegetation. Our test operat1ons would tend to confirm that Onxy

,uuder the most ideal cond1t1ons can mode*ate]y successful burn1ng uak_

piace in the 1ower.e1evat1ons. . Two tests actua11y took place in Jaruary
the month when success was most 1ike1y'and;onvonfy one:of'these days
was modest suﬁceés achieved.
| THE BURNING EXPERIMENTS

Thfee burning experiments were conducted in <o§th Vietnam in ez~iy
1967. They were referred to as "Pink Rose I, II, and ITI". The targets
.were ignited by clustered incendiaries dfopped from 8-52 aircraft on
January 18, 1967 (Area "Cf). Jénuary.ZQ, 1967 (Area "A")land on Aprii 4,
1967 (Area "B"). The civilian adviséry»feam dbserved the exﬁeﬁiments ‘
in Areis "C" aﬁd JA" only. Meteorologic§1 dat$ for area "B wasﬁprcyiqﬁ:
by the First WeatheE.Group; and §Omments on what was observéd reviect
the interprefation of personné] who saw the bu}nland reported on*tnéi&
cb sarVatwns |

The burns were not par;; u]ar1y 1nten50,‘and in no'caée 3ic ar

RS ]

actual firestorm occur where=311 major burn1ng elements contributed tc’
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3 single convection column. Trere weré hot 'spots in each burn, altrcugh

-

B in Area "C" these were short-lived. Ground reconnaissance after each
_burn‘indicateﬁ many areas of unburned fuel, which'isvgmple evidence of
the relatively light fire intensity.
PINK,ﬁOSE I; AREA C, 18 JANUARf 1967 ‘
The'first experiment (Area‘“C”. Figure 13) waé fgnited at 1409 LST, ;
Ja},ary 18..1967 under extréme1y unfavora51e Stmbspheric conditions for
"~ burning tropical forest fuéis. The étmcsphere at TOT was cool, moist
and.stab]e--charatﬁekistic of the pkribdic 1ulls in the relatively dry
ncrtheast.monsoon. | v A
The éouthern portion of the Siberian High was dominating'flom..
.over South Vietnam. Low level winds wérg light and nor;ﬁer]y.‘ Fiéufe‘1i
illustrates a éurfaﬁe pressure analysis and gradient wind level sfreamf
line analysis for 00Z (0800 LST) for 18 January'1967.A Southeasterty f]o@
frcm the 850-500 millibar levels on-January 17th'(Figure 15) Became %uch
imore proncunced on January 18th (Figure 16)‘with dévelopment north of tre
th]]ippines of a strong.anticyclone fn the upper levels throuéh.?GC
millibars. Unfortunately, southeasterly flow advects moisture over South
Vietnéﬁ and the result is évidenced by the dense cloud cover il]u;traﬁed
by the Nihbus IT satellite photo ih Figure 17. The Tay Ninh and-Bien joé
‘RAGSs, Figure 18, show considerable moisture on the 18th. Tay Niah much
- farther jnlénq near ;he Cambodian border has {ﬁcreaSed moisture in. tre
middle 1ayefs and slight drying‘in the lower iayers which is most Tixe'-
- caused by normal diurnal warming and mixing from aftefnoon-heatiﬁg;
ATarget'area weather waslrepreséntedvby»sien Hoa--ldcatéd about 1¢
statute miles sdutheast of‘target "C". Table 4 illustrates daf]y w&at“ér.

L. Celreee o -37- - 1




o "’ oy [ ¢ ’

. . _ .

[ - (Tl -— ’
' b v [ $

26 “ : f\., , ‘ _
N SN STUNG o
_\\ . . \\ ' : \ TRENG / ] FI(U Lxl\

s .

