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The Advanced Research Projects Agercy of the Office of the
Secretary of Defenge sponsored the calibration trials of two 2erial

3pray systeas. These trials were conducted froa May through Tuly §5&

i563
at Eglin Air Force Rese! Florida, and were essentially an extension of

trials in July 1962, buf with altered systema.

The first system, the C-123/KC-1, was rigged primarily as a research
system in order to obtain a variety of configurations such that the
nmost practical could be find{cated. The second system, the H-34 /HIDAL,
differed from the original model calfibrated {n July of 1962 at Eglin
Air Force Base in that its flov Tate approached 70 gallons per alnute,
) aluogt three tiwes the {lov rate of the original system.

i
A new concept called FIDAL was tested for possible use with A-1E
and/or A-1H aircraft and is reported in Supplement III.
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A,  BACKGROUND

The calibrationr data reported here were vbteined in the extension
of previous work!'? on two systems, the C-123/%C-1 and the H-34/HIDAL
(Helicopter Insecticide Dispersal Apparatus, Liquid). The former
consfsted of a 1000-gallon aluminum tank, a ten-horgepower gagoline
engins and pump combinstion, and wing booms; thepe were all mounted
in and on a C-123 aircraft. At the aaximum flow rate of about 200
gallons per minute, thia systea cculd provide a spray of Purple code
material at a deposit rate of 1§ gallong per acre over 4 300-foot
swath. The uaes wedlen diameter (I0iD) of the droplets was about
300 microns when the spray was releassed inwind, or nearly so, frow
150 feet above terrain at an {ndicated airspeed of 130 knots (1%
miles per hour)}. This provided a spray of relatively large ccoplets
for increased aimability and a deposit of three gallons per acre for
increased assurance of effect, Both of these parameterg were
recomaended by others, and this level of depoait was obtained operationally
only by two separate spray passes over the same area, Y% This proceduys ‘
contributes to better coverage of the area sprayed, but has the
disadvantage of extending the time of the aircraft's expoaure to possible
enemy fire, expecially where the two passes are madc on the ssme
misaion by a single aircraft.

The 2ata in this report concern the performance of different
counfigarations or mod{ficationa of the two aerial spray systems mentioned
it s, Tahe A-1H/FIDAL concept is reported in Supplement III.

1 (~123%/MC-1 rystem was specially rigged for seclected variability
i mpray delivery, primarily in terms of greater flow rate (in order
to obtain a deposit of three gallons per acre or more) and with the
addition of u tail boom (Figure 1), Tts confipnration, therefore,
should be considered that of a research vehicle and not necesnavrily

as a separale modification or as a prototype

The standard HIDAL ccnstists of a 200-gallon fiber glass tank, an
electric motor and positive displacement pump combination, and two
stainless steci booms mounted one on each side of the helicopter fuselage.
The standard HIDAL, {natalled in an H-34 and spraying Purple code
material at 24 pallons per minute, provided essentially a 100~ to 150-~foot
swath at a deposit rate of one gallon per acre, with a particle N of
about 330 microns v inwind releases from a height of 75 feet and at an
ifndicated afrspred of S0 knots (37.6 miles per hour).

* Afrcraft number 56-4386,
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The HIDAL was first used ONOMUS®*7 {n August 1961 to spray herbicidal
materials, and minor modifications were made to the syatem that subsequently
indicated the possibility of using greater afirapecds for the delivery
of spray release or flow rate by the system.® The data pregented here
concern a modified HIDAL system (Pigure 2} that can provide a flow rate
of 65 to 70 gallons per rinute of Purple code material.

B. APPROACH

The questions below were considered in planning the 1963 calibration
trials at Eglin Alr Forcu 3Bese.

1. What effective swath widths could be obtsined fui each ot the
systema and for functioning parte of the C-123/MC-1 system under the
following conditions?

{(a) At different flow rates for the MC-1,
(b) At different altitudes for HIDAL,

(c) At different afrapeeds for FIDAL,

(d) Using a varfety of nozzles for HIDAL,
(¢) Ustng different liquid fills.

2. What spray deposit characteriatics could be obtained with thesze
systems? i

‘a) Mass median diameters for various conditions shove,
(b) Plots of deposit of selected flights.

3. What percentage of the various materials sprayed by thege
systems could be recovered as measurable ground deposit?

Appendix E presents some detalls of the preliminary planning
for these tests.
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The asrial spray equipment was flown over the aspray ecapling giid
established for this purposs the previous year*'¥® at Eglin Alr Force
Bage. Because a capability for aizing the spray is desired, flighzs
were made {nwind to chtalin mass deposit information and related effective
swath widths., Crosswind flights vere flown intentionally for the
primary purpose of obtaining information on wass medisn dizmster, The
method for this droplet size deterulnation has baun described elsevhere®
and calls for finding the largest qualifying droplet. On crosgwind
spray flights the emsller droplets are carried farther dowrwind than
large droplets. This separstion mawes Lt wuch simpler to find the
single largest qualifying druplet.

Por all mage deposit test information, Du Pont OL! Red Dye was used
in known concentrations in the liquid sprays. Alfter spray releaces, wetal
sasple plates (6 by 6 inches) ware collected efcer an fnterval of ten
minutes that allowed the grray to settle. They were kept in serial order
in light-tight boxes until they were de¢livered to the laboratory, where
they were separately washed with acetone; the vashings were then collected
in a volumetric flask and brought to volume. The density of dye was
mcasured spectrophotomctrically and converted into gallons per acre

deposited per smpling stgtion. Appendix P comtains detatlls of wethods
and techniques for these trials.

All "inwind' flights were dirccted over the sempliag grid at right
angles to the saxpling line moat nearly normal to the preveiling wind
direction, Afte:r the mass deposit curves had been drawn, {t was poasible

to select and examine the data of those flights that were most nearly
inwind (Appendix &).

11
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IX. I1SCUSSION

A. DISPERSION PROBLEMS ) .

Where MD's of delivered spray are 300 microns or larger and the spray
{3 released inwind under inversion conditions, the large droplets are
deposited first and most directly beneath the flight line of the aircraft.
Smaller droplets tend to be dispersed laterally to a greater distance.
Thus, where wing booms only are operated on attempted inwind flights with
the C-123, there is a minimal airtitude below which the released sprays
dn not merpe beneath the fuselage prior to deposit, at leust not in
biologically meaningful quantities.

Depending on the type of aircraft (heavy or light, single or multi-
cngine, fixed or rotary wing) and the air turbulence caused by its passage
through the air, a spray released near or under its fuselage may be heavily
deposited divectly dowrneaid with relatively little lateral displacement,
particularly under relatively stil]l atmospheric conditions.

Efforts were made in the 1962 trials to prevent undue {nfluence on the
distribution of gpray deposit by the turbulence causcd by the wingtip
votrtices of the aircraft, However, aerial photography in these calibra-
tion trials revealed classical examples of the major efiect of these
vortices even though the same nozzle placement was used. It is concluded
that under the conditions of spray release obtained, particularly in regard
to the altitude, airspeed, weight, spray boom configurations, wingspan, and
aerodynamics of the spray aircraft, the influence of the wingtip vortices
plays a major part in the lateral distribution of spray deposit and ‘
should be cxploited instead of attempting to cancel or avold {ta effect
on inwind flights.

Where the peaking of sprav deposit is quite high, ir may be desirable
in practice to use landing flaps on the C-123 while spraving to create
greater alr turbulence and so reduce the peaks of spray deposit. Under
these conditions, carce should be taken not to contaminate the afrcraft;
the depree of use of the flaps should be adjusted sccordinglv. Ancther
pussibility would be te fly two planes 1n tine so that a non-spraying
plane s 1d create air turbulcnce for the spray relcased hy a plane
following slichtly above and some distance bhehind it.

Most Information on acrial spravs for aerical®ural purposes reported
in the literature pertains to ingect or plant dis+ise contrel, Principles
decelaped for these purposes, in manv instances planned for dirvect benefit
to the famer, do not necessarily apply to the use of various military
aircraft asuall. operating at greater altitudes and airspeeds. For example, .
an altitude for military spraving is not likc!v to be less than 50 fect
and may be 1Y to 3 or more times this heipht, whereas for many agrticultural
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purposes a 50-foot sltitude is, under wost circumstances, an upper
limit, Exceptisns can be cited, of course, but in general the foregoing
applies, For sgricultural applications sltitudes of one to ten feet
above a Crop are not uncosson.

An serial system considered wost efficient for releasing liquid
spray for a deposit of 1k gallons per scre is not necessarily the mort
efficient for a release to obtain a deposit of thrce gallons per acre.
Using a system that provides 1k psllons per acre and spraying the same
area twice will provide better coversge for biological purposes.
However, military requirements way indicate a single pass as essential.

Alternatives available include:

(a) Spraying the avea in one pass with one aircraft at three
gallons per acre.

(b) Spraying the area in one pass with *vo aircraft, each
spraying 1% gallons per acre.

(¢} Spraying the arca once at 1l gallons per acre and repeating
the spray after an interval of four to six weeks if necessary, thus allowing
the first spray to resch maxioum effectiveness.

8, PER CFNT RICOVEIR
For all selccted flights, the percentage of spray recovered as deposit
was calculated by the formula:
0.207 x 2 x D x 1
F

per cent recovery =

where:

0,00202 is a constant representing the portion of an acre covered
in{ 1 minute at 1 mph with & swath width of 1 foot. Multiplied
by;loo to convert to percentage, the constant becomes 0.202.
1

\

S~ :p%ed of aircraft {n miles per hour

D= loé 1 deposit collected on sample linc in terms of gallons
pcﬁlacre

1 anurval of sample stations in fect

F = flow rate of spray in gsllons per minute

et il Tiades o e SISy i
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This formula can be developed as follows:

& Amount recovered in 0.5-f¢ «tr!A
n_i per ceut recovery -\Anount delivered in 0.5-1t n.rip} 100

1. Amount Recovered in 0.5-Foot Strip

7he proportion of an acre represented on » Jample card =
8q. ft. on card _ _0.25
3q. {t. 1In acre 43,560

- _~ e Y *
G o ReVLil bdupic Letu =

where gpa; = gallons per acre cstimated from i-th card

Assume that:

(a) The i-th sample card repreaents the midpoint of an area,
(b) A uniform depusit {s obtained over this areca.

Then th? cstimated gallons in a section of a 0.5-foot srrip
repregsented by the {-th sample card {s the ratio of the area (0.5 ft » I)
to the square feet i{n the ssaple card multiplied by the amount deposited
on the i-th card, or '

.

0.5 ft x 1' [ 0.25 1
0.25 ;

which reduces to
0.00001147842 x I x gpag

The toral estimate in gallons recovered in the 0,5-foot sirip
is then

0.00001147342 x 1T x D

whoere D is the sum, {n gatlons per acre. of all sample cards.
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2. Amount Delivered in 0.5-Foot Strip
The number of feet traveled by the aircraft in one minuce =
3(2%32) -88 xS
vhere § is the speed of the afrcraft in miles per hour.

Then the number of minutes rcqulired to travel 0.5 foot »

g9 o Q.00sen1
x

And the number of gallons delivered in 0.5 foot =

0.00568152 x F

where F is the flow rate of spray in gallons per minute.
3. Per Cent Lecovery

Per cent recovery is then

100 [0.0000147842 x 3 5 D
[ 0,00568182 x F)/S J
. )

- 100 [0.00202 zFS x I x P

- 9,202 x i xl1xD

Considerable variation occurs in the irdividual per cent recove
obtained. Factors contributing to this varistion are a susmation of er
in determining the gallonage per acre, the efficiency of the spray coll
tions on the mecal plates, the spacing of the sampling ctations (in thi
case representing only a 2} per cent sample), and 2ir turbulence that
causes the spray to fold back on itgelf so that th. sampling plates may
receive a double exposure. The latter instance plu. underestimating F
overestimating S, could cause "recoveries" greatcr rthan 100 per cent.
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,s C. EFFICIENCY GF DEPCSIT
¥
§ In an effort to arrive at a wmcans to equale spray relesscs and
‘g resulting deposit curves to some efficiency factor, the following
% was adopted. Refer to a bimcdal deposit curve:
) .
§
!
H v
: ™
< ¢ D
: -
: v
o .
- B W) E
e L
] O !
E —
i -
[ e
©
€ & svath Wideh PH

: o

3 where:

] i AF repregents the effzctive single swath width

1
‘} GH rraresenta effective swath where multiple swaths are flown
‘ﬁ BE represents the desired deposit level

! C and D represent deposit peaks.

) The amount of dcpasit atove the line BE ghould be minimized to
efficliency of spray deposit. Areas under the curve to the left of
and to the right of EP can be considered incfficient utilization of
only if single svaths are rontemplatel operatfonally, Where sultip
spray swaths arc lald down, a wider spacing of flight lines (GE) ca
use of the deposit in these areas.

1
i 1. Calculations of Deposit
Calculations of the efficiency of deposft were based cn a i

! swath, considering both peaks and tails of the curvea as areas of wi

: Also included as waste were losses encountered between spray release
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deposit. Eighty per cent of the desired deposit level w
acceptabie, particularly in the central low porticn of tl
practice, there is usuaily & tendency for flight heading
off of invind end as a result the central low portion of
curve {s filled somewhat with the finer dreplets from the
the sprey swath,

Per cent efficiency was calculated ac
ective amount recouered in 0.5-ft n?rig
ount delivered in U.5-f¢ strip

Per cent dfficiency = —0-39-?—-1%-2‘-1—’-‘_5

vhere
n
Ew Teg
{w]

The quantity e; is defined for the i-th station as an “ef
and takes the following values according to the value of
acre, gpa, per station, where P i{s the degired deposit le

whea gpa; ~ P, ¢; =P
wvhen 0.80P _ gpa; - P, ef = gpa;
when gpa; ~ 0.80p ey » 0

Data on multiple f{nwind or crosswind swaths were
Hcwever, under these conditions the deposit represented 1
of the curves would be additive Lf appropriate spacing of
was achieved, so that these depogits would not be congide
Therefore, the efficiency of deposit would be expected to
statistical analysis of the factors affecting efficiency «
included as Appendix D.

2. Theories of Deposit

According to Potts,® dissemination of an aerosol t
composed wholly of 300-micron particles would result in 4!
square inch. He does not define the characteristics of tt
Better coverage could be wchieved with 200-micron particle
per square inch) or 100-micron particles (1164 droplets pe
Table 1 shows coverages, times, and drift distances calcul

o
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theoretical principles of spray deposition. These are, of course, {deals
only. It is impossible in practice to disseminate an aerosol composed
“exclusively of particles of one diameter. Becauge of meteorological
condi{tions and equipwent limitations, it is equally impossible to achiveve
precisely unifora coverage.

TABLE I. SOME PRINCIPLES OF SPRAY DEPOSITION

Size and nuamber of droplets deposited per square inch by distributing one
gallon of liquid nnifarmly over = surface ef one acrc

Actual Diameter, Number of Droplets

microns Per Square Inch

50 9,224

160 1,164

200 142

300 43

400 ' 18

500 9

The time required for droplets of various sizes with a specific gravity
of 1.0 to fall 50 feet in stili air at 70°F

Diameter, Time te Fall
microna S0 Feet
200 13 seconds
100 51 scconds
50 3.4 minutes

The distances that a droplet 100 mlcrons {n diameter with a specific grav-
fty of 1.0 will drift while falling 50 feect in ai{r moving parallel to the

ground

¥ind Velocity, prift Distance,
miles per hour o feer.

87
175
265
e
435
765

WP N -

<

1t

For practical purposes a 50-micron droplet may drift about four times
and a 200-micron uropict about one-fourth of these distances.

G
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IV, COMCIUSIONS AND RFCOMTINATIONS

A. CORCLUSIOHS

The spray calibration dats obtained in these and in the 1962 tr.alse
at Eglin Alr Porce Base ave nnfque in that the apray releases were
made inwind and crosswind at greater altitudes, flow rates, airaspeeds,
and droplet sizes not tested previously for dispersing herbicides for
nilitary purposes. :

These data are, to the writers' knowledge, the most oxtcusive
of their kind ever accumulated. PFor the fullest contribution possible
to the advencement of knowledge in thisz relatively unique field,
these data should be extensively exsmined by an operations research
group capable of discovering principles spplicable to the art and
statistical tools useful in their evaluation.

Currently it {s estimated that of the liquid spray releaged 50
per cent or less {s likely to be utilized efficiently,

1. C-123/%e-1

From the performance data of the C-123/MC-1 (aircraft 56-4386)
regearch configuration, it {s cencluded that:

{(a) A reliable flow meter is essential for testing a
system for operations and deairable for inclusion {n operational situations.

(b) A deposit of three gallons per acre can be ohtained
with any of three liquids sprayed on a single {nwind pass at 150 feet
and 150 miles per hour; however, peaks of deposit occur on {nwind
flights that exceed 10 gallonz per acre in some cases.

(c) At high flow rates the spray from the tail boow tends
te f111 in the valley or trough of a normally bimodal deposit curve and
generally causes a central deposit peax.

(d) Deposit peaking in these tests could have been caused
in part by relatively large particle sizes in =sprays (about 350 micron
MD's and larger), particularly on inwind fiights where high flow rates
were tested,

(c) Two 20-horsepower gasoline engine certrifural pump
combinations are not required for one 1000-galton tank spraying Purple
at a rate of 1} gallons per acre. However, one of thcse engine-pump
combinations would be a desirab.e replacement for the original 10-
horscpower unit currently in use on Modification 1, becauze the latter
wnit must be operated at full throttle to provide sufficient flow of
Purgple for a ly-gallon depnsit per acre.

gf"rv3  . " e e e T e e e
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(f) Two 20-horsepower gasoline engine pump combinations are
requiced for each 1000-gallon tank to spray Purple code material, a 2:1
wix of fuel oil and Purple, or fuel o1l at a rate sufficient for a deposit
of three gallons per acre.

(8) Booms of three-inch diameter are not requircd. Liquid
surging in them caused the check valvee to malfunction. This condition
was corrected by installing booms 1k inches in dismeter.

(h) Two gallons per scre of Purple is the naximum practical
deposit to be obtained on i{nwind flizhts where lk-inch-diameter wing booms
only are functioned and the flow raie is of the order of 430 nallonns per
minute using both pumps. Under these conditions the recovery of spray
rcleased could be expected to be 80 to 100 per cent in an effective swath
. of about 240 feet. Where all three boous may be functioned a deposit of
three gallons per acre could be expected for the same swath, and at sbput
the ‘ssme per cent recovery.

(1) Where only one pump is used for spraying Purple at a
rate of 280 gallons per minute through 98 one-fcurth-inch check valves
using li-inch-diameter wing boomgc in an attempt to obtain a deposit of
1} gallons per acre, an MMD of about 400 microns, 93 per cent recovery
of spray, and an inwind swath of about 100 feet can be expected.
Functioning all boows and using 110 check valves for spraying can be
expected to provide about the sawme flow rate, swath, and per cent recovery.

2. H-34/WIDAL

In regard to the H-34/HIDAL mocified system, it is concluded
that:

(a) The functioning veliability of the system is improved
&8s modified,

{b) The modi{fied unit can provide an MMD of 365 microns in
swaths of Purple spray of 190, 160, and 150 feet at deposits of 0.5, 1.0,
and 1.5 gallons per acre, respectively, when flown inwind at 55 knots at an
altitude of 100 feet using 60 norrle rips No, 8015,

(c) The unit can be flown at 75 knots and at 75 feet altitude
Totherwise as in (b) above] to obtain an MMD of about 300 microns in Purple
spray in swaths of 180, 150, and 120 feet ai deposits of 0.5, 1.0, and 1.5
gallons per acre, respectively.

(d) Functioning the system without mnozzle tips {using the
check valves only) tends to increase particle MMD and slightly diminish
swath width.
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3. General Conclucions

For truly inwind spray flightsz or for spray flights condurted

under wholly quieacent conditions, spray deposit curves generzllv will
have a maximum of peaking. As MiD's of the spray increase, the peaking

is intensified.
1deal conditions for spray release aire more likely to be

the exception than the rule, Pactors contributing to a high degree

of spray aimability do not generally increase efficiency of spray
deposit, )

Where spray aimability is an overriding factor this can
best he satisfied by inwind spray releases.

Whevre spray coverage of large arcas is sought, crosswind
releases ace .ndicated. )

B. RECOM{ENTATICHS
1. €-123/xC-1
For the C-123/MC~! systea {{ {5 reccummended that:

(a) Reliable flow weters with capacities of about 500
gallons per minute be installed.

(b) Wing bocms 1} inches in diameter be contipued in use.

{c) Necessary valves and piping be installed on all C-123/MC-)

systems to enable its engine and pump to load the 1000-gallon tank,

(d) If the current requircments = a three-gallon-per-acre
deposit delivered In a single pass — arec continued, then on inwiud
flights, a swath of 240 feet and a flow rate of about 430 gallons
per minute should be used for Purple spray for flights at 130 knots
and at a 150-foot altfitude of rclcasc, Dal engine-pump comdinations
and a tail boom would he required.

(e) If twe scparate passcs are to he used, spraying 1%
gallons per acre on vach pass, then under the conditions of (d) abuve,
a swath of 300 feet and a flow rate of about 260 gallons per minmite
sheueid Lo used. Fer nilitary nr operaticnal reasons these tue passes
need nct be wsade on the samé mission. If a gsecond ly-gallon dose s
necessary, a single separate paes at a later date (as much as four
to six weeks later) will be at least a; efficient and more desirable
operationally.
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(f) A single 20-horsepower gasoline engine and pump combination
should replace the original 10-horsepower units in Modificetion 1 only as
replacement g are needed.

(g) The C-123/MC-1 Modification 1 be continued {n use.
2. H-34/MIDAL
For the H-34/HIDAL system it Ls recommended that:

(2) The modification as tested be =corporated into all HIDAL
systems used for sprayiung hecbicidal materials.

(b) This HIDAL system as modified be known as HIDAL-70 (for
70 gallons per winute flow rate).

(c) That flight conditions be seclected from those found in
Conc lusions, Section IV, A, 2.

(d) That at least 60 nozzle stations be utilired with nazsle
tips no smaller than No. 8010 to prevent undue back pressure on the
electrically driven positive-displacement pump.

(¢) That requests for apecifications and or drawings of the
HIDAL-70 be addressed to O&R, Naval Air Station, Jacksonville, FPlorida.
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(f) A single 20-horsepower gasolinc cngine and pump combination
replace the ariginal 10-horsepower units in Modification 1 only as
‘ments are needed,

(g) The C-123/MC-1 Modification 1 be continued in use.
H-34/HIDAL
For the H-34/HIDAL system it is rccommended that:

‘(a) The modification as tested be f{ncorporated into all HIDAL
uscd for spraying herbicidal materials.

(b) This HIDAL system as modified be known as HIDAL-70 (for
ons per minute flow rate). )

(c) That flight conditions be selected from thosc found in
fons, Section 1V, A, 2.

(d) Th-t at least 60 nozzle stations he utflired with nnpsria
smaller than No. 8010 to prevent undue back pressure on the
zally drivea positive-displacement pump.