/ OBANHD

OBAN DON A
~ 0 BAN MU THUOT

310

/

2 " DUCMY
ST NHA TRANG S

S . ' . a \ ‘\' {
300 . N\ N T N S

’ - / . N
. . \‘ R T A o o A /,. Lo
Tl T, OCAMPONG CHAM . S : " DONG BATHIN. .
NG R \,\ SN ) e oM RA 0D
. SN . S , - DALAT - :
290 ‘ o R o OQUAY LOT Rt
. OPMNOMPENH_ NN e g ML/ _cBro’toc - euan RQY -
" : e . Lo o T T ’ :
Tl BN N, v\ . .'-' - . R :
S N ~ “SONG MAQ " - ¢ 00

R S AN Cae2s]
280 . ~ _ - "' N V.,. - .' T~ .. .‘\.l ;».\»\.. ‘ \‘._\ .
' R TCYCHT oo

’ 'l' -
O CANTHO ¢ /

LUovin LONG
. ) \\

‘.\ * .\~ ) N \‘ L
i ! \ B N ’ - ..
2 240 ?‘;‘79Q155 170 Y64 180 Y4C 150 VR S B s

Bovees T0Catien 0f are

i

Cyoarea BT and gves MCYoap relation T the oS

- v A . P
A '\xut '\l',i\,- ..

S SN

. 090 .



‘! i
o026 108 03dtil

- —

< ——— o —

e e . —— - .

Figure 14.--Surface pressure ana1/s1s and grad1ent wind level ctr 2anlir2
analysis, 007" (08L). 18 Junuary LQQ ,
’39, . ~ es— u t o o )



S ETew)

@961 Auenuep £|

—
-4
<
I~
C
o
S
o
-
%)
-]
wv
>
—
<
=4
4]
Q
<
A od
—
=
™
<
1
-
w
—
Q
>
Q
—
g
oS
L
-
o—
153
<
>
(3N
&
-
c
[yl
o
C.
<
<
-
o
o
2 w
[ o]
(o]
~
O
w)
[=0]
]
!
[Ta)

:‘A’J‘-lxﬂn-"ll

RN
N I,,.,ﬂa:.’ .

'l
NN
A -

S —

.
T
' TN,
é

[P R D

RN LU SRS I
o e
<

o

Y

LRMVIEY 107V RONEM SN0 o LS NIV e ) : P oiviretnes 1w




l . ) . U | \A,.,.m..jcw.—. T
‘{180) {00 403 sasA{eue 3up|wedus [IAs| JRGE{{LW 0o PUT “Q0f
B T

S et e
199 MRl A LAY - TR Ay b LG P - o

34Nk

Tutb BimehalAYS



Fiqure 17. --N1mbus 11 saten\te photoqraoh f\r na227 (12zz2i:,
18 January 1968. ..
Note: Clouds are black' white areas. are EBar.
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observations fc¢r 3ien Hoa and Tgy Ninh from Jiruary 7-31, 1962. Yote

tre 31°F. temrerature for Bien nca on the 18tn is relativeiy coc! for

January. On the other hand tne cew point of 61°F. and reiativz

humidity of 50 percent appear *¢ indicate moderately dry condzicns )

_Tre atmosphere was cuite stable, however, with a Showaiter Index of

+7.0 by 1400 LST at Tay Ninh. Earlier-at Bien Hoa a +6.C Srow:lter

.Incea, together with the moisture advection, confirms tre enc cf a

w3rm, dry unstab1é period which-begad.on Januéfy 9 and ton;inuec throonr
the 17th, abruntly ending on the 18th; This can test be i1]ust;§ted'
with‘the ve?tzca]ltimé §ection ofAtemne}atue minus dew point.at Tav Kiah
snoﬁn ip Fidure 19: Signfficant coo]iﬁg and increéses in moisture are'.
aoparent at nearly all 1évels‘starting on the 17th and continuirg 1nr§uqh
the 24th. It rained at Bien Hoa on § days of this period anc 3 czss at
Tay Ninh (Figure'zo); |

Based on the January 18 RAOB at Tay Ninh (1400 LST) tre cor-

vective condensation level (CCL) at 13,00Cfeet MSL nre-detzrmined 3

convection temperature of 13%. o establish a qood conveciicn zolumn

oius a 10°F. effective increase from good combustion the necess:: -

{Figure 18c). With a maximum afternoon temperature of BlpF.‘at 8ien =2
. . <y <20-

was completely cut of the question.. Table 5 indicates obsorvad weatne-

parameters at ignition time on the 18th. Diurnal variation cf <amparature,

- dew.point and relative humidity on January 18 are illustrated for Sie - oo

in Ficure 21. Temperatures decreasec rapidly efter 1500 LST wizn curr.