(¢) That requests for specifications and or drawings of the
} be addressed to O&R, Naval Alr Station, Jacksonville, Ploridas.
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; C-123/xC-1
¥ Flights Selected for Purther Evaluation of bDatad/
- 5 t;;te b/ ¢/ Boom Deposit
N 63 Flighe Liquid~ Booms Stae Attenpted, gpa
4 I 18 Jul s 1 vi Ls L3
1 20 Ju1 4 1 VT 1.3 1.y
- 19 Jul (] 1 vT 1. 1.8
19 it 3 1 wr 1.% 3
19 Jul 3 1 v 1.3 3
18 Jul 1 1 wr 1.3 ]
e 12 May 1 1 vY 3 .S
14 May 2 1 3 )
19 My 3 1 vr ) ) '
10 My s H . 3 3}
21 May 1 1 vr s )
22 May 3 1 wr 3 3
17 May 3 1 wr ) 3
19 May 1 ] vr ‘ 3 3
19 May 2 1 wr 3 3
20 My 1 1 vt 3 3
21 sy 2 1 v 3 |
22 My 1 1 T 3 )
2 Wy 2 ! T 1 )
14 May 1 1 v ) Y
17 May 2 1 wT 1 ) 3
1" My ) 1 vt 3 3
N ) ! wI ) 3
20y 3 1 T 1 )
1w N ! T ) )
T S 1 v 1.5 1.8
NIBEDS ) i w 1 (RS
R s 1 . 1.3 1.y
3 11 3 1 v 1.3 )
]
g,,,,_,, et g s 1 s T |
‘ D
A s
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Date Boow Deposit
1943 Plighe Liguid Boous Sixe Attompted, pra
19 Jal ? 1 v 1.8 [

. 20 Jul T 3 v . )
23 My 3 1 v [} 1.5

‘ 24 Ney 1 1 ¥ ) 1.3
24 may ) o v ) 1.5
4 my ¢ 1 ¥ 3 1.3
13 My 2 2 ¥ ) 1.5
22 my s 1 ¥ ' 3
13 My 1 1 v 3 )
12 my 3 1 v ) 3
1 i s 2 vr 1.3 Y
s Jul 3 2 vr 1.8 3
o et 4 2 vr 1.3 )
* Jul 1 1 vr 1.3 3
17 s 1 2 v 1.3 )
17 Jul & 2 oY 1.3 b ]
9 Jul 2 2 w 1.% 1.8
17 Jul ) 2 v 1.3 3
& Nl 2 2 ] 1S 3
s Jul 2 2 " 1.5 )
4 Jul 1 b4 w 1.% 3
I ) 1 L] wr 1.% 3
13 Jul L] 3 wT 1 )
& Jul 1 3 ¥r 3 3

. 1t 2 ) wr ) 3
2% 1l 2 ) v 1.8 3
1 1ul s ) v ) )

a. Altitude requested 150 feet.
Atrspeed requested 1)0 knets,

M. | » Purple Code material,
2 @ | part Purple, 2 parts fuel oil.
J = Fuel of!,

c. WP @ All booms,
¥ » Wing boome,
T = Tai! boows,

b X S Bllcaie: it Ol E ket 0} 7 9 T
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S H-34/1IDAL

] Flights Selected for Consideraticn of Data

: Date a/ Altttude,gl Mupced,-t'/ Nozzles'/
1963 Plight Liquid— feet knots Type
16 Jul 8 1 50 55 8015
16 Jul 7 1 50 55 A015
13 Jul L) 1 50 55 c.vV,
13 Jul (] 1 50 ) 53 c.v
13 Sul 3 1 50 15 C.v.
13 Jul 4 ) 1 50 75 C.vV.
12 Jul 5 1 75 59 8015
16 Jul 15 1 75 s s01s
12 Jul 6 1 75 55 , ROTS
16 Jul 16 . ! 75 55 8015
12 Jut 10 1 75 85 c.v,
13 Jul 13 i 75 5% c.y,
13 Jul 14 1§ 75 53 C.V.
16 Jul 13 1 78 75 8ol
16 Jul 14 1 75 75 8015
12 Jul 7 1 75 75 8a1s

- 12 Jul ] 1 75 ‘ 75 801;

12 Jul 8] 1 7% 75 c.V.
13 Jul 1o 3 75 74 c.v,
13 Jul il 1 75 7S c.v.,
13 Jul 16 1 75 74 Cc.V.
13 Jut 9 1 75 75 c.v,
13 tul 12 . ! h) 75 L.V,
13 Jul 15 1 75 75 Cc.V,
1n Tul ) 1 170 55 801%
1n Jul 11 1 100 7% 801%
It tul 12 1 100 7% 8015
HRIIRITH 17 1 oo 75 C.v,




Date atttevde, X Atropeed,  worslef’
1963 Plighe Liquted feet knots Type
13 Jul 1s 1 100 75 c.v.
7 Wt . 2 %0 53 8010
7 3 s 2 30 33 s010
7 3t 13 2 50 33 8015
8 Jt s 2 30 ” acis
8 Jul . 2 30 13 8015
2 Jul 12 2 50 7 c.v.
8 i 14 2 % T c.v.
2 Jul 1 2 30 . ew.
7 Jul 3 2 73 53 ¢o10
2 Jul s 2 7 ss 8010
5 Jul ) 2 7 ss 8013
s Jul . 2 7 . ss so1s
8 Jul 9 2 s 55 so1s
8 Jul 10 2 75 ss 8013
8 Jul 1 2 75 53 c.v.
8 Jul 12 2 75 53 c.v.
7 Jut 7 2 5 . sots
8 Ju 4 2 75 75 so1s
2 Jul 7 2 75 T c.v.
2 Jut 1 2 100 53 8010
5 Jut 1 2 100 53 sots
s Jul s 2 100 7 so1s
s Jul 6 2 100 15 so1s

a, 1 » Purple.
2 « ] part Purple, 2 parts fuel oil.
3 » Tuel oll.
b, Altitudes requested,
Alrspeed requested.
¢, C.V. w 1/8<inch check valve with no nogzle tip.
8010 = 1/8-inch check valve with Spraying Systems flat noszle tip
(rated 1.0 CPM),
¥OlS w [/8-inch choek valve with Spraying Systems flat rnoazle tip
(rated 1,9 CPW).
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SWATH WIDTHS
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H-34/801DALY -
Type

Wozelal/

Altitude, Alrspeed,
ft knots

Chemicall/

Flight

1961

Date

1 Shakerdown

27 Jun

’0

840

$5

T RN

8010 200 170-10 130-5%0 40 20

35

1 1l

120-80

80to 270 240

33

1%0 " 180-4%0 16

8010

15

(]

Pe——

sgto 200

75

20

b} 8010 220 ) 180-80

75

NS

&10 180 220-40 110-50

35

"
~

240 120 160-30 120-40 120-70 to

c.v.

75

A0

180 ito-30

20

73

15

10 140-80 10

290-30

c.v.

73

-

280 160-30

410

73

1

NS ——

140-90

- 20

. C.Y. 250 o 100-80

73

50

133

1o

b}

1220-70 190-100

p 1]

c.v.

75

12

sty

8015 310 % 100 180.20 16070 -]

5%

$ Jul

013 70 210 160-20 Jo te

55

100

53 8013 300 220 200 190 180-40

13

35 8015 200 200 1%0-20 180-70 180-20 10

78

8018 250 130-20 180-70 170-120 {4

78

8013 330 320-10 190 170-40 1L0-90 20

7s

M Sl e 4 e SN e B s,
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oh
Deposit from H-34/HIDAL
Mass Modizn Diawater (O) of Spray
Mte Altitude, Atropeed, Y 1o,
1943 Plaght Liquie/ £t nots Type utcrons .
27 Jea 1 3 100 35 263
2 ) 100 33 303
1 1 2 100 3 2010 ns
2 2 100 3 010 s
) 2 160 ” %010 27
a4 2 100 I 8010 250
s 2 1 33 8010 08
+ 2 ) [} 800 295
? 2 1) 7S c.v. %0
. 2 ) 7 c.v. %02
’ 2 100 ” c.v. Ty
10 2 ) " c.v. 02
1 2 s0 " e.v. 308
12 Fl 30 ” cy. 270
3 Jol 2 2 100 35 013 4
s 2 1) s3 2013 03
. 2 100 ” 015 Ity
? 2 ) ” 8013 2
? 1 1 2 100 75 sot0 m
3 2 ) 33 so10 237
s 2 50 35 010 m
N 2 1 7 013 270
’ 2 s 55 8015 23
12 2 100 55 013 293
14 2 100 i) 0135 184

e S B A P 2 T B £ S po—
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Date Altftude, Adrspeed, Norzled/ HMD,
i963 ¥Flight quuldi, ft knots © Type wicroca

7 16 F 50 35 8015 289
8 Jul 3 2 75 3 #0153 2
6 2 30 D) 8013 218

10 2 3 S 8015 282

12 2 - 95 c.v. 418

13 2 30 iy c.v. 293

12 Ju 1 1 . Moo ) f "' s01s ns
s 1 75 ss ! 8015 379

[ 1 .o 75 s015 n2

1 1 S 1 75 c.v. 448

N 1 75 55 c.v. ' 461

1) nt 2 ] 15 75 c.wv. : 420
5 1 0 S Y c.v. a4

6 1 50 55 c.v. 487

1 1 15 D) c.v. 448

il i 75 55 C.v, 435

17 1 100 s F c.v. o8

16 sul 1 1 75 [ 8015 448
4 1 15 7 80135 n2

s t 100 5% | 8015 36k

] 1 50 55 1 8013 364

e 1 50 75 #o1s na

1 1 100 7% 8018 m

a, 1 = Purple cede material,
3 el patt Futple, I parts fuel ofl.
1« Furl et!,
b. 4.V, = I,M=inch check va've with no acaale tip,
MO0 » 1/B=inch check valve with Spraving Svystems flat nezale tip (rated l 0 Gy,

RIS o 1/8=inch check valve with Spraiying Syrtema flat nozzle tip (rated 1.% GIN),

e, A e PR e 1
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Cc-123;MC-1
Mass Median Diaweler (MMD) of Sptayl/
Dute by Depostts/ Noxzled/ MO,
196) Flight Liquie~ Attemped, gpa Type microns
10 May 1 1 Max Us0120 38,7
1) May 2 1 3 Us0.20 437.6
11 May ) 1 3 Us0120 ail.e
12 May 4 ] 1 Us0120 8.7
13 May 1 1 ) U5070 400,2
13 May 2 1 3 vsor0 4231
13 May 3 1 3 uso70 DY TAR
17 May 4 1 J usv/0 a11.4
18 May 1 1 3 Us070 as1.7
18 May 2 1 3 Us070 428.8
21 May % 1 3 /8" 148.8
c.v.
23 May 4 1 1.5 /8 Ca2n
c.v.
4 may 6 1 1.5 3/8" 411.7
c.wv.
25 Jun B 3 | 17an 30.0
c.v.
9t s 2 3 17" 1716
c.v.
17 Jul 6 2 1.5 1 105.4
c.v.
17 1l : 2 t.s /e i 6.7
c.v,
TN 7 1 1.5 T 7.
s,
19t u 1 3 1 4231
c.v.
S0yt a 1 ) 174% 4059
c.v.

[ ST T R I TR
Arrae o orognostod D3 knots,

boo 1 ow Jurple vode material,

D = 1 part furple, & parts fue! oll.
} o« Fuel ofl.

Yaalh Pola It thae 28 Mk
1v=fnch heom 25 tune thru 20 luly,

Ao b dsinch dheok valve with aczele USOI20,
Vosernael chock valve sith nozzle 95070
Vokeineh (hoos valve o wath ao nozele tip,
R T P T AN
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APEDIDIX D

ABALYIIS 6325

FACTCRS AFUVZCTIUG IR CONT LILOVERY AR RYFICIINCY OF DRPOSIT FOR
SIINCTED ADPA SIUVAY CALILIATICN IRIALS

~ Prapered for

Crops Divisfion.