songing 1ncreases in relative humidity. Of more significance., ntiever,

is tre gradual rise in dew point-thrOughOut the dav--indicative o7 *re

ncist air advection aiready discussed.
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TABLE 5. WEATHER OBSERVATIONS AT 1400 LsST, 18 JANUARY 1967

Temperature
Dew Point

Relative Humidity

- Sky Condition
Stabi]ify Index

“Precipitation

Days since Precipitation

| Drying Days

Precipitable Water

Bien Hoa

81%F

- 61%F

50% A
zsol'oodb/eé‘
+6.ov(0200L)
.02 inch (1800L)

6 days
3+

‘Tay Ninh
: 79%F
619
5435

1200/ :
+7.0 l

T (Ton.Son Nhut
.05 inch) .

14-days
3+ (0800L)

3.27 (0800L) cm..
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Figure 21.--Diurnal variation of temcerature, dew point and
~ relative humidity for Bien Hoa, 18 January 19¢7.
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A]thohgn.fue]s were dry (no rain had fallen for 6 days) arc the
‘target had accumuiated tEe prescribed 3 dfying days, Tow ciouds and a
hiah overcast limited solar heafing éiqhificant]y so'thaf a cooﬁ tern-
erature and rising dew point were enough'to make the exoteriment a |
fai]ure. | | -
The ‘convection column reached its maximum height at 1454 LT
{T0T + 45 minqtes) and wés'estimated by aerial observers to be at
Q,COO MSL.  This top Qas not detectéd by radar. Observérs'noted that
only a small portion of the northweét corner of the target was burning
with any great amoﬁnt of flaming. Assuming the Tay Ninh RAOR as
representative of the targat'at-f400 LST ‘that small portion of fire was
Generating an'equivélent temperature at the surface of aporoximately
: SaOF.,'seven degrees of which might Se attributable to tre ffre-itsélf.
An inversion near 2,000 feet effective]y suppressed the rzmainder of the
fire. | |
Although v{rga was observed between 1055 and 1100 LST over the
target, no rain was measured at the surface {Bien Hoa) until }800 LST
when .02 inch was recorded. - Precipitation hqd been'forecast,?d rour;
oricr to T0T. _
PINK ROSE II, AREA A, 28 JANUARY 1567
‘ The second experiment (areél“A“, Figure 13) was ignited at 1405 LST
January'28; 1967 under neér]y idea1 atmospheric conditions. qutheasf
monsoonal fiow'wa§ well established. No précipitation had 7aller for &
days and fﬁe]s were we11 conditioned by preyioqs warm, dry days. F;Qir.
under thé inf]ueﬁte of'the Sfberian High; Figure 22, the tarﬁet area
MRY w;s_éxposedito stroﬁg northeast monsoonal flqw from the gradien®.

wind level up to 30C millibars, Figure 23. A strong anticyclqmay:s

LI -
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"~ Figure 22.--Surface pressure ana

ard oradie
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lccat-o over tre rorth Indo-Chinese peninsula on January 27 ang 24.

-

The Jlugisrere was noderately -unstabie at TCT cue primarily ‘o eirTac

1)

neating and dry air a}oft. Thin<c1ouds are apparent in hlfnué
sn.tes for January 27, Figure 24.

Target "L" was located about 25 statute riles nc::héa:t of i,
Nink which was ‘*a nearest rquiar]y resorting upper-air statior.
Nciin: Table & anc Figure 20, Canuary 28 was one of the better Zdays 0
corduct a burning operation. At Bien Hoa, temperatures at 1400 LS7

nad been increasing and humidities had been decreasing daiiv since -

_ January'24. Tay Ninh continued to be quite wirm although somewhat

~more variable. ' Dew point and humidity cortinued to drcp after tarcet
ignif%on to'minimum va]ues‘of'66°Fauand 4€ percent while surface ie*:-
erature remained at.90°F (Figure 25)." Table 6 incicates weatﬁer para-
~eters at'TOT for Tay Ninh and Bien Hoa. | A1though the analysis in

ure 16 indicates January 28 to be at the end of a dry period ¢ inite-
in magn1tude_~o'the period ending January 17 ané }8 there i cne 1rcof;:ﬂﬁ
difference between the twe. | | | '

Surface temoeratures are near,y I”o’ higher on the

n-

th and st
Also a s*ability .naex of +4 5 on the 28th indicates a rn'at.vo.f unst2n e
at~csphere. The (lL at Tay Ninh at 1200 LST on the 28th (Figure ZMJI'

wWas a£'9.400 MSL. A surface témaerturé-of 107°F. was recuired to estat?5e;

a guod convection column. With a surface temperat.re'of 90°F.;his W3

“recriyv hopeless to achieve even with the estimated 10°E. asstst Tro,

290d combusticn. At 1413 tne smoke layer was at clioud tase (T07 . R

‘mirytes). An inversion base at 5,600 feet MSL {Figure 25 coincides

1" ~easurz? cloud tops over target and vicinity. Aerial obserizrs
ectirated column height at 9,000 feet MSL. Radar at Ton Son Nh. - et
. ) } ‘1"9 1 T

- “;4 -
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Figure 24.--Nimbus 11 satellite photograch for 0450 Z (1250L),

27 January 1967. » )
NOTE: Clouds are black; clear areas are white.
: o
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Figure 25.--Diurnal variation of temperature, dew ooint “cv:,',‘ e
relative humidity for Tay Minh, 28 canuzry l3c7 . -
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TASLE 6. WEATHER OBSERVATIONS,

’

e : erature

Dew Point
RéTatjye’Humidity :
'Sky'Condition
v-a-‘}1ty Index

_ Pre;foﬁtation

Days since Precipitation

Dryinq Days

Précipitab]é Water

Bier Hoa
90%F
- 66°F

45%

250/-0

0

4 days _
3+ (.02 on 1/23/67) 3 + (

L -56<

1800 LST, 25 JANUARY 1967

Tay Ninh.

‘4 days (0800L)

.76 on 1/23/67"

(Ton Son Nhut .25 on
1/23/67) '

3.38 ecm. (0800L:
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a‘roort measured an échd heigrt of 10,000 feat MSL. Bean width is
the most likei, explanétion for the difference in values. £ geries}o€
radar nhotos i\?ustfatéé'the fire image on the RHI énd “7l scones of
the CPS-9 Weather Radar (Figure 27). The 9,000 foot top indicates ar
effective temoerature of 105°F. was achieved in,a'smai}‘part'o? toe
fire, Maxiﬁum reight occurred at 1445 LST (70T + 40 minutes) ard
coincides with the period of most intense burning activity! hewever ,
»12 minutés later at 1457 LST thé»radarAtop had decreasec to 8,000 feet
and continued to decrease rapidly as did the burning activityv.
PINK ROSE 111, AREA 8, 4 April 1967 |
.Area “g" (Figuré 13) was ignited at 1400 LST, Apri1 &, 1967 unaer
f2irly good atmospheric conditions in spite of the cloud ﬁo#er,preSen;
at 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 fez:
MSL until after 1300 LST. This cloud cover prevented early evanoraticr
of dew in the general target area. Although the relative humidity
dropped to 51 percent at 1300 LST and was estimated to be 45 jerzent
4a: T07, trere was véry little drying time avai]ab]e'to groparly cun-
dition fuels. | _ |
 The uppér-air'streamline charts {Figures 28-33) from the pes<:3
- March- 37, 1967 through April §, 1967 were'typica].of the end of the
strong northeast monsoon And its Subséquént breakdown‘pfiof tcﬁfhé on-
set of the southwest monsooh. A 1ow'pressure_center over nofthern
Indo China was a1re§dy apparent from the surface through theABSD miiiibar
level, and accounﬁed for the §outhhester1y fibw_ovér the southern half

¢ South /ietnam.  This southwesterly flow was supported by antic,:izniz

. i~ i qmint T
-58- _ o— | " \k-‘-’“" ..
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THOUSANDS OF FEET

DATE: 28 Jan 1967 TIME: 1428 LST
AZIMUTH: 345
HORIZONTAL SCALE: 7S Mi.