4 May 1964

Biomathemat{cs Division
DIRECTOR OF TLCHNICAL STAVICES
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Analyais 6325
4 May 1964
8gcy

FACTORS AFFECTING PER CENT RECOVERY AND PER CENT EFFICIENCY FOR
SELECTED ARPA SPRAY CALIBRATION TRIALS

PROBLEN: To determine the effect of variove factors on per cent
recovery and per cent efficiency for sclected flights of
the HIDAJ, and C-123 systems.

ANALYZED BY: Marian W. Jones and Dr. Gordon L. Jessup, Jr.
REQUESTED BY: Dr, James W. Brown, Crops Division

REFERENCE: Analysis 6275, Biomathematics Division, 27 February 1964.
SRARY

All flights in the 1963 ARPA Spray Calibration Trials were rated mubjec-
tively by the finvestigatom using the scale 1 through 4, where 1 rvepresents
the best patterns and 4 the worst pstterns. The per cent recovery* and per
cent efficiency* of aprays were computed for all HIDAL and C-123 flights
that resulted in patterns rated ag 1, 2 or 3. These data were examined to
determine the effects of the various factors involved in the calibration.

"Liquid" was the only factor that was shown to affect per cent recovery
for the HIDAL system; "alti~ude,™ "speed,"™ "noxzle," and "pattern rating™
were also considered. Jthe geowstric mean per cent recovery with Purple was
cstimsted 88 82 per cent, for "™.!x" the estimate wal 62 per cent.

For a selected depesit »f 1.5 gullons per acre (gpa), only "Liquid" was
shown to sffcect per cent cfficiencv; significartly 39 per cent was estimated
for Purple and 30 per cont for Mix.

Per cent recovery for the C-123 system was significantly affected by
"liquid" and "Intended Deposit," but not by “Booms," "Scom Size,”™ or
"Pattern Rating." Ceometric mcan per cent recoverics were cstimated as:

* Per cent recovery is defined as the ratio of the total amount depozfited to
the amount of sprayv relecased, expressed as a per cent. Per cent eff{iclency
{s the ratio of the amount deposited at a given level to the amount dis-
peminuted, expressed as a per cent.
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= ‘ Yerordad Basontl
Purple, % 18 9%
¥Mix or Fual 011, % 60 72
T : ' Rene of the facters considared significzantly affected per cont efficiency
i for the C+123 syatouw. Tus gacustric wsem por cent efficiency was estimated
as 35 per cont,

; All dapoait pettermo obtained in the 19863 A1PA Spray Calibraticws YTrials
‘; were rated subdjoctively by tha favestigat®d using the scale 1 throwgh 4,
L where 1 reprosents the bast patterss and & the worst patterns. PFor the
systems RITAL end C~12), per cent recovary and per cent efficlency wore
computed for each pattarn rated 1, 2 or 3.

Par cant recowery la daficed as the ratio of the total ewsunt deposited
to the swcunt of sproy relazacd, eupressed as & peyr cont. Per cent efffclency
{3 the vatio of ths suvunt derosited &t & given level to tha cuount dlzsami-
nated, ewgrosced as a par cesl. Thoos emasurersrls were couputed by the
following formulass

0.2 =28 gNnl 19

% recovry = -

vherat 0.00202 is a conatant reprasanting the portien of an acve coveraed
fan 1 minute at 1 mgh with a swath width of | foct, Multiplied by
100 to convaert to percentage, the comstant beccomes 0.202.
S = gpaed of aircraft in miles per hour
D = total depoait collected on senple line in gallons par acre

I « interval of sample stations in feat

P = flow rate of spray in gailoms per winute

0,202 2 S x 1 = B (2)
4

L efficiency =

n
Vh‘“l!'n‘

i=1

Mt e S P AR S S N T
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The quantity ¢, {8 deflicd fov the I-th eample statlon as an “cffec-
tive deposit,"” and takes the following values according to the value
of gpa per station, where P is the desired depoeit lovel:

when gpay > P, ey =P
wvhen 0.80P < gpay < P, ey « gpay
vhen gpa; < 0.80P, e =0

Estimates of these percentages are shown in the Annex as Table 5 for
HIDAL, and Table 6 for C~123. IL was desired to know whether the varfous
-factors involved {n the calibcation, such as altitude, apeed, no~zle, etc.,
affected per cent recovery and per cent cf{ficiency.

I1. ANALYSIS

A. METHOD AND MODEL

Considerable variation occurred in per cent recovery and per cent effi-

cliency and, sincc variancea of per cents are usually correlated with (mcanz)”®,

the logarithmic tranaformation was used. Variables for enalysis were there-
fore "log % recovery' and “log % efficiency.®

A complete leapt squares analysis was necessary because of the lack of

'+ balance among treatment condftions, For {nstance, in the HIDAL sysiem, data

fnclude only 9 flights at an altitude of 100 feet, with 29 flights at 75

fcet and 14 tlfghts at 50 teet., In only S of these flights we=e the check
valve bodies without noesle tips* used; the 8015 and BO10 nozzle tips were
uned fn 25 and 22 flighta reapectively. Thus arithmetic mcans are comparable
neither among the altitudes nor among rnozzles.

The mathemalical model (o1 the gencral lioat sguares analysis, assuming
no {nteractions among treatmentm, was!

Vijo.p et ap bbb w0y

* For this cxpression CV will be used subsequently.
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where:

; ﬁ Yij,..1 = an individual "log per cent recovery" or “log per cent
B efficiency" .

u = over-all population mesn when equal subclamas frequencies
exist

a = effect of the i-th level of treatment a expressed as a
deviation from

by = effect of the j-th level of treatment b expressed as a
deviatica froa

ny = effect of the k-th level of trzatment n expressed az a
deviation froa u

€y...1" random ervors assvmsd normally and independently distri-
buted with wran O and varf{ance ¢<, ’

From this model an over-all mean, corrected for lack of balance among
treatcent conditions, and a2 aez of corfficlents or constants, one for each
level of each trecatment, are obtained. The appropriate constants are
added to the ovev-all mean to obtain estimates of the mean logarithms for
any specified cosbinations of treatments. Antilogs of these values yield
the catimated geomelric mean per cent recoveries or per cent efficiencies.
The Annex to this analysis containe all means computed in thiaz manner.

B. HIDAL SYSTIM

Factors considercd for the HIDAL aystem were:

(a) Liquid - Purple and Mix

(b) Altitude -~ 50, 75, and 100 feet
(c) Speed - 55 and 75 knots

(d) Nozxle - 8015, 8010, and CV

(e) Rating - 1, 7 and 13,

e v e 4 8 et AR, PSR AT O, | A T
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1. Per Cent Recovery

The analysis of variance of "loz per cent recovery" {s shown {n
Table 1 of the Annex. In order to check the hypothesis of no {nteractions
among treatment conditions, an estimete cf the sampling variation wac made
from those treatment conditions that were repeated. Seventeen degrees of
frecdom were availabla for this estimate, giving & mean square of 0.01148
for sampling error. This vetimate is equivalent to the error shown in
Table ! of the Annex, which {ncludes interactions {f prcsent. Thus {t was
concluded that the mode) duscribed {n SecFim 11, A vas appropriate.

It will be noted from Table 1 of the Annex that only Liquid was
showr| o bave 2 significant effect on per'cent recovery, and Purple gave a
higher per cent recovery than "™Mix." Coafficients computed from the least
squares analysis and least squares geometric means were:

HIDAL ‘

Per Cent Recovery

Least Squares

. Geometric
Factor Cosfficiant Mean 1 Recovery
Over-ell Mean 1.85387 71.43
Liquid:
Purple 0.0621% 82.43
Mix -0.06219 61.90
Altitude:
¢ S0 feet «0.01374 69.20
75 feet 0.03791 77.95
100 feet ~0.02418 : 67.56
Spced: 1
55 knots -0.02262 67.80
75 knots 0.02262 75.2%
' Nosgle:
. sors 0.00124 71.63
‘ 8010 0.01019 73.12
cy «0.011%2 69.57
Rating:
1 0.02691 75.99
2 «0.00904 69.96
3 -0.01787 3 68.5%

ey g A 5 1 Y S P MY P Y
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In spite of the fact that no factor other than Liguid significantly
alfecled per cent recovery, it appeara from the weans ahove that the com-
binstion of the four controllable [uctors that would apprrently give the
highest per cent recovery {s: Purple, 75 fret altitude, 75 knots speed,
and 8010 nozale., PFlights that were made with this conbination of factors
and resulted in a pettern rated as 1 would likely have about 100 per cent
recovery on the bazis of the current method of comyiting per cent recovery.
Approximate 95 per cent confidence limits were 75 to 140 per cent recovery.
This trecatesnt combination waes not included in the experimental przgraa,
therefore estimates given are purely thecretical.

Since the factor of, say, epeed was not shown by the aralysis to
affect per cent recovery significantly, it is worthwhileto determine the
number of obgervations that would be necessary to disclose 8 difference In
speeda of the mmgnitude of the obmerved difference. At the 0.05 significanrce
level, with probability of 0.8 of detecting the observed difference of 7.4%
per cent between speeds, approximstely 60 ovbservations at each speed would
be required. Similar numbers of obaservaticrns would be required to detect
obacrved differvnces among other factors.

2. Per Cent Efficiency
Only Liquid was shown in Table 2 of the Annex to significantly
sffect per cent efficiency at sn intended deposit level of 1.5 gallons

per acre. Computed coefficients and least squarer geomctric mean per
cent efficiencies were:

A e
e e g e

i o B R A ST L




' RIDAL
Per Cant Efficiency - 1.3 gpa

Least Squares
Ceomatric

Factor Coefffciont Masn % ¥fficiency
Over-all Mssn 1.53813 34.33
Ligutd:

Purple 0.0%470 39.16

Hiz =0.03470 30.44
Altituda:

50 feet «0.02641 32.49

75 foet 0.01620 35.89

100 feet 0.00952 35.29
Speed: .

55 knots «0.01097 33.66

75 knots 0.01097 35.41
Nozgle: .

8015 0.074%4 ’ 41.03

2010 ' -0.062%6 29.87

cv -0.0119¢ 33.59
Rating:

H ) 0.04991 ' 38.73

2 «0.03009 32,21

3 -0.0198) 32.99

Obscrved valuze indicatad that, with the exception of nomzle, che
same conbinntion of factores that eoy produce the greatest per cent recovery
might also produce the groatest per cent efficlemcy when {ntendad depoatt
is 1.3 gallons per acre. That {s, Purple, 75 feet altitude, 75 knots gypned,
and 83015 ncxale gave an estimsted per ccnt efffciency of 55 per cent with
95 per cent confidence limite of 45 to 70 per cent for deposit curves rated
as 1.

C. C€-12) SYSTEM ' l'
Pactors considered for the C-123 system were: : !

(a) Liquid - Purple, Mix, and Puel 0{l

(b) Booms - All, or Wing only

(c) Boom Sige - 1.5 inches, 3 inches

(d) Intended deposit - 1.5 and 3 gallons per acre
(e) Rating - i, 2 or 3. ‘

] o SR
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1. Per Cent Becovery

The snalysis of variance of "log per cent recovery” for the €-123
system {s shown {n Table 3 of the Annex. Liquid and fintended deposit were
shown to affact per cent recovery significantly. A higher per cent recovery
was shown with Purple than with efther Mix or Fuel 011, but no significant
differonce was zhown batween the latter two liguida., A higher per cent
recovery wes obtained vhen the {ntended deposit wag 3 gallcens per acre
than for 1.5 gallons per acre. Computed coefficients and least squares
gecmtric mesn per cent recoveries were:

c-123
Per Cent Kscovery .
Least Squares

Geowetric

Racsor Confffzient Hran 3 Preovery
Over=all Hean 1.85582 7175
Liquid:

Purple 0.07757 85.78

Mix «0,00697 70.61

Puel 0f{1 «0.07060 : 60.98
Booms:

All =-0.02315 68,02

Wing Only 0,02315 75.64
Boom Sire:

1.5 inches «0.02674 67.47

3.0 inches 0.02674 76.31
Intendsd Dapoait:

1.5 gpa -0.01908 65,58

3.0 gpa 0.01908 78.51
Rating: )

1 -0.00013 71,73

2 0.01186 73.74

3 -0.01174 © 69,84

Observed values (nd{cate that the combination of factors that =zay
give rise to the greatest per cent recovery vas Purple, wing boows only, 3-
fnch boom size, and intended deposit of three pallons per acre. The least
squates geometric mesr wvas 110 per cent for deposit curves from this com-
bination when the pattern was rated as 2, Approximate 95 per cent confidence
limits ware 90 to 130 per cent.