RLATLT . £ npr® o o s -
VAR RN DA MARTE AN P LaT
. L . e R
BRSNS A

CATE: 2& CJan 1967 TIN=: 1L o7
3TC: Off SCALE .(PPI): 77 nmi.

DUISE LTNGTH: Low '

SLEVATION ANGLE: 2°

Figure 27.--C.P.3.-9 weather radar photographs *«
showing eches of target area "A".
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ANGLE: .
Yange marrer 2t ST st. mi.

'THOUSANDS OF FEET

MUTH:  3LS _ ,
-2I7ONTAL SCALE: 75 mi.
‘ARY3: Tors of echc at 9000 ft.

sTE: 28 Jan 19€7 TIME: 1445 LST

Tigyure 27.-- Continued
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CATS: 28 Jan 1967 TIME: 1455
smc:  Orf SCALE (PPI): 75 mi.
PULSE LENGTH: Long
ELEVATION ANGLE: 2

REMARKE : Range marker 3h2 /57 st. mi.

DATE: 28 Jan 1967 TIME: 1503 LST
STC: Off ‘SCALE (PPI): 75 mi. '
PULSE LENGTH: Longo

ELEVATION ANGLE: 2
REMARKS: Range marker 3L2%/57 st. ‘mi.

Figure 27.--Continued
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CTHOUSANDS OF FEFT:

DATE: 28 Jan01967 mIME: 1457 LST

AZIMUTH:

3LL

HORIZONTAL SCALE: 75 mi.

REMARKS :

DATE: .
STC:. O
PULSE LENGTH: - Long

ELEVATI

FEMARKS:

Tops of ezhs 8750 ft.

28 Jan 1967 TIME' 1512 Ls7
ff  SCALE (PPI): m

ON ANGLE: 2
Range marker 3h2 /57 st. mi.
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CATE:

STC:

DULSE

P—\ . »
-An

23 Jan 1967
o
LINGTH
TTVVA OW ANGLE:

TIVE:
FI).7£5

SCALE (PF

~on

Eypan:abl

/C 3Lc /57 mi

Figure 27 --Continu
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sireeriine flow ‘rom a-center Iocated just sif the South Vietnarmse

3311, wnick at times during the ceriod Aprii 2-5,'1967-;33 located as

v
=X

far east 3s the Fhillidires. The two. flows cau se” the develoc ~rf of
a‘ﬁcn:crﬁence zone over the mainiand 1ntenn1*teﬂt1) dur1r, the peff:'
'Qeéorded rain ‘el ~n1/ on the 3rd o‘ Apf\] ‘at Jien hoe. ’Y: otrhff
‘moisture was nozed otuer thar ‘og at. nany stat? c .S 'n Scatn | LY ateaT

ca the mcrnincs of April 2, 4, and 5. Fog is of no surur*se since *ne
lier:eraturé-dew coint.spread was as low as 3e4 F. at*OGOO LST. .chever,il
znare was no fog in the target area on tke horninn‘oi april e, zuds
are aoparent in Nim ous 11 photo prior to TOT Fxgure 4 |

“low-at 700 millibars and above was genera11y.nor:heas;sf1y v}f“ :

tne ﬁén er of é fairly 1ntense ahticyclone'1ocgtec‘oyer Thaé‘;rd, fure
2nd Laos joure 35 shcws the Tay Nink RAS for (4307 11253 L3T). ey
Nirn is lccated aboyt 10 m11es south of the target ard i Sz consitac
‘a3 reorésentative of‘the target érea.' fhis sounding indicatef a' o

cnvect’ve Ccruensat1on Level) of 2, 300 feet anc a L7C o7 3000 e

£ convect1ve tevperature of 99°F. was nearly acnieved betwe. .. 1207377

s U ) . L . .50, i
323 L:! when the maximum temperature wus estinat e! w02t et Tey