2. Per Cent Efficicncy

Table 4 nf the Annex shows the analysis of variance for "log per cunt
effirfency.” This analysis {ndtcates that none of the factors was shown to
affect per cent efficiency significantly. Computed cosfifcients and least
squares geometric mean per cent efficiencies were:

R e 3 R A OV i YRR L A
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Pactey

Over-all Measn
Liquid:

Purple

Mix

Puel 01l
Boora 2

All

Vieg Only
Boow Size:

1.5 {nches

3.0 inches
Intended Deposit:

1.5 gpe

3.0 gpa
Rating:

1

2

3

Although not included in the exparimental pregram, the combination
of factors for which ctserved values {ndicate the greatest por cent effi-
clency may be cobtained wera Mix, wing booms only, l-inch boom slze, and
intendsd deposit of three gallone per acre, for vhich the least squares
geomatric moan per cent efficlency weg 50 per cent when the rating wao 2.

C-12)
Per Cent Kifficiency
Least fiquares
Geomatric
Seafficlent Bean T Eff{ciency
1.54261 34.88
0.0328) 37.62
0.033%) 38.21
«0.07236 29.53
=0.01551 33.66
0.01551 3.15
«0,04338 31.5
0.043%8 38.33
-0.03557 32.14
0.03557 37.86
«0.01801 33.47
0.02303 36.79
~0,00504 34.48

Approxizate 95 per cent confldence limits were 35 to 70 per cent.

Reviewers:

BERTRAM W. HAIXES, Chief
Experimental Design Branch

WALTER D. FOSTER, Chief
Biomathemttics Diviasion

Arslysts:

MARIAN W, JONBY
Research Mathematical Stailstictan

coRDON L. JESSUP, JR,
Research Mathemstical Statiatician
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SO N

APFENDIX E

CRRELIMINARY PLANHING FOR APA SPRAY CAIYPRATION TRIALSH

E ’i gﬂgeroGng

The proposed ARFA calibration trials are in a large measure a continua-
tion of trials conducted at Eglin A¥B, Plorida, in June and July, 1962,
These former trials have been recorded in the following reports:

1. Modification and Calibration of Defolimt{on Equipwent (C-12) -
Pirst Modification), July 1%62

;, 1 2. Supplement to Modification and Calibration of Defolfation Equip-
) ment (C-123 « Pirst Modification), July 1962

3. Spray Tett Calibration of the HIDAL (HUS-1 or H-34), July 1962
E (slong with suthority, i{mplementation, and methods used at that
time).

The PIDAL s 8 rew viece of hardvare, six units of which have been .
manufactured by AGAVENCD and will be included in the spring 1963 calibration
trials.

Because the levels of spray deposit in the proposed trials will be
grester then those encountered in the trials conducted in 1962, the acetone-
vash method will be used.

Asmmredene

An fnherent assumption {s that emphasis will be placcd on aetermining
5 i factors ¢ssential to the futurg useful operation of these svstews rather
b : ' than un {inding our "a.l there {s to know" about them. Although some
i ancillary {nformat{on {s des{rablec (and somc {s provided for in this pre-
liminnry planning), it {s belfeved that {f further excursion {n this arca
is desired, it should be sn fndirsted t= the planncr at an carly date.
Otherwise. if 1t becomes necemsary to curtail any testing, it will be done
i fn the ancillary {nformation arca. In this connection, it should be moted
o that a systcm developed by Transland Aircrafs, Torrance, California, "was
: Afown to . . . . for scverel months of acrial spray distributfon pattern
tests,” In contrast, this prelfminery plan concerns three tystems and a
totsl of about 75 days,

* By J.W. Brown, 25 February 1963,

e e e At et LTS 7Y T
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Proposed Obisctives

The ms jor objective of the trials at Eglin AFE will be to calibrate the
systems for thelr spray performance, particularly regarding aimability of
the spray and achieving useful deposit levels and particle sfzes with Purple
code material.

Current guldelines are to obtaln, under conditions of laversion and
temperatures of 65°F or greater: .

C-123/MC-1 (Figures 1-4)
particle MMD - about 300 microns
svath width - 300 feet or greater
deposit « 3 gallons per acre
and determine flow rate gsettirgs necensary for such deposits under conditionr
of 150 mph at 150-foot altitude or higher on inwind flights with wind less
than five miles per hour.
For AD-6/FIDAL
particle MMD - about 30U microns
swath width < maximum (to be determined, currently
appears to be about 150 feet)
deposit ~ 3 gallons per acre and maximum
and determine fan pitch scttings to obtain flow rates necessary fo snch
Jeposits under conditions of about 150 knots (173 wph) wad appropriate
altitude: for greatest cffective swath widths,
For H-34/HIDAL (Figures 5 and &)
particle MMD « about 300 microns
swath width « =axioum (to be datermined, currently
appears to be about 123 feet)

depoert - maximum

mrows oy e e o " i g o o VTR IR Y o ) S W T TR 1Y A v
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The NIDAL has a relatively fined flow rate that can be adapted to ground
deposits by nuzjar of noztles, pozzle tipe, sad/or varyiag the altitude of
release snd afr:poad. Both of the latter will be varied and a deteruinstion
nade vhethor an airspeed of about 70 to 73 knots cen be salaly flowm with
the rig. ‘

Maitinnal Chilsetiven !gll proreen)

1. Chock ground performonce with ground flow rates and acrial sprays
of a mixture of I part Furple to 2 parts ¢2 dieeel fucl oil, end with the
fuel ofl.

2. Check ground flov‘rntn with vater relative to performsnce with

other solutiomas, This {aformation could provide a basis tor ground field
checks of system perforsmence es way be required, e.g., OCI3,

Potes on Teae Chtectivag

The origzinal O0SD/25PA suthorination for calibratiom imvolved only the
C+123/¥C-1 syctem, but with two modifications of this system, The first
one was to provide quickly a sysios for odteining 1) galloms per scre and
the second to prrvide a 3-gaileneper-gore copability, Ustil the three-
gallen modificatica was resedy the first cculd b and wan used to provide
3 galloviz per ocre by the expedient of flying two passac at 1} galloms
ovar the szm2 area,

The basic objective of the trizls is to ascertain the cepehilities
of such systenms end to recommrznd coafigurations for a given capability,
Prior to the second trials, wost effort was directed foward obtaining tha
maximsn capability of the systems availadle end to generate idaas for
their f{mprovemsnt to increase this waximem.

Wheve the svstem output can be varied the objective becouns a set of
tables for such variation of system "adjustability.™ However, it is
desirable that thiz should be done to somwe extent with the FIDAL.

It {s considered desirsble to have concurrently aveilsbdle st B3lin at
lesst two different systems amd to alternate daily In their uze so that
a period for aircraft maintensace is peesible and move time will be svaile
able for the feedback of {nformation collected from one rum to the mnt
for & given system 50 that necessary adjustments can be mede s8 required.
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Under inversion conditious, lnetlnblo information indicetes that on the
average about 63 per cent of spray releazo is recovered; however, iwproved
data on this point would be welcoaw and we are prspared to obtain such data
using the acetone-wazh mathod, 1}

‘ .

Concurrently we hope to obtain a coxparieon of methods, i.e., using
dyed cards sod the visual estimate of deposit as againat the scetona-wash
method and thuas obtain scze stendards for the visual method with Purple.

|
FPlow Rates ;

During the daterninations of ground flow rates, it {s desiroble to
compare flow rates of varicus materials. BEocouss the viscosity of Purple
changes rather markedly with temjersture, it will be desirable to obdtain two
or three taosts with Purple ot diffarent temperatures snd, with the seoe
settings, weesure the flow rates for fuel oil and water.

at{on
The test areca celected is a7GC, Exlin, 4¥8, Plorida. Range 352 South

will be used for the grid. Ground flow rvate checks will be conducted andt
the laborstory will be locsted at Field 2.

Location and Loveut of Chemical Grid

Your lines intercecting centrally are ectablished at Rampge 52 South,
Ssaple lines are 2000 feet long with stakes at 20-foot intervals.

Supmort Bequiremonts

U.3.A. Biological Laboratories, Fort Detritk, Maryland

U.8.A. 100th Chemical Group, Port McClellan, Alabema (vehicles and
drivers) ) .

U.8.X. D.V.C.C., WA3, Jacksonville, Florida (HIDAL - wodiffied)
U.S.M. Afrcraft 2(H-34 and A-1H sircraft)
U.S.A.F. 4500 Ops. Sq. langley AFB, Virginia (C-123)

U.8.A.F. PGOPY, R3lin AFD, PQ?rldn (ruprort)

|
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U.8.A.7, Tinkar A¥B, Cklahcma (Meteoroclogical)
U.S. AP, MAZI, Olusted AFE, Pennaylvenia (MC-1 - modified)

Coatractor, AGLVITCO, Santa Clara, California (FIDAL)

. gafety

Labozatery fafacy Pracedmvug

1. Lladoratory parcoenel will not veche within 50 fest of the ecatons
storags area or in the lzboratory when scetoae is being used as a polvent.

2. All coeatsminated acatowe will be disposad of in & mermar divected
by the officer im charge of the ladoretory.

Eanea Osfaty Procedoren

1. Afrcraft will not be flosm over populated aress when carrying test
{tems.

2. The Project OZficor at Bslin 278 will provide the pdlot with o
approved flight path to ond frem the rouge that evolds all populated sreas.

3. The sircraft pilot will not dispease say tezt item excent dirpctly
over tha grid area.

focnrity
Test resuits will be URCLASSITIZD.

Boporto

1. Army perronmas! wil) be reaponsihle for the preraration of a'l
technical ceports.

2. ANT, Eglin will reproduce the reports.

mote%ﬁ@hz

A photo tean from Port Detrick will be on location to mehe a documentary
film (16-=m color) of all epray systoms, operation of ladoratory, emd grid.

The photography laboratory st Eglin AFD will process car2ein film
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exposed during tests, to iaclude:
1. Rapid processing of fila upon request of Project Officer.
2. Pour hundred 2- by 2-inch slidcs from fi’a .-olected by test tcaw.

3. Glossy black and white priunts suitable for Ml!-tone reproduction
from nagatives furnished by Project Officer.

4. Rapid processing of 16.mm Kodak ER fila witli one-day service om
approximately three 100-foct rolls per day.

Iransportation

1.. Eight k-tom % x & trucks will be required. These will bs furnished
by 100th Chemical Group, Fort McClellea, Aladams.

2. One li-ton van-(ype truck with rear door suitable for locking will
be furnished by Port Detrick.

3. Two rental cars are required.

4, Oac 3/4-ton truck for meteorcological growp will be furnished by
Eglin AFB.

5. RKormal maintensnce support of the ten ailitary vehicles will be
provided by APGC, Eglin AXE.
Comwn fcatfons
I
l. Two telephones at Field 2 will be located {n the hanger prusently]
!

assigned as the office and laboratory. The telephore will have access to
local and long-distance serv.cen,

|
l
2. Mobile communications fcr ground to aircraft will bhe provided by
Eglin AFB.

3. Ground-to-ground communication requirement will be efght PRC-10
rad.os, tour from Fort McClcllan and four from Fort Detrick.