-

hinh cnd protasiy rear 95 0 4o 96° ~at T;T.{Ff;ure i2Y. The rarrac
Y

oW

. Qodst ex:ectec fkom gcod combusticn shou:d have :een Tore iT:” ;:ﬁs;jz-
0 establ sh a substant: a] convec'xon colemn to 20.u.u ‘227 or hizner.
nfter 707 a cumu]us c10ud over she fire area developec ty . ertiTaIed
refont of 50,000 feet. Therefore,we can reeso;f,ij :Cfli;dc That e
‘orest fueis ard the'incend1arfes together di: born interie snos - f
srovide an equivelent surface temperature toost of &t least -/

Comgared to tergets “C" and “A" the atmos:znare was mCre unstal’s




Figure 34.--Nimbus I1 photoaranh for 04357 #123L} 4 April 1967

Note: Clouds are black: clear areas are white.
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'Pn ‘ﬂowaTter Index over target "8“ was

:ér"ﬂt: “0.5.2% 1800 LST !f~gure ELPR

LMte size o the ccnvect1ve colunr garound recgr-

O
h]
~<
iy
3

- “nc:a rc‘a?1ve1y BO0#- burn occurred. Cioud
L*Qgtfr.e: ‘s a prodable exp1a"a 1cr ‘or near fuel condisicnc v
o *es;:ﬁ5né_:§§r burn. Nichttime cpndensation oermitted’the,]*;?t'
2nd féime'fuels id absorb hoisture WHich‘wés not evacorated bétween

“‘-1&’? L:7--2 ti=e when cloud cover wou]d norma‘lj be exrected to

o ﬂrr’1 4, 19€7 a2+ 1300 LST ‘the target was sti’i cverca:tA
:f:e._weue*“‘ i 7 ustrated by da y weather o“ser ations as Rier =i
ane Nvﬂ" from nwr.1 1.5, 1967 (fwoure 37 and Table 7).

Canswdaran “he me.eoro Jogical cond1t1ons at ’OT it would seen MR

Y S?',TT,”'

\ rue‘vcpnd1:1ons, the-energy developed in the,fwre (due to *re

increased-censity of . incendiaries) was enough to force the corvection

chth t:'"ugh'the'overcast layer at‘7;000 feet to the LFC where adZi~-(rn;°
ehergy groh thg condenssation process ngnnitted thé continued arowth =7
2 cuuu1u§lﬁlpuq aboge-the'convgctioh column from the fife.' A cloud
rearwind tﬁn estimated height of 50, 000 feet woﬁ1d droﬁab?y cause

nreq r*at*on ard c0u1d account for the standang water observed by the

oround reconna*ssance team the mornwng after the burn.

. . . = ] . . I
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TABLE 7. WEATHER .OBSERVATIONS AT BIEN HOA AND TAY NINH

% OF ] S ' .
“emp W R A PCON  Sky Condition © stability
Tate TN BN TN BM TN 8M TN 8K TN gH N 8d
verer 5 3 68 72 T2 B - . 30 £30Q/Q - .
24r67 95 91 e 70 -3 1 - . 200 w0 - -
Dhor 67 97 91 70 72 &2 S& - . 350 300/0 - -
sarer 33 80 72 0 O 8 - - moue 200700/ +173 -
SApr 67 93 91 72 70 51 81 . -  00800/-® £50/® @ - -

Cbservations at 1400 LST except as indicat
7500 15T, ¥97300L5T; * m"Tz_oo%sT"_—“"s- 4
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Teaw Trotet Zenression 3s g fgrelyctirs

4 7er Dirk pse Jperaticns
Co3 Teecean tometarila T owac in Soota yietram aed had re21.
1T oaLrtine aed yncee-ate caag.‘ror fie's locetiins on 2 Zav-
Tootroo3vs D owas able to :é;ula:e dew-pcint decression with keiint,

-

* L7 w4 abrut 2 oweeks of data adrears in-Figure 3£ far Ta, e

A I 3 2 Y - . ~
- c G7naced atoLt L9 rmaLticat miles norirwest o
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PROGRAM FOR MARKOV CHAIN
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APPENDIX 111