Botes on Sysatem Flighes

it is believed that data to be obtained on the conditions of [light
l1isted should be ample to provide a basis for operationsl dizsemination.
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As the infcvmation 1 obtained {t may indicate stressing the need for more
information on a given variable and, vice versa, may allow an early choice
of selecting and using a "stendard" condition for s given variable or

varisbles.

Latitude of on-the-spot choice should be sllowed as the testing pro-
ceeds.

Agent Renuirements

Extimates are summarized helow,

Estinates of Callons of Purple and #2 Uicsel Fuel Oil Required

Systen Purple, Fuel Gtl, Average kelesse
gallons gallons Time per Pass,
seconda
C-123/MC-1 7500 9270 20
FIDAL 4800 oo 12
HIDAL So0 1128 20
Total 13200 13475
On Hand 6500 “ee
Additional
Required 6700 1347%
Est. Cost/Ga! $5.00 $0.10
Est. Cost $33,500 51,350
Total Cost ‘ 534, 8BS0

In the past with expedited procurement (Hew York Procurement Office)
5000 gallons of Purple have been obtained on «ite within two weeks., Fuel
oil was obtaincd lscally at Eglin AFB as nocdod, '




Personnel Renulrements

Personnel requirements are tabulated in Tables 1 and 11,

Regardless of system, Aray personnel indicated in Table T and the Afr
Force metvorological personnel will be required for the duratior of the
trials, Other personnel associated with each system will be required on
location as long as that system {s rcquired,

TABLE 1. PZRSONNEL REQUIREMENTS (ARMY)

Number of Fort Detrick
_, personnel Crops Div. Other Ft. McClellan
Field Crew
vourdinator 1 1
Assu. Coordinator 1 1
Radio Operator 1 1
Grid Crew ! 2 I
Total 10 [ 1 5
Lab. rew
Lab. Supervisor i 1
Spectrophotometer
Operator 2 2
Lah. Te hnician 2 2
Plate Washing 3 T3
Filtering 2 2
Data Pro cssing 3 3 )
Total 11 ] 7
Ground Flow Check
Equipment Fnvineor 2 1
Chemical e oMy o 2
Tot oyl 4 |
Fhiotonrapher 1 . vewme 1
Trstrams nt
e talist 1 1
i
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Crops Division plans to supply a total of about 1l technical and non
technical personnel; about half of thesc people have been designated., The
remainder are anticipated to be available either by resssigusment within the
Division, transfer to the Division, or by recruitment. .

The following Fort Detrick personnel are requested by name for their
various specialties:

Photography « Mr. Paul BRiley and/or Mr. Al Cissna ’

Equipment Engineer - Mr. Paul Wampuer (to be in charge of ground
) flow vate checks and aystem configuration)

Iastrumeni Specialist « Mr. Kenneth Krants
Laboratory Supetrvisor « Mr. Ceorge Trout

Arrangements are in procees or have heen completed f{or appropriate Air
Fovce and Novy personnel to participate, as well as Army personnel feom
Fort McClellan,

A meann of obtaining the servicea af twn FIDAL specialisty from ACAVENCC
remains to be determined. These two specialists, necessary equipment, ond
support at Eglin AFB are considered essential for the functioning of this
sy. *pm.  AGAVENCO concuras.

Alrcraft Time on lLocation

In regard Lo time of ajrcraft on location, a rough vstimate has bheen
made for onc month cach for the C+123 and FIDAL; two weeks will suffice for
the HIDAL. however, it Is hoped that anv two sygtems could be on location
concurrently.  Alternate use would allow a maintenance period every other
dav for appropriate ground checks prior to o flight. Additionally, feed-back
of data of one day's operation would be telpful in scheduling the next con-
tivuration, This svstem of plenning, while not extending the over-all time
en location for the conduct of all the tusts, would roquire an extension of
the tine o lecation for the individual systems. A comproumise is sugyvsted
ot 45 dave tor the €-123 and the FIDAL, with the C-123 the sole system for

- the fir<t two weeks and then doubling up with the FIDAL until the €-123
mission 1~ (ompleted. AU that time the HIDAL could ¢ither be brought in to
double up wige the FIDAL or Lo FIDAL could be run si=ngly and the HIDAL last
bv itsclt.
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Mpproxivate scheduling suggested s shown below:

Bay 1 - 13 C-123/C-1

. Day 16 - 43 C-123/¥C-1 and FIDAL
Bay 4 - 60 FIDiL
Bay 61 - 75 RIraL

Beevenca of Ororacion

The following general seguence of eprration will be executed:

1. Coafigurstion selectica.

2. Cround chechs on performance aud resdiness (Fileld 2).
3. Flightes Range 32 8).

4.  ledoratory processing (Field 2).

3. Bata protessivg (Pield 2).

6. Informstica feed-bock for comfiguration selection.

Norma'ly, Iteams ! snd 2 will be perforucd the dey preceding flighte,
Three hours’ air time on a migssion is smticipsied on the sversge. Item &
is likely to require & major portion of a dsy, so thet Iten S will proceed

. concurrently with evallability of Item & findings in order to expedite
Item 6.

It is anticipated that the air, meteorological, and fleld criws will
start their day st about dewn mirus 2 hours (o be on location at first
fight, the laboratory snd data-processing crews to be resdy for work at
about 0700 or scorer as muy be teguired. The afrcraft (s expected to
arrive at Field 2 after a wisaion between 0750 and 0800 for maintenimce,
refueling, and greund checks with the system. The ground check crew
would be required on location when the system is available after a
mioston.

As required, certain personnel mey have to be assigned to tasks
tesporarily where the need is greatest. ‘
bl

’ |
Unless directed otherwise, &; is considered that the C«123/KC-1
eystem will be the initial system to be turted, the FIDAL sccond, and the
HIDAL third., It {s believed th@n with this sequence a shakedown period

will be minimired. ]

|
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Iedectrinating

It is considorsd dosirabls that pilots sssigned to this nission be
desigmated va or shaut 1 2pril so that they com be ssswrdled and briefod.
e swccons of the missice will dupond grestly em their waderstimding,
cooparstion, sstivetica, sid perfornsace.

It kas ber> omggosted that asprepriate service personnel be sssigned
for tamiliarieatios tralining with the Filal. It heo boaa tentetively
indicated by ADTA thot, ewing to many foctors, Alr Foive povscnmel oy be
doeisnated., ACITUITD cpecislists com coudwet this ixdoctrinstion wiife
ot Eglin 2273,

Iadoctrinztion of ths wetesrological, air, grousd check, field, lad-
otatory, amid data-processiisg crevs will be condwcted by the respective
chiefg-of-crow. M arprecistisn of the owver-all misoion elould be given
to cach section, as well 83 the tasis of the ecpurate waite.
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APPFNDIX F

NETHODS AND TECHNIQUES

Lo LY BATR CALIRZATICN O TIT GROVHD®

A, C-123/MC-1

Pach of the configurations of the C-123/MC-1 system testod over the grid
area was calibrated on the ground at the Field 2 site. The C-12) was parked
on the remote edge of the corcrete pad {n frout of the control tower with
the tail overhanging a sandy satrip so that any spilled mwaterial would drain
avay from the pad. Aluminum troughs, or "Purple Catchers,” fabricated ot
Olmeted AFB, were hung on the wing and tail booms with downspouts lesding
into open-top 55-gallon drumez so0 that the material spraying ouvt of the
noxzles wvas caught {n the Purple Catchers and collected in the drums.
level of material in the drums was measured with a colibrated dipstick.

The

The ground flow check procedure consisted of sctting up the norzle con-
tiguration to be checked and functioning the system until the pumps were
primed and the booms filled. After the initial levels of liquid in the
drums were measured, the system was operated for a measurcd length of time,
usually 15 or 20 seconds, with the pump pressures and rpm's prior to and
during spray recorded as well as the indicated tlow rate (used from flow
meters). Following cessation of spray, the levels of material in the drums
snd the material temperature were recorded. The measured flow rate was
calculated and comnared with the flow rate indicated by the svstem flow
meter,

Throughout the calibrations the flow weter readinus were in closd
agreement with the measured flow rate. In ceonsideretion of the possible
cerror inherent {n the mcasuring system (the dipstick reading had an
accuracy of not better than plus or mirus onc=half wallon, end 16 to 18
readings were required for cach calibralion) o~nd the magnification of this
crror {ncurred by not beina able to sprav 1or mere than 20 seconde (hee anse
nf limited devm capacity), the flow mcter reading wes adopted »s the cali-
brated value. The pump pressute prior to spraving scemed to be the best
value to specifv {~r =xprav runs.

Since the ground flow checks were conducted during the day, the liquid
temperature during the morning sprav runs wos vsuolly frem eight to twelve
degrees Centigrade lower than that at which the liquid was calibrated.

* Prepared by Mr. Paul E. Wampner,
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Accordingly, the flow weter iodlicated a decrease of between ten and tventy
gallons per miaute duriag the spray runs froa the value obtained during
ground fleu chacks,

Difficulty was experiencad early {n the spray tests in getting the check
valves to recest sftefr sproying. Initielly, thia was mainly due to the spring-
losdad plug c~cking snd met roturaing cowpletely forverd upon the release of
pressure in the docus. Also, the rubber disphrepgms were being distorted with
the repid displacemint of the plug by the initial fluid surge. A change
from Jeinch booma to becms of 1y-iuch d/lameter eliminsted wost of the fluid
surge snd corrected thio prodlem. All sudeaquent lesking prodicms ware due
to forasign perticles catching in the check valwes. The use of 8 stralner in
filling opersticas proved partially swccessful in eliminsting such particles,
but particles already in the teslks continued to cause some difficulty.

A tendency of the puzps in the MC-l system to lose prime on standing ond
then to develop sm air vleck om restart wvas corrected by the insertion of o
bleed line betwoen tha top of the punp casing and the tenk.

8. NiBaL

RBach of the noaslefliguld comfigurstiovs for the RIDAL system that were
tested over the grid area wss ealibrzted oa the grousd at the Pield 2 site.
Alminun ves-ghaped trovghs, fabricsted st Bglin APD, were hung from each
boors s0d drateed into wupright halves of 33-gullon drums wo thetl the meteriel
sprayed from the nonxzles was canght in the troughs end collected {n the half-
drumg. The lavels of matarial in the drums were wrasured with a calibrated
dipstick.

The ground flow check procedure for the HIDAL started with the system
being operated for two to three scconds to fill the booms coepletely. The
inftial level of the liquid in the drums was measured and the syatem was
operated for a weacured length of time, usu:lly 30 seconds, during vhich
the pump pressure was noted, After a sufficient interval to aliow the
troughs to drain, the new liquid level was measured and the temperature of
the liquid taken, The flow rote was calculates from the smount of liquid
sprayed over the measured time {nterval. It was observed that encugh heat
wvar transferred to the liquid by spraying out and pumping back into the
HIDAL to raise the temperature of a given liquid sbout 1°C per trial but no
measuradble change in pressure or flow rate could be observed over about a
10°C span, which was attrituted to the use of a positive displacement pusp
in the aystem,

During some of the ground flow checks an extra pressure gauge was ine
stalled in one of the inner nozzle connections becsuse the pressure gauge
mounted on the pump was affected by vibration and showed needle deflectionas
of as much as eight psi. The boom presautre gauge showsd a drop of three psi
from the pump through the hose connections and was unaffected by the pump
vibration. )
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II. LARCZATORY MEZTHODS AND PRPOCETAIRES®

A INTRCOUCTICH

The laborstory grouwp performed the following tasks during the field
trials: (a) weighed predetermized suzaiities of dye for solution in the
various tast chenicala, (h) astayed gix-inch-squarc aluminum plates
sprayed with dyed materials for maas depcsit on all flights, (c) assayed
"Kromekote” carda sprayed with dyed matarials for masa wedian diameter
on all crossvind flights, (d) converted a’! rav data from sources
(b) a&xd (c) to final graphic and tabular form., This TePOrt covers items
(a) through (d) in the order given above in descrivtive terms and relies
upon quantitative terms to clarify the descripiion,

3. DX

It fe important to keed uppermost in mind that the material assayed
in the laboratory is the dye and not the agent. From the laboratory point
of view the agent 1s Juet a carrier for » quantity of dye.

1. Dye Requirement

The dye selected for &nalysis in the field should exhibit geveral
{wportant qualities, The dye should go into solution rasily and exhibit
an intense coloration at low concentrations 20 o2 not to affect the
chenical or physical properties of the agents appreciably, 1t should be
resistant to fading on direct exposure to sunlight and should also have
the property of an isolated abscrbance peak when analyzed with a spectro-
rhotometey.

2. Dye Selection

Laboratory screening of commercially available dves indicated
that Du Pont 0il Red Dyc was acceptable for use. A quantity of dye equal

to 0.1 per cent by weight of Purple grve intense coloration and an

absorbance pcak at 515 wmillimicrona on a spectrophotometer, Mditionally,
this quantity of dye allowved the spectrophotometer to be calibrated from
0.1 gallon to 10,0 sallons per acre and could bt extended on the higher
deposit ¢nd of the curve if necessary, )

* Prepated by Geotge W. Trout, Jr.
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3. Dye Quantity

The smce quantity of dye (0.1 per cent by weight of Purple) was added
to all spray solutiocas (Purple, Ko. 2 diesel fuel oil, and a mixture >f two .
parts No. 2 dienel fusl of]l snd one part Purple) {n order to yleld the
{dentical calibration curve. This then gave a solution 0,144 per zert by
weight in the fusl oil snd 0.126 per cent in the 2:1 mix. 12 the field »
¥nown quantity of dyed material was placed va an alumicum plate and exp sed
to direct midday sunlight for 15 miautes. lo fading of the Jdye was roticed
wvhen {t vas sssayed {n a spectrophotometer and cowpared with a control plate
that was kept in darkness.

4. NKixiang

In the field laboratory 245 grams (0.54 pound) cf the dye were
veliphed in oneequart card’. rrd containers., This quartity of dye wvas added
to a 50~gallon drum of chemivol waterfal (Purple or fuel o1l). The drum was
then repiugged, laid on its side and rollzd on the rumvay t> insire mixing
>f the dye. The drum wes righted, opered, and the material was pumped into
the tank or tanks of (he aircraft.

5. Samplcs

Prior to flying the teat aircraft s ssmple of the dyed material was
wvithdrawn from the tink or tanks of the alrcraft for use in calibrating the
spectrophotometer., This sample was always drawn fewediately prior to take-
of{ for the grid ond repr2sented a composite of all the drums of meterial
pumped into the aircraft. A second sample was drsem frow the alreraft aftor
the spray mission was completed and the plane returred fr-m the grid., Herce
{n all cases at least two samples of thr spray material were taken from the
atrcraft.

These aamples when properly diluted yielaed a - alibrati:sn -urve for
the day, which wae uced to determire winn depunil at Lhe sampiing stations.

6. <Calibration
The [ollowirg caiculatfons {llustrate the calibrati-a terhnique:

1 a:re contains 43,560 square feet

1 six-{rchesquarce aluminum piate .o-taire k squar: foot
174,240 plates are requirted <o - -c¢r one acre

Y gallon contains 3,785.3 milli.iters

Therefore o depositiug of one galloa per acre 1s roprestuted by 3, 84,73
mlE74, 250 £ 0,0217 mill{liter of dyed materis! per plate. Henle,

10 gpa = 0.217 ml/plate

8 gpa » 0,174 mi/piate

6 xpa w 0,13) ml/place

0.1 gpa = 0.00217 ml/plate, vt=,
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This quoetity of matcrisl dissolved in sny volums of solveat represzants the
calibratica curve.

To celibrete, 2.17 ml of the ssuple wes diluted to 30 ml with sce-
téne., Pive ml of this dilutiom wes further diluted to 23 wl with acetone,
to give @ 10-gpe dapoait rate. To illustrata the daily calibratiea
techniqus, 2.17 ml of the semple diluted to 30 ml corraeponds to 30 gpe.

* Theresftar:

Amownt of Deposition
iret Pilugics, wl Rete, p2a.
3.0
4.3
4,0
3.3
3.0
2.3
2.0
1.3
1.0
.5

o
o

[ R Y LT RN B - I

In each care the per cent tremoaizsion of the diluliom wes reod
and recorded, The logorithm of the per cent tronemission plotted ageinst
deposition rate gave the daoily calibration curve. PFigure 1 thows & typicel
calibration curve. It should be noted that the curve pssses through 100
per cent tramzmission for 0.0 gpa. This is logicel becouse the 100 per
cent figure i3 bssed on on scetone blonk. The lincarity of the linc =ckes
reading of the curve s very simple matter.

8. MASS DRPOSIT

After & plate was sprayed in the field it wes covered with s clean plate
to form a sendwich, trapping the dyed msterisl between the tuwc plates.
These were then placed in a lignt-proof box snd returned to the laboratory.
In the laboratory the plate snd (to cover were placed on a specisl rack
above » glass fan-shaped funnel, & standard lsboratory funnel, snd & 25-ml
volumctric flssk. This arrsngesant sllowed both plates to be washed (nto
a single flask. Pigure 2 shows the arrangement of the plate-washing
apparatus.
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Per Cent Transmission
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Pigure 1. Typical Calibration Curve.
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Figure 2. Rack for Washing Sprav Deposit frox Metal Plates.
(U.S. Afr Porce Photo)

- [ 4 o LS P SR A TP T S St R ¢ R 37 St




e Ty ST Y P R SN

96

A member of the laboratory crew washed the two plates with acetone
through a spray nostle, workiny from the upper corner of the plate down
tovard the lower cormer. The dyed material plus scetocae solvent was
collected through the two furnels and inte the flask,

Originally, filter paper wvaz used in the second funnel to remove duat
and dirt taat may have collected on tha plate. This practice was dis-
continued when it was shown that the filter paper removed a significant
portion of the dye.

After the plates were spray-washed the funnels were washed with ace-
tone from the spray system and all the liquid was collected in the flask,
The volune cf the flask was thea brought to 25 ml with a laboratory plastic
wash bottle and the diluted ssaples werc placed in light-proof boxes and
taken to the spectrophotowmiter for analysis,

Mother member of the laborutory crev carefully shook the contents of
the flask, rinsed a spectrocphotcmeter cuvrtte with a portion of the sawple,
and then filled the cuvette with the sample. The per cent transmlssion of
the sarple was compared with that of an acetone blank. Duplicate wmeasure-
ments were taken from esrch ssmple to insure sgainst crrors in reading the
sCule of Lhe spectrophotometer. When necessary three ov more readings were
taken. '

The transeicsion figures were recorded on prepared forms. A data tech-
nician used the calibration curve of the day to convert per cent trans-
mission to mass deposit. Rates were plotted on & specially prepared graph
that represented the mass deposit at any station and gave visuaily the swath
width at any desired deposit level. .

C. MASS MEDIAN DIAMETER

Ad Jacent to cach aluminum platc placed in the ficld was o similov plate
with a “Kromekote™ card clipped to it. These piates were collected ot the
end of a flight, along with th: sample plates, and were placed in a
specially prepared box.

The cards served a dual purpose: (a) on inwind flights they indicated
vhich plates had received spray deposit, snd (b) on crosswind flights they
were uscd to estimate MMD,
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The tecﬁnique of using these cards for MMD estima:es was identi:cal ‘¢
that used in the June - July 1962 field test.¥*

Since the previous field test was conducted, considerable inveszivation
has been performec by Physical Sciences Division For: Detrick. (o correia v
more accurately the spherical drop size with the spnt si12c on th> cards *°
It was determined that with the agent tested a linear relationship exis 21
between spot size and true spherical diamcter when *he spot Jdiameder was
500 microns to 3600 microns. This range correlated 'o spherical diameters
of 150 to 600 microns, given spread factors ranging from 5.6 to 6.4

Unfortunately, No. 2 diesel fuel ¢.l1 was no* in.luded in the szudy a-d
a gpread factor of 6.0 was assumed for that agen:.

with the exception of this one modification to the analvsis the ‘cchot .o
remained identical to that uscd in the previous tes:.

A1l M's weve tabulated and the necessary calculations were performed
to relate spot size to soherical diameter.

D "Moditicazion and o alfbration of D foliv fen
sUMadEfE atioany " Tt e,

ToBtovn, LWL oand Whine

[

Equipment (o 12
TS Amn Riolescal Taboratories, frederr k. varvlard, Physical
Sodenaes Divicion "Repert to Jrops Dioision o Spreat Fao or
alibratin Stodies of Eptin A F 2 “est Acen Savpies asd O (Y.~
teens Samples.” by W R Walt, O0 ober junl,
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111, CGAMPLING GRID OPERATION

The sempling grid constricted for the spray csalibration trials during
the summer of 1962 was used for the 1963 tiials., Repliacement of stakes
and plate holders and training of personncl to scrvice the grid were com-
pleted within three days after arrival on location.

A grid diagraem work shect (Appendix H) was prepared to facilitute
selection by the grid controller of an aircraft course apprnprialvito the
prevailing meteorological conditions. Any unusual occurrences durfne the
grid operation were also notej on the work shect.

Two jeeps with three men epch verc used to service the sample line.
One jeep and c:ew would servick Stations 1 through 50 and the other crew
Stations 51 through 100. The gnree-man crew consistec of (a) ~ driver-
rad{o operator, (b) a pick-up and placement man, and (c¢) & man to feceive
exposed plates and cards and place these in proper secquence in containers.
Information was radiced to the jeep crews as to which sample lince \as to be
used. .

The twe jeeps and crews wore dispatched to the hub of the grid, at which
point they ‘rould receive their instructions regardiag sample lite selection.
Upon receiving this information, they would place on each stake two serially
numbered clean six-inchesquare aluminum plates. A four- by five-inch white
Kroisckote card was clipped to one of these plates. After setting up a line
the crews would remain off the extreme onds of the sample line until after
the spray {lignt and a “supsequent ten-minute period for the spray to settle.
The crews were told by radio when to collect the sample cards ind plates.

Plates with the Kromeaote c;;ds were placed in an open-top box wich
slots that prevented them from touching cach other. Theso cards were used
to obtain a visual record of deposit of the sprav ond the prevailing crray
of droplet sizes. The aluminum plale thet wis exposcd to the chemidal wes
covered with an unexposed plate of the some size 2ad these were stacked in
a light-tight box. i

The number ot plates born: 'handled made it impossible tor the Clow Lo
reset tihe sample line as thev moved tewsrd the hub during the pick-up
vperation.  Therefore, thoy were instructod after thoy had reoched the hub
of the grid as to which line would be <ot up for the next flight.
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A third jeep was used as ruuner to keep fresh plates supplied to the
twvo jeeps serving the sazmple lines ead to return exposed plates to the
truck.

A groundetoeair radio (UVY) was on losation for communication with
the aircraft. e tha simple line was 842 up the alrcraft course, air-
speed, and altitude for the mext flight were radiced to the pilot.

Meteoroleogical informetica consiatzd of wind direction, wind gpeed,
dry and wet buld temperzturces, and relative hwaidity. These readimgs
were node at 50-foot intervals feonm surfoce to 200«foot altitude vhen
the C-123/MC-1 system wes beiag calidrated., Doadinge at 25-foot intere
vals were mede up to 100 feot when the H-34/HIDAL system was being
calibrated.

Four tethered Jalbert J-5 balloons (Figures 3 and &) were uced {n
obtaining the sbowe weteorslegical i{nformaticn. One of the balloons
vas placed agproxizately 100 feet out from the ends of each sazmple line
B, D, and 3'. The fourth balloom was located at the CP (control point),
vhich was approximstely 1000 faet from the last atation on gawple line D',

The meteorological perconnel were from the 6th Weather Squadren,
Tinker AFR, Oklahoms, end wers supervised by persemnel from Detechment 6,
Weather Group, Zgiin APB, Plorida.