DICTIONARY OF NAMES
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HELFMAN PROJECT EMOTE ';EEEE ~IBLDR ==_JGB .~ J0000(
MEMORY MAP

SYSTEM, INCLUDING 10CS ' | 00000 THRU 12217

FILZ BLOCK ORIGIN ' _ 12226
NUMBER OF FILLCS = 2
1. S.FBiN - - : 12226
‘2. S.FBGU 12251
" OBJECT PROGRAM : : } 12274 THRU 10043
l. DECK -ENCUDE- 12274
2. DECK -DECUDE- . 12474
3. DECK =-CHRTAB- a 12640
4. DECX <-CHRINS- ‘ 1274C
S. DECK =-STRING~ L 13022
6. SUBR =-INSYF8=- 13102
7. SUBR =-OUSYFB- 13141
8. SUBR -POSTX - . 13172
9. SUBR =CHSTNT- = ' 13311
10.. Su3R -FC5 =~ 13321
ll1. SUBR =-Fue6 - . 13322
i2. 'SUBR -I0S = : 13323
i3.  SUBR -Rmb = ' 13601
14, SUBR =RaD = 14213
15. SUBR -ACV - 14721
I6. SUBR =-HCV = 14751
17. SUBR -XCV - -~ 15054
18. SUBR =~TMTARR- 15072
"19. SUBR =-FPT = 15243
20. SUBR -XEM - e _ 15631
21. SUBR =XIT = 16042

(e - INSERTIONS OR DELETIONS MADE IN THIS DECK) |
INPUT = OUTPUT BUFFERS ‘b 17087 THRU. 7277
UNUSED CORE | - o 16044 THRU 77082
UBJECT PROGRAM 1S BEING ENTERED INTO STORAGE.

| 'EMOTE STATION INDEX o - -
© SIAGON, SOUTH VIETNAM o 48900 "jf:;EEEE?>

© 12GRF332QKLZBIFQCR S 65244 a .

SOCTRANG, SOUTH VIETNAM: - 48913
52QURSGF32QKLZBIFACR — "~ 65C89
NAATRANG, SOUTH VIETNAM : 8877, p..-.;wi]
IFQRRJIGF32QKLZBIFQCR - . 600YY o T
ZLEIKU, SGUTH VicTNAM .. : . 48566

DanTIZARLIBIFULA LA L ETE



TAVOY, BURMA
RQ3LVNJKRC

MANDALAY, BURMA
CFRRRRHVNJKRC

KENGTUNG,y BURMA
TFBQGFKVGJKRC

" VICTGRIA POINT, BURMA

TLQUJ3RIISFIVQJIKRC

SANDOWAY, BURMA
2FR3WROVNJKRC

- THARRAWADDY, BURMA
ZQIRRJRDWWVNIKRC

 BASSEIN, BURMA R
RV221BVFJKRC

. MINGALAOON, BURMA
CFIRGRH3NVFJKRC

AKYAB, BURMA
TRRNVVJKRC

SONGKHLA, THAILAND
32GFZTRHZQ IRRHWF

BAN DON, THAILAND
RVYWFF3ZQIRRHWF

PHUKET AIRPORT, THAILAND
SKIZBTRQJIISQJIZQIRRHNWF

RANONG, THAILAND
RJ3IFGFZQIRRHWF -

* CHUMPHON, THAILAND
* ZUCKZSF3ZQIRRHWF

PRACHUAP KHIRIKHAN, THAILAND
SRJZURKTSIZIJZTFRZQIRRHNWF

MAE SARIANG,. THAILAND
RC2BJRRIGFZQIRRHWF

PHITSANULOK, THAILAND
$1Z2QFRHKT 3ZQIRRHWF

SATTAMIP, THAILAND
R2QQCRS 1ZQ IRRHWF

SURIN, THAILAND
" 2JKFIZQIRRHWF

ST THAMMARAT, THAILAND
2Q1RZCCJRQRZQIRRHWF

CHIANGRAI, THAILAND

'-35-

48108

69004

48042
64016

48060

64047

48112
69019

©e0380

64040

48088

64000

48094
646065

48096

64075 .

48062
64017

48568

1 60C07

48551
60090

48565

60007

©a532
60018

48517 .

600Y9
48500

60044

48323
68001

48378
6200Y

48477

660YY

43432
66018

48552

60010

48393

Y

\_—



RTSL 43 JVCW3RI

BATTAMBANG, CAMBODIA
RVQGCHRVGFRUVC W3R

KRAKOR, CAMBODIA

JTTRUIRJIVCWIRI

SIEMREAP, CAMBODIA
[2C3BJSRRUVCW3RI

KIMPUNG CrAM, CAMEUDIA
TC33SGFZUCRRUVCW3RI

PHNOMPENH, CAMBUOODIA

SFZC3BSZFRUVCW3RI

PAKSE, LAOS
STRB2RHZ23

LUANG PRABANG, LAOS
KHFRSGRJRVGFRH23

VIENTIANE, LADS
LBIQFRIBFRH23

- SENO, LAOS

B23FRHZ23

KHON-KAEN, THAILAND
T3Z-FRTFBZQIRRHWF

UDORN, THAILAND
K3wFJZQIRRHAF

NAKHON-SAWAD, THAILAND

RFZTF32-DRWRZQIRRHWF

JBON, THAILAND
VRF3ZQIRRHWF

NAKHON-RATCHASIMA, THAILAND
FTR3Z-FRJUQRZI2RCZQIRRHWF

EANGKOK, THAILAND
VERTGT3ZQIRRHNF

~ELLESLEY, MALAYA
JHOBHH2NBRCRHRN

MALACCA, MALAYA

" CHRURRURCRHRN

PINANG, MALAYA
5>SRFGFRCRHRN

IKTILA, BURMA®
CIEQTHIVRIKRC

LASHLID. 3URMA

B R A

- o.gr-




,w.;ii@ -
\ .

DANANG, SOUTH VIETNAM
RWRFGF32QKLZBIFQCR

HUE, SOUTH VIETNAM
2BK32QKLZBIFQCR

QUI-NHON, SOUTH Vv IETNAM

KA=-IZFF332QKLIBIFQCR

RACH-GIA, SOUTH VIETNAM
RJZUG-RI32QKLZBIFQCR

BAOLOC, SOUTH VIETNAM
"RVH3U3I32QKLZBIFQCR

DJIRINGy SOUTH VIETNAM
WIEIJGF32QKLZBIFQCR

DALAT, SOUTH VIETNAM
WHRQR32QKLZBIFQCR

. QUANGTRI, SOUTH VIETNAM

KAFRQGIJ32QKLZBIFQCR

BAN ME THUOT, SOUTH VIETNAM

RVCFQBKZQ332QKkL2ZBIFQCR

BAC KAN, NORTH VIETNAM
RVTUFR3FQJLZBIFQCR

CAC BANG, NORTH VIETNAM

. UBRRVGF3FQJLZBIFQCR

THANH HOA, NORTH VIETNAM
ZQFRZZRIIFQILZIBIFQCR

 MONCAY, NORTH VIETNAM

3CUFNRIFQJLZBIFQCR

THAT NGYEN, NORTH VIETNAM
QRZFINGFB3FQULZBIFQCR

LANGSON, NORTH VIETNAM
HFR2GF33FQJLIBIFQCR

VINH, NORTH VIETNAM
ILZF3FQJULZBIFQCR

HANOI, NORTH VIETNAM

- ZFRI33FQJLZBIFQCR

CHAPA., NORTH VIETNAM
URZRS3FQJLZBIFQCR

STUNGTRENG, CAMBODIA
Q2FKQGBJGFRUVCHWIRI

SVAY RIENG, CAMBODIA = <

2RLJUNBIGFRUVCH 3R

 KAMPOT, CAMBOOIA




JIZ:RLG lRZQ_lRRHnF

_CHIANG MAL, THAILAND

JIZFRCGIRZQIA HwF -

68084
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