Mateorological perzenrel reported to the grid at 0030 hours to set
up equipment aud make meteocrological observations to determine if the
weather would be suitadle for oporation epch worming., When the weather
was adverse, the Project Officer was notifled and the trial was cancelled
prior to 0300 hours, After thia timz {t was imposaible to alert all
personnel who ware assigned grid duties because many were alresdy enroste
to their staticns. The decision to precoed with the mission or to abort
was then made at the grid as the meteorological situation {mproved or
deterforated,

The four meteoroiogical stations communicated with one arnother by
field phones. All stations reported the moteorological information to a
central recorder located at the CP, The data were recordad on a form
(Appendix H) that was turne¢ over to the grid controller for uze in
determining the sircraft ccursc for the next flight and for & record of
the meteorological data at the time of spray velesse.
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Eglin AFB Ageat Samples: July 1962

STAINED CARD S2UT SIZR, SFREAD PACTOUR, SPURRICAL IS02 DIAMETER,
MASS MEDIAN DILAMEFTIR

Material: Purple
(Data courtesy Mr, Walton Wolf, Physiuval Sciences Division, Septcmber 1962)

Stained Card Spherical Drop e 238 Medtnn Diametep
Spot Sixze, Spread Pactor Dizmmter, Tow Speed High Speed
aicrons mnicrons (c.r, = 2.2) (C.F, = 2.5)
2000 5.408 356.8 162.1 142.6
2:00 $.660 370 1€8.8 148.4
2200 3. 710 5.3 173.1 154.1
2300 3.156 377.6 18L.6 159.8
2400 5.798 413,9 128.1 165.6
2500 5.838 423.2 194.6 1.3
2600 5.476 . [ ] 201.1 1771.9
2700 3.911 456.8 207.6 82,7
2800 .94 471.1 214,10 188.4
2900 5.974 485 & 220.6 194.2
3000 6.004 4Y9.7 227.1 199.9
300 6.031 514.0 233.6 20%.6
3200 6,084 528.4 240.2 211.4
3300 6.081 542.7 46,7 2171
3400 ¢. 104 357.0 253.2 222.8
3500 6.126 371,3 259.7 228.%
3600 6.148 585,86 266.2 234.2
1700 6.168 599,.9 272.7 240.0
3800 6.187 614,2 279.2 2457
3800 $.20% $28.5% 285.7 2514
4000 0,223 62,8 92.2 257.1
“100 6,238 657.2 . i%4.1 2.9
4200 6,295 871.% 305.2 268,46
4300 6.270 685,08 3.7 274}
4400 6.28% 700.1 8.2 . 280.0
«500 6,299 Né.& 12407 28%.8
4600 6.31) 7287 . " . 91.%
*700 6.328 43,0 337.7 '297.2
800 8,338 /313 34,2 2.9
«*%00 6.3%0 17t.n 3%0.7 3o8.6
3000 6,362 785 .% 3%7.2 4.4
100 $.373 800.2 36).7 320.1
$I00 L | ) 8145 170.2 3129.8
3300 6,395 228,38 76,7 1.
5400 6.<0% 843.1 38).2 ' 137.2
5800 6.31% 837.4 39,7 ¥%3y.0
00 6.424 871.7 3194.2 3487
5700 6.43) 845,0 402.7 1544
5800 LIS 800,) 409.2 Yo0.1
5900 LI 3! atL. 6 415, 365.8
8000 8,439 929,90 422.2 AT
s 1u0 6.467 943,12 428.7 1k I
#2200 6,475 937,60 43%.2 81,0
[(30.1] 6.402 1.8 1,2 Jan.8
00 6,490 986,2 as8,2 194,53
6300 497 1000.3% A%.7 400.2
HADO 6.504 1014.8 1.2 «0%.9
~ 00 6.511 1029,1 67,7 AlLLe
LEIVY k517 10414 a4 ALT.4
0900 6.524 10877 480.7 423,13
71000 6,329 1072.1 487.Y 428.8
Note:  Spherical Diameter » JU.44 + 0.1431 §S.
7
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Eglin APB Agent Samples: July 1962
STAINED CARD SPOT SIZZ, SIRZAD FAMCTOR, SPHERICAL DROP DIAMETER,
MASS MEDIAR DIAMETER
Material: 1 Purple, 2 Fuel 01l Mix (Avg. of Samples A" and "B")
(Datz courtesy Mr. Walton Wolf, Physical Sciences Division, Septemder 1962) .
F o Stained Card Spherfcal Drop Magg Median Dlamcter
. Spot Siz2, Spread Prctor Disweter, Low Spead High Spred
) microns wicrons (C.F, = 2.2) (C.7, = 2.,%)
3
: k 2000 5.687 3Isl.? 159.8 140.7
’ 2100 5.3 365.9 166.3 146.4
i 2200 5.788 380.1 1 72.8 152.0
g 2300 5.83) 39%4.3 179.2 157.7
o 2600 5.87% 408.5 185.7 163.4
E : 2500 S.914 422.7 192.1 169,1
2600 5.951 436.9 198.¢ 174.8
2700 5.985 451.1 205.0 180.4
2800 6.018 465.3 211.5 186,1
2900 &.048 479.3 217.¢9 198
3000 6.077 4937 224.4 197.5
3100 8.104 307.! 130.8 203.2
3200 . 170 522.1 23,3 208.0
3300 6.15% 5%6.3 243.7 24,5
300 6,177 550.4 250.2 220.2
R 3500 6.19% 366.6 259.6 225.8
] 3600 6,220 573.8 2031 231.5
¥ 3700 6.239 $93.0 269,58 230,
Y 1800 6.253 807.2 276.4 242 0
¥ 3900 6.276 621.4 282.4 248.6
i 4000 6.293 $15.6 288.9 254.2
4 4100 6.310 649.8 295.3 259.9
] 4200 6,325 664.0 301.8 ’ 265.6
‘ 4300 6,340 678.2 o8 2 P22 )
4400 6.33% €92.4 ha.y 241.0
o . o 4500 6,16% 706.6 3211 82,6
o 4600 6.382 720.8 127.8 288.)
i 4100 6.39% 735.0 3.1 194.0
b 800 6.407 749.2 3A0,5 2997
Y 4%00 6.419 763.4 M7.0 305.4
‘ 5000 6.430 171.8 ALY ant.a
‘ 5100 6.451 91.8 159.9 6.7
3200 6,451 ane, | BLIINS 2.4
$300 6.461 820.3 372.8 L EAN |
5400 6.471 £37A8.) 379.) 508
5300 6.481 848.7 388.7 .5
“HOG 6,471 862.% 392.2 s, 2
‘ 3700 6.499 877.1 390.0 150.8
5800 6.307 - 91,3 405.1 356.%
3 5900 5.516 903,93 4113 162.2
i : 6000 6,524 Sie.7 414.0 7.9
F 6100 6.342 915,98 A2 ATAN
! ; oM LIS 1] ) sl 430.® 19,2
‘ 6400 ~.347 262, 437.4 3.9
] 6400 t.55% 78,8 4.0 390.6
i ; 6500 6.5%6% 90,7 450.3 %6,y
b #h00 v,558 1004,9 4367 402.0
! #7200 6,374 e 483.2 403.8
o nann 5,381 15133 V45,8 411
e 6.587 1047, ISL 417.0
i 700 #.593 1061,7 482.3 424.7
: Note: Sphorical Diameter @ A2.72 & O,1420 SS.
;
;
[
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Eglin Air Force Base, FPlorida

U.8. Army Biolcgical Laboratories, Yort Detrick, Maryland

Crops Division
Mr. laster W. Boyer
Mr. Raymond W. Anders
Mr. Earl W, Bere
Lt. Albert L. Bertram
Pvt. Walter J. Hart
Pvt. Glen E, Trumble

Office, Director of Biological Research
Maj. Alvin R, Rylten

Physical Sciences Division
Mr. Ceorge W. Trout, Jr.
$p-4 Robert Poulater
Sp-4 Austin W. Rogan

Technical Evaluation Diviszica
Mr. Donald Rice
Mr. Kenneth Plumbdy
Mr. Kenneth Lewis
Mr. Kerneth Marsh
Mr. Charles A. Staley
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Tochn(cnl i}t_fé-mmtion Dtvh-lmon
Mr. Paul Riley
Mr, Alan Cisena

Munitions Developwent Division
Mr. Paul E. Wampner
Pfc. Samuel J, Camella

Maintenance Division
Mr. Kenneth Krant:z

Detailed from other Divisions
Pfc. Lawrence M, Giacomini
Sp-4 James McClure
Pfc. Jay M. Wiegner
Sp-5 Bernard A. latakas
Sp~5 James A. Rightower
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U &, Army Chemical Corps, Fort d4cClellan, Alabama
18:h hkemical Detachment (TI)
L:. "ohn B. Byid : .
S/Sgt Stanley J. Kostszyckd
Sp-5 Thouwas F. Hoffuan
Sp-5 Ira .". Colling
Pfc. Joseph T. Molesky

63th ~“hemical lompany (5G)
Sp-4 Robert A. O'Conner
P{:. ifranklin D. Belcher
Pf:. Clair N. Carley
Pfc. Donald H. Lyons
Pfe. Cezil E. McElfresh
Pf . Joseph J. Techacek

MAAMA, Olwsted AF3, Pennsylvania
Mr. Kenneth gaird
Mr. Allea R. Kaylor

Eglin Ai>. Florida
Lt. Vernon L. Hazen
Le. A Krantz
Mrs <Caroline Gregpg

4500th Operations Squadron, Langley AFB, Virginia
vaptain Carl W. Marshall
Captain Hugh (. Shirley
Captain Larrv R. Youngren
faptaln Paul AL oehmer, Jr,
tapradn cearee T Adame —- R—
) Ri.har? (o baupe
v/Set Farle H o dArivpw
s/sur o ohn A Metst.
S/se Kelth Dooaale
S/sps Rivharl A Aelson
Coser Reeinald T Nelson
Al Llovi M Ramsaey
A2 Steeen AL Lowe

ar

Uoss Arme hemical corps, Edgewood, Mary land
WO Wrds e M eenrherg
AR R N toksornvi Ve, Florida
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APPENDIX H
SAMPLE WCRK FORNMS
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MASS MEDIAN DIAMETELR
4 l Date Spread Factor
o Flight No. Convergion Factor o

Flow Rate Materisl

—————

’ Sample Line Paper -

System

} st prog| Ssize St {Dropd  Size
“: hi

R ST

MMDesDOL D May____

- ®
Spreard Factor x Con, ractor

Max. Spherical Diameters

R s = —

Min, Spherical Diameters
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: SMUFD FORM 548 {Temp)
i 9 April 1963
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MASS DEPOSIT

Airspeed
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Date

" Altitude

Flight

Swath Width

Sample Line

Aircraft Couvras

Time of Releass

Duraticn

Wind Vecter
Spec.

Flow Rate
oAt

Spec. Ogper,

st | Gra st | GPA st | GPA st | gpa

1 26 51 16

3 y 27 52 77

3 28 53 78

4 29 54 13

5 30 5% 80

6 3 56 8)

i 32 51 82

8 3 58 ;2]

) % _ 59 84

10 35 50 [ 3]

12 36 61 86

12 37 82 87

13 18 63 88

14 1y 64 ] 8 ]
15 &0 k) 99

16 41 66 91

17 42 61 (58 ]
s | 43 68 a3

19 44 €9 94

20 45 10 9s

2i 46 n 96

22 47 72 97

A had |73 98 — -
24 &9 | 99

2% o 50 73 AL0
Tartal Deposits
Percent lecoverve
SMUFD FORM 547 (Temp)
{9 April 1863)
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